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f POTENTIATION OF INSULIN COMA BY SACCHARIN! Y
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Rats receciving an injection of insulin which was lethal to approximately
50% of untreated animals were permitted to drink either a saccharin, water,

or glucose solution. Saccharin potentiated the effect of insulin, as significantly
more Ss of this group succumbed than did those in the water group; Ss that
had glucose were protected. It may be an error to assume that saccharin is
physiologically inert. Speculation concerning the question of why a non-
nutritive substance such as saccharin may serve as an effective reward for

animals is also presented.

Saccharin, a sweect-tasting but nonnutritive
substance, has been used in numerous studies
to test the validity of theories which emphasize
the importance of a reduction of biological
needs for learning. The cssential features of the
argument may be expressed as follows: Animals
prefer a saccharin solution to water and a sac-
charin solution is an adequate reward in learn-
ing experiments (Hausmann, 1933; Sheffield &
Robyv, 1950) in spite of the faet that this sub-
stance is nonnutritive and passes through the
body unchanged chemically. Sheffield and Roby
(1950), e.g., regarded their saccharin studies as
“essentially sham-feeding experiments in which
the animal was innately stimulated to ingest a
substance which did not change his state of
hunger ... [p. 481].” The observation that ani-
mals ingesting saccharin do not diminish their
food intake has been viewed as providing fur-
ther support for this position (Hausmann,
1933). In addition, the fact that a saccharin
preference iz maintained over repeated tests
has led to the conclusion that this substance has
not acquired reinforeing properties because of
taste similarities with sweet, nutritive substances
(Sheffield & Roby, 1950). A similar conclusion
was reached as a result of a recent study on the
ontogeny of saccharin preference with neonatal
rats. Although rat milk eontains 2.8% lactose, a
saccharin solution is preferred by voung rats
over a lactose solution (Jacobs, 1964). The im-
portance of a learning factor is also minimized
by studics indicating that saccharin preference
may be inherited (Nachman, 1959).

It has been concluded, thercfore, that sac-
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charin has no significant effect on biologieal
needs as a result of either inherent or acquired
properties. The effectiveness of saccharin as a
reward, it is generally argued, depends cither
upon the ability of this substance to elicit a
consumatory response which is claimed by some
to be a sufficient condition for reinforcement
(Sheffield & Roby, 1950; Shefficld, Roby, &
Campbell, 1954) or upon inherent reinforeing
value of the neural pattern resulting from the
stimulation of taste receptors by saccharin
(Pfaffmann, 1960).

We would submit that in much of the relevant
literature there has been a tendency to assume
that because saccharin is nonnutritive it is also
physiologically inert. It hardly seems necessary
to point out that a substance may pass through
the body in an unchanged form without influ-
encing hunger state but nevertheless change the
state of the organism in numerous ways. It mav
be appropriate to recall the conclusion of a se-
ries of studies on the physiological action of
saccharin completed by Carlson, Eldridge, Mar-
tin, and Foran (1923):

The prevailing view that, except for its action
on the organs of taste in the mouth, saccharin is
an inert substance, having no action on organs
and tissues, is not tenable. Saccharin acting in
the mouth decreases appetite gastric sceretion,
acting in the stomach it increases gastric secretion,
and decreases peptic digestion, acting in the small
intestine it decreases absorption, acting on the
ervthroeytes it decreases hemolysis. These actions
of saccharin cannot be cxplained by the osmotie
factor.

Saccharin in the blood, in proportion to its
concentration, passes into the lymph, cerebrospinal
fluid, saliva, tears and mammary secretion [p.
476].

With the above considerations in mind we
attempted to determine if sacchariy intake had
any significant physiologicsl effect. In view of
the fact that thezamount of saccharin ingested
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is correlated with hunger state (Bacon, Snyder,
& Hulse, 1962; Sheffield & Roby, 1950; Smith
& Duffy, 1957), we considered the possibility
that thix substance might influence some aspect
of carbohydrate metabolism. It seemed at first
that the most direct line of attack would be to
examine glucose levels. A search of the litera-
ture revealed that while a number of investi-
gators have reported blood glucose decreases
(Althausen & Wever, 1037; Ciaccio & Raecchuisa,
1927 Jorgensen, 1950; Kun & Horvath, 1947;
Thomp=on & Mayer, 1959), other studies have
<hown increases (Syllaba, 1930) or no change
(Bunde & Lackey, 1948) after saccharin admin-
istration. We therefore decided upon another
approach.

