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Abstract
𝛼-amylase and 𝛼-glucosidase in the gastrointestinal tract have an important role in the hydrolysis 𝛼-1,4 and 𝛼-1,6 glycosidic chain ofstarch, respectively. Inhibition of both enzyme activities becomes one of the strategies to control diabetes. However, commercialdrugs such as antidiabetics have adverse effects such as gastrointestinal problems. Therefore, exploring functional food, especiallyfrommarine natural products as antidiabetic agents, is potential. In particular, Ceriops sp. was reported to contain bioactive compoundswith antidiabetic properties, but its mechanism to treat diabetes has not been proved. The potency of phenolic compounds of C.
decandra leaves as 𝛼-amylase and 𝛼-glucosidase inhibitors were examined in this research by implementing the molecular dockinganalysis in silico. Three steps of analysis were carried out in this study, including extraction from C. decandra leaves with differentpolarity solvents, identification of phenolic compounds using LC-HRMS, and molecular docking analysis of phenolic compoundsidentified from C. decandra leaves. This study revealed that quercetin, rutin, epicatechin, isorhamnetin, caffeic acid, and ferulic acidwere identified from C. decandra leaves. According to the drug-likeness and toxicity analysis, the presented compounds in C. decandraleaves had high potential pharmacological properties. Furthermore, molecular interaction analysis exhibited phenolic compoundsextracted with ethyl acetate, such as quercetin and epicatechin, and with methanolic extracts, such as quercetin, rutin, epicatechin,and isorhamnetin, were more effective as 𝛼-amylase and 𝛼-glucosidase inhibitors than from caffeic acid and ferulic acid. Among thephenolic compounds of C. decandra leaves, rutin and quercetin were predicted to be the potential 𝛼-glucosidase inhibitors.
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1. INTRODUCTION

Diabetes mellitus (DM) is defined as a metabolic disorder char-
acterized by an increase in blood glucose due to a decrease in
insulin secretion. This condition leads to metabolism disorders
of lipids, proteins and carbohydrates (Hossain et al., 2016).
In terms of the incidence, the number of diabetes in adults
were predicted to increase to 500 million in 2035, especially
in South-East Asia, reaching 123 million. Two common types
of diabetes include type 1 and type 2. In a prior study, it was
reported that more than 90% of patients suffered from T2DM
(Kharroubi and Darwish, 2015) .

Digestion of dietary carbohydrates involves two enzymes,
such as: (1) pancreatic 𝛼-amylase hydrolyze of 𝛼-1, 4 gly-
cosidic linkages in polysaccharides to produce maltose, mal-
totriose, and 𝛼-dextrins; and (2) 𝛼-glucosidase hydrolyze 𝛼-
1,6 glycosidic linkages to produce glucose. Further, glucose
is transported into cells via sodium-dependent glucose trans-
porter (SGLT1) located in the brush border of the intestine

(Kim et al., 2016) . T2DM management is performed to delay
glucose absorption through the inhibition of both inhibitors (𝛼-
glucosidase and 𝛼-amylase) in the digestive organs (Riyaphan
et al., 2021) . Another study reported that both 𝛼-glucosidase
and 𝛼-amylase inhibitors significantly reduce blood glucose
levels and; therefore, the inhibitors can be consumed by T2DM
patients to control postprandial hyperglycemia (Chen and Kang,
2013; Udrea et al., 2021). One of the pharmacological ap-
proaches to treat diabetes includes a series of antidiabetic drugs,
such as sulfonylureas, biguanide, thiazolidinedione, and 𝛼-
glucosidase inhibitors. In particular, 𝛼-glucosidase inhibitors
such as acarbose, miglitol, and voglibose proved to be the most
effective agents in decreasing blood glucose levels in T2DM
(Derosa and Maffioli, 2012) . However, commercial drugs
present adverse effects, mainly related to gastrointestinal prob-
lems such as flatulence, abdominal distention, and diarrhea
(Chen and Kang, 2013; Derosa and Maffioli, 2012). Conse-
quently, in order to cope with the side effect of commercial
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drugs, diabetic patients consume both conventional medicine
and food supplement to maintain the fluctuations of blood
glucose levels and to complement diabetes treatment (Dham,
2006; Zhang et al., 2017). Thus, the exploration of food
supplements, especially from marine resources, has attracted
society and researchers (Lauritano and Ianora, 2016) .

