3" International Conference on Chemo and Biolnformatics
Kragujevac, September 25-26, 2025, Serbia

ICCBIKG 2025

International Conference
on Chemo and BioInformatics

Book of Proceedings

|

(=
(5] ’/

of of ol of o
AEE R ‘/T_]_I]T[l

L=
=]

E

0ol Q

o) -

L.‘ ‘
c:’ 5'

==




3t International Conference on Chemo and Biolnformatics
ICCBIKG 2025

BOOK OF PROCEEDINGS

September 25-26, 2025
Kragujevac, Serbia

Sponsored by

MCLaBoR Qp Anton Paar  Hitachi HighTech

KPM ( ’ A ANALYSIS

& ;chwwf(a ®
‘:\.,( KKB SUPERLAB :l. OMINGO

r|ngs Your lab — Our passion




31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025,
Serbia.

Editors:

Dr. Igor Savelji¢

Prof. Dr. Nenad Filipovi¢
Technical Editors:

Dr. Vladimir Simi¢

Dr. Marko Antonijevi¢
Proofreading:

Kristina Milisavljevi¢
Press:

,Grafo Ink”, Kragujevac
Impression:

10 copies

Publisher:

Institute for Information Technologies, University of Kragujevac, Serbia, Jovana Cviji¢a bb, 2025

CIP - Kataaornsanuja y nyoaunkanuju Hapoana 6ubanoreka Cpouje, beorpag

54:004(048)(0.034.2)
57+61]:004(082)(0.034.2)

INTERNATIONAL Conference on Chemo and Biolnformatics (3 ; 2025 ; Kragujevac)

Book of Proceedings [Elektronski izvor] / 3rd International Conference on Chemo and
BioInformatics, ICCBIKG 2025, September 25-26, 2025, Kragujevac, Serbia ; [editors Igor Savelji¢,
Nenad Filipovi¢]. - Kragujevac : University, Institute for Information Technologies, 2025
(Kragujevac : Grafo Ink). - 1 USB fle§ memorija ; 1 x 2 x 3 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraz 10. - Bibliografija
uz svaki rad.

ISBN 978-86-82172-05-5

a) Xemuja -- MIudpopmarimona rexunoaoryja -- 36opuuniu b) buomeanuua -- Mudpopmarinona
TeXHOAOTHja -- 300pHULI

COBISS.SR-ID 176312073




Organized by:

Institute for Information Technologies, University of Kragujevac, Organizer

The Ministry of Science, Technological University of Kragujevac,
Development and Innovation of The Suborganizer
Republic of Serbia, Supporting organization

Faculty of Medicinal Sciences, University of Faculty of Science, University of
Kragujevac, Suborganizer Kragujevac, Suborganizer

Institute for Biological Research "SiniSa
Stankovic¢" - National Institute of Republic of
Serbia, University of Belgrade, Supporting
organization

<% Serbian
D s Chemical
ik Society




31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

Committees

International Organizing Committee:

General Chairman: Dr. Igor Savelji¢ (Serbia)
Vice-chairmans: Dr. Nenad Jankovi¢ (Serbia)
Prof. Dr. Urban Bren (Slovenia)

Members:

Dr Dejan Milenkovi¢ (Serbia), Dr. Marijana Petkovi¢ (Serbia), Dr. Marija Stani¢ (Serbia), Dr. Melina
Kalagasidis Krusi¢ (Serbia), Dr. Suzana Jovanovié-Santa (Serbia), Prof. Dr. Vladimir Rankovi¢
(Serbia), Dr. Marina Sokovi¢ (Serbia), Dr. Mirjana Mihailovi¢ (Serbia), Prof. Dr. Vladimir Janji¢
(Serbia)

International Scientific Committee:

Chairman: Prof. Dr Nenad Filipovi¢ (Serbia)
Vice-chairmans: Academician Milos Koji¢ (Serbia)

Academician Milos Puran (Serbia)

Prof. Dr. Zoran Markovi¢ (Serbia)

Prof. Dr. Xiaoping Chen (China)
Members:
Prof. Dr. Iztok Turel (Slovenia), Prof. Dr. Bakhtiyor Rasulev (USA), Prof. Dr. Ivan Gutman (Serbia),
Prof. Nenad Kosti¢ (USA), Prof. Dr. Demetrio Milea (Italy), Prof. Dr. Quan Yuan (China), Prof.
Caroline Da Ros Montes D’Oca (Brazil), Dr. Danijela Bakari¢ (Croatia), Prof. Dr. Carlos Silva Lopez
(Spain), Prof. Dr. Ferda Ari (Turkey), Prof. Dr. Miljan MiloSevi¢ (Serbia), Dr. Edina Avdovié
(Serbia), Prof. Dr. Snezana Zari¢ (Serbia), Prof. Dr. Suzana Jovanovi¢ Santa (Serbia), Dr. Zeljko
Cupi¢ (Serbia), Aleksandar Nesovi¢ (Serbia), Dr. Ana Rilak Simovi¢ (Serbia), Dr. Marko Zivanovi¢
(Serbia), Dr. Jelena Katani¢ Stankovi¢ (Serbia), Dr. Milica Nikoli¢ (Serbia), Dr. Dusica Simijonovi¢
(Serbia), Dr. Aleksandar Radakovié¢ (Serbia), Dr. Jasmina Obradovi¢ (Serbia), Dr. Dalibor Nikoli¢
(Serbia), Dr. Jelena DPorovié Jovanovi¢ (Serbia), Dr. Ziko Milanovi¢ (Serbia), Dr. Dejan Milenkovié¢
(Serbia), Dr. Sonia Morya (India), Dr. Snezana Papovic¢ (Serbia), Prof. Dr. Biljana Ljuji¢ (Serbia)

Local Executive Committee:

Chairman: Dr. Darko ASanin (Serbia)
Vice-chairmans: Dr. Marko Antonijevié¢ (Serbia)
Dr. Vladimir Simi¢ (Serbia)

Members:

Jelena Zivkovi¢ (Serbia), Bogdan Mili¢evi¢ (Serbia), Lazar Kosti¢ (Serbia), Petar Stani¢ (Serbia),
Aleksandra Markovi¢ (Serbia), Tamara Mladenovi¢ (Serbia), Aleksandar NesSovi¢ (Serbia), Emilija
Milovi¢ (Serbia), Jovana Mati¢ (Serbia), Nevena Milivojevi¢ (Serbia), Danijela Stojkovi¢ (Serbia),
Marija Brankovi¢ (Serbia), Jana Bascarevi¢ (Serbia), Aleksandar Nikoli¢ (Serbia), Lazar Milovi¢
(Serbia), Dr. Mirjana Grujovi¢ (Serbia), Dr. Katarina Markovi¢ (Serbia).



