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Abstract 

Purpose: Endometriosis is a medical condition characterized by an endometrial-like epithelium and 
stroma outside the endometrium. It is generally managed with surgical intervention and hormonal 
therapies. This study sought to compare the relative potency of metformin and quercetin to cisplatin and 
their effects on proliferative and migratory characteristics of in vitro-cultured endometrial stromal cells 
derived from tissue samples of patients with endometriosis.  
Methods: Isolated endometrial mesenchymal stromal cells (EndMSCs) were obtained from forty patients 
with endometriosis at Shatby-Alexandria University Hospital, and expanded in vitro. The cells were 
validated using the cluster of differentiation marker (CD10) and estrogen receptor as positive markers 
and desmin as a negative marker. The MTT assay was conducted to assess the cytotoxicity of the three-
drug formulations at different molar concentrations on EndMSCs, and their IC50 was determined. The 
following concentrations are used for Cisplatin (1 - 25 μM), Quercetin (1 -160 μM, and Metformin (1 - 40 
mM). The markers of oxidative stress and Ki-67 expression were measured in the EndMSCs’ culture 
media, as well as the cell migratory potential. Extracellular signal-regulated kinase (ERK) and Phospho-
ERK, a central dysregulated pathway in endometriosis, were assessed in EndMSCs using Western blot 
assay.  
Results: The calculated IC50 of cisplatin, quercetin, and metformin were 12.57 ± 1.635 µM, 261.2 ± 7.850 
µM, and 92.01 × 10^3 ± 21.1 µM, respectively. Both metformin and quercetin-treated EndMSCs exhibited 
significantly reduced Ki-67 expression (p < 0.05 and p < 0.01), less cell migration profiles (p < 0.0001), 
decreased expression of pERK1/2 (p < 0.0001 and p < 0.001), with lower cell cytotoxicity (IC50) (p < 
0.0001) and oxidative stress (p < 0.0001) compared to cisplatin. To the best of our knowledge, no studies 
have compared the in vitro effects of metformin, quercetin, and cisplatin on the proliferation and migration 
of EndMSCs.  

-----------------------------------------------------------------------------------------------------------------------------------------------------
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Conclusion: The findings of this study indicate that both drugs are promising agents for treating 
endometriosis. However, quercetin demonstrated higher potency in anti-proliferative and antioxidant 
effects, while metformin showed an obvious modulation of pERK1/2 to ERK ratio. 
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INTRODUCTION 
 

Endometriosis is a chronic inflammatory 
gynaecological disorder characterized by the 
ectopic implantation of endometrial stromal and 
epithelial cells beyond the uterine cavity  [1,2]. The 
"uterine origin" and "extra-uterine origin" 
hypotheses suggest that the aetiology of 
endometriosis may be due to the metaplasia of 
endometrial (epithelial) cells into mesenchymal 
cells, or epithelial-mesenchymal transition (EMT). 
The molecular basis behind the emergence and 
advancement of endometriotic lesions has been 
reviewed in terms of genetic, endocrine, 
environmental, and immunological variables  [3]. 
 
Endometriosis is typically treated with surgery and 
hormonal therapy  [4]. The efficacy of 
conservative treatment with preservation of 
ovarian function is poor, with a high recurrence 
rate [5]. Current pharmaceutical therapies 
suppress the development and activity of 
endometrial implants by altering the hormonal 
profile, which is primarily driven by estrogen. Their 
categories encompass combination oral 
contraceptives, gonadotropin-releasing hormone 
analogues, progestins, aromatase inhibitors, 
selective progesterone receptor modulators, and 
selective estrogen receptor modulators  [6]. The 
side effects of chronic hormonal therapy and 
resistance to treatment call for non-hormonal 
agents targeting the endometrial cells’ 
proliferation and migration [2]. 
 
Cisplatin, a drug frequently used for cancer 
treatment as a platinum-based alkylating agent, 
destroys rapidly dividing cells by altering the 
structure of DNA  [7]. Cisplatin has been widely 
studied in vitro and in vivo on endometrial cell 
proliferation, migration, and autophagy and shown 
to reduce the amount of endometrial tissue 
implanted outside the uterus, which is the 
hallmark of endometriosis, as well as the levels of 
proteins associated with the condition  [7]. 
 

