PERIODICO TCHE QUIMICA

PERIODICO

Volume 23 - Numero 53 - 2026 ISSN 2179-0302

Orgao de divulgacao cientifica e informativa

www.periodico.tchequimica.com




PERIODICO TCHE QUIMICA

ISSN - 1806-0374 (Impresso) ISSN - 2179-0302 (Online)
Volume 23 Numero 53 — 2026 ISSN 2179 - 0302

Orgao de divulgagéo cientifica e informativa.

Dados Internacionais de Catalogacao na Publicacao (CIP)

Periddico Tché Quimica: 6rgédo de divulgacao cientifica e informativa [recurso
eletrénico] / Dr. D. Scienific Consulting — Vol. 21, n. 46 (Jan. 2024) — Nova Prata:
Araucaria - Scientific Association, 2005 - Quadrimestral.

Sistema requerido: Adobe Acrobat Reader.

Modo de acesso: World Wide Web:

<http://www.tchequimica.com>

Descrigéo baseada em: Vol. 19, n. 41 (Jun. 2022).

ISSN 1806-0374

ISSN 2179-0302

1.Quimica. 2. Fisica. 3. Biologia. 4. Ciéncias Naturais. 5. Farmacologia. 6. Ciéncias
exatas. 7. Ciéncias aplicadas. 8. Ciéncias. |. Grupo Tché Quimica.

uDC 001

Bibliotecario Responsavel
Ednei de Freitas Silveira
CRB 10/1262

Periddico Tché Quimica. ISSN 2179-0302. (2025); vol.22 (n°51)
Downloaded from www.periodico.tchequimica.com



PERIODICO TCHE QUIMICA

Volume 23

Numero 53 — 2026

ISSN 2179 - 0302

Orgao de divulgagio cientifica e informativa.

Editors-in-Chief

Ketevan Kupatadze, Ph.D. —
ketevan kupatadze@iliauni.edu.ge — Georgia,
ISU — ORCID: 0000-0003-4645-3374

Shaima R. Banoon, MsC. —
shimarb@uomisan.edu.ig — Iraq, University of
Misan — ORCID: 0000-0002-9133-2259

Editorial Commission

Francisco José Santos Lima, Ph.D. —
limafis@yahoo.com — Brazil, UFRN — ORCID:
0000-0002-5086-7038

Carlos Eduardo Cardoso, Ph.D. —
carlos.cardoso@univassouras.edu.br — Brazil,
USS — ORCID: 0000-0002-1948-600X

Tamari Edisherashvili, Ph.D. —
tamari.edisherashvili.1@iliauni.edu.ge —
Georgia, ISU — ORCID: 0000-0003-4694-910X

Ednei de Freitas Silveira, BsC —
edneifs@pucrs.br — Brazil, PUCRS — ORCID:
0000-0002-4179-5386

Managing Editor

Luis Alcides Brandini De Boni, Ph.D. —
labdeboni@gmail.com — Brazil — ORCID: 0009-
0000-8102-6197

Associate Editors

Teresa M. Roseiro Maria Estronca, Ph.D. —
troseiro@ci.uc.pt — Portugal, UC — ORCID:
0000-0002-7143-2228

José Carlos Oliveira Santos, Ph.D. —
josecos@ufcg.edu.br — Brazil, UFCG — ORCID:
0000-0001-7610-3792

Alcides Wagner Serpa Guarino, Ph.D. —
qguarino@unirio.br — Brazil, UNIRIO — ORCID:
0000-0002-4159-3629

Roseli Fernandes Gennari, Ph.D. —
rgennari@if.usp.br — Brazil, USP — ORCID:
0000-0001-7002-4858

Andrian Saputra, Ph.D. —
andriansaputra@fkip.unila.ac.id — Indonesia,
University of Lampung — ORCID: 0000-0001-
9305-1920

Rafael Rodrigues de Oliveira, Ph.D. —
rafa_rdo@yahoo.com.br — Brazil, Neoprospecta
— ORCID: 0000-0002-1409-3258

Livio César Cunha Nunes, Ph.D. —
liviocesar@hotmail.com — Brazil, UFPI —
ORCID: 0000-0002-1178-7940

