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	 Abstract
	 The discovery of the cannabinoid receptors CB

1
 

and CB
2
 in 1990 and 1993, respectively, as well as of the 

two main endocannabinoids, anandamide in 1992 and 
2-arachidonylglycerol in 1995, was an important step in 
identifying the strongest homeostatic system in the human 
body, namely the endocannabinoid system. Ever since, 
research has highlighted the crucial part played by this 
system in all the reproduction stages: folliculogenesis, 
spermatogenesis, oogenesis, fecundation, transport of the 
egg through the fallopian tubes, blastocyte implantation 
and pregnancy progression, as well as its implications in the 
physiopathology of the reproductive system: in endometriosis, 
ectopic pregnancy, miscarriage, preeclampsia, endometrial 
cancer, polycystic ovary syndrome, ovarian cancer. A 
special attention must be paid to the phytocannabinoids, 
natural components originating especially from the Cannabis 
plant inflorescences, whose medical effects are well-
established nowadays with also acting on the receptors of the 
endocannabinoid system. The most recent research mainly 
focuses on the reproductive dysfunctions and disorders of 
the reproductive tissues, respectively, through its action upon 
the endocannabinoid system. Medical cannabis is nowadays 
legalized in more and more countries all over the world. 
At the same time, recreational cannabis remains one of the 
most consumed drugs (in Romania the most consumed one 
by young adults). Therefore, it is mandatory for specialists 
in obstetrics and gynecology, endocrinology, public health, 
hygiene or for general practitioners, to permanently update 
their information on this subject.

	 Keywords: endocannabinoid system, medical 
cannabis, reproductive system, public health and hygiene, 
family medicine.

INTRODUCTION

	 In the last 2-3 decades, 50 countries world 
widely have legalized or decriminalized the medical 

use of cannabis. In Europe, 23 countries finalized 
the process of legalizing the use of medical cannabis, 
while other countries, among which Romania as well, 
have this problem on their agenda. At the same time, 
recreational cannabis remains one of the most used 
drugs. According to the National Report on Drug 
Situation in 2020 – New evolution and trends (1) the 
recreational cannabis consumption, although having 
the lowest rates in Europe, preserves its ever-growing 
trend, thus continuing to be the most consumed drug 
in Romania. The most frequent consumption rate is 
observed in the young population, of fertile age (15-34 
years old), with the same sex ratio male/female 2/1, like 
in any other age groups. In Romania, one in 10 young 
adults (18-34 years old) has tried to smoke cannabis 
(10%), one in 20 smoked in the last year (5.8%) and 1 
in 40 declared cannabis consumption when questioned 
(2.5%) (2).
	 Consequently, it is mandatory for the medical 
staff to be updated with as much information as possible 
regarding the endocannabinoid system, as well as with 
its impact on the reproductive system. 
	 Therefore, the aim of the present editorial was 
to bring new insights on the endocannabinoid system, 
its main receptors, the metabolization pathways as well 
as its impact in women reproduction.
	
	 Short description of the endocannabinoid 
system in relation with the reproduction 
	 Ever since the 15th Century there has been proof 
of the medical use of cannabis, during birth (3). Still, for 
many years, the most known side effects of recreational 
cannabis use on fertility are: it decreases the LH serum 
levels (4,5), inhibits prolactin secretion (6) increases 
testosterone serum level, disturbs menstrual cycle 
(7), causes a low rate of oocyte collection during the 
in vitro fertilization (IVF) treatment (8,9), negatively 
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P<0.05 is considered as significant

influences intrauterine fetal growth (10,11), increases 
premature birth incidence (12,13), low birth weight 
and prematurity (VLBW) (7), as well as difficult child 
delivery (14,15). Nevertheless, the mechanisms through 
which these produce their effect have not been clearly 
understood. The discovery of the cannabinoid receptors 
CB

