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Effect of resveratrol supplementation to Triladyl® on the quality of ram
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ABSTRACT

The present investigation aimed to estimate the in vitro effects of resveratrol (RES) on the quality of chilled ram
semen. Resveratrol was added to Triladyl® in three different concentration as 0 (control), 200 or 400 uM. Semen
was collected from three Najdi rams, pooled and extended with one of three previous extenders for a final
concentration of 600x10° sperm/ml. Then, the diluted semen was cooled gradually, and stored at 4°C. The total
motility, viability, plasma membrane integrity and acrosome integrity were assessed at 0, 24, 72 and 120 h of
storage. The thermal incubation test was evaluated at day 7. The survival time, total motility and the progressive
motility were registered at day 15 of storage. After 4 h of incubation, the percentage of live sperm was significantly
lower in the control group than in other groups. Results of survival time, total motility and progressive motility at
day 15 of liquid storage were significantly higher in RES groups than that of the control. Based on the results of
incubation resistance, survival time, total and progressive motility, it could be concluded that adding 200 and 400
uM of RES to Triladyl extender can improve the quality of ram semen during chilled storage at 4°C.
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Najdi sheep is a locally-important breed that lives under
extreme conditions in hot environment of the Arabian
Peninsula. Using liquid storage semen in sheep offers high
fertility rate than frozen semen (Schuh 1992). Furthermore,
the lethal harm caused by semen freezing/thawing processes
influences the structure and function of spermatozoa (King
et al. 2004, Kasimanickam et al. 2011). Few studies were
focused on the liquid storage of ram semen compared to
cryopreservation. The composition of semen extender plays
an essential role in maintaining pH, osmolality and energy
source that support the sperm survival. Additionally,
Kasimanickam et al. (2011) recorded good results of ram
semen liquid storage in an extender with egg yolk for eight
days at 4°C. The combination of egg yolk and glycerol in
extender protects ram sperm during chilled storage (Gil et
al. 2011). Triladyl® (Minitube, Germany), is a commercial
extender, commonly used for artificial insemination in
ruminant animals. Triladyl® contains Tris, citric acid, sugar,
glycerol, ultra-pure water and antibiotics. About 20% of
fresh egg yolk should be added to Triladyl before usage
according to the manufacturer’s instructions.

The storage of spermatozoa at low temperature allows
reducing catabolism and movement of spermatozoa and thus
extends their lifetime. Also, low temperature during
refrigeration may impair the quality and survival time of
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the spermatozoa (Kasimanickam et al. 2007). Reactive
oxygen species (ROS), which increase during cold semen
storage, cause oxidative stress (OS) leading to low
antioxidant activity and damage in spermatozoa (Giaretta
et al. 2014, Tvrda et al. 2015). To solve this issue, many
antioxidants were added to various extenders of ram semen,
and some anti-oxidative properties were shown to minimize
ROS impacts and sperm injuries (Mata-Campuzano et al.
2014, Amidi ez al. 2016, Toker et al. 2016, Vichas et al.
2017). Resveratrol (3,5,4‘-trihydroxy-trans-stilbene) is an
antioxidant, and a natural phenolic compound produced in
more than 70 species of plants including grapes, blueberries,
pistachios, plums and peanuts. It is responsible for dealing
with injury or microbial infections (Fremont 2000, Baur
and Sinclair 2006). Resveratrol have been used in numerous
studies as an antioxidant agent during freezing and thawing
or liquid storage of sperm. Many studies were carried out
on the use of natural antioxidants as resveratrol confirmed
its ability to improve health and immune responses of
livestock besides reducing the risks of various animal
diseases like cancer and other degenerative diseases. Such
activities may be attributed to its powerful antioxidant, anti-
inflammatory and immunomodulatory impacts by
preventing the interaction between free radicals with cellular
DNA as well as its ability to activate the intestinal
microbiota and to increase nutrient digestibility and
absorbance (Alagawany et al. 2015, Abd El-Hack et al.
2016). Resveratrol has the ability to scavenge the ROS in
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human sperm, act against lipid peroxidation and prevent
DNA fragmentation (Branco et al. 2010, Collodel et al.
2011). However, the potential effects of RES
supplementation to commercial Triladyl extender on the
sperm parameters during a long liquid storage of ram semen
have not been studied before. Therefore, the present study
was designed to explore the protective effects of Triladyl
extender with RES on Najdi ram sperm storage at 4°C.

