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INTRODUCTION
Inflammatory bowel disease (IBD), with ulcerative 
colitis (UC) and Crohn’s disease (CD) are chronic 
disease that can burden most population, either 
for the patient’s quality of life, health worker, 
or society. It was estimated in the United States, 
there are two million people that have IBD and 
will increase to four million in 2030.1,2 In contrast, 
to Asian countries which previously have low 
incidence rates of IBD, recently have increased in 
the last decade following the advancement of the 
country themselves. 2 In Indonesia, according to 
a research in 2011-2012, there were an average 
of 0.55 per 100,000 cases of people suffering UC, 
0.33 per 100,000 cases of CD, and 0,88 per 100,000 
people with IBD.3 Even though the cases was not as 
high as those in urban areas such as Guangzhou in 
China, the disease will increase if there is no further 
management.4 IBD is also known as one of the risk 
factors for colorectal cancer (CRC), especially if the 
inflammation involves large areas of the colon in 
a long period. 5,6 This cancer has been one of the 
biggest medical problems in Indonesia, with 30,017 
new cases in 2018 and ranked as the 4th commonest 
cancer for all genders in the same year.7

There are 3 main pathways for colorectal cancer 
(CRC), which are microsatellite instability (MSI), 
chromosomal instability (CIN), inflammatory 
pathway.8 According to a study in 2013, it was 
found that the expression of COX2 in cancer cell 

was 58% and activation of Nf-kB in cancer cell was 
around 70%9 These genes are important components 
in the inflammation signaling pathway that caused 
IBD and can lead to tumors.8 Beside that, other gene 
that contributed to this was mucin 1 or MUC1, 
which known have an important role as a modulator 
of inflammation caused by pathogens.10,11 In IBD 
condition, the expression of MUC1 is altered and 
upregulated after the stimulation of TNF-a, a 
proinflammatory cytokine.10,12 Higher expression 
of MUC1 will cause more severe inflammation 
conditions. MUC1 can be recognized by the 
immune system and usually used during activation 
of the adaptive immune system to remove the lesion. 
However, if nothing will be done, it can cause cancer 
because of the blockage in the apoptosis process in 
the epithelial cell.11 

In curing the inflammation in the colon and 
prevent Colorectal Cancer, there are three classes 
of biological agents used to treat IBD. These are 
the anti-integrin, the antagonist to tumor necrosis 
factor (TNF), and inhibitor of interleukin (IL) 12 or 
23. However, it was observed that 20-30% patients 
experienced primary nonresponse while another 
30% have become refractory due to secondary loss 
of response. 13 Another medication that used to treat 
inflammation in the colon is aspirin, which a non-
steroid anti-inflammatory drug (NSAIDs), it also 
has an anti-cancer effect due to its ability to stop cell 
division.14,15 However, due it is not a complete cure 
and potency to stop cell division or cause apoptosis, 
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there will be an increase the tendency for bleeding and complication, 
such as epistaxis, purpura, or occult gastrointestinal bleeding.14–16 

From the available medications above, it shows that the wisest approach 
for IBD or inflammation in the colon is prevention or finding alternative 
medicines, such as herbal medicine. Even though the etiology is not 
fully understood, there were several studies researching factors that can 
prevent the inflammatory or finding complementary and alternative 
medicine, which includes herbal medicine, to treat the patient.15,17 A 
study found an additional class of compounds that could give potential 
health benefit for IBD prevention, which is called polyphenols.15 
Majority of polyphenols, such as flavonoids, is not absorbed directly, 
thus it can reach the colon.15 An example of a plant with polyphenols 
compound in it is mahkota dewa (P. macrocarpa), especially its leaves 
and fruits.18 In addition, leaf extract of P. macrocarpa has an anti-
inflammatory effect like aspirin because both can inhibit the activation 
of NF-κB, lessen COX2, β-catenin, and other inflammatory gene.19–21 
Thus to strengthen the previous findings, this study observes MUC1 
expression that should be reduced because the flavonoid in mahkota 
dewa leaf extract should inhibit the trigger for this protein, which is the 
NF-κB and other inflammatory gene.

This study was conducted to examine the effect of Mahkota dewa (P. 
macrocarpa) leaf extract that was expected to decrease the expression 
of MUC1 in the colon and give a stronger evidence to use it as an 
anti-inflammatory drug. For that, this study used mice that have been 
given dextran sodium sulfate (DSS), which will induce inflammation 
in the colon and shown the condition of epithelial cell alike in IBD 
cases by disrupt the integrity, function of mucosal barrier in the colon 
or intestine, and immune response change, such as T helper 1 and 2. 
22–24 At the end, there will be an observation of mice colon to see and 
compare between mice that was given different treatment in treating 
the inflammation in the colon.

