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Introduction  

Toxicity tests have been used to determine the toxic effects 

of a substance on a biological system. The data obtained from toxicity 

tests can then be used to determine the level of risk that may arise if 

humans are exposed to the test substance. Toxicity tests in animal 

models are expected to describe the presence of clinical biochemistry, 

physiological and pathological responses by several test parameters, 

generally in the form of macropathological observations of each organ 

and tissue, haematology, clinical biochemistry, histopathology, and 

other toxic symptoms that can be described by the behaviour of the test 

animal or even its mortality.1 However, it takes a very large amount of 

time and money, as well as many test animals, to obtain all the 

toxicological results for a single chemical. Therefore, predicting the 

toxic effect of a substance computationally (in silico) has become an 

option to reduce the shortcomings of the in vivo method.2 By combining 

these two methods, in vivo and in silico, it was expected that it would 

be possible to describe the toxicology of a drug candidate, especially 

those derived from plant extracts that contain many chemical 

compounds. 

Traditional medicines have been used to treat various diseases.3 These 

substances can be isolated or derived from the plant's bioactive 

compounds. Each part of the mangosteen rind (pericarp, epicarp and 

endocarp) is rich in chemical compounds. 
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Some of the compounds identified are xanthones, alpha-mangostin and 

gamma-mangostin, which have been studied for their effects as 

traditional medicines.4,5,6 

Mangosteen (Garcinia mangostana Linn.) has been used in medicine as 

antidiabetes mellitus,7 antihepatotoxic,7 antidyslipidemic,8 antiobesity,9 

anticancer,10 antitumorigenic,11 antiproliferative,11 antihistamine,11 

antidepressant,12 anti-inflammatory,13,14 antioxidant,15,16,17 analgesic,14 

antibacterial,15 antipyretic,14 immunomodulator,18 renoprotective,19 

neuroprotective,20 enhances wound healing,21 and may reduce lung 

damage.22 Mangosteen rind extract has also been formulated into 

various medicinal dosage forms, including lotions, creams and 

films.23,24,25 Nevertheless, several studies have reported that certain 

herbal extracts induce adverse effects while being utilised.26 Moreover, 

it is critical to guarantee the safety of these substances during use, 

including by conducting toxicity tests.27 

Mangosteen rind has been the subject of several previous studies 

evaluating its safety. Mangosteen rind ethanol extract can be safely fed 

to rats at 5000 mg/kg bw for 14 days.28 Meanwhile, hydro-extracts of 

mangosteen rind have been shown to alter renal histopathology in 

female animals when fed at a dose of 100 mg/kg bw for three months.29 

However, consumption of aqueous extract: ethanol (1:1) for three 

months showed no toxic effect up to a dose of 1200 mg/kg bw, although 

male rats showed an increase in bilirubin.30 

A six-month study in Wistar rats treated with ethanol extract of 

mangosteen rind (EEMR) at doses of 10, 100, 500, and 1000 mg/kg/day 

showed no apparent pharmacotoxic signs or abnormal haematological 

values. However, there was an increase in ALT, BUN, and creatinine 

levels in the test animals when EEMR was fed at a dose of 500 

mg/kg/day or 1000 mg/kg/day. Even at a dose of 1000 mg/kg/day, there 

was a significant increase in AST and hepatocellular degeneration. For 

this reason, this study stated that EEMR should not be used for long 

periods of time because it could damage the liver and kidneys.31 The 

results of these different studies were predicted to be influenced by the 

type of extract and the amount of chemicals in the extract used. 

Meanwhile, research into the safety of individual compounds in 
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Mangosteen rind has been used extensively to treat a variety of diseases. However, research on 

the use of mangosteen, especially over the long-term, remains limited. The aim of this study was 

to evaluate the toxicity of ethanol extract of mangosteen rind (EEMR) to ensure its safety. The in 

silico method used the Protox-II web server to test the safety of marker compounds found in 
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signs of toxicity and mortality over a period of six months. The study showed a high degree of 

organ safety, with a safety class of 4 for xanthone and alpha-mangostin and 5 for gamma-

mangostin. In addition, consumption of any dose of EEMR to rats showed no toxic effect on body 

weight, haematology or relative organ weight, nor was it the cause of mortality in the animal 

model. However, its use at 200 and 400 mg/kg bw influenced triglyceride, GOT and creatinine 

levels and caused liver cell abnormalities in rats. EEMR 400 mg/kg bw also showed adverse 

effects on the kidneys. Based on these findings, it can be concluded that the gamma-mangostin 

compound in mangosteen rind is safer than xanthones and alpha-mangostin, while EMMR at a 

dose of 100 mg/kg bw is relatively safe for long-term use. However, doses of 200 mg/kg bw and 

400 mg/kg bw require further evaluation. 
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mangosteen rind extract, particularly xanthones, alpha-mangostin and 

gamma-mangostin, are still limited. Therefore, the aim of the research 

was to provide a reference for the determination of safe and acceptable 

EEMR doses, particularly for the safety of long-term human exposure. 

 

Materials and Methods 

In Silico 

The xanthones, alpha-mangostin, and gamma-mangostin structures 

from https://pubchem.ncbi.nlm.nih.gov were evaluated using the 

Protox-II web server that can be accessed at http://tox.charite.de. 

Toxicity prediction included LD50, mean similarity and prediction 

accuracy, as well as prediction of organ toxicity (hepatotoxicity) and 

toxicity endpoints (carcinogenicity, immunotoxicity, mutagenicity, and 

cytotoxicity). The results of the compound toxicity model were 

categorized as "active" or "inactive". 