Elcio Jeronimo de Oliveira, Ph.D. —
elcio@kvantum.com.br — Brazil, KVANTUM —
ORCID: 0000-0001-8959-5319

Murilo Sérgio da Silva Julido, Ph.D. —
murilo sergio@uvanet.br — Brazil, UVA —
ORCID: 0000-0001-6709-0061

Hugo David Chirinos Collantes, Ph.D. —
hdccoll@gmail.com — Peru, UNAMBA —
ORCID: 0000-0003-3450-7320

Cristiane de Souza Siqueira Pereira, Ph.D. —
cristiane.pereira@univassouras.edu.br — Brazil,
Universidade de Vassouras — ORCID: 0000-
0003-3325-8369

Carlos E. de Medeiros J., Ph.D. —
c_enrigue@hotmail.com — Brazil, PETROBRAS

Walter José Pelaez, Ph.D. —
walter.pelaez@unc.edu.ar — Argentina, UNC —
ORCID: 0000-0001-6950-5312

Rodrigo Brambilla, Ph.D. —
kigobrambilla@gmail.com — Brazil, UFRGS —
ORCID: 0000-0002-4840-1589

Joan Josep Solaz-Portolés, Ph.D. —
Joan.Solaz@uv.es — Spain, UV — ORCID:
0000-0003-4690-6556

José Euzébio Simoes Neto, Ph.D. —
euzebiosimoes@gmail.com — Brazil, UFRP —
ORCID: 0000-0002-5599-5047

Aline Maria dos Santos, Ph.D. —
aline.santos@ifrji.edu.br — Brazil, SP — ORCID:
0000-0002-9736-5529



mailto:aline.santos@ifrj.edu.br
mailto:euzebiosimoes@gmail.com
mailto:Joan.Solaz@uv.es
mailto:kigobrambilla@gmail.com
mailto:walter.pelaez@unc.edu.ar
mailto:c_enrique@hotmail.com
mailto:cristiane.pereira@univassouras.edu.br
mailto:hdccoll@gmail.com
mailto:murilo_sergio@uvanet.br
mailto:elcio@kvantum.com.br
mailto:liviocesar@hotmail.com
mailto:rafa_rdo@yahoo.com.br
mailto:andriansaputra@fkip.unila.ac.id
mailto:rgennari@if.usp.br
mailto:guarino@unirio.br
mailto:josecos@ufcg.edu.br
mailto:troseiro@ci.uc.pt
mailto:labdeboni@gmail.com
mailto:edneifs@pucrs.br
mailto:tamari.edisherashvili.1@iliauni.edu.ge
mailto:carlos.cardoso@univassouras.edu.br
mailto:limafjs@yahoo.com
mailto:shimarb@uomisan.edu.iq
mailto:ketevan_kupatadze@iliauni.edu.ge

César Luiz da Silva Guimaraes, Ph.D. —
cesarluizé6@uol.com.br — Brazil, IBAMA —
ORCID: 0000-0002-2263-1984

Daniel Ricardo Arsand, Ph.D. —
daniel.arsand@gmail.com — Brazil, IFSul —
ORCID: 0000-0002-6167-491X

Paulo Sergio Souza, Dr. —
paulosasouza@gmail.com — Brazil, Fundacéao
Osorio — ORCID: 0000-0003-1845-9330

Danyelle Medeiros de Araujo Moura, Ph.D. —
danyelle.quimica@yahoo.com.br — Brazil, UFRN
— ORCID: 0000-0002-0359-6933

Oana-Maria Popa, Ph.D. —
p.oanamaria@gmail.com — Romania, IPN —
ORCID: 0009-0006-4143-1757

Alessandra Deise Sebben, Ph.D. —
adsebben@gmail.com — Brazil — Lattes:
http://lattes.cnpq.br/8820223777603461

Fredy Hernan Martinez Sarmiento, Ph.D. —
fhmartinezs@udistrital.edu.co — Colombia, UD-
FJC — ORCID: 0000-0002-7258-3909

Fabiana de Carvalho Fim, Ph.D. —
fabianafim@ct.ufpb.br — Brazil, UFPB —
ORCID: 0000-0002-6339-1710

Gabriel Rubensam, M.Sc. —
rubensam_quimico@hotmail.com — Brazil,
UFRGS — ORCID: 0000-0002-3578-9123

