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Abstract

Background: We investigated the in-vitro effects of vitamin C on delta-9-tetrahydrocannabinol (THC) -induced
reduction in spermatozoa motility and kinematics.

Methods: Six rats were used for the study. Semen from each of the 6 rats was randomly divided into 6 groups
such that each r& semen was in all of the groups. Groups I-1ll received placebo, THC (1 mM), and vitamin C (5
mM) respectively. Group IV was pre-treated with cannabinoid recdptmieers (CBy1 and 2, followed by THC.
Groups V and VI received THC and vitamin C, but group VI was additionally pre-treated with CBs

Results:The spermatozoa progressive motility, average path velocity (VAP), curvilinear velocity (VCL), straight-line
velocity (VSL), amplitude of lateral head (ALH) and beat cross frequency (BCF) were reduced by THC (6.08 £ 1.16%;
5.64+0.82m/s; 6.96 £ 0.74m/s; 2.75+ 0.23m/s; 0.31 £ 0.02m; and 0.78 + 0.08 Hz respectively) but increased by
vitamin C (51.20 £ 1.32%; 17.90 + On2/; 25.11 + 0.96n/s; 8.80 £ 0.27m/s; 0.75+ 0.01m; and 3.15+ 0.03 Hz
respectively) when compared to control (39.72 + 0.38%; 13.70 m0<29.8.04 £ 0.58n/s; 7.54 + 0.34m/s;
0.65+0.02m; and 2.79 + 0.01 Hz respectively). Vitamin C inhibited the THC-induced reduction in these parameters
(37.36 £ 0.73%; 10.98 + 0.48s; 13.58 + 0.30m/s; 7.11 + 0.22m/s; 0.58 £ 0.01m; and 2.60 + 0.01 Hz respectively)
in the absence of CB4 and 2, and even caused additional increases in progressive motility (49.54 £ 1.01%), VAP
(15.70 £ 0.38m/s) and VCL (22.53 + 0.28/s) above the control levels with CBs

