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A Year in Review: Reflections and 
Future Directions

Dear Colleagues, 
 
We are pleased to present the third issue of the Yeditepe Journal of Health Sciences, which also constitutes 
the final issue of 2025. The past year has been both productive and inspiring, marked by dedicated efforts 
to establish the journal and ensure its continued development.
 
The cover artwork featured in this issue is Two Nurses by Edvard Munch, painted in 1909 during a pe-
riod of hospitalization. Munch was a Norwegian painter and a prominent figure of the Expressionist 
movement, widely recognized for his iconic work The Scream. Throughout his life, he endured multiple 
illnesses, including severe and recurrent mental health conditions, which profoundly influenced his ar-
tistic expression. Regrettably, many of his works were criticized and undervalued during his lifetime; in 
some instances, patrons who commissioned his paintings were so dissatisfied that they returned them. 

This issue includes a diverse selection of articles, ranging from drug-related research to studies in-
volving medical students. As time passes swiftly—verba volant, scripta manent—our primary objec-
tive is to publish scholarly work grounded in knowledge and scientific rigor that will endure with-
in the scientific record. Beyond publication, our foremost aspiration is for these articles to be wide-
ly read, critically evaluated, and, most importantly, cited by the scientific community. Increas-
ing the visibility and citation of our publications is a key goal we look forward to pursuing in 2026. 

As we bring the year to a close, I would like to extend my sincere gratitude to the authors who submitted 
their valuable work to our journal, to the reviewers for their meticulous and constructive evaluations, to the 
editorial team for their dedicated contributions, to .doc, the publisher of the journal, for its role in realizing 
this journal, and to our university administration for their continued support.
 
We extend our best wishes for a healthy, successful, and prosperous New Year, and hope that 2026 brings 
continued achievement and fulfillment to all.

Stay healthy,

Gülderen Yanıkkaya Demirel
Editor-in-Chief

 E-mail gulderen.ydemirel@yeditepe.edu.tr
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Testicular Seminoma and Hippo 
Signaling Pathway
Tuğçe Önel1 , Aylin Yaba2 
1 Department of Histology and Embryology, Demiroglu Bilim University Faculty of Medicine, İstanbul, Türkiye; 2 Department of Histology 
and Embryology, Yeditepe University Faculty of Medicine, İstanbul, Türkiye

The Hippo signaling pathway is a highly conserved regulator of tissue development and regeneration that con-
trols organ size, primarily through the control of cell proliferation and apoptosis. Dysregulation of this path-
way contributes to tumorigenesis in multiple human cancers; however, its role in testicular cancer—particular-
ly seminoma—remains insufficiently characterized. Testicular germ cell tumors (TGCTs) are the most common 
malignancies in young adult men, with seminoma representing the predominant histological subtype. In this 
review, we summarize the molecular architecture of the Hippo signaling pathway and critically evaluate current 
evidence linking Hippo pathway components to testicular biology and seminoma pathogenesis, in accordance 
with the 2022 World Health Organization (WHO) classification of testicular tumors. Particular emphasis is placed 
on mixed germ cell tumors, the relative proportion of seminoma among TGCTs, and emerging therapeutic strat-
egies targeting Yes-associated protein / Transcriptional coactivator with PDZ-binding motif (YAP/TAZ) signal-
ing. We further integrate recent translational findings demonstrating the anti-cancer effects of verteporfin in 
human seminoma TCam-2 cells, highlighting the Hippo pathway as a promising and context-dependent thera-
peutic target in testicular seminoma.

Keywords: Testicular seminoma, Testicular germ cell tumors, Hippo signaling, pathway, YAP/TAZ, verteporfin.

Abstract

TESTIS

The testis is the male gonad responsible for spermatogenesis and steroidogenesis (1,2). It consists of 
seminiferous tubules, where germ cell development occurs, and interstitial tissue containing Leydig 
cells that produce testosterone (3,4). Sertoli cells within the seminiferous tubules support germ cell 

differentiation and, through their tight interconnections, form the blood-testis barrier, which is essential for 
immune privilege and spermatogenic integrity (5-8). Leydig cells are the source of androgens or testosterone 
in males (9). 

https://orcid.org/0000-0003-1518-604X
https://orcid.org/0000-0001-6781-9983
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Spermatogenesis and Spermiogenesis
Spermatogenesis is a highly regulated, multi-stage pro-
cess involving mitotic proliferation, meiotic division, and 
post-meiotic differentiation (spermiogenesis), ultimately 
producing mature spermatozoa (4,10). Sertoli-germ cell 
interactions and tightly regulated signaling networks en-
sure proper progression of this process (11,12). The time 
required for the spermatogonia to develop into mature 
sperm is approximately 64 days (13). Spermiogenesis is 
the final phase of spermatogenesis which differentiation 
of haploid germ cells to motile, fertilization-competent 
spermatozoa occur. 

TESTICULAR CANCER

Testicular cancer is the most common type of malignan-
cy in men aged between 15 and 35 years (14,15) account-
ing for approximately 1% of all male cancers (16,17). The 
majority (>95%) are testicular germ cell tumors (TGCTs), 
whose pathogenesis involves a complex interplay be-
tween genetic susceptibility, disrupted germ cell differ-
entiation, and environmental influences (16,17).

Testicular Cancer Development
Despite extensive research, the etiology of testicular 
germ cell tumors (TGCTs) remains incompletely under-
stood. Both environmental and genetic factors have been 
implicated in TGCT development, with increased risk 
observed in individuals with cryptorchidism, familial 
TGCT history, Klinefelter syndrome, testicular dysgen-
esis, testicular atrophy, inguinal hernia, and hydrocele 
(18-21). Genome-wide association studies have further 
identified multiple single nucleotide polymorphisms as-
sociated with TGCT susceptibility, supporting a strong 
genetic contribution to disease risk (22,23). Although en-
vironmental influences such as androgen disruption and 
perinatal or lifestyle factors have been proposed, their 
direct relationship with TGCT remains unclear, suggest-
ing that tumorigenesis likely arises from the combined 
effects of microenvironmental and epigenetic alterations 
(24-26).

Developmentally, TGCTs are thought to originate from 
germ cell neoplasia in situ (GCNIS), arising when pri-
mordial germ cells or gonocytes fail to differentiate into 
pre-spermatogonia during fetal or early postnatal devel-
opment. This differentiation arrest may result from ge-
netic abnormalities or exposure to endocrine-disrupting 
environmental factors, including anti-androgens and 
xenoestrogens (27-29). While it remains debated whether 
GCNIS originates from arrested spermatogonial cells or 
from reprogrammed adult germ cells, the high differenti-
ation potential of adult spermatogonia lends support to 
the latter hypothesis (30). 

Testicular Cancer Types
According to the 2022 World Health Organization (WHO) 
classification of tumors of the urinary system and male 
genital organs, testicular tumors are broadly categorized 
into germ cell tumors (GCTs), sex cord-stromal tumors, 
and a heterogeneous group of other rare tumors (31). 
Germ cell tumors account for more than 95% of all tes-
ticular malignancies and represent the most clinically 
significant category (16,32,33).

Testicular GCTs are further divided into two major bio-
logical groups based on their association with GCNIS: 

•	 GCNIS-related tumors, which represent the vast ma-
jority of postpubertal TGCTs and include seminomas 
and non-seminomatous germ cell tumors (NSGCTs), 
and

•	 Non-GCNIS-related tumors. which typically occur in 
prepubertal children or older adults and follow dis-
tinct pathogenetic mechanisms (34,35). 

Seminoma is the most common histological subtype 
of TGCT, accounting for approximately 50–55% of cas-
es (36). Seminomas are composed of relatively uniform 
cells resembling primordial germ cells or gonocytes and 
typically present in young to middle-aged adults. Histo-
logically, seminomas are characterized by large polygo-
nal cells with clear cytoplasm, centrally located nuclei, 
and prominent nucleoli, arranged in sheets or lobules 
separated by fibrous septa containing lymphocytic in-
filtrates (37). Serum tumor markers are usually normal, 
although mild elevation of β-human chorionic gonado-
tropin (β-hCG) may be observed due to the presence of 
syncytiotrophoblastic giant cells (36,37).

Non-seminomatous germ cell tumors comprise a hetero-
geneous group that includes embryonal carcinoma, yolk 
sac tumor, choriocarcinoma, and teratoma. These tumors 
may occur as pure forms but more commonly present as 
components of mixed germ cell tumors (38). Embryonal 
carcinoma is an aggressive malignant tumor composed 
of poorly differentiated epithelial cells with high mitotic 
activity (39). Yolk sac tumor is the most frequent TGCT 
in infancy and early childhood and is characterized by 
Schiller-Duval bodies and elevated alpha-fetoprotein 
(AFP) levels (40,41). Choriocarcinoma is a rare but highly 
aggressive tumor with early hematogenous dissemina-
tion and markedly elevated β-hCG levels (42-44). Terato-
mas consist of differentiated tissues derived from two or 
three embryonic germ layers and may be benign or ma-
lignant depending on patient age and associated tumor 
components (45).

Importantly, mixed germ cell tumors represent approxi-
mately 30–40% of all TGCTs and contain variable propor-
tions of seminomatous and non-seminomatous elements 
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(33,38). The identification of mixed histology is clinically 
critical, as even a minor non-seminomatous component 
dictates treatment strategies and prognosis. Therefore, 
comprehensive histopathological sampling and accurate 
classification according to WHO criteria are essential for 
optimal patient management (42-44,46).

Sex cord-stromal tumors, including Leydig cell and Ser-
toli cell tumors, account for less than 5% of testicular 
neoplasms. These tumors are usually benign and hor-
monally active in some cases, leading to endocrine man-
ifestations such as gynecomastia or precocious puberty 
(47). Malignant transformation is rare but has been re-
ported, particularly in Leydig cell tumors (31,47). 

Overall, the 2022 WHO classification emphasizes the 
biological heterogeneity of testicular tumors and high-
lights the importance of GCNIS status, mixed tumor 
composition, and precise histopathological diagnosis. 
This updated framework provides a critical founda-
tion for understanding tumor behavior, guiding clini-
cal decision-making, and interpreting molecular path-
ways—such as Hippo signaling—that may differentially 
contribute to seminoma and non-seminomatous TGCT 
pathogenesis (32,34).

HIPPO SIGNALING PATHWAY

The Hippo signaling pathway was originally identified in 
Drosophila melanogaster as a tumor-suppressive path-
way and is highly conserved in mammals, including hu-
mans and mice (48). It functions as a central regulator of 
organ size and tissue homeostasis by integrating diverse 
upstream signals such as cell polarity, cell-cell contact, 
metabolic status, mechanical cues, and G-protein-cou-
pled receptor signaling (48). Through these inputs, Hip-
po signaling limits cell proliferation, migration, and dif-
ferentiation during development, while its dysregulation 
promotes abnormal tissue growth and tumorigenesis 
(48). 

In mammals, Hippo signaling is mediated by a core ki-
nase cascade in which mammalian STE20-like pro-
tein kinases 1/2 (MST1 and MST2 kinases), activated 
by autophosphorylation and upstream TAO kinases 
(TAOK1/2/3), phosphorylate and activate large tumor 
suppressor kinases 1/2 (LATS1/2) (48-52). The tumor 
suppressor neurofibromin 2 (NF2) (also known as Merlin) 
facilitates this process by recruiting LATS1/2 to the plas-
ma membrane, enabling efficient mammalian STE20-like 

Table 1. Hippo signaling pathway proteins and roles in cancer.

Protein Class/Function Role in active hippo pathway Role in cancer Reference

MST1/2 (STK4/3) Serine/Threonine 
kinases

Phosphorylate and activate 
LATS1/2 and MOB1

Tumor suppressor (Inactivation 
promotes tumorigenesis) (48)

SAV1 Adaptor protein/
Scaffold

Binds MST1/2 and LATS1/2 to 
facilitate LATS phosphorylation Tumor suppressor (49,50)

LATS1/2 Serine/Threonine 
kinases

Phosphorylate and inactivate YAP 
and TAZ Tumor suppressor (51)

MOB1A/B Adaptor protein/
Cofactor

Associates with LATS1/2 to  
potentiate their kinase activity Tumor suppressor (52)

YAP Transcriptional 
coactivator

Phosphorylated by LATS1/2,  
leading to cytoplasmic retention 
and degradation

Oncogene (Nuclear localization 
promotes cell proliferation/ 
survival)

(53-55) 

TAZ (WWTR1) Transcriptional 
coactivator

Phosphorylated by LATS1/2,  
leading to cytoplasmic retention 
and degradation

Oncogene (Nuclear localization 
promotes cell proliferation/ 
survival)

(56)

TEAD1-4 Transcription factors Partner with YAP/TAZ in the  
nucleus to drive gene expression

Key oncogenic mediators of YAP/
TAZ activity (57)

MST1/2: Mammalian STE20-like protein kinase 1/2, STK4/3: Serine/threonine kinase 4/3, SAV1: Salvador homolog 1, LATS1/2: Large tumor suppressor 
kinase 1/2, MOB1A/B: Mps one binder kinase activator-like 1A/1B, YAP: Yes-associated protein, TAZ: Transcriptional coactivator with PDZ-binding motif 
(WWTR1), TEAD: TEA domain transcription factor.
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protein kinase 1/2 (MST1/2)-mediated phosphorylation 
(26). Activated LATS1/2 subsequently phosphorylate the 
transcriptional coactivators yes-associated protein (YAP) 
and (transcriptional coactivator with PDZ-binding motif) 
(TAZ), leading to their cytoplasmic retention or degrada-
tion and suppression of TEA domain transcription factor 
(TEAD)-dependent gene transcription (53,55-57). When 
Hippo signaling is inactive, unphosphorylated YAP and 
TAZ translocate to the nucleus, where they interact with 
TEAD transcription factors to induce genes involved 
in cell proliferation, migration, and survival (52-56)  
(Table 1).

The Hippo signaling pathway is organized by cell or tis-
sue properties such as apicobasal polarity, mechano-
transduction, cell-cell contact, and contact inhibition. 
Also, the Hippo signaling pathway and its components 
regulate very important processes such as cell viability, 
cell proliferation, cell competition, preservation of stem 
cell characteristics, regeneration, and metastasis (48). 
This pathway is conserved in mammals and has an im-
portant role in limiting tumor growth in cancer develop-
ment. Regulation of the Hippo signaling pathway, there-
fore, presents a potential therapeutic case for treating 
cancer, but the targeted pathway needs to be explored in 
more detail (57-59).

Hippo Signaling Pathway in Male Reproductive 
System
Limited studies have examined Hippo signaling in the 
male reproductive system. In mice, genetic deletion of 
key Hippo components such as YAP, LATS1/2, or TAZ 
results in embryonic lethality, impaired postnatal devel-
opment, or reduced fertility, highlighting their essential 
roles in testicular development and endocrine regula-
tion (60-62). YAP and TAZ regulate genes involved in sex 
differentiation and early spermatogenesis, and Hippo 
pathway proteins have been identified in Sertoli cells 
across multiple species, where YAP controls cyclic AMP 
signaling, proliferation, and apoptosis (60,63). Although 
indirect evidence suggests a role for Hippo signaling in 
germ cell regulation, including miRNA-mediated inhibi-
tion of LATS2 and high YAP expression in spermatogonia 
(61). Its function in human testicular tissue remains un-
explored, with no studies to date evaluating Hippo path-
way protein expression in the normal human testis, aside 
from prostate cancer-related reports (64).

Hippo Signaling Pathway in Human Cancer
The Hippo signaling pathway functions as a central reg-
ulator of cellular homeostasis by integrating biochemical 
and mechanical cues to control proliferation, apoptosis, 
stemness, and tissue architecture. Canonically, activa-

Table 2. Hippo pathways inhibitors and key findings/status in cancer treatment.

Inhibitor/
Drug Class Target(s) Lead cancer  

indication(s) in trials Key findings/Status Clinical trial ID 
(NCT) Reference

VT3989

YAP/TAZ-TEAD 
Interaction (Non-
covalent TEAD 
Ligand)

Malignant mesothelioma 
(MPM), Non-small cell 
lung cancer (NSCLC), 
other advanced solid 
tumors

First-in-human Phase 1 trials 
showed early efficacy signals and 
durable responses in NF2-mutated 
and wild-type mesothelioma.

