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For many years investigations have been carried out with
the objeot of determining the cause of the acidity of gastric
Juice. Although it has now been definitely established that
the chief acid concerned with this is hydroghloric acid, it is
generally admitted that organic acids may also be detected.
What the exact significance of the presence of the latter 1is,
has osused considerable divergence of opinion. The chief of
these organic acids is lactic acid, and not only does consider-
able doubt exist as to its significance, but there is also some
dubiety as to its origin. The objest of the present work,
therefore, is to try to determine the origin of lactic acid,
the conditions fevouring its production, and its fate during
the course of gastric digestion. From an investigation of
these three points it is hoped that certain conclusions as to
the actual significance of lactic acid in the stomach may be
deduced.

One of the earliest investigations imto the cause of the
acidity of gastric contents was published in 1824 by Proutfl)
who found that, during the process of digestion, free, or at
least ‘unsaturated, muriatic acid existed in the stomachs of
certain animals. He was also able to detect this free acid in
the fluid ejected from the stomach in severe cases of dyspepsia.
His work was thus the basis of the early view that the chief

acid of the stomach was hydrochloric acid, and the results he
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obtained were soon confirmed by Children and Braconnot, and
also by Dunglison and Emmet?) The latter, working on Dr.
Beaumont's well-known case, were able to obtain hydrochloric
acld by distillation of gastric juice in a similar manner to
Prout. Although now unchallenged, Prout's view was by no
means generally a@cepted in his day.

A new tpeory of the ocaugse of gastric acidity was put for-
- ward by Blondlazz who considered that it was due in part to the
presence of acid csloium phosphate. He thought that chemical
action took place in the wall of the stomasch between the
sodium chloride and calcium phosphate of the blood. Resulting
from this, acid calecium phosphate was produced, accompanied by
traces of hydrochloric and phosphoric acidsa.

About the same time an entirely different view came into
vogue, namely, that not hydrochloric acid, but lactic acid,
was the important acid of the stomach. The chief supporters
of this belief were Bernard and Barresuggz who, in 1844,
published their oclassical treatise on the subject. Their
findings may be quoted briefly.

"From the results of our work we can assert that the sciad
reaction of the gastric juice is not due to biphosphate of lime,
but that it results, on the other hand, from an acid exigting
in a free state in the stomach juices. We have never been
able to prove the existenoe in the free state of hydrochloric

and/
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snd acetic acids which have previously been demonstrated.

We have consistently found the very distinot characters of
lactic acid along with a small proportion of phosphoric acid.
In our opinion lactic acid ought to be considered as a constant
physiological phenomenon. In fact, no matter under what
conditions of feeding animals are placed, we have never seen
any variation in the nature of the chief acid of the gastriec
juice. Thus after a diet exclusively vegetable or animal,
taken for several days, or even after a more prolonged period,
we have slways found free laotic acid present. In advancing
the theory that lasctic acid is the constant cause of the acidity
of gastric Jjuice, we do not wish it to be thought that this
acid is, by its nature, endowed with certain special properties
which render it indispensable for the phenomena of digestion.
It follows, on the contrary, from the experiments of Blondlgg)
and others that, if an acid reaction is indispenssble for the
solvent property of the gastric Jjuloe to manifest itself, the
nature of the acid which produces this reaction is immaterisl.
This equivalence of acids for the gotivity of the gastric juice
appears even necessary; for, on every occasion, by the same

act of feeding, the greatest variety of salts are introduced
into the stomach, at the moment of formation of gastric juice.

It is obvious that, if among these salts one is found whose

activity can be displaced by lactic acid, the digestive functions
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will be infallibly disturbed, if the new acid, in its free
state, cannot replace the normal acid."

This w°rk soon received a large measure of support from
other inves%i§atora, of whom one may mention Pelousse, Thomeo;?)
and Lehmann.9 They all considered that the free acid of the
gastric juice was lactic acid. The latter explained the
pregsence of any hydroohloric acid in the gastric juice by the
aotion of the lactic acid, which he considered the essential
acid, on chlorides. This view was supported by Leuret and
Lassaigx(xelc.’)

Thus it came about that the views of Prout and his
gsupporters were for a time disoredited. As far as digestion
was concerned, the presence of lactic acid was considered of
prime importance, and if at times traces of hydrochloric acid
were found, their presence was explained by Lehmann's theory.

The work commenced by Bernard and Barreswil, and extended
by other investigators, did not, however, remain for long
unchallenged, and there soon developed a reversion to the
hydrochloric acid theory. This was largely due to the work
of Bidder and Schmidé}l who showed, that in resting juice the
free acid of the stomach was hydrochloric, but that juice
removed during the course of digestion, contained, in addition,
lactic acid.

Rhat both hydrochloric and lactic acids were present in

gastrio juice now became more generally accepted, but it was not



till 1872 that any explanation was advanced for the presence
of two different acids. This was largely due to the work

of Br&oki}a)who showed that 8tarch could be converted into
lactio acid by bacillary aotion in the stomach, and that this
could occur without the intervention of ptyalin. He supposed
that sugar was first formed by the action of the bacteris,

but immediately becsme converted into lactic acid by their
further activity.

About this time two further contributions of considerable
interest appeared. The first was by &:i&?O)who discovered
that lactic aoid could be isolated from the stomach of the
pig. He believed that it arose by the fermentation of carbo-
hydrates, but that the acid 8o formed, reacting with sodium
chloride, produced lactate and hydroschloric aocid. This
worker algso found that lactic acid would decompose sodium
chloride in this way in cold solutions.

The second publication at this period was that of
Ufflemaéi?)who desoribed the well known test for lactic acid,
which commonly bears his name at the present time.

The view that lactic acid was derived from ingested
carbohydrate by bacterial action was soon challenged. In
faoct it is remarkable how controversial were all these earlier
theories conneoted with gastric function. Landwehi}S)in 1886,
postulated a new theory. He suggested that the lumen of the

gastric glands was always more or less filled with mucus, and
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that, when the glandas were stimulated, a ferment was produced
whioch decomposed the muocin, forming lactic acid from its
carbohydrate constituent. This author agreed with Maly that
the lactic acid did not long remain as such, but soon became
converted into hydrochloric acid and sodium lactate. He
considered that the former was passed into the stomach, and
the latter absorbed by the blood. In proof of the absorption
of lactic acid by the bloog, Drechse£}6)by his investigations,
was able to show that, during digestion, an increased amount
of lactate would be detected in the blood. The possibilities
of inoressed blood lactic acid being due to causes other than
absorption from the stomach, would make one dubious of the
results on which this theory is based.

An excellent coﬁoeption of the differences in the views
held at this time can be obtained by comparison of some of
the contemporary text books. McKendriéi?)in his "Outlines
of Physiology", stated that a free acid slways existed in
gastric juice. This acid was usually hydrochloric acid,

rarely lactic acid alone, and not infrequently a mixture of

both acids.
(17)
Foster congsidered that the acidity of gastric juice

was due normelly to hydrochloric acid. Agcording to him this
had been conclusively shown by the fact that the amount of

chlorine present in gastric juiee was more than would suffice

to form chlorides with all the bases present, and that the
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excess, if regarded as exigsting in the form of hydrochloric
aoid, corresponded exactly to the quantity of free acid present.
He was of the opinion that lactic and butyric acid, when they
occurred, arose either by their respective fermentations from
articles of food, or from the decomposition of their alkaline
or other salta.

