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The effects of three cannabinoids, 11-hydroxy-A9-tetrahydrocannabinol (11-OH-Ag-THC), Ag-THC and 
cannabinol (CBN), ranging in behavioral activity from high to low, were studied on two aspects of pituitary-- 
adrenal function. Plasma corticosterone levels were used as an index of adrenocorticotropic hormone (ACTH) 
release. All three cannabinoids elicited an increase in plasma corticosterone levels in a manner similar to their 
behavioral potency. These cannabinoids also elicited an increase in the concentration of 3H-corticosterone taken 
up by the brains of adrenalectomized mice in a manner similar to their potency in elevating plasma corticosterone 
levels. The significance and possible underlying mechanism of the apparent correlation resulting between these 
effects and the behavioral effects of cannabinoids are discussed. 
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1. I n t r o d u c t i o n  

(_).trans.A9.Tetrahydrocannabinol (/~9 
THC) ,  the  m a j o r  act ive  cannab ino id  in 
m a r i h u a n a  (Isbell  et  al., 1967,  and  Mechou-  
lam, 1970) ,  has been  r e p o r t e d  to  ac t iva te  the  
pi tu i tary-- -adrenal  axis as m eas u red  b y  adrenal  
ascorbic  acid dep le t ion  ( D e w e y  et  al., 1970) .  
This  e f fec t  was ver i f ied b y  the  d e m o n s t r a t i o n  
t ha t  A9-THC elevated  p lasma  co r t i cos t e rone  
levels ( K u b e n a  e t  al., 1971) .  F u r t h e r m o r e ,  
this  s t u d y  ind ica ted  a h y p o t h a l a m i c  or  o t h e r  
cent ra l  locus  o f  this ac t ion  o f  A9-THC. 
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cology and Toxicology, University of Texas Medical 
Branch, Galveston, Texas 77550, U.S.A. 
** Address for reprints: William L. Dewey, MCV Box 
726, Richmond, Virginia 23298, U.S.A. 

Several  au thor s  have  n o t e d  t ha t  the  e f fec t s  
o f  a d r e n o c o r t i c o t r o p i c  h o r m o n e  (ACTH)  and 
A9-THC on  cer ta in  behaviora l  and  pha rma-  
cological  p a r a m e t e r s  are s imilar  ( fo r  review, 
see Miller and  Drew,  1974) .  F o r  example ,  
b o t h  A C T H  and  A9-THC faci l i ta te  the  acquisi- 
t i on  o f  act ive  avo idance  tasks  as well  as 
r educe  b o d y  t e m p e r a t u r e  in l a b o r a t o r y  
animals .  In  add i t ion ,  clinical obse rva t ion  o f  
pa t i en t s  wi th  adrenal  h y p e r f u n c t i o n  and  o f  
t hose  t r e a t ed  wi th  high doses  o f  A C T H  
indica te  occu r r ence  o f  e m o t i o n a l  changes  
such as eupho r i a  and  depress ion  (Sch i ldkrau t  
e t  al., 1968) .  Similar  e m o t i o n a l  changes  have 
been  r e p o r t e d  to  occu r  a f t e r  use o f  m a r i h u a n a  
(Schul tes ,  1969) .  

However ,  it is no t  d i f f icu l t  to  f ind incon-  
gruit ies in the  p r o p o s e d  cor re la t ion  b e t w e e n  
the  e f fec t s  o f  A9-THC and  ACTH.  F o r  example ,  
D u p o n t  et  al. (1970)  have d e m o n s t r a t e d  a 
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positive correlation between elevated plasma 
corticosterone levels {dependent on ACTH 
release) and passive avoidance learning as well 
as an inverse correlation between plasma cor- 
ticosterone levels and active avoidance 
learning. Ag-THC, however, elevates plasma 
corticosterone levels while having no effect 
on passive avoidance {Miller et al., 1973) 
while it facilitates active avoidance in rats 
(Barry and Kubena, 1971). 

Inferential comparisons of this type are 
made difficult by the fact that  ACTH and 
corticosterone often have opposite effects on 
the same behavioral system {Weiss et al., 
1969; Endroczi, 1972). In addition corticos- 
terone is believed to act directly on the brain 
to regulate the release of ACTH from the 
pituitary. Furthermore,  lesion and electrical 
stimulation studies have suggested that  the 
hippocampus is an integral part of a counter- 
balanced system regulating ACTH release 
(Mangili et al., 1966). 

