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 صخّلملا

میثارجل ان مةیمھسل اامینوبیرتلا وةیوثلل اسانوموریفروبل ادّ َ ع ُ ت:ثحبل افادھأ
دمتع ت.ةثلل اضرم ب ا قًیث و ا طًابتر اةطبترملا ورمحلأ ا ع مّجمل اـ لةعباتلا
مدختس تامنی ب،میھل اباستك لامیھل اطابتر البقتس مىل عةیوثلل اسانوموریفروبلا
ن مبرھتل لةیعانمل اةیامحل الماع بطابترلا انیتور بةیمھسل اامینوبیرتلا
تا ب كّر مةثلاث لةیطیبثتل اةردقل امییق تىل إةساردل اهذ ھتفد ھ.ةیعانمل اةباجتسلاا
تاب نن مةصلختسمل ا)نینوتسللألایف و،دیرول كنیماتیكی إ،نینوتسللأا (ةیتابن
نیدیسكیھرولكلا ونیلكسیسكونیملا باھتنراق مع م،فادھلأ اهذ ھدّ ضاینوتسللأا
.تائیزجل اماحتل اةینق تمادختساب

ةداع إرب عجئاتنل اةح صن مققحتل اع ميئیز جماحتل اءارج إم ت:ثحبل اقرط
 1.821يرذجل افارحنلا اةمیق (تلابقتسمل اةیقوثو من مدكأتلا و،رابتخلاا
تلمش و.)ةیامحل الما علبقتسم لمورتسغن أ0.851 و،میھل البقتسم لمورتسغنأ
لیلح تم ت.ةیباجی إطباوض كنیلكسیسكونیملا ونیدیسكیھرولكل امادختس اةنراقملا

ع ملبقتسمل اتلاعافت و،)ي آيك (طیبثتل اتباوث و،)ي جاتلد (طابترلا اتاقاط
.طبترمل ا بكّرملا

اتلد (میھل البقتسم لطابتر اةفل أىلع أدیرول كنیماتیكی إب كّر مرھظ أ:جئاتنلا
نا كامنی ب.)لوموركی م 274.96طیبث تتبا ث؛لوم/رعسولی ك4.86 −يج
/رعسولی ك7.44 −ي جاتلد (ةیامحل الما علبقتسم ب ا طًابتر ارثكلأ انینوتسللأا
ي ف،ةطسوت مةفل أنینوتسللألای فرھظأ و.)لوموركی م 3.53طیبث تتبا ث؛لوم
طباورل اتلمش و.ةما عةروص بارًیثأ تىوقلأ انیلكسیسكونیمل انا كنیح

116 و،نافوتبر ت 70،نینجر أ 178:ةینیملأ اضامحلأ اةیروحمل اةینیجوردیھلا
.نیزوریت

امیّ سلا و،اینوتسللأ ان مةصلختسمل اةیتابنل اتاب كّرمل اترھظ أ:تاجاتنتسلاا
ن مفعض أتنا كنإ و،ةدعا وةیطیبث تةرد ق،نینوتسللأا ودیرول كنیماتیكیإ
ي فةلمتح مةیعیب طةدعاس ملماو ع ل ثّم تدق و.ةیسایقل اةیبوركیمل اتاداضملا
.اھتیلاع فن ميبیرجتل اققحتل اةرور ضع م،ةثلل اضارم أةجلاعم

سانوموریفروبل ا؛ةثلل امیثار ج؛تائیزجل اماحتل ا؛اینوتسللأ ا:ةیحاتفمل اتاملكلا
ةیمھسل اامینوبیرتل ا؛ةیوثللا

Abstract

Objectives: Porphyromonas gingivalis and Treponema 

denticola are red complex pathogens strongly associated 

with periodontal disease. P. gingivalis relies on the heme- 

binding receptor HmuY for heme acquisition, whereas 

T. denticola uses factor H-binding protein (FhbB) to

evade immune responses. This study was aimed at eval- 

uating the inhibitory potential of three phytocompounds

(alstonine, echitamine chloride, and villalstonine) from

Alstonia scholaris against these targets, which were

compared with minocycline and chlorhexidine, via mo- 

lecular docking.

