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The role of the combination of Moringa oleifera leaf 
extract and demineralized freeze‑dried bovine bone 
xenograft (xenograft) as tooth extraction socket preservation 
materials on osteocalcin and transforming growth 
factor‑beta 1 expressions in alveolar bone of Cavia cobaya
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Original Article

Aim: Alveolar bone resorption, often occurring after tooth extraction, can be minimized through socket 
preservation. This process uses a combination of Moringa leaf extract and demineralized freeze-dried bovine 
bone xenograft (DFDBBX) that is expected to generate both transforming growth factor-beta 1 (TGF-β1) 
expressions as a transcription factor associated with osteoblast differentiation and osteocalcin accelerating 
alveolar bone formation. This research aimed to analyze the role of the combination of Moringa leaf extract 
and DFDBBX induced in socket preservation when generating TGF-β1 and osteocalcin expressions.
Materials and Methods: The left mandibular incisors of 56 Cavia cobaya were extracted and divided into 
four groups subjected to different socket preservation treatments. The first group treated with polyethylene 
glycol, the second group with DFDBBX, the third group with Moringa leaf extract, and the fourth group 
with a combination of DFDBBX and Moringa leaf extract. The C. cobaya were examined on days 7 and 30, 
after which the specimens were sacrificed and examined using an immunohistochemical technique. The 
resulting data were then analyzed using one-way ANOVA and Tukey’s honestly significant difference tests.
Results: There was a significant difference in TGF-β1 and osteocalcin expressions between the groups (P < 0.05). 
The highest mean amount of TGF-β1 and osteocalcin was found in the fourth group on both days 7 and 30.
Conclusions: The combination of Moringa leaf extract and DFDBBX can effectively generate TGF-β1 and 
osteocalcin expressions during the preservation of tooth extraction sockets.
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INTRODUCTION

Tooth extraction is a common procedure in the field of  
dentistry. Normal tooth extraction will be followed by 
a resorption process. Resorption is an accumulation of  
morphological and dimensional changes in the alveolar 
bone.[1] Alveolar bone resorption mostly involves horizontal 
aspects, more commonly found on the buccal side than 
on the lingual or palatal side.[2] Moreover, the process 
occurs rapidly during the first 6 weeks–2 years after tooth 
extraction after which it will continue, albeit at a lower 
rate.[3] Thus, alveolar bone resorption after tooth extraction 
is inevitable. Six months after extraction, there will be rapid 
and irreversible alveolar bone resorption, approximately 
40% of  its height and 60% of  its width.[4]

Although alveolar bone resorption after the tooth extraction 
is certain to occur, it still can be minimized.[3] Minimal 
traumatic extraction is one means of  minimizing alveolar 
bone resorption, that is, by carrying out socket preservation.[5] 
The preservation of  tooth extraction sockets is a procedure 
for inserting a regenerative material into a tooth extraction 
socket.[3] The long‑term objective of  socket preservation 
is to maintain the dimensions of  the alveolar bone.[6] The 
occurrence of  inflammation that initiates alveolar bone 
resorption will result in significant changes and can hinder 
the installation of  fixed dentures and implants.

The installation of  fixed dentures and implants requires 
adequate alveolar bone structure and volume to support the 
placement of  removable or fixed dentures, as well as implants. 
Loss of  alveolar bone support will, therefore, affect the 
retention, stability, and comfort of  dentures.[7] A variety of  
bone graft materials has been widely studied in recent years, 
the most commonly used one in dentistry being demineralized 
freeze‑dried bovine bone xenograft (DFDBBX). DFDBBX 
has an osteoinductive and osteoconductive which promotes 
and stimulates new bone growth.

Therefore, to prevent the occurrence of  inflammation, it is 
necessary to heal tissue with natural materials considered to 
be safer, cheaper, and more widely available in daily life.[8] 
One of  the natural ingredients that supposedly offers 
many benefits is Moringa oleifera leaf. M. oleifera leaf  contains 
Vitamins C, α and β‑carotene, as well as 12 flavonoids, 
including quercetin and kaempferol.[9] Several studies 
have posited that flavonoids possess several beneficial 
characteristics as an anti‑inflammatory.[10]