In view of the fact that  the hippocampus 
selectively accumulates 3H-corticosterone by a 
high-affinity, low capacity binding system 
(McEwen et al., 1969) and the recent claim 
that  Ag-THC selectively altered the hippo- 
campal and septal uptake of 3H-corticosterone 
(Drew and Slagel, 1973) we have chosen to 
examine the effects of three cannbinoids on 
plasma corticosterone concentration as well 
as on the accumulation of 3H-corticosterone 
by mouse brain. The three cannabinoids used 
in this study were selected on the basis of 
their relative behavioral activity, l l -OH-A 9- 
THC is a major metabolite of Ag-THC and is 
generally considered to have the same 
potency (Kosersky et al., 1974; Perez-Reyes 
et al., 1972) or greater potency than A 9- 
THC (Christensen et al., 1971; Lemberger 
et al., 1973). Cannabinol (CBN) is generally 
thought  to have little or no behavioral activity 
(Christensen et al., 1971; Mechoulam and 
Edery, 1973). It should be noted, however, 
that  CBN does possess considerable anti- 
convulsant activity, but even in this regard 
is about  one-third as potent  as A9-THC 
(Karler et al., 1973). 

2. Materials and methods 

2.1. Animals 

Male ICR mice of 20--30 g body weight 
were used. They were housed in groups of 6 
in a room in which the temperature was main- 
tained between 21 and 23°C. A daily light-- 
dark cycle was maintained, with the lights on 
between 7.00 and 19.00 h. The mice had free 
access to food and water. 

2.2. Treatments 

Mice were removed from the animal room 
and placed in the experimental laboratory at 
least 2 h prior to the start of the experiment. 
Every at tempt  was made to handle the mice 
as gently and quietly as possible during the 
course of the experiment. In spite of these 
at tempts to eliminate potential stressful con- 
ditions, we found day to day variations in 
plasma corticosterone levels of  vehicle injected 
control mice. Therefore, the effects of each 
dose of each cannabinoid tested was compared 
to vehicle controls run at the same time. 

In this series of experiments at least 6 mice 
were injected s.c. with either vehicle, which 
consisted of Emulphor (EL-260), ethanol, and 
saline (Cradock et al., 1973) or the desired 
cannabinoid given in a volume of 0.1 ml/ 
10 g body weight. The mice were decapitated 
30 min later and blood was collected from the 
t runk wound into heparinized glass tubes. 
After separation of  plasma by centrifugation, 
the plasma was either processed immediately 
or stored at --20°C until analyzed {usually 
within 24 h). 

In another series of experiments we com- 
pared the effects of cannabinoids on the brain 
regional distribution of trit ium after an i.v. 
injection of corticosterone-l,2,3H(N) (60 Ci/ 
mmol, New England Nuclear Corporation, 
Boston, Mass.). In order to minimize competi- 
t ion between the exogeneously administered 
3H-corticosterone and the endogenous gluco- 
corticoid (McEwen et al., 1969), bilaterally 
adrenalectomized (ADX) mice were used. 
Bilateral adrenalectomies were carried out  on 
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mice anesthetized with methoxyflurane using 
a dorsal approach. ADX mice were maintained 
on 1.5% NaC1 and free access to food during 
the interim between surgery and testing. 
McEwen et al. (1969) have shown that 3H- 
cort icosterone is rapidly removed from the 
blood and the brain of ADX rats (half-life of  
approximately 3 h) and that hippocampal 
binding of  3H-corticosterone is greater than 
cortical binding within 2 h after adrenalec- 
tomy.  Furthermore,  hippocampal binding of 
3H-corticosterone increased out  to about  20 h 
and then remained at or slightly below this 
level thereafter.  Therefore, we chose to 
examine the effects of  cannabinoids on brain 
uptake of  3H~corticosterone 24 h after 
adrenalectomy. 

