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Abstract — Type 2 diabetes mellitus (T2DM) and its complications are important noncommunicable diseases
with high mortality rates. Protein tyrosine phosphatase 1B (PTP1B) and aldose reductase inhibitors are recently
approached and advanced for T2DM and its complications therapy. Matricaria chamomilla L. is acknowledged
as a worldwide medicinal herb that has many beneficial health effects as well as antidiabetic effects. Our research
was designed to determine the most potential antidiabetic phytochemicals from M. chamomilla employing in
silico study. 142 phytochemicals were obtained from the databases. The first screening employed iGEMdock and
Swiss ADME, involving 93 phytochemicals. Finally, 30 best phytochemicals were docked. Molecular docking
and visualization analysis were performed using Avogadro, AutoDock 4.2., and Biovia Discovery Studio 2016.
Molecular docking results demonstrate that ligand-protein interaction's binding affinities were -5.16 to -7.54 kcal/
mol and -5.30 to -12.10 kcal/mol for PTP1B and aldose reductase protein targets respectively. In silico results
demonstrate that M. chamomilla has potential antidiabetic phytochemical compounds for T2DM and its
complications. We recommended anthecotulide, quercetin, chlorogenic acid, luteolin, and catechin as antidiabetic
agents due to their binding affinities against both PTP1B and aldose reductase protein. Those phytochemicals'
significant efficacy and potential as antidiabetic must be investigated in further advanced research.

Keywords — Matricaria chamomilla L., type 2 diabetes mellitus, in silico, molecular docking, PTP1B, aldose reductase

Introduction

Diabetes mellitus (DM) is one of the most common
noncommunicable diseases that burden many countries.
The complications lead to a high DM mortality rate.'
Type 2 DM (T2DM) is the most frequent type of DM
commonly caused by insulin resistance due to genetic and
environmental factors.” Some pathways induced inflam-
mation, aging, and oxidative stress process catalyzed by
several enzymes that lead to insulin response impairment
had been distinguished as pathogenesis of T2DM as well
as its complications.>* Research nowadays focused on
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finding the best therapeutic protein target to control blood
glucose to prevent further complications that lead to
mortality.’

Protein tyrosine phosphatase 1B (PTP1B) and aldose
reductase have been identified as potential protein targets
that are recently approached and advanced. Those protein
involve in 2 different pathways lead to T2DM progression,
morbidity, and complications.® The PTP1B enzyme nega-
tively regulates the insulin signaling process by removing
phosphate groups from insulin receptors activated by the
insulin receptor substrates (IRS) and blocking signaling
molecules like phosphoinositide 3-kinase (PI3K) and
protein kinase B (AKT). Furthermore, leptin signaling
blocking and endoplasmic reticulum (ER) stress were also
initiated by PTP1B. Those pathways lead to insulin
resistance, which describes the important role of PTP1B
inhibitors in T2DM patients that also had been reported in
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previous studies.”” Aldose reductase is an enzyme that
catalyzes the first reaction of the polyol pathway. This
reaction produces sorbitol that induces oxidative stress
and reduces nicotinamide adenine dinucleotide (NADH),
leading to glucose metabolism impairment and diabetic
complications.'® Moreover, aldose reductase inhibitors
had been reported as potential antidiabetic agents that
prevent and treat diabetic complications.!" Nevertheless,
PTP1B and aldose reductase inhibitors drugs have not
been approved by Food and Drug Administration (FDA)
and some were withdrawn because of their adverse effects
and toxicities.’

Matricaria chamomilla L. (synonym Matricaria recutita)
is one of the most popular worldwide medicinal herbs for
a long time."”” Current studies reported many beneficial
health effects of M. chamomilla, such as sedative and
anxiolytic-like effects,”® antiproliferative,'* anticancer,"
antidiarrheal,'® antibacterial,'” antioxidant,'® and also anti-
diabetic. Major bioactive compounds of M. chamomilla
consist of sequisterpenic and phenolic compounds.
Sequisterpanic compounds, i.e. alpha-bisabolol, bisabolol
oxides A and B, chamazulene, and farnesene, meanwhile
apigenin, quercetin, patuletin, coumarin (herniarin and
umbelliferon), luteolin and their glucosides, are categorized
as phenolic compounds.' M chamomilla’s bioactive
compounds prevent and treat T2DM and its complication
through many mechanisms, such as decreasing the glucose
level, increasing insulin sensitivity, inhibiting sorbitol
accumulation in erythrocytes, and increasing the anti-
oxidant parameters. Those mechanism could be accom-
plished by inhibiting PTP1B and aldose reductase protein.”***

The previous study revealed that in silico methods is
capable of predicting drug targets' clinical success.” Our
in silico study would demonstrate the binding sites of M.
chamomilla’s bioactive compounds to 2-(oxalyl-amino)-
4,5,6,7-tetrahydro-thieno[2,3-c]pyridine-3-carboxylic acid
(OTA) and {5-fluoro-2-[(3-nitrobenzyl) carbamoyl]|phenoxy}
acetic acid (30L) native ligands of PTP1B and aldose
reductase protein respectively. Therefore, this study aims
to determine the compatibility among the bioactive
compounds in M. chamomilla with PTP1B and aldose
reductase target drugs for T2DM and its complications.
The results could be useful for further research, i.e. in
vitro and in vivo, and may lead to synthetic compound
modification discovery for DM.

