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A FURTHER STUDY OF THE INFLUENCE OF ALCOHOL
AND ALCOHOLIC DRINKS UPON DIGESTION, WITH
SPECIAL REFERENCE TO SECRETION.!

By R. H. CHITTENDEN, LAFAYETTE B. MENDEL, aAxD
HOLMES C. JACKSON.

[Zrom the Sheficld Laboratory of Physiological Chemistry, Yale University.)

N a previous paper® on the “Influence of Alcohol and Alcoholic
Drinks upon the Chemical Processes of Digestion ” it was carefully
pointed out that any complete and satisfactory answer to the ques-
tion “ How do alcoholic fluids affect digestion?” cannot be obtained
by any single line of experimentation, since the rate and extent of
digestion may be modified in a variety of ways and through a variety
of channels.  Thus, due consideration must be given not only to the
direct influence of alcoholic fluids upon the solvent or digestive
power of the several digestive juices, but heed must also be given
to the quantitative and qualitative modifications which the secretions
themselves may undergo, as well as to variations in the rate of
absorption and to the possible interaction of these and other factors.
In our carlier paper, the data presented threw light only upon
the character and extent of the influence exerted by various alcoholic
fluids upon the purely chemical processes of digestion, 7, ¢, upon
amylolysis and proteolysis. In the continuation of these studies
during the past year our efforts have been directed mainly to acquir-
ing a fuller knowledge of the action of alcoholic beverages upon
secretion; and in so doing new data have beep obtained which, it is

hoped, will prove of value in explaining more fully the action of
these fluids upon the whole process of digestion,

SALIVARY SECRETION,

The current statements regarding the influence of alcohol on the

secretion of saliva are confined to g brief reference to the direct

! Being a statement of some research work done for the Committee of Fifty
for the Investigation of the Liquor Problem, and to he regarded as a preliminary

report, contributing facts upon which a general discussion may in the future be
undertaken by the Committee as a whole.,

2 CrITTENDEN and MENDEL :

American journal of the medical sciences.
1896, January-April,
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action on the flow into the mouth. Thus it is stated 1thfl1t{)alnil§tss
coincident with the burning sensation gaused by alcoho "tc'l ull' o
the mouth, a copious flow of saliva begins, due.to reflex -5t1fnu‘ a 1 "
glands through the nervous system.! We have pc1f01mlcd.cx
of the gane P rtaining (1) the possible variations
periments with the gb]ect of ascertaining ( ‘ P hrieyin
in the amount of salivary flow due tc? the 'présence of alcoholic .Ll
in the mouth, psychical influences being ehmmatc;d SO ffw as possible;
(2) the character of the saliva thus‘ secreted ; §3) the influence upon
secretion of alcoholic beverages mtro.duced 1'nto the -StOlTlZth. . It
seemed particularly desirable to investigate this latt.cr phase in view
of the asserted influence of irritating subs.tances .(vmcgar, f11c011011c
extract of pepper, etc.) when introduced directly into the ahme.nt(ary
tract through a fistula. There is said to resulF under suf:h conditions
a reflex flow of saliva, the nervousimpulses being transmitted through
the vagus.?

The Influence of Alcoholic Fluids introduced into the Mouth,—In the
following experiments the attempt was madc'to as.ccrtain something
as to the character and extent of the direct stimulation of the salivary
glands provoked by the presence of alcoholic fluids in the mouth
well as to determine what quantitative changes, if any, may be called
forth in the composition of the secretion in this way. Thege experi-
ments were made on both man and dogs.  The method, in the first in-
stance, consisted in taking into the mouth 10 c.c. of the flyig studied,
and allowing it to remain there for an instant previous to swallowing
it. The normal conditions were thus closely imitated, and reflex in-
fluences from the stomach not excluded. The head was now turned
to one side and rested upon the arm, the saliva bcing allowed to collect
in the cavity of the mouth. Asthe fluid accumulated it was from time
to time, during fifteen to twenty minutes, allowed to flow out of a
corner of the mouth into a measuring vessel. Movements of the

jaws and tongue were carefully avoided and psychic stimulation was
excluded as far as possible. The method, already recommended by
Hofbauer,> was found to be reasonably satisfactory, and control
trials showed that the quantities of saliva obtained within periods of
fifteen or twenty minutes coy priately compared.

, as

Id be appro

! Compare, for example, Kiiyg - Lehrbuch der physiol. Chemie, 1868, p. 25
LAUDER BRUNTON : Disorders of digestion, 1880, p. [43.

P- 336, quoted by
> P 83.
Archiv fiir die ges. Physiol.,

2 OeHL: Comptes renduys. lix, HEIDENHAIN, Hermann's
Handbuch der Physiologie. 1883, v = N,
3 HOFBAUER :
1897, Ixv, p. 503.
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Of the saliva thus collected, 3-4 c.c. were taken for analysis.

A weighed quantity was dried in a tared crucible on a water-bath

and then for four or five hours at 105°C., this time being found

sufficient to bring crucible and contents to a constant weight. Total
solids were thus determined. The crucible was then ignited, care
being taken to prevent loss by volatilization of salts. The ash thus
obtained is given as salts in the protocols, while the or

ganic constitu-
ents were obtained by subtracting the

amount of salts from the total
solids. In some cases the amount of Cl in the ash was determined

by the usual method of titration with weak silver nitrate solution.

The analytical results are all expressed in percentages. The follow-

ing figures serve to illustrate the results of a typical duplicate
analysis: —

SUBMAXILLARY SALIVA OF DOG.

Water. Total solids. U;ﬁi“l:;f:“' Salts. Chilstifie.
A. 98.99 1.01 0.80 0.21 0.042
B. 98.99 101 0.78 0.23 0.040

It is an observation easily verified, that the presence of a small
quantity of strong alcohol or alcoholic beverage in the mouth ex-
cites a sudden flow of saliva. This acceleration ip flow is, at most, a
very brief one, and the rate of flow quickly returns to that pertaining
to normal conditions, 7. ¢., absence of stimuli in the mouth. The
stimulation in this case is not due merely to the mechanical action of
the fluid introduced, nor is it a form of stimulation specific for alcohol
alone, as our experiments on dogs have demonstrated. Thus, animals

were anasthetized with ether and chloroform through a tracheal
cannula (thereby avoiding direct stimulation of salivary flow), a
small dose of morphine, or a larger one of chloral, having been previ-
ously administered. A cannula was then introduced into one or
both ducts of the submaxillary glands. A small wad of absorbent
cotton moistened with the fluid to be studied was introduced with a
forceps into the back of the mouth upon the tongue, and the flow of
saliva from the ends of the cannulas noted. Tt was found by this
method that water or weak sodium chloride solution (0.7 per cent)

produced no further effect than the secretion of a drop or two of
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SALIVARY EXPERIMENTS ON MAN.
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saliva due to the mere mechanical action of introdu?ing the wad ; with
increasing strengths of salt the secretion was decidedly acce.leratcd,
flowing readily after application of 20 per cen't salt sol.ut1on, the
acceleration, however, being very brief in duration (5 min.). The
buccal cavity could be swabbed out with water occasionally, the
effect being a minimal one. It was found that zweak alcohol, introduced
in this way, provoked little, if any, flow; while stronger a?coh‘ol
(50 per cent) gave rise to a transitory secretion, the stimulation in
this case, however, being far more marked than can be produced by
the indirect action of alcohol through the stomach. Thus, in one
animal, in which the activity of the glands was found pronounc.ed
when a drop of dilute acetic acid was applied to the tongue, injection
of 100 c.c. 50 per cent alcohol directly into the stomach, failed to
provoke any reflex salivary flow in half an hour.

Turning now to the influence of alcoholic fluids upon the rate of flow
and composition of the saliva in man, the accompanying experiments,
by the method above indicated, may be cited (p. 167). The first two
(I. and II.) show the results obtained with successive portions of
water; in the following ones, a control experiment with water in each
instance preceded the trial with the alcoholic fluid.

The alcoholic content of the fluids employed was as follows : Brandy,
47 per cent by vol.; gin, 51 per cent; sherry, 21 per cent.

From these figures it is seen that the results obtained with two suc-
cessive portions of water scarcely differ from each other, the tcndcnc-y
however being towards decreased flow accompanied by decrease in
dissolved material in the saliva. Interpreted in physiological terms,
these results indicate that the second stimulation with water is, if any-
thing, weaker than its predecessor. In decided contrast appear the
results obtained with the alcoholic liquors. Here may be observed an

increased flow of saliva, not pronounced, but accompanied by an in-

The effect is pre-
cisely analogous, both in composition and rate of flow, to that brought
about by an increase in intensity of stimulation, when the salivary
glands are clectrically excited through their

The following diagram represents in gr

crease in both organic and inorganic constituents,

nerves.!

aphic form the results given

in the preceding table, 7. ¢. (1) the relative rate of flow induced by

water and by the alcoholic fluid; (2) the content of solid matter,
1 Cf. HEmbENHAIN: Archiv fiir die ges. Physiol.,

1878, xvii, p. 7, and Her-
mann’s Handbuch der Physiologie, v, p. 52.
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together with the relative proportion of ash or inorganic matter and
of organic matter as indicated by the loss on ignition,

T. II V. VI. VII

Rate of flow.

v I11. IV. VIII
a. b. a. b a. b. a. b. a. b. a. b. a. b. a.b .
Water. ~ Water. Brandy. Brandy. Brandy. Brandy. Gin, Sll;er1"y

Content of Solids, organic and inorganic.

Diagram illustrating the relative influence of alcoholic fluids on the rat
composition of human saliva.

e of secretion and
The Influence of Alcoholic Liquors introduced directl

' : ¥ into the Stomach.
__Tn our experiments on the reflex stimuyl

e ation of salivary flow, the
attempt to produce a persisting secretion due to the

alcohol in the stomach was unsuccessful ; nor |
obtain evidence of an unusual flow of s cumstan

in dogs with gastric fistulee. Tt secemed desirable, however, to ‘A ( (':es
the possible direct influence of alcoholic fluids on the salgvar;xgll:llgz

presence of

. lave we been able to
aliva under such cir
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and the resulting secretion, when other factors were excluded as far
as possible. In these experiments dogs of 10 to 18 kilos were used.
Chloroform-ether mixture was employed to produce anasthesia,
and was administered through a tracheal tube in part of the experi-
ments, the danger of respiratory difficulties resulting from salivary
flow induced in the glands as a result of the ether stimulation being
thus avoided. In the later stages of the experiments the alcohol
introduced usually sufficed to maintain the animal in perfect quiet.
Fredericq ! has recommended the use of alcohol for producing nar-
cosis in rabbits; it has been found quite satisfactory for this purpose
in the dog, the effects passing off with relative rapidity.

A glass cannula, bent at the end, was tied in Wharton's duct (and
occasionally a second cannula into the duct of the sublingual gland).
The chordo-lingual nerve was ligatured and cut at some distance
centrally to the point where the chorda tympani branches off to the
glands. All secretion in the corresponding gland was thus stopped
except during stimulation of the chorda, which was accomplished
through raising the peripheral end of the cut nerve by the ligature
and slipping hook electrodes under it.  The interrupted current of a
du Bois induction-coil with a single clement was used as the stimulus.
Saliva was collected in small graduated cylinders.  Alcohol was intro-
duced into the stomach by making an incision through the linea alba,
etc., and injecting the fluid directly into the organ thus exposed by
means of a large needle-pointed syringe. By careful avoidance of the
larger gastric vessels, bleeding was minimal. The general course of
the experiments was as follows: A distance between the primary and
secondary coil of the inductorium was selected such as a prelimi-
nary trial showed to give a medium rate of flow. This stimulus was,
so far as possible, kept constant throughout the experiment. The
chorda was repeatedly stimulated for periods of one minute, followed
by pauses of two minutes, during which the ner
In this way sufficient quantities of saliva for an
Before collecting a sample of saliva under any
six or seven drops first discharged were t] ;

ve was kept covered.
alysis were collected.
given conditions, the
wown away, and thus the
fluid stored up from previous stimulation in the gland lumina, ducts,
and cannula was avoided.” After collecting two or three control sam-

ples, the fluid to be considered (usually warmed slightly) was injected
1 FREDERICQ : Manipulations de physiologie, p- 10.

2 Cf. HEmENHAIN : Hermann's Handbuch der Physiologie, v, p. 53; LANGLEY
and FreTcHER : Philosophical transactions, 1889, clxxx, B., p. 112,
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, and this was fol-
The pulse was observed at fre-
e influence on the heart's action
amples of saliva collected were

into the stomach in the manner already described
lowed by a pause of five minutes,

quent intervals to detect any possibl
and consequent blood-flow. The g

analyzed in the manner already described. At the conclusion of the
experiment, the animal was killed by bleeding, and the condition of
the glands, as well as of the stomach and other

organs, examined.
The protocols of three typical experiments are

given below.

