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PREFACE.

ON THE CONSERVATION AND CORRELATION OF ENERGY
IN THE BODY.

Tue hypothesis of the constancy of the amount of force in
the universe tends so much to promote experimental inquiry
in every direction that for this, if for no other reason, it
must be regarded as of the utmost importance.

No sooner was the relationship between the different forces
of nature perceived than it was applied to the explanation of
the action of all machines.

For the working of each mechanical, chemical, or electrical
machine—for example, a mill, a steam-engine, ora telegraph
—a source of power is necessary, and also provision for the
application, direction, and control of that power.

The steam-engine will, perhaps, make the correlation of the
forces and the controlling power most easily understood. The
source of energy is the chemical attraction of oxygen for
hydrogen and carbon. This force is latent until the particles
of matter are brought sufficiently close to enable them to act
the one on the other. Hence comes heat, and from the heat
mechanical motion, and this partly resolves itself again into
the agent from which it was produced. In addition to the
motive power there is a regulating spring, a directing agency
which gives or takes away oxygen or fuel, and by proper con-
trivances controls the motion of the machine.

In plants and in animals the same laws of the indestrueti-
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2 ON THE CONSERVATION OF ENERGY.

bility and the correlation of force offer a new and vast field
for experimental investigation into the relationships of the
forces that are in action; and promise to unfold much,
though possibly not all, of the mystery that is comprehended
under the word “life.”

In the course of clinical lectures which I gave each year
to the pupils whilst I was physician of St. George’s Hospital,
I constantly dwelt on the relations and differences between
chemical and mechanical diseases,

Whenever I was able I pointed out a chemiecal or molecular
disease running its course with scarcely any mechanical or
massive disease resulting from it ; but much more frequently
I had to show how the molecular gave rise to the massive
disease, how this again reacted on the chemical changes in
the body, and these in consequence produced still greater
mechanical results, until ultimately the motions of the
diaphragm or heart were either stopped, or the patient was
restored to a healthy state.

Thus, whenever a good case of diabetes was in the wards,
I dwelt on the chemical nature of the disease and on the
absence of mechanical symptoms; whilst in a case of gall-
stone or renal-stone, I dwelt on the chemical error which led
to the formation of the stone; then I pointed out the more
serious mechanical disease resulting from the impaction, and
then the wrong chemistry that this mechanical disease pro-
duced, the jaundice or ureemia, secondary chemical diseases of
the blood and textures, far more dangerous than the primary
chemical complaint.

When a case of unmmpllcated apnplexy was admitted, I
pointed out how the escape of blood in the brain caused
mechanical pressure; whence came altered chemical actions
of nutrition and oxidation (inflammation) set up to vepair the
injury and to restore the brain to a healthy state.

Or, if a case of chorea from fright was in the House, I
dwelt on the resemblance of the symptoms to the effect of the
electric shock, and I showed how the muscular action caused
abnormal chemistry of secretion and nutrition, and some-
times led, even, to the stoppage of the heart.
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Some of my lectures on Chemical Diseases were almost
identical with some of my lectures on Animal Chemistry ; and
as a new edition of these has long been asked for, instead of
reprinting them with the alterations which the progress of
chemistry requires, I shall endeavour to give instances of a
far more extensive application of chemistry to medicine, I
shall do this by taking a few examples of errors of deficiency
or of excess in the two great chemical processes of oxidation
and nutrition, which, acting and reacting the one on the
other, are always taking place in each particle of the human
body during life. Thus, oxidation depends on the nutrition
of the blood-globules, the heart, and the blood-vessels which
admit of the diffusion of the oxygen and the fuel into each
portion of the extravascular structures; whilst nutrition
depends on oxidation not only directly but indirectly by the
heat causing a relaxation of the vessels, and thus permitting
an increased flow of nutritive substances to the parts.

I am far from supposing that animal chemistry at the pre-
sent time is sufficiently advanced to admit of the classification
of all diseases according to the altered chemical actions that
are taking place in the body, and I shall not in the present
course of lectures be able to give even a general view of the
numberiess variations that are already known to occur in the
chemical processes of oxidation and nutrition.

But I shall endeavour to show, by a few striking examples,
that the theory of the conservation of force opens a vast field
of experimental inquiry, not only as regards the origin and
connection of the actions which constitute disease, but also as
regards the actions of the remedies by which those diseases
are modified or removed.

It must be remembered that animal chemistry is only one
hundred years old. The chemical actions of health, as in
respiration, digestion, nutrition, secretion, are even now far
from being thoroughly made out, although day by day our
knowledge is advancing.

In proof of this I may take the first grand chemical action
going on in the body—oxidation. How little of this do
we know at present. Pettenkoffer's experiments on respiration

B 2



4 ON THE CONSERVATION OF ENERGY.

in health and in disease will probably give us for the first time
accurate information on the amount of oxygen consumed by
man in different circumstances. How does this oxidation take
place? Whether the oxygen is made into the denser ozone
(whose energy is to that of ordinary oxygen as common phos-
phorus to the allotropic red phosphorus) ?  Whether Schoen-
bein’s views are correct—that every substance capable of being
oxidised first makes the ordinary oxygen into ozone, and that
this enters into combination, first slightly (still preserving its
properties), and then firmly (when the ozone loses its cha-
racteristics)?  Whether antozone exists, and by combining
with ozone forms ordinary oxygen ? These are questions which
show how our knowledge is advancing, while they also show
how much remains to be done before the chemistry of oxidation
in the body ean be thoroughly understood.

One two-thousandth part of ozone in the air is said to cause
dangerous engorgement of the lungs, and even smaller doses
long continued cause bronchitis and pneumonia. The blood
of animals killed by ozone is found very rich in fibrin,
and its dark colour shows that it has undergone active
oxidation.

Professor Stokes thinks that eruorine (hematoglobulin)
takes no part directly in oxidation, but that it so exalts the
energy of the oxygen that it enables it in and out of the body
to do what it could not do in its ordinary condition. However,
the most energetic oxidations occur outside the capillaries,
where no eruorine exists. Still, further, the modification of
oxidation by the presence of substances in the blood and out-
side the capillaries is one of the problems of animal chemistry
which M. Pastemr’s work on fermentations out of the body
may help us to solve. The resemblance of inflammation to
ordinary combustion has long been recognised, and we are
beginning now to see that fevers bear the same relation to in-
flammations that fermentations do to combustions. Tt is
becoming clear that a vast class of diseases will be proved to
be errors of chemical action—interferences caused either by
want of regulation, or by the introduction from without, or by
the generation within, the body of substances that increase,
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diminish, or change the oxidation which is necessary for the
working of the body.

Most probably among these simple errors of oxidation the
following diseases will be found :—Diabetes, acidity; the
production of oxalic acid, uric acid, uric oxide, cystine, fatty
degeneration, gout, rheumatism, inflammation; and among
fermentations, eruptive fevers, continued fevers, intermittent
fevers, small-pox, syphilis, pyemia, glanders, hydrophobia,
plague.

If, instead of oxidation, I take assimilation, or the great
chemieal problem of nutrition, on which the repair of the body
depends, it is easy to show that still more difficult questions
await solution.

The quantitative and qualitative errors in the chemical
composition of the different structures of the body are just
beginning to be investigated, though but little at present is
known of the causes on which these errors depend. The
excess or deficiency in the supply of nutritive material —the
wrong quality of the matter supplied—the wrong chemistry
in the act of assimilation in the different textures—the excess
orydeficiency of chemical action in the removal of the used-up
organs; these constitute a multitude of chemical diseases,
some of which at present are known as hypertrophy, atrophy,
and degeneration, and all of which chemistry will some day
almost, if not altogether, explain.

In the following lectures 1 have separated for the sake of
clearness the errors of chemistry in the repair of the body
from the errors of chemistry in the oxidising action in the
body ; but a close relationship between these actions exists.
Assimilation in great measure depends on the temperature
of the body; a few degrees more or less may produce, as
regards nutrition and oxidation, very different results; even
the supply of nutriment to any part depends partly on the
chemical action going on in that part, and by oxidation the
used-up organs are made soluble or volatile to facilitate their
removal from the body.

How far chemistry now is from dealing with these complex
problems, or even with the more simple chemical questions of
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the conversion of food into blood, and blood into textures,
may be seen in the fact that the chemical action of simple
substances, as arsenie, copper, mercury, lead, zine, &ec., on
the blood and textures of the organs is not yet worked
out.

Wherever it is possible, I shall point out how execess or
deficieney of molecular action produces mechanical disease,
and in my last lecture I shall rapidly prove that the converse
relationship exists: for massive diseases or injuries give rise to
secondary chemical diseases—that is, to excess or deficiency, or
altered molecular actions which again react on the original
mechanical wrong, whereby the secondary chemical actions
are exalted or depressed.

He would, however, be but a poor physician who overlooked
the influence of the nervous system either in the origin, the
progress, or the treatment of every disease. The supply of
oxygen and nutriment to every part is so immediately under
the control of the nerves that act on the heart and capillaries,
that the chemical processes of oxidation and nutrition can be
accelerated or retarded by the action of the nerves quite as
decidedly as by any direct chemical or mechanical action,

The progress of animal eleetricity will probably make clear
the connection between nervous, electric, and chemical force.
Then the large class of diseases which arise from the dis-
turbances in the regulators of the chemical and mechanical
actions in the body will be as clear as the errors in the
chemical and mechanical actions themselves, which form the
subject of this course of lectures.

We are just ceasing to regard the mervous force as the
origin of all the power in the body. Instead of making it a
creator of force, we now regard it as the liberator and
restrainer of the force in the body ; in other words, as the
regulator, through the heart and blood-vessels, of the extent
and degree of oxidation and nutrition that occurs in the human
machine.

Taking the various parts of the nervous system separately,
there are—I1st, central organs; Z2ndly, conducting organs,
transmifting impressions at the rate of twenty-eight or
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twenty-nine yards a second ; 3rdly, sense organs; and, 4thly,
peripheral working organs; and it is in these that the regu-
lating power is made manifest. For example, mechanical,
chemical, electrical irritation of the vagus stops the heart’s
action. Irritation of the sympathetic or division of the vagi
increase the frequency of the heart’s contraction. The
ganglia of the heart seem to differ in their action. Experi-
ments show that some have a liberating action, an automatic
rhythmic action ; while other ganglia have a restraining action,
Another example is seen in the vaso-motor nerves. DBoth
Bernard and Schift consider that these are of two kinds—the
one set closing the vessels and the other set of nerves opening
them. When closed, the blood is stopped ; there is paleness
and coldness, and no effusion of ‘parenchymatous fluid : when
opened, there is increased flow of blood, redness, and higher
temperature, and increased exudation from the capillaries. In
other words, the mechanical and thermal actions in the body
are regulated by the nervous force acting on the heart and
blood-vessels.

The difference between muscular and nervous action is
that between the horse and his rider, the gun and the gunner,
the steam-engine and the driver; and it would not be more
wrong to attribute all the force in these machines to the action
of the spur and bit, the trigger, or the lever, than to attribute
the force of the muscles to nervous action.

The finger of the engineer liberates the power stored up in
the boiler; and the nerves unlock forces, already latent in
the muscles. But besides those forces which result in the
mechanical and other motions of the formed body, there are
others to which the body owes its form, and which manifest
themselves most wonderfully in the first stages of the
embryo’s existence. Animal form lies latent in the substance
that forms the first animal cell. It is the power resident in
this substance which determines the cycle through which the
matter it draws towards it is to run.,

For the last century Physiology and Medicine have been
chiefly occupied with the determination of the structure of
the organs of the body in health and disease; even up to the

C



8 ON THE CONSERVATION OF ENERGY.

present time the microscopical variations in the form and
substance of the different parts of the body yield remarkable
discoveries ; but the inquiry into the conservation of energy in
the body promises results which will unfold the mystery of
health and of disease.

We have ceased to look on the human machine as a creator
of vital or nervous force, and we are beginning to regard it
as a converter of latent into active force.

In the body the force is latent in the elements, oxygen,
hydrogen, carbon, nitrogen, sulphur, phosphorus, &e. The
amount in each pair of elements may be measured by the heat
produced in combustion or by the mechanieal work that can
be done by that heat. Thus, in the combustion of ene gramme
of hydrogen, the caloric equals 34462 units—a unit being
the quantity of heat that raises 1 gramme of water from 0° to
1° C.—whilst in the combustion of one gramme of earbon the
caloric equals only 8080 units; the mechanical work can be
calculated from the fact that the mechanical equivalent of
each unit of heat is equal to 425 grammetres—(that is, the
work of raising 425 grammes one metre high). Hence the
work that can be done by one gramme of hydrogen is
14,818,660 grammetres, and by one gramme of carbon
3,474,400 grammetres. As the number of units of heat pro-
duced in the body daily amounts to many millions, it is con-
venient to make the unit 1000 times greater, namely, the
heat required to raise one kilogramme of water from 0° to 1° C.
The mechanical equivalent then becomes 425 kilogram-
metres,

Mr. Joule makes the mechanical equivalent of heat 772
foot pounds—that is, the quantity of heat required to raise
one pound of water one degree of Fahrenheit is equal to the
heat produced by a weight of one pound of water falling 772
feet. It would raise a pound weight 772 feet high, or 772 lbs.
one foot high. As yet, approximations only can be made to
the amount of force that daily goes into the human body
in the food and oxygen. As with the matter, so with
the force of the food: the quantity that goes in is balanced
by the quantity that comes out in any given time, provided
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the force and matter in the body at the beginning and end of
the time is the same.

M. Barral has given an approximate estimate of the dif-
ferent amounts of force lost in different ways. From 1 to 2 per
cent. of power is given out in the heat of the urine and fwmces ;
from 4 to 8 per cent. in the heat of the breath; from 20 to
30 per cent. in evaporation of water from the surface; and
from 60 to 75 per cent. in conduction and radiation, and in
mechanical work,

Force enters the body latent in the food and air. It con-
sists of the affinities, as yet unsatisfied, which subsist between
the constituents of the food and the respired oxygen. In the
body, these affinities come into active play, producing heat,
mechanical motion, and all these other aections, internal and
external, to the sum of which we give the name of life.

Death is the stoppage of this conversion of latent force into
active force, cansed either by some arrest of action in the
heart, lungs, or brain, or by some direct interference with the
chemical actions in the ultimate molecules of the organs.

When the number of centuries during which natural know-
ledge has been studied shall have approximated to the number
already spent on classical knowledge, we may expect that the
changes in the matter and force in the body in health and
in disease will be so well known that even mental diseases
will be more thoroughly understood than the simplest of those
chemical diseases which, as far as our present knowledge
admits, I shall endeavour to make clear to you in this course
of lectures.

In my clinical lectures I tried to point out elearly the
difference and relationship between the chemical and
mechanical treatment of disease, to show that sometimes only
chemical remedies are wanted ; in other cases, more especially
in Surgery, that mechanical treatment alone need be used ;
but that most frequently both chemical and mechanical
actions are simultaneously wanted, and that these react
potently on one another. For example, medicine with rest
will do what medicine without rest will not:; or diet and
exercise may do together what either separately could not
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effect. The mode of action of mechanical remedies is at pre-
sent much more comprehensible than that of chemical
remedies. Motion increases chemical action, and rest checks
it. When the blood is carried throngh a muscle at rest the
quantity of oxygen remaining in the blood is nearly 7% per
cent., but if the musele is in motion then the quantity of
oxygen is reduced to 1% per cent. In other words, when
motion takes place there is much more chemical action than
when the muscle is at rest.

Motion in two ways increases chemical action—1st, directly
by conversion of force, and, 2nd, indirectly by bringing the
molecules more closely into contact, so that the latent energy
can be changed into active force. This is chiefly effected by
the cirenlation bringing fresh and larger amounts of oxygen
in contact with the hydrogen and carbon, phosphorus and
sulphur of the textures.

Rest lessens the supply of oxygen, lessens the pressure in
the capillaries ; lessens the mixture and contact of molecules
in the textures, and thus diminishes chemiecal action.

Heat and cold act both chemically and mechanically in
promoting or checking chemical action. Heat acts directly
by conversion of force; it also probably acts by dilating the
small arteries and veins, and thus permitting freer circulation,
and the consequent inereased chemical action.

Cold acts directly by stopping chemical action, and
indirectly by constricting the small arteries and veins, and
thus hindering the circulation and preventing the contact of
the oxygen with the combustible and nutritive substances.

Food acts both chemically and mechanically,—chemically,
1st, by furnishing latent force, and, 2nd, material for the
formation of the organs by which that force is made active.
It acts mechanically by the solid parts increasing chemieal
action in the stomach, and by the fluid parts adding to the
mass of liquid in the blood and by the dissolved solids that
pass into the blood, adding to its specific gravity, and thus
altering the osmotic actions throughout the system.

Food may be divided into water, salts, carbonaceous and
nitrogenous matters. The water and salts do not take a
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direct part in oxidation and nutrition, but they are indis-
pensable indirectly to the chemical actions by dissolving the
active substances and bringing them into sufficiently close
contact for the action to take place. Doth carbonaceous and
nitrogenous aliments can be acted on by oxygen, and can
thus change their latent into active force.

Hydrogen, carbon, and nitrogen, sulphur, phosphorus,
iron, and lime, enter info the composition of the organs by
which the conversion of latent into active force is effected.
Ultimately, more or less completely, these elements are them-
selves acted on by the oxygen, and thus no distinction exists
between respiratory and plastic food. Professor Liebig’s
division of food, however, gave the first impulse towards the
clear comprehiension of the two great chemical actions of
oxidation and nutrition that tale place in each particle of the

body ; I hope to prove to you that extreme variations of these
actions constitute disease.
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LECTURE I.

ON THE CHEMICAL CIRCULATION IN THE BODY.

Arr our knowledge usually passes throngh three stages as it
advances to perfection. First, a stage in which we think we
know everything ; then a stage in which we find we know
nothing ; and, finally, a stage in which we rapidly obtain those
clearand connected ideas in which all sound knowledge consists.

As regards the absorbent system of animals and the mode
of action of remedies, we have long been in the first or second
stage, and in this lecture I intend to show you that there is
reason for believing that in regard to these subjects we are
about to enter on the third stage; for that, in addition to the
circulation of the blood, there is the dawn of another or
chemieal circulation, dependent in part on the mechanical
circulation, but carried on mostly by diffusion from the blood
into the textures, and from the textures into the absorbents,
which thus become necessary agents for performing those
actions of oxidation and nutrition on which, in great part,
animal life depends.

Mr. Huggins has lately proved that the spectrum-analysis
can determine the chemical composition and the physical
constitution even of substances outside those circulating bodies
that constitute our solar system. And by the same spectrum-
analysis, the minutest particles of foreign substances can be
traced passing into those parts of the body which are most
distant from the circulation of the blood.
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In the human body the laws of diffusion modified by pressure
determine the passage of all substances from the stomach
into the cireulation, from the cirenlation into the textures, and
from the textures or circulation into these excretions. To
Mr. Graham we owe the investigation of these laws of diffusion
of gases and liquids; and the division of substances into
erystalloids and ecolloids. One or two experiments, and for
them I am indebted to Mr. Ansell and to Mr. Graham, will
make the meaning of these terms more clear to you. Inside
and outside this porous cell there is at present atmospherie
air. There is no passage of the outer air into the inside of
the cell, nor of the inside air to the outside of the cell; but
if hydrogen is put outside, being lighter than common air, it
rapidly passes into the inside of the eell, whilst the heavier
air inside more slowly passes out; and thus pressure is pro-
duced inside the cell, and the index shows how much pressure
existe. So also with this india-rubber ball. When the gases
inside and out differ, the lighter gas will pass rapidly in, and
such an alteration of form will oceur that a spring will be
liberated and this bell will say that light gas has passed
through the india-rubber ball.  Mr. Ansell has invented this
test for the explosive gas in coal-mines, that it may ring its
own alarm. In these two glass vessels the same excess of
diffusion of the lighter over the heavier gas is shown, but the
action has taken place more slowly. Originally over both
jars the india-rubber was flat. But through this concave
india-rubber the hydrogen has more rapidly passed out than
the air has passed in; and through the other convex rubber
the hydrogen has more rapidly passed in than the atmospherie
air has passed out.

So with these liguids, for which I am indebted to Mr.
Graham. Here is a very diffusible crystalloid substance,
acetate of rosaniline, or magenta; and in this other vessel
there is a much less diffusible or colloid substance, cochineal.
In half an hour you will see the crystalloid will pass through
the membrane, whilst the colloid will show no signs of
passage.

Here is another semisolid contrast. In the one jar there
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is bichromate of potash in gelatine above, with pure gelatine
below ; and in the other cochineal in gelatine above and pure
gelatine below : the bichromate diffuses, whilst the cochineal
is unmoved.

The same laws of diffusion modified by pressure determine
in the body the passage of substances from the stomach into
the eirculation, from the eirculation into the tissues or duects,
and from the tissues back through the absorbents to the eir-
culation.

The circulation of the blood cannot be represented by the
stem of a tree curled round on itself, but rather as a series of
circles formed by each terminal branch-twig joining a terminal
twig of the root. The enormous number of these terminal
circles may be seen in any injected preparation of any part of
the bedy. The whole substance seems to consist of these vessels
alone. The walls of these vessels are of the finest membrane,
through which diffusion takes place with the greatest rapidity
into the tissues beyond the circulation. These tissues constitute
the different organs of the body, nerves, muscles, glands, liga-
ments, bones, &e.  Each particle of each nerve, muscle, or
gland, is encompassed by blood-vessels on which its growth
and its action depend ; but there are some few spots in the
body where blood-vessels would be dangerous to the function
of the part. These parts may be regarded as outside that
circulating system which binds together the rest of the body.

The most numerous of these extravascular structures ave
the cartilages of the joints; and at a far greater distance
may be placed the most remarkable structures of our body,
the crystalline lenses which, without any eirculation of their
own, are separated from all circulation by an aqueous and
glassy fluid, which themselves also have no circulation. The
lenses then might well be thought to be altogether free from
all the multitude of disturbing substances that enter throngh
the stomach into the circulation of man. By this model of
an eye, perhaps, you will best realize the distance of the lens
{rom the circulation of the blood.

The lenses, the humours of the eye, and the cartilages of
the joints, thus constitute the parts of the textures most
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distant from the vessels, whilst the proper tissues of the various
organs of the body constitute the parts of the textures most
immediately touching the cireulation. The absorbent system
and the ducts of glands constitute the drains by which
substances, that have passed out of the circulation into the
textures are taken up into the circulation again or pass out of
the body.

It has long been known that bile would diffuse into every
texture ; that madder would diffuse into the bones and into
the feetus, and urate of soda into the joints; carbazotic or
picrie acid into the skin ; mereury into the gums; lead into
the gums and muscles, and silver into the skin; and it has
long been known that multitudes of substances would run
through the stomach into the eirculation and out through the
textures into some of the excretions. Ether, asparagus, turpen-
tine,and many other such substances require no mention here.

It occurred to me that both in animals and in plants* the
spectrum-analysis ought to determine with certainty where
diffusing substances go to; how long they are in going out of
the stomach into the textures; how long they stay in the tex-
tures, and how quickly they cease to appear in the excretions;
and, with Dr. Dupré’s help, a long investigation into the rate of
passage of crystalloids into and out of the textures of the
body was undertaken.

The delicacy of the spectrum-analysis may be seen in this
table, which gives the smallest quantity of each substance
that can be thus detected :—

Chlorate of soda . - . 14+ millionth of a grain.
Carbonate of lithia . 1 -

Chloride of strontium 1 i

Chloride of barinum - 1 ks

Chlorate of potass . - . = thousandth of a grain.
Chloride of lithium . . . + millionth of a grain.
Chloride of rubidium . . += thousandth of a grain.
Chloride of casium . 1 5

e ———— S =

* Cress sown on paper, when one inch high had the paper moistened
with water containing a little chloride of lithium ; in ten minutes and twelve
minutes the lithium was detected in the leaves.
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Soda exists everywhere, and in everything we eat and
drink ; so there was no use in looking for soda in the circula-
tion and textures, for it was sure to be there.

Lithia exists in many vegetable and animal substances,
according to the soil on which they grow or live. Here is a
table of substances which we examined for lithia :—

In potatoes—seldom fonnd

apples—sometimes coffee—slight traces
bread—traces ale—slizht traces

i In tea—slight traces
cabbage—distinetly | porter—slight traces

|

|

Rhine wines—always mutton—none
French wines—distinctly beef—none
Sherry—distinetly milk—none.
Port—distinetly.

It had already been found—
In sea water
kelp
gpring water sometimes
ashes of wood grown in the Odenwald
Russian and other potashes
tobacco
vine leaves and grapes
ashes of the produce of the fields in the Palatinate
milk of animals eating the produce
ash of human blood and muscle
meteoric stones
all the drinking waters of London.

The spectrum of lithium is very characteristic and very
perceptible, and some approximation to a quantitative deter-
mination may be arrived at by observing the amount of sub-
stance that requires to be burnt to obtain the reaction, and
by the necessity, in some cases, for the removal of inter-
fering substances previous to the combustion. Thus three
degrees may readily be observed. The highest amount
of lithia is present when each particle of the substance
introduced into the flame gives the lithia reaction; and a
smaller amount of lithia is present when the whole of a lens
or of an organ must be extracted with water to remove the
lithia previous to the combustion; and the smallest trace is
present when the substance has to be incinerated, the ash
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treated with sulphurie acid, the excess of acid driven off, the
dry residue extracted with absolute aleohol, the alcohol
evaporated, and the dry residue tested. These three guan-
tities may be designated as the slightest: trace, a trace, and
plenty.

As soon as experiments on man and animals showed that
the infinitesimal quantities taken in with the food were rarely
to be perceived in the textures, experiments were made to
determine how quickly the lithium diffused from the stomach
into the blood circulation, and from the eirculation into the
textures, and whether it was to be found in those distant
parts of the textures where no circulation existed, and espe-
cially in the lens of the eye.

The following table gives the experiments made on the rate
of the passage of chloride of lithium from the stomach not

only into the circulation, but out of the eirculation into the
textures of a guinea-pig.

After 1} grain was taken. In 3 days plenty was found everywhere.

W 15 minutes everywhere exeept in the lens.
3 » 31] £ n bt
b » 30 | , traces in the lens,
I e » outer part of the lens.
3 7 60 L M L]
LT 80 5 except in the lens.
- in 2§ hours .y Aand throughout the lens.
3 ¥ 4 b} » »
3 Lk ] H oy ¥} I3
3 ” 24 L] L) LE
'3 ¥ Eﬁ 1 " »

G o} (R 5 except in the lens.

It follows from these experiments that three grains of
chloride of lithium given on an empty stomach, may diffuse
into the cartilage of the hip-joint and into the aqueous humour
of the eye in a quarter of an hour. In very young and very
small pigs, the same quantity of lithium may in 30 or 32
minutes be found in the lens of the eye, but in an old pig in
this time the lithium will have got no farther than the
humours of the eye. If the stomach was empty when the
chloride of lithinm was taken, then in one hour the lithium may
be very evident in the outer part of the lens, and very faintly

C
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in the inner part ; but if the stomach be full of food the lithium
does not in an hour reach the lens. Even in two hours and
a half the lithium may be more marked in the outer than in
the inner part of the lens. In four hours the lithium will be
in every part of the lens, but it will still be more evident in
the humours than in the lens. Even in eight hours the centre
of the lens may show less than the outer part. The lithium
will be found in as great quantity in the centre of the lens
as in the outside after twenty-six hours,

When instead of being put in by the stomach, the lithinm was
injected into the skin: three grains of chloride of lithium in
24 minutes showed the lithium in the lens and in every
texture ; in 10 minutes, slightly in the lens ; but plenty every-
where else; in 4 minutes no lithium was in the lens, but
plenty in the aqueous humour of the eye and in the bhile;
one and a half grain in 5 minutes showed no lithium in the
lens ; but plenty in the aqueous humour and in the bile.

Having thus shown that lithium will pass everywhere into
the textures in between 4 and 15 minutes, when injected into
the cirenlation, and between 15 minutes and 26 hours when
taken in by the stomach, some experiments were made to deter-
mine after how many days the lithium ceased to be detected
in the textures after it had been taken. Usually three pigs
were taken: to one no lithium was given, the second was
killed in a few hours after a dose of lithium, and the third
was given the same dose and killed after many days.

The following table shows the rate at which chloride of
lithium passes out of the textures:—

2 grs, in 6 hours gave plenty everywhere. In 6 days gave no trace in the
alcoholic ex-
tract of the

kidneys,livers,
or lenses.
2 23 = 33 23 ) 27
2 —_ " In 4 days gave none in the lens,
1 gr.in 51} hours showed partly in the lens, In 3 (Lﬂs cave faint traces in
the lens.

It follows from these and other experiments that twice in
six days, and once in four days two grains of chloride of
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lithium, which in six hours gave lithinm everywhere, in six
days ceased to be detectable in the lens, and that even in
three days the lithium is most probably diminishing in the
lens.

Having thus gained a clear knowledge of the time it takes
for a small quantity of lithia to pass in and out of the tex-
tures of an animal, I proceeded, through the kindness of my
friends Mr. Bowman and Mr. Critchett, to trace the passage
of lithium into that part of the body which is most distant
from the blood ecirculation in man. Lithia water is by no
means an unpleasant drink, and a few minutes, or a few hours,
or a few days before the operation for cataract, twenty grains
of carbonate of lithia dissolved in water were taken.

No less than seven cataracts were previously examined
with the greatest care, to determine whether lithia was
usually absent, and in only one instance was the very faintest
trace of lithium detectable.

The following table shows the rate of passage of carbonate
of lithia into and out of cataracts—

20 grains of carbonate of lithia were taken
25 minutes before the operation—No trace of lithium was found in the

cataract.
21 hours = —Lithium in the watery extract of the
cataraet.
3 " —Lithium in each particle.
é sy ¥ ] ¥
‘!:% 3§ ¥¥ b | L1
4* 4] k1] ¥ 1]
5 s (old man) ,, - s
2 Ll L tE} 21
T L1 ¥ 1 b
spontane-
4 days g::’axgi’ ,. —Traces in aleoholic extract of ash.
25 to 30
s W7 - — In aleoholic extract not the slightest

trace of lithium.
T 33 5 hﬂurs n k] ¥ k)
i » —>Slightest trace in the aleoholic extract.

It follows from these experiments, that in the human body

twenty grains of carbonate of lithia taken into the stomach in
c 2
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two and a half hours will have partly passed into every
particle of the textures and beyond the blood cireulation even
into the most distant parts, and in three and a half hours it
will be distinetly present in each particle of the lens.

After four days it will still be distinetly present in each
particle of the lens.

Afterfive days it will have begun most clearly to pass out of
the lens, and in seven days scarcely the smallest trace will be
detectable there. The most striking experiment was in the
case of a young girl with two soft cataracts. She took twenty
grains of carbonate of lithia, and in seven hours one lens was
removed, and the smallest particle of the lens showed the pre-
gence of lithium. The other cataract was not removed for
seven days after the first operation; then not the slightest
trace of lithinm could be found in the lens.

A long series of experiments on the passage of lithinm out
by the exeretions, after it had been taken in by the mouth,
showed nearly the same fact, namely, that after a dose of
twenty grains, the lithium was not entirely thrown out of the
body under six, seven, or eight days.

Thus, then, both in animals aml man the same l.ﬁ.w obtains.
A single dose of lithium in a few minutes passes through the
circulation into all the ducts and into every particle of the.
body, and even into the parts most distant from the blood-
circulation.* There it remains for a much longer time than
it took to get into the textures, probably for three or four
days, varying with the quantity taken; then it diminishes,
and finally, in six, seven, or eight days, the whole quantity is
threwn out of the body.

In animals it is very difficult accurately to determine the
time when a single dose is removed ; for a portion passes out
in the perspiration and gets into the hair, and the animal
thence re-doses itself with the lithium which had already
passed through the blood-circulation into the textures and
out by the perspiration, and this re-dosing may be confinued
over and over again, so that even for thirty or forty days,

* When seven grains of carbonate of lithia were given eight hours before
delivery, the lithinm was detected in each particle of the umbilical cord.
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after a dose of three grains, some lithium may be detected in
guinea-pigs still passing out of the body.

Having thus traced the lithium in and out of the textures
the question of far greater importance remains—What does
the lithium or other alkaline salt do whilst it is in the
textures ? In other words, What is the action of alkalies in
the system? What is the action of carbonated alkali at a
temperature of 33 C. (100 Fahr.) when oxygen at the same
time is present, on lst, organic acids; 2nd, neutral hydro-
carbons ; Srd, fatty matter; and 4th, albuminous sub-
stances ?

The most remarkable instance of the action of alkali when
organic acid and oxygen are in contact is in the decomposition
of pyrogallic acid. In this vessel I have oxygen and pyro-
gallie acid in contact, and no action takes place, and none
would take place if alkali were not added; but immediately
on the addition of potass, action begins, the pyrogallic acid
is unable to keep its composition, and is burnt by the oxygen
aided by the alkali. More stable acids of lower composition
are produced, and these combine with the alkali and liberate
carbonic acid. If earbonated instead of caustic alkali be
used, the action is not nearly so rapid or complete as with
caustic alkali.

The best example of the destruction of a neutral hydro-
carbon by oxygen aided by alkali is in the reduction of oxide
of copper by sugar. The metallie oxide furnishes the oxygen,
the alkali assists the formation of acid from the sugar, and
draws it out of the sugar, destroying the nentral compound.

In fatty matters the alkali splits the fat into fatty acid and
glycerine, and forms a soap with the acid. Oil of bitter
almonds exposed to common oxygen or ozonized oxygen
absorbed in two hours two cubie centimetres of oxygen ; with
carbonate of soda it absorbed in the same time 2,75 CC,
When mixed with an aleoholie solution of potash, and heated
benzoic acid combines with the potash, and the whole con-
tents of the tube solidify ; the alkali canses the oxidation of
the oil; and by extreme oxidation carbonic acid and water
would be the final results,
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The action of alkali and oxygen on albuminous substances
at low or moderate temperature, 100 Fahr.,, has not been
yet studied. At high temperatures with alkali the entire
decomposition of the substance with the production of carbonic
acid and ammonia, and a multitude of less perfect products
of oxidation have long been known; the same substances
oxidized at a higher temperature without the presence of
alkali give rise to fewer intermediate products, and to a
oreater amount of the ultimate products of oxidation, wiz.,
water, carbonie acid, and ammonia, out of which the albumen
was originally formed.

M. Béchamp stated that by the oxidation of albumen by
manganic acid urea was produced, but this proved to be
benzoic acid ; and probably kreatin, uric acid, urea, and other
products will not be obtained from albuminous substances
until we follow the method of oxidation that occurs in the
body, viz., a temperature of 38 C. (100 Fahr.), a moderately
strong solution of carbonate of soda and basic phosphate of
soda, and the action of oxygen possibly in an ozonized state.

Von Gorup Basanez (Liebig’s ¢ Annalen,’ vol. ex. p. 86, and
cxxv. p. 207) has traced the action of ozone at ordinary
temperatures on a multitude of animal and vegetable sub-
stances, but of these my time allows me to mention only one
or two striking examples.

Cane or grape sugar when in contact with ozone undergoes
no change, but where grape sugar is exposed to ozone with
potass, soda, or carbonate of soda, it is entirely oxidized, and
carbonic and formic acids only result. When no alkali is
present no action occurs. Cane sugar oxidizes with alkali
and ozone much slower than grape sugar.

Olein is quite inactive when exposed to ozone, but with
potass or carbonate of soda the olein is immediately oxidized.
The olein is saponified and the glycerine is oxidized into
acrolein and ultimately into carbonie, formie, and propionie
acids. The oleic acid is much more slowly oxidized into
formic and carbonic acid.

Hence the action of alkalies out of the body on the dif-
ferent classes of substances of which we are built up is
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sufficiently clear. The alkali disturbs the equilibrium of the
elements in the organic body by its affinity for acids. Aided
by oxygen and heat, more or less complex acids are formed
from the neutral substances, and if the aetion of the alkali is
sufficiently continued, carbonie aecid, water, and ammonia alone
remain.

The progress of therapeutics probably depends on the
application of our knowledge of the action out of the body of
different medicines on the different chemical constituents of
the body, to the explanation of the action of the same
substances on the components of the textures in the body.

I have shown you how alkali out of the body promotes
oxidation. The chemist can have no doubt that the same
action takes place in each particle of the textures to which
the alkali is earried. Thus carbonate of lithia, soda, and
potass, lime, magnesia, rubidium, ecwsium, are indirectly
oxidizing agents, increasing chemical action in the different
substances of which the textures are composed, according to
the amount of the different alkalies that can diffuse into the
textures, according to the different properties of the substances
capable of oxidation that happen to be in the textures, and
according to the amount and active state of the oxygen
present and the amount of heat that assists the action, and
according to the facilities for the removal of the products of
the combustion.

Chloride of rubidium and csesium we have proved to follow
the same law as chloride of lithium, in that these substances
pass into the erystalline lens, and can be detected there ; but
the evidence is much less distinet than in the case of lithium,
so that the rate of the passage of these substances in and ount
of the textures cannot so easily be determined. Twenty
grains of chloride of rubidium, and the same quantity of
chloride of cwmsium were necessary to give traces of the
spectrum reaction for these substances in the lenses of guinea-
pigs.

There can be no reasonable doubt that as alkalies pass in,
so we shall prove that vegetable acids, if not stopped by the
alkaline fluid that is contained in the circulation, will pass
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into every particle of the textures, and when there these acids
must have exactly the reverse action to alkalies, By lessening
the alkalescence of the serum and tissues, vegetable acids
must tend to stop the oxidizing process.

As starch, sugar, and alcohol may be looked upon as
becoming in the body vegetable acids, there is here a vast
field for research, for there can be no doubt that the sugar
and alcohol” of our food pass at least as quickly as alkalies
into the vascular and non-vascular textures of our bodies.

How far mineral acids can penctrate into the textures
cannot be determined, and it may well be doubted if they
reach the textures at all, although, by rendering the blood
less alkaline, they must indirectly render the diffusing fluid in
the textures less alkaline also.

Alkaloids we hope to detect diffusing into the textures in
the same way, if not at the same rate, as alkalies. How they
act on the different components of the textures of the body,
chemistry at present has not determined. The action of
alkaloids on sugars, fatty matters, and albumen at first sight
appears altogether unproved. There exists in the brain and
nerves a substance discovered by Dr. Oscar Liebreich, and
named by him protagon (B By Tt gives rise to neurin
(€;H,,Y), glycerin-phosphoric acid, and a fatty acid, when
treated with alkali; and this substance, of which ! .th
forms a strong jelly with water, may be acted on by the
alkaloid, and thus form a nerve substance, having very dif-
ferent physical and chemical properties from the protagon in
its unaltered state.

Even the action of ammonia in the different tissues of the
body is not yet made out. In the ¢Phil. Trans.” part ii.,
1851, p. 409, I have shown that in passing through the
stomach into the blood, or when in the blood, ammonia is
partially oxidized, and that the same oxidation happens when
urea is taken, and probably when caffein and the alkaloids
pass into the blood, but the action that occurs as soon as
ammonia, nrea, or alkaloids come into contact with the dif=
ferent substances in the different textures, and the rate at
which these alkaloids are ultimately oxidized in the textures,
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has yet to be determined. The first effect of alkaloids is to
increase chemical action ; but the resulting chemical com-
binations that take place, and the alterations in the textures
that are produced by ammonia, urea, and alkaloids are at
present undetermined. DMoreover, the alterations these sub-
stances occasion in the products of decomposition of the
tissues, whilst being themselves finally decomposed and
removed from the body, are still entirely unknown,

Judging from the action of alkalies, there can be little
doubt that alkaloids in a few minutes diffuse into every
texture, and act according to their powers on the different
substances with which they come into contact. If our means
of analysis were sufficient, they would be found probably for
three or four or more days in the textures, generally much
longer than the symptoms, which depend upon contrast,
would lead us to expect.

Lastly, we have proved that some salts of the metals diffuse
like chloride of lithium into every texture of the body. Three
grains of sulphate of thallium we have followed in twenty-
two hours into the erystalline lens, and into the cartilages,
the nerves, the liver, and the kiduneys. If may be doubted,
perhaps, whether thallium is a metal; but the same fact we
have also determined to be true of sulphate of silver. The
silver being detected by a very delicate galvanic arrangement.

In twelve days a grain and a quarter of sulphate of silver
was given to a guinea-pig. The ashes of the liver, kidney,
and stomach showed silver fairly. The ash of the bile showed
it rather less distinctly. The ash of the lenses showed only
very slight traces of silver, but silver was there. The ash of
the brain showed no silver.

And here again a vast field for inquiry is opened. What is
the action of the metallic salts on the water, salts, hydro-
carbons, fats, albuminous substances of which each tissue is
built up? How do the metallic salts influence the oxidation
and nutrition going on in the textures? The power of the
salts of silver, lead, and mercury, &e., to form insoluble or
soluble compounds with albumen out of the body seems to
indicate the action of these substances on the albuminous
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matter in the body. A compound with the albumen may be
formed which may check the action of the organ, or the
metal may be reduced or form a sulphuret, as with silver
salts ; and may be deposited in the textures and there remain,
rendering the organ useless, as with lead salts; or the
metallic salt may set up a more active chemical change in
the albuminous textures or substances with which it is brought
into direct contact, and this chemical action may rise to that
degree which is known as inflammation; and the salts of
mercury may be taken as examples of substances possessing
this action.

From this view of the rapid passage of crystalloid sub-
stances into the vascular and non-vascular textures of our
bodies, there arises a feeling of surprise that under such
constantly varying conditions, the different funetions of the
different parts can be carried on. There is, however, from
these experiments, but little room to doubt that erystalloid
substances like water, aleohol, salt, and sugar, assisted by the
mechanical eirculation of the blood, can in a few minutes pass
by diffusion into each particle of our textures; and if in them
these substances must take part in the changes of matter and
force that are proceeding there, according to the amount of
substance that enters in, according to the chemical properties
that the substance possesses, and according to the conditions
and times during which the action proceeds.

Thus, this circulation of diffusion rises even to an equal if
not to a greater importance than that other more mechanical
circulation of the blood, which indeed, in two out of the four
grand divisions of animals, is almost absent, and during the
early weeks of our own feetal life is entirely wanting; and in
this chemical circulation we recognize a link between the
lowest vegetable and the highest animal ereation, since this
diffusion is a necessary condition on which the chemical
actions in both kingdoms of nature depend.

To sum up then, I have tried to show you that there are
good grounds for believing that there exists within us, in
addition to the mechanical or animal eirculation of the blood,
another, and a greater and a more strictly chemieal eirenlation,
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closely resembling, if not identical with, that which obtains in
the lower divisions of animals and in vegetables. A circulation
in which substances continually pass from the outside of the
body into the blood, and through the blood into the textures,
and from the textures either into the ducts, by which they
again pass back into the blood, or are thrown out of the body,
or into the absorbents, by which they are again taken back
into the blood, again to pass from it into the textures.

This chemical circulation leads directly to two most
important inquiries :—First, whether substances that diffuse
into this larger circulation act as they would do out of the
body under somewhat similar circumstances upon the different
substances with which they come into contact in the different
textures ; either promoting the formation of new compounds,
or giving rise to decompositions in the substances that are
present in the tissues,

And, secondly, whether the chemical force, which may have
been latent for ages in the mineral and vegetable substances
that can enter by our vegetable and mineral food and
medicine into this larger eirculation, may be so given out in
the textures as to increase or diminish those actions of
oxidation, motion, sensation, and nutrition, which almost,
although not altogether, constitute that assemblage of cor-
related actions which we sum up in two words—Animal

Life.



LECTURE II.

ON THE EXISTENCE IN THE TEXTURES OF ANIMALS OF
A FLUORESCENT SUBSTANCE CLOSELY RESEMBLING
QUININE.

Ix my first lecture I brought to your notice the fact that “a
single dose of lithinm in a few minutes passes, through the
circulation, into all the duets, and into every particle of the
body, and even into the parts most distant from the blood
circulation, and then I showed you that it remains there for
a much longer time than it took to get into the textures
(probubly for three or four days, varying with the quantity
taken), and that then it diminishes, and finally, in six, seven,
or eight days, the whole quantity is thrown out of the
body.”

No imagination could have anticipated that this line of
research into the rate of passage of substances into and out
of the textures would lead to the supposition that man and
all animals possess, in every part of the body, the most
characteristic peculiarity of the bark of the cinchona trees of
Peru.

After determining the rate of passage of lithia and other
mineral matters into and out of the body, Dr. Dupré and I
proceeded to endeavour to trace the rate of passage of quinine
into and out of the textures of animals.

We chose quinine because of that splendid test which
led Professor Stokes to the discovery of the change of
refrangibility of light.

Here, for example, are different solutions of quinine of
different stremgths, and by means of the production of
fluorescence in the electric light, you see how we can de-
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termine which of these solutions contains the greatest quantity
of quinine; and by forming standard solutions it would be
easy to measure how much quinine existed in each of these
golutions. DMoreover, Professor Stokes discovered that when
a solution of common salt was added to this quinine solution,
the fluorescence entirely disappeared. Though this may be
so in sun-light, it is not so in this electrie light; and, more-
over, on adding a solution of sulphate of soda to a solution
of chloride of quinine, the fluorescence, as you see, is greatly
inereased.

Still further, Professor Stokes showed that one solution of
quinine entirely stopped these rays from passing into a
second solution of the same substance, so that you might
almost tell whether you had a solution of quinine by seeing
whether it cut off the fluorescence from a second solution of
quinine.

Our first object was to determine the delicacy of this
reaction for quinine. We arrived at the following results,
when the spark from a Ruhmkorff coil was the source of
light :—

Sulphate of quinine gave slight fluorescence when w555 of a gr. was present.
v 5 feeble s e

L1 3 di:‘;t i net -

o
E T n L

One grain of sulphate of quinine in one million eight hundred
parts of water showed the blue fluorescence distinetly in
20 grs. of the solution. In another experiment, the same
amount of quinine in one million four hundred and forty-four
parts of water showed fluorescence very distinetly.

Having thus got our test, we proceed to apply it to
determine the passage of quinine into and out of the textures
of guinea-pigs,

A guinea-pig was given guinine, and for comparison another
guinea-pig was killed at the same time, having had no
quinine.

In the pig that had taken quinine, each organ was heated
in a water-bath, with very dilute sulphuric acid. This exfrac.
tion was repeated over and over again. The acid extracts



a0 ON FLUORESCENCE IN THE TEXTURES.

were mixed and filtered after cooling, neutralized with caustic
soda, and repeatedly shaken up with their own bulk of ether.
The residue left after evaporation of the ether was taken
up by dilute sulphuric acid, filtered, and tested for fluor-
escence.

The pig that had taken no quinine, had each organ treated
in a precisely similar way. To our great disappointment,
at first, we found that not only had the pig that had taken
quinine a fluorescent substance in the textures, but that an
almost exactly similar substance was extracted from the
organs of the pig that had taken no quinine. FEvery texture
was examined, and in every one this fluorescent substance
occurred.

We then endeavoured, in every possible way, to find a
means of separating the natural from the induced fluor-
escence. And as every method failed, and we were
compelled to recognize the close similarity of the sub-
stance that exists in the textures to quinine itself, we for
a time dropped the original inquiry, and proceeded to a more
complete investigation of the natural fluorescent substance in
animals.

Without any preparation this substance can be shown to
exist in the living and in the dead textures. There is one
transparent substance which is, above all, most suited for this
inquiry.

Here are some lenses removed from the eyes of bullocks,
guinea-pigs, and man. You see how clear, white, and trans-
parent these substances are; and if I take a bullock’s eye,
which by gentle pressure has been flattened so that the
structure can be distinctly made out, there is plainly no
colouring matter. As in quinine, nothing is seen until the
blue rays of the electric light fall on the lenses; then look at
the splendour of the reaction. Here, with the guinea-pig’s
lenses, the same is seen; and here, with the flattened bulloek’s
eye. You might be tempted to think that this is a posi-
mortem change, a result of decay ; but here is a fresh bullock’s
eye, look at this blaze of bluish-green light; but still more
full of suggestion is an experiment with a dilated pupil in a
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living animal or in man. Let me show you my own eye, for
in it you can see the lens shining with this unnatural, because
unaccustomed, light, looking like an opague substance, a blue-
green cataract, whilst my eye can hardly distinguish any-
thing in consequence of the bluish haze which confuses my
sight.

Life and death then have nothing to do with the existence
of this substance ; here, it is present in the living lens; it
does not disappear from lenses that have been kept for months
in glycerine.

I have already said that this substance not only exists in
the lens, but that it can be found everywhere by treating any
animal substance, first with dilute acid, then neutralizing with
alkali, and then extracting with ether: thus we obtain solu-
tions having exactly the same properties as you see in the
lens. Here, for example, is such an extract from the liver.
Here, from the kidney. Here, from the heart. When an
acid solution of this substance i1s treated with ether, no
fluorescent substance is obtained. First, as with quinine, the
acid must be neutralized before this substance or before the
quinine can be taken up by the ether.

Having then obtained these solutions, we were able to
compare them with solutions of quinine in their actions on the
spectrum. And first, the solution of the natural substance
begins to fluoresce a little before the solution of quinine;
but on carrying it on through the spectrum it ends where
quinine ends.

The fluorescent light of the natural substance is a little
more greenish than the fluorescent light of quinine.

If a quartz cell containing this fluid is interposed between
the source of ligcht and a solution of quinine, no fluorescence
takes place in the quinine; and if quinine is interposed
between the light and this natural solution, scarcely any
fluorescence is observed in it.

When a solution of common salt is added to the naturally
fluorescing substance, the fluorescence is almost entirely de-
stroyed, as happens with quinine.

If the natural solution is boiled with permangamnate of
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potass, it does not lose its fluorescence, nor does quinine ; but
when permanganate with excess of alkali aets upon this
substance or upon quinine, the fluorescent substance 1s
entirely oxidized.

Hence this substance by the mode of its extraction and by
its remarkable action on light, is very closely related to
quinine; and this led us to apply the chemical tests for
quinine to this natural fluorescent substance, after extraction
from the body.

The different tests for alkaloids like guinine, as morphia,
strychnine, veratrine, atropine, you may see in the following
reactions. First, quinine gives, as you see, a precipitate with
iodine in iodide of potassium. Secondly, iodide of mereury
in iodide of potassium also gives a precipitate. Thirdly,
phosphomolybdic acid also gives a precipitate. Fourthly,
bichloride of platinum gives a precipitate. Lastly, terchloride
of gold causes a precipitate, and this precipitate is soluble in
aleohol.

Now each and all these different reactions are obtained
with these same reagents acting on the fluorescent substance
that is extracted from animals,

So that here again we have chemical proof that this
substance is an alkaloid, and that it is closely related to
quinine.

We have named it Animal Quinoidine because we have
not as yet been able to erystallize it nor to obtain enough for
an analysis,

Having =satisfied ourselves that an alkaline fluoreseent
substance resembling quinine existed in the different textures,
we endeavoured to determine the proportion that was present
in different parts. For this purpose standard solutions of
quinine of known strength were prepared, and equal amounts
of substance were treated in precisely similar ways, and then
the fluorescence was compared with the standard solutions of
quinine. No very accurate estimations could thus be made,

but comparative results could be obtained, and these are
represented in the following Tables : —
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On the amount of fluorescent substance in different parts of guinea-pigs and
of man, measured by the number of grains of quinine in 100 [ifres
(= 176 pints) of water that gave the same fluorescence.

Ix GUINEA-PIGS, || Ix Max,
| :

Liver AL .|ﬁm3' g g 2
Lenses - - - P | EXI T 2 .
By o . . o] 8 [ 3|2 ‘ 2 | 2 [3t6
Urine - . - . s S Eh S e | .
Bile . : . - : | 3 2 gl
Blood A | ‘ 2 b |
Brain : c ) it & 2 |
Nerves ; : - | b alh] g 1 | |52
Museles : : P (e, el [ 2 1 2 o
Humours of the Eye . - | 2 | 2 2 : '
Cartilages . s : ey e 3 | '
Spleen i : : . | [ e 1 1 ! ﬁ
Lungs | ! : 1 : 1 ! 2

What, then, is the meaning of this widely diffused substance
in animals which so closely resembles quinine? At present
we are far from a perfectly clear answer. It is not thirty
years yet since the presence of ammonia in the products of
distillation of coul was considered “curious,” because nitrogen
was thought to be the characteristic of an animal substance,
and absence of nitrogen was considered as the distinetive
mark of vegetable creation. Gradually, year by year, each
substance that has been thought to be the special property of
the vegetable world has been found to oecur in animals, Thus
sugar, starch, woody fibre, vegetable colouring matter as
indigo, albuminous substances, are common to animals and
vegetables; and at length we have arrived at the fact that
no distinetion can truly be drawn between the three kingdoms
of nature. In the body, salt and phosphate of lime and
phosphate of soda are animal substances as much as fibrin
and albumen. Sugar is as much an animal substance as
albumen is a vegetable substance, and no separation can be
made by chemical analysis between animal, vegetable, and
mineral matter.

The processes which take place in the three different
kingdoms are, however, very different. The vegetable gene-

D
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rally from carbonic acid, ammonia, and water can synthetically
build up acids, neutral hydro-carbons, fats, alkaloids, and
albuminous substances. Whilst the animal generally from
albumen analytically produces alkaloids, fats, neutral hydro-
carbons, acids, and unltimately water, ammonia, and carbonie
acid.

Thus the following table of synthetically and analytically
produced substances common to both kingdoms may even
now be formed :—

From Carbonate of Ammonia and Water. | From Albumen passing down to Carbonate
Substances formed synthetically, by the plant of Ammonia and Water.
or by the chemist. Subgtances formed analytieally.
Oxalic Acid Albumen
Formie ,, Casein
Lactic ,, Animal Quinoidine
Acetic ,, | Indican
Valerianic Acid ! Glycocol
Glycerine i Taurin
Suoar Leucin
Starch i Urea
Cellulose ! Caprylic Acid
Cholesterin : Caproic ,,
Butyrin ‘ Capric o
Palmitin Olein
Stearin : Stearin
Olein | Palmitin
Capric Acid | Butyrin
Caproic ,, | Cholesterin
Caprylic ,, Cellulose
Urea ‘ Starch
Leucin Sugar
Taurin Glycerine
Glyeocol , Valerianic Acid
Indican 5 Acetic -
Quinine . Lactic o
Casein Formic i
Albumen. i Oxalic A

From this point of view, then, our so-called animal guinoi-
dine is descended from albumen, and its ultimate progeny
are carbonate of ammonia and water, out of which substances
the cinchona tree, under favourable ciremmstances, is able to
build up quinine ¢,,,N,8,.

24472
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From the large number of carbon atoms in quinine, it may
be regarded as one of the early substances produced in the
downward passage of albumen, and from this we shall very
probably find the key to the question how quinine acts in
the body.

When sulphate of quinine is taken, like the lithium and
other substances which I brought before you last year, it
rapidly passes from the blood into the textures.

Even in a quarter of an honr, after four grains of sulphate
of quinine the fluorescence may rise to 75 grains to 100 litres.
It is found in greatest amount in the liver and kidney; rather
less in the blood, urine, and museles; still less in the brain,
nerves, and bile ; and is perhaps even in this time capable of
being detected in the lens of the eye.

In three hours the maximum effect of the guinine may be
reached. It amounts then to from 100 to 200 grains of
quinine in 100 litres of water, and it pecurs to this amount in
the liver, kidney, urine, bile, blood, brain, and museles. The
nerves and aqueous humour showed much less increase, and
the lenses showed the least inerease of all the textures.

In six hours the amount of fluorescence was rather. less
than in three hours.

In twenty-four hours it was considerably less than half as
much as in three honrs,

In forty-eight hours, except in the liver and blood, there
was but little more fluorescent substance in the textures than
naturally exists there.

And in seventy-two hours after the dose of quinine the
liver showed no trace of inerease of fluorescence.

Hence, in fifteen minutes the quinine had passed every-
where. In three hours it was at its maximum, and remained
in excess for six hours. In twenty-four hours it was much
diminished, and in forty-eight hours scarcely perceptible.

These results were obtained by extracting the natural
fluorescent substance and the quinine together from the
textures, determining the joint fluorescence by standard
solutions; and by comparing the numbers thus obtained with
the numbers given when no quinine was taken.

D 2
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The following table of the fluorescence of the different
textures after four grains of quinine had been taken by
guinea-pigs was made :

' - | e o5 -+ W
I s 2 . £y . Eg EH4
' S = ge ||  UEE £z
I £= =f- £ . ‘£ 2 £
Ev | E R B
4 | & ST |
|
! | | '
Liver . . | 75 ' 40 20 to 40 | 100 to 200 100
Lenses . . G to 3 5 = 3 2
Kidney . : 73 40 [ 20 . 100 to 200 106
Urine . | a0 | 20 to 10 | 20 100 ,, 200 100
Bile ¢ ol 12 20 a 100 ., 200 13 :
Blood . 5 al 20 | 20 [ 100 .. 200 12 to 25
Brain . .| 12 10to5 | BHtod | 100, 200 | 6,12
Nerves . Lk B 5 least I i a9
Museles . .| 50 to 35 20 ] [ 100 to 200 | 50 to 100
Humours : : 5 o [eianfila | 2
B R & S8 ) s = o
| =g e = B || RNl e
=] 1 T [T ] =T 5 = =
15 2o Ea | A3 £8 | &% | EF
| ; ,- | .
Liver o | 100 to 200 | | 50 i I
Lenses . | S e ‘ 3 3 3
induey : i 100 | 50 | b el [t
Urine . .| | 100 |[4t06|12teB | 2 3 3
Bile . 2 - 75 5 18 | g | 8
Blood . .| 20to40 | 100 to 50 1300 R
Brain . 3 25 6 | | &
Nerves . | ‘ (i I 3 - g s
5 » - 25 | 12 to 6 3 5
Mus-r:lel.s ) | i 5 . G | 3 | Teast
= - |

Humon

; !

We have been able also to find some trace of the passage
of the quinine even into the lens of the eye of man.

The following table, which we owe to the kindness
of Mr. Bowman, who gave us the cataracts, makes this
evident :—

On the increase of fluorescence in cataracts after quinine.
Natural flucrescence of the lens = 16 grs. of quinine per 100 litres
of water.
1 hour after 5 grs. quinine; cataract = 1°6 T »
1 i » 1 ) 1.H ” LES

Il
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2 hours after 5 grs. quinine ; cataract = 1'6 grs, of quinine per 100 litres

of water.
2# n ¥ 23 — 2.1 tn 311 ¥ 3y
Aftermanydaystaking quinine ,, = 62to31 , -

The figures represent the number of grains of sulphate of quinine in 100
litres, 176 pints of water, required to give a fluorescence equal to that of the
substances extracted.

Thus, then, the quinine goes everywhere; and wherever
it goes it meets with the natural flunorescent substance like
quinine which most probably is constantly forming and
undergoing oxidation. The incoming quinine causes a tem-
porary excess of quinine in the textures. Probably it causes
a stoppage of the fresh formation of quinine from albumen;
a temporary arrest of the changes going on; a transfer of
action perhaps to the quinine introduced, so that with large
doses deafness and great prostration and almost impereeptible
pulse are produced in man, whilst in guinea-pigs death even
is caused by the extreme prostration. In small doses, quinine,
probably like alcohol, gives an immediate stimulus when the
first chemical action takes place; but soon the quinine retards
the chemical changes in the nifrogenous substances, just as
alcohol, by its secondary action, retards the chemical changes
in the hydro-carbons in the different textures.

Possibly the increased resistance to changes in the textures
and in the blood produced by excessive doses of quinine or
alcohol corresponds to that state well known to medical men
under the very indefinite and very often incorrect name of
uremis.

From these experiments two hopeful prospects of possible
discovery arise—I1st, as to the explanation of the cause and
cure of ague; Znd, as to the treatment of diseases in parts of
the body external to the blood vessels.

1. Assume that a substance like quinine exists, in health,
in the textures, can its rapid destruction and removal through
the action of marsh miasm give rise to ague ? Does gninine
cure ague by furnishing a substance which retards the
changes which go on in the textures? and in the well-known
property of arsenic to preserve organic substances have we
also the explanation of its power in curing ague ?
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2, If the chemical circulation can carry alkaloids even into
the non-vascular tissues, is it not reasonable to suppose that
medicines pass outside the blood and act on the textures?
and is it not most probable that they take part in every
chemical change that occurs outside the blood-vessels, as well
as within the blood itself? Still further, may we not expect
that among the multitude of new substances which synthetical
chemistry is now constantly forming, some medicines may be
discovered which may not only have power to control the exces-
sive chemical changes of the textures in fevers and inflamma-
tions, but may be able to remove the products of insufficient
chemical action even in those diseases which affect the non-
vascular textures, as, for example, in cataract and in gout?

It remains that I should in a very few words tell you what
was already known regarding this fluorescent substance, and
on the rate of passage of alkaloids into and out of the body,
before we began our work.

In 1845, Professor Briicke stated that the lens absorbed
the blue rays of light to a very great extent, and that the
cornea and aqueous humour did so to a less extent.

In 1855, Professor Helmholtz examined for fluorescence the
retina of the eye of a man who had been dead for eighteen
hours. The first experiment showed that it was very feebly
fluorescent. The colour of the light dispersed through the
retina he found greenish-white.

In 1858, M. Jules Regnauld, using sun-light, found in man
and the mammifera that the cornea flnoresced in a very slight
degree. In the sheep, dog, cat, and rabbit the ecrystalline
lens possessed in the highest degree fluorescent properties.
In these animals, and also in many birds, the central part of
the lens, preserved by desiccation at a low temperature,
retained this property. The central portion of the crystalline
of many aquatic vertebrata and molluseca he found almost
entirely without fluorescence. The vitreous humour possesses
only a very feeble fluorescence, due to the hyaline membrane.
The retina possessed a certain fluorescence which was not at
all comparable in intensity to that of the crystalline lens.

In 1859, I. Setschenow, of Moscow, a pupil of Helmholtz,
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at his request, experimented on the eyes of men and rabbits.
The fresh retina showed the same phenomenon as the dead
human retina. It diffused a greenish-white light, which,
examined by a prism, gives a spectrum in which the red is
wanting. The vitreous humour in a thin glass vessel showed
only traces of fluorescence. The lens, on the contrary,
fluoresced very strongly, the colour of the dispersed light
being white-blue, exactly like quinine, only the quinine was a
little stronger. Ixamined by a prism, the dispersed light
gave a spectrum in which the red was wanting, and in which
the blue tone predominated. The fluorescence he found begins
as in quinine solutions between G and H, and is strongest at
the outer edge of the violet rays, and extends into the ultra
violet to the same distance in the case of the lens as in the
case of a quinine solution. When the cornea was cut out,
if fluoresced much feebler than the lens ; the aqueous humour
did not fluoresce at all.

The appearances in the three last media, he says, can be
shown with the greatest ease, even in the eye of the living
man. When the eye is brought into the focus of the ultra
violet rays immediately the cornea and the lens begin to
glimmer with a white-blue light. The cornea in the living
eye is much more fluorescent than when dissected out,
probably from the loss of transparency, consequent on con-
traction of the texture, and from evaporation.

With repard to the rate of action of alkaloids; Professor
Donders has carefully investigated the time in which atro-
pine and Calabar bean act on the iris in man.

A solution of atropine dropped on to the cornea in 15 minutes
begins to aect, and attains its maximum action in from 20
to 25 minutes. In 42 hours the pupil is rather smaller, and
even after 13 days the pupil was not quite its natural size.
The fluid extracted from the aqueous humour, injected into
another eye, caused dilatation of the pupil.

A solution of Calabar bean began to act in from 5 to 10
minutes : attained its maximum action in from 30 to 10 minutes.
At the end of three hours it began to diminish, and the effect
disappeared entirely in from two to four days.
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LECTURE III.
DIABETES.

I HAVE chosen diabetes for my third lecture, because, among
all the diseases to which mankind 1s liable, it is the best
example of a purely chemical derangement of health.

In slight, or in severe cases, even from first to last, mecha-
nical symptoms or complications rarely occur. Loss of nutri-
tion and loss of power through the whole course of the disease
bear a direct relation to the loss of saccharine fuel, and when
the complaint proves fatal, no change of structure is found;
no evidence of any disordered chemical action remains,
Atrophy alone shows that the nutrition of the body has be-
come more and more feeble.

Throughout its course the disease seems as though it might
be cured at any moment, provided some change could be made
in the chemical actions on which the production of the sugar
depends.

There appears to be only one link wanting to make the
healthy chain of action complete; if this could be supplied
the disease would cease to exist ; the sngar would disappear
from the urine, and the symptoms of the complaint would be
gone. What, then, is the nature of the disease? To under-
stand it I must go back to physiological chemistry.

Very many substances are included in the term sugar.
Though closely related, they have chemical and optical differ-
ences. The three great optical divisions of sugars are—1. Con-
vertible, polarizing to the right—these are cane sugars. 2.
Inverted, polarizing to the left—these are fruit sugars. And,
3. Unconvertible, polarizing to the right—these are glucose
and diabetic sugars. The chemical differences are best seen
in the following table :—
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Crystallized cane sugar - - - - ; y €. H,5,,
Combined cane sugar . ; . : - ; - €,:H,. &,
Grape sugar, crystallized 4 ! ; - - B He tr,
Grape sugar, in combination . - - . : S Hott),
Melitose, from Eucalyptus mannifera . - : ; o,H, 00,
Eucalyne . ; ; 7 s - ; : - . H, .
Melezitose - : - - - - ; . €=-H o6
Sorbin . ; - : - : : - - €. H, &,
Sugar from secale cornutum, mycese . - - - € Hag Sy,
Caramel . . ; AL : . 5 : o H
Mannite . : ’ : : : s : . € H, O
Dulcose . : ; 4 : : R : : €. H,,6,
Erythromanuite . - : : - - : - G, H &,
Pinite : - - - . . . . . €.1,,8,,
Quercite . : - . : ; 2 - : o L

In addition to these there are saccharine substances of
animal origin, of which the best known are—
Milk sugar, erystallized . €,H, .,
Milk sugar, in combination €,H, &,

Glycogen, s : . €.H, &, Dernard’s saccharine substance from the liver,
Inosite . . ; « ©H, 6, Scherer’s sugar from the heart and other museles-

All these different saccharine substances are not able to pass
as glucose into the urine ; but they are all capable of being
oxidized in the blood and textures into carbonic acid and
water, whilst giving heat or motion, or other energy, to the
body.

Each grain of starch that is taken as food, when acted on
by the saliva or pancreatic fluid, is converted into sugar, and
becomes a source of fuel or power, and ultimately passes out
of the body as carbonic acid and water.

In diabetes the starch is still changed into sugar; but in
the circulation and in the extravascular or parenchymatous
structures the further change is partly or wholly stopped;
more or less of the sugar remains as sugar, part reaches the
kidneys and is thrown out in the urine, part exists in the
struetures unchanged ; and thus the system is deprived of one
part of that conversion of latent into active force on which
the nutrition and power of the organs depends.

In the body or out of the body, when once a series of
chemical actions is set up, the series tends to become continu-
ous; it propagates itself, unless a change of conditions oceurs.
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For example, grape juice will remain as grape juice, if kept
from the action of other substances. Under well-known con-
ditions it will ferment, and continue fermenting, as long as
sugar, and ferment, and the proper temperature are present.
If the conditions are slightly varied, variations in the products
will be observed, The series of actions will not pass rapidly
from grape juice to alecohol, to vinegar, or to putrefaction ;
but according to the conditions one action or another action
will be set up and will continue as long as that action is pos-
sible.

In health and in diabetes the sugar is subjected to different
conditions. In health the chemical changes ave propagated
and continued to their full extent; whilst in diabetes the
conditions necessary for perfect change are wholly or partly
wanting. These conditions, on which the changes depend,
are chiefly three. 1st. The proper temperature; 2ud. The
presence of a not immoderate quantity of sugar; Jrd. The
presence and activity of the proper ferment.

On each of these conditions a few words are necessary.

First, the internal temperature of the body, under all eir-
cumstances, is subjeet to so small a variation, that at present
there is no proof that such a reduction can oceur as can check
the chemical actions in the human body, though under cer-
tain circumstances small animals can be exposed to cold so
that sugar may be made to appear in the urine.—Proceedings
of the Royal Society, December 15, 1864,

Secondly, by the most careful investigation, I have satisfied
myself that Professor Briicke is right in saying that healthy
urine contains sugar—that is, the amount of sugar derived
from the food, or from the changes going on in the textures,
is at all times more than can be entirely changed in the cir-
culation and in the tissues. If, then, a considerable amount
more Is thrown into the cireulation, some of it will pass out
in the urine. Thus an injection of sugar into the rectum when
absorbed caunses temporary diabetes ; so, also, large quantities
of sngar, fruit, and farinaceous food tend to produce temporary
diabetes. Thus, also, if Bernard’s amyloid or glycogenic sub-
stance is produced in excess in the liver, diabetes is the result.



ON DIABETES. 43

Thirdly, the ferment, the prime cause of change, has not
been yet insulated. Whether it be the albuminous substance
of the saliva or panereatic fluid, or some other of the many
albuminous substances in the blood, it requires for its action
heat, the presence of alkali, and an undisturbed cireulation of
the changing fluid.

With regard to the effect of alkalies, something will be said
when I speak of the treatment of diabetes; but concerning
the influence of unobstructed chemical action some remark-
able physiological experiments must be here mentioned,
because they not only furnish the most striking illustrations
of the relations of mechanical to chemical disease, but
because they also help to account for the effect of sudden
mental shocks and nervous disturbances, which do so much
harm to diabetic patients.

Bernard made the great discovery that the mechanical injury
of the floor of the fourth ventricle of the rabbit alters the
chemical actions going on in the body so as to cause sugar in
excess to appear in the urine. This is a most remarkable
demonstration of the relation which subsists between
mechanical and chemical actions in the living body.

M. Schiff, in his ¢ Untersuchung uber Zuckerbildung’
(1859), states that this diabetes results from injury of the vaso-
motor nerves of the abdominal organs which arise from the
thalami optici and the crura cerebri—partent des couches
optique et des pedoncules cdrébraux; and he also shows that
by injury of other parts of the nervous system temporary or
permanent diabetes may be produced.

Thus eutting the posterior roots of the nerves arising from
the cervical portion of the cord, leaving the anterior roots
untouched, causes temporary appearance of sugar (irritative
diabetes) ; whilst by division of the anterior roots on a level
with or above the fourth cervical vertebra, permanent (or para-
Iytic) diabetes results. These injuries, he says, cause an
irritation or a paralysis of the vaso-motor nerves. The vessels
of the liver become dilated and distended ; and as a conse-
quence there is an excessive secretion of glycogen by the liver.

The permanent diabetes may be thus occasioned ; but it is
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far more probable that the temporary diabetes is owing fo
the mechanical injury of the nervous system so affecting the
vessels that the chemical changes are interrupted. The same
phenomenon is seen in every fermentation. The chemical
action is temporarily stopped when the fermenting fluid is
disturbed by any sudden change.

These conditions of change may in diabetes be affected
singly or all simultaneously. When the affection reaches to
the extent of stopping the chemical change in the vegetable
or animal sugar in the body, diabetes, intermittent or per-
manent, is the result.

That the disease is only a little way distant from health is
shown by the existence of sngar in the urine in the healthy
state; so that a small quantity of sugar in the urine is no
proof of disease; and here, as elsewhere, there is no defined
limit where health ends and disease begins.

Diabetes is the arrest of a healthy state; an increased
quantity of sugar appearing in the urine, because the actions
that constitute health are lowered.

In perhaps half the cases of diabetes the arrest of change in
the food-sugar constitutes the complaint. This is proved by
the fact that when a striet antifarinaceous diet i1s observed
the abnormal amount of sugar ceases, and the patient is well
as long as he keeps to the strict diet. When this fact was
published in 1806 by Dupuytren and Thenard, they used these
words :—* Que le traitment qui consiste surtout dans un
régime purement animal a le méme degré d'efficacité que le
quinguina dans les fievres intermittants.”—Annales de Chemde,
vol. lix., p. 45.

But it was soon found that eases occurred in which a strictly
antifarinaceous diet, consisting of animal food and water, did
not stop the sugar in the urine. For days and weeks not a
grain of vegetable starch or sugar may be taken as food, and
yet sugar in excess will exist in the urine. Whence does this
sugar come ? It must either be taken in the animal food or
it must be produced in the body.

Previous to Bernard’s discoveries, this production of sugar
when no vegetable food was taken admitted of no explanation.
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Now, the discovery of the amyloid substance in the liver, and
of inosite in the muscles, lungs, brain, and other organs, gives
a full solution of the difficulty. In the chemical changes going
on in the body, animal starch is formed in the liver, and in
otherorgans, as in the prostate gland, and sugar inthe museles;
not, as in vegetables, by the fixation of carbon and the decom-
position of water by the action of light, but more probably by
the gradual splitting up of the higher organic compounds of
the different organs whilst performing their functions.

The good effect of an antifarinaceous diet in some cases,
and its want of effect in others, marks the two great divisions
of the disease—the two stages of diabetes. In the first stage
vegetable sugar alone ceases to gothrough the healthy chemical
changes, whilst the animal sugar is entirely changed ; in the
second stage, animal sugar as well as vegetable sugar are more
or less unchanged. It may be concluded that animal sugaris
more readily changed than vegetable sugar; and when in
diabetes an antifarinaceous diet has no marked effect, then
the conditions of change of the sngar in the body are furthest
from the healthy state.

There 1s sufficient evidence that diabetes does not always
progress from one stage to the other. The disease may halt
anywhere in its progress, and remain stationary for years, or
get better or worse. A gentleman has consulted me for the
last four years occasionally; he is now 57. When I last saw
him the specific gravity of the urine was 1020, about three
pints in twenty-four hours, containing about four grains of
sugar to the ounce. He had been diabetic for twenty-nine
years, during which time he married, and has now healthy
children grown up. When he takes care about his diet, the
sugar and symptoms vanish, but when careless, the symptoms
return, and the sugar can be found in the urine.

Diabetes, then, in its mildest or first form, is the loss of
power to change the sugar of the food; in its more advanced
or more intense form, it is the loss of power to change the
sugar produced in the organs and textures of the body, as
well as in the food. The chemical changes in the animal as
well as vegetable sugar are more or less arrested.
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On the Means of Detecting Diabetes.

The first and readiest means of detecting diabetes is to boil
about a drachm of urine and a drachm of liq. potasse for
two or three minutes in a long test-tube. The colour of the
urine after boiling should be compared with an equal quantity
of urine mixed with as much water in another test-tube. In
well-marked cases the boiled urine becomes darker than the
darkest sherry. 1If the colour is only slightly changed, then
the same quantity of urine should be mixed with two drops
of a saturated solution of sulphate of copper and a drachm or
more of liq. potassee, and then boiled. Reduction of the
copper rapidly takes place if much sugar is present; or half-
an-onnce of urine should be boiled with ten grains of slaked
lime. If none of these tests give a decided reaction, the
amount of sugar in the urine may be considered scarcely
beyond the quantity that exists in health. Before asserting
that no tendency to the disease is present, it is well to repeat
these tests with urine made about two or three hours after a
farinaceons meal.

A gentleman was sent to me from the country for diabetes.
His medical man had found the sugar, and had put him on an
antifarinaceons diet.  When he came to me the colouration
and reduction, on testing the urine, were not perceptible. A
portion of this urine was sent back with the patient, and the
medical man was surprised to find that the sugar was gone.
When the patient returned to farinaceous diet the sugar re-
appeared in the urine.

On the Diffieulties and Fallacies of the Tests for Sugar.

Regarding the presence or absence of very small quantities
of sngar, positive and negative doubts may arise. Appear-
ances may be observed resembling sugar when no sugar is
present, and substances may hinder the reactions taking place
when sugar exists,

When there is more than a grain of sugar in the ounce of
urine, little difficulty ocenrs in finding it. When less is
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present, the organic matters in the urine hinder the reactions,
and it becomes necessary to separate the sugar from other
substances beifore the tests are used.

Ina paper in the ‘ Quarterly Journal of the Chemical Society,
vol. xiv.,, p. 27, “On the Detection of Sugar in Healthy
Urine,” you will find experiments on the value of the
different processes for determining the presence and quantity
of small quantities of sugar in the urine. In doubtful cases,
by following Briicke’s process, no case of diabetes can be over-
looked.

There remains, then, the opposite error that may arise from
the use of the sugar tests. Sugar may be thought to be
present when the colouration or reduction may be caused by
some other substance than sugar, as urie acid,

Long-continued boiling of the urine, even without alkali,
causes the colour to become darker. The longer the boiling is
continued the darker the colour becomes. Alkalies and heat
together always have some darkening effect on the healthy
colouring matter of the urine when exposed to the air.

When accidental colouring matters are present—as, for
example, rhubarb or senna—alkali, without heat, gives a deep
eolour to the urine.

On this account, the test of colouration ought never to be
trusted to alone. Reduction of the oxide of copper must
occur if sngar is present; but substances may coexist with
the sngar, as muriate of ammonia, 1 grain to ! th grain
sugar; or urea in great excess, 1 gr. urea ' th gr. sugar;
and these substances may hinder the reduction of the copper;
or substances may be present when no abnormal sugar is
in the urine, which may reduce the oxide of copper and lead
to great errors.

In the Medico-Chirurgical ‘Transactions’ for 1843, vol. xxvi.,
p- 211, in a paper on the detection of sugar in diabetic blood,
I mention that urie acid will reduce the oxide of copper.

Tartaric acid also, under certain circumstances, will reduce
the oxide of copper.

