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Introduction 

Lead is a common heavy metal found in the environment. 
It can be utilized in various industries, including paints, 
building materials, batteries, cars, gasoline, hair dyes, 
cosmetics, pesticides, and fertilizer (Karimfar et al., 
2016). Exposure to lead can occur when consuming 
grains, vegetables, and fruits grown on soil containing 
high quantities of lead (Wani et al., 2015). As a result of 
industrial activities and the emissions from vehicles, lead 
has gained recognition as a significant environmental 
pollutant. Human systems can absorb lead through 
weather, water, and food and accumulate in different 
tissues, as recorded by Abdulnabi (2016), who found that 
Iraqi water was contaminated by lead at a concentration 
of 0.9229 mg/l; furthermore, even minimal exposure to 

lead can cause organs dysfunction. Lead, Pb+2, can enter 
the body via dermal contact, ingestion, and inhalation 
and deposit in different tissues such as the brain, lung, 
liver, kidney, vas deferens, seminal vesicle, and testis 
(Wani et al., 2015, Karimfar et al., 2016). Lead ions can 
interfere with various cations, such as Mg+2, Fe+2, and 
Zn+2, altering cellular pathway signaling and disturbing 
gene expression of enzymes and hormones (Talpur et 
al., 2018). Furthermore, the hypothalamic-pituitary-
testicular axis is the primary site of lead’s adverse effects 
on the male reproductive system, causing reduced 
sperm count, altered sperm maturation, and changes 
in sperm morphology that can result in infertility (Li 
et al., 2018, Oyeyemi et al., 2022). Lead exposure 
causes impairment in male reproductive function via 

 Submitted: 15/10/2023 Accepted: 04/12/2023 Published: 31/12/2023

Antioxidant, anti-inflammatory, and anti-reprotoxic effects of kaempferol and 
vitamin E on lead acetate-induced testicular toxicity in male rats

Sura Safi Khafaji*

Department of Physiology, Biochemistry and Pharmacology, College of Veterinary Medicine,  
Al-Qasim Green University, Al-Qasim City, Babylon Province, Ministry of Higher Education and  

Scientific Research, Iraq

Abstract
Background: The heavy metals cause repro-toxicity via oxidative stress and suppress the antioxidant enzymes. 
Kaempferol and vitamin E possess antioxidant properties that can counteract the deleterious heavy metals effects.
Aim: The present study was directed to investigate the protective role of kaempferol, alone or with vitamin E, on 
testicular toxicity mediated by lead acetate in male rats. 
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group received Pb with 100 mg/kg of vitamin E, the Pb + KAF group received Pb with 50 mg/kg of kaempferol, the 
Pb + KAF + Vitamin E group received Pb with kaempferol and vitamin E for 6 weeks. 
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with all experimental groups. These parameters were significantly elevated in the Pb + KAF + Vitamin E group 
compared to other experimental groups. Lead acetate caused elevation in testicular malondialdehyde, nitric oxide, IL-6, 
IL-1β, tumor necrosis factor-α, nuclear factor kappa, and sperm abnormality compared to all treatment groups. All these 
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has the potential to improve testicular regeneration in seminiferous tubules, Leydig, and Sertoli cells. 
Conclusion: Administration of kaempferol alone or with vitamin E can mitigate lead acetate-induced testicular 
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apoptosis, testicular oxidative stress, and declined 
testicular antioxidants (Wahab et al., 2019). Besides, a 
study reported that the lead ions can elevate testicular 
caspase-3 protein expression, cause cellular lipid 
peroxidation, and suppress antioxidant activities, which 
results in excessive reactive oxygen species (ROS) 
production and cellular oxidative stress in rats (Wani et 
al., 2015). Overproduction of ROS and oxidative stress 
are the central pathological mechanisms of lead acetate-
induced testicular dysfunction, which negatively impacts 
sperm DNA, testicular metabolism, sperm function, and 
fertilization failure, resulting in infertility (Li et al., 
2018). 
Vitamin E comprises a group of lipid-soluble molecules 
and consists of at least 10 homologous derivatives of 6 
chromanol, including tocotrienols, tocomonoenols, and 
tocopherols. The most biologically active homologous 
of vitamin E is α- tocopherols (Azzi, 2019). Vitamin E 
possesses antioxidant activities and prevents subcellular 
and cellular phospholipid peroxidation (Oyeyemi et al., 
2015). Vitamin E is present in eggs, wholemeal cereal, 
vegetable oil, green leafy, seafood, and fruits (Azzi, 
2019). Vitamin E is biologically essential due to its 
ability to scavenge ROS and reactive nitrogen species 
(RNS) and reduce oxidative stress (Aboubakr et al., 
2023). Vitamin E regulates immunity, cellular signaling, 
gene expression, and hormone biosynthesis. Its 
antioxidant and protective effects on testicles exposed to 
fluoxetine (Tohid et al., 2014) and cadmium (Amanpour 
et al., 2020) have been demonstrated. Besides, vitamin E 
can attenuate testicular toxicity induced by lead acetate 
in rats by preventing lipid peroxidation via antioxidant 
properties (Oyeyemi et al., 2022). 
Kaempferol, ″3,5,7-trihydroxy-2-(4-hydroxyphenyl) -4H-  
chromen-4-one″ is a type of flavonoids, a polyphenol 
and lipophilic, also known as kaempferol flavonol, 
kaempferide, kaempferol-3 (Jin et al., 2023), it can be 
extracted from tea and many vegetables and fruits such 
as green cabbage, broccoli, olive oil, apple, chives, 
cucumber, strawberries, lettuce, onion, grapes, spinach, 
tomatoes, horseradish, and cowpea (Alam et al., 2020). 
Studies in vivo and in vitro reported that kaempferol 
possesses therapeutic effects in neurodegenerative 
disease, colitis, and in acute and chronic inflammatory 
disease, including acute lung injury and postmenopausal 
bone loss (Ren et al., 2019, Liu et al., 2022, Lim et 
al., 2023), as well as, kaempferol has a protective 
role in liver injury and prevents metabolic disorders, 
furthermore, anticancer role in breast cancer, and 
hepatocellular carcinoma (Wang et al., 2019, Sharma et 
al., 2021, Fan et al., 2023).
Recently, Liu et al. (2022) reported that kaempferol 
exerts anti-inflammatory and antioxidant effects 
against heat stress-induced Sertoli cell injury in vitro, 
which prevents spermatogenic disorders; however, 
the protective effects and mechanisms of kaempferol 
alone and with vitamin E on lead acetate-induced 
hypothalamic-hypophyseal-testicular dysfunction in 

vivo have not been reported. Based on this limitation, 
the present research aimed to investigate the possible 
mechanism(s) by which kaempferol, separately or 
combined with vitamin E, improves testicular function 
in rats exposed to lead acetate. 

