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ABSTRACT

Background: Thymus vulgaris is a plant rich in essential oils acclaimed for the management
of oxidative stress and inflammation in the organs. Meanwhile, the heavy metal lead is widely
distributed in nature and continued exposure to lead acetate causes reduced fertility.

Objectives: The present study aimed to investigate the effects of 7. vulgaris on ovarian and
uterine structural and functional characteristics in female rats exposed to lead acetate.

Methods: Three groups of 18 mature Wistar albino female rats (Rattus norvegicus), 15 weeks
old and weighing between 200 and 210 g, were established and handled for 60 days as follows:
Group A (control group) received 0.5 mL of distilled water (DW) daily; group B received 5
mg/kg body weight (BW) of lead acetate via oral gavage; and group C received 5 mg/kg BW
of lead acetate via oral gavage followed by 75 mg/kg BW of 7. vulgaris extract 2 hours later.
Blood and tissue samples (uterus and ovary) were collected from euthanized animals.

Results: Lead acetate caused oxidative stress, as indicated by increased malondialdehyde
(MDA) levels and decreased superoxide dismutase (SOD) activity. It also caused a decrease
in serum estrogen and an increase in progesterone levels. Meanwhile, 7. vulgaris caused a
decrease in progesterone and MDA levels and an increase in estrogen levels and SOD activity.
The histological changes of the ovary and uterus in the lead acetate group showed vascular
degeneration and necrosis, and the expression of vascular endothelial growth factor (VEGF)
revealed an increase in positive cells. All these changes were restored to normal by 7. vulgaris.

Conclusion: Using alcoholic extracts of 7. vulgaris acts as an antioxidant, helping to restore
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Introduction

eavy metal lead (Pb) is widely distrib-
uted in nature and persists in biotopes
for an extended time in both humans and
animals. This hazardous metal enters the
body through various organs and accu-
mulates, causing significant tissue dam-
age that can range from cancer to cel-
lular degeneration and disease (Harshitha et al., 2024).
Continued exposure to lead and high blood levels of lead
have both been linked to reduced fertility (Alabbassi et
al., 2008; Osowski et al., 2023). Lead is thought to have
an adverse effect on the female reproductive system in
many species because it causes oxidative stress and in-
creases reactive oxygen species production (Massanyi
et al., 2020). During pregnancy, lead can cross the pla-
centa and has been associated with intrauterine mortal-
ity, preterm birth, and low gestational weight. Addition-
ally, chronic exposure to Pb in laboratory animals may
prevent monkeys from ovulating, menstruating, or de-
veloping follicles (Vermande-Van Eck & Meigs, 1960).
In lead-exposed mice, the ovaries showed a drop in the
number of primordial follicles and a rise in the number of
atretic follicles. When present in the uterus, it harms the
endometrium, myometrium, and perimetrium in mice,
while also reducing the size of the uterine gland and the
height of columnar cells (Qureshi & Sharma, 2012).

Vascular permeability factor (VPF), commonly known
as vascular endothelial growth factor (VEGF) is a strong
mitogen for the vascular endothelium. The action of
VEGEF involves three members of the tyrosine kinase
family of receptors, and it has five isoforms resulting
from the alternative splicing of the same gene. Numer-
ous studies suggest that VEGF / VPF may play a role in
the physiological control of ovarian angiogenesis. The
production and release of this growth factor in the ovary
suggest its involvement in cyclic angiogenesis and the
regulation of vascular permeability, both of which are
essential for ovarian folliculogenesis and healthy repro-
ductive function. Defects in ovarian angiogenesis can
lead to anovulation and infertility, pregnancy loss, ovar-
ian hyperstimulation syndrome, and ovarian neoplasms
(Rauniyar et al., 2023).

