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ABSTRACT

Twelve ejaculates were collected from 6 adult healthy dromedary camels during the rutting season to study
the effect of heparin, caffeine and calcium-ionophore on the induction of capacitation in dromedary spermatozoa.
Each semen sample was evaluated (sperm progressive motility % and sperm concentration x 106/mL). Nine
ejaculates out of twelve were diluted with Shotor buffer to obtain 15 aliquots of 5-10 x 10° motile spermatozoa/
990ul. Five aliquots were mixed with 10 pl of heparin in concentrations of 0 control, 10 IU (2.5 pl/mL), 25 IU (5 ul/
mL), 50 IU (10 pl/mL) and 100 IU (20 ul/mL). Caffeine (10 pl) was added to another 5 aliquots in concentrations of
0 control, 2.5 mM (0.00485g/mL), 5 mM (0.0097g/mL), 10 mM (0.0194g/mL) and 20 mM (0.0388g/mL). The last 5
aliquots were mixed with 10 pl of calcium-ionophore A23187 in concentrations of 0 control, 0.05 mM (3.75 ul/mL),
0.1 mM (7.53 pl/mL), 0.2 mM (14.95 pul/mL) and 0.3 mM (20 ul/mL). All aliquots were incubated at 38°C in a 5%
CO, atmosphere and 90% relative humidity for 60 min. Aliquots from replications were taken at 0, 5, 15, 30 and 60
min and evaluated for percentages of sperm motility, live sperm and spermatozoa with reacted acrosomes using
eosin nigrosin and Chlortetracycline staining. Results revealed differences in viability indices (VI) between camel
semen incubated with calcium-ionophore and both semen incubated with heparin and caffeine. Heparin 100 IU,
caffeine 5 mM and calcium-ionophore 0.05 mM were the best capacitating factors. A marked increase existed in B
(capacitated and acrosome intact) and AR (capacitated and acrosome reacted) patterns cells accompanied with a
large decrease in F pattern (uncapacitated and acrosome intact) cells in aliquots with the capacitating factors than in
control. In conclusion, heparin (100 IU), caffeine (5 mM) and calcium-ionophore A23187 (0.05 mM) are convenient
capacitating factors for dromedary camels” semen. CTC fluorescent staining technique can be used for assessing
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capacitation status and acrosome reaction in dromedary camels.
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Assisted reproductive technologies such as
artificial insemination (AI), embryos transfer
(ET) and in-vitro embryos production (Torner et
al, 2003; Skidmore and Billah, 2006; Tibary et al,
2007; Wani, 2009) could improve the well-known
poor reproductive efficiency of the camel. Several
areas of in-vitro embryo production in dromedary,
including sperm capacitation, need to be resolved
before this technology could be used regularly.
Capacitation is defined as a series of biochemical
and biophysical changes prior to fertilisation
(Wani, 2002). There is limited information on in
vitro induction of capacitation in camels. When
mammalian spermatozoa are first released from the
male reproductive tract, they are unable to fertilise

oocytes immediately, despite being morphologically
mature and independently motile (Das Gupta et
al, 1993). The spermatozoa must undergo a post-
release maturation phase termed capacitation
which is obligatory for mammalian spermatozoa to
attain full fertilising potential (Sebkova et al, 2012;
Tulsiani and Abou-Haila, 2012, Kwon et al, 2014).
Chlortetracycline (CTC) fluorescence technique was
first used to assess the functional status of mouse
spermatozoa (Ward and Storey, 1984). CTC is a
fluorescent antibiotic that binds to the surface of
sperm cells in a Ca?* dependent manner (Tsien,
1989). CTC staining is currently the assay of choice
because it distinguishes 3 different stages of sperm
activation; non-capacitated, capacitated acrosome-
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intact and capacitated acrosome-reacted spermatozoa
(Rathi et al, 2001; Nakai et al, 2012). CTC staining has
been used previously to assess the capacitation state
of spermatozoa in mouse (Saling and Storey, 1979;
Ward and Storey, 1984), stallion (Varner et al, 1987),
bull (Fraser et al, 1995), dog (Guerin et al, 1999), ram
(Paulenz et al, 2002) and camels (Crichton ef al, 2015).
However, unfortunately, a clear understanding of
how CTC interacts with the sperm surface at the
molecular level is lacking and the evaluation of CTC
staining has been performed on fixed sperm cells
(Rathi et al, 2001). Present investigation was done to
study the effect of different concentrations and time of
incubation of heparin, caffeine and calcium-ionophore
A23187 on the in vitro capacitation of ejaculated
dromedary spermatozoa and to assess this effect by
aid of CTC stain.

