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Abstract

Context: On a cellular level, osteoporosis is a metabolic bone disease caused by osteoclastic bone resorption that is not offset by osteoblastic bone synthesis.
This increases the risk of fractures by making bones weak and brittle. The selective inactivation of the epidermal growth factor receptor (EGFR) in osteoblast
lineage cells demonstrated that EGFR promotes bone formation by increasing the number of mesenchymal progenitors. Active compounds of gandarusa
(Justicia gendarussa Burm. f.) are potentially playing crucial roles in EGFR activation.

Aims: To evaluate the potential of J. gendarussa for osteoporosis prevention via EGF pathway in silico.

Methods: A GC-MS approach was used to screen the active compounds from 70 and 95% methanol extraction, which was continued with molecular docking
analysis by PyRx v0.8. The visualization and amino acid interactions were also revealed using Discovery Studio software R17. ADME analysis was performed
using the SwissADME webserver to consider whether the best compound could be classified as a drug following Lipinsky rule’s of five.

Results: The top five compounds with high binding affinity were selected from a total of 33 active compounds detected. One compound, namely
eslicarbazepine, has a -6.7 kcal/mol affinity score and passes the threshold for drugs bioavailability, supported by the data of MW compounds 254.28 kDa, low
rotatable bonds 1 bond, hydrogen bond acceptors and donors (2), high Gl absorption, and ability to permeant to blood-brain barrier system.

Conclusions: This finding added new insight into J. gendarussa extract potential as anti-osteoporosis in humans. Nevertheless, in vitro and in vivo experiments
are necessary to confirm the potential.

Keywords: activation; ADME; bone formation; leaf extract; molecular docking.

Resumen

Contexto: A nivel celular, la osteoporosis es una enfermedad 6sea metabdlica causada por una resorcién 6sea osteoclastica que no se ve compensada por la
sintesis dsea osteoblastica. Esto aumenta el riesgo de fracturas al hacer que los huesos se vuelvan débiles y quebradizos. La inactivacion selectiva del
receptor del factor de crecimiento epidérmico (EGFR) en células del linaje de los osteoblastos demostré que el EGFR favorece la formacién dsea al aumentar
el nimero de progenitores mesenquimales. Los compuestos activos de la gandarusa (Justicia gendarussa Burm. f.) desempefian potencialmente papeles
cruciales en la activacion del EGFR.

Objetivos: Evaluar el potencial de J. gendarussa para la prevencidn de la osteoporosis a través de la via EGF in silico.

Métodos: Se utiliz un enfoque GC-MS para cribado de los compuestos activos de 70 y 95% de extraccién de metanol, que se continud con el andlisis de
acoplamiento molecular por PyRx v0.8. La visualizacién y las interacciones de aminodcidos también se revelaron mediante el software Discovery Studio R17.
El andlisis ADME se realizé utilizando el servidor web SwissADME para considerar si el mejor compuesto podia clasificarse como farmaco siguiendo la regla de
los cinco de Lipinsky.

Resultados: Se seleccionaron los cinco compuestos con mayor afinidad de unién de un total de 33 compuestos activos detectados. Un compuesto, a saber, la
eslicarbazepina, tiene una puntuacién de afinidad de -6,7 kcal/mol y supera el umbral de biodisponibilidad de los farmacos, apoyado por los datos de
compuestos con un MW de 254,28 kDa, bajo enlace rotatorio 1, aceptores y donantes de enlaces de hidrégeno (2), alta absorcién Gl y capacidad de
permeabilidad al sistema de barrera hematoencefalica.

Conclusiones: Este hallazgo aflade nuevos conocimientos sobre el potencial del extracto de J. gendarussa como antiosteoporosis en humanos. No obstante,
son necesarios experimentos in vitro e in vivo para confirmar dicho potencial.

Palabras Clave: acoplamiento molecular; activacion; ADME; extracto de hoja; formacion dsea.
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INTRODUCTION

More than 10 million Americans presently have
osteoporosis, and by 2020, that number is projected to
rise to almost 14 million persons over 50. 200 million
women worldwide experience osteoporosis (Cum-
mings and Melton, 2002; Lane, 2006). It was predicted
that by 2050, the incidence of hip fracture in males
will rise by 310% and in women by 240% globally
(Gullberg et al., 1997). Large prospective studies' find-
ings indicate that practically all forms of fractures
increase in low bone mineral density (LBMD) patients
and that adults who already have one type of fracture
are 50 to 100% more likely to have another type of
fracture, regardless of the type of the first fracture
(Klotzbuecher et al., 2000; Wu et al., 2002). Fragility
fractures affect roughly one in three women and one
in five men, often over the age of 50, throughout the
remainder of their lives (Burge et al.,, 2007; Kanis et
al., 2000). After ischemic heart disease, dementia, and
lung cancer, fragility fractures are the fourth most
common chronic condition in Europe (Hernlund et
al., 2013). Additionally, chronic fragility fractures in
elderly individuals with osteoporosis are more com-
mon, and falls might exacerbate this risk (Walker,
2020). Chronic diseases like osteoporosis will become
more prevalent due to global population aging and
changing lifestyles (Cauley et al., 2014; Rachner et al.,
2011).

