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Summary-A9-Tetrahydrocannabinol (THC) has a marked influence on the selective uptake 
of ‘H-corticosterone by the hippocampus and septum of the rat. Analysis of variance on 
blood/tissue ratios showed that a dose of 9 mg/kg of A9-THC significantly (P < 0.01) lowered 
‘H-corticosterone uptake in the hippocampus. Compared with uptake in frontal and hind 
cortices, A9-THC selectively depressed 3H-corticosterone uptake within the septum and 
hippocampus. The decrease in uptake across the 3 and 9 mg/kg doses for the limbic system 
components compared with the cortical samples is highly significant (P < 0.001) and suggests 
that A9-THC exerts differential actions on hormone uptake within the central nervous system. 

Adrenal cortical hormones (e.g. corticosterone) have marked effects on the excitability of 
brain tissue, possibly through alterations in the metabolism of intra- and extracellular 
electrolytes (VALKANA, VERNADAKIS and TIMIRAS, 1967; VALKANA and TIMIRAS, 1968) and 
chemical transmitters (AZMITIA and MCEWEN, 1972; JAVOY, GLOWINSKI and KORDON, 1968; 

MAAS, 1972). There is evidence to suggest that these hormones may be accumulated in 
nervous tissue by an active uptake mechanism (HENKIN; CASPER, BROWN, HARLAN and 
BARTTER, 1968) which may involve the selective regional distribution of corticosterone 
binding proteins (MCEWEN, MAGNUS and WALLACH, 1972; STEVENS, GROSSER and REED, 

1971; CHYTIL and TOFT, 1972). MCEWEN, WEISS and SCHWARTZ (1969) have reported that 
3H-corticosterone is selectively accumulated in the hippocampus and septum of the adren- 
alectomized rat, the accumulation being markedly elevated in these two structures relative 
to plasma and other brain areas. The uptake of labelled corticosterone is greater in neuronal 
elements than in glial and other tissue within the rat brain (FORD, RHINES and STIEG, 1971). 

Radioautography revealed that the hormone accumulated in neuronal cell bodies of the 
hippocampus ( GERLACH and MCEWEN, 1972). 

In view of the hypothesis that marihuana or A9-tetrahydrocannabinol (A9-THC) may 
selectively impair certain aspects of hippocampal neural functioning (DREW, KIPLINGER, 
MILLER and MARX, 1972) it was of interest to ascertain the potential of A9-THC to inhibit, 
or alter, the selective uptake of ‘H-corticosterone by the hippocampus. 
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METHODS 

Ninety day-old, male hooded rats (Blue Spruce) which had been adrenalectomized (21 days 
post-operative) were employed in order to eliminate the competition for uptake with 
endogenous corticosterone (MCEWEN et al., 1969). Each rat received a complete bilateral 
adrenalectomy (dorsal approach) under ether anaesthesia. Great care was taken to ensure 
complete extirpation of the adrenals without damage to their structure. The hooded rat is a 
strain having a low incidence of accessory adrenal tissues. The rats were housed singly and 
were maintained (under standard conditions of temperature and lighting) on a 0.9 % saline 
drinking supply. Food was available ad lib. 

A9-Tetrahydrocannabinol suspended in 1% Tween 80-water (DREW, MILLER and WIKLER, 

1972) was administered intraperitoneally (i.p.) at three dose levels-O, 3 and 9 mg/kg to three 
separate groups of adrenalectomized rats. These doses are within a range of doses known to 
have mild to pronounced effects on a variety of behaviors (DREW et al., 1972; GRUNFELD 

and EDERY, 1969; MASUR, MARTY and CARLINI, 1971) without producing a general in- 

capacitation of the rat. A fourth group received 0.9% saline (i.p.) in a volume equal to a 
mid-range THC injection volume. Immediately after receiving the THC or control injection, 
each rat was injected i.p. with 100 &i of (1, 2, 6, 7-3H)-corticosterone (New England 

