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Abstract

Context: Metabolic syndrome is characterized by interrelated metabolic abnormalities, including hyperglycemia, dyslipidemia, hypertension, and central
obesity, which collectively increase the risk of cardiovascular disease and type 2 diabetes mellitus. Plant-derived metabolites have been investigated as
potential sources of pharmacological leads, and species of the genus Durio have been used as foods and in traditional medicine.

Aims: To systematically summarize evidence on Durio species, plant parts, extracts, and isolated compounds relevant to metabolic syndrome-related
endpoints.

Methods: PubMed and Scopus were searched on May 28, 2024, for English-language articles published from 2004 to 2024. Records were screened in Covidence
according to predefined eligibility criteria and the PRISMA 2020 framework. Data on plant species, plant part, extraction method, study design, assay or test
method, and reported antidiabetic, antidyslipidemic, antioxidant, and phytochemical findings were extracted.

Results: Forty-five articles were included from 562 records. Direct antidiabetic and antidyslipidemic evidence was mainly reported for D. zibethinus. Antioxidant
activity was also reported for D. zibethinus, D. kutejensis, D. kinabaluensis, and D. oxleyanus. Ninety isolated compounds were identified from Durio species;
however, the metabolic relevance of many of these compounds was inferred from studies conducted outside Durio-derived matrices.

Conclusions: Current evidence suggests that Durio species, particularly D. zibethinus, may influence selected metabolic syndrome-related endpoints in
preclinical and in vitro models. The evidence remains limited by heterogeneous assays, the absence of formal risk-of-bias assessment, and limited clinical data.
Standardized phytochemical profiling, mechanistic studies, toxicity assessment, and controlled in vivo studies are needed.

Keywords: antioxidants; diabetes mellitus; dyslipidemias; phytochemicals; plant extracts.

Resumen

Contexto: El sindrome metabdlico comprende hiperglucemia, dislipidemia, hipertensién y obesidad central, que aumentan el riesgo de enfermedad
cardiovascular y diabetes mellitus tipo 2. Las especies del género Durio se utilizan como alimento y en la medicina tradicional, y sus metabolitos representan
una fuente potencial de compuestos bioactivos.

Objetivos: Resumir sistematicamente la evidencia sobre especies de Durio, extractos y compuestos aislados relacionados con el sindrome metabdlico.

Métodos: Se realizaron bisquedas en PubMed y Scopus el 28 de mayo de 2024 para identificar articulos en inglés publicados entre 2004 y 2024. Los registros se
seleccionaron en Covidence conforme a criterios predefinidos y PRISMA 2020. Se extrajeron datos sobre especie, parte vegetal, método de extraccion, disefio
del estudio, métodos de evaluacion y hallazgos antidiabéticos, antidislipidémicos, antioxidantes y fitoquimicos.

Resultados: Se incluyeron 45 articulos de 562 registros. La evidencia directa de actividades antidiabéticas y antidislipidémicas correspondié principalmente a
D. zibethinus. También se report6 actividad antioxidante en D. zibethinus, D. kutejensis, D. kinabaluensis y D. oxleyanus. Se identificaron 90 compuestos aislados;
sin embargo, su relevancia metabdlica se infirié de estudios fuera de Durio.

Conclusiones: La evidencia disponible sugiere que las especies de Durio, especialmente D. zibethinus, pueden influir en desenlaces relacionados con el sindrome
metabdlico en modelos preclinicos e in vitro. Sin embargo, la evidencia sigue limitada por la heterogeneidad de los ensayos, la ausencia de evaluacién formal
del riesgo de sesgo y la limitada informacidn clinica. Se requieren perfiles fitoquimicos estandarizados, estudios mecanisticos, evaluaciones de toxicidad y
estudios in vivo controlados.

Palabras Clave: antioxidantes; diabetes mellitus; dislipidemias; extractos vegetales; fitoquimicos.
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Abbreviations: ABTS: 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); CUPRAC: cupric reducing antioxidant ca-
pacity; DPPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: ferric reducing antioxidant power; HDL: high-density lipoprotein;
ICs0: half maximal inhibitory concentration; LDH: lactate dehydrogenase; LDL: low-density lipoprotein; MDA:
malondialdehyde; NO: nitric oxide; ORAC: oxygen radical absorbance capacity; PRISMA: preferred reporting items for
systematic reviews and meta-analyses; ROS: reactive oxygen species; SOD: superoxide dismutase; TC: total cholesterol;

TG: triglyceride.

INTRODUCTION

Metabolic syndrome is characterized by elevated
blood pressure, glucose, and triglyceride (TG) levels,
reduced high-density lipoprotein (HDL) cholesterol
levels, and obesity. This combination increases the risk
of mortality associated with type 2 diabetes and cardi-
ovascular diseases (Maloberti et al., 2020). The interna-
tional prevalence of metabolic syndrome ranges from
12.5% to 31.4%, depending on the definition applied
(Noubiap et al., 2022). The reported prevalence varies
depending on the population studied, age group, and
diagnostic criteria used. In agreement with epidemio-
logical studies, the prevalence of metabolic syndrome
in youth globally is approximately 5-7% (Jamali et al.,
2024). According to World Health Organization
(WHO) standards, the diagnosis of metabolic syn-
drome is established if a patient has one marker of in-
sulin resistance and two additional risk factors, such as
obesity, hypertension, elevated TGs, low HDL choles-
terol levels, or microalbuminuria (Grundy et al., 2005).
Management of metabolic syndrome involves dietary
restrictions and pharmaceutical drugs. However,
pharmaceutical drugs are often expensive, poorly tol-
erated, associated with side effects, and lose their long-
term effectiveness over time (Abdulghani & Al-Fay-
yadh, 2024). Plant-derived compounds may provide
pharmacological leads; however, their efficacy and
safety require rigorous experimental and clinical vali-
dation. Thus, medications based on natural com-
pounds can offer quicker and more widespread access
to treatment (Chaachouay & Zidane, 2024).

Durio, a member of the Malvaceae family (formerly
treated as Bombacaceae), is a tropical plant distributed
mainly in tropical regions, especially Southeast Asia
(Huy et al., 2024; Mungmai et al., 2023; Soegeng-
Reksodihardjo, 1962). Durio originated from Southeast
Asia, with high diversity in Borneo (Brown, 1997). The
Durio genus comprises 30 documented species, nine of
which bear edible fruit (Amid et al., 2012). Borneo is
home to 19 Durio species, followed by Sabah, which
hosts 14 (Juarah et al., 2021). All species within the Du-
rio genus are arboreal plants, varying in size, with
larger trees often exhibiting strong buttresses
(Soegeng-Reksodihardjo, 1962).

A well-known species in the Durio genus is the du-
rian (Durio zibethinus), a seasonal fruit native to South-
east Asia, notably Indonesia, the Philippines, Malaysia,
and Thailand (Amid et al, 2012). Apart from D.
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zibethinus, other species that yield edible fruits are D.
kutejensis, D. dulcis, D. oxleyanus, D. grandiflorus, D. tes-
tudinarum, D. graveolens, and D. lowianus (Brown,
1997). Nevertheless, D. zibethinus holds economic sig-
nificance and is cultivated commercially due to its con-
siderable potential in local and global markets (Amid
et al., 2012; Mursyidin et al., 2022). The various prop-
erties of D. zibethinus have been utilized as remedies
for different ailments (Chigurupati et al., 2017). Exten-
sive studies on the pharmacological and chemical
properties of D. zibethinus have been documented.

Available reports have described the phytochemis-
try, nutritional aspects, bioactivity, secondary metabo-
lite content, and active compounds of various Durio
species (Juarah et al., 2021; Manurung et al., 2022). All
parts of the Durio genus, such as the fruit, bark, and
leaves, have long been investigated (Manurung et al.,
2022). However, there is limited research on the poten-
tial of Durio species for treating metabolic syndrome.
Although the nutritional, phytochemical, and antioxi-
dant properties of Durio species have been described,
the extent to which these findings support metabolic
syndrome management remains unclear. A systematic
synthesis is therefore needed to distinguish direct
pharmacological evidence from phytochemical plausi-
bility. To our knowledge, no previous systematic re-
view has comprehensively evaluated the pharmaco-
logical evidence and phytochemical constituents of
Durio species in relation to metabolic syndrome-re-
lated outcomes. This review summarizes studies on
Durio species and their plant parts regarding antidia-
betic, antidyslipidemic, antihypertensive, antioxidant,
and phytochemical effects, and identifies gaps for fu-
ture pharmacological evaluation.

MATERIAL AND METHODS

The review protocol was retrospectively registered
in the Open Science Framework (OSF) to enhance
transparency and provide a publicly accessible record
of the review methodology. The registered protocol is
available at: https://doi.org/10.17605/OSF.JIO/QJVYEF.
The protocol was registered retrospectively in OSF af-
ter completion of the literature screening. No substan-
tive deviations were made to the review question, eli-
gibility criteria, search strategy, study selection, data
extraction, quality assessment approach, or evidence
synthesis after protocol registration. Revisions made
during manuscript preparation were limited to
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clarification of methodological reporting and did not
alter the review methods or eligibility criteria.

Review question and PECO framework

This review aimed to summarize studies on Durio
species and their plant parts in relation to antidiabetic,
antidyslipidemic, antihypertensive, antioxidant, and
phytochemical findings relevant to metabolic syn-
drome. The review question was formulated according
to the PECO framework as follows:

Population (P): in vitro, in vivo, and clinical studies
investigating metabolic syndrome-related conditions
or evaluating antioxidant activity and phytochemical
constituents of Durio species.

Exposure (E): extracts, fractions, isolated com-
pounds, or plant materials derived from Durio species.

Comparator (C): untreated controls, vehicle-treated
groups, positive controls, standard drugs, or compara-
tor treatments when applicable.

Outcome (O): antidiabetic, antidyslipidemic, anti-
hypertensive, antioxidant, and phytochemical findings
relevant to metabolic syndrome research.

The review question was: “What evidence is avail-
able regarding the pharmacological activities, antioxi-
dant properties, and phytochemical constituents of
Durio species that may be relevant to metabolic syn-
drome and its associated disorders?”

Search strategy

Electronic databases, including Scopus and Pub-
Med, were searched on May 28, 2024, to identify stud-
ies on the Durio genus. For PubMed, the search query
was (Durio) AND ((chemical) OR (activity) OR (effect)).
For Scopus, the search query was TITLE-ABS-KEY
((Durio) AND (( chemical) OR (activity) OR (effect)))).

For both databases, publications were restricted to
the period from 2004 to 2024. In Scopus, only docu-
ments categorized as Article and Conference Paper
were included. No restrictions were applied regarding
study design. The literature search was performed on
May 28, 2024. Therefore, the number of records re-
trieved may differ from subsequent searches due to
updates in database indexing and the addition of
newly published articles. All retrieved records were
exported and subsequently screened using Covidence
(www.covidence.org) according to the predefined eli-
gibility criteria.

Only articles published in English were included to
ensure consistent evaluation and interpretation of the
available evidence. This restriction was applied be-
cause English is the predominant language of scientific
publication in the fields of pharmacology,
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phytochemistry, and natural product research, and be-
cause resources for reliable translation and validation
of non-English articles were not available during the
review process. The search period was restricted to
2004-2024 to capture contemporary studies on the
pharmacological activities, antioxidant properties, and
phytochemical constituents of Durio species. This pe-
riod encompasses the majority of modern research on
the genus and reflects advances in phytochemical char-
acterization and biological activity evaluation, thereby
ensuring the relevance of the evidence to current scien-
tific developments.
Eligibility criteria

Inclusion criteria used in this review were: (1)
Articles must be published in English; (2) Samples
must be from the Durio genus, including any species
and any plant parts of the Durio genus; (3) Studies
must investigate the effects of the Durio genus on
metabolic syndrome, focusing on antidiabetic,
antidyslipidemic, antihypertensive, and antioxidant
activities, as well as isolated chemical compounds
from the genus; and (4) The research must include
either in vitro, in vivo, clinical studies, or chemical
compound isolation. Exclusion criteria applied were:
(1) Review articles; (2) Book chapters; (3) Studies
identifying chemical compounds without isolation,
relying solely on MS data or other predictive
information; and (4) Studies outside the inclusion
criteria, classified as incorrect area studies.

Literature screening and data extraction

After retrieving literature from the Scopus and
PubMed databases, the screening and data extraction
process  was  conducted using  Covidence
(www.covidence.org) following the PRISMA protocol.
After automatic duplication removal using Covidence,
the number of articles obtained was 481. Literature
screening was conducted by the first author using
Covidence and was subsequently reviewed by the
second author. Any uncertainties regarding study
eligibility were resolved through discussion and
consensus. Because the review process was not
conducted as an independent dual-reviewer screening
procedure, formal inter-reviewer agreement statistics
were not calculated. Records that did not meet the eli-
gibility criteria were excluded, and the full texts of the
remaining articles were obtained. The full texts were
further reviewed to ensure eligibility, and data from
eligible studies were extracted. Data extraction was
performed by the first author using a standardized ex-
traction form and was supervised by the second au-
thor. Data were extracted from eligible studies using a
standardized extraction form. The extracted
information included bibliographic information (title,
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author, and publication year), study aim, research fo-
cus, plant species, plant part, extraction method, study
design, assay or test method, and the main reported
findings. The extracted findings included information
on dose or concentration, comparator or control
groups, outcome measures, statistical significance, iso-
lated compounds, and other relevant experimental re-
sults when available. Any uncertainties regarding
study interpretation were discussed and resolved

Durio and metabolic syndrome

through consensus. The final dataset, evidence synthe-
sis, and manuscript were subsequently reviewed by all
authors. This systematic review was conducted and re-
ported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement (Page et al., 2021). The
PRISMA flow diagram and overview review method-
ology are shown in Fig. 1.
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References from other sources (n = 0)
Citation searching (n = 0)
Grey literature (n = 0)
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=
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Marked as ineligible by automation tools (n = 0)
Other reasons (n = 0)
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| Studies sought for retrieval (n = 78)
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Studies included in review (n = 45)

=
=
]
=
=

Studies excluded (n = 33)
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|| Eligibility || Screening || Key words

4
4

Step. 2 4

Analysis

The Durio genus exhibits pharmacological
activities relevant to metabolic syndrome,
including antidiabetic, antidyslipidemic, and
antioxidant effects, as well as chemical
constituents isolated from the Durio genus and
their roles in metabolic syndrome

4

Step. 3 <

| Summary ||

The Durio genus and its bioactive compounds
have diverse therapeutic applications for
managing metabolic syndrome

Figure 1. (A) PRISMA flow diagram; (B) Overview review methodology.
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Quality assessment

Because the included studies were heterogeneous,
a single validated risk-of-bias tool was not applied
across all study types. The adapted checklist was there-
fore used to assess reporting quality and methodolog-
ical transparency. These scores were interpreted de-
scriptively and were not considered equivalent to for-
mal risk-of-bias or certainty-of-evidence assessments.
The checklist was adapted from general critical ap-
praisal and reporting principles recommended by the
Joanna Briggs Institute (JBI) and the ARRIVE guide-
lines. The assessment evaluated: (i) species identifica-
tion, (ii) plant part reporting, (iii) extraction method
description, (iv) experimental model or assay descrip-
tion, (v) outcome reporting, (vi) isolated compound re-
porting (when applicable), (vii) comparator/control
reporting (when applicable), and (viii) statistical anal-
ysis reporting (when applicable). The checklist was de-
signed to evaluate the completeness of study reporting
rather than methodological validity or risk of bias.

Each criterion was scored as “Yes” (1 point), “No”
(0 points), or “Not Applicable” (N/A). Criteria related
to isolated compounds were considered not applicable
for studies exclusively evaluating pharmacological ac-
tivities, whereas comparator/control and statistical
analysis criteria were considered not applicable for
studies solely focused on phytochemical isolation and
compound characterization. Quality scores were calcu-
lated as the percentage of fulfilled criteria relative to
the total number of applicable criteria. Because no uni-
versally accepted scoring system exists for adapted
quality assessment checklists used in heterogeneous
phytochemical and preclinical studies, percentage-
based categories were used for descriptive purposes.
For descriptive purposes, studies were categorized as
having high (>70%), moderate (50-69%), or low (<50%)
reporting quality according to the percentage of appli-
cable reporting criteria fulfilled (Lazzarini et al., 2022).
The reporting quality assessment was used to support
evidence interpretation and identify reporting and
methodological limitations among the included stud-
ies. It should not be interpreted as a formal assessment
of methodological quality or risk of bias.

Evidence synthesis

Due to heterogeneity of study designs, interven-
tions, and outcome measures, a quantitative meta-
analysis was not performed, and findings were synthe-
sized narratively among the included studies with re-
spect to study design, experimental models, assay
methods, outcomes, and reported measures. The in-
cluded studies were initially categorized according to
their primary research focus, namely antidiabetic, an-
tidyslipidemic, antioxidant, and phytochemical inves-
tigations.  Antidiabetic =~ studies were further
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subgrouped based on the experimental model (in vitro
or in vivo). Antioxidant studies were organized accord-
ing to plant species and experimental model (in vitro or
in vivo), whereas antidyslipidemic studies were syn-
thesized as a single category because all identified
studies employed in vivo models. Phytochemical inves-
tigations were evaluated separately with particular
emphasis on isolated compounds. As no studies di-
rectly reported the pharmacological activities of iso-
lated compounds from Durio species against metabolic
syndrome-related conditions, especially diabetes,
dyslipidemia, and hypertension, evidence regarding
the biological activities of these compounds was addi-
tionally retrieved from studies beyond the Durio genus
to provide a broader understanding of their potential
therapeutic relevance. Within each category, findings
were compared and interpreted according to experi-
mental approaches, plant parts, extraction methods,
plant species, and reported pharmacological activities.

