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Abstract

This study was to evaluate the influence of Panax ginseng aqueous extract on chilled and frozen-thawed bull sperm
quality. Samples of semen were acquired from four bulls through the use of an electro-ejaculator. Extension of the
semen was done with tris-egg yolk diluent which was augmented with 0.0, 0.25, 0.5, 1.0, 2.5, 5.0, and 7.5 mg/mL
Panax ginseng aqueous extract. Diluted chilled portions of the semen were chilled for 6 days at 5°C whereas the
frozen semen was cryopreserved in liquid nitrogen. Results revealed that in chilled and frozen-thawed semen, the
control group, T and T, recorded higher percentages in terms of sperm motility and viability in all three groups
evaluated compared to others, while the high dose of Panax ginseng aqueous extract in T¢ and Ts recorded the
lowest percentage. Moreover, the values of sperm morphology for chilled and frozen-thawed semen were not
significant among the groups. The results of chromatin stability of the present study showed that T, and control
were higher than for other groups. In conclusion, the low dosage groups (T1, T2 and T3) which were received (0.25
mg/mL, 0.5 mg/mL and 1 mg/mL, respectively) from Panax ginseng aqueous extract were not significant as
compared with the control group while high-dosage groups (T4, Ts and Ts) which were received (2.5 mg/mL, 5
mg/mL and 7.5 mg/mL, respectively) from Panax ginseng aqueous extract were highly decreased spermatozoa
characteristics.
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1. Introduction
1.1 Introduce the Problem

Bovine insemination using the artificial insemination (Al) technique is among the main difficulties in the livestock
industry. Semen preserved in liquid or frozen form are common procedures in inseminating cows; roughly 95% of
Al dosages are in the form of frozen semen straws (Amann and Waberski, 2014). Nevertheless, freezing-thawing
practices of prolonged semen are accountable for a substantial decrease in motility, viability, membrane integrity
and morphology of sperm (Amirat-Briand et al., 2010; Yimer et al., 2014; Baiee et al., 2018a) resulting in decreased
rate of fertility of the frozen semen (Biiyiikleblebici et al., 2014). In actual fact, chilled semen possesses a high
rate of fertility in comparison to frozen semen (Medeiros et al., 2002; Galarza 2019); nonetheless, chilled semen
can be kept for a few days only (Papa et al., 2015). Consequently, the use of chilled semen in the Al technique is
restricted (Borges-Silva et al., 2016). Therefore, one purpose of this study was to determine the ability of a natural
material in promoting chilled seminal quality for long-time storage and usage. Many studies have been done to
improve frozen-thawed seminal quality through addition of some additives to the extended semen quality, for
example, anti-oxidant (Amirat-Briand et al., 2010; Khumran et al., 2015; Eidan, 2016), or amino acids (Holt et al.,
2015; Kumar et al., 2015) and unsaturated fatty acid (Kaka et al., 2015; Khoshvaght et al., 2015; Tarig et al., 2017).
Furthermore, certain extracts of plants have been revealed as anti-oxidant additives which are used to add to semen
or as a semen diluent (Chen et al., 1998; Baghshahi et al., 2014; Sapanidou et al., 2015), and to examine the toxic
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consequence of plant extract on sperm (Kaefer et al., 2013). Plant extracts are also used in diluting semen (Abul
Rashid and Nurin, 2015). Based on our understanding, there are no studies that use Panax ginseng aqueous extract
(PGe) in the tris-egg yolk diluent as enhancement for chilled and freezing semen.

Sperm present with Chromatin deficiencies, largely due to imperfect spermatogenesis, faulty apoptosis before
ejaculation (Baiee et al., 2018b), extreme reactive oxygen species (ROS) production in the ejaculate (Moustafa et
al., 2004), in vitro handling (Bollwein et al., 2008), and also the stress of the freezing-thawing processes (Khalifa
et al., 2008; Lymberopoulos and Khalifa, 2010). In fact, frozen-thawed semen processes lead to chromatin damage
(Métayer, et al., 2002; Gadea et al., 2008; Biiyiikleblebici et al., 2014). However, the mechanisms accountable for
freezing-induced chromatin damage are unidentified. Data suggests that this could be the consequence of lipid
peroxidation (LPO) in injurious sperm chromatin (Kasimanickam et al., 2007). Moreover, sperm nuclei exposure
to high ionic strength in the course of freezing-thawing of semen instigates deterioration of chromatin assembly
and sequentially, makes post-thawing nuclear DNA available to the oxidative occurrence through extra- or
intracellular ROS (Gadea et al., 2008). Additionally, perhaps, the unrestrained post-thawing influx of wandering
calcium ions in frozen sperm (Biiyiikleblebici et al., 2014) may possibly encourage additional splitting of
nucleoprotein and Chromatin through endogenous protease and nuclease stimulation (Métayer et al., 2002).

