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experiments. Conditions of housing, method of obtaining blood samples,
and the technique of BG analysis were the same as in Experiment II.

Five subjects were used in the Experimental Group (Group E) and 5
subjects in the Control Group (Group C).

All subjects were fitted with chronic nasopharyngeal gastric
tubes, using a modification of the technique described by Epstein
(1960). At least one week was allowed to pass between the day of the
surgery and the day that the experiment proper was started.

Each rat participated in the experiment for 16, daily, 60-minute
sessions. Subjects were deprived of food for 14 hours before each session.

The experiment consisted of three successive phases: (a)
adaptation to the restraint (2 sessions), (b) conditioning (10 sessions),
and (c) extinction (4 sessions).

On the 2 adaptation days, each subject was simply placed in a
plastic restraining cage for 60 minutes.

On each of the 10 conditioning days, a blood sample was
obtained from each subject immediately following insertion into the
restraining cage ("pre'" measure of BG). Then, a cotton ball saturated
with 1 ml. oil of peppermint (B.P.) was placed in a perforated compartment
of the restraining cage about 4 cm. from the rat's nose. Immediately
after the introduction of the olfactory cue, Group E subjects were
intragastrically intubated with 5 ml., 50% (W/V) glucose solution and
Group C subjects were intubated with 5 ml. physiological saline, via

the nasopharyngeal gastric tube. The rate of intragastric infusion,
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controlled by a syringe pump (Harvard Apparatus Co., Inc., Model
941), was 3 ml. per minute. A second blood sample was obtained
5 minutes after intubation ("post' measure of BG).

During the next 4 sessions ('"extinction'), the procedure
was the same as for the conditioning phase, except that all subjects

were intubated with physiological saline.

Results and Discussion

Figure 5 presents BG changes, expressed as percentage

change from '"pre'" to "post" level, during the 10 conditioning days.

As indicated in Figure 5, infusion of glucose into the stomach led

to a marked BG increase by 5 minutes after the infusion. Control
subjects, which receiveq'an equivalent volume of physiological saline,
showed a small BG increase.

BG changas for the 4 extinction days are shown in Figure 6.
On the first day of extinction, the amount of BG change was significantly
lower for Group E than for Group C (£=3.92, df = 8, p <.01). The
difference was smaller, but still approached significance on Day 2 of
extinction (t = 2.12, df = 8, p <.07). By days 3 and 4, tinere were no
significant differences between the two groups.

The pattern of results observed in this sixth experiment
confirms the findings obtained in Experiment V. In both experiments,
a CS was paired with intragastric administration of a glucose solutioﬁ
(US). 1In both experiments, after 10 pairings of the CS and the US,

presentation of the CS alone resulted in hypoglycemia compared to the



Figure 5.

Experiment VI: mean percentage change in BG during the conditioning

phase for Group E and Group C.
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Figure 6.

Experiment VI: mean percentage change in BG during the extinction

phase for Group E and Group C.
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control group. The hypoglycemic response followed a similar course
of extinction in both experiments. Experiment VI extended these
results,in that the CS was in the olfactory rather than the gustatory
modality, thus eliminating possible confounding between conditioning

and intake of the fluid which serves as the CS.
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General Discussion

The experiments reported here were designed to evaluate the
hypothesis that the potentiation of insulin-induced mortality by saccharin
ingestion can be accounted for by a conditioning mechanism. Evidence
presented included the demonstration that saccharin ingestion alone
results in hypoglycemia, and that this hypoglycemic response is
extinguished by longterm access to saccharin, a non-nutritive sweet-
tasting substance, but not by longtermaccess to glucose, a nutritive
sweet-tasting substance. In an explicit test of the conditioning
hypothesis, it was shown that the hypoglycemic response is also
elicited by stimuli, either gustatory or olfactory, which have been
specifically paired with intragastric glucose administration. Taken as
a whole, these results lend strong support to the conditioning account
of the potentiating effect of saccharin on insulin-induced mortality.

A more general picture that emerges from these data is a
view of hypoglycemia as a conditioned response preparatory to feeding.
Thus, it is seen as similar in kind to '"classic' conditioned responses,
such as salivation, gastric and intestinal motility, and secretion of
gastric and pancreatic juice in anticipation of food (Bykov, 1957).

