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DALTERIO, S., R. STEGER, D. MAYFIELD AND A. BARTKE. Eurly cannabinoid exposure influences neuroendo-
crine and reproductive functions in male mice: I. Prenatal exposure. PHARMACOL BIOCHEM BEHAV 20(1) 107-113,
1984.—Maternal exposure to A%-tetrahydrocannabinol (THC), the major psychoactive constituent in marihuana, or to the
non-psychoactive cannabinol (CBN) or cannabidiol (CBD) alters endocrine functions and concentrations of brain biogenic
amines in their male offspring. Prenatal CBN exposure on day 18 of gestation resulted in decreased plasma FSH levels,
testicular testosterone (T) concentrations, and seminal vesicles weights, but increased plasma levels of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) post-castration in adulthood. Prenatal exposure to THC significantly en-
hanced the responsiveness of the testes to intratesticular LH injection in vivo and tended to increase human chorionic
gonadotropin (hCG)-stimulated T production by decapsulated testes in vitro. In the CBN-exposed mice, hCG-stimulated T
production was enhanced, while CBD exposure had no effect. Prenatal THC exposure altered the negative feedback effects
of exogenous gonadal steroids in castrated adults, with lower plasma T and FSH levels after 20 ug T than in castrated
controls. In contrast, CBD-exposed mice had higher levels of LH in plasma post-castration. In CBN-exposed adults, two
weeks post-castration the concentration of norepinephrine (NE) and dopamine (DA) in hypothalamus and remaining brain
were reduced, while levels of serotonin (5-HT) and its metabolite, 5-HIAA, were elevated compared to that in castrated
OIL-controls. Prenatal CBD-exposure also reduced NE and elevated 5-HT and 5-HIAA, but did not affect DA levels
post-castration. Concentrations of brain biogenic amines were not influenced by prenatal THC exposure in the present
study. A single prenatal exposure to psychoactive or non-psychoactive components of marihuana results in long term
alterations in the function of the hypothalamo-pituitary-gonadal axis. Changes in the concentrations of brain biogenic

amines may be related to these effects of prenatal cannabinoids on endocrine function in adult male mice.
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THE early hormonal milieu of the developing organism is
critical for sexual differentiation of a variety of neurochemi-
cal, physiological and behavioral characteristics [16,20].
Marihuana, and its purified constituents, have been reported
to exert a wide range of effects on the function of the
endocrine system. In adult males, both men and laboratory
animals, administration of A*-tetrahydrocannabinol (THC),
the major psychoactive component in marihuana, can alter
plasma levels of testosterone (T), luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) [3].

Cannabinoids cross the placental barrier and are distrib-
uted into a wide variety of fetal tissues [3]. Biochemical
changes, including alterations in brain RNA synthesis, have
been induced in neonatal rats as a result of prenatal THC
exposure [18]. We recently reported that treatment of female
mice during the mid-portion of gestation with THC or can-
nabinol (CBN), a relatively non-psychoactive constituent of
marihuana, resulted in a significant reduction in the concen-
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tration of T in their male, but not female, fetuses [8]. It is,
therefore, possible that cannabinoids interfere with the
well-documented androgen-dependent sexual differentiation
during critical prenatal periods of development [16].
Androgen production by the fetal testis plays a critical organ-
izational role in the establishment of the male reproductive
structures and in the development of male patterns of sexual
behavior. Neonatal castration [23], or stress [21,28] are well
known to produce alterations in the steroidogenic function of
the testis, resulting in long term consequences for sexual
differentiation.

We have previously reported that exposure of female
mice to THC or CBN on the last day of gestation and for the
first six days post-partum produced long term alterations in
body weight regulation, pituitary-gonadal function, respon-
sivity to stimuli from female conspecifics, as well as in adult
copulatory behavior [7].

The present experiments were designed to characterize
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TABLE 1

PLASMA LEVELS OF TESTOSTERONE (T), LUTEINIZING HORMONE (LH), OR FOLLICLE-
STIMULATING HORMONE (FSH) IN ADULT MALE MICE PRENATALLY
EXPOSED TO CANNABINOIDS

Plasma T Plasma LH Plasma FSH

Treatment (ng/ml) (ng/ml) (ng/ml)
Oil

intact 16.5 = 4.1 (5) 237« 4.1 (D) 959 + 59 (9)

castratedf — 82.0 = 5.0(12) 2102 = 125 (12)
THC

intact 9.4 +2.6(3) 26.5 = 7.6 (5) 885 + 78 (3)

castratedt — 80.0 = 10.0(17) 2073 = 119 (17)
CBN

intact 7.8 +2.7(4) 16.4 + 7.5 (5) 663 = 76 (5)*

castrated? — 121.0 =+ 6.0 (8)* 2326 = 61 (15)*
CBD

intact 10.5 + 4.9 (6) 41.5 £ 153 (7) 919 + 47 (7)

castrated™ — 95.0 = 9.0(15) 1898 + 64 (12)

Means = SE (n).

