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PREFACE.

HERE is, I am well aware, a danger that one who
writes concerning a single agent, however valuable,
shall be written down an enthusiast. I trust, however,
that the intrinsic evidence of this work will show that
I have approached my subject in the spirit, not of an
advocate, but of an enquirer. The extensive and numerous
applications of Carbolic Acid in the Arts, and the fact
that no book devoted to a consideration of its action has yet
appeared in this country, afford, I think, a sufficient apology
for the appearance of this volume. In my investigation
I have been largely indebted to the work of M. LEMAIRE ;
the knowledge of this, which contains %45 pages and dates
from 1865, has been confined to but a few observers here. 1
have accepted M. LEMAIRE'S conclusions in many, but
not in all cases; whenever it has been possible I have
applied the test of independent investigation.
As I have said, I am no apologist for the agent on which
I write. I have rather regarded it as the key which I have
found to unlock a cabinet which has been difficult to open.
I do not pretend that other keys will not fit the lock,
nor that the cabinet may not be opened by more forcible
means.
I have entered at some length into the consideration of the
Germ Theory of Fermentation and Putrefaction, with the
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collateral enquiry concerning the Origin of Life, because it is
of the greatest importance in relation to the questions of the
Causation and Treatment of Transmissible Diseases, which
depend upon its exposition. There is no doubt that the
Germ Theory has met with strenuous opposition from
members of the medical profession whose ability is well
known and whose opinions have just weight. I have a vivid
recolleGtion of a debate at one of the medical societies,
in which I was, in defence of the Germ Theory, one against a
multitude. It would at first sight appear strange, that
whilst many of the most illustrious of chemists—cultivators
of a precise science—investigate, accept, and promulgate
the Germ Theory, and explain many chemical phenomena by
its means, those who apply practical science to biology—
the nature of whose studies precludes finality in conclu-
sions—repudiate it as a chimera. There is no doubt that a
reasoning and enquiring scepticism in matters relating to
the science and art of Medicine is very laudable ; but those
who refuse belief should at least be acquainted with the
data on which the theory they contest is based. I think I
am right in the view, that in the case of the Germ Theory,
these data are imperfeétly known, and there are many
reasons for this imperfection of knowledge. The laborious
researches of PASTEUR, and the close reasoning which
he has founded upon them, have been presented in a
disjointed and fragmentary manner. One who would make
himself acquainted with them must laboriously search
through the “ Comptes Rendus” and the journals of French
Science. The illustrious chemist has not collected his
works for the benefit of the student and the practitioner.
His opponents, on the other hand, are trumpet-tongued;
and in the pages of M. PoucHET'S work on Spontaneous
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Generation, one may read almost all that can be said agamnst
the Germ Theory, whilst M. PENNETIER, the docile follower
of PoucHET, has presented the same arguments in a prac-
tical form, and in language interesting and forcible, 1t not
convincing. So the medical mind has had the contras
more vividly impressed upon it than the pros. At the first
glance, too, it might appear that the hypothesis of the
abundant existence of matter in the living state rendered
necessary by the Germ Theory makes too great a demand
upon credulity ; but the dilemma must not be forgotten—
the alternative is belief in Spontaneous Generation. I
fancy that many who oppose ‘‘ Germs,” would hesitate
before subscribing to ¢ Heterogeny.” * Under which King,
Bezonian ?” In the controversy which has taken place, the
evidence has been usually presented from partial sources,
and one or two experiments have sometimes been trium-
phantly adduced, as if they could of themselves establish
or destroy the Theory. I have endeavoured to assemble the
evidence (much condensed and with much of imperfection)
from all points, and to obtain a fair and legitimate inference.

The Germ Theories of Fermentation and Putrefaction,
of Infection and of Suppuration, and the practical issues
from them, have never been hitherto, so far as I know,
woven into a coherent whole. Convinced that they are
intimately connected, I have presented them as with a bond
of union between them; but I am well aware that many
who adopt the theory in certain of its applications refuse to
adopt it in others, and repudiate it as a whole.

In that portion of my work which treats of Infection, I
have greatly to acknowledge my indebtedness to Dr. BEALE,
not only in regard to the mine .of research whence I have
dug, but also for enabling me to give a more intelligible
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exposition by lending me many of his beautiful engravings.
I am afraid that I have sometimes done an unwitting in-
justice to him by adopting a scheme framed only for the
elucidation of my subject without reference to chronology.
The discovery of living particles in vaccine was made by
Dr. BEALE in 1864, long before the researches of CHAUVEAU
asserted the same fact. The mode of production of the
pus-corpuscle and its histological characteristics were de-
monstrated before the College of Physicians in April and
May, 1861. It must be unnecessary to state how deeply
Science is indebted for the numerous and elaborate works of
Dr. BEALE. As regards the nature of the causes of Infec-
tious Disease, it will be seen that I go with him to his
penultimate but not to his extreme conclusion. Whenever
I have criticised his deduétions, Dr. BEALE will, I know,
interpret the criticism only as the earnest and sincere
endeavour of his pupil to arrive at the truth.

From a review of all the fa¢ts and observations I have
been led to enunciate the theory that the poisons of spreading
diseases are extremely minute living ovganisms,. having the
characteristic endowments of vegetable growths, analogous to the
minute particles of vegetable protoplasm whose function it is fo
disintegrate and convert complex ovgamic products, owing their
specific properties in the special diseases, not o aiy botanical
peculiaritics, but to the characters implanted in them by the sotl in
which they first sprang from innocuous pavents, and from which
they arve transmitted—this soil (except in the case of their earliest
origin) being the fluids of the amimal body. One who would
see an excellent summary of primd facie evidence in favour
of the vegetable origin of disease germs should consult a
paper by the late Dr. CHARLES DAUBENY, “On the Influence
of the Lower Vegetable Organisms in the Production of
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Epidemic Diseases,” in his published Miscellanies, vol. i,
P 55-

That such a do&rine has a practical importance I hope
and believe. If the hazy hypothesis of occult organic
principles as causes of disease be swept away I believe that
much good will be done; disinfection will have an intelligible
connotation, and it is possible that the treatment of disease
will stand upon a firmer basis.

The agents which I have had the satisfaction of intro-
ducing into Therapeutics will, I trust, prove valuable. I have
received a large amount of testimony to their usefulness.
I would not have it thought, however, that I place an
exaggerated value upon them or conceive them to be the
summa bona of means for the treatment of infectious
disease. I well know that there are cases of deadly
infection in which all treatment is hopeless. Many persons
assert the utter powerlessness of drugs in all infectious
diseases, and adopt a treatment entirely expectant. I believe
the conclusion and the practice founded upon it erroneous.
If but one life in a thousand can be saved there are a gain
in the present and a promise in the future. My experience
of the sulpho-carbolates in infeétious diseases has been
favourable, but that experience is necessarily limited and
imperfect. Beyond a natural interest in the enquiry con-
cerning them, the sulpho-carbolates are nothing to me;
of far higher significance is the hope that this volume may
be of some interest and praétical usefulness.

A. ERNEST SANSOM.
DuNcAN TERRACE,

Fune, 1871,
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CHAPTER 1.

CARBOLIC ACID: SKETCH OF THE HISTORY OF ITS
EMPLOYMENT.

CarBoLic AciD, otherwise called phenic acid, phenol,
phenyl alcohol, or coal-tar creasote, is a compound of
carbon, hydrogen, and oxygen, which is variously regarded
by chemists as an acid or an alcohol. It is sufficient for our
present purpose to state that it is one of the most important
ingredients of ordinary coal-tar. . An attempt to trace the
history of its employment must commence at the records of
remote ages.

Compounds containing carbolic acid, or substances closely
allied thereto, are widely spread over the globe. Besides
the varieties of coal which yield it in varying proportions,
there are bitumen, asphalte, and petroleum in vast quanti-
ties on the earth’s surface—compounds in which exist close
allies of carbolic acid in nature and in properties. Bitu-
minous compounds were used by the Egyptians for the
purpose of embalming their mummies—an early instance of
their antiseptic employment. Tar was burnt as a means of
fumigation. Similar compounds were also employed for
another purpose—to arrest fermentation. The Romans
sometimes placed their fermenting wine in vessels lined

with pitch, or threw powdered pitch into the fluid, or
B




2 THE ANTISEPTIC SYSTEM.

adopted the simple expedient, the rationale of which was
probably identical, of plunging therein a blazing pine torch.
There is no doubt that carbolic acid in the guise of tar
formed part of the conditure and medicamina which thus
controlled the vinous and prevented the acetic fermentation.
Pliny mentions liquid pitch as used to preserve the wood of
ships, casks, &c. According to Dioscorides, naphtha and

. petroleum were used for analogous purposes.

It is needless to observe how commonly tar has been used
in succeeding ages to coat any wooden structures exposed to
air and moisture. Tar has been much used both as an in-
ternal remedy and as an external application.

In 1834 Runge obtained from coal-tar pure carbolic acid.
He is the undoubted discoverer of the agent, and he experi-
mentally demonstrated its powerful disinfecting properties.

Carbolic acid is the ac¢tive principle of pitch-oil and oil of
tar, just as quinine of cinchona-bark, strychnine of nux-
vomica, or morphia of opium.

It is important here to state the relation subsisting
between coal-tar oil, or crude carbolic acid, and creasote.
At the time of which we are now treating, the two substances
were used without any clear distinétion being observed be-
tween them, and even now much of the creasote of commerce
is really an impure carbolic acid. True creasote, however,
discovered by Reichenbach, is a totally distinét body.
Creasote is, according to Hlasiwetz, an ether of creasol,
which latter has the formula CzH,,O,. It does not crystal-
lise like carbolic acid, but is a colourless highly refractive
fluid. If creasote be agitated with a little water, and a few
drops of solution of perchloride of iron be added to the fluid,
a deep olive-green is struck. Carbolic acid similarly treated
yields a beautiful mauve tint. Both these bodies are
powerful antiseptics.

In 1844 M. Bayard introduced a powder in which coal-tar
was an ingredient, which he employed with much success as
a disinfeétant. !

In 1851 Mr. Calvert, of Manchester, made many experi-
ments with carbolic acid. It was used for preserving flesh
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from putrefaction ; it was injected into the ar_teries nf_ dead
animals, and thus served to prevent putrefaction, and it was
found to check fermentation. About 1859 it occurred to
M. Le Beuf, of Bayonne, to employ the then crude carbolic
acid in the form of a saponaceous emulsion. He joined in
the work M. Lemaire of Paris, who has made it the starting
point of a laborious research. The two investigators sent to
the Academy of Medicine a note on the value of the emul-
sion as an application to gangrenous ulcers.

About this time, also, Kiichenmeister, of Dresden, inves-
tigated the action of carbolic acid. He used it in medical
and surgical practice, and in arresting putrefaction and pre-
venting the manifestation of fungi.

Continuing his investigations on coal-tar applications,
M. Lemaire, in 1860, established their value in the treat-
ment of wounds, and demonstrated that carbolic acid was the
active agent in effe@ting the changes. M. Lemaire, in an
elaborate treatise, first publishedin 1863, narrated along series
of investjgations in which carbolic acid was employed as a
means for the destrution of low formsof animal and vegetable
life, as a preventive of fermentation and putrefaction, as
an external application in cases of ulcerating and suppurating
surfaces, as well as an internal remedy in zymotic and other
diseases. Concurrently with the study of carbolic acid as a
disinfecting agent, investigations were being made as to its
use in the arts. Laurent, in 1841, demonstrated the produec-
tion of picric acid from the action of nitric upon carbolic acid.
Picric acid is much used as a yellow dye, and from it are
derived picramic acid and isopurpurate ofammonium, yielding
rich brown and garnet hues. Picric acid has been adminis-
tered as an internal remedy in intermittent fevers.

The occurrence of cattle-plague in England in 1865 gave
an impetus to the study of disinfectants, and the subject
received considerable elucidation by the investigations of
Dr. Angus Smith and Mr. Crookes. Their results are
embodied in the ““Report of the Commissioners, 1865."
During the outbreak of cholera in 1866, carbolic acid was
put to a further practical test, and the reports of many of
B 2
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the medical officers of health testified to its efficiency.
These records may be found in the Registrar General's
Report on the cholera epidemic of 1866 in England. In
1865 Professor Lister, who seems scarcely to have been
aware of M. Lemaire’s prior observations in exactly the
same direction, commenced the employment of carbolic acid
as an application in surgical cases attended with suppura-
tion. Professor Lister gave much precision to the method
of treatment ; and, in his communications to the * Lancet,”
of March and July, 1867, he detailed remarkable cases
showing its good results. Compound fra¢tures of extreme
danger to life as well as limb were observed, when dressed
with carbolic acid skilfully applied, to recover with the occur-
rence of the slightest possible suppuration, and the general
condition of the patient, especially in relation to the reactive
fever, contrasted very favourably with that which exists
under any other condition or plan of treatment. Professor
Lister also employed an external dressing of the agent to
prevent suppuration after the opening of large abscesses.

More recently, Professor Lister recommended the use of
ligatures impregnated with carbolic acid, for the deligation
of arteries in the living body; and his observations show
that in cases treated in this way recovery takes place in a
very satisfactory manner, with the formation of scarcely any
pus. The employment of carbolic acid in surgical practice
subsequently became very general, and the medical journals
contain a large number of communications testifying to the
success of the treatment. The plan was also tried in most
of the metropolitan hospitals. Evidence exists, however, to
indicate that the plan is not uniformly successful ; and there
are sufficient data to show that for a prospeét of good results
attention must be paid to points of detail.

Much of the apparent discrepancy in individual experience
can, I believe, be explained by a study of the chemical cha-
racteristics and the pathological influence of the agent. Tl:lE
investigation is yet in its infancy. The following pages “_'"’1“
contain an attempt to elucidate some of the therapeutical
problems.
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CHAPTER IL

CHEMISTRY OF CARBOLIC ACID AND ITS PHARMACEUTICAL
MANIPULATION.

Carbolic Acid, CsH;0, or C;H;OH, presents in composi-
tion and properties strong resemblance with the alcohols.
It is classed under the secondary aromatic alcohols, and in
this connection it is termed phenol. It has no acid reaction to
test paper, but it forms with bases distin¢t and definite salts.

Preparation.—It may be obtained by the dry distillation
of salicylic acid, either alone or mixed with pounded glass or
with lime or baryta. The salicylic acid is wholly converted
into carbonic acid and carbolic acid.

CFHEOE = CDQ “l" CﬁHﬁO
Salicylic acid. Carbonic acid. Carbolic acid.

The chief commercial source of carbolic acid is coal-
tar oil. The crude produét is shaken with lime and
water ; after a considerable lapse of time the watery portion
is decanted, decomposed by hydrochloric acid, and the oily
produét distilled. The portion (to the extent of one-third)
which first passes over should be alone colleéted. .

Or the coal-tar oil may be distilled, and the distillate
which passes over between 150° C. (302° F.) and 200° C.
(392° F.) collected. This should be mixed with a hot strong
solution of caustic potash, together with a little of the alkali
itself. A crystalline mass forms, which, being dissolved in
water, separates into an oily stratum and a denser sub-
stratum ; the latter is separated, its alkalinity neutralised by
hydrochloric acid, and the oil which becomes liberated col-
leted. This should be distilled with chloride of caleium
and then exposed to a low temperature, when carbolic acid
crystallises out.

Cannel-coal is the variety the tar of which yields carbolic
acid in the highest proportion, whilst Boghead yields it in
the feeblest.

It is probable (according to Gladstone) that contadt for
some days with a lump of chloride of calcium induces the
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conversion of some of the cresylic produéts present in crude
carbolic acid into pure carbolic acid. This affords a good
means of purification of the commercial produét, the carbolic
acid being crystallised out at a low temperature.

Carbolic acid is also produced by the aétion of nitrous
acid on aniline. It has been obtained during the dry distil-
lation of benzoin, of quinic acid, of the resin of xanthorrhaea
hastilis, and of castoreum. Steedeler discovered it in appre-
ciable quantities in the urine. It has been prepared by
M. Berthelot by passing the vapour of alcohol or acetic acid
through a porcelain tube heated to redness. Pure carbolic
- acid crystallises in long, clear colourless prismatic needles.
Its specific gravity is 1°065. The crystals melt at 33° to
35° C. (go° to 95° F.) into a colourless liquid, oily in appear-
ance and to the touch, which also, when dropped on paper,
produces the same appearance as that produced by oils. It
boils at 180° C. (370'4° F.)

Mixture with Water.—The crystalsof carbolicacid readily
absorb water from the atmosphere and become converted
into the oily substance before-mentioned. In dispensing
and for general use in medicine it is convenient to employ
the liquefied acid. It is important to note that this is not a
solution, but the pure acid containing a trace of humidity ;
if there be an excess of water, this is seen to form a clear
layer above the denser oily carbolic acid. The fluidity of
carbolic acid depends greatly on the temperature.

At 95° F. carbolic acid crystals always melt; at from
65° to 70°, an excess of moisture in the air keeps 1t fluid. It
preserves its erystalline character at 40°

An excess of humidity at all temperatures promotes the
liquefaction of carbolic acid. I have found that it is ren-
dered fluid at and above 48° F. by the presence of about one-
fifth of its weight of water. _

Solution in Water.—It was long supposed that carbolic
acid was scarcely at all soluble in water. Runge, however,
stated that water at 60° F. could dissolve 3'26 per Fﬂnt of
the crystallised acid. According to Lemaire’s E.}.:per}mentsj.
water af 5¢° F. can dissolve 5 per cent of carbolic acid.
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This being of importance in regard to medicinal prepara-
tions, I have made many observations to verify the point.
From a series of volumetric observations, I find that at a
temperature of 65° F., 4'8 c.c. will dissolve in 100 c.c. of
water; at 70° F., 5'4 c.c.; and if the process of solution
be prolonged for above seven days, the temperature of the
air varying from 60° to 70° F., 6'4 c.c. will dissolve in
100 c.c. Practically a saturated aqueous solution of carbolic
acid contains very nearly 5 per cent.

Mixture with Alcohol and Ether.—Alcohol and ether
freely dissolve carbolic acid. A small proportion of alcohol
keeps carbolic acid in the fluid condition. It is convenient
for ready employment under many circumstances, and par-
ticularly in dispensing carbolic acid as a medicinal agent, to
have the pure acid in a fluid state. This avoids the neces-
sity of weighing the deliquescent substance or the applica-
tion of the heat necessary to liquefy it.

I have already mentioned the proportion of water neces-
sary to preserve it in the fluid state. Lemaire advocated
the employment of alcohol mixed with the carbolic acid in
equal proportions as a means of rendering it permanently
liquid ; but I have found that a proportion of one part of the
former in sixteen of the latter is.sufficient at ordinary tem-
peratures.

Agents supposed to Increase the Solubility of Carbolic
Acid in Water.—Lemaire says that the normal solubility of
carbolic acid can be increased ‘“in notable proportions” by
the addition of 5 or 10 per cent of alcohol or acetic acid, I
have investigated the influence of the following admixture :—

1. Alcohol.

(@) Carbolic acid being mixed with one-fifth its bulk of
absolute alcohol and water, added in excess 4°2 c.c.
dissolved per cent.

(b) Carbolic acid and alcohol being mixed in equal
parts, and water added, a perfectly clear and uniform
solution can be made of 21 c.c. per cent. The
addition of more water, however, produces a
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milkiness which, as still more is added, becomes
a dense whiteness. On agitating and afterwards
allowing the mixture to stand, some undissolved oily
carbolic acid sinks to the bottom of the solution.

The white appearance seems to be due to the refraction
produced by multitudes of minute globules of carbolic acid
in suspension. I find that although alcohol and carbolic
acid make a perfect solution together, which will bear an
addition of water to the extent of 2} times their united bulk
without disturbing the uniformity of the solution, yet that
water cannot be made to take up more than 7'4 per cent of
carbolic acid by the addition of an equal bulk of alcohol. In
such case, too, the supernatant fluid is milky and presents
different densities. I conclude, therefore, that the presence
of alcohol, though it favours the distribution of carbolic
acid does not materially increase its actual solubility.

2. Acetic acid forms with carbolic acid a perfectly clear
solution, and when mixed in equal bulks, the combination
appears to be soluble in distilled water in all proportions.

3. Glycerine.—Carbolic acid crystals easily dissolve in an
equal bulk of glycerine. The glycerinum acidi carbolici of the
British Pharmacopeeia is in the proportion of one to four.

The combination of carbolic acid with glycerine when
mixed with water behaves in much the same manner as
that with alcohol. Thus, in case of equal proportions, water
may be added to the extent of five times the quantity of car-
bolic acid employed with the effeét of producing a perfectly
clear solution. On the further addition of water, however,
it will be found that a similar whiteness to that appearing in
the case of alcohol occurs with subsequently a subsidence of
carbolic acid. The proportion actually dissolved is then but
5'5 per cent, or not more than is dissolved by water without
the addition of glycerine.

Mixture with Oil.—Carbolic acid erystals dissolve,
becoming very bright and glistening in the process, En about
their own bulk of olive oil. The result is a ll'rr_lpiﬂ oily SUE
pound paler than the oil employed. Agitated wxhth watﬁ:l': this
forms a white, apparently homogeneous emulsion, which on

AT
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standing, separates into three layers—(1) clear oil; (2) turbid
oil; (3) white emulsion, with some oil globules.

Tests of the Presence of Carbolic Acid.

1. The test recommended in the ¢ British Pharma-
copceia” is the colour imparted to a slip of pine wood dipped
into the fluid, and afterwards into hydrochloric acid. ‘A
slip of deal dipped into it, and afterwards into hydrochloric
acid, and then allowed to dry in the air, acquires a greenish
blue colour.” I have found this test neither delicate nor
reliable.

2. A few drops of a solution of a per-salt of iron (the
perchloride is usually employed) added to a neutral agueous
solution of carbolic acid develope a beautiful mauve colour,
comparable only with that of a solution of an alkaline per-
manganate. I have found this give a distinét indication of
the presence of a one-to-one-thousand dilution of carbolicacid.

3. If to an aqueous solution of carbolic acid in a test-
tube there be added a small quantity of hypochlorite of
lime (or, better, a little of its solution), and then a few
drops of strong liquor ammoniz, and the whole be heated
to nearly boiling, a beautiful blue colour is developed.
This was, I believe, first observed by Berthelot.

4. The fourth test is a modification and reversal of my
own of Day's test for mucus. To a little of the clear
aqueous solution, supposed to contain carbolic acid held in
a test-tube, is added a small quantity of saliva from the
mouth. After agitation, two or three drops of alcoholic
tincture of guaiacum, previously exposed for a considerable
time to the air, so as to be freely oxidised (i.e. until it turns
green on the addition of iodide of potassium), are added.
The mixture then assumes a bluish-green hue. A collateral
experiment with pure water, instead of the carbolised
solution, should always be made, and the test then is an
extremely delicate one.

Carbnlichacid reduces mercuric oxide, at a boiling heat
separates silver from the nitrate, and heated with arsenic acid
forms a yellow xantho-carbolic acid.
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Tests of the Purity of Carbolic Acid.

(a.) The crystalline acid. The crystals should be perfectly
clear, colourless, and homogeneous. They should melt at a
heat of 34° C. (93°2° F.), and the liquefied produét should
boil at 184° C. Distillation should be carefully conducted
at this temperature; any produét remaining in the retort
will indicate impurity.

(6.) The acid in the liquid form. The liquids purporting
to contain carbolic acid for use as disinfeéting agents are
frequently admixtures of tar oils with caustic alkalies.
Thus the compounds submitted to Mr. Crookes were shown
to consist of—(1) Alkaline water, with tar oils boiling
above 370° C.,.and, therefore, containing no carbolic acid;
(2) tar oils containing feeble proportions of carbolic acid
(2'6 to 5°g per cent); (3) tar oils with a notable propertion
of carbolic acid (30 to 50 per cent); (4) tar oils containing
feetid sulphur compounds; (5) compounds containing sulpho-
carbolic or sulpho-cresylic acid soluble in water.

Mr. Crookes pointed out a ready method of detecting the
adulterations by observing the solubility of a given sample:*

““ Commercial carbolic acid is soluble in from 20 to %o
parts of water, or in twice its bulk of a solution of caustic
soda, while oil of tar is nearly insoluble ; but if the amount
of carbolic acid be increased some remains undissolved.

““To apply the tests:—z1. Put a teaspoonful of the carholic
acid in a bottle, pour on it half-a-pint of warm water, and
shake the bottle at intervals for half-an-hour, when the
amount of oily residue will show the impurity. Or, dissolve
one part of caustic soda in ten parts of warm water, and
shake it up with five parts of the carbolic acid. As before,
the residue will indicate the amount of impurity.

“ These tests will show whether tar oils have been used as
adulterants: but to ascertain whether the liquid consists of
a mere solution of carbolic acid in water or alkali, or
whether it contains sulpho-carbolic or sulpho-cresylic acids,

* Report on the Application of Disinfectants in Arresting the Spread of the
Cattle Plague. Reprint, p. 30.
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another test must be used, based upon the solubility of
these, and the insolubility of carbolic acid, in a small
quantity of water. In this case proceed as follows:—z2.
Put a wineglassful of the liquid to be tested in a bottle, and
pour on it half-a-pint of warm water. If the greater part
dissolves, it is an adulterated article. Test the liquid in the
bottle with litmus paper ; if strongly acid it will show the
probable presence of sulpho-acids, whilst if alkaline it will
show that caustic soda has been probably used as a solvent.

“ These tests are not given as having any pretensions to
scientific accuracy, but as affording persons who are desirous
of using carbolic acid, and are willing to pay a fair price, a
rough and ready means of seeing if they are being imposed
upon.

“If greater accuracy in the tests are required, recourse
should also be had to distillation with a thermometer—
carbolic acid boils at 184° C., cresylic at zo3° C., whilst
xylic acid, which may possibly be present, and has great
antiseptic value, boils at 220 C. Reichenbach’s pure
creasote boils at 219° C."

The strength of a chemically pure sample of liquefied
carbolic acid may be readily estimated by agitating a given
quantity with water in a graduated tube, and observing the
bulk of carbolic acid subsiding undissolved. This will
indicate all over the 5 per cent which dissolves in the water.

The total carbolic acid in the sample=
superincumbent solution.

20
Adction on Albumen.—Hydrated carbolic acid has the

power of coagulating albumen, forming a white filamentous
precipitate. This has been long recognised ; and the extent
of its coagulating power has been, perhaps, over estimated.
Mr. Crookes mixed a one per cent solution of carbolic acid
with a solution (1 to 4) of albumen (egg). No change took
place for a few minutes, afterwards a slight cloudiness
appeared; which ultimately became a coagulum. The clear
solution still contained albumen and carbolic acid. My own
observations confirm these, A 5 per cent aqueous solution

Residue +
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of carbolic acid added to a 10 per cent solution of albumen
of egg produces only an opalescence; a glycerine and water
solution of ¢'8 per cent produces a similar cloudiness.
Similar solutions added to highly albuminous urine produce
only a slight cloudiness. In no case was the appearance at all
comparable with that produced by a drop of nitric acid.

It may be well to point out a possible source of error. If
a solution of carbolic acid in alcohol or acetic acid containing
a proportion above that which is nominally soluble in water
be employed, a white appearance is produced, exactly like
that of precipitated albumen. As before explained, this
appearance is due to an aggregation of undissolved particles
of carbolic acid.

Carbolic Acid as a Test for Albumen.—M. Méhu*®

advocated the employment of a reagent consisting of carbolic -

acid one part, commercial acetic acid one part, alcohol (of
86 per cent) two parts, as a delicate test of the presence of
albumen. Dr. Meymott Tidy has advocated a similar
method in the * Lancet” of May 14, 1870. Dr. Tidy thus
describes his preparation of the test mixture of acetic and
carbolic acid :—*“ I mix equal volumes of the two acids, and
then see whether, in adding this to a little water in a test-
tube, the liquid after being well shaken becomes perfectly
clear. As a rule, I find this proportion is about correct;
but if it does not become clear I add a little more acetic
acid, trying after each addition until the desired point is
reached.” A second plan is to add eight or ten drops of
alcohol to about two drachms of urine in a test-tube, shaking
very gently so as to avoid frothing, and then adding about
five drops of carbolic acid from a pipette. In this way it is
said that a white precipitate of carbolate of albumen is
produced, and the test is so delicate that it will :.ittﬂiﬂ: one
part of albumen in 1500 of water, while nitric acid detects
only one in 8000,

I must urge, however, extreme caution in the acceptance
of the indications afforded by these tests. I have already

* Journal de Pharmacie et de Chimie, February, 1869.
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indicated (and these observations were made by me before
those of M. Méhu and Dr. Tidy) the fallacies which
surround them. Iam prepared to admit at once that hydrated
carbolic acid or a strong solution in alcohol or acetic acid
will unite with albumen, even when the latter is present in
small proportions to produce a white precipitate. But I
have found that an appearance absolutely indistinguishable
by the eye from that occurring when albumen is present
may exist when a solution is perfectly free from albumen.

I have shown that even a saturated aqueous solution
of carbolic acid produces but a slight precipitate in an
albuminous solution. This appears to be recognised ; for
the advocates of the carbolic acid test for albumen concur
in employing as menstrua for the agent acetic acid or
alcohol, which take up very large proportions. The value
of alcohol in this relation is, however, set aside by the fact
that the superaddition even of pure water causes the
subsidence of a dense white cloudy precipitate quite re-
sembling a precipitate of albumen. A similar fallacy I have
found to underlie the employment of acetic acid as a
menstruum. It is true that the addition of pure water to
the aceto-carbolic solution causes no turbidity whatever.
I found, however, in experimenting with the test-solution
made after Dr. Tidy’s formula, that in numberless cases I
obtained a white precipitate on the addition of the solution
to urine when collateral tests showed the absence of
albumen. Moreover, I found it in specimens in which there
was no reason whatever to suspect the presence of albumen.
In endeavouring to find the reason of this difference in the
behaviour of urine and clear water, I first found that if I
placed the test solution in a test-tube, and then gradually
added the urine thereto, there was always a point during
the gradual addition at which the white cloudy precipitate
occurred. T then found that a similar appearance was
mdL.u:.ed when saline solutions were employed. Thus the
addition of the aceto-carbolic reagent to an equal bulk of a
Eﬂldrsui:tlutiun of common salt at once developed the white
precipitate. The most characeristic appearance was, how-
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ever, produced by asaturated solution of tartrate of ammonium.
When to about a drachm of the test solution five drops of
the ammonium tartrate solution were added, a dense white
precipitate fell ; when ten drops were added, the whole of
the fluid became a dense white solid. There can be little
doubt, therefore, that the presence of the saline material
reduces the carbolic acid from the solution, and thus causes
the appearance which so closely resembles an albuminous
cloud.