In these experiments either vehicle or the 
cannabinoid was administered (s.c.) 15 min 
prior to the injection (i.v.) o f  either 1 or 2 pCi 
3H-corticosterone (10% ethanolic benzene 
diluted 1 : 100 with 0.9% NaC1). The animals 
were sacrificed 60 min later by decapitation. 
The brains were quickly removed, rinsed in 
ice-cold 0.9% NaC1, blot ted dry, and dissected 
into six areas according to a minor modifica- 
tion of  the technique described by  Glowinski 
and Iverson (1966): the cortical area anterior 
to a coronal section passing through the 
anterior commisure as well as the striatum 
located posterior to the same section was 
descarded. The remaining "whole  brain" was 
dissected into six areas including the cerebel- 
lttm, medulla oblongata plus pons, cortex, 
hypothalamus,  hippocampus, and midbrain 
(including the thalamus and subthalamus). 
These areas were weighed and placed in 
Packard combust ion cups and allowed to dry 
overnight. The samples were subsequently 
oxidized in a Packard TriCarb sample oxidizer 
(97% recovery) and tritium was estimated by 
liquid scintillation spectrometry using the 
external standard ratio technique for quench 
correction. 

2.3. Determination of  plasma corticosterone 

Plasma cort icosterone was assayed in tripli- 
cate 10 pl samples according to an adaptation 

(Bowman and DeLuna, 1969) of  the com- 
petitive protein binding assay of  Murphy 
(1967). Triplicates of  standard corticosterone 
(Sigma Chemical Co., St. Louis, Mo.) Con- 
sisting of  0, 1, 2, 3, 4 and 5 ng were run with 
each experiment and produced a linear dis- 
placement of  the 3H-corticosterone bound to 
the assay protein. 

2.4. Source of  cannabinoids 

ll-OH-A9-THC, A9-THC, and CBN were 
obtained from Dr. Rober t  Willette of  the 
National Institute on Drug Abuse. 

2.5. Statistics 

The Student 's  t-test was used to compare 
the means of  different t reatment  groups. In 
the two experiments which examined the 
dose--response of  A9-THC, overall com- 
parisons between t reatment  groups were made 
by  analysis of  variance. Individual com- 
parisons between means was accomplished 
by  using Dunnet t ' s  modification of  the t-test 
which uses the overall error estimate from the 
analysis of  variance (Winer, 1972). In addition, 
analysis of variance and covariance was used 
to determine whether  or not  an interaction 
between dose and brain area existed regarding 
the distribution of  3H-corticosterone (Uni- 
versity of  California, Los Angeles, Health 
Sciences Computing Facility). 

3. Results 

3.1. Effect of  cannabinoid administration on 
plasma corticosterone concentration 

Results presented in table I demonstrate  
that  administration of  30 mg/kg A9-THC 
resulted in maximal elevation of  plasma 
cort icosterone levels. This effect  peaked 
30 min after administration, and cor- 
t icosterone levels were still elevated at 60 and 
90 min, but  not  at 120 rain (data not  shown). 
A 30 min post-injection interval was chosen 
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TABLE 1 

Levels of plasma corticosterone 30 min after the administration of various doses of 3 cannabinoids. Each canna- 
binoid was tested in 6 mice, with 6 mice in each vehicle control group. The vehicle control means ranged from 
7.54 to 19.92 pg corticosterone/100 mt plasma. The mean ± S.E.M. of the 12 vehicle groups represented here is 
11.92 _+ 1.10 ~g%. 

Dose % Control ± S.E.M. 
(mg/kg) 

11-OH-A 9-THC A9-THC CBN 

3 382.1 + 47.4 3 150.8 _+ 37.3 130.1 ± 51.9 
10 313.2 _+ 15.1 3 182.9 + 52.8 1,4 132.1 ± 39.5 
30 345.4 +_ 27.3 3 255.2 + 28.4 3 221.8 ± 68.8 2 

i 0 0  - -  158.4 _+ 20.5 2 200.9 ± 30.0 ~ 

200 - -  --  154.9 _+ 24.6 2 

1 p < 0.1; 2 p < 0.05; 3 p < 0.01 (Student's t-test). 
4 In two additional experiments 10 mg/kg A9-THC produced plasma corticosterone levels which were 187.2 and 
161.0% of control, each being significant at the p < 0.1 level. 

