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Abstract

Objective: The aim of this study was to analyze the effect of moringa 
leaf extract administration at 5%, 10%, and 20% concentration toward 
osteoblast and osteoclast cell count in tension area of Cavia cobaya
tooth movement. 
Material and Methods: This study was an experimental research 
with post test only control group design conducted on Cavia Cobaya. 
The samples were divided into four groups, namely control group 
(given orthodontic forces), P1 group (given orthodontic forces and 
moringa oleifera extract at 5% concentration), P2 group (given 
orthodontic forces and moringa oleifera extract at 10% concentration) 

and P3 group (given orthodontic forces and moringa oleifera extract 
at 20% concentration). The samples were sacrificed in day 15 and the 
tissue were collected for histological test to examine osteoblast and 
osteoclast cell count. 
Results: The Anova test showed a significant difference of osteoblast 
and osteoclast cell count among groups (p<0.05). 
Conclusion: Moringa leaves extract administration at 20% 
concentration for seven days shows higher number of osteoblast and 
lower number of osteoclast compared to control group, 5% and 10% 
extract group.
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Introduction

The application of orthodontic force lead to tooth 
movement, indicated by changes in periodontal 
ligament and alveolar bone which further activate 
alveolar bone remodeling.1,2 Bone remodeling 
denotes active and dynamic process involving bone 
cell interaction, systemic hormones, cytokine and 
growth factor, aiming to maintain bone resorption 
by osteoclast and bone formation by osteoblast in 
balance.3,4 In orthodontic tooth movement, the 
bone formation process is more  time-consuming 
than bone resorption.5 The bone resorption process 
takes place in about 4-6 weeks, while the bone 
formation process required 2 months in every 
remodeling cycle. A new bone formation in tension 
area is essential to maintain the long-term stability 
of the moved tooth.1 

The success of orthodontic treatment rest on 
the outcome of remodeling process, which is 
determined by the quantity and quality of osteo-
blast and osteoclast.3 Osteoblast and osteoclast 
constitutes the two important cells involved in 
orthodontic tooth movement. Osteoblast denotes 
the main cell in bone tissue and bone formation, 
which is essential for bone morphology and the 
stability of moved tooth. Osteoblast regulate osteo-
clast recruitment and activity as well as control the 
phase of bone formation and resorption in bone 

remodeling cycle.1,2 A continuous mechanical 
force during orthodontic treatment may increase 
the function of mature osteoblast, along with the 
increase in bone formation and osteoblast precur-
sor’s differentiation. Osteoclast denotes a giant cell 
with multiple nucleus which degrade and resorb 
the bone. Osteoclast collaborate with osteoblast in 
bone remodeling process.2,3

Moringa oleifera leaves evidently contain 
various natural anti-inflammation and antioxidant 
substances namely flavonoid, phenolic and 
carotenoid. Besides, moringa leaves also rich 
in protein, vitamin C, vitamin A, calcium and 
potassium.6 Flavonoid may act as antioxidant by 
scavenging free radical and protecting the cell 
from oxidative stress.7 Based on previous study, 
flavonoid can stimulate osteoblast proliferation 
and differentiation.8 Other study by Marupanthorn 
proved that ethanol extract of moringa leaves 
could increase osteogenic differentiation of 
porcine bone marrow derived mesenchymal stem 
cells (MSCs) by increasing osteoblast proliferation 
and differentiation. Against the foregoing 
background, this study is aiming to investigate 
the effect of moringa leaves extract administration 
toward osteoblast and osteoclast cell count during 
orthodontic tooth movement.
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Material and Methods

This was a laboratory based experimental study with 
post test only control group design. Identification 
and preparation of moringa oleifera leaves extract 
were performed in Pharmacognosy Laboratory, 
Faculty of Pharmacy, Hasanuddin University. The 
animal treatments were conducted in Biochemistry 
Laboratory, Faculty of Medicine Universitas 
Airlangga. All the procedures in this study have 
received approval of Institutional Ethical Committee 
of Faculty of Dentistry Universitas Airlangga. 

Twenty eight male, 3-4 months old cavia cobaya 
used as samples. The inclusion criteria were phys-
ically healthy, have complete incisors, and have 
a good oral and periodontal health. After being 
acclimatized for seven days, Cavia cobaya were 
randomly divided into 4 groups; control group (K) 
were given orthodontic forces, P1 group were given 
orthodontic forces and 5% moringa oleifera extract, 
P2 group were given orthodontic forces and 10% 
moringa oleifera extract, and P3 were given ortho-
dontic forces and 20% moringa oleifera extract. 

Orthodontic force was applied in the mesial 
side of both upper insisors of cavia cobaya using 
prefabricated niti open coil spring and measured 

with tension gauge. The moringa oleifera extract 
were processed by maceration method using 70% 
ethanol. The extract was diluted with 1% CMC 
Na gel to form moringa oleifera extract 5%, 10% 
and 20% concentration. The aplication of moringa 
oleifera extract was done on day 8 after orthodontic 
force was applied, for 7 days. The moringa oleifera 
extract were administered using tuberculin syringe 
at 0.05 ml. 

