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ABSTRACT
Background: The socket preservation has important role in alveolar
bone resorption after tooth extraction. Various graft materials can be
used in socket preservation must have ostooconductive,
osteoinductive and osteoproliferation properties. Autogenous bone
graft from dentin can be used because it has good osteoinductive and
osteoconductive properties. One of the active substances of
Moringaolei{eraLam is flavonoidsthat have several beneficial
characteristics as an anti-inflammatory. The combination of anti-
inflammatory with MO extract and Demineralization Freeze Dried
Dentin Matrix (DFDDM) is expected to provide a good response to
bone formation.
Aim: To determine the potentialof combination MO and DFDDM in
{ormation of Fibroblast and Osteoblast's cells in post extractron
caviacobaya's tooth.
Me0pd: The mandibular incisors of 45 Caviacobaya were extracted
and divided into iive groups subiected to drfferent socket preservation
trealments sequentially with MO, DFDDM, combination of MO and
DFDDM, Gamacha@ and polyethylene glycol (PEG). The caviacobaya
were examined on days 7, 14 and21 after which the specimens were
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sacrificed and examined using an immunohistochemical technique.
The resuhing data were then analyzed using one-way ANOVA and
Tukey's honestly significant diflerence tests.
Ran*t The One Way Anova test results showed a signi{icant
difference in Flbroblast and osteoblast betvveen the groups {p<0.05)
on day 7, 14 and 21 observation. The highest mean amount of OPG
and lowest mean amount of RANKL were found in the third group.
Condusbn: Combination of MO and DFDDM can effectively generate
Fibroblast and osleoblast expressions during the preservation of tooth
extraction sockets .
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INTRODUCTION
Tooth extraction causes biological changes such as

resorption and alveolar ridge atrophyr The resorption rate

occurs laster during the lirst six months alter sxtraction.
Then resorption will continue to increase by 0. 5-1Yo per

year.2 Loss of structuro and volume of alveolar bone will
aflect stability, retention, and support lor prostheses, as well

as the placement of dental implants b8cause thB primary

stability was not achieved, adequate anchoring and ideal

position.3

Erlraction sockets' healing is a very dynamic process; the

intlammatory response is immediately activated alter tooth
extraction. The healing process takes about 12 to 16 weeks.

About 50% ol the width ol the alveolar bone disappears

within 12 months after extraction, and 30% (change ol 3.8
mm) occurs in the lirst 12 weeks, mainly due to los of

buccal plate of the alveolar bone. Therefore, tochniques to
maintain post-extraction sockets are otten researched.4

Socket preservation or ridge preservation is a procedure

perlormed on a tooth socket to maintain the volume and

structure of bone alter extraction by placing graft material

that is a cellular matrix in the lorm of the scallold during the

bone regeneration proces.s Formation ol new bone lrom
this graft material takes timos; therelore it needs a time

substance to accelerate the procoss of new bone lormation.o
Bone graft material based on its origin can be categorized

into autografts, allografts, xBnografts, and alloplasts. ln the

case of allograft, there is some doubt that the amount of
protein needed lor bone lormation is needed in

osteoinduction, and transmision can occur. Also, xenogratt

is not popular among operators because ol the immune
rejection responso by heterologous proteins, the possibility

of transmision, and large costs. As a rssult, thero is a lot ol

research on the development, application, and elfects ol

allogratt, xenograft, and synthetic graft. Bone gratt mat0rial

that capable ol replacing autogenous bone has been highly

anticipated. Research by Park Sung Min et al., lound that an

auto tooth bone graft material is a good bone gralt material

with osteoconduction and osteoinduction ability to replace

autogenous bono which has many weaknesses.T
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Demineralized Dentin Matrix (D D M) is an organic matorial

from dentin that has osteogenic ability.4 Autogralt DDM is

considBred an innovative material because ol its

composition and characteristic which aro similar to the bono
graft. The substances ol growth factors, biocompatibility,
bioabsorption, and low maintenance costs allow this
material to be a realistic alternativs to artilicial
biomaterials.4