Methods: Molecular docking was performed with vali- 

dation by redocking and confirmation of receptor reli- 

ability (RMSD 1.821 A ˚ for HmuY and 0.851 A ˚ for

FhbB). Chlorhexidine and minocycline were included as 

positive controls. Binding energies (ΔG), inhibition con- 

stants (Ki), and receptor—ligand interactions were 

analyzed.
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Results: Echitamine chloride exhibited the strongest af- 

finity for HmuY (ΔG − 4.86 kcal/mol; Ki 274.96 μM), 

whereas alstonine bound most strongly to FhbB (ΔG 

− 7.44 kcal/mol; Ki 3.53 μM). Villalstonine showed 

moderate affinity, whereas minocycline was the most 

potent overall. Key hydrogen bonds involved ARG178, 

TRP70, and TYR116.

Conclusions: A. scholaris phytochemicals, particularly 

echitamine chloride and alstonine, displayed promising 

but weaker inhibitory potential than standard antimi- 

crobials. They therefore might serve as natural adjuncts 

in periodontal therapy, pending experimental validation.

Keywords: Alstonia scholaris; Molecular docking; Peri- 

odontal pathogens; Porphyromonas gingivalis; Treponema 

denticola

© 2025 The Authors. Published by Elsevier B.V. This is an 
open access article under the CC BY-NC-ND license 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Periodontal disease is a multifactorial condition charac-
terized by polymicrobial dysbiosis, in which key pathogens 
such as Porphyromonas gingivalis and Treponema denticola 
have dominant roles in disease progression. P. gingivalis is 
recognized as a keystone pathogen capable of manipulating 
the host immune system and reshaping microbial commu-

nities to favor dysbiosis. Its survival strongly depends on 
heme acquisition, as mediated by the heme-binding protein 
HmuY, which is essential for heme utilization and patho-
genic persistence. 1,2

Similarly, T. denticola, another member of the red com-

plex, markedly contributes to periodontal tissue destruction. 
It expresses factor H-binding protein B (FhbB), which

subverts complement regulation by binding host factor H, 
thereby enabling bacterial survival and immune evasion. 3,4 

The pathogenic synergy between these species exacerbates 
periodontal breakdown and increases systemic risk. 5,6 

Recent evidence has also demonstrated that the red and 
orange complex subgingival microbiome is more abundant 
in older patients with cognitive impairment than in 
cognitively normal individuals, thereby highlighting a 
potential link between periodontal pathogens and systemic 
diseases such as dementia. 7

Given the growing challenge of antimicrobial resistance, 
natural compounds are increasingly being investigated as 
alternative or adjunctive therapeutic agents. Plant-derived 
bioactive metabolites offer diverse pharmacological activ-
ities with relatively low toxicity. Alstonia scholaris, a tradi-
tional medicinal plant, contains a variety of alkaloids, 
iridoids, and terpenoids with documented anti-

inflammatory, anticancer, and antimicrobial properties. 8,9 

Among its bioactive alkaloids, alstonine, echitamine 
chloride, and villalstonine are of particular interest. Despite 
evidence of anticancer and antiparasitic activities, their 
potential as antibacterial or anti-periodontal agents has not 
been fully evaluated. In silico molecular docking provides a 
cost-effective platform to rapidly predict ligand—protein in-
teractions and has become highly relevant in periodontal 
research. 10 This study was aimed at assessing the binding 
affinity of selected A. scholaris alkaloids toward key 
virulence factors of P. gingivalis (HmuY) and T. denticola 
(FhbB).