Conclusion:Vitamin C ameliorates the THC-induced reduction in spermatozoa motility in-vitro by modulation of
their kinematics.
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Background functions have been well-established. For instance, it de-
Marijuana, preparation of the flower, leaves and seeds ofreases germ cell proliferation, reproductive organ
the plant Cannabis sativa (CS), is the most widely weight [6, 7], and semen parameters7/f9] by eliciting
abused illicit drug worldwide 1] and is becoming glo- endocrine disruption, hyperprolactinaemialf], down-
bally legalised due to its medicinal use by patients withregulation of the hypothalamic-pituitary-gonadal axis
pain [2], inflammation [3], epilepsy f], cancer p], etc. [10, 11], and oxidative stress9.
However, its detrimental effects on male reproductive Delta-9-tetrahydrocannabinol (THC, an active psycho-
active compound in CS), prescribed under the name
*C 5 - ; Dronabinol (synthetic THC in sesame oil), is clinically
1De0[:;$$r222t E?gﬁsz%ﬁ)g/?gfﬁéz?rgf Medicine and Pharmacy, University Qemg used for the treatment of acquired immunodefi-
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sclerosis, and cancer chemotherapy-associated nauseand water ad libitum. In addition to the study approval by
[12, 13]. However, it has been consistently shown tothe Ethics Committee of the University of llorin, the
negatively alter spermatozoa motility, swimming behav-“Principles of laboratory animal care (NIH publication No.
iour, and acrosome reaction in sea urchirl4-16], rat 85-23, revised 1985)were followed.
[17], and human [L8, 19]. Following the sacrifice of the rats with 0.8 mlkd
The effects of vitamin C on spermatozoa parametersbody weight of ketamine hydrochloride, the cauda epi-
and fertility rate in subfertile males remain controversial. didymides were rapidly removed and minced in the
For instance, its protective effect against testicular damagenodified BiggersWhitten—Whittingham (BWW) cap-
has been well-reported in different conditions2{, 21], acitation medium, whose components have been previ-
while its toxic [20] and deoxyribonucleic acid (DNA)- ously described17, 25]. The liberated spermatozoa were
damaging 22, 23 potentials have also been shown. incubated in the medium. Dimethyl sulphoxide (DMSO)
We have previously observed in our in-vivo studies thatwas used to prepare the stock solution of the drugs,
vitamin C exacerbates the CS-induced gonadotoxicity,which was then diluted to the required concentration
oxidative stress and reproductive hormonal toxicities, but before each experiment in a BWW capacitation medium
these CS-induced toxicities were ameliorated only whensuch that the final DMSO concentration was 0.2% (Vol/
vitamin C was co-administered with melatonin7[ 9, 10].  Vol) [25] that does not affect spermatozoa motilityl[].
In our very recent in-vitro study, we observed that mela- Following the method of Charan and Kantharia2€
tonin alone ameliorated THC-induced spermatotoxicity for the determination of animal sample size, semen from
by attenuating the THC-induced reduction of hyper- each rat 6 =6) was randomly divided into 6 treatment
activated motility (HAM) in the capacitated spermatozoa groups such that each r& semen was in all of the
[17]. The results of our recent in-vitro work 17] showed groups as follows: Groups I-1ll were respectively treated
that melatonin alone attenuated, but did not abolish, the with placebo (control mixture), THC (1 mM), and vita-
THC-induced reduction in spermatozoa motility and min C (5mM). Group IV was pretreated with 1 mM
kinematics. This lack of abolishment is evident as the mo-each of CBs 1 (SR141716) and 2 (AM-630), followed by
tility and kinematics were still significantly lower in THC (1 mM). Groups V and VI were both treated with
spermatozoa that were treated with a combination of THC and vitamin C, but group VI was additionally pre-
melatonin and THC than the control. treated with 1 mM each of CBs1 (SR141716) and 2
Vitamin C has been reported to increase the motility (AM-630). Experiments were carried out by incubating
and kinematics of caprine epididymal spermatozoa in-spermatozoa in the BWW capacitation medium for 30
vitro [24]. Since the combination of melatonin and vita- min. We generated dose-response and time-course of
min C abolished the spermatotoxic effects of CS in-vjivo modulation curves from our preliminary experiment to
the lack of abolishment of the spermatotoxic effect of arrive at the doses of THC and vitamin C and the dur-
THC by melatonin alone in-vitro suggests that the effect ation used for the study while the same dose of THC
of melatonin and vitamin C on the semen parameterswas used for the CBg[17].
might be additive or synergistic. This speculation led us
to also investigate the effect of vitamin C on spermato- Determination of spermatozoa motility and kinematics
zoa motility and kinematics in this study to clear our Spermatozoa progressive motility and kinematics (aver-
doubts whether vitamin C contributed to the combined age-path velocity [VAP], curvilinear velocity [VCL],
effect of melatonin and vitamin C or whether the com- straight-line velocity [VSL], the amplitude of lateral head
bined effect is a result of melatonin only. displacement [ALH], beat cross frequency [BCF], wob-
Following the procedures used in our previous in-vitro ble, straightness, and linearity) were recorded with
study, the present study investigated the effect of vitaminCASA (JH-6004 Sperm Quality Analyser, Jiangsu Jiahua
C on motility and kinematics of capacitated rat sperm- Electronic Instrument Co., Ltd., Jiangsu, China) as previ-
atozoa treated with cannabinoids using the computer- ously described17].
assisted sperm analyser (CASA). We hypothesised that
vitamin C will ameliorate the THC-induced reduction in Data analysis

spermatozoa motility and kinematics. Data were blindly analysed using statistical software for
the social sciences (SPSS) version 16.0 for Windows