Moringa plants or Moringaoleilera Lam is a plant contains

bioactive substances such as vitamins, carotenoids,
polyphenols, phenolic acids, flavonoids, alkaloids,
glucosinolates, isothiocyanates, tannins, and saponins.s

Various researchers indicatsd thoso plants have various
phytochemicals, especially phytoestrogens, who have a

positive effect on bones. Recent research by Zhang et al.,

shows that llavonoids were able to stimulate ostGoblast
prolileration and dilferentiation. Moringa leaves can inhibit
the production of cytokines by macrophages (TNF-o1,

lnterleukin-6 (lL-6), and lL-8)), which caused by

Lipopolysaccharide (LPS). 0uercetin is a part of tlavonoids
that can stimulate osteoblasts and increase bone lormalion.s
The combination ol anti-inllammatory Moringa leat extract

and osteoconductive and osteoinductive charactsristics ol
the Demineralization Freeze-Dried Dontin Matrix
(DFDDM) is oxpscted to provide a good response to bone

lormation. Until now, bone lormation aftGr tooth extraction
with DFDDM application combined with Moringa leaf

extract has not been well known. Therelore, researchers are

interested to examine the ellect ol the combination ol
Moringaoleilera Lam and DFDDM loat extracts on tho
number ol osteoblast colls after the extraction ol guinea pigs'

teeth.

IVIATER IALS AN D MET H O DS

This study was approved by the Ethics Committee of
Medical Faculty ol Hasanuddin University. This type ol
research is an experimental laboratory in experimental
animals with a post-test only control group design research

design. The inclusion criteria ol cavia animals were male

with a bodyweight ol 300-350 grams, 90-120 days old, and

healthy (non-dull hair, no hair los, physically actlve, and

have a good leed intake).

Subiects were divided into 5 groups ol treatment, Group l:
post-extraction sockets were given 2% dry Moringa leal

(M0) extract (0. S-gram M0 in 24-gram PEG). Group ll:
post-extraction sockets were given 0. S-gram DFDDM.
Group lll: post-extraction sockets were given a combination
(0. S-gram M0 in 24-gram PEG and 0. S-gram DFDDM).
Group lV: post-extraction sockets were given 0. S-gram

Gamacha0 bone gralt as a positive control and Group V:
post-extraction sockets were given polyglycol (PEG) as a

negative control on the mandibular incisor extraction
socket. 0bservations were made after the 7th, 14th, and 21st

days post-extraction.

M0 extract was obtained from Moringa leaf extraction by
the maceration method conducted at the Makassar UIN
Pharmacy Laboratory. Meanwhile, the manulacture ol the

Demineralized Freeze-Dried Dentin Matrix (DFDDM) was

carried out at the lntegrated Biotechnology Laboratory ot
the Faculty ol Animal Husbandry UNHAS and the STIFA

Research Laboratory in Makasar. The specimens procedure

was carried out at the Biomaterial Center lnstallation
Laboratory, and the Anatomical Pathology Laboratory at the
Hasanuddin University Hospital. The study was conducted
from June to 0ctober 2019.

Caviacabaya was anesthetized with ketamine 0. 2 cc/ 300 g

BW. Then, the mandibular incisors are extracted using a

needle holder. The lormer extraction socket then irrigated

with saline solution then be lilled lollowing the connection

space according to the direction group, then do the suturing.
After 7th, 14th and 21st days, Caviacabaya was executed, the

lower jaw was cut and then soaked in a 70% bullered
lormalin solution. Then make anatomic histopathology
preparations lor HE staining. The osteoblasts amount was

observed using a light microscope,400x magnifications.

The results of ths calculation were recorded and tabulated.
Alter that a statistical analysis was performed with
Shapirowilk to determine the normal distribution ol the

samples, then the Levene test to determine the homogeneity

ol the data. Furthermore, the 0ne-way Anova test and the

Tukey HSD post hoc test to learn the ditferences between

the study groups.