Because osteoclasts reabsorb more bone than oste-
oblasts produce mineralized extracellular matrix to
restore the resorptive cavity, osteoporosis is a cumu-
lative imbalance in bone remodeling (Brown, 2017;
Canalis, 2013; Chen et al., 2015; Raggatt and Par-
tridge, 2010). Trabecular and cortical bone can also be
impacted by abnormal remodeling. Fractures of the
spine and hip are caused by trabecular bone loss,
whereas long bone fractures are caused by cortical
bone loss. Type I osteoporosis has a high turnover
rate, and Type II has a low turnover rate. Because of
reduced estrogen levels and accelerated bone resorp-
tion following menopause, type I high turnover oste-
oporosis risk is higher in women (Brown, 2017; Guo et
al., 2013; Xiao et al., 2016; Yuan et al., 2015). Type II
osteoporosis, also known as senile osteoporosis, af-
fects both sexes equally and is distinguished by re-
duced osteoblast (Ob)-mediated bone formation (Ob-
BF), elevated marrow adipose tissue (MAT), and re-
duced bone remodeling (Aspray and Hill, 2019; Kho-
sla and Hofbauer, 2017; Suchacki et al., 2016). Osteo-
clasts and osteoblasts cooperate independently during
the process of bone modeling, which molds bone dur-
ing development and influences the production of
periosteal bone (Hasegawa and Amizuka, 2017). Alt-
hough it is believed that this process has little bearing
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on osteoporosis, current research suggests that a
number of approved medications may have an impact
on the periosteum's modeling-based bone production
(Hasegawa and Amizuka, 2017; Selling et al., 2019).

Osteoprogenitor maintenance and the production
of new bone depend on epidermal growth factor
(EGF) receptor (EGFR) signaling (Chandra et al.,
2013). Because there are fewer bone marrow mesen-
chymal progenitors when it is inactivated in mice
with EGFR-specific inhibitors or knockdown of EGFR
in osteoprogenitors and osteoblastic cells, bone loss
occurs (Zhang et al., 2011). Recent studies have shown
that EGFR signaling delays senescence and slows
tissue aging, while inhibiting EGFR signaling acceler-
ates both processes (Alexander et al., 2015; Gerber et
al., 2016). These studies imply that the osteoprogeni-
tors' EGFR signaling may be crucial for controlling
cortical bone metabolism and preventing cell senes-
cence (Gerber et al., 2016).

The medicinal plant known as gandarusa (Justicia
gendarussa Burm. f., family Acanthaceae), which grows
naturally in forests, has been utilized for healing pur-
poses for a long time. Flavonoids, saponins, tannins,
and phenol are just a few of the several active sub-
stances found in J. gendarussa leaf extract's that have
the ability to act as antioxidants. |. gendarussa leaf
extract's antioxidant action in reducing oxidative
damage from excessive physical training is a result of
its capacity to maintain cell membranes. Lysosomes
require a stable cell membrane to stop the release of
an inflammatory response, which can lead to the pro-
duction of ROS (Akpriyanti et al., 2017). This study
aims to evaluate |. gendarussa’s active compounds to
activate the EGFR intended to overcome osteoporosis
events in silico.

MATERIAL AND METHODS

Plant material

This study used bioactive compounds from J. gen-
darussa's leaves (specimen No. 000.9.3/2352/102.20/
2023) obtained from Herbal Materia Medica Batu
Laboratory, Batu, Indonesia (507°52.016' E112°31.199").
The taxonomical verification was performed by Herb-
al Materia Medica Batu Laboratory staff.

Extraction and J. gendarussa leaves preparation

To extract the |. gendarussa active compounds, a
maceration process was performed with ethanol as a
fractionation solvent. As many as 250 g of J. gen-
darussa leaves were cleaned, drained, and ground.
The powder was then macerated in two concentra-
tions, ethanol 70 and 95%, then evaporated in rotava-
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por for 2 h, 30 min, and 2 h, respectively. The sample
was pipetted 50 pL dissolved in 5 mL filtered with a
0.2 pm PTFE membrane. LC-MS procedure was done
using UHPLC Vanquish Tandem Q Exactive Plus
Orbitrap HRMS Thermo Scientific, with column Ac-
cucore C18, 100 x 2.1 mm, 1.5 pm (ThermoScientific).
The result was then analyzed using Compound Dis-
coverer 3.2.

3D sample collection

The ligands that appeared in the GC-MS proce-
dure from 70 and 95% methanol extraction were then
collected in an Excel file. To collect the 3D structures
of ligand samples, the PubChem database
(https:/ /pubchem.ncbi.nlm.nih.cov/) was utilized.
33 ligands equipped with SMILE structures were
downloaded (Table 1). The 3D structure of the protein
target (EGFR) was collected from PDB database
(https:/ /www.rcsb.org/) (ID 1IVO). The structure
was visualized using PyMol software.

Molecular docking and visualization

To determine the interaction between EGFR and J.
gendarussa’s ligands, the docking process was per-
formed using PyRx software v.8.0. The grid dimen-
sion center: 123.703; Y: 78.337; Z: 52.092 and dimen-
sions (A) X: 31.237; Y: 31.621; Z: 40.859, where the
EGF ligand bind. The visualization as well as amino
acid interaction after the docking process, was done
by Discovery Studio R17 and PyMol software. EGF
binding sites were used as the site specific for com-
pounds candidates to bind.

