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1 RECENT RESEARCHES ON THE ACTION OF

determining the reflex (or indirect) action of aleohol on the heart
through the nervous system. Most of those who have made ex-
periments on this subject have convinced themselves that comparatively
small quantities of aleohol circulating in the blood and acting upon
the nerve cells have a distinet effect in causing the heart's action to
become abnormal.  But the direct action also comesin. The heart, an
organ constantly at work, one on which the body depends for the
continuance of its organic life, is made up of muscular tissue, which
according to Ringer and Sainsbury,® appears to resist the action l:.-%
exceedingly strong doses of aleohol. These observers maintain
that an artificial blood must contain nearly 7 per cent. of ethyl
alcohol before it can act directly upon (then paralysing) the muscular
substance of the heart. They say that under these conditions
the paralysis commences at once, and is never preceded by
any evident stimulation to increased activity, Hemmeter? says that
such doses kill the muscle of the heart instantaneously: for the
present let us accept the lesser degree of toxicity as being the correctly
determined one. This muscular tissue of the heart wall may be taken
as representing ordinary protoplasm of normal functional activity and
development as compared with the much more highly and later de-
veloped nerve cells.

I't has already been stated that it required nearly 7 per cent. of ethyl
alecohol to affect the individual muscle fibres of the heart of a dog,*
but it has been proved by experiment by Martin and Stevens (quoted
by Monro and Findlay )* that blood containing 1 per cent. of ethyl
alcohol so alters the protoplasm of these muscles that within a single
minute there is a measurable diminution in the amount of work done
by the heart, even when it is isolated from its external nerve-supply.
If the strength of the solution be doubled, the activity of the heart
may be so far diminished that it is scarcely able to drive out a suffi-
cient amount of blood to supply its own nutrient arteries. Under
these conditions the heart becomes abnormally dilated; it never con-
tracts completely, and this condition becomes more marked as the
administration of the aleohol is prolonged.

Action of Alcohol on Phosphorescent Protoplasm.

Looking round for some form of protoplasm in which ehanges in
the functional activity might be readily noted, it struck me that
Beyerinck’s phosphorescent bacillus offered a protoplasm of low organisa-
tion, and one having a definite and easily-measured functional activity.
When this bacillus is grown in fish broth and in the presence of air,
it gives off a peculiar phosphorescent light readily seen with the naked

! The Practitioner, London, 1883, vol. xxx, p. 339.

* ¢ Btudies from the Biol. Lab., Johns Hopkins Univ., Baltimore, 1889,”
vol. iv., no. b.

* Ind, 1887, vol. ii.

Y Med, Temp. Rev., London, 1903, vol. vi., p. 325.







PHOTOGRAPHS OF PHOSPHORESCENT BACTERIA TAKEN BY
THEIR OWN LIGHT.
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Fra. l.—Measured Quantities of a brilllantly Phosphervescent Culture were put into Test-Tubes
Aleohol added, and Contact Exposures made for varying Perlods of Time.

1. Control (no alcohol added); exposure for 40 minutes, 2. Aleohol added, then exposure
made=40 minutes. 3. Exposure made 24 howrs after addition of alechol: exposure=2{ hours
4. Exposure made 40 hours after addition of alcohol exposure=6 hours. 5 Taken hnmediately
after 4 : exposure 20 minutes,

05 1% 29 3 Control
Fig. 2.—Measured Quantities of a Young and not very brilliantly Phosphorescent Culture were

put into Test-Tubes, Aleohol added, and Contact Exposures mde for varying Pecicds of Time.

i. Control (no alcohol added) : exposure 20 minutes. 2. 2% hours’ exposure immediately after
addition of alcohol, 3. 5 hours' exposure 34 hours after addition of aleohol. 4. 20 minutes’ exposurs
taken '||r;|||g'||_'i:|1|'|_'|' after 3,

Fig. 3.—Measured Quantities of a brilliantly Phospherescent Culture were put into Test=Tubes

Aleahol added, and Exposure through Lens made for 24 hours.

