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Abstract

Arsenic (As>™), a significant environmental pollutant that has garnered global attention, is widely recognized for its adverse
effects on reproductive health. This study assesses the aphrodisiac activity of Dehydrozingerone (DHZ) against As>* induced
sexual dysfunction in male Wistar rats. Male Wistar rats were divided into control, As3*, and As>*+DHZ groups. The As3t
group received 5 mg/kg sodium arsenite (NaAsO,) orally while As**+DHZ group received 50 mg/kg synthesized DHZ
along with As>* for 42 days. Following administration, mount and intromission latency, frequency, and average time were
measured to assess aphrodisiac and reproductive toxicity in male Wistar rats which had 1:1 coitus with female rats. On days
14th, 28th, and 42nd, sexual behaviour was measured. Further on 43rd day, animals were sacrificed, blood was collected to
measure oxidative parameters and LH hormone, and then testes were collected to profile reproductive damage. As>* treated
rats had lower sperm counts, motility, and abnormalities. These alterations reduced sexual hormones. In addition, Ast
toxicity depleted antioxidant indicators including SOD, GSH and elevated ROS. Compared to the As** group, As**+DHZ
showed a substantial (p <0.05) increase in sperm count, motility, and reduced abnormalities. DHZ also reversed the rise
in luteinizing hormone caused by As>* therapy, restored oxidative indicators, and improved seminiferous tubule structural
damage. 42 days As>* exposure slightly increased rats’ sexual desire but not sperm quality. However, As**+DHZ lower
libido and sperm quality. Thus, DHZ therapy enhanced rat sexual desire and sperm quality compared to As**.
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Introduction As* in potable water is considered safe for consumption

(Arsenic 2022). As per WHO standards, As** lies in the
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the basement membrane of the testis, degeneration of ves-
sels along with the rise of hemorrhage in interstitial tissues,
Leydig cells deformities, all of which combined result in a
substantial decrease in sperm count along with its motility
which ultimately results in abnormal sperms (Zubair et al.
2014; Bashandy et al. 2016; Souza et al. 2019).

Excessive As>T exposure imbalances the natural antioxi-
dant defence mechanism and concomitantly abundant reac-
tive oxygen species (ROS) production by inhibiting the syn-
thesis of different antioxidants like glutathione-s-transferase,
glutathione peroxidase, superoxide dismutase, catalase and
many more, exacerbating oxidative stress within the testis of
male animals (Bashandy et al. 2016; de Almeida Lima et al.
2018). Apart from this, increased luminal regions, decreased
accumulation of spermatozoa, necrotic alterations, and an
unorganized cellular structure were also induced due to As>*
exposure (Reddy et al. 2011; Abdel Aziz et al. 2018; Khair
et al. 2021). Besides the fact that numerous experimental
methods have been created to explore how exposure towards
As>* results as an outcome of these diverse diseases, the
exact molecular processes leading to reproductive as well
as developmental toxicity due to As>* exposure remain
obscured, and a direct correlation between the experimental
and human exposures have not been established yet.

To ensure restoration of As>*~induced reproductive tox-
icities, a variety of natural compounds are utilized as aph-
rodisiacs, including rhinoceros horn, yohimbine, mandrake
herb, etc. (Kotta et al. 2013). The development of Viagra
(sildenafil) given for the treatment of impotency (primar-
ily erectile dysfunction) in the 1990s marked a paradigm
shift in the study of sexual dysfunction. However, due to
some of its adverse effects, sildenafil was in the centre of
a storm. Therefore, the need to find natural supplements
is highlighted. The quality of sexual life is maintained in
large part by diet, which is one of the key variables. Under-
standing the components of the diet and how they affect
a man’s ability to reproduce and engage in sexual activity
could aid in resolving issues with these aspects of life to
some extent (Rai et al. 2018). For the efficient working of
the male reproductive system in both animals as well as in
humans, a variety of natural compounds offer a set of prop-
erties that have therapeutic values. These natural products
can either comprise a single bioactive molecule or might be
a combination of different bioactive compounds. A review
article by Roberta et al. have summarized the overview of
various bioactive compounds such as curcumin (Lin et al.
2015), ellagic acid (Hamza and Al-Baqami 2019), vitamin
C (Adelakun et al. 2018a, b) and vitamin E (Yuncu et al.
2015), and other natural products that carry bioactive com-
pounds in their composition, such as garlic (Nasr 2017),
ginger (Al-Shathly et al. 2020), grape (Hasona 2018), green
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tea (Mosbah et al. 2015), microalgae, algae (Guner et al.
2020; Wang et al. 2020) and propolis (Abd-Elrazek et al.
2020). Most of these agents have been reported to possess
antioxidant as well as anti-inflammatory properties, indicat-
ing the potential advantages of these agents against the male
reproductive system (Martins et al. 2021).

