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A’-Tetrahydrocannabinol: Aversive Effects in Rat at High Doses

Abstract. Water-deprived rats were administered a single dose of A%-tetrahy-
drocannabinol either orally or intraperitoneally immediately after their first taste
of a saccharine solution. In tests beginning 47 hours after drug administration, a
dose-related reversal of rats’ normal preference for saccharine was found. The
data suggest that the drug produces aversive effects at doses of 1 to 32 milligrams

per kilogram.

Several investigators (/) have found
a decrease in food intake by animals
treated with A®-tetrahydrocannabinol
(A%-THC), the principal active con-
stituent of marihuana (2). Perhaps the
clearest demonstration of this phenome-
‘non was made by Manning et al., who
showed that A%-THC produced a de-
crease in food consumption over a 30-
day chronic administration period (3).
This finding contradicts both a body of
folklore concerning the effects of mari-
huana on human appetite for food and
a recent study by Hollister (4), who
showed that about half the human sub-
jects given oral doses of A9%-THC in-
creased food intake. A possible ex-
planation of the discrepancy lies in
differences in doses given to human
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and animal subjects, for animal sub-
jects are typically given doses 10 to 100
times larger than human subjects are
given. Studies in which high doses of
THC are given to humans report that
these doses may be slightly toxic in
the sense that they produce unpleas-
ant somatic effects (5). The toxicity

~of AS-THC is also suggested by ani-

mal studies in which cats given doses
from 0.5 to 4.0 mg/kg vomited and
monkeys given doses from 16 to 64
mg/kg died (6).

We have used the “bait shyness”
phenomenon to assess possible aver-
sive effects of A%-THC. “Bait shyness”
or conditioned food aversion occurs

-when an animal ingests some food,

usually a novel-tasting one, and then

gets sick within the next 8 hours or so.
In the laboratory, this phenomenon has
been demonstrated for a variety of
different tastes and various types of
illness-inducing agents, including x-ir-
radiation, injections of drugs such as
apomorphine, methamphetamine, and
various anesthetics. These studies have
shown that rats will avoid novel-tasting

~ substances that are followed by illness,

even when the illness occurs as much
as 8 hours after ingestion of the sub-
stance; the amount of aversion is re-
lated to the degree of illness (7).

Water-deprived rats were given vari-
ous doses of A%-THC from 0 to 32
mg/kg immediately after a period of
exposure to a saccharine solution. They
were then given preference tests be-
tween saccharine solution and tap
water each day for 3 days, beginning
47 hours after drug administration.
Saccharine preference was found to be
inversely related to dose of A®-THC,
strengthening the view that THC may
be aversive in high doses.

Forty experimentally naive male al-
bino rats from the Walter Reed colony
served as subjects (8). All weighed
between 200 and 250 g at the start of
the experiment and were singly housed
in metal metabolism cages. The animals
had continuous access to 45-mg rat
food pellets (Noyes). After 2 days
of free access to food and water, the
animals were changed to a 23-hour
water deprivation schedule in which
tap water was available for 1 hour a
day from a standard drinking tube. On
the fourth day of this restricted drink-
ing schedule, a 0.1 percent solution of
saccharine in tap water, rather than
pure tap water, was made available
during the watering period. Immediate-
ly after this exposure, various doses of
A%-THC were administered either di-
rectly into the stomach with an oral
administration needle or by intraperi-
toneal injection (9). The drug was
diluted to concentrations of 2.25, 9.0,
and 36.0 mg/ml with propylene gly-
col for administration to three groups
of 10 animals each, with half the ani-
mals of each group getting oral ad-
ministration and the other half, intra-
peritoneal administration. These con-
centrations were selected so that the
dose volume would be approximately 0.2
ml when doses of 2, 8, and 32 mg/kg
were given to the three groups. A
fourth group of 10 animals received a
placebo dose consisting of propylene
glycol containing ethanol in the same
proportion as the 36.0 mg/ml propyl-
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Fig. 1. Average saccharine preference for
each group of five animals as a function
of the dose of A-THC received by that
group. Preference was computed as 100
times the amount of saccharine consumed
divided by the total fluid intake, and was
averaged across the three performance
tests for each animal. The vertical lines
show standard deviations.

ene glycol-THC solution, again with
half receiving each route of adminis-
tration.