From these causes, I think, for praétical purposes for the
detection of albumen in urine, the aceto-carbolic solution is
most fallacious. As a confirmatory test it might be useful.
In such cases the aceto-carbolic solution should be first intro-
duced at the test-tube, and then a small quantity of urine
added. If an 7mmediafe precipitate appears there is much
reason to suspect the presence of albumen.

The albuminous coagula produced by carbolic acid do
not undergo putrefaction.

A weak solution of gelatine undergoes no change on the
addition of a solution of carbolic acid; a strong sclution
becomes milky, the milkiness disappearing on the addition
of water.

Volatility of Carbolic Acid.—Though carbolic acid
requires a very high temperature for ebullition, it is of con-
siderable volatility. This is easily recognised by the extent
over which its odour is diffused.

At my request Mr. H. Davison made the following obser-
vations :—1. 200 grains of liquefied carbolic acid were
exposed in a shallow vessel at ordinary temperatures and
weighed at intervals of twenty-four hours. The amount of
loss was—(a) o grains; (b) 5°6 grains ; (¢) 5°5 grains.

Pieces of sponge saturated with 200 grains of liquid
carbolic acid were suspended in vessels, capacity of 176 fluid
ounces, and hermetically sealed for twenty-four hours. At a
temperature of 10°C. (50° F.), loss 1'835 grains. Temperature
15'5° C. (6o F.), loss 2'54 grains. Temperature z1'x C.
(70 F.), loss 4'320 grains.

o,
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From these data we may conclude that 1 grain of carbolic
acid is taken up by A 4 :
320°75 cubic inches of atmospheric air at 10°C. (50 E;,J
159744 T 3 33 15°'5° C. (60° F.)
9375  » » 211 C. (707 B.)

CHAPTER IIL

COMBINATIONS OF CARBOLIC ACID.

Carbolic acid readily unites with many bases, organic and
inorganic, but its compounds are usually unstable. It
presents in these combinations most of the analogies of an
alcohol : it does not, like an aldehyde, unite with the sulphites
of alkali metals.

Carbolates.—M. Bobeuf, in 1857, patented a process for
preparing the salts of the crude acids of coal-tar with alkali
bases. They were chiefly employed for disinfection. These
compounds possess an advantage over carbolic acid inasmuch
as they are freely soluble, but they are unstable compounds,
and appear in their general applications not to be so efficient
as carbolic acid itself.

Cavrbolate of Potassium, Cs.H;0,KHO, in its pure state has
been chiefly studied by Laurent, Calvert, and Roméi. Itmay
be prepared.byaddingtogetheralcoliolic solutions of potassium
hydrate (56 parts) and carbolic acid (g4 parts) and evapora-
ting; or by fusing potassium hydrate (37°4 parts) with carbolic
acid (626 parts), the former being added to the latter little by
little. Carbolate of potassium is thusobtained in white glisten-
ing very refractive scales. These soon absorb moisture from
the air, and passing through various orange tints become at
last deep brown. The crystals fuse between ¢4° and g5° C.
They are very soluble in water and in alcohol, but scarcely
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at all in ether. Roméi has employed pure carbolate of
potassium to detect water in ether. The dry crystals being
added to the ether, if water be present, some solution takes
place, and the superincumbent ether becomes tinged reddish
brown; 2} parts of water in 1ooo of ether may be thus
detected.

Carbolate of Copper, 2(CsHg0)3(Cu”H,0,), is procured
by mixing aqueous solutions of sulphate of copper and
carbonate of potash. It forms a green powder. Carbolate
of Mercury, (CsHsOHgO.,H,), prepared in an analogous
manner, is a bright orange powder, becoming brick-red
in drying; with nitric acid it forms a golden yellow solution.
Carbolates of Bayium, of Lead, &e., have been produced, but
their composition is uncertain.

Carbolate of Quinine, (C,.H,,N,0,,C;H0), forms fine needle-
shaped crystals insoluble in water, and scarcely soluble in
ether, but readily so in alcohol.

Carbolates of Alcohols are produced by heating potassium
carbolate with iodide of methyl, ethyl, or amyl; thus
double ethers are produced.

Carbolate of Methyl ; Anisol, CgHsO, is also formed by the
dry distillation of methyl salicylate. It is a colourless,
mobile, aromatic liquid, forming a double acid with sulphuric
acid, and various substitution produéts with nitric acid.

Carbolate of Ethyl ; Phenetol, or Salithol, CgH 0, may also
be obtained by distillation of dry ethyl salicylate of barium.
It is a light, colourless, mobile liquid, soluble in alcohol and
ether, but not in water. It is agreeably aromatic.

Carbolate of Amyl, Phenamylol, C,H,O, is a limpid
colourless oil, lighter than water.

Carbolate of Benzoyl, CsH,0,C,H,0, has been procured as
a white, fusible, crystalline compound by treating benzoic
chloride with phenol.

Union of Carbolic Acid with Organic Bodies.—It is seen
that carbolic acid easily enters into union with inorganic
bases, forming definite compounds. It is also easily displaced
from its combinations. M. Roméi (‘‘ Bulletin de la Sociéte
Chimique,” Feb., 1869) considers the compounds merely

oS
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juxtapositions of the molecules, each c_-::n.stitue.?t 1;11?26{;*11;15
unchanged its inherent character. It is dropotees i
whether, in the case of the c.}rganlc bodies with wd ic lhE 1;:1
agent may come in contaét, it may form CDmP'?U;tS l:vavl-:a
may modify its original properties. [t is observe n‘
certain affinity for albumen. I shall she_::w, however, here-
after that the presence of a small quantity of I_mtaEh or of
albumen does not impair its power of arresting fermen-
tation. :
Does its union with glycerine modify its properties ?
On this point we have the following evidence—(1) that:_:;.
mixture of glycerine and carbolic acid acts upon tln? sensi-
tive surface of the skin as only a very feeble counter-irritant,
while a like quantity of the acid mixed with water or v.;ith
syrup of an equal density with the glycerine solution 1s a
violent caustic: (2) I have shown that the presence of
glycerine impairs, in a very obvious manner, the power of
carbolic acid to arrest saccharine fermentation. It seems
very probable that carbolic acid tends to unjte with glycerine,
forming a carbolate of glycerine. With olive oil there are
(1) a great diminution of the energetic action upon the skin;
(2) a very marked impairment of the power of arresting fer-
mentation ; (3) also a decided diminution of the property of
carbolic acid to arrest putrefaction. A five per cent solution
of carbolic acid in olive oil fails to prevent the putrefaction
of flesh, though a one per cent watery solution will entirely
prevent such decomposition. It is extremely probable that
carbolic acid enters into a definite union with fatty matters,
modifying its original properties. I have shown that alcohol
also lessens its power over fermentation. I think that
these considerations are sufficient to show that carbolic acid
readily enters into combinations with the organic bodies
with which it comes into relation, that these are prone to
mutual variations, and that then the original properties of
the agent become modified. When, therefore, we employ
an agueous, an oily, an alcoholic, or a glycerine solution of

carbolic acid, we are not in each case employing the same
ilentical agent.
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of a large bulk. It is much used for dyeing; it colours s‘ilk
and wool, but not cotton nor flax. Treated with hot solut}cn
of cyanide of potassium, 1t assumes a blood-red -::alnuy (iso-
purpurate of potassium), and this, when chloride of
ammonium is added, forms a salt, having all the characters
of murexide (purpurate of ammonium). The picrates form
2 definite series of salts; many of them are explosive and
are used for purposes of destruction.

CHAPTER 1IV.
INFLUENCE OF CARBOLIC ACID ON FERMENTATION AND

FUTREFACTION, AND oN THE VITALITY OF LOW
ORGANISMS.

The chief value of carbolic acid and the compounds
associated with it, a property recognised in the past as well
as the present, is that which pertains to it as an antiseptic
or an agent preventing putrefactive change. Compounds
containing carbolic acid were used in remote ages to arrest
alcoholic and to prevent acetic fermentation. It has been
proved that minute amounts of carbelic acid arrest the
fermentaticn of saccharine solutions, the formation of
butyric acid, the gallic fermentation (i.e. the peculiar change
of maceration of galls, as in the thickening of ink exposed
to the air), and many other varieties of fermentive changes.

Action on Saccharine Fermentation.—A very small pro-
portion of carbolic acid will wholly prevent the fermentation
of solution of sugar with yeast placed in the most favourable
circumstances for the process.

If the interior of a glass flask be coated by means of a
camel’s-hair pencil with a little carbolic acid, and then the
materials ready for fermentation introduced, and the mouth

of the flask closely sealed, fermentation is wholly prevented.
c2
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Carbolic acid not only prevents fermentation, but also
arrests it when it has once commenced. A few drops added
to half-a-pint of actively fermenting sugar at once put a stop
to the process.

On the other hand, the presence of carbolic acid does ot
influence the following transformations :—

I. The conversion of starch into dextrine. 2. The formation
of essential oil of almonds when amygdalin is mixed with
synaptase, as well as the transformations hereafter to be
considered as pseudo-fermentations.

I have endeavoured to ascertain the relative power of
carbolic acid in arresting saccharine fermentation, and have
arrived at the results which are comprehended in the
following table :—

Quantities of various agents which will wholly arrest the

Jermentation of 25 grains of cane sugar.
Grains.

Perchloride of mereury - s v . & i . 003
Hydrated sulphuricacid. . . . . . . o070

EGarholiciaid s 0o s e s ot G e 2i00
Eerchlonidetof firon =it . e gion
Eatholate of potashecs el s s = o 400,
sulphite’of sada . G . - 500

Sulpho-carbolate of soda . . . . . . 2000

The experiments which determined these results were
strictly comparative ; all the solutions placed for fermen-
tation being in precisely similar conditions. It is thus seen
that though carbolic acid holds a high place, it is far from
being comparatively the most efficient agent in restraining
fermentation.

I next endeavoured to ascertain whether the presence of
oil, glycerine, &c., modified the power of carbolic acid to
restrain saccharine fermentation. To this end, I proceeded
in this manner. I procured a series of bottles, each of
exactly the same capacity ; every bottle was fitted with a
cork, through the centre of which passed a tube of small
bore, reaching in the interior nearly to the bottom. Into
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each bottle were placed exactly the same quantities of the
fermenting materials. One was left without further addition
(A); to another was added half-a-drachm of a 5 per cent
solution of carbolic acid ; in another, the same quantity of
carbolic acid was mingled with 5 minims of pure glyce-
rine; in another, 5 minims of olive oil; in another, 5 minims
of alcohol. Water being now poured in so as to fill each
bottle, the corks and tubes were fitted, and the bottles simul-
taneously plunged into a water-bath, at a temperature of
100° F. It is obvious that the conditions in each case must
have been precisely identical. On the occurrence of fer-
mentation, the carbonic acid rising to the upper part of
each bottle displaced the fluid contents, which escaped
through the upper orifice of the glass tube. Fermentation
rapidly occurred in the tube which contained the fermenting
materials alone, and at the end-of an hour this was nearly
empty. At the end of seventeen hours the corks and tubes
were removed. Of course, the amount of displacement of
fluid indicated the comparative amount of fermentation
which  had taken place. The bottles were then filled up
from a graduated burette. I have satisfied myself by a
large number of observations that this method of experi-
mentation gives most precise results.

Quantities of carbonic acid evolved; or comparative rate of
fermentation when some orgamic bodies ave present with
carbolic acid in fermenting fluids. 25 grains of sugar and
I flurd drachm of yeast used in each case.

Carbonic acid evolved.

Sugar and yeastalone . . . . total quantity.

Sugar and yeast, with 30 minims of .

5 per cent solution of carbolic au;id} o i

Sugar and yeast, with 5 minims nf]_ 2o

alcohol and carbolic acid as in Bj '3 Glie-c.

- Sugar and yeast, with 5 minims of) .
glycerine and carbolic acid as in BJ 1678 c.c.

E. Sugar and yeast, with 5 minims of] )

olive oil and carbolic acid as in B] *94 ©¢

d @ =P
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I next endeavoured to ascertain whether the presence of
an alkali (potash) or of albumen would modify the power
of carbolic acid to restrain fermentation. It was determined
that the presence of potash did not in the least degree
interfere with the property of carbolic acid ; whilst albumen
exercised a very slight effect in restraining the aétion.

Mr. Crookes, in his Report to the Cattle Plague Com-
missioners related an experiment which tended to show—
(1) that the action of carbolic acid in restraining fermentation
was directed upon the yeast; (2) that the power of yeast to
induce fermentation was wholly destroyed by feeble solutions
of carbolic acid. He washed yeast with a 1 per cent
aqueous solution of carbolic acid, and then washed away
with water, as far as possible, the carbolic acid. The
experiment, several times repeated, always showed that the
power of exciting fermentation was wholly destroyed. The
conclusion, however, has been contested by Pettenkofer,
who says that though carbolic acid preserves ferment cells
in an inert state, yet when the volatile acid has become
dissipated these resume their aétivity. To obtain evidence
on this point, I repeated the experiment in a different
manner.

Having ascertained that 40 minims of a 5 per cent
solution of carbolic acid was the minimum which would
wholly arrest the fermentation when a drachm of yeast was
added to solution of 25 grains of sugar, 1 prepared two
precisely similar admixtures of yeast (1 drachm) and carbolic
acid (40 minims of 5 per cent solution). One admixture I
placed in a bottle loosely corked, the other in an open vessel
standing in a water bath; temperature about 100° I After
the lapse of 12 hours, when it was reasonable to suppose
that in the second case some of the carbolic acid had become
volatilised, I poured the mixture upon a flat porcelain plate,
washed it with water, and subjected it for 1o minutes to a
strong current of air from bellows. The washing was
occasionally repeated. The solution of sugar was then
added to each of the yeast-admixtures, and both were placed
in a water-bath at 100°% In neither case was there the least




THE ANTISEPTIC SYSTEM. 23

fermentation. Inasmuch as the minimum quantity of
carbolic acid which would under parallel circumstances
restrain the fermentation .was employed; and as it is
reasonable to suppose that if the power of carbolic acid
were evanescent some evidence of fermentation would have
been given, it is fair, I think, to conclude that in this case
the agent had rendered the yeast wholly and permanently
inert. Though the solutions were kept many days, neither
showed the least tendency to fermentation, though yeast
from the same sample, uninfluenced by carbolic acid, readily
gave rise to rapid fermentation. From these data I think
it is fair to draw certain conclusions. First, it is seen that
carbolic acid manifests a power of restraining saccharine
fermentation, though in a less degree than has been asserted.
Its power in this direction is much feebler than that of
perchloride of mercury or sulphuric acid. Its action is
modified by the bodies with which it is in relation. Alcohol
and glycerine notably, and each in about the same ratio,
impair this power ; and olive oil exerts the same restraining
influence in a much more marked degree. The presence of
an alkali (potash) does not interfere with this property of
carbolic acid, nor does its potassic salt possess (pro fanto the
carbolic acid it contains) inferior power to carbolic acid
itself. As regards, however, its more stable combination,
as, for instance, sulpho-carbolate of soda, this direct power
of restraining fermentation is diminished in a remarkable
degree.

Without, as yet, hazarding any hypothesis as to the
nature of fermentation, our data show that the yeast is the
element which is acted upon, and there is no sign that this
is chemically altered. The action upon the yeast would
appear to be not temporary, but permanent.

Action on Putrefactive Decomposition.—Abundant ex-
perimentation has proved that carbolic acid prevents the
putrefaction of organic substances.

A piece of meat soaked in a 1 per cent solution of carbolic
acid fur one hour entirely resists putrefaction. Gut, skin,
&c., in like manner resist decomposition. Animal size and
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glue in solution mixed with small quantities of carbolic
acid are perfectly preserved in hot weather. Albumen pre-
cipitated by carbolic acid does not putrefy. A perfectly
fresh egg placed in a sealed bottle, whose interior is coated
with a thin lining of carbolic acid, may be preserved perfeétly .
fresh for two months, although the bottle contain plenty
of air; nearly the whole of the albuminous material is
unchanged by the carbolic acid. Meat treated in like
manner may be preserved untainted. A sparrow, observed
by Lemaire, presented at the end of a month no signs of
decomposition, its feathers being as firmly implanted as just
after death. Putrefacétive decomposition has also been pre-
vented in the cases of feecal matters and of blood. As well
as preventing decomposition in cases in which the process
has not yet commenced, it has also been proved that carbolic
acid can arrest putrefaction when once it has set in. Thus
meat was hung in air till the odour of putrefaétion was
strong. It was divided in two pieces; one was soaked in a
1 per cent solution of carbolic acid ; the other in a solution
of chloride of lime. In a few weeks that soaked in chloride
of lime solution was very offensive, whilst the other presented
no bad odour. When vessels were lined with carbolic acid,
if by chance air were introduced so that volatilisation of
the agent could take place, putrefaction commenced ; when,
however, the substance experimented upon was soaked in
carbolic acid solution no putrefaction took place.

A&ion on Living Beings.—A. Vegetable Organisms.—A
small proportion of carbolic acid prevents the germination
of the spores of the yeast plant, and at once stops the
growth of the plant at any phase of its subsequent
development.

Mould and mildew are rapidly destroyed by carbolic acid.
Spores do not vegetate on organic matters containing
o'o1 per cent of carbolic acid. If a quantity of mould be
taken from a vegetable syrup and placed upon a fresh syrup
containing o'ox per cent of carbolic acid the mould dies;
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whilst on a syrup not containing carbolic acid it grows and
fruétifies as usual.

A solution of 1 per cent of carbolic acid destroys the ger-
minating power of the following seeds:—Lentils, kidney-
beans, barley, oats. It is necessary that the seeds b.e

%= steeped in the solution a sufficient time that all the consti-
tuent liquids become impregnated with it.

Seeds do not germinate if the water necessary to their
vegetation contain from o'or to o'oz per cent of carbolic
acid. If, however, seeds steeped in a solution of this
strength be carefully washed and then placed under circum-
stances favourable to their germination, they will grow,
but their vegetation will be 24 hours later than seeds not
so treated.

Shrubs and Trees.—An application of strong carbolic
acid to the roots-speedily kills shrubs and trees ; if applied
to the flowers, leaves, and fruits, these die. If plants be
watered with a solution of 5 per cent, a large number of
flowers wither, but the leaves seem unaffected.

B. Amimal Organisms.— An infinitesimal quantity of
carbolic acid instantly kills Bacteria, Vibrios, Spirilla, Amabe,
Monads, Euglenie, Paramecie, Rotifere, and Vorticelle.

Ascarides die in a solution containing o3 per cent. Ova
of ants, earwigs, and butterflies die in a like solution.

Lumbrici, as well as caterpillars, beetles, crickets, fleas,
moths, and gnats, are killed by the vapour of carbolic acid.
Insects have an intense aversion to it. M, Lucien Biard, of
Mexico, says that when he is threatend with an invasion
by an army of the large ants which infest the country, he
spfrmia:h;s carbolic acid in front of the door of his house,

| mth, the effect of keeping away all the intruders.
Fish, frogs, and leeches die rapidly after immersion in a
5 Per cent solution of carbolic acid.,
It has a most powerful toxic action upon birds. Two or

three drlrrps applied under the wing of a sparrow cause first
convulsions and then death.

Comparative Toxic Action.—Ob
made with the view of

servations have been
testing the destructive power of

:
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Table showing the quantity of various substances in aqueous solution requived to Rill, in a given time,

Substance.
Hydrochlorate of strychnia .
Hydrochlorate of arsenic
NItTIGEcidN & F e Ay = s
Hydrochloric acid . . . .
Sulphuric: aeids S s
Alcohol St e .

Bichloride of mercury . .
Nitrate of silver .. . . .
Acetic acid (fert.) . . . .
@xaliciadeid agic o ot
Chloride of zine . . . .
PIeTiGaciig o e e
Tartrate of antimony . .

Hydrocyanic acid . . . .
Earboliciacidi ™ =is s s
Gamiphor: - o el e

Tincture of iedine. . . .
Solution of chloride of lime
Commonsalt . . . .

Spermatozoa, Infusoria, and Entomostraca.

Spermatozoa.

I-30000
1-18000
I-18000
I-15000
I-15000
I-12500
I-7000
1-H500
I-I0000
I-7500
I-7500
I-3700
I-4000
I-5000
1-1000
1-2500
I-500
1-500
I-1I0

Average.

1-7079°47

Time 15 min.

Infusoria. Entomostraca.

I-450
1-8000
I-1500
I-2000
I-1500
1-750
1-Ho00
1-6000
I-500
I-1500
1-b00
1-450
I-450
I-250
1-750
I-400
H-.%D.D
1-300
I-50

Average.
1-1676°3

Time 2 m.

Average. Remarks.

1-8000 1-12816'6.. The movements of the infusoria

I-2000 I-9333°3 greatly increased at first.

I-300 1-6b00

I-300 1-5700°0

I-500 1-5666°6 | .

1-2000 1-5083'3 .. Infus.when dying make small circles.

I-1500 . 1-4833°3..An entomostraca lived for 15 minutes

I-2000 I-4833'3 in 1-2000, and was removed quite

1-50 1-3516°0 lively.

I-1500  I-3500

I-500 1-2866°6

I-2000 I-2050 . ; )

I-500 1-1650 ..Infusoria when dying make short

I-500 1-1583°3 and sudden darts.

I-I500 I-108373

I-250 I-1050 , :

I-500 1-466'6 .. Entomostraca struggle violently from

I-250 I-350 the time they are putin the solution.

I-100 1-53°3 .. Spermatozoa are rendered very lively
by weaker solutions of common salt.

Average. :
1-1165°79
Time 15 m.
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carbolic acid does not manifest its effects in virtue of any
power either of promoting or of impeding oxygenation.
Moreover, it can be at once seen that the amount of avail-
able oxygen in the small proportion of carbolic acid em-
ployed must be wholly insufficient to alter the chemical
constitution of the bulk of yeast. A reference to the table
will show that the chemical constitution of a body is no
guide to its power of arresting fermentation. I have found
that, though 1-30th grain of perchloride of mercury will
wholly arrest fermentation of a solution of 25 grains of sugar
and a drachm of yeast, half a grain of chloride of calcium or
of permanganate of potash is incapable of arresting it.
Again, the carbolic acid which is recoverable from a fer-
menting or decomposing solution to which it has been
added, is found to be unchanged in its chemical charaéters.

It has been shown, however, that carbolic acid has the
faculty of coagulating albumen. Is it on account of this
faculty that it prevents fermentation and putrefaction?
On this point a comparative experiment throws some light.
Let a solution of the albumen of egg be precipitated in one
case by heat or by an ordinary chemical reagent, and in the
other by a solution of carbolic acid, and let the resultant
precipitate be kept a considerable time in contact with the
air. It will be observed that, whereas in the one case the
albumen will become decomposed in the ordinary manner,
that precipitated by the carbolic acid entirely resists putre-
factive change. It is, therefore, obvious that carbolic acid
has an action over and above its action as a mere precipi-
tant of albumen.

Moreover, there is no doubt that the coagulating power of
carbolic acid upon albumen has been over-estimated.
Albuminous solutions, in which carbolic acid is present in
quantity too feeble to cause any coagulation, nevertheless
resist decomposition ; and M. Lemaire has shown that an
action of carbolic acid upon the merest fraction of the albu-
minous constituents of eggs and of raw flesh will arrest

putrefaction.
So far we cannot arrive at any hypothesis to account for




THE ANTISEPTIC SYSTEM. 20

the peculiar properties of carbolic acid. ‘Wa‘ can only con-
clude that it does not operate in any way obviously chemical.
In searching for another explanation, we are led to t.he
series of facts which place beyond a doubt the conclusion
that carbolic acid has a manifest effect upon vitality—that
it has the power of killing in feeble doses, and in a marked |
manner the lower manifestations of animal and vegetable
life.

It is absolutely proved that in cases of the lower vegetable
organisms (as mould and mildew), a very small quantity of
carbolic acid absolutely kills the germs. In some of the
higher manifestations of vegetable life—e.g., grain and
seeds, it is shown that carbolic acid retards growth and
checks development only whilst it is itself present. There
is not an actual death of the germ, but its vitality is held in
abeyance. It would seem, therefore, that carbolic acid can
be a poison in varying degrees to vegetable organisms. In
what precise manner it compasses the inactivity in the one
case and the death in the other, cannot be actually demon-
strated. We have shown that inorganic chemical processes
are uninfluenced by the agent. We find, moreover, thatthe
oxygen, the food, and the carbonic ‘acid, the excretion, of
plants are uninfluenced ; the conversion of starch into dex-
trine and dextrine into glucose- is not affeted. We
cannot admit any metaphysical power in carbolic acid
to seek out and destroy the principle of vitality ; but we
can conceive that by some physico-chemical actions upon
the organic constituents of the plant, carbolic acid impedes
or annuls those processes which are the necessary concomi-
tants of perfect life.

When carbolic acid is added to a putrefying solution, it is
observed that all the infusoria present in that solution
instantly die, and the cessation of putrefactive change is
coincident with their death. And when carbolic acid is
added to a solution susceptible of putrefaction, but before
the commencement of any putrefactive decomposition, no
f’rgﬂniﬁms are developed. The question then becomes an
important one—Is there a causal relation between the
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manifestation of living things and the occurrence and pro-
gress of putrefaction? And out of this grows a second
question—Is it in virtue of its powers of suppressing vitality
that carbolic acid manifests its faculty as an antiseptic ?

The table already quoted as showing the comparative toxic
aétion of various substances upon low manifestations of vitality
has been adduced as a primd facie argument that it is not by
this power that carbolic acid operates ; forif so, its power as
an antiseptic ought to exist par: passu with the degree of its
toxic action. But, in the first place, to sustain this, it
should be proved that the antiseptic or anti-fermentive
power of carbolic acid is higher than the agents which
precede it in poisonous quality. I find, on the other hand,
that the mineral acids and the metallic salts considerably
exceed carbolic acid in relative anti-fermentive power.
In the second place, the kind of living matter to which the
power of effeiing transformations is affirmed or denied,
should be defined with more clearness. The table itself
shows how widely the various kinds of organisms experi-
mented on differ in their power of resisting a high toxic
influence.  Mr. Dougall has excluded from his obser-
vations all vegetable organisms. Strychnia, which is
so potent a poison to animal life, abundantly encourages
vegetable development and favours fermentation. It is
obvious, therefore, that any argument based upon the rela-
tive powers of various agents upon vitalised matter which
would exclude observations on the living material pertaining
to the vegetable world would be incomplete and useless.

Finding, therefore, in its chemical qualities and powers
no legitimate explanation of its admitted antiseptic action,
observing its toxic power upon animal and vegetable
organisms—ascertaining, moreover, that its antiseptic a.md
its toxic agencies in case of a putrefying or fermenting
solution are coincident and correlatively manifest, we have a
primi facie case that carbolic acid may owe its powers as an
antiseptic to its poisonous qualities.

For a proper solution of the question of the agency of
carbolic acid in preventing the processes of fermentation
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and putrefaction, it behoves us to endeavour to obtain a
clear idea of the nature of these processes. And we shall
find that the enquiries upon the mode of influence of
carbolic acid and upon the theories of fermentation and
putrefaction will throw light each upon the other.

e

CHAPTER VI.

THEORIES CONCERNING THE NATURE OF PUTREFACTION.

Putrefaction is well known to be the process which dead
animal or vegetable matters undergo when subject to air
and moisture. Progressive changes are observed to take
place in the chemical constituents of the organic substances,
and these all tend to the splitting up of the originally com-
plex body into simpler and still simpler combinations, till
ultimately are evolved products belonging to the inorganic
world.

In the course of putrefaction, the following classes of
changes are noted :—

I. Physical.—The .substances undergoing change mani-

fest heightened temperature.

2. Chemical.—New organic compounds are produced
i the putrefying material and gases are evolved.
These are chiefly the following :—Nitrogen ; hydrogen ;
ammonia; sulphuretted, carburetted, and phos-
phuretted hydrogen; carbonic acid; carbonic oxide;
acetic, butyric, and valerianic acids; various phos-
phorus and nitrogen bases.

3. Vital.—Animal and vegetable organisms appear,
grow, and multiply. They invariably accompany the
process of putrefaction.

It is concerning the rdle played by these last in the

phenomena that there have been so much doubt and such
grave dispute. Around them twine the great questions—




32 THE ANTISEPTIC SYSTEM.

What is the first cause of putrefaction ? Are the appearance
and the growth of these living bodies the causes or the con-
sequences of the chemical changes ?

In the earliest ages philosophers began to speculate upon
this subje¢t. When the ancients saw dead organic matter
become peopled with living ®nimals they thought that there
was a re-conversion of the dead into the living. The
corruption of one body was the generation of another.*
They saw no difficulty in believing that the living forms
were merely re-adaptions of the elements of dead matter:
for they believed that rats and serpents could spring ready-
formed from the soil, and frogs and fish from the moist slime

of rivers.t
i Ceetera diversis tellus animalia formis

Sponte sud peperit.”"—QOuwid.