1,iii, 1897. Dog. Weight 14 kilos. Chloroform and cthe

’ tube during part of the experiment. Distance of seco
of stimulation = 1 min., followed by a pause of 2 min.

r administered through tracheal

ndary coil = 200 mm, Period

e | ) e | I o] T
Time-| ollected | per min,
¢.C. " c.c. ’ per cent. | per cent. ‘ Per cent. per cent. per cent.
[ e e S R
11 1035 | 5.3 0.7 9876 | 1.24 0.94 030 | 0026
II | 11.08| 5.4 0.6 98.94 1.06 0.73 0.33 0.036
IIT | 11.38 ‘ 5.2 ‘ 0.8 98.95 1.05 0.69 0.36 0.044
IV [ 1156 4.0 0.8 98.90 1.10 0.048
12.20 ‘ 8o c.c. 50 per cent alcohol injected into stomach.
v | 1235 | 4.8 0.8 98.96 1.04 0.69 0.35 0.047
VI | 1255 ‘ 4.8 0.8 99.01 0.99 0.59 0.40 0.076
1.15 | roo c.c. 50 per cent alcohol injected into| stomach.
VII 1.21 4.9 0.8 99.05 095 | 059 [ 036 | 0055
VIIL 1.42 6.0 1.0 99.05 0.95 0.60 0.35 0.060
x| 202 5.5 0.9 99.14 0.86 0.52 0.34 0.048
X 2.24 5.2 0.8 99.17 0.83 0.47 0.36 0.042
2.53 | 100 c.c. 50 per cent alcohol injected into stomach,
X1 | 258 4.5 0.6 99.07 0.93 0.63 0.30 0.034
XTI | 327 6.0 0.6 99.18 0.82 0.53 0.29 0.037
XIII | 4100 5.0 0.7 99.17 0.83 0.49 | 0.34 0.038
|
Dog killed. Stomach mucosa normal in appear,
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ini ing opera-
Q Bitch. Weight 10 kilos. Chloroform and ether administered d.:mn% Ol;:n
. Bitch. . — .
e It’921‘ acheotomy performed after operation. Distance of secondary coil = 240mm
ion. I p " o )
tIl’O iod of stimulation = 1 min., followed by 2 min. pause
er

bladder anq gall bladder

ance. Urilmrv
istended. Stomach contents — e o
greatly distende 4 reaction, and containing

50 c.c, faintly aciq iy,
5.6 arams of alcohol.  No food present.
2408 =

1 In this first period the distance of the

secondary coi]
timulation was Llnsatlsfactol'}'-
s

as 280 mm., but the

Amount | semetion| Water | ofids. | naiver. | Salts.  |Chlorine.

Time. col(lfé:.ted pel‘;.r:m. SO SN U, T —
’_T —ll; 4.6 11 | 98.68 1.32 1.03 0.29 0.0:3-2
11 | 1142 4.7 0.9 98.70 1.30 0.96 0.34 0.07+
III | 11.57 4.0 0.7 98.8+ 1.16 0.73 0.43 0.146

12.35 | 150¢C.C. burgundy injected into stomach.

IV | 1241 49 0.8 98.72 1.28 091 0.37 0.092
vV | 12.59 5.5 0.6 98.78 1.22 0.87 0.35 0.0‘36
vi| 129 4.7 0.7 98.91 1.09 0.82 0.27 0.071
2.00 | 200 c.c. burgundy injected into stomach. )
VII | 2.06 4.7 0.6 98.88 112 0.82 0.30 0.058
VIII | 232 -..- e 98.98 1.02 0.69 0.33 0.099

ed: stomach contents = 190c.c. ; claret color; mucosa not inflamed. (,onte]nts
Dog ki ; stor ! nfl |
; tlil(lllﬂ , ams of alcohol. The burgundy used contained z.2 per cent of alcoho
i I gr
contained 13 5

Experiments of the character indicated by .thcsc protocols were 'c.zu.‘—
i T ith alcohol in varying doses, whiskey, brandy, and wine,
o -iments with water were also made. In attempting
and contro e‘\'pmml]'ticql data thus obtained in experiments extend-
e thel alllatli's i'; is necessary to bear in mind facts regarding
e aetral 10which scem to be sufficiently established. Lud-
e st 28 the submaxillary saliva secreted during stimulation
vig showed thet qﬁi undergoes a change in composition varying
o Cho*‘fla.tymol? the ﬂow,gthc content of organic solids decreas-
O d‘”a'flon - degree than the dissolved salts. Heidenhain?®
o %leatzi‘ccxlgaﬁe of salts in the saliva varies directly with
found that t.le _létion qu?te independently of the state of the glapd.
the ra’e O'f Zg;lqtitue;ﬁs. however, being influenced by the condition
Stl‘eti](;gizlccl‘ctillé organ as well as by the strength of stimulus and

16 and BECHER: Zeitschr. f. rat. Med., 1851, N. F. i, p. 278. Cf. also
* Lo i Hermann's Handbuch der Physiologie, v, pp. 47-19.
HEUENHZI:I;I; ain: Archiv fiir die ges. Physiol., 1878, xvii, pp. 4 and 6.
2 HEIDENHAIN T 4
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12, iv, 1897. Bitch. Weight 9 kilos.
tance of secondary coil = 190 mm.

173

o .Chlor(.)form and ether during operation. Dis-
Stimulation 1 min., followed by a pause of 2 min.

Amount | Ra
e Cosﬁl;zz;d s;::%igl} Water. S’Eﬁt(il (!)nrfft];?‘ Salts. | Chlorine||
c.c. c.c. per cent. | per cent. | per cent. per cent. | per cent.
I| 924 4.5 0.9 98.76 1.24 0.97 ; 70.27 0067_
11 | 940 4.6 0.7 98.89 111 0.81 0.30 0.0§;
1040 | 100 c.c. distilled water injected into stomach, :
IIT | 10.53 4.7 0.6 99.04 0.96 0.66 0.30 0.049
1v | 11.21 5.0 0.5 99.09 091 0.60 0.31 0'060
11.50 | 100 c.c. distilled water injected into stomach. |
V| 11.56 4.5 0.5 99.30 0.70 0.54 0.16 0.024
VI | 12.25 4.5 0.6 99.33 0.67 0.36 0.’31 0‘0'8
VII | 12,51 4.6 0.7 99.39 0.61 0.36 0.25 0.0;3
1.18 | 100 c.c. 50 per cent alcohol injected into stomach. |
vin | 123 ‘ 5.7 07 | 9935 | 065 | 036 | o029 7
IX | 1.44 l 4.8 0.8 99.38 0.62 0.32 0:30 (.;gzi
N | 203 | 4.7 0.7 99.47 0.53 0.29 0.24 OIOS:
XT | 225 1 4.7 0.6 99.47 0.53 0.22 0.31 0.0‘);

Dog killed. Stomach mucosa normal. Contents — 100 c.c. No od f
¢, INo odor of alcohol.

1'Csu]tmvg rate Of Secrctlo‘n. Th(?se observations, verified by Werther!
and by Langley and Fletcher,® have been extended by e

investigators, who formulated the opinion that “the . t.h(:. lasetes
organic substances depends wholly, or almost whol] secretion of
strength of the stimulus, whilst the secretion of wat ‘y’ upon the
depends also upon the amount of blood flowine thro (Cyll and of salts
In view of the well-known fact that changes ?ﬂ theuf:tiﬂlc gland.”?
stimulus immediately bring about a change in both 1-- rength of the

and composition of the saliva, we have atte ate of secretion

. mpted to Sk
stant stimulus throughout cach series of abservat mal};ltdm a con-
Servations by selecti
y ¢ ing
oS

v Q ia actory o .
sOmE Sathht.t ry distance of the secondary coil of the i .
and by applying the electrodes as uniformly ag po ‘l? ‘11(18ct01‘1um
- @ possible.  Owing to
1 WerRTHER : Archiv £ d. ges. Physiol., | g
ik o

886. XXXV
¢ axcLiey and FLETCHER : Joc. ¢77 P 1 ’ Vi, p. 293.
. Ds

52. 3 [hid.. p. 132,
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the gradual decline in the irritability of the exposed nerve, the
impossibility of applying the electrodes constantly in one position,
and other unavoidable difficulties, ideal results cannot be obtained.
the difficulties were present in every experiment and the

However,
therefore more or less comparable.

results are

An examination of the data obtained in the manner above indi-
cated shows no constant appreciable influence of alcohol or alcoholic
fluids upon the rate of sccretion of submaxillary (or sublingual) saliva
under the influence of a constant external stimulus. Even large
doses of alcohol, sufficient to produce prolonged narcosis, fail *o
check the salivary flow, a result in striking contrast to the effects
which morphine may bring about when used in moderately large

doses. We have not infrequently observed, in other experiments,

an entire absence of s
when morphine was unintentionally given in doses larger than were

necessary to produce a mild narcosis. On the other hand, there
is likewise an absence of any stimulating action on the glands, in
our experiments; at least the slight variations in the rate of flow
after alcohol is administered arc no greater than those brought
about by water alone (cf. third protocol above). On the fotal
solids likewise, the presence of alcohol seems to exercise no notice-
There is a tendency toward decrcase in amount as

alivary flow even with very strong stimuli,

able influence.
the experiments p
fined to the organic

compamti\'cly constant 1
above. The decrease 11 organic substances is in no way to be

attributed to alcohol, since 1t may be obtained with water alone
(cf. protocol third), or in the course of any protracted salivary secre-
Nor is this decrease remarkable when it is remembered that

rogress; this decrease, however, is entirely con-
constituents of the saliva, the sa/ts remaining
amount, as can be seen in the protocols

tion.
4 small gland weighing a few grams has furnished 50 to 75 grams
of saliva in the course of three or four hours. The organic consti-

tuents of the cells must thus be exhausted somewhat more rapidly
than the anabolic processes of the gland can replace them, while
the salts are obtained with relative ecase from the blood. Any
effect upon the sccretion of inorganic salts such as might result in
accordance with Langley’s law (cf. p. 173) was not observed. A large
number of determinations of the alkalinity of the saliva (towards
lacmoid) likewise failed to show any constant relations. It is inter-
esting in this connection to note that the submaxillary saliva of the
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dog was always found i
alkaline to pl &1
e edhvior 2 phenolphthaléin, litm moi
and e lylglange. Mixed human saliva, like the bile oufs’ faemeid
als, is almost always acid toward phenolphthaléin.! " number
in.

i GASTRIC SECRETION
t has already b : ’
e oF He inzt eee“ pointed out that in an accurate and compl
) 1ence
o nfluence of alcohol and alcoholic drink i e?e
ge: , no single line of experimentation can lead = abon gastie
cise res < an lead
dls mslultf:.i covering the whole ground of inqui ‘ Ito full and con-
eemed advisa Tk ry. It was -efor
e l?lc., for experimental purposes, to stud ’ thcmfme
under several distinct heads, as (1) the infl S, fs udy the subject
: T uence of a .
holic (,lllnl.\b upon the process of secretion : (2 lcohol and alco-
of absorption; (3) upon the motor functi ’ f~) upon the processes
: ctions of tl i
and up . . he al - .
(4) upon the purely chemical processes of ( 1In§llta1yca11a1,
The last phase has already been considered s of gastric digestion.
o s cred at s N ;
The older announcements regarding tl tsome length.?
. . - «l -
summarized in the statement th:lt it 13 the influence of alcohol are
T at 1t 1s a strong sti
secretion, a - ng stimu .
secretic chnd alcohol is recommended as a mZan flant of gastric
ric juice : . . s 0 o .
tric ] e from fistule in animals3 Laroer obtaining gas-
detrimental to the stomach, giving ri arger doses are regarded as
. R SR rise to tre . i
Auid, —a process evidently & ransudation of alkaline
s p evidently pathological* Gluzinski? alkaline
periments on man with brandy and 3.1 sluzinski® found in ex-
. . d dilute a .
gave rise, after a brief preliminary period, t 1CC1>1101 that these liquors
: s . i d, to . " .
active secretion rich in hydrochloric qcid, the formation of a very
Likewise Wolff® .
secre;ion Y 1Sl'catf:s th'at cognac in small doses incre
p iyl o chloric acid, while in larger quantity it dases the
he acidity o wasttic i d 1 -
é ] f).] 1 gastric juice and retards peptone foy ecreases
5 c atls "CS : e ’ rmati
stomach fails to respond in a positive way, howeve fatlon. The
! r, atter

tinued usc of alcohol.  While Klemperer 7 fail the con-

-~ ed to no "
1 CHITTENDEN : The reactions of some animal fluid ¢ more than
2 CurrTENDEN and MENDEL: /Joc. ¢zt o e
3 Cf. FrERICHS : W2 2
Vagner’'s Handworterbuch der Physi :
488 Kimxi: Lehrbuch, pp. 28, 305 M iysiologie, 1846
. . ! 2t
Physiologie, v, p- 1T5.
4+ Cf. HEIDENHAIN : Joc. cit. ; )
- LAUDER BRUNTON: Disorders of li
S of digestion 3¢
g , 1886,

p- I

5 GLuzINsKI: Deutsches Archiv f. kli

. g — ; 7 f. klin. W

Ja]1l‘€5])e]-lcht fiir Thierchemie, 1856. xvi ]‘)“:( Med., 1886,

¢ WoLFF: Zeitschr. f. klin. Med., x'ssr} —?.:
chemie., 1889. xix, p. 260. ’ ) XVi, p. 222

7 KLEMPERER : Zeitschr. f. klin. M

C . Med. R

med. Wissen., 1891, p. 751. » 1890, xvii, Supp.,

Science, N. §., v, p- 9oz

IDENHAIN rmann’s (l >del
N I]e it
Ha.ndbucl

XXXiX, p. 405. See
; Jahresbericht f. Thier-

P- 324: Centralbl. f,
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resulting from moderate doses of

a very slight increase in secretion
550 per cent alcohol introduced

alcohol, Blumenau 1 observed that 2
into the healthy human stomach acts as a secretory stimulant, bring-
o

ing about an increased flow of gastric juice with rise of acidity after
a period of 2—3 hours. More recently Brandl® has found in experi-
ments on fistulous dogs that alcohol—as contrasted with water
introduced with food stuffs into the stomach — brings about an un-
icularly large, increase in gastric secretion.

failing, though not parti
With repeated and increasing doses of alcohol, Haan?® has further

observed an augmentation of acidity in the dog, followed by a di-
minution in the amount of secretion and a gradual decline in acidity
after several doses.