RESULTS

Study selection and quality assessment

A total of 562 articles were obtained from Scopus (n
= 387) and PubMed (n = 175) using the search terms.
After removing duplicates, 481 studies were carefully
screened for eligibility, resulting in 45 articles included
in the systematic review. These studies, published
between 2005 and 2024, had the highest publication
counts observed in 2016 and 2020, with five articles
each year. The distribution of publications is shown in
Fig. 2. The classification of these articles was as follows:
Q1 (31.1%), Q2 (22.2%), Q3 (24.4%), Q4 (17.8%), and
proceedings (4.4%). The studied species included D.
zibethinus, D. kutejensis, D. oxleyanus, D. carinatus, D.
affinis, and D. kinabaluensis, and their plant parts,
especially fruits, leaves, bark, roots, twigs, and
brushwood. The topics covered included antidiabetic,
antidyslipidemic, and antioxidant activities, as well as
isolated chemical compounds. Study designs
encompassed in vitro and in vivo evaluations and
chemical compound isolation.

6

5

2021 I
2022 I
2023 I
2024 I

o — N w B
2005 N
2006 N
2007 N
2008 N
0 I
1 I

2004

Figure 2. Publication year distribution.

The reporting quality assessment indicated that
most included studies achieved high reporting scores
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based on the adapted checklist rather than a formal
risk-of-bias assessment. Of the 45 studies evaluated, 41
achieved high reporting scores, three achieved
moderate reporting scores, and one achieved a low
reporting score. The most consistently reported items
were species identification, plant part, extraction
method, experimental model, and outcome measures.
Lower scores were generally associated with
incomplete reporting of comparator/control condi-
tions or statistical analysis, indicating methodological
and reporting limitations that may affect the reliability
and interpretation of the findings. The reporting qual-
ity category (high, moderate, or low) assigned to each
study is presented in the corresponding evidence ta-
bles (Tables 1-3). These categories reflect reporting
completeness according to the adapted checklist and
should not be interpreted as measures of methodolog-
ical quality or low risk of bias.

Antidiabetic

In alloxan-induced diabetic rats, D. zibethinus fruit
peel extract reduced blood glucose by 16.55%, 35.09%,
and 50.19% at 125, 250, and 500 mg/kg, respectively,
whereas glibenclamide reduced blood glucose by
41.90% at 0.45 mg/kg. Because no direct statistical
comparison of superiority was reported and the dosing
contexts differed, these data should be interpreted as
evidence of dose-related antihyperglycemic activity ra-
ther than superiority over glibenclamide (Muhtadi et
al., 2016). In addition, consumption of durian, either
alone or in combination with B-glucan, significantly
improved postprandial glycemic responses compared
with the control group, although no significant differ-
ences were observed in the incremental area under the
curve (1IAUC) (Aziz et al., 2020).

Among the in vitro studies, roots and twigs exhib-
ited the strongest a-glucosidase inhibitory activity,
whereas leaves showed no detectable inhibition. Root
and twig extracts showed lower half maximal inhibi-
tory concentration (ICsg) values than acarbose in the a-
glucosidase inhibition assay (Evary etal., 2019). The in-
hibitory activity of durian root extracts differed ac-
cording to extraction solvent, with the ethanolic extract
exhibiting substantially greater a-glucosidase inhibi-
tory activity than the ethyl acetate and n-hexane ex-
tracts (Evary & Nur, 2018). Fruit rind extracts exhibited
weaker a-amylase and a-glucosidase inhibitory activi-
ties than root and twig extracts. Among the tested frac-
tions, the chloroform fraction showed the highest ac-
tivity, although all exhibited lower inhibitory activity
than acarbose (Tran et al., 2024). Other studies in dif-
ferent cultivars have shown that the Mon-thong durian
variety had greater a-glucosidase inhibitory activity
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than the Chanee variety. Conversely, the Chanee variety
was found to be more effective than the Mon-thong va-
riety in terms of amylase and lipase inhibitory activi-
ties (Temviriyanukul et al., 2021). The hypoglycemic
activity of durian was also influenced by different ripe-
ness stages of fruit. In HepG2 cells, extracts from ma-
ture, ripe, and overripe fruits exhibited greater glu-
cose-lowering effects than extracts from immature and
young fruits (Pasko et al., 2019). The antidiabetic activ-
ities of Durio species identified in the included studies
are summarized in Table 1.

Antidyslipidemic

In vivo studies were reported to demonstrate that
dietary supplementation with D. zibethinus improved
lipid profiles in cholesterol-fed rats, primarily through
reductions in total cholesterol (TC) and low-density
lipoprotein (LDL), while exerting minimal effects on
high-density lipoprotein (HDL) and triglyceride (TG)
levels (Haruenkit et al., 2007). Cultivar-dependent dif-
ferences in antidyslipidemic activity were observed,
with Mon-thong consistently producing greater reduc-
tions in TC and LDL than Chanee and Kan-yao (Leon-
towicz et al., 2008). When compared with other tropical
fruits, D. zibethinus exhibited stronger lipid-lowering
activity than snake fruit (Salacca edulis) and mango-
steen (Garcinia mangostana) in cholesterol-fed rats (Gor-
instein et al., 2011). In contrast, another study reported
only modest effects on TC and LDL, whereas TG levels
were significantly reduced following durian supple-
mentation (Poovarodom et al., 2013). Consistent with
these findings, groups given cholesterol and different
ripe durians exhibited reduced plasma lipid levels (Le-
ontowicz et al., 2007; 2011). Ripe durian exhibited the
strongest antidyslipidemic effect among the different
maturity stages, reducing TG levels (p<0.05). Histo-
pathological examination showed that rats receiving
ripe durian exhibited the least aortic intimal damage
compared with those receiving cholesterol, young, ma-
ture, or overripe durian. In the liver, the fat density per
100 hepatocytes was in the following order: cholesterol
> young durian fruit > overripe durian fruit > mature
durian fruit > ripe durian fruit > control (Leontowicz
et al., 2011). Durian peel extract exhibited dose-de-
pendent antihypercholesterolemic activity, with
higher doses producing cholesterol-lowering effects
comparable to the reference drug cholestyramine (Mu-
htadi et al., 2016). Chanee exhibited greater lipase inhib-
itory activity than Mon-thong (Temviriyanukul et al.,
2021). The antihyperlipidemic activities of Durio spe-
cies identified in the included studies are summarized
in Table 2.
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Table 1. Antidiabetic activities of Durio species relevant to metabolic syndrome

Durio and metabolic syndrome

Species

Plant part

Extract/fraction

Assay/model

Main findings

Reporting
quality

Reference

In vivo

D. zibethinus

Fruit peel

Ethanol
(96%):acetone extract
(4:1)

Alloxan-induced
diabetic rats

Reduced blood glucose levels by 16.55%,
35.09%, and 50.19% at doses of 125, 250,
and 500 mg/kg BW, respectively;
glibenclamide reduced blood glucose by
41.90% at a dose of 0.45 mg/kg BW

High

(Muhtadi et al.,
2016)

D. zibethinus
(D24 variety)

Fruit

Acetone-water
extract (70:30)

Postprandial
glycaemic
response

Durian consumption significantly
reduced postprandial glucose levels to
8.35,7.82, and 8.00 mmol/L at 30, 60, and
90 min, respectively, and to 8.10 mmol/L
at 120 min compared with the control
(10.00 mmol/L) and f-glucan groups
(9.51 mmol/L). Combined durian and g-
glucan treatment significantly reduced
glucose levels to 8.19, 7.99, and 8.34
mmol/L at 60, 90, and 120 min,
respectively, although no significant
differences in iAUC were observed
among groups

High

(Aziz et al., 2020)

In vitro

D. zibethinus

Roots, twigs,
leaves and
inner fruit
barks

Ethanol 70% extract

a-Glucosidase
inhibition assay

Roots, twigs, and inner fruit bark showed
a-glucosidase inhibitory activity with ICso
values of 0.58, 1.55, and 64.43 ug/mL,
respectively, whereas leaves showed no
inhibitory activity. Root and twig extracts
were more potent than acarbose (ICso =
781.63 pg/mL)

High

(Evary et al., 2019)

D. zibethinus

Roots

n-Hexane, ethyl
acetate, and ethanol
extract

a-Glucosidase
inhibition assay

Ethanol, ethyl acetate, and n-hexane
extracts had ICso values of 3.346, 23.693,
and 119.84 pg/mL, respectively

High

(Evary & Nur, 2018)

D. zibethinus

Fruit rind

Ethanol extract,
chloroform, ethyl
acetate, and aqueous
fraction

a-Amylase and a-
glucosidase
inhibition assay

Ethanol extract, chloroform, ethyl
acetate, and aqueous fractions inhibited
a-amylase with ICs values of 940.02,
685.76,803.28, and 1018.56 pug/mL,
respectively, and a-glucosidase with ICso
values of 888.77, 441.10, 590.56, and
712.29 pg/mL, respectively. Chloroform
fraction exhibited the strongest
inhibitory activity, although all fractions
were less potent than acarbose (ICso =
105.80 pg/mL for a-amylase and 291.63
ug/mL for a-glucosidase)

High

(Tran et al., 2024)

D. zibethinus
(Chanee and
Mon-thong var.)

Fruit

Methanol, acetone
and water extract
(2:2:1)

a-Amylase and a-
glucosidase
inhibition assay

Chanee exhibited higher a-amylase
inhibitory activity (13.68%) than Mon-
thong (5.79%) at a concentration of 0.05
mg/mL, whereas Mon-thong showed
greater a-glucosidase inhibition (20.16%)
than Chanee (17.34%) at a concentration
of 0.05 mg/mL

High

(Temviriyanukul et
al., 2021)

D. zibethinus

Fruit Pulp at
different
ripening
stages
(immature,
young,
mature, ripe,
and overripe)

Methanol extract

HepG2 glucose
uptake

Overripe, ripe, and mature extracts
significantly reduced glucose levels in
the culture medium to 2.1,2.1,and 2.2
mM, respectively, compared with
immature and young (2.7 and 2.7 mM),
indicating enhanced glucose utilization
in HepG2 cells

High

(Pasko et al., 2019)

Note: Fruit refers to the edible portion unless otherwise specified. Reporting quality categories were assigned according to the adapted quality assessment framework described in the Methods
(Quality assessment subsection): High >70%, Moderate 50-69%, and Low <50% of applicable reporting criteria fulfilled. These categories reflect reporting completeness and should not be

interpreted as formal risk-of-bias judgments.
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Table 2. Antihyperlipidemic activities of Durio species relevant to metabolic syndrome.

Durio and metabolic syndrome

Species

Plant part

Extract/fraction

Assay/model

Main findings

Reporting
quality

Reference

In vivo

D. zibethinus
(Mon-thong
var.)

Fruit

Lyophilized fruit
Pulp

Diet-induced
cholesterol rats

Compared with the cholesterol
group (TC: 2.69 mM/L; LDL: 1.25
mM/L), the durian-supplemented
group exhibited lower TC (2.29
mM/L) and LDL (0.98 mM/L). HDL
remained comparable between
groups (1.44 vs. 1.31 mM/L), while
TG levels were not significantly
different (0.76 vs. 0.73 mM/L)

High

(Haruenkit et al.,
2007)

D. zibethinus
(Kan-yao,
Chanee, and
Mon-thong
var.)

Fruit

Lyophilized fruit

Diet-induced
cholesterol rats

Compared with the cholesterol
group, Kan-yao, Chanee, and Mon-
thong cultivars reduced TC by
8.7%, 10.3%, and 16.1%,
respectively, and LDL by 20.1%,
23.5%, and 31.3%, respectively.
Mon-thong exhibited the greatest
lipid-lowering effect

Moderate

(Leontowicz et al.,
2008)

D. zibethinus

Fruit

Lyophilized fruit

Diet-induced
cholesterol rats

Reduced TC and LDL-cholesterol
by 12.1% and 13.3%, respectively,
compared with the cholesterol-
fed group

Moderate

(Gorinstein et al.,
2011)

D. zibethinus

Fruit

Lyophilized fruit

Diet-induced
cholesterol rats

Compared with the cholesterol
group, durian-supplemented
diets reduced TC (2.1 vs. 2.0
mM/L) and LDL (1.6 vs. 1.5 mM/L),
while significantly lowering TG
levels (1.9 vs. 1.4 mM/L; 26.3%)

High

(Poovarodom et
al., 2013)

D. zibethinus
(Mon-thong
var.)

Fruit at

different
ripening
stages

(mature,
ripe, and
overripe)

Lyophilized fruit

Diet-induced
cholesterol rats

Compared with the cholesterol
group, mature, ripe, and overripe
durian reduced TC by 8.4%,
15.3%, and 10.5%, respectively,
and LDL by 22.6%, 35.5%, and
24.7%, respectively. Ripe fruit
exhibited the greatest lipid-
lowering effect

High

(Leontowicz et al.,
2007)

D. zibethinus
(Mon-thong
var.)

Fruit at
different
ripening
stages
(young,
mature,
ripe, and
overripe)

Lyophilized fruit

Diet-induced
cholesterol rats

Compared with the cholesterol
group, ripe durian reduced TC
and LDL by 4.8% and 6.3%,
respectively, although these
changes were not statistically
significant. TG levels were
significantly reduced by 26.3%
(p<0.05). Histopathological
evaluation showed that ripe
durian provided the greatest
protection against aortic
atherosclerotic lesions and
hepatic lipid accumulation
compared with young, mature,
and overripe fruits

High

(Leontowicz et al.,
2011)

D. zibethinus

Fruit peel

Ethanol
(96%):acetone
extract (4:1)

High-fat diet-
induced rats

Reduced cholesterol levels by
12.36%, 35.79%, and 35.82% at
doses of 125, 250, and 500 mg/kg
BW, respectively; cholestyramine
reduced cholesterol by 34.20% at
adose of 0.8 g/kg B

High

(Muhtadi et al.,
2016)

In vitro

D. zibethinus
(Chanee and
Mon-thong
var.)

Fruit

Methanol, acetone
and water extract
(2:2:1)

Lipase
inhibition assay

At 0.1 mg/mL, Chanee exhibited
greater lipase inhibitory activity
(71.64%) than Mon-thong
(25.09%)

High

(Temviriyanukul
etal.,2021)

Note: Fruit refers to the edible portion unless otherwise specified. Reporting quality categories were assigned according to the adapted quality assessment framework described
in the Methods (Quality assessment subsection): High (>70%), Moderate (50-69%), and Low (<50%) of applicable reporting criteria fulfilled. These categories reflect reporting
completeness and should not be interpreted as formal risk-of-bias judgments.
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Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome

Durio and metabolic syndrome

Species Plant part Extract/ Assay/model Main findings Reporting | Reference

fraction quality

In vitro

D. zibethinus Fruit skin Methanol DPPH At 1000 ppm, fruit skin extracts from Kampung High (Hussin et

(Kampung and | and seed extract and D25 cultivars exhibited DPPH scavenging al., 2013)

D24 var.) activities of 95.33% and 94.63%, respectively,

while seed extracts showed activities of 94.35%
and 94.84%, respectively, comparable to
ascorbic acid (96.87%) and butylated
hydroxytoluene (95.66%)

D. zibethinus Fruit (pulp, Ethanol DPPH Seed, white fruit-hull, and green fruit-hull High (Mungmai et
seed, white extract (pulp extracts exhibited antioxidant activity with I1Cs al., 2023)
fruit-hulls and seed) and values of 0.08, 0.18, and 0.31 mg/mL,
and green polysaccharid respectively, whereas no activity was detected
fruit-hulls) e extracts in the pulp extract. All extracts were less potent

(white and than L-ascorbic acid (ICso = 0.002 mg/mL)
green fruit-
hulls)
D. zibethinus Fruit peel Peel extract Meat preservation | At 9%, peel extract significantly improved High (Ramli et al.,
and seed and seed model (DPPH, DPPH and ABTS antioxidant activities, while 2021)
extract ABTS, and 9% seed extract significantly enhanced ABTS
(extraction reducing power scavenging activity and reducing powerin a
solvent not assays) meat preservation model. Lower
specified) concentrations (3 and 6%) showed no
significant effects. Peel extracts exhibited
stronger DPPH antioxidant activity than seed
extracts

D. zibethinus Roots, Ethanol 70% DPPH Roots, twigs, inner fruit bark, and leaves High (Evary et al.,
twigs, extract showed antioxidant activity with ICs values of 2019)
leaves and 18.54,96.65, 313.79, and 254.73 pug/mL,
inner fruit respectively. All extracts were less potent than
barks vitamin C (ICso = 5.05 pg/mL)

D. zibethinus Fruit Methanol f-Carotene Mon-thong exhibited the highest antioxidant Moderate (Leontowicz

(Kan-yao, extract of linoleic acid and activity, followed by Chanee and Kan-yao, in et al., 2008)

Chanee, and defatted DPPH both DPPH and B-carotene bleaching assays

Mon-thong lyophilized

var.) fruit

D. zibethinus Fruit 60% Methanol FRAP, CUPRAC, FRAP, CUPRAC, and ABTS values were highest High (Toledo et

(Mon-thong, extract of and ABTS in Mon-thong (260.8, 1,075.6, and 2,352.7 uM al., 2008)

Chanee, Kan- defatted TE/100 g FW), followed by Chanee (232.1,955.4,

yao, Pung- lyophilized and 2,091.4 uM TE/100 g FW), Pung-manee

manee and fruit (224.9,924.9, and 2,020.4 uM TE/100 g FW),

Kra-dum var.) Kan-yao (204.7,845.5,and 1,843.6 pM TE/100 g

FW), and Kra-dum (197.4, 806.5, and 1,773.2 uM
TE/100 g FW), respectively

D. zibethinus Fruit 90% Ethanol H202-induced Mon-thong pulp extract reduced H,0--induced High (Chingsuwan

(Chanee and extract U937 oxidative ROS formation by 18% and 30% at 20 and 40 rote et al.,

Mon-thong stress model mg/mL, respectively, whereas Chanee reduced 2016)

var.) (ROS assay) ROS production by 21% at 40 mg/mL in U937

cells

D. zibethinus Fruit Ethanol DPPH, FRAP, and DPPH, FRAP, and ORAC values were 8, 16, and High (Charoenkiat

(Mon-thong, extract ORAC 62 umol TE/g DM for Mon-thong; 4, 11, and 72 kul et al.,

Chanee, Kob- umol TE/g DM for Chanee; 6, 16, and 73 umol 2016)

ta-kam and TE/g DM for Kob-Ta-Kam; and 6, 16, and 67

Kra-dumvar.) umol TE/g DM for Kra-dum, respectively

D. zibethinus Fruit Methanol, DPPH, FRAP, and DPPH, FRAP, and ORAC values were 0.05, High (Temviriyanu

(Chanee and acetone, and ORAC 160.88, and 382.47 umol TE/g extract for kul et al.,

Mon-thong water extract Chanee; and 0.04, 77.40, and 259.55 umol TE/g 2021)

var.) (2:2:1) extract for Mon-thong, respectively

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(4): 9



https://jppres.com/

Nor et al.

Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome (continued...)

Durio and metabolic syndrome

Species Plant part Extract/ Assay/model Main findings Reporting | Reference
fraction quality

D. zibethinus Fruit pulp, 95% Ethanol ABTS, NO, Mon-thong pulp, Mon-thong peel, Mon-thong High (Charoenphu

(Chanee and inner peel extract superoxide seed, Chanee pulp, Chanee peel, and Chanee n&

Mon-thong and seed radical, hydroxyl seed exhibited antioxidant activity. ABTS Klangbud,

var.) radical radical scavenging activity showed SCs, values 2022)

scavenging, and of 16.43, 18.03, 13.85, 25.11, 10.48, and 6.83

metal chelating ug/mL, respectively. NO scavenging activity

assays exhibited SCs values of 357.70, 145.80, 57.08,
573.30, 351.90, and 256.30 ug/mL, respectively.
Superoxide radical scavenging activity showed
SCso values of 60.25, 82.73, 88.55, 132.00,
118.10, and 167.90 pug/mL, respectively.
Hydroxyl radical scavenging activity exhibited
SCso values of 193.40, 129.90, 2.28, 120.10,
612.50, and 101.90 pg/mL, respectively. Metal
ion chelating activity showed SCs values of
466.00, 175.40, 90.77, 508.60, 524.60, and 53.60
ug/mL, respectively

D. zibethinus Fruit 96% Ethanol DPPH DPPH radical scavenging activity was greatest High (Chua &Lee,

(Kampung, extract in cultivar Kampung (4.88 mg/g), followed by 2020)

D197, and D197 (6.55 mg/g) and D101 (7.45 mg/g)

D101 var.)

D. zibethinus Fruit at Methanol DPPH and ABTS Ripe fruit exhibited the highest antioxidant High (Leontowicz

(Mon-thong different extract of capacity, with DPPH and ABTS values of etal., 2007)

var.) ripening lyophilized approximately 260 and 2,350 uM TE/100 g FW,

stages fruit respectively, followed by overripe (210 and
(mature, 1,850 uM TE/100 g FW) and mature fruits (x150
ripe, and and 1,400 uM TE/100 g FW).

overripe)

D. zibethinus Fruit at Methanol, DPPH, CUPRAC, In methanolic extracts, CUPRAC, DPPH, ABTS, High (Haruenkit et

(Mon-thong different water, and FRAP, and ABTS and FRAP values increased from 17.3-29.3, 4.6- al., 2010)

var.) ripening acetone 10.0, 12.4-44.1, and 10.3-17.0 pumol TE/g DW,

stages extract of respectively, from immature to overripe fruits.
(immature, lyophilized Water extracts exhibited CUPRAC values of
mature, fruit 17.0-22.9, DPPH values of 4.8-5.8, ABTS values
ripe, and of 32.1-40.0, and FRAP values of 14.1-40.0
overripe) umol TE/g DW. Acetone extracts showed
comparatively lower antioxidant activities,
with CUPRAC values of 5.0-7.1 and ABTS values
of 3.8-4.9 umol TE/g DW
D. zibethinus Fruit at Methanol DPPH, CUPRAC, DPPH values were 3.05, 3.45, 6.79, 7.48, and High (Pasko et al.,
different extract of FRAP, and ABTS 8.27 umol TE/g DW; CUPRAC values were 14.2, 2019)
ripening lyophilized 16.2,21.8,25.8, and 32.6 umol TE/g DW; FRAP
stages fruit values were 8.7,10.4,11.9, 15.8, and 18.5 umol
(immature, TE/g DW; and ABTS values were 9.8, 12.0, 21.0,
young, 32.7,and 46.5 pumol TE/g DW for immature,
mature, young, mature, ripe, and overripe fruits,
ripe, and respectively
overripe)

D. zibethinus Fruit at 50% DMSO DPPH, CUPRAC, DPPH values were 1.30,0.53, 1.12, and 1.54 uM High (Leontowicz

(Mon-thong different extract of FRAP, and ABTS TE/g; CUPRAC values were 1.01, 1.11, 2.21, and etal.,2011)

var.) ripening lyophilized 2.42 uM TE/g; FRAP values were 5.10, 3.92, 5.87,

stages fruit and 1.11 uM TE/g; and ABTS values were 23.49,
(young, 12.66, 11.06, and 27.41 pM TE/g for young,
mature, mature, ripe, and overripe fruits, respectively
ripe, and

overripe)

D. zibethinus Fruit Hydrophilic ORAC ORAC value was 18.38 umol TE/g FW, Low (Isabelle et
extract of corresponding to 2849 umol TE per 155 g al., 2010)
freeze-dried serving size
fruit
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Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome (continued...)

Durio and metabolic syndrome

Species Plant part Extract/ Assay/model Main findings Reporting | Reference
fraction quality

D. zibethinus Fruit Hydrolyzed DPPH, CUPRAC, Hydrolysed extracts exhibited CUPRAC, ABTS, High (Gorinstein

(Mon-thong and non- FRAP, and ABTS DPPH, and FRAP values of 27.46, 39.98, 6.81, etal.,2010)

var.) hydrolyzed and 23.22 uM TE/g d.w., respectively. Non-
methanolic hydrolysed extracts exhibited CUPRAC, ABTS,
extracts of DPPH, and FRAP values of 3.58, 4.39, 3.27, and
lyophilized 2.48-6.18 UM TE/g d.w., respectively
fruit

D. zibethinus Fruit Conjugated DPPH, CUPRAC, The 60% methanol-HCl extract (conjugated Moderate (Gorinstein

(Mon-thong and FRAP, and ABTS polyphenols) consistently showed the highest etal.,2011)

var.) unconjugated antioxidant activity, whereas the remaining
polyphenol extracts displayed lower activities depending
extracts on the extraction solvent and assay employed
(methanol-

HCl,
methanol,
water,
acetone, and
hexane
extracts)

D. zibethinus Fruit peel Ethanol DPPH Ethanol extract, chloroform fraction, and ethyl High (Muhtadi et
extract, n- acetate fraction exhibited antioxidant activity al., 2014)
hexane, with ICs values of 28.83, 32.81, and 14.91
chloroform, mg/mL, respectively, compared with vitamin E
ethyl acetate, (ICs0 = 8.48 mg/mL)
and
methanol-
water fraction

D. zibethinus Fruit Free and total DPPH and ABTS Total and free polyphenol extracts exhibited High (Haruenkit et

(Mon-thong polyphenol antioxidant activity. DPPH values were 228.2 al., 2007)

var.) extracts of and 35.3 mM TE/100 g FW, respectively, while
lyophilized ABTS values were 2,016.3 and 321.2 mM TE/100
fruit g FW, respectively

D. zibethinus Fruit Water and DPPH, CUPRAC, Water extract exhibited DPPH, CUPRAC, FRAP, High (Poovarodo
50% ethanol FRAP, and ABTS and ABTS values of 2.02, 3.53, 1.78, and 4.10 metal.,
extract of UM TE/g extract, respectively, whereas the 50% 2013)
lyophilized ethanol extract showed values of 3.19, 13.93,
fruit 2.34,and 8.66 uM TE/g extract, respectively

D. zibethinus Fruit peel 70% Ethanol DPPH and In the DPPH assay, fraxidin exhibited the High (Fengetal.,
extract, superoxide anion strongest activity (ICso = 7.83 uM), followed by 2016)
chloroform, radical ethyl protocatechuate (23.82 puM), 4-hydroxy-3-
ethyl acetate, scavenging assay methoxybenzoic acid (56.61 uM), and 3,4-
n-butanol dihydroxybenzaldehyde (58.13 pM). The 70%
fraction, and ethanol extract and chloroform, ethyl acetate,
several and n-butanol fractions showed ICs values of
phenolic 372.08, 195.43,230.38, and 392.06 uM,
isolated respectively. In the superoxide anion radical
compounds scavenging assay, fraxidin showed the highest

activity (ICso = 11.40 uM), followed by
cleomiscosin A (394.34 uM), 3,4-
dihydroxybenzaldehyde (494.85 uM), and ethyl
protocatechuate (870.07 puM)

D. zibethinus Fruit Methanol DPPH Methanol extract, n-hexane fraction, High (Perera et
extract, n- dichloromethane fraction, and aqueous al., 2021)
hexane, methanol fraction exhibited DPPH radical
dichlorometh scavenging activity with ICs, values of 219.4,
ane, and 587.8,179.9, and 220.3 pg/mL, respectively,
aqueous compared with BHT (ICso = 13.9 ug/mL)
methanol
fraction
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Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome (continued...)

Durio and metabolic syndrome

Species Plant part Extract/ Assay/model Main findings Reporting | Reference
fraction quality
D. zibethinus Fruit rind Ethanol DPPH and FRAP The chloroform fraction exhibited the High (Tranetal.,
extract, strongest antioxidant activity, with a DPPH ICs 2024)
chloroform, value of 38.72 ug/mL, followed by the ethyl
ethyl acetate, acetate (41.15 pg/mL), ethanolic extract (58.87
and aqueous ug/mL), and aqueous fraction (75.52 pg/mL).
fraction Ferric reducing antioxidant power increased in
a concentration-dependent manner, reaching
307.88 pg Vit C/g extract at 1.0 mg/mL in the
chloroform fraction, which showed the highest
reducing capacity among all fractions
D. zibethinus Root n-Hexane; DPPH and B- In the DPPH assay, the ethanolic extract High (Evary & Nur,
ethyl acetate Carotene-Linoleic | showed the strongest antioxidant activity (ICso 2018)
and ethanol acid Assay =11.213 pg/mL), followed by ethyl acetate
extract (83.951 pg/mL) and n-hexane extracts (541.279
ug/mL). In contrast, the ethyl acetate extract
exhibited the greatest activity in the
carotene-linoleic acid assay (ICso = 139.533
ug/mL), followed by ethanolic (166.832 pg/mL)
and n-hexane extracts (273.580 pg/mL)
D. zibethinus Leaves n-Hexane, DPPH Ethanol extract, water, ethyl acetate, and n- High (Aruanetal.,
ethyl acetate, hexane fraction had ICs, values of 3.346, 90.583, 2019)
and water 48.047,and 171.953 pg/mL, respectively.
fraction Vitamin C had an ICs of 4.320 ug/mL
D. zibethinus Leaves n-Hexane, DPPH n-Hexane, ethyl acetate, methanol, and High (Lim et al.,
(D197 var.) ethyl acetate, aqueous methanol extract had ECs, values of 2023)
methanol and >600, 556.71, 304.29, and 441.25 pg/mL,
aqueous respectively. Ascorbic acid had an ICs of 9.80
methanol ug/mL
extract
D. zibethinus Leaves n-Hexane DPPH and FRAP ASE extract exhibited greater antioxidant High (Kam et al.,
extracts (UAE activity than UAE extract, with DPPH values of 2020)
and ASE) 26.34 and 5.70 mg TE/100 mg DW, respectively,
and FRAP values of 67.45 and 55.96 mg TE/100
mg DW, respectively
D. zibethinus Fruit shell 80% Methanol H,02-induced Durian shell extract (at 10-100 pg/mL) High (He et al.,
extract HepG2 oxidative protected HepG2 cells against H,0--induced 2023)
stress model oxidative stress by reducing ROS (178.20% to
(ROS, SOD, MDA, 134.11-149.42%), decreasing MDA (0.82 to
and LDH assay) 0.44-0.64 nmol/mg protein), restoring SOD
activity (17.74 to 27.59-33.92 U/mg protein),
and lowering LDH levels (0.77 to 0.46-0.53
mmol/mL at 50-100 pg/mL)
D. zibethinus Brushwood Pyroligneous Radical Exhibited hydroxyl radical scavenging activity High (Theapparat
acid scavenging between 66.84% and 68.48%, and superoxide etal., 2019)
(hydroxyl, anion scavenging activity of 71.54% at 0.20
superoxide, and mg/mL. Anti-lipid peroxidation activity reached
NO), lipid 87.0% at 0.10 mg/mL, while NO scavenging
peroxidation activity exceeded 75% at 0.40 mg/mL. Ferric
inhibition, and reducing power increased with concentration,
ferric reducing reaching approximately 0.04 mM at 0.10
power assays mg/mL
D. zibethinus Fruit 80% Aqueous Linoleic acid Durian methanolic extract showed 90.76% High (Garcia et al.,
methanol emulsion (anti- inhibition in the linoleic acid peroxidation 2005)
extract lipid assay and approximately 68% and 45%
peroxidation) hydroxyl radical scavenging activities in the
model and non-site-specific and site-specific deoxyribose
deoxyribose assays, respectively, at 200 pg/mL
hydroxyl radical
scavenging assay
(site-specific and
non-site-specific)
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Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome (continued...)

Durio and metabolic syndrome

Species Plant part Extract/ Assay/model Main findings Reporting | Reference
fraction quality
D. zibethinus Fruit Ethanol - 0.2 DPPH, ABTS, The extract were reported to demonstrate High (Saminathan
M HCI (1:1) FRAP,NO antioxidant activity in multiple assays, &
extract scavenging, including ABTS radical scavenging (94.18% at Doraiswamy,
superoxide 1000 pg/mL), DPPH radical scavenging (49.11% 2020)
radical at 1000 pg/mL), FRAP (494.1 mM Fe(ll)/mg
scavenging, extract at 1000 ug/mL), NO scavenging (72.02 +
phosphomolybde | 4.21% at 100 ug/mL), superoxide radical
num reduction, scavenging (64.03% at 250 ug/mL),
and metal phosphomolybdenum activity (166.66 + 5.35
chelating assays mg AAE/g), and metal chelating activity (72.22
mg EDTA/g extract)
D. kutejensis Fruit n-Hexane, DPPH, ABTS, The ethyl acetate fraction exhibited DPPH High (Arung et al.,
ethyl acetate ORAC, and SOD- radical scavenging activity (21.5% at 97.4 2015)
and ethanol like activity assay ug/mL), ORAC activity (0.04 umol TE/mg). ABTS
extract radical scavenging activities of n-hexane, ethyl
acetate, and ethanol extracts were 2.6% at
106.8 pg/mL, 1.0% at 100.8 pg/mL, and 2.4% at
101.2 pg/mL, respectively. In the SOD-like
activity assay, n-hexane, ethyl acetate, and
ethanol extracts showed activities of 18.2% at
106.8 pug/mL, 76.5 pg/mL, and 30.2% at 101.2
ug/mL, respectively
D. kutejensis Leaves 98% Methanol | DPPH Methanol extract exhibited DPPH radical High (Manurung
extract scavenging activity with an ICs value of etal., 2022)
163,849 pg/mL, compared with ascorbic acid
(ICs0 = 5.865 pg/mL)
D. oxleyanus Fruit pulp, 80% Methanol | DPPH, ABTS, and D. oxleyanus pulp, seed, mesocarp, and High (Juarah et
and D. seed, extract FRAP exocarp exhibited DPPH ICs, values of 3982.30, al., 2021)
kinabaluensis mesocarp, 27.87,40.70, and 23.00 pg/mL, respectively,
and exocarp and ABTS ICs values of 2079.83, 16.43, 19.50,
and 12.40 pg/mL, respectively. D. kinabaluensis
pulp, seed, mesocarp, and exocarp showed
DPPH ICs values of 3441.10, 20.37, 12.23, and
60.70 ug/mL, respectively, and ABTS ICs values
of 2757.03, 10.00, 11.60, and 81.10 pg/mL,
respectively. Trolox exhibited ICso values of
8.44 pg/mL (DPPH) and 7.47 ug/mL (ABTS)
In vivo
D. zibethinus Fruit Lyophilized Cholesterol-fed Cholesterol feeding decreased plasma High (Haruenkit et
(Mon-thong fruit rat model antioxidant activity, with DPPH and ABTS al., 2007)
var.) (plasma DPPH values of 0.57 and 0.98 mM TE/L, respectively.
and ABTS assays) Supplementation with durian restored
antioxidant activity, increasing DPPH and ABTS
values to 0.73 and 1.29 mM TE/L, respectively
D. zibethinus Fruit Lyophilized Cholesterol-fed Durian supplementation mitigated the Moderate (Gorinstein
fruit rat model cholesterol-induced decrease in plasma etal.,2011)
(plasma DPPH, antioxidant activity, reducing the decline in
ABTS, and FRAP ABTS, DPPH, and FRAP values to 14.7-16.9%,
assays) 20.8-21.9%, and 10.5-11.8%, respectively.
D. zibethinus Fruit Lyophilized Cholesterol-fed Cholesterol feeding decreased plasma High (Poovarodo
fruit rat model antioxidant activity, with ABTS and FRAP m et al.,
(plasma ABTS values of 1.18 and 0.11 mM TE/L, respectively. 2013)
and FRAP assays) Supplementation with durian restored
antioxidant activity, increasing ABTS and FRAP
values to 1.49 and 0.15 mM TE/L, respectively
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Table 3. Antioxidant activities of Durio species relevant to metabolic syndrome (continued...)