Materials and Methods
Experimental animals
Adult Wistar male rats weighing 251–315 g at age 13 
weeks had been used in this study, and housed under 
controlled laboratory conditions with 12-hour (light 
and dark cycle) at 27°C ± 1°C. They had provided 
ad libitum drinking water and standard feed. All 
experiments were conducted at Veterinary Medicine/
Al-Qasim Green University from 20 August 2022 to 23 
April 2023. Before beginning the experiment, the rats 
were allowed 14 days to acclimate.
Experimental design
Fifty Wistar rats were assigned into five groups. Each 
group contains 10 animals. The first group (control) was 
administered 5 ml of normal saline orally. The second 
group (Pb) was injected intraperitoneally (I.P) 20 mg/
kg.b.w. of lead acetate (PVT, Ltd., India) single dose 
per day for 6 weeks to cause reproductive toxicity, the 
third group (Pb + Vitamin E) was injected 20 mg/kg/day 
of lead acetate followed by giving 100 mg/kg. b.w. of 
vitamin E (CENTURY®, USA). Fourth (Pb + KAF): rats 
were injected with 20 mg/kg. I.P of lead acetate followed 
by administrating 50 mg/kg.b.w. of kaempferol, KAF 
(Violet Herbs Co., USA), and fifth groups (Pb + KAF + 
Vitamin E) injected daily 20 mg/kg. I.P. of lead acetate 
followed by administering orally 50 mg/kg. b.w. of 
kaempferol and 100 mg/kg.b.w. of vitamin E. Vitamin 
E and KAF were administered orally by gavage tube 
and daily for 6 weeks consecutively. The doses of lead 
acetate, vitamin E, and kaempferol were used depending 
on previous research (Aithamadouche et al., 2013, 
Oyeyemi et al., 2015, Alkhalidy et al., 2018). 
After 6 weeks, blood samples were collected and 
centrifugated at 5,000 rpm for 10 minutes to obtain 
sera for determining the reproductive hormone levels. 
After being sacrificed, the left testis was collected 
for histological study. The pituitary and right testis 
was taken to assess the fold changes levels of 
pituitary luteinizing hormone beta subunit (LHβ), 
follicle-stimulating hormone beta subunit (FSHβ), 
gonadotropin-releasing hormone receptor (GnRHr), 
and testicular FSH receptor (FSHr), LH receptor (LHr), 
and cytochrome P450 A1 genes. 
Analysis of seminal fluid function 
To calculate the sperm count, the epididymal tail was 
put in 2 ml of saline at 37°C and cut into tiny pieces. A 
drop suspension was placed in the Neubauer chamber 
to assess the count using Raji’s method (Raji et al., 
2006).
To evaluate sperm motility, 10 µl of the epididymal 
suspension was placed in the warm slide and covered 
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with a glass slip; the sperm motility was observed 
under a light microscope (Atashfaraz et al., 2013).
The percentage of sperm morphology was determined 
according to Narayana’s method (Narayana et al., 
2005). One drop of the epididymal suspension was 
smeared in the slide and stained by eosin-nigrosine, 
then observed under a microscope.
The method of (Björndahl et al., 2003) was used to 
determine the percentage of sperm viability by mixing 
a drop of semen suspension with an eosin-nigrosine 
dye and examined under a microscope, 400 sperm were 
calculated since the heads of live sperm were unstained 
whereas heads of dead sperm were stained.
Determination of the reproductive hormone levels
The sera obtained at the end of the experiment were 
used to determine the levels of luteinizing hormone 
(LH), testosterone, and Follicle stimulating hormone 
(FSH) by using ELIZA kits “Elabscience, Company, 
USA” according to the manufacturer’s instruction. 
Preparation of testis homogenate
From each rat, 100 µg of right testis homogenized in 
50 mM TrisHCl at pH 7.4 containing KCl (1.15%) for 
preparing a 20% (w/v 1/5) testicular tissue homogenate 
using Potter–Elvehjem homogenizer. The homogenates 
were centrifugated via cold centrifuge at 4°C for 10 
minutes at 10,000 g. The testicular supernatants were 
used to assess levels/activities of oxidants/antioxidants, 
pro and anti-inflammatory cytokines, and steroidogenic 
enzymes/proteins (Udefa et al., 2020).
Determination of oxidant and antioxidant markers
The activities of testicular catalase (CAT), superoxide 
dismutase (SOD), and glutathione peroxidase (GPx), as 
well as malondialdehyde (MDA) and nitric oxide (NO), 
were determined according to the method described 
by Nishikimi et al. (1972); Satoh (1978); Green et al. 
(1982); Aebi (1984); Mohandas et al. (1984). According 
to the kit manufacturer’s instructions, the supernatant 
was used to determine antioxidant and oxidant markers.
Determination of steroidogenic acute regulatory (StAR) 
protein and steroidogenic enzyme activities
The testicular supernatant was used to assess the 
testicular StAR protein and steroidogenic enzymes, 
3β-Hydroxysteroid dehydrogenase (3β-HSD), and 
17β-Hydroxysteroid dehydrogenase(17β-HSD), 
according to the kit manufacturer’s instructions of 
ELISA (Elabscience®, USA). 
Determination of cytokines
The levels of interleukin (IL)-1β, IL-6, IL 10, nuclear 
factor kappa B (NF-KB), tumor necrosis factor-α 
(TNF-α), and C-reactive protein were assessed by 
using ELISA kits (Elabscience®, USA) following the 
manufacturer’s instruction. 
Quantification of gene expression
Extraction of RNA, cDNA synthesis, and analysis 
Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR)
Total RNAs were extracted from tissue samples 
(testicular and pituitary tissues) by adding 1 µl of 

