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ABSTRACT

The ovaries represent the female reproductive organs that determine the women's fertility status and their
systemic and oral health, correlating to sex steroid hormone alteration. This study aimed to investigate the
effect of cassava leaves extract treatment to SOD expression in the animal model-ovaries after Porphyromonas
gingivalis injection. 15 female Sprague Dawley rats were used and divided into five groups: (1) control without
cassava leaves extract treatment (C); (2) P. gingivalis without cassava leaves extract treatment (T1); (3) P.
gingivalis and cassava leaves extract (T2); (4) P. gingivalis and vitamin C (T3); and (5) P. gingivalis and
metronidazole (T4). Animal were euthanised at day seven after the initial treatment to collect ovaries. The
ovaries sections were immunohistochemically stained to quantify SOD expression using light microscope while
the Image J software was used to quantify the SOD expression. The results showed that all of the follicle types
had the same intensity of SOD expression. Most of the follicles exhibited low intensity of SOD expression,
except for atretic follicles. In conclusion, P. gingivalis and cassava leaves extract influenced SOD expression in
the ovaries of animal models, which increased the SOD expression.

INTRODUCTION The increase in incidence results in a decrease of
the birth rate globally, and affects the systemic
condition as well as the oral health condition
[3,4,5]. In this case, the systemic and oral health
correlates to sex steroid hormone alteration, where
the hormones are involved in the body's metabolic

The ovaries represent the female reproductive
organs that determine the women's fertility status.
This fertility is closely related to folliculogenesis or

the follicles growth and development process in the processes, including maintaining the integrity of

°Ya”es [1]. According.to th? g!obal burden of oral health and diversity of the oral microbiome
diseases data, female infertility increased 15.0% 6,7]

from 1990 to 2017, or the infertility showed a shift
of 0.4% per year. Premature menopause or

; ) ) ) < Moreover, hormonal imbalance increases oral
premature ovarian aging can induce infertility [2].

bacteria's virulence, especially Porphyromonas
gingivalis, and triggers oral tissue diseases, such as
periodontitis. Several studies suggested that
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periodontitis, although the mechanism of this
relationship is still unclear [8,9]. Our unpublished
preliminary study also indicated that P. gingivalis
infection stimulated sex hormone changes and
systemic inflammation.

These hormonal changes due to P. gingivalis
infection results in an oxidative stress due to a
reduced Superoxide Dismutase (SOD) activity.
Hormonal changes and P. gingivalis toxin reduce the
level and activity of endogenous SOD, thereby
causing  oxidant-antioxidant imbalance and
triggering oxidative stress. Moreover, a decrease or
fluctuation in oestrogen level decreases the
expression of the SOD gene. If the alteration of
oestrogen level continues for a long time, it will
decrease the level and activity of SOD [10].

P. gingivalis inflammation activates neutrophils to
produce toxic substances such as free radicals.
These substances that aim to kill bacteria can also
attack the molecules around the area of
inflammation. As what happens with the imbalance
of oestrogen level, the excessive free radicals
induced by P. gingivalis stimulates oxidative stress
[11].

This condition requires antioxidants to balance the
oxidants level in the body. Antioxidants are the
chemical compound or agents which in a certain
amount is able to inhibit and prevent cell
destruction caused by excessive oxidant or oxidant
process [12,13]. Several plants contain antioxidant
ingredients, such as cassava leaf from the plant
Manihot esculenta C. The bioactive components
that are present in Cassava leaves are flavonoids,
alkaloids, tannins, anthraquinones, saponins,
reduced sugars and anthocyanidins [13]. This study
aimed to investigate the effect of cassava leaves
extract treatment on SOD expression in the rat
ovaries after P. gingivalis injection. This study also
identified SOD expression in each follicle type, such
as primary, secondary, tertiary and atretic follicles,
after P. gingivalis injection.

