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Antioxidant activity and antihyperglycemic constituents and of traditional medicinal plants are currently the
preferred therapeutic means of treatment and management of diabetes because of the undesired adverse effect of
synthetic drugs. Muntingia calabura (Kerukupsiam) leaves and other parts are considered as alternative natural
sources of treatment for diabetes. Ultrasonic assisted extraction is a novel approach for extraction of phyto-
constituents which gives high extraction yield of bioactive compounds. However, there has been no published
information presently on the use of ethanol ultrasonic assisted extraction method for assessment of antioxidant
and antidiabetic activities of M. calabura leaves. Hence, the current study aims to evaluate the in vitro antioxidant
and antidiabetic activities of M. calabura leave extract. ICsy analysis was done to determine theinhibitory con-
centration and the results obtained from 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay showed
ICs of gallic acid to be 1.0 pg/ml, which is lower than M. calabura leaves extract at 2.54 ug/ml, indicating that
only small concentration of gallic acid was required to inhibit the free radicals at 50 %. However, ICso analysis
for amylase inhibition showed that M. calabura extract had 44.39 ug/ml antidiabetic activity compared to
acarbose with 57.1 ug/ml activity. This indicates that M. calabura leaves extract has a better inhibition on
amylase activity compared to the acarbose which is a synthetic drug. Further still, in silico study was carried out
and the molecular docking result of eight ligands against amylase indicates quercetin had the least binding free
energy of —9.1 kcal/mol, indicating the strongest interaction. Using Lineweaver-Burk plot, the results showed a
competitive inhibition, hence, it was justified that M. calabura has the potential to manage diabetes and other
diseases related to free radicals.

Introduction hyperglycaemia, which is caused by low level of insulin production by

the pancreas or the inability of insulin generated to control the blood

Diabetes is a chronic disease that has become a global threat to most
people around the world and affects a large percentage of world pro-
portion due to the lack of insulin production, intolerance of glucose
during pregnancy, and also other factors like depletion of protein in
tissues and lack usage of glucose by the body cells [1]. Diabetes mellitus
is classified as a metabolic disorder that is characterized by

glucose levels [2]. Type 2 diabetes also known as insulin-independent
diabetes mellitus is the most common and prevalent form of diabetes,
which accounts for 90-95 % of diagnosed cases wherein enough insulin
is produced by the pancreas but the body unable to effectively use in-
sulin during glucose metabolism [3]. According to World Health Orga-
nization forecast, individuals with diabetes is projected to increase to
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700 million by 2045 [4].

There are currently some therapeutic agents available in the market,
ranging from oral hypoglycaemic agents such as; biguanidine, sulfo-
nylurea, thiazolidinediones, meglitinides and a-glucosidase inhibitors to
insulin therapy for management and treatment of diabetes. However
these antidiabetic drugs have undesired adverse effects such as diar-
rhoea, ketoacidosis, hypothyroidism, tachycardia weight gain and
others [5]. Plants are generally known as good source of therapeutic
agents for treatment of diseases, and several of them namely; Morus alba,
Muntingia calabura, Allium sativum, Zingiber officinale, Panax ginseng,
Moringa oleifera and so on have been reported [6,7] to possess anti-
hyperglycemic properties. Bioactive compounds from these plants with
antidiabetic properties have gain popularity as reliable and alternative
approach for management of diabetes because they are relatively safer
inexpensive and do not cause undesired adverse effect unlike the syn-
thetic drugs [8]. The bioactive components of these traditional medic-
inal plants with antidiabetic activities include; saponins, flavonoids,
phenolics, glycosides, carotenoids, terpenoids, alkaloids. Generally, six
notable mechanisms including inhibition of glucose metabolism,
improved insulin secretion, decreased lipid peroxidation, inhibition of
pro-inflammatory pathway, enhancement of plasma anti-oxidant ca-
pacity, and insulin-like effect has been considered as mechanism of ac-
tion of antidiabetic compounds [6].

