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ABSTRACT

During semen cryopreservation, oxidative stress (OS) leads to marked reduction in structure and function
of sperm cells. Curcumin (CM) acts as antioxidant for scavenging free radical induced by OS during
cryopreservation. The current work aimed to evaluate the CM impacts on sperm variables of cryopreserved goat
semen collected in summer and winter season in Egypt. Semen of five Damascus goat bucks was pooled, diluted
(1:20), equilibrated (5°C for 2h), divided into three aliquots supplemented with CM at 0, 10, and 20 pg/ml in Tris
extender, representing EO, E10, and E20, respectively. Post-thawed semen was incubated and evaluated at 0, 1, 2,
5, and 7h post-incubation at 37°C. Results showed that all sperm variables were significantly better in winter than
in summer. Supplementation of CM (20 pg/ml) resulted in beneficial effects on maintaining sperm progressive
motility, vitality, acrosome integrity of summer and winter goat post-thawed semen incubated for 7h. Both CM
levels showed positive impact on increasing total antioxidant capacity and reducing malondialdehyde level in
sperm medium of post-thawed summer and winter season. The action of CM on improving sperm variables,
lipid peroxidation, and antioxidant status was observed to be more obvious on summer than on winter semen.In
conclusion, adding curcumin to goat semen extenders can facilitate and enhance semen processes and storage
protocols to improve fertility of cryopreserved goat spermatozoa in semen collected in summer or winter season.
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INTRODUCTION

Hot environmental temperature leads to heat stress (HS)
which is an important reason for animal sub-fertility (Hansen,
2009). Seasonal variation in semen quality of bovine with
conflicted results have been studied (Malama et al., 2017;
Sabes-Alsina et al., 2017). In Egypt, several studies have
highlighted the negative impacts of high temperature in summer
on bovine semen quality, reporting negative effects on semen
quality in comparing with cold temperature in winter. In
mammalians, exposure to HS has been disrupts
spermatogenesis, reduces sperm motility, count of live
spermatozoa, and testosterone levels (Alves et al., 2016).

Spermatozoa in mammals are highly sensitive to OS
because their antioxidant defenses system is weak. OS causes
sperm damage due to polyunsaturated fatty acids in sperm
membrane that readily undergo peroxidation, alter redox
signaling (Agarwal et al., 2014; Mostek et al., 2017). In
normal semen (Kapadiya et al, 2018) and reproductive fluids
of males (Bansal and Bilaspuri 2011), different antioxidant
enzymes are present for the protection of spermatozoa from
reactive oxygen species (ROS). Nevertheless, the antioxidant
imbalance by increasing OS causes dysfunction of sperm cells
via lipid peroxidation and this system is prone to fail to
prevent OS in post-thawed semen (Bansal and Bilaspuri,
2011; Bucak et al. 2010, 2012).

Semen cryopreservation causes reduced sperm
motility and livability and alters the acrosome and
membrane integrities of sperm cells (Royere et al., 1996).
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Cold shock, formation of ice crystals, osmotic change, and
OS are the probable mechanisms of these alterations and
damages (Thomson et al., 2009; Lu et al., 2018). The
generation of ROS is detrimental to sperm function, leading
to a reduction in sperm characteristics (Bilodeau et al.,
2000). Increasing OS leads to high ROS production, causing
negative impacts on the membrane of mitochondria and
plasma membrane with lipid peroxidation, impairing
chromatin condensation and DNA integrity, then sperm
motility and livability were reduced (Taylor et al., 2009).

Many studies reported that addition of different
levels of antioxidants in semen extender improved quality
and fertility of cryopreserved semen (Amidi et al., 2016;
Mustapha et al, 2017; Yadav et al, 2018; Kaur et al, 2020;
Virmani et al, 2020;). In various species, enrichment of
cryopreserved semen extenders with curcumin improved
sperm quality and fertility of semen in bovine bull (Bucak et
al, 2012; Tvrda et al, 2018), buffalo bull (Shah et al, 2016),
Angora buck (Bucak et al, 2010), and rabbi buck
(Abdelnour et al., 2020) semen.