Panax ginseng Meyer, from the family Araliaceae, is one of the most widely used traditional herbal medicines in
Eastern and Western countries. Panax ginseng Meyer has been used in traditional medicine for over 2000 years to
restore and enhance normal well-being, sexuality, promotion of vitality, erectile dysfunction, control of
hypertension, and increase of resistance to stress and ageing (Attele et al., 1999; Kopalli et al., 2016). Active
compounds in Panax ginseng include saponin (ginsenosides), acidic polysaccharides, peptides, polyacetylenes,
alkaloids, and phenolic compounds (Attele et al., 1999). Ginsenosides of saponins are regarded as the main active
components responsible for the pharmacological activities of Panax ginseng and approximately 40 kinds of
saponin have been isolated from it. Most of these are protopanaxdiol and protopanaxtriol, which are aglycones of
dammarane-type triterpenoids (Patel and Rauf 2017). Recently, physicochemical and spectroscopic data were
acquired from four major diol-saponins: ginsenosides Rb1, Rb2, Re, Re, Ro, and Rd (Cho et al., 2010). Thus, the
main aim of this study was to determine and evaluate the effect of Panax ginseng aqueous extract on the quality
of frozen-thawed bull semen. Furthermore, it was to determine the effect of Panax ginseng aqueous extract on
chromatin stability of frozen-thawed bull semen.

2. Method
2.1 Animals

This work experiment was approved by the Institutional Animal Care and Use Committee, Faculty of Veterinary
Medicine, UPM (RO73/2015). Twenty-four ejaculates were obtained through the use of the electro-ejaculator (EE;
Ideal® Instruments; Neogen Corporation, Lansing, Michigan; USA) from four fertile crossbred (Simmental-
Brangus) bulls from the Universiti Putra Malaysia (UPM) in Serdang, Selangor (2°9-18.36-N; 101°43-49.61-E)
farm. Bulls were 4.8 + 0.8 years old measuring 551.2 + 41.5 kg in weight. The entire four bulls were under the
same feeding; the animals were fed with Brachiaria decumbens grass and also commercial palm kernel cake at 3
kg/body weight rate. Additionally, mineral blocks and water were given to the animals ad libitum.

2.2 Chemicals

Panax ginseng aqueous extract (GN06032014) was obtained from LJack (M)® Sdn. Bhd. Semenyih, Selangor,
Malaysia with certification of the analysis. Tris, citric acid, sodium citrate, fructose, nigrosin, glycerol and eosin-
y were acquired from Sigma Aldrich Co. (Sigma, St. Louis, MO, USA). Penicillin-streptomycin was procured
from Gibco® (15140122, Gibco® USA). Acridine orange stain was bought from Invitrogen® (AR7601000)
Eugene; Oregon, USA; the straws were acquired from Minitube® (13407/0010; Slovakia). Lastly, methanol and
glacial acetic acid were obtained from Merck (E, Merck D6100 Darmstadt, and F. R. Germany).

2.3 Preparation of Semen Diluent

Preparation of Tris-egg yolk diluent was as earlier described by Amirat-Briand et al. (2010) with a slight adjustment
(Baiee et al., 2017). Tris-egg yolk diluent was divided into two portions; the first portion (P1) contained Tris: 2.24
g, citric acid: 1.48 g, fructose: 1 g, 50000 IU penicillin-streptomycin, and 20% egg yolk in 100 mL distilled water.
The second portion (P2) had similar constituents to the initial but with 12.8% glycerol, the double amount of
glycerol being to create the concluding concentration of glycerol after mixing with P1 6.4%. Each portion was
divided into seven parts in test tubes to give diverse concentrations of the extract of Panax ginseng. Furthermore,
the diluents were weekly preparations and were kept at -20C.
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2.4 Semen Collection