1
 and CB

2
 in 1990 and 1993, respectively, as well as 

of the two main endocannabinoids, anandamide in 1992 
and 2-arachidonylglycerol in 1995, were also the initial 
steps in identifying the strongest homeostatic system in 
the human body, namely the endocannabinoid system 
(ECS). The decades following the discovery clarified 
the role played by the ECS in all stages of reproduction: 
spermatogenesis, oogenesis, fecundation, transport 
of the egg through the fallopian tubes, blastocyte 
implantation and pregnancy progression. Also, the 
role of the ECS in the pathologies of the reproductive 
system was clarified: endometriosis, ectopic pregnancy, 
miscarriage, preeclampsia, endometrial cancer, 
polycystic ovary syndrome, ovarian cancer (16).
	 The endocannabinoid system (ECS) is defined 
as a group of receptors, ligands (endocannabinoids), 
enzymes of their synthesis and degradation and also their 
transmembrane transporters. Endocannabinoids (eCBs) 
are fatty acid derived lipids (most often arachidonic 
acid derivates) synthesized by the human body under 
the action of some specific enzymes, under a nervous 
or hormonal impulse, or of the cytokines signaling 
the cells. The best studied endocannabinoids are, 
anandamide (AEA) or N- arachidonoylethanolamide 
and 2-arachidonoylglyerol (2-AG).
	 The main receptors in the endocannabinoid 
system are: 

	 - CB
1
 receptors identified in the brain in 1990 

(17); they are mainly found in the central nervous 
system and the spine, being the main psychoactive 
receptors, and also in the fatty tissue, liver, pancreas, 
skeletal muscles and immune cells, including most 
endocrine organs. They are also found in the ovaries, 
endometrium and testicles (18,19). Intracellularly, 
CB

1
 receptors are found on the external membrane of 

mitochondria (20). Mitochondria play an important role 
in the control of cellular apoptosis, their dysfunction 
affecting gametogenesis, embryogenesis and 
embryonic stem cell production (21). Mitochondrial 
dysfunction is also associated with oxidative stress in 
the placenta, thus leading to a vascular remodeling with 
an impact on the oxygenation and functioning of fetal 
organs (22,23).
	 - CB

2
 receptors, identified in 1993, are mainly 

found in the peripheral nervous system and in the 
immune cells, in the cortex and ovarian medulla area, 
as well as in the ovarian follicles. CB

2
 are mainly 

immunomodulatory and anti-inflammatory receptors 
(24).
	 - other identified receptors of ECS are transient 
receptor potential vanilloid-1 (TRPV1), peroxisome 
proliferator-activated receptors y (PPARy) and G 
protein-coupled receptor 18, 55 or 119 (GPR18, 
GPR55, GPR119) (25).
	 ECS is involved in multiple physiological 
processes, like nociception, cognitive function, mood 
regulation, appetite regulation, lipid metabolism, 
neurogenesis, neuroprotection, cell growth and 
proliferation etc. The receptor localization and the 
ligand type explain the effects of cannabinoids (26). 

Figure 1. Metabolization of endocannabinoids. Adapted after (30).
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For example, the CB
1
 receptors in the hypothalamus are 

involved in appetite regulation, those in the amygdale 
cause memory effects and emotional reactions, those 
in the peripheral nerves act upon pain sensation. 
Anandamide (AEA) has a partially agonist action on 
CB

1
 receptor. Endocannabinoid 2-arachidonoylglyerol 

(2-AG) acts like an agonist for both types of receptors. 
It should be specified that endocannabinoids act 
more as neuromodulators in the brain, with highly 
regulated, spatiotemporal specific patterns, than as 
neurotransmitters, due to their rapid synthesis, as well 
as fast degradation (27).
	 Ligands of the cannabinoid receptors may 
also be the phytocannabinoids present especially in 
the cannabis plant, as well as synthetic cannabinoids. 
The phytocannabinoids found in the cannabis 
plant are lipophilic terpeno-phenolic compounds, 
with a pharmacological action similar to that of 
endocannabinoids, still with a different structure (28).
More enzymes are responsible for the synthesis or 
catabolism of endocannabinoids, as shown in Figure 1. 
Endocannabinoids are neurotransmitters produced “on 
request” by a cell in membrane phospholipids (29).
	 Fatty acid amide hydrolase (FAAH) is 
the main enzyme responsible for the anandamide 
hydrolase into arachidonic acid (AA) and ethanolamine 
(EA). Anandamide (AEA) is synthesized from 
N-arachidonoyl-phosphati-dyetanolamine (NAPE) by 
phospholipase D (PLD) and it is decomposed by fatty 
acid amide hydrolase (FAAH) and cyclooxygenase 
2 (COX-2), and 12-LOX into arachidonic acid, 
prostaglandin-ethanolamides or prostamides (PM) and 
12-hydroxi-AEA (12-HAEA), respectively. NAPE, 
in its turn, comes from phosphatidylethanolamine 
under the action of N-acyltransferase (NAT). 
2-arachidonoylglycerol (2-AG) is synthesized under 
the action of diacylglycerol lipase (DAGL) from 
diacylglycerol, being hydrolase by monoacylglycerol 
lipase (MAGL), COX-2, 12-LOX into arachidonic 
acid, prostaglandin glycerol ester (PG) and 12-HETE 
(12-hydroxyeicosatetraenoic acid) (31). Arachidonic 
acid is metabolized by COX-2, PGHS-1, PGHS-2 into 
prostanoids: prostaglandines (PGD2, PGE2, PGF2α), 
prostacyclin (PGI2) and thromboxane A2 (TxA2). 
Recently, there were also identified enzymes of the 
serine hydrolase family as regulators of the intracellular 
pool of 2-AG (30,32).

