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Research article
Ερευνητικό άρθρο

ABSTRACT: This study investigated how Michauxia campanuloides affects the Proliferating Cell Nuclear Antigen 
(PCNA) expression in granulosa cells, the ovarian histomorphology and serum total antioxidant capacity (TAC) in 
rats. Rats were divided into control (C), treatment 1 (T 1) and treatment 2 (T 2) groups. The rats in the T 1 and T 2 
groups received aqueous extract of M. campanuloides at doses of 20 mg/kg/day and 40 mg/kg/day orally for 21 days, 
respectively. Serum TAC levels, follicles counts including primordial, primary, preantral, antral and atretic follicles, 
and PCNA expression in granulosa cells were evaluated. Numbers of preantral follicles increased in T 1 and T 2 groups 
compared to C group (P < 0.05). TAC and numbers of preantral and antral follicles increased in T 2 group compared 
to T 1 and C groups (P < 0.05). PCNA expression in granulosa cells was increased in T 2 group compared to T 1 and C 
groups (P < 0.01). In conclusion, treatment with M. campanuloides had positive effects on antioxidant activity, follic-
ular dynamics, and PCNA expression of granulosa cell in rats.
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INTRODUCTION

Antioxidant substances are molecules that can 
reduce or prevent cellular damage caused by 

oxidant substances (Abuelo et al., 2015). Oxidant 
substances are classified as reactive nitrogen spe-
cies and reactive oxygen species (ROS) (Zhong and 
Zhou, 2013) and are generated as a natural by-prod-
uct during cell metabolism in the biological system 
(Puppel et al., 2015). Antioxidants are divided into 
two groups, endogenous and exogenous. Exogenous 
antioxidants are very important because of their roles 
on the production and structure of endogenous antiox-
idants (Sen and Chakraborty, 2011). If the production 
of oxidant substances exceeds the defense capacity of 
antioxidant substances, oxidative stress occurs (Pup-
pel et al., 2015). Oxidant substances have detrimental 
effects on cellular structures such as lipid, DNA and 
protein. Therefore, they can lead to low fertility and 
infertility due to cell apoptosis, disruption of ovari-
an steroidogenesis mechanism and other pathological 
effects on reproductive tracts (Agarwal et al., 2005). 
Oxidant production increases due to the metabolic 
activity of granulosa cells during follicular develop-
ment. Increased ROS production can cause granulosa 
cell degeneration, which leads to a decrease in ovula-
tion rate and oocyte quality (Wang et al., 2017). Acti-
vations of cells are associated with DNA replications 
and the level of DNA replications can be observed by 
Proliferating Cell Nuclear Antigen (PCNA), a protein 
of DNA polymerase-δ enzymes required for DNA 
synthesis during replication (Strzalka and Ziemieno-
wicz, 2011). PCNA is an important regulator of the 
cell cycle and has a role in DNA repair (Oktay et al., 
1995; Tománek and Chronowska, 2006). PCNA ex-
pression increases in granulosa cells during follicular 
development (Oktay et al., 1995). Exogenous antioxi-
dant supplements have positive effects on ovarian fol-
licular dynamics and cell activities (Zhong and Zhou, 
2013). Plants are one of the most important natural 
sources of exogenous antioxidants (Luximon-Ramma 
et al., 2002). In addition, antioxidant substances can be 
synthetically produced (Sen and Chakraborty, 2011). 
However, it was reported that many synthetic antiox-
idant substances can have toxic or mutagenic effects 
(Fejes et al., 1998; Sen et al., 2010; Al-Amiery et al., 
2012; Ćilerdžić et al., 2013). Therefore, natural plant 
origin antioxidants are better than synthetic antioxi-
dants (Sen et al., 2010; Zhong and Zhou, 2013). There 
are many plants containing antioxidants (Krishnaiah 
et al., 2007; Ćilerdžić et al., 2013; Zhong and Zhou, 
2013; Hamidpour et al., 2017). Michauxia campanu-

loides L’Hér. (Campanulaceae) is one of the antioxi-
dants containing plants (Hürkul and Köroğlu, 2019; 
Koca et al., 2020). M. campanuloides grows natural-
ly in Mersin (Turkey) province. Plants are biennial, 
25-200 cm long, bodied, strong herbaceous. Also, its 
root or stem can be eaten after cooking or peeling and 
the leaves of M. campanuloides are used externally 
in traditional medicine, as wound healer by apply-
ing directly on the wound in Kahramanmaras shire 
(Hürkul and Köroğlu, 2019; Damboldt, 1978; Güvenç 
et al., 2012). In previous study, the antioxidant activ-
ity and total phenolic contents of M. campanuloides 
was determined by various methods. The strongest 
antioxidant activity in 1,1-diphenyl-2-pikrylhydrazyl 
(DPPH) of M. campanuloides was found in aqueous 
extract of its aboveground part (Güvenç et al., 2012).

