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Abstract. Tooth extraction is dental procedure that causes wound in oral cavity. Kirinyuh leaves 
(Chromolaena odorata) contain flavonoids, saponins and tannins which help the wound healing after tooth 
extraction. Purpose of study was to determine effect of giving kirinyuh leaf ethanol extract on wound healing 
after tooth extraction in guinea pigs (Cavia cobaya) in angiogenesis. Sixty male guinea pigs were divided 
into five groups: aquadest, iodine glycerine (positive control), kirinyuh 2.5%, 5%, and 10%. Each group 
consisted of 12 guinea pigs in each group. Kirinyuh leaf extract was prepared in a topical gel with CMC-Na 
as the solvent. Left mandibular incisor of guinea pigs was extracted then treated according to the group 
every day. Guinea pigs were euthanized on days 3, 7, 10, and 14 (three guinea pigs from each group per 
day) and made histological sections with hematoxylin eosin staining. Angiogenesis was observed with 
binocular microscope equipped with camera. Results showed that number of new blood vessels in kirinyuh 
10% group reached highest number faster (day 7) than the other groups (p=0.000). This study concluded 
that kirinyuh leaves accelerate angiogenesis by increasing the number of blood vessels. The 10% 
concentration is the most effective kirinyuh extract concentration to accelerate angiogenesis.  

1 Introduction 
Tooth extraction is a dental procedure that causes a 
wound in the oral cavity in the form of a tooth socket. 
Healing of tooth sockets is different from healing 
wounds on the mucosa, bones and skin  [1]. Tooth 
socket healing involves both hard tissue (alveolar bone) 
as well as soft tissue (gingiva). Saliva in the oral cavity 
creates a wet wound condition and topical drug is easy 
to remove. This condition requires topical drug that is 
able to stick longer and reduce the presence of water in 
the saliva [2]. 

 
 Wounds cause loss of tissue continuity that causes 
the wound area to be deprived of oxygen and nutrients 
that are essential for healing [3]. Angiogenesis is an 
important step in the wound healing process because it 
will overcome the condition [4]. In general, 
angiogenesis is divided into three phases: initiation, 
invasion and maturation. The initial factor that triggers 
the initiation of angiogenesis is tissue damage that 
causes tissue hypoxia. The hypoxic condition of the 
tissue becomes an angiogenic stimulator, such as 
vascular endothelial growth factor (VEGF), which is 
released from inflammatory cells in the wound area 
during the previous inflammatory process. These factors 
stimulate the endothelial invasion of the surrounding 
blood vessels, causing new blood vessels to sprout. The 
number of new blood vessels formed is more than the 
required number. The maturation process will cause 
selective apoptosis which causes a reduction in the 
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number of new blood vessels to reach the ideal number. 
Therefore, the angiogenesis process can be assessed by 
counting the number of blood vessels formed in the 
wound [4, 5]. 

 
 The kirinyuh (Indonesian) / lahuna (Sundanese) / 
siam weed (English) / Chromolaena odorata (Latin) is a 
plant that is so numerous and easy to grow wild 
everywhere that it is considered a nuisance plant. 
Kirinyuh thrives and covers open areas such as 
plantations quickly so that it is classified as a weed crop. 
The characteristics of this plant are: triangular leaves 
with three leaf bones that are clearly visible and have a 
distinctive smell when crushed so that they get the name 
odorata [6]. Traditionally kirinyuh leaves are used as a 
wound healing drug [7]. Kirinyuh leaves contain several 
main compounds, including flavonoids, saponins, 
tannins, terpenoids and steroids [8]. This study aims to 
prove that kirinyuh leaves can accelerate wound healing 
histologically by accelerating the angiogenesis process. 

