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Abstract 

Mangosteen (Garcinia mangostana L.) peel contains bioactive compounds known for their health benefits, 
yet potential toxicity at certain doses remains a concern. This study evaluates the histopathological effects 
of mangosteen peel decoction on the liver of Betta fish (Betta sp.), a sensitive model organism. Mangosteen 
peel decoction was prepared and administered to Betta fish at concentrations of 5, 25, and 50 ppm, with a 
control group receiving no treatment. Fish were observed for changes in swimming activity and appetite 
over five days. Liver tissues were collected, processed, and analyzed histologically to assess tissue damage 
including vacuolization, pyknosis, hemorrhage, and necrosis. Data were analyzed using the Kruskal-Wallis 
and Mann-Whitney tests. Behavioral analysis indicated a dose-dependent reduction in swimming activity 
and appetite in treated groups. Histopathological examination revealed significant liver damage across all 
treatment groups, with higher concentrations of decoction correlating with increased hemorrhage, 
pyknosis, and necrosis. Vacuolization was highest in the control group and lowest in the 50-ppm group. The 
overall hepatic damage was categorized as moderate, with the control group showing the least damage. 
Mangosteen peel decoction induced significant hepatic damage in Betta fish, highlighting the cytotoxic 
effects at higher doses. The observed behavioral and histopathological changes underscore the need for 
careful consideration of decoction concentrations to avoid adverse effects in aquatic organisms. This study 
provides crucial insights into the toxicological impacts of mangosteen peel decoction on fish liver health, 
emphasizing the importance of dose regulation in practical applications. Further research is recommended 
to explore protective measures and alternative treatments to mitigate liver damage. 
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1. Introduction 

Mangosteen (Garcinia mangostana L.) peel is renowned for its rich content of 

bioactive compounds, including xanthones, tannins, polyphenols, and flavonoids, which 

exhibit various health benefits such as antioxidant, anti-inflammatory, and antimicrobial 

activities (Ibrahim et al., 2016; Obolskiy et al., 2009; Saraswathy et al., 2022; Yuvanatemiya 

et al., 2022). While these compounds have been incorporated into numerous health 

products, it is crucial to assess their potential toxicity to ensure their long-term safety. The 

active compounds in mangosteen peel may elicit side effects at certain doses, 

necessitating thorough toxicity evaluations (Ibrahim et al., 2016; Saraswathy et al., 2022). 

Toxicity testing is a fundamental scientific method employed to ascertain the 

potential hazards of compounds to living organisms (Aware et al., 2022; Capela et al., 

2020; Krewski et al., 2020). In this study, we utilized Betta fish (Betta sp.) as an animal 

model to investigate the toxicity of mangosteen peel extract. Betta fish were chosen due 
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to their high sensitivity and ease of acclimatization to laboratory conditions (Palmiotti et 

al., 2023; Yue et al., 2022; Zhang et al., 2022). Similar to zebrafish, which is widely used as 

a model organism for toxin studies (Sofyantoro et al., 2024), Betta fish offer comparable 

sensitivity, making them suitable for assessing the impacts of various compounds, 

including herbal extracts. 

Betta fish (Betta sp.) are freshwater species native to several Southeast Asian 

countries, including Indonesia, Thailand, Malaysia, Brunei Darussalam, Singapore, and 

Vietnam (Yue et al., 2022). These fish are characterized by their distinctive morphology 

and aggressive territorial behavior (Lichak et al., 2022; Oliveira et al., 2022). Betta fish 

typically reach sexual maturity and are ready to reproduce between 4 to 12 months of age. 

Natural spawning occurs primarily during the dry season due to gonadal maturity levels, 

particularly in males (Lichak et al., 2022; Yue et al., 2022). Optimal spawning 

temperatures range from 26-30°C, with warmer temperatures promoting spawning 

activity. Additionally, spawning can result in female mortality due to male aggression if the 

males are not adequately prepared for reproduction (Lichak et al., 2022; Oliveira et al., 

2022).  

The liver is a critical organ involved in drug and toxin metabolism, making it highly 

susceptible to toxic compounds (Hosack et al., 2023; Michalopoulos & Bhushan, 2021). 