*Significantly different from controls (»<0.05) by Mann-Whitney U-Test.
tAnimals were castrated two-weeks prior to sacrifice.

the effects of prenatal exposure to THC, CBN, or to another
non-psychoactive component of marihuana, cannabidiol
(CBD). These effects of prenatal exposure are compared to
those previously reported for combined pre- and postnatal
exposure. In the present study we examined plasma levels of
T and gonadotropins, and weights of testes and seminal ves-
icles. We also measured testicular responsiveness to
gonadotropins, in vivo or in vitro, in adult male mice that
were prenatally exposed to cannabinoids. We also examined
the pituitary responses to castration and to the administra-
tion of exogeneous gonadal steroids. In addition, the concen-
trations of brain biogenic amines in hypothalamus and in the
remaining brain tissue were measured to determine if altera-
tions in biogenic amines were related to changes in neuroen-
docrine function in these adult male mice.

METHOD
Animals

Primiparous female mice obtained from our colony of
randomly bred animals were housed individually with an
adult male and checked for the presence of a copulatory plug
(considered day 1 of pregnancy). On day 18 of gestation the
females received a single oral dose of 50 mg THC, CBN, or
CBD per kg body weight or 20 ul of sesame oil by oral
administration. Since female mice in our colony deliver be-
tween 19 and 21 days post-mating, females in each treatment
group received cannabinoids or oil on one of the last four
days of gestation. On the first day post-partum, litters were
culled to five or six male pups; the offspring were weaned at
21 days of age and housed in groups of three until adulthood
(60-80 days).

Effects of Exogenous Androgens in Castrates

Half of the animals in each treatment group were cas-
trated for studies of the negative feedback effects of
exogeneous androgen. While the animals were under ether

anesthesia, the testes were removed, weighed, homogenized
in distilled water (9:1 w/v) and stored frozen for the
radioimmunoassay determination of T, as described previ-
ously [7-13]. One week later, castrated males received 20 ug
of free T in a 50 wl volume of sesame oil by SC injection and
the animals were bled by cardiac puncture under ether
anesthesia one hour after T injection. A small volume of
blood (200 ul) was taken so that the animals were allowed to
survive for an additional week.

Biogenic Amine Determinations

Two weeks post-castration, the males were sacrificed by
cervical dislocation, along with intact males from the same
treatment groups, trunk blood was collected and the plasma
stored frozen for the RIA determination of T, LH, and FSH,
and the brains were removed and stored frozen for meas-
urement of amine concentrations.

Prior to the amine assay, the brains were partially thawed
and the hypothalamus was dissected free. The hypothalamus
consisted of a tissue block 2.0 mm deep extending from the
rostral margin of the mammillary body to the caudal border
of the optic chiasm and laterally to the hypothalamic sulci.
The hypothalamic block and the remaining brain tissue were
weighed and sonicated in 0.1 N HCIO, containing
3-methoxy-4-hydroxyphenylethanol (MOPET), as a stand-
ard for the indoleamine assay, dihydroxybenzylamine
(DHBA), as an internal standard for the catecholamine as-
say, and 1.0 mM sodium metabisulfite.

Indoleamines were separated by high performance liquid
chromatography (HPLC) and quantitated by electrochemis-
try [25,26]. Standards were run concurrently, and serotonin
(5-HT) and 5-hydroxyindoleacetic acid (5S-HIAA) were calcu-
lated by comparison of peak heights with those of the stand-
ards. Values were corrected for recovery of the internal
standard which averaged 97.3+1.2%. The intra-assay coeffi-
cient of variation was 5.6% for S-HT, and 7.2% for S-HIAA.

Catecholamines were prepared for chromatography as
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FIG. 1. Effect of exogeneous administration of 20 ug testosterone (T) in sesame oil on plasma
levels of T, LH and FSH one hour later in castrated adult male mice prenatally-exposed to
A¥-tetrahydrocannabinol (THC), or cannabidiol (CBD). Means=SE (n). *Significantly different

from control (p<0.05) by Mann-Whitney U-test.

previously described [25]. Norepinephrine (NE), dopamine
(DA) and DHBA were separated by HPLC and quantitated
by electrochemistry. The recovery of DHBA averaged
82.3+1.1% and the intra-assay coefficient of variation was
6.1% for NE and 6.7% for DA.