Materials and Methods

Chemical reagents preparation

A Shotor buffer (Niasari-Naslaji et al, 2007) was
made by dissolving 2.60 g Tris (Sigma, T8793), 1.35
g Citric acid (Sigma, C1857), 1.20 g Glucose (Sigma,
G7528) and 0.90 g Fructose (Sigma, F2543) in 100 ml
deionised water with an osmolality of 330 mOsm/
kg and pH of 6.9. Heparin concentrations were
made by dissolving heparin sodium salt (Sigma,
H4784) in deionised water and preparing serial
dilutions with final heparin concentrations of 0,
10, 25, 50 and 100 IU. Caffeine concentrations were
made by dissolving caffeine powder (Sigma, C0750)
in deionised water and preparing serial dilutions
of caffeine as 0, 2.5, 5, 10 and 20 mM. Calcium-
ionophore A23187 concentrations were prepared by
dissolving calcium-ionophore A23187 (Sigma, C7522)
in Dimethyl sulfoxide (DMSO; Sigma, D2650) and
serial dilutions were done to obtain concentrations
of 0, 0.05, 0.1, 0.2 and 0.3 mM. The CTC fluorescence
stain was adopted from a previously stated method
(Hewitt and England, 1998). A fixative buffer was
prepared by dissolving 12.11 g Tris (Sigma, T8793)
in 100 ml deionised water. The fixative was made by
mixing glutaraldehyde 25% (Sigma, G5882) with the
fixative buffer 1:1 (v/v) and the pH was adjusted to
7.4. A CTC buffer was prepared by dissolving 240
mg Tris (Sigma, T8793) and 760 mg sodium chloride
(Sigma, S3014) in 100 ml deionised water. The buffer
was filtered through Amicon® Ultra-15 Centrifugal
Filter Device with 100,000 MWCO (UFC 910024,
Merck Millipore Ltd., Tullagreen, Carrigtwohill, Co.
Cork, Ireland) using a swinging bucket rotor at 4,000
x g for 30 min and stored at 4°C. A CTC solution was
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made by mixing 2 mg of CTC (Sigma, 26430) and 4.4
mg of DL-Cysteine (Sigma, 861677) with 5 ml of CTC
buffer. The pH of the solution was adjusted to 7.8 and
stored at 4°C.

Camels and semen collection

Six adult healthy camels with sound history
of fertility in the herd and an average age of 7 years
(range, 5-13 years) were used in this study during
the rutting season (December to April;, Arthur ef al,
1985). These males were maintained under standard
conditions of feeding and management at the Camel
Research Centre, King Faisal University, Saudi Arabia
and served as sires for breeding females. Twelve
ejaculates were collected (one ejaculate/week) from
these camels using electro-ejaculation method (Tingari
et al, 1986). Quality of semen samples was established
by evaluating sperm motility and concentration by
the same trained individual using Sperm Vision®
3.5 (Minitube of America, Inc) and NucleoCounter®
SP-100TM (Chemometec, Ser. no. 1110-020-
03, Gydevang 43, DK-3450 Allerod, Denmark),
respectively. Percentages of sperm abnormalities were
determined using eosin nigrosin stain (Eosin G, 2%
Ref. 15405/0025, miniTiib, GmbH, Germany; Nigrosin,
4% Ref. 15405/0029, miniTiib, GmbH, Germany).

Semen dilution and capacitation

Only semen samples that had sperm
progressive motility equal to or more than 50%
(9 out of 12) were used. Semen samples and all
chemical reagents were put in a water bath at 34°C.
Immediately after semen evaluation, semen samples
were diluted with an appropriate volume of Shotor
buffer to obtain 15 aliquots with a final concentration
of 5-10 x 10° motile spermatozoa/aliquot (each aliquot
was 990 pl).

