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Abstract

The functional roles of plant extracts have been investigated for the treatment of various
diseases including subfertility. Recent studies have highlighted the benefits of ashwagandha
extract (AE) in enhancing sperm production, boosting testosterone levels, and lowering re-
active oxygen species (ROS) levels in mammals. The current study is to examine the effects
of the addition of AE to liquid boar semen on sperm quality during storage and its potential
application in assisted reproductive technology. A hot water extract of ashwagandha was
prepared from the dried powder of ashwagandha roots. Boar spermatozoa were stored in
Beltsville thawing solution (BTS) at 17°C for 5 days, with various concentrations of AE (1-50
mg/mL). During storage, motility, viability, acrosomal integrity and ROS of boar spermatozoa
were examined. The results have shown that sperm stored in BTS with varying quantities of
AE ranging from 1-20 mg/mL exhibited higher motility compared to those without AE (control)
or with 50 mg/mL AE for 5 days. Similarly, sperm viability was better maintained in sperm
treated with 1-20 mg/mL AE. Moreover, sperm stored in BTS with AE led to significantly high-
er acrosomal integrity and chromatin stability rates than sperm stored without AE. Notably,
intracellular ROS levels significantly decreased in sperm stored in BTS with AE. Particularly,
spermatozoa stored at 10 mg/mL AE exhibited an effective reduction in ROS during storage.
These findings suggest the potential role of AE as an additive during sperm storage maintains
sperm quality and can be used during subfertility treatment in both animals and humans.
Keywords: ashwagandha; spermatozoa; storage; reactive oxygen species (ROS); boar

INTRODUCTION

Artificial insemination (Al) is extensively utilized to enhance reproductive performance and
achieve higher fertility rates in the current swine industry [1]. Typically, diluted boar semen used
for Al is stored for 1 to 5 days at 15°C—20°C, and spermatozoa may be subjected to several factors
that adversely affect their quality, such as bacterial contamination and oxidative stress during stor-
age [2, 3]. Therefore, antioxidants and antibiotics are commonly added to the diluents to maintain
sperm quality during sperm storage [4]. Previous studies have found the prospective utilization
of organic products such as plant extracts as alternatives to the commercial antioxidants used in

boar semen liquid storage to mitigate the adverse repercussions of oxidative stress and enhance
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sperm quality within the storage period [5, 6]. For example, a dosage of 0.6 mg/mL isatis root
polysaccharide in semen extender (an active compound found in Radix isatidis, the root of the
Isatis tinctoria plant) improved the antioxidant capacity and boar sperm quality at 17°C for 3
days [6]. Similarly, Kou et al. [7] investigated the effect of icariin (the biologically active com-
ponent of the herbal plant Epimedii herba) on preservation of boar spermatozoa at 17°C for 5
days, and evidenced that icariin exhibited antioxidant and antimicrobial properties which en-
hanced the sperm quality. Meanwhile, ashwagandha (Withania somnifera) belongs to the So-
lanaceae family and is generally referred to as Indian ginseng, poisonous gooseberry, or winter
cherry [8]. Ashwagandha is enriched with diverse bioactive compounds, including alkaloids,
amino acids, ergostane steroids, amino acids, and several neurotransmitters, showing broad
therapeutic properties with the potential to prevent and treat various diseases directly or indi-
rectly [9, 10]. In particular, ashwagandha root is rich in antioxidants and has anti-inflammatory
properties, which are used to treat subfertility, increase sperm count, improve semen quality,
regulate reproductive hormone levels, decrease oxidative stress, boost immunity, and improve
cardiovascular health [8, 11]. Furthermore, Bhargavan et al. [12] reported that oral treatment
of ashwagandha extract (AE) for 28 days, significantly increased the number of sperm, and
motility, while reducing the ethanol-induced-oxidative damage leading to morphological ab-
normalities in the spermatozoa of adult male rats. Therefore, the purpose of this study is to in-
vestigate the sperm quality during the storage period in liquid boar semen containing different
concentrations of AE, and suggests its potential application in assisted reproductive technolo-

gy of animals.

