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ABSTRACT

Spermatozoa undergoes array of signaling and intracellular pathways and ultimately become competent enough to accomplish 
fertilization. Hormones, ion channels and signaling molecules in both male and female reproductive tract show bidirectional 
cross play. The recent discovery of endocannabinoids and their receptors in male and female reproductive system opened new 
vistas for their research in regulating sperm function. Interestingly, endocannabinoids regulate sperm motility, capacitation, 
hyperactivity and eventually acrosome reaction. However, their complex intracellular pathways are still to be understood in 
regulating spermatozoa function. The present review highlights the major breakthrough research in the area of endocannabinoids 
in male reproduction and in more specific in sperm cells, and their association with regulation of sperm fertilizing competence.
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Reproductive events are controlled by variety of humoral 
substances secreted by the hypothalamic-pituitary-gonadal 
axis at different levels and their complex interplay leads 
to successful gametogenesis, fertilization and parturition 
required for normal continuation of life. Besides the 
central axis, a large number of humoral substances have 
been recently shown to play pivotal role in reproduction. 
These substances exhibit autocrine, paracrine, neurocrine 
and endocrine functions by interacting with the receptors.  
In the recent past, endocannabinoids have been discovered 
to play critical role in reproduction through complex set of 
signalling pathways and molecules.

Various classical studies have shown that 
endocannabinoids negatively control the sperm function 
by reducing motility, capacitation, membrane potential 
and hyperactivation (Miller et al., 2016). The emerging 
role of endocannabinoids, their ligands and receptors 
has fascinated reproductive biologists to explore their 
molecular involvement in regulating reproductive 
functions. Endocannabinoids have been associated with 
both male and female reproductive events; however, in 

male studies pertaining to endocannabinoids is meager 
and still at infancy. In the last one decade, the potential 
involvement of endocannabinoids in male reproduction 
and male reproductive process has created its own space in 
understanding the physiological basis of sperm function. 
The close association of endocannabinoids in regulating 
sperm motility, viability, metabolism, hyperactivity, 
capacitation and acrosome reaction has made more 
interesting to overview the mechanistic insights of 
endocannabinoids in regulating spermatozoa function 
(Meccariello et al., 2014; Battista et al., 2015). Signaling 
pathways and intracellular communication pathways are 
very complex and involves array of receptors, ion channels, 
signalling molecules and bio-metabolites. Employing 
cellular, molecular, imaging and electrophysiological 
interventions, extensive information have been generated 
regarding sperm functional dynamics. In spite of all 
these findings, still it is very difficult to understand the 
cellular and molecular basis of spermatozoa function. 
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In the last decade, male infertility has been increased 
dramatically due to various known and unknown causes. 
Feeding, lifestyle and habits are now playing significant 
role in regulating male fertility. Fertility competence of 
spermatozoa is yet to be understood at molecular level as 
mere knowing concentration, livability and motility gives 
insufficient information regarding the fertilizing ability of 
spermatozoa.

The proposed mini-review potentially wants to highlight 
the key involvement of endocannabinoids in regulating 
spermatozoa function. The current mini-review is an 
attempt to gather scientific literature from various research 
made by various workers in the area of endocannabinoid 
signaling in spermatozoa and current work being carried 
out by our group. The review will try to address the key 
signaling pathways of endocannabinoids in sperm cells 
and will establish a possible line of future research in order 
to understand the role of endocannabinoids in regulating 
sperm fertilizing competence.

