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Ameliorative potential of the quercetin et

on lead-induced testicular damage:
morphohistometric and biochemical analysis
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Abstract

Background Quercetin, a naturally occurring flavonoid known for its potent antioxidant properties, has been inves-
tigated for its potential in counteracting the harmful effects of lead (Pb) toxicity, which induces apoptosis and oxida-
tive damage in various human tissues. This study aims to assess the reparative effects of quercetin on lead-induced
testicular damage.

Methods Four groups, each comprising ten adult male albino rats, were randomly assigned as follows: Quercetin
group, Pb group, Pb+Quercetin group, and control group. All treatments were administered orally via gavage daily
for a duration of 30 days. Evaluation of sex hormone levels (serum testosterone, FSH, and LH), cytokines and inflamma-
tory mediators (IL-13, TNF-a, MCP-1), lead concentration, oxidative and antioxidant stress markers (superoxide anion
[O,71, MDA, SOD, CAT, GSH), and sperm characteristics were carried out.

Results The results demonstrated a significant decline in sex hormones and antioxidants, accompanied

by an increase in lead concentrations, cytokines, inflammatory mediators, and oxidative stress indicators (O,~, MDA),
while SOD, CAT, and GSH levels were reduced. The Pb-intoxicated group exhibited a substantial increase in dead
and abnormal sperm, along with significant reductions in sperm concentration and motility. Morphometrically,

a marked decrease was observed in spermatogonia, primary spermatocytes, spermatids, and sertoli cells per semi-
niferous tubule, as well as epithelial height. Furthermore, coadministration of quercetin exhibited notable benefits.
It significantly elevated testosterone levels (P <0.001), testicular SOD, CAT, and GSH activities, while decreasing MDA
levels (P<0.001). Quercetin also mitigated the deleterious effects of lead toxicity on sperm parameters and restored
morphometric variations, including epithelial height.

Conclusions Quercetin supplementation alongside lead exposure showed a potential for ameliorating degenerative
changes caused by lead toxicity in the testicles. This cotreatment effectively reduced oxidative stress, cytokine levels,
inflammatory mediators, and restored biochemical alterations, thereby improving morphometric parameters.
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1 Background

Lead (Pb) exposure is known to have detrimental effects
on male reproductive health, acting as a spermicidal and
abortifacient substance with cumulative effects [1, 2]. The
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life [4]. Pb exposure is associated with teratospermia,
hypospermia, asthenospermia, testicular atrophy, and
hypofertility [5].

The adverse effects of Pb on the testicles include
reduced cellularity, abnormal shape of mature cells, and
shortened seminiferous tubules, indicative of impaired
maturation. Fibrosis, thickening of basement membranes,
and interstitial edema are also observed [5, 6]. Pb poison-
ing leads to oxidative stress, increased lipid peroxidation,
necrosis, and apoptosis in cells. It activates lymphocytic
response mechanisms and CD68, along with alterations
in antioxidant enzyme activity such as catalase (CAT)
and superoxide dismutase (SOD) [7]. Moreover, Pb expo-
sure elevates malondialdehyde (MDA) levels [8].

Flavonoids, a group of naturally occurring compounds,
have gained attention due to their diverse beneficial
effects on human health. These compounds possess anti-
viral, antioxidant, anti-inflammatory, anticarcinogenic,
liver-protecting, and immune system-activating proper-
ties [9]. Among the flavonoids, quercetin (3,5,7,3,4-pen-
tahydroxy flavone) stands out as a well-known dietary
antioxidant. Quercetin exhibits the ability to scavenge
reactive species like hydroxyl radicals and peroxynitrite,
thereby contributing to its positive health impacts [10].

Quercetin acts as an antioxidant by neutralizing free
radicals and chelating metal ions [11]. It strengthens anti-
oxidant defenses by promoting the activity of antioxidant
enzymes [12]. By chelating metal ions and eliminating
free radicals, quercetin exerts its antioxidant effects [13].
This compound safeguards body tissues by counteracting
reactive oxygen species produced during cellular pro-
cesses [14]. Additionally, quercetin has been shown to
reduce testicular reactive oxygen species, diminish lipid
peroxidation, and enhance sperm motility and count [15].