No advance was made in any knowledge of the subject
till 1638, when Redi, of Florence, by the simple experiment
of surrounding morsels of flesh about to putrefy with
coverings of gauze, showed that the worms which were
formerly supposed to arise from the elements of the flesh
were really developed from eggs deposited by flies. Soon
afterwards the powers of the microscope were invoked to
throw a light upon this question, though at first it must be
confessed that this light was uncertain and fantastic. In
1745 Needham made a laborious series of researches, which
showed that, though the higher forms of animal life which
had been supposed to arise from putrefying matter came
from extraneous sources, nevertheless putrefaction was
essentially accompanied by the production of myriads of
animalcula of low endowments. The experimental evidence
of Needham was very soon after systematised by Buffon.
The low forms of life were supposed to arise in and from
the dead elements of matter; and this method of spontaneous
generation was ‘‘ not only the most frequent and the most
general, but the most ancient—that is to say, the earliest
and the most universal.” But even with the same evidence

* it Corruptio unius est generatio alterius.”
4 Plutarch, Aristotle, Virgil, DiogenesLaertius.
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before them philosophers were not agreed ; for Bonnet h:&]d
that all nature was filled with multitudes of germs of living
things ready to develope under suitable conditions. Ex-
perimental evidence was not long wanting to turn the balance::
to the converse of that obtained by Needham. Spallanzani
entered ardentlyintothecontroversy. Needhamhad employed
a method of investigation destined to play a very important
part in the future of the question; he heated putresa‘ciblfe
materials in vessels whereto the re-entry of atmospheric air
was as rigidly as possible prevented ; if there had been pre-
existent germs, he urged, these must have been destroyed by
the high temperature ; animalcula were discovered—there-
fore these must have been generated from the organic
material. Spallanzani urged that in Needham’s experiment
the temperature was insufficiently high to destroy the vital
properties of the germs. To suppress all production of
infusoria, he said, it was necessary to maintain a boiling
temperature for three quarters of an hour. From the dispute
between these savants a moral may be deduced pertinent
to all the stages of the enquiry., DBoth-men of earnest
minds saw in the same phenomena a different lesson. What
was a destruction of germs with one was an annihilation of
“ vegetative force” with the other. The increasing use of
the microscope led to further discoveries bearing upon the
question. Treviranus (1822) established the interesting faét,
that the forms and kinds of animalculz observed varied
with and depended upon, in the case of decomposing vegetable
macerations, the kinds of plants employed. Thiswas claimed
as important evidence by the supporters of the spontaneous
generation theory, though they are equally subjeét to
interpretation upon the opposing hypothesis. Little of
positive evidence was now for a considerable time added on
either side, though opinion seemed to incline to that expressed
by Lamarck, who said, * Nature, by the aid of heat, light,
electricity, and moisture, forms spontaneous or direct
generations at the extremity of each kingdom of living
beings, where are found the most simple of these bodies.”
Cabanis, Bory St. Vincent, Bremser, Tiedemann, I. Miiller,
D
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from different observers more or less direétly bearing upon
the subject were made, his views being strongly contested
by MM. Pouchet, Joly, and Musset. Very little evidence
only except that of opinion, was added. An interesting com-
munication, however, was made in 1863* by M. Béchamp,
who showed the influence of certain substances which acted
as poisons to germs in arresting the phenomena of fermen-
tations, and declared that the appearance of different species
of fungoid organisms depended upon differences of soil. In
1865 M. Trécul announced to the Academy researches .
which appeared to favour the hypothesis of spontaneous
generation. He observed within the vegetable cells of Ficus,
Euphorbia, the Apocynacee, &c., granules and starch cor-
puscles, which during putrefaction became changed into
spores, germinated and ramified in the intercellular substance.
In 1863 Lemaire,t though supporting the germ theory
advocated by Pasteur, objected to the view that special
ferments were required to produce the different kinds of
putrefaction and fermentation. The general function, he
said, of minute organisms is to reduce organic substances
to a simpler state admitting of new tombinations, and thus
to prevent accumulations of unchanging matter. The
presence of one organism or another in a putrefying solution
is a non-essential part of the question; by changing the
medium in which they exist, one can change the order of
their development. The argument that organisms may
appear in putrescible solutions exposed to a wvery high
temperature is met by facts declaring the great powers of
resistance possessed by certain low forms of life to these
influences; and though a vegetable spore may be apparently
destroyed, portions of its débris may yet possess vitality, just
as a bud or a leaf can reproduce a vegetable, or a portion of
a zoophyte become a perfect organism. M. Lemaire, in his
work on the subjeét, 1863—1865, adduces the action of
carbolic acid as a powerful argument in favour of the germ
theory. The agent does not prevent the combination of any

* Comptes Rendus, 1863, p. g58.
t Moniteur Scientifique du Dodleur Quesneville, November 1st, 1863,
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subjeét has been added. Professor Tyndall, by a very
ingenious method, showed that the ordinary respired air
was charged with organic matter.* This could be rendered
evident to any one by the eleétric light, the course of the
beam from which is marked by the illumination of the sus-
pended particles. It is not easy, Dr. Tyndall showed, to
rid the air of these particles; they can pass through tubes
containing strong chemical agents; they exist in air which
has bubbled through a strong solution of caustic potash.
They can be burnt in the flame of a spirit-lamp, and the
smoke from their combustion can be observed —hence they
must be organic. They cannot pass through the interstices
of a plug of cotton-wool : this effectually filters the air from
them. Air expired from the lungs is free from them—the
pulmonary structure, like cotton-wool, aéts as an efficient
filter. Of course this evidence, which shows the organic
character of the particles suspended in the atmosphere, in
no way proves that they are organised. The question of the
vitality of any of the forms must depend on collateral evi-
dence. Professor Tyndall considered that these observa-
tions lent support to the germ theory, but he was opposed
by Dr. Bastian, who warmly espoysed the opposite cause.
Dr. Bastian’s elaborate researches, contained in ¢ Nature,”t
are intended chiefly to show that organisms can be produced
under conditions which vitally-endowed matter could not be
expected to support. Putrescible fluids exposed to tempera-
tures varying from 146° C. to 153" C. for four hours, all air
being rigidly excluded from the flasks containing them,
nevertheless gave evidence of organisation, although there

* Lecture at Royal Institution and in Fraser’s Magazine,

1 See Germinal Matter and the Contadt Theory. By James Morris,
M.D. Lond. Churchill, 1867. Dr. Morris almost forestalled Dr. Tyndall's
method of demonstration, After showing that air floats minute masses
of organic matter, he says :—* Sneeze into a sunbeam penetrating a dark
room, and you will see myriads of such particles all containing organic
matter, as small as the globules of mist or cloud. . . . . It is the sensible

absence of such particles which makes us breathe with so much zest the air of
the mountain or the sea.”—P, 18,

¢ June 3o, July 7, July 14, 1870.
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scribed by Dr. Bastian as fungoid spores, are really nothing
of the kind, but, if vegetable at all, are unicellular plants
which multiply by fission; some of those figured, howevier,
appear bona fide spores; but as these are provided with
an elongation analogous to an umbilicus, it is more reason-
able to suppose that they were generated from parents in
the usual mode, than that nature producing them spontane-
ously should favour them with an umbilicus. It is much
more likely that the spores obtained entrance into the infu-
sions than that they were formed there. Professor Huxley,
in his address to the British Medical Association, 1870,*
subsequently to Dr. Bastian’s investigations, gave the
weight of his matured opinion to the converse of the doctrine
upheld by Dr. Bastian. He considered that there were
probabilities of error in the experiments; but even if they
were trustworthy, he preferred the conclusion that living
matter could resist extremes of temperature to the hypothesis
of abiogenesis or spontaneous generation.

Dr. Bastian followed with another argumentative paper
and some observations tending to show that in boiled infu-
sions of meat, the air supplied to which was filtered through
cotton-wool plugs, there were found, after periods of 42 hours
and of 4 days, many tolerably active bacteria and a multi-
tude of particles, some moving, some motionless.t Moreover,
Dr. Bastian examined cases of provisions preserved in the
usual way by exposure to a strong heat (said to be from
boiling temperature to 200° C.) and hermetic closure, with
the result of finding figure-of-8 bodies, leptothrix, bacteria,
many of which moved pretty actively, and two or three
portions of fungus filaments. ]

In reply to Dr. Bastian, Professor Huxley says there need
be no surprise at such discoveries as have just been men-
tioned : the bacteria and fungus elements are such as are
seen in any organic solution ; they are not developed in it,
but introduced with it—they are the preserved bodies of

* Nature, Sept. 15, 1870.
t Ibid., Sept. 22, 1870, p. 413.
t+ Tbid., Sept. 22, 1870, p. 433.
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four hours afterwards, the excrescences, having become free_,
are endowed with motion ; they oscillate at first slowly, as if
testing their own vitality,* and then swim rapidly in the
fluid. According to Davaine, bacteria and vibrios belong to
the same group, and all belong to the vegetable kingdf:-m*
They consist of mere filaments, either rigid and moving 1n a
fluctuant manner (Bacterium), or flexible and having an un-
dulating movement (vibrio), or spiral and rotatory (spirellum).
But there are others besides, which are identical in their
general forms with them but motionless (Bacteridia).  All the
varieties are closely allied to leptothrix. Many are so minute
as to escape all methods of observation ; minute as they are,
vibrios vary in their physiological characters, in their re-
lation with the fluid in which they float, and in their vital
properties. Certain species live only in free oxygen ; certain
others live only when free oxygen is absent. Some vibrios
may be completely dried without losing theirvitality. Vibrios
multiply by fission. In mobile liquids they multiply in
greatest number at or near the surface; in thicker liquids,
such as milk, they are equally distributed at all levels; in
viscous or mucilaginous fluids they exist in disseminated
groups. They may be distinguished from crystals and from
filamentous bodies which resemble them by their resisting the
action of liquor potassz or sulphuric acid. ITodine colours
them yellow and renders them more apparent. In the
course of the putrefaction of the fluid in which they appear
they die, vacuoles appear in their substance, and they them-
selves putrefy and disappear.

According to Pasteur vibrios constitute a large number of
ferments (2.g. those of lactic and butyric fermentations and of
right-polarising tartaric acid.) In putrefaction are concerned
Vibrio lincola, tremulans, subtilis, rugula, prolifer, and bacillus,
which are considered the special agents of the changes. In
the course of the process Bacterium termo and its allies first
appear and live only so long as any free oxygen remains in
the fluid for them to absorb; then they either perish or rise
to the surface, whence they obtain supplies of air. Then

*  Comme si elles s'essayaient i 'existence.”—PENNETIER.
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accomplished, would be to state a finality which.fe.w‘ would
desire to accept; the history of minute investigations at
once correéts the assertion, teeming as it does with dis-
coveries of living forms which were formerly unseen, or
which, if seen, were misunderstood. To apply to the pos-
sibly existent primi-genetic molecules the adjective *“ meta-
physical,” whilst denying it to the supposed non-organised
force-acquiring molecules, is to my mind an abuse of terms.
The latter view presents as many metaphysical difficulties
as the former.

One of the most important branches into which the
question divides is:—What is the ‘relation of the proli-
gerous pellicle to the organisms which are evolved? Is
it essential or non-essential ?

According to M. Coste, ciliated infusoria can appear in
the fluid of an infusion long before the formation of the
proligerous pellicle. He believed that a funétion had been
ascribed to this which it did not possess. It has been
urged in objection that the infusoria were introduced with
the vegetable matter employed, and that they resumed
their vital manifestations when they were moistened ;
but surely it is likely that the learned Professor of the
College of France guarded himself against such an error as
this.

Observations on the Amebe which are also found during
putrefaction throw light upon the question. These differ
from the organisms before described, as being recognisable
by the highest powers merely as structureless matter,
actively moving, rapidly changing in shape, reproducing by
detachment of morsels of itself.* I am not aware of a
particle of evidence which could refer the development of
such a structureless mass of protoplasm to the influence
of the proligerous pellicle.

Observers are not at all agreed as to the conditions of
development in the pellicle, and the influence of its structure
upon the development of organisms. It is a congeries of
dead organisms (Pouchet), which have seemingly left in their
molecules powers conducing to a higher vitality in the

® Hip. 12,
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of the phenomena to a single expression, and enunciated
that fermentation is communicated motion. A ferment
is an organic body whose particles are undergoing changes;
the produét of these. changes is motion: such motion is
capable of communication by contaét, and is communicated
under favouring circumstances to a fermentescible body ;
from organic changes so induced result the phenomena
of fermentation. It cannot be said, however, that this

. expression is a new hypothesis. It had been taught ages

before. Dr. Mead, in 1702, wrote, *“ What is thrown out of
liquors in a ferment is capable of inducing the like motion
in another liquor of the same kind.”* Liebig, however, made
a great step in advance, by showing concerning the generic
character of ferments that they were albuminous bodies—
that they were nitrogenous. The hypothesis, however, left
unexplained the mode in which motion was communicated
from the ferment to the fermentescible body. The power
enjoyed by the particle of ferment is unique; it produces
effects which matter under other circumstances does not
possess.

The advancing use of the microscope and the accumu-
lated results of observers threw great light upon the myste-
ries of the process.

In 1680 Leewenhoeck found yeast to consist of spherical
or ovoid bodies. In 1835-37 Cagniard de Latour described
it as “a mass of globules susceptible of reproduction by
budding,” and considered it very probable that, by some
effect of their vegetation they disengaged carbonic acid from
the saccharine liquid, converting it into a spirituous solu-
tion. Desmaziéres expressed a like opinion, and observa-
tions confirming the organised nature of yeast followed from
Turpin, Schwann, Mitscherlich, and other investigators.
In 1843 Helmholtz showed that the faculty of exciting
fermentation in a saccharine solution did not reside in the
fluid portion of the ferment, for when he_separated a putre-
fying or fermenting liquid from one which was capable of

« A Mechanical Account of Poisons, by RICHARD Meap, M.D. (London,
1702), p- 81. See alsopp. 13—15.
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putrescence or fermentation though not undergoing the
process, the latter, though it became impregnated with
the products of the fermentation, &c., of the former, did
not itself ferment, nor manifest the living organisms of
fermentation. It was obvious, therefore, that the excitors
of fermentation, &c., could not pass through membranes.

Dumas acknowledged that fermentations are always
phenomena of the same order as those which characterise
the regular accomplishments of acts of vitality. In every
fermentation, he says, there appears as a principal agent a
nitrogenous organised material which seems to live and
develope.

Thus, it is acknowledged on all hands that living vege-
table organisms play an important #dle in the phenomena of
fermentation. Universally present, they are, if not the de-
termining agents, at any rate intermediate agents, in the
conversion of the complex organic body, sugar, (CsH..0),
into its simpler constituents, alcohol, (C,;H0), and carbonic
acid, (CO,).

The question next occurring is—Are ferments “vi ef
naturd” living beings ? If not, what is their precise func-
tion ? According to the authoritative enunciation of one
of the latest writers, a ferment is a body which “ places
liquids in special conditions favourable to the development
of organisms.” The word ferment is applied to all decom-
posable bodies whose contaé can produce new chemical
combinations, and albuminous bodies occupy the first rank.
The. chemical reactions oceupy the first place; the vital
manifestations are secondary. *‘The forces put in aétion
by the chemical reactions determine organisation and life
in the midst (sein) of liquids in fermentation.”* The
memorable ‘ Mémoire sur la Fermentation Alcoolique,”
which appeared in the ““Annales de Chimie et de Physique,”
1860, .l'ﬂ.ﬂI'kEd a new era in the history of fermentations.
Eﬁfamln!ng the chemical details of fermentation with the
skill which his well-known ability as a chemist qualified

* PENNETIER, Origine de la Vie, ziéme ed., p. 256.
F2
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fluids in a manner identical to that obtaining in the
apparently spontaneous development of spores and ova in
putrefying solutions. Each yeast-cell is considered a spore,
which germinates and branches; the branches divide by
septa, and ramify in the fluids ; finally is produced a genuine
fructification. In the liquid yeast the cells are separated
by a glutinous material, which is thicker in the neighbour-
hood of each cell forming a zone around it. The aggluti-
nation by means of this viscid material of one cell to another
gave rise to the commonly-received notion, that the cells
were propagated by budding; (2) the chemical phenomena
of fermentation occur prior to the appearance of organisms;
(3) the fluid part of the yeast is capable when no yeast-cells
are present in it of inducing fermentation; so, also, are
other putrescible bodies, as urine, the venom of serpents,
fragments of human brain, &c. . Lastly, fermentation could
take place under circumstances of temperature which,
according to analogy, are fatal to objects possessing life.
The foregoing views regarding the yeast-cell have, how-
ever, received contradi¢tion from other observations. M.
Trécul (Comptes Rendus, 1868, p. 137) insisted that it is
propagated by budding and division. It was shown, more-
over, that there was a distinét relation between the phases
of growth of the cells and the occurrence of fermenta-
tion. Thus, the well-developed branching Mycoderma does
not excite fermentation, whilst the young non-ramified
mycoderms develope it energetically. Furthermore, the
interesting observation was made that other fungoid spores
than that peculiar to yeast could, in a manner precisely
similar to the latter, induce fermentation. Penictllium
cultivated upon lemon, gave rise to alcoholic fermentation
with the production of yeast-globules, and, conversely, yeast-
globules were found to produce Penicillinm as well as
Mycoderma. It is obvious that this observation ::a‘f the
mutability of species in fungoid organisms is of the highest
importance. The apparent structural Ehﬂfﬂﬂttrs c:ul.‘ the
spores and the subsequent developments and fruéhﬁ::gtlm_n of
Mycoderma cerevisie differ widely from those of Penicillium.
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purely a chemical process, and the organisms met with
are merely adventitious.

According to the second (Pasteur), it is purely a vital
process, and the organisms observed are essential to it and
correlative with it.

" According to the third (Berthelot, Liebig), it is a physico-
vital process, and the organisms, though for the most part
essential, are not absolutely so, but are intermediary agents.

One source of error in the deducétions which have been
made has arisen from a misconception as to the his-
tological charaéters of yeast. It has been supposed that
because the filtered washings of yeast can excite fermenta-
tion, alcoholic fermentation cannot be due to the influence
of living yeast-cells; but Dr. Beale has shown that the
gemmules of yeast, each of them capable of independent
existence, are many of them much less than 1-100,000th of
an inch in diameter—in fa¢t so minute that they would
pass through the pores of the finest filter.*

Another source of difficulty has been the variety and the
total dissimilarity of organisms which have been asserted
by Pasteur and others to be the special agents of the
various kinds of fermentation. Hitherto no bond of union
had been shown to conne¢t them.

The most elaborate investigation of recent date bearing
upon this subject has been made by Professor Hallier
of Jena.t

According to Hallier, the same germinal molecules
develope according to the nature of the fermentescible sub-
stances in which they are deposited into the fungoid forms
peculiar to each fermentation. The forms inducing putre-
faction, fermentation, and mildew, are all varieties of one
another. As they develope within fluids they are cellular
formations (Hefe); when they grow upon the surface only
do they present fructification (Schimmel). Hallier endorses
Pasteur’s view, that the germs of all are carried by the air.

* See Figs. 15 and 16.
T Géhrungsercheinungen. Leipzic, 1867.
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processes has been the subjection of the fermentescible fluid
to heat, varying in intensity in different experiments, and
its preservation in sealed flasks whence air was as rigidly as
possible excluded. The originator of this method of investi-
gation was Needham. Since his time it has been put in
practice with varying methods for the exclusion of possible
germs after the heating of the fluid.

The temperatures employed have varied in different
experiments from boiling for perieds ranging from a few
minutes to 6 hours (Pouchet, Mantegazza, Child, Bastian),
to 153" -C., or 307°4 F. (Bastian.) The means of ex-
cluding possible vitality subsequently have been passing the
air through a tube raised to a red or white heat (Pouchet,
Wyman, and others), or through a tube containing strong
sulphuric acid (Pouchet, Joly, Musset); or supplying only
oxygen (Pouchet, Child, Mantegazza), or artificial air
(Pouchet, Child) ; or preserving the boiled putrescible fluid
in vacuo (Pouchet, Bastian). In all these cases organisms
have been described as resulting.

In these experiments it would appear that the conditions
would be fulfilled with the least liability to objection in the
cases wherein the solutions were exposed to very high
temperatures in vacwo. M. Pouchet filled a flask with a
decoction of malt which had boiled for 6 hours, and
hermetically sealed it. After 6 days a deposit, apparently
of yeast, took place in the flask; on the 7th day, the
external temperature having been suddenly raised, the flask
burst with a loud report ; there had been fermentation, and
the microscope disclosed that yeast corpuscles had been
formed.* Dr. Bastian has also performed analogous
experiments with great care. In his first series, the fluids
were boiled in small flasks for 10 to 20 minutes, and then by
means of the blowpipe, hermetically sealed. After periods
varying, in the different experiments, from 5 to 39 days, the
flasks were opened, and the contents examined. In cases
where infusions of animal or vegetable matter, or both,
had an alkaline reaction, there were observed organisms

* PENNETIER, Origine de la Vie, p. 253.
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any conditions withstand a temperature of 307'4° F. without
annihilation of its vitality.

It is probable that this would, according to their pre-
conceived notions of the properties of living bodies, be at
first sight adopted by most people. It is difficult, @ priori,
to believe that living matter could resist such a seemingly
powerful cause of destruction. But it behoves us to con-
sider the subject not solely according to our preconceived
ideas, but to enquire as to the properties and the behaviour
of living matter as derived from observation below the
surface of ordinarily visible nature. And here we find many
seeming paradoxes. We find that it possesses powers of
persistence and of resistance which would certainly, a priori,
appear paradoxical,

First, as to persistence. We know that vitality may lie
dormant for a period which is almost inconceivable. Stra-
monium seeds, acc¢ording to Duhamel, can develope after
remaining 25 years under ground. Friewald asserts the
germination of melon seeds after they had been kept more
than 40 years. Pliny asserted that corn grew after it had
been kept 100 years. Desmoulins obtained plants from
seeds found in a Roman tomb of the third or fourth century.
Finally, it is well known that corn found in some of the
tombs of Ancient Egypt has germinated and grown to per-
fection, and that a squill bulb found in the hand of a
mummy has, when planted in this age and in this country,
grown and blossomed. In these cases it can, I think,
scarcely be questioned that, remarkable as it may seem, the
vitality (or term it what you will) of the various germs has
slumbered during the protraéted periods indicated. I do
not think that the proposition that there has been in these
cases actual death, with subsequent reviviscence, can be
seriously sustained, least of all by those who uphold the
heterogeneous evolution of living things according to
definite and progressive stages, by which the identical
original form could only by a miracle be attained. These
faéts alone are sufficient, I think, to show that we must
rely on no & priori or surface-ideas for our conception
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stance is rendered into conditions favouring its transforma-
tion into living forms. The possession of this faculty
especially obtains in that condition of matter known as the
colloidal. This is the term which has been applied by
Professor Graham to distinguish substances of low diffusi-
bility from crystalloids which have high powers of diffu-
sibility.  Colloids are characteristically complex and big-
atomed ; their molecules are easily susceptible of re-arrange-
ment ; they are unstable compounds. * Their existence,”
Professor Graham says, ““is a continual metastasis. The
colloidal is, in fact, a dynamical state of matter, the
crystalloid being the statical condition. The colloid pos-
sesses ENERGIA. [t may be looked upon as the probable
primary source of the force appearing in the phenomena of
vitality.”* The phenomena of putrefaction and fermen-
tation, therefore, are catalytic; the appearance of this or
that vital organism depends on the surrounding chemical
conditions, not the chemical conditions in them. The fer-

. ment only places matter in such state, that by some occult

union between it and the physical forces around it, there
results the condition actual and potential which we express
as vitality.

On the other hand, the germ theory attempts to account
for all the phenomena as the results of the operation of
organisms possessing life. Each theory is equally power-
less to explain the great mystery of the nature of vitality.
This theory supposes that living things can only proceed
from living things, that there is no such possibility as the
union of ordinary matter and ordinary force to constitute a
vital organism. The phenomena of fermentation and
putrefaction are alike due to the acts of life of organisms.
Living molecules derived from living bodies are abundantly
wafted about in atmospheric air, and pervade all materials
that the air itself pervades. Wherever the face of nature
presents a sufficiency of soil these molecules live and grow ;
but under different conditions, the resulting organism pos-

* (Juoted by BASTIAN.
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sesses different forms and has different funétions. Nitro-
genous matters alone form a sufficient food for ferments,
hence they are essential to the initiation of the process.

The colloidal condition of matter exists on account of
vital organisms, not vital organisms on account of colloids.
The essence of the whole phenomena is the sum of the
acts of life, death, and succession of generations of similar
or diverse organisms—the only postulate is vitality. All
the phenomena receive an efficient explanation in this
hypothesis, with the striking addition that what is acknow-
ledged to be invariable (the appearance of living forms)
is rendered causal, whereas by the other it is purposeless.
The only stumbling block adduced is the effect of high tem-
peratures, which do not annul manifestations which are
asserted with strong reason to be those of vitality.

Here I cannot help protesting against a mode of putting
the question which has been adopted by all the advocates of
Heterogeny with whose works I am acquainted. In the
first place, they refuse to believe in the presence of germinal
molecules which cannot be demonstrated to the eye. But
assuredly they are here in equal difficulty, for they cannot
demonstrate the first appearance of particles, whether dead
or living, in a putrefying solution ; nor can they show the
mode of union between matter and force to constitute a
living thing. On either side, therefore, collateral circum-
stantial evidence is required for proof. But, further, it is
alleged that the onus of proof rests entirely with the
Panspermatists. Tt is not for the Heterogenists to prove
that germs do not exist, but for the Panspermatists to
prove that they do exist. ‘‘The charge of proof in science
rests with those who allege a faét” M. Pennetier quotes
[rom Rénan, and he apostrophises the germ theory with
one of those elegant compliments that so abound in his and
other works of a similar school, as a * charming dream of
another age; one of those abstra¢t imaginary ideas which
have no reality otherwhere than in the cerebral organ of those
who put them forth.”* The poetry of this apart, is the

* Origine de la Vie, P. 136.
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the formation of carbonic acid. Some of them, like chloride
of lime, give out oxygen and other gases ; and some of them,
like sulphurous acid, aét by taking oxygen from the sub-
stance to be disinfected, so that there is a surprising variety
w the modes of action.”

Mr. Crookes, in his valuable ““ Report to the Cattle-Plague
Commissioners,” adopted the following -classification :—
{JE] Oxidising Disinfectants,—Such as ozone, which acts by
directly oxidising organic material ; permanganate of potass,
which readily gives up its oxygen to organic matter; chlo-
rine, which does so indireétly, by seizing upon the hydrogen
of the water which is present and liberating the oxygen.
(2) Antiseptics.—Such destroy the vitality of putrefactive
germs. This includes by far the greater bulk of the sub-
stances employed.

Let us briefly consider the facts in relation to the theories
of fermentation and putrefaction. If these were chemical
processes, initiated by matter in a peculiar chemical con-
dition and continued by progressive chemical changes, surely
it would not be unreasonable to expect that the agents which
controlled them should be in some sort of chemical relation
to the putrescible substances and to one another. If putre-
faction were a process of oxidation, we should reasonably
conclude that agents controlling oxidation should have some
sort of arresting power over it; but we find not only that
this does not obtain, but that the converse is true, that some
agents which tend to increase oxidation arrest putrefactive
change.

Again, we should imagine that if a chemical agent arrested
putrefaction or fermentation, in virtue of its chemical
powers, there should be some sort of quantitative relation
between its potential activity and the constituents of the
substance itself. At least we should imagine that, in the
one case, it should be present in sufficient proportion to
produce some appreciable chemical change upon the bulk
of the nitrogenous substance in the case of putrefaction, or
the ferment or the fermentescible substance in the case of
fermentation ; but the facts are, that substances present in
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such feeble amounts as to be incapable of any manifest
action upon the organic material are nevertheless cnmpetept,
and arrest all the phenomena of putrefactive or fermentive
decomposition. .

Let as turn to the theory which proposes to explain the
phenomena on the supposition that they are produced by
the aéts of life of organised particles. We see, by very
obvious data, that there is an analogy which cannot fail to
be remarked between the phenomena of the two processes
and the conditions which we know to be favourable to vital
organisms. Air, light, warmth, moisture—these are the
conditions most favourable to the changes. Conversely,
circumstances antagonistic to life are unfavourable to the
changes : such are an excess of heat or a very low tem-
perature, dryness, physical injury (triturating yeast in a
mortar spoils it for effecting fermentation). Gases which do
not support life stop the phenomena of putrefaction and
fermentation : such are hydrogen, nitrogen, carbonic acid.
Furthermore, not only there is a definite relation between
the stage of growth of the yeast fungus and its power of
exciting fermentation, but, in the words of Professor Miller,
“ Everything that destroys the vitality of these organised
bodies destroys their power of exciting fermentation.” *

So also with regard to mildew formation. As M. Bé-
champ showed* whilst mildew was developed on every
occasion when air acted on putrescible material, and no
substance fatal to organisms was present, no mildew was
observed when any substance which killed germs was
present. But here Professor Hallier steps in and shows
that many saline solutions which might a priori be deemed
likely to exert toxic influences nevertheless, some to great
extent, others slightly, permit the growth and development
of fungi. Acetic acid when dilute permits growth, and
its salts afford admirable pabula for Penicillium growths.
The same again is true of oxalic acid and the oxalates.
Vegetating fibres are also found in the alkaline and earthy

* Elements of Chemistry, Part IIL., p. 106. Ed. 1857.
t Comptes Rendus, 1863, p. gs8.
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The chief teaching which can be deduced from this
experiment concerning the action of carbolic acid in very
weak solution and in vapour, appears to me to be the
following :—

As vegards the development of the specific fungus, Aspergillus
primigenius, Complete prevention in both cases.

As regards the development of other fungoid organisms. Very
marked repression, but not complete prevention in all cases.

Comparative action of (1) weak solution of carbolic acid in
direct contact with materials for developing fungoid ovganisms ;
and (2) carbolic acid present in the air supplied to such materials.
The latter by far the more powerful means of repression.

Experiment 3.—The materials were prepared for the de-
velopment of the Aspergillus primigenius, and the steps were
repeated with more stringent precautions against the entry
of non-carbolised air.

The boiling paste having been poured into a flat dish,
two glass covers, the one containing in its interior a small
quantity of carbolic acid dropped from a crystal melted by
heat and allowed to solidify at the upper part of the glass,
the other untouched, were taken; these were then inverted
over and embedded in the paste, and placed aside in a warm
place. At the end of six days the results were observed.

Beneath the glass cover containing the carbolic acid
(which of course could only have acted by reason of its
volatility upon the contained air), there was no evidence
of any organism whatever. Careful examination showed
only minute granules, which aqueous solution of iodine
coloured violet, and which were no doubt starch.

Beneath the glass cover containing no carbolic acid,
there was exuberant growth of Aspergtlius, filling up the
whole space between paste and glass, its black capsules
seen by the thousand, and its spores scattered in all direc-
tions.*

This was many times repeated with always the same

result.
" Fig. 26.
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fixed a small piece of sponge. The bottles were then each
one quarter filled with filtered infusion of turnip, as used
by Dr. Bastian in his experiments. To the fluid of A, there
were added three drops of sulphurous acid ; upon the sponge
of A, was dropped the same quantity of the same agent.
To the fluid of B, one drop of strong ammonium hydrate ;
upon the sponge of B, one drop of the same. To the fluid
of C, one drop of ordinary reétified spirit of wine 30101 C; the
same upon the sponge. To D, four drops of strong hydro-
chloric acid in the fluid; to D, fwo drops upon the sponge.
To E a drop of creasote upon the sponge.

The stoppers were then fitted, and all the bottles placed
together in precisely identical conditions of moderate
warmth. They were thus left for seventeen days.

The unchanged infusion of turnip subjected to the
ordinary air, dust alone being excluded, showed, in the
course of two to three days, a universal opalescence due
to baéteria and vibrios ; after four days its surface showed
fungus spores and spherical aggregations of granules. Slowly
minute islands of mould appeared, and on the seventeenth
day, when the contents of the other bottles were examined,
the microscope showed enormous numbers of Penicillium
filaments with fructification and innumerable spores.