The liver metabolic processes often produce reactive metabolites that can inflict cellular 

damage (Leung et al., 2012; Simeonova et al., 2014), emphasizing the importance of 

assessing the effects of mangosteen peel extract on this organ. The objective of this study 

is to examine the impact of mangosteen peel decoction on the histological structure of the 

liver in Betta fish, focusing on the extent of damage and histopathological alterations. The 

findings from this study will provide valuable insights into the safety of long-term 

mangosteen peel extract usage. 

2. Material and Method  

Preparation of Mangosteen (G. mangostana L.) Peel Decoction 

Mangosteen peel symplisia (10 g) was combined with 1000 mL of distilled water and 

heated to 90°C. After cooling, the decoction was transferred to a container and 

subsequently diluted to concentrations of 5, 25, and 50 ppm as administered to Betta sp. 

 

Animal Acclimatization 

Male Betta sp., approximately 4-5 months old and weighing approximately 1.51 g of 

Blitar origin, were acclimatized for 3 days in an aquarium. The fish were divided into four 

experimental groups: control, 5 ppm, 25 ppm, and 50 ppm. Betta sp. were exposed to a 

light/dark cycle of 12 hours each and were fed once daily. Behavioral observations, 

including swimming activity and appetite, were categorized into four levels: very active, 

active, less active, and inactive. 
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Histological Preparation of Liver 

Betta sp. specimens were captured using a net, transferred to plastic containers, and 

then anesthetized through cold shock by placing them in a freezer at -20°C for 10-15 

minutes. The heads and tails of Betta sp. were removed, and the remaining body parts 

were prepared for histological analysis. The hepatic tissues were excised, washed with 

physiological saline (0.9% NaCl), and fixed in neutral buffered formalin (NBF) for 24 

hours. After fixation, the tissues were washed with 70% ethanol until the yellow 

discoloration was removed, with solution changes every 30 minutes. Dehydration was 

achieved using a graded series of alcohol solutions: 70, 80, 90, 96%, and absolute. Clearing 

was performed with toluene, followed by infiltration in paraffin at 65°C, embedding, 

trimming, and sectioning. Liver histological sections were prepared at a thickness of 5 µm 

and stained using the Harris Hematoxylin-Eosin method. 

Histopathological Examination 

Histopathological sections were examined using a Leica light microscope with a 

40x10 magnification. Observations were made in four different fields of view per 

treatment group. The observed pathological changes included hemorrhage, pyknosis, 

necrosis, and vacuolization. Hepatocyte cell counts were conducted using Image Raster 

version 3.0. The extent of liver damage was assessed according to the criteria outlined in 

Table 1. 

Table 1. Scoring values of liver damage for histopathological observations (Gibson-Corley, 
Olivier, & Meyerholz, 2013) 

Level of Damage Description Score 

Normal normal, clear cell nuclei, round shape 0 

Mild hemorrhage+, pyknosis+, necrosis+, vacuolization+ 1 

 

Moderate 

hemorrhage ++, pyknosis ++, necrosis ++, 

vacuolization++ 

 

2 

 

Severe 

hemorrhage +++, pyknosis +++, necrosis +++, 

vacuolization +++ 

 

3 

Description: 

“–“ : Normal 

“+” : Cell damage reaches 25% in five fields of view 

“++” : Cell damage reaches 50% in five fields of view 

“+++” : Cell damage reaches 75% in five fields of view 

Data Analysis 

Statistical analysis was performed using the Kruskal-Wallis’s test. In cases where 

significant differences were identified (p < 0.05), post hoc analysis was conducted using 

the Mann-Whitney test to determine significant differences between treatment groups. 
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3. Results and Discussion  

3.1.  Results  

Behavior of Betta sp. 

A reduction in both swimming activity and appetite in Betta fish following treatment 

with mangosteen peel decoction was observed (Table 2). The behavior of Betta fish was 

noticeably altered following treatment with mangosteen peel decoction. In the control 

group, Betta fish maintained high swimming activity and appetite throughout the 

observation period. Conversely, Betta fish treated with mangosteen peel decoction 

exhibited a dose-dependent decline in both swimming activity and appetite.  