In the present study, we evaluated the aphrodisiac effect
of Dehydrozingerone (DHZ), a chemical ingredient of gin-
ger, i.e. Zingiber officinalis. DHZ naturally exists as a phe-
nolic compound, which has received a lot of interest from
medicinal chemists. It has shown a broad spectrum of bio-
logical characteristics, including antioxidant (Parihar et al.
2007), anti-platelet (Hampannavar et al. 2016), anti-depres-
sant (Moorkoth et al. 2021), anticancer (Kumar et al. 2017),
anti-inflammatory, anti-malarial, and anti-fungal activity
(Hampannavar et al. 2016). However, the effect of this com-
pound has not been explored against reproductive toxicity.
Considering the reproductive toxicity of As>* and the ben-
efits of various bioactive herbal ingredients, this study was
designed to explore the effect of DHZ against As>*mediated
sexual dysfunction in male Wistar rats by evaluating the aph-
rodisiac and antioxidant assessment along with sperm qual-
ity evaluation (both quality and quantity).

Materials and methods
Chemicals required

Sodium arsenite (NaAsO,) and Dulbecco’s Modified Eagle’s
medium (DMEM) were procured from Sigma Aldrich. Eosin
dye and ethanol were obtained from HiMedia Laboratories
Pvt. Ltd. Mumbai, India, while acetonitrile, acetone, vanil-
lin, sodium hydroxide, and HCI were received from SRL
Company.

Synthesis of DHZ

5.0 g of vanillin was dissolved in 20.00 ml acetone, and
this mixture was placed on an ice bath till the temperature
fell below 5 °C, followed by the addition of 20.00 ml dis-
tilled water solution of 2.8 g of sodium hydroxide which
was added gradually. The solution was mixed at 300 rpm
for 1.5 h and then kept overnight at room temperature. On
a consecutive day, 600 ml cold water and 200 g ice were
added, and later, 10% HCI1 was added with continuous stir-
ring until a yellow precipitate was formed, which was subse-
quently filtered and dried. Recrystallization was performed
with 40% ethanol. The characterization of the final product
was performed by HPLC and LC-HRMS (Pathak et al. 2020;
Moorkoth et al. 2021).
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HPLC analysis

A solution of 100 pg of DHZ in 1.00 ml acetonitrile
(100 pg/ml) was dissolved in 10.00 ml of distilled water
to obtain a 10 ug/ml concentration of DHZ. Using column
C18 and maintaining the conditions such as temperature
at 30 °C, the detector’s wavelength at 340 nm and acetoni-
trile with 0.1% o-phosphoric acid water at a 50:50 ratio
as a mobile phase was used to analyze the DHZ sample
by applying run time of 15 min (mins). Further, on the
confirmation of purity peak at a particular retention time,
calibration curve generation was carried out at 3.125 g/
ml, 6.25 pg/ml, 12.5 pg/ml, 25 pg/ml and 50 ug/ml con-
centration of DHZ. All these concentrations were prepared
using the serial dilution method.

DHZ analysis by LC-HRMS and HPLC

LC-HRMS for mass spectroscopy of DHZ sample of 10 pg/
ml concentration was prepared in the same way as prepared
for HPLC analysis. Optimized chromatographic conditions
are as follows: column-Hypersil gold (c18-100* 2.1, parti-
cle size-1.9u), mobile phase A (100% water +0.1% Formic
acid), mobile phase B (100% methanol +0.1% formic acid),
rate of flow: 0.3 ml/mins, the volume of injection: 10 pl,
autosampler temp.— 25 °C, column oven temp. 40 °C 10,
UV visible: 220 nm, 240 nm, 254 nm & 340 nm. The run
time was kept at 50 min. Gradient programme: 0.0 min (%A-
95, %B-5),1 min (%A-95, %B-5), 10 min (%A-50, %B-50),
30 min (%A-5, %B-95), 40 min (%A-95, %B-5) & 50 min
(%A-95, %B-5).

Optimized mass spectroscopy conditions: Ion source-
HESI (positive and negative mode), spray voltage positive
ion: 3500 V, negative ion: 2500 V, sheath gas: 40arb, sweep
gas: 0 arb, auxiliary gas: 15 arb, vaporizer temp.: 350 °C,
ion transfer tube temp.: 320 °C, application mode: small
molecules. Full scan details: orbital resolution-60,000, scan
range (m/z): 100-1000 microscans, 1 m/z, RF lens (%)-70,
polarity- positive and negative, respectively.

Experimental animals

Prior approval was obtained from IAEC, NIPER Hajipur
with JAEC number: NIPER-H/IAEC/06/21 and the experi-
mental procedures were conducted as per the guidelines of
CCSEA, Govt of India. Both male and female Wistar rats
(n=21 each) of eight weeks with 80-120gm were obtained
from Central Drug Research Institute (CDRI), Lucknow, UP.
Animals were acclimated for 7 days in a well-controlled con-
dition of NIPER Hajipur animal house (having temperature,
24-26 + 20 °C; humidity, 55+ 5%, 12 h light/dark-cycle)

with distilled water ad libitum and food supply. Animals
were allowed to mate in the animal house for an aphrodisiac
behaviour study. Before mating, animals were divided into
respective groups based on the study schedule.

Animals grouping & dosing schedule

The first group was considered as the control group and
received 0.25% w/v CMC at a dose volume of 10 ml/kg.
The second group received As** (NaAsO,—5 mg/kg, 6
days/week for 6 consecutive weeks) by oral gavage. This
group was considered as the disease control group (Jana
et al. 20064, b). The third group was considered as the treat-
ment group and received DHZ (50 mg/kg) orally along with
NaAsO, (5 mg/kg for 6 days/week for 6 consecutive weeks)
(Tirunavalli et al. 2021). There were total of 7 animals in
each group, with an equal number of males and females, and
they were housed in separate cages.

