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ABSTRACT

The endocannabinoid receptors Cnrl and Cnr2 have been found in reproductive organs such as the oviduct and uterus. These
receptors bind to endocannabinoids, the arachinodoylethanolamine (AEA) and arachinodoylglycerol (2-AG), respectively. Both
cannbinoid receptors have been investigated for their role in implantation and fertilization. However, not much is explored in
terms of their role in ovarian granulosa cells. As these two receptors (especially Cnrl) have affinity towards the major
component of Cannabis, tetrahydrocannabinol (THC), its usage raises concerns about the potential effects of THC on ovarian
functions. Hence, it is important to characterize the role of endocannabinoid system in the ovarian granulosa cells. The
objectives of this study were to use the mouse model to: (1) profile the expression pattern of the Cnrl and Cnr2 and the
endocannabinoid metabolizing enzymes (Faah and Mgll) in granulosa cells and (2) to determine the effect of the Cnrl
antagonist, AM251 on ovarian functions. We found that CnrI transcript abundance was higher (p < 0.05) at 4 h hCG than 24h
and 48 h eCG timepoints, whereas Cnr2 transcript decreased (p < 0.05) with follicular development. Conversely, Faah and Mgll
transcripts were higher at 14h hCG (p < 0.05) suggesting their upregulation after ovulation. The ovulation rate was lower in
AM251 than vehicle-treated mice (p < 0.05), indicating that Cnrl signaling may regulate ovulation. Further investigating the
effect of AM251, we found that it significantly downregulated Ptgs2 and Pappa (p < 0.05). Overall, these data suggest that Cnrl,

an important player in the endocannabinoid system, is important for ovulation.

1 | Introduction

The cannabinoid receptors, which are members of G protein-
coupled receptors (GPCR) namely, Cnrl which was first cloned
from rat cerebral cortex cDNA library [1] and CNR2 was first
cloned from human promyelocytic leukemia cell HL60 cDNA
[2], led to the discovery of the endocannabinoid system. The
endogenous ligand that binds to CNR1 with high affinity is
N-arachidonoylethanolamine (AEA, a.k.a. Anandamide) inves-
tigated in procine brain and the one that binds to CNR2 is
2-arachidonoylglycerol according to a study in canine intestine
(2-AG) [3, 4]. The endocannabinoids, AEA and 2-AG are

degraded by enzymes fatty acid amide hydrolase (Faah) and
monoglyceride lipase (Mgll), respectively [5, 6]. The receptors
with endogenous ligands and their metabolizing enzymes con-
stitute the endocannabinoid system, whose roles in physiology
are being uncovered in different organ systems. For example,
Cnrl has been extensively studied investigating brain where it is
known to have an inhibitory effect on adenylyl cyclase and the
cAMP/PKA pathway (Reviewed in [7]). This receptor is also
known to activate the MAPK/PI3K pathway leading to cell
survival shown in human astrocytoma cells [8]. Another study
in mice using a Cnrl agonist (WIN 55, 212-22) in GT1-7,
immortalized GnRH neurons showed that Cnrl has an
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Summary

« The Cnrl and Cnr2 receptors are well-studied cannabi-
noid receptors in the brain.

« Their presence in ovaries hints at a regulatory role in
ovarian functions.

 This study aimed to examine how the expression of
these receptors and cannabinoid metabolizing enzymes
changes during follicular development and the role of
Cnrl in ovulation using the mouse model.

» We found that Cnrl is upregulated by the preovulatory
hCG treatment in immature superovulated mice.

Inhibition of Cnrl reduced ovulation rate and down-
regulated key ovulatory genes. These data demonstrate
that the cannabinoid receptor, Cnrl plays a key role in
ovulation in mice.

inhibitory effect on Gonadotropin-releasing hormone (GnRH)
release in dose dose-dependent manner and this negative rela-
tionship was confirmed using an antagonist (AM251) [9]. This
study observed the elongation of proestrous stage, which is one
of the four stage of estrous cycle in mice, by 2 days in Cnrl
agonist (CP 55,940) treated group [9].

