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ABSTRACT

The effect of Indonesian propolis dosage 
on vascularization of skin graft in skin wound 

of white rat’s skin graft model: molecular studies of 
malondialdehyde (MDA), nuclear factor-kappa beta 
(NF-kB), interleukin-6, vascular endothelial growth 

factor (VEGF), caspase-3, and 
microvessels density (MVD)

Amru Sungkar1*, Muchsin Doewes2, Bambang Purwanto3, Brian Wasita4

Background: Extensive wound closure due to trauma, infection and post tumor excision often requires a skin graft 
procedure. One of the successful factors of skin graft is the good quality of recipient tissue vascularization. Reactive oxygen 
species (ROS) is a factor that plays a role in vascularization, an excessive accumulation of ROS can interfere with the process of 
vascularization. Administration of the antioxidant can keep the ROS levels from being excessive thus producing the recipient 
vascularization for a successful skin graft. Propolis has an effect of antioxidant, inflammation and immunomodulator, anti-
ROS and anti-inflammatory effects due to the large polyphenol content. This study aims to examine the antioxidant effect 
of propolis ethanol extract Lawu mountain (EEP) in a rats skin graft model by examining its effect on oxidative stress levels 
(Malondialdehyde blood levels/MDA), effect on inflammation (IL-6 blood levels and NF-kB expression), effect on angiogenesis 
(VEGF blood levels and Caspase 3 expression) and skin graft vascularization (Micro Vessels Density /MVD).
Methods: The study used 24 white male rats (Rattus norvegicus) aged 3-4 months, body weight 150-300 grams, and divided 
into a control group with skin graft without treatment and three groups of skin graft treated with a dosage, 200 mg/kg-BW 
EEP, a dosage, 400 mg/kg-BW EEP, dan a dosage, 800 mg/kgBW EEP) for 7 days. Wound tissue granulation is made according 
to previous research. Skin graft procedure uses allograft donors for 7 days. Blood draw from retro orbita veins and skin graft 
with a small amount of recipient tissue done after the seventh day. The propolis ethanol extract of mount Lawu (EEP) is made 
by maceration technique 3,75 liters of ethanol 70% as a solvent. Using the SPSS 22 for windows program, blood MDA levels, 
blood IL-6 levels, and blood VEGF levels were analyzed by One Way ANOVA and post hoc. Examination of Nuclear Factor-Kappa 
Beta (NF-kB) expression, Caspase-3 expression, and MVD was carried out by using Immunohistochemistry (IHC) tested with 
non-parametric Mann-Whitney test.
Results: There was a significant decrease in MDA blood levels (p<0.05), with an effective dosage, 400 mg/kgBW EEP and 
a dosage, 800 mg/kg-BW EEP. There was a significant decrease of IL-6 blood levels (p<0.05) at administration dosage, 200 
mg/kg-BW EEP and a dosage, 400 mg/kg-BW EEP, and statistically significant (p<0.05). Vascular Endothelial Growth Factor 
(VEGF) blood levels increased with a dosage from 200 mg/kg-BW EEP until a dosage, 800 mg/kgBW EEP and significant 
(p<0.05), the post hoc test showed significant results in all group comparisons. There was no significant increase of skin graft 
vascularization (MVD) (p=0.254). Caspase-3 and NF-kB expressions decreased at certain dosages, although the decrease of 
Caspase-3 (p=0.557) and NF-kB (p=0.916) were not significant in statistic analysis test. 
Conclusion: Propolis ethanol extract of mount Lawu (EEP) has anti-ROS, anti-inflammatory, and angiogenic effect through 
decreased MDA blood levels, decreased IL-6 blood levels and increased VEGF blood levels, no significant reduction in NF-kB 
and caspase-3 expression and there was no increase in skin graft vascularization (MVD). 
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INTRODUCTION
Skin graft is still the golden standard in 
the management of extensive skin defects. 
The successful skin graft in extensive 
wounds is still a management challenge by 
a plastic surgeon specialist. Skin grafting 
has been a part of management for more 
than 2 millennia and is the number 2 most 
frequently used to close the wound after 
primary wound closure. The incidence of 
skin grafting increased in 1996 by 98.000 
cases compared to 2002 by 240.000 cases, 
according to the Healthcare Cost and 
Utilization Project more than 160.000 skin 
graft procedures were performed annually 
among 1 patient from 3 burn patients.1-3

Skin grafting is a surgical technique for 
reconstructive wound closure by moving 
the epidermis and parts or all the dermis 
from place to another place in order to 
live in new place, either a permanent or 
temporary procedure. The indication of 
Split Thickness Skin Graft (STSG) is to 
cover the extensive defect such as the 
reconstruction of extensive and deep 
burn, extensive defect post excision 
or contracture release, congenital skin 
deficiencies, post soft tissue trauma, post 
extensive tumor excision and infection 
because of Diabetes Mellitus (Diabetic 
Foot Ulcers/DFU).2,4,5