Species Plant part Extract/ Assay/model Main findings Reporting | Reference
fraction quality
D. zibethinus Fruit at Lyophilized Cholesterol-fed Cholesterol feeding decreased plasma High (Leontowicz
(Mon-thong different fruit rat model antioxidant activity, as indicated by lower etal.,2007)
var.) ripening (plasma DPPH, DPPH, CUPRAC, ABTS, and FRAP values of 0.53,
stages ABTS, FRAP, and 0.17,0.92, and 0.197 mM TE/L, respectively.
(mature, CUPRAC assays) Mature durian showed only limited
ripe, and improvement, increasing these values to 0.55,
overripe) 0.19,1.10, and 0.204 mM TE/L, respectively. In
contrast, overripe and ripe durian more
effectively restored antioxidant activity,
increasing DPPH to 0.64-0.65, CUPRAC to 0.23-
0.24,ABTS to 1.21-1.27,and FRAP t0 0.211-
0.223 mM TE/L.
D. zibethinus Fruit at Lyophilized Cholesterol-fed Cholesterol feeding decreased plasma High (Leontowicz
(Mon-thong different fruit rat model antioxidant activity, with DPPH, FRAP, and etal.,2011)
var.) ripening (plasma DPPH, ABTS values of 23.6 mmol TE/L, 0.11 mmol
stages ABTS, and FRAP TE/L, and 1.18% RSA, respectively.
(young, assays) Supplementation with young, mature, ripe,
mature, and overripe durian restored antioxidant
ripe, and activity, increasing DPPH values to 24.7, 25.0,
overripe) 25.8, and 25.3 mmol TE/L, FRAP values to 0.13,
0.13,0.15, and 0.14 mmol TE/L, and ABTS
valuesto 1.22,1.23,1.49, and 1.25% RSA,
respectively.

Note: Fruit refers to the edible portion unless otherwise specified. Reporting quality categories were assigned according to the adapted quality assessment framework described in
the Methods (Quality assessment subsection): High >70%, Moderate 50-69%, and Low <50% of applicable reporting criteria fulfilled. These categories reflect reporting
completeness and should not be interpreted as formal risk-of-bias judgments. DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid);
FRAP: ferric reducing antioxidant power; CUPRAC: cupric ion reducing antioxidant capacity; ORAC: oxygen radical absorbance capacity; SOD: superoxide dismutase; NO: nitric oxide.

Antioxidant

Antioxidant properties have been documented
across numerous tissues of D. zibethinus, especially in
parts that are typically discarded after fruit consump-
tion. Evidence from multiple studies demonstrated
pronounced antioxidant capacity in extracts derived
from the peel and seeds, with seed extracts generally
outperforming those from fruit hulls and pulp, the lat-
ter of which frequently showed negligible or undetect-
able antioxidant effects (Hussin et al., 2013; Mungmai
et al., 2023). The antioxidant potential of these non-ed-
ible fractions was further corroborated through their
evaluation in a meat preservation system, where peel
and seed extracts were reported to demonstrate en-
hanced antioxidant performance and contributed to
greater shelf-life stability, an effect that was more pro-
nounced at elevated concentrations (Ramli et al., 2021).
Antioxidant effects were additionally detected in veg-
etative plant tissues, though considerable variability
was observed across different plant organs, with root
extracts demonstrating superior radical-scavenging
capacity compared to twigs, leaves, and inner fruit
bark (Evary et al., 2019).

Considerable differences in antioxidant activity
have been documented across cultivars of D. zibethinus.
A number of investigations identified the mon-thong
cultivar as having superior antioxidant capacity rela-
tive to other cultivars, including chanee, kan-yao, pung-
manee, and kra-dum (Chingsuwanrote et al., 2016; Leon-
towicz et al., 2008; Toledo et al., 2008). Nevertheless,
such cultivar-specific distinctions were not uniformly

https://jppres.com

replicated across the available literature. The indige-
nous kob-ta-kam and Kra-dum cultivars, for instance,
were reported to demonstrate antioxidant activities on
par with those recorded for mon-thong and chanee
(Charoenkiatkul et al., 2016), while other studies found
chanee to outperform mon-thong, or revealed that the
relative performance of cultivars fluctuated depending
on the antioxidant assay employed and the specific
plant tissue examined (Charoenphun & Klangbud,
2022; Temviriyanukul et al., 2021). Variability in anti-
oxidant activity was also reported among Malaysian
cultivars (Chua & Lee, 2020). Overall, the relative anti-
oxidant activities of D. zibethinus cultivars varied
among studies.

The stage of fruit ripening exerts a substantial effect
on the antioxidant capacity of D. zibethinus. Evidence
from several studies indicates that antioxidant activity
tends to increase as the fruit matures, with ripe and
overripe specimens consistently demonstrating higher
antioxidant capacity than their immature, young, or
mature counterparts (Haruenkit et al, 2010; Leon-
towicz et al., 2007; Pasko et al., 2019). While minor var-
iations were detected depending on the assay used,
particularly in measurements of ferric reducing activ-
ity, the predominant trend remained largely uniform
(Leontowicz et al., 2011).

Comparative studies showed that the antioxidant
activity of D. zibethinus varied relative to other com-
monly consumed fruits. For example, durian ranked
among the higher antioxidant-containing fruits evalu-
ated in Singapore and contained appreciable levels of

J Pharm Pharmacogn Res (2026) 14(4): 14


https://jppres.com/

Nor et al.

lipophilic antioxidant compounds, including carote-
noids, tocopherols, and tocotrienols (Isabelle et al.,
2010). However, direct comparisons with other tropi-
cal fruits have produced inconsistent results. While
some studies reported lower antioxidant activity in du-
rian than in mango, rambutan, longan, snake fruit, or
mangosteen, others found durian to exhibit compara-
ble or even superior antioxidant capacity depending
on the fruit species, extraction procedure, and assay
employed (Chingsuwanrote et al., 2016; Gorinstein et
al., 2010; 2011; Haruenkit et al., 2007; Muhtadi et al.,
2014; Poovarodom et al., 2013).

Extraction conditions exert a substantial influence
on the antioxidant activity of D. zibethinus. Several
studies demonstrated that solvent fractionation could
enhance antioxidant potency relative to crude extracts,
with chloroform and dichloromethane fractions fre-
quently exhibiting greater activity than highly polar or
non-polar fractions (Feng et al., 2016; Perera et al., 2021;
Tran et al., 2024). In addition, isolated compounds such
as fraxidin displayed markedly stronger radical-scav-
enging activity than crude extracts and fractions (Feng
et al.,, 2016). Antioxidant activity was also influenced
by extraction solvent. In general, methanolic and etha-
nolic extracts exhibited greater antioxidant activity
than other solvents. However, exceptions were ob-
served in certain plant materials and antioxidant as-
says, where other solvent extracts were reported to
demonstrate superior activity (Aruan et al., 2019;
Evary & Nur, 2018; Lim et al., 2023). Furthermore, ex-
traction methodology itself affected antioxidant out-
comes, with accelerated solvent extraction producing
greater antioxidant activity than ultrasound-assisted
extraction in durian leaves (Kam et al., 2020).

Several studies evaluated the antioxidant effects of
D. zibethinus in both cell-based and animal models. In
rat models induced with hypercholesterolemia, die-
tary supplementation with durian was shown to sus-
tain plasma antioxidant capacity and mitigate oxida-
tive stress arising from cholesterol-enriched feeding
regimens (Gorinstein et al., 2011; Haruenkit et al., 2007;
Poovarodom et al., 2013). The effectiveness of durian
in preserving antioxidant status was further found to
be contingent on ripening stage, as ripe and overripe
fruits proved more effective at maintaining plasma an-
tioxidant levels than fruits harvested at earlier stages
of maturity (Leontowicz et al., 2007; 2011). In a parallel
line of evidence, experiments utilizing a HepG2 cell
model revealed that extract derived from durian rind
conferred protection against oxidative stress induced
by H>O» exposure, as evidenced by reductions in reac-
tive oxygen species (ROS), malondialdehyde (MDA),
and lactate dehydrogenase (LDH) levels alongside
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restoration of superoxide dismutase activity (He et al.,
2023).

Additional evidence of antioxidant activity in D.
zibethinus has been obtained from diverse experi-
mental systems beyond conventional antioxidant as-
says. For instance, pyroligneous acid derived from du-
rian brushwood exhibited antioxidant activity through
multiple oxidative stress-related assays and demon-
strated performance comparable to that of mango-
steen-derived pyroligneous acid in several assess-
ments (Theapparat et al., 2019). Likewise, durian ex-
tracts showed antioxidant effects in lipid peroxidation,
deoxyribose, metal-chelating, reducing power, and
radical-scavenging assays (Garcia et al., 2005; Samina-
than & Doraiswamy, 2020).

Evidence of antioxidant activity has also been re-
ported in Durio species other than D. zibethinus. In D.
kutejensis, antioxidant activity was observed in fruit ex-
tracts, with the ethyl acetate fraction exhibiting the
greatest activity among the fractions evaluated,
whereas leaf extracts displayed only weak antioxidant
effects (Arung et al., 2015; Manurung et al., 2022). Sim-
ilar patterns were observed in D. kinabaluensis and D.
oxleyanus, where antioxidant capacity differed mark-
edly among fruit tissues. In particular, the mesocarp of
D. kinabaluensis exhibited strong antioxidant activity
and high phenolic content, while seeds and peels of
both species generally demonstrated greater antioxi-
dant capacity than the fruit pulp (Juarah et al., 2021).
The antioxidant activities of Durio species identified in
the included studies are summarized in Table 3.

Chemical compounds

According to phytochemical screening, durian
leaves contain flavonoids and polyphenols (Aruan et
al, 2019), the fruit peel contains flavonoids and
triterpenoids, and the seeds contain flavonoids, ster-
oids, and condensed tannins (Mungmai et al., 2023). D.
kutejensis, another species of Durio, contains alkaloids,
flavonoids, phenolics, saponins, and steroids (Ma-
nurung et al., 2022). In D. oxleyanus and D. kinabaluen-
sis, phenolics and flavonoids have been identified in
each component of their fruits (Juarah et al., 2021).
Over the past 20 years, at least 90 chemical compounds
have been isolated from the Durio genus, including
phenolics and phenolic glycosides, terpenoids, glyco-
sides and glucosides, coumarins, lignans, esters, gly-
cerides, sterols, flavonoid glycosides, furan, and qui-
none (Table 4). These compounds have been identified
in various species, including D. zibethinus, D. carinatus,
D. kutejensis, D. oxleyanus, and D. affinis.
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Table 4. Chemical compounds isolated from the Durio genus.

Durio and metabolic syndrome

No Compound Species Plant part Reference
Phenolics and phenolic glycosides
1 a-conidendrin D. zibethinus Fruit (Fengetal., 2016)
2 1,2-diarylpropane-3-ol D. zibethinus Bark (Rudiyansyah & Garson, 2006)
3 2-hydroxy-8a-hydroxycalamenene D. zibethinus Fruit (Feng et al., 2016)
4 3,4-dihydroxybenzaldehyde D. zibethinus Fruit (Feng et al., 2016)
5 3,4-dihydroxybenzoic acid D. zibethinus Fruit (Fengetal., 2016)
6 5'-methoxy-7'-epi-jatrorin A D. zibethinus Fruit (Fengetal., 2016)
7 Cleomiscosin A D. zibethinus Fruit (Cuong et al., 2023; Feng et al., 2016)
8 Cleomiscosin B D. zibethinus Fruit (Cuong et al., 2023; Feng et al., 2016)
9 Cleomiscosin C D. zibethinus Fruit (Cuong et al., 2023)
10 Cleomiscosin D D. zibethinus Fruit (Cuong et al., 2023)
11 Durianol B D. zibethinus Fruit (Feng et al., 2016)
12 Durianol C D. zibethinus Fruit (Feng et al., 2016)
13 Evofolin-B D. zibethinus Fruit (Fengetal., 2016)
14 Ethyl protocatechuate D. zibethinus Fruit (Fengetal., 2016)
15 Jatrocin A D. zibethinus Fruit (Feng et al., 2016)
16 Methyl protocatechuate D. zibethinus Bark (Rudiyansyah & Garson, 2006)
17 Propacin D. zibethinus Fruit (Fenget al., 2016; Huang et al., 2020)
18 Propacin isomer D. zibethinus Fruit (Fengetal., 2016)
19 Vanillic acid D. zibethinus Fruit (Feng et al., 2016)
20 1-O-(4-hydroxybenzoyl)-5-D-glucopyranose D. zibethinus Fruit (Fengetal., 2018)
21 3,4,5-trimethoxyphenyl-1-O-4-D-glucopyranoside D. zibethinus Fruit (Fengetal., 2018)
22 Durianol F D. zibethinus Fruit (Cuong et al., 2022)
23 Leonuriside A D. zibethinus Fruit (Feng et al., 2018)
Terpenoids
1 2a-cis-p-coumaroyloxy-2 a,3 3,23 a-trihydroxy-olean-12-en- | D. zibethinus Fruit (Fengetal., 2018)
28-oic-acid
2 2a-hydroxyursolic acid D. zibethinus Fruit (Fengetal., 2018)
3 2a-trans-p-coumaroyloxy-2 a-3 5,23 a-trihydroxy-olean-12- D. zibethinus Fruit (Fengetal., 2018)
en-28-oic acid
4 23a-cis-p-coumaroyloxy-2 a,3 5,23 a-trihydroxy-olean-12- D. zibethinus Fruit (Fenget al., 2018)
en-28-oic acid
5 23a-trans-p-coumaroyloxy-2 a-3/3,23 a-trihydroxy-olean-12- | D. zibethinus Fruit (Fenget al., 2018)
en-28-oic acid
6 3a-E-ferulyloxy-lup-20(29)-en-28-oic acid D. zibethinus Fruit (Muhtadi et al., 2014)
7 36-0-cis-caffeoylbetulinic acid D. carinatus Bark (Rudiyansyah et al., 2010)
8 36-0-trans-caffeoyl-2 a-hydroxyolean-12-en-28-oic D. kutejensis Bark (Rudiyansyah & Garson, 2006)
9 36-0-trans-caffeoyl-2 a-hydroxytaraxest-12-en-28-oic acid D. kutejensis Bark (Rudiyansyah & Garson, 2006)
10 36-0-trans-caffeoylbetulinic acid D. carinatus Bark (Rudiyansyah et al., 2010)
11 Alphitolic acid D. zibethinus Fruit (Fenget al., 2018)
12 Arjunolic acid D. kutejensis Bark (Rudiyansyah & Garson, 2006)
D. zibethinus Fruit (Fenget al., 2018)
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Table 4. Chemical compounds isolated from the Durio genus (continued...)
No Compound Species Plant part Reference
13 Maslinic acid D. kutejensis Bark (Rudiyansyah & Garson, 2006)
D. zibethinus Fruit (Fengetal.,2018)
14 Methyl 27-0-cis-caffeoylcylicodiscate D. zibethinus Bark (Rudiyansyah & Garson, 2006)
15 Methyl-27-0-trans-caffeoylcylicodiscate D. zibethinus Bark (Rudiyansyah & Garson, 2006)
16 Oleanolic acid D. zibethinus Fruit (Feng et al., 2018)
17 Sporogen AO-2 D. zibethinus Fruit (Cuong et al., 2023)
18 Ursolic acid D. zibethinus Fruit (Fengetal., 2018)
Glycosides and glucosides
1 (3S,6S)-cis-linalool-3,7-oxide-4-D-glucopyranoside D. zibethinus Fruit (Feng et al., 2018)
2 2-0-[(S)-2-methylbutanoyl]-a-primeverose D. zibethinus Fruit (Fengetal., 2018)
3 2-0[(S)-2-methylbutanoyl]-a-D-glucose D. zibethinus Fruit (Fenget al., 2018)
4 2-0[(S)-2-methylbutanoyl]-5-D-glucose D. zibethinus Fruit (Fenget al., 2018)
5 2-0[(S)-2-methylbutanoyl]--primeverose D. zibethinus Fruit (Fenget al., 2018)
6 4-0-8-Glucopyranosyl sinapic acid methyl ester D. zibethinus Fruit (Cuong et al., 2022)
7 6-0-[(S)-2-methylbutanoyl]-a-D-glucose D. zibethinus Fruit (Fengetal., 2018)
8 6-0-[(S)-2-methylbutanoyl]-sucrose D. zibethinus Fruit (Feng et al., 2018)
9 6-0-[(S)-2-methylbutanoyl]--D-glucose D. zibethinus Fruit (Feng et al., 2018)
10 Eucryphine D. zibethinus Bark (Rudiyansyah & Garson, 2006)
11 Icariside B1 D. zibethinus Fruit (Fengetal., 2018)
12 Syringaresinol glucoside D. zibethinus Fruit (Cuong et al., 2022)
13 Tiglic acid 1-O-/-D-glucopyranoside D. zibethinus Fruit (Feng et al., 2018)
14 B-sitosteryl-3-glucopyranoside-6'-O-fatty acid esters D. zibethinus Fruit (Fengetal., 2018)
15 Ziberthinoside A D. zibethinus Fruit (Cuong et al., 2023)
16 Ziberthinoside B D. zibethinus Fruit (Cuong et al., 2023)
17 Ziberthinoside C D. zibethinus Fruit (Cuong et al., 2023)
Coumarins
1 (-)-(3R,4S)-4-hydroxymellein D. zibethinus Bark (Rudiyansyah & Garson, 2006)
2 (+)-(R)-de-O-methyllasiodiplodin D. zibethinus Bark (Rudiyansyah & Garson, 2006)
3 7-hydroxycoumarin D. zibethinus Fruit (Feng et al., 2016)
4 7-0-8-D-glucosyl-6-methoxy coumarin D. zibethinus Fruit (Fengetal., 2018)
5 8-hydroxy-7-0-/-D-glucosyl-6-methoxy coumarin D. zibethinus Fruit (Fenget al., 2018)
6 Durianol A D. zibethinus Fruit (Cuong et al., 2023; Feng et al., 2016)
7 Durianol D D. zibethinus Fruit (Feng et al., 2018)
8 Durianol E D. zibethinus Fruit (Fenget al., 2018)
9 Fraxetin D. zibethinus Fruit (Fenget al., 2016)
10 Fraxidin D. zibethinus; D. | Bark (Rudiyansyah & Garson, 2006)
kutejensis
Fruit (Feng et al., 2016)
11 Scopoletin D. zibethinus Fruit (Fenget al., 2016)
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Table 4. Chemical compounds isolated from the Durio genus (continued...)

