Ve

Journal of Advanced Zoology

ISSN: 0253-7214
Volume 44 Issue 5 Year 2023 Page 1394-1401

Improvement of Lead Acetate-Induced Testicular Oxidative Damage by Vitis
Vinifera (Linn.) Seed Extract In Adult Wistar Rats

Mahesh Babu Yallamati® Senthil Kumar Sampath?* , Janani Maheshwari.V.vyas?, Yugesh

Kesavamoorthy?

123Department of Anatomy, Sri Ramachandra Medical College, Sri Ramachandra Institute of Higher Education and
Research (DU), Porur, Chennai-600116,Tamil Nadu, India, E-mail: maheshbabuyallamati@sriramachandra.edu.in,

ORCID: https://orcid.org/0000-0002-8185-7262

*Corresponding Author:- Senthil Kumar Sampath

*Department of Anatomy Sri Ramachandra Medical College, Sri Ramachandra Institute of Higher
Education and Research (DU), Porur, Chennai-600116, Tamil Nadu, India
E-mail: senthilkumar.s@sriramachandra.edu.in, Tel. +91-9940034580.

Article History

Received: 14:09:2023
Revised : 11:10:2023
Accepted: 17:10:2023

CC License
CC-BY-NC-SA 4.0

Abstract

Introduction: Lead is the most ubiquitous hazardous toxin in the
environment. It’s a severe threat to public health and especially to the
male reproductive system. In recent years, the usage of the antioxidant to
reduce the toxicity of heavy metals has expanded globally. Antioxidants
can prevent or minimise the oxidation of other molecules by ROS in a
tissue or cell. Grape seeds are natural, rich sources of antioxidant
compounds.

Aim/Objective: The present study was undertaken to investigate the
effect of GSE (grape seed extract) against lead acetate-induced testicular
oxidative damage on testis of Wistar rats.

Materials and Methods: 24 male Wistar rats were used in the study.
They were split into two groups: Group I was the control group (6 rats),
and Group II had 18 rats that were given LA at 50 mg/kg BW for 28 days.
On the 28th day, all 18 rats were subdivided into three groups: Group II(a)
(LA Cessation), Group II(b), and Group Il(c) treated with GSE once a
day, orally, up to the 56th day. A preliminary phytochemical analysis was
conducted. The testicular weight, enzymatic and non- enzymatic oxidative
stress markers were estimated.

Results: The phytochemical screening showed that bioactive compounds
present in the GSE, including phenols, tannins, flavonoids, anthocyanin,
glycosides, triterpenoids, and alkaloids. In addition, there was a
significant decrease in SOD, CAT, GPx, and GSH levels and a
significantly elevated MDA concentration. However, post-treatment with
GSE significantly restored the testicular oxidative damage caused by LA
in the testis.

Conclusion: We concluded that the GSE may have the potential to
provide a promising therapeutic effect against LA-induced testicular
toxicity.

Keywords: Oxidative damage; Lipid peroxidation Lyophilization; Post-
treatment.

Abbreviations: MDA-Malondialdehyde; GSH-Reduced glutathione;
ROS-Reactive oxygen species
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1. Introduction

Heavy metals are ubiquitous environmental contaminants that occur both naturally and as a result of human
activity. In that Lead (Pb) is one of the most dangerous heavy metal environmental pollutants, causing
oxidative stress and endangering human health [1]. Globally, industries produce around 2.5 million tonnes
of lead every year. Batteries, leaded gasoline, paints, water pipes, pesticides, and certain cosmetics contain
lead. The main sources of lead exposure for humans include air, water, soil, food, and consumer items. The
pathophysiology of lead is explained by the build-up of lead in diverse tissues and its interference with bio-
elements [2]. According to the World Health Organization (WHO), lead poisoning caused about half a
million deaths and over 9 million disability-adjusted life years in 2016 [3]. Lead acetate is a bio-toxic
industrial and environmental toxin found in almost all tissues in the body, including the liver, lungs, bones,
kidneys, reproductive systems, and immune system [4]. Lead exposure has recently been identified as a
significant cause of testicular dysfunction and male infertility [5]. The increased content of MDA is
evidence of tissue damage produced by increased free radicals in lead poisoning mechanisms [6]. Lead
reduces the levels of glutathione, superoxide dismutase, and other enzymatic antioxidants. Lead's capacity
to create reactive oxygen species aids its harmful action in the testes. Lead exposure has been associated
with increases in membrane lipid peroxidation as well as a reduction in endogenous antioxidants.
Glutathione, superoxide dismutase, and other enzyme antioxidants are all reduced [7].