NCT04665206 
(Clinical trial ID)  (77)

IAG933

YAP/TAZ-TEAD 
Interaction (Orally 
Bioavailable 
Inhibitor)

Various solid tumors 
with Hippo/YAP pathway 
activation.

Preclinical data shows potent, 
specific inhibition of the YAP/TAZ-
TEAD axis and strong antitumor 
effects, positioning it for upcoming 
clinical studies.

NCT05590918 
(Example trial 
ID for a related 
next-gen TEAD 
inhibitor)

(78)

VP

YAP/TAZ-TEAD 
Interaction 
(Disrupts 
complex, YAP 
degradation)

Glioblastoma, Pancreatic 
cancer, Ocular/Uveal 
melanoma (Mostly used 
in photodynamic therapy 
or PDT)

Preclinical studies show light-
independent inhibition of YAP/
TAZ function in many tumor types. 
Clinical trials mainly use it as a 
photosensitizer in PDT, but some 
Glioblastoma trials test its single-
agent YAP-inhibitory activity.

NCT04590664 
(Verteporfin 
for recurrent 
glioblastoma- 
light-
independent)

 (79)

MRK-A 

YAP/TAZ-TEAD 
Interaction 
(Preclinical 
Compound)

Preclinical/Development 
(Focus on mesothelioma, 
glioblastoma, sarcoma)

Inhibits the YAP/TAZ-TEAD 
complex and suppresses 
tumor growth in NF2-deficient 
mesothelioma xenografts in vivo.

 (80-82)

YAP: Yes-associated protein, TAZ: Transcriptional coactivator with PDZ-binding motif, TEAD: TEA domain transcription factor, NF2: Neurofibromin 2, 
NSCLC: Non-small cell lung cancer, MPM: Malignant pleural mesothelioma, VP: Verteporfin, PDT: Photodynamic therapy.



Testicular Seminoma and Hippo Pathway

115

tion of the MST1/2-LATS1/2 kinase cascade restricts 
nuclear YAP/TAZ activity, thereby limiting TEAD-depen-
dent transcription of genes that promote cell cycle pro-
gression and survival. Disruption of this regulatory axis 
through genetic mutations or functional suppression of 
upstream Hippo components leads to constitutive YAP/
TAZ activation and uncontrolled cell proliferation, a 
phenomenon consistently observed in both Drosophila 
and mammalian tumor models (58,65-67). 

Beyond proliferation, YAP and TAZ exert profound ef-
fects on tumor cell plasticity by promoting stem cell-
like transcriptional programs. Elevated YAP/TAZ activity 
has been documented in embryonic, mesenchymal, and 
cancer stem cells, where it sustains self-renewal capac-
ity and inhibits differentiation. Mechanistically, YAP/
TAZ regulate pluripotency-associated gene networks 
and cooperate with TEAD transcription factors to main-
tain progenitor states, thereby increasing tumorigenic 
potential and resistance to therapy (65-68). These stem-
ness-promoting effects are further reinforced by YAP/
TAZ-mediated loss of contact inhibition and disruption 
of epithelial tissue architecture, both hallmark features 
of malignant transformation (69,70).

Hippo signaling is also a key mechanotransduction path-
way that senses changes in extracellular matrix stiffness, 
cell-cell adhesion, and cytoskeletal tension. Mechanical 
inactivation of the Hippo kinase cascade results in nuclear 
accumulation of YAP/TAZ, which in turn drives transcrip-
tional programs favoring invasion, migration, and meta-
static progression. Increased YAP/TAZ activity has been 
correlated with aggressive and metastatic phenotypes in 
breast and prostate cancers, supporting a role for Hippo 
pathway dysregulation in tumor dissemination (70).

In regenerative contexts, transient suppression of Hip-
po signaling enables tissue repair by activating YAP/
TAZ-dependent progenitor expansion. However, chronic 
or unrestrained activation of this regenerative program 
can promote oncogenesis, particularly in tissues with 
high regenerative capacity. Experimental models demon-
strate that sustained YAP/TAZ activation during repeated 
injury or regeneration drives tumor formation, linking 
Hippo pathway dysregulation to regeneration-associat-
ed carcinogenesis (71-76).

Despite extensive evidence implicating Hippo signaling 
in diverse human cancers, its role in testicular tumors has 

FIGURE 1. Normal and active Hippo signaling pathway with dysregulated Hippo pathway.
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remained largely unexplored. In this context, our findings 
demonstrate that Hippo pathway components exhibit tis-
sue-specific localization patterns in the human testis and 
that pharmacological inhibition of YAP-TEAD interaction 
by verteporfin suppresses proliferation and migration 
while inducing apoptosis in seminoma-derived TCam-
2 cells. Notably, these effects occur primarily through 
post-transcriptional modulation and cytoplasmic se-
questration of YAP/TAZ, highlighting a mechanistic vul-
nerability of seminoma cells to Hippo pathway targeting. 
Collectively, these data identify Hippo signaling as a con-
text-dependent regulator of seminoma biology and sup-
port verteporfin as a promising therapeutic strategy for 
precision targeting of testicular cancer (77-82) (Table 2).

CONCLUSION 

This review highlights the Hippo signaling pathway as 
a critical yet understudied regulator of testicular semi-

noma biology. Aberrant activation of YAP/TAZ has been 
implicated in tumor cell survival, proliferation, and 
therapy resistance across multiple cancer types, and 
emerging evidence suggests that similar mechanisms 
operate in seminoma. Importantly, experimental data 
using the seminoma-derived TCam-2 cell line demon-
strate that pharmacological targeting of Hippo signaling 
with verteporfin exerts significant anti-cancer effects by 
suppressing YAP/TAZ activity and inducing apoptosis  
(77-82).

Collectively, these findings support the Hippo signal-
ing pathway as a promising molecular target in testic-
ular seminoma and provide a strong rationale for future 
translational and clinical studies aimed at precision 
therapy in TGCTs (Figure 1). Integration of WHO 2022 
tumor classification with molecular pathway analysis 
will be essential for identifying patients most likely to 
benefit from Hippo pathway-directed therapeutic strat-
egies.
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Exploring the Antimutagenic and 
Antigenotoxic Potential of Arbutus 
unedo L. Fruits

Objective: This study aimed to comprehensively evaluate the phytochemical composition, antioxidant capac-
ity, genoprotective potential, and genotoxic safety of Arbutus unedo L. (strawberry tree) fruit ethanolic (EtOH) 
and aqueous extracts.

Materials and Methods: Ethanolic and aqueous extracts of A. unedo fruits were analysed for total phenolic 
content (TPC), total flavonoid content (TFC), and antioxidant activity using cupric reducing antioxidant ca-
pacity (CUPRAC), ferric reducing antioxidant power (FRAP), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. 
High-performance thin-layer chromatography (HPTLC) was employed to check the presence of some specific 
phenolic compounds. Genotoxicity and genoprotection were assessed using the Ames test, alkaline comet as-
say, and cytokinesis-block micronucleus (CBMN) assay in Chinese hamster ovary (CHO-K1) cells.

Results: The EtOH extract showed significantly higher TPC (46.46 ± 0.56 mg gallic acid equivalent [GAE]/g) and 
TFC (14.23 ± 1.18 mg catechin equivalent [CE]/g) than the aqueous extract (TPC: 33.66 ± 1.80 mg GAE/g; TFC: 
8.90 ± 0.24 mg CE/g), which was consistent with stronger antioxidant activity in the CUPRAC (114.86 ± 5.33 mg 
Trolox equivalent [TE]/g), FRAP (47.48 ± 1.70 mg TE/g), and DPPH (89.86 ± 0.83 mg TE/g) assays. No mutagenic 
or genotoxic effects were detected in either extract in all genotoxicity tests. Moderate antimutagenic activity 
was observed only at the highest concentration (5000 µg/plate) of the EtOH extract in the TA100 strain with S9 
metabolic activation in the Ames test. However, no significant DNA protection was observed against doxorubi-
cin-induced damage in either the comet or micronucleus assays.

Conclusion: Arbutus unedo fruit extracts, particularly the EtOH extract, are rich in phenolic antioxidants and do not 
exhibit genotoxic effects under the tested conditions. These findings support the safe use of A. unedo fruits in the food 
industry and their potential as natural sources of antioxidants.

Keywords: Arbutus unedo, antioxidant activity, micronucleus assay, Comet Assay, Ames test
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INTRODUCTION

Arbutus unedo L., commonly referred to as the 
strawberry tree, belongs to the genus Arbutus in 
the Ericaceae family and is predominantly dis-

tributed throughout the Mediterranean region. Its dis-
tribution extends across Northeastern Africa, the Ca-
nary Islands and Western Asia, Western, Central, and 
Southern Europe as well as the Mediterranean region of 
Türkiye (1). The species typically thrives on arid, rocky 
slopes and hillsides or within pine forests, particularly in 
the Taurus mountains, from sea level up to elevations of 
600 meters (2). Arbutus unedo is an evergreen perennial 
that can appear as either a shrub or a small tree. While 
its usual height ranges from 1.5 to 3 meters, it can reach 
up to 9 meters under favorable environmental condi-
tions (3). Uniquely, the plant bears both fruit and flowers 
simultaneously during the winter months. Its inflores-
cences are composed of clustered, small, cream-colored, 
lantern-shaped flowers. The alternate leaves are simple 
and oblanceolate with a dark green hue, leathery texture, 
short petioles, and serrated margins. The fruits are glob-
ular, orange-red, rough in texture, and can reach up to 2 
cm in diameter (1,4).

Wild edible plants like A. unedo play a significant role 
in traditional diets and community health practices. Its 
fruits have historically been incorporated into regional 
foods and beverages, including fermented drinks and 
fruit preserves. Extracts obtained from A. unedo fruits 
have demonstrated various pharmacological effects, 
such as antioxidant, anti-inflammatory, antimicrobial 
and antiproliferative activities (1,3). Triterpenoids such 
as lupeol and betulinic acid isolated from its fruit ex-
tracts have shown inhibitory effects on cyclooxygen-
ase-2 (COX-2) activity (5). Additionally, the leaves are 
known for their astringent properties, antiplatelet ef-
fects, and potential urinary antiseptic, anti-inflammato-
ry, antidiarrheal, antihypertensive, and antidiabetic ac-
tivities. In traditional folk medicine, A. unedo has been 
used for its antiseptic, diuretic, and laxative properties, 
as well as for managing arterial hypertension (6). Despite 
its established health benefits and wide traditional use, 
the genotoxic safety profile of A. unedo fruit extracts 
remains insufficiently studied. Given that certain phy-
tochemicals may exert genotoxic effects under specific 
conditions, a comprehensive safety evaluation is war-
ranted. Therefore, the present study aims to assess the 
mutagenic/antimutagenic and genotoxic/antigenotoxic 
effects of aqueous and ethanolic extracts prepared from 
the ripe fruits of A. unedo, using pharmacognostic and 
toxicological approaches to provide a comprehensive 
safety profile.

MATERIALS AND METHODS

Plant Material
The ripe fruits of A. unedo L. were collected in October 
2022 from the vicinity of the Yeditepe University cam-
pus, located in the Ataşehir district of Istanbul, Türkiye. 
The plant species was identified by one of us (HK) and 
a voucher specimen was deposited at the Herbarium of 
the Department of Pharmacognosy, Faculty of Pharma-
cy, Yeditepe University, Istanbul, Türkiye (Herbarium No: 
YEF 22043). 

Preparation of Extracts 
A 400 g of fresh fruits were cleaned and lyophilized in or-
der to remove water. For the ethanol extract (EtOH), 20 g 
of ground sample was macerated in 200 mL of EtOH at 
room temperature for 3 days, followed by extraction at 
40°C for 3 hours. The mixture was then filtered, and the 
solvent was evaporated under reduced pressure using 
a rotary evaporator. The concentrated extract was dis-
persed in H2O, frozen in refrigerator and subsequently 
lyophilized (yield: 30.15%). For the aqueous extract (infu-
sion), 20 g of ground material was mixed with 200 mL of 
boiling distilled water. After 15 minutes, the mixture was 
filtered, and lyophilized (yield: 44.14%).

Phytochemical Analysis

High-Performance Thin-Layer Chromatography 
(HPTLC)

Sample test solutions were prepared at a concentra-
tion of 20 mg/mL in methanol (MeOH) and applied 
as 5 μL bands onto 20 × 10 cm glass-backed HPTLC 
plates (Merck, Darmstadt, Germany) precoated with 
silica gel 60 F₂₅₄. Standard compound solutions of iso-
quercitrin, myricitrin, quercitrin and arbutin (50 μg/
mL) was applied as 2 μL bands (8 mm in length) using 
a 100 μL Hamilton syringe and a semi-automated Li-
nomat 5 sample applicator (CAMAG, Muttenz, Switzer-
land). Chromatographic separation was performed in a 
twin-trough chamber pre-saturated for 20 minutes with 
a mobile phase consisting of ethyl acetate, dichloro-
methane, acetic acid, formic acid, and water in a ratio 
of 100:25:10:10:11 (v/v/v/v/v). The plate was developed 
to a distance of 7 cm, then dried using a stream of cold 
air for 2 minutes. For derivatization, the developed plate 
was heated at 105°C for 3 minutes using a TLC plate 
heater III (CAMAG, Muttenz, Switzerland). Subsequent-
ly, it was sequentially derivatized by immersion in NP 
reagent (prepared by dissolving 1 g of 2-aminoethyl 
diphenylborinate in 200 mL of ethyl acetate) and PEG 
reagent (10 g of polyethylene glycol 400 in 200 mL of 
dichloromethane) using the chromatogram immersion 



Genoprotective Potential of A. unedo Fruits

122

device (CAMAG, Muttenz, Switzerland). The derivatized 
plate was then photographed under 366 nm UV light 
using an HPTLC imaging system. All procedures were 
performed using WinCATS software (CAMAG, version 
128 1.4.8.2031). Identification of the compounds in the 
samples was achieved based on their retardation factor 
(Rf) values and fluorescence band characteristics (7). 

Total Phenolic Content (TPC)
In a 96-well plate, 25 µL of each sample (2.5 mg/mL), gal-
lic acid (standard) or water (blank) was mixed with 125 
µL of 10% Folin-Ciocalteu reagent and 100 µL of 7.5% 
NaHCO3. After 30 minutes incubation in the dark at 
room temperature, absorbance was measured at 760 nm. 
Results were expressed as mg gallic acid equivalents per 
gram dry extract (mg GAE/g) (7,8).

Total Flavonoid Content (TFC)
Total flavonoid content was determined using sodi-
um nitrite, aluminium chloride and sodium hydroxide. 
In a 24-well plate, 200 µL of aqueous extract or cate-
chin (standard), and 50 µL of ethanolic extract (20 mg/
mL) were tested. After sequential addition of 30 µL 5% 
NaNO₂, 30 µL 10% AlCl₃, 200 µL 1 M NaOH, and 340 µL 
water, mixtures were incubated at room temperature. 
Absorbance was measured at 510 nm. Results were ex-
pressed as mg catechin equivalents per gram dry extract 
(mg CE/g) (9). 

Antioxidant Activity Assays

DPPH Radical Scavenging Capacity Assay

In a 96-well plate, 20 µL of extract, ethanol (blank), or 
Trolox (standard) was mixed with 280 µL of 0.1 mM 
2,2-diphenyl-1-picrylhydrazyl (DPPH) in ethanol. Af-
ter incubation in the dark for 30 minutes, absorbance 
was measured at 520 nm. Results were expressed as mg 
Trolox equivalents per gram extract (mg TE/g) (10). 

Cupric Ion Reducing Antioxidant Capacity 
(CUPRAC) Assay

In a 96-well plate, 30 µL of sample, standard, or blank 
was mixed with 80 µL each of 1×10⁻² M CuCl₂, 7.5×10⁻³ M 
neocuproine, and 1 M ammonium acetate buffer, fol-
lowed by 30 µL methanol. After 30 min at room tempera-
ture, absorbance was measured at 450 nm. Results were 
expressed as mg TE/g extract (11,12).

Ferric Reducing Antioxidant Power (FRAP) Assay
In a 96-well plate, 20 μL of sample, Trolox standard, or 
blank were mixed with 280 µL of FRAP reagent (FeCl₃, 
TPTZ, sodium acetate buffer, 1:1:10). After incubation at 
room temperature for 6 minutes, absorbance was mea-
sured at 593 nm. Results were expressed as mg TE/g ex-
tract (13). 