Testicular Responsiveness to Gonadotropins

For determinations of testicular responsiveness to
gonadotropins in vivo, adult mice were lightly anesthetized
with ether and 10 ng LH was injected into one testis through
the scrotal skin using a 27-gauge needle. The contralateral
testis received 10 ul saline. The animals were sacrificed by
cervical dislocation 30 min later, and T levels were measured
in the testicular homogenate. The values are expressed as
the ratio of T in the LH- versus that in the saline-injected
testis. This intratesticular injection technique is described in
further detail in two recent publications from this laboratory
[10.13].

Plasma Hormone Levels

At the time of sacrifice, trunk blood was collected for
radioimmunoassay (RIA) determination of plasma T, LH
and FSH levels. Testosterone was measured without chro-
matographic separation [7-13]. Gonadotropins were meas-
ured using the NIAMDD kits for rat FSH and Niswender’s
antiovine LH, which have been previously validated for the
measurement of mouse gonadotropins [1], and the results
expressed in terms of NIAMDD RP-1 standards. The sam-
ples for each hormone were run in a single assay and the
intra-assay coefficients of variation were, respectively, 2.1%
for LH, 1.4% for FSH and 8.1% for T.

In Vitro T Production

Testicular responsivity to gonadotropins in vitro was de-
termined using decapsulated testes incubated in Krebs-
Ringer bicarbonate buffer containing glucose (1 mg/ml) and
12.5 mlU/ml human chorionic gonadotropin (hCG; Follu-
tein®, Squibb). The accumulation of T in the media was de-
termined after a 4 hr incubation by RIA, without extraction,
as described previously [10].

Statistics

Data was analyzed by a two-way analysis of variance and

in all cases except that noted in Table 3 there were no signifi-
cant differences between groups due to the time of prenatal
treatment relative to delivery. Therefore, results were com-
bined for further statistical analysis and presentation.

Student’s r-test was used to determine the significance of
the differences between two treatment groups, and analysis
of variance was used with Duncan'’s test for multiple com-
parisons for three or more groups [29].

For values which were not normally distributed non-
parametric tests were used.

RESULTS
Plasma T, LH and FSH

Prenatal exposure to CBN resulted in a significant de-
crease in the levels of FSH in plasma, and, an apparent,
although not statistically significant, reduction in plasma T
levels (Table 1). Prenatal exposure to THC or CBD did not
significantly affect plasma hormone levels, although plasma
LH levels tended to be increased in the CBD-exposed males.

Post-castration, plasma levels of LH and FSH were sig-
nificantly higher in CBN-exposed males, compared to those
in castrated controls (Table 1).

In an additional experiment, plasma T and FSH levels
after injection of 20 ug T were significantly lower in cas-
trated THC-exposed animals, than in castrated controls (Fig.
1). In contrast, plasma LH levels measured after T injection
were higher in the CBD-exposed castrates than in the THC-
treated or control animals (Fig. 1).

Biogenic Amine Concentrations

Castration did not influence catecholamine levels in hypo-
thalamic or remaining brain tissue in the OIL-exposed con-
trol males (Tables 2 and 3). However, serotonin and 5-HIAA
concentrations were significantly lower in castrated, com-
pared to intact control males. The amine concentrations in
THC-exposed animals were not different from those in the
controls, in terms of absolute values or the response to cas-
tration. In contrast, in castrated CBN- and CBD-exposed
males, the concentrations of NE in hypothalamus and re-
maining brain were reduced in comparison to castrated con-
trols, as well as intact CBN- or CBD-exposed animals (Ta-
bles 1 and 2). The concentration of DA was also lower in
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TABLE 2

THE CONCENTRATIONS (ng/g) OF NOREPINEPHRINE (NE), DOPAMINE (DA}, SEROTONIN (5-HT) AND
5-HYDROXYINDOLEACETIC ACID (5-HIAA) IN BRAIN TISSUE FROM ANIMALS PRENATALLY
EXPOSED TO A>-TETRAHYDROCANNABINOL (THC), CANNABINOL (CBN), OR CANNABIDIOL (CBD)