A chelation agent binds with lead molecules, helping in their excretion and, as a result, reducing the lead
load in the body. Chelation drugs, on the other hand, have a number of drawbacks. Succimer (nausea,
vomiting, sweating, high temperature, hypertension, and tachycardia); BAL (nausea, vomiting, sweating,
high temperature, hypertension, and tachycardia); Chelation using meso-2,3-dimercaptosuccinic acid
(Succimer or DMSA) and D,L-2,3-dimercapto-1-propanesulfonic acid (Dimaval or DMPS); 2,3-
dimercaptopropanol (British Anti Lewisite, BAL or Dimercaprol); and (EDTA) Ethylene diamine-tetra
acetic acid [8,9,4].

Antioxidants have been proven to prevent or minimise the oxidation of other molecules by reactive oxygen
species (ROS) in a tissue or cell organism, scavenge free radicals, and reduce their detrimental effects.
Their inherent antioxidant qualities protect tissues and cells against the toxicity of reactive oxygen species
(ROS) and other free radicals. These plant-based remedies have fewer adverse effects, are affordable, and
are easily accessible. Current research has focused on the protective impact of antioxidant-rich plant
compounds and medicinal herbs, such as curcumin, in preventing free radical-induced tissue damage [10].
The use of plant-derived polyphenol flavanone, which has no adverse effects and is abundant in nature, has
piqued interest in several dietary approaches. According to the results of several animals and in vitro
experiments, polyphenols are beneficial in the treatment of various health issues [11].

Current research has focused on the protective impact of plant-based products with antioxidant capabilities,
such as grape seeds, for minimizing tissue damage caused by free radicals. Grapes (Vitis vinifera,
Vitaceae) are now farmed in all over the world. Grape seed proanthocyanidin extract (GSPE) is a
flavonoid polyphenolic substance derived from grape seeds. It connects +catechin, epicatechin gallate,
epicatechin gallate, and epigallocatechin by C4-C6 or C4-C8 bond connections. It's available as a
monomer or a polymer [12]. Grape seed has a higher antioxidant activity than vitamins C and E, beta-
carotene, or monomeric flavanols like catechin. Additionally, grape seed extracts containing 39-73%
proanthocyanidin have been proven to have high antioxidant activity [13]. The purpose of this study was to
look into the effects of post-treatment with 80% grape seed extract (Vitis vinifera.L) on lead acetate-induced
oxidative damage in Wistar rats.

2. Material and methods

2.1. Chemicals

Lead Acetate (Pb) purchased from Sigma Aldrich (St. Louis MO, USA; Cat No: 6080-56-4) Testosterone
hormone kit, ELISA (Cat No: E-EL-0155, India), Grapes (Vitis vinifera L., Vitacease) were obtained from
S.V. enterprises, Tenali, India and authenticated by a botanist (No: PARC/2018/36, India).

2.2. Grape Seed Extract (GSE) preparation
The grape berries were undamaged and disease-free and were cut from bunches of Vitis vinifera. After
manually separating the seeds from the entire berries, the seeds were oven-dried at 30 to 40 degrees Celsius.
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A laboratory mill was used to grind dried grape seeds into a fine powder. Grape (Vitis vinifera) seeds are
pulverised (500 gms), macerated in 1000 ml of ethanol (80%), shaken daily, and kept in a refrigerator
surrounded with aluminium foil. The mixture was filtered through double gauze and centrifuged at 3000
rpm for 10 minutes, after which the ethanol was evaporated using rotatory evaporator equipment
(Switzerland) connected to a vacuum pump and followed by lyophilization [14], yielding 64.4 gm.
Phytochemical preliminary analyses were performed [15, 16].