Nuclear, 84.6 CijmM) dissolved in ethanol (100 ~1). The experiment was conducted sequen- 
tially (drug injections, sacrifice and beginning of extraction) between 9 and 12 a.m. thereby 

eliminating the influence of diurnal rhythms. 
The rats were decapitated 1 hr after injection, their brains rapidly removed and the areas of 

interest dissected. Tissues were weighed (0.001 g), minced and extracted by shaking in 
3-9 ml of dichloromethane for 18 hr (MCEWEN et al., 1969). Measurement of residual ra- 
dioactivity in the minced tissue by combustion in a TriCarb Sample/Oxidizer showed 95 % 
of the radioactivity had been extracted. One ml aliquots were mixed with 15 ml of Packard 
Permafluor (5 g/ 1 of 2,5-diphenyloxazole (PPO) and 0.1 g/ 1 of 1,4-bis-2-(4-methyl-5-phenyl- 
oxazoyl) benzene (dimethyl POPOP)) and counted at 23 % efficiency (A.E.S. ranged from 
0.5105 to 0.5337) in a Packard Model 3375 scintillation spectrophotometer. 

In confirmation of MCEWEN et al. (1969) pilot studies revealed that 3H-corticosterone 
was selectively accumulated in the hippocampus and septum to a much greater extent than 
other brain areas (brainstem, frontal, occipital and temporal cortices and thalamus-mid- 
brain). Consequently, in the present investigation uptake was measured only in the hippo- 

campus, septum, frontal and hind cortices. 

RESULTS 

Tetrahydrocannabinol had a marked influence on the uptake of corticosterone by the 
septum and hippocampus. As may be observed in Figure 1, the 0 mg/kg dose level (Tween) 
had no effect on uptake of label when compared to the saline treated group. The 3 mg/kg 
dose level resulted in higher actual dis/min per mg wet wt values across all areas with the 
greatest value observed in the hippocampus and septum. Analysis of variance on blood/ 
tissue ratios for each of the areas investigated showed that the highest dose level of THC 
blocked corticosterone uptake by the septum (F = 3.87, df = 13,lO; P < 0.05), hippocampus 
(F = 8.32, df = 13,lO; P -=z 0.01) frontal cortex (F = 4.75, df = 13,lO; P < 0.05) and hind 
cortex (F = 5.76, df = 13,10; P < 0.05). 

In order to assess the selectivity of this A9-THC effect, dis/min per mg wet wt values for the 
septum and hippocampus were combined as were the values for the frontal and hind cortices 
in rats exhibiting comparable blood ievels of corticosterone. An arbitrary range of loo-270 
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Fig. 1. 3H-corticosterone uptake (dis/min per mg wet wt) in selected limbic and neocortical 
components of rat brain under 0, 3 and 9 mg/kg dose levels of A9-THC. Each point represents 
a mean value obtained from 5 rats while the vertical bars (on half-bars) denote standard errors. 
For clarity hippocampal and septal values are plotted on the left while neocortical values are to 

the right. 

dis/min per mg of blood was employed. Differences in activity at the 3 mg/kg dose level 

compared to the 9 mg/kg dose level were then evaluated by the t-test. Even though activities 
were somewhat elevated under the 3 mg/kg treatment this elevation did not attain signif- 
icance. However, the depression in label uptake at the higher dose level was significant 
(P < O*OOl-2 tail test). 

DISCUSSION 

The results of the present investigation suggest that corticosterone uptake by the hippo- 
campus and septum may be differentially affected by A9-THC. Low doses of A9-THC tend 
to increase while high dose levels reliably impair the uptake of corticosterone by the hippo- 
campus and septum. To our knowledge, this represents the first demonstration of a direct, 
non-inferential action of a cannabinoid on neural and/or neuroendocrine functions of either 
the hippocampus or septum. 