. Control (no aleohol added). In 2 to 9, alcohol added: &, Tt 3, 6% 4 0% W
T, 2%, B, 1%: 9, 05%. 10. Control {no nlcohol adliled ),






6 KECENT RESEARCHES ON THE ACTION OF

instance, alcohol might not exert some stimulating action upon the pro-
duetion of light by the baecilli. I formed the opinion from a series of
preliminary experiments that this might be the case, but a more
prolonged and accurate investigation led me to the conclusion that
alcohol, introduced in comparatively small quantities into the tubes
containing the light-producing bacillus, exerted little effect. As the
organism manifests its special light-producing power onlyin the presence
of oxygen, it is difficult—in fact, almost impossible, under the conditions
of the experiment—to prevent rapid evaporation of the aleohol. The
effect has therefore to be determined almost at once. Bearing these
facts in mind, it cannot be wondered at that, as a 1 per cent. solution
of alcohol did not inhibit or prevent the functional activity of these
organisms at once, there was, owing to the rapid evaporation of the
alcohol at the temperature of the incubator, no demonstrable action at
a later period. A T per cent. solution of alcohol, however, was quite
sufficient to inhibit the glow—the evidence of specific functional
activity of the protoplasm of these organisms—just as a 13 per cent.
solution is sufficient to prevent yeast from producing aleohol.

Action of Small Doses of Alcohol on more highly-
developed protoplasm.

It must be remembered, however, that aleohol, like the metallic
poisons, whilst acting in strong solution as a definite protoplasm poison,
killing it rapidly, may in smaller doses act by simply lowering the
vitality of the tissues or by diverting their functions into abnormal
channels. For example, large doses of phosphorus bring about very
rapid degenerative changes in the liver, kidney, heart, and certain
other tissues of the body. A rapid fatty degeneration, so distinet and
gross that it may be detected by the naked eye, comes on, and under
the microscope the appearances presented are equally characteristic.
Phosphorus in smaller doses, administered over a prolonged period,
gives rise to less severe degenerative changes, but changes which may
be almost equally well demonstrated both to the unaided eye and under
the microscope. Certain metallic poisons in large doses also bring
about acute tissue changes, whilst given in smaller quantities, but acting
over prolonged periods, they induce a different set of tissue modifications.
Similarly, aleohol in large doses acts quickly by causing fatty degenera-
tion of the protoplasm ; whilst in small doses, just as in the case of
chronic lead-poisoning, it appears to act by inducing fibrous changes
in certain organs,—the liver and kidney, such fibrous changes being
in both cases associated with a more or less marked degeneration of the
special tissues of these organs. It was only as the action of the well-
recognised protoplasm poisons came to be understood that the two kinds
of alcohol poisonings could be discriminated, and eventually more or
less accurately described.

We may, then, accept it that all protoplasm, whether the basis of
animal or plant life, is injuriously affected even by small quantities of
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active, and may help to increase the mental output; it must be remem-
bered, however, that, as Lauder Brunton and others have pointed out,
the mere act of sipping cold water may have a similar effect in accelerat-
ing the flow of blood to the brain. In fact, any stimulation of branches
of the nerves passing from the surface up to the brain is, as a rule,
followed by an increased action of the heart with a corresponding
increase in the amount of blood passed through the brain. An oft-
quoted passage from Lauder Brunton! bears very closely on this point.
“Individuals of all nations,” he says, * when desiring to think more
accurately, are accustomed to irritate some branch of this nerve (the
fifth, the nerve supplying the face) either by scratching the head,
rubbing the forehead or chin, striking the nose or taking snuff; chewing
sweet or pungent substances has a similar effect in enabling some per-
sons to think more clearly, while under similar circumstances alcohol is
sipped by others.” In the case of alcohol the increased activity has in-
duced those who have taken alcohol to imagine that it has a specific ac-
tion. This action, however, has nothing really specific about it ; there is
a difference in degree, no doubt, but none in kind, and it is interesting
to note that just as the exaltation following the sipping of water is
transient, and is followed by a certain phase of depression, so the more
active exaltation produced by alcohol is followed by a more marked
and more persistent depression.

This is a fact that can scarcely be too strongly insisted upon, as it
accounts in great measure for the marked desire there is in men who
depend upon alcohol for mental stimulus for a repetition of the stimu-
lant at shorter intervals and in stronger form.

Alcohol Interferes with the Oxidation of Tissues.