Curcumin (CM) is a bioactive compound and phyto-
polyphenol pigment isolated from the plant Curcuma longa
L., Zingiberaceae family known as turmeric. It is the main
active ingredient in turmeric having antioxidant properties
beside  several pharmacological  actions  against
inflammation, bacteria, viruses, fungi, and cancer (Thomson
et al., 2009). The free radical scavenging activity of CM
increases eight folds more than that of vitamin E
(Jayaprakasha et al., 2006). The CM has strong free radical


http://www.jappmu.journals.ekb.eg/

Zanouny, A. L.and T. A. Ashmawy

scavenging activity to prevent lipid peroxidation by giving
hydrogen atoms to lipid peroxyl radicals from the b-diketone
moiety in its structure (Slobodan et al., 2001) and able to
protect sperm cells from thermal shock and oxidative
damage during freezing process (Bucak et al., 2010). The
CM is a strong ROS scavenger and an effective inhibitor of
lipid peroxidation and has important role in male fertility, in
vivo (Salahshoor et al., 2012) and in vitro (Bucak et al.
2012; Soleimanzadeh and Saberivand 2013; Tvrda et al.
2016). The CM promots the activity of antioxidant enzymes
such as glutathione peroxidase (GPx), catalase, and super
oxide dismutase (SOD) that neutralize free radicals, and
inhibits enzymes like lipoxygenase, cyclooxygenase,
xanthine oxidase that generate ROS (Lin et aal., 2000).

Determining frozen semen quality 3 h after thawing
can help to understand the quality and survival of sperm
cells after artificial insemination (Llamas-Lucefio et al.,
2019). Furthermore, to our knowledge, no studies have been
published on the influence of antioxidant supplementation to
extender of goat semen collected in different seasons.

The current field of study is addition of antioxidant
substances to the cryopreserved semen to minimize sperm
cell damage and maximize sperm quality. The effects of
cryopreservation are in association with semen quality.
Based on previous reports about the possible impacts of CM
on spermatozoa, we proposed the supplementation of the
extender with curcumin may improve the quality and
fertility of goat semen after cryopreservation to overcome
the reported reduction in sperm characteristics undergoing
challenges and complications of the summer season. In
addition, we evaluated the impact of curcumin in the
extender to improve sperm variables in winter goat semen
post-thawing.

MATERIALS AND METHODS

This study was conducted at Animal Production
Research Institute (APRI), Agriculture Research Center
(ARC) in cooperation with Animal Production Department,
Faculty of Agriculture, Minia University, Egypt. This study
was approved by the Scientific Research Ethics Committee
of APRI in accordance with Animal Research: Reporting of
In-vivo Experimental guidelines.

Semen donors:

Total of 5 adult bucks (Damascus goats) having 50-
60 kg LBW and 30-36-month-old kept at Sakha
Experimental Station, Kafrelsheikh governorate, belonging
to APRI were used in this experiment, as semen donors.
Bucks were reared at the same environmental, feeding
system, and managerial conditions. They were fed a diet
including 40% concentrate feed mixture (14.5% CP) and
60% roughage, being fresh berseem in winter and berseem
hay in summer. Trace-mineralized salt lick blocks and fresh
drinking water were available at all times.

Collection of the semen:
Fresh semen:

Immediately after the collection of semen, individual
fresh samples during each season were evaluated for
ejaculate volume, sperm concentration (hemocytometer),
progressive motility, vitality, abnormality, acrosome
integrity, and then sperm output/ejaculate, as motile
(MSOP), live (LSOP), normal (NSOP), and total (TSOP)
was calculated as the following:

TSOP/ejaculate = Ejaculate volume x sperm concentration
MSOP/ejaculate = TSOP x progressive motility percentage
LSOP/ejaculate = TSOP X live sperm percentage
NSOP/ejaculate = TSOP x (abnormality percentage-100)

Semen cryopreservation:

