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replaced gonadectomized rats of both sexes. We ob-
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Recent studies have demonstrated the occurrence of
ndocannabinoid synthesis and of gene expression
nd immunoreactivity for the cannabinoid CB1 recep-
or in the anterior pituitary gland. Since the activity of
his gland is under the influence of circulating sex
teroids, the present study was designed to elucidate
hether expression of the CB1 receptor gene in the
nterior pituitary gland is also under the influence of
hese steroids. To this aim, we first examined the pos-
ible changes in the levels of CB1 receptor-mRNA tran-
cripts in the anterior pituitary gland of intact male
ats and normal cycling female rats at the different
tages of the ovarian cycle. We observed that males
ad higher levels of CB1 receptor-mRNA transcripts
han females. In addition, these transcripts fluctuated
n females during the different phases of the ovarian
ycle, with the highest values observed on the second
ay of diestrus and the lowest on estrus. In these ani-
als, we also measured the content of endocannabi-
oids in the anterior pituitary gland and the hypothal-
mus. We observed that females had higher contents
f anandamide than males in both cases. The content
f anandamide in females also fluctuated during the
varian cycle in both the anterior pituitary gland and
he hypothalamus. The highest values in the anterior
ituitary gland were found in the estrus and the low-
st on the first day of diestrus and proestrus, whereas
he inverse tendency was found in the hypothalamus.
o changes were observed in the other major endo-
annabinoid, 2-arachidonoyl-glycerol, between males
nd females and during the ovarian cycle. To further
xplore the potential influence of circulating sex ste-
oids on CB1 receptor gene expression in the anterior
ituitary gland, as a second objective, we examined
he possible changes in the amount of transcripts for
his receptor in gonadectomized and sex steroid-

1 To whom correspondence should be addressed. Fax: 34-91-
941691. E-mail: jjfr@eucmax.sim.ucm.es.
260006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
erved that orchidectomy (ORCHX) in males reduced
B1 receptor-mRNA levels, whereas replacement with
ihydrotestosterone also maintained low levels of this
essenger. In females, estradiol-replaced ovariecto-
ized (OVX) rats exhibited significantly lower CB1

eceptor-mRNA levels than OVX animals that had not
een replaced with this estrogen. In this experiment,
e also examined if the previously reported response
f the CB1 receptor gene in the anterior pituitary lobe
o chronic administration of D9-tetrahydrocannabinol
D9-THC) is under sex steroid influence. We observed
hat chronic D9-THC treatment decreased CB1

eceptor-mRNA levels in intact and ORCHX males, but
ot in dihydrotestosterone-replaced ORCHX males. In

emales, D9-THC treatment produced no effect in both
VX- and estradiol-replaced OVX rats. In summary,

hese data collectively support that expression of the
B1 receptor gene in the anterior pituitary gland is
egulated by sex steroids in both males and females.
urthermore, gonadal steroids appear to affect the
esponse of this gene to chronic cannabinoid adminis-
ration. We have also observed that anandamide con-
ents in the anterior pituitary gland and the hypothal-
mus might be controlled by circulating sex steroids.
he functional implications of these data are
iscussed. © 2000 Academic Press

Recent evidence has led to revise the notion that the
ell-known and extensively-reported effects of syn-

hetic and plant-derived cannabinoids (1–7) and, more
ecently, of endocannabinoids (7–11) on the release of
nterior pituitary hormones are exclusively mediated
y cannabinoid CB1 receptors located in hypothalamic
eurons that participate in the neuroendocrine control
7, 12–20). Thus, we have recently suggested that CB1

eceptors located in anterior pituitary cells are also



involved, at least in part, in the neuroendocrine effects
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f cannabinoids (21–23). This suggestion was based on
he recent demonstration of cannabinoid CB1 receptor
ene expression (21) and immunoreactivity (22), as
ell as of endocannabinoid synthesis (21), in the ante-

ior pituitary gland. This was consistent with the pre-
ious observation by Herkenham and co-workers (24,
5) of the existence of small but specific binding for
ynthetic cannabinoid ligands in the pituitary, al-
hough these authors had laid little emphasis on this
act due to the very sparse distribution of specific bind-
ng found.