2 Materials and methods

2.1 Ethical approval

This work strictly adhered to the National Institutes of
Health’s Guide for the Care and Use of Laboratory Ani-
mals. The King Abdulaziz University Faculty of Medi-
cine’s Scientific Ethics Committee granted approval for
the animal experimentation process. (No: 221-19).

2.2 Chemicals

By dissolving this salt in DI H,O [8], lead acetate (PbAc,
MilliporeSigma, Burlington, MA, USA) was created as
a solution. Some 5N HCI was added to the PbAc solu-
tion to stop the precipitation of Pb salts. The quercetin
was given by MilliporeSigma, Burlington, Massachusetts,
USA. All additional chemicals and reagents were of
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the analytical quality and were acquired from regional
businesses.

2.3 Animals

We used 40 adult male albino rats that weighed 215 g.
They were kept in a typical laboratory environment
(24 °C, 12/12-h light/dark cycle). A typical laboratory
meal and fresh water were given ad libitum for one
week as an acclimatization phase.

2.4 Experimental design
The rats were split into four groups with ten rats each:

The control group received distilled water for 30 days.

The Quercetin group received Quercetin 75 mg/kg
BW daily for 30 days [16].

The Pb group received lead acetate 10 mg/kg BW
daily for 30 days [17].

The Quercetin+Pb group received (75 mg/kg BW
prior to 10 mg/kg BW of PbAc daily for 30 days. Oral
gavages were used to administer all of the doses. The
testes were then extracted from the rats after they were
slaughtered.

2.5 Preparation of blood samples and serum

The animals were euthanized after 30 days, and blood
samples were taken. To extract the serum, the sam-
ples were centrifuged at 3000 rpm for 10 min and then
stored at—20 °C in a clean Eppendorf tube for bio-
chemical marker analysis [18].

2.6 Tissue sampling

At the end of the experiment, the testes were removed
and perfused with phosphate-buffered saline (PBS). The
right testis was stored in 10% neutral-buffered forma-
lin for histopathology exams, whereas the left testis was
retained at — 80 °C until the assay. In an ice-cold phos-
phate-buffer solution, tissue homogenates were pre-
pared (pH 7.5). After homogenates were centrifuged at
12,000 g for 10 min, the supernatants were utilized for
biochemical analysis [18].

2.7 Biochemical analysis
2.7.1 Estimation of sex hormones and cytokines
and inflammatory mediator

The study measured LH (luteinizing hormone), FSH
(follicle-stimulating hormone), and total testoster-
one in serum using ELISA kits from Cusabio and Cal-
biotech Inc. The levels of IL-1B, TNF-a, and MCP-1
were determined using ELISA kits for rat IL-1f3, TNF-
a, and MCP-1 from BioSource International USA. A
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microtiter plate reader from Fisher Biotech (Germany)
was used to read the results of the ELISA assays [19,
20].

2.7.2 Estimation of lead concentration

The amount of lead in testes homogenates was deter-
mined using the atomic absorption spectroscopy
method (pg/g tissue) [21].

2.7.3 Estimation of oxidative stress and antioxidant activity
parameters

Superoxide anion (O,”) was determined using Lumi-
Max superoxide anion detection kit supplied by Agilent
Technologies, Canada [22]. MDA (malondialdehyde) was
measured in testes tissue homogenate as a lipid peroxida-
tion index [23] depending on the reaction with thiobar-
bituric acid-reactive substances spectrophotometrically.
SOD (superoxide dismutase) activity was measured by
reduction of nitroblue tetrazolium [24]. CAT (catalase)
activity was determined based on the disintegration
of H,O, (hydrogen peroxide) [24]. GSH (reduced glu-
tathione) level was assayed spectrophotometrically [25].