(18)

According to Halliburton 1lactic acid was generally found
in the stomach during a meal, especially if the meal contained
sarbohydrates. By fermentative changes in these, lactic acid
was produced. This author supported the view of naig?’lglmely
that the lactic acid so formed soon became converted into hydro-
chloric acid and lactate. There is some difficulty, however,
in saccepting this theory, since carbohydrstes are not always
present in the food, and also because a flow of acid from the
gastrio glands can be excited by distilled water or mechanical
irritation. This objection is met to some extent by the work
of LandwehL}S)previously quoted, who considered that lactic
acid arose not from ingested carbohydrste, but from the carbo-
hydrste constituent of the mucin commonly found filling the
lumen of the gastric glands. Halliburton concluded by stating
that, although there was very little doubt that hydroschloric
acid was the acid, par excellenge, of the gastric juice, laotio
acid did ocour during digestion. This consisted partly of

sarcolactic acid derived from meat, and partly of fermentation

lactic acid derived from carbohydrates. The amount of laoctiec
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acid was considerably inoreased in those conditions where
exgessive fermentation was taking plsce. Smaell quantities
of acetic and butyric acids were spparently produced in a
8imilar fashion.

The next important contribution to this study of gastric
acidity was made a few years later by Ewald and Bogi?)who
obtained the material for their researches from patients attend-
ing & clinic in Berlin, established by the latter for the
investigation of gastro-intestinal disorders. As the result
of their work, they stated definitely that lactic acid was
never present unless gome digestive disturbance existed. Boas
alsgo discovefed the bacillus which, in his opinion, caused the
production of lactic acid by fermentation in the stomach. It
mugt not be forgotten, however, that in 1857, nearly forty years
eaflier, Pasﬁéig)had igolated an organism capable of producing
lactic acid by fermentation, and since then, an immense variety
of organisms, ssid to be capable of causing this reasction had
been described.

At the end of the nineteenth century two works of out-
standing importance were published; the first "The Work of the
Digestive Glands" by Parlgsf)and the second, "A Text Book of
Physiology™ by Schaféi?) Both writers pay particular attention
to this problem of the ocourrence and origin of lactio acid in -
the stomach.

Pavlov saysi~ "Nor is the possibility excluded that the
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continu&tion of starch digestion may depend on some entirely
different condition; for example, the production of lactic

acid from the carbohydrate consgtituents of the food. Possibly
this is the exXplanation of the produstion of lactic acid, the
meaning and importance of which have beem but little cleared
up." And again:— “As an aid to digestion nature itself constantl}
endeavours to prepare lactic acid in the stomach as well as
hydrochloric acid. The former arises from the food introduced,
and is constantly present.® It is obvious that Pavlov, at
that time, realised that comparatively little was known about
'the significance of lactic acid in the stomach, and that, in
his estimation, the theories of previous investigators had been
by no means definitely established.

‘"\\\Schafeifa)likewise, made no very oonvincing statements on
this question of lactic acid. In his opinion it had been con-
elusiveiy demonstrated that hydrochloric acid was the chief acid
of the gastric juice, and thst in the purer samples, free from
food, it was elmost exclugively the only acid present. He also
found that in gastric Juice mixed with food, especially ocarbo-
hydrste, lactic acid in addition might be found. He quoted the
work of C. Schmidt, who, from a large number of analyses, con-
eluded that the pure juice of carnivora, obtained after a fast
of eighteen to twenty hours, contained only hydrochloriec acid,
and no trace of lactic and acetic acids. On the other hand,
the gastric juioe of herbivora contained, besides hydroohloric

acid, small amounts of lactic acid probably derived from
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remnants of carbohydrate food. It is, of course, worthy of
note that the gtomaoch of the herbivora retains food for a
much longer period than that of the carnivora. In the case
of the sheep, for example, traces of food are usually found
in the stomach even thirty-six hours after a meal.

In conpeotion with the presence of lactic acid in the
stomaoh, Schéfeéumentioned that where it occurred it did not
persist for long; in fact, half an hour after gastric digestion
commenced, lactic acid could usually no longer be detected. He
spparently offered no explanation of this phenomenon.

In 1902, Hertéi4)pub11shed his "lLectures on Clinicsal
Pathology", and dealt st considerable length with the lactic
acid question, ohiefly from the pathological standpoint. He
stated that, elthough fermentative and putrefactive processes
might go on side by side in a large extent of the digestive
tract, fermentation, in health, was unaccompanied by putre—'
faction during gastric digestion. In disease, on the other
hand, a 8light degree of putrefaotion somet imes occurred in the
stomaoch. Because of its frequenoy, lactic acid fermentation
was considered & very importent type of ocarbohydrate decomposition.

In the normal conditions of the stomach, it was either not
found at all, or only in small amounts. Whenever the stomach
was unable to empty itself with physiologieal promptitude,
lactic acid fermentation was liable to occur, especisally if

carbohydrates were freely eaten. According to Herter, two
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two organisms, the Bascillus Acidi Laotici and the Bacillus
Lactis ABrogenes, were chiefly concerned. Their action was
favoured by the presence of protein, and by a neutrsasl or
slightly acid medium. They were, however, said to grow well
even in the presence of hydrochloric acid of a concentration
of +T%. A neutral medium was the most propitious, and this
was often found wheré there was stomach disease with impaired
gecretory eactivity.

A further contribution was made in 1905 by Austin Fliizz
and it is interesting to note that a degree of doubt even
greater than that of Pavlov and Schafer appears to pervade his
views. He stated that it was supposed that the gastric juice
‘contained free hydrochloric acid, and probably aléo a 8mall
amount of lactic acid. It was generally admitted that the
total acidity of gastric Jjuice was variable, and that the
normal acid could be replaced, without loss of the digestive
prope:ties of the secretion, by lactio, oialic, acetic, formie,
succinic, tartaric, citric, phosphoric, nitric or sulphuric acids.

Erqm the time of the publication of Flint's book in 13905,
till 1928, little work dealing with this gquestion waa apparently
performed. Lactic acid was gonsidered of common occurrence
in those conditions conducive to tardy emptying of the stomach.
0f these conditions gastric carcinoma was the commonest, and
the ocourrence of a very low concentration of free hydrochloric
aold in this type of case was looked on as being exceptionally
favourable for fermentation taking place.
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o show, however, that, even at that late date, other
ideas were held, it is worthy of note that Ko®¥l Patggf)in his
"Essentials of Human Physiology", reverted to the view of
Schafer that lactic acid could not be considered an abnormality
during the first half-hour of digestion. It arose by fermen-
tation of carbohydrate, and this process continued until the
gastric contents became distinctly acid in reaction by the
activity of the gastric glands. Paton likewise offered no
exXplanation of the disappearance of lactic acid at the end of

half an hour.

In 1928 came the somewhat astounding publication of Craven
Moore and Roberté?é) They congidered that lactic acid was nevér
found in gastric contents except in cases of gastric carcinoma.
The same writers stated that it appeared earlier and more
frequently in the rapidly growing types of neoplasm. Accord-
ing to them there was no evidence to show that lactic acid was
formed by bacterial fermentation, but they considered that most
probably it arose by the specific activit& of the cancer cells
on the glucose of the tissue fluids. In their opinion lactic
aci@ was pathognomonic of gastric carcinoms.

Coming as they did after a lull of several years, these
rather revolutionary assertions do not appear to have aroused
the controversy one would have expected. Since the above

investigation was published, nothing, throwing any further

light on the question, has appeared, if one excepts Maclean's
wWork on the thiophene test for the detection of lactic acid in
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(28)
the gastric contentg, and a papexr by Dodds and Robertson,

dealing with the application of the test.

The most recent view on the entire question is summed up
by Lovat Evangag)in the latest edition of Starling's "Text
Book of Physiology", where one reads that "the acid of the
gastric juice is entirely hydroshlorxric. When, however, one
examines the gastric contents, composed of a mixture of gsastric
juice and semi-digested food, one will always find other acids
besides hydrochloric, and of these the most important is lactic.
It is produced by processes of bacterial fermentation occurr-
ing in carbohydrates, cbnverting them first into sugar and
then into laotic aocid. As the gastric Jjulce soaks into the
food and renders it acid, it puts a stop to the bacterial
activity."