The success of Split Thickness Skin 
Graft (STSG) depends on the quality of 
the recipient bed’s vascularization, affected 
by hematoma, infection, foreign body, 
chronic wounds, adequate immobilization 
and the type or thickness of the skingraft. 
The successful of skin-graft was assessed by 
the take percentage that is the occurrence 
of revascularization of the skin graft which 
clinically characterized by pink STSG 
and histopathological examination using 
light microscopy, will see an image of new 
blood vessels that can be measured in 
diameter and the number of new vessels 
per mm at the fibrin interface as vascular 
density metric.6-10

The failure rate of skin graft at lower 
extremities was described from 70 skin 
graft procedures in 50 patients, there were 
1/3 skin graft failures of all procedures 
during 6 weeks follow up after operation. 
The cause of this failure is associated with 
an increase in Body Mass Index (BMI), 
peripheral vascular disease, and giving of 
immunosuppression drugs and infection. 

On a meta-analysis of successful study of 
STSG in Diabetic Foot Ulcer (DFU) cases 
reported the highest reach 85% and skin 
graft failure was 16%.11,12

Granulation tissue as a product of the 
angiogenesis process has vascularity that 
depends on the quality of angiogenesis. 
ROS is one of the factors that play a role in 
the angiogenesis process, either directly or 
indirectly through VEGF. The quantitative 
assessment of angiogenesis can be in vitro 
or in vivo by manually calculating the 
density of the blood vessels, the length of 
the blood vessels and the diameter of the 
blood vessels.13,14  

The angiogenesis process have several 
stages involving activate endothelial 
cell (EC) by angiogenic factor (EC 
proliferation, degradation of basal 
membrane, formation of the structure 
of the blood vessel tube, and vascular 
stabilization.15 Blood VEGF levels 
expression the tissue VEGF (keratinocytes 
and macrophages) associated with 
proangiogenic activity. High VEGF levels 
were found in the normal wound healing 
process, a low VEGF levels were found 
in patients with chronic wounds (DM). 
Adequate and sufficient blood supply 
necessary to maintain healthy tissue where 
it requires oxygen and nutrients from the 
blood.16,17

Propolis is a natural product from 
various types of trees, which vary 
in material content depending on 
demographics, seasons, tree species 
and seasons. Propolis has a fairly broad 
spectrum of antioxidant effects. The 
mechanisms of the antioxidative activity 
of propolis such as the ability to inhibit 
the ROS formation, inactivate various 
compounds in the ROS formation, and 
the clearance of ROS thereby disrupting 
the flow of reactions leading to lipid 
peroxidation and increasing synergy with 
other types of antioxidants. Propolis shows 
as a good anti-inflammatory in chronic 
inflammatory processes, and this is mainly 
due to its large polyphenol content and 
angiogenic effects both as proangiogenic 
and as antiangiogenic (pinocembrin) and 
the effect of inducing apoptotic pathways 
by stimulating Bax, p53, p21 protein, 
cytochrome c release and activate the 
caspase cascade.18,19

Indonesian propolis (Sulawesi) 
contains a mixture of ingredients that 

cannot be separated from 4 elements 
including alk (en) ylresorcinols 
(5-pentadecyl resorcinol), 5-(8’Z, 
11 ’Z-heptadecadieny l)-resorcinol , 
5-(11’Z-heptadecenyl)-resorcinol, and 
5-heptadecyl resorcinol), and also contains 
4 prenylflavonoids, propolis D, C, F, and G 
and 3 types of cycloartane that is triterpenes, 
mangiferolic acid, isomangiferolic acid, 
and 27-hydroxysomangiferolic acid have 
been identified. Propolis ethanol extract 
of Lawu mountain contains Caffeic Acid 
Phenethyl Ester (CAPE) with levels of 
30.24 ± 3.53 x 10¯⁶gr and quercetin 4.42 
± 0.50 x 10¯⁶gr. The flavonoid content of 
Trigona sp bee propolis was higher than      
Apis mellifera bees, from the origin of 
propolis the highest antioxidant activity 
was from Pandeglang and the highest total 
flavonoids came from Kendal.20

The administration of antioxidants can 
control the levels of ROS in the normal 
angiogenesis process, which is necessary 
for successful skin graft vascularization.