Methods (IBM Corporation, Armonk, NY, USA). All values given

Experimental protocol were the Mean+ S.E.M of the variables. The normality

Six [6] male Wistar albino rats (208210 g) sourced from of the data was assessed using the Shapiro-Wilk test.
the Department of Biochemistrg Animal House, Univer- Significance was assessed by the one-way analysis of
sity of llorin, Nigeria were housed at room temperature variance (ANOVA), followed by a posthoc Tukey test
under the daily light/dark cycle with free access to food for multiple comparisons. The five experimental groups
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were compared with the control group that received pla- On the contrary, 100 M, 1 mM, 5mM, and 10 mM but
cebo, while groups that received cannabinoids with (out)not 10 M of vitamin C increased the rat spermatozoa mo-
vitamin C were additionally compared with THC group. tility when compared to the baseline (Fidb).

Receiver Operating Characteristic (ROC) curve was used

to examine the predictive abilities of spermatozoa kine-THC-induced reduction in progressive motility is

matics on their progressive motility. Thep-values of attenuated by vitamin C

0.05 or less were considered statistically significant. THC reduced the spermatozoa progressive motility
(6.08+1.16%) when compared to the control (39.72+

Results 0.38%) but this reduction was inhibited by cannabinoid

Dose-response and time-course of modulation of receptors 1 and 2 blockers (41.38 £ 0.36%). The progres-

spermatozoa moatility by tetrahydrocannabinol and vitamin C~ sive motility was increased by vitamin C (51.20 = 1.32%)
Throughout the observation period, 10M, 100 M, 1mM  when compared to the control (39.72 £ 0.38%). Interest-
and 10 mM but not 1 M of THC reduced the rat sperm- ingly, vitamin C inhibited the THC-induced reduction in