The endocannabinoid system (ECS)

The ECS comprises of group of endogenous lipids 
including amides, esters and ethers of long chain 
polyunsaturated fatty acids which bind to specific 
membrane cannabinoid receptors (CBRs) located in the 
central and peripheral nervous system (Maccarrone et al., 
2005; Meccariello et al., 2014). Cannabinoid receptors are 
the molecular targets of Δ9-tetrahydrocannabinol (THC) 
which is the major psychoactive principle of cannabis. 
Cannabis has been used as a therapeutic and recreational 
drug for centuries which binds to the cannabinoid receptor 
1 (CB1) and cannabinoid receptor 2 (CB2) to mediate its 
central and peripheral actions including modulation of 
mood, memory, appetite, pain, pregnancy and parturition 
(Maccarrone et al., 2005). More recently their role in 
regulation of spermatogenesis and sperm functions has 
been exploited (Meccariello et al., 2014; Battista et al., 
2015) and their potential role in regulation of spermatozoa 
functions in human spermatozoa have been reported.

eCBs are produced “on demand” from the membrane 
phospholipids by the synthesizing machinery present 
in the membrane followed by their extracellular 
transportation leading to their physiological effects. These 
endocannabinoids (eCB) along with the cannabinoid 
receptors, the enzymes that synthesize and degrade the 

endocannabinoids and membrane transporters constitute 
the endocannabinoid system (ECS). Growing use 
of endocannabinoids has opened new dimensions to 
understand how they interact and interplay to regulate 
sperm function (Rossato et al., 2004; Ricci et al., 2007; 
Meccariello et al., 2014). Following figure depicts the 
basic organization of endocannabinoid system and its 
constituents (Adapted from Meccariello et al., 2014).
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Fig 1: Overview of enocannabinoid system (ECS). 
Endocannabinoids (eCB) Aanandamide (AEA) and 
2-Acylglycerol (2-AG) are synthesized from membrane 
phospholipids by the synthesizing enzymes N-acylphosphatidyl 
ethanolamine hydrolyzing phospholipase-D (NAPE-PLD), 
Diacylglycerol lipase (DAGL); degraded by metabolic enzymes 
fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase 
(MAGL) into its constituent arachidonic acid (AA), ethanolamine 
(Et-NH2) and glycerol, respectively. Inside the cell, AEA binds 
to peroxisome proliferator activated receptor (PPARs) present 
on nuclear membrane and transient receptor potential vanilloid 
1 (TRPV1) in the cell membrane. eCBs are transported through 
the endocannabinoid membrane transporter (EMT) and act on 
cannabinoid receptor 1 (CB1R) and cannabinoid receptor 2 
(CB2R) present on the plasma membrane of the cell.

Endocannabinoids and Spermatozoa

Endocannabinoids are lipid based neurotransmitter 
involved in regulating cognition, appetite, pain, mood, 
memory, fertility, pregnancy, during pre and postnatal 
development, and in mediating the pharmacological effects 
of cannabis. They are rapidly released from the cell 
membrane phospholipids when stimulated by depolarizing 
agent (Schmid, 2000). Endocannabinoids are ligands 
for cannabinoid receptors derived from arachidonic 
acid (the unsaturated fatty acid) (Maccarrone et al., 
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2005) and show relationship with phytocannabinoid Δ9-
tetrahydrocannabinol, which is the main constituent of 
cannabis, by mimicking its pharmacological actions 
(Pertwee, 2010). Arachidonoylethanolamine (AEA, 
anandamide) and 2-arachidonoylglycerol are the major 
endocannabinoids present in the animal body while 
some other endocannabinoid like compounds have 
been discovered which activate the CBRs to show their 
biological activity or through “entourage effect”. AEA was 
the first identified endogenous agonist (endocannabinoid) 
for cannabinoid receptors in the year 1992, followed by 
2-arachidonoyl glycerol (2-AG) (Devane et al., 1992; 
Mechoulam et al., 1995; Sugiura et al., 1995). AEA is 
considered to be a novel member of the eicosanoid family 
(Burstein et al., 1995).

High performance liquid chromatography/mass 
spectroscopy has reported the presence of AEA in 
seminal plasma, mid- cycle oviductal fluid and follicular 
fluid indicating the physiological significance of AEA in 
regulating reproductive function (Schule et al., 2002). 
In order to utilize endocannabinoids such as AEA, 
spermatozoa should possess the biochemical machinery to 
synthesize, bind, transport and degrade endocannabinoids. 
Studies have shown the presence of type-1 cannabinoid 
receptors (CB1R), vanilloid receptors (TRPV1), AEA-
synthesizing phospholipase D (NAPE-PLD), AEA 
transporter (AMT) and AEA hydrolase (FAAH) in boar 
spermatozoa (Maccarrone et al., 2005). 