On day of the semen collection, semen was taken
from all semen donors by using a conventional artificial
vagina for semen ejaculation from goat bucks. Semen was
collected early morning before feeding (7-8 am.)
twice/week for 4 successive weeks (40 ejaculates) per
season, during December month in winter and august month
in summer season. Semen was individually collected and
maintained at 37°C in a water bath, then transported to the
laboratory. In the laboratory, semen of all donors was
pooled, diluted, equilibrated, frozen, thawed, and evaluated.
Freezing processes:

The pooled semen of all donor’s bucks was diluted at
a ratio of 1. 20 (semen/extender) by Tris-citric-egg yolk
extender (TCEY). In this experiment, TCEY extender
contained 30.28 g Tris, 16.75 g citric acid monohydrate, and
125 g glucose per liter plus 15% fresh egg yolk, 6%
glycerol, and antibiotics (100 pg penicillin/ml) and 100 pug
streptomycin /ml, Sigma, Chemical Co., St. Louis, MO,
USA). The extender was gently shaken, filtered, and
warmed up to 37°C in a water bath.

Osmolarity level of TCEY was assessed at 280-300
mOsmol/l using an osmometer (Micro-Osmometer, Loser
Type 6; Loser Messtechnik, Berlin, Germany). Also, pH
value of TCEY extender was assessed by pH meter (pH/mV
Temperature Meter, Jenway 3510; Jenway, Staffordshire,
UK) for value of 6.9-7. As designed in this study, TCEY
was divided into 3 types of extenders (EO, E10, and E20)
supplemented with curcumin (Nano Gate Company, Nasr
City, 11765, Cairo, Egypt) at levels of 0, 10, and 20 pg/ml
before dilution, respectively.

After dilution, the semen extended by TCEY
supplemented with different curcumin levels was shaken
gently, equilibrated at 5°C for 2 h, loaded into French straws
(0.25 mL), exposed over 4 cm of liquid nitrogen, and then
deeply dropped in liquid nitrogen for 2 wk.

Evaluation of the semen:

The cryopreserved semen was thawed at a temperature
of 37°C in water bath for 30 seconds and evaluated for
progressive motility, vitality, abnormality and acrosome
integrity. All evaluations were performed by a professional
investigator. Semen was evaluated immediately after thawing
(Oh) and 1, 2, 5, 7h post incubation at 37°C and 5% CO2. All
evaluations were conducted in 5 microscopic fields.
Progressive motility:

The percentage of progressive motility was
measured by a phase-contrast microscope (DM 500; Leica,
Switzerland), adjusted with warmed stage, in fresh semen
and thawed semen samples (10 pL aliquot) on a warm slide
(37°C). Count of sperm cells showing forward movement in
a long semiarch pattern relative to about 200 sperm cells,
then percentage of progressive motility was calculated.
Sperm vitality:

Both vitality and abnormality were conducted
(Moskovtsev and Librach, 2013). Semen samples were
mixed with 5% eosin and 10% nigrosine, then smear of the
mixture was made on a glass slide, and examined in 5
microscopic fields (Leica DM 500; Leica Mikrosysteme
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Vertrieb GmbH, Wetzlar, Germany) at magnification x400.
Stained and unstained sperm cells were counted as dead and
live cells, respectively, then vitality percentage was
calculated relative to the total sperm count.

Morphological abnormal forms of spermatozoa:

On the slides of sperm vitality, we counted all
morphological abnormalities in head, middle piece, and
main piece as well as cytoplasmic droplets according to
Menon et al. (2011), then total sperm abnormality
percentage was calculated.

Acrosome integrity:

Semen samples were smeared on a pre-warmed slide
(37°C), dried, fixed for 15 min (10% buffered formal saline),
washed by tape water, air dried, and stained by Giemsa (3.8
g Giemsa, 375 ml of 100% methanol, and 125 ml glycerol),
and examined by a light microscope at 1000x (oil immersion
lens). Count of spermatozoa with intact and attached
acrosome was determined relative to total sperm count/field,
then acrosome integrity was calculated.

