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Background: Diabetes mellitus is a significant global health issue, and alternative
treatments from natural products likeGarcinia mangostana L. [Clusiaceae] or GM
are being explored for their potential benefits. This study focused on evaluating
the hypoglycemic effects of GM on diabetic rodent models.

Methods: A comprehensive search was conducted in PubMed, Scopus, and
Embase for studies reporting blood glucose levels within 2 weeks as the
primary outcome and changes in total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) as secondary outcomes. A network meta-analysis (NMA)
was performed to determine the pooled effectiveness of each intervention,
estimating the weighted mean difference (WMD) and 95% confidence interval
(CI) from both direct and indirect evidence. The surface under the cumulative
ranking curve (SURCA) was used to rank the interventions.

Results: Ten articles were identified, with nine included for quantitative analysis.
All GM extracts showed greater effectiveness than the control in decreasing
blood glucose levels within 2 weeks. GM at 200 mg/kg (GM200) was the top-
ranked extract for reducing glucose levels beyond 2weeks and increasing HDL-C
levels. The ethanol extract of GM at 200 mg/kg (GME200) was the most effective
for blood glucose reduction within 2 weeks and for TC and TG reductions. The
methanol extract of GM at 200 mg/kg (GMM200) was the top-ranked extract for
LDL-C reductions.
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Conclusion: GM and its extracts demonstrated significant hypoglycemic activity
and improvements in lipid profiles in diabetic rodent models, highlighting their
potential as therapeutic agents for the prevention and treatment of diabetes
mellitus. Further research in human trials is warranted to confirm these findings
and establish clinical applications.

Clinical trial registration: https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42023426254.
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1 Introduction

Diabetes mellitus (DM) is a metabolic syndrome and
endocrinopathy. Type 2 DM is the most common among all
types of diabetes. DM is a chronic condition characterized by
high blood glucose levels. Hyperglycemia or high blood sugar is
an effect of uncontrolled diabetes mellitus that leads to damage in
many organs (retinopathy, neuropathy, nephropathy, blood vessels,
and cardiac problems) and activates oxidative stress in cell
membranes by producing reactive oxygen species (Daryabor
et al., 2020). The number of DM patients has rapidly increased
in recent years and is predicted to reach about 643 million people by
2030 (Kumar et al., 2023). Metformin is an oral hypoglycemic drug,
which is the first-line treatment for type 2 DM. However, metformin
causes adverse effects including nausea, vomiting, diarrhea,
abdominal disturbance, loss of appetite, and lactic acidosis
(Shurrab and Arafa, 2020). Therefore, new agents from natural
products may serve as alternative pharmacologic treatments due to
their safety, effectiveness, and cost advantage over newer drugs
(Rodríguez et al., 2022).

Garcinia mangostana L. [Clusiaceae] or GM is commonly
known as mangosteen or “Queen of Tropical Fruits.” It is a tree
cultivated in the tropical rainforest. Its fruit is dark purple or reddish
with white, sweet, and juicy flesh. The pericarp (rind) of the GM fruit
has been traditionally used by Southeast Asians for its anti-microbial
properties in treating skin infections, wounds, and dysentery
(Pedraza-Chaverri et al., 2008). In Ayurvedic medicine, the GM
pericarp is widely utilized in India. Its hull contains α-mangostin,
which has been traditionally used for treating inflammation,
diarrhea, cholera, and dysentery (Bi et al., 2023). Today, GM
fruit extract is widely commercialized as a functional food or
drink, containing minor components such as vitamins, and is
promoted for general health benefits, including its anti-
inflammatory and weight loss properties (Udani et al., 2009; Xie
et al., 2015). Mangosteen has been shown to contain a variety of
secondary metabolites such as xanthones, isoflavones, tannins,
flavonoids, procyanidin, benzophenones, and mangostin
(Songsiriritthigul et al., 2020; Tran et al., 2021; Zheng et al.,
2021). Xanthones have been isolated from the pericarp, whole
fruit, barks, and leaves of mangosteen (Pedraza-Chaverri et al.,
2008). Previous studies have shown that GM extracts have
various biological effects including antioxidant, anti-allergic, anti-
microbial, anti-tumoral, anti-inflammatory, anti-viral, and
hypoglycemic activities (Pedraza-Chaverri et al., 2008; Cunha
et al., 2014; Suthammarak et al., 2016; Primiani and Lestari,
2019; Tatiya-Aphiradee et al., 2019; Tarasuk et al., 2022).

Nowadays, the consumption of botanical drugs for
complementary and alternative medicine has rapidly increased.
An earlier review article confirmed the anti-diabetic potential of
GM extracts (Yani et al., 2021). However, no systematic review or
network meta-analysis (NMA) has been conducted to explore the
effects of GM extracts on diabetes. Meta-analyses combine eligible
published data to synthesize the results of studies on an intervention,
providing more reliable and robust conclusions than a single study
(Stone and Rosopa, 2017).Whereas pairwise meta-analyses compare
the effectiveness of two treatments that have been directly compared
in head-to-head trials, an NMA allows for the combination of both
direct and indirect evidence, facilitating comparisons across a
network of treatments (Rouse et al., 2017). In this study, we
aimed to perform an NMA to evaluate and compare the
hypoglycemic activity of GM extracts.

2 Methods

This systematic review (SR) and NMA adhered to the guidelines
outlined in the Cochrane Handbook for Systematic Reviews of
Interventions version 6.0, and its presentation follows the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines (Tricco et al., 2018; Higgins et al.,
2022). The review protocol was registered in the PROSPERO
database with the registration number CRD42023426254.
PRISMA NMA checklist is shown in Supplementary Table S1.

2.1 Data sources and search strategy

To identify relevant research articles, a thorough search was
conducted across the PubMed, Scopus, and Embase databases. The
search period spanned from the inception of each database until
15 May 2023. The language was restricted to English. The search
terms employed were as follows: (G. mangostana OR G.
mangostana OR mangosteen OR G. mangostana extract OR G.
mangostana extract OR mangosteen extract) AND (diabetes
mellitus OR glucose OR hyperglycemia) (Supplementary Tables
S2-S4).

2.2 Study selection and outcomes

Two authors, namely, M.C. and A.P., independently screened
the data, meticulously evaluating the titles and abstracts of the
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retrieved research articles to determine the final list of included
studies. In cases of any discrepancies or disagreements between the
two research workers, a consensus was reached through discussions
involving a third author, S.S.

The inclusion criteria of this study were defined as follows: 1)
studies that reported the hypoglycemic activity of GM extract in
rodent models with diabetes mellitus; 2) studies that used GM
extract, regardless of the extracted part, the extraction methods,
and administration routes; 3) studies that compared individual
experiment studies with a diabetic control group using vehicles/
placebo or standard treatment; 4) studies that reported the
outcomes of interest; and 5) studies that were published in
English. Exclusion criteria encompassed in vitro studies,
isolated metabolites from GM, modified GM metabolites, or
combination treatments with other botanical drugs or
chemicals. Additionally, studies without separate control
groups, those not published in English language, and those
not reporting relevant outcome measures (especially blood
glucose levels) were excluded.

The primary outcomemeasured at the endpoint within a 2-week
period was the blood glucose level. Secondary outcomes included
blood glucose levels beyond 2 weeks, along with measurements of
total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) in rodent models with diabetes mellitus and their
relevant controls. All time periods for secondary outcomes were
taken into consideration.

2.3 Data extraction and risk of bias
assessment

After removing duplicates, preliminary screening was
performed by reading the abstracts and titles of the remaining
studies. According to the inclusion and exclusion criteria, the
following data were extracted from each article by two authors
(M.C. and A.P.): study design characteristics, utilized plant part,
solvent employed, type of rodent DM models, sex, diet, details of
interventions and control groups, duration of exposure to GM, route
of administration, and predefined outcomes as described above. A
third reviewer (S.S.) cross-checked the extracted data.

For continuous outcome parameters, the mean and standard
deviation (SD) of the outcomes, along with the number of DM
models, were extracted. For studies reporting the standard errors of
means (SEM), the corresponding SDs were computed by
multiplying the SEM by the square root of the respective sample
size. The imputation of SDs was carried out according to the
recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins et al., 2022).