Muntingia calabura (Kerukupsiam) belongs to the family Muntingia-
ceae and a native plant of Central America, but widely found in countries
with tropical climates like Malaysia, Indonesia, Philippines, India,
China, and Brazil [9]. It is the most commonly known roadside plant in
Malaysia [8]. The plant has been used over time as a traditional me-
dicinal herb against illnesses like flu, cough, and fever. Different parts of
the plant possess high therapeutic value, and their antiseptic, antioxi-
dant, antidiabetic, anti-inflammatory, antihypertensive, laxative, gas-
troprotective and anti-gout properties have been reported [10].

Molecular docking is one of the most used techniques in drug design
because of its ability to predict with a considerable amount of accuracy,
the conformation of ligands within the specific target binding site.
Predicting a ligand’s primary binding mode with a protein having a
known three-dimensional structure is the goal of ligand—protein dock-
ing. For the purpose of lead chemical optimization, docking can be used
to do virtual screening on a large number of compounds, rank the re-
sults, and indicate how the ligands block the target. Based on earlier
study [11] on the antioxidant activity of M. calabura using water
extraction method, the major constituents detected by Gas chromatog-
raphy-mass spectrometry (GC-MS) were alpha-terpineol, geraniol,
citronellol and eugenol. Meanwhile, gallic acid, fructose, catechin and
quercetin were detected by LC-MS. Since water and ethanol are polar,
the major compounds extracted [11]were used as ligands in molecular
docking of the current study.

Although some studies on the antidiabetic activity of M. calabura leaf
extract have been recently reported [8,12], experimental evidence on
the antidiabetic and antioxidant properties of the plant using molecular
docking, and study on the mechanism of antidiabetic action of the plant
extract has not been investigated. Moreover, this is the first scientific
report utilizing ethanol ultrasonic assisted extraction of M. calabura
leaves for in-vitro antidiabetic and antioxidant study. Ultrasonic assisted
extraction was utilized in the extraction process of the M. calabura leaves
extract because this novel approach gives higher extraction yield of
bioactive constituents and also have higher recovery rate of other bio-
actives like phenolic compounds than using the conventional water/
ethanol extraction approach [11]. Thus, the present study was con-
ducted to assess the in vitro antioxidant and antidiabetic activities of
M. calabura leaves using ultrasonic assisted extraction approach.
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Materials and methods
Plant material preparation

Mutingia calabura leaves were obtained from Institute of Sustainable
Agro Technology, Perlis and conveyed to the lab within 8 h for the
experiment. The plant material was washed with distilled water. The
leaves of M. calabura were dried at 50°C using a vacuum oven [13]. The
leaves were then ground to powder and kept under storage away from
light and humidity [2].

Extraction process

One gram of powdered leaves were weighed and placed in a conical
flask. 100 mL of 90 % ethanol was measured and poured into the conical
flask. The sonicator was set to 450 rpm and 25°C along with a frequency
of 20 kHz. The samples were extracted using an ultrasonic assisted
extraction according to the procedure described [14]. Rotary vacuum
evaporator was used to remove excess solvent and concentrate the leave
extract [1]. The process of centrifugation was carried out at 3000 rpm
for about 10 min. A micropipette was later used to collect the
supernatant.

1,1-diphenyl-2-picrylhydrazyl (DPPH) solution effect on the extract

A 0.2 mM concentration of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
was prepared in ethanol. The DPPH solution (2 mL) was added into the
200 pL of extract and 800 uL of ethanol [15]. The blank solution was
ethanol and 2 mL of DPPH solution together with 800 uL of ethanol was
the negative control. Gallic acid was used as a standard positive control
[16]. The mixture was left in the dark for 30 min and a spectropho-
tometer was used to determine the absorbance at 517 nm. The per-
centage of inhibition was calculated using Equation 1:

% inhibition = (absorbance of control (As)/ absorbance of sample
(Ac)) x 100 % (1).