The aim of this study was to investigate the effect 
of aqueous extract of aerial parts of M. campanuloides 
on PCNA expression in granulosa cells, ovarian histo-
morphology and total antioxidant capacity (TAC) in 
Wistar Albino female rats.

MATERIALS AND METHODS

Plant materials and extraction procedure
The plant, M. Campanuloides, material used in 

the study was collected from Mersin province (Tur-
key, 2010). A voucher specimen was deposited in the 
Ankara University Faculty of Pharmacy Herbarium 
(Herbarium number AEF 25892). 100 g of the powder 
of M. Campanuloides was boiled with 500 ml of dis-
tilled water for 30 minutes, filtered and lyophilized, 
and finally 12 g lyophilized extract was obtained. 
In the previous study, total contents of the phenolic 
compounds in the extract were determined by the Fo-
lin-Ciocalteu method as gallic acid equivalent. The 
total phenol content of the aqueous extract was found 
107.3 mg equivalent to gallic acid per gram extract 
(Güvenç et al., 2012). Some results in the previous 
study on current extract are presented in the discus-
sion section (Güvenç et al., 2012).

Animal diets and management
18 female Wistar Albino rats (8 weeks old) weigh-

ing 170-220 g were used in this study. This study was 
approved by the Experimental Research Ethics Com-
mittee of Bingöl University (Bingol University Eth-
ical Council Number: 2019/02-01/04). In this proto-
col, there are no in vitro or other alternative methods 
that could prevent the use of animals for the ovarian 
histomorphology study. The use, numbers and man-
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agement of animals in this study are in accordance 
with the European Community Guidelines of ethical 
use and care of lab animals (Directive 2010/63). The 
rats were obtained from the Experimental Research 
Center of Bingol University and were housed at 12 
hours dark, 12 hours light and temperature of 23 ºC 
with constant humidity. The animals were fed with a 
standard pellet diet and water ad libitum during the 
experimental period.

Experimental design 
The rats were randomly divided into three groups 

as control (C; n = 6), treatment 1 (T 1; n = 6) and 
treatment 2 (T 2; n = 6) groups. Then the rats were 
weighed and the adaptation process was performed 
for 7 days. No treatment was made, only daily checks 
were done during this period. The rats in the T 1 and 
T 2 groups were given aqueous extract of M. cam-
panuloides at doses of 20 mg/kg/day and 40 mg/kg/
day orally using a gavage for 21 days, respectively. 
The volume of aqueous extract administered to both 
groups was 1 ml per day. Similarly, rats in group C 
received the same volume of distilled water. The dose 
of extract of M. campanuloides was determined con-
sidering its proliferative effect on sperm concentra-
tion (Koca et al., 2020) and phenolic antioxidant level 
in the previous studies (Güvenç et al., 2012). In this 
protocol, the total phenol concentrations of the extract 
administered in T 1 and T 2 were 2.14 mg/kg and 4.29 
mg/kg/day per rat, respectively. 

Sample collection and tissue preparation
All rats were anaesthetized by intramuscular ad-

ministration of xylazine (Rompun®, Bioveta, Czech 
Republic) and ketamine (Ketasol®; Richterpharma 
ag, Austria) at the same timepoint of the study. Blood 
samples (2 ml) were collected from the tail vein into 
vacutainer tubes (Hema & Tube®, Italy) with clot ac-
tivator. Immediately after this process and while be-
ing in general anesthesia, all rats were euthanized by 
decapitation (Van Rijn et al., 2011). The blood sam-
ples were centrifuged at 1500 g for 10 minutes and 
the serum samples were immediately stored at -80 °C 
until TAC analysis. Ovarian tissues were completely 
removed by making a ventral midline incision in all 
rats and one of ovaries of each rat was weighed. The 
other ones were rapidly frozen at -80 °C for further 
examinations. Immunohistochemistry studies were 
performed on frozen tissues according to the instruc-
tions of Shi et al. (2008). Before starting the study, 
these ovaries were thawed, fixed in 10% neutal buff-