Several studies, based on the ubiquitous distribution of the
cannabinoid receptors proposed that they have a spectrum
of physiological roles in multiple organ systems including
pain, energy metabolism, cardiovascular and reproductive
functions [10]. While endocannabinoids and by extension
cannabis have positive effects on physiology, cannabis use
may not necessarily lead to positive health outcomes. For
example, though the antiepileptic effects of cannabis are
long known, there are case reports of increased seizure
frequency after marijuana smoking [11]. Mouse studies
have also shown that while AEA modulates the seizure
threshold and severity [12], it increases seizures in mice
lacking the Faah gene [13]. These observations together
suggest dose-dependent effects of the endocannabinoids.
Similarly, the use of cannabis may have positive or negative
health outcomes in humans. Therefore, it is necessary to
understand the tissue-specific roles of the endocannabinoid
receptors.

The endocannabinoid receptors are expressed in female
reproductive organs such as the fallopian tube and uterus,
suggestive of their potential role in female fertility [14]. A
Cnrl and Cnr2 knockout mouse study reported embryo
retention in the oviduct indicating their importance in em-
bryo transfer to the uterus for implantation [15]. A human
study revealed that plasma AEA levels increase during the

and luteinizing hormone/choriogonadotropin receptor
(LHCGR) expression in rat granulosa cells [17]. A mouse
study showed that THC administered orally resulted in
reduced litter size [18]. These observations indicate that
Cnrl1/2 may play regulatory roles in the ovary, which have
not been thoroughly explored.

Hence, in this study, using the mouse model, we aimed to (1)
profile the expression pattern of the Cnrl and Cnr2 and the
endocannabinoid metabolizing enzymes (Faah and Mgll) in
granulosa cells and (2) to determine the effect of the Cnrl
antagonist, AM251 on ovarian functions.

2 | Materials and Methods

21 | Animals

We used 3-weeks old C57BL/6 immature mice (10-12 g) bought
from Charles River laboratories. They were kept in standard
cages under 12h light and dark cycles from 7:00a.m. to
7:00 p.m. and were given feed ad libitum. The experiments were
conducted following the Canadian Council of Animal Care
guidelines and were approved by the Facility Animal Care
Committee, McGill University (protocol number 2019-7550).
The number of mice per treatment and timeline groups were
based on previous studies involving immature superovulated
mice [19-22].

2.2 | Superovulation

Immature mice were superovulated with equine chorionic
gonadotropin (eCG; Folligon, Cat. 00806285, Intervet Canada;
5IU/200 uL, ip) and human chorionic gonadotropic (hCG;
Chorulon, CH-475-1, Intervet Canada; 5IU/200uL, ip) ad-
ministered 48 h apart. First, ovaries were collected, for granu-
losa cell isolation, at different timepoints (N =3-4 mice per
timepoint) corresponding to different stages of follicle devel-
opment, ovulation, and corpus luteum formation (Table 1). The
ovulation process is completed by 12-14 h after hCG adminis-
tration [21].

A second group of immature mice were superovulated as
mentioned above but were treated with a specific Cnrl antag-
onist, AM251 (5ug/g, ip; Cat. S2819, Selleckchem), 30 min
before hCG treatment. This drug has been shown to be efficient
in inhibiting the Cnrl receptor injected 30 min before other

TABLE1 |
genesis for granulosa cell collection in mice treated with the standard

Timepoints and their representative stages of folliculo-

super-ovulation protocol (details in Methods).