Alcohol may be classed with certain poisons produced by the lower
vegetable organisms (yeasts and bacteria), many of which act as proto-
plasm poisons, and have the power of combining rapidly with oxygen
(the essential life-giving agent in fresh air), which under normal
conditions would go to the tissues; further, they act by so altering the
tissues that they become less capable of taking up such oxygen as has
not been absorbed by the poison. The “oxygen hunger” of these
poisons, of which we accept alcohol as a type, is so great that when
taken into the body it interferes with the oxidation of the fat and
carbohydrates ingested along with it.2 The oxygen taken up by the
blood as it passes through the lungs, is more or less rapidly seized upon
by the aleohol with which it combines, with the result that none or
little is left for the tissue protoplasm, and the nutritional or bui]dlpg-up
processes are interfered with. Moreover, there is at the same time a
serious interference with the excretion of waste products, and as a
result of this an accumulation of further poisonous products in the

| ¢ Text-Book of Pharmacology,” ete., London, 1887, p. 769.
* Madden, Amer. Med., Phil., 1901, vol. i., pp. 209, 258.
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14 RECENT RESEARCHES ON THE ACTION OF

of deganemtimi of the special tissues of the organ in which the process
is going on. The stages of this process are well illustrated in the
«changes that take plm:fa in inﬂmtilmﬂ.tmn of the liver. First, there isat
one extreme an acute inflammation, characterized by dilatation of the
PIUIJLI?E:HSGIB, the presence of numerous scavenging cells, and a gradually
increasing number of the larger scar-tissue-forming cells, whilst at the
other extreme is the chronic alcoholic cirrhosis, the “hobnail” or gin-
«drinker’s liver, in which the scar tissue seems in many cases to be
formed almost directly, though on careful examination it will be found
that here and there, as in the acute process, there is usually some
evidence of the cellular origin of the new tissues, and also of the
presence of a number of the scavenging cells—certain indications of
the presence of an irritant, and probably also of the accumulation of
waste products in the tissues. Moreover, in this condition of gin-
drinker’s liver, as the scar fissue increases in quantity, so, as in the
case of the muscular coat of the bloodvessel, the liver cells waste away
and undergo fatty degenerative changes ; in some cases they disappear
altogether, the fibrous tissue advancing and gradually replacing them.
‘Whether this scar-tissue formation goes on in the heart, in the kidneys
in the liver, in the bloodvessels, or in the nerves, the process i.r;
essentially the same. It must be associated with the accumulation of
poisonous and waste products in the small spaces through which the
nutrient fluid passes to the tissues, and must also be associated with
marked disturbance of functional activity. Wherever such conditions
are present, the changes in structure assume greater or less proportions,
according as the organ or tissue in which these changes are met with
plays a more or less important part in carrying on the nutrition of the
body, or in determining the nervous or muscular activity. Moreover,
is must be remembered that in all cases the most highly developed
cells are first affected, and that, as these become wasted and degenerated,
new tissue—never highly developed, and often of very low type,
corresponding to the white scar tissue that one sees in an old wound—
comes to take their place ; indeed, the contraction of the old scar tissue
of a wound has its exact homologue in the contracting scar tissue
already described as met with in the liver, in the kidney, and in the
brain,