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

Table of contents

PLENARY LECTURERS.........cccevrurernieruenes 1

SLEEP AND THE GUT ....c.utitiiiitintietenttettet e ste sttt saeeat et et esae st e s bt sheeateateab et e be s s e sbeebeeateatent e b enbenbeeaesbt e st et ebentenbesbeenas 2
CLINICAL SCIENCES AND TRANSLATIONAL MEDICINE RESEARCH THEME AT COVENTRY UNIVERSITY......... 4
NEXT-GENERATION HYDRAULIC FLUIDS: THE ROLE AND POTENTIAL OF PROTIC IONIC LIQUIDS.................... 13
DEVELOPMENT OF EXPERIMENTAL SET UP FOR FUNCTIONAL CHARACTERIZATION OF MATERIALS OF
INTEREST IN BIOMEDICAL IMAGING AND/OR PHOTODYNAMIC THERAPY AND/OR DRUG DELIVERY BY

FREQUENCY PHOTOACOUSTICS .....cccvieuvieuiierieereesteesteeseesesssesseesseesseessessesssessesssesssesssessesssessssssesssesssesssssssssesssesns 20
APPLICATION OF HYDROGEL IN DISEASE THERAPY AND TISSUE ENGINEERING .......c.ccceevieveerreriererenresreennns 27
PIONEERING SESQUITERPENOID CHEMODIVERSITY IN ARTEMISIA HEDINII ......cccvovvveeeieieieeneeenveesveesneennns 31
COMPUTER SIMULATIONS AS AN IMPORTANT TOOL TO DEVELOP NEW DRUGS AGAINST SARS-COV-2 ..35
A MULTI-ORGAN-ON-A-CHIP PLATFORM FOR MODELING CANCER METASTASIS ....ccccceevueerieenreeneeenneennns 38

STUDY WITH QIM SUPPORT ....cuuteeuieitieeiiessitesiteessieessseessueesseessseesssesssssessseessssessssesssessssessssessssesssseesssessssessnses
TRANSLATIONAL RESEARCH: CONNECTING THE LABORATORY AND THE CLINIC......cccccevriernieenreeneeenveennns
CHANGES IN PROTEIN EXPRESSION IN HELA CERVICAL CANCER CELLS INDUCED BY [PD(DACH)CL:]
COMPLEX.....ceteuttttiitteeeeiteeeettee s ettt e esauteeeesubaeesaubteeesastaeasassaee s sbaeesaasteesanasaes s sbaaeesassaeesassaaesnbaeeenssaesanssaeesnnsaeesnseen 61
EVALUATION OF THE CARCINOGEN-SCAVENGING ACTIVITY OF POLYPHENOLIC COMPOUNDS BY USING
QUANTUM MECHANICS-BASED PROTOCOL QIM-CSA ......coioiiieiieieieieieettee ettt ettt ssesse e ssessessessasseenas 66
GRAPH-BASED MODELING OF DIABETIC PATIENT DATA FOR READMISSION RISK AND CARE PATTERN
AANALYSIS ..ontieeiieeeiteeitteeetteestteestteestteesete s saaesseessaaesseesssaeessaesssaaasssessssessseesssaesssesnsaeesseesnseeesseessseesseesnseeessesensesnnses 71
INVERSE MOLECULAR DOCKING FINGERPRINTS FOR TARGET IDENTIFICATION .......ccceevverirerrereerenrevessensensennes 75
ANTIOXIDANT AND LIPOXYGENASE INHIBITION ACTIVITIES OF ULTRASOUND-ASSISTED EXTRACTS FROM
PROKUPAC GRAPE SKINS ......cociiiiiuieerieriuieestessteestesssseesssessssesssesssseesssssssseessssssssssssssssssessssessssesssssssssessssssssssssnne 81
BIOLOGICAL POTENTIAL OF GRAPE SKIN EXTRACTS: A COMPARATIVE STUDY OF GRAPE VARIETIES FROM
THE SUMADIJA REGION ....oiiiiiiteeiteete ettt st e et e st e et e s veeebe e s et e esbeesssaeensaesnsaeesseessssaensaesnssasnssesssaeseesnssennnes 85
APPLIED SCIENCE AND TECHNOLOGY 89
PRELIMINARY INVESTIGATION OF NATURAL RADIOACTIVITY (GROSS ALPHA/BETA) IN RURAL WATER
SUPPLIES OF BAGERHAT DISTRICT, BANGLADESH.........cccuttiiitiiiieeieeeiteeiteesieesteessseesseesseesseesssessssessssessssessnnes 90
INVESTIGATION OF BRIGGS-RAUSCHER OSCILLOGRAMS VIA PEAK AREA INTEGRATION .......cccceeeveeenvenee. 95
ECONOMIC GROWTH, RENEWABLE ENERGY, TRADE OPENNESS AND CO, EMISSIONS: A CAUSALITY
AANALYSIS ...cntieitieeeteeetteeeteestteesttesstteessta s saeessaessaaeasaessaeessaesssaaasssessssaesssessseesssesssaeesseesnseeesseesssessssessseessseeesseennses 99