 
Experimental Animals 

The Institutional Review Board (or Ethics Committee) of the Health 

Polytechnic Ministry Of Health Bandung approved the protocol for the 

animal study (protocol code 02/KEPK/EC/II/2022 and 22 February 

2022). Prior to the start of the experiment, male and female Wistar rats, 

aged 8-12 weeks and weighing 250-300 g, were fasted and given ad 

libitum access to water. The animals were observed for fourteen days to 

ensure their adaptation to the new environment. In addition, the 

experimental animals were divided into 4 groups according to dose (1 

normal control group and 3 EEMR groups). Each group was randomly 

assigned and consisted of 10 male and 10 female rats. After fasting for 

approximately 14 hours, the animals were weighed and dosed with the 

test substance. The test substance was fed orally in a single dose of 1 ml 

per 100 g of rat body weight.1 Rats were dosed daily, or at least five 

days per week, for six months. 

 
Collection of Plant Material 

Borobudur Herbal Medicine Industry, Indonesia, provided this extract 

(date of manufacture: 7 November 2019). This extract complied with 

various parameters in the standardisation of the extract based on the 

regulations of the National Agency of Drug and Food Control of the 

Republic of Indonesia.32 Borobudur Herbal Medicine Industry, as the 

manufacturer, conducted this test on 8 January 2021. 

 

Preparation of Plant Extract 

Maceration is used to extract mangosteen peel powder with 70% 

ethanol. After that, use the freeze-drying technique to concentrate the 

extract until 500 mg of dry EEMR is obtained. EEMR was suspended 

in Na.CMC (Natrium Carboxymyle Cellulose) 0.3% with 3 tested 

doses: EEMR at a dose of 100 mg/kgbb, 200 mg/kgbb and 400 

mg/kgbb. 

 
Observation of 6 Months Toxicity Study (In Vivo) 

Rat weight gain was monitored twice per week. Rats were weighed 

daily using an SF-400® digital scale (Surya Fajar, Indonesia) to 

determine test substance dose. Meanwhile, food consumption was 

weighed every two days.1 

Observations of toxic and clinical symptoms in the form of changes in 

skin, hair, eyes, mucous membranes, secretions, excretions, changes in 

gait, abnormal behaviour (e.g. walking backwards), convulsions, etc.1 

were conducted daily for 6 months, including observations of mortality 

in the test animals. 

Rats have historically been favoured as animal models for biomedical 

research on account of their genetic, physiological, and anatomical 

resemblance to humans. Rodent advantages consist of their small size, 

effortless upkeep requirements, abbreviated life cycle, and ample 

genetic material.33 Each rat was never allowed to come into contact with 

water before death (to avoid hemolysis) and its blood was collected 

using a sterile syringe. A syringe was used to slowly withdraw blood 

from the animals' jugular veins, up to 3 to 5 mL per animal. For 

haematological examination, a total of 0.5 mL of blood was placed in a 

microcentrifuge tube (Biologix®, Biologix Group Limited, Indonesia) 

filled with anticoagulant (EDTA) up to 10 L, and a blood smear was 

made with 0.5 mL of blood to determine differential leukocytes. It was 

then placed at room temperature (30°C) for 10 minutes before being 

transferred to an ice box (Marina Cooler®, Lion Star, Indonesia) and 

centrifuged at 3000 rpm to obtain the final product, which was dissolved 

in water and stored in ice cube trays. Serum was centrifuged and stored 

at low temperature (-20oC)1 for clinical biochemistry tests. 

All rats were euthanized in their cages (closed containers), which were 

then filled with 100% carbon dioxide (CO2). Filling was carried out at 

a rate of 30-70% of the chamber volume per minute to achieve a 

balanced gas mixture to induce rapid unconsciousness with minimal 

animal discomfort.34 The rats' organs were also removed, weighed and 

counted against their body weight. Organs which were collected from 

male rats including liver, heart, lungs, kidneys, adrenals, spleen and 

testes. In female rats, on the other hand, the observed organs were the 

liver, heart, lungs, kidneys, adrenal glands, spleen and ovaries. The 

isolated liver, heart, lung, kidney and spleen were then immediately 

placed in 10% formaldehyde buffer solution and histopathological 

preparations were made for examination under a microscope1 (XSZ-

107BN®, ReHaze, China). Unused animal carcasses were stored in a 

special freezer (AQUA AQF-200W®, Aqua, Japan) in the animal 

laboratory of the ITB School of Pharmacy. 

 

Statistical Analysis 

Data were collected and analyzed using SPSS 20 statistical program 

with one-way ANOVA, Tukey HSD analysis and p<0.05. 