MATERIALS AND METHODS

Preparation of ashwagandha extract

The dry powder of ashwagandha root (Classical Herbal Products, Kathmandu, Nepal) was
mixed with distilled water (10 g powder in 100 mL water; final concentration 100 mg/mL)
and boiled for 2 hrs at 100°C. The extract was filtered using a filter paper (Adventect”, Tokyo,
Japan), and centrifuged at 180 x g for 5 min at 4°C. The supernatant was filtered using a 0.2
um pore syringe filter (Corning”, Darmstadt, Germany), and stored at —80°C until use [13].

Preparation of liquid boar semen

Liquid boar semen from mature Duroc boars (> 80% sperm motility) were purchased from
a local Al center. Boar spermatozoa were washed, diluted with Beltsville thawing solution
(BTS) [14] with AE (1, 5, 10, 20, and 50 mg/mL) or without AE (as a control), and then stored
at 17°C for 5 days.

Sperm motility evaluation
Sperm motility was measured using a computer-assisted sperm analysis (CASA) system
(Sperm Class Analyzer® , Microptic S.L., Barcelona, Spain). Two microliter of spermatozoa

was loaded into the chamber slide (Leja Products B.V., Nieuw-Vennep, Netherlands), and 10
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optical fields (containing a minimum of 500 sperm cells per sample) were analyzed at 37°C.
The percentages of total motile spermatozoa (%), progressive motile spermatozoa (%), hyper-

active spermatozoa (%), and motion kinetic parameters were determined.

Sperm viability

Spermatozoa were washed with PBS containing 0.1% polyvinyl alcohol (w/v; 0.1% PBS-
PVA), and were stained using the LIVE/DEAD®™ Sperm Viability Kit (Molecular Probes,
Eugene, OR, USA). The kit contains the DNA dyes SYBR14 (100 nM) and propidium iodide
(PL 10 uM) to differentiate between viable (SYBR14, green fluorescence, live) and non-viable
(PI, red fluorescence, dead) spermatozoa (Fig. 1A). The images were acquired using a fluores-
cence microscope (Nikon Eclipse Ci microscope, Nikon Instruments, Tokyo, Japan), a camera

(DS-Fi2, Nikon, Tokyo, Japan), and imaging software (version 4.30, Nikon).

Acrosome integrity

Boar spermatozoa were fixed in a 95% ethanol solution and then incubated at 4°C for 30
min. The sperm-fixed slides were air-dried and then stained with FITC-PSA (fluorescein iso-
thiocyanate-Pisum sativum agglutinin) at 5 pg/mL for 10 min [15]. A fluorescence microscope
and imaging software (Nikon Eclipse Ci microscope, Nikon Instruments) were used to deter-
mine acrosome integrity. The captured images were grouped into two categories based on the

fluorescent signals detected in the sperm heads. The sperm heads showing green fluorescence

FITC-PSA

Acridine orange " Carboxy-H,DCFDA

Fig. 1. Fluorescence pictures of sperm viability staining with SYBR14 (green) and PI (red; A), intact
acrosome staining with FITC-PSA (green; B), chromatin stability staining with acridine orange (green-
yellow; C), and sperm staining with carboxy-H,DCFDA for ROS (green; D). PI, propidium iodide; FITC-PSA,
fluorescein isothiocyanate-Pisum sativum agglutinin; ROS, reactive oxygen species.
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were indicated as intact acrosome, while those with a lack of green fluorescence were counted

as impaired or acrosome-reacted spermatozoa (Fig. 1B).

Sperm chromatin stability

Sperm samples were prepared onto slides and allowed to air-dry after being fixed overnight
in Carnoy’s solution (methanol:glacial acetic acid = 3:1) under chilled conditions. These fixed
slides were incubated with a tampon solution (composed of 80 mM citric acid and 15 mM
Na,HPO,, pH 2.5) at 75°C for 5 min. Following this, the slides were stained using the acridine
orange solution (0.2 mg/mL). Then, the stain was removed with water, and coverslips were
applied [16]. The slides were examined using a fluorescence microscope (Nikon Eclipse Ci
microscope, Nikon Instruments). Normal sperm DNA displays by green fluorescence, while

abnormal DNA emits yellow-green to-red fluorescence (Fig. 1C).

