
Abstract
Cryopreserved spermatozoon has some defects on membrane causing hyper activation, cryo-capacitation and timeless (early) acrosome reaction 
that lead to low fertility. While low fertility is generally accepted as a consequence of cryopreservation of sperm cells, a lot of studies are being 
carried out on cryopreservation techniques to improve spermatozoon membrane integrity and also viability. Some studies point out that using 
materials such as Cannabinoids can be effective in achieving this aim. The main effects of endocannabinoids on spermatozoa are the inhibition 
of motility, capacitation and acrosome reaction. The aim of this study was to determine the effect of soluted Met-anandamide in extender on 
post thawing sperm motility, capacitation and acrosome reaction in ram semen cryopreservation. For this aim, ten ejaculated collected from 
five mature Bakhtiari rams were diluted with extender containing Met-anandamide, equilibrated and then cryopreserved in liquid nitrogen 
vapour (approximately −125 to −130°C). Cryopreserved semen samples were preserved in liquid nitrogen until evaluation. Post thawing sperm 
analyses revealed that the Cannabinoids agonists affected the motility of ram sperm after thawing (P<0.05), resulting in an increase in the AEA 
(arachidonoylethanolamide) concentration (10, 100 and 1000 nM) which significantly reduced sperm motility. subsequent freezing and thawing. 
On the other hand, the degrading enzyme of endocannabinoid FAAH may have had a reduction effect on sperm motility and increased capacitation 
and early acrosome reaction (P<0.05). In conclusion, endocannabinoid system may be used to improve  ram sperm freezing.
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Met-Anandamidin Koç Spermasının Dondurulmasında 
Hiperaktivasyon, Kryo-Kapasitasyon ve Akrozom 

Reaksiyonunun Önlenmesi Üzerine Etkisi

Özet
Dondurulmuş spermatazoon membranında oluşan bazı hasarlar hiperaktivasyona, kryo-kapasitasyona ve zamansız (erken) akrozom reaksiyonuna 
neden olarak düşük fertiliteye yol açabilmektedir. Genel olarak; düşük fertilitenin sperm hücrelerinin dondurulmasının bir sonucu olarak oluştuğu 
kabul edilirken, spermatazoon membran bütünlüğünü sağlama ve aynı zamanda canlılığını artırmaya yönelik dondurma teknikleri üzerinde 
pek çok yeni çalışma yapılmaktadır. Bu amaçla, bazı araştırmalar Cannabinoid gibi maddelerin kullanımının etkili olabileceğini göstermektedir. 
Endocannabinoidlerin spermatozoa üzerine asıl etkisi motiliteyi inhibe etmesi, kapasitasyon ve akrozom reaksiyonudur. Sunulan çalışmanın amacı, 
koç semen dondurulmasında Met-anandamid solüsyonu içeren sulandırıcıyla sulandırmanın çözünme sonrası sperm motilitesi, kapasitasyonu 
ve akrozom reaksiyonu üzerine etkisini araştırmaktır. Bu amaçla, 5 adet ergin Bakhtiari koçundan elde edilen 10 ejekulat Met-anandamid içeren 
sulandırıcı ile sulandırılarak, ekilibre edilmesinin ardından sıvı azot buharında (yaklaşık −125 ila −130°C) donduruldu. Dondurulmuş sperma örnekleri 
değerlendirilenceye kadar sıvı azot içerisinde muhafaza edildi. Çözdürme sonrası sperm analizleri, Cannabinoid agonistlerinin çözünme sonrası koç 
sperm motilitesini etkilemesi (P<0.05) sonucu AEA (arakidonoletanolamid) konsantrasyonundaki (10, 100 ve 1000 nM) artışın sperm motilitesini 
önemli derecede azalttığını gösterdi. Öte yandan, endocannabinoid FAAH enzim degredasyonu sperm motilitesini azaltıcı ve kapasitasyonu ve 
erken akrozom reaksiyonunu ise artırıcı etki göstermiş olabilir (P<0.05). Sonuç olarak, endocannabinoid sistem koç sperminin dondurulmasında 
daha iyi sonuç almak amacıyla kullanılabilir.
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INTRODUCTION

In most species, such as sheep, a lower fertility is 
generally determined as a consequence of cryopreservation 
of sperm cells and in order to improve the sperm viability 
in cryopreservation. However, sperm cryopreservation 
induces some defects such as formation of intracellular and 
extracellular ice crystals [1], osmotic [2-5] and chilling injury [6], 
cryo-capacitation and early acrosome reaction that 
reduced the functional life span of sperm and lead to low 
fertility [6,7]. Therefore, many attempts are being developed  
in cryopreservation techniques to improve sperm viability.

Anandamide (arachidonoylethanolamide, AEA) is a 
member of a group of endogenous lipids, collectively 
termed ‘endocannabinoids’. It binds to type-1 and type-2 
receptors of cannabinoid (CB1R and CB2R), thus having 
many functions in the central and peripheral nervous 
systems [8,9]. Such functions inactivation by cellular uptake 
through an AEA membrane transporter (AMT), completed 
by degradation to arachidonic acid and ethanolamine by 
the fatty acid amide hydrolase (FAAH) [10,11]. 