Authors of studies with missing or incomplete data were
contacted by email to obtain additional information. If the
corresponding author did not reply within a 2-week period, the
request was repeated. If there was no response after the second
attempt, the data were reported as not accessible and subsequently
excluded from the analysis. The risk of bias for each individual
study was assessed by three authors (M.C., A.P., and S.S.) in
parallel using the RoB2: a revised Cochrane risk-of-bias tool for
randomized trials.

2.4 Data synthesis and analysis

The NMA was performed using random effects to estimate the
weighted mean difference (WMD) along with 95% confidence
intervals (CI), which were calculated for all continuous outcome
measures to compare the effectiveness of the intervention based on
both direct and indirect evidence using Stata 17 (StataCorp, TX,
United States) (Rücker et al., 2020). A P-value of less than 0.05 was
considered statistically significant. To ensure the validity of the
NMA estimates, we performed the consistency assumption using a
global test, the loop-specific approach, and the node-splitting
approach (Tonin et al., 2017; Watt et al., 2019). Additionally, we
estimated the ranking probabilities for all treatments, indicating
their probability of being at each possible rank for each treatment.
Intervention ranking was based on the surface under the cumulative
ranking curve (SURCA) (Christofilos et al., 2022). The intervention
effects in head-to-head comparisons were presented in league tables,
showing theWMD and 95%CI. Sensitivity analysis was employed to
assess the robustness of the outcome estimates, primarily by
systematically removing one study at a time and subsequently
repeating the primary meta-analyses (Lin et al., 2016).

2.5 Grading the strength of evidence

Two reviewers (M.C. and A.P.) independently evaluated the
strength of the evidence using the Confidence in Network Meta-
Analysis (CINeMA) approach. This approach assesses six domains,
including within-study risk of bias, reporting bias, indirectness,
imprecision, heterogeneity, and inconsistency. The confidence in
the estimated treatment effect derived from the NMA was
summarized into four levels of evidence certainty: high,
moderate, low, and very low.

3 Results

3.1 Search results

The systematic literature search, as depicted in Figure 1, yielded
a comprehensive collection of 306 articles, from three databases such
as PubMed (49 articles), Scopus (131 articles), and Embase
(126 articles). Before screening the remaining titles and abstracts,
149 articles were eliminated through the use of citation manager
(135 articles) and manual review (14 articles). After removing the
remaining titles and abstracts, 21 full texts of relevant studies were
obtained. However, the majority of these studies were excluded from
the original meta-analysis due to their failure to report diabetic
control groups and blood glucose levels. Ultimately, 10 articles were
eligible for inclusion in the quantitative synthesis, as depicted in
Supplementary Figure S1.

3.2 Study characteristics

The characteristics of the 10 included studies are shown in
Table 1. These studies were published from 2016 onward. Among
the included studies, animals were treated with GM extracts isolated

Frontiers in Pharmacology frontiersin.org03

Chatatikun et al. 10.3389/fphar.2024.1472419

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1472419


from peels in one study (10%), pericarps in seven studies (70%), and
rinds in two studies (20%). The GM extracts were prepared using
four different methods: maceration (60%), freeze-drying with dry ice
and technical ethanol (10%), oven drying (10), and unspecified
method (10%). GM extracted were then extracted with ethanol in
five studies, hexane in one study, chloroform in one study, methanol
in one study, and water in one study, whereas two studies did not
provide data on the solvents used. Moreover, there was a study that
bought the commercial product. The included studies utilized
C57BL/6 mice in one study (10%), BALB/c mice in two studies
(20%), ICR mice in two studies (20%), Wistar rats in three studies
(30%), Rattus norvegicus in one study (10%), and Sprague–Dawley
rats in one study (10%). To establish a diabetic model, two studies
used animals induced by high-fat diet (HFD) (20%), two studies
used animals induced by streptozotocin (STZ) (20%), and four
studies used animals induced by both high-fat diet and STZ
(40%). The types of drugs employed in the studies included
orlistat (OLST), metformin (MET), and glibenclamide (GBC),
with one study utilizing OLST (10%), one study utilizing MET
(10%), and four studies utilizing GBC (40%). GM doses varied from
18 to 400 mg/kg body weight. For the primary outcomes in six
studies, the blood glucose (BG) levels were selected within 2 weeks
for the NMA. The blood glucose levels at more than 2 weeks in four
studies were chosen for the secondary outcomes. Additionally, TC,
TG, LDL-C, and HDL-C from four studies were chosen at any time

for the NMA. The characteristics of studies are summarized in
Table 1 (Chae et al., 2016; Taher et al., 2016; Husen et al., 2017;
Karim et al., 2017; Husen et al., 2019; Karim et al., 2019; Primiani
and Lestari, 2019; Sunarjo, 2020; Labban et al., 2021; Muniroh
et al., 2021).

3.3 Risk of bias

The results of the reporting bias assessment are shown in
Figure 2. Regarding the quality of the studies, all 10 studies were
regarded as having a low risk of bias based on the ROB2 tool.

3.4 Evidence of network

Figure 3 illustrates the network of eligible comparisons for
various outcomes, including blood glucose level within 2 weeks
(six studies), blood glucose levels at more than 2 weeks (four
studies), TC (four studies), TG (four studies), LDL-C (four
studies), and HDL-C (four studies). The size of nodes
represented the number of direct evidence for each treatment.
The solid black lines connect treatment pairs within direct
evidence, and the thickness of lines relates to the number of
rodents within each comparison.

FIGURE 1
Selection process of the articles according to the Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA guideline).
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TABLE 1 Study characteristics.

Study
ID

First
author,
year

Part Extraction method Solvent Animal
model

Sex Diet Intervention (n),
dose (mg/kg MW)

Duration
exposed
to GM

Route
administration

Outcome
measures

1 Chae et al.
(2016)

Peel Maceration Ethanol C57BL/6 mice Males HFD CTRL (8) 45 days Oral BG, TC, TG, HDL-
C, LDL-C

GME 50 mg/kg (8)

GME 100 mg/kg (8)

OLST 20 mg/kg (8)

2 Husen et al.
(2017)

Pericarp Maceration Ethanol Mice of strain
BALB/c, STZ

Males HFD CTRL (6) 14 days Oral BG

GME 50 mg/kg (6)

GME 100 mg/kg (6)

GME 200 mg/kg (6)

MTF 100 mg/kg (6)

3 Husen et al.
(2019)

Pericarp Freeze-drying (dry ice, technical ethanol),
non-polar (hexane), semi-polar
(chloroform), and polar (ethanol)
extraction

- Non-polar
(hexane)
- Semi-polar
(chloroform)
- Polar (ethanol)

Mice of strain
BALB/c, STZ

Males Control CTRL (6) 14 days Oral BG

GMH 18 mg/kg (6)

GMC 80 mg/kg (6)

GME 50 mg/kg (6)

4 Karim et al.
(2017)

Rind No data (commercial product) No data
(commercial
product)

ICR mice, STZ Males HFD CTRL (6) 7 days Oral BG, TC, TG, HDL-
C, LDL-C

GM 100 mg/kg (6)

GM 200 mg/kg (6)

GBC 60 mg/kg

5 Karim et al.
(2019)

Pericarp Hot water extraction Water ICR mice, STZ NR HFD CTRL (6) 7 days Oral BG

GMA 100 mg/kg (6)

GMA 200 mg/kg (6)

GBC 60 mg/kg

6 Labban et al.
(2021)

Pericarp Maceration Methanol Albino Wistar rats Male HFD CTRL (5) 6 weeks Oral BG, TC, TG, HDL-
C, LDL-C

GMM 400 mg/kg (5)

7 Muniroh et al.
(2021)

Pericarp Maceration Ethanol Wistar rats, STZ Males HFD CTRL (6) 8 weeks Oral BG

GME 100 mg/kg (6)

GME 200 mg/kg (6)

GME 400 mg/kg (6)

(Continued on following page)

Fro
n
tie

rs
in

P
h
arm

ac
o
lo
g
y

fro
n
tie

rsin
.o
rg

0
5

C
h
atatiku

n
e
t
al.

10
.3
3
8
9
/fp

h
ar.2

0
2
4
.14

72
4
19

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1472419


TABLE 1 (Continued) Study characteristics.