Genotoxicity Assessment

Mutagenicity and Antimutagenicity Assays

The bacterial reverse mutation assay (Ames test) was 
performed using Salmonella typhimurium strains TA98 
(frameshift mutations) and TA100 (base-pair substitu-
tions), with and without metabolic activation (±S9), fol-
lowing Maron and Ames (14). Aqueous and ethanolic A. 
unedo fruit extracts (10–5000 μg/plate) were tested. A 
maximum concentration of 5000 µg/plate was selected, 
in line with OECD Test Guideline 471 recommendations 
for non-cytotoxic and non-toxic substances. Serial dilu-
tions were then applied to determine concentration-de-
pendent effects. Dimethyl sulfoxide (DMSO) served as 
the negative control; 4-nitro-o-phenylenediamine (NPD) 
and sodium azide (SA) as positive controls for –S9 (TA98/
TA100), and 2-aminofluorene (2-AF) for +S9.

Each test plate contained the test compound or control, 
bacterial culture, top agar, and either phosphate buffer (–
S9) or S9 mix (+S9). After incubation at 37°C for 48 hours, 
revertant colonies were counted. All experiments were per-
formed in triplicate; results were expressed as mean ± SD. 

The mutagenic index (MI) was calculated as follows: 
MI = A/B 

where A = average number of revertant colonies in the 
presence of sample, B = average number of revertant col-
onies in the negative control. An MI value of ≥2 was con-
sidered indicative of a mutagenic effect.

For the antimutagenicity assay, the number of revertant 
colonies on plates containing only the mutagen was con-
sidered as 100% (0% inhibition). The percentage inhibi-
tion of mutagenicity was calculated using the following 
formula (Formula 1): 

Formula 1= (A–B) / (A–C) × 100 

where A = average number of revertants with mutagen 
only, B = average number of revertants with mutagen 
and test sample, C = average number of spontaneous re-
vertants. Inhibition rate of 40% or more was defined as 
strong antimutagenicity, 25–40% inhibition as moderate 
antimutagenicity. Inhibitory effects of less than 25% were 
considered as weak and were not recognized as a posi-
tive result (15). Both mutagenicity and antimutagenicity 
experiments were performed in triplicate for all concen-
trations, as well as for the negative and positive controls.

Genotoxicity and Antigenotoxicity Assessment

Cell Line and Culture Conditions

Chinese hamster ovary (CHO-K1) cells (ATCC® CCL-
61™) were cultured in Ham’s F-12 medium (Gibco, NY, 
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USA) supplemented with 10 % fetal bovine serum (FBS; 
Gibco, NY, USA) and 1% penicillin-streptomycin (Gibco, 
NY, USA). Cells were maintained in a humidified incu-
bator at 37°C with 5% CO2 and sub-cultured every three 
days to ensure exponential growth.

The genotoxic and antigenotoxic potential of A. unedo 
extracts were evaluated in CHO-K1 cells using the al-
kaline comet assay and the cytokinesis-block micronu-
cleus (CBMN) assay. The test concentrations were deter-
mined by first performing a range-finding cytotoxicity 
assay in CHO-K1 cells. The highest concentration tested 
(500 µg/mL) represented the maximum non-cytotox-
ic dose, and lower concentrations were selected in de-
scending order to evaluate dose-response relationships. 
The comet assay was carried out to assess DNA strand 
breaks following the protocol previously described with 
slight modifications (16).

Alkaline Comet Assay
CHO-K1 cells (3 × 105 cells/well) were seeded in 6-well 
plates and treated with A. unedo extracts (10–500 μg/mL) 
for 4 hours. Dimethyl sulfoxide (DMSO; 0.5%) and 1 μM 
doxorubicin were used as negative and positive con-
trols. After treatment, cells were centrifuged (1500 rpm, 
5 minutes), resuspended in PBS and mixed with 1% 
low-melting agarose. This mixture was layered onto 
slides pre-coated with 1.5% high-melting agarose. After 
solidification, slides were lysed (1 h, cold lysis buffer), 
unwound in electrophoresis buffer (20 minutes, 4°C), 
and electrophoresed at 25 V and 300 mA for 20 minutes 
at 4°C. Slides were neutralized in 0.4 M Tris-HCl (pH 7.5), 
fixed with methanol, air-dried, and stained with ethid-
ium bromide. DNA damage was scored under fluores-
cence microscope (BS 200 ProP, BAB Imaging System, 
Ankara, Türkiye) (17).

Cytokinesis-Block Micronucleus Assay
CHO-K1 cells (2 × 10⁵ cells/well) were seeded in 6-well 
plates and treated with aqueous or ethanolic A. unedo 
extracts (10–500 μg/mL) for 24 hours. Dimethyl sulfox-
ide (0.5%) and 1 μM doxorubicin served as controls. After 
treatment, cells were rinsed and incubated with cytocha-
lasin B (4.8 µg/mL) for 24 hours. Cells were then fixed in 
methanol:acetic acid (3:1), stained with 5% Giemsa, and 
examined microscopically (Nikon, Tokyo, Japan) at 40× 
magnification. 

At least 1000 binucleated (BN) cells per condition were 
scored for micronucleus (MN) frequency and nuclear di-
vision index (NDI) using the following formula (Formula 2): 

Formula 2= MN (%) = (Number of MN / Number of scored 
BN cells) × 100.

NDI = [M1 + 2(M2) + 3(M3) + 4(M4)] / N

where M1- M4 represent the number of cells with one to 
four nuclei, and N is the total number of cells scored (16). 

Statistical Analysis
Results were expressed as mean ± standard deviation 
(SD). Data were analyzed using one-way, two-way, or 
three-way analysis of variance (ANOVA) followed by 
Dunnett’s post hoc test in GraphPad Prism version 10.0.0 
(GraphPad Software, San Diego, CA, USA). A p value 
<0.05 was considered statistically significant.

RESULTS

Phytochemical Analysis
The chemical fingerprint profile of A. unedo fruit extracts 
was evaluated using HPTLC and compared to standard 
reference compounds, as shown in Figure 1. Among the 
standards used, no spots were observed that match with 
myricitrin and arbutin in the HPTLC chromatograms. 
However, a band matching the migration position of 
isoquercitrin (Rf ≈ 0.26) was observed in both ethanolic 
and aqueous extracts, indicating its presence in these 
samples. Similarly, a fluorescent band corresponding to 
quercitrin (Rf ≈ 0.42) was detected in both extracts. 

To confirm the presence of isoquercitrin and quercitrin, 
the UV spectra of the reference spots and the corre-
sponding spots were recorded using a TLC Scanner 3 

FIGURE 1. HPTLC chromatogram of aqueous and ethanolic 
extracts of A. unedo fruits and reference compounds. Mobile 
phase: ethyl acetate–dichloromethane–formic acid–acetic 
acid–water (100:25:10:10:11, v/v/v/v/v); detection at 366 nm. 
(1: isoquercitrin, 2: myricitrin, 3: quercitrin, 4: arbutin). Arbutin 
was detectable only at 254 nm.
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(CAMAG, Muttenz, Switzerland). Interestingly, the UV 
spectra of the standard compounds did not overlay with 
those of the corresponding bands on the chromatogram 
of the extracts (Figure 2). 

Accordingly, the combined evaluation of HPTLC chro-
matographic profiles and UV spectral overlay analyses 
indicated that none of the applied reference standards 
were detected in the A. unedo fruit samples collected 
from the university campus. High-performance liquid 
chromatography (HPLC) analysis may be more useful to 
confirm the occurrence of these compounds in the ex-
tract.

Total Phenolic and Flavonoid Content (TPC and TFC)
As shown in Table 1, the ethanolic extract of A. unedo 

fruits exhibited significantly higher TPC and TFC com-
pared to the aqueous extract. Specifically, the TPC value 
of the ethanolic extract was 46.7 ± 0.6 mg GAE/g, whereas 
the aqueous extract (infusion) showed a lower value of 
33.7 ± 1.8 mg GAE/g. Similarly, the TFC was 14.2 ± 1.2 mg 
CE/g in the ethanolic extract, which was markedly high-
er than the 8.9 ± 0.2 mg CE/g observed in the aqueous 
extract. 

Antioxidant Activity of Extracts
The antioxidant capacity of A. unedo fruit extracts was 
assessed using DPPH, CUPRAC, and FRAP assays. In all 
tests, the ethanolic extract showed consistently higher 
activity than the aqueous extract (Table 2). The CUPRAC 
assay yielded the highest values: 114.9 ± 5.3 mg TE/g for 
the ethanolic and 94.4 ± 6.5 mg TE/g for the aqueous ex-
tract. In the DPPH assay, the ethanolic extract demon-
strated stronger radical scavenging (89.9 ± 0.8 mg TE/g) 
than the aqueous extract (61.6 ± 7.3 mg TE/g). Ferric re-
ducing antioxidant power results also favoured the eth-
anolic extract (47.5 ± 1.7 mg TE/g vs. 33.1 ± 2.3 mg TE/g).

Mutagenicity and Antimutagenicity Assays
As shown in Figure 3, the MI values for both the ethan-
olic and aqueous extracts remained below the threshold 
value of 2 in all tested conditions, indicating the absence 
of mutagenic effects. The reliability of the assay was con-
firmed by the significant responses of the positive con-
trols— NPD, SA, and 2-AF.

The antimutagenic activity of A. unedo extracts was fur-
ther evaluated using the same strains and conditions, 
in co-treatment with known mutagens. As illustrated in 

FIGURE 2. Overlay of UV spectra of isoquercitrin (A) and quercitrin (B) with the corresponding spots in the aqueous and ethanolic 
extracts of A. unedo fruits. 

Table 1. Total phenolic content (TPC) and total flavonoid 
content (TFC) of A. unedo fruit extracts.

Sample TPC (mg GAE/g) TFC (mg CE/g)

Aqueous extracts 
(infusion) 33.7 ± 1.8 8.9 ± 0.2

Ethanolic extract 46.7 ± 0.6 14.2 ± 1.2

Values represent the mean ± standard deviation (SD) of three  
independent measurements (n = 3).

TPC: Total phenolic content, TFC: Total flavonoid content,  
GAE: Gallic acid equivalent, CE: Catechin equivalent.
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Figure 4, the ethanolic extract exhibited notably higher 
inhibition percentages compared to the aqueous extract, 
indicating that ethanol-soluble phytochemicals may 
have stronger antimutagenic effects. Moderate antimuta-
genic activity was observed only at the highest concen-
tration (5000 µg/plate) with metabolic activation, reach-
ing 26.1% inhibition in TA98 and 39.1% in TA100. At all 
other tested concentrations, both extracts demonstrated 
weak antimutagenic activity in both strains, regardless of 
the presence or absence of metabolic activation.

Results of Alkaline Comet Assay
Figure 5 presents the genotoxicity and protective effects 
of A. unedo extracts in CHO-K1 cells using the alkaline 
comet assay. DNA damage was measured as the percent-
age of DNA in the comet tail. 

Neither the aqueous nor the ethanolic extracts (up to 
500 µg/mL) caused a significant increase in DNA strand 
breaks compared to the DMSO control, indicating no 
genotoxicity (Figure 5A). 

Table 2. Antioxidant capacity of A. unedo fruit extracts determined by CUPRAC, FRAP, and DPPH assays.

Sample CUPRAC (mg TE/g) FRAP (mg TE/g) DPPH (mg TE/g)

Aqueous extracts 94.4 ± 6.5 33.1 ± 2.3 61.6 ± 7.3

Ethanolic extract 114.9 ± 5.3 47.5 ± 1.7 89.6 ± 0.8

Values represent the mean ± standard deviation (SD) of three independent measurements (n = 3). 

CUPRAC: Cupric ion reducing antioxidant capacity, FRAP: Ferric reducing antioxidant power, DPPH: 2,2-diphenyl-1-picrylhydrazyl radical scavenging 
capacity, TE: Trolox equivalent.

FIGURE 3. Mutagenic index (MI) values of ethanolic (EE) and aqueous (WE) extracts of A. unedo fruits at concentrations of 10–5000 μg/plate in 
S. typhimurium TA98 and TA100 strains, with and without S9 metabolic activation. Positive controls are included for comparison.

FIGURE 4. Percentage inhibition of mutagenicity by aqueous (WE) 
and ethanolic (EE) extracts of A. unedo fruits against known mutagens 
in S. typhimurium TA98 and TA100 strains, in the presence and absence 
of S9 metabolic activation.
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FIGURE 5. DNA strand breakage in CHO-K1 cells evaluated by the alkaline comet assay.
(A) DNA damage following treatment with A. unedo extracts alone.
(B) DNA damage after co-treatment with A. unedo extracts and doxorubicin.
Cells were treated with aqueous (WE) and ethanolic (EE) extracts of A. unedo at concentrations of 50, 100, and 500 μg/mL. 
Doxorubicin (Dox, 1 μM) was used as the positive control, and 0.5% (v/v) dimethyl sulfoxide (DMSO) served as the negative control. 
DNA damage is expressed as the percentage of DNA in the comet tail. Data are presented as mean ± standard error of the mean 
(SEM) from two independent experiments. p<0.001 versus the negative control group; for all other treatment groups, p>0.05.

FIGURE 6. Frequency of micronucleus (MN) formation in CHO-K1 cells evaluated by the cytokinesis-block micronucleus (CBMN) assay.
(A) After treatment with A. unedo extracts alone.
(B) After co-treatment with A. unedo extracts and doxorubicin.
Cells were treated with aqueous (WE) and ethanolic (EE) extracts of A. unedo at concentrations of 10, 25, 50, 100, and 500 μg/
mL. Doxorubicin (Dox, 1 μM) served as the positive control, and 0.5% (v/v) dimethyl sulfoxide (DMSO) as the negative control. 
Micronucleus frequency was determined by scoring 1,000 binucleated (BN) cells per sample. Results are expressed as mean ± 
standard error of the mean (SEM) from two independent experiments. p<0.001 versus the negative control group; for all other 
treatment groups, p >0.05
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In the co-treatment with doxorubicin (Figure 5B), neither 
extract significantly reduced DNA damage relative to the 
positive control, suggesting no notable protective effect 
against doxorubicin-induced genotoxicity under the test-
ed conditions.

Results of Cytokinesis-block Micronucleus Assay
Figure 6 shows the genotoxic and antigenotoxic evalua-
tion of A. unedo fruit extracts in CHO-K1 cells using the 
MN assay. 

As shown in Figure 6A, neither the aqueous nor the eth-
anolic extracts (10–500 µg/mL) significantly increased 
micronuclei frequency compared to the DMSO control, 
indicating no clastogenic or aneugenic effects. 

In co-treatment with doxorubicin (Figure 6B), the extracts 
did not significantly reduce micronuclei formation. All 
reductions were below 25%, suggesting no meaningful 
antigenotoxic activity under the tested conditions.

DISCUSSION

In this study, the biological activities of the ethanolic and 
aqueous extracts prepared from the ripe fruits of A. unedo 
were evaluated through antioxidant, antimutagenic, and 
antigenotoxic assays. The safety profiles of the extracts 
were also assessed using standard mutagenicity and 
genotoxicity tests. Phytochemical characterization was 
performed via TPC and TFC analyses, while HPTLC was 
employed to detect specific phenolic compounds. 

Previous studies on A. unedo leaves have identified pheno-
lic compounds such as quercetin 3-O-rhamnoside (quer-
citrin), quercetin 3-O-glucoside (isoquercitrin), myricitrin, 
and arbutin as major bioactive constituents (18). However, 
these compounds were not detected in our fruit extracts, 
suggesting that the chemical profile of the fruits may 
differ from that of the leaves. It is also worth noting that 
more sensitive techniques such as HPLC or LC-MS/MS 
may be necessary to confirm whether these compounds 
are present at trace levels. The phenolic composition of 
A. unedo fruits has been previously reported to vary by 
region. For example, fruits collected in Samsun (Türkiye) 
were found to contain gallic acid as the dominant pheno-
lic compound, followed by protocatechuic acid, gentisic 
acid, p-hydroxybenzoic acid, vanillic acid, and m-anisic 
acid (19). In another study, wild fruits from northeastern 
Portugal were rich in flavan-3-ols and galloyl derivatives, 
followed by anthocyanins and flavanols (20). Spanish 
samples were shown to contain delphinidin 3-galactoside, 
cyanidin galactoside, cyanidin glucoside, and cyanidin 
arabinoside, with cyanidin galactoside being the predom-
inant anthocyanin. Similarly, cyanidin 3-O-glucoside was 
reported as the major anthocyanin in fruits from Portugal 

(21). Taken together, these previously reported phenolic 
compounds, particularly anthocyanins and phenolic ac-
ids, may contribute to the antioxidant and antimutagenic 
activities observed in the ethanolic extract.