One aliquot of Sperm-Shotor’s suspension of
5-10 x 10° spermatozoa (990 ul) was mixed with 10
ul dose of 0 heparin (heparin control) and 4 aliquots
were mixed with 10 pl of 1 of 4 concentrations of
heparin (10 1U (2.5 ul/mL), 25 IU (5 ul/mL), 50 IU
(10 pl/mL) and 100 IU (20 pl/mL). Another aliquot
of Sperm-Shotor’s suspension was mixed with 10 ul
dose of 0 caffeine (caffeine control) and 4 aliquots
were mixed with 10 pl of 1 of 4 concentrations of
caffeine (2.5 mM (0.00485g/mL), 5 mM (0.0097g/
mL), 10 mM (0.0194g/mL) and 20 mM (0.0388g/mL).
Also, one aliquot of Sperm-Shotor’s suspension was
mixed with 10 pl dose of 0 calcium-ionophore A23187
(calcium-ionophore A23187 control) and 4 aliquots
were mixed with 10 pl dose of 4 concentrations of
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calcium-ionophore A23187 (0.05 mM (3.75 ul/mL), 0.1
mM (7.53 pl/mL), 0.2 mM (14.95 pl/mL) and 0.3 mM
(20 pl/mL). All aliquots were incubated at 38°C in a
5% CO, atmosphere and 90% relative humidity for
60 min. Aliquots were taken at 0, 5, 15, 30 and 60 min
and evaluated for percentage of sperm motility. The
viability indices (VI, Change in sperm motility with
time; Milovanov et al, 1964) were calculated from the
following equation:

VI= 2 [M x (T-R/2)]

where; VI is the viability index, X is a sign for
the sum total, M is the percentage of sperm motility,
T is the time of next determination of motility and R is
the time of previous determination of motility.

Moreover, aliquots were taken at 0 and 60 min
and percentages of live sperm were determined
using eosin nigrosin exclusion technique (Bjérndahl
et al, 2003; Cecere, 2014; Agarwal et al, 2016) and
maturational state was evaluated by CTC staining
assay (Wang et al, 1995). Aliquots from replications
(20 pl) were mixed with an equal volume of eosin
solution and 40 pl of nigrosin solution and smeared
onto a pre-warm microscope slide (37°C). After drying
of the slide, sperm were scored (at least 100 cell/slide)
under light microscope (oil-immersion 100x). Live
sperm showed no staining and dead cells showed
pink colouration. The presence of spermatozoa with
a partial colouration were considered as dead cell. In
the CTC staining assay, the microscope slide of the
CTC stain was prepared by mixing 45 pl of each of
replications with 45 pl of the CTC solution and 8 pl
of fixative. A droplet (10 ul) of the stained replication
was placed on a prewarmed (37°C) microscope slide
and a droplet of vectrashield (Vector Laboratories,
Peterborough, UK) was added to retard fading of the
fluorescence. These droplets were mixed on the slide
using a pipette tip, a coverslip was applied and gently
compressed using a tissue paper. The coverslip was
sealed on the slide by colourless nail varnish (Hewitt
and England, 1998). The slides were examined with
an Olympus corporation microscope (TH4-200,

Tokyo, Japan) equipped with epifluorescence optics
(excitation at 405 nm BP filter and CTC fluorescence
emission at 455 DM), Olympus optical high pressure
mercury burner (BH2-RFL-T3, Ser no. 2206115, Japan)
and Thermo plate (MATS-U55RH20, Ser.no. 120997,
Tokai Hit Co., Ltd, Japan). The characters of the CTC
stained sperms were determined, photographed and
described. For each replication, 50 spermatozoa were
evaluated.

Statistical analysis

Data are presented as means = SEM for
camel sperm parameters, motility, viability index,
percentage of live sperm and sperm staining pattern
with CTC. These parameters were compared by t-test
using SPSS program, version 24.0 (SPSS, 2016).

Results and Discussion

The initial semen parameters (mean * SEM)
of camels’ ejaculate volume, percentage of motile
sperm, sperm concentration and percentage of sperm
abnormalities were 3.90 + 0.71 ml, 55.33 £ 2.72, 342.53
+ 86.82 x 10°/ml and 25.33 + 1.00, respectively. As
shown in table 1, there are significant (P<0.05 -
P<0.001) differences in viability indices among camel
semen incubated with heparin. Heparin 100 IU
resulted in the best result of viability indices of camel
semen as a capacitating factor (Table 1). Significant
(P<0.05 - P<0.001) differences in viability indices
of camel semen incubated with caffeine are shown
in table 2. Caffeine 5 mM is the best concentration
of caffeine that exerted the highest viability index
of the incubated camel semen (Table 2). Table 3
declares that calcium ionophore 0.05 mM is the
best concentration resulted in good viability index
of camel semen in comparison to the other calcium
ionophore concentrations. Significant differences
in live sperm percent between the 0 min and 60
min of incubation in all semen aliquots except the
part incubated with calcium-ionophore 0.05 mM is
shown in table 4. Three CTC fluorescent staining
patterns are observed: F pattern with fluorescence is