Inhibitory effect of extract on amylase activity in starch solution

Starch solution of 1 g/10 mL was prepared in test tubes at the con-
centrations of 20, 40, 60, 80, and 100 pg/mL of the extract by adding
into 0.05 M of sodium phosphate buffer solution, pH 7.0. About 200 pL
of the extract prepared previously was mixed with 200 pL of amylase
solution and was left to incubate at 30°C for 10 min. Then, 200 pL of
starch were added and incubated for 3 min. Then a fixed time was set for
the reaction to occur, and the samples were taken to record its absor-
bance value. The negative control for this assay was DMSO while the
positive control was prepared in the similar way along with the same
concentration using acarbose. A sodium phosphate buffer was used as
the blank solution and the absorbance was set at 517 nm. The percentage
of inhibition was calculated using Equation 1.

Enzyme kinematic study

The Lineweaver-Burk plot was used to show the kinetics of the
extract. This assay was carried out with varying substrate (starch) con-
centrations at 20, 40, 60, 80 and 100 uM with or without the extracts.
With the aid of UV-vis spectrophotometer the solution either with or
without the samples was tested for inhibitory effects of the extract to-
wards the enzyme at 540 nm.

Inhibitory concentration at 50 % inhibition (ICsg) analysis

The IC5p method for amylase inhibitory activity was done by pre-
paring different concentrations (20, 40, 60, 80, and 100 pg/mL) of the
plant leave extract and acarbose in sodium phosphate buffer (pH 7.0).
The values of ICsp of acarbose and the plant leaves extract were
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Fig. 1. Percentage inhibition of DPPH by leaves extract of Mutingia calabura and gallic acid.
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Fig. 2. Percentage amylase inhibition assays by leaves extract of Mutingia calabura and acarbose.

determined based on the regression method through Microsoft Excel and
a graph was obtained by probit analysis. A similar method was per-
formed for antioxidant activity by preparing different concentrations of
extract and gallic acid, which were dissolved in 90 % ethanol to give 20,
40, 60, 80, and 100 pg/mL. The same method was used for amylase
inhibitory assay.

Correlation of antioxidant and amylase inhibitory activities

The correlation between the antioxidant activity and the amylase
inhibitory activity was carried out by plotting a graph with different
concentrations of M. calabura leaves extract for the antioxidant and
amylase inhibitory activities.

Determination of enzyme inhibition type

The type of enzyme inhibition was based on the Lineweaver-Burk
plot where 1/V against 1/ [amylase] and 1/ [starch] and the pattern
of the plot. The values of Km and Vmax were obtained from Michaelis-
Menten equation and also from Microsoft Excel using solver function.
The reason for using line weaver plot was to investigate the enzyme

kinetics, that is, inhibition of amylase. The type of enzyme inhibition
could be competitive, non-competitive or uncompetitive at the end of
the experiment.

Molecular docking experiments

The protein crystal structure of Human Salivary Amylase (1C8Q) was
obtained from protein data bank. The hetero atoms and the water
molecules of the structure were removed using AutoDock tools, and the
input files were prepared using the same tool. The polar hydrogen atoms
and Kollman charges were added to the protein macromolecule. The
ligands were prepared using Pymol and these compounds were docked
with alpha-amylase enzyme using AutoDock Vina program, version 1.2
[17,18]. The receptor protein was kept rigid in each docking experi-
ment. Docking was done in a grid box of 60 x 60 x 60 A dimensions based
on active site of the protein [19]. Starting at random positions, a total of
20 independent docking runs were done for each compound. Best
binding free energies among the average 20 runs were reported here.
The interaction of the ligand and protein was analysed in 2-D with
Discovery Studio [20].
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Fig. 6. Line weaver-Burk Plot of amylase inhibition by Mutingia calabura leaves extract.