Our demonstration of both gene expression (21) and
mmunoreactivity (22) for the CB1 receptor accounted
or the previously-reported activity of D9-tetrahydro-
annabinol (D9-THC) at the anterior pituitary level
26), although this effect was seemingly related to the
ctivation of mechanisms other than cannabinoid re-
eptors, such as estrogen-related pathways. Our re-
ults also explained why endocannabinoids were able
o directly affect the in vitro release of some anterior
ituitary hormones (23), in particular of prolactin. The
ffect on prolactin was reversed by SR141716A, a spe-
ific antagonist for the CB1 receptor subtype, suggest-
ng a role of this receptor in the pituitary on the control
f the release of this pituitary hormone. Using double-
abeling analysis, we have observed immunoreactivity
or CB1 receptor and prolactin in the same cells, al-
hough anterior pituitary cells other than lactotrophs
mainly gonadotrophs) were also stained with the CB1

eceptor antibody (22). We have also observed that
ncubation of anterior pituitary explants with D9-THC
esulted in increased ACTH secretion and this increase
as blocked by SR141716A (González, Manzanares,
mbrosio, Oliva, Ramos, and Fernández-Ruiz, unpub-

ished results). A similar increase in ACTH release has
een also observed with anandamide using dispersed
nterior pituitary cells (23), although there was no
lockade by CB1 receptor antagonists. It is possible
hat corticotroph cells could also contain a cannabinoid
eceptor subtype other than the CB1, since we did not
bserve a good correlation between CB1 receptor and
CTH immunoreactivities (22).
The present study was designed to further explore the

hysiological significance of gene expression (21) and im-
unoreactivity (22) for the CB1 receptor and of endocan-
abinoid synthesis (21) in the anterior pituitary gland. It

s well-demonstrated that the activity of most of the an-
erior pituitary cells is under the influence of circulating
ex steroids in both males and females [for review, see
27)]. Thus, we wanted to examine whether the expres-
ion of CB1 receptor gene in the anterior pituitary gland
s under sex steroid-dependent regulation. To this aim, in

first experiment, we analyzed the levels of transcripts
or this receptor in intact males and normal cycling fe-

ales at the different stages of ovarian cycle. In this
xperiment, we also measured the contents of anandam-
261
ndocannabinoids, in the anterior pituitary gland and
he hypothalamus of the same animal groups. In a second
xperiment, we examined whether gonadectomy and sex
teroid replacement in both sexes resulted in changes in
B1 receptor-mRNA levels in the anterior pituitary
land. In this second experiment, we also examined
hether the recently demonstrated down-regulatory re-

ponse of CB1 receptor gene in the anterior pituitary lobe
fter the chronic administration of D9-THC (21) was also
nder sex steroid influence.

ATERIALS AND METHODS

Animals, treatments, and sampling. Male and female rats of the
prague–Dawley strain were housed from birth in a room with a
ontrolled photoperiod (lights on: 8 AM–8 PM) and temperature (23 6
°C). They had free access to standard food (Panlab) and water. At
dult age (.8 weeks of life; 250 6 25 g), animals were used for two
ifferent experiments (all experiments were conducted according to
uropean Animal Care Guides). In experiment I, females were sub-