2 Materials and Methods  

2.1 Kirinyuh leaf extraction proces  

Kirinyuh leaves were obtained from one of the 
plantations in Yogyakarta. Plant species and taxonomy 
were determinate in Plant Systematics Laboratory, 
Universitas Gadjah Mada. Kirinyuh leaf extraction 
process begins with washing the kirinyuh leaves that 
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have been plucked from the stems with water. Leaves 
thinly sliced and dried in the shade (not exposed to direct 
sun). The dried kirinyuh leaves are mashed in a blender 
until they form a powder. The second stage is making 
70% ethanol extract by maceration method. Maceration 
is the preparation of a liquid preparation by soaking in 5 
liters of nonpolar solvent (70% ethanol) for 3 days to 
extract its natural content. The marinade is filtered with 
filter paper (Whatman) to obtain the filtrate. The filtrate 
is evaporated using a vacuum rotary evaporator 
(Greatwall Scientific Industrial) at 500 ° C, so that a 
green ethanol leaf extract is obtained which will be used 
as a treatment material for the research subjects. The 
ethanol extract of kirinyuh leaves was processed into a 
gel preparation with CMC-Na as the solvent. The 
concentration is made of 2.5%, 5%, and 10% (w / w)..  

2.2 Animal Treatments  

This research was conducted with an ethical eligibility 
permit 0014 / KKEP / FKG-UGM / EC / 2018 from the 
Research Ethics Commission of the Faculty of 
Dentistry, Gadjah Mada University. The guinea pigs 
were grouped into 5 groups with 12 guinea pigs in each 
group. The treatment group was given ethanol extract of 
2.5%, 5%, and 10% kirinyuh leaves, the positive control 
group was given glycerin iodine and the negative control 
group was given distilled water after tooth extraction. 
Prior to the treatment, all guinea pigs were injected 
using ketamine 10 mg / kg intramuscularly on the upper 
thigh to provide sedation and anesthesia. 
 
 The extracted tooth was the mandibular left first 
incisor. The teeth were luxated with an excavator and 
then extracted with a hemostat. The dental socket was 
applied the treatment material according to its group. 
Application wass carried out with a 0.2 ml injection 
syringe. The guinea pigs were euthanized by an 
overdose of diethyl ether sedation on days 3, 7, 10, and 
14 for 3 guinea pigs from each group. 

2.3 New Blood Vessel Count (Angiogenesis)  

Observations were carried out by counting the number 
of blood vessels in the tooth socket in the histological 
section with hematoxylin eosin (HE) staining under a 
binocular microscope (Nikon YS 100) attached to a 
camera (Optilab viewer 2.0) with 100x magnification in 
5 fields of view. All observations were made by two 
observers using blind methods 

2.4 Data Analysis  

The number of blood vessels is a quantitative data ratio. 
Statistical analysis used SPSS version 26 software 
(SPSS IBM, New York, USA) with Two-way Anova 
Test and Post-Hoc Test with Tukey's Test. The 
confidence level was 95% (p <0.05). 

3 Results 
Figure 1 shows clinical gingival wound healing and 
histologic gingival epithelial formation on HE sections. 
Histological observation at 40x magnification was used 
to view the broad area of the tooth socket. Five field of 
views were choosen in the socket wall from the apex 
(Figure 2). The dental socket at day 3 was dominated by 
extravasation of erythrocytes and damaged alveolar 
bone margins. The dental socket on day 7 showed that 
erythrocyte extravasation had decreased, inflammatory 
cells and fibroblasts were more dominant, new blood 
vessels and intrasocket collagen fibers appeared thin to 
form granulation tissue. The dental socket on day 10 
showed thicker collagen fibers forming granulation 
tissue, erythrocyte extravasation and inflammatory cells 
were no longer dominant, and osteoblasts at the edge of 
the alveolar bone were seen to form an osteoid matrix. 
The dental socket of day 14 was dominated by trabecular 
islets with trapped osteocytes and osteoblasts at the 
edges (Figure 3). 

    

 
Fig. 1. Clinical and histological features of wound healing in the guinea pig tooth socket immediately after tooth extraction 
(A) and after the wound was closed on day 14 (B) in the 10% kirinyuh extract gel group. 
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Fig. 2.Histological picture of HE staining of post-extracted tooth sockets in 40x magnification in the 10% kirinyuh extract 
treatment group. The yellow box is a field for counting the number of new blood vessels at a magnification of 100x. 
 