SUSTAINABLE ACTIVATED CARBON: TRANSFORMING SAWDUST WITH ZINC CHLORIDE ACTIVATION
B 20N .1 251N AR 103



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

EFFECTS OF THE SUSTAINABLE TOURISM CONCEPT, ENVIRONMENTAL BELIEFS, AND SOCIAL MEDIA

INFLUENCERS ON THE CHOICE OF GREEN HOTELS WHEN TRAVELING........ccccceeitieeieenieeereesreesseesseasneenns 107
CHEMICAL ANALYSIS OF SOIL AND DETERMINATION OF ITS FERTILITY.........cccervertierteereerrenreeereenreeseessessnensnns 111
CONTENT OF AIR POLLUTANTS IN KRALJEVO .....ccuoiuiiiiiiiiieetieteeteetestestestesteeteeseessessessessessessessssssessessessensensens 115
SYNTHESIS AND CHARACTERIZATION OF CERIUM SALT OF 12-TUNGSTOPHOSPHORIC HETEROPOLY ACID —
CE-PWA . oottt ettt e te e s te e beebe et e etteeae e be e beeateeabeesseesaessseseesseenseeaseessastseseensaenseensesssenseas 119
SMOOTHED PARTICLE HYDRODYNAMICS (SPH) FOR MODELLING MICROFLUIDIC FLOW THROUGH 3D
PRINTED COPPER FILTERS........ccccttiiitieittiiiieeitteeiteeeiteeesteessteeeteesseesseesssseessaeaseessseessssesssesssssesssessssesssssesssessseen 123
CORRELATION ANALYSIS OF HEAVY METALS, RADIONUCLIDES, AND PHYSICOCHEMICAL PROPERTIES IN
SOIL FROM SERBIA ......ccoiiitiettesteesteeteeseetesssasssesssesseesseessesssesssesssesssessesssesssesssesssesssessessseessesssesssesssessessssessesssessses 127
BENDING ANALYSIS OF FGM PLATES ON A KERR FOUNDATION USING AN HSDT SHAPE FUNCTION.....132
THE NEW IONIC ADDITIVES FOR SAFER AND DURABLE ELECTROLYTES IN LITHIUM-ION BATTERIES............ 137
FROM WASTE TO RESOURCE: SAWDUST-BASED ACTIVATED CARBONS FOR CADMIUM-ION ADSORPTION
............................................................................................................................................................................... 141
INTRACELLULAR EFFECT OF SYNERGISTIC ACTION OF N-T1O2 NANOPARTICLES AND BLUE LIGHT ON HELA
CERVICAL CANCER CELLS: RAMAN SPECTROSCOPIC STUDY.......ceeecutirtierieenieenreesseessseesssesssseessseesssesssseesssaesns 145
MRI-ONLY RADIOTHERAPY DOSE PLANNING VIA CYCLEGAN-GENERATED SYNTHETIC CT .................... 149
ALGAL-DERIVED CHROMOPEPTIDES: ALTERNATIVES TO FETAL BOVINE SERUM IN CELLULAR AGRICULTURE
............................................................................................................................................................................... 153
REUSABILITY POTENTIAL OF AMBROSIA-BASED BIOSORBENTS FOR CRYSTAL VIOLET DYE REMOVAL........ 157
NIOBIUM ELECTRODEPOSITION FROM CHLOROALUMINATE BASED MOLTEN SALTS CONTAINING NIOBIUM
TONS c.nteeetteeite et e et e e tteestte e bteesteessbteeseesaseeassaesssseessaeessaeessaesssaeenseesnsaeesseesnsaeenseesnsaeanseesseeesseesnseesnseesseennseesnsaenns 161
WHEN DOES TRADE BECOME GREENT? ........ccteiiitiitieieteieiesiestesseseessessessessessessasssssssssessensessessessessesssessensessenses 165
KINETIC STUDY OF RE(VII) REMOVAL FROM AQUEOUS SOLUTIONS BY MACROPOROUS MAGNETIC
INANOCOMPOSITE .....coeiiiiiieeeiiieeeeiteeeestteeesiateesaasteeesaubteeassteesasttessssbteeassteesssssaeessssaeessssseesssssaeessseeessssseessnsssees 169
ELECTROSPUN POLYSACCHARIDE FIBER STABILIZATION: AN IN-SITU GREEN CROSSLINKING APPROACH
............................................................................................................................................................................... 173

INFLUENCE OF METHYL SALICYLATE ON THE SOLUBILITY AND SELF-ASSOCIATION OF CAFFEINE: A
THERMODYNAMIC AND SIMULATION STUDY .....cceertieieeiennieneeeieesseeseeseeseesseesseessesssesssessessees
CHARACTERIZATION OF COPPER ELECTRODEPOSITED ONTO PALLADIUM FROM ETHALINE
TRANSFORMING THE AUTOMOTIVE INDUSTRY: THE ROLE OF ARTIFICIAL INTELLIGENCE IN AUTONOMOUS

VEHICLES, MANUFACTURING, AND URBAN MOBILITY ......cuuvviiiiiiiieiirreeeeeeeeeniireeeeeeeeeseiseseeeseeessssssssssessesnnnnns 186
REFLECTION-MODE FREQUENCY MODULATED PHOTOACOUSTICS OF THIN TUNGSTEN-BASED FILMS BY
NOVEL FUNCTIONAL CHARACTERIZATION EXPERIMENTAL SETUP .......cceectieieeieeiienreenteeteesneeneseesseesessennns 194
A SURVEY OF REINFORCEMENT LEARNING APPROACHES FOR TUNING PARTICLE SWARM OPTIMIZATION
............................................................................................................................................................................... 199
MERCURY REMOVAL FROM ACID MINE DRAINAGE BY NATURAL PYROPHYLLITE SCHIST MATERIAL............ 203
EXPERIMENTAL STUDY ON A PHASE-CHANGE-MATERIAL-BASED THERMAL MANAGEMENT SCHEME COUPLED
WITH EXTERNAL FINS FOR LITHIUM-TON BATTERY ......ccctiiiieieetieiteeiteeseeteeseeseesseesseesseessesssesssesssessssssesssessennns 207
COMPREHENSIVE STUDY ON THE IMPACT OF LOW-TEMPERATURE ENVIRONMENTS ON THE PERFORMANCE
AND SAFETY OF LITHIUM-ION BATTERIES ........ccceecteteteierientesteeseeteseessessessessesssessessessessessessessassasssessessessessenses 212

PROTIC IONIC LIQUID-WATER INTERACTIONS: A COMBINED EXPERIMENTAL AND SIMULATION STUDY ON
2-HYDROXYPROPYLAMMONIUM FORMATE..........cooiiiitiiiieiiieeeetieeeeieeeeeeiteeeeeateeeeteeeeeeaseeeeessaeeeeareeeseesseseeennseans 220



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

RESEARCH ON THE PERFORMANCE OF POWER BATTERIES IN HIGH - TEMPERATURE AND HIGH - HUMIDITY

ENVIRONMENTS .....ooeiitiieiteeeieeeiteesieeasseeaseeasssessseessssessesasssssssesssssssssssssssssssssssssssssssssssssssesssssssssesssssesssssssssessssens 224
THE POTENTIAL OF TARTARATES AS A COMPATIBILIZERS AND PLASTICIZERS IN BIODEGRADABLE FILMS..240
PETROGRAPHY OF HIGH-PH FLUIDS SEDIMENTARY ASSEMBLAGES AND BIOTECHNOLOGICAL POTENTIAL OF