ADME analysis

In order to check the drugs' bioavailability of the
top five compound candidates, ADME analysis is
inevitable. The parameters followed Lipinski’s “rule
of five”. Free access was provided by the SwissADME
web tool to a collection of quick but reliable predictive
models for physicochemical properties, pharmacoki-
netics, drug-likeness, and medicinal chemistry friend-
liness, including in-house effective techniques like the
BOILED-Egg, iLOGP, and Bioavailability Radar
(Daina et al., 2017).

Data analysis

The docking methods were validated by setting up
the grid box of binding of every compound candidate
towards EGF's binding sites as a control. Therefore,
the binding between compounds and receptors is in
control and not blind. The complex docking results
were then visualized and analyzed using Discovery
Studio R17 and PyMol software. Moreover, the
ADME analysis was performed by inputting the
SMILE of compound candidates to the SwissADME
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web server, and the results were analyzed. Lipinski's
rule of five represents the possibility of a compound
to be a drug. The parameters, including molecular
weight, should be less than 500 Da, LogP should be
less than 5, the H-bond donors should be less than 5,
and H-bond acceptors should be less than 10.

RESULTS

GC-MS analysis of 70% and 95% methanol
extraction

Based on the GC-MS analysis, 70 and 95% metha-
nol extraction from J. gendarussa’s leaves detected 41
and 56 active compounds, respectively (Tables 2 and
3). We then intersected the results from both extrac-
tion concentrations, and 33 final compounds were
continued to the next analysis. The chromatograms of
extraction in 70 and 95% methanol can be seen in the
Figs. 1 and 2, respectively.

Molecular interaction between J. gendarussa’s active
compound and EGFR

Molecular docking data shows the interaction of
33 ligands and EGF receptor at the site of EGF bind-
ing. Five active compounds of |. gendarussa exhibit
strong affinity binding with the highest score -7.7
kcal/mol by apiin (ID 5280746). The second best affin-
ity binding showed by tricin 7-glucoside (-7.5
kcal/mol), followed by tris(2,4-di-tert-butylphenyl)
phosphate (-7 kcal/mol), eslicarbazepine (-6.7 kcal/
mol), and curcumin monoglucoside (-6.5 kcal/mol) as
the third, fourth, and fifth, respectively (Table 4).

Visualization of docking complex emphasizing the
binding site of each ]. gendarussa’s active compound
located in a similar location (Fig. 3). The amino acids
involved in the complex interaction show van der
Waals and hydrogen bonding (Table 5). Interaction in
the site GLNS, SER11, GLN408, and HIS409 appear in
the top five complex interactions in hydrogen or van
der Waals binding (Fig. 4). Those sites might be cru-
cial active sites for active compounds to bind towards
EGEFR.

ADME analysis of five ligands potential inhibitor
EGFR

The data generated by SWISS-ADME shows that
eslicarbazepine has the biggest potential as drugs
supported by its score in Lipinsky's rules of five. The
molecular weight of eslicarbazepine is the lowest
among the five candidates, 254.28, with rotatable
bonds only 1 (Table 6). The hydrogen bond acceptors
and donors are 2, with high absorption prediction in
the gastrointestinal (GI) tract. Blood-brain barrier
(BBB) permeability capacity and high bioavailability
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score parameter are also considerations for evaluation
as drugs.

DISCUSSION

The finding of this study emphasizes the potential
of . gendarussa’s leaf extract as an inhibitor of EGFR
as the receptor for EGF. GC-MS analysis shows that
95% methanol extraction of J. gendarussa detected ore
compounds than 70% methanol extraction. From

Table 1. List of ligands collected from PubChem database.

Justicia gendarussa potential for osteoporosis prevention

those approaches, only 33 ligands could be found in
the PubChem database, complete with 3D structure
and SMILE structure, which is the ultimate format for
docking analysis.

Here, we used EGFR as the protein target for oste-
oarthritis. Induced EGFR deficiency at three months
of age resulted in changes in lubricin synthesis, cell
proliferation, survival, and reductions in cartilage
thickness and superficial chondrocytes.

No. Compound ID Compound name

1 6287 L-Valine

2 7624 Tridodecylamine

3 9681 Methysergide

4 11915 Benzoylformic acid

5 16757 5-Phenylvaleric acid

6 92897 Nicametate citrate

7 112733 Phenethyl decanoate

8 170763 Palmitylstearylamine;

9 316544 1,2,3-Tricyclohexylguanidine

10 676157 3-(Indol-3-yl) lactate

11 717531 3,4-Dimethoxycinnamic acid

12 1201543 Cuscohygrine

13 3569028 8-[(Diethylamino)methyl]-1-hexyl-3,7-dimethyl-3,7-dihydro-1h-purine-2,6-dione
14 4183842 Dimethyl 2-(decanoylamino)terephthalate
15 5280746 Apiin

16 5283387 Oleamide

17 5322022 Tricin 7-glucoside

18 5374699 Jasmolone

19 5375048 3-Indoleacrylic acid

20 6430301 3,5-Dipentyl-2-hexyl-pyridine

21 9881504 Eslicarbazepine

22 11526601 Curcumin monoglucoside

23 11722329 Myrigalone A

24 14572930 Tris(2,4-di-tert-butylphenyl)phosphate
25 15607491 3-Methyleugenol

26 16409405 Dimethyl N-{[2-(3,4-dimethoxyphenyl)ethyl]carbamoyl}-L-glutamate
27 23623724 Rhodinyl phenylacetate

28 25492975 ZINC12763453

29 28065266 ZINC19093511

30 44159808 Garcinone C

31 77078424 Bis-PEG6-NHS ester

32 101039148 N-(1-Deoxy-1-fructosyl)phenylalanine
33 348292867 Trp-Fru

34 Control reference  EGF3
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Table 2. List of compounds detected in J. gendarussa extracted with 70% methanol.

