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ABSTRACT

Periodontitis is a disease of periodontal tissue, one of which is caused by Porphyromonas gingivalis (P.gingivalis).
P.gingivalis causes alveolar bone destruction by triggering macrophages and PMNs to release proinflammatory
cytokines. Osteoblasts and osteoclasts play a role in alveolar bone remodeling. Decreased osteoblasts and
increased osteoclasts resulted in the inhibited remodeling process. Periodontitis can be slowed down with cassava
leaves. The purpose of this study was to examine the effectiveness of cassava leaves on the number of osteoblasts
and osteoclasts in a rat model of periodontitis. This research is an experimental laboratory with a post-test-only
control group design. The samples were male Wistar rats which were divided into (1) control (K) and (2) treatment
induced by P.gingivalis. the treatment group was divided into aquadest (P1), metronidazole (P2), and cassava
leaves (P3). Euthanasia was performed for the preparation of histopathological preparations with Hematoxylin
Eosin (HE) staining. Observations with a microscope magnification 400x. The results of the calculation of the
number of osteoblasts and osteoclasts between groups of cassava leaves and metronidazole were almost the same,
so it was said that cassava leaves were effective in increasing the number of osteoblasts and reducing the number
of osteoclasts in a rat model of periodontitis.

Keywords: osteoblasts; osteoclast; periodontitis; metronidazole; cassava leaves

INTRODUCTION
Background

Periodontal disease is the most common oral disease experienced by humans in the world®. Periodontal
disease affects about 20-50% of the population worldwide®, According to Riskesdas data in 2018, the percentage
of periodontitis cases in Indonesia is 74.1%®). Periodontitis is an inflammatory disease of the supporting tissues
of the teeth caused by the accumulation of subgingival plaque and certain periodontal pathogenic bacteria®. One
of the pathogenic bacteria that causes periodontitis is Porphyromonas gingivalis (P. gingivalis) ®. P. gingivalis is
a Gram-negative anaerobic bacterium that has many virulence factors, namely fimbriae, lipopolysaccharide (LPS),
capsules, lipoteichoic acid, proteases, ceramides, hemagglutinins, outer membrane vesicles, capsular antigens,
and hemolysins®. P. gingivalis virulence factors that have the most role in inducing periodontitis are fimbriae,
gingipain, and LPS(2, This virulence factor is used to evade the immune response and invade periodontal tissue
by stimulating the release of proinflammatory cytokines such as interleukin-1 (IL-1), IL-6, tumor necrosis factor-
a (TNF-a), and the eicosanoids, namely prostaglandins (PGE2). Prostaglandins and proinflammatory cytokines
destroy the periodontal tissue by stimulating the formation and increasing activity of osteoclasts and decreasing
the number and activity of osteoblasts*?4.The proinflammatory cytokines that are formed can stimulate
osteoblasts to increase the production of Receptor Activator of Nuclear Factor KpB-Ligand (RANKL) and decrease
the production of Osteoprotegerin (OPG). OPG functions to bind to RANKL so that when OPG production
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decreases, RANKL easily binds to (Receptor Activator of Nuclear Factor KB) RANK on osteoclast precursors.
This can lead to a decrease in the number of osteoblasts and the formation and activation of osteoclasts resulting
in bone damage®519),

Osteoblasts are cells that function to form, secrete components of the bone matrix and play an important
role in the process of alveolar bone remodeling. Osteoblasts contain the enzyme alkaline phosphatase which
indicates that osteoblasts form a layer of cells above the bone surface that functions to protect against bone
resorption by synthesizing and mediating osteoid mineralization. Osteoid is a bone matrix that has not been
calcified, is newly formed, and does not contain minerals, but not long after deposition occurs, osteoid will
immediately experience mineralization and become a new bone®®1"), Osteoclasts are very large, multinucleated
motile cells located in the superficial lacunae (lacunae howship) of the alveolar bone surface and play a role in
matrix resorption during growth and bone remodeling®®. Bone remodeling occurs in 5 stages, namely activation,
resorption by osteoclasts, reversal, formation by osteoblasts, and terminations that occur for £120-200 days in
cortical and trabecular bone®®,

Continuous inflammation of course must be prevented using the right drug to minimize the occurrence of
alveolar bone damage. The presence of bone formation in periodontal disease affects the outcome of treatment.
One of the drugs used for the treatment of periodontitis is metronidazole. Metronidazole is a drug that can
effectively inhibit nucleic acid DNA synthesis in bacteria®®. However, long-term use of metronidazole can cause
mild to moderate side effects such as dry mouth, headache, nausea, metallic taste in the mouth, abdominal pain,
diarrhea, stomatitis, and neutropenia®®-2, In addition, the use of antibiotics with doses that are not by therapeutic
guidelines can lead to resistance so their effectiveness in treating infections decreases®®2%), So it requires
alternative materials that have fewer side effects, one of which is derived from natural ingredients. Natural
ingredients are known to minimize the side effects caused by the use of chemical drugs®”. One of these natural
ingredients can be obtained through the cassava plant.