The current study considered it a standard drug or 
a positive control with well-studied anti-mitogenic 
signalling targets on endometrial cell lines. It 
attempts to evaluate its anti-proliferative effect on 
endometrial cells against other safer drugs that 
share common cell signalling targets. 
Metformin, an insulin sensitizer derived from 
Galega officinalis, is used to treat type 2 diabetes 
by activating adenosine-monophosphate-
activated protein kinase (AMPK), a key regulator 
of cellular energy balance, and by inhibiting 
mammalian target of rapamycin (mTOR) 
signalling, which suppresses autophagy. In 
endometriosis, metformin may promote 
regression of endometriotic implants by 
increasing superoxide dismutase activity  [8]. 
 
Among other promising non-hormonal agents is 
quercetin, which has an emerging role in 
endometriosis-related molecular targets  [9]. 
Quercetin is a flavonoid pigment present in many 
plants and foods such as honey, nigella sativa 
seeds, onions, green tea, apples, and berries. 
Studies conducted both in vitro and in vivo have 
shown that quercetin has anti-inflammatory, anti-
proliferative, and anti-migratory effects, primarily 
through the MAPK, PI3K, and WNT signalling 
pathways [10,11]. 
 
Previous research showed that quercetin and 
metformin have beneficial effects on experimental 
endometriosis. In the ectopic endometrial tissues, 
the application of quercetin or metformin markedly 
raised the mRNA level of autophagy markers and 
decreased the mTOR mRNA level. In addition, 
they do not adversely impact the production of 
estrogen and progesterone, in contrast to 
traditional hormonal medications [9]. 
 
Extracellular signal-regulated kinase (ERK) is a 
MAPK kinase that controls critical cellular 
processes necessary for endometriotic lesions to 
survive, including cell migration, differentiation, 
proliferation, and apoptosis. Aberrations in MAPK 
signaling have been implicated in the 
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pathophysiology of endometriosis, and reducing 
its activity could represent a potential therapeutic 
target [12]. 
 
Given the above, this study aimed to assess how 
metformin and quercetin compare to cisplatin in 
influencing the biomechanical and proliferative 
properties of in vitro cultured endometrial cells 
derived from tissue samples of endometriosis 
patients [1]. 
 

METHODS 
 
The procedures adhered to the national ethical 
standards and international guidelines of the 
Declaration of Helsinki and were approved by the 
Alexandria University ethical authorities on 15 
November 2018 (protocol no. 0304146). The 
subjects provided written informed consent. 
 
Sample collection 
 
The sample size was calculated using Power 
Analysis and Sample Size Software (PASS 2020) 
by NCSS, LLC, Kaysville, Utah, USA, available at 
ncss.com/software/pass. The estimated minimum 
sample size is 40. Human endometrium tissues 
were obtained from the Obstetrics and 
Gynaecology Department at El Shatby University 
Hospital in Alexandria, Egypt, using a Z-test with 
a 5 % significance level, 20 % effect size, and 5 % 
precision. 
 
In the operating theatre, samples were taken from 
endometriosis patients, and then immediately 
transported in Dubelco’s Minimum Essential 
Medium (DMEM) high glucose, 5 % fetal bovine 
serum (FBS), 1 % Penicillin-Streptomycin-
Amphotericin solution (PSA) on ice to the Centre 
of Excellence for Research in Regenerative 
Medicine and Applications (CERRMA), Faculty of 
Medicine, Alexandria University, located in 
Alexandria, Egypt. The isolation of endometrial 
stroma mesenchymal stem cells (EndMSCs) and 
culture were performed in a clean lab using sterile 
equipment and reagents. All tissue or cell 
manipulation was conducted within a sterile 
laminar flow hood. 
 
 
 

Inclusion criteria 
 
1. Age in the range of 20 to 40 years 
 
2. Patients indicated for operative laparoscopy to 
excise endometriotic chocolate cysts due to 
infertility or period pains. 
 
Exclusion criteria 
 
1. History of recent hormonal treatment (e.g., 
moderate-dose hormonal pills, estrogen 
antagonists, testosterone derivatives, GnRH 
agonist (GnRHa), aromatase inhibitors, 
dienogest, or other progestins). 
 