As presented in this study, the marine resources include
mangrove plants which grow along the tropical and sub-tropical
coastline in high salinity areas. Typically, mangroves have been
utilized in traditional medicine and claimed to contain biologi-
cal activities such as antioxidant, antimicrobial, and antidiabetic.
The prominent secondary metabolite in the mangrove plant
is tannin (Bibi et al., 2019) . In particular, mangrove plant
such as Rhizophora sp. presents a good source of tannin and
flavonoid, implemented as an antidiabetic agent in South East
Asia (Hardoko et al., 2015; Hardoko et al., 2017; Lawag et al.,
2012; Hardoko et al., 2016; Trinh et al., 2016). Ceriops be-
comes one of the mangrove plants consisting of five species,
such as C. tagal, C. decandra, C. pseudodecandra, C. zippeliana
and C. australis. Specifically, C. tagal leaves are extracted by
employing different solvents such as methanol, ethanol, ethyl
acetate, and petroleum ether, inhibiting 𝛼-glucosidase and 𝛼-
amylase activity. In further process, a prior study reported that
the phytochemical screening of C. tagal leaves depicts alkaloid,
tannin, terpenoid, glycoside, steroid, saponin, flavonoid, an-
thocyanin, coumarin, phenolic, and quinone (Jadhav, 2019) .
Bioactive compounds isolated from C. tagal were dominated
by terpenoid lupeol, betulin, and belong (Ramadhan et al.,
2020) . Commonly, Ceriops sp. has been consumed as a tra-
ditional food by the mangrove society in Indonesia (Askama
et al., 2017; Mahmud, 2011; Prabowo, 2018). Meanwhile, C.
decandra is one of the mangrove plants growing in Indonesia
(Alamsjah and FauzulImron, 2021) , and potentially used as a
traditional medicine to treat diabetes (Lawag et al., 2012) , con-
taining oleanolic acid, exhibiting an anti-inflammatory agent.
The leaves of C. decandra also contain catechin, which is con-
sumed to prevent cancer in humans (Mahmud et al., 2018) .
However, the exploration of phytochemical compounds in C.
decandra as antidiabetic agent is limited. Even though catechin
was identified from their leaves, other flavonoid, and phenolic
compounds have not been reported yet. The mechanism of
phytochemical compounds extracted from C. decandra leaves
as an antidiabetic agent has not been determined. Referring
to such findings, this study aimed to investigate the potency
of phenolic compounds of C. decandra leaves as 𝛼-amylase
inhibitor by using in silico molecular docking method.

2. EXPERIMENTAL SECTION

2.1 Materials
Fresh C. decandra leaves of the second, third, and fourth shoots
were harvested from Clungup Mangrove Conservation, Malang,
Indonesia. The obtained plant material was identified at Mate-
ria Medika, Batu, Indonesia (No. 074/129/102.20-A/2022).
Three different solvents (pa), including n-hexane, ethyl-acetate,
and methanol from Smart-Lab, Tangerang, Indonesia, were

used in this investigation.

2.2 Method
2.2.1 Preparation of C. decandra Leaves Extract
The air-dried and powdered plant was extracted for 3x24 hr,
with different polarity solvents, including n-hexane, ethyl ac-
etate, and methanol, respectively. Initially, the powdered leaves
(15 g) were defatted with n-hexane (3x225 mL). The residue
was macerated with ethyl-acetate (3x225 mL) and the polar
solvent, methanol (3x225 mL) was added to the residue of
ethyl acetate. The ethyl acetate and methanol filtrate were
concentrated by using a vacuum concentrator to obtain ethyl
acetate extract (2.6 g) and methanol extract (7.0 g), respectively,
and all extracts were kept at 4°C.

2.2.2 LC-HRMS Analysis
The present compounds in ethyl acetate and methanolic extract
were identified by performing LC-HRMS analysis. However,
n-hexane extract was not analyzed because the compound tends
to be a lipophilic compound, which was excluded in this study.
LC-HRMS analysis was performed by HPLC-Thermo Sci-
entific Dionex Ultimate 3000 RSLCnano with a micro flow
meter. The mobile phase consisted of A: Water+0.1% formic
acid and B: acetonitrile+0.1% formic acid. The separation was
performed on Column Hypersil Gold aQ with 50 x 1 mm x
1.9 𝜇 particle size. The flow rate was sustained in 40 𝜇L/min.
The mass spectrometer Thermo Scientific Q Exactive was run
in positive ion mode for 30 minutes with a full scan resolution
of 70,000.

2.2.3 Drug-likeness and Toxicity Analysis
The pharmacological properties of phenolic compounds ex-
tracted from C. decandra leave, including Lipinski’s rule, were
determined according to the SwissADME database http://
www.\swissadme.ch/index.php. In addition, the Protox tool
https://\tox-new.charite.de/protox_II/ was employed
to predict the toxicity level and LD50.

