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Abstract

Muntingia calabura (M. calabura) plant is known to possess various medicinal values, and
numerous scientific studies have supported its pharmacological properties. It has been extensively
documented that M. calabura has antidiabetic properties. Therefore, this review aims to gather all
information related to the antidiabetic activity of M. calabura and present it as a comprehensive
review article. Literature has been retrieved from several databases, such as Google Scholar,
Research Gate, Wiley, Science Direct, National Center for Biotechnology Information (NCBI),
Pubmed, and Springer Link. In this review, several papers will be referred to, including in vitro
studies (a-glucosidase, a-amylase and dipeptidyl peptidase-1V (DPP-1V)), in vivo studies (animal
induced with streptozotocin (STZ) and alloxan), and studies on bioactive compounds of the M.
calabura plant. From the review, M. calabura extracts were reported to have a significant effect
on antidiabetic activity due to the presence of compounds with high antioxidant activity, such as
flavonoids and phenolic acids. Furthermore, the bioactive compounds that possess significant
antidiabetic activity were identified. Hence, this plant was concluded to have an important role in
future drug development for antidiabetic purposes, and future studies by other researchers can be
more accessible by referring to this presented review paper.
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Introduction

Diabetes mellitus (DM) is a complex metabolic
disorder of glucose metabolism [1]. The ability to
maintain the blood glucose level (BGL) is the ey
factor in managing this disorder. DM can disrupt
the fat, protein, and carbohydrate metabolism,
leading to micro-and macrovascular
complications. Furthermore, DM can be either
type 1 diabetes mellitus (T1DM) or type 2
diabetes  mellitus (T2DM). T1DM s
characterized by insulin insufficiency, and is a
chronic illness resulting from the loss of
pancreatic B-cells, and leading to hyperglycemia
as a secondary consequence [2].

Meanwhile, T2DM is characterized by a
reduction of insulin production caused by [-cell
dysfunction. [3]. Despite being the primary
energy source for the human body, an excess of
glucose in the bloodstream can be extremely
damaging and lead to well-known consequences
of DM. Globally, DM affects 5% of the
population, and World Health Organization
(WHO) predicts that around 380 million people
will be diagnosed with diabetes in the future [4].
Prevalence of diabetes in Malaysia has increased
drastically from 13.4% in 2015 to 18.3% in 2019
[5]. This increase is attributed to factors such as
lifestyle, geographical locations and lack of
dietary habits.

Currently, the treatment for T1DM involves
lifelong insulin administration, while lifestyle
modifications with additional medications such as
metformin serve as the first-line treatment for
T2DM [6,7]. However, if glycaemic control
cannot be achieved, oral medicines, such as
sulfonylureas, thiazolidinediones (TZDs, also
known as glitazones), dipeptidyl peptidase-1V
(DPP-1V) inhibitors, sodium-glucose
cotransporter 2  (SGLT-2) inhibitor, a-
glucosidase inhibitors and glucagon-like peptide-
1 (GLP-1) receptor agonists are used. The final
therapeutic options include amylin antioxidants,
growth factors, bile acid sequestrants, dopamine
agonists, and analogues.

The current antidiabetic drug therapies are mostly
reported to have side effects. The side effects
include diarrhoea, lactic acidosis and abdominal
cramps, as reported by Barella et al. [8], after

consuming metformin. In addition, diabetic
patients often reported problems such as
hypertension and hyperuricemia [9]. These

limitations have initiated the attempt to explore
management  strategies that involve the
exploration of medicinal plants because they are
cost-effective and reported to have fewer side
effects. Globally, plants that possess medicinal
properties have been widely discovered and
explored for therapeutic use. Tafesse et al. [10],
have reported that about 80-85% of populations
rely on medicinal usage of the plants to ensure
their primary health care is in excellent condition.
M. calabura, known as "Jamaican cherry," is a
medicinal plant of significant interests to
researchers. It is a species of the American
continent, widely cultivated in warm areas in Asia.
Researchers have taken an interest in its
antidiabetic activity to regulate hyperglycemia in
diabetic patients. Traditionally, the plant has been
reported for its pharmacological properties such
as antioxidant [11], anti-bacterial [12],
cardioprotective effects [13], antiproliferative
[14], antinociceptive [15, 16, 17], anti-
inflammatory [18, 19], and antidiabetic [15].

This paper aims to review the antidiabetic
properties of M. calabura, with the goal of
encouraging further research on its potential
benefits for diabetes and other pharmacological
properties. Therefore, this review will provide
comprehensive information on the plant's
antidiabetic activity, offering insights for future
research  focused on discovering novel
antidiabetic compounds from the plant.

Muntingia calabura
Botanical aspect

M. calabura (Figure 1) is a plant that grows
rapidly, and the flowers are continuously
blooming on fan-like branches. The height is
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almost 7.5 to 12 m, with the branches evenly
spreading, making it appear unique. The M.
calabura leaves are evergreen and ranging from 5
to 125 cm in length. They are oblong or
alternately lanceolate, pointed at the apex, with
dark green colouring at the base and on the upper
surface, with slight hairiness, and the undersides
are light green. The flowers have five petals with
white and yellow stamens in the centre. The fruits
are numerous, round in shape, with a diameter of
1 to 1.25 cm, their colour varies by variety,
appearing as red or yellow, and containing
thousands of tiny seeds in the soft pulp [15].

