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Abstract:

Benzo(a) pyrene the first form of PAHs is genotosa&rcinogenic.
This study was conducted to examine the potentiatapeutic effects of
levels of the extract of ashwagandha against tdati¢oxicity induced by
BaP in rats. 30 mature rats were divided into Supgsp (-) control group,
BaP (10 mg/kg body weight), as (+) control BaPe&ated with vit. E oral at
a dose of 200 mg/kg body weight/day, BaP + AHE twea(1 ml /kg/day)
and BaP + AHE curative (2 ml/kg /day) groups fowéeks. Many side
effects were observed in animals injected with Bakh as loss of body
weight, weakness activity and yellowish body haine results recorded a
significant increase in body and testes weightstrapcount, sperm motility,
serum levels of testosterone, luteinizing (LH),liEt# stimulating hormone
(FSH), total antioxidants capacity (TAC), and (SOD}he control-positive
groups. And the groups curative with vitamin E atite levels of
ashwagandha extract when compared to the negatiteot group, while a
significant increase serum level MDA and luteingifLH) and in the BaP
curative groups with vitamin E and the levels ohwagandha extract
compared to negative control group. Conclusionsjiagtration at levels of
ashwagandha extract caused ameliorative effectnsigaBaP-induced
testicular toxicity considered a powerful plant twihealth-promoting
properties.

Key words: Withania somnifera, Curative, testosterotesticular
toxicity
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INTRODUCTION

Ashwagandha or Indian ginseng belonging Smanaceae family
which is also known a¥\ithania somnifera. For almost 3000 years, it's
leaves and roots has been utilised in Ayurvedic iomeel Verma &
Kumar, 2011). The plant is small woody herb, thick, straighattnormally
reaches a height of 30 to 50 cm. Ashwagandha ceresidas adoptogenic
herb used to improve overall health and promoteusemte Vinters,
2006. The leaves can have about 0.1m of length andldnent can be
green or vivid and glaring yellow in shade; its pgupears tangerine in the
complex when it is full-grown and the favorable riofor implanting the
seeds in between June and JUlyvari et al., 2014. Withania somnifera is
indigenous to Mediterranean countries of Africa,utbern Europe, and
Western Asia and it is extensively scattered irnigpaf India, Pakistan, and
Sri Lanka @hrivastava & Sahu, 2013 Since time immemorial, the
countless curative and medicative peculiar charaties of this herbal
plant is very well known to mankind. This plant dens aid in opposition to
many afflictions and sicknesses like seizures,nésk, diabetes, and many
more Dutta et al., 2019. The plants roots and leaves are usually used for
medicinal purposes. Ashwagandha belonging to timlyfa&Solanaceae is an
herb with a height of 30 to 150 cm maximu{8apra et al., 2020.
Ashwagandha herbs are "Queen of herbs" becausetsohumerous
beneficial effects. It's used in ayurvedic medisin® promote enhance
muscle strength and endurance, and improve oveedlth Kulkarni &
Dhir 2008 and Mishra et al., 2000.

Pyrene is a polycyclic aromatic hydrocarbon thatrnbu at
temperatures ranging from 300 to 600 degrees GefRianjit et al., 2018)
Many ingredients can be found in foods, particylagtilled foods. The
formula C20H12 is a benzopyrene, formed from a beazing fused with a
pyrene. Epoxidediol metabolites known as BPDE aterlt is included in
the first group of cancers before IAREZhU et al., 2014) Already known as
the Mendelian virus. Benzpyrene (C 2 (/ 0) H 1=2aipentagonal aromatic
hydrocarbon to which another benzene ring is addethe pyrene ring.

When burning organic matter, large amounts of cae¢ produced.
C 48)
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Benzo[a]pyrene (BaP), and benzole]pyrene are basoluble in water,
soluble in perine in air, and have a melting poinabout 180°CL(in et al.,
2018 and Gacet al., 2020) The study aimed to investigate the effect of the
oxidative properties ashwagandha herbs caused hyoBsdpyrene (BaP),
on sperm parameters, serum level of hormones p&sesnand serum
activities of antioxidant enzymes for experimemsds.

