E ‘.é Intemnational Journal of Applied Pharmaceutics
Sl - '

Important Announcement: No Authorized
Agent/Agency/Vendor for Publication

01-07-2025

It is hereby notified that Int J App Pharm does not authorize any agent,
agency, representative, vendor, or intermediary for article submission,
processing, or publication.

READ MORE »

International Journal of Applied Pharmaceutics (Int J App Pharm) is a peer-reviewed, bimonthly (onward March
2017) open-access journal devoted to excellence and research in pharmaceutics. This journal publishes
original research work that contributes significantly to adding scientific knowledge in conventional dosage
forms, formulation development and characterization, controlled and novel drug delivery, biopharmaceutics,
pharmacokinetics, molecular drug design, polymer-based-drug delivery, nanotechnology, nanocarrier-based
drug delivery, novel routes and modes of delivery; responsive delivery systems, prodrug design, development
and characterization of the targeted drug delivery systems, ligand carrier interactions, etc. Studies on analytical
method developments and physical pharmacy are part of the journal's scope. Furthermore, pharmacological
and toxicological studies of Active Pharmaceutical Ingredients (APIs) and their formulations are considered.

The journal publishes original research work either as an Original Article or a Short Communication. Review
Articles on a current topic in the mentioned fields are also considered for publication in the journal.

Special issues on dedicated subjects or conference proceedings within the broader stated scope of the journal
shall be considered for publication. Articles in the concerned may be permitted beyond the scope but on the
merit of quality and when within the theme of the conference/special issue.

Onward 2021, for instant and swift access to current applied research that may have an impact on the subjects
of the journal's scope, including allied subjects having an impact on mass human/living population, especially
the cases of endemic/ pandemics (like COVID-19 and H1N1, others), are considered.

International Journal of Applied Pharmaceutics is a (Q2) Scopus-indexed journal.
Abstracting and Indexing

Google Scholar, Scopus [Q2], EMBASE, SCI mago (SJR), CNKI (China Knowledge Resource Integrated
Database), CAS, CASSI (American Chemical Society), Open-J-Gate, OAl, LOCKKS, OCLC (World Digital
Collection Gateway), UIUC.

UGC Listed Journal

€ © % scopuscom/souroesur a

Iresult

Display aptions ~ Sareeted  chtes come

tanatienal Jaureal of Appled Phamvacautics 17 18

To locate the quartile in Scopus:
1. Select the Quartile filter and apply it.
2. Search by Title: Enter the journal name and click search.

3. The results will be displayed.



1.7

Online ISSN: 0975-7058

Scopus Indexed 2026 [Q2]

CiteScore 2026 (Feb): 2.1
Fast Peer Review Now

First decision: 15 Days

. 2024
CiteScore

UGe
proved

d = Crossref

Plagiarism Check
(& grammarly

T

It's Embase, Not Expanded Embase, Learn in 1 Min

Our Journals || Open Access Policy || Publication & Peer Review Policy || Publication Ethics

The publication is licensed under a Creative Commons License (CC BY). View Legal Code
Copyright © 2025 All Rights Reserved, Innovare Academic Sciences | Powered By CyberDairy




— =
International Journal af Applied Pharmaceutics
; EEEY \

HOME ' Editorial Board

Editorial Board

Editor-in-Chief

Dr. Gaurav Kant Saraogi
Sri Aurobindo Institute of Pharmacy, Indore-Ujjain State Highway, Indore, Madhya Pradesh, India
Email: editor@ijaponline.org, gauravsaraogi13@gmail.com

Associate Editors

Dr. Genta Ida
Department of Drug Sciences, University of Pavia, Italy
Email:ida.genta@unipv.it

Assistant Editors

Dr. Awesh Kumar Yadav
National Institute of Pharmaceutical Education and Research Raebareli, Uttar Pradesh, India
Email: aweshyadav@gmail.com

Dr. Arvind Gulbake
National Institute of Pharmaceutical Education and Research: Changsari, Assam, India
Email: arvind.gulbake@gmail.com

Dr. Neeraj Mishra
Department of Pharmaceutics, Amity Institute of Pharmacy, Amity University, Gwalior, MP, India
Email: neerajdops@gmail.com

Editorial Members

Dr. Kailash C. Petkar
Scientist 'C', Government of India, DSIR, Min. of Science and Technology, New Delhi, India

Email: petkar.kailash@gmail.com

Dr. Alankar Shrivastava
Amity Institute of Pharmacy, Amity University, Raipur, Chhattisgarh, India

Email: alankarshrivastava@gmail.com
Dr. Tarang Nema
International Flavours and Fragnances, Singapore

Dr. Carlotta Marianecci
Dipartimento di Chimica e Tecnologie del Farmaco, Sapienza Universita di Roma, Rome, ltaly

Email: carlotta.marianecci@uniroma.it

Dr. Manoj Nahar
Sun Pharmaceutical Industries Limited, Vadodara, Gujarat, India

Email: mnjnahar@yahoo.co.in

Dr. Tarek Abdelnapy Ahmed
Department of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, KAU, Jeddah, KSA

Email: dr_tarek_nour@yahoo.com

Dr. Elizabeth Igne Ferreira
Faculty of Pharmaceutical Sciences, University of Sao Paulo, Brazil

Email: elizabeth.igne@gmail.com

Dr. Surya Prakasarao Kovvasu
Western University of Health Sciences, Pomona, California, USA

Email: skovvasu@westernu.edu

Dr. N. Kanagathara
Saveetha School of Engineering, Saveetha University, Chennai, India

Email: kanagathara23275@gmail.com

Dr. Mohammed Elmowafy Gomaa Aburaia
Department of Pharmaceutics, College of Pharmacy, Jouf University, Saudi Arabia




Email: melmowafy@ju.edu.sa

Dr. Liang Chen
Wenzhou Medical University, Wenzhou, P. R. China

Email: cheng_zhuan0101@wuxibiologics.com

Dr. Franca Castiglione
Department “G. Natta”, Palitecnico di Milano, Italy

Email: franca.castiglione@polimi.it

Dr. Iman Emam Omar Gomaa
Faculty of Pharmacy, University for Modern Sciences and Arts (MSA)" Cairo - Egypt

Email: igomaa@msa.eun.eg

Dr. Basant Amarji
UIPS, Punjab University, Chandigarh, Punjab, India

Email: basantamarji@gmail.com

Dr. Rabab Kamel
Pharmaceutical Technology Department, National Research Centre, Egypt

Email: drrababk@hotmail.com

Dr. Satish Shilpi
Ravishankar College of Pharmacy, Bhopal, MP, India

Email: shilpisatish@gmail.com

Dr. Umeyor Chukwuebuka Emmanuel
Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria

Email: ec.umeyor@unizik.edu.ng

Dr. Yosra S.R. Elnaggar
Faculty of Pharmacy and Drug Manufacturing, Pharos University, Alexandria, Egypt

