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Research Article / Arastirma Makalesi

Digital Game Addiction: Its Relationship with
Perceived Social Competence in Turkish Nursing
Students

Dijital Oyun Bagimlihg: Tirk Hemsirelik Ogrencilerinde
Algilanan Sosyal Yetkinlik ile iliskisi

ABSTRACT
Objective: The aim was to determine the relationship between digital game addiction and perceived social

competence levels among nursing students.

Methods: The descriptive and correlational study was conducted with 310 nursing students who met the
inclusion criteria at a university's faculty of health sciences. Data were collected using a descriptive
characteristics form, the Digital Game Addiction Scale for University Students, and the Perceived Social
Competence Scale.

Results: It was determined that the nursing students' average total Digital Game Addiction Scale for
University Students Scale score was 45.14+19.24, which is considered low, and 43.2% were in the low-risk
group for addiction levels. The average total Perceived Social Competence Scale score was found to be high
at 24.1343.91. Significant higher Digital Game Addiction Scale for University Students Scale scores were
identified in males, those living in student housing, and those playing games on personal computers. A
negative correlation of low magnitude was found between the average scores of Digital Game Addiction
Scale for University Students and Perceived Social Competence Scale.

Conclusion: Although nursing students are in the low-risk group for digital game addiction, it is
recommended to increase activities such as sports and cultural events and to provide education to students
about digital game addiction to eliminate this risk.about digital game addiction to eliminate this risk.

Keywords: Addiction, digital game addiction, nursing, social competence.

0z

Amag: Bu c¢alismanin amaci, hemsirelik 6grencilerinin dijital oyun bagimliligi ile algilanan sosyal yetkinlik
dlzeyleri arasindaki iliskiyi belirlemektir.

Yontemler: Tanimlayici ve iliski arayici bir tasarima sahip olan bu g¢alisma, bir tiniversitenin saghk bilimleri
fakiltesinde katihm kriterlerini karsilayan 310 hemsirelik 6grencisi ile gergeklestirilmistir. Veriler,
tanimlayici 6zellikler formu, Universite Ogrencileri iin Dijital Oyun Bagimlihg Olgegi ve Algilanan Sosyal
Yetkinlik Olcegi kullanilarak toplanmistir.

Bulgular: Hemsirelik égrencilerinin ortalama toplam Universite Ogrencileri igin Dijital Oyun Bagimlilig
Olgegi puani 45.14+19.24 olarak, disiik diizeyde bulunmustur. Ogrencilerin %43.2'si diisiik risk grubunda
yer almaktadir. Ortalama toplam Algilanan Sosyal Yetkinlik Olcegi puani ise 24.1343.91 olarak yiiksek
dizeyde saptanmistir. Erkek ogrencilerde, 6grenci evinde yasayanlarda ve kisisel bilgisayarda oyun
oynayanlarda Universite Ogrencileri igin Dijital Oyun Bagimlihg Olcegi puanlarinin anlamli derecede yiiksek
oldugu belirlenmistir. Universite Ogrencileri icin Dijital Oyun Bagimlihg Olcegi ve Algilanan Sosyal Yetkinlik
Olgegi ortalama puanlari arasinda diisiik dereceli negatif bir iliski bulunmustur.

Sonug: Hemsirelik 6grencileri dijital oyun bagimliligi agisindan duistik risk grubunda yer almakla birlikte, bu
riskin ortadan kaldiriimasi igin spor ve kultiirel etkinliklerin artirilmasi ve 6grencilere dijital oyun bagimlilig
konusunda egitim verilmesi dnerilmektedir.

Anahtar Kelimeler: Bagimlilik, dijital oyun bagimhligi, hemsirelik, sosyal yetkinlik.
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Introduction

The increasing prevalence of digital games in recent years has
turned digital game addiction into a significant public health
concern, especially among young adults. This condition may
adversely impact individuals’ psychosocial functioning as well as
their perceived social competence (Meng et al., 2022).

Digital games are electronic games that individuals interact
with through an interface. These games are becoming
increasingly widespread every day, thanks to platforms like
tablets and mobile phones that can provide an internet
connection and are portable (Cumhurbaskanhgi Dijital Donlsim
Ofisi, 2023). According to the January 2023 report by the UK-
based global social media agency We Are Social, 81.9% of internet
users aged 16-64 worldwide have stated that they play video
games on any device (We Are Social, 2023). In Turkey, this rate is
92.3%, and our country has risen from the 7th most video game-
playing country in January 2022 to the 5th in January 2023. Some
internet users choose to play games on different devices
depending on the type of game, their location, or circumstances.
While approximately 8 out of every 10 internet users worldwide
play video games on any device, 66.2% of participants stated that
they play games on smartphones, and 37.9% play on laptops or
personal computer (PC). Video games, which both men and
women of different age groups are interested in, are very popular
worldwide ( We Are Social, 2023). According to the Gaming &
Esports 2023 report (YouGov, 2023), individuals play games for an
average of 8 hours a week, and those aged 18-24 play
approximately 10 hours a week. However, the weekly gaming
time sharply decreases for individuals aged 55 and over (YouGov,
2023).

The digital gaming industry holds significant potential for all
countries in terms of player numbers and economic size.
However, this sector also carries certain risks. Individuals,
whether children or adolescents, who exhibit excessive interest
in digital games, may face a problem akin to drug addiction
(Bulbul et al., 2018; Irmak & Erdogan, 2019). This situation causes
concern among various sectors, including parents, educators, and
policymakers. Digital game addiction can lead to significant
impairments in health, work, education, and other social
functions, as well as considerable distress in personal, familial,
and social well-being (Dahl & Bergmark, 2020). Moreover, it may
negatively affect the psychological and social well-being of
children and adolescents. Issues such as a tendency toward
violence, aggression, desensitization, loneliness, and anxiety are
among the psychosocial problems associated with this negative
impact (Meng et al., 2022; Goswami & Singh, 2016).While digital
games offer several positive attributes- such as encouraging
sharing, goal-setting, logical reasoning, concentration, decision-
making, and a sense of achievement- they also pose certain risks,
particularly when gaming behavior becomes excessive or
addictive (Anderson-Butcher et al., 2007; Bilbil et al., 2018). One
of the most evident areas negatively impacted by digital game
addiction is educational life. Students who spend an excessive
amount of time playing games often fail to allocate adequate time

for studying, neglect their academic responsibilities, and enter
exams unprepared (Anderson-Butcher et al., 2007; Bulbul et al.,
2018). Empirical studies have shown that violent video games are
positively associated with aggression and delinquency, with this
relationship being especially pronounced among male players.
Furthermore, academic performance has been found to decline
as the duration of gameplay increases (Anderson-Butcher et al.,
2007; Bilbil et al., 2018).

These educational challenges, however, represent only one
dimension of the broader impact of digital game addiction (Arikan
& Oztirk, 2020; Orak et al., 2021). Beyond academics, digital
games can adversely affect multiple aspects of individuals’ daily
lives, leading to more serious psychological and social
consequences (Orak et al., 2021). In recent years, digital game
addiction has increasingly been recognized as a public health
issue. Research indicates that individuals suffering from this form
of addiction often struggle to maintain their daily routines and
responsibilities due to psychological distress and diminished
social functioning (Arikan & Oztiirk, 2020; Orak et al., 2021). In
light of the constant developments and changes in modern life,
individuals are now expected to possess strong social skills in
order to navigate interpersonal relationships effectively and lead
a high-quality social life. Social skill, encompassing both
psychological and societal dimensions, has been defined by
Saricam et al. (2013) as the capacity to effectively utilize one's
existing social and communication abilities. Social skills are
essential and necessary for coping with challenges, maintaining
and enhancing social relationships, effective learning, and active
participation in community and group activities (Turan et al.,
2023; Ates, 2016). Social skills emerge as a personal attribute
throughout an individual's life and play a significant role in their
social and emotional development (Turan et al., 2023; Eksi et al.,
2019; Ates, 2016). They assist an individual in feeling more
secure, efficient, and competent during interpersonal
interactions, as well as in their perception and evaluation of these
interactions (Turan et al., 2023; Eksi et al., 2019; Ates, 2016).

Digital game addiction can negatively affect individuals' social
lives by reducing their ability to engage in social interactions,
which may lead to a decline in their perceived social competence.
Social competence is defined as the ability to establish and
maintain social relationships and to communicate effectively in
social settings, playing a functional role in many areas of life (Ates,
2016). Studies have shown that individuals who spend excessive
amounts of time on digital games tend to participate less in face-
to-face social interactions, which in turn negatively affects the
development of their social skills (Caplan, 2007; Lemmens et al.,
2011). In this context, it can be argued that digital game addiction
may weaken an individual's perception of social competence and
create adverse effects on both psychological and social well-
being.

The nursing profession holds a significant position in terms of
social competence due to the necessity of establishing close
relationships with patients and health team members. Nurses
must effectively utilize their communication skills to meet the
treatment and care needs of patients. Literature indicates that
digital game addiction negatively affects social competence. The
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university years, which contribute to the development of nursing
students' social competence, also coincide with the age group
most affected by digital game addiction (Baltaci et al., 2020; Dost
et al, 2021).

Studies on nursing students' internet addiction reveal that the
addiction is at a moderate level and is on the rise. It is believed
that digital game addiction can negatively affect many aspects of
nursing students' lives, such as social competence, academic
success, professionalism, and communication, as well as
potentially disrupt loneliness and sleep quality (Chrzan-Rodak et
al., 2022; Dost et al., 2021). This situation poses a risk not only for
the care and safety of patients but also for the physical and
mental health of the students. In the literature, there is a lack of
comprehensive studies on the digital game addiction and social
competence of nursing students. The purpose of this study is to
examine the relationship between digital game addiction and
perceived social competence levels among nursing students.

Methods
Type of Research
The study used descriptive and correlational methods.
Population and Sample

The population of the study consisted of 515 nursing students
enrolled at Nigde Omer Halisdemir University, Zilbeyde Hanim
Faculty of Health Sciences during the spring semester of the
2023-2024 academic year. However, 42 of these students,
despite being officially registered, were not actively attending
classes. Therefore, the actual population was accepted as 473
students.

The sample of the study consisted of nursing students who
were present at the faculty during the data collection period,
regularly attending classes, and voluntarily agreed to participate
in the study. During the data collection process, 45 students were
not present at the faculty, 62 students declined to participate,
and 56 students were excluded due to incomplete data collection
forms. Consequently, the study was completed with 310
students. Thus, 66% of the target population (473 students) was
reached.

Data Collection Tools

The Descriptive Characteristics Form: This form, which
includes information such as age and gender of students, is
prepared by the researcher in line with the literature (Hazar &
Hazar, 2019; Saricam et al., 2013).

Digital Game Addiction Scale for University Students (DGAS-
US): Developed by Hazar & Hazar in 2019, this 21-item scale
features three sub-dimensions: excessive focus and
procrastination; conflict, deprivation, and pursuit; and emotional
change and immersion. The scale scores range from a minimum
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of 21 to a maximum of 105, with 1-21 points indicating a normal
group, 22-42 points a low-risk group, 43-63 points a risk group,
64-84 points an addicted group, and finally, 85-105 points
indicating a highly addicted group. The Cronbach’s alpha
coefficient for internal consistency was reported as .95 in the
original study, while it was calculated as .90 for the present study
(Hazar & Hazar, 2019).

The Perceived Social Competence Scale (PSCS): The Perceived
Social Competence Scale, developed by Anderson-Butcher,
lachini, & Amorose (2007), is a self-report measurement tool that
evaluates the concept of social competence based on how
individuals perceive themselves in social relationships and how
they express self-related information. The scale consists of 6
items and is structured using a 5-point Likert-type rating system
(1 = Strongly disagree, 5 = Strongly agree). Scores on the scale
range from 6 to 30. There are no reverse-coded items on the
scale. The factor loadings of the items range between .57 and .80.
The Cronbach’s alpha coefficient for internal consistency was
reported as .80 in the original study, while it was calculated as .81
for the present study.

Data Collection

The implementation of the study commenced following the
acquisition of the necessary permissions from the Ethics
Committee of Nigde Omer Halisdemir University (Date:
November 29, 2023, Decision no: 2023/18-16) and the Zibeyde
Hanim Faculty of Health Sciences. Data for the study were
collected between April 1, 2024, and May 31, 2024, through
surveys administered face-to-face to nursing department
students by the researcher. At the beginning of the study,
participants were informed about the objectives, scope, ethical
considerations, and potential benefits of the research, and their
consent was obtained prior to the administration of the data
collection forms. The data were collected based on self-reports
from the participants by the researcher at the end of class, with a
15-minute time allocation.

The Analysis of the Data

The data was conducted using the SPSS 24.00 (IBM SPSS Corp.,
Armonk, NY, USA) software package, with frequency distributions
applied for categorical variables and descriptive statistics utilized
for numerical variables. The normality of the data distribution
was assessed using the Kolmogorov-Smirnov test. Due to the data
not following a normal distribution, nonparametric tests were
employed. The Mann-Whitney U Test was used for pairwise
comparisons, while the Kruskal-Wallis Variance Analysis was
applied for multiple comparisons. To examine the relationships
between variables, Spearman's correlation analysis was
conducted. A p-value of less than .05 was considered statistically
significant.
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Results

This study, which determined the relationship between digital
game addiction and perceived social competence, found that the
average age of participants was 20.80+1.92.

It was identified that 72% of the participants were female, and
30% were in their fourth year of study. Additionally, 71.3%
reported a medium level of academic achievement, while 79.4%
came from a middle socioeconomic background. A majority of the
students (84.8%) lived in urban areas, and 82.6% were graduates
of Anatolian high schools.

Furthermore, 66.8% resided in student dormitories, and
51.9% were the youngest child in their families. Regarding
parental attitudes, 81.9% described their mothers and 77.7%
their fathers as democratic. In terms of extracurricular
engagement, 56.1% participated in sociocultural activities, and
74.8% reported spending time with friends outdoors.

Additionally, 80.6% stated that they played digital games via
mobile phones. The participants' weighted grade point average
(WGPA) was 2.85 + 0.40 (Table 1). Upon examining Table 1, it was
determined that the average scores of males in DGAS
(54.31£21.31) were high and statistically significant. When PSCS
was analyzed in terms of gender, it was found that the difference
in scores was not statistically significant.

Participants with a high socioeconomic status had high
average scores in PSCS (25.33+4.17), and this difference was
determined to be statistically significant. When DGAS was
examined from a socioeconomic perspective, the difference in
scores was found to be statistically insignificant (Table 1).

It was determined that the average score of the DGAS for
participants residing in student housing was high (51.93+22.13)
and statistically significant. When the PSCS was examined in
terms of the place of residence, it was found that the difference
in scores was not statistically significant (Table 1).

Participants who engaged in sociocultural activities had high
average scores on the PSCS (24.68+3.71), and this difference was
determined to be statistically significant. When the DGAS was
examined in terms of participation in sociocultural activities, it
was found that the difference in scores was not statistically
significant (Table 1).

It was determined that individuals who play digital games on
PCs have a high average score in the DGAS (53.96+21.73), and this
difference is statistically significant. PSCS scores were analyzed
based on the platform on which digital games were played, it was
found that the difference in scores was not statistically significant
(Table 1).

Participants who go out with their friends were found to have
high average scores on the PSCS (24.63+3.72), and this difference
is statistically significant. However, when the DGAS scores of
those who go out with their friends were examined, it was

determined that the difference in scores was not statistically
significant (Table 1).

Table 1.
Comparison of participants' descriptive characteristics and scale
scores

Scale Score Averages

Mean*SD
Variables n(%) DGAS PSCS
Gender
Female 225 (72.6) 41.67+17.22 24.28+3.50
Male 85 (27.4) 54.31%+21.31 23.741+4.85
Test= MU 4.883 0.835
p .00 .40
Class
1st Grade 83(26.8) 42.63+16.05 23.7943.96
2nd Grade 88 (28.4) 45.73+18.12 23.98+4.16
3rd Grade 46 (14.8) 50.23+23.03 24.39+3.44
4th Grade 93 (30) 44.29+20.60 24.45%3.88
Test=KW 3.458 1.237
p 32 74
Academic success
Low 23 (7.4) 57.39%26.33 22.08%6.70
Medium 221 (71.3) 43.71%17.24 24.23%+3.67
High 66 (21.3) 45.63+21.43 24.53+3.21
Test=KW 5.858 2.556
p .05 .27
Social-Economic Perception Level
Insufficient 19 (6.1) 48.21+23.08 22.31+5.43
Medium 246 (79.4) 44.97+18.62 24.05+3.67
High 45 (14.5) 44.73421.16 25.33+4.17
Test=KW 0.633 10.550
p 72 .00
Where You Spend Most of Your Life
Rural 47 (15.2) 44.91+19.14 23.76+3.18
Urban 263 (84.8) 45.18+19.30 24.20+4.03
Test=MU -0.034 0.550
p 97 .58
Type of High School You Graduated From
Vocational High 25 (8.1) 46.72421.76 24.36%4.10
School
Anatolian High 256 (82.6) 45.10+19.38 24.06%£3.91
School
Science High 11 (3.5) 39.66+12.80 25.00£2.82
School
High Schools
Accepting 24.05+4.31
Students  with 18 (5.8) 45.94+17.96
Special Talent
Exams
Test=KW 1.044 3.790
p 95 58
Where you stay/shelter
Student house 74 (23.9) 51.93+22.13 23.95+4.17
Student 207(66.8)  4371#1823 24204389
dormitory
Family house 28 (9.3) 38.03%+13.48 24.17%3.56
Test=KW 10.418 1.252
p .01 74
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Birth Order

Odd 24(7.7) 56.50+19.39 23.00%5.12
First 125 (40.3) 46.08+19.01 24.18+3.58
Last 161 (51.9) 43.96%21.80 24.01+3.49
Test=KW 11.373 2.671

p .10 A4

Your Perception of Mother's Attitude

Democratic 254 (81.9) 45.114£18.34 24.11+4.03
Not democratic 56 (18.1) 44.27422.08 24.14+3.29
Test=MU 3.520 2.470

p 17 27

Your Perception of Father's Attitude

Democratic 241 (77.7) 45.324+18.39 24.09+4.08
Not democratic 69 (22.3) 44.50+22.10 24.27%+3.31
Test=MU -0.897 0.800

p 37 93

Your Participation in Social-Cultural Activities

| dont a6 (43.9) 45.36£19.27 23.4424.08
Participate

| participate 174 (56.1) 45.06%£19.29 24.68+3.71
Test=MU 0.716 6.991

p .69 .03
Platform where you usually play digital games

Mobile 250 (80.6) 43.77+18.19 24.34 £3.51
PC 50 (16.1) 53.96+21.73 23.18+4.92
Console 10(3.2) 37.10+20.53 23.10%6.67
Test=KW 13.662 3.889

p .00 27

| often spend time outside with my friends

Yes 232 (74.8) 44.87+19.78 24.63+3.72
No 78 (25.2) 45.92+17.63 22.64%4.12
Test=MU 0.823 0.410

p 41 .00

WGPA  (Mean

+SD) 2.85+0.40

Age (Mean +SD) 20.80+1.92

When examining the class level, academic success, the place
where most of life was spent, the high school from which they
graduated, birth order, and the attitudes of parents, no significant
statistical difference was found in terms of the average scores of
DGAS and PSCS (Table 1).

It was determined that the participants' average total score
on the DGAS was 45.14+19.24, which is considered low, and
43.2% of them were categorized as being at low risk in terms of
dependency levels (Table 2 and Table 3). The participants'
average total score on the PSCS was found to be high at
24.1343.91 (Table 2).

Table 2.

Participants' digital game addiction and perceived social

competence scale total and sub-dimension total score averages
Total Scale Scores Mean1SD Min-Max

DGAS Total Score 45.14+19.24  (21-105)
24.69+10.62  (11-78)
12.35+5.87 (6-30)
8.21+4.06 (4-20)

24.13+3.91 (6-30)

Excessive focus and procrastination
Conflict, deprivation and search

Emotional change and absorption

PSCS Total Score
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Table 3.
Participants’ digital game addiction levels
n (%) Min-Max

Normal 23 (7.4) (1-21)
Low Risk 134 (43.2) (22-42)
Risky 98 (31.6) (43-63)
Addicted 43 (13.9) (64-84)
Highly addicted 12 (3.9) (85-105)

Upon examining Table 4, it was determined that there is a
low-level negative correlation between the average scores of
DGAS and PSCS.

Table 4.
Relationship between participants’” DGAS and PSCS score
averages

DGAS PSCS
DGAS r 1 -0.167
p .00
PSCS r -0.167 1
p .00

Correlation is significant at the 0.01 level (2-tailed).
Discussion

This study aimed to determine the relationship between
digital game addiction and perceived social competence among
nursing students, finding that the participants' average age was
20.80+1.92. It was observed that the level of digital game
addiction among the participants was low, placing them in a
group at minimal risk in terms of addiction levels.

This study has identified that the level of digital game
addiction is higher among male participants. Similarly, research
conducted by van den Eijnden et al. (2018), Basdas & Ozbey
(2020), Orak et al. (2021), and Boz & Ding (2023) also found that
digital game addiction levels were higher in males. This
phenomenon may be attributed to the addictive qualities of the
game types played by males, the design of digital games that
appeal to male interests, sexism in online gaming environments,
and easier access for males to gaming platforms. Based on these
data and the literatiire (van den Eijnden et al., 2018; Basdas &
Ozbey, 2020; Orak et al., 2021; Boz & Ding, 2023), it can be said
that males are at risk for digital game addiction. This study has
determined that participants residing in student houses have a
higher level of digital game addiction. No research has been
encountered in the literature demonstrating the relationship
between the place of residence and digital game addiction. This
situation can be explained by the participant's greater freedom in
the student house, the absence of a control mechanism, and the
decision on time management being entirely under the student's
control. Furthermore, it has been identified that individuals who
play games on PCs exhibit a higher level of digital game addiction.
Contrary to the findings of this study, the literature indicates a
higher frequency of playing digital games on mobile devices
(Basdas & Ozbey, 2020; Orak et al., 2021). This discrepancy may
stem from the ease of access to mobile devices, while playing
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games on a PC's larger screen may be perceived as more
enjoyable. This study has determined that the level of digital
game addiction is not influenced by socioeconomic status,
participation in sociocultural activities, or spending time with
friends outdoors. In contrast to this study, Basdas & Ozbey (2020)
as well as the research by Orak et al. (2021) indicate that a higher
socioeconomic level increases the level of digital game addiction.
This discrepancy may stem from the similar socioeconomic
statuses of nursing students studying in the same city and school.
Additionally, the financial means required for gaming may also be
necessary for education-related expenses such as internet,
computers, and mobile phones. In other words, the internet,
computers, and mobile phones used for educational purposes
can also be utilized for gaming.

In the literatiire (Basdas & Ozbey, 2020; Orak et al., 2021), it
has been found that participation in sociocultural activities and
spending time with friends outdoors can reduce digital game
addiction. This difference may be attributed to the use of mobile
devices, which allows individuals to continue playing games even
while socializing with friends in outdoor settings. Thus, although
the environment changes, they can continue to engage in gaming.