This study aims to analyze the effect 
of the dose of Lawu mountain propolis 
ethanol extract (EEP) on skin wounds of 
white rats with skin grafts on the effect of 
ROS (MDA blood levels), inflammation 
(IL-6 blood levels, NF-kB expression) 
and angiogenesis (VEGF blood levels and 
expression of caspace-3) on the vascular 
skin graft (Microvessels density / MVD). 
It is hoped that a certain dosage of EEP 
will be used as an additional therapy to 
increase the successful of skin grafts on 
skin wounds.

METHODS
Study design and experimental 
animals
This study used a post-test only control 
group design in a group of white male 
rats (Rattus novergicus) as a sample. The 
number of white male rats used in the study 
was 24 aged 3-4 months and body weight 
150-300 grams. Treatment and blood 
sampling was carried out at PAU UGM 
Yogyakarta, while immunohistochemical 
examinations were carried out at the 
Anatomical Pathology Laboratory, Faculty 
of Medicine, Sebelas Maret University 
Surakarta by a pathologist.

Procedure and injury observation
The rats were subjected to skin excision 
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(full-thickness/epidermis, dermis, and 
partially subcutaneous or panniculus 
carnosus) in the back area with a size of 
1 x 1 cm using scalpel no. 10. The wound 
was given sterile talc to stimulate the 
growth of granulation tissue for 7 days. 

Furthermore, all rats were subjected to 
an allograft type skin graft. Rats that had 
skin grafts were divided into four groups, 
namely group 1 (K) which was given 2 ml 
of Na CMC 0.5%  for 7 days, group 2 (P1) 
which was administered ethanol propolis 
extract (EEP) at a dosage of 200 mg/kg 
body weight/day orally for 7 days, group 
3 (P2) were given EEP at a dosage, 400 
mg/kg body weight/day orally for 7 days, 
group 4 (P3) were given EEP at a dosage, 
800 mg/kg body weight/day orally for 7 
days (Figure 1).

Assessment of Malondialdehyde 
(MDA), IL-6, NF-kB, VEGF, Caspase-3, 
MVD
After 7 days of post skin graft, MDA 
blood levels were measured using the 
thiobarbituric acid reacting substances 
(TBARS) method and expressed in 

units of nmol / ml. Blood IL-6 levels 
were measured by the Enzyme-Linked 
Immunosorbent Assay (ELISA) method, 
expressed in units of pg/ml. VEGF levels 
will be measured by means of Enzyme-
Linked Immunosorbent Assay (ELISA) 
with the VEGF Human ELISA kit, 
expressed in units of pg/ml. Blood draws 
are carried out through retroorbital veins. 
NF-kB expression was assessed based 
on the expression of inactive NF-kB in 
the cytoplasm of macrophage cells and 
appeared as brown on IHC preparations, 
and was calculated by histologist score.

Assessment of the positivity of caspase-3 
expression used immunohistochemical 
examination with monoclonal antibody 
to caspase-3. Assessments were performed 
quantitatively visually using a light 
microscope with 400x magnification of 
caspase-3 expression cells. Then count the 
number of immunoreactive cells stained 
silver brown on the cell membrane. 
Then, the percentage of all existing 
immunoreactive cells was carried out by 
scoring: a score of 1 = 1-30%, a score of 2 
= 31-70% and a score of 3> 70%.21

MVD histological examination used a 
CD34 marker, for staining new vascular 
endothelial cells by counting the number 
of blood vessels per mm2.22 The vascular 
number was calculated by manual 
marking using image pro plus software, 
then the data summed and entered into 
an Excel table for automatic calculation 
of vascular density. The calculation results 
are also carried out by taking a microscope 
image with a 40X magnification equipped 
with a 5 MP CCD color sensor. Images 

are captured, stored, and analyzed using 
Image-Pro Plus software.23

Statistical analysis
The data about MDA blood levels, IL-6 
blood levels and VEGF blood levels were 
analyzed using the One Way Analysis 
of Variance (ANOVA) parametric test. 
The One Way Anova test was used to 
determine whether there were differences 
in the mean values   of MDA, IL-6 and 
VEGF blood levels between the treatment 
groups. To find out whether there were 
differences in the mean values   of MDA, 
IL-6 and VEGF blood levels between the 
treatment groups, the One Way Anova 
test was used. Data that did not meet the 
requirements to be analyzed using the 
One Way Anova test were analyzed using 
the non-parametric Mann-Whitney test. 
If the One Way Anova test results show a 
significant difference, then proceed with 
the post hoc test.

The data about NF-kB expression, 
Caspase-3 expression, and MVD will be 
tested using the Mann-Whitney non-
parametric test. The level of significance 
used was α = 0.005. Thus, the statistical 
value was declared significant if p<0.05.