Thug, after full consideration of all this work, it is
obvious that complete unanimity has not yet been reached. It
is universally accepted that hydroohloric acid is the predomin-
ant acid of the gastric juice, and that at times lactic aocid
may also ocour. Some are of opinion that the latter is
pathognomonic of cancer, although many others have found the
acid under purely physiological conditions. There is still
the further point that, even if one accepts the truth of the

(22) (32)
statement attributed to Schafer and No¥l Paton, that lactio

acid is commonly present during the first half hour of digestion

and then disappears, no satiafactory explanation of this
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phenomenon has yet been offered. It appeara a pity that a
question at onoe 80 interesting and important clinically
should not have been still further investigated.

It is believed that the results of the inveatigations,
herein described, help to elucidate certain points in this

crather controversial question.

00 0—
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A gloge investigation of the literatuie describing the
tests employed for the detection of lactic acid, reveals the
fact that only three methods, each with certain minor varia-
tions in technique, have been commonly utilised. The great
difficulty is, of course, to find a test which is spplicable
to gastric contents, and it i8 generally admitted that each
one of the above methods, presently to be described, comes
into that category.

(14)

In 1884, Ufflemann, published a description of the well-—
known test which now bears his name. He claimed that it was
a thoroughly reliable method if applied to gastrio contents,
and carried out according to his technigue. Unfortunately,
a8 will be shown, the test has been considerably modified since
Ufflemann's time, and although, in its new form, it is much
more simple to carry out, the results obtained are by no means
8o satisfactory. ‘

In hig "Text Book of Physiology", published in 1898, Schaféi‘
gives Ufflemann's test pride of place, but also ststes that -
"a very dilute ;olution of ferric chloride, possessing only a
trace of colour, is musch deepened in colour on the addition of
& mere trace of lactic acid." This appears to be the earliest
mention of the now commonly employed Ferric and Mercuric
Chloride Test.

For meny years these two methods were the only ones

employed qualitatively. With the introduction of the Thiophene
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Test, however, a considerable advance was made. In its
early qum, a8 desgcribed by Hopking, the technigue was
comparstively simple, but the results obtained were not
considered satisfactory. In an attempt to improve the method,
Maolea£27)oarried out a series of investigations, and perfected
a process, applicable to gastric contents, which is now knoﬁn
&8 llaclean's modification of the Thiophene Test. Unfortunately,
in its newﬂform, the test is more complicated, but the addit-
ional work entailed is well worth while, since the degree of
accuracy has been oonsiderably increased.

It is now proposed to deal with each teat in greater
detail with a view to determining which will give the most

accurate results in the ensuing part of this investigation.

Ufflemann's Test.

(14) ~

The reagent employed in this case consists, of course,

of an amethyst-blue solution, made by adding a trace of ferris
chloride to & one per cent solution of carbolic acid. If a
few drops of lactio acid are added to this, a yellow colour is
produced. It hag to be remembered, however, that hydrochloric
acid, while if fails éo produce a yellow tint, is capable of
discharging the blue colour of the reagent. Por this reason
it is unwise to apply the gastric contents, suspected of
containing laotic acid, directly to the reagent. It is best
to adhere rigidly to Ufflemann's original desoription of the
mode of application of the test.
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Realising the above difficulty, he suggested that the
stomach contents should first be filtered and then extracted
with ether. The ether should then be distilled off, and the
regsidue extracted with water. A few drops of the solution
80 obtained should be added to a small quantity of the reagent.
Provided the test was performed in the above manner, a positivé“
result was said to be obtained with dilutions of lactic acid
of one in ten thousand.

Owing to the delicacy of the colour produced by the
presence of lactic acid the test is by no means foolproof, and
those who have had any experience of the method, will no doubt
agree that the possibility of fallacious interpretation cannot,
by any means, be excluded. The difficulty which may arise
from the presence of hydrochloric acid has already been pointed
out. This can only be avoided by employing the ether extrac-
tion method.

In order to exclude any further fallacies which might be
due to the presence of such substances as blood, pepsin, and
bile, the writer investigated the test in the presence of these.
It was found that blood and peptid extract did not apparently
interfere with the accuracy of the test. Bile, on the other
hand, as might be expected, caused considerable difficulty in
interpretation.

From a study of the above results, the writer is satigfied
that, unless carried out by the ether extraction method, the test

is8 not suitable for application to gastric contents. Even so
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performed it is not sufficiently delicate for the ensuing
work. The presemce of bile renders the result of the test

quite valueless.

Ferric and Mercuric Chloride Test.

The original descoription of this test is to be found, as
has been previously stated, in Sohafeigi) "Pext Book of Phys-
iology". The form I have found most useful is as follows:

Two test tubes are filled to the same level, the one with
filtered gastric contents, and the other with water. To each
- are added three drops of a five per cent aqueous solution of
ferric chloride. The tube containing the gastrio contents
will often show a reddish-yellow coloration. o each tube
are now added six drops of a saturated aqueous solution of
mercuric chloride. In the presemnce of lactic acid the reddish
appesrance will give place to & yellow coloration; if no lactic
acid is present the roddiéh colour will emtirely disappear.

Prom the above deascription it will be seen that, in many
respects, the test is similar to that described by Ufflemann.
The colour change indicating the presence of lactic acid is,
a8 in the previous case, a very delicate one, and for that
reagon the use of the control tube is absolutely necessary.

In the writer's opinion Ufflemann's test is superior to
this one provided it is carried out by the ether extraction
method. A8 might be expected, the presence of bile completely

ma8ks the end-point, and renders the test valueless. Blood;
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if present in minute traces, and peptic extract do not appear
to introduce any fallacies, but lsrger quantities of the former

a8 might be expected, cause considerable difficulty.

fhiophene Test.

In its original form, as described by Hopkins, this test
was not suitable for application to gastric contents, but various
modifications, perfected by Macleéi?) have now surmounted this
difficulty. His method is as follows:

To 5 ccs. of filtered gastric contents previously boiled
are added 5 ccs. of basic lead acetate solution. This is
reboiled, allowed to stand for one minute, and cooled. 5 ccs.
of ammonia and 8ix drops of a saturated solution of ammonium
sulphate are added. After mixing thoroughly, the whole'is
filtered, and 5 ccs. of the filtrate are evaporated slmost to
dryness. 5 ecs., of concentrated sulphuric scid, and one drop
of saturated copper sulphate are added to the residue, and the
whole is kKept in & boiling water-bath for two minutes. After
cooling, three drops of alcoholic thicphene are added, and the
tegt—-tube is reheated in the water-bath for two minutes. In
the pfesence of lactic acid & cherry-red colour develops after
a few seconds, and, 1f larger quantities are present, may even
appear immediately on the addition of the thiophene without any
further heating.

According to laclean this method gives a positive reuction

with a concentration of about .0Li.  The presemt writer has
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found that the minimum concentration of lactic acid in aqueous
solutions which will give a positive result is .015%. ‘When
applied to gruel the concentration requires to be .62%.. Two
points have been found worthy of particular attentionNIn carry—
ing out the test. Charring is very liable to occur &t &
certain stage and ocan to a large extent be avolded by attending
to these points. In the first place evaporation must be
carried out very nearly, but not quite, to dryness. Secondly,
the residue must be thoroughly cooled before the thiophene is
added.

The delicacy of the test is in no wey affected by the
presence of blood, peptic extract, or hydrochloric acid.
Unfortunstely bile causes the same difficulty in interpreting
the end-point as arose in connection with the two tests previously
described. It has been found that where any quantity of bile
is present in the gastric contents, a greenish-brown fluorescence
develops when the residue, left after evaporation, is heated
with the concentrated sulphuric socid. It is obvious that this
will obscure any cherry-—red colour which might appear, and that
consequently, any results of an epparently positive nature can
be accepted only with the utmost caution. The writer feels
that, for the purposes of this investigation, and inlgrder to
reduce the possibility of error to a minimum, it will be
advigable to ﬁegleot any results obtained in the presence of bile.