Total antioxidant and enzyme activities in post-thawed
sperm medium:

Post-thawed sperm medium was obtained by
centrifugation of post-thawed semen incubated for 2h. The
level of total antioxidant capacity (Koracevic et al., 2001)
and malondialdehyde (Ohkawa et al., 1979) were assayed in
post-thawed sperm medium. The activity of aspartate (AST)
and alanine (ALT) transaminase was also determined sperm
medium (Reitman and Frankel, 1957). A spectrophotometer
(Spectro UV-Vis Auto, UV-2602; Labomed, Los Angeles,
CA, USA) and commercial kits (Biodiagnostic, Giza, Egypt)

were used to achieve All assays according to the
manufacturer’s instructions.
Statistical analysis:

The homogeneity of variance of the obtained data
were checked by Levene’s test, while the normal distribution
was tested by the Shapiro-Wilk test. The effect of
supplements (1-3) was analyzed by one-way ANOVA using
SAS (2008). The significant effect of supplementation was
tested at P <0.05 by Tukey’s test of SAS program.

RESULTS AND DISCUSSION

Results
Effect of season on physical characteristics of goat
semen:

Results in Table (1) revealed that all physical semen
characteristics were significantly (P<0.05) higher in winter
than in summer season. In comparable with this trend in
Damascus goats, Abdullah et al. (2019) found insignificant
differences between ejaculate volume in summer and winter.
The observed seasonal changes in ejaculate volume may be
in relation with pronounced changes in environmental air
temperature, relative humidity, and lighting period (day
length) in each season.

The accessory sex glands are the main source of the
seminal plasma (Hafez, 1986), and level of testosterone
responsible for its secretion (Abdel-Khalek et al., 2000). A
negative relationship was reported between semen volume of
Korean goat bucks and day length, being higher with short
day length (winter) than long day in summer (0.9 vs 0.5 ml).

Table 1. Physical semen characteristics and sperm output of goat bucks in winter and summer.

Season
Parameter Winter SUMMer SEM P-value
Physical semen characteristics:
Semen volume (ml) 0.910 570 0.582 0.009™
Progressive motility (%) 79.31 58.42 2.718 0.005"
Sperm vitality (%) 84.60 54.12 3421 0.004™
Sperm abnormality (%) 12.92 23.45 0.884 0.000™"
Intact acrosome (%) 83.31 74.42 2.928 0.095
Sperm count (x10%/ml) 2.660 2.210 0.172 0.042°
Sperm count (x10%)/ejaculate:
Total 4206 1.25 1.542 0.000 "
Motile 1.9198 0.7359 1.614 0.000 ™"
Live 2.0478 0.6817 1.547 0.000 ™"
Normal 1.8881 0.9826 1415 0.000™"

* Significant season differences at P<0.05. ™ Significant season differences at P<0.01.” Significant season differences at P<0.001.

Sperm variables including progressive motility,
vitality, abnormality, and sperm count in buck semen
significantly (P<0.05) increased in winter than in summer
season (Table 1). Abdullah et al. (2019) found that progressive
motility, vitality, and intact acrosome were significantly
(P<0.05) higher in winter than summer, while no differences
were found in abnormality and count of spermatozoa. In
contrast to our results, sperm abnormality percentage in
Damascus semen were significantly higher in winter than in
summer (EI-Wishy et al., 1971). Several authors (Moussa,
1987; El-Saidy, 1988) agreed with the present results that
sperm count was the lowest in summer season.

Abdullah et al. (2019) found that all sperm
counts/ejaculate (total, motile, live and normal) were the
lowest in summer season. This result is in association with
increasing semen volume, sperm count/ml, and percentage
of sperm variables. The rate of spermatogenesis is in relation
with testis volume, seminiferous tubule diameter (Abdel-

Khalek et al., 2000), and may in association with the impact
of testosterone on sperm production (Massoud et al., 1991).
Effect of curcumin on sperm variables in incubated post-
thawed goat semen:

Progressive motility:

The percentage of sperm progressive motility in
summer and winter post-thawed goat semen incubated for
7h is shown in Table 2.