2.3 Molecular Interaction Analysis
2.3.1 Ligand Preparation
The phenolic compounds of C. decandra leaves, such as epicat-
echin, quercetin, rutin, isorhamnetin, ferulic acid, and caf-
feic acid, were identified by performing LC-HRMS analy-
sis. The 3D ligand’s structures were downloaded from the
PubChem database https://pubchem.ncbi.nlm.nih.gov in
SDF format. Native ligands such as NAG and MYC were re-
trieved (SDF format) from Protein Data Bank https://www.
rcsb.org/. Additionally, the structure of acarbose, miglitol,
and voglibose, as ligand control, were retrieved from Pub-
Chem database https://pubchem.ncbi.nlm.nih.gov in SDF
format.

2.3.2 Protein Preparation
The crystal structure of 𝛼-amylase was retrieved from Pro-
tein Data Bank (PDB ID: 4GQR) https://www.rcsb.org/

© 2023 The Authors. Page 543 of 553

http://www.\swissadme.ch/index.php
http://www.\swissadme.ch/index.php
https://\tox-new.charite.de/protox_II/
https://pubchem.ncbi.nlm.nih.gov
https://www.rcsb.org/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov
https://www.rcsb.org/


Puspitasari et. al. Science and Technology Indonesia, 8 (2023) 542-553

Table 1. Phenolic Compound Identified from Ethyl Acetate C. decandra Leaves Extract

RT (min) Calc. MW Formula Compound

0.868 302.04234 C15H10O7 Quercetin
5.585 290.07881 C15H14O6 Epicatechin
20.384 180.02415 C9H8O4 Caffeic acid
22.141 194.05783 C10H10O4 Ferulic acid

Table 2. Phenolic Compound Identified from Methanolic C. decandra Leaves Extract

RT (min) Calc. MW Formula Compound

3.673 302.04234 C15H10O7 Quercetin
3.675 610.15373 C27H30O16 Rutin
3.685 290.07881 C15H14O6 Epicatechin
8.146 316.05828 C16H12O7 Isorhamnetin

with PDB ID: 4GQR and PDB ID: 3A4A, respectively. Fur-
thermore, the protein receptor was prepared by removing the
ligands and water molecules and by adding polar hydrogen to
the protein through Biovia Discovery Studio 2019.

2.3.3 Chemical Interaction and Analysis
Molecular docking analysis was conducted by AutoDock Vina in
PyRx software Trott and Olson (2010) to determine chemical
interaction and binding energy among the selected compounds
or ligands and 𝛼-amylase as a macromolecule. Furthermore,
Open Babel was used to minimize the energy of the ligand
and to convert the SDF format of ligands into PDBQT format.
In molecular docking method, the grid box dimensions of
protein 𝛼-amylase (PDB ID: 4GQR) were defined as center x=
8.4474, y= 27.9862, z= 49.1350 and dimensions x= 58.9736,
y= 73.7796, and z= 58.5527. The grid box of receptor 𝛼-
glucosidase was set as follows: centerx= 21.2711, centery=
-0.7586, centerz=18.6326; dimension x=56.7368, y=75.1330,
z=65.4370. The ligands-enzyme interactions were saved in
PDB format. Biovia Discovery Studio 2019 was implemented
for graphical visualization of molecular interactions to analyze
the hydrogen bond interaction and producing to produce the
3D and 2D images. The best interactions, indicated by protein
and ligand, were determined based on the least binding energy
(kcal/mol) (Sivakumar et al., 2021) .

3. RESULTS AND DISCUSSION

3.1 Identification of Phenolic Compounds from C. decan-
dra Leaves

Chemical constituents of C. decandra leaves were identified
by LC-HRMS. In this experiment, the present authors de-
tected the six flavonoid compounds from both ethyl acetate
and methanol extract of C. decandra leaves. In particular, ethyl
acetate extract of C. decandra leaves contained quercetin, epi-
catechin, caffeic acid, and ferulic acid (Table 1). Whereas
methanol extract of C. decandra leaves contained quercetin,
rutin, epicatechin, and isorhamnetin (Table 2). Quercetin and

Figure 1. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Quercetin

Figure 2. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Rutin

Figure 3. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Epicatechin
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Table 3. Druglikeness and Toxicity Analysis

Compound Lipinski’s Rule
Swiss ADME Toxicity

Bioavailability Gastrointestinal Absorption LD50 (mg/kg) Level

Quercetin Yes 0.55 High 159 3
Rutin No 0.17 High 5,000 5

Epicatechin Yes 0.55 High 10,000 6
Isorhamnetin Yes 0.55 Low 5,000 5
Caffeic acid Yes 0.56 High 1,190 4
Ferrulic acid Yes 0.85 High 1,772 4