follicular phase of the menstrual cycle peaking around Timepoints Follicular development stages
ovulation, signifying its potential role in follicular devel- 0h eCG Small antral follicle
opment and ovulation [.16]. As the r.najor cannabis co.rnpo- 241 eCG Growing antral follicle

nent, tetrahydrocannabinol (THC), is an exogenous ligand )

for Cnrl, multiple studies have posited the negative effects 48h eCG Preovulatory follicle

of THC on reproductive processes. One study demonstrated 4h hCG Ovulating follicle

th'at TH.C treatment in vitro re.:sulted in lowe'r follicl(?— 14h hCG Corpus luteum
stimulating hormone (FSH)-induced steroidogenesis
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treatments [23] and effective for up to 24 h in zebrafish [24]. In
the preliminary experiment, two different doses of AM251 drug
(5ug/g and 10 ug/g, ip) were tested. Since both these doses did
not have significant difference in ovulation rate (data not
shown), further experiments were performed using the lower
dose. The control group mice were treated with DMSO (vehicle)
30 min before hCG treatment. Oviducts were collected at 18 h
post-hCG to count the number of oocytes ovulated and observe
cumulus-oocyte complex expansion between groups. The COC
expansion was observed between the AM251 treated and vehi-
cle group using the Nikon Eclipse TE2000-S microscope, and
the images were captured with NIS software at 10X magnifi-
cation and phase contrast setting. The image quantification was
done using ImageJ 1.53e software.

A third group of mice were treated with AM251 as above, but
ovaries were harvested at 4h hCG (N =3 per group) to collect
granulosa cells from ovulating follicles. Ovaries were also har-
vested from three mice at 48h post-eCG (0h hCG) to collect
granulosa cells from preovulatory follicles before hCG
stimulation.

2.3 | Granulosa Cell Collection

Ovaries were collected in Eppendorf tubes containing 400 uL
of 1x PBS on ice. These were then transferred to 35 X 10 mm
petri dishes having 200 uL of 1x PBS and all the fat sur-
rounding them was removed. The ovaries were then punc-
tured with 27-gauge needles in new petri dishes with 200 uL
1x PBS. The exudates from follicles of both ovaries of each
mouse were pooled and filtered through 40 um sterile cell
strainers (Cat. 352340, Fisher Scientific, Canada) separating
cumulus oocyte complexes from granulosa cells [19]. The

filtrate was then centrifuged at 7000 rpm for 10 min and the
supernatant was discarded followed by RNA extraction from
granulosa cells.

2.4 | RNA Purification and cDNA Synthesis

RNA from granulosa cells was purified using Direct-zol RNA
Miniprep Kit (Cat. R2053, Zymo Research, VWR, Canada) as
per manufacture's protocol. The quality and quantity of RNA
was measured using Nanodrop 2000 (Thermoscientific). The
cDNA was synthesized using iScript Advance cDNA Kit (Cat.
1725038, Bio-Rad, Canada) from 250 ng of RNA according to
the manufacturer's protocol.

2.5 | Real Time qPCR

All the primers used (Table 2) were ordered from Integrated
DNA Technologies (Iowa, USA) and they were validated for the
efficiency between 90% and 110%, and R* from 0.98 to 1. The
experiment was performed using manufacturer's protocol. The
primer, Pappa, and Ptgs2 were validated through amplicon
sequencing because of low melt curve and was only included in
data after verifying the presence of amplicon in the sample. The
gqPCR assays were performed according to MIQE guidelines
[22]. For each qPCR reaction, Advanced qPCR Mastermix was
used (Cat. 800-435-UL, Wisent, Canada) and the assay was
performed according to the Wisent protocol. The following
conditions were applied for qPCR assay: initial denaturation at
95°C for 2 min followed by 39 cycles of denaturation at 95°C for
55, annealing and extension at 60°C for 30s and final step at
95°C for 10s. The readings were displayed on 384 CFX manager
TM software (BioRad) and for the analysis of relative transcript