Cassava is a plant that can grow throughout the year in the tropics and has high adaptability to conditions
in various soils. The parts of the cassava plant such as tubers, leaves, and stems are known to have many benefits
in various food and non-food industries, especially the cassava leaves which are widely used as herbal
medicines®®. The content contained in cassava leaves are water, phosphorus, calcium, carbohydrates, vitamin C,
fat, protein, vitamin B1, iron, flavonoids, saponins, tannins, and triterpenoids®?. Cassava leaves have been
reported to have anti-inflammatory, antioxidant, antiallergic, antidiabetic, antibacterial, antiviral, and anticancer
activities®. The content of flavonoids in cassava leaves can suppress inflammation by blocking the
cyclooxygenase (COX) and lipoxygenase cycles. In addition, flavonoids contain quercetin which can stimulate
osteoblast differentiation. Saponins are also known to have an anti-inflammatory effect that is almost the same as
flavonoids, namely by inhibiting the activation of the prostaglandin pathway, but have no effect on its synthesis
and are known to reduce the duration of the inflammatory phase®?23. Apart from flavonoids and saponins, cassava
leaf content such as tannins, triterpenoids, and vitamin C also have anti-inflammatory and antibacterial
effects®34),

Based on previous research, the dose of cassava leaf extract (Manihot esculenta Crantz) works effectively
as an anti-inflammatory in reducing the peripheral leukocyte profile of a mouse model of ovarian dysfunction and
periodontitis and is effective in inhibiting the growth of P. gingivalis bacteria is 179.2 mg/kg BB®>. Until now,
there has been no research on the effectiveness of cassava leaf extract (Manihot esculenta Crantz) on the number
of osteoblasts and osteoclasts in the alveolar bone of periodontitis rats. Therefore, the authors wanted to conduct
a study on the effectiveness of cassava leaf extract (Manihot esculenta Crantz) on the number of osteoblasts and
the number of osteoclasts in the alveolar bone of periodontitis rats induced by P. gingivalis.

Purpose

The purpose of this study was to examine the effectiveness of cassava leaf extract (Manihot esculenta
Crantz) on the number of osteoblasts and osteoclasts in the alveolar bone of P. gingivalis-induced periodontitis
rats.

METHODS

This research had been approved by the Ethics Committee, Faculty of Dentistry, Gadjah Mada University
with letter number 0017/KKEP/FKG-UGM/EC/2022 and letter number 0024/KKEP/FKG-UGM/EC/2022. This
type of research was an experimental laboratory with a post-test-only control group design. The research
population was male Wistar (Rattus norvegicus) rats, 2-3 months old with a body weight of + 200 grams, healthy
rats characterized by active movement responses and no defects.