Table 1. Sperm motility (%) and viability indices of incubated camel semen (n=9) with heparin (mean + SEM).

i Motility %

COHI;I:IE);;?OI‘S 0 min 5 min 15 miti 30 min 60 min Viability Indices
Heparin 100 IU 60.832+ 2.69 |51.672+4.54 |48332+454 [33332+3.97 |1833+4.54 |2443.75%+294.89
Heparin 50 TU 4417 +6.79 |3833°+6.91 [3583°+6.89 |26672+569 |16.67+3.60 |1945.83% +386.66
Heparin 25 TU 40.00+4.71 |38.33P+454 |3500°+4.93 |[26.6722+3.70 |[14.17+3.38 | 1850.00° + 258.36
Heparin 10 [U 41.67°+484 |3833P+422 |30.00P+4.41 |[28.332+3.88 15.00+3.63 | 1854.17" +278.34
Heparin 0 TU (Control) | 40.00> +7.07 | 40.002*+7.07 |31.67°+4.84 [22.50°+5.12 16.67 £3.60 | 1802.08P + 343.00

Means with dissimilar superscripts in the same column are significantly different from <0.05 - P<0.001.

Journal of Camel Practice and Research

August 2020/ 219



visible over the whole sperm head (uncapacitated and
acrosome intact); B pattern with bright anterior head
and faint fluorescence in the post-acrosomal region
(capacitated and acrosome intact); AR pattern with
dull fluorescence stain over the whole sperm head
(capacitated and acrosome reacted). The capacitation
and acrosome reaction of camel spermatozoa was
recorded using CTC pattern at the start of incubation
(0 min) and after 60 min in the presence or absence
of the capacitating factors. As illustrated in Fig 1, just
after the start of incubation (0 min), it was recorded
that a marked increase in B and AR patterns cells
accompanied with a large decrease in F pattern
spermatozoa in aliquots with the capacitating factors
than in control aliquots. The percentages of F, B and
AR cells at 0 and 60 min were 32.75 and 25.75%, 40.12
and 45.50%, and 22.13 and 28.75%, respectively,
in aliquots treated with heparin; 33.60 and 27.75%,
37.75 and 42.25%, and 28.65 and 30.00%, respectively,
in aliquots treated with caffeine; 30.75 and 22.50%,

n= number of ejaculates.

39.15 and 41.38%, and 30.10 and 36.12%, respectively,
in aliquots treated with calcium-ionophore; 13.42
and 17.67%, 21.8 and 23.23%, and 12.78 and 17.10%,
respectively, in control aliquots (Fig 1).

In the present study, semen parameters of the
freshly collected ejaculates differed slightly from
the previously reported parameters in dromedary
camels. In 14 dromerary ejaculates (Waheed et al,
2018), the ejaculate volume, percentages of sperm
motility, sperm cell concentration and percentages of
sperm abnormalities were 4.72+0.72 ml, 66.11£2.32 %,
268.56+29.10 x 10°/ml and 18.78+2.67 %, respectively.
Higher values of the ejaculate volume and sperm
cell concentration (5.4+4.7ml and 520.3+388.2 x 10°/
ml) have been found in 5 ejaculates of dromedaries
(Monaco et al, 2013). In this study, by using eosin
nigrosin stain, The percentages of live spermatozoa
decreased significantly between the 0 min and 60
min of incubation period except in one replicate.
However, by using Trypan blue and Giemsa stain,

Table 2. Sperm motility (%) and viability indices of incubated camel semen (n=9) with caffeine (mean + SEM).

