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A B S T R A C T 
 
 
Introduction: Antibiotics treatment for bacillary dysentery due to Shigella 
dysenteriae infection have shown resistance. Mangosteen (Garcinia maangostana) 
peel had a therapeutic potency for Shigella dysenteriae infection due to its anti-
bacterial and anti-inflammatory activity. 
 
Methods: The research was experimental, 30 mice were used which was divided 
into 5 groups. The mice were infected with Shigella dysenteriae intraperitoneally, 
then azithromycin, aquadest, and 3 different doses of mangosteen (Garcinia 
mangostana) peel were given for each group for 5 days, which then the mice’s colon 
were collected and made into histology specimen and its mucosal destruction was 
observed in three fields of view in each specimen, 1 – 4 score was given according 
to its mucosal destruction. Kruskal-Wallis test was used to analyze the data and then 
Mann Whitney test also used for further analysis. 
 
Results: There was colon mucosal improvement observed when mangosteen 
(Garcinia mangostana) peel extract was given, 100 mg/Kg body mass dose of 
mangosteen (Garcinia mangostana) peel extract already given a positive effect on 
mice’s mucosal colon histology appearance, no difference observed between the 3 
doses given.  
 
Conclusion: Mangosteen (Garcinia mangostana) peel extract gave appearance 
improvement to the colon mucosal wall of mice with Shigella dysenteriae infection at 
the dose of100 mg/Kg body mass. 
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Introduction 
 

Shigella dysenteriae, one of four Shigella species that 
cause bacillary dysentery, a type of a diarrhea followed by 
mucus and bleeding along with the feces1. Shigella species 
has shown resistance to Sulfonamides, Tetracycline, 
Ampicillin, and Trimethoprim-Sulfomethoxazole, these 
antibacterial drugs were no longer recommended2.  Due to 
the emergence of the antibacterial resistance, the drug of 
choice of this particular infection narrowed to Ceftriaxone, 
Ciprofloxacin, Ofloxacin, and Azithromycin3. Despite the 
regiment of the drug of choice being narrowed, Shigella 
species still showing resistance to Azithromycin and 
Floroquinolone4. Shigella species have shown a decrease 
in susceptibility to Azithromycin5 and Azithromycin 
resistance is a problem emerging in South-east Asia6.  

The infection occurs worldwide and at all ages, but 
under 5-year-old children in low or middle-income countries 
had the highest burden to this infection and it cause 
164.000 death annually7. In Indonesia, the burden of this 
infection has shown emergence8 and in South Jakarta, it 
happens in 32 per 1000 infants age 1-2 years old9.  

At the other side, Mangosteen (Garcinia mangostana) 
peel extract has shown antibacterial potency to Shigella 
dysenteriae in an in vitro experiment with Minimum 
Bactericidal Concentration (MBC) at 12.5% extract 
concentration10. Dried powder and fresh extract of 
Mangosteen (Garcinia mangostana) both showed 
antibacterial property but the fresh extract showed better 
efficacy in antibacterial activity11. The combination between 
Mangosteen (Garcinia mangostana) peel and pericarp 
extract also showed a bactericidal property to Shigella 
dysenteriae12. 

The antibacterial activity of Mangosteen (Garcinia 
mangostana) peel extract happens due to its active 
substance such as alkaloid, saponin, triterpenoid, tannin, 
flavonoid, glycoside, and polifenol13. The inflammation 
occurred in the colon mucosal wall can also be healed due 
to its two types of xanthones, α- and γ-mangosteens, its 
anti-inflammatory effect will reduce the level of COX-2, IL-
6, IL-1β, and Nitric Oxide14, 15. These two properties of 
Mangosteen (Garcinia mangostana) peel extract shows a 
promise in improving the colon mucosal condition after its 
destruction due to Shigella dysenteriae. 

This study aims to discover the Mangosteen (Garcinia 
mangostana) peel extract therapeutic effect to the 
destruction of colon mucosal wall in mice model (In vivo 
study) and the difference with one drug of choice, 
Azithromycin. 
 