2. Suspected malignancy cases 
 
Endometrial stromal cell isolation (EndMSCs) 
and culture 
 
EndMSCs isolation was performed using a 
previously established protocol  [13]. The sample 
of the endometriotic lesion was transferred in 
sterile Hank's balanced salt solution (HBSS). The 
sample was rinsed with HBSS to remove any 
blood or debris, centrifuged for five minutes at 600 
g, and the supernatant was discarded. The 
pelleted sample was minced into 1 mm2 
fragments on a 100 mm plastic tissue culture dish. 
The minced tissue was then moved to a 50 mL 
Falcon tube and digested using collagenase type 
II 250U/mL (Roche, cat#11088866001) in basal 
media for two hrs on a shaking rotor at 37°C. The 
digested sample was pipetted vigorously to 
disaggregate any residual tissue fragments and 
then sequentially filtered through 100 μm and 40 
μm strainers. The flow through containing the 
EndMSCs was washed and cultured in DMEM, 
high glucose (Biowest, supplemented with 5 % 
FBS (#SH30070-03, Thermo Fisher Scientific, 
Waltham, MA, USA), 100 IU ml 1 penicillin, and 
100mg ml 1 streptomycin (#15140, Thermo 
Fisher Scientific) in a 37 °C humidified incubator 
with 5% CO2. Media was changed every two days 
upon confluency, and cells were passaged using 
0.25% (w/v) trypsin/ethylene diamine tetraacetic 
acid (EDTA) (#2500056, Thermo Fisher 
Scientific), and expanded in T75 flasks. 
Experiments were conducted on passages 3 – 5 
(Figure 1). 
 



Anwar et al 

Trop J Pharm Res, September 2025; 24(9): 1116 

 

 
 
Figure 1: Schematic diagram of the steps of isolation and culture of endometrial stromal cells (EnDMSc) from 
endometriotic lesions 

 
Characterization studies 
 
Phase contrast microscopy 
 
The growth and morphology of the isolated 
EndMSCs were monitored, and images were 
captured using an inverted Phase-contrast 
microscope (Olympus, Japan). 
 
Colony-forming unit 
 
In passage 3, the colony-forming potential (CFU) 
of EndMSCs was assessed. Specifically, 100 cells 
were seeded onto a 60 mm culture dish and 
incubated for 14 days. Following incubation, the 
cells were washed, fixed, and stained for five 
minutes at room temperature with crystal violet 
(Sigma-Aldrich, USA) at 3% (w/v) in methanol. 
After staining, the dye was removed, and the cells 
were rinsed with distilled water. 
 
The CFU was calculated according to the 
following equation (Eq. 1): 
 
PE (%) = (N.Cl/NC)100 ……………..(1) 
 
Where PE is the plating efficiency, NCl. is the 
number of colonies, and NC is the number of cells 
plated. 
 
All visible colonies were identified, and colonies 
with five or more cells were counted using a 
phase-contrast inverted microscope. A CFU 
exceeding 40 % was considered suitable for cells 
of mesenchymal stem cell type  [13]. 
 
Immunocytostaining 
 
To confirm the phenotype of the isolated cells, 
endometrial stromal cell markers were further 
analyzed via immunocytochemistry using CD10, 
ER, and desmin antibodies. EndMSCs were 
grown on a cover slip in a 6-well plate until 
confluent, then fixed with 4 % PFA for 10 min at 
37 °C. They were permeabilized with 0.1 % Triton 

and blocked with 2 % bovine serum albumin 
(BSA).  
 
After blocking, the cells were incubated with 
primary antibodies for 3 h at room temperature, 
then washed three times with PBS for 5 min each. 
Subsequently, they were incubated with 
secondary antibodies for 45 min. The nuclei were 
stained with counterstain, and the cells were 
mounted for imaging. 
 
Drug preparation and dosage  
 
The molar concentration of the studied drugs was 
calculated using the GraphPad molarity 
calculator. The following concentrations are used 
for Cisplatin (1 - 25 μM )  [14], Quercetin (1 -160 
μM)  [9], and Metformin ( 1 - 40 mM)  [14]. The 
drugs were purchased from Sigma-Aldrich with 
the product ´s code (CAS 15663-27-1, Q4951, M-
072), respectively. 
 