This study found that social competence levels were higher
among participants with a good socioeconomic status. In
contrast, Hukkelberg et al.'s study conducted in 2019 determined
that social competence levels were not associated with
socioeconomic status. This discrepancy could be attributed to the
location and age differences where the studies were conducted.
Additionally, it may stem from the belief among participants in
the age group sampled in this study that social competence can
be achieved with a higher economic level.

This study has found that the level of social competence is
higher among participants who engage in sociocultural activities
and spend time outside with friends. Similarly, Ates's (2016) study
determined that participation in sociocultural activities increases
the perceived level of social competence.

This study has determined that there is a negative and low-
level relationship between digital game addiction and perceived
social competence. Similarly, Budak & lIsikoglu's study (2022)
found that as digital game addiction increases, the level of
perceived social competence decreases. It can be considered that
playing digital games is a form of escape and hiding for individuals
with low social competence.

This study has determined that students' levels of social
competence are not influenced by the participants' gender,
where they live, or the platform they prefer for playing games.
Additionally, it has been established that there is no significant
relationship between digital game addiction and social
competence with participants' grade level, academic success, the
place where they have spent most of their life, the high school
they graduated from, birth order, and parental attitudes.

Conclusion
This This study has determined that nursing students have a

low level of digital game addiction, with 43.2% being in the low-
risk group. It has been found that perceived social competence is

high. Digital game addiction has been significantly higher among
males, those living in student houses, and those playing games on
their personal computers. A low-level negative correlation
between digital game addiction and perceived social competence
levels has been identified.

Although nursing students were found to be in the low-risk
group regarding digital game addiction, this does not entirely
eliminate the potential for future risk. Therefore, it is
recommended to implement preventive strategies to maintain
and further reduce this risk. Increasing students’ participation in
physical activities such as sports, as well as in cultural and social
events, may serve as protective factors by promoting healthy
time management and reducing excessive screen time.
Additionally, incorporating educational programs into the nursing
curriculum that raise awareness about the signs, consequences,
and coping strategies related to digital game addiction can help
students develop healthier digital habits and recognize
problematic behaviors early on.

The cross-sectional design of the study limits the ability to
establish  causal relationships between the variables.
Furthermore, the fact that the study was conducted in a single
institution restricts the generalizability of the results to broader
populations or different cultural and academic settings.
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Arastirma Makalesi / Research Article

Thymus pectinatus Fisch. et Mey. var.
pectinatus Ugucu Yagi ve Ekstresinin Anti-aging
Potansiyelinin Kollajenaz ve Tirozinaz Enzim
inhibisyonu Uzerinden Degerlendirilmesi

Evaluation of Anti-aging Potential of Thymus pectinatus Fisch.
et Mey. var pectinatus Essential Oil and Extract via
Collagenase and Tyrosinase Enzyme Inhibition

0z

Amag: Bu calismada, Thymus pectinatus Fisch. et Mey. var pectinatus kekik tiirinden elde edilen ugucu yag
ve etanolik ekstraktin kollajenaz ve tirozinaz enzimleri izerindeki inhibitor etkilerini belirleyerek, bu tirln
anti-aging ve leke karsiti kozmetik uygulamalardaki potansiyelini degerlendirmek amaglanmistir.

Yontemler: Toprak Ustl kisimlara ait kuru bitki 6rneginden Clevenger tipi distilasyon diizenegi ile ugucu
yag elde edilmistir. Kuru 6rnek 6gutilerek etanol ile ekstre edilmis ve ¢éziicl buharlastinimistir. Elde edilen
ekstreler izerinde anti-kollajenaz ve anti-tirozinaz aktivite ¢calismalari yapiimistir.

Bulgular: Ugucu yagin etanol ekstresine kiyasla daha ylksek anti-kollajenaz (%52,3 + 0,12 inhibisyon) ve
anti-tirozinaz (%73,5 £ 0,23 inhibisyon) aktivitelerine sahip oldugu belirlendi.

Sonug: Ugucu yag ve etanolik ekstraktin kollajenaz ve tirozinaz enzimleri izerinde belirli diizeyde inhibitor
aktivite sergiledigini ortaya koymustur. Ancak karsilastirmali analizler sonucunda, ugucu yagin etanol
ekstresine kiyasla her iki enzim lzerinde de daha gii¢li bir inhibisyon etkisi gosterdigi belirlenmistir. Bu
sonuglar; 6zellikle yaslanma karsiti ve cilt yenileyici kozmetik formilasyonlarda kekik ugucu yaginin hem
tek basina hem de diger anti-kollajenaz ajanlarla birlikte kullanilabilecek etkili bir bilesen olabilecegini
gostermektedir.

Anahtar Kelimeler: Kekik, kollajenaz enzimi, thymus pectinatus var. pectinatus, tirozinaz enzimi.

ABSTRACT

Objective: This study aimed to determine the inhibitory effects of the essential oil and ethanolic extract
obtained from Thymus pectinatus Fisch. et Mey. var pectinatus thyme species on collagenase and tyrosinase
enzymes and to evaluate the potential of this species in anti-aging and anti-blemish cosmetic applications.

Methods: Essential oil was obtained from the dry plant sample of the aboveground parts with a Clevenger
type distillation apparatus. The dry sample was ground and extracted with ethanol and the solvent was
evaporated. Anti-collagenase and anti-tyrosinase activity studies were performed on the obtained
extracts.

Results: It was determined that the essential oil had higher anti-collagenase (52.3 + 0.12% inhibition) and
anti-tyrosinase (73.5 £ 0.23% inhibition) activities compared to the ethanol extract.

Conclusion: It was revealed that the essential oil and ethanolic extract exhibited a certain level of inhibitory
activity on collagenase and tyrosinase enzymes. However, as a result of comparative analyses, it was
determined that the essential oil showed a stronger inhibitory effect on both enzymes compared to the
ethanol extract. These results indicate that thyme essential oil can be an effective ingredient that can be
used both alone and in combination with other anti-collagenase agents, especially in anti-aging and skin
rejuvenating cosmetic formulations.

Keywords: Collagenase enzyme, thyme, thymus pectinatus var. Pectinatus, tyrosinase enzyme.
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Giris

Profesyonellik; hekimin Bitkisel ekstreler ve fitokimyasallar,
gecmisten glinliimiize farmasotik ve kozmetik Griinlerin 6nemli
bilesenleri arasinda yer almistir. Sentetik maddelerin bilinen yan
etkileri nedeniyle, glinimizde dogal igerikli kozmetik Grlinlere
olan talep belirgin sekilde artmistir (Ustiindag Okur vd., 2020).

Lamiaceae familyasina ait aromatik bitkiler arasinda yer alan
Thymus cinsi, yabani olarak yetisen ¢ok sayida tiir ve varyetesiyle
one g¢ikmaktadir. Bu cinsin tirlerinin blyik bir bélima Akdeniz
florasina 6zglidir. Tirkiye’de Thymus cinsi 38 tir ile temsil
edilmekte olup, bu tirler arasinda endemizm orani yaklasik
%53’tur. Halk arasinda yaygin olarak "kekik" adiyla bilinen bu
bitkilerin kurutulmus kisimlari, bitki ¢ayi, baharat ve geleneksel
tipta c¢esitli amaglarla kullanilmaktadir. Thymus tirlerine ait
ugucu yaglar, yuksek oranda izomerik fenolik monoterpen
bilesikleri olan timol ve/veya karvakrol icermeleriyle karakterize
edilmektedir (Askin vd., 2017; Azaz vd., 2004). Thymus pectinatus
Fisch. et Mey. var pectinatus, ic Anadolu Bélgesi'nde yayilis
gosteren ¢ok yillik aromatik bir bitki olup hem geleneksel tipta
hem de gida alaninda yaygin sekilde kullanilmaktadir. Ozellikle
timol icerigi sayesinde  antioksidan, antimikrobiyal,
antiinflamatuar, antitimor ve diger gesitli biyolojik aktiviteler
sergiledigi bildirilmektedir (Rathod vd., 2021; Salehi vd., 2018).

Tirozinaz enzimi, melanin biyosentezinde kilit rol oynamakta
olup pigmentasyon siireclerini dogrudan etkilemektedir. Artan
tirozinaz aktivitesi, hiperpigmentasyon bozukluklarina yol
acabilmekte; bu durum melazma, solar lentigo ve inflamatuar
melanoderma gibi cilt sorunlariyla iliskilendirilmektedir. Bu
baglamda, fenolik bilesikler, terpenler, alkaloidler, siklik peptitler
ve steroidler gibi c¢esitli kimyasal gruplardan tirozinaz
inhibitorlerinin izolasyonuna yoénelik ¢alismalar, tip ve kozmetik
alanlarinda biyik ilgi gormektedir (Pilevneli & Konuklugil, 2020).
Cilt beyazlatici drinler, o6zellikle edinsel hiperpigmentasyon
kaynakh pigmentasyon bozukluklarinin tedavisinde melanin
Uretimini azaltmayl hedeflemektedir. Bu dogrultuda, tirozinaz
enzim aktivitesinin inhibisyonu, melanin sentezini baskilayarak
etkili bir yaklasim sunmakta; bu nedenle dogal ve sentetik
kaynakh tirozinaz inhibitorleri, leke karsiti ve tedavi edici ajanlar
olarak yaygin sekilde kullaniimaktadir (Algin Yapar, 2016).

Cilt yaslanmasi, igsel ve digsal faktorlerin etkisiyle gelisen
kompleks bir biyolojik stregtir. Bu siiregte kolajen tahribatinin
artmasi, ciltteki kolajen seviyesinin azalmasina yol agmakta ve
yaslanma  belirtilerinin  ortaya ¢lkmasinda 6nemli  rol
oynamaktadir. Literatiire gore, kolajen miktari her yil yaklasik %1
oraninda azalmaktadir (Algin Yapar ve Tuncay Tanriverdi, 2017).
Kolajen  seviyesindeki azalma, biyik Ol¢lide  matris
metaloproteinazlar (MMP’ler) ve 6zellikle kollajenaz enzimlerinin
asir ekspresyonuna baglanmaktadir (Gokge, 2023). MMP’lerin
bag dokusunda kolajen liflerini parcalayarak yapisal bozulmalara
yol actigt ve bu silrecin foto vyaslanmanin temel
mekanizmalarindan biri oldugu distnilmektedir. Bu dogrultuda,
dogal kaynakh bilesiklerle kolajen sentezinin artiriimasi veya
kolajen yikiminda rol oynayan MMP enzimlerinin inhibe edilmesi,
yaslanma karsiti (anti-aging) stratejiler agisindan 6nemli bir
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potansiyel sunmaktadir. Kollajenaz  enzimlerinin  gesitli
inhibitorlerle baskilanmasi, foto vyaslanma ve kirigikliklarin
onlenmesinde terapétik bir yaklasim olarak degerlendirilmektedir
(Masuda vd., 2012).

Tirkiye'de tibbi, kozmetik ve gida amagl kullanilan yiksek
antioksidan igerikli bircok bitki bulunmaktadir. Bunlar arasinda
Thymus pectinatus Fisch. et Mey. var pectinatus daha o6nce
yuksek antioksidan aktivite ve toplam fenolik madde miktari
oldukga yiiksek olarak bildirilen bir bitkidir (Vardar Unlii vd., 2003;
Azaz vd., 2004). Ancak literatlr taramasina gore, Thymus
pectinatus Fisch. et Mey. var pectinatus’un kollajenaz ve tirozinaz
enzimleri Gzerindeki inhibitor etkilerine yénelik herhangi bir
¢alismaya rastlanmamistir. Bu baglamda, yiritiilen ¢alisma, s6z
konusu tiriin bu enzimler Gizerindeki biyolojik aktivitesini ilk kez
ortaya koymasi agisindan bilimsel literatiire 6zglin bir katki
sunmaktadir.

Yaslanma ve hiperpigmentasyon karsiti kozmetik Griinler, son
yillarda hizla bliylyen ve yogun ilgi goren bir arastirma alani
haline gelmistir. Bu baglamda, 6zellikle dogal kaynakli bilesiklerin
yaslanma belirtilerini ve cilt lekelerini onleyici potansiyelleri
Uzerine yapilan ¢alismalar dikkat ¢ekmektedir. Bu galismanin
amaci, Thymus pectinatus Fisch. et Mey. var pectinatus tiriinden
elde edilen ugucu yag ve etanolik ekstraktin kollajenaz ve
tirozinaz enzimleri izerindeki inhibitor etkilerini belirleyerek, bu
tirin anti-aging ve leke karsiti kozmetik uygulamalardaki
potansiyelini degerlendirmektir.

Yontem
Bitki Ornegi

CGalismada kullanilan kekik (Thymus pectinatus Fisch. et Mey.
var pectinatus) bitkisinin toprak st0 kisimlari 2023 yili Temmuz-
Agustos aylarinda Sivas ili Hafik ilgesine bagli Bakimh kdylinde
1530 m yikseklikten toplanmistir. Bitkinin tir teshisi Anadolu
Universitesi Eczacilik Fakiiltesi Ogretim Uyesi Prof.Dr. Yavuz
Biilent KOSE tarafindan yapilmistir. Toplanan bitkiye ait bir
ornege herbaryum numarasi (ESSE: 16198) verilerek etiketlenmis
ve Anadolu Universitesi Eczacilik Fakiiltesi Herbaryumu’nda kayit
altina alinarak saklanmistir. Cigeklenme ddneminde toplanan
ornekler ince bir tabaka halinde serilip golge bir yerde oda
sartlarinda kurutulmus ve islem zamanina kadar kapali cam
kavanozlar icinde giines gérmeyen bir yerde muhafaza edilmistir.

Ugucu Yag Eldesi ve Ekstraksiyon

Kuru bitki 6rnekleri 6gitildikten sonra 100 gram tartilarak 2
litrelik silifli balona konup lizerine 1 litre distile su eklenerek
Clevenger tipi distilasyon diizenegi ile 3 saat boyunca distilasyon
islemi yapildi. Elde edilen ugucu yag miktari % h/a (hacim/agirlik)
cinsinden belirlendi, koyu renkli cam siseye alinarak deneysel
islemlerde kullaniimak Gzere -20°C’de saklandi.

100 g toz haline getirilmis kuru bitki 6rnegi tizerine 1000 mL
etanol eklenerek, sokslet diizeneginde 6 saat ekstraksiyon islemi
yapildi. Ekstraksiyon islemi sonunda ekstre filtre kagidindan
stzildl, daha sonra ¢oziici rotary evaporatorde 40°C'de
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uzaklastirildi (Mata vd., 2007). Elde edilen ekstre koyu renkli cam
siseye alinarak deneysel islemlerde kullanilmak Gzere -20°C’'de
saklandi.

Anti-Kollajenaz Aktivite Calismalari

Enzim inhibisyonuna yoénelik deney, “Kollajenaz Aktivite
Deney Kiti (Kolorimetrik, Abcam 196,999)” kullanilarak, Uretici
firmanin  talimatlarina  uygun sekilde gergeklestirilmistir.
Numuneler kit protokoliine goére, Oncelikle etanol iginde
¢ozlinduruldikten sonra, 96 kuyucuklu mikroplakalara uygun
bilesenlerle doldurulmustur. Enzim inhibisyonu, substrat ilavesini
takiben 37°C’de kinetik modda ¢alisan ¢ok modlu mikroplaka
okuyucu (SpectraMax i3) ile 345 nm dalga boyunda 6lglimis ve
kitte yer alan standartlar kullanilarak degerlendirilmistir. Tim
ornekler igin ortalama % inhibisyon degerleri hesaplanmis olup,
pozitif kontrol olarak kersetin kullaniimistir. Deneyler (g tekrar
halinde ylratilmustir (Sahin vd., 2023).

Kollajenaz enzimi % inhibisyon degerleri;

% inhibisyon= [(A345 kontrol — A345 6rnek) / A345 kontrol] x
100 formlu yardimi ile hesaplandi.

Anti-Tirozinaz Aktivite Calismalan

Numunelerin in vitro anti-tirozinaz aktivitesi, Hearing ve
Jimenez tarafindan tasarlanan yonteme goére yapildi (Hearing ve
Jiménez, 1987). ilk olarak bilesiklerin difenolaz fonksiyonunun
inhibisyonu degerlendirildi ve substrat olarak L-DOPA kullanildi.
Mantardan elde edilen tirozinaz (E.C. 1.14.18.1) (30 U, 28nM), Na-
fosfat tamponu (pH=6.8, 50nM) iginde ¢ozlindirildi ve bilesikler
on dakika boyunca oda sicakliginda 6n inkilibasyon igin ¢ozeltiye
ilave edildi. Enzimatik reaksiyonu baslatmak igin karisima 0.5 mM
L-DOPA ilave edildi ve absorbanstaki degisiklik 475 nm’de 37°C de
Olglildi. Pozitif kontrol igin kojik asit kullanildi (Sahin ve ark.,
2023).

Tirozinaz enzimi % inhibisyon degerleri;

% inhibisyon= [(A475 kontrol — A475 6rnek) / A475 kontrol] x
100 formlu yardimi ile hesaplandi.

Verilerin Analizi

Analizler 3 tekrarli olarak yapilmistir. Sonuglarin ortalamalari
standart sapma ile verilmistir.

Bulgular

Bu ¢alismada halk arasinda gesitli hastaliklarin tedavisinde ve
baharat olarak siklikla kullanilan kekik (Thymus pectinatus Fisch.
et Mey. var pectinatus) bitkisinin toprak Gstl kisimlarindan elde
edilen ugucu yagin ve etanol ekstresinin kollajenaz ve tirozinaz
enzimleri tGzerindeki inhibisyon etkileri incelendi.

Ugucu Yag Verimi
Kekik (Thymus pectinatus Fisch. et Mey. var pectinatus)

bitkisinin toprak tstl kisimlari Clevenger tipi distilasyon diizenegi
ile basit distilasyona tabi tutuldu ve %2 oraninda ugucu yag

icerdigi belirlendi.
Kekik Ugucu Yaginin Kollajenaz ve Tirozinaz inhibitérii Etkisi

Numuneler 20 pg/mL konsantrasyonda calisildi. Kollajenaz ve
tirozinaz’a karsi test edilen kekik ugucu yaginin o&nleyici
potansiyeli % inhibisyon olarak degerlendirildi, pozitif kontrol
olarak kollajenaz inhibitéri bir bilesik olan kersetin ve tirozinaz
inhibitord bir bilesik olan kojik asit kullanildi. Elde edilen sonuglar
Tablo 1'de ayrintili olarak verildi.

Kersetinle kiyaslandigi zaman kekik ugucu yaginin kollajenaz
enzimi Uzerinde etkili bir inhibisyon gosterdigi, kojik asitle
kiyaslandigl zaman kekik ugucu yaginin tirozinaz enzimi lizerinde
etkili bir inhibisyon gosterdigi tespit edildi. Sonuglara gére; kekik
ugucu yaginin kollajenaz ve tirozinaz enzimlerini yliksek derecede
inhibe ettigi ve tirozinaz enzimini inhibe etme potansiyelinin
kollajenaz enzimini inhibe etme potansiyeline gére daha ylksek
oldugu gozlenmistir.

Tablo 1.

Kekik ugcucu yadinin kollajenaz ve tirozinaz enzimi izerindeki %
inhibisyon degerleri

Ornek Kollajenaz (% inhibisyon) Tirozinaz (% inhibisyon)
KUY %52,3+0,12 %73,5+0,23
PK %91,4 + 0,05 (kersetin) %98,9 + 0,1 (kojik asit)

KUY: Kekik Ugucu Yagi, PK: Pozitif kontrol.
Kekik Ekstresinin Kollajenaz ve Tirozinaz inhibitérii Etkisi

Numuneler 20 ug/mL konsantrasyonda calisildi. Kollajenaz
ve tirozinaz'a karsi test edilen kekik etanol ekstresinin dnleyici
potansiyeli % inhibisyon olarak degerlendirildi, pozitif kontrol
olarak kollajenaz inhibitéri bir bilesik olan kersetin ve tirozinaz
inhibitdrd bir bilesik olan kojik asit kullanildi. Elde edilen sonuglar
Tablo 2'de ayrintili olarak verildi.

Kersetinle kiyaslandigi zaman kekik etanol ekstresinin
kollajenaz enzimi lizerinde etkili bir inhibisyon gosterdigi, kojik
asitle kiyaslandigi zaman kekik etanol ekstresinin tirozinaz enzimi
Uzerinde etkili bir inhibisyon gosterdigi tespit edildi. Sonuglara
gore; kekik etanol ekstresinin kollajenaz ve tirozinaz enzimlerini
inhibe ettigi ve kollajenaz enzimini inhibe etme potansiyelinin
tirozinaz enzimini inhibe etme potansiyeline gore daha yiksek
oldugu gozlenmistir.

Tablo 2.

Kekik etanol ekstresinin kollajenaz ve tirozinaz enzimi
izerindeki % inhibisyon degerleri

Brnek Kollajenaz Tirozinaz
(% inhibisyon) (% inhibisyon)
KUY %25,2 +£0,19 %18,9 £ 0,28
PK %91,4 £ 0,05 (kersetin) %98,9 + 0,1 (kojik asit)

KUY: Kekik Ugucu Yagi, PK: Pozitif kontrol.

Tartigma
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Thymus tirlerinin karsilastirmali fitokimyasal
degerlendirmesinin yapildigi bir ¢alismada; Thymus pectinatus
Fisch. et Mey. var pectinatus tiri de incelenmis ve toplam fenolik
iceriginin yani sira antioksidan aktivitesi belirlenmistir. Calisma,
ozellikle flavonoid ve fenolik asitlerin bu tiirde yiksek oranda
bulundugunu ve bunun biyolojik aktiviteyi destekledigini
gbstermistir (Dirmenci vd.., 2010).

Deri, dis gevreye karsl koruyucu bir bariyer gorevi gormekle
birlikte, viicudun su dengesini siirdirmesinde ve enfeksiyonlarin
onlenmesinde 6nemli bir rol Gstlenir. Ayni zamanda estetik ve
kozmetik agidan da bilylk bir 6neme sahiptir; saglkl, geng ve
canli bir cilt gérinimuniin bireylerin psikolojik durumu ve sosyal
etkilesimleri tGzerinde olumlu etkiler yarattigi bilinmektedir. Bu
nedenle, cilt yaslanmasini geciktirmeye yonelik gesitli biyolojik
mekanizmalari hedef alan kozmetik aktif bilesenlerin kullanimi
giderek onem kazanmaktadir. Bu alandaki artan ihtiyag, cilt
yaslanmasinin  dnlenmesi ve yoénetimine yoénelik bilimsel
arastirmalarin  devamh  olarak tesvik edilmesine zemin
hazirlamaktadir (Abdelrahim vd., 2023).