METHOD

By means of exploratory tests we determined
a dose of insulin (Iletin U-40; Eli Lilly) that re-
sulted in lethal coma in approximately 50% of an
injected rat population. Injections were admin-
istered subeutaneously into the middle of §'s back.
Prior to insulin injection Ss were treated with
cither glucose, saccharin, or tap water. As the
method of administering these solutions  varied,
this aspeet of the procedure ean be more efficiently
deseribed with the vesults, The pereentage of Ss
which succumbed and the time of their death was
observed. The solutions used were 25% sodium
saecharin and either 10% or 20% glucose. Pre-
liminary testing had indicated that our Ss elearly
preferred these concentrations to water. As the
results with glucose were consistent with a large
body of experimental and clinieal evidence, we
used this substance only in Tests 1 and 5.

Nine separate tests were run and a total of 164
rats were used. For the first two tests albino rats
were obtained from the Fels Research Institute

’

colony and for all remaining tests Holtzman alg
bino rats were used. The Ss were housed in indi
vidual cages during all experimental stages. Purina
lab chow, which was fed ad lib, was removed
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from the cage at the time of insulin injection..

The Ss weighed 230-330 gm. Males and females
werc balanced in cach group for the first three
tests, but as no sex difference was observed, sub-
sequent tests utilized only male animals. The
insulin dose level and results are summarized by
test in Table 1.

RestLTs

On the first test, 15 Ss were divided randomly
into three groups. One hour prior to insulin in-
jection water bottles were removed and a ghu-
cose solution, a saccharin solution, or tap water
was placed in the drinking bottles. The results
indicated that although one S of the glucose
aroup had a mild convulsion all Ss of this group
survived. In contrast, 40% of both the succha-
rin and water groups succumnbed following sc-
vere convulsions. The only difference between
the water- and saccharin-treated Sx was in the
elapsed time from insulin injeetion to death;
the saccharin treated Ss succumbing earlier. Ax
there was great variability in these figures only
the average time of the first two Sz which sue-
cumbed was used in this eomparison. Thix pro-
cedure appeared to be justified also by the pos-
sibility of individual differences in reaction to
saceharin as reported by Williams (1946, p. 71—
72).

The Sx in the first test had not been deprived
of fluid and consequently drank relatively little
of the test solutions. In order to encourage
drinking, in subsequent tests saccharin, water,
or glueose were made available for a 72-hr. pe-

TABLE 1
REeacrioNn 1o INsULIN INJEcTIONS BY ANIMALs RECEIVING DIFFERENT SOLUTIONS
Saccharin Water Glucose
Test Insulin dose® -
(ce/kg) Mean time of Mean time of
Survivors | Deaths [first two deaths| Survivors | Deaths |first two deaths| Survivors | Deaths
(in min.) (in min.)
1 775 3 2 206.5 3 2 322.5 5 0
2 775 0 6 217.5 2 4 222.5
3 . 600 0 7 194.0 0 7 231.0
4 . 400 4 0 — 4 0 -
5 . 500 1 7 182.0 3 5 219.0 5 0
6 . 500 4 6 180.0 6 4 196.5
7 . 800 1 11 160.0 3 i1 184.0
8 475 2 10 184.0 6 6 203.0
9 .475 4 9 163.0 6 7 168.0
Totuls y 19 58 33 44 10 0

* Hetin U-40 (Eli Lilly & Company). Injections were administered between 9:30 and 10:30 .M.
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ribd. Then Ss were deprived of fluid for 24 hr.
prior to receiving the insulin injection. The
i solutions were made available again 1 hr. after
the insulin injection and remained available to
Ss throughout the experiment. No significant
difference in the amount of water or saccharin
consumed was observed after the insulin injec-
tion.

In the second test, 100% of the saccharin-
treated Ss succumbed to the insulin injection
while only 6623% of the Ss receiving water suc-
cumbed. The difference in time of the first two
deaths was in the same direction as noted in
Test 1.

For practical reasons it was necessary to use
Holtzman strain rats for all subsequent tests. A
pilot study revealed that these Ss were more
sensitive to insulin than the Fels strain. Al-
though we adjusted the dose level, Tests 3 and
4 were not sensitive as too much insulin was ad-
ministered in Test 3 and too little in Test 4. All
Ss suceumbed in the former case and all sur-
vived in the latter. We have included these data
in Table 1 to illustrate that the time of death
in Test 3 was again shorter for the saccharin-
treated Ss. For subsequent tests an intermediate
dose level of insulin was used.