Measurement of reactive oxygen species

Spermatozoa were washed with 0.1% PBS-PVA, and incubated with 1 uM 5-(and-6) car-
boxy-2',7'-dichlorodihydrofluorescein diacetate (carboxy-H,DCFDA, Invitrogen, Eugene, OR,
USA) at 37°C for 10 min. The stained spermatozoa were mounted on slide, and fluorescence
intensity of reactive oxygen species (ROS) production (Fig. 1D) was measured under a fluo-

rescence microscope (Nikon Eclipse Ci microscope, Nikon Instruments) [17].

Statistical analysis

Data were analyzed using one-way ANOVA on the GraphPad PRISM® (GraphPad Soft-
ware, San Diego, CA, USA). A completely randomized design was applied, and Tukey’s
multiple comparison test, and the #-test was used to compare the values of the individual
treatments. Data were indicated as mean + S.E.M., and statistical significance was denoted by
p-values of ~ p<0.05,” p<0.01 and ™ p<0.001.

RESULTS

The motility of sperm stored in BTS with or without AE was examined during 5 days (Fig.
2). There was no significant difference in sperm motility between groups on day 1 of storage.
A significant increase in sperm motility were observed in sperm stored in BTS with 10-20
mg/mL AE compared to control (without AE) or sperm stored with 50 mg/mL AE on day 3
(76.1%—-79.1% in control and 50 mg/mL AE vs. 84.9%-88.3% in 10-20 mg/mL AE, p<0.001;
Fig. 2). Higher sperm motilities were observed in sperm stored with 1-20 mg/mL AE on day
5 (64.1%—65.0% in control and 50 mg/mL AE vs. 68.8%—-75.2% in 1-20 mg/mL AE, p<0.01,
p<0.001; Fig. 2). In motion kinetic parameters, the percentages of sperm progressive motility,
linearity index, straightness index, curvilinear velocity, straight line velocity, oscillation index
and average path velocity increased in spermatozoa stored in BTS containing AE compared to
the control (p<0.01, and p<0.001; Table 1).

Sperm viability also showed no difference between groups on day 1 (Fig. 3). When sper-
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Fig. 2. Evaluation of sperm motility during 5 day-storage. Boar spermatozoa were stored in Beltsville
thawing solution (BTS) with different concentrations (1-50 mg/mL) of ashwagandha extract (AE) or control
without AE at 17°C. The values are presented as mean + S.E.M. p<0.05,  p<0.01,and ~ p<0.001.

Table 1. Effect of ashwagandha extract (AE) on sperm motion kinematics on different storage days

Storage AE (mg/mL) p-value

(day)  parameters 0 1 5 10 20 50 Ovs.1 Ovs.5 Ovs.10 0vs.20 0vs.50

Day 1 PR(%) 841+15 83.0£22 834+20 848+09 81.8+11 825+07 0957 0994 0992 0447 0599

LIN(%) 24910 236+08 280+08 256+09 236+16 209+20 0890 0202 0991 0903  0.010

STR(%) 528409 483+11 551+13 51.1+12 509+10 561+16 0024 0436 0749 0659  0.128

WOB (%) 46.1+15 458+08 483+16 482410 478406 51.0£12 1000 0889 0966 0962  0.220

VCL(um/s) 809+1.0 812+12 764+19 81.0+09 764+01 772+07 1000 0035 1000 0034  0.113

VSL(umfs) 18716 17.1+13 18412 19.1:12 166:+05 209+12 0835  1.000 0999 0620 0531

VAP (um/s) 37.4+13 37.8+04 329+13 375+14 349+07 373+12 1000 0036 1000 0450  1.000

Day 3 PR(%) 426409 480+03 528404 555+17 550+0 430+06 0004 0000 0000  0.000  1.000

LIN(%) 41912 34811 356+12 30006 292+10 29.1+16 0000 0001 0000 0000  0.000

STR(%) 639+02 629+15 615+14 564+06 582+14 55411 0959 0417 0000 0002  0.000

WOB (%) 612412 523409 552410 621+19 526+22 494+08 0005 0088 0696 0506  0.000

VCL (umis) 40.0+0.1 358+09 519+15 425+21 540+14 525+16 0058 0000 0462 0000  0.000