Email: yosra_pharm@yahoo.com

Dr. Sumeet Kapoor
IIT New Delhi, India

Email: s.kapooriitd@gmail.com

Dr. Dinesh Nyavanandi

Research Scientist, Formulation Development Cerevel Therapeutics, MA 02141, USA

Email: ndinesh624@gmail.com

Online ISSN: 0975-7058

INDEXED By

Scopus

Scopus Indexed 2026 [Q2]
CiteScore 2026 (Feb): 2.1
Fast Peer Review Now

Eirst decision: 15 Days

1.7 Citestoré

55th percentile
Powered by Scopus



Plagiarism Check

@ grammarly

Embase

It's Embase, Not Expanded Embase, Learn in 1 Min

€ 5 C % sopsmomsouesu a &

Our Journals || Open Access Policy || Publication & Peer Review Policy || Publication Ethics
The publication is licensed under a Creative Commons License (CC BY). View Legal Code
Copyright © 2025 All Rights Reserved, Innovare Academic Sciences | Powered By CyberDairy

Platform &
workflow by

OJS/ PKP



— =
International Journal af Applied Pharmaceutics
A

HOME ' ARCHIVES ' Vol 18, Issue 2 (Mar-Apr), 2026
Vol 18, Issue 2 (Mar-Apr), 2026

PUBLISHED: 07-03-2026

REVIEW ARTICLE(S)

EARLY LIFE DETERMINANTS AND GENETIC MODIFIERS OF THE HUMAN GUT MICROBIOTA:
IMPLICATIONS FOR DYSBIOSIS AND DISEASE

R. DHYANESH, NITHYA SHREE, JEEVANANTHAM |., KIRUBA SHALO ALBERT, SUVITHA SRI M., 1-8
VISHVA PRASATH S.

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56700

EMERGING NOSE-TO-BRAIN DRUG DELIVERY STRATEGIES FOR AMYOTROPHIC LATERAL
SCLEROSIS: A PROMISING FRONTIER IN NEUROTHERAPEUTICS

AKANSHA TAMBOLI, KANDUKURI SUSHMA, KHUSHBOO KATHAROTIYA 9-20

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56993

POTENTIAL OF ANTI-INFLAMMATORY THERAPY IN SCHIZOPHRENIA: CURRENT APPROACHES
AND PROSPECTS: LITERATURE REVIEW

ANDREI EFREMOQV 21-29

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57215

ORIGINAL ARTICLE(S)

BIOPOLYMER-BASED EMULGEL OF KASTURI (CITRUS MICROCARPA BUNGE) ESSENTIAL OIL:
STABILITY, SPF, ANTIOXIDANT, AND ANTIBACTERIAL PROPERTIES

YAHDIAN RASYADI, WIDA NINGSIH, DHONA AFRIZA, VARIZA PUJAAN 30-42

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57058

PREPARATION AND EVALUATION OF A CHITOSAN HYDROGEL-BASED SLOW-RELEASE
SYSTEM LOADED WITH DOCETAXEL AND EUPHORBIA MICROSCIADIA FOR BREAST CANCER
THERAPY IN A MURINE MODEL

MAJID ASADI SAMANI, DHIYA ALTEMEMY, ARMIN AMINI, MOHSEN SAFAEI, ELHAM BIJAD, AKRAM 43-48
ALIZADEH, PEGAH KHOSRAVIAN

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.55517

DOE-BASED FORMULATION AND CHARACTERIZATION OF NIFEDIPINE-LOADED SMEDDS
EMBEDDED IN FAST DISSOLVING FILMS FOR IMPROVED ORAL BIOAVAILABILITY

DHANUSH R., SUJATHA K., PREETHIKA S., SOWMYA C. 49-59



@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57227

CHITOSAN-ROSE ESSENTIAL OIL FILMS: EVALUATION OF PHYSICAL INTEGRITY AND
BIOPROTECTIVE ACTIVITIES

RULA M. DARWISH, ALI H. SALAMA

2 VIEW ABSTRACT PDF DOWNLOAD PDF 3 HTML

10.22159/jjap.2026v18i2.56521

DOSE-DEPENDENT EFFECTS OF METHAMPHETAMINE ON NEUROCHEMICAL AND
NEUROIMMUNE MARKERS IN THE BRAIN, SPLEEN, AND KIDNEY

HANEEN ABDULSALAM, JAMELA JOUDA, HAWRAA HASAN JASIM

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57380

IN SITU GELLING OCULAR FILMS OF LORATADINE: A MUCOADHESIVE PLATFORM FOR
ENHANCED ANTIHISTAMINIC OCULAR DELIVERY

RASHA HAMEED AL-KAABY, LENA MURAD THOMAS

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56656

POTENTIAL OF TRANSFERSOMAL DELIVERY SYSTEM IN IMPROVING THE THERAPEUTIC
OUTCOME OF LAPATANIB IN BREAST CANCER TREATMENT

RAMINENI SUNITHA, PRAVEEN SIVADASU, P. BHARGHAVA BHUSHAN RAO

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57564

A NOVEL NANOPRECIPITATION ROUTE TO SILVER NANOPARTICLES: INSIGHTS INTO
STRUCTURE, STABILITY, AND BIOACTIVITY

SUNIRMAL BHATTACHARJEE, DEBJANI SARKAR, RICHA DAYARAMANI, SWEET NASKAR,
SUBHASHIS DEBNATH, SURAJ SHARMA

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56744

SOLUBILITY ENHANCEMENT, FORMULATION DEVELOPMENT AND EVALUATION OF
EXTENDED-RELEASE TABLETS OF BCS CLASS IV DRUGS TICAGRELOR

MAHESH INAMDAR, RAJAN SHENDGE

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56905

SMART BIOSURFACTANT NANOCARRIERS: ROS-LABILE ORAL DELIVERY SYSTEM FOR
ENHANCED CELECOXIB EFFICACY IN RHEUMATOID ARTHRITIS

T. PRADEEPA, RAJAGANAPATHY KALIYAPERUMAL

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57021

THERAPEUTIC POTENTIAL OF NIGELLA SATIVA OIL CREAM FOR ECZEMA TREATMENT:
FORMULATION, STABILITY AND CLINICAL ASSESSMENT

BASSEL HUSSEIN, ABDULLAH H. MAAD, WAEL ALAGHAWANI, RAMA AZIZ, NOUR ALHABBAL

60-64

B65-71

72-83

84-96

27-Mm

nz-125

126-135

136-142



@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.54168

DEVELOPMENT AND CHARACTERIZATION OF NON-PROPELLANT FOAM INCORPORATED
ACYCLOVIR FOR TREATMENT OF HERPES INFECTION

PRAJITHA BIJU, VIVEK GHATE, SHAILA LEWIS, ASHWINI PRABHU 143-149

2 VIEW ABSTRACT PDF DOWNLOAD PDF 3 HTML

10.22159/ijap.2026v18i2.56156

IN SILICO INVESTIGATION OF CONVOLVULUS PROSTRATUS AS A POTENTIAL SOURCE OF A-
GLUCOSIDASE INHIBITORS FOR DIABETIC MANAGEMENT

MAHENDRA GOWDRU SRINIVASA, AMITHA SHETTY, SHREYA H. KANCHAN, PRANAMYA, KRISHNA 150-159
YALLAPPA KOLACHI, PRABITHA PRABHAKARAN