Transforming growth factor‑beta (TGF‑β) is considered 
a multifunctional cytokine that regulates the growth, 
differentiation, adhesion, and apoptosis of  various 

cell types.[11] TGF‑β is involved in the process of  bone 
formation in terms of  the differentiation and maturation of  
osteoprogenitor cells into osteoblasts. TGF‑β1 can stimulate 
osteoblast activity, lead to new bone formation, as well as 
accelerate fracture healing and skeletal abnormalities.[12] 
Moreover, osteocalcin is one of  the noncolonic protein 
bone matrices that occur in large quantities. Osteocalcin 
can also be used as a biomarker in accurately evaluating the 
bone formation process.[13,14] As a result, this research aimed 
to analyze the role of  a combination of  Moringa leaf  extract 
and DFDBBX for tooth extraction sockets preservation in 
generating osteocalcin, TGFβ1, and osteoblast expression.

MATERIALS AND METHODS

Research type
This research has been approved by the Faculty of  Dental 
Medicine, Universitas Airlangga Health Research Ethical 
Clearance by the number 035/HRECC.FODM/IV/2017. 
This research constituted an experimental study with 
randomized postcontrol design using healthy and active 
male C. cobaya animals weighed 300–350 g and aged 
3–3.5 months.

M. oleifera leaf  extract was performed using maceration 
process. Then, the participants were divided into eight 
groups consisting of  seven participants based on Lemeshow 
formula.[15] Groups I and II were treated with polyethylene 
glycol (PEG) as control, Groups III and IV were given 
DFDBBX + PEG, Groups V and VI were treated with 
Moringa leaf  extract + PEG, and Groups VII and VIII were 
given Moringa leaf  extract + DFDBBX + PEG. Groups I, 
III, V, and VII were sacrificed and examined on day 7 while 
Groups II, IV, VI, and VIII on day 30.

Research procedure
The C. cobaya were first anesthetized intramuscularly using 
0.2 cc ketamine (20 mg/300 mg).[16] Each participant’s left 
mandibular incisor was then cleared of  food scraps with a 
water spray and dried before being extracted. In the next 
stage, approximately 0.1 ml of  a combination of  Moringa 
leaf  extract, DFDBBX (Bonegraft 10 mesh/2000 µ, Batan) 
and PEG was introduced into the sockets by syringe. 
The socket was stitched with polyamide monofilament 
(Braun Aesculap, USA). All of  the participants were 
sacrificed depend on the duration for each group. The 
mandible for each sample was cut, decalcified, and 
embedded. Immunohistochemistry staining preparation 
was performed in Anatomical Pathology Laboratory, 
Dr. Soetomo National General Hospital, Surabaya. The 
immunohistochemical evaluation was performed using 
monoclonal antibody anti‑TGF‑β1 (ab190503, Abcam, 
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USA) and monoclonal antibody anti‑osteocalcin (ab13420, 
Abcam, USA). The amount of  TGF‑β1 and osteocalcin 
expressions was then observed in a microscope at a 
magnification of  ×1000 and a field number of  20. 
Meanwhile, capturing microscopic images was performed 
at a magnification of  ×400. The TGF‑β1 and osteocalcin 
expressions observed were then calculated manually using 
a modified semi‑quantitative Remmele scale. Positive 
TGF‑β1 and osteocalcin expressions appeared as brown 
under the light microscope. Thereafter, the data were 
statistically tested using one‑sample Kolmogorov–Smirnov, 
one‑way ANOVA, and Tukey’s honestly significant 
difference (HSD).

RESULTS

Based on the research results, the mean value of  TGF‑β1 
and osteocalcin expression from day 7 to day 30 can be 
seen in Table 1. The bar graph in Figures 1 and 2 showed 
the highest TGF‑β1 and osteocalcin expression was 
found in Groups VII and VIII. On the other hand, the 
lowest TGF‑β1 and osteocalcin expression were found in 
Groups I and II. Nevertheless, the TGF‑β1 and osteocalcin 
expressions on day 30 were higher than on day 7. Based 
on the Kolmogorov–Smirnov test, data were normally 
distributed (P > 0.05). The data were then analyzed using 
a one‑way ANOVA test to identify differences between the 
groups. The results showed that there was a difference in the 
mean amount of  TGF‑β1 expression with the P = 0.000 
and osteocalcin expression with the P = 0.000 (P < 0.05).