Kollajenazlar, kolajenin yikimi yoluyla hiicre disi matrisin
yeniden  sekillenmesinde gorev alan, ¢inko  bagiml
endopeptidazlardan olusan matris metalloproteinaz (MMP)
ailesine ait enzimlerdir. Bu grup, baslica MMP-1 (kollajenaz-1),
MMP-8 (kollajenaz-2) ve MMP-13 (kollajenaz-3) enzimlerini
icermektedir. Hicre disi matriste en yaygin bulunan yapisal
protein olan tip | kolajen, dokularin bitiinlGgiuni korumada kritik
bir rol oynar. Kolajen kaybi, yaslanma sirecinde ciltte sikilik
azalmasi ve kirisiklik olusumunun temel nedenlerinden biri olarak
kabul edilmektedir. MMP’lerin ekspresyonu, ultraviyole (UV)
Isinlarina maruz kalma sonucunda MAP kinaz sinyal yolaklari
araciligiyla, reaktif oksijen turleri (ROS) tarafindan dolayl olarak
uyarilabilmektedir. Bu nedenle, kollajenazlar yaslanma karsiti
tedavi yaklasimlarinda hem ilag hem de kozmetik sektorleri igin
onemli hedef molekiiller arasinda yer almaktadir (Marques vd.,
2021).

Tirozinaz, L-tirozini 3,4-dihidroksifenilalanin’e (L-DOPA)
hidroksile eden ve ardindan L-DOPA’yi melanin biyosentez
yolunda L-dopaquinone’a oksitleyen, bakir iceren bir oksidaz
enzimidir. Bu enzim, ciltte melanin pigmentlerinin sentezinde kilit
rol oynamaktadir. Melanin, giines kaynakli ultraviyole (UV)
radyasyonuna karsi dogal bir koruyucu islev gérmesine ragmen,
asin Uretimi melazma, ciller, solar lentigo (yashlik lekeleri) ve
post-inflamatuar hiperpigmentasyon gibi cesitli pigmentasyon
bozukluklari ile iliskilendirilmektedir. Melanin sentezinin artisi
genellikle UV 1sinlar gibi gesitli cevresel ve endojen etkenlerle
tetiklenmektedir. Bu nedenle tirozinaz enziminin inhibisyonu,
melanin birikiminin dnlenmesinde etkili bir strateji sunmakta ve
pigmentasyon bozukluklarinin tedavisi ile kozmetik uygulamalar
acisindan 6nemli bir hedef olarak degerlendiriimektedir
(Marques vd., 2021).

Tirozinazin inhibisyonu, melanin sentezinin baskilanmasi
yoluyla ciltte melanin birikiminin dnlenmesinde 6nemli bir rol
oynamaktadir. Bu dogrultuda, tirozinazi hedef alan inhibitor
bilesikler, pigmentasyon bozukluklarinin tedavisinde yaygin
olarak tercih edilen ajanlar arasinda yer almaktadir (Otang Mbeng
ve Sagbo, 2020).

Current Research in Health Sciences

Thymus pectinatus Fisch. et Mey. var pectinatus, ylksek
fenolik bilesik igerigi ve belirgin antioksidan kapasitesi ile 6ne
¢ikan bitkisel turlerden biridir. Bu biyolojik ozellikler, 6zellikle
metanolik ekstraktlar ve ugucu yaglar lizerinde gergeklestirilen
analizlerle desteklenmistir. Antioksidan aktivite genellikle DPPH,
FRAP ve ABTS gibi spektrofotometrik yontemlerle belirlenirken,
toplam fenolik igerik ise yaygin olarak Folin-Ciocalteu yontemiyle
Olcllmustdr. Literatirde elde edilen veriler, bu tirin dogal bir
antioksidan kaynagi olarak degerlendirilme potansiyeline sahip
oldugunu gostermektedir (Tohma vd., 2016; Azaz vd., 2004).

GOze Saygin ve arkadaslari (2018) tarafindan yirGtilen
¢alismada, Thymus pectinatus ugucu yaginin cesitli biyolojik
etkileri incelenmis ve bitkinin belirgin diizeyde antioksidan
aktivite gosterdigi raporlanmigtir. Serbest radikal stplirme
kapasitesinin degerlendirilmesinde DPPH yéntemi kullaniimig
olup, elde edilen veriler dogrultusunda T. pectinatus ugucu
yaginin, BHT ile karsilastirildiginda daha yiksek antioksidan
potansiyele sahip olabilecegi ifade edilmistir (Goze Saygin vd.,
2018).

Ergll ve arkadaslari (2021) tarafindan gergeklestirilen
¢alismada, Thymus pectinatus var. pectinatus’un su ekstraktinin
gesitli in vitro enzim inhibitor aktiviteleri incelenmistir.
Arastirmada asetilkolinesteraz, bitilkolinesteraz, alfa-glukozidaz,
alfa-amilaz ve tirozinaz enzimleri hedef alinmis; tirozinaz
inhibisyonu ise 96 kuyucuklu mikroplaka ve spektrofotometrik
yontem araciligiyla degerlendirilmistir. Elde edilen bulgular, T.
pectinatus su ekstraktinin, pozitif kontrol olarak kullanilan kojik
aside kiyasla daha yiksek tirozinaz inhibitor aktivite gosterdigini
ortaya koymustur. Bu sonuglar, calismamizda elde edilen verilerle
benzerlik gostermekte ve literatiirle uyumlu bulgular
sunmaktadir (Ergiil vd., 2021).

Yigitkan ve Firat (2024) tarafindan yapilan galismada, T.
canoviridis ve T. sipyleus tlrlerinin ugucu yaglarinin biyolojik
aktiviteleri incelenmistir. Her iki tliriin de tirozinaz ve kollajenaz
enzimleri (zerinde inhibitdr etkiler gosterdigi belirlenmistir.
Ozellikle T. canoviridis'in ugucu yaginin, yiiksek karvakrol icerigi
sayesinde bu enzimler lizerinde daha belirgin bir inhibisyon etkisi
sergiledigi raporlanmistir (Yigitkan ve Firat, 2024). T. pubescens'in
ugucu yag ve etanolik ekstraktlarinin biyolojik aktivitelerinin
arastirildigi bir calismada; bu ekstraktlarin tirozinaz ve kollajenaz
enzimleri Uzerindeki inhibitor etkileri incelenmis ve her iki
ekstraktin da bu enzimler lizerinde anlamli inhibisyon gosterdigi
raporlanmistir (Yigitkan vd., 2022).

Farkli bitkilerle yapilan kollajenaz ve tiroazinaz enzim
inhibisyon g¢alismalarina bakacak olursak; Polytrichum formosum
bitkisinin %70 etanol, metanol ve etil asetat ¢oziicileri ile
hazirlanan ekstraktlarinin kollajenaz ve tirozinaz aktivitesi
Uzerindeki inhibitdr potansiyeli arastiriimistir. Test edilen %70
etanol ekstresi %71 kollajenaz inhibitor aktivitesi gostermistir.
Polytrichum formosum’un metanol ekstresi, referans tirozinaz
inhibitord kojik asit ile karsilastirildiginda %44'lik hafif bir
tirozinaz inhibisyonu gostermistir (Marques vd., 2021). Yine bir
diger calismada sekiz bitkisel 6zit anti-kollajenaz, toplam fenolik
ve toplam flavonoid igerigi, anti-oksidan ve metal selatlama
aktivitesi agisindan karsilastinimistir. Elde edilen sonuglar
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Chrysophyllum oliviforme’nin en gligli ekstrakt oldugunu ve en
disiik (1C50) ile en yiiksek anti-kollajenaz aktivite sergilediginden
umut  verici bir  yaslanma karsiti ajan olarak
degerlendirilebilecegini gbstermistir (Abdelrahim vd., 2023).

Kozmetik drinlerde yaygin olarak kullanilan sentetik
kimyasal bilesenler, ciltte gézenek tikanikligina bagh akne
olusumu, cilt tahrisi, alerjik reaksiyonlar, hormonal dengesizlikler
ile solunum ve bagisiklik sistemlerinde olumsuz etkiler gibi gesitli
ve ciddi yan etkilere yol agabilmektedir. Bu nedenle, sentetik
bilesiklere alternatif olarak daha dusiik maliyetli ve daha glivenli
dogal igeriklerin kullanimi giderek ©6nem kazanmaktadir.
Glinimuzde dogal kaynakli bilesenlere yonelik yogun arastirmalar
yuritilmekte olup, bircok global kozmetik markasi "dogal
kozmetik" ve "dogaya donis" temali Girlin gelistirme ¢alismalarina
agirlik vermektedir. Genel olarak, dogal kozmetik hammaddeleri
hem ekonomik agidan daha erisilebilir olmakta hem de potansiyel
saglik riskleri agisindan sentetik bilesenlere goére daha giivenli bir
alternatif sunmaktadir (Ozcelik ve Bebekli, 2015).

Sonug

Bu c¢alismada Thymus pectinatus Fisch. et Mey. var
pectinatus’tan elde edilen ugucu yag ve etanolik ekstraktin
kollajenaz ve tirozinaz enzimleri Uzerindeki inhibitor etkileri
degerlendirilmistir. Elde edilen bulgular, her iki numunenin de bu
enzimler Uzerinde belirli diizeyde inhibitoér aktivite sergiledigini
ortaya koymustur. Ancak karsilastirmali analizler sonucunda,
ugucu yagin etanol ekstresine kiyasla her iki enzim Gizerinde daha
glcli bir inhibisyon etkisi gosterdigi belirlenmistir.

Bu dogrultuda, kekik ugucu yagl ve etanolik ekstrakti,
kollajenaz ve tirozinaz enzimlerini hedef alan dogal inhibitorler
olarak degerlendirilebilecek potansiyele sahiptir. Ozellikle ugucu
yagin yiksek anti-tirozinaz aktivitesi, bu bilesigin sentetik
inhibitorlere alternatif olarak cilt beyazlatici ve leke karsiti
fitokozmetik  Urlinlerin  gelistiriimesinde  kullanilabilecegini
gostermektedir.  Ayrica tirozinaz enziminin ndromelanin
olusumundaki rolii g6z 6niinde bulunduruldugunda, ugucu yagin
bu enzim Uzerindeki inhibitér etkisi, Parkinson hastaligi gibi
norodejeneratif bozukluklara karsi potansiyel bir biyolojik ajan
olarak arastirilmaya agiktir.

Ote yandan, kollajenaz enzimi ile iligkili olarak, kekik ugucu
yaginin cilt yaslanmasi ve yara iyilesmesi slreglerinde olumlu
etkiler saglayabilecek dogal bir inhibitor oldugu dislinlilmektedir.
Bu sonuglar, 6zellikle yaslanma karsiti ve cilt yenileyici kozmetik
formulasyonlarda kekik ugucu yaginin hem tek basina hem de
diger anti-kollajenaz ajanlarla birlikte kullanilabilecek etkili bir
bilesen olabilecegini gdstermektedir. Elde edilen veriler, kekik
tirlerinin farmakolojik potansiyelini ortaya koymakta ve bu
dogrultuda yeni fitokozmetik triinlerin gelistiriimesine bilimsel ve
sektorel agidan katki sunmaktadir. Ancak, bu bulgularin klinik
uygulamalara aktarilabilmesi igin daha kapsamli in vitro ve in vivo
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TEfk?;emen ot Fharmacology, Erzurum Objective: This study aims to determine the 1Cso value of Thiocolchicoside on A549 human non-small cell

2 tatiirk University, Faculty of Pharmacy, lung cancer cells using the MTT assay and to investigate its antiproliferative and wound healing effects.
Department of Pharmacology, Erzurum,
Tarkiye Methods: The cytotoxic and wound healing effects of Thiocolchicoside on A549 cells were evaluated in
vitro. Cell viability was assessed at 24, 48, and 72 hours by MTT assay to calculate ICso values. Additionally,

an in vitro wound healing (scratch) assay was performed to evaluate cell migration.

Results: The ICso value of Thiocolchicoside at 24 hours was found to be 2.693x10™* M. MTT assay results
showed significant cytotoxicity at high concentrations, while lower concentrations had no significant effect
or increased cell viability. Cytotoxic effects increased over time, being more evident at 48 and 72 hours. In
wound healing assays, low concentrations of Thiocolchicoside significantly enhanced wound closure,
whereas higher concentrations reduced this effect. Statistical analysis revealed significant differences
between concentrations at 24 and 48 hours, except for the lowest concentration at 24 hours.

Conclusion: Thiocolchicoside exerts dose- and time-dependent cytotoxic effects on A549 cells and may
promote wound healing at low concentrations, suggesting potential dual roles in cancer treatment and
tissue repair.
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Amag: Bu calismanin amaci, Tiyokolsikosid'in A549 insan kiiglk htcreli disi akciger kanseri hiicreleri
Uzerindeki ICso degerini MTT testi kullanarak belirlemek ve antiproliferatif ve yara iyilestirici etkilerini
arastirmaktir.

Yontem: Thiocolchicoside'in A549 hicreleri Gizerindeki sitotoksik ve yara iyilestirici etkileri in vitro olarak
degerlendirildi. Hiicre canhhgi, 1Cso degerlerini hesaplamak igin MTT testi ile 24, 48 ve 72 saatlerde
degerlendirildi. Ek olarak, hiicre goglini degerlendirmek igin in vitro yara iyilesmesi (scratch) deneyi
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Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide for both men and women (Siegel et al., 2023). The
disease develops in various regions of the bronchial tree, leading
to a wide range of symptoms and clinical findings (Lemjabbar-
Alaoui et al., 2015). Major risk factors include prolonged tobacco
use, as well as air pollution, genetic predisposition,
environmental toxins, certain viral infections, and a history of
previous pulmonary diseases (Akhtar & Bansal, 2017). The risk of
lung cancer increases with age, with the majority of cases
occurring in individuals over the age of 65 (Kratzer et al., 2024).
Histologically, lung cancer is primarily classified into small cell
lung cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC
accounts for approximately 85% of all lung cancer cases and is
further divided into subtypes such as adenocarcinoma, squamous
cell carcinoma, and large cell carcinoma (Belani et al., 2007).
These histological differences necessitate diverse treatment
approaches. While surgery and adjuvant therapies are
emphasized in early stages, chemotherapy, radiotherapy, and
targeted therapies are utilized in advanced stages (Wathoni et al.,
2022). In newly developed therapeutic strategies, the A549 cell
line is frequently used as a model for NSCLC in in vitro
experiments.

In recent years, there has been a growing interest in
treatment approaches based on natural products, in addition to
classical therapies. Innovative methods such as photodynamic
and photothermal therapy are being explored, and plant-derived
metabolites are increasingly considered as supportive or
complementary agents in cancer treatment (Nobili et al., 2009).
Alkaloids found in plants represent an important group in this
regard, possessing not only anticancer activity but also various
pharmacological effects (Olofinsan et al., 2023).

Colchicine, one of these alkaloids, has long been used in the
treatment of various inflammatory diseases and has recently
gained attention for its anticancer potential. Extracted from
Colchicum autumnale and Gloriosa superba, colchicine disrupts
cellular microtubule organization by inducing autophagy in
specific cancer cell lines, such as A549 non-small cell lung cancer
cells (Bhattacharya et al., 2016; Sivakumar, 2013). Studies have
shown that while colchicine exhibits limited cytotoxicity at low
doses, its anticancer mechanisms appear promising (Kurek,
2018).

Inspired by the anticancer effects of colchicine, one of its
semi-synthetic derivatives, thiocolchicoside, has attracted
interest due to its muscle-relaxant properties as well as its
potential anticancer activitie (Artusi et al.,, 2003).
Thiocolchicoside inhibits the Nuclear Factor kappa B (NF-kB)
signaling pathway, promotes apoptosis, and regulates the p53
protein, making it a promising adjuvant agent (Mahendran et al.,
2020; Reuter et al.,, 2012). Moreover, its selective effects on
cancer cells without inhibiting proliferation in healthy cells
suggest a favorable toxicity profile (Reuter et al., 2010).

In conclusion, agents derived from natural products
constitute a significant area of research aimed at enhancing the
efficacy of current treatments and reducing adverse effects in
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lethal diseases such as lung cancer. Further studies on the
anticancer effects of alkaloids like colchicine and its derivative
thiocolchicoside may provide novel pharmacological perspectives

Methods
Cell Culture Study

In this study, various cytotoxicity and wound healing assays
were performed under in vitro conditions using the A549 human
non-small cell lung carcinoma cell line. The A549 cell line was
obtained from the stocks of the Department of Pharmacology,
Faculty of Pharmacy, Atatlirk University, and all experiments
were conducted in the cell culture laboratory of the same
department. For culturing the cells, a complete medium
composed of 89% Essential Minimum Eagle Medium (EMEM),
10% fetal bovine serum (FBS), and 1% penicillin-streptomycin
antibiotic (PSA) was used. During the study, routine cell culture
procedures—such as thawing, subculturing, passaging, and
cryopreservation—were carried out in accordance with standard
protocols.

Cells stored in liquid nitrogen in cryovials containing 10%
dimethyl sulfoxide (DMSO) were thawed in a 37°C CO; incubator.
To minimize the toxic effects of DMSO, the cells were
immediately diluted with complete medium, centrifuged, and
resuspended in fresh medium. The cells were then transferred to
75 cm? culture flasks and incubated at 37°C in a humidified
atmosphere containing 5% CO, and 95% humidity. The cells were
expanded by changing the medium every two days. Once they
reached confluency, they were washed with phosphate-buffered
saline (PBS), trypsinized, and passaged. After centrifugation, the
cells were resuspended in fresh culture medium, transferred into
new flasks, and maintained under standard incubation
conditions.

To ensure consistency in experimental applications, cell
counts were performed prior to each assay. For this purpose, the
cell suspension was diluted 1:20 with PBS and trypan blue, loaded
onto a Thoma counting chamber, and examined under a
microscope to distinguish live (unstained) and dead (blue-
stained) cells. Cell numbers were calculated using the formula N
x DF x 10* to determine the number of cells per milliliter (N =
Number of cells counted, DF = Dilution factor, 10* = Conversion
factor based on hemocytometer volume).

Thiocolchicoside Application and MTT Cytotoxicity Assay

The MTT assay is based on the principle that the water-soluble
compound MTT is reduced by metabolically active cells to an
insoluble purple-blue formazan product. Since the dye is water-
soluble, its absorbance can be measured spectrophotometrically
at specific wavelengths. The amount of formazan formed is
directly proportional to the number of viable cells, allowing for
the rapid evaluation of multiple samples simultaneously. In this
study, the assay was performed using a range of thiocolchicoside
concentrations: 1.7x1073 M, 3.2x10™* M, 3.2x107° M, 3.2x107¢ M,
and 3.2x1077 M.
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Cells were seeded into 96-well plates at a density of 5 x 103
cells per well. After seeding, A549 cells were incubated for 24
hours at 37°C in a 5% CO, humidified incubator. Subsequently,
various concentrations of thiocolchicoside were applied to the
cells, and the cytotoxic effect on cell viability at 24, 48, and 72
hours was evaluated using an MTT assay kit, following the
manufacturer's instructions (Acros Organics, China). A 10% MTT
solution prepared in sterile PBS was added to each well of 96-well
plates. Following 4 hours of incubation at 37°C in a 5% CO»
environment, 100 puL of DMSO was added to dissolve the
formazan crystals.

The absorbance of the resulting formazan was measured at
570 nm wusing an ELISA reader (Multiskan Sky, Thermo,
Singapore). The ICso value was determined using the GraphPad
software by applying a nonlinear regression analysis to the log-
transformed concentration-response data.

Cell viability in each treatment group was calculated relative
to the control group, which was considered 100%, using the
formula below. Bar graphs representing cell viability were
generated using GraphPad: % Cell Viability = (Mean Absorbance
of Sample / Mean Absorbance of Control) x 100

Wound Healing Assay

A549 cells were cultured in T75 cm? flasks using EMEM
medium supplemented with 10% FBS. After incubation for 24
hours at 37°C with 5% CO, and 90% humidity, the cells were
trypsinized and seeded into 24-well plates at a density of 2x10*
cells per well. Upon reaching confluency, a scratch was made in
the monolayer of each well using a sterile pipette tip to simulate
a wound. Images of the scratch area were captured at 0 hours
using an inverted microscope.

Following this, thiocolchicoside was applied at concentrations
of 3.2x107* M, 3.2x107° M, 3.2x107® M, and 3.2x1077 M according
to IC50 value and the plates were re-incubated under the same
conditions. Additional images were taken from the same wound
area at 24 and 48 hours. To evaluate cell migration and wound
closure, scratch widths at each time point were compared with
the baseline measurements. The percentage of wound closure
was measured and calculated using ImageJ software.

Wound closure percentages at 24 and 48 hours were
calculated using the following formulas:

% Wound Closure (24 hours):

% Wound Closure(aa) = ((Ao - A24) / Ao) x 100

% Wound Closure (48 hours):

% Wound Closures) = ((Aza - Asg) / Azq) x 100

Ao = wound area at 0 hours

Az = wound area at 24 hours

Ass = wound area at 48 hours (Huang et al., 2023)

Statistical Analysis

The results of MTT assay and the measured wound closure
percentages were statistically analyzed using IBM SPSS Version
20. Intergroup comparisons were performed by One-Way ANOVA
followed by Post Hoc Tukey test to determine statistically

significant differences between groups. Results are presented as
mean + SD. A p-value of less than 0.05 (p < .05) was considered
statistically significant. Graphs were generated and visually
edited using GraphPad Prism version 10.1.1.

Results
Calculation of ICso Value of Thiocolchicoside
The cell viability percentages of each group were used to
calculate the I1Cso value, which is presented in the graph shown in

Figure 1. According to the 24-hour MTT analysis, the ICso value of
Thiocolchicoside in A549 cells was determined as 2.693x107* M.
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Figure 1.

ICso value of Thiocolchicoside in A549 cells
MTT Cytotoxicity Results

The effects of Thiocolchicoside at concentrations of 1.7x1073
M, 3.2x107* M, 3.2x1075 M, 3.2x10°¢ M, and 3.2x10"7 M on A549
cell line were evaluated using the MTT assay at 24, 48, and 72
hours alongside the control group. The absorbance value of the
control group was accepted as 100% reference.

At 24 hours, as shown in Figure 2, cell viability percentages
were found to be 37.16%, 44.29%, and 62.25% for
Thiocolchicoside concentrations of 1.7x1073 M, 3.2x10™* M, and
3.2x10° M, respectively. These results demonstrated a
statistically significant decrease compared to the control group (p
<.05). However, no significant differences were observed among
these three groups themselves. At the lower concentrations of
3.2x10® M and 3.2x1077 M, cell viability was measured as
108.32% and 112.83%, respectively, showing no statistically
significant difference compared to the control.
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Figure 2.
Cell viability of Thiocolchicoside-treated cells. Columns sharing

Current Research in Health Sciences



64

the same letters are not significantly different; columns with
different letters indicate significant differences between groups
according to the Tukey test (p < .05).

At 48 hours, the cell viability at 1.7x1073 M concentration was
determined as 42.72%, showing a significant decrease compared
to the control. For the 3.2x10™% M and 3.2x107° M concentrations,
viability rates were 52.70% and 68.45%, respectively, and both
groups showed statistically significant decreases compared to the
control and also significant differences between each other. At
the lower concentrations of 3.2x107% M and 3.2x1077 M, viability
rates were 79.89% and 82.37%, respectively, showing significant
differences compared to the control but no significant difference
between each other.