TRIzol reagent to 100 mg of the tissue sample. This 
was performed according to the manufacturer’s 
instructions for the Bioneer kit provided by Korea. The 
nano-drop-spectrophotometer “Thermos, USA” was 
used at absorbance 260 and 280 nm to determine the 
quantity and purity of extracted RNA. 
The extracted RNA samples were treated with DNase-
I-enzyme to remove any genome that may be present; 
this was performed according to the manufacturer’s 
protocol of the Promega kit provided by the USA. 
The RNA samples were treated with cDNA synthesis 
depending on the protocol explained by AccuPower®, 
Korea kit. The SYBER Green was performed to detect 
gene amplification by a real-time PCR machine. The 
primers used in the present experiment were designed 
by the NCBI Gene bank database and primer three 
tools and illustrated in Table 1. The relative expression 
“fold change” of target genes in testicular and pituitary 
tissues was calculated by ∆∆Ct method explained by 
Livak and Schmittgen (2001), which depended on the 
target gene relative to GAPDH (housekeeping gene). 
Histological study 
The left testis was fixed in 10% buffered formaldehyde 
for 48 hours and processed histologically depending on 
the method adopted by Mescher and Junqueira (2013), 
as follows: dehydration, clearing, embedded in paraffin 
and stained by hematoxylin and eosin (H&E) after 
sectioning into 5-µm slices. 
Statistical analysis
The results of the present experiment were statistically 
analyzed using SPSS version 16. The variances among 
the experimental groups were evaluated by using one-
way ANOVA. The data is represented as the mean (M) 
± standard deviation (SD). The variances at p < 0.05 are 
significant statistically (Schefler, 1980).
Ethical approval
The ethical committee and scientific committee of 
Veterinary Medicine at Al-Qasim Green University 
granted approval for the current experiment, ensuring 
proper care and use of laboratory animals (ESCVM, 
NO. 1192022). 

Results
Effects of kaempferol, vitamin E, and lead acetate on 
oxidative stress and antioxidants markers in male rats 
The levels of testicular MDA, NO, CAT, SOD, and 
GPx in all experimental rats are shown in Table 2. Lead 
acetate exposure caused significant (p < 0.05) elevation 
in MDA and NO levels, as well as significant (p < 0.05) 
decrement in SOD, CAT, and GPx activities in the Pb 
group compared to all experimental groups (Table 2). 
On the other hand, the testicular GPx, CAT, and SOD 
activities were significantly (p < 0.05) increased; in 
contrast, MDA and NO were significantly (p < 0.05) 
decreased in the Pb + KAF + vitamin E group compared 
with Pb, Pb + KAF, Pb + vitamin E, and control rats. 
The testicular GPx, SOD, and CAT activities registered 
a significant (p < 0.05) elevation in the Pb + KAF group 
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compared to the Pb + vitamin E and Pb groups. SOD, 
GPx, and CAT activities were significantly (p < 0.05) 
elevated in Pb + vitamin E group compared to Pb rats. 
In addition, MDA and NO levels were significantly (p < 
0.05) reduced in Pb + KAF and Pb + vitamin E relative 
to Pb rats (Table 2).
Effects of kaempferol, vitamin E, and lead acetate 
on testicular StAR protein, 3β-HSD, and 17β-HSD 
activities in male rats
The activities of 3βHSD and 17βHSD were significantly 
(p < 0.05) increased in rats co-administration of 
kaempferol and vitamin E with Pb compared with Pb, Pb 
+ KAF, and Pb + vitamin E, and control groups, whereas, 
in comparison with all treatment groups, injection of lead 
acetate, Pb group, for 6 weeks caused a decline (p < 0.05) 
in the activities of 3β-HSD and 17β-HSD. The actions 
of 17β-HSD and 3β-HSD were increased significantly 

(p < 0.05) in Pb plus KAF compared with the Pb group 
and Pb plus vitamin E. These steroidogenic enzymes 
increased significantly (p < 0.05) in Pb cotreated with 
vitamin E compared to Pb rats (Fig. 1A and B).
The StAR protein level was elevated significantly (p < 
0.05) in the Pb co-treated with kaempferol and vitamin 
E group compared to other experimental groups. It 
was significantly (p < 0.05) raised in Pb + KAF and 
Pb + vitamin E groups compared to Pb rats. The StAR 
protein levels declined significantly (p < 0.05) in Pb 
rats compared with all experimental groups (Fig. 1C).
Effects of kaempferol, vitamin E, and lead acetate on 
reproductive hormones in male rats 
The concentration of FSH, testosterone, and LH in all 
experimental rats is shown in Figure 2. The injection of 
lead acetate for 6 weeks (Pb group) caused a significant 
(p < 0.05) decrement in testosterone, FSH, and LH 

Table 1. Primer sequences using real-time qPCR.

NCBI reference Pb 
product Sequence (5′-3′) Primer Genes

NM_031038 109
″CAC GAG TCC TTC ATC AGG ACC″

″GAG GTG GCA AAT GCC ACT GT″

Forward

Reverse
GnRHr

NM_001007597 111
″CAT AAG ATT GCC TGG CTG TGC″

″CTT ACA GTG CAG TCG GTG CT″

Forward

Reverse
FSHβ

NM_012858 104
″GAG TAC TGC CAG CTG CCT TG″

″GTC TAC ACC AGG TGG GCA GC″

Forward

Reverse
LHβ

NM_199237 119
″CCA GGT CAA CAT ACC GCT TG″

″GAT TTG CCG CTT CAA GTT TGC”

Forward

Reverse
FSHr

NM_012978 109
″CTG GAG AAG ATG CAC AGT GG″

″GAA TGG ACT CCA GCC CGT G″

Forward

Reverse
LHr

NM_017286 106
″GAC CAT CTT CCT CAT CAA CGT G″

″GAT AGG CTT CTC AGG CAT CAG G″

Forward

Reverse
CYP11A1

NM_017008 109
″CAA GAA GGT GGT GAA GCA GG″

″GGT GGA AGA ATG GGA GTT GCT″

Forward

Reverse
GAPDH

Table 2. Effects of kaempferol, vitamin E, and lead acetate on testicular oxidant stress and antioxidant status markers in male 
rats.

