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SUMMARY

Twenty Sudan camels (Camelus dromedarius) with forty testes were applied in this study. The aim of this
research was to determine the impact of short-wave length green laser irradiation at various times from 0 to 10
minutes on epididymal spermatozoa quality in camel. After exposure of laser, motile, viable, acrosomal damage
of spermatozoa (%), AST, ALT and ALP enzymes activity were determined under the incubation at 37°C for
8hours. The penetrating ability of spermatozoa that exposed to laser irradiation for various times into she-
camel cervical mucus at 37°C for 4 hours was also checked. The achieved results displayed that exposure to 6
min of laser achieved the highest percentage of motile spermatozoa. While, exposure to 2 min achieved the
lowest percentages of dead spermatozoa, acrosomal damage, AST, ALT and ALP enzymes. The advancement of
incubation time reduced (P<0.05) motile spermatozoa (%). Meanwhile, increased dead spermatozoa (%),
acrosomal damage (%), AST, ALT and ALP enzymes. The penetrating ability of spermatozoa into cervical
mucus was better (P<0.05) at all groups than the control group during incubation. In conclusion, laser
irradiation may be considered as a cheap and effective technique for improving the quality of camel semen by
increasing the percentages of motile spermatozoa, livability, acrosomal integrity which can be used as an

indicator to enhance the function of mitochondriato extend the survival of spermatozoa.
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INTRODUCTION

The camel is considered an agricultural animal
that is exclusively suitable to arid regions. In Africa,
the population growth together with a drop in food
production requires the emergency need to cultivate
formerly underused resources and maximize their use
through the production systems of livestock in which
camel husbandry is definitely one of the best.
Nevertheless, plentiful and complex ecological
constraints may negatively influence reproductive
performance of dromedary camel (El-Hassanein et
al., 2004).

Acrtificial insemination (Al) has been quite rapidly
gaining recognition as a valuable practice for
disseminating farm animal genetics through breeding
programs in the 21% century. Such advancement in
Al, semen preservation and related practices of
camel’s reproduction has lagged behind that of other
livestock due to limitation of sperm collection, scanty
literature on semen quality, practices of semen
separation, and semen preservation. A number of
elements may be accountable for the progressive
decline in assimilating capacity of the chimeric
spermatozoon when subjected to integration under
particular conditions (Anand, 1979). For this specific
reason, it is important to seek alternate approaches
that are less invasive and seek to enhance
mitochondrial activity in sperm.

The 20™ century has seen a lot of research on the
effect of laser on biological tissues. It has been
brought forth quite clearly, that laser radiation has

biological effects. Sperm motility has been shown to
be enhanced by low exposure of spermatozoa to
helium-neon laser (Karu, 2012). The initial instance
of exposure to laser being used to enhance semen
quality was reported by Goldstein (1969), this has
been done in many species such as human (Pareek et
al., 2023), mouse (Cohen et al., 1998), sheep (Zan-
Bar et al., 2005), dog (CorralBaqués et al., 2009),
and rabbit (laffaldano et al., 2010) semen. Therefore,
the present study aims to determine the possible
consequences of laser exposure with a 532 nm from 0
to 10 minutes on the quality of spermatozoa at 37°C
for eight hours in dromedary camels.

MATERIALS AND METHODS

This research was conducted in the Embryo
Transfer Laboratory, Artificial Insemination and
Embryo Transfer Department, Animal Reproduction
Research Institute, Agricultural Research Center,
Giza, Egypt, along with Laser Atomic Spectroscopy
Laboratory, Laser Applications in Metrology,
Photochemistry and  Agriculture  Department,
National Institute of Laser Enhanced Sciences, Cairo
University, Giza, Egypt.

Experimental animals:

The research involved a set of 20 normal Sudani
camels with forty testes obtained from them, more
than 5 to 10 years or older, and weighed 500-600 kg
of body weight obtained from automatized EI-
Basateen slaughterhouse, Cairo, Egypt during
October to December with 10 replicates.
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Samples transportation:

Epididymides with the testes which were together
with other parts of the carcass had been brought into
the thermos containing sterile 0.9% saline solutions
mixed with 100 pg/ml of streptomycin and
maintained at 25 degree Celsius as described by Goto
et al. (1989) within two to three hours post slaughter.