Table 1

Enzyme Kinetic Parameters.
Sample Vmax (@bs/min) Ky (uM)
Mutingia calabura leaves extract 0.068512 25.8495
Acarbose (positive control) 0.068510 31.2804
Dimethyl sulfoxide (negative control) 0.06978 5.0186

Results and discussions
1, 1-Diphenyl-2-Picryl-hydrazyl (DPPH) radical scavenging assay

Fig. 1 shows the comparison between the percentage of inhibition on
DPPH of leaves extract of M. calabura and gallic acid which is the pos-
itive control. Gallic acid showed the highest percentage of DPPH inhi-
bition (88.64 %) while M. calabura leaves extract showed 86.26 %
inhibition at the concentration level of 100 ug/mL for both samples. The
antioxidant activity of the M. calabura leaves extract increased with
increasing concentration probably due to the high concentration of
phenolic compounds in the higher amount of the extracts as reported
[21].

Amylase inhibition by Muntingia calabura leaves extract

Fig. 2 depicts the comparison between amylase inhibition percentage
by M. calabura leaves extract and acarbose in starch solution. Acarbose is
a synthetic medicine used to treat diabetes mellitus whose mechanism of
action is based on amylase activity inhibition, thus hindering starch
conversion to glucose. The result in Fig. 2 shows that the percentage
amylase inhibition for both M. calabura leaves extract and acarbose
increased gradually as the sample concentration increases. Acarbose
usually shows a higher inhibition percentage when compared to plant
leaves extract at the same concentration. However, based on the
experimental data collected, M. calabura leaves extract has shown the
highest percentage of inhibition at 77.94 % while acarbose shows at
61.1 % at100 pg/mL. The plant extract showed potent inhibition of a-
amylase activity.

IC5p analysis on 1, 1-Diphenyl-2-Picryl-hydrazyl (DPPH) radical
scavenging assay

Fig. 3 shows ICsg inhibition on DPPH scavenging assay of M. calabura
leaves extract and gallic acid. From the result depicted in Fig. 3, it is
observed that ICs of gallic acid is 1.0 pg/mL, which is lower than that of

the plant leave extract at 2.5 (ug/mL). This result implies that only small
concentration of gallic acid was required to inhibit the free radicals at
50 %. Gallic acid is known to be a synthetic pure antioxidant which
shows low ICs values compared to other sample extracts. The ICsg value
of 2.5 (ug/mL) obtained by M. calabura leave extract proves that it has
antioxidant property.

IC5p analysis on amylase inhibition assay

Fig. 4 shows ICsg amylase inhibition by M. calabura leave extract and
acarbose. It is observed in the figure that the concentration of acarbose
that inhibit 50 % of amylase is 57.1 pg/mL, while that of M. calabura
leaves extract was only 44.39 ug/mL. This indicates that acarbose re-
quires a higher dose than M. calabura leaves extract to inhibit the
amylase activity at 50 % inhibition response. It is known that the lesser
the ICsq values of a sample, less amount or concentration is sufficient to
show 50 % inhibition, Hence, if lesser is the ICsq value then the better
the is the result. Based on the result of ICsy, it is found that M. calabura
leave extract has a better inhibition capability on amylase activity
compared to acarbose which is a synthetic therapeutic agent.

Correlation study of antioxidant and amylase inhibitory activities

The correlation study of M. calabura leaves extract was between
antioxidant activity and amylase inhibitory properties. The relation is
done based on the response of inhibition activity on free radicals and
amylase enzyme. The potentials of M. calabura leaves extract were tested
in two assays, which are amylase inhibition assay and DPPH radical
scavenging assay. Hence, the correlation study obtained was determined
from these assays. Fig. 5 shows the correlation graph of M. calabura
leave extract for DPPH radical scavenging assay and amylase inhibition
assay. The graph shows that the inhibition percentage of DPPH radical
scavenging assay and percentage of amylase inhibition assay increases
gradually with increase in leaves extract concentration. The antidiabetic
potential depicted by M. calabura explains that the presence of phyto-
chemicals like flavonoids are working in synergy. These flavonoids are
known antidiabetic compounds found commonly in medicinal plants
[22]. This working synergy indicates that phytochemical components
such as flavonoids are also responsible for antioxidant properties of
M. calabura leaves extract. Moreover, the coefficient of correlation is
0.9809, indicating that the graph showed a strong correlation between
anti-oxidative properties and anti-diabetic properties of the M. calabura
leaves extract.
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Table 2
Binding free energies calculated by AutoDock vina for ligand binding to
a-amylase.