RESEARC H RESULT
Shapiro Wilk normality test results and the Levene

homogeneity test show p> 0. 05 which means that the data
is normally distributed and homogeneous so that
parametric statistical te$s can be perlormed.
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F ig u re 1 : G raph of the average nu mber of lib roblasts at h istological observations ol 7th, 14th, and 21st days
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Figure 2: Graph of the average numberol osleoblastsat histological observationsofTth, l4th, and 21st days

Basedonthegraphoftheaveragenumberoflibroblastsand 21st days, all groups descriptively experienced an increase

osteoblasts on histological observations on theTth, 14th, and in the average number of fibroblasts and osteoblasts.

F igu re 3: Red arrows show f ibroblasts and green arrows show osteoblasts on immunohistochemical observations on 7th day
in l, ll, lll, lV, and V

Figure 4: Red arrows show libroblasts and green arrows show osteoblasts on immunohistochemical observations on 14th

day in groups l, ll, lll, lV, and V.

F igu re 5: Red arrows show libroblasts and green arrows show osteoblasts on immunohistochemical observations on 21st

days in groups l, ll, lll, lV, and V

Table 1: The average number of fibroblasts and osteoblasts in the histological observation ol the post tooth extraction socket

G roup N 0bservation Fibroblast (rirsD) p- value Osteoblast (irSD) p'value

IffiI
aI rFs

3

3

Day 7

Day 14

45.33

64.83

87.66

t 4.04

t 1.89

t 6.35

0.00.

20.91

43.16

90.08

7.31

7.14 0.m*
8.073 21

7

3 Day 14

3 Day 21

69.83

92.66

1

t 1.89 0.00. 53.33

t 6.35 100.4

5.50 0.00.

9.13

79.00

112.3

0.00. 62.00

113.3

t
!

t
4.00

1 1.59

14

21

Day

Day

3

3

4.58 0.00*

12.50

IV
3

3

3

Day 7

Day 14

Day 21

5't.33

70.66

93.66

0.00-

25.66

54.00

101.5

3.51

5.29

12.08

t
t
t

4.04

2.08

6.35

I
t
t

0.00"

3

3

3

Day 7

Day 14

Day 21

38.66

51.50

68.66

0.00.

1S.00

42.83

79.33

x 2.75

t 7.14

t 9.018

0.00"

I
t
t

3.51

1.32

12.05

V
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Based on table 1, the results ol the 0newayAnova test

showed that the number ol libroblasts and osteoblasts in all

treatment groups showed a significance value ol p <0. 05,

which means that there were signilicant dillerences between

each treatment group.

Table 2: Tukey's Honest Signilicant Difl8rence (HSD)test ol the averags number ol ostBoblast libroblast cells in histology

observation at the post-extraction tooth socket

Group 0bservation Comparison

I Day 7 Day 14 0.004* 0.026.
Day 21 0.000. 0.000.

Day 21 0.000. 0.000.
Day 14 Day 21 0.002" 0.000.

ilt Day 7 Day 14 0.036. 0.010.

Day 2'l 0.000. 0.000.
Day 14 Day 21 0.006- 0.001.

p'
Fibroblast

value

p*

0steoblast

value

IV Day 7 14

21

21

Day

Day

Day

0,005-

0.000'
0.002.

0.011 
.

0.000.

0.001r14

7

Day 14

14

21

21

Day

Day

Day

0.158

0.006.

0.063

0.012-

0.000.

0.001.. Post Hoc Tukey HSD; p<0.05;signilicant

Histological observation ol the number of fibroblasts when

observing on the 7th to 14th days and on the 14th to 21st

days in all groups showed osteoblasts ol signilicance value p

<0. 05, meaning there was a signilicant dilference, excepl in
group V which had a signilicance value of p> 0. 05.

I
ilt
IV
V

- Post Hoc Tukey HSD; sign

Based on table 3, lurther dilferent tests on the 7th-day
observation on histology ol osteoblast socket extraction ol
mandibular incisors, showed a signilicance value ol p <0. 05

in the group using a combination of M0 and DFDDM
when compared with group V using PEG, which means

there is a signilicant ditterence between the dillerences in

Likewise, observations on the 7th to 14th day and 14th to
21st days in all groups showed a signilicance value ol p <0.

05, meaning that there was a signiticant diflerence between

ths incroasc in the number ol osteoblast cells on the 7th and

14th and on the 14lh and 21st days after tooth extraction.