Cytotoxicity study 
 
The 3-(4,5-dimethylthiazolyl-2)-2, 5-
diphenyltetrazolium bromide (MTT) assay was 
performed to assess the cytotoxic effects of the 
drug formulations on EndMSCs using a standard 
protocol  [10]. EndMSCs were plated in 96-well 
plates at a density of 7 × 103 cells per well and 
incubated overnight in a humidified environment 
with 5% CO2 at 37 °C. Once confluence was 
reached, the medium was replaced with fresh 
medium containing progressively higher molar 
concentrations of cisplatin, quercetin, and 
metformin. Following a 48-hour incubation, MTT 
solution (5 mg/mL in media) was introduced to 
each well and incubated for 4 hours at 37 °C in the 
dark with 5 % CO2. After four hours, the media 
containing the MTT solution was removed, and 
100 μL of DMSO was added to each well. The 
plates were then shaken gently on an orbital 
shaker (Heidolph Instruments, Schwabach, 
Germany) for ten minutes to dissolve the 
formazan crystals. The absorbance at the 
wavelength maximum of 570 nm (A570 nm) was 
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recorded using an automated microplate reader 
(BioTek® Instruments, VT, USA). The data were 
used to generate a dose-response curve, which 
facilitated calculations. Cell viability was 
expressed as a percentage using Eq 2. 
 
Cell viability (%) = (T/C)100 ………………(2) 
 
where T is the treated and C is the untreated 
control, with 100% indicating untreated control 
cells. 
 
All experiments were performed in triplicate. The 
50 % growth inhibitory concentration (IC50) was 
then determined by non-linear regression analysis 
(Figure 3), using GraphPad Prism-10 software  
[10]. 
 
Proliferation studies (Ki-67) 
 
EndMSCs were fixed with 4 % PFA for 10 min at 
37 °C, permeabilized using 0.1 % Triton X-100 for 
15 min at room temperature, and then blocked for 
1 hour with 2 % BSA. They were subsequently 
incubated with Alexa Fluor 488-conjugated anti-
rabbit Ki67 antibody (IgG, Cell Signaling 
Technology, USA, cat# 11882S). Evaluation and 
data analysis were carried out using BD FACS 
Calibur flow cytometry. 
 
Migration studies 
 
To evaluate the anti-migratory effects of quercetin 
and metformin-treated EndMSCs compared to 
cisplatin, EndMSCs were cultured in 12-well 
plates at a density of 1 × 104.5 cells per well to form 
a confluent monolayer  [10]. A sterile 200-μL 
pipette tip was gently used to scratch the cell 
monolayer, forming a straight, cell-free track. The 
cells were washed with PBS and kept in serum-
free media. The next day, the scratched cells were 
treated with sub-IC50 doses of quercetin, 
metformin, and cisplatin. 
 
Wells treated with cisplatin served as a positive 
control. The track closure was evaluated and 
recorded at 0, 24, 48, and 72 h. Wound images 
were taken with an inverted microscope 
(Olympus, Japan) at 100x magnification, 
capturing five images per well. The horizontal gap 
of the track was measured using ImageJ (version 
1.53C, NIH, US) to calculate the cell migration rate 
and track closure percentage, based on Eq 3. 
 
Closure (%) = 100−{(At/A0)100} ………… (3) 
 
Where At is the track area at time, t, and A0 is its 
initial area. 
 
 

Oxidative stress markers 
 
Malondialdehyde (MDA) and total antioxidant 
capacity (TAC) are biomarkers of oxidative stress 
measured in cell lysate using a colorimetric assay 
(Biodiagnostic, Egypt: cat # MD 25 29 & cat # TA 
25 13, respectively). MDA indicates lipid 
peroxidation. The reaction with thiobarbituric acid 
(TBA) produces an MDA-TBA2 conjugate that 
absorbs light at 532 nm, resulting in a red-pink 
color. The TAC was determined by reacting 
antioxidants in the sample with a specific amount 
of added hydrogen peroxide. Samples were 
mixed with reagents according to the 
manufacturer’s protocol, and the absorbance of 
the blanks and samples was measured 
immediately at 505 nm. TAC concentration was 
calculated in mM/L using Eq 4. 
 
TAC  = (Abs. Bl. - Abs. S.) × 3.33 ……. (4)  
 
Where TAC is total antioxidant capacity, Abs Bl is 
the absorbance of the blank, and Abs S is the 
absorbance of the sample. 
 