Masurquede de Azevedo Coimbra, M.Sc. —
masurquede-coimbra@saude.rs.gov.br — Brazil,
Health Secretary of Rio Grande do Sul State —
ORCID: 0000-0003-4620-2241

Gustavo Guthmann Pesenatto, MD. —
gustavoggp@gmail.com — Brazil, Primary Health
Care — ORCID: 0009-0007-0675-1875

Fabio Herrmann, MD. —
fabioherrmannfh@gmail.com — Brazil, Hospital
Santa Casa de Misericérdia de Porto Alegre —
ORCID: 0000-0001-6934-9698

Marco Antonio Smiderle Gelain, MD. —
marco gelain@hotmail.com — Brazil, Instituto
Dante Pazzanese de Cardiologia — ORCID:
0000-0001-5000-0955

Ahmed M. Sadoon, Ph.D. —
ams95@uomosul.edu.ig — lraq, University of
Mosul

Cristiana de Barcellos Passinato, Ph.D. —
crispassinato@iq.ufrji.or — Brazil, UFRJ —
ORCID: 0000-0001-8521-8700

Maria Yurievna Kuznetsova, Ph.D. —
kuznetsova m yu@staff.sechenov.ru — Russia,
I. M. Sechenov First Moscow State Medical
University — ORCID: 0000-0002-5488-8979

Dorofeev Alexey Evgenievich, Dr. —
dorofeev_a_e@staff.sechenov.ru — Russia, |. M.
Sechenov First Moscow State Medical University
— ORCID: 0000-0002-0815-4472

Giorgi Dalakishvili, Dr. —
giorgi.dalakishvili@iliauni.edu.ge — Georgia, llia
State University — ORCID: 0000-0001-9799-
6980

Bhavna Ambudkar, Ph.D. —
bhavna.ambudkar@sitpune.edu.in — India, SIT
PUNE — ORCID: 0000-0001-9744-836X

Sind Shamel Omer, Ph.D. —
sind.s@uokerbala.edu.ig — Iraq, University of
Kerbala — ORCID: 0009-0007-2266-0535

Hamid Gehad Humadi, Ph.D. —
hamid.g@uokerbala.edu.ig — Iraq, University of
Kerbala

Zhanat Bissenbayeva, Ph.D. —
bisenbayeva.zh@qyzpu.edu.kz — Kazakhstan,
National Women's Teacher Training University —
Scopus: 57193909015

Fatma Merve Mustafaoglu, Ph.D. —
merve.ulusoy@hacettepe.edu.tr — Turkey,
Hacettepe University — ORCID: 0000-0001-
7223-0794

Pedro Ramos de Souza Neto, Ph.D. —
pedro.souza@cetene.qgov.br — Brazil, CETENE
— ORCID: 0000-0002-6471-2707

Wellington da Silva Lyra, Dr. —
spectru@gmail.com — Brazil, UFPB — ORCID:
0000-0002-3499-6163

Rochele da Silva Fernandes —
rochesfernandes@gmail.com — Brazil, UFRGS
— ORCID: 0009-0008-5454-0287

Mustafa Karam Mohammed, Ph.D. (Editor for
Arabic and Persian language) —
mustafakaram@uomisan.edu.iqg — Iraq,
University of Misan — ORCID: 0009-0002-6614-
7745



mailto:mustafakaram@uomisan.edu.iq
mailto:rochesfernandes@gmail.com
mailto:spectru@gmail.com
mailto:pedro.souza@cetene.gov.br
mailto:merve.ulusoy@hacettepe.edu.tr
mailto:bisenbayeva.zh@qyzpu.edu.kz
mailto:hamid.g@uokerbala.edu.iq
mailto:sind.s@uokerbala.edu.iq
mailto:bhavna.ambudkar@sitpune.edu.in
mailto:giorgi.dalakishvili@iliauni.edu.ge
mailto:dorofeev_a_e@staff.sechenov.ru
mailto:kuznetsova_m_yu@staff.sechenov.ru
mailto:crispassinato@iq.ufrj.br
mailto:ams95@uomosul.edu.iq
mailto:marco_gelain@hotmail.com
mailto:fabioherrmannfh@gmail.com
mailto:gustavoggp@gmail.com
mailto:masurquede-coimbra@saude.rs.gov.br
mailto:rubensam_quimico@hotmail.com
mailto:fabianafim@ct.ufpb.br
mailto:fhmartinezs@udistrital.edu.co
http://lattes.cnpq.br/8820223777603461
mailto:adsebben@gmail.com
mailto:p.oanamaria@gmail.com
mailto:danyelle.quimica@yahoo.com.br
mailto:paulosasouza@gmail.com
mailto:daniel.arsand@gmail.com
mailto:cesarluiz66@uol.com.br