The collection of semen samples was done weekly very early in the morning through the use of auto mode of the
EE. Bulls were directed to a chute. Prepuce hairs of the bulls were shaved; the preputial orifice was cleaned using
water and dried with a clean tissue towel. Before insertion of rectal probe, rectal evacuation was done, and the EE
device was switched on; a minimum of three individuals worked together to achieve semen sample collection.
After sample collection, samples were conveyed to the Theriogenology and Cytogenetics lab at 37 C. Computer
assisted sperm analysis (CASA; Hamilton Thorne Bioscience; USA) was used to evaluate the concentration of
semen and the proportion of sperm motility for fresh semen in addition to the universal sperm motility of chilled
and cryopreserved semen. Semen samples with general sperm motility > 70%, sperm viability and normal sperm
morphology > 85% and concentration of > 600 x10° sperm/mL (Kaka et al., 2015) were acknowledged to be chilled
and cryopreserved

2.5 Experimental Design

The dosages of PGe were determined into six groups for all chilled and frozen-thawed experiments. Three groups
with low concentrations were T; 0.25 mg/mL, T, 0.5 mg/mL, T3 1 mg/mL, and three groups with high
concentrations were T4 2.5 mg/mL, Ts 5 mg/mL, Ts 7.5 mg/mL. Moreover, one group without addition of PGe
was kept to be a control group. The extract was dissolved into tris-egg yolk diluent by shaking and incubation in
water path at 37 °C for 10 min. The successfully collected semen sample was divided into two equal aliquots, the
Ist aliquot was for the chilled semen experiment, and the 2nd aliquot was for the cryopreserved experiment.

2.5.1 Effect of Panax Ginseng on Chilled Bull Seminal Quality

The first aliquot of fresh semen was equally divided into seven groups which contained diverse concentrations of
PGe which were dissolved in tris-egg yolk diluent (P1, deprived of glycerol). Extended semen groups were store
in a refrigerator for six days at 5°C. Sperm morphology, viability and motility were assessed after 1, 3 and 6 days
for cooling. Furthermore, sperm membrane integrity was assessed at day three of chilling in the entire groups. The
final concentration of semen in chilled experiments was about 80 x 10° sperm / mL.

2.5.2 Effect of Panax Ginseng on Frozen-Thawed Bull Seminal Quality

The second aliquot of the fresh semen was also equally divided into seven groups which contained tris-egg yolk
diluent augmented with diverse concentrations of PGe (P1), they were chilled in a refrigerator at 5C for three
hours. The second portion of diluent which contained glycerol (P2) was added to the entire treatment groups; it
was later packaged in 0.25 mL French straws. The end concentration of glycerol in the diluent was 6.4% while the
end concentration of spermatozoa was 20 x 10° sperm / straw. The entire groups of straws were frozen at liquid
nitrogen for future investigation. Motility of sperm, morphology and viability values were recorded in 2, 7 and 14
days after freezing. Sperm membrane integrity was recorded after 7 days, and sperm DNA integrity was also
recorded after 20 days of freezing.

2.6 Evaluation of Sperm Motility, Morphology and Viability

Sperm viability and normal morphology proportions were investigated through the use of eosin-nigrosin stain (EN)
as was carlier described by Felipe-Pérez et al. (2008). Briefly, a 10 pL droplet of freshly chilled or cryopreserved
semen was added with 20 pL of EN stain; the mixture was smeared on a microscope slide and kept to dry at 45 °C
on a slide warmer. Subsequently the slides were viewed under a phase-contrast microscope (Nikon Japan, Eclipse
E200) at x 400 for viability of the sperm. Sperm that were stained with pink colour were considered to be dead
while the unstained sperm were deemed to be alive. Additionally, in the usual sperm morphology, only sperm with
normal sperm head, midpiece and tail are referred to as normal irrespective of the colour at x 1000 with oil
emersion, and for each test 200 sperm were counted.

2.7 Evaluation of Sperm Membrane Reliability

The hypo-osmotic swelling test (HOST) was done to investigate the sperm membrane reliability in chilled and
cryopreserved sperm. Essentially, HOST was prepared as was earlier described by Revell and Mrode (1994).
Briefly, 0.9 g fructose and 0.49 g tri-sodium citrate were dissolved in distilled water; additional distilled water was
added to make up the volume to 100 mL. Ten microliters of chilled or cryopreserved sperm were incubated with
90 uL of hypo-osmotic solution for 30 min at 37 C. Subsequently 10 uL of incubated solution was positioned on
a glass slide and covered using a cover slip and observed under the phase-contrast microscope at x 400. Sperm
possessing twisted tails under hypo-osmotic conditions were considered to possess complete membranes.