Western blot assay 
 
Cell lysates were prepared on ice using RIPA 
buffer containing 10 mM Tris-HCl, 1 % Triton X-
100, 0.1 % SDS, 1 mM EDTA, 150 mM NaCl, 5 
mM NaF, and 1 mM PMSF. The lysate was 
centrifuged at 12,000 rpm for 15 min at 4 °C. Fifty 
micrograms of protein were loaded onto 12 % 
SDS-PAGE gels and transferred to nitrocellulose 
membranes. The membrane was blocked with 5 
% BSA for 1 hour at room temperature, then 
incubated overnight at 4 °C with primary 
antibodies against ERK1/2, pERK1/2, and β-actin 
at specified dilutions. After five TBST washes, it 
was incubated with secondary antibody (anti-
rabbit IgG, AP-linked, 1:3000) for 2.5 h. The 
membrane was then developed with NBT/BCIP, 
and bands were quantified using ImageJ. 
 
Statistical analysis 
 
Statistical analyses were conducted using 
GraphPad Prism 10.4.2. All data are presented as 
mean ± SD from biological triplicates. Differences 
between groups were assessed with one-way 
ANOVA, followed by multiple Tukey tests (for 
three or more groups). 
 

RESULTS 
 
Endometrial stromal cells (EndMSCs) 
morphology 
 
The primary cultures obtained from digesting the 
biopsies from endometriosis patients contained 
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mostly flat adherent cells of mixed populations. 
Under phase-contrast microscopy, the cultured 
stromal cells adhered to plastic and grew as a 
monolayer of tightly packed spindle cells of 
consistent shape and morphology (Figure 2 A). 
The cells were passaged (P) until P5 (Figure 2 B). 
EndMSCs, when seeded in low densities, were 
able to grow in colonies at P3 (Figure 2 A). 
Additionally, EndMSCs showed CFU potential. 
They grew in separate colonies when plated in low 
seeding densities (Figure 2 C). The CFU potential 
was calculated to be 50 %. 
 
Immunocytochemical characteristics of 
EndMSCs 
 
Immunoprofile of the cultured endometrial stromal 
cells, positive immunostaining for estrogen 
receptor (ER), CD10 (common acute 

lymphoblastic leukemia antigen), and negative for 
the desmin muscle marker (Figure 2 D – F). These 
markers were maintained in culture up to passage 
5. 
 
Cell cytotoxicity 
 
The MTT assay was used to identify the IC50 
values of cisplatin, quercetin, and metformin on 
each EndMSC line. As shown in Figure 3, upon 
exposure to the studied drugs for 48 h, the 
calculated IC50 of cisplatin was 12.57 ± 1.635 µM, 
quercetin was 261.2 ± 7.850 µM, and that of 
metformin was 92.01 × 103 ± 21.1 µM. Cisplatin is 
considered the positive control. Both metformin 
and quercetin demonstrated significantly higher 
toxicity concentrations on EndMSCs than cisplatin 
(p < 0.0001). 
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Figure 2: characteristics of endometrial stromal cells. Under phase contrast microscopy, passages 3 (A) and 5 (B) 
of EndMSC show 75 % confluency; scale bar 200 µm. The EndMSCs were adherent and exhibited spindle-shaped 
morphology under higher magnification, scale bar 100 µm (A2). EndMSCs demonstrated colony-forming potential 
when plated in low seeding densities (C). Immunohistochemical staining of the cultured EndMSCs showed positive 
expression for the stromal marker CD10 (D), the estrogen receptor (ER) (E), and negative expression for the 
muscle marker desmin (F). Scale bars 100 and 50 µm 
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Figure 3: The EndMSCs’ viability curves and IC50 values (mean in µM ± SEM) for cisplatin, quercetin, and 
metformin based on MTT assay 
 

 
 
Figure 4: Effect of quercetin, metformin, and cisplatin on the proliferation assay and migration characteristics of 
cultured endometrial mesenchymal stromal cells (EndMSCs). (A) Flow cytometric scatter plots showing Ki-67 
expression of EndMSCs control (untreated), treated with quercetin, cisplatin, or metformin. (B) One-way ANOVA 
statistical analysis of Ki-67 expression among treated groups, data are presented as mean ± SD for control 
(untreated), treated with quercetin, cisplatin, or metformin (*p < 0.05, **p < 0.001, ***p < 0.0001). (C) Graph 
showing the average cell migration rate (μm/h), ****P < 0.0001; for all groups, compared to untreated controls at 
48 and 72 h 
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EndMSCs proliferative capacity  
 
Control EndMSCs from endometriotic lesions that 
were not exposed to any treatment during culture 
showed the highest proliferation rate, as shown by 
the 82.57 ± 4.4 % Ki-67 expression using flow 
cytometric analysis. EndMSCs treated with 
metformin and quercetin showed significant 
reductions in Ki-67 expression, with means of 
74.30 ± 1.02 % (p < 0.05) and 69.04 ± 3.11 % (p 
< 0.01), respectively. However, cisplatin showed 
a mean of 37.96 ± 2.1 % (p < 0.001) compared to 
the control group (Figure 4 A and B). 
 