A physician sent me some urine of a supposed diabetic
patient, asking me to determine the amount of sugar. I told
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him I found no sugar present. He gave me an analysis in
which the sugar was determined to the second decimal place.
I took the urine I had examined to the analyst, and asked
him to repeat his test. For convenience he had made a
Winchester quart of Fehling’s standard solution, and on
testing the urine, reduction occurred to an immense extent ;
and the analyst thought I was wrong, until I heated his
standard solution without adding any urine to it. Then the
tartaric acid reduced the oxide of copper just as if sugar had
been present.

These examples, and more might be given, of the reducing
action of other substances than sugar are quite sufficient to
show that no dependence can be placed on the reduction test
alone. It would be just as wrong to assert that all reduction
proves the presence of uric acid, as to say that it alone indi-
cates sugar.

On the Quantitative Tests for Sugar.

A practised eye can make an approximation to the amount
of sugar by the colour produced by potass or lime, as a prac-
tised hand can tell nearly the weight contained in it; but
thus no accurate results can be obtained.

The quickest and easiest method is to fix the amount of
sugar by Soleil’s saccharometer.  The decoloration by animal
charcoal or acetate of lead causes a loss of sugar, because a
portion is always retained with the colouring matter (see
¢ Quarterly Journal of Chemieal Society,” vol. xiv., p. 28) ; but
by using as little decoloriser as possible, this instrument gives
accurate results; whilst for rapidity, and ease, and beauty, it
far surpasses any other process.

Fehling’s standard copper solution is easily, quickly, and
accurately useful. I have already shown the necessity for
testing the test.

The fermentation test requires considerable care, much
time, and a good balance. At page 27, vol. xiv., of the
‘Quarterly Journal of the Chemical Society,” you will find a
comparison of these different processes.

Lastly, the specific gravity has by some persons been used
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as a means of determining the amount of sugar in diabetic
urine.

Formule are given in books for caleulating the sugar from
the gravity of the urine. These tables might give a good ap-
proximation to the truth if diabetic urine were a solution of
sugar in distilled water; but there are very many other sub-
stances present with the sugar, and these all vary as well as
the sugar, and they all affect the gravity of the urine, and
render all the formule worthless. To convince you of this I
have made the following table from ten cases of diabetes.
The amount of sugar present in an ounce of urine was
determined by the saccharimeter. The specific gravity was
determined by a first-rate balance.

Bugar to the | Sugar to tha

ounes: Epecific oumnee Hpﬁmlm
e P L S
i 1030-8 _1029-54~—-180, . : 10486
i : Jllﬂt}.f]'ﬂ 026 |1V 39 B 1031 - 10373
/10312 2 U 5 10330 10378
i 1028:57 y1020:61h 4 15 % '. {1@39-(3 1042
: 10158 10144 il (e . 10328
7 {1(}2?'8 1029:6-{==23 ., J 10334
6 . . 10344 _ 10320 10350
s 10294 1033 | 10354 10368
: { 10354 S 1043-4 10444
TR 1027-3 10454
1 10292 10310 | - 10300 1033-9
2] e 1024-5 [ {]ﬂ-i-:l-'b“ 10458
10334 10434 28 . . 10346 10378
13 %1:}451} 1045-4 i ; 10376
10454 o0 ; 1041-2
TR 10232 30 {1&35-4 1040
15 . 3 10285 1:}3ﬂ-1| 1042
16 {1{132--1- 10340 | 33 . A 10334 10405
10348 10350 | 84 . . 10440
17 {1:}25-{1 10302 | 37 . > 10394 10434
R 10354 |

The want of any correspondence between the amount of
sugar and the specific gravity is very striking. Thus, 13 grs.
to the ounce have a higher specific gravity than 37 grs. to
the ounce. Twenty-four grains to the ounce in six different
specimens give widely different specific gravities, proving that

E
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no dependence must be placed on any tables for calculating
the sugar.

Or the following table from the urine of a single patient,
aged 21. The analyses were made between February and
November, by Mr. Kemp, of Edinburgh :—

Quantity of [ Cuantity of

Specific gravity. ni;ﬁrul;ﬁe. Specific gravity. u?uiﬁruﬁﬂi;c,
Graine. Grains.
1023 . : : 22 I 1031 . : : 145
1025 . ; : 21 1032 .. : : 175
1026 . : 3 40 1032 . : . 60
1027 . : LOT 45 45 1034 . ; : &80
1028 . ; . 145 | 1035 . : : 10-0
1029 . : .83 25 8 1036 . : ; 5D
1030 . . B . 1038 . : x Th

Here is another case, with greater variations in the specific
gravity. The sugar was determined by the saccharometer :—

Quantity of Cmantity of

Specific gravity. DE,"EM;IR:':; | Speeific gravity. wﬁi‘i‘;rﬁgr
Grains. Frains.

10138 . : : 5 1034:0 . : . 1B
10144 . . : 5 - 10854 . : i |1}
Dp2g: ¢ ! 10876 . . 19 924
1025'6 . : ; 92 ! 10383 . ' i 3
10285 . : : 4 10390 . . .20
10296 . : : 4 . 10434 . - . 13
168002 o s 15 ' 127 22107 SRR
10310 . - ) 10448 . . Lo
10312 . : . 2 | 10450 . : s
10322 . : . 24 l 10454 : . A8
10824 = 16 I 10458 . L O
10334 . . . 38 ! BO48:6 o0 ST

What are the Symptoms of the Disease ?

In slight cases there are literally no symptoms at all. In
the ¢Medico-Chirurgical Transactions,’ vol. xxxvi, p. 424,
you will find this case: A gentleman, aged 63, in 1847 con-
sulted Dr. Watson, who wrote me this note. “ He calls him-
self well, and seems eminently so. Stout, fat, and ruddy ; eats
and drinks heartily and indiscriminately, and has no dyspepsia.
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Perspires copiously. Makes much urine, and often by day
and by night, and has done so these forty years. Says his
pulse occasignally intermits, and has long done so. I found
it steady and at 80 in the minute. His father died of diseased
heart at 77.- My patient had some bronchial trouble last
winter. Had lately some redness of the toe for a day or two.
Comes to me that I may see what he is when well, as he
means to put himself under my charge whenever he is ill.”
He had noticed some floating substance (not sand) in his
urine, and was curious to know what it might be. I found
the urine had speeific gravity 10320, and it eontained slight
but decided evidence of sugar. In a year and a-half another
examination found more sugar, and four years after that I
found three grains, and on another occasion five grains of
sugar to the ounce. There were no other symptoms of
diabetes,

Usually the sugar acts as a diuretic and eauses thirst, whilst
the appetite is often voracious; but although much is eaten,
the strength and flesh more or less rapidly fall off.

A girl, aged 18, was in St. George’s Hospital April, 1852,
who said she ate a two-pound loaf at each meal, and that
she drank a pail and a half of water daily, and rapidly grew
thin and weak. After her admission she passed twelve pints of
urine in twenty-four hours,

A labourer, aged 32, when admitted, told me his water
ebbed and flowed. The greatest flow, he said, was seven
gallons, the ebb five pints,

With regard to the loss of flesh take the following state-
ments :—

A gentleman, aged 62, at the beginning of the disease lost
two stone in three months.

Another, aged 37, in August, 1852, lost fourteen pounds in
five days, passing two gallons of urine, sp. gr. 1050, daily.

A physician, aged 72, told me that in four or five months
he had lost forty pounds weight, but he regained most of his
loss.

The following is the best example I can give you of the
symptoms In an acute case :— .

E 2
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On the 15th of September, 1852, I was requested to see a
oentleman, about 35 years of age, who six weeks previously
was quite well, and shooting in Scotland, where he drank
freely of whiskey and took excessive exercise. He at that
time passed a considerable quantity of urine, which he attri-
buted to the whiskey, and yet he was advised to consult me
when he returned to London; so that he must have had
some dounbts about the cause of the excessive secretion.

When he came back he was depressed, and had great
trouble with his bowels. He stayed from his occupation for
some days, but returned to it, thinking he was getting
better, when he was attacked by great constipation of the
bowels, much weakness, dry tongue, and soreness of the
throat.

I then saw him, in bed : he could at first hardly speak, from
apparently nervous anxiety and dryness of the mouth. There
was no soreness of the throat to be seen. The tongue was
quite clean. The pulse 110, and very feeble. The skin harsh
and dry. He was not very much emaciated. The urine was
clear, not above two pints. He had had a very confined
motion, which he said burnt his inside in passing. He had a
very unquiet night. The pupils were natural. The head
quite clear, and after some time he spoke in a good voice, and
complained only of weakness. 1 examined the lungs and
heart, and they were quite healthy. I could find nothing
wrong with the abdomen : it was rather hard and retracted.
He did not complain of thirst, and could eat nothing. I had
some trouble to persnade him he was far more anxious about
himself than he ought to be, and that he was doing himself
harm by it. I urged him to take jelly and brandy, and
said that I would see him again after I had examined the
urine.

On my way home I remarked to his medical man that
possibly it was a case of acute diabetes, and that if so it
was a bad case.

On examining the urine it had specific gravity 1030, and
contained sugar.

The following morning I went to his medical man to say
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it was diabetes: he said, “I was coming to you to tell you
that he is dying.”

I saw him at half-past twelve on the 16th of September,
perfectly comatose, and we tried in vain turpentine injections
and blistering with ammonia. He died in about an hour.

The prognosis in diabetes depends chiefly on the nature of
the attack, and on the constitution and age of the patient.

It is very difficult to decide upon the severity of an attack,
because the disease does not usually proceed at a uniform
rate. At one time the chemical change of the vegetable and
animal sugar seems almost entirely stopped. Sugar, thirst,
thinness, and weakness inerease rapidly. After a time a
reaction may occur. The sugar may almost or altogether dis-
appear from the urine. The symptoms may pass away, and
some part or all of the flesh and strength lost may be re-
gained. Anywhere in the course of the complaint such a
halt may occur, and the disease may stop for months or
years. In some rare cases even the worst possible diet
appears not to affect the progress of the complaint. Sufficient
chemical change goes on to supply the heat and the force of
the body, and sufficient nutrition takes place to keep the
organs healthy. In this condition scarcely any exertion of
physical or mental power is possible. It is suflicient work to
live, but with care life may so last for years.

The increase of urine, of debility, and of emaciation in any
fixed period may be taken as indices of the severity of the
attack during that time, but not at any other, for the disease
may become more or less severe; so that the future cannot
be surely known from the past.

The goodness or badness of the constitution as regards
diabetes usually may be estimated by the family disposition
and by the weight of the patient. That a mode of chemical
action should be propagated from parent to child, or that
many children of the same family should lose the power of
changing sugar into carbonie acid and water are examples of
the law that lilke begets like. This law is so umiversal that
in this instance as in other instances it is apt to be used as a
solution when it is only a cloak for a difficulty. The trans-
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mission of peculiar features, habits, and dispositions is just as
inexplicable as the inheritanee of imperfect chemical change
of sugar in the human body.

A shoemaker, aged 51, was in St. George's Hospital, having
suffered from diabetes for four years. He had two daughters,
one 12, the other 5. The eldest was healthy ; the youngest
was admitted with diabetes, having been ill about six months.
She died before her father.

I was asked about a suspected diabetes in a boy whose
sister had died when she was 7 years old, after being ill two
years with diabetes. Amnother sister died of the disease when
41 years old, after one year’s illness; and a brother died
when 15, after three years’ illness. Post-mortem exami-
nation showed no tubercular disease in any of the three
children.

If, then, there is a family history of diabetes, the constitu-
tional worth of the patient may be estimated ‘by inquiring
into the intensity of the disease in other members of the
family ; for sometimes only a wvery slight disposition to
diabetes is inherited.

I have attended three brothers, all clereymen, the eldest
died aged 74 ; the second is now 68, and the youngest is a
year or two younger. All of them have had intermittent
attacks of diabetes. In the eldest I found sugar in the urine
thirteen years before his death. In the second, sugar was
found by Dr. Prout sixteen years ago, and he is now in good
health, with sugar occasionally, not constantly, in the urine.
In the youngest I found sugar eight or nine years ago, and he
is now, I believe, in good health. This instance shows that
occasionally the inherited disposition may induce only a very
slight form of diabetes. Great accumulation of fat is also an
inheritance in some respects allied to diabetes. Obesity may
depend on an arrest of oxidation of fatty matter, and Dr.
Prout long since remarked the tendency of fat people to
diabetes. The increased liability is compensated by the
mildness of the attack. The store of oleaginous fuel seems to
counteract the waste, and sustain the force of the body, and
the greater the accumulation of fat, the less the loss of the
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saccharine food appears to be felt. On the contrary, very
thin people, having no supply of oleaginous food in reserve,
are unable long to endure the continuous loss of the saccha-
rine fuel, on which the force of the mainspring of the body
partly depends.

If, then, the patient is fat and the family history is good,
the constitution may be considered most fitted to resist or to
recover from an attack of diabetes.

Lastly, in the prognosis, the age of the patient must be
taken info account. In the eighteenth volume of the
¢ Medico-Chirurgical Transactions,” page 421, I have stated
that in twenty-nine cases of diabetes eleven were above 60,
and six above 70; and of these eleven all but one had
the disease so slightly that it could hardly be known by the
general symptoms. The diabetes of old age is rarely severe,
but exceptions do occur, and at page 428 I have given a case
in St. George’s, aged 74: thirteen pints of water in twenty-
[our hours were passed, and in four months the disease was
fatal. '

The age of the youngest diabetic patient I have known
was three years and a-half. The speecific gravity of the urine
was 1037. No sugar was in the urine on October 31, but it
was found on December 14. The patient lived not quite one
year. The sister was five years old when the sugar was first
found. The highest specific gravity of the urine was 1043,
She lived twenty months.

Hence, a very thin and very young child, in whose family
severe diabetes is known, who is rapidly losing strength and
weight, passing much water, is the worst possible case of
diabetes; whilst an old, stout man, in whose family no
diabetes, or very slight diabetes, is known, who loses no
strength or weight, and passes but little more than fwo
pints of water, may almost be considered as having no disease
at all.

Un the Complications that occur in Diabetes.

There is no special complication belonging to diabetes,
unless it be cataract. Generally it may be said that all the
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accidents of the disease are not owing to the diabetes, but to
the debility which that diabetes produces. Thus, imperfect
nutrition of the skin occurs, as in eczema, lepra, boils, car-
buncles, mortification; or imperfect nutrition of the mucous
membrane, as in irritations of all the mucous surfaces; or im-
perfect nutrition in the basement membranes or parenchyma
of organs, as in phthisis.

Usually diabetie patients are exempt, in consequence of the
low state of oxidation, from acute inflammations, and from
stone and dropsy, on account of the diuretic action of the sugar,

The experiments of Drs. Kunde, Mitchell, and Richardson
on the production of cataract artificially by loading the blood
with sugar furnish the most perfect demonstration of the fact
that a chemiecal condition of the blood is ecapable sometimes
of producing a mechanical alteration of the structure of the
lens. In the early part of this lecture 1 dwelt on the
reverse relation of chemical to mechanical disease—that is,
on the injuries of the nervous system causing diabetes, and in
this formation of cataract we have diabetes producing a
mechanical complaint ; and this complication oceurs in
nature so frequently that the connection has been observed
by many physicians.

Although only one direct complication of diabetes exists,
yet the debility induced by the saccharine diathesis gives rise
to many other diseases. It must, however, be remembered
that debility arising from any other cause will give rise to
exactly the same complaints.

The following remarkable cases will bring before you one
of the frequent terminations of diabetes. A young lady,
aged 19, passing four quarts of urine, specific gravity 1048,
had probably been diabetic for twelve months. She gradually
was growing weaker, when a sudden prostration of strength
took place. After stertorous breathing for three hours, she
became conscious, remained so for ten or twelve hours, again
became comatose, and in twelve more hours she died.

A man, aged 36, came to me from Reading. He passed
eight or ten pints of urine, specific gravity 1030, containing
twenty-five grains of sugar to the ounce. He spoke of being
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able to walk two miles. On his return the same day from
London, he passed a very restless night, and in the morning
his breath was hurried ; his pulse very quick and very weak.
There was great inclination to stupor, though when aroused
he was quite clear. He gradually became comatose, and died
in thirfy-six hours from his return home.

A gentleman came from Vichy in a very debilitated state.
He had been three years under my care. His appetite was
very small, and his emaciation and weakness very great. By
great quiet he was regaining strength, when he was suddenly
seized with nausea, and vomited once in the evening. He
passed a very restless night, with retching and extreme debility.
I went early in the morning to him, and found him comatose ;
and within twenty-four hours of the first sickness he died in-
sensible,

A yvoung lady, aged 15, with urine specific gravity 1055,
came eighty miles for advice, and returned the day aiter.
“The journey prostrated her to the most frightful degree.”
“Bhe was unable to help herself in the least.” During this
extreme illness the diabetic symptoms disappeared. By no
test could sugar be found. After a few days of the greatest
danger, she gradually improved ; the urine became five pints
in twenty-four hours, sp. gr. 1041. Six months afterwards
the specific gravity was 1022, Sugar was present, but the
general sympioms of the complaint were better.

In other weakening diseases the same attacks of prostration
occur, and are often fatal. I went into the country to see a
gentleman, about 45, who for some years had been my patient
with dyspepsia and wasting ; and perhaps latterly he may
have had miliary tubercles in the lungs. I found him drink-
ing port wine after dinner ; hardly able with help to put on
his coat when I had taken it off to examine his lungs. He
was fearfully emaciated, but able to walk a few minutes in
the air daily. Seeing his weakness, [ examined him with the
least possible fatigne. A few hours after I left him he com-
plained of excessive feeling of debility. He gradually became
comatose, and died in twelve hours after my visit.

Almost every month, at St. George’s Hospital, during my
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admission week, I was able to trace the fatal effect of even
very short journeys in very low states of different diseases.

The next consequence of extreme debility produced by
diabetes that must be noticed is the deposit of tubercles.
Phthisis has been considered as one of the necessary results of
diabetes, but this is very far from the truth. When the nutri-
tion of the body is feeble, tubercles are always ready to form,
and every cause of feeble nutrition, including diabetes, pro-
duces a tendency to tubercular disease. Thus phthisis is not
a secondary, but a tertiary result of diabetes. The imperfect
nutrition produced by the sugar in the blood and extra-
vascular tissues is the root of the evil. Among the rich,
who can afford every strengthening food, phthisis is com-
paratively a rare ending of diabetes. Still, it oceurs suffi-
ciently often to prove how helpless medicine is to promote
the nutrition of the body when the nutriment itself becomes
loaded with matter which hinders healthy action from taking
place.

Another consequence of the feeble nutrition of the body is
degeneration of the kidneys. DBright’s disease may doubtless
precede diabetes, although I have never seen this sequence.
The reverse very frequently occurs; in the progress of the
diabetes at varying times traces of albumen may be found, and
gradually with great fluctuations the albumen increases, and .
ultimately the two complaints modify one another, so that I
am aceustomed to think sometimes that it is better to have
these two diseases together than either of them separately.
The increased flow of urine produced by the diuretic action of
the sugar compensates for the imperfect filtration effected by
the diseased cortical structure of the kidneys; and for years I
have watched the diabetes stationary or lessening, or occasion-
ally disappearing, whilst the Bright’s disease slowly increased
and caused its secondary or tertiary svmptoms, which gradually
destroyed the patient.

On the Treatment of Diabetes.

Almost every substance in every Pharmacopeia has been
tried as a specific for diabetes; but hitherto no remedy has
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been found to have a constant effect in stopping the sugar
from appearing in the urine.

This by no means renders it impossible or improbable that
some substance may be discovered which may be able to
effect a perfect cure of this functional disorder.

Meanwhile the effect of diet is far beyond that of any
known remedy.

An antifarinaceous, or, in other words, an antisaccharine
diet will remove the sugar from the urine, and stop all the
symptoms of the complaint in all those cases in which the
power of consuming the animal sugar remains unaffected.

Even when the consumption of the animal sugar is im-
perfect or impossible, an antisaccharine diet will lessen the
thirst, the flow of water, the dryness of the mouth, and even
the constipation, and check, though it may not stop, the
waste.

The simplest formula for the diet may be thusstated. All
animal produce, ineluding fish, flesh, fowl, game, eggs, cream,
and meat soup should be taken; and all vegetable food that
contains starch, dextrin, and sugar should be avoided.

As generally it is of the utmost importance to shun the
forbidden food, I shall dwell upon it first.

The vegetable substances that contain most starch, dextrin,
and sugar are rice, maize, arrowroot, sago, potatoes, oatmeal,
peas, beans, bread, biscuit, toast, macecaroni, vermicelli, and
all confectionery.

Fruits are even worse than vegetables. Apricots, plums,
peaches, cherries, pears, gooseberries, are nearly as bad, and
some worse, than rice or maize. Stout, porter, and ale,
cider, iJurt-, madeira, champagne, and sherry are more or
less highly saccharine; cocoa and chocolate contain near
20 per cent. of starch and dextrin naturally, and more is often
added.

The harm of each of these substances may be determined
by the amount of starch, dextrin, and sugar they contain.

The following table, in which the fruits and farinaceous
vegetables are taken as perfectly dry, will answer many
questions regarding the diet of a diabetic patient :—
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Amount of Starch,
Dextrin, or Sugar.

Ripe dry Apricots . - g . about 93 per cent.
» Plums . 5 ; : O
» Teaches . o BEE
.,  Cherries . : : g LI
,  rears PR
- 1‘]5-1-'&' . 8 T9 s
,»  Gooseberries . g - i O
Dry Rice : A : : : R ||
., Maize . : : : : S
» Arrowroot . . - . L
,, Potatoes. : ; : : s b Ry
,» Oatmeal . : : o T
;5 Feas : ; - : : DT e
;5 DBeans . - ! : 3 R Hre
. Dread . - ; - : S DL
o Milk . ; - : : 21

53 L]

If dry rice contains 90 per cent. of starch, dextrin, and
sugar, and potatoes contain 76 per cent. of starch and dextrin,
and it all the starch and dextrin pass off in the urine as
sugar, it is evident that to forbid potatoes and to allow instead
an equal quantity of rice is simply ordering the quantity of
sugar from this source in the urine to be increased 14 per
cent., thus adding to the thirst and waste. Or if half-a-pint
of port wine is forbidden, containing from 128 to 272 grs. of
sugar, and if a pint of porter or stout is ordered, which contains
from 368 to 960 grs. of sugar, it is clear that the quantity of
sugar in the urine will thus be increased from half-an-ounce
to an ounce and a-half daily.

Before passing to the best diabetic diet, there are two
substances—bread and milk—which require to be further
mentioned here.

Ordinary bread contains water, salts, starch, dextrin, sugar,
and gluten.

If the salts, starch, dextrin, and sugar are washed away,
the gluten remains, which, in a chemical point of view, is as
unobjectionable as meat.

In making the different kinds of gluten bread this washing
is more or less perfectly performed.

In the following analysis the water, starch, dextrin, and
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sugar were determined, the residue or difference was taken as
gluten :—

Water. H’jl:el-zit..r;:m Sugar. G luten.
Ordinary bread . . . a6 40 1 . 23 per cent,
Aerated bread 5 2 A 42 2 19 .
Gluten bread from Toulonse . 2 16 to 44 0 82 to54
Dried bread . : = 2 G0 1 37 0

The best washed gluten bread contains less starch than
bran eakes or any brown bread ; Dr. Pavey’s almond bread is
free from all starch, but the almond flour must be well washed
to remove the sugar and dextrin, of which ten per cent. are
present.

Badly-washed gluten may be made into dry bread contain-
ing bulk for bulk more starch than ordinary undried bread;
thus an excess of gluten bread may keep up the amount of
sugar in the urine, and prevent an improvement in the
symptoms.

With regard to milk, one hundred parts may be taken to
contain three parts of lactine, or about half-an-ounce of lac-
tine exists in a pint of milk. If all of this animal sugar was
incapable of being consumed in the system, milk would be
nearly as injurious as an equal quantity of many wines, and
the best sweet ale; but experiment shows that this sugar is
often partly or entirely consumed.

A diabetic patient lived upon butchers’ meat alone for two
days. The quantity of urine passed was forty ounces the first,
and forty-two ounces the second day; speeific gravity, 1029-0.
No trace of sugar could be found. He then took milk for
two days; the first day eighty-eight ounces, the second day
ninety-nine ounces. The urine was forty-five and a-half
ounces the first day; specific gravity, 10241 : and the second

day sixty-nine ounces ; specific gravity, 1011:9. Sixty-seven
- grains only of sugar were passed the first day, and twenty-
three the second day.

At a more advanced period of the disease, when strictly
animal diet did not cause the sugar to disappear from the
urine, milk alone was again taken.

The first day 138 ounces of milk were drank ; the urine
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was 61 ounces; specific gravity, 1030-5. The second day
88 ounces of milk were taken; the urine was 34} ounces;
specific gravity, 1027-8. The quantity of sugar in the urine
was 854 grains the first day, and 414 grains the second day.
At this time, on animal diet alone, one day 280 grains of
sugar were passed, and the next day 600 grains.

Thus milk is more or less injurious according to the stage
of the complaint. When animal sugar can be consumed milk
is comparatively harmless.

In the advanced stages of the complaint eurds or sour milk,
with the acid nearly neutralized by potass, soda, or ammonia,
would be as unobjectionable as gluten bread.

The following carté of the dishes suitable for diabetic
patients is given by Professor Bouchardat to those who con-
sult him ; and with a few alterations I consider it as much
superior to any table I could draw up as French is to English
cookery.

EXUMERATION OF THE DISHES SUITABLE FOR DIABETICS, ACCORDING TO THE
OPIXIONS PUBLISHED BY M. LE ProFEssorR DPoUCHARDAT IN HIs
‘ MEmoir o¥ DiseeTes.” Paris, 1859,

Important Remarks.

The farina of wheat and every kind of flour made from cereals or legn-
minous vegetables—in short, all farina must form no part of any sauce;
also raspings of bread. The farina of Martin, or the powder of gluten bread
of Durand, or more simply the yolks of eggs, butter, or cream, must be
used instead.

Sugar, caramel, carrots, onions, turnips, are also forbidden.

All leguminous vegetables must be washed repeatedly, and, if possible,
they should first be well dried and chopped up small.

Rochelle salt may be substituted with advantage for commeon salt in the
seasoning of food.

The dishes marked with a query are only fit for some patients. The
urine should be analyzed after their use. (They should not be taken with-
out express permission.)

DBread,

Slices of gluten bread of Durand of Toulonse,

The same heated in an oven,

The same made of bran.

Various kinds of bread prepared with Martin’s gluten farina when gluten
bread is not to be had.
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Soups.

Consomme without bread.

Broth without bread.

Cabbage soup.

Leek soup.

Poached egz soup.

Bizque soup without bread or flour.

Game soup.

Broth with cheese and olive oil.

Semolina soup. The semolina made from the gluten of Durand.

Vermicelli soup. The vermicelli made from the gluten of Martin.

New paste soup from the gluten of Durand.

Soup made from granulated gluten of Martin,

Soup with butter and semolina of the gluten of Durand.

Soup with butter and the pure gluten of Martin.

Soup with olive oil, garlic, sage, with semolina of gluten, or with pure
granulated gluten.

Yolks of eggs and eream may be added to these four last soups.

Hors d’ (Buvre, Warin.,

Fresh egrs, sausaces, cabbage sausages, sour kraut sausages, truffled
sausazes,

Pickled pork with cabbage, also with sour kraut. These should be
washed in much water and well dried.

Pigs’ feet & la Sainte Menchould (?), or stuffed with trufiles (7).

Black pudding. Ham. Ham and spinach.

Roast pork. Pork cutlets, fresh, simply dressed, or with mustard sauce,
or with sauce piquante,

Forced meat balls of Troyes (?).

Fresh herrings with butter, or with sauce piquante., Dried herrings.

Fresh sardines. Fried oysters. Oysters dressed in the shell.

Hurs ' (Kwvre, Cold.

Oysters, white, English, Ostend, Marennes, and pickled,

Butter,

Pickled mackerel. Anchovy salad. Sardines pickled in oil. Salt herring
with olive oil.

Olives. Stuffed olives. Artichokes with pepper.

Half slice of melon (777).

Ham salted or dried. Bayonne ham with jelly.

Lyons or Arles sausages. Bologna sausages. Troyes sausages,

Tongue. Wild boar’s head. Prawns. Caviar. Lobster. Craw fish.
Crabs.

All butchers’ meat or pork smoked or salted with nitre and salt agree very
well. 'T'hey should have the salt removed by water, and be served in dry
slices with olive oil or fines herbes.
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Beef,

Boiled beef; with marrow ; with cabbages; with weli-washed sour
kraut ; with sauce piquante ; with vinegar.

Beef-steak ; with water-cresses; with beans; with anchovy butter; with
Parmesan cheese ; with cauliflower ; with spinach ; with chicory.

BRoast beef ; with the same things.

Fillet saute dans sa glace; with olives; with anchovy butter; with dry
Madeira; with truffles; with pickle sauece, i la Bearnaise.

Minced beef with piquante saunce, or ribs of beef with the same.

Slices of palates of beef. "Longue with sauce piquante. Strasburg beef.

Lambs,

Larded lamb. Lamb sweetbread with truftles. Lamb chops.

Lamb with asparagus points; with spinach; with chicory.

Fricasee of lamb with mushrooms, without flour. The same with
truffles.

Legz of lamb.  Breast of lamb with aromatic herbs.

Muitton.

Lez of mutton. Mutton chops, Cutlets with mushrooms or truffles;
with erumbs of semolina of Durand; with chicory; with spinach; with
beans ; with asparagzus tops, 4 la Provengale.

Fillet of mutton pickled like a kid.

Small fillets grilled.

Kidneys on the skewer, or dressed with Malaga.

Breast of mutton with chicory.

Lambs® [eet & la poulette,” without comnmon flour (7).

Veal,

Sweetbread larded with gravy; with chicory; & la financiere with
truffles; & la pounlette (butter, yolks of ezas without farina).

Mesentery of the calf in oil (very good).

Fricandean in gravy, or with chicory, or spinach, or lettuce, or French
beans, or asparagus tops.

Calves’ ears, plain.

Calves’ head, plain or as mock-turtle (?).

ralves’ brains, with butter, or & la poulette, or fried with gluten flour.

Tongue in paper.

Cutlets in paper or grilled plainly ; with truffles or mushrooms; with
ham ; with asparagus tops, chicory, or lettuce,

Veal kidneys. Omelette of veal kidueys.

Cold veal with jelly.

Entrées of Poultry.

Fowl or capon with coarse salt; with jelly; with oysters; with Tar-
ragon ; with broth or fricasced with gluten flour; “h la tartare;” with
truffles or mushrooms; with lettuce.

Chicken salad (?). Mayonaise of chicken (?).

Capon or duck with olives. Slices of goose with olives.

Pigeon & la crepandine, with Durand’s semola.

Gelantine of poultry.
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Euntrées of Pastry.
All these dishes should be prepared with gluten flour instead of ordinary
flour, the best butter, and very fresh eogs.
Vol au vent of poultry ; of sweetbread with trufiles or mushrooms (?);
of salmon, turbot, or codfish.
Petit pites with gravy ; with ham, lobster, prawns, and oysters.

Entrées of Game,

Partridges in cabbage, or en salmis.

Fillet of partridges with trufiles,

Woodeocks en salmis, or with trufiles.

Snipes en salmis. Wild ducks and larks en salmis. Larks with bread
crumbs,

Larks © en caisse,” also quails. Quails with lettuce. "T'eal en salmis.

Fillet of venison with peppered sauce, or with mushrooms.

Venison cutlet with trufiles. Haunch of venison with sauce piquante.

Partridge salad. Purée of game with poached eggs.

Hashed hare.

Eyggs.

Eges beaten up. Iggs with Parmesan cheese, broiled with asparagus
tips, or with truffles.

Poached eggs, with butter, with gravy or chicory, with spinach.

COmelette aux fines herbes, with truffles, with ham or sausage, with
kidneys, with different kinds of cheese.

Omelette with hashed game.

Fried Fish.

In frying, ordinary flour should be replaced by gluten flour.

Fillets of sole, DPlain sole. Whiting. Gudgeon. Smelts. Carp.

Fried oysters. Carps roe. All fried fish. Fried legs of frogs. Fried
crabs’ tails.

Entrées of Flish.

Pike with caper sauce or oil.

Barbel * au bleu ™ with caper sauce or oil.

Trout. Barbel. Chub. Perch. Tench. Chub reasted with butter and
herbs.

Dabs with caper sauce or oil. Turbot with capers or oil, with crumbs of
semolina of Durand.

Turbot with lobster or uyster sauce. Salmon with capers or oil, with
lobster or oyster sauce.

Salmon trout with capers or oil. Mayonnaise of salmon.

Sole aux fines herbes and au gratin with Durand’s semolina.  Sole mate-
lotte Normande (7).

Fillets of sole en mayonnaizse. Whiting with white wine and fines
herbes. Fillets of whiting au gratin.

Mackerel & la maitre d’hotel.  Smelts au gratin with Durand’s semolina,
and aux fines herbes.

Matelotte of carps or eel. Carp ** au bleu,” or with oil.

F
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el & la tartare, or & la poulette. DMackerel roe en matelottes.

Herring, with butter, or oil, or mustard sance.

Cod fish & la maitre d’hotel, or & la Provengale, or with oil.

Ray with butter or caper sance. Sea eel with oil or butter. Brill. Cod
with cil or butter.

Mussels & la poulette or pickled. Frogs. Lobster salad. Crabs.
Prawns ; or erab sausages,

All the sauces should be prepared with butter and the yolks of epgs,
without flour or with gluten flour.

Serletels,

Plenty of oil should be used and little vinegar, or it may be replaced by
wine.

Lettuce with or without eges. Homaine. Escarole, Chicory. Monks’
beard.

Corn salad. * Scorsonere.”

Watercresses. Celery (7).  Green haricots. Cauliflower alone or with
egos,

Roasts,

Fillet of beef larded or roasted. Fillet of horse. Loin of pork.

Leg of mutton or lamb. Roast veal. Venison. Fowl or capon roasted.

ioast pigeon, duck, goose, turkey. Trufiled turkey or capon,

Pheazsant, Red or grey partridge truffled. Ortolan. Quail. Ruddock.

Snipe. Woodcoeks. Thrush. Quails. Golden plover. Teal. Bee-
figues.

Several of these dishes may be garnished with watercresses, or chicory, or
lettuce, or mushrooms, or bread of Durand’s gluten in place of bread
crumbs. Slices of gluten bread may be soaked in olive oil.

Entrémets of Pastry and other things to take the place of Confectionery.

Gluten cake made as follows :—Something more than three-quarters of a
pint of water ;- three and a quarter ounces of very fresh butter ; a sufficient
quantity of salt or bicarbonate of soda are mixed and made to boil ; remove
them from the fire, and add rather more than eight ounces of flour of gluten ;
mix them well ; beat them well on the fire to obtain a stiff paste ; withdraw
them from the fire, and let them cool for five minutes; then add, stirring
violently, three very fresh eges ; divide into little cakes the thickness of the
finger and the size of a plate; bake them in a slow oven for about half-an-
hour.

Paneakes au gluten with Martin’s flour and goose grease, or with semo-
lina of Durand.

Wafers with flour of gluten or semolina.

Bum or Kerch jelly, or coffee jelly without sugar. Rum omelette with-
out sugar with a little gluten flour.

Vanille omelette without sugar.

Light pastry answers very well with gluten flour, but sugar must he
replaced by salt. In some cases the liguid part of the best honey, from
which the solid injurious part has been removed, may be taken (?).

Gluten bread made with gluten flour. Take two pounds and a quarter of
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cluten flour; fresh yeast the size of a filbert, mixed with a little cold
water ; two pinches of kitchen salt ; hot water at 96° I. (35° C.) to 104" F.
(40° C.), in quantity sufficient to make a thin paste, which is to be put in
a pan powdered with gluten flour or bran, and then kept in a warm place
until it has raised. This may take from an hour to two hours, aceording
to the heat. Then divide this paste, using gluten flour, into little rolls,
which are to be baked like ordinary bread. When there is constipation,
one-quarter the amount of bran may be added to the gluten flour.

LEutrémets of Vegetables.

Artichokes with butter ; same without flour, or with oil ; or 4 la Bari-
goule; or fried, or & 'ltalienne ; or & la Lyonnaise, without flour.

Cauliflower with sauce, either oil or gravy; au gratin, with Durand’s
semolina ; with Parmesan.

(Cabbages with butter or oil. DBrussels sprouts with butter and ocil.
Lettuce with gravy or cream.

Asparacus with same or oil.  Mushrooms with gluten semolina. “ Sal-
gifis” with sauce or gravy. '

“ Cardons " with gravy or marrow. * Morilles & la poulette.” Trufiles
with Madeira or & I'l[talienne.

Cueumbers well washed, or a la Béchamel with gravy or marrow, Celery
with gravy, well washed.

Carrots cut very small, washed with much water, with gravy of meat.

All these vecetables should be washed by making them boil with the
greatest possible quantity of salt water and drying them well.

Sweet veretables, such as radishes, onions, turnips, may be used if they
are cut very small and boiled with much water, and then well dried.

Coffec—Ten.
Mocha, slizhtly roasted, made with cold water without sugar. The same
with eream, rum, brandy, and Kirsch.
Bourbon and Martinique coffee without sugzar,
Pekoe tea & pointes blanches without sngar. Souchong.
Cream, rum, brandy, Kirsch may be added to the tea instead of sugar.
Petals of orange flowers, make like tea, without sugar,

Dessert.

Cream cheese without sugar, Neufchatel cheese, * bondon raffing.”

Cheese de Brie, d'Epounessés, or Auvergne, or Mont 4’Or, or Gruyere, or
Duteh, or Rochiort, or Pont Lévéque, or Chester, or Parmesan, or Stilton,
or Silton, or Strakeno.

All should be dried, and without sugar.

In very rave cases, strawberries (¥), peaches (), raspberries (?7), oose-
berries (¥7), cherries (?7), may be taken without sugar, either preserved by
Appert’s process or in brandy.

Fresh almonds, nuts, walnuts, young ereen walnuts in salt water without
vinegar ; the same dried.

Raw apples (¥¢) and pears (??) may rarely, if ever, be taken.

F 2
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Ligueurs.
Eau de vie de Cognac, de Mare. Kirschwasser. Jamaica rum,
Aleohol of Garus, diluted with orange-flower water, without sugar.
without sugar. Absinthe without sugar.

Gin

Wines.
fed. ' White.
Avallon-Tonnerre. Madeira.
Mécon. | Marsala.
Beaune. ! Chablis.
Cote Saint Jacques. Pouilli.
Pomard —Nuit, old, Girolles.

Chambertin—Clos Vougeot.

Nauchévre.

Chainette. Mont Rachet.
Romanée. ] Grave.
Hermitaze. Sauterne.
Bordeaux. Cite Ritie.
Médoc. Hermitage.
Chatean Larose. Sherry.

maint Julien.

Rhine (7).

Chéitean Lafitte.
Cahors—old.

The following general statement regarding the amount of sugar in wine

and beer may be useful :—
Amount of Sugar in an
ounee of fuid.

Grains. (Frains.
In Sherry I found the sugar varied from 4 to 18
Port 3 - 16 ,, &4
Madeira T » 6 , 20
Malmsey Madeira , 2 o8 ,, 6B
Tokay o S 74
Samos ¥ - 88
Paxarette - = 04
Cyprus z S 102
Champagne 2 3 6 ‘o 28
Sweet cider - - 18 ,, 44
Bitter ale i o 12 ,, 130
Porter - - 22 ,. 40
sStout 2 i 45 , 64

The fluids examined may be arranged in the following order, commenecing
with those which contain no sugar, and ending with the most saccharine :—

Geneva, Bum, Whiskey, Brandy, Claret, Burgundy, Rhine, Moselle ; these
have rarely any sugar. Sherry, Madeira, Champagne, Port, Cider, Porter,
Stout, Malmsey, Ale, Tokay, Samos, Paxarete, Cyprus have little or much
sugar.

There are two great ends to be gained by the use of medi-
cines in diabetes.
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Of these the first and most important is to promote the
oxidation of the sugar; or, failing this, to compensate the
system for the loss of saccharine fuel and the consequent loss
of power and nutrition by promoting the supply and oxidation
of the oleaginous fuel.

Of all the medicines that can be given for the promotion of
the oxidation, whether of sugar or fat, in the body, iron and
allalies are the most energetic; and hence, beyond all other
remedies, iron or the ammonio-citrate of iron with excess of
ammonia, or with other alkalies, are usually the best medicines
for diabetes. The iron may be given in potass or Vichy, or in
Fachingen water, and that preparation which confines the
bowels least is most to be preferred. Henee the potassio-
tartrate and Grifliths’ mixture are often useful,

Alkalies without iron promote oxidation. This is very
evident in the copper test for sugar. M. Miahle even has
stated that alkalies are the specific for diabetes; without
doubt they are of importance in promoting oxidation. Soda or
potass may be given in the caustic state or as carbonates. Even
carbonate of ammonia in ten, fifteen, or twenty-grain doses
thrice daily in any gaseous mineral water lessens the thirst.

Long since Professor Graham tried the phosphate of soda,
with three equivalents of soda, on the ground that the blood
required this substance and could not get it in the animal food.
I have not found any great advantage from its use.

Vichy water, more particularly the Celestin, is recom-
mended by M. Bouchardat. It contains between eighty and
ninety grains of carbonated alkali and alkaline earths in a
quart of water. The IHospital spring contains about ninety-
six grains, the Grand Grille ninety-two, the Hautrive eighty-
nine, and the Celestin eighty-five grains to a quart of water.

(Carlsbad Sprudel water and the more aperient Muhl spring
is highly praised by Dr. J. Seegen. It contains about one-
fourth or less of the alkali of Vichy water; but half a drachm
or more of sulphate of soda in each quart gives an aperient
action which the common salt of Vichy water rarely possesses.
Marienbad Kreutzbrun water is twice as aperient, but rather
less alkaline than Carlsbad Sprudel.  Fachingen water has
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one-third or more of the alkaline power of Vichy. Seltzer
water one-sixth.

Besides alkalies some animal substances are thought to
promote change in the sugar in diabetes. Of these, rennet
and pepsine may be mentioned. In 1852 Dr. James Gray
published some remarkable results in the ¢ Edinburgh Monthly
Medical Journal,” p. 396, but I am not satisfied that rennet is
very useful in diabetes. It is an albuminous substance in a
state of change, and, therefore, it exactly fulfils the conditions
required in the undiscovered specific for diabetes. It should
be well washed with water to remove the adhering sugar and
dextrin, and it should be given on an empty stomach, so as to
enable it if possible to act on the sugar in the blood rather
than on the sugar in the food.

Pepsine is another albuminous substance in a state of
change. Its action in the stomach is to help the solution of
the albuminous food, but when it passes into the blood it
might be the animal diastase that carries on the change in
the sugar. With this idea it has been given in diabetes, but
with no satisfactory result; although many patients have said
they were better whilst taking this remedy, yet I have never
found the sugar diminish under its use. It sometimes helps
the action of the bowels.

Lately oxygen gas has been tried by Dr. Richardson in
diabetes. It would be splendidly simple if this were the
specific for diabetes. This view implies that a deficiency of
oxygen is the cause of diabetes, but the chemistry of the
disease has not yet reached to this explanation.*

Vegetable and animal oils and fats constitute important
remedies in diabetes. Of all these, cod-liver oil and cream
are most frequently used. The following case may be taken
as an Instance of the amount of cod-liver oil that can be
given :—

A man, aged 24 years, was admitted into St. George’s
Hospital, having lost two stone in weight during eight months.
He passed seven quarts of urine daily. He remained under

* The latest experiments of Petterkoffer and Voit on the respiration in
diabetes show that far less oxygen is taken in than in health.
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treatment for a month, during which time he was on animal
diet and cod-liver oil. He began with half an ounce daily,
and this was gradually inereased up to eight ounces. The
quantity of urine fell to two pints and a-half, specific gravity
1030, and he inereased in weight from 8 st. 8 1b. to 9 st. 1 1b.

Cream may be given in any quantity until the tongue
begins to be coated, then it soon disagrees, and the stomach
refuses to take it, or rejects it when talen.

Fats combined with alkalies, as soaps, are more ready to
undergo oxidation than when the glycerine is unseparated.
Puare glycerine is, however, often employed as a substitute
for sugar in tea and in other liquids.

To lessen the thirst and the eraving for food opium is very
useful. The alkaloids of opium diffusing out of the blood and
coming in contact with the nerves of the blood-vessels cause
contraction of the capillaries; this affects secretion, so that
the quantity of urine, saliva, bile, and intestinal secretion is
greatly diminished. The drain of urine and the desire for
food are thus checked, but the increased constipation and
dryness of the mouth almost, and in some instances quite,
counterbalance the gain obtained by checking the flow of
water. DBy the use of very small quantities of opium, as five or
ten grains of Dover’s powider, or five or ten drops of laudanum
once or twice daily, the thirst and excessive flow of urine may be
stopped, and the constipation may not be excessively inereased.

The second great object in the treatment of diabetes is to
remove the constipation.

The excessive determination of water to the kidneys causes
increased dryness elsewhere, hence the mucous membrane
and the skin are harsh and dry ; probably also the production
of acid being greatly diminished by arrest of change in the
sugar, the healthy secretion by the intestines and skin cannot
take place.

Notwithstanding the amount of food eaten, the action of
the bowels usually is very difficult. All saline aperients
increase the thirst and pass off by the urine. Magnesia,
from the absence of acidity, is usually inactive. Castor oil is
by far the best aperient, when it does not nauseate, then
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capsules containing castor oil with minute quantities of eroton
oil are most efficacions. Compound extract of colocynth with
jalapine, scammony, or gamboge, or podophylline will act
when oil cannot be taken. With regard to the action of mer-
cury ; when soluble it combines with the albuminous matters
with which it comesin contact, and probably sets up increased
chemical action. We see the nutrition of the parts to which
it is directly applied, or carried by absorption and diffusion,
is so altered that increased action, inflammation, and uleera-
tion are produced. This altered nutrition has little influence
on the oxidation of the sugar or fat, and hence diabetes
is not benefited by mercury. Calomel may be used as an
aperient, but it has not any advantage over other chemical
or mechanical irritants to the mucous membrane of the
bowels.

In extreme cases, the constipation of the bowels becomes the
most serious symptom. The chemical disease leads to a
mechanical difficulty amounting almost to an obstruction of
the bowels. Strong chemical irritants are required to excite
the muscular action, sometimes even  croton oil ” is necessary.
When the bowels do act the prostration of the strength is
sometimes alarming ; so little power seems to be set free in
the body that any extra expenditure seems to deprive the
heart of the force necessary to carry on the circulation, in the
same way as a fatiguing journey or extreme mental anxiety
will bring a prostration of strength from which with difficulty
recovery will take place.

On the Loss of Mechanieal Power Caused by Diabetes.

Loss of chemical action necessitates loss of heat, mechanical
power, and healthy nutrition ; neglecting the loss of power
consequent on deteriorated structures, some estimate of the
loss of power in those who suffer from diabetes may be
obtained by calculating the amount of carbon which escapes
in twenty-four hours in the sugar unoxidized.

In extreme cases from twenty to forty ounces of sugar may
be lost in twenty-four hours. This is equal to 84 to 168
ounces of carbon, and this if fully oxidized would generate a
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force eapable of raising from ten to twenty millions of pounds
one foot high.

In diabetes if no other fuel but sugar was supplied to the
human machine, it would rapidly cool and come to rest ; the
motion of the heart and lungs would stop; but fatty, and
even albuminous food may partially or wholly supply the
force which ought to be got out of the sugar. When the
coals fail in the steamer, the wood of the ship itself may
furnish the fuel necessary to keep up the motion. The body
may waste to move the heart and the lungs, until the supply
of power failing, or the use of it being too great, feebleness
and exhaustion constitute a general mechanical wrong which
terminates in the stoppage of all muscular motion.

In addition to this general mechanical disease, the feeble-
ness of the chemical action in and around the capillaries tends
to produce local congestions and imperfect nutritions; hence
mortifications, low inflammations, effusions, tubereles, and
wasted muscles may arise from the deficient chemiecal action
in the body, consequent upon the want of oxidation of the
sugar,



LECTURE IV.

DISHASES OF SUBOXIDATION.—ON ACIDITY, OR THE
ACID DIATHESLS.

Acip and sugar, chemically, are as closely related as parent
and child ; and hence a great similarity exists between the
symptoms that arise from an excess of sugar and an excess
of acid. The nature of the acid disease, the symptoms it pro-
duces, the means of detecting it, the consequences it oeca-
sions, and the treatment requisite to cure i, are all essentially
chemical questions. A most important difference, however,
exists between the sweet and sour disease, namely, this: the
sweet disease is mostly free from secondary mechanical dis-
eases ; whilst acidity continually gives rise to mechanical
complaints, Two of these secondary mechanical, or me-
chanico-chemical, complaints — gravel and gout—are the
frequent lot of these who, living more by nerve than by
muscle work, disarrange the healthy balance between the
carbon and oxygen which go in and come out of the
body.

Acid is essential for the performance of the functions of the
body. Without acid the albuminous food could not be dis-
solved ; the execretions from the blood could not be safely
removed. If no acid was produced in the body, there would
be no digestion and no depuration of the blood, and probably
bony matter would accumulate everywhere. The vinegar
cruet is only less essential to man than the salt-cellar, because
the animal machine is itselt an acid factory. Very often more
acid is made than is useful or beneficial ; then chemieal
errors occur, and these set up mechanical diseases as surely as
the effect of the cannon-ball depends on the combustion of
the gunpowder. The mechanical results are vastly more
serious than the original chemical action; but they are
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directly proportioned the one to the other. As the motion
of the mass depends entirely on the motion of the molecules,
so the mechanical disease arises solely from the chemical
disorder.

It would be useless, even if it were possible, to give a list
of the mineral, vegetable, and animal acids, between carbonie
acid (ee,) and uric acid (e;u,x,6,), which may be formed from
changes in the textures of the body, or from the food. It is
far more important to consider how an excess of acid may
arise or accumulate in the system. This may oceur in two
ways—I1st, by over-production ; and, 2nd, by insuflicient evacua-
tion. When these causes co-operate the excess of acidity
reaches its maximum.

First, on the produection of acid in the body from the
textures and food.

The living human body is, chemically, a varying mass of
more or less complex carbonaceous matter, each portion
being exposed to the action of oxygen. The chemical pro-
ducts everywhere vary according to the substances acted
upon, and according to the time during which the oxidation
1s continued.

Outside and inside the capillaries, in every part of the body,
in cells and out of cells, chemical changes are taking place.
The oxygen of the air, the organic fluid, the catalytic mem-
brane, act and react each on the other; and the products of
the chemical action are reabsorbed into the blood, or are
thrown upon the inner or outer surtace, to be taken up by the
alimentary mucous membrane, or to be removed by the lungs,
the skin, or the kidneys.

At present, the chemical changes which take place in the
textures are very imperfectly known, and the variations of
action which ocenr in health and disease are only beginning
to be observed. The healthy muscle, during the eirculation
of the blood {hrough it, has no acid reaction ; but for a time
after death chemical actions continue, and sufficient acid is
produced, and remains unneutralized by fresh alkaline liquor
sanguinis, so that markedly acid reaction can after a time be
obtained. Even during life, in tetanus, sufficient acid may be
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formed to give an acid reaction, and after violent epileptic
convulsions excess of acidity may be found in the urine. Even
the nerves and the electric organs of fishes show signs of
acidity when the alkaline blood ceases to flow.

The production of some healthy though complex secretion
may enable us, from its chemistry, to obtain inereased clear-
ness regarding the production of acid in the body. The gastrie
juice furnishes by far the most striking example of the forma-
tion of acid in the body. Until the chemiecal acid factory in
the stomach is fully understood, the chemical changes which
are going on outside the capillary vessels, as in the muscles,
throughout the body cannot be realised.

There can be no doubt that the formation of gastrie juice
occurs outside the capillaries of the stomach. Its rate of
secretion depends on the rate of passage of the blood through
the capillaries ; and this is directly under the control of nerves
that open or shut the blood-vessels. In the fluid poured out
of the capillaries chemical changes oceur, acids are formed—
perhaps Dr. Marcet’s eolloid aeid ; or by the oxidation of sugar,
among lactic and other acids, oxalic acid may be produced, and
this may decompose the chloride of sodium, and the most
diffusible hydrochloric acid may be poured out on the free
surface of the tubes; whilst the alkali passes with the
organic acid, or its products of combustion, back into the
blood.

That the blood increases in alkalescence during digestion
can easily be proved by careful observation of the secretion of
urine before and after food, or by the effects of severe or con-
stant vomiting. The following diagram will best show you
the contrast which can be traced between the acidity of the
gastric juice and the acidity of the urine. You will per-
ceive that when the gastrie juice is most acid the urine at
that time is least acid, or most alkaline; and when all the
gastrie juice 1s absorbed, then the acidity of the urine is at its
highest point.

In the Medico-Chirurgical ¢ Transactions,” vol. xxxv., p. 41,
you will find a paper “ On the Alkalescence of the Urine from
Fixed Alkali in Some Cases of Diseased Stomach.” 1T shall
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Curve of variation of the acidity of the stomach.

Clurve of variation of the acidity of the urine.
i
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here give you only one example, in order to fix this inverse
relationship of the acidity of the stomach and urine firmly in
your minds. A man, aged 46, was admitted into St. George's
Hospital with sarcine ventriculi. The eruption from the
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stomach oceurred at irregular periods, once and sometimes
twice daily; the quantity vomited each time was from one to
four pints of intensely acid fluid. The urine was usually
passed about six times in twenty-four hours, when the vomit-
ing was most. The urine was acid twice, or at most thrice,
daily before the sickness occurred ; and for the rest of the
day after the vomiting the urine was strongly alkaline from
fixed alkali. The patient remained in the house for a month,
and during the last week he had only one attack of sickness;
then the urine became markedly acid each time it was passed,
and remained so throughout all the day.

After digestion is finished, when the food is dissolved in the
stomach, the intensely acid fluid is in part returned into the
blood. The serum might almost cease to be alkaline but for
the neutralizing action of the bile; thus the degree of alka-
lescence of the blood must be continually changing, and the
fluid effused from the capillaries, and ont of which the secre-
tions are formed, must become less alkaline after the food
is absorbed than it is whilst digestion is going on in the
stomach.

An oxidation similar to that which occurs in and around
the stomach cells must occur to a greater or less degree every-
where throughout the body ; carbonic acid or other acids
arising from a less perfect combustion, must be formed outside
the capillaries of the body. In the muscles and nerves, and
in every other texture, power must be set free by the mntual
action of the carbon and the oxygen, and the acid produets
would quickly neutralize the alkalescence of the blood if the
acids did not pass off by the lungs, the skin, and the kidneys.

On the Removal of Acid from the Bady.

Without cessation night and day free acid continues to pass
into the air-vesicles of the lungs from the blood, thus render-
ing it more alkaline than it would otherwise be, and counter-
balancing not only the acid produced by oxidation in the
different textures, but also the residue of the acid from the
gastrie juice and food which is not neutralized by the bile.
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If the combustion in the body were complete, the whole of
the products, except the ashes, might escape by the lungs:
free respiration might carry oft readily all the acid produced
in the system ; but imperfect oxidations do occur, and then
other acids besides carbonic acid are formed and give rise to
neutral or to acid salts which are not volatile, and these being
unable to pass off by the lungs are thrown out by the skin
and the kidneys.

There can be no doubt whatever that acid is produced out-
side the capillaries of the skin and kidneys in the same way,
although to a muech less degree than in the stomach cells.
The chemical composition of the substances that pass into the
urine and the sweat depends not only on the amount of action
of the oxygen, but also on the chemical composition of the
fluid poured out of the capillaries to form the secretion.

If the sernm of the blood is at its highest point of alka-
lescence, the acids formed by oxidation during the secretion of
urine may be too feeble to neutralise the alkali poured out,
and alkalescent urine may result. If, on the contrary, feebly
alkaline or acid salts are effused from the capillaries, a very
small amount of additional acid produced by oxidation in the
seereting structure of the kidneys will set free some of the
acid from the aeid salts, and thus free urie acid may appear
in the urine,

The same formation of acid occurs in the seereting structure
of the skin, and although it is not possible to demonstrate the
daily variations of the acidity of the sweat, yet the extra-
ordinary increase in its acidity with strong exercise, or in
some diseases, as in rheumatic fever, shows that it is subject
to great variations.

The variations in the alkalescence of the saliva were long
since shown by Dr. Wright to be influenced by the digestion.
— Lancet, 1841, p. T8T.

The smallest amount of acid is thrown out of the system
when the respiration is impeded, whether from insufficient
exercise or from imperfect supply of air; then carbonie acid
accumulates, and the less perfect products of combustion are
increased in the serum. If these can escape by the kidneys
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and skin the system is relieved, and no secondary symptoms
are produced; but if these vents are closed, and if by acid
diet and an irritable stomach an excess of acid is poured into
the blood, then an outburst must take place, and chemical
and mechanical diseases — that is, unusual molecular or
massive motions—oecur until the healthy condition of the
blood is again reached,

Excess of acidity or the acid dlsease may shortly be defined
to be a want of free oxidation and an insufficient eseape of the
produets of imperfect combustion.

On the Means of Detecting Aeidity.

It is not easy for the physician to determine accurately the
escape of an excess of acid by the lungs, and still less so by
the skin ; but by both chemical and microscopical evidence
he can follow the minutest changes which occur in the acidity
of the urine, and thus he may know something not only of the
state of the blood from which that urine is secreted, but he may
obtain some information regarding the activity of the processes
of oxidation and nutrition elsewhere outside the capillaries.
Different litmus papers vary so mueh in composition and
delicacy of reaction that no satisfactory conclusion can be
reached by this test alone. A standard solution of soda fur-
nishes the surest chemical proof of the amount of acid in a
oiven quantity of urine, and thus variations may be proved
and comparisons made with the utmost accuracy. DBut a
readier method of coming to a practical conclusion exists in
observing by the microscope the state in which the uric acid
exists in the urine. The delicacy of this test for free acid far
surpasses any other ; indeed, litmus paper and a standard solu-
tion cannot enable you to distingnish between acid salt and
free acid ; but the mieroscope, by showing more or less free
uric-acid crystals, tells at once the greater or smaller amount
of free acid in the urine. As long as free uric-acid erystals
do not exist in the urine, no very great amount of acidity is
present. When acid urates alone are passed there may be
very great effect on the litmus ; but as long as the mieroscope
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and chemistry show that free urie acid is absent, the chief
secondary mechanical disease, uric-acid stone, is not likely to
be set up.

Henee the determination of the presence or absence of free
urie acid in the urine is a question of great importance.

A small bottle or test tube should be filled with fresh urine
and examined by transmitted light. Uric-acid crystals can
be easily seen. If no red sand is present, in twelve hours
another examination should be made. Very frequently a
deposit oeeurs as the urine cools, then the microscope must be
used to see whether crystals of uric acid are mixed with the
granular deposit. The amount of free acid may be known by
the rapidity with which the uric-acid erystals appear, by the
size of the crystals, and by the more or less perfect decompo-
sition of the granular urates.

When the free acid is in very great excess, the uric acid
may ecrystallize in the renal tubes or in the pelvis of the
kidney or in the bladder. When very little free acid and
very little uric acid has been present, I have seen the crystals
of uric acid appear on the eleventh day after the water was
passed,

Professor Scherer long since stated that an acid fermenta-
tion took place in the urine soon after it was passed ; but I
have been unable to satisfy myself that any increase of
acidity oceurs. IHis experiments were not made on healthy
urine. When he made them, the state in which the urie
acid existed in the urine was not known. The slow deposition
of uric acid from a feebly acid solution of urates was not
taken into account.

Very frequently, when examining the same specimen of
urine day after day for uric-acid erystals, I found that no free
acid was deposited ; until at last I was led to make exacter
experiments to determine whether the free acid in the urine
was increased after the water was made. DBut first a series of
twenty-seven experiments were made on healthy urine to
determine how often, and how soon on standing, urie acid
erystallized out. Four times only were these crystals found

by the microscope twenty-four hours after the water was
G



]2 ON ACIDITY.

made ; and five times the acid crystallized out in two days.
Eighteen times no urie acid was found free. In other words,
eighteen times out of twenty-seven the urine under the miero-
scope did not show this evidence of an increase of acidity.
In the other nine times the uric acid might possibly have
been set free by an acid fermentation, although another
explanation was probable, namely, that the erystals only
formed slowly because no great quantity of urates were pre-
sent, and because the liberating acid was very weak. For
determining between these views, a standard alkaline solution
of caustic soda was prepared, and the acidity of the urine was
measured as soon as possible after the urine was made, and
then from time to time afterwards the acidity of the same
urine was again noted. Thus the following experiments were
made :—

Tisiet 7 {F ifty cubic centimetres of healthy urine juat}l'S c.c. of stm:ﬂurd-
1 T

passed were nentralized by solution of soda.
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The total quantity of urine made in twenty-four hours was collected, and
the acidity determined,
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These are examples taken from many others, all showing
that no change in the acidity occurs for some days after the
urine is passed, and that then the acidity diminishes.

When it was proved that sugar existed in small quantities
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in healthy urine, I thought that some evidence for or against
an acid fermentation might be got by determining the amount
of sugar in the urine, first when fresh, and afterwards when it
had stood some days.

Three litres of healthy urine were divided into two equal
parts. The one half was examined for sngar immediately ;
and the amount of sugar was 2-4 grains. The other half
was left for twenty-five days, until it became feebly alkaline,
and then the sugar was determined, and the amount was
19 grain. A loss within the limits of error in the method
of analysis.

These and many similar experiments are opposed to any
acid fermentation; and when the formation of uric-acid
crystals in the urine occurs, it may be taken as a proof that
some free acid is secreted by the kidneys, and that this, sooner
or later, has set {free more or less uric acid from the acid urates
in the urine.
~ The longest time in which I have seen uric acid erystallize
out has been eleven days, but usually the first, second, or
third day after the water is made the crystals form, if they
form at all ; and the formation of these erystals is the only
certain and delicate test of the presence of free acid in the
urine. I had hoped that the form of the erystals, varying
as it does so greatly, might enable me to determine the
nature of the liberating acid; but after a long series of
experiments I can as yet come to no satisfactory conclusion
in this respect.

On the Symptoms of Euwcess of Acidity.

As in diabetes, so in acidity, there are no symptoms when
the disease begins. The over-acidity or the excess of sugar
may come and go away without being observed. A little
heartburn or a liftle urgency in passing water may last only
for a few minutes, and be cured by nature as quickly as it
was caused. Only when the skin or mucous membrane have
become irritable by the continued action of the aecid, do
symptoms of acidity force themselves on the notice and

G 2
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require medical aid. The amount of uneasiness or pain will
vary with the sensitiveness of the membrane and with the
degree of acidity. Sligcht degrees of acidity hardly irritate
the skin ; but itching, nettle-rash, eczema, and herpes are the
outbursts of an over-acid state,

The mucous membrane of the stomach is less sensitive than
that of the pharynx, wsophagus, and bowels. When 162 grs,
or even 81 grs. of dry tartaric acid in four or six ounces of
water are taken, the acid hurts the mouth and the upper part
of the food-tube, and then ceases to be felt for three hours or
more, when it causes violent griping pain for an hour or two.
When the mucous membrane has become irritable the
stomach becomes much more sensitive, and acidity causes
pain, cramp of the muscular coat, and vomiting ; the bowels
feel more and move more strongly, and violent pain, colie,
tormina, and tenesmus come on.

If the sensitiveness of the mucous membrane of the urinary
organs is incereased, the nerves and muscles become irritable ;
urgency and frequency of passing water gradually increase
into constant pain and violent spasm of the bladder. In
the urethra a scalding pain is felt, and constriction of the
mucous membrane causes a complete stricture whilst the
spasm lasts,

When the acidity is excessive, the skin, stomach, and
urinary organs may all be simultaneously irritated. In other
words, the amount of acid formed may be so great that it is
thrown out everywhere. Most frequently the acidity only
shows itself in the stomach and in the urine; and the symp-
toms produced in the stomach and urinary organs are so
closely dependent that the same treatment that does good to
the one mucous membrane will be found to do good at the
same time to the other.

I might here, if time permitted, give you innumerable cases
of acidity illustrating the great persistence and intractability
of the deposit of uric acid, and its great liability to return
as soon as the alkalies are omitted, unless the strictest diet is
observed. This resemblance of these cases to cases of diabetes
is very striking ; and, moreover, in slight diabetes or inter-
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mittent diabetes the production of excess of acid is very fre-
quently to be met with.

I must, however, give you two cases illustrating the rarer
consequences of this excess of acidity. A gentleman, aged
40, consulted me for constant deposit of urates and urie acid
in the urine. He had been subject to these deposits for years;
for the last few months occasionally, from one to five hours
after a late dinner, he was attacked by pain in the stomach,
which in a short time became intermittingly spasmodic. The
intensest pain was reached in half a minute, it then relaxed,
and returned as badly as before in two minutes. His suffering
lasted about an hour, when the pain gradually abated, leaving
a tenderness on pressure and an irritability after food for two
or three days. The urine passed after the attack gave on
standing uric-acid crystals. I advised him when another
attack occurred to fill the stomach with hot water and then
to reject 1t. This he did, and a considerable quantity of
nearly clear acid fluid was thrown up ; on repeating the emetic
later during the same attack, a much more intensely acid
chymous fluid was obtained, showing that probably an hour-
glass contraction of the stomach had existed. By careful diet
and anti-acid medicines the attacks entirely ceased. In another
patient, six or eight hours after food, attacks of violent cramp
used to occur in the reetum, and last from half-an-hour to an
hour. Relief at the time was obtained by pressure on a hard
seat; and by careful diet and alkalies the attacks entirely
ceased.

Before speaking of the treatment, a few words must be said

On the Consequences of Excessive Acidity.

In all I have hitherto said of diabetes and acidity a
parallel might be drawn between the two diseases, with this
difference—that the bland sugar acts as a diuretic, whilst
the irritating acid affects the nerves and muscles, causing
pain and spasm ; but in the consequences of the two diseases
an entire divergence must be noted. Diabetes causes a
painless weakness and atrophy. Acidity is the cause of from
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50 to 60 per cent. of all the cases of stone that oecur in
England. Dr. Prout says—*If a uric-acid nucleus had not
been formed and detained in the bladder, two persons, at
least, out of three who suffer from caleulus would never have
been troubled with that affection.”—P. 583, ¢Stomach and
Renal Disease.’ ,

In the 26th vol. of the  Medico-Chirurgical Transactions ” for
1843, I have given the analysis of the caleuli in St. George’s
Hospital. In 233 caleuli, 89 consisted of uric acid alone;
that is, 38 per cent. of these stones were caused solely by
acidity. Whilst 135 consisted of urie aeid, uric acid and
oxalate of lime together, and of these substances mixed with
urates, that is, 58 per cent. were wholly or partially caused
by acidity.

Gravel is still more frequently caused by over-acidity.
Seventy-five per cent of all renal ealeuli are uric acid, caused
by acidity alone. Hence three out of four renal attacks,
oiving rise to almost as violent mechanical suffering as the
human body can endure, are caused by a slight chemical
disorder which often continues unobserved until the me-
chanical disease is set up.

On the Treatment of Acidity.

The relation that exists between diabetes and over-acidity
is even more evident in the treatment than in the causes and
symptoms of these diseases. The best diet for diabetes is the
best diet for over-acidity. The same medicines are most
useful in both complaints. The same immediate effect can
be produced by treatment, and there is the same disposition
to a relapse after the symptoms have entirely ceased when
wrong food is taken.

The treatment of acidity must be considered under two
heads : First, the diet; and secondly, the medicines.

With regard to the diet. All that has been said against
saccharine and farinaceous diet in diabetes might be repeated
here, inasmuch as these substances give rise in the system to
various acids in their progress to carbonic acid and water.
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Hence, as regards the action of sugar, dextrine, and starch, 1
may refer tothe lecture on diabetes; but as the acid diathesis
avises {from a slighter check to the oxidizing actions of the
body than the saccharine diathesis, therefore a less strict diet
will give a greater improvement in this disease than in
diabetes. Moreover, medicines effect a more decided good
in over-acidity than in the saccharine complaint, and on
this account, also, greater liberty may be given in diet pro-
vided the acidity from the food is neutralized by alkaline
medicine.

Another difference must be made in the diet of those who
suffer from these two complaints. In diabetes, fatty substances,
cream, butter, fat, and oil check the wasting of the body ; but
in excess of acidity these articles of food often give rize to
great uneasiness in the stomach ; they are very liable to cause
a peculiar feeling of irritation, which is known as heartburn.
Thus, over-acidity and heartburn often ean be removed and
kept away by leaving off sugar and butter. In severer cases,
potatoes, rice, arrowroot, and a considerable portion of the
daily bread must be given up. Iruits of all kinds are mostly
highly flavoured ether mixtures of starch, sugar, and acid.
Wines and beer chemically differ from fruit only by con-
taining alcohol instead of some starch and sngar. Aleohol
itself, very probably in the stomach as well 4s in the air,
gives rise to acid, and the weak spirit and sugar of half-
fermented beer and effervescing wine more easily undergoes
this acid fermentation than fully fermented wine and pure
spirit. Hence, in extreme cases of acidity small quantities of
lean animal food, including fish, flesh, fowl, game, and eggs,
and brandy-and-water, constitute the best anti-acid diet. All
fluids containing sugar should be avoided; and alkaline
gaseous mineral water, natural or artificial, will nentralize
a portion of the acidity which the imperfect combustion
continually produces.

Exactly the opposite diet was advised at the dawn of
animal chemistry, on the ground that the ash of vegetables
containing alkalies, these would neutralize all the acid that
should arise from the starch and sugar. DBut take, for
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example, potatoes: the amount of acid-producing substances
in them is from 20 to 30 per cent.; the amount of alkali at
most will not reach to 1 per cent. Or take bread: the ash
of bread would neutralize at most 1 per cent. of acid. The
amount of acid-producing substances in bread is 46 per cent.
Any other fruit or vegetable would give equally good evidence
against a vegetable diet in over-acidity.

The object of medicines in this complaint may be divided
into—first, the removing, and secondly, the neutralizing of
acid.

The removal of acid is effected most immediately and
directly by emetics, emptying the stomach at the time when
the greatest quantity of acid is present, that is, during the
digestion of a full meal. In the treatment of the acidity of
children, this is the shortest and readiest way. Hot water,
mustard and water, ipecacuan will remove more acid than
would be neutralized by the usual amount of alkali that
would be taken daily. The repetition of the emetic should
depend on the reappearance of uric.acid erystals in the
urine,

The free action of the skin by baths, especially Turkish
baths and vapour baths, removes acid quite as effectually,
although more slowly, than by taking away the gastric juice.
Moreover, an increased natural action disarranges the system
less than a stomach catastrophe, which, though scarcely felt
by the young, is a shock unfitted for advancing years. Among
the different methods of exciting perspiration strong exercise
must be mentioned, because this generally implies a freer
respiration, and this means the greatest possible conversion
of acids into carbonic acid and water. The more bracing the
air is, and the more free from mechanical and chemical
impurities in the form of dust, smoke of all kinds, fogs, and
noxious gases, the more vivid is the combustion, and the
greater is the amount of acid that is removed from the system
through the lungs, but it must not be forgotten that every
muscular contraction develops paralactic acid, so that the gain
from increased exercise is diminished by the amount of acid
thus produced. :
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There remains to be considered the removal of acid by the
kidneys. By increasing the action of the kidneys, an increased
quantity of acids of many kinds, from carbonic acid to urie
acid, is thrown out of the system. Diureties thus become
veritable anti-acids. Hence, pure water and nifre and mineral
waters, by exciting diuresis, relieve the blood and textures
of acid, but whilst promoting the action of the kidneys the
acid may be neutralized ; and this is the second object to be
obtained by medicine.

In neutralizing the acidity of the urine, by far the most
effectual medicines are vegetable salines, containing fixed
alkalies or earths. The following diagrams of the acidity of
the urine will show you better than any words of mine how
differently salines containing volatile and fixed alkali act on
the urine :—

Five drachms of turtrate of wmmonia in the claeyy.

12
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Five drachms of tartrate of potash in the day.

Each degree of acidity or alkalescence was made equal to
the twelfth of a grain of carbonate of soda. Although five
drachms of tartrate of ammonia were taken in the day the
urine was not made alkaline, not even neutral ; whilst after
the same quantity of tartrate of potass the urine was alkaline
for the greater part of the day, and at one period reached as
low as thirty-two degrees ; in other words, a thousand grains
of urine contained three grains of carbonate of soda. More-
over, eighty grains of carbonate of ammonia daily in three
different experiments did not make the urine neutral, though
it acts more strongly than most alkalies in neutralizing the
acidity of the gastric juice in the stomach. Three drachms
and a-half of liquor potassa, containing 61 per cent. of potass,
taken in one day, though it lessened the acidity, did not cause
alkalescence ; still, no doubt, the action of this and other
alkaline remedies, when long continued, produces very
decided effects in neutralizing acidity.
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The comparative worth of equal quantities of different
alkalies may be determined by their combining proportions.

Thus 10 parts lithia = 12 parts ammonia.
14 ,, magnesia.

7 52 =

- - — ey

o A =21 ., =odp

L 3 = oo ,, potass,

= 5 = 54 ,, bismuth.

s e = 25 ,, carh. of lithia. ;
e ,., = 27 ,, carb. of ammonia.
i 4 = 29 ., carb. of maznesia.
- o =35 ,, carb. of lime.

" = = 37 ,, carb. of soda.

vy - = 48 ,, carb. of potass.

= 22 = 70 ,, carb. of bismuth.

In other words, fourteen grains of magnesia will neutralize as
much acid as twenty-five grains of carbonate of lithia, or
forty-eight grains of carbonate of potass, or seventy grains of
carbonate of bismuth. One grain of carbonate of lithia is
nearly equal to a grain and a half of carbonate of soda or two
grains of carbonate of potass.

In ordering these different alkaline substances, their con-
stipating or their aperient action must be considered ; and
beyond all this, the peculiarities of different individuals must
be learnt by experience. That carbonate of soda to the
amount of two ounces and a half daily may be taken for
months with impunity may be seen in a case in ¢ Med.-Chir.
Trans.,” vol. v.,, p. 80. The blood had a strong bufty coat.
The urine was alkaline.

In speaking of the treatment of diabetes, I have dwelt
on the alkaline action of different mineral waters; to this
I must refer you for further information. Dut there is
in the treatment of acidity an advantage in giving mineral
waters which does mnot exist in the treatment of diabetes.
In acidity pure water may be regarded as an anti-acid.
It lessens the symptoms, and prevents the consequences
of the acidity ; where strong acid irritates, weak acid has no
effect. Strong acid quickly sets free uric acid; whilst weak
acid has to make up by time what it wants in force, so that
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simple dilution, or the amount of water that exists in the
mineral water, becomes an important means of relieving
acidity.

When the acidity is excessive, all these different methods
of lessening acidity must be used at the same time. To give
acid in the food and to neuntralize it by medicine is child’s
play, unless the amount of alkali taken exceeds the amount
of acid eaten. The greatest possible effect can be obtained
by stopping acid from going in, by removing acid by per-
spiration, and by the stomach, skin, and kidneys, and by
neutralizing the acid by lithia, ammonia, magnesia, soda, or
other alkalies.
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LECTURE V.
DISEASES OF SUBOXIDATION,.—ON THE OXALIC DIATHESIS.

On the Oxalie Diathesis.

STrRICTLY speaking, the oxalic diathesis is included in the
general expression acid diathesis, for the oxalic is only the
last acid in the descending scale of ternary organic substances
that is produced before perfect combustion sets free carbonie
acid and water. Still I shall treat of oxalic acid separately,
partly for the sake of clearness, and partly because, being a
very strong acid, it will probably be found, in the progress of
animal chemistry, to play an important part in the healthy
chemical actions that take place in the body.

As oxalic acid is only a special instance of acidity, much
that was said in the last lecture applies to the production of
an excess of this acid also. To avoid useless repetition, I
shall now confine myself to that which belongs specially to
oxalic aecid as distinguished from other aecids,

The production of oxalic acid in the body is a purely
chemical process. Certainly it would have escaped notice if
the compound which it forms with lime had not been very
insoluble in dilute acid. This chemical cause leads to the
secondary mechanical disease, mulberry caleulus, and this
complaint is so frequent and so serious that the primary
chemical disorder hence rises to an importance which it would
not at all reach by itself.

To make the production of oxalate of lime depend on an
oxalate of lime diathesis, so far, at least, as the lime is con-
cerned, 1s only giving a hard word to the chemical affinity of
oxalic acid for lime, which partly depends on the insolubility
of the compound produced.
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If perfectly healthy action is marked by the production of carbonic acid

and water - - : 5 - ; - - . €6,H.8
The tirst and slightest arrest of oxidation will be marked by the pro-
duction of oxalic acid . - - - . S0.H B

The higher degrees of arrest of oxidation of sugar and albumen will

produce other acids, as acetic acid . : : x . . €,H0HO
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The highest degree of arvest of sugar will give diabetes; grape sugar . ©,H,.6,

Hence, oxalic acid is related to over-acidity and to diabetes
in that it is the lowest of a series of imperfect oxidations,
whilst diabetes is the highest term of the same series. More-
over, it will be seen that between the oxalic and the saccharine
diathesis there is a resemblance not only in the causes of these
diseases, but also in the treatment.

Oxalic acid, like sugar, can arise from two sources—first,
from the food ; and secondly, from the textures.