Sperm recovery:

After fortifying all defeat testes, the fluid (blood)
was soaked up by pressing the superficial cut veins
around the cauda tested tissues. Epididymis was
separated by a sterile scalpel and forceps into three
parts as caput, corpus and cauda in order and placed
in three sections of 100 mm in diameter of Petri dish
containing saline solution.

Semen extension:

Sperm cells from the epidydymis of camel males
were collected and evaluated before being pooled
together. The sperm was diluted with the dilution
described by Musa et al. (1992), which included
lactose-yolk-citrate (sodium citrate as 2.9 g, citric
acid as 0.04 g, lactose as 1.25 g and egg-yolk as 10
ml) completed to 100 ml of distilled water. Penicillin
as 500 1.U/ml with streptomycin sulphateas 500 ug
were added.

Incubation of semen at 37°C:

In this study, six groups of semen in the
irradiation treatment were divided into non-irradiated
group (control group) and five irradiation groups of
laser through two to 10 minutes and were preserved
by incubating at 37°Cfor a maximum duration of
eight hours. Motility, viability and acrosome integrity
(%) after incubation was recorded at various
exposure periods of laser irradiation from zero to 10
minutes. The enzymatic activity was also measured at
incubation form zero till eight hours.

Evaluation of semen:
Sperm motility (%):

Motile spermatozoa (%) were identified as a
wavy direction of the flagellum because of high
viscosity in camel semen (Tibary and Anouassi,
1997).

Dead spermatozoa (%):
As mentioned by Hackett and Macpherson
(1965), the eosin/nigrosin stain was used, eosin as

Table 1. Times of laser exposure and fluency

1.67 g and nigrosin as10 g were dissolved in 100 ml
of distilled water.

Acrosomal damage of spermatozoa (%):

As described by Watson (1975), acrosomal
damage (%) was determined with staining with try
pan blue 2% (T-0887 Sigma) to check viable sperm
and 40 minutes with Giemsa 10% (Merck,
Darmstadt, Germany) in distilled water.

Enzymatic activity (U/10° spermatozoa):

Centrifugation of semen samples at 600 g for 15
min was assessed. Following collection of the
supernatant fluid, it was stored at -20°C until AST,
ALT, and ALP enzymes were analyzed. AST, ALT,
and ALP enzymes activity were set based on sperm
cell content (U/10° spermatozoa) as described by
Reitman and Frankle (1957). Enzymaticactivity was
measured colorimetrically using a QCA kit from
Amposta, Spain.

Sperm penetration (Score):

Sperm penetration into cervical mucus of she-
camel with or without exposure to laser irradiation
was estimated as follows: Cervical mucus of she-
camel was obtained at age>5-10 years. Sealed tubes
with polyethylene were set with internal diameter of
two mm for sucking a portion of the obtained mucus
to give a column with six cm in length. Following
semen collection, lactose-yolk-citrate (LYC) extender
was used to extend camel semen as mentioned by
Salisbury et al. (1978) and divided into a control
group and five irradiated groups with laser for two,
four, six, eight and 10 min. Each group of semen was
placed into two ml cuvettes (one ml each). The tubes
contained the mucus were insured into the diluted
semen and incubated at 37°C for four hours. As
reported by Eskin et al. (1973) and Hanson et al.
(1982), penetration was recorded as a rank score.

Laser irradiation parameters:

For spermatozoa irradiation from 0 to 10 min, a
green laser with a short wave-length of A=532
nmwith 3 mWas an output power was used. Laser
parameters are shown in Table (1). The used
irradiance was determinedas reported byCalderhead
(1990) as follows:

Output of power (mW)

Surface of application (cm?)