TABLE 2 | Primers used for real-time qPCR to quantify mRNA abundance in mouse granulosa cells.
Gene Forward Reverse
Areg AGGGGACTACGACTACTCAG GAAACTTGGCAGTGCATGGA
B2m TTCTGGTGCTTGTCTCACTGA CAGTATGTTCGGCTTCCCATTC
Cnrl GTACATTCTCTGGAAGGCTCAC CTGCACCTTGCCATCTTCT
Cnr2 GTTACCCGCCTACCTACAAAG GAGCGGCAGGTAAGAAATCA
Cyp19A1 TGGAGAACAATTCGCCCTTTC CCGAGGTGTCGGTGACTTC
Egri TCGGCTCCTTTCCTCACTCA CTCATAGGGTTGTTCGCTCGG
Faah TGAACGAGGGTGTGACATCG TTCCACGGGTTCATGGTCTG
Mgll AGGCGAACTCCACAGAATGTT ACAAAAGAGGTACTGTCCGTCT
Pappa CACAGGCAGAGCATCAGGAAG TGCTTGCCATGAGGTAACCAG
Pgr GGTGGAGGTCGTACAAGCAT CTCATGGGTCACCTGGAGTT
Prgs2 TGAGCAACTATTCCAAACCAGC GCACGTAGTCTTCGATCACTATC
Pitx3 CCTGCGATCCTGCTTTGTG GGTGGGATGAAGTCCATTGTC
Rpl119 ATGAGTATGCTCAGGCTACAGA GCATTGGCGATTTCATTGGTC
Scarb1 TTTGGAGTGGTAGTAAAAAGGGC TGACATCAGGGACTCAGAGTAG
Sdha GGAACACTCCAAAAACAGACCT CCACCACTGGGTATTGAGTAGAA
Star CAGAGGATTGGAAAAGACACGG GGCATCTCCCCAAAATGTGTG
Tnfaip6 GGGATTCAAGAACGGGATCTTT TCAAATTCACATACGGCCTTGG
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abundance Starting Quantity values were taken and normalized
against the three reference genes (succinate dehydrogenase
complex, subunit A (Sdha), ribosomal protein L19 (Rpl19) and
beta-2-microglobulin (B2m) [22].

2.6 | Group Size

The size of the samples (N) varies among different objectives to
fulfil the required number. The variation within an experiment
occurs because of replicate being an outlier which could be due
to varied mouse response to hormonal treatment. A number of
3 mice were decided for Figures 3 and 4 experiment because of
minimum statistical requirement.

2.7 | Statistical Analysis

All data were analyzed using R package (4.0.3 version) and the
level of significance was set to p < 0.05. Normality was tested
using the Shapiro-Wilk test. The transcript abundance data and
ovulation rates were analyzed by one-way ANOVA followed by
the multiple comparison Tukey's test and Student's t-test
respectively. Cumulus oocyte expansion quantification was
analysed using Student's t-test.
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3 | Results

3.1 | Transcript Abundance of Endocannabinoid
Receptors and Degrading Enzymes in Granulosa
Cells During Follicular Development Ovulation and
CL Formation

Follicular development is a result of a tightly concerted gene
expression program. Expression patterns of gene groups reveal
their potential role in folliculogenesis and ovarian functions.
Therefore, first, we sought to profile the transcript levels of the
endocannabinoid system genes in granulosa cells collected at
carefully selected timepoints representative of specific stages of
follicular and corpous luteum (CL) development (Table 1). The
expression patterns of the endocannabinoid receptors, Cnrl and
Cnr2, and the endocannabinoid degrading enzymes, Faah and
Mgll, were analyzed using qPCR analyses. There was a signifi-
cant difference in mRNA abundance of Cnrl, Cnr2, Faah and
Mgll transcripts at different timepoints analyzed. The mRNA
level of the primary AEA and THC receptor, Cnrl was higher at
4 h post-hCG than 24 h and 48 h after eCG treatment (p < 0.05,
N =3, Figure 1). In contrast, mRNA levels of the 2-AG receptor,
Cnr2 were higher at 0 h eCG than all other timepoints (p < 0.05,
N =4, Figure 1). The transcript abundance of Faah, and Mgll
were higher at 14h hCG compared to all other timepoints
(p <0.05, N=3 (Faah), N =4 (Mgll), Figure 1).
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FIGURE1 |