Male rats

Male rats received oral doses (by oral gavage) every day at
18:00 p.m. for 42 consecutive days. After two hours of dos-
ing (20:00 p.m.), the test was conducted on the 14th, 28th
and 42nd days of the study period in a glass box illuminated
by a dim red lamp (10 W). Before the initiation of the test,
each male and female rat was individually acclimated for
15 min in the glass chamber.

Female rat selection

Rats (female) were tracked for two successive oestrous
cycles in a row. Animals with a normal oestrous cycle were
chosen. The oestrous cycle was monitored by examining 3
kinds of cells present in a vaginal smear. These smears were
made by aspirating or flushing cells from the lining of the
vagina with 0.9% saline/distilled water using a sterile dispos-
able plastic pipette with a 1.5 mm internal tip bore. A light
microscope was used to examine one to two drops of the
acquired cell solution on the slide. Smear with the appear-
ance of spherical nucleated epithelial cells reflected the
pro-oestrous phase. The oestrous phase was characterized
by cornified cells lacking a nucleus arranged in an irregu-
lar form, while the existence of a majority of round-shaped
leucocytes indicated the di-oestrous phase. Female rats lying
in their receptive phase of the oestrous cycle were used to
study male rats’ aphrodisiac behaviour (pro-oestrus phase)
(Das et al. 2016).

Male rat sexual behaviour test

A 1:1 ratio of male rat and female rat (receptive) were placed
in a glass tank for an aphrodisiac parameters’ evaluation in
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a dark, isolated room having a dim red bulb light (10 W) in
the evening (between 20:00-23:00 h), for maximum 30 min.
Two hours after the treatment, male rats were individually
put into respective glass chambers for around 15 min to
facilitate acclimatization. The receptive female rats were
gently transferred into the glass chamber of previously car-
rying male rats, and the dim red light was switched ON after
5 min (10 W). The experiment commenced by introducing
the female rat inside the glass chamber. After a duration of
15 min, the male and female rats were thereafter separated.
The sexual behaviour parameters of rats were observed fol-
lowing the coupling of male and female rats for a duration
of 15 min. The female rat’s response was characterized by
lordosis, which is a stiff position involving the arching of
the back and deflection of the tail to facilitate mounting and
intromission by a male rat. The standard factors that define
sexual behaviour were measured through manual scoring,
using a timer (Das et al. 2016; Rai et al. 2018).

Mount latency: Time taken for the initial mounts (either
with/without penile penetration) by the commencement
of the test;

Mount frequency: Mount numbers that occurred apart
from intromission till ejaculation;

Mount average time: Average time of mounting;
Intromission latency: Duration between the commence-
ment of the test and the initial intromission (as measured
by pelvic thrusting);

Intromission frequency: Number of intromissions till
ejaculation;

Intromission average time: Average time of intromission.

Evaluation of potential toxicity in the reproductive
system of male rats

After the 42nd day of treatment, the male Wistar rats were
anaesthetized by diethyl ether. Blood was withdrawn from
the retroorbital plexus and animals were sacrificed by eutha-
nasia (cervical dislocation). Testes were isolated and stored
in 10% formalin solution. Evaluation of sperm’s motility,
count and morphological analysis was performed to assess
toxicity profiling of the male reproductive system from
the epididymis (Obinna and Agu 2021). Epididymis tissue
homogenate was used for estimation of ROS, SOD and GSH.

Sperm count and motility

Sperms were extracted from the cauda epididymis region
by fragmenting them at many places and then washing them
in DMEM (pre maintained at 37 °C) on a suitable petri
plate. The occasional shaking of the petri dish for 10 min
allowed sperm to diffuse in the media. The medium’s tissue
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was separated, and the sperms were appropriately diluted
in DMEM media. The diluted sperm solution was used in
the Neubauer® chamber for sperm count and motility test-
ing (Das et al. 2016). The countess™ 3 FL automatic cell
counter detected the motility and allowed the counting of
sperms. Within 5 min of duration, forward movement and
flagella activity revealed sperm motility (beating/inertness),
which was an indicator of the number of living sperms and
represented a total number of sperms in percentage.

Sperm morphological analysis

For staining spermatozoa, 0.5% anionic dye solution of
Eosin Y [0.5 g/100 ml] carrying 0.9% [0.9 g/100 ml] aque-
ous solution of sodium chloride was utilized. For diluting
the sperm suspension, a predetermined amount of 0.5 ml
DMEM was used, and the drop was settled on a glass slide,
spread, and air-dried. Later, the smear (air-dried) was later
immersed in a staining solution for approximately 30 min
before being air-dried and examined under the micro-
scope. About 100 spermatozoa were examined through a
bright field microscope at 40 X magnification. Following
that, sperm abnormalities were evaluated and classified as
primary or secondary. Any change in the morphology or
size of the sperm’s head (headless tail) was presumed to
be a primary defect. Alterations in the sperm’s tail (such
as bent neck, tailless head, midpiece deformity, and kinked
tail) were considered secondary abnormalities (Menon et al.
2011; Filho et al. 2015).