2.8 Evaluation of Sperm Chromatin Stability

Acridine orange test (AOT) was performed in determining sperm chromatin stability in cryopreserved sperm as
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was described by Tejada et al. (1984). A metachromatic dye, acridine orange (AO) stain interpolates the DNA of
sperm cells to release colours fluctuating between green, green yellow, yellow, orange, and red. Sperm cells with
intact chromatin radiated green fluorescence, whereas those possessing altered chromatin radiated green yellow,
yellow, orange, and red (Figure 1) dependent on the bulk of fragmented chromatin. Consequently, the outcomes
were divided into five groupings based on the percentage of chromatin destroyed. A thick semen smear was made
on a glass slide and kept to dry. Carnoy’s solution was daily prepared for the smear fixing for 3 hours at a chilled
temperature. The slides were allowed to dry once more and stained with AO staining solution for 5 minutes; the
slides were then washed gently using distilled water. Slides were allowed to dry and were covered using cover
slips and observed under a fluorescence microscope (Nikon eclipse, Ti-s Japan) within 30 minutes. This is because
this test ought to be done within 30 a minimum of three microscopic fielded positions were taken from each slide
for each group and saved in the computer for further evaluation.

Figure 1. v, w, X, y, and z. Examples of spermatozoa are from bulls stained with Acridine orange stain and
examined under fluorescence microscope (Nikon eclipse, Ti-s Japan). Acridine orange stain emits green colour
under blue fluorescence laser meaning to normal chromatin; but, it releases green-yellow, yellow, orange, and
red meaning to chromatin impairment.

v: shows a green sperm that had relatively intact chromatin
w: green-yellow sperm that has 75% intact chromatin

x: Yellow sperm that has 50% intact chromatin

y: orange sperm that has 25% intact chromatin

z: red sperm head that has relatively total chromatin impairment

2.9 Statistical Analysis

Data obtained were tested for normal distribution through the use of the Shapiro-wilk test. Two-way ANOVA was
utilized in comparing sperm motility, viability and morphology amongst different groups and different evaluation
times while one-way ANOVA was used in comparing sperm membrane integrity and chromatin integrity among
groups. Two-way and one-way ANOVA were followed by the LSD test in comparing the significances among
groups through the use of the SPSS programme version 22 for windows (SPSS Inc., Chicago, IL; the USA).

3. Results

The values of chilled semen for sperm motility (Table 1), morphology (Table 2) and viability (Table 3) were
evaluated at three different times. Control, T1 and T2 groups recorded the highest percentage in terms of sperm
motility and viability in all three evaluations as compared among groups for each time of evaluation, while the
high dose of PGe in T5 and T6 recorded the lowest percentage. Moreover, the mean percentages of sperm
morphology for chilled semen were not significant among groups. On the other hand, there are significant
differences in terms of time of evaluation, since the values were significantly different for the first evaluation as
compared to the third chilled semen evaluation. Sperm morphology values were also decreased during time of
preservation in chilled form, but it was not significantly different among periods.
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Table 1. Effect of Panax ginseng aqueous extract on chilled semen motility in three different times of evaluation

Mean + SEM
Parameters Groups 1’ Evaluation 27 Evaluation 3™ Evaluation
1d 3d 6d
T, 75.69 + 1.84%X 61.62 +3.27%Y 28.19 + 2.04%%
T, 79.94 + 1.16%X 64.87+ 2.35%Y 28.88 +2.02%%
Sperm mofilit T; 66.44 + 1.77°X 52.25 £2.97bX 17.13 £ 1.62%Y
(%) y T4 44.19 £ 3.13X 22.62 £ 3.49¢Y 325+ 1.02¢%
Ts 13.13 £ 1.67°X 3.94 +£0.919XY 0.70 £ 0.32¢Y
Te 494 +0.714 0.41+0.114 0.00 £ 0.00¢
Control 75.00 £ 2.06%X 59.56 £2.312Y 27.12 £2.45%

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3=1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =
0.0 mg/mL
n=24

a.be, &dgyperscripts mean between groups were significantly different at (P< 0.05; within column between groups).

xy & zguperscripts mean between times of evaluation were significantly different at (P< 0.01; between columns for
the same group).