The experiments reported here provide support for the view that hypoglycemia
can occur as a learned preparatory response, and results reported by

other investigators are consistent with it. For example, Mityushov (1954)
has reported that, in dogs and in humans, after 8 to 10 intravenous

injections of glucose, the injection of a physiological saline placebo
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results in hypoglycemia. Thus, the injection procedure, which in the
past has reliably predicted the metabolic consequences of systemic
glucose, becomes capable of anticipatorily eliciting these responses.
Steffens (1969) has shown that the removal of food just as the rat is
about to eat is followed by a decline in BG level. These resuits may
be interpreted as demonétrating that stimuli associated with feeding,
i.e., sight and smell of food, result in hypoglycemia as a consequence
of the animal's natural conditioning history, which is characterized by
pairing of these stimuli and nutritive postingestional events. In
addition, Booth & Miller (1969) examined BG levels following presentation
of a visual stimulus which functioned as a discriminative stimulus for
food-reinforced barpressing in previous training. Blood glucose showed
an "oscillatory" response: an initial rise followed by distinct hypo-
glycemia, followed by a second peak. The fact that a stimulus signalling
shock was also followed by a rise in BG suggests that only the hypoglycemic
phase of the response is uniquely characteristic of the food-signalling
function of the stimulus. The conditioning experiments reported here
differ in numerous respects from Booth & Miller's; perhaps the most
important differences are that no operant response was required of the
animals, and that rather than visual, the present experiments used
gustatory and olfactory cues, which might be particularly effective
with visceral conditioning (Garcia & Ervin, 1968; Seligman, 1970).

The research reported here used BG level as a dependent

variable. A particularly interesting question concerns the nature of



45

the mechanism underlying the observed conditioned hypoglycemic responses.
Ihe results of these experiments are as predicted by a hypothesis that
insulin release occurs as a conditioned response; however, since

insulin levels were not measured in these experiments, no unequivocal
conclusion can be drawn regarding the involvement of insulin in the
observed hypoglycemic response. Alternative possibilities include a
conditioned suppression of neoglucogenesis, and a conditioned release

of a hypoglycemic substance of extrapancreatic origin (Alvarez-Buylla,
Segura & Alvarez-Buylla, 1961). The first of these is highly unlikely
since there is no evidence that neoglucogenesis can be selectively
altered by the CNS without also affecting glucose utilization. Furthermore,
Mityushov (1954) has reported the blood from dogs exhibiting a
conditioned hypoglycemic response has increased insulin-like activity

as determined by a bioassay procedure. The possibility of conditioned
release of an insulin-like substance of extrapancreatic origin is
difficult to evaluate, since only limited and circumstantial evidence

is available concerning its existence (Alvarez-Buylla et al., 1961) .

It appears, then, that conditioned insulin release is the most likely
mechanism for the observed hypoglycemic responses.

The hypothesis that the secretion of insulin is under the
control of a conditioned mechanism, and hence the central nervous system,
runs counter to the traditional view of the control of insulin secretion,
which holds that insulin secretion is regulated almost entirely by the
concentration of glucose in arterial blood reaching the pancreas (Keele &

Neil, 1965). However, there is evidence which suggests that central
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neural control of insulin secretion is present, and that it may play
an important role in normal regulation of insulin level and carbo-
hydrate metabolism. Pancreatic islets are r;chly innervated, and
direct neural control of insulin secretion has been suspected since
the 1920's (Britton, 1925). The developmeﬁt of the radioimmunoassay
for insulin (Yalow & Berson, 1960) made it possible to demonstrate
unequivocally that vagal stimu;ation results in an immediate increase
in insulin in venous blood, and that this increase is not mediated
by BG (Frohman, Ezdinli & Javid, 1966; Daniel & Henderson, 1967;
Keneto, Kosaka & Nakao, 1967). In addition to direct vagal control,
it is likely that insulin secretion is also controlled by neuro-
endocrine mechanisms, since many of the hormones which stimulate
insulin secretion, e.g., secretin, gastrin, and pancreozymin, are
themselves under néural control (Chisolm, Young & Lazarus, 1969).