Experimental

System Configuration — This research was performed
operating Windows 8 Pro OS 64 bit laptop with an Intel
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Core i5 processor and 8 GB RAM. iGEMdock, Avogadro,
AutoDock 4.2, and Biovia Discovery Studio 2016 were
software employed to accomplish the in silico research.

Protein Selection — PTP1B and aldose reductase were
protein targets to be inhibited for T2DM therapy. Protein
structure of PTP1B and aldose reductase were obtained
from RSCB PDB (https://www.rcsb.org/) with PDB 1D
1C88 and 4QBX. The method of the protein structure
determination was X-ray crystallography with X-ray
diffraction resolution less than 2.00 A. Selected 1C88 and
4QBX proteins were visualized in Biovia Discovery
Studio 2016 to investigate the native ligand and active site
for analyzing the grid box. Biovia Discovery Studio 2016
is a singleunified, easy-to-use, graphical interface for
powerful drug design and protein modeling research.’*

Phytochemicals Selection — 142 M. chamomilla phy-
tochemicals that reported in the previous studies were
retrieved from Dr. Duke’s Phytochemical and Ethno-
botanical database (phytochem.nal.usda.gov/phytochem/
search). The 3D structures were obtained from PubChem
(pubchem.ncbi.nlm.nih.gov) in .sdf format. The compounds
with unavailable structures were excluded. The canonical
SMILES were retrieved from PubChem and evaluated by
Swiss ADME to examine the drug-likeness based on
Lipinski’s rule of five. It describes the relationship between
the pharmacokinetic and physicochemical parameters.®
The low absorption is predicted if the molecular weight
>500, number of hydrogen bond acceptors > 10, number
of hydrogen bond donors > 5, and log P (CLogP) > 5.2
93 phytochemicals were screened by the binding affinity
and Lipinski’s rule of five obtained from iGEMdock and
Swiss ADME respectively. The best 30 phytochemicals
from the screening were selected for further docking
analysis (Table 1).

Docking and Visualization — Autodock 4.2 was employed
for protein preparation. It was performed by removing
water and separating it from its native ligand. 1C88 and
4QBX proteins and their (OTA) and (30L) native ligands
were optimized by adding polar-only hydrogens, merging
nonpolar, adding Kollman charges for proteins, and
computing gasteiger for native ligands. Native ligand
position on the binding site was determined by arranging
the grid box size (XYZ), the center coordinates (X, Y, Z),
and the spacing.”” OTA grid was set in 22x34x34 (XYZ)
point size, 44.675, 13.647, 2.429 center coordinates, and
0.5 A spacing. 30L grid was set in 24x30x30 (XYZ) point
size, 64.867, -7.141, 37.916 center coordinates, and 0.5 A
spacing.

The phytochemical compounds from M. chamomilla
would be the ligands that bind to the binding sites of the
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Table 1. M. chamomilla phytochemical compounds and their ADME analysis
Lipinski's Rule of 5
. Molecular - - TPSA I
Ligand CID F?)rfr(illiljl Mvtz);?g}lll:e aljc:[())tr(l)(:s Ijo]r)grlg LS%P Violation (Asz) Absgption
(£500 g/mol) (n<10) (n<5) —

6-Methoxykaempferol 5377945 Ci6H 1204 316.26 7 4 1.6 0 120.36 High
a-Bisabolol 442343 C;5HyO 222.37 1 1 3.76 0 20.23 High
Anthecotulide 11962174 CysH,004 248.32 3 0 3.01 0 43.37 High
Apigenin 5280443  C;5H;(Os 270.24 5 3 2.11 0 90.9 High
Apigenin-7-glucoside 5280704  C,yHy00yp 432.38 10 6 0.55 1 170.05 Low
Axillarin 5281603  Cy7H4O0s 346.29 8 4 1.73 0 129.59 High
Azulene 9231 CioHs 128.17 0 0 3.02 0 0 Low
B-Sitosterol 222284 CyHs500 414.71 1 1 7.19 1 20.23 Low
Caffeic acid 689043 CyHg0,4 180.16 4 3 0.93 0 77.76 High
Catechin 9064 C15H1406 290.27 6 5 0.85 0 110.38 High
Chlorogenic acid 1794427 Ci6H 1309 35431 9 6 -0.38 1 164.75 Low
Chrysoeriol 5280666  C;sH1,0¢ 300.26 6 3 2.18 0 100.13 High
Chrysosplenetin 5281608 C9H 504 374.34 8 2 2.49 0 107.59 High
Eupatoletin 5317291 C17H 1408 346.29 3 4 1.72 0 129.59 High
Isoferulic acid 736186 C1oH 1004 194.18 4 2 1.39 0 66.76 High
Isorhamnetin 5281654 Ci6H 1204 316.26 7 4 1.65 0 120.36 High
Jaceidin 5464461 C1sH160s 360.31 8 3 2.15 0 118.59 High
Kaempferol 5280863  C;sH;¢O¢ 286.24 6 4 1.58 0 111.13 High
Linoleic acid 5280450  C;gH30, 280.45 2 1 5.45 1 37.3 High
Luteolin 5280445  C;5H;¢O¢ 286.24 6 4 1.73 0 111.13 High
Matricarin 3083923  C;7HyOs 304.34 5 0 1.9 0 69.67 High
Oleic acid 445639 CisH340, 282.46 2 1 5.71 1 373 High
Patuletin 5281678  CisH1x0g 332.26 8 2 1.38 0 140.59 Low
Se‘f;jﬁte‘ﬁiﬁgféf’7’3"4” 5320351  CaHoOs 38837 8 1 28 0 9659  High
Quercetin 5280343  C;5H;00; 302.24 7 5 1.23 0 131.36 High
Sinapic acid 637775 Ci1H20s 22421 5 2 1.31 0 75.99 High
Spinacetin 5321435  C7H140s 346.29 8 4 1.8 0 129.59 High
Stigmasterol 5280794 CyoHyg0 412.69 1 1 6.96 1 20.23 Low
Thiamine 1130  CppH;;NOS'  265.35 3 2 0.53 0 104.15 High
Umbeliferone 5281426 CoHeO5 162.14 3 1 1.51 0 50.44 High