Of all the acids that exist in the vegetable kingdom, the
most widely present is oxalic acid. Schleideneven states that
oxalate of lime, either in needles or octahedra, is present in
every plant; in some, as in rhubarb or sorrel, oxalic acid is
present in very large quantities. It is formed out of carbonie
acid and water by part of the hydrogen of the water com-
bining with the carbonie acid while the rest of the water and
the oxygen are given off ; thus, ¢.6 1 .6,=¢,0 H6+H 646, As
this oxalic acid is mostly combined with potassa or lime, it is
not likely to escape oxidation in the body before it passes out
of the kidneys, and hence probably from this source oxalate
of lime rarely oceurs in the urine.

All the hydrocarbons, as starch and sugar, that exist in the
food, and most of the vegetable acids, when oxidized out of
the body by nitric acid or by fusion with hydrate of potassa,
give oxalic acid ; if fully oxidized, they would give carbonie
acid and water.

In the oxidizing action which is going on in the body, the
starch, sugar, and vegetable acids may all stop in their pro-
oress to carbonic acid and water before their final change
takes place, and thus give rise to oxalic acid; and this will
combine with any lime that happens to come within its reach,
and will pass out as oxalate of lime in the urine. Moreover,
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in addition to these vegetable sonrces of oxalic acid, there may
be two sources from animal substances. The sugar that has
its origin in the musecles and in the liver may, by arrest of
oxidation, furnish oxalie acid. )

Moreover, there can be no doubt that albuminous substances,
whether of vegetable or of animal food, give rise to urie acid
when an excess is eaten; and when uric acid is imperfectly
oxidized, it divides into oxalic acid and urea ; so that oxalic
acid may be produced even from the albuminous constituents
of the different organs and textures themselves. In the pro-
cess of disintegration different portions of the albuminous
matter may stop at different degrees of oxidation, when from
any cause that action is incomplete. Hence uric acid, or
urea and oxalic acid, instead of urea and carbonic acid, may
be thrown out of the body. Thus, then, there may be not
less than four sourees of oxalie acid in the urine—two in the
food and two in the textures.

That oxalic acid does come from the textures is rendered
more likely by the fact that when the strictest possible diet is
observed oxalate of lime may occasionally still be detected in
the urine. In this respect, as in others, the parallel with
diabetes is very close; the difference being that the sugar
causes diuresis, and implies a greater loss of force, whilst the
oxalic acid, in consequence of the insolubility in dilute acid
of the oxalate of lime, may give rise to a serious mechanical
disease, which requires severe mechanical treatment for its
cure.

It is highly probable that oxalic acid, though not so widely
diffused in animals as in vegetables, may be much more
frequently present in different secretions and textures of the
body than is yet proved to be the case. Already it has been
found in the blood, in mucus, in saliva, and in perspiration.
Its occurrence in the urine implies no disease, but only a
slight error of deficiency in the oxidizing actions in the
body.

It is twenty years since I was consulted by a medical
gentleman, who said he had been greatly alarmed by being
told that the oxalate of lime in his urine indicated serious
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and, possibly, malignant disease. I advised him to examine
the water passed by apparently healthy people. In a very
short time he wrote to me that he found octahedral erystals in
the urine of the most healthy of his friends.

On the Means of Detecting Oxalic Acid.

At present oxalic acid is most readily detected by means of
the erystals it forms with lime. It requires no skill and no
preparation of the urine to find the oxalate of lime. The
urine should be left to stand for twenty-four hours in a bottle
or tall glass; the upper part of the fluid should be poured off,
and the last few drops remaining should be examined. A
magnifying power of 320 times is generally sufficient, but the
crystals are sometimes so small that more than this power is
necessary to determine the form. Generally oxalate-of-lime
octahedra are thus found without the least difficulty—some-
times in large single crystals, very frequently in aggregations
of small octahedra forming mieroscopic caleuli.

Dr. Golding Bird was the first who stated that these erystals,
which had for some time previously been observed i urine,
were oxalate of lime.

It is only in rare cases that so many crystals can be col-
lected from the urine as will furnish the chemical proof that
these octahedra are oxalate of lime; but this proof has been
obtained. Moreover, artificially-formed oxalate of lime, which
is generally an amorphous powder, can be made to erys-
tallize in octahedra by dissolving it by the aid of heat in very
dilute hydrochloric acid, and setting it aside for many days,
when octahedral erystals will very frequently be formed. The
less oxalate of lime present and the more acid the solution
the slower the erystals form. In no experiment have I sue-
ceeded in forming the erystals which Dr. G. Bird has called
dumb-bell erystals of oxalate of lime. They do not very
frequently oceur in the urine, and I cannot say that their
appearance gives any important indication. Oxalate of lime
oceurs in the urine in a third form, which M. Donné has also
observed ; and as the microscopic appearance may lead you to
a wrong diagnosis, it requires to be mentioned here.
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I sometimes find, with or without octahedral erystals, little
flattened dises, nearly the size of very small blood-globules.
When rolling over, they may very easily be mistaken for blood-
globules. They vary much in size, some being much smaller
than any blood-globules. I have seen these discs mixed with
octahedral and dumb-bell erystals—in fact, the smallest dumb-
bell crystals form minute flattened dises. They are not soluble
in water as blood-globules are ; they have a different appear-
ance in the centre, and the eye, by practice, can learn to
distinguish certainly between blood-globules and this form
of oxalate of lime.

On the Symptoms of the Owxalic Diathesis.

The most common symptom of the oxalic acid diathesis is
flatulent dyspepsia; frequently before food considerable un-
easiness is felt, and eructation occurs. Eating for a time
removes the symptoms, often only to return in an hour or two
with increased intensity. The pain sometimes is so severe,
persistent, or intermitting, that it can only be produced by
actual eramp of the muscular coat of the stomach. This
state of suffering may last from half-an-hour to three or
four hours, and then cease to return after some days or months
Or years.

In the urine the presence of oxalate of lime may be sus-
pected when sudden changes in the quantity made in twenty-
four hours are observed.

A slightly dyspeptic gentleman was passing urine giving
a thick deposit of urates only on cooling. The amount
made in twenty-four hours was twenty-nine ounces, specific
eravity 1023-8. The following day, without any change of
diet, and without drinking more fluid, and without medicine
of any kind, he passed fifty-four ounces, specific gravity 10181,
and on examination myriads of octahedral crystals were found
to be present.

Usually an increased urgency and frequency of making
water accompanies this increased flow, and there is a general
feeling of irritability of the nervous system, exaggerating

H
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external and internal annoyanees to a degree far beyond that
to which they would rise if no dyspepsia existed.

W. 8., aged 64, had all his life been dyspeptic. For twelve
years he had had dry and moist eczema. TFor seven or eight
" years he has had sleepless nights; at times so excessively
nervous he could not go to bed. Has had violent pains on the
top of the head, and spasms of the stomach, lasting half-an-
hour or an hour, relieved by an escape of wind. For the last
two years he has had frequent calls to pass water at times.
Has never had a distinet attack of gout, but frequently has
flying pains in the joints. Without known cause, he fre-
quently, for some hours, passes large quantities of water,
with increased frequency in the morning, but not in the
evening. For example:—

On Feb. 13 On Feb. 14
he passed— oz3. he passed — ozs.
At 2 am. 4 At Tam. ., site® ol
3.30 5 & breakfast.
7.30 G 10 . 2
8.30 i 2 pm. 4
10 breakfast. Dinner.
12 noon . 7 5.30 4
2 p.m. 4 8 . 23
415 4 12 . o
6 dinner. et
B e 5 26 sp. gr. 1026
12 night. 4
45 sp. gr. 1015

In the water passed on the 13th I found plenty of octa-
hedral erystals; in that of the 14th I found free uric aeid
and urates. There was no other disease detectable.

On the Consequences of the Oxalic Diathesis.

The formation of an oxalate-of-lime calculus in the kidney
or bladder is the secondary disease which the oxalic diathesis
produces. But for this mechanical complaint the chemical
disorder would be of little or no importance at all. Hence
the great object of detecting oxalate of lime in the urine
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is to prevent the formation of mulberry stone in the urinary
organs.

In my paper in the 26th vol. of the ‘Transactions’ of the
Medico-Chirurgical Society, I have stated that out of 450 dis-
tinet deposits forming calculi, 135 times uric acid was found
alone or mixed with other substances, and 163 times oxalate of
lime occurred either alone or mixed with other deposits. In
other words, the greater degree of acidity which is marked
by uric-acid erystals occurred rather less often than the lesser
degree of acidity which led to the formation of the oxalic
acid diathesis. In other collections the greater degree of
acidity appears to have more frequently caused the formation
of the calculi. From the analysis of many collections, Dr.
Prout says, p. 290, “ If a mulberry stone had not been formed
and detained in the bladder, two persons out of about nine
who suffer from caleulus would not have heen troubled with
that affection.” As he previously said that six out of nine
had a nucleus of urie acid (or urates), it follows that imperfect
oxidation to a greater or less degree gives rise to no less than
eight out of nine cases of stone.

With regard to the mechanical effects of mulberry stone,
they scarcely differ from those produced by uric acid.
Usually the mulberry stone is rougher and harder than all
other stones; and hence the roughness is more apt to cause
blood by hurting the kidney or bladder, and greater
mechanical foree is required to crush the stone, and the frag-
ments are sharper and harder than those of any other kind of
‘stone.

In addition to the mechanical discases of stone in the
kidney, ureter, or bladder, the oxalic acid diathesis, or in
other words, that degree of oxidation which causes the forma-
tion of oxalic acid instead of carbonic acid, may perhaps
hereafter be found to produce secondary chemical disorders.

Thus in diseases which are accompanied with great diffi-
culty of breathing or in extreme states of debility, as
perhaps in asthma or at the end of different fevers, oxalic
acid may accumulate in the blood or in the textures, and
either alone or with the help of carbonic oxide gas produce a

H 2
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state of narcotic poisoning not to be distingnished in its
phenomena from the effects of a fatal dose of morphia.

In the ¢ Transactions’ of the Medico-Chirurgical Society for
1849, p. 171, Dr. Garrod records a case of Bright’s disease
with effusion in the chest and abdomen, in which oxalate of
lime was found in the blood ; the patient became senseless
eight hours before death, possibly, however, from urea in the

textures.

On the Treatment of the Oxalic Diathesis.

The treatment of the oxalic diathesis and the treatment
of oxalate of lime in the urine are almost, though not alto-
eether founded on the same indications. The cure of the
oxalic diathesis is to be obtained by promoting oxidation in
the body. In this respect this disease and diabetes have the
closest possible resemblance. The best treatment for flatulent
dyspepsia is the best treatment for diabetes. I must refer
you, then, to all I have said on the treatment of diabetes for
the fullest information on the treatment of the oxalie diathesis.
I might sum all up, however, in four words—meat in modera-
tion and weak spirit ; nevertheless, a diet as rigid as in
diabetes need not be insisted on in this complaint, because it
is often so slight an aberration from health that the functions
of the body are scarcely interfered with, and if it were not
for the formation of oxalate of lime it might often be alto-
cether neglected.

Hence the treatment of oxalate of lime becomes of more
importance than the treatment of the oxalic acid diathesis.
Two methods may be simultaneously carried out—first, the
amount of lime passing through the body may be lessened,
and secondly, the formation of the octahedral erystals may be
stopped.

The effect of diminishing the amount of lime taken into
the body by the drinking water may be seen from what
results when the quantity of lime in the urine is inereased,
either by adding it after the water is made, or by giving lime
salts as medicine. The following experiments among many
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others that I might give, are quite sufficient to show the im-

portance of giving rain or distilled water when much oxalate
of lime is found in the urine :—

250 c.c. of fresh nearly neutral urine were divided into five
equal parts.

To the first part nothing was added; it was examined
twenty-one hours afterwards, and gave no octahedral
erystals.

To the 2nd. One drop of chloride of caleinm solution, sp. gr.
1146, was added ; octahedra were found.

To the 8rd. Two drops of ditto; octahedra.

To the 4th. Three drops of ditto ; octahedra.

To the H5th. An excess; many octahedra.

Seven other experiments were made with different healthy
nrines.

Two equal portions of the same urine were taken, and
chloride of caleium was added freely to one after it was
passed.

Experiment 1.—The urine without chloride of calcium con-
tained very few octahedral erystals; with chloride of calecium
many small octahedra.

Experiment 2.—The urine without chloride of calcium
contained no oxalate; with chloride of caleium plenty of
octahedral erystals.

Experiment 3.—The urine without chloride of calcium
contained urates and only a few octahedra; with chloride of
caleium a large amount of octahedra, large crystals.

Experiment 4.—The urine without chloride of ealcium con-
tained no octahedra ; with chloride of calcium exceedingly
small erystals, not quite distinet as octahedra.

Experiment 5.—The urine without chloride of calcinm
contained very few and very small octahedra; with chloride
of caleium plenty of octahedra.

Experiment 6.—Doubtful increase of oxalate by adding
chloride of caleium.

Experiment 7.—Doubtful increase.

If lime-water or acetate of lime or carbonate of lime are
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given as medicine, oxalate of lime may be expected in excess
in the urine.

C. W., aged 30, was admitted with chronic rheumatism
into St. George’s Hospital, July 30. The urine was acid and
perfectly natural, excepting that occasionally a little bladder
epithelium was seen. Forty-five grains of acetate of lime
dissolved in water were given thrice daily; in four days
oxalate of lime ecrystals in plenty were found in the
urine.

L. B, aged 26, admitted with slight rheumatism. The
urine was acid and perfectly natural, except that it contained
a quantity of pus cells, the result of gonorrheea. Thirty
orains of acetate of lime were given thrice daily for two days,
and then forty-five grains for two more days, when much
oxalate was found in the urine.

Distilled water or rain water are therefore likely to be
useful when octahedral erystals are found in the urine. Even
the removal of some of the lime from the drinking water by
boiling it well, and then filtering it, or, better still, by adding
a little carbonate of soda before boiling, may be of use in
stopping the rapid formation of oxalate-of-lime gravel in the
urine.

It is quite impossible to stop all lime from going in or
coming out of the body; and, therefore, by the anti-lime
treatment, only a partial good can be done, and other methods
of stopping the erystallization must be adopted, or still better,
the oxalic acid diathesis must be removed.

The second method of treating the oxalate of lime deposit
in the urine consists in stopping the formation of the erystals.
Removing the oxalic acid diathesis would stop the erystalli-
zation as surely as it would be effected if no lime could be
allowed to pass out of the body; and though both these
methods may be of use, a still more immediate effect on the
crystallization may be obtained by the mineral acid treat-
ment.

Dr. Prout first ordered a mixture of one part nitric and
two parts hydrochloric acid. This is called nitro-muriatic
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acid. It varies in composition according to the temperature
at which the acids are mixed and kept, and according to the
time they remain mixed before they are used. Sometimes
it is a mixture of nitric and hydrochloric acid, or it may
contain chlorohyponitric and chloronitrous acid, or even
hyponitrous acid and chlorine. It is, no doubt, possible
that a mixture of these substances may be more bene-
ficial as a medicine than any one of them used separately ;
and if this can be proved to be true, such a mixture should
be used; but the progress of our knowledge of remedies
depends on the use of each substance separately, in order that
the greatest possible clearness may be obtained as to the effect
of each remedy ; and, as it is by no means proved that so-
called nitro-hydrochlorie acid is superior in any respect to the
mineral acids taken singly, I consider that an advance in
clearness of intention, if not in power of treatment, may be
obtained by using each acid separately, according to the pro-
perties which each must be considered or may be found to
possess.

And first regarding hydrochlorie acid. As this is more
especially the acid of the gastric jnice, it seems reasonable
that it should be prescribed, more particularly when there is
feeble digestive power; after long illnesses, when animal food
begins again to agree, it should be taken almost immediately
before each meal of animal food. Thus the greatest imme-
diate use can be got out of hydrochloric acid.

Secondly, regarding nitric acid. This acid was at one time
strongly recommended as a substitute for mercury in syphilis
and in the liver diseases of India. Generally, it may be con-
sidered to promote secretion and perhaps oxidation ; and with
this intention it should be given so as to be absorbed before
food enters into the stomach. If taken one hour or two hours
before meals on an empty stomach, the nitric acid acts on the
system and not on the food.

Thirdly, sulphurie acid has been always used as an astrin-
cent to stop perspiration, to stop haemorrhage, to stop diarrheea.
It may be, therefore, regarded as the opposite of nitrie acid
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in its action on the system ; and to obtain the greatest action
it also should be given in time to admit of its absorption
before food is eaten.

Thus, then, rightly used, hydrochloric acid promotes diges-
tion, nitric acid secretion, sulphurie acid constriction.

In addition to these special actions, there is a direct local
action of these substances on the stomach. When used in
small quantities, with care, they all probably render the
stomach less irritable than it otherwise would be; but if the
dose of any of them be too strong, it probably increases the
sensitiveness of the mucous membrane, and may cause violent
pain and spasm, increased chemical action producing altered
mechanical and chemical actions in the mucous membrane of
the stomach.

All these acids also have a distinet action on the urine.
Although there is as yet no positive proof that dilute mineral
acids increase the acidity of the urine at all to the same
degree that dilute vegetable acids can do—for example :

Variation of the acidity of the wrine during the day when three drachms
of dilute sulphuric acid, sp. gr. 11077, are faken in water.
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Variation of the acidity of the urine during the day when eighty-four
graius of tartaric acid ave faken in water,
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yet, if the amount of sulphates, for example, in the whole
quantity of water passed in twenty-four hours for three
successive days when no sulphurie acid is taken is compared
with the amount of sulphates inthe whole quantity of water
passed in twenty-four hours for the three succeeding days
when sulphurie acid is taken, it is certain that dilute sulphuric
acid taken in very large quantity does pass off combined or
uncombined in the urine. The third day after half an ounce
of dilute sulphuric acid, specific gravity 1-1084, had been
taken daily, 43 ounces of urine were passed of specific gravity
1025-4. 12-95 grains of sulphate of baryta were precipitated
from 1000 grains of this urine; when no acid was taken
42 ounces of urine were passed of specific gravity 1023-4.
These gave 9'19 grains of sulphate of baryta per 1000 grains
of urine.

All the mineral acids lessen the tendency of the oxalate of
lime to form erystals in the urine. If two equal portions of
urine are taken, and the minutest quantity of mineral acid
is added to one portion, whilst the other is kept for comparison
without acid, oxalate of lime may be found in the urine to
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which no acid has been added, whilst in the other no erystals
will form. The same action may occur when these acids are
taken as medicine, and with nitric acid there is the additional
recommendation that the oxalic acid diathesis itself may, by
the promotion of oxidation, be lessened or, with perseverance,
removed.
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LECTURE VI.
DISEASES OF SUBOXIDATION.—ON URIC-ACID GRAVEL.

Ix this and in the following lecture on gout I intend more
particularly to bring before you the mechanical and mechanico-
chemical consequences of the uric acid diathesis—that is, of
excess of acidity.

The relationship that exists between chemiecal disease and
mechanical disease cannot be more clearly set forth than in
the production of gravel or stone from errors in the chemistry
of the body.

I have dwelt only on chemical disease in the two lec-
tures on diabetes and acidity, and T have given you a par-
ticular instance of chemical error and of its mechanical con-
sequence, or secondary disease, in the last lecture on the
oxalic diathesis ; I intend now to occupy your attention with
the mechanical consequence of acidity in general ; and I
shall have occasion to show you that this secondary mechanical
dizease may produce tertiary chemical derangements vastly
greater than the original primary chemieal wrong, out of which
the secondary mechanical disease arose.

I have already explained to you the causes of acidity. I
have now more particularly to dwell upon one of the results
of that acidity; in short, on the nature of the gravel that is
caused by excess of acidity, the means of detecting it, the
symptoms it produces, its consequences or complications, and
its treatment.

On the Nature of the Gravel that is caused by Over-acidily.

(Generally speaking, it may be said that all the albuminous
substances of vegetable or animal food, before they are thrown
out of the body, pass through the stage of urie acid. A par-
ticle of albumen absorbed into the blood from the food may
become part of an organ and serve the purposes of life, and
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then undergoing change become resolved into urie aeid, then
into urea and oxalic acid, and finally into urea, carbonie acid,
and water; or the particle of albumen may go through a
shorter cirenit, and without becoming ‘part of any organ or
texture it may be transformed into uric acid, and ultimately
pass off as urea, carbonie acid, and water.

Thus uric acid, like sugar, may come from two sources—
first from the food, and secondly from the textures; and as
sugar is one of the results of healthy chemical action, through
which, generally speaking, every particle of starch must pass,
so uric acid is one of the substances through which each
particle of albumen in health passes before it is thrown out
of the body. When more food is taken into the blood than
is wanted for the muscles, nerves, and textures generally, the
excess is thrown out in a more or less perfectly oxidized form
by the kidneys, skin, and lungs; it may be as urie acid, or if
further changed as urea, oxalic acid, and water; or if burnt,
as far as possible, as urea, carbonic acid, and water ; or dif-
ferent portions of the albumen may be thrown out in all these
different states at the same time. ;

The excess of urie acid in the urine of those who have just
talken an excess of albuminous food, whether animal or vege-
table, is very easy of proof.

The quantity of urie acid in the urine I found to vary (see
¢ Philosophical Transactions,” Part I1., 1849, p. 2535)—

k. - Erd
Before food (mixed diet) from 0048 grains per 1000 grains of urine 10263

to 017 i3 10231
After food it varied from oo > 10210
to 092 o 1031-1

On vegetable food—
Before food . . . 0049 3 1024-0
After food . : SR i 10262

On animal food—

Before food . : . 0049 s 10243
After food - : 077 - 1029'9

After three days of animal

food only the highest

amount was i o b o 10278
After three days of vegetable

food only the highest

amount was. . . 1010 10256
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The second source of urie acid is in the museles, nerves, and
other textures of the body. Wherever albuminous substances
exist—that is, in each portion of the body—integration is con-
tinually balanced by disintegration, and one of the produets
of this disintegration of albumen is uric acid, which returns
into the blood, and, more or less oxidized, passes off by the
kidneys, and is found in the urine when no albuminous food
at all has been taken for many days.

Derived from either source, uric acid exists in combination
with allkalies dissolved in a more or less alkaline fluid in the
blood. In the cells of the kidneys and elsewhere a process
of oxidation occurs; other acids are produced, and the alkaline
urates are made into more acid urates, which pass out of the
kidneys to the amount of six to ten grains of uric acid daily
dissolved in an acid fluid which is continually varying in
acidity. Hence the composition of the urates in the urine is
continually differing at different times.

In a paper in the “Journal of the Chemical Society’ for
1862, vol. xv., p. 201, I have shown that in health potass,
soda, and ammonia are all combined with urie acid in varying
quantities, and these mixed urates constitute the ordinary
granular amorphous deposit which is soluble in the warm
urine. In three analyses I find—

First Analysis. Second Analysis, Third Analysiz.
Uric acid : . 9436 0106 9411
Potassinm - e otlD a7 506
Ammonivm . ) 236 1-61
Sodium . A . 21 1-87 1:20

These acid urates are sometimes combined with urie aeid,
forming still more acid urates, corresponding to quadoxalates,
from which a portion of the uric acid is set free even by wash-
ing the amorphous sediment with water. If any acid acts on
the acid urates they are decomposed, and uric acid is set free
more or less quickly, according to the strength and tempera-
ture at which the acid acts. Thus, if in the cells of the
kidney by oxidation mineral, vegetable, or fatty acids are
produced, the urates are decomposed either in the tubes of
the kidney, the pelvis of the kidney, the ureter, or in the
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bladder. Hence any acid whatever except the acid of extreme
oxidation—carbonic acid—may give rise to uric-acid gravel.
Whatever the acid that may be taken in exeess in the food,
or whatever the acid that may be thrown on the kidney by
inaction of the skin, or whatever the acid that may be pro-
duced in the stomach or in the kidney itself, if it decomposes
the urates it may give rise to uric-acid gravel. Aecid phos-
phate of soda is not able to set free uric acid from the urates:
free acid must be present; and hence free urie acid is the
most delicate test of other free acids in the urine.

On the Means of Detecting the Urie-Acid Gravel.

In contradistinction to white or phosphatic gravel, and to
black or oxalic gravel, this may be called red or uric gravel ;
but colour, though striking, is apt to mislead. Pure uric acid
is as perfectly white as phosphate or oxalate of lime, and,
though urie acid attracts to itself the colouring matter of the
urine, and so becomes reddish-yellow, yet there may be next
to no colour to attract, and so the gravel may remain white,
and then chemical reactions or microscopical appearances can
alone determine the nature of the deposit.

The chemical test for uric acid is very characteristic. The
smallest portion of sand or gravel heated with nitric acid at a
gentle heat is immediately oxidized. Among the products is
murexan, which gives, with ammonia, the richest purple
murexide, and by this reaction uric acid may be always known.
Thus, however, you cannot determine whether the urie acid is
free or in combination. Chemically this may be partially
determined by fully oxidizing the sand or gravel ; if, on com-
bustion, an ash remains, the uric acid is combined with some
fixed base; but ammonia is volatile, and thus the surest
method of determining whether the urie acid is combined or
free is to observe the deposit as it passes in the urine with
the microscope. Moreover, thus a single erystal of urie acid
can be recognized ; a quantity much too small to be tested
chemically can be determined microscopically with certainty.
Of course, errors of observation may arise, but the practised
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eye will learn to recognize the various forms of uric-acid
crystals, and possibly the peculiarity of form may lead to a
knowledge either of the acid which set the urie acid free or
of the composition of the fluid in which the uric acid was
set free,

Having determined that free urie acid is present, it is of
importance to know how soon the erystals form after the urine
is secreted by the kidney—whether they form in or out of the
body. For this the urine should be passed into a bottle or
olass and examined immediately, and if no erystals are then
seen, every twelve hours a fresh examination should be made ;
and thus the amount of acid which is acting on the urates
may be estimated and counteracted,

On the Symptoms produced by Gravel.

When the red sand only forms after the urine is passed, it
causes no symptoms whatever; but the acid or acids in the
urine, which after a time liberate the uric acid, these may
. produce irritability of the bladder or of the urethra. Over-
acid urine sometimes causes excessive frequency and urgency
of making water. The mucous membrane may be made so
irritable that inflammation and all the symptoms and appear-
ances of violent gonorrheea may be produced ; or the muscular
texture of the urethra may be irritated, and spasm ending in
spasmodic stricture may oceur.

These chemical irritations do not, strictly speaking, proceed
from the red sand ; they come from the cause of the red sand ;
but they are necessary accompaniments of the mechanical
irritations which the gravel occasions ; and these we have now
to consider.

As the gravel may form in the bladder, the ureter, or the
kidney, so the mechanical irritations may begin in these dif-
ferent places, and the symptoms will vary according to the
part that is irritated.

We will take the mechanical symptoms produced in the
kidney first, although the formation of gravel in the kidney
is a sign of the greatest degree of acidity, because the urine
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only remains a few seconds in the kidney, whilst it may
remain some hours in the bladder. The acid in the kidney
must be much stronger, in order to set free the urie acid, than
it need be in the bladder to produce the same effect, because
less power in longer time produces the same result as a greater
degree of acidity in a shorter time.

As long as the gravel is small, and lies unmoved in the
pelvis of the kidney, no symptoms occur. During rest no
microscopical or chemical signs or general symptoms show the
presence of a foreign body in the kidney; but if sufficiently
rough motion is made, then the gravel moves in the kidney,
and, slightly seratching the surface, blood becomes mixed with
the urine. The injury to the pelvis of the kidney may be far
short of causing pain or visible blood ; there may be so little,
that chemical tests for albumen may give no reaction of that
substance ; but yet the microscope may show distinetly a very
few blood-globules. These may come with motion and cease
with rest. With much motion, much blood will come, and be
visible in quantity in the urine; and this may oceur without
the least pain. So that I often ask my patient with heema-
turia from this cause whether he would know that any-
thing was wrong if he were blind, and the answer is usually
positively no.

Gradually as the gravel increases in size in the kidney,
slichter motion brings blood, and pain, and uneasiness in the
loin. Distension of the colon, with flatulence, when it presses
on the kidney, causes considerable pain,

If the gravel does not pass into the ureter, very little pain
arises until the inerease of size leads to pressure on the
kidney and absorption of structure. I have seen cases in
which I have no doubt that caleuli have been in the kidney
for very many years. In proof of this I may mention, from
among many others, the following cases of seventeen, twenty,
and probably of fifty years’ duration.

A needlewoman, aged 47, was admitted into St. George’s,
having had occasional attacks of pain in the left side with
blood in the urine for seventeen years. On deep pressure in
front, below the left hypochondriac region, a hard oval tumour
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could be distinetly felt. The urine was acid ; specific gravity
1015 ; contained blood and pus ecells, plenty of vibrios, but no
erystals of urie acid nor oxalate of lime.

A clergyman, aged 41, consulted me for the appearance of
blood in the urine, which he had seen for twenty years. The
urine was thick from urates, acid to test-paper, and contained
a few blood-globules. He had been obliged to give up hunt-
ing because it brought on blood in the water. I saw him
occasionally for some years, and always with the same ap-
pearances in the urine after exercise.

An officer, aged 61, told me that for twenty-four years he
had been subject to attacks of pain in the left lumbar region,
with blood in the urine. Warm bath and rest always gave
relief to the pain and stopped the blood. He had had
innumerable renal attacks, without passing any stone, but was
able to travel each year on the Continent without much in-
convenience.

A carpenter, aged 61, consulted me for a continual pain in
the left kidney. Sometimes a dead heavy pain, at other
times most acute during work or when walking. He is then
obliged to throw himself down on his back and side until the
pain passes off. If detained even for a few minutes after his
usual meal-times the pain is often most acute. Any excite-
ment will ¢ either increase or subdue it.” I found that the
urine had the slightest trace of albumen and most distinet
evidence of blood-globules. There was no pus, no increase
of muecus, and no crystals of any kind. The urine was acid.
He said that when eleven years old the pain first came on
very suddenly with blood in the urine. The pain had never
since entirely left him, and he has very frequently seen
blood in the water. Latterly the pain had become more
constant and more severe. Ior fifty years through an active
life this man had probably had a stone in the kidney,

The symptoms produced by gravel in the ureter are much
more severe than those produced by gravel in the kidney.
The instant the gravel or stone produces mechanical pressure
violent pain comes on. The funnel form of the commence-
ment of the ureter allows the gravel easily to escape a short

I
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distance from the kidney ; and hence after some sudden jerk
or even a turn in bed the pain begins suddenly and is referred
to the kidney itself. Through reflex action, vomiting soon
follows. According to the size of the gravel or stone and the
size of the ureter, the narrow passage is more or less
quickly passed, and with a slight obstruction at the still less
elastic entrance into the bladder the mechanical impediment
is over, and the symptoms cease. .

The symptoms produced by gravel or small stone in the
bladder correspond with those produced in the kidney. At
first there are no symptoms at all; violent exercise may pro-
duce microscopic appearance of blood, but until the gravel
tries to escape, or is thrown by contraction of the museular
texture on the neck of the bladder, no pain is felt. Gradually
as the stone increases, or the bladder becomes irritated and
wants to contract frequently, blood becomes visible, and pain
on motion and on emptying the water becomes severe. This
pain is referred to the extremity of the nerves at the end of
the penis. The flow of urine may be momentarily broken by
the gravel or stone stopping the passage. If the stone is
small enough or the urethra large enough the foreign body
escapes into the tube, and in a longer or shorter time it is
driven out.

Although gravel may stop in the urethra and gradually
increase there until mechanically removed, yet it is very
unlikely that it should begin to form there. If the crystalli-
zation commenced there, the passing urine would rapidly wash
the erystals away before they caused any symptoms; so that the
urethra does not thus suffer primarily from wrong chemistry.
But the peripheral pain of the glans penis, and the scalding
of the urethra from the acid urine, and the mechanical injury
which the sharp fragments of acid stones occasionally produce
in the urethra after lithotrity, these all show that even the
urethra does suffer from mechanical secondary disorders
arising from primary chemical complaints.
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On the Consequences Produced by Gravel.

The tertiary diseases which arise from gravel or stone are
chemical or mechanical. We will for clearness divide them
according to their birthplaces.

1st. The kidney often becomes inflamed from the mechanical
irritation of the pelvis. Pyelitis is set up; pus forms and
escapes continually for years without pain, or if it have not a
free exit it is passed intermittently, with more or less violent
pain, sometimes almost causing as much suffering as a renal
calculus makes when passing. In these cases the pressure on
the pelvis of the kidney being the same as on the obstruction,
the pyramids are changed into calices, and ultimately the
whole kidney is absorbed, and becomes lost in the abscess.

J. C., aged 32, was admitted into St. George’s Hospital in
October, 1843, for acute double pleurisy, with effusion. He
died comatose on Febrnary 11, 1844. The right kidney was
healthy ; the pelvis, infundibula, and calices of the left kidney
were very much dilated, and filled with a thick fluid mixed
with gravel and sand. The dilatation depended upon a stric-
ture of the ureter, which existed two inches from the pelvis of
the kidney. The nreter was still pervious, but a pig’s bristle
was the only thing that could be passed through the stricture,
which was not more than two lines in length. The other
portion of the ureter presented nothing remarkable beyond a
slicht discoloration. The parts in the neighbourhood of the
stricture of the ureter were not thickened.

2nd. The stone or gravel lodges in the ureter, and there
produces mechanical and then chemical symptoms.

A gentleman, aged 55, was seized with pain in the loin
and vomiting on March 23, 1850. The urine was very scanty
until the morning of the 26th, when he ceased to make any.
The catheter was passed on the 27th, and no urine was found
in the bladder. On the 28th he had some delirium, and much
increased vomiting. On April 3 there was great drowsiness,
with delirium and hiceup; at 11 p.m. still no urine was in the
bladder. On the 4th, at 4 a.m., after very great pain, he
passed two pints of eclear urine and a very small stone ; it

1 2



116 ON URIC-ACID GRAVEL.

consisted of oxalate of lime, and did not weigh half one grain.
For nine whole days no water whatever was passed, and for
three days previously only a very small quantity of urine was
made. On April 12 the patient was in his usual good health.
On November 23, 1844, T saw a gentleman, aged 54, with a
renal attack of three weeks’ duration. There was much pain
in pressing over the region of the left kidney either before or
behind, and there was more fulness in passing the hand over
the left lumbar region than over the right. The urine was
alkaline, and contained blood. In Deeember the attack
gradually went off, and on the 20th he passed a calculus eon-
sisting of phosphates and urates; it was the size of a small
bean. In three days he appeared quite well. On the 24th
he had some pain in the region of the left kidney. On the
27th, pulse 110, jerking ; face flushed ; skin cold ; unable to
sleep; tongue brown; urine thick from pus-globules and
alkaline. 28th, pulse feeble, intermitting ; tongue dry ; brown ;
hiceup; distension of abdomen ; very little urine secreted.
He sank the following morning. There was general perito-
nitis, and a large abscess in the cellular tissne around the left
kidney extended up to the diaphragm. On trying to remove
the kidney with the ureter, it parted an inch and a half below
the pelvis, though very little force was used. The ureter to
this point was dilated so as to admit the little finger. The
lower end of the ureter was not dilated. The pelvis and calices
of the left kidney were much dilated, and contained gravel.
Srd. The stone may stop in the bladder, and there also pro-
duce mechanical and chemical symptoms. Slight rupture of
vessels and consequent hwmorrhage on motion, and pain
in the glans when the stone is pressed on the neck of the
bladder: these’are the two chief signs of cystic calculus.
Sometimes the heemorrhage is enormous. On December 29,
1850, I saw a gentleman, aged 68, who had passed large frag-
ments of uric-acid caleulus from his bladder. Eight of these
fragments, and a large piece the size of a pea, he had collected
and put together, forming a stone nearly as large as the first
joint of an ordinary thumb. Two or three fragments only
were wanting to make the stone perfect. He began to pass a
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little blood without pain on the 28th ; at8 a.m. on the morning
of the 29th he passed very bloody
water. [ saw him about twelve hours
afterwards. The bladder was distended,
forming a perceptible tumour in theabdo-
men. On the 30th there was a very little
bloudy urine discharged, but the tumour
in the abdomen was leae distinet. There
were no urgent symptoms, and as he had Nucles
on a previous occasion suffered in the same way, and no instru-
ment was then passed, I let him alone. On June 31, clots and
urine came away, and the following day he made elear urine.

The following extreme ease of mechanico-chemical disease
oceurred to Mr. Prescott Hewett :—

R. R., 17 years of age, was admitted into St. George’s
Hospital for gravel and irritation in the bladder, from which
he had suffered as long as he could remember, The urine
was alkaline and purulent ; on examination by the rectum a
large rough stone was felt pressing backwards, and on pushing
it upwards it was felt in the abdomen. The stone was so large
that it was proposed to dissolve off' the phosphates by hydro-
chlorie-acid injections previous to any mechanical operation ;
but before anything was done, the patient after a week of fever
died. Three externally phosphatic stones were found in the
bladder: one weighed 120 grains, another 115 grains, and the
third 5 ounces 120 grains. The drawing represents the size
and appearance of the large stone,

Whole Stone,
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The history of the case, as it is recorded on this stone,
is very unusual. At first acidity caused a small stone to
form in the kidney, where it remained increasing by different
degrees of acidity for some time, after which it was passed
into the bladder. There the acidity continued very uniformly
for as long a time as the stone had been in the kidney. Then
it set up inflammation of the bladder, and the stone by nearly
one-fifth of its surface became adherent to the bladder, the urine
became alkaline, and the phosphates were deposited whérever
the stone was not attached. This lasted for a considerable time,
the phosphates being mixed with urates in variable quantities.
Then the adherent part separated, and an irregular stone one-
fifth depressed and four-fifths oval was free in the bladder.
After this a more phosphatic state was produced, and when
this had lasted for a short time two other small stones pro-
bably passed from the kidney, and lodged themselves in the
depressed part of the large stone, and these were soon united
by fresh phosphatic deposit, which went on increasing the
calculus until the death of the patient, when the depression
was entirely obliterated.

This stone by mechanical pressure had caused ulceration of
the bladder, and a eircumseribed abscess had been formed in
the peritoneum the size of a ericket-ball, which opened into
the bladder ; another ulcerated opening led into the eavity of
the peritoneum, which was inflamed throughout, the intestines
being glued together by purulent fluid. The bladder itself
was thickened, and the mucous membrane coated with phos-
phates.

4th. The urethra is the rarest birthplace for mechanical or
chemical tertiary caleulous disease. Occasionally a piece of
gravel obstruets the passage, or inflammation of the bladder
spreads to the urethra, and the angular fragments after
lithotrity excite much inflammation, and have even been
known mechanically to cut through the tube, and blocking up
the natural passage, to cause extravasation of urine and death.
But these are rare accidents, and belong more to the surgeon
than to the physician; still, if time permitted, such cases
would furnish me with the very best illustrations of the rela-
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tionship that exists between mechanical and chemical diseases,
showing how, out of the motion of masses of matter, mole-
cular motions arise in consequence of that correlation of force
in the body which constitutes the subject of these lectures.

On the Treatment of Uric-Acid Gravel.

In the treatment of every kind of gravel the first question is
regarding its solubility. The solution of uric-acid gravel in
any alkaline fluid that ean be borne in contact with the
mucous membrane of the urinary organs is scarcely possible. It
can hardly be doubted that urie acid in a fine state of division
as powder could be dissolved, but the problem is to dissolve
uric acid in a more or less massive state. The mechanical
force of cohesion of the erystalline particles as well as the
chemical insolubility of each erystal has to be overcome. And
notwithstanding the appearance on the surface of some uric-
aecid caleuli, and notwithstanding the supposed disappearance
of caleuli that have been considered to be in the urinary
organs, and notwithstanding I have made numberless experi-
ments, in the body and out of the body, to find a solvent for
the stone in the kidneys or in the bladder, yet at present
the state of aggregation of masses of uric acid cannot be
overcome chemically. Acid gravel has not been dissolved in
the kidneys or bladder by medicines; still my friend Dr.
Roberts, of Manchester, is confident of success, more so than
I am.

Until the gravel comes away or is removed two chief indi-
cations for practice exist. Firstly, to prevent it from hurting
the mucous membrane, and secondly, to stop its enlargement.

Pain and blood are the evidences of hurt to the mucous
membrane. Hence, any amount of exercise or of motion may
be taken, provided it does not cause pain or blood. The
amount of pain may be taken as the measure of the risk of
inflammation, and the am@unt of blood may also be taken as
the measure of the mechanical hurt to the kidney, and of the
loss of strength which results from haemorrhage. Doth pain
and blood may be prevented or temporarily removed by rest;
but long-continued perfect rest would in most people soon
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injure the general health. So that the mean must be found
by trials, the problem being to keep up the general health by
exercise, but to avoid by rest inflammation or heemorrhage—
that is, chemical or mechanical injury.

The second indication is to stop the growth of the stone.
In other words, to prevent fresh acidity ; for thus the gravel
is kept so small as to admit of perfect cure by the escape of
the mechanical mass through the urinary organs. The means
of preventing acidity have been already brought before you.
Here I shall say only a few words on the good of dilution,
which not only delays the precipitation of the uric acid, but
helps to wash out the gravel or stone. The best diluent is
some alkaline mineral water, as Vichy, or Fachingen, or Seltzer
water, taken not only with the food, but two hours before
each meal. When there is.no acidity, soft spring water night
and morning is the best diluent.

This brings me now to the treatment of the passage of
gravel or stone from the kidneys or bladder. The chief
objeets to be obtained are, first, to relieve pain; and secondly,
to promote the passage of the calculus.

The pain is most rapidly removed by chloroform or ether
inhalation. This, with care, may be continued for hours.
The slightest unconsciousness is all that is necessary; but
this must be kept up, for on the return of consciousness the
pain is again felt.

The second remedy is the hot-bath at the temperature of
100° F. continued for hours, unless it causes faintness. “ Four
hours’ bath and then two hours’ warm blankets; then three and
a-half hours’ bath and three hours’ warm blankets; continue in
this manner, gradunally prolonging the rest and shortening the
bath. Nothing weakens like pain.” Or any hot applications
may be used when the bath cannot be taken.

The third remedy for pain is opium, externally or internally.

Externally, it may be used as a famentation in any quantity ;
as laudanum or solution of morphia poured on a poultice, or
with one-eighth to one-sixteenth of chloroform on spongio
piline. Internally, half a grain or more of acetate of morphia
in solution may be injected into the loin; within a few minutes
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it will act potently on the pain; or opium, or any of its pre-
parations, may be given by mouth freely, and the severity of
the pain renders the system tolerant of large doses; but the
ill effects of the sedative in causing inaction of the liver and con-
stipation are very evident when the pain ceases. Half a grain
or even two-thirds of a grain of morphia may be given by the
mouth, and repeated in four or six hours, if the pain lasts ; or
thirty drops of landanum may be taken, and repeated in two
or three hours. For the relief of the suffering it is best that
the aperient should be taken at the same time as the opiates,
the action of the aperient counterbalancing the action of the
narcotic on the bowels. Calomel in full aperient doses, as it
stops sickness, may be given with the opium if there is great
constipation, or if there is great intolerance of narcotics,

Secondly, the passage of the calculus is probably made
easier by all the means that relieve pain. When the spasm
is relaxed by chloroform and opium, or by the warm bath, or
by fomentations, the escape of the caleulus is made more easy.
Still, the pressure of the urine behind the obstruction is the
oreat motive power in the passage of the gravel or stone.
This force eomes into action only when the obstruction is
more or less complete, and then the pressure of the fluid is the
same on the structure of the kidney as on the obstruetion ;
and thus the secretion of urine is lessened, and the pressure
more and more slowly reaches its maximum. Diluents may
early in the attack be of use in inereasing the pressure; but
after the symptoms of suppression of urine occur, they are of
less use in this respect, and when urinous poisoning comes o
vomiting and purging give relief by removing some of the
poison. Usually, without emetics or aperients, sufficient, some-
times excessive, evacuation takes place ; and if this tertiary
chemiecal poisoning does not bring the heart to rest, the obstrue-
tion of the ureter may be removed by the eontinued pressure,
and then, the circulation through the kidney being free, the
blood is rapidly purified, and a chemical disease (urinous
poisoning) far more dangerous than the original chemical
complaint (acidity) rapidly passes away.

When the obstruction cannot be removed, not only does the
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pressure of the secreted urine stop the purification of the blood
by stopping secretion, but the urine that has been poured out
must, by diffusion, pass back into the blood. When the blood
is urinous, diffusion must carry the poison to every part of
the textures, even into those parts where no vessels exist
—the cornea, the crystalline lens, the cartilages, and, perhaps,
even into the nails and the hair. The uric acid, oxalic acid,
and urea poison the nerves and muscles and blood-vessels
and other textures, and render them incapable of ecarrying on
the actions of nutrition and oxidation.

When the gravel passes into the bladder, usually little or
no treatment is requisite. After a longer or shorter delay
the stone is forced into the urethra, and ultimately is driven
out ; but whilst it remains the same objects are still to be kept
in view—first, to promote the escape of the stone ; secondly,
to prevent its growth ; and, thirdly, to keep the bladder from
harm.

Free dilution and alkaline remedies best fulfil the first two
objects ; whilst the last is chiefly to be gained by rest.
Inasmuch as the bladder is nearer the external orifice than
the kidney, two or three other remedies are possible.

First. There is great surgical authority for occasionally
passing a catheter when a small stone is suspected to be in the
bladder. If there be no stricture, it is not easy to see how
this should help the passage of the stone more than passing a
probang before food would make swallowing easier.

A gentleman came to me one morning, and from the miero-
scopic blood in the urine and the pain in making it, whilst
his general health was robust, I considered a stone had
formed in the bladder. I went with him to a surgeon, who
sounded him, and said “ There may be a stone, but I cannot
find it.” The following morning the patient brought me the
stone, which he had voided in the night. To him, and to his
surgeon, it was beyond all doubt that the passing the sound
made the stone come away.

Secondly. The Astley Cooper forceps, by which a small
stone may be removed whole through the urethra; and the
lithotrite, by which a stone may be removed in pieces; and,
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still more, lithotomy, by which the foreign body is removed
whole through anartificial opening, are mechanical proceedings
belonging to the surgeon and not to the physician.

Thirdly. There is yet another method of cure, so far beyond
all other methods in its philosophy, its safety, and its freedom
from suffering, that success, though still postponed, must
ultimately be attained. This is the dissolving the gravel in
the bladder. There is no diffieulty whatever, excepting want
of patience and chemical knowledge, that hinders the solution
of phosphates in dilute acid. A stream of diluted lactic or
* hydrochlorie acid, made so weak as not to irritate the bladder,
and passed at the temperature of 100° F., must dissolve any
phosphatic gravel or stone or outer layer of stone, provided
only that the current be continued long enough.

A warm stream of very diluted lithia or soda should dis-
solve any urates and attack urie acid. DBut gravel and stone
vary very much in density, that is, in compactness of aggre-
gation, and some uric-acid gravel is so hard that it is vain
to expect that any stream of water or of alkaline water will
have any effeet in any reasonable time.

Hence it becomes necessary for the solution of some urie-
acid stones, and for all oxalate of lime stones, to discover some
way of exposing the gravel or caleunli to the action of stronger
agents than dilute lithia or soda.

In the ¢ Philosophical Transactions”’ for 1852, p. 201, I have
shown what can be done out of the body by disengaging nitric
acid and potassa in contact with urie acid by the help of the
voltaic battery. Although this is easy in glass vessels, it is
very difficult to make a catheter that can cause this action to
take place within the bladder ; and after months spent in pro-
ducing an instrument fulfilling all the electrical conditions for
success, the equally essential surgical conditions are by no
means perfect. There is a want of firmness and fixedness of
the blades which make the introduection of the litholitic in-
strument difficult. Still, when surgeons skilled in electrical
science, and possessed of sufficient time and patience, arrive,
I have little doubt but that urie-acid caleuli will be dissolved
in the bladder. Some more energetic substances may be
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liberated in contact with the stone, or some way may be found
of rendering the stone more soluble. At present progress is
stopped more by the mechanical than by the chemical diffi-
culties of the problem.

Oxalate-of-lime gravel or caleuli are so hard and so insolu-
ble that as yet there is no prospect of obtaining any good
results by any process of solution. Dut oxalate 1s so closely
related to carbonate of lime, and this last is so rapidly soluble
in any dilute acid, that hopes must be held firm that some
day a process of oxidation may be carried on in the bladder to
compensate for the want of that oxidizing action in the blood
and kidneys which leads to the formation of this kind of stone.



LECTURE VIL
DISEASES OF SUBOXIDATION.—ON GOUT.

THE gouty diathesis consists in an excess of urate of soda not
only in the serum of the blood, but in the fluid that diffuses
from it into all the vascular and non-vascular textures of the
body. An attack of gout is a chemical process of oxidation
set up in the parts where the urates are most able or liable to
accumulate. By the oxidizing action the urates are wholly
or partly changed into urea and earbonates, which can more
readily pass from the textures into the blood, and be exereted
by the kidneys, skin, and lungs. The oxidation even in the
bloodless textures causes increased flow of blood and me-
chanical pressure in the vessels nearest to the inflamed part,
and hence pain and redness, and then swelling and cedema,
proceed. Though the gouty diathesis is a disease of the
textures as well as of the blood, yet in its origin and situation
an attack of gout is even more a disease of the tissues than a
disease of the blood.

The urate of soda bears the same relation to gout that
sugar does to diabetes; and as the want of oxidation of
sugar is the cause of the diabetic diathesis, so the want of
oxidation of the urates, and their consequent accumulation
in the textures and blood, is the cause of the gouty diathesis.
Errors excepted, as almost every grain of starch passes
through the stage of sugar, so almost every grain of albumi-
nous substance that enters the blood sooner or later, in its way
out, passes through the stage of uric acid, and, if thoroughly
oxidized, escapes as urea, carbonic acid, and water. The
number of substances that are formed between albumen and
urea are vastly more than between starch and carbonie aeid ;
but, whatever their number, there must be an antepenultimate,
and urie acid is the penultimate, and urea the ultimate, pro-
duct of oxidation. Hence there are at least two ways in
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which an excess of uric acid may occur in the blood and
textures; lst, from an excess of animal or vegetable albumi-
nous food entering the system,—i.e., from excessive produc-
tion ; and 2nd, from an arrest of oxidation,—t.e., from want
of destruction. Of course, the greatest accumulation of urie
acid will oecur when the albuminous food is excessive, and
when at the same time the oxidation is least. Hven if no
excess of albuminous food is taken, yet if the oxidizing action
is deficient, uric acid may accumulate in the serum, and it
will immediately diffuse even intothe bloodless textures. On
the other hand, an excess of albuminous food may be taken,
and, provided the oxidizing action is also in excess, no
accumulation of urie acid in the blood or textures may occur.
It is therefore evident that there are two modes of preventing
the gouty diathesis: 1st, by diminishing the amount of vegetable
and animal albuminous food ; and 2nd, by promoting oxida-
tion. In other words, the smallest amount of food and the
greatest amount of air are the antidotes for the gouty diathesis.
If an excess of fresh air is taken whilst a large quantity of
food is eaten, these cause no gouty diathesis as long as the
antidote (oxygen) destroys the materies morbi (urates, or the
substance out of which urates are formed); but if from any
cause the oxidation becomes less, the future or formed urates
accumulate in the liquor sanguinis, and pass by diffusion into
and around the cells of all the vascular and non-vascular
structures of the body, and remain unoxidized where there is
least oxidation, and even form erystals of urate of soda in con-
sequence of the slow deposition of the urates on the surface
and within the structure of the non-vascular cartilages.
Where urate of soda accumulates it acts like a foreign
body, increasing friction, setting up irritation and inflamma-
tion, by which the urie acid is more or less oxidized, and thus
being made soluble, it is more or less removed, and when the
mflammation subsides, effused fibrin almost alone may remain
to mark the situation of the attack

If no inflammation comes on, the liquor sanguinis may free
itself of urates by the kidneys, and then the deposited erystals
may more or less entirely re-dissolve, and diffuse back into
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the blood ; or, if the serum continues full of urates, the chalk
stones may gradually increase in the direction of least resist-
ance, making the joints more and more rigid, and the skin
more and more thin, until the pressure breaks the surface, and
the challkk stones escape as myriads of mieroscopic crystals,
Thus, the fingers and toes may become supplementary kidneys,
to the great relief of the blood and textures, and the gouty
diathesis may almost be considered as microscopic gravel in
the textures, and an attack of gout as a chemical operation
for the removal of the gravel from the part in which it had
accumulated.

That the urates diffuse into the synovial fluid and on to the
surface of the cartilages, the following case shows : —W. W,
aged 48, was admitted into St. George’s Hospital on November
23,1855. He was a painter and glazier in good circumstances,
and had suffered more or less from gout for eighteen years;
otherwise he enjoyed good health, and never had colic. The
urine contained a small quantity of albumen; the heart’s
action was feeble ; the right hand was red and swollen; his
feet were slightly cedematous; chalk stones existed in his
ears. The acute attack of gout in a fortnight gradually sub-
sided, and he was about to leave the house when a fresh
inflammation of the hands, feet, and knees came on, with great
prostration of strength. In a few days he was seized with
epileptic fits; the slightest motion immediately brought on
an attack ; the pupils were contracted, there was excessive
tremor of the limbs, and he sank four weeks after his
admission,

Both knee-joints were carefully opened. They contained
two or three drachms of thick synovia, and in each cavity
there was a flake of fibrin about an inch and a-half long,
shreddy, with whitish specks visible to the naked eye. On
examination under the microscope, small acicular erystals
were seen mixed with fibrinous matter, and when a drop of
dilute hydrochloric or acetic acid was added, the whole surface
of the fibrin in a few minutes became covered with microscopic
uric-acid erystals. The moist fibrin from both joints showed
these crystals of urie aecid, and when the fibrin was treated
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with nitric acid and evaporated, there was distinet evidence of
uric acid. On the surface of the cartilage there was only a
very small spot free from the deposit of urate of soda. Both
oreat toes at their tarso-metatarsal articulations contained the
same deposit on the surface.

The spleen was large and soft; the Lulne}s granular, and
the cortex much wastt.,d. There were some small deposits of
red sand visible to the naked eye in the mammary processes.

A man, aged 41, was admitted into St. George’s Hospital
with continued fever, and died on August 20, 1849. On
examination by Dr. Handfield Jones, gouty deposit was found
in both knee-joints: 1st, under the synovial membrane at the
margin of the cartilage; 2nd, in the superficial structure, or
on the surface of the cartilage, from whence it could not be
removed by gentle washing or scraping; Srd, in the sub-
stance of the cartilage at some depth ; 4th, in the cancelli of
the subjacent bone (the patella).

The gouty matter appeared for the most part as aggrega-
tions of amorphous masses, varying in size, and encrusted over
frequently with minute erystalline spiculze.

The ecartilage was remarkably thickened, being at least
three times its ordinary dimensions, Near its middle it was
much morve elevated than towards its margin, and very soft
and yielding. When a vertical section was made of it, the
surface exhibited a marked fibrous structure, quite visible to
the naked eye, the fibres being arranged vertically to the
surface, and being much more marked in the deeper than in
the superficial layers.

The 11'1ic-rusuup= e showed that the basis snbstance was con-
siderably inereased, the cells being in much scantier pro-
portion than natural, but not Lbﬂﬂhtl;l“}r altered. The fibres
were not isolated from each other. The fibres or bands were
of some considerable width, separated by narrow intervals of
healthy strueture.— Proceedings of Pathological Society, vol. ii.,
p. 103.
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On the Means of Detecting Gout.

The chemical test for the gouty diathesis—that is, for
excess of urates in the blood and textures—is based on
analysis of the urine and of the serum of the blood.

Even long before the gouty diathesis is formed, the urine
will give warning of the future disease. From the latest
experiments an excess of urea in the urine is caused only by
an excess of vegetable or animal albuminous food. The
amount of urea bears no certain and no direct proportion
to the amount of daily exercise; so that an excess of urea
in the urine chiefly indicates that albuminous food in excess
is passing through the system; when the oxidation of the
albumen is perfect, urea and carbonic acid are formed ;
but with less perfect oxidation, urea and oxalic acid result.
Hence, oxalate of lime, with excess of urea, constitute the
earliest evidence of imperfect oxidation of an excess of albu-
minous food. When the oxidation is still less, then oxalic
acid and urea are not formed from the urie acid, but the
urine shows an increase in the quantity of urates.

Simple inspection of the urine is quite worthless as a means
of determining the amount of urates in the urine, for the
clearest urine may have the greatest amount of urates dis-
solved in it, and urine that thickens on cooling may contain
less uric acid than perfectly clear water. You will see in a
paper I published in the ¢ Philosophical Transactions,” Part ii.,
1849, p. 249, that urine passed at 5.10 p.m. became thick on
standing, and contained 052 grain uric acid per 1,000 grs.
urine ; urine passed at 11 p.m. remained clear on standing,
and contained 0-87 grain urie acid per 1,000 grs. urine.
Again (p. 251), urine passed at 7.35 p.m, became thickish on
standing, and contained 029 grain uric acid per 1,000 grs.
urine ; urine passed at 10.5 p.m. remained clear on standing,
and contained 033 grain urie acid per 1,000 grs. urine. Again,
urine passed at 7.55 p.m. became thickish on standing from
urates, and contained 031 grain uric acid per 1,000 grs,
urine; urine passed at 1045 p.m. remained clear on

K



130 ON GOUT.

standing, and contained 0-90 grain uric acid per 1,000 grs.
urine.

When analysis shows that an excess of uric acid is thrown
out of the body, this is a proof that the gouty diathesis is
ready to form whenever the kidneys cease to remove the
excess from the system. The presence of any urates at all in
the urine is a sign that oxidation is not so perfeet as it might
be, and the more urates in the urine the more imperfect the
oxidation in the system must be considered ; but as long as
the produets of the imperfect oxidation are thrown out by the
kidneys or skin no gouty diathesis is produced.

Thus, then, first, excess of urea in the urine ; secondly,
oxalate of lime with excess of urea; and thirdly, urates in
excess, by analysis, constitute the three tests of the different
degrees of suboxidation which precede the establishment of
the gouty diathesis.

When urie acid in excess is in the system, analysis of the
urine may not indicate any excess there—indeed, the uric
acid may be absent from the urine and be retained in the
blood—as, for example, in DBright’s discase.  Then the
chemical examination of the serum may give positive proof
of the existence of this imperfect oxidation, and lead to the
certainty of the textures containing the same urates ready to
set up inflammation of a gouty nature at any moment;
usually symptoms of gout begin to make themselves felt by
pain, followed by heat and redness, and then the chemical
methods for detecting gout are usually quite unnecessary.

On the Symptoms of Gout.

The blood when loaded with urates varies every moment in
the quantity of these crystals which it contains, and in its
power of keeping them in solution ; moreover, every moment
by diffusion some of the urates pass with the nutriment and
oxygen into the textures. The oxidation in the blood and
textures may balance the supply or fresh formation, and no
accumulations or congestions may occur until some mediecal
or surgical accident-—that is, some sprain or injury, some cold
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or other accident, as, for example, even an apoplectic attack—
happens to determine the flow of blood or nutriment to any
one part more than the rest; then and there gouty deposit
and inflammation will be set up.

When no accident is the immediate caunse, some ordinary
occeurrence may be sufficient to give rise to the gouty inflam-
mation—thus a long walk, a tight shoe, a full meal, a strong
dose of medicine, a fright, will determine the commencement
of the local action, which may be of any degree of mildness
or intensity. Thus it may be limited to a continuous feeling
of burning and tenderness in the feet, or even to a few passing
twinges in the great toe or heel, that may last only a few
minutes; or it may fall upon one joint after another and
produce an amount of suffering and general fever with a
degree of redness and heat, and ultimately of swelling of
the surface, that may surpass the products of any ordinary
inflammation.

When the effusion which constitutes most of the swelling
takes place from the vessels the tension in the capillaries is
relieved, and the violent action becomes less,

Usually, the gout, like an abscess, fixes on one spot, and
there remains until the whole attack is over; but as in
pyeemia abscesses may occeur in any number outside the
blood-vessels as in the joints, so also when urates in excess
are in the blood and textures they may set up congestion
and combustion in any part, either successively or simul-
taneously, according to the amount of urates that diffuses
into any part.

The pain arises from increased sensibility of the nerves,
produced by the increased flow of blood from the oxidizing
action which is going on in and around the painful nerve ;
and this increased action is fed by the inereased flow of blood
in every part where complete obstruction does not occur; so
that the pain is the best measure of the local symptoms. The
general symptoms will vary with the age, sex, constitution,
temperature, idiosynerasies, and unsoundness of the patient.
The same amount of urate poison in the blood and textures
may in different persons produce totally different effects, and

K 2
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these will vary in the same person according as the combustion
is slow or rapid ; in other words, according as the attack is
chronic or acute.

There is nothing in the general or local symptoms that
can enable the eye to tell that any inflammation is cer-
tainly gouty; any other inflammation in the same parts will
at first have precisely the same local and general symptoms,
though the history of the attack will generally, though not
always, lead to the truth. Thus secondary inflammations
from traumatic or idiopathic pysemia may be easily mistaken
for gout.

Rheumatie inflammation so closely resembles gouty inflam-
mation in all its local and general phenomena that no positive
differentiation between the two diseases can be made, except in
the materies morborum. The rheumatie poison has not yet
been isolated ; that it differs from uric acid in its solubility,
and probably in its volatility, is shown by its not forming
calculi, not depositing itself visibly on the joints, escaping by
the skin and giving rise to local symptoms when the secretion
of the skin is checked by cold and wet. In the analysis of
sweat, as yet only one acid that at all approaches to urie acid in
composition is known—sudoric or hidrotic acid (¢,H N6 H,© 7).
It may be that this is the rheumatie poison, and that an excess
of it in the blood causes the rheumatic diathesis, and its loeal
oxidation a rheumatic attack. Dut whatever the acid, there
is no reason why the rheumatic and  gouty acids should not
coexist in the same blood, causing a rhenmatie-gouty diathesis;
nor why a local oxidation of both acids should not take place
at the same time in the same part, constituting an attack of
rheumatic gout. Certainly there is no positive proof as yet
that this happens, but animal chemistry is still very young,
and will speak much plainer on this and many other subjects
when grown up. Meanwhile, the rheumatic poison exists as
surely as the scarlet fever poison, and a skilful chemist may
at any moment igolate both.

The local symptoms and the general symptoms of gout,
rheumatism, and rheumatic gout closel y resemble those of an
ordinary inflammation, but there is a very important difference
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in that these specific inflammations are set up and modified in
their course by the presence of specific substances in the
textures that take part in the peroxidation. Hence, as soon
as these substances are destroyed by oxidation in any part, or
generally, the symptoms disappear from that part or from the
body, and are transferred to another place or entirely subside.
Thus the rate of transference is a measure of the intensity of
the local action and of the amount of poison in the textures.
In the severest attacks a few hours finds the seat of the
inflammation changed, whilst in a very slight attack one
joint may be slightly affected for months continuously.

There is another great difference between ordinary inflam-
mation and rheumatic or gouty inflammations. In these
specific inflammations pus comparatively rarely forms, while
an excess of fibrin in rhenmatism, perhaps even more than in
gout, exudes wherever local action is taking place. How far
this deposition of fibrin is connected with the peeunliar oxida-
tion of rheumatic and gouty inflammation, animal chemistry
has to determine ; certain it is that only in the weakest and
most debilitated constitutions, in those in whom the actions
of nutrition and oxidation are most imperfectly carried on,
does pus in any quantity form either in the gouty or in the
rhenmatic inflammation.

The history and the causes of the attack usually furnish
the means of determining the nature of the inflammation,
but ultimately animal chemistry will tell with perfect certainty
whether gout, rheumatism, rheumatic gout, or some other
modified combustion is going on in the blood apd textures.
Even now Dr. Garrod has shown how from a few drops of
serum obtained from a blister, urie acid, by its insolubility in
dilute acid, may be proved to be present or absent ; and who
can foresee what new methods of quantitative or qualitative
analysis of urates or sudorates may be discovered ?

Professor Stokes by spectrum-analysis can trace the oxida-
tion or deoxidation of the blood-globules, and we are begin-
ning to recognize differences in the chemical composition of
the sun and the fixed stars, and to determine the chemieal and
physical constitution of the nebule; whilst, by the same
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means, even the twelve-millionth of a grain of lithium can be
detected in distilled water, and the six-millionth part of a
grain in the urine or in the textures.

On the Complications and Consequences of Gout.

As the gounty diathesis arises from urate of soda in the
serum and serous fluid which passes out of the blood into
every cell, so in every vascular as well as non-vascular texture
urates may aceumulate and set up an exaggerated process of
oxidation so as to cause more or less severe inflammation. In
the vascular textures the accumulation of urates is very un-
likely to occur, and when it does happen, rapid circulation
quickly causes an oxidation which removes the urates and
restores the part to a healthy state.

An excess of urates while passing throungh the capillaries
of the kidney is liable, like silver or other metallic poison,
to be caught in the texture of the kidney, and to set up
parenchymatous nephritis, which canses permanent organie
disease.

Many of the complications of gout arise from some func-
tional or structural disease to which the patient is liable
independently of the imperfect combustion of the urates in
the tissues and blood. If any function or structure be wrong,
the disturbance produced in the system by the local oxidation
of the urates will, in some cases, increase the previons wrong
action, and thus complicate the attack of gout.

Still, in other cases the counter-irritation, derivation, and
purification of the blood and textures from urates by oxidation
do remedy previous disorders; but there is a reverse truth
which frequently makes itself evident in the inereased
suffering and weakness produced by an attack of gout accom-
panying or following some other disease. So that an attack
of gout instead of being always a cure, is sometimes an
aggravation of other ailments,

A gentleman about 70 years of age was entirely deprived
by an apoplectic attack of the use of his right side. Two days
after the stroke the most violent gout came on in his right
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foot. The violent pain in the foot caused constant involuntary
motion of the limb, over which he had no control. The para-
lytic state of the limb had no influence over the progress of
the attack of gout, but the involuntary motion increased the
suffering from the gout fearfully, but did not hinder his
ultimate recovery.

A gentleman, 75 years of age, was under treatment for
irritable bladder, dependent on chronic inflammation of the
prostate ; he had been confined to the house for some days
by frequency and pain in veiding water, when violent gout
came first in one foot, and when this subsided quite as severe
an attack came in the other foot, disabling him for three
weeks. Throughout the attack the irritability was even
worse than before the gouty attack, and after the gout ceased
there was no immediate improvement in the state of the
bladder.

A gouty gentleman had for some months complained of pain
in his head when he coughed, or sneezed, or shook his head,
and without any cause he had become deaf. This lasted for
two months, and was attributed to latent gout. He caught a
very severe cold, which confined him to his bedroom, and the
third or fourth evening he suddenly became comatose. He
conld not be roused to take his medieine or his food, and he
passed his water under him. Active counter-irritation was
used to the neck and extremities, and in the morning violent
gout came in one foot, and he lost his head symptoms entirely,
The gout was most intense in every joint of the body, and it
was more than a month before he could move. When he
began to drive out, he again began to complain of his head-
ache when the road was rough ; this increased, and in three
or four days he again became very heavy, and before a week
was over he died perfectly comatose, the attempt to bring out
the gout again entirely failing.

The great mechanical consequence of gout is the loss of
voluntary motion from the joints becoming fixed. The pro-
oress is from the toes and fingers through every joint to the
jaws. I have seen a patient unable to stand for sixteen years
—unable to move either hand or arm except to the slight
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degree that enabled him to sign his name somehow; unable to
open his mouth except for very small morsels of food ; unable
to turn his head in any direetion—a recumbent statue, with
moving eyes, and heart, and diaphragm, sloughing from the
constant pressure which he was unable to remove, while never-
ending pain wore down the system until it was unable to resist
a complication of diseases.

On the Treatment of Goul.

In the present state of our knowledge the treatment of gout
may be divided into two parts: first, the specific; and second,
the expectant treatment. Iach method has its own ad-
vantages and disadvantages, and by the right use of both
proceedings the greatest good with the least harm may be
attained.

The specific treatment aims to get rid of the attack as soon
as possible; that is, to put an end to the pain at once; to
stop the fibrinous and erystalline thickening of the joints, and
to allow the patient to return to his usual mode of life in the
shortest possible time.

The disadvantages of this treatment are, first, that the
specific sometimes acts more violently than is intended ; and
secondly, that cutting short an attack leads more quickly to
a return of the disease, because the usual mode of life is that
which has cansed, and therefore will again cause, the gout;
and thirdly, that the urate of soda existing in excess in the
serum and diffusing into all the textures, where it is oxidized,
if stopped in its active oxidation in any part, is more liable
to set up a process of active oxidation in the fibrous tex-
tures of some internal organ, as the stomach, the brain, or the
heart.

The expectant treatment aims to keep the gout fixed in the
extremities until the textures and blood are freed as much as
possible from the urates by oxidation, and to effect a long-
continued change for the better in the usual mode of life, at
least during the illness; and from both these causes a long
interval is likely to intervene between the fits of gout.

The disadvantages of this treatment are, first, that the



ON GOUT. 137

patient may get very feeble from the long-continued inflam-
mation and confinement, and that out of this other ailments
may thus arise; secondly, that the joints, in consequence of
the duration of the inflammation, may become much more
thickened by fibrin and urates than they otherwise might be,
and that thus also the general health may give way from the
loss of exercise.

The value of the specific treatment is seen when some more
important organ than a joint is attacked by violent gouty or
rheumatic inflammation. Then, to avoid irreparable injury
to the organ, the specific inflammation must be stopped as
quickly as possible. Acute inflammation of the eye furnishes
by far the most striking example of the use of colchicum. By
the specific treatment the eye may be saved ; by the expectant
treatment it will be lost ; and the activity of the specific treat-
ment must bear a direct proportion to the intensity of the
inflammation. In a slight attack the expectant treatment
alone may be required, but in a violent outburst the most
energetic specific treatment, even with the help of local or
oeneral bleeding, will scarcely be able to preserve the sight
of the inflamed eye.

The specific treatment consists in giving colchicum, veratria,
sabadilla, and different quack medicines the composition of
which is unknown, but which probably contain one or other
of these remedies.

By far the most popular specifie is colchicum ; and if the
action of this substance was fully known the action of all the
other gout specifics would be understood.

There is no question that the alkaloid colchicine is the active
substance in colchicum ; and though this substance is not yet
isolated and analyzed, there are good grounds for belief that
it closely resembles veratrine, perhaps as closely as quinine

does cinchonine.

Colehicine L= H,r I‘\-TE'EI;_

i

Veratrine €. H NGy,
Strychnine = €, H,N.9..
Cuinine = €. H, N0,
Cinchonine = €_H, N, &,

Morphine = €,H N6,
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It is very evident that the analyses of these different alka-
loids give no clue whatever to their medical properties; and
so the analysis of colchicine will give no explanation of the
mode of its action, DBut, however much these alkaloids differ
in their action, they all have this in common, that they act
energetically on the nervous system.

The problem to be solved is, how does colchicum stop the
excessive oxidation set up in the parts where the urates are
most liable to aceumulate, partly, perhaps, in consequence of
the non-vascular nature of the textures?

That colchicine acts as a diuretic, and throws the urie acid
out of the blood, is not capable of proof, and if it were it
would not give any explanation of its action on the joint. That
colehicine promotes the oxidation of the urie acid by directly
furnishing oxygen, as peroxide of lead might do, is contrary
to all chemical probability. There remains the unproved
assumption that colchicine, like these other alkaloids,
acts on Dr. Liebreich’s protagon, that the alkaloid has a
chemical action by actual contact with the nerve substance
of the blood-vessels, where the gouty inflammation is going
on, causing such an action on the vessels that the inflamma-
tion ceases,

This assumption makes the action of colchicine comparable
with the action of veratrine, strychnine, and morphine, all of
which act with intensity on the nervous substance ; and this
assumption leads to a conjecture as to the action of quinine,
that it also may act on the nerves of the blood-vessels, stop-
ping the internal congestion, on which the external rigor of
ague depends, The deafening and prostrating effects of large
doses of quinine can arise only from an action on the auditory
and cardiac nerves, and the arrest or prevention of an ague
fit can best be comprehended by the assumption that quinine,
among other actions, acts on the nerves of the capillaries,
stopping congestion ; whilst colchinine acts on the same system
of nerves, stopping inflammation.

M. Roudanowski has stated to the Académie des Sciences
that, after poisoning animals by stryehnine, nicotine, opinm,
and chloroform, he has detected by the microscope changes in
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the nerve-cells or in the myeline ; but his observations cannot
yet be received as conclusive.

In M. Lavilles specific, veratrine is probably the active
alkaloid ; most probably a small amount of morphine is also
dissolved in the wine with which it is prepared. It is said to
be made from sabadilla seed, but whatever the source or
nature of the alkaloid, it must have an action corresponding
to colchicine, and the good and the harm from this specific
cannot be much more nor less than the good and the harm of
colchicum. It cuts short the attack, and thus saves the injury
to the joints from the continuance or severity of the inflamma-
tion ; but it does this by stopping the oxidation of the urates
in the textures, and hence a relapse or renewal of the inflam-
mation more quickly and easily talees place.

Moreover, like all other specifics, it gradually loses its
effect when it has been used in many attacks; and one at
the least of those who have been its most public supporters
have abandoned it for some fresh, though far less potent,
remedy.

Used in half-drachm doses every four hours, or one drachm
doses twice or thrice daily, it acts often most decidedly. If
anything, it causes less action on the stomach, and more action
on the bowels than colchicum, and from the disposition to
drowsiness which it frequently oceasions, probably the irrita-
tive action is moderated by some opiate.

There can be little question that colchicine used by sub-
cutaneous injection into the neighbourhood of the inflamed
part would put an end to the attack; but the danger of an
overdose would, perhaps, be greater than when taken in by
the stomaech, and the benefit derived from its use would not
compensate for the fear of its abuse. It would probably act
more quickly and more strongly than when taken into the
stomach, but this rapid relief would be gained at much greater
risk to life from the alkaloid acting on the nerves of the heart
and causing dangerous syncope. Moreover, relief from pain
and time for the full action of the colchicine when taken by
the mouth may be obtained by the subeutaneous injection of .
one-fourth or one-third of a grain of acetate of morphine in
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ten or twelve minims of water into the neighbourhood of the
inflamed joint.

Late one evening I was sent for to a gentleman suffering
with a most violent attack of gout in the knee; the heat and
the pain were excessive. There was some swelling and some
redness. The attack had begun in the previous night, and
had increased in intensity all day. I injected the third of a
grain of morphine into the inside of the thigh near the knee,
and gave a drachm of Laville, ordering another drachm to be
talken when he awoke. He slept for upwards of six hours
without waking, and he seemed very certain that but for the
injection the night would have been passed in even more agony
than the day. After four drachms of Laville the attack sub-
sided, and the following night no morphine was required.

In sciatica the use of the subecutaneous injection is most
beneficial ; sometimes almost whilst giving the morphia the
pain subsides, and in eight or ten minutes drowsiness comes
on, and sound and continuous sleep follows; but the alkaloid
acts more strongly than when taken into the stomach, and an
overdose may easily be given, and the poison is beyond the
reach of an antidote.

The expectant treatment consists in preventing the accumu-
lation of the urates in the serum and textures, and in promoting
its elimination and oxidation.

The accumulation of urates is greatly to be prevented by
a strict diet, chiefly as regards the quantity of animal and
vegetable albuminous food that is eaten.

The elimination of urates is best effected by washing the
serum and textures—that is, by increasing the flow of urine
by means of water and diuretics. When the serum is compa-
ratively free from urates, then the urates in the textures diffuse
back into the blood and may be thrown out.

The oxidation of the uric acid in the textures and blood can
be effected directly or indirectly by air, diet, and medicine.

So that the expectant treatment consists of diet, to prevent
aceumulation of urates, and to promote their oxidation ; diu-
retics to promote their elimination ; and air and medicine to
promote their oxidation,
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During and after an attack of gout, when thickening of the
Joints exists, medicines that promote the absorption of the
effused fibrin and serum are very useful. Of these iodine ex-
ternally and iodide of potassium with alkalies internally are
the most efficacious. Iodine, perhaps, acts indirectly as an
oxidizer.

But first of the diet in twenty-four hours : —

Let us suppose that the minimum diet of health may be
represented by 10-5 grammes (162 grains) of soluble nitrogen,
and 240 grammes (3696 grains =8 ounces nearly) of soluble
carbon—

If 1 ounce of meat when cooked contains 77 grains of
nitrogen and 92 grains of carbon ; or,

If 1 egg contains 16 grains of nitrogen and 118 grains of
carbon,

And 1 ounce of butter contains 355 grains of carbon,

And 5 ounces of dry bread contain 38 grains of nitrogen and
992 grains of carbon,

And 21 ounces of arrowroot contain 3633 grains of carbon,

Then it is easy to see that 2 ounces of dry meat, and 2 eggs,
and 14 ounces of bread will give more nitrogen than the system
requires to repair ordinary losses, and the excess may have to
be thrown out, partly in the form of urates, when the oxidation
is insufficient to produce urea.

If 2 ounces of dry meat or 2 eggs only are taken, about 10
ounces of butter would be necessary to furnish the fuel and
power for the system, or an equivalent quantity of fat must be
absorbed from the stores deposited in the cellular tissue. Or,
if 5 ounces of dry bread only were eaten, then above 9 ounces
of fat must be taken up in twenty-four hours; but a diet of 2
ounces of dry meat, and 2 eggs, and 5 ounces of bread, re-
quiring the wasting of the body by 7 or 8 ounces of fat daily,
could not long be endured. Moreover, these quantities of
nitrogenous food produce more urates than a less nitrogenous
diet would do.