ered formalin solution, dehydrated with ethanol series 
and clarified by using xylene. The fixed ovaries were 
embedded in paraffin blocks. Then serial sections of 5 
μm thickness were obtained with a rotary microtome. 
A total of 7 sections were taken, leaving a distance of 
45 μm between the sections. The first 6 slides were 
stained with hematoxylin and eosin (H & E), and 
used for follicle counting (Tománek and Chronows-
ka, 2006). The 7th slides were immunohistochemi-
cally stained with PCNA antibody, and used to deter-
mine both PCNA index in granulosa cells (Strzalka 
and Ziemienowicz, 2011) and the number of follicles 
(Tománek and Chronowska, 2006).

Measurement of total antioxidant capacity (TAC) 
The serum TAC levels of each rat were mea-

sured by autoanalyser using commercial kits (LOT: 
OK18095A, Rel Assay Diagnostics, Gaziantep, Tur-
key).

Follicle counting
The counting of ovarian follicles was manually 

performed under a light microscope at 200 magnifi-
cation (Nikon H550L, Japan) by a blind observer. To 
avoid counting more than once the same follicles, the 
follicle was counted only when the nucleus was clear-
ly identified (Rajaei et al., 2019). Primordial (single 
layer of flattened granulosa cells), primary (single 
layer of cuboidal granulosa cells), preantral (at least 
two layers of cuboidal granulosa cells, no antral cav-
ity) and antral follicles (numerous layers of cuboidal 
granulose cells with an antral cavity) were character-
ized according to granulosa cells and layers around 
the oocyte. If there are vacuolization in the follicles, 
pycnotic nuclei in granulosa cells and shrinkage in 
the oocyte, they were characterized as atretic follicles 
(Rajaei et al., 2019).

PCNA immunohistochemistry
In this study, we investigated the PCNA index to 

determine the effect of treatment on granulosa cell 
viability between different experimental groups. For 
this purpose, sections of 5 µm taken from the ovari-
an tissues were passed through xylol and decreasing 
alcohol series and washed in phosphate buffer saline 
(PBS) for 3 C 5 minutes. The sections were heated in 
Citrate buffer (pH: 6.0) to remove antigen blockage 
and washed again 3 C 5 minutes in PBS. The sec-
tions were kept for 30 minutes in 3% H2O2 prepared 
in methanol for endogenous peroxidase blockade 
and were washed again in PBS. After applying the 
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serum to the samples, PCNA antibody (Santa Cruz, 
sc-25280) prepared with 1/300 dilution was instilled 
on sections and left overnight at + 4 °C. After these 
procedures, secondary antibody and streptavidin per-
oxidase administrations were performed. These meth-
ods were conducted with UltraVision Large Volume 
Detection System according to the manufacturer’s 
instructions (Thermo, Cat no: TP-125-HL). Then the 
sections were washed again in PBS and DAB chromo-
gen (Thermo, TL-125-HD) was applied. The sections 
were examined under the microscope until it reacted 
with the DAB chromogen. When the reaction was ob-
served, the sections were taken to PBS and counter-
stained with hematoxylin. Then they were kept for 5 
minutes in increasing alcohol series and were passed 
from two xylol series for 15 minutes. Finally, the sec-
tions were covered with entellan and examined under 
a microscope. 

PCNA positive granulose cells were counted un-
der the light microscope at 400 magnification (Nikon 
H550L, Japan) and microphotographs were captured 
with NIS elements software version 3.22 (Nikon, Ja-
pan) depending on whether the granulosa cells were 
DAB positive or negative. The expression of PCNA 
positive granulosa cells was evaluated for each folli-
cle individually. The PCNA index was determined for 
all follicles (excluding atretic follicles) with or with-
out nuclei.

Statistical analysis
In the present study, the group sizes were deter-

mined as 6, according to the results of the power anal-
ysis using 80% power and 5% margin of error. All 
evaluated datasets were analysed statistically with 
SPSS version 24.0 (IBM, USA). Before the statisti-
cal analyses, the normality test was performed with 
Kolmogorov-Smirnov test. Primordial and preantral 
follicle counts, serum TAC levels and PCNA expres-
sion positive cell index data which were found to be 
normally distributed were evaluated by parametric 
One-Way Anova test. On primary, antral and atretic 
follicle counts were not found to be normally dis-
tributed, the Non-parametric Kruskal Wallis test was 
performed. In both statistical analyses, multiple com-
parisons were performed with the Post-hoc Tukey 
and the Tamhane’s T 2 tests, respectively. P-value less 
than 0.05 was considered statistically significant. The 
results were shown as mean ± standard error of the 
mean (SEM).

