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Effect of ethanol extract of myrmecodia pendens on
TGF-β1 expression and osteoblast cells after tooth
extraction (experimental research on cavia cobaya)
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Abstract
Objective: Myrmecodia pendens is often used as a traditional medicine
to treat various diseases. A previous study showed that ethanol extract
of sarang semut plant (hypnophytum furmicarum jack) 4.65 mg
was effective in fastening establishment of socket granulation tissue
after tooth extraction; likewise, the myrmecodia pendens at 3% also
fastens the healing process of soft-tissue wound after tooth extraction.
The aim of this study is to assess the effect of ethanol extract of 10%
myrmecodia pendens on the expression of TGF-β1 and determine the
number of osteoblasts that remain after tooth extraction.
Material and Methods: This study used 24 male marmots divided
into 2 groups. All of the groups were extracted in the 1st left-incisor
mandibula and 0.1 ml of 0.5% CMC was applied into the socket
control group. The treatment group was given 0.1 ml ethanol extract

of myrmecodia pendens 10% dissolved with CMC 0.5%. On day 3, 7, 14
and 21, marmots were decapitated and histopathologic preparations
were observed to study the expression of TGF-β1 and the number of
osteoblast cells. Data were analyzed using Kruskall–Wallis test with a
probability p < 0.05.
Results: Based on the Kruskal–Wallis test, there was a significant
difference in the TGF-β1 expression and the number of osteoblast cells
after the administration of ethanol extract of myrmecodia pendens
between the control group and treatment group treatment (p < 0.05).
Conclusion: The ethanol extract of myrmecodia pendans can fasten
the healing of the wound resulting from tooth extraction; it accelerates
the healing process by increasing the expression of TGF-β1 and the
number of osteoblast cells.
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Introduction
Tooth extraction often causes wounds. The wound
can heal normally, but sometimes it causes some
complications that slow down the healing. The rate
of likelihood of complications arising from wounds
caused by tooth extraction is between 1% and
11.5%1; research shows that as many as 11 million
patients experienced discomfort and complications
after tooth extraction, such as pain, swelling, hematom and difficulties in mastication and speech.2 To
prevent such complications, dentists made some
efforts in finding out the right technique to minimize post-surgical trauma and prescribe medicines
appropriately, to treat both systematic or local
complications. Antiseptic is the choice for local
application in treatment. Antiseptic has several
advantages; it kills bacteria and prevents bacterimia; however, there are advantages it using antiseptics, including the difficulty in finding out the
right kind of medicinal plant that provides the best
possible remedies . Myrmecodia penden is a medicinal plant. Based on phytochemical test, we found
that myrmecodia pendens contains flavonoids,

triterpenoid, phenols and tanin that can be used
for anti-inflamation, antibacterial and antioxidant
effects.3
The wound healing process that takes place after
tooth extraction involves chemotaxis of various
cells, cytokines and growing factor. The growing
factor responses to early injury on soft and hard
tissues include TGF-β1, BMPs, VEGF, IGFs and
PDGF. Transforming growth factor Beta-1 during
the inflammation phase initiates and controls
chemotaxis, activation and survival of inflammation cells and induces monocytes transformation
into macrophages.4 Proliferation phase mediates
migration and proliferation of endothelial cells,
keratinocytes and fibroblasts composed of
granulation tissue stimulates VEGF and bFGF
angiogenic growth factor expression. Osteogenesis
regulates the establishment of bone by inhibiting
fibroblasts; it stimulates migration, proliferation,
and differentiates mesenchyme cells, transforming
them into osteoblasts and increases synthesis and
mineralization of bone matrix.5,6
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Proliferation of osteoprogenitor cells occurs on
day 4, the differentiation of osteoblasts occurs on
day 5 and counting is done until day 14. The final
stage of osteoblast differentiation and maturation
begins on day 15 and lasts until day 28.7 In the
early stages of osteoprogenitor cell differentiation
expression, an increase in TGF-β1 was detected;
otherwise in the final stages of differentiation, the
expression of TGF-β decreased.8