Irradiance =

Fluency Output Time Wavelength
(J/cm?) (mw) (min) (nm), (Colour)
0.38 3 0to 10 532 (Green)

Statistical analysis:
The data was statistically analyzed using two-way
ANOVA and the SAS General Linear Model (GLM)

technique (SAS, 2000). To identify significant
differences among means, Duncan's Multiple Range
Test was used (Duncan, 1955). Prior to statistical
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analysis, percentage values were converted to arc-sin
values. The used statistical model was shown with
this model:

Yijk =+ Lit Li+(Lx1ij+ eijk
Where,
Yix= the observed value of the dependent variable
obtained from spermatozoa.
p = the overall mean.
Li= the fixed effect of the i" durations of laser
exposure(min), i= 0 to 10.
I; = the fixed effect of j time of incubation (hours),
j =0to8.
(Lx1);i= the interaction between the durations of laser
exposure (min) and the time of incubation (hours).
eijk = the residual error.

RESULTS AND DISCUSSION

Sperm motility (%):

Table (2) showed that motile spermatozoa (%) at
37°C (P<0.05) was increased by green laser
irradiation at 532 nm, three mW for six min
compared to the control. This is consistent with
Nicolae et al. (2015), who reported that motile and
viable spermatozoa, function of mitochondria and
response of hypo-osmotic swelling at 6.12 J/cm?
increased by exposure to He-Ne laser irradiation in
ram. Whereas, the quality of seminal attributes
decreased compared to the control group with
exposure toa dose of 3.96 J/cm?. The same trend was

reported by laffaldano et al. (2016) who stated an
increase (P<0.05) in motile and viable spermatozoa at
6.12 J/cm? by irradiating frozen-thawed semen in ram
with exposure to He-Ne laser at four and nine
Jicm2.Similar results were obtained by Ahmed et al.
(2024) in human semen and Abdalla et al. (2021) in
camels. Lone et al. (2018) reported that enhancement
in semen quality may be due to the interaction
between the mitochondria and irradiation, where
irradiated spermatozoa have high contents of the
activity of cytochrome C oxidase (COX) and ATP
than non-irradiated in which COX and ATP were
high correlated. Also, a positive significant
correlation between the activity of COX, the level of
ATP and sperm motility was determined.

Table (2) showed that motile spermatozoa (%)
was (P<0.05) reduced by the extension of
preservation time at 37°C for 8hoursat all times of
exposure to laser including the control group. This
may be due to the increase of the production of lactic
acid which leads to a toxic effect on the sperm as a
result of the high metabolic activity of spermatozoa.
In a similar result, Abd El-Salaam et al. (2012)
reported that preservation at 37°C for 12 hours
(P<0.01) decreased sperm motility (%) in camel.
Meanwhile, an insignificant interaction was observed
between preservation time and exposure to laser on
motile spermatozoa.

Table 2. Mean percentage of motile spermatozoa, with exposure to laser during preservation at 37°C in camels

Incubation Time of exposure (min)

time Mean+SE
(hours) Control 2 4 6 8 10

0 50.56+1.55 52.22+1.21 58.89+2.16  70.56+1.00 69.44+1.30 63.89+1.39  60.93"+1.21
1 40.00+1.44  46.11+1.11 51.67+1.44 65.56+0.56 63.89+0.73  58.33+0.17 54.26%+1.34
2 34.44+1.30 40.56+1.30 4556+1.55 56.67+1.86 55.00+1.67 52.22+1.21  47.41°+1.25
4 30.00£0.83  34.44+1.00 41.67+1.44 53.33+1.17 51.11+1.11 46.11+1.11 42.78P+1.24
6 25.00+1.17 33.33+1.17 37.78+0.87  46.67+1.17 44.44+1.30 40.00+0.83  37.87+1.07
8 21.11+0.73  30.00£0.00  33.33+1.17 41.67+0.83 38.89+1.11  33.89+1.39  33.15F+0.98
2:2:]&” 33.521+1.42 39.44°+1.14 44.81%+1.31 55.74%+1.45 53.79°+1.52 49.07°+1.48 46.06

A-FDifferent superscripts values within a column are significantly different (P<0.05).
*Different superscripts values within a row are significantly different (P<0.05).