Some researchers believe that Cannabinoid receptor 
Type 1 (CB1) is effective in sperm membrane stability. 
They argue that endocannabinoids have an effect on CB1 
receptors and then inhibit the adenylate cyclase/cAMP/
PKA pathway which was earlier activated during the 
acrosome reaction [12-15]. They argue that the role of CB1 
receptors in rapid hyper polarization of the cell membrane 
is also essential. However, other researchers have revealed 
that stimulation of vanilloid type 1 receptors (a non-
selective cationic channel that belongs to the vanilloid-
type transient receptor potential family), in the sperm 
membrane has been effective in preventing the acrosome 
reaction [16,17].

However, the endocannabinoids, by effect on their 
sperm receptors, lead to sperm remains in non-capacitated 
situation until they enter the female reproductive tract; 
concurrent with the reduction in sperm concentration 
endocannabinoids, and when the sperm reaches to oocyte  
and binds to the zona pellucida, sperm capacitation 
occurred [18-20]. Exactly, it prevents inappropriate capacitation 
and acrosome reaction, and then increases the chance 
of the sperm reaching to the egg. Now, due to the early 
capacitation problem in the process of freezing and given 
the need to preserve the reproductive potential of sperm 
after freezing and thawing, it can be effective to employ a 
substance that delays capacitation and acrosome reaction  
of sperm. 

Therefore, the aim of present study is to examine the 
impact of different doses of Met-anandamide as a non-
metabolized analog anandamide and FAAH as hydrolyzing 
enzyme of anandamide, on the quality of frozen Lori-
Bakhtiari sheep sperm. Findings of the present research 
can help us to understand the beneficial or detrimental 

effects of the cannabinoid system on the quality of sperm 
after freezing and thawing. It is worth mentioning that this  
is the first time that Met-anandamide has been added to 
the freezing media for improving fertility potential of sperm. 

MATERIAL and METHODS

Animals

In this study, the samples give from five 4 to 5 years 
rams (Ovis aries) that had bred for giving sperm for 
artificial insemination in the Lori-Bakhtiari  research flock at 
Shooli station in Shahrekord. 

Semen Extenders and Treatment Groups

The base extender used in this study (Tris base; TB) was 
composed of 200 mM Tris (Hydroxymethyl)-aminomethan 
(Merck, Darmstadt, Germany), 27.8 mM D-Glucose (Sigma; 
G6152), 94.7 mM Citric acid (Sigma; C1909), 100 IU/ml 
Penicillin (sigma) and 0.05 mg/ml streptomycin (Sigma). 
The osmolality and pH were adjusted to 320 mOsm and 
7.2, respectively. Freezing medium was prepared by 
adding 25% egg yolk (egg yolk lipids were solubilized by 
adding 0.035% (w/v) sodium dodecyl sulfate (SDS) [21] and 
adding 7% Glycerol to Tris base medium. Five different 
extenders were designated by the addition of different 
concentrations of AEA (Met-anandamide) as following 10 
nM; 100 nM AEA; 1000 nM AEA and  FAAH (0.025 IU/ml). 
No addition group was considered as control . 

Semen Collection and Processing

Ten ejaculates from each ram were collected by 
artificial vagina twice a week during the breeding season 
from five mature Bakhtiari rams known to have good 
fertility. Only normospermic ejaculates (volume >0.75 ml, 
sperm concentration >3×109 sperm/mL, motility >70%, 
abnormal sperm <10%) were used during this study. To 
eliminate individual differences, semen samples from the 
five rams were pooled. Each pooled sample was divided 
into five equal aliquots and diluted with extenders 
containing different AEA concentrations or FAAH. The 
diluted semen was gradually cooled to 4°C for 2 to 3 h. 
The cooled semen was loaded into 0.5-mL French straws 
(Biovet, L’Agile France), semen samples loaded to straws 
were exposed to liquid nitrogen vapor for 10 min (3 cm 
above LN2 level, approximately -125 to -130°C), plunged 
into liquid nitrogen (LN2), and stored in LN2 until thawed 
and used for the evaluation of sperm parameters.

Evaluation of Sperm after Freezing-Thawing

- Sperm motility: Sperm motility parameters were 
measured by CASA Hamilton, with the following settings: 
Image collection speed, 20 frames per second; analysis 
time per frame, less than 15 seconds; sperm velocity that 
can be analyzed, 0-180 μm/s; Number of vision fields that 
were selected, 10/samples; magnifying power of micro- 
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scope (object lens), 40X measurements were done in 
sperm miter chambers 10 μm depth. The sperm motility 
was measured as fast progressive motility (class A) in 
percentage. The studied motion parameters was as 
following: VSL, VCL, VAP, ALH, BCF, LIN, STR and WOB [22].

- Sperm viability: For viability, the hypo-osmotic swelling 
(HOS) test and eosin-nigrosin staining were used according  
to Revel and Mortimer methods, respectively [23,24] and then 
were performed in each aliquot. In HOS test, 25 mL semen 
was added to 200 ml hypo-osmotic solution (100 mOsm/L, 
57.6 mM fructose and 19.2 mM sodium citrate). After 30 
minutes of incubation at room temperature, the mixtures 
were homogenized and evaluated with an inverted light 
microscope. A total of 200 spermatozoa were assessed in 
four different microscopic fields. The sperm percentage 
with curved and swollen tails was recorded.

In eosin-nigrosin staining technique, 0.67% eosin Y and 
10% nigrosin dissolved in 0.9% sodium chloride in distilled 
water. Approximately equal volumes of sperm sample and 
stain were blended. The suspension was incubated for 
30 sec. at room temperature (20°C). Then, a 12 µl droplet 
was transferred with the pipette to a labeled microscope 
slide where it was smeared by sliding a cover slip in front  
of it. Two smears were taken from each sample. The smears 
were air dried and evaluated directly. At least 200 sperms 
were assessed for each preparation at a magnification of 
400×. Spermatozoa that were unstained or white were 
considered live, while those that indicated red or pink 
coloration in the head region were classified as dead. 