native ligands. Avogadro and Autodock 4.2 employed
ligand preparation. Avogadro performed ligand optimi-
zation. Furthermore, ligands optimization were operated
by Autodock 4.2, similar to the previous native ligands’
process without adding Kollman charges. Ligand positioning
based on the binding site of native ligand was saved into
.gpf file and the grid would be processed by autogrid4
tools.”’

Molecular docking was performed to the ligands under
flexible forms interacting with proteins in rigid structures.
Ligand tethering to the binding site was accomplished by
regulating the genetic algorithms (GA) parameters using
100 GA run and 300 populations. The dock output was

Lamarkian GA and saved in .dpf file that would be
processed by autodock4 tools. Finally, the docking
analysis and visualization were executed by Autodock 4.2
and Biovia Discovery Studio 2016. The best binding
affinity and favorable conformations of the docking
results were selected. Furthermore, the binding poses of
each ligand with the proteins and their interactions were
illustrated.”’

Results and Discussion

The most common type of DM is T2DM, which is
typically emanated by insulin resistance. T2DM is the
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Fig. 1. 3D structure of proteins (a) Protein Tyrosine Phosphatase 1B complexed (1C88), and (b) Aldose Reductase (4QBX).

Table 2. Protein targets, their native ligands, and active sites

Protein Target PDB ID Native Ligand Active Site
OTA
2-(oxalyl-amino)-4,5,6,7-tetrahydro-
thieno[2,3-c]pyridine-3-carboxylic acid

PTP1B (Protein-Tyrosine Phosphatase C1oH;oN>OsS
1B) TYR46, ASP48, LYS120, ASP181,
Crystal structure of Protein Tyrosine 1088 PHE182,CYS215,SER216, ALA217,
Phosphatase 1B complexed with 2-(oxalyl- ILE219, GLY 220, ARG221,
amino)-4,5,6,7-tetrahydro-thieno2,3-c GLN262, SER285
pyridine-3-carboxylic acid

30L

{5-fluoro-2-[(3-nitrobenzyl)
carbamoyl]phenoxy} acetic acid GLY18, THR19, TRP20, LYS21,

Aldose Reductase CieHis FNJO ASP43, TYR48, HIS110, TRP111,
Human Aldose Reductase complexed with %5[;125099’ 'gggzl?g’gigzl 1813’LEU21 5
a ligand with an IDD structure ({5-fluoro-2- 4QBX > i > >

(3-nitrobenzyl) carbamoylphenoxy} acetic
acid) at 0.98 A

GLY213, SER214, PRO215, ASP216,
ALA245, ILE260, PRO261, LYS262,
SER263, VAL264, THR265,
ARG268, GLU271, ASN272

leading cause of chronic DM complications, develop from
advanced glycation end products (AGEs), protein kinase
C, hexosamine pathway, and polyol pathway.>* PTP1B
and aldose reductase inhibitor were recently approached
as new potential antidiabetic agents for increasing insulin
sensitivity as well as preventing and treating DM compli-
cations.”® The bioactive compounds of M. chamomilla
have been reported to contain potential antidiabetic agents,
specifically for T2DM patients.” In silico, a successful
study to predict potential drugs target,”> was performed to

investigate the potential of M. chamomilla phytochemicals
compound as PTP1B and aldose reductase inhibitors.
PTP1B has a structured weight of 34.99 kDa, atom
count of 2669, residue count of 297, and 1 unique protein
chain. Aldose reductase has a structured weight of 37.18
kDa, atom count of 3054, residue count of 316, and 1
unique protein chain. Fig. 1. illustrates 1C88 crystal
structure of protein tyrosine phosphatase 1b complexed
with 2-(oxalyl-amino)-4,5,6,7-tetrahydro-thieno[2,3-clpyridine-
3-carboxylic acid (Fig. 1a) and Human Aldose Reductase
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Fig. 2. The structures of M. chamomilla phytochemical compounds.

complexed with a ligand with an IDD structure ({5-
fluoro-2-[(3-nitrobenzyl)carbamoyl]phenoxy }acetic acid)
(Fig. 1b) at 1.80 and 0.98 A X-ray diffraction resolution
respectively. Those proteins have no mutation. Subse-
quently, OTA and 30L native ligands were separated from
their PTP1B and aldose reductase proteins. Table 2
demonstrates the protein targets with their native ligands
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and active sites.