Evaluation of ROS generation

Production of ROS was measured by 2,7 dichloro dihy-
drofluorescein diacetate (H2DCF-DA), which is a non-flu-
orescent dye but gets converted into a highly fluorescent-
dichlorofluorescein (DCF) form through cellular peroxides
whose fluorescence was observed through ELISA plate
reader at excitation 504 nm and emission 530 nm (Hedayat
et al. 2015).

Evaluation of superoxide dismutase (SOD) level

The activity of SOD in tissue homogenates was assessed by
utilizing a SOD kit (Sigma Aldrich- Catalogue no: 19160-
1KT-F). The assay was based on SOD s capacity to prevent
phenazine methosulphate, which was meant to be reduced
by nitroblue tetrazolium dye. In a 1:10:1 ml ratio, 0.02 ml
sample was added to 0.2 ml of working solution (50 mM/L
phosphate buffer pH 8.5, 1 mM/L nitroblue tetrazolium, 1
mM/L NADH). The reaction begins by adding 0.02 ml work-
ing solution to the mixture followed by plate incubation at
37 °C for 20 min and absorbance was taken at 450 nm. SOD
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activity, i.e. inhibition rate (%) was calculated by applying
the formula:

SOD activity = (A blank 1 — A blank) — (A sample — A blank 2)
/ (A blank 1 — A blank 3) = 100

SOD activity was expressed as per mg of protein (Bolin
et al. 2010).

Evaluation of GSH level

The response of glutathione peroxidase in tissue homogen-
ates was estimated using a glutathione peroxidase assay kit.
The technique is based on an indirect assessment of glu-
tathione activity, in which glutathione peroxidase reduces an
organic peroxide to create oxidized glutathione. Glutathione
reductase uses NADPH as a cofactor to recycle this product
to its reduced state (Nakamura et al. 2019).

Evaluation of luteinizing hormone (LH) level

Analysis of LH was done through the Enzyme-Linked
Immunosorbent Assay (Tsatmali et al. 2006) kits avail-
able commercially from Elabscience Biotechnology Co,
Ltd., USA. The sensitivity of the kit was 0.91 mIU/ml. The
absorbance was detected using a SpectraMax ID5 Multi-
Mode Microplate Reader.

Histology of testis

The testes were fixed in 10% formalin, and further embed-
ded in paraffin. Sections were made of 5 pm thickness and
stained with haematoxylin—eosin stain. The slides were stud-
ied microscopic changes using a microscope.

Statistical analysis

Graph pad prism software (version 5.0) was employed to
analyze the data that were obtained statistically. Two-way
ANOVA was used for the statistical comparison, followed
by Tukey’s multiple comparison tests for mount latency,
mount frequency, mount average time, intromission latency,
intromission frequency and intromission average time. For
the remaining analysis, One-way ANOVA was applied fol-
lowed by Bonferroni multiple comparison tests. Every value
was expressed as Mean + SEM, with p < (.05 as statistical
significance. Normality of the data assessed by D’Agostino-
Pearson omnibus (K2).

Results
Synthesis and characterization of DHZ (C11H1203)

Vanillin was effectively used as the starting material for
the synthesis of DHZ by yielding a yellow product, which
was later characterized and its purity was confirmed by LC-
HRMS (Figs. 1 and 2) and HPLC analysis (Figs. 2 and 3).
The base peak was observed as [M + 1] 193.0859 m/z with
a relative abundance of 100% DHZ.

Mount latency (ML)

Sodium arsenite-treated animals did not show any differ-
ence after 14 days of dosing, although a slight decrease in
mount latency on the 28th day (53 +12.01s) in comparison
to the normal group (86.67 +8.81 s) was observed. On the
28th day, a similar decrease was seen in the As** + DHZ
treated group (49 +5.57s) as compared to the normal group.
However, As** treated animals after the 42nd day of dosing
showed a marked decrease (110+ 10 s) as compared to the
normal control (120 + 11.54s) group. A significant (p <0.05)
decrease in mount latency was seen in As®* + DHZ treated
animals as compared to the As** group (Fig. 4).

Mount frequency (Lucinda et al. 2010)

5.66+0.33, 6.67+0.33 and 8.3 +0.67 MF were found in
the normal control group after 14, 28 and 42 days of dosing
vehicle (0.25% w/v CMC) respectively. Treatment with As>*
showed a significant (p < 0.05) decrease in MF on the 42nd
day to 4.67 +0.33 as compared to the normal control group,
while no significant (p <0.05) change was seen on the 14th
(5.33+0.67) and 28th day (6.0 + 1.0). As** + DHZ treat-
ment resulted in a significant elevation in MF on the 14th
(8.3+0.33) and 42nd day (9.00+0.58) as compared to the
As** alone treated group. However, no significant change
was seen in the As>* + DHZ treatment group on the 28th day
as compared to the normal control group (Fig. 5).