Both aqueous and ethanolic extracts contained notable 
levels of phenolics and flavonoids. The TPC was 33.7 ± 
1.8 mg GAE/g for the aqueous extract and 46.5 ± 0.6 mg 
GAE/g for the ethanolic extract. Total flavonoid content 
values were 8.9 ± 0.2 mg CE/g and 14.2 ± 1.2 mg CE/g, re-
spectively. These results align with those of Asmaa et al. 
(8), especially for the aqueous extract. The higher flavo-
noid content in the ethanolic extract may reflect ethanol’s 
greater efficiency in extracting flavonoids or variations in 
fruit composition. 

Both extracts showed notable radical scavenging activity, 
with the ethanol extract displaying superior antioxidant 
capacity, consistent with its higher phenolic and flavo-
noid content. This supports previous findings on etha-
nol's effectiveness in extracting phenolic compounds. In 
contrast, water primarily dissolves polysaccharides and 
other polar molecules, resulting in lower yields of phe-
nolic and lipophilic constituents. Overall, these results 
suggest ethanol is a more efficient solvent than water for 
extracting antioxidant compounds from A. unedo fruits.

In the antimutagenicity assay, activity was observed only 
at the highest concentration in the TA100 strain with met-
abolic activation (S9). This suggests that the ethanolic ex-
tract may protect against base-pair substitutions rather 
than frameshift mutations. The requirement for S9 acti-
vation indicates that biotransformation products of the 
extract may be responsible for its antimutagenic effect. 
This aligns with previous reports showing that certain 
polyphenols and flavonoids inhibit cytochrome P450 en-
zymes (e.g., CYP1A1, CYP1A2), reducing the formation of 
mutagenic metabolites from procarcinogens (22).

On the other hand, no protective effects were observed 
in the comet assay against DNA strand breaks or in the 
MN against doxorubicin-induced clastogenic or aneu-
genic damage. While the Ames test showed moderate 
antimutagenic activity of the ethanolic extract at the 
highest concentration with S9 activation, no protective 
effects were observed in the comet or MN assays. This 
discrepancy may stem from fundamental differences 
between the assays. The Ames test is a bacterial system 
detecting point mutations, whereas the comet and MN 
assays are mammalian cell-based and detect DNA strand 
breaks or chromosomal damage. Notably, this is the first 
study to evaluate the genoprotective potential of A. une-
do fruit extracts using both comet and MN assays.

Although scientific interest in A. unedo is growing, toxi-
cological data on its fruits remain limited. Most previous 
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genotoxicity assessments have focused on leaf extracts or 
isolated compounds rather than fruits. Jurica et al. (23, 
24) investigated A. unedo leaf extracts and compounds 
such as arbutin and hydroquinone, reporting minimal cy-
totoxic and genotoxic effects in mammalian cell models. 
To our knowledge, this is the first study to comprehen-
sively evaluate the safety of A. unedo fruit extracts using 
multiple genotoxicity bioassays.

In the Ames test, neither aqueous nor ethanol extracts 
exhibited mutagenicity in TA98 and TA100 strains, with 
or without metabolic activation (S9), indicating no direct 
or indirect mutagenic effects. These findings were sup-
ported by the MN assay, which showed no significant in-
crease in micronuclei or change in the nuclear division 
index in CHO-K1 cells at any tested concentration, and 
by the comet assay, which revealed no significant DNA 
strand breaks compared to the positive control, doxo-
rubicin. Collectively, these results indicate that A. unedo 
fruit extracts are non-genotoxic, in line with earlier re-
ports on leaf extracts by Jurica et al. (23, 24).

This study presents the first comprehensive assessment 
of the phytochemical profile, antioxidant activity, and 

genotoxic/antigenotoxic potential of A. unedo fruits 
from Türkiye. The lack of mutagenic or genotoxic effects 
in both bacterial and mammalian systems supports their 
chemical safety. Moderate antimutagenic activity ob-
served in the ethanolic extract at high concentrations, 
along with the absence of key reference compounds, 
points to a distinct fruit phytochemistry compared to 
the leaves. Overall, the findings confirm the non-geno-
toxic nature of A. unedo fruit extracts and suggest a lim-
ited, solvent-dependent chemopreventive potential.

However, the study is limited by the use of only two sol-
vents for the extraction and a restricted set of chemical 
standards, which may overlook other active compounds. 
All tests were performed in vitro, which may not fully 
represent in vivo effects. Further research should include 
advanced techniques like HPLC, LC-MS/MS for broad-
er phytochemical profiling and in vivo models to assess 
safety and efficacy. Seasonal, geographic, and dosage-re-
lated variations should also be explored to fully under-
stand the biological potential of A. unedo fruits.
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Objective: Oocyte maturation is a complex process that encompasses both nuclear and cytoplasmic events, tightly 
regulated by multiple signaling pathways. The mammalian target of rapamycin (mTOR) has been implicated in follic-
ular development and oocyte maturation, primarily through the activity of its two complexes, mTORC1 and mTORC2. 
While first-generation inhibitors such as rapamycin have been extensively studied, the simultaneous inhibition of both 
mTORC1 and mTORC2 by second-generation inhibitors remains poorly characterized in oocytes. In this study, we in-
vestigated the effect of INK-128, a dual mTORC1/2 inhibitor, on in vitro maturation (IVM) of mouse oocytes. 

Materials and Methods: Germinal vesicle (GV) stage oocytes were isolated from 6-week-old Balb/c female mice fol-
lowing 5 IU pregnant mare serum gonadotropin (PMSG) stimulation. The oocytes were cultured in vitro for 18 hours in 
the presence of 10 nM, 50 nM, or 100 nM INK-128, while untreated oocytes served as controls. Maturation outcomes 
were assessed by morphological evaluation, total oocyte scoring (TOS), and immunofluorescence staining of α-tubulin 
and mTOR expression. 

Results: Our results showed that INK-128 treatment reduced the overall maturation rate from GV to metaphase 
II (MII) stage. In particular, MII oocytes exhibited significantly decreased mTOR expression at 50 nM (p=0.0162) 
and 100 nM (p<0.0001) concentrations compared to controls. Furthermore, higher doses of INK-128 were associ-
ated with abnormal spindle organization and increased cytoplasmic granularity. 

Conclusion: These findings suggest that dual inhibition of mTORC1/2 by INK-128 impairs oocyte maturation and 
highlights a potential role for mTOR in the MI-to-MII transition. Further investigations are required to elucidate the 
underlying mechanisms and to explore the translational relevance of mTOR modulation in assisted reproductive tech-
nologies.

Keywords: Oocyte maturation, mTORC1, mTORC2, INK-128, in vitro maturation
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INTRODUCTION

High-quality oocytes are essential for successful 
embryo development, implantation, and mainte-
nance of pregnancy (1). Oocyte maturation is a 

highly orchestrated process involving both nuclear and 
cytoplasmic changes. Nuclear maturation refers to the 
resumption and completion of meiosis I, followed by ar-
rest at metaphase II (MII), while cytoplasmic maturation 
includes the reorganization of organelles, accumulation 
of maternal transcripts, and storage of proteins required 
for fertilization and early embryogenesis (2). In vitro mat-
uration (IVM) of germinal vesicle (GV) stage oocytes is 
an important clinical strategy for patients with limited 
follicular response or poor ovarian reserve, offering an 
alternative approach to conventional ovarian stimulation 
(3). However, the efficiency of IVM remains suboptimal, 
highlighting the need to better understand the molecular 
mechanisms underlying oocyte maturation (4).

The mammalian target of rapamycin (mTOR) is a ser-
ine/threonine kinase of the phosphatidylinositol 3-ki-
nase-related kinase (PIKK) family, playing critical roles 
in follicular development, oocyte maturation, and the 
maintenance of ovarian reserve (5,6). Dysregulation of 
this pathway has been implicated in impaired ovarian 
reserve and follicular development, highlighting its es-
sential function in maintaining ovarian homeostasis (7-
9). The regulatory role of mTOR signaling has also been 
demonstrated in polycystic ovary syndrome (10,11).

mTOR is expressed in granulosa cells, theca cells, ovar-
ian stroma, surface epithelium, and oocytes at various 
stages of folliculogenesis (6). It forms the catalytic core 
of two structurally and functionally distinct multiprotein 
complexes: mTOR complex 1 (mTORC1) and mTOR com-
plex 2 (mTORC2) (12,13). mTORC1 primarily regulates 
anabolic processes such as protein and lipid synthesis, 
ribosome biogenesis, and nucleotide synthesis, while in-
hibiting catabolic processes like autophagy and mRNA 
degradation (14,15). mTORC2, in contrast, controls ac-
tin cytoskeletal organization and activates Akt signaling 
through phosphorylation at Ser473 (12,16).

Rapamycin, a first-generation mTOR inhibitor, selectively 
suppresses mTORC1 activity but does not directly inhib-
it mTORC2 (17,18). Although rapamycin is highly specif-
ic, it does not fully block all mTORC1 actions and, upon 
long-term treatment, can indirectly suppress mTORC2 in 
certain cell types (19). Studies have shown that low-dose 
rapamycin enhances spindle integrity and chromosomal 
alignment in mouse oocytes, whereas high doses impair 
follicular growth, granulosa cell proliferation, and oocyte 
maturation (20-22). These findings highlight the role of 
mTOR signaling in oocyte quality regulation. Rapamycin 

treatment has been shown to increase the levels of key 
maturation factors in porcine oocytes (23). Moreover, 
recent evidence has shown that rapamycin can reduce 
DNA damage in in vitro-matured oocytes (24). 

INK-128 (sapanisertib) is a second-generation ATP-com-
petitive inhibitor that simultaneously suppresses both 
mTORC1 and mTORC2 by directly targeting the kinase 
domain (25). Unlike rapamycin, INK-128 provides a more 
complete inhibition of mTOR signaling and has been 
widely investigated in cancer research. However, its ef-
fects on ovarian physiology and oocyte maturation re-
main unexplored.

In this study, we aimed to investigate the impact of dual 
mTORC1/2 inhibition by INK-128 on mouse oocyte mat-
uration in vitro. We hypothesized that simultaneous sup-
pression of mTORC1 and mTORC2 would alter the effi-
ciency and quality of oocyte maturation, as assessed by 
nuclear progression, morphological features, and mTOR 
expression.

MATERIALS AND METHODS

Animals and Ethical Approval
A total of six 6-week-old female BALB/c mice were ob-
tained from the Yeditepe University Experimental Re-
search Center. The animals were housed under con-
trolled temperature and light/dark cycle conditions with 
ad libitum access to food and water. All procedures were 
approved by the Yeditepe University Local Ethics Com-
mittee for Animal Experiments (Protocol No. 2023-16, 
Decision No. 2023/03-08).

Superovulation and Collection of GV-Stage Oocytes
To stimulate follicular development, mice received an 
intraperitoneal injection of 5 IU pregnant mare serum 
gonadotropin (PMSG) (Cat. No. G4527; Sigma-Aldrich, 
Merck KGaA, Darmstadt, Germany). After 46–48 hours, 
the animals were euthanized by cervical dislocation un-
der anesthesia, and ovaries were excised and transferred 
into HEPES-buffered medium (Cat. No. 51471C; Merck 
KGaA,  Darmstadt, Germany). Germinal vesicle stage oo-
cytes were isolated from Graafian follicles by puncturing 
the ovaries with a fine insulin needle under a stereomi-
croscope. Cumulus-oocyte complexes were collected 
using a mouth pipette, and cumulus cells were removed 
by gentle pipetting and brief exposure to hyaluronidase.

Experimental Design and In Vitro Culture
Isolated GV-stage oocytes were randomly allocated 
into four groups (n=20 per group) and cultured in SAGE 
1-Step medium (Cat. No. 67010010; CooperSurgical, Inc., 
Trumbull, CT, USA) at 37°C in 5% CO₂ for 18 hours. The 
treatment groups were as follows: 
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Control group: GV oocytes cultured without treatment, 
10 nM INK-128 group: GV oocytes cultured with 10 nM 
INK-128, 
50 nM INK-128 group: GV oocytes cultured with 50 nM 
INK-128, and 
100 nM INK-128 group: GV oocytes cultured with 100 
nM INK-128. 

Because INK-128 was supplied as a liquid and directly 
mixed into the SAGE 1-Step medium, an additional sol-
vent control group was not required.

Oocyte Scoring
After 18 hours of incubation, oocytes were examined un-
der an Axio Observer microscope (Carl Zeiss Microscopy 
GmbH, Oberkochen, Germany) and classified according 
to their developmental stage (GV, MI, or MII). Morpho-
logical quality was further assessed using the total oo-
cyte score (TOS) system, which evaluates six parameters: 
oocyte shape, size, ooplasm characteristics, zona pellu-
cida thickness, perivitelline space, and polar body mor-
phology (26-31). Each parameter was scored as -1 (poor), 
0 (average), or +1 (good), and the scores were summed to 
obtain the TOS. Maximum scores differed by maturation 
stage, with GV oocytes ranging from -4 to +4, MI oocytes 
from -5 to +5, and MII oocytes from -6 to +6.

Immunofluorescence Staining
Following culture, oocytes were fixed in 3% paraformal-
dehyde (Cat. No. 158127; Merck KGaA, Darmstadt, Ger-
many) for 20 minutes at room temperature and washed 
three times with 1% bovine serum albumin (BSA) (Cat. 
No. A9418; Sigma-Aldrich, Merck KGaA, Darmstadt, Ger-
many). Permeabilization was performed with 0.01% Tri-
ton X-100 (Cat. No. X100; Sigma-Aldrich, Merck KGaA, 
Darmstadt, Germany) in 2% BSA for 1 hour, followed by 
blocking with 1% BSA. Oocytes were incubated overnight 
at 4°C with primary antibodies against α-tubulin (Santa 
Cruz Biotechnology, Dallas, TX, USA) (to assess spindle 
organization) and mTOR (to detect expression patterns). 

After washing, samples were incubated with appropriate 
secondary antibodies conjugated to fluorophores for 1 
hour at room temperature. 

ProLong Gold Antifade Mountant with DAPI (Cat. No. 
P36931; Thermo Fisher Scientific, Waltham, MA, USA). 
Fluorescence images were acquired using a Zeiss LSM780 
confocal microscope (Carl Zeiss Microscopy GmbH, 
Oberkochen, Germany), and quantitative analysis was 
conducted with ImageJ software. Since we were unable 
to obtain consistent, high-quality, complete images of 
the meiotic spindle apparatus for all oocytes due to the 
limitations of the confocal microscopy setup, statistical 
quantification of spindle defects was not performed.

Statistical Analysis
Maturation rates, TOS values, and immunofluorescence 
intensities were analyzed using GraphPad Prism (Graph-
Pad Software, San Diego, CA, USA). Homogeneity of vari-
ances was assessed with Levene’s test. For comparisons 
among groups, one-way ANOVA followed by Tukey’s 
multiple comparison tests were applied. A p-value of 
<0.05 was considered statistically significant.

RESULTS

Oocyte Maturation Rates
The overall maturation rates from GV to MII were 62% in 
the control group, 54% in the 10 nM group, 32% in the 50 
nM group, and 47% in the 100 nM group. Compared to the 
control group, INK-128 treatment resulted in a decrease 
in the proportion of oocytes reaching the MII stage. The 
maximal inhibitory effect was observed at 50 nM (32% 
MII), with a partial recovery at 100 nM (47% MII), indicat-
ing a non-monotonic response (Table 1).

Morphological Evaluation of Oocytes
The effect of INK-128-mediated inhibition of mTORC1/2 
on oocyte morphology was assessed under the ZEISS 
Axio Observer microscope. Increasing doses of INK-128 
were associated with abnormal morphological features 
in MII oocytes, including enlarged polar bodies and in-
creased cytoplasmic granularity (Figure 1).