MATERIALS AND METHODS

Chemicals: Resveratrol was purchased from Sigma Co
(St. Louis, MO, USA) and Triladyl® was purchased from
Minitube, Germany. All other chemicals were obtained from
LOBA Chemie (Mumbai, India), Scharlab S.L. (Barcelona,
Spain) and UFC Biotech (Riyadh, Saudi Arabia).

Animals and their management. The present study was
performed at Basic Sciences Department, College of
Education, Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia. Three healthy proven fertile Najdi
rams (45-55 kg weight and 2-3.5 years old) were selected
for this study. All rams were kept in barns under normal
conditions. Rams were fed hay three times a day and had
free access to clean drinking water. This study was approved
by the Bioethics Committee of the University.

Egg yolk preparation: Before the day of semen
collection, fresh hen eggs were used to prepare clarified
egg yolk (CEY). Egg yolk (EY) was separated from
albumin, and rolled on sterilized filter paper to remove
remnants. Then yolk membranes were removed and EY
collected in 50 ml conical tube. Equal volume of distilled
water was added to EY, well-mixed and centrifuged at 4000
rpm at 4°C for 30 min. The lipid layer floated at the surface
and the debris at the bottom was discarded and the clear
water-soluble fraction (CEY) was recovered. Then the CEY
was inactivated at 56°C for 30 min and kept at 4°C until
use.

Semen collection and dilution: The libido of males was
stimulated by the teaser female before semen collection.
Thirty ejaculated samples (10 ejaculates for each ram) were
collected using an artificial vagina once a week. Semen
samples were collected during winter season. Ejaculates
with volume of 1-1.5 ml, concentration >3.5x10° sperm/
ml, thick consistency, morphology of <10% sperm
abnormalities and semen motility (score 4 from 5) were
pooled to eliminate the individual variations between ram
samples. Extenders were prepared by mixing one volume
of Triladyl® with two volumes of distilled water and two
volumes of CEY, then supplemented with (200 or 400 uM)
or without (control) RES according to the experimental
design. After semen collection, all accepted samples were
pooled and immediately diluted in water bath by one of
pervious extenders (600 x 10° sperm/ml). The diluted semen
was gradually cooled to 4°C within 2 h and stored at 4°C.

Semen evaluation: The motility, viability, acrosome and
membrane integrity of sperm were evaluated at various
times (0, 24, 72 and 120 h). At the day seven (168 h) of
chilled storage; motility, viability and membrane integrity
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were studied before and after incubation at 37°C for 4 h.
The survival time of spermatozoa was estimated from day
10 up to the day before sperm motility became below 50%.
Mass and progressive motility were evaluated at day 15.
Day 0 is the time after semen sample dilution and before
cooling. All the semen evaluations were assessed by the
same technician (Fig. 1).

* 30 ejaculates from 3 Najdi rams

* Diluted in Triladyl + 20% CEY

* Three con. of RES (0, 200, 400 pM)
« Storage at 4°C

A0 Total motility

N

Membrane integrity

w

Acrosome integrity

5 Viability

7| @— Thermal incubation test

Days of storage

10| @ — Survival time evaluation

v15| @— Total and progressive motility

Fig. 1. Experimental design

Sperm motility: To evaluate sperm motility, samples were
washed in warm phosphate buffer solution (PBS) and
incubated at 37°C for 15 min before the evaluation of
motility. Extended semen (20 pul) was placed on warm slides
to evaluate mass motility by the assessment of wave motion
of semen at 10x magnification under phase-contrast
microscopy (Labomed US). The motility was recorded in
scores from 0 to 5 according to the method described by
Shipley et al. (2007). Briefly, in score 5, the moving waves
were very rapid and 90% of sperm were motile. In score 4,
the sperm movement was strong but less than that in the
score 5 and the motile sperm are from 70 to 90%. In score
3, the low moving waves of 40—-65% of sperm was observed.
In score 2, up to 40% of sperm were active and no wave
motion. Motility less than 10% was given score 1. And in
score 0, there was no movement. The progressive motility
of spermatozoa was evaluated by placing 10 pl of semen
on a pre-warmed slide, and covered with a coverslip. The
progressive motility was determined using a 40x objective
lens in average of five different fields of the slide.
Spermatozoa moving in a straight line were counted as
progressively motile, while other sperm were considered
as a non-progressive motile (Ahmad et al. 2015).