Mount average time (MAT)

3.33+0.33,3.3+0.66 and 3.3+ 0.33 MAT was recorded
in normal control group after 14th, 28th and 42nd days of
dosing respectively. Treatment with As>* showed a minor
increment in MAT on the 14th testing day (4.0 +0.57) but
then the same was decreased by 3.3 +0.33 and 3.0 +0.57
on the 28th and 42nd day respectively as compared to the
normal control group. As®>* + DHZ treatment results in a
less significant increase in MAT on the 14th and 28th day
of testing 4.6 +0.33 and 4.3 +0.33 respectively, but after
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Fig. 1 Mass spectroscopy of DHZ, LC-HRMS chromatogram showed the base peak [M + 1] at 193.0859 m/z

the 42nd day of dosing, a significant increase (p < 0.05)
was observed in MAT 5.00 +0.57 in comparison to As>*
group (Fig. 6).

Intromission latency (IL)

As’* treated animals after the 14th day of dosing, showed
a slight decrease in intromission latency as 293.33 +58.11s
respectively in comparison to the normal control group i.e.
363.33 +£43.33s. On the 28th day, As>* showed a slight
increase in intromission latency to 425 +75s as compared to
normal control 373.33 +50.42s. But on day 42nd of testing,
the As** group resulted in more IL as 493 +29.63s in com-
parison to normal control (296.67 +26.03s). As’* + DHZ
treated animals showed a significant increase in IL after the
14th day of dosing (373.33 +12.01s) as compared to the
As** group. However, after the 28th day and 42nd of dosing,
a slight decrease (316.66 +56.07s and 253.33 +20. + 27s) in
IL were found as compared to As**group (p <0.05) (Fig. 7).
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Intromission frequency (Obinna and Agu 2021)

3.33+0.33, 3.66 +0.88 and 2.66 + 0.33 IF observed in nor-
mal control group after 14th, 28th and 42nd days of dos-
ing respectively. Treatment with As>* showed a significant
(p <0.05) increment in IF after the 14th days of dosing
(7.0+1.5) but after the 28th and 42nd days of dosing slight
increment of 6.33 +0.33 and 2.66 +0.66 as compared to the
normal control group was reported. As** + DHZ treatment
resulted in an increase in IF on the 14th and 28th day of
testing to 5.33 + 1.4 and 5.66 + 1.2 respectively, but after
the 42nd day of dosing, a significant increase (p <0.05)
was observed in IF (6.66 +0.3) as compared to As>* group
(Fig. 8).

Intromission average time (IAT)
3.33+0.33s, 3.3+0.66s and 3.3+0.33s IAT observed in

normal control group after 14th, 28th and 42nd days of dos-
ing respectively. Treatment with As>* showed a significant
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Fig.2 HPLC chromatogram

of DHZ. The retention time of
DHZ was observed at 3.885 min
with 99.09% purity by the
HPLC DAD detector
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increment in IAT on the 14th and 28th testing days with
5.66+0.33s and 6.0+ 0.57s but on the 42nd day of testing,
a decrease was seen (4.3 +0.33) as compared to the nor-
mal group. As>* + DHZ treatment resulted in an increase
in IAT on the 14th and 28th day of testing at 6.0 +0.5s and
7.0+ 0.57s but after the 42nd day of dosing, a significant
increase (p <0.05) was observed in IAT (6.33 +0.88s) as
compared to As>* group (Fig. 9).

Male reproductive system toxicity study
Effect on sperm count

Sperm count reduction was observed in As** treated animals
(1.05 +£0.05) with significance (p <0.05), in comparison to

the normal control group (1.53 +0.05). As** + DHZ admin-
istered animals showed a significant increment (p <0.05)
in sperm Count (1.6 +0.17) as compared to Ast treated
animals (Fig. 10).

Effect on sperm motility (%)
71 £3.5% sperms were found to be motile, which was lesser
than normal group (87 +5.5%). As** + DHZ treatment

resulted in a significant increase (p <0.05) in motile sperms
(96.5+1.5%) as compared to the As>* group (Fig. 11).
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Fig. 3 Calibration curve of DHZ: Calibration curve is shown here at
5 different concentrations by HPLC DAD, and the correlation coef-
ficient value was found to be 0.999930

Sperm abnormality (%)

Primary abnormalities As** treatment showed a signifi-
cant (p <0.05) increase (3.6 +£0.08) in the headless tail as a
comparison to the normal control group (3+0.05). As*™ +
DHZ treatment resulted in a significant (p <0.05) decrease
to 3.1 +0.14 compared to the As** group, while in the tail-
less head, the As** group showed a minor increment i.e.
2.2+0.18 v/s 1.9+ 0.14 as normal control. Also, the As>* +
DHZ treatment resulted in a minor reduction in the tailless
head (3.1 +0.14) in comparison to the As>* group (Fig. 12).