Study
ID

First
author,
year

Part Extraction method Solvent Animal
model

Sex Diet Intervention (n),
dose (mg/kg MW)

Duration
exposed
to GM

Route
administration

Outcome
measures

8 Primiani and
Lestari (2019)

Pericarp Oven drying NR Rats (Rattus
norvegicus), STZ

Male Normal CTRL (6) 36 days (no SD) Oral BG

GM 83.3 mg/kg (6)

GBC 0.09 mg/kg (6)

9 Sunarjo (2020) Rind Maceration NR Wistar rats, STZ Male Normal CTRL (10) 10,14 days (no SD) Oral BG

GM 100 mg/kg (10)

10 Taher et al.
(2016)

Pericarp Maceration Ethanol Sprague–Dawley
rats, STZ

Male Normal CTRL (6) 7, 14, 21, 28 days Oral BG, TC, TG, HDL-
C, LDL-C

GME 50 mg/kg (6)

GME 100 mg/kg (6)

GME 200 mg/kg (6)

GBC 0.5 mg/kg (6)

Note: BG, blood glucose; CTRL, control; GBC, glibenclamide; GM, Garcinia mangostana extract; GMA, aqueous extract ofGarcinia mangostana; GMC, chloroform extract ofGarcinia mangostana; GME, ethanol extract ofGarcinia mangostana; GMH, hexane extract of

Garcinia mangostana; GMM, methanol extract of Garcinia mangostana; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MTF, metformin; NR, not reported; OST, orlistat; STZ, streptozotocin; TC, total cholesterol; TG,

triglyceride.
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3.5 Results of the network meta-analysis

Table 2 and Supplementary Tables S5-S9 present the results of
the NMA for outcomes related to glycemic control and lipid
metabolism. The outcome of blood glucose levels within 2 weeks
was available in six studies, as detailed in Table 2. The three most
effective treatments, namely, GBC60 (WMD: −127.46 mg/dL; 95%
CI: −140.22 to −114.69), GB05 (WMD: −131.49 mg/dL; 95% CI:
−197.37 to −65.61), and GM200 (WMD: −116.25 mg/dL; 95% CI:
−139.52 to −92.98), were more efficacious than control in decreasing
blood glucose levels, as shown. Based on SUCRA, GBC60 was
ranked the most effective, followed by GBC05, GM200, GMA200,
GM100, GMA100, GME200, GME50, GMH18, GME100, MTF100,
and GMC80 (Figure 4).

In comparison to the diabetic control group for a duration more
than 2 weeks, GBC05 revealed significant effectiveness in reducing
the blood glucose level (WMD: −316.50 mg/dL; 95% CI:
−519.59 to −113.42), followed by GME200 (WMD: −216.37 mg/
dL; 95% CI: −371.27 to −61.47), GME400 (WMD: −217.07 mg/dL;
95% CI: −421.98 to −12.15), and GME100 (MD: −186.43 mg/dL;
95% CI: −319.75 to −53.11), as shown in Supplementary Table S5.
Although OLST100, GME50, and GMM400 showed some tendency
toward better performance than the diabetic control group, their
effects were not statistically significant. All treatments (GBC60,
GME200, GME400, GME100, OLST100, GME50, and GMM400)
were ranked based on their SURCA, as illustrated in
Supplementary Figure S1.

For the lipid metabolism improvement, the three most effective
treatments, including GBC60 (WMD: −108.00 mg/dL; 95% CI:

−128.12 to −87.88), GBC05 (WMD: −63.15 mg/dL; 95% CI:
−71.89 to −55.13), and GME200 (WMD: −60.84 mg/dL; 95% CI:
−70.09 to −51.59), demonstrated greater effectiveness than the
diabetic control group in reducing the total cholesterol level (see
Supplementary Table S6). According to the SURCA, GBC60 was
ranked the most effective in reducing TC, followed by GBC05,
GME200, GM200, GME100, GME50, OLST100, and GM100 (see
Supplementary Figure S2). For triglyceride reduction, GBC50
(WMD: −116.22 mg/dL; 95% CI: −154.00 to −78.45), GME200
(WMD: −87.22 mg/dL; 95% CI: −124.98 to −49.47), and GME100
(WMD: −79.38 mg/dL; 95% CI: −110.59 to −48.18) were identified as
the three most effective treatments, as indicated in Supplementary
Table S7. GBC05 was ranked as the most effective in decreasing
triglyceride levels, followed by GME200, GME100, GME50,
OLST1000, GBC50, GM200, GM100, and GMM400, according to
Supplementary Figure S3.

In comparison to the diabetic control group, the outcomes of
LDL-C were available in four studies (see Figure 3). GBC60 (WMD:
−110.00 mg/dL; 95% CI: −136.37 to −83.63), GMM200 (WMD:
−58.00 mg/dL; 95% CI: −82.63 to −33.37), GBC05 (WMD:
−54.07 mg/dL; 95% CI: −72.64 to −35.49), and GME200 (WMD:
−52.45 mg/dL; 95% CI: −71.31 to −33.58) were identified as the three
most effective treatments, whereas GM100 and GMM400 had no
significant treatment effect compared with diabetic control
(Supplementary Table S8). Based on the SURCA, GBC50 was
ranked as the most effective, followed by GM200, GBC05,
GME200, GME50, OLST100, GME100, GM100, and GMM400, as
shown in Supplementary Figure S4. The three most effective
treatments for increasing HDL-C levels were GBC60 (WMD:

FIGURE 2
Risk of bias of the included randomized studies evaluated by the Cochrane RoB2 tool. (A) Risk of bias summary: review authors’ judgments about
each risk of bias item for each included study and (B) risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages
across all included studies.
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11.00 mg/dL; 95%CI: −1.74–23.74), GBC05 (WMD: 5.26mg/dL; 95%
CI: −6.80–17.32), and GM200 (WMD: 5.00 mg/dL; 95% CI:
−7.66–17.66 mg/dL) (see Supplementary Table S9). GBC60 was
ranked the most effective for HDL elevation based on the SURCA,
followed by GBC05, GM200, GMM400, GM100, and GME200,
whereas GME50, GME100, and OLST100 were found to be less
effective than the diabetic control (see Supplementary Figure S5).

3.6 Sensitivity analysis

Sensitivity analysis, by removing the studied with imputed SD,
showed slighted changes in treatment, indicating the robustness of
the primary analysis, as shown in Supplementary Table S10.

3.7 Strength of evidence assessment

All pairwise treatment comparisons of the primary outcome were
assessed for the strength of evidence, and the results are presented in
Supplementary Table S7. Most domains, including within-study bias,
reporting bias, indirectness, and incoherence, were rated as “No
concerns.” However, the proportion of pairwise comparisons rated
as “Some concerns” and “Major concerns” was the highest in
imprecision, followed by heterogeneity (see Supplementary Table
S11). The heterogeneity in this network meta-analysis appears to
be manageable, as most comparisons indicate a low risk of bias with

“No concerns.” However, areas with “Some concerns” should be
addressed with caution. When there are very few trials, as in this
study, the estimation of heterogeneity is limited, and the confidence
intervals may be unreliable (Turner et al., 2012). Overall, the
confidence rating for the estimated treatment effect of primary
outcome was graded as moderate-to-high confidence.

4 Discussion

DM is a metabolic disease characterized by hyperglycemia,
which results from insufficient insulin secretion, resistance to
insulin action, or a combination of both factors. The
abnormalities in carbohydrate, fat, and protein metabolism in
diabetes are attributed to the deficient action of insulin on target
tissues (Mills et al., 2022). The current oral treatment options for
T2DM are categorized into ten classes: 1) sulfonylureas, 2)
meglitinides, 3) metformin (a biguanide), 4) thiazolidinediones
(TZDs), 5) alpha-glucosidase inhibitors, 6) dipeptidyl peptidase
IV (DPP-4) inhibitors, 7) bile acid sequestrants, 8) dopamine
agonists, 9) sodium-glucose transport protein 2 (SGLT2)
inhibitors, and 10) oral glucagon-like peptide 1 (GLP-1) receptor
agonists. In addition, GLP-1 receptor agonists, dual GLP-1 and
glucose-dependent insulinotropic peptide (GIP) receptor agonists,
and amylin can be administered by injection (Babiker and Al
Dubayee, 2017). Metformin, an oral hypoglycemic agent, remains
the first-line treatment for type 2 DM but is associated with adverse

FIGURE 3
Network of eligible comparisons for glycemic control and lipid metabolism (primary and secondary outcomes) and network plots of eligible direct
and indirect comparisons. Each node represents each treatment. Here, the size of the node is proportional to the number of rodents randomized to the
GM treatments, and the width of the line is proportional to the number of trials comparing each pair of treatments. *Primary outcome. †Secondary
outcomes. (A) Glucose (within 2 weeks), (B) glucose (more than 2 weeks), (C) total cholesterol, (D) triglyceride, (E) low-density lipoprotein
cholesterol, and (F) high-density lipoprotein cholesterol.
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TABLE 2 League table showing the results of network meta-analysis comparing the effect of GM treatments in different concentrations on blood glucose level in diabetic rodent models within 2 weeks.