Similarly, human spermatozoa possess alpha/beta 
hydrolase domain containing protein 2 (ABHD2) 
which belongs to the superfamily of metabolic serine 
hydrolases; enzymes that metabolize phsopholipids and 
endocannabinoids. In presence of progesterone, this 
ABHD2 mediates the activation of CatSper by depleting 
the inhibitory effect of endocannabinoids (Miller et al., 
2016). Using immunoblotting, fatty acid amide hydrolase 
(FAAH) activity in bull spermatozoa has been reported 
(Gervasi et al., 2009) indicating its potential role in 
regulating endocannabinoid signalling in sperm cells. 
Interestingly, AEA has been reported to act independently 
to CB1 receptors and promptly interacts with several ion 
channels and thereby produce resultant effects. AEA binds 
to T-type Ca++ channels, TRPV1, voltage gated K+ channels 
and alpha 7- nicotinic acetyl choline receptors (Van der 
Stelt et al., 2005) to exhibit its functional dynamics.

Cannabinoid Receptors and their Signalling

In 1990, CB1 receptors were discovered from rat cerebral 
cortex cDNA library and were seen to mediate the 
pharmacological effects of Δ9-tetrahydrocannabinol, the 
main psychoactive constituent of cannabis and its analogs 
(Matsuda et al., 1990). CB1 receptor mRNA were found 
mainly in the neuronal tissue and amino acid sequencing 
of these receptors show 97 to 99% homology in rat, mouse 
and human tissue. Later in 1993, CB2 receptors were 
identified in the human promyelocytic leukemic cell line 
HL60 and showed response in presence of THC and its 
analogs, thereby defining the receptor as being cannabinoid 
receptor (Munro et al., 1993). CB2 receptor mRNA were 
found mainly in immune system and notably absent from 
nervous cells. Cloned CB2 receptors from mouse showed 
82% homology to human CB2 receptors. Both these 
receptors belong to the superfamily of G protein coupled 
receptors (GPCR) which mediate there action via the Gi/o 
proteins, in addition to which CB1 receptors can signal 
through Gs proteins also (Pertwee et al., 2010). They act 
by inhibiting the adenyl cyclase and initiating mitogen 
activated protein kinase activity. Cannabinoid receptor 
associated G-proteins are linked to various sodium and 
potassium channels (Pertwee et al., 2010). Following 
figure depicts the molecular signal transduction pathways 
of cannabinoids (Adapted from Maccarrone, 2009).

Fig. 2: Signal transduction pathways of Cannabinoids in cells. 
Cannabinoid receptors are G- protein coupled receptors that 
mediate their action via Gi/o protein. AEA on binding to CBRs 
up regulates inducible nitric oxide synthase (iNOS), mitogen 
activated protein kinase (MAPK), focal adhesion kinase (FAK), 
cytosolic phospholipase A2 (cPLA2), K

+ channel and cdc42/rac1/
rhoA and down regulates adenyl cyclase and Ca2+ channels while 
on binding to the TRPV1 it increases Ca2+ influx and intercellular 
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Ca2+ concentration, increase Caspase activity, cytochrome C 
release, mitochondrial uncoupling and pro-apoptotic changes.

Besides neuronal and immune distribution of CB1 and 
CB2 receptors, reproductive cell localizations have 
been reported. Studies have shown presence of both the 
cannabinoid receptors (CB1 and CB2) in human, bovine, 
porcine, mouse, amphibian and sea urchin spermatozoa 
as well as their male reproductive system (Francavilla et 
al., 2009; Maccarrone et al., 2005; Rossato et al., 2008; 
Gervasi et al., 2009). Immunofluorescent techniques have 
identified head and middle piece immunoreactivity for 
CB1 receptors while tail/flagellar part remained negative. 
Gervasi et al., (2009) identified two bands of ~58kDa 
and ~38kDa using CB1 and CB2 specific antibody in 
western blot analysis in bovine spermatozoa and oviductal 
epithelial cells, respectively. Immunohistochemistry 
results showed strong immunoreactivity of CB1 receptors 
in the equatorial region of head and weak immunoreactivity 
at the acrosome; while CB2 receptors showed positive 
immune reactivity at the apical region of acrosome.