Ligand 2D Structure AutoDock vina binding free energy (kcal/mol)
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Kinetic study of amylase enzyme

The mode of inhibition of the aqueous extract of M. calabura leaves
extract on amylase activity was determined using the Lineweaver-Burk
plot as shown in Fig. 6 which revealed that the extract displayed a
competitive inhibition of the enzyme activity. The y-intercept (1/Vmax)
remains unaffected, and slope (Km/Vmax) increased with the concen-
tration of the inhibitor (sample extracts). This explains the active com-
ponents in the leaves extract compete with the substrate to bind to the
active site of the free enzyme and altering the structure of the enzyme
and affect the performance of the enzyme which in turn reducing the
breakdown of starch to simple sugar [23].

Based on the graph plotted and Table 1, the Vmax of M. calabura
leave extract is 0.068512 abs/min while the Km value 25.8495 uM and
the Vmax of DMSO which is the negative control in this assay is 0.06978
abs/min and the Km value obtained is 5.0186 uM. On the other hand, the
Vmax of Acarbose which is the positive control in this assay is 0.068510
abs/min while the Km value obtained is 31.2804 puM. Based on the
values obtained the Vmax of DMSO is highest compared to Vmax of
M. calabura leave extract and also the Vmax of Acarbose. The Vmax of
Acarbose is the lowest in this assay. This shows that there is highest
maximum reaction rate in the DMSO compared to acarbose which
showed lowest reaction rate. Further still, M. calabura leaves extract
comparably has a slightly higher Vmax value than acarbose but with
lower Vmax than DMSO. This indicates that there are inhibitors present
in M. calabura leaves extract. The Km values of DMSO, acarbose and
M. calabura leaves extract are 5.0186 pM, 25.8495 M and 31.2804 uM,
respectively. The varying Km value indicates that the three substrates
(samples) have different affinities for the amylase enzyme; M. calabura
leaves extract have higher Km value than acarbose, which implies that
its inhibitors have weak binding, that is, low affinity with the enzyme
than acarbose [24].

Molecular docking

As shown in the results of correlation coefficient study, antioxidant
compounds regulate the antidiabetic activity of M. calabura leaves
extract, hence, molecular docking studies were performed to investigate
and further consolidate the result of antioxidant and antidiabetic ac-
tivity of the reported chemical constituents (see Table 2). Result for the
binding free energy of nine ligands including one positive control are
represented in Table 2. Quercetin and catechin showed the potent
binding affinity of —9.1and —8.8 kcal/mol, respectively. Quercetin
present in various natural sources as a flavonoid has demonstrated in
vitro and in vivo antidiabetic properties [25]. As expected from the
binding free energy results, quercetin showed the highest number of
conventional hydrogen bond, a total of six with a-amylase compared to
other ligands tested. The active site amino acid residues of a-amylase are
Asp 197, Glu 233 and Asp 300. These three amino acids are interacting
with quercetin with two of them forming conventional hydrogen bond
as depicted in Fig. 7.