Secondary abnormalities Kinked tail (1.26+0.03), mid-
piece abnormality (1.13+0.03), and bent neck (1.3+0.05)
deformities were observed in sperms of normal group ani-
mals. Administration with As®>* showed a minor increase
to 1.3+0.05 and 1.23+0.06 in Kinked tail and midpiece
abnormality along with a significant increase in Bent neck
to 1.5+0.05 in comparison to a normal control group. As**
+ DHZ therapy led to a minor fall in kinked tail 1.2 +0.05),
midpiece abnormality (1.13+0.03) and a significant
(»<0.05) fall in bent neck deformities 1.2+0.05 in com-
parison to As>* group (Fig. 12).
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Fig.4 Mount latency in various groups on day 14, day 28 and day
42. Data passed the normality of residual test D’Agostino-Pearson
omnibus (K2). Data are presented as mean+SEM and analyzed by
Two-way ANOVA followed by Tukey’s multiple comparison test,
where ®p <0.05 v/s normal, *p<0.05 v/s Arsenic group. A-Arsenic
group (Sodium arsenite) and AD- Arsenic (Sodium arsenite) and
DHZ
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Fig.5 Mount frequency in various groups on day 14, day 28 and day
42. Data passed the normality of residual test D’Agostino-Pearson
omnibus (K2). Data are presented as mean+SEM and analyzed by
Two way ANOVA followed by Tukey’s multiple comparison test,
where $p <0.05 v/s normal and *p <0.05 v/s Arsenic group, A-Arse-
nic (Sodium arsenite) and AD- Arsenic (Sodium arsenite) and DHZ

ROS estimation

As>* control group resulted in a significant (p <0.01)
increase in ROS fold (1.36 +£0.06) v/s normal control
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Fig.6 Mount average time in various groups on day 14, day 28 and
day 42. Data passed the normality of residual test D’Agostino-Pear-
son omnibus (K2). Data are presented as mean+SEM and analyzed
by Two way ANOVA followed by Tukey’s multiple comparison test,
where *p <0.05 v/s Arsenic group, A- Arsenic (Sodium arsenite) and
AD- Arsenic (Sodium arsenite) and DHZ
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Fig. 7 Intromission latency in various groups on day 14, day 28 and
day 42. Data passed the normality of residual test D’Agostino-Pear-
son omnibus (K2). Data are presented as mean+SEM and analyzed
by Two way ANOVA followed by Tukey’s multiple comparison test,
where **p<0.01 v/s Arsenic group on day 42, A- Arsenic (Sodium
arsenite) and AD- Arsenic (Sodium arsenite) and DHZ

group (1.03 +£0.015). A significant decrease (p <0.01) in
the ROS fold of As**+ DHZ group animals (0.94 +0.034)
was observed as compared to the group treated with As>*
(Fig. 13).
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Fig.8 Intromission latency in various groups on day 14, day 28 and
day 42. Data passed the normality of residual test D’Agostino-Pear-
son omnibus (K2). Data are presented as mean+SEM and analyzed
by Two way ANOVA followed by Tukey’s multiple comparison test
where “p <0.05 v/s control, $p<0.05 v/s Arsenic group, A- Arsenic
(Sodium arsenite) and AD- Arsenic (Sodium arsenite) and DHZ
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Fig.9 Intromission average time in various groups on day 14, day 28
and day 42. Data passed the normality of residual test D’Agostino-
Pearson omnibus (K2). Data are presented as mean+SEM and ana-
lyzed by Two way ANOVA followed by Tukey’s multiple comparison
test where *p <0.05 v/s arsenic on day 42, A- Arsenic (Sodium arsen-
ite) and AD- Arsenic (Sodium arsenite) and DHZ

Antioxidant SOD estimation

SOD activity (inhibition rate %/ mg of protein) was elevated
in the control group (105.1+5.1) while treatment with As>*
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Fig. 10 Effect of treatments on Sperm Count. Data passed the nor-
mality of residual test D’Agostino-Pearson omnibus (K2). Data are
presented as mean+SEM and analyzed by Two way ANOVA fol-
lowed by Tukey’s multiple comparison test where *p <0.05 v/s con-
trol and *p <0.05 v/s Arsenic group, A- Arsenic (Sodium arsenite)
and AD- Arsenic (Sodium arsenite) and DHZ
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Fig. 11 Effect of treatments on Sperm motility. Data passed the nor-
mality of residual test D’Agostino-Pearson omnibus (K2). Data are
presented as mean+SEM and analyzed by Two way ANOVA fol-
lowed by Tukey’s multiple comparison test where *p <0.05 v/s Arse-
nic group, A- Arsenic (Sodium arsenite) and AD- Arsenic (Sodium
arsenite) and DHZ

depicted a significant decrease (p <0.01) (67.48 +4.08) as
compared to the normal control group. Though, in com-
parison to the As** group, the As** + DHZ therapy led to
a significant (p <0.01) rise in SOD activity (107.3 +£7.0)
(Fig. 14).

GSH estimation

GSH level (uM/mg of protein) was found to be 41.16 +4.3
in the As** group which significantly reduced (p <0.05) in
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comparison to the normal control group (65.03 +5.2). As>*
+ DHZ treatment resulted in a significant (p < 0.05) increase
in GSH level (66.89 +4.1) as compared to the As** group
(Fig. 15).

Effect on LH hormone levels

The level of LH in normal control was found to be
7.55+1.10 mIU/mL. The As>* treatment showed a signifi-
cant (p <0.05) increase in LH level (3.17 +0.50 mIU/mL) as
compared to normal control. Treatment with DHZ decreased
the LH level (7.69 +£0.37 mIU/mL) significantly (p <0.05)
as compared to As*treated animals (Fig. 16).