Apart from the two points mentioned, namely, the possibil~

ity of charring and the development of the fluorescence due to
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bile, the test appears to be in other respects an excellent
one. In the writer's opinion the only drawback is the some-
what complicated nature of the technique émployed. An attempt
hag therefore been made to simplify this, and the modified
method is described by Patoé?l)Pembrey, and Cathcart in their
"Text Book of Practical Physiology". It is carried out as
follows.

5 cos. of concentrated sulphuric acid, plus three drops of
saturated copper eulphate, plus & drop of the suspected solution
in aloohol, are placed in & boiling water-bath for five minutes.
The tube is then cooled and the thiophene added as before.

This method appears to be of some value when applied to
lactic acid in agueous solutions. The writer has found, how-
ever, that it cannot be applied directly to gastric juice with
agcoursate results on account of the excessive &harring which
generally ocours. This is apparently due to the fact that
there has8 been no preliminary removal of protein from the gastric
contents.

It ig of interest to note that since the above observations
were made by the author, similar views have been expressed by
Dodds and Robertséi?) They remarked on the difficulty which
was caused by the presence of bile, and even went so far as to
state that, in their opinion, the introduction of a quantitative
method for the estimation of lactic acid was necessary, if

reliable regults were to be obteined. There secems little

doubt, however, in my opinion, that, provided attention is paid
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to the points mentioned, very sccurate results can be obtained
except in the presence of excesa'of bile. Here certainly a
difficulty arises, but it oocurs in no less degree with the
other tests.

It is not denied that the quantitative method, described
by Dodds and Robertson, might possess certain minor advantages,
but it is undoubtedlj far too complex a process for general
adoption. -

In the subsequent work the writer has invariebly used
Maclean's modification of the thiophene test for the detection
of 1actio acid. In his opinion, it is, despite the difficulty
due to bile, by far the most reliable of the three tests. The
technique is not too complex for the aversge laboratory worker,

and it is claimed that the results obtained are sufficiently
scourate for all practical purposes.

It muat be olearly understood that the test is in reality
maerely a qualitstive one, but the writer claims, that & rough
approximation of the relative amounts of lactic acid present
oan be obtained, by observing the rapidity with which the red
colour appears after the addition of the thiophene, and elso
the intensity of the colour produced.
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Modern workers, as a general rule, do not appear to pay
very much attention to the presence or absence of lactic acid
in the fractional test-meal. In the writer's opinion; the
reasons for this are not far to seek. Owing to the unsatis-
factory nature of the tests, it has apparently not been consid-
ered advisable to devote much time to them. Secondly, so
much diversity of opinion exists regarding the signifiocance of
the presence of lactiec acid in gastric contents, that, even if
a reliable test was found, no interpretation of much value
gould be placed on the results.

Recently published books are s8ingularly lacking in
references to the presence of lsctic acid in the stomach, and
one sees many conflicting statements on the subject. Apart
from reading that it is commonly found in cases of gastric
carcinoma, associated either with an achlorhydria, or at most
& very low concentration of free hydrochloric acid, one finds
little mention made of it.

Since considerable uncertainty still exists, the follow-~
ing investigation has been carried out to discover whether ox
not lactic aocid is of common ooocurrence in gastric contents, or
whether its presence is pathognomonie of cancer. If laotic
acld is frequently found, the opportunity will be taken of
determining for how long it persists during the course of
digestion.

The method employed in each case was as follows: At 8 pm.
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on the evening prior to the examination, the patient had a
light supper and & charcoal biscuit. Nothing more was taken
until the test had been carried out. At 9 am. the following
morning a Ryles' tube was swallowed, and any fasting Jjuice
present was witﬁdrawn with a8 syringe and measured. With the
tube in situ, the gruel was swallowed, and specimens withdrawn
at fifteen-minute intervals up till the end of th;ee hours.

In some cases where there was rapid ehptying of the stomach,
nothing oould be obtained after two hours. 4Any residue remain-
ing was withdrawn a8 completely as possible at the last asplr-
ation.

Phe test meal employed wés the gruel meal commonly used
in the Glasgow Western Infirmary. It is prepared by boiling
two tablespoonfuls of fine ocatmeal with a quart of water until
the total bulk is one pint. The mixture is then strained
through muslin.

‘Specimens, 80 procured, were examined as follows:

1. Estimation of free hydrochloric acid.
2. Estimation of total acidity.

3. Presence of bile, blood, and mucus.
4. Presence of lactic acid.

5. Time of disappearance of starch.

For the estimation of the free hydrochloric acid and the
total acidity, Weiss' tube was not considered sufficiently
accurate for the purposes of this investigation. These two

estimates were therefore obtained, in the usual way, by

titrating filtered gastric contents with.INo caustic soda, using
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dimethylaminoazobenzol and phenolphthalein respectively as
indicators.

Blood and bile were detected by the usual methods, while
mucus was noted simply by its characteristic appearance. In
every case the thiophene test was employed for the detection
of lactic acid. The time of disappearance of starch from the
st omagh wes determined by obgerving the point where a sample

of the digest no longer gave & blue colour with iodine.

The results obtained by the above methods were plotted on
gastric analysis charts, and grouped asccording to the type of
curve produced. Usually the following classification is
adopted:

(1) The normal or isoseoretory type, in which there is a
definite rise ending in & peak or short plateau, and followed
by a more or less steep fall.

(2) The hyposecretory type, in which the acid concentration
remaing below normal during the whole course of the investigstion.

(3) The hypersecretory type, in which the curve is distinctly
higher than in the isosecretory variety.

(4) The hypersecretory type of marked degree, in which there
is no tendency for the curve to descend, so that its highest
point occurs when the stomach is empty. The well-known "glimb-
ing curve" is typical of this group.

Although this classification is undoubtedly the best for
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general clinical purposes, it was thought desirable, in the
present series, to divide the hyposecretory group imto two,
thus separating those containing no free hydrochloric acid
from those exhibiting merely a low concentration.

Thus, the following five groups were obtained:

(A) Those cases in which no free hydrochloric acid can be
detected.

(B) Those cases with a very low concentration of free hydro-
chloric acid, and total acidity curves of lower concentration
than normal.

() Isosecaretory curves.

(D) Hyperseoretory curves.

(E) Hypersecretory curves of marked degrees.

This classification was adopted chiefly with a view to
referring the presence of lactic acid to varying degrees of
scidity. In the tables, presently to be described, these
initial letters will be used to identify the different groups.

Findings in the Various Groups.

All the gastric contenta, with two exceptions, were
obtained from patients in the medical wards of the Glasgow
Western Infirmary. From the olinical standpoint the cases
investigated could be divided into two groups. To the first
group belonged those who were suspected of suffering from some
gastro-intestinal abnormality. These embraced such conditiong

a8 gastric ulgcer, carcinoma of the stomach, hyperchlorhydrisa,
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pyloric stenosis, and duodenal ulcer. The second group
gonsisted of those cases, used as controls, which did not show
clinically any signs or symptoms of gastric disease. They
were receiving hospital treatment for such conditions as
cardiac disease, nephritig, rheumatism, arteriosclerosis, and
organic disease of the nervous system.

The chief difficulty which the writer encountered during
this investigation wag the obtaining of sufficient quantities
of digest to estimate the acidity and also to test for the
presence of lactic acid. As & general rule this trouble did
not arise till about two hours after the meal had beén taken.
Prior to that it was usually possible to carry out both examin-
ations on each specimen. After two hours it was found most
advant ageous to use alternate specimens in order to estimate
the acidity and examine for the presence of lactic acid. This
was, of ocourse, not necessaery in every case. In every specimen
where bile was detected the thiophene test was not carried out,
a8 the results obtained under such conditions were not consid-
ered to be of sufficient value.

Reference to Tables I and II will show the results obtained.
~The most striking point is that lactic acid is of common ocourr

ence in each group. Even in group C, the normsl group, 50%

show the presence of lactic acid. Not only is lactic acid-
present during the early stages of digestion, but it can &lso
be detected even three hours after the taking of the gruel.