Oocyte Scoring Results
Oocytes that progressed to MI and MII stages in each 
group were evaluated according to six morphological 
parameters (Table 2). Each parameter was scored as -1, 
0, or +1, and the total oocyte score (TOS) was calculated. 
The distribution of TOS across experimental groups is 
summarized in (Table 3). 

After the total oocyte scores of the experimental groups 
were calculated, the groups were classified based on oo-
cyte quality. Oocytes were categorized as poor (-1), aver-

Table 1. Distribution of oocytes at the GV, MI, MII in the 
control group and in groups treated with 10 nM, 50 nM, 100 
nM INK-128.

Group GV (%) MI (%) MII (%)

Control 3.77 33.96 62.26

10 nM 4.35 41.30 54.35

50 nM 14.29 53.57 32.14

100 nM 6.56 45.90 47.54

GV: Germinal vesicle, MI: Metaphase I, MII: Metaphase II.
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FIGURE 1. Representative images of mouse oocytes after 18 hours of in vitro maturation. (A, A’) Control group MI and MII oocytes; 
(B, B’) 10 nM group; (C, C’) 50 nM group; (D, D’) 100 nM group. 

FIGURE 2. Immunofluorescence images of mTOR expression in MI and MII oocytes (control vs. INK-128 groups). 

age (0), and good (1) (Table 4). Subsequently, the percent-
ages of oocytes evaluated as poor (-1), average (0), and 
good (1) were calculated for each group (Table 5). In the 
control group, all oocytes that reached MI and MII stages 
received the highest positive morphological scores (+1). 
In the 10 nM group, all MI-stage oocytes scored +1, while 
96.7% of MII-stage oocytes scored +1 and 3.3% scored -1. 
In the 50 nM group, MI oocytes were classified as 20% 

good (+1), 20% average (0), and 60% poor (-1), while MII 
oocytes were 56.5% good (+1) and 43.5% poor (-1). In the 
100 nM group, MI oocytes were 64.3% good (+1), 14.3% 
average (0), and 21.4% poor (-1); MII oocytes were 78.6% 
good (+1) and 21.4% poor (-1).

These results demonstrate a decline in oocyte morpho-
logical quality with higher INK-128 treatment. The per-



mTORC1/2 and Oocyte Maturation

134

Table 2. Oocyte scoring system (26-31).

Parameter -1 0 +1

Oocyte shape
Dark general oocyte coloration 

and/or ovoid shape

Less dark general oocyte  
coloration and less ovoid 

shape
Normal

Oocyte size Abnormally small or large
For GV, MI and MII: does not 
deviate from normal by more 

than 10 μm

For GV:
> 75μm and < 85μm

For MI:
> 90μm and < 100μm

For MII:
> 100μm and < 110μm

Ooplasm characteristics
Very granular and/or very 
vacuolated and/or several 

inclusions

Slightly granular and/or only a 
few inclusions

Absence of granularity and 
inclusions

Zona pellucida characteristics Very thin or thick
For GV, MI and MII: does not 
deviate from normal by more 

than 2 μm

For GV, MI and MII:
> 7 μm and < 8 μm

Structure of the perivitelline 
space

Abnormally large PVS, an 
absent PVS, or a very granular 

PVS

Moderately enlarged PVS and/
or small PVS and/or a less 

granular PVS

Normal size PVS with no 
granules

Polar body morphology
Flat and/or multiple PBs,  

granular and/or either  
abnormally small or large PBs

Fair but not excellent Normal size and shape

GV: Germinal vesicle, MI: Metaphase I, MII: Metaphase II, PVS: Perivitelline space, PB: Polar body.

FIGURE 3.Quantitative comparison of mTOR expression in MI 
oocytes. (*p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).

FIGURE 4.Quantitative comparison of mTOR expression in MII 
oocytes. (*p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).
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centage of morphologically poor (-1) oocytes peaked in 
the 50 nM group (43.5%), which was higher than that ob-
served in the 100 nM group (21.4%), consistent with the 
non-monotonic effect on maturation rates.

Immunofluorescence Analysis of mTOR Expression
Immunofluorescence staining was performed to assess 
the effects of INK-128 on spindle morphology (α-tubulin) 
and mTOR expression (Figure 2).
 
There are no significant differences in mTOR expres-
sion were detected between control, 10 nM, and 50 nM 
groups in MI oocytes. Notably, the 100 nM group exhibit-

ed a significant reduction in mTOR expression (p=0.0008) 
(Figure 3). While the 10 nM group showed no difference 
compared to controls, both 50 nM (p=0.0162) and 100 nM 
(p<0.0001) groups displayed significantly reduced mTOR 
expression in MII oocytes (Figure 4). These results in-
dicate a suppression of mTOR in MII oocytes following 
INK-128 treatment. Additionally, α-tubulin staining re-
vealed abnormal spindle organization in oocytes treated 
with higher doses of INK-128, suggesting impaired mei-
otic progression. However, due to the limited number of 
confocal images, statistical quantification of spindle de-
fects could not be performed.

DISCUSSION

The present study investigated the impact of dual 
mTORC1/2 inhibition by INK-128 on mouse oocyte mat-
uration in vitro. Our findings demonstrate that INK-128 

Table 3. Total oocyte scores (TOSs) across all groups.

TOS Control 10 nM 
INK-128

50 nM 
INK-128

100 nM
INK-128

MI

5 1 0 0 0

4 1 1 0 0

3 4 0 0 1

2 1 2 0 2

1 0 0 1 2

0 0 0 1 2

-1 0 0 0 1

-2 0 0 0 1

-3 0 0 1 0

-4 0 0 0 0

-5 0 0 0 0

MII

6 1 0 0 0

5 0 3 0 0

4 2 0 1 1

3 3 3 0 0

2 1 1 2 2

1 0 3 5 3

0 0 0 0 0

-1 0 1 3 3

-2 0 0 2 0

-3 0 0 1 0

-4 0 0 0 0

-5 0 0 0 0

-6 0 0 0 0

Table 4. Classification of oocytes based on poor (-1),  
average (0), and good (+1) scores.

Score Control 10 nM 
INK-128

50 nM 
INK-128

100 nM 
INK-128

MI

1 23 8 1 9

0 0 0 1 2

-1 0 0 3 -3

MII

1 25 29 13 11

0 0 0 0 0

-1 0 -1 -10 -3

Table 5. Percentage distribution of oocytes by classification 
categories.

Score Control 
%

10 nM 
INK-128 

%

50 nM 
INK-128 

%

100 nM 
INK-128 

%

MI

1 100 100 20.00 64.29

0 0.00 0.00 20.00 14.29

-1 0.00 0.00 60.00 21.43

MII

1 100 96.67 56.52 78.57

0 0.00 0.00 0.00 0.00

-1 0.00 3.33 43.48 21.43
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treatment impairs oocyte maturation, reduces MII forma-
tion, alters morphological quality, and decreases mTOR 
expression. These results provide novel insights into the 
role of mTOR signaling in meiotic progression and oocyte 
competence.

Previous studies have shown that mTORC1 plays an es-
sential role in folliculogenesis and oocyte maturation. 
mTOR is expressed in granulosa cells, ovarian stroma, 
theca cells, surface epithelium, and oocytes, and its 
phosphorylated form is enriched in dividing granulosa 
cells during M-phase (6). mTOR signaling has also been 
shown to regulate G1-S cell cycle transition in different 
cell lines, supporting its broader role in cell-cycle control 
(32). Consistent with these reports, our data indicate that 
suppression of mTOR activity impairs oocyte maturation, 
suggesting that both mTORC1 and mTORC2 may be in-
volved in the regulation of meiotic progression.

First-generation inhibitors such as rapamycin have been 
widely studied in reproductive biology. Rapamycin treat-
ment in bovine oocytes revealed that low concentrations 
(1 nM) improve maturation rates, while higher concen-
trations disrupt follicular development and granulosa 
cell proliferation (33). Similarly, in mouse oocytes, low-
dose rapamycin improved spindle organization and re-
duced chromosomal misalignment, whereas high doses 
decreased maturation efficiency (20,21). Our results with 
INK-128, a second-generation ATP-competitive inhibitor, 
align with these observations: low concentrations (10 nM) 
had minimal impact compared to controls, while higher 
concentrations (50 nM and 100 nM) markedly reduced 
maturation rates and morphological quality. Importantly, 
the observed effect of INK-128 on both MII formation and 
morphological quality was non-monotonic (U-shaped), 
with the maximal inhibitory effect occurring at the 50 nM 
concentration and a partial recovery at 100 nM.

Alpha-tubulin staining, presented as a qualitative obser-
vation, suggested a higher incidence of abnormal spindle 
organization in oocytes treated with higher doses of INK-
128, hinting at impaired meiotic progression. This obser-
vation is supported by evidence that proteins critical for 
cytokinesis, such as PRC1, require mTOR signaling for 

proper function during oocyte maturation (34). Thus, the 
decreased maturation efficiency observed here may be 
linked to impaired mTOR-dependent regulation of mei-
otic spindle assembly and chromosomal segregation.

Morphological analyses further confirmed the detrimen-
tal effects of INK-128. Oocytes treated with higher con-
centrations exhibited enlarged polar bodies, increased 
cytoplasmic granularity, and reduced total oocyte scores. 
The observation that the inhibitory effect peaked at 50 nM 
and partially reversed at 100 nM, creating a non-mono-
tonic (or U-shaped) dose-response, is a notable finding. 
This non-monotonic pattern is a known phenomenon 
with mTOR inhibitors. It may be explained by concentra-
tion-dependent effects, such as a shift in target engage-
ment (e.g., potential off-target binding at the highest 100 
nM dose that partially compensates for mTORC1/2 inhi-
bition) or differential regulation of downstream pathways 
at supra-maximal concentrations.

Collectively, our findings highlight that dual inhibition of 
mTORC1/2 impairs oocyte maturation, disrupts morpho-
logical integrity, and reduces mTOR expression. These 
results emphasize a potential role for mTOR not only in 
folliculogenesis but also in the MI-to-MII transition of 
mouse oocytes.

Future studies with larger sample sizes and functional as-
says (e.g., fertilization and early embryonic development) 
will be necessary to fully elucidate the mechanisms by 
which mTOR regulates oocyte competence. Furthermore, 
a key limitation of this study is the relatively low statisti-
cal power (n=20 per group), which may have contributed 
to the non-monotonic trend observed between the 50 nM 
and 100 nM groups; future investigations should utilize a 
larger sample size to confirm the non-monotonic nature 
of the response. Moreover, exploring the differential con-
tributions of mTORC1 versus mTORC2 may help clarify 
how these complexes individually and collectively in-
fluence meiotic progression. Such insights could inform 
potential clinical applications in assisted reproductive 
technologies, where modulation of mTOR activity might 
be leveraged to improve oocyte quality and maturation 
outcomes.



Akça ES et al.

Yeditepe Journal of Health Sciences, 13(3): 130-8

137

REFERENCES

1	 Wang Q, Sun QY. Evaluation of oocyte quality: morphological, cel-
lular and molecular predictors. Reprod Fertil Dev. 2007;19(1):1-12. 
[CrossRef]

2	 Pan B, Li J. The art of oocyte meiotic arrest regulation. Reprod Biol 
Endocrinol. 2019;17(1):8. [CrossRef]

3	 Moor RM, Dai Y, Lee C, Fulka J Jr. Oocyte maturation and embryon-
ic failure. Hum Reprod Update. 1998;4(3):223-36. [CrossRef]

4	 Krisher RL. The effect of oocyte quality on development. J Anim 
Sci. 2004;82 E-Suppl:E14-23. [CrossRef]

5	 Hua H, Kong Q, Zhang H, Wang J, Luo T, Jiang Y. Targeting mTOR 
for cancer therapy. J Hematol Oncol. 2019;12(1):71. [CrossRef]

6	 Yaba A, Bianchi V, Borini A, Johnson J. A putative mitotic check-
point dependent on mTOR function controls cell proliferation and 
survival in ovarian granulosa cells. Reprod Sci. 2008;15(2):128-38. 
[CrossRef]

7	 Bora G, Önel T, Yıldırım E, Yaba A. Circadian regulation of mTORC1 
signaling via Per2 dependent mechanism disrupts folliculogenesis 
and oocyte maturation in female mice. J Mol Histol. 2023;54(3):217-
29. [CrossRef]

8	 Önel T, Arıcıoğlu F, Yıldırım E, Zortul H, Yaba A. The effect of ma-
ternal separation stress-induced depression on ovarian reserve in 
Sprague Dawley Rats: The possible role of imipramine and agmatine 
through a mTOR signal pathway. Physiol Behav. 2023;269:114270. 
[CrossRef]

9	 Onel T, Yıldırım E, Dogan S, Yaba A. Determination of mTOR signal 
pathway in MMTV-TGFα mice ovary at different ages. J Histotech-
nol. 2023;46(2):80-9. [CrossRef]

10	 Yaba A, Demir N. The mechanism of mTOR (mammalian target 
of rapamycin) in a mouse model of polycystic ovary syndrome 
(PCOS). J Ovarian Res. 2012;5(1):38. [CrossRef]

11	 Yildirim E, Onel T, Agus S, Gunalan E, Yilmaz B, Aydin MS, et al. 
The effect of rapamycin treatment on mouse ovarian follicle de-
velopment in dehydroepiandrosterone-induced polycystic ovary 
syndrome mouse model. Zygote. 2024;32(5):386-95. [CrossRef]

12	 Jacinto E, Loewith R, Schmidt A, Lin S, Rüegg MA, Hall A, et al. 
Mammalian TOR complex 2 controls the actin cytoskeleton and is 
rapamycin insensitive. Nat Cell Biol. 2004;6(11):1122-8. [CrossRef]

13	 Sarbassov DD, Ali SM, Kim DH, Guertin DA, Latek RR, Erdju-
ment-Bromage H, et al. Rictor, a novel binding partner of mTOR, 
defines a rapamycin-insensitive and raptor-independent pathway 
that regulates the cytoskeleton. Curr Biol. 2004;14(14):1296-302. 
[CrossRef]

14	 Dibble CC, Manning BD. Signal integration by mTORC1 coor-
dinates nutrient input with biosynthetic output. Nat Cell Biol. 
2013;15(6):555-64. [CrossRef]

15	 Laplante M, Sabatini DM. mTOR signaling at a glance. J Cell Sci. 
2009;122(Pt 20):3589-94. [CrossRef] 

16	 Sabatini DM. mTOR and cancer: insights into a complex relation-
ship. Nat Rev Cancer. 2006;6(9):729-34. [CrossRef]

17	 Ballou LM, Lin RZ. Rapamycin and mTOR kinase inhibitors. J Chem 
Biol. 2008;1(1-4):27-36. [CrossRef] 

18	 Benjamin D, Colombi M, Moroni C, Hall MN. Rapamycin passes the 
torch: a new generation of mTOR inhibitors. Nat Rev Drug Discov. 
2011;10(11):868-80. [CrossRef]

19	 Thoreen CC, Sabatini DM. Rapamycin inhibits mTORC1, but not 
completely. Autophagy. 2009;5(5):725-6. [CrossRef]

20	 Lin FH, Zhang WL, Li H, Tian XD, Zhang J, Li X, et al. Role of auto-
phagy in modulating post-maturation aging of mouse oocytes. Cell 
Death Dis. 2018;9(3):308. [CrossRef]

21	 Yang Q, Xi Q, Wang M, Long R, Hu J, Li Z, et al. Rapamycin improves 
the quality and developmental competence of mice oocytes by pro-
moting DNA damage repair during in vitro maturation. Reprod Biol 
Endocrinol. 2022;20(1):67. [CrossRef] 

22	 Yu J, Yaba A, Kasiman C, Thomson T, Johnson J. mTOR controls 
ovarian follicle growth by regulating granulosa cell proliferation. 
PLoS One. 2011;6(7):e21415. [CrossRef] 

23	 Lee SE, Lee HB, Yoon JW, Park HJ, Kim SH, Han DH, et al. Rapamy-
cin treatment during prolonged in vitro maturation enhances the 
developmental competence of immature porcine oocytes. J Anim 
Sci Technol. 2024;66(5):905-19. [CrossRef] 

24	 Yang Q, Chen Y, Huang J, Tang J, Zhu L, Li J, et al. Rapamycin re-
duces DNA damage of in vitro matured oocytes by promoting 
Rad51-mediated homologous recombination. Reprod Biol Endocri-
nol. 2025;23(1):93. [CrossRef] 

Ethical Approval: The study was approved by the Yeditepe University 
Local Ethics Committee for Animal Experiments on March 27, 2023, with 
decision number 2023/03-08.
 