Heart failure is one of the most frequent causes of death in people
of adult and advanced years, and anything that predisposes to this
heart failure should be studied most carefully. Fatty degeneration is
undoubtedly one-of such causes of deathin people of adult and advanced
years, and anything that predisposes to this heart failure must be a
most important factor in our death-rate, especially as the patient who
suffers from aleoholic fatty degeneration necessarily runs a much greater
risk of heart failure during the course of acute fevers, or from overwork,
exhaustion, an overfull stomach, and the like. A man with a strong
healthy heart pulls through all these, but the man with the weak
aleoholic heart succumbs. It is for this reason that insurance com-
panies who surely know their business offer advantages to the total
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which results from a degeneration of the little muscles, so arranged in
the wall of the vessel that they form a kind of hollow cylinder. 1In
certain alcoholics these muscles appear to undergo a fatty change
similar to that met with in the heart muscle, Here, however, as in
the fibrous condition, the fatty degeneration is followed by a curious
deposition of lime salts in the altered tissue, so that the vessel, in
place of being an elastic and contractile tube, comes to be a rigid tube
almost like the pipe-stem form described above. Tt does not dilate to
allow of the ready flow of blood, nor does it contract to drive it on.
A very much greater amount of work is thus thrown upon the heart,
which now has to drive the blood through a vessel from which it gets
no assistance in the form of either muscular or elastic contraction,
with the result that, having more work to do, the heart becomes
hypertrophied or overgrown, a further amount of its reserve power
and energy is used up, and this vital organ is brought still nearer the
marginal line between safety and failure.  Calcification or deposition
of lime in the vessels has long been recognised as a sequel to fatty
degeneration. It occurs in patients who, though not necessarily
drunkards, either intermittent or habitual, nevertheless, up to the
later years of adult life or the earlier period of old age, have taken
what are called moderate quantities of aleohol. This form of vascular
disease, at one time scarcely associated with chronic aleoholism, is
now supposed by some of our foremost physicians to be somewhat
intimately associated with slight but long-continued alcoholism. My
late friend Robert Irvine and I, in some experiments on the depo-
sition of carbonate of lime in living and dead tissues, found that this
substance is very readily and regularly deposited from alkaline blood,
and from blood that contains a high proportion of carbonic acid.
Both of these conditions are present in the blood of animals that have
received even small doses of aleohol There is some evidence that in
human beings who take alcohol similar conditions obtain, and we may
accept it that this process of calcification, through which the vessels
become more brittle and less distensile, is, in many cases, a direct
result of the conditions induced in the blood and tissues by aleohol,
not necessarily in very large doses, but acting uninterruptedly over a
long period.

Changes Induced in the Brain by Alcohol.

Of the changes that take place in the brain as the rvesult of the
administration of alcohol, our knowledge would be very limited had it
been necessary to confine our attention to the human tissues, so many
sources of error, both in observation and interpretation, here being
possible. Fortunately, however, we are not without definite evidence
on this point, as Dehio,? Colin C. Stewart,® and Berkley* have all

U Proc. Roy. Sec. Edin., 1889, vol. xvi., pp. 324-354. ! 4

4 Centralbl, f. Nervenh, u. Psychiat., Coblenz u. Leipzig, 18985, N.F., Bd. vi.,
8. 113.

3 Journ., Bxper., Med., N.XY., 1896, vol. i., p. 623.

v Johns Hoplkins Hosp, Rep., Baltimore, 1897, vol. vi.,, pp. 1-108, 15 plates;
and Brain, London, 1895, vol. xviii., pp. 473-406, 5 plates.

















































32 KECENT RESEARCHES ON THE ACTION OF

indication that the leucocytes are not rvesponding to the calls that
have been made upon them in connection with the nutrition and
scavenging of the body, and that they are not assisting in the pro-
duction of the immunity that, under the influence of the poisonous
substances generated in the body, should be going on during the
course of infective fevers,

We may accept it then that alcohol interferes with the process of
phagoeytosis ; moreover, that both the microphages and macrophages—
the small cells and large cells entrusted with the scavenging work of
the body—are rendered less active by alcohol, not only as regards
their movement, but also as to their power of taking in foreign bodies
and of manufacturing complements.  Aleohol plays a prominent part
in bringing about degeneration of nerves, muscles, and epithelial cells,
I't determines the accumulation of waste products in the tissues by
“ paralysing ” the tissue cells, interfering with oxidation and with
secretion and excretion. Tt induces the proliferation of the lower
forms of tissues, often at the expense of the more highly developed
tissues which, in its presence, undergo marked degenerative changes,
It interferes directly with the production of immunity against specific
infective diseases, and, reasoning from analogy, it may be assymed
that it plays an equally important part in impairing the resistance of
tissues to the advance of the active agents in the production of disease
that may have already obtained a foothold in the body.

Alcohol and Nutrition.