Figure 4. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Isorhamnetin

Figure 5. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Caffeic Acid

Figure 6. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Ferulic Acid

Figure 7. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Acarbose

Figure 8. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Miglitol

Figure 9. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Voglibose
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Table 4. Molecular Interaction and Binding Energy of Phenolic Compounds Extracted from C. decandra Leaves with 𝛼-Amylase

Compound Hydrogen Bond Electrostatic Hydrophobic Bond Distance (Å)
Binding
Energy

(kcal/mol)

Quercetin N:UNK1:H - A:GLU233:OE1 2.77559 -8.2
N:UNK1:H - A:GLN63:OE1 2.30449

A:ASP300:OD2
- N:UNK1

4.58028

A:TRP59 - N:UNK1 5.39389
A:TRP59 - N:UNK1 3.9432
A:TRP59 - N:UNK1 4.40808

Rutin A:ARG252:NH2 - N:UNK1:O 2.80286 -8.7
A:ARG398:NE - N:UNK1:O 2.9869

A:ARG421:NH2 - N:UNK1:O 3.20045
N:UNK1:H - A:GLN404:O 2.04929
N:UNK1:H - N:UNK1:O 2.0595
N:UNK1:H - N:UNK1:O 2.48039
N:UNK1:H - A:THR11:O 2.90135
A:PRO4:CD - N:UNK1:O 3.71336

A:ASP290:CA - N:UNK1:O 3.08419
N:UNK1:C - A:PRO332:O 3.66462

N:UNK1 - A:PRO332 5.2052
Epicatechin N:UNK1:H -A:ASP197:OD1 2.06398 -8.6

N:UNK1:H - A:ASP197:OD1 2.15892
A:TRP59 - N:UNK1 4.14012
A:TRP59 - N:UNK1 3.9622
A:TYR62 - N:UNK1 4.52603

Isorhamnetin N:UNK1:H - A:ASP197:OD1 2.33248 -8.3
A:ASP300:OD2

- N:UNK1
4.51209

A:TRP59 - N:UNK1 5.38608
A:TRP59 - N:UNK1 3.94888
A:TRP59 - N:UNK1 4.40001

Caffeic acid A:ARG195:NH2 - N:UNK1:O 3.31006 -6.5
N:UNK1:H - A:TRP59:O 2.02606

N:UNK1:H - A:GLU233:OE2 2.40534
A:TYR62 - N:UNK1 4.35622

Ferulic acid A:ARG252:NH1 - N:UNK1:O 3.16097 -6.5
A:ARG252:NH2 - N:UNK1:O 3.03187
A:ARG421:NH1 - N:UNK1:O 2.88786

N:UNK1:H - A:ARG398:O 2.76519
A:PRO4:CD - N:UNK1:O 3.58638

A:PRO332:CA - N:UNK1:O 3.52842
N:UNK1:C - A:SER289:O 3.72103

A:PHE335 - N:UNK1 5.07215
Acarbose (control ligand) A:SER289:OG - N:UNK1:O 2.85444 -8.1

A:GLY334:N - N:UNK1:O 3.17498
N:UNK1:H - A:LYS278:O 2.63882

N:UNK1:H - A:GLU282:OE2 2.37909
N:UNK1:H - A:SER289:OG 2.82032

N:UNK1:H - N:UNK1:O 1.84647
N:UNK1:H - A:ASP402:OD1 2.35734
N:UNK1:H - A:ASP402:OD1 1.95064
N:UNK1:H - A:PRO332:O 2.6861
N:UNK1:H - N:UNK1:O 2.43991

A:HIS331:CE1 - N:UNK1:O 3.60577
N:UNK1:C - A:SER289:O 3.70476

Miglitol (control ligand) A:ARG398:NE - N:UNK1:O 3.02654 -5.3
N:UNK1:H - A:SER289:OG 2.74774
N:UNK1:H - A:PRO332:O 1.99936
N:UNK1:C - A:GLY334:O 3.11626

N:UNK1:C - A:ASP402:OD1 3.57321
Voglibose (control ligand) A:ARG398:NE - N:UNK1:O 3.13884 -6.4

A:ARG398:NH2 - N:UNK1:O 3.0416
A:ARG421:NH2 - N:UNK1:O 2.94614

N:UNK1:H - A:PRO332:O 2.936
N:UNK1:H - N:UNK1:O 2.53573

N:UNK1:H - A:ASP402:OD1 2.76368
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NAG (native ligand) N:UNK1:H - A:GLU233:OE1 2.41992 -5.7
MYC (native ligand) A:SER3:OG - N:UNK1:O 2.88539 -8.0

