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Protective Effects of Thymol with Hormonal, 
Anti-inflammatory and Antioxidant Pathways in 
Lipopolysaccharide-Induced Ovarian Damage in 
Rats 
 Sıçanlarda Lipopolisakkarit ile Uyarılan Ovaryum Hasarında 
Timol’ün Hormonal, Antiinflamatuvar ve Antioksidan Yollarla 
Koruyucu Etkileri 

ABSTRACT 
 
This study investigated the protective effects of thymol on lipopolysaccharide induced ovarian damage. 
Female Wistar albino rats were divided into five groups (n=35, group=7): control, vehicle, LPS, thymol, 
and LPS+thymol. At the end of the study, estradiol 17 beta (E2), anti-Mullerian hormone (AMH), oxidative 
stress parameters such as malondialdehyde (MDA), glutathione (GSH), glutathione peroxidase (GSH-Px), 
catalase, and inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin 6 (IL-6) 
were analyzed in samples taken from animals. Ovary and body weights were also measured. 
Lipopolysaccharide treatment caused decreases in E2, AMH, GSH, GSH-Px and catalase levels but 
increased MDA, TNF-α and IL-6 levels. In the Lps+thymol group, thymol administration caused increases 
in E2, AMH, GSH, GSH-Px and catalase levels and decreased MDA, TNF-α and IL-6 levels. In conclusion, 
thymol administration positively affected Lps-induced hormonal, oxidative stress and inflammatory 
changes via antioxidant and anti-inflammatory mechanisms. However, it is thought that the long-term 
effects of thymol need to be demonstrated, especially by further molecular mechanisms. Within this 
framework, examining the dose-dependent effects of thymol, the outcomes of its application over varying 
durations, and investigating the biochemical changes at the cellular level will offer valuable insights for 
future research and elucidate the potential effects of this compound. These findings reveal the 
therapeutic potential of thymol; nevertheless, further studies are essential for its clinical application. 
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ÖZ 

Bu çalışmada LPS ile uyarılan ovaryum hasarında timolün koruyucu etkileri araştırıldı. Bu amaçla Wistar 
albino dişi sıçanlar 5 gruba ayrıldı (n=35, grup=7) : kontrol, taşıyıcı, lps, timol, lps+timol. Çalışma 
sonunda hayvanlardan alınan numunelerde hormon (E2 ve AMH), oksidatif stres (MDA, GSH, GSH-px 
ve katalaz), yangısal sitokin (TNF-α, IL-6) analizleri gerçekleştirildi. Ayrıca ovaryum ve canlı ağırlıklarda 
ölçüldü. Lipopolisakkarit uygulaması, E2 AMH, GSH, GSH-px ve katalaz seviyelerinde azalmalara neden 
olurken, MDA, TNF-α ve IL-6 düzeylerinde artışa neden oldu. LPS+timol grubunda ise timol uygulaması 
E2 AMH, GSH, GSH-px ve katalazda artışlara, MDA, TNF-α ve IL-6 seviyelerinde ise azalmalara neden 
olduğu görüldü. Sonuç olarak timol uygulaması, antioksidan ve anti-inflamatuvar mekanizmalar 
üzerinden Lps kaynaklı hormonal, oksidatif stres, yangısal değişiklikleri olumlu olarak etkilediği ancak 
timolün uzun süreli etkilerinin özellikle daha ileri moleküler mekanizmalarla ortaya konmasına ihtiyaç 
olduğu düşünülmektedir. Bu bağlamda, timolün doz-bağımlı etkilerinin araştırılması, farklı sürelerde 
uygulanmasının sonuçları ve hücresel düzeydeki biyokimyasal değişimlerin incelenmesi, gelecekteki 
çalışmalara ışık tutacak ve bu bileşiğin potansiyel etkilerini ortaya koyacaktır. Bu bulgular, timolün 
terapötik potansiyelini ortaya koymaktadır, ancak klinik uygulamalar için daha fazla araştırma 
gereklidir. 
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INTRODUCTION 

Microbial environment, metabolites and immune system 
components coordinate in reproductive system 
homeostasis.1 In the postpartum period, the female 
reproductive tract is highly vulnerable to bacteria, which 
can easily invade the uterine flora and cause various 
reproductive pathologies like metritis and endometritis.2,3 
Lipopolysaccharide (LPS), one of the main components of 
Gram-negative bacteria's outer membrane, can harm 
reproductive functions such as follicular and embryonic 
development, ovulation and implantation.4-7 Also, oxidative 
stress, inflammation and apoptosis pathways negatively 
affect ovarian functions like steroidogenesis, 
folliculogenesis, ovulation, and luteolysis.8  