2.8 Sperm characteristics analysis

The right epididymis was cut open and placed in a petri
dish containing 2 mL of phosphate-buffered saline solu-
tion at a temperature of 37 °C and with a pH of 7.4. The
spermatozoa were released by puncturing the head of the
epididymis into the buffer solution. Approximately 9 pL
of the spermatozoa suspension was placed on a count-
ing compartment. The computer-aided Sperm Analyzer
(CASA; JH-6004 Sperm Quality Analyzer) was used to
evaluate the sperm count and kinetics. Each sample had
at least 200 cells counted in every investigation including
sperm characteristics. Semen was collected and tested
right away; sperm concentration, motility, and mor-
phology) [26]. A negative stain was used to assess sperm
morphology, with India ink as a contrasting reagent. Per-
centage of abnormal or dead spermatozoa were estimated
where slides stained by the nigrosin—eosin stain using
bright-field microscopy and any head, tail and entire
sperm abnormalities were expressed as a percentage [27].
Sperm motility was determined visually [28] under light
microscope at 400X magnification at 35 °C on a heated
stage, and sperms were assigned either non-motile or
motile [29]. Sperm concentration was calculated using
a calibrated photo-colorimeter at 546 nm (Colorimeter
254, Ciba-Corning) [30] and light microscope at 200X
magnification.
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2.8.1 Light microscopic examination

The tissues were fixed in 10% neutral-buffered formalin
(NBF). Tissues were stained with hematoxylin and eosin
(H&E) as part of a regular histological procedure.

2.9 Image capture and quantitative morphometric
analysis

The study used an Olympus BX53 microscope with a
DP73 camera to analyze different sections. The diam-
eters of each seminiferous tubule and the total and dif-
ferential cell count were determined using short and
long diameters that were perpendicular to each other.
The diameter and epithelial height of each tubule were
measured using photographs taken with a 10X and 40X
objective lens and a high-resolution digital camera.
The germinal epithelium was assumed and displayed at
micrometers from the basement membrane to the last
stage of germinal cells. Spermatogonia, primary sper-
matocytes, spermatids, and sertoli cells were counted
for each tubule based on the form of their nuclei and
cytoplasm. The images were viewed and recorded
using an Olympus microscope with a digital camera
and associated computer software. The study evalu-
ated 25 tubules from 5 separate H&E-stained sections
on different axes for each group. Only circular or nearly
circular tubules were evaluated, and 10 non-over-
lapping fields were measured for each stained area to
compute a mean value. The data were evaluated using
Image-Pro Plus v6 (Media Cybernetics Inc., Bethesda,
Maryland, USA) and Image] (National Institute of
Health, Bethesda, MD, USA) (version 1.80) at a magni-
fication of 100x.

2.10 Statistical analysis

The data were given as mean and standard deviation.
To establish the significance of the mean between the
groups, one-way analysis of variance (ANOVA) was used,
followed by a Bonferroni post hoc test (SPSS 28). P-val-
ues of less than 0.05 were deemed statistically significant.

3 Results
Quercetin group shows nearly the same findings as
control.

3.1 Sex hormones and cytokines and inflammatory
mediator analysis

Quercetin ~ coadministration  reduced the lev-

els of cytokines such as IL-1 B, TNF-a, and MCP-1

(P<0.001), as well as inflammatory mediators such as

MCP-1 (P<0.001), and tended to raise the levels of
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sexual hormones such as testosterone (P<0.001), FSH
(P<0.001), and LH (P<0.001). Pb group showed signifi-
cant elevations in the levels of IL-1B (P<0.001), TNF-a
(P<0.001), and MCP-1 (P<0.001), while the sexual hor-
mone levels were significantly decreased testosterone
(P<0.001), FSH (P<0.001) and LH (P<0.01), indicating
the integrity of testis structure (Table 1).