Justicia gendarussa potential for osteoporosis prevention

No. RT Compound name % Group References
. L ChemSpider ID11421
1 1.127 Phenylglyoxylic acid benzoyl derivatives
HMDB0001587
) ) ) HMDB0000883
2 1.344 L-valine Amino acid )
20.33 ChemSpider ID6050
Garcinone C; HMDB0029511
3 1.436 1,3,6,7-tetrahydroxy-8-(3-hydroxy-3-methylbutyl)-2-(3- Xanthones ChemSpider
methylbut-2-en-1-yl)-9H-xanthen-9-one 1D28425567
4 2.006 Nicametate citrate; 11.08 )
. o esters ChemSpider ID83861
5 2.667 2-Hydroxypropane-1,2,3-tricarboxylic acid
herviatant d deri HMDB0037846
enylalanine and deriv-
6 2.905 N-(1-Deoxy-1-fructosyl)phenylalanine 2016 gtivez ChemSpider
: y yupheny ’ ID35014483
Amino acid
HMDBO0037847
N-(1-Deoxy-1-fructosyl)tryptophan; Tryptamines and deriva- .
7 3.320 Tro-fru tives ChemSpider
P ID35014484
N-(7,8-Dimethoxy-2,3-dihydroimidazo[1,2-c]chinazolin-5- HMDB0244481
8 3.320 yl)nicotinamide; 1.01 Nicotinamide ChemSpider
PIK-90 1D5257019
ChemSpider
9 3.320 Indoleacrylic acid Indoles ID10607876
HMDBO0000734
9-(3-Azido-2-hydroxypropyl)adenine;
10 3.763 ( . y ypropyl . Purine ChemSpider 1D114213
6-Amino-a-(azidomethyl)-9H-purine-9-ethanol 871
1-(1-Isopropyl-1,2,3,4-tetrahydroquinolin-6-yl)-N- L ChemSpider
11 T . .
3.763 methylmethanamine dioxalate Oxalic acid 1D30907180
12 3.763 ;
1-0-[(9-Decen-1-yloxy)(hydroxy)phosphoryl]-4-O-B-D- ChemSpider
Altropyranose
13 4.023 galactopyranosyl-a-D-altropyranose 1D8706294
. . 14.59 ) . HMDBO0060676
14 4.023 Eslicarbazepine Dibenzazepines .
ChemSpider ID102704
Rubian; .
o . ChemSpider 1D83150
15 4,705 Ruberythric acid; Anthraquinones
S HMDB0257353
Ruberythrinic acid
15.01
Cynarine; ChemSpider
16 4.705 L5 f; lavinic acid Quinic acids 1D4445082
,5-Dicaffeylquinic aci HMDB0029280
N-({[3-(2,3-Dihydro-1,4-benzodioxin-6-yl)-5-hydroxy-4- ChemSpider
17 5.676 oxo-4H-chromen-7-ylJoxy}acetyl)-D-alanyl-N-(1-amino-6- | 0.10 Prolinamide P
. . . 1D21341397
methyl-1,3-dioxo-4-heptanyl)prolinamide
dl-3-Indolelactic acid; o .
18 6.111 . o Indolyl carboxylic acids ChemSpider ID83867
2-Hydroxy-3-(3-indolyl)propanoic acid
3,4-Dimethoxycinnamic acid . o .
19 6.111 . . Cinnamic acid ChemSpider 1D60245
Dimethyl caffeic acid 1.32
ChemSpider
7-Methoxy-6-methyl-2H-chromen-2-one;
20 | 6111 ot Y . hyl , Coumarin 1D9281280
-Methoxy-6-methylcoumarin HMDB0032991
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Table 2. List of compounds detected in J. gendarussa extracted with 70% methanol (continued...)
No. RT Compound name % Group References
21 6.358 No Information 0.74 No Information No Information
8-(Diethylaminomethyl)-1-hexyl-3,7-dimethylpurine-2,6- ChemSpider
22 6.927 dione 0.30 Oxoacetate 1D21337245
(2R,3R,4S,5R)-2-{2-[(4-Aminocyclohexyl)amino]-6-[(2,2- Chemspider
23 7.299 diphenylethyl)amino]-9H-purin-9-yl}-5-(3-isopropyl-1H- 0.11 Purine ID8093§15
1,2,4-triazol-5-yl)tetrahydro-3,4-furandiol
24 7.911 No Information No Information No Information
. 0.04 . HMDBO0000883
25 7.911 L-Valine Asam amino .
ChemSpider ID6050
26 8.396 Dimethyl 2-(decanoylamino)benzene-1,4-dicarboxylate 0.02 Carboxylate ChemSpider
: y y ’ y : y 1D3394782
Cuscohygrine; . HMDB0030290
27 9.718 . o 0.53 Alkaloids .
1,3-Bis(1-methyl-2-pyrrolidinyl)-2-propanone ChemSpider ID389876
1,2,3-Tricyclohexylguanidine; o .
28 10.547 o . 0.24 Guanidine ChemSpider 1D280128
Guanidine, N,N’,N”-tricyclohexyl-
Myrigalone A; HMDB0037245
29 13.430 2,2,4-Trimethyl-6-(3-phenylpropanoyl)-1,3,5- Monoterpenoids ChemSpider
cyclohexanetrione 0.23 1D9897045
-(4-Methyl-2-phenyl-1-piperazinyl)nicotinonitrile; i
30 13.430 ( yrepheny-Epip v N Piperazine ChemSpider
1-(3-cyano-2-pyridyl)-4-methyl-2-phenylpiperazine 1D8039759
Oleylamide;
. . ChemSpider
31 15.560 9-Octadecenamide; 0.00 Fatty acid 1D4446508
444leicacid amide