to  compare  the  effects  of  several doses of  
l l -OH-A9-THC,  A9-THC and CBN on plasma 
co r t i cos t e rone  levels. These da ta  are presented 
in table 1. l l -OH-A9-THC p r o d u c e d  approx-  
imate ly  a 2 to  3 fold increase in plasma 
cor t i cos te rone  levels at each dose tested.  59- 
THC p r o d u c e d  a biphasic elevation of  corti-  
cos t e rone  levels, apparen t ly  peaking at 30 mg/  
kg. Cannabinol  also elevated co r t i cos te rone  
levels in a biphasic dose- - response  fashion. 
The relative p o t e n c y  of  these cannabinoids ,  
at  least at 3, 10 and 30 mg/kg,  appears to  
coincide  wi th  their  p o t e n c y  in altering 
behavior  and o the r  parameters ,  ( including 
b o d y  t empera tu re  and ca techo lamine  synthe-  
sis, B loom et al., 1976)  i.e. l l -OH-Ag-THC 
> A9-THC > C B N .  

3.2. Ef fect  o f  A9-THC on the net accumulation 
and regional distribution o f  3H-corticosterone 
in the brain o f  A D X  mice 

A9-THC p re t r ea tmen t  resulted in a dramat ic  
increase in the  quan t i t y  o f  t r i t ium f o u n d  in 
the  brains o f  mice which  were injected with 
1 pCi o f  3H-cor t icos terone 60 min prior  to  
decap i t a t ion  (F4,3 , = 10.4,  p < 0.01).  Due  to  
the  expec ted ,  large inter-animal variabili ty,  
on ly  30 and 100 mg/kg  p r o d u c e d  significant 
increases. These data  are shown in fig. 1. 

The regional d is t r ibut ion o f  the 3H-cor- 
t i cos te rone  found  in the  brains o f  these mice 
was examined  by  compar ing  the  concent ra-  
t ion  of  t r i t ium in each area to  the  concent ra-  
t ion  of  t r i t ium found  in the whole  brain. The 
effect  o f  several doses o f  Ag-THC on this ratio 
for  six brain areas is shown in fig. 2. Com~ari-  
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Fig. 1. Effect of A9-THC on the uptake of 3H- 
corticosterone by "whole brain" (see section 2.2.). 
Values are expressed as the mean-+ S.E.M. (dpm/g 
whole brain). *p < 0.025, **p < 0.005 (Dunnett's 
t-test). Ordinate: dpm/g whole brain; abscissa: dose 
of A9-THC (mg/kg). 
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Fig. 2. Effect of A9-THC on the uptake of 3H- 
corticosterone by several brain areas. Uptake is 
expressed as dpm/g of a particular area relative to 
dpm/g in whole brain (mean _+ S,E.M.). V = vehicle; 
numbers under each bar represent the dose (mg/kg) 
of A9-THC. *p < 0.05; **p < 0.025; ***p < 0.01 
(Dunnett 's  t-test). Ordinate: (dpm/g area)/(dpm/g 
whole brain). 

son of  brain areas by  analysis of  variance 
revealed that the hippocampus retained more 
3H-corticosterone than all other  areas after 
vehicle pretreatment  (Fs,s9 = 8.7, p < 0.01), 
and is in agreement with the demonstrat ion 
that  the hippocampus possesses a high-affinity 
binding site for cort icosterone (McEwen et 
al., 1969/1970).  Fig. 2 also demonstrates that 
the A9-THC-induced increase of  3H-corti- 
costerone uptake is unevenly distributed 
throughout  the brain. Analysis of  variance 
and covariance of  this data revealed a signifi- 
cant difference between areas (Fs,ls5 = 48.7, 
p < 0.01) and a significant interaction 
between the dose of  Ag-THC and the different 
areas (F~0,1sS = 3.6, p <  0.01). Analysis of  
variance in individual brain areas indicated 
that  Ag-THC administration significantly 
increased the concentrat ion (relative to whole 

brain) o f  3H-corticosterone in the hippo- 
campus (F4.31 = 3 .6 ,p  < 0.025), but  decreased 
the relative concentrat ion in the hypothalamus 
(F4,31 = 2.9, p < 0.05), midbrain (F4,31 = 4.7, 
p < 0.01), and pons-meduUa (F4,31 = 4.9, 
p < 0.01). The relative concentration of  3H- 
cort icosterone in the cortex and cerebellum 
was not  significantly altered by Ag-THC. 