Cell migration  
 
The untreated control EndMSCs showed a high 
cell migration rate with a significant difference 
between 0 and 48 h (p < 0.0001) and 72 h (p < 
0.0001). At 48 h, a substantial drop in cell 
migration rates was observed in quercetin, 
metformin, and cisplatin-treated cells compared to 
the controls (p < 0.0001). Additionally, at 48 h, 
metformin showed the lowest cell migration rate 
(p < 0.0001) as compared to cisplatin and 
quercetin (Figure 4 C). After 72 h of treatment, 
there were significant differences for all drugs 
when compared to the untreated control (p 
<0.0001). However, quercetin exhibited the 
lowest migration rate, which was significantly 
different from that of the other drugs at 24 and 48 
h (p < 0.0001), as shown in Figure 5. 
 
Oxidative stress markers in EndMSCs  
 
The levels of MDA and TAC indicate the extent of 
oxidative stress caused by endometriosis and the 
total antioxidant capacity induced by the various 
therapeutic drugs, respectively. The cisplatin-
treated EndMSCs showed a significant reduction 
in the TAC and elevation of MDA levels compared 
to the metformin and quercetin-treated EndMSCs 
(p < 0.0001). However, metformin and quercetin-
treated EndMSCs showed a significant decrease 
in the MDA/TAC index compared to cisplatin-
treated EndMSCs (p < 0.0001), suggesting lower 
levels of oxidative stress in these cells (Figure 6). 
 
Phosphorylation level of ERK1/2 in EndMSCs 
 
ERK signalling pathways may cooperate with 
other pathways, such as the AKT pathway, to 
support the growth of deep endometriotic lesions. 
ERK1/2 showed a non-significant change 
between EndMSCs control group and the treated 
groups, either with quercetin, metformin, or 
cisplatin. On the other hand, pERK1/2 and its ratio 
with ERK1/2 were significantly reduced after the 
addition of quercetin, metformin, and cisplatin 

compared to untreated-control EndMSCs. 
Metformin treatment resulted in the highest 
reduction in pERK1/2 and pERK/ERK ratio (p < 
0.0001; Figure 7). 
 

 
 
Figure 5: Representative images of the scratch 
analysis test done on EndMSCs groups over the 72-h 
scale bar 200µm. Results represent the mean of three 
measurements of each scratch area, and the 
experiment was done for each drug in duplicates (n = 
6) 

 

 
 
Figure 6: Oxidative stress (malondialdehyde, MDA 
nmol/ml) and antioxidant evaluation (Total antioxidant 
capacity (TAC) μM/L) of culture media of cultured 
endometrial stromal cells (EnDMSc) in all studied 
groups (*p < 0.05, **p < 0.001, ****p < 0.0001) 
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Figure 7: Protein expression level of ERK1/2, pERK1/2, and their ratio. One-way ANOVA statistical analysis and 
Tukey's multiple comparisons test were used to study the expression among the treated groups (*p < 0.05, **p < 
0.001, ****p < 0.0001). Data are presented as mean ± SD (n = 3) 

 

DISCUSSION 
 
Treatment for endometriosis is a complex clinical 
dilemma that requires innovative treatments that 
minimize lesions and preserve or rescue fertility. 
The definitive treatment has not yet been 
established due to the uncertainty surrounding the 
disease pathogenesis. The hormonal treatments 
neither improve the patient's fertility outcomes nor 
affect the disease course. Over-activation of 
kinase signalling pathways in endometriotic tissue 
and EndMSCs may arise due to the significantly 
altered peritoneal environment in women with 
endometriosis. The EndMSCs possess tissue 
regenerative and remodelling characteristics as 
well as immunomodulatory effects. These cells 
are part of the basal and functional layers of the 
endometrium. EndMSCs in endometriosis exhibit 
shorter doubling times, higher proliferation rates, 
reduced decidual response, and an imbalanced 
proliferation/differentiation ratio compared to 
normal eutopic EndMSCs  [15]. Furthermore, 
EndMSCs are recognized as a potential 
therapeutic target in both endometriosis-related 
ovarian cancer and endometrial adenocarcinoma. 
 