- Capacitation Status: Acrosome reaction was assessed 
with chlortetracycline (CTC) staining as described by Perez 
et al.[25] with little modification. A CTC working solution 
(750 mM) was freshly prepared in a buffer containing 20 
mM Tris, 130 mM NaCl, and 5 mM D, L-cysteine at a pH 
of 7.8. Five microliters of semen were mixed with 20 mL  
CTC working solution. After 20 seconds, the reaction was 
stopped by the adding 5 mL 1% (v/v) glutaraldehyde to 
1 M Tris-HCl, pH 7.8. Smears were prepared on a clean 
microscope slide and examined under an epifluorescent 
microscope (Olympus). Stained spermatozoa shows three 
types of patterns: 1) uniform fluorescence head, or un- 

capacitated sperm (Noncapacitated pattern); 2) post-
acrosomal region without fluorescence, capacitated sperm 
(Capacitated pattern); and 3) Fluorescence-free head or a 
thin fluorescence bond on the equatorial segment (sperm 
that underwent an acrosome reaction [acrosome reacted 
pattern]). In this study 200 sperm were assessed in each 
smear. 

Statistical Analysis

Each treatment was replicated ten times. For each, 
three straws were thawed and pooled for sperm para-
meters evaluation. To evaluate differences between groups, 
we used analysis of variance (ANOVA) for comparisons 
of means after evaluate the normality of our data by 
Kolmogorov-Smirnov test. When statistical differences 
were revealed with the ANOVA test, the mean of the 
treatments was compared using Duncan’s multiple range 
test (DMRT), and a confidence level of P<0.05 was regarded 
to be significant. Statistical evaluations were conducted 
using the Statistical Package for Social Studies software 
(Version 20; SPSS, Chicago, IL). Information on CTC staining 
was analyzed using the GENMOD procedure of SAS 
(Version 9.0, SAS Institute Inc., USA) to fit a generalized 
linear model with a logit link function. 

RESULTS

The findings are shown separately and interpreted 
comprehensively below.

Sperm Motility

CASA evaluation revealed that the presence of AEA 
in freezing medium affected motility of rams sperm 
after thawing. Increases in AEA concentration reduced 
sperm motility significantly by using high concentration 
of AEA compared to the low concentrations of AEA and 
control group. In addition, FAAH had a positive impact  
on increasing the sperm motility compared to the control 
group and all levels of AEA (P<0.05) (Table 1). These effects 
take place through the change in the number of sperm 
with fast progressive motility.

Table 1. Effect of different concentration of Met-anandamide and FAAH in freezing medium on motility (mean±SE) of frozen-thawed ram sperm (evaluated 
by CASA)

Tablo 1. Dondurulmuş-çözdürülmüş koç sperminin motilitesi (ortalama±SE) üzerine farklı Met-anandamid ve FAAH konsantrasyonunun etkisi (CASA ile 
değerlendirme)

Groups Concentration Motile Sperm
Progression (%)

Fast Progressive Slow Progressive Non- Progressive Non- Motile 

Anandamide

10 nM 50.37±5.69a 19.76±6.58ab 23.35±1.34 6.65±0.69 50.23±2.94ab

100 nM 38.79±3.05ab 12.5±2.51a 18.46±1.16 7.22±0.71 61.81±3.24a

1000 nM 31.19±3.18b 6.37±0.95a 16.57±1.96 7.65±1.01 69.41±3.12a

FAAH 0.025 IU/ml 65.67±2.37c 26.26±1.33b 30.67±3.69 9.15±0.58 33.93±2.37b

Control 43.74±4.01a 19.49±4.7ab 17.15±0.76 6.5±0.83 56.86±4.31ab

a,b,c Numbers with different superscripts in the same column differ significantly (P<0.05)
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In some motility, parameters of sperm which are 
associated with velocity including VCL, VSL, VAP and  
BCF, significant differences were found between AEA 
groups and control group; and groups containing high 
concentrations of AEA (100nM and 1000nM) and FAAH 
group were significantly different as well (P<0.05); as 
in the presence of FAAH, sperm moves faster and beats 
cross frequency (BCF) and the mean angle degree (MAD) 
increased. These parameters decrease in the presence 
of high concentrations of AEA. High concentration of 
AEA significantly reduces the percentage of sperms with 
linearity (LIN) and straightness (STR) moving and also 
reduces sperm wobble (P<0.05) (Table 2).

Sperm Viability

Eosin-Nigrosin and HOS tests indicated that AEA did 
not affect viability of sperm (P>0.05) (Fig. 1); while FAAH 
had an impact on vitality of ram sperm significantly 

(P<0.05) compared to 1000nM AEA group. 

Acrosomal Status

The findings are shown in Fig. 2. They revealed that 
Met-anandamide in 1.000 mg/ml concentration can 
protect ram sperm against induced cryo-capacitaction 
and acrosome reaction significantly (P<0.05) subsequent 
freezing and thawing and can maintain the sperm viability 
by delaying capacitation and acrosome reaction. Our 
findings suggest that FAAH stimulates acrosome reaction  
in spermatozoa significantly (P<0.05) (Fig. 2).