Conclusion

Mutingia calabura leaves extract was discovered to have a capacity to
act as an amylase inhibitor and obtaining a higher value of antioxidant
in the presence of flavonoids. Based on this research study M. calabura
leaves extract obtained a value of 78.73 % in DPPH radical scavenging
assay, which is slightly lesser than the value obtained by gallic acid,
which is 79.33 %. On the other hand, ICsg analysis for DPPH radical
scavenging assay was also done where M. calabura leaves extract ob-
tained a value of 2.5 pg/ml, while gallic acid obtained a value of 1.0 pg/
ml. In the amylase inhibitory assay, the M. calabura leaves extract ob-
tained an inhibition percentage value of 77.94 %, while the acarbose
obtained is about 61.1 %. In addition, ICs( analysis for this anti-diabetic
assay was also done where the M. calabura leaves extract obtained a
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value of 44.39 ug/ml, while the acarbose obtained a value of 57.1 pug/ml.
Furthermore, in the correlation study showed that coefficient correla-
tion is 0.9809. This displays the graph portrays a strong coefficient be-
tween anti-oxidative and anti-diabetic properties of M. calabura leaves

extract. From these obtained experimental data showcases that
M. calabura leaves extract has the potential to act as natural antioxidant
and also a natural amylase inhibitor. The molecular docking results
suggests the ligand, quercetin is the most potent inhibitor of alpha
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amylase with the least binding free energy of —9.1 kcal/mole among all
the ligands computed. These findings provide intense motivation for
further in vivo study and drug identification from M. calabura leaves
extract.

CRediT authorship contribution statement

Ahmad Anas Nagoor Gunny: Conceptualization, Investigation,
Writing — original draft, Writing — review & editing. Nimaal K. Pram-
makumar: Formal analysis, Validation, Writing — original draft. Abdul
Aziz Ahmad: Resources, Validation, Writing - review & editing. Subash
C.B. Gopinath: Validation, Writing — review & editing. Amirul Rid-
zuan Abu Bakar: Validation, Writing — review & editing. Haliru Musa:

Resources, Writing — review & editing. Mohd Hishamuddin Che Mat:
Resources, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

No data was used for the research described in the article.



A.A.N. Gunny et al.

GLN
A63

Interactions

I:l van der Waals

- Conventional Hydrogen Bond

I:l Carbon Hydrogen Bond
- Unfavorable Donor-Donor

Results in Chemistry 7 (2024) 101305

VAL
A234

- Unfavorable Acceptor-Acceptor
I:l Pi-Donor Hydrogen Bond

[ A

(9) Acarbose (Positive control)

Fig. 7. (continued).

References

[1]

[2]

[3

=

[4]

[5

fad}

(6]

71

(8]

[9]

[10]

[11]

[12]

W. Irawaty, A. Ayucitra, Assessment on antioxidant and in vitro antidiabetes
activities of different fractions of Citrus hystrix peel, Int. Food Res. J. 25 (2018)
2467-2477.

N. El Omari, K. Sayah, S. Fettach, O. El Blidi, A. Bouyahya, M.E.A. Faouzi,

R. Kamal, M. Barkiyou, Evaluation of in vitro antioxidant and antidiabetic
activities of Aristolochia longa extracts, Evid. Based Complement. Alternat. Med.
2019 (2019), https://doi.org/10.1155/2019/7384735.

D.K. Patel, S.K. Prasad, R. Kumar, S. Hemalatha, An overview on antidiabetic
medicinal plants having insulin mimetic property, Asian Pac. J. Trop. Biomed. 2
(2012), https://doi.org/10.1016/52221-1691(12)60032-X.

H. Ardalani, F. Hejazi Amiri, A. Hadipanah, K.T. Kongstad, Potential antidiabetic
phytochemicals in plant roots: a review of in vivo studies, J. Diabetes Metab.
Disord. 20 (2021), https://doi.org/10.1007/540200-021-00853-9.

S. Alam, M.M.R. Sarker, T.N. Sultana, M.N.R. Chowdhury, M.A. Rashid, N.I. Chaity,
C. Zhao, J. Xiao, E.E. Hafez, S.A. Khan, [.N. Mohamed, Antidiabetic phytochemicals
from medicinal plants: prospective candidates for new drug discovery and
development, Front Endocrinol (lausanne). 13 (2022), https://doi.org/10.3389/
fendo.2022.800714.