ected to control of ovarian cycle (daily vaginal smears were taken
round 10:00 h) and only those animals exhibiting at least 3 or more
onsecutive 4-day cycles were used in this study. Rats were sacrificed
y rapid decapitation at the four different phases of the estrous cycle
diestrus 1, diestrus 2, proestrus and estrus). Intact males were also
acrificed in a number similar to that used for each ovarian phase in
emales. After sacrifice, the pituitary gland and the hypothalamus
ere quickly and carefully removed. All this process was carried out
t room temperature and for a period not longer than 1 min in each
at. Pituitaries to be used for analysis of CB1 receptor-mRNA levels
y in situ hybridization were rapidly frozen by immersion in a
-methyl-butane dry ice bath. Samples were stored at 270°C until
nalyzed. Pituitaries or hypothalami to be used for analysis of endo-
annabinoid contents were pooled in a number of 10 for each indi-
idual measurement and homogenized in 5 vol of chloroform/
ethanol (2:1) and subjected to lipid extraction, as will be described

elow. In experiment II, males and females were bilaterally gona-
ectomized under ether anesthesia and left 7 days for recovery.
hen, half of gonadectomized animals were implanted with Silastic
apsules (30 mm length; 1.57 mm i.d.; 3.8 mm o.d.). In the case of
emales, the capsules contained 37.5 mg/ml of 17b-estradiol benzoate
Sigma Chem., Madrid, Spain) dissolved in sunflower oil. This pro-
edure led to constant plasma estrogen levels similar to those found
n the diestrus (28). In the case of males, the capsules contained
rystalline dihydrotestosterone propionate (Sigma Chemicals, Ma-
rid, Spain) (29). Dihydrotestosterone was used instead testosterone
o avoid aromatization to estradiol. The other half of gonadectomized
nimals for each sex was implanted with empty capsules to be used
s controls. Seven days after silastic capsule implantation, each
xperimental group was subjected to a daily administration of D9-
HC (5 mg/kg wt/day; ip; 1 ml/kg), kindly supplied by the National
nstitute on Drug Abuse (Rockville, MD), or vehicle [(1:1:18)
thanol–cremophor–saline], for a period of 7 days. In the case of
ales, a group of intact animals, subjected to the corresponding

ham-operations, were also subjected to daily ip administration of
9-THC (5 mg/kg wt) or vehicle for a period of 7 days, as used as a
ositive control (21). Animals were sacrificed by rapid decapitation
4 h after the last injection. After sacrifice, the pituitary gland was
uickly and carefully removed and processed as in the above exper-
ment for the analysis of CB1 receptor-mRNA levels.

Analysis of CB1 receptor-mRNA levels by in situ hybridization. In
itu hybridization was carried out according to the procedure previ-
usly described by Rubino et al. (30). Briefly, pituitaries were cut in
ections 20 mm thick in a cryostat. Sections were thaw-mounted onto



RNAse-free gelatin/chrome alum coated slides, dried briefly at 30°C
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nd stored at 280°C until used. Pituitary sections were fixed in 4%
ormaldehyde for 5 min and, after rinsing twice in phosphate buffer
aline, were acetylated by incubation in 0.25% acetic anhydride,
repared in 0.1 M triethanolamine/0.15 M sodium chloride (pH 8.0),
or 10 min. Sections were rinsed in 0.3 M sodium chloride/0.03 M
odium citrate, pH 7.0, dehydrated and delipidated by ethanol/
hloroform series. A mixture (1:1:1) of the three 48-mer oligonucle-
tide probes complementary to bases 4–51, 349–396, and 952–999 of
he rat CB1 receptor cDNA (Du Pont, ITISA, Madrid, Spain; the
pecificity of the probes used was assessed by Northern Blot analy-
is) was 39-end labeled with [35S]-dATP (Amersham Ibérica, Madrid,
pain) using terminal deoxynucleotidyl-transferase (Boehringer-
annheim, Barcelona, Spain). Sections were then hybridized with

35S]-labeled oligonucleotide probes (2.5 3 105 dpm per section),
ashed and exposed to X-ray film (Biomax MR, Kodak) for 10 days,
nd developed (D-19, Kodak) for 6 min at 20°C. The intensity of the
ybridization signal was assessed by measuring the gray levels in
he autoradiographic films with a computer-assisted videodensitom-
ter (Image Quant 3.3, Molecular Dynamics). Additional pituitary
ections were co-hybridized with a 100-fold excess of cold probe or
ith RNAse to assert the specificity of the signal.