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.57305

FORMULATION AND OPTIMIZATION OF FLOATING SUSTAINED RELEASE TABLETS OF
RITONAVIR THROUGH BOX-BEHNKEN DESIGN

BALIJEPALLI MURALI KRISHNA, CHANDRA SEKHAR PATRO, CH. TARAKA RAMARAQO 160-172

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56631

COMPUTATIONAL INSIGHTS INTO THE ALLOSTERIC INHIBITION OF BACE1 BY SULFORAPHANE:
A MOLECULAR DOCKING AND DYNAMICS STUDY

MITSUE OKA, MALA HIKMAWAN PRIMANA, BONIFACIUS IVAN WIRANATA, ENADE PERDANA 173179
ISTYASTONO, PERDANA ISTYASTONO, FLORENTINUS DIKA OCTA RISWANTO

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57436

FORMULATION AND DEVELOPMENT OF GREEN-SYNTHESIZED ADAPALENE-CONJUGATED
SILVER NANOPARTICLES INCORPORATED INTO ALOE VERA GEL FOR TOPICAL MANAGEMENT
OF ACNE VULGARIS IN WOMEN

FARHAT FATIMA, ASMA B. OMER, AHMED AL SAQR, MOHAMMED MUQTADER AHMED 180-189

[& VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57772

DESIGN, PHYSICOCHEMICAL CHARACTERIZATION, AND DEVELOPMENT OF A MATRIX
DIFFUSION-CONTROLLED TRANSDERMAL PATCH OF RASAGILLINE FOR SUSTAINED ANTI-
PARKINSON'S THERAPY

AHMED A. MOHAMED, MOHAMED A. ABDEL SALAM, DALIA A. GABER, EMAN AL-JOHANI, SIHAM 190-199
ABDOUN
2 VIEW ABSTRACT PDF DOWNLOAD PDF & HTML

10.22159/ijap.2026v18i2.56843

COMPARATIVE STUDY OF ETHOSOMES AND PHARMACOSOMES AS A PROMISING APPROACH
FOR IMPROVING DAPSONE AND CLOXACILLINE TRANSDERMAL ANTI-LEPROTIC ACTIVITY: IN
VITRO AND IN VIVO STUDIES

PRIYANKA MAURYA, TAPASVI GUPTA, RITU GILHOTRA 200-210

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57081



PREPARATION AND IN VITRO EVALUATION OF BUTENAFINE HCL NANOSUSPENSION
NIBRAS MAHDI NAEEM, OMAR SAEB SALIH 2Nn-220

3 VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56008

ANTI-INFLAMMATORY AND ANTI-HEMORRHOIDAL ACTIVITY OF POLYHERBAL GEL WITH
THEIR CHARACTERIZATION USING CROTON OIL-INDUCED MODEL AND IN SILICO ACTIVITY
AGAINST INFLAMMATORY MEDIATORS

ISHAN AGGARWAL, SUKIRTI UPADHYAY, ARVIND KUMAR 221-234

[3 VIEW ABSTRACT PDF DOWNLOAD PDF 3 HTML

10.22159/ijap.2026v18i2.57289

FABRICATION AND ASSESSMENT OF DIFFERENT COMPOSITE BIOMATERIAL SCAFFOLDS FOR
SKIN REPAIR AND REGENERATION

MORUSU KEERTHANA, KAMMARI RADHA, MARUVAJALA VIDYAVATHI, RAYADURGAM VENKATA 235-244
SURESH KUMAR

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56532

INTEGRATING ARTIFICIAL INTELLIGENCE IN QUALITY AUDITS OF ORAL SOLID DOSAGE
MANUFACTURING FACILITIES

JAYAPRAKASH NARAYANAN J., S. P. DHANABAL, NALIN D., VENKATA SATYANARAYANA REDDY 245-252
KARRI
@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57414

CHARACTERIZATION OF POULTRY EGG SHELL POWDER AS TABLET MATRIX BASE
SANJIBAN UTPALKUMAR SARKAR, NITYANANDA MONDAL, CHOWDHURY MOBASWAR HOSSAIN 253-263

[© VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56682

GELATIN FROM MUSCOVY DUCK (CAIRINA MOSCHATA) BONE AS PHARMACEUTICAL
EXCIPIENT: EXTRACTION AND CHARACTERIZATION

BAYU EKO PRASETYOQ, ANAYANTI ARIANTO, HAKIM BANGUN, ABDI WIRA SEPTAMA 264-271

[3 VIEW ABSTRACT PDF DOWNLOAD PDF & HTML

10.22159/ijap.2026v18i2.57610

PREPARATION AND CHARACTERIZATION OF SOLID DISPERSION LOADED WITH SELEXIPAG
AS MODEL DRUG

DOAA HUSSEIN KARAM, MAZIN THAMIR ABDUL-HASAN 272-281

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56830

DOSE DEPENDENT IMUNOMODULATORY EFFECTS OF THE HERBAL COMBINATION
SAMBILOTO-GINGER-TURMERIC (SIJAKUN): AN IN VIVO STUDY ON WISTAR RATS

HANDAYANI, HOTIMAH MASDAN SALIM, ARIFA MUSTIKA, AIN DAROJAH SIDDIQ RAMADHANA, 282-286
RETNO DIAH PUTRI EKAYANTI

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56973



PREPARATION AND CHARACTERIZATION OF KETOPROFEN MENTHOSOME GEL AS A TOPI-
CAL DELIVERY NANOCARRIER: EX VIVO ASSESSMENT

SAMARA MOHAMMED JASIM, ABEER H. KHASRAGHI 287-296

[© VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57045

DEVELOPMENT OF ANTI-INFLAMMATORY OIL MICROSPHERE AND EVALUATING THE ACTIVITY
IN VITRO AND IN VIVO

VIJAYALAKSHMI P., MALARKODI VELRAJ 297-312

3 VIEW ABSTRACT PDF DOWNLOAD PDF 3 HTML

10.22159/ijap.2026v18i2.55226

DEVELOPMENT AND EVALUATION OF A PH-RESPONSIVE OFLOXACIN-LOADED
NANOPARTICLE IN SITU GEL FOR SUSTAINED OCULAR DELIVERY

MARGRET CHANDIRA RAJAPPA, GRACY GLADIN SOLOMON, NAGASUBRAMANIAN 313-325
VENKATASUBRAMANIAM, MANOJ KUMAR KUMAR, DHARSHINI VELMURUGAN

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57216

INNOVATIVE DISEASE MODIFYING TREATMENTS: EVALUATING THE ATRIGEL® SYSTEM FOR
ENHANCED THERAPEUTIC EFFICIENCY

SUSHANT ISHWAR POTE, OM SAMBHAJI SHELKE, RAJESH KHATHURIYA, VRUSHALI A. KULKARNI, 326-337
SACHIN J. FARTADE

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56159

EVALUATION OF SERUM LEVELS OF CYP2D6, CYP3A4, GSH, AND MDA AS PREDICTIVE
BIOMARKERS FOR METHAMPHETAMINE-INDUCED LIVER DYSFUNCTION USING ADVANCED
STATISTICAL MODELING