RESULTS
Assessment of MDA Blood Levels
The administration of EEP decreased 
MDA blood levels. There was a significant 
difference in the MDA results between the 
normal group and the treatment group. 
The MDA blood levels in each control 
group and administering of EEP dosage 

Figure 1. Rat model treatment and 
observation of skin graft 
injuries

Figure 2. Hologram of the mean MDA blood levels of each control group and 
administration of EEP dosages, it appears that at K, P1, P2 and P3 MDA 
blood levels decreased gradually.

http://dx.doi.org/10.15562/ism.v9i1.155
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appeared on K, P1, P2, and P3 MDA 
blood levels decreased gradually. There 
was a significant difference between the 
P1 and P2 and P3 dosages, but the data for 
the ratio of dosages of P2 to P3 were not 
significant. The use of the cut-off points 
method that has a value below the cut-off 
point will have no difference [Natural Cut-
off Points = (Maximum Score + Minimum 
Score)/4=800/4=200]. The dosage of EEP 
administration of 200 mg/kg-BW is the 
cut-off point value. The use of EEP with a 
dosage of P2 and P3 is the most effective 
dosage to decrease MDA blood levels. 
The comparison of the use of P2 and P3 
dosages did not significantly affect the 
results of decreasing MDA (Figure 2).

   

Assessment of IL-6 blood levels
The administration of EEP decreases 
IL-6 blood levels. It appears that in K, P1, 
P2, and P3 IL-6 blood levels decreased 
gradually. There was a significant 
difference between the control group and 
the P1 group, the control group with the 
P2 group, the control group with the P3 
group, the P1 group with the P2 group, 
the P1 group with P3, and the P2 group 
with P3. The dosage in the P3 group gave 
the largest reduction when compared to 
the control group, and it was statistically 
significant (p<0.05) (Figure 3).

Assessment of VEGF Blood Levels
Administration of EEP increased VEGF 

blood levels. It appears that on K, P1, 
P2, and P3, VEGF blood levels increased 
gradually. There was a significant 
difference between the control group and 
the P1 group, the control group with the 
P2 group, the control group with the P3 
group, the P1 group with the P2 group, 
the P1 group with P3, and the P2 group 
with P3. The dosage in the P3 group gave 
the largest reduction when compared to 
the control group, and it was significant 
(p<0.05) (Figure 4).

Assessment of NF-kB Expression
Administration of EEP decreases NF-
kB expression. The median histological 
score of inactive NF-kB expression was 
high in the group of normal white rats, 
white rats were administered a dosage, 
200 mg/kg-BW EEP and a dosage, 400 
mg/kg-BW EEP, whereas in the group 
of white rats with a dosage, 800 mg/
kg-BW EEP the median histological 
score was low. The median histological 
score of the P1 group (administration a 
dosage, 200 mg/kgBW EEP) and P2 group 
(administration a dosage, 400 mg/kg-BW 
EEP) were the same. Thus, the lower the 
EEP dosage administered, the higher the 
median histological score and the more 
inactive NF-kB expression that appears 
in the cell cytoplasm or the less activated 
NF-kB enters the cell nucleus. It can also 
be said that the lower the EEP dosage 
administered, the smaller the resistance to 
NF-kB expression. The median histological 
score of inactive NF-kB expression among 
the four white rats (Figure 5 & 6).

Assessment of Caspase-3 Expression
Administration of EEP decreases 
the expression of caspase-3. It shows 
administration EEP in K, P1, P2, and P3 
groups reveal the expression of caspase 3 
gradually decreased. At the dosage, 200 
mg/kgBW EEP, there was no decrease in 
the activity of caspase-3 expression. At 
a dosage, 400 mg/kgBW EEP, there was 
no significant decrease in the activity of 
caspase -3 expression. In statistical test, 
there was no group that had a median 
caspase-3 intensity which was statistically 
significant (p=0.557) (Figure 7 & 8).

Figure 3. Hologram of the mean IL-6 data. Decrease in IL-6 blood levels in each 
control group and administering of EEP dosages, it appears that at K, P1, P2, 
and P3 IL-6 blood levels decreased gradually with increasing the dosage of 
EEP. 

Figure 4. Histogram of the mean increase in VEGF blood levels of each control group 
and administering of EEP dosages, it appears that at K, P1, P2, and P3 VEGF 
blood levels increased gradually according to the increasing the dosage of 
EEP.

http://dx.doi.org/10.15562/ism.v9i1.155
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Assessment of Micro Vessel Density 
(MVD)
Administration of EEP did not significantly 
increase the amount of MVD (p> 0.05). 
Mann-Whitney test was not carried out 
because there was no significant difference 
in the median data between different 
groups (Figure 9 & 10). 