RESULTS

Serum TAC
Serum TAC level was higher significantly in T 2 

group (0.87 ± 0.14 mmol/L) compared to T 1 (0.58 ± 
0.04 mmol/L) and C (0.28 ± 0.08 mmol/L) groups (P 
< 0.05). 

Ovary weight
Treatment with M. campanuloides did not signifi-

cantly affect ovary weights in the T 1 (0.06 ± 0.01 g), 
T 2 (0.06 ± 0.01 g) and C (0.06 ± 0.01 g) groups (P > 
0.05) (Figure 2).

Ovarian histomorphology
In the ovarian tissue sections of the C, T 1 and T 

2 groups, primordial, primary, preantral, antral and 
atretic follicles and corpus luteum presence were ob-
served. No pathological finding was detected in the 
morphological examination (Figure 1). The numbers 
of preantral follicles increased significantly in T 1 and 
T 2 groups compared to C group (P < 0.05). Antral fol-
licles increased significantly in T 2 group compared to 
the other groups (P < 0.05). However, there were no 
significant differences in the number of primordial, 
primary and atretic follicles in T 2 group compared 
to T 1 and C groups (P > 0.05). Besides, no statistical 
difference was observed in any follicle types when T 
1 group was compared to C group (P > 0.05). The fol-
licle count results are presented in Table 1.

 Immunohistochemistry
Distribution of nuclear positive and negative sig-

nals in granulosa cells was observed in ovarian sec-
tions of all groups. Weak positive signals were ob-
served in interstitial cells and ovarian capillaries 
endothelium. When the positive signals were com-
pared with negative control signals of interstitial cells 
and ovarian capillaries endothelium, it was found to 
have a similar distribution. However, DAB positivity 
was not seen in negative control samples of granulosa 
cells (Figure 2). Immunohistochemically, PCNA ex-
pression positive granulosa cells index increased sig-
nificantly in T 2 group (64.98 ± 1.67 %) compared to 
T 1 (60.45 ± 1.47 %) and C (55.87 ± 1.87 %) groups 
(P < 0.01). At the same time, although there was a 
numerical increase in PCNA expression of T 1 group 
compared to C group, no statistical difference was 
found between these groups (P > 0.05) (Figure 6).
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Figure 1: H & E microphotographs of the groups. a: Control, b: Treatment 1, c: Treatment 2. The microphotographs show developing 
(arrow) and atretic (curved arrow) follicles. Staining: H & E. Bar: 100 μm.

Table 1. Comparison of the number (Mean ± SEM) of primordial, primary, preantral, antral and atretic follicles in Control, Treatment 
1 and Treatment 2 rats. Different superscript at the same line indicates the statistical difference.
Follicles Control Treatment 1 Treatment 2 P
Primordial 13.17 ± 1.42a 14.00 ± 0.58a 14.00 ± 0.73a >0.05
Primary 5.17 ± 0.54b 6.17 ± 0.17b 6.50 ± 0.43b >0.05
Preantral 4.17 ± 0.40c 6.67 ± 0.92d 7.67 ± 0.56d <0.05
Antral 3.67 ± 0.33e 3.50 ± 0.22e 5.50 ± 0.34f <0.05
Atretic 3.50 ± 0.43g 3.00 ± 0.45g 2.17 ± 0.31g >0.05
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Figure 2: PCNA microphotographs of the groups. The microphotographs show positive (arrow) and negative (arrowhead) signals in 
granulosa cells of preantral follicles, weak nuclear positivity in interstitial cells (*) and positive signal in the oocyte of treatment 2 
group (curved arrow). Staining: PCNA immunohistochemistry, Bar: 20 μm.