2.3. Experimental animal and study desgin

Rattus norvegicus male Wistar Albino rats weighing about 250 gms (2.5-3 months) and purchased from
CPCSEA approved vendors. Rats were kept for 7 days as an acclimatization period before the start of the
experiment. They were kept in polypropylene cages (20cmx34cmx47cm) with bedding made of sterile rice
husk. All of the animals were kept in an air-conditioned room with a temperature range of 25°C + 2°C
(12:12 hrs light and dark cycles). The rats were given a conventional pellet diet and free access to water.
The Committee for the Purpose of Control and Supervision on Experiments on Animals, Government of
India, provided instructions for this experimental investigation (CPCSEA, 2003). This study was confirmed
by the Institutional Animal Ethical Committee (IAEC), Centre for Toxicology and Developmental Research
(CEFTE) Sri Ramachandra Institute of Higher Education and Research (DU), Chennai, India under
No:(IAEC/59/SRIHER/665/2019).

Table | Experimental design (24 male Wistar rats)

Grou Treatment Number of Treatment period Blood Sacrifice
P animals (24) (Day) collection
| Control 6 D/w starts at1* till 561 Day 571 Day 57t

Lead acetate administered 28 days a dose of 50 mg/kg Bw (18 animals) at end of the 28" day these animals sub

I grouped into Group 11a), Il (b) & I1 (c)

1(a) LA cessation 6 D/w starts at 29" to 56 Day 57t Day 57t
1(b) GSE200mg/kg Bw 6 starts at 29 to 56 Day 57t Day 57t
11(c) GSE400mg/kg Bw 6 starts at 29 to 56" Day 571 Day 57t

D/w: Distilled water; GSE: Grape Seed Extract; LA: Lead Acetate

All animals were administered GSE one hour after receiving lead acetate. Previous papers [7,17,18,19]
were used to justify the 28-day trial period. Animals were weighed 24 hours after the last treatment, and
blood samples were collected from all anaesthetized rats via the retro-orbital plexus [20]. For the
determination of serum testosterone, blood samples were centrifuged and the serum separated. All of the
animals were euthanized with CO2 asphyxia, and the testes were extracted, the testes being cleaned,
weighed, and homogenised in an ice-cold medium containing 50 mM Tris—HCI (pH 7.4). The homogenates
were centrifused for 10 minutes at 3000 RPM at 4°C, and then the supernatant was kept at —20°C to
determine the oxidative stress indicators.

2.4. Behavioral and Toxicological observations

Throughout the experimental research periods, all rats were monitored daily twice for evidence of
behavioural changes (head flicking, circling, lethergy and weakness) and mortality. Each rat was examined
twice through the study.

2.5. Weight of the testis
The left testis was dissected out, trimmed off the extra tissues, and weighed using a digital electronic
weighing balance.

2.6. Estimation of enzymatic and non-enzymatic Oxidative stress markers

Fresh tissues of the left testes were collected and washed in ice-cold saline, then homogenised in 0.1 M
Tris—HCL buffer (pH 7.4) [21]. The testes homogenate samples were then taken for further analysis of the
following by the respective methods: Antioxidant Enzymes - Superoxide dismutase (SOD) [22], Catalase
(CAT) [23], Glutathione Peroxidase (GPx) [24], non-enzymatic antioxidant, Reduced Glutathione (GSH)
[25] and metabolites of lipid peroxidation (LPO) [26].
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2.7. Statistical Analysis

Data obtained from the study were summarised as means £ SEM and analysed with Graphpad Prism 9.5
Version software using one-way ANOVA with Tukey’s multiple comparisons (post-hoc test), and values
were significant at p < 0.05.

3. Results
The study was conducted to check the efficacy of GSE on lead acetate - induced testicular oxidative damage
in rats.

3.1. Behavioral and Toxicological changes

In the present investigation, no mortalities were recorded. After post-lead acetate administration in group II,
some clinical symptoms were seen in rats (lethargy, loss of appetite, nausea, vomiting, circling, aggression,
constipation, and a ruffled coat)), as well as minor symptoms in group Il(b) (aggressive behaviour); no
symptoms were identified in group 11(c).

3.2. Preliminary phytochemical analysis

A brown solid, lyophilized 80% Grape seed extract was obtained. The preliminary phytochemical results
showed the following bioactive constituents present in the extract: flavonoids, polyphenols, saponins,
tannins, triterpenoids, steroids, quinones, anthocyanidins, glycosides, and proanthocynadins.