The second major line of evidence which implicates the
CNS in the control of insulin secretion concerns the effects of direct
interference with CNS function on insulin levels.» Thus, it has
been shown that ventromedial hypothalamic lesions result in an
elevation of plasma insulin level (Frohman, Bernardis, Schnat;
& Burek, 1969) and enlargement of pancreatic islet size (Han,
Yu & Chow, 1970) even when food intake is controlled. Also, Kuzuya
(1962) has shown that hypothalamic stimulation causes an increase in
insulin secretion in dogs. These results suggest that the hypothalamus
exerts a tonic inhibitory as well as an excitatory control over

insulin secretion.
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The third approach to the study of central control of
insulin secretior. is to investigate the role of '"psychological"
variables in the modulation of insulin levels. For example, Goldfine,
Abraira, Gruenwald & Goldstein (1970) studied the effect of "imaginary .
food ingestion'" c¢n plasma insulin levels. These investigators
hypnotized human subjects and told them to imagine that they're
having their favcurite foods in a restaurant. In 3 out of 7 subjects
this led to a prompt rise in immunoreactive insulin. These results
support the view that the hypoglycemic responses observed in the
present series of experiments indeed represent anticipatory release of
insulin. The data reported by Goldfine et al., combined with the
results of research reported here, suggest that '"psychic secretion' of
insulin is possible, and that it - like '"psychic secretion' of gastric
acid (Pavlov, 1897) - can be accounted for by a conditioning mechanism.

Several areas of further investigation are suggested by the
present findings. One major question concerns the exact nature of the
effector system involved in the conditioned hypoglycemic response.
The first step here is to assess the role of ipsulin by carrying out
radioimmunoassay procedures. Another approach would be to attempt to
conditioned deparcreatized animals or animals made diabetic by alloxan
or streptozotocin injections. If a pancreas with functioning beta cells
proves to bevnecessary for conditioning, then the possible role of
intermediary hormnones becomes important. The question here is whether
conditioned release of insulin is effected through direct neural control

or through a neuroendocrine mechanism, One approach to this problem would
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be to attempt to condition animals with a denervated pancreas. Another
major question concerns the central neural mechanism underlying the
response. Conditioning animals with specific lesions of the CNS is

the method of choice here. For example, if the lateral hypothalamus

is necessary for the '"glucostatic'" regulation of feeding, as the
findings of Epstein & Teitelbaum (1967) suggest, then one would expect
that an intact lateral hypothalamus is also necessary for the
development of conditioned hypoglycemia of the type reported here.

According to the conditioning hypothesis, the hypoglycemic
effect of sweet taste is the function of the natural conditioning history
of the organism. This suggest investigation of the role of early
experience in the development of the hypoglycemic response to sweet taste.
Bykov (1960) has‘reported that dogs which are not allowed to taste
meat until adulthood do not show the usual salivary response to the
smell and sight of meat when first exposed to these stimuli. Analogously,
it may be proposed that animals raised without the opportunity to
taste nutritive sweet substances should not manifest the hypoglycemic
response to sweet taste.

The present research has demonstrated that hypoglycemia can
occur as a conditioned response in preparation for, or in anticipation
of, the entry of glucose into the stomach. It has been demonstrated
here that such glycemic conditioning has implications for predicting

an organism's response to drugs with glycometabolic actions.
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This work, like the research on the conditioning of secretion of
saliva, gastric juice, pancreatic juice, and bile, points out the
importance of the contribution of conditione@ respﬁnses to the
digestion and utilization of food. The view that conditioning
processes play ar iﬁportant role in the physiology of the organism,
although generally accepted by Soviet (e.g., Bykov, 1960) and
Eastern European (e.g., Adém, 1967) investigators, is only beginning
to be acknowledged by Western researchers in the fields of physiology

and medicine (e.g., Tepperman, 197Q).
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APPENDIX A

Experiment I - Death Latencies

" INSULIN DOSE

28 Units / Kg. 24 Units / Kg.

Death Latency, min. Death Latency, min.

132, 155, 160, 168, 180, 162, 191, 194, 197, 205,

SACCHARIN 190, 198, 209, 213, 215, 213, 223, 263, 277, 334,
GROUP
266, 267, 277, 281. 594,

161, 165, 186, 214, 219, 154, 218, 229, 234, 236,

WATER

e 223, 248, 261, 267, 278, 265, 265, 267, 282, 329,

381. 378, 440.
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