A:THR6:OG1 - N:UNK1:O 2.70257
A:ARG398:NH2 - N:UNK1:O 3.28698
N:UNK1:H - A:ASP402:OD1 2.84976
N:UNK1:H - A:PRO332:O 2.67776
N:UNK1:H - A:GLY334:O 2.51017
N:UNK1:H - A:THR6:O 2.50085

N:UNK1 - A:PRO4 4.60738
N:UNK1 - A:PRO4 4.00008

Figure 10. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-amylase and Myricetin

Figure 11. Visualization of 3D and 2D Molecular Interaction (a)
and (b) Between 𝛼-amylase and Native Ligand 2 Acetamido 2
Deoxy Beta D Glucopyranose (NAG)

Figure 12. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Quercetin

Figure 13. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Rutin

Figure 14. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Epicatechin

Figure 15. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Isorhamnetin
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Table 5. Molecular Interaction and Binding Energy of Flavonoid Compounds Extracted from C. decandra Leaves with 𝛼-
Glucosidase

Compound Hydrogen Bond Electrostatic Hydrophobic Bond Distance (Å)
Binding
Energy

(kcal/mol)

Quercetin N:UNK1:H - A:GLU422:OE1 2.58907 -8.7
N:UNK1:H - N:UNK1:O 2.56823

A:ASN235:HD21 - N:UNK1 2.55171
A:ASN317:HD22 - N:UNK1 3.02129

A:HIS423 - N:UNK1 5.29361
N:UNK1 - A:ALA418 5.41696
N:UNK1 - A:ILE419 4.99911

Rutin A:ARG315:HN - N:UNK1:O 2.68632 -10.5
A:ARG442:HH12 - N:UNK1:O 2.44325
N:UNK1:H - A:GLU277:OE2 3.06396
N:UNK1:H - A:ASP352:OD2 2.46695

N:UNK1:H - A:LEU313:O 2.85898
A:ARG315:CD - N:UNK1:O 3.33397
N:UNK1:C - A:ASP242:OD2 3.16968

A:ARG442:NH1
-N:UNK1

3.75923

A:GLU411:OE2
-N:UNK1

4.02746

A:TYR158 - N:UNK1 5.38274
N:UNK1:C - A:LYS156 3.96234
N:UNK1 - A:ARG315 4.94513

Epicatechin N:UNK1:H - A:GLU411:OE2 2.22947 -8.4
A:ARG315:CD - N:UNK1:O 3.43905

N:UNK1 - A:ARG315 4.51097
Isorhamnetin A:ARG315:HN - N:UNK1:O 2.25845 -8.4

N:UNK1:H - A:GLU411:OE2 2.81979
N:UNK1:H - N:UNK1:O 2.34446

N:UNK1:H - A:SER240:OG 2.30316
N:UNK1:H - A:ASP242:OD1 3.06574

A:GLU411:OE2
- N:UNK1

3.37079

A:TYR158 - N:UNK1 5.51825
N:UNK1 - A:ARG315 4.96786

A:ARG315:HN - N:UNK1:O 2.25845
Ferrulic acid A:GLY161:HN - N:UNK1:O 2.63993 -6.9

A:ASN317:HD22 - N:UNK1:O 2.08149
N:UNK1:H - A:SER236:OG 1.84952

N:UNK1:H - A:ASN317:OD1 2.4615
A:HIS423 - N:UNK1 5.02906
N:UNK1 - A:ILE419 5.19732

Caffeic acid A:ASN317:HD22 - N:UNK1:O 2.61486 -7.3
N:UNK1:H - A:GLU429:O 2.2289

N:UNK1:H - A:GLU422:OE1 2.94661
A:LYS156:NZ -

N:UNK1
4.16194

A:PHE314 - N:UNK1 4.7899
N:UNK1 - A:ALA418 4.97655
N:UNK1 - A:ILE419 5.24291

GLC N:UNK1:H - A:ASN235:O 2.81062 -5.9
N:UNK1:H - A:HIS423:NE2 2.3532
N:UNK1:H - A:GLU422:OE1 2.54218
A:GLY160:CA - N:UNK1:O 3.32705

Acarbose (ligand control) A:SER304:HG - N:UNK1:O 1.98971 -8.0
N:UNK1:H - A:ASP307:OD2 2.96388

N:UNK1:H - N:UNK1:O 2.34045
N:UNK1:H - A:GLU411:OE2 2.60896
N:UNK1:H - A:GLU411:OE2 2.62251

N:UNK1:H - N:UNK1:O 2.17359
A:HIS280:CE1 - N:UNK1:O 3.30083
A:ARG315:CD - N:UNK1:O 3.1535
N:UNK1:C - A:PRO312:O 3.59631

Miglitol N:UNK1:H - A:TYR158:O 2.44135 -5.8
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N:UNK1:H - A:ASP352:OD2 2.32418
N:UNK1:H - A:GLN353:OE1 2.2137