Phytochemicals data obtained from PubChem were
screened as stated in the experimental. 30 out of 142
phytochemicals were selected for molecular docking (Fig.
2). Due to Lipinski’s rule of five, 6 ligands have 1
violation, involving apigenin-7-glucoside and chlorogenic
acid with the number of hydrogen donors >5, and pB-
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sitosterol, linoleic acid, oleic acid, and stigmasterol with
cLogP >5. Apigenin-7-glucoside, azulene, [-sitosterol,
chlorogenic acid, patuletin, and stigmasterol have low GI
absorption, whereas others have high GI absorption
(Table 1).

Table 3 demonstrates the molecular docking analysis of
each ligand's most favorable conformations with the

Natural Product Sciences

proteins. Lobeglitazone and fidarestat are drugs that act as
PTPIB and aldose reductase inhibitors respectively.?s*’
Most phytochemical ligands have stronger binding
affinities than the inhibitory drugs against the protein
target. The binding affinity of anthecotulide to 1C88 are
the strongest (-7.54 kcal/mol), followed by quercetin,
sinapic acid, chlorogenic acid, luteolin, catechin, isoferulic

Table 3. Molecular docking results and visualizations of M. chamomilla phytochemicals with the proteins

Ligand 1C88-ligand 4QBX-ligand
Native Ligand OTA w o AG: -10.14 30L AG: -8.97
e 5@ keal/mol = oy kcal/mol
@ 1C:36790M @ g & IC: 263.88 nM
@ .:?;u " Number of H- .4 3% Number of H-
M g & bond:12 W .“,‘.fn bond: 6
O Number of v ¥ g" Number of
aizia Hydrophobic Hydrophobic
- bond: 2 bond: 7
[ vonder wass W o
[l Conventonai Hydrogen Bond. Bl Poisaced
Inhibitory Drugs  Lobeglitazone AG: -6.12 Fidarestat = AG: -7.35
I kcal/mol P Ass m kcal/mol
T @ 4, - A110 3 A:298 -
a5 % & IC: 32.54 uM . W s 1C: 412 pM
& u % © 7 Numberof H- ™ i " Number of H-
& g o bond: 5 & bond: 4
Number of Number of
Hydrophobic B Hydrophobic
 Povereaa bond: 2 B bond: 1
]
6-Methoxy @ e AG: -6.5 e AG: -8.97
kaempferol - & & @ keal/mol @ @ B keal/mol
o ik AL T2 g Uy G265
a0 bond: 3 e & o aE bond: 6
Number of o e Number of
i —— Hydrophobic - e Hydrophobic
- — e bond: 6 ; % v bond: 12
B o [ ol
o-bisabolol . AG: -6.04 = ;;;._, AG: -8.37
P il kcal/mol m B ¥ ® m kcal/mol
" & 1C:37.64 uM b IC: 730.9 nM
e . s, pe o Number of H- B o S Number of H-
4 o bond:1 bond: 1
) Number of Number of
Hydrophobic Hydrophobic
Interactions bond: 5 [ von s woss ]~ bond: 14
[ von der woss [ A [ conventonal Hydrogen Bond [ Pt
[ Conventonal Hydrogen Bond [ Pt W s
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Anthecotulide & - AG: -7.54 e AG: -9.85
o ¥ @ kcal/mol m & keal/mol
a2t : A9 = Ann e A0
: / D IC: 2.99 uM Ry ) ) IC: 60.54 nM
@ .. ., Nomberoffi- & . Numberoffi
e & \ ** bond: 5 @ bond: 3
- Number of e 89 Number of
— Hydrophobic : Hydrophobic
B e =~ bond: 7 ] v ] bond: 16
= ::v:‘m»mmw [ moniot = :-::u‘m-r&mbd [ mset
Apigenin A5 AG: -6.98 . au AG: -8.81
& kcal/mol @ ., kcal/mol
) S ICc76pM [ gw1C:347.7nM
SER A0 o ALy
= A222 i . -
A e & bond: 3 L e @ g bond:5
- © Number of X“‘E, iRt A Number of
s Hydrophobic ‘ Hydrophobic
D van der Waals - PP Stacked Interactions
[ Comertont e tond B oo bond: 6 [ wnderiioss . s bond: 9
B 7o [ Pt [ Conventonsiyckogen Sont [ resuced
B ~som [ Carbontydrogengond [ P
Apigenin-7- i P AG: -6.52 AG: -8.61
glucoside w P kcal/mol  keal/mol
=0 IC: 16.49 uM . IC: 491.55 nM
& e i - e
@.. £ N ® ——— s ® ————
o A ‘ Number of H- non Number of H-
® 2 = bond: 4 bond: 7
wee - Number of Number of
B —— Hydrophobic =~ ™77 = Hydrophobic
| Conventonsl Hydrogen Bond B 7osused bond: 5 I Conventonaitidkoge: Bond Il Poisiaced bond: 11
Bl Pavien ] Pt E] :’::»:;11 [ Pt
Axillarin AG: -6.74 , a AG: - 8.96
@ kcal/mol “ .. @ kcal/mol
IC: 11.42 uM IC: 268.61 nM
{ Number of H- ; Number of H-
e @ bond: 5 bond: 5
— Number of Number of
B e it o Hydrophobic m— I e Hydrophobic
] crmmoommers I oo bond: 6 T —povag bond: 13
; :::MMM D Ayt G ke
Azulene e AG: -5.45 g e AG: -6.97
Adle o kcal/mol ‘ “ o = kcal/mol
, TYR < A0
IC: 100.8 uM : IC: 7.82 pM
ARG PHE
- i A221 :539 A:LLS
e s .  Number of H- = . Number of H-
8 o Ay ™ bond: 1 ) we  bond:2
Ao Number of Number of
S Hydrophobic .. Hydrophobic
I s mom. bond:5 o=, E bond: 6
[] Pronoe rycrogen Bond [ [ Pt
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B-sitosterol IC AG: -6.03 = & AG: -11.81