Analysis of endogenous cannabinoid levels by GC–MS. As men-
ioned above, pooled pituitaries or hypothalami were homogenized in
vol of chloroform/methanol (2:1) and subjected to lipid extraction.
omogenates were centrifuged at 13,000g for 16 min (4°C), the

upernatants collected and the precipitates resuspended in 5 vol of
hloroform/methanol (2:1) and again centrifuged. This procedure
as repeated three times more. Afterwards, the supernatants col-

ected in the 5 consecutive centrifugations for each pool of tissues
ere mixed and the organic solvents evaporated in a Speed-Vac.
yophilized samples were then stored frozen at 280°C under nitro-
en atmosphere until analyzed. Lyophilized extracts were resus-
ended in chloroform/methanol 99:1 by vol. and 5 nmol of deuterated
nandamide and 2-AG added to the solution. The two deuterated
tandards were synthesized from d8 arachidonic acid and ethanol-
mine or glycerol as described, respectively, in Devane et al. (31) and
isogno et al. (32). The solutions were then purified by open bed

hromatography on silica as described in Fontana et al. (33). Frac-
ions eluted with chloroform/methanol 9:1 by vol. (containing anan-
amide and 2-AG) were collected and the excess solvent evaporated
ith a rotating evaporator. The former fractions were further frac-

ionated by normal phase high pressure liquid chromatography (NP-
PLC) carried out using a semi-preparative silica column (Spheri-

orb S5W, Phase Sep, Queensferry, CLWYD, UK) eluted with a
0-min linear gradient from 9:1 to 8:2 (by volume) of n-hexane/2-
ropanol (flow rate 5 2 ml/min). These elution conditions allow the
eparation of 1(3)- and 2-acyl-glycerols (retention time of 18 and 20
in, respectively) from N-acylethanolamines (retention time 5

6–27 min). NP-HPLC fractions from 17 to 22 min and from 24 to 28
in were pooled, the solvent evaporated in a Speed-Vac, and the

omponents derivatized with 20 ml N-methyl-N-trimethylsilyl-tri-
uoroacetamide 1 1% trimethylchlorosylane for 2 h at room temper-
ture and analyzed by GC–MS carried out under conditions de-
cribed previously (32) and allowing the separations of monoacyl-
lycerols or N-acylethanolamines with different fatty acid chains.
S detection was carried out in the selected ion monitoring mode

sing m/z values of 427 and 419 (molecular ions for deuterated and
ndeuterated anandamide), 412 and 404 (loss of 15 mass units from
euterated and undeuterated anandamide), 530 and 522 (molecular
ons for deuterated and undeuterated 2-AG), and 515 and 507 (loss of
5 mass units from deuterated and undeuterated 2-AG). The area
atios between signals of deuterated and undeuterated anandamide
aried linearly with varying amounts of undeuterated anandamide
20 pmol–20 nmol). The same was applied to the area ratios between
ignals of deuterated and undeuterated 2-AG in the 100-pmol to
0-nmol interval. Anandamide and 2-AG levels in unknown samples
ere therefore calculated on the basis of their area ratios with the
262
oth deuterated and undeuterated mono-arachidonoylglycerol were
ound, corresponding to 2-AG and 1(3)-AG, in agreement with the
revious observation that 2-AG undergoes isomerization during the
urification procedure (34). Therefore, the amounts of 2-AG were
alculated by adding the amounts of the two isomers. The amounts of
ndocannabinoids are expressed as picomoles or nanomoles per gram
f wet tissue extracted.

Statistics. Data of the experiment I (CB1 receptor-mRNA levels
nd endocannabinoid contents in the pituitary gland and the hypo-
halamus of intact males and normal cycling females) were assessed
y using one-way analysis of variance followed by the Student–
ewman–Keuls test, whereas data of the experiment II (CB1

eceptor-mRNA levels in the pituitary gland of D9-THC-treated go-
adectomized and sex steroid-replaced gonadectomized rats) were
ssessed by using two-way analysis of variance (D9-THC treat-
ent 3 sex steroid treatment) followed by the Student–Newman–
euls test.