SEDIMENT BACILLUS..........coovieteeeteeteeteeteetteeteeeteeeteeeteeteeteeesseeseeeseeseeseessesssesssessseseenseeaseessessseseensaensesnsesssesseas 244
BIOINFORMATICS AND APPLIED BIOLOGY 249
ENHANCED POLYPHENOLIC EXTRACTION EFFICIENCY AND ANTIOXIDANT ACTIVITY OF SAGE USING A DEEP
EUTECTIC SOLVENT BASED ON CHOLINE CHLORIDE AND UREA ........ccoiiiiieieetieeteenreereeteeseeseseesseesssenseenseenns 250
CHROMOSOMAL INSTABILITY IN PERIPHERAL BLOOD LYMPHOCYTES OF ENDOMETRIAL CANCER PATIENTS:
IMPACT OF CLINICAL AND REPRODUCTIVE FACTORS.........ccveotiitietiereerieiessesresseeseessessessessessessesssessessessessessessesses 254
POTPEC RESERVOIR ECOSYSTEM HEALTH: AN ANALYSIS BASED ON THE INDEX OF BIOTIC INTEGRITY (IBI)
............................................................................................................................................................................... 258
TRANSCRIPTOMIC AND NETWORK-BASED ANALYSIS OF AUTOPHAGY SIGNALING PATHWAYS IN
BORTEZOMIB RESISTANCE IN MULTIPLE MYELOMA..........cooitiiieiteieeteeteeteeteseeesseeseenseensesnsessesneesseessessesnes 262
REVERSING DEATH IN LUNG CANCER: EPIGENETIC CONTROL MECHANISMS UNDERLYING ANASTASIS.266
THE IMPACT OF AGE ON NON-SMALL CELL LUNG CANCER: A COMPREHENSIVE OVERVIEW .................... 270
IDENTIFICATION OF ADARB1 NON-CODING TRANSCRIPTS AS POTENTIAL DIAGNOSTIC BIOMARKERS FOR
COLON ADENOCARCINOMA ......ccueettetieeietetetessessessesseessessessessessessessasssessessessessessesssesssssessessessessessassesssessessessessens 274
EVALUATION OF THE ANTICANCER AND ANTIBIOFILM PROPERTIES OF AGRIMONIA EUPATORIA L. SILVER
INANOPARTICLES ......etiitietteeietetetesseeseeseessessessessessessessesssessessessessessessesssessessessessessessesssessessensessessessesssessessensensenses 277
EVALUATION OF GENOTOXIC POTENTIAL OF ETHYL METHANESULFONATE IN HUMAN PERIPHERAL BLOOD
MONONUCLEAR CELLS IN SILICO AND IN VITRO ......cccecutiriueeeiiieniueeeireesssessieessssessssesssseesseessssesssessssesssssssssesssees 281
ASSESSMENT OF ANTIBIOTIC RESISTANCE IN WATERBORNE PATHOGENS. ........cccoveeetiieireeieeeireenereenereeenens 285
IDENTIFICATION OF POTENTIAL MICRORNA BIOMARKERS FOR EARLY DIAGNOSIS OF HEPATOCELLULAR
CARCINOMA APPLYING BIOINFORMATICS APPROACHES........cccceiittieiiiteiniieeenniteeesiteessireeessaseesssssseessssseeennns 289
BIOINFORMATICS ANALYSIS OF MICRORNAS DERIVED FROM HTR-8/SVNEO POTENTIALLY TARGETING
BCL2 IN OVARIAN CANCER CELL LINE A2780 .......ccoecteieieiiriesieietetetessestessesseeseessessessessessessasssessessessensessenses 294
BIOINFORMATICS ANALYSIS OF PROSTATE CANCER-RELATED MICRORNA PANEL MIR-141-3P, MIR-21-5P
AND MIR37553P .....oociieiieiieiieieientesteseeestestetestessassesstessessessassessasseasaaseessessessessassesssessessessessensessessenseessessensensessenses 298

UNVEILING THE MULTI-TARGET THERAPEUTIC POTENTIAL OF RESVERATROL AGAINST ALZHEIMER’S
DISEASE: AN INTEGRATIVE NETWORK PHARMACOLOGY AND MOLECULAR SIMULATION APPROACH.....302

CHEMOINFORMATICS ANALYSIS OF PROTEIN SURFACE AMINO ACID COMPOSITION.........ccccccvveerureereeannenns 307
COMPUTATIONAL EXAMINATION OF THE PHENOLIC COMPOUNDS BINDING TO THE CARBON QUANTUM
IDIOTS MODEL ......oeiuiiiiiieiieeitieesteesteesteestteesetesssteesste s saeesaessaeasssesssaessseesssaaesssessseasseesssessseesnseesseessseessssessseeens 313
TRANSCRIPTOMIC INSIGHTS INTO GENE AND MIRNA DYNAMICS SHAPING EMT IN MULTIPLE MYELOMA
............................................................................................................................................................................... 317
INVESTIGATING PROTEIN FOLDING AS A TARGET FOR NEURODEGENERATIVE DISORDERS USING A
BIOLOGICAL ACTIVITY PREDICTION MODEL BASED ON DEEP LEARNING .......ccccecveieieienrenreereessessesessessensenns 321
BIOINFORMATICS TOOLS IN MOLECULAR ONCOLOGY .....oeeiuiieiiiieiiieeirieenieeesieeeseeesseessssesssessssaesssssssssssssssssasans 325
A MULTI-OMICS BIOINFORMATIC PROFILING OF EPITHELIAL-TO-MESENCHYMAL TRANSITION
FOLLOWING ANASTASIS IN LUNG ADENOCARCINOMA CELLS.......ccoeoertirtieteerieeeeiesessessessesssessessessessessessenses 329

EFFECT OF AMYLOID-BETA EXPOSURE ON PHOSPHOLIPID DYNAMICS: A COMPUTATIONAL AND CELLULAR
) 40 28 285 od 2y ¥ 1174 =R 333



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

IS THE KEY TO THE DISEASE IN ANTIOXIDANTS, IMMUNITY OR SOMETHING ELSE?.........ccccoveverenreienvenrennas 337
PREDICTION OF THE BIOLOGICAL ACTIVITY OF COMPOUNDS ON THE 11B-HSD2 ENZYME USING
DIFFERENT MACHINE LEARNING APPROACHES.......cccuttiitieetieeitteeiteeeitteesteeessaessseessssesssesssssesssesssssesssssasssssssees 342
INSPECTION OF MEAT FOR TRICHINELLOSIS. CLASSIFICATION OF TRICHINELLA SPIRALIS USING A
CONVOLUTIONAL NEURAL NETWORK ......ccveetiiitieiteeteeteeneeeteeeseeeseeseessesssesssesssesssesseesessseessessssssesssssssesssesssessnes 357
LENGTH-WEIGHT RELATIONSHIP OF BROWN TROUT IN SELECTED RIVERS OF THE WEST MORAVA RIVER
SYSTEM (SERBIA)......cueetieteseiisteesteesteeseeteassesstesseesseesseesseassesssesssesssessesssesssesssesssesssessessssessesssesssesssesssssssessesssessees 366
AN ENHANCED METHOD FOR QUANTIFYING ENERGY LOSS DUE TO DIFFUSION IN CORONARY ARTERIES
WITH STENOSIS.....cutiiititieieeiieeeiteesteeesteeeseeasseessseesseesseeasssasseessssesssessssseasssssssessssssssssssssesssssssssesssssesssssesssessssees 370
BIOMEDICAL ENGINEERING 379
NUMERICAL MODELING OF TUMOR GROWTH USING SOLID MURINE 3D FINITE ELEMENT MODEL ......... 380

TIME-DEPENDENT APOPTOTIC RESPONSES TO VITAMIN E IN PRECANCEROUS LESIONS-ON-CHIP MODELS384
INTEGRATION OF 3D PRINTING TECHNOLOGIES WITH DEUTERATED POLYUNSATURATED FATTY ACIDS (D-