ALl FARIED SALMAN, GHID HASSAN ABDULHADI, MUSHTAQ TALIB HASHIM 338-344

[® VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57318

QUALITY-BY-DESIGN ASSISTED DEVELOPMENT AND EVALUATION OF A MICROBALLOON-
BASED GASTRORETENTIVE DRUG DELIVERY SYSTEM

MANIVASAKAM PRAKASH, VENKATESWARAMURTHY NALLASAMY, SENTHIL VENKATACHALAM, 345-353
NEELAMEGARAJAN RAMAN

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56652

FORMULATION, CHARACTERIZATION AND PHARMACOKINETIC EVALUATION OF
RIVAROXABAN-CITRIC ACID COCRYSTALS WITH ENHANCED SOLUBILITY, STABILITY AND
BIOAVAILABILITY

DEEPAK KULKARNI, SANJAY PEKAMWAR, PRASHANT TANDALE 354-368

2 VIEW ABSTRACT PDF DOWNLOAD PDF 2 HTML

10.22159/ijap.2026v18i2.57537

AN LC-MS/MS METHOD DEVELOPMENT AND VALIDATION FOR THE QUANTIFICATION OF
ANTIVIRAL DRUGS IN PLASMA SAMPLES

DIVYA G., RAGHAVAMMA STV 369-376



@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56739

A COMBINED EXPERIMENTAL AND NETWORK PHARMACOLOGY APPROACH TO ELUCIDATE
THE ANTI ULCER POTENTIAL OF PERSEA MACRANTHA

FAISAL MAMDOUH ALHAJRI, RAVI SHANKAR N., PRAMOD S., SIBGHATULLAH MUHAMMAD ALI 377-386
SANGI, GIRISH MERAVANIGE, SREEHARSHA NAGARAJA

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.57804

INNOVATION OF GREEN ESSENTIAL OIL NANOEMULSION (EO-NES) COMBINING NUTMEG
(MYRISTICAFRAGRANS) AND GINGERGRASS (CYMBOPOGONMARTINIIVAR. SOFIA):
POTENTIAL AS A HALAL COSMETIC PRESERVATIVE

NANIEK WIDYANINGRUM, EKA WULANSARI, NADIA MIFTAHUL JANNAH, RINA WIJAYANTI, THENDI 387-397
ABDUL ARIEF

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56868

DESIGN, OPTIMIZATION AND IN SILICO STUDIES OF FOLIC ACID-CONJUGATED DOCETAXEL-
LOADED LIPOSOMES FOR TARGETED DELIVERY TO A549 LUNG ADENOCARCINOMA CELLS

AYUSHI PRADHAN, GURUDUTTA PATTNAIK, CH NIRANJAN PATRA, DIBYALOCHAN MOHANTY, 398-409
GNYANA RANJAN PARIDA, MANI SHARMA

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.57010

OPTIMIZATION AND IN VITRO EVALUATION OF LAPATINIB-ENCAPSULATED LIPOMER
SUSPENSION FOR EFFECTIVE CANCER THERAPY

NIGAR KADAR MUJAWAR, JAMEEL AHMED S. MULLA 410-417

@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57180

OPTIMISATION AND CHARACTERIZATION OF TERBINAFINE-LOADED TOPICAL SOLID LIPID
NANOPARTICLES

DIVYA KARUPPAIAH, RAJKUMAR KARUNAKARAN, AYYAPPAN THIYAGARAJAN, JAMAL MOIDEEN 418-42%2
MUTHU MOHAMED, KRISHNA PRABHA NADUCHAMY

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56153

POLOXAMER-188 BASED CURCUMIN NANOEMULSION: FORMULATION, CHARACTERIZATION,
AND STABILITY FOR ENTRAPMENT EFFICIENCY

ZULKIFLI B. POMALANGO, MOHAMAD APRIANTO PANEO, MUCHTAR NORA ISMAIL SIREGAR, 424-435
ZULFIAYU SAPIUN, KARMILA LIHAWA, NURAIN THOMAS

[© VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57293

GREEN-SYNTHESIS OF SILVER NANOPARTICLES USING N. GLAUCA LEAVES EXTRACT:
CHARACTERIZATION AND EVALUATION OF ANTIOXIDANT, ANTIBACTERIAL AND CYTOTOXIC
ACTIVITIES

TABARAK R. AL-SAMMARRAIE, SINA MATALQAH, REEM ISSA 436-445

B VIEW ABSTRACT PDF DOWNLOAD PDF B HTML

10.22159/ijap.2026v18i2.56577



DEVELOPMENT AND VALIDATION OF ANALYTICAL METHODS FOR THE ESTIMATION OF
ACTIVE INGREDIENTS IN XTEE HB TABLETS

JANORIOUS WINKA J., S. P. DHANABAL, NALIN D., SATYANARAYANA REDDY KARRI 446-454

[© VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57415

SIMULTANEOUS METHOD DEVELOPMENT AND VALIDATION OF GABAPENTIN AND
CARBAMAZEPINE IN RAT PLASMA USING LC-MS/MS AND ITS APPLICATION TO
PHARMACOKINETIC STUDIES

P. SRIVIDYA, P. BHARATH, SK MUBEENA, B. SREE RAMUDU, D. RAMACHANDRAN 455-463

3 VIEW ABSTRACT PDF DOWNLOAD PDF 2 HTML

10.22159/ijap.2026v18i2.56696

EVALUATING THE ANTI-INFLAMMATORY POTENTIAL OF GAMMA ORYZANOL FROM ORYZA
SATIVA BY TARGETING THE NF-KB PATHWAY: A MOLECULAR DOCKING AND STRUCTURE-
BASED PHARMACOPHORE MODELING APPROACH

AASIA KANWAL, MUHAMMAD HAMDI MAHMOOD, SAIFUL BAHRI TALIF, NORHIDA RAMLI 464-4T71

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.57648

EXPERIMENTAL SOLID DISPERSION APPROACH TO ENHANCE THE SOLUBILITY AND
THERAPEUTIC PERFORMANCE OF DOLUTEGRAVIR

SUNITA SAMPATHI, LAKSHMI DEVI GOTTEMUKKULA, SUJATHA DODOALA, VIJAYA KUCHANA 472-483

[@ VIEW ABSTRACT PDF DOWNLOAD PDF @ HTML

10.22159/ijap.2026v18i2.56835

QUALITY BY DESIGN-GUIDED WHITE AND GREEN HPLC METHOD FOR THE DETERMINATION
OF PROCESS-RELATED IMPURITIES OF ELACESTRANT IN BULK DRUG AND PHARMACEUTICAL
FORMULATIONS

VENKATA SAl SURESH KUMAR SISTA, ANJALI JHA, VLNSH HARI HARAN A. 4B4-493

[ VIEW ABSTRACT PDF DOWNLOAD PDF B HTML
10.22159/ijap.2026v18i2.56991

CONFERENCE PROCEEDINGS

CONFERENCE ABSTRACT BOOK
CONFERENCE ABSTRACT BOOK

[© VIEW ABSTRACT PDF DOWNLOAD PDF 10.22159/ijap.2026v18i2.AbstractBook

CONFERENCE ABSTRACT BOOK
CONFERENCE ABSTRACT BOOK

3 VIEW ABSTRACT PDF DOWNLOAD PDF 10.22159/ijap.2026v18i2.ab

Online ISSN: 0975-7058

INDEXED By

Scopus

Scopus Indexed 2026 [Q2]