DISCUSSION
Poor sperm motility after cryopreservation is associated 

with a significant reduction in fertility, pointing to the 
importance of preserving motility in cryopreserved sperm. 
Despite the availability of intricate assisted reproductive 

Table 2. Effect of different concentration of Met-anandamide and FAAH in freezing medium on motility pattern (mean±SE) of frozen-thawed ram sperm (evaluated 
by CASA)

Tablo 2. Dondurulmuş-çözdürülmüş koç sperminin motilite modelleri (ortalama±SE) üzerine farklı Met-anandamid ve FAAH konsantrasyonunun etkisi (CASA ile 
değerlendirme)

Groups Concentration

Sperm Motility Pattern

VCL
(µm/s)

VSL
(µm/s)

VAP
(µm/s)

MAD
(°)

ALH
(µm)

BCF
(Hz)

LIN
(%)

WOB
(%)

STR
(%)

Anandamide

10 nM 30.28±2.62ab 12.68±2.09ab 19.33±2.05ab 6.85±1.25a 1.94±0.08ac 0.16±0.05ab 37.26±2.33a 54.73±1.80a 56.83±2.09ab

100 nM 25.94±2.21a 9.52±1.45a 15.43±1.52a 6.40±1.18a 1.70±0.08ab 0.15±0.04a 28.79±1.54b 46.83±1.24bc 46.69±1.86cd

1000 nM 21.57±0.89a 7.47±0.56a 12.79±0.74a 3.49±0.29a 1.45±0.07b 0.07±0.01a 27.16±1.16b 44.89±0.86c 45.25±1.16c

FAAH 0.025 IU/ml 38.23±3.44b 17.80±1.91b 23.35±2.08b 12.52±1.70b 2.26±0.10c 0.33±0.05b 39.12±2.17a 55.35±1.83a 61.34±1.80a

Control 30.28±2.99ab 12.12±2.42ab 19.73±2.52ab 7.78±1.17ab 1.92±0.11ab 0.21±0.05ab 33.66±1.98ab 51.48±1.95ab 53.79±2.01bd

a,b,c,d Numbers with different superscripts in the same column differ significantly (P<0.05)

Fig 1. Comparison of sperm vitality of frozen-thawed ram sperm 
between treatments and control groups using Eosin-Nigrosin test 
and hypoosmotic swelling test (HOS test)
a,b Columns with the same pattern and different superscripts differ 
significantly (P<0.05)

Şekil 1. Dondurulmuş-çözdürülmüş koç sperminin sperm 
canlılığının Eosin-Nigrosin testi ve hypoosmotic swelling testi 
(HOS test) kullanılarak karşılaştırılması
a,b Aynı model ve farklı harf taşıyan sütunlar arasındaki fark 
istatistiksel olarak önemlidir (P<0.05)
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techniques, the cryosurvival and pregnancy rates with 
frozen semen are lower than those with fresh semen [26-28]. 
In this study, we observed a detrimental impact of cryo-
preservation on overall sperm quality. Regardless of whether 
the spermatozoa was treated with endocannabinoids 
before freezing, significant decreases in the percentage 
of motile spermatozoa, motion characteristics, and in the 
percentage of viable spermatozoa with intact acrosomes 
were observed.

It was also revealed through CASA evaluation that 
presence of AEA in freezing medium influenced motility 
of ram sperm after thawing. Here increases in AEA 
concentration reduced sperm motility significantly by 
using high concentration of AEA compared to the low 
concentrations of AEA and control group. These impacts 
take place through the change in the number of sperm 
with rapid progressive motility. AEA reduced some motility 
parameters of sperm that are associated with velocity 
like VCL, VSL, VAP and BCF and in the presence of high 
concentrations of AEA sperm moves slower and beats 
cross frequency (BCF) and the mean angle degree (MAD) 
were reduced. High concentration of AEA significantly 
reduces the percentage of sperms with linearity (LIN) and 
straightness (STR) moving and also reduces sperm wobble.  
In addition to increasing the number of motile spermato-
zoa, AEA can improve sperm motion characteristics in 
preselected subpopulations of spermatozoa, which is 
consistent with other studies which found that AEA 
reduces motility of human sperm by mitochondrial 
activity reduction. Athanasiou et al.[29] have revealed that 
cannabinoids inhibit mitochondrial membrane potential, 
oxygen consumption and ATP production by preventing 
the mitochondrial respiratory chain. Sperm motility, along 
with capacitation and acrosome reaction are all energy 
consuming processes. The sperm kinetic activity is 

dependent on many factors such as integrity of all flagellar 
structural proteins, oxidation of energetic substrates 
and ATP production, transformation of chemical energy 
into mechanical movement, the activity of all enzymes 
involved in the flagellar beating [19,30]. The decline in 
mitochondrial activity would be expected to reduce 
energy supply, thus affecting different sperm functions 
as well as motility but also capacitation and acrosome 
reaction. If endocannabinoids inhibit energy metabolism 
in sperm, then it could be possible that the inhibition of 
all sperm functions by endocannabinoids could origin 
from the same mechanism of action, i.e. reduction of the 
energetic reserves on which all these processes rely on [19]. 

To this respect, Rossato et al.[19] have shown that AEA 
induced a dose-dependent decrease of the sperm 
mitochondrial activity that paralleled the reduction of 
sperm motility without affecting viability and Whan et  
al.[20] have shown that Delta-9 tetrahydrocannabinol 
reduce human sperm motility. These studies are consistent  
with our results and our findings are consistent with  
these studies. 