The contents of the other bottles were then severally
examined carefully with a quarter-inch Powell and Lealand
lens, and with a one-fifth Smith and Beck, with both direét
and interrupted illumination. I find that the latter method,
whereby the minute organisms are seen of a delicate white-

ness on a black ground, is by far the more suitable for this"

kind of investigation.
In A, (sulphurous acid in the fluid). Abundant vibrios and

so-called baéteria in all parts of the fluid. At the surface
innumerable leptothrix chains and fungoid organisms.
In A, (sulphurous acid in air). In fluid numbers of vibrios,
as in former, but on surface no fungoid vegetation whatever.
In B, (ammonia in fluid). Mass of densely interlacing
Penicillium and multitudes of spores on surface. Vibrios in

fluid.
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Preservation of Growing Crops from the Attacks of
Insecéts.—The use of carbolic acid to this end has been
many times suggested, but it is necessary to take certain
precautions in its employment, and to remember that it is
capable of being destructive to the vegetable growths as
well as to the insects which infest them. The difficulties
have, however, proved to be far from insuperable.

In the first place, we must recall the action of carbolic
acid upon grain and seeds.

Lemaire found that a solution of carbolic acid containing
I per cent destroyed the germinating faculty of lentils,
beans, barley, oats, &c. When the solution was weaker
(two parts in a thousand) the seeds might be preserved, and
after having been exposed to the air and well washed,
would grow, though at first somewhat less rapidly than
normal grains. But it was an ascertained fa¢t, that no
grain would germinate if the fluid supplied to it contained
one or two parts in a thousand of carbolic acid.

To explain these facts, M. Lemaire has enunciated a
rather startling hypothesis. He holds that infusoria are
as necessary to the germination of vegetable seeds as
spermatozoa are to the animal ovum. He describes in-
fusoria as constantly present when germination occurs,
and absent when by reason of the presence of carbolic acid
it is prevented; though if this be true it is far from
establishing the relation of cause and effect. As we have
seen, the bacteria and vibrios cited by M. Lemaire appear
in the conditions of warmth, moisture, and presence of organic
matter, which also conduce to the germination of seeds.
Nevertheless the view is not altogether prima facie impossible.
Newport found that there was a certain relation between
the number of spermatozoa supplied to a batrachian ovum
and the integrity and vigour of the embryo. Many ob-
servations have shown that in the fertilisation of flowering
plants a certain amount of pollen is necessary to produce
a vigorous seed, and an insufficient amount produces only
imperfect seeds.* It might be possible, therefore, that in

* Cf, DarwIN, Variation of Animals and Plants, in Vol. ii, pp., 303, et 5¢q.
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it should be much more commonly employed to this end;
for there is no doubt that the loss entailed in crops by the
ravages of inses is in the aggregate a very heavy one.

Preservation of Seeds.—There is also no doubt that
much loss results from the destruction of seeds by mildew,
inopportune germination, and such causes. It has been
said that the depredations of inseéts alone give rise to an
average annual loss of 2o per cent in France.

Seeds can be perfectly preserved in ordinary air con-
taining carhbolic acid vapour. If the seeds be kept in close
vessels containing carbolic acid on a suitable surface for its
evaporation, or in chambers in which carbolic acid is allowed
to evaporate, perfect immunity from mildew and from insects
1s attained.

Prevention of Putrefaction.—Preservation of Food.—
It is well known that one of the most common methods of
preserving food in a state fit for alimentation is that known
as ‘““smoking.” It is thus that bacon, hams, various kinds of
fish, &c., are preserved in a wholesome condition. The
agents which give this power of conservation in such cases
are the tar acids or creasote compounds derived from the
smoke in which, during the process of curing, the articles
of food are suspended. Thus, carbolic acid and its congeners
have been used unwittingly for ages.

Besides these methods, drying, salting, and exclusion of
air by preservation in solid hydro-carbonaceous matter, or by
enclosing in a vessel, heating and hermetically sealing,
while steam is issuing forth, have been the chief methods
employed for the preservation of food.

The objections to these processes are—that salting hardens
the fibre of meat, rendering it indigestible, besides conferring
upon it the saline taste, which is not suitable to all persons;
drying also renders the substance more difficult of digestion ;
smoking confers an empyreumatic taste, and is practicable
only in cases of certain kinds of food; preservation in close
vessels whence air is excluded is not always practicable and
is often uncertain. The usual method adopted for the
preservation of meat, vegetables, soup, &c., for long periods,

Fi e s -
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especially for use on board ship, is to enclose the materials
to be preserved with water in a tin vessel, upon which, after
the introdu¢tion of the materials, a cover perforated with a
single small aperture is soldered. The tins and their
contents are now subjected to a strong heat for a certain
time, and whilst a jet of steam is issuing from the small
orifice, the latter is suddenly sealed by a lump of solder.
The tins have subsequently to be carefully tested, for
there are many which have to be condemned on account of
.imperfeétion. Thus, though this is a most valuable process
there remains in it an element of uncertainty, and con-
sequently of loss. Moreover, the process is somewhat
expensive. A simple and effetual method of preserving
food is of extreme importance for the national welfare.

Many experiments have been made with carbolic acid
with reference to this question. A piece of meat, the sur-
face of which has been covered with pure carbolic acid, can
be preserved untainted for a very long time, but its external
portions are rendered hard, nauseous, and useless. If
instead of pure carbolic acid a mixture with oil in equal
proportions be employed, the results are more satisfactory.
Lemaire preserved thus a piece of pork weighing about
24 pounds for four months, and found it after having been
cooked perfectly wholesome. A less proportion of carbolic
acid mixed with oil must not be employed ; oil so far modi-
fies the properties of carbolic acid as to entirely destroy its
antiseptic power when it exceeds a given proportion. A
5 per cent aqueous solution of carbolic acid most effectually
prevents all putrefaction, but a 5 per cent oily solution
in no way prevents it. A piece of meat dipped in such a
compound rapidly putrefies.

An attempt was made to consign from La Plata to
Paris meat treated with a mixture of olive oil and carbolic
acid, the latter being in insufficient quantity. The result
was, the consignments arrived in a putrid condition, and were
at once confiscated and destroyed. When equal parts are used
of oil and acid the antiseptic effect is satisfactory. Sausages
the external parts of which have been thus treated have been
kept for a very long time perfectly wholesome. '
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observed in a rather strange way b}F the late mee*.&snr
Gratiolet : he found that crabs especially, though kept in a
strongly carbolised solution, rapidly putrefied ; this might,
he considered, be due to the fact that crabs are possessed of
a very large liver full of oleaginous matfzrial. I l.mi.vﬂ
shown elsewhere that oil enters into a definite composition
with carbolic acid, impairing its inhibitive effet on fermen-
tation. But this is I think not the whole reason of the
spread of putrefaction in the presence of oil; for the oil
itself enters into oleaginous fermentation, and the oil-
particles prevent the direct action of the aqueous solution
upon the Micrococei which are developed, and are the active
agents of the oil decomposition. :

Preservation of Entire Animal Bodies after Death.—
If the body of an animal after death be injected by the
arteries with a saturated watery solution of carbolic acid,
putrefaction is prevented for a long period—until the
volatile acid has been dissipated in the air. When, instead
of pure carbolic acid, an emulsion of spirit of wine and crude
oil of tar is used, the effect is much more permanent,
because the volatility of the crude compound is far less than
that of the pure acid. If the animal injected be already in
a state of advanced putrefaction, the course of that putre-
faction is immediately arrested. The bodies when left in
the air become dry but never putrid. ‘‘ Already,” wrote M.
Lemaire, in 18635, ‘“ more than five years have elapsed, and
animals which have been injected with tincture of coal tar,
in spite of their exposure to the air, present no sign of
putrescence, only pediculi have attacked the integuments.”*
This method can readily be adopted for the preservation of
specimens illustrating natural history. It has, however, a
very important application for the preservation of subjects for
anatomical study. In this country, where there is constant
outery concerning the difficulty of procuring a sufficiency of
subjects for dissection, it appears to be thought little
worth while to endeavour to preserve the few in the best

* De I'Acide Phénique, p. 310.
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ten drops of pure acid in brandy-and-water every few
minutes. The operator, Dr. Boyd, of Warrnambool, declares
that, from a pallid countenance, slow pulse, and semi-coma-
tose condition, the patient rallied to a bright expression,
ruddy glow, and quick pulse, and the recovery, though slow,
was continuous and certain.” This quotation was made
from the *“ Homeward Mail.”*

The favourable influence of carbolic acid in snake-bite,
however, in other cases and by other observers, is not con-
firmed. Dr. Fayrer has found that it is powerless in the
case of the most venomous snake-poisons of India. Dr.
S. Weir Mitchell says that carbolic acid, when mixed with
venom and injected into the tissues of a living animal, delays
death, and certainly lessens the local symptoms; but
probably it effects this only by retarding circulation, and

consequently absorption. He adds, *““in no internal dose
was it of any use to bitten animals.”’t

From the history of the subject of snake-bite—of remedies
vaunted at one time and discarded at another—we must
hesitate before accepting the evidence that carbolic acid
is a specific for the venom of serpents. There is, however,
evidence to show that admixture with carbolic acid is
sufficient to annul the effe€ts of some of those venoms
secreted by living organisms which are capable of inducing
toxic and fatal symptoms upon the animal body.

In considering the possible action of carbolic acid upon
the venoms secreted by living animals, the first question
which arises is,—What is the nature of the active prin-
ciples of these venoms ? It is a matter of common know-
ledge that the amount of venom introduced by the inocula-
tion is extremely small, and that it induces its dangerous
and fatal results with great rapidity. So it differs from any
of the toxic substances, organic or inorganic, with which

* Vide British Medical Journal, Sept. 1g, 1868, p- 322. See also Dr. Jorn
W. Hoon, in Medical Times and Gazette, August 6, 1868, p. 170.

+ Medical Times and Gazette, Feb. 6, 1869, p. 138.
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A considerable amount of confusion has arisen from the
fat that various writers have attached various mv.:a.niﬂgs to
the terms contagion and infection. With some writers tha.;':se
are synonymous, and at the present time they are a;lzrphf:d
almost indiscriminately, but with others the former 1s ap-
plied to those diseases which are communicable from.persnn
to person by actual contact, the latter to those which are
transmissible by the intervening media, air or water. It
would at the outset appear right that contagion should imply
dire@t contact. When, however, we come practically to
apply the term, we find that we are obliged to group dissi-
milars. Thus, we know that scarlatina is contagious; so,
also, are itch and ringworm ; and yet these are essentially
three different diseases,—the first, a fever arising from a
peculiar state of the blood ; the second, the effect of a para-
sitic animal ; the third, the result of the growth of a fungus.
Of the two last we can isolate and demonstrate the ultimate
cause; the microscope shows the itch insect and the vege-
table filaments of the achorion; the cause of the first 1s
subtle and invisible. The mode in which scarlatina is
contagious is not evident to the senses; we see in a moment
how contact transfers the germs of itch or ringworm. It is
a disadvantage when a single term is applied to diseases so
different as these.

Very few diseases are propagated solely by the actual con-
tact of a diseased with a healthy person; in most cases
intervening mechanical means can convey the disease-
inducing causes from the one to the other. Moreover, the
term contagion implies contaé¢t, and nothing more : in cases
such as itch and ringworm, where the essence of the disease
is a local irritation, this may be admissible, but in the
diseases wherein an essential part of the phenomena is a
radical change in the conditions of the system its employ-
ment does not seem satisfactory. The word contagium, as
applied to the poisons of spreading diseases, is also open to
this obje¢tion—that its mode of operation is indicated as
some unexplained catalysis.

The word infection, on the other hand, implies a process
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148 THE ANTISEPTIC SYSTEM.

symptoms due to the migrations of the parasite and its
presence in the muscular system. Recovery from this
stage may be followed by wasting and death from destruc-
tion of muscular power. The disease is not invariably
fatal. There can be no doubt in case of this disease that
the symptoms are direétly due to the presence and the vital
acts of the parasite.

The influence of different conditions both of parasite and
of containing organism in producing different living forms
and different disease-effects is seen from many examples.
The entozoon derived from the pig produces in the human
subject a teenia differing morphologically from that derived
from the cow. The tapeworm of the dog or calf conveyed to
the human body produces a totally different disease-condition
—hydatid-disease. Dr John Harley has found the endemic
hzmaturia of the Cape of Good Hope and Natal to be due
to an entozoon—DBilharzia Capensis. The parasite is found
chiefly in the veins of the bladder and mesentery, and in
the portal vein, and by its presence causes irritation of
kidneys, bladder, and bowels. In animals dying of cattle
plague, Dr. Beale demonstrated entozoon-like bodies in the
voluntary muscles and in the heart.

Vegetables are also constantly liable to be infested with
parasitic animals; the occurrences of the excrescences
known as galls, known to be due to the deposition of insect
larvze, are instances on this point. For the latest researches
on this subjec the reader is referred to Professor Hallier’s
work.*®

This review is sufficient to show that living animal
‘bodies, transmitted by various means to other organisms,
by their acts of life and the irritations induced by their
presence, are frequent causes of the phenomena of disease.

I1. Vegetable Parasites.—It is well known that numerous
vegetable structures in a living state can exist in or upon
the animal body in conditions both of health and disease.
It is certain also that in some cases they have a distinct

* Phytopathologie, p. 327: Leipsic, 1868. See also Professor HUXLEY'S
Address at Leeds ; Nature, September 15, 1870, p. 404.
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neighbourhood any correlation therewith ? Of course I do
not pretend to give an answer in the affirmative to either
query, though I cannot help thinking that the circumstances
suggest 1t, particularly as further evidence is forthcoming.
Four doors from the last-mentioned case I had been at-
tending a case of scarlatina : on August 27th I was hurriedly
summoned to the house, to find two children (who had
shown early signs of the last-mentioned disease) seized with
violent purging, and signs of almost impending collapse.
Both were cold, with blue lips, and marble-like surface;
both suffered cramps and excessive diarrhcea, the discharges
being fluid and flocculent, and almost destitute of bile.
They were certainly in the most critical condition, though
they ultimately recovered. At the same time I attended a
servant living a few streets off, who suffered from almost
identical symptoms; her attack commenced on the 24th.
Circumstances of time, place, and similarity of symptoms,
show the great probability of an intimate relation subsisting
between these cases. The most interesting question, how-
ever, is—* Whether the Oidium which was evident in one
case had any causal relation either with that individual
case or with the other cases?” Certainly nothing of the
kind was discovered in the others; neither was it in this
case until the diarrhcea had for some time persisted. We
well know the relation between the occurrence of thrush in
children and diarrheea. Is it not possible that these cases,
which showed so many signs in common, which manifested
such intimate relation of time, place, and circumstance,
might have some cause in common? And is it not at least
possible, inasmuch as a cardinal sign in one case was the
occurrence and rapid development of the Oidium albicans,
that the spores of this or some such fungoid growth might
have a causal relation with each and all the cases ?

I gave these observations merely as an interesting specu-
lation ; but I believe that the subject is capable of affording
instruction by further investigation.

M. Parrot has shown conclusively that the spores of
Oidium can germinate in the stomach. They give rise to










. - . |
[ - 5
b - ’ | I 2 e ]




156 THE ANTISEPTIC SYSTEM.

been showP to attack the common house fly, the obnoxious
fungus.hemg the Empusa Musce. The evidence in these
cases, It appears to me, cannot be clearer of a causative
relation submsrtmg between the fungus-cause, the disease,
and t!-ne fatality. In other cases the relation, although
there is much evidence of causality, is more obscure.

: In the ﬂmiigﬁmzﬁ_pmmlg occurring in cattle—the anthracic
dl!‘::EilSE—}he blood is possessed of highly malignant qualities.
Injected into a sound animal it rapidly induces the train of
symptoms of the original disease—the mass of the blood
becomes black and fluid, the spleen engorged and presenting
extravasated patches, the veins turgid, and the animal dies.
Sometimes putrefaction sets in'before death, always it occurs
promptly afterwards. Upon what condition of the blood
does this infecting property depend? M. Davaine has
asserted that it is due to the presence in the blood of minute
bodies resembling bacteria, but motionless. He terms these
Bacteridia. 'The disease of the cattle is capable of inducing
malignant pustule in man. In such cases Bacferidia are
found in the blood, as in the disease in animals, and the
pustules themselves are little else than congeries of the like
microscopic cellules. The pustules and the blood of the
human subjeét thus infected have been proved again to
communicate the disease to the lower animals. But the
evidence of causation is incomplete. It may yet be doubted
whether it is to the Bacteridia alone that the infective quality
of the blood is due. MM. Coze and Feltz have made an
elaborate series of experiments on the communication of
infection to animals. When fluids in a putrid state are
injected into the blood of animals high fever follows, and
after a certain time death. The blood is altered, its oxygen
is deficient, its carbonic acid in excess, and it contains
numerous bacteria of comparatively large dimensions. It
would appear that a commencing putrefactive change occurs
in the blood during life, which is rapidly completed after
death. In like manner, blood derived from patients suffering
from typhoid fever or from wvariola will induce similar
phenomena in animals to that induced by putrescent
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160 THE ANTISEPTIC SYSTEM.

particles in the blood, and not of organisms more decidedly
fungoid in their physical appearance, is that in the blood,
apart from atmospheric influence, there are no suitable con-
ditions for their higher development. The motionless
bacteria-like bodies in the blood are the Micrococei of Hallier,
and are analogous to, if not identical with, those which we
have seen to assume different forms in the different varieties
of true fermentation.

Leptothrix.—The minute masses of vegetable protoplasm,
when they approach the aérial surface of any fluid, tend to
aggregate in chains. The existence of the Leplothrix buccalis
is due to the fact that the air in this situation permits of
the growth of the baéteroid particles in this form. Leptothrix
is but a form of ordinary mildew : it may be observed when
placed under suitable conditions to grow into Penictllium.

QOidium.—When the fluid at the surface of which fungoid
growth takes place is acid, the cells tend to elongate, and
form articulated fibres instead of bead-like bodies. This is
what is known as Qidium. DBut the form of the fibre-cells
constituting the Oidiwm varies according to the chemical
constitution of the (acid) liquid.

The Achorion Schinleinii, according to Hallier, is nothing
but the Oidium form of the universally-spread Penicillium
crustacewm. ‘The two formations are by cultivation con-
vertible. Hallier has shown the Tricophyton tonsurans to
differ considerably from this—by cultivation it yields not
Penicillivm but Aspergillus. Microsporon is merely the minute
individual cell which by aggregation constitutes Tricophyton.

Penicillium.—The original minute cells (Micrococed) having
aggregated at the surface of a fluid, and having, when
growing upon the surface in contact with the air become
elongated as Oidium, proceed to branch and ramify (Mycelinm),
and, the stems reaching sufficiently into the atmosphere, to
bear fruit in the form of spores attached to the sides of the
straight or forked terminals of the stem. It is growth in
the air which determines the form, Penicillium.

Aspergillus appears to be higher grade of fungus, and
differs from Penicillium in its frutification, being in a globular
form, and its spores usually of greater size.
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166 THE ANTISEPTIC SYSTEM.

others, even when the dilution was as great as 1 part in
I50, were attended with exactly the same phenomena in no
way less pronounced than when undiluted vaccine was
employed. The explanation is easy—in the negative cases
the lancet-point chanced to take up fluid alone, in the posi-
tive the solid elements became attached to it. It was not
the faét of dilution which impoverished the poison, for
if the diluted vaccine itself were injected in bulk, all the
symptoms of infection resulted; nor was the efficiency
of the minutest solid particle impaired by such dilution.
The facts, therefore, of the partial distribution of disease,
are the dire¢t consequence of the poisons being solid; the
chances of infection are precisely in the ratio of the
number of infeéting particles contained in a given medium.
As Dr. Sanderson happily expresses it in his most valuable
Report :*—** The question is frequently asked, how does it
happen that a person may be exposed every day for many
months to the contagion of typhus with immunity, and yet be
eventually attacked without any change whatever being
made either in his own condition or in that of the infeéted
media by which he is surrounded ? If contagium were
gaseous the fact would be inexplicable—as inexplicable,
indeed, as the assertions of the homceopathists. Assuming
it to be insoluble and particulate, the question of mediate
contagion must, like that of dire¢t contagion, be one of
chance. Just as in the case of inoculation, the effect of
dilution shows itself exclusively in the proportion of failures
to the total number of insertions, so in exposure to
infected air the effect of distribution of the poison through
a large volume of air shows itself in the proportion of
escapes to the total number of exposures which the indi-
vidual passes through. And just as in the former instance,
the last inoculation of a series is just as likely to be the
one by which a particle of contagium is introduced as
the first, so in mediate contagion the last exposure is just as

* Introductory Report by Dr. BUurDox SANDERsON, On the Intimate Patho-
logy of Contagion. Twelfth Report of the Medical Officer of the Privy

Council.
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the blood would not diffuse throughout it but merely circu-
late in it. We have to search for an explanation farther
than the analogies offered by the ordinary operations of
organic matter. An attempt has been made to elucidate
the mode of action by reference to the mode of operation of
analogous colloid bodies, which for want of a better know-
ledge of the influence is termed catalysis. We may take as
a type of such action the solution of albuminous sub-
stances through the agency of pepsine, for this has been
adduced as an illustration of the mode of action of infecting
poisons.* The element of the gastric juice which confers
upon it its power of rendering the albuminous solids of
food soluble and diffusible (in the presence of a free
acid) is itself insoluble and indiffusible. Diffusion through
a membrane demonstrates that the fluid diffusate pos-
sesses no digestive power whatever, whilst the remainder,
deprived of all that is soluble, possesses this property
abundantly. Dr. Sanderson says, ‘ Pepsine is but one
of a group of substances which perform what in a general

sense may be called zymotic funétions in the animal
economy, all of which have this property in common—that

they induce important chemical changes in other kinds of
substances, without themselves participating in the trans-
formations they effect. This faculty of causing chemical
changes in other contiguous matter is all that is implied when
the process of infetion is compared to a zymosis.” We
will consider in how far there is a resemblance between
infection and pepsine action (which we may fairly take as a
type of catalysis), and in what respects there is a divergence
in the modes of ac¢tion. These resemble each other in their
first causes, in that both are insoluble colloidal particles ; the
analogy subsists in their mode of action, but only to a limited
extent. The operation of both is obscure, it is true; but
surely the fact of this obscurity is in no sense to be considered
a scientific analogy. Unlike the disease-poison, pepsine is
by itself powerlessto induce the change of physical state in

* Dr. Sanperson's Report, foc. cif.
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fore, is of the feeblest kind. Moreover, when pepsine is
§tated to induce zymotic changes, I cannot help considering
it a misuse of terms, inasmuch as it induces none of the
essential phenomena of true (reproductive) fermentation. If
such action is termed zymosis, then the disposing influence of
spongy platinum upon mixed oxygen and hydrogen, of black
oxide of manganese on chlorate of potash in the manu-
facture of oxygen-gas, and any so-called catalytic action,
must also be termed zymosis. ;

I consider, therefore, that the action of pepsine fails to
explain the action of an infeéting poison.

Pursuing our analytical method, we will next inquire into
the nature of those solid elements upon which the ation of
an infecting poison is proved to depend.

The solid matters in vaccine occur in two forms—Ienuco-
cytes, resembling pus corpuscles, and granules of extreme
minuteness, not exceeding 1-20,000th inch in diameter.
The former being very variable in number and irregular in
occurrence in efficient vaccine, it would appear primd facie
that infection does not necessarily depend upon them ; and
Chauveau showed, that when they, alone and in their
integrity, were employed for inoculation, the results were

#ntl. When, on the other hand, the free granules were

inoculated, infection was manifest. Further investigation
showed, however, that the leucocytes contained free

granules multiplying in their interior, and when these were

set free by breach of continuity in the cell-wall, they were
efficientlike the other granules. Leucocytesmay, therefore,
be looked upon as receptacles of the poison-granules.

We will next more intimately consider the structure and
character of the granules met with in vaccine. Here I cannot
help urging that a tribute from all interested in the precise
study of these questions is due to Dr. Beale for his patient
and elaborate investigations, which have elucidated not
only the charaéters of the vaccine elements, but the series
of changes which occur in the eminently infectious cattle
plague. It has been said that the poison of the latter is
probably *of a kind which is, and always will be, undisco-
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172 THE ANTISEPTIC SYSTEM.

will grow and multiply, giving rise to millions of little par-
ticles like itself, each having similar properties and powers,
The only condition in which matter is known to exhibit
these powers of self-multiplication is the living state.”#
(Figs. 37—40).

Granting for the purposes of argument that the infecting
particles in disease are possessed of vital properties, whence
are those particles derived ?

Dr. Beale’s theory asserts that they are derived by direét
descent from the living matter (bioplasm) of a normal,
healthy organism. There is in ordinary life a progressive
change in power in the bioplasm of an organism, though at
an early date such bioplasm presented to the closest scrutiny
no structural differences, but was of the hyaline character
common to all matter possessing life. The embryonic
bioplasm in the course of time becomes differentiated, and
the exactly similar structureless material endowed with
varying potentiality becomes muscle, nerve, or bone, or any
of the other essential structures of the body, as the case
may be. Bioplasm may, however, become turned from its
ordinary course of developmental change, and may manifest
increased rate of growth and, pari passu, degradation of
formative power. The special properties of bioplasm are
capacity for movement and the power of taking up mate-
rials in the medium which surrounds it, and converting
it into the matter of itself. Such powers belong to
living matter, and to living matter alone. It is common
alike to separate organisms and to intrinsic parts of the
same organism. The transition from health to disease may
be a very gradual transition. Thus the rate of growth
of bioplasm varies during health in obedience to varimjus
causes ; the white blood corpuscles, for example, increase in
number when, from any cause, the blood current is retarded ;
during hybernation in animals these white cells are vastly
increased, and this condition constitutes a sort of border-
land between health and disease. All the varying forms of
living matter, which together constitute an entire organism,

* Report, loc. cit., p. 149.
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however, must be conceded in the case of the silk-worm
disease, wherein blood and tissues are undoubtedly invaded
by parasitic vegetable growth, and this shows at least the
possibility of such occurrences in higher organisms. Dr.
Beale's theory regards the bacferia met with in the anthracic
diseases as adventitious and non-essential.

At this point we will take up the theory of Professor
Hallier—that specific diseases ave due to the influence upon the
body of fungous elements of distinct morphological forms.

We should enquire, however, a priori, whether there is
any evidence to show that the minute elements of fungi,
taken into the body in a manner analogous to that by which
infection-particles can enter, are capable of inducing morbid
phenomena.

Dr. Leonard Sedgwick says—‘ The following relation
shows that the spores of some fungi do produce disease.
The Arundo donax is much cultivated in France for indus-
trial purposes. After the stems are cut, they are gathered
into heaps and exposed to the air. In the course of time
they often become mouldy, and the workers, adults, and
children, are then frequently attacked by a strange, severe,
and sometimes fatal malady. Dogs have been known to be
similarly attacked after sleeping on the mouldy heaps.
The disorder is described as follows:—fever, heaviness of
head, vertigo, and swelling about the eyes and mouth,
extending to the head, which often becomes very large.
Then vesicles and pustules appear on the skin, often
attacking the respiratory and alimentary mucous membrane,
producing dyspneea in the one case, and vomiting and
diarrheea in the other. At times there is great swelling of
the genital organs, with much sexual excitement. This
disorder is now admitted to be produced by the spores of
Ustilago hypodytes, a form of smut, which begins by a
grumous whitish mass of reticulated mycelium, growing at
the expense of the infeéted plant, and finally becoming
converted into a mass of round and often feetid spores.” *

* ¢ A Report on the Parasitic Theory of Disease,” Trans. of St. Andrew's
Medical Graduates' Association, 186g.
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away in the dejecta and float freely in the alvine fluid (see
Fig. 35). We have before seen that the vital phenomena of
fermentation are due not to the motile vibrios but to the
motionless Micrococei. It is surely as legitimate to attribute
the causation to organised material proved to possess
destructive and decomposing power, as to assign it to a
hypothetical organic poison about which nothing is known.

The fact remains that one of the co-efficients of infection is a
given stage of the putvefaction or fermentation of infective material ;
and this obtains additional light from the observation of
Davaine, that the bacteridia of anthracic disease become by
the continuance of putrefaction dead and inert, the inocula-
tion of the material containing them being of no avail
in inducing the specific infection.

Dr. Beale objeéts to the fungus-germ theory that the
germs are so abundantly present in the air we breathe and
in almost every part of the living body, that their relation
cannot be one of causation; and those that are met with in
diseases are rather consequent upon the morbid changes
than themselves the causes of them. But giving such con-
siderations their due weight, it is at least as legitimate to
admit a variation of power in such germs from harmless-
ness to fatality, as to attribute it to morsels of bioplasm
which are not fungoid in their origin. But Dr. Beale
further objects that the theory does not explain the pheno-
mena of infection in case of dissection wounds, because the
period of greatest virulence of the infe¢ting material pro-
duced is very soon after death, and ‘‘ before the occurrence
of putrefaction and the development of bacteria.” But Dr.
Beale has himself shown that bacteria exist in the body
during the activity of life; and by Mayrhofer and others
they have been demonstrated in these very wounds. The
fixing of the commencement of putrefaction in such a case
must be purely arbitrary.

