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ABSTRACT

Periodontitis is a chronic inflammation of the periodontal tissues caused by periodontal pathogens,
such as Porphyromonas gingivalis (P. gingivalis). P. gingivalis possesses several virulence factors that
enable it to invade and spread through the bloodstream to other organs, including the ovaries. It triggers
inflammation, which may impact the number of primordial follicles. The aim of this study was to assess
the effects of P. gingivalis infection on the number of primordial follicles in the ovaries. This study was a
laboratory experiment with a post-test control group design. The rats were divided into control and
periodontitis groups. The periodontitis group consisted of rats induced with P. gingivalis in their sulcus
gingiva of the first mandible molar every three days for 19 days. Therefore, control groups were without
P. gingivalis induction. Seven days after the last induction of P. gingivalis, the rats were euthanized, and
their ovarian tissues were collected for histological preparation. The primordial follicles were counted
under 400x magnification. This study showed that the periodontitis group had a significantly lower
number of primordial follicles (2.2 + 2.61) compared to the control group (12.4 £ 2.41) (p<0.05). The
study concludes that P. gingivalis infection led to a reduction in the number of ovarian primordial
follicles in periodontitis models. This study underlined the importance of maintaining periodontal health
not only for oral health, but also to prevent negative impacts on women's reproductive health.
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Introduction

Periodontitis is a chronic inflammation of
the periodontal tissues. This condition is
characterized by red gingiva, a soft consistency,
shiny surfaces, the loss of stippling, and rounded
margins, often accompanied by gingival recession
[1]. In advanced stages, periodontitis leads to
alveolar bone resorption, resulting in tooth
mobility and eventual loss [2].

Periodontitis is an oral disease that should
not be misjudges due to its prevalence. In 2021, it

was reported that approximately 1 billion people
worldwide experienced severe periodontitis [3].
The prevalence is notably higher in men (around
57%) compared to women (approximately 39%).
This discrepancy are attributed to several factors,
including a higher rate of smoking and a generally
lower inclination among men to take preventive
measures [4]. However, the occurrence of
periodontitis in women is particularly concerning,
as hormonal fluctuations associated with the
menstrual cycle impact the body's hormonal
conditions more than in men. This hormonal
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instability may enhance the pathogenicity of
periodontitis in women [5],[6].

The most effective management of
periodontitis focuses on plaque control, as plaque
serves as the primary cause of the condition. This
biofilm harbors various periodontal pathogens,
including  Porphyromonas  gingivalis  (P.
gingivalis), Prevotella intermedia, Actinobacillus
actinomycetemcomitans, Fusobacterium
nucleatum, and Tannerella  forsythia [7].
Numerous studies have identified P. gingivalis as
the predominant bacteria in the gingival sulcus of
patients with periodontitis [8]. P. gingivalis is
particularly notable as a unique periodontal
pathogen due to its ability to evade the host's
immune response. It possesses several potent
virulence factors, including fimbriae, gingipains,
and lipopolysaccharide (LPS), which contribute to
inflammation, tissue damage, and the pathogen's
invasion into other tissues via the bloodstream [9].
This may lead to bacteremia, systemic
inflammation, and the translocation of P. gingivalis
to various organs, including the female
reproductive system [10]. Additionally, hormonal
fluctuations throughout the female reproductive
cycle can influence plaque control and complicate
the treatment of periodontitis [11].

There is concern that P. gingivalis may enter
and disrupt ovarian function through the
bloodstream, resulting in potential disorders within
the female reproductive system. Several studies
detected P. gingivalis in the placentas of pregnant
women with periodontitis [12],[13]. However,
these studies primarily indicate a link between P.
gingivalis and premature birth, leaving unexplored
its potential effects on other aspects of women's
reproductive health, such as the folliculogenesis
process.