- — = keal/mol & @ 2P g keal/mol
- IC: 38.29 uM & Bl IC: 221 nM
G Vs % -
<) ;;'. ‘V-""m s Number of H- 5 - R S Number of H-
o o @Y bond: 1 s - @ ™ bond: 2
& Number of Number of
ntcractions Hydrophobic Hydrophobic
— i — gl bond: 7 oo bond: 29
D van der Waals D Al
N Ao [] Carbontycrogen Bond [ poaiert
Caffeic Acid S AG: -6.63 AG:-5.3
5 kcal/mol keal/mol
o IC: 13.78 uM 1C: 129.26 uyM

o~ =g Number of H- £ g Number of H-
&% * bond: 6 bond: 5

pe & o Y R ponds
Number of b Number of
Ao Hydrophobic Hydrophobic
—
mersctions bond: 2 ] v [ esane bond: 3
] vander wasis B P [ Comentons Hydrogen Bond ] P
[l convenvons Hycrogen 8and Wl P+ swdes [ Pr0oncr Hydrogen 8ond
Catechin o AG: -7.07 © & AG: -8.49
sen I A299
@ kcal/mol @ @ kcal/mol
= L i

IC: 6.61 pM IC: 602.76 nM

Number of H- A Number of H-

& m o an . NG
bond: 5 & L @ bond:3
- —— oo
- Number of Number of
i — et Hydrophobic ™77 - Hydrophobic
—ommemt i bond: 4 e . s bond: 4
Pmon D P-Donor Hydrogen Bond D Prilod
Chlorogenic acid AG: -7.11 o e AG: -7.87
= kcal/mol S S . kcal/mol
., @

IC:619pM & S (B IC: 1.69 uM

S 2 . )
& B g @ Number of H- G @ Number of H-
a0 - 8 6 4309 y . A110
& ¥ bond: 13 e » bond: 6
—_— ] ay —_—
Number of Number of
Interactions 1 3
B i pa Hydrophobic Hydrophobic
[ CovventonaiHydrogen sond W s bond: 4 [ vander wass e bond: 3
[] Corbanyckogen Bond Bl 7o Tehwet [ ComventonsiHydrogenBond [ Pseoe
I nfivorable Donor-Donor [ Pt [] #onor Hydrogen Bond [ P
Chrysoeriol v s AG: -6.96 i AG: -9.49
. kcal/mol kcal/mol
N, - 2
N A262 Plﬂi o Sm———— P———————
a2 s IC: 7.91 uM IC: 110.87 nM
GLY
A:220 . -
g Number of H- Number of H-
a5 oy & bond: 2 bond: 6
& Number of Number of
A:215 . .
Hydrophobic Hydrophobic
S Sirmaciins
[ venrwost [ bond: 5 [ v s [ Pt bond: 7
B comentonsHydropenBend B Postded Bl ConventonsiMydrogentond [l P Stacked
[ Carbon Hytrogen Bond [ P [ +0onor Hydrogen Bond B P Teheed

R B s [ P
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Chrysosplenetin

ARG

AG: -6.4

AG: -8.85

YR keal/mol g @ @ = keal/mol
o 6 ) IC:2034puM 1C: 326.01 nM
- SOR o Number of H- ’ Number of H-
@ ® & bond: 4 5 bond: 3
v s Number of Number of
B —— Hydrophobic Hydrophobic
I i I e bond: 5 e [Tt bond: 10
= v - o
Eupatoletin @ s . AG-6.83 & AG: -7.96
O w 9 kcal/mol e = kecal/mol
) IC: 9.84 uM : IC: 1.47 uM
% ©¢ Number of H- e L Number of H-
& bond: 2 ? 2 9 bond: 6
Number of Number of
v = Hydrophobic s . Hydrophobic
— T I o bond: 6 i — el bond: 10
; M"m E S [ Carbon Hycrogen Bend [ oot
Isoferulic Acid & AG: -7.07 e e s AG: -5.62
" @ \,ﬁ;’. kcal/mol o [+ kcal/mol
;M TCes2pM IC: 76.4 pM
. A2 i ) Number of H- & &% 4 Number of H-
&t . o bond: 5 " bond: 2
Number of Number of
B o v I o Hydrophobic e = e Hydrophobic
e i bond: 2 — A bond: 4
Isorhamnetin AG: -6.59 o~ & M AG: -8.82
w @ kcal/mol A 1 - A kcal/mol
e m IC14mpM ., ; EHIC:342.150M
6Ly " f;.zg?léz ¢ n_. A}:HD P& a
@ ‘m Number of H- e i a8 &5 Number of H-
& bond: 3 B bond: 7
s Number of 7w I e Number of
i R i Hydrophobic = e e Hydrophobic
i 0 e bond: 5 [ Pomer gt B bond: 9
Jaceidin AG: -6.43 F6) AG: -9.35
kcal/mol - kcal/mol
IC: 19.46 uM N IC: 141.24 nM
. we Number of H- 1: ”:;2 “ %™ Number of H-
@ " bond: 9 @u W e bond: 5
it Number of e Number of
— i — il Hydrophobic == —Jet Hydrophobic
T — bond: 6 [ES] cibmimmned I bond: 10