Material and Method
Material:

Ashwagandha fVithania somnifera): Ashwagandha powder was obtained
from the local market, cairo, Egypt.

Rats: 30 mature albino male rats of Sprague Dawley straighing 210+5
g from Laboratory of Animal Colony, Helwan, Egyasal diet prepared
according to(Reeveset al., 1993). The vitamin and mineral mixture
prepared according {€ampbell, 1963).

Drugs:
Vitamin E®: Alpha tocopherolg TF was purchased from Pharco Company
for Pharmaceutical, Egypt.
Benzo(a)pyren&: was obtained from Sigma Chemical Co. (St Louis, Mo,
USA).
Method
Chemical analysis:
(a) Ashwagandha extract (AHX)
The ashwagandha powder (100 g) was dissolved i &10

of ethanol (<99%) and kept at 27 °C for 24 h uraertinuous stirring, then
filtered using Whatmann No. 1 filter paper. Thé&réite was then evaporated
to get concentrated filtrate. It was reconstitutiéstilled water to obtain the
used dose of (AHX) according t&lpadidy, et al., 2018.
(b) Determination of Phenolic compounds of (AHX) extrat

Ashwagandha for HPLC analysis was performed usingaters
2487 HPLC system consisting of a dhaletector and a Waters 1525 binary
pump, and equipped with a Waters Symnfet®i8 column (5 mm, 4.6 x

00
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50 mm) with Waters Sentry universalguard columm{®, 4.6 x 20 mm)
(Waters Corporation, Milford, MA, USA). Phenolic compounds of
ashwagandha were studied using the reference HRitowoh by comparing
experimental retention times with reported refeeenalueySakakibara et
al., 2003).

Experimental design:

30 mature rats were divided into 5 groups of (na€)rrats as
followed: first group was fed on basal diet onlyld®pt as control negative
group, while groups (2, 3, 4 & 5) of rats (n=24) reeinjected
(subcutaneous) one milliliter of toxic solution taining (10 mg/kg) benzo
(a) pyrene (BaP) according t&dllistratos and Fasske, 1975 Group (2)
was left as positive control group, groups (3, $)&were divided into three
curative groups:

Group 3: Positive control addition vitamin E of 20@g/kg
/b.wt./day by according t(Shalabyet al., 2004)

Group 4 and group 5: positive control addition withl & 2 ml /kg
/b.wt./day/rats ashwagandha extract (AHE). During éxperiment period
(6 weeks), the quantities of diet, which were comed and / or wasted,
were recorded every day. In addition, rat's weiglat recorded weekly, to
determine food intake and body weight gain perceantording to
(Chapmanet al., 1950).

Blood and Semen Sampling:

At the end of the experiment period, rats were sih@tized by
intraperitoneal injection of sodium thiopental (#@y/kg). The testes and
accessory sexual organs were removed and dissedtednd weighed.
Blood samples were withdrawn from the orbital plexss/eins of eye and
the serum was separated after centrifugation. Seamples were used for
estimation of testosterone, FAH and LH levels. Sensamples were
collected from cuda epididymis by cutting the tafl epididymis (cuda
epididymis) and squeezing it gently in petri digimtaining 0.5 ml of 2.9 %
sodium citrate solution. Few droups of semen suspenwere examined
microscopically for epididymal sperm parameters.he Ttestes, seminal
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vesicles and prostate glands were dissected outvaigthed. The left tested
were quickly taken on ice till preparation of horeaogte. The seminal
content of epididymis was obtained by cutting otl@wepididymis using
surgical baades and squeezed into a clean pdtriThe content was diluted
10 times with 2.9 % sodium citrate solution andrtughly mixed to
estimate the percentage of sperm progressive tgagitid sperm count as
described by(Bearden and Fluguary, 1980). One drop of sperm
suspension was withdrawn, smeared on clean glads ahd stained by
eosin-nigrosin  stain. The stained seminal smearse wexamined
microscopically to determine percentage of sperrability (ratio of
alive/dead) and morphology as describeqAmyann, 1982).

