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DALTERIO, S , R STEGER, J PELUSO AND L DE PAOLO Acute A°-tetrahydrocannabmol exposure Effects on 
hypothalamw-pttuttary-te~ttcular a~t~vtty m mtce PHARMACOL BIOCHEM BEHAV 26(3) 533-537, 1987--The 
endocnne functions of the medmn eminence, pitmtary and testes were examined ~n male mice after exposure to Aa. 
tetrahydrocannabmol (THC) e~ther m v~vo or tn wtro. The secretion of lutem~zmg hormone-releasing hormone (LHRH) 
under basal conditions, and ~n the presence of norepinephnne (NE, 60 p.M), was slgmficantly enhanced in median eminence 
fragments obtained 1 hr post-treatment w~th THC (50 mg/kg), whde addition of THC (250 ng/ml) to the incubation media 
enhanced clomdme, as well as NE-st~mulated LHRH release, but d~d not affect basal LHRH release In vttro exposure to 
THC also enhanced LHRH-st~mulated LH release by p~tu~tanes, but did not affect basal secretion rates In vtvo THC 
exposure tended to enhance pltmtary responsiveness to LHRH, although th~s effect was not statistically s~gnificant In 
test~cular penfus~ons, addition of THC at a concentration of 250 ng/ml completely blocked hCG-st~mulated T secretion 
w~thm 30 m~n The suppressive effects of a lower dose of THC, 25 ng/ml, required 60 rain to mh~b~t T production, an effect 
which persisted for 60-80 mm post-THC These findings ~ndlcate that THC exposure enhances respons~vity at neuroen- 
docnne target sites, but attenuates gonadotropm-sttmulated test~cular stero~dogenesls 

Ag-Tetrahydrocannabmol Median eminence P~tmtary In vttro LH production In vttro T production 
NE-st~mulated LHRH release Lutemlzmg hormone Lutelmzlng hormone-releasing hormone Clomdme 

M A R I H U A N A ,  and its major psychoactive const~tutent, 
A%tetrahydrocannablnol (THC), alters neuroendocnne and 
gonadal functions ~n a wtde variety of laboratory animals 
(review m [2]) It has been shown that THC suppresses 
pitmtary gonadotrop~n release ~n males [7,20] and females 
[28, 33, 34], and influences feedback effects of gonadal 
steroids [10,29]. In addition, THC treatment alters hypotha- 
lamic luteimzing-hormone releasing hormone (LHRH) levels 
In rats [6, 19, 26] Administration of THC to adult males also 
suppresses plasma levels of testosterone (T) [7,21], and there 
~s considerable ewdence that cannablnotds can d~rectly af- 
fect testicular stero~dogenesls [4, 7, 15, 17]. The neuroen- 
docnne actions of cannablnolds may be related to alterations 
in catecholamine concentrations and/or metabohsm, since 
~nvolvement of noradrenerg~c and dopamlnergic pathways ~n 
neuroendocnne regulation have been well-documented 
[1,18]. However ,  the effects of THC on brain biogenlc 
amines have not been consistent, and reports of ~ncreased 
and decresed levels of norep~nephnne (NE), and either 

stimulation or lnhlbltton of NE  or dopamine (DA) release by 
hypothalam~c synaptosomes have been reported after can- 
nabmold exposure [16,25]. 

In the present study, the effects of THC adm~mstratlon 
either m vtvo or tn wtro on hormone production and respon- 
siveness to trophlc factors by isolated median eminence 
fragments and p~tultary glands were determined. In an addi- 
tional study, the effect of tn vitro THC exposlare on 
gonadotropln-stimulated test~cular T production was also as- 
sessed 

METHOD 

Medtan Emmence lncubattons 

The median eminence was obtained from adult male m~ce 
treated w~th THC (50 mg/kg) or vehicle, using 9 mice per 
group, and each medmn eminence was ~ndlwdually mcu- 
bated in a Dubnoff metabohc shaker under 95% O~:5% CO~ 
in 500 t~l Krebs-Rlnger bicarbonate buffer, glucose (1 