3.3. Weight of the testis and Oxidative stress markers

Table 2 lllustrates the impact of GSE on lead acetate-administered male albino Wistar rats' weight of the
testis, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced glutathione
(GSH), and malondialdehyde (MDA). Weight of the testes in lead acetate ceased group Il(a) ( p < 0.0001)
significantly declined, When compared to control (group 1) rats. When compared to group Il(a) weight of the
testes in group 1l(b) & ll(c) post-treatment with GSE (200 and 400 mg/kg Bw) significantly restored the
weight of the testes (Table 1). When compared to control (group 1) rats, in lead acetate ceased group ll1(a) a
large rise in malondialdehyde and a significant drop in SOD, CAT, GPx, and GSH levels. When compared to
group ll(a) rats, post-treatment with GSE (200 and 400 mg/kg Bw) significanlty (p < 0.05) increased the
antioxidant enzyme system and reduced the MDA production. To further investigate the molecular pattern
produced by lead-induced testicular injury and subsequent oxidative stress, Whereas post- treatment of GSE
in group I1(b) and Il (c) rats reduced the oxidant (MDA) concentration, and increased the activities of the
antioxidant enzyme system compared to lead-induced testicular tissue in group 11(a) rats.

Table 2. Effect on weight of the testis and Oxidative stress markers in testicular tissue

Weight of
; SOD CAT GPx GSH MDA
Group  Treatment t(r;en:s)stls (Unit/mg/mt Ptn) (nm/mt/mg ptn) (mol/mg ptn) (mcg/qg tissue) (mcg/qg tissue)
| Control 1.68+0.040 8.40+0.16 8.10+0.12 30.13+0.40 16301+1242 16.63+0.82
11(a) LA 1.31+0.04082 3.77+0.062 2.98+0.092 14.17+0.762 10806+26842 38.34+2.392

ll(b) GSE200mg 1.48+0.0162°  4.39+0.142b 5.15+0.252%  20.62+0.65%° 12095+4117%°  30.10+0.632P
1I(c) GSE 400mg 1.63+0.0422P  6.94+0.28%P 6.87+0.1720  27.64+0.312P  14770+2205%°  26.00+0.412P

Data were expressed as Standard error Mean (SEM).
a: significantly different when compared to the control group (p < 0.05);
b: significantly different when compared to the lead acetate-administered group (p < 0.05)

4. DISCUSSION

Lead is a very hazardous heavy metal that harms humans, particularly male reproductive organs [27] by
imbalancing the antioxidant and reactive oxygen species (ROS) equilibrium. Environmental toxicants cause
significant harm to the histomorphology of the testis [28,29]. Lead, like most divalent metals, is attached to
albumin, enzymes, short peptides, cysteine, methionine, and selenomethionine in tissues through ionic (in
skeletal minerals) or coordination linkages. As a result of the rapid deposition of lead, tissue or organ
damage occurs. Increased quantities of reactive oxygen species (ROS) cause lipid peroxidation at the
cellular level [30].

The entire study period observed for there was any behavioral and toxicological changes in various
experimental group rats. There was no mortality observed in rats in the control and experimental groups,
but it has been shown that some behavioral changes were found in Group 1l(a) (lethargy, loss of appetite,

Available online at: https://jazindia.com 1397




Journal of Advanced Zoology

nausea, vomiting, circling, aggression, constipation, and a ruffled coat). These similar observations were
noticed in the previous experimental study [31]. The symptoms frequently develop over a period of weeks to
months as lead accumulates in the body. Lead's oral effects include astringency and a metallic taste [32]. A
lack of appetite or weight loss is frequent with acute poisoning. Large levels of lead absorbed in a short
period of time might cause shock (insufficient fluid in the circulatory system) due to water loss from the
gastrointestinal tract [33].