Biochemical analysis of serum

Serum testosterone concentration was determinedng usi
Radioimmunoassay (RIA) method which is intended tfog quantitative
determination of total testosterone in the seruhe method is based on the
competitive binding principal according td/{(lke and Utley, 1987. Levels
of FSH and LH hormones in the serum were determime@dn enzyme-
linked immunosorbent assay (ELISA) using specifienmercical kits as
described byBallester et al., 2004). The determination of the activity of
tissue antioxidant enzymes activities total antlaxits capacity (TAC),
malondialdehyde (MDA) and superoxide dismutase (yODvere
determined according tdN{shikimi et al., 1972, Ohkawaet al., 1979 and
Caoet al., 1993),respectively.

Statistics:

The findings were expressed as the mean = SD.sftati and
correlation analyses were undertaken using indeppgndne-way ANOVA
with post-hoc tukey test and Pearson's rank cdioelacoefficient test,
respectively. AP-value <0.05 was accepted statistically significafll the
previous statistical analyses of data were cawigdoy SPSS software ver.
17 (SPSS Inc., 2008
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Results and Discussion

The phenolic compounds of ashwagandhextract (AHX)

Data tabulated in Table (1) show that ashwagandtract (AHX)
contains some of phenolic compounds such as Flagsn&lavones and
Polyphenols. The wavelength for determination eaxth Flavonoids,
Flavones and Polyphenols were (488, 612 nm and 335 nm) respectively.
The experimental retention times were 56.4 minl 4din and 24.2 min for
Flavonoids, Flavones and Polyphenols respectivéiile the standard
retention times were 46.6 min, 25.3 min and 9.5 rfan flavonoids,
flavones and polyphenols respectively. The cursgotly was similar to
reports Udayakumar et al., (2010) and Balkrishnaet al., (2020) who
found that the AHX is a complex mixture of a largeimber of
phytochemicals including phenolic compounds andofteids.

Table 1: Phenolic compounds of ashwagandha extrafAHX)

Phenolic compounds 2@ EtR® RtR°®
(nm) (min) (min)
Flavonoids 489 56.4 46.6
Flavones 612 41.1 25.3
Polyphenols 335 24.2 09.5

2 wavelength for determinatiorf, experimental retention timé,
standard retention time.

Effect of different levels of ashwagandha extractAHX) on feed intake,
body weight and FRE of the experimental rats groups

The results showed that there were significantlgreigses in the
mean body weight, food intake and food efficienegiar in BaP group
induced testicular toxicity compared with normahtol group. After BaP
fed with either Vit. E or AHX levels, the increase body weight, food
intake and food efficiency ratio were significanithgreased when compared
with BaP group (P <0.05) (Table 2). It could beeafsd that group (5) had
the high level of feed intake compared to otherugso The body weight of
group (5) was 89.44+7.14 g while was 90.87+ 8.6265+ 5.11, 90.44+

6.61g and 85.41+ 7. 31 g for (negative control gropositive group,
{ 52 )
N A




= Research Journal Specific Education - I ssue No. 69 - July 2022

vitamin E group and group 4 ) respectively. FERgmup (5) was more
than group (3) and group (4). These data may betalube biochemical
properties of ashwagandha extract (AHX) which agsantioxidant agent
and its pharmacodynamics. These results are in dmyrnwith those
obtained byRice-evanset al., 1995 and Biswakt al., 2013).