Materials and Methods

In silico molecular docking was conducted with the 
enzyme receptors HmuY from P. gingivalis and FhbB from 
T. denticola (PDBID codes 3H8T and 3F2V, respectively). 
The 3D structures of ligands comprising the investigated 
compounds and positive controls had CID codes of 441979 
(alstonine), 124841315 (echitamine chloride), 5476353

Table 1: Redocking results of the enzyme receptors 3H8T (P. gingivalis) and 3F2V (T. denticola). Overlay of the native ligand (GOL)

between co-crystals (yellow) and redocking (green) of 3H8T receptors, and overlay of the native ligand (FMN) between co-crystals

(purple) and redocking (blue) of 3F2V receptors.

Receptor

(PDBID)

Native ligand Residues in 

disallowed 

regions (%)

Overlay of the native 

ligand

RMSD (A ˚ ) Active site 

coordinates (x:y:z)

3H8T GOL 0.6 1.821
− 25.345: 24.372: 23.615

3F2V FMN 0 0.851 14.067: − 7.693: 23.334

GOL: Glycerol; FMN: Flavin mononucleotide; A ˚ : A ˚ ngström.

M.I. Rizal et al.26 
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Table 2: Docking
 
results of compounds with 

the 3H8T
 
(P. gingivalis) and 

3F2V
 

(T. denticola) enzyme receptors.

No. compounds 3H8T
 
(P. gingivalis) 3F2V

 
(T. denticola)

ΔG
 

(kcal/ 
mol)

Hydrogen

interaction

Hydrophobic

interaction

Ki

(μM)

3D
 

interaction
 

ΔG
 (kcal/ 

mol)

Hydrogen

interaction

Hydrophobic

interaction

Ki

(μM)

3D
 

interaction

1. Alstonine − 4.77
ARG178

 
and

 
SER176

THR102

and

LYS101

317.80
− 7.44

TRP70; 
GLY110; and 
TYR116

TYR69
 
and

 
PRO67

3.53

2. Echitamine

chloride 
− 4.86

GLU103; 
LYS101; 
THR102; and 
GLY100

—
274.96

− 7.39
TRP70

 
and

TYR116
 

—
3.86

3. Villalstonine − 4.81
 

LYS101; 
THR102; 
GLN106; and 
GLU103

—
296.39

− 4.97
 

—
PHE71

 
225.75

4. Minocycline
− 5.10

LYS101; 
THR102; 
GLY100; and 
GLU103

—
182.84

− 7.86
LEU109; 
GLY110; 
TYR116; and 
PHE71

TYR69
 
and

 
TRP70

1.74

5. Chlorhexidine
− 5.27

SER176; 
THR102; and 
GLU103

ARG178

and

LYS177

136.84
− 7.18

ILE68; GLY110; 
and

 
TYR116

HIS10; PRO67; 
HIS19; ALA11; 
TYR69; PHE71; 
and

 
TRP70

5.42

ΔG: Binding 
affinity; Ki: inhibition 

constant; ALA: Alanine; ARG: Arginine; GLN: Glutamine; GLU: Glutamic acid; GLY: Glycine; HIS: Histidine; LYS: Lysine.
PHE: Phenylalanine; PRO: Proline; SER: Serine; THR: Threonine; TRP: Tryptophan; TYR: Tyrosine.

A
. sch

o
la
ris d

o
ck
in
g vs o

ra
l p

a
th
o
g
en
s 

2
7

8

Page 6 of 9 - Integrity Subm
ission

Subm
ission ID

trn:oid:::3618:131434608

Page 6 of 9 - Integrity Subm
ission

Subm
ission ID

trn:oid:::3618:131434608



(villalstonine), 9552079 (chlorhexidine), and 54675783 
(minocycline). Chlorhexidine and minocycline served as 
positive controls for validating the docking protocol and 
were selected because of their established antimicrobial ac-
tivity against oral pathogens. The computational methods 
were performed on an Asus Vivobook 14 laptop with an 
Intel(R) Pentium(R) CPU 5405U 2.30 GHz processor, 
8.00 GB RAM, and a 64-bit operating system (x64-based 
processor). The software included BIOVIA Discovery Stu-
dio v24.1.0. 23298 (San Diego, California, USA), AutoDock

4 Version 1.5.7 (La Jolla, California, USA), and ChemDraw 
3D Version 3.0 (CambridgeSoft/PerkinElmer; head-

quartered in Waltham, Massachusetts, USA).