Results of summer semen revealed that CM in E10
and E20 maintained the percentage of sperm progressive
motility to be significantly (P<0.05) higher than in EO up to
2h after incubation. However, CM in E20 significantly
(P<0.05) maintained sperm motility percentage up to 7h
after incubation as compared to EO and E10 (Table 2).

Results of winter semen showed significant (P<0.05)
improvement of sperm motility percentage by E20 as
compared to EO and E10 at all incubation times (Table 2).

It is well known that a proper sperm motility is
important for the ability of sperm cells to transport the
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genital tract through the cervix, and to penetrate cumulus
cells and zona pellucida of the oocytes. Our results indicated
beneficial effects of CM at a level of 20ug/ml on
maintaining sperm progressive motility of summer and
winter goat post-thawed semen incubated for 7h. In this
context, Bucak et al. (2010) found that CM (2.5 mM)
increased progressive sperm motility of in Angora bucks. In
bulls, Chaudhary et al. (2022) found that advantages of CM
(25 and 50 uM) on progressive sperm motility in post-
thawed semen compared with control or CM at a level of 75

uM. The CM at a level of 10 mM (Karakus et al., 2021) or
20 mM (Santonastaso et al., 2021) in cryopreserved human
sperm medium was reported to prevent the decrease of
sperm motility in post thawed semen. Tvrda et al. (2018)
reported maintaining the sperm motility significantly by CM
after cryopreservation of bovine semen. In rats, similar trend
was observed in sperm motility following feeding protein-
deficient diets (Ahmed-Farid et al., 2017). Also, Salahshoor
et al. (2012) reported that CM in extender of mic semen
improved dose-dependently sperm motility.

Table 2. Effect of CM in extender on sperm progressive motility (%6) in winter and summer post-thawed goat semen

incubated for different times.

Sperm progressive motility (%)

Item E0 £10 E20 SEM P-value
Summer season:
Oh 52.42 55.14 57.74 2.74 0.091
1h 42.15° 55.342 56.26% 223 0.004
2h 32.44¢ 42500 56.08% 3.16 0.010
5h 22.33° 30.41° 44,842 3.45 0.047
7h 14.46° 17.50° 24.222 1.93 0.050
Winter season:
Oh 70.33 78.74 76.21 247 0.058
1h 65.15° 68.23® 76.54% 3.89 0.042
2h 60.14° 62.33% 66.45% 2.09 0.044
5h 34.220 36.44° 54552 4.46 0.039
7h 20.74° 23,618 30.292 2.99 0.048

a, b,c: Significant differences for means in the same row at P<0.05.

Improving progressive motility in post-thawed buck
semen may be due to the ability of CM to inhibit protein
kinase C. This enzyme plays essential role to modulate the
sperm flagellar motion (Reddy and Aggarwal, 1994) and this
action is in association with possible detrimental effects of
CM on the sperm movement (Rithaporn et al. 2003).

It clarifies that lower levels of CM may protect and
augment the activity of male sex cells, whereas increasing its
level may impair sperm function. Several in vivo toxicological
reports suggested that motility and functions of sperm cells
were protected by CM against the impaired effects of toxic
agents (Dev et al., 2013). Despite of this finding, Naz (2014)
observed negative impact of CM (>50 mM) on sperm motility
via a reduction in intracellular pH value, leading to membrane
hyperpolarization during co-incubation of sperm cell of
human or mouse. In another study of Naz (2011), CM at 125

umol/l CUR negatively affects sperm motility, and CM (250
umol/l) suppressed motility of sperm cells.
Sperm vitality:

Effect of CM on sperm vitality percentage in
summer and winter post-thawed goat semen incubated for
7his presented in Table 3.

Tris-extender supplemented with CM in E10 and
E20 showed significantly (P<0.05) increased sperm vitality
percentage in summer semen compared with EO, being
higher (P<0.05) in E20 at all incubation times. However, the
significant (P<0.05) impact of CM levels in E10 and E20 as
compared to EO appeared only after 7h of incubation of
winter semen (Table 3).

These results indicated positive impacts of both CM
levels on sperm survival in summer post-thawed semen,
while lower impacts were exhibited on sperm survival in
winter post-thawed semen incubated for 7h.