Several studies demonstrated that E. coli
LPS impacts folliculogenesis by disrupting the
primordial follicle reserve in the ovaries [14],[15].
Both P. gingivalis and E. coli possess similar LPS
as a virulence factor. E. coli LPS is generally
considered more potent, capable of triggering
septic shock, while P. gingivalis LPS is associated
primarily with chronic inflammation [16].
Nevertheless, this does not exclude the possibility
that P. gingivalis LPS may also influence
folliculogenesis. Dharmayanti et al. indicated that
induction by P. gingivalis may lead to infertility, as
evidenced by an increase in the number of atretic
follicles in a periodontitis mouse model [17],[18].
However, the effect of P. gingivalis induction on
primordial follicles remains unclear. The presence

of a sufficient number of primordial follicles is
crucial for a woman’s fertility, as these follicles
serve as the precursors to the subsequent growth
and development phases leading up to fertilization.
This study aimed to differentiate the number of
primordial follicles in the ovaries following
infection with P. gingivalis.

Methods

This study was an experimental laboratory
with a post-test only control group design.
Approval for the study was granted by the
Medicine and Health Research Ethics Commission
at the Faculty of Medicine, Universitas Airlangga,
under reference number
275/EC/KEPK/FKUA/2023. The subjects of the
study were female white rats (Rattus norvegicus)
of the Sprague-Dawley strain, aged 6-7 weeks, and
weighing between 120-170 grams, all in the
estrous phase and in good health.

The rats were acclimatized for 14 days to
adapt to their environment and diet before any
treatment was administered. They were provided
food and water ad libitum. The rats were divided
into two groups: a control group and a periodontitis
group, with each group comprising five rats.
Sample sizes for each group were calculated using
Lemeshow's sample size formula. The control
group received no injection of P. gingivalis, while
the treatment group was injected with P. gingivalis.
Preparation of P. gingivalis Suspension

The preparation involves creating a 10 ml
liquid media using 0.37 grams of BHI-B, 1 pl of
vitamin K, 5 pl of hemin, and 50 pl of yeast
extract. An ose of P. gingivalis from BHI-A agar
media is introduced into the BHI-B. The P.
gingivalis suspension was then incubated for two
24-hour periods, after which a concentration of
2.10" CFU was achieved by adding additional
liquid media [17].

Preparation of Periodontitis Model

The periodontitis model was established by
inducing P. gingivalis in rats. The induction
occured at the mesio-buccal and mesio-lingual
gingival sulcus of the right and left lower first
molars, using P. gingivalis suspension volume of
0.05 ml per area. Injections were administered with
a tuberculin syringe (#30 gauge) every three days
for 19 days. The presence of periodontitis was
determined after seven P. gingivalis inductions,
indicated by signs of redness, grade 3 tooth
mobility, and bone resorption (radiographic) [17].
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Euthanasia and Ovaries Removing

Euthanasia was performed by administering
a lethal dose of ketamine/xylazine. This procedure
took place on the 7" day following the last
induction of P. gingivalis (the 26™ day overall
since the initial induction). In contrast, the control
group was euthanized on the 26th day as well. To
remove the ovarian organs, abdominal surgery was
conducted after the rats were anesthetized with
lethal doses. The obtained ovarian tissues were
rinsed with a 0.9% physiological saline solution
and subsequently placed in a 4% paraformaldehyde
fixation solution for 24 hours. Following this, the
tissues were transferred to a 70% alcohol solution
as a preservation step (Wahyuni et al., 2019). The
ovarian tissues were then processed and stained
using Hematoxylin and Eosin (HE). Observations
were made under a light microscope at
magnifications of 400x across 10 fields of view
[18]. The focus of these observations was to
quantify the number of primordial follicles. The
data collected were analyzed using the Independent
Sample T-Test (P<0.05) to assess the significance
of differences between the periodontitis and
control groups.

Results and Discussion

Table 1. Number of Primordial Follicle (N=10)

Group N  Primordial Follicle P value
CG 5 124 + 241 0.000
PG 5 2.6 £ 261 '

Data presented mean and standard deviation; Data were
analyzed using independent t-test (p<<0.05); N, number
of animal models used in this study; CG, ovaries of
control group; PG, ovaries of periodontitis group

Table 1 shows the difference in the number
of primordial follicles in the control and
periodontitis groups. The number of primordial
follicles in the periodontitis group was
significantly different from the number of
primordial follicles in the control group (p<0.05),
where the number of primordial follicles in the
periodontitis group (2.6+2.61) was less than in the
control group (12.4+2.41).