TABLE I.

Group | Number Number Number Number Showing The
in with Gastric |with no Presence of Iatic
Group Symptoms. Gastric Acid Throughout.
Symptoms.
A 10 6 4 10
B 9 3 6 9
C 16 7 9 8
D 4 2 2 4
E 12 10 2 S
o N L
st 2 X 2
TABLE II.
Group | Cases With Lactic Acid
o Symptoms. Fresent
I % Z
A 40 100
B 66 +6 100
c 562 50
D 50 ) 100)
%* )25 ) 43«7
E 16+6) 25)

De.and E have been taken together since they are, in reality,
merely subdivisions of the same Group.
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It is most abundant in groups A and B, where hydrochloric acid
is either absent, or of a very low concentration. As the
acidity rises the percentage of cases showing lactic acid
falls.

Apart altogether from the question of lactic acid, these
tables are of interest. It appears remarksble that so many
curves, considered abnormal in type, can be obtained from
patients showing cliniéally no signs of gastric diseass. It
is equally important to note that, of the patients frbm whom
isogeoretory curves were obtained, no fewer than 43.8% were
suspeoted, either from their history or as the result’of
clinical examinstion, of suffering from some gastro-intestinal
condition.

It is thus obvious that lactic acid is commonly present
even in the absence of any abnormal gastric condition. Its
ogcurrence is not limited merely to those cases where there is
an exceptionally low concentration of hydrochlorie acid. Its
presence is not incompatible with a hyperchlorhydria, nor is
there any evidence that it commonly disappears half an hour
after a meal 1is taken.

Having given this general survey of the entire series,

the writer will now proceed to a more detailed account of each

group.

L R R R - T T i
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Group A. (Table III and Chart I).
Chart I is typical of the members of this group. Free

hydrochloriec acid is not found in any specimen, and the total
acidity seldom reaches a higher concentration than .109. This
ig ususlly attained three-quarters to one hour after the taking
of the meal.

Table III shows the following points. With two exceptions
there is a considerable quantity of fasting Jjuice in each case.
In six cases there is an abundance of tough mucus throughout;
in other two a smaller amount; and in the remaining two no trace
of mucus visible to the naked eye. Blood is only found in
traces on two occasions, and cannot therefore be taken as being
of any clinical significance. In four cases bile is present
in one or more specimens. No thiophene test was carried out
on these specimens. Raking the absence of starch as an indi-
ocation of the time of emptying of the stomach, it appears that
in this group there is a tendenoy to rapid emptying.

Lact ic acid is present in considerable amount in every
casge. There is absolutely no tendency for it to disappear

half an hour after the commencement of digestion.
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Chart 1.

GASTRO-INTESTINAL ANALYSIS.

Name of Patient Ward Bed
i. FRACTIONAL TEST-MEAL. Date.

Fasting 2 4 Ihr. 15 la U 2hr. Z4 22 24 3hr

Mucus

Fasting Juice. Blood One Hour Fraction

Starch
Volume. 100 (-364) Free HCI-

90(-327)
Cells. 60]-292) Active HCI.
70(-255)
601-219) Total Chloride
ANaOH {%HCl.)< 50-182
40 (- 146)
301-109)
20{-073)

10 (-036)

rr HCL. A

T*he shaded area represents the limits for free HC1 in 30% of normal people, and average rate of
emptying (2-2” hours).

represents free HCI.

represents total acidity.

Summary.

2. FAECES.

oOWN BROS.. Ltd.. London.



30.

Group B. (Table IV and Chart II).
Chart II is typical of the members of this group. Pree

nydrochloric acid is absent at the beginning and generally
towards the end of digestion. The curve of the total acidity
rises'gradually to reach its maximum, seldom above .1l46, about
one hour after the meal is taken. The reafter there is a
gradual fall.

Table IV shows the following points. In this group, as
in the last, the amount of fasting juice is considerable. Mucus
ig sbundant in four cases, present in smaller quantities in
three, and completely absent in two. Blood is ndt present in

any épeoimen. Bile is of more common occurrence in this group

than in the last. As previously mentioned, those specimens
containing bile were not examined for lactic acid. The
stomach as a rule does not empty so quickly in this group as
in group A.

Lactic acid is again found in each case, and in six cases
persists throughout. 1In one (9) it is not detected after 1%
hours. In other two (6 and 7) 1t is absent during the first
half hour and hour of digestion respectively. With one

exception (9) there is no evidence of lactic acid disappearing

during the course of digestion.




Chart 1II.

GASTRO-INTESTINAL ANALYSIS.

Name of Patient Ward Bed
I. FRACTIONAL TEST-MEAL. Date.

Fasting z 4 Thr. U 12 U 2hr.c* c¢cz 24 3hr

Mucus

Fasting Juice. Blood One Hour Fraction

Starch
Volume. 100(-364) Free HC1-

901*327)
Cells. 801%292) Active HCI.
70 *255)
601%219 ) Total Chloride
-jANaOH(%HCL)< 501-182)
40 1-146)
301%109)
201%073)

101*036)

HCL )

The shaded area represents the limits for free HC1 in 80% of normal people, and average rate of
emptying (2-2J hours).

represents free HCI.

represents total acidity.

Summary.

2. Fr*~CES.

oOWN BROS.. Ltd., London
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Group C. (Table V and Chart III).

Phis group consists of normal curves. Chart III, typical
of the members of this group, shows that after the meal is
taken, there is a temporary fall in the concentration of acid,
due, of course, to dilution. This is followed by a gradual
rise, the peak of the curve being reached in about one and a
half hours. Thereafter there is a more or less gradual fall.

Table V shows the following points. Though in many
cages there still exists & considerable quantity of fasting
Juice, the tendency is, on the whole, for this to be somewhat
diminished in amount. In three cases mucus is abundant, but
it is completely absent in four, and only present to a lesser
degree in nine. Blood is only found in ome specimen, and
cannot be considered of importance clinically. Bile occurs
in five cases. It appears to the writer that this cannot
always be due to the Rhyle's tube slipping into the duodenum.
There would appear to be some regurgitation of duodenal contents.
The stomach empties at a normal rate.

In five cases no lactic acid is present. It is copious
in only two. In four cases it is present during the early
stages of digestion, but cannot be detected later. In only
two of these, however, does it disappear before one hour. 1In
one cgase it does not appear till after half an hour, but it
then persists throughout the further course of digestion.
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Chart, II11.

GASTRO-INTESTINAL ANALYSIS.

Name of Patient Ward Bed

i. FRACTIONAL TEST-MEAL. Date.

Fasting

Mucus

Fasting Juice. Blood One Hour Fraction

Starch
Volume. 100 (-364) Free HC1

90(*327)
Cells. 80(*292) Active HCI.
70 (-255)

601-219) Total Chloride

5* NaOH(7oHCLK 50 (*182)
401-146
301-109)
20[*073

10 (-036)

The shaded areca represents the limits for free HC1L in 80% of normal people, and average rate of
emptying (2-2J hours).

represents free HCI.

— represents total acidity.

Summary.

2. FAECES.

DOWN BROS.. Ltd. London
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Group D. (Table VI and Chart IV).

Chart IV, whioh is charascteristic of this group, again
shows a slight preliminary fall in the concentration of acid,
due to dilution. Thereafter there is a gradual rise to a
high degree of acidity, not usually sttained for about two
hours. This is followed by a slight fall in the curve, but
even at the end of two and three quarter hours, the acidity is
abnormally high.

Table VI shows the following points. Phere are only four
cagses which fall into this group, since it is resally a sub-—
division of group E. The fasting julice i8 fairly copious.
Mucus is presermt in each case, and is abundant in two. Blood
ig not detected in any specimen. Bile ogcurs in cases 3 and
4, but is absent in cases 1 and 2. The stomach empties rather
more slowly than normally.