Table 2. Swimming and feeding behavior of betta fish during treatment 

Treatment 
Swimming activity (day) Appetite (day) 

1 2 3 4 5 1 2 3 4 5 

Control active very 

active 

active active very 

active 

high high high high high 

5 ppm active normal active less 

active 

less 

active 

high high high moderate moderate 

25 ppm active less 

active 

less 

active 

less 

active 

less 

active 

high moderate moderate low low 

50 ppm active less 

active 

less 

active 

inactive inactive high moderate moderate low low 

Specifically, swimming activity in the control group was consistently high, with fish 

remaining very active or active throughout the five-day observation period. In the 5-ppm 

group, the fish were active initially but became less active on days 4 and 5. In the 25-ppm 

group, there was a reduction in activity from day 2 onwards, with fish becoming 

progressively less active. The 50-ppm group exhibited decreased activity from day 2, with 

inactivity observed on days 4 and 5. Similarly, the appetite of Betta fish followed a 

declining trend with increasing concentrations of the decoction. The control group 

consistently displayed a high appetite. The 5-ppm group maintained a high appetite 

initially but showed a moderate reduction on days 4 and 5. The 25-ppm group had a high 

appetite on day 1, which declined to medium on days 2 and 3 and further reduced to low 

on days 4 and 5. The 50-ppm group exhibited a high appetite on day 1, which dropped to 

medium on days 2 and 3 and further to low on days 4 and 5. 

Histopathological Analysis of Betta sp. Liver  

Histological examination of Betta fish liver tissue revealed varying degrees of damage 

across all treatment groups, including the control, 5 ppm, 25 ppm, and 50 ppm. Notable 

damage observed included vacuolization, pyknosis, hemorrhage, and necrosis, as detailed 

in Table 3 and illustrated in Figure 1.  
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Figure 1. Histological structure of Betta fish liver of control group (a), 5 ppm (b), 25 ppm (c), 50 ppm (d). 

Normal hepatocytes (1), pyknosis (2), necrosis (3), vacuolization (4), and hemorrhage (5). 
Hematoxylin-Eosin staining. Scale bar = 50µm. 

Figure 1 shows the histological structure of Betta fish liver tissue stained with 

Hematoxylin-Eosin. In the control group (Figure 1a), the liver tissue exhibited mostly 

normal hepatocytes with minimal signs of damage. Some vacuolization (4) and pyknosis 

(2) were observed, but the overall tissue structure remained relatively intact. In the 5-

ppm treatment group (Figure 1b), the liver tissue showed increased vacuolization and 

moderate pyknosis, with some areas of necrosis (3) beginning to appear. Hemorrhage (5) 

was present but not extensive. The 25-ppm treatment group (Figure 1c) exhibited more 

pronounced damage. There was a noticeable increase in necrosis and pyknosis, with 

significant vacuolization and hemorrhage. The liver tissue structure was more disrupted 

compared to the control and 5 ppm groups. In the 50-ppm treatment group (Figure 1d), 

the liver tissue showed the most severe damage. Extensive areas of necrosis and pyknosis 

were observed, with considerable vacuolization and hemorrhage. The hepatocytes were 

significantly damaged, and the overall tissue architecture was highly compromised. 
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Table 3. Liver damage in Betta fish based on scoring value 

Treatment Hemorrhage Pyknosis Necrosis Vacuolization Damage level 

Control 0.42 ± 0.15a 1.33 ± 0.14a 1.00 ± 0.00a 2.42 ± 0.15a Moderate 

5 ppm 0.50 ± 0.19a 1.50 ± 0.19a 1.00 ± 0.00a 2.12 ± 0.30ab Moderate 

25 ppm 0.92 ± 0.08b 1.50 ± 0.29a 1.37 ± 0.19a 1.67 ± 0.22b Moderate 

50 ppm 0.83 ± 0.11b 3.00 ± 0.00b 2.80 ± 0.08b 1.00 ± 0.00c Moderate 

Note: Identical letters indicate no significant difference between treatments. 

Table 3 presents the scoring values of liver damage in Betta fish across different 

treatment groups. Hemorrhage, pyknosis, necrosis, and vacuolization were quantified to 

assess the level of hepatic damage. The analysis revealed that the mangosteen peel 

decoction exhibited a damaging effect on Betta fish hepatocytes. The Kruskal-Wallis’s test 

revealed significant differences in hepatic damage across treatments, particularly in 

hemorrhage, pyknosis, necrosis, and vacuolization. Hemorrhage was significantly lower 

in the control group compared to 25-ppm and 50-ppm groups. Pyknosis was significantly 

higher in the 50-ppm group compared to other groups. Although no significant differences 

were observed in necrosis levels among control, 5-ppm, and 25-ppm groups, the 50-ppm 

group exhibited a higher level of necrosis. The extent of vacuolization was highest in the 

control group and lowest in 50-ppm group, with 5-ppm and 25-ppm not differing 

significantly from each other. Hepatic damage across all treatments was categorized as 

moderate, with the control group showing the least average hepatic damage. 