Effective survival time: The effective survival time was
estimated as described by Li et al. (2017) with some
modifications. At day 10, the sperm motility was above
50% for all groups. Thus, the mass motility was daily
assessed until the day before sperm motility became below
50% for each group. The effective survival time was
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calculated as: d= h/24+10; and was given parameter (d)
while, the number of hours over 10 days was given
parameter (/).

Membrane integrity: The hypo-osmotic swelling test
(HOST) was used to examine the integrity of the sperm
plasma membrane according to Ramu and Jeyendran
(2013). The HOST solution was prepared from sodium
citrate (0.367 g) and fructose (0.675 g) in 50 ml of distilled
water. Ten microliters of semen and 150 microliters of
HOST solution were incubated for 40 min at 37°C. Five
microliters samples were examined at 40x under phase
contrast microscope. The total of 200 sperm cells were
observed and classified as the following: no visible coiling
of spermatozoa tail (non-react spermatozoa), visible coiling
of spermatozoa tail (reacted spermatozoa). The percent of
reacted spermatozoa was calculated (Fig. 2A).

Sperm viability: The eosin-nigrosin stain was used to
detect the viability of sperm (Evans et al. 1987). Eosin-
nigrosin solution was prepared by dissolving 1.40 g eosin-
Y, 8.72 g nigrosin and 2.53 g sodium citrate in 100 ml
distilled water. Ten microliters of diluted semen were mixed
with three drops of stain; smears were made on warmed
slides and observed under 400 objective lens of phase
contrast microscope. The unstained spermatozoon was
counted as alive. A fully or partially stained spermatozoon
was counted as a dead. Live-dead sperm was counted from
at least six fields and 200 sperm per reading (Fig. 2B).

[Indian Journal of Animal Sciences 89 (9)

Acrosome integrity: The acrosome integrity of sperm
samples was evaluated by Giemsa stain according to Watson
(1975) and Kovacs and Foote (1992) with some
modification. Briefly, diluted semen was washed with PBS
three times to remove the egg yolk-extender, then one drop
from washed semen was smeared on slide and left to dry at
room temperature. The slides were fixed in a fixation
solution (86 ml of I N HCI, 14 ml 37% formaldehyde and
0.2 g neutral red) for 2 min. After fixation, the slides were
washed under slow-running tape water followed by washing
with distilled water. Finally, the slides were placed in 7.5%
(v/v) Giemsa stain/distilled water (it was prepared from
Giemsa stock solution: 3.8 g (w) Giemsa powder in 375 ml
(v) methanol and 125 ml (v) glycerol), then left overnight.
Next day, slides were washed with tap water,
differentiated in distilled water for 2 min; air dried, mounted
with coverslip and observed using 60x dry or oil immersion
at 100x. At least, a total of 200 sperm were evaluated in
each group and storage time. The sperm stained with purple
color was counted as a sperm with intact acrosome while
the sperm stained with pale lavender color was counted as
a sperm with loose or damaged acrosome (Fig. 2C).

Sperm thermal evaluation test: At the day 7 from liquid
storage, samples were incubated at 37°C for 4 h. The
motility, viability and membrane integrity of sperm were
evaluated at 0 and 4 h of incubation.

Statistical analysis: All calculations were done using
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Fig. 2. A. Membrane integrity of Najdi ram sperm evaluated by hypo-osmotic swelling test (HOST) (A, swollen sperm; B, no
swollen sperm). B. Viability of Najdi ram sperm evaluated by Eosin-Nigrosin stain (A, live sperm; B, dead sperm). C. Different
acrosome states of Najdi ram sperm evaluated by Giemsa stain (A, intact acrosome; B, damaged acrosome; C, no acrosome).