Since it is possible that an increase in con- 
centration in one area relative to whole brain 
might tend to diminish the concentrat ion 
relative to whole brain in other areas, we also 
calculated the concentrat ion of  3H-corti- 
costerone in each area relative to that  found 
in the cortex. Analysis of  variance of  this data 
yielded qualitatively similar results to those 
described above, except  that  the decreased 
concentrat ion of  3H-corticosterone in the 
hypothalamus failed to  reach statistical 
significance. 

3.3. Comparison o f  the effects o f  several can- 
nabinoids on the net accumulation of  3H- 
corticosterone in the brains of  A D X  mice 

Two experiments were carried out  to 
determine if any correlation existed between 
the potencies of  the cannabinoids in elevating 
plasma cort icosterone levels and their 
potential alteration of  whole brain accumula- 
tion of  3H-corticosterone. The first of these 
experiments compared the effect  of  l l -OH-  
Ag-THC to that o f  CBN. From the data 
presented in table 2, it can be discenred that 
l l-OH-Ag-THC significantly increased the 
concentration of  3H-corticosterone found in 
the brain, while the concentrat ion found 
after CBN was not  significantly different 
from the vehicle controls. The second of  these 
experiments compared the effects of  all three 
cannabinoids used in this study. As can be 
seen, the increase in concentration of  3H- 
cort icosterone found  in the brains of  ADX 
mice treated with 10 mg/kg of  l l -OH-A 9- 
THC, Ag-THC, and CBN roughly corresponds 
with the  effect  of  these cannabinoids (at 
10 mg/kg) on elevating plasma corticosterone 
concentrations (table 1). 
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T A B L E  2 

The  e f fec t  o f  3 c a n n a b i n o i d s  o n  the  u p t a k e  and  r e t e n t i o n  of  t r i t i um by mouse  bra in  af te r  an i.v. a d m i n i s t r a t i o n  of  
3H-cor t i cos te rone .  6 a d r e n a l e c t o m i z e d  mice in each  group  were p r e t r e a t e d  wi th  e i the r  vehicle  or 10 mg /kg  of  the  
ind ica t ed  c a n n a b i n o i d  15 m i n  pr io r  to  the  a d m i n i s t r a t i o n  of  2 pCi of  3H-cor t icos te rone .  The  mice  were sacrif iced 
60 ra in  later .  

E x p e r i m e n t  
n u m b e r  Vehicle  11-OH-A9-THC A9-THC CBN 

1 11 ,824  _+ 3 ,631 38 ,229  +_ 10 ,576  1 _ 6 ,706  +_ 1 ,400  
2 1 5 , 6 3 7 _ + 2 , 0 5 9  33,116_+ 5,837 2 2 7 , 1 8 5 + 7 , 1 9 0  2 2 , 8 0 8 _ + 4 , 3 5 0  

1 p < 0 . 0 5 ; 2  p < 0 .025  ( S t u d e n t ' s  t - test) .  

4. Discussion 

This s tudy has demonstrated that  l l -OH-  
A%THC, A%THC and CBN significantly 
increase plasma cort icosterone levels when 
administered to mice. The relative potency of 
these cannabinoids in elevating plasma corti- 
costerone levels coincides with the potency 
of  these cannabinoids in altering several neu- 
rochemical, p h y s i o l o g i c a l  and behavioral 
parameters (Harris et al., 1976),  i.e. l l -OH-  
A%THC is more potent  than A%THC and A 9- 
THC is more potent  than CBN. Therefore, it 
is possible that  some of the effects of  canna- 
binoids may be mediated by the actions of  
corticosterone. Since plasma cort icosterone 
levels are closely related to ACTH secretion, 
it is also possible that  some of the effects of  
cannabinoids may be mediated by the actions 
of  ACTH. 

This s tudy has also demonstrated that  A 9- 
THC administration increased the amount  
of  3H-corticosterone retained by the brains of  
ADX mice. Although the concentrat ion of  
3H-corticosterone was increased in all brain 
areas examined after A%THC administration, 
the concentrat ion found in the hippocampus 
was approximately three times greater than 
that  in whole brain when analyzed after A% 
THC pretreatment  as compared to about  1.4 
times the whole brain concentrat ion after 
vehicle pretreatment.  We also observed that 
A%THC pretreatment  resulted in very slight, 
bu t  significant, decreases in the concentrat ion 

of  3H-corticosterone in midbrain, pons- 
medulla, and hypothalamus relative to the 
whole brain concentrations. In addition we 
observed that  l l-OH-A%THC pretreatment  
also increased the concentrat ion of 3H- 
cort icosterone found in whole brain, and, in 
fact, was more po ten t  than A%THC and 
CBN in this regard. Thus it is possible that the 
effects of  the cannabinoids on plasma corti- 
costerone levels and uptake and/or retention 
of  cort icosterone by the brain are causally 
related. 