METHODS

Study Design
This research was experimental research using Swiss Webster mice 
with in vivo experiments. The mice colon tissues that were used in 
this research has been processed into a biological material or paraffin 
block from prior research correlated to the topic. The effect would be 
histopathologically observed and planned as a comparison, parallel, 
and randomly using the same process that have been used previously 
by Kusmardi et al. and Suprapti et al.25,26 This research was done after 
ethical approval from The Health Research Ethics Committee, Faculty 
of Medicine, Universitas Indonesia, with ethical number of : 0891/
UN2.F1/ETIK/2018

Materials
All the chemicals and solvents in the experiment were analytical grade. 
The extract was obtained from the laboratory of IPB Biopharmaceutical 
Study Center, Bogor, which was a mahkota dewa (P.macrocarpa) leaf 
extract in a form of dry powder. Dextran sodium sulfate (DSS) was 
obtained from MP Biomedicals LLC and Aspirin were taken from a 
local drugstore in Jakarta.

Experimental animals
The animals that used were male Swiss Webster mice with the age of 
12 weeks and have a weight around 25 grams, which were obtained 
from The Animal Laboratory of the Center for Health Research and 
Development, Ministry of Health, Jakarta. There were 28 mice used 
and divided into 5 groups, which consisted of normal mice (N) group, 
negative control (NC) group, aspirin (A) group, and 2 groups of mice 
that would be given mahkota dewa leaf extract, but with different doses. 
Thus, there were 6 mice in 3 groups and 5 mice in the other 2 group. 

There were 2 groups that were given mahkota dewa leaf extract as the 
treatment group, one was given 25 mg/kg body weight/day, and the 
other 12.5 mg/kg body weight/day and before received each treatment 
there was an acclimatized under laboratory condition for 1 week. 
The animals were kept under standard condition of temperature and 
relative humidity.

Sample Size Determination
This research used male Swiss Webster mice, with the quantity 
determined using Federer formula. The formula is (t-1) (n-1) ≥ 15, with 
t for depicting the treatment groups and n for how many mice needed 
for each group. There were 5 different treatments given to these mice. 
For the calculation were:

(t-1) (n-1) ≥ 15

(n-1) ≥ 15 : (5-1)

(n-1) ≥ 3.75

n ≥ 4.75 

From the calculation, each treatment group has to be compromised 
with at least 5 mice. In this experiment each group has 6 mice in the 3 
group and 5 mice in the other 2 group, hence there are 28 mice used 
for this research.

Sample preparation
After 7 weeks of experiment, the mice were euthanized using cervical 
dislocation. The colon of the mice were excised, cleaned, and then 
rinsed with water. Parts of the colon tissue were fixed in 10% formalin 
buffer for 1 to 2 days and then dehydrated. After this process, the pieces 
of colon tissue were inserted into a stratified xylene solution. Then, 
the tissue was soaked and embedded in paraffin medium on the box 
cassette which has been marked. This paraffin blocks were cut with the 
microtome machine at the thickness of 3-5 μm. Lastly the pieces were 
inserted into a water bath with 40-50 °C, attached to a glass slide and 
let it dry at 40 °C for 1 hour.

Immunohistochemical staining
The paraffin blocks of colon tissue were attached to a special glass 
object. Tissue samples were dried at 37 °C and continued to a 
warmer temperature of 60 C. After heating process, the samples 
were deparaffinized and rehydrated. The tissue was then washed 
with running water for 5 minutes and continued with endogenous 
peroxidase blocking by inserting the tissue into a 0.5% H2O2 solution 
mixed with ethanol for 30 minutes. Then, the tissue was washed again 
for running water for 5 minutes and perform antigen retrieval. In 
this process, the washed tissue was briefly inserted into a container 
containing a Tris-EDTA solution and heated in a chamber decloaking 
device for 10 minutes at 96 C. 

The tissue was cooled for 45 minutes and the step was followed by 
washing it with phosphate-buffered saline pH 7.4 for 5 minutes. The 
sections were then blocked with blocking background sniper for 15 
minutes and incubated for 60 minutes with primary antibodies in a 
humidified chamber. After the incubation step, the sections experienced 
immunoreactivity and caused chromogenic reaction which shown as 
the color of brown and blue. The number of brown - yellow (perceived 
as positive) and blue (perceived as negative) were then counted with 
the help of Image J application as “cell counter” plugin. 