Fig. 3. Histological picture of HE staining of tooth sockets on days 3, 7, 10, and 14 after tooth extraction in 40x 
magnification in the 10% left-hand extract treatment group. 
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The new blood vessels are counted at 100x 
magnification which shows a more detailed picture. The 
vessels in the HE section appear as a lumen filled with 
blood vessels surrounded by an epithelium with attached 
endothelial cells (Figure 4). The histological 
comparison between treatment groups in each day is 
shown in Figure 5. The angiogenesis calculation results 
are shown in Figure 6. New blood vessels appeared on 
day 3 in the group treated with 10% left leaf extract, 

while in other groups not yet. All groups showed the 
presence of new blood vessels on day 7. New blood 
vessels in the kirinyuh 10% group reached their peak on 
day 7. This number was significantly higher (p = 0.000) 
compared to the other groups and was the highest in the 
entire study. The number of blood vessels in this group 
then decreased after the 7th day. This is different from 
the number of new blood vessels in other groups which 
still increased after the 7th day. 

 

 
Fig. 4. The blood vessels (yellow arrow) in the HE preparation from kirinyuh 10% group are shown as a lumen containing 
blood vessels surrounded by epithelium with endothelial cells attached to the epithel. 
 
The number of blood vessels in glycerin iodine, kirinyuh 
2,5% and 5% reached the highest number significantly 
(p = 0,000) on day 10 and all three were reduced on day 
14. The new blood vessels in the kirinyuh 5% group and 
iodine glycerin had the same amount at day 10 and both 
were higher than the kirinyuh 2.5% group. The number 
of blood vessels in the aquades group continued to 
increase on the 14th day. This indicates that the 
angiogenesis process has not yet reached its peak in this 
group. 

4 Discussion 
Angiogenesis is an important parameter in the wound 
healing process because it plays a role in maintaining the 

vitality of damaged tissue due to wounds [9]. The supply 
of nutrients, such as glucose and amino acids, from 
systemics is carried through the blood vessels which are 
formed through the angiogenesis process to optimize the 
proliferation process and the formation of granulation 
tissue [10]. Various efforts can be made to optimize 
angiogenesis in wound healing, such as by stimulating 
the secretion of VEGF by CD133 + cells, proangiogenic 
embryo-derived CD133 + progenitor cells, and 
microfluidic devices, but the use of this biotechnology 
is less inclusive because it is quite expensive, difficult to 
obtain, and can only be applied by medical experts [11]. 
This condition triggers the need for another 
biotechnological approach, one of which is herbs. 
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Fig. 5. Count of the number of new blood vessels in each treatment group. New veins are indicated by small yellow 

arrows. 

 
Fig. 6. Graph of average number of new blood vessels from 5 groups on days 3, 7, 10, and 14. 
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 Various herbs have been studied for their effects on 
angiogenesis in the wound healing process such as 
pandan leaves [12], cucumbers [13], pineapple [14], and 
yellow potatoes [15] due to the content of phenolic 
compounds such as flavonoids, saponins and tannins. 
 
 Application of 10% kirinyuh leaf extract gel showed 
the number of blood vessels with a fluctuating pattern in 
the form of an increase on day 3, peak on day 7, a 
decrease from day 10 to 14 (Figure 6). This pattern is in 
accordance with the theory of angiogenesis, an increase 
followed by a decrease is a mechanism to achieve a 
balance in the number of blood vessels in the wound 
healing process [16]. The application of 5% kirinyuh 
leaf extract gel and iodine glycerine showed a pattern of 
fluctuation in the number of new blood vessels with a 
peak on day 10 and a decrease on day 14 (Figure 6). This 
shows that the concentration of 5% kirinyuh leaf extract 
has the same effect as glycerin iodine, which has been 
patented as a medicine for wound healing, and the 10% 
concentration of kirinyuh leaf extract is proven to be 
more effective than glycerin iodine. This suggests that 
kirinyuh leaf extract has the potential to be a patent 
medicine for wound healing. Angiogenesis that 
produces more new blood vessels in the wound healing 
process with kirinyuh leaf extract gel indicates a better 
optimization of tissue vitality [9]. The content of 
flavonoids, saponins, and tannins in the 10% kirinyuh 
leaf extract gel is thought to be able to stimulate an 
increase in VEGF and bFGF expression immediately 
after the wound occurs and during the proliferation 
phase of wound healing so that it will increase the 
number of new blood vessels and angiogenesis reaches 
a peak of proliferation on day 7. 
 