0.989

0.561

0.050.

0.527

Table 3: Tukey's Honest Signllicant Dillerence (HSD) ol the average number ol expresion ol osteoblast histology
observation at the 7th in the mandibular incisor Bxtraction socket

IV V

2 0.103 0.782
0.456 1.000

0.484

the average number of osteoblasts betwesn group lll and
group V. Also, the data show a signilicance value ol p> 0. 05

in the other 0roups, which means there is no any significant
ditlerence between the ditterences in the average number of
osteoblasts betwcen one treatment group and the other.

Table 4: Tukey's Honest Significant Dillerence (HSD) test of the average number oI expression ol osteoblast histology

observation on the 14th days in the mandibular inci$or exlraction socket

Group il ilt IV V

I

lt
ilt
IV
V

0.304 0.022-

0.443

1.000

0.278
0.020'
0.23't

- Post Hoc Tukey HSD;p<0.05;significant
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Based on table 4, lurther dillerent tsst on the 14th-day
obssrvation on histology of osteoblast at the mandibular
incisors sxtraction socket, group lll to group I and group V

show a signif icance value ol p <0. 05 which means thero is a

signilicant difference betweon the average diflerence in the
number of osteoblasts between group lll with respect to

group I and group V. The other groups showod a

signilicance value of p> 0. 05 which means there was no

signiricant difference between the diflerences in tho averags

number of osteoblasts between one treatment group and the

othor.

Table 5: Tukey's Honest Signilicant Dillerence (HSD) test ot the avorage number ot Bxpression ol osteoblast histology
observation on the 21st days in the mandibular incisor extraction sockel

G IV V

0. 0.1 13

0.566

0.661

1.000

0.644

il
ilt
IV
V

0.'166

0.0 t6.
0.135

- Post Hoc Tukey HS D; p<0.05; signilicant

Based on table 5, lurther different test on the 2'lst-day
observation 0n histology of osteoblast at the mandibular
incisors extraction socket, showed a significance value ol p

<0. 05 in group lll using a combination ol M0 and

DFDDM when compared to group V using PEG, which
means there is a significant diflerence betweon the

differences in the average number of osteoblasts between
group lll and group V. ln addition, th6 data show a

signilicance value ol p> 0.05 in ths other groups, which
means there is no signif icant diflerence between the
dillerences in the average number of osteoblasts between

ono treatmenl group and the other.

Table 6: Tukey's Honest Significant Difleronce (HSD) test ol the avorage number ol expression of fibroblast histology
observation on the 7th days in the mandibular incisor extraction socket

r 0.706 0.090 0.561 0.468

il 0.514 0.999 0.049.
il t 0.659 0.007*
rv 0.050-
V

- Post Hoc Tu key HSD; p<0.05; significant

Based on table 6, further diflerent test on the 7th-day
observation on histology ol fibroblast at the mandibular
incisors extraction socket, showed a signilicance value ol p

<0.05 in group V against groups ll, lll and lV which means

that there are significant difforences between group V with

il
ilt
IV
V

groups ll, lll, and lV on the 7th day ol observation. The

reEults also showed a signilicance value of p> 0. 05 which
means there was no signilicant dillerence between the

avorage ditlerences in the number ol fibroblasts between

one treatment group and the other.

0.006" 0.092 0.000.

0.012* 0.000.

0.000.

Table 7: Tukey's Honest Signilicant Dilrerence (HSD) tBst ol the average number ol expression ol tibroblast histology

observation on the 14th in the mandibular incisor extraction socket

r0u il ilt IV V

0.000.

- Post Hoc Tukey HSD; p<0.05;significant

Based on table 7, lurther diflerent test on the 14th-day

observation on histology ol fibroblast at the mandibular
incisors extraction socket, group lll to groups l, ll, lV and V

as well as group V against groups I, ll, lll, and lV showed

signilicance values p <0. 05 which it means that there is a
signilicant dilterence between the average ditlerence in the

number ol fibroblasts, or having a different etlect on the

14th day ol observation.