Traditional uses

Based on previous research by Mahmood et al.
[15], M. calabura is abundant and can be easily
found along the roadside. The traditional uses of
M. calabura in Malaysia are not widely known,
and technically, this plant is categorized as a
neglected plant. Although the traditional claims
of this plant are lacking in Malaysia, there are
several reports of this plant from other countries.
Sarojini and Mounika [20] reported that in
Peruvian folklore, there was significant interest in
the traditional use of this plant. The plant
alleviated lower extremities swelling, while barks
and flowers were used as antiseptic agents.
Additionally, the leaves were boiled or steeped in
hot water to be consumed orally, to treat
headaches and colds and reduce swelling of the
prostate gland.

In Colombia, it was used as a tranquilizer and
tonic from infusing the flowers. In the Philippines,
the flowers were reported to be employed in the
treatment of headaches, incipient colds, and as
tranquilizers, antispasmodics and antidyspeptics
[21]. Beyond medicinal use, the fruits can also be
used as a condiment for making jam and as filling
in pastry items [22].

Antidiabetic activity of M. calabura

In vitro studies

There are few enzymes involved in glucose
regulation which inhibit or decrease carbohydrate
metabolism. In 2015, a-glucosidase inhibitory

activity in rats' intestines was reported by Adam
et al. [23], by using methanolic extract of M.
calabura leaves (MEMCL) and aqueous extract
of M. calabura leaves (AEMCL) extracts. The
results showed extracts of M. calabura inhibited
a-glucosidase activity in the rats' intestines with
ICso values of 0.88+£0.60 mg/mL and 1.45+0.19
mg/mL, respectively. The results indicate the
plant's ability to slow down glucose absorption
from the small intestine, thereby reducing
hyperglycaemia.

In 2018, Nor Azman et al. [24], discovered
potential a-glucosidase inhibitors from 16
extracts of M. calabura as a therapeutic approach
to reducing postprandial hyperglycemia. This
study used the leaves, fruits, stems and roots of M.
calabura, collected from Bangi, Selangor,
Malaysia. The extracts were prepared in hexane,
ethyl acetate, 75% ethanol, and aqueous for all
parts of the plant. The inhibition of a-glucosidase
activity was screened at 50.00, 25.00, 12.50, 6.25,
3.13, 1.56, and 0.56 ppm. These concentrations
were prepared by two-fold serial dilution.
Acarbose served as positive control in this study.
The results revealed that the aqueous leaf and
aqueous root extracts of M. calabura exhibited
the most potent inhibition of a-glucosidase as the
ICso values recorded were 0.15 and 0.41 pg/mL,
respectively, compared to acarbose, which had
ICs0 value of 4.3 pg/mL.

On the other hand, Setyaningsih et al. [25]
reported a study demonstrating an appreciable
inhibitory activity in 10 plant samples, including
M. calabura collected from Kebun Raya Bogor,
Indonesia. Different plant parts were extracted
and analyzed for their dipeptidyl peptidase-IV
(DPP-1V) inhibitory activity. The results
indicated that the ethanolic extract of M. calabura
leaves has the potencial in inhibiting the DPP-1V
enzyme with an inhibitory percentage of 74.12%.
In comparison, the inhibition of DPP-1V for the
positive control (sitagliptin) was 85.18%.
Panneerselvam et al. [26] claimed that M.
calabura may have more significant potential in
antidiabetic activity by studying the inhibition of
a-glucosidase and a-amylase enzymes. The
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leaves of M. calabura were obtained from Park,
Chennai, and the extraction was carried out using
petroleum ether, chloroform, methanol and water
as the solvent. From the results obtained, the
minimum a-amylase inhibitory activity of M.
calabura leaves extract was 93.75% (at 20ug/mL),
while the maximum was 61.93+0.21 (at
100g/mL). The result for acarbose (the standard
drug) was 273.5% (at 20pug/mL) for minimum and
71.29% (at 100pg/mL) for maximum. The results
also showed that MEMCL reported the second-
highest inhibition of a-amylase compared to
acarbose, which exhibited the highest inhibition.
Consequently, MEMCL was estimated to exhibit
80% a-amylase activity. The numerical results for
inhibition of a-glucosidase in M. calabura leaves
extracts were not provided, but based on the
figures provided, MEMCL showed the second-
highest inhibition of a-glucosidase, followed by
the chloroform and aqueous extracts, which were
considered to exhibit moderate inhibition of a-
glucosidase. The petroleum ether extracts showed
the lowest inhibition compared to acarbose. Thus,
MEMCL was concluded to exhibit 60% of a-
glucosidase activity based on the results.

In vivo studies

The leaves of M. calabura were collected from
the Roman Catholic Church, Station Ghanpur,
Warangal, Andhra Pradesh, India, and methanol
was used to extract the leaves using the
maceration technique [27]. The study observed
the effect of 500 mg/kg body weight (BW) of
MEMCL on the oral glucose tolerance test
(OGTT) in rats. The results obtained showed that
500 mg/kg BW of MEMCL reduced the blood
glucose levels (BGL) to the normal level within
90 min (from 128.54 mg/dL at 30 min to 79.82
mg/dL at 120 min) compared to the standard
group, which reduced the BGL to the normal level
within 30 min (from 93.23 mg/dL at 30 min to
72.09 mg/dL at 60 min) [27]. Following the
extract administration, BGL was measured at 2, 4,
6, and 8 hours to investigate the hypoglycaemic
action in euglycemic rats. At 6 h, the
MEMCL dose of 500 mg/kg BW reduced BGL

significantly from 83.19 mg/dL at 0 hr to 62.62
mg/dL at 6 hr. As for the standard group, the
results also showed a significant reduction in
BGL from 79.56 mg/dL at O hr to 62.15 mg/dL at
2 hr.