The observations which we have reported 
here are somewhat  contradictory to a report  
that  3 and 9 mg/kg A%THC stimulated and 
inhibited, respectively the uptake of 3H-cor- 
t icosterone by  the hippocampus,  septum and 
cortex of  ADX rats (Drew and Slagel, 1973). 
A potential source for this discrepancy is that 
these investigators administered both A 9- 
THC and 3H-corticosterone at approximately 
the same time and by  the same route  (i.p.). 
In view of the structural and physical similari- 
ties between the two compounds  it is possible 
that  the absorption and distribution of either 
agent could be  altered by  the other. Other 
possibilities included difference in species and 
t ime of  sacrifice. 

The mechanism by  which l l -OH-A%THC 
and A%THC increased 3H-corticosterone up- 
take by  the brain is unknown at this time. 
Although the hippocampus is known to 
accumulate 3H-A%THC, approximately one- 
half of  the seventeen areas examined by  
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McIsaac et al. (1971) accumulated as much 
3H-A9-THC as did the hippocampus.  A9- 
THC and cort icosterone are also known to be 
predominately bound by  different plasma 
proteins (Wahlqvist et al., 1970; Daughaday, 
1958). In spite of  these dissimilarities in 
distributions mechanisms, the structural and 
physical similarities of  these two compounds  
suggest that  a direct molecular interaction 
cannot  be rules out  as a potential contr ibutor  
to this effect.  

Given the apparent correlation between 
cannabinoid-induced elevations of  plasma 
cort icosterone levels and increased hippo- 
campal binding of  3H-corticosterone, it is 
pertinent to discuss the results of  other experi- 
ments which may  bear on this observed 
relationship. Pfaff et al. (1971) demon- 
strated that hippocampal neurons decreased 
and increased their firing rates in response 
to peripheral injections of  cort icosterone and 
ACTH, respectively. Thus, A9-THC, by  
increasing the level of  cort icosterone in 
hippocampus,  could indirectly produce a 
decrease in hippocampal firing rates. If the 
hippocampus does indeed exert an inhibitory 
influence on ACTH release, as proposed by  
others (Knigge and Hays, 1963; Yates et al., 
1971), then the inhibition of  hippocampal 
firing rates by  the accumulated corticosterone 
could conceivably lead to an increase in 
ACTH release and consequent  production of  
adrenal corticosterone. However, since A 9- 
THC administration produced altered concen- 
trations of  3H-corticosterone in areas other 
than the hippocampus as well, we cannot rule 
ou t  the participation of  these areas as sites 
which could influence ACTH release. As a 
matter  of  fact, Steiner (1970) has identified 
neurons in the hypothalamus and midbrain 
which are inhibited by  dexamethasone and 
excited by  ACTH. Contrary to the findings of 
Pfaff et al. (1971), Steiner found no steroid 
sensitive neurons in the dorsal hippocampus. 

In conclusion, this s tudy has demonstrated 
a correlation between cannabinoid-induced 
alterations in whole brain uptake of  3H- 
cort icosterone and increased ACTH release 

(as measured by  plasma corticosterone levels). 
The fact that  the rank-order potency of  the 
three cannabinoids tested in altering these 
parameters of  brain--pituitary--adrenal func- 
tion is similar to previously published experi- 
ments regarding the relative potency of these 
cannabinoids in altering other  neurochemical, 
physiological, and behavioral variables argues 
against the possibility that the observations 
reported here are due to the non-specific 
effects of stress produced by  the administra- 
tion of  these cannabinoids. Although this 
s tudy has not  identified the specific inter- 
action between the cannabinoids and ACTH- 
cort icosterone regulation, it does suggest that  
cort icosterone and/or ACTH may be specifi- 
cally involved in the overall action of  the 
cannabinoids. 
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