1Requests for repnnts should be addressed to S L Dalteno, Ph D,  Department of Pharmacology, The Umversity of Texas Health Soence 
Center, 7703 Floyd Curl Drive, San Antomo, TX 78284-7764 
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FIG 1 Lutelnlzlng hormone-releasing hormone (LHRH) secretion 
by median eminence (ME) fragments Incubated for 30 mln each 
under basal conditions or m the presence of NE (60/~M) The MEs 
were obtaaned from mice treated 1 hr previously w~th A u- 
tetrahydrocannablnol (THC, 50 mg/kg) or od Means-+S E 
(n=9/group) *SlgnLficantly different (p<0 05) from OIL-controls 
also stimulated w~th NE, by ANOVA 

mg/ml), and ascorb~c acid (0 06/~M), at 37°C Tissues were 
pre-incubated for 30 min and media discarded. After 30 mln 
~ncubation the media was removed and stored frozen for 
subsequent measurement of L H R H  Fresh media containing 
NE, at a 60/~M concentration, was added to the median 
emmence fragments, and after an additional 30 min incuba- 
tion, the media was separated from the tissue, and each were 
stored frozen for subsequent measurement of  L H R H  con- 
tent. All samples for LHRH were run in a single assay 

In additional experiments, the median eminence from un- 
treated male mice were incubated as described, and THC 
(250 ng) was added m 10 gl  ethanol (ETOH) to the media and 
ETOH alone was used m controls The content of  LHRH in 
media was determined, first at 20 mm postoTHC or ETOH, 
again at the time of  exposure to 60/~M NE, and 20 mln after 
NE exposure. The content of LHRH ~n control and THC- 
exposed t~ssue was also measured. In a separate study, basal 
LHRH release was measured 30 rain after addition of  THC 
or ETOH at the same concentration described above, and at 
30 mm after exposure to clomdme (10/xM) (Table 1) 

The content of LHRH in median eminence or media were 
determined by radio~mmunoassay as described by Negro- 
Vllar et al. [24]  The synthetic decapeptlde used for 
radlotodinat~on and standards was obtained from Peninsula 
Labs (Belmont, CA). The antibody used, CRR 11 B73, was 
prowded by Dr V D. Ram~rez, University of  Ilhnols at 
Urbana-Champaign At an initial ddution of 1 50,000, the 
lower limit of sensitivity of  the antiserum, as defined by the 
ability to d~splace I0-15% of the labeled hormone, is 1-2 
pg/tube. This assay has also been described m recent pubh- 
cations 03,31] 

Pttmtary Gland Penfuston 

Whole pituitaries were obtained from adult male mice 1 hr 
after receiving oral THC (50 mg/kg) or vehicle (25/xl sesame 

TABLE 1 

SECRETION OF LUTEINIZING HORMONE RELEASING HORMONE 
(LHRH) BY MEDIAN EMINENCE FRAGMENTS (pg/ME) OBTAINED 
FROM UNTREATED MALE MICE 20 MIN AFTER EXPOSURE TO Ag. 
TETRAHYDROCANNABINOL (THC, 250 ng/ml) OR ETHANOL (ETOH, 
2% v/v), AT EXPOSURE TO NOREPINEPHRINE (NE, 60/zM), AND 20 
MIN LATER (EXPERIMENT I), OR 30 MIN AFTER CLONIDINE (10/~M) 

EXPOSURE (EXPERIMENT II) 

Treatments 

ETOH THC 

Experiment I 

Basal 4 39 + 0 52 (4) 3 83 -+ 0 45 (41 
At NE exposure 4 09 -+ 0 44 (4) 3 55 -+ 0 57 (4) 
20 rain post-NE 3 91 _+ 0 39 (4) 6 51 -+ 0 7 (4)* 

Experiment II 

Basal 2 15 _+ 0 26 (4) 1 87 -+ 0 20 (5) 
Clomdlne 2 36 _+ 0 28 (4) 2 95 -+ 0 56 (5)* 

*Slgmficantly d~fferent (p<0 05) from ETOH-controls by 
ANOVA and Student Newman-Keuls test 

od) Tissues were placed individually into m~crochambers 
(APS-10 Controller and m~crochamber culture module, 
Endotromcs, Coon Rapids, MN), penfused with Medium 
199 and bicarbonate under an atmosphere of  95% O2 5% 
CO2 Fractions were collected at 15 mm ~ntervals during a 60 
m~n baseline period, then at 10 mm intervals dunng an addi- 
tional 60 mln period, during which 3 pulses (10 rain duration 
each), of  L H R H  (10 -s M), were introduced at 20 mm inter- 
vals Dunng an additional 60 mm penfuslon, post-LHRH 
exposure samples were collected also at 10 min intervals 
The flow rate to the m~crochamber was 9 6 ml/hr. Two runs 
each, using six THC-treated ammals and s~x controls, were 
conducted as described Each penfusate was measured indi- 
vidually and average secretion rates were calculated and ex- 
pressed as ng LH secreted/mg pituitary/10 mln 