In another study, the fruit of M. calabura was
evaluated for its antidiabetic potential. The M.
calabura fruits were procured in Indonesia's
Kabupaten, Klaten, and the fruit extract was
produced by extracting the fruits using 70%
ethanol. The rats were given 100, 200, and 400
mg/kg BW of ethanol extract of M. calabura
fruits (EEMCF) for four consecutive weeks. At
the end of the treatment in week 4, the control
diabetic rats showed increased BGL. In
comparison, the extract-treated groups showed a
significant reduction in their BGL. Furthermore,
EEMCF with the dose of 100 mg/kg was reported
to be the most potent dose for antidiabetic activity
as it can reduce the glucose level from 513 mg/dL
(week 2) to 109 mg/dL (week 4) [28].

Busman et al. [29] reported the leaves of M.
calabura have the potential to increase cecum
microbiota by influencing the total coliforms and
lactic acid bacteria in the gut and can improve
pancreatic cell damage by increasing the number
of normal pancreatic cells. The study was
conducted on alloxan-induced hyperglycaemic
rats with the alloxan administration dose of 160
mg/kg BW. The ethanol extract of M. calabura
leaves (EEMCL) with doses of 300, 400, or 500
mg/kg BW was given for 14 days. The results
revealed that the groups administered with the M.
calabura extract were able to mitigate the
pancreatic cell damage. The group treatment of
500 mg/kg BW of M. calabura leaves extract
showed the most significant results, with an
abundant number of normal pancreatic cells. Thus,
the study concluded that M. calabura can be a
natural treatment option for recovering from
pancreatic cell damage.

The effectiveness of AEMCL in treating diabetes
was examined by Aligita et al. [30] using two
animal models: insulin deficiency and insulin-
resistant models. M. calabura leaves were
sourced from Bumi Herbal, Bandung, Indonesia,
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and subjected to aqueous extraction. The
parameters observed were fasting blood glucose
(FBG) levels for insulin deficiency models and
values of constant insulin tolerance (KITT) for
insulin-resistant models. The insulin deficiency
model, diabetes was induced by administering
alloxan at a dose of 50 mg/kg intravenously. For
the insulin resistance model, lipid emulsion was
administered orally at a dose of 0.42 mL/2g. The
animals were divided into six groups (I, 11, 111, 1V,
V, and VI). Group | served as the negative control
(not induced by alloxan or lipid emulsion), group
Il as the diabetic control (induced but received no
treatment), and group 11l served as the positive
control, treated with 0.65 mg/kg glibenclamide
(insulin deficiency model) and 135 mg/kg
metformin (insulin resistance model). Group 1V,
V and VI received extract doses of 100, 200, and
400 mg/kg, respectively. The treatment spanned
for 14 consecutive days. The insulin deficiency
model measured the FBG on days 3, 7, 11 and 14.
Then, two mice from each group were randomly
selected to be sacrificed, and the pancreatic organ
was isolated for histologic observation.
Meanwhile, for insulin resistance models, the
values of KITT of insulin sensitivity before, after,
and after treatment were measured and analyzed.
Consequently, insulin deficiency models showed
that the higher the dose, the more significant the
decrease in FBG. From the results, the FBG
changes for groups IV, V and VI on day 14 were
13%, 22% and 29%, respectively, as compared to
group Il (glibenclamide group). The FBG
changes on day 14 was 43%. However, in this
study, they reported that all the treatment groups
had reduced the FBG, but all groups had not
reached normal levels yet. Thus, only group VI
claimed to have the same activity as group Ill.
Lastly, for insulin resistance models, the results
revealed that administering lipid emulsion at a
dose of 0.42 mL/20g affected the value of KITT
in all groups. Before induction, the KITT value
was between 1.48 - 2.00, but after induction, the
KITT value was reduced to the range between
0.14 - 0.21. Then, after 14 days, the KITT value
of the metformin group was increased (from 0.21

- 2.91), similar to the extract group with a dose of
200 (from 0.09 - 1.57) and 400 (from 0.14 - 2.31)
mg/kg BW. It was postulated that only the extract
group receiving a 400 mg/kg dose had the same
efficacy as metformin. Hence, the study
concluded that M. calabura leaves extract could
enhance insulin sensitivity in the insulin
resistance model.

The antidiabetic activity of EEMCL also agreed
with the study conducted by Herlinaetal. [31]. M.
calabura leaves were extracted using 20 %
ethanol and maceration as an extraction method.
In this study, the rats were divided into six groups,
and they were diabetic-induced using alloxan
(130 mg/kg). Group 1 acts as a control group and
was given a normal diet. Group 2 served as the
negative control and received 0.5% CMC Na
solution; meanwhile, group 3 served as the
positive control, receiving 0.43 mg/200g of
glibenclamide. Lastly, groups 4, 5, and 6 were
given EEMCL at doses of 65, 130 and 260 mg/kg
BW. The parameters used in this study were the
value of area under the curve (AUC), the
percentage of decrease in BGL (% DBGL), and
effective dose 50 (EDso). The value of AUCo. 15
was used to calculate the changes in BGL from
day O to day 15. Theoretically, decreasing the
AUC value of the treatment group, the better the
activity in lowering BGL. The EDso can also be
calculated by using linear regression between
dose and % DBGL. From the results, all the
groups except the control group showed
adaptation of DM as the BGL increased
dramatically after administration of alloxan.
Other than that, the results showed the average
AUC,.15 of the negative control is the highest
(4367.5) due to no treatment given to this group
as compared to the positive control, the average
AUCO0-15 is 2732.5 while the average AUCo.15 of
groups 4, 5, and 6 were 3105.0, 2962.5, and
2810.00 respectively. The % DBGL for groups 4,
5 and 6 were 28.9%, 32.16% and 35.66%,
respectively, while the % DBGL for positive
control was 37.43%. Lastly, the results revealed
that the effective dose of EEMCL was 692.42
mg/kg. This showed that EEMCL has potency in
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the antidiabetic study due to the results giving a
significant effect, same as a positive control
group.