MATERIALS AND METHODS

This study involved female Sprague Dawley rats as
animal models. All of the procedures had obtained
approval from the Ethics and Advocacy Committee
of Faculty of Dentistry, Gadjah Mada University
(00354 / KKEP / FKG-UGM / EC / 2020). The criteria
of animal models were as follows: healthy, 8-10
weeks old, with 200 -250 gr body weight, and had
never been used for previous studies.
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Cassava leaves extract preparation

Cassava leaves (Manihot esculenta C.) were
obtained from Jember District, East Java Province,
Indonesia. The cassava leaves chosen needed to
meet these criteria: intact and was the fifth leaves
from the top of the tree. Cassava leaves extract was
prepared by maceration method. Briefly, 450 g of
cassava leaves were removed from the stem and
aerated without sun exposure for three days at the
room temperature. The dry leaves were cut into
small pieces and sieved using an 80-maze sieve to
obtain a fine powder. The fine powder of cassava
leaves was subsequently macerated with 96%
ethanol (250g:1.5L)). It was stirred twice every 24
hours. The solution was concentrated with a rotary
evaporator at 50°C and 90 rpm until the solution
was semi-solid [15].

Animal models preparation

All animal models were adapted for a week before
treatment, and they were given standard feed and
drink ad-libitum. 15 Sprague Dawley rats were
divided into five groups: 1) without any treatments
(C); 2) P. gingivalis without treatment (T1); 3) P.
gingivalis and treated with cassava leaves extract
(T2); 4) P. gingivalis and treated with vitamin C (T3);
and 5) P. gingivalis and treated with metronidazole
(T4).

The animal models in T2-T4 were as periodontitis
model. For the periodontitis model, the animal
models were injected with 5mg/ 0.5 ml PBS
(Phosphate Buffer Saline) of P. gingivalis, in which
the concentration was 2.10° CFU/ml, in the buccal
and lingual gingival grooves of the lower left first
molar. The injection was administered every three
days for two weeks using a 30G tuberculin syringe
[15].

After 14 days, the animal models (T2) were treated
with 179.2 mg/kg BW cassava leaves extract orally,
divided into two administrations (2ml every
administration at 8.00 AM and 8.00 PM) daily for a
week [15]. Likewise, T3 and T4 were treated with
vitamin C and metronidazole, respectively. Based
on dose conversion, the dose of vitamin C and
metronidazole used was 2.25 mg/kg BW [16].

On day 8, the animal models were euthanised and
their ovaries were then removed. The ovaries were
fixed by 40% formalin solution and prepared for
histology preparation. The ovaries preparation was
stained by immunohistochemistry staining using
superoxide dismutase (SOD) marker. After that, the
SOD expression was investigated and observed
under a light microscope in 400x magnification and
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Image J software to calculate SOD percentage. The
data were analysed using qualitative analysis [17].

RESULTS

SOD presents as an intracellular antioxidant that
acts as a cell protector against excess oxidant and
oxidative stress. Moreover, it prevents cell
degeneration and injury, particularly in the ovaries.
This study exhibited the antioxidant marker
expression (SOD) in ovaries induced byP.
gingivalis and treated cassava leaves extract.

Table 1 Intensity of SOD expression in ovaries of
animal model

the SOD expression in ovary follicles, which was
influenced by systemic exposure and treatment.

The observation exhibited the strength of SOD-
expression intensity. All of the groups showed the
same intensity of SOD expression in all of the follicle
types. Most of the follicles in the groups exhibited
low intensity of SOD expression, except atretic
follicles in all of the groups. T1 and T2 presented
moderate intensity in the primary and secondary
follicle, although only an animal model expressed it
(Table 1 and Figure 1).