Pb + KAF + 
Vitamin E Pb + KAF Pb + Vitamin E Pb C Parameters

0.289 ± 13.779a 0.206 ±7.415c 0.183 ± 6.345d 0.224± 2.382e 0.155 ± 8.570b SOD (U/mg protein)
1.497± 89.945a 0.712± 67.928c 0.998± 62.231d 1.874± 36.103e 1.248 ± 75.145b CAT (U/mg protein)
0.260± 6.822a 0.169± 3.665c 0.133± 2.932d 0.046± 1.068e 0.130± 5.261b GPx (U/minute/mg protein)
0.181± 1.544e 0.312± 3.615c 0.313 ± 4.823b 0.626± 10.196a 0.190 ± 2.684d MDA (nmol/mg protein)
0.052± 2.179e 0.046± 5.881c 0.337 ± 6.731b 0.298± 15.151a 0.041 ± 5.111d NO (µmol/g protein)

Values are expressed as Mean ± SD. Various letters were referred to statistical differences among groups at level (p < 0.05). (C): Control group, 
(Pb): Lead acetate group, (Pb + Vitamin E): Lead acetate + 100 mg/kg.b.w of vitamin E group, (Pb + KAF): Pb+ 50 mg/kg.b.w. of kaempferol 
group, and (Pb + KAF + Vitamin E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group. SOD: superoxide dismutase, CAT: 
catalase, GPx: glutathione peroxidase, and MDA: malondialdehyde. 
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concentrations when compared with all treatment rats 
(Fig. 2), whereas when co-administration of 50 mg/
kg.b.w of KAF and 100/kg.b.w of vitamin E with Pb 
can restore and elevate FSH, LH, and testosterone 
levels significantly (p < 0.05) compared to Pb, Pb plus 
KAF, Pb plus vitamin E, and control groups (Fig. 2). 
The concentrations of LH, FSH, and testosterone in 
the Pb plus KAF group were significantly (p < 0.05) 
elevated compared to that in the Pb plus vitamin E 
and Pb groups and declined significantly (p < 0.05) 

relative to the control group (Fig. 2). As well as, the 
concentrations of these hormones in the Pb plus vitamin 
E group showed a significant increment compared to 
the Pb group and a significant decrement compared 
to the control group, kaempferol plus Pb group, and 
kaempferol and vitamin E with Pb group (Fig. 2). 
Effects of kaempferol, vitamin E, and lead acetate on fold 
change of pituitary FSHβ, LHβ, and GnRHr in male rats 
The fold changes levels of hypophyseal GnRHr, LHβ, 
and FSHβ expression were significantly (p < 0.05) 

Fig. 1. Testicular steroidogenic enzyme activities and StAR protein levels in experimental rats. (A) 3β-HSD: 3β-Hydroxysteroid 
dehydrogenase, (B) 17β-HSD: 17β- Hydroxysteroid dehydrogenase, and (C) StAR protein: Steroidogenic acute regulatory protein. 
Various letters were referred to statistical differences among groups at level (p < 0.05). (C): Control group, (Pb): Lead acetate group, 
(Pb + Vitamin E): Lead acetate + 100 mg/kg.b.w of vitamin E group, (Pb + KAF): Pb + 50 mg/kg.b.w. of kaempferol group, and 
(Pb + KAF + Vitamin E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group.

Fig. 2. Serum reproductive hormones in experimental rats. (A) LH, (B) FSH, and (C) Testosterone concentrations. Various letters 
were referred to statistical differences among groups at level (p < 0.05). (C): Control group, (Pb): Lead acetate group, (Pb + Vitamin 
E): Lead acetate + 100 mg/kg.b.w of vitamin E group, (Pb + KAF): Pb + 50 mg/kg.b.w. of kaempferol group, and (Pb + KAF + 
Vitamin E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group. 

Table 3. Effects of kaempferol, vitamin E, and lead acetate on seminal function analysis in male rats.

Pb + KAF + 
Vitamin E Pb + KAF Pb + Vitamin E Pb C Parameters

1.114 ± 91.022a 1.070 ± 66.352c 1.542 ± 61.513d 1.129± 38.269e 1.433 ±70.707b Sperm motility %
1.102 ± 90.530a 0.916 ± 64.726c 0.903± 58.070d 0.384± 37.493e 0.988 ± 68.116b Sperm viability %
1.543 ± 72.698a 1.081± 48.386c 1.644 ± 42.124d 1.157 ± 26.372e 1.842 ± 54.076b Sperm count (million/ml)
0.558± 5.259e 1.018 ± 9.134d 0.808 ± 12.613c 1.560 ± 48.810a 1.152 ±16.358b Abnormal sperm%

Values are expressed as Mean ± SD. Various letters were referred to statistical differences among groups at level (p < 0.05). (C): Control group, 
(Pb): Lead acetate group, (Pb+ Vitamin E): Lead acetate + vitamin E group, (Pb + KAF): Pb + 50 mg/kg.b.w. of kaempferol group, and (Pb + KAF 
+ Vitamin E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group. 
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upregulated in Pb-treated with KAF plus vitamin E 
male rats compared to that in other experimental groups. 
Whereas the exposure to lead acetate, the Pb group 
caused a significant (p < 0.05) downregulation and 
suppression of the gene expression (the fold changes) 
of pituitary GnRHr, FSHβ, and LHβ in comparison 
with other treatment groups Figure 3. 
The levels of hypophyseal GnRHr, FSHβ, and LHβ 
fold changes expression in Pb plus vitamin E rats were 
significantly upregulated compared to the Pb group 
and downregulated compared to the control and Pb 
plus KAF groups, Pb + KAF + Vitamin E (Fig. 3). 
Compared with Pb group and vitamin E plus Pb group, 
the gene expression (fold changes) levels of pituitary 
GnRHr, FSHβ, and LHβ elevated significantly in KAF 
plus Pb male rats (Fig. 3).
Effects of kaempferol, vitamin E, and lead acetate on 
fold change of testicular FSHr, LHr, and CYP11A1 
genes expression in male rats 
The testicular gene expression of LHr, FSHr, and 
CYP11A1 downregulated significantly (p < 0.05) in 
rats exposed to lead acetate (Pb rats) compared to that 
in other experimental rats (Fig. 4). Interestingly, the 