At 72 hours, the cell viability values for 1.7x102 M and
3.2x10* M concentrations were 24.42% and 26.73%,
respectively, with no significant difference between them but a
significant decrease compared to the control. The viability at
3.2x10™° M and 3.2x10® M concentrations was 34.35% and
87.62%, respectively, with significant differences compared to
other groups. The lowest concentration, 3.2x1077 M, showed a
viability of 95.45% and did not cause a significant difference
compared to the control.

Wound Healing Results

After seeding A549 cells into 48-well microplates, linear
scratches were created in each well using a sterile pipette tip 24
hours later. Following this procedure, four different
concentrations of Thiocolchicoside—3.2x10"4 M, 3.2x10°5 M,
3.2x1076 M, and 3.2x10"7 M—were applied to the culture media.
As shown in Figures 3 and 4:

Wound Healing (%)
Wound Healing (%)

Figure 3.
Wound healing (scratch) analysis.

At the concentration of 3.2x1074 M, wound closure was
observed to be 9.25% at 24 hours and 14.07% at 48 hours.

In the 3.2x10°5 M group, wound closure was 22.76% at 24
hours and 24.39% at 48 hours. At 3.2x10°6 M concentration,
closure rates were 49.25% at 24 hours and 69.06% at 48 hours. In
the 3.2x10°7 M group, wound healing was determined as 72.66%
at 24 hours and 86.39% at 48 hours.

Analysis of the 24-hour data revealed no significant difference
between the control group and the 3.2x10°7 M concentration
group, whereas significant differences were observed among the
other concentrations and the control group (p < .05). According
to the 48-hour results, statistically significant differences were
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found between all Thiocolchicoside concentrations including the
control (p < .05).

Control 3,2.10¢ 3,2.10° 3,2.10¢ 3,2.107

Figure 4.

Percentage of wound healing (scratch). Columns with the
same letters are not significantly different; columns with
different letters indicate significant differences between groups
according to the Tukey test. (p <.05).

Discussion

Cancer is a serious disease that arises from the uncontrolled
proliferation of genetically altered cells through evolutionary
processes and can spread to surrounding tissues (Brown et al.,
2023). Among all diseases, it ranks among those with the highest
clinical, social, and economic burdens (Lippi & Mattiuzzi, 2019).
Although lung cancer is the second most frequently diagnosed
cancer regardless of gender, it remains the leading cause of
cancer-related deaths, causing the highest mortality rates among
both women and men (Siegel et al., 2023).

In recent years, with the acceleration of technological
advancements, interest in researching and developing drugs
derived from natural sources has markedly increased. In
particular, plant-derived metabolites have been considered to
have potential efficacy both for preventive purposes and in
combination therapies, gaining increasing importance in this field
(Nobili et al., 2009).

Plant-derived compounds have been widely used in
traditional medicine for centuries in the treatment of various
diseases and have become significant natural products guiding
modern pharmaceutical research. Among these compounds,
alkaloids are especially noted for their anticancer effects; by
disrupting microtubule dynamics, they halt the cell cycle and
suppress tumor cell proliferation (Olofinsan et al., 2023).
Colchicine is one such plant-derived antimitotic agent, a potent
natural alkaloid obtained from plants like Colchicum autumnale
or Gloriosa superba. It has been reported that even at nanomolar
concentrations, colchicine inhibits the formation of spindle
microtubules in the A549 cell line (Bhattacharya et al., 2016).

Thiocolchicoside, a semi-synthetic derivative developed to
reduce colchicine's toxicity and enhance its therapeutic potential,
is currently used clinically for its anti-inflammatory and muscle-
relaxant effects. However, recent studies have shown that
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thiocolchicoside may exhibit antiproliferative effects not only on
the neuromuscular system but also on cancer cells. Especially due
to its inhibitory effects on the NF-kB pathway and activation of
tumor suppressor genes such as p53, thiocolchicoside is
considered a potential anticancer agent (Simone Reuter et al.,
2010). In this context, as a semi-synthetic glycoside derivative of
colchicine, thiocolchicoside might exhibit a similar effect profile
in A549 cells.

In our study, we evaluated the antiproliferative effects of
thiocolchicoside on A549 cells using MTT cytotoxicity assay and
wound healing (scratch) analysis. Our results demonstrated that
thiocolchicoside exerts cytotoxic effects on A549 cells at high
concentrations and inhibits cell migration. MTT analyses revealed
that thiocolchicoside decreased cell viability at concentrations of
1.7x1073 M, 3.2x107* M, and 3.2x107> M at 24, 48, and 72 hours,
indicating a time- and dose-dependent effect of thiocolchicoside.
Previous studies on the MCF-7 cell line have shown that
thiocolchicoside induces apoptosis by activating the tumor
suppressor gene p53 and suppresses the NF-kB pathway
(Mahendran et al., 2020). Supporting these findings, numerous
studies on other cell lines have demonstrated that
thiocolchicoside is a strong inhibitor of NF-kB (Reuter et al.,
2010). The suppression of NF-kB increases cancer cell sensitivity
by both inhibiting cell proliferation and reducing the expression
of anti-apoptotic genes. The findings in these studies support the
cytotoxic effect observed in our study and suggest that the
possible mechanisms of action may involve these pathways.
Future studies can elucidate the molecular mechanisms
underlying thiocolchicoside’s cytotoxic effect on A549 cells.

In the wound healing (scratch) assay, thiocolchicoside was
observed to significantly reduce cell migration, especially at
higher concentrations. At concentrations of 3.2x10™* M and
3.2x107% M, the wound closure rates at 48 hours were only
14.07% and 24.39%, respectively. On the other hand, wound
closure at 3.2x1077 M concentration reached 86.39%. These
results indicate that the effect of thiocolchicoside on cell
migration and invasion processes decreases as concentration
increases. It has been reported that colchicine reduces wound
healing in A549 cells in parallel with its cytotoxic effects
(Balkrishna et al., 2019). Similar effects observed suggest that
colchicine is more effective than its semi-synthetic derivative
thiocolchicoside at lower doses.

Our study did not evaluate the possible effects of
thiocolchicoside on healthy cells besides its selective cytotoxicity
on A549 cells. However, literature reports indicate that
thiocolchicoside may suppress cancer cell-induced bone loss
(Reuter et al., 2012). Therefore, thiocolchicoside could have a
significant advantage over other anticancer therapies that cause
bone loss. Nonetheless, the lack of expanded biochemical
pathway studies, investigations in different cancer cell lines, and
in vivo cancer models constitute important barriers for direct
clinical translation.

Conclusion

In conclusion, thiocolchicoside showed antiproliferative and

wound healing effects on A549 cells that were dependent on time
and dose. These findings suggest that thiocolchicoside has
anticancer potential and should be supported by further
mechanistic studies (e.g., measuring apoptotic protein expression
levels, microtubule polymerization analyses, ROS levels).
Additionally, investigating the effects of thiocolchicoside on
healthy cells both in vitro and in vivo is important to clarify the
therapeutic index of this compound.
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Differential Expression of Oar-Mir-133, Oar-
Mir-433-3p Oar-Mir-150, and Oar-Mir-376d in
Ram Sperm Associated with Fertility

Koc Spermasinda Fertilite ile iligkili Olan Oar-Mir-133, Oar-
Mir-433-3p, Oar-Mir-150 ve Oar-Mir-376d'nin Farklilagsmis
Gen ifadesi

ABSTRACT

Objective: Ram fertility is a crucial determinant of reproductive efficiency in sheep production systems, yet
the molecular mechanism of male fertility remains incompletely understood. Small non-coding RNAs
(sncRNAs), particularly microRNAs (miRNAs), have been recognized as essential epigenetic regulators of
spermatogenesis, sperm function, and early embryonic development. We aimed to investigate the
differential expression and biological significance of four specific miRNAs; oar-miR-133 (log2FC = +3.30, p <
.001), oar-miR-433-3p (log2FC = +5.72, p < .001), oar-miR-150 HF (log2FC = -3.49, p < .001), and oar-miR-
376d (log2FC =-5.74, p < .001) in relation to ram sperm fertility phenotypes

Methods: We selected based on their statistically significant differential expression in a previously
published small RNA sequencing dataset comparing spermatozoa from high-fertility (HF; n = 4; avg. 99.2%
pregnancy) and low-fertility (LF; n = 4; avg. 73.6% pregnancy) rams.

Results: We showed that oar-miR-133 and oar-miR-433-3p were significantly upregulated in HF rams, while
oar-miR-150 and oar-miR-376d were downregulated. Functional enrichment analysis of their predicted
target genes revealed involvement in biological processes such as heterochromatin formation, cellular
response to stress and cytokines, macromolecule metabolic regulation, and developmental processes.
Protein—protein interaction (PPl) network analysis, using Maximal Clique Centrality (MCC), identified
several central hub genes including DICER1, DROSHA, DDX10, TUFM, and EEF2. We showed that hub genes
may be associated with RNA metabolism, mitochondrial function, and translational control processes
critical for sperm integrity and fertilization capacity.

Conclusion: These results highlight the potential of specific miRNAs and their gene networks as biomarkers
for ram fertility.

Keywords: Biomarker, fertility, miRNA, ram, sperm.

oz

Amag: Kog fertilitesi, koyun tretim sistemlerinde tGireme verimliliginin kritik bir belirleyicisidir; ancak erkek
fertilitesinin molekiiler mekanizmasi heniiz tam olarak anlasilamamustir. Ozellikle mikroRNA'lar (miRNA'lar)
gibi kiicik kodlamayan RNA'lar (sncRNA'lar), spermatogenez, sperm fonksiyonu ve erken embriyonik
gelisimde temel epigenetik diizenleyiciler olarak kabul edilmektedir. Bu galismada, kog spermi fertilite
fenotipleriyle iliskili dort spesifik miRNA'nin; oar-miR-133 (log2FC = +3.30, p < ,001), oar-miR-433-3p
(log2FC = +5.72, p < ,001), oar-miR-150 HF (log2FC = -3.49, p <,001) ve oar-miR-376d (log2FC =-5.74, p <
,001) diferansiyel ekspresyonu ve biyolojik Gnemi arastiriimistir.

Yontem: miRNA'lar daha onceki sekanstan elde edilmis kiiglik RNA dizileme veri setindeki istatistiksel
olarak anlaml diferansiyel ekspresyonlarina gore segcildi. Bu amagla ylksek (YF; n = 4; ort. %99,2 gebelik)
ve dugiik dogurganliga sahip (DF; n = 4; ort. %73,6 gebelik) koglardan elde edilen spermatozoalar
karsilagtiriimistir.

Bulgular: Calismamizda oar-miR-133 ve oar-miR-433-3p'nin HF koglarda anlamli sekilde yukari yonli regile
edildigi, oar-miR-150 ve oar-miR-376d'nin ise asagl yonli reglle edildigi saptanmistir. Tahmini hedef
genlerinin fonksiyonel zenginlestirme analizi, heterokromatin olusumu, hiicresel stres ve sitokinlere yanit,
makromolekil metabolik regllasyonu ve gelisimsel siiregler gibi biyolojik siireglerde rol oynadiklarini
ortaya koymustur. Maksimal Clique Merkeziligi (MCC) kullanilarak yapilan Protein-Protein Etkilesim (PPI)
agi analizi, DICER1, DROSHA, DDX10, TUFM ve EEF2 gibi cesitli merkezi "hub" genleri tanimlamistir. Bu hub
genlerinin RNA metabolizmasi, mitokondriyal fonksiyon ve sperm bittinliigi ile fertilizasyon kapasitesi igin
kritik olan translasyonel kontrol siiregleriyle iliskili olabilecegi gosterilmistir.

Sonug: Bu sonuglar, spesifik miRNA'larin ve bunlarin gen aglarinin kog dogurganlig icin potansiyel
biyobelirtecler olarak 6nemini vurgulamaktadir.

Anahtar Kelimeler: Biyobelirteg, dogurganlik, kog, miRNA, sperm.
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Introduction

Male fertility is crucial for reproductive success, particularly in
sheep farming where one ram can significantly influence the
genetic makeup of an entire flock. Although reproductive
technologies have advanced, predicting male fertility remains
difficult due to the intricate interaction between compensable
and non-compensable factors. Standard semen analysis methods,
while beneficial, often miss the finer molecular details that are
key to understanding a ram's true fertilizing potential (Kastelic &
Thundathil, 2008).

Among the non-compensable factors, small non-coding RNAs
(sncRNAs) such as microRNAs (miRNAs), PIWI-interacting RNAs
(piRNAs), and fragments derived from tRNAs have been identified
as key players in regulating sperm development, function, and
early embryo formation (Bodu et al., 2025a; Bodu et al., 2025b;
Sharma, 2019). These RNA molecules are incorporated into
sperm during their development in the testes and epididymis, and
are thought to affect gene activity after fertilization by triggering
epigenetic changes (Sendler et al., 2013).

MicroRNAs are essential regulators of cellular functions,
primarily by degrading messenger RNAs or preventing their
translation. In the context of male reproduction, these molecules
are tied to vital processes like sperm motility, capacitation,
programmed cell death, and chromatin remodeling (Abu-Halima
et al., 2013; Capra et al., 2017). Rather than being residuals, the
miRNAs found in sperm are thought to have active roles. Changes
in their expression have been linked to differences in fertility
across multiple species, including cattle, pigs, and humans (Salas-
Huetos et al., 2019).

In livestock breeding, gaining insight into the miRNA profile of
sperm cells is crucial because sire fertility directly affects both
economic outcomes and genetic progress. Despite this
importance, detailed profiling of small non-coding RNAs
(sncRNAs) in ram sperm is still scarce. To bridge this gap, our
earlier research employed small RNA sequencing on sperm
samples from rams with clearly defined fertility levels (Hitit et al.,
2024). That investigation identified both known and previously
unreported sncRNAs, uncovering clear differences in their
expression patterns between rams with high and low fertility.

In this study, we focus on four miRNAs such as oar-miR-133,
oar-miR-433-3p, oar-miR-150, and oar-miR-376d that showed the
most significant expression differences linked to fertility. Each of
these miRNAs is associated with key biological functions: miR-133
is involved in germ cell differentiation, miR-433 plays a role in
neuroendocrine regulation, miR-150 is tied to immune system
modulation, and miR-376d is connected to the cellular stress
response (Kasimanickam et al., 2022; Luo et al., 2016; Zhang et
al., 2012). Our goal is to further characterize their potential as
non-invasive biomarkers for ram fertility and to establish a
foundation for functional studies that can validate their
mechanistic roles in sperm physiology and embryo development.
By integrating high-throughput sequencing with fertility
phenotyping and functional annotation, this study contributes to
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the growing field of reproductive epigenetics and offers practical
insights for improving sire selection in small ruminant breeding
programs.

Methods

Ram Fertility Assessment and Experimental Design

Fertility data were obtained from Anatolian Merino rams
housed at Bahri Dagdas International Agricultural Research
Institute, Konya, Tirkiye. Rams were evaluated over three
breeding seasons based on the pregnancy outcomes of naturally
mated ewes. Ewes’ estrus behavior was monitored daily using
teaser rams, and mating events were systematically recorded.
Fertility scores were calculated based on confirmed pregnancies
(high-fertility group [n = 31; 94.5 + 2.8%] and the low-fertility
group [n = 25; 83.1 £ 5.73%] and used to classify rams into high-
fertility (HF) and low-fertility (LF) groups. Rams with the highest
(n = 4; avg. 99.2% pregnancy) and lowest (n = 4; avg. 73.6%
pregnancy) conception rates were selected for molecular analysis
(Bodu et al., 2025c).

Semen Collection

Following ethical (Bahri-Dagdas Research Center Ethical
Committee, Turkey [Number: 22.12.2016/58] approval, semen
was collected from mature rams using an artificial vagina (AV)
after conditioning them with teaser ewes. To ensure consistency
and minimize variation, initial ejaculates were discarded prior to
the experimental collection. Semen samples with high motility
and concentration were aliquoted and diluted to a standardized
sperm count. Samples were then cryopreserved in liquid nitrogen
and stored at —-80 °C until RNA extraction.

RNA Isolation

Frozen sperm samples were thawed and passed through a
500-mesh filter to eliminate debris. Somatic cell contaminants
were lysed using a Triton X-100 and SDS buffer, followed by
washing and microscopic validation to confirm sperm cell purity.
Total RNA was extracted using a modified column-based
microRNA isolation kit. Lysis involved guanidine thiocyanate
buffer enriched with DTT, and homogenization was performed by
repeated needle shearing. RNA was purified with DNase
treatment to eliminate residual genomic DNA. Concentration and
integrity were measured using NanoDrop and Bioanalyzer
systems to ensure suitability for small RNA sequencing (Hitit et
al., 2024).

Library Preparation and Sequencing

For small RNA library construction, one microgram of total
RNA per sample was used. RNA fragments corresponding to small
RNAs (18-40 nt) were size-selected using polyacrylamide gel
electrophoresis. Libraries were constructed using the TruSeq
Small RNA Library Prep Kit (lllumina), which included adaptor
ligation, reverse transcription, and PCR amplification. Library
quality was validated via Qubit fluorometry and Bioanalyzer
assessment. Pooled libraries were sequenced on the Illumina
HiSeq 2500 platform with 50 bp single-end reads.
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Sequencing data were processed to remove low-quality reads,
adaptors, and contaminants. Clean reads were aligned to the Ovis
aries reference genome using Bowtie. Known miRNAs were
identified using miRBase annotations, while novel candidates
were predicted via miREvo and miRDeep?2 algorithms. Expression
levels were normalized as TPM (transcripts per million).
Differential expression analysis between HF and LF groups was
conducted using DESeq2 with p < .05 and |log2FC| > 1 considered
significant. The four miRNAs highlighted in this study oar-miR-
133, oar-miR-433-3p, oar-miR-150, and oar-miR-376d were
selected from a broader dataset generated and analyzed in our
previous publication (Bodu et al., 2025a). These candidates were
chosen based on their statistically significant expression patterns
and putative roles in fertility-related molecular functions.

Results

Differentially expression of oar-miR-133, oar-miR-433-3p
oar-miR-150, and oar-miR-376d

Four miRNAs were identified as significantly differentially
expressed between HF and LF sperm: oar-miR-133: Upregulated
in HF (log2FC = +3.30, p < .001), oar-miR-433-3p: Upregulated in
HF (log2FC = +5.72, p <.001), oar-miR-150: Downregulated in HF
(log2FC = -3.49, p < .001), oar-miR-376d: Downregulated in HF
(log2FC = -5.74, p < .001). These miRNAs are involved in key
biological processes such as apoptosis regulation, differentiation,
and epigenetic modulation. miR-133 has been implicated in
muscle and germ cell development, while miR-433 and miR-376d
are often associated with neurogenesis and stress response
pathways. miR-150 is a known modulator of immune-related
pathways and cellular differentiation.

Functional Enrichment Analysis of Target Genes

To ascertain the potential biological roles of the four fertility-
associated miRNAs (oar-miR-133, oar-miR-433-3p, oar-miR-150,
and oar-miR-376d), we performed functional enrichment analysis
of their predicted target genes using the g:Profiler platform for
Ovis aries. The results revealed significant enrichment in multiple
Gene Ontology (GO) categories across the three primary
domains: Molecular Function (MF), Biological Process (BP), and
Cellular Component (CC). In the MF category, target genes were
predominantly associated with catalytic activity (GO:0003824, p
= 3.47x107™%), small molecule binding (G0:0036094, p =
4.72x1073), and ion binding (GO:0043167, p = 6.24x1073),
indicating their roles in enzymatic regulation and molecular
interactions critical for sperm metabolism and function. In the BP
category, notable terms included catabolic process
(GO:0009056), positive regulation of biological process
(GO:0048518), and developmental process (G0:0032502),
highlighting the involvement of target genes in cellular
remodeling and differentiation pathways. Importantly, genes
involved in  constitutive  heterochromatin ~ formation

(G0O:0140719) and heterochromatin formation (G0O:0031507)

were significantly enriched, suggesting a potential link between
these miRNAs and sperm chromatin organization or epigenetic
state. Additional enrichment in response to stress (GO:0006950),
response to cytokine (GO:0034097), and positive regulation of
macromolecule metabolic process (G0:0010604). Within the CC
category, enriched terms such as cytoplasm (GO:0005737),
catalytic complex (GO0:1902494), endomembrane system
(G0:0012505), and plasma membrane (GO:0005886) (Figure 1).
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Figure 1.

Gene Ontology (GO) enrichment analysis of predicted target
genes of differentially expressed miRNAs. GO terms were
classified into three functional categories: Biological Process (BP),
Molecular Function (MF), and Cellular Component (CC). The plot
displays the top-ranked GO terms based on —log10 (p-value).

Hub Gene Analysis of target genes
To identify key regulatory elements among the oar-miR-133,

oar-miR-433-3p oar-miR-150, and oar-miR-376d targets, we
constructed a protein—protein interaction (PPI) network and
performed hub gene analysis. The top 20 hub genes were
visualized based on their connectivity and centrality scores.
Among these, DDX10, DICER1, DROSHA, and RPL13A emerged as
the most prominent nodes, highlighting their potential roles as
regulatory nodes in post-transcriptional control, RNA helicase
function, and ribosomal assembly. The presence of both DROSHA
and DICER1, core enzymes in the miRNA biogenesis pathway.
Other hub genes such as TUFM (involved in mitochondrial protein
synthesis), EEF2 (elongation factor 2), and MRPL32
(mitochondrial ribosomal protein L32) wunderscore the
importance of translational control and mitochondrial function in
sperm biology aligning with known requirements for ATP
generation and flagellar motility. Interestingly, a separate
subnetwork consisting of CDK1, PBK, and KIF2C was identified
(Figure 2).
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Figure 2.

Hub genes from target genes associated with fertility. Hub
gene network constructed from predicted targets of four fertility-
associated miRNAs. The top 20 hub genes were identified through
protein—protein interaction (PPl). Node color intensity
corresponds to MCC scores, with red indicating the highest
centrality and yellow the lowest among the top-ranked nodes.

Discussion

This study provided new insights into the molecular
mechanisms associated with ram fertility by focusing on four
miRNAs oar-miR-133, oar-miR-433-3p, oar-miR-150, and oar-
miR-376d whose expression patterns were found to be
significantly different between high-fertility and low-fertility
rams. The differential expression of these miRNAs supports their
potential role in regulating post-transcriptional gene expression
during spermatogenesis and sperm maturation.

Our finding that oar-miR-133 and oar-miR-433-3p are
upregulated in high-fertility rams suggests that they may enhance
sperm function or stability. miR-133 has previously been
associated with cell differentiation and stress responses,
including regulation of actin cytoskeleton dynamics, which is
essential for sperm motility (Luo et al., 2023). Similarly, miR-433
is known to modulate genes involved in cell growth, hormonal
signaling, and metabolic regulation (Care et al., 2007), and may
thus play a role in sperm energy metabolism or interaction with
the female reproductive tract.