3.2.  Discussion  

The application of mangosteen (G. mangostana L.) peel decoction in aquaculture, 

particularly in fish species, has attracted significant scientific attention due to its bioactive 

compounds and associated health benefits. Mangosteen peel is a rich source of xanthones 

and flavonoids, which possess anti-inflammatory, antibacterial, and antifungal properties 

(Setiawan et al., 2023; Widyarman et al., 2019). Studies on the embryological development 

of wader pari fish (Rasbora lateristriata) revealed that exposure to higher concentrations 

of mangosteen peel decoction negatively impacts hatching rates, survival, and heart 

morphology, with notable cardiac abnormalities such as edema and bending observed at 

25 µg/mL (Khasanah et al., 2024). Research on R. lateristriata has highlighted its utility as 

a model organism for embryological and toxicity studies, further validating the relevance 

of fish models in assessing environmental and compound-related impacts (Retnoaji, 

Nurhidayat, et al., 2023). Further research on the influence of mangosteen peel extract on 

bone structure and behavior in wader fish embryos demonstrated that concentrations up 

to 5 µg/mL are generally safe, showing no significant morphological or skeletal 

abnormalities. However, higher concentrations caused developmental malformations 

such as yolk sac edema and collapsed swim bladder, highlighting a dose-dependent 

toxicity (Retnoaji, Paramita, et al., 2023). The antibacterial efficacy of mangosteen peel 

extract has also been evaluated against Aeromonas hydrophila in African catfish (Clarias 

gariepinus). Concentrations between 6.25% and 25% were found effective in inhibiting 
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bacterial growth, establishing the extract's potential as a natural antimicrobial agent in 

aquaculture (Cahya et al., 2023). Similarly, in Nile tilapia (Oreochromis niloticus), the 

incorporation of mangosteen peel extract in nanoemulsion form at a concentration of 6.25 

mg/g in the diet significantly improved growth performance, immune response, and 

resistance to Aeromonas veronii. The nanoemulsion formulation enhanced the 

bioavailability and efficacy of the extract, underscoring its potential as a sustainable 

aquaculture supplement (Yostawonkul et al., 2023). Additionally, dietary 

supplementation with mangosteen extracts in African catfish fingerlings at 0.5% inclusion 

improved hematological parameters such as red and white blood cell counts without 

negatively impacting growth. These results support the extract’s role in enhancing fish 

health and resilience under aquaculture conditions (Soosean et al., 2010). 

In this study, the behavior of Betta fish (Betta sp.) was significantly influenced by 

treatment with mangosteen peel decoction, as evidenced by observed changes in 

swimming activity and appetite over a five-day period (Table 2). Swimming activity and 

appetite are fundamental behavioral parameters commonly used to assess the 

physiological and health status of fish (Svendsen et al., 2021; Zhao et al., 2017). Changes 

in these parameters can indicate stress, toxicity, or overall well-being in response to 

environmental factors or treatments. Swimming activity reflects the energy level, 

muscular coordination, and nervous system functionality, while appetite serves as an 

indicator of metabolic and digestive health (Gerry & Ellerby, 2014; Nie et al., 2017). In the 

control group, the fish exhibited consistent and high levels of swimming activity, 

maintaining an active status throughout the five days, with particularly vigorous activity 

on days 2 and 5. This stable and active swimming behavior indicates the normal 

physiological condition of the Betta fish in the absence of any treatment. In contrast, the 

swimming activity of the treated groups (5, 25, and 50 ppm) progressively declined with 

increasing concentrations of mangosteen peel decoction. In 5-ppmgroup, treated with 5 

ppm, the fish maintained normal swimming activity for the first three days but showed a 

marked decrease in activity, becoming less active on days 4 and 5. This indicates an initial 

resilience to the lower concentration of the decoction, with a delayed onset of activity 

reduction. The fish in group 25-ppm, exhibited a more pronounced decline in activity, 

becoming less active from day 2 onwards. By day 5, the fish remained less active, 

suggesting that this intermediate concentration had a quicker and more sustained impact 

on reducing swimming activity. The 50-ppm group, treated with the highest concentration 

of 50 ppm, showed the most significant reduction in activity. The fish became less active 

by day 2 and were completely inactive by days 4 and 5. This rapid and severe decrease in 

activity at the highest concentration indicates a strong dose-dependent effect of the 

mangosteen peel decoction on the swimming behavior of Betta fish. 