Pb co-administration of kaempferol with vitamin E 
significantly (p < 0.05) upregulated and enhanced the 
expression levels of testicular LHr, FSHr, and CYP11A1 
genes relative to other experimental rats. The current 
results recorded significant (p < 0.05) upregulated gene 
expression levels of testicular CYP11A1, LHr, and 
FSHr in rats Pb co-administrated with KAF compared 
to the Pb plus vitamin E and Pb groups (Fig. 4). 
The gene expression levels of testicular CYP11A1, LHr, 
and FSHr in Pb-treated with vitamin E male rats were 
significantly (p < 0.05) upregulated compared with the 
Pb group and significantly (p < 0.05) downregulated 
when compared to that in the control group, Pb-treated 
with KAF, and Pb-treated with KAK plus vitamin E 
group (Fig. 4).
Effects of kaempferol, vitamin E, and lead acetate on 
testicular pro and anti-inflammatory parameters in 
male rats
The level of IL-6 significantly (p < 0.05) declined in 
the Pb + KAF + vitamin E group compared to that in 
all experimental rats (Fig. 5A). IL-6 level was elevated 
significantly (p < 0.05) in Pb rats relative to the Pb 
+ KAF, Pb + vitamin E, Pb + KAF +vitamin E, and 

Fig. 3. Pituitary fold change expression in experimental rats. (A): Pituitary GnRHr fold change, (B): LHβ fold change, and (C): 
pituitary FSHβ fold change fold changes expression. Various letters were referred to statistical differences among groups at level (p 
< 0.05). (C): Control group, (Pb): Lead acetate group, (Pb + Vitamin E): Lead acetate + vitamin E group, (Pb + KAF): Pb + 50 mg/
kg.b.w. of kaempferol group, and (Pb + KAF + Vitamin E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group.

Fig. 4. Testicular fold change expression in experimental rats. (A): Testicular LHβ receptor fold changes, (B): testicular FSHβ 
receptor fold changes, and (C): testicular CYP11A1 fold changes expression. Various letters were referred to statistical differences 
among groups at level (p < 0.05). (C): Control group, (Pb): Lead acetate group, (Pb + Vitamin E): Lead acetate + 100 mg/kg.b.w 
of vitamin E group, (Pb + KAF): Pb + 50 mg/kg.b.w. of kaempferol group, and (Pb + KAF + Vitamin E): Pb + 50 mg/kg.b.w. of 
kaempferol + 100 mg/kg.b.w. of vitamin E group.
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control groups. In comparison with the Pb group, the 
IL-6 levels showed a significant (p < 0.05) decline in 
Pb co-treated with the vitamin E group and KAF group 
(Fig. 5A). 
The levels of IL-1β, TNF-α, NF-kB, and C-reactive 
protein were significantly (p < 0.05) increased in Pb 
rats compared with that in all experimental groups. 
Interestingly, proinflammatory mediators were 
significantly (p < 0.05) declined in the Pb + KAF + 
vitamin E group compared to all experimental rats (Fig. 
5B–E).
The level of IL-10 lowered significantly (p < 0.05) 
in Pb and Pb + vitamin E groups compared to Pb + 
KAF + vitamin E, control, and Pb + KAF groups (Fig. 
5F). It was elevated significantly (p < 0.05) in rats that 
received KAF and vitamin E after exposure to lead 
acetate compared to all experimental groups (Fig. 5F). 
Compared with Pb and Pb + vitamin E, the level of IL-
10 was raised (p < 0.05) in the Pb + KAF group (Fig. 
5F). 
Effects of kaempferol, vitamin E, and lead acetate on 
seminal function analysis in male rats 
The sperm count and percentage of sperm viability and 
motility were significantly (p < 0.05) declined, whereas 
the percentage of abnormal sperm was significantly 
(p < 0.05) raised in rats exposed to lead acetate (Pb 
group) compared to all experimental rats (Table 3). 
Interestingly, the administration of kaempferol at a dose 

of 50 mg/kg with vitamin E at a dose of 100 mg/kg after 
exposure to lead acetate can enhance and significantly 
increase (p < 0.05) the sperm viability, count, and 
motility, accompanied by significant (p < 0.05) 
lowering in the abnormal sperm in comparison with the 
control, Pb + KAF, Pb + vitamin E, and Pb group. In 
comparison with the Pb group and Pb + vitamin E, the 
percentages of motility and viability, as well as sperm 
count, were elevated significantly (p < 0.05) in rats 
administered KAF following exposure to Pb, whereas 
abnormal morphology of sperm significantly (p < 0.05) 
declined compared to Pb + vitamin E, control, and Pb 
groups (Table 3). 
The co-administration of lead acetate plus vitamin 
E can elevate sperm motility, count, and viability 
compared to Pb. Administered vitamin E with Pb can 
decrease (p < 0.05) abnormal spermatozoa compared to 
Pb and control rats (Table 3). 
Histopathological changes
The histological findings of lead acetate-treated male 
rats’ testes showed the irregular form of seminiferous 
tubules, marked cell loss, empty lumen, with edema 
and degeneration of Sertoli cells and seminiferous 
tubules with arrested spermatogenesis, compared to the 
control group that showed a typical architecture of the 
Sertoli cells, interstitial cells and seminiferous tubules 
(Fig. 6A and B).