3.2 Pb-concentration and oxidative stress and antioxidant
activity parameters

In Pb group, there is a significant increase of Pb-con-

centration (P<0.001), superoxide anion O,- (P<0.001),

and MDA (P<0.001). In addition, there is a significant

decrease in SOD (P<0.001), CAT (P<0.001), and GSH

(P<0.001). Quercetin administration tended to decrease
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significantly the accumulation of Pb (P<0.001) and oxi-
dative stress: superoxide anion O, (P<0.001) and MDA
(P<0.001), and significantly increased the antioxidants:
SOD (P<0.001), CAT (P<0.001), and GSH (P<0.001)
(Table 2).

3.3 Sperm characteristics

Sperm quality was significantly altered in Pb group:
sperm concentration (P<0.001), the sperm motil-
ity (P<0.001), dead sperm (P<0.001), and abnormal
forms were significantly decreased (P<0.001). When
rats were treated with Quercetin, the sperm quality was
slightly improved (P<0.01), sperm motility (P<0.001),
dead sperm decreased (P<0.001), and anormal forms
(P<0.001) (Table 3).

Table 1 Effect of Quercetin on sex hormones and cytokines and inflammatory mediator in serum

Sexual hormones

Cytokines and inflammatory mediator

Testosterone (ng/ml) FSH (ng/ml) LH (ng/ml) IL-1B (pg/ml) TNF-a (pg/ml) MCP-1 (pg/ml)
Control group 7541054 9.6+0.71 244032 162+15 175+24 813+£76
Quercetin group 7.3+0.60 9.1+0.82 23+0.87 147413 16.7+2.1 774+6.8
Pb group 3.2+0.39 58+0.61 0.81+0.16 356+24 37.2+4.1 1356+5.3
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Quercetin +Pb group 7.1+045 724043 1.7+0.15 18217 20.1+£23 824+76
P<0.001 P<0.001 P<0.01 P<0.001 P<0.001 P<0.001
Values are presented as mean + standard deviation
Table 2 Effects of Quercetin on lead conc, oxidative stress, and antioxidant levels
Pb conc. (ug/g tissue) 0O, (nmol/g tissue) MDA SOoD CAT GSH

(nmol/g Tissue) (u/g tissue) (u/g tissue) nmol/g tissue

Control group 0.89+0.03 10.7+1.6 285+26 23404 75+08 1.3+08
Quercetin group 0.7+0.02 10.2+1.5 287+25 25403 83+09 25403
Pb group 2.8+0.23 234+24 431437 0.8+£0.06 45+06 0.8+£0.06
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Quercetin +Pb group 2.1+£0.07 16.3+2.1 314+28 19+08 87+0.2 16+03
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.01
Values are presented as mean +standard deviation
Table 3 Effect of Quercetin on sperm quality
Sperm concentration Sperm motility % Dead sperm % Abnormal sperm %
million/g
Head Tail Entire
Control group 285+13.3 873+6.2 138+1.7 27+0.13 43+051 6.4+041
Quercetin group 290+12.5 89.1+53 13.2+13 251012 41+0.32 6.1+044
Pb group 186+11.7 547442 389+26 6.8+0.76 8.1+£041 134+15
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Quercetin+Pb group 206+£109 80.3+2.1 206+3.1 43+0.26 514036 87+13
P<0.01 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Values are presented as mean + standard deviation
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Table 4 Effect of Quercetin on morphometric parameters including mean values of epithelial height and total and differential number

of cells per seminiferous tubule in all groups (n=10)

Epithelial height (um) Total cells Spermatogonia Primary Spermatids Sertoli cells
spermatocyte
Control group 113.8+11.7 347.8+89 309+13 40.7+14 405.7+18.2 142+1.7
Quercetin group 1102+£104 3446+92 304+1.2 402+1.3 402.1+17.6 13.8+2.1
Pb group 859+126 330.08+6.7 249+16 359+£15 33124157 97£13
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Quercetin +Pb group 101.2+£132 341.09+74 271+£14 378+12 3602+£125 121415
P<0.05 P<0.05 P<0.01 P<0.05 P<0.01 P<0.05

Values are presented as mean +standard deviation

3.4 Quantitative morphometric analysis

Pb treatment induced a significant decline in seminif-
erous tubule epithelial height (?<0.001), the count of
total cells (P<0.001) as spermatogonia (P<0.001), pri-
mary spermatocytes (P <0.001), spermatids (2 <0.001),
and sertoli cells (P <0.001). Concurrent administration
of Quercetin significantly improved these parameters
and the seminiferous tubule height, to near normal
levels (P<0.05) but have not completely restored the
cellular organization of seminiferous tubule (P<0.05)
(Table 4).