This study reports the isolation and expansion of 
EndMSCs from endometriosis patients as a 
reproducible tool for personalized drug testing in 
vitro. Our isolation protocol is a modified version 
of a previous endometrial isolation protocol  [11]. 

The isolated EndMSCs retained heterogeneous 
stromal characteristics such as plastic adherence 
and spindle-shaped morphology, and surprisingly 
showed colony formation ability through clonal 
expansion. This colony formation ability suggests 
a stem cell population within the primary cell line 
generated. This has not been investigated further. 
Cultured EndMSCs showed positive expression of 
the stromal cell marker CD10. CD10 is commonly 
used in clinical practice as a reliable marker for 
endometrial stromal differentiation. CD10 is 
uniformly expressed in normal endometrial 
stromal cells. Estrogen receptor expression was 
also maintained in cultured EndMSCs. EndMSCs 
were free from the smooth muscle cell marker 
desmin, indicating the accuracy of the retrieved 
biopsy and the purity of the isolated cell 
population. 
 
After validation of the cultured EndMSCs, the 
proliferative capacity and cell migration rates of 
EndMSCs derived from endometriotic lesions 
without any treatment was assessed. In culture, 
untreated EndMSCs derived from endometriotic 
lesions showed the highest proliferation capacity 
and cell migration rates, indicating that the 
pathophysiology of endometriosis is inherently 
transmitted to these cells in culture. Furthermore, 
the increased proliferative activity and persistent 
presence of estrogen receptors in cultured 
EndMSCs from endometriosis lesions emphasize 



Anwar et al 

Trop J Pharm Res, September 2025; 24(9): 1123 

 

the stromal compartment's key role in 
endometriosis development. This also indicates 
that proliferation is regulated differently in these 
cells compared to eutopic endometrium. 
 
Furthermore, the effect of metformin, quercetin, 
and cisplatin on cell proliferation and migration of 
EndMSCs has been tested in this study. Cisplatin 
is an anticancer drug that has been previously 
tested on endometrial malignant cells. In the 
current study, cisplatin is used as a reference drug 
with known reported outcomes rather than a 
suggested treatment option, as endometriotic 
lesions share some features with malignant 
tissues, such as increased proliferation, migration, 
and responsiveness to hormones. The beneficial 
impacts of cisplatin administration on the 
endometriosis rat model were reported to be 
through the downregulation of VEGF, extracellular 
matrix-disrupting protein MMP-2, and TGF-β 
expression, as well as an aromatase inhibitory 
effect  [7]. An aberrant PI3K/AKT/mTOR pathway 
was highlighted both in the pathogenesis of 
endometriosis stages and endometriosis 
carcinogenicity potential. Nevertheless, the side 
effects of cisplatin are troublesome, including 
nausea, nephrotoxicity, cardiotoxicity, 
hepatotoxicity, neurotoxicity, and an additional 
burden of reproductive toxicity. 
 
As it is crucial to introduce safe drugs for the 
treatment of endometriosis, metformin and 
quercetin represent non-hormonal therapeutic 
options with widely studied safety and promising 
efficacy on endometriosis. In the current study, 
both metformin and quercetin demonstrated 
statistically significant inhibition of EndMSCs 
proliferation and migration as compared to 
cisplatin. However, quercetin showed higher 
potency than metformin due to its significantly 
lower IC50. 
 
It was reported that metformin can inhibit 
endometrial cell migration in both endometriosis 
and endometrial cancer cell studies. The 
proposed mechanisms involved the reduction of 
vascular adhesion molecule (VCAM-1) 
expression, metalloproteinase-2,9, as well as E-
cadherin and Vimentin, which are epithelial-
mesenchymal transition-related proteins. 
Metformin also promotes the PI3K/AKT/MDM2 
signalling pathway and modulates the stroma–
epithelium interaction via Wnt2/β-catenin  
[13,16,17]. The combination of metformin and 
progestin exhibits a synergistic inhibitory effect on 
the proliferation of endometrial cancer cells, 
emphasizing the potential involvement of the 
LKB1-AMPK-mTOR signaling pathway  [18-19]. 
Due to the benefits of metformin use in 
endometriosis, metformin enhanced the 

expression of dysregulated EndMSCs’ stemness-
related genes, miRNAs, and restored skewed 
self-renewal/differentiation balance  [15]. 
 