atozoa motility when compared to the baseline (Fitp). progressive motility (37.76 £0.73%), maintaining it at
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Fig. 1 Dose-response and time-course of modulation of the percentage motility (progressive + non-progressive) of spermatozoa after ipncubation
in tetrahydrocannabinob) or vitamin CK). p<0.01%<0.001 vs. Baseline (0 min)
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94% of the control value. When cannabinoid receptors 1(22.53+0.29 m/s) by 20% above the control level
and 2 were blocked, vitamin C completely abolished the(Fig. 4).
effect of THC on the progressive motility and even THC reduced the spermatozoa VSL (2.75 = 0.28/s)
caused its additional increase (49.54+ 1.01%) by 20%hen compared to the control (7.54 £ 0.34n/s) but this
above the control level (Fig). reduction was inhibited by cannabinoid receptors 1 and 2
blockers (6.86 = 0.47m/s). The VSL was increased, albeit
THC-induced reductions in some spermatozoa kinematics insignificant, by vitamin C (8.80 £ 0.27m/s) when com-
are attenuated by vitamin C pared to the control (7.54 £ 0.34m/s). Vitamin C inhib-
THC reduced the spermatozoa VAP (5.64 +0.8&1/s) ited the THC-induced reduction in VSL (7.11 + 0.22m/s)
when compared to the control (13.70+0.29n/s) but by maintaining it at 94% of the control value. When can-
this reduction was inhibited by cannabinoid receptors 1 nabinoid receptors 1 and 2 were blocked, vitamin C com-
and 2 blockers (14.70+0.76n/s). The VAP was in- pletely abolished the effect of THC on VSL by
creased by vitamin C (17.90%0.2in/s) when com- maintaining it at a level (7.86 £ 0.17m/s) comparable to
pared to the control (13.70+0.29m/s). Moreover, that of the control (Fig.5).
vitamin C inhibited the THC-induced reduction in VAP THC reduced the spermatozoa ALH (0.31+0.02n)
(10.98 + 0.45 m/s), maintaining it at 80% of the control. when compared to the control (0.65 = 0.02n) but this
When cannabinoid receptors 1 and 2 were blocked, vita-reduction was inhibited by cannabinoid receptors 1 and
min C completely abolished the effect of THC on VAP 2 blockers (0.69 + 0.00m). The VSL was increased by
and even caused its additional increase (15.7+0.88 vitamin C (0.75%0.01 m) when compared to the con-
s) by 13% above the control level (F§)- trol (0.65+0.02 m). Vitamin C inhibited the THC-
THC reduced the spermatozoa VCL (6.96 = 0.7é/s)  induced reduction in ALH (0.58 £ 0.01m) by maintain-
when compared to the control (18.04 +0.58n/s) but ing it at 89% of the control value. When cannabinoid re-
this reduction was inhibited by cannabinoid receptors 1 ceptors 1 and 2 were blocked, vitamin C completely
and 2 blockers (21.39+0.73n/s). The VCL was in- abolished the effect of THC on ALH by maintaining it at
creased by vitamin C (25.11%0.96n/s) when com- a level (0.67 = 0.01m) comparable to that of the control
pared to the control (18.04 +0.58m/s). Furthermore, (Fig.6).
vitamin C inhibited the THC-induced reduction in VCL =~ THC reduced the spermatozoa BCF (0.78 +0.08 Hz)
(13.58 £ 0.30 m/s) by maintaining it at 75% of the con- when compared to the control (2.79 £ 0.01 Hz) but this
trol value. When cannabinoid receptors 1 and 2 werereduction was inhibited by cannabinoid receptors 1 and
blocked, vitamin C completely abolished the effect of2 blockers (2.88 + 0.00 Hz). The BCF was increased by
THC on VCL and even caused its additional increasevitamin C (3.15£0.03Hz) when compared to the
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Fig. 2 Vitamin C abolished the tetrahydrocannabinol-induced reduction in the progressive motility of rat spermatozoa. THC,
tetrahydrocannabinol; CBsannabinoid receptorblockers’p < 0.05 vs. Contrdip< 0.05 vs. THC
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Fig. 5 Vitamin C abolished the tetrahydrocannabinol-induced reduction in the straight line velocity of rat spermatozoa. THC,
tetrahydrocannabinol; CBsannabinoid receptdrblockers’p < 0.05 vs. Contrdip< 0.05 vs. THC
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Fig. 6 Vitamin C attenuated the tetrahydrocannabinol-induced reduction in the amplitude of lateral head of rat spermatozoa. THC,
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control (2.79£0.01 Hz). Vitamin C inhibited the THC- Table 1 Effect of vitamin C on velocity ratios in
induced reduction in BCF (2.60+0.01 Hz) by maintain- tetrahydrocannabinol-treated spermatozoa

ing it at 93% of the control value. When cannabinoid re- Groups Wobble Straightness  Linearity
ceptors 1 and 2 were blocked, vitamin C completely (VAP/VCL, %) (VSLIVAP, %) (VSLIVCL, %)
abolished the effect of THC on BCF by maintaining it at Control 76.08£291  5518+327 42.01+3.13
a level (2.77+£0.03Hz) comparable to that of control THC 81.45+9.23 49.81+4.49 40.52+5.70
(Fig. 7). CBs+THC 68.64 + 1.43  46.89%3.74 32.16+ 2.55
Vitamin C 7144 +198 4914+091 3507 +0.39

The effect of vitamin C on velocity ratios in THC-treated
spermatozoa o
THC and/or vitamin C caused no significant change in €BS*THC+Vitamin C  69.74+ 259  50.15+2.04  34.88+0.63
the spermatozoa wobble straightness and Iinearity wher{HC tetrahydrocannabinol CBs~ cannabinoid receptorsblockers,VSL straight

' . line velocity, VCL curvilinear velocity,VAP average-path velocity?p < 0.05
compared to control. THC did not also have any effect s Thc
on these velocity ratios when cannabinoid receptors 1

and 2 were blocked, either in the presence or absence 09.45 m as ALH, 1.73 Hz as BCF, 66.49% as wobble, and