If a little more than 21 ounces of dry arrowroot were taken
daily, this would supply more earbon than is lost in the daily
oxidation. The excess of carbon must either be deposited as
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fat, or must take away the oxygen, so as to leave none free to
act on the nitrogenous substance that is passing out from the
albuminous textures. Hence, with carbonaceous diet in excess,
the whole of the uric acid from the tissues might pass off
through the blood unoxidized.

It follows, then, that in gout a minimum of albuminous food
should be taken in order to produce the least urie acid; and
a minimum of carbonaceous food in order to allow the urie
acid to be oxidized as much as possible.

If a pint of ordinary beef-tea, free from fat, contains 46
erains of nitrogen and 160 grains of earbon, and if an ounce
of dry arrowroot contains 175 grains of carbon, then 3% pints
of beef-tea and 18 ounces of arrowroot will contain the full
amount of elements that are required even in health for the
system, and far less than this would be desirable when the
minimum production of urates is required.

Secondly as to air :—

In oxygen the energy exists without which all our heat and
all our power, and, indireetly, if not directly, all our growth
would stop. The nitrogen of the air probably only dilutes
the oxygen to the strength we can bear. Some experiments
of M. Regnault’s show that in less dilute oxygen more of this
gas is not inhaled than in our atmosphere. M. Pettenkoffer
will probably give us more accurate knowledge of this subject,
and enable us to see the amount of intermediate oxidations
going on within the body by comparing under natural condi-
tions the total amount of oxygen that goes in with the amount
that comes out in the carbonic acid and water that are the
products of the nltimate oxidation only.

The use or uselessness, in the treatment of gout, of the in-
halation of oxygen and of ozone can be determined only by
the most careful experiments. At present, voluntarily in-
creased rapidity of respiration in fresh air (blowing the fire,
in other words) is likely to add more oxygen to the blood than
strengthening the mixture of oxvgen artificially.

The oppressive and debilitating effect produced by the
respiration of air heated to the temperature of the blood proves
that diluting the oxygen by expansion produces a very decided



ON GOUT. 145

effeet on the oxidizing action in the body. The hotter the air,
the less will be the amount of oxygen in a given space; and
the colder the air, the more oxygen will the lungs obtain.
Moreover, the diffusion of the gases in the vesicles and the
bronchial tubes must be greatly influenced by the different
temperatures of the different parts of the column of air. The
purer the air the less carbonic acid, and the less mineral,
vegetable, and animal impurities will it contain in the form of
dust. Any increase in the amount of carbonic acid in the
inspired air produces a chemical impediment to the escape of
carbonic acid from the blood, and the passage of smoke and
dust into the air-vesicles themselves mechanically interferes
with the actions of solution and diffusion on which respira-
tion depends.

When reaction can be set up, then cold air (or cold water)
promotes oxidation; but eontinued external cold directly or
indirectly causes contraction of the vessels of the surface, and
drives the blood within; and hence the greatest oxidation
takes place by keeping the ecirculation free on the skin and
extremities by the warmest possible clothing, by enveloping
the inflamed part in cotton and oil-silk, or in flannel.

Thirdly, on the action of medicines in promoting oxidation,
elimination, and absorption.

For indirectly promoting oxidation the two most potent
medicines we possess are alkalies and iron. Alkalies assist
in the oxidation of organic substances, not by giving
oxygen, but by promoting the formation of vegetable and
animal acids, and ultimately forming carbonates out of the
burning matter. Familiar instances are the saponification
of fats, the use of caustic potash in Trommer’s test for
sugar, the use of lime in Moore’s test ; the use of potass in
Liebig’s method of determining the amount of oxygen gas by
pyrogallie acid.

Hence caustic alkalies, potass, soda, magnesia, are more
efficacions as oxidizers than carbonates, and carbonates more
potent than bicarbonates. But even bicarbonates, when
heated with organie substances, lead to the formation of
organic acids, which displace the carbonic acid, and thus
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promote the oxidizing action. Thus diabetic sugar with sul-
phate of copper and carbonate or bicarbonate of potash in the
cold gives no reduction, but when heated to 212° the reduc-
tion is evident. Ammonia is at least partly oxidized in
passing through the system, and therefore it is of no avail in
the treatment of gout as an oxidizer, though it may be used
to nentralize acid in the stomach, or to act as a temporary
stimulant.

Iron indirectly is an oxidizer, by its power of drawing
oxygen into the blood. The great object of giving iron as
medicine is the formation of blood-globules. For this hemo-
globin itself would probably be the best preparation, as
being nearest in composition to the substance ultimately
formed ; but hitherto all attempts to prepare even hematin
in quantity as a medicine have failed, and dried eolouring
matter of the blood is the simplest substitute. The reduced
metal, the oxide, the carbonate, or some vegetable salts, are
usually given, and all with good effect. The large amount of
iron that passes off in the fweces and urine shows how little
metal attains the intended object. In ten minutes I have
found a solution of sulphate of iron passing out in the urine,
and in twenty-four hours in the faeces. Hence very small
doses of hzemoglobin would probably be equivalent to the
large doses of other iron medicines which are given. In the
active state of gout iron of any kind is inadmissible ; in the
passive state it becomes a most eflicacious remedy.

All the*salts of the organic acids that pass through the
stomach into the blood, as, for example, the acetates, tartrates,
citrates, are oxidized and pass into the urine and textures as
carbonates; and hence all effervescing saline draughts may
be considered as acting in the tissues as the earbonates of the
alkalies act ; that is, they promote the formation of organie
acids in the textures; and these acids pass by the absorbents,
and by the veins back into the blood, to be oxidized and thrown
out by the urine and by the skin.

The mineral waters, reputed good for gout, are mostly
dilute solutions of alkali—e. g., Vichy water. Generally the
stronger the water the more efficaciously it acts, but the
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action of the water itself must not be disregarded—e.g.,
Buxton ; the water diffuses not only into the urine, making
that more dilute, but it dilutes the serum of the blood, and
diffuses into the textures, dissolving deposited urates, and
hindering fresh deposition of erystals. Thus water alone in
sufficient quantity acts not only as a diuretic, but as a dialytic
remedy, and in gout the action of the water of mineral waters
might be still more exactly defined as urilytiec. The water
takes the uric acid as urates from the textures and carries it
to the blood to be oxidized, and thrown out as urea and
carbonie acid.

In the gouty deposits, however, there is another substance—
namely, fibrin, which is by no means soluble like the urates,
for water and alkaline carbonates have but little action on
deposited fibrin. How far iodine, bromine, and mercury
possess the power of indirectly or directly oxidizing fibrin has
yet to be determined. In the present state of our knowledge,
nitrate of potass is of all remedies the one which can pass
readily into the joints, and which may exert a solvent action
on the fibrin that may be deposited there.

On the Seemchary Mechanical Diseases that arise from the
Wiong Chemistry of Goud.

The accumulation of urates from the want of oxidation in
the textures, and the deposition of fibrin in and around the
joints, gradually produce more or less complete loss of motion.
In extreme cases, after each attack of gout a lower degree of
locomotion is reached by the patient. The stiff fingers and
toes are followed by stiff ankles and wrists, and these by stiff
elbows and knees, which generally fix the patient in the
sitting position. Then the hips and shoulders become affected,
and the jaws will scarcely open to allow solid food to pass.
Ultimately, even the neck loses much of its mobility,

These different stages may be reached gradually and sue-
cessively ; or many stages may be passed through in a single
attack. When once a joint has become fixed, very little
liberty of motion is afterwards regained, but by persevering

L
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endeavours to extend and to flex the joint, in spite of the pain
which the attempted motion causes, more use of the limb
may be got than at first sight might be thought possible. As
soon, however, as a fresh attack of gout comes on, far more
motion usually is lost than had been regained.

The consequences that result from the more or less com-
plete loss of motion may be divided into two classes. The
first are mechanical, and the second chemical, and these are
so connected the one with the other, that it might perhaps
better be said that the effects are mechanico-chemieal and
chemico-mechanieal.

The mechanico-chemical effects may be seen in almost
every texture of the body.

In the skin the inability to relieve the pressure of one part
on the other or of any part on the surrounding matter causes
fresh irritation, and then ulceration ; so that sores will form
wherever the pressure is greatest.

In the cellular tissue the uniform position causes the veins
to become distended, increased effusion into the cellular tissue
ocenrs, and the absorption of fluid is diminished, and edema
in the legs and sometimes in the arms may be observed.

In the glandular organs the loss of exercise causes
diminished flow of blood through the textures, and hence
diminished secretion of bile, urine, saliva, oceurs.

The chemico-mechanical effects of complete loss of motion
are seen in increased loss of oxidation and nutrition in all the
vascular and non-vaseular struetures of the body.

In the skin, dry or moist eczema very frequently oceurs.

In the muscles, the muscular fibre so wastes and fatty
matter so takes the place of contractile texture, that even if
the joints were free to move, the muscles themselves are so
changed in chemical composition that they become ultimately
unfit for work. :

Then the tendons contract, and the shortened muscles drag
the limbs and extremities into outrageous distortions.

In the blood-vessels and cornea, atheroma and the areus
senilis, even in comparative youth, give evidence of the low
degree of nmtrition and oxidation that is taking place in the
textures.
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In the glandular blood-vessels—as, for example, in those of
the kidney—the same alteration occurs. Some -of the com-
ponents of the urine remain in the blood, while the albumen
of the blood passes into the urine. Thus one of the con-
sequences of the gout tends to reproduce the cause of the
gouf,

The very bones undergo changes of nutrition from the
ossicles of the ear to the thigh-bones, at first thickening in
parts, with increased vascularity, whilst elsewhere increased
earthy deposit gives an ivory hardness; afterwards absorption
may occur in places, so that the trochlea of the humerus or
the neck of the thigh-bone may be more or less completely
absorbed, and the form of the bones may thus be entirely
changed.

At first the nerves and the brain seem the only parts of the
body unaltered, but increased sensibility aggravates the
sufferings of the patient. Then comes great irritability, with
want of decision ; then loss of perception or false perceptions
amounting to hallucinations, of which the patient himself may
be perfectly conscious. If the strength of nutrition returns,
all these symptoms may entirely disappear, showing that no
permanent alteration of the nervous centres has oceurred.

Thus the original chemical disease of suboxidation of the
urates may cause such an entire loss of mechanical power
that not even a erumb of food ean be raised to the mouth or
a fly can be driven away from the skin, and death would soon
result from the debility of starvation, if external force was
not made to compensate for that which cannot be produced
within.

But gradually the textures deteriorate and the fluids stag-
nate, and debility or dropsy mechanically put a stop to the
sufferings which the wrong chemistry had originally produced.

|
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LECTURE VIII.

DISEASES OF SUBOXIDATION.—ON THE XANTHIN AND
CYSTIN DIATHESES.

Ix the previous lectures I have dwelt on a few of the
different diseases arising from different degrees of sub-oxida-
tion of sugar and albumen. If you call to mind how out of
the body very many different substances may be produced
by different degrees and kinds of sub- and peroxidation of
organie substances, you will see that in the body it is probable
that innumerable different substances may also be produced,
depending on slight variations in the ecircumstances under
which these oxidations take place.

In the oxidation of coal, for example, different series of
substances are produced by different variations of the circum-
stances under which the oxidation proceeds. Professor
Hofmann, in his Report on the Exhibition of 1862, mentions
fifty-one different substances produced by destructive distilla-
tion of coal alone, and many more products have been obtained
since that time.

There can be no doubt but that in different parts of the
body different series of substances are formed by different
degrees of oxidation of the albuminous substances of the
body. For example, the very small amount of oxygen that
reaches the liver influences the formation of a series of
totally different substances from those that are produced in
the kidueys rich with oxygen. The sulphocyanogen that is
formed in the salivary glands indicates a different oxidation
from that which occurs in the lachrymal glands. The sub-
stances produced by oxidation in the spleen from the different
mechanical structure of the organ will be different from those
produced in the supra-renal capsules. The oxidation that
takes place in the muscles depends on the amount of oxygen
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and the composition of the musele, and so the museles will give
rise to substances that will differ from those produced in the
nerves, and so of each portion of the bady.

If our knowledge permitted, we might draw up different
series of substances produced in each part of the body, and
each series might begin with the least oxidized and end with
the most oxidized that could be produced under the different
circumstances in which the oxidations proceed; and each
series would vary according to the substance oxidized, the
supply of oxygen, and the more or less perfect and continued
contact of these with one another.

Our knowledge is so little advanced that the place or places
where the different substances are produced are very inexactly
determined. That some of the uric acid is produced out of
the kidney, and that this in the kidney is oxidized into
urea and oxalic aecid, or urea and ecarbonie acid, cannot be
doubted. It is also most probable that some substances, as,
for example, leucin or ereatin, or both, are the antecedents of
the uric acid produced in the textures, and in the kidney.
Whatever the substances may be from which the urie acid is
formed, and wherever the oxidation may occur, chemistry can
prove that in some rare oecasions a slight arrest of oxidation
takes place partly or wholly, and instead of urie acid xanthin
is formed ; and this substance has been detected because it
forms one kind of caleculus—in other words, beecause it is
capable of producing a mechanical disease.

The following table shows the relationship of xzanthin to
uric aeid, and also shows the less oxidized product immediately
preceding the formation of xanthin :—

Sarcin or hypoxanthin, € 1 0, occurs in the liver, spleen,
and probably in the kidneys.

Xanthin, ¢,1,5,6,, occurs in the liver, spleen, and some-
times in the urine.

Uric acid, ¢,n, N0, occurs in the muscles, glands, and
always in the urine.

In all the proportion of nitrogen to carbon is the same—
that is, four to five; whilst the proportion of nitrogen te
carbon in urea is as two nitrogen to one carbon, showing
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that in the formation of urea the removal of carbon, probably
as carbonic acid, must have occurred. The pathological
condition that obtains wherever and whenever xanthin
is produced is similar to that which leads to the diseases I
have previously brought before you—namely, suboxidation.

Xanthin arises from imperfect or insufficient oxidation of
the products of albuminous matter. As in diabetes, so here,
the cause of this imperfect oxidation is still unknown ; but
the direction in which the canse must be looked for, and the
means of prevention, if the chemical error were a frequent
one, is very clear. Itis probable that in young persons vary-
ing conditions are much more likely to occur than in the
middle-aged, and hence youth is the time _in which the
greatest chemical variations in the working of the body are
most likely to be found. Thus it is in youth that xanthin,
and probably also eystin, will most frequently be formed. In
middle or old age the same variations of oxidation may some-
times occur, for eystin has been found in the urine of old
people, although hitherto xanthin has only been met with in
the young.

On the Means of Recognizing the Xanthin Diathesis.

The following case was published in the ¢ Journal of the
Chemical Society ” in 1862 :—* In July, 1861, I was consulted
regarding a schoolboy, nine years and a-half of age. The
following history was given to me. He had good health until
three years old, when he was seized one night with violent
sickness and pain in the stomach, which continued incessantly
for three days. Neither mustard-poultices, blisters, nor
leeches relieved the pain nor stopped the sickness. The third
day his water gradually became the colour of blood ; it then
stopped altogether, and nothing was passed for four days;
then delirium and convulsions came on, and these lasted for
twenty-four hours, when he was relieved by a most violent
perspiration. No stone was scen to pass. In a few days he
was perfectly well, and continned so for nearly three years,
when in June, 1861, he caught a sl ight cold, and was delirious



ON THE XANTHIN DTATHESIS. 151

one night. A medical man saw him, and found some albumen
in the urine, which then was generally thick, and the quantity
of deposit was increased by excitement or temper. Cold pro-
duced the same effect in a less degree. He never complained
of pain in the back, and was able to take: more exercise than
other boys of his age without fatigne. He always had a good
appetite, and was allowed to eat everything. On examina-
tion, I found a very small quantity of albumen in the water
made at night, and none in that made in the morning. There
were no blood-cells, no tubular casts, and the specific gravity
was high. I examined many specimens without finding any-
. thing remarkable. About the end of July, when he was
leaving London, a small vial of urine was sent to me, which
was quite thick and deep-coloured. A drop was placed under
the microscope, and a crystalline deposit was found resem-
bling one form of uric acid. From the form I considered the

deposit was uric acid. On examining the unfiltered urine for
albumen by heat, I was surprised to see the crystalline deposit
entirely dissolve. A fresh portion of sediment showed the
same crystalline appearance and the same solubility by heat.
This was so utterly unlike any uric-acid deposit, that a closer
examination of the sediment was made, but so little substance
was left that no satisfactory coneclusion could be arrived at,
except that it was not uric acid. A day or two afterwards
another specimen was bronght to me containing the same
crystalline deposit soluble by heat. The sediment formed
about an eighth of the bulk of the fluid. It was collected on
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a filter, washed with alcohol, and it gave the following
reactions :—It dissolved in water and in hydrochloric acid ;
when treated with nitric acid, it dissolved without efferves-
cence, and when evaporated to dryness, it left a yellow
residue. When the solution in hydrochlorie acid was
evaporated to dryness it left beautiful minute crystals of this
form :—

———
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These crystals were soluble in water. The sediment was
easily dissolved by alkalies. The watery solution of the
sediment had a feebly acid reaction, and, when evaporated to
dryness, left an amorphous residue, which was again easily
dissolved in water. These reactions agree only with the latest
and best observations of the reactions of xanthin. Hoping to
get more of the substance, I wrote to the country for the
sediment of the urine. It was collected on many ocecasions,
but I could only find urates and uric acid, and none of the
crystalline deposit soluble by heat. In Jannary, 1862, the
same boy was brought to me, with two specimens of urine
and four different dried deposits; and at different times for
three weeks I examined the urine. It was generally of high
specific gravity—1026, 1026, 1027, 1030; once as low as
1013, It sometimes contained a trace of albumen, Usually
it contained urates, and sometimes uric acid and oxalate of
lime, but never the erystalline deposit soluble by heat. The
dried deposits consisted of urates and uric acid, and one of
them consisted of phosphate of lime, with a little phosphate
of ammonia, and magnesia, without a trace of urie acid or
xanthin.”
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In the summer of 1863 I could find no albumen in this
boy’s urine, and his health was very good. In the summer of
1864 he appeared quite well when he was brought to me,
No xanthin could be found on either ocecasion.

The stone which Langenbeck removed at Gottingen was
from a boy also. The most minute portion of this stone which
I have examined did not allow me to determine the form of
the crystals so as to identify them with those I found in my
patient.

Although in this case albumen was present in the urine,
yet I consider that it probably bore no relationship to the
first erystalline deposit which was found. As in the pro-
duction of uric acid in albuminous urine, there are two
different causes in action, producing two different effects,
which may have no connection whatever, so I consider in this
case the albuminous urine depended on some altered condition
of the kidney, possibly on a previous renal attack, whilst the
xanthic-acid crystals depended on a very rare degree of sub-
oxidation. The slightest degree more of oxidation would
have given uric acid. The least degree less would have given
hypoxanthin. In the varying changes of oxidation in the
body it is most unlikely that that degree should be long kept
which produces xanthin ; and on this, its rarity and probably
its short continuance as a diathesis depend.

Other gravel occurring at the same time and afterwards,
and probably causing renal calculus two years previously,
point also to a deficiency in the oxidizing actions in the body.
The following year, in this boy, urates, uric acid, and oxalate
of lime were found appearing separately or simultaneously
for three weeks, during which I had very frequent oppor-
tunities of examining the urine. If these substances are
considered to be products of different degrees of suboxidation,
when the oxidation was least, the urie acid formed ; when the
oxidation was somewhat more, urie acid and oxalate of lime
appeared ; when there was still more oxidation, oxalate of
lime alone was produced ; whilst in some very rare degree of
oxidation between the degree that caused uric acid and that
which canses oxalie acid, the peculiar substance xanthin was
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formed, and lasted only until a different degree of oxidation
was set up.

The treatment, then, of xanthin is identical with the treat-
ment of urie acid or of oxalic acid. It consists in promoting
oxidation—first, by diet; secondly, by exercise and elothing ;
and thirdly, by medicine. I need only recapitulate here the
need of little fuel in the food ; much oxygen from cool, fresh
air; warm clothing to promote ecirculation; and, lastly,
alkalies and iron, These will probably quickly stop the
formation of xanthin, if it ever comes before you. Very pos-
sibly from the appearance of the crystals it has often come
and gone, and been throughout regarded as urie acid.

On the Cystin Diathesis.

The production of cystin in the body must depend on a
very much lower as well as a very different process of oxida-
tion of albumen from that which produces uric acid and
its derivatives. The composition of cystin is ¢ uxos,. The
proportion of nitrogen to carbon is four to twelve, whilst in
uric acid it is four to five, and in urea it is four to two.
Twelve, five, and two may be taken as the indices of the
different amounts of suboxidation in eystin, uric acid, and urea.

Even in the secretions of the body in health traces exist of
the want of oxidation of complex sulphur bodies. Thus, in
the bile and in the saliva sulphur compounds exist. Taurin
from the liver has the composition €,1,56,5, and sulphoeyanie
acid fvom the salivary glands contains €xus, It is in the
highest degree probable that these substances are not built
up in the body, but are the products of the disintegration of
the albumen.

In consequence of peculiar and as yet unknown conditions,
the sulphur of the albumen is only partly oxidized, and one
portion is left combined with the other elements, giving rise
to eystin, or taurin, or sulphoeyanie acid.

Hitherto I have tried in vain to discover the relationship of
cystin to uric acid and urea by means of the products of its
decomposition.
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I was given by Dr. Percy a considerable piece of eystin,
but it proved insufficient to admit of a determination of that
relationship which chemistry will one day make clear,
Some of the results of my experiments may be mentioned
here.

Cystin when boiled with hydrochloric acid is not decom-
posed. Treated with oxide of silver, it is decomposed very
slowly. Sulphide of silver, sulphate of ammonia, and an
uncrystallizable yellow substance, very soluble in water, is
obtained.

When nitrous acid is passed through water which contains
cystin it is rapidly dissolved with effervescence. The acid
solution contains sulphuric acid; when this is neutralized
with carbonate of baryta and filtered, the filtrate gives, with
nitrate of silver, chloride of mercury, and acetate of lead, a
white amorphous precipitate insoluble in water. When the
silver precipitate is well washed with water, and decom-
posed by sulphuretted hydrogen, and filtered, a solution is
obtained which leaves a residue of an oily consistence, and acid
reaction when evaporated in a water-bath. When this is
boiled with carbonate of zine, filtered, and evaporated, a gum-
like residue is obtained, very soluble in water, with a feebly
acid reaction.

Among these produets of the decomposition of eystin none
of the ordinary substances oceurring in the urine except sul-
phurie acid were found. Perhaps this was from the want of
sufficient material to operate upon, but more likely because
eystin may arise from and pass down through a totally different
series of oxidations from urie acid.

Since the paper by Dr. Ronalds on unoxidized sulphur and
phosphorus in the urine (see ° Phil. Trans., 1846, p. 461), it
has been thought that possibly some substance related to
eystin, if not cystin itself, might be found to be present always
in the urine. In regard to this sulphur substance, also, I
have only obtained negative results, having failed to isolate
this unoxidized sulphur body in the urine. It certainly is not
eystin ; it escapes precipitation by acetate of lead and basic
acetate of lead and ammonia; even in this last precipitate,
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from one litre of urine only very little unoxidized sulphur
could be found. |

If the clear fluid from the ammonia precipitate has the lead
separated by hydrochlorie acid, and is then evaporated and
burnt with nitre, chloride of barium gives a considerable pre-
cipitate. If, instead of being burnt, the fluid is evaporated,
and then mixed with so much oxalic acid that all the lead
and all the urea are separated, and if the excess of oxalic acid
is removed by lime water, and the liquid then filtered and
evaporated and extracted with ether, sulphuric acid is ob-
tained. If after this a syrupy solution of chloride of zine is
added and left to stand a short time, then a erystalline preci-
pitate of creatin in chloride of zine is formed, but no sulphur
body is thus obtained.

Another method was followed in the endeavour to isolate
the unoxidized sulphur body. The urine was precipitated by
the lead salts and ammonia, the urea was separated by oxalie
acid, and the hippuric acid by ether. On evaporation a brown-
coloured fluid like a syrup was obtained. Lime water was
added until the reaction was alkaline. The fluid was then
filtered from the oxalate of lime and evaporated as far as
possible. After standing four days crystals appeared, and
after standing some days longer all the fluid became solid.
These erystals, however, contained no sulphur; very probably
they were crystals of inosit, and thus again the sulphur body
for the present escaped from me.

The amount present is indeed very small, for seven ounces
nearly of urine contained only 0-5 grain of unoxidized sulphur
(200 c. ¢. of urine contained sulphur 0-5 grain, 150 e. e, eon-
tained sulphur 0-38 grain).

When cystin is present in the urine the unoxidized sulphur
body of healthy urine is certainly not inereased; this may
be proved in many cases, even when the eystin diathesis has
continued for years, From such cases it is clear that the
cystin diathesis does not imply a very deteriorated state of
health, for the patients may follow their ordinary occupations
and hardly ever ask or require medical advice.
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On the Complications of the Cystin Diathesis with Other
Disorders.

All the usnal deposits in the urine may occur when eystin
is present there, and the examination of caleuli shows that
phosphates, oxalates, and urates may co-exist with cystin.
In other words, the cystin diathesis does not render the
simultaneous formation of other products of suboxidation
impossible.

When the bladder becomes diseased, mixed phosphates may
be deposited with the cystin, as in a large eystin caleulus in
St. Bartholomew’s; and the larger the stone, the more likely
the bladder is to become affected. In the large stone—two
and a-half inches long by one and three-quarter inch broad—
in the museum of University College, phosphate of lime only
co-exists, showing that the urine was nearly neutral, but that
the bladder was not diseased.* Oxalates with the eystin
may be found on examination of the urine by the microscope,
although I do not recollect any mixed calculus of cystin and
oxalate of lime.

A young man, about 25, had been troubled with gravel
when ten years old, for which he was attended by Dr. Prout
for three years ; he remained tolerably well, though delicate,
until three months before I saw him, when, with great suffer-
ing, he passed a cystic-oxide calculus. He was also troubled
with noeturnal emissions, and the urine on examination con-
tained cystin with crystals of oxalate of lime; it was feebly
acid, pale, and of low specific gravity.

How different the accompanying deposits and state of the
urine may be is well seen in the following case :—In a middle-
aged lady the urine was highly acid, and thick from de-
position of red urates ; specific gravity, 1027-9. When filtered,
it was of a bright yellow colour, with a rather peculiar, but
not very marked, smell; examined by the microscope, it
contained multitudes of small and large cystin erystals, single
and in masses, with amorphous urates in very considerable
quantity. To the filtered urine, acetie acid was added, and a

* Bee ¢ Medico-Chirurgical Transactions,” 1840, p. 193.
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very plentiful amorphous precipitate fell; on standing, this
deposit gave uric-acid crystals. The addition of nitrie acid
to the unconcentrated urine produced erystals of nitrate
of urea.

The co-existence of cystin diathesis and granular disease of
the kidney is well shown in the following case :—

An Italian courier, aged 45, consulted me November 22,
1848, for heemorrhage from the kidney for three weeks, which,
he said, had been stopped by drachm doses of tineture of steel.
He said that he had constantly, for twenty years, passed
calculi, many at the same time, and that they resembled
sugar candy ; that he had had frequent attacks of heematuria ;
that he had some pain in the loins, and the small quantity of
urine which I could obtain contained many pus globules and
much albumen, and was feebly acid to test-paper. Specific
oravity, 1023. There was no cedema of the legs. No effusion
in the chest ; and no signs of disease of the heart. Fourteen
months afterwards I again saw him. He was drowsy, and
rapidly became comatose, and died January 26, 1850,

The body was well formed, and in good condition. The
kidneys only were examined.

On cutting open the left kidney, one large caleulus and
some smaller pieces were found there; all consisted of eystin.
The ealeulus was not loose in the pelvis, but adhered, requiring
to be cut out before it could be removed. The mammary pro-
cesses of the kidney were absorbed, and the chief part of the
cortical structure was much encroached on by the stone. The
irregular cavity formed by this dilatation of the pelvis con-
tained some highly offensive purulent fluid. The left ureter
appeared to be pervious, though it was thickened, and the
lining membrane was inflamed.

The right kidney was very small, being less than one-half
its natural size. It was remarkably diminished in thickness.
The capsule was firmly adherent, and when removed the
cortical substance was very rough with a granular beaded
appearance. No urinary cysts were observed in it. On section,
the cortical structure was very much wasted, and of a very
deep colour, A considerable quantity of fat was sur-
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rounding both kidneys, closely adhering to the capsules of
the kidneys and to the surrounding tissue. The mucous
lining of the bladder near to its neck was somewhat more
vascular than natural. No other morbid appearance was
observed.

When the eystin diathesis tends to the formation of stone,
the mechanical disease in no respect differs from that pro-
duced by any other coneretion. Though the eystin stone is
one of the softest and most elastiec of all stones, so much so
that a large stone for some daysat least after its removal from
the bladder is distinetly compressible and elastic between the
finger and thumb, yet the mechanical symptoms cystin causes
do not appreciably differ from those which the hardest of all
stones, oxalate of lime, occasions.

The deposition of cystin calculus can only oceur when the
urine is neither highly acid nor highly alkaline; and though
no instance has as yet been recorded of the solution of a eystin
caleulus whilst in the bladder, yet if the urine is feebly alka-
line, dilute warm hydrochloric acid caused to pass through the
bladder by means of a double catheter would rapidly dissolve
the stone ; or if the urine was over-acid a warm dilute solution
of carbonate of potass would have very great solvent power
on this kind of stone. As phosphates are apt to be precipi-
tated when the stone is large, at first dilute acid should be
used ; and fafter some time, when the stone deereases, dilute
alkalies should be employed to dissolve the stone by passing
in quantity through the bladder.

On the Treatment of the Cystin Diathesis.

The conversion of eystin into sulphurie acid, carbonie acid,
and urea, though not at present accomplished out of the body, is
perhaps one of the constant chemical transformations ocenrring
within. The treatment of this diathesis, like that of all the
other diatheses which I have brought before you in this eourse
of lectures, consists in increasing the oxidizing action in the
body. The indication to be followed is the same as in the
treatment of diabetes, oxalie acid, urie acid, and xanthin; but
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as eystin implies a much greater degree of deficiency of
oxidation, so the oxidizing treatment must be much more
energetically carried out in this than in the other errors
arising from suboxidation of the albuminous substances.
Perhaps, for comparison, I might say that cystin stands in
nearly the same position to the albuminous food that sugar
does to the amylaceous food, and that the smallest degree of
oxidation of these two classes of food may give rise to two
homologous diseases apparently so different as the eystin and
saccharine diatheses.

In coneluding this first part of my course, let me say that
the mutual relationship which I have endeavoured to point
out between diabetes, acidity, uric acid, gout, oxalic acid,
xanthin, and cystin, and the influence of one and the same
cause in their production is so startling, and our knowledge of
animal chemistry is as yet so incomplete, that I ecannot hope
to bring conviection quickly to the minds of all; but I am
sure that many and grea,% additions will be made to the
evidence of suboxidation which I have given you on each of
the subjects on which I have dwelt; and if I had taken
diseases of the liver and other organs, I might have multiplied
ereatly the number of diseases that ultimately will be proved
to arise in the body from suboxidation.

Whether you adopt my theoretical views or not, you will
find a practical gain by endeavouring by food, by air, and
by medicine to produce an increase of oxidation in the
treatment of these different complaints. In a short time
probably much more will be known regarding the action of
ozone in the body ; and be not of the number of those who
think no more of oxidation in health and disease than they
are compelled to do by the grand fact that oxygen goes in
with the air, and that carbonie acid comes out in the breath
as long as the patient lives, and whatever the state of health
or of disease may be.

Hitherto the healthy and the morbid structure of the body
has formed the chief object of medical scientific investigation,
and the forces which do all the work in these structures have
hardly yet got their first fundamental basis fixed in the fact
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that force, like matter, is indestructible ; whilst the inquiry
how far the foreces of the body proceed from the chemical
actions which take place within (instead of being considered
as opening a new and a great field for investigation) is de-
nounced almost as a heresy, for which extreme perpetual per-
oxidation would be too poor a punishment.

To some of my hearers who hold that in all idiopathic fevers
“the nervous system (and particularly the sympathetic and
vagus) is paralyzed,” and that in inflammations the dilatation
of the blood-vessels by one-third or more of their diameters
depends on a paralysis of the vasomotor nerves, the omission
from these lectures of the term nervous force will prove a fatal
objection ; but my object has been to treat these diseases as
chemical questions, in order that it may appear how much
and how far chemistry ean add to our knowledge of these com-
plaints ; but there is in the distance a question which greatly
concerns these diseases, and which involves the action of the
nervous force, and this, in conelusion, I must shortly bring
before you.

On what does the want of oxidation of which I have been
speaking depend ?

I may state the answer to this question thus:—Suboxida-
tion occurs if the fuel is excessive, if the oxygen is deficient,
and lastly if the conditions for the action of the chemical
forees in the oxygen and fuel are unfavourable. It is regard-
ing this last determining cause that the question of the action
of the nervous force arises.

In the salivary glands the experiments of Ludwig, Bernard,
Eckhard, and Schiff show that two kinds of vasomotory
nerves exist :—1st, those that close the artery—these proceed
from the sympathetic; and 2nd, those that enlarge it—
these come partly from the facial and partly from the tri-
geminal nerve.

When by irritating directly or reflexly the closing nerve
little blood passes through the salivary glands, then the pro-
duction of saliva is at its lowest amount ; whilst by irritating
directly or reflexly the trigeminus, the blood flows freely
through the capillaries, even so as to admit the pulse to be

M
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seen in the veins; the venous blood becomes red, and the
secretion of saliva becomes most free.

The capillaries generally thronghout the body are subject
to the vasomotory action of the sympathetic nerve. “When
the sympathetic is irritated, the capillaries contract to the
uttermost, and the eirculation is retarded; and when the
sympathetic is paralyzed, the capillaries become dilated
to the greatest degree possible, and the circulation is ae-
celerated.

Thus this vasomotory action of the nerves affects the
passage of the blood in the blood-vessels, and oxidation is
promoted or retarded as the circulation becomes quicker or
slower. :

It may be said that the nervous force, without the interven-
tion of any action on the blood-vessels, can exalt or depress
the conditions necessary for oxidation and inerease or diminish
the oxidizing action in the capillaries and in the cells which
are nourished by the liquor sanguinis. Without hesitation
the vitalist adopts this view. The chemist, on the contrary,
will admit it only when animal chemistry is so far advanced
that it can be proved that the quantity in which the active
substances are supplied, and the rate of removal of the pro-
ducts of the action are clearly insufficient to account for the
increased or diminished oxidation which in these different
circumstances is found to occur.
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ON LOCAL CHEMICAL DISORDERS ARISING FROM SUBOXIDA-
TION, AND THEIR MECHANICAL RESULTS.

i a——

LECTURE IX.

EFFECTS OF INTENSE COLD—FROST-BITES—CHILBLAINS—
GENERAL AND LOCAL FATTY DEPOSIT AND PRODUCTION.

Ixall the general chemical disorders arising from suboxidation
which I have brought before you, some one or more parts of
the body might have been found in which the imperfect action
more particularly occurred. Thus, for example, acidity might
be shown to be sometimes greatest in the stomach, sometimes
in the skin, and sometimes in the kidney. Or urate of soda
might be observed to accumulate sometimes in the hands,
sometimes in the feet, sometimes in the ear, according to slight
determining causes which escape our notice. Indeed, no strict
line of separation between general and local disorders of
chemical action in the body can be drawn; for when general
disorder exists, local manifestations of that disorder are sure
to arise, and when a local wrong action is taking place, this,
by contact with blood-vessels and nerves, insensibly passes into
a general disturbance, and this contagion can be traced in all
the chemical actions of health as well as in the errors which
excess or deficiency of chemieal action oceasion.

Thus, in the chemieal disorders arising from local suboxida-
tion, a general want of action may usually be traced out which
either modifies or aggravates the local affection, and when this
general want of action becomes still more marked, symptoms
are produced quite as important as those that occur in the
diseases that formed the subjects of the first part of this course

of lectures.
M 2
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For elearness, I have hitherto endeavoured in the lectures
on general diseases of suboxidation to make a separation
between the chemical disorders connected with the oxidation
of the body and the chemical disorders connected with the
repair of the body ; but in local diseases it is soon seen that no
separation between these actions is possible. Mortification
from cold cannot be separated from senile gangrene, nor fatty
deposit from disuse or insuflicient supply of blood from fatty
deposit from diseased vessels. Oxidation and repair take place
in the same part at the same time, and errors of oxidation and
errors of nutrition are so dependent each one on the other
that in local or limited disorders the actions cannot be sepa-
rated. And the perfect picture of any disease will only be
obtained when our knowledge of the chemistry of nutrition
and the chemistry of oxidation in the affected part are both
equally perfect.

I might well have chosen the general action of cold as
furnishing the best possible introduetion to this course of
lectures, inasmuch as it offers the most striking demonstration
of the dependence of life on chemieal action; but I shall dwell
on the general action of cold now only so far as will enable
you to obtain clearer ideas on the loeal action of cold, which
forms one subject of this lecture.

In Cook’s ¢ Voyages,” vol. ii., p. 49, you will find the well-
known account of the effeet of cold m a few hours on Dr,
Solander and his companions. He insisted on resting, and
““though he had not slept five minutes, he had almost lost the
use of his limbs, and the muscles were so shrunk that his
shoes fell from his feet.” One of his companions could not
be made to stir, and the others being too weak to earry him
and another a short distance to a fire, they were both found
dead in the morning. Dr. Solander was carried to the fire
and recovered.

Letellier states that though the energy of combustion
in man and the superior animals varies inversely with the
temperature of the surrounding air, yet that a fall of one
degree of Réaumur causes a decrease of 0°20 per cent. of urea.

Regnanlt and Réisset found in marmots at a temperature of
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A swelling singularly like that of urticaria then occupied,
50°F., 11-2° €., to T2°F., 22° C,, that the weight of oxygen con-
sumed per hour per kilo, was =0:085 grm. ; when the tempera-
ture rose to 93° F., 34° C,, the weight of oxygen per hour per
kilo. was =0-774 grm. In another scarcely one-thirtieth of the
oxygen was consumed while asleep at 44° I\, 12° C,

When the bodyis exposed to a violent shower of water even
at 70° I., I found that in the course of four minutes the pulse
at the wrist may become imperceptible, and it remained
scarcely perceptible as long as the cold water fell on the body.
—DBrown-Séquard’s ¢ Journal of Physiology,” January, 1858,
Chemieal action, muscular motion, and nervous sensation
gradually become less and less as the cold is continued.

The smaller the individual, that is, the smaller the mass in
proportion to the surface, the quicker the chemical actions are
stopped, and mechanical congestions of the blood come on.
The ecircle of moving blood becomes smaller and smaller,
until the falling temperature reaches the heart itself.

The cold not only stops the chemical changes that occur in
the body during life, but it even prevents that peculiar
chemical action which begins as soon as fresh oxygen ceases to
pass into any part of the body. After death the phenomena
of putrefaction first occur in that part of the body in which
the temperature is highest. When cold is applied the tem-
perature may be so reduced that even the chemical action of
putrefaction may be entirely stopped. The body may remain un-
decomposed for centuries, and this has actually happened even
toso large a mass of matter as exists in a Siberian mammoth.

The general action of ecold, then, consists, first, in its
stopping chemical action, and this gives rise, secondly, to the
mechanical stoppage of the circulation of the blood.

I pass on now to the local action of cold as shown in chil-
blains and frost-bites. DMr. Simon gives the following experi-
ment : Solid carbonic acid was applied to the skin for five and
a-half, sixteen, and forty minutes. It almost instantly
became so frozen as to ring like metal. In from fourteen to
twenty minutes after the application had ceased the frozen
textures had completed their thaw. Blood re-entered them.
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but only transiently, the exact area which had been acted on,
and was soon lost in a general puffy swelling, which extended
for some distance around. With all this the part was entirely
without sensibility. Inflammation presently set itself up
in the surrounding parts, but the part on which the cold
had acted remained without signs of life, and in due time,
having suftered no inflammation nor recovered any sensibility,
underwent separation as a slough. In other words, all
chemical action, all nutrition, all cireulation, and all sensation
—that is, every kind and sort of motion—is stopped by the
excessive cold ; and if the freezing temperature could be con-
tinued no post-mortem change whatever would take place in
the frozen part.

Whatever part is most distant from the centre of the circu-
lation, and presents a large surface for the cold to act on, there
local effects of low temperature are most liable to be produced ;
for example, the fingers, the toes, the ears, and the nose.
Between frost-bites and chilblains there is only a difference in
the degree of cold applied. ILet us shortly consider the most
intense effect first. In a frost-bite the degree of cold is sufficient
to stop entirely the chemieal actions of oxidation and nutrition
which are going on in the affected part of the body; all cireula-
tion and sensation stops, and this so entirely that no reaction can
take place in the obstructed part, and it then becomes a
mechanical obstacle to the free passage of blood. This gives
rise to inereased pressure of the blood in the arteries, and to
increased action of the heart, to propel the blood through the
obstruction ; and this increased action sets up increased oxida-
tion around that part in which all action is stopped, increased
heat is produced, and the chemical actions of repair are altered ;
increased oxidation of non-nitrogenous and of nitrogenous
substances, and consequent increased destruction of these sub-
stances takes place. If the action continues, adjoining the
healthy part increased cell formation occurs. Cells are pro-
duced far too rapidly to admit of their healthy change into the
textures of the part. The force of nutrition is expended in
the production of pus cells, which multiply far beyond the
ordinary cell growth of the part.
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This action around a frozen part bears the same relation to
ordinary inflammation as a motion caused by a push differs
from the same motion caused by a pull. In inflammation
generally, as in that of the cornea or cartilage, mechanical,
chemical, thermal, photal, and electrical motion sets up in-
creased oxidation. The oxidation of non-nitrogenous and
nitrogenous matter is accelerated, and this leads to more rapid
removal of substance and to more rapid cell formation. In-
creased molecular motion in the lymph outside the capillaries
causes increased mechanical motion of the blood in the capil-
laries ; the vessels dilate, the blood acecumulates where there
is greatest pressure, more fluid than usual is effused from the
capillaries into the surrounding parts, and according to the
amount of congestion and the chemical condition of the blood
the effused fluid is watery, albuminous, fibrous, or even bloody.
The inereased flow of blood around the parts where the ob-
struction by accumulation has taken place, causes increased
sensitiveness of the nerves of sensation, and the pressure gives
rise to more or less intense pain,

Gradually the increased local oxidation in the Iymph outside
the blood causes inereased oxidation in the blood. This gives
rise to an increased amonnt of fibrin and of its oxides, general
increase of temperature is produced, and inflammatory fever
disturbing all the cireulations, secretions, nutritions, and nerve
actions in the body is set up.

In chilblains the action of the cold is usnally much less
intense than in frost-bites. The primary action, as in the burst-
ing of a lead pipe by cold water, is overlooked, and the results
of the reaction constitute the complaint. The cold, instead
of stopping entirely the chemical actions in the fingers and
toes, so checks the healthy changes that the blood becomes
more or less retarded, then congested, and thus the circula-
tion is more or less completely stopped. This gives rise to
inereased tension in the vessels leading to the obstruction ;
the impulse of the heart is inereased, it urges the blood more
strongly forward to overcome the congestion; increased
motion of the blood takes place around, increased oxidation
is set up, and altered nutrition occurs in and around the
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chilblains ; thus the healthy action of the part is usually
restored, unless the inereased oxidation leads to excessive cell
formation, then suppuration oceurs.

We have then here an example of primary local suboxida-
tion produced by cold, leading to secondary mechanieal
obstruetion, and this mechanical obstruetion leads to increased
mechanical reaction, by which the proper amount of chemical
action in the part is restored.

Thus, in chilblains and frost-bites you are able to see
different degrees of the same kind of local suboxidation, both
oiving rise to the same kind of secondary mechanical obstrue-
tions, which must be overcome by pressure and peroxidation
before the parts can return to a healthy state.

The second illustration of loeal suboxidation which I desire
to bring before you is fatty degeneration.

A glance at the following table of fatty acids will be suffi-
cient to show you that there are a multitude of fatty sub-
stances each differing from the substance below it in the table
by containing less oxygen ; so that if the first fatty acid was
subjected to a process of deoxidation, as in vegetables, it would
oradually pass down to the last acid, which contains least
oxygen ; whilst if the lowest acid were subjected to a process
of oxidation, it would gradunally pass into formic or carbonie
acid.

Monafomic Fatty Acids.

Formic € H, €, or 21 Formic €,H.©,.
Acetic €, H, ,

Propionic €; H; ©,, or 7 Propionic €, H,.9,,
Butyric €, H; ©,

Valeric €,H,,6,

Caproic €, H .6,

Enanthoic €, H, €,, or 3 Enantheic €,H_.9,
Thelic © €, B, 8,

Pelargic €, H,, 9,

Rutic €, H., 5y

Enodic €, H,,6,

Lawric € .H, .6,

Cocinic  €,,H,.0,

Myristic €, H,.©,, or 11 Myristic €, H, ;6

Benic  €,,H,©,

Palmitic €, H,.€,

Margaric €,.H;, &,

o T e L e,
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Stearic €, ,H..0,
Balenic €,,H;. &,
Arachidie€, H, &,
Nardic . €;H,,9., or 1 Fardic €,H,.6.
Cerotic €,,H,,©

442

Melissic €,,H, .6,
Diatomic Fatty Acids.

Carbenic € H, €, or 6 Carb. acid €,H,.©,,
Glycolic €,H, O, or 3 Glyedlic €H,.6,
Lactic €.H, B, or 2 Lactic G,H,: 0,
Butilactic €,H, ©,, or 1 Butilactic €;H,,6 4
Phoeic AR A

Lucie €H.6, or Lucic €,H .,

Fat may be considered as a combination of fatty acid and
glycerine ; by superheated steam, by alkalies, by strong acid,
by peculiar ferments formed in the pancreas, liver, and
bowels, the neutral fats are decomposed, and the fatty acids
are set free from the glycerine. All the fatty acids and the
glycerine, when oxidized, ultimately give rise to carbonic acid
and water.

Cholestearin, ¢_n, 0, insome respects resembles glycerine.
It occurs in the bile, blood, brain, spleen, and in all kinds of
cysts and chronic abscesses; and it is also met with in
vegetables. If is a fatty substance, but its full relationship
to other fats has not yet been determined.

Every part of the body, each particle of every part, contains
more or less of some kind of fatty matter. No animal sub-
stance exists which will not give fatty matter when treated
with ether. Chemical analysis is unable at present to deter-
mine accurately all the differences in the mixtures of fatty
matter from different parts; but differences are detectable by
the eye, and the terms waxy, fatty, lardaceous, oily, are used
to denote variable mixtures of olein, stearine, &e. To the
chemist these eye examinations are full of uncertainty and
untrustworthy ; for the greatest errors have been and will be
made by guessing at quantitative and qualitative analyses by
looking at substances with or without the microscope. The
waxy-looking matter no more makes real wax than milky
chalk and water makes milk.

I may here for a moment mention a corresponding error in
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regard to amyloid or starch-like matter. The so-called
starchy substance is in no respect related to starch ; instead
of being a hydrocarbon, it is a nitrogenous substance, and a
modification of fibrin, and has nothing whatever to do with
amyloid substance, and has no claim to a name which entirely
misrepresents the composition: of the effused substance.

There are at least three different conditions, under any of
which fatty deposit is likely to occur in any part of the body.
First, fatis likely to be deposited when an excess of fat food, or
of food capable of becoming converted into fat, is taken into
the body. In such circumstances the amount of oxygen
which passes into the body is insufficient to oxidize the excess
of fatty matter, and consequently it accumulates and is
deposited in the cellular tissue. The fattening of man and
animals, from aldermen to Strasburg geese, demonstrates the
oeneral state of suboxidation from this cause on which the
accumulation of fat depends.

Secondly, fat is deposited when no excess of fatty food is
taken, but when the conditions of oxidation locally and gene-
rally are so reduced that the ordinary amount of substances
taken as food and capable of becoming fat are not oxidized.

Thirdly, fat accumulates and may be deposited when, from
imperfect oxidation, the nitrogenous substances—albumen,
fibrin, gelatine—do not pass down, through alkaloids, aeids,
and neutral substances, into urea and sugar, or urea, carbonic
acid, and water, but give rise to fatty produects of decomposi-
tion in consequence of an imperfeet supply of oxygen. The
least oxygenated substances, as sugar and fat, are thus pro-
duced ; and the most carbonaceous fatty substances are
formed by the least supply of oxygen.

These three conditions, which, separately or together, deter-
mine the deposits of fatty matter, mark three different degrees
of suboxidation in the body. In the first degree there is no
deficiency of oxygen, but oxidizable materials are in excess,
whilst in the second and third degree there is a deficiency of
oxygen which is insufficient to make, first, the non-nitrogenous,
and, secondly, the nitrogenous oxidizable substances pass off
in the most perfect state of combustion.

il e e
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First, when there is an excess of non-nitrogenous food with
no deficieney in the supply of oxygen, the deposit of fat which
. arises becomes excessive, and constitutes a general disorder;
and as some remarks on this general state will make the local
deposition of fat more intelligible, I shall oceupy your atten-
tion with it before passing to the consideration of the local
disease.

In my first lecture I have already pointed out the relation-
ship of the fatty to the saccharine diathesis. The evil that
results from excess of farinaceous and saecharine food, and
the good that immediately follows from omitting these sub-
stances from the food marks the strong resemblance between
these very different complaints. The difference between them
is well shown in the good which cream, butter, oil, and fat
effect in diabetes, and in the harm which results from these
arficles of diet when there is an excess of obesity.

Innumerable experiments have in the last few years been
made on the reduction of the fat of the body by abstinence
from starch, sugar, fat, and butter; and on the inerease of
weight scarcely less conclusive experiments have been made
by giving cod-liver oil to human beings, and oil-cake or fat-
tening food to animals.

For example, Mr. Banting, by leaving off “bread, butter,
milk, sugar, beer, and potatoes,” reduced his weight from
202 1bs. to 156 lbs. in fifty-two weeks.

Mr. Lawes states that by fattening, oxen increase in fat from
16 to 30 per cent. ; sheep, 18 to 23 ; pigs, 22 to 44. « Starch
and cane sugar have nearly equal fattening values, and fat or
oil have probably about two and a half times the value of
starch for the purpose of storing up of fat in the body.”

The second cause is too little oxygen to burn the non-nitro-
genous food. This becomes apparent in the ordinary fatten-
ing of advancing years, when with no change of diet the
amount of air and exercise falls so far below the proportion it
should bear to the food eaten that a deposition of fat takes
place. I have already pointed out how, in old age, under the
same circumstances, sugar in small, but distinet excess is apt
to ocenr in the urine,



172 ON FATTY DEPOSIT.

The want of oxidation and the deposit of fat consequent on
destruction of the blood-globules is another instance of the
action of this canse. To this I shall shortly return.

The third cause is want of proper oxidation in the nitro-
oenons substances, This has been assumed as the special
cause of fatty degeneration. Observations upon the produection
of so-called adipocere and microscopic examinations of textures
have led to the belief that fibrin forms adipocere, and that
syntonin instead of splitting into inosit and kreatin, gives
rise to fatty and nitrogenous matter. The following results
obtained by Dr. Ormerod are worthy of attention, though in
the progress of chemistry the word “margarine” will not be
used, and “ adipocere™ will entirely disappear.

“The amount of fat present in healthy beasts, chiefly mar-
garine, varied from 0-22 to 2-14 per cent. In decidedly fatty
animals the oily matter varied from 0-48 to 2:74.

“ A weighed portion of healthy muscular substance of the
heart exposed to a slow stream of water gave no adipocere.

“A weighed portion, containing 2:14 per cent. of fatty
matter, chiefly margarine, left to soak for twenty months in
dilute nitric acid, specific gravity 142, gave only 11 per
cent. faf,

“Two hundred and fifty grains of fibrine from bullocks’
blood, freed from all fat by ether, treated the same way and
for the same time, gave no trace of fat.

“ A portion of muscular substance, containing 2 per cent. of
fat, was left for eight months in dilute alcohol (1 to 7). At
the end of this time it contained 1-92 per cent. of fat.”

In every local deposit or production of fat, one or all of the
three causes of general fatty accumulation are in action.
Locally, either there is an excessive supply of fatty matter, or
the ordinary amount of non-nitrogenous food is not consumed
in the textures because the oxidation is deficient: and when
this occurs the sugar even may part with some of its oxygen,
and pass into some higher carbonaceous fatty compound; or,
thirdly, from insufficient oxygen, the nitrogenous substances
of the body—albumen, fibrin, syntonin, gelatin—instead of
passing through urea and sugar into urea and carbonic acid
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and water, may give rise to one or many less oxidized series
of products of decomposition by which more or less highly
carbonaceous fats may be produced.

Local deposits of fat without general deposit probably rarely
occur from excessive supply ; but when this cause acts together
with imperfect oxidation, then local deposits and productions of
fat take place anywhere. The vast local deposits of fat which
constitute fatty tumours depend chiefly on the existence of a
eyst in which the process of oxidation is at its lowest point.
Whatever fatty matter is brought to the cell remains un-
changed, and if an excess of fatty matter is taken, the deposit
of fat increases in proportion to the quantity of fat that is
brought within the cyst. When the imperfect oxidation
extends to the nitrogenous substances, then in a few hours
even the texture of a part may be entirely changed by the in-
sullicient supply of oxygen.

The chief cause of insufficient oxidation is insufficient
supply of oxygen from insufficient supply of red blood, and
this depends on insufficient pressure of the cireulation, insuffi-
cient iron, and a thickened condition of the internal capillaries
belbnging to the part; in other words, on mechanical and
chemical imperfect actions. Probably the most striking in-
stance of acufe fatty disease that I can give you was published
by Rokitanski in ¢ Zeitschrift der Wiener Aerzte, No. 32,
1850 :—

A girl tried to poison herself by phosphorus matches, She
was soon sick, and, after this, appeared well. In a day or two
she appeared slightly jaundiced; soon after she became
wandering, had dark brown vomiting, and convulsions; on
the sixth day she died. On post-mortem examination, the
body was well nourished; the skin yellow; the membranes
and brain bloodless. In the throat, bloody, frothy, very tough
mucus. In the pleurse, mediastina, and base of the heart,
ecchymoses, in some places of considerable extent; a slight
pleuritic effusion on the left side. Lungs full of blood.  Liver
to a high degree fatty, pale yellow-reddish, pasty, and empty
of blood. In the gall-bladder and gall-ducts, a slimy fluid.
The mucous membrane of the stomach swollen, and containing



174 ON FATTY PRODUCTION.

a brown, thick fluid. 1In the small intestines, a brown, bloody,
pappy stuff, and in the large, some matter more lumpy. The
spleen small and brittle. The kidneys large, very light
yellowish-white, slightly jaundiced, apparently very fatty. In
the bladder there were a few drops of a thickish yellowish fluid.

Microscopic examination of the kidneys showed that the
epithelium of the tubes of the cortical structure was distended
with small and large fat cells, and the tubes themselves were
full of fat.

Another case of a girl of 13, who poisoned herself with
phosphorus, has been reported by E. Wagner, who found
not only a remarkable increase of fatty matter in the liver
and kidneys, but also in the museular strueture of the heart
and in the muscular coat of the small intestines and bronchial
tubes.

The discovery of a relationship between fatty liver and
poisoning by phosphorus has led to a multitude of experiments
on animals during the last four years in Germany and in France.
Of all these, the work of Dr. Munk and Dr. Leyden on ¢ Acute
Phosphorus Poisoning’ contains the most striking experi-
ments, and leads to the most distinet proof of the influence of
the state of the blood-globules in the deposition or production
of fatty matter.

Frogs had phosphorus dissolved in oil injected under the
skin; they died in two days, and the liver and kidneys and
flesh of the heart were fatty. Rabbits had the phosphorus
of from five to twelve phosphorus matches, or 1 to 2% cee.
(6 grs.to 1 oz.) of oleum phosphoratum injected into the
stomach ; they died mostly in two or three days, but even in
one day the liver and kidneys were always fatty, and the
muscular structure of the heart was frequently so. Dogs
killed with small doses of phosphorus showed the same deposit
of fat in the liver, kidneys, and muscular structure of the
heart. In rabbits eechymoses were found in the pleurz and
in the texture of the lung and bloody urine, in one case
without a trace of blood-globules. In dogs eechymoses in
the heart and blood-stains in the mediastinum and gums and
blood throughout the bowels. Whether these symptoms are
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produced by the phosphorus as such or arise from some of its
compounds had then to be determined,

After poisoning by phosphorus in no part of the body could
the most delicate test detect phospherus, nor could the authors
find any action of phosphorus on the blood-globules out of the
body, so they made a strong solution of 8 or 9 grains of phos-
phorus to the ounce, and injected this (2 or 3 e.c.) into the
blood of rabbits and dogs. Phosphorus acid vapours in each
case were expired through the nostrils, violent inflammation
was set up in the lungs, but none of the peculiar signs of phos-
phorus poisoning were produced. Further experiments were
made to prove whether phosphoretted hydrogen and hypophos-
phorus acid were the poisonous substances, but neither these
substances nor phosphorus acid produced the effect. With
this last acid, specific gravity 1:12, they made experiments on
frogs and rabbits, and though it proved poisonous, yet it did
not dissolve the blood-globules; and after poisoning by
phosphorus, phosphorus acid could not be detected in the
organs by the most careful research. There remained then
the action of phosphoric acid. Experiments were made with
frogs, rabbits, and dogs. TPhosphorie acid, specific gravity
1'16, was used, and 1 or 2 to 6 c.c. of this acid were injected
under the skin or into the stomach or jugular vein, and the
effects on the blood, on the heart and ecirculation, on the
respiration, on the stomach and bowels, the kidneys, liver, and
the nerves and muscles were determined.

The blood-globules were dissolved as by the bile acids; ex-
travasations of blood were frequently found. The pressure
of the blood in the jugular, measured by the manometer, was
seen to sink after the injection of the acid. The temperature
of the blood fell. The muscular structure of the heart be-
came granular and even distinetly fatty, whilst the transverse
strize disappeared.

When the acid was injected into the stomach the strongest
marks of corrosion of the mucous membrane extended to the
small intestine. The kidneys were congested, and the epi-
thelium of the tubes was distinetly fatty; the urine became
albuminous, with blood and fibrinous eylinders. The liver
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became most evidently fatty. In short, the phosphorie aeid,
with the exception of the local symptoms of erosion and jaun-
dice, produced all the symptoms and appearances which phos-
phorus itself does when it acts as a poison.

Having thus shown that after poisoning by phosphorus no
phosphorus, phosphoretted hydrogen, hypophosphorus, or
phosphorus acid can be found by the most delicate tests, and
that phosphorie acid will give rise to all the symptoms and
appearances which phosphorus produces, it remained only to
show how phosphorie acid acted.

The action of phosphoric acid is twofold—first and chiefly,
on the blood-globules; and secondly, on the nerves and
museles,

Any substance that can dissolve the blood-globules pro-
duces the greatest derangement of their functions, and this
affects the nutrition and oxidation going on in the different
organs. We may even assume that the great mass of the
blood-globules by the action of acids would lose their power
of nutrition and their property of taking up oxygen before
they would become perfectly dissolved. The heart more
especially shows the effect of the altered (unoxygenated) blood
in ifs power of work ; and the voluntary muscles are not less
sensible of its influence. Great feebleness, tremor, and
paralysis result. The functions of the nerves are inter-
rupted, and coma and convulsions finally appear. These
phenomena may chiefly be set down to the want of nutrition
and oxidation in the different organs, in consequence of the
altered state of the blood. Although a part of the effect may
result from the direct chemical action of the phosphorie acid on
the different substances that exist in the nerves and muscles.

In other directions, the effect of altered (unoxygenated)
blood on nutrition and oxidation can be made evident. The
authors, in a paper on poisoning by sulphurie, nitrie, oxalie,
and tartaric acids, have shown that all substances which dis-
solve or destroy the blood-globules cause fatty metamorphosis
of the tissues and organs. The direct mixture of the poison
with the blood is the most important determining cause, the
fatty appearances being most evident in the experiments on
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animals with sulphurie acid when the corrosion in the stomach
or duodenum was greatest. Hence, in those that died quickest,
the fatty degeneration was most apparent. In the cases of
poisoning by sulphuric acid, the fatty metamorphosis was most
evident in a patient who lived only three hours, in another who
lived thirty-five, and in a third thirty-six hours. Sulphuric
and nitric acid corrugate, contract, and destroy the blood-
globules; the oxalie, tartarie, and arsenic acid dissolve the
globules. All these acids cause very similar symptoms—viz.,
diminished power of the heart, the muscles, and the nerves,
arising from the stoppage of the actions of nutrition and
oxidation in the organs in consequence of the partial or total
destruction of the function of the blood-globules.

It is a certain fact that in organs deprived of the flow of red
blood, fatty metamorphosis of the textures occurs. This action
may be seen in the neighbourhood of embolism of the vessels
and in thrombosis of the arteries of the brain; in the
neighbourhood of embolism of the arteries of the spleen and
kidney, and even in that of the coronary artery. Experi-
mentally it may be caused at will in the kidney by tying the
artery or the vein. In all these cases, fatty metamorphosis
quickly oeeurs. ,

Traube, with the help of the kymographion, has shown that
salts of the bile acids injected into the jugular vein are
carried to the right heart, and through the coronary arteries
into the capillaries of the muscular structure. The red
blood-globules are changed in their structure, or destroyed
so that they could not carry the charge of gas which the
blood-globules generally contain, and hence the mnormal
amount of oxygen could not act on the museular substance.

The sinking of the temperature after the injection of phos-
phoric acid is another evidence of the action on the blood-
globules by which the change of matter (oxidation) is lessened.
Of all muscles, the heart does most work, and therefore it
shows most the effect of unoxygenated blood acting on its
muscular fibres.

In the kidneys and liver, the same retardation of the
changes of nutrition and oxidation, in consequence of the

N
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injured and dissolved blood-globules, produces the same
altered condition of the epithelinm and other struectures, if
death does not occur before the accumulation of fatty matter
takes place.

Dr, Pavey, on ¢ Diabetes,” p. 82, says:—“ The introduction
of an acid into the system, so as to alter the natural quality
of the blood, I have found to produce saccharine urine,
This effect has followed the injection of phosphorie acid into
the general venous system, and also its introduction into the
intestinal canal.”

If T had devised a series of experiments for the purpose of
proving the existenee of local suboxidations in the body, the
evidence must have fallen far short of that which these
researches on the action of acids offer to yon.

Moreover, in addition to the stoppage of oxidizing action in
consequence of the destruetion of the oxygeniferous blood-
globules, there is another action of the acid which, probably,
is concerned in determining the production of fat in the
kidneys. In the second part of the ¢ Philosophical Transae-
tions” for 1849, I have shown that when sulphurie acid in
large doses is taken, it cannot be proved to pass into the
urine, but tartaric acid gives very distinet evidence of its
passage ; and this confirms the generally-received opinion
that vegetable acids do pass so rapidly from the stomach to
the kidneys, that a portion of the acid is unneutralized when
it escapes into the urine; but another and a considerable
portion of the vegetable acid and all the mineral acid must
combine with the alkali of the blood, and must malke this
less alkaline than it was before the introduction of the acid;
and the liquor sanguinis being made less alkaline, the
immediate effect must be that the Iymph in all the textures
must be made less alkaline, and thus a check must be given
to all the oxidation that takes place outside the blood-
vessels ; and in the case of vegetable acids this must oceur to
the greatest extent in the secreting structure of the kidneys,
in which, for a time, no free alkali at all may be present, and
hence the products of suboxidation should most readily appear
in the kidney.
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There is another part of the body in which the three con-
ditions on which the production of fat depends are very likely
to oeceur. This is the liver ; for, first, an excess of non-nitro-
genous oxidizable matter is always present there ; secondly,
the least oxygenated blood goes there; and, thirdly, the cir-
culation necessary for promoting the action of oxygen on the
nitrogenous matter is least there also.

I need only to remind you that the liver is supplied directly
with saccharine and fatty matter from the food; that it con-
tains an amyloid substance derived from albuminous sub-
stances ; that cholesterine and the fatty acids of the bile are
evidences of the small action of oxygen in its structure ; that
no blood is so deoxidized as that which enters the liver, having
already parted with oxygen and absorbed carbonic acid in the
systemic capillaries; and lastly, that the blood going to the
liver has lost nearly all its pressure, and consequently moves
at a rate which in the lowest degree promotes the action of
the oxygen on the substances in contact with it.

If the different organs and textures of the body were
arranged in a series according to the different amount of fat-
producing or fat-depositing action that takes place in each, the
liver would oceupy the highest place and the lung the lowest.
The order of the series would vary with the exercise taken,
the age reached, the accidents or inflammations that affect the
circulation. Whatever increases the circulation in any part
lessens the fatty deposition, and whatever retards the circula-
tion diminishes the oxidation, and thereby increases the
tendency to the deposition or production of fat.

No perfectly accurate separation can be made between fatty
deposit and fatty production, or so-called degeneration. It
has been said that wherever the microscopic appearance of fat
is greatest around the cells or fibres of any structure or organ,
there the fat proceeds from deposit, and that where the appear-
ance of fat is greatest ¢n the fibres or cells there it is caused
by degeneration, in consequence of imperfect oxidation and
imperfect removal of the albuminous structures of the tissues
or cells. But it must not be forgotten that the same cause

may be in action at the same time both within and without
N 2
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the textures, and that the imperfect oxidation which allows
the deposit of fat to accumulate may, in consequence of the
pressure thus occasioned, soon increase, so that fatty produe-
tion may quickly come on; and this may so interfere with
the nutrition of the blood-vessels or muscles, that they
may become mechanically unequal to the resistance of the
pressure of the blood; and thus mechanical apoplexy, or
mechanical rupture of the heart, or mechanical albuminuria,
may be produced by this primary chemical complaint.
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ON GENERAL AND LOCAL CHEMICAL DISORDERS ARISING
FREOM PEROXIDATION, AND ON THE MECHANICAL DE-
RANGEMENTS THEY PRODUCE.

LECTURE X.
ON GENERAL AND LOCAL INFLAMMATION.

HiraERTO in these lectures I have dwelt almost entirely on
some of the diseases resulting from suboxidation; I shall
endeavour now to give you a glimpse of some of those that
proceed from peroxidation.

Among the multitude of disorders which may be included
under the head of acute and chronic diseases of peroxidation, it
becomes necessary for this course of lectures that I should
choose only one or two subjects which appear to me most
convineingly to prove that an excess of chemical action does
originate some of the most serious diseases to which the body
is liable, and that this first chemical wrong action sets up
mechanical derangements which again become the secondary
eauses of further more or less serious chemical errors.

In this and the following lecture I shall endeavour to show
you that inflammation is a chemiecal disease, a state of oxida-
tion beyond that which oceurs in health, varying in its
mechanical results in consequence of the structure of the
different textures in which the excessive action is set up.

Hitherto, altered vascular, and more lately altered nervous
action have been considered as lying at the root of inflamma-
tory action. These views are based upon the effect produced
by section or paralysis of the nerves of the blood-vessels in
increasing the circulation through any part, and on the phe-
nomena which result from the obliteration of one artery going
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to any part, whercby an increased pressure and action of
the blood in other arteries of the part are produced. When,
however, the simplest possible case of mflammation is taken
in parts where neither blood-vessels nor nerves exist, then we
find that there is a chemiecal action which is independent and
anterior to both the nervous and the vascular aection; and to
trace this excessive oxidation as it arises from physical and
chemical action, and as it affects nutrition, cireulation, motion,
and sensation, is my present object.

No question lies nearer the foundation of all pathological
knowledge than that of the nature of inflammation. That it
is closely related to the natural actions going on in the body is
now fully recognized. Thus, it has been stated to be “ a modi-
fication of nutrition,” * a destruction of the equilibrium in the
molecular attractions in the body and of the reciprocal changes
between the textures and the blood.” DBut these expressions
are dark and fruitless compared with the clearness you will
obtain if I can convinee you that inflammation in its first origin
usnally is an exaggeration or excess of the ordinary oxidizing
action that occurs in each part of the body, and that this in-
ereased chemical action sets up secondary mechanical derange-
ments, which react on the chemical repair of the textures in
which the inflammation is set up.

The law of the conservation of energy must be applied to
wne heat produced in inflammation as it is applied to any
otaer question regarding heat. We have ceased to look
for the cause of the ordinary heat of the body in vital or
nervous action. We look further, and see it coming from part
of the amount of force set free by the action of oxygen in the
body, a definite amount of the total chemical force giving a
definite amount of heat. In inflammation we must look to
the same source for the heat. It is no solution to say that
the heat comes from inereased vital, nervous, or vaseular action,
and that these arise from the effect of some stimulus, If it be
not fresh ecreated, the increased heat must ultimately come
from the force that exists in oxyegen, hydrogen, and carbon ;
and it is more reasonable to refer the heat of inflammation
directly to the same source as the ordinary heat of the body,
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thereby making the healthy and inflammatory heat proceed
from the same kind although from different amounts of the
same chemical action, than to attribute the ordinary heat to
chemical action whilst the extraordinary heat is supposed to be
derived from some other and farless determined source, which
itself must ultimately be traced to its origin in the slow com-
bustion that never stops within.

The most simple case of inflammation that oceurs in the body
will best show you what takes place in more complicated organs.
The single fact that inflammation can be set up in the
eornea or cartilage, where neither blood nor nerves exist, by
increased friction, or heat, or light, or electricity, or by chem-
ical irritants, as cantharides, turpentine, and other oils, or by
irritating acids or strong alkalies, is sufficient proof that inflam-
maftion does not absolutely depend on nervous or vascular
action, but that it may be caused by increased molecular motion.
Heat and light and eleetricity and chemical actions are forms
of molecular motion which, when added to the motion already
existing in the cornea or cartilage, give rise to increased oxida-
tion of the non-nitrogenous and nitrogenous snbstance, even
in the bloodless textures:; and this altered oxidation imme-
diately determines an altered chemical circulation of lymph
and an altered nutrition in the inflamed part.

That oxidation takes place where there is no blood-cireula-
tion is shown in an experiment on the respiration in the muscles
of the frog by G. Liebig. The muscles, even when they were
deprived of all their blood, if placed in oxygen, gave rise
to earbonie acid and retained their power of contraction.

The increased molecular motion in the cells of the cartilage
produces increased chemical cireulation of lymph, increased
consumption of oxygen, increased liberation of heat and of
oxidized products, and ultimately of water and carbonic acid.
This action spreads from cell to cell until it reaches the
capillaries.

A capillary in ordinary action contains blood-globules loaded
with oxygen in its centre, with liquor sanguinis moistening
the tube around. Oxygen diffuses from it with the lymph
into the cells and structures, and thereby active oxidation is
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kept up outside the capillaries in and around the different
parts of the different textures. - The peroxidation which con-
stitutes the first step of inflammation begins outside the capil-
laries where the animal heat is produced.

When the increased action reaches the capillaries, the
oxygen bearers are, by the demand for oxygen, attracted in
excess: they displace the liquor sanguinis—at first producing
a more rapid flow through the part, and quickly rushing in,
so as to cause a heaping up of the blood-globules, giving rise,
first to enlargement of the vessels, and then to obstruetion,
which immediately reacts on the heart, increasing the pressure
and rate of the blood in all the arteries, among others, in those
around the obstructed part, so that stronger motion of the
blood oeccurs around the obstruction, and thus a larger area of
increased chemical action tends continually to be produced.

That the first mechanical congestions can be caused “by
increased chemical actions, and not by any nervous action
affecting the heart or capillaries, is proved by the fact that
when the circulation is arrested by a ligature in the frog, and
then irritating substances are applied below the ligature, the
blood is seen to be attracted to the irritated capillaries, which
will remain congested after the circulation is re-established
by removing the ligature. |

In the obstructed part the mechanical resnlts of over-fulness
and pressure show themselves. The pressure causes pain, and
the increased supply of blood makes the nerves around the
obstruction more sensitive than when less blood is there.

The tension causes the serum to be effused, and even fibrin,
altered by the peroxidizing action going on, also exudes when
the pressure increases; and this fibrinons exudation causes
intestinal thickening, and constitutes a much more permanent
obstruction than the liquid matter, which can rapidly be
reabsorbed.

When the primary increase of chemical action is excessive
the whole blood participates in it. Peroxidation not only
causes an excess of fibrin, but it produces a hicher state of
oxidation of the fibrin than exists in health. The membrane
of the blood-globules also probably is altered in composition
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and becomes more adhesive, so that the blood-globules aggre-
gate together and fall more quickly when the blood is drawn
from the body, whilst the altered fibrin contracts more firmly
than ordinary fibrin usually does.

Oxidation and pressure cannot be increased in any part of
the body without the chemical and formative actions of nutri-
tion being at the same time altered. The destruction of old
substance will be more or less increased, and the deposit and
formation of mnew substance will undergo great changes,
according to the heat that is present, and according to the
different textures of the parts in which the increased actions
are going on.

The eellular tissue furnishes perhaps the best example of
altered nutrition during inflammation. There the increased
action most rapidly leads to excessive cell-growth ; pus-cells
soon form and quickly multiply, according to the amount of
increased action. The cell-growth spreads in that direction
in which there is least resistance until the products of the
altered nutrition are discharged.

When the obstruetion is extreme and the pressure excessive
in any part of the cellular tissue, oxidation and nutrition may
be entirely stopped, and, though excessive action may be going
on around, the part obstructed may die, and in it an entirely
different sort of chemical action will then be set up, which
will continue until the slongh is removed.

If, then, in a few words, I try to give you a summary of
what inflammation is, I say that it has its origin in the causes
which produce the natural heat of the body. The oxidation
rises to a peroxidation; it is a purely chemical wrong, pro-
ducing almost immediately a secondary mechanical derange-
ment—increased motion of the blood-globules—from which
excessive motion an obstruction of the blood-vessels arises.
Hence proceed increased tension, increased pressure, and in-
creased effusion of lymph from the liquor sanguinis. The
effused fluid varies in its composition with the amount of
pressure and oxidation. Lastly, from the increased heat and
the inereased circulation and the increased effusion of lymph,
an entire change in the nutrition of the part follows; and
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these actions are so related, and so react the one on the other,
that it is difficult exactly to estimate the part which each one
geparately plays in producing the result.

In whatever part or texture of the body the inflammation
is set up, the structure of the part will have an important effect
on the chemical and mechanical actions that take place in it.
Peroxidation will occur much less readily in the liver than in
the lung. A resisting bone will oppose a much greater obstacle
‘to congestion than an unresisting skin. Even in different
textures of the same organ, the inflammatory action will be
modified by the greater or less resistance of the different
textures to oxidation and pressure. The inflammation of the
onter unyielding covering of the lung will differ entirely from
inflammation of the yielding mucous membrane of the bron-
chial tubes; and the finer structure of the air-vesicles, and of
the capillaries on their surfaces, will give rise to very different
results from the inflammation of the coarser mucous membrane.
Let me for a moment contrast bronchitis with pneumonia.

The increased oxidation in the mucous membrane causes
increased fulness of vessels, increased seeretion of fluid con-
taining modified albumen and salts, which wash off the epithe-
lium; increased production of the lowest epithelial cells;
interference with the passage of air to the air-vesicles. Gradual
interstitial thickening of the tubes by fibrin, and even increased
growth of the muscular coat, when there is continued cough,
may occur. In other words, the structure of the mucous
membrane of the bronehial tube, and even its muscular and
fibrous textures, determine to a greater or less degree the
products and the results of the bronehitis.

In the air-vesicles, no epithelium, no musecular coat exists;
the oxidation causes congestion of the capillaries; thence
comes an exudation of blood-stained albuminous liguid, and
the rapid effusion of oxidized fibrin into the vesicles. In the
effused substance and in the obstructed capillaries further
chemical changes and altered nutrition then occur, whilst the
mechanical obstruction, according to its extent, limits and
retards the great chemical action which is going on between
the oxygen of the air and the red globules of the blood.
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The same chemieal stoppage of aération of the blood follows,
not more surely, but much more manifestly, from mechanical
action by an accumulation of fluid in the pleura. The strue-
ture of this tissue determines the effusion of altered serum and
fibrin whenever excess of oxidation causes congestion of the
capillaries. The amount of fluid and solid matter effused
depends on the amount of obstruction of the capillaries, and
the pressure is transferred to the surface of the lung; and,
as it increases, the chemical action in the lung is lessened
until so little oxygen passes into the air-vesicles that extreme
suboxidation ends in stopping all the actions that constitute
life.

In order, however, to bring before you still more clearly
the dependence of mechanical on chemical diseases, and the
alteration of chemical function by the alteration of mechanical
structure, I shall oceupy your attention in this and in the
following lecture with those different structural affections
which, under the name of Dright’s disease, have so united
chemistry to medicine that, as regards this disease at least,
no one can even now say that it is possible to be too chemical.
IFor only by chemistry can the disease be recognized, only by
chemistry can its progress be traced, only by chemistry can
the effect of the different poisonous substances retained in the
blood and in the textures by the stoppage of their chief means
of escape be comprehended, and only by chemistry can the
actions of the different means of promoting recovery be
understood.