Oxidative stress is reported to be involved in the 
pathogenesis of various female reproductive disorders.9,10 
Lipopolysaccharides cause reactive oxygen species (ROS)  
accumulation and lipid peroxidation and may damage 
antioxidant defense systems.11 It is also known that 
oxidative stress is associated with inflammation and 
induces inflammation.12 The increase in ROS can also 
stimulate the secretion of tumour necrosis factor-alpha 
(TNF-α) in oocytes and granulosa cells.13 In addition, LPS 
causes immune responses through different molecular 
pathways.14 It is known that lipopolysaccharide-induced 
inflammatory condition causes damage to ovaries and 
interferes with female reproductive activities.8 For 
example, it is stated that inflammatory conditions 
negatively affect ovarian follicle dynamics.12 

Thymol, one of the main components of thyme, frequently 
used in the Mediterranean Diet (MD), is a monoterpene 
phenolic compound with antioxidant, anti-inflammatory, 
local anaesthetic, antinociceptive, antiseptic, antibacterial, 
and antifungal properties.15 Thymol positively affects the 
reproductive system in both females and males.16,17 In a 
study conducted, thymol caused improvement in sperm 
parameters in male rats.16 A study observed high embryo 
rates in in vitro fertilization in women adhering to the MD.18 
A monkey study showed that the MD caused regular 
menstrual cycles compared to the Western diet.19 In 
addition, the beneficial effects of thymol have been 
reported in female reproductive disorders such as 
polycystic ovary syndrome.20 A study also reported that 
thymol suppressed the inflammatory response in radiation-
induced ovarian damage in rats.17 

This study aimed to investigate the protective effects of 
thymol against LPS-induced ovarian damage. For this 
objective, hormonal, inflammatory, oxidant, and 
antioxidant status were analyzed, and the protective 

effects of thymol on female reproductive activities were 
aimed to be revealed. 

MATERIALS AND METHODS 

Experimental Design 
Female Wistar albino rats (200-250 g) were used in the 
study (n=35, per 7): control (C), vehicle (V), 
lipopolysaccharide (LPS), thymol (TML), 
lipopolysaccharide+thymol (LPS+TML). The experimental 
model lasted seven days. The TML and LPS+TML groups 
were given thymol (20 mg/kg/p.o) daily for seven days 
starting from the first day of the study.16 Also, the LPS and 
LPS+TML groups received LPS (100 μg/kg/i.p) four times 
every second day, starting on the first day of the study, by 
modifying the model specified by Pal et al.8 The Vehicle 
group was given 5% dimethyl sulfoxide (DMSO), used as a 
thymol solvent, daily throughout the study. (Ethics 
Committee Decision No: 2023/09-3, Date: 21.12.2023) 

At the end of the study, blood was taken from the animals' 
heart chambers by the intracardiac method under xylazine 
ketamine anaesthesia. Then, ovarian samples were 
collected after euthanasia. The obtained blood measured 
the E2 and AMH levels. The ovarian tissues measured the 
levels of TNF-α, IL-6, MDA, GSH, GSH-Px, and catalase. Also, 
the animals' body and ovarian weights were weighed at the 
end of the study. 

Ovarian and Body Weight Weighing 
Right and left ovary samples were thoroughly cleaned, 
weighed, averaged and expressed in milligrams. Body 
weights were also weighed and expressed in grams. 

Hormone Analyses (E2 and AMH) 
Blood samples were centrifuged at 1000 x g for 20 minutes, 
and sera were collected. E2 levels in the serum samples 
were measured by electrochemiluminescence 
immunological method. Serum AMH levels were also 
measured with a commercial ELISA kit (Finetest, Cat No: 
ER0260) and expressed as ng/ml. 

Ovarian Oxidative Stress Analyses (MDA, GSH, GSH-Px 
and Catalase) 
Both ovaries were brought together and homogenized with 
1/10 (weight/volume) Tris-buffered saline (pH 7.4).17 The 
homogenate obtained was centrifuged, and the 
supernatant was collected. All oxidative stress analyses 
were performed on these supernatant portions.16 Protein 
concentrations in the samples were also measured with a 
commercial BCA assay kit. The Shimadzu UV1700 
spectrometer was used for all oxidative stress analyses. 