DISCUSSION
One of the therapeutic approaches for 
chronic wounds is to cover the wound 
with a skin graft which has become the 
most widely used option. One of the 

Figure 5. The median decrease in NF-kB expression in each control group and 
administration of EEP dosages. From the figure, it can be seen that the mean 
histological score of inactive NF-kB expression was high in the control white 
rat group, administration at dosage 200 mg/kg-BW EEP and a dosage of 
400 mg/kg-BW EEP did not show decreasing of expression NF-kB, while 
in the group of white rats with a dosage, 800 mg/kg-BW EEP, the median 
histological score was low. 

Figure 6. The expression of NF-kB 
protein showed positive 
staining (arrow) on 
i m m u n o h i s t o c h e m i s t r y 
staining, A. Group K score 3; 
B. Group P1 scores 3; C. Group 
P2 score 3; D. Group P3 score 
2 (Magnification 100x)

Figure 7. The median of caspace-3 expression for each control group and administering 
of EEP dosages showed that in K, P1, P2, and P3 the expression of caspase-3 
decreased gradually. Administration of both dosages, 400 and 800 mg/kg-BW 
of EEP, shows there were decreases in the activity of caspase 3 expressions. 
But statistic analysis did not significant (p>0.005).

Figure 8. The expression of caspase 
3 protein showed positive 
staining (arrow) on 
i m m u n o h i s t o c h e m i s t r y 
staining, A. Group K score 3; 
B. Group P1 scores 3; C. Group 
P2 scores 2; D. Group P3 score 
2 (Magnification 100x) 

causes of skin graft failure is the quality 
of angiogenesis which is initiated by 
inflammation involving ROS, cytokines 
and apoptotic activity. Therapeutic 
approaches that target by reducing 
oxidative stress and inflammation are 
expected to improve the quality of 
angiogenesis indirectly by suppressing 
the effects of excessive ROS through the 
mechanism of reducing inflammatory 
activity so it will increase the vascularity 
of the skin graft donors. Propolis as a 
natural product derived from plant resins 
collected by honey bees has a number of 
biological activities such as antioxidants 

and anti-inflammatory.24 This study 
describes ethanol extract propolis of Lawu 
mountain (EEP) in preventing oxidative 
and inflammatory reactions in the male 
white rat skin graft model. 

One of the causes of the disturbance of 
the normal healing process is imbalance of 
redox homeostasis. This imbalance occurs 
because of the excessive production of 
ROS. Reactve oxygen species is a form 
of free radical which has high reactivity 
because it has tendencies to attract 
electrons and can turn a molecule into 
another molecule. ROS will activate the 
transcription factor (NF-kB) through 

http://dx.doi.org/10.15562/ism.v9i1.155
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the destruction of Inhibitor Kappa Beta 
(IKB) to produce inflammatory cytokines, 
lipid peroxidation by ROS produces 
various aldehydes such as propanal, 
hexanal, 4-hidroxynenal (4HNE) and 
Malondialdehyde (MDA). MDA is the 
most mutagenic and used as biomarkers 
for the peroxidation of cell wall fat.25,26

Administration a dosage, 200 
mg/kg-BW EEP compared with the 
administration of a dosage, 400 mg/kg-
BW EEP (p = 0.0000) or a dosage, 800 
mg/kg-BW EEP (p = 0.0000) there is a 
significant difference. Giving a dosage, 400 
mg compared to giving a dosage, 800 mg/
kg-BW EEP is not significant (p = 0.517). 
So the use of EEP at a dosage, 400 mg to a 
dosage, 800 mg is the most effective dose 
to reduce MDA, so the “cut-off point” for 
dosing is effective in reducing MDA blood 
levels is the administration of dosage, 200 
mg/kg-BW EEP.

Caffeic Acid Phenyl Esther (CAPE) 
is an active biological material anti-
inflammatory propolis which has 
an important role in reducing the 
inflammatory process by inhibiting the 
production of cytokines, chemokines, 
lymphokines and T cell proliferation. 
Russo has proven that propolis containing 
10.44% CAPE and 9.04% galangin is 
capable of inhibits the formation of 
superoxide anions, the higher the CAPE 
level, the higher the ability to inhibit 
the effects of lipid peroxidation which 
is indicated by a decrease MDA levels in 
plasma.27,28

Administration of propolis from Indian 
ethanol extract at a dosage, 100, 200, 
300 mg /kg/BW for 14-21 days per oral 
decreases ROS, MDA and SOD with an 
increasing effect according to the increase 
in dose in Alzheimer mice.44-47 The effect 
of propolis increases the activity of 

antioxidant enzymes SOD and GPx which 
decrease MDA levels in the administration 
of propolis ethanol extract in rat kidney 
disorders model Type 1 diabetes mellitus, 
testicular malignancy, vascular endothelial 
cell disorders and exposure to pesticide 
drugs.29,30