Table 2 Percentage of SOD expression in ovarian
follicles of animal model

PF SF TF AF PF SF TF AF Total

B R T S = S S S S N % N % N % N % N
cC 3 0 O 3 0 O 2 0 O 00 3 C 0O 0 O 0O 1 143 6 857 7
T1T 3 0 O 2 0 1 3 0 O 01 2 TT 0 0 1 77 O 0 12 923 13
T2 2 1 0 3 0 O 3 0 O 00 3 T2 1 53 0 0 O 0 18 94.7 19
T3 3 0 O 3 0 O 3 0 O 00 3 T3 0 0 0 0 O 0 16 100 16
T4 3 0 O 3 0 O 3 0 O 00 3 T4 0 0 0O 0 O 0 13 100 13

Data presented the number of follicles

-, weak intensity; +, moderate intensity; ++, strong intensity

C, animal model without bacteria exposure and treatment; T1,
animal model which induced P. gingivalis without treatment; T2,
animal model which induced P. gingivalis and treated cassava
leaves extract; T3, animal model which induced P. gingivalis and
treated with vitamin C; T4, animal model which induced P.
gingivalis and treated with metronidazole

PF, primary follicle; SF, secondary follicle; TF, tertiary follicle; AF,
atretic follicle

Figure 1 Intensity SOD expression in the ovaries of
animal models in control and treatment groups.
Observation was taken under light microscope by
400x magnification. A) weak intensity; B) moderate
intensity; C) strong intensity

The ovary is one of the reproductive organs which
represents the site for follicle cell development.
Follicle’s characteristic varies depending on their
development stages, such as in the SOD expression
in follicles. SOD expression depends not only on the
development stage of follicles but also on the
external environment, such as drug and external
antioxidant usage. The figures and tables exhibited
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C, animal model without bacteria exposure and treatment; T1,
animal model which induced P. gingivalis without treatment; T2,
animal model which induced P. gingivalis and treated cassava
leaves extract; T3, animal model which induced P. gingivalis and
treated with vitamin C; T4, animal model which induced P.
gingivalis and treated with metronidazole

PF, primary follicle; SF, secondary follicle; TF, tertiary follicle; AF,
atretic follicle

oNALE T SRS i

Figure 2 SOD expression in the ovaries of animal
models in control and treatment groups.
Observation was taken under light microscope by
400x magnification and analysed using Image-J
software program; orange area indicated SOD
expression. A) tertiary and atretic follicle of control
group; B) secondary follicle of T1 group; C) primary
and atretic follicle of T2; D) atretic follicle of T3; E)
atretic follicle of T4
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Table 2 and Figure 2 represented the follicle found
in the animal model and the follicle's percentage
that expressed the SOD marker. Most of the follicles
in all groups did not express SOD marker, and only
atretic follicles expressed SOD marker. T3 and T4
exhibited the highest expression in atretic follicles.
Therefore, less than 15% or only a follicle in control,
T1, and T2 groups exhibited SOD expression.

In this study, interestingly, the ovary follicle atretic
among the treatment groups, especially the group

treated with cassava leaves extract (T2), was more

than the other treatment groups and control group.
Moreover, the number of atretic follicles in the T2
group was significantly higher than the animal
model exposed P. gingivalis without treatment (T1).

DISCUSSION

The ovaries are physiologically dynamic organs due
to the roles they play in the complex
folliculogenesis cycles. Within the follicle, oocytes
development depends on the granulosa cell and
follicular fluid. The SOD enzyme activity represents
one factor influencing the granulosa cells, follicular
fluid, and follicular development [18,19]. This study
showed that most of the atresia follicles expressed
SOD markers, and their intensity was higher than
the other follicles. It was probably due to the
increased activity of the SOD enzyme, as an
endogenous and exogenous antioxidant, in
balancing the folliculogenesis process and
preventing the granulosa cells' apoptosis due to P.
gingivalis infection. Lipopolysaccharide as a
virulence factor of P. gingivalis might induce
inflammation and apoptosis of granulosa cells [19].
Several studies suggested that bacteria enhanced
reactive oxygen species (ROS) production and
oxidative stress, which induced folliculogenesis
alteration [18,20,21].