In the eortical part of the kidney, as elsewhere, the struc-
ture of the various textures determines the effect of the
chemical and mechanical actions that take place within them.
Shortly, omitting the tubes of Henle, it may be said that the
kidney consists of cell-tubes united by connective fissue
covered outside with capillaries, with an arterial tuft inside
the closed end of the tubes. Hence it may be said that the
cortical structure is composed of three different textures—
first, blood-vessels with malpighian tufts ; secondly, connective
iissue, including the capsule of the kidney; and, thirdly,
urinary tubes with epithelium and basement membrane.
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Professor Ludwig has called the kidney a hydraulic press,
formed to produce that amount of pressure which is required
to cause a flow of urine to take place. Before we enter on
the effect produced by altered oxidation and nutrition in the
different components of the cortical structure, it is very desir-
able that the effect produced by altering the pressure in the
veins and arteries should be elearly set forth. Multitudes of
experiments have been made by different observers on liga-
tures of the renal vein and artery. When the renal vein is
tied, the kidney swells in every part with blood to twice or
thrice its ordinary size. In an hour or two blood is poured out
between the renal capsule and the cortical structure. After-
wards the tufts break and blood escapes into the tubes. The
urine is albuminous from the commencement, with blood-glo-
bules and excess of epithelium, and if the animal does not die
before changes of nutrition occur, the epithelium of the tubes
is seen to be thickened, and fatty deposit to have taken place.

When the renal artery is tied, the cirenlation is partly kept
up by the smaller arteries; but the pressure is not sufficient
to drive the blood through the capillaries. Hence stoppage
takes place in the veins. In a few minutes the medullary
substance geems full of blood, whilst the malpighian tufts are
collapsed. In two or three hours, from venous congestion,
the kidney attains its former size., After twenty-four hours
it begins again to decrease, aud the longer life lasts the
smaller it becomes. In two or three days the renal capsule
becomes thickened and adherent. The urine is scanty, with
albumen, epithelium and blood-globules and fibrinous eylin-
ders. In from seven to more hours the epithelinm in the
tubes is seen to be thickened, and in twenty-four hours there
is fatty matter present in excess, and this increases until the
epithelium cells are entirely destroyed. The renal vein may
get stopped with coagulated blood, and abscesses may form
in the cortical structure and pus-cells may be seen in the
tubes, In from one to three weeks there are still more
marked errors of oxidation and nutrition. Very thickened
renal capsule, Larger abscesses. Indistinet tufts, Tubes
{ull of fatty matter, and the connective tissue thickened.
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Attempts have been made to study the effects of pressure
when, after removing one kidney, the abdominal aorta has
been tied below the renal artery of the other kidney, so as to
throw the greatest pressure of the blood on this kidney,
but the operation does not allow of any dependable deduc-
tions. Far more may be learnt as to the effect on the urine
by studying the alterations of pressure caused by different
diseases,

Thus, whatever increases the action of the left ventricle,
producing increased tension of the pulse, increases the arterial
pressure on the tufts, and if sufficiently strong, produces a
congestion, giving rise to albumen or even blood-globules in
the urine.

The same result may follow from causes that excessively
depress the action of the left ventricle, or so diminish the
tension in the renal artery that stoppage in the renal vein
takes place. Thus pericarditis, with much exudation, extreme
thickening of the aortic valves, or thickening and insufficiency
of the mitral valve when no compensation for the weakened cir-
culation is caused by hypertrophy and dilatation ; aneurism
or disease of aorta. All these diseases may produce an effect
resembling in kind that produced by tying the renal artery.
Diseases of the heart with insufficiency of the tricuspid valves;
diseases of the lungs, with great difficulty of breathing, as
pneumonia, pleurisy, emphysema, tubereles in excess, and all
diseases that so depress the energy of the heart that the
blood stops in the veins, as at the end of typhus fever, car-
cinoma, tubercle, these all produce effects resembling those
produced by tying the renal vein,

Within small limits a certain pressure of blood in the tufts
determines the passage of water into the tnbes; increased
pressure causes increased flow of blood through the kidneys,
and produces increased secretion; but excessive pressure or
very diminished pressure loads the vessels of the kidney and
stops secretion, and if continued, ruptures the malpighian
tufts, or causes albumen to exude,

The total quantity of dry albumen which passed out in
twenty-four hours in the urine in different states of Bright’s
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disease was found to vary from a few grains to at most about
one ounce, a loss of no serious import,

Having thus brought before you the effect of variations of
mechanical pressure in altering the chemical condition of the
urine, I shall now try to show you how altered chemical
actions in different textures of the kidneys may give rise to
altered mechanical conditions, as well as to altered states of
nutrition and altered chemistry of the urine.

In Bright’s disease very different chemical and mechanical
results are produced when the different structures of the
kidney from any cause take on a more active state of oxidation
than occurs in the state of health.

It must be remembered that it is not yet forty years since
Dr. Bright first drew attention to this complaint. Since then,
though much confusion and misinterpretation has from time
to time arisen, yet the progress of sound knowledge has been
rapid, and a few years more will find all the difficulties and
uncertainties regarding Bright’s disease entirely removed.

Here, instead of confusing you with fatty disease, amyloid or
fibrinoid disease, diffuse nephritis, parenchymatous nephritis,
desquamative nephritis, and a multitude of other names, I shall
try to point out the different results of peroxidation of the
arteries, of the matrix, and of the tubes. As in inflammation of
the lungs, whilst distinetly separating inflammations of different
structures, I by no means meant that pleurisy and pneumonia,
or bronchitis and pneumonia, or all three inflammations, cannot
occur at the same time, so in inflammation of the kidney,
interstitial nephritis and the so-called amyloid or fibrinoid
disease, or interstitial nephritis and tubular or so-called de-
squamative nephritis, may occur at the same time ; although,
for clearness, I shall shortly bring before you each of these
inflammations and their results ‘:EIJd-laLtE]}

In mflammation of the cortical structure of the kidney, it
must be remembered that every possible degree of intensity
or mildness, every possible variety of complication or of sim-
plicity of textural affection, may oceur ; and although here, as
elsewhere, a stage of increased action, a stage of effusion, and
a stage of absorption may occur, yet anywhere a more or less
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permanent halt may tale place, or the increased action may
recommence with an intensity and extension beyond that of
the original complaint.

Though I am well aware that amyloid or fibrinoid disease is
called a degeneration, and not an inflammation, yet I am sure
that these undefined terms will come to represent the separate
or consecutive action of different degrees of peroxidation and
suboxidation, and their mechanical and chemical results. I shall
therefore here treat of fibrinoid disease as arising from an in-
creased action consequent on increased pressure and increased
chemical change in the textures of which the artery is com-
posed. From the action of iodine and sulphurie acid on the
deposit which oceurs in the arteries of the kidney, Virchow
concluded that a peculiar starchy deposit took place, and that
this gave rise to one form of disease which was included under
the general head of Bright's disease. There can be no ques-
tion that starch granules are produced in the prostate and
elsewhere, and there can be no doubt that starch, sometimes
in considerable microscopic quantity, does occur in the urine
of women and men. The granules of starch in urine passed
with every care to avoid external starch, become immediately
blue with iodine. They swell up and disappear when treated
with strong aecid ; give rise even to sugar when treated with
saliva; but in most of the cases that I have seen there has
been no albumen in the urine, nor any former history of any
symptoms resembling Bright’s disease, nor, even though
the cases have been closely watched for months, have any
symptoms of Bright’s disease come on. Moreover, Virchow’s
so-called amyloid deposit has nothing to do with starch, except
the name, which must be changed. It contains 15 per cent.
of nitrogen and 53 per cent. of carbon; and in Virchow’s
¢ Archives,” vol. xvi, p. 50, Frerichs states probably its true
composition—that it is an altered fibrinous deposit. It is pro-
bably the result of an oxidizing action on fibrin effused into
the muscular texture of the artery. The action begins in the
walls of the smallest arteries, and extends from the malpighian
tufts even tothe renal artery. In extreme cases of contracted
cortical structure, the diameter of the vessels is so narrowed
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that water even will hardly pass. Dr. Dickinson found, in
some experiments made at my suggestion, that a pressure
which sent 119 ounces of warm water through the healthy
kidney in ten minutes, through a very contracted kidney
caused less than five ounces (43 63) to pass in the same
time.*

I have already just now described to you what happens
when the renal artery is tied and blood in very small quantity
is able to pass into the cortical structure. The first result
was immediate alteration in the chemistry of seeretion, and
the second result was an entire change in the chemistry of
nutrition of the organ.

In the much slower process of general obstruction conse-
quent upon thickening from slow peroxidation and increased
pressure in the walls of the artery, the same two great results
are produced.

First, the effect appears in the altered chemistry of secre-
tion.

The quantity of water that can pass through the vessels of
the kidney after death, although it gives no certain measure
of the quantity of urine the kidney can secrete during life, yet
gives some clue to the quantity of blood that can pass through
the malpighian tufts to the capillaries from which the solid
constituents which make up the contents of the urine are
probably chiefly separated.

Gradually, as the arteries and malpighian tufts become
thicker, the course of the blood is thrown on the vascular eir-
culation in the mammary portion of the kidney, and large
quantities of water with but little of the proper constituents
of the urine may there escape. But for this, the result on
the secretion by the cortical structure would very quickly be
the same as follows from tying the arteries that supply the
kidney. The effects produced by tying the ureters have
more resemblance to those produced by obstruction of the
urinary tubes.

The latest experiments prove that the cortical structure of
the kidneys must not be considered simply as diffusion tubes,

* ¢ Med. Ch. Trans.,” vol. xhii., p. 243.
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with blood pressure on one side of the membrane and air
pressure only on the other.

In the passage of musele, nerve, cellular, and other highly-
complex substances out of the body, we must remember that
long and various series of products are formed, many of which
are still unknown. Between the time when these complex
organic compounds begin to leave the textures until they
are finally thrown out by the kidneys and skin as they pass
on through the lymphaties, blood, and exereting organs, they
undergo continual downward change of composition by
oxidation.

Thus, in the textures, one part of the albumen, fibrin, or
syntonin, &e., may be oxidized, and give rise to highly-com-
plex neutral and alkaloid substances, and a part of these new
substances even there may pass into substances as low in the
series as kreatin, and a part of these may pass into urie acid
or even into urea, whilst the largest part of the kreatin sub-
stances will pass into the blood, and a part of these will there
be oxidized to uric acid, or still lower, whilst the larger
portion will go to the kidney and skin, and there give rise to
substances like uric acid, and sudoric acid, and urea ; and
when the action in the last oxidizing place is complete, urea,
carbonic acid and water alone may be the final result.

Thus, the following sketch may be made :—

Albumen, fibrin, syntonin, &c., &c.

Highly-complex neutral and alkaloid substances.
Substances having at least as much carbon as kreatin.
Substances as far down as uric acid.

Urea.

Inthe textures
In the blood,

In the
urine
and skin

The urea may undergo another chemical change anywhere
in or out of the body, and give rise to carbonate of ammonia.

Removal or suppression of the passage through the arteries
of the cortical structure stops the higher compounds from
passing to the kidney to undergo changes there ; whilst tying
the ureter or stopping the tubes causes the urates and urea to
be reabsorbed back into the blood. The different states of
altered chemistry of the blood, lymph, and textures thus pro-

duced have all been included in one general term—ursemia ;
0
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and as this may arise from thickened vessels, thickened inter-
stitial texture, or thickened tubes, and as it is a most remarlk-
able example of secondary chemical disease arising from a
mechanical obstruction caused by a primary peroxidation, it
will form just one of those illustrations of the relationship of
chemical to mechanical and mechanical to chemical disease
which T have endeavoured in this course of lectures to bring
before you.

The first theory of ursemia came from Dr. Wilson, at St.
George’s Hospital (¢ Med. Gaz.,” 1833, on “Fits and Sudden
Death in connection with Diseased Kidney ”). He attributed
the symptoms to diminished albumen and excess of urea in the
blood,—the discovery of Bostock and Christison. In 1851,
from very careful experiments, Frerichs came to the conclu-
sion that urea was not the poison, but that it gave rise to
carbonate of ammonia, and that the symptoms depended on
ammonisemia.

Schotten found in ureemia the proportion of extractive
matter to albumen in the blood increased from 5 : 100 to
40 : 100, and Hoppe found the kreatin five times more than
in healthy blood.

Traube thinks uriemia does not proceed from any definite
poison or poisons, but from cedema and anemia of the brain.
If the anterior lobes are affected, this causes coma; if the
middle lobes, coma and convulsions, Variations of arterial
pressure give rise to the cedema, and this to the anzmia.

Multitudes of experiments have been made on animals in
support or in opposition to these different views. I shall only
have time here to bring before you the last and best experi-
ments, premising that Oppler, in Virchow’s ¢ Archiv.’ vol. xxi.,
p- 260, was the first to observe that after tying the ureters the
urea in the blood was much more than after extirpation of the
kidneys, and hence he concluded that part of the urea in the
urine was formed from some other substance in the kidney.
He also determined the amount of kreatin in healthy muscles,
and found that one kilogramme of muscle gave one-third of a
gramme of kreatin. After nephrotomy (forty to fifty hours) he
obtained from the same weight of flesh 2:2 grammes of kreatin.
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Dr. Zalesky, in Hoppe's laboratory, has carried on a long
nvestigation on this subject, more especially on animals that
do not in health produce urea, but stop at the formation of
urate of ammonia. He found that when one kidney was left,
or when one ureter was pervious, symptoms of wrong chemistry
hardly occur, but when both kidneys in snakes were removed,
or both ureters were tied, death was caused twice as quickly
by the former injury, and the chemiecal results were entirely
different in the two operations.

When the ureters in birds were tied they continued to pro-
duce urates, and these are reabsorbed and deposited first in
the lymphaties, and secondly in the joints, coating them as
thoroughly as the most gouty joint is coated. The urates,
moreover, covered as with white paint the liver, the peri-
cardium over the heart, the peritoneum in places; even in the
substance of the heart, and under the endocardium of the
valves, and on the sides of the papillary muscles urates were
gseen ; out of the duets of the stomach-tubes little casts of
urates could be squeezed by gentle pressure, and even in the
aqueous humour of the eye urates were found.

When the ureters of snakes were tied, death occurred
twenty-nine days after the operation. The cesophagus,
stomach, and bowels contained urates. The surface of the
liver was mottled with urates. In the structure of the spleen,
the outer surface of the kidney, and the surrounding parts,
urates were found, and all over the surface of the different
organs and the bowels the deep white colour of the urates
were seen, and urie acid was detected in the agueous humour
of the eye. When the kidneys were entirely removed, the
animals died fourteen or fifteen days after the operation. No
uric acid was then found in the muscles, liver, or lungs, and
a mere trace occurred in the bowels.

Dr. Zalesky made a series of experiments on the amount of
urea in the blood, muscles, and other parts of dogs in health,
and in the same parts when the kidneys had been removed,
and when the ureters had been tied. Taking the average of
his experiments—
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I el e e
In blood per cent. of urea . 00396 0016 0523
In muscle ,, - . 00171 ‘0020 0418

Neither in birds nor in mammalia could any marked in-
crease of ammonia in the blood be found after the ureters
were tied, nor after the kidneys were removed. Thus

When kidneys Whenuretara

Carbonate of ammonia, In health, e R AR
In 100 grammes of blood of birds 00568 ar. — 0069
» 100 o 3 dogs. 0029 0096 0070

Dr. Zalesky concludes that Frerichs’ theory of ammonia
poisoning must be given up, and that as uremia occurs in
animals that never form urea, and as there 1s more urea in the
blood when the ureters are tied than when the kidneys are
removed, though the uremie symptoms occur at least quite
as quickly after the last operation, so the urea theory cannot
be maintained. He considers Traube’s theory of the excess
of water and pressure unproved, and he thinks Oppler’s experi-
ments point to the want of separation of other substances
besides urea and uric acid as the cause of urseemia.

Grammes
per cent.
In mammalia he found that the average amount of kreatin in healthy
muscles was . : : . : . ‘ : . . 060
3 v when the ureters were tied . 280
i ,, when the kidneys were removed 351

It is in the highest degree probable that as in different
plants under variations of structure, growth, deoxidation, and
climate various combinations of elements are synthetically
built up into different alkaloids, so in different parts of
animals variations of structure, growth, oxidation, and tem-
perature may analytically form out of albuminous substances
even the same or more highly carbonaceous alkaloids, or
neutral or acid substanees, which ultimately pass down through
kreatin and kreatinine to uric acid, urea, and carbonate of
ammonia. Among these higher compounds one or more
substances may be formed or retained in excess which by
direct chemical contact with the nerves and muscles may give
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rise to symptoms resembling those produced even by morphia
or strychnia. :

The experiments of Dr. Zalesky prove that urates are de-
posited on the non-vascular cartilages and in the aqueous
lumour of the eye when the ureters of birds are tied, and
this confirms the results I have published in the ¢ Proceedings
of the Royal Society,” vol. xiv., p. 400, that soluble substances
as quickly as they go into the blood pass out of it into every
organ and structure of the body. When urea, urates, or any
other substance exists in excess in the blood, it must at the
same time exist in excess in every vascular and non-vascular
structure of the body.

The second result of obstruetion of the arteries is shown in
the altered chemistry of nutrition of the kidney.

I have already bronght the result of this before you in this
lecture when speaking of the fatty deposit which in a few
hours results from ligature of the renal artery. What happens
in a few hours in the experiment happens more slowly, but
not less surely, in this disease of the kidney. The structure
not only wastes from insufficient supply of blood, but long
previously, from insufficient supply of oxygen, there is an
accumulation, if not a production, of fat everywhere,

As the disease continues the cortical structure becomes less
and less nourished, and the deposit of fat inereases. The
fatty deposit is not the cause of the wasting, but the obstruc-
tion causes the wasting and the fatty deposit and fatty pro-
duetion ; although when these are in excess they react on the
circulation through the vessels, and by inereased pressure tend
to malke secretion and nutrition more difficult.

But you must not suppose that an acute or chronic altera-
tion of the chemical, mechanical, and nutritive actions in the
coats of an artery can occur without the action extending to
neighbouring or even distant textures.

The nearest texture in locality is the interstitial cellular
texture of the kidney; this takes on the same increased
chemieal action and the same altered nutrition, and even the
neighbouring tubes may participate in the increased action
and modify the symptoms and accelerate the progress of the
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complaint. These diseases must form the subject of my next
lecture. Here, however, I must point out to you a fact arising
from the equality of the pressure of the blood in the arteries.
In the whole arterial system—from the heart to the capillaries,
omitting the gradually increasing friction—the pressure at
any one moment is always the same throughout every part.
A rapid or gradual increase of pressure in any part implies
an increase of pressure in every other part; so that muech
pressure in the small arteries in one point produces pressure
everywhere, and this increased pressure gives rise to altered
chemical action in other small arteries. Hence the inereased
resistance in the kidney causes increased pressure in other
arteries and increased action in the left ventricle; and then
other small arteries, as in the spleen and the liver, take on
the same action and show the same deposit when treated with
a solution of iodine in glycerine. Moreover, this uniformity
of pressure leads to more or less of this thickening of the
small arteries in other states of obstruction of the kidney and
in many other diseases; so that disease of the interstitial
texture or of the tubes of the lungs, of the liver, of the spleen,
of the heart, oceur where this fibrinoid disease exists. Vogel
states that, taking extreme, partial, and slight cases, amyloid
disease is present in the kidneys of half the fatal cases of
Bright's disease which he examined. In any chronic disease
in which there is obstruetion to the arterial circulation, and
consequent inerease of pressure in the small arteries of the
kidney, this increased action and thickening tends to oceur.

Dr. Dickinson, in his paper in the 44th vol. of ¢ Medico-
Chirurgical Transactions,” has included diseases of the artery
and interstitial texture under one head of granular kidney.
The records of 2350 post-mortems in St. George’s Hospital in
ten years gave 250 with granular kidney ; of these, in 43 per
cent. there was disease of the valves of the heart; and in
52 per cent. there was atheroma of the arteries, and no less
than 17 out of 250 died of sanguinous apoplexy.

In this as in other forms of Bright’s disease no special
actions of medicines, no specifie, can be of benefit, Filling
every texture, including the altered texture of the kidney,
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with more alkalies, or with less alkali, or with oil, or with
salt of any kind, will not remove the thickening. Mercury
probably combines with every particle of fibrin in the body,
and alters its properties, making it less coagulable and hasten-
ing the changes it passes through in its downward progress
towards water, carbonic acid, and urea ; but when the secreting
power of the kidney is lessened, instead of escaping in large
part by the kidney from the moment it enters the circulation,
it escapes only to a very small degree, and thus it is left in
greater quantity to diffuse into the textures, or to attach itself
to some texture where it may lie dormant until that texture
is redissolved. So that even in this form of Bright's disease
mereury may set up an intense oxidation in other parts to which
it passes; and therefore here it must be used in very small
as well as in rare doses. One exception I have found to this
rule, and that was in a case of amyloid disease, where, in
consequence of the treatment necessary for dropsy, strong
hydragogue cathartics, colocynth, elaterinm, croton oil, were
taken, and borne for many weeks with great advantage. In
this case calomel in grain, or even two-grain, doses was taken
each night for weeks, and yet no affection of the gums was
seen. By far the largest portion of the mercury probably
helped the action of the elaterium that was used; and even
of that portion of the mercury that was absorbed probably a
part was removed in the watery exudation from the howels
which took place daily.

It might be thought that the action of iodine and alkalies
would affect the thickened arteries; but no manifest gain has
come from the use of these remedies, and the treatment always
ends in giving up medicines that act on the causes and altera-
tions of the disease, and in endeavouring to meet the symp-
toms and complications as they arise. As these are common
to other forms of Bright’s disease, I shall postpone what I
have to say on the treatment of dropsy and ureemia—the two
most important complications—to my next lecture.

Prognosis.—Of all the forms of Bright’s disease this seems
the one in which, without perfect eure, the longest pauses or
stoppages in the progress of the disease are occasionally met
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with. It differs much from the affection of the tubes, in which
recovery frequently takes place, and in which no trace of
albumen is met with in the urine when the disease has passed
away. In amyloid disease, probably with ecirrhosis of the
kidney, I have witnessed for years the albumen continue to be
present in the urine, although all the other functions of the
body, including the procreation of healthy children, have been
well performed. Still, as the disease of the kidneys arises from,
or is followed by, affections of so many other organs, the
prognosis is generally most unfavourable ; and when ecirrhosis
and tubular affection of the kidney also are present the rate
at which the cortical structure disappears may vary extremely
in different cases, but usually it goes on surely, until the
kidney almost ceases to have any cortical structure at all,
and finally the same results follow as if the kidneys had been
almost entirely removed.
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LECTURE XI.
ON BRIGHT'S DISEASE— Continued.

THE ordinary oxidation which takes place in each texture of
the body gives heat and motion sufficient to carry on the
ordinary nutrition of the structure; but the smallest inerease
of oxidation set up by direct extra-vascular or indirect intra-
vascular motion through the nerves is followed by altered
heat, motion, and nutrition.

The effect of slow, but continued peroxidation may be
watched in the skin or in the eye continually; and within
the body mechanical alterations show no less clearly what
such increased chemical changes can effect. The slightest
long-continued mechanical pressure produces not only thick-
ened cuticle, but altered nutrition of the skin itself; or a
slight ent may cause a thickening which mhy last for months
or years after the slight inflammation which united the sur-
faces has passed away. So in the cornea the most chronic
inflammation from some slicht mechanical cause will leave a
thickening which may be perceptible for years. Or if you
look within you may see the most chronic gout, rheumatism,
or serofulous inflammation, when long continued, slowly canse
such an amount of thickening in the joints and other parts
that the utmost mechanical impediment to motion may
ultimately result.

Of all textures the cellular texture is the one in which sub-
stances pass most immediately from and to the blood, and in
which alterations of oxidation and nutrition are most liable
to occur.

In the kidney this cellular tissue constitutes the interstitial
structure and the eapsule. It is much less developed than in
other organs, and it is so related to the vessels and tubes that
altered action can hardly be limited to this structure alone.

Still, for elearness, 1 shall treat of its thickening and cell-



202 ON BRIGHT'S DISEASE.

orowth under the head of interstitial nephritis. Dr. Dickinson
includes this inflammation in his parenchymatous nephritis;
but Virchow has defined parenchyma as “the proper strue-
ture” of the kidney, including the tubes, with their epithelium
and capillary system; so that, though I shall use Dr.
Dickinson’s observations, I shall not adopt his nomenclature.
In the ¢Med.-Chir. Trans.,” vol. xliii,, p. 235, Dr. Dickinson
says:—* It is common to meet with kidneys as to which there
is a doubt whether they are healthy or not. The capsule is
a little thickened, and it is more adherent than it should be.
When removed the surface presents a confused, muddy
appearance; and it may be noticed that a thin layer of
capsule is adhering to the kidney. As yet there is no distinet
granulation, though the tendency may be indicated by one
or two curved depressions, or by a little general roughness.
On examining such a kidney in section, we shall find all the
central parts quite healthy, save that closely attached to the
inner capsular film we shall see certain narrow projections
insinuating themselves between the tubes. If we observe
the position of an external depression or cicatrix, we shall
find that from this passes inwards a process of fibrous-looking
material, which is seen to involve in its interior the contracted
remains of tubes it had embedded in its passage. It looks as
if an effusion, small in amount, had commenced in the surface
and worked its way.inwards among the ducts. numbers of
them thus becoming completely surrounded. After a time
contraction follows in the wake of the exudation, and the
tubes imbedded are reduced to mere microscopic threads.
At the same time another result of the contractile tendency
appears. The points at which the processes originate become
depressed, and when these are numerous and tolerably
regularly distributed the result is superficial granulation.”

A slight increase of the ordinary oxidation in the cellular
tissue leads to increased flow of blood, to inereased production
of cells and fibrillse, and, when the chemieal action is consider-
able, to suppuration. After a time the increased pressure
from the effusion and thickening causes diminished supply of
blood, and hence imperfect nutrition and oxidation, con-
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traction, and even fatty deposit are seen in the interstitial
texture, and ultimately the nutrition and secretion of the
kidneys is visibly affected. The kidney becomes smaller
than natural, the capsule very adherent, the surface rough
and uneven, the stellated veins distinet, the substance hard :
frequently the capsules of the malpighian tufts and the base-
ment membrane of the tubes ultimately are involved in the
thickening., Interstitial nephritis and eirrhosis of the liver
are similar diseases affecting similar structures. In both the
mechanical pressure that is produced stops the chemical fune-
tion and the nutrition of the organ in which it occurs,

Causes of Interstitial Nephritis.

Every substance that enters the stomach passes into the
blood and surrounding textures according to its diffusibility.
It is carried by the blood everywhere, and again, according to
its diffusibility, it passes into every structure of every organ
and into every surface by which it can be thrown out.

In its passage in, during its stay, and in its passage out, it
acts according to its chemical affinities for the gases, liquids,
and solids with which it comes in contact, and the effects pro-
duced vary according to the chemical actions that take place.

If the ordinary substances that daily go in are represented
by oxygen, water, salt, bread, meat, and stimulants, none of
these except the oxygen have the degree of chemical action
which so-called stimulants possess. Setting aside tea and
coffee, our stimulants are essentially aleohol; and it is the
long-continued strong chemical action of this substance on
oxygen, and on the different textures at the temperature of
ninety-eight degrees, that gives rise so frequently to that
increased motion and inereased thickening, followed by con-
traction and suboxidation, which constitutes cirrhosis of the
liver and kidney.

Let me for a moment follow a dose of alecohol through the
system. It passes through the stomach, and in going through
is to a small extent oxidized. The greater part escapes, and
enters the circulation, acting there on the oxygen, fibrin,
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albumen, and blood-globules to a small decree. In a few
minutes a part passes, whilst still being oxidized, into every
secretion, as, for example, into the lungs, kidneys, liver; whilst
another part passes into every other texture; and on each
substance in each texture the aleohol produces its chemical
action, still eontinually undergoing oxidation, so that in a few
hours one part has entirely escaped, and another part has
been entirely oxidized in the blood and textures. What has
the aleohol during this time done? It has acted chemically
on oxygen and on the textures with which it has been in
contact. The first action has little to do with the strength of
the aleohol. Strong or weak, it combines with oxygen ; more
or less increased oxidation, inereased cirenlation, increased
secretion, increased effusion of liquor sanguinis, and altered
nutrition result. The second action depends on the strength
of the aleohol. Strong alechol acts chemieally on albumen,
fibrin, cellular tissue, &e. It has a powerful attraction for
water, and it shrivels up cellular tissue, hardens fibrin, and
precipitates albumen by its chemieal properties.

To no organs of the body is more alcohol taken than to the
kidneys and liver, and in no organs are the mechanical results
of its chemical actions more manifest and the consequences of
the altered structure more apparent; and the increased oxida-
tion, the increased flow of blood, the altered nutrition are
identical in kind with the first actions of inflammation; and
when the series of actions are repeated over and over again
for years, the result is the same as might have been produced
in a shorter time by an ordinary inflammation when no aleohol
whatever had been taken.

Dir. Christison states that three-fourths of all the cases of
Bright's disease which he saw were produced by the habitual
long-continued abuse of drink. Very great occasional excess
did not act so strongly as long-continued smaller excess.

No doubt the aleohol acts on the vessels and duets ; but not
so powerfully as on the interstitial texture, with which we are
at present occupied.
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On the Symptoms and Consequences of Interstitial Nephritis.

If the disease could be limited to the interstitial texture,
and to that alone, it is possible that no appearance of albumen
in the urine might oceur. No fibrinous casts might be seen.
The kidney might gradually, by its contraction, cease to
secrete urinous matter, and ursemia would be the final result.
But the affection spreads to the vessels and tubes, and then
the pressure in the tufts or ducts is altered and albumen is
effused, the production of epithelinm is increased, and some
fibrinous casts appear in the urine.

Usually the specific weight of the urine becomes less and
less, and generally this weight may be taken to be directly
proportional to the amount of cortical structure that exists;
so that when the specific weight of the urine is least the
cortical structure is least also. Even when hardly any cor-
tical structure is left, an excess of water of the lowest specific
gravity may be thrown out, most probably from increased
circulation in the mammary part of the kidney.

As long as this excessive flow continues no dropsy oceurs,
and hence throughout the whole course of the disease no
dropsy may occur. The altered blood and the altered lymph
may give rise to all kinds of hsemorrhages, thickenings, and
effusions, and chemical actions on the nerves and muscles,
which may be summed up in the word poisoning, and which
I have already brought before you when speaking of ureemia.

At any period during the progress of the disease more
acute inflammation may suddenly come on, and in the cellular
tissue, more readily even than in the tubes, pus-cells are soon
formed, suppuration extends throughout the altered cortical
structure, and rapidly that assemblage of low feverish general
symptoms which now appears to us to be so very inaccurately
designated as a typhoid state is produced.

With regard to treatment, medicine avails little for stopping
the effect of alcoholic poison or for removing the thickening
of the interstitial structure. No appreciable alteration of
structure occurs until the aleohol has acted for months ; but
as each day produces its infinitesimal effect some good may



2006 ON BRIGHTS DISEASE.

be done by recognizing the disease early and by stopping as
far as ‘possible the further action of the poison. Usually
the second nature cannot be changed, and the treatment con-
sists then only in alleviating symptoms and in warding off
complications as they arise.

Of all the symptoms that of general debility is the one
which will most frequently present itself to you, and of all
the complications uremia is the one which is most serious.

The loss of general mechanical power consequent on wrong
chemistry of the blood and lymph begins from the very com-
mencement of the disease, and lasts until its final close.

One of the first effects in the blood is the insufficient pro-
duction of blood-globules, on which the passage of oxygen
into the blood depends. The gradual diminution of albumen
in the blood is a very much more remote cause of symptoms,
and as long as food can be taken this admits of an easy
remedy ; whilst the reproduction of blood-globules requires a
far more complex chemistry, and necessitates an inereased
supply of iron for the formation of hematine.

The accumulation of chemically descending substances in
the blood, and still more in the lymph which surrounds and
permeates each particle of every structure, must begin from the
moment that the kidney begins to perform the funection of
oxidation and excretion imperfectly, Still it is evident from
the experiments in which one kidney has been removed and
no poisoning has oceurred that even half the structure may be
destroyed by disease without the occurrence of bad symptoms.
This is a large margin for safety, but as soon as this is removed
the lymph begins to cause wrong chemistry in the textures.
Products of downward change from urea upwards keep circu-
lating in the blood and lymph, and these substances produce
their chemical actions everywhere. Thus on each mucous and
other membrane urea exudes, and in the mouth even it is con-
verted into carbonate of ammonia, and this, with some urinous-
smelling substance, gives the foul breath that is so frequently
observed. The same substances effused in the stomach give
rise to sickness, and in the bowels often to diarrhea. The
higher uric-acid compounds in the joints produce chronie
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gout, and the excess of kreatin in the muscles may stop the
changes in the syntonin, whilst the still higher compounds as
yet uninsulated may in the nerves and brain produce irritant
or narcotic symptoms from the slightest eramp or subsultus to
the most profound coma. That there is in every case some
distinet local action is clear from the amendment or arrest
of the symptoms which is occasionally observed. The sickness
and the diarrhcea may be stopped, the convulsions may cease,
the coma may disappear.

Let us look at the removal of the poisonous substances a
little closer. The vomiting and diarrhcea are not to be
checked by strong remedies when the ammoniacal and urinous
odour tells you of the aceumulation of poisons within. Youn
must, whilst endeavouring to obviate the extreme prostration
which these actions cause, remember that more serious mus-
cular and nervous actions are at hand, and that except by
acting on the skin, yon have no other gate through which
the poisonous substances can pass out. Warm baths and hot-
air baths give no immediate relief like vomiting and purging.
I have been asked by a patient for an emetic when he was
within a few moments of his death from exhaustion. Almost
whilst speaking to me another violently relaxed action of the
bowels came on, and from the effects of this he died,

By the stomach, by the bowels, and by the skin, all
poisonous substances can be thrown out of the blood and
lymph, and, according to circumstances, by this or that road a
passage must be obtained.

Irritative actions of the nervous system seem to mark a less
degree of affection of the nerves than narcotic actions, and
eramps, subsultus, and epileptiform convulsions pass away or
yield to treatment far oftener than oppression and coma.

To any of you who have witnessed the stoppage of con-
vulsions in Bright’s disease by the inhalation of chloroform,
the thonght must have oceurred that the chloroform must
have so acted directly on the nerve as to render it incapable
of being irritated by the urinous poison. A volatile coma, so
to say, is produced. Perhaps the local action of the urinous
poison is checked by the substance on which it was acting
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being altered in composition by the chloroform. But when
the urinous poisons are causing both convulsions and coma,
then this fixed coma is more dangerous than the convulsions;
and all your efforts must be directed to stop the local action
on the nerves, and whilst doing your utmost to evacuate the
poison, you must try, by counter-irritation, to determine by
blisters the largest possible effusion of serum and lymph as
near as possible to the spot where the wrong action is taking
place.

Causes of Tubular Nephritis.

It is scarcely possible for disease of the arterial and inter-
stitial structure of the kidney to exist without an affection of
the tubes. It is far more possible for the tubes to be affected
without the interstitial texture participating in it. -The mal-
pighian tuft must be considered as part of the tube, and the
slightest inereased action, pressure, or thickening in the tube
must immediately affeet its malpighian tuft.

Of all the names that have been given to this form of disease,
that of tubular nephritis appears to me the most simple. In
its comparative mildness, in its occasional intensity, in its
long duration, and in its rapid and perfect cure, it resembles
slight, severe, chronie, and rapidly-curable bronchitis. If it
were not for the albumen poured out, and for the urinous
matters kept in, there would be, as in bronchitis, a peroxida-
tion set up in the tube outside the blood. This would cause
mmereased flow of blood in the vessels, increased formation
and shedding of epithelium, increased pressure and thickening
from fibrin. Then obstruetions would come on, stoppage of
the blood, stoppage of oxidation in the most obstructed part,
and production and deposit of fat, and alteration of the com-
position of the nitrogenous texture by the stoppage of nutrition,
whilst around the obstruction a widening cirele of increased
action would exist.

Of all the causes that affect the tubes of the kidney cold is
the most striking.

The sudden stoppage of the removal by the skin of water,
salts, lactic and hidrotic acids, urea, and probably a multitude
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of other substances, immediately canses an acenmulation of
these or their parent substances in the blood. No sooner does
this occur than on every mucous membrane and in the lymph
that diffuses into every structure these substances are poured
out. The greater part of the skin excretion must temporarily
pass off by the kidneys or bowels. Hence increased chemical
and mechanical action, inereased flow of blood, increased
oxidation, and, if this becomes excessive, obstruction occurs;
then follow altered oxidation and altered nutrition, whilst
albumen, epithelium, fibrinous casts, and blood-globules are
thrown out in the urine. The substances or their parents
that the eortical structure should seerete are left behind in
the blood, and from it they pass with the lymph into the
structures according to their power of diffusion. In the
cellular tissue these lymph effusions can most easily accu-
mulate, and the chemical action set up by the urinous
substances acting on the cellular substance probably is the
cause of so large an amount of fluid being poured out. It is
probable also that sometimes, from the execessive hardness
of the effusion in the legs, that some fibrinous as well as
albuminous and urinous matters are poured into the cellular
tissue,

Sometimes the inflammation in the tubes may be as slight
as in the slightest catarrh, lasting a few days and showing
searcely any symptoms. At other times the intensity of the
action may be so great that it can only be compared to the
most intense croup.

~ Many cases arising from cold, scarlet fever, irritants, or
pressure will require no treatment at all.  As soon as the
causes pass away the complaint ceases. In other cases the
increased action, the mechanical obstruetion, and the tertiary
diseases are so intense that no time for any treatment is
allowed. Thus, after scarlet fever the patient may in a few
hours sink from the violence of the secondary disease. In
the vast majority of cases of tubular nephritis the disease
lasts for some weeks, and is far more influenced by treatment
than any other form of Bright’s disease.

Another frequent cause of tubular nephritis is scarlet fever.

p
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It has been said that an internal desquamation in secarlet
fever causes tubular nephritis, but in the secondary affections
of the eyes, ears, and glands after scarlet fever scaling does
not oceur, Moreover, the scaling of the skin.is only the
result of the altered nutrition arising chiefly from the in-
creased cireulation which the increased chemical action in the
skin produced. If shedding of the epithelinm does occur in
the tubes of the kidney, alterations in the chemical and
mechanical actions in the tubes must have preceded this
scaling, and these actions, and not the mechanieal scaling, are
the cause of the tubular nephritis.

Although the scarlet-fever poison has never been isolated,
nor its amount at different times determined, yet, judging from
small-pox, you may be pretty sure that it multiplies, and that
the action which we see on the skin goes on more or less
strongly in every part of the body, so that at the time when
the eruption begins to decline the amount of poison oxidized
or unoxidized in the skin and textures must be at its highest
point, This must be taken up by the lymphaties, and must be
thrown out by every excreting surface, more especially by the
kidneys, throngh which the greater part of all extraneous
substances pass and undergo further oxidation. Even for
a fortnight after the eruption declines the elimination of
oxidized poison must continue, and during all this time in
the kidneys, the eyes, the ears, or the glands unmodified per-
oxidation may be set up.

Many other poisonous substances, as cholera poison, tur-
pentine, cantharadin, copaibze, &e., when taken by the stomach,
the lungs, or the skin into the blood, probably even in a few
minutes begin to pass off by the kidneys, and may give rise fo
the same tubular nephritis.

A peroxidation spreading up from the pelvis of the kidney;
or increase of pressure on the arterial system consequent on
obstruction to the free flow of blood in the renal veins—as,
for example, during the last weeks of pregnancy—may be
mentioned among other canses of tubular nephritis.
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On the Signs and Symptoms of Tubular Nephritis.

In all lung affections or bowel troubles you would expect
to learn many things from the more or less careful observa-
tion of the expectoration or the evacuations. In diseases of
the cortical structure of the kidney, without the most careful
microscopical examination of the urine, you will get nothing
more than the fact that more or less albumen is shown by
chemistry to be present. The interpretation of the meaning of
the albumen depends on the general history and circumstances
under which it oecurs, but still more on the microscopical
appearances which the urine presents; and without the miero-
scope no accuracy of diagnosis is possible. Common-sense,
or even good guessing, without a microscope may lead you
right, and the microscope may only help to lead you wrong ;
but if you become skilful in its use, and not over-refined in
drawing coneclusions from a single cell or a particle of fibrin,
and if you employ it as one of the means, and not as the only
help, to a right diagnosis, you will find that in this tubular
nephritis more especially it will serve you well.

Masses of epithelinm of the form of the renal tubes, fibrin-
ous exudations in casts of the tubes, exudation cells, mucous
cells, blood cells, pus cells, these all may oceur, in every va-
riety, according to the varying states of congestion, inflamma-
tion, and suppurative deposit or production of fat in different
parts of the tubes of the kidney at the same or at different
times. It is in tubular nephritis that these appearances mostly
occur in the urine; and according to the intensity or stage
of the attack the microscopic appearances will be more or
less pronounced. Moreover, as tubular inflammation is more
curable than either of the other forms of cortical disease,
so the appearance of these products of inflammation—altered
epithelium cells and casts—indicates that the least dangerous
of the three diseases is present, and that if the interstitial
and vascular structures remain free perfect recovery may take
place. Hence excess of fibrinous casts in the urine, other
things being favourable, should lead you to a far more hopeful
prognosis than when no casts and no tubular epithelium

P2



212 ON BRIGHT'S DISEASE.

are found. When -cirrhosis or amyloid disease (even in
extreme cases) are present, 1o microscopic appearances
may be found ; even after careful watching for months for
the slightest microscopical evidence of disease, I have found,
after death, that the cortieal structure of both kidneys had
almost entirely disappeared.

Consequences of Tubular Nephritis.

Not only do albumen, fibrin, and blood-globules come ont,
but urea and its progenitors are prevented from escaping in
the urine by the altered conditions produced in the tubes.
These urinous substances cannot be kept in the blood, but
they diffuse back into every texture, and in the cellular tissue
set up inereased chemical action, and water, albumen, and
sometimes even fibrin are poured out. In the loose cellular
tissue under the eyelids the effects of the irritating fluid are
generally most perceptible, even when the lowest part of the
denser cellular tissue about the ankles shows as yet no appear-
ance of effusion. The more rapidly this acute dropsy comes
on, the harder the swelling is to the touch ; in other words, the
more fibrin is mixed with the other products of this effusion ;
and in the most intense cases of tubular nephritis, scarcely
any impression can be made by the finger even where pressure
can be most strongly applied.

This primary urinous aecute dropsy differs altogether from
the secondary ansmic dropsy, which, in tubular nephritis,
and in other forms of Bright’s disease, comes on when the
blood-globules and albumen in the blood have, by long-con-
tinued wrong chemical and‘mechanical actions, fallen so low
as to produce angemia. Then, as in angemia from other causes,
if little urine is passed, cedema becomes evident in the lowest
parts of the limbs or body, and the slightest pressure leaves
its mark, and the water ecan be moved from place to place,
because no fibrinous matter has been effused.

The primary dropsy may continue even after the secondary
dropsy is set up, for the two causes may be in action at th:ez
same time, or the secondary dropsy may more or less quickly
come on after the first dropsy has passed away.
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When urea and its progenitors exist in the blood, not only
does it diffuse into the cellular tissue, but it passes also into
the serous and other textures of the different organs. Hence
the disposition to pleurisy, pericarditis, peritonitis, pneumonia,
bronehitis, and other secondary diseases, which so readily
occur in acute tubular nephritis. Even the affection of the
brain which ocecasionally is met with in the most acute tubular
nephritis must be attributed to a strong chemical action on
the nervous substance, rather than to the slower poisonous
action of the urinous matters which I have brought before you
when speaking of uremia. Increased oxidation, in the form
of a more or less acute inflammation, may be set up in one
or all of the different textures of which the different organs
are composed ; whilst in ursemic poisoning probably increase
of oxidation more rarely takes place.

The Treatment of Tubular Nephritis,

The first indication is, as far as possible, to remove the
causes of the attack. When cold is the cause, warm baths,
vapour baths, and warm clothing may help to restore the
action of the skin. Tartarised antimony has no strong action
on the kidneys, and has a very decided action on the skin;
and when it acts on the bowels or on the stomach, causing
vomiting, it removes urinous substances from the blood.
Hence it is a most important remedy in the acute dropsy
from cold. Even when poisonous substances are passing out
of the blood, as after scarlet fever, cantharides, turpentine, in
extreme cases tartarised antimony may sometimes be used.
In slight cases simple dilution with the purest water washes
the impurity out of the blood.

The second indication is to stop the thickening of the tubes
and to relieve the obstructed vessels. Abstraction of blood
by cupping-glasses on the loins can hardly be expected to
affect the circulation in the tubes of the cortical struecture of
the kidney ; whilst general bleeding, even to a few ounces,
has a distinet effect on the pressure of the blood in the mal-
pighian tufts. Hence, if blood at all is taken, it should be by
venesection. Digitaline in small doses acts on the nerves
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that regulate the circulation like a stimulant, but in large
doses or long continued it diminishes the pressure on the
arteries; and of all diureties this is the only one which is
admissible in acute tubular nephritis. As the disease becomes
more chronie iodide of potassium may be used in diuretie
doses. In ten minutes after the first dose it is present in
every part of the kidney, and probably may be found there
for many days after the last dose has been taken.

The last indication is to relieve the symptoms and complica-
tions that occur.

Of these, the dropsy is the most important. In the acute
stage you have to contend with the urinous dropsy. For
this vapour baths or hot-air baths, used to the greatest extent
that the strength will bear, are very eflicacions. Then try
strong action on the bowels by those watery catharties that
have the least action on the kidneys—as, for example, jalap,
gamboge, and elaterium. If the strength admits of it,
emetics, tartarised antimony, and ipecacuan may be given.

When the acute stage is over, the tendency to anemie
dropsy begins. To prevent this iron in small doses is the
best remedy. Nitre, cream of tartar, broom tea, and other
diuretics may be used at the same time, occasionally in very
large doses. Even tincture of cantharides may, in the more
chronic state, be prescribed. In a very short time the whole
of the anemic dropsy may be thus removed, and then iron,
in larger quantity, should be given to prevent a return of the
effusion,

The treatment of the secondary inflammations should be
carried on with allowance for the general debility which will
appear when the increased arterial action subsides.

Counter-irritation is to be preferred to local bleeding,
because it saves the red blood. Mercury is hardly ever to be
used, as in all forms of Bright’s disease its poisonous action
is most quickly and violently set up.
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LECTURE XII.
ON FERMENTATIONS AND FEVERS.

THERE is for the chemist and for the physician no subject
more anxiously waiting for perfect solution than the nature of
fermentation. For animal poisonings are fermentations, in-
cluding as I intend to do under this term catalytic as well as
transferred actions.

Many mineral, vegetable, and animal substances have the
power to exalt or change the chemical actions going on in
contact with them. Thus heated spongy platinum will cause
hydrogen and oxygen to combine. Phosphorus will convert
oxygen into the more active ozone. Finely-divided platinum
will oxidize alcohol in the air. Peculiar vegetable myco-
derms will produce the same oxidizing action as the spongy
platinum.

Sugar, when fully oxidized, without the presence of any
modifying substance, gives rise to carbonic acid and water
only ; when modifying substances are present the oxidation is
far more complex. With yeast or wine-ferment sugar gives
alcohol, glycerine, succinic acid, and carbonic ncul' mth a
different ferment lactic acid is formed; with yet another
viscous fermentation occurs, and gum, mannite, water, and
carbonie acid are produced. According to M. Pasteur, when
animal matters are present with the sugar, oxidation at first
occurs ; infusoria, as monas erepusculum and baeterinm termo,
live until the oxygen is gone; then butyrie vibrios appear,
and these set up putrefaction, and the compound sugar,
€,H,6,, gives rise to butyric acid, e u.6, carbonic acid, ¢,6,,
and free hydrogen, g,.

In the human body many different kinds of ferments occur
in health. Of these zymases, four are well known: first,
that which changes starch into sugar, as in saliva, in pan-
creatic fluid, in intestinal fluid, and in the liver; secondly,
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that which changes sugar into lactic acid, as in the stomach,
and in milk ; thirdly, that which helps to make the albuminous
part of the food soluble, as in the pepsine of the stomach ;
fourthly, substances that cause the fine division or emulsion
of fat in the body, as in bile, in pancreatic and intestinal
fluid.

Moreover, many other chemical actions in the human body
depend in health on some kind of contact action, or action by
presence. The whole process of assimilation in each part of
the body—the food becoming blood, the blood becoming part
of each organ and texture, identical in composition with the
substance already there, gives evidence of the highest amount
of eontact action, on which clear ideas are as yet wanting.

At present our knowledge of the chemistry of fermentation
is insufficient for the full solution of the comparatively simple
problems of the malking of bread or the putrefying of urine;
how far short, then, must it be from giving us the explanation
of the chemistry of assimilation ?—far less can it help us now
to comprehend the great problem of reproduction.

I am unable here to enter into the multitude of questions
connected with fermentation in general. I am obliged to
limit myself to a few points connected with fermentation, and
I shall take that of the urine, on whiech I have some facts
which I wish to bring before you.

First, on acid fermentation in the urine.

For the last twenty years it has been a received opinion
that there is an acid fermentation in the urine* Scherer
thinks that after it has been passed an increase of acidity may
be observed, and the deposit of uric acid and of acid urates he
holds to be well explained by this after-formation of aeid.
When making my experiments on the variations of the acidity
of the urine by carefully determining the amount of acid in
the urine at different periods after the water was passed, I
was led to doubt the existence of this acid fermentation, and
to satisfy myself I made the following experiments on the
so-called acid fermentation.

* ¢ Scherer Beitrage zur Pathologischen Chemie: Annalen der Chemie
und Pharmacie,” vol. xlii., p. 176.
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I endeavoured to measure the inerease of acidity in the
urine, first by a standard solution of soda, and secondly, by
watching the time when the uric acid erystallized out. A very
dilute standard solution of soda was prepared, and eighteen
different experiments on healthy urine were made. The
acidity was determined when the urine was first made in a
fixed quantity of water, 50 or W00 e.c., and the acidity was
again and again noted from time to time on different days
in the same urine. The results are given in the following
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Thus, in all these experiments there is not one that showed
any decided increase of acidity. There was either no inerease
of acidity at all, or it was so slight that the increase was not
beyond the possible error of observation consequent on the
process. Failing by direct measurement, I tried whether any
conclusion could be arrived at by noting the time when free
uric acid erystallized out, because the erystallizing out of free
uric acid is the most delicate test of the free acidity of the
urine, Forty-nine different urines were observed daily with-
out any filtration to determine the day when the uric acid
crystallized out. 1In 82 no crystals were found; in 17 they
were found. '

In these 17 urines crystals were seen 5 times on the 2nd day.
¥ y.
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Twenty different urines were filtered immediately after they
were passed, and in these only ten times were crystals of urie
acid found.

In these 10 urines erystals were seen 3 times on the 3rd day.
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It follows, then, that there is no evidence of any increase
of acidity at any fixed short period after the urine is made.
No proof of fermentation ean be drawn from these observa-
tions of the days of appearance of uric-acid erystals in the
urine.

When Professor DBriicke observed that in health small
quantities of sugar were found in the urine, it seemed to me
very desirable to try whether this sugar disappeared when the
urine was kept. Three litres of urine were divided into two
perfectly equal portions. One part had the sugar determined
immediately ; it gave 24 grains of sugar. The other part
was kept until it became feebly alkaline in twenty-five days.
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Then the sugar present in it was determined by the same
process, and found to be 1'9 grains,

Hence I ean find no distinet evidence of an acid fermenta-
tion in the urine. The more or less rapid erystallization of
free uric acid depends on the amount of liberating acid that
is secreted by the kidney and on the more or less acid urates
that exist in the urine, and on the influence of other salts
present at the same time. Highly-acid urates are decom-
posed, setting free urie acid, when washed with water or =alt
and water alone; while they are not decomposed if washed
with the urine from which they were precipitated. Less acid
urates liberate uric acid when washed with dilute solutions of
acid or of pure acid phosphate of soda more or less quickly,
according to the amount of dilute acid or acid phosphate of
soda present, and according to the temperature and the time
the action is continued. Even in the ordinary method of
determining with strong hydrochlorie acid the amount of urie
acid in the urine, twenty-four hours are, as Dr. Hassall has
shown, insufficient to allow all the uric acid to erystallize out.

Secondly, on the alkaline fermentation in the urine.

It has been said, and repeated over and over again, that
the mucus in the urine is the ferment that effects this change
from acid to alkali; but this is not the fact, as the following
experiments, not made for this object, will show you.

In November the fresh urine was filtered carefully through
a fine filter, and twenty observations were made from day to
day. Seven times the urine became neutral or alkaline on
the following days:—Ninth day, 1; tenth day, 2; eleventh
day, 3; sixteenth day, 1.

In February the unfiltered urine was observed twenty-two
times. Nine times it became neutral or alkaline on the fol-
lowing days:—Fifth day, 1; sixth day, 1; eighth day, 1;
ninth day, 2; tenth day, 1; eleventh day, 1; thirteenth day, 1;
fourteenth day, 1.

In June the unfiltered urine was observed twenty-seven
times. Eighteen times it became neutral or alkaline on the
following days :—Fourth day, 1; fifth day, 1; sixth day, 2;
seventh day, 3; eighth day, 4; tenth day, 2; eleventh day, 5.
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Hence, filtered, 7 in 20 become neutral or alkaline during
observation, most on the eleventh day; unfiltered, 9 in 22,
most on the ninth day; in summer, unfiltered, 18 in 27, most
on the eleventh day. So that there is no decided difference
between filtered and unfiltered urine as regards alkaline fer-
mentation. The mucus that is separable by the filter is not
the ferment that changes the urea into ammonium carbonate,
SH N, &+ H,6,=2(NH, €,

Moreover, vibrios are not the cause of the alkaleseence ; for
I have several times met with urine that was exceedingly
foul in smell at the moment of passing, and so ropy that the
drops adhered as they were poured from the vessel, quite dis-
tinetly tailing. Yet test-paper showed that this water was
highly acid, and it remained so in one ease in July for seven
days. With the microscope, multitudes of active vibrios
were found within a few minutes of the water leaving the
bladder.

That these vibrios are formed within the bladder the follow-
ing case proves :i—

A boy, eight years of age, was bronght to me with the fol-
lowing history :—A native of India, just arrived, sickly, thin,
sallow, languid. When four and a-half some unusual smell
was first perceived in the urine; but little was thought of it
until he embarked for England, when the water was observed
to be passed in large quantities, and frequently to be so
abominably offensive as to render his cabin intolerable to
those with him. The mother remarked that she had observed
the offensive smell to be always most perceptible when the
bowels were most constipated. When the bowels were well
evacuated the urine was not feetid. Generally fifty to sixty-
five ounces were passed in twenty-four hours. At one evae-
uation of the bladder he did pass thirty-three ounces ;
specific gravity 1008 ; slightly acid ; with albumen and pus,
and no casts of tubes. Specific gravity sometimes as low as
1004, Dr. Prout, who examined the patient, considered the
smell was distinctly that of sulphuretted hydrogen. Two
months after I saw him he canght a bad cold in Ireland and
died. The kidneys and bladder were sent to London for ex-
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amination. The right kidney was one and a-quarter inch
long, one inch broad, and the ureter impervious. The left
kidney was large, with abscesses in it. The pelvis and the
ureter were dilated. The bladder was very much dilated,
The right impervious ureter opened by wide mouth into the
bladder. At its entrance it admitted a large catheter, and it
swelled, when blown up, to four times the size it had when
collapsed, presenting very much the appearance of an inflated
small intestine. It was twice the size of the other ureter,
and was four inches long. During life the urine was caught
on a glass at the microscope, and the focus being right the
infusoria were seen instantly in aectivity in four seconds. As
many as fourteen divisions were counted in one moving string ;
monads were also present, and some pus-globules and blood-
globules.

M. Pasteur considers that he has proved that the germs of
these vibrios come from the atmosphere, and that they will not
form unless all the oxygen present is first taken away by other
kinds of infusoria; then the vibrios set up intense putrefac-
tion, and without the access of germs and absence of oxygen
no putrefaction occurs. When air is present, he says, in
twenty-four hours monads and bacteria abstract oxygen, and
grow on the surface in contact with the air, forming a pellicle,
which gets thicker and thicker until it falls to the bottom,
and thus prevents oxygen getting to the lowest part ot the
liquid. There the vibrios can live and do set up putrefaction,
transforming nitrogenized into simpler, but still complex com-
pounds. Bacteria burn these products, and reduce them to
the simplest forms—water, ammonia, and carbonie acid.

The alkaline fermentation of the urine and putrefaction in
the bladder are not explained by these facts of M. Pasteur.
If it be possible that monads or vibrios do make the urea
change to ammonium carbonate, then the germs of the monads
and of the vibrios, at least sometimes, must be formed in the
bladder. The putrid abscesses found in the liver, and those
in contact with bone, or in the cellular tissue and in other
parts where no germs can be carried by the access of air,
must either prove that vibrios are not necessary to putrefaction
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or that the germs of infusoria must during life pass into all
our textures and start into activity when cireumstances permit.
At present, notwithstanding M. Pasteur’s high anthority, the
possibility of the production of infusoria without germs enter-
ing the body must be considered an open question.

If we are not able yet to comprehend the alkaline fermen-
tation of the urine and the putrefactions that occur in the
bladder,®* how can we now expeet to obtain an explanation of
other more complex fermentations that may arise within the
body? For example:—

M. Davine has shown that the Charbon contageux, or sang
du rate or malignant pustule depends on the development of
bacteria in the blood ; if the disease is loeal, it gives rise to
carbuncle, or diffuse erysipelas; or if general, it affects the
whole blood. The infusoria are analogous to those which
produce butyriec fermentation. Fourteen inoculations on
rabbits proved that the blood was affected, In four hours
the rabbits died. The blood was decomposed and full of
infusoria, The organs, as, for example, the liver, &ec., were
decomposing, and ecchymosis and effusions were found in the
serous cavities. In man the disease has been attributed to
inoculation by bites from flies fed on putrid matter.

* Since this was written, M. Béchamp, in the ¢ Comptes Rendus ’* for 27th
February and Tth August, 1865, stated that he has insulated by aleohol the
ferment from the urine. He names it Néfrozymase, and he traces its varia-
tions in healthy and diseased states. It is a soluble organic albuminous
substance, void of all organization, able, though to a much less degree,
than sialozymase or diastase, to chanze starch into dextrin and sugar, It is
altered by boiling, and then loses the property of acting on starch or on
urea, This may be shown to be the case even in healthy urine, without
any separation of the néfrozymase, Thus M. Béchamp brings us back
again to chemical changes taking place in a peculiar albumen as the cause
of the decomposition of urea in the urine, whilst M. Pasteur holds that living
vibriog effect this chance. DBetween a hichly-complex organic suhstance
undergoinz chemical change, and the chemical actions going on in living
plants and animals, lies our future knowledge of fermentation and putrefac-
tion. Most probably it will ultimately be proved that when in living or in
dead animal or vegetable albuminous matter certain kinds of increased
chemical action are set up, the various Kinds of fermentation or putrefaction
are produced, according to the kind of chemical action that exists in the so-
called living or dead albumen.
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Consequences of Ammoniacal Uprine,

The effect of this change of urea into carbonate of am-
monia in the urine has been the cause of great confusion. It
was exalted into a disease, and the chemical inability of car-
bonate of ammonia to dissolve earthy phosphates in the urine
was called the phosphatic diathesis ; and to make the confusion
still worse, as the amount of earthy phosphate precipitable
depends on the amount of earths present, when much mag-
nesia and lime were in the ammoniacal urine the phosphatic
diathesis was considered very marked, and very slight when a
small amount of earthy matter was present. Carbonate of
ammonia and earthy salts in the urine give rise to all the
appearances that have been attributed to this disease, and the
cause of the phosphatic diathesis disappears in the cause of
ammoniacal urine—in other words, it depends only on the
alkaline fermentation which we have just been considering.

The Symptoms Resulting from Ammoniacal Urine.

The bladder in health contains a feebly acid saline fluid.
If the acid or salts vary greatly on either side of the usual
amount the bladder is irritated by the unaccustomed stimulus
of pure water or excess of salt. Thus a very strong solution
of salts in the urine, or very dilute, almost watery urine, cause
irritation. Highly acid urine and, above all, ammoniacal urine
have the same effect. Increased irritation caunses increased
secretion, and the mucus cells when thrown out in quantity,
acted on by the carbonate of ammonia, become ropy and adhe-
give, like the ordinary alkaline mucus from other mucous
membranes, as from the nostrils. If the irritation is continued
pus is formed, and these cells also when acted on by earbonate
of ammonia become ropy, and this has also been included
under the term of ropy mueus. According as more or less
earthy phosphates are present—that is, according as more or
less magnesia or lime is taken into the system, more or less
phosphatic precipitate is mixed with the ropy mucus or ropy
pus, and this chemical error mounts up to the formation of
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mechanical masses of mortar-like or stony substances, which
cause extensive pain either in passing through the irritated
urethra or in seraping the inflamed surface of the bladder, or
even by precipitation within the mucous membrane of the
bladder itself.

The constant muscular contraction to expel the irritant is
more disturbing to sleep than the cough of bronchitis; and
henee loss of rest becomes sometimes the most serious con-
sequence of the complaint. Next to this is the extension of
the inflammation upwards to the pelvis of the kidney. The
ureters may show or not show that they have been inflamed ;
sometimes no trace can be found of the passage of the inflam-
mation upwards, but pyelitis and tubular nephritis, producing
pus throughout the kidneys and uremia throughout the
body, may put an end to the progress of the disease by
destroying life.

The inflammation may spread downwards, and then the
urethra suffers, and often violent orchitis is set up.

If the neck of the bladder and the prostate get thickened
by interstitial deposit of fibrin, the bladder is unable to empty
itself, and the fluid that remains is in a variable state of more
or less complete putrefaction. If the fundus is chiefly
thickened by deposit and increase of the museular coat it
will contain less and less fluid as the thickening increases;
from either cause the frequency of the calls also increases,
and when uleeration takes place the amount of pain with each
contraction becomes excessive.

Treatment of Ammoniacal Urine.

The treatment of ammoniacal urine resolves itself into
keeping the urine acid and stopping the inflammatory action ;
and as the alkalescence by its chemical action keeps up the
inflammation, the stoppage of the formation of ecarbonate
of ammonia in the bladder becomes the main object to be
attained.

Usually, as the urine comes into the bladder, it is acid ; as
soon as it gets there it finds some ammoniacal urine there
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already ; this not only neutralises the acid that comes from
the kidney, but sets up decomposition of the urea, and forms
fresh carbonate of ammonia; so that the removal of the
ammoniacal urine that remains in the bladder is absolutely
necessary, unless sufficient acid can be made to come from
the kidney to neutralise it.

Vegetable acids far more quickly run off in the urine than
mineral acids, of “which sufficient cannot be taken to pass in
quantity through the kidneys. Of all the acids lemon-juice
is perhaps the best which can be used. Many years since
Mr. Witt made the following analysis of lemon-juice for me
(see Quarterly Journal of Chemical Society, vol. vii.,
p. 44):—One ounce (480 grs.) of lemon-juice contains only
1-728 gr. of inorganic’ constituents; of which, potash,
sulphuric and carbonic acids constitute three-fourths; phos-
phoric aecid, soda, and lime, with traces of silica, and iron
and magnesia, constitute the other fourth. Hence water and
citric acid constitute by far the largest part of the lemon-
juice, the citric acid being, on an average, about 40 grs. to
the ounce of juice.

It is highly probable that citric acid and other vegetable
acids have an anti-inflammatory action (lessening the oxida-
tion that exists) wherever they are carried, and they not
only pass to the kidneys, but probably diffuse into every part
of the mucous membrane of the bladder; to a small degree
lessening "the alkalescence of the textures in which the per-
oxidation is going on.

The eitrie acid must not be taken in such quantity that it
irritates the stomach and bowels, nor should it set free urie
acid in the wrine. So that the highest limit can be easily
recognised by the bowel symptoms. The lowest limit is so
much as will just make the urine aecid. This cannot always
be reached. Three, four, five, ten lemons or more daily will
sometimes not neutralise the alkali in the urine, but may so
stop oxidation and nutrition that the body may become feeble
and wasted. DBefore this effect is produced some other way of
removing the ammonia must be tried. Taking away the
alkaline urine by the catheter so frequently that a smaller

1}
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quantity of lemon-juice will keep the water acid is easy when
the passage of the catheter does not ecaunse mechanieal
irritation to take the place of the chemical irritant. The
catheter must be used more or less frequently, according to
the reaction of the urine. If drawing off the water at night
whilst taking lemon-juice or other acid keeps the urine feebly
acid, no further mechanical means are required ; if not, then,
twice, thrice, four times daily the water must be drawn off;
and even, in extreme cases, the catheter must be kept in the
bladder, so as to free the urine continually without the
irritation of the passage of the instrument; but the presence
of the foreien body in the bladder, even when perfect rest
is observed, often caunses so much irritation that it becomes an
agoravation of the disease. Moreover, by washing the bladder
with small quantities of hydrochlorie or acetic acid and water,
after the urine is drawn off with the catheter, the ammonia
may be easily neutralised, and a very small quantity of feebly-
acid flnid may be left in the bladder to counteract the
decomposition of the urea, and to make the surface of the
bladder itself less foul. How frequently the washing should
be repeated, and what the strength of the acid injected
should be, ought to be determined by the reaction of test-
paper or the smell of the urine. Whatever you do, re-
member that the object is to get rid of a chemical irritant,
and that if by rough handling of the catheter, by its too
frequent use, or by too strong an injection you mechanieally
or chemically irritate the bladder more than it is irritated
chemically by the ammoniacal urine, no good will come from
your treatment.

When youn have removed or can prevent the ammonia of the
urine, then balsamic remedies, as in bronchitis, are often use-
ful. These pass from the kidneys and also directly from the
blood to the mucous membrane. DBuchu, cubebs, copaibe,
turpentine, eanu de goudron (purified tar water), all these
may be useful ; remembering here, also, that if the stimulant
be too great, harm may be done by setting up fresh action.
Astringents, as any preparation of gallic aecid, tannic acid,
uva ursi, rhatany, catechu, matico, alum, lessen the secre-
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tion of pus and mueus by their action upon the mmeous
membrane.

Tonies also often are useful when the acute symptoms sub-
side—among these are quinine; biberine, pereira brava, and
other bitters.

On Fevers ; or Qualitative and Quantitative Errors of
Peroxidation.

The term zymotie disease, which implies a chemical action,
is now, thanks to Dr. Farr, in ordinary use. This term means
that different vegetable or animal ferments, living or dead,
albuminoid substances in certain states of chemical change,
can be formed within or ean pass from without into the body,
and, taking part in the actions going on there, can produce
different diseases. Generally speaking, fermentation may be
considered as a peculiar oxidation:in which carbonic acid and
water and heat are produced ; but instead of a dual action
of oxygen on organic substance, fermentation consists in the
mutual aection of three substances—namely, oxygen, the
organic matter, and the ferment. These three substances
interfere not only in the chemical actions of oxygen, but also
in those of nutrition ; so that a long list of substances might
be formed, beginning with the spermatozoon and passing
through torulee, until we come to pepsine, which are capable
in health or in disease of so increasing or altering the chemical
actions of oxidation and nutrition in the body that quantita-
tive or qualitative results are obtained which would not have
been reached by the ordinary actions without the intervention
of the third substance.

It will only be possible for me in this lecture shortly to
bring before you one or two of these diseases of fermentation ;
and on account of the intensity of the chemical action which
occurs I shall class them together as diseases of modified
peroxidation. Among these I place small-pox, scarlet fever,
measles, typhus fever, as the most striking examples ; typhoid
fever, yellow fever, ague, are lower in the same class; whilst

syphilis and cancer are highest in the class in which there is
Q 2
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modified chemistry of nutrition, but no distinet evidence as
yet of increased oxidation.

Of all the modified peroxidations that can occur in the
body, small-pox is the most definite, beeause the poison can
be got apart, and the quantity necessary for producing the
action can be fixed, and through the most glorious discovery
of vaccination it can be set in action whenever we please.
We can almost see it passing from the cellular tissue into the
blood, and from the blood into every particle of every texture,
rendering it incapable of undergoing the same action again.

Let us look a little closer at this action of small-pox poison.
If the minutest particle of substance, a little dried albu-
minoid substance, in a peculiar chemical state of action, on
a lancet, or in the dust of the air, is put into the cellular
tissue or is inhaled into the lungs, it passes on to the blood,
and through it into every texture. Ina few days the chemieal
actions of oxidation and nutrition throughout the body are
altered, and the particle of matter has reproduced itself im-
measurably. The violently increased chemical action, the
peroxidation, is shown by the increased heat of the body, the
violent fever. The altered nutrition is evident not only in the
eruption of pustules’ in the cellular tissue under the skin, but
in the altered condition of the blood and in all the textures
of the body ; each particle of substance being rendered in-
capable of undergoing the same process again, and by assimi-
lation every future particle that takes the place of every modi-
fied partiele is also generally incapable of being modifiedagain.

Throughout the course of the general peroxidation, and
more especially at the end of the fermentation, local per-
oxidations frequently come on in any part of the body. In-
flammations of the eyes, the ears, the mueous membranes, the
joints, the serous membranes, the parenchymatous tissues,
anywhere an unmodified peroxidation is ready to begin, and
this easily gives rise to suppuration or causes obstructions
which the feeble circulation cannot overcome.

The most striking facts concerning this small-pox ferment
are, first, the very small quantity of substance that produces
=0 much effect ; secondly, the immeasurable increase of the
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poison in the body,-each pustule having the same property as
the original ferment ; thirdly, the period of incubation during
which the poison must at first slowly increase in every texture,
and there give rise to the modified peroxidation and altered
nutrition which constitute the attack.

The poisons of scarlet fever, of measles, and of typhus,
though less tangible, are not less substantial than the small-
pox ferment. Like it they can most probably be dried and
carried from place to place and pass into the mouth with the
dust which we each moment inhale or swallow. In chemieal
composition scarlet fever, measles, and typhus ferments most
probably resemble albumen in complexity, and, like albumen,
they may be altered in composition and action by heat,
aleohol, arsenie, tar acids, and many metallic salts. As soon
as they reach any spot where they can oxidise, they set up an
oxidation and reproduction in each contignous particle of
albuminons substance. Irom the cellular tissue, the air-
passages, or the stomach or bowels, the contact action spreads
into the blood, and there it multiplies, whilst it is carried
into all the capillaries, and through them into every texture
of the body ; then the increased oxidation and formation of
ferment becomes most violent, and fever to a greater or less
degree is present. Long after the strongest action is reached,
a slower action continues, and at any time or in any part or
texture of the body, whilst the specific chemistry is going on,
an ordinary local peroxidation may be lit up, and a more or
less acute inflammation may be added to or follow the fever
which the ferment had produced.

During the height of the fermentation in typhus fever, the
heat may rise to 9, 6, or even 10° Fah. above the ordinary
temperature ; and when the fermentation is ended, the albu-
minous textures of the body are so changed that they are
incapable of going through the same process again. DBetween
these two results there are innumerable other produets of
chemical change, varying with the kind and degree of fer-
mentation. In typhus fever it is said that urea is increased
and carbonic acid diminished. To these and a multitude of
other chemical questions regarding fermentation chemistry
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will give definite answers; but above all questions, one of the
most difficult to answer and yet one of the most important, is
the amount of oxygen that is consumed in the different kinds
and degrees of peroxidation which can take place within us.

In each organ, according to the intensity of the action set
up by the ferment, altered functions may arise, and these may
be still more altered when an ordinary peroxidation at the
same time takes place. Thus the brain, heart, lungs, kidneys,
liver, or any texture composing these organs may show by
more or less wrong mechanical results the effect of the ordi-
nary modified peroxidation; and the effects of the fever and
of the inflammation may be so mixed that neither during life
nor after death may any accurate separation be possible.

Closely related in chemical composition to these violent
ferments are the less active ferments of ague and typhoid
fever. There is so little difference in the chemical composi-
tion of animal and vegetable substances, that the distinction
between animal and vegetable poisons is no longer possible.
Vegetable albuminous matter undergoing change may produce
almost, if not quite, exactly the same poison as animal albu-
minous matter. Henece, probably, the resemblance between
ague poison and typhoid fever poison, and the possibility
that sometimes one and sometimes the other of these poisons
may be formed from the same changing matter under different
circumstances.

Ague ferment is probably a highly-complex nitrogenous
substance, capable of being dried and carried by the wind far
from the place where it was produced. It enters by the
mouth with the dust, and, like animal or vegetable alkaloids,
it passes from the blood into every texture of the body, and
acts on each much or little according to its chemical properties.
Perhaps it aets first most strongly on the nerves that regulate
circulation, causing for a time contraction of the arterial vessels
and consequent suboxidation everywhere. DBut this soon
passes into a state of peroxidation, partly from the obstruction
of the small arteries increasing the pressure of the heart, and
partly from the changes going on in the textures and in the
poison by which it 15 partially destroyed. During the remis-
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sion, probably the poison is reproduced until sufficient, in
from one day to three days is formed to go through the same
actions again,

This theory of ague admits of a reasonable explanation of
the action of quinine and arsenic in stopping the paroxysms
of the complaint. On the ague poison itself quinine and
arsenic may have no action, but they pass into every texture
from the blood, and, combining with the nervous and other
substances on which the ague poison acts, they form compounds
on which the ague poison is incapable of producing an effect
before it is oxidised and destroyed.

The ague poison, unlike the small-pox or typhus fever
ferment, instead of protecting the body by making it incapable
of undergoing the same action again, makes the nerves more
ready on the slightest renewal of the poison to set up the
same train of phenomena again ; so that it has been said that
the ague poison may lie dormant for years. It is far more
probable that a much smaller quantity of the poison can pro-
duce the return of the symptoms than that the original fer-
ment should retain its properties for months, or even for years,
after its first action had passed by. In this respect, and in
some others, the action of ague poison proves that it is a very
peculiar ferment, and hence, though I have placed it near to
the typhoid ferment because of its origin, I must shortly point
out to you the different effect which the true typhoid ferment
produces. :

The typhoid ferment is probably formed out of vegetable or
animal albuminous substance. In sewers, in drains, in ditches,
possibly even in the drains of the human body, a substance
may be formed which is not volatile in itself, but by foul gases
or currents of air ean be carried into the mouth, and in some
period between a few hours and fourteen days it sets up a
modified peroxidation. More slowly absorbed and less rapidly
reproduced and changed than typhus ferment, it passes into
the blood, and from it into each texture; whilst some of the
poison has a local action on the glands of the small intestine,
and produces increased action, effusion, obstruetion, and retro-
{_ll:l'illlf_*- action, causing ulceration, sloughing, and even perfora-
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tion, by which mechanically the contents of the bowel may
escape and an uncontrollable simple peroxidation may be set
up. The poison that has passed into the tissues acts on each
organ more slowly than the typhus poison ; still, like it, every-
where it gives rise to altered funections, and everywhere local
peroxidations are ready to oceur; bronchitis, pneumonia,
peritonitis, tubular nephritis, eystitis—any of these and many
other inflammations may be set up at any time during the
course of the fever. Probably the substances produced by
the inereased chemical action in typhus and typhoid fever will
be found to be very similar. There may be the same amount
of heat, the same excess of urea, the same excess of antecedent
substances from which the urea is formed ; possibly the same
consumption of oxygen when the same temperature in each
fever occurs; but in the properties of the ferment formed in
the body a distinet difference of diffusibility must exist, the
typhus poison passing with greater ease into neighbouring
bodies ; whilst the typhoid poison rarely, if ever, is commu-
nicated by infection.

On the Mechanical Disorders that arise out of the Chemical
Flrrors in Fevers.

In all fevers and inflammations any increase of chemical
action in the textures immediately produces an increase of
circulation and of mechanical pressure in the ecapillaries.
This may so increase as to cause obstruction of the blood-
vessels. Inereased pressure of the heart is then produced,
and this may remove the obstacle or may add to the con-
gestion.  As the mechanical obstruction increases all the
chemical changes lessen, and finally may be entirely stopped,
and thus even local death may take place.

In all fevers also the loss of mechanical power is quite as
remarkable as the increase of chemical action. The chief
amount of energy liberated by the action of oxygen in the
body seems expended in the production of heat, so that far
less than the ordinary amount of power remains to be em-
ployed in the production of mechanical motion. The muscles
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may be considered as machines made for the conversion of
chemical foree into mechanical motion. How this is done
cannot be explained in the present state of our knowledge of
the mechanical, chemical, or eleetrical actions in the musele ;
but that the muscular force arises from some equivalent force,
and sooner or later must come from the chemical force in
oxygen, hydrogen, and carbon, opens an immense field for
investigation, and is easier of belief than that force should be
each moment created and destroyed. The amount of sugar
and fat present in any muscle would perhaps be used up if in
the working of the muscle itselt fresh fuel was not produced.
The action of oxygen on the syntonin in the musele may be
direct, and may give rise to the force required ; but it is more
probable that the syntonin splits into substances of two
classes, one ending in urea, which is incapable almost of com-
bustion, the other in inosit, which would immediately give
water and carbonic acid. |

In fever the poisonous ferment in the muscle probably de-
termines a different chemical action from that which takes
place in the muscle in health. The increased heat and
inereased urea mark the inereased action, but loss of motor-
power in the muscles shows that the conversion of chemical
mto mechanical force does not take place.