Identification of cassava plants at the Jember State Polytechnic Plant Laboratory. Cassava leaf extract was
made by the maceration method. The cassava leaves (Manihot esculenta Crantz) used came from the Kreongan
area, Jember Regency. The cassava leaves that are picked are the 5 leaf to avoid high cyanide levels in leaves
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that are too young®?. The cassava leaves are washed, then cut into small pieces and dried by placing the cassava
leaves in a place at room temperature that is not exposed to direct sunlight during this time. £2 days. and dried
using an oven at 40cc for 24 hours. After that, the dried cassava leaves were weighed then the cassava leaves were
mashed and sieved using an 80 maze sieve to become fine powders, the powder was macerated with 96% ethanol
with a simplicia: solvent ratio of 1: 6 for 3 days and stirred every hour. 24 hours. Next, the solution was
concentrated with a rotary evaporator at a temperature of 500C and 90rpm so that it became cassava leaf extract
(Manihot esculenta Crantz) at a dose of 179.2 mg/kg BB®837), Experimental animals that have complied with the
research criteria will be divided into 2 groups, namely the control group and the treatment group. Control group
(K1). Namely, mice that were not treated at all. The treatment group (P) was a group of rats induced by P.
gingivalis bacteria, consisting of 15 rats, then divided into 3 subgroups, namely the treatment group was given
aquadest (P1), the treatment group was given metronidazole (P2), the treatment group was given cassava leaf
extract (P2). P3). The treatment group was induced by P. gingivalis bacteria in the buccal and lingual gingival
sulcus of the lower left first molar with a dose of 0.05 ml each and given once every 3 days for 14 days using a
tuberculin syringe with a needle size of 30 gauge. After induction of P. gingivalis, clinical and radiographic
examinations were performed to see signs of periodontitis after induction. On clinical examination found signs of
swelling and redness of the gingiva (Figure 1). The radiographic examination revealed a radiolucent appearance
on the crest of the alveolar bone which indicated that alveolar bone resorption had occurred in the P. gingivalis-
induced rat group (Figure 2). After the rats had periodontitis, the treatment group was given 2 ml of aquadest (P1),
the treatment group was given metronidazole at a dose of 2.25 mg/kg BB (P2), the treatment group was given
cassava leaf extract at a dose of 179.2 mg/kg BB (P3). Give 2 ml every 2 times a day (every 8.00 and 20.00) for
1 week orally using a gastric probe based on the normal volume of the rat's stomach, which is 3-5 ml. Each group
will be euthanized on the 29th or 8th day after treatment and the lower jaws of the rats are taken. After that, the
lower jaws of the rats were fixed with a formalin buffer solution. Decalcification using 10% formic acid solution
for 14 days with daily vibration, then cutting the tissue buccolingual and making histological preparations with
Hematoxylin Eosin (HE) staining. Observation and counting of the number of osteoblasts and osteoclasts were
carried out using a light microscope with 40x magnification in three buccal and lingual visual fields (Figure 3).
Then the data analysis was carried out with the one-way ANOVA test.

Figure 1. Clinical features of rats with periodontitis. A) The yellow arrow indicates the clinical picture of
gingival swelling in rats. B) The yellow arrow indicates the clinical picture in the form of redness in rats

Figure 2. The radiographic appearance of periodontal tissue in P. gingivalis-induced rat group. The yellow
arrow indicates a radiolucent appearance at the crest of the alveolar bone.
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Figure 3. Histology of teeth and periodontal tissues with HE staining. A) Histology of teeth and periodontal
tissues at 40x magnification. M) Tooth crown, G) Gingiva, P) Pulp, AG) Tooth root, ML) Lingual mucosa, MB)
Buccal mucosa, TA) Alveolar bone, LP) Periodontal ligament, S) Cementum. B) Histology of teeth and
periodontal tissues with 100x magnification. TA) Alveolar bone image (part observed), G) Teeth

RESULTS

Osteoblasts are cells involved in the process of bone remodeling. The results showed that the osteoblasts
in the control group (Figure 4) appeared to be a row of flat or cube-shaped cells with one cell nucleus colored blue
or dark purple and having a basophilic cytoplasm attached to the alveolar bone®72®), The results also showed that
the osteoblasts in the treatment group (Figure 4) appeared in a row of osteoblasts attached to the alveolar bone in
the resorption area, which indicates the formation stage of the bone remodeling process®®. The results of the
calculation of the number of osteoblasts showed that the highest number was seen in the treatment group that was
given metronidazole, while the lowest number was seen in the treatment group that was given aquadest (Figure
4). Osteoclasts are very large motile cells with multiple nuclei located in shallow lacunae (howship lacunae) of
the alveolar bone surface and play a role in matrix resorption during growth and bone remodeling®*®. The results
of the calculation of the number of osteoclasts showed that the highest number was seen in the control group,
while the lowest number was seen in the treatment group that was given cassava leaf extract (Figure 5).

Figure 4. Histological appearance of osteoblasts with HE staining at 400x magnification. 1) histological picture
in the control group (K1). 2) Histological description of osteoblasts in the alveolar bone resorption section of the
rat group 2. A) treatment group that was given aquadest (P1); 2. B) the treatment group was given
metronidazole (P2); 2. C) the treatment group was given cassava leaf extract (P3). TA) alveolar bone, LP)
periodontal ligament; G) teeth. Yellow arrows indicate osteoblasts
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Figure 5. Histology of osteoclasts with HE staining at 400X magnification. A) Control. B) Treatment 1 was
induced by P. gingivalis and given aquades. C) Treatment 2 with P. gingivalis induced and cassava leaf extract
therapy. D) Treatment 3 was induced by P. gingivalis and given Metronidazole. TA (Alveolar Bone), LP
(Periodontal Ligament), D (Dentin). Black arrows indicate osteoclasts and yellow indicate osteoblasts.