In our first series of experiments on gastric secretion, attention was
directed to the volume and acidity resulting from the introduction of
alcoholic fluids into the stomach, independently of any stimulating
a?t}on due to food Slln.llltdllC(-)llb'l}‘ introduced. Dogs in fasting con-
dition were employed in every instance, and morphine sulphate (in-
troduced subcutaneously) followed by chloroform-ether was used
preparatory to operative interference. The method consisted in li-
gating the duodenum just beyond the pylorus and then introducing a

g

definite volume of the fl
mner already ind
cascs, dogs with gastric fistulee were employed.  The abdomen was

quickly sewed up after this operation, chloroform-ether stopped,
animal allowed entire freedom of movement. The liquid
armed gently to avoid the asserted stim-
s on the gastric mucosa! Ligations of

uid to be examined into the empty stomach

in the me icated in previous experiments. In several

and the
oyed was ordinarily w

empl
1g action of cold fluid

ulatir

the cesophagus and cesoph

e 1ed experience with gastric fis -
what extended experience gastric fistula dogs, as well as the

nts about to be described, have convinced us, in agreement
in’ mrirations.d et >
in's observations,’ that under ordinary circumstances

Zlngll fistulee were avoided, since a some-

experime
with Heidenha
;. ¢. in the absence of unusual stimuli (and with slightly nacotized

amount of saliva secreted is small at 1;105{‘ and fails to

animals) the
induce any pronounccd secretion in the stomach.® Further, we have
’

1 BLUMENAU @ Therapeutische Monatshefte, 1890, v, p. 504; Jahresbericht f

Thierchemie, 1891 xxi, p. 212
2 BrANDL: Zeitschr. f. Biologie, 1892, xxix, p. 304.

Haax: Comptes rendus de la société de biologie, 1895, ii, p. 817.
Lehrbuch der physiol. Chemie, p. 28.

Hermann's Handbuch, v, p. 112,

3
4 Cf. KUHNE:
6
& also the experiment described on page 168.

i Compare
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found that an unusual flow of saliva is at once readily detected by the
physical character of the stomach contents, ¢. g. frothing, etc yFur-
thermore, the conditions of our experiments were inte:dcd'to ap-
proach those normally obtaining in the body as nearly as possib;é‘
and finally, a sufficient number of control experiments in \;rhich‘ \\"1’[(::‘
was introduced into the stomach, have left no doubt as to the V'1li(clit

of the method. At the end of three to four hours — a period csl“O\ 'y
by our cxpcr'irnents to cover the digestion time of a test meal fo; tl\ll(;L
dog —the animal was bled to death, the cesophagus ligated at the low

end, the stomach removed from the body, \vipet] frecb from‘ bloodo“leclll
the contents discharged into a graduated vessel. In the fl id’{;ll

obtained total acidity, free and combined HCI' and acid lrI a t'mi
salts were determined by the method of Tépfert I alcohol 7C‘C'l"n'b
mated, when present, in the distillate from a dcﬁ,nitc Jortio‘1\1as fC:}tll-
gastric contents, by the pycnometer method ; total solilds were (;k:tcr(f

mined by drying a weighed i e
= S quantity of fluid in a ta ible
100-105 C°.  Protocols follow: — ted erucible at

A. Control Experiments with Water : —

I. 31v,1897. Dog, with gastric fistula, well healed. Weight 21 kilos
completely through fistula. .

Introduced 200 c.c. distilled woater at 10 50A.Mm
Contents removed at 1.55 p. M. =31 hrs
M. =3 hrs.

Fluid removed

Volume of fluid recovered from stomach = 160 c.c. — 80

Analysis of the contents gave:

Total acidity

per cent of original volume.

0.203 per cent.2

Free HC1 , , . ., . 0.192
Loosely combined HC1 . . .  0.002
Salts . . . . L 0 L L L L 0,009
Total solids . . . . . . . 0624

TI. 28 vi, 1897. Dog, with gastric fistula, well healed. Weight 25 kil .
completely through fistula. R G e
Introduced 135 c.c. distilled water at 11 . 1.
Contents removed at 1.45 p. M. =24 hrs.
Volume of fluid recovered from stomach =
Analysis of the contents gave :
Total acidity .

110 c.c. = 81 per cent of original volume.

0.274 per cent.

Free HCl . . . . . . . . oo
Loosely combined HC1 . | | 0.018
Salts = : : &« ¥ 3 5 ow ow 0.015
Total solids . . . . . . | 0'77.

1 TorrER: Zeitschr. f. physiol, Chemi
i . siol, emie, 1804, xix
2 Expressed as HCl in all the experiments SR

T2
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III. 24 v, 1897. Dog. Weight 7.7 kilos.
Introduced 125 c.c. distilled water at 10 A. M.
Contents removed at 1.50 P. M. =3¢ hours. )
Volume of fluid recovered from stomach =114 c.c. =91 per cent of original volume.
Analysis of the contents gave:

Total acidity . . . . . . 0.094 per cent.
Free HCl . . . . . . . 0065

Loosely combined HC1 . . 0.004

Salts . . . . - . . . . 0025

Total solids . . . . . . 047

IV. 29v,1897. Dog. Weight 14.5 kilos.
Introduced 200 c.c. distilled water at 9.30 A. M.
Contents removed at 1.15 p. M. =3 hrs.
ume of fluid recovered from stomach = 206 c.c. =103 per cent of original volume.t

Vol
Analysis of the contents gave:
Total acidity . . . . . . 0047 per cent.
Free HCl . . . . . . . 0.040
Loosely combined HCL. 0.00+
Salts . . - « . - - - . 0003
Total solids . . . . . . . 050

V. 2vi, 1897. Dog. Weight 10.5 kilos.
Introduced 125 c.c. carbonated water at 9 A. M.

(Contents removed at 12.45 p. M.=3% hrs.
Volume of fluid recovered from stomach =125 c.c. =100 per cent of original volume.

Analysis of the contents gave :

Total acidity

0.191 per cent.

Free HCl . . - - - 0.152
Loosely combined HCl 0.014
Salts . « .+ o+ o+ = ot 0.025

0.55

Total solids .

In this experiment the CO, w

VI. 1 vii,1897. Dog. Weight 10 kilos.

as completely absorbed.

I[ntroduced 76 c.c. of 2 per cent dextrose solution at 9.10 a. M.
Contents removed at 1240 p.ar =3} hrs.
Volume of fluid recovered from stomach =68 c. c. =90 per cent of original volume.

Analysis of the contents gave :

Total acidity

0.072 per cent.

Free HCI 0.047
Loosely combined HCI 0.007
Salts 0.018

1 A small quantity of saliva doubtless found its way into the stomach, as the
dog salivated somewhat at the beginning of the operation and the stomach contents

had a frothy appearance.
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B. Experiments with strong Ethyl Alcohol ; —

VII. 17v,1897. Dog. Weight 23 kilos.
Introduced 200 c.c. of 37 per cent alcokol at 10.45 A. M.
Contents removed at 2.15 p. M. = 3} hrs.
Volume of fluid recovered from stomach =407 c.c. = 203 per cent of original volume.
Analysis of the contents gave :

Total acidity . . . . . . 0.164 per cent.
FreeHCI . . . . . . . 0112
Loosely combined HC1 . . 0.043
Salts . . . . . . . . . 0.009

VIII. 31v,1897. Dog. Weight 21 kilos. Gastric fistula well healed.
Contrast experiment with water and alcohol.
a. The first part of this experiment has been described under 1. p. 177.

3. After discharge of previous stomach contents completely through fistula, 200 c.c.

374 per cent aleokol were introduced into the stomach through fistula at 1.55 p. M.
Contents removed at 5 p. 3. = 3+ hrs.

Volume of fluid recovered from stomach = 460 c.c.=230 per cent of original volume.!
Analysis of the contents gave:

Total acidity . . . . . . 0.220 per cent.
TFree HC1 . . . . .. 0164

Loosely combined HClI . . (.011
Salts: .. . . . « & . . & 0045
Total solids. . . . . . . 0987

C. Bxperiments with weak (5 per cent) Ethyl Alcohol: —
IX. 24 vi, 1897, Bitch. Weight 8 kilos.
Introduced 100 c.c. 5 per cent alcokol at 10.45 A. M.
Contents removed at 2 p. M. =3} hrs.
Volume of fluid recovered from stomach =110 c.c. = 110 per cent of original volume.
Analysis of the stomach contents gave :

Total acidity . . . . . . 0.119 per cent.
Free HCl . . . . &« . . 0086

Loosely combined TICI. . . 0011

Salts . . . . . . . . . 0022

Total solids . . . . . . . 069

. 8 vi, 1897. Bitch.  Weight 7.3 kilos.
Introduced 110 c.c. 4.8 per cent alcokol at 9 a. 1.
Contents removed at 12.45 p. ». = 3% hrs,
Volume of fluid recovered from stomach = 135 c.c. = 193 per cent of original volume.
Analysis of the stomach contents gave :

Total acidity . . . . . . 0.202 per cent.
Free IICI . . . . . . . 0148
Loosely combined HCI . . 0,021
Salts . . « « v o= s ow o, 10,033

1 A post-mortem examination showed that the stomach contents could be com-
pletely discharged through the fistula by the method adopted.
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The results of the foregoing experiments, expressed in percentages,
are combined in the following table.

A. Relative volume of Loosely -
With ﬂui.d at end of a'(I:‘iiltiztl;. combined | Free HC1. | Salts. sloll)itczllsl.
water. experiment. HCL

T S0 0.203 0.002 0.192 0.009 0.62
IT 81 0.274 0.018 0.241 0.015 0.77
1T 91 0.094 0.004 0.065 0.025 047
v 103 0.047 0.00+ 0.040 0.003 0.50
v 100 0.191 0.014 0.152 0.025 0.55
VI 90 0.072 0.007 0.047 0.018
Average. 90.8 0.147 0.008 0.123 0.016 0.58

B. : s&lv

. Relative volume of Total Loosely S
With fluid at end of 1cidi‘1 .| combined | Free HCIL. | Salts. '_10.“}
strong experiment. ‘ ¥ HCL solids.

alcohol.

VII 203 0.164 0.043 0.112 0.009
VIII 230 0.220 0.011 0.164 0.045 0.99

Average. 216.5 0.192 0.027 0138 | 0.020 0.99

\
C. Relative volume of - Loosely

% Total ) w1 Total

i eak fluid at end of acidity, | combined | . oS
Mieohol. experiment. acidity. | "¢, | Free IICL| Salts. | solids.
X 110 0119 0.011 0086 | 0022 0.69

X 123 0202 | 0021 0.148 | 0.033

Average. 116.5 0.160 0.016 0.117 0.027 0.69

A glance at the data presented leaves little doubt as to the pro-
nounced stimulating action of pure ethyl alcohol upon gastric secre-
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tion, even with solutions of only five per cent strength. The effect is
not merely one characterized by the discharge of water into the
stomach cavity, but gives evidence of a true sceretory process.  Thus,
the volume of fluid found after introduction of water into the stomach
is not increased, there being rather a tendenc

y in the opposite direc-
tion. Edkins, ' v. Mering,

* and others have shown that the absorption
of water from the stomach is practically 77/, while the absorption of
alcohol goes on quite rapidly. In our own experiments, the alco-
hol used had entirely disappeared from the stomach in the course of
the experiments; the question of absorption will, however, be referred
to in another connection. With five per cent alcohol the increase in
the volume of the gastric contents is noticeable, beco

ming very pro-
nounced with the stronger percent

ages of alcohol. The increase in
total solids gives confirmation of stimulated secretion,

as does also
the increase in acidity.