A_GBC60

4.04 (−63.07, 71.14) B_GBC05

−11.21
(−30.87, 8.46)

−15.24 (−85.11,
54.63)

C_GM200

−12.24
(−30.82, 6.34)

−16.27 (−84.91,
52.36)

−1.03 (−28.02,
25.96)

D_GMA200

−19.34
(−44.52, 5.84)

−23.37 (−94.75,
48.01)

−8.13 (−37.50,
21.23)

−7.10 (38.10,
23.90)

E_GM100

−25.56
(−52.68, 1.56)

−29.59 (−101.02,
41.83)

−14.35 (−47.80,
19.09)

−13.32 (−43.96,
17.32)

−6.22 (−42.98,
30.54)

F_GMA100

−41.04
(−78.30, −3.78)

−45.08 (−111.01,
20.85)

−29.84 (−71.87,
12.19)

−28.80 (−68.75,
11.14)

−21.71 (−66.20,
22.79)

−15.48 (−60.05,
29.08)

G_GME200

−45.29
(−73.37, −17.21)

−49.33 (−113.00,
14.34)

−34.09
(−68.25, 0.07)

−33.05
(−64.61, −1.50)

−25.96 (−63.10,
11.19)

−19.73 (−56.97,
17.50)

−4.25 (−31.03,
22.53)

H_GME50

−47.00
(−78.46, −15.55)

−51.04 (−116.73,
14.65)

−35.80
(−72.78, 1.18)

−34.76
(−69.36, −0.17)

−27.67 (−67.43,
12.09)

−21.44 (−61.28,
18.39)

−5.96 (−37.40,
25.48)

−1.71 (−18.71,
15.28)

I_GMH18

−51.83
(−84.20, −19.46)

−55.87
(−120.53, 8.80)

−40.63
(−78.39, −2.86)

−39.59
(−75.02, −4.16)

−32.49
(−72.98, 8.00)

−26.27 (−66.84,
14.29)

−10.79 (−37.83,
16.25)

−6.54 (−25.01,
11.93)

−4.83 (−29.60,
19.94)

J_GME100

−57.45
(−86.32, −28.58)

−61.48
(−125.92, 2.96)

−46.24
(−81.05, −11.43)

−45.21
(−77.47, −12.94)

−38.11
(−75.86, −0.36)

−31.89
(−69.72, 5.94)

−16.40 (−44.98,
12.17)

−12.15
(−23.66, −0.65)

−10.44
(−28.17, 7.29)

−5.61 (−26.60,
15.37)

K_MTF100

−86.24
(−136.61, −35.88)

−90.28
(−166.85, −13.71)

−75.04
(−129.03, −21.04)

−74.00
(−126.39, −21.62)

−66.91
(−122.84, −10.97)

−60.68
(−116.67, −4.70)

−45.20
(−95.56, 5.16)

−40.95
(−83.81, 1.91)

−39.24
(−84.12, 5.64)

−34.41 (−80.90,
12.08)

−28.80 (−71.95,
14.36)

L_GMC80

−127.46
(−140.22, −114.69)

−131.49
(−197.37, −65.61)

−116.25
(−139.52, −92.98)

−115.22
(−134.46, −95.97)

−108.12
(−135.59, −80.65)

−101.90
(−129.48, −74.32)

−86.41
(−121.42, −51.41)

−82.16
(−107.17, −57.16)

−80.45
(−109.20, −51.71)

−75.62
(−105.37, −45.88)

−70.01
(−95.90, −44.12)

−41.21
(−89.94,
7.51)

M_CTRL

GM and drug treatments are ranked in order.

Number below each treatment represents the mean difference (95% confidence interval) in the blood glucose level (mg/dL) between the row and the column.

Note: GBC05, glibenclamide at 0.5 mg/kg body weight; GBC60, glibenclamide at 60 mg/kg body weight; GM100, Garcinia mangostana extract at 100 mg/kg body weight; GM200, Garcinia mangostana extract at 200 mg/kg body weight; GMA100, aqueous extract of

Garcinia mangostana at 100 mg/kg body weight; GMA200, aqueous extract of Garcinia mangostana at 200 mg/kg body weight; GMC80, chloroform extract of Garcinia mangostana at 80 mg/kg body weight; GME50, ethanol extract of Garcinia mangostana at 50 mg/kg

body weight; GME100, ethanol extract of Garcinia mangostana at 100 mg/kg body weight; GME200, ethanol extract of Garcinia mangostana at 200 mg/kg body weight; GMH18, hexane extract of Garcinia mangostana at 18 mg/kg body weight; MTF100, metformin at

100 mg/kg body weight; CTRL, diabetic control. Bold values indicate statistical significance.
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effects such as gastrointestinal disturbances (such as nausea,
vomiting, and diarrhea) and lactic acidosis (Blough et al., 2015;
McCreight et al., 2016). Given these limitations, there is a growing
interest in natural products as alternative therapies due to their
perceived safety, efficacy, and cost-effectiveness.

Garcinia mangostana L., a member of the Clusiaceae family, is
typically found in Southeast Asian countries such as Thailand,
Malaysia, and Indonesia (Bi et al., 2023). In addition to its effects
on blood sugar levels, mangosteen peels provide various general
health benefits due to their rich content of bioactive compounds.
Mangosteen juice has been shown to reduce inflammation and
promote weight loss (Udani et al., 2009). Moreover, mangosteen
extract significantly improved insulin resistance, weight management,
and inflammatory status in obese female patients with insulin
resistance (Watanabe et al., 2018). A 30-day consumption of a
mangosteen-based drink was also found to enhance antioxidant
and anti-inflammatory biomarkers in healthy adults (Xie et al.,
2015). Mangosteen peels have a wide range of biologically active
metabolites such as xanthones, isoflavones, tannins, flavonoids,
procyanidin, benzophenones, and α-, β-, and γ-mangostin
(Songsiriritthigul et al., 2020; Tran et al., 2021; Zheng et al., 2021).
Notably, xanthones emerge as the major phytochemical metabolites.
α-Mangostin, isolated from mangosteen peel and pericarp, exhibits a
broad spectrum of biological and pharmacological activities, including

anti-inflammatory, antioxidant, anti-cancer, anti-obesity, anti-
diabetic, anti-bacterial, anti-ulcerogenic, and anti-angiogenic
activities, in addition to cardioprotective, hepatoprotective, and
neuroprotective effects (Devi Sampath and Vijayaraghavan, 2007;
Gutierrez-Orozco et al., 2013; Shiozaki et al., 2013; Hafeez et al.,
2014; Janhom and Dharmasaroja, 2015; Tsai et al., 2016; Fu et al.,
2018; Sivaranjani et al., 2019; Usman et al., 2021). Another significant
metabolite, γ-mangostin, is a xanthone derivative isolated from the
fruit hull of mangosteen which has anti-cancer, anti-hyperglycemic,
and anti-leptospiral activities (Chang and Yang, 2012; Seesom et al.,
2013; Chen et al., 2021). Although previous studies and reviews have
suggested the anti-diabetic potential of G. mangostana extracts, a
comprehensive systematic review and network meta-analysis (NMA)
evaluating its effect on DM has not been conducted (Tousian Shandiz
et al., 2017; Rizaldy et al., 2022). This study aimed to fill this gap by
performing an NMA to evaluate and compare the hypoglycemic
activity of GM extracts.