Appetite levels also showed a decreasing trend across the treated groups in 

comparison to the control group. The control group maintained a high appetite 

throughout the five-day period, reflecting healthy feeding behavior under normal 

conditions. In 5-ppm group, the fish maintained a high appetite for the first three days, but 
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their appetite decreased to medium levels on days 4 and 5. This suggests a gradual 

reduction in feeding behavior in response to the 5-ppm concentration of the decoction. 

The 25-ppm group exhibited a more rapid decline in appetite, with high levels on day 1, 

decreasing to medium by days 2 and 3, and further reducing to low by days 4 and 5. The 

intermediate concentration of 25 ppm clearly had a more immediate and substantial 

impact on feeding behavior compared to the lower concentration. The 50-ppm group 

showed the most drastic reduction in appetite, with high levels on day 1, dropping to 

medium on days 2 and 3, and reaching low levels on days 4 and 5. The 50-ppm 

concentration of the decoction had the strongest effect, mirroring the severe reduction in 

swimming activity observed in this group. 

These findings suggest that mangosteen peel decoction exerts a dose-dependent 

impact on both the swimming activity and appetite of Betta fish. The consistent reduction 

in these behaviors at higher concentrations indicates potential stress or toxicity effects 

induced by the decoction. Further research is necessary to elucidate the underlying 

mechanisms of this impact, including potential physiological and biochemical changes in 

the fish. In addition, exploring protective measures, such as combining mangosteen peel 

decoction with protective agents or antioxidants, could mitigate its adverse effects. 

Studies focusing on identifying specific compounds responsible for the observed effects 

could also guide safer applications in aquaculture. Understanding these effects is crucial 

for assessing the safe and effective use of mangosteen peel extracts in aquaculture and 

other applications involving Betta fish. Overall, the observed behavioral changes 

underscore the importance of carefully monitoring and regulating the concentration of 

herbal treatments like mangosteen peel decoction to avoid adverse effects on aquatic 

organisms. 

The histopathological analysis of Betta sp. liver tissue reveals significant insights into 

the effects of mangosteen peel decoction on hepatic health. Across all treatment groups, 

including the control, 5-ppm, 25-ppm, and 50-ppm, notable liver damage was observed, 

encompassing vacuolization, pyknosis, hemorrhage, and necrosis. These parameters are 

commonly used in histopathological studies to assess cellular and tissue health. 

Vacuolization reflects changes in intracellular organelle dynamics, often indicating 

cellular stress or metabolic dysfunction (Pham et al., 2016). Similar histopathological 

parameters, including necrosis and pyknosis, have been utilized in zebrafish exposed to 

paracetamol to assess hepatotoxicity and provide comparative insights into compound-

specific toxicities (Dewanti et al., 2023). Pyknosis, characterized by the condensation of 

chromatin in the nucleus, is a hallmark of irreversible cellular injury and an early stage of 

apoptosis (Hou et al., 2016). Hemorrhage, which involves the extravasation of blood, 

signals damage to vascular integrity within the tissue (Kottke-Marchant, 1994), while 

necrosis is an end-stage cellular event involving uncontrolled cell death and the 

breakdown of tissue architecture (Golstein & Kroemer, 2007). These findings are detailed 

in Table 3 and visually represented in Figure 1. In terms of specific damage metrics, the 

Kruskal-Wallis’s test confirmed significant differences among the treatment groups for all 



Wiwin Ariesti          Biota: Bio & Pend Bio 17(2), 2024, 58-70 
  

  Biota: Biologi dan Pendidikan Biologi 17 (2), 2024, 58-70 66 

parameters of hepatic damage. Hemorrhage was significantly more pronounced in the 25-

ppm and 50-ppm groups compared to the control, indicating that higher concentrations 

of the decoction correlate with increased hemorrhagic damage. This suggests a dose-

dependent relationship where higher exposure to the decoction exacerbates vascular 

injury within the liver. Comparable histopathological alterations, including hemorrhage 

and necrosis, have been observed in Rasbora lateristriata exposed to paracetamol, 

supporting the significance of these markers in evaluating hepatic toxicity (Septriani et 

al., 2023). 