The research data obtained were tested for normality using the Shapiro-Wilk and homogeneity test using
the Levene test. The results show that all data are normally distributed and homogeneous with a significant value
>0.05. Subsequently, a parametric test was performed using One-way ANOVA to determine the differences
between all groups. The results of the One-way ANOVA test are presented in Table 1.

Table 1. The average number of osteoblasts and osteoclasts

Grup N Osteoblast Osteoclast
X+SD p X+SD p
Control group (K1) 5 17.0+2.6 3.04+£2.0
Aqguadest group (P1) 5 124+15 3.00+£21
Metronidazole group (P2) 5 21.5+2.2 ALY 2.00+2.0 e
Cassava leaft group (P3) 5 19.9+0.9 1.60+1.5

Table 2. LSD test results in the number of rat alveolar bone osteoblasts

Group control  P. gingivalis + P. gingivalis + P. gingivalis +
(K1) aquadest (P1)  metronidazole (P2)  extract (P3)

Control group (K1) - 0.001* 0.002* 0.027*

P. gingivalis + aquadest (P1) - 0.00* 0.00*

P. gingivalis + metronidazole (P2) - 0.198

P. gingivalis + cassava leaft (P3) -

Table. 1 shows that the significance value (Sig) <0.05, which is 0.000, explains that there is a difference
in the number of osteoblasts and there is no difference in the number of osteoclasts with a significance value of
0.446. The next test, namely Least Significant Difference (LSD) to determine the significant difference in the
number of osteoblasts between groups, is presented in Table 2 below. Table 2 shows the difference in the number
of osteoblasts in all groups except for the treatment group given metronidazole and the treatment group given
cassava leaf extract did not have a significant difference (p=0.198).
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DISCUSSION

The results of the number of calculations that have been carried out show that the number of osteoblasts in
the treatment group given metronidazole and the group given cassava leaf extract showed that the number of
osteoblasts was higher when compared to the treatment group given aquadest and the control group. This is
evidenced by the results of the LSD test which show a significant difference.

The results of the LSD test showed that the treatment group that was given aquadest was significantly
different from the control group (normal). This indicates that the treatment group that was given aquadest was not
able to increase the number of osteoblasts. The decrease in the number of osteoblasts was seen by comparing the
average of the treatment group that was given aquadest of 12.4 with the control group of 17.0. This shows that the
decrease in the number of osteoblasts is quite large. This is because PGE2, IL-1, and TNF- which are formed
during inflammation play a role in increased apoptosis of osteoblasts and their precursors so that they can reduce
osteoblast production. PGE2 will induce osteoblasts to produce RANKL and decrease OPG production which
causes RANKL to bind to RANK, causing osteoclast formation and a decrease in the number of osteoblasts®5-39),
Giving aquadest is neutral and does not give any effect as antibacterial or anti-inflammatory so when given
treatment in the form of induction of P. gingivalis bacteria to experience periodontitis, the treatment group was
given aquadest experienced a decrease in the number of osteoblasts because there was no therapeutic effect in
treating periodontitis in aquadest“?,

The treatment group that was given metronidazole was significantly different from the control group and
the treatment group that was given aquadest. This indicates that the treatment group given Metronidazole can
increase the number of osteoblasts compared to the treatment group given Aquadest. This increase in the number
of osteoblasts can be seen by comparing the average number of osteoblasts in the treatment group that was given
aquadest as much as 12.4, the control group as much as 17.0, and the treatment group given metronidazole as
much as 21.5. This indicates a significant increase in the number of osteoblasts. This is because metronidazole
has bactericidal properties that are effective in killing anaerobic bacteria that usually dominate in periodontitis by
diffusion into the organism, inhibiting protein synthesis, and interacting with bacterial DNA which causes loss of
helical DNA structure and damage to DNA strands in bacteria, resulting in inhibition of DNA synthesis. which
causes the death of bacteria. This bacterial death helps prevent excess bacterial colonization so that a more severe
infection does not occur and that the inflammatory phase occurs in a shorter time®“43,