The present systematic review and first NMA aimed to evaluate
the hypoglycemic activity of G. mangostana L. (GM) extracts on DM.
A comprehensive literature search resulted in 306 articles, fromwhich
10 studies were selected in the final quantitative synthesis (as shown in
Figure 1). These studies, published since 2016, utilized various parts of
the GM plant, different solvents for extraction, and diverse rodent
models to investigate the effects of GM extracts on DM (summarized

FIGURE 4
Surface under the cumulative ranking curve (SURCA) of each GM or drug treatment for blood glucose improvement within 2 weeks.
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in Table 1). The NMA results revealed significant improvements in
glycemic control with GM extracts compared to controls. The
network plot in Figure 3 illustrates the comparisons made among
different treatments. For blood glucose levels within 2 weeks, the most
effective treatments were GBC60, GBC05, and GM200, which showed
substantial reductions in blood glucose levels (as depicted in Table 2.
The SUCRA values indicated that GBC60 had the highest
effectiveness, followed by GBC05 and GM200, as summarized in
Figure 4. For blood glucose levels more than 2 weeks, GBC05,
GME200, GME400, and GME100 were the most effective
treatments, as summarized in Supplementary Figure S1. The
results suggest that GM extracts have a sustained hypoglycemic
effect over longer durations.

The analysis of lipid profiles revealed that GM extracts also
positively affected the lipid metabolism. The most effective
treatments for reducing total cholesterol levels were GBC60,
GBC05, and GME200, as summarized in Supplementary Table
S6. Similarly, for triglyceride levels, GBC50, GME200, and
GME100 showed the greatest effectiveness (depicted in
Supplementary Table S7). The reduction in LDL-C levels was
most significant with GBC60, GMM200, GBC05, and GME200
(shown in Supplementary Table S8). Additionally, the treatments
with GBC60, GBC05, and GM200 were identified as the most
effective for increasing HDL-C levels (shown in Supplementary
Table S9). The risk of bias assessment, as shown in Figure 2,
indicated that the included studies generally had a low risk of
bias. The strength of evidence, evaluated using the CINeMA
approach, was rated as moderate to high for most outcomes,
with some concerns noted in domains such as imprecision and
heterogeneity, as summarized in Supplementary Table S11.

GME from mangosteen peel demonstrated a significant decrease
in glucose, TG, TC, LDL-C, and free fatty acid levels in mice subjected
to a high-fat diet. Additionally, GME treatment activated the hepatic
AMP-activated protein kinase and Sirtuin 1, which showed anti-
obesity effects (Chae et al., 2016). Similarly, GME from mangosteen
pericarp exhibited notable effects, including decreased fasting blood
glucose and malondialdehyde levels, increased body weight,
improving the islets of Langerhans, and activated insulin secretion
in STZ-induced diabeticmice (Husen et al., 2019). Furthermore, GME
from pericarp was able to reduce serum interleukin-6 (IL-6) and
tumor necrosis factor-α (TNF-α) levels, increase superoxide
dismutase (SOD) activity, and reduce hippocampal nuclear factor-
κB (NF-κB), IL-6, and TNF-α in obese type-2 diabetes mellitusWistar
rats (Muniroh et al., 2021). GME from pericarp also significantly
decreased the levels of TG, TC, low-density lipoprotein (LDL), very
low-density lipoprotein (VLDL), serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvic transaminase
(SGPT), urea, and creatinine compared to STZ-diabetic rats (Taher
et al., 2016). GMH, GMC, and GME from pericarps significantly
reduced the levels of fasting blood glucose andHbA1c in diabetic mice
(Husen et al., 2017). Treatment with GM from mangosteen vinegar
rind (MVR) in HFD/STZ-induced diabetic mice resulted in a
significant decrease in plasma glucose, plasma lipid profile (TC,
TG, and LDL), hepatic lipid profile (TC and TG in liver tissue),
and liver function tests (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)), along with reduced oxidative stress markers
(bilirubin and MDA). Moreover, GM from MVRmarkedly increased
plasma HDL, SOD, and catalase (CAT) levels (Karim et al., 2017).

GMA frommangosteen pericarp treatment in HFD and STZ-induced
diabetic mice significantly reduced fasting plasma glucose level, α-
amylase activity, renal function parameters (kidney hypertrophy,
blood urea nitrogen, and creatinine), and antioxidant parameters
(MDA), whereas GME improved SOD and CAT levels, restored
kidney architectural damage, and decreased the apoptotic cells of
kidney in diabetic mice (Karim et al., 2019). GMM from mangosteen
pericarp significantly decreased blood glucose levels and body mass
index (BMI) in obese rats (Labban et al., 2021). GM frommangosteen
pericarp lowered the blood glucose level and increased
spermatogenesis in STZ-induced diabetic rats (Primiani and
Lestari, 2019). Findings from various studies indicate mangosteen
extracts possess anti-diabetic potential by improving blood glucose
levels, lipid profiles, oxidative stress, and hepatic functions.

The benefit of conducting an NMA in this study is that it allows
for a comprehensive evaluation and comparison of the hypoglycemic
effects of various GM extracts on diabetes mellitus. By synthesizing
data frommultiple studies, the NMAprovides a clearer understanding
of the relative effectiveness of different GM extract treatments on
blood glucose levels and lipid profiles. This approach allows for the
identification of the most effective treatments, such as GM200, as well
as the sustained hypoglycemic effects over longer durations.
Additionally, the NMA addresses variations in study designs, such
as the use of different parts of the GM plant, solvents, and rodent
models, ensuring that the conclusions drawn are robust and applicable
across diverse scenarios. Overall, the NMA offers a powerful tool for
guiding the selection of GM extracts in managing DM by providing a
systematic and quantitative assessment of their effectiveness.

The findings of this study hold significant implications for the
development of natural product-based therapies for diabetes. The
hypoglycemic effects demonstrated by GM extracts suggest the
potential for integrating such natural products into diabetes
treatment protocols, particularly as alternatives or supplements to
conventional therapies like metformin. Given the challenges
associated with current pharmacological treatments, such as side
effects and cost, GM extracts offer a promising, safer, and potentially
more cost-effective solution. Additionally, the antioxidant, anti-
inflammatory, and lipid-lowering properties of GM extracts could
provide broader therapeutic benefits beyond glycemic control,
addressing other metabolic complications common in diabetes
patients, such as dyslipidemia and oxidative stress. However,
applying these findings into human treatments requires further
research, including clinical trials, to determine safety, efficacy,
optimal dosing, and potential long-term effects. These broader
implications highlight the role of natural products in advancing
diabetes treatment, especially in regions where traditional medicine
plays a significant role in health-care practices.

4.1 Strength and limitation of the study

Animal models serve as a basis for the design of pharmacology
research and later studies in humans. Ideally, these models should be
applied to represent the diversity in human diabetic patients (King,
2012). Our study is the first NMA investigating the effects of GM
and GM extracts on diabetes in rodent models. Systematic review
and meta-analysis amalgamate findings from animal experiments,
shedding light on the effectiveness or side effects of a treatment or
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intervention, thereby offering valuable insights for further human
studies (Bahadoran et al., 2020). Although clinical data on the
pharmacological effects of GM and GM extracts in diabetes
treatment are limited, their therapeutic potential is supported by
the hypoglycemic effects observed in this NMA. Furthermore, the
anti-diabetic effects may not be limited to blood glucose levels but
also extend to improvements in TC, TG, LDL-C, and HDL-C.
Traditional medicines derived from plant extracts have
demonstrated effectiveness in preventing and treating DM,
attributed to the presence of numerous bioactive phytochemical
metabolites with diverse beneficial biological effects and minimal
side effects (Usai et al., 2022).

However, there were significant variations in the study designs,
dosages, and animal models used across the included studies. The
studies utilized different parts of the G. mangostana L. plant,
employed various extraction methods, and involved diverse
rodent models, including different species and diabetes induction
methods. The dosages of GM extracts also varied, ranging from 18 to
400 mg/kg body weight. These differences could potentially
influence the outcomes and add heterogeneity to the meta-
analysis. Additionally, some studies had small sample sizes,
which could affect the reliability of the findings. Differences in
study quality, such as varying risk of bias levels, could also contribute
to inconsistencies in the results. Addressing these issues provides a
more nuanced interpretation of the findings and highlights the need
for further research with more standardized designs and larger
sample sizes to validate the results. Therefore, additional
experimental and evidence-based studies are necessary to
determine the effects of plant extracts in managing DM, as well
as to explore the molecular mechanisms of GM and its extracts.