 

Result and Discussion 

Through several studies that have been observed, mangosteen rind is 

one of the plants that is strongly predicted to have a role in the treatment 

of various diseases.32 In addition to the efficacy and quality of its use, 

the different doses used in the treatment of this disease are important 

variables in determining the safety factor for its use.1 In this case, 

toxicity assessment using computational tools, known as "in silico 

toxicology" (computational toxicology), becomes crucial as it can 

predict the toxicity of a chemical even before it is synthesised.33 A 

prediction of acute toxicity was carried out on marker compounds found 

in mangosteen rind extract. It is expected to provide an overview of the 

adverse effects of either a single exposure or multiple exposures over a 

short period of time.35 

The structure of each xanthone, alpha-mangostin and gamma-

mangostin compound used for in silico toxicity prediction was obtained 

from https://pubchem.ncbi.nlm.nih.gov. (Figure 1). Each structure of 

the three compounds was analysed for toxicity using the Protox-II Web 

Server, a virtual laboratory for small molecule toxicity prediction. The 

Protox-II Web Server can be accessed via https://tox-

new.charite.de/protox_II.36 The The results of the analysis, including 

the average prediction similarity and prediction accuracy, are shown in 

Table 1. The average similarity and prediction accuracy for each 

compound was over 50% on average, so it can be concluded that 

xanthones, alpha-mangostin and gamma-mangostin are similar to 

compounds in the database. The predicted LD50 value and toxicity class 

for each compound are shown in Table 2. The xanthone compound is 

toxic at 1680 mg/kg (class 4), alpha-mangostin is toxic at 1500 mg/kg 

(class 4) and gamma-mangostin is toxic at 3200 mg/kg (class 5).37,38 

Based on these results, gamma-mangostin is found to be less toxic than 

xanthones and alpha-mangostin. 

 

 
Figure 1: The two-dimensional structure of the xanthone 

compounds (a), alpha-mangostin (b), and gamma-mangostin (c) 
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Furthermore, predicted organ toxicity and toxic endpoints (Table 3) 

support this claim. Based on the predictions of organ toxicity and toxic 

endpoints, xanthone compounds are predicted to be carcinogenic, 

mutagenic and cytotoxic at certain levels. The alpha-mangostin 

compound is active as an immunotoxicant, whereas the gamma-

mangostin compound shows no toxic effects. 

By estimating in silico the toxicity of marker compounds found in 

mangosteen rind, we expect to be able to estimate the toxicity of 

compounds that play a role in how harmful it is to use mangosteen rind 

to treat disease. It is also expected that the consumption of the 

combination of these three compounds simultaneously, will minimize 

the toxic properties of each compound, as demonstrated by testing the 

toxicity of mangosteen rind extract containing these three compounds 

on experimental animals (in vivo). 

Although in silico toxicity studies are very useful and can overcome the 

shortcomings of the in vivo method in terms of time, cost and use of 

animals, the overall biological state (pharmacokinetics and 

pharmacodynamics) of the test material may not be available or 

inaccurate,39 and it may require specialised software or tools and skills. 

This is particularly valid for test materials such as plant extracts, which 

contain many complex compounds that may interact with each other.40 

Therefore, an in vivo method is needed and expected to complement the 

toxicity prediction provided by the in silico method. 

The results of the acute toxicity test indicated that the ethanolic extract 

of mangosteen rind was not toxic to rats at a dose of 5000 mg/kg bw for 

14 days.28 However, this finding needs to be confirmed by research, 

particularly in vivo methods to determine safe doses for long-term use. 

For approximately 6 months, the use of EEMR at a dose of 500 mg/kg 

bw in rats could cause a decrease in renal function by several test 

parameters in the rats used.31 Therefore, the dose selection in this study 

used several dose levels, the highest being 400 mg/kg bw in rats. This 

finding is also supported by several published journals and herbal 

medicines currently on the market, which use a dose of 400 mg/kg bw 

as a reference for daily use.41,42 

The results of this study indicated that giving EEMR to the test animals 

at each dose level did not cause any significant signs of toxicity based 

on behavior and vital signs and did not cause mortality in rats. This was 

also confirmed by the observation of the body weights of the rats over 

the 6-month period (Figures 2 and 3), which showed that there was no 

significant difference (p<0.05) between the group treated with EEMR 

and the control group. 

Observations on the biochemical examination of rat blood serum were 

carried out on the last day of the study, including examination of 

cholesterol, triglyceride, glucose, GPT (glutamic pyruvic 

transaminase), GOT (glutamic oxaloacetic transaminase), urea and 

creatinine (Tables 4 and 5). The results of these observations showed a 

significant difference (p<0.05) between the groups of animals given 

EEMR, especially at the highest dose of extract (400 mg/kg bw), 

compared with the control group, as indicated by the levels of 

triglycerides, GOT and creatinine. However, this difference was only 

seen in female rats and not in male rats. This may be due to the effect 

of the extract, which has been explained by various research findings 

that giving EEMR to test animals could reduce triglyceride levels,43,44 

presumably due to the presence of alpha-mangostin in the test sample.45 

Meanwhile, GOT, commonly called AST (aspartate transaminase), is 

an enzyme that acts as a marker of liver function.46 The results of the 

monitoring of GOT levels differed from those of the study, which found 

no significant difference (p<0.05) in the test animals, even at a dose of 

400 mg/kg bw.47 This was presumably due to differences in the contents 

of the diets consumed. In addition, the increase in urea levels (although 

not significant) in female rats at the highest test extract dose (400 mg/kg 

bw) was considered to be an indication of impaired renal function, as 

shown in the study which justified the 500 mg/kg bw EEMR dose, 

although this was not supported by an increase in creatinine levels31 as 

shown by the results of this study. 