	 ECS involvement in women reproduction 
	 Endocannabinoids, phytocannabinoids 
and synthetic cannabinoids have an impact during 

all the reproductive stages in women, from oocyte 
development to parturition, the cells and tissues of the 
reproductive organs being equipped with a completely 
functional ECS (8,32,33). Numerous studies showed 
the presence of ECS components in the serum, 
follicular fluid, ovary, uterus, placenta, endometrium, 
immune cells, as well as in the hypothalamus, having 
an important impact on fertility, reproduction and 
endocrine function (34). Apparently, most of them are 
present in the ovary, oviduct (35) and uterus (36).
	 ECS is engaged in the central control of 
the processes involved in reproduction: Gamete’s 
maturation takes place under the action of 
hypothalamic-pituitary-ovarian axis (HPO axis). ECS 
was identified in hypothalamic areas involved in the 
production of some hormones like gonadotropin 
releasing hormone (GnRH), acting through the HPO 
axis for the regulation of various reproductive processes 
(37). Endocannabinoids, their metabolic enzymes, 
and target receptors have been shown to respond to 
endocrine signals (38). The estrogen produced by the 
ovarian follicles inhibits FAAH, thus resulting high 
levels of AEA, with a role in follicle development and 
ovulation, followed by a decrease of FAAH inhibiting 
after ovulation, due to estrogen level decrease, and 
AEA degradation (39). The same AEA increases 
under the influence of estrogens and stimulates CB1

 
in the hypothalamus, thus leading to the reduction of 
GnRH release and inhibiting FSH and LH release in 
the pituitary, gonadal suppression and reduction of 
estrogen and progesterone levels (40). The levels of 
endocannabinoids are mildly regulated by the enzymes 
involved in their synthesis and degradation. High doses 
of exogenous cannabinoids (phytocannabinoids and 
synthetic cannabinoids) exert an inhibiting effect on 
the GnRH release (39). 
	 The presence of CB

1
 receptors on the 

mitochondrial membrane allows endo and 
phytocannabinoids to influence the ovarian function 
and oogenesis, respectively. Still, it is interesting to 
observe that, in the ovarian follicles, CB

2
 receptors 

prevail comparing to CB
1
 ones, thus leading to the 

idea of an immunological part played primarily by the 
ECS in the ovarian function (19). AEA is produced by 
the follicular cells so that the concentration correlates 
with the follicular growth (41). In early stages of 
folliculogenesis, sustaining a low level of AEA allows 
the maturation of the oocyte, a maximum level of AEA 
being reached in the periovulatory phase (32). The 
AEA action on TRPV1 receptors in the spermatozoon 
facilitates the fusion with the oocyte (42,43). Multiple 
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Figure 1.  A: Before treatment; B: After treatment.

studies showed the presence of ECS components in 
the oviduct, more precisely AEA, NAPE-PLD, CB