It must be remembered, further, that the in-
crease in acidity shown by the figures is a relative one; expressed
absolutely in grams, the total acid secreted is obviously increased in far
greater degree than the percentage figures indicate. The specific
action of alcohol is strikingly shown in Experiment VIIL., in which
the conditions permitted of comparative experiments with water and

alcohol on the same animal, with the following results: —

COMPARISON OF THE TWO EXPERIM ENTS (VIIL g, g.).
TP Fluid recovered | Relative| .. e Loosely o
Fluid “]“Od‘lllced from stomach | volume. l‘c()lt.alr ‘ %{rgla coml)ine}d Salts. | Total
in stomach. after 3 hours. ——— acidity. 3 ’ HCL solids.
[ s |
200 c.c. water 160 c.c. SO 0.203 | 0.192 | 0.002 0.009 ! 0.624
200 c.c. alcohol | | . » -
(37} per cent.) § 460 c.c. 230 0.220 0.6+ 0.011 ‘ 0.045 | 0.987

A comparison of the proteolytic activity of the two secretions by
Griitzner’s carmine-fibrin method showed a decidedly greater diges-
tive power in the case of the “ water” secretion.
be placed, however, on a single experiment.
tained in the experiments with alcoho
properties in every case examined.,

Much stress cannot
The gastric fluids ob-
I possessed strong proteolytic

! IEpKINS : Journal of physiology, 1892, xiii, p. 445.
2 v, MERING: \'crlmn(llungen des XIT. Congresse

. s f. innere Medicin, Wiesha-
den. 1893 Therapeutische Monatshefte,

1893, vii, p. 201.
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In view of this pronounced action of alcohol on gastric secretion
it scemed desirable to ascertain something more definite regarc?-
ing the way in which this process is provoked. The control cxpertl—
ments with water gave evidence that the mere contact of the fluid
with the stomach mucosa could not be the cause of gastric stimula-
tion. It will be remembered that even vigorous mechanical stimula-
tion or irritation ordinarily fails to yield more than a few grams of
secretion,! — an observation in decided contrast to the phenomena of
gastric flow during the presence of digestible materials in the stomach.
The following experiments throw light on the question raised : —

XI. 25v,1897. Dog. Weight 23 kilos. The intestine was ligatured just beyond the
pylorus. Another ligature was applied below the point of entrance of the (lL.lCt of
Wirsung. 20 c.c. of 60 per cent alcohol were injected into the lumen of the intes-
tine between these ligatures, while 105 c.c. of 60 per cent alcohol were introduced
into the intestine beyond the second ligature. Then

Introduced 200 c.c. water into stomach at 10.45 A. a1,
Contents removed at 2.30 r. M. = 3% hrs.

Volume of fluid recovered from stomach = 260 c.c. =130 per cent of original volume.
Analysis of stomach contents gave :

Total acidity . . . . . . 0241 per cent.
Free HC1 . . . . . . . 0213
Loosely combined HCl . . 0.002
Salts . . . . . . . . . 002

XII. 28v,1897. Bitch. Weight 28 kilos. Intestine ligatured just beyond the py-
lorus. Another ligature was applied below the point of entrance of the duct
of Wirsung. 125 c.c. of 60 per cent alcohol were injected into the lumen of the
intestine below the second ligature,® then

Introduced 200 c.c. water into stomach at 11 A .
Contents removed at 245 r.3. = 33 hours.
Volume of fluid recovered from stomach =375 c.c. = 187.5 per cent of original volume.

Analysis of stomach contents gave :

Total acidity . . . . . . 0333 per cent.
Free HCI . . . . . . . 0306

Loosely combined HCl1 . . 0.004

Salts . . . . . . . . . 0023
Totalsolids . . . . . . . 030

1 Cf, TIEDEMANN and GMELIN: Die Verdauung nach Versuchen, 1831, p. 92 ;
ScuIFF : Lecons sur la physiologie de la digestion, i, P 244.
2 The return of alcoholic fluid into the stomach was thus absolutely prevented.
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SUMMARY OF RESULTS OF EXPERIMENTS.

Relative volume of Loosely
" : Total : Free . Total
No. fluid at end of ‘Tt | combined Salts. .
experiment. acidity. HCL HCI. solids.
XI 130.0 } 0.241 0.002 0.213 0.026
NII 187.5 0.333 0.004 0.306 | 0.023 0.30
Average. 1585 ‘ 0.287 0.003 0.259 | 0.024 0.30

From these data it seems clear that a stimulation of the gastric
glands may take place, independently of any direct gastric irritation,
in consequence of the influence of alcohol absorbed from the intes-
tine. The volume of the fluid in the stomach increased relatively far
more than when five per cent alcohol was introduced directly into the
stomach (cf. Experiments IX., X., p. 179). The composition of the
fluid (high acidity, free HCI, total solids) likewise gives ev
active secretion, while the fluid was found to be strongly proteolytic,
The absorption of the alcohol was complete in these experiments;
and when it is remembered how quickly alcohol is distributed and
disappears in the body, the actual amount reaching the

gastric glands
must have been relatively small, or at least must have acted durine a
o

brief period only. It seems probable, therefore, that there occurs
here an indirect stimulation quite comparable to that resulting after
absorption of peptone from the alimentary tract, a )
to note by way of comparison that Khigine,!
the isolated fundus of the dog,

idence of

nd it is interesting
in his experiments upon
found that the acidity of the scer
after absorption of digestion products runs P

gree with the increase in volume.
acts directly upon elements of the
“ secondary secretion "), or becomes a stimulus to specific secretory
nerve fibres (Khigine), we are unable at present to decide.? /
In connection with this secondary "
to the presence of alcohol in the sm
Macfadyen, Nencki, and Sieber

etion
arallel to a certain de-
Whether the absorbed alcohol
gastric mucosa (Heidenhain's

secretion of gastric juice due
all intestine, it is to be noted that

found among the bacteria normally

1 KHIGINE : Archives des sciences biologiques, St.
Cf. HowELL: American text-hook of physiolo
3 MACFADYEN, NENCKI, and SIEBER :

Pharmakologie, 1891, xxviii, p. 311.

etershourg, 1893, iii, p. 461.
2y, 1890, p. 182,
Archiv f. experimentelle P

2

athologie und

184 Chittenden, Mendel, and Jackson.

present in this portion of the alimentary canal specic% which give rise
to a production of ethyl alcohol from carbohydrates 'mgcsted. .

D. Experiments with Alcoholic Beverages. — It might naturally e
assumed that the action of the various alcoholic bcve}'agcs on gastric
secretion would be similar, qualitatively, to that of their common con-
stituent ethyl alcohol. Previous investigation, howe'ver, has shown
that the influence of these liquors on the purely 'chcmlcal processes ;)f
digestion is not necessarily proportionate to their content of alcoh.o ,1
hence it seemed desirable to study the effect .of a numb'cr of typlcé'l
liquors on secretion, by the method of the previous experiments. This
we have done with the following results: —

XIIT. 21 vi, 1897. Dog. Weight 10.7 kilos.
Introduced 50 c.c. sherry + 25 c.c. wafer (14 per cent alcohol) at 10.20 A. M.
Contents removed at 2.15 p.yM. =31} hrs.

Volume of fluid recovered from stomach =160 c.c. = 213 per cent original volume.

Analysis of stomach contents gave:

Total acidity . . . . . . 0367 per cent.
Free HCI . . . . . . . 0300

Loosely combined HCl . . 0.020

Salts . . . « .« .« « . . 0047
Totalsolids . . . . . . . 172

XIV. 2vi, 1897. Dog. Weight 18.5 kilos.
Introduced 50 c.c. whiskey + 100 c.c. zozer (16 per centalcohol) at 11.15 A. M.
Contents removed at 3 p. M.=3% hours.
Volume of fluid recovered from stomach =320 c.c. =213 per cent original volume.

Analysis of stomach contents gave:

Total acidity . . . - . . 0.382 per cent.
Free HC1 . . . . . . . 0346

Loosely combined HC1 .. 0.011

Galts: ¢ + s s « « o » = 0025
Totalsolids . . . . . . . 042

XV. 3vi,1897. Bitch. Weight 8 kilos.
Introduced 125 c.c. Hochheimer (13.3 per cent alcohol) at 10 A. M.
Contents removed at 1.45 P. M. = 3% hrs.
Volume of fluid recovered from stomach=140 c.c. = 112 per cent original volume.

Analysis of stomach contents gave :

Total acidity . . . . . . 0.230 per cent.
Free ICT . . . . . . . 0163
Loosely combined HCT . . 0.038
Salts . . . . . . . . . 0027

1 CHITTENDEN and MENDEL: Joc. ¢it.
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XVI. 28vi,1897. Dog. Weight 25 kilos. Gastric fistula well healed.
Contrast experiment with water and wine.
a. The first part of this experiment has been described under II. p. 177.
p.  After complete discharge of previous stomach contents through the fistula,
135 c.c. white wine were introduced into stomach through fistula at 1.45 p. M.
Contents removed at 4.30 p. . = 2% hrs.
Volume of fluid recovered from stomach =170 c.c. —

126 per cent original volume.
Analysis of stomach contents gave :
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XX. 14vi, 1897. Dog. Weight 14 kilos. )
Introduced 150 c.c. porter (3.75 per cent. alcohol) at 9.45 A. M.
Contents removed at 1.30 . a. = 3§ hrs. B
Volume of fluid recovered from stomach =195 c.c.= 127 per cent original volume.
'sis of stomach contents gave : )
Anal’i‘:tbal acidity . - - . . - 0.371 per cent.
FreeHCl . . . . . . . 0320

Total acidity
Free HCl

0.425 per cent.

Loosely combined HCI . . 0.036

Salts
Total solids .

0.015
2.19

" 0.342
Loosely combined HC] 0.018
Salts . . . . . . . . . 0063
Totalsolids . . . . . . . 179

XVIIL. 23vi,1897. Dog. Weight 12.3 kilos.
Introduced 125 c.c. claret (5.15 per cent alcohol) at 9.30 A. M.
Contents removed at 1.30 P. M. = 4 hrs.

Volume of fluid recovered from stomach = 225 ¢.c. =180 per cent original volume.

Analysis of stomach contents gave :

7 vi 7. Bitch. Weight 8.5 kilos.
XI. 7 vi, 1897. s -
x Introduced 125 c.c. lager beer (4.7 per cent alcohol) at 10.15 A. M.
Contents removed at 2.10 r. 3. =31} hrs.
Volume of fluid recovered from stomach = 285 c.c. =228 per cent original volume.
o
Analysis of stomach contents gave: _ ‘
Total acidity . . . . . . 0.§/§ per cent.
Free 1HIC1 . . . . . . . 0308

Total acidity

Free HCI .
Loosely combined HC1
Salts

Total solids .

0.373 per cent.
0.324

0.025

0.024

1.90

XVIII. 18vi, 1897. Bitch. Weight 10.2 kilos.

" Introduced 100 c.c. lager beer (4 to 5 per cent alcohol) at 10.20 A. 1.
Contents removed at 2.15 p. 3. = 311 hours.

Volume of fluid recovered from stomach = 110 c.c. = 110 per cent original volume,
Analysis of stomach contents gave :

Total acidity

Free HC1 .
Loosely combined HCI
Salts

Total solids .

XIX. 23vi,1897. Dog. Weight 10 kilos.

0.357 per cent.
0.241

0.064

0.052

9.26

Loosely combined HC1 . . 0016

Salts
Total solids .

0.05+
2.88

XXII. 14vi, 1897. Dog. Weight 8.2 kilos.
Introduced 150 c.c. porter residue ! at 11.30 A. a.
Contents removed at 3.15 p.a.=3% hrs.
Volume of fluid recovered from stomach = 135 c.c. =90 per cent original volume.

Analysis of stomach contents gave :
Total acidity . . . - - - 0352 per cent.
Free HCI .. . . o« . 0280
Loosely combined HCl . . 0.0{.::
Galts . . o« & = o = « » 0058

Total solids . 2.29

XXIII. 9vi,1897. Dog. Weight 10 kilos.
Tntroduced 130 c.c. lager beer residue 2 at 10.30 A. .
Contents removed at 2.30 P. M. =4 hrs.
Volume of fluid recovered from stomach =175 c.c. =134 per cent original volume.
Analysis of stomach contents gave:

Introduced 100 c.c. lager beer (4.5 per cent alcohol)

at 10.10 A, nr.
Contents removed at 2 p. M.=32 hrs.
Volume of fluid recovered from stomach — 125 c.c. =125 per cent original volume

Analysis of stomach contents gave

Total acidity

Free H(C1 .
Loosely combined 11C1
Salts

Total solids .

0.241 per cent.
0.169

0.032

0.040

5.51

Total acidity

0.346 per cent.

Free HCI .. 0.270
Loosely combined HCI1 0.038
Salts 0.038
Total solids . 6.50

1 The residue left on evaporation of 150 c.c. porter, dissolved in 150 c.c. dis-

tilled water.

% Residue from evaporation of 130 c.c. beer, dissolved in 130 c.c. water.