Vitamin C + THC 80.96 + 401  64.83 +71.962.35+ 1.38

vitamin C (Tablel). 32.46% as linearity while 100% of non-progressively mo-
tile spermatozoa had below these parametersit-off

Prediction of progressive matility by the kinematics of values (except for wobble and linearity that the specifi-

spermatozoa city is 33.30%). The velocity ratios (wobble, straightness,

Using the ROC curve, we determined if kinematics couldand linearity) had lower confidence intervals and areas
predict the progressive motility of spermatozoa treatedunder the ROC curves than velocities, ALH, and BCF.
with THC and/or vitamin C. The curve showed that Thus, there was a very low probability that the progres-
100% of progressively motile spermatozoa had 8.6  sively motile and non-motile spermatozoa differ in their

s Y as VAP, 10.36ms * as VCL, 496 ms ' as VSL, velocity ratios (wobble, straightness and linearity), while

#

Beat cross frequency (Hz)
ro

Control THC  CBs +THC THC  CBs +THC

Vitamin C

Fig. 7 Vitamin C attenuated the tetrahydrocannabinol-induced reduction in the beat cross frequency of rat spermatozoa. THC,
tetrahydrocannabinol; CBsannabinoid receptdrblockers’p < 0.05 vs. Contrdip< 0.05 vs. THC
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there was a very high probability that they differ in their ~ Vitamin C has been previously reported to improve
velocities (VAP, VCL, and VSL), ALH and BCF rat's semen parameters in-vivo9] and ameliorate the

(Table 2). spermatotoxicity induced by cisplatin in rats4fl, 42]
and p-dimethylaminoazobenzene in mic&d]. In a ran-
Discussion domised controlled clinical trial that included cases after

The reduction in spermatozoa motility by THC was ini- varicocele surgery, vitamin C supplementation signifi-
tially reported in sea urchin by Schusl group [L4-16]. cantly increased motility and morphology but not count
A series of studies later showed that cannabinoid recep4n infertile young adult males with low-quality spermato-
tors activation by anandamide (an endocannabinoidzoa, suggesting that it positively affects qualitative but
agonist) or THC inhibits spermatozoa functions like mo- not quantitative characteristics of semen analysis in this
tility, velocities, capacitation and acrosome reaction incondition [44]. Apart from the reported improvement in
the frog, rat B, 17], boar [27], and human [19, 28-31]. spermatozoa quality in smokers by increasing vitamin C
Furthermore, the spermatotoxic potential and the conse-dose from 200 to 1000 mg4p], another observational
qguent anti-fertility effect of marijuana 7, 9, 10] and its  study on healthy, non-smoking Americans showed that
primary psychoactive cannabinoid (THC)1[] are well- vitamin C-containing diet or supplement increased
known. spermatozoa count and motility 46]. When combined
Ejaculated spermatozoa capacitation process in the fewith vitamin E, vitamin C has also been reported to en-
male reproductive tract involves membrane and meta-hance rabbit male fertility 47] by increasing concentra-
bolic modifications such as the generation of reactivetion and total motile but decreasing abnormal and dead
oxygen species (ROS), an increase in intracellular ionspermatozoa47, 48]. A combination of vitamins C and
and protein tyrosine phosphorylation, and changes inE reportedly ameliorate the oxidative stress and sperma-
motility and plasma membrane fluidity 32, 33]. Events totoxicity induced by endosulfan in rats4Q].
like spermatozoa binding to the zona pellucida (ZP), ac- Does vitamin C have spermatoprotective effect in-
rosome reaction, and oocyte fertilisation all depend onvitro? Previous reports have shown that vitamin C is the
successful capacitation proces34], prevention of which most important seminal anti-oxidant, accounting for
will lead to fertilisation failure B5]. During this process, about 65% of the seminal anti-oxidant capacity, and is
spermatozoa acquire a motility pattern called HAM3f]  currently being used in-vitro to enhance spermatozoa
that is characterised by asymmetrical flagellar beatingquality in infertility clinics [50, 51]. An Egyptian study
[37], which is needed for fast swimming and generation has linked smoking to decrease in seminal plasma vita-
of enough force necessary to penetrate cumulus cellsnin C, which was shown to consequently reduce semen
and ZP during fertilisation Bg]. Because the HAM pat- parameters and fertilisation potential5pP]. Our dose-
terns of mammalian spermatozoa capacitated in-vivoresponse and time-course of modulation study showed
and in-vitro have been reported to be similaB®, 40], it that vitamin C increased the percentage motility of
has been very easy for researchers to study different aspermatozoa in a dose-dependent but not time-
pects of spermatozoa physiology by in-vitro capacitation.dependent manner. For instance, 108, 1 mM, 5mM,
Our data in this study showed that THC reduced the and 10 mM, but not 10 M, significantly increased the
progressive motility of spermatozoa incubated in capaci-spermatozoa motility throughout the observation period
tation medium, which corroborates its spermatotoxic when compared to the baseline. Furthermore, incubation
effect. of spermatozoa in 5mM of vitamin C solution also