Yemineni et al. [32], performed a study on STZ-
induced diabetes mice to evaluate the
hypoglycaemic activity of methanol extract of M.
calabura stem bark (MEMCSB). The rats were
split into four groups, where group | and group Il
were normoglycemic and negative control rats,
respectively. Groups Ill and IV served as the
treatment groups, receiving doses of the extract of
250 and 500 mg/kg BW, respectively. It was
revealed that MEMCSB reduced BGL
significantly in a dose-dependent manner in
groups Il and IV compared to the control. Before
therapy, the BGL for groups Ill and IV were
102.83 and 103.33 mg/dL, respectively. The BGL
levels in rats after 120 minutes of administration
with the extract were 85.66 mg/dL and 77.16
mg/dL, respectively.

Phytochemical compounds in M. calabura
Table 1 provides a summary of the phytochemical
components reported from different parts of M.
calabura, sourced from 2003 to 2023. The leaves
extract of M. calabura was analyzed, and the
phytoconstituents were identified using nuclear
magnetic resonance (NMR). From this study,
methanol extract was partitioned into ethyl
acetate and twenty-five bioactive compounds
were identified, including one new flavanone,
which was (2R,3R)-7-methoxy-
3,5,8trihydroxyflavanone [33]. Chen et al. [34]
further investigated the chemical constituents of
M. calabura leaves extracted using methanol and
identified twenty flavonoids using NMR [34].
Apart from the leaves, the fruits of M.
calabura were also extracted and isolated for their
potential metabolites. The fruit was collected
from Indonesia and extracted with aqueous water.
The four bioactive compounds isolated were
previously reported to possess antidiabetic effects
[35]. Gomathi et al. [36] conducted a study on M.
calabura fruits collected from India. Powdered
fruits of M. calabura were extracted by a mixture
of solvents consisting of acetone, methanol, and

water, which were then analyzed using GCMS.
The most abundant compounds found in the
extract were terpenes (phytol), followed by
carboxylic acids, isoprenoids, phenolic acids and
flavonoids.

In another study by Yusuf et al. [37], the extract
of M. calabura leaves collected from Selangor,
Malaysia, was subjected to LCMS and NMR
analysis. About four compounds were isolated
from the petroleum ether fraction partitioned
from the crude methanol extract. The compounds
were identified as flavonoids. Similarly, Sufian et
al. [38], carried out isolation works using the
leaves of M. calabura obtained from the same
location [37]. The powdered leaves were
extracted by methanol, which was then
partitioned into ethyl acetate and further
purification was done using vacuum liquid
chromatography and radial chromatography.
Then, the leaves extracts were successfully
identified using 'H and !C-NMR. The
compounds were confirmed as flavonoids.

An investigation by Zakaria et al. [39], identified
four compounds from the leaves' methanol extract
using high-performance liquid chromatography
(HPLC), which corresponds to the phytochemical
screening carried out consisting of triterpenes,
flavonoids, tannins, and saponins were present in
the leaves extract of M. calabura.

In addition, Kuo et al. [40] have evaluated the
stem woods of M. calabura, which were obtained
from Taiwan. The stem wood was crushed and
extracted with methanol, which then parted into
dichloromethane. The identified compounds from
the NMR analysis with the most abundant
phytochemical constituents were confirmed to be
flavonoids.

Ragasa et al. [41] have evaluated the chemical
constituents from the fruits of M. calabura. The
fruits were collected from San Pedro, Laguna and
extracted using dichloromethane. Based on the
results, four compounds were identified using
NMR. The study reported that the predominantly
phytochemical constituents present in the fruits of
M. calabura extracts were terpenoids and fatty
acids. The GCMS analysis revealed that
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flavonoids were among the major compound
classes identified via the instrument observed in
this study [42]. Next, a study in 2017 was
conducted by Lin et al. [43] using M. calabura
fruits collected from Kaohsiung, Taiwan. The
fruits were extracted with ethanol and identified
using HPLC.

Pereira et al. [44] evaluated the bioactive
compounds present in the fruits of M. calabura
and its antioxidant activity. The fruit was
collected from various trees of M. calabura in
Campinas, Brazil. The extract was analysed to
detect carbohydrates in the M. calabura fruits,
and the results showed the presence of
carbohydrates. The volatile constituents were
detected using GCMS, with terpenes found to be
most abundant. Apart from that, analysis by
UHPLC-MS revealed the presence of main
phenolic acids. The study's outcome suggests that
M. calabura possesses significant antioxidant
potential reflected by high phenolic compounds.
The UHPLC-MS analysis by Zakaria et al. [45]
displayed compounds prominently consisting of
phenolic acids. Apart from that, when extracts
were analyzed using GCMS, eight flavonoids
were identified [45]. The phytochemical profile
of dried leaves using three different drying
methods, namely freeze-drying, drying and air-
drying, were investigated. Each of the respective
dried leaves was extracted using an ultrasonic
bath sonicator followed by chromatographic
analysis using ultrahigh performance liquid
chromatography—electrospray ionization tandem
mass spectrometry (UHPLC-ESI-MS/MS) [46].
The ethyl acetate fractions of M. calabura leaves
were further partitioned to afford n-hexane,
chloroform, and ethyl acetate fractions and
analysed for its phytochemical constituents using
GCMS [47].