 

Table 1: Prediction of average similarity and accuracy 
 

Compounds Average similarity 

(%) 

Prediction Accuracy 

(%) 

Xanthone 67.67 68.07 

Alpha-mangostin 54.50 67.38 

Gamma-mangostin 53.58 67.38 

 

Table 2: Prediction of LD50 and class of toxicity 
 

Compounds LD50 (mg/kg) Class of Toxicty 

Xanthone 1680 4 

Alpha-mangostin 1500 4 

Gamma-mangostin 3200 5 

 

 
Figure 2: Weight chart of male rats 

 

Figure 3: Weight chart of female rats 

 

  

 

Table 3: Prediction of organ toxicity and toxicity endpoints 
 

Compounds Hep Car Imm Mut Cyt 

Xantone Inactive Active Inactive Active Active 

Alpha-mangostin Inactive Inactive Active Inactive Inactive 

Gamma-mangostin Inactive Inactive Inactive Inactive Inactive 

Hep (Hepatotoxicity), Car (Carcinogenicity), Imm (Immunotoxicity), Mut (Mutagenicity), Cyt (Cytotoxicity) 
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Urea and creatinine are commonly used for screening tests of renal 

function, which essentially reflect glomerular filtration rate (GFR). 

However, at all stages of renal failure, serum creatinine is a much more 

reliable indicator of renal function than urea, because urea is more likely 

to be influenced by diet and physiological conditions unrelated to renal 

function.48 

Observations were made on the haematological parameters of rat blood 

serum, including Hb (haemoglobin), WBC (white blood cells), MCH 

(mean cell haemoglobin), MCHC (mean cell haemoglobin 

concentration), RBC (red blood cells), Hct (haematocrit), MCV (mean 

cell volume), RDW (red cell distribution width), PLT (platelets) and 

MPV (mean platelet volume). This is shown in Tables 6 and 7. 

Haematological parameters are one of the most important parameters in 

assessing the toxicity of a test sample. The interaction of the toxin or its 

metabolites with cellular constituents may result in significant changes 

in haematological parameters that sooner or later affect the exposed 

organ or tissue.49 No clear pharmacotoxic signs or abnormalities in 

haematological values were found in male or female Wistar rats given 

EEMR daily for six months at doses of 100, 200 and 400 mg/kg bw. 

The rats used in the experiment were necropsied and subjected to a 

careful macropathological examination of each organ (liver, heart, 

lungs, kidneys, and spleen). Each dissected organ and tissue were 

immediately placed in a 10% formaldehyde buffer solution and 

prepared for histopathology before microscopic examination. Organs to 

be weighed (absolute weight) were first dried with absorbent paper 

before being weighed. The relative weight analysed is the absolute 

organ weight divided by the body weight.1 The data obtained were 

statistically analysed using the method of analysis of variation 

(ANOVA), as shown in Tables 8 and 9. Based on the observations, there 

was no significant difference (p<0.05) between the extract groups at 

different doses when compared to the control group. 

In addition to their relative weights, the histology of these organs was 

examined, as shown in Figures 4 and 5. Necrosis of hepatocytes was 

observed in male animals at the 400 mg/kg bw dose. This was also seen 

in the liver histology of female animals at a dose of 200 mg/kg bw and 

it was much more pronounced at 400 mg/kg bw. In addition, renal 

histology showed thickened glomeruli with thickened basement 

membrane, proliferating mesangial cells and absence of Bowman's 

space in male rats given the test extract at 400 mg/kg bw. This supports 

previous findings on blood biochemical parameters, which indicated 

that at this dose there were abnormal values in several test parameters 

related to liver and kidney function. Meanwhile, other organs (heart, 

lungs and spleen) showed no damage at any dose of the extract. This 

suggests that the use of extract doses needs to be monitored, particularly 

at a dose of 400 mg/kg bw when used over a long period, e.g. 6 months 

of treatment. In addition, this study suggests that the safest dose of 

extract for long-term use is 100 mg/kg bw. 

 

Conclusion 

The gamma-mangostin compound in mangosteen rind is safer than 

xanthones and alpha-mangostin. Research into the molecular dynamics 

of each compound against specific receptors is expected to further 

support this conclusion. The recommended dose of EEMR for long-

term use is 100 mg/kg bw, while use at doses of 200 and 400 mg/kg bw 

for more than 6 months in rats requires monitoring. These findings need 

to be supported by clinical studies, so that it can be widely used by 

humans 
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Table 4: Male rats clinical biochemistry parameters 
 

Parameters Control (Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

Chol (mg/dL) 46.33 ± 7.48 45.14 ± 10.32 45.80 ± 4.91 51.57 ± 7.63 

Tri (mg/dL) 114.67 ± 3.83 100.67 ± 15.54 98.33 ± 8.39 106.20 ± 8.04 

Gluc (mg/dL) 107.33 ± 5.51 112.33 ± 26.27 91.00 ±  29.70 85.67 ±  5.03 

SGPT (U/L) 36.76 ± 9.2 37.47 ± 11.01 31.93 ± 4.6 34.95 ± 4.71 

SGOT (U/L) 91.99 ± 20.99 81.20 ± 10.13 79.60 ± 12.73 95.88 ± 23.09 

Urea (mg/dL) 16.85 ± 4.17 17.33 ± 2.95 17.40 ± 3.82 18.43 ± 3.87 

Crea (mg/dL) 0.34 ± 0.06 0.32 ± 0.04 0.39 ± 0.14 0.43 ± 0.13 

*(p<0.05) vs. male rats control group, Chol (Cholesterol), Tri (Triglicerides), Gluc (Glucosa), GPT (Glutamate Pyruvate Transaminase), GOT 

(Glutamic Oxaloacetic Transaminase), Crea (Creatinine). 