Considering our observations, such findings support the 
hypothesis that cryopreservation somehow precociously 
triggers the signal transduction pathway leading to 
capacitation, and that cryo-capacitation is partly responsible 
for the reduced fertility of thawed semen. Physiological 
capacitation is now accepted to be regulated by intra-
cellular signaling pathways that results in the tyrosine 
phosphorylation of various sperm proteins [12-15]. The 
signaling pathways are not completely clear, although 
protein kinase A and protein tyrosine kinases appear to 
be involved. In the present study, the reduction of sperm 
capacitation of frozen-thawed ram sperm at the exposure  
of AEA in freezing medium confirms the above information. 
The results in Fig. 2 reveal that Met-anandamide in 1000 
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Fig 2. Effect of different concentration of Met-anandamide 
and FAAH in freezing medium on acrosome reaction and 
capacitation status of frozen-thawed ram sperm (evaluated by 
chlortetracycline test) 
a,b,c,d Columns with the same pattern and different superscripts 
differ significantly (P<0.05)

Şekil 2. Dondurulmuş-çözdürülmüş koç sperminin akrozom 
reaksiyonu ve kapasitasyon durumu üzerine dondurma med-
yumundaki farklı Met-anandamid ve FAAH konsantrasyonunun 
etkisi (chlortetracycline testi ile değerlendirme)
a,b,c,d Aynı model ve farklı harf taşıyan sütunlar arasındaki fark 
istatistiksel olarak önemlidir (P<0.05)
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mg/ml concentration can protect ram sperm against 
induced cryo-capacitaction and acrosome reaction 
significantly subsequent freezing and thawing and 
can maintain sperm viability by delaying the capacitation  
and acrosome reaction. 

In this study AEA inhibited ram sperm acrosome reaction 
which is consistent with other studies which suggest 
AEA inhibits capacitation-induced acrosome reaction [19]. 
Based on the inhibitory effects of endocannabinoids on 
sperm capacitation, available substantially homogeneous 
data indicate that CB1 activation reduces sperm ability 
to undergo acrosome reaction both in vertebrate and 
invertebrates [19,20,31-33]. More importantly, endocannabinoids 
do not affect fertility of eggs; this shows that these effects 
are directed just to sperm [31,32]. The mechanisms activated 
by endocannabinoids determining the prevention of 
the sperm acrosome reaction are still unclear. It is well-
known that the regulation of ion fluxes through the ion 
channels of sperm plasma membrane are essential for 
the acrosome reaction, and the most essential regulator 
appears to be calcium (Ca2+) signaling [34,35]. In this respect, 
Rossato et al.[19] have revealed that the endocannabinoid 
AEA do not change the intracellular Ca2+concentrations 
in human sperm, thus possibly ruling out any interfering 
effect of endocannabinoids on Ca2+ signaling. It is also 
known that CB1 is a receptor of G-protein coupled that has 
been revealed to inhibit adenylate cyclase activity [36,37]. 
Adenylate cyclase/cAMP/protein kinase A pathway plays  
an important role in the sperm capacitation and acrosome 
reaction: intracellular cAMP levels rise during acrosome 
reaction, cell permanent cAMP analogues induce the 
acrosome reaction, pharmacological inhibitors of cAMP-
dependent PKA reduce this exocytotic event supporting 
a role for the adenylate cyclase/cAMP/PKA system in 
the signaling pathway leading to acrosome reaction of 
sperm and egg fertilization [12-15]. The inhibitory effects of 
endocannabinoids on this fundamental signaling pathway 
as recently described in mammalian sperm [33] may explain 
the negative actions of these agents activating the CB1  
on sperm capacitation and acrosome reaction.

Furthermore, in inhibition of capacitation and acrosome 
reaction by endocannabinoids, many hypotheses may 
explain the inhibitory effects of endocannabinoids on 
mitochondrial function: endocannabinoids may interfere 
with mitochondrial electron transport [38,39], mitochondrial 
activity via depletion of NADH as previously shown [40], 
mitochondrial permeability transition pore complex as 
recently suggested [40]. The possible interference of endo-
cannabinoids with glucose uptake and utilization for ATP 
production as previously suggested by experimental 
studies utilizing testicular extracts [41], seems not plausible 
since in many different cell types endocannabinoids 
have been shown to increase glucose uptake instead of 
decreasing it as we have recently demonstrated in human 
adipocytes [42] confirming recent observations in rat 
3T3-L1 adipocytes [43]. Thus, an increase of AEA could be 

completing an important duty via improving mechanisms 
involved in the obtaining of the sperm fertilizing capacity.

Findings of this study indicated that FAAH as hydrolyzing 
enzyme of anandamide had a positive effect on increasing 
sperm motility and motility parameters associated with 
velocity such as VCL, VSL, VAP and BCF. Findings also 
suggested that in the presence of FAAH, sperm moves 
faster and beats cross frequency (BCF) and the mean angle 
degree (MAD) was increased. Sperm capacitation and 
acrosome reaction are also stimulated with FAAH. Endo- 
cannabinoids can be metabolized inside the cell by multiple 
pathways: AEA is a substrate mainly for fatty acid amide 
hydrolase (FAAH), that breaks the amide bond and releases 
arachidonic acid (AA) and ethanolamine [44]. FAAH is bound 
to intracellular membranes [45]. Obstruction AEA degrada-
tion by URB97 (an inhibitor of FAAH) caused sperm 
capacitation and the pre-incubation of sperm with CB1 or 
TRPV1 antagonists inverted this result [46]. It is proposed 
that cellular uptake of AEA can be controlled with FAAH 
by maintaining and/or creating an inward concentration 
gradient that drives the facilitated diffusion of AEA through 
anandamide membrane Transporter (AMT). Although 
FAAH is not the only factor controlling AEA transport,  
its pivotal function in degradation of AEA may explain why  
it is modulated in some pathophysiological conditions.