On the other hand, oar-miR-150 and oar-miR-376d were
significantly downregulated in high-fertility rams, which could
reflect reduced activation of immune or stress pathways. miR-150
is a known regulator of immune cell differentiation and
inflammatory response (Song et al.,, 2023), and its lower
expression in high-fertility rams may indicate a more stable
testicular microenvironment conducive to spermatogenesis. miR-
376d has been implicated in oxidative stress and apoptosis
signaling (Xu et al., 2020), suggesting that its suppression might
protect spermatozoa from damage during transit or storage.
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The enrichment of gene targets in GO terms related to
heterochromatin formation, response to cytokines, metabolic
processes, and developmental regulation underscores the
multifaceted roles these miRNAs likely play in maintaining sperm
functionality and genomic integrity. Notably, the enrichment of
targets within the catalytic complex, cytoplasm, and
endomembrane system implies compartmentalized regulatory
activity that might influence localized translation, mitochondrial
activity, or vesicle-mediated signaling all of which are vital for
sperm motility, capacitation, and fertilization (Jodar et al., 2018;
Krawetz et al., 2011).

The identification of hub genes such as DICER1, DROSHA, and
DDX10 suggests the possibility of autoregulatory feedback loops
in which miRNAs modulate their own biogenesis machinery.
DICER1 and DROSHA are essential enzymes for miRNA
maturation, and alterations in their regulation could influence
global miRNA expression profiles within sperm (Shen and Hung,
2015). Other key hub genes like TUFM, a mitochondrial
translation factor, and EEF2, which controls ribosomal elongation
during translation, indicate that energy metabolism and protein
synthesis are crucial in defining sperm fertility potential.
Furthermore, the presence of mitosis-related genes such as CDK1
and KIF2C in the hub network raises the possibility that miRNA-
target interactions may also influence early events post-
fertilization, including paternal genome remodeling and zygotic
cell cycle regulation. This is supported by findings in other
mammals, where paternal RNAs contribute to embryonic
development beyond the fertilization event (Hamatani, 2012).

Taken together, the integration of expression profiling, GO
enrichment, and PPl network analysis in this study reveals a
coherent regulatory network involving fertility-associated
miRNAs and their targets. These miRNAs not only serve as
promising biomarkers for ram fertility but may also participate
directly in the epigenetic and molecular programming of sperm.
Future studies should focus on validating the predicted miRNA-
target interactions through luciferase assays, in vitro transfection,
or knockout models, and expanding these findings in larger
animal cohorts to evaluate their utility in reproductive
management and sire selection.

Conclusion
This study identifies a core group of differentially expressed

sncRNAs in ram sperm that distinguish between HF and LF fertility
phenotypes. These findings support the utility of miR-133 and
miR-433-3p as positive fertility biomarkers, and miR-150 and miR-
376d as potential indicators of stress or subfertility. Further
validation in larger cohorts and functional studies are warranted
to confirm their biological relevance and practical application in
sheep breeding.
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Introduction

While complete edentulism is commonly attributed to
periodontal problems or dental caries, it is actually the result of a
combination of disease and non-disease factors. Individual
biological structures and unique characteristics also significantly
influence this process (Felton, 2009).

Despite advances in treatment options, the demand for
complete dentures is expected to gradually increase due to the
growing elderly population and longer life expectancy, even in
developed countries where edentulism rates are declining (Polzer
et al., 2010; Gokalp et al., 2007). A study of prosthetic treatment
for geriatric patients showed that 2,863 people received
complete dentures, representing 10.20% of all patients treated in
the prosthodontic clinic. It is worth noting that this research was
carried out during the COVID-19 pandemic, when there was a
decrease in the need for treatment in the elderly population
(Cakar Guler & Bayindir, 2023).

According to TurkStat data for 2023, the elderly population
aged 65 and over increased by 21.4% in the last five years, from 7
million 186 thousand 204 people in 2018 to 8 million 722
thousand 806 people in 2023. The share of the elderly population
in the total population will increase from 8.8% in 2018 to 10.2%
in 2023 (TUIK, 2024).

At the beginning of the 18th century, as a result of scientific
studies led by Pierre Fauchard in France, complete prostheses
began to develop in the modern sense, having previously been
made using very simple and experimental methods
(Galikkocaoglu, 2004).

Technological innovations in the field of dentistry since the
18th century, together with today's rapid technological advances,
have made dentistry a profession integrated with modern
systems such as computer-aided design (CAD) and computer-
aided manufacturing (CAM), while still maintaining traditional
approaches (Gokalp et al., 2007).

Computer-Aided Design (CAD) and Computer-Aided
Manufacturing (CAM) are technologies that streamline the design
and production of dental restorations. CAD involves creating
three-dimensional models in a virtual environment using
templates, whereas CAM utilizes measured data for
manufacturing (Rekow, 2006).
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Impression Model 3.CAD Design Manufacturing

&

Sintered
Denture

&

Figure 1.
CAD/CAM total denture workflow

The application of CAD/CAM technology for complete
dentures began with Maeda et al. in 1994 but only gained
popularity after Goodacre et al.'s clinical study two decades later.

This technology is now widely used for various dental
applications, including crowns, bridges, and complete /partial
dentures. Complex fabrication procedures have delayed the
adoption of digital technologies in complete dentures; however,
ongoing advancements are expected to simplify these processes
(Vozzo et al., 2023; Soegiantho et al., 2023).

Notable pioneers in dental CAD/CAM systems include Dr.
Duret, who developed an early system involving optical
impressions and milling; Dr. Moermann with the CEREC® system
for same-day ceramic restorations; and Dr. Andersson who
integrated CAD/CAM into titanium coping production (Celik et al.,
2013; Miyazaki et al., 2009; van Noort, 2012).

While CAD/CAM systems primarily focus on fixed prostheses,
recent developments address challenges in producing complete
dentures by introducing commercial software solutions that
allow easier design processes (Inokoshi et al., 2012). Effective use
of these systems typically consists of three main components:
scanners (for data collection), design software (for creating digital
models), and hardware (computer-controlled milling machines)
(Tinschert et al., 2004). Manufacturing methods within CAM
include subtractive processes like CNC machining and additive
techniques such as 3D printing, which layer material to create
desired shapes (Bidra et al., 2013). Generally, completing
prostheses through CAD/CAM requires 2-4 sessions depending
on the specific system used (Smith et al., 2021).

Minimization Methods

In the subtractive process, the base material is produced from
a pre-polymerised resin disc called a 'puck’. This disc is obtained
by processing under high pressure and temperature, which can
result in better hygienic and mechanical properties (Steinmassl et
al., 2017). Figure 2 (lvoclar, 2025).

Figure 2.
Base milled from prepolymerized block

In complete dentures made by milling from prepolymerised
PMMA discs, polymerisation shrinkage is almost non-existent and
the volumetric changes that occur during milling are negligible
(de Mendonga et al., 2016; Infante et al., 2014). This results in
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better tissue compatibility of the denture bases and a more
balanced occlusion (Infante et al., 2014; Kattadiyil et al., 2015).
Increasing the number of axes on a milling machine allows for

a higher capacity in prosthesis production. However, the cost of
the machines increases as the number of axes increases (Abduo
etal.,, 2014). Complex shapes such as denture bases are produced
using five-axis milling systems (Kanazawa et al., 2011). Recently,
systems have been developed where the denture base and
artificial teeth are milled from a single disk. Examples include
AvaDent Digital Dentures XCL1 and XCL-2, Baltic Denture System
(Merz Dental, Germany) and Ivoclar Vivadent Ivotion (Anadioti et
al., 2020). One of the major disadvantages of the subtractive
method is that a large portion of the milled block is discarded
unused. Another difficulty is the production of teeth that are
often monochromatic and aesthetically unsatisfactory (AvaDent
Digital Dentures, 2025).

The fact that the additive process produces a large amount of
waste has been one of the main motivations for the development
of 3D printer technology (additive manufacturing). Additive
methods have reduced both cost and waste by using less material
(Choi & Cheung, 2005).

3D models are stored in Standard Transformation Language
(STL) format before being sent to printers. The STL format is a file
format used to represent the surface of a 3D designed model.
Using this format, 3D printers produce physical objects by adding
material layer by layer (Beuer & Edelhoff, 2008). The thickness
and orientation of each layer is critical to the properties of the
final model (van Noort, 2012). For 3D printed prostheses, after
the printing process is complete, a final curing step is applied to
light cure the unpolymerised resins. This step can present a
theoretical problem of polymerization shrinkage if the resin is not
fully polymerized. A partially polymerized prosthesis is at risk of
deformation when removed from the platform. Depending on the
additive manufacturing process, prostheses can also develop
surface distortion, often referred to as the "staircase effect"
(Barazanchi et al., 2017). In 2010, One Denture, founded by Dr
Tae Kim, was one of the first companies to offer a CAD/CAM
workflow for complete denture fabrication. The company was
later renamed Dentca (Dentures from California) (Schweiger et
al., 2018). Since then, many different companies have entered the
industry offering complete denture fabrication using both
additive and subtractive methods (Wagner & Kreyer, 2021).
Stereo lithography is used to produce resin-based structures such
as prostheses and surgical guide plates, as well as wax moulds,
removable prosthetic frameworks and temporary restorations
(Emami et al., 2013; Astrgm et al., 2006).

The digital prosthetic manufacturing process consists of
scanning the final impressions or the plaster model obtained,
recording the maxillomandibular relationship, designing the
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prosthetic base and artificial teeth in the software program, and
finally manufacturing the prosthesis using additive/subtractive
methods. This digital process helps to reduce the time spent at
the bedside and the duration of appointments (Wang et al.,
2021).

AvaDent®

AvaDent® (Global Dental Science LLC, Scottsdale, AZ) offers
advanced digital denture fabrication using milling and 3D printing
for provisional dentures, with final dentures produced through a
subtractive milling method. Two final denture options are
available: traditional complete dentures with artificial teeth
attached to a milled base or monolithic AvaDent® XCL dentures,
where the base and teeth form a single unit. The monolithic
option comes in two types: XCL-1 with monochromatic artificial
teeth and XCL-2 with polychromatic teeth for a more natural
appearance. AvaDent dentures can be completed in three
appointments. In the first appointment, measurements are
obtained using one of four techniques: the reference prosthesis
technique, the AvaDent-Wagner EZ guide protocol, intraoral
scanning, or traditional impressions (Baba et al., 2021). The
second appointment involves testing provisional dentures for
phonetics, aesthetics, and function, with options including
Wagner EZ guides, milled white provisional prostheses, advanced
try-in dentures (ATI), or printed resin monochromatic dentures.
Figure 3 (AvaDent Digital Dentures, 2025).

o

Figure 3.
Wagner Try-In

Any adjustments made to the provisional dentures are
rescanned and incorporated into the final denture (Figure 4)
(AvaDent Digital Dentures, 2025).



75

Figure 4.
Bouma Try-In

In the third appointment, the fit of the CAD/CAM-fabricated
denture is verified using tools like Fit Checker™ or pressure
indicators, and any necessary occlusal or intraoral adjustments
are completed to ensure optimal fit and comfort (Steinmass| et
al., 2017).

The Ivoclar Digital Denture™

The Ivoclar Digital Denture™ system, developed by Ivoclar
Vivadent, represents a sophisticated approach to prosthetic
dentistry, integrating modern technology with established clinical
practices to produce both removable and provisional dentures.
Utilizing either a three- or four-appointment workflow allows for
flexibility based upon individual clinical parameters and
practitioner preferences. In the three-appointment protocol, the
initial appointment focuses on obtaining comprehensive clinical
records through various methodologies such as edge shaping of
existing dentures or utilizing polyvinyl siloxane for accurate
impressions and centric relationship documentation. Following
this data acquisition, provisional prostheses are fabricated via
additive or subtractive techniques in the laboratory.

During the second appointment, these provisional
restorations undergo meticulous evaluation against critical
criteria including retention, stability, phonetics, aesthetic
considerations, occlusal vertical dimension (OVD), and occlusal
plane alignment. Adjustments may necessitate new impressions
using wash techniques to refine fit before transitioning to final
denture design options. The system offers two distinct choices:
one involves milling a base from prepolymerized PMMA bonded
with double cross-linked artificial teeth; the other entails crafting
a monolithic prosthesis from a dual-colored disc that optimizes
material properties for functional efficacy (Baba et al., 2021).

In contrast, the four-appointment workflow initiates with
detailed impression-taking complemented by measurements of
facial landmarks using specialized tools like papilla-meters and
CAD devices. Subsequent visits involve refining impressions and
assessing patient-specific parameters such as lip support and

incisal edge position before finalizing designs in collaboration
with advanced digital modeling software. The systematic
approach culminates in thorough evaluations of provisional
restorations to ensure satisfactory function prior to fabricating
definitive prostheses tailored to patient needs.

Ultimately, both workflows emphasize precision through
digital integration while adhering closely to traditional denture
fitting  protocols  post-fabrication—underscoring  Ivoclar
Vivadent’s commitment to improving patient outcomes through
innovative dental solutions that enhance both practice efficiency
and restorative success rates in edentulous patients (Baba et al.,
2021; Goodacre, & Goodacre, 2018; Calikkocaoglu, 2010; Ivoclar,
2025).

Figure 5.
Tooth and gingiva material in a single monolithic disc,
suitable for permanent complete dentures

Dentca™

Dentca™ (Dentca Inc., Los Angeles, CA) is the first company to
produce FDA-approved 3D printable materials for teeth and
gums, using additive manufacturing to create recessed denture
bases to which artificial teeth are bonded prior to post-curing
with the same resin material. The system supports the fabrication
of complete, partial, single, and immediate dentures. During the
first appointment, system-specific two-piece impression trays are
used to take impressions and record the maxillomandibular
relationship using conventional techniques with polyvinyl
siloxane materials. The trays are separated into anterior and
posterior sections to record the jaw relationship, and the EZ-
Tracer™ is used for Gothic arch tracing, with adjustments made
using the Dentca Jaw Gauge to determine the occlusal vertical
dimension. Measurements, including lip ruler readings for incisor
positioning, are sent to the manufacturer for scanning and virtual
design approval. At the second appointment, provisional
prostheses are tested to evaluate aesthetics, function, and
phonetics. Adjustments, if required, are recorded and sent for
rescanning. The final prostheses are 3D printed, with the base and
teeth bonded using PMMA, followed by finishing and polishing.
The third appointment involves delivering the final prosthesis,
with fit adjustments and follow-up procedures performed
similarly to conventional dentures (Baba et al., 2021, Steinmassl
et al, 2017).
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Amann Girrbach® Ag

Amann Girrbach® AG (Koblach, Austria) uses the Ceramill® full
denture system (FDS), designed for laboratory technicians.
Amann Girrbach has partnered with Vita (Vita Zahnfabrik, Bad
Sackingen, Germany) and Merz (Merz Dental GmbH, Liitjenburg,
Germany) and integrated their systems.

The Ceramill® Full Denture System

The Ceramill® Full Denture System involves a streamlined
digital workflow for fabricating complete dentures. After taking
maxillary and mandibular impressions, the laboratory fabricates
the base and wax walls, which are sent to the clinician for fitting.
During this stage, the maxillomandibular relationship is
registered, the facial arch is transferred, and the smile line,
midline, and canine positions are verified.

The collected data is transferred to the Amann Girrbach Artex
articulator in the laboratory, where individual impressions are
scanned. Using the Ceramill Transferkit, the occlusal edges and
interocclusal registration are positioned on a Ceramill Map400
optical scanner, and the data is imported into Ceramill D-Flow
software. Within the software, anatomical landmarks are drawn,
and parameters such as tooth alignment, maxillary tooth
positioning, and the occlusal plane are calculated. Artificial teeth
from manufacturers like Kulzer, Vita Vionic Solutions, and Merz
Dental can be used, with the software automatically applying the
selected teeth set to the denture base. The technician digitally
adjusts the anterior teeth to meet the patient’s aesthetic
preferences, and the software designs the soft tissue areas of the
prosthesis.

The denture bases are milled from gum-colored wax blocks
using a water-cooled 5-axis milling machine (Ceramill® Motion 2).
Both the recesses for the teeth and the prosthetic surfaces of the
artificial teeth are milled. The artificial teeth are placed into the
wax prosthesis, and provisional dentures are tested for
aesthetics, function, and phonation. Any necessary adjustments
are made before final production by traditional methods. The
final prosthesis delivery and follow-up procedures are similar to
those used for conventional dentures (Baba et al., 2021).

Vita Vionic®

Vita has integrated its digital denture system with the Amann
Girrbach® Ceramill FDS. Digital dentures are designed similarly to
the FDS system, except that the artificial teeth and denture base
material are manufactured by Vita. The laboratory technician can
offer the clinician three options. The first is a monolithic white
proof prosthesis milled from a prepolymerised PMMA block.
After proofing and any necessary modifications, the final
prostheses can be milled from a pink PMMA block. Another
option is to mill wax walls with recesses in which the selected Vita
denture teeth are positioned. The wax and teeth are used as a
trial, adjustments are made and the denture is fabricated in the
traditional way. The third option is the denture base, which is
milled from pink prepolymerised PMMA blocks. The selected
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artificial teeth are cemented to the denture base with wax if a
trial appointment is desired, otherwise with Vita Vionic Bonding.
The dentures are then polished in the traditional manner (Baba
et al, 2021).

Baltic Denture System (BDS)

Baltic Denture System (BDS) has partnered with Amann
Girrbach® to integrate their digital denture system with Ceramill
FDS. BDS is designed to provide patients with complete dentures
in just two appointments. The clinician can start the prosthetic
fabrication process with functional impressions using the
components of the BDKEY set (Merz Dental GmbH). The first
components of the system are the toothed upper and lower
adjustable base plates. These trays are available in three different
sizes (small, medium, large) and contain teeth of different shapes
and sizes. The trays are placed in the mouth. A vertical ruler is
attached to the upper tray to capture the midline of the face and
to transfer aesthetic and functional components from the patient
to the design software. The vertical bar is used to record the
midline, while the facial arch is used to determine the
interpupillary line and Camper's plane. A special device called the
BDKEY Lock is available to record the relationship between the
jaws. The teeth on the trays allow you to check aesthetics, lip
support, tooth alignment and interocclusal space. Because the
BDKEY trays replicate the size and shape of the artificial teeth on
the milling blocks, they act as trial prostheses to verify the
patient's acceptance of the final prostheses. The laboratory
collects the data on an Amann Girrbach® Ceramill Map400 optical
3D scanner after scanning all the records provided by the
clinician. A CAD design is created from the available data using
BDCreator® software (Merz Dental GmbH). Once the design is
approved, the prosthesis is milled on a 5-axis CNC machine. The
milling blanks are made of cross-linked PMMA material and are
available in three different sizes. They have an integrated tooth
alignment with lingualised occlusion. Anterior and posterior teeth
are available in different sizes and shapes. Once the complete
prosthesis has been milled, it is delivered to the patient in the
same way as a conventional prosthesis (Baba et al., 2021).

Denstply Dentures

Dentsply Sirona (York, Pennsylvania, USA) is the latest
commercial organization to update CAD/CAM complete denture
technology. They have developed a new resin for 3D printing
called 'Lucitone Digital Print 3D Denture Resin'. Their system has
a workflow that follows the subsequent bonding of 3D printed
bases and specially designed artificial teeth (IPN 3D Digital
Denture Teeth). The artificial teeth have indentations on the
backs facing the base to ensure an easy fit for the prosthesis. The
areas where the teeth will attach are rounded to facilitate the
bonding process. The 3D printing process creates a very small gap
between the artificial teeth and the base where the bonding
material is applied. For bonding, the tooth is heated in a chemical
bath, then the bonding material is applied, followed by light
polymerization to fix the teeth to the denture base. The polishing
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material is then applied and the denture undergoes post-
polymerization in a light polymerization unit (Baba et al., 2021).

Advantages of CAD/CAM System in Complete Prosthesis
Production

Although complete dentures produced using traditional
methods usually require at least five sessions to complete,
CAD/CAM production systems have significantly accelerated this
process. While the AvaDent and Dentca systems can complete
the production of complete dentures in at least two sessions, the
Ceramill system can complete the process in at least three
sessions. This is a great advantage, especially for elderly patients
or those who have difficulty accessing the clinic (Srinivasan et al.,
2019; Bilgin et al., 2016).

The number of steps in the workflow is reduced and the
software enables faster and more efficient impression analysis
and tooth alignment, which is beneficial for the technician. As
there is no need to mix PMMA resin as in traditional methods,
monomer exposure is largely eliminated with these systems
(Baba et al., 2021).

This reduction in the number of appointments relieves the
dentist's workload by reducing the time spent with the patient.
This saves time by reducing the amount of time the dentist
spends with the patient, thus increasing the financial gain.
(Srinivasan et al., 2019) Restorations made with monolithic milled
prostheses and accurately obtained interocclusal records require
less correction and the occlusion stabilizes more quickly (Baba et
al., 2021).

With digital systems, a trial prosthesis can be fitted as with
traditional methods. This stage allows the prostheses to be
evaluated and, if necessary, corrections to be made so that the
final prosthesis offers better fit and aesthetics (Baba, 2016). In
contrast to traditional manufacturing methods, some CAD/CAM
systems use prepolymerized PMMA blocks for milling. This
technology prevents polymerization shrinkage and significantly
improves the durability and tissue compatibility of the prosthesis
(AIRumaih et al., 2018). Prepolymerized PMMA resins have
superior physical properties and can be applied in thinner layers.
These resins contain fewer monomer residues (Ayman, 2017),
have smoother surfaces (Srinivasan et al., 2018; Arslan et al.,
2018) and are more resistant to staining (Al-Qarni et al., 2020;
Dayan et al., 2019). They also have a high modulus of elasticity
(Steinmassl et al., 2018) and their dense structure (Ayman, 2017)
provides a durable and strong prosthetic surface. The properties
of prepolymerized PMMA blocks reduce the colonization of
microorganisms (e.g. C. albicans) on the prosthetic surface, which
minimizes the risk of infection (Raszewski, 2020; Al-Fouzan et al.,
2017).

The storability of digital data associated with prosthesis
fabrication facilitates the rapid duplication of prosthetic devices
in the event of breakage or loss. This capability enables a rapid
replacement process, ensuring that patients receive new
dentures without significant delays. By using stored digital
information, dental professionals can efficiently replicate a lost or

damaged prosthesis, maintaining the original specifications and
minimizing disruption to patient care (Baba, 2016).

The stored digital data is used to create surgical or
radiographic templates for patients for future implant planning.
This process helps to determine the angles at which the implants
will be placed. (Baba, 2016) Compared to traditional methods,
these are highly standardized systems and obtaining reliable and
consistent results is important for both academic studies and
clinical criteria (Bilgin et al., 2016).

Disadvantages of CAD/CAM System in Complete Denture
Production

If the artificial teeth are manually attached to the milled
denture base and not adjusted in the articulator, it will be difficult
to achieve a balanced occlusion. In such cases, remounting may
be necessary to achieve a balanced occlusion (Baba et al., 2021).

If there is a distance between the laboratory and the clinic,
impression methods may be difficult for the clinician. He may
prefer intraoral scanning methods, which have been shown to
have limitations in edentulous patients. As another option, more
reliable results can be obtained by using impression materials
with high dimensional stability and heat-resistant impression
materials (Baba et al., 2021).