Informed Consent: N.A.

Peer-review: Externally peer-reviewed
 
Author Contributions: Concept – E.S.A., A.Y.; Design – E.S.A., A.Y.; 
Supervision – A.Y.; Fundings – E.S.A., A.Y.; Materials – E.S.A., A.Y.; Data 
Collection and/or Processing – E.S.A., A.Y.; Analysis and/or Interpretation 
– E.S.A., A.Y.; Literature Review – E.S.A., A.Y.; Writer – E.S.A., A.Y; Critical 
Reviews – A.Y.

 

Conflict of Interest: The author declares no conflict of interest.
 
Financial Disclosure: This study was supported by the Scientific and 
Technological Research Council of Türkiye (TÜBİTAK; Project No. 2209/A, 
1919B012219984).

Acknowledgements: The authors thank the Yeditepe University Experi-
mental Research Center for providing animal facilities.

Scientific Presentation: Part of this work was presented as a poster 
at the 11th Congress on Reproductive Health and Infertility (TSRM 2023), 
held in Antalya, Türkiye, on 10–13 May 2023. The study received the Sec-
ond-Best Poster Presentation Award and was published as a supplemen-
tary abstract in Reproductive BioMedicine Online.

https://doi.org/10.1071/rd06103
https://doi.org/10.1186/s12958-018-0445-8
https://doi.org/10.1093/humupd/4.3.223
https://doi.org/10.2527/2004.8213_supplE14x
https://doi.org/10.1186/s13045-019-0754-1
https://doi.org/10.1177/1933719107312037
https://doi.org/10.1007/s10735-023-10126-9
https://doi.org/10.1016/j.physbeh.2023.114270
https://doi.org/10.1080/01478885.2022.2109883
https://doi.org/10.1186/1757-2215-5-38
https://doi.org/10.1017/S0967199424000388
https://doi.org/10.1038/ncb1183
https://doi.org/10.1016/j.cub.2004.06.054
https://doi.org/10.1038/ncb2763
https://doi.org/10.1242/jcs.051011
https://doi.org/10.1038/nrc1974
https://doi.org/10.1007/s12154-008-0003-5
https://doi.org/10.1038/nrd3531
https://doi.org/10.4161/auto.5.5.8504
https://doi.org/10.1038/s41419-018-0368-5
https://doi.org/10.1186/s12958-022-00943-0
https://doi.org/10.1371/journal.pone.0021415
https://doi.org/10.5187/jast.2023.e101
https://doi.org/10.1186/s12958-025-01428-6


mTORC1/2 and Oocyte Maturation

138

25	 Yu K, Toral-Barza L, Shi C, Zhang WG, Lucas J, Shor B, et al. Bio-
chemical, cellular, and in vivo activity of novel ATP-competitive 
and selective inhibitors of the mammalian target of rapamycin. Can-
cer Res. 2009;69(15):6232-40. [CrossRef] 

26	 Fan ZQ, Wang YP, Yan CL, Suo L, Zhu SE. Positive effect of partial 
zona pellucida digestion on in vitro fertilization of mouse oocytes 
with cryopreserved spermatozoa. Lab Anim. 2009;43(1):72-7. [Cross-
Ref]

27	 Griffin J, Emery BR, Huang I, Peterson CM, Carrell DT. Comparative 
analysis of follicle morphology and oocyte diameter in four mam-
malian species (mouse, hamster, pig, and human). J Exp Clin Assist 
Reprod. 2006;3:2. [CrossRef]

28	 Jennings PC, Merriman JA, Beckett EL, Hansbro PM, Jones KT. In-
creased zona pellucida thickness and meiotic spindle disruption in 
oocytes from cigarette smoking mice. Hum Reprod. 2011;26(4):878-
84. [CrossRef]

29	 Lazzaroni-Tealdi E, Barad DH, Albertini DF, Yu Y, Kushnir VA, Rus-
sell H, et al. Oocyte scoring enhances embryo-scoring in predict-
ing pregnancy chances with IVF where it counts most. PLoS One. 
2015;10(12):e0143632. [CrossRef]

30	 Liu X, Sun Y. Microfluidic devices for single-cell trapping and auto-
mated micro-robotic injection. In: Li X, Sun Y, editors. Microfluidic 
Devices for Biomedical Applications. Oxford: Woodhead Publishing 
(Elsevier); 2013. p. 351-65.

31	 Wassarman PM, Josefowicz WJ. Oocyte development in the mouse: 
an ultrastructural comparison of oocytes isolated at various stages 
of growth and meiotic competence. J Morphol. 1978;156(2):209-35. 
[CrossRef]

32	 Onel T, Erdogan CS, Aru B, Yildirim E, Demirel GY, Yaba A. Effect 
of rapamycin treatment in human seminoma TCam-2 cells through 
inhibition of G1-S transition. Naunyn Schmiedebergs Arch Pharma-
col. 2023;396(5):1009-18. [CrossRef]

33	 Kordowitzki P, Hamdi M, Derevyanko A, Rizos D, Blasco M. The effect 
of rapamycin on bovine oocyte maturation success and metaphase 
telomere length maintenance. Aging (Albany NY). 2020;12(8):7576-
84. [CrossRef]

34	 Guo J, Zhang T, Guo Y, Sun T, Li H, Zhang X, et al. Oocyte stage-spe-
cific effects of MTOR determine granulosa cell fate and oocyte 
quality in mice. Proc Natl Acad Sci U S A. 2018;115(23):E5326-33. 
[CrossRef] 

https://doi.org/10.1158/0008-5472.CAN-09-0299
https://doi.org/10.1258/la.2008.008029
https://doi.org/10.1258/la.2008.008029
https://doi.org/10.1186/1743-1050-3-2
https://doi.org/10.1093/humrep/deq393
https://doi.org/10.1371/journal.pone.0143632
https://doi.org/10.1002/jmor.1051560206
https://doi.org/10.1007/s00210-022-02371-8
https://doi.org/10.18632/aging.103126
https://doi.org/10.1073/pnas.1800352115


This work is licensed under a Creative Commons  
Attribution-Non Commercial 4.0 International License.Correspondence Merve Arslan     E-mail arslannmerve72@gmail.com

Received November 12, 2025 Accepted December 8, 2025 Published December 25, 2025 DOI 10.36519/yjhs.2025.927

Suggested Citation Arslan M, Özocak M, Şahin İ, Arslan EF, Akyol Ş, Maya HE, et al. Perspectives of first-year medical students on physician 
brain drain and associated factors. Yeditepe JHS. 2025;3:139-46.

Yeditepe Journal of Health Sciences, 13(3):139-46RESEARCH ARTICLE

Perspectives of First-Year Medical 
Students on Physician Brain Drain 
and Associated Factors
Merve Arslan1 , Mustafa Özocak1 , İlknur Şahin1 , Emir Fatih Arslan1 , Şevket Akyol1 ,  
Hüseyin Emre Maya1 , Seyhan Hıdıroğlu2 , Özlem Tanrıöver3 
1 Marmara University Faculty of Medicine, İstanbul Türkiye; 2 Department of Public Health, Marmara University Faculty of Medicine, 
İstanbul Türkiye; 3 Department of Medical Education, Marmara University Faculty of Medicine, İstanbul Türkiye

Objective: Brain drain refers to the migration of qualified and educated professionals from developing or un-
derdeveloped countries to developed ones, often without returning. It is a global issue, and Türkiye is among 
the most affected. This study aimed to examine first-year medical students’ views on physician brain drain and 
identify factors associated with their intention to work abroad.

Materials and Methods: This cross-sectional study used a questionnaire including sociodemographic variables 
such as gender, age, socioeconomic status, and educational background. Participants were asked about their 
motivations to live and work abroad. Those who answered “Yes” or “No” to the question “Do you plan to go 
abroad after graduation?” were directed to different follow-up questions, including binary and 5-point Likert-
type items. The minimum required sample size was calculated as 152 at a 95% confidence level. Data were collect-
ed online, and confidentiality was ensured. Analyses were conducted using SPSS 30.0. Categorical variables were 
presented as frequencies and percentages; Pearson’s chi-square or Fisher’s exact test was used for comparisons.

Results: A total of 156 first-year medical students participated (89 females, 57.1%; 67 males, 42.9%). Among them, 
100 (64.1%) reported an intention to work abroad. A significant association was found between intention to go 
abroad and family economic status (p=0.029), with students reporting high economic status more likely to prefer 
continuing their careers in Türkiye. No significant associations were found with gender (p=0.089), foreign lan-
guage proficiency (p=0.178), or previous experience abroad (p=0.417).

Conclusion: A considerable proportion of students expressed a desire to work abroad. Economic status appears to 
play a determining role, while gender, language proficiency, and international experience appeared to have lesser in-
fluence on the decision to work abroad.

Keywords: Brain drain, medical students, physicians
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INTRODUCTION

Medical brain drain refers to the loss of human 
capital resulting from the migration of highly 
educated individuals—particularly from de-

veloping to developed countries (1). Beyond individual 
preferences, this phenomenon reflects structural prob-
lems within healthcare systems and global inequalities, 
making it a multidimensional issue.

According to the Organisation for Economic Co-oper-
ation and Development (OECD) 2019 report, the pro-
portion of physicians migrating to developed countries 
has been increasing each year. Countries such as India, 
Pakistan, and Nigeria are among the highest sources of 
physician migration, while the United States, the United 
Kingdom, Germany, and Canada are the main destination 
countries (2).

In countries such as Türkiye, where healthcare resources 
are relatively limited, unfavorable working conditions, 
heavy workload, and low income—known as “push” 
factors—have been shown to increase students’ tenden-
cy to seek career opportunities abroad (3). About 18% 
of physicians in OECD countries were trained abroad, 
demonstrating the extent of workforce mobility and the 
resulting strain on source countries’ health systems. (4). 
Moreover, systematic reviews indicate that while push 
factors such as low remuneration, limited career pro-
gression, and infrastructure deficits drive out-migration, 
“pull” factors like advanced technology access and fa-
vorable working conditions in destination countries ex-
ert significant influence as well (5).

A similar trend is observed in Türkiye. According to data 
from the Turkish Medical Association (Türk Tabipleri 
Birliği, TTB), applications for the “Certificate of Good 
Standing” increased from 1405 in 2021 to 3025 in 2023. 
This indicates physicians’ dissatisfaction with current 
working conditions and their growing inclination to 
work abroad (6).

Studies conducted among medical students have shown 
a high desire to work abroad after graduation. For ex-
ample, 52.9% of students at Pamukkale University and 
77.5% of students at Çanakkale Onsekiz Mart University 
reported that they intend to pursue a career abroad af-
ter graduation (7,8). In a study carried out with students 
from Cumhuriyet University by Filiz et al. (10), students’ 
attitudes toward brain drain were evaluated as one of the 
notable investigations on this topic, and the relationships 
between these attitudes and various sociodemograph-
ic variables were examined. Such studies are important 
for understanding the expectations and concerns of the 
young population regarding the future.

Thus, physician brain drain is not only an individual de-
cision but also a societal and systemic indicator. Prop-
erly analyzing the causes of this phenomenon and de-
veloping solution-oriented policies are crucial for both 
Türkiye and global healthcare systems.

This study aimed to determine the perspectives of first-
year medical students at Marmara University regarding 
migration as future physicians and the factors influenc-
ing these perspectives.

MATERIALS AND METHODS

This cross-sectional study was conducted among first-
year students at the Marmara University Faculty of 
Medicine during the 2024–2025 academic year. The 
study population consisted of 255 students. Based on a 
prevalence rate of 50% and a 95% confidence level, the 
minimum sample size was calculated as 152; ultimate-
ly, 156 students participated. Eligible participants were 
all actively enrolled medical students during the data 
collection period. Students who declined participation, 
provided incomplete surveys, or were temporarily not 
enrolled (e.g., taking a leave of absence) were excluded 
from the analysis. Among the participants, 42.9% were 
male (n=67) and 57.1% were female (n=89), with no par-
ticipant selecting the “other” option.

Data collection was carried out online. The question-
naire, developed by the research team, was distributed 
via the Google Forms. Items were generated based on a 
review of the existing literature on migration intentions 
among medical students and early-career physicians. 
Additional items were informed by expert input from 
faculty members in medical education and public health. 
The questionnaire was piloted with a small group of stu-
dents (N=5) to ensure clarity and comprehensibility, and 
minor wording adjustments were made accordingly. The 
average completion time was approximately 10 minutes, 
and participation was entirely voluntary. No personal 
data were collected, and confidentiality principles were 
strictly observed. Verbal informed consent was obtained 
prior to participation.

The study was conducted in accordance with established 
ethical principles, and ethics approval was granted by 
the Marmara University Faculty of Medicine Non-Drug 
and Non-Medical Device Research Ethics Committee on 
March 21, 2025, with decision number 09.2025.25-0224.

The questionnaire consisted of two main sections. The 
first section included sociodemographic questions such 
as age, gender, parents’ educational levels, family eco-
nomic status, type of high school, and reasons for choos-
ing the medical faculty. The second section focused on 
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evaluating students’ willingness to live and work abroad 
after graduation. Participants were asked, “Would you 
like to pursue your professional career abroad after 
graduating from medical school?” and were divided into 
two groups (“Yes” and “No”) according to their answers. 
For both groups, statements were presented in “Yes–No” 
format as well as on a five-point Likert scale. The Likert 
scale was rated as “no effect,” “slightly effective,” “mod-
erately effective,” “very effective,” and “extremely effec-
tive.”

Data analysis was performed using SPSS version 30.0 
(IBM Corp., Armonk, NY, USA). Categorical variables 
were presented as frequencies and percentages, and re-
lationships between variables were examined using the 
Pearson chi-square test. Fisher’s exact test was applied 
when expected frequencies were insufficient. A p-value 
<0.05 was considered statistically significant.

Several variables were recoded prior to analysis. Catego-
ries with very small cell counts were merged to ensure ad-
equate subgroup sizes, improve statistical stability, and 
allow for more meaningful comparisons. Recoding deci-
sions were based solely on distributional considerations, 
and no conceptual categories were altered. During analy-
sis, some variables were recategorized for clarity. Parental 
education levels were grouped as “primary,” “secondary,” 
and “higher education.” Economic status was categorized 
as “low,” “medium,” “high,” and “unknown/prefer not to 
answer.” The reason for choosing medicine was classi-
fied as “voluntary” or “other,” while the post-graduation 
career goal was divided into “specialization” and “other.” 
Foreign language proficiency was coded as “low,” “medi-
um,” and “high.” Satisfaction with the healthcare system 
and quality of life was simplified into three categories: 
“satisfied,” “neutral,” and “dissatisfied.” Responses from 
Likert-type items were merged into three categories: “not 
effective,” “moderately effective,” and “effective.”

Microsoft Excel was used during data organization and 
tabulation, and all analyses were conducted by the re-

search team. The study was designed based on scien-
tific principles, including sample size determination, 
standardized data collection, and appropriate statistical 
analyses. It aims to objectively reveal the attitudes of 
Marmara University Faculty of Medicine students toward 
physician brain drain in relation to sociodemographic 
variables.

During the preparation of this work, the author(s) uti-
lized ChatGPT version GPT-5.1 (OpenAI, San Francisco, 
CA, USA) to generate summaries of research articles re-
lated to the topic.

RESULTS

Most first-year medical students (64.1%) stated that they 
intend to pursue their professional careers abroad after 
graduation. In contrast, 35.9% reported that they wish to 
continue their careers in Türkiye.

A statistically significant relationship was found be-
tween family economic status and the preference for or 
against physician brain drain after graduation, based on 
the chi-square analysis (p=0.029). Specifically, students 
from low and middle-income families were more likely 
to prefer pursuing their professional careers abroad after 
graduation compared to those from high-income fami-
lies. In the research survey, 6 participants chose to not 
disclose their family’s economic status; these responses 
were excluded from the related analysis, and Table 1 re-
flects this adjustment. 