This mechanical disorder becomes by its action on the
muscles of respiration or circulation the source of complica-
tions and dangers in fever to which I must shortly allude.
Gradunally in the course of fevers the sounds of the heart may
be found to become more and more feeble, and the respiration,
without any wrong in the lung, becomes shallow and weak
from the diminished power in the muscular tissue. The
diminished tension in the arteries has a direct effeet upon the
circulation throngh the capillaries, and the motion in the veins
is more or less stopped; hence congestion of blood in the
venous system occurs, and haemorrhages, effusions, and coagula-
tions in the veins may take place anywhere. The imperfect
action of the muscles of respiration produces the same mecha-
nical effects in the cirenlation through the lungs; imperfect
oxygenation takes place in the lungs from the stoppage of
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blood in the pulmonary veins; without any inflammation,
cedema of the lungs, hypostatic consolidation may oceur. The
cireulation through the lung is so feeble that even the force
of gravity acting on the blood in the lungs cannot be counter-
acted, and accumulation takes place in the most dependent
parts. -

The muscles of the bladder are also g0 weakened that the
urine accumulates, and frequently external muscular pressure
is required after the catheter has been passed to cause the
urine to flow.

In another large class of zymotic diseases the qualitative
and quantitative errors of oxidation are scarcely detectable,
whilst the gualitative and quantitative errors of nutrition
chiefly mark the action of the poison.

Of these diseases true syphilis may be taken as the type.

It can scarcely now be doubted that the actions of two
poisons have been included under the term syphilis. The
first, like impetigo, is cﬂpa,ble-uf being communicated, and
often repeated, because it exists only locally or passes up to
the nearest lymphatie glands; whilst in the true syphilis the
poison from the loeal sore enters the blood and passes from it
into each texture, where 1t multiplies and produces changes
of nutrition, and partly unchanged, and partly changed in
composition, passes out perhaps in each secretion.

This true syphilitic ferment resembles very closely the small-
pox ferment in the universal diffusion of the poison, and in the
consequent protection it sometimes gives from another attack by
rendering a second similar change in each texture impossible.
The protective power of the alteration is to a slighter degree
extended to the progeny through the germ and spermatozoon ;
so that a race partly protected by inheritance may suffer less
from these diseases than a purer race, whose textures are free
to undergo the full change which constitutes the disease.
Both poisons give rise to increased cell growths, effusions,
oxidations, congestions, and ulecrations; and these may take
place in any part of the body, when the poison exists every-
where.

True syphilis differs, however, altogether from small-pox in
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its definiteness of course as to time. Syphilis produces no
fever to terminate the fermentation in a definite period, and
it may consequently remain active or dormant in the textures
for years.

It is vain now to ask what circumstances at the end of the
fifteenth century produced the first modified albuminoid
matter which gave rise to the first true syphilitic poison. In
cancer, which bears a distant resemblance to syphilis, although
the spontaneous generation of the first cancer cell is daily
oceurring in some predisposed texture, yet we are as yet
quite unable to say what produces the first modified particle
of matter which multiplies and communicates its composition
to adjacent predisposed textures by contact, and is carried by
lymphaties and blood-vessels to every part of the body, and
affects the nutrition of each part with which it comes in
contaet, provided the textures are in a condition to propagate
the cancer cells.

Another instance of spontaneous generation of a poisonous
ferment is presented to us in rabies ; and with this poison also,
unless a peculiar condition of system exists, the ferment
when inserted has no action; and here also our knowledge is
at present unable to say what circimstances determine the
formation of the first particle of poisonous saliva; except by
its effects, the peculiar change in the albuminoid matter of
the saliva in the present state of chemical knowledge could
not be recognised.
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PART 1YV,

ON GENERAL AND LOCAL CHEMICAL AND MECHANICAL
DISORDERS ARISING FROM ERRORS OF CHEMISTRY IN
THE DEVELOPMENT AND REPAIR OF THE BODY.

e

LECTURE XIIL.
ON SUBTROPHIC AND PERTROPHIC ACTIONS.

IxsTEAD of giving you one lecture on this subject it might
well, from 1ts vastness, furnish me with materials for a com-
plete course, for the chemistry of nutrition is much more
complex than the chemistry of oxidation because it includes
not only the chemistry of the formation of the tissues or the
assimilation of the albuminous prineiples of the blood to each
organ, but also the chgmistry of the removal of the used
materials. This chemical building up and chemiecal taking
down must have a direct dependence the one on the other,
both in the substances taking part in the quality of- the
actions, and in the rate at which those actions are carried on.

Moreover, oxidation is actively concerned in rendering the
old materials wvolatile, or soluble, or removable, and this
source of fuel i1s an E{:U];Ui]l}* of the machine ; and when food
is Insufficient, or starvation occurs, it enables it to continue
its worlk, using the produets of its own structures and its own
stores of fat as sources of power.

If the chemistry of repair is complicated and imperfectly
understood, far more ignorance exists regarding the chemistry
of development. The chemistry of the formation of the first
blood-globules, the first nerve-cell, or muscular substance, or
cartilage in the feetus, will perhaps never be understood ; but
when once these snbstances are formed, it seems compara-
tively easy to comprchend that like produces like, although
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this universal law is only a statement of the fact that nerve
produces nerve, and muscle muscle, and bone bone, and
furnishes no explanation whatever of the chemistry of
development or of repair.

The clearest idea I can offer you at present is that each
particle of the body must be considered as a ductless gland,
having a contact action on the materials of repair brought to
it, so that it separates the substances that can be changed
info its own structure. If the fietus would grow where the
mammary gland exists, so that instead of milk being formed
the feetus would take from the blood just that which is
required to form each strneture and tissue of the hody, you
would on a great scale have a demonstration of the different
chemical actions which are eontinually going on in the build-
ing up of each particle of our textures. Each portion of
muscle, or nerve, or other tissue takes from the blood that
which ean nourish it, but in order that this nutrition may be
effected not less than three different actions must simultane-
ously be going on.

First, the food must be brought; secondly, the chemical
action of assimilation must take place ; and thirdly, the old
materials must be taken away. If the balance is not rightly
kept between these mechanical and chemiecal actions, malfor-
mations and all degrees of wrong growth between hypertrophy
and atrophy will oceur.

I shall divide the diseases from the wrong action of one or
of all these causes into two great classes; one I shall consider
avises from pertrophie, and the other from subtrophie,
chemical actions.  Hypertrophy and atrophy econstitute
extreme cases of opposite actions in these two classes of
disease.

In every machine the wear must be proportioned to the
work, and the amount of repair required depends upon the
wear. Hence, from the amount of work done, you may draw
some judgment as to the amount of repair that is necessary.
Helmholtz states that the best Austrian steam-engine can
raise its own weight 2,700 feet in one hour; whilst he caleu-
lates from the pressure of the blood that the human heart
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raises its own weight 20,250 feet in one hour; so that the
human machine requires an amount of repair very much
beyond that of a first-rate steam-engine, and errors of repair,
pertrophic and subtrophic, must be ready at all times to oceur.

In nutrition the first important condition is that nutritive
substances should be brought to the spot where the action of
assimilation is going on; this is effected primarily by the
circulation through the blood-vessels, and secondly by diffu-
sion of lymph into the structures. The third equally im-
portant condition is that the used substances shounld be taken
away, and this also is effected primarily by the eirculation
through the blood-vessels, and secondly by the eirculation
through the lymphaties. As the circulation in the blood-
vessels is under the regulating power of the nervous system,
it follows that two ouf of the three simultaneous actions of
nutrition are under the direct influence of the nerves.

There is as yvet no evidence that the second necessary con-
dition, that of assimilation, can be altered directly in quality
or quantity by the nervous system. Indirectly, by lessening
or increasing the amount of substances that go to or come
from any part, the nerves can exert a potent influence on
pertrophic or subtrophic actions; and indirectly, by altering
the cireculation, the nerves can exercise an influence on the
peroxidation or suboxidation in any tissue, and thus the
temperature at which the process of assimilation is carried on
may be affected.

In the vegetable world, on account of the much greater
variations of temperature that occur, it is easy to see how
assimilation is influenced by heat. The tropical plants will
grow in our light, provided the heat of the tropics is given to
them here. If in the full light of the sun a plant could be
kept all the year round at a temperature just above freezing
little or no assimilation would take place.

In animals also the chemical actions of assimilation depend
on the temperature ; and the variation of a very few degrees
makes a material difference in the chemical actions which
take place in the textures.

In the present state of our knowledge it is not possible for
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me to classity the different diseases that are produced by
different errors of repair arising from errors of action in the
different processes of nutrition. At some future time there
will be a class of diseases arising from excess or deficiency of
materials to be assimilated, another large class arising from
wrong chemistry of assimilation itself, and another arising
from excess or deficiency in the removal of materials that have
been assimilated. Ultimately animal chemistry will enable
us to make a far more perfect classification of pertrophic and
subtrophie diseases than at present is possible; and now, from
want of knowledge, more than from want of space, I shall
take only one or two of these diseases of nutrition, and
omitting any explanation of the wrong chemistry that pro-
duced the malformation and sets up the mechanical diseases,
I shall again show you how secondary chemiecal diseases may
arise from the mechanical errors which may be vastly more
dangerous than the slight chemical errors by which the
mechanical diseases were originally produced.

Perhaps two of the most striking examples that I can bring
before you will be imperfect closure of the foramen ovale, and
imperforate hymen—two opposite errors of development ; the
one depending on subtrophic and the other on pertrophie
action. Each of these opposite chemical wrongs produces an
opposite mechanical effect; and these mechanical diseases
give rise to chemical disorders, which ultimately may stop
the working of the machine. Imperfect closure of the foramen
ovale and ductus Botalli produces general suboxidation, and
imperforate hymen causes an absorption of poisonous products
of decomposition, which affect and ultimately stop all the
chemical actions of nutrition.

In the first disease the result of the subtrophie action is
that a space between the two hearts is not filled up. The
blood in consequence passes from the right to the left side,
without going through the lungs. By this slight mechanical
error, as it might seem, compared with the perfection of the
rest of the machine, the whole chemistry of respiration is
reduced to its lowest point. The absorption of oxygen is so
diminished that the blood is not arterialised, and the carbonic
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acid is not liberated. The chemical action that takes place
outside the capillaries, on whieh the heat and the power of
the body depend, is reduced below the average. Dr. Foster,
in the ¢ Dublin Quarterly Journal,” August, 1863, mentions
some experiments in two cases. In one, “the fingers were
seldom more than 5° I to 8% the toes 1° to 3° higher than
the temperature of the room. In the other the fingers were
from 6° to ¥°, the toes 2°to 4°. In the mounth in one the
temperature was 96° and in the other 971°. 1In one it once
fell as low as 90% and in the other to 92° F.” Even the
chemistry of repair, by which the reformation of the different
structures takes place, falls below the healthy amount. The
body is weak, and wastes until premature death liberates the
elements and allows the forces they possess to act with greater
energy.

Thus, then, the results of this slight deficieney of nutritive
action is general suboxidation from insufficient supply of
oxygen to the blood and textures; and from this local passive
congestions are apt everywhere to oceur, and general sub-
trophic action is the final result.

The first chemical causes of the disease cannot be touched,
and the mechanical complaint itself is not within reach; so
that the symptoms and complications are alone capable of
treatment, and as these proceed from suboxidation and sub-
trophie action, the mechanical and chemical promotion of
oxidation and nutrition are the indications to be continually
carried out. The oxidation may be promoted by eonstant
attention to the warmth of the surface and by mechanical
friction. Dr. Foster says that peroxide of hydrogen in eight
minim doses three times daily improved the colour, made the
breathing less laboured, and caused a rise of temperature.
The subtrophic action may be palliated by warmth and
friction, and also by reducing the work of the machine so far as
to avoid all exhaustion. DBy giving the utmost external
warmth, the minimum amount of the force set free in the body
is required to be expended in keeping up the temperature of
the body; and the greatest amount of force remains capable
of conversion into motion in those museles which are neces-
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sary for circulation and respiration. If a part of the total
force is spent in voluntary actions by strong exertion, the
supply of power to the heart and lungs is so lessened that the
tendeney to passive congestions in the circulation is increased,
and then mechanical obstructions, which constitute the most
dangerous complications, are produced.

I contrast to this subtrophie disease, I will now shortly
bring before you the pertrophic malformation of which I
spoke to you, imperforate hymen. Whether a locally in-
creased supply of nutriment leads to the excess of develop-
ment perhaps will never be determined, but the mechanical
wrong remains for years, producing no bad effects; and if
menstrmation did not take place, the original complaint might
remain unknown throughout life. As soon as menstruation
begins, the chemical Secondary disease begins also. The
excrementitious blood finds no means of escape. It remains
within and undergoes chemical changes; products of disinte-
gration, which chemistry has yet to determine, are formed.
Those that are soluble are absorbed with the water of the
effused blood ; and month by month this process is repeated,
until the blood and the textures are poisoned, and nutrition
and oxidation are modified or stopped, and ansemia, debility,
dropsy, and death may result.

With regard to the treatment of the symptoms and com-
plications arising from the chemical disease, nothing need be
said, because the mechanical disease can be got at. If it
were otherwise, chemistry has no antidote for the poison, and
as in ureemia or in jaundiece, we should be able, perhaps, not to
do much for the chemical cause of the complaint; but in
imperforate hymen the slightest mechanical operation is all
that is required to remove the mechanical obstruction, and
then if no inflammation eomes on, gradually the blood and
textures recover their healthy composition, as no further
poisoning takes place.

Instead of drawing my examples of the origin of chemical
disease from malformations, I might show you that the same
relationship exists by taking errors of reformation or repair-
In nutrition pertrophie or subtrophie errors occur, and from

R
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these wrong mechanical and chemical actions arise, which
may be far more serious than the original errors. In the
three simultaneous actions that constitute nutrition, it 1s not
always possible to separate the effects of each action in
producing the error of nutrition ; but in some cases it is pos:
sible to find more of one than of the other two actions, as in
the following examples :—

First, let me bring before you chemical diseases of repair,
arising chiefly from variations in the supply of nutriment.

Speaking of Hunter’s well-known experiment, Mr. Paget
says, “When the spur of a cock, for example, is transplanted
from the leg to the comb, which abounds in blood, its growth
is marvellously angmented, and it increases to a long, strange-
looking mass of horny matter, such as is shown in two prepara-
tions in the Museum of the College. ™ In one (54) the spur
has grown in a spiral fashion till it is six inches long, and in
the other (52) it is like a horn eurved forwards and down-
wards, and its end needed to be often eut to enable the bird to
bring his beak to the ground in feeding and to prevent inju-
rious pressure on the side of the neck.” If this mechanical
pressure had not been removed by operation, it would pro-
bably have caused the death of the animal by obstruction or
starvation. So that here is an instance of a pertrophy pro-
ducing a serious mechanical complaint.

Instead of an excess of nutriment there may be a deficiency,
and the subtrophy from the want of raw material may be
rapidly fatal. I am again indebted to Mr. Paget for my
illustrations. “ A medical man wished to be bled in a fit of
exceeding drunkenmess, and some one bled him—bled him to
three pints. He became very ill, and next day both his feet
were mortified from the extremities of the toes to the instep.”

One of Mr. Swan’s donations to the College Museum is the
larynx of a man who, while in low health, cut his throat, and
suffered so great a loss of blood that the nutrition became im-
possible in one of those parts to which blood is sent with
difficulty, and before he died his nose slonghed.

Secondly, I will mention states of pertrophy and subtrophy
arising from the actions of assimilation going on in a “part,
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and I shall then show you the mechanical and chemical
diseases produced from these altered states of nutrition.

I shall draw my examples here from enlargement of the
uterus during pregnancy, because the first commencement of
the increased growth does not depend primarily on the in-
creased flow of blood, but on the changes in the uterus itself
which determines that flow. The increased action in the uterus
itself must be set up by the intense actions going on in the
impregnated ovum, and by the internal mechanical pressure
of the foreign substance in the uterus. As soon as the in-
ereased nutrition begins, the inereased flow of blood follows,
and keeps up the rapid formation of the different structures
of which the uterus is composed. As soon as the pressure is
removed, and more or less loss of blood has occurred, the
structures cease to be nourished, and in a few weeks no trace
of the increased nutrition can be found,

During the time of the greatest pressure very many dif-
ferent mechanical results may be produced, and thus me-
chanically very different secondary chemical diseases may
arise. In speaking of tubular nephritis I have mentioned
the obstruetion of the renal veins in pregnancy, and the con-
sequent production of Bright's disease and nreemia.  Another
most frequent chemical disease from the pressure is jaundice.
More rarely gall-stones and all their tertiary mechanical
agony oeccur. Another disease resulting from pressure is
hzemorrhoids, and when these inflame great additional suffer-
ing is produced.

When the mechanical pressure in the act of delivery reaches
an extreme height, then many more chemical diseases are
produced. Of these I may mention a few, as sloughing of
the soft parts; inflammation of the perineum from rupture ;
inflammation of the peritonenm from rupture of the uterus;
rupture of the air-vesicles of the lungs and general emphysema
of the cellular tissue; stoppage of the chemical action of
respiration in the feetus.

It is in the highest degree probable that by chemical agents
the force of assimilation in the different textures may be in-
creased or diminished in its action. Animal chemistry at

"R 2
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present has hardly touched npon this subject, and I ean only
give you one or two examples, which, however, may serve to
point out the vast and important field which is here open for
future research. When I come to the classification of medi-
cines I shall endeavour fo show you that one grand class con-
sists of those substances which promote or retard the chemieal
actions of nutrition—not by causing more or less blood to flow
to any part, nor by hastening or retarding the removal of the
used substances, but by inereasing or diminishing the chemical
actions which are concerned in assimilation,

The example which I will here mention of increased nutri-
tion by the action of a chemical substance is for the chemist
that invaluable fact that iron, even metallie iron, iron rust, or
the finely-reduced metal itself, taken into the body produces
an increase of blood-globules. VWhere and how this chemieal
action takes place chemistry cannot yet make out. The iron,
when taken, is probably acted on by acids in the stomach, and
is absorbed into the blood and diffused into every structure ;
but whether the colourless corpuseles in the lymph, the spleen,
and the blood itself by the action of iron and oxygen form
hamoeglobin eannot be determined. We know that lymph
reddens when exposed to the air, and that in the spleen
transitions from white to red corpuscles may be observed, and
coloured cells and nuelei, which appear to be disintegrated
blood-globules, may there be found mixed with products of
oxidation—as urie acid, hypoxanthin, xanthin, leucin, tyro-
sin, nosit, volatile fatty acids (formie, acetie, butyrie), lactie
acid, many colouring matters, an albuminous substance con-
taining iron, and generally very many iron compounds. This
tells us very little as yet; but chemistry will some day say
how and where the inerease of hemoglobin oceurs when iron
is taken. A somewhat similar, but less important example
exists in the action of phosphate of lime and of carbonate of
lime in inereasing the growth of the bones in cases of rickets;
and a well-known and often-applied theory exists that phos-
phorus when taken, not only in substance, but even as phos-
phoric acid, can inerease the formation of nerve-substance ; but
for this there is at present not the smallest shadow of proof.
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It has also been said that zine is to the nerves what iron is to
the blood ; but there is absolutely as yet no chemical evidence
that zine, or any salts of zine, have any power over or take
any part in the formation of nerve substance. Far more
probable is it that zinc aets like lead, and perhaps silver, in
retarding or stopping the chemical actions which are taking
place in assimilation, and thus producing what I may be,
perhaps, allowed to designate as a chemical disease.

One of the most striking instances of the action of a chemical
substance in diminishing nutrition is seen in lead disease. The
poison may be seen in the gums, and felt in the bowels, and
be got out of the muscles of the arm ; and as three grains of
sulphate of thallium, when given to a rabbit, could in six and
a half hours show thallium distinetly in the aqueous extract
of the lens, and as even two grains in six hours also gave
there slight traces of thallium, there can be little doubt but
a salt of lead passes everywhere—into the blood-globules,
into the museles, into the gums, and even into the lens of the
eye, and that according to its power, and according to the
actions going on in the parts, it exercises a greater or less
influence upon the chemical changes which are faking place.
In the voluntary and involuntary musecles the lead must
either combine with the syntonin or be precipitated in it as
an insoluble sulphuret, and so stop the chemical changes upon
which the action of the muscles depends, It is highly pro-
bable that salts of lead act upon other textures; as, for ex-
ample, on the young blood-globules, stopping the formation
of hemoglobin; and on the sympathetic nerve, causing
the violent pain of colic; also on the muscular coat of the
small arteries, lessening their inereased action, as when applied
as a lotion in inflamed skin ; but on all these points chemistry
must give us far more exact information than we at present
possess. I might say the same for silver, arsenie, copper, and
many other medicines,

The action of salts of silver in making the conjunctiva blue
when applied as a lotion, and in making the skin permanently
blue when it has been taken as medicine, shows how sub-
stances enter and act chemically in the textures. A grain
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and a quarter of sulphide of silver was given to a guinea-pig
in divided doses in the course of twelve days. The silver was
found in the ashes of the liver, kidney, and stomach ; less
distinctly in the bile and the urine, still less in the lenses of
the eye. It was not detectable in the ashes of the brain,
probably because the quantity taken was too small.

The two diseases of repair which will best bring before you
the origin of chemical and mechanical disorders are ansmia
and lead paralysis, the one arising from the absence of iron
and the other from the presence of lead.

The chemical diseases of subtrophy and suboxidation which
are produced by anemia are as opposite as dropsy and fatty
degeneration.  General debility, not only muscular and
nervous weakness, but feeble growth and feeble production
of heat, characterise aneemia. The pressure of the blood in
the arteries becomes so feeble that the circulation stagnates in
the capillaries, and the effused lymph in the cellular tissue
tends to accumulate, not only in the lowest part of the body,
but even in the lowest part of different organs.

Local eongestions are ready to produce obstruetions, around
which the lowest degrees of peroxidation are set up, and the
most feeble inflammations give rise to a fresh resistance,
which is often more than the heart can overcome. In every
texture the want of healthy change from imperfect supply of
oxygen becomes evident, not only in the function of many
organs, but even in the fatty formation and deposition which
in ansemia rapidly adds to the general weakness and con-
tributes to the subtrophic action which the deficiency of
oxygen occaslons,

Thirdly, I will show you the relationship of chemieal to
mechanical disease in the results of errors of excess or
deficiency in the process of the removal of the assimilated
materials.

That removal of a product does exercise an influence on its
growth is evidenced in shaving the hair, or cutting the nails,
or taking away the milk teeth; and within the organs it is
highly probable that some medicines hasten the formation and
removal of disintegrated substances. Thus oxygen, mercury,
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iodine, and, indirectly, if not directly, alkalies increase the
changes in the assimilated material, and, as in the example of
mercury, may set up so rapid an action that peroxidation,
even as evidenced by all the phenomena of inflammation,
may be produced.

Moreover, errors of deficiency of removal may give rise to
chemical diseases, from which mechanical disorders may
follow. Lead palsy, again, well illustrates this, and shows
also the relationship that exists between the chemical actions
of assimilation and removal, for the poison stops both pro-
cesses, and thereby produces a loss of mechanical power,
which is seen in the inability of the muscles of the forearm to
support thefweight of the hand.

The three actions of supply, assimilation, and removal which
constitute nutrition are usually so closely dependent and in-
terwoven that no separation between them can be made, and
the result of these actions, whether in excess or in deficiency,
may each be summed up in a single word. For example, an
inereased supply of blood, increased assimilation, and slightly
increased removal, constitute hypertrophy. Whilst the dimi-
nished supply, and lessened chemical action, and more or less
diminished removal of disintegrated matter produce simple
atrophy, or atrophy with more or less degeneration, according
to the nature of the substances (as, for instance, fatty and
calcareous matters) which remain unremoved in consequence
of the suboxidation occasioned by the diminished supply of
blood.

I shall now take the conjoint effect of these three actions,
and I shall try to bring before you one or two chemical
diseases and the secondary mechanical disorders which are
thereby produced.

Among many diseases from which I may seleet, I shall take
simple hypertrophy of the prostate on account of the very
marked mechanical disease which springs from the primary
chemical error of nutrition.

“Simple enlargement of the prostate,” says Mr. Paget,
“ consists of increased gland cells and muscular fibres with
masses of new-formed tissue within and without the gland.



248 ON SUBTROPHIC AND PERTROPHIC ACTIONS.

These prostate glandular tumours are composed of simple
tissues like those of the gland itself. The gland cells and
muscular fibres are not to be distinguished from those of the
gland itself. They are masses of new structure, resembling
the prostate embedded in the proper substance of the
enlarged gland. Near the enlarged prostate similar de-
tached outlying masses of new substance like tumours in
their shape and relations, and like prostate gland in tissue,
may sometimes be found. A very large specimen was taken
from a man, 64 years old, and who for the last four years of
his life was unable to pass his urine without the help of a
catheter. He died with hronechitis; and a tumour, measuring
2% inches by 1%, was found lying loose in the bladder, only
connected to it by a pedicle moving on this like a hinge, and
when pressed forward obstructing the orifice of the urethra.
Now, both in general aspect and in microscopie structure this
tumour-is so like a portion of enlarged prostate gland that I
know no character by which to distinguish them.”

The immediate result of this growth is that the urine eannot
flow out; it is mechanically stopped in a greater or less
degree, according to the amount of the impediment. The
mechanical disease then begins to produce its effeets. These
are altered pressure of the urine on the bladder and altered
chemistry, in consequence of more or less of the urine being
retained in the bladder.

In a previous lecture I have brought before you the pheno-
mena of the fermentation of the urine. Even in perfect
health, whilst the urine is in the bladder, chemical changes
may be going on, although they usually escape our notice ;
but when a little of the urine is continually left in the bladder,
then the internal chemical action becomes very evident. The
increase of time during which the ferment can act on the
urea, the production of vibrios, the increased chemiecal action
going on in the prostate, these sometimes very slowly, some-
times very rapidly, according. partly to the amount of acid
that passes from the kidneys, set up ammoniacal urine, and
then the chemical action of carbonate of ammonia on the
urine and on the mucous membrane has to be added to the
original chemical discase.
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Meanwhile the mechanical pressure of the urine has been
more or less effective, and helps to increase the chemical action
on the mucous membrane. Each time the bladder contracts
the pressure temporarily rises in intensity, and slowly increased
nutrition of the different tissues and increased oxidation in
them is set up; this insensibly passes into peroxidation, and
the ehemical action of the carbonate of ammonia not only adds
to the inflammation, but alters its produets, so that mucus
and pus ean no longer be recognised, but a gluey, ropy, ad-
hesive matter, even more adhesive than the stringy alkaline
secretion from the throat and nose, is produced. The ammo-
niaco-magnesian phosphate crystallises in and upon this
matter, ahd the granular phosphate of lime increases its con-
sistence, so that a mechanical irritation, or even a fresh
mechanical obstruction to the passage of the urine, is added
to the fearful sufferings which a small chemical error of hyper-
trophy originally set up.

If you look at the treatment of this disease, you will soon
see how the mechanical secondary disorder constitutes the
important part of the complaint. Without a mechanical
remed}’ almost no good whatever can be done by treatment,
and when the catheter is used scarcely any other treatment is
required.

During the gradual increase of the hypertrophy an in-
creased’action may suddenly come on from internal or external
causes; for example, from excessive acid or other chemical
irritant formed in the kidneys and passing into the bladder ;
from cold applied to the skin; or from substances in the blood
passing into the structure of the prostate, increased flow of
blood to the hypertrophied part may take place, and this may
reach to any amount of congestion and inflammation; an
immediate stoppage of the flow of water is the result, and
when this happens, recourse must be had the same day to
mechanical relief, and very often from that date the catheter
must be always passed, more or less frequently, according to
the degree of wrong chemistry that exists. If the ammoniacal
urine be not drawn off sufficiently often, diffusion takes
place into, and even through, the mucous membrane of the
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bladder. The phosphatic salts are found not only adherent
to the bladder, but even deep in the structure of the muecous
membrane. The putrid urine passes through into the blood,
and thereby a general state of poisoning may be produced.
This has been also called uremia, and by some persons
ammonigemia, but the experiments of Hammond, in the
¢ American Quarterly Journal of Medical Science,” vol. xli.,
p. 29, 1861, show that putrid urine aects much stronger as a
poison than carbonate of ammonia, and it is highly probable
that among the offensive matters in putrid urine some more
poisonous substance than carbonate of ammonia or urea may
be formed. Certainly the poison differs from those higher
compounds which canse death in the so-called ursemia of
Bright’s disease.

If, instead of hypertrophy, I take an example from atrophy,
which depends on diminished supply and lessened chemical
action, and more or less diminished removal of disintegrated
matter, you will see an opposite chemical error of nutrition,
giving rise to secondary mechanical or chemical diseases far
more serious than the primary complaint.

I will shortly bring before you senile gangrene and apoplexy
from diseased blood-vessels, both of which arise from a slowly-
acting error of nutrition, suddenly giving rise to a chemical
or mechanical disease, which often rapidly ends in death, or
when this is not immediately produced, the effect of the
diseases in causing general or local loss of power is only very
partially removed.

No part of the body is exposed to greater continuous action
in proportion to the supply of blood to its structures than the
arteries. From the semilunar valves to the arterial capillaries
the structures of the blood-vessels are exposed to mechanical
pressure comparable with the pressure of the atmosphere.
Thus in man the pressure in the aorta is equal to one-third
the weight of the atmosphere. It has been found to be 97
inches of mercury. In the brachial artery it is equal to one-
gixth, or 45 inches of mercury. Down to the capillaries this
pressure is continuous, lessened by the friction of the blood
in the vessels. This pressure and friction have a direct
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influence on the chemical actions of nutrition and oxidation
which take place in the coats of the arteries. When the
pressure in the arteries is inereased, the actions of nutrition
and oxidation must be increased also, and with long-continued
action a state of pertrophie action and peroxidation must be
produced, giving rise to thickenings of the different coats,
which entirely alter the chemical changes going on in them.
Hence errors of disintegration arise, and then suboxidation and
subtrophic action readily occur. The acids that ought to be
produced to dissolve the earthy matters are no longer formed ;
the fatty matters no longer are oxidised, and hence fatty and
earthy substances accumulate, and the healthy tissues are not
formed. If the nutritive fluid be loaded with fatty matter,
or if the supply of oxygen be deficient from any cause, or if
the conditions on which the oxidising and nutritive actions
depend be lowered, the errors of disintegration will more
rapidly arise.

Wherever the arterial textures are injured or destroyed,
there the mechanical pressure from within is less capable of
being resisted, and rupture is ready to occur at the place of
least resistance, and when any slight extra pressure is made
the vessel breaks. If this happens in the brain a mechanical
blow and a rupture of the nervous structures is produced,
and paralysis is the result, the muscles being cut off from the
action of the will. When the rupture is large, and the quan-
tity of blood effused great, the pressure on the nerves that
regulate the motions of the heart and muscles of respiration
may quickly put an end to life.

When the smallest branches of the arteries are much
thickened, the supply of nutritive materials and of oxygen
to the textures beyond these arteries is interrupted. The
day before the senile gangrene begins, the arteries sup-
plying the part are nearly, if not quite as diseased as the day
after when the mortification has commenced. The altered
action in the textures begins only when the diminution of
nutritive material has reached to a degree that alters the
chemical actions of the part, or when the diminished amount
of oxygen produces the same effect. From one or other or
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from both of these causes the part becomes livid, and gradually
darkens until it becomes black; as the oxidation is stopping
it becomes cold, and the aceumulation of carbonic acid and
the stoppage of the circulation render the nerves insensible.
The stagnant blood exudes its serum under the cuticle, where
there is least resistance, and the fluids, gradually evaporating,
leave a black-brown mass in which vibrios are produced, and
putrefaction is set up, varying in its products with the dryness
and the temperature of the part.

The further a part is from the centre of the cireulation, the
more the force of the blood is diminished by friction, and the
more readily will the altered vessels cause gangrene to be set
up. Thus the extremities are the seat of the disease, and in
the toes the greatest loss of chemical action takes place.
Around the dead part the obstruction canses an opposite
action ; increased flow of blood and increased chemiecal action,
amounting even to inflammation, oceurs. At the part where
the dead nerve joins the living structures the most violent
pain may be produced, and this become so severe that perfect
rest and the strongest opiates alone give any relief. The
progress of the mortification can only be stopped by keeping
up the temperature, promoting the circulation by position,
and making the blood as abundantly nutritious as possible.

Very much less serious errors of repair than those which I
have mentioned may produce most remarkable general and
local chemical diseases. Debilitating elimates and hereditary
subtrophic actions give rise to results at places of greatest
pressure and least resistance, which, but for the striking
phenomenon produced, might almost escape notice. In such
a structure as the kidney it might almost be expected that
from the immense pressure in the arterial vessels albumen, if
not blood-globules, would constantly be forced through the
dialysing membrane. In the renal artery the pressure cannot
be much less than one-sixth of the weight of the atmosphere,
and a considerable portion of this falls on the malpighian tuft,
and has to be resisted by the walls of the vessel which sepa-
rate the blood from the urine. If by subtrophic action this
membrane is made less resisting, albumen may be forced
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through ; when the pressure is inereased, blood-globules may
pass into the urine; and when the pressure is diminished,
the blood-globules first, and then the albumen, may disappear.
So also in other parts of the kidney, where there is less
pressure than in the tufts, as in the capillaries on the tubes
in the medullary structure, a subtrophic action in the textures
may allow an inereased pressure in the capillaries fo foree out
substances which would not escape if the dialysing mem-
brane were thicker. From one or other of these places fat,
albumen, and blood-globules may pass into the urine, and
constitute the complaint known as chylous urine, which is
worthy of a few minutes’ attention, not only as an example
how inereased pressure can produce wrong chemistry of the
urine, but also because it furnishes the most striking confrast
to DBright’s disease in its course, and in its secondary diseases.

In chylous urine the daily loss of albumen may be as much,
or even cousiderably more, than in Bright’s disease, and yet
the complaint may last for a quarter of a century, whilst the
patient may continue his work, and, if he were blind, might
know nothing of his ailment except by a feeling of more or
less general debility. No secondary diseases are produced,
no accidents oceur, except that sometimes so much fibrin may
eseape from the blood into the urine that it may cause the
contents of the bladder to coagulate, and thus give rise to a
mechanical impediment to the escape of the urine. The dis-
tention and obstruction may eause much pain and distress for
a day or two until the clot shrinks, and the fibrin loses its
cohesion and gradually breaks up and is passed away in the
urine. Throughout the course of the disease there is usually
no dropsy and no ursemia. The poisoning of the blood, which
commences with the alteration of the different struetures in
DBright’s disease, never takes place in chylous urine. The
structure of the kidneys may let one or many of the con-
stituents of the blood out when the pressure is inereased, but
the alteration does not keep the uringenous substances in the
blood.

In the ¢ Medico-Clirnrgieal Transactions ™ for 1850 you will
find the history of a patient who has now been under my



254 ON SUBTROPHIC AND PERTROPHIC ACTIONS,

observation more or less frequently for sixteen years. I shall
here only bring before you the evidence of the effect of pressure
in causing the altered chemistry of the urine.

The first specimen of the urine I saw  was made at 9.30 a.m.,
one hour and a-half after breakfast, the patient remaining in
bed. It was clear, acid to test paper, not light colonred ; sp.
gr. 1022-5. It did not coagulate when boiled nor when nitrie
acid was added; but the acid made the colour deeper. On
the surface there was a slicht appearance of oil; one or two
blood-globules were also seen.” “The second specimen was
passed at 11.30 a.m., two hours after he had got up. It was of
a yellowish-milk eolour, quite thick, and spontaneously coagn-
lated, so that it could not be poured from the bottle. The
specific gravity was 1017-0. It was very feebly acid to test
paper. Nitrie acid and heat gave a considerable precipitate,
Under the microscope I saw blood-globules in some quantity.
No trace of oil-globules, but a large quantity of very minute
molecular matter, scarcely resolvable by a magnifying power
of 320 times. No trace of casts of the duects conld anywhere
be found. Little films of coagulum could be seen, containing
many blood-globules. Treated with ether, the ethereal solu-
tion was clear; the urine below was cloudy, but on long
standing became clear. The ethereal solution on evaporation
gave a great mass of oil-globules, but with the mieroscope no
decidedly crystalline fat was seen.”

In the ¢ Philosophical Transactions,” Part I1. (1850), you may
see some further experiments on the influence of rest and
motion on this patient in lessening or inereasing the albumen
in the urine previous to or after food was taken :—

Last food was taken at 5.15 p.m. yesterday. He lay in
bed this morning till 9.30 a.m.

10 p.m. last night.—Urine milky.

6.40 a.m.—Urine yellow, slightly milky, acid, contained a
little albumen.

8.10 a.m.—Urine clear, healthy-looking, made just before
breakfast, which consisted of boiled milk (a pint), with sago
and bread with a little butter; the specific gravity of the urine
was 1021-3 ; it gave no coagnlum with heat and acid.
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9.50 a.m.—Urine opalescent, but not spontaneously coagu-
lable ; specific gravity 1019:0 ; gave a considerable precipita-
tion of albumen with heat and acid.

12.30 a.m.—Urine milky ; spontaneously coagulated.

Contrast this with the following day, when he got up earlier
and breakfasted as before, though half an hour later :—

Last food was taken between 5 and 6 yesterday. He got
up this morning at 6 a.m.

10 p.m, last night.—Urine milky.

2 a.m.—Yellow milky urine, acid, slightly coagulating
with heat and aeid.

6 a.m.—Urine quite clear, healthy-looking, acid, contained
no trace of albumen ; specific gravity 1026-4.

7.30 a.m.—Urine opalescent, feebly acid. Gave a large
precipitate of albumen with heat and acid ; contained multi-
tudes of healthy blood-globules, but no casts. Specific gravity,
10188,

9 a.m.— Urine opalescent; by 12 became a solid jelly, alka-
line. This was passed just before breakfast.

11.30 a.m,—The urine coagulated spontaneously to a strong
unclear, slightly milky jelly.

Experiments on other days gave the same results, showing
that when he remained in bed the urine was clear, and did not
eontain albumen, and when he got up the albumen, fibrin, and
blood-globules passed into the urine even when no food was
talen ; so that I frequently determined beforehand whether the
urine before brealkfast should be albuminous or not by direct-
ing the patient to get up and move about early, or to keep very
quiet in bed. And by keeping him in bed all the day the
urine throughout the whole day was very slightly albuminous.

Fifteen vears after these experiments I have the following
note :—

4 p.m.—Very milky urine. Specific gravity, 1031.

10.30 p.m.—Urine has slight milkiness. Specific gravity,
1029-5.

6.40 a.m.—Clear urine ; specific gravity, 1020 ; contains no
trace of albumen. .

8.30.—Breakfast ; up early.
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9.15 a.m.—Urine clear; considerable precipitate with heat
and acid. Specific gravity, 1023-0.

This influence of rest and of motion indicates to me that
this disease depends on some slight alteration in the structure
of the kidney, dependent upon some slight change of nutri-
tion, which remains without perfeet repair for years. Even
with a slight increase of pressure the altered mechanical con-
dition immediately affects the chemistry of the urine, and this
to a degree resembling the wrong chemistry of the most serious
Bright's disease, but none of the complications of Bright's
disease occur ; and sometimes, without any assignable reason
whatever, or by the aid of strong astringent medieines, as
gallic acid in large doses, the wrong chemistry will entirely
disappear, and for a time at least the dialysing membrane
appears to be sufficient to resist any pressure that it has to
bear without admitting any of the proper constituents of the
blood to pass through.

In order to show you how vast this subjeet of errors of
chemical repair 1s, I must very briefly close this lecture with
a sketch of one other chemical disorder arising from the in-
jurious action of a chemical substance affecting the growth
of the epithelial textures of the body. I allude to chimney-
sweep’s cancer produced by the action of soot.

The most violent opponent of spontaneous generation never
can believe that any germ passes in with the soot, nor is it
conceivable that any nervous or vascular action can transform
an epithelium cell into a cancer cell. Whether the epithelial
cancer be superficial in the rete mucosum, or deep, commene-
ing in the epithelium of the sebaceous or sweat glands of the
scrotum, or in the epithelium of the hair tubes, it consists
in no error of oxidation, but in an entire change in the che-
mical growth of an epithelial cell.

It was for a time considered that a characteristic form of
cell, a so-called ecancer cell, marked this altered growth ;
then it was believed that an error loci, a peculiar birth-place,
gave rise to it. The cellular tissue produced it. A corpuseule
of the cellular tissue became an epithelial cancer cell. Most
recently Dr. Thiersch has stated that the disease comes from
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the loss of the right balance of pressure between the epithe-
lium and the stroma of the skin. The necessary equilibrium
is destroyed by insufficient growth of the stroma; this gives
rise to the peculiar increased development of the epithelium.

Although any peculiarity of form as characteristic of the
cancer cell is given up, and we no longer recognize it by its
fusiform, caudate, multinucleated, or polygonal shape, yet it
is by no means unlikely that chemistry will detect some pecu-
liarity of composition; for the growth, propagation, and con-
sequences of an epithelial cancer cell prove that it differs
from an ordinary epithelial cell ; and this difference of aection
probably is connected with some difference in chemical com-
position.

Not only does the soot act on the serotum, but it even
acts on the hand, and the pressure of a pipe on the lip or of
a finger and thumb during shaving, and the lessened actions
of declining years, all may lead to an altered epithelial cell
growth. The cells no longer become healthy texture, but,
like pus cells, they grow and multiply and oxidize and decay.
Wherever a cancer cell forms it begins its increased chemical
action of nutrition, and it easily sets up peroxidation, and this
adds the effect of ordinary inflammation to the altered nutri-
tion of the part. At first, or indeed at any time, the increased
flow of blood may caunse all or any of the healthy structures
to increase; thus the epithelium, the papille, the blood-
vessels may grow or waste, according as the nutritive fluid is
attracted by growth or retarded by pressure. Even in the
arteries themselves these changes may be observed, the inner
epithelial coat may become thickened. The middle museunlar
coat may be still more developed and the outer coat of thick-
ened cellular tissue may be extremely enlarged ; after long-
continued pressure the outer coat may become fatty ; the form
of the vessel may be so changed that it becomes triangular
instead of round. Generation presses on generation, and the
multiplied growth exerts a pressure on all the neighbouring
textures ; so that increased action is accompanied in places by
decreased action, and disintegration and suboxidations oceur.
The pressure destroys not only the healthy increased growths,

8
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but the very eancer cells themselves, so that they waste away,
in the places of greatest pressure, and become horny, fatty,
or even earthy before they entirely disappear.

The abnormal growth takes the place of the healthy strue-
tures, and more especially in the deep-seated form of epithelial
cancer, a single cell, or possibly even a nucleus, or a granule,
or a particle of matter that can become a cell, grows into an
afferent lymphatic vessel, and is immediately carried to the
gland. There it is stopped, and there it goes through the
same geries of actions as it would have gone through in the
skin—at first, pertrophic and peroxidizing actions, to be fol-
lowed by subtrophic and suboxidized results, whilst rapid
increase of epithelial and cellular growth goes on until some
particle spreads into the efferent lymphatie, from whence it
passes to any organ, and sets up a new colony, going through
the same cycle of actions as it would have gone through in
the skin.

At present, no medicine is known which can keep up the
healthy formation of the epithelial texture, or which is able to
stop the too prolific growth of the cancer cells. The chemical
or mechanical removal of every outlying cancer cell alone can
afford a respite, and in a very few cases of epithelial cancer
may give a perfect cure of the disease.
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EARL V.

— -

ON MECHANICAL DISEASES AND THE SECONDARY CHEMICAL
DISEASES THEY PRODUCE.

LECTURE XIV.

ON SURGICAL DISEASES; FRACTURES, DISLOCATIONS, RUP-
TURES, &c.; AND ON MEDICAL ACCIDENTS.

IN my previous lectures I have shown you that chemical
diseases are the parents of mechanical diseases, and I have
frequently had occasion to point out how a secondary me-
chanical complaint sets up a more serious tertiary chemical
disease than the primary chemical wrong, of which renal or
biliary calculus are two most striking examples. I shall now
endeavour once more to bring before you the compound or
mechanico-chemical or chemico-mechanical nature of the
actions in disease by taking an illustration or two from a vast
number of instances which, in the subdivision of labour, fall
under the care of the surgeon instead of the physician.

If T were a surgeon, I could give you a long course of
lectures on mechanical diseases and the secondary chemical
diseases which they produce, and on mechanical treatment
and on the consequent beneficial alterations thereby produced
in the chemical actions going on in the body.

The purest portion of pure surgery consists in the treat-
ment of mechanical aceidents and the increased or diminished
chemical actions produced by the mechanical wrong. How
important the relationship of the echemical fo the mechanical
effect is, may be seen in the fact that surgical accidents
would, speaking generally, be free from danger, if it were not
for the secondary chemical actions which necessarily come
out of them and often rise to fatal diseases.

I might take my illustrations from fractures of the bones or

5 2
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from rupture of the tendons, vessels, or membranes ; or from
dislocations, as of the joints or viscera, as in hernia; or from
wounds, as of the skin, vessels, musecles, or nerves.

By any of these different mechanical aceidents, I might
show you the danger of secondary chemical disease ; and if it
were desirable to extend this long list of mechanical disturb-
ances, I might take parturition, with all its accidents and
consequences, to prove the origin of chemical from mechanieal
complaints.

You must not suppose that in this lecture I take my illus-
trations from surgery and midwifery, because medicine will
furnish me with no examples sufficiently striking to be
brought before you; on the contrary, in medicine also me-
chanical complaints abound—medical accidents, if I may so
call them, among which I may mention obstructions, heemor-
rhages, ruptures of valves connected with the heart, causing
dilatation and hypertrophy ; dilatation of the veins; emphy-
sema of the lungs, and many other diseases. In addition to
the surgical accidents, I shall bring before you one or two of
these sudden or slow medical accidents to prove to you the
connection of mechanical with chemical disease, or, if you
please, of surgery with medicine.

From the immense variety and amount of mechanical
diseases to which he ministers, and from the greater use he
makes of mechanical remedies, the surgeon may be regarded
as the mechanical physician; but in consequence of the
secondary chemical diseases that are set up, he requires the
same knowledge of chemical remedies as the physician who,
in the treatment of disease, can use comparatively no mecha-
nical remedies whatever, except rest. This comparative
limitation to one class of remedies enables the physician to
become more skilled in their nse against the innumerable
multitude of chemical diseases that he is called upon to
treat.

My first illustration of the production of chemical disease
by previous mechanical action will be taken from a compound
fracture of the leg—in other words, fracture of the bone, with
laceration of the muscles, blood-vessels, and skin at the same



ON SURGICAL DISEASES. 261

time. When the same amount of injury is done to the bone,
muscles, and blood-vessels, the skin remaining unhurt, the
accident is, comparatively speaking, slight. Hence the amount
of mechanical injury cannot be the cause of the seriousness of
the compound fracture ; for a broken skin could not in itself
make the difference of danger between a simple and a com-
pound fracture. The difference really consists in the secondary
chemical diseases which are set up in the two aceidents. In
the simple fracture, when perfect rest is possible, moderate
peroxidation and pertrophic action only occur, and generally
no formation of pus takes place. In the eompound fracture
the admission of the air to the injured parts is sure to deter-
mine excessive local peroxidation, and pus is much more likely
to be formed, and this suppuration from the position of the
wound, and from the access by the air of infusorial germs, or
from the peculiar condition of the albumen, rapidly sets up
decomposition. A state of general peroxidation is readily
produced in the system, and not unfrequently the pus enters
the blood, and becomes itself a species of ferment, modifies the
peroxidation in the system, and, when it lodges mechanically
(embolically) in different organs, it there becomes the nucleus
and cause of a local modified peroxidation, which gives rise to
secondary abscesses wherever the lodgment is effected. Hence
increased oxidation and altered nufrition arve the chemiecal
complaints produced by this mechanical accident.

The first and most necessary part of the surgeon’s treat-
ment is to put the fracture in that position in which no fresh
mechanical disturbance can take place ; then, by chemical
means, lotions, and diet, he lessens or increases the chemical
action, and day by day he carefully removes the foul matter,
which is apt to become a chemical poison, and then not only
interferes with the healing process, but, if absorbed, poisons
the whole system.

If the general peroxidation should become excessive, and if
the drain of matter should endanger life, the surgeon is then
obliged to use mechanical instead of chemical treatment. He
removes the limb with the knife. Thus a clean surface is
cained instead of a foul one, and chemical and mechanical
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irritation is removed, and moderate oxidation and nutrition
soon close the wound.

My second illustration of the production of chemical disease
by a mechanical action will be taken from dislocations. A
dislocation is a mechanical misplacement, as, for example, of
the bones; but it may also occur in the viscera, as with the
uterus or the bowels. In this last instance it constitutes
hernia.

In all severe dislocations of the joints the mechanieal injury
that is done to the parts around the joint causes more anxiety
to the surgeon than the misplacement of the bones. The
capsule, the ligaments, the vessels in the neighbourhood, may
be so injured that violent inflammation may be set up; in
other words, great alteration of the chemical actions of oxida-
tion and nutrition around the joint may occur. The motion
may be completely lost either by the formation of pus within
the joint, or it may be only more or less hindered by the
effusion of lymph in the surrounding textures.

When the dislocation accidentally remains unreduced the
mechanical pressure may cause so much inflammation that the
displaced bone may become so fixed that no moticn may be
possible.

When the surgeon is called to remedy the accident, he
applies mechanical force in the opposite direction to that foree
that caused the dislocation. He counteracts the displacing
force, the tension of the musecles, and the contraction of the
tendons, and then, by rest and by remedies, cold lotions,
salines, and aperients and diet, he tries to prevent the occur-
rence of inereased chemical action.

He saves the joint, and ultimately the use of the limb is
restored. Whilst if the dislocation has been neglected, he
counteracts a very small part of the original mechanical
injury and of the results of the chemical actions set up
around the displaced bone by means of constant and long-
continued mechanical motion of the limb, whereby a greater
or a less amount of motion by means of a false joint is
obtained.

But you will see better in a case of hernia how chemical
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actions arise from mechanical injuries and how they add to
the distress and danger which the accident occasions.

Usnally constant mechanical pressure with a truss prevents
any accident to the bowel, but when from a mechanical cough
or from a jar displacement oceurs, then mechanical pressure
must be used by the patient or by the surgeon to return the
bowel and to prevent the occurrence of any secondary che-
mical wrong action. When the hernia cannot be reduced,
the mechanical strangulation immediately begins to affect the
progress of the chemical actions in the part.

The entrance and escape of the supply of blood to the bowel
may be so stopped that no oxygen may go in and no carbonic
acid may come out. The action of the oxygen on the fuel
may be so diminished that the chemical conditions necessary
for producing mortification may occur, and to prevent the
death of the intestine the surgeon, as soon as he finds that the
pressure cannot be otherwise removed, mechanically divides
the stricture. Then if the operation has not been too long
delayed the circulation is restored and healthy chemical
actions again take place, unless the chemical changes that
have occurred in the bowel during the extreme pressure pre-
clude all healthy action.

When the mechanical work of the surgeon is done, he then
by perfect rest to the body and rest to the bowel, by the least
amount of pressure of the general and local circulation, by
diet, by lotions, and by medicines, endeavours to stop the
increased chemical action which, under the name either of
peritonitis or of diffuse cellular inflammation, 1s so apt to
deprive him of the credit of his handicraft, and his patient of
his life, _

In every one of the mechanical injuries which may be
brought to the surgeon, this relationship of the chemical
disease to the mechanical accident is always in his mind. In
gome slight accidents, or in some parts of the body, the me-
chanical injury may hardly visibly alter the healthy chemical
actions of oxidation and nutrition; but a disturbance always
takes place; and in some parts of the body, from the nature
of the textures or from the mode in which the nutriment and
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oxygen are supplied, and the products of change and dis-
integration are removed, a very slight mechanical cause may
give rise to a very great chemical effect.

Of all wounds, why are scalp wounds the most serious?
Not surely because of the nature of the mechanical injuries
themselves, but on account of the secondary chemical results
which from the anatomical strueture of the parts are morve apt
to occur in these than in most other kinds of wounds.

The two chemical consequences of scalp wounds generally
are diffuse inflammation (peroxidation and altered nutrition),
consequent on the looseness of the structure of the cellular
tissue of the scalp; and necrosis or chemical death of the
bone, which occurs when the periostenm which supplies the
bone with food and oxygen is torn away by the mechanieal
injury.

As soon as the peroxidation begins in one spot of the
cellular tissue it rapidly sets up similar action in the adjoin-
ing healthy texture, and causes the healthy oxidation going
on in it to rise in degree until it becomes capable of in-
creasing the oxidation in the neighbouring cells and structures,
and so the inflammation spreads, and altered actions of nutri-
tion occur. These altered chemical actions might extend
through the whole cellular tissue of the scalp if the surgeon
did not mechanically divide the tense skin, which relieves the
pressure and the eirculation, and allows the produets of the
inflammation to escape freely from the inflamed part.

So, also, when more or less of the surface of the bone is
mechanically deprived of its nutriment, the part so injured
immediately begins to go through changes of anoxidation and
atrophy ; whilst around the obstruction inereased eirculation
is set up, and increased chemieal action, which would slowly
end in the removal of the dead and sometimes decomposed
bone. The surgeon, by the removal of the dead bone, me-
chanically does what nature would do chemically, and by so
doing he rapidly puts an end to a state of chemistry which,
when left to its course, ends not unfrequently by the absorp-
tion of pus, in a general poisoning of the system, and a stop-
page of all the actions which constitute life,
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In another very large class of diseases—those, namely, which
follow child-birth, the same relationship between mechanical
injury and altered chemical action may be shown to obtain.

The removal of the child from the uterus may be regarded
as a mechanical accident, an operation performed by nature ;
and violent mechanical injuries are often inflicted on the
mother and child in the process of parturition. Thus by
pressure, for example, rupture of blood-vessels and other
textures between the uterus and placenta invariably oceur,
and aceidentally other ruptures take place. Thus rupture of
the perineum not unfrequently happens, and rupture of the
bladder or even of the uterus itself more rarely occurs. The
rupture of the vessels connecting the uterus and the placenta,
and a transverse rupture of the uretus, cause oftentimes such
he&morrhage that an acute state of anemia is rapidly pro-
duced ; and the actions of oxidation and nutrition so suddenly
decrease in consequence of the deficiency of the supply of
oxygenated blood to the nerves and muscles that they cease
to act, and death rapidly ensues. When the rupture of the
uterns is longitudinal, there is less heemorrhage, and in some
rare cases a fatal result does not ensue.

Rupture of the perineum is slight or serious according to
the degree of the mechanical accident. In slight cases
healthy increased chemical action soon closes the wound, and
little or no inconvenience is produced. In more extensive
ruptures more serious wrong chemical actions arise, mortifica-
tion, inflammation, and passage of the fweces into the inflamed
false opening keeping up constant irritation, These evil
effects may last through life unless by skilful mechanical
treatment the surgeon can enable nature to close the opening
which the mechanical force originally produced.

Among the diseases which have been classed together under
the term puerperal fever you will find not only the best
illustrations of the relationship of chemical to mechanical
diseases, but also the best possible example of the close con-
nection that exists between the actions that constitute fever
and those that constitute inflammation.

At the time of child-birth the whole of the chemical and
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mechanical actions going on in the body are suddenly dis-
turbed. The whole oxidation and nutrition that was going on
in and through the uterus is suddenly checked. An entirely
new set of chemical and nutritive actions are beginning to be
set up in the mammary glands. Each structure of which the
uterus is made up is undefrgoing more or less altered action.
The peritoneum has been stretched to the uttermost, and
then is suddenly squeezed up. The muscular structure of
the uterus has suddenly been called into the most intense
action, and then suddenly has its violent action stopped, and
its substance gradually dwindles, by oxidation and altered
nutrition, away. The mucous membrane is not only bruised,
but is torn, and has to be repaired and absorbed. Even
the blood-vessels of the uterus are torn, and have to be closed
and gradually to undergo that change of texture which re-
duces them to a small fraction of the size to which a short
time previously they had attained. Without any inoculable
products of inflammation being brought to the uterus by the
accoucheur or nurse inflammation may be set up by spon-
taneous development from ecold, from unhealthiness, from
physical or mental distress. The inflammation may be most
intense in one or in all of the uterine structures, and aceord-
ing to the different textures involved different names have
been given to the resulting chemical disease.

If the inflammation is most intense in the peritoneum, the
disease is called puerperal peritonitis. If in the veins, it
is called puerperal phlebitis, and cases of inflammation of the
absorbents have probably been included in this designation.
When the symptoms are less manifest in the peritoneum and
veins, the inflammation then is in the mucous and muscular
structure, and when less distinctly localized, it is designated
as puerperal fever, which in all cases is a spontaneous or
inoculated inflammation of one or many of the textures of the
womb just after delivery, when all the forces in the body are
in a state of very great disturbance.

The effects of pressure upon the child in parturition are in
the highest degree mechanical and dangerous. It may be
mechanically strangled, or suffocated, or crushed ; it may be
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so wedged in that it must either be removed in pieces, or the
mother must be opened to get it out. No stronger proof of
the energy and extent of the chemical actions of oxidation
and nutrition that go on within us can be given than that
they should be able to continue in action during the violent
mechanical accident to which we are exposed at the end of
the ninth month of our existence.

The pure surgeon considers that all these accidents of
parturition do not belong to his handicraft, and the division
“of labour has almost taken them from the pure physician, and
has given them to a separate class. But the amount of skill
that is required to obviate and to remedy these mechanical
accidents, and the amount of judgment and knowledge that
the skilful treatment of the secondary chemical diseases
requires, shows that no distinction can be drawn in the rela-
tive requirements of those who practise any one of the three
branches of our profession. All should possess the same
chemical and mechanical knowledge, while the handicraft can
be neglected by the physician alone, who, to compensate for
this loss of power, should possess the greatest insight into the
chemical and mechanical forces that are in action in health and
in disease. Even in the treatment of medical accidents no
handieraft is of use to the physician. Whether these acci-
dents are sudden or slow, generally speaking, no mechanieal
treatment can touch the cause of the evil. The physician
may palliate or cure by mechanical and chemical remedies
the secondary chemical diseases that may be set up; but no
direct mechanical treatment of the original injury is possible,
except that which can be obtained by rest.

The number of mechanical accidents which fall under the
care of the physician is far greater than at first sight you
would suppose. Some of them closely approximate to sur-
gical accidents; for example, how slight is the difference
between intussusception and inguinal hernia! How closely do
different diseases of obstruction resemble surgical accidents!
I might give you a long course of lectures on different
obstructions, and on the secondary chemical diseases to which
they gave rise. Then there are mechanical diseases of internal
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ruptures, as of the semilunar valves of the heart, or of healthy
or diseased vessels, constituting the large class of heemor-
rhages. Then there are more chronic mechanical diseases,
as emphysema of the lungs, dilatation of the bladder in some
rare cases, varicose veins continually. I might almost include
in mechanical medical aceidents the large class of embolie
diseases, but these arise from a slicht antecedent chemical
wrong, and are therefore, like caleuli, primarily chemical,
secondarily mechanical, and tertiary chemical diseases again ;
and as I have already said, these tertiary chemical diseases
are far more dangerous than the primary chemical causes of
these complaints.

Of these medical acecidents I will take one a quick and the
other a slow mechanical disease, to show you again how
mechanieal wrong action sets up chemiecal complaints.

I will read you a few short notes of a case of mechanical
rupture of the aortic valves which I saw in St. George's
Hospital. It is recorded in Dr. Latham’s work, ¢Un the
Diseases of the Heart,” vol. ii., p. 193.

“ A stableman at Anderson’s, twenty-eight years of age, was
admitted into St. George’s Hospital. He was suffering, and had
suftered for twelve months, from severe palpitation of the heart,
and was able to mark distinetly the moment of its commence-
ment, It was one day just after running a horse down the
yard to show off his paces to a purchaser. He had never had
acute rheumatism. His lips were blue, his breath short, and
his left side was painful. He had a dry cough. His bowels
were confined and his urine free. It was ten weeks before his
admission that his cough and dyspnea had begun to be
particularly distressing. Auscultation found dulness in the
praecordial region, over an extent of four inches square. The
heart’s impulse inereased, and its first sound prolonged, with
a low blowing endocardial murmur over the aortic valves,
and its second sound indistinct. He was bled three times
under the urgency of his cough and dyspneea. These, how-
ever, continued to increase. Five weeks after his admission
his legs became cedematous, and in two weeks more he died.

“On examination after death three pints of fluid were found
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in the right pleura, and the heart was enormously large. 1In
length it reached from the second to the eighth rib, and across
the base of the ventricles it measured six inches. The left
ventricle was moderately hypertrophied, and very largely
dilated. The mitral valve was healthy, and the aorta was
slightly thickened, and moreover had suffered rupture of a
peculiar kind ; one of its septa was torn away from its attach-
ments, and thus two of its pouches were reduced to a single
irregular one. The right ventricle was dilated, but both the
auricles preserved their natural states. In the ascending
aorta and in its arch there were atheromatous deposits. The
liver was very large, and the spleen and the kidneys were
healthy.”

How, then, did this medical accident set up this chemical
disease ?

The aortic valves bear the pressure of the whole column of
the blood, and resist the tension of the arterial textures. Con-
sequently the highest pressure of each ventricle-full of blood
that comes into the arteries is exerted on these valves. As
soon as they are broken the pressure falls on the interior of the
ventricle, and this being much less resisting than the structure
of the valves, dilates ; and hence thronghout the whole arterial
system a state of lessened tension of blood, and consequently
of lessened pressure of the arteries on the blood, is produced;
and if the left ventricle were as feeble as the auricle, the
blood would hardly move in the small arteries, and passive
congestion of the capillaries and then of the veins wounld soon
follow from the rupture of the aortic valves.

But the heart reacts on the increased pressure. Quicker
and stronger the muscular structure endeavours to drive the
blood through the system. This increased action causes a
greater supply of blood to the muscular structure of the heart
itself throngh the coronary arteries, which, contrary to other
arteries, receive blood freest and easiest when the heart is most
dilated during the diastole. This inereased supply of blood
and increased function give rise to hypertrophy, and when it
is established this hypertrophy inereases the force with which
the blood circulates through the vessels, whilst the dilatation
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increases the quantity of blood sent forward at each systole of
the heart. Thus, the tension in the small arteries again may
reach the amount that prevents congestion of the blood in the
capillaries and in the veins.

Before this compensation can be reached, the diminished
tension in the small arteries allows the blood to stagnate in
the capillaries and in the veins; as the tension in them increases
the watery part of the blood, or even this with fibrin diffuse:
from the increased pressure into the textures, and a more or les:
resisting cedema of the cellular tissue is thus produced. Thi:
cedema may exist in all the textures, and the obstructed circula
tion may give rise to diminished chemical actions of oxidatio
and nutrition ; this alteration is most apparent when the ob
struction takes place in any of the secreting organs. When i
any secreting organ diminished pressure arises in the smal
arteries, increased tension is caused by the stoppage in the
veins, The capillaries from which the secretion takes place
become distended, the supply of oxygen and of substances
from which the seeretion is formed becomes insufficient for
the formation of healthy secretion ; altered and less oxidized
products form ; constituents of the blood unchanged may
escape on the free surface of the gland, and generally quanti-
tative and qualitative chemical errors in the products of the
glands oceur. Thus, for example, in the kidneys the conges-
tion from heart disease may cause slightly albuminous urine or
even fibrinous liquor sanguinis to pass into the urine ; or with
extreme pressure, blood-globules may be forced through.

Thus the whole chemistry of oxidation, nutrition, and secre-
tion may be entirely changed by the pressure produced by a
mechanical accident—so changed that even mortification may
in extreme cases occur. Such was not the course of events
in the patient with ruptured aortic valves. The heart did its
best to enlarge and to strengthen itself, but the tension in the
veing and the stoppage in the capillaries was too great a
weight for it to overcome. Effusion of fluid in the extremities
and in the pleura came on, and the mechanical obstruction
and the chemical want of action soon put an end to his
sufferings. :
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In the ¢Transactions of the Pathological Society,” vol. x.,
p- 92, you will find another case reported by Dr. Peacock. The
left angle of the posterior segment of the aortic valves was
torn from its attachment so as to allow the edge of the valve
to be retroverted and free regurgitation to take place from
the aorta into the ventricle. The heart was large, weighing
twenty-three ounces avoirdupois. The cavity of the left ven-
tricle especially was considerably inereased in size, and its
walls were thicker than natural. He died three months and
a-half after the accident which ruptured the valve, of extreme
dyspncea. The lungs were found congested, cedematous, and
very sparingly crepitant throughout.”

The slow mechanical disease which will furnish me with a
good illustration of the production of secondary chemical
disease is vesicular emphysema of the lung. This is caused by
the mechanical dilatation, perforation, and obliteration of the
pulmonary membrane of the air cells by the jerking force of
coughing, which presses at the same time equally downwards
as well as upwards.

As the emphysematous cavity enlarges the air cells that
were broken up to form it disappear, and hence the amount of
membranous surface is lessened through which the process of
oxygenation and decarbonization of the blood and textures is
carried on. A great diminution of the amount of capillary
vessels in the lungs is thus produced, and the quantity of blood
that comes to be aérated is thus diminished, and the resistance
to the eirculation in the pulmonary artery is increased.

This resistance acts immediately on the right side of the
heart, and tends to, and ultimately produces, dilatation of the
right side of the heart. The slightest impediment in the
right side of the heart acts immediately on the systemic venous
system, causing first increased tension of the veins, then
obstruetion, and finally dropsical effusion.

In health the air cells are distended with elastic gases, and
the pulmonary membrane is pressed inwardly by the direct
weight of the atmosphere, and outwardly indirectly by the
pressure on the ribs and abdomen. The elasticity of the
lungs is equal to a column of mercury about one-fourth of an



272 ON MEDICAL ACCIDENTS.

inch high; this elasticity, with the weight of the air on the
abdomen and ribs, gives a slight pressure resisting the dilata-
tion of the air cells. Cough eonsists in the sudden more or
less violent pressure on the air in the tubes and cells by the
contraction of the diaphragm and museles of the chest and the
muscles of the bronchial tubes and trachea, the larynx being
closed. This sudden contraction increases the pressure of the .
air on all parts of the vesicular structure of the lungs, and by
long-continued, often-repeated mechanical pressure, the elas-
ticity of the cells is lost where there is least resistance, and
the pressure of the air in the vesicles more or less rapidly
causes dilatation and perforation and ultimate obliteration of
the pulmonary membrane ; for each mechanical cough whilst
foreing part of the air out aects with an equal and opposite
force upon every part of the air cells.

The dilatation and destruction of the cells necessarily occa-
sions the destruction also of the capillaries on each side of
the pulmonary membrane, and as the amount of obliteration
increases, a mechanical obstruction to the passage of blood
through the lungs is produced, and by this the chemical
process of the aération of the blood is impeded. In conse-
quence of the mechanical injury, the absorption of oxygen and
the escape of carbonie acid may ultimately be reduced to such
an extent that the whole blood may become more venous than
arterial, and general loss of power from imperfect oxidation
and general loss of substance and alteration in chemiecal com-
position from imperfect chemistry of nutrition may result.

Moreover, the mechanical impediment to the passage of
the blood through the lungs inereases the tension of the blood
in the veins, and congestion, dilatation, and effusion may be
caused throughout the venous system. Dropsical effusion in
the textures occurs, not because the left side of the heart fails
to send the blood through the veins as in insufficiency of the
aortic valves and in dilatation of the left side of the heart, but
because the right side of the heart cannot empty itself, even
though sometimes by its increased action it ruptures the
blood-vessels of the lungs in its endeavour to overcome the
obstruction that exists in them. General suboxidation and
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subtrophic action are not the only chemical errors caused by
vesicular emphysema of the lungs. The general venous
congestion affects the chemical actions in the secreting glands.
The passage of the slugeish blood through the liver is made
more slow, and chemical derangements in the secretion of the
bile result. The capillaries of the kidney become congested,
and the secretion of urine is diminished and its composition
changed ; ultimately fatty liver and jaundice, and albuminous
urine and fatty degeneration of the kidney and uremia may
result from the primary mechanical injury by which the vesi-
cular emphysema of the lung was produced.

Whilst speaking of medical accidents, I must for a moment
here allude to another large class which, as they are in their
commencement chemical and not mechanieal, therefore
belong to the first part of this course of lectures. The vast
subject of poisons may be comprised in this class of accidents.
Poisons, according to their quantity and quality, suddenly or
slowly act chemically on the body, and thus give rise to
chemical and mechanical changes which sometimes cause the
instantaneous stoppage of all action—that is, death; and
sometimes produce the most protracted increased or
diminished chemical and mechanical actions—that is, more or
less acute or chronic disease. Almost every vegetable and
mineral medicine which we use, when taken in sufficiently
laree doses, acts as a poison. Hence you will at once see
how the full knowledge of these medical accidents by poison
may give you clear ideas regarding the effect of medicines in
promoting, or retarding, or modifying, the action of the
mechanical and chemiecal forees that cause disease. But I must
now leave this vast subject, of which I will endeavour to draw
a most unfinished sketch in an appendix to this course of
lectures.

And here, before I conclude, I must add one word of
apology for so exclusively dwelling throughout this course of
lectures on the chemical and mechanical actions of disease.
I have done so because I could thereby obtain a degree of
clearness and a connection of ideas which is very far beyond
that which the present theory and practice of medicine, with

T
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its “ vitality,” ¢ degeneration,” and © phlogistic action,” ean
offer. Moreover, even now the knowledge of the chemiecal
and mechanical actions in the body is still in its infaney ; but
it daily grows, and will grow, stronger, broader, and deeper
until it will carry away our present theories of medicine, and
will bring us new materials for the construction of a perfect
building, of which I have tried in this course of lectures to
trace an outline.

The present wide-spread disbeliefl among medical men
regarding the existing theories of disease and the mode of
action of remedies, and the utter disagreement which so
frequently exists between those who ought from the same
therapeutical knowledge to adopt almost identical practice,
and the complete wreck of all authority in physie, proves
that the theory and the practice of medicine are now in a
transition state; that the ground is being cleared for a new
structure based on the theory of the conservation of energy.
The science and practice of medicine will quickly advance to
perfection as soon as the progress of the physical sciences
enables us to obtain clear ideas of the action of each foree,
and of the relation of all the forces that exist in every sub-
stance within us and around us. As soon as we possess and
can use this knowledge our profession will regain that union,
that power, and that position which must of necessity be ours
when we are able to advise with certainty upon the separate
and conjoint action in the body of all the forces that bring
good and harm to mankind.
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APPENDIX.

BEING A SEETCH OF SOME OF THE THERAPEUTIC ACTIONS
OF MECHANICAL AND CHEMICAL FORCES.

INTRODUCTION.

PerrECT knowledge of the action of medicines can only be
obtained when the action of each force in each medicine upon
each foree in each texture of the body can be estimated.

Hence this outline must be most imperfect and incomplete,
but it may serve to indicate the direction in which future
progress lies, and perhaps to give an earnest of the results
which after years of research may be attained.

The law of the conservation of energy entirely does away
with every supposition that food or medicine can ereate or
annihilate any forece. Food can ereate no new force, but can
only transfer the energy that is latent in the different sub-
stances that are eaten or drunk, so as directly to increase or
to diminish one or other or all of the actions that take place
in the body ; or to inerease or to diminish the resistance to
these different actions.

Medicines also, like food, can earry latent energy into each
part of the body, and they may become active within by in-
creasing oxidation, nutrition, secretion, motion, and sensation ;
or by their properties they may put a check upon these
functions by increasing the resistance or by altering the con-
ditions necessary for the conversion of latent energy into
active force.

At the present time only the first sketch of the application
of the law of the conservation of energy to the action of

T 2
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medicines can be drawn. First, because our knowledge is as
yet too imperfect ; secondly, because the interdependence of
the different forces that aet within us renders the exact
estimation of each very diffieult ; thirdly, because a most
complicated system for regulating the different motions in
the body exists in the nerves, so that the action of every force
can be promoted or prevented by means of the eirculation ;
and, lastly, becanse the actions of many medicines are them-
selves complex, having an opposite effect at different times or
in different doses.

The healing art may be separated into two grand divisions
—the one chemieal, and the other mechanical.

From the first division the practice of medicine has arisen,
and from the second, surgery.

The great functions of medicine are chemiecally to affect,
qualitatively or quantitatively, first the working, and secondly
the repair, of the organs and structures of the body.

As I have in the preceding course of lectures chiefly con-
gidered the processes of oxidation and nutrition, so here I
ghall now, for the purpose of clearness, dwell only on the
chemical action of medicines as influencing oxidation and
nutrition in the different textures of which the body is com-
posed, although a multitude of other chemical actions may
exist which I shall not attempt now to bring before you.

But, first, you must entirely banish from your minds the
notion that diseases are catastrophes or separate entities to be
destroyed within or to be ejected, like devils, without, by
which a perfect cure only can be obtained; and you must
more and more be fully possessed by the fact that all dis-
eases are the increase or diminution or qualitative modifi-
cation of the never-resting correlated forces which constitute
life.

The oxidation and the nutrition that occur in the body are
affected by medicines in at least two ways.

First, directly by the passage of the medicines into the
different textures of which the body is composed; in these
textures oxidation is promoted or retarded, and in these
nutrition is assisted or prevented.
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Secondly, indirectly by the action of the medicines on the
nerves that regulate the ecirculation; whereby the flow of
blood throngh the vessels is inereased or diminished.

Although nutrition and oxidation in the body are dependent
the one upon the other, and cannot be separated in action,
yet to obtain some clearness in our ideas on the effect of medi-
cines I shall separate them by dividing remedies—

1st, into those that promote or retard oxidation. A:
Directly promoting oxidation within each particle of every tex-
ture. B: Indirectly promoting oxidation through the medium
of the nerves acting on the heart and blood-vessels. C:
Directly retarding oxidation. D: Indirectly retarding oxi-
dation.

And, 2ndly, into those medicines that promote or retard
nutrition. E: Directly promoting nutrition in each particle
of every texture. I': Indirectly promoting nutrition through
the medium of the nerves acting on the heart and blood-
vessels. G: Directly retarding nutrition. H: Indirectly
retarding nutrition.

Until lately we possessed no definite knowledge of the
diffusion of medicines after they entered into the blood. We
now know that erystalloid food or medicine passes through
the walls of the capillaries and through the membranes of
textures and through cell walls as readily as though no mem-
brane intervened between the blood and the parenchymatous
or intracellular fluid, According to the diffusive power of
the crystalloid substances in the liquor sanguinis, and in the
inter- and intra-cellular fluid, the same substance will be found
in equal quantities in these different places. Hence, by dia-
lysis, all erystalloid medicines act as directly on the textures
as on the blood ; and no erystalloid medicine can be limited
in its action to the blood alone.

When the erystalloid substances enter the different textures,
they act according to their chemical power ; and according to
the actions going on in the different textures, and even in
different parts of the same textures; and according to the
chemical and physical properties of the substances of which
the different parts of the different textures are composed.
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In addition to this direct action the diffusion of the medi-
cine into the nerves that regulate the circulation leads to an
indirect action upon the processes going on in the different
textures. The increased or diminished action of the heart
and the expansion or contraction of the small arteries lead to
an immediate alteration in the circulation of blood through
any part, and this promotes or retards the chemical circula-
tion or the rate of diffusion from the capillaries into the
extures.

Thus, not only are the actions of oxidation and of nutrition
dependent the one on the other, but even the direct and
the indirect actions of medicines upon oxidation and upon
nutrition are also dependent the one on the other ; although
for clearness, as 1 have said, 1 shall endeavour in this sketch
to keep these 1wo actions as separate as I can,
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PART 1.

THE first great division of medicines consists of those which
direetly or indirectly promote or retard oxidation.

A, Medicines that directly promote Owidation.

Ist. Iron is probably one of the most certain remedies we
possess, and when used in right quantity and at the right
time, it seems as though its progress could be watched and
its benefit accurately determined by the improved colour of
the blood.

When a soluble salt of iron is taken, in a few hours some
part of it is converted into a sulphuret, or is reduced to the
state of oxide in the bowels, and thus losing its solubility and
power of diffusion, it is thrown out as perfectly useless as if it
had never been taken.

Another part escaping precipitation remains dissolved, and
passes in from seven to ten minutes, when the stomach is
empty, into the urine, where it may be detected by the
ordinary chemical tests, partly oxidized, if capable of oxida-
tion ; and this part also is of no use unless some local action
of iron on the urinary passages or bladder is required.

A third part, instead of passing off in the urine, diffuses
from the liquor sanguinis into every texture, and into the
blood-globules and white corpuscles, making a greater forma-
tion of heemoglobin, and thereby promoting that combination
with protagon on which the production of new blood-globules
depends.

These blood-globules exercise a chemical action on the
oxygen of the air which the membrane of the air vesicles
transmits, and they and the fibrin together appropriate the
incoming oxygen and carry it to the ecapillaries, whence it
must diffuse into each structure to support the oxidation
which takes place everywhere.