On day 15, cavia cobaya were sacrificed and the 
alveolar bones were dissected. The acquired alveolar 
bones were then decalcified using ethylene diamine 
tetra acetic acid (EDTA), for 30 days and made into 
paraffin blocks subsequently. The examination of 
osteoblast and osteoclast cell count were performed 
using a light microscope at 400× magnification.

The collected data were analyzed with using 
one-way ANOVA to identify differences among 
groups with significance value of 0.05.

Results

A histological examination using Hematoxylin 
Eosin (HE) staining was carried out on the number 
of osteoblast and osteoclast in tension area of each 

Table 3  LSD test of osteoclast cell count after MO extract administration
Treatment Group Control (K) Extract 5% (P1) Extract 10% (P2) Extract 20% (P3)

Control (K) - 0.001* 0.000* 0.000*
Extract 5% (P1) - - 0.002* 0.000*
Extract 10% (P2) - - - 0.048*

*Level of Significance p < 0.05

Table 1  Mean and standard deviation of osteoblast and osteoclast cell count of each group
Variable Treatment Group N Mean ± SD p

Osteoblast cell count Control (K) 7 10.43 ± 2.07 0.000*
Extract 5% (P1) 7 13.86 ± 2.27
Extract 10% (P2) 7 21.29 ± 2.29
Extract 20% (P3) 7 25.29 ± 0.49

Osteoclast cell count Control (K) 7 22.14 ± 4.02 0.000*
Extract 5% (P1) 7 16.86 ± 2.73
Extract 10% (P2) 7 11.71 ± 1.98
Extract 20% (P3) 7 8.71 ± 1.25

*Level of Significance p < 0.05

Table 2  LSD test of osteoblast cell count following moringa oleifera extract administration
Treatment Group Control (K) Extract 5% (P1) Extract 10% (P2) Extract 20% (P3)

Control (K) - 0.003* 0.000* 0.000*
Extract 5% (P1) - - 0.000* 0.000*
Extract 10% (P2) - - - 0.001*

*Level of Significance p < 0.05
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groups. The result was shown in figure 1 and figure 2
respectively. The mean and standard deviation of 
osteoblast and osteoclast cell count in tension area 
of each groups after moringa oleifera extract admin-
istration were tabulated and presented in table 1. 
According to the observation, the treatment groups 
showed a higher number of osteoblast compared to 
the control group. The highest mean of osteoblast 
number recorded was from P3 group (25.29±0.49) 
and the lowest was P1 group (13.86±2.27). As for 
osteoclast cell count, the cell count of treatment 
groups was lower than the control groups. The 
highest osteoclast cell count recorded was from P1 

group (16.86 ± 2.73) and the lowest was P3 group 
(8.71±1.25).

The initial Kolmogorov-smirnov test was 
performed and indicated that the acquired data 
of osteoblast cell count were normally distributed 
(p=0.534), then further levene test was performed, 
showing that the data were also homogeny 
(p=0.147). The data were analyzed using One-way 
ANOVA. There was a significant difference of osteo-
blast between the four groups (p=0.000) table 1. The 
osteoblast cell count was further analyzed using 
Post Hoc LSD test, which are shown in table 2. The 
LSD test revealed that the osteoblast cell count of 
P3 group were significantly higher compared to P2 
group (p=0.001), P1 group (p=0.000), and control 
group (p=0.000). The result of P2 group were also 
significantly higher than P1 (p=0.000) and control 
group (p=0.000), and lastly the osteoblast cell count 
of P1 group were significantly higher compared to 
the control group (p=0.003).

Kolmogorov-smirnov and levene test also indi-
cated that the osteoclast cell count was normally 
distributed (p=0.643) and homogeny (p=0.090). 
A difference test was also performed, showing a 
significant difference among groups (p=0.000). The 
data were subsequently analyzed using post hoc 
LSD test, and the result is tabulated in table 3.

LSD test showed that the osteoclast cell count of 
P3 group was considerably lower compared to those 
of the P2 group (p=0.048), P1 group (p=0.000), and 
control group (p=0.000). The least osteoclast cell 
count recorded was P3, which followed by P2 group 
that significantly lower than P1 group (p=0.002) 
and control group (p=0.000). Finally, the osteo-
blast cell count of P1 group was significantly lower 
compared to the control group (p=0.001). 