Malondialdehyde levels were measured at 532 nm 
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according to the method of Placer et al.22 GSH levels were 
measured at 412 nm in the spectrometer according to the 
method of Sedlak and Lindsay.23 MDA and GSH levels are 
also expressed as nmol/gr protein. GSH-Px was performed 
according to Lawrence and Burk's method24, and samples 
were measured at 340 nm and expressed as IU/gr protein. 
Catalase was performed according to the method 
described by Aebi.25 and expressed as kU/gr protein. 

Inflammatory Cytokine Analyses (TNF- α and IL-6) 
The ovarian samples (right and left) were homogenized 

after diluting 1/10 (weight/volume) with phosphate 

buffered saline (pH 7.4).17 The homogenate obtained was 

centrifuged at 5000 g for 5 min at +4°C, and the 

supernatant was collected. TNF-α (Finetest, Cat No: 

ER1393) and IL-6 (Finetest, Cat No: ER0042) were 

measured in this supernatant according to the method 

specified by ELISA kits. In addition, total protein levels of 

ovarian tissue were measured by a commercial BCA protein 

kit. TNF-α and IL-6 levels were expressed as pg/mg protein. 

Statistical Analysis  
Parametric test assumptions were applied for all variables 
obtained before proceeding to significance tests. The 
variables were analyzed using the Shapiro-Wilk test for 
normality and Levene's test for homogeneity. Then, one-
way analysis of variance (ANOVA) was used to control the 
statistical difference between variables. The Duncan test 
was used as a post hoc test for the variables in which the 
difference between the groups was significant. All 
statistical analyses were performed with a minimum 5% 
margin of error. IBM SPSS 23 (IBM SPSS Corp., Armonk, NY, 
USA) was used in all statistical analyses. 

RESULTS 

Ovarian and Body Weight 
The ovarian weights of the C, V, LPS, TML, and LPS+TML 
groups were measured as 72.514±1.321, 71.690±1.424, 
70.043±1.117, 72.062±1.182, and 71.378±1.162, 
respectively. There was no statistically significant 
difference between the groups (p=0.690). The mean 
ovarian weights (Mean±SEM) are shown in Figure 1A. 
 
Body weights of C, V, LPS, TML and LPS+TML groups were 
239.714±2.679, 241.429±3.023, 223,571±2.819, 
241.714±4.034 and 230.286±2.758 grams, respectively. 
The lowest body weight averages were in the LPS and 
LPS+TML groups. Also, the other groups (V and TML) were 
like the control (P < .001). Body weight averages 
(Mean±SEM) are shown in Figure 1B. 
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Figure 1. A. Ovary weight averages, B. Body weight averages. Letters 
in the columns indicate statistical differences and similar letters 
indicate statistical similarity. 

Hormone Analyses (E2 and AMH) 
E2 hormone levels were 42.351±1.251 in the C group, 
42.369±1.535 in the V group, 23.874±1.132 in the LPS 
group, 43.874±1.901 in the TML group and 33.840±2.327 
pg/ml in LPS+TML group. The lowest E2 level among all 
groups was in the LPS group. In addition, V and TML groups 
were like the control group, while LPS+TML differed from 
the control group (P < .001). E2 levels (Mean±SEM) of all 
groups are shown in Figure 2A. 

AMH levels were 1.242±0.041 in the C group, 1.252±0.050 
in the V group, 1.058±0.040 in the LPS group, 1.250±0.044 
in the TML group, and 1.149±0.047 pg/ml in the LPS+TML 
group. The LPS group AMH levels were statistically lower 
than the control group. However, the other groups (V, TML, 
and LPS+TML) were like the control group (P = .015). The 
AMH levels (Mean±SEM) of all groups are shown in Figure 
2B. 
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Figure 2. A. Serum E2 levels, B. Serum AMH levels. Letters on the 
columns indicate statistical differences. Similar letters are statistically 
identical to each other. 
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Ovarian Oxidative Stress Analyses (MDA, GSH, GSH-Px 
and Catalase) 
Ovarian MDA levels were measured as 2.260±0.045, 
2.334±0.100, 3.521±0.057, 2.044±0.073 and 2.836±0.147 
nmol/gr protein in all groups, including C, V, LPS, TML, and 
LPS+TML, respectively. The highest MDA level among all 
groups was in the LPS group. While V and TML groups were 
like the control group, the LPS+TML group differed from 
the control group (P = .001). MDA levels (Mean±SEM) of 
ovarian tissue are shown in Figure 3A. 
 