Material and methods
The extract of ethanol contained the following:
Myrmecodia pendens 70%, CMC 0.5%, Ketamin
10% (Ketalar®,Parke Davis) and Xylazine (Bayer),
buffer formalin 10%, plank-Rychlo’s solution, alcohol, ethanol, xylol, nitrat acid, PBS, xylol, H2O2, kit
TGF-β1 (Santa Cruz Biotechnology), biotinylated
anti-goat antibody (Dako, Glostrup, Denmark),
streptavidin-horseradis peroxidase conjugate,
diamino benzidine (DAB; Sigma Chemical Co.),
and HE.
Myrmecodia pendens was brought from
Ayawasi village Sorong district, Papua. It was
extracted in Chemical Laboratory Research
Center Padjajaran University Bandung. Roots of
myrmecodia pendens were peeled and sliced to a
length of 3-5 mm and were dried (temp 50°C) and
grilled with blender. Then a wet mixture containing
250 grams of powder and ethanol 70% (1:5)
was prepared. Maceration was performed (shaking
the mixture for the first 6 hours and allowing the
mixture to settle for the next 18 hours) repeatedly
until the filtrate changed color; the filtrate was
evaporated using a rotary evaporator (50°C), then
fed into the oven until all the water evaporated and
the extract became totally dry.
This research is a pure experimental research
using post-test control-group design, using
24 cavia cobaya, aged 6-7 weeks. The animals were
anesthetized by intramuscular administration
of 80 mg/kg Ketamin and 160 mg/kg of Xylazine
(1:1). The extraction of the lower incisors was
left with needle holder, control group socket was
administered 0.1 cc CMC 0.5% and the treatment
group was given 0.1 ml of Myrmecodia pendens
extract which was dissolved with CMC 0.5%. On
days 3, 7, 14 and 21, 3 animals were decapitated
and given histopathologic preparations to conduct
immune histochemical test, for determining of
the levels of TGF-β1 and HE and osteoblasts; the
bodies were observed under light microscope with
40x magnification.
The presence of immunopositive cells according
to intensity of staining score was measured
based on the ollowing: (I): 0 = no expression;

1 = weak expression; 2 = medium expression; and
3 = strong expression. The presence of immunopositive cells based on distribution was scored
as follows: (p): 1 = brown color ≤10%; 2 = brown
>10–50%; and 3 = brown >50–100%. The final
score of TGF-β1 immunopositive cells was calculated by multiplying (p) score and (I) score with
the following classification: 0 = no expression; 1:
1–2 = weak positive expression; 2: 3–5 = medium
positive expression; and 3: >6 = strong positive
expression. The number of osteoblasts was scored
as follows: 0=<10: very less; 1 = 11–50: less; 2 =
51-80: medium; 3 =>80: strong.9 Osteoblasts
were scored as follows: <10: very less; 11–50: less;
51–80: moderate; and >81: fair.

Results
TGF-β1 expression was detected as brown color on
the cytoplasm, osteoblast membrane cells and a
new matrix that was formed (collagen and osteoid).
The mean of TGF-β1 expression of control group
and treatment group is presented in figure 1.
TGF-β1 imunohistochemical expression in
control group and treatment group is shown in
figure 2.
Based on the results of statistical analysis
(Kruskall–Wallis test), we could see there were
significant differences in TGF-β1 expression
between the control group and the treatment
group; p = 0.0125. It can be concluded that the
extract ethanol Myrmecodia pendens can increase
the expression of TGF-β1.
The mean number of osteoblasts in control
group and treatment group is presented in figure 3.
The number of osteoblast cells in the control
group and the treatment group is presented in
figure 4.
Results of Kruskall–Wallis test showed there is a
significant difference in the number of osteoblasts
between the control group and the treatment group;

Figure 1 The mean of TGF-β1 expression in
control group and treatment group
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Figure 2

Immunohistochemical view for positive identification of expression of
TGF-β1 on day 3 in collagen mesh
(arrow). A. Control group (medium
positive), B. Treatment group (strong
positive). Day 7 in fibrous tissue,
C. control group (strong positive)
D. Treatment group (strong positive).
Day 14 in osteoblasts. E. Control
group (weak positive), F. Treatment
group (medium positive). Day 21 in
trabecular bone, G. Control group
(weak positive), H. Treatment group
(weak positive)

Figure 3 The mean of osteoblast cell number in
control group and treatment group
p value = 0.0034. Thus, results proe that that the
extract ethanol myrmecodia pendens can increase
the number of osteoblast cells.