Lnfluence of Alcoholic Drinks upon Digestion 3
. 187

For the sake of compari
) parison these d - .
fog Ll = ata are contrasted in the follow-

Rlelative
volume of Total LOOsely
fluid at end of | acidity. combined | Xree Salts, | Total

experiment. HCL HCL. solids.
XIV. Whiskey + H,0 2 R
(16% alcohol) aL3 0382 | 0011 | 0346 | 0.025 | o
: .02 42
XIII. Sherry+4H,O . 2
(139 alcohol) 13 0367 | 0020 | 0.300 | 0.04
- 047 | 1.72
XV. White wine . 112
' “ 0.230 | 0.038
. 0.165 | 0.027

(13% alcohol)

XVI. White wine . . 126 oA
LS

13% al
(137 aleohol) 0018 | 0342 | 0.065 | 1.79

XVII. Claret . . . . Q
(107 alcohol) 10 0373 | 0025 | 0304 | 00
" < .024 1.90
XVIII. Beer. . . . .
(477 alcohol) 10 0357 | 0064 | 0241 | o
i .052 9.26
XIX. Beer
PR 125
(49 alcohol) ‘ 0241 | 0.032
: 0.169 | 0.040 5.5
. 5.51
XXI. Beer:. . . . . 22 -
(4.7 alcohol) ° 0.378 0.016 0308 | 0.0
. .054 2.88
NXIII. Res_idue,of Beer 134 0.3 ®
(like XXT.) 34610038 | 0279
-2l 0.038 6.80
XX. Porter . ” .
X3 rter ..o 12 am
(5.37 alcohol) ! 0.371 0.036 | 0.329 0
& .015
N XII. Residue of porter 90 0352 ’ 21
.352

(like XX.) 0.014
0.280 | 0.05
058 2.29

[hese results afford tangi i
gible evidenc
e of the

the liquors examined, as show stimulating action of

n in the j
. . : . increase
ntents, accompan ased vy
cont g 4 panied by increase in acidity Tflolume of gastric
. 1at alcol =

hol is an

in?portant factor in the production of thes

tain- . COI;tl-a,'qt, f]Or example, ExperirnchtSCX[‘z(hCh(.)mem s€ems cer-
differs onynln t~1c abS?ncc of the alcoh l‘ pth XXIL, which
malted bc?uages.contam a variety of ol But the wines and
o anic acids,! which perhaps coneis ot otl °r' constituents m{cl]( n .
effect, and are .doubt.lelss partly rCSD()sSiCblt() Increase the stir;mlatix?z
ments for the hlgh a.c1d1ty observed. Trm € In a number of cxperiﬁ
% water and wine i strikingly shown | contrast between the actic
carried out on the same animal. " EXPerimentS XVL a ("md )E

g

ey

1 CF CHITTRN
Cf. CHITTENDEN and MENDEL : 4 ;
T oc. it pp. 56, So.
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COMPARISON OF THE TWO EXPERIMENTS (XVL g, 8).
SR Fluid removed | Relative | - - Loosely
Fluid mtrodllxced from stomach | volume. rcitiﬂ %‘Irge co1(1)1bsi?1gd Salts. | Total
in stomach. after 3hours. | percent. acidity. | HCL |“ [ 5 | soLids:
i I R
135 c.c. water 110 c.c. Sl 0.274 |0.241 0.018 |[0.015 | 0.77
135 c.c. white - ‘ & .
35 ecv } 170 c.c. 126 | 0425 |0342| 0018 |0065 | 1.79

The marked increase in total solids in many of these experiments,
however, is not to be attributed, as it is in the case of pure alcohol,
entirely to the increased secretion; it is rather in part accounted for
by the unabsorbed constituents of the liquor employed. The follow-
compiled from analyses at hand, shows that a large portion

ing table,
o he castric juices obtained :
g ] ained may be derived from

of the total solids in t
other sources than the secretion itself: —

TABLE SHOWING TOTAL SOLIDS OF GASTRIC CONTENTS.

Total solids in gastric

Total solids introduced
contents at end of

Nature of fluid introduced |
into stomach.

into stomach.
experiment.
-
B ek 0 grams. 0.84 grams.
g = 069

IN. Weak alcohol

VIIL Strong alcohol 0 L 450 «©

[=]
—
o
—
[

XIV. Whiskey 34«

XVI. White wine 2.8 “ 241«
XVIIL. Claret 3.9 « 428«
XIII. Sherry 235 o« 278
XVIII. Beer . 7.0 & 10.00
XXIII. Beer residue 9.1 « 1156
XX. Porter 6.6 “ 416 ©
66 310«

XXII. Porter residue

E. Character of the Gastric Juice obtained by Stimulation with

Alcohol. — The gastric juice obtained as a result of the stimulating
. 3 5 . . h to}
influence of alcohol and alcoholic liquors resembles that ordinarily
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0 .

procured from gastri o Ty .

Ha Vefjsfg;l:ﬂﬁ,St?_lﬁ in ltS‘DhYSICEll characters; it is a thin
mucus in suspension }rl)c ow fluid cgntaining occasional flocks o’f
e aF th mucosa. . dleile was no evidence of irritation or hyper-
doses used, the orastr,ic rll all traces of blood were absent. After the
remavid. afer b?e g ining was of a pale or faintly pink color when
were employed thee lgg‘tﬁe animal. - When colored alcoholic liquors
inz mates the‘]atte:alfotltli(j‘ontents retained the characteristic color-
disappcare’d. In chemical cing absorbed, while the alcohol entirely
somewhat more acid tha tlcompos.ltlofl’ the gastric juice appeared
tained a larger amount o? S 11a(tl ordinarily secreted. It likewise con-
i praportion of Combinzg 11 r:l]flttcr, a}ld in harmony with this fact
in turn suggests the prese lf}', rochloric acid was increased, which
or other like mattcrp ThnxC;O~ a somewhat larger amount of proteid
fibrin for proteolytic. acti ¢ fuids s repeatedly tested with boiled
the experiments in whi Oln’ 2lmd this Was. always found vigorous. In
intestine (Experiments }C{; aXCIC}hOI was introduced directly into the
abnormal in appearance tl-l» = p 182)', the intestinal lining was not
spves diiodennms xud néut.c lleactl(?n being zflkalinc to litmus in the
mentary canal. This COl‘rcla Or‘fal.ﬂtl)’ alkaline further along the ali-
cesction of the illtcstinal Co;lrt)?n;lb \fnth the observations on the normal
whose statements we have 1‘0(;110;(():(1’1[?6;;??{{;21)’ Moore and Rockwood,!

GASTRIC DIGESTION.

Since chemi i
. . ical, mechanical, and physiological pr
side by side during digesti " b 8 on
: t g digestion, we have carried out a seri 5
eriments to ‘mine i chnt i )
[3]1 ment t'dctcnmnc in what way and to what extent t fOf o
already 1nvestigate i 0 ‘ - o
| (] }1 (f(l:q 1lh ited combine or coperate under the infl B,
alcohol an ic li 'S g )
alec ! fa]cohollc liquors.  Our method has included e ot
amination ; -
1 of the stomach contents after test meals were o the e
statements current in the literature on thi bj e gwwen. The
SS e by
concordant. FERIRCE 8% D o e
In experime a w i
I ents on a woman having a gastric fis 4
observed that alcohol retarded digesti hBA e
digestion. uchner ® found that i
n

1 MoorE and ROCKWOOD : Jo
* Moos : K : Journal of physiology 2 xxi
: I\l(lzlf.;CH&: De}xtsches Arch. f. klin. I\‘Ied b}-’y']'('qg/‘ D 373
Thierchemie, 1876, vi, p. 173. » XVIL, p. 527: Jahresbericht f
3 BucHNER: Deutsches Arch. f. klin. Med., xxi |
. o 1X, p.

Thierchemie, 1881, xi, p. 286. 537: Jahresbericht f
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ine, and beer all retarded digestion,
artificial digestion. Bikfalvi,' in ob-
on dogs, obtained a retardation of digestion with even
ntities of alcohol. Beer and wine showed no favorable
even retarding digestion when given in large
quantities. Ogdta® states that beer, wine, and brandy retard gastric
digestion noticeably. Schelhaas  observed that in the living stomach
wine did not retard digestion so long as there was free HCI
pathological conditions (carcinoma ventriculi) formed the
only exceptions. In an extensive series of experiments, Gluzinski*
distinguishes two phases occurring during digestion in the stomach in
ohol, (1) a retardation of proteid digestion, and
very active, strongly acid gastric juice. Hencz-
ct on digestion following the use of beer.
6 states that 25-50 PeEr cent alcohol introduced into the
healthy stomach ‘nduces a decrease in digestive action during the
= o0 g / 11" i e [
first two or three hours. Wolffhardt, experimenting on a healthy
man, concluded that 15—20 grams of absolute alcohol interfere with
proteid digestion, while the effect of cognac varies with the period of
digestion during which it 1s taken; he found that wines tend to

igcstion.

the human stomach alcohol, w

though not so markedly as in

servations
small qua
influence, the latter

present;

the presence of alc
(2) secretion of a
inski® found no bad effe
Blumenau

promote d
With reference to t

Brunton states that alcohol tal
ments as well as 1ts secretory activity, and by mixing its contents

more thoroughly with the gastric juice accelerates digestion.® Like-
wise Klemperer 9 states as a result of his experiments that the motor

he motor functions of the stomach Lauder
cen into this organ increases its move-

ericht f. Thierchemie, 18835, xv, p. 273.

1 BIKFALVI: Jahresb !
cht f. Thierchemie, 1885, xv, p. 274: Arch. f. Hygiene
: Ja ’

2 ()GATA: ]ahresberi

1883. iil, p. 204-

3 SCHELHAAS! Deutsches Arch. f. Klin. Med., xxxvi, p. 427 Jahresbericht f.

Thierchemie, 1885, XV, P- 37T

4 GLUZINSKI: Deutsches Arch.
£ Thierchemie, 1856, xvi, p. 2063
5 HENCZINSKI: Dissertation. 1886. Quoted by Muxk: Die Ernihrung,

p- 327- .
6 BLUMENAU: I'her:

emie, 189T. xxi, p. 212

Miinchn. med. Wochenschr., 1890, xxxvii, p. 608 ; Centralbl

f. klin. Med., 1886, xxxix, p. 405 ; Jahresbericht

apeutische Monatshefte, 1890, v, p. 504; Jahresbericht £

Thierch
7T WOLFFHARDT:
£ med. Wissen., 1891, P- 47.
8§ BRUNTON: Disorders of digestion. 1886, p. 146.
9 KLEMPERER : Zeitschr. f. klin. Med., 1890, xvii, Supp., p. 324; Centralbl. £

med. Wissen, 1891, p- 751-



unctions ar c
f t n e (le d(.‘d].y 11Cr1 eaStd 4as measur d y (6] Ill(,tllod
C ] (§ b the 11 b

while Haan! ha e 1
s more recently advanced similar conclusion |
s as the

1 C‘ult "OrK 5
S C )i WOr l\ by anoth.el method. GlLlZiIl 1\-1 2 hO\VCVC t 1
S ) - l‘, notes t lﬂt

alcohol diminishe : i
nishes the mechanical action of the st i
degree. omach in moderate
In considering ecti
. o g the selection of subjects for experir i i
t[lOl] 1‘n icated, preference has been given to d nent in the direc-
investigations y P SOg,
i d'f-‘bﬁ o 01; man above referred to are alrc:,dy _—
e difficulties o ini i N N
e el obt'ammg definite answers to specifi o o
! 15' mI:l hod of experimentation are obvious. It 'p C] questions by
esirable to carry roe ) e ossi
desirz . y outa large number of determinati i
individual, while it is likewise practicall tiinaians on any slugle
; ’ A ically impossi
phy:alologlcal condition of the individual, 7. ¢ 11 seible do contral dhe
periods. The animals used in this rcs’eal ’tht, "’
o . esearch w
and 23 kilos; gastric fistulee were made, and
introduced into the fundus of ’
the stomach. In place of a
cork, metal stoppers were de-
vised to screw into the inner L2
cannula tube by means of a
small metallic key. The ar- ©
rangement is shown in the dia-

The series of

, over prolonged
ere large dogs of 21
a German silver cannula

gram. The wounds healed perfectly, and the animal
animals r

good health during the entire period of investig emained in
=}

” o ation .
months. Irregularities of dict were avoided by fi {.Covul‘]g several
eeding defini
S nite por-

tions of prepared dog biscuit with water; this food was
and sufficed to keep the dogs in physiolocric(;l e “1\\;5 cagerly eaten,
The determinations of the acidity of thcbstom"g:hI l rium.
ried out according to the method of Tépfer.? (Tl ‘Lon’tenFs were car-
occasionally centrifugalized when food parti.cles )IIL ?dstnc ﬂ.uid was
oﬁf.the fluid Portion. Where only small q11;;,1t1iti(i\‘01]tC(l P}petting
available the titrations with phenolphthalién and 1LS of ﬂmq were
benzol were combined in the same 5 c.c. of f .(lmlcthylf"imldoazo-
recommendation of Einhorn.! COmParativC - Lllf_,aCCOI'(llllg to the
this modification gives the same values as the Qi{igitll“llents show that
S

in one experiment: — al method. Thus

1 IVIAAN: Comptes rendus de la société de bioloos

2 GLUZINSKI : Joc. cit. e

8 TOPFER : Zeitschr i

: [‘()I FER : Zeitschr. f. physiol. Chemie 1804, xix
EinnorN : New York medical journal, 1 S Ma

1895, ii, p. 816.

: p- 1o4.
896, May 9, p. 6o3.
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Total acidity with Free HCI with
Phenolphthaléin. Dimethylamidoazobenzol.
S R
N N
{ 1.5 c.c. [gNaOH § 1.0 ce yNaOH
Topfer method -« - - 2 — Q112 per cent Hcl 2 — 0,072 per Hel
(separate titrations) = 0.112p . = 0.072 per cent .
N N
. Lo 155 ce gNaOH | § 10ce. 5NaOH
Einhorn-Tépfer metho { = 0.112 per cent HCL. { = 0.072 per cent HCL

(combincd titration)

Tépfer’s method (or Einhorn’s modification)
leads us to agree with P. Hari! that in the absence of free HCl, 7. ¢,

s <5 . - .
ction is obtained with the dimethylamidoazobenzol reagent,

when no rea ) . .
inations of HCl by this method cease to be

the quantitative determt o .
accurate, and under such conditions it cannot be employed. The
d d ’

occurrence of such conditions, however, is not frequent in the dog;
served the absence of free HCI (during digestion) in one
¢ circumstances resembling those of acute gastric catarrh.?
as largely undigested many hours after the

Our experience with

we have ob
animal unde :
The food —dog biscuit —W
meal, the acidity was high (0.5570-

and the gastric contents posscsscd >
Lactic acid was found present (Uffelmann’s test).