Dead spermatozoa (%):

Compared to other exposure times and the
control, dead spermatozoa (%)was (P<0.05) higher
with exposure to laser for 10 min during incubation
at 37°C (Table, 3),where (P<0.05) were decreased
with exposure to laser for two, four and six min with
47.41, 49.07, and 54.44%, respectively than the
control group (57.96%).In this regard, laffaldano et
al. (2010 and 2016), reported a higher
(P<0.05)percentage of viable spermatozoa 1 day post
storage at 6.0 and 9.0 J/cm?of laser irradiation than
the control in rabbit semen. The same trend was
observed by Nicolae et al. (2015) who reported an

increase (P<0.05) in the viable spermatozoa (%) with
exposure to laser with 6.12 J/cm? than 3.96 J/cm? in
ram semen.

The dead spermatozoa (%) was (P<0.05)
increased by the prolongation of preservation time at
all times of exposure to laser including the control in
camel semen (Table, 3). Abd El-Salaam et al. (2012)
was also reported a similar trend in the camel semen,
in which the dead spermatozoa (%) was (P<0.05)
increased by the prolongation of preservation time
for 12 hours at 37°C. An insignificant interaction
between preservation time and exposure to laser was
observed on dead spermatozoa.
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Table 3. Mean percentage of dead spermatozoa, with exposure to laser during preservation at 37°C in

camels

Incubation Time of exposure (min)

E;:)]Srs) Control 2 4 6 8 10 Mean+SE
0 36.67+1.67 28.89+2.00 30.56+227 34.44+194 36.67+2.04 43.33+1.86 35.097+1.00
1 46.67+1.67 36114139 37.22+41.68 42.78+1.68 4500+1.86 50.56+1.94  43.065+0.96
2 54444130 43.89+2.00 46.67+2.35 52.22+168 5556+1.94 61.67+1.86 52.41°+1.08
4 62.2241.68 48.89+2.00 52.78+168 58.33+1.67 61.67+167 67.78+121 58.616+1.07
6 70.00¢1.67 58.89+2.00 58.89+2.00 66.1141.39 67.78+1.46 72.22+168  65.65P+0.97
8 77.78+1.46 67.78+1.46 68.33+1.17 72.78+1.88 77.78+1.46 78.89+1.11  73.89°+0.84
gzg;a” 57.96P+1.99 47.41941.94 49.07°+1.80 54.44°+1.92 57.41+2.00 62.41%1.80 54.78

A-EDifferent superscripts values within a column are significantly different (P<0.05).
adDjfferent superscripts values within a row are significantly different (P<0.05).

Acrosomal damage of spermatozoa (%):
Spermatozoa exposed to 10 min of irradiation
were (P<0.05) higher in the percentage of acrosomal
damage comparing to other groups including the
control (Table, 4). Exposing spermatozoa to two and
four min of laser (P<0.05) lowered the percentage of
acrosomal damage with 23.22 and 24.07%,
respectively comparing to the control group
(25.76%). In a similar trend, an increase in sperm
motility was observed with no changes in acrosome
integrity and sperm viability in the boar (Yeste et al.,
2016), in which semen quality parameters were
significantly low in non-irradiated spermatozoa

comparing to irradiated spermatozoa after 90 min of
incubation at 37°C.

The acrosomal damage (%) was (P<0.05)
increased by the increase of preservation at 37°Cfor
8hoursat all groups including the control group
(Table, 4). This finding is in agreement with Abd EI-
Salaam et al. (2012), in which dead spermatozoa (%)
was (P<0.05) increased with increasing the
preservation time 12 hours at 37°C in the camel
semen. An insignificant interaction between
preservation time at 37°C and exposure to laser was
observed on acrosomal damage.