Treatment NE DA 5-HT 5-HIAA
QOil
intact 374 +~ 18 (20)* 1268 = 77 (20)* 1064 = 85 (20)* 238 = 13 (20)*
castratedt 398 + 12 (12)* 1288 = 81 (12)* 579 = 21 (11)F 181 = 6 (1D)F
THC
intact 387 + 22 (13)* 1410 = 65 (11)* 747 = 82 (13)*+ 251 = 10 (13)*
castratedi 398 + 12 (18)* 1345 = 39 (18)* 583 + 46 (18)* 194 = S (187
CBN
intact 364 = 26 (8)F 996 + 34 ({)T 1243 + 74 (13)* 250 = 13 (12)*
castrated: 254 + 29 (14)7 793 + 97 (14)+ 1024 + 60 (14)* 267 = 9 (14)*
CBD
intact 372 = 7 (13)* 976 + 43 (10)F 1201 = 70 (14)* 252 = 8 (14)*
castratedt 247 = 20 (14)7 748 = 60 (14)% 1010 = 28 (14)* 249 + 4 (14)*

Means = SE (n).

*tValues with the same superscript not significantly different by analysis of variance.

$All animals were castrated two weeks prior to sacrifice.

N.B. The brain tissue includes the remaining tissue after the removal of the hypothalamic block (see
text for details).

TABLE 3

THE CONCENTRATIONS (ng/g) OF NE, DA, 5-HT AND 5-HIAA IN THE HYPOTHALAMUS OF ADULT MALE MICE
PRENATALLY EXPOSED TO THC. CBN, OR CBD

Treatment NE DA S-HT S-HIAA
Oil
intact 1325 + 87 (20)* 1391 + 130 (20)* 2436 = 169 (19)* 563 + 32 (19)*
castrated® 1371 = 101 (12)* 1244 + 189 (12)* 1308 + 52 (12)+ 359 = 17 (12)~
THC
intact 1496 + 82 (14)* 1321 = 157 (14)* 1850 = 139 (14)* 488 + 39 (13)*
castratedi 1320 = 54 (18)* 1161 + 83 (18)* 1274 = 54 (18)F 377 = 13 (18)*
CBN
intact 1034 + 39 (13)* 1068 = 136 (15)* 2982 + 182 (15)* 568 + 34 (13)*
castrateds 849 = 76 (23)% 1006 = 103 (14)* 2247 = 206 (14)* 504 = 45 (14)*
CBD
intact 988 + 167 (15)* 1201 + 146 (13)* 2639 + 129 (13)* 536 + 12 (14)*
castratedi
Day 2: 800 = 72 (9t w " "
Day 3- 1225 = 256 (5)* 1134 + 146 (13) 2191 + 144 (14) 477 + 33 (14)

Means + SE (n).

*tValues with the same superscript not significantly different by analysis of variance.

TAll animals were castrated two weeks prior to sacrifice.

N.B. The brain tissue includes the remaining tissue after the removal of the hypothalamic block (see text for
details).



PRENATAL CANNABINOID EXPOSURE

H

TABLE 4

TESTICULAR TESTOSTERONE (T) CONCENTRATIONS AND WEIGHTS OF THE
TESTES AND SEMINAL VESICLES IN ADULT MALE MICE PRENATALLY
EXPOSED TO THC, CBN, OR CBD

Testicular
Testosterone Testes Seminal
Concentrations Weights Vesicles
(ng/mb) (mg) (mg)
OIL 138 + 22 (12) 278 + 7(12) 258 = 13(12)
THC 112 = 15(17) 296 = 9(18) 219 = 28(18)
CBN 69 = 17 (14)* 268 + 12 (14) 164 ~ 16 (14)*
CBD 126 = 21 (14) 310 = 8 (14)* 308 = 12 (14)*
Means + SE (n).

*Significant different from controls (p<0.05) by analysis of variance.

brain of CBN-exposed males, and appeared lower in hypo-
thalamus, although this was not statistically significant. In
contrast, the levels of hypothalamic and brain 5-HT and
S-HIAA were significantly higher in castrated CBN- and
CBD-exposed mice, in comparison to castrate controls. The
levels of hypothalamic 5-HT also appeared elevated in
CBN-exposed intact males compared to those in the intact
OIL-controls, although the difference was not significant.
There were no significant differences in the weights of the
brain or the hypothalamic tissue blocks, or in body weight
among the animals in the different treatment groups (data not
shown).