Atowar ul Islam, Ph. D. -
atowarulislam@ustm.ac.in — India, USTM -
https://orcid.org/0000-0001-5345-0556

Emeritus Editors

Sérgio Machado Corréa, Ph.D. —
sergiomc@uerj.br — Brazil, UERJ — ORCID:
0000-0002-0038-0790

Monica R. da Costa Marques, Ph.D. —
mmarquesri@gmail.com — Brazil, UERJ —
ORCID: 0000-0001-6906-8327

Denise Alves Fungaro, Ph.D. —
dfungaro@ipen.br — Brazil, IPEN — ORCID:
0000-0003-1618-0264

General Secretary

Luis Alcides Brandini De Boni, Ph.D.,
deboni@acaria.org, Brazil, A.S.A.

Periédico Tché Quimica

ISSN - 1806-0374 (Print)
ISSN - 2179-0302 (Online)

LCCN: 2010240735

Divulgagéo on-line em http://www.periodico.tchequimica.com
http://www.journal.tchequimica.com
http://www.tchequimica.com

Esta revista é indexada e resumida pelo WEB OF SCIENCE,
SUDOC, EZB, LATINDEX (DIRECTORIO), OPENALEX, TITLE
DOI, WIKIDATA, THE KEEPERS, ROAD, GLOBALHEALTH,
CROSSREF, CABABSTRACTS, FATCAT, ZDB, and Sumarios.

Missao

O Periédico Tché Quimica (PTQ) publica artigos de
pesquisa originais, artigos de revisdo, notas curtas (publicagdes
cientificas), revisdes de livros, artigos de forum, editoriais e
entrevistas. Pesquisadores de todos os paises sdo convidados a
publicar nas paginas do PTQ.

A responsabilidade sobre os artigos é de exclusividade
dos autores.

Contatos:

www.periodico.tchequimica.com
journal.tg@gmail.com
tchequimica@tchequimica.com

Proudly edited by the Araucaria Scientific
Association since 2024.

General Inquiries:

For general inquiries, information, or questions
about our mission and activities, please feel free
to reach out to us:

- Email: root@acaria.org.
« Phone: +55 54 9 3300-8160

Investor Relations:

If you are interested in supporting our mission or
exploring collaboration opportunities, please contact
our Investor Relations team:

Email: root@acaria.org.

Media and Press:

For media inquiries, interviews, or press-related
matters, please get in touch with our Media Relations
team:

Email: media@acaria.org.



mailto:media@acaria.org
mailto:root@acaria.org
mailto:root@acaria.org
mailto:deboni@acaria.org
mailto:dfungaro@ipen.br
mailto:mmarquesrj@gmail.com
mailto:sergiomc@uerj.br
mailto:atowarulislam@ustm.ac.in

Indice / Index

1 — Artigo / Article

2 - Artigo / Article

Paulo Roberto Barros Gomes*, Dionney Andrade de Sousa,
Gustavo Oliveira Everton, Maria Alves Fontenele, Romicy
Dermondes Souza, Hilton Costa Louzeiro, Maria Luiza Miguez,
Eduardo Fonseca Silva, Victor Elias Mouchrek Filho

BRAZIL

COMPOSIGAO QUIMICA, DOCKING MOLECULAR E ATIVIDADE
LARVICIDA DO OLEO
ESSENCIAL DE CITRUS X LIMON (L.) OSBECK

CHEMICAL COMPOSITION, MOLECULAR DOCKING AND

LARVICIDAL ACTIVITY OF
CITRUS X LIMON (L) OSBECK ESSENTIAL OIL

Pagina -1
3 - Artigo / Article

Sddiq Ghani Al-Muhanna

IRAQ

FORMAGAO DE BIOFILME, RESISTENCIA A ANTIBIOTICOS E
DETECGAO MOLECULAR DO GENE rhil EM ISOLADOS
CLINICOS DE Pseudomonas aeruginosa