Thymus vulgaris is a plant rich in essential oils and a
high content of oxygenated monoterpenes and mono-
terpene hydrocarbons (Capatina et al., 2020). Particu-
larly, the largest concentrations of thymol, carvacrol, P-
cymene, borneol, trans-caryophyllene, and cis-sabinene
hydrate can be found (Noroozisharaf & Kaviani, 2018).
Additionally, thymus species include phenolic com-
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pounds, including such as rosmarinic acid and flavonoid
derivatives. 7. vulgaris is ranked among the plant foods
with the highest antioxidant activity, free radical scav-
enging activity, and proapoptotic effects due to these
phytochemicals (Al-Kassie, 2009; Al-Naqqgash et al.,
2014). Through the removal of excess free radicals, this
antioxidant activity either directly or indirectly influenc-
es the body’s antioxidant system, therefore defending the
organism. Therefore, this study was designed to evaluate
the effect of T° vulgaris extract on lead-induced female
reproductive system impairment.

Materials and Methods
T. vulgaris extract preparation

The ethanolic extract of 7. vulgaris was prepared ac-
cording to the standard method by soaking 30 g of dried
plant leaf powder in 300 mL of 70% ethanol for 72 hours
with intermittent shaking at room temperature, followed
by filtration through the Whatman-2 filter paper. This
step was repeated three times. The solvent was evapo-
rated using a rotary evaporator, resulting in a net extract
weight of 11 g of the dried powder, with a clearance ratio
of 36% (Hmidani et al., 2019).

Experimental design

Female albino Wister rats (Rattus norvegicus), 15
weeks old and weighing between 200 and 210 g, were
used in this study. After two weeks of acclimation in the
animal house of the College of Veterinary Medicine,
University of Baghdad, the experimental protocols were
evaluated by an ethics committee to confirm their ac-
cordance with the Animal Use Protocol and compliance
with the guidelines of the University of Baghdad. Subse-
quently receiving approval. Eighteen rats were used and
distributed into three equal groups, which were handled
as follows: Control group (A): 0.5 mL of distilled water
(DW) daily; Group B: Lead acetate 5 mg/kg BW daily
(Algayim & Asis, 2013), Group C: Lead acetate 5 mg/kg
BW + T vulgaris ethanolic extract at 75 mg/kg BW, ad-
ministered 2 hours after lead acetate administration daily
for 60 days (Abdulrazzaq et al., 2023).

Experimental animals were housed in a well-ventilated
room in plastic cages, and they had free access to food
and water during the experimental period. Room tem-
perature was kept at 22+2 “C with a 12 h light/dark cycle
during the period of acclimatization and experiment.
Blood samples were taken by the heart puncture method
from rats after being sedated with intramuscular injec-
tions of ketamine-HCI (90 mg/kg BW) and xylazine (40
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mg/kg BW) (Switzerland). The serum was extracted by
centrifugation at 3000 rpm for 15 min and stored in a
deep freezer for later examination of the following pa-
rameters. The experimental animals were housed in a
well-ventilated room in plastic cages and had free ac-
cess to food and water during the experimental period.
The room temperature was maintained at 22+2 “C with a
12-hour light/dark cycle during both the acclimatization
and experimental periods. Blood samples were collected
using the heart puncture method from the rats after they
were sedated with intramuscular injections of ketamine-
HC1(90 mg/kg BW) and xylazine (40 mg/kg BW) (Swit-
zerland). The serum was extracted by centrifugation at
3000 rpm for 15 minutes and stored in a deep freezer for
later examination of the following parameters.

Body weight, female reproductive hormones, and
antioxidant status measurements

The body weight of animals was measured at the be-
ginning of the experiment and weekly until the end of
the experiment. Weight gain was also measured. Serum
estrogen and progesterone were measured using the CO-
BAS e411 kit from Hitachi Roche Diagnostics GmbH,
Mannheim, Germany (Laufer et al., 1982). The levels of
serum malondialdehyde (MDA) were determined by a
modified procedure (Guidet & Shah, 1989), and the ac-
tivity of superoxide dismutase (SOD) was measured by
spectrophotometric analysis (Weydert & Cullen, 2010).

Ovarian and uterine histopathology and immuno-
histochemistry evaluation

The ovarian and uterine paraffin sections were stained
with hematoxylin and eosin for histopathological in-
vestigation by an expert pathologist. The VEGF levels
were evaluated in ovarian and uterine sections using the
immunohistochemistry technique, following the proto-
col of PathnSitu’s highly sensitive and specific PolyEx-
cel detection system. In brief, around 4 cm-thick sections
of paraffin-embedded ovarian and uterine samples from
three rats per group were collected on charged slides and
dried overnight at 60 °C.