Graphs of mRNA abundance of endocannabinoid receptors and degrading enzymes in granulosa cells collected at different time-

points. Quantitative-PCR was performed to profile the expression pattern of Cnrl, Cnr2, Faah, and Mgll. Data was normalized to reference genes
B2m, Rpl19 and Sdha. Data are represented as Mean + SEM (N = 3-4 per time point). The bars are means and the points are individual data points

(®). *Denotes p < 0.05.
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FIGURE 2 | (A) Graph showing the effect of Cnrl antagonist (AM 251) on ovulation in mice post 18 h hCG. Data are represented as
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Cnrl antagonist (AM251) on cumulus oocyte complex (COC) in mice collected post 18 h hCG (N =5). (C) Graph showing the effect of Cnrl
antagonist (AM251) on cumulus oocyte complex area post 18 h hCG. Data are represented as Mean + SEM (n = 5). The bars are means and the
points are individual data points (®).
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3.2 | Effect of the Cnrl Antagonist, AM251 on
Ovulation

As there was a threefold increase in Cnrl expression in
response to hCG stimulus, we hypothesized that Cnrl sig-
naling may be necessary for ovulation. We sought to test this
hypothesis by inhibiting the Cnrl signaling with a specific
reverse agonist AM251 [25]. Intraperitoneal administration
of AM251 (5ug/g) had a significant effect on the hCG-
stimulated ovulation in immature superovulated mice. The
mean number of oocytes was 56.2% lower in AM251-treated
than vehicle-treated mice (p <0.05, N=8-10, Figure 2A).
However, among the ovulated oocytes, there was similar
Cumulus oocyte expansion between the two groups of mice
(N =5, Figure 2B) hence the groups were not statistically
significant (N =5, Figure 2C).

3.3 | Inhibition of Cnrl Decreases the mRNA
Levels of Ptgs2, and Pappa Involved in Ovulation

With the observation that inhibition of Cnrl signaling reduced
ovulation rate, we pursued to uncover the disruption of the
ovulatory gene expression program in ovulating follicles. We
analyzed the expression of luteinizing hormone (LH) regulated
genes involved in ovulation [22] in the vehicle and AM251-
treated mice using qPCR analyses. The hCG-induced mRNA
abundance of prostaglandin-endoperoxide synthase 2 (Ptgs2)
and pappalysin 1 (Pappa) genes was lower at 4 h post-hCG in
granulosa cells of AM251 compared to vehicle-treated mice
(p<0.05, N=3, Figure 3). The transcript abundance of the
luteinization marker genes, steroidogenic acute regulatory
protein (Star), pentraxin 3 (Ptx3), and scavenger receptor class B
(Scarb) were not different between vehicle and AM251-treated
mice. The mRNA levels of the other hCG-regulated genes such
as progesterone receptor (Pgr), cytochrome P450 family 19
subfamily A member 1 (Cypl9al), early growth response 1
(Egrl), TNF alpha-induced protein 6 (Tnfaip6) and amphir-
egulin (Areg) were similar between vehicle and AM251 treated
mice groups (N = 3, Figure 4).

4 | Discussion

The expression pattern of endocannabinoid receptors and de-
grading enzymes during follicle development provided the first
hint of the potential mechanism by which endocannabinoid
signaling regulates ovarian functions. We found that Cnrl ex-
pression was induced during ovulation indicating that hCG
reverses the Cnrl expression that was downregulated by eCG in
granulosa cells. This is in accordance with a study conducted in
rat and human ovarian samples where Cnrl expression was
observed in granulosa cells of antral follicles post 48 h PMSG
injections and Metaphse I stage, respectively and both of which
corresponds to preovulatory stage [26, 27]. This LH-driven ex-
pression pattern is similar to other genes such as Star, Ptgs2,
and Pgr, which are all known to play critical roles during
ovulation [28, 29]. The observation that Cnr2 transcript abun-
dance decreased through follicle development and ovulation
indicated that this receptor may not mediate the