5 Conclusion

Overall, GM and its extracts exhibited promising anti-diabetic
effects and demonstrated an ability to improve lipid profiles in
rodent diabetic models. These findings support the potential of GM
extracts as a complementary treatment for DM. However, the
studies included in this analysis were limited to animal models,
and further research is needed to explore the anti-diabetic effects of
GM and its extracts in human subjects. Although this study offers
valuable references for subsequent research and clinical trials,
further clinical studies are strongly recommended to validate the
anti-diabetic effects of GM and its extracts. This validation process
will contribute to the development of suitable formulations for
diabetes treatment.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Author contributions

MC: conceptualization, data curation, formal analysis, funding
acquisition, investigation, methodology, project administration,

resources, software, validation, visualization, writing–original draft,
and writing–review and editing. AT: formal analysis, methodology,
writing–original draft, and writing–review and editing. PP: data
curation, formal analysis, methodology, resources, validation,
writing–original draft, and writing–review and editing. PW: data
curation, formal analysis, methodology, resources, validation,
writing–original draft, and writing–review and editing. WK: formal
analysis, methodology, and writing–original draft. FK: formal analysis
and writing–review and editing. MI: formal analysis and
writing–review and editing. SC: conceptualization, methodology,
validation, writing–original draft, and writing–review and editing.
SR: methodology, validation, and writing–review and editing. SP:
methodology, validation, and writing–review and editing. RL:
methodology, writing–review and editing, and validation. AP:
visualization, writing–original draft, writing–review and editing,
conceptualization, data curation, formal analysis, investigation,
methodology, project administration, resources, software,
supervision, and validation.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by Center of Excellence Research for Melioidosis and
Microorganisms (CERMM), Walailak University, Nakhon Si
Thammarat, Thailand.

Acknowledgments

The authors would like to thank Center of Excellence Research
for Melioidosis and Microorganisms (CERMM), and School of
Allied Health Sciences, Walailak University for supporting
this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors, and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2024.1472419/
full#supplementary-material

Frontiers in Pharmacology frontiersin.org12

Chatatikun et al. 10.3389/fphar.2024.1472419

https://www.frontiersin.org/articles/10.3389/fphar.2024.1472419/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2024.1472419/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1472419


References

Babiker, A., and Al Dubayee, M. (2017). Anti-diabetic medications: how to make a
choice? Sudan. J. Paediatr. 17, 11–20. doi:10.24911/sjp.2017.2.12

Bahadoran, Z., Mirmiran, P., Kashfi, K., and Ghasemi, A. (2020). Importance of
systematic reviews and meta-analyses of animal studies: challenges for animal-to-
human translation. J. Am. Assoc. Lab. Anim. Sci. 59, 469–477. doi:10.30802/aalas-jaalas-
19-000139

Bi, C., Xu, H., Yu, J., Ding, Z., and Liu, Z. (2023). Botanical characteristics, chemical
components, biological activity, and potential applications of mangosteen. PeerJ 11,
e15329. doi:10.7717/peerj.15329

Blough, B., Moreland, A., and Mora, A., Jr. (2015). Metformin-induced lactic acidosis
with emphasis on the anion gap. Proc. Bayl Univ. Med. Cent. 28, 31–33. doi:10.1080/
08998280.2015.11929178

Chae, H. S., Kim, Y. M., Bae, J. K., Sorchhann, S., Yim, S., Han, L., et al. (2016).
Mangosteen extract attenuates the metabolic disorders of high-fat-fed mice by
activating AMPK. J. Med. Food 19, 148–154. doi:10.1089/jmf.2015.3496

Chang, H. F., and Yang, L. L. (2012). Gamma-mangostin, a micronutrient of
mangosteen fruit, induces apoptosis in human colon cancer cells. Molecules 17,
8010–8021. doi:10.3390/molecules17078010

Chen, S. P., Lin, S. R., Chen, T. H., Ng, H. S., Yim, H. S., Leong, M. K., et al. (2021).
Mangosteen xanthone γ-mangostin exerts lowering blood glucose effect with
potentiating insulin sensitivity through the mediation of AMPK/PPARγ. Biomed.
Pharmacother. 144, 112333. doi:10.1016/j.biopha.2021.112333

Christofilos, S. I., Tsikopoulos, K., Tsikopoulos, A., Kitridis, D., Sidiropoulos, K.,
Stoikos, P. N., et al. (2022). Network meta-analyses: methodological prerequisites and
clinical usefulness. World J. Methodol. 12, 92–98. doi:10.5662/wjm.v12.i3.92

Cunha, B. L., França, J. P., Moraes, A. A., Chaves, A. L., Gaiba, S., Fontana, R., et al.
(2014). Evaluation of antimicrobial and antitumoral activity of Garcinia mangostana L.
(mangosteen) grown in Southeast Brazil. Acta Cir. Bras. 29, 21–28. doi:10.1590/s0102-
86502014001400005

Daryabor, G., Atashzar, M. R., Kabelitz, D., Meri, S., and Kalantar, K. (2020). The
effects of type 2 diabetes mellitus on organ metabolism and the immune system. Front.
Immunol. 11, 1582. doi:10.3389/fimmu.2020.01582

Devi Sampath, P., and Vijayaraghavan, K. (2007). Cardioprotective effect of alpha-
mangostin, a xanthone derivative from mangosteen on tissue defense system against
isoproterenol-induced myocardial infarction in rats. J. Biochem. Mol. Toxicol. 21,
336–339. doi:10.1002/jbt.20199

Fu, T., Li, H., Zhao, Y., Cai, E., Zhu, H., Li, P., et al. (2018). Hepatoprotective effect of
α-mangostin against lipopolysaccharide/d-galactosamine-induced acute liver failure in
mice. Biomed. Pharmacother. 106, 896–901. doi:10.1016/j.biopha.2018.07.034

Gutierrez-Orozco, F., Chitchumroonchokchai, C., Lesinski, G. B., Suksamrarn, S., and
Failla, M. L. (2013). α-Mangostin: anti-inflammatory activity andmetabolism by human
cells. J. Agric. Food Chem. 61, 3891–3900. doi:10.1021/jf4004434

Hafeez, B. B., Mustafa, A., Fischer, J. W., Singh, A., Zhong, W., Shekhani, M. O., et al.
(2014). α-Mangostin: a dietary antioxidant derived from the pericarp of Garcinia
mangostana L. inhibits pancreatic tumor growth in xenograft mouse model. Antioxid.
Redox Signal. 21, 682–699. doi:10.1089/ars.2013.5212

Higgins, J. P. T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al.
(Editors) (2019). Cochrane Handbook for Systematic Reviews of Interventions. 2nd Edn.
Chichester, United Kingdom: John Wiley & Sons.

Husen, S., Hayaza, S., Susilo, R., Setyawan, F., Zuraidah, A., Winarni, D., et al. (2019).
Antioxidant potency of various mangosteen (Garcinia mangostana, L) pericarp extract
fractions onHbA1c and fasting blood glucose level in diabetic mice. IOP Conf. Ser. Earth
Environ. Sci. 259, 012001. doi:10.1088/1755-1315/259/1/012001

Husen, S. A., Kalqutny, S. H., Ansori, A. N. M., Susilo, R. J. K., Alymahdy, A. D., and
Winarni, D. (2017). Antioxidant and antidiabetic activity of Garcinia mangostana L.
pericarp extract in streptozotocin-induced diabetic mice. Biosci. Res. 14, 1238–1245.