Table 4. Mean percentage of acrosomal damage of spermatozoa, with exposure to laser during
preservation at 37°C in camels

Incubation Time of exposure (min)

E'hrgﬁrs) Control 2 4 6 8 10 Mean:SE
0 20.22+0.57 18.56+0.50  18.78+0.57 20.11+0.58  20.44+0.60 22.33+0.75 20.077+0.28
1 22.22+0.57 19.7840.55  20.33+0.65 21.44+0.66  22.11+0.72 24.11+0.67 21.675+0.32
2 24.11+0.63 21.67+0.73  22.44+0.73 23.44+0.63  24.00+0.75 26.33+0.82 23.67P+0.34
4 26.78+0.64 24.22+0.74  25.11+0.58 26.11+0.81  26.89+0.63 29.33+0.85 26.41°+0.35
6 29.22+0.64 26.44+0.47  27.11+0.69 28.56+0.58  28.89+0.67 31.78+0.87 28.678+0.35
8 32.00+0.85 28.67+0.68  30.67+1.30 31.22+0.89  32.11+0.87 34.11+0.92 31.467+0.43
Overall mean  25.76°+0.61  23.229+0.55 24.07°+0.64  25.15°+0.60 25.74°+0.62 28.00%+0.65 25.32

A-FDifferent superscripts values within a column are significantly different (P<0.05).
=dDjfferent superscripts values within a row are significantly different (P<0.05).

Enzymatic activity (U/10° spermatozoa):

Spermatozoa that exposed to 10 min of laser were
(P<0.05) higher in the activity of AST and ALT
enzymes comparing to other groups including the
control (Tables, 5-6), respectively. While, exposing
spermatozoa to eight and 10 min of laser leaded to
(P<0.05) increase in the activity of ALP enzyme
comparing to other groups including the control
(Table, 7). This could be a reason to the breakdown
of the cellular sperm membrane which leads to the
increase in intracellular leakage of AST, ALT and
ALP enzymes as a result of long times of exposure to
laser irradiation.

The infiltration of the enzymes into the extra
cellular media was (P<0.05) increased by increasing
the preservation at 37°C for eight hours at all groups
including the control (Tables, 5-7), respectively. The
findings of Abd El-Salaam et al. (2012) are in
agreement with the present results, in which these
released enzymes were (P<0.05) increased by
increasing the preservation time for 12 hours at 37°C
in camel semen. Also, an insignificant interaction
was observed between preservation time at 37°C and
exposure to laser on the enzymatic activity.



Egyptian J. Anim

. Prod. (2025) 65

Table 5. Activity of AST enzyme (U/10® spermatozoa) of spermatozoa, with exposure to laser during

preservation at 37°C in camels

Incubation Time of exposure (min)

ELTﬁrs) Control 2 4 6 8 10 Mean:SE
0 45.78+1.47 4556143  47.11#1.31 47.33+1.43 48.22+1.31 51.2241.40  47.54F+0.60
1 49.11+1.47 48.89+1.47  49.67+1.59 51.00+1.48 50.89+1.49  53.67+1.46  50.54F+0.62
2 52.67+1.59 52.33+1.59  53.00+1.53 53.78+1.54 54.56+1.61  57.67+1.56  54.00°+0.66
4 57.11+1.95 56.56+1.91  57.22+2.01 58.33+1.97 58.78+1.95 61.78+1.94  58.29°+0.79
6 61.33+1.79 60.78+1.79  61.89+1.65 62.22+1.60 63.11+1.81  66.33+1.84  62.61B+0.73
8 65.67+2.00 65.56+1.95  67.00+1.97 67.56+1.97 68.33+1.98  7156+2.00  67.61/+0.82
Overall mean  55.28"°+1.16 54.94°t1.15 5598™°+1.15 56.70°+1.14 57.31°+1.16 60.37%+1.17 56.76

AFDifferent superscripts values within a column are significantly different (P<0.05).
a<Different superscripts values within a row are significantly different (P<0.05).