Table 2. Effect of Panax ginseng aqueous extract on chilled semen normal morphology in three different times of
evaluation

Mean + SEM
Parameters Groups 15 Evaluation 2" Evaluation 39 Evaluation
1d 3d 6d

T, 89.44 £ 0.66 88.47 £0.77 86.94 £ 1.07

T, 89.66 £ 0.79 88.12+0.89 87.19+0.93

Sperm T; 87.47 £ 0.83 86.59 +£0.99 86.28 + 0.86
morphology T4 88.44 + 0.97 88.03 + 0.91 86.06 £ 1.10
(%) Ts 87.69 £ 0.93 86.75 £0.64 86.13 £ 1.01
Te 88.06 £ 0.96 87.03+£0.92 86.19+1.11

Control 89.19 £ 1.00 88.25+0.93 8731 £1.22

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3= 1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, T¢ 7.5 mg/mL, and Control =
0.0 mg/mL

n=24

Table 3. Effect of Panax ginseng aqueous extract on chilled semen viability in three different times of evaluation

Mean + SEM

Parameters Groups 1% Evaluation 2" Evaluation 3" Evaluation
1d 3d 6d

T, 78.72 £ 1.45% 70.41 £ 1.74%X 52.10 £2.21%Y

T, 80.72 + 1.25% 71.78 + 1.60%X 56.47 + 1.89%Y

Sperm viabilit Ts 67.75 £2.39%X 60.31 £2.18%X 49.06 + 2.42bY
?,/) y Ts 48.56 + 5.24X 41.15 +4.58XY 33.41 + 3.69°Y
0 Ts 26.03 + 4.04%X 17.75 +£ 2.184XY 12.00 + 1.79¢dY

Ts 16.25 + 2.68% 9.22 + 1.14%XY 4.50 +0.774Y
Control 78.16 £ 1.14%X 67.22 +1.21%X 52.66 + 1.35%Y

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3= 1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =
0.0 mg/mL

n=24
abe &dgyperscripts mean between groups were significantly different at (P< 0.05; within column between groups).

%y &z quperscripts mean between times of evaluation were significantly different at (P< 0.01; between columns for
the same group).

19 Published by IDEAS SPREAD



as.ideasspread.org Agricultural Science Vol. 2, No. 2; 2020

Frozen-thawed semen was also evaluated into three different times in terms of sperm motility (Table 4),
morphology (Table 5) and viability (Table 6). Control, T1 and T2 groups were significantly higher than other
groups in terms of sperm motility and viability values for 1st, 2nd and 3rd evaluations. The low percentage of
sperm motility was recorded in high dose of PGe T6 = 7.5 mg/mL (0.00 + 0.00%) in all the three different periods,
followed by TS =5 mg/mL (0.31 + 0.10, 0.25 £ 0.10, 0.28 £ 0.09, respectively). Moreover, sperm morphology
values of frozen-thawed semen did not differ among groups which had different concentrations of PGe in all the
three times of evaluations. On the other hand, there were no significant differences among 1st, 2nd and 3rd
evaluations in terms of sperm motility, morphology and viability (P > 0.05).

Table 4. Effect of Panax ginseng aqueous extract on frozen-thawed semen motility in three different times of

evaluation

Mean + SEM
Parameters Groups 1 Evaluation 2™ Evaluation 3 Evaluation
2 days 7 days 14 days
T, 46.81 £2.982 46.00 = 3.15° 49.13 £ 3.05°
T> 43.31+3.37° 39.50+£2.24* 40.00 + 2.42?
Sperm motility Ts 15.38 +1.05° 16.06 +2.09° 16.68 +2.05°
%) T4 5.06 £ 1.07° 3.44 £0.88° 3.44 £0.65°
Ts 0.31£0.10° 0.25+0.10° 0.28 £0.09¢
Ts 0.00 £ 0.00¢ 0.00 +0.00° 0.00 +0.00°
Control 46.94 +£2.19* 48.87 +£3.41* 51.25+£2.76*
T1=0.25 mg/mL, T,= 0.5 mg/mL, T3= 1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, T¢ 7.5 mg/mL, and Control =
0.0 mg/mL
n=24
ab&c

superscripts mean between groups were significantly different at (P< 0.05; within column between groups).