Hence, speaking generally, the more iron we absorb, the



280 ON THE ACTION OF MEDICINES.

more blood-globules we form, the richer also the muscles
become in hemoglobin, and the more oxygen is taken to the
capillaries, and the more oxidation proceeds in the tissues and
in the blood.
2ndly. Oxygen itself, and still more ozone, may be con-
sidered as direct promoters of oxidation. IFrom the time of
Dr. Beddoes and Mr. Boulton to our own time, by inhalation
or imbibition, these remedies have been used, but hitherto
there has been no general recognition of their worth at all
comparable to that which exists regarding the value of iron,
Theoretically, ozone, if not oxygen, onght to be a most potent
remedy in the treatment of diseases arising from suboxidation,
but as yet the right mode of using these agents, except as
fresh air, has not been discovered, and probably until some
means is found of keeping up the continuons action of these
gases no considerable benefit will follow their use as medicines.
3rdly. Alkalies furnish out of the body and in the body
the most marked evidence of assisting in oxidizing actions.
Very many substances are ineluded in the class of alkalies,
and probably no two of them have the same degree of action,
although all have a general resemblance. Different alkaline
substances diffuse into the blood and into the textures at
different rates, partly on account of difference in their power of
diffusion, but partly also on account of the amount of similar
substances already present in the tissues. Thus, for example,
carbonate of soda, carbonate of potass, carbonate of lithia,
and phosphate of soda will pass in and out of the textures at
different rates, according to the amounts of these substances
already present in the fluid that saturates these tissues. The
greater the difference between the guantity of substance in
solution on each side (inside and outside) 8f any membrane,
the quicker will equilibrium by diffusion be produced, and
the sooner will the greatest possible action of the substance
be obtained ; and when the equilibrium is produced no further
passage of the substance through the membrane will take place.
In the first lecture I have given some account of the rate
of passage of some alkalies into and out of the textures, and
at pages 21 to 23 you will find how alkalies act on organic
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substances out of the body; and from the experiments there
related you will see that there is every reason to believe that
alkalies within us also act most powerlully by directly promot-
ing oxidation. Wherever they diffuse they chemically assist
the action of the oxygen there, and ultimately lead to the
formation of earbonic acid. Hence the most efficacious alkalies
are those that pass in most readily, and can be taken in the
least neutralized condition. Thus caustic alkalies are more
potent than subearbonates, and carbonates more potent than
bicarbonates.

4thly. Chlorine, iodine, and bromine are substances closely
related in chemical properties, and all promote oxidation in
the body by taking hydrogen from water and thereby liberating
oxygen. Thus these substances act even more strongly as
oxidizers than oxygen itself acts. For example, solution of
blue indigo may be exposed freely to the oxygen of the air
without being oxidized ; but on adding chlorine, iodine, or
bromine to the solution, oxidation immediately occurs,

Wheft combined with alkalies these substances have some-
times a very different effect from that which they possess
when free, for iodine is to 1odide of potassium as chlorine is
to common salt. Dut, like common salt, iodide of potassium
is decomposed by some organic acids; thus we see it is decom-
posed on the skin when used asa lotion or as an ointment, and
thus hydriodic acid may be liberated in the textures, and this
acid sets free iodine when air or free oxygen is in contact
with it.* Hence, when the oxidizing action is certainly
l'equired, chlorine, iodine, and bromine should be used in the
free state, and the combinations of these substances with
alkalies will not always produce the same amount of action
as the free substances themselves are able to effect. That the
neutral compounds possess strong actions is well known in
medicine, and the power even of common salt to form chemical
compounds with the innumerable neutrdl substances that
occur in the body, as, for example, the compounds of salt and
urea ancksalt and sugar, makes it probable that the iodides and

* Bee * Annales de Chimie,” March, 1866, p. 376. M. Payen on Lodide of
FPotassium.
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bromides, wherever they penetrate, act chemically (though not
as oxidizers always) on a multitude of organiec and inorganic
substances with which they come into contact.

Sthly. Nitrates, chlorates, permanganates, and- iodates are
occasionally given on the supposition that they liberate
oxygen in the body ; but there is as yet no proof that any of
these substances can give rise to an increase of oxidation in
the textures. Alkaline permanganates and nitrate of silver
are so rapidly decomposed on touching any organie substance,
that they must be deoxidized long before they can pass out of
the blood into the textures. The permanganate of potass
can scarcely have passed the lips before it has given up part
of its oxygen to the mucus of the mouth. Hence, probably,
excepting the iodates, the eflicacy of all these substances is
quite independent of their chemical power as oxidizers.

Gthly. Many other substances when taken in any quantity
have a strong chemical action—for example, salts of zine, salts
of copper, salts of antimony, and salts of mercury ; of all these,
the salts of mercury are the most remarkable on acsount of
the use that has been made of them in the treatment of almost
every disease in England. Salts of mercury belong to the
class of irritant poisons; substances that act chemically on
the organic matters with which they come in contact, causing
inereased chemical action. The more soluble the preparation,
the more violent the action on the different organic and
inorganic substances with which it comes in contact. The
solubility of corrosive sublimate in a solution of albumen, and
the solubility to a slight degree of calomel in common salt
or in some of the many organic and inorganic substances it
meets with in the stomach and bowels, is the cause why
these substances are capable, the one quickly, the other
slowly, of passing into every texture of the body, and when
there, the same increased chemical action takes place as
we see occurs in*the gums as the earliest sien of the con-
stitutional affection by mercury. This increased chemiecal
action eanmot oceur without inereased chemical axidation
taking place in the same part at the same time. So that
mercury salts, instead of stopping inflammation, actually
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cause increased oxidation, and the efficacy of mercurials in
inflammation depends on a power of exciting the secretions
and of irritating the mucous membrane from the stomach
downwards, by which the bile is made to pass into the duo-
denum and mucus into the intestine, and on a chemieal action
on fibrin and albumen which stops the coagulability of the
liquor sanguinis, and renders effused fibrin less cohesive, and
8o more easily removed by absorption, than it otherwise would
be. Its reputation as an antiphlogistie probably is greatly
due to its combination with opium, of which it corrects the
chief inconveniences—namely, stoppage of the action of the
liver, bowels, and other organs,

Tthly. Many organic substances—as, for example, croton
oil, castor oil, elaterium, ipecacuan, jalap, aloes, and many
others—contain some oily or extractive matter, which acts on
the outer or inner skin, and when absorbed gives rise to
inereased chemical action, whence comes heat and oxidation,
and more rapid circulation and quicker nutritive changes. If
the increased chemical action rises to a sufficient height, then
the increased circulation causes mechanical obstruction and
congestion, and inflammation is the final result.

8thly. Counter-irritation must be considered as an oxidizing
action. The simplest example is friction, which not only acts
by promoting mechanically the ecirculation of the blood, but
the increased heat from the mechanical action gives rise to
increased molecular change; in other words, to inereased
chemical action. External heat in all its different methods of
application or production—as, for example, poultices, fomen-
tations, water-dressings, flannels, cottons—aets in the same
way as an equivalent amount of mechanical action wonld do.
Juereased thermal action cannot exist without giving rise to
inereased molecular action.

Eleetricity differs from mechanical, thermal, or photal
motion in its capability of passing into each texture according
to its conductivity or resistance. Hence this form of motion
may penetrate far deeper into different structures and affect
actions in parts of the body far beyond the reach of mechanical
or of thermal force.
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B. Medicines that indirectly promaote Ozidation.

The eauses that determine the force and frequeney of the
heart’s contractions are so many and so complicated that it is
with the greatest difficulty that the effect of medicines on the
cirenlation can be determined by experiment.

Among these causes are, first, the action of the nerves;
secondly, the action of the muscular structure itself; and
thirdly, the chemieal and mechanical quality and quantity of
the blood, and its relative proportion to the system of vessels
in whieh it is contained.

The present state of our knowledge regarding the influence
of the different nervous systems upon the ecireulation shows
that at the centre and probably also at the periphery a highly-
complex nervous action, partly stimulating and partly check-
ing the contractions of the heart and vessels, takes place.

That a stimulating and a checking action of the nerves on
the heart exists, and is in the highest degree complex, is
evident from the following facts :— :

1st. The heart, at least in cold-blooded animals, when re-
moved from the body goes on beating. Hence there must
exist in the heart itself a eentre of thythmieal action, the seat
of which must be placed in the ganglionic cells which are
disseminated through the heart’s substance.

Zndly. On cutting the cervical portion of the ninth pair of
a warm-blooded animal, the frequency of the heart’s pulsations
is remarkably increased, and on tetanising the extremity of the
nerve, which is still by its cardiac branches in connection with
the heart, its motion is slackened, and may even easily be
stopped altogether. Hence the ninth pair must be regarded
as the heart’s inhibitory nerves. :

The inhibitory action can also be exercised through the
same nerves by stimulating the parts of the brain between the
calamus seriptorius and the corpora quadrigemina from which
these nerves arise, and this leads to the conelusion that there
exists in this part of the brain a centre which incessantly con-
trols by means of the ninth pair the rhythmical action of the
centre in the heart itself.
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But the perfection of the machine and the complexity of the
nervous action do not end here.

3rdly. The action of the heart may also be stimulated by
tetanising the cervical portion of the sympathetic nerve, and
henee there is reason to believe that there is somewhere in the
upper part of the spinal marrow a stimulating centre con-
nected by the sympathetic fibres with the ganglionie cells of
the heart.

4thly. On the other hand, experiments on the heart of cold-
blooded animals removed from the body can only be explained
by the assumption of an inhibitory centre, situated in the
septum atriorum (or common substance of the two auricles in
frogs). Thus, then, there exist at least four different centres
of nervous action :—A stimulating (or musculo-motory, as it
is called) centre in the heart, and an inhibitory centre there
also, and these counteract each other. Then there is a
similar pair of centres in the brain and spinal marrow, con-
nected, apparently, with the corresponding centres in the
heart by two sets of nerves, the ninth pair and the sympa-
thetie.

A poisonous agent may be carried to and act on any of these
four centres, and thereby stimulate or check the heart’s
motion. Thus, for example, digitaline does not act upon the
heart itself or on the nerves in the heart, but upon the inhi-
bitory centre in the brain ; its effect is produced through the
ninth pair, for when these are cut digitaline does not act.

Still further complicating the nervous action, the inhibitory
centre in the brain is in connection with the sympathetic
nerve, so that the action of the heart can be stopped by reflex
action of the sympathetic nerve. Thus Bernstein has shown
that when the two trunks of the sympathetic nerve in the
abdomen are isolated (as can easily be done in the frog) and
tetanised, the heart is seen to stand still as long as the ninth
pair are entire.

As the sympathetic nerve and the ninth pair regulate the
action of the heart, so the same power of contracting and
relaxing the muscular fibres of the blood-vessels in the
sublingual salivary glands, according to the experiments of
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Claude Bernard, is exercised by the sympathetic nerve and
the chorda tympani.

If the filaments of the sympathetic nerve alone as they enter
the gland are tetanised, a highly-concentrated saliva is
secreted, and the blood flows out of the gland of a dark
colour. If, on the contrary, the chorda tympani alone be
tetanised, saliva is secreted copiously, containing no great
proportion of solid matter, whilst the blood that flows out of
the gland is brightly coloured, like arterial blood, and some-
times the arterial impulse can be distinctly traced beyond the
gland into the veins.

These results, so far as the colour of the blood and the
abnormal pulse in the veins, can only be explained by assuming
that the small blood-vessels in the gland are caused to contract
by tetanising the sympatlictic nerve, and that they are caused
to dilate by tetanising the chorda tympani.

It is possible that a similar arrangement prevails throughout
the whole circulatory system, but hitherto the existence of
nerves which cause the vessels in general to contract has
alone been demonstrated.

The consideration of the causes that disturb the cireulation
becomes still more complicated when the power of the musele
itself and the action of the fluid that eirculates in the vessels
and the resistance at the periphery have to be taken into
account.

The power of the muscle itself may be affected by medicines,
by nutrition, or by resistance. IFor example, it is most pro-
bable that veratrine stops the action of the heart in a totally
different manner from digitaline, by affecting the muscular
structure of the heart itself without the intervention of the
Nerves. .

Moreover, the quantity of the blood and the average or
total pressure which exists in the whole or in a part only of
the circulation have been proved materially to affect the heart’s
power and frequency of action. Whenever an abnormal
resistance is set up in any part of the system, as is, for
example, the case in so many of the affections of the different
textures of the kidney comprised under the name of Bright's
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disease, the action of the heart is increased, just as the action
of any voluntary muscle has been recently shown to be
increased, by adding to the weight it has to lift; and when-
ever the proportion which the bulk of the blood should
normally bear to the capacity of the vaseular system is altered
by "the contraction of the small arteries, the increase of
average pressure thus produced increases the frequency of
the pulsation of the heart, as Ludwig and Thiry have demon-
strated.

By chemiecal or mechanical action upon one, or more than
one, of these different nervous or musecular centres of foree,
medicines may increase the frequency or the force of the con-
tractions of the heart. In consequence, the blood will be sent
more quickly through the capillaries, and greater rapidity of
chemical circulation (diffusion) through the different textures
will be produced, and from this increase of oxidation and of
nutrition will arise.

Dr. Traunbe's experiments on the effects of digitaline,
nicotine, oxide of carbon, curare, and antiarin all show the
exceeding complexity of the action of these substances npon
the heart; but from such experiments we shall obtain the
data for rightly estimating the action of remedies on the
nerves, and through them on the processes of oxidation and
nutrition.

¢, Medicines that dirvectly retard Owidation.

In "this elass are included that most important list of
remedies which formerly constituted the medicinal part of the
antiphlogistic treatment.

Ist. Vegetable salines and dilute organie and mineral acids.
These constitute the most directly-acting remedies for fever
and inflammation which we possess.

The oxidation of vegetable salines I have brought before
you in the fourth lecture, page 90.

The effect of organic and mineral acids in so checking
oxidation as to cause even the acenmulation of fat is mentioned
in the ninth lecture, page 176 to page 178,
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The first action of dilute mineral acids, when the stomach
is quite empty, is on the mucous membrane and on the
muscular structure ; the nerves are not affected by dilute
acids. When taken in the very small doses usually given,
the alkalescence of the blood must quickly prevent any
continued action of the acid as such on the blood-globules,
the seeretions, or the textures; but, by however little the
alkalescence of the blood is diminished, or the blood-globules
destroyed, by so much must the process of oxidation in the
textures be diminished also; and if very large quantities of
mineral acids could be evolved anywhere, accumulation and
formation of fat, and probably a saccharine condition of
that part, would be produced. The action of phosphorus,
arsenie, and antimony in producing fatty degenerations of the
liver, kidneys, and pepsine glands of the stomach, and in
stopping the liver from forming glycogen, may partly depend
on the production of the acids of these substances in these
different places. i

Some organic acids, as, for example, oxalic acid, act quite
as strongly in neutralizing alkalescence as the dilute mineral
acids, and multitudes of these organic acids are formed in all
the textures of the body, and that mineral acids and bile
acids when In excess may even produce so-called fatty de-
generation is rendered certain by the experiments of M.
Kiihne, Traube, Leyden, and Munk. Ozalic acid and the
bile acids, m combination with alkalies, have also the power
of stopping the muscular action of the heart, and bile acids
also rapidly dissolve the blood-globules, and thus retard
oxidation,

Even the syrup which enters into so many prescriptions
must be considered in its action as equivalent to so much
organic acid taken into the system, and temporarily at least
neuntralizing so much alkalescence in the blood and in the fluid
with which every texture is imbued.

Vegetable acid salts have always been considered as anti-
phlogistic remedies, and when oxidized to carbonates they
may assist in the removal of organic impurities in the blood
and textures by ultimately adding to the alkalescence of the
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liquor sanguinis, and thus promoting oxidation everywhere;
but this action is entirely different from that of organic and
mineral aecids, which, by lessening the alkalescence of the
blood, directly retard the process of oxidation.

2udly. Preparations of lead. As acids are the antitheses
of alkalies, so lead is the antithesis of iron. In the ¢ Proceedings
of the Royal Society,’” June 15, 1865, you will see some expe-
riments on the rapidity with which, in guinea-pigs, salts of
thallium pass into every texture, and can be shown to be
present after six hours even in the crystalline lens. Whether
lead passes at the same rate or to the same distance may be
doubted, but at least it can be seen in the gums and be
detected in the muscles of the forearm, and from this there is
every reason to believe that lead-salts diffuse widely into each
texture, and act there according to the chemical properties
of the different textures and substances with which they
come in contact.

The multitude of organic substances from albumen to sugar
that are precipitated by lead-salts shows the innumerable
chemical actions that they must oceasion in the body.
Probably they precipitate both the heemoglobin of the blood-
globules and museles, and the protagon of the nerves and
blood-globules.  Certainly the most marked visible effect is
produced on muscles, nerves, and blood-globules. Combina-
tions are formed which prevent further change, so that an
arrest of action in the formation of muscles, nerves, and blood-
globules, takes place. From the affections of the muscles and
nerves paralysis and pain are produced, and from the affection
of the blood-globules anwmia results, and this causes dimi-
nished oxidation in the tissues, and hence aceumulation of
urates in the textures is apt to oceur, and though acute or
chronic gout may follow, yet the inereased chemical action
is usually insufficient to remove the deposit which the arrest
of oxidation continues to produce.

3rdly. Oxide of carbon displaces the oxygen in the blood-
olobules and forms a stable combination with the substance of
the red corpuseles which is not destroyed by oxygen. Thus,
carbonic oxide stops the passage of oxygen into the blood and

U
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causes the same symptoms of poisoning as are produced by
the hindrance of oxygen from passing into the blood.

Sulphuretted hydrogen, n,s, is decomposed by the ozone of
the blood, the sulphur being precipitated whilst the hydrogen
reduces the blood to a lower state of oxygenation. An excess
of sulphuretted hydrogen destroys the haemoglobin of the
blood, and thus gives rise to a deficiency of oxygen in the
circulation.

Arseniated and antimoniated hydrogen, m,asHsb have
nearly the same action as sulphuretted hydrogen.

Phosphoretted hydrogen, mp, reduces the blood, becoming
phosphorous acid, pm,0, and producing asphyxia from want
of oxygen.

Oxide of nitrogen, xo, acts in the same way as oxide of
carbon, forming at first xo,.

4thly. Sulphurous acid and hydriodic acid are direct deoxi-
dizing agents, and though the first chemical actions they pro-
duce in the body may be able to produce heat and force in
the body, yet soon the deoxidizing action tends to stop the
changes of oxidation which are going on within, The well-
known action of sulphurous acid on nitrous acid, in the manu-
facture of sulphuric acid, need not here be dwelt on.  As the
sulphurous aeid takes oxygen from the peroxide of nitrogen
or hydrogen, so hydriodic acid, when near a substance that
easily ‘parts with its oxygen, reduces it, and by this action
these substances can retard the changes which may be taking
place in the body; moreover, by neutralizing alkali and by
attacking the blood-globules, these and other mineral acids
retard oxidation, and, like phosphorie acid, they are capable
of producing fatty degeneration.

othly. Gallic acid and tannic acid are strongly deoxidizing
agents. When in contact with alkalies, as in the blood, they
are capable of taking oxygen even from the blood-globules.
They probably have no action on the nerves or muscles, ex-
citing no contraction of the muscular structure. The action
of tannin in preeipitating albumen and in forming indefinite
compounds with the skin gives no explanation of its action
in astringing the small blood-vessels. The property of gallic
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acid as an astringent requires also fresh experiments for the
explanation of its action.

Gthly. Rest, general and local, for muscles and nerves,
and cold, must be considered as means directly hindering
oxidation.

The appearance of the arcus senilis first where the eyelid
prevents the action of light, and the fatty accumulation in
unused parts, are examples of the chemical effect of rest.

D. Medicines that indivectly retard Oxidation.

As in the causes that indirectly promote oxidation, so in
those that retard oxidation, three different actions must be
distinguished :—1st. An action on the nerves; 2ndly. An
action on the musecles; and 3rdly. An action resulting from
the quantitative and qualitative relationship of the blood to
the vessels.

1st. On the checking or controlling influence of the nerves
upon the action of the heart and the capillaries.

Ofall the actions that can be produced by chemical agents
acting in the body, this is the most remarkable for its rapidity
and intensity.

The effect of so comparatively uncomplex a body as prussic
acid (g,xm) in bringing all action to rest is almost too rapid
to be investigated experimentally; but the effect of more
slowly-acting substances—as, for example, morphia—shows
quite as distinetly the mode of action of some of the most
important agents that can be employed as medicines.

If any extremely delicate test for morphia existed, it would
probably be found to follow the same course in rapidity and
extent of diffusion as quinine; when taken on an empty
stomach, in less than fifteen minutes it wounld be detectable in
the blood ; and in every texture of the body it would reach its
maximum in from two to three hours; whilst there it wounld
act according to its chemical properties and the properties
of the different textures with which it was in contact. In
twenty-four hours it would greatly decrease, and in seventy-two
hours, by diffusion or oxidation, it would entirely disappear.

y 2
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What the chemical action of alkaloids on nervous matter
may be is not yet determined. When applied directly
to a nerve, ammonia is found to destroy immediately the
electrical and all other actions which the nerve can pro-
duce: this may be some evidence of the kind of power
which the large class of alkaloids possess in aecting on pro-
tacon. Chemistry has hardly entered on this vast field
of inquiry, although the researches of Kiihne and Ieckhard
and others show that the effect of inorganie and organie aecids,
alkalies, neutral substances, and salts on nerve and musele
must be determined before any clear views of the action of
remedies can be obtained.

As soon as the salts of morphia enter into every nervous
filament a molecular motion between the protagon and salt of
morphia probably takes place; the resultant substance must
be far less sensitive, far less capable of other molecular
motion, than before, and until the morphia is destroyed by
oxidation or removed by diffusion the nerve cannot recover
its former mobikity.

All experiments lead to the supposition that different alla-
loids affect different parts of the complex nervous systems
in greater or lesser degrees. Strychnia will set chiefly on
the medulla; curarime and conicine will aet most on the
motor nerves; atropine will paralyse the nerves that contract
the iris, while essarine will paralyse the nerves that dilate the
pupil. No experiments at present can reach the causes of
these variations, and for them and for other alkaloids we must
take the fact, and long for the explanation which chemistry
will some day give.

The dry tongue, the stoppage of the secretion of gastrie
juice, bile, intestinal fluid, and of urine, the paralysis of the
nerves that dilate the iris, the loss of mental and nervous
power after morphia—all these actions are evidence of the
effect of morphia in stopping all chemical action and in
lessening oxidation by acting on the nerves which lessen the
circulation of the blood.

In this way opium is one of the most potent antiphlo-
oistic remedies we possess, and to it probably the calomel
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and opium treatment of this century owes its great repu-
tation.

Of all the remedies that control hamorrhage probably
opium is one of the most potent. This is effected by the
same mechanism acting through the same nerves that in-
directly retard oxidation.

Zndly. Medicines that lessen the action of the muscles.
Rest and cold are the most potent agents that can be men-
tioned here. Salts of potass, ammonia, and lead, and probably
salts of zine and baryta, and perhaps in small doses salts of
antimony and veratrine, digitaline, and nicotine, may have a
direct action on the muscular substance, especially of the heart,
rendering it less sensitive to nervous influence, and thus con-
trolling its contractions and causing less active circulation,
and thus indirectly retarding or stopping oxidation ; but here
also we must wait for further experiments before any clear
ideas can be obained.

Srdly. The qualitative and quantitative relation of the blood
to the vessels can chiefly be affected in a negative sense by
local or general bleeding, by dilutions, and by evacuations.

If now, then, we diseard the last lingering trace of the
theory of phlogiston, according to the present state of know-
ledge the antiphlogistic treatment is the retardation of
chemical action; and as oxidation is the chief of all the
chemical motions going on in the body, the antiphlogistic treat-
ment is the arrest of an excess of oxidation and of all the
mechanical, chemical, and other actions which arise from it.
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PART II.

Ix the second great division of medicines I place those sub-
stances that directly or indirectly promote or retard
nutrition.

The chemical actions which are concerned in the formation
of the multitude of ovganic substances of which the body is
composed are far move complicated than those comparatively
simpler chemical actions on which oxidation depends. If
even now the different steps and proecesses, the helps and
hindrances which affect the formation of earbonie aecid and
water in the body, are not yet determined, how much less
able must we be at present to comprehend the chemical
actions which take place in the formation of blood-globules,
bone, musele, nerve, &e.

Many of those medicines that promote or retard oxidation
at the same time promote or retard nutrition. When they
are present in excess they render the formation of different
substances more easy ; and when absent the chemical actions
necessary for the formation of these substances are retarded
or altogether stopped,

Our knowledge is so deficient regarding the way in which
these actions are carried on that at present no clear view of
the chemistry of the repair of the body can be obtained.
Still the fact is certain that some food and some medicines
are capable of promoting or of retarding the formation of
different substances. To comprehend this for the present we
must assume mno vital force, but we must wait until the
advance of chemistry enables us to determine all that belongs
to chemistry in the process of nutrition. Then, and not
until then, we shall be able, by deducting the chemiecal
portion, to see clearly how much of the actions that determine
the composition, form, and position of the different structures
depend on any distinet and peculiar force ; and to this residue
the term vital force may then be given.
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E. Medicines or Food that directly promote Nutrition.

It is not possible to draw any distinetion between food and
medicine ; for oxygen, and iron, and water, and common salt
are as necessary food as starch and gluten or fat and albumen ;
and increased supply of any substance that can enter into the
structure of any tissue as surely promotes nutrition as
increased supply of air increases oxidation.

The most remarkable example of increased nutrition by
medicine is geen in the increased formation of blood-globules
when iron is taken. The formation of hemoglobin implies
the formation of hsmmatin, and without iron no hsmatin is
produced, so that iron may be regarded as one food of the
blood-globules. When it is absorbed in greater quantities
than the ordinary food supplies, increased formation of
heematin oceurs, and in eases of ansemia this inereased forma-
tion may be watched and stopped when it is considered that
sufficient red-colouring matter has been produced.

The chemical process by which the iron helps to build up
the heematin is quite as unknown to us as was a few years
since the formation of urea or any other of the innumerable
organic substances which chemistry is now able synthetically
to construct; but that the metal itself and many of its salts
will lead to the inereased formation of new blood-globules is
proved by the innumerable preparations of iron that are in
use in medicine, no one of which can be said to have an
undoubted superiority in the cure of anemia,

Possibly, by giving ready-formed haematin or heemoglobin,
a more rapid formation of blood-globules will be obtained
than when any other preparation of iron is given,

The second remedy I may mention is phosphate or
carbonate of lime in promoting nutrition of the bones. In
cases of rickets, by giving ivory shavings, by powdered bone
itself, by calcined bone, by pure phosphate or carbonate of
lime, increased formation of bony substance may be pro-
duced.

The third medicine is cod-liver oil. This remedy clearly
shows the impossibility of distinguishing between food and
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medicine. Its chief ingredients increase the deposit of fat in
the cellular tissue, and this nutritive action on the adipose
tissue differs in no respect from that which might be obtained
by turtle, or eream, or olive oil. It is, however, quite certain
that many substances besides oily matter exist in the cod-
liver oil, and to these intermixed substances the cod-liver oil
probably owes its medicinal repute. M. Chevrenl has found
no less than twenty-nine substances in mutton suet.
Fourthly, it is highly probable that other nutritive sub-
stances might be found which will specially promote the
nutrition of particular textures, the more nearly in chemical
composition the nutritive substance agrees with the texture
to be nourished. Thus, in failing supply of the whole blood,
the whole blood may be renewed by transfusion. In wasting
muscle from exercise or other cause, meat may be the special
remedy. Gelatine may perhaps supply the wasting cellular
tissue, and even the highest of all textures, the brain and
nerve substance, may perhaps be best restored by food of
which these substances form a part. That phosphorus assists
in the formation of protagon, as iron does in the formation of
blood-globules, is far from any direct proof. Far less pro-
bability exists that phosphoric acid or the salts of phosphoric
acid—as phosphate of iron, or phosphate of iron and strychnia
—can be so decomposed, and the elements recombined in the
body, that the phosphorus may promote directly the nutrition
of the brain or spinal cord. Whatever good these medicines
may do otherwise they can hardly be of use in helping the
formation of protagon, either in the nervous substance or in
the blood-globules. Phosphorus or phosphorus acid can be
shown by direet experiments (see Lecture IX., pp. 174 and
175) to be oxidized into phosphoric acid; and hence the
phosphorie acid of onr medicines, thongh it may leave the
iron or strychnia in great part to combine with soda and other
alkalies, and may keep continually passing into a more or
less basic salt, yet will never lose its oxygen by reduction,
never be capable of combining with carbon and hydrogen to
form that phosphorised oil which exists in the nervous sub-
stance. The worth or the worthlessness of phosphorus or
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phosphates as nutriment for the nerves must be established
by experiments which the chemist alone is capable of
making.

F. Medicines that indivectly promote Nutrition by, 1stly, inereas-
ing the action of the heart, and, 2ndly, by lessening the resist-
ance in the capillaries.

The different ways in which the heart has its action
increased I have already brought before you in speaking of
medicines that indirectly promote oxidation. The exceedingly
complex nervous system which makes the human machinery
so far more perfect than any made by hand, renders it almost
impossible to rightly estimate the way in which and by which
different medicines acting upon the different nervous centres
can cause increased action of the heart. It 1s not less difficult
also to determine accurately the probable action of medicines
upon the different nervous centres in lessening the resistance
in the capillaries.

Besides these nervous actions there is also the aetion on
the muscle itself by medicines, and by the work which it has
to do, and by the qualitative and quantitative variations in
the fluid which circulates in the heart and vessels,

All these different actions lead to the same result, and
that is, increased flow of blood to the part; and whatever
cause produces a flux of blood to any structure, in that
structure increased nutritive action will take place. The
Hunterian experiment on the growth of the spur of the cock
when implanted in the comb is momentarily repeated wher-
ever, by mechanical and chemical or any other force, the
quantity of blood bl'_uught to any part is inereased. From
corns to eancers increased flow of blood causes inereased
growth of healthy and diseased structures; and in whatever
way increased supply of blood to any part is occasioned,
inereased nutrition of that part or texture indirectly is pro-
duced.

Increased flow of blood to any part may be produced in at
least four different ways by medicine.
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First, there may be an action on the nerves which increase
the action of the heart.

Secondly, there may be an action on the muscular structure
of the heart itself.

Thirdly, there may be an action on the nerves that dilate
the capillaries.

Fourthly, the quantity and quality of the blood in the
heart and vessels may be improved, so that a smaller quantity
may become equivalent to a larger quantity.

1st. Aleohol, ether and chloroform, nitrous oxide, ehloride
of methyl, olefiant gas, before they are destroyed by the
oxidizing process going on in the body, have a very decided
action on the heart through the nerves. This action on the
nerves does not proceed from the action of the blood-globules,
because the symptoms appear before any blood-globules are
destroyed, because animals with white blood are affected by
angesthetics, and because animals, as frogs, the respiration
of which is with difficulty interfered with, are easily and
strongly affected by these substances.

The protagon of the nerves is readily acted on by these
substances, and it is this same protagon in the blood-globules *
that causes them also to be attacked and dissolved by these
stimulants.

The first action of these substances, then, is a chemical
combination with one ingredient of the nerves—this is the
primary stimulating action ; and as soon as this combination
is formed the nerve is rendered less sensitive (perhaps by
being made less capable of being acted on by oxygen than
before), and until the foreign substance is removed by oxida-
tion the nerve is checked in its action.

Zndly. Of all the medicines that stimulate the muscles,
probably ammonia is one of the most remarkable. It has no
exciting action on the nerves of motion, but almost immediately
deprives them of the power of exciting motion, but it acts as
an intense exciter to the museles,

Srdly. Medicines that dilate the ecapillaries, according to

* “On the Existence of Profagon in the Blood,’ by L. Hermann (* Archiv
fiir Anatomie und Physiologie,” 1866, 1. 36).
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M. Bernard, do so by paralysing the sympathetic, which
constantly tends to close the capillaries. This dilatation may
also be caused not only by dividing the sympathetic nerve,
but by acting reflexly or directly on the cerebro-spinal
nerves.

In the submaxillary gland the vessels are relaxed and
saliva flows when the superior cervical ganglion of the sym-
pathetic is cut, and when the lingual nerve is excited as by
vinegar, or the chorda tympani isirritated. Curare paralyses
all the motor nerves, and then secretion of saliva takes place.

4thly. Improvement in the quality of the blood is chiefly
effected by iron and animal food ; or the quantity in any part
may be increased by friction or by any other force.

G. Medicines that directly vetard Nutrition, either, 1st, by
themselves entering into combination with the organic sub-
stances of which the textures are composed, by which the
chemical changes that would otherwise occur are stopped, or,
2ndly, by the accumulation in the textures of any of the sub-
stances resulting from the chemieal changes in the textures.

Among the many mineral substances which act in the first
way lead is the chief, and probably zine, silver, copper,
arsenic, antimony, and even in some rare cases mercury, as,
for example, in methyl-mercury, can also combine with either
nerves, muscles, skin, or other textures, rendering them
incapable of going through changes on which their action
depends.

Among the substances which aet in the second way must
be included all the different products from each texture in
their downward eourse to earbonie acid, ammonia, water, and
salts.

Even the accumulation of “ashes” may come to be im-
pediments to the chemical changes on which nutrition
depends, the old textures may cease to be removed, and
“ caleareous degeneration ” may result.

When carbonie acid accumulates in the blood and textures
from the pressure of more than four per cent. of carbonie acid in
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the air, it causes no convulsions,provided sufficient oxygen is at
the same time supplied ; but the carbonic acid passes from the
blood to the nerves, and acts on the moving and on the regu-
lating systems of nerves. At first the pressure of the blood is
increased, and the frequency of the pulse becomes greater;
then the regulating action prevails, the pulse becomes slower
and larger ; then the pressure sinks quickly and considerably.
The regulating action is exhausted, and again the increase of
pressure shows the excitement of the motor system remains.
Soon the motor action in the medulla oblongata is lost, and
that proceeding from the ganglia of the heart alone remains,
and this gives only slight pressure, small and quick systole
and diastole, and long intervening pauses. The action on
the nerves of respiration brings the respiration as well as the
heart to rest, less’ oxygen goes in, and more carbonie acid
accumulates till the muscles stop. 3

With carbonic oxide the same phenomena are produced
with the addition that an immediate action of earbonie oxide
takes place on the hemoglobin of the blood-globules, and
probably also on the haemoglobin of the muscles (Virch.
‘Archiv,” 1865). Carbonic oxide takes the place of the oxygen
and hinders the escape of carbonic acid, so that not only a
deficiency of oxygen, but an accumulation of carbonic acid is
produced by it, the blood-globules being made incapable
of carrying on the escape of carbonic acid from the textures
(Pokrowsky, ¢ Archiv fiir Anatomie und Physiologie,” 1866,
p. 29).

The organic acids are at least one step nearer than carbonic
acid to the textures; and if these acids accumulate in excess
in the blood and textures, stoppage of oxidation and nutrition
results.

Of all organic acids, the bile acids, even when combined
with soda, have been proved by Kiihue, Traube, and Hermann
to have this action most decidedly, rapidly causing * fatty
degeneration,” dissolving the hwmoglobin, so that this con-
stantly appears in the urine, and stopping the muscular action
of the heart.

Other organie acid salts, as lactie, citrie, tartarie, for the
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time they remain in the textures before they are thrown out
or burnt, stop the changes going on in the textures, and thus
retard nutrition.

Sugar or fat, when taken in quantity, not only may lead
to excessive deposit of fat, but may stop the changes in the
material that is being removed to allow of new matter taking
its place; and thus these substances may produce an arrest of
nutrition, even whilst adding to the adipose deposit.

The nitrogenous substances that arise from the albuminous
textures if they accumulate may react also in stopping nutri-
tion ; in addition to a multitude of other chemiecal actions
on different textures which these substances may possess.
What the amount and nature of these substances may be, and
what the difference of their actions, cannot at present be con-
jectured with any certainty.

Beginning with carbonate of ammonia, and then urea, there
are substances like kreatinine, animal quinoidine, and higher
compounds of carbon, all of which, if they could be given as
medicine, would check the formation of the downward pro-
duets from albumen, and thus would retard nutrition. What
other actions these substances possess in first combining with
nerves and muscles, and then rendering them less active as
long as the combination lasts, must be worked out by the
most careful experiments; and among the multitude of sub-
stances that may ultimately prove to be formed in the body
from albumen, perhaps we shall find the same poisons which,
when procured from vegetables, we know produce the
symptoms that constitute some of the diseases to which man is
liable. Even animal strychnia and morphia may, like indigo,
quinine, starch, or cellulose, be formed in the body by some
modification of the process of removal of the textures.

H. Medicines that indivectly retard Nutrition by lessening the
action of the heart and increasing the resistance in the
capillaries, by which actions the flow of blood through the
textures is lessened,

Four different actions may be distinguished, by any of
which nutrition may be lessened—first, by an action on the
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nerves of the heart; secondly, by an action on the muscular
structure of the heart; thirdly, by contraction of the capil-
laries in consequence of an action upon the sympathetic
nerve ; fourthly, by the reduction, quantitatively or gualita-
tively, of the state of the blood.

It is impossible at the end of this sketch to bring before
you in any detail the progress of experimental inquiry abroad
on some of these subjects. I can now do little more than give
you the names of some of the substances and the kinds of
action which they possess, and I must refer you to the
original works for full details of the experiments that have
been made except in the case of potash salts, which I shall
take solely because it gives a good example of the progress
that may be expected in therapeutical knowledge from
seientifie research,

A medicine may act in only one, or in many, or in all the
different ways that I have mentioned, and practically there is
rarely a limited action, for the medicine if a erystalloid passes
into every structure, and acts according to the properties of
the substances with which it comes in contact.

1st. Of the medicines that act on the nerves of the heart in
stopping its action, and thus making the eireulation of the
blood slower, strychnia is one of the most remarkable. When
applied directly to the heart, it acts on the wvagi nerves,
and lessens the frequency of the heart’s action ; and it acts also
on the ganglia. Nicofine acts on the vagi nerves alone.
Conicine stops all the action in the peripheral nerves with-
out affecting the museular contractility. Digitaline first
stimulates, and then paralyses the regulating nerves, and
then stops the action of the heart. Quinine first stimulates,
and then lessens, the action of the motor nerves of the
heart.

The difficulty of determining whether the retarded circula-
tion depends upon an inerease of the checking action of the
nerves or upon a decrease of the motor 1-1n-tiu11,. whether i the
heart itself or in the brain, is in many experiments exceed-
ingly oreat ; and, to add to the complication, a reflex action
on the vagi nerves may produce the same effect as though
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a poison had been applied to the vagi nerves in the heart
itself.

Thus, as 1 have already said, mechanical irritation of the
sympathetic nerve in any part of the abdomen may be
reflected by the vagi nerves to the heart and stop its action.
Of this the ocecasional effect of a sudden blow on the solar
plexus, or of cold water when drunk, are familiar, though
happily rare, examples,

Zndly. Of the medicines that act chiefly on the museular
structure of the heart, veratria may be taken as the most
remarkable: it stops the contractility of the heart, and
colchicine has probably the same action ; both may also act
on the museular structure of the small arteries, and thus alter
the cireulation through the capillaries.

The effects of salts of potassium, compared with the effects
of sodium salts, show that salts of potassium act very
strongly on museunlar contractility. When salts of potassium
are injected into the blood, the pulse falls rapidly, and the
pressure of the blood, when aceurately measured, rises for
the first few minutes and then falls, and if the injection is
then repeated the heart stops beating.

A muscle, by the application of potassium salts, may be
rendered unexcitable to the stimulus of electricity, and it may
be restored by treatment with sodium salts. A nerve, also,
when treated with potassium salt, loses much quicker its
power of exciting contractions in a musele than when a similar
nerve is treated with sodinm salt. Even a nerve of sensation,
as in a tooth, may lose its power when treated with potassium
salt.

So remarkable are the phenomena that even a similarity
has been stated to exist between the action of potassium salts
and digitaline.

Microscopic observation shows that chloride of potassium
may affect the blood-globules, making them contracted and
oranular, while chloride of sodium has no action of this kind.

Srdly. Of medieines that act on the capillaries morphia is
the most striking. It acts also on the nerves of the heart,
first as a stimulant, and secondly as a strong retarder,
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4thly. The blood is made less energetic in quality or
quantity by bleeding, starvation, and excess of water; by
lead salts and excess of acids, mineral and organie.

Finally. If you look for a moment to the second great
division of the healing art, you will find that among other
indications of treatment two prinecipal objects always present
themselves to the surgeon. These are MECHANICALLY to
control the working and repair of the body. Inother words,
he endeavours, qualitatively or quantitatively, to regulate by
mechanical means the oxidation and nutrition which take
place in every structure of the body.

Of each of these actions I must limit myself to one striking
illustration.

The surgeon promotes oxidation in croup by mechanically
opening the trachea. He retards oxidation after mechanical
or chemical injuries by bleeding, by cold, and by rest, by
defence from irritating substances. He directly promotes
nutrition by removing pressure, as in the operation for
strangulated hernia, and he retards nutrition by pressure or
ligature in cases of aneurism.

As in medicine, so in surgery; the aections of oxidation
and nutrition are mutually dependent everywhere, and no
separation of these two actions in any part of the body
actually takes place; and although I have endeavoured in
this sketch to bring each of them separately before you, I
have done so only in order that I might at least give you a
clear thongh most imperfect view of the two most important
of the many chemical actions of medicines * which are now
being worked out by experimental research. The progress of
all accurate knowledge of the actions of medicines depends now
on exact chemical and physical experiments, and by the

* Among these are the action of acid in the stomach for digestion; the
action of pepsine and pancreatine, &ce.; the action of charcoal as a deodoriser ;
the action of an increase or decrease of acidity in the urine for the preven-
tion or cure of stone ; the destruction of parasitic animals and vegetables on
the skin; the defence of the skin from the action of oxyzen and dust by
lead and zinc paints ; the neutralizing foul discharges by charcoal poultices,
chlorine washes, nitrate of silver lotions; the destruction of tumours by
caustics; and many other chemical actions might be mentioned.
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perfection of these alone will the practice of medicine lose its
doubts and difficulties and disagreements and deceptions, and
become esteemed by all as the art that can confer the highest
benefit upon mankind.

Instead of being as formerly blind wielders of neavy ciubs
that may cure the disease or kill the patient; or instead of
being as at present  judicious ™ or injudicious * bottle-holders,”
physicians at some future time will estimate exactly the
effect of the increased or diminished action of any one force
upon all the other forces concerned in the production of
general or local disease; and by adding to the resistance of
one or more forces, or by liberating more energy by means of
the powers that are latent in food and medicine, they will

restore that equilibrium of action in the body upon which our
health depends.

Those who wish for further information on the chemieal
actions of medicines will find it by the following references,
for which I am indebted to Dr. Ludimar Hermann, of

Berlin :—
1. OxipE oF CARBON, €6.

CL Bernard. Legons sur les Substances Toxiques, 1857, p. 172; Legons
sur les Propriétés des Liquides de 'Organisme, i. 376-393.

Hoppe. Virchow's Archiv, xi. 288; Centralliatt f. d. med, Wissen-
schaften, 1863, 819, and 1865, p. 52.

Lothar Meyer. De Sanguine Oxydo-carbonico Injecto Diss. Inang.,
Vratislavie, 1858.

Lothar Meyer. Henle und Pfeufer's Zeitschrift fiir rvationelle Medicin,
3 Reihe, v. 83.

Eulenburg. Die Lehre von den schidlichen Gasen, Braunschweig, 1865,
p. 62,

Kuhne. Virchow’s dreliiv, xxxiv, 244,

L. Hermann, Aichiv von Reichert und Du Bois Reymond, 1865, 469,

Pokrowsky. Virchow's Arehiv, xxx. 525; and Archiv von Reichert und
Du Bois, 1866, p. 59; Centralblatt, 1865, 801.

Masia. Virchow's Arehiv, xxxiv,

Dybkowsky. Hoppe Seyler's Medicinisch-chemische Untersuchungen
in Tubingen, Berlin, 1866, p. 131.

Klebs, Virchow's Arehiv, xxxii.

Lendet. _Avchives Générales de Médecine, 1865, i. 513.

Tranbe. Verhandlungen der Berliner med. Gesellschaft, i. 67.

Kuhne, Centrailblatt, 1863, 134.

X
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Eulmjhut‘g and Landois.  Berliner Elin. Wochensehrift, 1866, Nos. 6-12.
Friedberg. Die Vergiftung mit Kohlendunst, Berlin, 1865.
2. SvrpnureTTED HYDROGER, H,S.

Hoppe Seyler. Centralblatf, 1863, p. 433 ; Med.-chem. Untersuchungen
v. Tubingen, p. 151.

Kaufman and Rosenthal, dichiv v. Reichert und Du Dois, 1865, p. 659.

Lewisson, Virchow's Arehiv, xxxvi, 15.

3. ProserroreTTED HYDROGENR, PH; (not spontaneously inflammable).

Dybkowsky in Hoppe Seyler’s Med.-chem. Untersuchungen, p. 57.

4. ARSEXETTED AND AXTIMONXETTED HyproGEN, AsH; and SbH,,
Hovppe Seyler.  Cenbralliati, 1863, 434,
Lewisson.  Virchow's Archiv, xxxvi, 15.
5. ProToxipe or NITROGEN, N6,
L. Hermann, Arehiv v, Reichert und Du DPois, 1864, p. 521.
6. Bixoxipe oF NITROGEN, N6,
L. Hermann. Archiv v. Reichert und Du Bois, 1865, p. 469.

7. HEarT Po1soxs 18 GENERAL,

Rosenthal. Archiv v. Reichert und Du Bois, 1865, p. 191 and 601,

8. SavTs oF PoTass AND AMMONIA.

Bernard and Grandean. L' Tastifut, 1863, No. 1555.

F. Ranke, drehiv v. Reichert und Du Bois, 1864, 320,

P. Guttmann, Berliner klinische Wochenschrift, 1865, Nos, 34 to 36,
Podeopaew, Virchow's Arehiv, xxxiii. 505.

9, SALTS OF BARYTA AND SALTS oF (OxALic AciD.

Onsum. Virchow's Archiv, xxviii. 233.
Cyon. dwehiv v. Reichert und Du Bois, 1866, p. 196.

10. Sanrs oF BILE Acins,

Kiihne, Virchow's Arehiv, xiv, 80,

Traube. Berliner klinische Wochenselrift, 1864, Nos, 9 and 15,
Rohrig. Arehiv der Heilkunde, iv. 385.

Namias. Comples Fendus, 1864, 1, BOO,

L. Hermann., Archiv v. Reichert und Du Bois, 1866, 27.

11. DIGITALINE.

Eulenburg and Ehrenhaus. Allgemeine med. Centralzeitung, Berlin, 1859,
No. 98.
Tranke, Same journal, 1863, No. 30.
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12. NI1coTINE.
Traube. Same journal, 1862, No. 103, and 1863, No, 9,
Rosenthal. Centralblatt, 1363, T37.
Braun. V. Grif’s drchiv v. 112,
Hirschmann. Areliiv v. Reichert und Du Bois, 1863, 309.

13. AcONITINE.
Achscharumoff. Advehiv v. Reichert und Du Bois, 1866, 255,

14. CUuRARINE (new discovered alkaloid substance of curare).

Preyer. Compies Rendus, 1x. 1327—1346 ; and DBerliner Elintsche
Wochenschrift, 1865, No. 40,

15. CURARE.

Bernard. Comptes Rendus, 1856 (vol. ii. p. 825); Lecons sur les Sub-
stances Toxiques, p. 288 ; Robin’s Jowrnal de U Anatomie et de la Physio-
logie, 1864, H07.

Kélliker. Virchow’s dArehiv, x.

Kiithne. Arehiv v. Reichert und Du Buis, 1860, 477.

Traube, Centralblatt, 1863, 49,

Richter. Henle and Pfeufer's Zeitschirift (3), xviii. 76.

Von Bezold. Untersuchungen iiber die Innervation des Herzens.
Leipzig, 1862. 2 Abtheilung.

Jzermak.,  Cendralblaff, 1865, 881.

Giannuzzi. Centralblatf, 1864, 321,

Bidder, drchiv v, Reichert und Du DBois, 1865, 357.

Winogradoff. Virchow's Areliiv, xxvii. 533.

Saikowsky. Cenfralblutt, 1865, T71.

16. CoNICINE.
P. Guttmann. Berliner Elinische Wochenschrift, 1866. Nos. 5 to 8,

17. SurLrHURIC AcID AXD OTHER MIXERAL AcCIDS.

Leyden and Munk. Virchow's drehiv, xxii. 237: DBerliner Elindsche
Wochenschrift, 1864, Nos, 49, 50 ; Die acute Phosphorvergiftung. Berlin,
1865.

Maunnkopf. Wiener med., Wochenschrift, 1863. Nos. b to 8.

Bamberver. Wiener Medicinal Halle, 1864, Nos. 29, 30.

Lower, Berliner klinvsche Wochenschrift, 1864, No. 40,

18, Paosraorus.

V. Hauff, Wurtembergisches Corvespondenzblaft, 1860, No, 34,

Ebrle. Die acute Phosphorvergiftung. Tubingen, 18G1.

Lewin. Virchow’s drehiv, xxi,

Munk and Leyden. Die acute Phosphorvergiftungz. Berlin, 1865.

Dybkowsky in Hoppe-Seyler's Med.-chem. Untersuchungen aus Tubin-
gen, p. 49.

Virchow. Virchow’s drehiv, xxxi, 399,

Schultzen.  About to be published.
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19, ARSENIC AND ANTIMONY.
Saikowsky. Centralblatt, 1865, 353, T69.
Senfftleben. Centralblatt, 18G5, 914,

Cunze on the Action of Arsenie. Zeifschrift fiir rationelle Med., xxviii.,
Pt‘+ iq’ p"‘ 3‘31-

20. Hrner, CerorororM, Avncodors, Liguor HoLrawpicug, ETC., BI-

sULPHIDE oF CArpo¥, HEAVY CARBURETTED HYDROGEN, PROTOXIDE
oF NITRoGEN, CHLORIDE oF METHYLE,

L. Hermann, Archiv v. Reichert und Du Bois, 1866, 27.

21. SamanpaziNe (poison of several speeies of Salamandra) €,,H, N, 6;.

Zalesky in Hoppe-Seyler's Med,-chem. Untersuchungen aus Tubingen,
p- 85.
22, SuLPHATE oF QQUININE.
Eulenburg. drchiv v. Reichert und Du Bois, 1865, p. 423.
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INDEX.

ABSORBENT system of animals, page 12, |
Accidents, medical, 268.

Acid, excess of, whence it arises, 75.
fermentation,Scherer’s, not proved,

81.
—— its funetion in the body, 74.
its relation to sugar, 74,
——— removal of, from the body, 78.
Acidity, disease of suboxidation, 74.
consequences of excess, 85,
means of detecting, 80,
———- of urine, variation of, 77.
symptoms of excess, 83,
treatment of, 86.
Acids, mineral, diffusion of, 24, |
vegetable, diffusion of], 24.
Ague ferment, its action, 231.
mode of action of quinine on, 37.
Albumen in vegetables, 33,
Aleohol, action on organs, 204, 208,
Alkalescence of saliva, 79,
of urine from fixed alkali, 76,
Alkalies, action of, in diabetes, 69.
in the body, 21.
on albumen, 22,
———— on fatty matter, 21.
on sugar, 21.
~————— comparative neutralizing power,
a1,

promote oxidation, 23, 280,

Alkaline phosphate of soda in diabetes,
69.

Alkaloids, aclion of, 25, 292,

diffusion of, 24.

Aloes, its action, 283,

Ammonia, action of, 24, 293, 398,

;'s.m}rlnid disease misnamed, 191,

An=mia a subtrophie disease, 246.

Animal life an assemblage of correlated
actions, 27,

Antimony salts, their action, 282 |

Aortic valves, rupture of, 268, |

compensation for, 270, |

Aortic valves, rupture of, eonsequences,
269,

| Apoplexy from diseased vessels, 251,

Arsenic, mode of action in ague, 37.

Ashes, accumulation of, stop nutrition,
209.

Assimilation, 238,

Atropine, time in which it acts on pupil,
30,

Bladder, stone in, symptoms, 114.

Bleeding, its action on nutrition, 504.

Blood, increased flow of, promotes nu-
trition, 297,

the quantity and quality of,

affects the heart’s action, 286.

promotes  or
chemical action, 293.

Body, amount of force going in daily, 9.

going out, 9.

creates no force, 8.

— —— work done in, 8.

Bread, almond, 61.

composition of, 61.

gluten, 61.

Bright's disease
hE.

Bromine promotes oxidation, 231.

retards

following diabetes,

Casium, diffusion of, into textures, 23.

Calabar bean, time in which it acts on
pupil, 39.

Cancer, chimney-sweep’s, its origin, 256

mode of growth, 257.

Carbon, oxide of, its action, 290, 300,

Carbonate of ammonia, amount of, in
blood, 196,

Carbonic acid, aceumulation of, stops
action, 300,

Carlsbad water in diabetes, 64.

| Castor oil, its action, 283.

Cataract artificially produced by sugar,
.
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Cataract, as complication of diabetes, 56.

Chemical circulation in the body, 12.

changes in diabetes, 42,

Chilblains, what they are, 167,

Chlorates, their action, 252,

Chlorine promotes oxidation, 281.

Chylous urine, nature of disease, 253,

Circulation by diffusion, 26,

Circulation of blood, 14.

Circulation, distance of lens from, 14.

Cod-liver oil directly promotes nutri-
tion, 2U6.

as remedy in diabetes, T1.

Colehicum, its action in gout, 137.

Cold, action of, on body, 10.

effect of, in diabetes, 42,

intense, 164,

on marmaots, 165,

—— action of, 223,

Conicine, its action, 302,

Constipation, treatment of, in diabetes,
72,

Copper salts, their action, 232

Counter-irritation, its action, 283,

Cream as remedy in diabetes, 71,

Croton oil, its action, 283,

Crystalloid substances,
into textures, 26.

Curare, its action, 299,

Cystin diathesis, on, 154,

complications of, 157.

with Bright's disease, 158.

treatment of, 160,

——— products of decomposition, 155.

relation of, to urea and uric acid

not determined, 155,

rapid passage

Death, stoppage of conversion of force,
0.

Diabetes a chemical disease, 40.

acute, 52,

caused by mechanical injury of

nervous system, 43.

complications of, 65,

difficulties and fallacies of tests

far, 44.

hereditary, 53.

intermittent, 54,

means of detecting, 46.

prognosis, 53,

specific gravity of urine, 49.

symptoms of dizease, 50.

treatment of, 50, G5,

two stages of, 45,

Diet, antifarinaceous, in diabetes, 44,

|

INDEX.

Diet, effect of, in diabetes, 59.

—- in gout, 141.

~—— Professor Bouchardat’s, in dia-
betes, 62 to 68,

Difference between muscular and nerv-
ous action, 7.

| Diffusion of gases and liquids, 13.

of substances into textures, 15.
Diseases, chemieal, 2.

mechanical, 2.

—— modifications of healthy actions,
276.

——— of childbirth, 265.

surgical, 259.

Dislocation a mechanical disease, 262.

Elaterium, its action, 283.

Electricity, its action, 283.

Emphysema of the lung, eause of, 271.

consequences of, 272,

Energy, conservation of, its application
to medicine, 276.

Exhaustion produced by diabetes, 56.

Fat, composition of, 169,

Fatty acids, test of, 164,

Fatty degeneration, 168,

deposzit, eauses of, 170.

mechanical results of, 180.

—— ——— from excess of non-nitro-
genous food, 172.

from insufficient change in

nitrogenous food, 172,

Dr. Ormerod’s ex-

e

——

periments, 172.

from insufficient oxygen,171.
local action, effect of phos-
phorus, 173.

from mineral acids, 176,
from bile acids, 177.
Ferment, action of, in diabetes, 43,
Fermentations, on, 215.

acid of urine. 216.

alkaline of urine, 219,

M. Pastenr’s views, 221.
Ferments, animal and vegetable, 215.
of urine isolated, 222,

Fevers, errors of peroxidation, 227,

loss of mechanical power, 233,
——— puerperal, its nature, 266.

the mechanical disorders they
cause, 232,

e




INDEX.

Fluorescent substance, amount deter- |
mined by standard solutions of qui-
nine, 32,

Fluoreseent substance discovered by |

Professor Briicke, 385.
in all animal textures, 24,
amount in different textures, 33,

vigible in living eye, 31, 39.
not to be distinguisied from
quinine, 31.

chemically, 32,

optically, 31.

Food, action of, on body, 11.

—— Liebig's division of, 11.

Foramen ovale patent, 230

chemical results of, 240,

Force, constancy of amount, 1.

correlation of, 2,

latent, 1.

Fractures, compound, why so danger-
ous, 261.

Friction, its action, 283,

Frostbite, its nature, 166.

Fruits, amount of starch and sugar in, 59.]

Gallic acid, action of, 200.

Gastrie juice, acidity of, 77.

Gout, air in, 142,

—— alkalies in, 143.

—— cause of, 126.

—— complications and consequences of,
134,

—— consequences of the loss of motion
in, 146.

—— diet in, 141.

—— gffeets on the different textures,
146.

—— iron in, 144.

—— means of detecting, 129,

—— mechanical diseases from, 145,

—— mineral water in, 145,

—— on, 125. 2

—— relation to rheumatism, 132,

— symptoms of, 130.

-—— treatment of, 136.

expectant, 140,

specific, 139.

Gravel, consequences produced by, 115.

in bladder, 116.

in kidneys, 115.

—— in nrethra, 118,

in ureter, 115.

uric acid, 112,

a1l

Heart, causes that determine its con-
traction, 284,
Heat, its action on the body, 10, 283,
Hernia a mechanical disease, 263,
Hydriodic acid, its action, 290,
Hydrochlorie acid, action of, 103,
Hydrogen, arseniated, its action, 290,
phosphoretted, its action, 290.
sulphuretted, its action, 240,

Hymen, imperforate, causes poisoning,
241,

Indigo in animals, 23,

Inflammation, contrast hetween bron-
chitis and pneumonia, 186,

effects of mechanical strueture

of different textures, 185, 186,

effects of tension in, 184,

general and loeal, 181,

Leat of, whence it comes, 182,

in different structures of kidney,

159,

nature of, 182, 185,
phenomena of, 184,
result of excessive
action in the textures, 154.
simplest case of, 182,
state of capillaries in, 153,
Todates perhaps act as oxidizing agents,
2g2.
Iodine promotes oxidation, 281,
Ipecacuan, its action, 283.
Iron a medicine directly promoting oxi-
dation, 279,

chemical

nutrition, 205,
Jalap, its action, 283,

Kidney, amount of albumen passed by,
184,

amyloid disease, 191.

an hydraulic press, 188,

effect of altering pressure in the
veins and arteries of, 188.
inflammation in its differ-
ent structures, 187,

ture, 190,

of cortical strue-

of interstitial strue-
tora, 208,

symptoms
and consequences, 205.
stopping renal vein, 189,
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Kidney, effect of thickened walls of the |
arteries, 192,

tying renal artery, 188,
ureters, 192,

rate of passage of water through,
when contracted, 192,

result of obstructing the artery,

1497.

tendency to fatty deposit, 178,
tubular disease of, causes, 208,
consequences of, 212,
signs and symptoms of, |
211. |
treatment of, 213.
Kreatin, amount of, in blood, 196,
in muscle, 196,

Lead palsy a subtrophic disease, 246.
—— salts, aetion of, 289,
Lemon juice, composition of, 225.

use of, in ammoniacal urine, 225,
Lime earbonate, promotes nutrition, 2935,
—— phosphate, promotes nutrition, 295, |
water, increases oxalate of lime in |
urine, 101,
Lithia, action of, in the body, 21. |
exists in many vegetable and |
animal substances, 16,
passes into cataracts, 19.
rate at which it passes in and out |
of body, 17.
spectrum of, 16. |
Liver most liable to fatty produetion,

179,

Lungs least liable to fatty disease, 179. |

Matter, no chemical distinetion between |
animal, vegetable, and mineral, 33. |

Mechanical equivalent of heat, 8. '

power, loss of, in diabetes, 72.

remedies, mode of action of, 10.

Medicine, application of chemistry to, 3.

progress of knowledge of, on
what it depends, 274,

Medicines act directly by passing into
the textures, 276.

act indirectly through the nerves

that regulate the circulation, 277,

action of, 275.

affect oxidation and nutrition in |

two ways, 276.

chemical actions of, 304.

create no new force, 275,

that directly or indirectly pro-

mote or retard nutrition, 291.

INDEX.

Medicines that directly promote nutri-
tion, 295,

oxidation, 270.
that directly retard nutrition,

299,

oxidation, 287.

indirectly promote nutrition, 207,

oxidation, 284,

indirectly retard nutrition, 301,

oxidation, 291.

Mercury, action of, in Bright's disease,
199,

salts, their action, 282,
Metallic salts, action of, in the body, 25.

- Milk, action of, in diabetes, 61.

Mineral acids, action of, 103,

retard oxidation, 288,

Morphia indireetly retards nutrition,305.
oxidation, 291,

| Motion, how it affects chemical action,10.

Mulberry stone, 99,

Musele not acid during life, when at
rest, 75.

power of, affected by medicine,

285.

Natural knowledge, what we may ex-
pect from it, 9.

Nerves, action of, in indirectly retard-
ing oxidation, 201.

checking action of, on the capil-

laries, 286.

heart, 285.

stimulating action of, on the

capillaries, 286.

heart, 2584,

Nervous system, action of], 6.

regulates oxidation and nutri-
tion through the cirenlation, 7.

Nicotine, its action, 302.

Nitrates, their action, 282,

| Nitric acid, action of, 103.

Nitrogen, oxide of, its action, 290.

Nitrogenous substances formed from
albumen may stop changes in the
textures, 301.

Nutrition, actions that constitute, 242,
247,

Errors {}f, 8

generally stopped by lead, 239.
gilver, 299,

zine, 299,

of blood-globules, promoted by
iron, 214.

stopped by lead, 245.
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Opinm as remedy in diabetes, 71,
gontrols haemorrhage, 293,
Organic acids stop changes in the tex- |
tures, 301. f
|
I

(xalate of lime in octahedra, 76.
flattened dises, 97.

Oxalic acid, means of detecting, 46,
production of, 94.

Oxalic diathesis, 23,

symptoms of, 97.

——— consequences of, 98,

treatment of, 1040,

Ozidation of the textures continuous, 193,
effect of altered, 201.

errors of, 3.

influence of the nerves on, 161.
Enowledge of, very imperfect, 4.
Oxygen gas as remedy for diabetes, 70.
directly promotes oxidation, 28(0.
Ozone, 4.

action with alkalies, 22, 280,

-

Pepsin as remedy in diabetes, 70.
Perineum, rupture of, 265.
Peritoneum, inflammation of, 256,
Permanganates, their action, 2832,
Pertrophic actions, on, 237.
Phosphates, their action on brain, 256,
Phosphoric acid, action of, 176.
cansing diabetes, 178,
Phosphorus, action on animals, 175,
on the brain, 206,
Phthisis, a consequence of diabetes, 58, |
Poisoning by phosphorus, cases of, 174. |
Poisons, medical accidents, 273,
Potassium salts, their action, 303. |
Pressure, effect of, in arterial system, i
|
|

198,

in childbirth, 267,

Prostate, hypertrophy of, its nature,
247.

results of, 248,

complications, 249,

Protagon, composition of, 24. :

Prussic acid, action of, 201.

| Substances common to

513

Rabies ferment, nature of, 235,

| Rennet as remedy for diabetes, 70,

Repair, chemistry of, 237,
errors of], 5.

| Kest, action of, 10, 291,

Rubidium, diffusion of, 23.

Salines, vegetable, mode of action, 80,

Salivary glands, experiments on the
nerves of, 161,

Scalp wounds, why dangerous, 264.

Scarlet fever, nature of, 229,

Senile gangrene, nature of, 250,

Silver, sulphate of, diffusion of, 25,

Simon, Mr., on cold to the skin from
solid earbonic acid, 165,

Small-pox a zymotie disease, 298,

affects the textures as much as
the blood, 228,

Soda exists everywhere, 16,

Solander, Dr., the effects of cold on, 164.

Specific gravity of diabetic urine, 49,

Spectrum analysis, delicacy of, 15,

of stars, 12,

Starch in animals, 33,

its action in diabetes, 41.

Starvation, its action, S04,

Stone in the kidney for many years, 113.

| —— oxalate of lime, 99.

—— uri¢ acid, 69,

Strychnia, its action, 302,

animals and
vegetables, 33.

produced analytically, 33.
synthetically, 33.

| Bubtrophic actions, on, 236.

Sugars, different kinds of, 41,
Sugar exists in health in urine, 42.
—— quantitative tests for, 48.
—— qualitative tests for, 46.

| Sulphocyanic acid in the saliva, 154.

Sulphurie acid, action of, 104,
Sulphur, unoxidized substance, in urine,
155,

not yet obtained pure, 156.

| Sulphurous acid, action of, 290,

ninine, delicacy of test for, 29.
detectable in cataracts, 37.
flunrescent substance resembling, |
in textures, 258, |
probable action of, 39, |
rate of passage into and out of |
textures, 35. ' '
Quineidine, animal, 32. '
whenee formed, 34,

Surgeon promotes nutrition in hernia,
a4,

oxidation in croup, 304.
retards nutrition in aneurism,

S04

_ oxidation by rest,cold, 304.
the pure, regulates by mechanical
means oxidation and nutrition, 304,

Syphilis ferment, nature of, 234,
¥
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Tannic acid, action of, 200,

Tartaric acid, action of, 105,

redueces oxide of copper, 47.

Thallinm, sulphate, diffusion of, 25.

Treatment of the passage of gravel from
the ureter, 121.

Typhoid ferment, its nature, 231.

Typhus fever a modified peroxidation,
2320,

Urzmia a vague term, 195,

experiments on, 195,

theories of, 194.

Urates, state in which they exist in the
urine, 104,

Urea, amount of, in blood, 156,

in muscle, 146.

Ureter, effect of tying, 195,

gravel in, symptoms, 114,

Urie-acid gravel, 107,

treatment of, 119.

its origin, 168,

means of detecting gravel, 110,

mode of determining when free

in the urine, 81.

reduces oxide of copper, 47,

symptoms caused by, 14,

time required for it to erystallize
out, 83.

Urine, acid fermentation of, unproved,
217.

—— plkaline fermentation of, 220,

l

INDEX.

Urine, ammoniacal, consequences of,
223,

symptoms of, 224,

—— —— trentment of, 225,

by balsams, 226.

hy injections, 226.
by tonics, 227.
Urinous poison, action of, 207,
Uterus, enlargement of, during preg-
naney, 243.

consequences of, 243,

Vegetable acids stop oxidation, 24, 288,

Vegetable salines retard oxidation, 287,

Veratria, its action, 303.

Vichy water in diabetes, 6.

strength of springs, 69.

Vital foree, when it may be admitted,
204,

Water, pure, as a diuretic, 145,

Xanthin diathesis, 148.

oceurs with other gravel, 153,
origin of, 150,

means of recognizing, 150,
treatment of, 154.

usually occeurs in youth, 153,
Nanthin, form of crystals, 151,
relationship to sarcin and wric
acid, 149,

Zinc salts, their medical action, 282,
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PART I. NOW READY.

A DESCRIPTIVE TREATISE

NERVOUS SYSTEM OF MAN,

Br LUDOVIC HIRSCHFELD,

NOCTOR OF MERIOINE OF TIE UXIVERSITIES OF PARIS AND WARSAW, PROFESSOR OF A¥ATOUY T THE
FACULTY OF MEDICIXE OF WARSAW;

Eililed in Fuglish (from the French Edition of 1866 )
Br ALEXANDER MASON MACDOUGATL, F.R.C.5,,

WITH
AN ATLAS OF ARTISTICALLY-COLOURED ILLUSTRATIONS,

Embracing the Anatomy of the entire Cerebro-Spinal and Sympathetic Nervous Centres and Distri-
butions in tllur arcimee rolnlmnq with all the important Constituent l“nrl:s of the Human Eeonomy,
and embodied in a series of 56 Single and 9 Donble FPlates, eomprising 197 Ilustrations,

Diegigned fromn Dissections prepaved by the Author, and Drown on Stone by
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%, J. B. LEVEILLE. 3:,",
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AND GENERATIVE ORGANS IN BOTH SEXES. Third Edition. 8vo, cloth,
£1, 1s.  With Plates, £1, 11z Gd. The Plates alone, limp cloth, 10s. Gd.

1I.
THE FUNCTIONS AND DISORDERS OF THE REPRODUC.
TIVE ORGANS IN CHILDHOOD, YOUTH, ADULT AGE, AND ALVANCED
LIFE, considered in their Physiological, Social, and Moral Relations, Fourth Edition.

Bvo. cloth, 10s, Gd.
I11.

PROSTITUTION : Considered in its Moral, Social, and Sanitary Bearings,

with a View to its Amelioration and Regulation. 8vo, cloth, 10z, 6d,

DR. : ADAMS, A.M. ;
A TREATISE ON RHEUMATIC GOUT; omr, CHRONIC
RHEUMATIC ARTHRITIS. 8vo, cloth, with a Quarto Atlas of Plates, 21s,

B el

MR. WILLIAM ADAMS, F.R.C.S.

I
ON THE PATHOLOGY AND TREATMENT OF LATERAL
AND OTHER FORMS OF CURVATURE OF THE SPINE. With Plotes.

11,

ON THE REPARATIVE PROCESS IN HUMAN TENDONS
AFTER SUBCUTANEOUS DIVISION FOR THE CURE OF DEFORMITIES,
With Plates. 8vo. cloth, 65

111,

SKETCH OF THE PRINCIPLES AND PRACTICE OF

SUBCUTANEOUS SURGERY. 8vo. cloth, 25 Gd,
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DR. WILLIAM ADDISON, F.R.S.

CELL THERAPEUTICS. 8vo. cloth, 4s.
ON HEALTHY AND DISEASED STRUCTURE, sp tms Taus

PrixcirLks oF TrREATMENT ForR THE CUunre oF DISEASE, ESPRCTALLY CONSUMPTION
AND ScrorFuLa, founded on Microscorlcal Axarysis, &vo, cloth, 125,

DR. ALDIS.

AN INTRODUCTION TO HOSPITAL PRACTICE IN VARIOUS

COMPLATNTS ; with Remarks on their Pathology and Treatment, 8vo. cloth, 5s. Gd.

DR. SOMERVILLE SCOTT ALISON, M.D.EDIN., F.R.C.P.

THE PHYSICAL EXAMINATION OF THE CHEST IN PUL-
MONARY CONSUMPTION, AND 1TS INTERCURRENT DISEASES. With

Engravings. 8vo. cloth, 125,
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ON EPILEPSY, HYSTERIA, AND ATAXY. cr. 8vo. cloth, 4s.
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THE ANATOMICAL REMEMBRANCER; oR, COMPLETE

POCKET ANATOMIST. Sixth Edition, cavefully Revized. 32mo. cloth, 3z Gd.

DR, MoCALL ﬁNDEHﬁGN n.D.

PJLRASITIG AFFECTIONS Ul T]IT‘ SKIN.  With Engravings.

dvo. cloth, 5

ECZEMA. Sm cloth, 5s.
PSORTASIS AND LEPRA. W:tll Chromo-lithograph.  8vo. cloth, 5s.

Fararre

ODR. ANDREW ANDERSOM, M.D.

TEN LTCT[JRI*S I‘*?TRGDUGTGPY T0 THE STUDY OF FEVER.

Post Gvo. cloth, Js=

LA L

DR. THOMAS ANDERSON, M.D. :
HANDBOOK FOR YELLOW FEVER: ITS PATHOLOGY AND

TREATMENT. To which is added a brief History of Cholera, and a methed of Cure,

FOR THE INSANE; with Observations on the Constraetion snd Organisation of
Asylums.  Bvo. eloth, 7 .

e

R ALEXANDER ARMSTRONG, R.M.

OBSERVATIONS ON NAVAL HYGIENE AND SCURYVY.

More particularly as the latter appeared during a Polar Veyage.  8vo. cloth, 5,

Feap. 8Bvo. eloth, .6, T
DR. ARLICGE.
ON THE STATE O LUNACY AND THE LEGAL PROVISION

L L R L i

MR, T. J. ASHTON.

ON THE DISFASES, INJ UR&ES, AND MALFORMATIONS

OF THE RECTUM AND ANUS. Fourth Edition. &ve. cloth, 8s

PROTAPSUS, FISTULA IN ANO, AND TEMORRIOIDAL

AFFECTIONS ; their Pathology and Treatment, Second Edition., Post Svo. cloth, 2¢, Gd

MR. W. B. ASPIMNALL.

SAN REMO AS A WINTER RESIDENCE. With Coloured Plates.

Foolseap Svoe. cloth, 4s. Gd.
MR THOS. J. AUSTIN, M.R.C.S.ENG.

A PRACTICAT, ACCOUNT OF GENERAL PARALYSIS:

Its Mental and Physieal Symptoms, Statistics, Causes, Seat, and Treatment. 8vo. cloth, Gs,

DR. THCOMAS BALLARD, M.D.

A NEW AND RATIONAL EXPLANATION OF THE DIS-
EASES PECULIAR Ell{{:} ]\11'\‘:[;‘3 J'i"E- ILJI "'L_}U: 13” 1RS ; with obviens Sugoestions
for their Prevention and Cure.  Post Svo. cloth,
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A MANUAL OF MEDICAL DIAGNOSIS. Second Edition

Foolsecap 8vo. cloth, 8=, Gd.

MEDICAL ]RH[}H"\ —Fallacies :::':unnctml with the 1":111111{:1tmn of the

Inductive Method of Reasoning to the Science of Medicine. Post #vo. cloth, 5s.
ILL. |

| GOUT AND RHEUMATISM IN RELATION TO DISEASE |
i OF THE HEART. Post iive. cloth, 5a
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OR. T. HERBERT BARKER, M.D. FR.5, & MR ERNEST EDWARDS, B.A. l

PHOTOGRAPHS OF EMINENT MEDICAL MEN, with brief

f. Analytical Notices of their Works. Nos. L to VIIIL., price 3s. each.

eSS

DR. W. G. BARKER, M.D.LOND.
'~ ON DISEASES OF THE RESPIRATORY PASSAGES AND
' LUNGS, SPORADIC AND EPIDEMIC; their Causes, Pathology, Symptoms,
| and Treatment. Crown 8vo. cloth, Gs

R o

DR, BARLOW.

A MANUAL OF 'i"HL 1’] ACTICE OF MEDICINE. Second

Edition. Feap. 8vo, cloth, 12s.
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DR. BEARMES.

THE PHYSIOLOGY AND TREATMENT OF PLACENTA
PRAEVIA; heing the Lettsomian Lectures on Midwifery for 1857, Post 8vo. cloth, Gs,
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DR. BASCOME.

A HISTORY OF EPIDEMIC PESTILENCES, FROM THE
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DR. BEASHAM.

ON DROPSY, AND ITS CONNECTION WITH DISEASES-OF
31:[]&3?0'5}{1::321-3:};3: :.[?:‘._-':;EI,T, I;U?'ufﬂ_fmf“?iﬂ LIVER. With 16 DPlates. Third

MR. H. F. BAXTER, MR.C.S.L.

ORGANIC POLARITY; showing a Connexion to exist between
Organic Forces and Ordinary Polar Forees. Crown Gvo. cloth, 5s.

MR. BATEMARN.
MAGNACOPIA: A Practical Lilu ary of Profitable Knowledge, commu-

nicating the seneral Minutise of Chemieal and Pharmaceutic Routine, together with the
rrf]]_ﬂ'["[]i!.‘ of Secret Forms of Ps reparations.  Third Edition. 18mo. Gs.
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MR. LIONEL J. BEALE, M.R.C.S.

THE LAWS OF HEALTH IN ITI[FJIH RELATIONS TO MIND

AND BODY., A Scries of Letters from an (Old Practitioner to a Patient. Post Bvo.
cloth, 7s. Gd.

HEALTH AND DISEASE, ﬁ' CONNECTION WITH THE é
%

St

GENERAL PRINCIPLES OF HYGIENE. Feap. 8vo., 25 Gd.
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URINE, URINARY DEI’{}SI']S AND CALCULIL: and on the

Treatment of Urinary Diseases. Numerous Engravings, Second Edition, much Enlarged.
Post 8vo. cloth, 8s. Gd.

THE MICROSCOPE, IN ITS APPLICATION T0 PRACTICAL |

MEDICINE. With a Coloured Plate, and 270 Waoodcuts. Second Edition. 8vo,
cloth, 1ds.
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ILLUSTRATIONS OF THE SALTS OF URINE, URINARY |

DEPOSITS, and CALCULI. 37 Plates, containing up“ ards of 170 Figures Lﬂp]pd
from Nature, with descriptive Letterpress.  Ovo. cloth, 95 Gd.
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I
' THE BOOK OF PRESCRIPTIONS; containing 3000 Prescriptions.
Collected from the Practice of the most eminent Physicians and Surgeons, English
and Foreign. Third Edition. 1&mo. cloth, ts.

THE DRUGGIST'S GENERAL RECEIPT-BOOK: comprising a

copions Veterinary Formulary and Table of Veterinary Materia "h[t-dn.'l Patent and
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pseful Memoranda and Tables. Sixth Edition. 18mo. cloth, Gs,
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THE POCKET FORMULARY AND SYNOPSIS OF THE
BRITISH AND FOREIGN PHARMACOP(EIAS; comprising standard and
approved Formule for the Preparations and Compounds employed in Medical Practice.
Eighth Edition, corrected and enlarged. 18mo, cloth, 6.

R 0 8

ODR. HENRY BEMNNET.

A PRACTICAL TREATISE : ON INFLAMMATION AND
OTHER DISEASES OF THE UTERUS. Fonrth Edition, revised, with Additions,
8vo. cloth, 1Gs, iI,

A REVIEW OF THE PRESENT STATE OF UTERINE

PATHOLOGY. #vo. cloth, ds.
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WINTER IN THE SOUTH OF EUROPE; OR, MENTONE, THE
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PROFESSCR BENTLEY, F.L.S.
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ON DISEASES OF THE LUNGS AND HEART. 8vo. cloth, 6s.

DR. 5. B:. BIRCH, M.D.

CONSTIPATED BOWELS: the Various Causes and the Rational Means
of Cure. Second Edition.  Post 8vo. cloth, 3. Gd.