A recent investigation was conducted in 2023
by Nur et al. [48] to standardize M. calabura
fruits collected from various locations in South
Sulawesi Province, Indonesia. The fruits were
extracted using the ultrasonic method. The results
of the GCMS analysis obtained 36 compounds

belonging to the benzoate, phenolic, alkaloid,
terpenoid, steroid, and fatty acid ester groups.
Most of the reported studies have shown that the
extract of M. calabura possesses antidiabetic
activity via enzyme inhibition in the mechanism
of DM and lowering the BGL in the diabetes-
induced animal models. In the in vitro studies, M.
calabura exerted inhibition of a-glucosidase, -
amylase, and DPP-IV enzymes. On the other hand,
in the in vivo studies, M. calabura showed
antidiabetic activity by lowering the BGL in rats
induced by STZ or alloxan.

The significant antidiabetic potential exerted by
M. calabura could be due to its high antioxidant
activity. Plants containing flavonoids have potent
antioxidant activity and can be the ideal method
for treating DM [49]. The function of antioxidant
agents is to protect from the deleterious effects of
hyperglycemia and also benefit glucose
metabolism [50].

M. calabura is a plant rich in antioxidants. This is
proven by many studies carried out by the
researchers. For example, an investigation by
Vijayanand and Thomas [51], using M. calabura
fruit extracts, determined the antioxidant capacity
by measuring the Cupric lon Reducing
Antioxidant Capacity (CUPRAC), Ferric lon
Reducing Antioxidant Power (FRAP) and total
phenolic content (TPC) values. The extracts were
prepared using various solvents, including water,
chloroform, methanol and ethanol. The results of
TPC were only available for CEMCF, which was
3.8 pug. As for the CUPRAC assay, EEMCF
showed the highest (55.6%), followed by
MEMCEF (44.4%). Meanwhile, in the FRAP assay,
CEMCEF showed the highest percentage (70%),
followed by MEMCF, which was the second
highest (50%). Hence, M. calabura extract was
indicated to have potency in antioxidant activity.
Not only that, the recent study by Pereira et al.
[44], reported flavonoid compounds present in the
fruits of M. calabura, such as quercetin,
naringenin, epigallocatechin, gallocatechin, and
catechin, were reported to have the highest
antioxidant activity. High antioxidant activity
was also believed related to the synergistic effect
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between the phenolic acids and flavonoids. A
study by Unuofin and Lebelo, [52], reported that
compounds derived from such as phenolic
compounds (flavonoids and phenolic acids) were
involved in the development of T2DM by
activation of AMP-activated protein kinase
(AMPK) pathways and restrain the activation of
nuclear transcription factor-kappa B (NF-kB)
pathways which caused improved intolerance
towards glucose and the sensitivity of insulin.

In addition, M. calabura extracts were reported to
contain many  phytochemicals, including
flavonoids, saponins, triterpenes and tannins [39]..
Flavonoids were believed to reduce BGL by
improving the secretion of insulin, and they also
can promote the proliferation of pancreatic $-cells
[53]. Furthermore, diabetic pathways involve
different kinds of enzymes having their specific
role or function in the progression of the disease.
They are involved in the pathogenesis of the
disease, control and modulate auto-
phosphorylation of insulin receptors, and uptake
of glucose-by-glucose transporter type 4
(GLUT4), as stated by Kitada et al. [54]. Apart
from that, flavonoids also can promote GLUTA4.
Hence, the extract of M. calabura was proven to
have antidiabetic  activity.  Additionally,
flavonoids contribute to antioxidative effects by
acting as biological targets in T2DM, such as a-
glycosidase and DPP-1V enzymes [55]. Therefore,
as the plant contains flavonoids, it can be a radical
scavenger to prevent and manage T2DM.

Several compounds from the list in Table 1
were reported to have antidiabetic activity.
Among them are quercetin, kaempferol, catechin,
thiamine, ascorbic acid, riboflavin, rutin,
naringenin, chrysin, and Bsitosterol [56-58].
Quercetin is classified as flavonol. It is stated that
quercetin plays an important role in the regulation
of hepatic gene expression and lipid metabolism.
Additionally, quercetin stimulates glucose uptake
through a MAPK (mitogen-activated protein
kinase) insulin-dependent [58,59].

Kaempferol is also classified as flavonol. The
mechanism of action of kaempferol is the
activation of AMPK and a decrease in serum

levels of both tumour necrosis factor-a (TNF-a)
and C-reactive protein (CRP) [56]. This showed
that kaempferol has a mechanism similar to
metformin, where AMPK is a major cellular
regulator of lipid and glucose mechanisms [60].
Catechin is under the class of flavanol. It is
usually present in green tea, chocolate, beans and
cherry [56]. According to Fu et al. [61], due to the
presence of catechin and other antidiabetic
compounds in green tea, the study reported that
tea and its extract possess an antidiabetic activity
by reducing oxidative stress, inhibiting a-
glucosidase and a-amylase activities.