Table 2 Prediction of hyper-activated motility by the kinematics of capacitated spermatozoa treated with tetrahydrocannabinol with
(out) vitamin C

Outcomes Predictors Sensitivity (%) Specificity (%) Cutoff value AUC 95% ClI p-values

Progressive motility VAR/s) 100.00 100.00 8.76 1.000 1.000 to 1.000 0.000
VCL (m/s) 100.00 100.00 10.36 1.000 1.000 to 1.000 0.000
VSL (m/s) 100.00 100.00 4.96 1.000 1.000 to 1.000 0.000
ALH (m) 100.00 100.00 0.45 1.000 1.000 to 1.000 0.000
BCF (Hz) 100.00 100.00 1.73 1.000 1.000 to 1.000 0.000
Wobble (%) 100.00 33.30 66.49 0.333 0.200 to 0.867 0.405
Straightness (%) 88.90 66.70 48.43 0.778 0.455t0 1.101 0.166
Linearity (%) 100.00 33.30 32.46 0.593 0.181 to 1.004 0.644

VAP Average-path velocity/CL Curvilinear velocityVSL Straight-line velocity ALH Amplitude of lateral head displacement3CF Beat/cross frequencyAUC Area
under the receiver operating characteristic curv€/ Confidence interval
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increased their motility by 22% when compared to con- have reported that THC-induced reduction in the HAM
trol. The vitamin C-induced increase in spermatozoa of spermatozoa was abolished when both CbRs 1 and 2
motility was associated with an increase in VAP, VCL,were blocked, but was only attenuated when either CbR
VSL, ALH and BCF but decrease in straightness and lin-1 or CbR 2 was selectively blocked. We also showed that
earity. These data provide pieces of evidence that vitaCbR 1 contributed more than CbR 2 in THC-induced
min C increases motility by enhancing the kinematics of spermatotoxicity [L7]. Since the involvement of both
spermatozoa. These data are consistent with the previCbRs in the regulation of spermatozoa motility has been
ous report of Babaie and Sivand?{] that also reported established, the current study further investigated if the
an improvement in the motility and kinematics of cap- lack of complete abolishment of some kinematics by
rine spermatozoa treated with vitamin C in-vitro. Similar vitamin C is associated with CbRs activation by THC in
to our study, Babaie and Sivand24] obtained epididy- spermatozoa incubated with a combination of THC and
mal spermatozoa from adult goat testes and incubatedvitamin C. We blocked both CbRs (SR141716 as CB
them in the capacitation medium (C#-free Tyrodés and AM-630 as CB 2) and then added THC and vita-
medium, spermatozoa TALP) supplemented with 5@/ min C to the capacitation medium. We observed that
ml vitamin C, after which the motion parameters were prior blockade of CbRs cancelled the spermatotoxic ef-
assessed using the CASA at various intervals. They alsiect of THC as vitamin C abolished the effect of THC
observed that vitamin C increased total and progressiveon VSL, ALH and BCF, and even raised the progressive
spermatozoa motility, VCL, VSL, linearity, ALH and BCF. motility, VAP and VCL above the control value. This
Can vitamin C ameliorate the THC-induced spermato- shows that vitamin C caused more inhibition of THC-
toxicity? In our previous in-vivo studies, we reported that induced spermatotoxicity when CbRs were blocked and
the CS-induced spermatotoxicities (and the associateds a pointer to the fact that there is a crosstalk between
endocrine disruption and oxidative stress) were exacervitamin C and cannabinoid signalling.
bated by either vitamin C or melatonin when administered Is the ameliorative effect of vitamin C on motility re-