ESULTS

xperiment I: Levels of CB1 Receptor-mRNA
Transcripts in the Anterior Pituitary Gland and
Endocannabinoids in the Anterior Pituitary Gland
and the Hypothalamus of Intact Males and Normal
Cycling Females

In this experiment, we first examined the levels of
B1 receptor-mRNA transcripts in the anterior pitu-

tary gland of intact males and normal cycling females.
e observed that males had higher levels of CB1

eceptor-mRNA transcripts in the anterior pituitary
land than females (Table 1). The levels of CB1

eceptor-mRNA transcripts also fluctuated in the an-
erior pituitary gland of females through the different
hases of the ovarian cycle, with the highest values
bserved in the second day of diestrus and the lowest
ne in the estrus (Table 1).
In these animals, we also measured the contents of

ndocannabinoids in the pituitary gland and the hy-
othalamus. We observed that females had higher
ontents of anandamide than males in both cases
Fig. 1). The contents of anandamide also fluctuated
uring the ovarian cycle in the pituitary gland of
emales (Fig. 1). The highest values were found in
he estrus and the lowest in the first day of diestrus
nd the proestrus (Fig. 1). By contrast, the pattern
ollowed by anandamide contents in the hypothala-
us through the ovarian cycle exhibited an interest-

ng inverse correlation with that in the pituitary
land (r 5 20.7786) (see Fig. 1), although the dif-
erences in the hypothalamus did not reach statisti-
al significance. On the other hand, males seemed to
xhibit higher 2-AG contents in the pituitary gland,
ut lower in the hypothalamus, than females, al-
hough 2-AG data did not reach statistical signifi-
ance in any cases, using analysis of variance, for
oth the differences between males and females, and
he fluctuations during the ovarian cycle in females
Table 1).
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xperiment II: Response of CB1 Receptor Gene in the
Anterior Pituitary Gland of Gonadectomized and
Sex Steroid-Replaced Rats to a Chronic D9-THC
Administration

In this experiment, we first examined whether CB1

eceptor-mRNA levels measured in the anterior pitu-
tary gland were altered after gonadectomy and sex
teroid-replacement in both sexes. We observed that
rchidectomy (ORCHX) in males reduced CB1 receptor-

CB1 Receptor mRNA Levels, Measured by in Situ Hybridi
-Arachidonoyl-glycerol, Measured by Gas Chromatography
ypothalamus of Adult Intact Male and Normal Cycling Fem

Groups
CB1 receptor mRNA levels

(arbitrary units of optical density)

emales
Diestrus (1st day) 6.1 6 2.6a

Diestrus (2nd day) 15.2 6 3.8b

Proestrus 5.7 6 2.0a

Estrus 3.0 6 0.9a

ales 21.3 6 2.2b

tatistics F(4,23) 5 8.705, P , 0.005

Note. Details in the text. Values are means 6 SEM (n 5 5–7 per g
or the analysis of 2-arachidonoyl-glycerol contents). Statistical di
tudent–Newman–Keuls test. Values with common superscript lette

FIG. 1. Concentrations of anandamide, measured by gas
hromatography–mass spectrometry, in the anterior pituitary gland
nd the hypothalamus of adult intact male and normal cycling fe-
ale rats. Details in the text. Values are means 6 SEM of three

eterminations per group. Statistical differences were assessed by
ne-way analysis of variance (anterior pituitary gland: F(4,12) 5
.954, P , 0.05; hypothalamus: F(4,14) 5 1.951, P 5 0.178)
ollowed by Student–Newman–Keuls test. Values with common let-
ers are not statistically different.
263
RNA levels, and replacement with dihydrotestoster-
ne did not change significantly the effect of ORCHX
Table 2). In females, estradiol-replaced ovariecto-