On the day after drug administra-
tion, tap water only was made avail-
able to the animals during the watering
period. On the second, third, and fourth
days, two drinking tubes were made
available to the animals during the wa-
tering period, one containing tap water
and the other saccharine solution. The
amount drunk from each tube was
determined by weighing the drinking
bottles before and after the watering
period. The position of the two tubes
was switched each day. Throughout the
experiment the amount of food eaten
each day was determined by weighing
the food containers immediately before
the watering period.

The data were broken down by route
of administration, since considerable
differences in data may have been pro-
duced by the different absorption routes.
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Fig. 2. Average saccharine preference for
each group of five animals as a function
of the oral dose of A>~THC received by
that group.
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In fact, the data from the two routes
of administration were quite similar
with the exception of two animals in
the 8 mg/kg intraperitoneal group
which showed no effects, presumably
because the drug was injected into the
lumen of the intestine. As reported in
other studies, there was a dose-related
decrease in food intake in both the
oral and intraperitoneal groups during
the first 24 hours. A preference score
for each animal was computed each
day by dividing the weight of saccharine
solution consumed by the weight of
the total amount of fluid consumed and
multiplying by 100. Thus, 100 indicates
that all the fluid consumed was saccha-
rine, and a zero indicates that no sac-
charine was consumed. Figure 1 shows
the mean and standard deviation of

preference scores averaged across all .

three preference tests. Even if the data
from the two errant animals is re-
tained, an analysis of variance showed
that there was. a significant effect of
dose level of THC on saccharine pref-
erence for both routes of administra-
tion, though the effect for the oral
route was greater [P <.001, F=
16.95 (d.f. =3,16)] than for the in-
traperitoneal route [P < .05, F =3.70
(d.f. = 3,16)]. Even at the lowest dose
level, the effect was significant as de-
termined by r-tests comparing the pla-
cebo groups with the 2 mg/kg groups
foral: P <.005, ¢t=3.36 (d.f.=38);
intraperitoneal: P < .025, r=2.38
(d.f. = 8)]. Thus, animals that received
only a placebo after their first expo-
sure to a saccharine solution showed the
normal preference for saccharine, while
the drug-treated animals demonstrated
a reversal of this preference.

To extend the dose-response curve,
and to examine the possibility that at
doses lower than 2 mg/kg the A®-THC
would not have any aversive effects,
or even that, relative to placebo con-
trols, an increase in preference might be
found, four additional groups of five
animals each were run. Three of these
groups were drug groups, receiving
A®-THC in oral doses of 0.25, 1.0, or
4.0 mg/kg immediately after their first
exposure to the saccharine solution.
The fourth group received a placebo.
The mean preference scores for the
three drug groups were, respectively,
69.1, 45.0, and 41.4 percent, with the
placebo group scoring 59.5 percent.
In Fig. 2, these data are plotted to-
gether with the oral group means from
the original experiment. The placebo
point represents the average of the

two oral placebo groups. These addi-
tional data show that there is in fact
a consistent dose-related aversion ef-
fect, and that there is no reversal of
the effect at low doses.

To the extent that the procedures
of the present study may be said to
constitute a measure of aversiveness,
the higher doses of A®-THC adminis-
tered in this study clearly were aver-
sive. The aversion was not related to
route of administration, and it was re-
lated to dose. Thus, inconsistencies be-
tween observations of increased hun-
ger in human marihuana users and de-
creased food intake in animals given
A%-THC may lie in the fact that the
high doses of A%-THC typically given
to animals make them sick and there-
by decrease their intake of food. The
finding that high doses of AS-THC are
aversive is particularly important in
view of the fact that virtually all ani-
mal studies of marihuana use doses in
this range. Our experiment suggests
that such experiments are studying tox-
ic effects of A®-THC and may be of
minimal value in elucidating the subtle
and elusive psychological changes re-
ported to occur in marihuana intoxica-
tion.

TiMoTHY F. ELSMORE

GORDON V. FLETCHER
Department of Experimental
Psychology, Walter Reed Army
Institute of Research, Washington, D.C.
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