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Projects in the laboratories of I, P. Pavlov have served to establish that distant meaningful stimuli are of
major importance in the conditioned reflex regulation of the digestive apparatus® activity, The role of these dis-
tant stimuli in the regulation of the metabolism, particularly gas exchange, has been shown in the works of R, P,
Ol'nyanskaya [3, 4], A. R. Makarova [2], and L. S. Breslav [1]. It seemed important to elucidate the significance
of these distant stimuli in the regulation of carbohydrate metabolism. This question has not been adequately studied.
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Fig. 1. Dynamics of the carbohydrate metabolism in the monkeys during the control experiments (a) and
associated with the effects of observation of feeding (by. 1) Blood sugar concentration (in percents of the
original level); 2) oxygen consumption (in percents of the original level, mean data).

Our investigations were carried out at the Sukhum Biological Station of the Akad, Med. Nauk SSSR, using
7T Macaca rhesus monkeys born in the nursery and well adapted to their living conditions.
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EXPERIMENTAL METHOD

In the morning, without being fed, the monkeys were periodically tested every hour for 7-8 hours, By means
of an incision in the ear lobe the blood sugar concentration was determined, and the oxygen consumption was meds-
ured for intervals of 15, 30 and 60 minutes. During this procedure the animals were isolated from the other monkeys.
After a day, we carried out a second experiment, in which we placed other monkeys, in the process of eating their
food, in front of the monkey serving as the subject. A third experiment consisted of placing food products in front
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Fig. 2. The effect of stimulating visually (1) and

with odor (2) (using food), and under control con-

ditions (3), upon the dynamics of the carbohydrate
metabolism in monkeys. a) Blood sugar concen-

tration (in percents of the original level); b) oxy-
gen confumption (in percents of the original level,
mean data),

of the monkey, and, after a day, repeating this experi-
ment after first feeding the monkey with these same prod-
ucts. A series of experiments was set up to study the
effect of food odor on the metabolism; the food was

placed in a chamber for the investigation of gas ex-
change, out of the animal's sight.

Taking into account the fact that monkeys ear at
intervals the food offered them, under the conditions of
our experiments we left the food in front of the animals
for a period of only 2 hours, after which the remnantswere
removed and the cage cleaned. The interval between
feeding was also 2 hours. Gas exchange was studied in a
pneumatic chamber, following the method of Holden; the
blood sugar concentration was determined by the Hagedom-
Jensen method.

EXPERIMENTAL RESULTS

The results of the experiments showed that the blood
sugar concentration and the oxygen consumption in unfed
monkeys during the control period (Fig. 1a) gradually de-
creased from the beginning of the experiment to its end,
In the periods of exposure to the monkeys eating their food,
the experimental animals ("monkey observers") showed a
decreased in their blood sugar concentration, After cessa-
tion of the feeding of the monkeys and the removal of the
food remnants from the cages, the blood sugar level in the
"monkey observers” increased. Repeat feeding of the other
monkeys again caused a decrease in the blood sugar con-
centration of the "monkey observers,”

Exposure to the monkeys eating their food caused an
elevation in the oxygen consumption of the "monkey ob-
servers”, reaching 125,7% of the original level. An increase
in gas exchange was noted during the entire period of the
secondary monkeys’ feeding. Cessation of the feedingand
removal of the food remnants from the field of vision of
the "monkey observers” led to a decigase of the oxygen
consumption of the latter during the entire two hour period.
Repetition of these procedures caused an analogous effect
a second time (Tables 1 and 2).

Similar date was also obtained with exposure of the "monkey observers” to food products,

Thus, in the "monkey observers™ during the period of stimulation of the visual analyzers by foodi(or the ingestion

of food by other monkeys) a decrease was noted in the blood sugar concentration, accompanied by an increase in
oxygen consumption, After cessation of the feeding a gradual elevation of the blood sugar level was observed, along
with a decrease in oxygen consumption (Fig. ib). Hence, the sight of food products, as well as the sight of monkeys
taking food, served as a complex "signal” stimulus for the "monkey observers,” causing a metabolic acceleration in

the organism of the experimental animal.
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*monkey observers®™ either during their exposure to food products or after removal of the latter from their field of
vision, Gas exchange data obtained under these conditions showed an increase in oxygen consumption during ex-
posure of the fed animals to food. With removal of the stimulus the oxygen consumption decreased.

Thus, the dynamics of the carbohydrate metabolism during exposure of the fed monkeys to food differed sub-
stantially from its dynamics in the control experiments and in those experiments where the conditioned food stimuli

acted on the visual analyzer.of hungry monkeys.

Study of the effect of the food product odor on the olfactory analyzer of the monkeys showed a small increase
in the blood sugar level, accompanied by an increase in oxygen consumption. These changes were not only observed
during the exposure to the stimulus, but afterwards as well.

Comparison of the data on the changes in the blood sugar concentration and oxygen consumption, obtained
during stimulation of the visual and olfactory analysers in the hungry animals (Fig. 2), illustrates certain characteris-
tics in the carbohydrate metabolism alterations which are characteristic for each of the stimulis It may be seen
(Fig 2a) that with stimulation of the visual analyzerthe bloodsugar concentration decreases, while with stimulation
of the olfactory analyzer it rises, The fall in the blood sugar level resulting from the effect on the visual analyzer
is limited to the period of exposure to the stimulus, and reaches *

After removal of the stimulus from the animal's field of vision an elevation in the blood sugar concentration is ob-
served, which returns to the original level after 2 hours, With stimulation of the olfactory analyser the increase in
the blood sugar level continues to be observed for an hour afterremoval of the stimulus.

Oxygen consumption (Fig. 2b) was shown to be more intense (throughout all 4 hours of the experiment) in the
case of stimulation of the olfactory analyzer, With stimulation of the visual analyzerthe oxygen consumption de-
creased as soon as the stimulus was removed from the monkey's field of vision.

The material presented shows that the sight and odor of food causes conditioned reflex changes in the carbo-
hydrate metabolism of apes. In this case the physiological state of the experimental animal is of essential impor-
tance : excitation of the alimentary center of an animal in the hungry state causes a more intense stimulation of the
carbohydrate metabolism than that which is observed in fed animals,

The described changes in the carbohydrate metabolism are of a specific character. Stimulation by the sight
of food causes a conditioned reflex acceleration in the carbohydrate dissimilation processes, while stimulation with
food odor causes a conditioned reflex increase in the entrance of sugar into the blood, and subsequent accumulation
of a surplus of sugar circulating in the blood. This specificity in the metabolic reactions indicates the specific ef-
fect of stimuli from various receptors on the conditioned reflex regulation of the carbohydrate metabolism, a reg-
ulation that is connected with the complex of conditions accompanying the intake of food by animals,

SUMMARY

Blood sugar content and the value of oxygen intake were studied in 7 hungry monkeys, "observers " of the eating
monkeys or food, A marked reduction in the blood sugar level was noted with a rise of oxygen intake during the whole
exposition period, In removing the food stimuli from the visual field of these monkeys the blood sugar level wasseen
to rise, whereas oxygen intake dropped. In monkeys fed prior to the experiment there were no such changes in the me-
tabolism.

The smell of food caused a slight rise of the blood sugar content and a rise of oxygen intake.

Thus, specific changes in the carbohydrate metabolism occur during the action of distant food stimuli on the

visual and olfactory analyzers.
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® Material omitted in the original Russian--Publisher’s Note
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