CiteScore 2026 (Feb): 2.1



STATATTE
Al 117 A
L !

e 'AIALA'AN .‘:‘1(‘;'-&_‘--:'
@ AEADEH]ESCIE CES
Original Article

COMPUTATIONAL INSIGHTS INTO THE ALLOSTERIC INHIBITION OF BACE1 BY
SULFORAPHANE: A MOLECULAR DOCKING AND DYNAMICS STUDY

International Journal of Applied Pharmaceutics

ISSN- 0975-7058 Vol 18, Issue 2, 2026

MITSUE OKA'4(", MALA HIKMAWAN PRIMANA14", BONIFACIUS IVAN WIRANATAZ ", ENADE PERDANA
ISTYASTONO3'“, FLORENTINUS DIKA OCTA RISWANTO#"

!Magister of Pharmacy Study Program, Faculty of Pharmacy, Sanata Dharma University, Campus 3 Paingan, Maguwoharjo, Depok, Sleman,
Yogyakarta 55282 Indonesia. 2Pharmaceutical Sciences Department, Faculty of Pharmacy, Widya Mandala Catholic University, Surabaya,
Indonesia. *Research Center for Cheminformatics and Molecular Modeling, Department of Pharmacy, School of Medicine and Health
Sciences, Atma Jaya Catholic University of Indonesia, J1. Pluit Raya No. 2, Jakarta Utara, DKI Jakarta, 14440, Indonesia. *Research Group of
Computer-Aided Drug Design and Discovery of Bioactive Natural Products, Sanata Dharma University, Yogyakarta 55282, Indonesia
*Corresponding author: Florentinus Dika Octa Riswanto; "Email: dikaocta@usd.ac.id

Received: 10 Nov 2025, Revised and Accepted: 05 Feb 2026

ABSTRACT

Obhjective: This study aimed to investigate the allosteric binding site and dynamic stability of the sulforaphane-BACE1 complex to provide
structural insights into its selective inhibition mechanism.

Methods: Molecular docking was performed using YASARA Structure, followed by five independent 10 ns molecular dynamics simulations
conducted with GROMACS to evaluate the stability of the sulforaphane—BACE1 complex. Key interactions and stability parameters were analyzed
using RMSD-based metrics and interaction fingerprint profiling.

Results: Global docking identified 35 possible binding pockets, with one predominant allosteric site showing the most favorable binding energy and
clustering. Molecular dynamics simulations revealed that sulforaphane maintained stable orientations in two of five trajectories (R2 and R4),
indicating replica-dependent stability consistent with moderate affinity and allosteric flexibility. Interaction analysis highlighted persistent
hydrophobic contacts with ALA173, LEU172, PRO313, GLU315, and ASP323 as major stabilizing residues.

Conclusion: Sulforaphane demonstrates moderate but reproducible allosteric binding to BACE1, primarily stabilized by hydrophobic interactions
and key polar contacts. These findings establish a structural model supporting sulforaphane’s selective modulation of BACE1 and provide a

computational framework for designing improved allosteric inhibitors for Alzheimer's disease therapy.

Keywords: Alzheimer’s disease, BACE1, Sulforaphane, Molecular dynamics, Allosteric inhibitor
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INTRODUCTION

Alzheimer's disease iz a progressive neurodegenerative disorder
and the leading cause of dementia in the global elderly population.
Alzheimer's not only impacts individual cognitive decline but also
places a significant psychosocial and economic burden on families
and healthcare systems. According to data from Alzheimer's Disease
International (ADI), approximately 55 million people were living
with dementia in 2020, and this number is projected to increase to
139 million by 2050 [1, 2]. Complementing these projections, recent
epidemiological analyses have shown that the prevalence of
Alzheimer's disease (AD] and related dementias among individuals
aged =65 years increased more than 1.6-fold between 1991 and
2021, reaching nearly 49 million cases in 2021 [3]. This marked
increase underscores the progressive nature of the disease and its
growing glohal burden on patients, caregivers, and healthcare
systems [4].

Pathologically, Alzheimer's disease is characterized by the
accumulation of f-amyloid (AB) plaques and neurofibrillary tangles
(NFTs), which progressively damage neural tissue [5]. Oxidative
stress has also been recognized as a key contributor to AD
pathogenesis and 1is closely associated with amyloid beta
accumulation, tau pathology, and neurcnal degeneration [6]. AR
plagques are formed through the processing of amyloid precursor
protein [APP) by the BACEL enzyme, which has become a key target
for therapeutic development. Increased BACEL activity is directly
linked to the accumulation of neurotoxic AP and has also been
associated with downstream pathological events such as tau hyper
phosphorylation, neuroinflammation, and synaptic dysfunction [7-
10]. BACE? is a homolog of BACE1. They have similar structures, but
their functions are different. BACE2 mainly works in other metabolic
processes, such as proinsulin processing [11]. Therefore, developing

inhibitors that selectively target BACE1 without affecting BACE2 isa
critical challenge in Alzheimer's therapy.

Sulforaphane, an isothiocyanate compound derived from cruciferous
vegetables, exhibits antioxidant and anti-inflammatory activities
that contribute to its neuroprotective effects [12, 13]. Sulforaphane
has been reported to non-competitively inhibit BACE1 with an ICsp
value of 2.08+0.19 pM and a Ki of 3.1 uM, showing approximately
six-fold higher potency than resveratrol and quercstin, while
exerting minimal effects on BACE2 and other proteases, thus
highlighting its selectivity and potential as a safe natural BACE1
inhibitor without significant effects on BACEZ2 [14]. Given that
sulforaphane functions as a non-competitive inhibitor, this research
is dedicated to mapping its potential allosteric binding site within
the BACE1 enzyme. Pinpointing the exact location and mechanism of
this molecular interaction is highly relevant This is due to the fact
that allosteric inhibitors typically exhibit higher selectivity and often
result in fewer adverse effects compared to their competitive
counterparts. In this context, sulforaphane emerges as a promising
candidate that could interact with BACE1 with greater specificity
could pave the way for developing therapeutic options that are both
safer and more accurately targeted.

Molecular docking and meolecular dynamics simulations are
powerful computational tools for nvestigating the interactions
between small molecules and target proteins. Molecular docking
predicts the preferred binding site and orientation of a ligand, while
molecular dynamics simulations provide a dynamic view of complex
stability and conformational changes under near-physiological
conditions[15-18]. We aimed to elucidate the structural and
dynamic basis of sulforaphane’s allosteric inhibition of BACE1
through an integrated computational approach. This strategy
combined molecular docking to predict a putative allosteric binding
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site with molecular dynamics simulations to evaluate the stability
and molecular interactions of the resulting complexes. These
findings provide a structural framework for the rational design of
selective allosteric BACE1 inhibitors and support the development
of improved therapeutic strategies for Alzheimer’s disease.