Table 5. Effect of Panax ginseng aqueous extract on frozen-thawed semen morphology in three different times of

evaluation
Mean = SEM
Parameters Groups 1% Evaluation 2" Evaluation 3" Evaluation
2 days 7 days 14 days
T 90.91 £ 0.67 90.11 £0.71 90.25+0.63
T, 90.69 + 0.56 90.69 +0.59 90.59 + 0.45
Sperm T; 89.22 £0.81 89.47+0.73 88.85+0.70
morphology Ts 88.91 £ 0.80 89.00 £0.79 89.13+£0.75
(%) Ts 87.97 +£0.80 88.25+0.86 88.41 £0.69
Te 88.19 £ 0.74 88.06 £ 0.88 87.69 £0.77
Control 91.47+0.75 91.19 £ 0.66 91.31+£0.54
T1=0.25 mg/mL, T,= 0.5 mg/mL, T3=1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, T 7.5 mg/mL, and Control =
0.0 mg/mL
n=24

20

Published by IDEAS SPREAD



as.ideasspread.org

Agricultural Science

Vol. 2, No. 2; 2020

Table 6. Effect of Panax ginseng aqueous extract on frozen-thawed semen viability in three different times of

evaluation
Mean + SEM
Parameters Groups 1% Evaluation 274 Evaluation 3 Evaluation
2 days 7 days 14 days
T, 65.03 £2.50? 65.13 £2.547 65.84 £ 2.65°
T, 58.44 +3.128 57.28 £2.95° 57.28 £2.977
Sperm viability T 31.97 £2.72° 32.56 +£2.75° 33.28 £ 0.95°
%) 4 13.94 £ 1.92¢ 13.69 +2.14¢ 13.66 + 1.64¢
Ts 6.91 £ 0.90° 6.09 +£0.73¢ 6.13+£0.72°
T 3.47 £0.53¢ 3.04 +£0.38° 3.25+£0.48°
Control 66.03 £1.712 66.06 £ 1.797 66.34 +£1.747

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3=1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =
0.0 mg/mL

n=24

ab&egyperscripts mean between groups were significantly different at (P< 0.05; within column between groups)

Sperm membrane reliability of chilled and frozen-thawed spermatozoa was evaluated using HOST. The collected
data of chilled semen referred to as T} (66.03 + 2.05%), T» (66.84 = 2.75%) and control (65.03 + 1.52%) groups
were higher significantly at (P [10.01) as compared to T3 (53.62 + 3.89%), T4 (36.84 = 4.89%), Ts (14.78 £2.58%),
and T (7.25 £ 1.39%) in chilled semen (Figure 2). Moreover, the collected data of frozen-thawed semen revealed
that control (58.28 + 2.13%), was higher than T; (57.44 £ 1.96%; P = 0.73), T» (52.56 + 2.15%; P [10.05), T3
(29.31 £ 2.17%), T4 (13.12 £ 1.54%), T5 (5.97 £ 0.92%), and Ts (3.31 + 0.54%; P [10.01) in terms of sperm
membrane reliability (Figure 3). There was no significant difference between T, and T, (P = 0.06). In fact, the
percentage of sperm membrane reliability decreased as the dosages increased in chilled and frozen-thawed bull
semen.

60.00]

40.004

Mean HOST %

T1 T2 T3 T4 TS T6 Control

Figure 2. Effect of Panax ginseng extract on sperm membrane integrity of chilled bull sperm (%; MeantSEM).

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3= 1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =
0.0 mg/mL

n=24

a.b,eandd gpergeripts mean between groups were significantly different
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60.00]

40.00+

Mean HOST %

20.007]

0.00-

T1 T2 T3

Control

Figure 3. Effect of Panax ginseng extract on sperm membrane integrity of frozen-thawed bull sperm (%;
Mean+SEM)

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3=1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =
0.0 mg/mL

n=24

abe.dande qperscripts mean between groups were significantly different.

Sperm chromatin integrity was evaluated using Acridine orange stain that was examined under a fluorescence
microscope during 30 min after staining. Because the AO stain emits colour shifting from green to red, the
calculated spermatozoa were distributed into five categories depending on the colour that emitted from them. In
fact, only the green head of spermatozoa were considered to be entirely chromatin. The results of the present study
showed that T> (75.40 £ 5.27) and control (75.02 + 5.10) groups were significantly higher than other groups except
T (71.15 £4.93) which was not significant (Table 7). On the other hand, the chromatin impairment which situated
under red was higher in Ts followed by Ts, T and Ts (15.09 +2.33, 13.95 £ 1.26, 12.26 £ 3.51 and 11.71 + 2.87,
respectively).