ECS AND MALE REPRODUCTION

The following figure depicts the time frame of discovery of 
ECS in regulating male reproductive functions (Adapted 
from Meccariello et al., 2014).
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Fig. 3: Milestones in endocannabinoid signaling in 
male reproduction. Anandamide (AEA), an endogenous 
endocannabinoid was discovered in 1992 and its role in 
sperm fertilizing ability was established in 1994. Anandamide 
(AEA) potentially regulates sperm motility, acrosome 
reaction and mitochondrial activity was reported in 2002 and 
interrelationship between sperm-oocyte and AEA in 2005. In 
2005, endocannabinoid system (ECS) was reported in boar 
spermatozoa and its role in regulating sperm capacitation and 
acrosome reaction was established. Functional role of ECS in 
human spermatozoa was established in 2009 and in the same 
year, its involvement in regulation of sperm-oviduct binding 

was reported in bovines. Impact of 2-acyl glycerol (2-AG) on 
sperm functions was reported in 2009. Thereafter, studies have 
demonstrated the signaling mechanisms of ECS in sperm cells.

Endocannabinoids and Testicular Cell Function

Spermatogenesis is a complex process induced and 
maintained by the gonadotropins like follicle stimulating 
hormone (FSH) and luteinizing hormone (LH) in the 
mammalian system. Sertoli cell nourishes the growing 
spermatocyte and release spermatozoa into the lumen of the 
seminiferous tubule while Leydig cells also play their part 
in sperm development and maturation regulating steroid 
biosynthesis and secretion of hormones. These events 
are mediated via complex cross-talk between FSH, LH 
and rising evidence of involvement of endocannabinoids 
(Maccarrone et al., 2000). Both the cells have been shown 
to possess functional endocannabinoid system in samples 
obtained from 4- and 24- day old mice (Maccarrone et 
al., 2003) where Sertoli cells showed enhanced CB2 
expression while Leydig cell showed enhanced CB1 
expression. Positive immunoreactivity for CB1 and CB2 
receptors on spermatozoa, Leydig cells and Sertoli cell are 
indicators of functional significance of ECS in regulating 
male reproductive function. Not only ECS regulates 
developmental stages of sperm cells but also mediates 
their functional development as well as acquisition of 
fertilizing competence of sperm cells.

A possible mechanism has been proposed for the 
modulation of Sertoli cell number involving the cross-
talk between FSH and anandamide where anandamide 
has been shown to induce sertoli cell apoptosis, entering 
through the membrane transporter, via the TRPV1 
receptors while this effect is counteracted by CB2 receptor 
(Maccarrone, 2000). FSH regulates Sertoli cell apoptosis 
by activating FAAH after binding to cell surface receptor 
(FSHR) (Rossi et al., 2007). Activation of FAAH results 
in endogenous breakdown of AEA to arachidonic acid 
(AA) and ethanolamine (Et-NH2). This eventually down 
regulates apoptosis of Sertoli cells (Miller et al., 2016). 
FSH has been reported to induce the gene promoter for 
FAAH which in turn increase the FAAH activity inside the 
Sertoli cell that breaks down anandamide into arachidonic 
acid and ethanolamine, thus inhibiting the AEA dependent 
Sertoli cell apoptosis in a dose dependent manner. This 
effect signifies that FAAH is the specific target for FSH 
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inside Sertoli cell. Rossi et al., (2007) reported the role 
of protein kinase A and aromatase dependent signaling 
pathway in mediating FSH dependent inhibition of 
apoptosis involving FAAH activity. Following figure 
depicts the interplay of cannabinoids, gonadotropins and 
sertoli cells in testes (Adapted from Maccarrone, 2009). .
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Fig. 4: Interplay between FSH, AEA and Sertoli cell function 
and apoptosis: Anandamide induces sertoli cell apoptosis via 
TRPV1 activation counteracted by activation of CB2 receptor. 
FSH activates FAAH which breaks down AEA into arachidonic 
acid (AA) and ethanolamine (EtN2). In this way AEA mediates 
removal of aged sertoli cells. Endocannabinoid system regulates 
sertoli cell function, proliferation and apoptosis. Hormone 
FSH regulates sertoli cell apoptosis through endocannabinoid 
system. Anandamide (AEA) enters the sertoli cell through AEA 
membrane transporter (AMT) and after entering the cell, it binds 
to TRPV1 receptor, thereby it activates machinery which results 
in induction of apoptosis in sertoli cell. Similar to this, sertoli 
cell show large number of CB2 receptors which binds to AEA 
and negatively regulate apoptosis.