Currently the hippocampus and septum seem to represent major target structures for 
corticosterone within the central nervous system. Both structures have been suspected for 
some time to play a role in the feedback regulation of the hypothalamo-pituitary-adrenal 
axis (for review see KENDALL, 1971). The finding that A9-THC may impair the uptake of 
corticosterone by the hippocampus seems to represent a consequence of acute intoxication 
heretofore unrecognized. This finding would appear to shed new light on the recent report 
by KUBENA, PERHATCH and BARRY (1971) that A9-THC causes an activation of the pituitary- 
adrenal axis in the rat, presumably by stimulation at a central site. Should the results of the 
present study be corroborated, the findings of KUBE+A et al. (1971) might then be interpreted 
on the basis of a disfunction within an inhibitory rate-sensitive or level-sensitive neural 
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feedback loop (YATES, RUSSELL and MARAN, 1971). Accordingly, decreased corticosterone 
uptake (or decreased detection) by the hippocampus (or septum) in the presence of THC 
might falsely trigger the increased release of adrenocorticotrophic hormone (ACTH) by the 
pituitary, in turn increasing the production of corticosteroids. Since hippocampal lesions in 
rats result in chronic increases in ACTH levels (FENDLER, KARMOS and TELEGDY, 1961; 
KNIGGE and HAYS, 1963) and in view of the suspected inhibitive role ofthe hippocampus in the 
regulation of ACTH release (KNIGGE and HAYS, 1963) it becomes tempting to hypothesize 
that THC may induce a “ pharmacological hippocampectomy “. The present data indicate 
a THC-induced disruption of 3H-corticosterone uptake while the data of KUBENA et al. 

(1971) indicate increased corticosterone secretion probably reflective of increased ACTH 
release. 

Adrenocorticotrophic hormone and related peptides exert certain behavioral effects 
which are similar to those produced by A9-THC. It is well known that drugs which inhibit 
the extinction of behavioral responses will also induce dishabituated responding in habit- 
uated subjects (see: CARLTON, 1968; THOMPSON and SPENCER, 1966). We have recently 
demonstrated that low doses of A9-THC will dishabituate the running response of rats 
habituated to activity wheels (DREW and MILLER, 1973). Adrenocorticotrophic hormone 
likewise inhibits the extinction of avoidance responses (MURPHY and MILLER, 1955; 
MILLER and OGAWA, 1962; DEWIED, 1966) as well as appetitively motivated behaviors 
(GRAY, 1971) independent of an action on the adrenal cortex (DEWIED, 1969). Moreover, 

ACTH facilitates the acquisition of avoidance tasks (see: DEWIED, 1969, 1970) as will A9- 
THC (BARRY and KUBENA, 1971), however this issue is still unsettled (HENRIKSSON and 
JARBE, 1971). 

Electrographic evidence suggests that A9-THC may interfere with limbic neuroendocrine 
pathways. Hippocampal theta waves disappear under the influence of A9-THC in both rats 
and rabbits at a time when EEG voltage output is reduced (LIPPARINI, DE CAROLIS and 
LONGO, 1969). Later the well known THC-induced spike-and-wave complexes appear which 
under high dose levels are almost continuous. These observations have been corroborated 
(MASUR and KHAZAN, 1970; PIRCH, COHN, BARNES and BARRATT, 1972). The effects of 
ACTH are strangely similar. KAWAKAMI, SETO, TERASAWA and YOSHIDA (1967) report changes 
in the EEG of the hippocampus following 0.5 units of ACTH. Both the amplitude and fre- 
quency of the theta waves were decreased while sporadic spindle-like bursts were observed in 

the amygdala. 
Since the selective binding of corticosterone to the hippocampus and septum is well 

documented it is suggested that the THC-induced reduction of corticosterone uptake by the 
hippocampus and septum may be related in part to the behavioral effects of the drug. Taken 
together, the neuroendocrine, behavioral and electrographic data suggest the possiblity that 
certain effects of A9-THC may be secondary to or dependent upon the increased release of 
ACTH. 
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