Table 7. Effect of Panax ginseng extract on chromatin stability of frozen-thawed bull sperm (%; Mean+SEM)

Groups Green” Green-yellow Yellow Orange Red

T 71.15+£4.93%°  414+0.98 8.82+1.96 12.25+1.96 5.79+£2.222
T, 75.40 +£5.27* 3.69+0.99 7.43 £1.88 9.20+2.40 5.97+£1.36%
T3 70.19 +2.83 3,41 +0.94 6.05+1.14 6.67+2.12 15.09 £2.33b
T4 64.29 +3.59° 4.20+0.73 5.01 +1.58 13.75 £ 3.68 13.95+1.26°
Ts 59.48 £2.90° 573+1.05 11.65+1.91 14.16 +3.34 11.71 £2.87°
Ts 63.53 £ 4.66° 4.08 +1.14 940+ 1.57 12.82 +1.74 12.26 £3.51°
Control 75.02+5.10° 3.77+£ 0091 7.85+2.19 10.05 +4.06 5.08 + 1.69*

* Green: sperm had totally intact DNA
Yellow: sperm had 50% intact DNA
Red: sperm that had totally damaged.

T1=0.25 mg/mL, T,= 0.5 mg/mL, T3=1 mg/mL, T4 =2.5 mg/mL, Ts =5 mg/mL, Ts 7.5 mg/mL, and Control =

0.0 mg/mL.
n=24

Different superscripts *® and © in the same column demonstrates statistical different among groups at (P<0.05)

Green-yellow: sperm had 75% intact DNA
Orange: sperm had 25% intact DNA
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4. Discussion

Studies have shown that addition of plant origin additives such as clove bud (Baghshahi et al., 2014), curcumin
(Tvrda et al., 2016), soy-bean lecithin (Chelucci et al., 2015), virgin coconut oil (Tarig et al., 2017), and corcin
(Sapanidou et al., 2015) might improve some characteristics of the chilled or frozen-thawed seminal quality. Panax
ginseng is well demonstrated in literature to remove the harmful effect of ROS, to restore and enhance normal
wellbeing, to promote vitality, and to increase resistance to stress (Attele et al., 1999; Kopalli et al., 2016a;b). To
our knowledge, no study has been conducted to evaluate the effect of PGe on tris-egg yolk diluent to improve the
quality of chilled and frozen-thawed bull semen. Therefore, one purpose of this study was to determine the ability
of natural material in promoting chilled seminal quality for long-time storage and usage. Moreover, this study was
to determine the effect of PGe supplemented in bull semen diluent that had been stored in frozen form. In the
present study, six doses of PGe have been distributed into six groups; three were low-dose and three were high-
dose. In fact, there are many variables which might affect the actual effect of the additive such as the quality of
fresh semen sample, so we managed the quality of semen as mentioned in materials and methods that depended
on previous experts of our lab (Kaka et al., 2015; Khumran et al., 2015), handling of semen sample after collection
until dilution and also any change in freezing temperature during the freezing process which might lead to false
results. Thus, to overcome these issues, two criteria had been used; firstly, after cryopreservation we checked the
viability value of one straw from the control group and the frozen sample was accepted if the control group had
50% and more viable sperms (universal standard acceptance) otherwise the sample was cancelled. The second
criterion was we repeated the conventional parameters in terms of sperm motility, morphology and viability for
three different times to be more precise.

Based on our findings, in chilled form, the sperm motility (Table 1), morphology (Table 2) and viability (Table 3)
values of Tj, T,, and control groups were higher than T3, T4, Ts and Ts in all evaluation periods. These findings
were in contrast with our hypothesis and PGe appeared to have a negative effect on chilled semen. Sperm
membrane reliability (Figure 2) had also decreased at the same manner of sperm motility (%). Thus, these finding
indicated that PGe had a detrimental effect on chilled semen, and the low concentration of PGe did not have a
beneficial effect for chilled semen. In the present study the sperm motility values in groups T}, T, and control were
in line with Nair et al. (Nair et al., 2006) who reported (71.00 £ 3.24) at 0 h. However, our finding of the sperm
motility (%) was higher with that study as they reported the motility value decrease to be (19.33 £ 1.95) at day 3
of chilling in cattle bull, while in the present study the sperm motility was (64.87 £ 2.35) at day 3 in T2 group.

Regardless of the effect of PGe, the total sperm motility, morphology, viability, and sperm membrane reliability
were significantly decreased after six days of chilling in all groups. These findings were in agreement with previous
studies (Murphy et al., 2013; Nair et al., 2006).