Discussion

This research is aiming to analyze the osteogenic 
activity after moringa oleifera extract admin-
istration in tension area of orthodontic tooth 
movement. Tooth movement may cause several 
physiological changes in periodontal tissue, 
which further affect the activity, metabolism, 
and communication of cells that involved in the 
process, as a response to the orthodontic forces.10
Nitric Oxide denotes the key regulator of the bone 
response toward mechanical forces, which has 
been proven its contribution in bone formation, 
osteoclast activity, also preventing apoptosis of 
osteocyte and osteoblast.5 A large amount of Nitric 
Oxide may inhibit and reduce osteoblast activity 
and differentiation, and also remineralisazation 
and osteogenesis process.11

Moringa leaves (moringa oleifera) constitutes 
a resource of polyphenol such as flavonoid, which 

Figure 1  Histological features of osteoblas on tension side (black arrow). 
A. Control group, B. 5% extract group, C. 10% extract group, 
D. 20% extract group. (HE staining, magnification 400×)

Figure 2  Histopathologic features of Osteoclast on tension side (black 
arrow). A. Control group, B. 5% extract group, C. 10% extract 
group, D. 20% extract group. (HE staining, magnification 400×)
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possess a high anti-oxidant and anti-inflammation 
characteristics. The main flavonoid detected in 
moringa leaves is myrecytin, quercetin and kaemp-
ferol.12 The anti-oxidant characteristics possessed 
by polyphenol may inhibit reactive oxygen species 
(ROS), also maintain the osteoblast and osteocyte 
vitality, which play role in osteoblast activity and 
osteogenesis, and reduce osteoclast differentiation 
and activity.11,13 Through the anti-oxidant mech-
anism, polyphenol has been proven to reduce the 
undesirable effect of oxidative stress in osteoblast, 
by means of tumor necrosis-α (TNF-α) inhibition 
so that apoptosis will not occur.14

This study revealed that the administration 
of moringa oleifera extract at 5%, 10% and 20% 
concentration were able to increase the osteoblast 
cell count. However, the highest osteoblast cell 
count recorded was of the treatment group which 
was administered moringa oleifera extract at 20% 
concentration. This possibly due to the phytoestro-
gen contained in moringa leaves. Estrogen affect 
bone anabolism by increasing the osteoblast func-
tion and inhibiting the osteoclastogenesis. The act 
of estrogen mainly mediated by the high affinity of 
nuclear receptor. Moreover, some other flavonoids 
are considered fitoestrogen due to its ability to bind 
and give signal trough the estrogen receptor.15 This 
result is in accordance to the previous study which 
indicated that a certain flavonoid, namely qurcetin 
and rutin may increase the proliferation and differ-
entiation of osteoblast, by means of increasing the 
stimulus to produce osteoprogenitor.16

That phytoestrogen can increase MSCs differ-
entiation and inhibit adipogenic differentiation 
through non-genomic ER-mediated mechanism. 
Other in vitro and in vivo studies also showed that 
flavonols, quercetin and kaempferol constitute 
bioactive molecules which can prevent bone loss 
due to low level of estrogen during menopause. 
Besides, quercetin and kaempferol are also able to 
prevent osteopenia in ovariectomy rat model.17

This study also showed that the administration 
of moringa oleifera extract at 5%, 10%, and 20% 
concentration could significantly reduce the 
osteoclast cell count, compared to the control group. 
However, the lowest osteoclast cell count recorded 
was from group administered with moringa 
oleifera extract at 20% concentration. The result 
corresponds to the previous study which proved that 
kaempferol and quercetin were able to inhibit bone 
resorption and increase mature osteoclast apoptosis 
in rabbit15 while other study by Wattel et al.18 also 
stated that quercetin in low concentration could 
inhibit osteoclast differentiation, induce mature 
osteoclast differentiation, inhibit bone resorption 

by impairing the regulation of NF-κB and activation 
of transcription AP-1 in osteoclast precursor. 

The flavonoid contained in moringa leaves have a 
high osteogenic activity, which may increase osteo-
blastic activity. Flavonoid can manage cell function 
by stimulating TGF-β production, whereas TGF-β 
induces proliferation and migration of osteoblast.19
The increase of osteoblastic proliferation and activa-
tion may increase the amount of osteoblast, which 
further increase the expression of osteoprotegerin 
(OPG).4 An increase of OPG is very influential to 
the osteoclast activation, since OPG is the decoy 
receptor for Receptor Activator of Nuclear Factor 
Kappa-B Ligand (RANKL), by inhibiting the inter-
action between RANKL and Receptor Activator 
of Nuclear Factor Kappa-B (RANK) in precursor 
osteoclast cell membrane, thus inhibit the osteo-
clastogenesis. The inhibited osteoclastogenesis may 
reduce the rate and intensity of osteoclastogenesis 
and lead to osteoclast apoptosis, thus reduce the 
bone resorption and increase the bone formation.20 

Conclusion

Administration of moringa oleifera extract at 5%, 
10%, and 20% concentration can increase the 
number of osteoblast and decrease the number 
of osteoclast in tension area in orthodontic tooth 
movement of cavia cobaya. Thus, the use of 
moringa leaves as an alternative to accelerate bone 
formation, especially in orthodontic treatment can 
be considered.
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