Dr. Beale says, ‘“ No one has shown that if inoculation
were effected while the patient yet lived, the results would
be in any way different ;” and he adds a positive opinion,
that the poison of dissection wounds, like that of small-pox
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186 THE ANTISEPTIC SYSTEM.

which would be inoperative on a chemical substance, by
Peat* and by cold ; and the chemical agents which influence
1t exert their power, not in virtue of their chemical proper-
ties, but in so far as they are poisons to animal or vegetable
organisms. Dr. B. W. Richardson, in opposing the ““ germ
theory,” has credited its exponents with the view that germs
““are indestructible by the ordinary processes of nature.”
I am at a loss to conceive from what observation of any
exponent of the theory he has obtained such an extraordinary
inference. In considering the poisons capable of inducing
disease as living germs, I consider them amenable to all
the destructive influences to which all low forms of life are
subject. Instead of being indestruétible they are liable to
arrest of vitality, by conditions which, in case of unorganised
material, have no effect whatever. The Aphides of summer
live their little life and die in a day; the coolness of a
breeze can kill them. The same rotifer which could be
dried and preserved, to resume vitality when moistened
with water, can be seen, when swimming in the element, to
die from a reason which it would be impossible to explain.
Infusoria which crowd a solution, manifesting the fullest
vigour of life, will become motionless and dead in an instant
if the fluid in which they swim be rendered acid. It is
because such particles are living that they succumb to such
apparently slight and often inexplicable influences. To this
behaviour of living matter is due the distribution throughout
the world, in various localities, of the faunz and florze that
the most befit the various climes, so that the face of the
globe is not overcrowded with a dangerous exuberance of
living things. That, when once infe¢ted by the germs of a
special disease, the system should be rendered insusceptible,
or imperfectly susceptible, of a like influence, is surely more
capable of explanation by the idea of the crop having
organically changed the soil than by the mode of operation
of a physical poison, which is a poison alike now and at any

* Vaccine, according to Dr, HENRY, loses its properties between r20° and
x40° F.
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196 THE ANTISEPTIC SYSTEM.

again loudly for the adoption of measures of disinfection.
We find now that carbolic acid had taken its place among
the most frequently employed disinfeétants. It was used
most extensively in the country, and health officers of many
parishes in London specially mentioned it as employed,
many of them speaking strongly as to its advantages. Dr.
Letheby said of its use in the City of London, * Carbolic
acid has been used as the sole agent of disinfection for
privies, drains, and sinks, and for the sewers and public
roads.” It was recommended as one of the agents which
most commonly prove useful for artificial disinfeétion on a
large scale, in the memorandum on Disinfection issued by
Mr. Simon, as Health Officer to the Privy Council. Since
this time it has been very largely employed, and seems to be
the agent de resistance in case of any zymotic outbreak,
as that of typhoid fever, scarlatina, and small-pox, in
various parts of the country.

We may next inquire as to the position of carbolic acid
among agents known as disinfectants. Infection in its
widest sense means the communication to an animal body
of an agent from without, which will produce in that body
the phenomena of disease. This definition would, how-
ever, include not only those poisons, organic or inorganic,
the effeéts of which administered by the stomach are well
studied, and whose agency is an established truth, but also
of those living things as Pediculi‘and the itch insect, which
are also demonstrable causes of conditions of disease. In
the restricted sense in which the term infection is used, it is
held to mean the introduction of those more subtle external
agencies which are supposed not only to change the Ul'gal:tjf.
relations of the system of the individual subject to their in-
fluence, but to be transmitted from individual to individual.

Disinfection is the destruction of the disease-producing
agents which give rise to those affections known as zy;:nati-:.
Disinfection, then, is a therapeutic means of the highest
importance. It is the treatment of the disease of the great
body politic, and bears the same relation to the state
that the medicinal remedy does to the individual.
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surface of the mass may be dusted the powders which we
are about to consider.

Disinfectant Powders.—Since 1858 crude carbolic acid,
mingled with various substances, in the form of powder, has
been used for disinfecting purposes.

I. The disinfectant powder of MM. Corne and Démeanx
(1858 and 1859) consisted of plaster of Paris and coal-tar.

2. That of M. Bouchardat contained 1 part of carbolic
acid in 1000 of plaster of Paris.

3. That of Parisel contained 1 part of ca1bnllc acid to
100 of coarse meal, and 4 of lard or fat.

4. McDougall's powder contains about 33 per cent of car-
bolate of lime, 59 per cent of sulphite of magnesia, the
rest being water.

5. Calvert’s powder contains from 20 to 30 per cent of car-
bolic acid mixed with the powdered refuse from alum works.

When one of these powders (the most efficient being pro-
bably the last two) are dusted over a putrescible mass, they
prevent putrefaction by poisoning the germs in the air
before they reach the mass. They thus filter the air of the
elements which dispose to putrefaction. According to
Dr. Parkes, half an ounce of either Calvert’s or McDougall's
powder will preserve four ounces of sewage from 18 to
21 days. Whilst, to my mind, Calvert's powder .is rather
more efficacious, McDougall's has the advantage of a less
powerful odour. Besides the influence of carbolic acid in
these powders, I think their efficacy is probably due to
another cause, which we are about to consider—their power
of absorbing water from a moist putrescible material.

The Dry Earth System for Preventing Sewage-Putre-
faction.—It is impossible to question the fact that the
addition of dry earth to moist sewage matters will entirely
prevent odour, and arrest putrefactive change. The im-
portance of the system initiated by the Rev. H. Moule
cannot be doubted, though there may be differences of
opinion as to the different conditions to which it is best
adapted. A pound and a half of dry earth thrown over a
dejection, solid and liquid, will deodorise and will arrest all
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spread of disease by the air, to bear in mind the difference
between deodorants and disinfectants. The feetid gases
evolved from putrescent matter are indications of the
existence of putrefaction, and are in themselves nauseous
and noxious; but they are not the actual agents either
of putrefaction or of transmitted disease. To deodorise is
to remove these nauseous smells; to disinfect is to destroy
the organised causes. Chlorine may attack the organic
products but leave the organised producers unscathed.
Sulphurous acid is powerful both over the produéts and the
producers, but it is dangerous to be breathed. Carbolic
acid is exceedingly efficient over the producers but inert as
regards the products. If we believe organised forms to be
the efficient means of propagating disease, carbolic acid is
the aérial disinfectant par excellence. It may be mingled
with the water used to cleanse the room; thus its vapours
rise into the air. Or cloths may be sprinkled with it
and left, so that it may evaporate at the ordinary tempera-
tures. Or if rapid vaporisation be desirable, the cloth may
previously be dipped in hot water. Or the carbolic powders
may be sprinkled about the floors so that the vapour may
rise into the general air. I cannot help thinking that the
practice of exposing permanganate solution (Condy’s fluid)
in vessels about a sick chamber is utterly futile. It is
quite true that this agent 1s a most valuable ::-:-;iq:}iser;
it yields up its available oxygen to almost any c:?:idmahle
substance with which it comes in contact, but it 1s essen-
tially non-volatile ; it cannot in any appreciable degree
influence the air in its vicinity. The effect could nn_ifs‘
be manifest on that minute proportion which passes over Its
immediate surface. It is surely puerile to think that th{s
could have any appreciable antiseptic effect on the air
of a room. :

Disinfection of the Air of Rooms.—When the room is
occupied, this can be done by exposing to the _311‘ porous
cloths steeped in or sprinkled with carbolic acid; or the
carbolised powders before mentioned can be strewn about
the floor. Care must be taken to avoid the caustic effects
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case, the application of carbolic acid was followed by a dis-
appearance of the »diles.

Carbolic acid, externally applied, is not only counter-
irritant, but

(2) Aneesthetic. An observer may easily convince himself
of this by applying a little to the tactile surface of the finger.
In this situation the primary irritation is accompanied with
very little pain, and the impairment of tactile sensibility is
very obvious. 1 think, also, that this property of carbolic
acid can be put to practical use. The servant of a patient
of mine once asked my advice concerning a very painful
whitlow of the forefinger. Having some carbolic acid at
hand, I thoroughly covered the inflamed portion of finger
therewith; the application was unattended with pain. A
few days afterwards the skin over the whitlow was dry, and
there was flutuation beneath it. When I freely incised it,
the patient did not feel the incision. I think this plan of
treatment—of applying strong carbolic acid over the pointing
portions of boils, or over a limited surface of the skin

‘covering superficial abscesses, with a view of producing

cuticular anasthesia—might fairly be tried with advan-
tage.

Since writing the foregoing paragraphs I have seen some
important papers corroborating the opinions I have ex-
pressed.

Mr. Erasmus Wilson * employed carbolic acid to control
the morbid irritability of the glans and prepuce of an officer
affected with disease for which the application of pofassa
fusa was necessary. The application of the caustic was
thereby rendered almost painless. Mr. E. Wilson has em-
ployed it frequently since, always with a most satisfactory
result. ‘It benumbs the surface, it dulls the excessive
sensibility of the superficial nerves, and it thereby permits
the caustic action of our remedies, with a great reduction in
the amount of pain.”

A careful investigation of this property of carbolic acid

* Journal of Cutaneous Medicine, June, 1370.
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my experience tells me that there is no room to doubt the
efficacy of this plan of external treatment; I mean in cases
of hooping ::m.lgh in children ; .I have very largely adopted it,
and am convinced of the relief afforded. I have recom-
mended the saturated aqueous solution, as well as a mixture
with eil (1 part in 8), to be sponged over or rubbed into the
chest, by means of a piece of flannel, at stated intervals.
Carbolic acid has also been frequently employed as an
ordinary caustic. When applied in its pure state to a
mucous surface it immediately turns the latter white, by
coagulating the albumen of the tissues; moreover, by the
affinity of the strong acid for water it tends to cause shrinking
of the mucous structure. I have many times employed it
in cases of enlarged tonsils, the size of which, after two or
three applications, become very materially diminished. It
is also useful, in cases of ulcerated surface, where a caustic
is called for. It has thus been employed in cancer.
Mr. Turner, of Manchester, found it an efficacious appli-
cation to piles: itcoagulates the contents, and, by constriction,
empties the sac, which ultimately becomes obliterated.
Mr. D. Davies also speaks of the value of its application in
cases of internal piles and rectal fissure.

Uterine Diseases.—Dr. Lloyd Roberts, of Manchester,
has recommended the application of carbolic acid instead
of nitrate of silver in ulceration of the os and cervix uteri
with or without hypertrophy, chronic inflammation of the
uterus and cervix, with excoriation and follicular disease of
the cervical canal. It is thus applied: after introduction
of the speculum, the surface of the ulcerated portion is
wiped clean by a piece of lint, and then touched with another
piece of lint, which has been dipped into the acid liquefied
by a few drops of water. The white appearance at once
indicates the spot covered by the acid, and care should be
taken to avoid touching with it any portion of the vagina.
Any superfluous acid should be immediately absorbed by a
bit of dry lint or cotton-wool, and it is better to apply a
little olive oil. A camel's-hair pencil or gum elastic
catheter should be used when it is desired to introduce the
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218 THE ANTISEPTIC SYSTEM.

ment of carbolic acid was extraordinarily successful. Expe-
rience sufficiently shows that carbolic acid can cure scabies ;
but, after all, this is not the real practical question—which
is, is it preferable to all the other means of cure which have
been for so long adopted ? One circumstance in its favour is,
that besides its power as a parasiticide, carbolic acid has a
special property as an anmsthetic. I have proved this valu-
able quality in cases of lichen where the itching has been
extreme. Whether, however, the solution of carbolic acid
can be brought in relation with the acari in their hiding
places to destroy them more rapidly than they can be de-
stroyed by other methods, or whether the extensive cutaneous
application may not in some cases induce untoward symp-
toms—these are questions which await solution by extended
experience. Dr. Zimmermann, of Braunfels, has employed
carbolate of soda, and believes it to be almost a specific for
itch. He caused a lotion, containing from 23 to 46 grains
of carbolate of soda to the ounce of water, to be well rubbed
into the parts twice daily. In two or three days even
inveterate cases were completely cured.* In cases of epizoa
which infest the head, carbolic acid has proved a valuable
means of extermination.

In epiphytic diseases, also, it has been proved to do great
service, and formula for its application are given in most
works on skin diseases ; glycerine is generally employed as
the vehicle. I am convinced that glycerine decidedly impairs
the power of carbolic acid in destroying parasitic vegetable
growths. Aceticacidisrecommendedby the Frenchauthorities
in order to favour the penetration of the carbolic acid through
the skin. For the formula, see Appendix. The difficulty is
the volatility of the carbolic acid; it may evaporate before
its task is accomplished. In several cases of eczematous
affections not parasitic, I have employed with a most un-
doubted success a powder consisting of starch and carbolic
acid. ‘This powder is ordered to be kept in a muslin bag (in
a bottle or box wherein volatilisation is prevented), and fre-

* Die Praktische Arzt, March, 1869.

s A R

W TR

S 1E - —




. . : : - ; { | TEE
= T . y - . 3 4 . ~
[ el . e =
: I L n. LA
\s . LA h :
.
. ; : 7 - ) ; I
: 3 . . : n
. Tl 5 21T




—

220 THE ANTISEPTIC SYSTEM.

relieves the itching and promotes a rapid cure. It should
be used in weak solution in water as a lotion, 1 to 2 per cent.

In eczema it is valuable as a sedative and gentle stimulant ;
care must be taken that its action in the latter relation
be not in excess. I am accustomed in ordinary cases of
eczema to order the strong (5 per cent aqueous) solution
with the following directions:—The lotion is to be at first
diluted each time of application with three times its bulk of
warm water, and the surface of the eczematous patch is to
be sponged with it, or a piece of lint soaked with the lotion
thus diluted is to be applied. The strength can beincreased
by degrees, less and less water being added. In eczema with
profuse moist secretion I know of no agent so valuable as
the carbolised starch-powder. It is of the most simple
application, and the recoveries under its use are remarkably
prompt. In cases in which this moist eczema occupies the
folds of skin, as it frequently does, in the neck or flexures of
the joints, it is often very difficult to apply or to retain for
any period in due apposition a liniment or an ointment. In
these cases the powder is exceedingly useful ; the parts can
be dusted with it frequently with very little trouble; or the
surfaces can be first sponged with the lotion orliniment and
then the powder applied. In some cases of eczema, especially
when the skin is much thickened, the aceto-carbolic lotion is
to be preferred.

In impetigo it is very useful. When this disease co-exists
with Pediculi, as is common in neglec¢ted children, I have
frequently seen the 5 per cent lotion effeét a cure in two or
three days, Where there is much moist purulent secretion it
is very valuable; sometimes I have found the aqueous,
sometimes the oily, solution the more useful ; but in all such
cases the powder is very advantageous. When the disease
is evidenced by dry caked scales, neither liniment nor oint-
ment has appeared to be of much service. In these cases I
am accustomed to order the scalp to be washed with warm
water containing a little oatmeal, and then an ni.ntrnent
composed of equal parts of creasote-ointment arfd white pre-
cipitate ointment. My own experience is against the use

3
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CHAPTER XXII,

THE TREATMENT OF WOUNDS: THE CONTROL AND PRE-
VENTION OF SUPPURATION.

The application of carbolic acid to the treatment of
wounds is not a measure of recent times. In 1859 a
powder containing coal-tar was used by M. Démeaux, and
its success was communicated to the Académie des Sciences.
In the same year Lemaire and Le Beuf used saponaceous
emulsion in sloughing and other wounds. Velpeau, how-
ever, made an unfavourable report on the practice. The
employment of it nevertheless gained ground, and in 1862
the Administration of Civil Hospitals in Paris authorised its
use in all the establishments. Lemaire studied its action
with considerable care, but expressed some conclusions con-
cerning pus-formation which certainly cannot go uncon-
tested. He considered the formation of pus-globules due to
the action of atmospheric air; he compared them to the
cells of yeast, and attributed to them an analogous rile.
Just as coal-tar prevented fermentation and germination, so
it prevented pus-formation. He found that even in recent
wounds the application of the coal-tar before the advent of
inflammation prevented all suppuration. With the aboli-
tion of suppuration the danger of the transmission of
purulent infection is done away. In 1860 Lemaire pub-
lished cases of severe wounds, burns, necroses, and com-
minuted fractures, which showed the benefits of the treat-
ment. In his work published in 1865, Lemaire recommends
the employment of solutions of carbolic acid, varying in
strength from 1 in Tooo to 1 in 20 in lotions and on com-
presses. As, however, the carbolic acid 1s so rapidly
volatilised by the inflammatory heat, Lemaire still inclines
to the use of the coal-tar emulsion.

Dr. J. R. Wolfe, of Aberdeen, also used carbolic acid
as a dressing for wounds in 1864; he found that cotton
wool impregnated with the agent, even when after-
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224 THE ANTISEPTIC SYSTEM.

material. The object of the antiseptic treatment of wounds
is to neutralise these molecules, which are the factors of
putrefaction, and thus the initiating causes of the various
morbid processes which hinge upon it.

The first case recorded by Professor Lister was a com-
pound fracture of the tibia. This was at once treated with
carbolic acid and afterwards with its aqueous solution,
with the result of an arrest of suppuration and the conver-
sion of the compound into a simple frac¢ture, from which
there was prompt recovery. In a second case, also a
fracture of the tibia, there was, under the treatment, no
suppuration during the period in which it under ordinary
circumstances occurs; the external wound nearly healed,
and plain water dressing was substituted for the antiseptic.
Soon after this was done, however, the occurrence of hos-
pital gangrene in the wound from which the antiseptic
influence had been removed rendered amputation necessary.
Professor Lister found that pure hydrated carbolic acid was
apt to cause some irritation with the formation of a serous
exudation; and inasmuch as ordinary coverings like oiled
silk or gutta percha, allow a ready escape of the carbolic
acid applied, it was thought advisable to protect the first-
formed crust (consisting of the effused blood-producéts incor-
porated with the antiseptic and the superimposed pad of
lint soaked in carbolic acid), with a sheet of tin, and thus to
retain the volatile substance in due relation with the
effused produéts. This was accomplished with much
success in a third case, and the interesting fa¢t was noted,
that portions of the crust formed by the union of the
carbolic acid with the effused blood-produéts had been,
in the process of cicatrisation, converted into living tissue.
¢ Thus the blood which had been aéted upon by carbolic
acid, though greatly altered in physical characters, had not
been rendered unsuitable for serving as pabulum for the
growing elements of new tissue in its vicinity.” In a
fourth case (of laceration of the forearm by machinery,
in which humerus, ulna, and radius were fractured), the acid
was freely applied to the whole interior of the wound and a
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splint was adopted. A few minutes afterwards the patient
said he was perfectly easy, and a remarkable freedom from
constitutional disturbance persisted throughout the case. A
most satisfactory cure was accomplished, but the experience
taught that strong carbolic acid itself could be over stimu-
lant, and could give rise to suppuration, though this was
trifling in amount and productive of no evil consequences.
The treatment was successful in a fifth case under cir-
cumstances almost desperate. A child of seven suffered a
compound fracture of the right leg with frightfully extensive
lacerations, the wheel of a crowded omnibus having passed
over the limb. It was felt that ordinary methods would
be hopeless; nevertheless the case was placed under the
carbolic acid treatment. During its progress an unfortu-
nate accident occurred which strangely illustrated the value
of the antiseptic plan. A sore upon the leg which had not
been treated by the carbolic dressings became attacked
with hospital gangrene ; wherever the antiseptic erust had
covered the parts there was no appearance of hospital gan-
grene, and perfet granulation was taking place; but the
former spread in a frightful way in the unprotected parts,
even to the extent of exposing two inches and a half of the
tibia, which appeared white as a macerated bone. Never-
theless the bone did not exfoliate; there was little or no
suppuration, and ultimately granulations filled the chasm,
and the case was converted into one of simple fracture with
a granulating sore. In spite of repeated _invasions of
hospital gangrene there was a perfeét recovery, with a
limb of the same length as its fellow and of a natural
contour. In a sixth case, a labourer, aged fifty-seven, suf-
fered fracture of the thigh bone, the upper fragment being
driven through the skin, as well as fracture of the collar-
bone and severe contusions. The carbolic acid was a
tiﬁﬂf-::ﬁr_rassm'f-, for amputation, which seemed the only alter-
native, would almost infallibly have caused death from
shock. Under the antiseptic plan, however, the patient
progressed favourably for a fortnight., Suppuration then
became manifest ; the pus, however, was inodorous, and
' Q
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seemed due, not to any decomposition from atmospheric
influence, but to that form of suppuration which occurs
sometimes apart from any external wound. For one week
suppuration occurred in diminishing degrees, then it sub-
sided almost absolutely, the patient’s constitution seemed
unimpaired, and ordinary lotions were substituted for car-
bolic acid. Subsequently, however, heemorrhage occurred
to which the patient succumbed.*

To continue our sketch of Professor Lister’s treatment,
we will next turn to his method of dealing with abscess. In
the class of cases just adduced there is an irregular exposed
wound, dire¢tly under the influence of the septic matters: of
the air, and disposed for putrefactive changes. In an un-
opened abscess there is an accumulation of pus without the
agencies of putrefaction. Whilst in the one case it is
necessary to destroy, upon the surface of the wound, the
septic materials, in the other it is necessary only, whilst
evacuating the pus, to prevent the entrance of such agen-
cies with the air as may set up subsequent putrefaction
with secondary suppuration and its train of ill CONSE(UENCES.
This is done by laying upon the skin, when the incision is
to be made, a piece of lint soaked in carbplised oil (one part
of acid in four of oil), plunging into the cavity of the abscess
a scalpel dipped in the carbolised oil, under cover of the lint,
and allowing this latter to fall over the opening thus made
as a sort of curtain or valve, which thus permits the egress
of the pus, but prevents the ingress of air, except such as is
rendered antiseptic by reason of the volatile acid. The next
desiderata are to prevent adhesion of the edges of the wound
before the pus is perfeétly evacuated, and to restrain the
decomposition of the stream of pus which in the course of
treatment flows from beneath the dressings. Professor
Lister accomplished this by spreading a sheet of block tin
with carbolised putty, and securing it over the site of the
incision, the lowest border being left free for the escape of
discharge : the dressing must be changed, according to cir-
cumstances, once or twice in the 24 hours, care being taken

* See Lancet, March 16, 23, 30, 1867.
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vessel, and, thus involving it, it may so weaken the barriers
that this shall be sufficient to withstand the pulsatile impulse
of the heart—hence dangerous or fatal he&morrhage. Or,
inasmuch as suppuration is a necessity of the liberation
of ligatures, and is the invariable accompaniment of ope-
rations in which they are employed, the evil accidents of
suppuration may be manifest, and purulent infection result
from the decomposing pus of the wound. Furthermore,
there exist all the dangers common to open wounds—
erysipelas, gangrenous ulceration, &c. The one danger,
then, is irritation, the chief danger suppuration. The
reason of such occurrences is the presence of the ligature,
and the communication of the wound with the external air.
The silk thread necessarily carries with it the materials
which the air deposits in its meshes, the organised molecules
disposing to putrefactive change. Any substance which
contains such molecules will a¢t as an irritant; any sub-
stance free from them, or in which they are rendered non-
vital (provided the substance itself be non-irritant) will not.
If, therefore, the material used to include the artery be
rendered antiseptic, and the external wound necessary to
expose the vessel be dressed antiseptically, the great dangers
of the operation of ligature of vessels may be done away.
This has been accomplished by Professor Lister, and the
favourable results bear testimony to the soundness of the
reasoning.

Professor Lister experimentally tied the carotid artery of
a horse with a silk thread steeped in a strong solution of
carbolic acid, the incision necessary to expose the vessel
being treated on the antiseptic system before described.
Healing took place without any suppuration; and on
examination of the parts, six weeks afterwards, it was seen
that, though a firm adherent clot existed on the cardiac side
of the ligature, on the distal side there was no coagulation
at all, this having been prevented by the chance circum-
stance that a large branch was given off close to the ligature,
and thus there was a reflex current. Under these circum-
stances secondary heemorrhage would infallibly have occurred
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if the ordinary irritant ligature had been employed. Prof.
Lister next tied the external iliac arteryin a lady, on acco_unt
of aneurism of the upper portion of the femoral; this time
he used silk steeped in strong liquefied carbolic acid.
Everything progressed well, and there was no suppuration.
Ten months afterwards the bursting of another aneurism (of
the arch of the aorta) gave an opportunity of post-mortem
examination of the antiseptically-ligatured vessel. The
artery was found dwindled to a fibrous band, about which,
encapsuled, was the knot of the ligature eroded as from
partial absorption ; around it was a fluid resembling pus,
but consisting of fibro-plastic corpuscles, spheroidal cells,
and some pus cells. This quasi-purulent secretion could
alone, Professor Lister considers, have arisen from the me-
chanical irritation of the silk. To obviate all chance of such
irritation, in future cases, ligatures composed of animal
membrane were employed. The carotid of a calf was tied
with cat-gut, as well as with strips of peritoneum of an
ox, all soaked in saturated aqueous solution of carbolic acid.
Thirty days afterwards the animal (in the interval having
been in perfect health) was slaughtered, and the parts
examined. There was near the vessel no inflammatory
thickening. It appeared, at first, that the ligatures existed
just as when first applied, but on careful examination it was
seen that theyhad actually become converted into living tissue,
just as the carbolised blood had become organised in cases
of antiseptic treatment of wounds of the surface. **The
two pieces of cat-gut which had been tied round the vessel
at that part had become, as it were, fused into a single fleshy
band, inseparably blended with the external coat of the ar-
tery.” “Itappears,then, that by applying a ligature of animal
tissue antiseptically upon an artery, whether tightly or gently,
we virtually surround it with a ring of living tissue, and
strengthen the vessel where we obstruct it.”* The best
material to employ, according to Professor Lister’s matured

* ' Observations on Ligature of Arteries on the Antiseptic System,” by
Josern LisTer, F.R.S. From the Lancet, April 3, 186g. Corre@ted February,
1870. Edinburgh: Edmonston & Douglas. London: Churchill.
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opinion, is cat-gut suspended in a mixture of five parts of
olive, or linseed, oil with one part of carbolic acid liquefied
by the aid of water. The presence of water is Necessary
for the satisfactory condition of the ligatures, and soaking
should take place for a few weeks,

A further experience, besides corroborating the success of
the general plan, enabled Professor Lister to attain a greater
uniformity of good results by improvements in matters of
detail. It was found that the method might be praétised in
cases which might @ priori appear unsuitable. An interesting
case is narrated by Professor Lister of a penetrating wound of
the thorax and abdomen, in which death from hamorrhage
was imminent, and a piece of omentum five inches long pro-
truded from the external opening. Mr. Cameron cut off the
protruded portion of omentum, and plugged the wound with
lint dipped in carbolised oil, passing the strips in every
direction into the pleural cavity as far as possible. Instead
of the carbolic acid being an irritant to the lung, it
is the converse, inasmuch as it prevents putrefaétion,
which is one of the worst forms of irritation. The external
wound was then covered by carbolised putty. The following
day the plugs were withdrawn, the use of the putty being
continued. Although blood was copiously effused into the
pleura, and air existed in relation with it, there was no
decomposition, the air being sufficiently carbolised, and
that inspired by the ordinary passages, being robbed of its
putrefaction-inducing property by its filtration through the
lung tissue., The patient was free from all symptoms of
irritation ; there was no pus; and he made an admirable
recovery. A case is also recorded by Professor Lister of
compound fracture of the leg and wound of the left foot in
a woman of 74 years of age, which showed the advantages
of the antiseptic plan. The open wounds of the fracture
granulated with no more disturbance, local or constitutional,
than as if the fra¢ture had been a simple one; as regards
the wound in the foot it rapidly cicatrised, ‘‘ complete
healing by scabbing,” Professor Lister writes, ‘‘ having
occurred in, I suppose, the largest wound ever known to
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illustrates the value of the antiseptic method, and the details
which his experience has led him to adopt. A man was
admitted under Professor Lister with compound dislocation of
the ankle. Not only, as is well known, has this injury usually
been treated by amputation, but it is very fatal, fourteen
consecutive cases died in the Edinburgh Infirmary according
to the late Professor Syme. The dislocation was reduced
with some removal of bone; watery solution (5 per cent) of
carbolic acid was well syringed into the joint, and the skin
in the neighbourhood was well washed with it ; lac-plaster
was wrapped in two layers round the limb, extending well
up the leg, and embracing heel and instep; a cloth to absorb
the discharges percolating from beneath the margins of the
plaster was bandaged on, and a splint was applied. At the
same time, in the same patient, a severe scalp-wound was
treated in like manner, with the addition of the approxi-
mation of the edges by sutures of silk steeped in carbolised
bees’-wax (1 in 10). Furthermore, a compound fracdture of
the elbow joint was treated in the same way. The dressings
were changed on the day following, danger of the entry of
septic air being avoided by cautiously syringing a weak
solution of carbolic acid (r to 40) beneath the margin of
the lac-plaster, and continuing to do so as this was elevated,
examination of the wound being made as it was thus flushed
with the antiseptic lotion. Subsequent dressings differed
from the first in this wise—the wound itself was covered
by a layer of material destined to protect it from the irritant
effects of the carbolic acid in the antiseptic stratum. All
that a wound needs for successful healing is to be protected
from dangers imported from without. This accomplished,
it should simply be let alone. The septic dangers of the
air are the chief and the most subtle. The * protective”
should be unstimulating,impervious tocarbelic acid, insoluble
in the discharges, and accurately adapted to the wounded
part. A good material has been suggested by Dr. Coats;
oiled silk is brushed over with a mixture of dextrine (1 part),
powdered starch (2 parts), and strong aqueous snluf;icn of
carbolic acid (16 parts). This material becomes uniformly
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moistened when dipped in carbolised water, and when applied
in two layers it pretty effectually intercepts the advent of any
irritant carbolic acid from the external antiseptic covering to
the young and tender granulations of the healing wound. As
the discharge diminishes, the intervals of dressing may be
prolonged from once in 24 hours to once a week. The
presence of the “protective” greatly diminishes the copious-
ness of the discharge by witholding all abnormal stimulus.
In the case quoted, the wound healed without the production
of a trace of pus. The intervals of the dressings were from
the date of the accident—(a) 1 day; (b) 1 day; (c) 2 days;
(d) 3 days; (¢) 3 days; (f) 5 days; (g) 5 days; (&) 7 days;
(7) 8 days. Six weeks after the accident the ankle-fracture
healed with the foot in good position, and with satisfactory
motion in the joint. The compound fracture into the elbow
joint was healed, and the splint discarded in 5 weeks from
the injury, and all the other wounds healed without the
formation of a drop of pus.* '

Effects of the Antiseptic Method in Surgery upon
General Salubrity.—As Professor Lister has pointed out,
the advantages of the antiseptic method in surgery are not
confined to the immediate induétion of plastic union in the
wounded parts. Its effects are manifest upon the general
salubrity of a surgical hospital. The hygienic dangers to
which a patient who has undergone a surgical operation is
subject are threefold. There is the danger of the influence
of special septic agencies from without which are prone to
engender special diseases of infection; there is the peril
arising from the decomposition of discharges and the absorp-
tion into the patient’s system of the infecting poison derived
from his own wounds; and lastly, there is the danger of
those infecting materials generated in one patient being
centrifugally diffused to other patients in his neighbourhood.
The antiseptic method which prevents putrefactive decom-
position in the individual wound renders the produétion of

* Remarks on a Case of Compound Dislocation of the Ankle, &c., by
Professor LisTER, F.R.S, Edinburgh: Edmonston and Douglas, 1870.
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a disseminable poison impossible, and makes any inoculable
septic agency which may by any chance come into relation
with the absorbent surface of a wound at once inert.
Touching the effects of the antiseptic system of treatment
upon the salubrity of a surgical hospital, Professor Lister
records the following observations. Its results, Professor
Lister says, ““upon the wards lately under my care in the
Glasgow Royal Infirmary, werein the highest degree bene-
ficial, converting them from some of the most unhealthy
in the kingdom into models of healthiness.” The evidence
is peculiarly circumstantial. The Glasgow Infirmary is
structurally spacious and apparently well fitted for its pur-
pose, yet it proved extremely unhealthy; pyzmia, hospital
gangrene, and erysipelas being rife within it. Occasionally

- such a crisis occurred as to render necessary the complete

closure of individual wards. A light was cast upon the
cause of this unhealthiness, when an excavation made
close to a ward evacuated on account of its unhealthy cha-
racter, disclosed a place of sepulture for numbers of persons
who suffered in the cholera epidemic of 1849. Furthermore,
one end of the building was conterminous with a church-
yard wherein multitudes of the corpses of paupers had been
buried in pits. Surrounded by these foci of infection, Pro-
fessor Lister’s wards, in which the antiseptic system was
practised, were free for three years from the infeéting dis-
eases which constitute the ordinary evils of surgical hospitals.
Moreover, in his own individual experience, Professor Lister
found a marked difference in the results of amputations
before and after the period at which antiseptic dressings
were commenced. The following is a summary of the
statistics :—

Before the antiseptic period (35 cases), one death in
2 I-5 cases.