Table 8: Tukey's Honsst Signilicant Diflerence (HSD) test ol the average number of expresion ol libroblast histology

observation on the 21st days in ths mandibular incisor extraction $ocket

ll ilr IV V

0.956 0.044. 0.918
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lt
ilt
IV
V

0.126 1.000

0.154

0.050.

0.001.

0.04'r.

. Posl Hoc Tukey HSD; p<0.05;signilicant

Based on table 8, lurther diflerent test on the 21st-day

obsorvation on histology ol libroblast at the mandibular
incisors Bxtraction socket, group lll to group l, and V and
group V togroups ll, lll, and lV showed asignilicancevalue
of p <0. 05 which means that thsre were significant
dillerences between the diflerences in the average number ot
fibroblasts or having diflerent elfects on the 21st day ol
observation.

DISCUSSION
ln this study, the extraction of lower incisors was performed

on guinea pig (caviacobaya). Caviacobaya is thB most

suitable experimental animal in this study because guinea
pigs have an immune response similar to humans.s Socket

Preservation ol alveolar bone has an important role,

ospecially atter tooth extraction by placing various graft

material in tho newly extracted socket. Various materials

that can be used are autogenous, allogeneic, xenograft, and

alloplast materials, but to get satisfactory results, graft

matorial must have osteoconduction, osteoinduction, and

osteoprol ileration.lo

The process of bone remodeling is a process that depends

on cell activity on the surface. lt takes many channels that

enter tho alveolar bone to send blood vessels and the deeper
part consists ol cancellous bone and spaco tor bone marrow.

This proces occurs naturally, to accelerate the procsss; it
required innovation in tisue engineering to accolerate the
process ol alveolar bone remodeling.rl ln this study the

number of libroblasts and osteoblasts used as an indicator of

bone remodeling.

Non-functional healthy teeth that have been extracted from
humans are considered as inlective dental waste globally.

There is a high proportion of sockets that are extracted and

not treated for physiological healing worldwide. ln addition,
there has been a reported lailure of bons healing in the

socket due to the absBnce of bone gratt material.l2

Autogenous bone gratt has been used to repair bone defects

because dentin and bone have a malor characleristic,

osteoinductive.13 Demineralized dentin matrix (DDM)
contains type-l collagen along with growth lactors such as

BMP-2 and libroblast growth factors. This bioactive

molocule contributes to osteoinduction and

osteoconduction ol human teeth as gralt material. (10)

Human teeth are rich in stem cell sources, matrices, trace

metal ions, and growth lactors. (14) Although the structure
ol bone tissue and dentin are dilterent, the component

ratios are similar (70% minerals, 20% collagen, 10% body

f luids by weight ). After demineralization, the main

constituents ol the dentinal matrix are type-l collagen (95%)

and non-collagen proteins such as growth factors. (14)

Growth lactors identilied in human dentin include insulin-
like growth tactor-l (lGF-l), skelstal growth lactor/insulin-
like growth lactor ll (lGF-ll), and translorming growth

lactor-p (TGF-p).5

ln this $udy, the application ol autogralt material using

Demineralized Freeze-Dried D0ntin Matrix (DFDDM)
autograft material obssrvations on lhe 7th, 14th and 21st

days (table 1) showed a signilicant increase in the number ol
fibroblasts and osteoblasts using the 0newayAnova test in
the DFDDM administration group. The dentin matrix can

improve the repair of minoral dentin tissue in ths tooth and

likewise in bone repair so that DDM can be described as

representing a matrix model that is physiologically

optimized to promote osteogenic signaling.ls Autogralt
material inserted into the post-oxtraction socket, the results

can be used as a lramework lor new bone growth originating
lrom ost8oblasts at the bottom ol the socket.16

The results ol this study also showed an increase in the

number of fibroblasts and ost0oblasts on observation on the

7th, 14th, and 21st days (table 1) using the 0newayAnova
test in the group ol Moringa leaf, moringaoleilera
extraction. Moringa leal extract is rich in llavonoids,
saponins, alkaloids, and tannins. Flavonoids contained in

Moringa leal extract, according to research by Zhang et al.,

can stimulate osteoblast proliferation and dilferentiation.lT
This is also supported by Patel's research, which revealed

that the administration ol flavonoid substances from
Moringa leat extract can help osteoblasts diflerentiate,
which leads to bone tormation. (18) Meanwhile, saponins
have an eflect on osteogenic activity that promotes

osteoblast prolileration and dillerentiation. This is also in
line with recent research by Vali et al., which shows that
certain llavonoids have a positive inlluence on bone nodule

formation in vitro. 1e M0 is rich in certain llavonoids which
play an important role in stimulating ostooblastic cells.