separately, but ameliorated when vitamin C was co-lated to the kinematics of spermatozoa? Across a wide
administered with melatonin 7, 9, 10). However, our most range of animals like birdsH5], fishes p6] and mam-
recent in-vitro study showed that melatonin attenuated mals [57], the competition of spermatozoa to fertilise the
THC-induced reduction in spermatozoa motility and ovum is favoured by traits (e.g. kinematics) that promote
kinematics of rat. Based on our observation that the mod-the fertilising ability of male. To penetrate different bar-
ulatory effects of melatonin on spermatotoxicity induced riers along its track, the spermatozoon requires a high
by CS or THC are different in-vivo and in-vitro, we were flagellar BCF $8]. The VCL and ALH signify the hyper-
interested to know the effect of vitamin C on THC- activated motility (HAM) of spermatozoa and the high-
induced spermatotoxicity in-vitro. In the present in-vitro energy state required for successful fertilisatiorb9
study where spermatozoa were incubated with THC andwhile motility and velocities of spermatozoa reflect their
vitamin C in the capacitation medium, we observed for mitochondrial function and energy status that have been
the first time that vitamin C completely abolished the correlated with their fertility [60]. Moreover, the progres-
THC-induced reduction in progressive motility of sperm- sive motility of spermatozoa has been positively correlated
atozoa by maintaining it at 94% of the control (which is with the VAP, VCL, VSL, ALH, BCF, straightness, and lin-
not significantly different from the control level). We also earity but negatively correlated with wobble in bull&7,
observed that vitamin C attenuated the THC-induced re- 61, 62). In our recent study, velocities (VAP, VCL and
duction of VAP, VCL, ALH, and BCF but abolished the VSL), ALH and BCF showed strong predictive power on
THC-induced reduction in VSL. These data provide HAM, suggesting that these kinematics determine the re-
pieces of evidence that vitamin C ameliorates the THC-sponse of spermatozoa capacitation-induced HAM to can-
induced spermatotoxicity, especially as regards motilitynabinoids and melatonin I7]. In the present study, there
and kinematics of spermatozoa. Taken together with ourwas a very low probability that the progressively motile
previous in-vivo study, it also suggests that vitamin Cand non-motile spermatozoa differ in their velocity ratios
ameliorates cannabinoid-induced spermatotoxicity in- (wobble, straightness and linearity), while there was a very
vitro but exacerbates it in-vivolt is thus similar to our re-  high probability that they differ in their velocities (VAP,
cent study where we reported that melatonin amelioratesVCL, and VSL), ALH and BCF. These suggest that veloci-
cannabinoid-induced spermatotoxicity in-vitro but exacer- ties, ALH and BCF determine the modulation of sperm-
bates it in-vivo [L7]. atozoa capacitation-induced HAM by cannabinoids and
Is there a crosstalk between vitamin C and cannabin-vitamin C.
oid signalling? The existence of cannabinoid receptors Even though hydrogen peroxide is the major ROS pro-
(CbRs) and the endocannabinoid system in mammalianduced in spermatozoa, a previous study has shown that
spermatozoa has been well-reportel, 53, 54]. We 87% of infertile patients have superoxide anio%J.
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