 

Table 5: Female rats clinical biochemistry parameters 
 

Parameters Control (Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

Chol (mg/dL) 52.50 ±  16.26 50.01 ±  12.72 40.00 ±  5.65 49.00 ±  22.63 

Tri (mg/dL) 143.25 ±  0.35 116.75 ±  1.06 125.50 ±  9.89 95.50 ± 12.02* 

Gluc (mg/dL) 130.65 ±  16.05 113.57 ±  15.93 102.08 ±  29.95 90.19 ±  10.69 

SGPT (U/L) 42.54 ±  3.13 47.30 ±  16.62 44.13 ±  11.21 34.19 ±  0.78 

SGOT (U/L) 84.60 ±  7.21 74.55 ±  7.14 46.15 ±  4.59* 48.18 ±  5.41* 

Urea (mg/dL) 19.63 ±  0.39 24.65 ±  0.39 25.20 ±  2.69 31.50 ±  7.78 

Crea (mg/dL) 0.42 ±  0.08 0.58 ±  0.10 0.57 ±  0.04 0.85 ±  0.07* 

*(p<0.05) vs. male rats control group, Chol (Cholesterol), Tri (Triglicerides), Gluc (Glucosa), GPT (Glutamate Pyruvate Transaminase), GOT 

(Glutamic Oxaloacetic Transaminase), Crea (Creatinine). 
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Table 6: Male rats hematological parameters 
 

Parameters 
Groups 

(Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

Hb (g/dL) 14.49 ± 0.39 14.68 ± 1.64 14.40 ± 2.30 14.37 ± 0.45 

WBC (103/mL) 4.53 ± 1.35 7.30 ± 0.85 6.73 ± 2.99 4.59 ± 1.21 

MCH (pg) 18.83 ± 5.51 18.87 ± 0.40 19.02 ± 0.68 18.34 ± 0.99 

MCHC (g/dL) 33.42 ± 5.52 32.74 ± 5.99 33.06 ± 1.54 35.17 ± 5.59 

RBC (106/mL) 7.79 ± 0.23 8.41 ± 0.79 8.56 ± 1.56 7.74 ± 0.34 

Hct (%) 41.19 ± 2.19 41.14 ± 1.47 39.56 ± 1.04 39.37 ± 1.40 

MCV (mm3) 47.30 ± 0.94 50.36 ± 3.40 51.63 ± 6.07 46.83 ± 1.40 

RDW (%) 14.90 ± 1.09 14.23 ± 3.03 15.72 ± 0.81 14.84 ± 0.66 

PLT (103/mL) 676.11 ± 18.29 674.00 ± 15.72 680.33 ± 33.55 653.78 ± 30.31 

MPV (mm3) 7.00 ± 0.17 7.13 ± 0.15 7.33 ± 0.15 7.21 ± 0.25 

Hb (Hemoglobin), WBC (White Blood Cells), MCH (Mean Corpuscular Hemoglobin), MCHC (Mean Corpuscular Hemoglobin Concentration), RBC 

(Red Blood Cell), HCT (Hematocrit), MCV (Mean Corpuscular Volume), RDW (Red Cell Distribution Width), PLT (Platelet Count), MPV (Mean 

Platelet Volume). 

 

Table 7: Female rats hematological parameters 
 

Parameters 
Groups 

(Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

HB (g/dL) 14.35 ± 0.21 14.20 ± 0.99 14.60 ± 0.14 14.45 ± 0.35 

WBC (103/mL) 4.75 ± 0.07 4.65 ± 0.21 4.78 ± 0.25 6.15 ± 0.92 

MCH (pg) 20.20 ± 1.13 19.65 ± 2.76 19.05 ± 2.33 19.30 ± 1.27 

MCHC (g/dL) 37.00 ± 0.71 35.00 ± 2.12 36.35 ± 1.20 35.60 ± 1.13 

RBC (106/mL) 7.37 ± 0.25 7.70 ± 0.71 7.86 ± 0.22 7.81 ± 0.29 

HCT (%) 41.90 ± 0.57 41.95 ± 2.33 41.93 ± 0.60 42.25 ± 0.92 

MCV (mm3) 54.30 ± 1.70 54.75 ± 3.89 50.35 ± 1.06 53.55 ± 1.63 

RDW (%) 12.55 ± 2.05 11.95 ± 2.05 14.20 ± 0.99 13.20 ± 0.14 

PLT (103/mL) 662.50 ± 6.63 662.75 ± 1.77 675.50 ± 0.71 671.50 ± 10.61 

MPV (mm3) 7.25 ± 0.50 7.00 ± 0.57 7.55 ± 0.63 7.35 ± 0.07 

Hb (Hemoglobin), WBC (White Blood Cells), MCH (Mean Corpuscular Hemoglobin), MCHC (Mean Corpuscular Hemoglobin Concentration), RBC 

(Red Blood Cell), HCT (Hematocrit), MCV (Mean Corpuscular Volume), RDW (Red Cell Distribution Width), PLT (Platelet Count), MPV (Mean 

Platelet Volume). 