1
, 

CB
2
, and FAAH (35,44). The transport through the 

oviduct of the fertilized egg and its growth into a 
morula are controlled by an AEA concentration 
gradient in the oviduct. This increase of the AEA 
level from the ampulla to the isthmus is maintained 
high by NAPE-PLD (the enzyme responsible for the 
synthesis) in the isthmus and low in the ampullar 
region, where FAAH (the enzyme responsible for 
degradation) is also high. Simultaneously, the FAAH 
expression increases in the embryonic cells that need 
to be protected from the AEA cytotoxicity (18). In 
the preimplantation embryos, CB

1
 and CB

2
 receptors 

are expressed, thus allowing AEA to influence the 
embryo growth through their activation (39). The 
low expression of CB

1
 receptors in the oviduct and 

decidua vera is apparently correlated with the ectopic 
pregnancy (45).
	 ECS modulates the endometrium plasticity and 
the uterus receptivity. AEA is considered to be the main 
factor enabling the synchronization between the embryo 
development and the endometrium, thus allowing 
its implantation during the so-called “implantation 
window” (Fig. 2) (46–51). AEA levels are high in 
non-receptive uteri and in the interimplantary areas in 
the receptive uterus, and low in receptive uteri and in 
implantary areas (low levels of NAPE-PLD and high 
FAAH activity and expression), thus leading to the idea 
that a balanced endocannabinoid system is essential for 

the synchronization between embryo implantation and 
endometrium preparation for it (37). The trophoblast 
differentiation is mildly controlled by AEA.
	 Its survival is favored by the FAAH increase, 
while this enzyme expression is stimulated by the pro-
fertility signaling of leptin, progesterone and cytokines 
T Helper 2 (Th2) and inhibited by the anti-fertility 
signaling of cytokines T Helper 1 (Th1) (52). There are 
studies showing that the plasma and ovary AEA levels 
have a positive correlation (46). Low FAAH levels and 
high AEA levels in peripheral blood are associated with 
a hight risk of miscarriage, or with the failure of in vitro 
fertilization (53). Placenta formation is accompanied 
by decrease of CB

1
 receptors and increase of FAAH, 

while delivery is accompanied only by CB
1
 increasing. 

The AEA plasma level decreases from the first to 
the second trimester of pregnancy, without any other 
differences between the AEA plasma levels during the 
second and third trimesters up to a sudden increase 
during delivery. Most probably, this increase leads 
to the prostaglandin level increase through an AEA 
degradation and arachidonic acid release (54) (Fig. 3). 
	 There is enough evidence regarding the effect 
of progesterone and estrogen on the ECS involvement 
in women fertility. During the menstrual cycle, the 
progesterone level is well-correlated with FAAH, and 
also with a the AEA plasma level, with which it has no 
correlation in early pregnancy (54). Progesterone has 
the following effects: during the implantation, FAAH 
decreases and reduces AEA; it plays a part in sustaining 
pregnancy through the stimulation of the synthesis 
of pro-fertility cytokines produced by type 2 helper 
(Th2), inhibiting the anti-fertility ones produced by 

Figure 3. FAAH and AEA as molecular pro- or anti-fertility integrators. 
Light grey symbolizes the pro-fertility action, while dark grey is used 
for anti-fertility. Downwards arrow symbolizes the decrease, while 
the upwards arrow shows increase. Adapted after (33).

Figure 2. Fluctuation of AEA level during the menstrual cycle and 
during pregnancy. Under physiological conditions (black bold line), 
the plasma level of AEA is higher than in the follicular phase and 
lower than in the luteal phase of the menstrual cycle. In the first 
stage of pregnancy, for a good uterine receptivity and pregnancy 
progression, the AEA level should remain low. In the mature 
placenta and during labor, the AEA level is high. Under pathological 
conditions, like eclampsia, ectopic or non-viable pregnancies, 
miscarriage (red dotted line), the AEA level is high (33).
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type 1 helper (Th1) (55); it stimulates the production of 
leukemia inhibitor factor (LIF) mediated by IL-4, which 
sustains nidation and pregnancy (56). The estrogen level 
is positively correlated with the plasmatic AEA level 
during the menstrual cycle and in non-gestational women 
after in vitro fertilization and embryo transfer (57). A 
better predictability of AEA levels is difficult to attain 
due to the opposite effects of estrogen on NAPE-PLD in 
various tissues. 17β-Estradiol has the following effects: 
during folliculogenesis, it stimulates the NAPE-PLD 
activity and increases the AEA level in the endothelial 
cells, while, during implantation, it inhibits the FAAH 
activity and increases the AEA level in the endothelial 
cells and also down-regulates NAPE-PLD activity and 
inhibits the FAAH activity in the uterus epithelium (58).
	 For sustaining pregnancy, AEA low levels and 
consecutively high levels of leukemia inhibitor factor 
(LIF) via CB