During the antiseptic period (40 cases), one death in
6 2-3 cases.®

* See pamphlet ** On the Effeéts of the Antiseptic System of Treatment upon
the Salubrity of a Surgical Hospital," by Professor L1sTER, F.R.S. Edinburgh:

Edmonston and Douglas, 1870.
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It should be borne in mind that the antiseptic method as
applied in this period was not perfect, but was gradually
improved, as we have been just considering. Much testi-
mony has followed that of Professor Lister, to the effect
that the antiseptic method has promoted the general salu-
brity of a hospital. The very infirmary which served as the
text of these remarks, has given evidence that by the adop-
tion of this method a great amelioration has been obtained.*
In Berlin the evidence of Professors Bardeleben and Lange-
beck confirms the views of Professor Lister.t A very im-
portant corroboration of Professor Lister’s views comes from
Professor Saxtorph, of Copenhagen. In a letter to Pro-
fessor Lister, the latter says, ‘“ The hospital to which I am
appointed head surgeon (the Frederik’s Hospital), is a very
old building—in fact, it is now much more than a hundred
years old—and it contains about 350 medical and surgical
beds. In the surgical wards I have room for about 150
patients, but the usual number during the winter has varied
from I00 to 130. Formerly there used to be every year
several cases of death caused by hospital diseases, especially
by py®mia, sometimes arising from the most trivial injuries.
Now I have the satisfaction that not a single case of
pyazmia has occurred since I came home last year, which
result is certainly owing to the introduétion of your anti-
septic treatment.” I The good results of the antiseptic plan
of treatment are attested as well by the intrinsic evidence of
the cases related by Professor Lister as by other most com-
petent witnesses; the practice was followed with more or
less attention to detail, the preparations of carbolic acid
being used in all.. The following, amongst many others,
have recnl:dta_d details of success :—Dr. Wolfe, of Aberdeen,
Bmpl:ayed it in wounds and compound fractures ;| Mr. Wood,
L RN

ks . 3 idderminster, used it in compound

* See Brit, Med. Journal, April g, 1870, p. 361,
t Ibid., May 28, 1870, p. 557.

+ Lancet, August 27, 1870, p. 287.

|| Thid., Sept. 28, 1867, p. 410.

§ Thid,, O&. 12, 1867, p. 455.
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fractures, burns, and wounds ;* Maisonneuve testified to the
success of aqueous solution of carbolic acid for wounds :+
Mr. Witten, of York, a case in which carbolised oil was
used for a severe machinery accident;f Mr. Lund, use of
carbolised oil ;|| Dr, Bernard, R.N., records examples of ex-
traordinary success in the treatment of wounds and perform-
ance of operations, including deligation of arteries, on
Mr. Lister’s plan ;§ the late Professor Symes strongly advo-
cated the method, ¥l and adduced cases of compound fracture,
wounds, and abscesses successfully treated ;** Dr. Hamil-
ton, of Canonbury, recorded the rapid cure of a case of acute
synovitis of the knee under carbolic putty spread on lead
foil ; ++ Mr. C. Heath, a case of psoas (?) abscess, antisepti-
cally opened and treated with carbolic acid ; {1 Mr. Maunder,
antiseptic ligature of arteries; ||| Mr. Tyrrell, Dublin,
employment of carbolised oil ;8% Mr. Hamilton, Liverpool,
the treatment in wounds, fractures, abscesses, and opera-
tions ;Y'Y Dr, Kelburne King, of Hull, the plan advocated
by Lister, in wounds, abscesses, operations;*** Mr. Han-
eock, of Charing Cross Hospital, endorsed the treatment ;tt+
Mr. Fleischmann detaileda severescalp woundtreated by car-
bolic acid;111 Dr.Geo. H. Pringle, of Paramatta, cure of gun-
shot wound treated bycarbolic putty spread on sheet lead ;| |||
Dr, Marson found the application of carbolic acid valuablein
feetid sloughing ulcers in China (Takao, Formosa) ; §§§ Dr.

* Lancet, Jan. 16, 1867, p. 89.
4 Brit. Med. Journal, Oé. 5, 1867, p. 305.
t Ihid., Nov. 23, 1867, p. 472.
| Ibid., Dec. 14, 1867, p- 556.
§ Appendix to Statistical Report of Navy, 1867.
97 Lancet, July 6, 1867.
** Brit. Med. Journal, Jan. 4, 1868, p. 1.
4+ Lancet, July 11, 1868, p. 40.
t1 Med. Times and Gazette, July 4, 1868, p. 5.
Il|| Lancet, Nov. 7, 1868, p. 506.
§§ Brit. Med. Journal, Jan. 18, 1868, p. 53.
€« Ibid., April 28, 1868, p. 413.
#** Thid., Dec. 5, 1868.

+++ Ibid., p. 597-
+++ Tbid., Sept. 26, 1868, p. 336.

oo o o

Il Ibid., April 25, 1868, p. 406.
55§ Ihid., Dec. 26, 1868, p. 665.
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Joseph, of Leipsic, abundantly confirmed Lister’s good results
in the surgical clinic of Jacob's Hospital ;* similar testimony
came from Dresden, and from Professor Dittell, of Vienna;t
Mr. Bickersteth, of Liverpool, cited experience of the value
of the treatment in wounds, in ligature of arteries;{ Dr.
Rose, of Kidderminster, in cases of wounds, fractures, and
burns;|| Mr. Maunder, at London Hospital, antiseptic
ligature of arteries;§ Mr. Berkeley Hill endorsed Lister's
plan.T Acase of successful healing of a fistulous opening at
the umbilicus, forming an abnormal anus, under the care of
Dr. Sieveking, of St. Mary’s Hospital, is recorded.** The
plan was tried with more or less of completeness in the
hospitals of London, and there was much, though not unre-
served, evidence of success. The experience of University
College was largely in its favour; not only were surgical
results successful, but pyrexia after operations was notably
reduced under the plan of dressing; pyzmia, which had
existed up to the commencement of the plan, ceased, and
ne erysipelas occurred ; but it was noted that vomiting was
an effect of the dressings.tt Mr. Holt used the treatment
with success at Westminster Hospital. It was partially
employed at the Great Northern Hospital, where it was said
that the most notable point under its employment was the
absence of pysmia. At the London Hospital Mr. Cowper
employed it with great success in severe operations and
injuries.f{ Mr. Dobson, of Bristol;|||| Mr. Swain, of
Devonport; §§ Dr. Bartleet, of Birmingham;¥9 Mr.

* Practitioner, July, 1868, p. 6z,

+ Ibid., August, 1868, p. 1209.

1 Lancet, May 29, 1869, p. 743, and Ibid., p. 811, and July 2, 1870, p. 6.
I Iéid., Jan, 16, 1869, p. 9.

§ Ibid., Jan. 23, 186g, p. 122,

9 Brit. Med. Journal, Jan. 22, 186g, p. 81.

** Ibid., Jan. 16, 186g, p. 48.

tt Med. Times and Gazette, Dec. 5. 1868, p. 641; ditto, March 2o, 186g;
Lancet, Jan. 16, 1869, p. 86.

++ Med. Times and Gazette, July g, 1870, p. 34 ; ditto, Nov. 141870, p.587;
and Dec. 10, 1870, p. 670.

|l Brit. Med. Journal, Feb. 13, 186g, p. I51.

&% Ilid., p. 164.

N9 Ibid., March 27, 1869, p. 284.
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240 THE ANTISEPTIC SYSTEM.

Many who acknowledge that the results of the treatment
have been very valuable, refuse to believe in the theory of
septic germs. The danger of this scepticism is that they
neglect the minute precautions which a belief in the theory
enjoins; and thus both theory and practice are charged
with errors not their own. The occurrence of this scepti-
cism is very pardonable, for the relation of the germ theory
to the evils proximate and remote of wounds, have, even by
advocates of the germ theory, been stated with crudeness
and want of lucidity and decision. Those who see the
antiseptic method in operation, who witness the undoubted
fact that large wounds treated by carbolic acid can heal
without the production of a drop of matter, may yet fail to
see by what faculty the agent exerts this power of pre-
venting pus-formation. Being told that it is a potent
destroyer of germs, they enquire, *“ How do these germs
induce suppuration, and what is their relation to the
product, pus? Am I to believe that the rudiments of pus-
cells are floating in the air, and that these finding a suitable
soil on the living animal body, develope and propagate as
pus-cells " This view was gravely put forward by Lemaire.
According to him the formation of pus-globules is due to
atmospheric air. He compared them to the globules of
yeast, and attributed to them an analogous rdle and an
identical origin.* It must be seen that such a view cannot
be maintained, for we have abundant faéts to show that
the formation and concentration of pus can take place in
situations to which atmospheric air cannot penetrate, and
observations upon pus-corpuscles show that they have no
such mode of origin as this which has been claimed for
them.

Those observers who have closely watched the develop-
ment of the pus-corpuscle, though they are divergent in
their views of its proximate origin, nevertheless all agree
that it is derived from the intrinsic structures of the body
and not from material imported from without. At the pre-

* Je les ai comparés aux globules de la lévure de biére, et leur ai attribué un
role analogue et la méme origine.”—De I’Acide Phénique, p. 20.
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242 THE ANTISEPTIC SYSTEM.

of degradation to pus. The great histological characteristic
of the pus-corpuscle is its observed motional activity (see
Fig. 42) ; the soft material of which the corpuscle is com-
posed becomes protruded at various points of its circumfer-
ence in different degrees, causing it to assume ever-changing
shapes. This movement closely resembles that of an inde-
pendent individual organism, the Ameba. The buds and
offshoots from the motile pus-corpuscle become detached
from it to form individual corpuscles, which rapidly live,
grow, and develope like their parent.

The first inducing cause of pus formation may be pre-
liminarily defined as IRRITATION. Such irritation may
be brought about by agents operating primarily either upon
the tissues or upon the nervous system. The effect of such
irritation depends upon its degree; there may be congestion,
exudation, granulation, with, after interruption of the
normal functions of the part, an increase of the formative
activities of the protoplasmic masses subject to the condi-
tion of irritation. Or the irritation being in excess, con-
gestion and exudation may pass on to rapid cell-proliferation
and suppuration, ‘‘ the pus-cells being the extreme of excess
of quantity and impairment of quality in the product of
abnormally excited nutrition.”*

The great property which differentiates pus from the
normal cells or protoplasmic masses which constitute the
various parts of the healthy organism, is its property of
rapid development and self-multiplication. No longer are
these living molecules subservient to the nutritive needs of
the higher organism which contains them; they live a life
of their own, antagonistic to the life of the containing
organism. The view which I have thus propounded is
quite consonant with the views of those who believe that in
inflammation there is a degradation, not an exaltation,
of the powers of life. In the early stages of inflammation
there is a local withdrawal of the vis nervosa which controls

e

*» LisTER, pamphlet, On a Case of Compound Dislocation of the Ankle, 1?21:-..,
p. 21. See also, *“On the Early Stages of Inflammation."—Philosophical

Transactions, 1858.
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the normal circulation ; there is stagnation of the blood-
stream. By continuance of the retrograde process there is
further abstraction of force from the higher organism by
transference of vital power to the molecules effused from
the inflamed part: pari passu avith the vital acts, the
development and proliferation of the latter is the vital
depression of the former.

Under different circumstances and in different situations
pus-cells possess varying powers of proliferation. The
germinal matter of pus has differing potentiality. The
protoplasmic matter of which it is composed, at first soft
and diffluent, rapidly shooting forth its bud-processes, may
become denser, on its exterior a cell-wall may be formed;
then as this cell-wall becomes denser, the power of budding
and reproduction ceases, and the cell-contents undergo
retrograde metamorphosis into oil globules and inorganic
matter. :

Pus, then, is the product of the degraded germinal matter
of an organism, and its formation is due to any local
irritation which reaches a certain intensity. There are
many varieties of irritation which can induce suppuration.
Direct violence we know will induce it even when the skin
is unbroken, and there is no possible influx of germ-laden
air. Local disorders of innervation can induce it. Stimuli,
physical and chemical, can induce it. It is a matter of
common observation that chemical agents, as caustics, cause
the production of pus. Moreover, the very agents which
are employed as antiseptics possess this power. Carbolic
acid itself will cause irritation and pus-formation. It is
clear, therefore, that not only is an antiseptic not necessarily
a preventive of suppuration, but it can itself induce suppu-
ration. The one fact that we arrived at is, that the cause
of suppuration is drritation. Anything which can sufficiently
subdue the irritation which induces it can necessarily
Slvlppn:‘SE suppuration. Whilst, therefore, the idea of the
direct influence of atmospheric germs as inducing suppuration
is effectually disposed of, it may yet be that the irritation
arising from the putrefaction of wounds is a potent cause

R 2
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246 THE ANTISEPTIC SYSTEM,

method of exclusion of air from the wound ; healing goes
on beneath the scab just as if air had not been admitted at
all. Thus, as was shown by John Hunter, in a compound
fracture in which the external opening was sufficiently small
to be completely sealed by the natural crust, healing would
take place just as in a simple fraCture. The results of sub-
cutaneous surgery have shown how extensive wounds will
heal without any of the dangers which attend wounds of
the surface. Mr. Wm. Adams has shown some admirable
examples of formidable operations performed by the sub-
cutaneous method with excellent results.

Everyone knows the danger which attends the admission
of air into the great serous cavities of the body. How many
contrivances have been effected for guarding against this
contingency! Fluids may be withdrawn from these cavities,
and yet there follow no irritation, no suppuration; but let
air be admitted, and there ensues a definite series of changes,
irritation of the general system, suppuration, and finally
decomposition of pus, with feetor and the usual signs of
putrescence.

There is much evidence to be added. We have seen that
the condition of putrefaction can be a condition of irritation
in a wound, and that the absence of the chief condition of
putrefaction, the admission of atmospheric air, is a cause of
the prevention of such irritation. But we have evidence
that other restri¢tive influences upon putrefaction have also
a power of checking the phenomena of irritation in wounds.
A great necessity for putrefaction is the presence of water;
without moisture it cannot occur. “‘In the battle-fields of
Egypt,” says Dr. B. W. Richardson, “ operations per-
formed under canvas in perfeétly dry heated air, in whi::.h
all decomposition of albuminous matter is impossihle—.m
which air, in faét, albumen itself dries into a horny covering
—the process of rapid healing was a marvel to all who
witnessed it.”"* i

We have, therefore, a mass of evidence showing that

* See Medical Times and Gasette, April 13 and 20, 1867, pp. 383 and 409.
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putrefaction. We have concluded that it essentially
depends, not upon the atmospheric air itself, but upon life-
possessing particles suspended in it. To prevent the evil
influences of wounds, therefore, it is not of absolute neces-
sity to exclude atmospheric air, but to exclude or annul
those molecules on which its putrefaétion-inducing pro-
perties depend.

A synthetical illustration of the truth of this doétrine is
adduced by Professor Lister, in reference to pneumothorax
with emphysema, resulting from puncture of the lung by a
fractured rib. He says:—

“ A beautiful illustration of this doctrine seems to me to
be prevented in surgery by pneumothorax with emphysema,
resulting from punéture of the lung by a fractured rib.
Here, though atmospheric air is perpetually introduced into
the pleura in great abundance, no inflammatory disturbance
supervenes; whereas an external wound penetrating the
chest, if it remains open, infallibly causes dangerous sup-
purative pleurisy. In the latter case the blood and serum
poured out into the pleural cavity as an immediate conse-
quence of the injury are decomposed by the germs that
enter with the air, and then operate as a powerful irritant
upon the serous membrane. But in case of punéture of the
lung without external wound, the atmospheric gases are
filtered of the causes of decomposition before they enter
the pleura, by passing through the bronchial tubes, which,
by their small size, their tortuous course, their mucous
secretion, and ciliated epithelial lining, seem to be specially
designed to arrest all solid particles in the air inhaled.
Consequently the effused fluids retain their original cha-
racters unimpaired, and are speedily absorbed by the unirri-
tated pleura.”*

A further synthetical proof of the doctrine is the success

which has attended the practice of the principles which
Professor Lister has enunciated. In using carbolic acid an

agent is employed which arrests putrefaction ; where putre-
faction is thus arrested, the healing of wounds takes place

* Lancet, March 16, 1867.
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putrefaction in an open wound tends to prevent su ppu-
ration.

C. The object of the antiseptic system is to prevent putre-
faction, and thus to prevent the evils which flow from it.

CHAPTER XXIV.

THE ANTISEPTIC METHOD IN SURGICAL PRACTICE.

The idea that the antiseptic method of treatment is of
necessity the carbolic acid method of treatment must from
the very first be discarded. Carbolic acid holds a very high
place as an antiseptic, and practice has proved it to be of
great value, but it is far from being the only agm{t to
be employed: it is inferior under certain conditions, as has
been already pointed out, to other substances which possess
antiseptic qualities, and it possesses qualities besides those
attaching to it as a preventive of putrefaction which some-
times antagonise its advantages. Many of the materials
which have been employed from the most ancient times vie
with carbolic acid in their antiseptic power. The antiseptic
system in no wise asserts that the old lights are all to pale
before the new.

“ Vixere fortes ante Agamemnona.”

The great lesson it would teach is that of methodic dis-
crimination according to fixed and definite indications.
Professor Lister has, I know, been cited as the champion of
carbolic acid, but, as well from carefully reading his works
as from observing his praftice in the Edinburgh Infirmary,
and enjoying his own exposition of his own views, I am sure
the inference of those who thus style him is a false one. In
his practice Professor Lister employs many antiseptics be-
sides carbolic acid as the chief.

We will now consider the best means of practically fol-
lowing the theoretical indications in the case of wounds of
the surface.
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proportion of one part to four: this was applied by strata of
lint soaked in the dressing. Though this plan met with
much success, it was observed that the lint absorbed the
organic discharge, which it carried to its topmost layer,
where, communicating with air, it could decompose, and the
decomposing product could be carried back to the wound.
Moreover, as I have shown,* oil impairs direétly the anti-
septic power of carbolic acid ; thus, unless it is employed
with the acid contained in large proportion, it is inefficient,
and in this concentration it may be irritant.

(3.) Saturated Agueous Solution.—This appeared to answer
for the primary dressing of the wound equally well with the
strong carbolic acid, and did not give rise to the serious in-
conveniences of the latter. Of all the forms to adopt for
primary application of carbolic acid to a wound this ap-
pears the best, but it is open to the objeftions we have
before noted,—that its contained carbolic acid is capable of
rapid volatilisation and rapid absorption, with, of course,
impairment of the antiseptic power of the solution ; and the
acid forming its definite compounds with albumen contri-
butes to this impairment. Furthermore, an aqueous solution
of this strength may yet be an irritant. There is a circum-
stance also to be borne in mind which may serve both as an
objeétion and a caution—carbolic acid is not readily soluble
in water. If it be attempted to make a solution rapidly with
cold water, the result will be quite unsatisfactory. The
liquefied acid agitated with the water will contain molecules
of the pure acid irregularly distributed, but these will give
no uniformity of antiseptic action,—there will be little or no
true solution. If it is desired to make a strong solution
rapidly, the pure liquefied acid must be shaken with two or
three times its bulk of hot water, and then cold water after-
wards added. But even when thus made a true aqueous
solution, the application presents the disadvantage that it
does not readily penetrate the effused produéts, so that t!-ue,
antiseptic may get into immediate contact with all the moist

* See pp. 17, 21, 121, 122,
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is required to produce a corresponding effect. Alcohol
forms a dense coagulum ; tincture of benzoin answers still
better, forming an odorous, solid, moderately unchangeable
mass, and, I believe, deserves much of the credit so long
attributed to the balsams ; carbolic acid at once coagulates
the blood, and forms a dense leathery mass, which decom-
poses very slowly; with the serum it forms a similar, but,
as might be supposed, a less dense mass, from which fluid
exudes. Perchloride of iron, of all these substances, appears
to answer best. It acts promptly, a small quantity only is
requisite, not more than one-sixth of the quantity of pure
carbolic acid being required ; it does not destroy or injure
the bed-linen, as the acid does.* The compound is dense,
adherent, very unchangeable, and, being composed of only
those substances which normally enter into the composition
of the animal body, is more adapted for innocuous absorp-
tion, if not for actual assimilation and incorporation with it.
Alum forms a firm coagulum, and tannic acid answers admi-
rably, forming a soft leathery mass, which is very unchange-
able. Though the compound of blood and iron will remain
without decomposition for months, a white mould forms in
it much sooner than in the compound of blood and carbolic
acid. It is also more soluble in water than is the latter.
A small portion of a solid mass of three ounces of blood,
with which two scruples of perchloride of iron had been
mixed two months before, and exposed to the air with only
a paper covering, was put into water, in which it became
partially dissolved. A like portion of a compound of three
ounces of blood, with two drachms of pure carbolic acid,
was similarly placed in water, and after a month’s exposure
hardly any, if any, was dissolved. If solution be necessary
for absorption, this experiment would lead us to infer that
the iron compound is more readily absorbable than the
carbolic acid compound.” *

Thus we see that the metallic salts head the list in point
of antiseptic efficacy, and they present the further advantage

* British Medical Journal, August 7, 1869, p. 155.
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wounds cited by Mr. De Morgan have been attended by
rapid healing without suppuration. In cancer cases the
application is superior to any other, because of its power of
deep penetration into the tissues and of thus exercising its
coagulating power upon the albuminoid constituents of
cancerous matter, or, after extirpation of any cancerous
growth, upon the cancer elements which may have escaped
the knife. In the case of abscesses a once-for-all dressing
after the evacuation of the pus has been attended with rapid
healing with little if any suppuration, even in cases present-
ing the most unfavourable circumstances, as when con-
nected with diseased joints in scrofulous subjecs.* Accord-
ing to Mr. De Morgan’s data, Professor Lister employed
chloride of zinc with great advantage in compound fracture,
in removal of the tongue, in extirpation of the maxilla, &c.
Professor Lister, however, in general terms, declared his
preference for carbolic acid, ““ except in one class of cases,
those, viz., in which from the circumstances of the part
concerned, it is impossible to maintain an efficient external
antiseptic dressing, so that the application must be made
once for all at the time of the operation.” The reasons
given by Professor Lister for his preference for carbolic acid
are (1) its high antiseptic power; but this, under the cir-
cumstances existing in wounds, I have shown to be inferior
to the metallic salts; (2) its volatility, which is an evil as well
as a good, for it militates against its permanence, and its
power of carbolising the air in its vicinity may be insuffi-
cient as well as irregular; (3) it is a local anasthetic; but
it at first, like chloride of zinc, causes a twinge of pain by
its stimulating effect upon the exposed tissues of a wound.
There is no doubt, however, that the chloride of zinc is the
more painful application; (4) carbolic acid is, Professor
Lister says, soluble in a variety of liquids of different
properties. I cannot regard the behaviour of carbolic acid in
this relation as of the advantage imputed to it. The varia-
bility of its compounds tends to the variability of its anti-

* Trans. Clin. Soc., 1868, p. 138.
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hand; a hurricane blew at the moment, and the smaller
gate, which was fixed in the greater, was banged to with
violence. The ends of four fingers were crushed between
the two beams; it was impossible for the man to extricate
his hand from its horrid imprisonment. He managed to
ring the bell ; his wife drew the cord, and the gate opened;
thus he was rescued, and saw the dreadful condition of his
fingers, which poured forth blood. In order to make intel-
ligible the pressure to which this poor fellow’s fingers had
been subjected, it is sufficient for me to say that the two
posts of the new gate were so well joined that it was impos-
sible for me to insert between them the blade of the scissors
of my pocket-case. It would be understood that the soft
parts and the bones must have been crushed, and, in fact,
this was what took place. At the time of the accident, the
nails of the four fingers were displaced, and only adhered to
the matrix by a single point. The third phalanges were
crushed, shreds of the skin hanging; the ruptured arteries
and veins gave forth much blood. The first dressing was
made by a chemist, who did all he could to re-unite the parts
by little strips of linen; then he washed them with water,
to which a little tincture of arnica had been added. I did
not see the patient till the next day; he suffered horribly.
The haemorrhage was not completely arrested, the dressings
were full of blood ; I removed them all, and the haemorrhage
continued. I applied by the aid of linen strips a slight
compression on these parts, and caused continuous irriga-
tions of cold water to be practised. The suffering was
extreme; the patient had not slept for 48 hours in spite of
a strong opiate. At my second visit he said it was impos-
sible for him to endure such suffering any longer. There
was no longer any bleeding. I assured myself that the
compresses were not too tight; then I dressed it with
emulsion of coal-tar (1 to 15), and recommended that the
dressings should be constantly moistened with cold wa.ter.
A very sensible relief was obtained after the first dressing,
and the second day the patient was so tranquillised that he
slept for seven hours without awaking. He thought that
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Lis,te_:r,*-* It renders necessary the previous application of a
protective of prepared oiled silk (see Appendix). The
material soaked in the carbolised oil should be in folds or
E‘a}rers, extending to the thickness of at least a quarter of an
inch, and should reach a considerable distance, say 3 inches
beyond the wound and the proteive in all directions,
the outer layer being somewhat larger than the rest, so that
the margin of the mass of cloth may be thin. Gutta
percha tissue sufficient to cover the whole should then
be applied and retained by a roller steeped in carbolised oil.

As I have said before, though carbolised oil of a sufficient
strength may give off sufficient carbolic acid to render
air antiseptic, nevertheless oil is essentially a bad antiseptic
vehicle. If nothing better be at hand this method should
be adopted ; but others offer more chances of success.

B. Thin Sheets of Metal.—Mr. Lister used at first sheets
of tin, tin-foil having been found too porous. These were
lined with putty made with carbolised oil. Carbolised oil is,
however, a bad antiseptic, and it is irritant to the tissues.
A better external casing, one that is more readily at hand,
and the use of which has been attended with good results
by several surgeons, is sheet lead, which may be moulded
so as to exclude air very completely.

C. Carbolised Plasters.— The lead plaster and others
impregnated with carbolic acid have given place to the lac
plaster introduced by Professor Lister, which is certainly an
elegant application.

When these are applied to a wound after the primary
antiseptic dressing, care should be taken that they extend
freely beyond the wound at every part, ““so that the dis-
charge may have to travel a considerable distance beneath
the impermeable antiseptic layer before reaching the sources
of mischief externally.””t DBut the objection to the direct
application of these plasters to a wound is, that the carbolic

* it A Method of Antiseptic Treatment applicable to Wounded Secldiers in
the Present War,” by JoserH LisTER, F.R.S., &c.; British Medical Journal,

September 3, 1870, p. 243.
4 LisTER’'s pamphlet, On Compound Dislocation of the Ankle, p. 8.
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kept in a warm room, it is quite dry and hard. To prove
that this was due to the carbolic acid vapour and not to
mere exclusion of air, on June 12th I also placed a piece of
fresh meat in a cage, and covered it over in the same way
with calico, steeped in exactly the same composition as far
as the paraffin oil and wax were concerned, but without
carbolic acid; and in less than nine days the meat was
quite putrid and moist from decomposition, and I was com-
pelled to throw it away."” *

Professor Lister has more latelyt recommended muslin
or linen imbued with a mixture of paraffin, resin, and
carbolic acid (see Appendix).

D. Oakum.—This has also been recommended by Pro-
fessor Lister in the same communication. He prefers it to
the lac plaster. Oakum fibre contains creasote and other
antiseptic hydrocarbons which are insoluble in the exuda-
tions of the wound ; hence its antiseptic effect is more per-
manent than that of carbolic applications. Under the

lac plaster the skin is kept moist and becomes slightly irri-

tated ; under oakum, it is dry and is not irritated. It
serves to drain away the discharge as fast as it exudes.
Moreover, it allows the efficient strapping of wounds,
which is impossible under lac plaster. * Under oakum an
adhesive plaster retains its hold as well as under dry lint.”
Of course the plaster used should be rendered antiseptic
(see Appendix).

E. Carbolised Powders.—It appears to me that this form
of application for simplicity of employment as well as for
fulfilling the chief ends of the antiseptic method, stands
very high in value. Its disadvantages in valvular wounds,
and those in which its perfeét introduction is difficult, have
already been pointed out; but these only apply to it when
it is used as a primary and a sole dressing. It is a totally
different thing when, the wound having been once treated
efficiently with an antiseptic, this is used to prevent the

* British Medical Journal, September 4, 186g, p. 267.
t Ibid., January 14, 1871, p. 2L
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268 THE ANTISEPTIC SYSTEM.

combines the antiseptic with the deodorant, and enhances
the action of each.

(4). Plaster of Paris—Whenever it is desired to produce
an antiseptic crust which shall exclude air as much as
possible, carbolised gypsum, which is prepared with the
utmost readiness, should be employed. It may be under-
stood that these carbolised powders can in a very simple
manner be a substitute for all the carbolised plasters which
we have considered. If it be a small and superficial wound
to be healed, after once rendering it antiseptic by a fluid
according to data already given, the powder may be dusted
direétly upon the wound, and instruftions given to the
attendant that the powder be occasionally renewed, as the
exudations make the surface moist. If it be an extensive
wound, or the dressing after an operation, after full and
complete washing with the liquid antiseptic, strips of linen
soaked in the same can be applied, and then a coating of
the powder, which, incorporating with the moist applications,
makes a complete casing. Sufficiently frequent application
of the powder causes all interstices to be filled up, and the
end of thoroughly carbolising all the air which enters is
attained. Of course, if it be preferred, the powders can be
used as adjuvants to the plasters to obviate frequent changes.
The powders are also specially applicable where, as in
wounds of and operations upon the face, plasters on account
of inequalities of the surface cannot be efficiently applied.