 

Table 8: Organ weight on macropathological observations of male rats 
 

Organs 
Groups 

Control (Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

Liver 2.71 ± 0.27 2.62 ± 0.38 3.09 ± 0.27 3.13 ± 0.50 

Heart 0.31 ± 0.05 0.29 ± 0.06 0.31 ± 0.04 0.39 ± 0.12 

Lungs 0.74 ± 0.12 0.64 ± 0.17 0.68 ± 0.14 0.83 ± 0.20 

Kidneys 0.63 ± 0.07 0.59 ± 0.05 0.71 ± 0.09 0.73 ± 0.16 

Adrenal Glands 0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 0.02 ± 0.01 

Spleen 0.38 ± 0.07 0.37 ± 0.09 0.40 ± 0.07 0.40 ± 0.16 

Testicles 0.89 ± 0.10 0.92 ± 0.10 0.94 ± 0.21 0.87 ± 0.17 

 

Table 9: Organ weight on macropathological observations of female rats 
 

Organs 
Groups 

Control (Na.CMC 0.3%) EEMR 100 mg/kg bw EEMR 200 mg/kg bw EEMR 400 mg/kg bw 

Liver 3.86 ± 0.76 4.03 ± 0.13 4.01 ± 0.81 3.51 ± 1.23 

Heart 0.39 ± 0.05  0.34 ± 0.10 0.33 ± 0.07 0.32 ± 0.03 

Lungs 0.84 ± 0.04 0.54 ± 0.23 0.54 ± 0.27 0.51 ± 0.29 

Kidneys 0.70 ± 0.15 0.83 ± 0.13 0.70 ± 0.13 0.77 ± 0.16 
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Adrenal 

Glands 

0.02 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.04 ± 0.02 

Spleen 0.41 ± 0.01 0.41 ± 0.10 0.48 ± 0.03 0.40 ± 0.09 

Testicles 0.38 ± 0.07 0.45 ± 0.06 0.52 ± 0.05 0.64 ± 0.22 

 

 
Figure 4: Histopathological examination (HE, 400×) liver (A-

D), heart (E-H), lungs (I-L), kidneys (M-P), and spleen (Q-T) in 

male rats. 
 

 
Figure 5: Histopathological examination (HE, 400×) liver (A-

D), heart (E-H), lungs (I-L), kidneys (M-P), and spleen (Q-T) in 

female rats. 
 

Acknowledgments  

We would like to thank the Higher Education Research Consortium of 

the Indonesian Ministry of Research, Technology and Higher Education 

(Ristekdikti) for funding this research under grant number 

178/E4.1/AK.04.PT/2021 (10/E1/KPT/2021). 

 

References 

1. The Food and Drug Supervisory Agency. Regulation of The 

Head of the Food and Drug Supervisory Agency of the 

Republic of Indonesia Number 7 of 2014 Concerning 

Guidelines for In Vivo Non-Clinical Toxicity Testing. 

Jakarta: The Food and Drug Supervisory Agency. 2014. p. 

46-52. 

2. Raies AB, Bajic VB. In Silico Toxicology: Computational 

Methods for The Prediction of Chemical Toxicity. Wiley 

Interdiscip Rev. Comput. Mol. Sci. 2016; 6(2): 147-172.  

3. Zhao YL, Su M, Shang JH. Acute and Chronic Toxicity of 

Indole Alkaloids From Leaves of Alstonia scholaris (L.) R. 

Br. In Mice and Rats. Nat. Prod. Bioprospect.. 2020; 10(2): 

77-88.  

4. Manimekalai I, Sivakumari K, Ashok K, Rajesh S. 

Phytochemical Profiling of Mangosteen Fruit, Garcinia 

mangostana. World J. Pharm. Pharm. Sci., 2016; 5(2): 221-

52. 

5. Ovalle-Magallanes B, Eugenio-Pérez D, Pedraza-Chaverri J. 

Medicinal Properties of Mangosteen (Garcinia mangostana 

L.): a Comprehensive Update. Food Chem. Toxicol. 2017; 

109: 102-122. 

6. Tousian SH, Razavi BM, Hosseinzadeh H. Review of 

Garcinia mangostana and Its Xanthones in Metabolic 

Syndrome and Related Complications. Phyther. Res. 2017; 

31: 1173-1182.  

7. Godavari A, Amutha K. In vitro Antidiabetic Activity of 

Garcinia mangostana by Enzymatic Inhibition Assay. 

Research J. Pharm. and Tech. 2017; 10(2): 508-512.  

8. Warditiani NK, Astuti KW, Sari PMNA, Wirasuta IMAG. 

Antidyslipidemic Activity of Methanol, Ethanol and Ethyl 

Acetate Mangosteen rind (Garcinia mangostana L). 

Research J. Pharm. and Tech. 2020; 13(1): 261-264.  

9. Abuzaid AS, Sukandar EY, Kurniati NF, Adnyana IK. 

Prevention of Obesity and Development of Metabolic 

Syndrome by Mangosteen (Garcinia Mangostana L.) 

Pericarp Ethanolic Extract in Male Wistar Rats Fed with 

High-Fat Diet. Int. J. Pharm. Pharm. Sci. 2016; 8(5): 372-

378. 

10. Muchtaridi M, Afiranti FS, Puspasari PW, Subarnas A, 

Susilawati Y. Cytotoxicity of Garcinia mangostana L. 

Pericarp Extract, Fraction, and Isolate on Hela Cervical 

Cancer Cells. Int. J. Pharm. Sci. Res. 2018; 10(2): 348-351. 

11. Ansori ANM, Fadholly A,  Hayaza S, Susilo RJK, Inayatillah 

B,  Winarni D, Husen SA. A Review on Medicinal Properties 

of Mangosteen (Garcinia mangostana L.). Research J. 

Pharm. and Tech. 2020; 13(2): 974-982.  