BIOFILM FORMATION, ANTIBIOTIC RESISTANCE, AND
MOLECULAR DETECTION OF THE rhll GENE IN CLINICAL
ISOLATES OF Pseudomonas aeruginosa

Pagina - 18

4 - Artigo / Article

Zarema Asekovna Boronchieva, Aichurok  Saparbaevna
Amirakulova, Turdaali Galalov, Bektur  Abdillabekovich
Abdymanapov, Orozgul Jalalova, Nurgul Abdyashimovna Alimova,
Yrysbek Abdyzhaparovich Aldashukurov

KYRGYZSTAN

URBANIZA(}AO', CONSCIENCIA E A CRESCENTE CARGA DAS
DOENCAS ALERGICAS EM CRIANCAS: UMA AVALIACAO DE
SAUDE PUBLICA EM OSH, QUIRGUIZSTAO

URBANIZATION, AWARENESS, AND THE RISING BURDEN OF

ALLERGIC DISEASES IN CHILDREN: A PUBLIC HEALTH
ASSESSMENT FROM OSH, KYRGYZSTAN

Pagina - 29
5 - Artigo / Article

Luis Alcides Brandini De Boni, Paulo Roberto Barros Gomes
BRAZIL

SEVENTY YEARS OF THE BRAZILIAN FEDERAL COUNCIL OF
CHEMISTRY (1956-2026): INSTITUTIONAL TRAJECTORY,
PRESIDENCIES, AND PERSPECTIVES FOR THE CHEMISTRY
PROFESSION

SETENTA ANOS DO CONSELHO FEDERAL DE QUIMICA (1956
2026): TRAJETORIA INSTITUCIONAL, PRESIDENCIAS E
PERSPECTIVAS PARA A PROFISSAO QUIMICAL

Pagina — 42

6 — Artigo / Article

Yamama Ahmed Ogla, Salah Hasan Faraj

IRAQ
ASSOCIAGAO DA VARIAGAO DO GENE TSHB COM

HIPERTIREOIDISMO EM MULHERES DA PROVINCIA DE
MAYSAN

THE ASSOCIATION OF TSHB GENE VARIATION WITH
HYPERTHYROIDISM IN WOMEN OF MAYSAN PROVINCE

Pagina - 55

Inass Maijid Mozan, Zainab Abduljabber Ridha Al-Ali, Redha Alwan
Hasan
IRAQ

PEPTIDEOS DERIVADOS DAS MITOCONDRIAS, GLICEMIA E
NiVEIS DE HEMOGLOBINA GLICADA EM HOMENS COM
DIABETES MELLITUS TIPO 2, ATEROSCLEROSE OU
HIPERTENSAO: ESTUDO TRANSVERSAL

MITOCHONDRIAL-DERIVED PEPTIDES, BLOOD GLUCOSE, AND
GLYCATED HEMOGLOBIN LEVELS IN MEN WITH TYPE 2
DIABETES, ATHEROSCLEROSIS, OR HYPERTENSION: A

CROSS-SECTIONAL STUDY

Pagina — 64



7 — Artigo / Article

14 — Convite / Invitation

Maryam Sabri Hashim, Tahseen Saddam Fandi Al-Mathkuri

IRAQ

SINTESE, CARACTERIZAGAO ESPECTROSCOPICA E
DOCKING MOLECULAR DE NOVOS HIBRIDOS DE 1,4-DI-
HIDROPIRIDINA-1,2,4-TRIAZOLIDINA-3-TIONA CONTRA A
TIROSINA QUINASE EGFR

SYNTHESIS, SPECTROSCOPIC CHARACTERIZATION, AND
MOLECULAR DOCKING OF NOVEL 1,4-DIHYDROPYRIDINE-
1,2,4-TRIAZOLIDINE-3-THIONE HYBRIDS AGAINST EGFR
TYROSINE KINASE