Testicular Responsiveness to Gonadotropins

Prenatal THC exposure significantly enhanced the re-
sponsivity of the testis to in vivo intratesticular LH adminis-
tration. The ratio of T, i.e., the concentration of T in LH-
versus saline-injected testes, was significantly higher in the
THC-exposed animals (Fig. 2). However, testicular T con-
centrations under basal conditions, i.e., in the saline-injected
testis, were significantly reduced in the testes from the
THC-exposed males (201 vs. 66=12 ng/ml; p<0.05), but
the absolute T concentrations in LH-injected testes did not
differ between THC- and OlL-exposed males (14636 vs.
18028 ng/ml). Testicular weights were also not different in
these two groups, 327+21 (n=6) vs. 338+=7 mg (n=10).

Organ Weights and Testicular T Levels

Testicular T concentrations and seminal vesicles weights
were reduced in adult male mice exposed to CBN, although
testicular weights were not affected. In contrast, prenatat
CBD exposure resulted in an increase in seminal vesicles
weights (Table 4). Exposure to THC did not influence these
parameters.

In Vitro T Production

There was a significant increase in T production by de-
capsulated testes obtained from mice prenatally exposed to
CBN (Fig. 3, left). Prenatal THC exposure tended to
enhance testicular responsiveness to hCG in vitro, but this
apparent effect was not significant. In this group of animals
the weights of the testes were significantly increased (Fig. 3,
right).
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FIG. 2. Effect of intratesticular injection of LH (10 ng) into one
testis and 10 ul saline into the contralateral testis of adult mice
prenatally exposed to A’ tetrahydrocannabinol (THC). Values are
expressed as the ratio of the T concentration in the LH- versus that
in the saline-injected testis (absolute values in the Text). Means=SE (n).

DISCUSSION

The present findings indicate that prenatal exposure to
cannabinoids results in alterations in endocrine function and
brain amine levels in adulthood. The day on which the can-
nabinoids were administered relative to the day of delivery
did not appear to affect the parameters measured. Can-
nabinoid exposure occurred on the 18th day after the pres-
ence of the copulatory plug, and although the lengths of ges-
tation varied among females, there were no significant
differences due to treatment.

In the present study, prenatal CBN exposure resulted in a
significant reduction in plasma FSH levels in adulthood, and
plasma LH levels also tended to be lower than controls.
These findings are consistent with the effect of perinatal [7]
and postnatal (Dalterio, unpublished) CBN exposure. Thus,
exposure to CBN appears to have a consistent suppressive
effect on pituitary gonadotropin release.

We have previously reported that the concentration of
LH in the plasma of male mice exposed to THC both pre-
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FIG. 3. In Vitro testosterone (T) production by decapsulated testes
(left) and testicular weights (right) in adult mice prenatally exposed
to A®-tetrahydrocannabinol (THC) or cannabinol (CBN). The testes
were incubated in the presence of 12.5 mlU human chorionic
gonadotropin (hCG) and T was measured in the media after a 4 hr
incubation. Means=SE (n). *Significantly different from OIL
(p<<0.05) by Mann-Whitney U-test.

and postnatally was significantly elevated (almost 3 fold
normal) beginning at about 35 days of age through adulthood,
although plasma levels of T were normal or low normal.
Thus, testicular responsiveness to increased levels of endog-
enous gonadotropin appeared reduced in these animals,
while in the present study testicular responsiveness to
exogeneous gonadotropins appears enhanced. This increase
in responsiveness may be related to the fact that, under basal
conditions, the concentration of T in the testes of THC-
exposed mice was significantly lower than that of the con-
trols. Since plasma LH levels were comparable to control
values, it is difficult to understand the reasons for the de-
creased testicular T levels. Our results indicate that testes of
THC-exposed mice are able to respond to exogeneous
gonadotropin to an extent at least comparable to that of the
controls under similar levels of stimulation. It would seem,
therefore, that critical time periods exist for cannabinoid-
induced alterations of pituitary-testicular interrelationships.
In view of the biphasic effects of THC on androgen produc-
tion in vivo [9], and in vitro [10], and the existence of critical
periods for the actions of androgenic steroids on several
target tissues [16], it is also possible that a single THC dose
may have opposite effects on the same parameter. At pres-
ent, we can only conclude that early exposure to THC is
capable of altering the sensitivity of the testis to gonado-
tropic stimulation.