Lactic acid is present throughout digestion in three cases,
end in one of these ocours in considerable amount. In case 2

lactic aocid can only be detected in the fasting juice.
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Chart 1V.
GASTRO-INTESTINAL ANALYSIS.

Name of Patient Ward Bed

I. FRACTIONAL TEST-MEAL. Date.

Fasting

Mucus
Bile
Fasting Juice. Blood One Hour Fraction

Starch
Volume. 100 (-364) Free HC1

90(-327)

Cells. 80(-292) Active HCI1.
70(-255)
601-219 ) Total Chloride
50 (+ 182)
40]-146)
30(-109)
20(-073

10 (-036

0
2
30
40

* 50

The shaded area represents the limits for free HC1. in 80% of normal people, and average rate of
emptying (2-2” hours).

represents free HCI.

represents total acidity.

Summary.

2. FAECES.

DOWN BROS.. Ltd.. London.
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Group E. (Table VII and Chart V).

Chart V, which is typical of this group, again shows
the preliminary fall in the concentration of acid due to
dilution. ®he curve then rises rapidly to reach its maximum
in about one hour and a quarter. Even after two and a quarter
hours, the curve is showing no tendency to fall below this
maximum.

Table VII shows the following points. With three excep-—
tions there is a considerable amount of fasting Jjuice. Mugus
is abundant in three cases, present in smaller amounts in 8ix
caées, and entirely absent in three cases. Blood is not
present in any specimen. Fifty per cent of this group contain
bile at some stage. There is a distinect tendency for the
stomach to empty slowly. 04 0c®

Leotic acid is entirely absent in six houfd. It is
present in small quantities throughout the course of digestion
in three cases. In one it disappears at the end of two hours,
and in another at the end of one and three gquarter hours. In
one case (12) it could only be detected in the fasting juice,
and in the speoimeh withdrawn after a quarter of an hour. Thus
even in these marked hyperseoretory cases, lactic acid may

persist throughout the course of digestion.
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Chart V.
GASTRO-INTESTINAL ANALYSIS.

Name of Patient Ward Bed

i. FRACTIONAL TEST-MEAL. Date.

Fasting 4 Thr, U 1 U 2hr.C4 ¢z u 3hr

Mucus

Fasting Juice. Blood One Hour Fraction

Starch
Volume. 100 (-364) Free HC1
90(-327)

Cells. 80(-292) Active HCI1.
70(-255)
601-219 Total Chloride
ANaOH(%HCI)< 50 (- 182)
40 @146)
30(-109
201-073)

10 (-036)

HClL

The shaded area represents the limits for free HC1. in 80% of normal people, and average rate of
emptying (2-2£ hours).

represents free HCI.

— r— represents total acidity.

Summary.

2. FAECES.

DOWN BROS., Ltd., London
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From the foregoing results it is obvious that lactic acid
is of common ocourrence in gastric contents. The possibility
suggested itself to the writer that the positive results,
obtained so frequently, might arise from the introduction of
lactic acid into the stomach with the gruel.

It is the common custom, in hospital and elsewhere, to
prepare the gruel the evening prior to the examination, and it
seemed possible that small amounts of lactic acid might form
in this overnight'by a process of fermentation.

In order to investigate this, and so prevent the occurrence
of any fallacy, freshly prepared gruel was kept at room tempera-
ture for varying periods, and, at the end of the stated times,
filtered and tested for the presence of lactic acid. The
results obtained are shown in Table VIII.

Xot even after twenty-four hours could any lactic acid
be detected. This investigation was repeated on several

occasions with similar results each time.
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TABLE VIII.

Period of Incubation Iectic Acia.
at Room Temp .

6 Hours ‘ -

g " -
12 " -
15 * -
18 " -
20 " -
24 " -




THE FATE OF LACTIC ACID DURING
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From a study of the results obtained by the detailed
examination of the writert's series of fractional test meals,
there is nothing to support the view thak lactic acid, while
it may occur during the first hsalf hour of digestion, cannot
be detected in the later stages also. If this theory, attri-
buted to Schafé§2)and No#l Patéz?)were true, then the lactioc
acid must either be absorbed or else destroyed as digestion
advances. This point seemed to the writer worthy of further
investigation. A

Seven test-tubes were put up with the contents indicated,
and incubated at body tempersature for the times stated. The
same amount of lactic acid waes sdded in each case. At the
end of the stated times +the contents of the tubes were
filtered. The thiophene test was applied to the filtrate.

The results are shown in Table IX. In no case where
lactic acid was present at the commencement of the incubation
did the writer fail to deteot it at the end of two and a half
hours.

It thus appears that, in the few cases in this series,
where lasctic acid disappeared towards the end of digestion, this
was not due to destruction of the acid, but either to absorp-

tion or dilution.



TABLE IX.

Hours of Incubatlon.,
Contents of Tube.
j 1 1% 2 2§
water + lactic Acld + + + + +
2% HoCl. - - - - -
2% He Cle + Iactic Acild + + + + +
Peptlic Extract + Iactic Acid + + + + +
24 HeCl. + Peptic Extract + + + + + +
Iactic Acid.
I
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From the foregoing results it appears justifiable to
draw the following conclusions.

(I) Lactic acid is of very common occurrence in the frsac-
tional test meal. Its presence is not by any means confined
to those cases where some pathological condition of the
stomach exists.

(II) Lactic acid does not disappear from the stomasch half
an hour after the meal is taken, as has been supposed by
Schafé§2)and Nod8l PaxéZ?) In a great many of the cases in
this series, the writer has been able to demonstrate the
presence of lactic acid after digestion has proseeded for two
and three—quarter hours. It was, however, found that the
intensity of the thiophene reasction often diminished after
two hours. This is, of course, very different from a disappear—
ance of lactic acid.

(II1) Certain conditions in the stomach were correlated with
the produstion of laotic acid, the chief of these being the
quantity of fasting Jjuice, its degree of acidity, and the
presence or absence of mucus. Reference to the tables will
show that the greatest amounts of lactic acid were detected
where there was a considerable quantity of fasting juioce
containing no hydrochloric acld, or only a very low concentration,

and where mucus was abundant. The tables also reveal the faot
that a high degree of acidity is not incompatible with the

presence of lactic acid.
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opinion concerning the active agent in its formation, it was
felt that these further investigations were necessary.

In this investigation & total of fifty-one test meals was
examined. In thirty-five of these lactic acid was present in
the fasting juice, generaslly in considerable amount. Twenty-
two specimens of fasting juice contained no free hydrochloriec
acid, and of these, all but three contained lactic acid. Mucus
was also found in every specimen where lactic acid existed.

It might, therefore, be thought that, where lactic acid
was found in the test meal during the entire course of diges-
tion in the stomach, one was deteoting that lactiec acid which
was originslly present in the fasting juice, and not newly
formed lactic acid. If this were so, however, it would be
gseen by a diminution, due to dilution, in the intensity of the
thiophene reaction in each sucoessive specimen. In the writer's
experience the reverse rather is true. Generally the inten-
8ity increases for the first two hours of digestion. After
that point is resched, a slight diminution ﬁay ocour.

Regarding the method of production of lactic acid in the
stomach, the more generelly acocepted theory is that of fermen-
tation. If this is true the first question which arises is,
whether lactic acid can be produced by the action of hydro-
chloric acid, peptic extrasct, or a combination of the two, on
ocarbohydrate, or whether some other agent, in addition to

these, is necessary.
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In order to investigate this, gruel alone, and gruel in
the presence of peptic extract and hydrochloric acid, was kept
at body temperasture for twenty—-four hours. At intervals,
samples were removed from each tube, and filtered. The
filtrates were examined for the presence of lactic acid. The
control tubes were employed, so that, in the event of a
doubtful reaction being obtained, reference could at once be
made to them. Each control tube contained a trace of lactic
acid. |

The results are shown in table X. In none of the four
tubes was any léotic scid detected after incubation at body
temperature‘for twenty—four hours. This series of obser-
vations was repeated on several occasions always with the same
results.