The sections were then deparaffinized, rehydrated, and
subjected to heat-induced epitope retrieval (HIER) by
boiling the tissue in the PT module for 20 minutes at 95
°C in vitro. EDTA buffer, pH 8.4. After this step, the sec-
tions were rinsed with 3-5 changes of distilled or deion-
ized water and allowed to chill for 20 minutes at room
temperature. Endogenous peroxidase was blocked for 10
minutes at room temperature using a peroxidase solution
(ref. MAD-021540Q-125). The primary antibody was
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applied to the tissue slices and incubated for 30 minutes.
The antibodies were diluted 1:50 in a solution containing
bovine serum albumin and 0.05% sodium azide (NaN,).
The Master Polymer Plus Detection System-HRP (DAB
included; ref. MAD-000237QK) was used for detection,
utilizing the kit from Dako Denmark A/S (Pérez-Gutiér-
rez & Ferrara, 2023).

Statistical analysis

SAS statistical software, version 9.1 was used to per-
form data analysis. One-way ANOVA was employed to
assess significant differences among means. The least
significant difference (LSD) post-hoc test was used to
compare all possible pairs of means, as all pairwise com-
parisons were of interest. The significance level was set
at P<0.01 to maintain a stringent criterion for declaring
differences significant.

Results

The present results revealed that lead acetate caused
a significant reduction (P<0.01) in body weight gain in
both groups treated with lead acetate alone and in com-
bination with 7. vulgaris (Table 1). The activity of the
antioxidant enzyme SOD, as shown in Table 2, was de-
creased in the lead acetate group and increased in the T.
vulgaris-treated group compared with the control group
(P<0.01). In contrast, MDA levels showed a significant
increase (P<0.01) in the lead acetate group and a de-
crease in the 7. vulgaris group within the Pb-Ac group.

The female reproductive hormones (Table 3) in the
serum of the lead group showed a significant increase
(P<0.01) in progesterone and a decrease in estrogen. The
group treated with 7' vulgaris and lead showed signifi-
cantly (P<0.01) decreased progesterone and increased
estrogen levels. The uterus index (Table 4) revealed a
significant decrease (P<0.01) in the lead group.

Ovarian and uterine histopathology evaluation

Histopathology of the examined tissues (ovaries and
uterus) from animals in control group A showed normal
architecture of the ovarian tissue, with mature follicles
in the cortex and a normal orientation of vasculature in
the medulla (Figure 1A). Occasionally, newly formed
follicles were observed, characterized by multiple lay-
ers of follicular cells and theca placida (secondary fol-
licle). The endometrium appeared normal in sections of
the uterus; smooth muscle bundles of the myometrium
were also noted, as were endometrial glands lined with a
single layer of cuboidal epithelium (Figure 2A).
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Figure 1. Light microscopic image of the ovary
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A) Mature follicles in the tunica albuginea with the normal orientation of vasculature in the medulla (control group), B) Vacu-
olar degeneration of follicular cells and congestion of blood vessels (Pb group), C) Showing proliferation of follicles (Pb + T.

vulgaris group) (H&E stain, x40: A, x100: B&C).

Figure 2. Light microscopic image of the uterus

A) Normal endometrium and smooth muscle bundles of the myometrium(control group), B) Desquamation and vacuolar
degeneration of the lining epithelium (Pb group), C) Mild hyperchromatic lining epithelium (Pb + T. vulgaris group) (H&E

stain: x40: A, x100: B&C).

In group B treated with lead acetate, there was shrink-
age and distortion of ovarian tissue due to follicle atresia
in the tunica albuginea, and no further proliferation of
follicles was observed. Additionally, there was severe
vacuolar degeneration of the follicular epithelium, dila-
tion of medullary blood vessels, and fibroplasia of the
stroma (Figure 1B). The uterus sections revealed vacu-
olar degeneration of the lining epithelium in the endo-
metrium, as well as enlargement of the secretory glands
in the submucosa due to swelling of the cuboidal lining
epithelium (Figure 2B).