Pagina - 76

Journal Editors

Pagina-116

BRAZIL

32 SSCON



-PERI()DICO TCHE QUIMICA

ARTIGO ORIGINAL

COMPOSICAO QUIMICA, DOCKING MOLECULAR E ATIVIDADE LARVICIDA DO OLEO
ESSENCIAL DE CITRUS X LIMON (L.) OSBECK

CHEMICAL COMPOSITION, MOLECULAR DOCKING AND LARVICIDAL ACTIVITY OF
CITRUS X LIMON (L) OSBECK ESSENTIAL OIL

Paulo Roberto Barros Gomes*
Instituto Federal de Educagéo, Ciéncia e Tecnologia do Para, Diretoria de Educagéo, Brasil.
ORCID: https://orcid.org/0000-0002-4221-6577

Dionney Andrade de Sousa
Universidade Federal do Maranh&o, Departamento de Tecnologia Quimica, Brasil.
ORCID: https://orcid.org/0000-0003-4788-036 X

Gustavo Oliveira Everton
Universidade Federal do Maranh&o, Departamento de Tecnologia Quimica, Brasil.
ORCID: https://orcid.org/0000-0002-0457-914X

Maria Alves Fontenele
Universidade Federal do Maranh&o, Coordenagéo do Curso de Licenciatura em Ciéncias Naturais, Brasil.
ORCID: https://orcid.org/0000-0003-0780-7563

Romicy Dermondes Souza
Universidade Estadual do Sudoeste da Bahia, Departamento de Tecnologia Rural e Animal, Brasil.
ORCID: https://orcid.org/0000-0002-4477-453X

Hilton Costa Louzeiro
Universidade Federal do Maranh&o, Departamento de Tecnologia Quimica, Brasil.
ORCID: https://orcid.org/0000-0001-7479-5879

Maria Luiza Miguez
Instituto Federal de Educagéo, Ciéncia e Tecnologia do Norte de Minas Gerais, Departamento de Ensino, Pesquisa e
Extens&o, Brasil. ORCID: https://orcid.org/0009-0003-6886-1245

Eduardo Fonseca Silva
Universidade Federal do Maranh&o, Departamento de Tecnologia Quimica, Brasil.
Lattes: http://lattes.cnpq.br/2999195013431824

Victor Elias Mouchrek Filho
Universidade Federal do Maranh&o, Departamento de Tecnologia Quimica, Brasil.
ORCID: https://orcid.org/0000-0003-2855-7292

* Autor correspondente
e-mail: prbgomes@yahoo.com

Received 22 February 2025; received in revised form 20 April 2026; accepted 10 June 2026

RESUMO

Introducgao: O mosquito Aedes aegypti é o principal vetor de arboviroses de grande relevancia para a saude
pablica, incluindo dengue, Zika, chikungunya e febre amarela. Para combater a Aedes aegypti € utilizado
larvicidas quimicos, que apesar da eficacia, trazem riscos ambientais e podem ocasionar resisténcia. Oleos
essenciais, como o de Citrus limon, surgem como alternativas sustentaveis, devido a sua atividade larvicida,
baixa toxicidade, biodegradabilidade e complexidade quimica, que reduz a probabilidade de resisténcia.
Objetivo: O presente estudo descreve a composicao quimica do 6leo essencial destilado das cascas de Citrus
x limon (L) Osbeck e avalia se ele tem atividade biolégica contra larvas de terceiro estagio do Aedes aegypiti.
Métodos: O 6leo essencial foi extraido pelo método de hidrodestilagcdo e seus compontens foram identificados
por cromatografia gasosa acoplada a espectrometria de massas (CG/EM). O éleo foi analisado quanto a sua
atividade larvicida, onde a concentracgao letal foi calculada pelo método Probit. O mecanismo de acéo do éleo foi
avaliado por docking molecular. Resultados e Discussdao: A andlises revelaram que o Oleo é
predominantemente composto por monoterpenos, com limoneno como o componente majoritario (75,77%),
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seguido por o-cimeno (9,24%) e B-pineno (7,48%). Ademais, o 6leo demonstrou atividade larvicida, com
concentracao letal de 44,11 pg/mL. Estudos de docking molecular indicaram interagbes significativas entre os
principais compostos e as proteinas-alvo, com afinidades de ligagdo variando de —5,97 a —6,56 kcal/mol para
acetilcolinesterase e proteina transportadora de esterdis-2, sugerindo um mecanismo de acdo multiplo.
Conclusées: Conclui-se, portanto, que o éleo é ativo e possui potencial para substituir larvicidas sintéticos.