It is thus obvious that, assuming the fermentation theory
to be true, orgénisms must ocour in the stomach. The fasting
Juice, therefore, seemed to the writer to be the most likely
sourgce of these organisms. If this supposition was correct,
then it semmed quite justifiable to assume that lactic acid
would be produced by incubating gruel along with fasting juice
at body temperature. In sn attempt to prove this the follow-
ing experiments were carried out.

Five tubes were prepared containing respectively gruel,
gruel + peptic extract + .2% H.Cl., gruel + fasting juice,
gruel + peptic extract + faéting juioe,.and gruel + peptic



TABLE X.

Contents of Tube.

Ho

i s

of Inc

1bation.

2o}

4

6

24

1.
2.

Gruel
Gruel + «2% H.Cl.
Gruel + Peptic Extract.

Gruel + Peptic Extract +
2% H.C1,

.Control Tubes.

Gruel + Iactic &cid

Gruel + Peptic Extract +
27 HeCl. + Iactic Acid
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extract + fasting juice + .2% H.Cl. The first two tubes
were employed to act as eontfols on the negative side, and a
gixth tube, consisting of gruel + a trace of lactic acid, as
a control on the positive side. All six tubes were then
incubated at body temperature for four hours. At intervals
samples were removed and filtered. The filtraetes were examined
for the presence of lactic acid.

The results are shown in Eable XI. In each of the three
specimens containing fasting Juice, a trace of lasctic acid
was found after one hour's incubation. The longer the incuba~-
tion, the greater is theAamount of lactic acid formed, as
evidenced by the intensity of the thiophene reaction obtained.
The results just desaoribed were obtained by using a sample of
fasting juice which contained no lactic acid. Such a specimen
is difficult to obtain. In fact, when the above experiments
were repeated a specimen had to be used which, to begin with
contained a trase of lactic acid. 48, however, the thiophene
reaction became more intense as digestion advanced, it is
obvious that production of lactic acid must have taken place.

That carbohydrate is necessary for the production of
lactic acid is at once shown by the fact that lactic acid-free
fasting juice, incubsated at body temperature for six hours,
does not produce any lactic sacid. It therefore secems justif-
iable to assume that the active agent in the production of
lactic acid exists in the fasting Juice. ahd that the presencs



TABLE XI.

Hours of Incupation.
Contents of Tube.
1 2 3 4.
1. Gruel - - - -
2.|Gruel + Peptic Extract * .2%| - - N -
HeCl,
3+ Gruel + PFasting Juice + + + + + +
4,| Gruel + Peptic Extract + + + + + 4+ 4+
Pasting Juice
5./ Gruel + Peptic Extract + + + + + + 4
Fasting Juice + +2% H.Cl.
6.l Gruel + Iactic Acid + + + +

+ = A trace of 1actic Acid
+ 4= Small amount of lactic Acid
+ 4+ 4= Iarge amount of Iactic Acid.
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of carbohydrate is necessary for it to manifest itself. It
is also evident that cancer cells cannot in themselves cause the
production of lactic acid, as was supposed by Craven Moore
and Roberts. Possibly the presence of the cells may produce
specially favourable conditions for the activity of the agent
contained in fasting juice.

It appeared to the writer that, if bacterial organisms
were the agents concerned with the process, then boiling
would sterilise the fasting juice and so prevent the produc-—
tion of lactic acid. In order to investigate this the
following experiments were carried out.

4 sufficient quantity of lactic aocid-free fasting Juice
wag obtained with some difficulty, boiled for two minutes,
and then cooled. Six tubes were then prepared, containing
respectively gruel, gruel + peptic extract + .2% H.Cl., gruel
+ fasting juice, gruel + peptic extraot + fastiﬁg juice, gruel
+ peptic extract + .2% H.Cl. + fasting juibe, and gruel + a
trace of lactic aoid.‘ The first two tubes were used as
controls on the negative side, and the last as a control on the
positive side. All the tubes were incubated for four hours
et body temperature. At intervals of an hour samples were
removed and filtered. The filtrates were examined for the
presence of lactic acid.

The results obtained are shown in Table XII. In no ocase,

except the one where lactic acid was added as a oontrol, was a




TABLE XII.

Hours of Incubation.
Contents of Tube. |
1 2 3 4,
1. Gmel - - - -
t. Gruel + Peptic Extract + 2% HeCl. |=- - - -
o| Gruel + Pasting Juice - - - -
4.} Gruel + Peptic Extract + Fasting
J"U.iceo - L - -
5. Gruel + Peptic Extract + .2% H.Cl.
+ FPasting Juice. - - - -
6. Gruel + Iactic Acid. + |+ + +
+ = A trace of lactic Acild.
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positive result obtained. This series of experiments was
repeated, but the fasting juice used on the second occasion
contained a trace of lactic acid. This persisted throughout
the course of incubation, but there was absolutely no evidence
of any production of lactic acid.

from the above results the conclusion is arrived at that
the active agent concerned in the elaboration of lactic acid
is contained in fasting juice, and is of such a nature that it
is cgpable of being destroyed by boiling.

It was next considered advisable to determine whether the
reaction of the fasting juice had any effeot on its powers of
pro@ucing lactio acid when added to carbohydrsate. It has
previously been stated that some observers hold that lactic
scid is always associated with an achlorhydria, or at most a
very low concentration of hydrochloric acid. The present
writer's results do not agree with this. While the greatest
amounté of lectic acid are found in those ocases where the
- conoentration of acid is low, a high concentration is by no
means incompatible with the presence of lactic acid.

In order further to investigate this, the following
8Xperiments were carried out. Pesting juice was obtained in
the usual way. Uhfortunately it was found impossible to obtain
& sufficient quantity which did not contain any lactic acid.
The specimens used, however, showed only a trace. The fasting

Julce was then mixed with gruel, and a few drops of peptic
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extract were added. The mixture was divided into several
portions. To each was added a known quantity of hydrochloriec
acid. In order to be absolutely certain of the degree of

acidity so obtained, a titration with A  sodium hydrate was

10
carried out. The tubes were then plsced in the incubator,
and kept at body tempersture for four hours.- At intervals
of an hour samples were removed and filtered. The filtrates

were exXanined for the presence of lactic acid.

The results are shown in Table XIII. In tube 6 there is
no evidence of any production of lactic acid. In &ll the
othere there is. When, however, a concentration of .219 is
reached, the amount produced begins to diminish. This
diminution is greater as the concentration incresses. It
has to be remembered that, in the stomach, it 18 very rare
indeed to find a fasting juice of such a high acidity as .219.
In any case, even where this does occur, there will always be
& period of half an hour or go immediately following the taking
of the meal, when the aoid will not have penetrated to the
heart of the meal. During that space of time the acidity will
be favourable for the organismsg to act.

| A final test was carried out in the same manner ags the
above, but the mixture was made neutral or very slightly
alkaline. It was found that the results were in every way
similar to those obtained where there was a low concentration

of acid.



TABLE XIII.

Free Hours of Incubation.
Contents of Tube.
H.Cl.
2 4.,
1. - Grusl «036 + + 4+ +
+
2. Peptic Extragt o073 + + + +
+
Se Fasting Juice 146 + + + +
+
4. He Cl. «219 + + +
50 0255 + 4+ <+
60 0327- + +

4+ = Trace of lIactic Acid
+ 4% Snall amount of Iactic Acid.
+ +4= Iarge amount of factic Acid.
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It has, therefore, been shown that, in vitro, lsactic
a0id can be produced by the sddition of fasting juice to
gruel. It is formed by a process of fermentation of carbo-
hydrate. The organisms are destroyed by boiling, and are
inhibited in action by concentrations of hydréﬁhloric acid
exceeding .219. Their activity reaches & maximum in either

& neutral, a faintly acid, or a faintly slkaline medium.
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It seems best to discuss the results obtained in this
investigation by attempting to answer the following questions
in the light of the findings previously described.