The production of complete dentures with CAD/CAM systems
still uses a combination of digital and traditional methods in
clinical and laboratory processes. In particular, the impression-
taking phase and the bonding of the denture base and artificial
teeth with bonding agents are usually performed manually.
However, in some emerging systems, the artificial teeth and
prosthetic base are produced as a single block using the
monolithic milling method and no bonding agent is required
(Bidra et al., 2013).

When taking impressions of edentulous jaws with intraoral
scanners, saliva-covered surfaces negatively affect the clarity of
the impression. In addition, the lack of precise lines in their
anatomical structure causes some limitations (Fang et al., 2018).

Goodacre et al. reported in a study that the margins of
mandibular complete dentures could not be accurately
measured, but intraoral scanners could be used for maxillary
complete dentures (Goodacre et al., 2018).

The cost of materials and laboratory fees may be higher
compared to conventional fabrication methods (Baba et al.,
2021).

Subtractive methods produce a large amount of residual
resin, which can lead to plastic pollution (Baba et al., 2021).

Disadvantages of the traditional complete denture fabrication
process include the need for special equipment for filling, toxic
and allergic effects due to increased monomers, fitting problems
due to polymerization shrinkage, and problems such as tooth
displacement (Yoriikoglu, 2020; Woelfel et al., 1960).

On the other hand, the use of CAD/CAM technologies reduces
the number of appointments and makes it easier to reproduce
the prosthesis thanks to digitally stored data. In addition, patient
and clinician satisfaction increases with these systems, and
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standardization of production can be achieved at the same time
(Baba, 2016).

A review of the literature on the use of CAD/CAM technology
in dentistry reveals that publications to date have generally
focused on fixed prostheses (Kalayci & Bayindir, 2015). Although
the incorporation of CAD/CAM technology into the production of
removable dentures is a recent development, it has gained
increasing popularity in recent years (Steinmassl et al., 2017).

Maeda et al. (1994) published the first scientific report on the
use of computer-aided systems in the design and fabrication of
complete dentures and pioneered the use of 3D laser lithography.
In this study, the plastic shell of the tooth structure and the
denture base were fabricated from light-polymerised resin. The
teeth were then fabricated using tooth-coloured composite resin
materials. By incorporating digital scans of the base plate and wax
walls provided by a dentist into CAD software, Sun et al. created
a prosthetic design consisting of teeth and base in a virtual
environment and fabricated these prostheses using rapid
prototyping techniques (Sun, 2009).

Kanazawa et al. (2011) used the subtraction method in
production to speed up the CAD/CAM fabrication of complete
dentures. Using 3D CAD software, new virtual dentures were
designed from the acquired data. First, a rough image of the
artificial teeth was extracted, followed by the shape of the
denture base. Based on these images, a complete denture base
was fabricated from an acrylic resin block. A bonding agent was
then manually applied to the prepared base and the dentures
were placed. In 2012, Goodacre et al. published the first clinical
report demonstrating the ability to fabricate complete dentures
from clear plastic using a 3-axis milling machine. In this study,
prosthetic teeth were then manually cemented into the recesses
created by milling. However, it is noteworthy that the milled
denture bases in this study lacked interdental papillae and the
milling lines were clearly visible. The authors also presented
another clinical report in which 5-axis milling machines and finer
cutters were used to fabricate complete dentures with
prepolymerised PMMA. The teeth were then placed manually
and this technique is still used today (Goodacre et al., 2012).

Inokoshi et al. (2012) compared traditional and additive
manufacturing trial prostheses and found that both methods
were adequate and accurate for their intended purpose.
However, both patients and dentists rated the traditional trial
prostheses higher in terms of aesthetics and stability.

Yoshidomea (2021) evaluated the realism and accuracy of fit
of conventional dentures, CAD/CAM dentures, and a 3D printed
prosthetic system (stereolithography and digital light processing).
He concluded that milled dentures had better realism and fit
accuracy compared to 3D printed and conventional dentures. In
addition, 3D printed dentures had similar realism and fit to
conventional dentures.

Al-Helal (2017) studied the retention of CAD/CAM prostheses
and concluded that the retention of CAD/CAM prostheses was
significantly better than conventional prostheses.

Emam et al. (2024) studied the fit accuracy of CAD/CAM
milled, 3D printed and injection molded mandibular complete
denture bases and found that the dimensional accuracy of the
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CAD/CAM milled group was statistically greater than the other
two 3D printed groups. The injected method showed the lowest
accuracy. These differences were thought to be due to
polymerization shrinkage and associated internal polymerization
stress. CAD/CAM milling and 3D printing technologies have
shown less dimensional variation and higher accuracy compared
to traditional prosthetic reproduction techniques.

This increased conformity in CAD/CAM complete dentures has
been reported to reduce the incidence of oral lesions such as
ulcers (de Mendonga et al., 2016).

Steinmassl et al. (2018) compared the physical properties of
different CAD/CAM PMMAs with a conventional PMMA. They
concluded that all CAD/CAM PMMAs have more hydrophilic
surfaces than conventional PMMA.

A similar study conducted by Arslan et al. (2018) also found
that CAD/CAM PMMA was more hydrophilic than conventional
heat-cured PMMA. It has long been known that hydrophilicity
plays a role in improving prosthesis retention (Gesser & Castaldi,
1971). Therefore, the wettability of CAD/CAM PMMA may make
it the material of choice for improving the retention of complete
dentures for patients with salivary dysfunction (Alammari, 2017).

Additive (3D) manufacturing methods make it possible to
produce objects with complex geometries that cannot be
produced by milling. In addition, the cost of these methods
appears to be lower than that of subtractive methods. It is noted
that there are some limitations in terms of aesthetics and stability
in 3D printer fabrication. Therefore, 3D printed complete
dentures have limited applications and are generally
recommended for temporary or emergency dentures (Baba et al.,
2015). When the physical, chemical and biological properties of
acrylic resins used in CAD/CAM systems were studied, it was
concluded that they have superior properties compared to
conventional acrylic resins (Srinivasan et al., 2021). Echhpal UR et
al. found that the highest number of Candida colonies was found
in conventional, followed by 3D printed, and the lowest in milled
denture base resins (Echhpal et al., 2024). In a study comparing
the residual monomer content in conventional heat-activated
PMMA and CAD/CAM PMMA, it was found that CAD/CAM PMMA
reduced the monomer content. In CAD/CAM systems,
prepolymerized acrylic resin contains less residual monomer, and
porosity and Candida albicans retention are reduced (Smith et al.,
2021).

The roughness of the outer surface of the prosthesis can be
removed by mechanical polishing, while the inner surface of the
prosthesis is not polished and retains its natural roughness.
Several studies have compared the natural surface roughness of
CAD/CAM prostheses with conventional prostheses. They
concluded that all CAD/CAM prostheses have smoother surfaces
than conventional prostheses (Kurahashi et al., 2017).

Al Qarni et al. (2020) investigated the effect of staining
beverages (coffee and wine) on the color stability of acrylic resin
teeth and denture bases used in CAD/CAM and conventional
complete dentures. They concluded that CAD/CAM PMMA and
conventionally machined dentures had similar color stability and
that Avadent milled monolithic specimens were less likely to
harbor stains at the tooth-prosthesis interface.
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Goodacre et al. (2018) compared CAD/CAM (bonded and
monolithic teeth) and conventionally fabricated prostheses
(press, liquid resin, and injection) to determine which process
produced the most accurate and reproducible prosthesis. They
concluded that no technique could achieve perfect zero tooth
loss. However, the monolithic CAD/CAM prosthesis produced the
least tooth loss. They also found that the posterior teeth showed
more detachment than the anterior teeth. In addition, they
concluded that prosthetic processing techniques involving
compression showed the greatest occlusal tooth movement.

A study by Saponaro et al. (2016) compared the clinical
performance of CAD/CAM and conventional total prostheses and
recorded the number and procedures for which patients returned
after delivery of the prosthesis. The results showed that the
average number of appointments required for prosthesis
fabrication was 2.39, not 2 as claimed by the company. Since
CAD/CAM techniques do not provide a balanced total prosthesis,
it has been suggested that remounting may be necessary for the
placement of dentures (Bidra et al., 2013). For milled denture
bases, strong bonding agents must be used to bond the teeth to
the base (Schwindling et al., 2016). This topic has great potential
for research and development; studies on alternative bonding
methods and materials are needed. In a study by Kattadiyil et al
(2015), fifteen dental students at Loma Linda University School of
Dentistry fabricated two sets of removable maxillary and
mandibular complete dentures for fifteen edentulous patients
using both digital (AvaDent) and conventional methods. The
conventional and digital dentures were evaluated and scored
separately by the faculty on criteria such as patient satisfaction
and dental student preference. According to the evaluation
results, digital dentures received significantly higher scores than
conventional dentures in all areas.

There is a significant need for a greater volume of clinical case
reports and well-designed scientific studies focusing on the
production of complete dentures using CAD/CAM techniques
(Kattadiyil et al., 2015). While this technology has shown
promising advancements, the existing body of evidence is
insufficient to comprehensively evaluate its clinical effectiveness
and reliability in comparison to conventional methods. Moreover,
the long-term performance of prepolymerized polymethyl
methacrylate (PMMA) blocks, widely used in CAD/CAM denture
fabrication, warrants detailed investigation. Studies assessing
their biological, physical, and chemical properties over extended
periods are particularly necessary to better understand their
durability, biocompatibility, resistance to wear, and potential
interactions with the oral environment.

Another critical area of limitation is the lack of research
addressing the optimal thickness of the prosthesis base in
CAD/CAM-fabricated dentures. The thickness of the denture base
plays a vital role in determining its structural integrity, fit, and
patient comfort. However, the literature lacks sufficient data on
how variations in base thickness may influence clinical outcomes,
leaving a gap in standardized guidelines for base design in digital
workflows (Baba et al.,, 2021). Addressing these limitations
through rigorous research is essential to fully realize the potential
of CAD/CAM technology in complete denture fabrication and to

ensure its safe and effective application in routine clinical
practice.

Conclusion

Digital dental prostheses are increasingly meeting patient
expectations and are becoming a preferred treatment option.
They offer several advantages, including acceptable clinical
outcomes, improved retention, fewer appointments, reduced
reliance on human error, and the convenience of digital patient
record storage. However, CAD/CAM technology for complete
dentures also presents certain limitations. High costs and limited
accessibility remain significant barriers, particularly in resource-
constrained settings. Aesthetic customization and material
options are less versatile than those of traditional methods, and
some patients encounter adaptation challenges, such as speech
difficulties. In complex cases, such as those involving resorbed
ridges, achieving an optimal fit may be challenging due to
limitations in capturing soft tissue anatomy. Additionally, reliance
on digital systems introduces risks of technical issues and
workflow disruptions, especially with interoperability challenges
between different systems. Addressing these barriers is essential
to expanding adoption and improving clinical outcomes.
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Review / Derleme

Tiirkiye’de Yetisen ve Jinekolojik Hastaliklarda
Onemi Olan Tibbi Bitkilerin Degerlendirilmesi

Evaluation of Medicinal Plants Growing in Turkey and
Important in Gynecological Diseases

oz

insanlik tarihi boyunca bitkiler cesitli amaclarla kullanilmis, dzellikle tedavi edici 6zellikleri ile 6n
plana ¢ikmistir. Giiniimizde sentetik ilaglarin yan etkilerine karsi artan farkindalik, fitoterapiye
olan ilgiyi artirmis ve tibbi bitkilerin halk arasinda geleneksel kullanimini yeniden giindeme
getirmistir. Bu ¢alismanin amaci, Tirkiye'de yetisen tibbi bitkilerin jinekolojik hastaliklardaki
potansiyel kullanimlarini literatiir verileri dogrultusunda degerlendirmektir. Bu derlemede,
ulusal ve uluslararasi etnobotanik ve farmakolojik kaynaklar taranarak, endometriozis, polikistik
over sendromu ve anormal uterin kanamalar gibi jinekolojik hastaliklarda kullanilan bitkiler
belirlenmistir. Yapilan literatiir taramalari sonucunda s6z konusu jinekolojik rahatsizliklarda
etkinligi tespit edilen bazi bitki tiirlerinin geleneksel olarak tedavi amaciyla kullanildigi tespit
edilmistir. Ayrica bu bitkilerin bazi farmakolojik ¢alismalarla desteklenen anti-inflamatuar,
antioksidan ve hormon dizenleyici etkileri bulundugu gérilmustir. Tirkiye florasinda yer alan
bazi tibbi bitkiler, jinekolojik hastaliklarin geleneksel tedavisinde uzun yillardir kullaniimaktadir.
Bu bitkilerin etnobotanik ve farmakolojik Ozelliklerinin detayli bir sekilde incelenmesi,
tamamlayici tip uygulamalarinda bilimsel temelli bir yol haritasi olusturabilir. Gelecekte
yapilacak klinik galismalarla bu bitkilerin etkinligi ve glivenligi daha net bir sekilde ortaya
konulmalidir.

Anahtar Kelimeler: Anormal uterin kanama, endometriyozis, fitoterapi, jinekolojik hastaliklar,
polikistik over sendromu.

ABSTRACT

Throughout human history, plants have been used for various purposes, and have come to the
forefront especially with their therapeutic properties. Today, increasing awareness of the side
effects of synthetic drugs has increased interest in phytotherapy and brought the traditional use
of medicinal plants back to the agenda. The aim of this study is to evaluate the potential use of
medicinal plants grown in Turkey in gynecological diseases in line with literature data. In this
review, national and international ethnobotanical and pharmacological sources were scanned
and plant species used in gynecological diseases such as endometriosis, polycystic ovary
syndrome and abnormal uterine bleeding were determined. As a result of the literature review,
it has been determined that some plant species that have been found to be effective in
gynecological disorders have been used traditionally for treatment purposes. In addition, it was
observed that these plants have anti-inflammatory, antioxidant and hormone regulating effects
supported by some pharmacological studies. Some medicinal plants found in the flora of Turkey
have been used for many years in the traditional treatment of gynecological diseases. A detailed
examination of the ethnobotanical and pharmacological properties of these plants can create a
scientifically based roadmap in complementary medicine practices. The effectiveness and safety
of these plants should be demonstrated more clearly with future clinical studies.

Keywords: Abnormal uterine bleeding, endometriosis, gynecological diseases, phytotherapy,
polycystic ovary syndrome.
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Giris

Tibbi ve aromatik bitkiler gegmisten bu yana gida, baharat ve
ilag olarak kullanilmistir. M.O. 5000'li yillarda dahi insanlarin
hayatta kalmak igin 250 adet bitkiyi taniyip kullandiklar
belirlenmistir. En eski medeniyetlerden Hititler, Misirlar,
Sumerler, Asurlar ve Mezopotamyalilar yillarca bitkilerle tedavi
yoluna gitmislerdir (Acibuca ve Budak, 2018). 20. ylzyl igerisinde
meydana gelen sosyo-politik olaylar ve teknolojideki gelisim
neticesinde ila¢ endlstrisinde meydana gelen yenilikler sentetik
ilag kullaniminin artisina neden olmustur. 1930-1940 yillarinda da
tedavide tibbi bitkilerin kullanimi, yerini blylik dl¢lide sentetik
ilag Uretimi ve bu ilaglarin kullanimina birakmistir. Diinya savasl
ardindan batili Glkelerde yasanan sosyo-ekonomik degisiklikler,
endustriyel alanda ilerlemeler, bu tlkelerde 1970 sonlarina kadar
tibbi bitki kullanim oranini ciddi miktarda azaltmistir (Goktas ve
Gidik, 2019). 20. Ylzyil baslarinda listelenen ilaglarin %40’indan
fazlasi bitkisel kaynakhdir. Ancak 1970’lerin ortalarindan itibaren
bu oran, belirtilen sebeplerden dolayr %5’in altina kadar
dismistlir (Bayram vd., 2010). 1980-1990 yillarinda insanlarin
saglik alaninda bilgi sahibi olmalari, kimyasallardan mimkin
Olclide kurtulma istegi dolayisiyla dogal drinler kullanma
taleplerinin artmasi gibi sebeplerden otiiri tibbi ve aromatik
bitkilerle tedavi yeniden giindeme gelmistir (Goktas ve Gidik,
2019). Fitoterapi, bir¢ok hastalikta oldugu gibi jinekolojik
hastaliklarda da tercih edilmektedir. Bu derleme jinekolojik
hastaliklardan endometriyozis, polikistik over sendromu ve
anormal uterin kanama hallerinde faydali olabilecegi disinilen
tibbi bitkiler lzerine yapilmistir. Yapilan literatlir taramalari
sonucunda, jinekolojik hastaliklarda tibbi kullanimi bulunan ¢ok
sayida bitki tespit edilmistir. Achillea biebersteinii Afan., Malva
neglecta Wallr. ve Glycyrrhiza glabra L. tirlerinin Tirkiye’de halk
arasinda jinekolojik hastaliklarda kullanildigi tespit edilmistir
(Karakaya vd., 2023). Bu derlemede ele alinan bitkiler, hem
geleneksel kullanimlari hem de modern bilimsel g¢alismalarda
etkinliklerine dair veri sunmasi nedeniyle segilmistir. Boylece,
secilen bitkilerin jinekolojik hastaliklar Uzerindeki potansiyel
etkileri calismamizda degerlendirilebilmistir.

Endometriyozis

Endometriyozis, fonksiyonel endometriyal dokunun uterin
kavite disindaki ektopik alanlarda bulunmasi durumudur (Kilig ve
ark., 2008). Genel olarak ostrojen bagimh bir hastaliktir (Yavuz,
2005). Endometriyoziste uterin hiicreler ovaryum, idrar kesesi,
serviks, rektum ile koltuk alti bolgesi gibi anormal bolgelere de
yerlesip ve gelisebilir. Olusan bu endometriyal doku organizma
tarafindan uterusta gelismis bir doku gibi algilanarak hormon
dizeylerinin bozulmasina yol agar. Kanama, enflamasyon, yara
olusumu, adezyon, deformasyon, infertilite ve ¢ok siddetli agri
meydana gelir (ilhan, 2019). Endometriyozis odaklari, normal
yerlesimlerinin disinda olmasina ragmen normal bir doku tipi
icerirler ve menstriiel siklusu yoneten hormonlara yanit verirler
(Vercellini vd., 2014). Siklusun proliferasyon fazinda &strojen
hakimiyetinde patolojik olan bu odaklar da prolifere olurken
progesteron c¢ekilmesi ile gelisen endometrium dokilmesi,

uterusta regl kanamasi ile viicudu terk ederken, patolojik olan bu
odaklarda viicudu terk etme imkani yoktur. Bu nedenle kendi
icine kanama ve bu odaklardan dokiilen dokunun ve kanin gevre
dokulari etkilemesi, tekrarlayan enflamasyon zemini ve gelisen
bag dokusu yapisikliklari endometriyozisin bilinen sonuglaridir
(Acarkan, 2016; Leyland vd., 2010). Endometriyozis lreme
doénemi hastaligidir ve en ¢ok 30-35 yas araliginda gorilir.
Menoraji ve dismenoresi olan kadinlarda daha sik gorilir. Yapilan
calismalar, siddetli adet sancisi yasayan adolesanlarin
endometriyoza yatkinliginin daha fazla oldugunu ortaya koymus
ve erken teshisin dnem arz ettigini gdstermistir (Acarkan, 2016).
Gebeligin endometriyozis Uzerine etkileri oldugunu gosteren
calismalar mevcuttur. Gebeligin anovulasyon ve amonere ile
endometriyotik odaklarin kanlanmasini engellemesi ve farkli
metabolik, hormonal, imminolojik ve anjiojenik degisiklikler
nedeni ile endometriyozis ve semptomlarinin Gzerinde olumlu bir
etkisinin olduguna dair bir disiince uzun yillardir mevcuttur.
Ancak bu teoriyi kanitlayacak vyeterli diizeyde ¢alisma
bulunmamaktadir (Navarro vd., 2020). Semptomlari; siddetli
pelvik agri, dismenore, disparoni, infertilite, kolon ve rektumda
kanama, konstipasyon olarak siralanabilir (Yavuz, 2005).

Endometriyozis igin farkh tedavi yéntemleri bulunmaktadir.
Endometriyoziste gorilen agrilar igin agri kesiciler regete edilir.
Yumurtlamanin mimkiin oldugunca uzun bir siire durdurulmasi
amaclyla hormonal tedavi uygulanir. Hormonal tedavi; dogum
kontrol haplari, progesteron ilaglari, testosteron tirevleri
(danozol), ve GnRH agonistlerini (gonadotropin salici hormon
ilaglari) icermektedir. Hormonal tedavide goriilebilecek yan
etkiler bazi kadinlar igin ciddi sorunlar olusturabilir. Laparoskopik
ya da klasik yontemle vyapilan cerrahi islemler ile de
endometriyozis lezyonlarinin ¢ikartilmasi veya yok edilmesi
miimkin olmaktadir. Buna ragmen diger tedavilerde oldugu gibi
hastaligin tekrarlama olasiligi siktir (Acarkan, 2016).

Endometriyozis’te Etkili Tibbi Bitkiler
1. Viburnum opulus L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Dipsacales
Familya: Viburnaceae
Cins: Viburnum L.

Cok yillik, 5 m’ye kadar biyuyebilen beyaz ¢icekli bir bitkidir.
Halk arasinda gilaburu, dagdagan, dagdigan, geleboru, gilabada,
gildar (Tunceli), giligili (Sille-Konya), giraboglu, girabolu,
gireboglu, gireboli gibi bir¢cok sekilde isimlendirilen bu bitki
morfolojik olarak yesil renkli, 3-5 pargali, kenarlari diizensiz digli
yesil renkli, daginik dizilmis yapraklari bulunan meyveleri
sonbaharda kirmiziya dénen bir bitkidir. Cok dalli bir gévde ve
daginik bir tag sekline sahiptir. Cicek doneminde gigekler gosterisli
dista beyaz renkte semsiye seklinde olup 5- 10 cm ¢apindadir. 25-
50 meyveli salkim olusturan bitkinin sonbaharda olgunlasan
kirmizi meyveleri parlak, oval, lezzetsiz, kokusuz, asidiktir.
Tohumlar kalin endospermlidir (Yildiz ve Ekici, 2019).
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Ozellikle Orta ve Bati Karadeniz bélgelerinde dogal olarak
yetisen bir bitkidir. Bu bitkinin meyveleri ¢ig olarak tiketildiginde
kan sekerini distriici etkiler goésterebilmektedir (Sarikaya vd.,
2010). Orta Anadolu’da bitkinin  koyu kirmizi  renkteki
meyvelerinden geleneksel yéntemlerle icecekler hazirlanmakta
ve bu icecekler yaygin olarak tiketilmektedir (Baytop, 1999).

V. opulus L. bitkisinin Turkiye’deki dagilimi Sekil 1’deki gibidir
(Tubives, 2025, May 17).

Sekil 1.