504 per cent expressed as HCI),
an odor strongly suggesting fatty

acids.
In view of the increased volume of fluid found in the stomach

stroduced into that organ after ligation of the py-
aterest to Jearn what results follow under normal
For this purpose 20 to 25 per cent alco-

when alcohol is i1
it was of it

conditions of the pylorus. pus
hol, slightly warmed, was introduced through the gastric cannula,
> S &

and at the end of 30 minutes the Q’ﬂStfiC contents were discharged
into a grndunted vessel. Control c$pcr1.mcnts were made with dis-
tilled water, both fluids always being introduced into the cmpty
This condition of the organ is shown by the lack of spon-
en the cannula is opened, as well as by absence of

lorus,

stomach.

tancous flow wh ' :
free HCL Flocks of mucus, alkaline to litmus, are usually present.

The data obtained show no marked agreement, the fluid as a rule

1 Hari, Pt A reh. f. Verdauungskrankh., ii, pp. 182, 332 Centralbl. f. Physiol-

ogie, 1890, X, P- 731
2 Cf. v. JAKSCH:
p. 200.

Klinische Diagnostik innerer Krankheiten, 4te Auflage,
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rapidly disappearing from the stomach.

In 17 experiments with
water, the awverage relative volume

recovered from the stomach
through the cannula at the end of the thirty minutes after introduc-
tion of quantities from 40-200 c.c. was about 30 per cent. Four-
teen similar experiments with alcoho] gave an average of 45 per cent.
It is natural to ascribe the relatively greater volumes found in the
stomach after the use of alcohol to an increased sccretion of gastric
juice occurring along with the rapid expulsion of fluid through
the pylorus, and not to a retardation of the motor functions; for
current statements assume increased motility of the stomach under
the influence of alcohol,! while the cxXperiments already reported
justify the explanation given. Much emphasis cannot, however, be
placed upon the averages given above, since the individual results
vary widely among themselves, and no constant corresponding varia-
tions in acidity were observed, as in the experiments with ligated
pylorus.

In the following series of experiments test me
the influence of alcohol and a considerable number of alcoholic bev-
erages contrasted with that of water. Attention was directed to (1)
variations in acidity and (2) time of digestion. Fifty grams of finely
chopped lean meat were fed to the dog in ecach experiment, the
stomach having been previously examined and found empty, Meat
was chosen for the test meal because experience in this laboratory
has shown that its composition, when it is obtained as described, does
not vary much from time to time; and after a trial of mixed food,
¢. g dog biscuit, it seemed more satisfactory to employ a sim-
ple diet in which proteid preponderated. Similar recommendation
is made by v. Jaksch in considering test meals for the human sub-
ject?  Alcoholic fluids or water were introduced slightly warmed?
into the stomach through the fistula, since dogs usually refuse to
take the former by way of the mouth. At definite intervals of one-
quarter to one-half hour, 31}1311 quantities of gastric contents were
permitted to flow O“t_”fthc f?Stula. Total acidity (expressed as HCI),
frec and loosely combined HCl were determined by the method already
described.  The process of digestion ip the stomach |
conditions described, about three hours, the average

als were given, and

asted, under the
duration varying
1 Cf. references p. 19o.

“ Vo Jaksen: doc. cit, p. 192.
3 Cf. note 4, p. 176.
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ory gradual diminution of
hat with the animal.! There was no very grad
somewhat wi

: . i the end of this
lved meat particles noticeable until to“ardlt Pt
. ed 1 . empty. Th )
und'lsso Vvl n the stomach very soon became e S)»Zl S e
period, whe bservations of Kiihne on man and the dog, ;
sponds with the o 51 | fistulee.? This investigator found aay @
< . T &. . d
iments with duoder . car the en
periments W -ance of contents from the stomach un'E‘l,n ting
slight disappearal iod, when the great bulk of material, excclp g
T er S g . us.
i thi dlch“Ol}? d \\,'15 discharged at once through the py 01;\,
e of food, W4 et B aEE 3 man.”  \We
larger pl(.C.CS <imilar conclusions in experiments on 1 .
Richet arrived at stmila stying of the stomach within a
e bserved a complete emptying is designated
o . is process is desior
have “S“a“‘\. N inutes; the conclusion of this process is designe
L of thirty m ?
period

f castric digestion.” Protocols of experi-
s the “ end of g& g
in the notes as

ments follow.

IC BEVERAGES USED.
g OF ALCOHOL
ANALYSES

Alcohol by Drv solidls:
Alcohol by Dry solids. -y v
" " cent cent.
cent per cent. perc
per cent. per cent.
[
— 'F,q 0 0.29 Stout . . . 6.2 5.4
o A 0.32 Claret . . . 5.2 3.2
i 50.0 .32
e 7 Porter . . . 5.3 4.4
21.75 +.7 '
shermy 2.5 Beer . . . 4-5 7.0
229 2.
White Wine - 13.52

poG A.— Weight 25 kilos.

5 50 grams meat (no water).
I. 9.25 AL ANATYSIS OF CONTENTS

Total acidity. Lovsely combined HCL. Free HCL.
olde o "/ g

0.352 0.292 0.1041
955 0423 0.234 0 }fb
1032 0425 0.220 0180
b 0.407 0.224 0.176
11.45 :

15 Stomach empty: end of gastric digestion.
12. 5 . o P

Time of digestion = 2 hours and 55 minutes.

imi igestion
n a man, with a similar meal. Jessen found the dig
-neriments on & ) : i
* In exlllje:{lm(fo 2 hours. Zeitschr. f. Biologie. 1883, xix, p. 140.
i alled = 0 o ) - 1 Chemie. 1868. 1. 3.
time equ £ Lehrbuch der physiol. Chemie, 1868, p. 53
2 KUuNE: L

) t din GAMGEE @ Ph\'.‘siological Chemistry, 189 , 11, P. 150.
o & 0 ) b
8 RICHET ! (NHO
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II. 9.0 a.M. 50 grams meat+ 50 c.c. water.

III.

IV.

9.30
10.00
10.20
10.40
11.30

9.30

10.00
10.30
11.00
11.15
11.35
11.50
12.10
12.30

2.10

2.40
3.10
3.40
3.55
4.10
4.25
440

9.05

9.35
10.05
10.35
10.50
11.05
11.25
11.45

~ ANALYSIS OF CONTENTS——
Zotal acidity. Loosely combined HCI.
0.241 0.1+
0.295 0.169
0.367 0.216
0.439 0.288

Stomach empty; end of gastric digestion.
Time of digestion =2 hours and 20 minutes.

AM. 50 grams meat 4100 c.c. water,

Zotal acidity.

0.299
0.475
0.518
0.497
0.494
0.479
0.382
Stomach empty; end

Time of digestion = 3

ANALYSIS OrF CONTENTS
Loosely combined HCL
0.173
0.230
0.230
0.202
0.191
0.205
0.194
of gastric digestion.
hours.

P, 50 grams meat4-150 c.c. water.

ppa—

Total acidity.
0.252
0.374
0.53:
0.547
0.490
0.385

195

Free HCL.
0.093
0.108
0.115
0.1+

Frree HCL.
0.090
0.122
0.173
0.241
0.202
0.195
0.187

ANALYSIS OF CONTENTS—m8 8 —

Loosely combined 17 Cl/.

0.137
0.19+4
0.245
0.234
0.205

Stomach empty; end of gastric digestion.

Time of digestion = 2

AM. 50 grams meat

Total acidity.
0.263
0.360
0.468
0.456
0.540
0.580

hours and 30 minutes.

150 c.c. carbonated water.
——ANALYSIS OF CONTENTS
Loosely combined FCY.
0.083
0158
0.194
0.203
0.234
0.234

Stomach empty ; end of gastric digestion.

Time of digestion = 2

hours and 40 minutes.

Liee 11C.
0.108
0.130
0.198
0.234
0.216
0.101

Free HCI.
0.122
0.140
0.216
0.216
0.198
0248

VI.

VII.

VIII.

IX.

Chittenden, Mendel, and Jackson.

1.00 p.ym. 50 grams meat 4

Total acidity.
0.497
0464
0.436
0.400
0.263

100 c.c. 10 per cent alcohol.

ANALYSIS OF CONTENTS
Loosely combined HCI.
0.209
0.220
0.180
0.162

Stomach empty; end of gastric digestion.

Time of digestion = 3

hours and 30 minutes.

2.30 r.m. 50 grams meat + 50 c.c. 20 per cent alcohol.

3.00
3.30
4.00
4.30
5.00
5.30
5.30

2.30
2.50
3.10
3.30
3.50

Zotal acidity.
0.313
0.374
0.439
0.515
0.407
0.26+
Stomach nearly empty

Time of digestion =3

-tha/ acidity.
0.439
0.457
0493
0.36+

Stomach practically empty ; end of gastric digestion.

Time of digestion =3

ANALYSIS OF CONTENTS
Loosely combined HCI.
0.118
0.187
0.194
0.205
0.1+

; end of gastric digestion.
hours.

5 e 50 grams meat +- 50 c.c. 20 per cent alecohol.

——ANALYSIS OF CON TENTS
Loosely combined HCI.

0.213

0.191

0.205

0.129

hours and 5 minutes.

9.15 AM. 50 grams meat+ 50 e.c. 30 per cent alcohol.

9.40
10.05
10.30
10.50
11.10
11.30
11.50
12.10
12.30

Zotal acidity.
0.191
0.335
0.421
0.468
0.460
0410
0.468
0.417
0360

ANALYSIS OF CONTENTS
Loosely combined HCI.

0.130
0.155
0.176
0.184
0.165
0.148
0.195
0.112
0.086

1.00 Stomach empty; end of gastric digestion.

Time of digestion = 3

hours and 45 minutes.

Free HCL.

0.230
0.173
0.202
0.202
0.09+4

Free HCL.
0.090
0.176
0.151
0.18+
0.248
0.155

Free HCL.
0.158
0.205
0.227
0.187

Free HCI.
0.058
0.151
0.180
0.201
0.220
0.220
0.244
0.240
0.216
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X.

XI.

XII.

XIII.

9.00 A.M. 50 grams meat + 150 c.c. Hochheimer.
ANALYSIS OF CONTENTS

Zotal acidity. Loosely combined HCI. Free HCL
9.30 0.374 0.140 0.176
10.00 0.432 0.154 0.191
10.15 0.450 0.151 0.198
10.45 0.497 0.187 0.220
11.15 0.533 0.198 0.271
11.30 0.555 0.241 0.227
12.00 0.508 0.248 0.173

12.15  Stomach empty ; end of gastric digestion.
Time of digestion =3 hours and 15 minutes.

9.00 a.n. 50 grams meat + 50 c.c. whiskey+50 c.c. water.
ANALYSIS OF CONTENTS———
Zotal acidity. Loosely combined HCI. Free HC?
9.30 0.252 0.101 0.119
10.00 0.392 0.176 0.176
10.30 0.403 0.151 0.191

11.00 Stomach empty; end of gastric digestion.
Time of digestion = 2 hours.

245 p.M. 50 grams meat+ 50 c.c. whiskey + 50 c.c. water.

ANALYSIS OF CONTENTS—

Zotal acidity. Loosely combined HCI, Free HCL
3.15 0.230 0.076 0.119
3.45 0.320 0.097 0.220
4.15 0.468 0.198 0.212
4.30 0.508 0.198 0.198
445 0.490 0.184 0.212
5.15 0.569 0.205 0.252

545 Stomach empty; end of gastric digestion.
Time of digestion = 3 hours.

1.00 p.M. 50 grams meat+ 50 c.c. gin-+ 25 c.c. water.

—ANALYSIS OF CONTENTS————

Total acidity. Loosely combined HCI. Liree HCl

2.00 0.439 0.173 0.194
2.30 0.450 0.170 0.197
2.45 0.428 0.158 0.238
3.00 0442 0.154 0.212
3.15 0.410 0.140 0.215
3.30 0.420 0.143 0.234
345 0.338 0.122 0.180
4.00  Stomach empty; end of gastric digestion.

Time of digestion = 3 hours.
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AM. 50 grams meat--50 c.c. brandy 425 c.c. water.

Total acidity.

ANALYSIS OF CONTENTS
Loosely combined HCI.

Free HCL.
0.065
0.133
0.205
0154
0.158

Free HCI.
0.115
0.148
0.184
0.230
0.208
0.238
0.211
0.238
0.241

Firee HCL.

0.187
0.180
0.295
0.302
0.247

Free HCL.