. e

B o
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Kaempferol @ . AG: -6.7 & AG: -8.57
&
o o o s kcal/mol ) kcal/mol
oo IC: 12.27 uM W IC: 519.74 nM
&% w B
A - .,’ -
. gl & —_— ;e @ -
Y 4 @ ® T % NumberofH- i -~ Number of H-
22 183 gon ¥, F
v e bond: 3 . bond: 6
el &5
Number of a3 Number of
] o v B sades Hydrophobic == o i Hydrophobic
B conventonal Hydrogen Bond [ ##Tshaoed . Cormeenzonal y Berd Pt Stadked .
i o — o bond: 6 i o s bond: 12
B o B s [
Linoleic Acid s AG: -5.66 - AG: -6.67
A3 ™
P kcal/mol G - . = kcal/mol
g 22 a5 2
& AT w  IC:71.18 yM & S IC: 12.9 uM
o S @
& o T 5
Number of H- & . Number of H-
. bond: 5 bond: 3
& — -
g o Number of Number of
Hydrophobic e Hydrophobic
. van der Wasls PisSgma .
— bond: 0 B i — bond: 7
[ van der waais [l Conventonal Hydrogen Bond [[] Carbon rydrogen Bond ] Pt
Luteolin s &, AG: -7.1 &% AG: -8.63
- 2 5 kcal/mol PR & kcal/mol
so —_— ABo " —_—_—
IC: 6.23 uM IC: 471.13 nM
; &
s £ Number of H- " ] Number of H-
. )
2 8@ Y8 bond: 2 P 3 " bond: 6
& e T ! @ o
Number of oS Number of
Hydrophobic Hydrophobic
ercins . . .
=g A bond: 5 e - bond: 9
[ Corvertonsirytrogen Bord B Fsese - I o sues
[ Urfovorable Donor Dense [ Pt [] moomsr rogen Bord [ P Teeoes
Bl Paoen W some [ Aot
Matricarin o ~ AG: -5.88 i . i AG: -8.82
i Ak A.IA Al
At © M kcal/mol A kcal/mol
- A Y e —
2 49. :340.52n
e IC: 49.35 uM IC: 340.52 nM
P el s
o Number of H- ; Number of H-
e ow bond: 1 I @@ @ bond3
2 e & -
Number of R Number of
Hydrophobic Hydrophobic
Interactions % [T van der wasks » Y
[ i = bond: 8 B e Jeen bond: 16
[ Conventionsi tydrogen Bond [ Pt I Unfvorabie Acceptor-Acceptor [ moasert
Oleic acid o w AG: -5.16 T AG: -6.44
&3 ety g kcal/mol ) - . &5 kcal/mol
\ T IC: 165.75 uM .. IC: 19.1 uyM
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‘\ TRP
P! - Alll
o AlE2 e &% o
4 e Number of H- .n*® Number of H-
RN g bond: 6 S @ bond: 3
ARG SER) o’ S GLY
A4S 216 G TALA ; —_—— & _———
D e @9 ™™ Number of o “ Number of
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Patuletin AG: -6.87 B o & AG: -8.65
= kcal/mol o kcal/mol
' 5 e e
a @ &l i i # 1C:9.15 uM IC: 456.68 nM
Number of H- e :;.z " g  Number of H-
bond: 10 % owm ¥ bond: 6
Number of Number of
B o R seied Hydrophobic Hydrophobic
B ot B oo bond: 7 — — bond: 9
:l St D Carbon Mydrogen Bond r:] Prealof
Quercetagetin- o AG: -6.52 A 5 AG: -9.66
3,6,7,3',4'- & kcal/mol o ) o kcal/mol
pentamethylether TUE s 101673 M & ® IC: 82.99 nM
% Number of H- S Number of H-
o bond: 4 w B & e bond: 4
—— @ Number of Number of
Elﬁ%ﬁmm 5‘:_ Hydr'ophoblc ETE’ZTM B -~ Hydr'ophob1c
= Pl bond: 7 . e —— bond: 10
Prton 5o
Quercetin @ AG: -7.31 1 AG: -8.25
8 kcal/mol oo kcal/mol
IC: 4.41 pM P e IC: 903.97 nM
Number of H- o Number of H-
ey o bond: 6 {,"; bond: 6
Number of Number of
S Hydrophobic Ve Hydrophobic
Jr— bond: 6 tnteractioes bond: 12
[ vancer wasis [ ] voncer woss [ rrsutsr
[ Conventons Hycrogen Sand B #o staded B Comentonaltyrogentond [ P Stacked
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Sinapic acid & o AG: -7.12 e AG: -5.84
& . kcal/mol o kcal/mol
... M 1CT6.06 M Q. ; @ 1C:52.02 M
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S @ e bond: 6 S s o bond:
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[ —— [ P ] cotenmrampnsins [ o
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o Number of H- ™o Number of H-
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Stigmasterol o AG: -6.3 e = AG: -12.1
. AR kcal/mol 5 - = keal/mol
ks @ g ,
Shpe  1C:24.12pM o ® _  IC:135nM
< ANE W
= e
oS —
T Number of H- 5o &) @  Number of H-
. ALA 6Ly
s & Al %@ 85 bond: 1 s @ bond: 1
— T ——
O ¥ v Number of Number of
Hydrophobic ... Hydrophobic
P 5 on de Wass ] At .
= bond: 13 Scwmmm —fne bond: 35
B s
Thiamine & AG: -6.26 o AG: -7.9
kcal/mol & o e kcal/mol
B S & @ — T & o—
D Tom W IC: 24.14 uM @ IC: 1.63 uM
2 Aa20, W T
& Number of H- & Number of H-
bond: 4 e bond:
Gy G - b -y
& Number of pe D Number of
. Hydrophobic Hydrophobic
. bond: 8 miyios B cE— bond: 11
S B ot [ ConventonaiHydrogen ond B 7o staces
B Corverscos g ond O & [[] Poonor Hydrogen 8ond ] A
il ot ] B Psom [ P
Umbeliferone i AG: -6.51 e AG: -6.98
@ Y a kcal/mol @ @ o @ kcal/mol
@ @ : = IC: 16.77 uM e ; fer IC: 7.66 uM
A3
i Number of H- i Number of H-
a221 A:299
bond: 4 @ bond: 4
SER - - S —
¥ e A0 Number of Number of
Hydrophobic Hydrophobic
— bond: 6 — bond: 7
[ 0~