V. opulus L. bitkisinin Tiirkiye’de yetistigi yerler
Endometriyozise Etkisi

Saltan ve arkadaslarinin yaptigi bir ¢alismada V. opulus
kurutulmus meyvelerinden n-hekzan, etil asetat ve methanol
ekstreleri hazirlanmistir. Rastgele segilen 30 sican 5 gruba
ayrilmis, ekstreler ve standartlar model olusturulduktan g giin
sonra 100 mg/kg dozlarda oral olarak 28 glin boyunca
uygulanmistir.  Kontrol grubu: %5 distile suda sodyum
karboksimetilseltloz (CMC %5, 2 mL/sigan/gln), referans grubu:
Buserelin asetat (20 mg/sican/hafta) deri altina uygulanmistir.
Deneyin sonunda, kistik ve vaskilarize endometriotik
implantlarin uzunluk, genislik ve yikseklik boyutlari mikrometre
ile 6lgllmis ve hacimleri hesaplanmistir. n- Hekzan ve kontrol
gruplarinin tedavi 6ncesi ve sonrasi hacimleri arasinda istatistiksel
olarak anlamli bir fark gdzlenmemistir. Etil asetat ekstresi ile
tedavi edilen hayvanlarda hicbir yapisiklik gozlenmezken,
metanol ekstresi ile tedavi edilen gruplarda yapisikliklarda 6nemli
Ol¢lide azalma tespit edilmistir (Saltan vd., 2016).

2. Achillea biebersteinii Afan.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Asterales
Familya: Asteraceae
Cins: Achillea Afan.

10-100 cm boylarinda gok yillik, otsu, kalin veya ince odunsu
bazen siirliniicl rizomlar bulunduran bitki farkh kaltirlerde birgok
yerel isimle anilmaktadir. Turkiye’de pire otu, esek otu, ayvadana,
ayvadene, sari civan pergemi, ari gicegi, pelikertik, sarilik otu, kilig
otu gibi isimlerle taninmaktadir. Govde dik, genellikle bir veya
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birkag, diz veya hafif kavisli, dallanmamis veya yogun tuylQ
indumentumla yukariya dogru hafif dallanmistir. Yapraklar
homomorfik, silindiriktir. Cigekler altin sarisi, liglller 4-5 ve disk
cicekler 10-30 arasidir. Ciceklenme genellikle nisan mayis
aylarindadir (Yilmaz, 2022).

Achillea tirleri, halk arasinda idrar soktirica, istah agici, gaz
giderici, yara iyilestirici (6zellikle hemoroid tedavisinde), Uriner
antiseptik, dksiirik giderici, 6dem atici ve adet dlizenleyici olarak
yaygin sekilde kullaniimaktadir. Ayrica, bu bitkilerin toprak tsti
kisimlari dekoksiyon veya inflizyon ydntemleriyle hazirlanarak
menstriiasyon (adet) donemi ile dogum sonrasi gorilen agrilarin
hafifletiimesinde geleneksel olarak kullaniimaktadir (Baytop,
1999; Yesil ve Akalin, 2009).

A. biebersteinii Afan. bitkisinin Tlrkiye’deki dagihmi Sekil
2’deki gibidir (TUbives, 2025, May 17).

Sekil 2.

A. biebersteinii Afan. bitkisinin Tiirkiye’de yetistigi yerler
Endometriyozise Etkisi

A. biebersteinii  kurutulmus topraklsti kisimlarindan
hazirlanan n-hekzan, etil asetat ve metanol ekstreleri
endometriyozis modeli olusturulmus ratlara uygulanmistir.
Endometriyal odaklarin tedavi sonrasi hacimlerinin etil asetat
ekstresi ile tedavi edilen grupta onemli o6lgiide azaldig ve
herhangi bir yapismanin meydana gelmedigi tespit edilmistir.
TNF-a, VEGF ve IL-6 seviyeleri de etil asetat ekstresi ile tedaviden
sonra dismustiir. A. biebersteinii'nin bu ekstresinini terapoétik
etkisi ekstrede bulunan flavonoid aglikonlara atfedilmistir
(Demirel vd., 2014).

3. Prunella vulgaris L.

Alem: Bitkiler alemi
Bollim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Lamiales
Familya: Lamiaceae
Cins: Prunella L.

Halk arasinda yara otu, gelincikleme otu olarak da bilinen bu
bitki lifli kokld, stirtinen bir rizomlu ¢ok yillik bir bitkidir. Govdeler
dik ve yikselici, tek veya az sayida, genellikle dalsiz, yapraklar
saph 3 ila 7 damarli dortgen seklinde veya yumurtamsidir.
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Brakteler genisce oval-kordat, siliat sagakli, morumsu veya
yesildir. Kaliks 7-8 mm, morumsu veya yesil, dar boru veya ¢an
seklindedir. Ta¢ yapraklar menekse ila mor arasi renktedir (Liao
vd., 2010).

Tirkiye’de geleneksel olarak 6zellikle yara iyilestirici, iltihap
giderici ve bogaz agrilarina karsi kullanilmaktadir (Kdltdr, 2007).
Bazi bolgelerde bitkinin kurutulmus gicekli dallarindan hazirlanan
inflizyonun soguk alginligi ve bademcik iltihaplarinda gargara
seklinde kullanildigi bildirilmistir (Sezik vd., 2001). Ayrica
antiseptik ve kan durdurucu 6zellikleri nedeniyle haricen kuigik
kesik ve yaralara uygulanmaktadir (Baytop, 1999).

P. vulgaris L. bitkisinin Turkiye’de dagilimi Sekil 3'teki gibidir
(Tubives, 2025, May 17).

i

Sekil 3.

P. vulgaris L. bitkisinin Tiirkiye’de yetistigi yerler
Endometriyozise Etkisi

P. vulgaris ile hazirlanan metanol ve etanol ekstrelerinin
antidstrojenik etkileri in vivo ve in vitro ortamlarda test edilmistir.
Hazirlanan ekstreler hormona duyarli endometrial hiicre hatti
ECC-1 kullanilarak denenmis, hiicrelerde toksik olmayan
konsantrasyonlarda, ostrojen yaniti ile artan alkalen fosfataz
aktivitesi ve hiicre proliferasyonunu doza bagimli olarak anlaml
bicimde azalttigi gozlemlenmistir. Ekstrelerin, insan endometriyal
ksenograftlari ile implante edilen ovariektomize immin
yetmezlikli  farelerde  Gstrojene yanit olarak  ektopik
endometriyumun proliferasyonunu bloke ettigi ve onemli
antidstrojen  Ozellik  gosterdigi  kaydedilmistir.  Bitkinin
endometriozis ile meme ve uterus kanserleri gibi Gstrojene
bagimh durumlarin tedavisinde yardimci bir ajan olarak faydah
olabilecegi ifade edilmistir (Collins vd., 2009).

4. Malva neglecta Wallr.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Malvales
Familya: Malvaceae
Cins: Malva Wallr.

Halk arasinda kiglk ebe glmeci, ¢oban ¢oregi, develik,
gbmeg, komeg, ebegdmeci, tolik olarak bilinir (Hasimi ve ark.,
2017). Uzunlugu 20 cm kadar olan gli¢lii ve derine niifuz eden
kazik koke sahip ¢ok yillik bir bitkidir. Gévdeler bodur ve taban
kisminda odunsu, sicak mevsimde gelisenler yatik ve yaklagik 1 m

¢apa kadar diz rozetler olusturur, soguk mevsimlerde olusanlar
¢ok kisa bogum aralariile kisalir, hepsi seyrek ve az ya da gok basik
yildizsi tiylidir. Meyve 6-8 mm gapinda, yan aglilari yuvarlatiimis
12-15 diz kisa yildizsi-piloz (yumusak dik ve uzunca tiyli)
merikarptan olusur. Yaprak sapi 3-20 cm uzunlugunda, yumusak
ve seyrek vyildizsi-piloz; stipiller ovat-akuminat veya ovat-
lanseolattir. Ta¢ yapraklar 10-13 mm uzunlugunda, beyaz,
genellikle leylak rengi veya morumsu damarli ve tepeye dogru
leylak rengi veya soluk mordur. Kaliks 5-7 mm uzunlugunda,
yildizsi, ortasina kadar ya da ortasinin biraz 6tesinde loplu, daha
sonra bir miktar kivrimli ve meyveyi cevreler; loplar Giggenimsi-
ovat, sivri, bazilari kirpiklidir (Al-Snafi, 2019; Jan vd., 2021).

Tirkiye’de halk arasinda bitkinin yapraklari kaynatilir ve
iltihabi gidermek amaciyla vajinaya yerlestirilmektedir. Bitkinin
toprak Ustli kisimlariyla hazirlanan dekoksiyon, jinekolojik
hastaliklarda anti-inflamatuar olarak igilmektedir. Toprak dsti
kisimlar sitle kaynatilmakta ve g¢ocuk sahibi olmak isteyen
kadinlarin  bu  karisimin  (zerine  oturtulmasi  suretiyle
kullanilmaktadir. Bitkinin toprak Ustl kisimlariyla hazirlanan
dekoksiyon, jinekolojik hastaliklarda iltihap giderici olarak
icilmektedir (Karakaya ve ark., 2023).

M. neglecta Wallr. bitkisinin Turkiye’deki dagilimi sekil 4'teki
gibidir (Tbives, 2025, May 17).

N

Sekil 4.

M. neglecta Wallr. bitkisinin Ttirkiye’de yetistigi yerler
Endometriyozise Etkisi

Akkol ve arkadaslarinin yaptig1 bir ¢alismada M. neglecta
yapraklarindan n-hekzan, etil asetat ve metanol ekstreleri
hazirlanmistir. Ekstreler, endometriyozis modeli olusturulmus alti
haftalik disi Wistar albino si¢anlarda test edilmistir. Hastalk
modeli endometrial dokunun karin duvarina ototransplantasyonu
ile cerrahi olarak indiklenmistir. Yirmi sekiz giin sonra ikinci bir
laparotomi ile endometriotik odak alanlari ve intraabdominal
adezyonlar degerlendirilmistir. Arastirma sonucunda 6zellikle
metanol ekstresiyle tedavi edilen grupta endometriotik odak
hacmi ve adezyon skorlarinin anlamli derecede azaldig
gorulmagtir. Ayni grupta TNF-a, VEGF ve IL-6 dlizeylerinde de
anlamli distsler gdzlemlenmistir. HPLC analizleri, bu biyolojik
etkinin  metanol  ekstresindeki  polifenolik  bilesiklerden
kaynaklandigini ortaya koyulmustur (Akkol vd., 2022).

Polikistik Over Sendromu (PKOS)
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Poli (¢cok sayida) kistik (kist iceren) over (yumurtalik dokusu)
kelime anlami olarak ¢ok sayida kist iceren yumurtalik dokusu
anlamina gelmektedir (Aydos vd., 2016). Polikistik Over
Sendromu (PKOS) santral sinir sistemi, hipofiz, overler, adrenal
glandlar ve ekstra glanduler dokular arasindaki etkilesimlerin
bozulmasina bagli olarak gelisebilen bir hastaliktir. Ureme ¢aginin
herhangi bir doneminde ortaya ¢ikabilen bu hastalik, kronik
seyreden, diyabet, koroner kalp hastaligi ve kanser gibi ciddi
saglik sorunlari ile de iliskilendirilebilir (Azziz vd., 2006). Polikistik
over sendromunun ilk olarak 1935 yilinda Stein ve Leventhal adh
bilim adamlari tarafindan tanimlandigi kabul edilir. Bu iki bilim
adami yayinladiklari makalede; asiri tiiylenme, adet gérememe,
gebe kalamama, asiri kilo alma ve diger bazi belirtilerden olusan
bir sendrom olarak sunmuslar ve yumurtaliklarda ¢ok sayida kistik
olusumdan bahsetmislerdir (Yildirim, 2011).

Polikistik over durumu ile polikistik over sendromu (PKOS)
birbirinden farkli kavramlardir. Polikistik over durumu kadinin
ultrasonografik yumurtalik incelemesinde, 2-8 mm ¢apinda ¢ok
sayida kii¢lik yumurta kesesinin (kistinin) olmasidir. Polikistik over
sendromu ise androjenlerin artisi, ovulasyon bozuklugu ve
ovaryumlardaki kistik yapilari iceren heterojen bir dizensizligi
ifade eder (Aydos vd., 2016).

Polikistik over sendromunda goriilen fizyolojik bozuklular tek
bir nedene bagli olarak agiklanamaz. Cesitli genetik bozukluklar
cevresel kosullar ile birlestiginde PKOS tablosu ortaya
¢tkmaktadir. Bu tablo igerisinde insilin direnci merkezde rol
oynuyor gibi gériinmekte ve obeziteden bagimsiz olarak vakalarin
yaklasik %50-70’inde goriilmektedir (Dunaif, 1997). insilin direnci
ve buna bagl olarak gelisen fazla insilin salinimi androjen
yapiminin artmasina, fazla androjen ise menstriiel bozukluklara,
over kistlerinin gelisimine ve hirsutizme neden olmaktadir
(Evliyaoglu, 2011). Hiperinsiilinemi ve hiperandrojenemi PKOS
gelisiminde iki ana etmendir ancak henliz neden olustuklari ve
birbirleriyle iligkileri tam olarak aydinlatiimis degildir (Bremer vd.,
2008).

Polikistik over sendromu lireme ¢agindaki kadinlarin %4-8'ini
etkilemektedir (Azziz vd., 2004). Hastaligin olusumunda genetik
etmenler dnemli rol oynamaktadir. Polikistik over sendromu olan
kadinlarin annelerinde %24, kiz kardeslerinde %32 oraninda
polikistik over sendromu gorilme olasiligi vardir (Kashar-Miller
vd., 2001).

Obezite ve hiperandrojenizm PKOS prevalansi ile iligkili
durumlardandir. Obez kadinlarin yaklasik %28,3’liinde polikistik
over sendromu gériilmektedir (ilhan, 2019). Hiperandrojenizmin
klinik bulgularindan olan hirsutizm, hiperandrojenizmi olan
kadinlarin yaklasik %70’inde gorilir (Evliyaoglu, 2011).

PKOS’lu kadinlarda goérilen bazi semptomlar; akne, alopesi,
amenore, depresyon, diyabet, dizensiz menstiral sikluslar,
endometriyal kanserler, hirsutizm, infertilite, insilin direnci,
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kardiyovaskiiler hastaliklar, lipit metabolizmasinda bozukluklar,
obezite, uyku apnesi olarak siralanabilir (ilhan, 2019).

PKOS tedavisi: androjen baglantili semptomlarin etkilerinin
azaltilmasi, adet déngisi ve buna bagh dizensizliklerin tedavisi
ve infertilite tedavisi seklinde olmaktadir. Hastalarin %5-10"unda
kilo kaybinin menstriiel déngiiniin olumlu etkilenmesine ve glikoz
toleransinin artmasina neden oldugu kaydedilmistir. Kilo kaybi
ileri yaslarda gelisebilecek tip 2 diyabet, tromboembolizm ve
kardiyovaskiiler hastaliklar gibi sorunlarin olusma olasilhigini da
azaltmaktadir (Aydos vd., 2016).

Kombine oral kontraseptifler, PKOS tanili ergenlik
doénemindeki hastalarda tedavide ilk tercih edilen ilag grubudur.
Bu tip oral kontraseptifler, LH salinimini ve androjen Uretimini
azaltarak etkilerini gostermektedir. Tedavinin ilk ayinda androjen
seviyesinde azalma meydana gelir. Ancak, oral kontraseptiflerin
hipertansiyon ve vendz tromboembolizme sebep olmalari
nedeniyle, kombine oral kontraseptif kullanan, 6zellikle aile
gecmisinde vendz tromboembolizm bulunan adolesanlarda
hastalarin duzenli olarak yan etki profili bakimindan takip
edilmeleri gerekmektedir (ilhan, 2019). Bu ilaglarin PKOS kaynakli
akne Gzerindeki etkisi 1-2 ayda gordlir. Hirsutizm Gzerinde etkili
olabilmesi igin ise 6-12 ay gereklidir. Ancak bu etki terminal kil
blyumesini durdurmaz sadece yavaslatir (Evliyaoglu, 2011).

Tedavide kullanilan bir baska ilag grubu da antiandrojenlerdir.
Hirsutizm tedavisinde kombine orak kontraseptiflerden daha
etkilidirler. Bu gruptan en c¢ok tercih edilen ilag olan
spironolakton, androjenlerin reseptorlere baglanmasini bozarak
etki gosterir. Yan etkisi fazla olmamakla beraber menstriel
duzensizlik, hiperkalemi, memelerde hassasiyet, poliiri, halsizlik
ve bas agrisi yapabilir. Terotojenik etkisi nedeniyle cinsel aktif
ergenlerde kombine oral kontraseptiflerle birlikte recete edilir
(Evliyaoglu, 2011).

PKOS’lu hastalarda gorilen insilin direncini diistirmek amaci
ile metformin kullaniimaktadir. Yapilan galismalar, metformin
tedavisinin obeziteden bagimsiz olarak kan sekeri dizeyini
dengeledigini ve vyiksek erkeklik hormonunu dislrdigini
gostermektedir. PKOS olan kadinlarin biyik ¢ogunlugunda
metformin tedavisinin adet diizensizligini ve yumurtlama
fonksiyonlarini diizenledigi gdzlenmistir (Aydos vd., 2016).

Polikistik Over’de Etkili Tibbi Bitkiler
1. Linum usitatissimum L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Linales
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Familya: Linaceae
Cins: Linum L.

Tirkiye'de keten olarak bilinen, tek willk, 20-150 cm
yukseklige kadar ulasabilen bir bitkidir. Yapraklar gri-yesil renkli,
sapsiz, alternat, linear-lanceolat, 30-60 milimetre uzunlugunda,
tlystzdir. Cicek durumu panikula, agik mavi renkli ve petaller
sepallerden daha uzundur. Canak yapraklar 5 tane, yumurtamsi-
akiminat sekildedir. Tiim kenarlari kagit gibi yari saydamdir; ana
damar ganak yapraklarin sadece taban yarisinda belirgindir. Tag
yapraklar 5 tene, serbest, obovat, 8 x 3,5 mm, penceli bir tabana
dogru daralir, mavi-beyaz renklidir. Stamenler 5 adettir. Kapsiil 10
valvli, kiiremsi, 8-10 mm ¢apinda, kaliks uzunlugunu asar, bal-
kahverengi rengindedir. Tohumlar parlak, agik kahverengi, + 5
mm uzunlugundadir (Davis, 1984; Orhan, 2011).

Tirkiye’de halk arasinda en ¢ok kabizlik giderici olarak
kullanilmaktadir. Keten tohumlari ezilerek veya bitin halde
yutulmakta, bagirsaklari yumusatarak mushil etkisi saglamaktadir
(Baytop, 1999). Ayrica ezilmis tohumlardan hazirlanan lapa, halk
hekimliginde iltihapli yaralara ve deri hastaliklarina karsi haricen
uygulanmaktadir (Sezik vd., 2001). Bazi yorelerde ise keten lapasi,
adet dizensizlikleri ve rahim iltihaplari gibi kadin hastaliklarinda
karin bolgesine sarilarak kullaniimaktadir (Kiltiir, 2007).

L. usitatissimum L. bitkisinin Tarkiye’deki dagihmi Sekil 5’teki
gibidir (Tbives, 2025, May 17).

y

Sekil 5.

L. usitatissimum L. bitkisinin Tiirkiye’de yetistigi yerler
PKOS iizerine etkisi

Yapilan ¢alismada PKOS teshisi konulmus 31 yasindaki kadin
hastaya yaklasik 3 ay boyunca giinde 30 g keten tohumu
verilmistir. Slire¢ sonunda Toplam serum testosteronunda %70,
serbest serum testosteronunda %89 ve serbest testosteron
ylzdesinde %65 azalma ile androjen seviyelerinde dnemli bir
dislis gozlenmistir. Hasta ayrica 4 aylik dénemin sonunda
hirsutizmde azalma oldugunu bildirmistir (Nowak vd., 2007).

2. Urtica dioica L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Urticales
Familya: Urticaceae

Cins: Urtica L.

Tiirkiye’de aci 1sirgan olarak bilinen Urtica dioica L., yazin 0,9-
2 metre boyunda, kisin ise yere kadar uzanan, dioik, otsu, ok yillik
bir bitkidir. Kokleri gibi parlak sari renkli, yaygin olarak yayilan
rizomlari ve stolonlari vardir. Yumusak, yesil yapraklar dik, ince,
yesil bir govde lzerinde karsilikli olarak tasinir. Yapraklar kuvvetli
tirtikh bir kenar bosluguna, kordat bir tabana ve bitisik yanlardan
daha uzun bir terminal yaprak disine sahip sivri uglu bir uca
sahiptir. Yogun koltuk alti salkimlarinda kigik, yesilimsi veya
kahverengimsi ¢ok sayida cicek tasir. Yapraklar ve govdeler ¢ok
tlyludir ve yakici olmayan tlylere sahiptir ve ¢ogu alt tirde
ayrica dokunuldugunda uglari gikan ve saglari gesitli kimyasallar
enjekte edebilen ve aci veren bir igneye donistiiren ¢ok sayida aci
veren tlyler (trikomlar veya spikiller) tasir (Davis, 1982; Joshi vd.,
2014).

Tirkiye’de halk hekimliginde o6zellikle idrar soktiriicli, kan
temizleyici ve romatizmal agrilara karsi yaygin olarak
kullanilmaktadir ~ (Baytop, 1999). Ayrica, vyapraklarindan
hazirlanan inflizyon ve lapalar, sa¢ dokiilmesini énlemek ve deri
rahatsizliklarini tedavi etmek amaciyla da tercih edilmektedir
(Sezik vd., 2001). Bazi yorelerde, 1sirgan otu saplarindan yapilan
kaynatma suyu, adet diizensizliklerini gidermek igin icilmektedir
(Kultar, 2007).

U. dioica L. bitkisinin Tlrkiye’deki dagihmi Sekil 6‘daki gibidir
(Tubives, 2025, May 17).

Sekil 6.
U. dioica L. bitkisinin Tiirkiye’de yetistigi yerler

PKOS uizerine etkisi

Urtica dioica L. bitkisi koklerinden hazirlanan ekstrelerinin,
seks hormon baglayici globilin ile etkilestigi ve buna bagl olarak
prostat hipertrofisi tedavisinde kullanildigi belirtilmistir. Bu bilgi
dogrultusunda bitkinin koklerinin PKOS tedavisindeki etkinliginin
arastirilmasi amaciyla yapilan gesitli calismalarda, globdlinin
testosterona  baglanma yetenegini arttirdigi  dolayisiyla
testosteron diizeyini azaltarak etki gosterdigi rapor edilmistir
(ilhan, 2019).

3. Glycyrrhiza glabra L.

Alem: Bitkiler alemi
Bollim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Fabales
Familya: Fabaceae
Cins: Glycyrrhiza L.
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Turkiye’de meyan/ meyan koku olarak bilinen ¢ok yillik, otsu,
tliystiz yaprakli, mavimsi mor gigekli, rizomlu bir bitkidir. Gévdeler
0,5-1,0 m yiksekliginde; tlyli bazen kabuklu, Gstte glandilerdir.
Yapraklar imparipennat sekildedir. Yaprakgiklar eliptikten
dikdértgenimsi-yumurtamsiya kadar, genis, bazen mukronat
genellikle yapiskandir. Stipiller membrandz, kadikézdir. Cigek
salkimlari aksiller salkim, ¢icek durumu rasemoz ya da yaprak
koltuklarinda  spikalar  seklindedir. Cicekler 8-12 mm
uzunlugunda; mavi, soluk menekse veya beyaz renktedir. Meyve
¢ok tohumlu, bakla 30 mm uzunlugunda, dogrusal-
dikdoértgenimsi, diiz, sikistirilmis, tlysiiz veya glandiler kirmizi-
kahverengidir (Kaur vd., 2013).