Ascorbic acid, also known as vitamin C, is a
water-soluble antioxidant. As an antioxidant, this
compound acts as a biomarker of oxidative stress.
Oxidative stress occurs in T2DM due to redox
imbalance, glucose autoxidation and reduced
activity of antioxidant enzymes. Additionally,
ascorbic acid helps in the pathway glucose
ascorbate antagonism, in which glucose and
ascorbate need support from insulin before
penetrating the cell membrane. Glucose and
ascorbate also will compete with each other.
Therefore, intake of ascorbic acid or vitamin C is
important for better control of diabetes [62].
Thiamine, also called vitamin B1, is found in
many foods such as meat, nuts, beans, and yeast.
It also acts as a coenzyme for the pyruvate
dehydrogenase, transketolase (Tk) and «-
ketoglutarate dehydrogenase complex enzymes.
These enzymes play important roles in glucose
metabolism and are reported to improve DM
conditions [63].

Riboflavin is vitamin B2, a soluble water vitamin
easily found in plants, grains, and dairy products.
Riboflavin is important for the intermediary
metabolism of carbohydrates, lipids, and amino
acids, and it can support antioxidant cellular
activity. It is also reported that riboflavin in the
diabetic condition of mice, riboflavin can alter
lipid peroxidation, antioxidant levels, protein
carbonylation and tissue damage by reducing
reactive oxygen species (ROS). Therefore, it also
causes a reduction in hyperglycemia by
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improving the absorption of sugar from the
intestine [64].

Rutin is classified as flavonol, and the scientific
name is  3,3,4'5,7-pentahydroxyflavone-3-
rhamnoglucoside [65]. Rutin was reported to have
potency in reducing BGL of STZ-induced
diabetes animal models. The study also observed
a significant improvement in pancreatic islets
cells in treated animals [66]. It is also reported to
regulate the glucose uptake in the muscle, hence
maintaining the glucose concentration in the
blood [67].

Naringenin was reported to have antidiabetic
properties by reducing BGL in animal models. It
is stated that naringenin enhances the GLUT1,
which causes the BGL to decrease. In addition,
the treated animals also show significant
improvement in the stimulation of AMPK and
cause an increment in insulin sensitivity [68].
Chrysin, also known as 5, 7-dihydroxyflavone, is
a flavonoid that naturally synthesized in
vegetables and fruits. According to Ahad et al.
[69], chrysin was administered to the animal
models which STZ has induced. It is reported to
diminish the TNF-a expression in the renal, and
the activation of NF-kB was suppressed [69].
The B-sitosterol is classified as steroids under a
subgroup of phytosterols and can be produced
from stigmasterol [70]. B-sitosterol was reported
to reduce BGL in STZ-induced diabetes. In
animal models, p-sitosterol can also lower nitric
oxide (NO) and HbAlc, and it also improves
insulin levels.[71].

In a nutshell, it could be deduced that the
antidiabetic activity possessed by M. calabura
could be due to the presence of various
phytochemicals, with the major one being the
flavonoids. On the other hand, M. calabura is also
rich in antioxidants and radical scavenging
properties, which could also contribute to the
antidiabetic activity of the plant. In addition,
several bioactive compounds have been identified
in the plant. Thus, the synergistic effect of the
bioactive compounds could also be another

reason for the significant antidiabetic activity
exerted by M. calabura.

Discussion

Previous studies have successfully demonstrated
the antidiabetic activity of M. calabura by
evaluating the in vitro and in vivo studies. To
ensure long-term safety in its use, toxicology tests
on the plant extract could be further investigated.
Additionally, the metabolic studies of the plant
extract should be conducted to uncover the
underlying metabolic processes involved.

Conclusion

In conclusion, the antidiabetic activity of M.
calabura extract has been explored in this review.
In vitro studies have shown a significant effect,
exerting potent a-glucosidase, o-amylase, and
DPP-IV inhibitory activity. As for the in vivo
studies, the results also demonstrated that the
extract of M. calabura significantly reduces BGL
in animal models with induced diabetes.
Furthermore,  bioactive = compounds  with
significant antidiabetic activity were successfully
identified. Therefore, it is clear that M. calabura
plants have the potential for antidiabetic activity.
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Table 1. Summary of phytochemical constituents and bioactive compounds isolated from various parts of

M. calabura

Location of
plant collection

Part
of
plant

Phyto-
chemical
constituents

Name of compound

Types
of
extract

References

Along a river
bank, in
Colombiana,
River Curanja,
Purus, Peru.

Leaves

Flavonoids

(2R,3R)-7-Methoxy 3,5,8-trihydroxy

Flavanone, Pinocembrin, Pinobanksin, Pinostrobin
Isoliquiritigenin, Gnaphaliin, Cabreuvin, Chrysin,
Isokaemferide, Ermanin, Lupenone, 8-Methoxy-
3,5,7-trihydroxyflavone, 5,4’-Dihydroxy-3,7,8-
trimethoxyflavone, 5-Hydroxy-3,7,8,4’-
tetramethoxyflavone, 2’°,4’-Dihydroxychalcone,
(2S)-7-Hydroxyflavanone, 7-Hydroxyisoflavone2’,
4’-Dihydroxydihydrochalcone, 7-Hydroxyflavone,
3,3’-Dimethoxyflavone, 3,8-Dimethoxy-5,7,4’-
trihydroxyflavone, 5-Hydroxy-3,7,8-
tetrimethoxyflavone, (2S)-5’-Hydroxy 7,8,3°,4’-
tetramethoxyflavan,2a,3B-Dihydroxy olean-12-en-
28-oic acid

Ethyl
acetate-
soluble
partition

of methanol
extract

Suetal.,,
2003 [33]

Kaohsiung City,
Taiwan.