Table 3. Effect of CM in extender on sperm vitality (%) in winter and summer post-thawed goat semen incubated for

different times.

Sperm vitality (%)
Item E0 E10 E20 SEM P-value
Summer season:
Oh 53.72 57.15 58.18 253 0.0641
1h 49,06° 51.32° 62.272 231 0.0412
2h 44.16° 50.20P 60.05% 2.08 0.0487
5h 35.88° 39.60° 49.35% 1.83 0.0381
7h 24.03¢ 32.54P 43.20° 1.60 0.0071
Winter season:
Oh 70.24 74.18 78.71 5.26 0.109
1h 64.15 68.27 72.36 4.80 0.089
2h 57.74 66.05 69.63 432 0.094
5h 50.84 59.35 61.31 381 0.088
7h 445° 53.28 53.67% 2.33 0.042

a, b,c: Significant differences for means in the same row at P<0.05.

In other reports, CM supplemented to Tris-yolk
fructose extender improved sperm viability in cryopreserved
bovine semen (Pinto et al., 2020; Zaki et al., 2020). Also,
live sperm count was increased by CM semen of rats fed diet
with deficient CP (Ahmed-Farid et al., 2017). In
cryopreserved rabbit semen extended with Tris-extender
supplemented with CM, sperm vitality percentage was
improved as compared to control (Abdelnour et al., 2020).

Sperm abnormality:

The percentage of sperm abnormality in summer and
winter post-thawed goat semen incubated for 7h is illustrated
in Table 4.

Percentage of sperm abnormality was significantly
(P<0.05) lower in Tris-extender supplemented with CM in
E20 than in EO and E10 after 2, 5, and 7h of incubation of
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post-thawed summer semen. Both CM levels (E10 and E20)
significantly  (P<0.05) improved sperm abnormality

percentage as compared to EO only 5h after incubation of
post thawed winter semen (Table 4).

Table 4. Effect of CM in extender on sperm abnormality (%) in winter and summer post-thawed goat semen

incubated for different times.

Sperm abnormality (%)

Item =) E10 20 SEM P-value
Summer season:
Oh 25.42 21.78 20.73 292 0.241
1h 24.99 20.24 21.25 2.66 0.094
2h 29.722 24.15% 23.26° 1.32 0.038
5h 30.522 27.21% 25.35P 1.98 0.032
7h 34.38% 30.422% 29.79 2.56 0.043
Winter season:
Oh 12.03 13.63 15.73 2.34 0.174
1h 12.81 11.67 11.52 149 0.248
2h 16.14 14.29 13.25 2.99 0.189
5h 21.66° 17.48P 17.26° 113 0.048
7h 24.14 20.76 20.35 2.06 0.124

a and b: Significant differences for means in the same row at P<0.05.

The positive effect of CM (20pg/ml) on improving
sperm abnormality was more obvious on summer than
winter semen. In agreement with our results, CM (2.5, 5, or
10 mmol/l) reduced the abnormality percentage of sperm
cells in Angora goats (Bucak et al. 2010). Also, CM (100
pg/ml) reduced the abnormality of sperm cells in
cryopreserved semen of goat buck (Ismail et al., 2020). The
effectiveness of CM on decreasing the total abnormalities of
spermatozoa was noticed in cryopreserved ram semen
extended with CM at levels of 1 and 2 mmol/l
(Soleimanzadeh and Saberivand 2013; Omur and Coyan
2016). Similar results were reported on bovine semen by
Chaudhary et al. (2022). In accordance with the obtained
results, Also, CM improved sperm abnormalities in bovine

(Bucak et al., 2012), mice (Jalili et al., 2014), and rats fed
protein-deficient diets (Ahmed-Farid et al., 2017).
Acrosome integrity:

The percentage of acrosome integrity in summer and
winter post-thawed goat semen incubated for 7h is shown in
Table 5.

Results of summer semen revealed that CM in E20
maintained the percentage of acrosome integrity to be
significantly (P<0.05) higher than in EO after all incubation
times of summer and winter semen. However, acrosome
integrity percentage was significantly (P<0.05) improved by
CM in E1 only 7h in summer semen and 2, 5, and 7h after
incubation of winter semen (Table 5).