Among the students who stated that they wish to pur-
sue their professional careers abroad after graduation 
(N=100), the factors influencing their intention to emi-
grate were evaluated on a 5-point Likert scale. The high-
est mean scores were observed for the following fac-
tors: “the regulatory conditions in Türkiye” (mean=4.24), 
“the economic conditions in Türkiye” (mean=4.23), and 
“working conditions abroad” (mean=4.23) (Table 2). 

Table 1. The most influential factors in brain drain intention.

Economic 
status

Students wishing brain 
drain n (%)

Students wishing to stay in 
Türkiye n (%)

Total
n (%) p-value*

Low 13 (76.5) 4 (23.5) 17 (100.0)

0.02
Moderate 54 (70.1) 23 (29.9) 77 (100.0)

High 28 (50.0) 28 (50.0) 56 (100.0)

Total 95 (63.3) 55 (36.7) 150 (100.0)

*Pearson chi-square test; p<0.05 considered statistically significant.
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Among the students who stated that they wish to contin-
ue their professional careers in Türkiye after graduation 
(N=56), the highest mean scores for factors influencing 
their preference to remain in the country (based on a 
5-point scale) were as follows: “my desire to stay close to 
my family and friends in Türkiye” (mean=4.73), “my lik-
ing for living in Türkiye” (mean=4.18), and “my cultural 
ties in Türkiye” (mean=4.14) (Table 3).

Gender-based differences in the factors influencing the 
intention to work abroad were also examined among 
students who wished to pursue their careers abroad 
(N=100).

Impact of violence in healthcare: 94.2% of female 
students rated this factor as “highly influential,” com-
pared with 56.3% of male students. This difference was 
statistically significant (p<0.001) (Table 4).

Access to professional development and innova-
tion: 82.7% of female students and 54.2% of male stu-
dents rated this factor as “highly influential,” demon-
strating a statistically significant difference (p=0.008) 
(Table 5).

Working conditions abroad: 90.4% of female students 
and 70.8% of male students rated this factor as “highly 

Table 2. The most influential factors in brain drain intention.

The table presents the mean and standard deviation scores of factors influencing the intention to pursue a medical career abroad among first-year medical 
students who stated that they wish to work abroad after graduation (N=100). These values were calculated using a 5-point Likert scale, where 1 indicates 
“Not influential at all” and 5 indicates “Extremely influential.”

Factor Mean Standard Deviation

The regulatory conditions in Türkiye 4.24 0.96

The economic conditions in Türkiye 4.23 0.85

Working conditions abroad 4.23 0.88

Economic expectations 4.22 0.82

Expectations regarding incidents of violence against healthcare workers and respect 
for healthcare professionals’ rights 4.18 0.99

Social life and quality of life opportunities abroad 4.14 0.93

Opportunities for professional development and access to innovation abroad 3.91 1.03

Desire to live in a country that I consider more developed overall 3.90 1.11

Research and academic career opportunities abroad 3.87 1.11

The state of psychological comfort in working environments abroad 3.85 0.95

Workload abroad and the time available for individual patient follow-up 3.82 1.05

My general feelings about living in Türkiye 3.80 1.14

Comparison of burnout risks in medical professions in Türkiye and abroad 3.71 1.14

Current state of the healthcare system in Türkiye 3.62 1.09

Desire to experience different cultures 3.53 1.21

Opportunities abroad for my children / future family 3.51 1.36

Availability of medical technology abroad 3.40 1.07

Perceived professional prestige abroad 3.34 1.24

The desire to improve myself and return to my country 3.15 1.39
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influential,” and the association was statistically signif-
icant (p=0.022).

The satisfaction levels of 156 first-year medical students 
with the healthcare system in Türkiye were measured us-
ing a 5-point Likert scale. The overall mean satisfaction 
score was calculated as 2.61 out of 5. When group dif-
ferences were examined, the mean satisfaction score for 
students who wish to pursue their professional careers 
abroad after graduation was 2.52, whereas it was 2.77 for 
those who prefer to continue their careers in Türkiye.

The overall satisfaction levels of 156 first-year medical 
students regarding living in Türkiye were measured us-
ing a 5-point Likert scale. Based on the collected data, the 
overall mean satisfaction score was calculated as 2.58 out 
of 5. When comparing groups, the mean satisfaction score 
for students who wish to pursue their professional careers 
abroad after graduation was 2.29, whereas it was 3.09 for 
those who prefer to continue their careers in Türkiye.

No statistically significant relationship was found be-
tween the participants’ gender and their preference to 

Table 3. The most influential factors in the intention to stay in Türkiye.

The table presents the mean scores of factors influencing the desire to remain in Türkiye among 56 first-year medical students who stated that they wish 
to pursue their professional careers in the country after graduation. The values were calculated using a 5-point Likert scale, where “1=Not influential at all” 
and “5=Extremely influential,” and are reported along with their standard deviations. 

Factor Mean Standard Deviation

My desire to stay close to my family and friends in Türkiye 4.73 0.82

My liking for living in Türkiye 4.18 1.20

My cultural ties in Türkiye 4.14 1.21

My belief that living abroad could cause the feeling of loneliness 4.14 1.32

My desire to serve my country 3.98 1.40

My sense of responsibility toward my country 3.98 1.40

The difficulties of living abroad 3.61 1.37

Family-related or personal reasons 3.48 1.57

The challenges of adapting to different healthcare procedures abroad 3.43 1.34

My desire to bring change to the healthcare system in Türkiye 3.32 1.55

The length and difficulty of the migration process 3.30 1.45

My wish to take a stance against brain drain 3.29 1.62

Immigration policies applied abroad 3.29 1.62

My state of satisfaction with the social life and quality of life conditions in Türkiye 3.18 1.37

Job opportunities in Türkiye after graduation 3.07 1.38

Financial reasons (moving abroad, costs of the process, etc.) 3.05 1.51

My state of satisfaction with working conditions for doctors in Türkiye 3.04 1.47

Language barrier 2.91 1.38

My level of trust in the healthcare system in Türkiye 2.84 1.39

Religious reasons 2.70 1.62

The difficulties of passing professional competency exams abroad 2.66 1.36
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pursue their professional careers abroad after graduation, 
according to the chi-square analysis (p=0.089). Similar-
ly, no statistically significant association was identified 
between participants’ prior experience of living abroad 
and their intention to pursue physician brain drain after 
graduation (p=0.417). In addition, the chi-square analysis 
showed no statistically significant relationship between 
participants’ foreign language proficiency and their pref-
erence to emigrate after graduation (p=0.178).

DISCUSSION

This study aimed to evaluate the attitudes of first-year 
medical students at Marmara University Faculty of Med-
icine toward brain drain and to identify the factors influ-
encing these preferences. The findings shed light on the 
sociodemographic and structural determinants shaping 
students’ decisions to work abroad.

Family economic status emerged as a key factor influ-
encing the tendency toward brain drain. Students from 
middle- and low-income families showed a stronger de-
sire to pursue a career abroad. This result is consistent 

with the findings of Altun Güzelderen et al. (9), who re-
ported a relationship between income level and migra-
tion intention. Differences reported in other studies may 
be attributed to variations in sampling or measurement 
methods (10,11).

In our study, foreign language proficiency, prior experi-
ence abroad, and gender were found to have no statis-
tically significant effect on migration preference. This 
finding contrasts with some studies that identified lan-
guage proficiency as a decisive factor (10,11). The dis-
crepancy may be explained by the fact that Marmara 
University provides medical education in English, which 
may reduce language-related barriers among its stu-
dents. Regarding gender, the results indicated no signifi-
cant effect on the decision to migrate, which aligns with 
previous studies reporting limited gender-based differ-
ences in brain drain decisions (1).

Among the factors influencing students’ inclination to 
migrate, regulatory and economic factors in Türkiye, as 
well as working conditions abroad, were prominent. The 
increasing number of “Good Standing Certificate” appli-
cations reported by the TTB reflects this general trend 

Table 4. Impact of violence in healthcare on the decision of brain drain.

Level of the 
Impact 

Female
n (%)

Male
n (%)

Total
n (%) p-value*

Low impact 0 (0.0) 5 (10.4) 5 (5.0)

0.001
Moderate impact 3 (5.8) 16 (33.3) 19 (19.0)

High impact 49 (94.2) 27 (56.3) 76 (76.0)

Total 52 (52.0) 48 (48.0) 100 (100.0)

*Pearson chi-square test; p<0.05 considered statistically significant.

Table 5. Impact of the opportunities for professional development and access to innovation abroad on the decision of brain drain.

Level of the 
Impact 

Female
n (%)

Male
n (%)

Total
n (%) p-value*

Low impact 3 (5.8) 9 (18.8) 12 (12.0)

0.008
Moderate impact 6 (11.5) 13 (27.1) 19 (19.0)

High impact 43 (82.7) 26 (54.2) 69 (69.0)

Total 52 (52.0) 48 (48.0) 100 (100.0)

*Pearson chi-square test; p<0.05 considered statistically significant.
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(9,12). In countries like Türkiye, where healthcare re-
sources are relatively limited, unfavorable working con-
ditions, heavy workload, and low income — known as 
“push” factors — have been shown to increase students’ 
tendency to seek career opportunities abroad (13). Con-
versely, among those who preferred to stay in Türkiye, 
a sense of belonging to family, friends, and cultural ties 
was found to be a major determinant. This finding is con-
sistent with studies emphasizing the mitigating role of 
social support in reducing brain drain (9,14).

Moreover, recent research in Türkiye indicates that not 
only structural factors like salary and workload, but also 
psychological and ethical dimensions contribute signifi-
cantly to physicians’ migration intentions. For instance, 
a qualitative study found that professional-ethical con-
cerns such as maintaining autonomy, avoiding harm, and 
upholding beneficence in patient care play an important 
role in physicians’ decisions to emigrate (15). This sug-
gests that efforts to retain future physicians may benefit 
from addressing not only economic and systemic issues, 
but also professional values and workplace culture. 

Another relevant observation from the literature is that 
mental health and stress levels among medical students 
and physicians are increasingly linked to migration in-
tention. A cross-sectional study of Turkish medical stu-
dents found that higher levels of depression and stress 
were significantly associated with the intention to mi-
grate abroad (16). These findings underscore the need 
for retention strategies that incorporate psychosocial 
support, reduce burnout, and promote resilience among 
health-care students and professionals.

This study has several limitations. First, it was conduct-
ed at a single medical school, which may limit the gen-
eralizability of the findings to medical students in other 
regions or institutional contexts in Türkiye. Second, the 
sample consisted only of first-year students; migration 
intentions may evolve throughout medical training, and 
therefore the results may not reflect the perspectives of 
more advanced cohorts. Third, participation was volun-
tary, introducing the possibility of selection bias, as stu-
dents with stronger opinions about studying or working 
abroad may have been more likely to participate. In ad-
dition, the data were based on self-reported measures, 
which are subject to recall bias and social desirability 
effects. The cross-sectional design also prevents causal 
inference. Finally, some unmeasured factors—family mi-
gration history—may have acted as potential confound-
ers. Despite these limitations, the study provides im-
portant preliminary insights into early-stage brain drain 
intentions among medical students in Türkiye.

This study demonstrates that family economic status 
plays a decisive role in the intention to migrate, whereas 

individual characteristics such as language proficiency 
and gender have a more limited influence on migration 
decisions. Economic and working conditions in Türkiye 
and living standards abroad strengthen students’ incli-
nation to seek opportunities outside the country. Con-
versely, family ties, cultural belonging, and the desire to 
live in Türkiye emerge as protective factors supporting 
students’ decisions to remain in their home country.

The findings indicate that the phenomenon of brain 
drain arises not solely from individual preferences but 
from the intersection of social, economic, and structural 
factors. Therefore, policies aimed at reducing brain drain 
should not only address financial conditions but also 
focus on broader dimensions such as overall life satis-
faction, opportunities for academic advancement, and 
professional prestige.

Ensuring economic stability within the healthcare sys-
tem, clarifying career pathways for young physicians, 
reducing workload and burnout, preventing workplace 
violence, and implementing fair wage policies may con-
tribute to mitigating brain drain. Likewise, educational 
institutions can strengthen students’ sense of belonging 
by offering programs that foster national commitment, 
mentorship systems, and career planning support, there-
by enhancing young physicians’ motivation to remain in 
Türkiye.

Future research should be designed to include students 
from different faculties and academic years and incor-
porate variables such as international experience, career 
goals, and professional satisfaction. Longitudinal stud-
ies could track changes in brain drain tendencies from 
medical education through post-graduation, providing a 
more comprehensive understanding of the process.

CONCLUSION

This study shows that the tendency toward brain drain 
among medical students is strongly shaped by socioeco-
nomic background and perceptions of the national regu-
latory and economic climate. Students from middle- and 
low-income families expressed a greater desire to pursue 
careers abroad, highlighting the role of financial insecu-
rity in shaping career aspirations. Additionally, dissat-
isfaction with local working conditions and perceived 
professional opportunities abroad further reinforced mi-
gration intentions.

These findings have several implications for policy and 
medical education. At the policy level, strategies aimed 
at improving economic stability, strengthening social 
support for students from lower-income families, and 
enhancing working conditions in the healthcare system 
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may help reduce the push factors driving young physi-
cians to consider leaving the country. At the educational 
level, medical schools could integrate structured career 
counseling, mentorship programs, and well-being ini-
tiatives to help students navigate uncertainties, develop 

realistic career expectations, and foster a stronger sense 
of professional belonging within the national context. 
Addressing these factors in a coordinated and sustained 
manner may contribute to reducing the early formation 
of brain drain intentions among medical students.
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Objective: This study aimed to evaluate the genotoxic potential of verbascoside using a standard battery of 
assays across bacterial and mammalian cell systems.

Materials and Methods: The genotoxic potential of verbascoside was evaluated using a standard battery of 
assays, including the bacterial reverse mutation (Ames) test, cytokinesis-block micronucleus (CBMN) assay, and 
alkaline Comet assay. The Ames test was performed on Salmonella typhimurium TA98 and TA100 strains, with 
and without S9 metabolic activation, at concentrations ranging from 1 to 1000 µg/plate. Chinese hamster ovary 
(CHO-K1) cells were used for the CBMN and Comet assays at concentrations between 25 and 200 µg/mL.

Results: The mutagenic index remained below 2.0 across all tested concentrations, showing no significant vari-
ation with increasing dose in the Ames test. No significant differences were observed in micronucleus frequen-
cy between the negative control and any concentration of verbascoside. The Comet assay results revealed no 
significant difference in DNA tail percentage between the negative control and verbascoside-treated groups. 

Conclusion: Under the tested conditions, verbascoside showed no mutagenic or genotoxic effect in bacterial or 
mammalian cell models, supporting a favorable genotoxicity safety profile and warranting further pharmaco-
logical development.
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INTRODUCTION

Verbascoside (acteoside) is a phenylethanoid gly-
coside composed of a hydroxyphenethyl (hy-
droxytyrosol) moiety linked to a disaccharide 

(α-L-rhamnopyranosyl-(1→3)-β-D-glucopyranosyl) via 
a glycosidic bond, which is also esterified with a caffe-
ic acid (Figure 1). First isolated in 1968 from Verbascum 
species, it has since been reported in more than 200 
plant species across 23 plant families, including Scro-
phulariaceae, Lamiaceae, Plantaginaceae, Verbenaceae, 
Oleaceae, and Buddlejaceae (1-3). 

Pharmacologically, verbascoside exhibits a broad range 
of biological activities, including anti-inflammatory (4-
6), anti-ulcerogenic (7), antioxidant (8-10), antimicro-
bial (5), and analgesic effects (11). Mechanistic stud-
ies indicate attenuation of TAK1/JNK/AP-1 signaling, 
accompanied by increased SHP-1 phosphorylation, 
down-regulation of cyclooxygenase and nitric oxide 
synthase expression, and calcium-dependent inhibi-
tion of arachidonic acid and histamine release through 
phospholipase modulation (12-15). In line with its an-
tioxidant potential, verbascoside strongly suppresses 
reactive oxygen species (ROS)-driven oxidation and 
has been shown to outperform vitamin C in compara-
tive assays (16). Preclinical data further demonstrated 
its antidepressant and neuroprotective actions via en-
hanced dopamine biosynthesis and modulation of neu-
ronal stress-response pathways (17), as well as vascular 
protection through NO pathway dependent effects and 
modest angiotensin-converting enzyme (ACE) inhibi-
tion (18,19).