Using th~s penfuslon system in another study, p~tultanes 
were obtained from untreated adult male mice, and basehne 
LH production determined dunng a 60 mm period. A single 
pulse of LHRH (10 -8 M) was added, along w~th ethanol 
(ETOH) or THC (250 ng/mg) m ETOH, and the secretion 
rate of LH was determined during an additional 30 mm 
period. The content of  LH ~n the samples was determined by 
a radiolmmunoassay using ant~-ovlne LH, provided by Dr 
G N~swender, Colorado State Umverslty,  which we have 
used previously for measurement of mouse LH [9,11] The 
samples were run m a single assay and the ~ntra-assay coef- 
ficient of variation was 2.1% 

Testes Pertfuston 

One testis each was, alternating left and right, obtained 
from adult untreated male mice, decapsulated and placed 
into the microchamber umt and penfused w~th Krebs-Ringer 
b~carbonate buffer, glucose (1 mg/ml) and hCG (12 5 
mIU/ml), under a 95% 02:5% COs atmosphere The basal 
production of T dunng a 60 min period was determined, after 
which THC, at doses of 25 or 250 ng/ml, was added to the 
media. Samples were collected at 10 min ~ntervals for an 
additional 90 mln Data ~s expressed as percent change in T 
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FIG 2 Effect of hS-tetrahydrocannabmol (THC) at 25 or 250 ng on 
testosterone (T) production, expressed as percent change compared 
to basehne rates, m the presence of human chonomc gonadotropm 
(hCG, 12 5 mlU/ml) *Stgmficantly d~fferent (p<0 05) from controls 
by a repeated measures ANOVA, F(2)=60 98, p<0 01, and Student 
Newman-Keuls test 

compared to baseline Testosterone was measured by a 
radiolmmunoassay wtthout extracUon, as described tn sev- 
eral prior pubhcations [7-10] The tntra- and Inter-assay 
coeffictents of vanatton were 8 1% and 12.2%, respectively 

Stat t s t tcs  

Data were analyzed ustng analysts of variance (ANOVA), 
and multiple comparisons were made usmg Student Newman 
Keuls test. 

RESULTS 

Median  Emtnen~e  Secre t ton  o f  L H R H  

Basal LHRH release by medtan eminence fragments ob- 
tamed from male mtce previously treated wtth THC was 
comparable to OIL-control values (Fig. 1) Addition of NE 
(60 ~M) stgnlficantly stimulated LHRH secretton by Ussues 
obtained from etther THC-treated (p<0.02) or control m~ce 
(p<0.05) However, tn control mtce, the increase was ap- 
proximately 3-fold greater than basal release, while after 
THC-treatment, the increase was almost 7-fold higher than 
that of basal LHRH secretton (Ftg 1). There were no s~gnifi- 
cant dtfferences In the content of LHRH between ttssues 
obtained from THC- or vehicle-treated mice after incuba- 
tion (253+-34 (9) vs. 243+-51 (9) pg/ME) 

The NE-stimulated release of LHRH was also signifi- 
cantly enhanced after 20 mm in medtan eminence penfus~ons 
exposed to THC (250 ng/ml) m wt ro ,  compared to that in 
controls (Table 1) 

P~tuttary L H  Secre t ton  

Ustng a penfuston system tn which LHRH (10 -s M) 
pulses were introduced at 70, 90 and 110 rain, p~tmtanes 
from THC-treated mtce tended to secrete more LH in re- 
sponse to LHRH pulses, but these average secretion rates 

TABLE 2 

SECRETION RATE OF LUTE1NIZING HORMONE (LH) EXPRESSED 
AS rig/rag/10 MIN BY PITUITARIES UNDER PRE-TREATMENT 

CONDITIONS, AFTER ADDITION OF THC (250 ng/ml) OR ETHANOL 
(ETOH, 10 g,l/ml), AND AFTER STIMULATION WITH LHRH (10 -s M) 