0.082
0.123
0.137
0.209
0.223
0.176

9.50 0.237 0.159
10.20 0.368 0.201
10.50 0.465 0.230
11.20 0.533 0.267
11.40 0.468 R
12.00 Stomach empty; end of gastric digestion.
Time of digestion =2 hours and 40 minutes.
2.50 r.m. 50 grams meat+- 150 c.c. lager beer.
ANALYSIS OF CONTENTS
Zotal acidity. Loosely combined HCI.
3.20 0.259 0.112
3.50 0.410 0.205
4.20 0.518 0.245
4.35 0.572 0.248
4.50 0.569 0.252
5.05 0.547 0.220
5.20 0.508 0.162
5.35 0475 0.162
5.50 0.413 0.115
6.05 Stomach empty; end of gastric digestion.
Time of digestion =3 hours and 15 minutes.
9.40 A.M. 50 grams meat 4 150 c.c. stout.
ANALYSIS OF CONTENTS———
Total acidity. Loosely combined HCI.
10.10 0.364 0.140
10.40 0.446 0.166
11.10 0.555 0.220
11.40 0.616 0.212
12.10 0.580 0.266
12.40 Stomach empty; end of gastric digestion.
Time of digestion= 3 hours.
9.15 A.M. 50 grams meat 4150 c.c. beer.
ANALYSIS OF CONTENTS
Zotal acidity. Loosely combined HCI.
945 0.248 0.151
10.15 0.367 0.201
10.45 0.457 0.238
11.20 0.526 0.266
11.40 0.511 0.213
12.15 0.465 0.216
12.30 Stomach empty ; end of gastric digestion.

Time of digestion = 3 hours and 15 minutes.
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XVIIE. 3.00 p.M. 50 grams meat-+150 c.c. water.
ANALYSIS OF CONTENTS———
Zotal acidity. Loosely combined HCI. Free HCL.
3.30 0.227 0.130 0.090
4.00 0.400 0.209 0.129
4.30 0.522 0.274 0.158
5.00 0.583 0.310 0.195
5.15 0.583 0.302 0.205
5.30 0.+46 0.209 0.184
545 0.569 0.298 0.127
6.00 Stomach empty ; end of gastric digestion.
Time of digestion =3 hours,
XVIILa. 830 ant. 50 grams meat+50 c.c. water,
ANALYSIS OF CONTENTS—M
Total acidity. Loosely combined I/CI, Liree ICI.
9.00 0.371 0.227 0.126
9.30 0.4+43 0.274 0.144
10.00 0.518 0.252 0.234
10.30 0.569 0.263 0.252
11.00 Stomach empty; end of gastric digestion.
Time of digestion = 2 hours and 30 minutes.
XVIIIB. 210 pav. 50 grams meat 4 100 c.c. 30 per cent alcohol.
ANALYSIS OF CONTENTS—nw
Zotal acidity. Loosely combined HCI, Free HCI.
240 0.234 0.112 0.101
3.10 0.352 0.165 0.137
340 0.490 0.209 0.162
4.10 0.550 0.263 0.191
4.40 0.550 0.245 0.201
5.10 Stomach empty; end of gastric digestion.
Time of digestion = 8 hours.
XIXa, 9.00 an. 50 grams meat+ 100 c.c. water.
— ANALYSIS OF CONTENTS——
Total acidity. Loosely combined HCI. Frree 1101,
9.30 0.324 0.165 0.137
10.00 0.378 0.198 0.144
10.30 0.494 0.259 0.169
11.00 0487 0.220 0.188
11.15 0457

0.205 0.131
11.30  Stomach empty; end of gastric digestion.

Time of digestion — 2 hours and 30 minutes.
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IX B. 230 .M. 50 grams meat 4+ 150 c.c. lager beer.
x . ~——————ANALYSIS OF CONTENTS

Zotal acidily. Loosely combined HCI. Free -‘H Cl.
0.260 0119 0.137
e 0378 0.201 0.137
e 0.465 0.191 0188
%'(3}8 0.533 0.223 0.248
1'45 0.562 0.233 0.392
510 0465 0.223 017

5.30 Stomach empty; end of gastric digestion.
Time of digestion = 3 hours.

XXa., 915 AM. 50 grams meat 75 c.c. sherry + 25 c.c. water.
' ANALYSIS OF CONTENTS:

Zotal acidity. Loosely combined HCI. Free ‘f_]C'l.
5 0.295 0.108 0.155
13';2 0.331 0.101 0.173
10.45 0.367 0133 0.187
1115 0.418 0.158 0212
30 0436 0.169 0216
ﬁ:q 0.490 0.191 0.248

12.00 Stomach empty; end of gastric digestion.
Time of digestion =2 hours and 45 minutes.

XX B. 230 r.. 50 grams meat+ 150 c.c. ecarbonated water.

——ANALYSIS OF CONTENTS

Total acidity. Loosely combined HCI. Free HCL.
3.00 0.238 0.043 0.136
3.30 0.360 0.130 0.176
4.00 0.432 0.187 0.169
4.30 0.533 g 0.169

445 Stomach empty; end of gastric digestion.
Time of digestion = 2 hours and 15 minutes.

Dog B. — Weight 21 kilos.

I, 145 p.M. 50 grams meat (no water).

——ANALYSIS OF CONTENTS

Zotal acidity. Loosely combined HCI. Free HCL.
2.15 0.353 0191 O.Ié(S)
2.40 0443 0.222 0.198
3.00 0511 0.227 0.1
320 0.525 \ 0.227 0280
3.45 0.572 0.260 0.200
415 0.568 0.349 0195

445 Stomach empty; end of gastric digestion.
Time of digestion = 3 hours.
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II. 915

9.50
10.15
10.45
11.15
11.35
11.55
12.15
12.30
12.45

III. 915

9.50
10.15
10.45
11.15
11.35
11.55
12.15
12.30

IV. 850

9.20

9.50
10.20
10.50
11.20
11.50
12.20
12.30

V. 245

3.1
3.4
418
445

Ul

AM. 50 grams meat--50 c.c. water.
ANALYSIS OF CONTENTS——m
Zotal acidity. Loosely combined HCI. Liree HCL.
0.302 0.220 0.082
0432 0.223 0.144
0.472 0.201 0.252
0472 0.144 0.288
0.484 0.155 0.270
0.453 0.144 0.306
0.407 0.100 0.241
0.400 0.133 0.234
0.306 0.216
End of gastric digestion.
Time of digestion = 8 hours and 30 minutes.
AM. 50 grams meat +50 ¢.c. 20 per cent alcohol 4 water.
— ANALYSIS OF CONTENTS
Zotal acidity. Loosely combined IHCI. Free HCI.
0.136 0.086 0.036
0.285 0.108 0.144
0.479 0.173 0.244
0.472 0.177 0.252
0.518 0.237 0.252
0.486 o 4 0.209
0.421 0.213

Stomach empty; end of gastric digestion.
Time of digestion = 8 hours and 15 minutes,

AM. 50 grams meat+100 c.c. 30 per cent alcohol.

——ANALYSIS or (,‘()NTENTS\

Zotal acidity. Loosely combined HCY. Free HCL.
0.32+4 ines o <o 0.144
0.493 e 0.072
0.641 e 0.100
0.547 0.338 0.166
0.588 TIT 0.206
0.544 0.230
oo present.
End of gastric digestion.
Time of digestion = 3 hours and 40 minutes.
P.M. 50 grams meat 445 c.e. claret.
—ANALYSIS OF CONTENTS
Total acidity. Loosely combined HCI, Free HCI.
0.396 0.155 0.216
0450 0.238 0.158
0.576 . 0.209

End of gastric digestion.
Time of digestion = 2 hours.

Clittenden, Mendel, and Jackson.

(M)
o
0

50 grams meat+ 150 c.c. beer.

Vie. 15 A ANALYSIS OF CONTENTS—
—_——

Total acidity Loosely combined HCI. Free HCL.
' 0.104
5 0273 014 s
o 0.367 0.187 13
1012 0464 0.223 0194
0 0616 0345 8?38
: ; L1
ﬁi: 0.501 0.238 o
1215 0.508 e 15l
1230 oo L 0158
12.4; 0.468 .

ic digestion.
End of gastric diges ‘
e Time ofc digestion = 3 hours and 45 minutes.

50 grams meat-+150 c.c. water.
ANALYSIS OF CONTENTS
pr—

VIB. 1.00 p..

Total acidity. Loosely combined HCL. Free HCL.
0.620 0.282 0.2.91
o 0.590 0.266 0.234
o 0.666 0392 o224
i 0.627 e 02
+0 trace.
4.00

415 End of gastric digestion.

Time of digestion =3 hours and 15 minutes.

panying table the *“ time of digestion” of the experi-
accompa g ciges fie
L (b ding is given in hours. The experiments marked a and
ments plecle t1’111)3.1?1ble as reference to the protocols will show that
stri 7 CO C )

re strictly ¢ : - ] o
B} . re carried out in succession on the same day.
they we 4

7 .se results it is apparent that the time of digestion in t.he

Firooo EnEse ¢ -oteid test meal employed is not greatly varied
stomach fO.l‘ the 1)foof alcohol. The results obtained suggest, how-
under the mﬂucnccm‘d prolongation of the period during which the
even ® tcm'icm':y tloc;\;tomach when alcoholic fluids are present. This
meat 1‘01112_11115 m~ t lotviccablc in the case of Dog A, and particularly in
endency ™ 'nmbtt n\\'hich immediately succeed each other on the same
Thasik RS2 ke -S*fore strictly comparable. The differences are too
e thet“' hwc~ any great significance. Retardation is per-
small however"l-od \:/ith the malted beverages, and is apparently out
B O on \(fche alcohol present. With reference to the chm?ges
of pI‘OPO."t}O“ ttc') he s(tomach contents a large number of observatm'ns
in the aCldlty)iCitﬁlc differences in the various digestions. The varia-
disclose no spe
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TABLE OF TIME OF DIGESTION (IN HOURS).
Doc A. Dog B.
No. g é Eé% ?%% o | g 2 %ég
= < == p=c = é) ;"25
XVIIa ¢ 2% ™% 5| ™ S N
XVIIg || 3 b 3
1 2 55 II 3 30
11 220 111 siee (| 3 18
VII 3 v oo |3 40
VI 3 30 v 2
VIIT 303 Via 5
o L VIg 1| 315 3B
XVII a { 2 30 | ..
_\\r[IIﬁ 5]
XIV 2 40
XV 3 15
XIXa f| 2 30
XIX B il issw 3
XVI 3
v 2 30
- 315
111 3
XIIT 3
X6 {55 -
. 2 40
XI g
XI1 3
Average. 2 40 32013 102 40 \?;.’9‘%‘37‘; 7572‘

tions are common to all the experiments
rise in total acidity during approximately the

They include a gradual
first two hours of diges-
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tion, followed by a gradual decrease until the st.omach becfomes cmpt'y;
at this point free HClis absent. The combined HC[ increases \V{th
the progress of digestion, the produc.ts of groteolysm compmmg w1Fh
relatively larger quantities of free acid.! Since the secretion of acid
is continually progressing in the stomachz thc.perc?ntacb.re of free HCI
increases gradually in the course of the digestion, 11ke\\'1se. decreasing
rapidly toward the end of this process. In agreement with our pre-
vious statements relative to the rather sudden discharge of t.he gastric
contents into the intestine (p. 194), an abrupt decline in acidity t_oward
the end of the digestion period was frcquently observed. Evidence
of an ““ after period " of secretion was not obtained.2

DISAPPEARANCE OF ALCOHOL FROM THE STOMACH.

It has long been known that alcohol disappears rapidly from the
alimentary canal, and even so carly as 1847 Bouchardat and Sa.ndra.s;
stated that the absorption takes plc?cc fron? the :s‘tomach especially.
More recent and conclusive experiments in which the pylorus has
been artificially closed, have demon.stratcd with certainty that alcohol,
in distinction from water, is regdx]y absorbed from the stomacb.“
Furthermore, many substanc-es like sugar, peptone, etc., arei readll.y
absorbed from the stomach in _thc. prcisencc of alcohol, \\'h1l-e their
absorption from the intestine is likewise accelerated .by this suk.)—
stance.? Thus an ordinary dose .of c.hloral hydrate 111.troduced. in
watery solution into a stomach thh‘ ligated pylorus fails to b.rmg
about narcosis; ® if, howcver,‘a quaanty of alcohol too sma'll of itself
to produce any pharmacologlcal llCi-:IOIl be.presc.nt, Ilal‘COSI'S .follow.s,
just as when the open pylorus permits the intestine to participate in

the absorption.
The coﬁlplcte disappearance of alcohol from the stomach has been

observed by us in a large number of experiments in which the pylorus

1 Cf. CHITTENDEN : Digestive proteolysis, 1804, pp. 53 sey.
2 Cf. GLUZINSKI: Jahresbericht f. Thierchemie, 1886, xvi, p. 264.
3 BO'UCHARDAT and SANDRAS: Annales de chimie et de physique, 1847, xxi,

Série, p. 450. . Rk e .
. 1 Cf. for example, TAPPEINER : Zeitschr. . Biologie, 1881, xvi, p. 497 : BRANDL:

bid,, 1892, Xxix, p. 2775 V- MERING : Jahresbericht f. Thierchemie, 1893, xxiii,
wid., 1092, XX1%, P-

203. - . . . ey
g -‘;gé‘f for example, J. V. SCANZONT: Zeitschr. f. Biologie, 1896, xxxiii, p. 462.
6 Cf' also experiments with strychnine. MELTZER: Journ. of exper. medicine,

1896, i, p. 529-
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was ligated. i
Secre; ed. The following results tabulated from the :
ion (pp- 179-186), demonstrate this statementc.: experiments on

ABLE o 1 "IN 3
1 ROM STOMACH.