At this point, a Tukey HSD test was conducted to 
determine differences in TGF‑β1 and osteocalcin between 
the groups. The results of  the Tukey HSD test revealed 
a significant difference on days 7 and 30 in TGF‑β1, 
and osteocalcin expression is shown in Table 1. Figure 3 
contains microscopic cases of  TGF‑β1 expression on the 
extraction sockets of  C. cobaya on day 30 based on the 

Table 1: The transforming growth factor‑beta 1 and osteocalcin 
expression mean and standard deviation value for each group
Number Research group Mean±SD

TGF‑β1 Osteocalcin

1 Group I 2.71±1.38a 4.86±0.59a

2 Group II 9.29±1.50b 8.71±0.61b

3 Group III 7.29±1.25c 11.86±0.55c

4 Group IV 11.00±0.82d 12.43±0.97d

5 Group V 9.17±1.07e 15.14±1.01e

6 Group VI 17.00±1.63f 17.43±0.81f

7 Group VII 12.14±2.11g 17.86±0.71g

8 Group VIII 23.14±3.02h 19.26±0.78h

Different superscript indicated there was a significant difference 
between each group using Tukey’s HSD test (P<0.05). HSD: Honestly 
significant difference, SD: Standard deviation, TGF‑β1: Transforming 
growth factor‑beta 1

Figure 1: The bar chart of the mean and standard deviation value of 
transforming growth factor‑beta 1 expression on days 7 and 30

results of  the immunohistochemical examination using 
a light microscope. Microscopic images on day 30 after 
the treatments of  osteocalcin expression are depicted in 
Figure 4.

DISCUSSION

Under normal conditions, a tooth is connected to the 
alveolar bone by periodontal tissue.[17] According to 
Hansson and Halldin, alveolar bone acts mechanically in a 
similar manner to a space filled with periodontal ligaments 

Figure 2: The bar chart of the mean and standard deviation value of 
osteocalcin expression on days 7 and 30

Figure 3: The arrows showed microscopic transforming growth 
factor‑beta 1 expressions on the tooth extraction sockets of Cavia 
cobaya in each treatment group on day 30. (a) Group II, (b) Group IV, 
(c) Group VI, (d) Group VIII

dc

ba
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and teeth. However, when a tooth is extracted, the alveolar 
bone contains space. In the early postextraction period, 
bone bundle resorption will occur and resulting socket 
will gradually fill with the lamellar and cancellous bone 
which renders the alveolar bone more rigid against stress 
and strain. In other words, the absence of  the tooth can 
reduce alveolar bone resistance to stress and strain, resulting 
in its resorption.[18]

DFDBBX is a type of  xenograft derived from bovine 
matter. DFDBBX is also known to possess a crystalline 
structure, porosity, and carbonate content similar to the 
human bone so that natural osteoconduction can be 
obtained.[4] Xenograft has osteoconductive properties that 
can accelerate new bone formation in tooth extraction 
sockets and may also decrease alveolar bone resorption 
through blood clot stabilization, scaffold action, and 
external sources of  minerals and collagen.[6] Similarly, a 
research conducted by Cohen also found that xenografts 
can provide both a wider area to stimulate the occurrence 
of  angiogenesis and to support revascularization, as well 
as have osteoconductive properties to help osteoblast 
migration from the base of  the sockets playing an 
important role in the process of  new bone formation.[19]

Moringa leaf  extract is rich in flavonoids, saponins, alkaloids, 
and tannins. Flavonoids contained in Moringa leaf  extract, 
according to a study conducted by Zhang et al., can stimulate 
osteoblast proliferation and differentiation.[20] This is also 
supported by research conducted by Patel, revealing that 
the administration of  flavonoid compounds derived from 
Moringa leaf  extract can help osteoblast differentiation, 
leading to bone formation.[21] Meanwhile, saponin has an 
effect on osteogenic activity that promotes the proliferation 
and differentiation of  osteoblasts.[22]

The results of  this research also showed that the amount of  
osteocalcin in the group given only DFDBBX on both days 
7 and 30 was greater than in the control group. DFDBBX 
is known to be a substance that stimulates osteogenesis. 
Thus, DFDBBX can increase osteoblasts. Osteoblasts 
produce noncollagen proteins, one of  which is osteocalcin. 
Consequently, the amount of  osteocalcin formed will be 
greater than that in the control group. Similarly, Khan 
states that graft given to the extraction socket can trigger 
osteoinduction and stimulate bone growth.[23]