 The process of vascular apoptosis in the treated 
group with 10% kirinyuh leaf extract occurred on the 7th 
day, also faster than the other groups (p = 0.000). The 
ingredients in kirinyuh leaves are thought to be able to 
increase the expression of Ang1, an antiangiogenic 
factor, which plays a role in decreasing the number of 
blood vessels on the 7th day, which is the end of the 
proliferation phase [17]. These results prove that 
angiogenesis in the wound healing process is best 
achieved by 10% kirinyuh leaf extract gel. The process 
of stabilization and maturation of new blood vessels that 
is formed is also influenced by the presence of pericite 
cells in the walls of the blood vessels. A decrease in 
angiogenesis occurs due to selective apoptotic processes 
of new blood vessels that do not have pericits [4, 18, 19]. 
This raises the possibility that the 10% kirinyuh leaf 
extract gel also plays a decrease in the end of the 
proliferation phase on day 7. A longer period of 
observation is needed to determine the period of stability 
in the amount of angiogenesis after decreasing. 
 
 In addition to the effects of its natural content, the 
processing of kirinyuh leaves and its formulation in gel 
form has an effect on angiogenesis. The stability of the 
content of herbal compounds such as flavonoids, 
saponins and tannins can be well maintained by 

processing the extract using the maceration method with 
ethanol solvent [20]. Kirinyuh 10% leaf extract gel 
showed proliferation of angiogenesis occurred until day 
7 and maturation occurred on day 10, but in the aquadest 
group the proliferation occurred until day 14. The end of 
the natural proliferation phase marked by a decrease in 
angiogenesis in day 14 [21]. The conditions on that day 
had not yet reached optimal wound healing [19]. 
 
 The location of the wound also affects the 
angiogenesis process in wound healing. The process of 
angiogenesis of wounds in the oral cavity is faster than 
skin wounds [19]. Saliva which always keeps the oral 
mucosa wet is also a source of VEGF so that it can 
optimize angiogenesis naturally, especially in the stage 
of endothelial cell proliferation [22]. However, the 
condition that is always wet is also an obstacle to the 
wound healing process which requires moist conditions 
(not wet). The gel formulation is able to provide a moist 
condition to the wound tissue so that it can better 
facilitate VEGF [23]. Angiogenesis in the group treated 
with kirinyuh leaf extract gel in all groups was faster 
than the negative control group because of the ability to 
induce an increase in VEGF expression in endothelial 
cells during the proliferation phase. More than that, 
CMC-Na as a gelling agent has mucoadhesive 
properties and supports the diffusion ability of active 
substances well. CMC-Na can absorb wet conditions in 
the oral cavity resulting in adequate moisture thus 
creating a more valley environment to accelerate wound 
healing, including in the angiogenesis process [24, 25]. 
Its mucoadhesive properties also make the content of 
kirinyuh leaves not easily lost by the flow of saliva. 
Optimization of the physical properties of kirinyuh leaf 
extract gel is needed to make it more stable in the oral 
cavity [26]. 
 
 The specificity of the angiogenesis image is 
influenced by the histological staining method used 
[27]. HE staining in this study can identify angiogenesis 
based on the structure of the lumen, endothelial cells, 
and erythrocytes. Immunohistochemical (IHC) staining, 
such as with anti-VEGF monoclonal antibodies, is able 
to provide an overview of the amount of VEGF 
expression [29]. Identification of VEGF expression can 
see the angiogenesis process because of its role as the 
main proangiogenic factor of wounds [11]. IHC staining 
is able to identify cellular aspects more specifically to 
hormonal activity, so that it can further observe the 
angiogenic effect of kirinyuh leaf extract gel [29]. 
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