endocannabinoid signaling at later stages of follicle develop-
ment and ovulation. We observed that the expression of Faah
and Mgll increased after ovulation suggesting that en-
docannabinoid signaling may be actively reduced during the
formation of the corpus luteum. These results are in accordance
with a human study using the immunohistochemistry analysis
of the ovary, which showed that CNR2 was more prominently
expressed in early follicles and CNR1 during the late follicle
stage along with FAAH expression (MGLL expression was not
analyzed) in luteal cells [30]. Another human study also sug-
gests CNR1, FAAH, and MGLL expression in granulosa cells
[26]. However, these results are in contrast to a rat study, which
shows that Cnr2 and Faah expression are absent in granulosa
cells and are present in luteal cells [27]. Our results suggest that
Cnrl may be involved during the preovulatory stage of follicle
development. This inference is supported by a study that
showed that plasma AEA levels were high at ovulation and
were positively correlated with LH, FSH, and estradiol but not
with progesterone in women [16]. These observations provided
justification for the experiment testing the role of Cnrl signal-
ing during ovulation.

We observed that treatment with two doses of the Cnr1-specific
antagonist AM251 had a negative effect on the ovulation rate
but not cumulus oocyte complex (COC) expansion. These
findings are comparable to another study in mice where a
change in ovulation rate was shown despite no difference in
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FIGURE 3 | Graphs of mRNA abundance of Ptgs2 and Pappa in

granulosa cells collected at 0 h (post 48 h eCG) and 4h hCG timepoint
from vehicle (veh) and AM251 treated mice groups. Quantitative-PCR
was performed to profile the expression pattern of these genes. Data was
normalized to reference genes B2m, Rpl19, and Sdha. Data are repre-
sented as Mean + SEM (N =3 per time point per group). The bars are
means and the points are individual data points (®). *Denotes p < 0.05.

6 of 10

Cell Biochemistry and Function, 2025



Cypl9al

4 -
2 1 °
g ¢
<
o
= o
< 0 - ° [ ——
<
- Are
z 4 g
g
o
2
SR °
~
0 4 Py
4 Egrl
°
2 .
3
g
E 4] -
Z o
< Ptx3
z 4
5 .
2
5]
g 2 |
°
o
04 ==
Timepoint
from hCG Oh 4h 4h
Pre-hCG
Treatment - Veh AM251

FIGURE 4 |

4 A Star
°
2
°
. —— |i|
- Pgr
[ J
[
2 A ° °
L T
H
0 - ——
4 - Tnfaip6
[}
2 - I
Y [ J
[ J
0 - —— Iil
Scarb
4 -
[ J
2 - [
(]
== B
Oh 4h 4h
- Veh AM251

Graphs of mRNA abundance of Cyp19al, Star, Areg, Pgr, Egrl, Tnfaip6, Ptx3, and Scarb and in granulosa cells collected at 0 h (post

48h eCG) and 4 h hCG timepoint from vehicle (veh) and AM251 treated mice groups. Quantitative-PCR was performed to profile the expression

pattern of these genes. Data was normalized to reference genes B2m, Rpl19, and Sdha. Data are represented as Mean + SEM (N = 3). The bars are

means and the points are individual data points (®).