We determined receptor conformation by downloading 
the receptor structure from RCSB.org. The conformational 
suitability of the receptor was tested on the saves.org web 
server with Ramachandran plot calculations. Redocking was 
conducted by separating the native ligand from the receptor 
in BIOVIA Discovery Studio software. The native ligand and 
receptor were docked in AutoDock 4 with the grid box 
centered on the ligand coordinates. Running redocking 
involved 100 runs with the genetic algorithm. The redocking 
results were visualized in BIOVIA Discovery Studio (San 
Diego, California, USA). Docking of compounds and posi-
tive controls (ligands) with the 3H8T and 3F2V receptors 
was performed on the active site coordinates obtained from 
the redocking results. Ligand energy was minimized in 
ChemDraw 3D (CambridgeSoft/PerkinElmer; head-

quartered in Waltham, Massachusetts, USA) with the MM2 
method. The ligand and receptor were docked with Auto-

Dock 4 7 (La Jolla, California, USA) and visualized in 
BIOVIA Discovery Studio (San Diego, California, USA).

Results

In the Ramachandran plot test, the receptor conforma-

tion was indicated by <2 % of residue values in disallowed 
regions. The values of residues in disallowed regions for the 
3H8T and 3F2V receptors were 0.6 % and 0 %, respectively. 
The RMSD value subsequently corroborated the outcomes 
of the Ramachandran plot assessment. The RMSD values
for the 3H8T and 3F2V receptors were 1.821 A ˚ and 0.851 A ˚ .
Beyond the RMSD values, redocking indicated the active site 
coordinates of the receptors. The active site coordinates 
(x:y:z) of the P. gingivalis and T. denticola receptors 
were − 25.345: 24.372: 23.615, and 14.067: − 7.693: 23.334, 
respectively (Table 1).

Data for docking of alstonine, echitamine chloride, vil-
lalstonine, and the positive controls with the 3H8T and 3F2V 
receptors are presented in Table 2. Among the three active 
chemicals of A. scholaris, echitamine chloride exhibited the 
highest binding affinity to the 3H8T receptor (− 4.86 kcal/ 
mol) yet remained inferior to the positive controls 
minocycline and chlorhexidine (− 5.10 and − 5.27 kcal/mol, 
respectively). In contrast to the 3F2V receptor findings, the 
binding affinity of alstonine and echitamine chloride 
(− 7.44 and − 7.39 kcal/mol) exceeded that of chlorhexidine 
(− 7.18 kcal/mol).

Discussion

The crystallographic structures in this study contained 
multiple ligands that required careful consideration for
docking validation. In the 3H8T structure of P. gingivalis 
HmuY, three ligands were present: heme, glycerol (GOL), 
and sulfate (SO 4 ). For methodological consistency, GOL

served as the reference ligand in redocking validation,
because it was resolved with clear coordinates in the depos-
ited structure, thus enabling RMSD calculation. Similarly, in
the 3F2V structure of T. denticola FhbB, flavin mono-

nucleotide was resolved as a co-crystallized ligand. Because it 
was included to stabilize the structure during crystallization, 
it served as the native ligand for redocking. Use of these
deposited ligands (GOL for 3H8T and flavin mono-

nucleotide for 3F2V) enabled reliable validation of docking 
accuracy via RMSD values, thus providing confidence in the 
subsequent docking analysis of A. scholaris phytochemicals. 