32 15.820 Palmitylstearylamine Fatty acid ChemSpider ID149293
33 15.820 No Information No Information No Information
i 0.20 .
2R)-2-Hydroxy-N-[(2S,3S,4R,8E)-1,3,4-trihydroxy-8- . ChemSpider
4 15.912 . F.
3 59 tetradecen-2-yl]Jpentacosanamide atty acid 1D9673102
35 15.912 No Information No Information No Information
36 16.30 Trilaurylamine Fatty acid ChemSpider ID7342
0.52 ;
. . ChemSpider
37 16.397 N-Hexadecyl-N-hexyl-1-hexadecanamine Fatty acid 1D102728493
38 16.875 No Information 0.24 No Information No Information
Tris(2,4-ditert-butylphenyl)phosphate; h i
39 17.360 o )./p y phosP 2.02 Ester phosphate ChemSpider
Phosphoric acid tris(2,4-ditert-butylphenyl) ester ID10612755
N-(Sulfanylmethylene)methanesulfonamide; i
40 18.900 ( ymemy ) . . 091 | Methanesulfonamide ChemSpider
N-(Sulfanylidenemethylidene)methanesulfonamide 1D48057276
2,2’,2”-[(Oxomethylene)phosphoranetriyl]triethenone h i
41 19.863 y phosp y. . 1.11 Carbonylphosphor ChemSpider
Ethenone, 2,2’,2”-(carbonylphosphoranylidyne)tris- 1D95589801
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Table 3. List of compounds detected in J. gendarussa extracted with 95% methanol.
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No. RT Compound name % Group References
. L ChemSpider ID11421
1 1.106 Phenylglyoxylic acid Benzoyl derivatives
HMDB0001587
. . . HMDB0000883
2 1.386 L-Valine Amino acid .
ChemSpider ID6050
Garcinone C; 14.63 HMDB0029511
3 1.386 1,3,6,7-Tetrahydroxy-8-(3-hydroxy-3-methylbutyl)-2-(3- Xanthones ChemSpider
methylbut-2-en-1-yl)-9H-xanthen-9-one 1D28425567
9-Hydroxy-7-oxo-7H-furo[3,2-g]chromen-4-yl 3-D- .
4 1.386 glucopyranoside; Glucosides ChemSpider
1D24699994
8-Hydroxy-5-0-B-D-glucopyranosylpsoralen
3-(Carboxymethyl)-2-C-(carboxymethyl)-3,4-dideoxy-4- .
. ChemSpider
5 1.386 (methoxycarbonyl)-B-D-threo-pent-4-enopyranosyl 3-D- Glucopyranoside
. 1D103748927
glucopyranoside
6 2.006 Nicametate citrate; 9.49 )
. o Esters ChemSpider 1D83861
7 2.544 2-Hydroxypropane-1,2,3-tricarboxylic acid
Bis-PEG6-NHS ester;
8 2.863 . i T ters ChemSpider
. 1,.1 -[(.1,22-D|o>fo-4,7,10,13%6,19—hexaoxadocosane—l,22— 1029354400
diyl)bis(oxy)]di(2,5-pyrrolidinedione)
HMDBO0037847
N-(1-Deoxy-1-fructosyl)tryptophan; . o 00378
9 3.341 Trodf Tryptamines and derivatives | ChemSpider
rprd ID35014484
18.86
N-(7,8-Dimethoxy-2,3-dihydroimidazo[1,2-c]chinazolin-5- HMDB0244481
10 3.341 yl)nicotinamide; Nicotinamide ChemSpider
PIK-90 1D5257019
ChemSpider
11 3.341 Indoleacrylic acid Indoles ID10607876
HMDBO0000734
9-(3-azido-2-hydroxypropyl)adenine; 8.71 . .
12 3.742 . ) . Purine ChemSpider ID114213
6-Amino-a-(azidomethyl)-9H-purine-9-ethanol
1-(1-Isopropyl-1,2,3,4-tetrahydroquinolin-6-yl)-N- L ChemSpider
13 3.142 methylmethanamine dioxalate Oxalic acid 1D30907180
Tetraethyl 1,1'-{4-(methylamino)-1-[2-(methylamino)-2- ChemSpider
14 3.742 oxoethyl]-2,6-dioxo-1,2,5,6-tetrahydropyrimidine-5,5- 18.86 Carboxylate |D42792F)92
diyl}di(1,2-hydrazinedicarboxylate)
1-(1-1sopropyl-1,2,3,4-tetrahydroquinolin-6-yl)-N- . ChemSpider
15 4.044 methylmethanamine dioxalate Oxalic acid 1D30907180
18.31
1-0-[(9-Decen-1-yloxy)(hydroxy)phosphoryl]-4-O-B-D- ChemSpider
16 4.044 galactopyranosyl-a-D-altropyranose Altropyranose 1D8706294
Methysergide maleate; i
17 4.270 ysere! 11.831 | Maleate ChemSpider
Methysergide hydrogen maleate 1D4444530
Phosphoryltris(oxymethylene) tris(2,2- ChemSpider
18 4.600 dimethylpropanoate) Fsters ID9662310
Rubian; 11.35
19 4.663 Ruberythric acid; Flavonoid 8-c-glycosides ChemSpider ID83150
1-Hydroxy-2-anthraquinonyl 6-0-b-D-Xylopyranosyl-b-D-
glucopyranoside
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Table 3. List of compounds detected in J. gendarussa extracted with 95% methanol (continued...)