In conclusion, the importance of the endocannabinoid 
system makes it an attractive target for improvement 
of mammals’ sperm freezing methods and subsequent 
in vitro embryo production, artificial insemination and 
pharmacological interventions to control male fertility.

Acknowledgement

The authors would like to thank the “Research Institute  
of Animal Embryo Technology” for its financial and 
technical support, and Mr. Moslem Riahi and Shahrekord’s 
Sheep Breeding Station (Shooli) for their cooperation.

REFERENCES

1. Medeiros CM, Forell F, Oliveira AT,Rodrigues JL: Current status of 
sperm cryopreservation: Why isn’t it better? Theriogenology, 57, 327-344, 
2002. DOI: 10.1016/S0093-691X(01)00674-4

2. Sikka SC: Relative impact of oxidative stress on male reproductive  
function. Curr Med Chem, 8, 851-862, 2001. DOI: 10.2174/0929867013373039

3. Sikka SC: Role of oxidative stress and antioxidants in andrology  
and assisted reproductive technology. J Androl, 25 (1): 5-18, 2004.

4. Agarwal A, Prabakaran SA: Mechanism, measurement, and prevention 
of oxidative stress in male reproductive physiology. Indian J Exp Biol,  
43 (11): 963-974, 2005.

5. Allamaneni SS, Agarwal A, Nallella KP, Sharma RK, Thomas AJ, Jr 
Sikka SC: Characterization of oxidative stress status by evaluation of 
reactive oxygen species levels in whole semen and isolated spermatozoa. 
Fertil Steril, 83, 800-803, 2005. DOI: 10.1016/j.fertnstert.2004.05.106

6. Barbas JP,Mascarenhas RD: Cryopreservation of domestic animal 
sperm cells. Cell Tissue Bank, 10, 49-62, 2009. DOI: 10.1007/s10561-008-9081-4

7. de Lamirande E, Gagnon C: Human sperm hyperactivation and 
capacitation as parts of an oxidative process. Free Radic Biol Med, 14, 157- 

http://www.sciencedirect.com/science/article/pii/S0093691X01006744
http://www.eurekaselect.com/65369/article
http://www.ncbi.nlm.nih.gov/pubmed/14662779
http://ccf.org/reproductiveresearchcenter/docs/agradoc192.pdf
http://www.sciencedirect.com/science/article/pii/S0015028204029917
http://link.springer.com/article/10.1007%2Fs10561-008-9081-4
http://www.sciencedirect.com/science/article/pii/089158499390006G


551

166, 1993. DOI: 10.1016/0891-5849(93)90006-G

8. Felder CC,Glass M: Cannabinoid receptors and their endogenous 
agonists. Annu Rev Pharmacol Toxicol, 38, 179-200, 1998. DOI: 10.1146/
annurev.pharmtox.38.1.179

9. Howlett AC, Barth F, Bonner TI, Cabral G, Casellas P, Devane 
WA, Felder CC, Herkenham M, Mackie K, Martin BR, Mechoulam R, 
Pertwee RG: International Union of Pharmacology. XXVII. Classification 
of cannabinoid receptors. Pharmacol Rev, 54 (2): 161-202, 2002.

10. Fezza F, De Simone C, Amadio D,Maccarrone M: Fatty acid amide 
hydrolase: A gate-keeper of the endocannabinoid system. Subcell 
Biochem, 49, 101-132, 2008. DOI: 10.1007/978-1-4020-8831-5_4

11. Di Marzo V, Fontana A, Cadas H, Schinelli S, Cimino G, Schwartz 
JC, Piomelli D: Formation and inactivation of endogenous cannabinoid 
anandamide in central neurons. Nature, 372, 686-691, 1994. DOI: 
10.1038/372686a0

12. Wassarman PM, Jovine L, Qi H, Williams Z, Darie C, Litscher ES: 
Recent aspects of mammalian fertilization research. Mol Cell Endocrinol, 
234, 95-103, 2005. DOI: 10.1016/j.mce.2004.08.017

13. Salicioni AM, Platt MD, Wertheimer EV, Arcelay E, Allaire A, Sosnik 
J, Visconti PE: Signalling pathways involved in sperm capacitation. Soc 
Reprod Fertil Suppl, 65, 245-259, 2007.

14. Beltran C, Vacquier VD, Moy G, Chen Y, Buck J, Levin LR, Darszon 
A: Particulate and soluble adenylyl cyclases participate in the sperm 
acrosome reaction. Biochem Biophys Res Commun, 358, 1128-1135, 2007. 
DOI: 10.1016/j.bbrc.2007.05.061

15. De Jonge C: Biological basis for human capacitation. Hum Reprod 
Update, 11, 205-214, 2005. DOI: 10.1093/humupd/dmi010

16. Ross RA: Anandamide and vanilloid TRPV1 receptors. Br J Pharmacol, 
140, 790-801, 2003. DOI: 10.1038/sj.bjp.0705467

17. Starowicz K, Nigam S,Di Marzo V: Biochemistry and pharmacology 
of endovanilloids. Pharmacol Ther, 114, 13-33, 2007. DOI: 10.1016/j.
pharmthera.2007.01.005