MATERIALS AND METHODS
Equipments

The tools used in this study were Omen by HP 15-dclxxx laptop
powered by an Intel Core i7-9750H processor (2.60 GHz) and 16 GB
of RAM. The operating systems used were Windows 11 and Ubuntu
24.04.1ITS. Some of the software used in this study include YASARA
Structure 25.1.13, PyPLIF (Python based Protein Ligand Interaction
Fingerprinting) HIPPOS 0.2.0, and GROMACS 2024.4. In addition,
this study also uses a Cloud Protein Simulator (CPS) server equipped
with a Graphics Processing Unit (GPU) from molmodid for the
molecular dynamics simulation process.

Input file preparation

The BACE1 structure used in this study was downloaded from the
RCSB Protein Data Bank (PDB ID: 2WJO). The PDB structure
download process was carried out directly within the YASARA
Structure program. The next step was to identify and corvect the
missing amino acid residues. In this crystal structure, the missing
residues were found in three regions: the loop, N-terminal, and C-
terminal. The missing residues were then constructed using YASARA
Structure. After model reconstruction, the protein was adjusted to
near-physiological conditions by setting the system pH to 7.4,
followed by energy minimization using the AMBER14 force field
implemented in YASARA Structure. The co-crystallized native ligand
was then removed, and the finalized model was stored as
BACE1_receptor.pdh for subsequent analyses [19].

The three-dimensional structure of sulforaphane was constructed in
YASARA-Structure using the Build molecule from SMILES string
function, with the SMILES notation entered as C5{=0)CCCCN=C=S.
The system was then adjusted to physiological conditions (pH 7.4)
and subjected to energy minimization to achieve a stable
conformation. The optimized ligand was subsequently saved as
BACE1 ligand.Pdh [19].

Identification of allosteric site

To locate possible allosteric binding regions, molecular docking was
first performed and followed by a clustering-based assessment of
the resulting poses. In this step, the dock_run.mcr macro available in
YASARA-Structure was employed, and the docking procedure was
repeated 1000 times to capture a wide range of ligand orientations
within the protein cavity. The ensemble of docking poses was then
grouped using a 45 A cutoff distance, a criterion that enabled
identification of recurring conformations representing the most
probable allosteric binding sites.

Redocking simulation of the ligand

Following the identification of the allosteric site, we performed an
iterative redocking procedure to refine the ligand's binding pose
within the BACE1 allosteric pocket. This refinement, conducted 100
times using YASARA Structure with the molmod plugin [20], aimed
to determine the most favorable ligand conformation. We
subsequently clustered the resulting poses using a 2 A cutoff to
identify the most representative binding mode. This optimal pose
served as the initial coordinates for the subsequent molecular
dynamics simulations.

Molecular dynamics simulations

We conducted molecular dynamics simulations using the GROMACS
software suite on the Cloud Protein Simulator (CPS) provided by
molmod.id, employing a dedicated graphics processing unit GPU for
accelerated computation. The protein was modeled with the
AMBER14 force field, and sulforaphane parameters were derived
from the General AMBER Force Field [GAFF). This represents one
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commonly adopted and internally compatible parameterization
approach for protein-ligand simulations in GROMACS, rather than a
mandatory force-field choice. We sclvated the system in a cubic
TIP3P-FB water hox with an 8 A buffer between the solute and box
edge, then neutralized it and added Na® and Cl” ions to a final
physiclogical concentration of 0.15 M NaCl. The system underwent
energy minimization via steepest descent and conjugate gradient
algorithms, followed by stepwise equilibration: 200 ps under NVT
and 500 ps under NPT ensembles at 310 K and 1 atm. For the
production phase, we ran five independent 10ns simulations, saving
coordinates every 10 ps. Complex stability was evaluated by
calculating the Root mean Square Deviation of the protein backbone
(RMSDBb) and the Root mean Square Deviation of Ligand Move
(RMSDLigMove). In this analysls, the simulation trajectorles were
first aligned to the protein backbone, and RM5DLigMove was then
calculated to isolate the true displacement of the ligand within the
binding pocket, independent of the overall protein motion.

Interaction analysis

Analysis of the interactions formed during the molecular
dynamics simulation process was carried out using PyPLIF
HIPPOS. The analysis was performed over the last 5 ns of the
simulation. The interaction analysis was conducted using the
direct IFP method to identify interactions that occurred during
the molecular dynamics process. The types of interactions
analyzed using PyPLIF HIPPOS included hydrophobic and non-
hydrophobic bonds [21, 22].

RESULTS
Identification of allosteric site and redocking simulation

We identified the allosteric binding site for sulforaphane on BACE1
by integrating molecular docking with a clustering analysis. Using
YASARA Structure, we performed global docking simulations,
allowing sulforaphane to sample the entire protein surface to locate
potential binding pockets. A total of 1000 independent docking runs
were conducted to comprehensively map the interaction landscapes.
The resulting poses were ranked according to their calculated free
energy of binding (feb), which provided the primary metric for the
subsequent clustering analysis. The feb values for these top-ranked
poses ranged from —4.2090 to -3.1270 kcal/mol.

The binding pocket corresponding to ligand conformation 0094 was
selected from the global docking analysis, and the visualization of
this conformation is shown in fig. 1. This conformation was
subsequently used as the starting structure for the redocking
process. The representative docking poses of the resulting clusters
are presented in fig. 2.

Molecular dynamics simulations

Molecular dynamics simulations were carried out using GROMACS
with a 10 ns production time, executed in five parallel replicates.
The stability of the sulforaphane-BACE1 complexes was evaluated
uging RMSD-bazed metrics. Ligand positional stability was assessed
using RMSDLigMove, while protein conformational stability was
monitored using RMSDBb. The RMSDLigMove profiles obtained
from the five independent simulations are shown in fig. 3, whereas
the RMSDED profiles for each replicate are presented in fig. 4.

The molecular dynamics simulations performed in this study were
limited to the sulforaphane-BACE1 complex only. No apo-BACE1
or competitive inhibitor-bound reference simulations were
included, and no dynamic communication analyses such as DCCM,
RMSF, or radius of gyration (Rg) were performed. Accordingly, the
observed RMSDLigMove and RMSDBb profiles deszcribe ligand
behavior in isolation and do not provide comparative evidence of
ligand-induced stabilization or allosteric signal propagation. The
results therefore reflect the intrinsic stability and variability of
sulforaphane binding within the predicted allosteric pocket.
Notably, the sulforaphane-BACE1 complex was not consistently
stable across all replicas, as only two of five simulations
maintained stable ligand positioning.
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@ (®)

Fig. 1: Identification of the sulforaphane allosteric binding site on BACE1 based on global docking and clustering analysis. (a) Surface
representation of BACE1 showing sulforaphane bound to an allesteric site (magenta) that is spatially distinct from the catalytic dyad
(green). (b) Zoomed-in view of the allosteric binding pocket illustrating the residues that define the binding environment. The spatial
separation of this pocket from the active site suggests its potential relevance for allosteric modulation of BACE1 activity without direct
competition with substrate binding