Sperm Functional Dynamics

Each spermatozoa is fully equipped with a functional 
ECS which has been shown to decrease sperm motility, 
capacitation induced acrosome reaction and mitochondrial 

activity (Rossato et al., 2004). Sperm gain the ability of 
hyperactivation during its transit through the female 
reproductive tract where it encounters different gradients 
of ionic concentrations and a variety of chemicals that 
induce the changes in the sperm membrane. Different 
concentrations of AEA are found in the epididymis and 
the female reproductive tract that put their effect on the 
sperm motility (Schule, 2006). Inside the male body, in 
the epididymis, AEA inhibit sperm motility maintaining 
a quiescent stage in the cauda. AEA decreases the 
sperm motility by binding to CB1 receptor resulting in 
inhibition of mitochondrial activity, cellular respiration 
and glycolysis (Battsita et al., 2015). Anandamide affect 
the sperm motility and viability in a dose dependent 
manner; at low dose, the motility decreases without 
affecting viability however, at high doses the viability was 
compromised (Rossato et al., 2004). High doses of AEA 
make the spermatozoa completely immotile (Rossato et 
al., 2004; Barbonetti et al., 2010). In sea urchin, AEA has 
been shown to reduce spermatozoa fertilizing capacity by 
modulating sperm motility (Maccarrone, 2009).

Ricci et al., (2007) reported an increase in the sperm 
motility in the caput epididymus of a CB1R knockout 
mice compared to the wild type. More recently, role of 
CB2 receptors in mediating sperm function has been 
documented, where CB2 agonists have been shown to 
increase the slow progressive sperm while CB1 agonist 
increases the immobile sperm cells (Agirregoitia et 
al., 2009). Studies have shown that AEA interacts with 
oxidative phosphorylation pathways and leads to inhibition 
of mitochondrial energy homeostasis (Barbonetti et al., 
2010). Decreased mitochondrial activity is the major 
cause behind diminished sperm function (Rossato et al., 
2004). It has been reported in boar spermatozoa that AEA 
reduces the capacitation and induces acrosome reaction 
(AR) through a cAMP pathway involving CB1 receptor 
(Maccarrone, 2005); while it inhibits the zona pellucida 
(ZP) induced AR via CB1 receptors. AEA activates the 
TRPV1 which reduce spontaneous AR to prevent “out of 
place” release of the acrosomal enzymes.

Growing evidence and hypothesis have been established 
that AEA regulates sperm functional dynamics by targeting 
the mitochondrial CB1 receptors. Binding of AEA to CB1 
results in substantial reduction in mitochondrial activity 
leading to less consumption of energy by sperm cells 
and energy is reserved. When the antagonistic activities 
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of CB1/AEA are withdrawn, mitochondrial machinery 
gets activated leading to release of bursts of energy and 
release of mitochondrial store of Ca++. Altogether these 
events lead to sperm hyperactivation, acrosome reaction 
and eventually fertilization (Rossato et al., 2004; Ricci et 
al., 2007; Meccariello et al., 2014; Battista et al., 2015).