Table 5. Effect of CM in extender on acrosome integrity in winter and summer post-thawed goat semen incubated for

different times.

Acrosome integrity (%)

Item 0 E10 E20 SEM P-value
Summer season:
Oh 7231 71.63 75.82 145 0.215
1h 70.56° 70.48° 74.40° 112 0.035
2h 69.85P 70.83P 74.012 0.49 0.009
5h 67.42° 69.112 72.252 0.84 0.042
7h 62.34° 65.012 67.332 0.84 0.031
Winter season:
Oh 81.61 83.80 82.44 121 0.145
1h 80.03P 82.12% 82.33? 1.35 0.042
2h 75.44P 80.222 80.48? 0.58 0.034
5h 71.65° 75.552 78.102 121 0.031
7h 68.33° 72.112 73.542 0.91 0.048

aand b: Significant differences for means in the same row at P<0.05.

Oocyte penetration of sperm gets affected by the
integrity of the sperm plasma membrane and acrosome
(Esteves et al, 2007). The obtained results indicated
beneficial effects of CM at a level of 20ug/ml on
maintaining sperm acrosome status in summer and winter
goat post-thawed semen incubated for 7h. Other results
indicated the beneficial impact of CM on acrosome status of
sperm cells in semen of small ruminants, including semen of
goats (Ismail et al., 2020) and rams (Omur and Coyan,
2016). Also, CM in semen extender decreased the
percentage of abnormality in the acrosomal structure in
Angora goats (Bucak et al. 2010). In bovine (Tvrda et al.,
2018; Chaudhary et al., 2022), buffalo (Shah et al., 2016),

and boar (Chanapiwat and Kaeoket, 2015) semen the CM
showed positive impacts on intact acrosome percentage.
Abdelnour et al. (2020) used the transmission electron
microscopic (TEM) to assess the acrosome status of rabbit
sperm cells cryopreserved with CM at levels 1 or 1.5 pg/ml.
They found higher disturbance in acrosome membrane
structure of in control group than in CM supplemented
group.

On the other hand, Bucak et al. (2012) found no
significant effects on morphological alterations to the
acrosome as affected by CM supplementation in bull semen.
However, Naz (2011) has reported negative effects CM
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doses >250 umol/l in semen extender on acrosome status of
human sperm cells.
Effect of curcumin on conditions of sperm medium of
post-thawed goat semen incubated for 2h:
Enzyme activity (AST and ALT):

Effect of CM in extender on the activity of AST and
ALT in sperm medium of winter and summer post-thawed
goat semen incubated for two hours is illustrated in Fig. 1.
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Activity of AST in sperm medium of summer and
winter semen was significantly (P<0.05) reduced only by E20
as compared to EO. However, ALT activity was significantly
(P<0.05) decreased by E10 and E20 in summer and only by
E20 in winter semen as compared to EO. Generally, E20
showed significantly (P<0.05) the lowest activity of AST and
ALT in summer and winter semen (Fig. 1).
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Fig. 1. Effect of CM in extender on the activity of AST and ALT in sperm medium of winter and summer post-
thawed goat semen incubated for two hours.(a and b: Significant differences for column means in the same

season at P<0.05).

These results revealed that adding CM (20ug/ml) in
Tris-extender had pronounced improvement in sperm
membrane integrity during incubation of cryopreserved goat
semen. The present results agreed with those reported by
Chaudhary et al. (2022), who found that CM in extender (25
uM) of bull semen decreased the activity of AST after
thawing. They added that AST activities showed
significantly a positive correlation with antioxidant enzymes
activity. Such enzymatic alteration and correlation using
different semen additives other than curcumin have been
reported using Melatonin (Kapadiya et al., 2018); EDTA,
and Caffeine (Patel and Siddiquee, 2013).

Antioxidant status
o [ L] . .

Effect of CM in extender on the level of TAC and
MDA in sperm medium of winter and summer post-thawed
goat semen incubated for two hours is illustrated in Fig. 2.