Motility %
Caffeine concentrations Viability Indices
0 min 5 min 15 min 30 min 60 min
Caffeine 20 mM 50.002 + 3.33 43332 +2.72 |[36.67%@+272 |26.672+3.97 11.672P + 2.45 | 1858.33% + 185.90
Caffeine 10 mM 42500 +498 |40.833+4.60 |36.67° £5.69 |30.00% +4.71 11.832 + 410 | 1900.83? + 336.51
Caffeine 5 mM 50.832 + 4.89 45832 +4.60 |36.67°+4.91 |29.172+3.58 12,5020 +3.31 | 1960.422 + 256.01
Caffeine 2.5 mM 45000 +7.22 | 40.832P +6.40 | 34.172°+5.17 |26.672+5.18 15.00° + 4.64 | 1895.832 +331.18
Caffeine 0 mM (Control) | 38.33P +5.38 3417°+543 |[29.17° +3.58 16.67° +3.30 6.83P +1.94 1293.67° + 200.61

Means with dissimilar superscripts in the same column are significantly different from P<0.05 - P<0.001.

n= number of ejaculates.
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Fig 1. Staining pattern of camel spermatozoa with CTC at 0 and 60 min.
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Table 3. Sperm motility (%) and viability indices of incubated camel semen (n=9) with Calcium ionophore (mean + SEM).

rum i Motility ¥
Calcium ionophore y7 Viability Indices
concentrations 0 min 5 min 15 min 30 min 60 min
gglf;‘;z“ ionophore 9172+3.05 | 2502+1.10 | 0172+0.11 0.00% + 0.00 0.00% £ 0.00 43.75% +15.42
g;lf;‘ll\f[n ionophore 13330308 | 6.00°+3.14 | 0.00°+0.00 | 0.00°+0.00 | 0.00°+0.00 | 7833+29.39
gilﬁj{n ionophore 17.50°£4.70 | 4.33°£2.09 | 0.00°£0.00 | 0.00°+0.00 | 0.00°£0.00 | 76.25%+27.00
gglﬁ‘;‘l\l}[ ionophore 20.00°+4.71 | 11.67°+414 | 083*+054 | 0.00°+£0.00 | 0.00°+£0.00 | 147.92°+47.21
Calcium fonophore 40.00°+4.41 | 33334616 | 28330+6.10 | 241724517 | 7.67°+256 | 1477.92¢+302.97
0 mM (Control)

Means with dissimilar superscripts in the same column are significantly different from P<0.05 - P<0.001. n= number of ejaculates.

Table 4. Percentages of live sperm in incubated camel semen
(n=9) with the capacitating factors using eosin nigrosin
stain (mean + SEM).

Live sperm % Live sperm %
Capacitating factor 0 min 60 min

P< 0.05-0.001 P< 0.05
Heparin 100 [U 68.7842+ 1.35 | 40.115% +4.38
Heparin 50 [U 54.11Abdgh + 3 68 | 41.89B2bc + 5 46
Heparin 25 IU 60.674d¢h + 274 | 41.0082bc +3.74
Heparin 10 IU 57.22Abegh + 2 83 | 39.44Babc + 3 96
Heparin 0 U 56.11Abdgh +3.78 | 39.89Bac + 423
Calcium ionophore 41114238 | 34.89B0 +223
0.3 mM
Calcium fonophore | 5 11 Abdsh 4 4,69 | 3544830 + 440
0.2 mM
Calcium fonophore 49.78A% £323 | 40.675% +3.93
0.1 mM
Calcium ionophore 49001 + 3.96 36.333b¢ + 6 86
0.05 mM et ' =
Calcium ionophore 62.00Abd8 +323 | 28.33B+3.25
0 mM
Caffeine 20 mM 59.674abdgh + 3 70 | 35.44Babe 1 4 66
Caffeine 10 mM 57.89Abdgh + 4 04 | 39.22Babc + 488
Caffeine 5 mM 61.894abdgh + 4 03 | 40.78Babe + 4,90
Caffeine 2.5 mM 6311404 + 481 | 43.448c+258
Caffeine 0 mM 625649 £1.48 | 39.565¢ +3.34

Means with dissimilar superscript capital letters in the same
row of each parameter and means with dissimilar superscript
small letters in the same column are significantly different from
P<0.05 - P<0.001.