PUFAS) ..ottt ettt ettt sttt ettt et e e s s e sseeseesa e st ess e st e s e et easeassessessensesseasasseassensassansensesenseaseessassensansenss 388
LIMITATIONS OF COARSE GRAIN MODELS OF ACTIN FILAMENT ON PREDICTION OF X-RAY DIFFRACTION
PATTERNS IN CONTRACTING SKELETAL MUSCLE .....ccccutiiitieeiienieenieessiteesteessseeeseessssessseessssesssesssssesssesssssesssees 392
THE EFFECT OF DULBECCO’S “EAGLE’ MEDIUM ON THE MASS AND TRIBOLOGICAL CHARACTERISTICS OF
PLA SAMPLES: A PRELIMINARY STUDY .....cooetirteritenteeieeteetestesseesseessesssessesseesseessesssesssesssessesssessesssesssesssesnes 396
SEMANTIC SEGMENTATION OF CHEST COMPUTED TOMOGRAPHY SCANS FOR QUANTIFYING
PATHOLOGICALLY ALTERED LUNG PARENCHYMA IN PATIENTS WITH POST-COVID SYNDROME ............... 400
AI BASED PREDICTION MODEL AND INFLUENTIAL FACTORS FOR HYPERSENSITIVITY IN DENTAL IMPLANTS
MADE OF TT ALLOYS.......ctiitiiitieeiteeitieestessteesteessteesteesssaeesseessssessssessssesssesssssesssssssssessssessssesssesssssessseesssesssssesssasens 405
DEVELOPMENT OF BIOCOMPATIBLE POLYURETHANES AS FUNCTIONAL BIOMATERIALS FOR ADVANCED
WOUND HEALING APPLICATIONS .......couveuietenietesteesesseeseessessessessessassessssssessessessessessessssssessessessessessssssessessessensenses 409
FOTELP-VOX-GA: INTEGRATING GENETIC ALGORITHMS INTO MONTE CARLO DOSE CALCULATION FOR
PROSTATE CANCER .....uceteuieienteriesteestestestesessessessesseesesssessessessassessesssessessessessessessssssessessessensessessesseessessessensessenses 414
HARNESSING HYDROLIZED SILK FIBROIN IN ELECTROSPUN NANOFIBERS FOR BIOMEDICAL APPLICATIONS
............................................................................................................................................................................... 418
IN VIVO MODELS FOR SPINAL DISC REGENERATION.........cc0erterterteerereeeerersessesseesesseessessessessessessessesssessensensenns 422
EFFECT OF GRADIENT MAGNETIC FIELDS ON MOLECULAR DIFFUSION THROUGH CELL MEMBRANES: A
THEORETICAL AND NUMERICAL STUDY....cccutttitteitttiiteenitessteesstesseeessesssssessssessssesssssssssssssesssssssssessssessssssssasans 426
COUPLED AGENT-BASED AND FINITE ELEMENT MODELLING OF CANCER CELL BEHAVIOUR ...........cccvveeuneen. 430
STRUCTURAL VULNERABILITY OF J-J] STENTS TO RADIOTHERAPY IN CERVICAL CANCER PATIENTS:
IMPLICATIONS FOR TREATMENT PLANNING .....ccccttiitiiiiienieeeieenteeeieesseessseessseesseessseesssessssessssessssessssessssesans 434
SIMULATING THE BEHAVIOUR OF CANCER CELLS IN THE MICROFLUIDIC CHIP .........ccceecuereereeereeneeeeennenneens 438
EXPLORING (ALKYL-Q-OL)TRIPHENYLTIN(IV) COMPOUNDS AS RENIN INHIBITORS: NUMERICAL
MODELLING OF DIFFUSION PROCESS WITHIN FINITE ELEMENT LIVER MODEL ........cccocovveviieieereereeereesveeveennes 442
BIOORGANIC, BIOINORGANIC, AND MEDICINAL CHEMISTRY 446

SELENIUM-RELATED GENE ACTIVATION IN FETAL GROWTH RESTRICTION PLACENTAS: A
BIOINFORMATICS ANALYSIS .....uviiiiteeieeeieeeiteeeiteesiteeesteeesseessseesseessseessssesssesssseesssessssssessesssssesssssssssesssssssssssssees 447
BIOAVAILABILITY OF SELENIUM SUPPLEMENTATION: RELEVANCE TO MATERNAL HEALTH AND PRODUCT
QUALITY ASSESSMENT ......cccutiittetieteeteeutesiteattesttesteesseetesatesatesatesstebeeabeeabeeatesatesstessee bt ensesasesatesaeanbeenseenseeabeeases 451



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

SYNERGISTIC ANTIBACTERIAL EFFECT OF COPPER COMPLEX AND LYTHRUM SALICARIA PLANT EXTRACT ...455

B-CYCLODEXTRIN INCLUSION COMPLEX — IN VITRO ASSESSMENT OF THE ANTIOXIDANT ACTIVITY......... 459
SYNTHESIS, THEORETICAL ANALYSIS, AND HSA/DNA BINDING ACTIVITY OF THE [RUCL2(HS¢-P-

CYMENE) (BPH-KIN)] COMPLEX ........c.ccvittetteiertestestesteeseessessessessessessessesssessessessessessessessssssessessessessessessesssessessessessans 463
COMBINATION CHEMO-TARGETING OF NSCLC CELLS WITH DOCETAXEL AND NICLOSAMIDE: A
MULTIMODAL CELL DEATH ......ooiitiiiitiieeieecteeeiteeeiteeette e teessteessteesseessssaessseesssessssesssseessssesssessssessssessssessssessssesnns 467
NOVEL ISOCHROMENE-FUSED CF3-SUBSTITUTED PYRAZOLE COMPOUNDS INDUCE CYTOTOXICITY
THROUGH CASPASE MEDIATED APOPTOSIS........cccctieitieeiteeetieeiteeeetteesseesseesssaeeseesssseessesssssesssssssssesssssssssssssses 471
COMPARISON BETWEEN MECHANOCHEMICAL AND SOLUTION SYNTHESIS OF AMMONIUM-
IMINODIACETATEDITHIOCARBAMATE .......c.0cctiitiiteetieteettetessessesseeseessestessessessessesssessessessessessessessesssessessessessessesses 475
IN SILICO EVALUATION OF TRYPTAMINE-DERIVED SCHIFF BASES AS MODULATORS OF THE SEROTONIN 5-
HT2A RECEPTOR.......ccuttieieeiiieeteeeteeeteeeteeeteeeseasseaesseeasseassseesseessseessseasseesssessssssnssesssesssssesssesssssesssssesssessssen 479

EVALUATING THE ADMET PROPERTIES OF ISOSTERIC SUBSTIUTION IN SCHIFF BASE DERIVATIVES ....... 483
IN SILICO EVALUATION OF DRUG-LIKENESS PROPERTIES OF STEROIDAL SEMICARBAZONES AND STEROIDAL