Treatment 

ETOH THC 

P r e - T r e a t m e n t  101 7 --- 6 6 96 9 --- 10 4 

T r e a t m e n t  86 9 +-- 6 1 105 7 --- 14 2 
L H R H  (10 -8 M) 166 0 -+ 20 3 241 1 - 26 7* 

Means --- S E (n=6/group) 
*Slgmficantly d~fferent (p<0 05) from ETOH-treated ammals by 
ANOVA 

were not significantly different from controls (100__-9 vs. 
81 +-5 ng/mg/10 rain, p >0.05). Basal LH release over a 60 mln 
period was comparable in pltmtanes from THC-exposed and 
OIL-control mice (46---5 vs 47+-7 ng/mg/10 mln; n=6  
mice/group) 

Also using a perifuslon system, the addition of THC (250 
ng/ml) tn vttro to media did not affect the basal secretion rate 
of LH by pttmtanes. Responsiveness to LHRH (10 -s M) was 
stgnificantly enhanced in both THC- and vehicle-exposed 
t~ssue (p<0 05), but the ~ncrease was 150% in THC-exposed 
t~ssue, and only 60% in ETOH-exposed Ussue. 

Tes twu lar  T Produc t ton  In Vitro 

Addtt~on of media contaimng THC, at a concentration of 
250 ng/ml, resulted in a significant suppression of hCG- 
sttmulated T production w~thln 30 mln of exposure, and this 
effect persisted for another 50 m~nutes (Fig. 2). A lower dose 
of THC (25 ng/ml), dtd not influence T production untd 60 
m~n after exposure, w~th T secretion s~gnificantly lower than 
that produced by control testes exposed to the ETOH vehi- 
cle after 60 and 80 min (Ftg. 2) 

DISCUSSION 

Exposure to THC enhances the responstvtty of neuroen- 
docrine s~tes, i.e., medtan eminence or p~tuitary, to ad- 
renergtc agomsts or LHRH, respectively. The results ob- 
tatned after tn wtro  exposure to THC were comparable to 
those obtained after tn vtvo THC treatment. In addiUon in 
vttro exposure to THC produced a time and dose-dependent 
reduction in gonadotropm-sttmulated T production by iso- 
lated testes. 

The enhanced responslvlty at neuroendocrlne sites result- 
mg from THC exposure ts surprising. In the present studies, 
the responstvlty of the median eminence to NE, as well as 
that of the pttuitary to LHRH, was stgnificantly enhanced by 
THC exposure Other investigators have observed that re- 
peated exposure to THC in adult rats Increased hypotha- 
lamtc LHRH content, but did not tnfluence pituitary re- 
sponstveness to LHRH tn vttro or tn vtvo [26] However, 
animals were sacrificed 24 hr after the last treatment. There- 
fore, it ts conceivable that neuroendocnne responstveness 
was returning to normal, or that tolerance development had 
occurred as a result of the 7-day treatment regimen. 



536 DALTERIO E T  A L  

It ~s difficult to explain the lack of response by ETOH- 
exposed MEs to NE. Exposure to THC either m VlVO or in 
v~tro enhanced ME responsiveness to noradrenerg~c stamu- 
lation The MEs from mice receivmg sesame od per os ex- 
hibited the expected increase in LHRH after NE exposure ~n 
vt tro However, MEs from untreated mtce exposed to 
ethanol (2% v/v) m vi tro  fmled to respond to NE or clonldme 
with enhanced LHRH release However, MEs exposed to 
THC in ethanol did exhibit s~gntficant Increases m LHRH- 
sttmulated compared to basal secretion rates. The vehtcle 
(ethanol) may have influenced responsiveness to NE or 
clomdine, but did not significantly affect basal LHRH re- 
lease tnto media. Unfortunately, the baghly hpophyhc THC 
is not readdy soluable in aqueous media. Other vehicles used 
to deltver THC also produced effects [3], and ethanol was 
one of the few that did not affect basal activity. Clearly, 
these potential confounding effects of vehicle make interpre- 
tatton of results difficult. However, ~t ~s very interesting to 
note that THC appears capable of reversing these effects of 
ethanol It ~s still dLfficult to determine the relationship be- 
tween the present trmdlngs and the well-documented THC- 
reduced decreases in plasma LH [6, 20, 28, 34]. It ~s 
conceivable that cannabinoids may affect catecholamme re- 
ceptor binding or peptide metabolism after LHRH release 
from ME nerve terminals Certainly, the suppressive effects 
of THC on gonadotrop~n release do not appear to be due to 
an inability of the LHRH neuron to respond to NE stimula- 
tion 