Cannabinoids appear capable of disrupting pituitary-
gonadal feedback regulation. In the present study, adminis-
tration of T post-castration resulted in lower T and FSH
levels in the THC-exposed than in control mice, while the
animals exposed to CBN had elevated plasma LH levels. It
is possible that early cannabinoid exposure may have af-
fected hepatic enzyme activity resulting in altered steroid
metabolism and/or clearance, as has been reported after
cannabinoid administration in adult males [19]. However, we
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have reported that pituitary gonadotropin release post-
castration is influenced by perinatal THC exposure [12], and,
in this report, by prenatal CBN treatment. Therefore, it is
likely that changes in pituitary sensitivity to steroids may
also result from exposure to cannabinoids early in develop-
ment. These changes may be related to the effects of can-
nabinoids on steroid binding in the target tissues [22].

The relatively non-psychoactive CBN and CBD altered
brain and hypothalamic concentrations of NE, DA, 5-HT,
and 5-HIAA, as well as testicular T concentrations and sem-
inal vesicles weights, while prenatal THC exposure did not
influence these parameters. However, we have recently ob-
served that exposure to THC during mid-gestation alters
brain amine levels in adult mice (Dalterio and Steger, unpub-
lished observations).

The effects of prenatal cannabinoid exposure on brain
amine levels were more evident after castration. Although
we do not know the precise mechanism by which castration
differentially affected cannabinoid-exposed animals, it is
known that castration can cause significant changes in hypo-
thalamic amine metabolism. For example, castration stimu-
lates NE turnover in adult rats [27], and neonatal castration
alters DA levels in the adult [5]. Hypothalamic 5-HT turn-
over is decreased after castration, but returns to intact con-
trol levels within a week of surgery [27]. In the present ex-
periment, amine turnover was not measured, but changes in
amine levels suggest that amine metabolism or possibly
neuron numbers, which are affected by early exposure to
phenobarbital [2], were influenced by prenatal cannabinoid
exposure, and that these changes were more apparent when
the neuroendocrine axis reacted to the removal of steroid
negative feedback.

It is possible that cannabinoid exposure altered the re-
sponsiveness to the surgical stress associated with castra-
tion. We have previously reported that adult male mice
treated with cannabinoids exhibit a differential hormonal re-
sponse to stressful stimuli [11], and pre-pubertal male mice
perinatally exposed to cannabinoids appear to respond to
individual housing with a female as a stressful situation, as
indicated by reductions in body and seminal vesicles
weights, and increased adrenal weights [7]. Indeed, it has
been reported that prenatal stress reduces hypothalamic NE
concentrations [21] as well as male copulatory behavior 28],
and dysfunction of the hypothalamo-noradrenergic system
has been reported in prenatally androgen-sterilized rats [17].

The observation that castration induced differential ef-
fects on brain neurotransmitter levels in prenatally
cannabinoid-exposed mice may be due to the interrelation-
ships of gonadal steroids and the central nervous system
biogenic amines {6]. The participation of biogenic amines in
androgen-dependent brain sexual differentiation has been
suggested, with feminization of male neuroendocrine centers
associated with suppression of catecholamines and serotonin
synthesis [24]. At present, the precise mechanism by which
castration appears to reveal effects of prenatal cannabinoid
exposure on central nervous system neurotransmitters re-
mains unclear. However, based on our earlier observations
these findings seem to be consistent with cannabinoid-
induced alterations in physiological responsivity to events
which disturb homeostatic conditions.

It is conceivable that the reported effects of prenatal can-
nabinoid exposure on human neonates, which include neuro-
logical changes [14], are related to cannabinoid-induced
changes in neurotransmitters. We have previously reported
that male copulatory behavior was reduced differentially by
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THC or CBN {[7]. Although the influences of neurotransmit-
ters on sexual behavior are not clear, there have been indi-
cations that serotonin has an inhibitory effect on adult sexual
behavior, while the catecholamines may be facilatory [15].
This would appear consistent with the present findings that,
in animals exposed to CBN prenatally, serotonin levels were
increased, while those of NE were reduced, because we
have previously observed that perinatal CBN exposure sig-
nificantly altered adult sexual performance [7]. Thus, it is
conceivable that changes in behavioral responsivity to stim-
uli from conspecifics may be related to cannabinoid-induced
alterations in brain neurotransmitters during critical periods
of sexual differentiation.
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In summary, it is evident that maternal exposure to either
the psychoactive or the non-psychoactive components of
marihuana can produce long term alterations in neuroendo-
crine and reproductive functions in their male offspring. Fur-
thermore, it is apparent that some effects of cannabinoids on
the endocrine system may not become apparent until mat-
urational or environmental factors require physiological re-
sponses.
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