Recently the endocannabinoids have been linked with 
the activation of principal calcium channel of the sperm 
“CatSper channel”. It is established that progesterone 
activates the CatSper and interestingly progesterone 
does not bind to the CatSper directly, but in human 
spermatozoa, progesterone conveys its action via the 
endocannabinoid system by inhibiting the inhibitory 
effect of endocannabinoids on the CatSper (Miller et al., 
2016). Thus, an increasing gradient of progesterone inside 
the female tract leads to activation of endocannabinoid 
degrading enzymes FAAH and ABHD2 which causes the 
inhibition of the inhibitory effect of AEA and thus promote 
the sperm capacitation and acrosome reaction during the 
terminal parts of sperm movement before fertilization. 
Following figure summarizes the functional involvement 
of endocannabinoids in regulating sperm function.
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Fig. 5: Dynamic interplay between endocannabinoids and 
spermatozoa in regulation of sperm functions. Anandamide 
(AEA) is produced from the sperm membrane phospholipids by 
N-acylphosphatidyl ethanolamine hydrolyzing phospholipase-D 
(NAPE-PLD), moves outside the cell and bind to cannabinoid 
receptor 1 (CB1) receptor to inhibit motility, capacitation, 
hyperactivation and zona pellucida (ZP) induced acrosome 

reaction (AR). Transient receptor potential vanilloid 1 (TRPV1) 
activation prevents spontaneous AR. Binding of AEA to CB1 
receptors present on the mid piece of spermatozoa inhibits 
mitochondrial activity, respiration and cAMP. Fatty acid amide 
hydrolase (FAAH) activity is responsible for degradation of 
AEA into arachidonic acid (AA) and ethanolamine (EtNH2).

Sperm- Oviduct Interaction

Spermatozoa binds to the oviductal epithelium and is 
released when hyperactivated (Gervasi et al., 2009). 
Recent reports have documented that AEA plays major 
role in binding and detachment of bull spermatozoa from 
bovine oviductal epithelium (Gervasi et al., 2009). Non 
hydrolysable AEA analogue metanandamide (MEA) was 
used to determine sperm oviduct interaction and it was 
found that it inhibits binding of spermatozoa to oviductal 
epithelium and induces it release from epithelium 
(Gervasi et al., 2009). Only selective CB1R antagonist 
was able to block effect of metanandamide while selective 
CB2 antagonist was not able to do so, thus indicating that 
only CB1R were involved in sperm oviductal epithelium 
interaction/binding. It has been reported that genetically 
defective mice with diminished FAAH activity show high 
concentration of AEA in the male reproductive tract thus 
impairing motility and these spermatozoa are not able 
to penetrate the zona barrier on reaching the oocyte thus 
leading to failure of penetration and fertilization (Sun et al., 
2009). Following figure shows the different concentration 
gradient of anandamide (AEA) in reproductive tract and 
its functional dynamics with sperm cells.
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Fig. 6: Dynamics of AEA and sperm cell movement in male 
and female reproductive tract: Interaction of spermatozoa 
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with different concentration of AEA while traversing from 
the male reproductive tract to the female tract. Spermatozoa 
face a decreasing concentration of AEA during its journey. 
High concentration of AEA in the cauda epididymis keeps 
the spermatozoa in a quiescent state while a decrease in AEA 
concentration in the seminal plasma imparts motility in them but 
no fertilizing capacity. When the spermatozoa reaches the uterus, 
it is still motile under high concentration of AEA. After dilution 
in the oviduct when the optimum concentration of AEA is there, 
spermatozoa get capacitated and hyperactivated thus gaining 
competence to reach oocyte, attach to it, release acrosomal 
content and penetrate the zona layer to fertilize the ova.