12. Ashton MM, Dean OM, Walker AJ, Bortolasci CC, Chee 

HN, Hopwood M, Harvey BH, Möller M, McGrath JJ, Marx 

W, Turner A, Dodd S, Scott JG, Khoo J, Walder K, Sarris J, 

Berk M. The Therapeutic Potential of Mangosteen Pericarp 

as an Adjunctive Therapy for Bipolar Disorder and 

Schizophrenia. Front. Psychiatry. 2019; 10(115): 1-17.  

13. Fu T, Wang S, Liu J, Cai E, Li H, Li P, Zhao Y. Protective 

Effects Of α-Mangostin Against Acetaminophen-Induced 

Acute Liver Injury in Mice. Eur. J. Pharmacol. 2018; 173-

180. 

14. Fan JB, Florenly F, Liena L, Fioni F. Exploration of the 

Analgesic and Antipyretic Effects of Mangosteen Peel 

https://www.rjptonline.org/search.aspx?key=Ketut%20Widyani%20Astuti
https://www.rjptonline.org/search.aspx?key=Pande%20Made%20Nova%20Armita%20Sari
https://www.rjptonline.org/search.aspx?key=I%20Made%20Agus%20Gelgel%20Wirasuta


                               Trop J Nat Prod Res, January 2024; 8(1):5980-5986                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

5986 

 © 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Methanol Extract (Garcinia mangostana L.) in Male Wistar 

Rats. BirEx-Journal. 2021; 3(4): 261-273.  

15. Sugita P, Arya S, Ilmiawati A, Arifin B. Characterization, 

Antibacterial and Antioxidant Activity of Mangosteen 

(Garcinia mangostana L.) Pericarp Nanosized Extract. 

Rasayan J. Chem. 2017; 10(3): 707-715. 

16. Vien LC, Chinnappan S, R Mogana. Antioxidant activity of 

Garcinia mangostana L and alpha mangostin: A Review. 

Research J. Pharm. and Tech. 2021; 14(8): 4466-0. 

17. Anam K, Munandar R, Wulandari ON, Lestari AB, Farada 

RE, Hudiyanti D, Aminin AL. Chemical Composition, 

Antioxidant Activities, and Total Phenolic Content of 

Combination of Mangosteen (Garcinia mangostana L.) Peel-

Kodavan (Centella asiatica L. Urban) Fractions. Trop. J. 

Nat. Prod. Res. 2023; 7(1): 2222-2228. 

18. Zhang S, Li Z, Wang X, An L, Bao J, Zhang J, Cui J, Li Y, 

Jin DQ, Tuerhong M, Abudukeremu M, Ohizumi Y, Xu J, 

Guo Y. Isolation, Structural Elucidation, and 

Immunoregulation Properties Of An Arabinofuranan from 

The Rinds of Garcinia mangostana. Carbohydr Polym. 

2020; 246(2): 116567.  

19. Ansori ANM, Susilo RJK, Hayaza S, Winarni D, Husen SA. 

Renoprotection by Garcinia mangostana L. Pericarp Extract 

in Streptozotocin-Induced Diabetic Mice. Iraqi J. Vet. Sci. 

2019; 33(1): 13-19.  

20. Lee Y, Kim S, Oh Y, Kim YM, Chin YW, Cho J. Inhibition 

of Oxidative Neurotoxicity and ScopolamineInduced 

Memory Impairment by γ-Mangostin: In Vitro and In Vivo 

Evidence. Oxid. Med. Cell. Longev. 2019; 1-14. 

21. Putri NO, Mujiono KR, Rizqiawan A. Mangosteen Peel 

Extract Increases Transforming Growth Factor-Beta in the 

Wound Healing Process. Trop. J. Nat. Prod. Res. 2022; 

6(10): 1660-1662. 

22. Widyaningsih I, Santoso S, Hidayati DYN, Djajalaksana S. 

The Effect of Ethanolic Extract of Mangosteen Peel to 

Malondialdehyde Level, Colony Number, and Pulmonary 

Damage Level Score of Tuberculosis Model Rats. Research 

J. Pharm. and Tech. 2021; 14(12): 6710-4.  

23. Amnuaikit T, Phadungkarn T, Wattanapiromsakul C, 

Boonme P. Formulation Development of Antibacterial Films 

Containing Mangosteen Peel Extract. Research J. Pharm. 

and Tech. 2012; 5(8): 1058-1065. 

24. Swastini DA, Udayana, INK, Arisanti C. Cold cream 

combination of Garcinia mangostana L., Anredera 

cordifolia (Ten.) and Centella asiatica Extracts on Burn 

Healing Activity Test. Research J. Pharm. and Tech. 2021; 

14(5): 2483-6.  

25. Saptarini NM,  Hadisoebroto G. Formulation and Evaluation 

of Lotion and Cream of Nanosized Chitosan-Mangosteen 

(Garcinia mangostana L.) Pericarp Extract. Rasayan J. 

Chem. 2020; 13(2): 789-795. 

26. Cosyns JP. Aristolochic Acid and Chinese Herbs 

Nephropathy: A Review of The Evidence to Date. Drug Saf. 

2003; 26(1): 33-48. 

27. Nigatu TA, Afework M, Urga K,  Ergete W,  Makonnen E. 

Toxicological Investigation of Acute and Chronic Treatment 

with Gnidia stenophylla gilg Root Extract on Some Blood 

Parameters and Histopathology of Spleen, Liver and Kidney 

in Mice. BMC Res. Notes. 2017; 10(1): 1-13.  