Treating EndMSCs with quercetin in the current 
study significantly decreased the cell migration 
rate when the proliferation capacity was controlled 
under serum-free conditions. Quercetin has been 
proven to inhibit cell-to-cell migration through 
several mechanisms, such as a reduction in ROS. 
Quercetin is a potent antioxidant that can 
effectively scavenge ROS. This effect has been 
previously proven on cancer cell lines such as 
glioma and neuroblastoma cells. Although 
quercetin has been shown to effectively decrease 
cell migration in vitro, further evaluation of the 
epithelial-mesenchymal transition is required to 
assess the impact of quercetin on preventing 
endometriotic cell invasion of the basal lamina. 
Previous work has also shown this effect through 
multiple mechanisms, such as regulating Toll-like 
Receptor 4/Nuclear Factor-kappa B Pathway and 
suppressing inflammation. For this reason, 
current therapies for endometriosis include anti-
inflammatory agents. Previous studies that 
investigated quercetin's effects on endometriosis 
reported anti-proliferative and anti-inflammatory 
effects. Quercetin can impede the growth of 
EndMSCs in endometriosis and diminish their 
invasiveness by downregulation of MMP-2, MMP-
9, Fascin, and Erzin proteins  [20-22]. 
Interestingly, the simultaneous administration of 
quercetin and metformin markedly decreased the 
size of endometrial implants, as well as mTOR 
gene expression and autophagy markers, in the 
ectopic endometrium of the in vivo rat model  [23]. 
 
The results of the present study elucidated that 
metformin and quercetin-treated EndMSCs 
showed a significant decrease in the MDA/TAC 
index, indicating lower levels of oxidative stress in 
these cells compared to untreated EndMSCs. 
Endometriotic cells exhibit elevated endogenous 
oxidative stress, disrupt ROS detoxification 
pathways correlated to enhanced cellular 
proliferation, and activate the MAP kinase ERK1/2  
[24]. Metformin inhibits ROS by activating AMPK. 
In addition, it attenuates ROS production by 
activating FOXO3 in Immune Cells. Quercetin 
was reported to prevent oxidative stress by 
modulating NOX2/ROS/NF-kB. 
 
ERK signaling pathways promote endometriotic 
stromal cell survival and proliferation in vitro and 
support the formation of deep endometriotic 
lesions  [12]. ERK downregulation may serve as a 
viable target for endometriosis treatment. Finally, 
treating EndMSCs with quercetin and metformin 
prohibited the phosphorylation of ERK and 
significantly decreased the pERK/ERK ratio, with 
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the highest reduction in metformin-treated 
EndMSCs. In line with our results, metformin was 
proven to inhibit the phosphorylation of ERK in 
lung tissue, maybe as a result of inhibition of an 
upstream receptor tyrosine kinase. Quercetin was 
reported to abrogate the phosphorylation of the 
MAP kinases, including ERK, by suppressing 
tyrosine phosphorylation, which is necessary for 
MAP kinase activation. 
 
Quercetin and metformin effectively inhibited the 
proliferation and migration of isolated EndMSCs in 
the current study. Interestingly, their reproductive 
safety has been addressed in previous studies; 
quercetin has multiple beneficial effects on the 
reproductive system. It enhances ovarian 
response and oocyte maturation, and protects the 
female reproductive system from chemotherapy-
induced adverse effects through antioxidant and 
anti-inflammatory effects  [25,26]. Furthermore, it 
has been reported that metformin also has 
reproductive benefits with a positive influence on 
oocyte quality and hormonal profile adjustment  
[27]. 
 
To the best of our knowledge, there are no 
published studies that compare the in vitro effects 
of metformin and quercetin to those of cisplatin on 
EndMSCs proliferation and migration. The 
present findings suggest that both metformin and 
quercetin are promising and safe therapeutic 
options for reducing the proliferation and 
migration of endometriotic lesions. 
 

CONCLUSION 
 
Metformin and quercetin significantly reduce the 
proliferative and migratory potentials of 
EndMSCs. Both agents decrease oxidative stress 
and modulate the ERK signalling pathway. 
However, quercetin is a more potent 
antiproliferative and antioxidant than metformin. In 
vivo studies are necessary to ascertain their 
effectiveness in treating endometriosis. 
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