acid, apigenin, chrysoeriol, patuletin, eupatoletin, axillarin,
kaempferol, caffeic acid, isorhamnetin, apigenin-7-glu-
coside, quercetagetin-3,6,7,3’,4’-pentamethylether, umbelli-
ferone, 6-methoxykaempferol, jaceidin, chrysoplenetin,
spinacetin, stigmasterol, and thiamine (-7.31 to -6.26 kcal/
mol) that have more negative binding affinity than
lobeglitazone (-6.12 kcal/mol). On the other hand, the
binding affinity between stigmasterol and 4QBX protein
targets are the strongest (-12.1 kcal/mol), followed by B-
sitosterol, anthecotulide, quercetagetin-3,6,7,3’,4’-penta-
methylether, chrysoeriol, jaceidin, spinacetin, 6-meth-
oxykaempferol, axillarin, chrysoplenetin, matricarin,
isorhamnetin, apigenin, patuletin, luteolin, apigenin-7-
glucoside, kaempferol, catechin, a-bisabolol, quercetin,
eupatoletin, thiamine, and chlorogenic acid (-11.81 to
-7.87 kcal/mol) that have more negative binding affinity
than fidarestat (-7.35 kcal/mol).

Generally, binding affinities and inhibitory constants in
ligands-4QBX protein interactions are better than ligands-
1C88 protein interactions. Stigmasterol and [-sitosterol
have the strongest binding affinities and more negative
binding affinities than the native ligand against 4QBX
protein. Moreover, the inhibitory constants are relatively
low. It describes their great potential to inhibit aldose
reductase. Contrary to ligands-4QBX protein interaction,
those phytosterol compounds have much weaker binding
affinity than the others against 1C88. Furthermore, those
phytosterol compounds predominate in human dietary
nutrition and had important roles in organism physiology.*’
An improvement in glycemic control by activating the
insulin receptor and GLUT 4 was demonstrated after both
phytochemicals were given orally.”'** Moreover, Reza et
al.*® revealed antidiabetic effects of stigmasterol and B-
sitosterol by inhibiting DPP-4 and a-glucosidase respec-
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Table 4. Molecular docking results and visualization of five best phytochemicals

Protein Ligand

H-Bond (A)

Hydrophobic Interaction (A) 3D Visualization

1C88  Anthecotulide LYS120 (1.81), SER216

(2.36), ARG221 (1.62;
1.98; 2.01)

TYR46 (3.69), VAL49 e ‘
(4.65), PHE182 (4.49;4.57; / ot
5.29), ALA217 (3.95), R
ILE219 (5.31) V [ STV P

(ol

Quercetin

ARG47 (2.03), ASP48
(1.85), LYS120 (1.73;
2.64), ASP181 (1.76),
CYS215 (258), SER216
(2.72; 3.26), ILE219
(2.68), GLY220 (1.92)

TYR46 (4.05; 5.24; 5.38),
PHE182 (4.61), ALA217
(3.11), ILE219 (5.49)

Chlorogenic
acid

ARG47 (1.98; 3.02;
3.09), ASP48 (1.70;
2.05,2.41; 3.29; 3.50),
ASP181 (2.03), SER216
(2.38; 3.02), ARG221
(1.97), GLN262 (2.61)

PHEI82 (4.52), CYS215
(5.32), ALA217 (3.47),
ILE219 (5.43)

Luteolin

ASP48 (2.01), ARG221
(1.81)

TYR46 (3.68; 3.78), —~ s -
CYS215 (4.35), ALA217 e o B M
(3.77; 4.35) ) 4

Catechin

ARG47 (2.92), ASP48
(1.92), SER216 (2.79),
ARG221 (2.01),
GLN262 (1.97)

TYR46 (4.27), PHE182 ~ X
(4.52), CYS215 (5.15),
ALA217 (3.60)

4QBX Anthecotulide TYR48 (1.95), HIS110

(1.87), LEU300 (2.57)