VSL(um/s) 117424 124317 14220 116+04 152+10 136+09 0995 0330  1.000 0107 0678

VAP (um/s) 206+09 184+0.8 324+34 207+03 252+17 248+11 0570 0000 1000 0033  0.061

Day 5 PR(%)  239+07 197+04 219+28 451+0. 320+07 239+08 0033 0626 0000  0.000  1.000

LIN(%) 33007 442+17 523+16 369+0.1 375+22 341+07 0000 0000 0058 0022 0952

STR(%) 56.8+07 66.1+13 687+17 609+06 609+13 574+22 0000 0000 0042 0046 0998

WOB (%) 546+12 608+09 69.1+10 541+19 582422 542408 0072 0000 0894 0528  1.000

VCL (umis) 28011 251+16 257+22 408+02 360+06 314+19 0279 0476 0000 0004 0579

VSL(um/s) 81:+08 90+06 106+17 127+03 99+13 94+03 0981 0409 0021 0714 0909

VAP (um/s) 140+15 139+05 157+16 209+06 185+07 154+14 1000 0809 0000 0038 0888

The experiments were conducted three times with three different boars.
The results for sperm motility and motion kinematics are provided as mean + S.E.M.
PR, progressive sperm motility; LIN, linearity index; STR, straightness index; WOB, oscillation index; VVCL, curvilinear velocity; VSL, straight line velocity; VAP, average path velocity.
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Fig. 3. Examination of sperm viability. Boar spermatozoa were stored in Beltsville thawing solution (BTS) with

varying concentrations (1-50 mg/mL) of ashwagandha extract (AE) or control without AE at 17°C for 5 days. The
values are presented as mean + S.E.M.  p<0.05, ~ p<0.01, and ~ p<0.001.

matozoa were stored in BTS with 1-20 mg/mL AE for 3 days, the viability increased signifi-
cantly compared to control (without AE) or sperm stored with 50 mg/mL AE (57.9%—60.9%
in control and 50 mg/mL AE vs. 64.9%—68.0% in 1-20 mg/mL AE, p<0.01, p<0.001; Fig.
3). Statistically higher viability was obtained in sperm stored in 10-20 mg/mL AE compared
to the control and 50 mg/mL AE on day 5 (47.6%—49.5% in control and 50 mg/mL AE vs.
58.2%—65.9% in 10-20 mg/mL AE, p<0.001; Fig. 3).

There was no statistical difference in the rate of intact acrosome on day 1 (Fig. 4). Sig-
nificantly higher rates of intact acrosome were seen in sperm stored with 5-20 mg/mL AE
(60.0%—-60.1% in control and 50 mg/mL AE vs. 63.7%—68.2% in 5-20 mg/mL AE, p<0.05,
p<0.001; Fig. 4) on day 3 of storage. Additionally, the rates of intact acrosome were higher in

100

90 .

.....
80- T e T — sex'_

L T A e 0
707 = — 1 mg/ml AE
60 5 mg/ml AE
I I rl - I 10 mg/ml AE
50 4 . - 20 mg/ml AE
40 50 mg/ml AE
20
0

Day 1 Day 3 Day 5

Intact acrosome (%)

Storage (Days)
Fig. 4. Acrosome integrity was evaluated in spermatozoa stored in Beltsville thawing solution (BTS) with

different concentrations (1-50 mg/mL) of ashwggandha ngtract (AE) or control without AE at 17°C for 5
days. The values are presented as mean + S.E.M. p<0.05, p<0.01,and p<0.001.
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sperm treated with 1-20 mg/mL of AE on day 5 (50.1%—52.1% in control and 50 mg/mL AE
vs. 55.7%—62.7% in 1-20 mg/mL AE, p<0.05, p<0.001; Fig. 4).

Although, there is no difference in the rate of normal chromatin on day 1, a higher rate of
normal chromatin was obtained in sperm treated with 10 mg/mL AE on day 3 (72.1%) than
those of other treatments (59.3%—61.6%; Fig. 5). Similar tendencies were observed on day 5
in sperm stored in 1-20 mg/mL AE (47.8%-50.1% in control and 50 mg/mL AE vs. 53.4%—
61.1% in 1-20 mg/mL AE, p<0.05, p<0.001; Fig. 5).