Durio and metabolic syndrome

No Compound Species Plant part Reference

Lignans

1 Boehmenan D. zibethinus; D. carinatus; D. Bark (Rudiyansyah et al., 2014; Rudiyansyah et

oxleyanus; D. affinis al., 2010; Rudiyansyah & Garson, 2006)

2 Boehmenan X D. carinatus; D. oxleyanus Bark (Rudiyansyah et al., 2010)

3 erythro-carolignan E D. carinatus Bark (Rudiyansyah et al., 2010)

4 erythro-carolignan X D. carinatus; D. oxleyanus Bark (Rudiyansyah et al., 2010)

5 erythro-carolignan Y D. oxleyanus Bark (Rudiyansyah et al., 2010)

6 threo-carolignan E D. zibethinus; D. carinatus Bark (Rudiyansyah & Garson, 2006)

7 threo-carolignan X D. carinatus Bark (Rudiyansyah et al., 2010)

8 threo-carolignan Y D. oxleyanus Bark (Rudiyansyah et al., 2010)

Esters

1 Fatty acid methyl esters D. zibethinus Fruit (Ragasa et al., 2016)

2 Phytyl fatty acid esters D. zibethinus Fruit (Ragasa et al., 2016)

3 [-sitosteryl fatty acid esters D. zibethinus Fruit (Ragasa et al., 2016)

Glycerides

1 Monoacylglycerols D. zibethinus Fruit (Ragasa et al., 2016)

2 Monogalactosyl diacylglycerols D. zibethinus Fruit (Ragasa et al., 2016)

3 Triacylglycerols D. zibethinus Fruit (Ragasa et al., 2016)

Sterols

1 4,4-dimethyl-poliferasta-18(19)-en-3ol D. zibethinus Fruit (Muhtadi et al., 2014)

2 Stigmasterol D. zibethinus Fruit (Ragasa et al., 2016)

3 B-sitosterol D. zibethinus Fruit (Ragasa et al., 2016)

Flavonoid glycosides

1 Quercetin-3-glucopyranoside D. zibethinus Fruit (Cuong et al., 2022)

2 Quercetin-3-rhamnopyranoside D. zibethinus Fruit (Cuong et al., 2022)

Furan

1 ‘ Sapinofuranone A ‘ D. zibethinus ‘ Fruit ‘ (Cuong et al., 2023)

Quinone

1 2,6-dimethoxy-p-benzoquinone ‘ D. zibethinus ‘ Bark ‘ (Rudiyansyah & Garson, 2006)
DISCUSSION secondary complications, such as retinopathy,

The available evidence is concentrated mainly on D.
zibethinus, whereas other Durio species are represented
primarily by antioxidant or phytochemical studies. Di-
rect antidiabetic and antidyslipidemic evidence is de-
rived mostly from in vitro and animal models, and clin-
ical evidence remains insufficient to support therapeu-
tic recommendations. Therefore, the findings should
be interpreted as preliminary pharmacological evi-
dence rather than proof of efficacy for metabolic syn-
drome management.

Hyperglycaemia is an indication of a metabolic dis-
order that falls under the category of diabetes. Over
time, constant high blood sugar levels can lead to
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nephropathy, and neuropathy, and raise other health
problem risks (Nor et al., 2023). Managing diabetes in-
volves maintaining blood glucose levels within the
normal range by inhibiting its uptake and processing
(Evary et al., 2019). Seven of the 45 articles specifically
examine the Durio genus, particularly D. zibethinus,
and its antidiabetic or antihyperglycemic properties.
Although the highest dose of D. zibethinus peel extract
produced a numerically larger glucose reduction than
glibenclamide in the cited study, the absence of direct
statistical comparison and dose-equivalence analysis
prevents any conclusion of superior efficacy (Muhtadi
et al., 2016). Fruit ripening stage may also influence an-
tidiabetic activity, possibly through changes in the
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accumulation of phenolic compounds and other anti-
oxidants during maturation (Haruenkit et al., 2010;
Pasko et al., 2019). The root and twigs of D. zibethinus
demonstrate superior activity as an antihyperglycemic
agent due to their greater phenol content than other
parts. In line with this, the Wotu community in South
Sulawesi traditionally uses durian root to treat diabe-
tes. These findings suggest that non-fruit tissues, par-
ticularly roots and twigs, may represent promising
candidates for further pharmacological investigation
(Evary et al., 2019). To scientifically confirm the role of
phenolic content in this activity, ethanol extraction,
which yields a polyphenol-rich extract, has been
shown to enhance the antihyperglycemic potential
(Evary & Nur, 2018). The observed differences among
durian cultivars suggest that phytochemical variation
may influence antidiabetic activity, although compar-
ative phytochemical studies remain limited (Temviri-
yanukul et al., 2021). To date, there has been no com-
parative investigation on the activity of different du-
rian plant parts, particularly the fruit and root. Thus, it
remains unclear which part exhibits the highest antidi-
abetic activity. Compared to other species, durian
shows a stronger a-glucosidase inhibitory activity than
pineapple (Ananas comosus). Furthermore, the Chanee
variety is more active as an antidiabetic agent than
guava (Psidium guajava), papaya (Carica papaya), and
pineapple (Temviriyanukul et al., 2021). The a-gluco-
sidase inhibitory activity documented in several Durio
extracts may offer a partial mechanistic explanation for
the antidiabetic effects reported in the literature. Inhi-
bition of this enzyme reduces the enzymatic break-
down of dietary carbohydrates, thereby slowing the
rate of glucose absorption and attenuating the rise in
blood glucose levels that typically follows a meal. This
mode of action holds relevance in the context of type 2
diabetes, where managing postprandial hyperglyce-
mia is widely regarded as a key therapeutic strategy
for achieving better glycemic control (Nor et al., 2023).

Polyphenolic compounds identified in Durio spe-
cies may contribute to the observed antidiabetic effects
through multiple complementary mechanisms. Previ-
ous studies have shown that dietary polyphenols can
reduce postprandial hyperglycemia by inhibiting car-
bohydrate-digesting enzymes, including a-amylase
and a-glucosidase, as well as by limiting intestinal glu-
cose absorption through the sodium-dependent glu-
cose transporter 1 (SGLT1). In addition, several poly-
phenols have been reported to enhance insulin-medi-
ated glucose uptake via glucose transporter 4
(GLUT4)-dependent pathways, stimulate AMP-
activated protein kinase (AMPK) signaling, and sup-
press hepatic glucose production. Certain flavonoids
have also demonstrated protective effects against cyto-
kine-induced pancreatic B-cell damage through modu-
lation of inflammatory signaling pathways (Kim et al.,
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2016). Collectively, these mechanisms may partially
explain the antihyperglycemic activity reported for
Durio extracts, although direct mechanistic investiga-
tions in Durio species remain limited.

Dyslipidemia is a common metabolic disorder that
poses serious risks for the onset and progression of car-
diovascular diseases. Dyslipidemia can disturb the lev-
els of TC, TGs, LDL cholesterol, or HDL cholesterol in
the blood plasma. These abnormalities may involve
one or multiple lipid parameters (Dybiec et al., 2023).
Hypercholesterolemia stands as an important risk fac-
tor for atherosclerosis, and lowering LDL levels is in-
strumental in reducing the risk of hypercholesterole-
mia (Gorinstein et al., 2011). A diet rich in fruits and
vegetables can lower the intake of total fat, saturated
fat, and cholesterol, which may help reduce oxidative
stress (Haruenkit et al., 2007). Eight studies have exam-
ined the antidyslipidemic effects of the Durio genus,
particularly durian, on TC, LDL cholesterol, TGs, and
plasma lipids. These studies reveal that durian con-
sumption can lower TC levels, LDL cholesterol (Gor-
instein et al., 2011), TGs (Poovarodom et al., 2013), and
plasma lipids (Leontowicz et al., 2007; 2011). Beyond
its potent antihyperglycemic activity, the Mon-thong
variety shows greater effectiveness in lowering TC lev-
els than other varieties, likely due to its higher concen-
tration of bioactive constituents (Leontowicz et al.,
2008). The observed differences among cultivars fur-
ther suggest that phytochemical variation may influ-
ence distinct lipid-related mechanisms, although com-
parative phytochemical characterization among Durio
cultivars remains limited (Leontowicz et al., 2008;
Temviriyanukul et al., 2021). Higher quercetin content
may contribute to ripe fruits inhibiting fat accumula-
tion in the liver and aorta. These findings are consistent
with the reduced hepatic lipid accumulation and less
severe aortic histopathological changes observed in
rats receiving ripe durian, suggesting that fruit ma-
turity may influence both biochemical and tissue-level
outcomes (Leontowicz et al., 2011). The observed anti-
dyslipidemic effects may be partly explained by poly-
phenolic constituents, particularly quercetin. Inde-
pendent experimental studies have shown that querce-
tin can improve lipid metabolism and energy utiliza-
tion, whereas the antioxidant properties of flavonoids
may reduce oxidative modification of LDL particles,
thereby contributing to antihypercholesterolemic ef-
fects (Rohani et al., 2022). These mechanisms may
partly explain the reductions in TC, LDL cholesterol,
TGs, and hepatic fat accumulation reported following
durian consumption. However, direct investigations of
the molecular pathways underlying these effects in
Durio species remain limited. Conversely, consuming
durian alone, without dietary cholesterol, can increase
TC and LDL cholesterol levels (Haruenkit et al., 2007).
Taken together, these findings suggest that ripe durian
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fruit may help prevent elevated cholesterol levels in
high-cholesterol diets. Although parts of the plant
have been examined for their ability to alleviate
dyslipidemia, additional investigations into the anti-
dyslipidemic mechanisms of the Durio genus are war-
ranted.

To date, only the antidiabetic and antidyslipidemic
properties of the Durio genus have been more exten-
sively investigated than its effects on blood pressure.
Direct antihypertensive evidence for Durio plant mate-
rials remains inconclusive. Available findings suggest
dose-dependent acute blood-pressure effects rather
than established antihypertensive efficacy. Untreated
hypertension can lead to severe complications, includ-
ing stroke, coronary heart disease, diabetes, kidney
failure, and even blindness (Suliska et al., 2021). In
spontaneously hypertensive rats, durian intake pro-
duced dose-dependent acute effects, including blood-
pressure elevation after high-dose administration and
a non-significant reduction after lower-dose admin-
istration (Jasamai et al., 2018). Therefore, antihyperten-
sive claims should not be made until controlled mech-
anistic and dose-response studies have been per-
formed. Although no studies have directly demon-
strated antihypertensive effects of Durio extracts or
plant materials, several compounds identified from
Durio species have been reported in studies outside the
genus to possess antihypertensive activities. Accord-
ingly, the available evidence is limited to antihyperten-
sive activities reported for certain isolated compounds
and should not be interpreted as evidence of antihy-
pertensive effects of Durio plant materials themselves.

Metabolic irregularities are intricately associated
with oxidative stress, inflammation, and the onset of
atherosclerosis. Antioxidants play a vital role in inhib-
iting the oxidation of various molecules, thereby serv-
ing as preventive or therapeutic agents against health
complications related to metabolic disorders. Antioxi-
dants can suppress oxidation by stabilizing free radi-
cals, thereby preventing them from causing further
damage, including degenerative eye conditions, senile
cognitive impairment, asthma, diabetes, arterial hard-
ening, cancer, and joint inflammation. Various antiox-
idants, including flavonoids, arginine, vitamin C, vita-
min E, carotenoids, resveratrol, and selenium, have
been identified through both experimental and clinical
studies for their protective effects on the human body,
especially in individuals with metabolic syndrome (Er-
habor et al., 2020; Gregoério et al., 2016; Rahmat et al.,
2021). Durian is rich in flavonoids and vitamin C
(Poovarodom et al., 2010), which contribute to its high
antioxidant properties.

Over the past two decades, there have been 35 sci-
entific studies addressing the antioxidant properties of
the Durio genus. Most parts of the durian plant, from
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the roots to the fruits, have been explored for their an-
tioxidant properties. Among these, the antioxidant po-
tential of the fruit has been widely explored. Although
antioxidant capacity varied among cultivars, the Mon-
thong variety frequently exhibited greater antioxidant
activity than several other cultivars, possibly because
of its higher polyphenol and flavonoid contents (Leon-
towicz et al., 2008). During the ripening process, ripe
durian fruit particularly shows greater antioxidant ca-
pacity, which is associated with increased total poly-
phenol and flavonoid levels compared to other stages
(Arancibia-Avila et al., 2008). Comparisons with other
tropical fruits yielded inconsistent findings across
studies, which may reflect differences in fruit species,
extraction procedures, and antioxidant assays (Ching-
suwanrote et al.,, 2016; Gorinstein et al., 2010; 2011;
Haruenkit et al., 2007; Isabelle et al., 2010; Muhtadi et
al., 2014; Poovarodom et al., 2013). These findings in-
dicate the antioxidant potential of durian and its po-
tential relevance to metabolic-syndrome-related re-
search. Moreover, durian's capacity to inhibit lipid pe-
roxidation exceeds that of vitamin E (Garcia et al.,
2005). Consumption of durian also counteracts the de-
cline in plasma antioxidant levels (Gorinstein et al.,
2011; Haruenkit et al., 2007; Poovarodom et al., 2013),
whereas durian rind extracts protected HepG2 cells
against H>O»-induced oxidative stress (He et al., 2023).
Collectively, these findings suggest that the antioxi-
dant effects of D. zibethinus are supported not only by
chemical antioxidant assays but also by evidence from
cellular and animal models. Extraction strategy also
emerged as an important determinant of antioxidant
activity. Differences in solvent polarity (Aruan et al.,
2019; Evary & Nur, 2018; Lim et al., 2023), fractionation
procedures (Feng et al., 2016; Perera et al., 2021; Tran
et al., 2024), and extraction techniques consistently in-
fluenced antioxidant capacity across studies (Kam et
al., 2020). These findings suggest that optimization of
extraction procedures may improve the recovery of an-
tioxidant constituents from Durio species. The stronger
antioxidant activity observed for isolated fraxidin than
for the corresponding crude extracts further suggests
that specific phenolic constituents contribute substan-
tially to the antioxidant properties of Durio species
(Feng et al., 2016). Additionally, other members of the
Durio genus, apart from durian, such as D. kutejensis
(Arung et al., 2015), D. kinabaluensis, and D. oxleyanus
(Juarah et al., 2021), have been documented to possess
antioxidant properties. These findings indicate that an-
tioxidant activity is not restricted to D. zibethinus and
support further investigation of other Durio species as
sources of bioactive compounds relevant to metabolic
syndrome-related research.

The antioxidant activity documented across several
Durio species suggests that their bioactive constituents
may contribute to biological processes involved in
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oxidative stress associated with metabolic syndrome.
Antioxidant compounds can scavenge ROS and dis-
rupt oxidative chain reactions, thereby reducing the
extent of cellular injury caused by an overabundance
of free radicals. The maintenance of redox equilibrium
relies on both enzymatic and non-enzymatic antioxi-
dant defense mechanisms, which are regulated in part
through the nuclear factor erythroid 2-related factor 2
(Nrf2) signaling pathway. Engagement of this path-
way promotes the upregulation of antioxidant and de-
toxification enzymes that help shield cells from oxida-
tive damage (Ashok et al., 2022). Accordingly, these
findings support further investigation of Durio-de-
rived antioxidant constituents in oxidative-stress-re-
lated pathways relevant to metabolic syndrome, alt-
hough direct mechanistic evidence within the genus
remains limited.

Over the past two decades, extensive research has
identified 90 compounds isolated from the genus Du-
rio, encompassing phenolics and phenolic glycosides,
terpenoids, glycosides and glucosides, coumarins,
lignans, esters, glycerides, sterols, flavonoid glyco-
sides, furan, and quinone. These phytochemicals rep-
resent a diverse group of secondary metabolites that
may contribute to the biological properties reported for
Durio species.

Several compounds reported in Durio species have
also been associated with antidiabetic, lipid-lowering,
or antihypertensive effects in independent experi-
mental models. However, these findings should be in-
terpreted as mechanistic plausibility rather than direct
evidence that Durio-derived extracts or compounds are
effective in metabolic syndrome.