Fig. 2: Superimposed binding conformations of sulforaphane at the identified allosteric site of BACE1 obtained from redocking. The
displayed posesrepresent four distinet ligand conformations corresponding to the main clusters identified after clustering analysis,
shown in different colors (magenta, cyan, green, and blue)

RMSD Ligand Move

RMSDLigMove ( 4)

Fy 5 0

Time (ns)
—Prod-1 ——Prod-2 —Prod-3 —Prod4 —Prod-5
Fig. 3: RMSDLigMove profiles of sulforaphane during five independent molecular dynamics simulations. Ligand stability was observed in

runs 2 and 4, whereas runs 1, 3, and 5 exhibited greater displacement, suggesting the presence of muitiple metastable states. y-axis label:
RMSDLigMove (A)
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RMSD Backbones
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Fig. 4: RMSD profiles of the BACE1 protein backbone (RMSDBb) obtained from five independent molecular dynamics simulations. Low
RMSD values (<2 A) across all replicates confirm that the overall protein folding remained intact throughout the simulations, indicating
that ligand movement was not associated with global protein unfolding

Interaction analysis allosteric site of BACE1 during molecular dynamics simulations. The

hydrophobic and non-hydrophobic  interactions between
Interaction fingerprint analysis using PyPLIF HIPPOS 0.2.0 was sulforaphane and BACE1 are presented in table 1 and table 2,
performed to characterize the binding profile of sulforaphane at the respectively.

Table 1: Hydrophobic interaction hotspots in the sulforaphane-BACE1 complex identified by PyPLIF HIPPOS 0.2.0 during 5-10 ns

Interacting residue  Interaction type Interaction percentage (%)

R1 R2Z R3 R4 R5
ALA162 Hydrophobic 6547 2.59 3.39 3.79 =
ALA173 Hydrophobic 28.74 52.30 23.95 95.21 =
ALA255 Hydrophobic - - - - 0.40
ALA256 Hydrophobic - - - - 3.39
ALA277 Hydrophobic - - - 1.40 -
ALAZ18 Hydrophobic - 3.79 34.93 - -
ASN167 Hydrophobic = 3.79 18.16 41.72 =
ASN214 Hydrophobic = = 5 = 18.16
ASNZB3 Hydrophobic = = = = 4.99
ASP316 Hydrophebic = = 3.19 = =
ASP323 Hydrophobic 1.40 3114 140 60.88 s
ASP363 Hydrophobic 2255 = = = 58.68
CYS324 Hydrophobic - 479 - - -
CLN1568 Hydrophaobic 5.99 17.96 - - -
CLN308 Hydrophobic 3174 - - - 36.93
CLU315 Hydrophobic 9.98 33.53 23.95 78.64 5
GLU3069 Hydrophobic 1.00 - = =t 63.27
HIS367 Hydrophobic 0.20 = 5 = =
HIS54 Hydrophobic = = 0.80 = =
ILE284 Hydrophobic 2 : £ = 0.20
LEU166 Hydrophobic 2455 78.44 = 3.39 =
LEU172 Hydrophobic 3114 12.97 36.53 93.41 -
PHE164 Hydrophobic 5.19 - - - -
FHE370 Hydrophohic - - - - 3253
FRO165 Hydrophobic 1.00 - 13.37 10.38 -
PRO307 Hydrophobic = : - - 0.80
PRO313 Hydrophobic 51.50 B82.44 16.77 99.60 0.20
PRO4%2 Hydrophobic = = 0.80 - =
FRO51 Hydrophobic = = 0.40 = =
THR279 Hydrophobic = = = 4 0.40
THR304 Hydrophobic - - - - 0.20
THR319 Hydrophobic - - 0.20 - -
TRP282 Hydrophobic 4311 0.60 = e 67.86
TYR325 Hydrophobic 3333 26.35 - 26.55 -
TYR56 Hydrophobic - - 1.20 - -
VAL171 Hydrophobic 0.80 — = = =
VAL175 Hydrophobic 1.40 2.59 i ) 2 =
VAL287 Hydrophobic = = = + 15.57
VAL314 Hydrophobic = 1.40 = 0.60 =
VAL317 Hydrophobic = - 5.99 - z
VAL366 Hydrophobic 0.80 0.20 5 0.20 =

Notes: Five replicates of production runs were coded with R1, R2, R3, R4, and R5.
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Table 2: Non-hydrophobic interaction hotspots in the sulforaphane-BACE1 complex identified by PyPLIF HIPPOS 0.2.0 during 5-10 ns

Interacting residue Interaction type Interaction percentage (%)

B I R1 _R2 R3 R4 RS
ARG312 H-bond donor - - 1.20 -
ARG312 lonic as tha cation - - - 0.20 -
ARG371 H-bond donor 3 - x = 6.59
ASN167 H-bond donor = 0.60 5.79 2.20 =
ASNZ14 H-bond donor = # ¥ 0.80
ASN2B3 H-bond donor - - - - 2.99
ASP323 H-bond acceptor - 0.40 - - -
ASP323 Ionic as the anion it 4.99 = 1.20 =
ASP3R8 lonic as the anion 0.40 - - - 5.39
GLN17 H-bond donor - 2.00 -
GLN308 H-bond donor 0.20 2 = & 0.80
GLU315 H-bond acceptor = 5 0.20 = =
GLU315 lonic as the anion 2 0.20 579 = =
GLU369 Ionic as the anion - - - - 0.40
SER320 H-bond donor - 1.00 0.40 - -
TYR325 H-bond acreptor 2.00 n.60 - - -
TYR325 H-bond donor - 0.20

Notes: Five replicates of production runs were coded with R1, R2, R3,

DISCUSSION

The molecular docking results provide insight into the binding
energetics of sulforaphane at the predicted allosteric site of BACEL.
The calculated Free Energy of Binding (feb) values ranged from —4.2
to -39 keal/mol, indicating weak but specific interactions betwesn
sulforaphane and the predicted binding pocket. These wvalues
suggest a moderate binding affinity, which is characteristic of ligand
s targeting flexible, non-catalytic regulatory sites rather than deeply
buried active sites. The docking poses revealed that sulforaphane
engages the allosteric region primarily through hydrophobic
interactions and limited polar contacts, supporting its role as a
modulator rather than a tight-binding inhibitor.

Critically, the feb values obtained from the docking simulations {-4.2
to —-3.9 keal/mol) are qualitatively consistent with the experimental
kinetic data reported by [14], which describe sulforaphane as a non-
competitive BACE1 inhibitor with a Ki of 3.1 pM. This qualitative
agreement supports the plausibility of the predicted binding modes,
without implying quantitative validation of inhibitory potency or
binding affinity. Taken together, these docking results provide a
structural context for sulforaphane’s moderate inhibitory activity
and serve as a basis for interpreting its dynamic behavior in the
subsequent molecular dynamics simulations.

We identified the predominant binding pockets through a clustering
analysis of the docking results, grouping ligand poses by the spatial
similarity of their binding locations [23]. This analysis employed a 4.5 A
distance cut off a common threshold for capturing key hydrogen
bonding and van der Waals interactions involved in ligand recognition
and stabilizationto defire associated poses and pocket-forming residues
[24]. By sequentially assigning docking conformations to clusters based
on their feh values, we identified 35 distinct clusters that represent the
major binding regions sampled by sulforaphane on the BACE1 surface.