In this study, the content of CAPE EEP 
from Mount Lawu propolis which has an 
anti-oxidant effect that causes a decrease in 
MDA, the pathway of decrease mechanism 
is proven by measuring antioxidant levels 
enzymes (SOD, GPx, CAT). A decrease in 
MDA blood levels and SOD levels in the 
administration of Lawu mountain’s EEP 
in infection and sepsis model rats given a 
dosage, 200 mg/kgBW/day for 7-14 days 
showed significant results compared to 
control.31-33

The decrease of the IL-6 blood levels, 
showed the number of p=0.000 (p<0.05). 
Post Hoc test, there were two groups that 
had significantly different mean of IL-6 
blood levels. The post hoc test results 
showed that the differences between 
groups were statistically significant 
(p<0.05). There was a statistical difference 
between the control group and the P1 
group, the control group with the P2 
group, the control group with the P3 
group, the P1 group and the P2 group, 
the P1 group with P3, and the P2 group 
with P3. The dose in the P3 group gave 
the largest reduction when compared to 
the dose in the control group, and it was 
statistically significant.

Propolis contains anti-inflammatory 
materials including CAPE, quercetin, 
naringenin, apigenin, galangin, vestitol and 
others which can suppress the formation 
of prostaglandins, leukotriene and 
suppress the activity of myeloperoxidase, 
NADPH-oxidase, ornithine decarboxylase 
and tyrosine-protein kinases. Wang’s 
molecular analysis study evaluating the 
effect of propolis ethanol extract from 
Chinese to the production and expression 
of inflammatory mediators of mRNA 
showed that the suppression of IL-1β, 
IL-6 and nitric oxide production was dose 
dependent.33

The study using Iranian propolis 
ethanol extract doses at a dosage, 50 mg/
kg, 100 mg/kg and 200 mg/kg-BW in rats 
experiencing postoperative peritoneal 
adhesion showed anti-inflammatory 

Figure 9.  The median of administration at dosage 200 mg/kg-BW, 400 mg/kg-BW and 
800 mg/kg-BW did not show increasing amount vessels (MVD) for each 
control group comparing  EEPs administration groups.

Figure 10.  Microvessel density (MVD) was calculated using CD34 immunohistochemistry, 
blood vessel endothelial cells were stained with CD34 staining and showed the 
presence of blood vessels (arrows), A. Group K; B. Group P1; C. Group P2; D. 
Group P3 (200x Magnification) 
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effects of cytokines (IL-6, IL-1β and 
TNF-α) which decreased significantly 
with the best dose of 200 mg/kgBW the 
effect on MDA and NO as well as the effect 
of propolis on angiogenesis biomarkers 
(VEGF). Giving of Brazilian red propolis 
containing phenol in wound model rat 
showed that the wound area was reduced 
due to suppression of inflammation with 
decreased IL-6 levels.33,34

The expression of NF-kB in this study 
show decreasing expression in a dosage 
800 mg/kg-BW but not significant, p 
= 0.927 (p>0.05). It can be concluded 
that there was no group that had a 
significantly different median of NFKB 
intensity statistically. Mann-Whitney test 
was not carried out because there was no 
difference in the median data between 
different groups.

Funakoshi-Tago’s et al.35 studies 
on the anti-inflammatory effect of 
Nepal’s propolis isolate, that is 3,4 
dihydroxy-4-methoxydalbergione, 4- 
methoxydalbergion, cearoin and chrysin 
inhibits the expression of inflammatory 
genes including IL-6, TNF-α and IL-
13 in bone marrow-derived mast cells 
(BMMC) and also inhibits NF-kB 
activation through IKK inhibition and 
IkBα degradation. Inhibition of LPS 
production due to oxidative stress (NO) 
as an anti-inflammatory effect of brazilian 
caffeic acid propolis which was mediated 
by decreased NF-kB activity, p38 MAP 
Kinase and JNK1/2. CAPE is known to 
be the most active ingredient as an anti-
inflammatory modulator compared to 
caffeic acid, quercetin and naringenin 
which work to inhibit NF-kB activation.