3.4.1 Light microscopic results

The seminiferous tubules with spermatogenic series were
formed normally in the control section. Seminiferous
tubules seemed to be spherical, with regular frameworks
and a definite basement membrane surrounding them.
Sertoli cells seemed stretched to the lumen and resting
on the basement membrane. The large light nuclei and
pale cytoplasm of these cells made them easily identifi-
able. Leydig’s interstitial cells had a polygonal shape,
eosinophilic cytoplasm, and a big spherical nucleus
(Fig. 1).

Few spermatogenic cells with pyknotic nuclei lined the
seminiferous tubules in the Pb group, whereas others
showed vacuolation and spermatogenic cell detachment.
At the level of primary spermatocytes or round sperma-
tids, there was also indications of retained spermatogene-
sis. The lumina of the seminiferous tubules contained less
sperm. Due to abnormalities, the basement membranes
of other seminiferous tubules looked to have deterio-
rated. Interstitial cell proliferation was observed as many
cellular masses of vacuolated acidophilic cells with darkly
colored nuclei. Furthermore, edema in the interstitial
area appeared to be homogeneous eosinophilic exudates
(Fig. 1).

In Quercetin coadministration, on the other hand, the
histological structure of the seminiferous tubules was
retained, which seemed normal with consistent skeletons

and a large amount of sperm in their lumina. Vacu-
olation, spermatogenic cell detachment, and interstitial
edema were detected despite the number of spermato-
genic cells lining the tubules (Fig. 1).

4 Discussion

Lead exposure arises from various sources across differ-
ent countries. For instance, in Nigeria, electronic waste,
paint, and batteries are significant sources of exposure.
In Mexico, lead exposure can occur from glazed ceram-
ics, lead-contaminated utensils, and water. In India,
traditional medicines and cosmetics contribute to lead
exposure. In China, e-waste, traditional medicines, and
industrial emissions are sources of lead exposure. In
France, lead paint in older homes, imported ceramics and
cosmetics, and industrial emissions are exposure sources.
In Australia, lead exposure sources include paint, dust,
imported toys, and traditional medicines. Finally, in the
USA, paint, the industrial history of lead exposure, and
batteries are the primary sources of lead exposure. [31]

When compared to controls, a significant concentra-
tion of Pb was found in the testis in the current investi-
gation. However, cotreatment with Quercetin reduced
Pb level in these tissues that agreed with previous works
[32]. The orthophenolic groups on the Quercetin B ring
can also chelate Pb by forming a coordination link with
the Pb ions [33].

Pb causes a decrease in FSH, LH, and testosterone lev-
els [32, 34]. This was due to a reduction in LH-binding
sites in Leydig cells [35]. Quercetin partly regains these
hormonal levels to acceptable levels. This might be
ascribed to its antioxidant capability.

Quantitative measurement is an important predictor
of typical harmonic germinal cell connections. The Pb
group showed a significant reduction in tubular diameter,
epithelial height, and total number of germ cells when
compared to the control group. Seminiferous tubule atro-
phy, germinal cell sloughing, and cytoskeletal anchoring
system breakdown are all signs of a specific disruption
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Fig. 1 A control: normal histoarchitecture Sg: Spermatogonia, Sp: Spermatids, Sz: Spermatozoa, B Pb group: variable degrees of degenerative
changes in the seminiferous tubules. Tubules contain highly vacuolated cytoplasm (V) with deeply stained pyknotic nuclei. Exfoliated germ
cells (Ex) appear in the lumina of the seminiferous tubules. Some tubules have completely degenerated, C Quercetin + Pb group: restoration

of the histoarchitecture (H&E scale bar, 50 um)

of cellular connections. These findings are similar to the
authors’ claims [4, 34, 36, 37].