GSH levels of the C, V, LPS, TML, and LPS+TML groups were 
measured as 10.000±0.368, 9.738±0.281, 7.051±0.234, 
11.052±0.244, and 8.047±0.153 nmol/gr protein, 
respectively. The highest and lowest GSH levels were in the 
TML and LPS groups. While the V group was like the 
control, the LPS+TML group differed from the control (P < 
.001). GSH levels (Mean±SEM) of ovarian are shown in 
Figure 3B. 

GSH-Px levels of C, V, LPS, TML and LPS+TML groups were 
measured as 56.159±2.063, 55.624±1.794, 40.681±1.134, 
57.706±1.496 and 47.338±1.538 IU/gr protein, 
respectively. The lowest GSH-Px levels were in the LPS 
group. The V and TML groups were like the control, and the 
LPS+TML group differed from the control (P < .001). GSH-
Px levels (Mean±SEM) of ovarian tissue are shown in Figure 
3C. 
 
 

The catalase levels of the C, V, LPS, TML, and LPS+TML 
groups were 48.336±1.652, 47.069±1.316, 41.359±0.969, 
49.748±1.249, and 43.623±1.732 ku/gr protein, 
respectively. The lowest levels were in the LPS group. While 
the V and TML groups were like the control, the LPS+TML 
group was different from the control (P = .001). The 
catalase levels of ovarian (Mean±SEM) are shown in Figure 
3D. 
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Figure 3. A. Ovary MDA levels, B. Ovary GSH levels, C. Ovary GSH-Px levels, D. Ovary catalase levels. Letters on the columns indicate statistical 
differences. Similar letters are statistically identical to each other. 

 
 

Inflammatory Cytokine Analyses (TNF- α and IL-6) 
The ovarian TNF-α levels of all groups (C, V, LPS, TML, 
LPS+TML) were 22.163±0.563, 22.343±0.372, 
29.117±1.341, 23.060±0.223 and 25.087±0.733 pg/mg 
protein, respectively. The highest TNF-α levels were in the 
LPS group. In addition, while V and TML groups were like 
the control group, the LPS+TML group differed from the 
control group (P < .001). TNF-α levels (Mean±SEM) of 
ovarian tissue are shown in Figure 4A. 
 
The ovarian IL-6 levels of all groups (C, V, LPS, TML, 
LPS+TML) were measured as 10.001±0.346, 11.104±0.300, 
18.813±0.534, 9.187±0.362 and 14.501±0.243 pg/mg 
protein, respectively. The highest IL-6 levels were in the LPS 
group. While the TML group was like the control group, V 
and LPS+TML groups differed from the control group (P < 
.001). IL-6 levels of ovarian tissue (Mean±SEM) are shown 
in Figure 4B. 
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Figure 4. A. Ovary TNF-α levels, B. Ovary IL-6 levels. The letters in the columns 
indicate statistical differences. Similar letters are statistically identical. 
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DISCUSSION 

Although inflammatory processes can lead to follicle 
depletion, decreased oocyte quality and infertility, 
controlling this condition positively affects reproductive 
health.26-28 Proinflammatory cytokines and reactive oxygen 
species affect the estrous cycle, steroidogenesis, ovulation, 
damage oocyte maturation, and embryo development.29 
Previous studies show that LPS cause hormonal 
imbalances, ovarian failure and infertility in mammals.30 
Similarly, in this study, it is observed that LPS-induced 
inflammatory condition causes decreases in reproductive 
hormone levels and disruptions in biochemical parameters 
in the ovary. 

Both low and high doses of LPS prolong the estrous cycle, 
reduce the number of primordial follicles and change 
reproductive hormone levels.31 In a study, it was conveyed 
that LPS administration caused decreases in serum 
estrogen and progesterone levels.8 In another study, it was 
reported that LPS administration caused decreases in 
serum estrogen levels.30 In addition, decreases in LH 
release occur in inflammation caused by intrauterine LPS.32 
A study stated that LPS administration causes decreases in 
AMH and E2 levels in mice.31 A study even reported that 
LPS-induced maternal inflammation caused decreases in 
AMH levels in female offspring mice.33 In this study, similar 
to previous studies, LPS administration caused statistically 
significant decreases in AMH and estrogen levels. Also, it 
was observed that thymol treatment statistically increased 
estrogen levels and caused increases in AMH levels. 