Validation of the receptor conformation showed accept-
able geometry, with <2 % of residues in disallowed regions 
for both HmuY (3H8T) and FhbB (3F2V). RMSD values of
1.821 A ˚ and 0.851 A ˚ confirmed the reliability of the docking
protocol, because values below 2.5 A ˚ indicate consistent
redocking accuracy. A detailed analysis of docking in-
teractions revealed that several residues contributed to the 
stability of ligand binding. In the HmuY receptor, TRP70, 
TYR116, and LYS101 were key residues mediating hydrogen 
bonding and hydrophobic interactions that stabilized the 
ligand—receptor complex. Echitamine chloride formed 
hydrogen bonds with LYS101 and THR102, whereas TRP70 
and TYR116 contributed to π—π stacking and hydrophobic 
stabilization, thereby producing a conformation similar to 
that of the positive controls. These interactions suggested 
that the phytochemicals mimic the binding orientation of 
native ligands within the heme pocket and might potentially 
interfere with the heme acquisition essential for P. gingivalis 
survival. This pattern was consistent with previous in silico 
reports identifying aromatic residues such as TRP and TYR 
to be critical for ligand anchoring in P. gingivalis heme-

binding domains. 9—11

Docking analysis (Table 2) revealed that echitamine 
chloride demonstrated the strongest binding affinity to 
P. gingivalis HmuY (ΔG = − 4.86 kcal/mol), which was 
similar to the binding affinities of the positive controls 
chlorhexidine (− 5.27 kcal/mol) and minocycline 
(− 5.10 kcal/mol). This compound also shared multiple 
hydrogen bond interactions with key residues (LYS101, 
THR102, and GLY100), similarly to the positive controls, 
thus supporting its potential as an HmuY inhibitor. 
Whereas villalstonine showed moderate binding affinity 
(ΔG = − 4.81 kcal/mol), alstonine exhibited slightly weaker 
binding (ΔG = − 4.77 kcal/mol). Nevertheless, villalstonine 
was assessed in this study because it is a principal alkaloid 
of A. scholaris, and it provided valuable comparative insight 
into how subtle structural differences among related 
compounds influence receptor binding. The finding that 
villalstonine binding relies primarily on hydrophobic 
interactions is supported by previous reports suggesting that

M.I. Rizal et al.28 
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both polarity and conformational flexibility are critical for 
optimal ligand accommodation in heme-binding proteins. 1,2,9 

Interestingly, alstonine and echitamine chloride, 
compared with chlorhexidine, displayed superior binding 
affinity toward T. denticola FhbB (3F2V) (− 7.44, − 7.39, 
and − 7.18 kcal/mol, respectively). Minocycline remained the 
most potent ligand (− 7.86 kcal/mol). These findings sug-
gested that A. scholaris alkaloids, particularly alstonine, 
might be more effective against T. denticola than conven-
tional agents. The inhibition constants also corroborated this 
finding: alstonine and echitamine chloride showed low 
micromolar values (3.5—3.8 μM) approaching those of 
minocycline (1.74 μM).

These results aligned with findings from previous reports 
highlighting the promise of natural compounds in disrupting 
bacterial virulence mechanisms and modulating biofilm for-
mation. 8,11 A. scholaris alkaloids have shown antimicrobial 
and anti-inflammatory potential, thus suggesting their 
pharmacological promise. 10,12 The residue—level interactions 
observed herein support their potential as adjunctive natural 
agents in periodontal therapy by disrupting bacterial heme 
uptake and complement evasion mechanisms. This study’s 
strengths include its focused targeting of key virulence fac-
tors and validated docking accuracy with acceptable RMSD 
values. The comparative analysis with standard antimicro-

bials added translational relevance. However, because of its 
in silico design, this study cannot fully replicate biological 
conditions such as compound stability and in vivo 
pharmacodynamics.

Conclusion

Among the evaluated A. scholaris phytochemicals, echit-
amine chloride demonstrated the highest potential in inhibit-
ing the HmuY receptor of P. gingivalis, whereas alstonine 
showed superior binding to the FhbB receptor of T. denticola. 
These findings highlight the therapeutic promise of 
A. scholaris-derived compounds as adjunctive agents for 
periodontitis. Further in vitro and in vivo validation is 
necessary to confirm their antimicrobial efficacy, bioavail-
ability, and safety profiles. Such studies will be essential to 
establish the translational potential of A. scholaris compounds 
as plant-based adjuncts in evidence-based periodontal care.
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