 
Methods 
Material 
 

The study uses Mangosteen (Garcinia mangostana) 
peel extract from Balai Materia Medica, Malang. Shigella 
dysenteriae obtained from Microbiology laboratory, 
Department of Microbiology, Faculty of Medicine, 
Universitas Airlangga. The study also used30 BALB/c mice 
(Mus musculus)age 8-12 weeks with 25-30mg body weight 
and Azithromycin obtainedfrom Pharmacology laboratory, 

Department Pharmacology and Therapy, Faculty of 
Medicine Universitas Airlangga. Optical microscope and 
Olympus CellSens application were also used to evaluate 
the colon mucosal wall in this study. 
 
Material Preparation 
 

Mangosteen extracted with maceration methods and 
96% alcohol used as solvent, then mangosteen (Garcinia 
mangostana) peel extract made into suspension with main 
dose/medium dose of 200 mg/Kg Body Mass, half of the 
main dose/low dose (100 mg/Kg Body Mass), and twice of 
the main dose/high dose (400 mg/Kg Body Mass)16-18. With 
the average weight of the mice was 25 gram, the low dose 
group received 4 gram of extract, the medium dose group 
received 8 gram of extract, and the high dose group will 
receive 16 gram of extract. 

The dose of Azithromycin used in the experiment 
adjusted from the humanto mice dose conversion, 
according to its body surface and weigh 6 mg of 
Azithromycin was used for this experiment19, 20. 

The mice were placed at the separated cage 7 days 
before the experiment, allowing the mice to adapt to its new 
environment. 
 
Experimental Procedure 
 

The mice is first infected with Shigella dysenteriae, 1 
ml suspension of 4 McFarland Shigella dysenteriae 
injected to the mice intraperitoneally21, 22. The mice is 
incubated for 2 days23. After the incubation period, a mouse 
terminated with ether and the proximal colon collected to 
determine if the infection were succesfull23.  

After the incubation was done, 30 mice are divided into 
five groups, each group were divided into the following 
group. 
• Positive control group administered with 6mg 

Azithromycin + CMC Na 1% in 0.3 ml aquadest,  
• The negative control group received 0.3 ml aquadest.  
• The first group administered with 4 gram mangosteen 

(Garcinia mangostana) extract + CMC Na 1% in 0.3 ml 
aquadest.  

• The Second group administered with 8 gram 
mangosteen (Garcinia mangostana) extract + CMC Na 
1% in 0.3 ml aquadest. 

• The Second group administered with 16 gram 
mangosteen (Garcinia mangostana) extract + CMC Na 
1% in 0.3 ml aquadest. 
Each group received the treatment orally once every 

24 hours, at 10 AM daily for 5 days. After the treatment was 
done, the mice is terminated with ether and the proximal 
colons were collocted23. The colon collected were made 
into a histology specimen with HE staining. The destruction 
observed in three fields of view per specimen and score of 
1-4 were given according to its mucosal destruction. 
 
 
Mucosal Destruction Scoring 
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The mucosal destruction is evaluated by the 
infiltration of Poli-Morpho-Nuclear (PMN) inflammatory 
cells and the mucosal architructure24. The higher score was 
given to the most destructed colon mucosal wall and vice 
versa. The scoring used in this experiment is illustrated in 
table 1 and figure 1. 

 
Table 1Scoring System in the Research 

 
Score Description 

1 No mucosal architecture destruction and PMN 
infiltration in the mucosal level. 

2 No mucosal architecture destruction and PMN 
infiltration in the mucosal and submucosal 
level. 

3 No mucosal architecture destruction and PMN 
infiltration in the mucosal and diffuse infiltration 
at the submucosal level. 

4 Mucosal architecture destruction (Ulceration, 
Granulation), PMN infiltration mucosal and 
submucosal level.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Scoring standardA. Score 1: intact epithelium 
and PMN cell infiltrate in the mucosa; B. Score 2: 

scattered PMN in mucosa and submucosa; C. Score 3: 
diffuse mucosal and submucosal PMN infiltrates; D. Score 

4: moderate PMN infiltrates in the submucosa with 
architectural destruction. Original magnification ×100.24 

 
 
Results 
Infection Evaluation 
 

One mouse was terminated after the incubation period 
for 2 days. The proximal colon was collected and made into 
a histologic slide. Three fields of view observed and no 
architectural destruction (such as ulceration or granulation) 
identified, most of the field of view showed diffuse PMN 
infiltration at the submucosal and mucosal layer. Score 3 
were given, evaluated from three fields of view of this 
histologic slide, 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 mice infection evaluationA and C. Diffuse 

submucosal PMN infiltration (400x magnification); B. 
Submucosal PMN infiltration (1000x  magnification); D. 