n= number of ejaculates

the addition of calcium-ionophore to the bovine and
caprine semen resulted in a significantly improved
percentage of live spermatozoa with true acrosome
reaction at all stages of incubation (Pereira et al, 2000).
In the present study, heparin 100 IU and caffeine
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5 mM exerted a significant beneficial effect on
viability indices of camel semen. However, calcium-
ionophore A23187 had very low values of viability
indices resulted from the dramatic decrease in sperm
motility as no spermatozoa were scored as motile
after 15 min of incubation with all calcium-ionophore
concentrations, even though approximately 35-40% of
the cells were still live at 60 min of incubation. This
is might be explained by ionophore A23187 might
affect sperm metabolism and has less effect on sperm
plasma membrane. Heparin, caffeine and calcium-
ionophore have been used in initiation of acrosome
reaction in several species including bovine and
caprine (Pereira et al, 2000). In rams, heparin 250 IU,
caffeine 5.15 mM and calcium-ionophore 1.55 mM
have been used for in-vitro capacitation and acrosome
reaction (El-Shahat et al, 2016). These concentrations
of heparin and calcium-ionophore are much
more than the concentrations used in the present
study. However, in bovine and caprine, the effect
of incubation with heparin, caffeine and calcium-
ionophore on sperm motility is negligible (Pereira
et al, 2000). Similar to the present study, calcium-
ionophore has a negative effect on stallion sperm
motility during incubation for 3.5 h (Rathi et al, 2001).
Nevertheless, an alternative means of improving the
in-vitro fertilising capacity of spermatozoa, in bovine
(Byrd, 1981; Jiang et al, 1991; Pereira et al, 2000),
caprine (Shorgan, 1984; Pereira et al, 2000), equine
(Zhang et al, 1991; Rathi et al, 2001), dogs (Hewitt
and England, 1998), sheep (El-Shahat et al, 2016),
and mouse (Tateno et al, 2013; Navarrete et al, 2016)
is the use of calcium-ionophore A23187. Concerning
caffeine, It inhibits nucleotide-phosphodiesterase
that is responsible for cAMP degradation. Hence
caffeine treatment induces an increase in intracellular
cAMP concentration (Niwa and Ohgoda, 1988). The
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Talp Stock medium supplemented with 25.7 mM
caffeine induced sperm capacitation and in-vitro
fertilisation in swine (de Oliveira et al, 2011). The
addition of caffeine 12.87 mM to the Whittingham’s
T6 medium containing human serum (T6 + 10%
HS) promoted the sperm’s motility and vitality and
enhanced fertilisation in mouse (Nabavi et al, 2013).
On using caffeine 5 mM with the universal IVF
medium, there is hyperactivation efficacy of frozen
bovine semen (Barakat et al, 2015). As a result of their
hydrophobic characteristics, calcium-ionophores
are able to transport ions across membranes. The
increase in free calcium-ionophore within the cell
directly induces the acrosome reaction and bypasses
capacitation (First and Parrish, 1987). The CTC
staining patterns (F, B and AR) have been found
in human (DasGupta et al, 1993), bovine (Fraser
et al, 1995) and dogs’ spermatozoa (Hewitt and
England, 1998). In the present study, 3 staining
patterns were recorded in camels’ spermatozoa and
this method could be useful for identification of
capacitation and acrosome reaction in this species.
In this study, at 0 min of incubation, the percentages
of F, B and AR cells in calcium-ionophore treated
aliquots were 30.75, 39.15 and 30.10%, respectively
and in control aliquots were 13.42, 21.8 and 12.78%,
respectively. In stallions, the average percentages
of spermatozoa showing F and AR patterns are
50.24£0.8% and 9.5+3.2%, respectively, in samples
diluted with Tyrode medium + bicarbonate at 0
min of incubation (Rathi et al, 2001). In the present
study, the percentages of F, B and AR cells after
60 min were 17.67, 23.23 and 17.10%, respectively
in control aliquots and they were 22.50, 41.38 and
36.12%, respectively in calcium-ionophore treated
aliquots. In dogs, mean percentages of F, B and AR
cells after 1 h incubation were 58.75, 37.25 and 4.00%,
respectively in control samples and they were 25, 52.5
and 22.5%, respectively in the ionophore (10 mM)
treated samples (Hewitt and England, 1998).

Heparin (100 IU), caffeine (5 mM) and calcium-
ionophore A23187 (0.05 mM) are convenient
capacitating factors for dromedary camels” semen.
CTC fluorescent staining technique can be used for
assessing capacitation status and acrosome reaction
in dromedary camels, and it may be useful in future
studies of in-vitro culture and in-vitro fertilisation.
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