1
 receptors are essential (59). LIF is an 

IL-6 with a role in the proliferation, differentiation 
and survival of cells, being important in the immune, 
hematopoiesis and reproduction processes. In humans, 
the LIF production was detected in the endometrium, 
reaching a peak during nidation, followed by a 
decrease towards the end of the luteal phase. The LIF 
production also exists in the fallopian tubes, being 
involved in the development and differentiation of 
the blastocyte. In women with idiopathic infertility 
or recurrent abortions there was observed a low 
production of LIF (60).
	 Also, the immunity adaptation through 
peripheral T lymphocytes represents a sine-qua-non 
production for a normal pregnancy. Progesterone 
induces the pro-fertility cytokines produced by type 2 
helper (Th2), involving the CB

2
 receptor as well. The 

response of Th1 anti-fertility cytokines is inhibited by 
Th2 cytokines. AEA acts upon T cells through the CB

1
 

receptor, thus reducing the LIF release in these cells 
(61).
	 Another cytokine, leptin, produced by the 
obese gene (ob) expression in the fatty tissue, ovary 
and placenta, has an effect on the ECS involvement 
in pregnancy by stimulating the FAAH activity and 
consecutive decrease of AEA level (62). Leptin level 
varies during the menstrual cycle, being lower during the 
follicular phase than in the secretory one (63). Pregnant 
women have higher concentrations of serum leptin than 
non-pregnant. Leptin was identified in the placental 
syncytiotrophoblast and the endometrium, as well. It 
plays an important part in reproduction, modulating the 
growth and development of conception product, with 
a possible involvement in the angiogenetic processes 

during early pregnancy (64). Also, it plays a role in the 
nidation process, the blastocyte presence stimulating 
its endometrial secretion, and in sustaining pregnancy, 
with serum levels higher in pregnant women and lower 
in women undergoing miscarriage during the first 
trimester (65,66).
	 Phytocannabinoids mimic the endocannabinoid 
action, the former being natural components from 
the inflorescence of Cannabis plant. At present, 
phytocannabinoids are also attributed medical effects, 
explained by their action on the human cannabinoid 
receptors, the medical use of cannabis being completely 
different from its recreational use. These facts bring 
back to our attention the Cannabis plant, also explaining 
the continuous global actions for legalizing medical 
Cannabis products. 
	 In conclusion, up to the present time, the 
involvement of endocannabinoids in the regulation of 
food intake and energy homeostasis of the body, as 
well as their impact on the endocrine system, including 
the activity of the pituitary, adrenal cortex, thyroid, 
pancreas, and gonads (67) were highlighted. 
	 Research performed in the last 20 years showed 
a major involvement of the ECS in the central and 
local control of processes related to reproduction. It is 
well-known the fact that disbalances of the ECS may 
lead to disorders related to the reproductive system, 
such as ectopic pregnancy, miscarriage, preeclampsia 
or conditions caused by the alteration of hormonal 
homeostasis, like endometriosis or gynecological 
cancers (45,47,61,68–72). 
	 In the literature, AEA is already proposed 
as a potential biomarker for pregnancy progression, 
while the FAAH concentration in peripheral blood 
is considered a biomarker for infertility (69). Most 
recent studies focus on the treatment of reproductive 
dysfunctions, through the manipulation of the 
endocannabinoid system; nevertheless, there are 
numerous challenges to overcome in this direction 
(26), just like it is still difficult to talk about elements 
of the ECS as biomarkers for various physiological and 
pathological processes, due to their lack of specificity, 
with small exceptions, like the heterogeneity and 
complexity of the ECS. 
	 The connection between the endocannabinoid 
system and the reproductive system represents an area 
of great interest that should definitely be known, in 
the context of legalizing medical use of cannabis in 
more and more countries all over the world, and whose 
thorough research may lead to new solutions for women 
with problems of the reproductive system.
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