Janhom, P., and Dharmasaroja, P. (2015). Neuroprotective effects of alpha-mangostin
on MPP(+)-induced apoptotic cell death in neuroblastoma SH-SY5Y Cells. J. Toxicol.
2015, 919058. doi:10.1155/2015/919058

Karim, N., Jeenduang, N., and Tangpong, J. (2017). Anti-glycemic and anti-
hepatotoxic effects of mangosteen vinegar rind from Garcinia mangostana against
HFD/STZ-induced type II diabetes in mice. Pol. J. Food Nutr. Sci. 68, 163–169. doi:10.
1515/pjfns-2017-0018

Karim, N., Rahman, A., Chanudom, L., Thongsom, M., and Tangpong, J. (2019).
Mangosteen vinegar rind from Garcinia mangostana prevents high-fat diet and
streptozotocin-Induced type II diabetes nephropathy and apoptosis. J. Food Sci. 84,
1208–1215. doi:10.1111/1750-3841.14511

King, A. J. (2012). The use of animal models in diabetes research. Br. J. Pharmacol.
166, 877–894. doi:10.1111/j.1476-5381.2012.01911.x

Kumar, A., Gangwar, R., Ahmad Zargar, A., Kumar, R., and Sharma, A. (2023).
Prevalence of diabetes in India: a review of IDF Diabetes Atlas 10th edition. Curr.
Diabetes Rev. 20, e130423215752. doi:10.2174/1573399819666230413094200

Labban, R. S. M., Alfawaz, H. A., Almnaizel, A. T., Al-Muammar, M. N., Bhat, R. S.,
and El-Ansary, A. (2021). Garcinia mangostana extract and curcumin ameliorate
oxidative stress, dyslipidemia, and hyperglycemia in high fat diet-induced obese
Wistar albino rats. Sci. Rep. 11, 7278. doi:10.1038/s41598-021-86545-z

Lin, L., Chu, H., and Hodges, J. S. (2016). Sensitivity to excluding treatments in
network meta-analysis. Epidemiology 27, 562–569. doi:10.1097/ede.0000000000000482

Mccreight, L. J., Bailey, C. J., and Pearson, E. R. (2016). Metformin and the
gastrointestinal tract. Diabetologia 59, 426–435. doi:10.1007/s00125-015-3844-9

Mills, H., Acquah, R., Tang, N., Cheung, L., Klenk, S., Glassen, R., et al. (2022). Type
2 diabetes mellitus (T2DM) and carbohydrate metabolism in relation to T2DM from
endocrinology, neurophysiology, molecular biology, and biochemistry perspectives.
Evid. Based Complement. Altern. Med. 2022, 1708769. doi:10.1155/2022/1708769

Muniroh, M., Nindita, Y., Karlowee, V., Purwoko, Y., Rahmah, N. D., Widyowati, R.,
et al. (2021). Effect of Garcinia mangostana pericarp extract on glial NF-κB levels and
expression of serum inflammation markers in an obese-type 2 diabetes mellitus animal
model. Biomed. Rep. 15, 63. doi:10.3892/br.2021.1439

Pedraza-Chaverri, J., Cárdenas-Rodríguez, N., Orozco-Ibarra, M., and Pérez-Rojas,
J. M. (2008). Medicinal properties of mangosteen (Garcinia mangostana). Food Chem.
Toxicol. 46, 3227–3239. doi:10.1016/j.fct.2008.07.024

Primiani, C. N., and Lestari, U. (2019). Potency of mangosteen (Garcinia mangostana
L.) pericarp on seminiferous tubules testes streptozotocin-induced diabetic rats. J. Phys.
Conf. Ser. 1217, 012165. doi:10.1088/1742-6596/1217/1/012165

Rizaldy, D., Hartati, R., Nadhifa, T., and Fidrianny, I. (2022). Chemical compounds
and pharmacological activities of mangosteen (Garcinia mangostana L.) – updated
review. Biointerface Res. Appl. Chem. 12, 2503–2516. doi:10.33263/BRIAC122.25032516

Rodríguez, I. A., Serafini, M., Alves, I. A., Lang, K. L., Silva, F. R. M. B., and Aragón, D.
M. (2022). Natural products as outstanding alternatives in diabetes mellitus: a patent
review. Pharmaceutics 15, 85. doi:10.3390/pharmaceutics15010085

Rouse, B., Chaimani, A., and Li, T. (2017). Network meta-analysis: an introduction for
clinicians. Intern. Emerg. Med. 12, 103–111. doi:10.1007/s11739-016-1583-7

Rücker, G., Nikolakopoulou, A., Papakonstantinou, T., Salanti, G., Riley, R. D., and
Schwarzer, G. (2020). The statistical importance of a study for a network meta-analysis
estimate. BMC Med. Res. Methodol. 20, 190. doi:10.1186/s12874-020-01075-y

Seesom, W., Jaratrungtawee, A., Suksamrarn, S., Mekseepralard, C., Ratananukul, P.,
and Sukhumsirichart, W. (2013). Antileptospiral activity of xanthones from Garcinia
mangostana and synergy of gamma-mangostin with penicillin G. BMC Complement.
Altern. Med. 13, 182. doi:10.1186/1472-6882-13-182

Shiozaki, T., Fukai, M., Hermawati, E., Juliawaty, L. D., Syah, Y. M., Hakim, E. H.,
et al. (2013). Anti-angiogenic effect of α-mangostin. J. Nat. Med. 67, 202–206. doi:10.
1007/s11418-012-0645-z

Shurrab, N. T., and Arafa, E.-S. A. (2020). Metformin: a review of its therapeutic
efficacy and adverse effects. Obes. Med. 17, 100186. doi:10.1016/j.obmed.2020.
100186

Sivaranjani, M., Leskinen, K., Aravindraja, C., Saavalainen, P., Pandian, S. K., Skurnik,
M., et al. (2019). Deciphering the antibacterial mode of action of alpha-mangostin on
Staphylococcus epidermidis RP62A through an integrated transcriptomic and
proteomic approach. Front. Microbiol. 10, 150. doi:10.3389/fmicb.2019.00150

Songsiriritthigul, C., Nualkaew, N., Ketudat-Cairns, J., and Chen, C. J. (2020). The
crystal structure of benzophenone synthase from Garcinia mangostana L. pericarps
reveals the basis for substrate specificity and catalysis. Acta Crystallogr. f:struct. Biol.
Commun. 76, 597–603. doi:10.1107/s2053230x20014818

Stone, D. L., and Rosopa, P. J. (2017). The advantages and limitations of using meta-
analysis in human resource management research. Hum. Resour. Manag. Rev. 27, 1–7.
doi:10.1016/j.hrmr.2016.09.001

Sunarjo, L. (2020). Impact of mangosteen rind on TNF-α level of diabetic wound
healing. NeuroQuantology 18, 173–179. doi:10.14704/nq.2020.18.2.NQ20142

Suthammarak, W., Numpraphrut, P., Charoensakdi, R., Neungton, N.,
Tunrungruangtavee, V., Jaisupa, N., et al. (2016). Antioxidant-enhancing property
of the polar fraction of mangosteen pericarp extract and evaluation of its safety in
humans. Oxid. Med. Cell. Longev. 2016, 1293036. doi:10.1155/2016/1293036

Taher, M., Tg Zakaria, T. M. F. S., Susanti, D., and Zakaria, Z. A. (2016).
Hypoglycaemic activity of ethanolic extract of Garcinia mangostana Linn. in
normoglycaemic and streptozotocin-induced diabetic rats. BMC Complement.
Altern. Med. 16, 135. doi:10.1186/s12906-016-1118-9

Tarasuk, M., Songprakhon, P., Chieochansin, T., Choomee, K., Na-Bangchang, K.,
and Yenchitsomanus, P. T. (2022). Alpha-mangostin inhibits viral replication and
suppresses nuclear factor kappa B (NF-κB)-mediated inflammation in dengue virus
infection. Sci. Rep. 12, 16088. doi:10.1038/s41598-022-20284-7

Tatiya-Aphiradee, N., Chatuphonprasert, W., and Jarukamjorn, K. (2019). Anti-
inflammatory effect of Garcinia mangostana Linn. pericarp extract in methicillin-
resistant Staphylococcus aureus-induced superficial skin infection in mice. Biomed.
Pharmacother. 111, 705–713. doi:10.1016/j.biopha.2018.12.142