Leaves

Flavonoids

2°,4’-Dihydroxy-3’-methoxydihydrochalcone
(-)-3°-Methoxy- 2°,4° B-trihydroxydihydrochal
cone, (2S)-(-)-5’-Hydroxy-7,3’4’-trimethoxy-
flavanone, Muntingone, 5-Hydroxy-
7methoxyflavone, 3,7-Dimethoxy-5-
hydroxyflavone, 5-Hydroxy-7-3,6,7-
trimethoxyflavone, 6,7-Dimethoxy-5-
ydroxyflavone, 3,5-Dihydroxy-7- methoxyflavone,
3,5-Dihydroxy-6,7- dimethoxyflavone, 8-Methoxy-
3,5,7- trihydroxyflavone, 5,7-Dihydroxy-3,4-
dimethoxyflavone, Galangin, Chrysin, 7-
Hydroxyflavanone, 7-Hydroxy-8-
methoxyflavanone, 4’-Hydroxy-7-
methoxyflavanone, 2°4’-

Dihydroxychalcone, 19. 2°,4’-Dihydroxy-3’-
methoxychalcone, 20. 2°,4’-Dihydroxydihydrochal
cone

Methanol
extract

Chenetal.,
2005 [34]

Indonesia

Fruits

Carotenoids,
minerals

Ascorbic acid, Fiber, B-Carotene, Niacin

Agqueous
extract

Verdayanti,
2009 [35]

Salem, Tamil
Nadu, India.

Fruits

Flavonoids
and
terpenoids

y -sitosterol, Stigmasterol, Campesterol, p-
Cholest-5-en-3-ol, a-tocopherol, y -tocopherol, 3-
Cyclopentyl, propionic acid, Octanoic acid, 2-
dimethylamino ethyl, ester, Ethyl stearate, Ethyl
linolenate, Ethyl linoleate, Cyclopropaneoctanoic
acid, 2-ethylcyclopropyl methyl ester, Phytol,
Ethyl hexadecanoate, n-Hexadecanoic acid, (2E)-
3,7,11,15-Tetramethyl-2- hexadecen-1-ol,
Neophytadiene, 1-Desoxy-d-mannitol
n-Nonanoic acid, 1,2,3-Propanetriol, monoacetate
.2,3-Dihydro- benzofuran, Octanoic acid, 2,3-
Dihydro-3,5-dihydroxy-6-methyl-4H-pyran,
Isoamyl acetate, 1,3,5,-Triazine-2,4,6, Triimine