Flavonoids contained in Moringa leaf  extract also contain 
kaempferol and quercetin. Kaempferol, according to 
research conducted by Guo et al., may inhibit osteoclastic 
resorption and stimulate both the occurrence of  
osteoblast differentiation and the mineralization of  
cells.[24] In general, kaempferol inhibits cyclooxygenase‑2 
enzyme, leading to the inhibition of  prostaglandin 
synthesis, and in turn, a decrease in PGE‑2 and 
macrophage infiltration. PGE‑2 plays a role in osteoclast 
formation either directly or through the receptor 
activator of  nuclear factor kappa‑Β (RANK) ligand, 
resulting in the differentiation of  osteoclast precursors 
into mature osteoclasts.[25] On the other hand, a decrease 
in the amount of  macrophage cells will be followed by a 
decrease in inflammatory mediators, such as histamine, 
serotonin, and pro‑inflammatory cytokines (tumor 
necrosis factor‑α, interleukin [IL]‑1, and IL‑6). As a 
result, the amount of  pro‑inflammatory cytokines will 
decrease. Furthermore, tannin is a potent inhibitor 
of  osteoclast differentiation by inhibiting RANK 
activation.[26] As a result, the number of  osteoclasts will 
decrease, with the result that bone resorption decreases.

In addition, Moringa leaf  extract has many variations in 
its phytochemical content, especially phytoestrogens that 
have a positive effect on the bone. Phytoestrogens are 
compounds contained in plants and have similar bioactivity 
to estrogen since they have structural similarities with 
estradiol (17‑beta‑estradiol). Estradiol is one of  the estrogen 
forms produced naturally in the body. Phytoestrogens 
are also known to be considered flavonoid compounds 
classified into isoflavonoid group. Phytoestrogens have 
a positive effect on the bone with stimulatory effects on 
osteoblast activity through estrogen‑mediated action.[8,25]

The Moringa leaf  extract has indirect osteoinductive 
properties because of  its nature resulting from its contents. 
Flavonoids contained in Moringa leaf  extract can even 
stimulate osteoblast proliferation and differentiation.[23] 
Furthermore, tannins contained in Moringa leaf  extract 
can inhibit osteoclast differentiation. The activity will 

Figure 4: The arrows showed a microscopic osteocalcin expression 
on the tooth extraction sockets of Cavia cobaya in each treatment 
group on day 30. (a) Group II, (b) Group IV, (c) Group VI, (d) Group VIII
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then support the formation of  new bone facilitated by 
DFDBBX as a scaffold.[26]

TGF‑β is a potential stimulator for bone formation, 
initiating osteoblastic differentiation and osteoid matrix 
synthesis as well as inhibiting protease synthesis, especially 
matrix metalloproteinase and its degrading enzymes. 
TGF‑β can also inhibit resorption by decreasing osteoclast 
formation and differentiation as in mature osteoclast 
activity as well as stimulating apoptosis.[27]

This result is consistent with a research conducted by 
Guskuma et al. showing that on day 7, bone defect is still 
inflamed and enters the early stages of  resorption, although 
osteoblast progenitor cells begin to appear, which are 
characterized by the expression of  TGF‑β1.[28] On day 30, 
bone defects enter the early stages of  the bone formation 
process. This is in line with a research conducted by Irinakis 
revealing that, in week 4, bone deposition begins to occur 
in the tooth extraction socket. At that time, osteoblasts 
and other osteogenic tissues begin to form in significantly 
increased numbers.[7]

At the final phase of  osteoblast differentiation or the early 
stage of  mineralization, osteocalcin is secreted.[29] The 
final stage of  osteoblast differentiation or the early stage 
of  mineralization occurs at week 4. Thus, the amount 
of  osteocalcin formed on day 30 is certainly higher than 
on day 7. The results suggest that the combination of  
osteoconduction and osteoinduction properties of  these 
two materials can generate significant amounts of  TGF‑β1 
and osteocalcin expressions. Therefore, the combination 
of  Moringa leaf  extract and DFDBBX leads to a greater 
chance of  successful postextraction socket preservation 
by accelerating alveolar bone regeneration.

CONCLUSIONS

Finally, it can be concluded that the combination of  
Moringa leaf  extract and DFDBBX is effective in generating 
TGF‑β1 and osteocalcin expressions in the alveolar bone.
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