Our Laboratory Experience

For the last 7 years, we are in the quest to understand 
the role of various ion channels, hormones and effective 
signaling molecules in regulating sperm function. We 
experimented in bull and buck spermatozoa and most of 
the dynamic as well as kinetic studies have been performed 
in bovine spermatozoa. Recently, for the last two years we 
started evaluating the role of enocannabinoids and their 
receptors in regulating sperm function.

We started investigating the role of endocannabinoid system 
in regulating functional dynamics of bovine and caprine 
spermatozoa. Immunoblotting and immunofluorescence 
confirmed the presence of both CB1 and CB2 receptors; 
however, functional studies showed the potential 
involvement of CB1 receptors in regulating spermatozoa 
function compared to CB2 receptors. CB1 receptors were 
found to be dominant in regulation of sperm function. We 
further started investigating the non-genomic signalling of 
hormone progesterone (P4) and its interrelationship with 
CB1 and CB2 receptors. Our preliminary findings have 
revealed some interesting findings like P4 non-genomic 
signalling is dependent on CB1 receptors and independent 
of CB2. We have also observed involvement of classical 
cAMP-PKA-PKC pathway in regulating P4 mediated non-
genomic signalling and CB1 receptors. Inhibition of 2AG, 
FAAH and NAPE modulates spermatozoa function. It is 
too early to further comment on this area as our studies 
are still incomplete and looking to the complex interplay 
between cannabinoid receptor and other downstream 
molecules, further investigations are required.

CONCLUSION

Cannabinoid receptors and their agonists and antagonists 

are well established and studied in the different biological 
systems including the reproductive system. But, very 
little is known about the signaling mechanism of the 
endocannabinoids in the spermatozoa and how they mediate 
their cellular actions on binding to cannabinoid receptors. 
The downstream pathways are still a mystery and are 
good area for research investigations as endocannabinoids 
play important role in mediating fertility in both males 
and females. So, it becomes a concerning topic for those 
who use cannabis or cannabinoid like products in both 
animal and human medicine. Any alteration in the eCB 
or the ECS components may have negative impact on the 
various events in fertilization and can lead to male and 
female infertility.

Presence of CB1 and CB2 receptors on spermatozoa 
invariably indicates the potential involvement of 
endocannabinoid in regulation of spermatozoa function. 
Studies in spermatozoa have already shown its 
involvement in energy homeostasis, capacitation and 
acrosome reaction; however the downstream pathways 
regulating CB1 and CB2 receptor function in spermatozoa 
is yet to be explored. Simultaneously, these receptors in 
spermatozoa have opened new horizons to study molecular 
basis of cannabinoid induced infertility or subfertility 
and this can be managed employing suitable drugs. 
Furthermore, studies are also required to understand that 
how endocannabinoids regulate sperm function in terms 
of regulation of sperm fertility.
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AC- Adenyl cyclase

AR- Acrosome reaction

ABHD2- Alpha/beta hydrolase domain containing protein 
2

AEA- Anandamide (N-Arachidonoylethanolamine)

AMT- Anandamide Membrane Transporter

2-AG- 2-Arachidonoyl glycerol

cAMP- cyclic Adenosine monophospohate

CB1- Cannabinoid receptor 1

CB2- Cannabinoid receptor 2

cPLA2 -Cytosolic Phospholipase A2

DAGL- Diacylglycerol lipase

eCBs- Endocannabinoids

ECS- Endocannabinoid system

EMT- Endocannabinoid Membrane Transporter

Et-NH2- Ethanol amine

FAAH- Fatty acid amide hydrolase

FAK- Focal Adhesion Kinase

FSH- Follicle stimulating hormone

GPCR- G-protein coupled receptors

iNOS- inducible nitric oxide synthase,

LH- Luteinizing hormone

MAGL- Monoacylglycerol lipase

MAPK- Mitogen Activated Protein Kinase

NAPE-PLD- N-Acetylphosphatidyl ethanolamine 
hydrolysing phospholipase D

PPARs- Peroxisome proliferator activated receptor

THC- Δ9-tetrahydrocannabinol

TRPV1- Transient receptor potential vanilloid type 1

ZP- Zona pellucida
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