No. RT Compound name % Group References
Dimethyl N-{[2-(3,4-dimethoxyphenyl)ethyl]carbamoyl}-L- ChemSpider
20 4.191 glutamate Glutamate ID17474650
" ChemSpider
21 4.797 Apiin Phenylnaphthalenes 1D4444321
1-Cyclopropy!l-N-(di-4-morpholinylphosphoryl)-2,5- . ChemSpider
= 5626 dimethyl-1H-pyrrole-3-carboxamide 121 Carboxamide 1D2820673
HMDB0030553
23 5.739 Tricin 7-glucoside Flavonoid-7-o-glycosides. ChemSpider
1D4479616
1,6-Bis(cyclohexylamino)-1,6-dioxo-2,3,4,5-hexanetetrayl ChemSpider
24 >812 | tetraacetate Tetraacetate 1D2809742
) a 0.25 L ChemSpider
25 5.872 1-carboxy-3-hydroxyadamantane Carboxylic acid 1D2018184
4-Allyl-2-methoxy-3-methylphenol; i
% 5.872 Yy Yy ylp Phenol ChemSpider
2-Methoxy-3-methyl-4-(2-propen-1-yl)-phenol ID10605849
5-Phenylvaleric acid; . . . .
27 5.872 o Medium-chain fatty acids ChemSpider 1D15886
Benzenepentanoic acid
dl-3-Indolelactic acid; o .
28 6.099 . o Indolyl carboxylic acids ChemSpider ID83867
2-Hydroxy-3-(3-indolyl)propanoic acid
0.55 f
ChemSpider
7-Methoxy-6-methyl-2H-chromen-2-one;
2 |60 | VG hyl _ Coumarin 1D9281280
-Methoxy-6-methylcoumarin HMDB0032991
30 6.358 No Information 0.25 No Information No Information
6-(4-Acetoxy-5,9a-dimethyl-2,7-dioxooctahydro-2H-
pyrano[3,4-bJoxepin-5-yl)-5-(formyloxy)-3-(3-furyl)-7a- .
1 N( X E: h ID
3 6.709 hydroxy-3a-methyl-7-methylene-1-oxooctahydro-1H- 0-36 ster ChemSpider ID90338
inden-4-yl 3-methylbutanoate
8-(diethylaminomethyl)-1-hexyl-3,7-dimethylpurine-2,6- ChemSpider
32 6.906 dione 0.36 Oxoacetate ID21337245
Ethyl (2S,3S)-3-[(2S,5R)-3,6-diethoxy-5-isopropyl-2,5- ChemSpider
33 7.187 dihydro-2-pyrazinyl]-2-(diethoxyphosphoryl)-3- 1.34 Esters P
1D9115560
phenylpropanoate
. . ChemSpider
1-(9H-B-Carbolin-1-yl)-1,4-butanediol;
| 7517 1(14[;.}1 oo yl) e 001 | Harmala alkaloids ID35013869
-(1,4-Dihydroxybutyl)-9H-pyrido[3,4-b]indole HMDB0035193
35 7.827 No Information No Information No Information
0.22 ChemSpider
36 7.827 Curcumin monoglucoside Flavonoid glycosides ID30791582
HMDB0304303
1,1-Dimethylethyl 13-amino-5,8,11-trioxa-2- ChemSpider
31 8.220 azatridecanoate Esters 1D8669267
0.29 ChemSpider
38 8.220 Rhodinyl phenylacetate Fatty alcohol esters. ID19968612
HMDB0037191
39 8.685 No Information No Information No Information
0.04 HMDB0032464
40 8.685 2-Phenylethyl decanoate Esters

ChemSpider ID101044
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Table 3. List of compounds detected in J. gendarussa extracted with 95% methanol (continued...)