ized (OVX) rats exhibited significantly lower CB1

eceptor-mRNA levels in the anterior pituitary gland
han OVX animals that had not been replaced with this
strogen (Table 2).
In this experiment, we also examined if the previ-

usly reported down-regulatory response of CB1 recep-
or gene in the anterior pituitary lobe to the chronic
dministration of D9-THC is under sex steroid influ-
nce. We observed that chronic D9-THC treatment de-
reased CB1 receptor-mRNA levels in the anterior pi-
uitary gland of intact and ORCHX males, but not in
ihydrotestosterone-replaced ORCHX males (Table 2).
n females, D9-THC treatment produced no effect in
oth OVX and estradiol-replaced OVX rats (Table 2).

ISCUSSION

In recent studies, we have demonstrated the pres-
nce of mRNA transcripts (21) and immunoreactivity
22) for the CB1 receptor in the anterior pituitary
land. We have also provided evidence, by using
ouble-labeling staining, that cells that contain CB1

eceptor in the anterior lobe of the pituitary gland are
ostly PRL-secreting cells, although immunoreactiv-

ty for the CB1 receptor was also found in gonadotrophs
22). In addition, although previous studies demon-
trated that classic plant-derived cannabinoids, such
s D9-THC, were unable to alter PRL secretion from
ncubated pituitary glands (20), we have preliminary
vidence that anandamide affects PRL secretion in
itro from dispersed anterior pituitary cells and this
ffect is blocked by CB1 receptor antagonists (23). All
his supports the existence of functional receptors act-
ng directly at the anterior pituitary level in the control
f hormone secretion, in particular of PRL secretion.

ion, in the Anterior Pituitary Gland and Concentrations of
ass Spectrometry, in the Anterior Pituitary Gland and the
le Rats

2-Arachidonoyl-glycerol (nmol/g tissue)

Hypothalamus Anterior pituitary

11.8 6 1.7 8.8 6 0.3
9.9 6 0.5 5.5 6 1.4

10.2 6 1.2 7.8 6 1.5
9.1 6 0.9 7.0 6 1.6
6.0 6 2.0 10.8 6 2.4

F(4,13) 5 2.256, P 5 0.143 F(4,13) 5 2.21, ns

p for the analysis of CB1 receptor mRNA levels and n 5 3 per group
ences were assessed by one-way analysis of variance followed by
are not statistically different.
zat
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The present study provides further information on
hese pituitary CB1 receptors, since we have demon-
trated that the expression of CB1 receptor gene in the
nterior pituitary gland is subjected to sex steroid-
ependent influence, much in the same way as the
ctivity of anterior pituitary cells is [for review, see
27)]. Thus, CB1 receptor mRNA levels exhibited dif-
erences between males and females, and fluctuated
uring the ovarian cycle in females. This is concordant
ith the observation that the effects of exogenous can-
abinoids are sex-dependent and also vary depending
n the ovarian phase in females [for review, see (14–
7)]. For instance, it has been previously shown that
ales are more sensitive than females to cannabinoid-

nduced changes in pituitary hormone secretion (15,
6). The present study provides evidence that the
mounts of CB1 receptor mRNA transcripts in the an-
erior pituitary gland of males are higher than those in
emales. Moreover, in females we observed a rise in the
mounts of CB1 receptor mRNA transcripts in the an-
erior pituitary gland during the second day of the
iestrus. These changes are fully concordant with our
revious data on CB1 receptor binding in the medial
asal hypothalamus (35), where also higher binding in
ales than females and fluctuations during the ovar-

an cycle with a peak in the diestrus were found (35).
The influence of circulating sex steroids in the basal

xpression of CB1 receptor gene in the anterior pitu-
tary gland is also supported by results obtained in the
resent study using gonadectomized and sex steroid-
eplaced animals. In males, castration reduced CB1

eceptor mRNA levels in the anterior lobe of the pitu-
tary gland, suggesting a possible stimulatory influ-
nce of androgens in the expression of this gene. Re-
lacement with dihydrotestosterone did not recover
he levels found in intact males, thus suggesting that
B1 receptor gene might be under the stimulatory in-
uence of testosterone only following its aromatization