Both CM levels in E10 and E20 exhibited significant
(P<0.05) increase in TAC and significant (P<0.05) reduction
in MDA in sperm medium of summer and winter semen
compared with EQ. In general, E20 showed significantly
(P<0.05) the highest TAC level and the lowest MDA level
in sperm medium of post-thawed goat summer and winter
semen during the incubation (Fig.2).

1

Surmamer

Fig. 2. Level of total antioxidant capacity (TAC) and malondialdehyde (MDA) in sperm medium of winter and
summer post-thawed goat semen incubated for two hours.(a and b: Significant differences for column means

in the same season at P<0.05).

In vitro incubation and cryopreservation of mam-
malian semen may alter the oxidative milieu either by
uncontrolled ROS production or by aberrations in the anti-
oxidant mechanisms of sperm cells (Tvrda et al., 2018). In
our study, marked enhancement in antioxidant status of
sperm medium in post-thawed goat semen occurred by
increasing TAC level, as an antioxidant marker, while
decreasing level of MDA, as a lipid peroxidation marker,
leading to elevating the antioxidant capacity and balancing
OS. Bucak et al. (2010) indicated the antioxidant properties

of CM in Angora goat and also in bulls (Bucak et al, 2012;
Shah et al., 2016; Tvrda et al., 2016, 2018).

Our results are in consistent with various reports
showing response in the antioxidant activity of male
reproductive structures by CM (Karbalay-Doust and
Noorafshan 2011; Soleimanzadeh and Saberivand 2013;
Tvrda et al. 2016). A proper oxidative balance has a
relationship with male fertility and is as a complex
antioxidant network assures beneficial conditions for
spermatozoa activity (Aitken 1995). Similarly, Chaudhary et
al. (2022) found that CM supplemented to bovine semen
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extender decreased MDA levels after cryopreservation.
Abdelnour et al. (2020) showed an increase in enzyme
activity (SOD and GPx) and a reduction in the level in
freezing medium of rabbit semen supplemented with CM (1
or 1.5 pg/ml) compared with the control, reflecting an
elevation of antioxidant capacity in sperm medium. Raza et
al. (2008) revealed that CM has the ability to improve many
defense enzyme activities in the seminal plasma by sustained
the mitochondrial redox signaling and respiratory functions.

It is of interest to observe that all sperm variables
studied were improved in association with increasing
antioxidant status (increasing TAC and reducing MDA) by
CM supplementation in Tris-extender of goat buck semen.
These improvements are due to that CM can reduce the
quantity of lipid peroxidation and oxidized proteins in sperm
cells because CM has direct ROS-trapping properties and
ability to prevent the residual ROS to alter the structure or
function of plasma membrane and the protein molecules
found in the sperm cells. Also, the beneficial impacts of CM
on the vitality of spermatozoa may be its ability for
stimulating the internal ROS-quenching and detoxification
system of sperm cells (Tvrda et al., 2018). Based on the
obtained results and previous findings, CM has a strong
antioxidant activity and effectiveness against cryodamage,
which was reported to be eight folds of that of vitamin E,
and its effectiveness against cryodamage has been studied in
many studies (Santonastaso et al., 2021).

CONCLUSION

The effects of cryopreservation on are depending
on fresh semen quality. The future studies can be planned on
semen collected with various quality in different seasons
focusing on the antioxidant action of curcumin. Based on the
foregoing results, curcumin shows promise for increasing
quality of cryopreserved semen collected under summer
conditions or improving semen quality of semen collected in
winter by reducing goat sperm cryodamage to identify the
impacts on semen incubated with curcumin in vitro. In our
study, curcumin supplemented to Tris-extender showed
beneficial and protective impacts against the damage to goat
sperm cells. The curcumin supplementation can protect the
structure, function, and oxidative status of spermatozoa
during cryopreservation.

In conclusion, adding curcumin to goat semen
extenders can facilitate and enhance semen processes and
storage protocols to improve fertility of cryopreserved goat
spermatozoa in semen collected in summer or winter season.
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