Several compounds reported in Durio species have
been shown to exhibit antidiabetic activity in inde-
pendent experimental models. These include 2a-hy-
droxyursolic acid (Ni et al., 2019), 3,4-dihydroxyben-
zoic acid (Jeong et al, 2009), 7-hydroxycoumarin
(Singh et al., 2010), arjunolic acid (Aamir et al., 2022),
cleomiscosin A (Duc et al., 2020), fraxetin (Murali et al.,
2013), maslinic acid (Liu et al., 2014), oleanolic acid
(Wang et al, 2011), quercetin-3-glucopyranoside
(Zhang et al., 2011), quercetin-3-rhamnopyranoside
(Babujanarthanam et al., 2011), scopoletin (Jang et al.,
2020), stigmasterol (Wang et al., 2017), ursolic acid
(Tang et al., 2022), vanillic acid (Alamri & Rabey, 2024),
and p-sitosterol (Gupta et al., 2011). Independent ex-
perimental investigations have confirmed the antidia-
betic activity of these compounds. The presence of
such bioactive constituents in Durio species lends
mechanistic plausibility to their potential role in glyce-
mic regulation; however, these observations should
not be construed as direct evidence that extracts or iso-
lated compounds from Durio are effective therapeutic
agents for the management of metabolic syndrome.
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Several compounds reported from Durio species
have been shown to have lipid-lowering activity in in-
dependent studies, although direct evidence using Du-
rio-derived isolates remains limited. These compounds
include 2a-hydroxyursolic acid (Takagi et al., 2010),
3,4-dihydroxybenzaldehyde (Lin et al., 2024), and 3,4-
dihydroxybenzoic acid (Li et al., 2020). Additionally, 7-
hydroxycoumarin (Ramesh & Pugalendi, 2005), arju-
nolic acid (Aamir et al., 2022), fraxetin (Ayyakkannu et
al., 2021), maslinic acid (Shaik et al., 2021), oleanolic
acid (Luo et al.,, 2018), quercetin-3-glucopyranoside
(Jayachandran et al., 2020), quercetin-3-rhamnopyra-
noside (Hur et al., 2020), scopoletin (Verma et al., 2013),
stigmasterol (Batta et al., 2006), ursolic acid (Tang et al.,
2022), vanillic acid (Prince et al., 2011), and f-sitosterol
(Najm et al., 2021) have demonstrated greater antihy-
perlipidemic properties. Lipid-lowering properties of
these compounds have been demonstrated in inde-
pendent experimental models. Their identification
within Durio species may lend biological credibility to
the possibility of antihyperlipidemic activity; never-
theless, direct evidence connecting Durio-derived com-
pounds to the clinical management of metabolic syn-
drome remains insufficient.

Antihypertensive activity has been reported for
several compounds also found in Durio species; how-
ever, these findings should be interpreted as indirect
mechanistic support rather than direct evidence of an-
tihypertensive efficacy of Durio-derived products.
These include 2a-hydroxyursolic acid (Yamaguchi et
al., 2006), 3,4-dihydroxybenzoic acid (Safaeian et al.,
2018), 7-hydroxycoumarin (Hashemzaei et al., 2020),
oleanolic acid (Ahn et al., 2017), quercetin-3-glucopy-
ranoside (Junior et al., 2011), scopoletin (Lagunas-Her-
rera et al., 2019), ursolic acid (Shimada & Inagaki,
2014), and vanillic acid (Kumar et al., 2011). Antihyper-
tensive properties of several of these compounds have
been established through independent experimental
studies. Although their presence in Durio species sug-
gests potential mechanistic relevance, additional in-
vestigations are needed to determine whether com-
pounds derived from Durio produce clinically mean-
ingful antihypertensive effects within the broader con-
text of metabolic syndrome.

Available safety evidence remains preliminary.
Some fractions of D. zibethinus leaves showed toxicity
in the brine shrimp lethality test (Aruan et al., 2019),
whereas processed durian seeds and fruit extracts have
shown more favorable preliminary safety or antimuta-
genic profiles (Hartati et al., 2023; Temviriyanukul et
al., 2021). However, chronic toxicity, reproductive and
developmental toxicity, hepatotoxicity, pharmacoki-
netics, herb-drug interactions, contraindications, and
long-term clinical safety remain insufficiently charac-
terized. Therefore, comprehensive toxicological and
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pharmacokinetic studies are required before Durio-de-
rived products can be considered for metabolic-syn-
drome-related applications.

Although the available evidence suggests that Du-
rio species exhibit biological activities relevant to met-
abolic-syndrome-related pathways, most findings are
derived from in vitro experiments and animal studies.
Consequently, the translational relevance of these ob-
servations to human health remains uncertain. Varia-
bility in plant materials, extraction methods, dosages,
and experimental models further complicates extrapo-
lation to clinical settings. Therefore, additional studies
employing standardized preparations, comprehensive
safety evaluations, and well-designed clinical trials are
required before Durio-derived products can be consid-
ered for clinical application in the management of met-
abolic syndrome. At present, the available evidence is
insufficient to support routine clinical use of Durio-de-
rived products for the prevention or treatment of met-
abolic syndrome.

Although several Durio-derived extracts and com-
pounds have been reported to exhibit promising bio-
logical activities, their bioavailability following oral
administration remains poorly understood. Differ-
ences in absorption, metabolism, and systemic expo-
sure may influence the extent to which these experi-
mental findings translate into physiological or clinical
effects. Furthermore, variations in plant parts, extrac-
tion methods, and preparation forms may affect the
availability of bioactive constituents, making direct ex-
trapolation of experimental findings to human appli-
cations difficult. Therefore, further pharmacokinetic
and bioavailability studies are required to clarify the
physiological relevance of Durio-derived products.

Several limitations of the available evidence should
be considered. Most studies were conducted using in
vitro assays or animal models, whereas clinical investi-
gations remain limited. Considerable heterogeneity
was observed in the included studies with respect to
species, cultivars, plant parts, fruit maturity stages, ex-
traction solvents and procedures, dosages, experi-
mental models, and outcome measures, which sub-
stantially limited direct comparisons across studies.
Furthermore, antioxidant activity was evaluated using
a wide range of assays that may not fully reflect bio-
logical activity under physiological conditions. Mech-
anistic investigations and studies on the bioavailability
and pharmacokinetics of Durio-derived compounds re-
main scarce. Consequently, the potential role of Durio
species in the management of metabolic syndrome
should be interpreted with caution, particularly when
extrapolating preclinical findings to clinical settings.

This review also has several methodological limita-
tions. First, although the review protocol was
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registered retrospectively in the Open Science Frame-
work (OSF) to improve transparency, prospective reg-
istration was not performed before the review com-
menced. Consequently, the protocol registration
should be interpreted as a transparency measure rather
than prospective documentation of the review process.
The literature search was restricted to PubMed and
Scopus and included only English-language publica-
tions, which may have resulted in the omission of rel-
evant studies indexed elsewhere or published in other
languages. In addition, the search strategy employed
broad Durio-centered search terms rather than disease-
specific or activity-specific keywords. Although this
approach captured the principal pharmacological and
phytochemical literature related to the genus, relevant
studies indexed primarily under common names or
disease-specific terminology may have been missed. In
addition, literature screening and data extraction were
performed by the first author and subsequently re-
viewed by the second author rather than by two inde-
pendent reviewers with third-party adjudication. Alt-
hough this approach provided an additional level of
review, it may have increased the risk of bias in study
selection and data extraction. In addition, substantial
heterogeneity across species, cultivars, plant parts, ex-
traction methods, doses, experimental models, and
outcome measures precluded quantitative meta-analy-
sis, necessitating a narrative synthesis. Although study
quality was evaluated using an adapted quality assess-
ment framework, a formal risk-of-bias assessment
could not be consistently applied because of the di-
verse study designs and outcome measures. Further-
more, the adapted checklist primarily assessed report-
ing quality and should not be interpreted as a formal
evaluation of methodological quality or risk of bias. In
addition, no formal certainty-of-evidence assessment
was performed due to substantial heterogeneity in
study designs, interventions, and outcome measures.
These factors should be considered when interpreting
the comprehensiveness and certainty of the evidence
synthesized in this review.

These findings suggest that Durio species may yield
bioactive leads relevant to metabolic syndrome-related
pathways. However, therapeutic application cannot be
inferred without standardized extracts, mechanistic
validation, toxicological evaluation, pharmacokinetic
data, and controlled clinical studies. Future research
should focus on the standardization of Durio extracts
using validated phytochemical markers before biolog-
ical evaluation, together with comprehensive phyto-
chemical characterization of Durio species, particularly
D. zibethinus, D. kutejensis, D. oxleyanus, and D. kina-
baluensis, through the quantification of marker com-
pounds and the application of advanced analytical
techniques such as Liquid Chromatography-Tandem
Mass Spectrometry (LC-MS/MS), High-Performance
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Liquid Chromatography (HPLC), and Nuclear Mag-
netic Resonance (NMR). Bioactivity-guided fractiona-
tion, coupled with relevant enzyme assays (a-gluco-
sidase, a-amylase, pancreatic lipase, DPP-IV, ACE,
PTP1B), and antioxidant assays, should be conducted
to identify the constituents responsible for the reported
pharmacological activities. Mechanistic investigations
using appropriate cellular models, such as insulin-re-
sistant HepG2 cells and 3T3-L1 adipocytes, as well as
animal models of metabolic syndrome, including high-
fat diet and high-fat diet/streptozotocin models, are
also required to elucidate molecular pathways in-
volved in glucose metabolism, lipid homeostasis, oxi-
dative stress, and inflammation. Future experimental
studies should incorporate standardized extract prep-
aration, dose-response evaluation, appropriate posi-
tive controls, randomization, blinding, and sample-
size justification to improve methodological rigor. Fur-
thermore, comprehensive safety, toxicological, phar-
macokinetic, and herb-drug interaction studies, fol-
lowed by well-designed clinical investigations, are re-
quired before the clinical translation of Durio-derived
products can be considered. An integrative overview
of the Durio species evaluated, major phytochemical
classes identified, and their reported biological activi-
ties relevant to metabolic syndrome is presented in Fig.
3.

Durio and metabolic syndrome

influence glycemic, lipid, and oxidative-stress-related
endpoints in preclinical and in vitro models. However,
direct evidence for the management of metabolic syn-
drome remains limited, and available studies are het-
erogeneous in design, extraction methods, doses, and
outcome measures. Standardized phytochemical char-
acterization, bioactivity-guided fractionation, mecha-
nistic validation, toxicity testing, pharmacokinetic
evaluation, and controlled in vivo and clinical studies
are required before therapeutic claims can be made.

CONFLICT OF INTEREST

The research was conducted entirely free from any in-
volvement in commercial, financial, or personal matters that
might be perceived as a possible conflict of interest or that
could have influenced the outcomes or interpretation of the
study.

ACKNOWLEDGMENTS

CONCLUSION

Evidence from the reviewed studies suggests that
selected Durio species, especially D. zibethinus, may

Funding from Riset Kolaborasi Internasional (DRI-PN-6-
210-2025) is gratefully acknowledged. Professional proof-
reading support was provided by the Directorate of Research
and Community Service to the Society, Directorate General
of Research and Development, Ministry of Higher Educa-
tion, Science, and Technology. This research was also funded
by the Development of Innovative Technologies for the Fu-
ture Value of Herbal Medicine Resources (KSN2512030) and
Phytochemical and Biological Exploration of Durio kutejensis
Leaf and Stem Bark as Natural Antioxidant, Tyrosinase In-
hibitor, and Anti-inflammatory Agents (ERT2511200), Korea
Institute of Oriental Medicine, Ministry of Science and ICT,
Republic of Korea.

| D. oxleyanus “ D. kinabaluensis ” D. kutejensis “ D. zibethinus | l D. affinis “ D. carinatus
1
Coumarine
Antidiabetic Durio Genus Glycerides
Glycosides/Glucosides
g.ﬂntidyslipidemia ¢ Phenolic/Phenolic glycosides
Quinone
i
Antioxidant Terpenoids
Sterols
Lignans
Esters
Flavonoid glycosides
Furan
Figure 3. Integrative overview of the Durio species evaluated.

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(4): 23


https://jppres.com/

Nor et al.

GENERATIVE ARTIFICIAL INTELLIGENCE (AI)

The authors used ChatGPT (OpenAl) to improve the lan-
guage and readability of the manuscript. The authors re-
viewed and edited the content and take full responsibility for
its accuracy. No images were generated or manipulated us-
ing Al tools.

REFERENCES

Aamir K, Khan HU, Hossain CF, Afrin MR, Jusuf PR, Waheed I, Sethi
G, Arya A (2022) Arjunolic acid downregulates elevated blood
sugar and pro-inflammatory cytokines in streptozotocin (STZ)-
nicotinamide induced type 2 diabetic rats. Life Sci 289: 120232.
https:/ /doi.org/10.1016/1.1fs.2021.120232

Abdulghani MF, Al-Fayyadh S (2024) Natural products for
managing metabolic syndrome: a scoping review. Front
Pharmacol 15: 1366946.
https:/ /doi.org/10.3389/fphar.2024.1366946

Ahn YM, Choi YH, YoonJ], Lee Y], Cho KW, Kang DG, Lee HS (2017)
Oleanolic acid modulates the renin-angiotensin system and
cardiac natriuretic hormone concomitantly with volume and
pressure balance in rats. Eur ] Pharmacol 809: 231-241.
https:/ /doi.org/10.1016 /j.ejphar.2017.05.030

Alamri ES, Rabey HAE (2024) The protective effects of vanillic acid
and vanillic acid-coated silver nanoparticles (AgNPs) in
streptozotocin-induced diabetic rats. ] Diabetes Res 2024:
4873544. https:/ /doi.org/10.1155/2024 /4873544

Amid BT, Mirhosseini H, Kostadinovi¢é S (2012) Chemical
composition and molecular structure of polysaccharide-protein
biopolymer from Durio zibethinus seed: extraction and
purification  process. Chem Cent ] 6(1): 117.
https:/ /doi.org/10.1186/1752-153X-6-117

Arancibia-Avila P, Toledo F, Park YS, Jung ST, Kang SG, Heo BG,
Lee SH, Sajewicz M, Kowalska T, Gorinstein S (2008)
Antioxidant properties of durian fruit as influenced by
ripening. LWT - Food Sci Technol 41(10): 2118-2125.
https:/ /doi.org/10.1016 /7.1wt.2007.12.001

Aruan DGR, Barus T, Haro G, Simanjuntak P (2019) Toxicity and
antioxidant activities of extract of N-hexane, H20, and ethyl
acetate from the leaves of durian, Durio zibethinus L. Rasayan ]
Chem 12(2): 947-950.
https:/ /doi.org/10.31788 /RJC.2019.1225204

Arung ET, Suwinarti W, Hendra M, Supomo, Kusuma IW, Puteri
DCN, Aroglu HA, Kim Y, Shimizu K, Ishikawa H (2015)
Determination of antioxidant and anti-melanogenesis activities
of Indonesian Lai, Durio kutejensis [Bombacaceae (Hassk) Becc]
fruit extract. Trop J Pharm Res 14(1): 41-46.
https:/ /doi.org/10.4314/tpr.v14il.7

Ashok A, Andrabi SS, Mansoor S, Kuang Y, Kwon BK, Labhasetwar
V (2022) Antioxidant therapy in oxidative stress-induced
neurodegenerative diseases: Role of nanoparticle-based drug
delivery systems in clinical translation. Antioxidants 11(2): 408.
https:/ /doi.org/10.3390/antiox11020408

Ayyakkannu P, Sundaram R, Packirisamy M, Ranganathan S (2021)
Fraxetin supplementation lowers plasma lipids and enhances
antioxidant status in high-fat diet-induced
hypercholesterolemic rats. Int ] Med Biochem 4(1): 1-7.
https:/ /doi.org/10.14744 /ijmb.2020.60352

Aziz NAA, Jalil AMM, Roslan S (2020) Combined effect of durian
(Durio zibethinus Murr.) and p-glucan on glycaemic response
and food intake in male rats. Food Res 4(6): 2003-2010.
https:/ /doi.org/10.26656/ fr.2017.4(6).198

Babujanarthanam R, Kavitha P, Rao USM, Pandian MR (2011)
Quercitrin a bioflavonoid improves the antioxidant status in

https://jppres.com

Durio and metabolic syndrome

streptozotocin: induced diabetic rat tissues. Mol Cell Biochem
358(1-2): 121-129. https:/ /doi.org/10.1007/511010-011-0927-x

Batta AK, Xu G, Honda A, Myazaki T, Salen G (2006) Stigmasterol
reduces plasma cholesterol levels and inhibits hepatic synthesis
and intestinal absorption in the rat. Metab Clin Exp 55(3): 292-
299. https:/ /doi.org/10.1016/j.metabol.2005.08.024

Brown M]J (1997) Durio — A Bibliographic Review. New Delhi:
International Plant Genetic Resources Institute.

Chaachouay N, Zidane L (2024) Plant-derived natural products: a
source for drug discovery and development. Drugs Drug
Candidates 3(1): 184-207.
https:/ /doi.org/10.3390/ddc3010011

Charoenkiatkul S, Thiyajai P, Judprasong K (2016) Nutrients and
bioactive compounds in popular and indigenous durian (Durio
zibethinus Murr.). Food Chem 193: 181-186.
https://doi.org/10.1016/i.foodchem.2015.02.107

Charoenphun N, Klangbud WK (2022) Antioxidant and anti-
inflammatory activities of durian (Durio zibethinus Murr.) pulp,
seed and peel flour. Peer] 10: €12933.
https:/ /doi.org/10.7717 / peerj. 12933

Chigurupati S, Mohammad JI, Vijayabalan S, Vaipuri ND, Selvarajan
KK, Nemala AR (2017) Quantitative estimation and
antimicrobial potential of ethanol extract of Durio zibethinus
Murr. Leaves. Asian ] Pharm Clin Res 10(9): 251-254.
https:/ /doi.org/10.22159/ajpcr.2017.v10i9.19767

Chingsuwanrote P, Muangnoi C, Parengam K, Tuntipopipat S (2016)
Antioxidant and anti-inflammatory activities of durian and
rambutan pulp extract. Int Food Res J 23(3): 939-947.