Table (2): Effect of ashwagandhaextract (AHX) on feed intake and
body weight gain and FER in rats

Groups Control Control Rats received benzo(a)pyrene
(-ve) (+ve)

Group 3 Group 4 Group 5
Parameters (Vit. E) (Aml) (2ml)
Feed intake 15.33+ 13.55+ 15.80+ 15.65+ 15.15+
(g/d) 1l21a 1.18c 1.61b 1.27b 1l.41a
Body weight 90.87+ 51.62+ 90.44+ 85.41+ 89.44+
(¢)) 8.62 a 5.11d 6.61b 7.31c 7.14b
FER 0.097+ 0.063+ 0.085+ 0.085+ 0.091+
% 0.008 a 0.006 ¢ 0.004 b 0.002b 0.003 ab

Each meanst standard deviations in the same roWw eifterent
letters are significantly difference<p.05).

Effect of different levels of AHX on relative weigh of sexual of the
experimental rats groups

Table (3)showed thathe weight of testes in positive control group
was significantly decreasetl.12+ 7.00g compared to negativgroup;
groups (3), (4) and (5) were 2.62+ 0.05 g, 2.293(00 1.90+£0. 02 g and
2.03% 0.04 g respectivelythe weights of the prostate gland weéré3+0.03
g, 1.05+0.01g, 0.98+0.03g, 0.90+0.02g, 0.92+0.02g in ((+) control group,
(-) group, vitamin E group, group 4 and group Hpextively. The weight
of seminal vesicle wasignificantly decreased in positive control group in
compare to negative control group. Meanwhile, ingaby different levels
of AHX reversed the toxicity of BaP. A significadieficiency of this
vitamin in the body of men leads to atrophy of ttedls of the testicles.

{ 53 )
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Getting the antioxidant vitamin E may help imprahe quality of men's
sperm and protect it from damage, which increases'snoverall fertility
and improves their sexual healdlatowski and Manor 2013, Azzi 2018
and Khadangi and Azzi 2019).The sexual organs weight and sperm
parameters of the experimental rats’ groups wezardhat the group 5 was
the best group compared to the positive group asd than control, these
may be due to the effect of level of AHX which higbntent of phenolic
and flavonoid and antioxidant activity. These resulere agreed with
(Sapraet al., 2020 which investigated the effects of the beneficial effects
of ashwagandhan reproductive system. Ashwagandha leaves improves
sexual function and sperm parameters in male natachvation of Nrf2/
HO-1 pathway while inhibiting the NEB levels panaa and Shalaby
2016).

Table (3): Effect of ashwagandha (AHX) extract on elative weight of
sexual organs in rats

Groups Control Control rats received benzo(a)pyrene
(-ve) (+ve)
Group 3 Group 4 Group 5
Parameters (Vit. E) (2ml) (2ml)
Seminal vesicle 0.79+ 0.35% 0.65+ 0.50+ 0.68+
0.0la 0.02c 0.03a 0.01b 0.02a
Testes 2.62+ 1.12+ 2.29+ 1.90+ 2.03+
0.05a 7.00c 0.0l a 0.02b 0.04 a
Prostate glands 1.05+ 0.63+ 0.98+ 0.90+ 0.92+
0.0l a 0.03c 0.03 a 0.02 b 0.02 b

Each meanst standard deviations in the same row alifferent
letters are significantly difference<.05).

Effect of different levels of AHX on sperm parametes of the
experimental rats groups

The effect ofAHX on sperm parameters of the experimental rats’
groups was shown in Table (4). Treating witenzo(a)pyrended to
decrease in the count {1@l), viability (%) and motility (%) as it was

=~
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43.544.66 42.922.13 % and 53.762.18% respectively in compare to
negative control group. On the other hand, treatuitty different level of
AHX has been reversed the toxicity B&P in all the parameters. These
results are in harmony with those obtained bggfaverend et al., 2010
who noticed thaBaP may causeeduction in fertility and decreasing in
gonadal weights. Higher doses B&P (40 mg/kg) caused almost complete
sterility in both sexes of off sprindRemeshet al., 2008). The best results
of sperm parameters were recorded by group 5 thated by 2mAHX.
Recent studies show that AHX is effective in insieg sperm count and
sperm motility (motility) in infertile men. Anothestudy found similar
results, showing that AHX can significantly improwperm count and
motility. Spermatogenesis is a high-energy protkasrequires an optimal
nutrition of antioxidants, minerals, and nutrie(sipathi et al., 2021).