OXAZOLO[4.5-BIQUINOXALINES ......cceteureierertesseseeseestestessessessessessassesssessessessessessessesssessessessessessasssessessessessessens 487
BIOMOLECULAR INTERACTIONS OF NOVEL RUTHENIUM(IT) COMPLEXES WITH HUMAN SERUM ALBUMIN 491
BINDING INTERACTIONS OF BIGINELLI-TYPE COMPOUNDS WITH SERUM ALBUMIN AND DNA .................. 495
TARGETING THYROID CANCER: IN VITRO ANALYSIS OF A BENZOFURAN-SUBSTITUTED CHALCONE
COMPOUND.......ctiiiiieiteeitteeeteesteestte s sttt esteeessteesste e staasssesassaesssesasseesssessseesssesasseesssesasseesssessssesnssesssseensesnsesnssesnns 499
CRYSTALLOGRAPHIC, QUANTUM-CHEMICAL, AND BIOMOLECULAR INTERACTION STUDY OF A
EUROPIUM(III) COMPLEX WITH PYRIDOXAL-SEMICARBAZONE LIGAND .......ccocoviiitieriereereereeeeeneeeseeeseeeseenns 505
UHPLC-DAD-MS/MS PHYTOCHEMICAL PROFILING OF GERANIUM ROBERTIANUM L. HERBA EXTRACT
OBTAINED BY ULTRASOUND-ASSISTED EXTRACTION ......coiiiiiiiiiiniierniieenuteeniteeseeesteeseeessseesueeesseessseesnsesssseenns 509
SYNTHESIS, CHARACTERIZATION AND ANTICANCER POTENTIAL OF THE SELECTED BIGINELLI HYBRIDS
AND THEIR NANOGCOMPOSITES........cccccveeitieeiueeeiteesiseeeteessseeasseesssessssesssssesssssssssssssesssseessesssssesssssssssesssssssssasssees 514

FLAVONOIDS FROM THYMUS VULGARIS AND THYMUS SERPYLLUM AND THEIR ANTIOXIDATIVE ACTIVITY.518
DNA/BSA INTERACTIONS OF NEW GOLD(III) COMPLEXES WITH SOME PYRIDINE-CONTAINING LIGANDS523
SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF A NEW SILVER(I) COMPLEX WITH MICONAZOLE....527
SYNTHESIS AND STRUCTURAL CHARACTERISTICS OF SILVER(I) COMPLEX WITH N-BENZYLTHIABENDAZOLE

............................................................................................................................................................................... 531
THE AMINO ACID AND FATTY ACID COMPOSITION AND ANTIOXIDANT ACTIVITY OF FUNCTIONAL SNACK
PRODIUCTS ...c.vveutenieiestestisteestesesessessessesseessessessessassessessessssssessessessessessesssessessessessessesseessessessensessensessessesssessessensenses 535
MECHANOCHEMICAL SYNTHESES OF RU(IT) COMPLEXES WITH ISOTHIAZOLE-TYPE OF LIGAND.................. 539
SYNTHESIS, CHARACTERIZATION, AND ANTIFUNGAL ACTIVITIES OF NOVEL FERROCENYL PYRAZOLINES
CONTAINING SULFONAMIDE MOIETY .....ocovirtiitisieeeiesetessessesseseessessessessessessassessssssessessessessassessasssessessessessasses 543
QUANTIFICATION OF PHENOLS, FLAVONOIDS, AND SUGARS IN TWO MEDICINAL FUNGI: FOMES
FOMENTARIUS (L.) AND SCHIZOPHYLLUM COMMUNE (FR.) .....ccuviitiiiieieetiecieete ettt veeveesve v ae e sanenns 547
MINERAL CONTENT OF HONEY FROM SERBIA: ANALYSIS OF ESSENTIAL AND TOXIC ELEMENTS................ 551
SYNTHESIS AND CHARACTERIZATION OF NEW SCHIFF BASES WITH THIOCARBOHYDRAZIDE AND SOME
AROMATIC ALDEHYDES AND DETERMINATION OF THEIR ANTIOXIDANT POTENTIAL .......cceevveereereereenrennne. 555
EPR-BASED EVALUATION OF ANTIOXIDANT PROPERTIES OF NOVEL SCHIFF BASES...........ccccvevvevererennnne. 559
STUDY OF HOST-GUEST INTERACTION BETWEEN B-CYCLODEXTRIN AND CHROMENO-PYRIMIDINE
DERIVATIVE ...coitiiiiieiiteeeteectteestte e siteesttesstaeestee s steesssesssaeeseessssaesseesssseessessssassssesssessssessssesssessssseesseessseessssessseenns 563

CAFFEINE IN DEUTERO WATER, SOLVENT ISOTOPE EFFECT ON HYDRATION PROPERTIES........cccceceevueueeennene 567



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

MADE-SUPPORTED VIRTUAL SCREENING FOR SMALL-MOLECULE FURIN INHIBITORS ........c.ccccoovevereiinnennns 571
HETEROCYCLIC DERIVATIVES OF STEROIDAL THIOSEMICARBAZONES AND THEIR IN SILICO DRUG-LIKENESS
PREDICTION AS POTENTIAL ANTICANCER AGENTS .......ccoiiiiitiietitiienietetecete ettt 575
INVESTIGATION OF THE CYTOTOXIC AND APOPTOTIC EFFECTS OF THE NEWLY SYNTHESIZED BENZOFURAN-
LINKED CHALCONE COMPOUNDS IN BREAST CANCER ........ccootiiititiieniititeeete ettt ere e 579
CHEMOINFORMATICS, CHEMOGENOMICS, AND MOLECULAR DESIGN 588
COMPUTER-AIDED DRUG DESIGN OF NOVEL DUAL HISTONE DEACETYLASE INHIBITORS .........ccccoevvvinnnen 589
THEORETICAL INSIGHT INTO REDOX PROPERTIES OF 9-ACRIDINYL AMINO ACID DERIVATIVES................. 593
PHYSICOCHEMICAL AND PHARMACOLOGICAL PROPERTIES OF FUSED BICYCLIC HYDANTOINS.................... 597

COMPUTER-AIDED DESIGN AND ANALYSIS OF MULTIFUNCTIONAL TETRAHYDROCANNABINOL
DERIVATIVES TARGETING ACETYLCHOLINESTERASE AS POTENTIAL ANTIOXIDANT NEUROPROTECTORS
FOR ALZHEIMER'S DISEASE .......ccuiiietieietieieietestestteesseestestessessessessesssessessessassessessssssessessensessessessessesssessesensenses 601
MULTIFUNCTIONAL TETRAHYDROCANNABINOL DERIVATIVES AS POTENTIAL ANTIOXIDANT
NEUROPROTECTORS: IN SILICO TARGETING OF MONOAMINE OXIDASE B AND CATECHOL-O-