Chua LS, Lee YC (2020) Comprehensive chemical characterisation of
Durio  zibethinus. ~ Acta  Aliment  49(4):  406-414.
https:/ /doi.org/10.1556/066.2020.49.4.6

Cuong DV, Hanh TTH, Huong NT, Huong PTM, Quang TH (2022)
Phenolic glycosides from the peels of durian fruits Durio
zibethinus L. Vietnam ] Chem 60(6): 766-769.
https:/ /doi.org/10.1002/vjch.202200045

Cuong DV, Hanh TTH, Huong NT, Huong PTM, Vinh LB, Quang
TH (2023) Secondary metabolites from the fruit peels of Durio
zibethinus L. and their cytotoxic activity. Nat Prod Res 37(21):
3556-3562. https://doi.org/10.1080/14786419.2022.2092733

Duc LV, Hong DL, Hoang GD (2020) Hypoglycemic Activity of
isolated compounds from Gomphrena celosioides Mart. Pharm
Chem ] 54: 484-489. https://doi.org/10.1007/s11094-020-
02226-7

Dybiec ], Baran W, Dabek B, Fularski P, Miynarska E, Radzioch E,
Rysz ], Franczyk B (2023) Advances in treatment of
dyslipidemia. Int ] Mol Sci 24(17): 13288.
https:/ /doi.org/10.3390/ijms241713288

Erhabor JO, Komakech R, Kang Y, Tang M, Matsabisa MG (2020)
Ethnopharmacological importance and medical applications of
Muyrothamnus flabellifolius Welw. (Myrothamnaceae)-A review. |
Ethnopharmacol 252: 112576.
https:/ /doi.org/10.1016 /i.jep.2020.112576

Evary YM, Nugroho AE, Pramono S (2019) Comparative study on
DPPH free radical scavenging and alpha-glucosidase inhibitory
activities of ethanolic extracts from different parts of durian
plant (Durio zibethinus Murr.). Food Res 3(5): 463-468.
https://doi.org/10.26656/ fr.2017.3(5).085

Evary YM, Nur AM (2018) Antioxidant and antidiabetes capacity of
hexane, ethylacetate and ethanol extracts of Durio zibethinus
Murr. root. Pharmacogn J 10(5): 937-940.
https:/ /doi.org/10.5530/1j.2018.5.158

Feng J, Wang Y, Yi X, Yang W, He X (2016) Phenolics from durian
exert pronounced NO inhibitory and antioxidant activities. J
Agric Food Chem 64(21): 4273-4279.
https:/ /doi.org/10.1021 /acs.jafc.6b01580

J Pharm Pharmacogn Res (2026) 14(4): 24


https://jppres.com/
https://doi.org/10.1016/j.lfs.2021.120232
https://doi.org/10.3389/fphar.2024.1366946
https://doi.org/10.1016/j.ejphar.2017.05.030
https://doi.org/10.1155/2024/4873544
https://doi.org/10.1186/1752-153X-6-117
https://doi.org/10.1016/j.lwt.2007.12.001
https://doi.org/10.31788/RJC.2019.1225204
https://doi.org/10.4314/tjpr.v14i1.7
https://doi.org/10.3390/antiox11020408
https://doi.org/10.14744/ijmb.2020.60352
https://doi.org/10.26656/fr.2017.4(6).198
https://doi.org/10.1007/s11010-011-0927-x
https://doi.org/10.1016/j.metabol.2005.08.024
https://doi.org/10.3390/ddc3010011
https://doi.org/10.1016/j.foodchem.2015.02.107
https://doi.org/10.7717/peerj.12933
https://doi.org/10.22159/ajpcr.2017.v10i9.19767
https://doi.org/10.1556/066.2020.49.4.6
https://doi.org/10.1002/vjch.202200045
https://doi.org/10.1080/14786419.2022.2092733
https://doi.org/10.1007/s11094-020-02226-7
https://doi.org/10.1007/s11094-020-02226-7
https://doi.org/10.3390/ijms241713288
https://doi.org/10.1016/j.jep.2020.112576
https://doi.org/10.26656/fr.2017.3(5).085
https://doi.org/10.5530/pj.2018.5.158
https://doi.org/10.1021/acs.jafc.6b01580

Nor et al.

Feng], Yi X, Huang W, Wang Y, He X (2018) Novel triterpenoids and
glycosides from durian exert pronounced anti-inflammatory
activities. Food Chem 241: 215-221.
https:/ /doi.org/10.1016 /i.foodchem.2017.08.097

Garcia VV, Magpantay TO, Escobin LD (2005) Antioxidant potential
of selected Philippine vegetables and fruits. Philipp Agric Sci
88(1): 78-83.

Gorinstein S, Haruenkit R, Poovarodom S, Vearasilp S, Ruamsuke P,
Namiesnik J, Lentowicz M, Leontowicz H, Suhaj M, Sheng GP
(2010) Some analytical assays for the determination of
bioactivity of exotic fruits. Phytochem Anal 21(4): 355-362.
https:/ /doi.org/10.1002/ pca.1207

Gorinstein S, Poovarodom S, Leontowicz H, Leontowicz M,
Namiesnik J, Vearasilp S, Haruenkit R, Ruamsuke P, Katrich E,
Tashma Z (2011) Antioxidant properties and bioactive
constituents of some rare exotic Thai fruits and comparison
with conventional fruits: In vitro and in vivo studies. Food Res
Int 44(7): 2222-2232.
https:/ /doi.org/10.1016/j.foodres.2010.10.009

Gregério MB, Souza DBD, Nascimento FAM, Pereira LM,
Fernandes-Santos C (2016) The potential role of antioxidants in
metabolic syndrome. Curr Pharm Des 22(7): 859-869.
https://doi.org/10.2174/1381612822666151209152352

Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin
BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC, Spertus JA,
Costa F (2005) Diagnosis and management of the metabolic
syndrome: An American Heart Association/National Heart,
Lung, and Blood Institute scientific statement. Circulation
112(17): 2735-2752.
https://doi.org/10.1161/CIRCULATIONAHA.105.169404

Gupta R, Sharma AK, Dobhal MP, Sharma MC, Gupta RS (2011)
Antidiabetic and antioxidant potential of p-sitosterol in
streptozotocin-induced ~ experimental — hyperglycemia. ]
Diabetes  3(1): 29-37. https:/ /doi.org/10.1111/.1753-
0407.2010.00107.x

Hartati FK, Djauhari AB, Sucahyo BS (2023) Proximate and toxicity
analysis and the utilization of durian seed flour (Durio
zibethinus Merr). Lett Appl NanoBioScience 12(4): 151.
https:/ /doi.org/10.33263/ LIANBS124.151

Haruenkit R, Poovarodom S, Leontowicz H, Leontowicz M, Sajewicz
M, Kowalska T, Delgado-Licon E, Rocha-Guzman NE,
Gallegos-Infante JA, Trakhtenberg S, Gorinstein S (2007)
Comparative study of health properties and nutritional value
of durian, mangosteen, and snake fruit: Experiments in vitro
and in wvivo. ] Agric Food Chem 55(14): 5842-5849.
https:/ /doi.org/10.1021/if070475a

Haruenkit R, Poovarodom S, Vearasilp S, Namiesnik ], Sliwka-
Kaszynska M, Park YS, Heo BG, Cho JY, Jang HG, Gorinstein S
(2010) Comparison of bioactive compounds, antioxidant and
antiproliferative activities of Mon Thong durian during
ripening. Food Chem 118(3): 540-547.
https://doi.org/10.1016 /j.foodchem.2009.05.029

Hashemzaei M, Dousti T, Tsarouhas K, Bagheri G, Nikolauzakis TK,
Rezaee R, Shahraki J (2020) Effects of umbelliprenin on blood
pressure in high-fat diet hypertensive rats. Farmacia 68(3): 447~
452, https:/ /doi.org/10.31925/farmacia.2020.3.9

HeY, Peng L, Xiong H, Liu W, Zhang H, Peng X, Zhu X, Guo F, Sun
Y (2023) The profiles of durian (Durio zibethinus Murr.) shell
phenolics and their antioxidant effects on H2O»-treated HepG2
cells as well as the metabolites and organ distribution in rats.
Food Res Int 163: 112122.
https://doi.org/10.1016 /j.foodres.2022.112122

Huang Y, Wang Y, Xu ], Feng J, He X (2020) Propacin, a
coumarinolignoid isolated from durian, inhibits the
lipopolysaccharide-induced  inflammatory  response  in
macrophages through the MAPK and NF-«xB pathways. Food
Funct 11(1): 596-605. https:/ /doi.org/10.1039/c9f002202¢

https://jppres.com

Durio and metabolic syndrome

Hur HJ, Jeong YH, Lee SH, Sung MJ (2020) Quercitrin ameliorates
hyperlipidemia and hepatic steatosis in ovariectomized mice.
Life 10(10): 243. https://doi.org/10.3390/1ife10100243

Hussin M, Ibrahim AH, Suri R, Suhaimi AM, Rohaya RS (2013) Free
radical scavenging activity and total phenolic content in
Malaysian tropical fruits by-products. Acta Hortic 1012: 1429-
1434. https:/ /doi.org/10.17660/actahortic.2013.1012.193

Huy TG, Thi NPA, Do HDK, Khang DT (2024) The complete
chloroplast genome of Durio zibethinus L. cultivar Ri6
(Helicteroideae, Malvaceae). Mitochondrial DNA B Resour
9(5): 625-630. https:/ /doi.org/10.1080/23802359.2024.2350619

Isabelle M, Lee BL, Lim MT, Koh WP, Huang D, Ong CN (2010)
Antioxidant activity and profiles of common fruits in
Singapore. Food Chem 123(1): 77-84.
https:/ /doi.org/10.1016/i.foodchem.2010.04.002

Jamali Z, Ayoobi F, Jalali Z, Bidaki R, Lotfi MA, Esmaeili-Nadimi A,
Khalili P (2024) Metabolic syndrome: A population-based study
of prevalence and risk factors. Sci Rep 14: 3987.
https:/ /doi.org/10.1038 / s41598-024-54367-4

Jang JH, Park JE, Han JS (2020) Scopoletin increases glucose uptake
through activation of PI3K and AMPK signaling pathway and
improves insulin sensitivity in 3T3-L1 cells. Nutr Res 74: 52-61.
https:/ /doi.org/10.1016 /j.nutres.2019.12.003

Jasamai M, Samsudin NH, Azmi N, Kumolosasi E (2018) Effects of
durian fruit on blood pressure of spontaneously hypertensive
rats. Sains Malays 47(6): 1221-1226.
https:/ /doi.org/10.17576 /jsm-2018-4706-17

Jayachandran M, Zhang T, Wu Z, Liu Y, Xu B (2020) Isoquercetin
regulates SREBP-1C via AMPK pathway in skeletal muscle to
exert antihyperlipidemic and anti-inflammatory effects in STZ
induced diabetic rats. Mol Biol Rep 47(1): 593-602.
https:/ /doi.org/10.1007 /s11033-019-05166-y

Jeong JB, Hong SC, Jeong HJ (2009) 3,4-Dihydroxybenzaldehyde
purified from the barley seeds (Hordeum wvulgare) inhibits
oxidative DNA damage and apoptosis via its antioxidant
activity. Phytomedicine 16(1): 85-94.
https:/ /doi.org/10.1016/j.phymed.2008.09.013

Juarah N, Surugau N, Rusdi NA, Abu-Bakar MF, Suleiman M (2021)
Phytochemical content and antioxidant properties of Bornean
wild durian from Sabah. IOP Conf Ser: Earth Environ Sci 736:
012030. https:/ /doi.org/10.1088/1755-1315/736/1/012030

Junior AG, Gasparotto FM, Lourengo ELB, Crestani S, Stefanello
MEA, Salvador M]J, Silva-Santos JED, Marques MCA, Kassuya
CAL (2011) Antihypertensive effects of isoquercitrin and
extracts from Tropaeolum majus L.: Evidence for the inhibition of
angiotensin converting enzyme. ] Ethnopharmacol 134(2): 363-
372. https:/ /doi.org/10.1016/i.jep.2010.12.026

Kam WY]J, Abas F, Hussain N, Mirhosseini H (2020) Comparison of
crude extract from Durio zibethinus M. (durian) leaf waste via
ultrasound-assisted ~ extraction and accelerated solvent
extraction: antioxidant activity and cytotoxicity. Nat Prod Res
34(13): 1937-1941.
https://doi.org/10.1080/14786419.2018.1564296

Kim Y, Keogh ]B, Clifton PM (2016) Polyphenols and glycemic
control. Nutrients 8(1): 17. https://doi.org/10.3390/nu8010017

Kumar S, Prahalathan P, Raja B (2011) Antihypertensive and
antioxidant potential of vanillic acid, a phenolic compound in
L-NAME-induced hypertensive rats: A dose-dependence
study. Redox Rep 16(5): 208-215..
https://doi.org/10.1179/1351000211Y.0000000009

Lagunas-Herrera H, Tortoriello ], Herrera-Ruiz M, Martinez-
Hernandez GB, Zamilpa A, Santamaria LA, Lorenzana MG,
Lombardo-Earl G, Jimenez-Ferrer E (2019) Acute and chronic
antihypertensive effect of fractions, tiliroside and scopoletin
from Malva parviflora. Biol Pharm Bull 42(1): 18-25.
https://doi.org/10.1248 /bpb.b18-00355

J Pharm Pharmacogn Res (2026) 14(4): 25


https://jppres.com/
https://doi.org/10.1016/j.foodchem.2017.08.097
https://doi.org/10.1002/pca.1207
https://doi.org/10.1016/j.foodres.2010.10.009
https://doi.org/10.2174/1381612822666151209152352
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1111/j.1753-0407.2010.00107.x
https://doi.org/10.1111/j.1753-0407.2010.00107.x
https://doi.org/10.33263/LIANBS124.151
https://doi.org/10.1021/jf070475a
https://doi.org/10.1016/j.foodchem.2009.05.029
https://doi.org/10.31925/farmacia.2020.3.9
https://doi.org/10.1016/j.foodres.2022.112122
https://doi.org/10.1039/c9fo02202c
https://doi.org/10.3390/life10100243
https://doi.org/10.17660/actahortic.2013.1012.193
https://doi.org/10.1080/23802359.2024.2350619
https://doi.org/10.1016/j.foodchem.2010.04.002
https://doi.org/10.1038/s41598-024-54367-4
https://doi.org/10.1016/j.nutres.2019.12.003
https://doi.org/10.17576/jsm-2018-4706-17
https://doi.org/10.1007/s11033-019-05166-y
https://doi.org/10.1016/j.phymed.2008.09.013
https://doi.org/10.1088/1755-1315/736/1/012030
https://doi.org/10.1016/j.jep.2010.12.026
https://doi.org/10.1080/14786419.2018.1564296
https://doi.org/10.3390/nu8010017
https://doi.org/10.1179/1351000211Y.0000000009
https://doi.org/10.1248/bpb.b18-00355

Nor et al.

Lazzarini PA, Raspovic A, Prentice ], Commons R], Fitridge RA,
Charles J, Cheney ], Purcell N, Twigg SM, Australian Diabetes-
related Foot Disease Guidelines & Pathways Project (2022)
Guidelines development protocol and findings: Part of the 2021
Australian evidence-based guidelines for diabetes-related foot
disease. J Foot Ankle Res 15(1): 28.
https:/ /doi.org/10.1186/s13047-022-00533-8

Leontowicz H, Leontowicz M, Haruenkit R, Poovarodom S,
Jastrzebski Z, Drzewiecki ], Ayala ALM, Jesion I, Trakhtenberg
S, Gorinstein S (2008) Durian (Durio zibethinus Murr.) cultivars
as nutritional supplementation to rat’s diets. Food Chem
Toxicol 46(2): 581-589.
https:/ /doi.org/10.1016/1.fct.2007.08.042

Leontowicz H, Leontowicz M, Jesion I, Bielecki W, Poovarodom S,
Vearasilp S, Gonzalez-Aguilar G, Robles-Sanchez M,
Trakhtenberg S, Gorinstein S (2011) Positive effects of durian
fruit at different stages of ripening on the hearts and livers of
rats fed diets high in cholesterol. Eur J Integr Med 3(3): €169-

€181. https:/ /doi.org/10.1016/j.eujim.2011.08.005

Leontowicz M, Leontowicz H, Jastrzebski Z, Jesion I, Haruenkit R,
Poovarodom S, Katrich E, Tashma Z, Drzewiecki ],
Trakhtenberg S, Gorinstein S (2007) The nutritional and
metabolic indices in rats fed cholesterol-containing diets
supplemented with durian at different stages of ripening.
BioFactors 29(2-3): 123-136.
https:/ /doi.org/10.1002 /biof.552029203

Li L, Liu S, Tang H, Song S, Lu L, Zhang P, Li X (2020) Effects of
protocatechuic acid on ameliorating lipid profiles and cardio-
protection against coronary artery disease in high fat and
fructose diet fed in rats. ] Vet Med Sci 82(9): 1387-1394.
https:/ /doi.org/10.1292 /ijvms.20-0245

Lim WY, Dewadas HD, Muttiah NSJ, Tey LH, Thiagarajah K (2023)
Preliminary screening of Durio zibethinus Linn (D197) leaf
extracts for its antioxidant activity and cytotoxicity on cervix
adenocarcinoma (HELA) cancer cell line. Malays ] Med Health
Sci 19(SUPP9): 25-35. https:/ /doi.org/10.47836 /mjmhs.19.59.5

Lin B, Wan H, Yang ], Yu L, Zhou H, Wan H (2024) Lipid regulation
of protocatechualdehyde and hydroxysafflor yellow A via
AMPK/SREBP2/PCSK9/LDLR  signaling pathway in
hyperlipidemic ~ zebrafish.  Heliyon = 10(3):  e24908.
https://doi.org/10.1016/j.heliyon.2024.24908

Liu J, Wang X, Chen YP, Mao LF, Shang J, Sun HB, Zhang LY (2014)
Maslinic acid modulates glycogen metabolism by enhancing
the insulin signaling pathway and inhibiting glycogen
phosphorylase. Chin ] Nat Med 12(4): 259-265.
https:/ /doi.org/10.1016/S1875-5364(14)60052-2

Luo HQ, Shen J, Chen CP, Ma X, Lin C, Ouyang Q, Xuan CX, Liu J,
Sun HB, Liu ] (2018) Lipid-lowering effects of oleanolic acid in
hyperlipidemic patients. Chin J Nat Med 16(5): 339-346.
https:/ /doi.org/10.1016 /S1875-5364(18)30065-7