Table (4): Effect of ashwagandha (AHX) on sperm pameters in rats

Groups Control | Control rats received benzo(a)pyrene

(-ve) (+ve) Group 3| Group 4| Group 5
Parameters (Vit. E) | (Aml) (2ml)
Count 75.31% 43.54+ 70.30+ | 67.19+ | 69.75%
(10°/ml) 3.01° 4.66° 3.55% | 2.42° | 3.74®
Viability 98.15+ 42.92+ 94.09+ | 84.61+ | 91.13%
(%) 3.182 2.13° 3.43% | 3.1% 4.19%
Motility 90.25+ 53.76% 89.52+ | 79.55+ | 85.09+
(%) 3.12° 2.18°¢ 3.43 3.44 3.52

Each meanst standard deviations in the same roWw different letters are
significantly difference (10.05).

Effect of different levels of AHX on serum level ofsex hormones of the
experimental rats

Serum levels of sex hormones in experimental rasevghown in
Table (5). The testosterorfelicle stimulatingandluteinizing hormons and
serum levels in rats of group (5) that treated fy @& AHX were found to
be 34.74+ 1.05 nmol/L, 161.00+ 7.22 and 4. 68% @gdml respectively.
These results were significantly increased tharptisative group which was
18.22+ 1.30 nmol/L, 103.16% 7.12 and 2.08+ 0.2 righspectively. Indeed,
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group 5 group 3(vitamin E) showed better resultantlgroup 4 and
compared to positive controA study conducted on rats showed that taking
different doses of vitamin E daily for a periodrobnths led to a significant
increase in testosterone levels, while anotherysfodnd that vitamin E
supplementation affected the level of testosterase a result of its
deficiency Miller et al., 2009 and Nicastro and Dunn 2013)

These results were in agreement with those obtdnye(bmith et
al., 2020 who found that course intake of ashwagandhaleabto increase
in serum testosterone concentration. There has teeh research into the
ashwagandha benefits on reproductive systdroprésti et al., 2019
studied theeffect of a daily intake of 240 mg ashwagandha6f@rdays on
serum testosterone levels in men who found thaethas an increasing in
Total testosterone increased from 472.9 to 52680t4g/dl Ashwagandha
has been considered a source of natural antiox@dfmtits polyphenol
content and powerful antioxidant properties thatiseadiseases such as
STZ-induced hyperglycemia and infertility that enba testicular capacity,
sperm count and quantity, levels of sex hormonas J@vels of antioxidants
in the blood. It showed an improvement in spermntand testosterone
level when taking ashwagandha, and it helped tldy bwercome problems
caused by testosterone deficiency such as ostesipa@hah et al., 2015
and Smith et al., 2020)

Table (5): Effect of ashwagandha (AHX) on serum leal of testosterone,
luteinizing (LH), and Follicle stimulating hormone (FSH) in rats

Groups Control Control rats received benzo(a)pyrene

(-ve) (+ve) Group 3 Group 4 Group 5
Parameters (Vit. E) (Aml) (2ml)
Testosterone 38.50+ 18.22+ 35.14+ 28.34+ 34.74+
(hmol/L) 1.15° 1.30° 1.05 1.10° 1.05%
FSH 164.02+ 103.16% 160.09+ 151.76% 161.00+
(ng/ml) 7.03% 7.12°¢ 6.04% 6.05° 7.222
LH 5.19+ 2.08+ 4,99+ 4.26x 4. 68%
(ng/ml) 0.42 0.2° 0.4 0.4 0.4