Voglibose N:UNK1:H - A:LYS156:O 2.40716 -5.9
N:UNK1:H - A:ASP242:OD2 2.75118

N:UNK1:H - A:SER311:O 2.49004
N:UNK1:H - A:PRO312:O 2.46583

N:UNK1:C -
A:TYR158

3.72163

Figure 16. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Ferulic Acid

Figure 17. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Caffeic Acid

Figure 18. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Acarbose

Figure 19. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Miglitol

Figure 20. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and Voglibose

epicatechin were present in both extracts with retention time.
Tables 1 and 2 present the two groups of flavonoids, including
flavonols (rutin, quercetin, and isorhamnetin), flavan-3-ols (epi-
catechin), and one group of cinnamic acids such as caffeic acid
and ferulic acid). A prior relevant study reported that C. tagal
leaves contained several compounds, such as alkaloid, tannin,
terpenoid, glycoside, steroid, saponin, flavonoid, coumarin,
phenolic, and quinones (Jadhav, 2019) . Elaborating further,
Wang et al. (2012) reported that the predominant chemical
compounds of Ceriops sp. genus were terpenoid, especially
triterpenoid, as reported in other studies (Canusa et al., 2021;
Mahmud et al., 2018;Ramadhan et al., 2020; Jadhav, 2019).
In 1971, procyanidin was isolated from C. roxburghianaMah-
mud et al. (2018) . Even though triterpenoid was detected as a
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Figure 21. Visualization of 3D and 2D Molecular Interaction
(a) and (b) Between 𝛼-glucosidase and GLC

prominent compound in Ceriops sp.; this study, however, was
capable of detecting the six flavonoids from C. decandra leaves.
Prior studies (Proença et al., 2019; Proença et al., 2022; Şöhre-
toğlu and Sari, 2020) reported that flavonoid such as rutin,
quersetin, epicatechin and isorhamnetin had a potential to in-
hibit 𝛼-glucosidase and 𝛼-amylase activities. Therefore, C.
decandra leaves indicated its potential as an herbal medicine
antidiabetic.

3.2 Drug-likeness and Toxicity Analysis
The pharmacological properties of phenolic compounds iden-
tified from C. decandra leaves were evaluated in accordance
with Lipinski’s rule. Based on this rule, indicators such as the
molecular weights (MW) of < 500 Da, lipophilicity (log P) of
< 5, number of hydrogen bond acceptors (HBA) of ≤ 10, and
number of hydrogen donors (HBD) of ≤ 5, were applied to
assess the drug-likeness of flavonoid from C. decandra leaves
extract (Lipinski et al., 1997) . Among the phenolic compounds
identified from C. decandra leaves, only rutin did not fulfill the
rule because the molecular weight was >500. As presented by
Table 3, it is apparent that quercetin, epicatechin, isorham-
netin, caffeic acid, and ferulic acid were in accordance with
Lipinski’s rule. Therefore, those compounds possess drug-
likeness properties, thereby indicating that it could be applied
for molecular docking to determine the molecular interaction
with the receptor. However, rutin had three violations (MW
> 500, HBA ≥10, and HBD ≥5); therefore, it does not pos-
sess drug-likeness properties. Only isorhamnetin depicted low
gastrointestinal absorption. The phenolic compounds were
determined for their toxicity level and class. As shown in Table
3, all of the compounds did not exhibit any toxicity, and the
toxicity degree of the compounds was around levels 3-6. In
general, the drug-likeness concept has been applied to select
compounds with desirable properties of high ADMET (absorp-
tion, distribution, metabolism, excretion, and toxicity) profiles
(Tian et al., 2015) . The phenolic compounds exhibited high
gastrointestinal absorption except for isorhamnetin. In partic-
ular, toxicity level has been classed into six levels according
to the LD50 value, which is: class I: LD50 ≤ 5, class II: 5 <
LD50 ≤ 50, class III: 50 < LD50 ≤ 300, class IV: 300 < LD50 ≤

2000, class V: 2000 < LD50 ≤ 5000 and class VI: LD50 > 5000.
As illustrated in Table 3, all of the presented compounds did
not indicate any toxicity sign because none of the compounds
were classified in class I. The presentation also indicated that
all phenolic compounds extracted from C. decandra leaves were
safe for human consumption (Banerjee et al., 2018a; Banerjee
et al., 2018b; Drwal et al., 2014; Sadeghi et al., 2021).