Histology of testis

In control group, normal architecture of the seminiferous
tubules was observed with mature sperm in the lumen. All
stages of germ cells along with sertoli cells and leydig cells
were observed. Groups when treated with the As>t, normal
architecture of the seminiferous tubules were altered, vacu-
olations of germ cells were observed with reduction in the
germ cells, increased tubular lumen with very few mature
sperm. However, when groups were treated with As*
(Sodium arsenite) and DHZ, significant structural recovery
was observed with near normal architecture of the seminif-
erous tubules and also increases in the number of sperms in
the lumen. (Fig. 17)

In the control group normal architecture of the semi-
niferous tubules were observed. Mature spermatogonia is
noted in the seminiferous tubules with luminal spermatid
and spermatozoa. No maturation arrest and cytoplasmic
vacuoles were detected, Interstitium appears unremarkable.
But groups which were treated with the As**, normal archi-
tecture of the seminiferous tubules were altered; however
mature spermatogonia were well appreciated. Prominent
cytoplasmic vacuolation was observed in the germ cells.
The sequence of maturation was altered with a decrease in
the mature sperm. Congested capillaries in the interstitium
were observed. Further groups which were treated with As>*
(Sodium arsenite) and DHZ, significant structural recovery
was observed with various stages of spermatocytes. Sertoli
cells appeared normal. Mature sperms were found in the
lumen. Interstitium appeared unremarkable. (Fig. 17)

Discussion

As®* causes several health problems, including the issues
associated with the male reproductive system (Sarkar et al.
2003). Intoxication with NaAsO, not only modifies tes-
ticular histopathological characteristics and its weight, but
also lowers the activity of many markers such as hormones,
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Fig. 13 Effect of treatments on ROS formation. All the values
are mean+SEM of six animals where “p<0.01 v/s control and

#1<0.01 v/s arsenic group, A- Arsenic (Sodium arsenite) and AD-
Arsenic (Sodium arsenite) and DHZ

Fig. 14 Effect of treatments on SOD activity. All the values are
mean+SEM of six animals where **p<0.01 v/s control and
#1<0.01 v/s arsenic group, A- Arsenic (Sodium arsenite) and AD-

Arsenic (Sodium arsenite) and DHZ
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Fig. 16 Effect of treatments on serum LH level. All the values
are mean+SEM of three animals where “p<0.05 v/s control and
#1 <0.01 v/s arsenic group, A- Arsenic (Sodium arsenite) and AD-
Arsenic (Sodium arsenite) and DHZ

Fig. 17 Histology of Testis.
Representative image of Trans-
verse Section of seminiferous
tubules stained with H &E
(40X): A Control; B Arsenic
(Sodium arsenite); C Arsenic
(Sodium arsenite) and DHZ
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enzymes, and the body’s antioxidant defence system (Pant
et al. 2004; Morakinyo and Adeniyi 2008). As®* toxicity
leads to damage in the reproductive tissues due to oxidative
stress and related pro-apoptotic processes, making this com-
plex system worth to study (Samadder et al. 2012).

Ayurveda has reported numerous herbal medicines and
their beneficial effects on human health. These herbal
ingredients are generally known to play a prominent role
in regulating people’s behaviour and health by maintain-
ing their antioxidant imbalance. The objective of the pre-
sent experiment was to scientifically assess the impact of
DHZ, an active ingredient of Zingiber officinale, a com-
mon dietary ingredient and a documented medicinal herb
as per Ayurveda, on sexual and reproductive health. An
unsaturated derivative of the natural substance zingerone
is DHZ, which has a strong anti-inflammatory effect in a
variety of models and removes free radicals like superox-
ide anions and hydroxyl ions from the body (Singh et al.
1987). The DHZ was synthesized and characterized using
LCHRMS and HPLC. The graph represents the base peak at
193.089 m/z [M + H] + for the molecular formula C;;H,,0;
of DHZ (as the actual molecular weight of the compound
is being reported as 192.21) along with 99.09% purity with
0.999930 correlation coefficient value. These results suc-
cessfully validate that the synthesized yellow colour com-
pound was DHZ only.

In the present study, As>™ was administered in the form
of NaAsO, at a 5 mg/kg dose in the animals of two groups,
namely As>* and As>* and DHZ groups, respectively. The
aphrodisiac activity investigation was performed using
male Wistar rats with female Wistar rats, which were in the
pro-oestrous phase of the oestrous cycle. Sexual arousal
measures, such as mount and intromission latencies, and
libido (sexual desire) characteristics, which include mount
frequency (Lucinda et al. 2010) and intromission frequency
(Obinna and Agu 2021), were assessed individually using
sexual-behavioural parameters (ML & IL) along with aver-
age time required for mount and intromission (Kenjale et al.
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2008). In our results, the mounting frequency and latency of
As** 4+ DHZ treated animals showed a significant decrease
in the ML while a slight increment in the MF activity in the
same group with a slight increase in mounting time. There-
fore, alterations in the ML and MF indicate that DHZ has
a modulatory effect on the sexual appetite of As>* affected
animals. DHZ’s beneficial effect in improving sexual dys-
function induced by As>* can be understood by the fact that
DHZ is known to increase dopamine levels in the brain,
which is considered to improve sexual function in animals
(Moorkoth et al. 2021). Though spermatogenesis requires
52 days, the investigation was carried out over 42 days with
continuous dosing of the DHZ (Lucinda et al. 2010) to study
sperm maturation, which happens in epididymis transit for
fertilization. The study was aimed at a late stage of sper-
matogenesis and the maturation phase of sperm. Luteinizing
hormone is essential for testosterone production from Leydig
cells (Oduwole et al. 2021). Testosterone helps in the pro-
duction and maturation of sperm. A decreased amount of
LH indicates a decrease in testosterone production. In the
present study, the LH level was found to be reduced by As**
treatment compared to the normal control group. Similar
results have been reported earlier by Jana et al. 2006a, b;
where As®* treatment reduced the production of testoster-
one (Sarkar et al. 2003; Jana et al. 20064, b). This indicates
As’* alters testosterone production and causes a decrease
in sperm count. Treatment with DHZ showed a reversal in
these parameters.