Each meanst standard deviations in the same row different letters are
significantly difference (g0.05).
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Effect of different levels of AHX on serum activites of antioxidant
enzymes of the experimental rats

The effect of different levels of AHX on superoxiadiismutase
(SOD), Total antioxidants capacity (TAC) and malahdehyde (MDA)
showed in Table (6). The positive control groupateel with BaP showed
significant decrease in levels of total antioxidamapacity (TAC) and
superoxide dismutase (SOD) whgynificantincrease revealed in level of
malondialdehyde (MDA) in compare to negative coangroup. Obviously,
treating with different levels of AHX reversed thexicity of BaP. It was
found that the rats treated by vit E and 2ml of Algroups increased
significantly in the levels of TAC and SOD (5.0940u/mg and 28.91 +
3.61mmol/L) compared to positive group. VitaminsEan antioxidant, as it
eliminates free radicals in the body that attadis@nd cause abnormalities
in them, increasing the possibility of them turnintp cancerous cells.

Table (6): Effect of ashwagandha (AHX) on serum actities of
antioxidant enzymes in rats

Groups Control | Control Rats received benzo(a)pyrene

-ve +ve Group 3 Group 4 Group 5
Parameters Vit. E (Iml) (2ml)
Total antioxidants capacity | 6.16+ 1.23+ 5.85+ 454+ 5.09+
mmol/L)) 0.33? 0.12° 0.75° 0.44° 0.47°
Malondialdehyde 6.55+ 12.41+ 5.94+ 5.56+ 5.60+
(umol/g) 1.44° 277 1.42° 1.73 1.44°
Superoxide dismutase 36.26+ 18.41+ 30.87+ 25.96+ 28.91+
(1/mg) 7.0F 1.2 2.1 3.2 3.6

Each meanst standard deviations in the same roWw different letters are
significantly difference (10.05).

These results were agreement wiguénn and Hélia 2015%. These
data may be due to Ashwagandha root contains \eitimafA, essential
amino acid called tyrosine and sitoindosides VITXose compounds show
a high antioxidant activity via enhance and inceedabe superoxide
dismutase (SOD), catalase (CAT), glutathione pelase which play a vital
role in scavenging the free radical and decreage akidative stress.
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Ashwagandha root contains phenolic compounds anarfloids Bhat et
al.,2015 that act as vital compounds in reversing and yiledp the
occurrence and development of tumors Withaferin A the major
constituent of AHX which has been used for actigioa against cancerous
cells (Rai et al., 2016). The phenolic compounds and total antioxidant
capacity found irmshwagandhalays a great role as amti-inflammatory
agent by decreasing the pro-inflammatory markersF-&N The most
therapeutically important chemicals are Withandideparticularly
withaferin A and withanolide D, are the most themagcally relevant
compoundg(Kalra and Kaushik 2017). Ashwagandha contributes to the
recovery of sperm, its absorption of free radicalsth its very high
antioxidant properties, it increases oxidation g by BaP-infected
sperms evidenced by the parameters of the ressperan MDA level BaP
reactivation due to H2O expulsion, reactivates théitary oxidation
defense level MDA. BaP reactivation due to H20 ésipn, reactivates the
military oxidation defensegmith et al., 2020) Vitamin E appears to
strengthen lymphocytes, reduce production of thenumosuppressive
prostaglandin E2, and reduce immunosuppressivarsdipid peroxides.
Vitamin E has an anti-platelet effect, so it redutieeir sticking to the walls
of blood vessels and increases the efficiency wilifmation (Nicastro and
Dunn 2013)

CONCLUSION

Feeding rats at concentrations (1 and 2 ml) and Eitmay
significantly reduce oxidative stress and enhanmers analysis, so this
study recommends the use of AHX for male hormooesld be a potential
bioactive therapeutic agent in control and managemiin men.
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