Repetition of Dressings.—Especially in regard to the
antiseptic system is nimia cura medici to be deprecated. The
dictum of Professor Lister cannot be too forcibly uttered,
that for the healing of injured tissues no stimulant nor
mysterious specific is necessary, but ALL THAT THEY NEED
IS TO BE LET ALONE. There is a frequent impulse to look
at a wound ¢ just to see how it is going on,” which is pro-
ductive of no good and of much danger. I have heard of
those who, by adopting all the preliminary measures, fancy
they are adopting the antiseptic method, though they insist
on inspecting the results of their handiwork without any
efficient safeguard which the antiseptic system enjoins,
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270 THE ANTISEPTIC SYSTEM.

blown over the hot liquid acid would be of most value as
an antiseptic atmosphere to permit the inspection of a
wound. The solutions of the metallic salts are, however,
good antiseptics in presence of moisture, and may be
employed for the examination as irrigations or as spray;
their antiseptic effects are, moreover, much more permanent,
so any hurry in re-dressing may be avoided by their use. As
exudation tends to cease and cicatrisation begins, the in-
tervals of dressing are to be prolonged, only the external
means, whatever it be, of rendering the chance air which gets
to the wound antiseptic must be put in force. The intervals
of dressing in the severe case of compound dislocation of
the ankle treated by Professor Lister were these—r1 day;
I day; 2 days; 3 days; 5days; 5 days; 7 days; 8 days. In
military practice, respecting the oily application before
discussed, Professor Lister says, ‘“The times of changing
the outer cloth or treating it with fresh oil should be in
accordance with the amount of discharge. During the first
24 hours the effusion of blood and serum is necessarily
profuse, and it will be well that fresh oil be applied to the
outer cloth within 12 hours of the first dressing, or even in
6 hours if there should be unusual oozing. On the second
day, also, in the case of a large wound, two dressings in the
24 hours will be desirable. After this, if all go well, the
discharge will diminish quickly, and a daily renewal of
the antiseptic supply will be sufficient ; and when 5 or 6
days have passed to apply the oil once in 2 days will be all
that will be required. This, however, should be continued
after discharge has ceased entirely, till sufficient time has
passed to insure that the wound has healed by scabbing, or
at least has been converted into a supérficial sore.”* In the
latest case recorded—forcible compound re-fracture of ulna
and radius for faulty union—the following were the intervals
of dressings:—1 day; 2 day; 4 days; 4 day; 5 days.
Practical Summary of Antiseptic Treatment of
Wounds.—(A.) The wound is simple and superficial.

* Brit. Med. Journal, Sept. 3, 1870, p. 244.
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CHAPTER XXV,

EMPLOYMENT OF CARBOLIC ACID IN THE TREATMENT OF
SURGICAL AFFECTIONS.

Boils and Carbuncles.—M. Lemaire relates, in his
work,* three severe cases of anthrax in which carbolic acid
was applied, with rapid amendment of both local and general
signs, and with ultimate cure. In these cases the dead
tissues were, as far as possible, removed, and the saturated
aqueous solution of carbolic acid was applied so as tho-
roughly to impregnate the exposed parts; then a compress
soaked in the carbolic lotion (}, 1, or 5 per cent) was kept
over the surface. In one case, through an opening made by
the sloughing of the skin, the saturated aqueous solution
was injected into the cavity. In all cases a great relief of
pain followed even the first dressings. Dr. Cleborn, U. S. A,,
in whitlows, boils, and abscesses, adopted the following
‘method :—He made a free opening as soon as flu¢tuation
was detected, and, when the pus was gently expressed,
injected liquid carbolic acid, after which cold water dressing
was applied. Thus suppuration was prevented, and the
wound healed rapidly ; the patients were enabled to return
to duty in two or three days, and in some cases—the edges
of the wound being brought together by isinglass plaster—
complete healing took place in twenty-four hours.t Dr.
Peter Eade, after free incision of an extensive carbuncle at
the back of the neck, and subsequent poulticing, dressed the
wound with lint soaked in carbolised oil (1 to 5). In two
days great improvement was manifest. ‘‘ Pale, flabby, and
sloughy cellular tissue became quickly covered with new
red, and even florid; granulations ; the amount of suppura-
tion was much diminished, and throughout a much smaller
quantity than usual of shreds of slough were discharged;
whilst the diseased skin, when its spread was once arrested,

* De I'Acide Phénique, p: 452. ‘
+ Amer. Journ. of Med. Science and New York Med. Record, quoted in

Brit. Med. Journal, Feb. 20, 1869, p. 164.
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St::lution of sulpho-carbolate of copper or zinc has been used
with advantage, and with no irritant effeét whatever.

I have employed weak carbolic lotion in cases of balanitis,
such as frequently occur in female children, with much ad.
vantage. The plan usually adopted has been to prescribe a
strong (5 per cent) lotion, with instructions that at the
commencement of treatment injections be administered,
Fonszsting of one part of the lotion to five parts of water;
if necessary, the strength can be progressively increased.

.Eancer.—-Lemaire records four observations which cannot
fail to draw attention to the remarkable effects of carbolised
dressings upon cancerous ulcerations. Besides a great
improvement in the wound—cleansing, removal of odour,
arrest of exudation—an effect was manifest upon the can-
cerous elements themselves. In several cases the ulcerations
cicatrised ; pari passu, the general cachexia passed away,
and the patients returned to almost normal health. MM.
Bazin, Drumen, and Petit also obtained very good results.

In the first case recorded by Lemaire, an extensive cancer
of the left breast, ulcerating and suppurating, with a copious
feetid discharge, requiring the application of fourteen or
fifteen napkins each day, was treated by lotions and com-
presses of the emulsion of coal-tar (I to 10). Immediate
disinfection took place, pain was subdued, and in ten days
secretion was arrested. As treatment progressed the health
improved, appetite returned, digestion became better, there
was natural sleep. More than a year afterwards the patient
was observed in apparently perfect health; the skin was
sound, but beneath it there had been increase of the can-
cerous tumour, which was about one-third larger than at
first. The tar application was preferred to the dilute car-
bolic acid.

The second case recorded was cancer of the vulva, vagina,
and perinzum, in which gangrene had invaded the labia,
nymphz, and vagina. The patient was in a most alarming
condition. The coal-tar emulsion was applied, and a sponge
impregnated with it was placed in the vagina. Lemaire
recommends the simple plan of first placing the sponge
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seems of the greatest practical utility. The plan consists
of the destruction of the tumour with caustic arrows, and
the treatment of the wound by carbolic acid. In a case of
epithelioma of the inner canthus, of nine years’ standing,
involving both eye-lids, five openings were made in the
tumour, and caustic arrows inserted. On the third day the
tumour sloughed away; the wound was now painted with
strong carbolic acid, and covered by wadding dipped in gly-
cerine. In three days there was a uniform granulating
surface. It was then covered by carbolised wadding dipped
in glycerine, the dressing being changed every second day,
and the wound washed with weak solution of carbolic acid.
The *caustic arrows” are made by mixing chloride of
zine into a stiff paste with starch, rolling into shape, and
drying.*®

I have had an opportunity of personally observing the
apparently extraordinary power of carbolic acid to induce
the formation of a perfect cuticle over a cancerous mass.
A lady, aged 40, who had been my patient several years
previously, called my attention on October 5th, 1867, to two
painless nodules, of the size of filberts, situate in the left
breast. Irom the peculiar dyscrasia, though not from the
appearance of the nodules themselves, I gave my opinion
that they were cancerous, and advised, subjec¢t to the ap-
proval of an eminent surgeon, extirpation. My diagnosis
was, however, not confirmed ; they were considered fibrous,
and a twelvemonth was devoted to general tonic treatment,
including a prolonged stay in a healthy part of the North of
Scotland. On presenting herself early in October, 1868, I
found a single hard tumour, the size of a large lemon,
measuring 4 inches in its long and 3 inches in its short
diameter. A gland of the axilla, also, was indurated. Sir
Wm. Fergusson, on October 21st, extirpated the cancerous
mass. Soon after the operation fungous cancer appeared in
the wound, which presented a large ulcerating surface.
Under treatment, first by carbolic oil, afterwards by carbo-

* British Medical Journal, August 8, 1868, pp. 150 and 303.
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the suppuration, and modifying rapidly the ill aspeét of the
ulcerated surfaces, which were cleansed, and which assumed
a better colour. A pronounced disinfecting action must be
added to these results.”*

Mr. Holmes Coote has employed carbolic acid applications
in the treatment of the primary forms of syphilis. In one
case of mucous tubercles of labia and thighs, an aqueous
solution of 5 grains to the ounce was employed— cure took
place in three weeks. In a second case, of greater severity,
besides the use of the lotion, an application of equal parts
of the strong acid and water was painted over the surfaces
each day—the case was well in twelve days, In a third
case, similar to the last, the period of treatment was fourteen
days. Mr. Coote says the plan has been followed with
success on several foreign stations. Soft chancres were also
treated by carbolic acid with good results. Healing took
place usually in ten to fourteen days.t

Mr. Sealy Smith, of Seaforth, Liverpool, has recorded a
very successful case, in which carbolic acid was used in
syphilis accompanied by severe throat symptoms. The
disease involved a great extent of the throat; the tonsils

~ and uvula were destroyed, and the whole of the pharynx, as

far as could be seen, was a sloughing surface ; much of the
muscular substance of the pharynx had sloughed, and the
disease extended into the nasal passages, from which there
was a constant discharge. Swallowing was scarcely pos-
sible, emaciation was extreme, and circulation very feeble—
in fact, the patient had given up all hope of life, Liquefied
carbolic acid was brushed over the whole diseased surface,
and afterwards the patient took much liquid food, and iedide
of potassium (10 grains) with Battley's solution of opium
and cinchona internally. A weaker solution (1 to 6o) was
now used twice daily. Much amendment took place, and
the patient was enabled readily to take food. After fifteen
days, carbolised glycerine (1 to 30) was employed, the inter-

* Lemairg, De 'Acide Phénique, p. 4g8.
+ Brit, Med. Journal, March 14, 1868, p. 241, and April 25, 1868, p. 414
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being ceaseless. The carbolic dressings were now changed for
linseed poultices, when all the symptoms abated. A week
afterwards the carbolic applications were resumed, where-
upon the vomiting and all the evil symptoms recurred. On
leaving off the dressings they ceased. A third time the
weak lotion was injected into two sinuses which remained ;
slight sickness after food followed and led to their being
discontinued, when all the mischief subsided. There
could be no doubt as to the cause of the symptoms; and
the case proves that in some persons exceedingly small
quantities absorbed from the surface will produce toxic
effects. In the case thus recorded there was no charac-
teristic effet upon the urine; but in many other cases
in which carbolic acid has been used as an external dressing,
such has been noted. Dr. Wilks, in a note inserted in Dr.
Lightfoot’s communication, mentions a case of typhoid
fever, in which extensive bed-sores existed, and says, ** For
two days I dressed them with lint soaked in carbolic acid
(one part to five of linseed oil). After the second dressing
severe and continuous vomiting occurred, and the urine
became very dark (as with anasarca after scarlatina),
leading me at first to think that there was hazmorrhage
from the kidney. On discontinuing the carbolic dressing the
vomiting ceased, and the urine became natural. Under the
microscope there were no signs of blood-corpuscles, only
dark amorphous particles as of carbon.” Dr. James Wal-
lace, of Liverpool, also gives an interesting record* of the
case of a strumous child, in whom an abscess connected
with the hip joint was dressed with 1 part of carbolic acid
to 8 of olive oil. After each dressing symptoms of
vomiting occurred, and the child became sallow, cachectic
and extremely prostrate. The urine was of a smoky tinge,
of a specific gravity of roro to 1015, but contained not a
trace of albumen. An excess of nitric acid being added to
the boiling urine a dark precipitate was thrown down,
which on some occasions only gave evidence of the presence
of bile-acids. Under the microscope this precipitate

* British Medical Journal, April 30, 1870, p. 432.
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came on.* Lastly, symptoms of congestion of the lungs
became manifest, and the patient, conscious to the last,
sank gradually, and died 40 hours after the application
of the acid. The eldest patient (aged 68) rallied from
her unconsciousness after four hours. She described her
first symptoms as those of intoxication with constriction
of the head. After rallying there were no particular
symptoms, the skin was thrown off in small scaly patches ;
complete recovery took place. Another case in which a
child of 12 months old died from the effects of carbolic acid
applied to the surface is recorded by Mr. Edward Sandwell.
The circumstances were singular; they are appended in Mr.
Sandwell's own words :—

““*On August 31st, Emma , aged 12 months, came
under my care suffering from extensive ulceration of the
whole of the gluteal region, together with the labia, &c.
The mother of the infant is charwoman to the Ragged
Schools in this distri¢t ; and, having on the 2g9th of August
to clean the rooms, took with her the baby and another
child 12 years of age to look after her. Just before she
commenced working, the superintendent had used his usual
disinfectant of one ounce of carbolic acid to a quart of
warm water, which he sprinkled about the room, as was his
practice. The elder child sat the baby on a block of wood
on which some of the disinfectant had been thrown. No-
thing was noticed on the day of the occurrence, the child
being washed and put to bed as usual. The next morning,
blistering had commenced, and rapidly passed into the state
of ulceration in which I first saw it. I ordered a dry
application of Fuller’s earth and French chalk, which
seemed to comfort and cause a diminution of the inflamma-
tion. On the fifth day after the accident, I gave a lotion of
liquor plumbi with glycerine. Several sloughs formed and
separated, the child gradually becoming weaker from
exhaustion and shock. There were some signs of internal

* The girl had been previously epileptic.
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surfacf.: of the body applied, whether external or internal, the
agent 1s absorbed with almost equal rapidity. Great caution
Ehﬂ-}lld, ther&fﬂfﬂ, be used when large cuticular 5UI'fﬂCE$ are
subjected to the influence of carbolic acid. Thus, if a solu-
tion containing it be used as a remedy in itch, directions
should be.given that portions only of the surface should be
acted upon ata time. It has been recommended that after
recovery from some of the zymotic diseases, the whole sur-
face of the body should be washed or anointed with a car-
bolised application. Here, also, great caution must be
used ; the effects in the debility after acute illness might be
severe even in small proportions, and it must be recollected
that certain people manifest a strange susceptibility to the
effects. The carbolic acid soap, introduced by Mr. Calvert,
seems quite destitute of danger, although it contains a large
proportion of the acid; but there are other antiseptic agents
which may more than vie with it in efficacy as an appli-
cation in suich cases, for its rapidity of absorption of course
impairs its persistency of action. We have shown that
camphor is a potent antiseptic ; this, in the form of cam-
phorated oil, I have frequently recommended for external
application to prevent infection—it seems very efficient, and
is certainly harmless. The circumstances also confirm the
opinion I have stated, that carbolic acid is nof the best
primary dpplication to recent wounds. The rapidity with
which it is removed from the wound surface by absorption,
and hence the impairment of its antiseptic action, as well
as the toxic effets which this absorption is capable of
inducing, place this agent far behind others which, though
equally potent antiseptically, are less dangerous. On the
other hand, I am sure that nothing so efficiently renders
antiseptic the air, and hence nothing is so valuable as an
external application for riddihg the air which may come in
relation with a wound of its dangerous qualities. Again, I
think the use of carbolic acid in any form as an enema
should be discouraged. M. Lemaire, nevertherless, ad-
vised it to be thus used for the treatment of ascarides
In a child of eight, he employed 21 centigrammes of the
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daily, dissolved in 400 grammes (about 13 0zs.) of sugared
water,"”*

I am sorry to add that my own experience has not
corroborated these favourable results of M. Lemaire. I first
employed carbolic acid in moist inhalations at the Royal
Hospital for Diseases of the Chest, City Road.

The formula I adopted was the following:—

B Acid carbolic: liquid: %ss.

to be added to a pint of boiling water, and the vapour in-
haled. The inhalations were generally made night and
morning. In some cases the patients expressed themselves
as relieved, and especially said that after the inhalation they
could obtain a good night's rest. I append a table of the
results in 20 cases observed.

Cases.
B much improvement. .

2 cases, relieved cough and disposed

7. < « o reliefq4 forsleep.
{3

5

I case, expectoration diminished.
1st stage {3, much improvement.

-
-

-

. doubtful, or no improvement.
. WOT'sE.

of the {2, no improvement.

disease. |1, slight improvement. | {.2’ e

2) ug ImprogemeTG ptysis (1, diminished.
znd stage 4, fair improvement. Cough {1, ey

2’ ?;;iii;:ﬁe' generally |2, unrelieved.
, -

3rd stage1, doubtful.
2, became worse.

In regard, therefore, to the inhalation of carbolic acid in-
termingled with the steam of boiling water, my conclusion
is identical with that of Lemaire, viz., that the evidence is not
favourable enough to encourage an extended use of the plan.

* De I'Acide Phénique, p. 615.
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an hour, the animal finally died. Sensibility was much
impaired in the earliest stages of action while muscular
ation persisted. Suspension of heart’s a¢tion took place
during diastole.*

To observe whether the toxic action of carbolic acid in
these cases was due to coagulation of the blood, MM.
Lemaire and Gratiolet examined its influence on the bran-
chiz of the salamander when observed by the microscope.
It was found that though circulation was immediately
arrested, the shape of the blood corpuscles was unaltered—
they became suddenly motionless.t ‘The common experience
of microscopic observers shows that weak solutions of
carbolic acid produce no change on albuminoid tissues,
only these are preserved in their pristine conditions.

When a 5 per cent aqueous solution of carbolic acid is
administered to dogs the following symptoms are pre-
sented :—1. Agifation: The animal in a minute or two falls
on its side, the muscles being convulsively twitched, cough
occurs, and saliva runs from the mouth. 2. Anaesthesia:
The sensibility of the skin is diminished, and in some cases
perfect general anazsthesia is produced. The muscles also
are paralysed. The carbolic acid is expired from the lungs,
and is thus eliminated. The power of movement is gradu-
ally recovered ; sometimes the anterior, sometimes the pos-
terior, limbs are the first to recover. The toxic symptoms
generally pass away in from 20 to 30 minutes; but the dogs
remain weak and tottering, and do not absolutely recover
till the end of 24 hours. The conditions observed when
carbolic acid has been administered in a non-fatal dose
(death being induced by opening the aorta) are especially
—manifest congestion of the vessels of the brain, and in less
degree those of the spinal chord. .

The presence of olive oil or of albumen considerably
diminishes the action of carbolic acid as given by the
stomach; but the presence of glycerine greatly intensifies

* De 'Acide Phénique, pp. 61 ¢f seq.
t Loc. cit., p. 100.
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considered as the antidote for carbolic acid, and that in cases
of poisoning it should be immediately administered.

[I. Poisoning by Carbolic Acid in the Human Subject.
—Cases of poisoning by the absorption of carbolic acid by
the skin have been already considered. There have been,
also, several instances in which death has resulted when
this agent has been swallowed.

At the Derby County Infirmary carbolic oil was admi-
nistered to a man, 64 years of age, in mistake for a dose of
medicine. The quantity of pure acid taken was rather more
than a drachm. In ten minutes the man appeared very ill.
There were flushing of countenance, profuse perspiration,
ineffectual vomiting, the eyes rolling wildly. The mucous
surfaces of mouth, tongue, and throat were whitened by
contact with the agent. The means attempted for restoration
were —mustard emetic, stomach-pump, administration of
albumen, injection of castor-oil. After an hour mental
equilibrium seemed restored, pyrexia and retching con-
tinuing ; and there were epigastric pain and tenderness.
The symptoms of gastritis deepened, and continued until
nine hours after the ingestion, when collapse supervened,
and death took place in three hours—twelve hours from the
poisoning. Mr. Anderson, the house surgeon, in recording
the case, considers, with much apparent reason, that the
symptoms arose *from the direct effect of the acid upon
the parts with which it came in contact, reating upon a
constitution enfeebled by age and a previous severe acci-
dent.” There was no post-mortem examination.*

A case of poisoning by impure carbolic acid occurred at
the Surrey County Lunatic Asylum, Brookwood. To a
woman of 30, hemiplegic, about 1} ozs. of the crude acid
were administered in mistake for a senna draught. Imme-
diately intense burning pain down the cesophagus and
stomach was experienced; the mucous membranes were
seen to be whitened. In a few minutes speech became
stammering and the patient tottered, then insensibility

* Lancet, January 3o, 186g, p. 179
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speechl'ess, ar}d with turgid countenance: before the arrival
of me:dlcal aid the man was dead. A bottle, which had
cuntmped .about an ounce of a fluid supplied for the purpose
of.sprmklmg the floors for driving away cockroaches; was
said to have been near deceased, but subsequently to the
death it had been thrown away ; only the post-mortem
examination, therefore, could explain the cause of death.
The post-mortem signs noted were—engorgement of vessels
of the surface, the visible mucous membranes whitened ;
vessels of the scalp gorged with dark blood ; brain pale ;
stomach contracted, contained about an ounce of turbid
pinkish fluid smelling of carbolic acid; coats of stomach
much thickened ; mucous membrane elevated in ridges,
like those upon®the palate of an ox, hard and whitish on
the summit ; pyloric extremity pinkish, but comparatively
unaffected ; in intestines no trace of local effects of the
agent; cesophagus as the stomach, but in less degree; the
mucus in masses, white, and loose, coming away with a touch.
Dr. Barlow was led to infer “that the man, upon waking
from his slumber, with the raging thirst so likely to follow
a debauch, saw the bottle near him and mistook the contents
for spirits, and the fluid, entering an empty stomach, seized
upon and corrugated the coats of that organ in the manner
before stated, and the consequent shock and depression
caused almost immediate death.” *

In another case, recorded by Mr. F. Sutton, Resident
Medical Superintendent of the Borough Asylum at Norwich,
a female, aged 43, swallowed an ounce of crude carbolic
acid in mistake for black draught. Five minutes afterwards
she was insensible, with contracted pupils, face blanched
and bathed in perspiration, respiration stertorous. She died
within an hour and a half of the ingestion. The treatment
consisted of the application of the stomach-pump, which
was with difficulty passed down the cesophagus. The
autopsy showed whitening of the mucous membrane of the
mouth. The stomach manifested dry white patches on the

* Lancet, Sept. 18, 1369, p. 404.
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3oo THE ANTISEPTIC SYSTEM.

after death uncoagulated, and the blood corpuscles are not
visibly changed. That it has a profound effeét upon the
nervous system is obvious; the nerves of the surface of the
higher animals are first irritated, subsequently anzsthetised.
It is probable that, in the case of the low forms of life,
there is a dire¢t action upon the protagon. Obviously its
direct and local effeéts upon the surface constitute but a
small part of its action, for not only are its internal effeéts
much intensified when it is administered with an agent such
as glycerine, which diminishes its topical action, but
symptoms of its systemic action are manifest from its
diadermic absorption. '

The early effects of its systemic absorption in the higher
animals are manifest upon the nervous system. From the
flushings, the congestion of the surface, and the induétion
of sweating, it would appear that the vaso-motor nerves are
paralysed. The prominent symptoms are those of intoxica-
tion; these may be induced by doses which are not
poisonous. Lemaire has noted cases in which children of
eight years of age have presented symptoms of stupor after
the administration of an injeftion containing 50 centi-
grammes of the agent. Some people are much more
susceptible of its influence than others. A child of three who
had taken 2o centigrammes in sugared water was violently
excited ; and another of eight presented the same symptoms
after taking 30 centigrammes. A patient suffering elephan-
tiasis, who took about 3 grammes per diem, suffered head-
ache, vertigo, and tingling of the fingers and toes.
Another patient after the ingestion said, it always made
him feel intoxicated.* The chemical constitution of the
agent, itself an alcohol, affords a reason for its intoxicating
power. It is absorbed into the current of the blood .an_:i
projected throughout the system ; it is observed that elimi-
nation of it takes place chiefly by the pulmonary surface,
but the kidneys in part share this B.iftiﬂl:l ;lthese are ren-
dered hyperhzmic, and the excreted agent is in certain cases

to be detected in the urine.
* LEMAIRE, De 'Acide Phénique, p. 95 ¢f seq.
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local irritant, whereby the symptoms of acute gastritis
have been induced, partly as a specific poison, having
pronounced and determinate effects upon the internal
organs.

:I‘a?cicﬂlngical Data.—It is to be remarked that carbolic
acid is one of the most powerful of poisons. Great care
should be enjoined in its use ; this fact should be impressed

upon all who use it as a disinfectant. It can cause death’

even when it acts only upon the skin ; particular care
sh.ould be taken when children are likely to come in relation
with it. It should never be sprinkled upon the floors or
upon any surface likely to be used as a seat unless it be in
perfect solution in water. Direétions have been given for
obtaining this perfect solution. The faéts have shown that
it has frequently been swallowed in mistake for beer or
spirits. The provisions of the Poisons A¢t should be put in
force in relation to it.

The signs indicating poisoning by carbolic acid are especially
the whiteness of the mouth, tongue, and fauces, induced by
the local action upon the mucous membrane, and the cha-
racteristic odour. The symptoms have been already indi-
cated.

The treatment of cases of poisoning should be conduted
upon the following principles :—There are three objeéls in
view—{irst to render inert and to remove the acid which
remains in the stomach ; secondly, to antagonise the effects
of the poison already absorbed ; thirdly, to relieve the symp-
toms of local irritation. The first of these indications is
fulfilled by the administration of a substance with which
carbolic acid forms an insoluble compound. The best sub-
stance to employ—one which can be considered a veritable
antidote to carbolic acid—is albumen. Oil has been recom-
mended, but this possesses less advantages, its union with
carbolic acid is less stable, it is less readily miscible with
the stomach contents, and if any be retained it gradually
gives up the carbolic acid, and can thus prolong, though it
at first diminishes, the toxic effe¢ts. The first thing, there-
fore, to be done in a case of carbolic acid poisoning is to
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306 THE ANTISEPTIC SYSTEM.

which suffered from the anthracic disease contraéted natu-
rally. It is added that a man and child both affected with
malignant pustule, and in an extremely dangerous state,
““were saved by the employment of carbolic acid adminis-
tered externally and internally.” M. Lemaitre used the
same method of treatment in five horses attacked with
anthracic disease, and all five recovered.*

Of course caution must be exercised in drawing positive
conclusions from these data, but there are certain points to he
elicited from them which seem to have a deep signification.
Besides the dire¢t evidence pointed by the recoveries (in
Mr. Hope's cases of cattle plague and the cases of anthracic
disease cited by the French Commission) in diseases which
were collaterally proved to be almost uniformly fatal, there
are to be noted (1) that the natural course of the diseases
has been modified under the influence of the treatment
adopted. This is shown (a) in Mr. Crookes’s cases by the
thermometric observations. Observations show that in
cattle plague there is a progressive increase in the sensible
temperature of an animal; injection of carbolic acid into the
blood of diseased animals was uniformly followed by a de-
pression of temperature ; (b) under the carbolic acid treatment
the normal duration of the disease was prolonged. In Mr.
Crookes’s cases, the mortality, which usually occurred at
latest on the fourth day, was prolonged until the sixth. A
like protrac¢tion was observed in anthracic disease, as
recorded. (c) The evidence showed that there might be a
quantitative relation between the therapeutic agent and the
curative effet. Treatment which was unsuccessful in
restoring cattle when the agent was used in the proportion
of less than one part to 10,000 of their blood, was successful
when it attained this proportion; (d) lastly, the pathology
which has been enunciated in former chapters fitly and
rationally explains the therapeutic properties of the agent.
In the diseases in question there exist organised particles in
the blood. In anthracic disease occurs that decomposition

* Comptes Rendus de I'Acad. des Sci., 186g, pp. 82—86.
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urmtf_ bf:fﬂre the addition of the nitric acid and the
application of heat presented no abnormal character
whatever. (3) The addition of strong nitric acid to an
aqueous solution of carbolic acid causes a deep brown
colour. I have found that if a small quantity of an aqueous
solution of carbolic acid be added to urine, and afterwards a
little nitric acid, no change is induced; but if the whole be
heated, a deep red coloration appears, closely resembling
that induced in the case of the urine of carbolic acid absorp-
tion. There can be little doubt, therefore, that the greenish
hue, the seeming ha&maturia, in cases in which carbolic acid
has been absorbed, is really due to the agent itself in a
stage of oxidation, and that the coloration induced by nitric
acid and heat is evidence dire¢t of excretion of carbolic acid
itself. We come now to the practical employment of
carbolic acid in certain diseases.

Dyspepsia.—Dr. Fuller speaks of its value in fermentive
dyspepsia; this is, as might be expedted, of its ation as
an antiseptic; administered in 6 or 8 minim doses, it
stimulates and is extremely grateful to the stomach ; it causes
an immediate evacuation of flatus, and by checking fer-
mentation it puts an end to the evolution of gas, which
forms the most distressing feature of many varieties of
dyspepsia. “ With the exception of charcoal,” Dr. Fuller
adds, ““ I know of no remedy so useful in these cases, and
it not unfrequently operates beneficially when charcoal
fails to relieve.”* Dr. John Harley, however, has not found
that it annuls the produétion of sarcine veniriculi. Dr.
Garraway found it a geod remedy in one drop doses in the
sickness of pregnancy.t Dr. Wilks also finds it of use
generally in sickness, and Dr. Andrew Clark has found it
preferable to creasote, especially where there exists either
fermentation or gastric catarrh, The last observer says
that it is of value, especially when combined with morphia,
in irritability of stomach. In pyrosis it has cured when

* Carbolic Acid: its Doses and Medicinal Value; Brit. Med. Journal,

Feb. zo, 186g, p. 161.
+ Ibid., p. 235.







31z THE ANTISEPTIC SYSTEM.

of carbolic acid in malarious fever. It was employed in two
modes—(1) internally in grain doses, with a little brandy or
bitter infusion ; (2) hypodermic injeétion of from 1z to 2o
minims of a solution of 64 grains of the pure acid in
4 ounces of water.®* Dr. Tessier reports, that of 30 patients
treated by the hypodermic injection of from 20 to 40 minims
of the solution just mentioned, the injection being repeated
daily (sometimes twice daily) for three days, two-thirds of
the cases were cured.t Other observers, as Mr. E. C. Mackey,
have failed to confirm these results.] Inthese cases 5 minims
of carbolic acid were administered internally every four hours.
It would appear quite unnecessary to administer carbolic
acid by hypodermic injection, when it is so rapidly absorbed
from the skin-surface when applied externally mingled with
oil or glycerine, or other such vehicle.