Frontiers in Pharmacology frontiersin.org13

Chatatikun et al. 10.3389/fphar.2024.1472419

https://doi.org/10.24911/sjp.2017.2.12
https://doi.org/10.30802/aalas-jaalas-19-000139
https://doi.org/10.30802/aalas-jaalas-19-000139
https://doi.org/10.7717/peerj.15329
https://doi.org/10.1080/08998280.2015.11929178
https://doi.org/10.1080/08998280.2015.11929178
https://doi.org/10.1089/jmf.2015.3496
https://doi.org/10.3390/molecules17078010
https://doi.org/10.1016/j.biopha.2021.112333
https://doi.org/10.5662/wjm.v12.i3.92
https://doi.org/10.1590/s0102-86502014001400005
https://doi.org/10.1590/s0102-86502014001400005
https://doi.org/10.3389/fimmu.2020.01582
https://doi.org/10.1002/jbt.20199
https://doi.org/10.1016/j.biopha.2018.07.034
https://doi.org/10.1021/jf4004434
https://doi.org/10.1089/ars.2013.5212
https://doi.org/10.1088/1755-1315/259/1/012001
https://doi.org/10.1155/2015/919058
https://doi.org/10.1515/pjfns-2017-0018
https://doi.org/10.1515/pjfns-2017-0018
https://doi.org/10.1111/1750-3841.14511
https://doi.org/10.1111/j.1476-5381.2012.01911.x
https://doi.org/10.2174/1573399819666230413094200
https://doi.org/10.1038/s41598-021-86545-z
https://doi.org/10.1097/ede.0000000000000482
https://doi.org/10.1007/s00125-015-3844-9
https://doi.org/10.1155/2022/1708769
https://doi.org/10.3892/br.2021.1439
https://doi.org/10.1016/j.fct.2008.07.024
https://doi.org/10.1088/1742-6596/1217/1/012165
https://doi.org/10.33263/BRIAC122.25032516
https://doi.org/10.3390/pharmaceutics15010085
https://doi.org/10.1007/s11739-016-1583-7
https://doi.org/10.1186/s12874-020-01075-y
https://doi.org/10.1186/1472-6882-13-182
https://doi.org/10.1007/s11418-012-0645-z
https://doi.org/10.1007/s11418-012-0645-z
https://doi.org/10.1016/j.obmed.2020.100186
https://doi.org/10.1016/j.obmed.2020.100186
https://doi.org/10.3389/fmicb.2019.00150
https://doi.org/10.1107/s2053230x20014818
https://doi.org/10.1016/j.hrmr.2016.09.001
https://doi.org/10.14704/nq.2020.18.2.NQ20142
https://doi.org/10.1155/2016/1293036
https://doi.org/10.1186/s12906-016-1118-9
https://doi.org/10.1038/s41598-022-20284-7
https://doi.org/10.1016/j.biopha.2018.12.142
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1472419


Tonin, F. S., Rotta, I., Mendes, A. M., and Pontarolo, R. (2017). Network meta-
analysis: a technique to gather evidence from direct and indirect comparisons. Pharm.
Pract. (Granada) 15, 943. doi:10.18549/PharmPract.2017.01.943

Tousian Shandiz, H., Razavi, B. M., and Hosseinzadeh, H. (2017). Review of Garcinia
mangostana and its xanthones in metabolic syndrome and related complications.
Phytother. Res. 31, 1173–1182. doi:10.1002/ptr.5862

Tran, V. A., Thi Vo, T.-T., Nguyen, M.-N. T., Duy Dat, N., Doan, V.-D., Nguyen, T.-
Q., et al. (2021). Novel α-mangostin derivatives from mangosteen (Garcinia
mangostana L.) peel extract with antioxidant and anticancer potential. J. Chem.
2021, 1–12. doi:10.1155/2021/9985604

Tricco, A. C., Lillie, E., Zarin, W., O’brien, K. K., Colquhoun, H., Levac, D., et al.
(2018). PRISMA extension for scoping reviews (PRISMA-ScR): checklist and
explanation. Ann. Intern. Med. 169, 467–473. doi:10.7326/m18-0850

Tsai, S.-Y., Chung, P.-C., Owaga, E. E., Tsai, I. J., Wang, P.-Y., Tsai, J.-I., et al. (2016).
Alpha-mangostin from mangosteen (Garcinia mangostana Linn.) pericarp extract
reduces high fat-diet induced hepatic steatosis in rats by regulating mitochondria
function and apoptosis. Nutr. Metab. 13, 88. doi:10.1186/s12986-016-0148-0

Turner, R. M., Davey, J., Clarke, M. J., Thompson, S. G., and Higgins, J. P. (2012).
Predicting the extent of heterogeneity in meta-analysis, using empirical data from the
Cochrane Database of Systematic Reviews. Int. J. Epidemiol. 41, 818–827. doi:10.1093/
ije/dys041

Udani, J. K., Singh, B. B., Barrett, M. L., and Singh, V. J. (2009). Evaluation of
Mangosteen juice blend on biomarkers of inflammation in obese subjects: a pilot, dose
finding study. Nutr. J. 8, 48. doi:10.1186/1475-2891-8-48

Usai, R., Majoni, S., and Rwere, F. (2022). Natural products for the treatment and
management of diabetes mellitus in Zimbabwe-a review. Front. Pharmacol. 13, 980819.
doi:10.3389/fphar.2022.980819

Usman, F., Shah, H. S., Zaib, S., Manee, S., Mudassir, J., Khan, A., et al. (2021).
Fabrication and biological assessment of antidiabetic α-mangostin loaded nanosponges:
in vitro, in vivo, and in silico studies. Molecules 26, 6633. doi:10.3390/molecules26216633

Watanabe, M., Gangitano, E., Francomano, D., Addessi, E., Toscano, R., Costantini,
D., et al. (2018). Mangosteen extract shows a potent insulin sensitizing effect in obese
female patients: a prospective randomized controlled pilot study. Nutrients 10, 586.
doi:10.3390/nu10050586

Watt, J., Tricco, A. C., Straus, S., Veroniki, A. A., Naglie, G., and Drucker, A. M.
(2019). Research techniques made simple: network meta-analysis. J. Invest. Dermatol.
139, 4–12. doi:10.1016/j.jid.2018.10.028

Xie, Z., Sintara, M., Chang, T., and Ou, B. (2015). Daily consumption of a
mangosteen-based drink improves in vivo antioxidant and anti-inflammatory
biomarkers in healthy adults: a randomized, double-blind, placebo-controlled
clinical trial. Food Sci. Nutr. 3, 342–348. doi:10.1002/fsn3.225

Yani, F., Bellatasie, R., and Fauziah, F. (2021). Antidiabetic potential ofG. mangostana
extract and α-mangostin compounds from mangosteen (Garcinia mangostana Linn.).
EAS J. Pharm. Pharmacol. 3, 94–105. doi:10.36349/easjpp.2021.v03i05.001

Zheng, X., Yang, Y., Lu, Y., and Chen, Q. (2021). Affinity-guided isolation and
identification of procyanidin B2 from mangosteen (Garcinia mangostana L.) rinds and
its in vitro LPS binding and neutralization activities. Plant Foods Hum. Nutr. 76,
442–448. doi:10.1007/s11130-021-00920-9

Frontiers in Pharmacology frontiersin.org14

Chatatikun et al. 10.3389/fphar.2024.1472419

https://doi.org/10.18549/PharmPract.2017.01.943
https://doi.org/10.1002/ptr.5862
https://doi.org/10.1155/2021/9985604
https://doi.org/10.7326/m18-0850
https://doi.org/10.1186/s12986-016-0148-0
https://doi.org/10.1093/ije/dys041
https://doi.org/10.1093/ije/dys041
https://doi.org/10.1186/1475-2891-8-48
https://doi.org/10.3389/fphar.2022.980819
https://doi.org/10.3390/molecules26216633
https://doi.org/10.3390/nu10050586
https://doi.org/10.1016/j.jid.2018.10.028
https://doi.org/10.1002/fsn3.225
https://doi.org/10.36349/easjpp.2021.v03i05.001
https://doi.org/10.1007/s11130-021-00920-9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1472419

	Hypoglycemic activity of Garcinia mangostana L. extracts on diabetes rodent models: A systematic review and network meta-an ...
	1 Introduction
	2 Methods
	2.1 Data sources and search strategy
	2.2 Study selection and outcomes
	2.3 Data extraction and risk of bias assessment
	2.4 Data synthesis and analysis
	2.5 Grading the strength of evidence

	3 Results
	3.1 Search results
	3.2 Study characteristics
	3.3 Risk of bias
	3.4 Evidence of network
	3.5 Results of the network meta-analysis
	3.5 Results of the network meta-analysis
	3.6 Sensitivity analysis
	3.7 Strength of evidence assessment

	4 Discussion
	4.1 Strength and limitation of the study

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