3.3 Molecular Interaction Analysis
The result of molecular docking between phenolic compounds
extracted from C. decandra leaves extract with 𝛼-amylase en-
zyme was provided in Table 4. In this study, acarbose, miglitol,
and voglibose as ligands controls were applied to compare
the binding energy between ligand control and phenolic com-
pounds. According to the molecular interaction, the binding
energy of all compounds was different, varying from -6.5 to
-8.7 kcal/mol. As reported in this study, acarbose, miglitol, and
voglibose presented different binding energy, which was -8.1,
-5.3, and -6.4, respectively. Formerly, acarbose, miglitol, and
voglibose were applied as standard drugs to inhibit the activity
of both 𝛼-glucosidase in the diabetic patient (Bischoff, 1994) .

The binding energy of rutin (-8.7 kcal/mol), epicatechin
(-8.6 kcal/mol), quercetin (-8.2 kcal/mol), and isorhamnetin
(-8.3 kcal/mol) were lower than that of ligand controls, such
as in acarbose (-8.1kcal/mol), miglitol (-5.3 kcal/mol) and
voglibose (-6.4 kcal/mol). Moreover, the binding energy of
the cinnamic acid group, including ferulic acid and caffeic acid,
was higher than acarbose. Both ferulic acid and caffeic acid
identified from ethyl acetate extract presented similar binding
energy with the value of -6.5 kcal/mol, which was lower than
the binding energy of miglitol (-5.3 kcal/mol) and voglibose (-
6.4 kcal/mol). The highest inhibition towards enzyme activity
was shown on the lowest binding energy. Therefore, flavonoids,
including: rutin, epicatechin, quercetin, and isorhamnetin, ex-
hibited higher inhibition activity than those in ferulic acid and
caffeic acid.

Visualization of molecular interaction between 𝛼-amylase
and phenolic compounds was depicted in Figure 1-6. Among
the flavonoid compounds, the lowest value of binding energy
is rutin (-8.7 kcal/mol). Therefore, rutin has the highest in-
hibitory activity against 𝛼-amylase (Adinortey et al., 2022) .
In this study, rutin has H-bond interaction with amino acid
residues such as Arg252, Arg398, Arg421, Gln404, Pro4,
Asp290, and Pro332 (Figure 2). Miglitol and voglibose formed
H-bonds with amino acid residues Arg398 and Pro332 (Fig-
ure 8 and 9). Hence, it can be observed that rutin, miglitol,
and voglibose bound to Arg398 and Pro332 and, therefore,
rutin inhibited 𝛼-amylase by competitive inhibition type. In
addition, the amino acid residues such as Arg398 and Pro 332
formed H-bond with miglitol, voglibose, and myricetin (MYC)
(Figure 10). It was reported that the structure of 4GQR was
complexed with myricetin, thus chosen as a receptor human
pancreatic 𝛼-amylase (Casacchia et al., 2019) .

The binding energy of ferulic acid (-6.5 kcal/mol) was
higher compared to the binding energy of other flavonoids.
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As a result, ferulic acid indicated the lowest inhibiting activ-
ity against 𝛼-amylase. Based on the molecular interaction
(Figure 6-11), the complexity of ferulic acid with amino acid
Ser298 and the complexity of ferulic acid with the amino acids
Arg398 and Pro332 had H-bonds interaction. As reported
by a prior study Sadeghi et al. (2021) , the overlap of ferulic
acid with ligand control indicated that common amino acids
were involved in the interaction between ferulic acid and ligand
control, including acarbose (Ser298) and miglitol and vogli-
bose (Arg398 and Pro332). Therefore, ferulic acid inhibited
𝛼-amylase through competitive inhibition.

The complex of quercetin with receptor had hydrogen
bond (Glu233), electrostatic interactions (Asp300), and hy-
drophobic bond (Asp300) (Figure 1). Furthermore, amino
acid residues of Glu233, Asp197, and Asp300 are putative
active site residues in 𝛼-amylase in order to break the starch
(Nahoum et al., 2000) . The flavonoid compounds such as
epicatechin (Figure 3) and isorhamnetin (Figure 4) formed a
conventional hydrogen bond (Asp197) and hydrophobic bond
(Trp59), indicating that flavonoids bound on 𝛼-amylase. In a
prior study, amino acid residues which were identified were:
Trp58, Trp59, Tyr62, Gln63, and Asp197 bound to flavonoids
(Martinez-Gonzalez et al., 2019) . The amino acid Asp402 had
hydrogen bond interaction with ligand control (voglibose, migli-
tol, acarbose) and ligand native (myricetin). Hence, the overlap
between amino acid residue and ligand control indicated that
some common amino acids were involved in the inhibition
activity (Sadeghi et al., 2021) through competitive inhibition.

