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By now it has been shown [4, 5, 7, 8, 2] that painful stimulation or emotional excitation causes a marked reflex
increase in the liberation of epinephrine into the blood.

Previously [9] we have studied the changes in the composition of gastric juice under the influence of painful
stimulation, and it therefore seemed interesting to determine the involvement of the adrenals in the response of the
gastric glands to painful stimulation, We also decided to study the action of epinephrine on the activity of the gas-
tric glands, because of the widespread clinical use of epinephrine.,

Many authors have studied the influence of epinephrine on digestion in the stomach, but the results they have
obtained have been extremely contradictory. Some [1-3, 13, 14] attribute to epinephrine an inhibitory action on
gastric secretion, while others [4, 15) maintain that it stimulates such secretion,

Most workers have paid chief attention to the amount of gastric juice, and only some have observed changes
of acidity or of digestive power, Because changes of composition may be of considerable importance in the pathol-
ogy of digestion, we decided to pay particular attention to qualitative changes induced by epinephrine.

METHOD
Experiments were carried out on four dogs, Three of them (Ava, Raketa, and Jack) had Heidenhain pouches,
and one (Pirate) had a Pavlov pouch as modified by G. M. Shpug. The experiments were always carried out in the
same room, and the dogs were maintained on an invariable food ration,

Excitation of the gastric glands was induced by allowing 200 g of raw meat to be consumed in five minutes.
Observations on the secretion of the juice were made for three hours. la each hourly portion the amount of free,
bound, and total hydrochloric acid was determined, as well as total acidity, protease and lipase activities, specific
gravity, amount of dry residue, and amount of organic and inorganic substances,

Before analyzing the gastric juice, to free it from mucus it was twice filtered through normal filter papers.
The free, bound, total hydrochloric acid and total acid were determined in a single test by the usual method. Pro-
tease activity was determined by Mett's method, and lipase activity as follows. A mixture of 1 ml of the juice and
1 ml of fresh cow’s milk was neutralized by NaOH, with phenolphthalein as an indicator, until a weak color appeared,
after which it was placed in a water bath at 37°, After 30 min a mixture was extracted, and the fatty acids formed
in the milk under the action of lipase were titrated from a microburette with 0.1 N NaOH until a weak color ap-
peared, From the amount of alkali required to neutralize the fatty acids the lipase activity of the gastric juice could
be determined.

We carried out six sets of experiments,

In the first set, painful stimulation was applied immediarely after meat had been given, The painful stimula-
tion was derived from the secondary winding of an induction coil, which was closely wound on the primary to which
a potential of 6 v was cannected, The stimulation was applied to the lower leg for 30 sec.

In the second set of experiments, the painful stimulation was applied one hour after feeding, i.e., at the height
of the secretion.
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In the third set, immediately after consuming meat the animals received an intravenous injection of 0.1 mi
per kg of 0.1% epinephrine solution (produced by the Ivanovskii Meat Plant).

In the fourth set of experiments, the same dose was injected one hour after food had been given.

In order to prevent epinephrine entering the blood stream on account of the painful stimulation, from twodogs
(Pirate and Jjack) the right adrenal was removed, and all branches of the greater and lesser splanchnic nerves supply-
ing the left adrenal were divided. After the operation, the amount of regular secretion was observed, and then fifth
and sixth sets of experiments were carried out, in which the painful stimulation was applied either immediately after
or one hour after food had been given.

Altogether 184 experiments were carried out on four dogs,

RESULTS
Previously {9] it has been shown that painful stimulation prolongs the latent period of secretion, reduces the
amount of gastric juice, and the amount of free hydrochicric acid, but leads to an increase in the amount of bound
hydrochloric acid; protease activity is decreased, and lipase
P activity, specific gravity, and the amount of dry (organic)
‘ ~ residue increased; there is no change in total hydrochloric
acid or in total acid,
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The results obtained in the first two sets of experi-
ments conform completely to these results,

In all experiments with epinephrine, the latent period
of secretion was prolonged. In the third set of experiments,
on the day on which epinephrine was injected the latent pe-
riod of secretion was prolonged 1.5-3 times, Thus, inPirate
it was increased from 8-13 to 30-35 min, and in Jack from
23-28 to 50-55 min. For 1-3 days after the epinephrine in-
jection the latent period of secretion was somewhat prolong-
ed, as compared with the mean values in the control experi-

77 0 g7 i 50 10 ments, In the fourth set of experiments, on the day after
Time (in minutes) epinephrine had been injected, the latent period was in-
Fig. 1, Change in the amount of gastric juice under creased on average 1.5-2,5 times. It returned to the control
different conditions (different sets of experiments). value on the 3-4th day, The increase of the latent period
Ordinate — amount of juice (in ml), I) Control; II) evidently indicates that epinephrine has an inhibitory effect
first set of experiments; III) third set of experiments; on the excitability of the gastric glands.