In  v~vo THC treatment tended to enhance LHRH pituitary 
responsiveness, but only direct in vi tro exposure to THC sig- 
nificantly affected this parameter. It is posstble that dtrect 
addition of THC resulted ~n higher or more sustained t~ssue 
concentrations. It ~s also conceivable that by l hr post-THC 
treatment the effect on pituitary had already occurred and 
we are presently investigating this possibthty Pituitaries ob- 
tained from mice receiving either THC or sesame oil exhib- 
ited self-priming effects ~n responses to repeated pulses of 
LHRH Although the pituitaries from THC-treated m~ce se- 
creted shghtly more LH at each pulse, the incremental m- 
crease m LH release after each successive LH pulse was 
quite stmilar m treated and controls Indeed, the overall re- 
lease of LH was also not slgmficantly different It is not clear 
whether the differences in basal LH secretion rates by 
pttuitanes obtained from untreated male mice and those re- 
ceiving oral administration of sesame oil or THC are due to 
the variablltty In hormone levels which are charactensttc tn 
mice or the result of handling, drug or vehicle administra- 
tion 

It has been reported that treatment with phenobarbital 
enhances subsequent pituitary responsiveness to LHRH 
[22]. In contrast, morphine, which blocks the steroid- 
induced LH surge, does not affect pituitary responstveness 
to LHRH [32]. In another study in adult mice, we observed 
that concomitant exposure to low doses of THC and LHRH 

resulted tn htgher levels of LH than that produced by LHRH 
alone [9]. Interestingly, exposure to a novel female not only 
abolished the suppresstve effects of THC (50 mg/kg) on 
plasma LH, but plasma LH levels were h~gher ~n THC- 
treated than ~n control males after exposure to female-related 
stimuli [9]. Certmnly THC also affects gonadal steroids [7,8] 
and androgens and estrogen levels can influence pltmtary 
responses to LHRH [12, 14, 23]. 

The findings that THC suppressed hCG-stlmulated, but 
not basal T production, is consistent with previous reports 
from th~s laboratory concerning THC effects on plasma T 
levels and on testlcular T content and/or ltl w t r o  T produc- 
tion [7-10]. Since ~t has been reported that THC does not 
affect gonadotropm binding by isolated Leydtg cells [4], and 
we have prevtously demonstrated that the Inhibitory effects 
of THC occur prior to the formation of pregnenolone [7], the 
actions of THC probably occur during the early events ac- 
tivated by hCG receptor binding. CannabInolds inh~b~t cho- 
lesterol esterase activity m test~s [4], and the mobd~zat~on of 
cholesterol from mitochondrial stores ~s an early event in 
LH/hCG receptor acttvatlon [5] However, at present the 
mechamsm(s) by which cannab~nolds influence test~cular 
steroldogenes~s remain to be determtned 

It ~s conceivable that THC may influence functions at 
each level of the HPG axts, and this possibility must be 
considered in evaluating THC effects on HPG feedback regu- 
lation Indeed, we have observed that the THC-mduced 
blphas~c effects on plasma T levels occur almost s~multa- 
neously w~th those for plasma LH concentrattons [8]. We have 
also recently observed that a single dose of THC alters cate- 
cholamme concentrations and/or turnover m median emi- 
nence, medial preoptlc area, and medial basal hypothalamus 
(Dalterlo and Steger, unpublished). However, we have not 
yet determined whether these neurotransmttter actions of 
THC mediate ~ts neuroendocrlne effects In a prewous study 
~n mice treated with the non-psychoactive cannab~nol, 
changes in noradrenerg~c actwtty ~n the median eminence 
appeared to correlate w~th changes m plasma LH levels [l 1], 
and, ~n female rats, THC-~nduced alterations in brain 
b~ogemc amines correlate with those on gonadotropms and 
prolactln [29] The present data are consistent with THC- 
associated interference w~th neurotransmitter modulation of 
neuroendocnne functions. However, whether these altera- 
tions ~n neuroendocrlne target sens~tiwty are the result of 
cannabmold actions on neurotransm~tter act~vtty, or are re- 
lated to d~rect THC actions on neuroendocrine or gonadal 
target s~tes still remain to be determined 
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