VALA47 (4.16), TRP79 ™~
(4.26:4.44), CYS80 (4.11), ' ey
HIS110 (3.62), TRP111
(4.05;4.06; 4.23), PHE115

(4.33;5.39), PHE122 (4.43), '

# e

TRP219 (4.16), CYS298 TS s 99
(4.23), LEU300 (3.80), | B
CYS303 (3.84; 4.94) A N\
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Quercetin  VAL47 (2.90), THR113 TRP20 (4.99; 5.40), VAL47
(1.98), CYS298 (2.57;  (4.54), TRP79 (5.31),
3.41;3.47),LEU300  TRP111 (3.56; 3.76; 4.10;
(2.35) 4.15), CYS298 (5.31),
LEU300 (3.73; 3.76),
CYS303 (4.63)
Chlorogenic TYR48 (1.75), THR113 TRPI111 (3.62; 4.10),
acid (2.19), CYS298 (2.87;  LEU300 (4.59)
3.40), LEU300 (2.53),
CYS303 (3.79)
Luteolin TRP20 (2.65), CYS80  TRP20 (4.51; 4.63), TRP79 - - (7
(3.25), HIS110 (2.51),  (5.64), TRP111 (3.61;3.79), s ~ bl __
TRP111 (2.30), THR113 CYS298 (5.40; 5.45); & D
(2.29), CYS303 (4.11) LEU300 (3.82;5.37) e e :
Catechin HIS110 (2.25), THR113 TRP111 (3.74; 4.20),

(187), CYS303 (3.72)

CYS298 (5.19), LEU300 /-
(3.88)

tively. Nevertheless, antioxidant, anti-inflammatory, immu-
nomodulatory, and antilipidemic effects of phytosterol
related to T2DM and its complications were established
as well.** On the other hand, phenolic acid i.e. sinapic
acid, chlorogenic acid, isoferulic acid, and caffeic acid,*
have relatively strong binding affinities against 1C88.
Contrary to ligands-1C88 interactions, binding affinities
between those phenolic acids and 4QBX are relatively
weaker than the others, except for chlorogenic acid.
Related to that, phenolic acids were proven to prevent the
inactivation of the PI3K-AKT pathway, similar to PTP1B
inhibitor’s mechanism of action.”*®

Molecular docking results establish that all of the
ligands successfully bind to the proteins' active sites. The
interactions between ligands and amino acids are
visualized in 2D diagrams (Table 3), which described that

all M. chamomilla phytochemical compounds that we
docked could provide strong and stable complexes with
both 1C88 and 4QBX. Nevertheless, the stability of
ligand-protein interaction is determined by the magnitude
of negative binding affinity. Hydrophobic interaction and
hydrogen bond contribute to maintaining the protein
structure and stability as well as lowering the binding
affinity of the protein-ligand complex. Therefore, the
amount of hydrophobic interaction and hydrogen bond
play important role as well.*”*® As the results, anthe-
cotulide, quercetin, chlorogenic acid, luteolin, and catechin
are ligands that have the best five ligand-protein interac-
tions both to 1C88 and 4QBX proteins that were
visualized in 3D diagrams. Furthermore, the results also
describe the amino acids involved in each variety of
interaction and the distances(A) (Table 4).
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Anthecotulide has the first and third strongest binding
affinity against 1C88 and 4QBX respectively. Additionally,
anthecotulide has sesquiterpene lactones (SLs) structure
that is well known to have antidiabetic effects that
increase insulin sensitivity,” *-° in accordance with our
results. Moreover, phenolic compounds i.e. quercetin,
chlorogenic acid, luteolin, and catechin also have great
binding affinities against both 1C88 and 4QBX. Bule et
al.*! and Jaishree et al.*’ reported that quercetin had
antidiabetic effects as well as reduce the risk of T2DM.
Quercetin was proven to lower blood glucose through
inhibiting a-glucosidase in vitro and promoting insulin
action by improving skeletal muscle mitochondrial
biogenesis."! Peripheral neuropathy, as one of the main
complications of T2DM, was reported to be improved by
quercetin consumption.”> Chlorogenic acid was reported
to have glucose and lipid metabolism regulation effects.*®
Ali et al.* reported that luteolin and its derivatives act as
non-competitive inhibitors of PTP1B. Furthermore, luteolin
protected the cardiac tissues against diabetic cardio-
myopathy as one of diabetic complications.* Luteolin
also contributed to protecting the liver and renal function
by reducing uric acid levels in liver tissue and
hyperuricemia mice.***" Catechin could ameliorate diabetic
autonomic nephropathy, provide antibacterial effect, and
enhance intestinal immunity.**** Those phenolic com-
pounds were described to have antioxidant effects that
antagonize reactive oxygen species (ROS) along with the
inflammation, which is believed to be the underlying
pathology of T2DM and its complications.****" Finally,
these five best phytochemicals have the potential to be
oral antidiabetic drug compounds due to their drug-
likeness based on Lipinski’s rule of five.

In conclusion, the in silico molecular docking results
demonstrate that M. chamomilla has potential antidiabetic
phytochemical compounds for T2DM and its complica-
tions. Anthecotulide, quercetin, chlorogenic acid, luteolin,
and catechin are the most recommended antidiabetic
agents due to their binding affinities against both PTP1B
and aldose reductase protein. Finally, the significant
efficacy and potential of the compounds above as
antidiabetic agents must be investigated by further
researches such as in vitro, in vivo, and also clinical trials
in advance.
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