Since the subject and title of this lecture were selected, Dr. F.
Gowland Hopkins, Reader in Chemical Physiology in the University
here, has contributed to the literature of our subject a most interesting
and impartial study of the chemisty of alcohol in its relation to the
body,* and T am thus in a great measure relieved from the necessity
and responsibility ¢f considering this question in anything but mere
outline. Comparing sugar with aleohol as an energy food, Dr.
Hopkins points out that if we could utilise all the heat that the
alcohol can possibly give, we should still waste 15 per cent. of the
original energy of the sugar from which the alcohol was ubtained.
This is an economic question which those interested in social problems
would do well to bear in mind when alcohol is spoken of as a food.
We are told that the yeast by which alcohol is produced from sugar
obtains the energy that it requires directly from the sugar “ by com-
plete assimilation or otherwise ; the resulting alcohol, though still
containing a considerable proportion of the original potential energy
of the sugar, appears to be itself a source neither of energy nor of
nutrition for the yeast : it is an end-product which, when it is accumu-
lated, becomes noxious and inhibits growth.” In view of what we
now know as to the general action of alcohol, this is a very interesting
statement. It is quite possible, or even probable, that before aleohol

I

! J]-Iu:.".: -T’E.?H_"U. Rev., London, 1903, vol, vi., pp. 166, 197, 229, 292
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marked, that it is difficult to convince anyone that the action can be
deleterious.  Certain physiologists maintain, moreover, that the pro-
portion oxidised is so important that it actually constitutes a food-stuff,
though all acknowledge that even if it is a foodstuff, it can play no part
in building up the tissues! It merely provides heat and interferes with
the breaking-down of the tissues. Hopkins states, too, as I have insisted
elsewhere, that the mischievous effects produced by small doses of alcohol
“are exceedingly difficult to observe and register from day to day,
though their consummation may ultimately bring about profound mis-
chief. Metabolism experiments upon man, at any rate, are almost neces-
sarily of brief duration, and their brevity limits their application. The
results answer certain aspects of the question, but cannot be extended
to others which may be the more fundamental.” Atwater and
Benedict’s experiments seem to show that in the small quantities they
used (23 ounces) alcohol may replace a proportion of fat in the diet,
a portion that would yield about 500 calories, “so that under special
conditions alcohol may act as a fat sparer.” It is well known, too,
that fat may act in the same way; but Rosemann® (quoted by
Dr. Hopkins) is clearly of opinion that alecohol given to a patient un-
accustomed to this substance invariably causes an increased loss of
nitrogen, not only when it is given to replace some of the carbohydrates
in their dietary, but also when it is given in addition to the dietary
on which the patient experimented upon was originally giving out a
steady quantity of nitrogen. 1In a series of experiments carried out
by Miura?, this increased waste of nitrogen was always observed when
alcohol was given, whether it replaced, or was added to, carbohydrate
—in fact, it induced a condition somewhat similar to that set up in
starvation. Even when a considerable amount of alcohol (nearly
1,000 calories energy value) is given to take the place of carbo-
hydrates, the loss of nitrogen still goes on—that is, there is a direct
breaking-down of the tissue during the administration of alcohol.
This is aseribed to a direct poisonous action upon the tissues, for as
soon as the aleohol is stopped the nitrogenous waste rapidly
diminishes.

Experiment shows that alcohol given for a short time only to a
person who is not accustomed to its use has no effect in sparing the
proteid, but rather brings about an increased breaking-down of the
tissue, so that the body, instead of growing, wastes. When alcohol
is given for a longer period, the loss becomes somewhat less, and after
a time fhe tissues seem to be able to behave as usual, even in the
presence of aleohol. It is maintained, therefore, by some that two or
three ounces of alcohol added to a diet on which the patient is main-
taining weight at a constant level, will in time lead to an increase in
weight, this increase in weight, it is held, being the result of the action
of aleohol. These experiments, however, were all c:_n-r‘led on vfr:th
comparatively small quantities of aleohol ; moreover it is recognised

b Pliiger’s Archiv, Bonn, 1901, Bd. Ixxxvi., S. 307, and xc., 8. 557.
2 Zeitschr, f. Min, Med., Berlin, Bd. xx., 1892,
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goes on to say that the child and the adult, as long as they have good
health and don’t need alcohol as a drug, ave better if they do witﬁnut
it ; and that “if the oxidation of aleohol in the body could produce
heat and energy, it is none the less proved that it can produce much
evil, and that it should not be called a food in the proper sense of the
word. The net result of its use is damage, not advantage. Tt is like
a man endeavouring to increase his income with the result of spending
more than he gains, and becoming poorer in the end.”