Table 1. Effect of resveratrol on motility, membrane integrity, viability and acrosome integrity of Najdi ram sperm
during liquid storage at 4°C

Parameter Resveratrol Con. (uM) Storage time (h)
0 24 72 120
Total motility (%) Control (0) 86.66+1.66" 84.66+0.334 79.66+3.84B 68.00+1.52€
200 85.33+2.334A 83.00+0.574 78.00+2.51B 67.66+2.33€
400 84.66+1.66" 83.33+0.884 78.00+2.00B 67.66+2.33€
Live sperm (%) Control (0) 82.30+2.754 78.93+4.81A 76.60+2.70A 69.00+5.578
200 76.80+1.304 78.22+1.36A 75.94+2.79A 71.33+3.83B
400 77.80+1.37A 75.92+2.53A 72.22+4.654 69.83+4.478
Membrane integrity (%)  Control (0) 78.83+4.404A 78.70+3.36A 76.33+0.61A 62.35+3.38B
200 75.33+£2.164 78.31+3.46A 74.14+2.124 70.40+1.078
400 78.33+£2.204 77.21£2.674 76.67£1.214 67.63+0.00B
Acrosome integrity (%) Control (0) 96.35+0.704 88.01+1.28B 87.22+1.868 87.52+2.91B
200 96.42+0.69A 89.35+3.94B 91.69+4.10B 85.74+2.42B
400 97.13+0.18A 91.36+3.22B 90.87+3.94B 87.04+3.578

Different superscripts in the same parameter refer to significant differences (P<0.05) between storage times.
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SPSS 20 software (Chicago, USA). First, the Shapiro-Wilk
test was used to detect the normal distribution of our results.
Two way analysis of variance (ANOVA) was performed to
explore the effects of resveratrol concentration and storage
or incubation time on the in vitro parameters of Najdi ram
sperm during liquid storage. Tukey post-hoc test was carried
out in all parameters and between groups when the
significance was P<0.05. The results were expressed as the
mean+SEM.

RESULTS AND DISCUSSION

The effects of RES on the quality of Najdi ram
spermatozoa after 0, 24, 72 and 120 h of chilled storage:
The means of motility, membrane integrity, viability and
acrosome integrity in three groups after 0, 24, 72 and 120 h
from liquid storage are shown in Table 1. No significant
effects of RES supplementation were recorded on the
aforementioned parameters compared to the control at
different times of liquid storage.

Table 2. Effect of 4 h thermal evaluation test on motility,
viability and membrane integrity of Najdi ram sperm after cold
storage at 4°C for 168 hours in the presence or absence of

resveratrol
Time RES Con. Total Viability HOST
(M) motility (%) (%) (%)
0h Control (0) 67.66+1.20  66.66+4.25 69.83+1.66
200 66.83+1.09  64.16+£0.92  70.36+0.81
400 67.83+1.09  67.50+£5.76  67.50+3.81
4h Control (0) 61.16+0.72  53.58+1.83*  53.83+1.76
200 61.66+0.88  61.25+1.77°  51.00+2.75
400 62.16£0.72  64.08+2.16°  51.50+2.29

Different superscripts in the same parameter refer to significant
differences (P<0.05).

The sperm motility significantly decreased in the three
groups after 72 and 120 h of storage time compared to 0
and 24 h, and significantly (P<0.05) decreased at 120 h
compared to 72 h of storage. The percentage of sperm
viability and membrane integrity were statistically lower
in all groups after 120 h than the other storage times. The
percentage of acrosome integrity significantly declined after
24,72 and 120 h compared today 0.

The refrigerated storage of ram semen is important in
artificial insemination of sheep, but it impairs the quality
and survival time of the spermatozoa because of the ROS
production (Kasimanickam et al. 2007, 2011, Gil et al.
2011). Therefore, the use of resveratrol as an antioxidant
could be useful in reducing the negative effects of oxidative
stress on sperm (Tvrda ef al. 2015). In the current study,
20% CEY Triladyl extender was used. It already has glycerol
among its components. Gil et al. (2011) reported that egg
yolk—glycerol protected semen from a low temperature
below 5°C. Similar result was observed in our study, 20%
CEY Triladyl extender was able to maintain the viability
and membrane integrity of ram sperm above 70% after 3
days of cold storage with and without resveratrol.
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Incubation resistance after liquid storage for 7 days:
The mean values of motility, viability and membrane
integrity of sperm after liquid storage for 7 days and thermal
incubation test are summarized in Table 2. The motility and
membrane integrity of sperm of three groups was
significantly lower after 4 h of incubation at 37°C than
before. While, no significant difference among groups was
recorded at each time the percentage of live sperm was
statistically lower after 4 h of incubation in the control and
200 uM RES groups compared to before incubation. After
incubation, the percentage of live sperm was significantly
lower in the control group than in the other groups.