In group C, which was exposed to lead acetate and
treated with 7. vulgaris extract, there was a proliferation

of secondary follicles (Figure 1C). Most of the uterine
tissues appeared to have normal architecture; however,
mild changes were occasionally noted, including epi-
thelial degeneration and cystic dilation of endometrial
glands (Figure 2C).

Ovarian and uterine VEGF by immunohisto-

chemistry

The immunohistochemistry results related to the detec-
tion of angiogenesis marker, VEGF, indicated by brown
color resulting from the reaction of the specific antibody
with VEGF antigen, and Dap staining indicated posi-
tive results. Uterine sections (Figure 3) from the control
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Figure 3. Light microscopic immunoreactivity for VEGF in the uterus

A) Normal minimum presence of immune-positive cells for VEGF-(control group); B) High levels of immune-positive VEGF
cells, mostly scattered in the stromal gland (Pb group), C) Marked immune positivity for VEGF in uterine stromal blood vessels
with a rare appearance in stromal layers (Pb+ T. vulgaris group)

Note: DAB reaction at x10 line 1 and x40 line 2.
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Figure 4. Light microscopic image revealing the immunoreactivity for vascular endothelial growth factor in the ovary

A) Normal positive reaction in the primary follicle and stroma (control group), B) Positive reaction in different stages of follicles
(Pb group), C) Moderate positive reaction in both stroma and follicles (Pb+ T. vulgaris group)

Note: DAB reaction at x10 line 1 and x40 line 2.

group (Figure 3A) showed the normal presence of im-
mune-positive cells that contained VEGF. Rats exposed
to Pb-Ac for an extended period, classified as the chronic
exposure group, showed that the uterine glands exhibited
high levels of immune-positive cells, which were mostly
scattered in the stromal gland (Figure 3B). The uterine
sections of rats administered 7. vulgaris along with Pb-
Ac (Figure 3C) showed marked immune positivity for
VEGEF in uterine stromal blood vessels, with a rare ap-
pearance in stromal layers.

Ovaries from different animals analyzed for VEGF
immunohistochemistry revealed the expression of this
marker as a brown coloration (Figure 4). The control
group (Figure 4A) showed a weak appearance of positive
cells, with the exception of blood vessels. Meanwhile, the
Pb-Ac rats (Figure 4B) demonstrated a marked positive
reaction for VEGF in the oviduct and ovarian follicles at
different stages, with fewer positive cells in the stroma.
In contrast, the number of markedly positive cells was re-

duced in the ovarian follicles and moderate in the stroma
of the group that received 7. vulgaris extract (Figure 4C).

Discussion

The present experiment represents a simple and realistic
model for lead exposure since one of the main ways that
both humans and animals are exposed to lead is through
oral exposure. Following lead exposure, it is distributed
to various internal organs, including the brain. Changes in
body weight changes or decreased weight may be linked
to lead’s effect on eating behavior via the central nervous
system or growth hormone release (Assi et al., 2016).
Oxidative stress results from exposure to lead acetate,
stemming from an imbalance between the production of
ROS and the activity of the body’s antioxidant system.
Lead acetate has the potential to induce oxidative stress,
leading to the generation of high levels of free radicals and
a reduction in antioxidant responses. The elevated level of
MDA is produced as the final product during the process
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Table 1. Body weight changes (g) in the lead acetate and T. vulgaris groups

Mean+SE
Groups
Initial Body Weight (g) Final Body Weight (g) Body Weight Gain (g)
A 257.17+3.86 288.86+4.02° 31.69+1.05°
B 251.38+1.42 271.51+2.07° 20.38+1.42°
C 258.38+6.46 274.85+7.05% 16.463.51°
LSD value 13.767 (NS) 14.58" 6.845™
P 0.502 0.05 0.0007

NS: Not significant.
"(P<0.05), "(P<0.01).

Note: Different letters mean significant differences between means, small letters between groups. N=6/each groups. A: Con-
trol group rats were given DW; B: (Pb) group received 5 mg/kg/B.W/daily of lead acetate, C: Received Pb 5 mg/kg BW + T.

vulgaris 75 mg/kg BW for 60 day.

of lipid peroxidation (LPO) in cells exposed to lead ac-
etate (Ghazi & Al-Qaiym, 2023).