Pyknosis, characterized by the condensation of chromatin in the nucleus, was 

markedly elevated in the 50-ppm group treated with the highest concentration of 

mangosteen peel extract. This significant increase in pyknosis in 50-ppm groups 

compared to other groups underscores the cytotoxic effects of the mangosteen peel 

decoction at higher doses. These findings suggest that hepatocyte nuclei are particularly 

susceptible to damage at elevated decoction concentrations, leading to impaired cellular 

function. Necrosis, another critical indicator of cellular damage, showed a stark increase 

in the 50-ppm group. While the levels of necrosis did not differ significantly between 

control, 5-ppm, and 25-ppm groups, the elevated necrosis in 50-ppm group highlights 

severe cellular injury and death at higher concentration of mangosteen peel extract. This 

points to the potential lethality of high concentrations of mangosteen peel decoction on 

Betta fish hepatocytes. Interestingly, vacuolization, the formation of vacuoles within the 

cytoplasm, was highest in the control group and lowest in the 50-ppm group. The 

reduction of vacuolization in 50-ppm compared to control, with 5-ppm and 25-ppm 

groups showing intermediate levels, suggests a complex interplay between decoction 

concentration and the cellular response. The initial hypothesis that higher decoction 

levels might increase vacuolization was not supported; instead, a possible explanation 

could be the severe cellular damage at high concentrations, leading to reduced capacity 

for vacuole formation or maintenance. 

Overall, hepatic damage across all treatments was categorized as moderate, with the 

control group exhibiting the least average damage. This categorization is crucial for 

understanding the relative impact of the mangosteen peel decoction. Despite all groups 

showing medium damage, the gradation of specific types of damage indicates that higher 

decoction concentrations lead to more pronounced and varied forms of hepatic injury. 

These findings have significant implications for the use of mangosteen peel decoction in 

aquatic environments and its potential toxicological impacts on fish liver health. The dose-

dependent increase in hepatic damage parameters, particularly hemorrhage, pyknosis, 

and necrosis, calls for careful consideration of the decoction concentration in practical 

applications. Further research is necessary to elucidate the mechanisms driving these 

histopathological changes and to explore potential protective measures or alternative 

treatments to mitigate liver damage in Betta fish and other aquatic organisms. 

Comparing concentrations across studies reveals important insights into the effective 

and safe use of mangosteen peel extracts. In this study, the 5 ppm concentration 
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maintained normal Betta fish swimming activity and appetite for three days, indicating a 

relatively safe threshold for short-term exposure. This aligns with findings in wader fish 

(R. lateristriata), where 5 µg/mL was similarly deemed safe for embryonic development 

(Retnoaji, Paramita, et al., 2023). However, higher concentrations (25 ppm and above) in 

Betta fish led to significant reductions in activity and appetite, paralleling the toxic effects 

reported in wader fish at 25 µg/mL and above (Khasanah et al., 2024). In Nile tilapia, a 

higher dietary concentration of 6.25 mg/g in nanoemulsion form yielded beneficial 

effects, likely due to the enhanced bioavailability offered by the nanoemulsion delivery 

system (Yostawonkul et al., 2023). These comparisons highlight the importance of 

tailoring concentrations to species-specific tolerances and delivery methods to optimize 

both safety and efficacy. 

Conclusion 

This study demonstrates that mangosteen peel decoction has a dose-dependent toxic 

effect on Betta fish, significantly impacting their behavior and liver health. Higher 

concentrations of the decoction resulted in decreased swimming activity and appetite, 

indicating stress or toxicity. Histopathological analysis revealed significant liver damage, 

including vacuolization, pyknosis, hemorrhage, and necrosis, with severity increasing at 

higher concentrations. The highest concentration (50 ppm) caused the most pronounced 

cytotoxic effects, notably in pyknosis and necrosis. These findings highlight the need for 

careful regulation of mangosteen peel decoction to avoid adverse effects on aquatic 

organisms. Further research is necessary to understand the mechanisms of these effects 

and to explore protective measures. This study provides important insights into the safety 

of mangosteen peel extracts and underscores the importance of comprehensive toxicity 

assessments. 
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