In the present study, resveratrol supplementation to 20%
CEY Triladyl extender did not have any advantage at 0,
24,72 and 120 h of liquid storage, regarding the motility,
membrane integrity, viability and acrosome integrity of
sperm. These findings agree with Giaretta et al. (2014)
and Ball ef al. (2001) who demonstrated that adding
antioxidants to extender during liquid storage did not
improve sperm parameters. On the other hand, our results
disagree with those reported by Giaretta et al. (2014)
who used a low concentration of resveratrol (80 pM),
different extender (Kenney extender) and species (stallion)
in comparison to our study. Furthermore, Longobardi et
al. (2017) pointed out that resveratrol improved membrane
stability of buffalo semen. It seems that the natural
antioxidants of seminal plasma in extender during liquid
storage prevents ROS production, and inhibits lipid
peroxidation which damages the sperm (Kankofer et al.
2005, Pagl et al. 2006, Giaretta et al. 2014). However,
Matheny et al. (2015) indicated that resveratrol had a
cytotoxic effect at 1 mM and 10 mM of concentration on
mobility and viability of stallion sperm. The variation
among results might be due to the difference between
semen extenders used, animals, and the time or type of
storage (liquid storage or cryopreservation).

Survival time, total and progressive motility at day 15
of liquid storage: Results of survival time, total and
progressive motility at day 15 of liquid storage demonstrated
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Fig. 3. Total motility (%), progressive motility (%) and survival
time (days) of Najdi ram sperm at day 15 of liquid storage in
different concentration of resveratrol. Different letters refer to a
significant difference (P<0.05) between groups in each parameter.
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that the treatment groups were significantly better (P<0.05)
than that of the control group (Fig. 3). A of sperms (50%)
survived in 200 and 400 uM groups until 17.33 days of
refrigerated storage vs. 11.33 days in the control group.

The thermal incubation test may be a good choice to
find out the ability of sperm to survive under in vitro
conditions similar to the female reproductive tract. The
following 4 h of incubation after ram sperm storage for
168 h, RES addition to Triladyl extender was effective in
maintaining the viability compared to the control. A low
viability of sperm might indicate the dysfunction in osmotic
pressure regulation and membrane permeability alteration
(Benhenia et al. 2018). Furthermore, due to the high levels
of polyunsaturated fatty acids in plasma membrane and low
natural antioxidants, mammalian sperm is very sensitive to
oxidative stress (Sarlos et al. 2002, Naijian ef al. 2013,
Tasdemir ef al. 2013). Our results showed that adding RES
to 20% CEY Triladyl extender during refrigerated storage
of' Najdi ram semen provided an extra protection and helped
the sperm to survive more than 2 weeks compared to the
control. Interestingly, the same trend was observed in total
and progressive motility in RES groups at day 15.
Conversely, Giaretta et al. (2014) found negative impacts
on total and progressive motility after 24 h of storage.
However, the activity of RES may appear after longer
storage with the increased oxidative stress and ROS
production during liquid storage. Ortega Ferrusola et al.
(2009) indicated that lipid peroxidation levels increase after
the cold shock during sperm storage than freshly ejaculated.
Moreover, the low motility, longevity and viability of
spermatozoa had been correlated with the increase of ROS
which damages the plasma membrane (Ball ef al. 2001,
Peris et al. 2007).

In conclusion, results of incubation resistance at day 7,
survival time, total and progressive motility at day 15
showed the ability of RES (200 and 400 pM) to protect
ram semen during liquid storage at 4°C. However, adding
RES to Triladyl had no effect on the quality of chilled ram
semen up to 120 h of storage time. More studies are needed
to evaluate the oxidative state, DNA integrity and fertilizing
capability of chilled ram semen with or without resveratrol
supplementation.
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