Maloberti A, Bruno RM, Facchetti R, Grassi G, Taddei S, Ghiadoni L,
Giannattasio C (2020) The role of metabolic syndrome in blood
pressure control and pulse wave velocity progression over a 3.5
years in treated hypertensive patients. Eur ] Intern Med 76: 107-
109. https:/ /doi.org/10.1016/5.ejim.2020.02.005

Manurung H, Susanto D, Kusumawati E, Aryani R, Nugroho RA,
Kusuma R, Zulfika R, Riska DS (2022) Phytochemical, GC-MS
analysis and antioxidant activities of leaf methanolic extract of
lai (Durio kutejensis), the endemic plant of Kalimantan,
Indonesia. Biodiversitas 23(11): 5566-5573.
https:/ /doi.org/10.13057 / biodiv/d231104

Muhtadi M, Haryoto H, Sujono TA, Suhendi A (2016) Antidiabetic
and antihypercholesterolemia activities of rambutan
(Nephelium lappaceum L.) and durian (Durio zibethinus Murr.)
fruit peel extracts. J Appl Pharm Sci 6(4): 190-194.
https://doi.org/10.7324 /JAPS.2016.60427

https://jppres.com

Durio and metabolic syndrome

Mubhtadi, Haryoto, Sujono TA, Suhendi A, Yen KH (2014)
Antioxidant activity and chemical constituents of some
Indonesian  fruit peels. Med Plants 6(1): 43-46.
http:/ /dx.doi.org/10.5958/.0975-6892.6.1.006

Mungmai L, Kanokwattananon C, Thakang S, Nakkrathok A,
Srisuksomwong P, Tanamatayarat P (2023) Physicochemical
properties, antioxidant and anti-tyrosinase activities of Durio
zibethinus Murray and value added for cosmetic product
formulation. Cosmetics 10(3): 87.
https:/ /doi.org/10.3390/ cosmetics10030087

Murali R, Srinivasan S, Ashokkumar N (2013) Antihyperglycemic
effect of fraxetin on hepatic key enzymes of carbohydrate
metabolism in streptozotocin-induced diabetic rats. Biochimie
95(10): 1848-1854.
https:/ /doi.org/10.1016 /j.biochi.2013.06.013

Mursyidin DH, Makruf MI, Badruzsaufari, Noor A (2022) Molecular
diversity of exotic durian (Durio spp.) germplasm: a case study
of Kalimantan, Indonesia. ] Genet Eng Biotechnol 20(1): 39.
https:/ /doi.org/10.1186/s43141-022-00321-8

Najm MAA, Ahmed GS, Al-Hamdani MM, Shari FH (2021) g-
Sitosterol augment antihyperlipidemic effect in hyperlipidemic
rats induced by triton. Ann Rom Soc Cell Biol 25(2): 2381-2391.

Ni M, Pan J, Hu X, Gong D, Zhang G (2019) Inhibitory effect of
corosolic acid on a-glucosidase: Kinetics, interaction
mechanism, and molecular simulation. ] Sci Food Agric 99(13):
5881-5889. https:/ /doi.org/10.1002 /isfa.9862

Nor I, Wirasutisna KR, Hartati R, Insanu M (2023) The a-glucosidase
inhibitory activity of avicularin and 4-O-methyl gallic acid
isolated from Syzygium myrtifolium leaves. Saudi Pharm ] 31(8):
101677. https:/ /doi.org/10.1016/1.jsps.2023.06.010

Noubiap JJ, Nansseu JR, Lontchi-Yimagou E, Nkeck JR, Nyaga UF,
Ngouo AT, Tounouga DN, Tianyi FL, Foka AJ, Ndoadoumgue
AL, Bigna ]J (2022) Geographic distribution of metabolic
syndrome and its components in the general adult population:
A meta-analysis of global data from 28 million individuals.
Diabetes Res Clin Pract 188: 109924.
https:/ /doi.org/10.1016 /j.diabres.2022.109924

Page MJ], McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff ]M, Akl EA, Brennan SE,
Chou R, Glanville J, Grimshaw JM, Hrébjartsson A, Lalu MM,
Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA,
Stewart LA, Thomas ], Tricco AC, Welch VA, Whiting P, Moher
D (2021) The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 372: n71.
https:/ /doi.org/10.1136 /bmj.n71

Pasko P, Tyszka-Czochara M, Trojan S, Bobis-Wozowicz S,
Zagrodzki P, Namiesnik ], Haruenkit R, Poovarodom S,
Pinsirodom P, Gorinstein S (2019) Glycolytic genes expression,
proapoptotic potential in relation to the total content of
bioactive compounds in durian fruits. Food Res Int 125: 108563.
https:/ /doi.org/10.1016 /j.foodres.2019.108563

Perera MP], Binuwangi AKDM, Silva AAG, Attanayake RN,
Wickramarachchi SR, Rajapakse CSK (2021) Antioxidant
activity and chemical constituents of methanolic extract of
Durio zibethinus Murr. (durian) peels. Med Plants 13(2): 275-
282. https:/ /doi.org/10.5958/0975-6892.2021.00030.7

Poovarodom S, Haruenkit R, Leontowicz H, Leontowicz S, Vearasilp
S, Namiesnik J, Ruamsuke P, Trakhtenberg S, Gorinstein S
(2013) Nutritional and pharmaceutical applications of bioactive
compounds in tropical fruits. Acta Hortic 984: 77-86.
https:/ /doi.org/10.17660/ ActaHortic.2013.984.6

Poovarodom S, Haruenkit R, Vearasilp S, Namiesnik J, Cvikrova M,
Martincova O, Erza A, Suhaj M, Ruamsuke P, Gorinstein S
(2010) Comparative characterisation of durian, mango and
avocado. Int J Food Sci Technol 45(5): 921-929.
https://doi.org/10.1111/1.1365-2621.2010.02227.x

J Pharm Pharmacogn Res (2026) 14(4): 26


https://jppres.com/
https://doi.org/10.1186/s13047-022-00533-8
https://doi.org/10.1016/j.fct.2007.08.042
https://doi.org/10.1016/j.eujim.2011.08.005
https://doi.org/10.1002/biof.552029203
https://doi.org/10.1292/jvms.20-0245
https://doi.org/10.47836/mjmhs.19.s9.5
https://doi.org/10.1016/j.heliyon.2024.e24908
https://doi.org/10.1016/S1875-5364(14)60052-2
https://doi.org/10.1016/S1875-5364(18)30065-7
https://doi.org/10.1016/j.ejim.2020.02.005
https://doi.org/10.13057/biodiv/d231104
https://doi.org/10.7324/JAPS.2016.60427
http://dx.doi.org/10.5958/j.0975-6892.6.1.006
https://doi.org/10.3390/cosmetics10030087
https://doi.org/10.1016/j.biochi.2013.06.013
https://doi.org/10.1186/s43141-022-00321-8
https://doi.org/10.1002/jsfa.9862
https://doi.org/10.1016/j.jsps.2023.06.010
https://doi.org/10.1016/j.diabres.2022.109924
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.foodres.2019.108563
https://doi.org/10.5958/0975-6892.2021.00030.7
https://doi.org/10.17660/ActaHortic.2013.984.6
https://doi.org/10.1111/j.1365-2621.2010.02227.x

Nor et al.

Prince PSM, Dhanasekar K, Rajakumar S (2011) Preventive effects of
vanillic acid on lipids, bax, Bcl-2 and myocardial infarct size on
isoproterenol-induced myocardial infarcted rats: A biochemical
and in wvitro study. Cardiovasc Toxicol 11(1): 58-66.
https:/ /doi.org/10.1007 /s12012-010-9098-3

Ragasa CY, Bacar JNB, Querido MMR, Tan MCS, Fierro RSD, Choi
JS (2016) Chemical constituents of Durio zibethinus Murr. fruit.
Int ] Pharmacogn Phytochem Res 8(8): 1300-1303.

Rahmat E, Lee ], Kang Y (2021) Javanese turmeric (Curcuma

xanthorrhiza Roxb.): Ethnobotany, phytochemistry,
biotechnology, and pharmacological activities. Evid Based
Complement Alternat Med 2021: 9960813.

https://doi.org/10.1155/2021/ 9960813

Ramesh B, Pugalendi KV (2005) Antihyperlipidemic and antidiabetic
effects of umbelliferone in streptozotocin diabetic rats. Yale J
Biol Med 78(4): 189-196.

Ramli ANM, Sukri NAM, Azelee NIW, Bhuyar P (2021) Exploration
of antibacterial and antioxidative activity of seed/ peel extracts
of Southeast Asian fruit durian (Durio zibethinus) for effective
shelf-life enhancement of preserved meat. ] Food Process
Preserv 45: €15662. https:/ /doi.org/10.1111/ifpp.15662

Rohani AS, Yuandani, Sitorus P, Andrianto D, Dalimunthe A (2022)
Anti-hypercholesterolemic activity of standardized fermented
Allium cepa L. var aggregatum extract: In vitro and in vivo
studies. ] Herbmed  Pharmacol 11(3):  383-388.
https:/ /doi.org/10.34172/1hp.2022.44

Rudiyansyah, Garson M] (2006) Secondary metabolites from the
wood bark of Durio zibethinus and Durio kutejensis. ] Nat Prod
69(8): 1218-1221. https:/ /doi.org/10.1021/np068045m

Rudiyansyah, Lambert LK, Garson M] (2010) Lignans and
triterpenes from the bark of Durio carinatus and Durio oxleyanus.
J Nat Prod 73(10): 1649-1654.
https:/ /doi.org/10.1021 /np100332v

Rudiyansyah, Masriani, Mudianta IW, Garson M] (2014) Isolation
and absolute configuration of boehmenan from Durio affinis
Becc. Rec Nat Prod 8(2): 195-198.

Safaejan L, Emami R, Hajhashemi V, Haghighatian Z (2018)
Antihypertensive and antioxidant effects of protocatechuic acid
in deoxycorticosterone acetate-salt hypertensive rats. Biomed
Pharmacother 100: 147-155.
https:/ /doi.org/10.1016 /j.biopha.2018.01.107

Saminathan V, Doraiswamy R (2020) Phytochemical analysis,
antioxidant and anticancer activities of durian (Durio zibethinus
Murr.) fruit extract. ] Res Pharm 24(6): 882-892.
https:/ /doi.org/10.35333/irp.2020.247

Shaik AH, Shaik SR, Daddam JR, Ali D, Manoharadas S, Arafah MW,
Kodidhel LD (2021) Maslinic acid and gallic acid protective
efficacy on lipids, lipoproteins and lipid metabolizing enzymes
against isoproterenol administered cardiotoxicity: An in vivo
and in silico molecular docking evidences. ] King Saud Univ Sci
33:101230. https:/ /doi.org/10.1016 /j.jksus.2020.101230

Shimada A, Inagaki M (2014) Angiotensin I-converting enzyme
(ACE) inhibitory activity of ursolic acid isolated from Thymus
vulgaris, L. Food Sci Technol Res 20(3): 711-714.
https:/ /doi.org/10.3136/fstr.20.711

Singh R, Singh B, Singh S, Kumar N, Kumar S, Arora S (2010)
Umbelliferone - An antioxidant isolated from Acacia nilotica (L.)
Willd. Ex. Del. Food Chem 120(3): 825-830.
https:/ /doi.org/10.1016 /j.foodchem.2009.11.022

Durio and metabolic syndrome

Soegeng-Reksodihardjo W (1962) The species of Durio with edible
fruits. Econ Bot 16(4): 270-282.
https://doi.org/10.1007/BF02860185

Suliska N, Suryani, Insanu M, Sukandar EY (2021) Antihypertensive
activity of combination of Anredera cordifolia (Ten.) V. Steenis
and Sonchus arvensis L. leaves on epinephrine induced male
Wistar rat. ] Adv Pharm Technol Res 12(4): 384-388.
https:/ /doi.org/10.4103 /japtr.japtr 91 21

Takagi S, Miura T, Ishihara E, Ishida T, Chinzei Y (2010) Effect of
corosolic acid on dietary hypercholesterolemia and hepatic
steatosis in KK-Ay diabetic mice. Biomed Res 31(4): 213-218.
https:/ /doi.org/10.2220/biomedres.31.213

Tang S, Fang C, Liu Y, Tang L, Xu Y (2022) Anti-obesity and anti-
diabetic effect of ursolic acid against streptozotocin/high fat
induced obese in diabetic rats. ] Oleo Sci 71(2): 289-300.
https:/ /doi.org/10.5650/jos.ess21258

Temviriyanukul P, Kittibunchakul S, Trisonthi P, Inthachat W,
Siriwan D, Suttisansanee U (2021) Analysis of phytonutrients,
anti-mutagenic and chemopreventive effects of tropical fruit
extracts. Foods 10(11): 2600.
https:/ /doi.org/10.3390/ foods10112600

Theapparat Y, Khongthong S, Rodjan P, Lertwittayanon K,
Faroongsarng D (2019) Physicochemical properties and
antioxidant activities of pyroligneous acid prepared from
brushwood biomass waste of mangosteen, durian, rambutan,
and langsat. J For Res 30: 1139-1148.
https:/ /doi.org/10.1007 /s11676-018-0675-9

Toledo F, Arancibia-Avila P, Park YS, Jung ST, Kang SG, Heo BG,
Drzewiecki ], Zachwieja Z, Zagrodzki P, Pasko P, Gorinstein S
(2008) Screening of the antioxidant and nutritional properties,
phenolic contents and proteins of five durian cultivars. Int J
Food Sci Nutr 59(5): 415-427.
https:/ /doi.org/10.1080/09637480701603082

Tran HK, Nguyen NPN, Nguyen TTT, Nguyen KN, Do BD, Nguyen
TVA, Tran AK, Nguyen TKC, Ho QT, Truong DH, Barrow CJ,
Nguyen HC (2024) Extraction of flavonoids from durian (Durio
zibethinus) fruit rinds and evaluation of their antioxidant,
antidiabetic and anticancer properties. Int ] Food Sci Technol
59(3): 1409-1420. https:/ /doi.org/10.1111/ijfs.16886

Verma A, Dewangan P, Kesharwani D, Kela SP (2013) Hypoglycemic
and hypolipidemic activity of scopoletin (coumarin derivative)
in streptozotocin induced diabetic rats. Int ] Pharm Sci Rev Res
22(1): 79-83.

Wang ], Huang M, Yang ], Ma X, Zheng S, Deng S, Huang Y, Yang
X, Zhao P (2017) Anti-diabetic activity of stigmasterol from
soybean oil by targeting the GLUT4 glucose transporter. Food
Nutr Res 61(1): 1364117.
https:/ /doi.org/10.1080/16546628.2017.1364117

Wang X, Li YL, Wu H, Liu JZ, Hu JX, Liao N, Peng ], Cao PP, Liang
X, Hai CX (2011) Antidiabetic effect of oleanolic acid: A
promising use of a traditional pharmacological agent.
Phytother Res 25(7): 1031-1040.
https:/ /doi.org/10.1002/ ptr.3385

Yamaguchi Y, Yamada K, Yoshikawa N, Nakamura K, Haginaka J,
Kunitomo M (2006) Corosolic acid prevents oxidative stress,
inflammation and hypertension in SHR/NDmcr-cp rats, a
model of metabolic syndrome. Life Sci 79(26): 2474-2479.
https://doi.org/10.1016/j.1fs.2006.08.007

Zhang R, Yao Y, Wang Y, Ren G (2011) Antidiabetic activity of
isoquercetin in diabetic KK -Ay mice. Nutr Metab (Lond) 8: 85.
https:/ /doi.org/10.1186/1743-7075-8-85

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(4): 27


https://jppres.com/
https://doi.org/10.1007/s12012-010-9098-3
https://doi.org/10.1155/2021/9960813
https://doi.org/10.1111/jfpp.15662
https://doi.org/10.34172/jhp.2022.44
https://doi.org/10.1021/np068045m
https://doi.org/10.1021/np100332v
https://doi.org/10.1016/j.biopha.2018.01.107
https://doi.org/10.35333/jrp.2020.247
https://doi.org/10.1016/j.jksus.2020.101230
https://doi.org/10.3136/fstr.20.711
https://doi.org/10.1016/j.foodchem.2009.11.022
https://doi.org/10.1007/BF02860185
https://doi.org/10.4103/japtr.japtr_91_21
https://doi.org/10.2220/biomedres.31.213
https://doi.org/10.5650/jos.ess21258
https://doi.org/10.3390/foods10112600
https://doi.org/10.1007/s11676-018-0675-9
https://doi.org/10.1080/09637480701603082
https://doi.org/10.1111/ijfs.16886
https://doi.org/10.1080/16546628.2017.1364117
https://doi.org/10.1002/ptr.3385
https://doi.org/10.1016/j.lfs.2006.08.007
https://doi.org/10.1186/1743-7075-8-85

Nor et al. Durio and metabolic syndrome

AUTHOR CONTRIBUTION:

Contribution Nor | Garmana AF Rafi M KangY InsanuM
Concepts or ideas X X X
Design X X X
Definition of intellectual content X X
Literature search X

Experimental studies X

Data acquisition X X X
Data analysis X X
Supervision X X X X
Administration X
Funding acquisition X X
Manuscript preparation X

Manuscript editing X X X X
Manuscript review X X X X X

Citation Format: Nor |, Garmana AF, Rafi M, Kang Y, Insanu M (2026) Durio species and metabolic syndrome: A systematic review of bioactivity and
phytochemistry. J Pharm Pharmacogn Res 14(4): 2775. https://doi.org/10.56499/jppres 14.4.2775

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.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

https://jppres.com J Pharm Pharmacogn Res (2026) 14(4): 28



https://jppres.com/
https://doi.org/10.56499/jppres_14.4.2775