Many researchers have reported that exposure to As>*
has a toxic effect on the male reproductive organ. It has
been demonstrated that As>* hinders steroidogenesis, lowers
sperm quality, and damages the development of reproduc-
tive organs, all of which can be combined to cause infertility
in males. Excess ROS generation creates oxidative stress,
which damages the DNA, proteins, and lipid content of the
cell and leads to these harmful effects (Ferreira et al. 2012).
According to the literature, actively respiring spermatozoa
cause electron leakage due to excessive ROS, which is medi-
ated by the redox activities occurring inside the cells. ROS
can be produced in spermatozoa through two mechanisms:
the first process involves the plasma membrane’s NADPH
oxidase system, and the second mechanism involves the
mitochondria’s NADH-reliant oxidoreductase reaction,
although the second one seems to be the primary origin
of the generation of ROS. Spermatozoa content is higher
in mitochondria since their motility requires a continuous
supply of energy at a constant rate (Henkel 2011). As a
result, the coexistence of defective spermatozoa present in
the sperm significantly up-regulates ROS generation, which
ultimately affects the performance of mitochondria and, as
a result, sperm function such as its motility, gets hampered.
The bulk section of ROS produced by human spermatozoa
is found to be O,~ which is an electron-reduced output of

O,". It dismutates with itself to produce H,0,. H,0, and
O,” go through the Haber-Weiss reaction in the presence
of transition metals like As**, resulting in extremely reac-
tive and damaging OH™ formation. These OH™ radicals
are extremely potent initiators of the LPO cascade and can
result in sperm function loss due to membrane fluidity dis-
ruption (Chen et al. 2013). The result of ROS estimation
performed through the DCFDA assay has supported the idea
that DHZ reduces the concentration of ROS and represses
the oxidative stress within the reproductive cells. According
to findings, As>™ triggers the production of ROS, which then
interact with spermatozoa that are rich in polyunsaturated
fatty acids (PUFAs), particularly the mid-spermatozoa, and
causes peroxidation, which ultimately results in spermato-
zoa destruction that reduces the motility and viability of
sperms. Our finding showed an elevation in ROS level in
the epididymis of the As**treated group, which might be
reflecting its toxicity by the aforementioned mechanism.
However, protection could be observed against this toxicity
by the treatment of DHZ.

Our findings also suggested that the level of SOD and
GSH were elevated due to As*™ toxicity and the concentra-
tion was significantly reduced after the treatment with DHZ.
Considering the available literature on SOD, it is reported
that by promoting the breakdown of superoxide into oxy-
gen and H,0,, SOD shields sperm from superoxide anions,
resisting lipid peroxidation and enhancing motility (Agarwal
et al. 2004). ROS that have the potential to harm sperm are
removed with the help of SOD. The primary reducing agents
found to be in the body are GSH and glutathione peroxidase,
which work as scavenging antioxidants in the epididymis
and testes (Mora-Esteves and Shin 2013). Their modification
in the membrane of spermatozoa provides lipid constituents
with protection, preserving sperm viability along with its
motility (Lanzafame et al. 2009). GSH has been reported
in previous in vitro studies to preserve tail-beat frequency,
reduce LPO and improve characteristics of sperm membrane
(Griveau and LANNOU 1994). Thus, the present finding on
ROS, SOD and GSH showed the protective environment for
sperm maturation in Epididymis.

Thus, the present study is important in the assessment
of reproductive toxicity of As** in male rats. The present
results indicated that animals administered alone with As>*
showed no significant changes in sperm motility and viabil-
ity, but animals treated through As>* along with DHZ have
shown significant improvement in the activities as well as
the quality of sperms i.e. its viability, motility and abnor-
malities. Earlier studies reported loss of spermatogenic cell
layers due to As** intoxication (Sharma and Kumar 2014).
Similar results were seen in As>* intoxicated tests archi-
tecture. DHZ also showed alleviation of the toxicological
impact on seminiferous tubule induced by As>*.
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Conclusion

The overall study concluded that As** exposure for 42 days
slightly improved the sexual desire of rats but not the qual-
ity of sperm. However, exposure of same along with DHZ
reduces the libido and adversely affects sperm quality. Thus,
DHZ treatment improved the sexual desire of rats and the
quality of sperms as compared to As>* treated group.
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