Similarly, spermatogenic series count was decreased
in Pb group; this agreed with previous finding [5]. This
attributed to complete arrest of spermatogenesis with
reduction in matured forms when compared to immature
forms, observed in Pb group with significant reduction in
spermatogonia and other germ cell populations [37]; this
agreed with the current findings. Histopathological altera-
tions noted included disintegrated shrunken seminiferous
tubules, decreased cellularity, ad irregular wavy thickening
of basement membrane. Current findings in Pb group are
agreed with others, including abnormal ratio of spermato-
genic cells and abnormalities in interstitial cells of Leydig
[6, 38]. These findings are improved with the administra-
tion of Quercetin that guard against the Pb-induced histo-
logical variations [34].

Furthermore, vacuoles in between the spermatogenic
series and sertoli cells seen in study [39] are agreed with
the current findings. Other studies have found that sertoli
cells in the Pb group are unaffected [37]. This is explained

that Pb causes apoptosis of the germinal cells [40]. Fur-
thermore, Pb caused a dose-dependent decrease in the
activity of two key enzymes, alkaline phosphatase and
Na—-K ATPase [37].

In the current work, there are variations in sperm
parameters detected due to Pb [38]. Likewise, reduction in
sperm motility is accredited to rise of ROS-mediated dam-
age. The fluidity and integrity of cellular membrane struc-
tures, particularly the cell membrane, are disrupted by
ROS, which is important for sperm motility, organizational
integrity, and ultimately sperm viability [41]. It was stated
that Pb is able to encourage oxidative stress [6, 42].

Quercetin prevents cell death and oxidative harm by
scavenging oxygen radicals, defending against lipid per-
oxidation, and chelating Pb ions, among other ways [8,
17]. Due to its ability to donate electrons or hydrogens,
Quercetin is an excellent free radical scavenging antioxi-
dant that scavenges hydroxyl groups, hydrogen peroxide,
and superoxide anions [34].

Quercetin diffuses widely through basement mem-
branes, allowing it to scavenge oxyradicals via the lipid
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bilayer in a number of sites [43]. It could be because of the
pentahydroxy flavone structure, which allows it to chelate
metal ions through the ortho-dihydroxy phenolic structure
while simultaneously scavenging lipid peroxyl and alkoxyl
radicals [44].

By blocking oxidative enzymes including NADPH oxi-
dase, lipoxygenase, and xanthine oxidase, Quercetin may
act as an antioxidant. Inhibiting these enzymes, which
are important in the early stages of free radical-induced
cellular damage, lowers oxidative stress [45]. Further-
more, Quercetin metabolites, like free Quercetin, have
been shown to prevent peroxynitrite-mediated oxidation
[46]. Apart from its direct hydrogen-donating character-
istics, Quercetin’s role in signaling cascades and indirect
engagement with the endogenous antioxidant defense
mechanism has recently received increasing attention [47].
According to one study, polyphenols interact with cellu-
lar defense mechanisms as detoxifying enzymes in stages
I (mainly the CYP450 complex enzymes) and II (e.g., glu-
tathione transferases and glucuronyltransferases) [48].

Flavonoids like Quercetin also boost the expression of
c-glutamylcysteine synthetase, the rate-limiting enzyme in
GSH synthesis [49]. The most effective of the flavonoids,
quercetin, has been found to raise intracellular glutathione
levels via increasing the expression of c-glutamylcysteine
synthetase [50].

5 Conclusions

According to the results, Pb may act at the maturation
level to cause discernible morphometric changes in the
testicular tissues. Quercetin cotreatment prevents degen-
eration, lowers inflammatory mediators, cytokines, and
oxidative stress and restores biochemical markers and sex-
ual hormones.
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