METHYLTRANSFERASE IN PARKINSON’S DISEASE THERAPY.........ccccctiieieieiiieeieeereeereesveessreesseessseesssessseens 605
A SYSTEMATIC ANALYSIS OF INTERMOLECULAR INTERACTIONS OF CYTOCHROME P450S WITH THEIR
LIGANDS ....c.ueiuteuteteteteeteeseestentessessessesseeseessessessensasseasesseassessessesserssessessesssessessensensensesseessessessensessensessenseessessensensenses 610
CONSIDERATION OF ELECTROPHORETIC BEHAVIOR OF SOME IMIDAZOLINE AND A-ADRENERGIC RECEPTORS
LIGANDS USING DEFT APPROACH ......c.ceiiiiiitiieiteesitesitteeeeessiteesteessteessseesssaessseessssessseessssesssesssseesssesssseessssesssaenns 614
A NEW 2-BENZOFURAN-LINKED CHALCONE-TAMOXIFEN COMBINATION FOR TARGETING ER+ BREAST
CANGER ...c.utiiieteieteettettetestetessesteeseeseassessessessasseaseaseassessassassassessasseasaassassansessensenseaseaseessessessensessensensenssessensensensens 618
CONTRIBUTION TO ELUCIDATING THE MECHANISM OF ANTIMICROBIAL ACTION OF A DINUCLEAR P1/CU
COMPLEX AGAINST ENTEROCOCCUS FAECALIS — IN SILICO APPROACH ........cccueeiteeereerreeereescreeeseesrsesaeens 622
VIRTUAL SCREENING OF POLYPHENOLIC COMPOUNDS FROM EDIBLE PLANTS FOR POTENTIAL
APPLICATION IN ALZHEIMER’S THERAPY .....cccccteeiiiiiiieeitieenieeniteesteesteessseeesssesssseesseessssesssessssessssessssessssssssasans 626
DATA MINING FROM OSCILLATORY REACTIONS PERTURBED BY USNIC ACID.......cccccovvreenrrererrieeeeereeesnenens 630
CHEMOINFORMATICS APPROACHES FOR AUTHENTICATING CEREAL-BASED FOODS: FROM GRAIN TO
BAKERY PRODUCTS .....utiiiiiiiiieeiiieeiieesiteesteestteesteesttessaeesseessssassssessssesssessnssessssessseesssssssssesssesssseessseesssesssssesssaenns 634
EVALUATING THE PHARMACOLOGICAL PROFILE OF ANGULAR TRIQUINANE TYPE HYDANTOINS................ 638
EXPLORING BETA BLOCKING AS A POSSIBLE MECHANISM OF ANTICANCER ACTION OF 2-THIOHYDANTOINS
............................................................................................................................................................................... 642
STRUCTURAL AND ELECTRONIC RESPONSE OF NEW NITROAROMATIC COMPOUNDS TO SOLVENT
POLARITY: A DFT STUDY ....uttiiiiiiiieete ettt et eette et e et esstteesttessateebaesssaeeseassaessseesssaesssessseessseessseessseesssenans 646
APPLICATION OF MOLECULAR MODELING IN PREDICTING PALLIATIVE FEATURES OF HDAC4 PROTACSs
AGAINST SPINAL MUSCULAR ATROPHY .....ccoeoviruieeieieeeieriessessesseessessessessessassessssssessessessessessessesssessessessessessenses 650
QUANTUM THEORY OF ATOMS IN MOLECULES ANALYSIS OF NH/O HYDROGEN BONDS OF GLYCINE
COMPLEXES WITH A WATER MOLECULE........ccccttiititietteiieesieeeteesteeeteesseessseessseesssesssseesssessssessssessssessssssssseenns 654
ANTIi-METASTATIC EFFECTS OF CHALCONE COMPLEX ON PROSTATE CANCER AND PROSTATE CANCER
STEM CELL-LIKE CELLS ......ccoiitiitiitiitieieteeteeteeteete et eeteteeteeteeteeseessessessesesseeseessessessessessessaetesseessessessensessesseesseseens 658
IN SILICO INVESTIGATION OF SUBSTITUTION MECHANISM AT THE NICKEL CARBONYL COMPLEX............... 662
CHEMOMETRIC MODELING FOR BLOOD-BRAIN-BARRIER PERMEABILITY PREDICTION OF PROTEIN KINASE
IINHIBITORS. ...c.uittieiiiteeeeiieeeeetteesetteeessuteeeesesteesansaeeesssaesassstessassaaeessseesasssseesasssaesssssaessssseesassseeenssseessnssseessssseeens 666

STACKING INTERACTIONS BETWEEN TWO HYDROQUINONE MOLECULES IN CRYSTAL STRUCTURES............ 670



31 International Conference on Chemo and Biolnformatics, Kragujevac, September 25-26, 2025 Serbia

GRASP_MAT WORKSHOP

GRAPE SKIN EXTRACT-ENRICHED HYDROGELS FOR WOUND HEALING: AN ANTIOXIDANT-BASED
APPROAGH .....ooiitiieiteeetteeeteeeteeesteesteeateeasteeaseeasteeassaaasseeassaasseeassseasseeassseassseasseassseanssessssessesssesnssesssesenseesnseen
GRAPE SKIN EXTRACT HYDROGEL RESTORES SYSTEMIC REDOX BALANCE IN DIABETIC RATS..................
RATIONAL DESIGN OF APIGENIN DERIVATIVES AS POTENT INFLAMMATORY MODULATORS FOR
IMPROVED DIABETIC WOUND HEALING .....ccccuiiiitiiiiiieiieeeieecteeeteesteeseteesaessasesssseessseessseasssessssessssesssssessseenns
FORMULATION OF ALGINATE-GELATIN HYDROGELS WITHIN A CIRCULAR ECONOMY FRAMEWORK:
CONTROLLED RELEASE OF GRAPE SKIN EXTRACT VIA GELATIN CONTENT MODULATION...........ccc0eeeunenn.



o
()
.

. P

I C C B I K 3rd International Conference on Chemo and

.
o..
..:
¢ Ld
K

et Bioinformatics, ! llt '
% Ghemo and Bloinformatics September 25-26, 2025. Kragujevac, Serbia

When Does Trade Become Green?
Nevena Veselinovié¢"?,Jelena Zivkovi¢2

1 Institute of Economic Sciences, Zmaj Jovina 12, 11000 Belgrade, Republic of Serbia, e-mail:

nveselinovic@uni.kg.ac.rs

2 University of Kragujevac, Institute for Information Technologies Kragujevac, Jovana Cviji¢a bb,
34000 Kragujevac, Republic of Serbia, e-mail: jelenazivkovic@uni.kg.ac.rs

* Corresponding author

DOI: 10.46793 / ICCBIKG25.164V

Abstract: This paper explores whether trade openness contributes to environmental sustainability
in European emerging economies, focusing on the role of renewable energy. Using panel data for
13 Central, Eastern, and Southeastern European countries from 2006 to 2021, we estimate fixed
effects models to assess the relationship between trade openness (TO), renewable energy
consumption (REC), and CO; emissions per capita. The baseline model shows that both TO and
REC are negatively associated with emissions. However, when including an interaction term
between TO and REC, we find that trade openness alone does not significantly reduce emissions,
while the interaction term is negative and statistically significant. This suggests that the
environmental benefits of trade are conditional on the presence of a strong renewable energy
sector. Our findings underscore the importance of integrated trade and energy policies and
support recent literature emphasizing that trade can become “green” only under specific
structural conditions.