Effects of Chronic (7 Days) Administration of D9-Tetrahydro
nits of Optical Density), Measured by in Situ Hybridizatio
teroid-Replaced Gonadectomized Male and Female Rats

Groups 1Vehicle 1D9-T

emales
OVX
OVX 1 estradiol

22.2 6 3.0
9.4 6 2.7†

27.4 6 5
7.5 6 1

ales
Intact 16.9 6 1.3 10.1 6 1
ORCHX 12.6 6 1.3§ 8.9 6 0
ORCHX 1 DHT 9.8 6 1.3§§ 11.1 6 1

Note. Details in the text. Values are means 6 SEM of seven to nine
ex by two-way analysis of variance (D9-THC treatment 3 sex ster
*P , 0.005 vs. the corresponding vehicle-treated group; †P , 0.0
.05, §§P , 0.05 vs the intact group in males).
264
o estradiol. Further studies using replacement with
estosterone and aromatase inhibitors will be required
o demonstrate this hypothesis. In females, castration
pparently increased CB1 receptor gene expression in
he anterior pituitary gland, whereas replacement
ith estradiol markedly reduced the amount of tran-

cripts to the levels found in the diestrous phase. This
nding suggests that estradiol might negatively regu-

ate the expression of CB1 receptor gene in the anterior
ituitary gland of females. Assuming that CB1 recep-
ors located in this pituitary lobe are involved in the
nhibitory control of, among others, PRL secretion, as
uggested by recent in vitro (23) and double-labeling
22) studies, the decrease in the levels of CB1 receptor-

RNA observed in the anterior pituitary gland of OVX
ats replaced with estradiol would be consistent with
he increase in plasma PRL levels observed previously
ith his hormone (17) under conditions similar to those
sed in the present study.
In a previous study (21), we demonstrated the pres-

nce of endogenous ligands for CB1 receptors in the
nterior pituitary gland as well as in the hypothala-
us. We observed for the first time that 2-AG and

nandamide are present in the anterior pituitary
land. Furthermore, the presence of its lipid precursor,
-arachidonoyl-phosphatidylethanolamine, suggests

hat anandamide could be synthesized in the pituitary
21). This finding supports the involvement of endocan-
abinoids in the control of anterior pituitary hormone
ecretion, not only at the hypothalamic level, as previ-
usly suggested (7, 12–20), but also through their ac-
ion at CB1 receptors located in the pituitary. In the
resent study, we have again detected measurable
mounts of 2-AG and anandamide in the pituitary
land, as well as in the hypothalamus. These amounts
o not necessarily reflect the amounts that are actually
eleased from afferent pituitary neurons and pituitary
ells. For example, it is known that under the same

nnabinol (D9-THC) on CB1 Receptor mRNA Levels (Arbitrary
n the Anterior Pituitary Gland of Gonadectomized and Sex

Statistics (two-way ANOVA)

†
D9-THS treatment: F(1,27) 5 0.29, ns
Steroid treatment: F(1,27) 5 22.91, P , 0.0005
Two-way interaction: F(1,27) 5 1.10, ns

* D9-THC treatment: F(1,39) 5 10.23, P , 0.005
Steroid treatment: F(2,39) 5 4.17, P , 0.05
Two-way interaction: F(2,39) 5 6.03, P , 0.05

erminations per group. Statistical differences were assessed for each
treatment) followed by Student–Newman–Keuls test (*P , 0.05,