Dr. Legrain® points out that it is not enough that a food should
be composed of the three or four elements necessary for the production
of tissue and energy in the body, and that it should be oxidised and
metamorphosed in the system, or that it gives rise to no trouble when
taken in moderate amounts for a short time. It must also be
digestible, must do no harm to any organ or the system as a whole
when taken in moderate but repeated quantities—in fact, that its
useful action should not be neutralised by its injurious effects,

Even men who believe that alcohol is a food of some sort recognise
that a healthy man cannot subsist on aleohol, and that he certainl
needs none at all, even when fatigued, the fatigue of a healthy man
soon passing off with rest, ordinary food, and natural sleep.

Alcohol in Training.

At one time, when I was a much younger man than I am now,
and for personal reasons that some of you may appreciate, I paid
considerable attention to the theory and practice of training. Then,
when my active athletic days were over, and during the years I was
Secretary and President of the Edinburgh University Athletic Club,
I had frequent opportunities for studying methods of training, of
discussing it with men and of advising them on such matters, and T
may say at once that it was my experience that many even of those
who at first did not agree with me would gradually come round to
my way of thinking as soon as they really settled down to work.

A man, to be fit, must have every part of his body and brain
thoroughly well nourished and working under the most favourable
conditions, and this thorough nourishment and these most favourable
(normal) conditions I was soon convinced can never be present in
those who use aleohol, even in comparatively small quantities. The
tact that alcohol lowers the temperature, diminishes the amount of
carbonic acid gas given off from the lungs, and apparently interferes
somewhat with the breaking-down of the tissues, is to my mind
evidence sufficient that thereis an interference with the general
processes of nutrition and excretion; and this being the case, the
more severely we leave it alone the better for our *condition.”
Further, I maintain that what holds good as to training is equally

' See full summary in Med. Temp. Rev., 1903, vol. vi., %lﬂﬂ-lﬂi ee also
Dr. C. R. Drysdale, same Review, vol. vi., pp. 215-
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tissues of I:]m.hcdy steadily and systematically. There must be no
working by fits* and starts ; there must be a steady and rvegular
supply of easily-digested and readily-assimilable food, the cells of the
tissues must carry on their work under the most favourable conditions,
and the waste products should be readily removable and at once
removed. Alcohol, even in “moderate” quantities, interferes with
all these processes.

Then, from what we have seen, aleohol introduced along with
other food is practically so much luggage for the tissues to carry,
so much dead weight that has to be got into and from the body
at the expense of much tissue energy. It supplies little or no
additional continuous energy, but it does add an additional
amount of waste material, which has to be excreted, and so must
add to a certain extent—in many cases to a large extent—to the
work of the excretory organs. It not only produces additional
waste material, which has to be excreted, but it also acts directly
by interfering with the function of exeretion, and thus becomes, I
believe, one of the most common causes of staleness with which a
trainer has to contend. Aleohol exerts a direct action upon the
heart muscle, perhaps a more important one than upon the
ordinary muscles of movement. Even in comparatively small
quantities, as we have seen, its action upon the heart is a peculiar
one, gradually causing a condition of dilatation, owing to the fact
that at each beat there is imperfect contraction ; some blood is
left in the organ, and in time, if the beat becomes very rapid,
there is a distinet diminution in the amount of blood passed
through the slightly dilated cavities and therefore through the
lungs, the individual looses his wind, and the results of long and
otherwise careful training may be almost entirely nullified.

Such a condition of the heart has probably quite as much (or
more) to do with staleness as has the accumulation of waste
products in the other muscles. Further, a man to be keen must
have a good, steady flow of blood to his brain, and the nerve cells
must not be exhausted either by overwork or by the action of
alcohol. The accumulation of waste products in and around
these cells is just as deleterious as when it takes place in the
muscles, and a man may feel slack and stale simply because of
the changes that have taken place in the nerve cells as the result
of the administration of even comparatively small doses of alcohol.
The temporarily increased blood-pressure induced, giving rise to
a temporary feeling of well-being, no doubt may lead a man to
suppose that a champagne dinner has done him good; but the
reaction coming on afterwards is often very marked, with the
result that he is not capable of doing the best that is in him, often
just when that best is needed. Whatever may be the ultimate
result of the experiments of physiologists with small quantities of
alcohol, of one thing T am thoroughly satisfied from my own
experience, and from the experience of men with whom I have



