Keywords: trade openness, CO, emissions, renewable energy, panel data

1. Introduction

Climate change and environmental degradation have brought renewed attention to
the relationship between economic openness and sustainability. As countries pursue
trade liberalization to stimulate growth, concerns are rising about its potential
environmental costs. The effect of trade openness on CO, emissions remains a debated
issue in the literature, with mixed evidence regarding whether increased trade
contributes to pollution or promotes cleaner technologies through knowledge spillovers
and competition.

For emerging European economies, which are undergoing structural transitions and
aligning with EU climate frameworks, this question is particularly relevant. These
countries face the dual challenge of increasing international competitiveness while
reducing environmental impact. Renewable energy is often cited as a key element in this
process, yet its interaction with trade policy remains underexplored.
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This paper investigates whether trade openness can contribute to lowering CO,
emissions, and under what conditions such effects are observed. Using panel data for 13
Central, Eastern, and Southeastern European countries over the period 2006-2021, we
examine the combined role of trade openness and renewable energy in shaping
environmental outcomes. By introducing an interaction term between trade openness
and renewable energy use, we aim to capture the conditional effects of trade on
emissions in the presence of clean energy strategies.

2. Methodlogy

The empirical analysis is based on a balanced panel dataset comprising 13 European
emerging economies: Albania, Bosnia and Herzegovina, Serbia, Montenegro, North
Macedonia, Bulgaria, Romania, Croatia, Czechia, Hungary, Poland, Slovakia, and
Slovenia. The variables used in the analysis include GDP per capita (GDPpc), the share
of renewable energy in total final energy consumption (REC), and trade openness (TO),
measured as the sum of exports and imports relative to GDP. Data are retrieved from the
World Bank’s World Development Indicators [1] and the Our World in Data database
[2].

To assess the relationship between trade openness and environmental sustainability,
we estimate a fixed effects (FE) panel model that controls for unobserved, time-invariant
country-specific heterogeneity. The baseline model is specified as follows:

COy, = a+ B1TO; + BRECy + B3GDPpcis + p; + € 1)

where i denotes countries, t denotes time, and p_i captures country-specific fixed
effects. Robust standard errors clustered at the country level are used to correct for
heteroskedasticity and serial correlation.

In the extended specification, we introduce an interaction term between trade
openness and the renewable energy share to examine whether the environmental effect
of trade openness depends on the extent of renewable energy use:

COz, = a + B1TO; + BoRECy; + B3GDPpciy + B4TO; - RECyr + p; + €54 2)

The interaction model allows us to explore conditional marginal effects, providing
insights into the circumstances under which trade becomes environmentally beneficial.
3. Results and Discussion

We begin the empirical section by visually exploring the relationships between CO,
emissions per capita and the key explanatory variables (Figure 1). The first panel
illustrates a weak positive association between TO and CO, emissions, as suggested by
the slightly upward-sloping trend line, though the scatter remains wide. The second
panel displays a clearer positive relationship between GDPpc and emissions, indicating
that higher levels of income are associated with increased environmental pressure. In
contrast, the third panel reveals a strong negative association between REC and CO,
emissions. This suggests that greater reliance on renewable energy is systematically
linked with lower per capita emissions across the observed countries. These patterns
indicate that while economic activity tends to correlate with higher emissions, renewable
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energy may play an essential role in mitigating this effect. The relationship between
trade openness and environmental performance, however, appears more nuanced and
merits further investigation through multivariate analysis.

CO2 vs Trade Openness CO2 vs GOP per capits
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Figure 1. Bivariate relationships between CO, emissions and key explanatory variables

Table 1 presents the results of the fixed effects panel regressions for the baseline and
interaction model. In the baseline model (1), TO is negatively and significantly
associated with CO, emissions per capita, suggesting that greater integration into
international trade may contribute to environmental improvements. This result aligns
with the hypothesis that trade can foster cleaner production processes, especially in
transitioning economies. REC is also negatively associated with CO, emissions and
statistically significant at the 1% level, confirming the expected mitigating effect of clean
energy on environmental degradation. In contrast, GDP per capita does not exhibit a
statistically significant effect in either model, indicating that income level alone does not
determine carbon outcomes within this group of countries.

In interaction model (2), the interaction term between TO and REC is introduced to
explore conditional effects. While TO and REC individually lose statistical significance,
the interaction term (TO x REC) is negative and significant at the 1% level. This finding
implies that the environmental benefit of trade openness becomes stronger in the
presence of higher shares of renewable energy. In other words, trade is more likely to
reduce emissions when countries are simultaneously investing in clean energy sources.
These results underscore the complementary relationship between trade and renewable
energy in achieving environmental goals. They suggest that trade liberalization alone
may not be sufficient to reduce emissions unless accompanied by a strong commitment
to sustainable energy strategies.

Table 7. Regression results: Baseline vs. interaction model

Variable (1) Baseline Model (2) Interaction Model
TO -1.516*** 0.421
REC -0.038*** 0.048
GPDpc 0.003 0.002
TO x REC -0.091***
Constant 7.982%** 6.068***

www.iccbikg.kg.ac.rs|

1167



N. Veselinovi¢ et al., When Does Trade Become Green?

Notes: Robust standard errors clustered at the country level. *** p < 0.01.
The empirical results provide novel evidence that the environmental impact of trade

openness is not uniform but instead depends on the domestic energy mix. The negative
and statistically significant interaction term between TO and REC highlights the
importance of renewable energy in shaping the environmental effects of trade.
Specifically, the marginal effects plot (Figure 2) illustrates that trade openness reduces
CO, emissions more strongly as the share of renewable energy increases. This supports
the view that the environmental benefits of trade are conditional, and not automatic.

Average Marginal Effects of TO with 85% Cls
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Figure 2. Marginal effects of trade openness across renewable energy levels

Our results suggest that trade openness contributes to lower CO, emissions only
when accompanied by a higher share of renewable energy. This aligns with Ho and Iyke
[3], who find a negative long-run effect of trade openness on emissions in Central and
Eastern European countries. Additionally, recent threshold studies [4] show that trade’s
environmental impact becomes favorable only beyond certain institutional or energy-
related thresholds. These findings support our main conclusion: trade can become
“green,” but only under specific structural conditions.
4. Conclusions

This paper provides evidence that the effect of trade openness on CO, emissions in
emerging European economies depends on the share of renewable energy. Trade
openness can support environmental goals when accompanied by a shift toward cleaner
energy sources. Policy coordination between trade and energy strategies remains
essential for achieving sustainable development.
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