The transcription signaling pathway of 
NF-kB becomes irregular in several types 
of human malignancies. Evidences show 
that accumulation of ROS is an important 
signal in regulating the function of various 
cells, high levels of ROS induce oxidative 
stress that causes a number of disease 
effects including malignancy. In most 
types of malignant cells found that NF-kB 
is very active, inhibition of NF-kB has been 
shown to stop tumor cell proliferation 
with tumor cell death or to become more 
sensitive to the action of anti-tumor agents, 
especially antioxidants. Ethanol extract of 
Chinese propolis decreased the activity 
of NF-kB p65 (a subunit of NF-kB) and 

resisted translocation from the cytoplasm 
to the nucleus to activate invitro breast 
tumor cells.36

In the inflammatory phase, tissue 
response to trauma activates the 
macrophage cells. Macrophage also 
produces Vascular Endothelial Growth 
Factor (VEGF) and  Fibroblast Growth 
Factor (FGF) which will trigger the 
angiogenesis process for formation of 
Extra Cellular Matrix (ECM) materials, 
as results of decrease in pH, oxygen 
tension, and increase of lactate in the 
area around the wound will trigger the 
process that encourage the formation of 
new blood vessels or what can be known 
as angiogenesis or neovascularization, 
which VEGF, bFGF, and TGF-β mainly 
influenced. This process is vital in 
continuity of the next process, that is the 
formation of granulation on days 4-7.37,38

In this study, the administration of EEP 
shows the increase of VEGF blood levels 
statistically significant, p=0.000 (p<0.05). 
It can be concluded that there were at least 
two groups that had significantly different 
mean of VEGF.

VEGF production under hypoxic 
conditions increases with the duration of 
hypoxia. VEGF is a major factor in the 
angiogenesis process. Giving of CAPE 
at different doses showed decreased 
production by setting HIF-1α although 
it was not statistically significant. Giving 
CAPE to Choroidal Neovascularization 
(CNV) disorders which can cause 
blindness can reduce VEGF production 
through ROS inhibition mechanisms, 
phosphorylation of Posphoinositide3-
kinase (PI3K) and inhibition of HIF 1-α 
activation by preventing translocation of 
transcription factors in the nucleus during 
hypoxic conditions.39

In hypokinesia and hypodynamic, rats 
showed decreased muscle activity which 
led to capillary regression, especially 
in muscle fibers with low oxidative 
levels. This condition causes oxidative 
stress which increases the regulation 
of negative angiogenic factors such as 
thrombospondin-1 (TSP-1). TSP-1 has 
anti-angiogenic activity through anti-
proliferation and pro-apoptotic effects, 
while pro-angiogenic factor of VEGF 
plays a role in angiogenesis by stimulating 
the formation of new blood vessel tissue 

by attracting and stimulating endothelial 
cell differentiation. Giving of Brazilian 
propolis at a dose of 1000 mg/kg-BW 
showed a significant improvement in 
capillary lumen volume and diameter 
compared to the control group, as well 
as an increase in VEGF expression and a 
decrease in endothelial cell apoptosis.40

In this study, the effect of VEGF 
on tissue has not been proven so that 
it has a pro-angiogenic effect on the 
angiogenesis process which will further 
increase skin graft vascularization on 
MVD examination, it is necessary to 
examine tissue VEGF expression to 
prove the proangiogenic effect of EEP 
administration.

A preliminary study about the potential 
of propolis from Sulawesi which has anti-
angiogenic activity shows that Sulawesi 
propolis does not affect increasing VEGF 
levels but has a protective effect of pericyte 
against hypoxic conditions. Pericyte is 
one of the main factors in angiogenesis 
which supports the stability of blood 
vessels by protecting the endothelium and 
producing chemical signals to maintain 
the attachment of endothelial cells. The 
vascular stabilizing effect of pericyte 
was also associated with decreased HIF-
1α activation and reduced ROS of the 
antioxidant propolis.41

The quality of angiogenesis is 
influenced by many factors such as 
hypoxic effect, growth factors (especially 
VEGF), inflammatory cytokines 
(especially IL-6), apoptosis of endothelial 
cells. The apoptosis process is regulated 
by cysteine   aspartate-specific proteases 
(caspases) through selective cleavage 
of cell substrates with cytoskeleton 
rearrangement and nuclear degradation 
characterized by cell shrinkage, chromatin 
condensation, membrane swelling and 
finally DNA fragmentation. Apoptosis can 
be triggered by inflammatory cytokines, 
ROS and cytotoxic (hypoxic) ROS These 
factors play a role in the angiogenesis 
process either directly or indirectly 
through various pathways starting from 
the inflammatory and immune processes. 
Caspase-3 as the executor of apoptosis’s 
apoptosis, apoptosis of macrophages and 
endothelial (Vascular Smooth Muscle 
Cells/VSMC) causes vascular instability 
by forming atherosclerotic plaques which 

http://dx.doi.org/10.15562/ism.v9i1.155
http://dx.doi.org/10.15562/bmj.v10i2.2339


818 Published by Bali Medical Journal | Bali Medical Journal 2021; 10(2): 811-820 | doi: 10.15562/bmj.v10i2.2339

ORIGINAL ARTICLE

reduce oxygen supply and nutrients to 
donor blood vessels.42

In this study, there was no significant 
decrease in the expression of Caspase-3 
(p = 0.057), it is possible that in the skin 
graft process with allograft donors there 
was a tissue rejection reaction that led 
to the emergence of oxidative stress 
conditions, where there was an increase 
in excessive ROS production due to cell 
damage. ROS itself plays an important 
role in the signaling pathway for apoptosis 
activation.43,44