, ††P , 0.0005 vs the corresponding gonadectomized group; §P ,
ca
n, i
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ut only 20% of 2-AG, biosynthesized de novo is re-
eased outside neurons (32). Furthermore, anandamide
nd 2-AG are selectively released from striatum and
ippocampus, respectively (34, 36). So, it is possible
hat only a minor part of the 2-AG found by us in the
ituitary acts as an extracellular mediator.
In our experiment, we have observed that pituitary

nd hypothalamic contents of anandamide are also
nder a possible sex steroid influence. Thus, in con-
rast with what we observed here for CB1 receptor-
RNA levels, the contents of anandamide in the pitu-

tary gland and the hypothalamus were higher in
emales than males, thus indicating sex-dependent dif-
erences in the ligand/receptor ratios. In addition,
nandamide contents in the anterior pituitary gland
eaked in the estrous phase, but exhibited lower levels
n the second day of diestrus, in clear difference with
he fluctuations of CB1 receptor-mRNA transcripts. On
he other hand, there was a possible correspondence
etween the contents of anandamide in the hypothal-
mus and the amounts of CB1 receptor-mRNA tran-
cripts in the anterior pituitary gland through the
varian cycle. In fact, although the values found in the
wo days of the diestrus were clearly different for both
arameters, the lowest values were always measured
n the estrus, whereas intermediate values were found
n the proestrus. This may indicate that anandamide
cting on pituitary CB1 receptors has a hypothalamic
ather than a pituitary origin. However, this might
hange during some phases of the ovarian cycle since
he correspondence between the two parameters was
ot always direct (i.e., the diestrous phase). Anyway,
his hypothesis will require further investigation.

It is worthwhile mentioning that there also was a
ood inverse correlation between the patterns followed
y anandamide contents in the anterior pituitary gland
nd in the hypothalamus during the ovarian cycle.
his might suggest the existence of a feed-back control
etween the two regions and/or that the regulation by
ex steroids of anandamidergic activity in the hypo-
halamus is the opposite of that in the pituitary gland,
hich might have important physiological implica-

ions. It is also important to note that the levels of the
ther endocannabinoid analyzed, 2-AG, did not vary
ignificantly during the ovarian cycle or between males
nd females in both the anterior pituitary gland and
he hypothalamus, as also observed in previous analyt-
cal studies carried out in the rat brain (37). The find-
ng of variations in anandamide, but not 2-AG, con-
ents during the ovarian cycle may suggest that, in the
ituitary, anandamide rather than 2-AG plays a phys-
ological role. It appears, therefore, that the levels of
B1 receptors and endogenous cannabinoid ligands are
ubjected to a complex and differential regulation by
ex steroids.
265
hether the recently-reported response (inhibition fol-
owed by stimulation) of CB1 receptor-mRNA tran-
cripts in the anterior pituitary gland to the chronic
xposure to synthetic or plant-derived cannabinoids
21), is also under sex steroid influence. Thus, we an-
lyzed the levels of transcripts after a 7-day period of
aily D9-THC treatment to gonadectomized and sex
teroid-replaced animals. Results demonstrated that
hronic D9-THC treatment had no effect on the amount
f CB1 receptor transcripts in both OVX and estradiol-
eplaced OVX rats. This is concordant with previous
bservations that females are less vulnerable to (or
etter protected from) the effects of chronic cannabi-
oid exposure (for review, see (38)). On the contrary, in
ales, chronic D9-THC treatment produced a marked

eduction in CB1 receptor-mRNA transcripts in intact
nd ORCHX animals, as observed previously (21),
ut was ineffective in dihydrotestosterone-replaced
RCHX animals, suggesting that this response might
e also under androgen influence.
In summary, these data collectively support the con-

lusion that the expression of CB1 receptor gene in the
nterior pituitary gland is under the control of sex
teroids in both males and females and this control also
ffects the response of this gene to chronic activation of
B1 receptors with a specific agonist. We have also
bserved that endocannabinoid contents in the ante-
ior pituitary gland, as well as in the hypothalamus,
ight be also controlled by circulating sex steroids.
he functional implications of these data are dis-
ussed.
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