The results of the calculation of the average number of osteoblasts in the treatment group given cassava
leaf extract showed significantly different results from the control group and the aquadest treatment group. This
increase in the number of osteoblasts can be seen by comparing the average number of osteoblasts in the treatment
group that was given aquadest as much as 12.4, the control group as much as 17.0, and the treatment group given
cassava leaf extract as much as 19.9. This shows that in the treatment group given cassava leaf extract there was
also a significant increase in the number of osteoblasts, so it can be said that the treatment group given cassava
leaf extract was able to increase the number of osteoblasts. This is supported by the results of the LSD test in the
treatment group given cassava leaf extract which did not differ significantly from the treatment group given
metronidazole. So it can be said that cassava leaf extract has an effect that is almost equivalent to metronidazole.
Metronidazole is an antibacterial drug that is the drug of choice for periodontal disease by inhibiting the DNA
synthesis of nucleic acids of bacteria that cause periodontitis®®>444%), Meanwhile, the group of rats given cassava
leaf extract contained active compounds, namely flavonoids, triterpenoids, saponins, and tannins®?,

The content of cassava leaves that act as antibacterial, namely flavonoids, saponins, tannins, and
triterpenoids which are thought to be able to reduce the number of periodontal bacteria in the gingival sulcus so
that the inflammation that occurs can last a shorter time. Meanwhile, flavonoids, saponins, and triterpenoids can
also act as anti-inflammatory by inhibiting the action of arachidonic acid through the cyclooxygenase (COX)
enzyme so that it can inhibit the release of pro-inflammatory mediators such as IL-1, IL-6, TNF-a, and PGE2.
PGE2 can induce osteoblast cells to produce RANKL and inhibit OPG production. OPG binds to RANKL to
block the binding of RANKL to RANK. The inhibitory activity of PGE2 causes a decrease in RANKL expression,
a decrease in the number of osteoclasts, an increase in OPG, and an increase in the growth and differentiation of
osteoblasts increasing the formation of alveolar bone. This mechanism increases the number of osteoblast
cellst549),

The results showed that the untreated group of rats had the highest number of osteoclasts. This is probably
due to the mouse model experiencing stress which can cause an increase in the number of osteoclasts. Stress may
trigger alveolar bone resorption which is characterized by an increase in the number of osteoclasts. Under stress
conditions, there will be stimulation of the sympathetic nervous system as the body's response to stressors. The
sympathetic nervous system is thought to be able to activate the strengthening of hormones in the form of large
amounts of catecholamine release. The increase in catecholamines is thought to trigger macrophages and other
cells to produce proinflammatory cytokines“”. These proinflammatory cytokines will increase the expression of
Receptor Activator for Nuclear Factor-Kb Ligand (RANKL) and decrease Osteoprotegerin (OPG) as an antagonist
of RANKL. Macrophage-Colony Stimulating Factor (MCSF), IL-1, and RANKL will cause osteoclast precursors
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to differentiate and undergo fusion and then become multinuclear osteoclasts which can activate
osteoclastogenesis so that the number of osteoclasts increases®1%),

The results also showed that the cassava leaf extract group (Manihot esculenta Crantz) had the lowest
number of osteoclasts compared to other groups. The decrease in the number of osteoclasts is thought to be due
to the active content contained in cassava leaves which can inhibit osteoclastogenesis. The reduced osteoclasts
are influenced by the decrease in the number of bacteria and the inhibition of the accompanying inflammatory
response. The active ingredients in cassava leaves (Manihot esculenta Crantz) such as flavonoids, saponins,
triterpenoids, and tannins are known to have antibacterial and anti-inflammatory abilities that can cause a decrease
in the inflammatory response to reduce the formation of osteoclasts, and their activity so that alveolar bone
resorption can be reduced®464®), In the group with metronidazole induction, the mean osteoclasts were almost
the same as the cassava leaf extract group. Metronidazole is an antibiotic that is the drug of choice for periodontitis.
Metronidazole works by stopping the etiology of periodontitis by inhibiting the proliferation of P. gingivalis. In
addition, the ability of Metronidazole to inhibit pro-inflammatory cytokines such as IL-1, IL-6, and IL-8 can
reduce osteoclastogenesis activity. can be used as an alternative therapy for periodontal disease.

CONCLUSION

The conclusion obtained from this research is that cassava leaves extract (Manihot Esculenta Crantz) can
increase the number of osteoblasts and decrease the number of osteoclasts in periodontitis rat model.
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