From the histology of colon tissue samples from every treatment 
were performed using Leica light microscope and Sigma camera 
with 400x magnification. Then the examination of each sample were 
conducted 5 fields of view. Using Indomikrom software, the image 
was taken in the format of TIF. From those photos, the expression of 
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protein will be analyzed using ImageJ or IHC prolifier. IHC profiler 
gives scoring influenced by visual bias, which can be analyzed and 
processed by an advance digital image processing system using color 
deconvolution and computerized pixel profiling.27 Thus, there will 
be an automated scoring according to the respective image. The final 
score will be shown in semiquantitative way, such as high positive, 
positive, low positive, or negative. 27 If there are brown color from the 
cytoplasmic and membranous staining, they are considered as positive 
for immunoreaction to MUC1.28. The immunohistochemistry score 
(H-Score) were calculated using the formula:

{(%high positive x 4) + (%positive x 3) + (% low positive x 2) + (% 
negative x 1)

100

Data Analysis
From the result of IHC analysis, the data were analyzed using a one-
way Anova test. In which it was processed using Post Hoc test to see 
the differences from each treatment. All the data were analyzed using 
IBM SPSS Statistic Version 24 program. The data from the experiment 
is presented in the form of mean ±SD and all of the statistical analysis 
would be proven if p<0,05.

RESULTS 
The results shown the data of positive expression of MUC1 in the 
epithelial cell of mice colon, specifically the crypt of lieberkuhn taken 
the slides (Figure 1). The microscopic slides were taken from five 
groups of mice that has been given different treatment. There were 3 
groups that each has 6 microscopic slides, with one slide representing 
one mice. These groups were the normal group, aspirin group, and 
low dose of mahkota dewa group. While the other 2 groups, negative 
control and high dose of mahkota dewa group, each has 5 microscopic 
slides of mice colon from different specimens. The microscopic slide 
was given Immunohistochemistry (IHC) staining and analysed using 
ImageJ to examined the expression of protein in the epithelial cell on 
the colon crypt of lieberkuhn. From the expression, the optical density 
score or H-score was calculated and inserted as the data

A one-way Anova was conducted to compare statistical different 
treatment towards an inflamed colon on mean H-score in not an 
inflamed colon or normal group, aspirin group, low dose and high dose 
of mahkota dewa group. There is a statistically significant difference 
between the treatment groups (F(4,23) = 12.15, p<.001). Post hoc 
testing using the Tukey HSD revealed a significant difference between 
mean H-score for a negative group (M=175.39, SD=14.30) with three 
other groups, which were normal group (M=148.02 , SD=5.28), high 
dose of mahkota dewa group (M=149.90, SD=3.81), and aspirin group 
(M=158.92, SD=5.28). The test also shows significant difference in 
low doses of mahkota dewa (M=149.90, SD=5.02) with high doses of 
mahkota dewa group and normal group. 

In figures 2 and 3, the data shown the highest mean difference 
between the significant group was between negative and normal 
group (Mdif=27.37, SD=4.47, p<.001), followed by negative and high 
dose of mahkota dewa group (Mdif=25.49, SD=4.67, p<.001). Another 
significant group for negative group, which was the group that only 
given DSS to induce inflammation in the colon, was Aspirin group 
(Mdif=16.46, SD=4.47, p=.010) However, it was much lower than the 
previous group. There were also other groups which have significant 
relationship with lower mean H-score differences, which were low 
doses of mahkota dewa and normal group (Mdif=16.24, SD=4.26, 
p=.007), lastly between the low and high dose group of mahkota dewa 
group (Mdif=14.37, SD=4.47, p=.028). 

In comparison, there were also groups pairings that were not significant 
in the post hoc test, even differences was observed between their mean 

Figure 1: Treatment for mice group for 7 weeks.

Figure 2: Microscopic appearance of each treatment group with IHC 
staining showing MUC1 expression. Magnification: 400x. (a) negative 
control group (b) normal group (c) aspirin group (d) low dose mahkota 
dewa group (e) high dose mahkota dewa group.