Mucosal PMN infiltrates 
 
Scoring Adjustment 
 

After the treatment was done, the histology specimen 
was observed to adjust the scoring system. We were able 
to use the scoring system from Table 1, with these following 
evaluated structures. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 evaluated structureA. The mucosal wall with 
PMN infiltration (1000x magnification); B. Submucosa 
layer with PMN infiltration (1000x magnification); C. 

Diffuse PMN infiltration in mucosa and submucosa layer 
(1000x magnification) ; D. ulceration (100x 

Magnification). 
 

Colon Mucosal Histology Appearance Evaluation 
 

The positive control group showed the least destructed 
mucosal appearance with mucosal PMN infiltration only in 
most sample, although some group showed some higher 
score but the positive group dominated with score 1 
appearance. On the other hand, the negative control group 
showed the most destructed mucosal appearance. Score 4 
and 3 appearance were dominated this group. 

The 3 groups administered with mangosteen (Garcinia 
mangostana) peel extract showed mucosal wall 
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appearance of score 1 to score 3 with no sample identified 
as score 4. Every groups were dominated by score 1 and 
score 2 appearance. 

 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Mean value from overall colon mucosal 

histologic appearance 
 

 
 
Discussion 
Mice transmission of Shigella dysenteriae with 
intraperitoneal administration 
 

The mice were administered with Shigella dysenteriae 
intraperitoneally. From the trial mouse, Figure 2 were 
showing there were diffuse submucosal and mucosal 
infiltration of PMN inflammatory cells, which indicate 
moderate inflammation occurred in colon wall. The trial 
mouse showed the score of 3 in three fields of view, 
according to the scoring system used in this research the 
colon mucosal wall destruction happened after the 
intraperitoneal administration of Shigella dysenteriae. 

Oral route transmission of Shigella dysenteriae were 
not able to infect the mice, the host-defense mechanism to 
Shigella dysenteriae either with host cell death or epithelial 
shedding mechanismwere not allowing the infection to 
occur at the colon mucosa of the mice25. The other route of 
administration possible to infect Shigella dysenteriae to the 
mice were intraperitoneal route because the bacteria which 
enter from the peritoneal cavity will escape the host-
defense mechanism21.  
 
Kruskall-Wallis test shown, there were a relation between 
the treatment group (Azithromycin and 3 doses of extract) 
and the colon mucosal destruction with P =0.011 (P < 0.05). 

Mann whittney test were showing negative control groups 
were significantly different with the other groups (P < 0.05), 
Azithromycin groups were not significantly different with 3 
doses of extract groups (P > 0.05), and among the 3 doses 
of extract given there were no significant difference 
observed (P > 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The severity of colon wall destruction occurred in the 
research were not similar with the human infection. Human 
infected with Shigella dysenteriae, were showing oedema 
and haemorrhage in colon histology appearance26, thus in 
mice’s colon it only shows architecture destruction such as 
ulceration andgranulation. The intraperitoneal 
administration of Shigella dysenteriae to a mouse animal 
model were able to shows the sign of inflammatory process 
and mucosal wall architectural destruction. But the mice 
model was not showing the same human infection histology 
appearance. 
 
Non-Infected and Infected Mice Colon Histologic 
Appearance Comparison 
 

Mice from positive control group and the 3 doses of 
extract groups showed the closest appearance to a healthy 
mice colon histology compared to the negative control 
groups, with the histological score between 1 and 2. 
According to the scoring system used in the research, 
score 1 gave the healthiest histology appearance and score 
4 gave the appearance of severely destructed colon 
mucosal wall. 

There were no architectural defects like ulceration and 
granulation in non-infected mice colon histologic 
appearance, it also showed normal infiltration of PMN in 
mucosal layer, few submucosal PMN infiltration were also 
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a normal appearance in a non-infected mice, but it indicates 
more inflammation occured27.  