Beyond its central and cardiovascular effects, verbas-
coside contributes to glycemic regulation by inhib-
iting α-amylase and sodium–glucose cotransporter 1 
(SGLT1)-mediated glucose absorption (20,21), alleviates 

β-cell endoplasmic reticulum stress through PERK/eIF2α 
suppression (22), and reduces inflammatory signaling via 
MAPK/NF-κB pathway modulation in chondrocytes and 
hepatic cells (23). Verbascoside has also shown cytotoxic 
and antiproliferative effects in various cancer cell lines, 
including human myeloma, leukaemia, gastric carcino-
ma, colorectal carcinoma, oral squamous cell carcinoma, 
and glioblastoma (24).

Medicinal plants have long been important sources of 
pharmacologically active compounds, and many mod-
ern drugs originate from natural products. Nevertheless, 
the safety and efficacy of numerous herbal prepara-
tions remain insufficiently validated (25). As global use 
of herbal medicines increases, objective toxicological 
evaluation is essential. The assumption that “natural” 
equates to “safe” is misleading, since some plants pro-
duce toxic secondary metabolites capable of serious 
adverse effects. Accordingly, systematic safety testing, 
including in vitro cytotoxicity, toxicokinetic, and geno-
toxicity assessments, is critical to define safety margins 
for plant-derived compounds. Although verbascoside 
has been widely investigated for pharmacological po-
tential, data on its genotoxic and mutagenic safety are 
limited and inconsistent, with some studies reporting no 
genotoxicity (26,27) and others indicating genotoxic ef-
fects (28). These discrepancies underscore the need for 
comprehensive evaluation. In this study, we therefore 
assessed the genotoxic potential of verbascoside using 
a standard assay battery comprising the Ames test, the 
micronucleus assay, and the Comet assay.

MATERIALS AND METHODS

Chemicals
Verbascoside was purified from Globularia sintenisii and 
its chemical structure was elucidated by NMR and MS 
analysis (29). 

FIGURE 1. Chemical structure of verbascoside.
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Genotoxicity Assessment

Mutagenicity Assays
The bacterial reverse mutation (Ames) plate-incorpo-
ration assay was carried out in a Turkish Accreditation 
Agency (Türk Akreditasyon Kurumu, TÜRKAK)-accredit-
ed facility (TS EN ISO/IEC 17025; AB-1764-T) in accor-
dance with the method described by Maron and Ames 
(1983) (30). Histidine-auxotrophic Salmonella typhimuri-
um strains TA98 and TA100 were maintained and used as 
recommended by the supplier. Testing was performed in 
triplicate at four concentrations (1–1000 μg/plate) across 
two independent experiments, both with and without 
metabolic activation (S9 from Aroclor™ 1254-induced rat 
liver). Dimethyl sulfoxide (DMSO; 50 µL/plate) was used 
as the vehicle control. 

Positive controls were included as follows: −S9: 4-ni-
tro-o-phenylenediamine (20 μg/plate) for TA98; sodium 
azide (1 μg/plate) for TA100. +S9: 2-aminofluorene (5 μg/
plate) for TA98 and TA100. A result was judged positive 
when the revertant count showed at least a two-fold in-
crease over the concurrent negative control. The muta-
genic index (MI) was calculated as follows: 

MI = A/B 

where A represents the mean number of revertant col-
onies in the presence of the test compound and B rep-
resents the mean number of revertant colonies in the 
negative control. An MI value of ≥2 was considered in-
dicative of a mutagenic effect.

Genotoxicity and Antigenotoxicity Assessment

Cell Line and Culture Conditions
Chinese hamster ovary (CHO-K1) cells (ATCC® CCL-
61™) were grown in Ham’s F-12 medium (Gibco, NY, USA) 
supplemented with 10% fetal bovine serum (Gibco, NY, 
USA) and 1% penicillin–streptomycin (Gibco, NY, USA). 
Cultures were kept at 37°C in a humidified 5% CO₂ at-
mosphere and passaged approximately every 3 days to 
maintain exponential growth.

Cytokinesis-Block Micronucleus Assay
CHO-K1 cells were seeded in 6-well plates (2×10⁵ cells/
well, 24 h), then exposed to test samples at 25–200 µg/
mL. After 24 hours, cytochalasin B (3 µg/mL) (Sigma-Al-
drich, St. Louis, MO, USA) was added for 24 hours to 
block cytokinesis. Cells underwent hypotonic treatment 
(0.075 M KCl), fixation (methanol:acetic acid 3:1, twice), 
slide preparation, and Giemsa staining (5% in Sorensen 
buffer, 5 min) (Sigma-Aldrich, St. Louis, MO, USA). 

For each culture/treatment, 1000 binucleated cells were 
scored for micronuclei and the nuclear division index 

(NDI) were calculated using formulas described previ-
ously (31).

Alkaline Comet Assay
CHO cells were seeded in 6-well plates (3×10⁵ cells/well) 
24 hours before treatment. Cells were then exposed for 
4 hours to the samples. Following treatment, cells were 
collected, centrifuged (5 minutes, 1000 rpm), and resus-
pended. 

20 µL of the cell suspension was mixed with 180 µL pre-
warmed low-melting-point agarose (Sigma-Aldrich, St. 
Louis, MO, USA); 45 µL was layered onto high-melting-
point agarose-precoated slides (Genaxxon Bioscience, 
Ulm, Germany), covered, set 3 minutes, and coverslips 
removed (two replicates/treatment). 

Slides were lysed at 4°C in the dark, equilibrated 20 min-
utes in cold electrophoresis buffer, then electrophoresed 
at 25 V with current adjusted to 0.3 A for 20 minutes. Af-
ter electrophoresis, slides were rinsed (distilled water → 
Tris, 5 min), fixed in ice-cold methanol (-20°C, 5 min), 
air-dried, stained with ethidium bromide (Bio Basic Inc., 
Markham, ON, Canada), and cover slipped. 

DNA damage was scored under fluorescence microscope 
(BS 200 ProP; BAB Imaging System, Ankara, Türkiye) (31).

Statistical Analysis
Data are presented as mean ± standard deviation (SD). 
Statistical comparisons were performed using analysis 
of variance (ANOVA), followed by Dunnett’s post hoc 
test for multiple comparisons against the control group. 
Analyses were conducted using GraphPad Prism version 
10 (GraphPad Software, San Diego, CA, USA). A p value 
<0.05 was considered statistically significant.

RESULTS

Mutagenicity and Antimutagenicity Assays
As shown in Table 1, the positive controls yielded MI 
values >2 in both S9+ and S9− conditions for TA98 and 
TA100, confirming assay performance. Across all four 
verbascoside doses, MI values for TA98 and TA100 re-
mained <2 regardless of metabolic activation, with no 
dose-related increase (Table 1). In summary, verbascos-
ide showed no mutagenicity in either strain under S9+ 
or S9− conditions within the tested concentration range.

Results of Cytokinesis-Block Micronucleus Assay
As summarized in Table 2, verbascoside did not increase 
micronucleus (MN) frequency relative to the negative 
control at any concentration tested (p>0.05) and NDI val-
ues remained within the acceptable range of 1.3-2.2, in-
dicating no relevant cytotoxicity under assay conditions. 
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In contrast, doxorubicin produced the expected signif-
icant elevation in MN frequency (p<0.01), confirming 
assay sensitivity. Overall, verbascoside showed no MN 
induction and no cytotoxicity up to 200 µg/mL in CHO 
cells.

Results of Alkaline Comet Assay
DNA strand-breaks were evaluated in CHO cells by 
the alkaline Comet assay and expressed as %DNA in 
tail (100 cells/condition; analyzed with the BAB mi-
croscope software). Typical Comet images observed 
with ethidium bromide staining, are shown in Figure 2. 

Table 1. Ames mutagenicity results in Salmonella typhimurium TA98 and TA100, with and without metabolic activation (S9).

TA98  
(revertants/plate)

TA100  
(revertants/plate) MI (TA98) MI (TA100)

Without S9

Negative control 28.5 ± 4.5 192.5 ± 3.5 - -

Positive control 998.0 ± 76.4 * 976.5 ± 17.7* 35.5 5.1

1000 23.0 ± 8.5 192.5 ± 19.1 0.8 1.0

100 27.5 ± 4.9 178.0 ± 19.8 1.0 0.9

10 34.0 ± 2.8 188.0 ± 14.1 1.2 1.0

1 27.5 ± 3.5 198.0 ± 5.7 1.0 1.0

With S9  

Negative control 39.5 ± 0.7 140.0 ± 22.6 - -

Positive control 1451.5 ± 67.2 * 888.0 ± 5.7* 50.9 5.8

1000 32.5 ± 3.5 144.0 ± 12.7 1.1 1.0

100 29.0 ± 2.8 141.0 ± 5.7 1.0 1.0

10 38.0 ± 5.7 140.5 ± 21.9 1.3 1.0

1 39.0 ± 4.2 133.0 ± 7.1 1.4 1.0

Positive controls: in the experiment without metabolic activation, TA98; 4-nitro-o-phenylenediamine (20 µg / plate), TA100; sodium azide (1 µg /plate), in 
the experiment with metabolic activation, 2-aminofluorene (5 µg / plate) for both strains. Dunnett’s multiple comparison test was carried out for statistical 
analysis. *p<0.01 versus negative control group. For all other treatment groups, p-values were found to be above 0.05. 

Table 2. Percentage of micronuclei observed in CHO cell cultures treated with various concentrations of verbascoside and with 
doxorubicin as a positive control.

Sample MN% NDI

Negative control 1.04 ± 0.05 2.00 ± 0.01

Positive control (doxorubicin, 1 µM) 33.3 ± 2.05* 1.33 ± 0.04

Verbascoside 25 µg/mL 0.98 ± 0.01 2.01 ± 0.01

Verbascoside 50 µg/mL 0.86 ± 0.25 1.97 ± 0.09

Verbascoside 100 µg/mL 1.17 ± 0.31 2.00 ± 0.02

Verbascoside 200 µg/mL 1.28 ± 0.19 2.07 ± 0.10

MN%: Percentage of cells with micronuclei, NDI: Nuclear division index.  
 
*p<0.01 versus the negative control (Dunnett’s test). All verbascoside-treated groups did not differ significantly from the negative control (p>0.05). 
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As shown in Figure 3, verbascoside produced no sig-
nificant change in %DNA in tail versus the negative 
control across the tested concentrations (p>0.05). In 
contrast, doxorubicin (positive control) caused a sig-
nificant increase in %DNA in tail (p<0.01). Although 
modest rises were noted at 100 and 200 μM verbascos-
ide, these did not reach statistical significance (p>0.05). 

DISCUSSION

Verbascoside, one of the most common phenyletha-
noid glycosides, possesses numerous biological activi-
ties, including analgesic, anti-inflammatory, anticancer, 
neuroprotective, antiulcer and antispasmodic. Given its 
increasing interest as a potential therapeutic and nutra-
ceutical compound, the evaluation of its genotoxic safe-
ty is essential, as untested herbal products may pose tox-
icological risks despite their natural origin. 

Previous studies evaluating the genotoxic potential of 
verbascoside have yielded inconsistent results. Santoro 
et al. (28) showed that verbascoside isolated from Kige-
lia africana induced structural chromosome aberrations 
and sister chromatid exchanges in human lymphocytes, 
accompanied by a reduction in mitotic index, suggesting 
a potential clastogenic effect. However, contribution of 
co-isolated constituents or extraction related artefacts 
cannot be completely excluded in this study. In contrast, 
Henn et al. (26) reported that verbascoside (1–50 μg/mL) 
was non-genotoxic in human fibroblasts and V79 cells 
using the alkaline Comet assay and that extracts con-
taining verbascoside from Aloysia species were non-mu-
tagenic in the Ames test. These findings were further 
supported by in vivo and alternative model studies. For 
instance, a long-term dietary rabbit study revealed no in-
duction of chromosome aberrations or sister chromatid 
exchanges in peripheral lymphocytes and even showed a 
tendency toward reduced cytogenetic damage over time 
in treated groups (32).

Similarly, negative results were obtained in the Drosoph-
ila melanogaster SMART assay (27). Acute and subacute 
toxicity studies in mice further indicated a high safety 
margin, with an intraperitoneal LD₅₀ exceeding 5 g/kg 
and no treatment related systemic toxicity following 21-
day administration (33). 

In the present study, verbascoside was evaluated using 
a battery of complementary genotoxicity assays, includ-
ing the Ames test, the cytokinesis-block micronucleus 
assay, and the Comet assay. In the Ames test, the muta-
genic index remained below the threshold value of 2.0 at 
all tested concentrations, indicating a lack of mutagenic 
effect in bacterial reverse mutation systems. In the mi-
cronucleus assay, verbascoside did not induce a statis-

tically significant increase in micronucleus frequency 
compared with the negative control, suggesting the ab-
sence of clastogenic or aneugenic effect in mammalian 
cells. Furthermore, Comet assay analysis did not reveal 
a significant increase in DNA strand breaks, as reflect-
ed by unchanged DNA tail percentages across treatment 
groups. Although slight numerical increases were ob-
served at higher concentrations (100 and 200 µM), these 

FIGURE 2. Example images of the Comet assay on CHO-K1 cells. 
A) Control group, B) Cells exposed to 1.5 µM doxorubicin, displaying 
increased DNA damage, as indicated by the presence of Comet tails.

FIGURE 3. Percentage of DNA in tail observed in the Comet assay for 
CHO cell cultures treated with different concentrations of verbascoside 
and with doxorubicin (Dox) as a positive control.  

*p<0.01 versus negative control group. For all other treatment groups, 
p-values were found to be above 0.05.



Köprülü EN et al.

Yeditepe Journal of Health Sciences, 13(3): 147-53

152

changes were not statistically significant and did not 
exhibit a clear dose response relationship, limiting their 
biological relevance. 

A major strength of the present study is the integrated 
use of three distinct genotoxicity endpoints, enabling 
the detection of gene mutations, structural/numerical 
chromosomal aberration and DNA strand breaks within a 
single experimental framework. This approach strength-
ens the reliability of the negative findings and reduces 
the likelihood of false negative interpretation that may 
arise from reliance on a single assay. Nevertheless, sever-
al limitations should be acknowledged. First, the present 
study was restricted to in vitro test systems and therefore 
does not account for complex in vivo factors such as ab-
sorption, metabolism, tissue distribution and long-term 
exposure. Second, mechanistic endpoints such as oxida-
tive DNA base damage or DNA repair modulation were 
not specifically investigated and may warrant further 
targeted exploration.

Several mechanistic considerations may explain why 
verbascoside consistently appears non-genotoxic. Ver-
bascoside is a strong antioxidant and radical scavenger 
capable of reducing intracellular ROS, chelating transi-
tion metals and stabilizing free radicals through its phe-
nolic structure. Since oxidative stress is a major driver of 

DNA strand breaks and chromosomal damage, its ROS 
modulating activity may inherently limit DNA lesion for-
mation (34). Additionally, verbascoside has been shown 
to enhance endogenous antioxidant defenses (e.g., SOD, 
CAT, GSH systems) and suppress inflammatory signal-
ing, further reducing oxidative stress related genotoxici-
ty (35). Thus, the biochemical properties of verbascoside 
are consistent with the absence of mutagenic or clasto-
genic findings observed in the present study’s assays.

Taken together, the current findings in conjunction with 
published in vitro and in vivo studies, indicate that ver-
bascoside does not exhibit mutagenic or genotoxic effect 
under the tested conditions. The single report suggesting 
clastogenicity appears to be an exception rather than the 
prevailing trend and may reflect experimental or matrix 
specific factors. Importantly, to the best of our knowl-
edge, this is the first study to evaluate the genotoxic safe-
ty of verbascoside using the combined application of the 
Ames test, micronucleus assay and Comet assay with-
in a single experimental design. Therefore, the present 
work provides a substantial and methodologically rig-
orous contribution to the toxicological characterization 
of verbascoside and supports its continued investigation 
as a bioactive phytochemical with a favorable genotoxic 
safety profile. 
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