Figure 1. Histological examination of ovaries with
400x magnification. CG, ovaries of control group;
PG, ovaries of periodontitis group; V, vascular;
CL, corpus luteum; SF, secondary follicle; AF,
atretic follicle; red arrow, primordial follicle

Figure 1 presents the findings from the
histological examination of the ovaries in both
research groups. The control group displayed a
robust collection of primordial follicles, known as
the primordial pool. In contrast, the periodontitis
group also exhibited a primordial pool, but it
contained only a limited number of primordial
follicles, with many of them undergoing atresia.

The results indicated that the number of
primordial follicles in the periodontitis group was
lower than in the control group. The presence of P.
gingivalis likely induced inflammation and
infection in the ovaries. This condition might lead
to damage, necrosis, and premature death of
primordial follicles, resulting in a reduced number
of these follicles in the ovaries. Infection of gram-
negative bacteria and their endotoxins triggers
inflammation in the ovaries, which causes necrosis
in the cells that comprise the ovarian follicles,
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subsequently decreasing the overall number of
ovarian follicles. Fuller et al. demonstrated that
lipopolysaccharides (LPS) from Salmonella
enterica induced the premature activation of
primordial follicles in the ovaries of mice, leading
to a decrease in the number of primordial follicles
that were unable to develop and mature. Moreover,
Bromfield and Sheldon indicated that LPS of E.
coli disrupted the development of primordial
follicles by promoting the development of atretic
follicles from primordial follicles. This occurrence
further reduced the number of primordial follicles
[14],[19]-[21]. Both Salmonella enterica and E.
coli are similar to P. gingivalis, a Gram-negative
bacterium with virulence factors akin to those of P.
gingivalis, particularly LPS.

P. gingivalis possesses various virulence
factors, including fimbriae, LPS, and gingipain.
These factors damage periodontal tissues as well as
tissues in other organs by disrupting junction
proteins within the tissue [17],[22]. The destruction
of junction proteins, particularly in the
endothelium and epithelium, compromises tissue
structure and facilitates the penetration and
translocation of bacteria and their products to other
tissues, including the ovaries [9],[13],[17].

The decrease in primordial follicles
observed in this study due to P. gingivalis infection
might be linked to the death of pre-granulosa cells.
While the death of pre-granulosa and granulosa
cells is physiology process of folliculogenesis, an
excessive and premature loss of these cells poses a
significant risk for disorders in this process [23]-
[24]. The premature ovarian cell death was
triggered by  hormonal imbalances and
inflammation, including that caused by P.
gingivalis infection. This inflammation led to the
formation of excessive atretic follicles, particularly
in primordial follicles [24]-[26].

Furthermore, the reduction of primordial
follicles resulting from P. gingivalis infection was
also associated with the defense mechanisms of
these follicles. Primordial follicles consist of only a
single layer of flat pre-granulosa cells, making
their simple structure particularly vulnerable to
damage from P. gingivalis junction proteins and its
virulence factors. This vulnerability triggers the
formation of atretic follicles [14], [27],[28].

Abnormal death of primordial follicles due
to P. gingivalis infection occurs when the bacteria
and its virulence factors bind to the surface of
granulosa cells' phosphoproteins (PPPs). This
binding activates inflammatory signals from both
immune competent and incompetent cells [29].

Consequently, inflammation stimulates the
production of pro-inflammatory  cytokines,
including Interleukin-6 (IL-6), Interleukin-8 (IL-8),
and Tumor Necrosis Factor Alpha (TNF-a)
[30],[31]. The presence of these bacteria, their
virulence factors, and the cytokines likely prompts
premature follicle progression to the next stage of
folliculogenesis, resulting in primordial follicle
apoptosis or atresia due to the accumulation of pro-
inflammatory cytokines in the ovaries [32],[33].
This leads to a reduction in the reserve of
primordial follicles in the ovaries, thereby
increasing the risk of infertility. The study suggests
that P. gingivalis infection, as a major periodontal
pathogen, can trigger disorders related to female
reproductive health. However, it is important to
note that this study did not explore other factors
that may enhance the impact of P. gingivalis
infection on ovarian health.

Conclusion

In summary, P. gingivalis infection led to a
decrease in the number of primordial follicles in
the ovaries of a female periodontitis model.
However, further researches are needed to explore
other factors related to the premature death of
pregranulosa cells in primordial follicles and the
increased atresia of follicles resulting from the
early damage to primordial follicles.
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