On the other hand, lead acetate reduces the antioxidant
activity of SOD, which is derived from the effectiveness
of the sulthydryl (SH) group’s affinity for scavenging
ROS. Additionally, lead is excreted from the body via
its conjugation to the SH group (Ramadhan & Khudair,
2019; Diab et al., 2024). The high affinity of lead cations
for thiol-containing molecules is now considered the main
mechanism, by which these metals disrupt the functions
of these molecules and SOD could be one of those affect-
ed in the present trial. The primary antioxidant in the mito-
chondrial matrix is mitochondrial SOD, which is respon-

sible for the formation of superoxide in the mitochondria
during metabolic processes (Palma et al., 2020).

The female reproductive system, including the ovary,
oviduct, and uterus in the present study, was targeted by
lead. This targeting manifested in several ways, the most
significant of which is cellular damage caused by ROS,
leading to dysfunction in steroid hormone production.
In the ovaries, the lack and inactivity of granulosa cells
under the influence of lead-induced oxidative stress re-
sults in low estrogen levels. On the contrary, excessive
quantities of progesterone indicate the pathogenesis of
granulosa cells. Granulosa cell tumors have been shown
to secrete high levels of estrogen and progesterone (Du-
mitrescu et al., 2015; Ahmed & Mohammed, 2022).

Table 2. Serum MDA and SOD in the lead acetate and T. vulgaris groups

Mean+SE
Groups
MDA (umol/L) SOD (U/mg)
A 9.7940.2¢ 8.10+0.32°
B 15.39+0.28° 4.53+0.33¢
C 12.6810.18° 9.54+0.25°
LSD value 0.676™ 0.919™
P 0.0001 0.0001

“P<0.01.

Note: Different letters indicate significant differences between means, with lowercase letters denoting differences between
groups. N=6 per group. A: The control group received DW, B: The Pb group received 5 mg/kg/BW daily of lead acetate, C:
The Pb+ T. vulgaris group received 5 mg/kg BW of Pb and T. vulgaris at 75 mg/kg BW for 60 days.
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Table 3. Serum progesterone and estrogen levels in the lead acetate and T. vulgaris groups

Mean+SE
Groups
Progesterone (nmol/L) Estrogen-E2 (pmol/L)

A 46.13+4.37¢ 65.53+8.81°

B 164.89+13.71° 26.98+2.38°

C 118.13+17.24° 141.82+11.66*
LSD value 39.09™ 25.776™

P 0.0001 0.0001

"P<0.01.

Note: Different letters indicate significant differences between means, with lowercase letters denoting differences between
groups. N=6 per group. A: The control group received DW, B: The Pb group received 5 mg/kg/BW daily of lead acetate, C: The
Pb+ T. vulgaris group received 5 mg/kg BW of Pb and T. vulgaris at 75 mg/kg BW for 60 days.

Lead acetate tends to impair all aspects of reproduc-
tive organs, including the ovaries and uterus. Lead expo-
sure causes edema and necrosis of the ovarian follicles,
dysfunction of folliculogenesis, and significant impacts
on uterine tissue due to chronic Pb exposure, leading to
conditions such as endometriosis and endometrial cancer
(Qu et al., 2021; Raheem et al., 2023). The explanation
for this is that lead acetate can damage the granulosa
cells of antral follicles by increased ROS, which produc-
es oxidative stress that destroys DNA and then stimu-
lates apoptosis in granulosa cells. Lead adversely affects
the endometrium, myometrium, and perimetrium of the
uterus, reducing the size of the uterine glands and the
height of columnar cells, as demonstrated in mice. The
uterine glands are damaged by lead, mediated by ROS
production, resulting in altering uterine gland functions,

including hormone secretion (Albishtue et al., 2019; Al-
Helaly & Mahmood, 2021). All these histopathological
changes in ovarian follicles and uterine glands impair
their ability to produce hormones, such as estrogen and
progesterone, respectively.