18. Schuel H, Burkman LJ, Lippes J, Crickard K, Forester E, Piomelli  
D, Giuffrida A: N-Acylethanolamines in human reproductive fluids. Chem 
Phys Lipids, 121, 211-227, 2002. DOI: 10.1016/S0009-3084(02)00158-5

19. Rossato M, Ion Popa F, Ferigo M, Clari G, Foresta C: Human sperm 
express cannabinoid receptor Cb1, the activation of which inhibits  
motility, acrosome reaction, and mitochondrial function. J Clin Endocrinol 
Metab, 90, 984-991, 2005. DOI: 10.1210/jc.2004-1287

20. Whan LB, West MC, McClure N, Lewis SE: Effects of delta-9- 
tetrahydrocannabinol, the primary psychoactive cannabinoid in 
marijuana, on human sperm function in vitro. Fertil Steril, 85, 653-660, 
2006. DOI: 10.1016/j.fertnstert.2005.08.027

21. Aboagla EM, Terada T: Effects of the supplementation of trehalose 
extender containing egg yolk with sodium dodecyl sulfate on the 
freezability of goat spermatozoa. Theriogenology, 62, 809-818, 2004. DOI: 
10.1016/j.theriogenology.2003.12.003

22. Verstegen J, Iguer-Ouada M, Onclin K: Computer assisted semen 
analyzers in andrology research and veterinary practice. Theriogenology, 
57, 149-179, 2002. DOI: 10.1016/S0093-691X(01)00664-1

23. Revell SG, Mrode RA: An osmotic resistance test for bovine semen. 
Anim Reprod Sci, 36, 77-86, 1994. DOI: 10.1016/0378-4320(94)90055-8

24. Mortimer D: Practical Laboratory Andrology. New York: Oxford 
University Press,  1994.

25. Perez LJ, Valcarcel A, de las Heras MA, Moses DF, Baldassarre 
H: In vitro capacitation and induction of acrosomal exocytosis in ram 
spermatozoa as assessed by the chlortetracycline assay. Theriogenology, 
45, 1037-1046, 1996. DOI: 10.1016/0093-691X(96)00031-3

26. Watson PF: The causes of reduced fertility with cryopreserved 
semen. Anim Reprod Sci, 60-61, 481-492, 2000. DOI: 10.1016/S0378-
4320(00)00099-3

27. Salamon S, Maxwell WMC: Storage of ram semen. Anim Reprod Sci,  
62, 77-111, 2000. DOI: 10.1016/S0378-4320(00)00155-X

28. Gillan L, Evans G,Maxwell WM: Capacitation status and fertility of 
fresh and frozen-thawed ram spermatozoa. Reprod Fertil Dev, 9, 481-487, 

1997. DOI: 10.1071/R96046

29. Athanasiou A1, Clarke AB, Turner AE, Kumaran NM, Vakilpour S, 
Smith PA, Bagiokou D, Bradshaw TD, Westwell AD, Fang L, Lobo DN, 
Constantinescu CS, Calabrese V, Loesch A, Alexander SP, Clothier RH, 
Kendall DA, Bates TE: Cannabinoid receptor agonists are mitochondrial 
inhibitors: A unified hypothesis of how cannabinoids modulate mito-
chondrial function and induce cell death. Biochem Biophys Res Commun, 
364, 131-137, 2007. DOI: 10.1016/j.bbrc.2007.09.107

30. Rossato M: Endocannabinoids, sperm functions and energy 
metabolism. Mol Cell Endocrinol, 286 (1-2 Suppl 1): S31-S35, 2008. DOI: 
10.1016/j.mce.2008.02.013

31. Schuel H, Goldstein E, Mechoulam R, Zimmerman AM, Zimmerman 
S: Anandamide (arachidonylethanolamide), a brain cannabinoid receptor 
agonist, reduces sperm fertilizing capacity in sea urchins by inhibiting the 
acrosome reaction. Proc Natl Acad Sci U S A, 91 (16): 7678-7682, 1994.

32. Schuel H, Burkman LJ, Lippes J, Crickard K, Mahony MC, Giuffrida 
A, Picone RP, Makriyannis A: Evidence that anandamide-signaling 
regulates human sperm functions required for fertilization. Mol Reprod 
Dev, 63, 376-387, 2002. DOI: 10.1002/mrd.90021

33. Maccarrone M, Barboni B, Paradisi A, Bernabo N, Gasperi 
V, Pistilli MG, Fezza F, Lucidi P, Mattioli M: Characterization of the 
endocannabinoid system in boar spermatozoa and implications for 
sperm capacitation and acrosome reaction. J Cell Sci, 118, 4393-4404, 
2005. DOI: 10.1242/jcs.02536

34. Foresta C, Rossato M: Calcium influx pathways in human 
spermatozoa. Mol Hum Reprod, 3 (1): 1-4, 1997.

35. Darszon A, Labarca P, Nishigaki T, Espinosa F: Ion channels in 
sperm physiology. Physiol Rev, 79 (2): 481-510, 1999.