DISCUSSION
It was reported that plants containing phenolic 

compound have strong antioxidant properties and ex-
hibit high antioxidant activity (Asif, 2015). M. cam-
panuloides extract has an antioxidant property with 
phenolic content (Hürkul and Köroğlu, 2019). In the 
previous study conducted on the current extract, the 
highest antioxidant content of M. campanuloides was 
observed in the ethanolic extract, 439.0.5 ± 18.70 
mg/g as gallic acid equivalents. The half-maximal in-
hibitory concentrations (IC50)  value of the aqueous 
extract in the thiobarbituric acid test for antioxidant 
activity was found 464.98 ± 2.21 mg/ml. On the other 
hand, its the strongest antioxidant activity in DPPH 
was found in aqueous extract (Güvenç et al., 2012). It 

has been observed that its antioxidant activity chang-
es according to the extract type. In the present study, 
we used aqueous extract because of its powerful anti-
oxidant activity. Besides, a recent study demonstrated 
that aqueous extract of M. campanuloides improved 
some semen parameters in rats (Koca et al., 2020).

Khaki et al. (2009) have reported that antioxidant 
containing plant significantly increased the level of 
TAC in rats. In our study, TAC levels were similar 
in C and T 1 groups. However, a significant increase 
in TAC levels was observed in T 2 group compared 
to the other groups. It was determined that the dose 
of administration had an effect on TAC levels. How-
ever, the antioxidant concentrations may have been 
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partially metabolized by combating ROS in treatment 
groups. Therefore, it is thought that measuring se-
rum oxidant level is important in antioxidant studies. 
However, oxidant levels were not measured in this 
study because our primary aim was to investigate its 
antioxidant effect in rats. Antioxidant substances have 
a beneficial effect on energy metabolism (Maritim et 
al., 2003) and can have an effect on ovarian tissue 
mass (Chuffa et al., 2011). However, several research-
ers reported that treatment with antioxidant had no ef-
fect on ovary weight (Rajaei et al., 2019; Soleymanı 
et al., 2010). Similarly, in our study, no significant dif-
ference was observed between the groups in terms of 
ovarian weights (P > 0.05). 

It was reported that administrations of plant ex-
tract containing antioxidant increased the numbers of 
follicles and follicular activity in animals (Zhong and 
Zhou, 2013). Besides, it was declared that animals 
with low fertility have insufficient antioxidant capac-
ity (Stier et al., 2012). Some researchers showed that 
antioxidant agents improved folliculogenesis (Soley-
manı et al., 2010). Abdollahifar et al. (2019) report-
ed that antioxidant has a positive effect on the total 
number of primordial, primary and antral follicles in 
mice. In the presented study, a significant increase in 
the number of antral (T 2) and preantral (T 1 and T 
2) follicles was observed. So, it is understood that M. 
campanuloides has a beneficial effect on developed 
follicles. However, it did not affect the numbers of 
primordial and primary follicles. When these results 
are considered, it is concluded that it did not affect the 
emergence of new follicles from the follicular pool of 
the ovary. 

During the development process of follicles, ap-
proximately 99% of them can be atresia (Sugino, 

2005). It was noted that antioxidants have a protec-
tive effect against apoptosis in rat antral follicles cul-
tured (Ciani et al., 2009). Yener et al. (2013) reported 
antioxidant administrations reduced atresia of antral 
follicles. Similarly, Özcan et al. (2015) reported that 
antioxidants have the effect of reducing follicular 
atresia. In the present study, we found that numbers 
of atretic follicles were similar between the groups. It 
was reported that PCNA expression increases during 
granulosa cell proliferation (Can et al., 2018). How-
ever, follicular atresia is associated with apoptosis of 
granulosa cells (Sugino, 2005), and PCNA expression 
gradually decreases with increased atresia (Can et 
al., 2018). In a previous study, it was indicated that 
antioxidants have positive effects on the functions 
of granulosa cells during folliculogenesis (Tománek 
and Chronowska, 2006). In our study, M. campanu-
loides, as an antioxidant agent, provided an effective 
improvement in PCNA expression in granulosa cells. 
However, it was observed that its positive effect on 
granulosa cells was associated with serum TAC lev-
els because no significant differences were observed 
in PCNA expression between the T 1 and C groups. 
However, there was a significant increase in PCNA 
expression in the T 2 group compared to the other 
groups.

CONCLUSION
Treatment with aqueous extract of M. campanuloi-

des had a positive effect on antioxidant activity, follic-
ular dynamics and PCNA expression of granulosa cell 
in female Wistar Albino rats. Despite the fact that the 
treatment dose caused differences on these results, it 
still evidenced its positive potential in the rat model. 
It is believed that multifaceted research will provide 
further information on the toxicological and pharma-
cological potential of M. campanuloides.
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