Score 1 and 2 were an appearance close of non-
infected mice,but score 1 was still the closest to a healthy 
colon appearance. Mice from positive control groups and 
the 3 doses of extract groups were showing average score 
between score 1 and 2, these groups indicated a close 
appearance to the non-infected mice colon histology. 
 
Therapeutic Effect of Mangosteen (Garcinia 
mangostana) peel extract to the colon mucosal wall of 
Shigella dysenteriae infecter mice model 
 

Mangosteen (Garcinia mangostana) peel extract 
improved the condition of mice’s colon mucosal wall 
infected with Shigella dysenteriae. Extract of mangosteen 
(Garcinia mangostana) peel were not showing a significant 
difference with the regiment of Azithromycin. The similarity 
between the extract and the antibiotics treatment, indicated 
mangosteen (Garcinia mangostana) peel extraction ability 
to improve the appearance of colon mucosa histology.  

Therapeutic effect of the extract based on two effects, 
first mangosteen (Garcinia mangostana) peel extract had 
an antibacterial activity to Shigella dysenteriae10-12. 
Mangosteen (Garcinia mangostana) peel extract also had 
the antibacterial properties for other bacteria, such as L. 
monocytogenes and S. aureus28. The antibacterial 
properties of the extract killed Shigella dysenteriae,the 
cause of colon mucosal wall destruction, thus the 
improvement of colon mucosal wall was able to be 
observed. 

The second effect that causes the ability to improve 
the colon mucosal wall structure were the anti-inflammatory 
properties14, 15. The pro-inflammatory cytokines level 
reduced due to the effect and the inflammation process 
were stopped. Without further inflammatory process, the 
colonic mucosal wall destruction stopped since there was 
no host-defense mechanism to fight back Shigella 
dysenteriae. The anti-inflammatory process could trigger a 
masking effect, an effect in which colon mucosal wall 
seems not infected but the pathogen remained at the 
colon29. 

There was no significant difference among the three 
groups of the extract treatment. Thus, we conclude 
mangosteen (Garcinia mangostana) peel extract had the 
therapeutic effect to improve colon mucosal wall of Shigella 
dysenteriae infected mice animal model and the low dose 
of extract treatment, 100 mg/Kg Body mass already be able 
to improve mucosal wall appearance. 
 
 
 
 
The Comparison of  Azithromycin and Mangosteen 
(Garcinia mangostana) Peel Extract 
 

As mention before, three doses of mangosteen 
(Garcinia mangostana) peel extract were not showing 
significant difference with Azithromycin treatment. The 
major difference between these two therapies was the anti-

inflammatory property of mangosteen (Garcinia 
mangostana) peel extract and Azithromycin only had a 
strong antibacterial property.If the antibacterial properties 
of mangosteen (Garcinia mangostana) peel extract did not 
work, its anti-inflammatory properties of mangosteen 
(Garcinia mangostana) peel extract couldstill be improving 
the colon mucosal appearance. And this effect could lead 
to no significant difference between Azithromycin and 
mangosteen (Garcinia mangostana) peel extract treatment. 

Azithromycin is a potent antibacterial agent, it stopped 
protein synthesis of bacteria in this case Shigella 
dysenteriae, without protein synthesis bacteria will 
eventually die and the termination of the pathogen will lead 
to a healing process by the body30. Thus, improved the 
histologic appearance of colon mucosal wall. 

Azithromycin and mangosteen (Garcinia 
mangostana) peel extract showed no difference in term of 
improving the colon mucosal condition post-Shigella 
dysentery infection. But the anti-inflammatory properties of 
mangosteen (Garcinia mangostana) peel extract differs 
Azithromycin from mangosteen (Garcinia mangostana) 
peel extract treatment. 
 
 
Conclusion 
 

Mangosteen (Garcinia mangostana) peel extract 
treatment improved the colon mucosal wall of mice post 
Shigella dysenteriae infection, 100 mg extract per Kg Body 
mass already showed the improvement of mice's mucosal 
wall appearance. There was no difference between 
Azithromycin and mangosteen (Garcinia mangostana) peel 
extract treatment in term of improving the colon mucosal 
wall of mice post Shigella dysenteriae infection. 
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