VEGEF plays an important role in angiogenesis and is
critically involved in the maturation of newly formed
blood vessels in ischemic tissues. Based on the present
results, the immunohistochemical study denoted that the
intensity and distribution of the positive immunoreactiv-
ity for the VEGF in the ovary and different layers of the
uterus were altered by lead. The specific mechanisms,
through which Pb induces dysregulation of VEGF in the
reproductive system are not well established. As an an-
giogenic factor, VEGF is vital for the development and
maintenance of the damaged uterine and ovarian tissues

Table 4. Uterus and ovary parameters in the lead acetate and T. vulgaris groups

MeantSE
- - Uterus Index Ovary Index
oroups hnal Bo(dgy) pesht Uterus Weight (g) (Uterus \{\Ieight/ Ovary Weight (g) (OvawaYeight/
Body Weight) (g) Body Weight) (g)
A 288.8614.02* 0.393+0.04° 0.00136+0.00012° 0.197+0.02 0.00067+0.00005
B 271.51+2.07° 0.2016+0.024° 0.00074+0.00008° 0.212+0.005 0.00078+0.00002
C 274.85+7.05% 0.34+0.039* 0.00124+0.0001* 0.225+0.016 0.00082+0.00006
LSD value 14.58" 0.102™ 0.0004" 0.0431 NS 0.0001 NS
P 0.050 0.0031 0.0054 0.396 0.131

"P<0.05, ""P<0.01.

Note: Different letters indicate significant differences between means, with lowercase letters denoting differences between
groups.N=6 per group. A: The control group received DW, B: The Pb group received 5 mg/kg/BW daily of lead acetate, C: The
Pb+ T. vulgaris group received 5 mg/kg BW of Pb and T. vulgaris at 75 mg/kg BW for 60 days.
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induced by lead. It has been suggested that increased
VEGF concentrations arise from the hypoxic environ-
ment within the follicles of older women (Salmasi et al.,
2021). The present ovarian dysfunction and alterations
in estrogen and progesterone secretion can enhance the
expression of VEGF in the uterine stroma and promote
angiogenesis (Nikoli¢ et al., 2014).

The capacity of plant extracts to serve as free radical
scavengers or the ability of phenolic compounds to bind
metal ions contributes to their antioxidant effects. Thy-
mol and carvacrol are the main substances with signifi-
cant antioxidant activity against oxidative stress caused
by lead that have been documented. The restorative ac-
tivity of SOD and the low MDA levels in T. vulgaris-
treated rats against lead demonstrate its antioxidant ac-
tivity (Luaibi et al., 2017; Escobar et al., 2020). Thyme
exhibits a strong antioxidant activity, which is attribut-
able to the presence of thymol as a key ingredient in its
extract, according to numerous studies on the plant’s
therapeutic properties (Hammoudi Halat et al., 2022).

The positive effects of thyme observed in the current
study are not the first to demonstrate its antioxidant ca-
pacity against lead and align with previous findings (Ka-
halerras et al., 2022; Ghazi & Al-Qaiym, 2023). How-
ever, the effectiveness of thyme in protecting the ovaries
and uterus from the effects of lead has not been exten-
sively addressed. Our results are consistent with another
study (Al et al., 2024) regarding the protective role of
thyme oil supplementation in improving reproductive
performance. The present results are also in agreement
with other studies on the use of natural substances to en-
hance reproductive performance in animals exposed to
lead acetate, such as Nigella sativa (Ouies et al., 2021),
Pelargonium graveolens (Madouche et al., 2024) and
Moringa oleifera (1doko et al., 2024).

Conclusion

The present results conclude the protective role of 7.
vulgaris extract due to its antioxidant activity. Accord-
ingly, the crude extract of 7. vulgaris may be considered
a viable option for managing lead acetate toxicity. The
female reproductive system may be directly targeted by
lead, which serves as a precursor for cellular and mo-
lecular damage as well as alterations in steroid hormone
secretion. Prolonged lead exposure and its accompany-
ing changes in reproductive organs, histopathological
changes, and vascularization may be carcinogenic. Thus,
it is recommended that further studies be conducted to
investigate the effects of lead acetate on the male repro-
ductive system and offspring health.
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