H-score, which were the pairings between negative group and low 
dose of mahkota dewa group (Mdif=11.12, p=.128), the normal group 
with aspirin group (Mdif=10.9, p=.112) and with high dose of mahkota 
dewa group (Mdif=1.88, p=.993). The pairings between aspirin and both 
mahkota dewa group, the high dose (Mdif=5.34, p=.721) and low dose 
(Mdif=9.03, p=.288), were also not significant.
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DISCUSSION 
Gastroenterology diseases are one of the major health problems 
in Indonesia, with one it is Inflammatory Bowel Disease (IBD) 
and Colorectal cancer (CRC). Although it is not as prevalent as it 
is in the West, there was an increase of IBD cases in the last decade 
in Asia.2 An important thing to take note is that IBD is known as a 
major risk factor for Colorectal Cancer, especially if the inflammation 
is not treated and spreads in a large area of the colon. According to 
World Health Organization GLOBOCAN in 2018, CRC is the 4th 
most common cancer in Indonesia.7 Hence, in order to reduce the 
risk of CRC, researchers tried to find an optimal treatment for IBD, 
as the known treatment has some side effect of increasing the chances 
of gastrointestinal bleeding. One alternative is herbal medicine, 
specifically Phaleria Macrocarpa (mahkota dewa) leaf extract, which 
has already been researched by observing protein expression that 
correlates with the inflammatory pathway, such as iNOS, b-catenin, and 
COX-2.26 However, there should be further studies to give a stronger 
evidence in the effectiveness of the plant to reduce inflammation. This 
study aims to observe the effectiveness of mahkota dewa leaf extract 
in reducing Mucin 1 (MUC1), another protein that is involved with 
the inflammatory process, in reducing the colon inflammation of mice.

Correlation between the H-Score and the Treatment for 
the Groups
These past few years, there are various studies which focus on the 
effectiveness of herbal medicine as an alternative for disease treatments, 
including colon inflammation. By simulating the inflammation of the 
colon in mice, previous studies used dextran sodium sulfate (DSS) 
as an inflammatory inducer and have been used to see pathogenesis 
of inflammatory bowel disease.22,29 Thus, the group of mice would be 
firstly given DSS for few weeks, except for the control group, and then 
given the treatment to be observed. This method also have been applied 
to various research to observe effect of herbal medicine.

A similar study that investigates the effect of mahkota dewa as one of 
possible treatments for colon inflammation has been done by Suprapti 
et al. in 2014. They have found that the expression of protein such as 

iNOS and b-catenin, and COX-2, which supposed to be increased in the 
colon epithelial cells after being induced with DSS for inflammation, 
have a close immunohistochemistry score or H-score with the aspirin 
and a control group.26 This was shown that there were reduced 
expression of inflammatory agents and thus reduces the inflammation 
of the colon. These results were also supported by later researches, such 
as a study by Estuningtyas et al. and Kusmardi et al. (2018) that found 
an ethanol extract of mahkota dewa leaf inhibited the inflammation of 
mice colon.23,25 

In this study, the methods used is the same as the previous research 
mentioned above, with the difference in the observed inflammatory 
agent. In supporting the previous results, the study observed mucin 
1 as one of the protein involves in the inflammatory pathway in the 
colon. It is found that there are altered MUC1 expression in patients 
with IBD, where it is highly expressed.10,30 This could be seen from the 
results of this paper, where the highest mean H-score is in the negative 
control group or the group given only DSS, with the mean score of 
175.39. In comparison the lowest mean H-score is the normal group, 
which did not receive any DSS.

Treatment of mahkota dewa and effectiveness 
compared to other

Mahkota dewa leaf extract is known to have anti-inflammatory effect of 
the flavonoids inside it, which contain kaempferol, naringin, routine, 
and myricetin. These compounds can reduce the β-catenin expression 
by increasing glycogen synthase kinase 3 beta (GSK-3B or GSK-3β in 
mice), which will bind to the β-catenin and inactivate the Wnt signaling 
pathway.26 In addition, kaempferol may also lower the production of 
proinflammatory cytokines by lowering inducible nitric oxide synthase 
(iNOS) protein and inhibit endothelial adhesion molecule intercellular 
adhesion molecule-1 (ICAM-1).23,25 Another study by Kusmardi et al., 
although observing the extract form mahkota dewa pericarp, found the 
same substance of flavonoids, that also support that this compound 
have an anti-inflammatory effect, which is by inhibiting NF-kB.25 This 
study also found that myricetin also affecting the NF-kB pathway by 
degrading IkB and translocation of the p65 subunit in NF-kB.25