COC expansion between control and mitogen-activated protein
kinase 1 (MAPK1/2 also known as ERK1/2) inhibitor [20]. This
study showed that ERK1/2 levels are required post LH surge for
ovulation whereas these maintained levels are not essential for
COC expansion [20]. This implies that Cnrl may be involved in
oocyte release rather than COC expansion. It has been shown
that Cnr1 regulate ERK1/2 pathway in the mouse hippocampus
[31]. It indicates that ERK is a downstream molecule to Cnrl
signaling in the brain. Based on these studies we speculate that
Cnrl is involved in maintaining the ERK1/2 levels in ovarian
granulosa cells post LH surge and regulates follicular rupture
during ovulation. Taken together, this and the previous results
demonstrate that Cnrl signaling appears to be important for
ovulation. These results also reinforce a previous study done in
mice geminal vesicle staged oocytes surrounded by cumulus

cells, which showed that oocyte resumption of meiosis was
slower in response to the treatment with Cnrl and Cnr2 an-
tagonists, SR1 and SR2, respectively [32].

The process of ovulation involves changes in the structure of a
follicle leading to follicle rupture and therefore release of
oocyte. This consists of disruption in extracellular matrix within
the cells. There are various mediators that act downstream to
the LH signaling pathway which play a role in ovulation [33].
We showed here that inhibiting Cnrl suppressed Pfgs2 mRNA
levels and decreased ovulation rate. One study investigated the
administration of prostaglandin E2 (PGE2) in Ptgs2-knockout
mice leading to the restoration of ovulation [34]. This implies
that Ptgs2 is required for release of an oocyte as prostaglandin
receptors are present in granulosa cells and are involved in
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inflammatory processes during ovulation [35, 36]. Other studies
on human macrophages showed that the use of AM251 had a
negative effect on interleukin-1 § (IL-13), which is a cytokine
[37]. This study can be supported by another research investi-
gation in inflammation-driven mice models where it was
demonstrated that Cnrl is required for leukocyte infiltration
[38]. Taken together, Cnrl could be involved in the inflam-
mation process during follicle rupture at the time of ovulation.
Our study also showed that the blockade of Cnrl decreased the
hCG-induced transcript abundance of Pappa in granulosa cells
of ovulating follicles. A study in human ovarian follicular fluid
revealed that PAPPA is involved in proteolysis of the insulin
growth factor binding protein-4 (IGFBP4) [39, 40], increasing
the bioavailability of the insulin-like growth factor 1 (IGF),
which is known to potentiate the gonadotropin actions on fol-
licles [41]. The observation of decreased ovulation rate and litter
size in Pappa-knockout mice [42] strikes similarity with our
findings of reduced Pappa expression and lower ovulation rate.
Further, as many genes known to be LH-induced in granulosa
cells of ovulating follicles such as Star, Areg, Scarb and others
were not significantly affected by the AM251 treatment in our
study. These observations indicate that Cnr1 signaling regulates
some but not all of the gene expression programs necessary for
ovulation in mice.

Although we did not further explore the signaling mechanisms
by which Cnrl pathway regulates ovulation, it is possible to
speculate the potential mechanism based on what is currently
known about the endocannabinoid signaling. The en-
docannabinoid receptors belong to Gi class of the G-protein
coupled receptor (GPCR) family reducing the intracellular cAMP
levels upon activation [1]. It is therefore plausible that Cnr1 plays
a modulatory role in regulating cAMP concentration by exerting
a negative effect on the adenylyl cyclase activity that is activated
by the LH receptor, which is a Gs class of GPCR. This hypothesis
is supported by the observation that treatment with forskolin, an
adenylyl cyclase activator, results in lower number of ovulations
in a dose-dependent manner compared to hCG treatment in mice
[43]. But further studies would be required to thoroughly
understand the role of the endocannabinoid signaling in LH-
regulated pathways leading to ovulation. It would be interesting
to see if granulosa-specific deletion of Cnrl results in reduced
ovulation rate like our observation of lower ovulation rate in
response to AM251 treatment.

Overall, the results of the present study show that Cnrl ex-
pression is upregulated by hCG. Pharmacological inhibition of
this receptor reduced ovulation and downregulated the impor-
tant ovulatory genes implying its role in ovulation. This study
will also provide a basis to further explore the Cnrl signaling
pathway in ovaries and possible effects of cannabis and THC in
the ovarian functions.
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