Increased Calcium (Ca) in the 
mitochondrial wall caused by cell 
damage will cause Bad defosforilation 
(proapoptotic of Bcl-2 family) and 
cause dissociation and translocation 
mitochondria which blocks the anti-
apoptotic action of Bcl-XL resulting in 
mitochondrial apoptosis. Bcl-2 is an anti-
apoptotic marker showed an increase with 
a significant decrease in caspase-3 on 
the giving of flavonoid propolis (chrisin) 
to rat testes induced with paracetamol 
which caused decreased sperm motility, 
sperm abnormalities and sperm death. 

Apoptosis that occurred in this study can 
occur not through the caspases pathway 
but through the apoptosis-inducing factor 
(AIF) pathway which binds directly to 
DNA and activates DNAase which causes 
condensation and fragmentation of DNA 
and activates Endonuclease G (endo G) 
through an unclear mechanism.44

Revascularization is required to ensure 
the survival of the transplanted skin. 
Skin graft vascularization is precisely 
adjusted for endothelial cell regression 
and replacement via angiogenesis and 
vasculogenesis. The skin graft requires 
sufficient vascularization to live before it 
is in good contact with the recipient. The 
process occurs due to passive displacement 
of red blood cells into the capillary graft. 
The capillary effect occurs within 12 hours 
after the procedure. The nutrition of the 
skin graft is given through the plasmatic 
circulation process and the process of 
plasma or serum imbibition and oxygen 
into the graft will occur. The graft will 
experience gradual edema and increase in 
weight up to 40%.45

In this study, the administration of EEP 
did not increase skin graft vascularization 
p = 0.254 (p>0.05). It can be concluded that 

there was no group that had a significantly 
different mean of MVD. Mann-Whitney 
test was not carried out because there was 
no difference in the mean data between 
different groups.

MVD examination is used as a 
prognostic marker of human malignancy, 
increasing MVD is associated with 
aggressive tumor behavior and provides a 
worse prognosis although it is still debated 
regarding factors that can influence, such as 
counting method, immunohistochemical 
staining techniques and specimen storage 
method. Immunohistochemical staining 
uses the CD34 antigen which will show 
a brown stain on endothelial cells or a 
collection of cells that are clearly separated 
from blood vessels, normal blood 
vessels, tumor cells, and surrounding 
connective tissue. Vascular counts, at 200 
magnification (10 x ocular, 20 x objective) 
4 fields of view, with 200 magnification 
were calculated and averaged to produce 
an average score.46

The process of skin graft vascularity 
depends on the thickness of the donor 
skin graft, STSG is faster than FTSG. The 
vascularization of donor skin grafts is not 
the same throughout the donor area, with 
the highest density in the peripheral area 
adjacent to normal skin and the least in 
the central area.45,46

In skin graft with allograft donors will 
undergo a tissue rejection process, cellular 
immunity (Langerhans epidermal cells) 
plays an important role in initiating the 
reaction by activating T cells (CD4 and 
CD8 T cells) and triggering the release of 
cytokines IL-2, IFN- γ, TNF, IL-6, IL-10 
and several cytokines that lasted on days 
7 to 14. The most dominant inflammatory 
cytokines played a role is IL-6 as a regulator 
of the balance of activation and suppression 
of T cells. Rejection reactions vary from 
the occurrence of local inflammation, 
bulla formation, bleeding, necrosis and 
degeneration of skin appendages.47,48

CONCLUSION
We concluded that the propolis ethanol 
extract of mount Lawu (EEP) had anti-
ROS effect, anti-inflammatory effect and 
angiogenic effect in skin graft model rats 
which have been assessed from its ability: 
significantly decrease  MDA blood levels, 
significantly decrease IL-6 blood levels 

and significant in increasing VEGF blood 
levels, but not significant in decreasing NF-
kB expression and decreasing caspase-3 
expression. Skin graft vascularization 
did not increase in numbers significantly 
(MVD).

The ability of the EEP as antioxidative 
stress activation reveals MDA blood level 
decrease with a cut-off point of giving at 
a dose of 200 mg/kg BW / day. We did 
not conclude the cut off point for EEP 
dosages either to decrease IL-6 blood level 
or increase VEGF blood level. The cut-off 
point administration dosage of EEP for 
decreasing IL-6 blood level and increasing 
VEGF blood level were not yet established. 
Further research could be recommended 
based on the amount and duration of EEP
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