M. Przeor, Some common medicinal plants with antidiabetic activity, known and
available in europe (a mini-review), Pharmaceuticals. 15 (2022), https://doi.org/
10.3390/ph15010065.

N. Tran, B. Pham, L. Le, Bioactive compounds in anti-diabetic plants: From herbal
medicine to modern drug discovery, Biology (basel). 9 (2020), https://doi.org/
10.3390/biology9090252.

N.K.Z. Zolkeflee, N.S. Ramli, A. Azlan, F. Abas, In vitro anti-diabetic activities and
UHPLC-ESI-MS/MS profile of muntingia calabura leaves extract, Molecules 27
(2022), https://doi.org/10.3390/molecules27010287.

G.A. Pereira, H.S. Arruda, D.R. de Morais, M.N. Eberlin, G.M. Pastore,
Carbohydrates, volatile and phenolic compounds composition, and antioxidant
activity of calabura (Muntingia calabura L.) fruit, Food Res. Int. 108 (2018),
https://doi.org/10.1016/j.foodres.2018.03.046.

B., GK.M, D.S,, S.P.K,, S.S., S.D. and T.P. Saud, Traditional, current and
prospective therapeutic uses of Muntigia calabura: a comprehensive literature
review, Research Journal of Medicinal Plants. 10 2023 9 22.

D., K.S., W.P. Triswaningsih, Identification of chemical compounds cherry leaves
(Muntingia calabura) powder as a natural antioxidant. International , Journal of
Agronomy and Agricultural Research . 10 (2017) 84-91.

T.I. Solikhah, G.P. Solikhah, Effect of Muntingia calabura L. Leaf Extract on blood
glucose levels and body weight of alloxan-induced diabetic mice, Pharmacognosy
J. 13 (2021), https://doi.org/10.5530/PJ.2021.13.184.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

D. Triswaningsih, S. Kumalaningsih, Wignyanto, Pratikto, Identification of
chemical compounds cherry leaves (Muntingia calabura) powder as a natural
antioxidant, Int. J. Agronomy Agri. Res. 10 (2017) 84-91.

J. Azmir, [.S.M. Zaidul, M.M. Rahman, K.M. Sharif, A. Mohamed, F. Sahena, M.H.
A. Jahurul, K. Ghafoor, N.A.N. Norulaini, A.K.M. Omar, Techniques for extraction
of bioactive compounds from plant materials: a review, J. Food Eng. 117 (2013),
https://doi.org/10.1016/j.jfoodeng.2013.01.014.

H. Safajou, M. Ghanbari, O. Amiri, H. Khojasteh, F. Namvar, S. Zinatloo-Ajabshir,
M. Salavati-Niasari, Green synthesis and characterization of RGO/Cu
nanocomposites as photocatalytic degradation of organic pollutants in waste-
water, Int. J. Hydrogen Energy 46 (2021), https://doi.org/10.1016/j.
ijhydene.2021.03.175.

D. Ramadas, S. Chandrappa, H.R. Kashyap, A. Biotechnology, M. Sciences, in Vitro
Anti-Diabetic Activity of Muntingia, 4 (2015) 1526-1534.

O. Trott, A.J. Olson, AutoDock Vina: Improving the speed and accuracy of docking
with a new scoring function, efficient optimization, and multithreading, J. Comput.
Chem. 31 (2010), https://doi.org/10.1002/jcc.21334.

J. Eberhardt, D. Santos-Martins, A.F. Tillack, S. Forli, Autodock vina 1.2.0: new
docking methods, expanded force field, and python bindings, J. Chem. Inf. Model.
61 (2021), https://doi.org/10.1021/acs.jcim.1c00203.

S.S. Azam, S.W. Abbasi, Molecular docking studies for the identification of novel
melatoninergic inhibitors for acetylserotonin-O-methyltransferase using different
docking routines, Theor. Biol. Med. Model. 10 (2013), https://doi.org/10.1186/
1742-4682-10-63.

D.S. Visualizer, BIOVIA, Dassault Systemes, San Diego: Dassault Systemes, BIOVIA,
Da, 2020.