No. RT Compound name % Group References

a1 8.685 N—Ethyl—2—(5—{[|sopropyl(methyl)amlnq]methyl}—lH—tetrazol—l— Acetamide ChemSpider 122177493
yl)-N-(2-methyl-2-propen-1-yl)acetamide
Jasmolone; HMDB0030039

42 9.120 0.48 Secondary alcohols .
4-Hydroxy-3-methyl-2-[(2E)-2-pentenyl]-2-cyclopenten-1-one ChemSpider 1D4524423
Cuscohygrine; . HMDB0030290

43 9.718 . o 0.17 Alkaloids .
1,3-Bis(1-methyl-2-pyrrolidinyl)-2-propanone ChemSpider ID389876
1,2,3-Tricyclohexylguanidine; o .

44 10.57 o . 0.21 Guanidine ChemSpider 1D280128
Guanidine, N,N',N"-tricyclohexyl-

45 11053 | 2Hl(Adamantan-2-ylaminojmethyllphenoxy}-N-(2-methyl-2- | o o | s tamide ChemsSpider ID878070
propanyl)acetamide
2-Hexyl-3,5-dipentylpyridine; . o .

45 11.539 . o Diamylpyridine ChemSpider ID4935643
2-Hexyl-3,5-diamylpyridine

i 13430 Myrigalone A; Vonot g HMDB0037245

. “Tri -6-(3- - . onoterpenoids

2,2,4 Trlmethyl 6-(3-phenylpropanoyl)-1,3,5 p ChemSpider 19897045
cyclohexanetrione 0.07
-(4-Methyl-2-phenyl-1-piperazinyl)nicotinonitrile;

47 13.430 ( e 'y PIP v . . Piperazine ChemSpider ID8039759
1-(3-Cyano-2-pyridyl)-4-methyl-2-phenylpiperazine

48 13.669 No Information 0.01 No Information No Information

49 15.820 No Information No Information No Information

50 15.820 Palmitylstearylamine 0.11 Fatty acid ChemSpider 1D149293

51 15.820 No Information No Information No Information

52 16.109 Trilaurylamine 0.29 Fatty acid ChemSpider ID7342

53 16.397 N-Hexadecyl-N-hexyl-1-hexadecanamine 0.22 Fatty acid ChemSpider 1D102728493
TRIS(2,4-ditert-butylphenyl)phosphate; .

54 17.339 . . 2.48 Ester phosphate ChemSpider 1D10612755
phosphoric acid tris(2,4-ditert-butylphenyl) ester
N-(Sulfanylmethylene)methanesulfonamide; . .

55 18.879 . . . 0.50 Methanesulfonamide ChemSpider 1D48057276
N-(sulfanylidenemethylidene)methanesulfonamide
2,2',2"-[(Oxomethylene)phosphoranetriyl]triethenone .

56 19.821 . . 0.62 Carbonylphosphor ChemSpider 1D95589801
Ethenone, 2,2',2"-(carbonylphosphoranylidyne)tris-

Furthermore, following destabilization of the me-
dial meniscus (DMM) surgery, male EGFR iCKO mice
showed substantially more severe OA symptoms,
such as cartilage degradation, thickening of the sub-
chondral bone plate, cartilage degeneration at the
lateral location, and mechanical allodynia (Wei et al.,
2022). Molecular docking approaches exhibited five
ligands of ]. gendarussa that have a strong affinity
towards EGFR in the site where EGF is bound. Apiin,
from the phenylnaphthalenes group, detected from
95% methanol extraction, is the most potent ligand to
bind with EGFR, with an affinity score -7.7 kcal/mol.
However, the ADME score of apiin is not qualified in
terms of Lipinsky's rule of five. The molecular weight
of apiin is 564.49 kDa, while the MW rules from

https://jppres.com

Lipinsky is <500 kDa. The amount of hydrogen bond
acceptors and donors also are not eligible to be con-
sidered as drugs. The second rank in terms of affinity
score is tricin 7-glucoside, with -7.5 kcal/mol. The
ligands are from the flavonoid-7-o-glycosides group
and were also detected from 95% methanol extraction.
Tricin 7-glucoside was eligible as a drug only from
two parameters, which were molecular weight and
rotatable bonds. Unfortunately, for other parameters,
the score was still out of range. The same cases oc-
curred with the third rank of affinity score, tris(2,4-
ditert-butyl-phenyl)phosphate ligands. Although the
affinity score is quite high (-7 kcal/mol), only hydro-
gen acceptors' and donors’ parameters met the re-
quirement.
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Figure 1. Chromatograms of J. gendarussa’s leaves in
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Figure 3. Complex docking visualization of top five ligands
towards EGFR.

Protein EGFR showed by cartoon (light brown); apiin (red, stick), tricin 7-
glucoside (green, stick), tris(2,4-ditert-butylphenyl)phosphate (blue,
stick), eslicarbazepine (magenta, stick), and curcumin monoglucoside
(cyan, stick).
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Table 4. Affinity binding between 33 J. gendarussa’s active compounds to EGFR.