The fluorescence intensity of ROS level was measured after spermatozoa staining with car-
boxy-H2DCFDA; Fig. 6. Compared to the control group stored in BTS without AE, the sperm
treated with 1-20 mg/mL AE showed lower fluorescence intensity on day 5 (p<0.01, p<0.001;

100-
90~ .

T g0~ T = =

® — —_

E 70- T

E 3 — Hl 1 mg/ml AE

= 60- =3 5 mg/ml AE

§ I rl ' =3 10 mg/ml AE

Z 50+ — i = 20 mg/ml AE
= 50 mg/ml AE

40
20
0

Day 1 Day 5

Fig. 5. Evaluation of chromatin stability in liquid boar semen stored in the absence or presence of
ashwagandha extract (AE; 1-50 mg/mL) at 17°C for 5 days. The values are presented as mean + S.E.M.  p<
0.05, " p<0.01,and "~ p<0.001.

100
g :L“‘. L
3 80+ D S
‘2‘ — e '_E"
= Rk L mm 0
c 60+
9 Em 1 mg/ml AE
[= e
° B 5 mg/ml AE
2 404
S = 10 mg/ml AE
(7]
g = 20 mg/ml AE
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Day 1 Day 3 Day 5
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Fig. 6. Levels of intracellular reactive oxygen species (ROS) were evaluated in boar spermatozoa stored
in Beltsville thawing solution (BTS) with different concentrations (1-50 mg/mL) of ashwagandha extract
(AE) or control without AE at 17°C for 5 days. The values are presented as mean + SEE.M. " p<0.01and ™ p<
0.001.
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Fig. 6). The lowest fluorescence intensity of ROS production was obtained in sperm stored in
BTS with 10 mg/mL AE during 3-5 days.

DISCUSSION

This study investigated the effects of AE as an additive with antioxidant properties to en-
hance sperm quality in boar semen stored at 17°C. As expected, AE at concentrations of 1-20
mg/mL in liquid boar semen, maintained semen quality during storage, resulting in higher val-
ues of motility, viability, acrosome integrity, and chromatin stability in boar spermatozoa than
the control group stored without AE. Oxidative damage following in vitro storage has been
identified as one of the major contributors to sperm failure. Hence, identifying an optimum
antioxidant is crucial for preserving sperm quality [18, 19]. AE has been shown to increase
antioxidant activity and reduce ROS levels by increasing the activity of superoxide dismutase
and catalase enzymes in animal models [20-22]. The compounds found in AE can donate
electrons and interrupt the harmful chain reaction of free radical production, thereby reducing
the overall burden of ROS [23].

Sperm motility is a direct indicator of sperm quality, and is also an important predictor for
successful fertilization [24]. Ren et al. [6] reported that polysaccharides extracted from isatis
roots have excellent antioxidant effects, and its addition protected boar sperm from oxidative
stress and maintained higher sperm motility during the storage. Similarly, the results of the
present study indicated that sperm stored in the presence of 1-20 mg/mL AE displayed high-
er motility than the control group (Fig. 2). In contrast, previous studies have shown that the
addition of resveratrol (a natural antioxidant found in various plant species), known to have
antioxidant properties, to boar semen, had no effect sperm motility [25, 26].

The sperm plasma membrane regulates the homeostasis between the sperm's internal and
extracellular environment and facilitates sperm capacitation and the acrosome reaction [24].
Previous studies have indicated that the plasma membrane of boar sperm contains polyun-
saturated fatty acids that are sensitive to lipid peroxidation damage caused by ROS, thereby
lowering sperm motility and viability [27, 28]. In the present study, sperm viability was sig-
nificantly higher on days 3 and 5 of storage at concentrations of 1-20 mg/mL AE compared
to the control (Fig. 3). Acrosome integrity and chromatin stability can be supported with other
references of similar studies in this section.

In conclusion, our study highlights the role of AE, as an antioxidant, as it positively enhanc-
es sperm motility, and reduces intracellular ROS production during liquid boar semen storage
at 17°C, at optimal concentrations of 10 mg/mL AE in BTS. These findings suggest that AE
has potential as a supplement in boar semen storage and assisted reproductive technology

during animal fertility treatments.
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