Tiirkiye’de halk arasinda 6zellikle 6ksirik, bronsit ve solunum
yolu rahatsizliklarinin tedavisinde yaygin olarak kullaniimaktadir
(Baytop, 1999). Meyan kokiu koklerinden hazirlanan inflizyon,
balgam soktiiriicii ve anti-inflamatuar etkileri nedeniyle tercih
edilmektedir (Sezik vd., 2001). Ayrica, mide Ulseri ve gastrit gibi
sindirim sistemi problemlerinde de geleneksel olarak meyan kokii
kullanimi yaygindir (Kaltdr, 2007). Tirkiye’de Dogu Anadolu
Bolgesi’'nde gocuk sahibi olmak isteyen kadinlarin, bu bitkinin
koklerinin kaynatilmasiyla elde edilen suyun Gzerine oturtulmasi
yoluyla halk arasinda kullanimi mevcuttur (Karakaya vd., 2023).

G. glabra L. bitkisinin Tirkiye’deki dagihmi Sekil 7’deki gibidir
(Tubives, 2025, May 17).

Sekil 7.

G. glabra L. bitkisinin Tiirkiye’de yetistigi yerler
PKOS iizerine etkisi

Meyan kokiiniin androjen metabolizmasi lzerindeki etkisi,
siklusun luteal fazindaki 22-26 yaslarindaki dokuz saglikh kadinda
arastinilmistir. Bu kisilere iki siklus boyunca giinde 3,5 g ticari
meyan koklU preparati (%7,6 h/h glisirizik asit ihtiva eden)
verilmistir. Kadinlara baska herhangi bir tedavi verilmemistir.
Total serum testosteronunun iki ay icinde kademeli olarak azaldigi
tespit edilmistir. Tedavi kesildikten sonra tedavi 6ncesi seviyelere
donmustir. Meyan kokinin muhtemelen 17-hidroksisteroid
dehidrogenaz ve 17-20 liyazin bloke edilmesi nedeniyle serum
testosteronunu azaltabilecegi ortaya konmustur. Bu ¢alisma
sonucunda meyan kokinlin hirsutizm ve polikistik over
sendromunun adjuvan tedavisi olarak duslinilebilecegi rapor
edilmistir (Armanini vd., 2004).

4. Mentha spicata L.
Current Research in Health Sciences

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Lamiales
Familya: Lamiaceae

Cins: Mentha L.

Tirkiye’de nane olarak bilinen Mentha spicata L. bitkisi, 30-
100 cm yiiksekliginde ¢ok yillik, rizomlu bir bitkidir. Govdeler dik,
dort acili, dallanmig ve tiyslzdir. Yapraklar ovat’dan lanseolata
kadar, 2-7 cm uzunlugunda ve dislidir. Cicek salkimlari yogun,
terminal, 3-12 cm uzunlugunda ve 5-10 mm genisligindedir. ince
basaklardaki sapli gigekler karisik renkli, pembe veya beyazdir. Tlr
dlinya ¢apinda ticari olarak yetistirilir ve tatlandirici, gida veya ilag
olarak kullanilir (Mahendran vd., 2021).

M. spicata L. bitkisinin Tirkiye’deki dagihmi Sekil 8’deki gibidir
(Tubives, 2025, May 17).

Sekil 1.

M. spicata L. bitkisinin Tiirkiye’de yetistigi yerler
PKOS iizerine etkisi

Galisma Tirkiye'de iki merkezde 30 ginlik randomize
kontrollii bir galisma olarak gergeklestirilmistir. 42 gondlld, 1 ayhk
bir stire boyunca gilinde iki kez nane ¢ay1 almak lzere randomize
edilmis ve plasebo bitki ¢ayi ile karsilastiriimistir. Calismanin 0, 15
ve 30. ginlerinde serum androjen hormon seviyeleri ve
gonadotropin kontrol edilmis; hirsutizm derecesi klinik olarak
degerlendirilmistir. 42 hastanin 41'i galismayl tamamlamistir.
Nane c¢ayi grubunda serbest ve total testosteron diizeyleri ve
hirsutizm derecesi 30 ginlik siire boyunca azalmistir. Nanenin
antiandrojen ozelliklere sahip oldugu tespit edilmistir (Goswami
vd., 2012).

5. Silybum marianum L. Gaertn

Alem: Bitkiler alemi
Bollim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Asterales
Familya: Asteraceae
Cins: Sliybum L. Gaertn

Halk arasinda gangal, gengel, siitlii kengel, deve dikeni,
Meryem ana dikeni, kocabas, akkiz gibi isimlerle bilinmektedir. iki
yillik, otsu bir bitkidir. Gévde 9 cm ile 1 m arasinda uzayan, yesil,
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seyrek ve yumusak taylidir. Akenler kahverengi, siyah cizgili,
obovoid, 6-7 mm uzunlugunda, hafifce sikistiriimistir. Korolla
mavi-mor, tlp ipliksi, 22-25 mm uzunlugunda, loplar 7-9 mm
uzunlugunda ve diktir. Yapraklar soluk yesil, damarlar boyunca
benekli; rozet yapraklar obovat dis hatli, derin tggen loblu, 10-50
c¢cm uzunlugunda, 5-25 cm genisliginde, taban sapli, ciceklenme
zamaninda solmus; goévde yapraklari sadece hafif loblu, ovat-
lanseolat dis hatl, 2-20 cm uzunlugunda, 0,7-8 cm genigliginde,
tim yapraklarin kenarlar giigli dikenli-dentat, seyrek pilozdur
(Azoz vd., 2019; Eren ve Sar, 2020).

Bal ile karistirilan tozu veya meyvelerinden hazirlanan %5’lik
dekoksiyonu Tirkiye’de karaciger hastaliklarina karsi ve safra
artirici olarak kullaniimaktadir (Onbasl ve Dal, 2020).

S. marianum L. Gaertn bitkisinin Turkiye’deki dagihmi sekil
9’daki gibidir (Tubives, 2025, May 17).

Ty

Sekil 9.

S. marianum L. Gaertn bitkisinin Tiirkiye’de yetistigi yerler
PKOS iizerine etkisi

Yapilan bir calismada, instlin duyarliligi Gzerine etkileri bilinen
silimarinin glikoz, insiilin, testosteron, leutinizan hormon (LH) ve
progesteron seviyeleri Uzerindeki etkisi test edilmistir.
Calismadaki 80 hastanin yumurtlama ve insilin direnci orani,
homeostaz modeli (Homeostasis Model Assessment of insulin
Resistance HOMA) ile belirlenmistir. iyi eslestirilmis (i¢ grupta 60
PKOS hastasina 3 aylik bir tedavi uygulanmistir. ilk gruba (n=20)
silimarin (750 mg/giin) verilmistir. ikinci grup metformin (1500
mg/gln) alirken, Gglncl grup metformin (1500 mg/glin) ve
silimarin (750 mg/glin) kombinasyonu ile tedavi edilmistir.
Sonuglar, tedavinin tamamlanmasindan sonra progesteron
seviyelerinde o6nemli bir artis oldugunu gostermistir. Sonug
olarak, PKOS hastalarinin tedavisinde metformine silimarin
ilavesi, bozulmus hormon dengesi ve yumurtlama orani lizerinde
iyilestirici etkiye sahip oldugu tespit edilmistir (Taher vd., 2012).

6. Vitex agnus-castus L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Lamiales
Familya: Verbenaceae
Cins: Vitex L.

Tirkiye’de hayit, aci ayit, ayit, besparmak otu isimleriyle
bilinen Vitex agnus-castus L., 1 — 6 metre uzunlugunda, yogun
aromatik bir kokuya sahip, ¢ok yillik, ¢cali ya da kiicik agag
formunda, Akdeniz ve Ege kiyilarinda genel yayilis gosteren, tipik
bir Akdeniz-maki vejetasyonu bitkisidir. Kiyilardan i¢ kesimlere
dogru 250 km’ye, deniz seviyesinden 750 m’ye kadar rakimda
gorulmektedir. Yapraklar palmat, parmaksi 5-7 pargali, st ylizi
yesil, alt ylzU beyaz sik tlylidir. Yaprakgiklar genellikle tek
pargalidir. Meyveleri yaklasik 3 mm ¢apinda olup, 4 ¢ekirdeklidir.
Cicekleri mor veya beyaz renkli, kiiresel, sapsiz veya kisa saphdir
(Davis, 1982; Kimna, 2019).

Meyvelerinden hazirlanan inflizyon, Ege Bodlgesi'nde adet
dizensizliklerini dizenlemek, premenstural sendrom
semptomlarini  hafifletmek ve spazmodik dismenore gibi
jinekolojik  sikayetlerde halk arasinda yaygin  sekilde
kullanilmaktadir (Tuzlaci ve Sadikoglu, 2007).

V. agnus-castus L. bitkisinin Turkiye’deki dagilimi sekil 10’daki
gibidir (Tbives, 2025, May 17).

Sekil 10.

V. agnus-castus L. bitkisinin Tiirkiye’de yetistigi yerler

PKOS iizerine etkisi

6-36 ay boyunca gebe kalmaya ¢alisan 93 kadin Uzerinde
yapilan bir ¢alismada katilimcilarin progesteron seviyeleri, adet
donglsl  uzunluklari, gebelik oranlari tespit edilmistir. Bu
hastalara Vitex agnus-castus, larginine, vitaminler ve mineraller
iceren bir takviye verilmeye baslanmistir. 3 ay sonra, takviye
grubunda orta luteal progesteronda artis ve adet déngilerinde
normallesme gorilirken, plasebo grubunda 6nemli bir degisiklik
gorilmemistir. Plasebo alan 40 kadindan 4'G hamile kalirken,
takviye alan 53 kadindan 14'G hamile kalmistir. Takviye
grubundaki diger 3 kadin 6 ay sonra gebe kalmistir. Onerilen doz
giinde 500-1000 mg kurutulmus meyvenin 1:2 bitki tentlrinin 1-
4 ml alinmasidir.

Bu c¢alisma Vitex agnus-castus L. bitkisinin, PKOS
semtomlarindan olan diizensiz menstriiel sikus ve infertilitenin
tedauvisi igin yardimci bir materyal olabilecegini ortaya koymustur
(Goswami vd., 2012).

Anormal Uterin Kanama

Menarstan menapoza kadar olan, lremeye yonelik, her ay
tekrarlayan hormonal degisiklikler ve adet kanamasi ile
karakterize, 6zellikle genital sistem olmak Uzere tiim organizmayi
etkileyen siklik degisikliklere menstriel siklus denir. Siklusun
birinci glinii kanamanin basladigl giindir. Siklus ortalama 28+7
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gin olup, kanama siresi 5+3 gilin, kanama miktari 20-80 ml
kadardir (Kaya, 2014).

Menstriel siklustaki kanama paterni anormallikleri igin farkh
tanimlar kullanilmaktadir. Bununla birlikte literatiirde ¢ogunlukla
“menoraji” terimi birka¢ siklus boyunca meydana gelen asiri
menstriiel kanamalar igin kullanilmaktadir. Siklus basina 80
ml’den daha fazla kan kaybi veya 7 glinden uzun siiren, pihtilar
iceren, yogun kanamalar gérilebilir. Ancak bu tanimlarin hepsini
icerecek sekilde menstriel kanamanin fazla, sik veya uzamis
olmasli, Uluslararasi Jinekoloji ve Obstetrik Federasyonu’nun
(FIGO) giincel siniflamasina gére anormal uterin kanama (AUK)
olarak tanimlanmaktadir (Ay, 2022).

Anormal uterin kanama tedavisi temel olarak altta yatan
nedene yonelik yapilmaktadir. Tedavide ama¢ hem kanamayi
durdurmak hem de bu kanamalarin yol agtigi semptomlari
ortadan kaldirmaktir. Medikal ve cerrahi tedavi olmak tzere iki
tiir tedavi yaklagimi mevcuttur. Ozellikle cocuk istemi varliginda
veya cerrahi tedaviye engel durumu olan, cerrahi tedaviyi tercih
etmeyen hastalarda medikal tedavi tek segenektir. Segilecek
tedaviye hastanin yasi, cocuk istemi, ek hastaliklari, ilag kullanimi,
alerji varhgi, sigara kullanimi, altta yatan neden degerlendirilerek
karar verilir. Hastalarin bir kismi tarafindan cerrahi tedavi kesin
¢6zlim olarak goriilse de cerrahinin getirdigi komplikasyon riskleri
ve morbidite durumu akilda tutulmalidir (Bradley ve Gueye,
2016).

Anormal Uterin Kanamada Etkili Tibbi Bitkiler
1. Portulaca oleracea L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Caryophyllales
Familya: Portulacaceae

Cins: Portulaca L.

Halk arasinda semizotu, pirpirim olarak bilinen Portulaca
oleraceae L. hafif asidik ve ispanak benzeri bir tada sahip,
dinyanin ithman ve tropik bolgelerinde bol miktarda yayilan
Portulacaceae familyasinin ve Portulaca cinsinin bir Qyesi olan bir
yaz ortasl bitkisidir. Diinya genelinde en yaygin 8. yabanci ottur.
Bu bitkinin boyu 60 cm'ye kadar cikabilir ve etli, kirmizimsi
kahverengi ve prostat tipi dallanan bir gbévdeye sahiptir.
Yapraklari acik yesil, etli ve oval sekilli olup birgok lifli ikincil koke
sahiptir. Semizotu c¢icekleri ¢ogunlukla kendi kendine tozlasir
¢linki nektar Gretilmez ve gigekleri sadece birkag kiigiik bocek
ziyaret eder. Semizotu, vejetatif Greme igin 6zel bir yapiya sahip
olmamasina ragmen adventif kokler gelistirebilir (Naeem, 2023).

P. oleracea L. bitkisinin Tirkiye’deki dagilimi Sekil 11’deki
gibidir (Tbives, 2025, May 17).
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Sekil 11.

P. oleracea L. bitkisinin Ttirkiye’de yetistigi yerler
AUK iizerine etkisi

Menoraji, metroraji, polimenore ve intermenstriel
kanamadan olusan AUK'si olan, standart ila¢ tedavisine yanit
vermeyen ve histerektomi adayi olan 10 iranli premenopozal
kadin Uzerinde yapilan bu ¢alismada denekler, adet kanamasinin
baslamasindan 48 saat sonra 3 glin boyunca her 4 saatte bir agiz
yoluyla sekerle tatlandirilmis bir bardak sicak su iginde 5 g
Portulaca oleracea L tohumu tozu almistir. Tim katilimcilardan
tohum tozunun kanama hacmi, siresi ve sekli Uzerindeki
etkilerinin yani sira tohum tozunun herhangi bir yan etkisini rapor
etmeleri istenmistir. Denekler tohum tozunun uygulanmasindan
sonra 3 ay boyunca takip edilmistir. Sekiz (%80) hasta semizotu
tohumu aldiktan sonra kanama siiresi ve hacminin azaldigini ve
adet dizenlerinin normallestigini bildirmistir. Tohum tozu iki
(%20) hastada etkisiz kalmistir. Hastalar tarafindan Portulaca
oleracea L. tohumuna karsi herhangi bir yan etki bildirilmemistir.
Tohum tozu ile tedaviye yanit veren hastalarda 3 aylik takip stresi
boyunca AUK'nin tekrarlamadigi tespit edilmistir. Sonuglar,
semizotu tohumlarinin AUK tedavisinde etkili ve givenli
olabilecegini diistindlirmektedir (Shobeiri vd., 2009).

2. Myrtus communis L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Myrtales
Familya: Myrtaceae
Cins: Myrtus L.

Tirkiye’de mersin otu, murt olarak bilinen Myrtus communis
L., Akdeniz havzasinda yetisen, yapraklarini dokmeyen 1-5 m
boyunda bir maki bitkisidir. Yapraklar 2-3 mm uzunlugunda sapl;
mizraksidan eliptik-mizraksiya kadar, tiysiz, yogun salgi benekli,
Uzeri parlak ve koyu yesil, akuttan mukronata kadar, kenarlar
kivriktir. Cigekler beyaz, cicek sapi 1,3-1,5 cm uzunlugundadir.
Stamenler ¢ok sayida, filamentler ipliksi; anterler oval, yaklasik
0,5 mm uzunlugunda, altin sanisidir. Meyveler oval, mordan
siyaha kadar degisen renklerde, kaliks uzvu ile taglanmistir
(Tanker ve ark., 2007)

M. communis L. bitkisinin Turkiye’deki dagihmi Sekil 12’deki
gibidir (Tlbives, 2025, May 17).
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Sekil 12.

M. communis L. bitkisinin Tiirkiye’de yetistigi yerler

Yaslari 20 ile 55 arasinda degismekte olan 30 kadin plasebo ve
tedavi grubu olmak tzere iki gruba ayrilmistir. Calismada Myrtus
communis L. bitkisinin meyveleri, ITM (lranian Traditional
Medicine) eczacilik disiplinine ait "Qarabadin" metinlerinde tarif
edildigi Gzere hazirlanmis mersin surubu seklinde kullaniimistir.
Katilimcilara kanamanin baslangicindan itibaren vyedi gilin
boyunca her yemekten 30 dakika sonra giinde (¢ kez 5 ml
hazirlanan basit surup (plasebo) veya mersin surubu verilmistir.
Bu tedavi lg¢ ardisik adet donglsii boyunca tekrarlanmistir. Bu
galismanin  sonucunda mersin  surubunun anormal uterin
kanama-monometroraji'nin kisa sireli tedavisinde etkili bir ilag
oldugu gosterilmistir. Test grubundaki kadinlarda kanama
siresinde ve kanama siddetinde énemli azalmalar gorilirken
plasebo degiskenleri 6nemli o6lgiide etkilenmemistir. Mersin
surubuyla tedavi edilen gruptaki deneklerin yasam kalitesi
iyilesmistir (Qaraaty vd., 2014).

3. Punica granatum L.

Alem: Bitkiler alemi
Boliim: Magnoliophyta
Sinif: Magnoliopsida
Takim: Myrtales
Familya: Punicaceae
Cins: Punica L.

Tiirkge ismi nar olan Punica granatum L. bitkisi aga¢ veya
dikenli gali formunda, 1.5-5 m boyundadir. Yapraklar tiysiz,
parlak, dikdoértgenimsi mizraksidan obovata veya eliptige kadar,
batlndir. Cicekler kirmizi veya beyaz, kaliks 20-35 mm
uzunlugunda, ortasindan hafif girintili, kirmizimsi, biraz etli; loplar
Uggenimsidir. Tag yapraklar 16-20 x 10-12 mm, meyve kiiremsi, 2-
8 cm c¢apinda, bazen kalici, soluk kirmizidan kizila veya
kahverengimsi, ince derimsi sari septalarla bollinmds; kabuk kalin
ve derimsidir. Tohumlar kirmizi veya pembe, yaklasik 10 mm
uzunlugunda, koseli, testa kalin, etli, suludur (Shaygannia vd.,
2016).

Tirkiye’de halk arasinda diyare tedavisinde kurutulmus
meyve kabuklarinin agiz yolu ile alindig, meyve kabugunun
kaynatilmasi ile elde edilen dekoksiyonun kan sekerini disirtci
olarak ve mide rahatsizliklarinda kullanildigi kaydedilmistir (Sezik
ve ark., 2001).

P. granatum L. bitkisinin Tirkiye’deki dagilimi Sekil 13’deki
gibidir (Tbives, 2025, May 17).

Sekil 13.

P. granatum L. bitkisinin Tiirkiye’de yetistigi yerler
AUK iizerine etkisi

Nar kabugu ekstresi ile mefanamik asitin menoraji
tedavisindeki etkilerinin karsilastirilmasi amaci ile yapilmis bu
calisma igin 30 kilogram kirmizi eksi nar toplanmistir. Narin
cekirdekleri kabuklarindan ayrilarak yikanmis ve 5,2 kg taze kabuk
30°C'de 151k ve tozdan uzakta kurutulmus, sulu ekstresi
hazirlanmistir. Ekstre, mefenamik aside benzer sekilde 250 mg'lk
kapsullere dokilmustir. 20-50 yas araligindaki 72 menorajili
kadin, biri nar kabugu grubu digeri mefanamik asit grubu olmak
Uzere 2 esit gruba ayrilmistir. Sonug olarak Punica granatum L.
bitkisinin kabuklarindan elde edilen ekstrenin anormal uterin
kanamanin tedavisi i¢in kullaniminin kanamayi azaltmada basit ve
etkili oldugu gorilmds, bu bitkinin tedavi igin iyi bir ilk secenek
olarak sunulabilinecegi vurgulanmistir (Fesharaki ve Zafarghandi,
2019).

Sonug

Bu derlemede Tirkiye'de yetisen endometriyozis, polikistik
over sendromu (PKOS), anormal uterin kanama (AUK) olmak
Uzere Ug¢ vyaygin jinekolojik hastalikta 6nemi olan bitkiler
incelenmistir. Elde edilen veriler, bu hastaliklarin yénetiminde
bitkisel tedavi yaklasimlarinin destekleyici rol oynayabilecegini
ortaya koymaktadir. PKOS tedavisinde hormonal dengeyi
dizenleyici ve antiandrojenik etkileriyle bilinen Linum
usitatissimum, Urtica dioica., Vitex agnus-castus gibi bitkiler dne
¢ikarken; endometriyozis tedavisinde antiinflamatuvar ve
antioksidan ozelliklere sahip Viburnum opulus, Achillea
biebersteinii gibi bitkiler dikkat cekmektedir. AUK tedavisinde ise
kanama kontroll ve uterus kaslari tGzerindeki etkileriyle bilinen
Myrtus communis ve Punica granatum gibi tirler 6ne
¢ikmaktadir.

Bu bulgular dogrultusunda, tibbi bitkilerin geleneksel kullanim
bilgilerinin modern bilimsel arastirmalarla desteklenmesi biyiik
onem tasimaktadir. Bitkisel tedavi yaklasimlarinin etkinliginin ve
givenliginin netlestirilebilmesi icin daha fazla ¢alismaya ihtiyag
vardir. Ayrica bu bitkisel Grinlerin standardizasyonu, dozaj
belirlemeleri ve olasi yan etkilerinin sistematik olarak
degerlendirilmesi, gelecekteki arastirmalara yén vermesi
acisindan 6nem arz etmektedir.

Sonug olarak, bu derleme ¢alismasi jinekolojik hastaliklarda in
vivo, in vitro ve klinik ¢alismalarla test edilmis Tlrkiye’de yetisen
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tibbi bitkilere dair literattirdeki mevcut bilgileri derleyerek, ileride
yapilacak arastirmalara temel olusturacak bir kaynak niteligi
tagimaktadir.
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