Table 6. Activity of ALT enzyme (U/10% spermatozo
preservation at 37°C in camels

a) of spermatozoa, with exposure to laser during

Incubation time

Time of exposure (min)

(hours) Control 2 4 6 8 10 Mean+SE
0 4256:151 42565151  4356:157 43.80:152 4478:149  47.56:153  44.157%0.64
1 46224153 4578+162 4644161 47.11#173 A7.67+165 50.67+1.64  47.31540.67
2 5011+1.70 50.00+1.74 5089176 5156+1.65 51.80+181 54.80+1.83  51.560+0.72
4 5456+1.74 5433+1.67 5511164 5544+182 56.33+1.72 59.67+1.72  55.91°+0.71
6 5078+1.87 5956+1.84 59.89+1.83 60.89+1.81 6122+1.86 64.22¢2.03  60.925+0.76
8 6456+172 64114508 64.78+1.67 65784171 66.11+168 69.67+1.72  65.83A+0.71
Overall mean  52.96°4123 527204122 53444121 54.11°4123 54.67°4122 5778125 54.28

AF Different superscripts values within a column are significantly different (P<0.05).
b Different superscripts values within a row are significantly different (P<0.05).

Table 7. Activity of ALP enzyme (U/10° spermatozoa) of spermatozoa, with exposure to laser, during

preservation at 37°C in camels

Incubation Time of exposure (min)

E'hrgﬁrs) Control 2 4 6 8 10 Mean:SE
0 21.44+0.94  21.22+0.94  21.89+0.97 23.00+1.05 24.00+1.00 27.33+1.01  23.15F+0.48
1 24.67+0.93 24.22+1.06  25.00£1.09 25.56+1.06 26.44+1.14 29.67+1.31  25.93F+0.49
2 27.33+0.95 27.11+1.02  27.56+1.04 28.00+1.03 28.67+1.09 31.89+1.12  28.43P+0.46
4 30.78+1.17 30.78+x1.17  31.56%1.17 32.33+1.15 33.00+1.17 36.22+1.15  32.44%+0.52
6 34.33+1.25 34.22+1.28  35.44+1.33 35.67+1.36 36.22+1.36 39.44+1.37  35.898+0.56
8 37.67+1.17 37.67+1.17  38.11+1.34 38.67+1.20 39.22+1.16 42.44+1.30  38.96”+0.53
Overall mean  29.37°+0.86  29.20°+0.88 29.93°+0.90 30.54°+0.88 31.25°+0.86 34.50%+0.87 30.79

AT Different superscripts values within a column are significantly different (P<0.05).

a¢ Different superscripts values within a row are significantly dif

Sperm penetration into cervical mucus:

The penetrating ability of spermatozoa exposed to
various times of exposure to green irradiation (532
nm, three mW) into the cervical mucus of she-camel
showed (P<0.05) better with all times of exposure to
irradiation than the control during preservation for
four hours at 37°C (Fig, 1). The highest score of
penetrating ability of spermatozoa into the cervical
mucus of she-camel was reported with spermatozoa
exposed to irradiation for six min compared to the
control group. However, the extension of
preservation time at 37°C (P<0.05) decreased the
penetrating ability of spermatozoa into the cervical
mucus of she-camel with all groups including the
control group (non-irradiated group). The highest
score of penetrating ability of spermatozoa was

ferent (P<0.05).

recorded at zero time of incubation, while the lowest
score of penetrating ability of spermatozoa into
cervical mucus was recorded at four hours of
incubation for all groups including the control group
(Fig, 1).

A similar finding was reported by Aitken et al.
(1983) who found a positive correlation between the
movement of spermatozoa in human and their
penetrating ability into the cervical mucus. Alexander
(1981) and Murase et al. (1990) reported that, the
duration of motile spermatozoa and the distance of
penetration in the mucus positively correlated to the
conception rates. Similar findings were also reported
by Zeidan (2002) and EI-Mahdy (2019) in the
dromedary camels.
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Fig. 1. Penetrating ability of dromedary camel spermatozoa exposed to different times of laser into she-

camel cervical mucus during preservation at 37°C.
CONCLUSION

In conclusion, semen parameters were improved
by laser radiation which increases camel semen
quality making the procedure easy, efficient and
cheap for enhancing the artificial insemination. Due
to the applicability of this technique and the
advantages it brings, it is proposed for epididymal
spermatozoa collection and short-term storage for
insemination, by exposing to six min of green
irradiation in a short-wavelength to enhance the
fertility of the dromedary camel.
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