Fig. 5. Testicular markers of inflammation in experimental rats. (A) IL-6: interleukin-6, (B) IL-1β: interleukin-1β, (C) TNF-α: 
tumor necrosis factor-α, (D) NF-KB: nuclear factor kappa B, (E) C. reactive protein, (F) IL-10: interleukin-10. Various letters were 
referred to statistical differences among groups at level (p < 0.05). (C): Control group, (Pb): Lead acetate group, (Pb + Vitamin E): 
Lead acetate + 100 mg/kg.b.w of Vitamin E group, (Pb + KAF): Pb + 50 mg/kg.b.w. of kaempferol group, and (Pb + KAF + Vitamin 
E): Pb + 50 mg/kg.b.w. of kaempferol + 100 mg/kg.b.w. of vitamin E group.
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Importantly, the administration of kaempferol and 
vitamin E with Pb can enhance the regeneration and 
recovery of the testicular tissue and appear to possess a 
typical architecture as that shown in control male rats, 
with normal appearance of the Sertoli cells, Leydig, 
germ cells, and seminiferous tubules occupied with 
different stages of normal spermatocytes, and the 
spermatogenesis series were evident (Fig. 6E).
The histological findings of rat’s testes co-treated with 
KAF plus lead acetate group and vitamin E plus lead 
acetate group showed that the seminiferous epithelia 
and interstitial cells return to normal architecture of 
Sertoli cells and seminiferous epithelia with moderate 
spermatogenesis (Fig. 6C and D). 

Discussion
Lead acetate exposure can induce testicular damage via 
an imbalance between the production of antioxidant/
removal-free free radicles, leading to testicular 
oxidative stress. The present experiment was conducted 
to study the effect of kaempferol on reproductive 
toxicity induced by lead acetate and compare its action 
with the impact of vitamin E in male rats. 
Lead exposure generates testicular oxidative stress via 
the downregulation of antioxidants and upregulation 

of ROS production, resulting in oxidative stress and, 
subsequently, apoptosis (Li et al., 2018). In current 
study showed that exposure to lead acetate led to 
increase testicular NO and MDA with decreased 
testicular CAT, SOD, and GPx, which is consistent 
with a previous study (Udefa et al., 2020). It had been 
observed that lead acetate caused tissue damage via two 
distinct mechanisms, including excessive generation 
and accumulation of ROS in testicular tissues, which 
includes singlet oxygen, hydrogen peroxides, hydroxy 
radicals, and RNS, as well as direct exhaustion of 
antioxidant pool (Talpur et al., 2018, Elsheikh et al., 
2022). Pb has a higher affinity to bind with sulfhydryl 
groups and suppress the functional thiol;-SH groups 
(sulfhydryl) groups, of SOD, GPx, and CAT; and it can 
replace the divalent bio-elements such as selenium, 
zinc, and magnesium that serve as an essential cofactor 
of antioxidant enzymes that caused a significant 
depletion of these antioxidant enzymes in testicular 
postmitochondrial and mitochondrial fractions in rats 
exposed to lead acetate (Udefa et al., 2020, Elsheikh et 
al., 2022). The current experiment shows an increase in 
the testicular NO levels in rats treated with lead acetate 
that may be due to elevated biosynthesis and activity 
of testicular nitric oxide synthase (iNOS) resulting 

Fig. 6. Photomicrographs of testicular tissues in experimental groups. (A): Control group: showed a typical feature of testicular 
architecture with normal Sertoli cells and Leydig cells as well as complete spermatogenesis series. (B) Pb group: showed 
congestion (black raw), edema (blue raw), and degenerative seminiferous tubules and Sertoli cells with losing spermatogenic cells. 
(C): Pb + Vitamin E: showed that the Sertoli cells and Leydig cells returned to their normal structure and were occupied with little 
spermatozoa. (D): Pb + KAF: showed that the seminiferous tubules, germinal epithelia, and Sertoli cells return to normal texture. 
(E): Pb + KAF + Vitamin E: showed regeneration of the testicular cells and return to normal architecture as normal Leydig cells, 
and Sertoli cells with active spermatogenesis series. H&E, (100×). LC: Leydig cells, SC: Sertoli cells, STs: seminiferous tubules, 
and SP: spermatozoa.
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from lead acetate accumulation in testicular tissues; the 
present results are consistent with that results obtained 
from Matović et al. (2015) who reported that exposure 
to lead acetate led to raise the cellular NO level resulting 
in fragmentation of cellular lipid and DNA. 
Importantly, the impacts of kaempferol have not yet 
been completely identified on the reproductive system. 
Current results revealed that the administration of 
kaempferol following exposure to lead caused elevation 
in the levels of CAT, GPx, and SOD, whereas MDA and 
NO were reduced relative to their levels in rats treated 
with vitamin E and/or lead only; this may be attributed 
to the antioxidant ability of kaempferol to suppress 
the activities of pro-oxidant enzymes such as xanthine 
oxidase that responsible for generating ROS (Lim et al., 
2023). Kaempferol, like other flavonoids, can chelate 
with cuprous or ferrous ions in Fenton’s reaction, 
ultimately leading to prevent lipid peroxidation of 
cytomembrane, as well as; kaempferol increases the 
expression and activity of CAT, GPx, and SOD, as 
found by (Lim et al., 2023). Furthermore, kaempferol 
possesses a double bond at C3-C2 and hydroxyl groups 
at C5, C3, and C4, and an oxo group at C4 which might 
explain its powerful antioxidant properties (Imran et al., 
2019); the current results consistent with (Albrakati et 
al., 2021) who concluded that kaempferol can suppress 
lipid peroxidation and NO production with increase 
generation of antioxidants in neurotoxic rats. 
The results of the current study are consistent with 
(Oyeyemi et al., 2022), who reported that vitamin E 
could reduce testicular MDA and NO concentrations 
when co-administered with lead acetate due to suppress 
phospholipid membrane peroxidation and protect 
testicular cell membranes via its lipophilic properties 
(Malmir et al., 2021); in addition, tocopherols-OH 
can replace their hydrogen atom to a single electron 
of free radicle and removing it before the free radicle 
binds with cell membranes, so vitamin E considers 
as a nonenzymatic defense mechanism in testicular 
mitochondria (Ahmed et al., 2020, Malmir et al., 2021) 
that effects on the testicular NO and MDA levels in Pb 
cotreated with vitamin E.
The ability of kaempferol with vitamin E to reduce 
MDA and NO whereas enhancing the antioxidant 
enzymes in rats indicates that both kaempferol and 
vitamin E acted additively to reduce the testicular 
oxidative stress, that consistent with the findings 
of (Shrivastava et al., 2017, Oyeyemi et al., 2022). 
Importantly, kaempferol lowered the testicular NO 
level via its ability to scavenge free radicals by a strong 
antioxidant capacity due to its phenolic hydroxyl 
groups, four hydroxyl groups on the benzene ring that 
can react with free radicals, converting it to a more 
stable semiquinone free radicals that prevent oxidation 
chain reaction (Akefe et al., 2020, Lim et al., 2023). 
These differences in chemical structure and number of 
hydroxyl groups between kaempferol and vitamin E 
may explain the significant differences in antioxidant 