1. What is the most suitable test at our disposal for the
deteoction of lsctic acid in the stomach?

2. Is lactic aocid of common occurrence in the stomach, or

should its presence be regarded as & rarity?

3. Does lscotic acid merely occur during the first half hour
of digestion, or does it persist throughout?

4. What is the mode of formation of lactic acid in the stomech?

5. Are there any factors which influence the mode of production

of lactic acid?

6. What is the clinical significance of lsotic acid in the

gastric contents?

It is now proposed to answer the above questions as

briefly as possible.
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What is the most suitable test at our disposal for the

detegtion of lesctic scid in the stomach?

Three tests have been described and investigated by the
writer. From the results obtained it is claimed that only
Maclean's modification of the thiophene test can be employed,
if reliable results are to be obtained. It is sufficiently
accurate for all practical purposes, and, when applied to
gruel, is capable of detecting lactic acid in a concentration
of .02 per cent.

In the writer's experience there are two possibilities of
error in applying the test. The first is due to charring and
can be completely avoided by careful attention to the technidue
described. The second, unfortunately, one cannot at present
combat. It is brought about by the presence of bile in the
gastric contents, and, in order that, so far as the test was
concerned, there should be no possibility of error in this
investigation, those specimens containing bile were rejected.

The test is purely & qualitative one, but it is claimed
that an idea of the relative amount of lactic acid present
can be ascertained by noting the rapidity with which the end-
point appears, and also the intensity of the colour produced.
In the writer's opinion the use of a quantitative test for
the deteotion‘of lactic acid, as suggested by Dodds and

(28)
Robertson, is unnecessary.
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2.

Is lactic acid of common ogourrence in the stomach, or should

its presence be regarded as a rarity?

Four answers have already been given to this gquestion by
previous investigators. The first came from Bernard and
Barreswigf)who considered lactic acid the chief acid of gastric
juice. This was soon discredited.‘ It was then generally
believed that traces of lactic acid commonly existed in
gastric contents. This theorﬁ was due to the work of Bidder
and thmié%%)' In 1894 Bogi?)as the result of his investi-
gations, postulated that lactie acid would only be detected
if some digestive disturbance existed. The last, and most

recen?éggswer to the question came from Craven Moore and

Roberts, who claimed that lactic acid was only found in cases
of carcinoma of the stomach.

From the results, herein described, the present writer
considers that lactic is by no means a rarity in the stomach.

In his opinion it can be found in practically every test meal,

certainly at some point in the course of digestion, and, in a

great many, throughout.
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3.
Does lactic acid merely occur during the first half hour of
digestion, or does it persigt throughout?
The necessity for answering this guestion is due to the

(22) (32)
statements of Schafer and NoBl Paton, who both considered that

lactic acid was commonly present during the first half hour of
digestion, and then disappeared.

| The present writer offers two conclusive proofs against
this. - In the first place, as the results of the in vitro
experiments described, there is nothing to show that lsctiec
acid is destroyed by the gastric digestive agents even after
two and & half hours.

Seoondly, from the results obtained in the routine examin-
ation of the fractional test meals, the reverse is seen to be
the case. The amount of lactic acid present in the stomach
generally increases for two hours and after that may show a
slight diminution probably due to dilution.

If lactio acid did disappear at the end of half an hour,
it might be due to one of two things; either destruction, or
absorption. It has been shown that the former is not the case.

) It is olaimed that the results obtained in the test meals
wamﬁdiscount the latter possibility. Since lactic acid arises

(16)
from sources other than the stomaoh, the statement of Drechsel,

that there is an increase in the amount of lactic acid in the

blood after a meal, cannot be accepted in support of the

absorption theory.
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What ig the mode of formation bf lactic acid in the stomach?

There are two theories to explain this. The first is
that it arises by a process of fermentstion from ingested
carbohydrate. The second, attributed to Craven Moore and
,Robert;fé)is that it ariseé b, the speciiic action of cancer
cells on the gluoose}of the tissue fluids.,

Since it has been conclusively shown that lactic acid is
of common occurrence, and not present merely in cases of
gastric carcinoma, it seems, Jjustifiable to assume that the
latter method is not the chief one, although it may play a
part in those conditions where cancer exists. In the writer's
opinion it is more likely that the presence of a neoplasm —
produces conditions specially suitable for bacterial action
taking place.

There are, however, ample grounds for concluding that
fermentation is the mode of production of lactic acid. The
organisms must either be present in the stomach or be intro-
duced with the food. Since gruel itself, in the presence of
hydrochloric acid and peptic extract will not elaborate any
lactic aocid, it seems that the organisms do not exist in the
food. On the other hand, if gruel 1is incubated at body
temperature along with a small amount of fasting Jjuice, then,

in every case, it can be demonstrated that lactic acid is

produced.
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It therefore appears justifiable to assume thst the
active agent 1is present in the gastric Jjuice. That carbo-
hydrate is necessary before fermentation can occur, is shown
by the fact that fasting juice, incubated at body tempersture
in the sbsence of any carbohjydrate, produces no lactic acid.

It is thought that the process is due not to any parti-
cular organism, but to a wide variety of lactic acid-forming
organismg acting under sultable conditions.

It seems likely, as mentioned by Halliburtéi?)that
lactic acid may not be the final product of fermentation, but

that, under suitable condit ions, the process may continue

the formation of butyriec acid, as indicated by the equations:

(l) Gl 232 20 ll‘i' Hzo = 4053603
(Lactose) = (Lactic Acid)

(2) 203Hg03 = CyfHGO,+ 200, + 2Hy
| y (Butyric Acid)
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5.

Are there any factors which influence the_ mode of production

of lagtio acid?

It has been found, as the result of the examination of
the series of test meals, that there are three conditions of
the fasting Jjuice condusive to the production of lactic acid.
It was invariably found that the greatest amounts of lactiec
acid were detected in those cases where the fasting juice was
large in amount, had a low concentration of scid, and contained
mucus. On the other hand it must be noted that s high
concentration of acid is by no mesns incompatible with the
produsction of lactic acid.

As the result of experiments carried out in vitro, it
was found that the most propitious medium for fermentation
taking place was one where the reaction was neutrsl, slightly
scid, or slightly salkaline. It was, however, necessary to
raise the acidity above .255 before there was any appreciable
inhibition in the activity of the organisms.

It was also found; as the result of these experiments,
that boiling the fasting juice for two minutes destroyed the

causal organisms, and so prevented the formation of lactic scid.
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6.

What is the clinical significasnce of lactic acid in the gastric

content s?

From the investigations, just concluded, it is, in the
writer's opinion, unjustifiable to conclude that the presence
of 1ac£io acid is a sign of disease. In his experience it
occurs very commonly where there is nothing to suggest the
presence of any pathological condition of the stomsch. Still
less ocan 1t-be said to be a sign of one specific disesse,
gastric carcinonsa.

On the other hand, it msy be stated with some confidence
that the amount of lactic acid will be incressed where
- gonditions exist which favour fermentation. The chief of
these would sppear to be gastric stasis, hypochlorhydria, and
pyloric stenosis.

It is, however, possible to detect large amounts of
lactic acids in oéses showing a normal type of curve, and even
in those which give a very marked hypersegretory curvs. For
thbse reasons it seemg that the finding of lactic acid in
gastric contents will never prove very helpful as an aid to

diegnosis.
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Conglugions.

Lactic acid is of common oceurrence in the stomach even

in spparently hesalthy individuals.

Its presence is not limited to the first half hour of

digestion.

It generally increases in amount for two hours after a

meal 1is taken.

It is produced by a process of carbohydrate fermentat-

ion.

The best conditions for this process taking pdace are a
low concentration of acid, & large amount of fasting juics,

and the presence of mucus.

The presence of lactic acid in the stomsch is not of any

special clinical significance.
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