DR. GOLDING BIRD, F.R.S.
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URINARY DEPOSITS; THEIR DIAGNOSIS, PATHOLOGY,

AND THERAPEUTICAL INDICATIONS. With Engravings. Fifth Edition.
Edited by E. Luoyn Binggrr, M.D, IMost Svo. cloth, 10s. Gd.
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ELEMENTS OF NATURAL PHILOSOPHY ; being an Experimental
Introduction to the Study of the Physical Sciences.  With numerons Engravings. Fifth
Edition. Edited by Cwaries DBrookg, M.B. Cantab.,, F.IR.5. Feap, 8vo. cloth,
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MR. BISHOP, FR.S.

ON DEFORMITIES OF THE HUMAN BODY, their Pathology

and Treatment. With Engravings on Weod.  8vo. cloth, 10s

ON ARTICUTATE SOUNDS, AND ON TIIE CAUSES AND

CURE OF IMPEDIMENTS OF SPEECIH. Svo. cloth, 45,
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PRACTICAT, TREATISE ON THE DISEASES OF CHILDREN
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with Motes and Additions. 8ve. cloth, 20g,

MR. BLAINE.

OUTLINES OF THE VETERINARY ART; OR, A TREATISE
ON THE ANATOMY, PHYSIOLOGY, AND ]}I".al,z'-'i‘-ul;h OF THE HORSE,
NEAT CA TTLI'._, AND "~II] EP. Seventh Edition. By Charles Steel, M.R.C.V.5.L.
With Plates. 8vo. cloth, 18s,

P Fa i P b

DR. BOURGUIGNOM.

ON THE CATTLE PLAGUE; OR, CONTAGIOUS TYPHUS IN
HORNED CATTLE: its History, Origin, Deseription, and Treatment. Post 8vo. 5s,

o A B R S AR

MR. JOHNM E. EDWI"-.I"AN & MR. C. L. BLOXAM.

PRACTICAL CHEMISTRY, mcludmn‘ Analysis. With numerous Illus-

trations on Wood, Fifth Edition. Foolscap l:m eloth, Gz, Gd,

MEDICAL CHEMISTRY; with lustrations on Wood, Fourth Edition

carefully revized. Feap. Svo, clath, Gz Gd.
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DR, JAMES ERIGHT. é

ON DISEASES OF THE HEART, LUNGS, & AIR PASSAGES:

with o Review of the several Climates 1H:nn\:|:|un|]1d in these Affections, Third ]'dl-
tion. TPost Svo. cloth, Ss,

N e e A

DR. BERINTOMN, F.R.2.
1

THE DISEASES OF THE STU.TH[AGH, with an Introdoction on its

Anatomy and Physiology; being Lectures delivered at St. Thomas's Hospital. Second
Edition. 8wvo. cloth, 10s. Gd. |

THE SYMPTOMS, PATHOLOGY, AND TREATMENT OF |

ULCER OF THE STOMACH. Post 8vo. cloth, Js.

R

MR. BERNARD E. EI-HDDHUHST F.R.C.S.

CURVATURES OF THE SPI\T]‘N their Causes, Symptoms, Pathology,

and Treatment. Second Edition. oy, @vo. cloth, with Lurl“lu:n_t, 75 Gd,

ON THE NATURE AND TREATMENT OF CLUBFOOT AND
ANALOGOUS DISTORTIONS invelving the TIBIO-TARSAL ARTICULATION.

With Engravings on Wood. 8vo. cloth, ds, Gif,
TIT.,

PRACTICAL OBSERVATIONS ON THE DISEASES OF THE

JOINTS INVOLVING ANCHYLOSIS, and on the TREATMENT for the
RESTORATION of MOTION. Third Edition, much enlarged, 8vo. cloth, 4s, Gd.

R Y L AR L LA

e G - et

MR. THOMAS ER‘:"ANT. F.R.C.S.

ON THE DISEASES AND INJUR [ES OF THE JOINTS,

CLINICAL AND PATHOLOGICAL OBSERVATIONS. Post Sve. cloth, 7s. G,

THE SURGICAL DISEASES HF CHILDREN, The Lettsomian

Lectures, delivered March, 1863, PPost 8vo. cloth, 5s.

R vt

DR. BRYCE.

ENGLAND AND FRANCE BEFORE SEBASTOPOL, looked at

from a Medical Point of View. 8vo. cloth, Gz

DR. BUCKLE, M.D., LR.C.P.LOND.

VITAL AND ECONOMICAL STATISTICS OF TITE HOSPITALS,

INFIRMARIES, &c, OF ENGLAND AND WALES. Roval 8vo. 5e.

DR. BUDD, F.R.S.

ON DISEASES OF THE LIVER. |

IMustrated with Coloured Plates and Engravings on Wood., Third Edition. 8vo. cloth, 16s, T

é THE ORGANIC DISEASES AND FUNCTIONAL DIS-

ORDERS OF THE STOMACIH, vo. cloth, 9=

-
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i DR. JOHN CHARLES BUCKHNILL, FRS., &.DR. DANIEL H. TUKE. J}

A MANUAL OF PSYCHOLOGICAL MEDICINE: containing T

the History, Nosology, Description, bl’t!]il!ﬂ, Diagnosis, Patholozy, and Treatment of
Imsanity. bemmlichtmn Bvo. cloth, 15s,

' rMR. CALLENDER, F.R.C.S.

FEMORAI, RUPTURE: Anatomy of the Parts concerned. With Plates.

fvo. clath, 45

xxxxxxxxxxxxxxx

OR. JOHN M. CAMPLIN, F.L.S.

ON DIABETES, AND ITS SUCCESSFUL TREATMENT.
Third Edition, by Dr. Glover. Feap. 8vo. cloth, 3s. 6.

e PP R e P e

MR, ROBERT B. CARTER, M.R.C.S. |

ON THE INFLUENCE OF EDUCATION AND TRAINING |

IN PREVENTING DISEASES OF THE NERVOUS SYSTEM. Feap. dvo., Gz

THE PATHOLOGY AND TR FATMENT OF HYSTERIA. Post

Swnclothy e Bdl = T8 K

DR. CARPENTER, F.R.S.

|
% PRINCIPLES OF HUMAN PIiYSIUL‘UG‘f. With nwmerons Illus-

trations on Steel and Wond, Sixth Edition. Edited by Mr. HExny Power. 8vo. \é
cloth, 26s. _ .
A MANUAL OF PHYSIOLOGY. With 252 Tlustrations on Steel ?

and Wood. Fourth Edition. Feap. Gvo. eloth, 125 Gd.

% THE MICROSCOPE AND ITS REVELATIONS. With nume-

TS Engmvings on Steel and Weed.  Third Edition.  Feap. Byvo, cloth, 12: 64,

DR. CHAMBERS.

LECTURES, CHIEFLY ELIKI[J?‘-.L. Fourth Edition. 8vo. eloth, 14s.
DIGESTION AND ITS DER HGI“\I]‘.NTS Post 8vo. cloth, 10s. Gd.
SOME OF TII] ]111];6’16 Ul‘ THE CLIMATE OF ITALY.

Crown fvo, cloth,

DR. CHANCE, M.B.

VIRCHOW'S CELLULAR PATHOLOGY, AS BASED UPON
PHYSIOLOGICAL AND PATHOLOGICAL HISTOLOGY. With 144 Engray-

PR e P e

MR. H. T. CHAPMAN, F.R.C.S.

THE TREATMENT OF OBSTINATE ULCERS AND CUTA-
?f NEOUS ERUPTIONS OF THE LEG WITHOUT CONFINEMENT. Third

1I.

.i;
VARICOSE VEINS: their Nature, Consequences, and Treatment, Pallia- é;
*

tive and Curative. Second Edition. Post 8vo. cloth, 3= 6d,
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é MR PYE HEMNRY CHAVASSE, F.R.CS,
I

ADVICE TO A MOTHER ON THE MANAGEMENT OF

HER CHILDREN. Eighth Edition. Foelscap $vo., 25 Gd.

I IT.

| ADVICE TO A WIFE ON THE MANAGEMENT OF HER
OWN HEALTH. With an Introductory Chapter, especially addressed to a Young
Wife. Seventh Edition. I"'l;‘;l!:l. 8vo., 25 Gd.

il el Al ol

MR. LE GRO3 CLARK, F.R.GS3

OUTLINES OF SURGERY ; being an Epitome of the Lectures on the

Principles and the Practice of Surgery, delivered at St. Thomas’s Hospital. Feap. Gvo.
cloth, 5s.

B R B PP

{
| MR. JOHMN CLAY, MR.C.S.

KIWISCH ON DISEASES OF TIHE OVARIES: 'Translated, by

lmrmis:j.iun, from the lnst German Edition of his Clinical Lectores on the Epm:[n[ Patho-
logy and Treatment of the Diseases of Women. With Notes, and an Appendix on the
Operation of Ovariotomy. Royal 12mo. cloth, 16s.

e

DR. COCKLE, M.D.
UN INTRA-THORACIC CANCER. 8vo. 6s. 6d.

P il ol okt Bl

MR. GOLLIS, M.EDUB, FR.C.S.L

THE DIAGNOSIS AND TREATMENT OF CANCER AND

THE TUMOURS ANALOGOUS T0r IT. With coloured Plates.  Bvo. cloth, 1ds.

—ie- e <ot ——

ik ol B A el

| DR. CONOLLY.
THE CONSTRUCTION AND GOVERNMENT OF LUNATIC
ASYLUMS AND HOSPITALS FOR THE INSANE. With Plans. Post 8vo.

g

MR. COOLEY.
COMPREHENSIVE SUPPLEMEXNT TO THE PHARMACOPEIAS.
- THE CYCLOPAEDIA OF PRACTICAL RECEIPTS, PRO-
i CESZES, AND COLLATERAL INFORMATION IN THE ARTS, MANU-
' FACTIIRES, PROFESSIONS, AND TRADES, INCLUDING MEDICINE,
PIHARMACY, AND DOMESTIC ECONOMY ; desimned as a General Book of

Reference for the Manufacturer, Tradesman, Amatenr, and Heads of Families. Fourth
and greatly enlarged Edition, 8vo. cloth, 28s.

B RS SR A S

MR, W. WHITE GCOOPER.

ON WOUNDS AND INJURIES OF THE EYE. Iilustiated by

17 Coloured Figures and 41 Woodents. 8vo, cloth, 125

ON NEAR SIGHT, AGED SIGHT. IMPAIRED VISION.

_'—..-.-.B.E.._.-.-- ——— wwem

ﬁ.-’ AND THE MEANS OF ASSISTING SIGHT. With 31 INustrations on Woed.
%5 Sceond Edition.  Feap. Bvo. eloth, Ts Gd.
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SIR ASTLEY COOPER, BEART. F.R.S. ﬁ

ON THE STRUCTURE AND DISEASES OF THE TESTIS,
With 24 Plates. Second Edition. Royal 4te., 20s.

MR COOPER.

p ™
A DICTIONARY OF PRACTICAL SURGERY AND ENCYCLO-
PEDIA OF SURGICAL SCIENCE. New Edition, brought down to the present
time. By Samuern A, Lang, F.R.C.5, assisted by various eminent Surgeons, Vol, I,
ivo, cloth, £1. 55,

MR, HOLMES COOTE, F.R.C.S.

A REPORT ON SOME IMPORTANT POINTS IN THE

TREATMENT OF 5YPHILIS. Svo. cloth, s [

R R B A e |

DR. COTTOM.

: PSEEE = I;

ON CONSUNPTION: 1ts Nature, Symptoms, and ‘Treatment. To
which Essay was awarded the Fothergillin Gold Medal of the Medical Society of
London. Second Edition. Svo. cloth, i

PHTHISIS AND THE ST‘lﬂrl'lil*:.JSCUI’ i; OR, THE PHYSICAL ?
SIGNS OF CONSUMPTION, Third Edition, Foolscap 8vo. cloth, 3s. %

i

b

MR COULSOM,

ON DISEASES OF THE BLADDER AND PROSTATE GLAND.
New Edition, revised, Jfa Preparaticn.

ON LITHOTRITY AND LITH[}TUMY; with Engraviugs on Wood.
Bvo. cloth, Os ersncrsnsseresssson

MR, WILLIANM CRAIG, LF.RS., GLASGOW.

ON THE INFLUENCE OF VARIATIONS OF ELECTRIC
TENSION AS THE REMOTE CAUSE OF EI'DEMIC AND OTHER
DISEASES. Bvo. cloth, 10s.

A A R

MR. CURLING, F.R.S.

0BSL ?.V.-"-.TIU]}I? ON ]}lS]".-lSi:lS OF THE RECTUM. Third
Edition. Ovo. cloth, Ts. Gd. I

A PRACTICAL TREATISE ON DISEASES OF THE TESTIS,
E.lllj'l]]illlf'ij’flﬂ CORD, ARD b‘f}lilii‘[ii;j‘i:ird Editicn, with Engravings. 8vo.

DR. DALRYMPLE, M.RC.F., F.R.C.3.

THE CLIMATE OF EGYPT: METEOROLOGICAL AND MEDI-

CAL OBSERVATIONS, with Practical Hints for Invalid Travellers. Post Svo. cloth, 45

e e e e

MR, JOHM CALRYMPLE, F.R.Z, F.R.C.S.

PATHOLOGY OF THL HUMAN EYE, Complete in Nine Fascicunlis §
¥

imperial 4to., 208 cach; balf-bound morocco, giit tops, 94 15s.
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DR. HEREERT DAVIES.

ON TIE PHYSICAL DIAGNOSIS OF DISEASES OF TIE

LUNGS AND HEART. Second Edition. Post 8vo, cloth, 8s.

THE GANGLIONIC NLMUU%’“SYSTLM g T

and IMseases.  Gvo. cloth, Js,

ON Rty NATURE fﬁl) PROXI“#MTL CAUSE OF IN-

I'Y. Post &vo. cloth, 35
OR. HENR"(’ DAY, M.D, M.RC.P.

CLINICAL HISTORIES; with Comments. 8vo. cloth, 7s. Gd.

B e PP Er

ME. DIXON.

A GUIDE TO THE PRACTICAL STUDY OF DISEASES OF
THE EYE. Third Egjtion. Post Svo. cloth, 9.

. e

OR. DOoOBELL.
I

DEMONSTRATIONS OF DISEASES IN THE CHEST, AND
THEIR PHYSICAL DIAGNOSIS., With Celoured Plates.  Gvo. cloth, 125 Gid.
11.
LECTURES ON THE GERMS AND VESTIGES OF DISEASE,
and on the Prevention of the Invasion and Fatality of Discase by Periodical Examinations.

#vo, cloth, Gz Gd. 1T, %

=

A MANUAL OF DIET AND “LGIMLh FOR PHYSICIAN

AND PATIENT. Third Edition (for h rear 1865).  Crown 8vo, cloth, s G,

ON TUBERCULOSIS: ITS ‘*.JlLl.JL}-JT CAUSE, AND TREAT-

MENT: with Motes on Pancreatic Juice. Second Edition.  Crown Dvo. cloth, 3s. G,

W'

ON WINTER COUGH (CATARRH, BRONCHITIS, EMPHY-
SEMA, ASTHMAY: with an Appendix on some Principles of Diet in IMzease— i
Lectures delivered at the Royal Infirmary for Diseases of the Chest, Post 8vo. cloth, ¢
T AR R S T

S CR. ToOoSOoOD DROVWRHNING,
NEURALGIA: its vavious Forme, Pathology, and Treatment. Thz

Jacksowian Prize Essay ron 1850, Ovo. cloth, 10s. Gd.

B R A R A

Ja-—

DR. DRUITT, F.R.C.5.

THE SURGEON'S VADE-MECUM; with numerous Engravings on
Wood. Ninth Edition. Foolscap &vo. cloth, 12s. Gd,

S

MR, DUNN, F.R.C.S.

AN ESSAY ON PHYSIOLOGICAL PSYCHOLOGY. 8vo. cloth, 4s.
SIR JAMES EYRE, M.D.

§ THE STOMACH AND IS ﬂzmcm:mes. Fitl Bdiion.

Feap. Bvo, cloth, 2s. 6d.

é' PRACTICAL REMARKS {}1'\ 'SOME  EXHAUSTING  DIS- ":‘i

BEASES. Sceond Edition. Post Svo. cloth, 45 Gd.
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ODR. FAYRER, M.D, F.RC.S.
ULIYIC \L SURGERY IN INDIA., With Engravings. 8vo. cloth, 16s.

DR. FEMWICK,

ON SCROFULA AND CONSUMPTION. Clergyman’s Sore Throat,

Catarrh, Croup, Hm]m]]:l‘.]-’- 'Lsthm Feap. 8vo., 25 Gil.

SIR WILLIAM FERZSUSSON, BART. F.R.S.

A SYSTEM OF PRACTICAL SURGERY with numerous Illus-

trations on Wood, Fourth Edition. Fcap. 8vo. cloth, 125, b:f

SIR JOHM FIFE, F.RCS. AND MR. URQUHART.

MANUAL OF THE TURKISH BATH. Heata Mode of Cure and

a =Source of Slrult;th for Men and Animals.  With ]':ug;r;n'iugs, Post 8vo, u]ui]'], s,

MR. FLOWER, F.R.S, F.R.C.S.

DIAGRAMS OF THE NERVES OF THE HUMAN BODY,

exhibiting their Origin, Divisions, and Connexions, with their Distribution to the various
Regions of the Cutaneous Surface, and to zll the Muscles. . Folio, containing Six
Plates, 14=.

MR. FOWNES, PH.D. F.R.3.
1

A MANUAL OF UIH‘,M]STRT with 187 Illustrations on Wood.

Ninth Edition. Feap. Svo. cloth, 12 Gd.
Edited by H. Bexce Joxes, M.D., F.R.5,, and A. W. Horxaxs, Pu.D., F.R.5.

11.
CHEMISTRY, AS EXEMPLIFYING THE WISDOM AND
BENEFICENCE OF GOD. Second Edition. Feap. 8vo. cloth, 4s. 6d. :
IiT.

INTRODUCTION TC QUALITATIVI ANALYSIS. Post 8vo. cloth, 2s.

DR. D. J. T. FRAMNCIS.

CHANGE OIF CILIM 'LTE, considered as a Remedy in Dyspeptic, Pul-

moenary, and other Chronie Affections; with an Account of the most Eligible Places of
Residence for Invalids, at different Seasons of th e Year, Post Bvo. cloth, 8s Ged.

OR. W. FRAZER.

ELEMENTS O MATERIA MEDICA; containing the Chemistry
and Natural History of Drugs—their Effects, Dosez,and Adulterations.  Second Edition.
Bvo. cloth, 105 Gd.

——

oy

C. REMIGIUS FRESENIUS.

A SYSTEM OF INSTRUCTION IN CHEMICAL ANALYSIS,

Edited by Liove Duernock, 17.CS
QuarrraTive.  Sixth Edition, with Coloured Plate illus trating Spectrum Analysis.  Ove,
L'Iuth: 1z, G, ‘Il,'_k_:‘»."l'|’1‘_'§'l'j'I.'];, Fourth Edition. #vo, L].iillll 1 4=,
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DR. FULLER

ON DISEASES OF THE GHI E)T. including -Diseases of the Heart

and Great Vessels. With Engravings. 8vo. cloth, 125 Gd.

ON DISEASES OF THE HEART AND GREAT VESSELS

Bvo. cloth, 7s. Gd. 1L,

ON RHEUMATISM, RHEUMATIC GOUT, AND SCIATICA :
their Pathology, Symptoms, and Treatment. Third Edition. 8vo. cloth, 125, Gd.
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DR. GAIRDNER.
ON GOUT; its History, its Canses, and its Cure. Fourth Edition. Post

8vo. cloth, 85, 6d. LR S B
MHE. GALLOWAY.

" THE FIRST STEP IN CHE} [ISTRY. Thisa dion. Feup. Sv0

eloth, Ss.

' THE SECOND STEP IN CHE 1'rlIE}TRY, or, the Student’s Guide to

the Higher Branches of the Science. With Engravings. #vo. cloth, 10s.
.

A MANUAL OF QU iLITfLTIV_l] ANALYSIS., Fourth Edition.

Post Bvo. cloth, Gs. Gd.

é CHEMICAL TABLES. On Fne L*uf'e Sheets, for School and Lecture

Boomz Second Edition. 45 Gd.

MR. J. SAMPSON GAMGEE.

HISTORY OF A SUCCESSFUL CASE OF AMPUTATION AT
THE HIP-JOINT (the limb 48-in. in circumference, 99 pounds weight). With 4
Photographs. 4to cloth, 10 Gd.

A A

MR. F. J GANT, F.R.GS.

THE PRINCIPLES OF SURG]ERY. Clinieal, Medieal, and Opera-

tive. With Engravings. 8vo. cloth, 18s.

THE IRRITABLE BL!&.DDERa, its Caunszes and Curative Treatment.

Post Bvo. cloth, 45 Gd,

DR. GIBEB. M.R.C.P.

ON DISEASES OF THE THROAT AND WINDPIPE, as

reflected by the Laryngoscope. Sccond Edition. With 116 Engravings. Post 8vo.
. cloth, 10s. 6d. e

MRS. GODFREY.

ON THE NATURE, PREVENTION, TREATMENT, AND CURE
| OF SPINAL CURVATURES and DE l'ﬂli"»[llli 3 of the CHEST and LIMBS,
without ARTIFICIAL SUPPORTS or any MECHANICAL APPLIANCES.

‘ Third Edition, Revised and Enlarged. 8vo. cloth, 5s.

A e

DR. GDRDGN MDD, C.B.

$ ARMY HYGIENE 8vo. cloth, cﬂuﬁ
§ CHINA, FROM A MEDICAL POINT OF VIEW, IN 1860

AND 1861; With a Chapter on Nagasaki as a Sanatarium.  8vo. cloth, 10, 6.

e J}#’_&

| = Pl
\_.qr-héh

e~ %}{@

& ot o

B .@:g_gt

b



~ot - ser 550

18 MESSRS. CHURCHILL & SONS PUBLICATIONS. §
.q.H ———— e ——— — -

i DR. GRANVILLE, FR.S. 9

THE MINERAL SPRINGS llji*' VICHY : their Efficacy in the

Treatment of Gout, Indigestion, Gravel, &e.  8vo. cloth, s

ON SUDDEN DEATH. Post 8vo. 2s. 6d.

OR. GRAVES, M.D., F.R.S.

STUDIES IN PHYSIOLOGY AND IEIEDIGIEE. Edited by

Dr. Stokes. With Portrait and Memoir.  Svo. eloth, 14

'
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DR. §. C. GRIFFITH, M.D,

ON DERMATOLOGY AND THE TREATMENT OF SKIN
DISEASES BY MEANS 0OF HERES, IN PLACE OF ARSENIC AND
MERCURY. Feap. Svo. cloth, Js

MR. GRIFFITHS.

CHEMISTRY OF THE FOUR SEASONS— Sprivg, Summer,

Autumn, Winter, Ilustrated with Engravings on Wooed. Second Edition. Foolscap
H'ﬁ'n‘-u i:lﬂth, TF- ﬁlf- A g

ODR. GULLY.

THE SIMPLE TREATMENT OF DISEASE; deduced from the

Metheds of Expectancy and Revulsion. 18mo. cloth, 4s.
DR. GUY AND DR. JOHN HARLEY.

HOOPER'S PHYSICIAN'S YADE-MECUM; or, MANUAL OF
THE PRINCIPLES AND PRACTICE OF PHYSIC. Seventh Edition, consider-
ably enlarged, and rewritten. l"s:nulsmp 3vo. cloth, 12s. Gd.

GUY"-} H{)SPI[‘ AT, BEPORTS, Third Series. Vols. I."to XII., 8vo.,

L""'ll,

g o e

DR. HABERSHOMN, F.R.C.P.

ON DISEASES OF THE -'!.J{,'*ITU}“‘;X‘. comprising those of the

Stomach and other Parts of the Alimentary Canal, (Esophagus, Stomach, Ca:eum,
Intestines, and Peritoncnm. Second Edition, with Plates.  8vo. ¢loth, 14s.

ON THE INJURIOUS ]*]F]"]'ZETS 0F MERCURY IN THE
| TREATMENT OF 1) SEASE. Post 8vo, cloth, 3s. 6d.

LR R LA B

DR. C. RADCLYFFE HMALL.

TORQUAY IN ITS MEDICAL ASPECT AS A RESORT FOR

PULMONARY INVALIDS. Post 8vo. cloth, 5s.

SR Eriss

DR. MARSHALL HALL, F.R.S.

PRONE AND POSTURAL R]]*ESPIHATIUN IN DROWNING ?

AND OTHER FORMS OF .r'!.l"\{'! A OR SUSPENDED RESPIRATION.

Post Ovo, cloth. 5s.

Y PRACTICAT OBSERVATIONS AND SUGGESTIONS IN MEDI- é
% CINE. Zcrond Series. DPost 8vo. cloth, 8s. Gd.
e
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A MANUAL OF PHOTOGRAPHIC CHEMISTRY. With

Engravings. Seventh Edition, Foclseap 8vo. cloth, 7s. Gd.

R W

MR. HARDWWICH. i
1
‘
DR. J. BOWER HARRISON, M.D, MR.C.P. |
I
|

LETTERS TO A YOUNG PﬁiﬁTITHINEH ON THE DIS-
EASES OF CHILDREN., Feolscap vo. cloth, Ss

ON THE CONTAMINATION OF WATER BY THE POISON

OF LEAD, and itz Effects on the Human Body. Foolseap Gvo. eloth, 5. Ge.

A A R A

DR. HP.nTWIG.

ON SEA BATHING AND b]“ AIR.  Sceond Edition. Feap-

8vo., 25 Gd.

ON THE PHYSICAL EDUC J’LTIU"\ OF CHILDREN., Feap.

Bvo., 25 Gd.

OR. A. H. HASSALL.

T:
1 T ¥ i 1 Y - =,
THE URINE, IN HEALTH AND DISEASE; being an Ex-
planation of the Compesition of the Urine, and of the Pathelosy and Treatment of
Urinary and Renal Disorders. Second Ldition. With 79 1'1"3_:['3';1!135 (23 Colourcd).
Post Bvo. cloth, 12s. Gd.

THE MICROSCOPIC ANATOMY OF THE HUMAN BODY,
{E‘ignhﬂE%‘EﬁIin]?iﬁ :;Dllthlt;Im Tilustrated with Several Hundred Drawings in

3o D EER G ol —
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MR. ALFRED HAVILAND, M.R.C.S.

ULIMJ"LTE. W I‘JI'LTHI‘;H, AND DISEASE: being a Sketch of the

Opinions of the most celebrated Ancient and Modern Writers with recard to the Influence
' of Climate and Weather in producing Disease.  With Four coloured Engravings, dvo.
cloth, 7s.

S e

iiiiiiiiiiiiiiiii

OR. HEADLANMND.

| ON THE ACTION OF MEDICINES IN THE SYSTEM.
Third Edition. 8vo. cloth, 12z Gd.

¥
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DR. HEALE.

| I.
§ A TREATISI ON THE PHYSIOLOGICAL ANATOMY OF '§

TIIE LUNGS. With Engravings. Gvo. cloth, 8.

% A TREATISE ON VIT '&L CAUSES. 8vo. cloth, 9s.
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'
E MR. CHRISTCPHER HEATH, F.R.C.S. '41
I.

PRACTICAL, ANATOMY: & Manual of Dissections. With numerons

Engravings. Feap. 8vo. cloth, 10s. 6d.

11.
A MANUAL OF MINOR SURGERY AND BANDAGING, FOR
THE USE OF HOUSE-SURGEONS, DRESSERS, AND JUNIOR PRAC-
TITIONERS. With Illustrations. Third Edition. Feap. 8vo. cloth, 5s.

]

MR. HIGEINBOTTOM, F.RE2, F.RCSE.

A PRACTICAL ESSAY ON THE USE OF THE NITRATE OF
SILVER IN THE TREATMENT OF INFLAMMATION, WOUNDS, AND
ULCERS. Third Edition, 8vo. cloth, 6s.

P P o

DR. HINDS.

THE HARMONIES OF PHYSICAL SCIENCE IN RELATION

TO THE HIGHER SENTIMENTS; with Observations on Medical Studies, and on
the Moral and Scientific Relations of Medical Life. Post &vo. cloth, 4s.

Crown 8vo. cloth, Ts. Gd.
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DR. HODGES.

THE NATURE, PATHOLOGY, AND TREATMENT OF PUER-

PERAL CONVULSIONS. Crown 8vo. cloth, 3s.
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MR, J. A, HINGESTON, M.R.C.S.
TOPICS OF THE DAY, MEDICAL, SOCIAL, AND SCIENTIFIC.
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DR. DECIMUS HODGSOM.

THE PROSTATE GLAND, AND ITS ENLARGEMENT IN

OLD AGE. With 12 Plates. Royal 8vo. cloth, Gs.
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MR. JABEZ HOGG.

A MANUAL OF OPHTHALMOSCOPIC SURGERY ; being a

Practieal Treatise on the Use of the [,}]}}ltl'mlmnam':c in Diseases of the Eye. Third
Edition. With Coloured Plates. B8vo. cloth, 10s. Gd.
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MR. LUTHER HOLDEM, FR.C.S,
L

HUMAN OSTEOLOGY : with Plates, showing the Attachments of the

Muscles. Third Edition. 8vo. cloth, 16s,

With Lngr'mnﬂ5 on Wood. Second Edition. 8vo. cloth, 16s.
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THE URETHRA. Second Edition, Enlarged. 8vo. cloth, 3s.
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NAL LUNATICS. 8vo. cloth, 55 Gd.

DR. P. HOOD.

THE SUCCESSFUL TREATMENT OF SCARLET FEVER;
| also, OBSERVATIONS ON THE PATHOLOGY AND TREATMENT OF
| CROWING INSPIRATIONS OF INFANTS. Post 8vo. cloth, 5s,
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MR. JOHMN HORSLEY.

A CATECHISM OF CHEMICAL PHILOSOPHY ; being a Familiar

Exposition of the Principles of Chemistry and Physics. With Engravings on Wood.
Designed for the Use of Schools and Private Teachers. Post 8vo. cloth, 65, Gd,

MR. LUKE HOWARD, F.R.S.

FSSAY ON THE MODIFICATIONS OF CLOUDS. Third Edition,

by W. D. and E. Howarp. With 6 thlmrrrlplnc Plates, from Pictures by hmn:m
4to, cloth, 10s. 6d, .

DR. HAMILTON HOWE, M.D.

A THEORETICAL INQUIRY INTO THE PHYSICAL CAUSE

OF EPIDEMIC DISEASES., Accompanied with Tables. 8vo. cloth, Ts.

e e ot
H*W-—ﬂ

DR. HUFELANMD,

THE ART OF PROLONGING LIFE. Second Edition. Edited
by Egasmus Wison, F.R.3.  Foolscap 8ve., 2s. 6d.
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| MR, W. CURTIS HUGMAN, F.R.C.S.

ON HIP-JOINT DISEASE; with reference especially to Treatment

by Mechanical Means for the Relief of Contractibn and Deformity of the Affected Limb.
With Plates. Re-issue, enlarged.  8vo. cloth, 35 6d.

MR. HULKE, F.RC.S,

A PRACTICAL TREATISE ON THE USE OF THE

|
OPHTHALMOSCOPE. Being the Jacksonian Prize Essay for 1859. Royal 8vo. l
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cloth, s,
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DR. HEMNRY HUNT.

ON HEARTBURN AND INDIGESTION, Svo. cloth, 5s.
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MR. JONATHAMN HUTCHINSON, F.R.C.S.

A CLINICAL MEMOIR ON CERTAIN DISEASES OF THE
EYE AND EAR, CONSEQUENT ON INHERITED SYPHILIS; with an

appended Chapter of Commentaries on the Transmission of Syphilis from Parent to
Offspring, and its more remote Consequences.  With Plates and Woodeuts, ivo, cloth, 9s.

PR. INMAN, M.R.C.P.

ON MYALGIA: ITS N.—'&TURE.‘ CAUSES, AND TREATMENT;
'IJ:;?::IT"W; l:::}hfh;;:t ‘P inful and cther Affections of the Museular System. Second

FOUNDATION FOR A NEW THEORY AND PRACTICE
OF MEDICINE. Second Edition. Crown 8vo, cloth, 10,
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DR. JAGO, M.D.OKON, A.BCANTAB.

ENTOPTICS, WITH ITS USES IN PHYSIOLOGY AND

MEDICINE., With 54 Engravings. Crown 8vo. cloth, 5s.
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MR. J. H. JAMES, FR.C.S.

PRACTICAL OBSERVATIONS ON THE OPERATIONS FOR

STRANGULATED HERNIA. 8vo. cloth, Js.
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DR. PROSSER JAMES, M.D.

SORE-THROAT: ITS NATURE, VARIETIES, AND TREAT-
MENT ; including the Use of the LARYNGOSCOPE as an Aid to Diagnosis. Second
Ldition, with numerons Engravings. Post Svo. cloth, 5s.

B N

DR. HANDFIELD JOMNES, M.B, FR.GC.P.

CLINICAL OBSERVATIONS ON FUNCTIONAL NERVOUS

DISORDERS. Post 8vo. cloth, 105 Gd.

B

DR. HANDFIELD JONES, F.R.S, & DR. EDWARD H. SIEVEKING.

A MANUAL OF PATHOLOGICAL ANATOMY. Illustrated with

numerous Engravings on Wood. Foolscap @ivo. cloth, 12s, Gd.

DR. JAMES JONES, M.D, M.RC.P.

ON THE USE OF PERCHLORIDE OF IRON AND OTHER !
CHALYBEATE SALTS IN THE TREATMENT OF CONSUMPTION. Crown i
Bvo. cloth, 3s. Gd.
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A MANUAL OF THE PRIN[;IP]'LS AND PRACTICE OF

OPHTHALMIC MEDICINE AND SURGERY; with Nine Coloured Plates and
173 Wood Engravings. Third Edition, thoroughly rm'lsnd* Foolscap 8vo. cloth, 12, Gd.,

il.
THE WISDOM AND BENEFICENCE OF THE ALMIGHTY,
AS DISPLAYED IN THE SENSE OF VISION, Actonian Prize Essay. With
Illustrations on Steel and Wood. Foolseap 8vo. cloth, 4= Gd.
III.

DEFECTS OF SIGHT AND HEARING: their Nature, Causes, Pre-

vention, and General Management. Second Edition, with Engravings. Feap. 8vo. 25, Gd.

A CATECHISM OF THE MEDICINE AND SURGERY OF

THE EYE AND EAR. For the Clinical Use of Hospital Students. Feap, 8vo. 2s. 6d.

A CATECHISM OF THE PH{SIULU[}Y AND PHILOSOPHY

OF BODY, SENSE, AND BIND. For Use in Schools and Colleges. Feap, 8vo.,
25, Gel,
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MR, FURNEAUX JORDAN, M.R.C.S.

AN INTRODUCTION TO CLINICAL SURGERY; WITH A

Method of Investigating and Reporting Surgical Cases.  Feap. 8vo. cloth, 5s.

MR, JUDD,

A PRACTICAL TREATISE ON URETHRITIS AND SYPHI-

LIS : including Observations on the Power of the Menstruous Fluid, and of the Dis-

charge from Leucorrheea and Sores to produce Urethritis: w ith a variety of E \.ﬁ.mples,

Experiments, Remedics, and Cures.  fivo, cloth, £1. 5s

DR. LAENMNEC.

A MANUAL OF AUSCULTATION AND PERCUSSION. Trans-

lated and Edited by J. B. Suarre, M.R.C.S. s

DR. LAME, ML.A.

HYDROPATHY; or, HYGIENIC MEDICINE. An Explanatory
Essay. Second Edition. Post 8vo. cloth, 5s.
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MR. LAWREMNCE, F.R.S.
LECTURES ON SURGERY. Svo. cloth, 16s.
A TREATISE ON RUPTURES. The Tifth Edition, considerably

enlarged. Bvo. cloth, 16s.
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DR. LEARED, M.R.C.P.

Fourth Edition. Foolscap 8vo. cloth, ds.
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IMPERFECT DIGESTION: ITS CAUSES AND TREATMENT. %
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THE EFFECT OF CLIMATE 0N TUBERCULOUS DISEASE,

with Notices of the chief Foreign Places nt‘ Winter Resort, Small 8vo. cloth, 45, Gd.

THE WATERING PLACES Ul* ENGLAND, CONSIDERED

with Reference to their Medical Topography. Fourth Edition. Feap. 8vo. cloth, 7s, 6d, |
111.

ML PRINCIPAL  BATHS OF FRANCE. Fuuth Baiion ‘
Feap. 8vo. cloth, Sz Gd.

THE BATHS OF GERMANY. .'I:mlth Edition. Post 8vo, cloth, 7s. |
THE BATHS OF SWITZERLAND. 12mo. cloth, Ss. 6d. |
HOMEOPATIIY AND IYDROPATHY IMPARTIALLY AD-

PRECIATED. With Notes illustrative of the Influence of the Mind over the Body.
: Fourth Edition. Post &wvo, cloth, 3s. Gd. ‘

nMR. HEMNRY LEE, F.R.C.S.
1.

ON SYPHILIS. Second Edition. With Coloured Plates. 8vo. cloth, 10s. %‘
ON DISEASES OF THE VEINS, HEMORRHOIDAL TUMOURS, %

AND OTHER AFFECTIONS OF THE RECTUM. Second Edition. 8ve, cloth, 8s.

DR. RUB::HT LEE, F.R.S5.

CONSULTATIONS IN \[IDWH‘IRY Foolscap 8vo. cloth, 4s. 6d.
A TREATISE ON THE SPE{'[JL[:H, with Three Hundred Cases.

Bvo. cloth, 4s. Gd. 111.

CLINICAL REPORTS OF OVARIAN AND UTERINE DIS-

FASES, with Commentaries. {m:lﬂt‘lp iivo. cloth, Gs. G,

CLINICAL MIDWIFERY : cmnp11=~mﬂ the Histories of 545 Cases of

Difficult, Preternatural, and Cump'l eated Labour, with Commentaries. Second Edition.
Foolscap vo. cloth, 5s.
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‘ DR. LEIS-[-.]MA.NJ.. MD, F.F.P.S.
THE MECH HI‘-}\[ OF PARTURITION: An -Eszay, Historical and

Critical.  With Engravings. 8vo. cloth, 5. I

MR. LISTON, F.R.S.

PRACTICAL SURGERY. Fourth Edition. 8vo. cloth, 22s.

PR

MR.-H. W. LOBB, L.S.A, M.R.C.S.E.

ON SOME OF THE MORE OBSCURE FORMS OF NERVQUS

AFFECTIONS, THEIR PATHOLOGY AND TREATMENT. Re-issue,

& with the Chapter on Galvanism E‘l‘:llrtl'l- Re-written, With Engravings. &vo. cloth, 8.
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OLINICAT, LECTURES AND REPORTS BY THE MEDICAL
AND SURGICAL STAFF. With Ilustrations. Vs, L to 111, 8vo, cloth, 7s. 6d.
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LONDOM MEDICAL SOCIETY CF OBSERVATIOM.
WHAT TO OBSERVE AT THE BED-SIDE, AND AFTER
DEATH. Published by Authority. Second Edition, Foolscap 8vo. cloth, 44 Gd.

MR. M'CLELLAND, FL.S, F.G.S.

THE MEDICAL TOPOGRAPHY, OR CLIMATE AND SOILS,

0OF BENGAL AND THE N. W. PROVINCES. Post 8vo. cloth, 45 6d.

DR. MACLACHLAN, mM.D., F.R.C.P.L.

THE DISEASES AND II\lIlﬂl]TELS OF ADVANCED LIFE.
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DR, A. C. MACLEDD, mMR.C.P.LOND.

ACHOLIC DISE ASES comprising Jaundice, Diarrheea, Dysentery,
and Cholera. Post Hvo, cloth, 5s. 6d.
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DR. GEORGE H. B. MACLEOD, F.R.C.S.E.

OUTLINES OF SURGICAL DIAGNOSIS. svo. cloth, 12s. 6d.

NOTES ON THE SURGERY OF THE CRIMEAN WAR: with %
REMARKS on GUN-SHOT WOUNIDS, Svo. cloth, 10s Gd. %
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MR. JOSEFRPH MACLISE, F.R.C.S.
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SURGICAL ANATOMY. A Servies of Dissections, llustrating the Prin-

cipal Regions of the Human Body.
' The Second Edition, imperial folio, cloth, £3, 12s.; half-morocco, £4. 4s.

1I.
(ON DISLOCATIONS AND FRACTURES. This Work is Uniform
{ with the Author’s * Burgical Anatomy;™ each Fascieulus contains Four beautifully
executed Lithographic Drawings. Impmnl folio, cloth, £2. 10z, ; half-morocco, £2. 175,

et

MACGMNAMARA,

ON DISEASES OF le l Y refer ring principally to those Affections

requiring the aid of the Ophthalmoscope for their Diagnosis. With coloured plates.
tivo, cloth, 10s, G, Sl

DR. Mo MNICOLL, M.R.C.P.

A HAND-BOOK FOR SOU THPORT, MEDICAL & GENERAL;
1‘:-;41;1:]_;;I '_-3::?!3:}3 Notices of the Natur: :Lif:ur“fiﬂm District. Second Edition. Post Svo,
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: DR. MARCET, F.R.S.

" ON THE COMPOSITION OF F00D, AND HOW IT IS

ADULTERATED ; with Practical Directions for its Analysis. 8vo. cloth, 6s, 6d,

ON CHRONIC ATCOHOLIC INTOXICATION; with an INQUIRY §

§ INTO THE INFLUENCE OF THE ABUSE OF ALCOHOL AS A PRE- 5&

DISPOSING CAUSE OF DISEASE. Second Edition, much enlarged. Foolseap
8vo, cloth, ds. G4,
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DR. MARKHAM.
DISEASES OF THE HEART: THEIR PATHOLOGY, DIAG-

NOS1S, AND TREATMENT. Second Edition. Post 8vo. cloth, 6z,

SKODA ON AUSCULTATIDNILﬂND PERCUSSION. Post 8vo. |
cloth, Gs. I,

BLEEDING AND CHANGE IN TYPE OF DISEASES |
Gulstonian Lectures for 1864, Crown 8vo. 25 Gd.
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SIR RANALD MARTIN, K.CB., F.R.S.

INFLUENCE OF TROPICAL CLIMATES IN PRODUCING
THE ACUTE ENDEMIC DISEASES OF EUROPEANS; including Practical
Ohservations on their Chronic Sequele under the Infiuences of the Climate of Europe.
Second Edition, much enlarged.  8va, cloth, 20s,

DR. MASSY.
ON THE EXAMINATION OF RECRU ITS; intended for the Use of

i
I
ét Young Medical Officers on Entering the Army. 8vo. eloth, 5s,
I
|
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ME. C. F. MAUMNDER, F.R.C.3.

OPERATIVE SURGERY. with 158 Engravings. Post 8vo. Bs.
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DR. MAYNE.

AN EXPOSITORY LEXICON OF THE TERMS, ANCIENT
AND MODERN, IN MEDICAL AND GENERAL SCIENCE. &vo. cloth, £2. 10s,

A MEDICAL ?UC;\BUL}LHT; or, an Explanation of all Names,

Synonymes, Terms, and Phrases used in Medicine and the relative branches of Medical
Science. Second Edition.  Feap. 8vo. cloth, Bs. 64,
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DR. MERYON, M.D. F.R.C.P.

| PATHOLOGICAL AND PRACTICAI RESEARCHES ON THE
| YARIOUS FORMS OF PARALYSIS. 8vo. cloth, 6=
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DR. MILLINGEM.

ON THE TREATMENT AND MANAGEMENT OF THE IN-

' SANE; with Considerations on Public and Private Lunatic Asylums. 18mo, cloth,
l 4z, Gd,
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DOR. WL W MGDHE MDD,

if HEALTH IN THE TRUPIUE:, or, Sanitary Art applied to Europeans
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in India. 8vo. cloth, 9z ?
A MANUAL OF THE DISE iLSl;b OF I‘\DH Feap. 8vo. clﬂtl!, 5s. é
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THE CHEMISTRY OF WINE., Edited by H. Bexce Joxes, M.D.,

F.R.S. Feap: 8vo. cloth, Gs.
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DR. W. MURRAY, M.D. M.R.C.P.
' EMOTIONAL DISORDERS OF THE SYMPATHETIC SYS-
. TEM OF NERVES. Crewn 8vo. cloth, 3s. Gd.

DR. MUSHET, M.B., MNM.R.C.P.

ON APOPLEXY, AND ALLIED All‘FCTIﬂ'\S OF THE

BRAIN. 8va. cloth, 7s.
MR, NAYLER, F.R.C.S.

ON THE DISEASES OF THE SKIN, With Plates. 8vo. cloth,

105 Gd.

|
|
|
L P P L P P |
|
{

=,

DR. BIRKEECK NEVIMI. i.

THE PRESCRIBER'S ANALYSIS OF THE BRITISH PHAR.-

MACOPEIA. Third Edition, enlarged to 205 pp.  32mo. cloth, 3= 6d,
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DR. THOS. NICHOLSON, M.D.
ON YELLOW TFEVER; comprising the History of that Disease as it

appeared in the Island of Antigun. Feap. Svo. cloth, 25, Gd.
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DR. NMOAD, PH.D., F.R.S.

THE INDUCTION COIL, being a Popular Explanation of the Electrical

Principles on which it is construeted. Second Edition. With Eng oravingz.  Feap. 8vo,
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DR.
THE HUMAN MIND IN ITS RELATIONS WITH THE

BERAIN AND NERVOUS SYST I M. Post 8vo. cloth, 4s. Gd.
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MR, NUNNELE"H"’ F.R.C.S.E.

ON THE ORGANS OF TISI(J\T- THEIR ANATOMY AND PHY-
SIOLOGY. With Plates, 8vo. eloth, 15

A TREATISE ON THE N;'LTUR CAUSES, AND TREATMENT
OF ERYSIPELAS. Svo. cloth, 105, Gd.

MR. LANGSTON PFPARKER.

THE MODERN TREATMENT OF SYPHILITIC DISEASES,

both Primary and Seeondary; eomprising the Treatment of Constitutional and Confirmed
Syphilis, by a safe and successful 1'nItth':tcl Fourth Edition, 8vo. cloth, 10s.

e

DR. PARKES, FFI!S F.R.C.P.

A MANUAL OF PR M”TIC;’LL ]IYGILM,, intended especially for

-
‘e the Medical Officers of the Army. With F!ﬂtcﬁ and Woodeets, 2nd Edition, Bvo. cloth, 16s.

THE URINE: 118 cmmﬂsnrm IN HEALTH AND DISEASE,
AND TUNDER THE ACTION OF REMEDIES. 8vo. cloth, 12s.
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THE ANTIDOTAL TREATM}I'].NT AND PREVENTION OF

THE EPIDEMIC CHOLERA. Third Edition. Svo. cloth, 7= Gd. i

- THE CAUSATION AND PR EVENTION OF DISEASE: with
| the Laws regulating the i'::c;.ri.:;ﬂti.ml of MMalaria from the Surface, and its Diffusion in the
surrounding Air.  Gvo. cloth, 5s.
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MR. JAMES PFPART, F.R.C.S.

THE MEDICAL, AND SURGICAL POCKET CASE BOOK,

for the Registration of impertant Cases in Private Practice, and to assist the Stodent of |
Hospital Practice. Second Edition. 2s, Gd. |
|

DR. FAVY, M.D., F.R.S., FRGP.

DIABETES : RESEARCI IIS ON 1 TS NATURE AND TREAT- |

MENT. 8vo. cloth, Bz Gd.
DR. PEACOCK, M.D, F.R.C.P.

ON SOME OF THE CAUSES AND EFFECTS OF VALVULAR

DISEASE OF THE HEART. With Engravings. 8vo. cloth, 55

EMIGRANT SHIPS, including Ventilation, Diet, and Disease. Feap. fve. 2s,

BR. PEET, M.D., FERGCP.

THE PRINCIPLES AND PRACTICE OF T\IFDICIN .

l}:-.@'ﬂpd q:—hmlh for Students of Imdian Medical Colleses.  Hvo, cloth, 16z,

|
DR. W. H. PEARSE, M.DEDIN. lqi
NOTES ON HEALTH IN CALCUTTA AND BRITISH é
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DR. PEREIRA, F.R.S.

SELECTA E PRAESC RIPTIS, Fourteenth Edition. 24mo. cloth T

DR. PICKFORD.
HYGIENE; or, Health as Depending upon the Conditions of the Atmo-

sphere, Food and Drinks, Motion and Rest, Sleep and Wakefulness, Secretions, Excre-
tions, and Retentions, Mental Emotions, Clothing, Bathing, &c. Vol. I. 8vo. cloth, 9s.

MR. PIRRIE, F.R.S.E. i

THE PRINCIPLES AND PRACTICE OF SURGERY. With
numerous Engravings on Wood. Second Edition. five, eloth, 24s.
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PHARMACOPEIA COLLEGII REGALIS MEDICORUM LON- |

DINENSIS. fvo, I:Iutll, Os,: or 24mo. 5=,

PROFESSORS PLATTHNER & MUSPRATT.

i
THE USE OF THE BLOWPIPE IN THE EXAMINATION OF
MINERALS, ORES, AND OTHER METALLIC COMBINATIONS., Iustrated

by numerouns I-'.ugr:wi.n;_f.‘i on Woad. Third Edition. 8vo. cloth, 10s. Gd.
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DR. HENRY F. A. PRATT, M.D., M.R.C.P.
L.

THE GENEALOGY OF CREATION, newly Translated from the
Unpointed Hebrew Text of the Book of Genesig, showing the General Scientific Accuracy
of the Cosmogony of Moses and the Philosophy of Creation. 8vo. cloth, 14s.

ON ECCENTRIC AND CENTRIC FORCE: A New Theory of
Projection. With Engravings, #vo. cloth, 10s -
ON ORBITAL MOTION: The ri)m;liues of a System of Physica

Astronomy. With Diagrams. 8vo. cloth, 75 G4,

ASTRONOMICAL INVESTIGATIONS. The Cosmical Relations of

the Revolution of the Lunar Apsides. Oceanic Tides. With Engravings. 8vo. cloth, s,

V.
THE ORACLES OF GOD: An Attempt at a Re-interpretation. Part I.
The Revealed Cosmos,  8vo. cloth, 10s,

R S

THE PRESCRIBER'S PHARMACOP(ELA; containing all the Medi-

cines in the British Pharmacopeia, arranged in Clagses according to their Action, with
their Composition and Doses. By a Practising Physician, Fifth Edition. $2mo.
cloth, 2s. Gd.; roan tuck (for the pocket), Js. G,

DR. JOHN ROWLISOMN PRETTY.

AIDS DURING LABOUR, including the Administration of Chloroform,

the Management of Placenta and Post-partum Hamorrhage, Feap. 8vo. eloth, d4s. Gd.
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MR. P. ©. PRICE, FRC.S.

AN ESSAY ON EXCISION OF THE KNEE-JOINT, With
Coloured Plates. With Memoir of the Author and Notes by Henry Smith, F.R.C.5.
Royal 8vo. cloth, 14s.
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CR. PRIESTLEY .

LECTURES ON THE DEVELOPMENT OF THE GRAVID

UTERUS. 8vo. cloth, 55 6d. e
DR. RADGLIFFE, F.R.G.P.L.

LECTURES ON EPILEPSY, PAIN, PARALYSIS, AND
CERTAIN OTHER DISORDERS OF THE NERVOUS SYSTEM, delivered at
the Royal College of Physicians in London. Post 8vo. cloth, 7s. 6d.

MR. RAINEY.
ON THE MODE OF FORMATION OF SHELLS OF ANIMALS,
OF BONE, AND OF SEVERAL OTHER STRUCTURES, by a Process of

Molecular Coalescence, Demonstrable in certain Artificially-formed Products. Feap. 8vo.
eloth, 4= Ge,

. : 2 BR. F. H. RAMSEDTH.&M.

THE PRINCIPLES AND PRACTICE OF OBSTETRIC MEDI-
CINE AND SURGERY. Illustrated with One Hundred and Twenty Plates on Steel
and Wood; forming one thick handsome voluwe, Fourth Edition. 8voe. cloth, 225,
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comprehensive Dispensatory, and Manual of Facts and Formulae, for the use of Practi-
tioners in Medicine and Ph: |rm"u Third Edition. 8vo. cloth, 22,
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i | DR. RAMSBOTHAM.

. PRACTICAL OBSERVATIONS ON MIDWIFERY, with a Selection
! of Cases. Second Edition. &vo. cloth, 125,

| PROFESSCR REDWOOD, PH.D.

'. A SUPPLEMENT TO THE PHARMACOP®EIA: A concise but
|

OR. DU BOIS REYMOND.

ANIMAL ELECTRICITY; Edited by H. Bexce Joxes, M.D., F.R.S.

With Fifty Engravings on Wood. Foolscap Gvo. cloth, Gs.

B

DR. REYNOLDS, M.D.LOND.

EPILEPSY: ITS SYMPTOMS, I’i‘HE_-ﬂ"}IEN'J‘, AND RELATION

TO OTHER CHRONIC CONVULSIVE DISEASES. Svo. cloth, 10s.

THE DIAGNOSIS OF I)ISE.-LSI}:JS OF THE BRAIN, SPINAL

CORD, AND THEIR APPENDAGES. ivo. cloth, Bs.

DR. B. W. RICHARDSOM.

I.
ON THE CAUSE OF THE COAGULATION OF THE BLOOD.
I%:;11:1t::]11e]{':w1||1' Coorenr Prize I‘s-h'. for 1836, With a Practical Appendix.

THE HYGIENIC TRE. '-L'HILM OF PULMONARY CONSUMP-

TION. dvo. cloth, 5s. Gel.
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DR. RITCHIE, M.D.

ON OVARIAN PHYSIOLOGY AND PATHOLOGY. With

Engravings. &vo. cloth, Gs. E
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DR. WILLIAM ROBERTS, M.D, F.R.C.P.

AN ESSAY ON WASTING PALSY; being a Systematic Treatise on

the Disease hitherto described as ATROP I[]i MUSCULAIRE PROGRESSIVE.
With Four Plates, Ovo. cloth, 55

DE. ROUTH.
INFANT FEEDING, AND ITS INFLUENCE ON LIFE;
Or, the Causes and Prevention of Infant Mortality. Second Edition, Feap, 8vo, cloth, G,
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DR. w. H. TDEEHTEON. ll
§ THE NATURE AND TREATMENT OF GOUT. 8vo. cloh, 105,64 §
é A TREATISE ON DIET AND 111:;1111\ Fourth Edition. 2 vols. i
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125, post Gvo. cloth.
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1 DR. ROWE.

NERYOUS DISEASES, LIVER AND STOMACH COM-
PLAINTS, LOW SPIRITS, INDIGESTION, GOUT, ASTHMA, AND DIS-
ORDERS PRODUCED BY TROPICAL CLIMATES. With Cases. Sixtcenth
Edition. Feap. 8ivo. 25, Gd.  coevossss

DR. ROYLE, FR.S, AND DR. HEADLAND, NMM.D.

A MANUAL OF MATERIA MEDICA AND THERAPEUTICS.

With numerous Engravings on Woed. TFourth Edition. Feap. 8vo. cloth, 12 Gd.

DR. RYAN, MNM.D.
INFANTICIDE: 1TS LAW, PREVALENCE, PREVENTION, AND
HISTORY. 8vo. cloth, 5 o
ST. BARTHOLOMEW'S HOSPRPITAL.
. A DESCRIPTIVE CATALOGUE OF THE ANATOMICAL
| MUSEUM. Vol I. (1846), Vol. IL (1851), Vol. IIL (1862), 8vo. cloth, 55 each.

. ST. GEORGE'S il(]SPlT_*.LL REPORTS. Vol. L 8vo. 7. 6d.

E Y

MR- T. F‘-' EAL'I" EJﬂMtrnGH.ﬁ.M

ON DEFORMITIES AND ]Jl-,BIL[ 'IES OF THE LOWER
.f EXTEEMITIES, AND THE MECHANICAL TREATMENT EMPLOYED
IN THE PROMOTION OF THEIR CURE, With numerous Plates. 8vo,
cloth, 155 1r.
T A " o 17 A ARTIN T 3! nl
® ON RUPTURE: 11s CAUSES, MANAGEMENT, AND CURE,
:'Iﬂfl ﬂlﬁ" Tu_rinus. ,'.“lIE‘.‘i,.']'I:L]'l;l;:Il Ci]]'ltl'i'l.’.itll(!(‘s l‘lll]JlLI}'(?Lt I'ur i.1.5 HL'].EL'!I. .llvilll Engrm‘ings.
Post@voocloth, 3s.
DR, SALTER, FR.S.

ON ASTHMA: its Pathology, Caunses, Consequences, and Treatment.
Bvo. cloth, 10s,

SEAMKEY, N.D.LOND.

LECTURES ON I'-ILI\TAL DISEASES.  8vo. cloth, 8s.

i o

DR. EANEDM M.B.LOND.

CHLOROFORM : ITS ACTION .xw ADMINISTRATION., A Hand-

book. With Engravings. Crown 8vo. L]I}til D8,

THE ARREST AND PREVE \.TIU\ OF CHOLERA; being a

Guide to the Antiseptic Treatment. lc.:[r ivo. ::luti: 2z, G,

R

iR, SAUDH\’

A COMPENDIUM OF DOMESTIC MEDICINE. AND COMPA-
NION TO THE MEDICINE CHEST ; intended az a Source of Easy Reference for
Clergymen, and for Families residing at a Distance from Professional Assistance.
Seventh Edition. 12mo. cloth, Sz

DR, SCHACHT.
nl = 1 1 a7 L 1

THE MICROSCOPE, AND ITS APPLICATION TO VEGETABLE
JE:LNE]P(:MGY AND PHYSIOLOGY. Edited by Freperick Currey, M.A. Feap.
“u¥o. cloth, bs,

DR. SCOREEBRY-JACKSON, M.D, F.RS.E,

S’ MEDICAL CLIMATOLOGY : or, a Topographical and Meteorological

Description of the Localities resorted to in Winter and Summer by Invalids of various
classes both at Home and Abroad.  With an Isothcrmal Chart,  Pest 8vo. cloth, 12s.
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% ] DR. SEMPLE.
ON COUGH : its Caunses, Varieties, and Treatment. With some practical
Remarks on the Use of the Stethoscope as an aid to Diagnosis.  Post 8vo. cloth, 4s. 6d.

N e

DR. SEYMOUR.

ILLUSTRATIONS OF SOME OF THE PRINCIPAL DIS-

EASES OF THE OVARIA: their 511.'mptmns and Treatment; to which are prefixed
Observations o the Structure and Functions of those parts in the Human Being and in
Animals.  On India paper. Folio, 165
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THE NATURE AND TREATMENT OF DROPSY; considered
especially in reference to the Diseases of the Internal Organs of the Body, which most
commonly produce it. Gvo. Js
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DR. SHAPTER, M.D. F.R.CP.
THE CLIMATE OF THE SOUTH OF DEVON, AND ITS

INFLUENCE UPON HEALTH. Second Edition, with Maps. 8vo. cloth, 105, Gd-

R, SH.I"-'\"'."'M".. M.R.C.S.
THE MEDICAL, REMEMBRANCER : or, BOOK OF EMER-
GENCIES Fourth Edition. Edited,with "ndlll‘tlul'h:.l.l'} ]':}\ vrinax HurcHinsox, F.R. ﬂb

#2mo. cloth, 25 G, e

; DR. anﬂ. nM.D., B.A.
A MANUAL OF ANIMAL PHYSIOLOGY. With an Appendix of
Questions for the B.A. London and other Examinations. With l':ngi‘:'n'ings_ l*'unu]st.';rp
dva, cloth, 5z Ged,
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f::‘ﬁ SHRIMPTOMN.

CHOLERA : ITS SEAT, XATURE, AND TREATMENT. with

Engravings. 8vo. cloth, s 6. e
DR. SIBSON, F.R.S.

MEDICAL ANATOMY. With coloured Plates. Imperial folio. Fasci-

culi I. to VI. 5s. each. I~

: _EIR. E. H. SIEVEKIMNG.
ON EPILEPSY AND EPILEPTIFORM SEIZURES: their
Causes, 1";11111:!ng_1.', and Treatment. Second Edition. Post 8vo. cloth, 10s Gd.
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DR. SIMMS.
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A WINTER IN PARIS: being a few Experiences and Observations
of I'rench Medical and Sanitary Matters.  Feap. Bvo. cloth, 4s.

MR. SINCLAIR AND DR. JOHNSTONM.

PRACTICAL MIDWIFERY : Comprising an Account of 13,748 Deli-

veries, which occurred in the Dublin Lying-in Hospital, during a period of Seven ¥ ears.
five. cloth, 10z, o

DR. SIORDET, M.B.LOND., M.R.C.P.
MENTONE IN ITS MEDICAL ASPECT. Foolseap 8vo. cloth, 2. 6d.
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MR. ALFRED SMEE, FRS.
GENERAL DEBILITY AND DEFECTIVE NUTRITION : their

Causes, Consequences, and Treatment. Second Edition. Feap. 8vo. eloth, 3s. 64,
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T OBSTETRIC PLATES: being a Selection from the more Important and
Practical Illustrations contained in the Original Work. With Anatomical and Practical
Directions. Bvo. cloth, 5s.

MR. HENRY BMITH F.R.C.5.

ON STRICTURE OF THE URLTHR&.. 8vo. cloth, 7s. 6d. |
HZAEMORRHOIDS AND PR(}LAPSUS OF THE RECTUM .

Their Pathelogy and Treatment, with e&pecml reference to the use of Witric Aeid. Third
Edition. Feap. 8vo. cloth, 3s.

THE SURGERY OF THE RE‘UTUM Lettsomian Lectures. Feap.

Bvo. 25 6d.

e

DR. J. S8MITH, M.D,., F.R.C.S.EDIM,

HANDBOOK OF DENTAL ANATOMY AND SURGERY, FOR

THE USE OF STUDENTS AND PRACTITIONERS. Feap. 8vo. cloth, 3s. 6d.

TICAL. Illustrated with 186 Engravings. Feap. 8vo. cloth, 12s. 6d.

DR. SNOW.

ON CHLOROFORM AND OTHER ANESTHETICS: THEIR

ACTION AND ADMINISTRATION. Edited, with a Memoir of the Author, by
Benjamin W. Richardzon, M.I). 8vo. cloth, 10s. 6id.
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: ? DR. W. TYLER SMITH. ?
% A MANUAL OF OBSTETRICS, THEORETICAL AND PRAC- %
| |
|
|

MR. J. VOSE SOLOMON, F.R.CS.

I
TENSION OF THE EYEBALL; GLAUCOMA: some Account of i

the Operations practised in the 19th Century. 8vo. cloth, 4s.

1 DR. STANHOPE TEMPLEMAN SPEER.
¥

. PATHOLOGICAL CHEMISTRY, IN ITS APPLICATION TO
' Eﬂﬁ{;’;};’fTLﬁE ézlln[:hﬁﬁ:il::gll EE& Translated from the French of MM. BEcQUEREL

| e
MR. PETER SQUIRE.

A COMPANION TO THE I.BRITISI[ PHARMACOP EIA.

Third Edition. Bwo. cloth, 8z 6d. 'g
V]

THE PHARMACOPZEIAS OF THIRTEE‘I OF THE LONDON

HOSPITALS, arranged in Groups for easy Reference and Comparison. 18mo. cloth,
g, G,
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DR. STEGGALL.
| STUDENTS BOOKS FOR EXAMINATION.

1.
A MEDICAT, MANUAL FOR APOTHECARIES® HALL AND OTHER MEDICAL
BOARDS. Twelfth Edition. 12mo. cloth, 10s. i
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| A MANUAL FOR THE COLLEGE OF SURGEONS; intended for the Use
|
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MESSRS. CHURCHILL & SONS PUBLICATIONS, %
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of Candidates for Examination and Practitioners. Second Edition. 12mo. cloth, 10s,
111,
GREGORY'S CONSPECTUS MEDICINAE THEORETICAE. The First Part, con-
taining the Original Text, with an l:}r-:'ln Verhnrum, and Literal Translation. 1Z2me.
cloth, 10s.

THE FIRST FOUR BOOKS OF GFLE:US, containing the Text, Ordo Verb-

I orum, and Translation. Second Edition. 12mo. cloth, 8s.

| FIRST LINES FOR CHEMISTS AND DRUGGISTS PREPARING FOR EX-
;I%.MIN;?'I‘I!DEN Ea:.T THE PHARMACEUTICAL SOCIETY. Second Edition. |
fmo. cloth, Sz bd.

MR. STOWE, M.R.C.S.

A TOXICOLOGICAL CHART, exhibiting at one view the Symptoms,

Treatment, and Mode of Detecting the various Poisons, Mineral, Vegetable, and Animal.

To which are added, concise Directions for the Treatment of Suspended Animation.

|
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|
% Twelfth Edition, revised. On Sheet, 25.; mounted on Roller, 5s
|

MR. FRAMCIS SUTTON, F.C.S.

A SYSTEMATIC HANDBOOK OF VOLUMETRIC ANALYSIS;

or, the Quantitative Estimation of Chemical Substances by Measure. With Engravings.
Post 8vo. cloth, 7s Gd.

i

DR. SWAYNE.

OBSTETRIC APHORISMS FOR THE USE OF STUDENTS

COMMENCING MIDWIFERY PRACTICE. With Engravings on Wood. Third
Edition. Feap. Bvo, cloth, 3s. 6d.
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; TAMPLIN, F.R.C.S.E.

. LATERAL UURVATURL OF THE SPINE: its Causes, Nature, and

Treatment. 8vo. cloth, 4s,
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! DR. ALEXANDER TAYLOR, FRS.E.
THE CLIMATE OF PAU; with a Description of the Watering Places

of the Pyrenees, and of the Virtues of their respective Mineral Sources in Disease. Third
Edition. Post 8vo. cloth, 7s,
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DR. ALFRED =S. TAYLOR, F.R.S.
1

THE PRINCIPLES AND PRACTICE OF MEDICAL JURIS-

PRUDENCE. With 176 Wood Fnbrnmu-a, fvo, cloth, 28s

A MANUAL OF MEDICAL J URISPRUDE‘\LI* Eighth Edition.

With Engravings. Feap. 8vo. cloth, 12s. 6d. ?

MEDICINE. Second Edition. Feap. 8vo. cloth, 125, 6d.

&
III.
é ON POISONS, in relation to MEDICAL JURISPRUDENCE AND
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ON AMPUTATION BY A LONG AND A SHORT RECTAN-
GULAR FLAP. With Engravings on Wood. 8vo. cloth, 5s. ‘
DR. THEOPHILUS :::MF‘SGN. F.R.S. i
CLINICAL LECTURES ON PULMONARY CONSUMPTION; |
| with additional Chapters by E. S¥mEs Tuomrsox, M.D. With Plates. 8vo. cloth, 75.64. |

DR. THOMAS.

THE MODERN PRACTICE OF PHYSIC; exhibiting the Symp-

toms, Causes, Morbid Appearances, and Treatment of the Diseases of all Climates, |
Eleventh Edition. Revised by Avcervon Frameron, M.D. 2 vols. 8vo. cloth, 28s, |

MR, HENRY THOMPSOM, FROCS.
I

STRICTURE OF THE URETHRA: its Pathology and Treatment.

The Jacksonian Prize Essay for 1852, With Plates. Second Edition. 8vo. cloth, 10s,

THE DISEASES OF THE PROSTATE; their Pathology and Treat-

ment. Comprising a Dissertation * On the Healthy and Morbid Anatomy of the Prostate
Gland;™ being the Jacksonian Prize Essay for 1860. With Plates. Second Edition.

into the best Modes of removing Stone from the Bladder. With numerous Engravings,
fivo. cloth, 9s.

e

DR. THUDICHUM.

A TREATISE ON THE PI’LITI'IOL{}GY OF THE URINE,

Including a complete Guide to its Analysis. With Plates, 8vo, cloth, 14s.
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8vo. cloth, 10s. 1,
% PRACTICAL LITHOTOMY AND LITHOTRITY; or, An Inquiry g
3 ¢

A TREATISE ON GALL STUNES. their Chemistry, Pathology, |

and Treatment. With Coloured Plates. 8vo. eloth, 10s,

DR, TILT.

ON UTERINE AND OVARIAN INFLAMMATION, AND ON
THE PHYSIOLOGY AND DISEASES OF MENSTRUATION. Third Edition. |

A HANDBOOK OF U'I"I'IR[I\TIi:] THERAPEUTICS, AND OF |
MODERN PATHOLOGY OF DISEASES OF WOMEN. Second Edition

THE CHANGE OF LIFE IN HEALTH AND DISEASE: a

Practieal Treatise on the Nervous and other Affections ineidental to Women at the Decline |
of Life. Second Edition. 8vo. cloth, 6s. |

E : DR. GODWIN TIMMS.
CONSUMPTION : its True Nature and Successful Treatment. Crown

Bvo. cloth, 10s.
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i DR. ROBERT B. TODD, F.R.S. é

CLINICAL LECTURES ON THE PRACTICE OF MEDICINE.

New Edition, in one Volume, Edited by Dr. Beair, 8ve. cloth, 18s.

ON CERTAIN DISEASES OF THE URINARY ORGANS. AND

ON DROPSIES. Feap. 8vo. cloth, 6s.
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MR. TOMES, FR.S.

A MANUAL OF DENTAL SURGERY. Wwith 208 Engravings on

Wood. Feap. 8vo. cloth, 12s, Gd.
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| MR. JOSEPH TOYMBEE, F.R.S., FR.C.S.

[ THE DISEASES OF THE EAR: THEIR NATURE, DIAG-

NOSIS, AND TREATMENT. Tllustrated with numerons Engravings on Wood.
fvo. cloth, 15s.

P

DR. TURMBULL.

|
|
§ AN INQUIRY INTO THE CURABILITY OF CONSUMPTION, §
% ITS PREVENTION, AND THE PROGRESS OF IMPROVEMENT IN THE %
|
|

TREATMENT. Third Edition. 8vo. cloth, 6s.

A PRACTICAL TREATISE ON I]EISURDERS OF THE STOMACH

with FERMENTATION; and on the Causes and Treatment of Indigestion, &¢. 8vo.
cloth, Gs.

AL A

DR. TWEEDIE, FR.S.

CONTINUED FEVERS: THEIR DISTINCTIVE CHARACTERS,

PATHOLOGY, AND TREATMENT. With Coloured Plates. 8vo. cloth, 125,
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VESTIGES OF THE NATURAL HISTORY OF CREATION.

Eleventh Edition. Illustrated with 106 Engravings on Wood. 8vo. cloth, 7s. 6d.

DR. UNDERWOOD.

TREATISE ON THE DISEASES OF CHILDREN. Tenth Edition,

with Additions and Corrections by Hexry Davies, M.D. 8vo. cloth, 15s.

DR. UNGER,

BOTANICAL LEITERS. Translated by Dr. B. Pavi. Numerous
Woodcuts. Post 8vo., 2s. Gd.
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¥ WADE, F.R.C.S. ?

STRICTURE OF THE DI{I* THRA, ITS COMPLICATIONS %
AND EFFECTS: a Practical Treatise on thm_- Nature and Treatment of those
Affections. Fourth Edition. 8vo. cloth, 7s. 6d.
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DR. WALKER, M.B.LOND,

ON DIPHTHERIA AND DIPHTHERITIC DISEASES. Feap.

Bvo. cloth, 3s.

DR. WALLER.

ELEMENTS OF PRACTICAL MIDWIFERY ; or, Companion to

the Lying-in Room. Fourth Edition, with Plates. Feap. cloth, 4s. 6d.

MR. HAYMES WALTON, F.R.C.S.

SURGICAL DISEASES OF THE EYE Wik Engmnngs on

Wood., Second Edition. 8vo. cloth, 14s.

e

DR. WARING, M.D, MR.CP.LOND.

A MANUAL OF PRACTICAL THERAPEUTICS. Second Edition,

Hevised and Enlarged. Feap. 8vo. cloth, 125, Gd.

THE TROPICAL RESIDENT AT HOME Letters addressed to

Europeans returning from India and the Colonies on Subjects connected with their Health
and General Welfare. Crown 8vo. cloth, 5s.

DR. WATERS, M.R.C.P.

THE ANATOMY OF THE HUMAN LUNG. The Prize Essay

to which the Fothergillian Gold Medal was awarded by the Medical Society of London.
Post 8vo. cloth, Gs. Gd.

RESEARCHES ON THE NATHRE PATHOLOGY, AND

TREATMENT OF EMPHYSEMA OF THE LUNGS, AND ITSZ RELA-
TIONS WITH OTHER DISEASES OF THE CHEST. With Engravings. 8vo.
cloth, 5s.

o

DR. ALLAN WEEBB, FR.C.E2.L.

THE SURGEON’S READY RULES FOR OPERATIONS IN

SURGERY. Royal 8vo. cloth, 10s. 6d,
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DR. WEBER.

A CLINICAL HAND-BOOK OF AUSCULTATION AND PER-

CUSSION. Translated by Joux Cocxrg, M.D. bs.
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MR. SOELBERG WELLS, M.D., M.R.C.S.

ON LONG, SHORT, AND WEAK SIGHT, and their Treatment by

the Scientific Use of Spectacles. Second Edition, With Plates. 8vo. cloth, 6s,
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,'_!1 MR. T. SPENGER WELLS, F.R.C.S5.

DISEASES OF THE OVARIES: THEIR DIAGNOSIS AND

TREATMENT. Vol.I. 8vo. cloth, 9s

SCALE OF MEDICINES WITI.[ WHICH MERCHANT VES-
SELS ARE TO BE FURNISHED, by command of the Privy Council for Trade;

With Observations on the Means of Preservi ing the Health of Seamen, &c. &ec.
Seventh Thousand. Feap, 8vo. cloth, Js. Gd.
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DR. WEST.

LECTURES ON THE DISEASES OF WOMEN. Third Edition.

Bvo. cloth, 16s.
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DR. UVEDALE WEST.

ILLUSTRATIONS OF PUERPERAL DISEASES. Second Edi-

tion, enlarged. Post 8vo. cloth, 5s.

P

FINE ARTS. With Engravings on Wood. Feap. 8vo., 25. 6d.
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ODR. WHITEHEAD, F.R.C.S.

ON THE TRANSMISSION FROM PARENT TO OFFSPRING
OF SOME FORMS OF DISEASE, AND OF MORBID TAINTS AND
TENDENCIES, Second Edition. 8vo. cloth, ] 0s. 6d.

MR. WHEELER.
HAND-BOOK OF ANATOMY FOR STUDENTS OF THE %
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DR. WILLIAMS, F.R.S.

PRINCIPLES OF MEDICINE: An Elementary View of the Causes,

Nature, Treatment, Dmg.mos:s- and Prognosis, of Discase, With brief Remarks on
Hygienics, or the Preservation of Health. The Third Edition. 8vo. cloth, 15s.

THE WIFE'S DOMAIN : the Youxe CourLe—the MotHER—the NuURSE

—the Nursuixe. Post 8vo, cloth, 3s. 6d.

DR. J. HUME WILLIAMS.

UNSOUNDNESS OF MIND, IN ITS MEDICAL AND LEGAL

CONSIDERATIONS. 8vo. cloth, 7s. 6d.

§ ¢
DR. WILLIAMSON, SURGEON-MAJOR, 64TH REGIMENT.
§ MILITARY SURGERY. With Plates. 8vo. cloth, 12s.
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THE ANATOMIST'S VADE*MEIﬁUM: A SYSTEM OF HUMAN

ANATOMY. With numerous Illustrations on Wood. Eighth Edition. Foolscap Bve.
cloth, 125, 6d.

1I.

DISEASES OF THE SKIN: A Practical and Theoretical Treatise on

the DTAGNOSIS, PATHOLOGY, and TREATMENT OF CUTANEOUS DIS-
EASES. Fifth Edition. 8vo. cloth, 16s,

Tue samr Work; illustrated with finely executed Engravings on Steel, accurately |
coloured, &vo. gloth, 345, |
11T,

HEALTHY SKIN: A Treatise on the Management of the Skin and Hair
in relation to Health. Seventh Edition. Foolscap 8vo. 2s. 6d.

PORTRAITS OF DISEASES DIPV" THE SKIN. Folio. FasciculiI.

to XII., completing the Work. 20s. each. The Entire Work, half moroceo, £13.
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THE STUDENT'S BOOK OF CUTANEOUS MEDICINE AND

DISEASES OF THE SKIN. Post 8vo. cloth, 8s 6d.

ON SYPHILIS, CONSTITUTIONAL AND HEREDITARY:
.]:AEI:D ON SYPHILITIC ERUPTIONS. With Four Coloured Plates,  8vo. cloth,
A THREE WEEKS' SCAMPER THROUGH THE SPAS OF
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VIII.

THE EASTERN OR TURKISH BATH: its History, Revival in

| Britain, and Application to the Purposes of Health. Feolscap §vo., 2s.

DR. G. C. WITTSTEIN.

PRACTICAL PHARMACEUTICAL CHEMISTRY: An Explanation

of Chemical and Pharmacentical Processes, with the Methods of Testing the Purity of
the Preparations, deduced from Original Experjments. Translated from the Second
German Edition, by SterpHEN Darby. 18mo. cloth, Gs.
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DR. HENRY G. WRIGHT.

HEADACHES ; their Causes and their Cure. Fourth Edition. Feap. 8vo.
25, Gd.

DR. YEARSLEY, M.D., M.R.O.S, |2

DEAFNESS PRACTICALLY TLLUSTRATED being an Exposition |

e as to the Causes and Treatment of Diseases of the Ear. Sixth Edition. 8vo. cloth, 6z

é ON THROAT ATLMENTS, MORE ESPECIALIY IN THE é
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