Scarlatina, Measles, and Small-Pox.—Dr. Alex. Keith,

of Normanby, in a communication to the ‘° Lancet,” of

Jan. 22, 1869, calls attention to a successful mode of treat-
ment of these zymotic diseases by the internal administration
of carbolic acid ; 600 cases were treated, with five deaths.
The dose of pure carbolic acid administered was from about
4 to 6 minims, the adjunéts being acetic acid, tinéture of
opium, chloric ether, and water (see Appendix). Dr. Keith
gives no sort of classification of his cases, so that it is
impossible to arrive at any just appreciation of the value of
his treatment. He believes that the physiological effects of
the carbolic acid treatment are—(1) profuse perspiration ;
(2) rapid lowering of the pulse and subsidence of pyrexia;
(3) cleansing of tongue and diminution of soreness of throat ;
(4) increase of appetite. Not all these signs accord with those
which we have observed as those characteristic of carbolic
acid, the diaphoretic effeét, for example. Dr. Keith notices
the darkened urine as an effec¢t of the carbolic acid.
Small-Pox.— M. Chauffart employed carbolic acid in
" this disease with evidence of much success; 15 grains freely

* Lancet, January 23, 1869, p. 136.
t British Medical Journal, September 18, 1869, p. 428.
+ Lancet, May 15, 186g, p. 671,

T R R

'-.‘ !"‘."'..J#ﬂ-l -;!'!'I“‘ [

ol







314 THE ANTISEPTIC SYSTEM.

bronchitis with asthma), the carbolised water was used as
a gargle, as well asan internal remedy. The cough rapidly
disappeared, and in twelve days had quite ceased. In many
cases I have myself seen favourable results from the ad-
ministration of carbolic acid in bronchitis; of my belief in
the good effects of dry inhalation I have already spoken.
My experience, however, is not so extremely favourable as
M. Lemaire’s. Dr. Andrew Clark also thinks the employ-
ment of carbolic acid in chronic bronchitis and bronchorrheea
to be of great value, both internally (in half grain doses
dissolved in water) and locally in the form of inhalation or
spray.® Dr. Fuller has used the spray in chronic bronchitis,
and in gangrene of the lung with beneficial effects.t

Hooping Cough.—Lemaire has quoted cases which seem
to have presented very favourable results after the ad-
ministration of carbolic acid internally, and the impregnation
of the surrounding air with the vapour. The supposed good |
effects of the vapours from gas works are well known. It
has been suggested that the idea had its origin in the em-
ployment of carbolic acid. I have tried the internal ad-
ministration of the remedy in a large number of cases of
hooping cough in children. In a few cases the influence
seemed dire¢t and salutary. As I before said, I am con-
vinced of the value of the local application of a carbolised
lotion or liniment to the chest. I am of opinion, however,
that this value is chiefly attributable to its local sedative
effeéts. As an internal remedy for hooping cough, it is
still sub judice.

Phthisis.—Lemaire administered carbolic acid in twenty
cases of phthisis; in the second and third stages the ex-
ternal administration was combined with the inhalation
before noted. The amount internally administered in each
case did not exceed 8o centigrammes (rather more than 12
grains) per diem; it was given in sugared water. These
have already been considered in the chapter devoted to

* British Medical Journal, Feb. 13, 1869, p. 145.
t Ibid., p. 160.
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Lemaire advises it to be given only when the stomach is
empty. Yet, from its power, which many attest, of
ameliorating fermentive dyspepsia, and from its known
power of preventing fermentive change outside the body, it
is likely that it manifests an action upon the alimentary
contents of the stomach; it is probably thus mainly that
it influences fermentive dyspepsia.. But from experience
derived from its action outside the body, especially when
we consider that only a portion of the ingested carbolic acid
can really mingle with the food (some acting locally, some
uniting with organic products, some becoming absorbed), it
seems to me that the quantity commonly administered is
insufficient to produce very pronounced effect upon the
stomach contents. And it is not surprising that the sarcinz
in Dr. Harley's case escaped the toxic effet; (4) there is
no doubt that the carbolic acid is absorbed from the
alimentary canal into the blood ; its mode of aftion when
thus absorbed presents much analogy with that of alcohol.
It is eliminated by the kidneys and by the lungs, it may in-
duce hyperha&mia of the former, but this is certainly not
its usual action, and the appearances of the wurine, so
suggestive of heematuria, are merely the harmless evidences
of its own excretion in the form of a pigment. It would
appear very probable that its efficacy in chronic bronehitis,
to which much evidence points, is due to its effet upon the
lung-capillaries, as it is determined to them for excretion.

CHAPTER XXX.

THE ANTISEPTIC TREATMENT OF ZYMOTIC DISEASES.

In the foregoing pages the action of carbolic acid and its
position among other agents of its class have been considered.
It has been shown that, according to the highest probability,
carbolic acid owes its remarkable power of arresting putre-
factive decompositions to its power as a poison to minute
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body vitalised molecules, which common experience tells us
we can destroy outside the living body. That such a thing
has no primd facie impossibility is shown by the fact that
we are frequently employing internal remedies to destroy
entozoa, having far higher vital endowments than the
Mierococet of putrefactive changes. Furthermore, we have
evidence to show that the very substances which we have
been accustomed to administer in zymotic diseases, have
themselves great power as antiseptics or destroyers of
germs. Foremost amongst these is alcohol, which Hallier
places next to benzin and carbolic acid in antiseptic power.*
Of the agents mentioned as capable of destroying organised
particles outside the body a very large proportion is capable
of absorption into the blood. Saccharine fermentation we
have considered to be due to fungoid organisms, Micrococci
developing into Crypfococei, and these into Mycelium. 1 have
myself determined experimentally that the fermentation of
2 fluid drachms of brewers’ yeast, mixed with 25 grains of
sugar, and placed in circumstances the most favourable for
the process, is wholly arrested by the following :—Liquor
hydrargyri bichloridi, } a drachm; tinéture of the per-
chloride of iron, 5 minims; sulphite of soda, 5 grains;
sulphuric acid r-roth grain. It is needless to say that these
remedies have frequently been used in diseases due to con-
tagion, and it is reasonable to infer that some of their
success may have been due to their property as septicides.
Nevertheless, it was with no idea that such was the mode of
action of these substances that they were thus employed.
In 1857, Professor Polli, of Milan, introduced a series
of agents, with the avowed object of withstanding the
internal decomposition occurring in zymotic disease. It .
was not supposed, however, that these agents influenced '
living septic agencies; they were rather considered as £
opposing the catalytic changes supposed to occu r according
to Liebig's theory of fermentation and zymosis. These
agents were sulphurous acid, and the sulphites and hypo-
sulphites of the alkalies and alkaline earths.

* Cf, HaLLigr, Gihrungsercheinungen, p. 94.
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what an enormgqus quantity would be required to effect such
an object! What does analogy teach us? A trace of sul-
phurous acid or an alkaline sulphite will arrest the fermen-
tation of a large quantity of saccharine material. The
same quantity would not suffice to deoxidise the smallest
fraction of this material ; therefore, its efficacy must lie in
some other quality than its power of deoxidation. Analogy
tells us that it has a peculiar power, as I have before
stated, of arresting vitality. There is nothing antagonistic
to reason in the conclusion that substances which are per-
fectly harmless in the case of a high organism should be
fatal to a lower organism. Common salt, among a multi-
tude of others, presents an instance in point. I think,
therefore, we cannot fail to come to the conclusion that the
sulphites are readily absorbed by the higher organisms—that
they circulate in the economy for the most part unchanged
—that they exert a peculiar power, not upon the pabulum of
the body, but upon organised particles which may exist
within it ; and that in virtue of this septicidal power, they
manifest those prophylactic and curative effe¢ts which both
experiment and experience have proved them to possess.

The great lesson left by the experience concerning the
sulphites, then, appears to be, that a living being can absorb,
without the manifestation of any deleterious effect, a
quantity of an agent which evidence obtained externally to
the body convinces us is capable of arresting the putre-
factive changes in a large bulk of decomposing material, by
killing the organised molecules which are the agents of
such decomposition.

These observations as to the mode of action of the
sulphites pertain with increased force to carbolic acid. We
have seen what a powerful restrictive influence this exerts
on putrefaction, and how persistent is its action. It would
seem, therefore, that in carbolic acid we have an excellent
agent for internal administration in transmissible diseases.

It behoves us, however clearly, to put before ourselves
the objects which we desire to accomplish in the employ-
ment of antiseptic medicines in disease. In the first place
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having different degrees of acion. So it is probable that
the effects would vary, not only with the medicinal adjunéts
with which it is administered, but with the nature of
the contents of the stomach at the time of administration.
It is obvious that, granted the correctness of the germ
theory of disease, the problem of its treatment by anti-
septic medication is a complex one. Though very much
concerning the probable value of a given antiseptic agent
may be deduced from physical investigation, the chief
evidence must be the actual results when it is administered
in the various conditions of disease., Praétical, or to use
the favourite expression of the day, clinical, experience is
the greatest test on which to rely.

«It must be acknowledged that in cases wherein the
zymotic influence is most manifest upon the blood, an anti-
septic which shall be readily absorbed is the greatest
desideratum. The sulphites have this advantage, but their
efficacy has been denied by many. I personally hoped that
experience with the compounds of carbolic acid might point
to an agent more efficient still. The simple salts of
carbolic acid, the carbolates, seemed to present no advan-
tage over carbolic acid itself, so readily were the combina-
tions displaced. Administering a carbolate had the same
disadvantages as administering carbolic acid.

It had been known that equivalent weights of carbolic
acid and sulphuric acid combined to form a stable sulpho-
carbolic acid, which presented some analogies with sulpho-
vinic acid, My friend, Mr. Crookes, succeeded by
neutralising this acid with potash, in producing a crystal-
line salt — sulphocarbolate of potash. To Mr. Crookes
undoubtedly belongs any merit which may attach to the
inauguration of this enquiry. From the ready solubility
and not unpleasant taste of the sulphocarbolate of potash,
I thought, with him, that it afforded an indication towards
the discovery of a valuable practical antiseptic for internal
administration.

I then devoted myself to the preparation and investiga-
tion of the various sulpho-carbolates of the alkaline and
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Sulpho-carbolic acid is soluble in water, alcohol, and
ether, in any proportions. Its solution reddens litmus, and
gives, like the aqueous solution of carbolic acid, a beautiful
mauve or purple colour, on the addition of a solution of a
per-salt of iron. The reaétion is much more manifest in the
case of the double acid than in the case of carbolic acid itself.

Mode of Preparation.—The calculated proportions of each
of the acids necessary for the produétion of the sulpho-
carbolic are g4 parts by weight of carbolic acid and g8 parts
of hydrated sulphuric acid. Itis found necessary in prac-
tice, however, that the sulphuric acid shall be in excess. It
is better to use 120 weight parts of the latter to roo of the
former. The mixed carbolic and sulphuric acids should be
kept at a heat of 240° F. for a quarter of an hour, and then
allowed to crystallise. It is advisable to wait two or three
days for the combination to be thoroughly accomplished.
The supernatant liquid should then be poured off, and after
heating to 150° F., set aside for further crystallisation. The
accumulated crystals are dissolved in pure water, and
barium hydrate added till the excess of sulphuric acid ceases
to fall as barium sulphate. The liquid decanted from the
precipitate contains pure sulpho-carbolic acid.

The Sulpho-Carbolates are prepared from the pure acid thus
obtained by saturation with various oxides.

Barium Sulpho-Carbolate, Ba(C¢H,SO,)+3Aq, is prepared
by adding to the sulpho-carbolic acid diluted with ten times
its bulk of water, barium carbonate. It is not necessary for
the preparation of this salt to free the sulpho-carbolic acid
previously from the excess of sulphuric acid, for by the
addition of the barium carbonate, this is precipitated as
barium sulphate, together with the excess of the carbonate
employed. The filtrate is to be slowly evaporated by heat
and allowed to crystallise.

The resulting barium sulpho-carbolate is in colourless
rhombic prisms, tending, like the other sulpho-carbolates,
to cohere in spheroidal groups. It is very readily solublein
watér and in alcohol. '

Sodium Sulpho-Carbolate, Na(CsH;)SO,+Aq, is obtained
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networkﬂ fﬂ}'ming an exceedingly light spongy mass. It is
soluble in its own weight of cold water.
thi 3:: ] fiﬁfz-gjb:mm, Z n’.’{CﬁHj]SD,‘—f-?Aq.—Tu prepare
: : pho-carbolic acid may be saturated with
zinc oxide, or pure zinc itself may be used, hydrogen escaping
in the decomposition. Or, to a filtered solution of 10 parts
of barium sulpho-carbolate in three or four times its weight
of water, a solution of six parts pure zinc sulphate dissolved
in three times its weight of water may be added. A slight
excess of zinc sulphate should prevail so as to completely
precipitate the barium. The filtered solution is evaporated
and allowed to crystallise.

Zinc sulpho-carbolate forms brilliant colourless rectangular
plates, very soluble.

Copper Sulpho-Carbolate, Cu(CsH;)SO,—TIt is prepared by
neutralising with cupric oxide. It forms brilliant prisms of
an emerald green colour.

Iron Sulpho-Carbolates.—1It is probable that iron forms two
distinét compounds with carbolic acid.

Ferrous Sulpho-Carbolate, Fe(CsH,)SO,+Aq., is prepared
by acting on pure iron with sulpho-carbolic acid to neutrali-
sation and evaporating. :

It exists in rectangular plates of a very pale green colour.
The presence of a small quantity of a per-salt of iron ina solu-
tion of ferrous sulpho-carbolate causes a deep purple or
mauve colour. The earliest sulpho-carbolates of iron pre-
pared were all tinged with this colour, but the pure proto-
salt as now prepared is almost colourless. It is probable
that the deep colour is due to the presence of

Ferric Sulpho-Carbolate, though this has not been satisfac-
torily isolated.

General Characters of the Sulpho-Carbolates and
Tests.—Each sulpho-carbolate should possess a definite and
decided crystalline form, and should be perfeétly’ trans-
parent, entangling no organic débris. They should possess
scarcely any odour of carbolic acid. All should yield per-
fectly clear solutions. These solutions should give no
precipitate with barium chloride. If a few crystals be
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be no morbid l.esion, but the duodenum of one contained an
unusual quantity of yellow bile. On chemical examination
the muscular tissue, the liver, and the urinary bladder
yielded sodium sulphate; but neither sulpho-carbolic nor
carbolic acid was evident to tests. The flesh showed a
marked tendency to resist putrefaction.

It was found that 2o grain doses of sodium sulpho-car-
bolate could be readily administered to adults. So free
from taste was the solution, that many said it seemed only
like water itself. The dose was increased in several cases
to 6o grains administered every four hours. The only direct
effect noted was a slight tendency to vertigo or dizziness.
The odour of carbolic acid could be readily detected in the
breath. The urine of a patient who had taken 360 grains
of sodium sulpho-carbolate in twenty-four hours was col-
le€ted and examined. It presented no evidence of the
presence of carbolic acid, but contained a considerable quan-
tity of sodium sulphate. It showed a marked tendency to
resist putrefaction.

It would appear, therefore, that sodium sulpho-carbolate
administered to a living animalis rapidly absorbed and pro-
jected throughout the system. In the blood, or the tissues,
the double salt is decomposed, the sodium sulphate being set
free in the tissues, and ultimately excreted by the kidneys;
the carbolic acid also liberated in the textures eventually,
for the most part, escaping by the lungs. It is probable,
also, that some portion of the carbolic acid is eliminated
by the urine. It follows that the administration of sodium
sulpho-carbolate is an indire¢t means of administering
carbolic acid ; and, inasmuch, as at least one fourth of the
weight of the sulpho-carbolate employed consists of carbolic
acid, we find that an amount equalling from 15 to go grains
per diem can be administered of the latter. It is obvious
that the direct administration of this amount of carbolic
acid would, from its nauseous character and its difficulty of
manipulation, be not readily accomplished ; and there would
be a danger of the toxic action of the latter being manifest,
a result which does not occur when the sulpho-carbolates
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former experience in analogous cases, I was enabled to state
that under treatment by the sulpho-carbolate of sodium,
thﬁn.e was great probability that the throat-distress would
subside after the lapse of four days, I prescribed half
a drachm of sodium sulpho-carbolate in cinnamon-water
every three hours. - On the day following, however, the
patient was much worse, and his relations feared a fatal
- termination. I myself felt that the case was critical, I
was induced to examine the medicine dispensed from my
prescription. Evaporated in a teaspoon it left no residue
whatever. I caused it to be examined by a chemist who
found it to consist wholly of cinnamon-water, without a trace
of a sulpho-carbolate. ‘Thus, by the culpability of the
chemist, twenty-four hours were lost. The treatment being
commenced in earnest the patient passed through his
extreme peril of pyrexia, delirium, prostration, and violent
throat-distress. On the fourth day after treatment there
was complete relief; the patient, for the first time speaking
in his natural voice, told me he felt as if his illness had
been a matter of a year ago. All inflammatory sign had
passed away. His recovery was uninterrupted. One week
from the date of the first symptoms, he walked to my house
and back to his home (more than a mile) with perfect
ease.

Sloughing Ulceration of Tonsils.—The following are
brief notes of three cases :—

I. John C., 7 years 6 months; observed after three days’
fever with ashy slough over right tonsil. Ordered 10 grains
sulpho-carbolate every four hours. Progressive improve-
ment in all respects. Seventh day of treatment ulcerated
surface nearly cicatrised. DPatient feeling almost well.
Perchloride of iron substituted. _

2. Mary B., 7. Great prostration; large ashy slough
covering left tonsil, enlarged superficial glands, and tumidity
of neck. Ordered 10 grains sodium sulpho-carbolate every
four hours. Third day of treatment slough gone; thin
layer of pus over ulcerated surface. Pulse 160. Temp.
106° F. Regular and progressive improvement. Tenth
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me to see with him a case of scarlatina of extreme severity.
I can best describe the symptoms by quoting from a letter
from Mr. George White to myself. * On the 2nd, severe
throat symptoms set it; the tonsils covered with sloughs of
an ash colour; the glands externally much enlarged. The
child remained almost insensible; he could be roused by
being spoken to loudly, but immediately resumed his insen-
sible condition. This case had not been treated by carbolic
acid until seen by you, when 15-grain doses (of sulpho-
carbolate of sodium) were ordered every four hours, and the
body covered with a solution of carbolic acid in oil, the
patient being kept up with beef-tea, brandy, &c. No
improvement on the following day; in fact, the case
appeared hopeless, the child being roused with more diffi-
culty. On the next day, the enlarged glands decidedly
smaller; the child more sensible; the tongue looking
slightly more moist, and the swallowing improved. From
that day a steady improvement until the rrth day, when
paralysis of the right facial nerve came on, which yielded to
a course of iodide of potassium. The child has now
perfectly recovered.”

The throat symptoms passed away, leaving perfect power
of swallowing in g cases in 4 days. Complete convales-
cence took place in g cases in 7 days; in 3 cases in II
days; in almost all the others in 14 days. The only
sequele observed were in one case, albuminuria appearing
in one day and disappearing in the next; in one case
general anasarca, which recovered ; in one case abscess of a
superficial gland in the neck; in one case a small persistent
glandular swelling without suppuration; and in one a
small abscess a month afterwards, all treatment having
been omitted after 7 days, the child being considered by its
parents well.

In only one case was there a fatal result. This was
in a child @tat g months, presenting the macula of heredi-
tary syphilis. Three grains of sodium sulpho-carbolate every
4 hours, commenced on 3rd day of fever, temperature being
103° F. Child seemed to improve till 4th day afterwards,
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seem to forcibly indicate the probability that their agency
n:nght be favourable, Six cases, two of which were unvac-
cinated (the only ones in which I had opportunity of
employing the agent), recovered most satisfactorily. The
unvaccinated cases present very slight traces of pitting. One
of the vaccinated cases, sister of one of the unvaccinated,
had a most formidable attack of the disease, partially
confluent, but recovered perfectly. One case (said to have
been vaccinated in infancy, but with very imperfect cica-
trices), presented unusual symptoms, which seemed to indi-
cate the coexistence of scarlatina and variola.

A Sister of Mercy, aged 31, in active duty in a distri¢t in
which both scarlatina and variola were rife, was re-vacci-
nated without success on February 13th, 1871. On February
16th and 17th occurred rigors and lumbar pain; on the 21st,
sore throat. She then came under my notice. There were
much pyrexia and tonsillar ulceration, and the throat had a
scarlatinal look. On the 2znd, I saw her in bed, covered
with rash exadly resembling scarlatina, and with the
precise throat-signs of the disease. On the 23rd, the rash
was persistent, with purplish petechiz scattered over the
chest. She manifested great prostration. On the 24th, the
rash was persisting ; but papulz of variola covered the face
and thighs, the arms and hands; there were rather fewer
on the chest. The tongue was loaded with thick fur.
During .the next four days there were urgent distress,
insomnia, subdelirium, and sore throat, but very little
implication of the external glands. The variolous spots
became confluent on the face and thighs. On the 28th,
there was defervescence; the pustules, previously full of
matter, desiccated and fell off, leaving brown stains, but
scarcely any pitting. The treatment consisted, for the first
three days, of 20 grains of sulpho-carbolate of sodium
every four hours; subsequently, half a drachm of the
sulpho-carbolate with a grain of quinine every four hours.
She was ordered beef-tea and milk, and six ounces of
brandy daily. As soon as the pustules were fully formed,
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they were individually brushed over with liquid carbolic
acid once each day for three days, a weaker solution (5 per
cent) being also applied night and morning. Recovery was
most complete and satisfactory.

-
Yariola.

CHART OF TEMPERATURE.—CASE OF SCARLATINA AND VARIOLA.

——

..r.
Scarlatina.

R —

1 1 . : S e
am disposed to think this a genuine instance of scarla-

tina and variola occurring together in the same patient at the
Z
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same time. I had a case presenting a probability of the
same conjunction in a member of the same sisterhood in
1868. In this there was a distin¢t history of the communi-
cation of scarlatina by wearing apparel : and at the same
time the patient experienced a fright on seeing closely a boy
just recovering from severe small-pox. Here there were all
the usual signs of scarlatina, with abundant rash. On the
second day of initial symptoms, there was lumbar pain ; on
the tenth, varioloid papules, few in number, which followed
the course of modified variola. The scarlatinal symptoms
were in this latter instance much the more formidable of
the two affections. A third instance of a similar conjunc-
tion, occurring in the country, has been narrated to me.

I am of course well aware that occasionally variola is
ushered in by a roseoloid rash. The two cases previously
cited, however, present many points of difference from
variola roseolosa. There are (1) a plausible history of the
double contagion; (2) a definite history of scarlatina, with
the usual throat-signs; (3) a varied relation of intensity
in the correlated diseases in the two instances—in the one
case the variola, in the other the scarlatina, being the more
pronounced. Again, the thermometric signs in the first
case (a chart of which is appended) were peculiar—very
different from the usual history of the pyrexia of variola.
There appear to be two waves—one for the scarlatinal, the
other for the variolous period.

The treatment appeared most successful. At one period
the case seemed hopeless. The defervescence was little
less than extraordinary. Under the local influence of the
carbolic acid, the desiccation and decadence of the pustules
were rapid and complete. Exactly three weeks from the
onset, the patient was well, and able to be transferred to
the country.

Enteric Fever.—Dr. Ligertwood, of Newbury, has em-
ployed the sodium sulpho-carbolate, in conjuncétion with
quinine, in an epidemic of severe typhoid. Twenty-four
cases were treated with three deaths, A table of the cases
compiled by Dr. Ligertwood is appended,
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Dr. Ligertwood says, ‘I think the treatment was very
successful. There did not seem to be the same tendency
to relapse that I have found under other treatment. The
diarrhcea, often very severe, never became so exhausting as
to call for any special treatment.” _

Tuberculosis.—Sodium sulpho-carbolate has been ad-
ministered by me in 121 cases of pulmonary phthisis, and
the following is an analysis of the results :—

First stage of the Disease . ., . 3I cases.
Decided improvementin. . 1g
Slight improvementin . . 4%

Doubtful e s e R e
Disease progressed . . . 2

L

The objective signs of improvement were cessation of cough,
pain, and expectoration, arrest of night sweat, and gain in
general signs of nutrition. In one case the local physical
signs disappeared entirely. One patient gained in weight
23 lbs. in 3 weeks ; a second, 2 lbs. in 6 weeks ; a third, 6 lbs.
in 5 weeks; a fourth, 4 lbs. in 8 weeks, and subsequently,
6 lbs. in a second period of 8 weeks; a fifth, after mani-
festing great improvement left off all treatment, and on
observation 3 months afterwards had gained g lbs.; a sixth,
6 lbs. in 6 weeks; a seventh, 11 lbs. Three other cases
gained each 2 lbs. in 8 weeks. On the other hand, one case
manifested sickness and progressive loss of weight, and
treatment was omitted.

Second stage of the disease . . 69 cases.
Decided improvement in. . 33
Slight improvementin . . 16 ,,
No improvement in . . . I7
Progressive diseasein . . 3

In the favourable cases there was besides subsidence of
objective signs, a diminution in the pyrexia, as determined
by thermometric observation. One case gained 1 lb.in 6
days; a second, 1 1b. in 14 days; a third, 3} lbs. in 4 weeks;
a fourth, 1 1b. in 8 weeks; a fifth, 3 lbs. in 3 months; a
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: (2.) Where tubercle, according to the evidence of physical
signs, was actually deposited in the lung. There were cases
showing the possibility that in such cases the actual arrest
of the morbid process could occur with the restoration of
the normal signs evidenced by physical examination. This
result could only, however, be exceptional. A general gain
in powers of nutrition, when tubercle was actually deposited,
was, however, under the treatment by the sulpho-carbolate
not exceptional ; there was apparently a check placed to the
spread of the disease. Certainly, it may be urged that such
a result might obtain, without any manifestation of action
upon the tuberculous matter, by the improved nutritive con-
ditions of the organism. The question becomes then a
comparative one ; does the addition of the sulpho-carbolate
to the therapeutic agencies in any marked degree influence
the results? The answer can only come after extended
experience, but the first evidence seems to show that there
is an improvement in these cases which does not obtain
when ordinary tonic treatment alone is practised.

(3.) When tubercle is undergoing retrograde changes,
could the treatment in any marked degree arrest them?
The answer must be, in the great majority of instances—No.
Nevertheless, there were some instances in which a marked
improvement resulted, and there was a manifest effect of
arrest of feetor of breath and of sputum.

II. Sulpho-Carbolates of Alkaline Earth Bases.

Calcium Sulpho-Carbolate.—Quite apart from any faculty
as an indireét means of administering carbolic acid, this salt
has a property which renders it peculiarly valuable for ad-
ministration in certain diseases. In cases in which the
osseous system is deficient in lime salts, it has z-}lways been
a problem to find a lime salt which shall be readily absgrhed
by the economy. The difficulty with regard_ to the urdiflary
medicinal lime preparations is their insolubility. Calcium-
carbonate is not sensibly soluble in water: the phosphates
are insoluble : and a pint of water at 60° F. will only dissolve
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of gutta-percha in about 30 parts of bisulphide of carbon, When the sulphide
has all evaporated, the plaster may be piled in suitable lengths in a tin
box, Withﬂflt adhering, or rolled up and kept in a canister. (LisTER).

22. Antiseptic Cere-Cloth.—Cloth or thin calico is saturated with cerate
(made after the following formule) by simply drawing a portion through it
while in a fluid state, or in pieces of any length and width, by rolling, by
means of a machine, the calico over cylinders containing cold water, as fast as
it has taken up the cerate.

(r.) Strongest Cerate.—Calvert’s pure carbolic acid, liquefied, 3 fluid ozs. ;
olive oil (coloured red with alkanet root to distinguish the ceratnj, 1i fluid ozs. ;
yellow wax liquefied, 14 fluid ozs.; paraffin, liquefied, 6 fluid ozs. Mix.
(2.) Medium Strength.—Pure carbolic acid, 2 fluid ozs. ; olive oil, 23 fluid OZ8.;
yellow wax, 24 fluid ozs.; paraffin, 5 fluid ozs. Mix. (3.) Weakest. — Pure
carbolic acid, 14 fluid ozs.; olive oil, 1 fluid oz. and 6 drms.; white wax,
1 fluid oz. and 6 drms. ; paraffin, 7 fluid ozs. Mix. (Luxp).

23. Antiseptic Muslin Gauze.—Paraffin, 16 parts; resin, 4 parts; crys-
tallised carbolic acid, 1 part. Melt together. Cheap muslin gauze is dipped
in the melted mass, and well wrung or pressed while hot. A good substitute
for oakum as an antiseptic covering for wounds, unirritating to the most sen-
sitive skin, highly retentive of the acid and almost destitute of odour.
It should when used be folded in about eight layers. Tt loses [the paraffin and
resin when washed in boiling water, so the same pauze may be used re-
peatedly. (L1sTER).

24. Protective against local irritating effeéts of carbolic acid in antiseptic
dressings. WVarnish oiled silk on both surfaces with copal varnish. When dry
brush over with a mixture of starch and dextrine to give it a film of material
soluble in water, so that it becomes uniformly moistened when dipped into
antiseptic lotion. When not at hand common oiled silk may be used as a sub-
stitute for it, if smeared with an ocily sclution of carbolic acid, and used in two
layers to make up for its inferior efficiency. (L1sTER).

25. Antiseptic Adhesive Plaster.— Dip ordinary strapping in hot solution
of carbolic acid, made by mixing 1 part of 1 to 20 lotion, with 2 parts of boil-
ing water. Will adhere to a moist skin, so that it may be applied under spray
when advisable. (LISTER).

26. Carbolised Powders.—Pure liquefied carbolic acid, 5 parts; "alcohol,
s parts. Mix. Add by degrees 100 parts of one of the following powders—
lycopodium, starch, charcoal, plaster of paris. The proportion of carbolic acid
can be increased or decreased as desired. (AUuTHOR).

27. Antiseptic Catgut Ligature.—Catgut of the thicknesses required is o
be kept steeped in carbolised clive oil (1 part in 5) with a very small guantity
of water diffused throughout it. ‘The small proportion of water present
renders the gut supple, and so changes it that it may be transferred to a
watery solution at the commencement of an operation, and thus kept supple
without swelling or perceptibly changing in strength or bulk. (LISTER).

28. Aceto-Carbolic Solution for Tinea and Scabies.— Acetic acid
(pyroligneous) 8° 2o parts; pure carbolic acid, 5 parts; water, 75 pafts.
Mix the two acids and add the water. The acetic acid favours penetration
through the epidermis. For tinea, apply the liquid once a day over the
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