Discussion
TGF-β1 expression in both groups shows a different
pattern. On day 3, the TGF-β1 expression in the
treatment group increased and reached its
peak. The present study shows results which vary
from the previous studies. Expression of TGF-B1
increased post-trauma and lasted until day 4.10,11
The highest level of TGF-β1 expression occurred
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Figure 4 The osteoblast histology observation (arrow) A. Day 3 control group
(very less), B. Treatment group (very
less), C. Day 7 control group (less),
D. Treatment group (less), E. Day 14
control group (good), F. Treatment
group (good), G. Day 21 control (good),
H. Treatment group (good)
day 3 in the treatment group, which could have been
caused by myrmecodia pendens’ active substances.
Phytochemical test result showed that myrmecodia
pendens contained flavonoid, saponin, triterpenoid,
tannin and phenolics, all of which could have aided
the healing process through different mechanisms.
As an anti-inflammatory agent, flavonoid
decreases the permeability of capiler and substracted
oedem.12 Inhibitory functions of arachidonate
acid through lipoxygenase and cyclooxygenase
pathway cause the inhibition of prostaglandin and
leukotriene biosynthesis; as a result, production
of prostaglandin, prostacyclic, thromboxane and
leukotriene is inhibited so that inflammation is
contained.10 Inflammation phase becomes shorter
and comes to the proliferation phase rapidly.12
Flavonoid inhibites neutrophils degranulation so
that it subtracts the extrication of arachidonate
acid. Flavonoid could also inhibit leukocytes accumulation in inflammation area, decrease leukocytes
adhesion into endotel and reduce the inflammation
response.13,14
As antimicrobial agents flavonoid and tannins
disturb nucleic acid synthesis and ATPase enzyme
activities inhibit metabolism stripe so that bacteria
cannot cause further infection and if infection
could not be contained the patient’s condition will
become lethal.15,16 Triterpenoid inhibits the growth
of bacteria by disturbing the process of formation of bacteria cell membrane.16 Tannins inhibits
transcriptase reverse enzyme and topoisomerase
DNA, so that bacteria cannot be formed.15 Saponin
prevents infection by preventing bacteria from
lengthening the pro-inflammation cycle.17,18
In the control group, expression increased on
day 3, the peak was observed on day 7, on day 14
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and day 21 the expression decreased (following a
normal healing pattern). The TGF-β1 distribution
and intensity increased after trauma and lasted until
day 4, due to the absence of macrophages migration, endothelial cells, keratinocytes, fibroblasts
and osteoclasts on the wound area in which the cell
secreted TGF-β1; as the result, TGF-β1 increased.8,9
TGF-β1 expression on day 7 in the treatment
group is different from Lalani’s research10; on day
4 until day 7 TGF-BI expression decreased;
meanwhile, in this research we observed that
TGF-β1 expression was still at its peak at this
time. The highest level of TGF-β1 expression
observed day 7 shows that giving Myrmecodia
pendens extract indeed helps fasten the
inflammation phase and pushes the inflammation
process into proliferation phase. Flavonoid can
manage cell function by stimulating the production
of TGF-β1, fibroblasts, keratinocytes, endothelial
cells and osteoblasts. This moment is the early
stage of osteoblast differentiation.5,6,12 During this
process of differentiation, TGF-β1 expression reaches
its peak,8 which in turn leads to a considerable
increase in the proliferation of osteoblasts.12
On day 14, TGF-β1 expression decreases; the
said decrease is caused not only by a decrease in
the number of chemotactic and mitogenic endotel
cells, macrophages, fibroblasts and keratinocytes,
but also by various processes such as angiogenesis,
epithelization, and fibroplasia; fibroplasia is the last
step, that is, it is stage of suppression of inflammation. In the stage of suppression, angiogenesis,
epithelization and collagen fibers reach normal
levels, and thus proliferation is no longer needed.
Some fibroblasts turn to be fibrocytes and others
differentiate into osteoblasts.12
On day 21, in both groups, TGF-β1 expression
decreased; it could have been caused by the last step
of differentiation. In the last step of differentiation
and osteoblast maturation (from day 15 to day 28)
TGF-β expression begins to decrease because in
the last step of differentiation, TGF-β1 inhibits the
proliferation of osteoblasts; as result proliferation of
osteoblasts is also reduced.8,12,19,20
Bone tissue regeneration is formed equally
between bone resorption by osteoclasts and synthesis
by osteoblasts. It correlates with various growth
factors. Transforming growth factor induces osteoblast activities, modulating the bone growth.4
In this research, the number of osteoblasts in both
groups on day 3, 7 and 14 showed the same pattern.
The mean number of osteoblasts for the treatment
group is higher than that of the control group. On
day 21, the number of osteoblasts observed in the
treatment group is stable, whereas the number in
the control group was still increasing.

On day 3, the mean number of osteoblasts in both
groups was very low; this agrees well with the result
of osteoprogenitor cell proliferation that happens
on day 4; thus, it indicated that the osteoblasts that
were found were from the rest of the old bone. On
day 4, the number of osteoblasts increased; the
mean number of treatment group was higher than
that of control group, higher but still low in terms of
research criteria. On day 14, the number of osteoblasts increased in both groups. The rate of increase
in the number of osteoblasts was very high in the
treatment group. It was caused by active substances
of myrmecodia pendens. Flavonoid can manage
cell function by stimulating TGF-β1 production,
whereas TGF-β induces migration and proliferation of osteoblasts.13 Triterpenoid can stimulate
osteoblast cells to form bone and flavonoid can
cause osteoblast differentiation. Accordingly on
day 14, the number of osteoblasts was increasing
rapidly.
On day 21, in the treatment group, the average number was stable, but in the control group
the number kept increasing. The increase might
have been caused by TGF-β which still continued
to induce osteogenesis process because osteoblast proliferation is still needed to fill the bone
defect caused by the wound resulting from tooth
extraction.

Conclusion
The application of the ethanol extract myrmecodia
pendans can assist the wound healing process
after tooth extraction by increasing the expression
of TGF-β1. The increase in TGF-β1 stimulates
migration, proliferation, and differentiation of
mesenchyme cells into osteoblasts, leading to an
increase in the number of osteoblast cells.
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