Research Wang et al., also said that flavonoids have the
potential to stimulate $teoblasts.l8

Besides, there is the fact that ths number ol osteoblasts alone

is not sulficient for bone lormation, therelore, combined

with DDM as bone gralt material to strengthen osteoblastic

activity. The ideal dental bone gralt must have one or more

ot the tollowing characteristics: (1) osteoconductivity, to
provide scallolds that guide angiogenesis and osteogenesis;

(2) osteoinductivity, to induce mesenchymal stem cells in

the implant area to ditlerentiat8 into preosteoblasts; and (3)

osteogenicity, which contains osteoblasts that are ready to

dillerentiate into new bone cells alter implantationls
Based on the rosults ol this study, the combination ol both

M0 and DFDDM materials can signilicantly increase the

number ol libroblasts and ostsoblasts on days 7,14 and 21

(tables 3-9) when compared with trsatment groups l, ll, lV,
and V. osteoconduclive and $t0oinductive ol both

materials can increase the number of libroblasts and

osteoblasts. This occurs due to the presence of a

combination ol DFDDM and M0 in socket preservation,

DFDDM autogralt has osteoinduction and osteoconductive
properties ol DDM (demineralized dentin matrix).
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The case report by Kabir Aralat et al found that the clinical
and radiographic leatures ol the DDM gralt case in the
regeneration 0l the third molar socket gave satisfactory
results, without any complications. Autogsnous DDM gralt
material is very uselul as a bone-forming matorial for bone

rogensration in post-extraction tooth sockets. Besides, this
material has low morbidity, oasy handling, and large

radiopacity, which allows radiographic follow-up in the
area5

Besides, the presence of M0 helps increase the number ol
fibroblasts and osteoblasts bscauso M0 has $teoinductive
properties indirectly trom the llavonoid contsnt in it
(quercetin) which is proven t0 have antioxidant proporties

that can stimulats ostBoblast proliteration and

diflerentiation.20 Similarly, the phytoestrogen content of
M0, namely estrogen which provides an anabolic ellect on

bones by increasing osteoblast function and inhibiting
osteoclastogenosis. Estrogen action is largely mediated by

the high recsptor nuclear allinity and some flavonoids are

considered phytoestrogens because ol lh0ir ability to bind
and signal through estrogsn receptors.2r This is consistent
with research conducted by Srivastava et al. (2013), which
shows that certain llavonoids such as quorcotin and routine
could increase osteoblast prolileration and diflerentiation by

a simultaneous incroase in osteoprogenitor production.z

Similarly, when combined with a DFDDM gralt matorial

that can strengthen osteoblastic activity. lncreased

prolileration and osteoblastic activity will increase the

number ol osteoblasts and prevent ostsoclastogenesis.

lnhibition ol osteoclastogenesis will reduce the speed and

intensity ol osteoclastogenosis and cause apoptosis in

osteoclasts to reduce bone resorption and increase bone

f g161gli9 g.B2rl5,m,27

Group lV as a positive control with Gamacha0 showed a

significant improvement from days 7,14 and 21 because

Gamacha0 has good osteoinductive power.2a However, this
increase did not have a signilicant dillerence when

compared to treatmenl group lll. Group V as a negative

control also showed an increase in the number ol libroblasts
and osteoblasts. However, when compared to other
treatment groups, ths increase in group V had the lowest

increase on observation days 7,'14 and 21 days (table 3-9).

CONCLUSION
Giving DFDDM auto gralt combination material and M0

extract into the socket after tooth extraction ol caviacobaya
guinea pigs can increase the number of libroblasts and

osteoblasts to accelBrats the proces ol bone remodeling and

maintain alveolar bone.
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