This study exhibited that the number of the atresia
follicles in the groups induced by P. gingivalis and
treatment agents were higher than in the group
induced by P. gingivalis without treatment. Bacteria
and treatment agents might cause the apoptosis of
granulosa cells, which triggered antral follicles'
development into atresia follicles. Although atresia
follicles can occur in menstruation, ovaries follicles
develop into atresia due to several factors, such as
metabolic process alteration in the ovaries [22,23].
The herbal extract and drug usage stimulate
metabolites accumulation in the ovaries. These
metabolites affect the follicular fluid environment,
and it impacts on folliculogenesis. Environment and
nutrition in follicles trigger metabolism and genetic
alteration in the follicular fluid and granulosa cells,
which impair ovarian follicle development and
Ann Dent UM. 2021, 28:40-46

trigger the atresia follicular development [19].
Several studies suggested that an alteration in the
follicular fluid stimulated granulosa cells apoptosis.
This follicular fluid plays a role in follicle
development, oocyte maturation, and follicular
atresia formation [19,22,23].

Moreover, the enzyme alkaline phosphatase
activity and antioxidants physiologically control the
environment and nutrition in the ovaries. Several
studies revealed that alkaline phosphatase and
antioxidant enzymes play an essential role in
follicular atresia formation and development, in
which alkaline phosphatase inhibits follicular
atresia [16,19,24]. Therefore, antioxidant enzymes
such as superoxide dismutase, catalase (CAT), and
glutathione peroxidase (GPx) play a role in the
change of granulosa cells apoptosis to follicular
atresia. Imbalanced levels of these enzymes and
oxidants induce ROS production involved in atresia
follicles development [25].

Interestingly, the results indicated that the follicular
atresia of the treatment group (T2, T3, T4)
presented a higher percentage and intensity of SOD
expression than of the T1 group. The cassava leaves
extract, vitamin C, and metronidazole might
enhance the endogenous antioxidant enzyme
activity (SOD). Besides, the repair process might still
be ongoing. Thus, the remnants of atresia follicles
were still present after a week of therapy. This
process might need and take more time.
Furthermore, the study revealed that SOD activity
decreased significantly and correlated with the
stage of follicular atresia development. An increase
in the SOD activity indicates that the atresia stage
obtains improvement or healing atresia [22,25,26].

The decreased activity of antioxidant enzymes,
either in the follicular fluid or granulosa cells,
facilitates several ROS formations, which affects
cellular integrity. The accumulation stimulates
severe damage of cellular DNA, lipids, proteins, and
other macromolecules resulting in cell apoptosis.
Finally, they trigger follicular atresia as
comprehensive granulosa cell apoptosis [16,19].

Although the body produces SOD endogenously,
the exogenous antioxidants and external factors
affect its production process. Cassava leaves extract
containing bioactive compounds might have
antioxidant activity. Our previous study revealed
that the active ingredients, such as vitamins C, E,
polyphenols, and flavonoids, were identified in the
cassava leaf extract [15]. The cassava leaves extract
acting as an exogenous antioxidant might balance
the excessive oxidants caused by P. gingivalis
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infection. Moreover, those compounds might
enhance the SOD enzyme activity. Flavonoid,
polyphenol, and vitamin C activate ROS-removing
mechanism through electron transfer and ROS-
removing enzyme induction, such as SOD [27-30].
Therefore, as an antibiotic, metronidazole alters
the SOD enzyme activity by reducing P. gingivalis
virulence and infection. Deprivation of bacterial
virulence and infection affects the number of ROS
and oxidative stress [31].

CONCLUSION

P. gingivalis and cassava leaves extract influenced
SOD expression in the ovaries of the animal model.
This study indicated that P. gingivalis infection
affected follicular development. P. gingivalis might
stimulate systemic inflammation and hormonal
alteration. According to our preliminary study, P.
gingivalis infection altered follicle-stimulating
hormone and oestrogen, stimulating chronic
systemic infection. This alteration and infection
might be correlated to oxidative stress stimulation.

This study needed further exploration to describe
and identify the stages of atresia follicle
development and biochemical alteration of the
follicle fluid.
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