The same procedure was used for Tests 5-8
save that a smaller insulin dose level was used
in Test 8 in order to decrease the percentage of
deaths and in Test 5 a 10% glucose group was
added to demonstrate its protective value
against insulin coma with the Holtzman strain
rats. To insure that Ss had at least a minimum
of solution in their bodies, 1.5 and 2.5 hr. after
the insulin injection, Ss received 1-cc injections
(ip) of either the saccharin, physiological saline,
or glucose solutions. Test 9 was identical to Test
8 except that the ip injections were omitted.

Tests 59 produced a consistently greater
percentage of deaths for the saccharin group
(Fable 1). The difference in this percentage be-
tween the saccharin and water Ss (N = 154) in
all 9 tests was statistically significant (x* = 5.7,
p < 02) even though Tests 3 and 4 were in-
sensitive. The results from Tests 2 and 9 in
which ip injections of saccharin and saline were
omitted suggest that this aspect of the proce-
dure was not essential. Also to be noted is the
fact that in every test the average time of the
first two deaths was shorter for the saccharin
treated Ss. This result is statistically significant
(binomial expansion; p < 01).

Discussion

After completion of these experiments, work
by Macallum and Sivertz (1942) came to our
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attention. Our results are in complete agreement
with this earlier study. Macallum and Sivertz
had shown that rabbits receiving 1.5 units of
insulin/kg do not have convulsions and blood
sugar level returns to normal in 4-6 hr. The
same dose of insulin plus saccharin accelerates
the decline of blood sugar and produces convul-
sions persisting 6-10 hr. In another related
study Macallum (1948) showed that sulphones
“increased sensitivity to insulin, both in rate of
fall of blood sugar levels and maintenance of
hypoglycaemia [p. 232].”

Although the abhility of saccharin to poten-
tiate the effect of insulin with rats and rabbits
seems to be clear® we can only speculate at this
time about the physiological mechanisms which
may be involved. The possibility that the sweet
tasting saccharin reduces food intake and
thereby glycogen storage is not supported by
the observation that saccharin does not decrease
the amount of food ingested (Hausmann, 1933;
Smith & Duffy, 1957). Another possible hy-
pothesis is that insulin is released from the pan-
creas in response to a saccharin stimulus, an
effect which could explain the finding that ex-
ogenous insulin is more effective in these cases.
An alternative hypothesis which has been ad-
vanced is that the sulfonylureas are inhibitors
of an enzyme (insulinase) which destroys in-
sulin. The effect, however, would be the same,
namely an increase in available insulin, which
would be expected to be accompanied by a de-
crease in blood sugar level. Although the ma-
jority of previous investigators have found such
a decrease, as indicated above, blood glucose
changes in all directions following saccharin ad-
ministration have been reported as well. It is
possible that a glycogenolytic response to an
initial hypoglycemia could be concealing this
relationship and a continuous monitoring of
blood sugar change, rather than sampling, might
resolve the conflict. We are exploring this pos-
sibility in our laboratory.

Whether this finding contributes to our un-
derstanding of why saccharin is reinforcing to
animals must also remain speculative at this

*In a footnote to a paper, Smith and Capretta
(1956) mentioned that saccharin appeared to pro-
tect mice from insulin coma. It is not clear to us
why results with the mouse should have been op-
posite those obtained with the rat and rabbit. The
mouse 1s especially sensitive to insulin, but this
fact by itself would not account for this differ-
ence in reaction. A personal communication with
the senior author revealed that the;g.observations
with the mouse were only ggploratory and that
great variability in reaction between animals was
most striking.
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time. We would like to suggest for further con-
sideration the possibility that saccharin in the
mouth or gastrointestinal tract may trigger a
number of internal responses that duplicate in
significant respeets the pattern seen with sugar
intake. Such visceral reactions as insulin scere-
tion in response to sugar m the mouth and GI
tract have been called “preparative metabolie
reflexes.” Recently, Elriek, Stimmler, Hlad, and
Arai (1964) have shown that the plasma insulin
response to oral and intravenous administration
of glucose differs. The greater and more sus-
tained inereare in insulin with oral glucose was
attributed to the additional stimulus to insulin
seeretion triggered by alimentary glueose. Such
responses which may he equally triggered by
saceharin could serve ax cither conditioned or
unconditioned  reinforcing  stimuli. We  would
like to emphasize that the evidence presented
here certainly does not preclude the possibility
that the neural pattern resulting from the stim-
ulation of taste receptors by saccharin may have
motivating properties; but it suggests that it
mayv be erroncous to assume that saecharin has
no other physiologieal effeets.
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