Figure 3: Microscopic appearance of Bar graph showing the comparison between the mean of H-score from different treatment group. * = 
significant association with negative control (p<0.05). # = significant association with low dosage mahkota dewa (p<0.05).
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Although this study did not focus on the iNOS protein or directly 
the expression of NF-kB, Mucin 1 (MUC1) is known to increase in 
colon epithelial cell if there is a chronic inflammation and cause a 
negative feedback to T helper 17 (Th17) to prevent worsening of 
chronic inflammation.31 However, if it last for a long time, then 
hypoglycosylated MUC1 could be overexpressed and develop into 
IBD and even adenocarcinoma.32 The aberrant glycosylation of MUC1 
could also increase the expression of NF-kB families such as Ikk and 
IkB-a, while also associate with phospho-65 (p65) which will together 
be translocated to the nucleus and induce more proinflammatory 
cytokines.30 Thus, if there is a reduction of MUC1 expression in the 
epithelial cell of the colon, it shows that the inflammation was managed 
properly as it is not over expressed. 

The expression of MUC1 protein in the epithelial cell was observed 
from the immunohistochemistry score or H-score taken from a photo 
of colon slide, specifically its crypt of lieberkuhn. The mean H-score 
of each group treatments were in accordance with the theory from 
previous studies, in which the group given only DSS or known as 
the negative group have a higher score compared to other treatment 
groups. In addition, the normal group, which did not receive DSS, 
shows the lowest H-score compared to other groups, which was 148.02 
(SD=5.28). The differences between the groups if seen from Anova test 
shows a statistical evidence that the population of mice are significantly 
different (p<.001), these results then further seen with post hoc test to 
see the specific group pairings that are significant. These groups are 
negative group paired with normal group (p<.001), aspirin group 
(p=.010), and high dose of mahkota dewa group (p<.001), then there is 
also two significant pairing between low dose of mahkota dewa group 
with the normal group (p=.007) and high dose mahkota dewa group 
(p=.028).

The significant result between the negative group with the other three 
groups shows that both aspirin and the high dose mahkota dewa 
treatment are effective to treat the inflammation, as the mean H-score 
was more closer with the normal group. It should be taken note that 
the mean H-score difference of the high dose mahkota dewa are almost 
the same as normal group (Mdif negative-high dose MD = 25.49, SDnegative-high dose MD 
=4.67, p<.001; Mdif negative-normal = 27.37, SDnegative-normal = 4.47, p<.001). In 
comparison, although aspirin are widely used to reduce inflammation 
in the colon, it does not show expected results of H-score reduction like 
the high dose mahkota dewa group. This results may correlate to the 
dosage of aspirin that may not be sufficient enough to inhibit COX-2 
enzyme, which is also the conclusion by a previous study.26 However, 
by increasing the dosage of Aspirin would actually inhibit not only 
COX-2 but also COX-1 which has a function to protect gastrointestinal 
tract, controlling kidney-renal blood flow, and platelet aggregation, 
which then cause more complication and reduce the inflammation.33 
Meanwhile, theoretically the effect of mahkota dewa is to inhibit NF-kB 
pathway, which is correlated with COX-2 pathway.34

Another significant result that should be taken note of is between the 
low dose and high dose of mahkota dewa group, with difference of 
mean H-score of 14.37 (SD=4.47, p=.028). It shows that the dosage for 
mahkota dewa treatment is important to be established, especially to 
estimate an appropriate dosage to treat colon inflammation effectively 
with minimal risk as possible. Especially since a study by Suprapti et al 
in 2014, found that the administration of high doses of mahkota dewa 
has killed some mice in the group.26 Thus, there could be a risk that 
should be observed further to see possible side effects in high dose of 
Mahkota Dewa, even if the result show a positive reduction of MUC1 
protein. There should be a continuation of the research to see the 
effective dosage of mahkota dewa that could be given with lower risk 
of complications.

CONCLUSION 
From the study, mahkota dewa (Phaleria macrocarpa) leaf extract is 
concluded to be able to stop the inflammation process and reduce 
epithelial damage in mice colon as seen from the significant reduction 
of MUC1 expression in high dosage mahkota dewa group from the 
negative control group. As for its comparison with aspirin, it shows 
that the high dosage mahkota dewa is more effective for the reduction 
of MUC1 expression compared to aspirin, however, it might be caused 
from the dosage of aspirin used for the group.
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