activities between rats that received kaempferol and 
those that received Vitamin E (Li et al., 2018).
The testicular steroidogenic cells require some 
steroidogenic enzymes, 3β-HSD, 17β-HSD, and 
CYP11A1, to synthesize steroid hormones (Falvo et 
al., 2018). The results of this study reported a decline 
in activities of testicular steroidogenic enzymes 
3β-HSD, 17β-HSD, and StAR protein levels, as well 
as suppressed testicular CYP11A1 expression in rats 
exposed to lead acetate (Figs. 1 and 4C). This decrement 
could be attributed to the accumulation of lead acetate in 
testicular tissues, which causes the excessive generation 
of ROS in testicular tissues and disturbs its function 
(Elsheikh et al., 2022), and inhibits the testicular 
expression of StAR protein, leading to a decrease in 
cholesterol transferring to mitochondria, accompanied 
by a reduction of testicular CYP11A1 gene expression 
and a decline in the activities of 3β-HSD and 17β-HSD 
causing impaired steroidogenesis which is the reason 
for the decline in serum testosterone concentration 
observed in the Pb group (Fig. 2C), these results are 
consistent with findings of (Udefa et al., 2020). 
The kaempferol exhibited the antioxidant properties 
to improve the Leydig cells membranes and facilitate 
cholesterol transfer into mitochondria (Alam et al., 
2020), subsequently improving steroidogenesis as 
StAR protein levels and CYP11A1, 3β-HSD, and 
17β-HSD activities and testosterone concentration 
were upregulated (Liu et al., 2022) as reported in the 
current research which illustrated that kaempferol 
administration caused testicular upregulation 3β-HSD, 
17β-HSD, and CTP11A1 enzymes and StAR protein 
gene expression which positively effect on testosterone 
levels in rats cotreated with kaempferol. Furthermore, 
the administration of vitamin E following exposure to 
lead acetate caused elevation of testicular 13β-and 17β- 
HSD activities and StAR levels due to the ability of 
vitamin E to promote gene expression of StAR protein 
and mRNA steroidogenic enzyme in Leydig cells that 
can upregulate testosterone concentration (Malmir 
et al., 2021).
The current results showed a significant decline in 
gene fold change of hypophyseal GnRHr, FSHβ, and 
LHβ, as well as testicular LHβr, FSHβr, and CYP11A1 
in rats exposed to lead acetate, Pb group, that may 
be attributed to the lead acetate ability to damage 
pituitary and hypothalamus which are the central site 
of lead neurotoxic action (Wani et al., 2015), thereby, 
results in impaired mRNA expression of hypothalamic 
gonadotropin-releasing hormone (GnRH), as well as 
down-regulation of gene expression of hypophyseal 
FSHβ, LHβ, and GnRHr that negatively reflected on 
synthesis and secretion LH, and FSH (Udefa et al., 
2020). At the testicular level, lead acetate caused Leydig 
and Sertoli cell dysfunctions, which in turn impaired 
the testicular LH and FSHr expression, resulting in 
impaired steroidogenesis and spermatogenesis (Udefa 
et al., 2020), as well as disturbed feedback response 
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to testosterone in plasma results from GnRH and LH 
dysregulation (Oyeyemi et al., 2022). 
Importantly, the effects of kaempferol on the 
reproductive system have not yet been fully reported. 
Kaempferol, like other flavonoids that affect LH-and 
FSH-secreting gonadotroph cells by incrementing 
their secretory granules (Zhang et al., 2023), which 
results from the ability of kaempferol to upregulate 
hypophyseal GnRHr, FSHβ, and LHβ genes due to 
kaempferol’s antioxidant, antiapoptotic, and anti-
inflammatory effects (Liu et al., 2022). In addition, 
kaempferol has the ability to upregulate the testicular 
receptor expression of LH and FSH due to its powerful 
antioxidant properties that protect Leydig and Sertoli 
cells from Pb oxidative damage (Lee et al., 2023), which 
promotes testicular steroidogenic enzyme expression 
which enhanced testosterone biosynthesis, as well as 
improvement the count, and viability of sperm (Kluska 
et al., 2022, Liu et al., 2022).
Vitamin E has antioxidant properties that can 
protect the hypothalamic and pituitary cells from 
oxidative stress that promotes GnRH, FSH, and LH 
biosynthesis via upregulated gene expression of 
hypophyseal GnRHr, LHβ, and FSHβ and testicular 
FSHr, LHr, and CYP11A1 that enhance serum FSH 
and LH concentrations in turn that improving the 
testosterone levels and spermatogenesis (Oyeyemi 
et al., 2022). Interestingly, the improvement the 
steroidogenesis and spermatogenesis in Pb co-
administered with kaempferol and vitamin E resulted 
from the prevention of oxidative stress and chelating 
activities of kaempferol and vitamin E, which 
ameliorate lead acetate-induced testicular toxicity, 
thereby improving the levels of LH and FSH that 
supported steroidogenesis and spermatogenesis in Pb 
co-treated with kaempferol and vitamin E (Akefe et 
al., 2020, Malmir et al., 2021).
Inflammation has occurred following oxidative stress 
in tissue. The current results concluded that exposure 
to lead acetate caused testicular inflammation as the 
levels of anti- and pro-inflammatory cytokines were 
significantly reduced and elevated, respectively, in 
the Pb group compared with all experimental groups 
(Fig. 5). The occurrence of inflammation in testicles 
might be attributed to the elevation of testicular NO 
levels in rats exposed to lead acetate (Udefa et al., 
2020). Elevated NO levels cause an increase in the NF-
kB level; the latter, in turn, initiates an inflammatory 
signaling cascade with subsequent secretion of several 
inflammatory cytokines (Alam et al., 2020). 
Interestingly, following administration of kaempferol, 
the results reported that all the proinflammatory 
cytokines declined (p < 0.05), and IL-10 was elevated 
in rats co-treated with Pb due to the presence of 
one hydroxyl group in the B ring at 4́ position, that 
suppresses lipoxygenase; therefore, kaempferol can 
act as an anti-inflammatory substance (Sroka et al., 
2017). Importantly, kaempferol upregulates IL-10 