The endogenous antioxidant enzyme system controls the cells' excessive synthesis of reactive oxygen
species. GSH is the most important non-enzymatic endogenous antioxidant. This was shown to be diminished
in relation to increased lipid peroxidation. It is a cellular oxidative stress marker that has long been
recognized as a significant result of oxidative damage in various diseases. In the current study, LA-cessation
rats (Group ll(a)) showed reductions in SOD, CAT, GPx, and GSH activities and elevations in MDA
concentration in tissue homogenates when compared with the untreated control rats. The present results agree
with previous observations explaining that long-term exposure to lead causes oxidative damage by increasing
lipid peroxidation (elevated MDA levels), inhibiting SOD, CAT, and GPx activity, and lowering GSH levels
in the testes [10,34,5,35], reduced activities of antioxidant enzymes are frequently implicated in oxidative
stress. Rats exposed to LA were reported to exhibit significantly lower levels of testicular antioxidant
enzymes. The present findings on antioxidant enzyme activities are in accordance with several previous
studies that found significant reductions in antioxidant enzymes in the testes of rats exposed to LA, these
alterations can be attributed to the numerous deleterious effects caused by the accumulation of superoxide
radicals and hydrogen peroxide. Further, it has been documented that the lead ion competes with metal ions
(such as Cu?*, Zn?*, Fe?*, and Mg?*) that are essential for the activity of antioxidant enzymes, resulting in a
loss or decrease in antioxidant enzymes [36].

A protective effect GSE keeps GSH under control and boosts the cellular antioxidant defence system's
capacity. The GSE may function by increasing GSH steady-state and rate of synthesis while protecting
against oxidative stress. GSH is the main non-enzymatic antioxidant present in living organisms, both
extracellular and intracellular, which works against xenobiotics and neutralises ROS production. GSH
content was shown to be lower in LA-induced rats in the present research. This decrease in GSH levels
might result in increased lipid peroxidation. Furthermore, LA inhibits GSH synthesis from cysteine via the -
glutamyl cycle, further decreasing GSH concentration [7,37]. However, post-treatment with GSE preserved
these enzymes from being down regulated. This suggests a regulatory role for GSE on the antioxidant
enzymes.

The GSE has a high bioavailability of polyphenols, particularly proanthocyanidin (1332.90-95.88 mg/g of
berries), polyhydroxylated flavan-3-ols, and is used to treat a variety of pathophysiological changes, such as
inflammation and detoxification [38]. GSE can also be used in the treatment of cancer and weight loss
attributed to metabolic complaints [39, 40, 15]. When the rats were challenged with lead acetate, post-
treatment with GSE at a dosage of 400 mg/kg BW prevented MDA levels from rising. Furthermore,
statistically verified restoration of antioxidant enzyme activity (SOD, CAT, GPx, and GSH) is shown in
Table 2. However, treatment with GSE resulted in a marked improvement of testicular function markers.
The results indicated that the GSE may stabilise the cellular membrane of spermatogenic cells and maintain
their functions. In general, the high levels of phytochemical components present appear to be responsible
for GSE's potent testicular protector activity. As seen in this study, the antioxidant and free radical
scavenger GSE can lower the MDA level disturbed by lead acetate in the rat testis. GSE restored the
antioxidant enzyme system and reversed lead acetate-induced oxidative damage.

5. CONCLUSION

The results of the present study revealed that MDA concentration was significantly increased in the lead
acetate — ceased group rats and declined the antioxidant enzymes (SOD, CAT, GPx, and GSH) in the testis
gradually. The reduction of antioxidant enzymes will elevate free radicals in testicular tissues and might
affect the rat's reproductive fertility. GSE post-treatment demonstrated therapeutic effects by attenuating
lead acetate-induced testicular oxidative damage, which could be attributed to GSE's antioxidant activity.
The antioxidant enzymes (SOD, CAT, GPx, and GSH) were restored and MDA was reduced after GSE
post-treatment. SOD, CAT, GPx, GSH, and MDA enzymatic activity in rats can be evaluated as indicators
of heavy metal toxicity, such as lead acetate. Supplementation with grape seed extract brings remarkable
recovery. The best results were achieved in group l1(c). Vitis vinifera (grape) seeds may be beneficial in the
treatment of oxidative stress-related testicular conditions. This scientific evidence supports the use of
grapes (Vitis vinifera) in Ayurveda and the Siddha system of medicine. As a result, it's possible that the
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therapeutic effect of grape seed extract (GSE) in this investigation was due to its high antioxidant content
and ability to scavenge ROS.
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