Receptor Compound ID

Binding affinity (kcal/mol)

EGF-1(ID 1IVO) 5280746 (apiin)

5322022 (tricin 7-glucoside)

7.7

-1.5

14572930 (tris(2,4-di-tertbutylphenyl)phosphate) -7

9881504 (eslicarbazepine) -6.7
11526601 (curcumin monoglucoside) -6.5
44159808 -6.4
9681 -6.3
11722329 -5.9
348292867 -5.9
101039148 -5.7
3569028 -5.7
16409405 -5.6
16757 -5.6
4183842 -5.6
676157 -5.6
11915 -5.5
28065266 -5.5
5375048 -5.4
15607491 -5.3
5374699 -5.2
316544 -5.1
25492975 -5

1201543 -4.8
717531 -4.8
23623724 4.7
77078424 46
6430301 45
92897 4.4
112733 -4.1
6287 4

7624 4

5283387 -3.9
170763 -3.3

Blue fonts exhibit five top affinity bindings.

The fourth ligand, eslicarbazepine shows better
potential. With -6.7 kcal/mol score of binding, this
ligand meets the requirement of Lipinsky's rules of
five as a drug. The MW of eslicarbazepine is less than
500 kDa, which is 254.28 kDa, followed by low rotata-
ble bonds (1), hydrogen bond acceptors (2), and hy-
drogen bond donors (2). The GI absorption of

https://jppres.com

eslicarbazepine is quite high, supported by the ability
to permeate the BBB.

The complex interaction of eslicarbazepine and
EGEFR containing van der Waals and hydrogen bond
interaction, located in amino acid GLY9, SER11,
GLY39, ASP344, PHE380, THR406, GLN408, HIS409
and GLNS8, LYS407, respectively. While EGF crucial
binding sites located in TYR13, ILE23, ARG41, and
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Table 5. Amino acid involved in docking complex of EGFR and apiin, EGFR and tricin 7-glucoside, EGFR and tris(2,4-ditert-butylphenyl)phosphate,
EGFR and eslicarbazepine, EGFR and curcumin monoglucoside.

Complex interaction

Bonding types

EGFR and apiin

EGFR and tricin 7-glucoside

EGFR and tris(2,4-ditert-
butylphenyl)phosphate

EGFR and eslicarbazepine

EGFR and curcumin monoglucoside

Van der Waals: GLN8, GLY317, LYS322, ASP344, PHE380, THR406, GLY410

Hydrogen bond: SER11, ASN12, HIS346, GLN408, HIS409

Van der Waals: GLN8, THR10, ASN12, MET30, ILE316, GLY317, PHE321, ASP323, LEU325, ASP344,
HIS409, GLN408, THR406

Hydrogen bond: SER11, SER324, LYS322, HIS346, LYS407, GLY410

Van der Waals: GLN8, GLY9, SER11, SER26, GLY39, GLN408, GLN411

Hydrogen bond: ASN12, HIS409

Van der Waals: GLY9, SER11, GLY39, ASP344, PHE380, THR406, GLN408, HIS409
Hydrogen bond: GLN8, LYS407

Van der Waals: GLN8, THR10, SER11, LEU38, ARG29, GLY317, PHE380
Hydrogen bond: VAL6, ASN12, MET30, HIS346

Table 6. ADME prediction of top five compounds. Highlight showing the requirement passes based on Lipinksy rules of five.

H-bond H-bond . R,
Rotatable bonds on on Gl Bioavailability
Molecule Formula mMw acceptors  donors . BBB permeant
(n) absorption score
(n) (n)
Apiin Ca6H25014 564.49 7 14 8 Low No 0.17
Tricin 7-glucoside C23H2401 492.43 6 12 6 Low No 0.17
Tris(2,4-ditert- Ca2He304P 662.92 12 4 0 Low No 0.17
butylphenyl)phosphate
Eslicarbazepine CisHuN,0, 254.28 1 2 2 High Yes 0.55
Curcumin monoglucoside CarH300u 530.52 10 11 6 Low No 0.11

https://jppres.com
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LEU47 to the EGFR (Engler et al., 1992; Koide et al,,
1992; Tadaki and Niyogi, 1993). The two cytoplasmic
tyrosine kinase domains of the EGFR are thought to
become dimerized in response to EGF binding to the
extracellular area of the receptor, which is thought to
enable autophosphorylation and the activation of the
intrinsic tyrosine kinase activity. Numerous down-
stream signaling pathways, such as those associated
with tyrosine kinase-linked cytokine receptors and
other receptor tyrosine kinases, are activated by the
EGF receptor tyrosine kinase (Ullrich and
Schlessinger, 1990). Although the binding sites of
eslicarbazepine towards EGFR are not located in the
crucial sites, there is still the possibility for eslicarba-
zepine as an activator candidate of EGFR to combat
osteoarthritis disease.

CONCLUSION

Active compounds of |. gendarussa are potentially
playing crucial roles in EGFR activation. From the
extraction of |. gendarussa leaves, we obtained 33 bioac-
tive compounds, which were potentially used as
EGEFR inhibitors. Using a bioinformatics approach, we
obtain five potential bioactive compounds that inter-
act with EGFR, including apiin, tricin 7-glucoside,
tris(2,4-di-tert-butylphenyl)phosphate,  eslicarbaze-
pine, and curcumin monoglucoside. Further analysis
using ADME analysis found that eslicarbazepine
showed better potential in EGFR inhibition by pass-
ing Lipinksy rules of five. Eslicarbazepine has a low
binding affinity and has the greatest Lipinsky rules of
five score, making this bioactive compound suitable
for further study in osteoporosis treatment.
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