N.H. Pungot, Potential of malaysian cherry leaves (muntingia calabura) as an
antioxidant agent, Sci. Lett. 14 (2020), https://doi.org/10.24191/s1.v14i2.9547.
N.LLN. Azman, N. Hashim, R. Ahmad, In-vitro a -glucosidase inhibitory activities
of muntingia, Int. J. Eng. Technol. 7 (2018) 183-185.

A. Bhatia, B. Singh, R. Arora, S. Arora, In vitro evaluation of the a-glucosidase
inhibitory potential of methanolic extracts of traditionally used antidiabetic plants,
BMC Complement. Altern. Med. 19 (2019), https://doi.org/10.1186/512906-019-
2482-z.

V. Pant, Importance of observing the progress curve during enzyme assay in an
automated clinical chemistry analyzer: a case study, Electron. J. Int. Federation
Clin. Chem. Laboratory Med. 33 (2022).

P. Ansari, S.T. Choudhury, V. Seidel, A. Bin Rahman, M.A. Aziz, A.E. Richi,

A. Rahman, U.H. Jafrin, J.M.A. Hannan, Y.H.A. Abdel-Wahab, Therapeutic
potential of quercetin in the management of type-2 diabetes mellitus, Life. 12
(2022), https://doi.org/10.3390/1ife12081146.


http://refhub.elsevier.com/S2211-7156(24)00001-8/h0005
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0005
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0005
https://doi.org/10.1155/2019/7384735
https://doi.org/10.1016/S2221-1691(12)60032-X
https://doi.org/10.1007/s40200-021-00853-9
https://doi.org/10.3389/fendo.2022.800714
https://doi.org/10.3389/fendo.2022.800714
https://doi.org/10.3390/ph15010065
https://doi.org/10.3390/ph15010065
https://doi.org/10.3390/biology9090252
https://doi.org/10.3390/biology9090252
https://doi.org/10.3390/molecules27010287
https://doi.org/10.1016/j.foodres.2018.03.046
https://doi.org/10.5530/PJ.2021.13.184
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0065
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0065
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0065
https://doi.org/10.1016/j.jfoodeng.2013.01.014
https://doi.org/10.1016/j.ijhydene.2021.03.175
https://doi.org/10.1016/j.ijhydene.2021.03.175
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1021/acs.jcim.1c00203
https://doi.org/10.1186/1742-4682-10-63
https://doi.org/10.1186/1742-4682-10-63
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0100
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0100
https://doi.org/10.24191/sl.v14i2.9547
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0110
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0110
https://doi.org/10.1186/s12906-019-2482-z
https://doi.org/10.1186/s12906-019-2482-z
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0120
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0120
http://refhub.elsevier.com/S2211-7156(24)00001-8/h0120
https://doi.org/10.3390/life12081146

	Exploring antioxidant and antidiabetic potential of Mutingia calabura (Kerukupsiam) leaf extract: In vitro analysis and mol ...
	Introduction
	Materials and methods
	Plant material preparation
	Extraction process
	1,1-diphenyl-2-picrylhydrazyl (DPPH) solution effect on the extract
	Inhibitory effect of extract on amylase activity in starch solution
	Enzyme kinematic study
	Inhibitory concentration at 50 ​% inhibition (IC50) analysis
	Correlation of antioxidant and amylase inhibitory activities
	Determination of enzyme inhibition type
	Molecular docking experiments

	Results and discussions
	1, 1-Diphenyl-2-Picryl-hydrazyl (DPPH) radical scavenging assay
	Amylase inhibition by Muntingia calabura leaves extract
	IC50 analysis on 1, 1-Diphenyl-2-Picryl-hydrazyl (DPPH) radical scavenging assay
	IC50 analysis on amylase inhibition assay
	Correlation study of antioxidant and amylase inhibitory activities
	Kinetic study of amylase enzyme
	Molecular docking

	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