The result of molecular docking analysis between the lig-
ands, including control, phenolic compounds, and native and
receptors (PDB ID 3A4A), is provided in Table 5. Based on
the binding energy of phenolic compounds, it varies, such
as -6.9 kcal/mol (ferulic acid), -7.3 kcal/mol (caffeic acid), -
8.4 kcal/mol (epicatechin), -8.4 kcal/mol (isorhamnetin), -8.7
kcal/mol (quercetin) and -10.5 kcal/mol (rutin). There are
three commercial drugs that have been used as ligand controls
such as acarbose, miglitol, and voglibose. The binding energy
of commercial drugs included acarbose (-8 kcal/mol), miglitol
(-5.8 kcal/mol), and voglibose (-5.9 kcal/mol). Moreover, the
binding energy of ligand native (GLC) was -5.9 kcal/mol. The
result further indicated that the binding energy of phenolic
compounds such as epicatechin (-8.4 kcal/mol), isorhamnetin
(-8.4 kcal/mol), quercetin (-8.7 kcal/mol), and rutin (-10.5
kcal/mol) was lower than both ligand control and ligand native
(-5.9 kcal/mol). Lower binding energy value was correlated to
stronger binding between ligand and receptor. Thus, pheno-
lic compounds such as epicatechin, isorhamnetin, quercetin,
and rutin were able to bind the active site of the 𝛼-glucosidase
and to inhibit the activity of the enzyme. According to the
molecular interactions and the binding energy value as ana-
lyzed in this study, rutin had the lowest binding energy and
performed the highest inhibitory activity compared to other
phenolic compounds extracted in this study.

As presented in Figure 12-21, both hydrogen and hy-
drophobic bonds interact among ligand control, phenolic com-

pounds, and ligand native. Previous studies reported that some
amino acids (GLU411, ARG315, TYR158, ASP352) play a
key role in the interaction of the enzyme and inhibitor at the ac-
tive site of 𝛼-glucosidase (PDB ID 3A4A) (Nipun et al., 2020) .
Both GLU411 and ARG 315 were involved in the interaction
between receptors and ligands such as acarbose, isorhamnetin,
epicatechin, and rutin. The complex of TYR158 with lig-
ands including voglibose, miglitol, isorhamnetin, and rutin had
hydrogen binding interaction. Several residues involved in
the binding of rutin to receptor PDB ID 3A4A were GLU411,
ARG315, TYR158, ASP352, LYS156, and ASP242, and these
findings were in accordance with prior studies (Zeng et al.,
2019) . In addition, it was assumed that the hydrogen bonds
decreased the hydrophilicity, while the hydrophobicity of 𝛼-
glucosidase increased the stability of the complex. Insertion of
a routine into the active site of the receptor inhibits the entrance
of the substrate to decrease catalytic activity. Thus, the chang-
ing of conformation inhibited 𝛼-glucosidase activity (Zeng
et al., 2019) . Despite rutin, quercetin also had overlapping
amino acid residues with ferulic acid (ASN317 and ILE419)
and caffeic acid (ASN317, ALA418, and ILE419). However,
there were no similarities between amino acid residue present
in native ligands and control ligands. The native ligand (GLC)
also had overlapping amino acids with amino acid residues of
quercetin, including ASN235, HIS423, and GLU422. Iso-
maltase S. cerevisiae contains 589 amino acids, divided into
three domains: A (1-113 dan 190-512), domain B (114-189),
and domain C (513-589). ASP352 is one of the residue cat-
alytic located in the C-terminal side of the barrel of domain
A (Yamamoto et al., 2010) . Rutin bounds ASP352 towards 𝛼-
glucosidase through hydrogen interactions, revealing that the
𝛼-glucosidase was incapable of cleaving carbohydrates when
its active site was blocked. As a result, it suppressed glucose
absorption and decreased blood glucose level (Nipun et al.,
2020) . Referring to such results, the binding energy of test
compounds in rutin was lower than those in both ligand control
and ligan native.

4. CONCLUSION

The different polarity solvents significantly affected the phe-
nolic compounds extracted from C. decandra leaves, and this
study detected that quercetin, rutin, epicatechin, isorhamnetin,
caffeic acid, and ferulic acid were found from the extraction of
C. decandra leaves. Phenolic compounds identified from both
ethyl acetate and methanolic extract had high potential pharma-
cological properties based on Lipinski’s rule, SwissADME, and
toxicity class. Based on the molecular interactions, it can be con-
cluded that phenolic compounds identified from ethyl acetate
extracts such as quercetin and epicatechin; and methanolic
extracts namely quercetin, rutin, epicatechin, and isorham-
netin, were more effective for inhibiting the 𝛼-amylase and
𝛼-glucosidase than from standard drugs such as acarbose, migli-
tol, and voglibose.
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