36. Pertwee RG: Pharmacology of cannabinoid CB1 and CB2 receptors. 
Pharmacol Ther, 74, 129-180, 1997. DOI: 10.1016/S0163-7258(97)82001-3

37. Di Marzo V, De Petrocellis L, Bisogno T: The biosynthesis, fate and 
pharmacological properties of endocannabinoids. Handb Exp Pharmacol, 
168, 147-185, 2005. DOI: 10.1007/3-540-26573-2_5

38. Fusi F, Sgaragli G, Murphy MP: Interaction of butylated 
hydroxyanisole with mitochondrial oxidative phosphorylation. Biochem 
Pharmacol, 43, 1203-1208, 1992. DOI: 10.1016/0006-2952(92)90493-3

39. Wallace KB, Eells JT, Madeira VM, Cortopassi G, Jones DP: 
Mitochondria-mediated cell injury. Symposium overview. Fundam Appl 
Toxicol, 38, 23-37, 1997. DOI: 10.1093/toxsci/38.1.23

40. Sarafian TA, Kouyoumjian S, Khoshaghideh F, Tashkin DP, Roth 
MD: Delta 9-tetrahydrocannabinol disrupts mitochondrial function and 
cell energetics. Am J Physiol Lung Cell Mol Physiol, 284, L298-L306, 2003.  
DOI: 10.1152/ajplung.00157.2002

41. Husain S, Lame MW: Inhibitory effects of delta 9-tetrahydrocannabinol 
on glycolytic substrates in the rat testis. Pharmacology, 23, 102-112, 1981.

42. Pagano C, Pilon C, Calcagno A, Urbanet R, Rossato M, Milan G, 
Bianchi K, Rizzuto R, Bernante P, Federspil G, Vettor R: The endogenous 
cannabinoid system stimulates glucose uptake in human fat cells via 
phosphatidylinositol 3-kinase and calcium-dependent mechanisms. J 
Clin Endocrinol Metab, 92, 4810-4819, 2007. DOI: 10.1210/jc.2007-0768

43. Gasperi V, Fezza F, Pasquariello N, Bari M, Oddi S, Agro AF, 
Maccarrone M: Endocannabinoids in adipocytes during differentiation 
and their role in glucose uptake. Cell Mol Life Sci, 64, 219-229, 2007.  
DOI: 10.1007/s00018-006-6445-4

44. McKinney MK, Cravatt BF: Structure and function of fatty acid amide 
hydrolase. Annu Rev Biochem, 74, 411-432, 2005. DOI: 10.1146/annurev.
biochem.74.082803.133450

45. Oddi S, Bari M, Battista N, Barsacchi D, Cozzani I, Maccarrone 
M: Confocal microscopy and biochemical analysis reveal spatial and 
functional separation between anandamide uptake and hydrolysis in 
human keratinocytes. Cell Mol Life Sci, 62, 386-395, 2005. DOI: 10.1007/
s00018-004-4446-8

46. Gervasi MG, Osycka-Salut C, Caballero J, Vazquez-Levin M, 
Pereyra E, Billi S, Franchi A, Perez-Martinez S: Anandamide capacitates 
bull spermatozoa through CB1 and TRPV1 activation. PLoS One, 6 (2): 
e16993, 2011. DOI: 10.1371/journal.pone.0016993

TALEBIYAN, AMIDI, SAMINI
MIRSHOKRAEI, HABIBIAN DEHKORDI

http://www.sciencedirect.com/science/article/pii/089158499390006G
http://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.38.1.179
http://www.ncbi.nlm.nih.gov/pubmed/12037135
http://link.springer.com/chapter/10.1007%2F978-1-4020-8831-5_4
http://www.nature.com/nature/journal/v372/n6507/abs/372686a0.html
http://www.sciencedirect.com/science/article/pii/S0303720705000377
https://webfiles.uci.edu/jsosnik/web/reprints/3.pdf
http://www.sciencedirect.com/science/article/pii/S0006291X07010339
http://humupd.oxfordjournals.org/content/11/3/205
http://onlinelibrary.wiley.com/doi/10.1038/sj.bjp.0705467/abstract
http://www.sciencedirect.com/science/article/pii/S0163725807000186
http://www.sciencedirect.com/science/article/pii/S0009308402001585
http://press.endocrine.org/doi/abs/10.1210/jc.2004-1287
http://www.sciencedirect.com/science/article/pii/S0015028205039427
http://www.sciencedirect.com/science/article/pii/S0093691X0300476X
http://www.sciencedirect.com/science/article/pii/S0093691X01006641
http://www.sciencedirect.com/science/article/pii/0378432094900558
http://www.sciencedirect.com/science/article/pii/0093691X96000313
http://www.sciencedirect.com/science/article/pii/S0378432000000993
http://www.sciencedirect.com/science/article/pii/S037843200000155X
http://www.publish.csiro.au/?paper=R96046
http://www.publish.csiro.au/?paper=R96046
http://www.sciencedirect.com/science/article/pii/S0006291X07021079
http://www.sciencedirect.com/science/article/pii/S0303720708000865
http://www.pnas.org/content/91/16/7678.full.pdf
http://onlinelibrary.wiley.com/doi/10.1002/mrd.90021/abstract
http://jcs.biologists.org/content/118/19/4393
http://molehr.oxfordjournals.org/content/3/1/1.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10221988
http://www.sciencedirect.com/science/article/pii/S0163725897820013
http://link.springer.com/chapter/10.1007%2F3-540-26573-2_5
http://www.sciencedirect.com/science/article/pii/0006295292904933
http://toxsci.oxfordjournals.org/content/38/1/23
http://ajplung.physiology.org/content/284/2/L298
http://www.ncbi.nlm.nih.gov/pubmed/6273942
http://press.endocrine.org/doi/abs/10.1210/jc.2007-0768
http://link.springer.com/article/10.1007%2Fs00018-006-6445-4
http://www.annualreviews.org/doi/abs/10.1146/annurev.biochem.74.082803.133450
http://link.springer.com/article/10.1007%2Fs00018-004-4446-8
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0016993