Weight of | Durati
- © i ‘
" Igf‘ig" a - Voill?t?]:dof iziu]d Cg?te}?t of | Alcohol found
ilos. experiment. ccnlzce ' Pecroc;h ‘perimen
] c experiment.
- - i by vol. grams.
J 34 3
o 3 30 200 (alcohol) 37.5
21.0 3 (0 200 ( <« ) 4
" o i 37.5 4-5
3 50 100( « ) 5.0 \
. - S. 0
3 45 1o (. « ) 4.8
XIII 10.7 5 | 0
- . 3 55 75 (sherry) 21.0
‘ . - . 0
o . 3 45 150 (whiskey) 16.0
X 3.0 5 ' | .
o : 3 45 125 (wine) 13.3
3 25.0 3 00 1351 “ ) N 0
o . 13.3 0
o . 4 00 125 (claret) 5.15
| : : Ak 0
o : 3 55 100 (beer) 4.5
XD 4.0 5 :
o N 3 45 150 (porter) 3.75 0
S 3 55 125 (beer) 4.7
. 0

The rapid discharge S

through the pylorusbha:f;l‘rizzij I(;l: alcol;olic fluids from the stomach

sults are in harmony wi een. referted to on p. 1
o etonal fistulze.] ll%n\;]litll tl‘lOSC. obtained by v. Mcriig glf'dozil(i rtcl_
inisteted to & large do(; experiments, for example, 500 c.c. bc?l‘m\»l 11
0 twenty minutcs_b Thﬁe’ ;Lago. c.c. were expelled through the p ,rlbo;lt_
on the state of repletion ofpl]dlty of CX‘pulSion was found to d}(}) ‘u?
O ard sith the retarded « the :Small intestine, — an observati o i
o given Jlong with ﬂmdﬁvacuahon.of the stomach seen wl .
B o s. V. Mering further observed Lo
watet holcl})ng CO. in solution enters the stomac! served that when
absorbed ; 2 alcohol is likewise absorbed ac; ] Mc“ﬁ 1, the gas is readily
fied for the human stomach.? Ogéta‘*,fc;un'd tllllletr has recently veri-

a )

i z.fi\’f[’.R]Nf;: Q‘uotedin GAMGEE : Physiological chemi of 6.5-8.8 grams
2 Cf. also Experiment V., p. 178. ° hemistry, 1893, ii, pp. 441 seg.

3 MiLLER, J.: Arch. f. Verdauungskrankh., i, p. 233. Jahresl
233 resbericht f. Thier-

chemie. 1895, XXV, P- 203.
¢ gGATa: Jahresbericht f. Thierchemie, 1885, xv, p
] 05, s Po 274
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of alcohol introduced into the stomach in wine or beer, 30-90 per cent
n hour. In the presence of soluble products

disappeared within half a
ion of water by that organ is said to result in

in the stomach, an excret
amount of substance absorbed, — an idea akin to

the one suggested in explanation of the relatively larger quantities
of fluid found in the unligated stomach soon after introduction of
alcohol, as compared with water. The experiments which we have
made verify the statements of the investigators mentioned, as the

following data selected from protocols indicate : —

proportion to the

Data showing disappearance of alcohol from unligated stomach

tric fistula.
Introduced 50 ¢.c. 20 per cent alcohol into stomach

Removed gastric contents = . ; 7,
g nts = 40 c.c. No alcohol found.

I. Dog, with gas
a. 3.45 pP- M-

¢

4.15
b. 3.15 «  Introduced 40 c.c. 25 per cent alcohol.
345 © Removed gastric contents = 20 c.c. No alcohol found.
c. 2.40 Introduced 725 c.c. 20 per cent alcohol. .
3.10 « TRemoved a portion of gastric contents. Free HCl =

0.072 per cent. Small amount of alcohol present.

II. Dog of 18 kilos, employed in a salivary experiment, Inithe course of
the latter the animal received at intervals g5 c.c. absolute alcohol di-
luted with water.
contents (200 c.c.)

alcohol.
11I. Dog of 18 kilos. Salivary experiment. At intervals were given 70 ¢.c
g s

absolute alcohol diluted with water. One and one-third hours after last
portion (40 c.c.) was given the stomach contents (350 c.c.) contail;ed

Q- SIS alcohol.

Two hours after last porti -l

. portion was given the stomach
7 e 7 Y &
were removed. lhey contained 7.7 g7ms.

Salivary e_xpel'lmefnt. 740 c.c. absolute alcohol diluted
1 three portions. Three-fourths of an hour after
), the stomach contents (450 c.c.) contained

<3

Dog of 14 kilos.
with water were given i
the last portion (50 ¢-C-
24.6 §rns. alcohol.

V.

Salivary experil :
ary experiment. 720 c.c. whiskey, containing

V. Dog of 10 kilos.
hol, were given in tw i

& Hof . .

) g portions. Four and one-half

so per cent of alco

hours after the last
gIMS. alcohol.

portion (60 c.c.) the stomach contents (170 ¢.C.)

contained 2.7

VI. Dog. Salivary experiment.
alcohol, were given in two portions. Two hours after last por

ach contents (240 c.c.) contained 8.8 grms.

o Y “ ? ini
735 ¢.c. brandy, containing about 50 per

cent of
tion (75 €-€)s the stom

alcohol.
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VII. Dog of i
. 10 kilos, Saliv ;
per eent sleohol wer:l: ary experiment. 350 c.c. Githia Gorniai
given in two portions. One and g 515

: and one-half |
alf hours

after last porti
= on (20
cined .0 grms (200 c.c.), the stomach
1 5.5 grms. alcohol. contents (19o c.c.) con

It is of intere
st to
found in the stomach inn};té t}?at the large volumes of fluid
presented with referencekperlmer.ltS I1.-VIL correspond with (170-450 c.c.)
alcohol and alcoholic be to the increased secretion of alt t.he data already
= verages gastric juic
565, e due to

SUMMARY,

Scl>tmc :f the more important conclusi
results o s B s1o
1 the experiments reported in th ns to be drawn from the
advantageously summarized 1 ¢ preceding pag
Upon the . G g pages may be
1 P he secretion of saliva, the
a i — . ’ res
. COL]O]IC bccl\cllcrage in the mouth haspa S?nce of strong alcohol or an
ing to a sudden incr : irect sti : )
g n increase stimulat
] se in the fl ing effect lead
secre - ow of sali This 3¢ cad-
i, n';lotn,d however, is of brief duratio Sdh’va, This acceleration of
aniieste n. “he : 2
sted not only by an incr - I'he stimulating effect i
but also by an increase in b crease in the volume of tl ect 18
N > In bo . e secreti
The effect prodiced is in 16 th organic and inorganic con t-thtmn,
. sense peculi stituents.
to many so-called stimulants, s 1p Cuh%r to alcohol, but is comm
vapor, etc. Indeed, the effe., such as dilute acid (vinegar on
by 48 buctesse in dokensit c; IS.pI‘CCISCIY analogous to tTlat>j ether-
e slsctrically excloed fllrz of stimulation, when the saliva induced
2 o . § r .
As to the possibility of lublll their nerves. 7 glads
" . A alcoholic fluids
giving rise to an indirect stimulati u}ds absorbed from the stomac!
. B _ i ation of salivar . 1
ing any appreciable inf tvary scoret
g uence upon t] 1on, or exerci
) \ .. 3 s-
our results give a negati 1e composition :
dinactly int: thecst gative answer. Thus, alcoholic ﬂOf'ctlhe seeration,
stomac . . . uids intr
wall, thus doing awa -h (of dogs) by injection througl s introduced
a[)prcchblc efft:z t ay with any local action in the bll the stomach
=ciable ect upon the gt
rate of secreti , produce no
stant external stimul ; cretion, as ind
s us, of either » a5 induced by
. : er submaxi y a con-
Even doses of alc . : maxillary or i
introduced i alcohol sufficient to produce )-y1 sublingual saliva.
m. roduce @ﬁthls way &l to check the Hox I l;D onged narcosis when
wise no spect c influence exer v of saliva. T e 1
e, um faF a8 ce exerted on the compositi f ! here is like-
ence, our results go sition of the se i
. sults go, alcohol and & secrenon
out any specific effect and alcoholic fluids e
welic Facaiiien upon the secretion of saliva fluids are with-
UP(FI] (faq;[[' ation of secretion while in the :n’ foept . P1'0d11C€
/ gastric secretion, = mouth i
n, alcohol and alcoholic fluid 1CaV1ty.
ds have a mar
marked

effect, increasing very great
: g very greatly both the flow of
gastric jui
g ¢ juice and
also

208 Clittenden, Mendel, and Jackson.

al solids. Further, this action is exerted
by the presence of alcoholic fluids in the stomach bl;t al

he influence of alcohol absorbed from éhe intes‘o
ethyl alcohol introduced into the em :_
od.cnum ligated, shows a marked s’tirﬁu>i
etion — as compared with the action of

its content of acid and tot
not only
indirectly throught
tine. Thus, ordinary
stomachs of dogs, with the du
lating action upon gastric secr
s — increasing not ouly the volume of gas-

1der like condition
tric juice very greatly, but also its acidity, content of solid matter
ctc. Moreover, alcohol absorbed from the intestine, the latter l;ﬁicllc,
entirely shut off from the stomach, may likewise cause stimulatio;lobf
the gastric glands, with a marked increase in the rate of secretion, etc
Whiskey, brandy, sherry, claret, beer, and porter all agree in pl‘OdL;CinC:‘
stimulation of gastric secretion. Further, as already stated, the Ga?
tric juice secreted under alcoholic stimulation is more acid, cont:i b"
solid matter and more combined hydrochloric acid,thanctl?z

tion.
are considere

water ur

more

ordinary secre It is likewise Stl‘Ollgly I)I'OtCOh‘tiC

If these results d in connection with our previous ob
. O .
1 the influence of alcohol and alcoholic drinks upon tl
: i - O & n the
of gastric digestion, it is scen that side by
lesser retardati 1i i ,
4 ion of digestive proteolysis

servations upo
chemical
e greater Or
holic beverages there occurs an increased flow of
and of unquestionablc digestive bo\\-’cr \Tlo‘
us normally counterbalance each other, thomr-h itl.L
ing conditions may readily retard or stinlulztc t]ls
ach according to circumstances. Forcmo]:;

pu rely pl'OCCSSCS

side with th
caused by alco
gastric juice rich
two effects may th
evident that modify
in the stom
latter is the r

in acid

processes
among the
mentary canal.

Gince any influence

apid disappearance of alcohol from the ali-

alcohol or alcoholic beverages upon
the solvent or digestive power of the gastric juice i )
g gastric juice in the stomach
must depend upon the presence of alcohol in the stomach content
. . : stoma ntents
it follows that the tendency toward rapid removal of the alcohol fi :
. . B 7 ol fro
[imentary tract by absorption must necessarily diminisl %
on ¢ saril sh corre-
t of the retardation of gastric digesti ‘hi
| : gastrl gestion which the
e stomach may occasion. Since, howeve
» y 'ever,

exerted by

the a
ndingly the exten
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hardly lead to any retardation of gastric digestion. This point has
been very carefully and thoroughly tested by numerous experiments
on healthy dogs with gastric fistula, using proteid test meals, with the
result that certainly in the stomach of dogs digestion is not retarded
in any pronounced degree under the influence of alcohol or alcoholic
fluids. Of hastened digestion, the results obtained give little or no
suggestion, and we must therefore conclude that the two diverse fac-
tors above referred to more or less counterbalance each other so that
gastric digestion in the broadest sense of the term is not markedly
varied under the influence of alcohol or alcoholic fluids. This con-
clusion, it may be mentioned, stands in perfect harmony with the
results of the investigations of Zuntz and Magnus-Levy regarding the
influence of alcohol (beer) on the digestibility and utilization of food
in the body. These investigators found by a series of metabolic ex-
periments on men with diets largely made up of milk and bread, and
on individuals accustomed and unaccustomed to the use of alcoholic
beverages, that the latter did not in any way diminish the utilization of
the food by the body.!

Especially worthy of note is the rapid disappearance of alcohol
from the stomach and alimentary tract when alcoholic fluids are taken.
As our results show, the introduction of even 200 c.c. of 37 per cent
alcohol into the stomach of a dog with the duodenum ligated at the
pylorus may be followed by the nearly complete disappearance of
the alcohol in 3-3% hours by absorption through the stomach walls
into the blood. With the outlet from the stomach into the intestine
open, the rate of absorption of alcohol is greatly increased. We may
well believe, as stated by Ogdta, that when 6-8 grams of alcohol are
taken into the stomach in the form of wine or beer that 80-90 per
cent of the alcohol will disappear from the alimentary tract inside of
half an hour. Indeed, our own experiments on dogs with gastric
fistulze lead to this conclusion.  Thus, in one experiment 50 c.c. of 20
per cent alcohol were introduced into the stomach, and on withdraw-
ing the stomach-contents half an hour later no alcohol whatever was
fo‘mld in the 40 c.c. of fluid obtained. In view of this rapid disap-
pearance of alcohol from the alimentary tract it is plain that alcoholic
fluids cannot have much, if any, direct influence upon the secretion
of cither pancreatic or intestinal juice.

1 zu~ntz and MAGNUS-LEVY: Archiv f. d. ges. Physiol., 1891, xlix, p- 438
MAGNUS-LEVY © ébid., 1893, Liii, p. 544
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