28. Abood WN, Bradosty SW, Shaikh FK, Salehen N, 

Farghadani R, Agha NFS, Al-Medhtiy MH, Kamil TDA, 

Agha AS, Abdulla MA. Garcinia mangostana Peel Extracts 

Exhibit Hepatoprotective Activity Against Thioacetamide-

Induced Liver Cirrhosis in Rats. J. Funct. Foods. 2020; 74: 

104200.  

29. Chayaburakul K, Sukplang P, Pinpart T, Kengkoom K. 

Acute and Subchronic Oral Toxicity of Xanthones Extracted 

from The Pericarp of Garcinia mangostana Linn. in Rat. 

Asian Arch. Pathol. 2015; 11(3): 57-70.  

30. Hutadilok-Towatana N, Reanmongkol W, Chatchai W, 

Bunkrongcheap R. Acute and Subchronic Toxicity 

Evaluation of The Hydroethanolic Extract of Mangosteen 

Pericarp. J. Med. Plant Res. 2010; 4(10): 969-974.  

31. Chivapat S, Chavalittumrong P, Wongsinkongman P, 

Phisalpong C, Phisalpong A. Chronic Toxicity Study of 

Garcinia mangostana Linn. Pericarp Extract. Thai J. Vet. 

Med. 2011; 41(1): 45-53.  

32. Ministry of Health of the Republic of Indonesia. Indonesian 

Herbal Pharmacopoeia Edition II. Jakarta: Ministry of Health 

of the Republic of Indonesia. 2017. p. 307-310. 

33. Bryda EC. The Mighty Mouse: the impact of rodents on 

advances in biomedical research. Mo Med. 2013;110(3): 

207-11. 

34. AVMA (American Veterinary Medical Association). 

AVMA guidelines for the euthanasia of animals. 

Schaumburg: Illinois. 2020. p. 28. 

35. Raies AB, Bajic VB. In Silico Toxicology: Computational 

Methods for The Prediction of Chemical Toxicity. Wiley 

Interdiscip Rev Comput Mol Sci. 2016; 6(2): 147-172.  

36. Makiyah SNN, Usman S, Dwijayanti DR. In Silico Toxicity 

Prediction of Bioactive Compounds of Dioscorea alata L. 

Trop. J. Nat. Prod. Res. 2022; 6(10): 1587-1596.  

37. Ta GC, Mokhtar MB, Peterson PJ, Yahaya NB. A 

Comparison of Mandatory and Voluntary Approaches to The 

Implementation of Globally Harmonized System of 

Classification and Labelling of Chemicals (GHS) in The 

Management of Hazardous Chemicals. Ind. Health. 2011; 

49(6): 765-73.  

38. Dubey SK, Batra A. Acute and Sub Acute Toxicity Studies 

on Ethanolic Fraction of Thuja occidentalis Linn. Research 

J. Pharm. and Tech. 2008; 1(3): 245-248. 

39. Mahmudah R, Adnyana IK, Sukandar EY. Pharmacological 

effects of Garcinia mangostana L.: An Update Review. 

Research J. Pharm. and Tech. 2020;  13(11): 5471-5476. 

40. Yadav T, Rohane S. Acute Toxicity Study of Synthesized 

Drug and Herbal Product. Asian J. Pharm. Res. Dev. 2021; 

11(4): 251-6.  

41. Aizat WM, Jamil IN, Ahmad-Hashim FH, Noor NM. Recent 

Updates on Metabolite Composition and Medicinal Benefits 

of Mangosteen Plant. PeerJ. 2019; 7:e6324.  

42. Yulianti R, Simanjuntak P, Purba AV. Development of 

Antidiabetic Powder Preparations from The Combination of 

Mangosteen Peel Extract (Garcinia mangostana L.) and Bay 

Leaf Extract (Syzygium polyanthum (Wight) Walp.). JFFI. 

2020; 7(1): 22-26.  

43. Adriani L, Widjastuti T, Nurdianti RR, Wiradimadja R. 

Effects of Mangosteen Peel Extract (Garcinia mangostana 

L.) on Blood Lipid of Sentul Chicken Growth Phase. 

Proceeding of the 3rd ICONIC. 2018; p. 1-5. 

44. Abuzaid AS, Sukandar EY, Kurniati NF, Adnyana IK. 

Antihyperlidemic Effects of Mangosteen (Garcinia 

mangostana L.) Pericarp Ethanolic Extract in  High-

Carbohydrate Wistar Rats. J. Nat. Remedies. 2017; 17(4): 

165-173.  

45. John OD, Mouatt P, Panchal SK, Brown L. Rind from Purple 

Mangosteen (Garcinia mangostana) Attenuates Diet-

Induced Physiological and Metabolic Changes in Obese 

Rats. Nutrients. 2021; 13(2): 319. 

46. Lala V, Goyal A, Minter DA. Liver Function Tests. 

StatPearls Publishing, 2020; p. 1-12. 

47. Widyastuti E, Maharani N, Utomo AW. Effect of 

Mangosteen Peel Extract on SGOT and SGPT in Rats Fed 

Reused Cooking Oil. SainsMed. 2018; 9(2): 45-49.  

48. Hosten AO. BUN and Creatinine. [Online]. Clinical 

Methods: The History, Physical, and Laboratory 

Examinations. 3rd edition. Boston: Butterworths; 

1990. [cited 2023 Oct 10]. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK201/ 

49. Arika WM , Nyamai DW, Musila MN, Ngugi MP, Njagi 

ENM. Hematological Markers of In Vivo Toxicity. J. 

Hematol. Thrombo. Dis. 2016; 4(2): 1000236. 