1V) fifth set iments, .
) fifth set of experiments It was only in some of the experiments of the third set

that we observed a marked reduction in the amountof juice
as early as the first hour of the experiment, whereas in the other experiments, there was either no or very little change
in the first hour, As a rule there was a great reduction of between 2 and 2.5 times in the amount of juice secreted in
the second hour; the amount was also less than normal in the third hour (Fig, 1). In the fourth set of experiments the
reduction in the amount of gastric juice secreted began immediately after the epinephrine injection. On the 1-3days
after the injection, there was almost always a more or less well shown increase of secretion. The effect has alsobeen
observed by other authors [4, 6], By the 4-5th day secretion was once more normal,

In studying the influence of epinephrine on gastric acidity, we encountered the following facts. In some experi-
ments, irrespective of the time of injection of epinephrine there was a 12-15% reduction in the amount of free, bound,
and total hydrochloric acid, as well as of total acids; however, in other experiments there was a reduction in the
amount of free hydrochloric acid, though the amount of bound hydrochloric acid was increased, while the amounis of
total hydrochloric and total acid lay within the limits set by the control experiments, On the 2-3rd day, acidity was
once more normal,

The enzymes of the gastric juice were affected differently by the epinephrine injection. Irrespective of the
time of injection, in all the experiments protease activity was greatly reduced, and amounted only to 25-35% of the
mean values established in the control experiments. In the next 3~4 days, protease activity was also greatly below
normal, On the other hand, in response to the action of epinephrine, lipase activity was increased by 70-80% inboth
sets of experiments, but returned to the mean values of the control experiments by the 3-4¢h day.
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In all experiments, it was found that epinephrine caused an increase in the specific gravity of the gastric juice.
Whereas the value was normally 1.009-1,012, in response to epinephrine it rose to 1,016~1.024, On the following

two days, the value was also somewhat raised.

Because of the increase of the specific gravity, we studied the action of epinephrine on the amount of dry re-
sidue, We found that the latter was increased 1,5-1.8 times, independeritly of the rime of injection of the epine-
phrine, and that normal values were restored by the 3-4th day.

In measuring the amount of organic and inorganic substances in the dry residue it was found that the increase
was mainly in the organic fraction, and there was very little change in the amount of inorganic matter.
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Fig. 2, Change of protease activity under dif-

ferent conditions (different sets of experiments),
I) Control; II) first set of experiments; III) third
set of experiments; IV) fifth set of experiments,
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Fig. 3. Change in the activity of lipase under
different conditions (different sets of experi-
ments). Ordinate — amount of 0,1 N NaOHso-
lution (in ml) required to neutralize the gastric
acids, I) Control; II) first set of experiments;
111) third set of experiments; IV) fifth set of
experiments,

The operation of removal of the right adrenal and division
of all the visible branches of the greater and lesser splanchnic
nerves proceeding to the left adrenal had but little effect onse-
cretion. After the operation, in both dogs there was a constant
but not marked increased secretion. There was no change inthe
composition of the juice,

In the fifth set of experiments on the day on which the
painful stimulation was applied there was a 20-30% increase of
the latent period and in the sixth set the same increase occurred
on the day after; in both sets the effect was present for the next
one or two days.

On the day on which the painful stimulation was applied,
and on the next 1-2 days, the amount of gastric juice secretion
fell somewhat below the steady state established after the oper-
ation,

Painful stimulation had either no effect on acidity, or else
caused a small reduction in the amount of free hydrochloric acid
and an increase in the bound hydrochloric acid, while total hydro-
chloric acid and total acid remained unchanged.

The change of enzymatic activity induced by pain wasthe
same as was observed in the first two sets of experiments, but the
reduction in the activity of protease (Fig. 2), and the increase in
that of lipase (Fig. 3) were not at all well shown, and occurred
only for 1-2 days., In some of the experiments of the fifth and
sixth set, the enzymatic activity remained within the limits of
the control experiments,

In neither set of experiments were any special changes of
specific gravity, or of the amount of dry residue or of organic
and inorganic fractions observed to follow painful stimulation.
Only in some of the experiments was there a very small increase
in the specific gravity and in the amount of dry residue (organic
fraction).

From the results reported it can be seen that intravenous
injection of epinephrine not only causes comsiderable and pro-

longed alterations in gastric juice secretion, but also leads to profound changes in its composition,

This fact mustbe taken into account when epinephrine is used clinically,

When a comparison is made of the results of the first two experiments with those of the third and fourth sets, it
is easy to see that the changes in the amounts and in the composition of the gastric juice induced by epinephrine in
many ways resemble those observed to occur in response to painful stimulation,

After the possible reflex secretion into the blood stream of epinephrine induced by painful stimulation had been
excluded, the effect of pain was not eliminated, but all the qualitative and quantitative alterations of the gastric juice
observed in the operated animals in response to pain were very much less well shown and shorter lasting.
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All the evidence indicates that the adrenal medulla plays a definite part in the response of the gastric glands
to painful stimulation,

However, apparently other humoral and nervous mechanisms are also concerned in this complex reaction.

SUMM ARY
The part played by the adrenals in the response of the gastric glands to painful stimulation was studied in dogs
with Pavlov and Heidenhain pouches. Both painful stimulation and intravenous injection of epinephrine induced sim-
ilar quantitative and qualitative changes of the gastric juice, Reflex secretion of epinephrine into the blood waspre-
vented by removal of the right and denervation of the left adrenal gland, and it was then found that painful stimula-
tion caused only insignificant and transitory changes of the gastric secretion, We therefore think that the adrenals
participate in the response of the gastric glands to painful stimulation.
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All abbreviations of periodicals in the above biblicgraphy are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal.. Some or ail of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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