Polyphenol
extract

Gomathi et
al., 2013
[36]
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5,7-Dihydroxy-3,8- dimethoxyflavone, 2.3,7- Petroleum Yusuf et al.,
Natural habitat Flavonoids Dimethoxy-5- hydroxyflavone, 3.2°,3’-Dihydroxy- | ether 2013 [37]
in Shah Alam, Leaves 4’- methoxychalcone, Calaburone partition of
Selangor, methanol
Malaysia. extract
Leaves Flavonoids 1.5,7-Dihydroxy-3,8- dimethoxyflavone, 2°,4’- Ethyl Sufian et
Dihydroxychalcone, 5-Hydroxy-3,8- acetate al., 2013
dimethoxyflavone, 3,5,7-Trihydroxy-8- partition of [38]
methoxyflavone methanol
extract
Leaves Flavonoids, Rutin, Quercitrin, Fisetin, Dihydroquercetin Methanol Zakaria et
triterpenes, extract al., 2014
saponins, [39]
and tannins.
Changzhi Stem, Flavonoids B-Sitostenone, B-Sitosterol, 5-Hydroxy-7- CH,Cl»-
Township, wood methoxyflavone, 2S)-5'-Hydroxy- soluble Kuo et al.,
Pingtung 7,8,3',4'- tetramethoxyflavan, (2S)-8,5’-Dihydroxy- | fraction of 2014 [40]
County, Taiwan. 7,3°,4’- trimethoxyflavan, (2S)-5’-Hydroxy- methanol
7,8,3’,4’- tetramethoxyflavan, (M),(2S),(2"S)- extract
,(P),(29),(2"S)- 7,8,3',4' 5", 7",8",3™ 4™
,5"'-Decamethoxy- 5,5"-biflavan, (M),(2S),(2"S)-
,(P),(2S),(2"S)-8,5',8"-Trihydoxy-
7,3'4',7",3" 4™ 5"-heptamethoxy-5,5"- biflavan
7,8,3',4' 5'-Pentamethoxyflavone, 4'-Hydroxy-
7,8,3',5'-tetramethoxyflavone, (E)-Ferulic acid
(R)-2',p-Dihydroxy-3',4'- dimethoxydihydrochal
cone, (2S)-7-Hydroxy- flavanone, Gallic acid,
Quercetin
San Pedro, Fruit Terpenoids, Squalene, Linoleic acid, Palmitic acid, p-Sitosterol Dichlorome Ragasa et
Laguna, and fatty B-Sitosterol thane and al., 2015
Philippine. acids. ethane [41]
extract
National Leaves Flavonoids, B -Carotene, a -Tocopherol, Lupeol, a-Amyrin Aqueous Triswanings
Agricultural Terpenoids B-Sitosterol, a-Lonone, Eugenol, Eugenol, Nerol, extract ihetal.,
Training and Geraniol, Linalool, a-Terpineol, Thymol, Myrcene 2017 [42]
Center tannins
(NATC),
Malang,
Indonesia.
National Leaves Phenolic Riboflavin, Maltose, Quercetin, Ellagic acid, Aqueous Triswanings
Agricultural acids, and Catechin, Kaempferol, Thiamine, Biotin, extract ihetal.,
Training Center flavonoids Pantothenic acid, Fructose, Glucose, Ascorbic acid, 2017 [42]
(NATC), Dehydroascorbic acid, Gallic acid, Pyridoxine,
Malang, Cinnamic acid, Malic acid, Niacin, Succinic acid,
Indonesia. Fumaric acid
Kaohsiung, Fruits Flavonoids Luteolin, Diosmin, Rosmarinic acid, Rutin Ethanol Linetal.,
Taiwan. and phenolic p-Anisic acid, Syringic acid, Sinapic acid, Ferulic extract 2017 [43]
acids. acid, p-Coumaric acid, Epicatechin, Caffeic acid,
Vanillic acid, p-Hydroxybezoic acid, Gentistic
acid, Gallic acid
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Campinas-SP, Fruits Hydroxycinn Cyanidin-3-0O- glucoside, Delphinidin-3-O- Polyphenol Pereira et
Brazil. amic acids, glucosideFerulic acids, Sinapic acid, p-Coumaric extract al., 2018
hydroxyben acid, Caffeic acid, Gentisic acid, Vanillic acid, 4- [44]
zoic acids, Hydroxybenzoic acid, Protocatechuic acid, Gallic
and acid, Rutin, Quercetin, Epicatechin, Catechin,
flavonoids Epigallocatechin, Gallocatechi, Naringenin
Terpenoids a-Cedrene, a-Zingiberene, a-Bergamotene, cis-3-
(terpenes) Nonen-1-ol, Methyl salicylate, 3-Hexen-1-ol
Limonene, a-Curcumene, 3-Himachalene,
Dendrolasin, B-Farnesene
Carbohydrates | Maltoheptaose, Maltohexaose, Maltopentaose,
1-Kestose, Sucrose, Fructose, Glucose
Natural Leaves Phenolic Gallic acid, Protocatechuic acid, Ferulic acid, Methanol Zakaria et
habitat in acids Quercetin-3-O-glucuronide, Quercitrin-2"-0O- extract al., 2019
Serdang, gallate,P entagalloyl-hexoside 11, Kaempferol-3-O- [45]
Selangor, galactoside, Myricetin, Quercetin-3-O- galactoside,
Malaysia. Isoferulic acid, Afzelin-O-gallate, Quercetin,
Quercetin dimer, Pinocembrin (isomer 1),
Kaempferol-3-O- glucoside, Rhamnetin,
Pinobaksin, Kaempferol, Pinocembrin (isomer 2),
Chrysin, Kaempferide I, Genistein, Kaempferide
I, Ermanin I, Ermanin I, Pinostrobin
Flavonoids Methanone, 6-Phenanthridinephenyl-, oxime, (E)- Methanol Zakaria et
13-Docosenamide, (Z) 1,1":3',1"-Terphenyl, extract al., 2019
4’ 6'-dimethoxy- 2,2",3,3",5,5",6,6"- [45]
octamethyl- Cholest-4-en-3-one, 2- hydroxy-,
(2.alpha.)-Alpha-tocopherol, 2-(Acetoxymethyl)-3-
(methoxycarbonyl)bip henylene, 6Methyl-2
phenylindole, 5-Methyl-2-phenylindolizine
Serdang, Leaves Flavonoids Geniposide, Daidzein, Quercitrin, 6- Ethanol Zolkeflee et
Selangor, and phenolic hydroxyflavanone, Kaempferol, Formononetin extract al., 2022
Malaysia. acids [46]
North Sumatera | Leaves Diterpene Phytol Ethyl Situmorang
Province, acetate et al., 2022
Indonesia. extract [47]
South Sulawesi | Fruits Terpenoid 3-Isopropyl-6a,10b-Dimethyl8-(2-Oxo-2-Phenyl- Ethanol Nur et al.,
Province, Ethyl)-DodecahydroBenzo[F]Chromen-7, extract 2023 [48]
Indonesia. (2R,3R,4ar,5S,8as)-2-Hydroxy-4a,5-Dimethyl-3-
(Prop-1-En-2-YI)Octahydronaphthalen-1
Alkaloid 1-Methyl-Cyclohexanacarboxylic Acid- Ethanol Nur et al.,
(2H-[1,2,4]Triazol-3-YL)-Amide, 1,4- extract 2023 [48]
Diazabicyclo[4.3.0]Nonan-2,5-Dione, 3-Methyl,
N,N'-Bis-3-Oxapentamethyleneformamidinum,
Dithiocarboxylate, Propanoic Acid, 2,2-
Dimethyl-, (2,3,3a,9a-Tetrahydro-3-Hydroxy-6-
Oxo-6H-Furo[2',3":4,5]
Phenolic 2,6-Di-Tert-Butyl-4-Methylphenol Ethanol Nur et al.,
extract 2023 [48]
Asian Journal of Medicine and Health Sciences Vol 6, Issue 2, November 2023 77




Figure 1. The various parts of M. calabura. a) The tree of M. calabura. b) The leaves of
M. calabura. c) The flower of M. calabura. d) The fruits of M. calabura.
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