The frozen-thawed semen showed a similar manner as in chilled semen. Since, the sperm motility (Table 4),
morphology (Table 5) and viability (Table 6) values were significantly decreased in high doses of PGe groups as
compared to control, Ty and T, groups. Furthermore, PGe had a detrimental effect on sperm morphology,
particularly sperm taillessness, dag-defect and decapitated-head (data not shown). In accordance to the time of
evaluation of frozen-thawed semen, there were no significant differences among periods of evaluations in all
groups of frozen-thawed semen.

In 1998 Chen et al. (1998) were found that, the motility of human sperm was improved when incubated with 1 and
2 mg/mL of Panax notoginseng. Our study is in agreement with a study by Gray et al. (2016) who found that, the
total progressive and kinetic motilities of boar semen which was incubated with PGe 2 mg/mL did not differ from
control and other groups; they attributed this to the fact that semen samples may receive insufficient amounts from
ginsenosides Rc and Rb2 that is responsible for improving sperm motility (Chen et al., 1998). This was unlike Yun
et al. (2016) who found that the motility of sperm treated with PGe at 2 mg/mL, was greater in comparison to the
control group and in line with anti-oxidative enzyme groups. They concluded that, PGe exhibited an overall
positive effect on the male reproductive system of guinea pigs. However, in the present study the quality of frozen-
thawed bull semen was diminished in dosage of 1 mg/mL and above. This contrary finding needs further
investigations to understand the mechanism of action of PGe.

The sperm plasma membranes are the main spot of destruction prompted through cryopreservation (Abavisani et
al., 2013). In addition, sperm plasma membranes play an important part in the fertilization capability and sperm—
oocyte relations (Abayasekara and Wathes, 1999). Unfortunately, sperm membrane reliability were not improved
in most treatment groups and the highest value was (58.28 = 2.13%) in the control group (Figure 3). Based on the
results of the present study, the high dose of PGe had a negative effect on frozen-thawed bull semen, i.e. findings
indicated that with an increase in PGe (T3, T4, Ts, and Te) resulted in poor quality of chilled and frozen-thawed
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semen. On the other hand, the low doses of PGe groups (Ti, and T,) were in line with the control group in most
parameters that were evaluated in this study. Our findings are further strengthened with Kaka et al. (2016) who
used tris-egg yolk diluent and Abavisani et al. (2013) and Kandelousi et al. (2013) who used citrate based diluent
supplemented with poly-unsaturated fatty acids (PUFAs). These studies found that the high dose of PUFAs could
reduce the quality of frozen-thawed bull semen such as in terms of sperm motility, morphology, viability, and
membrane reliability. However, findings of the present study were in contrast with Tvrda et al. (2016) in which
they revealed that curcumin had protective effects on the functional activities and structural integrity of
spermatozoa even when the oxidative stress increased. The present study is also in contrast with Sapanidou et al.
(2015) who demonstrated that addition of 1 mM of curcumin (active component of saffron plant) could improve
the sperm motility, viability and DNA integrity of frozen-thawed bull semen.

Sperm exposure to traumatic situations of freezing-thawing may compromise the mechanism resulting in inhibited
fertilization or embryonic growth (Kasimanickam et al., 2007; Khalifa et al., 2008). Kasimanickam et al. (2007)
and Lymberopoulos and Khalifa (2010) showed that rising proportions of DNA-damaged sperm was related to
declining field fertility of frozen—thawed bull semen. Similarly, Khalifa et al. (2008) show that, a substantial
negative association exists between the occurrence of DNA-damaged sperm in frozen-thawed semen and the
developing capability of bovine embryos in vitro. On the other hand, one of the main objectives of the present
study was to improve the quality of sperm chromatin stability of cryopreserved bull semen. However, PGe
negatively affected sperm chromatin stability (Table 7). The low dosage groups (Ti, T» and T3) which were received
(0.25 mg/mL, 0.5 mg/mL and 1 mg/mL, respectively) from PGe were not significant as compared with the control
group while high-dosage groups (T4, Ts and Ts) which were received (2.5 mg/mL, 5 mg/mL and 7.5 mg/mL,
respectively) from PGe were highly decreased spermatozoa characteristics.

5. Conclusion

In conclusion, addition of Panax ginseng aqueous extract into tris-egg yolk diluent did not improve chilled and
frozen-thawed bull semen processes in dosages that were used in this study. Furthermore, the high doses of PGe
have a negative effect on fresh, chilled and frozen-thawed bull semen. Furthermore, this study was a good
opportunity to investigate this medicinal plant extract’s effect directly on cell biology and function.
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