The next step involved visually grouping the identified binding pockets
based on the position of the sulforaphane ligand within the BACE1
structure. This classification was divided into three categories: (i) ligand
located inside the protein but outside the catalytic site, (ii) ligand
positioned near the protein surface but still outside the catalytic site, and
(it} ligand directly bound to the catalytic site. Based on this classification,
the first category where the ligand hinds within the protein but outside
the catalytic sitewas prioritized for further analysis. Binding pockets
belonging to this category were then examined visually to identify the
most promising candidates. From these observations, the binding pocket
with ligand conformation 0094 was selected from the global docking
results, which had the best position. In addition, this conformation also
showed the lowest feb value.

In the following stage, the sulforaphane ligand was redocked into
the selected binding pocket. The redocking procedure was repeated

R4, and R5.

100 times, resulting in binding energy values ranging between —
4.3530 and -3.9240 kcal/mol. The generated poses were subjected
to clustering based on structural similarity, applying a 2 A distance
cutoff [23]. Based on binding energy as the reference criterion, four
clusters were obtained: cluster 1 (92 poses), cluster 2 (5 poses),
cluster 3 (2 poses), and cluster 4 (1 pose). The representative
docking poses of these clusters are shown in fig. 2. Among them,
cluster 1 was selected as the most representative for subsequent
molecular dynamics simulations.

The stability of the sulforaphane-BACE1 complex through five
independent 10 ns molecular dynamics simulations. Following
previous studies on ligand hinding to flexible sites [25, 26], an
RMSDLigMove value below 2 A was considered indicative of a stable
and productive binding mode. The analyses revealed replica-
dependent variability (fiz. 3). Two trajectories (R2 and R4)
maintained consistent ligand positioning within the pocket, with
final RMSDLigMove values of 0.725 A and 0.173 A, respectively. In
contrast, the remaining simulations exhibited larger fluctuations,
with ligand displarement reaching approximately 9.6 A, suggesting
reorientation or transient dissociation events. Despite these
differences, the protein backbone remained stable across all
replicates, with RMSDBb values below 2 A (fig. 4). This pattern
indicates that sulforaphane can adopt a stable binding orientaticn in
specific trajectories (R2 and R4), whereas others reflect alternative
or metastable states, consistent with moderate affinity and the
intrinsic flexibility of allosteric regions. Accordingly, the
sulforaphane-BACE1 complex should not be interpreted as
uniformly stable across all simulations, but rather as exhibiting
replica-dependent and context-specific binding behavior.

In the present study, the molecular dynamics analysis was
intentionally designed as a preliminary and non-comparative
evaluation of the structural stability and binding feasibility of the
sulforaphane-BACE1 complex. The simulation framework focused on
assessing whether sulforaphane can adopt and maintain a stable
orientation within a predicted allosteric pocket using RMSD-based
stability parameters. Because no apo-BACE1 or competitive inhibitor-
bound reference systems were simulated, and dynamic
communication analyses such as DCCM, perresidue RMSF, and Rg
were not performed, the present results do not allow direct
assessment of ligand-induced stabilization, catalytic dyad modulation,
or longrange allosteric signal propagation. The observed
RMSDLigMove behavior and interaction persistence therefore
describe the intrinsic dynamics of the ligand-bound system only. While
comparative simulations and advanced dynamic analyses would be
required to establish mechanistic allosteric regulation and
communication between the allosteric site and the catalytic dyad
(ASP32, ASP228), such investigations were beyond the scope of this
initial study. These analyses are identified as essential future work to
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extend the present computational framework and to substantiate the
proposed allosteric inhibition mechanism.

Selectivity for BACE1 over its homolog BACE2 is a crucial
rharmacological consideration, as off-target inhibition of BACE2 has
been asczociated with adverse effects. It chould be noted that the
present study did not include docking or molecular dynamics
simulations against BACE2, and thersfore does not provide
computational or structural evidence for BACE1-BACE2 selectivity.
The discussion of selectivity in this work is instead based on
previously reported experimental data. Enzymatic assays have
shown that sulforaphane potently inhibits BACE1 activity (ICco =
2.08+0.19 pM), while exhibiting minimal inhibition of BACE2, with
only 6-11% activity reduction even at concentrations 25-50 times
higher (50-100 pM) [14]. These results indicate a clear functional
preference for BACEL under experimental conditions.

The same study also reported a non-competitive inhibition mechanism
for sulforaphane, suggesting binding to an allosteric site distinct from
the highly conserved catalytic domain [14]. Because allosteric pockets
often display greater structural divergence among homologous
enzymes, thiz merhaniem provides a plausible explanation for the
observed experimental selectivity. In this context the present
computational model suggests that sulforaphane can form a
moderately stable complex with a predicted allosteric site on BACEL
However, this model does not mechanistically confirm selectivity over
BACE2. Comparative docking and molecular dynamics simulations
involving BACE2 will therefore be required to directly address this
question and are identified as essential future work.

Interaction fingerprint analysis was conducted fo elucidate the
molecular determinants responsible for the differential stability
observed across the simulations. The refined analysis focused on
persistent contacts [>50%) identified in the stable trajectories (R2
and R4). The results revealed that hydrophobic interactions
dominate the stabilization of the sulforaphane-BACE1 complex, with
ALA173, LEU172, PRO313, GLU315, and ASP323 consistently
maintaining high contact frequency throughout these simulations.
Among them, ASP323 emerged as a principal anchoring residue,
forming both hydrophobic and electrostatic interactions that secure
the ligand orientation within the allosteric pocket.

The interaction network in R2 and R4 showed recurrent and convergent
binding patterns, suggesting a well-defined productive pose, whereas
other replicas displayed less persistent or transient contacts. This
replica-dependent variability reflects the inherent flexibility of the
BACE1 allosteric region, which accommodates multiple metastable
states. Overall, the persistence of hydrophobic and auxiliary polar
contacts, particularly those centered around ASP323, supports a
mechanistic model in which sulforaphane achieves moderate but
reproducible stabilization within the allosteric pocket of BACEL

CONCLUSION

This study presents a preliminary and non-comparative
computational evaluation of sulforaphane binding at a putative
allosteric site of BACEL. The molecular dynamics simulations were
limited to the ligand-bound system, without apo or reference
inhibitor-bound controls and without dynamic communication
analyses. Accordingly, the findings describe the feasibility and
replica-dependent stability of sulforaphane binding within a flexible
allosteric region, rather than definitive ligand-induced stabilization
or mechanistic confirmation of allosteric inhibition.

Stable binding conformations observed in selected trajectories (R2
and R4) were primarily supported by hydrophobic interactions
involving ALA173, LEU172, PRO313, GLU315, and the anchoring
residue ASP323, with additional transient polar contacts. Importantly,
the computational model presented here should be interpreted as a
hypothesis-generating structural framework to support future
comparative simulations and rational design of sulforaphane analogs,
rather than as confirmation of inhibitory potency.
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