expression and suppresses expression of NF-kB and 
TNF-α, thereby, resulting in the inhibition of the NF-
kB signaling cascade as well as downregulating the 
release of pro-inflammatory mediators, such as IL-8, 
IL-1β, IL-6, TNF-α, and COX-2 (Zhang et al., 2019, 
Alam et al., 2020). The current results are consistent 
with the findings of (Lee et al., 2023). As well as, 
kaempferol can reduce C-reactive protein and lowered 
lipopolysaccharide-induced expression of IL-1β and 
TNF-α by elevating the activated macrophages (Sroka 
et al., 2017). 
In addition, vitamin E has a major role in immunity and 
acts as an anti-inflammatory and antioxidant substance 
via the reduction of the levels of proinflammatory 
with elevation of anti-inflammatory cytokines, that 
consistent with a previous study (Fan et al., 2023) 
found that the administration of 30 IU/kg of vitamin 
E can reduce the TNF-α, IL-18, IL-6, and IL-12 in rats 
treated with dextran sulfate sodium-induced ulcerative 
colitis. 
The current experiment reported that exposure to lead 
acetate (Pb) caused an increase in abnormal morphology 
of sperm accompanied by a decrease in sperm motility, 
viability, and count, which are consistent with 
previous studies (Oyeyemi et al., 2022). Furthermore, 
lead exposure can cause an increase in immature 
spermatozoa due to spermatogenesis disruption. 
Moreover, Li et al. (2018) concluded that the presence 
of high quantities of lead acetate in drinking water 
caused a decline in sperm viability, density, and motility 
with elevated abnormal morphological spermatozoa, 
as well as impairment of DNA structure and integrity. 
The exposure and accumulation of lead acetate in 
testicular tissues cause damage to cellular membranes 
through lipid peroxidation, which in turn decreases 
the spermatozoa count, causes the displacement of the 
testicular Ca+2, and decreases the motility of sperm 
(Oyeyemi et al., 2020), which results in a complete 
arrest of spermatogenesis (Mustafa, 2023). The current 
histopathological alteration in Pb testicular rats reported 
a reduction in cellularity with irregular thickening in 
the basement membrane accompanied by abnormal 
spermatozoa morphology and loss of the interstitial 
cells (Mabrouk, 2018). 
These alterations were improved and enhanced by 
administering kaempferol and vitamin E due to 
their antioxidant and anti-inflammatory properties 
(Sukmawati et al., 2019, Liu et al., 2022). In addition, the 
administration of kaempferol in the current experiment 
exhibits potent antioxidant and anti-inflammatory 
activities in testicular tissues via reducing the production 
of pro-inflammatory mediators and oxidative stress, 
which can reduce edema and degenerative changes in 
testicular tissues, protect DNA from oxidative stress 
(Akefe et al., 2020), enhance the regeneration process 
in the testicular tissues, seminiferous tubules, Sertoli 
and Leydig cells as in (Fig. 6D), thereby improving 
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and enhancing steroidogenesis (Fig. 1) and the semen 
quantity and quality (Table 3) of present study.
The current study revealed that the administered vitamin 
E could restore and recover the seminiferous tubules, 
Sertoli cells, and Leydig cells damaged due to its anti-
inflammatory effects (Sukmawati et al., 2019). Other 
studies also reported similar findings, that vitamin E 
declined the degeneration of the seminiferous tubules 
and repair testicular tissues via its antioxidant activity 
to eliminate free radicals and protect DNA of cells from 
oxidative damage (Ramah et al., 2015) and preventing 
apoptosis in spermatogonia, Leydig, and Sertoli cells, 
which improve the sperm viability as well as their count 
via improvement the spermatogenesis and stabilized 
cellular membranes (Oyeyemi et al., 2015).
Interestingly, the results of the current study were 
reported for the first time that co-administration of 
kaempferol, separately or with vitamin E, can enhance 
and restore the seminal functions via downregulation 
of the oxidative stress and pro-inflammatory cytokines, 
and upregulation of antioxidant enzymes and anti-
inflammatory marker, that indicating that the additive 
effects of kaempferol and vitamin E to improve 
antioxidant defense system and ameliorate the testicular 
toxicity caused by oxidative stress in rats (Akefe et al., 
2020, Oyeyemi et al., 2022).

Conclusion
The present research is the first to demonstrate 
kaempferol’s preventive function in testicular damage 
induced by lead acetate via its antioxidant and anti-
inflammatory properties. In addition, lead acetate 
co-treated with kaempferol and vitamin E can act 
additively as protective agents for the hypothalamic-
hypophyseal-testis axis to improve the reproductive 
parameters in male rats with heavy metal toxicity via 
their antioxidant and anti-inflammatory activities. 
A single kaempferol administration exhibits a more 
potent mitigative impact than vitamin E, whereas 
their combination produces additive effects. Further 
research is needed to understand the mechanisms 
of action and manifested kaempferol’s efficacy in 
treating other diseases and disorders related to female 
postmenopausal and polycystic ovaries.
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