In a normal estrus, cytokines and chemokines released 
under physiological conditions are necessary for follicular 
growth and ovulation.12,29 Inflammatory mediators are 
produced during folliculogenesis and participate in 
ovulation processes.12 For instance, it is reported that 
physiological inflammation shaped by the increase in 
gonadotropin causes weakening and rupture in the follicle 
wall and contributes to ovulation.34 C-reactive protein 
(CRP), another immune system component, is associated 
with follicular dynamics; women with three follicular waves 
have higher CRP levels.35 In addition, bradykinin levels 
increase approximately 10-fold in ovulation.34 However, 
pathological cytokine and chemokine signaling could cause 
anovulation and infertility by affecting follicular dynamics 
and impairing oocyte quality.12,29 Both low and high doses 
of LPS increase serum and ovarian inflammatory cytokine 
levels in mice.31 A study reported decreased follicles with 
ageing were associated with inflammation in mice.28 Also, 
chronic inflammation has harmful effects on follicular 
dynamics and ovulation.12 Increasing follicular content 
inflammatory mediator levels in women receiving infertility 

treatment causes a decrease in oocytes and a decrease in 
implantation success.36 Similar to previous studies, this 
study found that LPS administration caused statistically 
significant increases in ovarian TNF-α and IL-6 levels. 

In normal physiological conditions, free radicals and 
antioxidants are in balance, and in oxidative stress 
situations that occur in the oxidant direction of this 
balance, oocyte ageing decreases in oocyte quality and 
quantity, and impairments in embryonic development may 
occur.37 Increases in the oxidant level of follicular fluid in 
women reduce the success of assisted reproductive 
techniques (ART).38,39 Also, the granulosa cell antioxidant 
content of women receiving invitro fertilisation treatment 
is low.40 A study observed that LPS administration caused 
decreases in ovarian superoxide dismutase and catalase 
levels and increased MDA levels in hamsters.8 Like other 
studies, LPS administration caused a statistically significant 
increase in MDA levels and decreased antioxidant enzyme 
levels of GSH, GSH-Px and catalase in ovaries. 

Antioxidant therapies are among the different protocols for 
the protection of oocytes.37 The main principle of 
treatment strategies involving antioxidants such as 
antioxidant monomers or melatonin is to reduce oxidative 
stress and improve ovarian function.41 Natural antioxidants 
cause protective effects on ovaries through multiple 
mechanisms.42 Thymol, one of the natural antioxidants, can 
reduce oxidant capacity.43 For example, a study conducted 
in rats reported that thymol increased total antioxidant 
capacity by 115% in radiation-induced oxidative stress.17 
Another study reported that Thymus vulgaris with thymol 
content showed an antioxidant effect in polycystic ovary 
syndrome in rats.44 In line with the previous study, thymol 
administration in LPS-induced ovarian damage statistically 
decreased MDA levels, increased antioxidant enzyme levels 
(GSH-GSH-Px and catalase) and stimulated antioxidant 
mechanisms. 

Identical to antioxidant therapy for oxidant status, 
controlling inflammatory processes is very important for 
ovarian activities.32,36,37 Treatment approaches for 
controlling follicular fluid cytokine content in women are 
included in the infertility treatment protocol.36,45 Upon 
reviewing the literature, it has been observed that thymol 
induces anti-inflammatory effects through different 
molecular mechanisms.46Another study stated that the 
inflammatory condition induced by radiation in the ovary 
returned to normal levels with thymol in rats.17 Similar to 
previous studies, this study observed that using thymol in 
LPS-induced ovarian damage statistically decreased TNF-α 
and IL-6 levels in ovarian tissue and thus caused the anti-
inflammatory effect. 
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In conclusion, thymol's use in LPS-induced ovarian damage 
has protective effects through hormonal, antioxidant, and 
anti-inflammatory mechanisms. However, further 
molecular analyses should be performed, and the effects of 
different doses and durations of thymol on ovarian 
functions should be investigated. 
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