Palavras-chave: Compostos volateis; monoterpenos; Aedes aegypti; imoneno
ABSTRACT

Introduction: The mosquito Aedes aegypti is the primary vector of arboviruses of major public health concern,
including dengue, Zika, chikungunya, and yellow fever. Chemical larvicides are commonly used to control Aedes
aegypti; however, despite their efficacy, they pose environmental risks and may lead to resistance. Essential oils,
such as that from Citrus limon, have emerged as sustainable alternatives due to their larvicidal activity, low toxicity,
biodegradability, and chemical complexity, which reduces the likelihood of resistance development. Objective:
This study describes the chemical composition of the essential oil distilled from the peels of Citrus x limon (L.)
Osbeck and evaluates its biological activity against third-instar larvae of Aedes aegypti. Methods: The essential
oil was extracted by hydrodistillation, and its components were identified by gas chromatography coupled with
mass spectrometry (GC/MS). Larvicidal activity was assessed, and the lethal concentration was determined using
the Probit method. The oil's mechanism of action was investigated through molecular docking studies. Results
and Discussion: Analyses revealed that the oil is predominantly composed of monoterpenes, with limonene as
the major component (75.77%), followed by o-cymene (9.24%) and B-pinene (7.48%). Furthermore, the oil
exhibited larvicidal activity, with a lethal concentration of 44.11 pg/mL. Molecular docking studies showed
significant interactions between the main compounds and target proteins, with binding affinities ranging from —
5.97 to —6.56 kcal/mol for acetylcholinesterase and sterol carrier protein-2, suggesting a multi-target mechanism
of action. Conclusions: The essential oil from Citrus x limon is therefore active and shows potential as a
replacement for synthetic larvicides.

Keywords: Volatile compounds; monoterpenes; Aedes aegypti; limonene.

1. INTRODUCAO: agéncias reguladoras em varios paises, como a
Agéncia Europeia de Medicamentos (Angelin et

O Aedes (A) aegyptiL. (Diptera: Culicidae) al., 2023) e ANVISA (Brasil, 2023). No entanto,

é um mosquito que transmite doencas virais vacinas eficazes contra os outros virus
graves, como dengue, Zika, chikungunya e febre transmitidos pelo A. aegypti ainda estdao sendo
amarela. E encontrado principalmente em regides estudadas (Marin-Lopez, Wang, Jiang, Ledizet, &
tropicais e subtropicais e apresenta notavel Fikrig, 2021; Wang, Marin-Lopez, Jiang, Ledizet,
adaptabilidade a ambientes urbanos, onde & Fikrig, 2020). O uso de predadores bioldgicos &
encontra  condicbes favoraveis para o Uuma estratégia ecolégica para o controle do A.
desenvolvimento de larvas, permitindo o ciclo de aegypti; dessa forma, existe a possibilidade de
vida completo do mosquito (Zara, Santos, que a introducdo dessas espécies cause
Fernandes-Oliveira, Carvalho, & Coelho, 2016). desequilibrio no ecossistema (Bowatte, Perera,
De acordo com os dados mais recentes do Senevirathne, Meegaskumbura, &
Ministério da Satde do Brasil (Brasil, 2022), houve Meegaskumbura, 2013). Entre eles, o uso de
um aumento de 184,6% nos casos de dengue larvicidas quimicos tem sido o mais utilizado
entre 2021 e 2022. Durante o mesmo periodo, os devido a sua eficiéncia, praticidade e controle
casos de chikungunya aumentaram 86,9% e os direto das larvas e pupas do A. aegypti. Os
casos de Zika aumentaram 96,6%. A principais larvicidas quimicos utilizados no
adaptabilidade reprodutiva do Aedes aegypti e combate as larvas de A. aegypti incluem
seu potencial de transmissdo de doencgas virais organofosforados como o temefos, fiflubenzuron,

graves ressaltam a importancia das medidas de fipronil e piretroides (Aldridge et al., 2022; Farder-
controle. Gomes et al., 2024; Kim, Khan, Estep, Cantrell, &

Le, 2025). Contudo, o uso constante desses
larvicidas podem causar impactos negativos. O
uso frequente de pesticidas sintéticos pode
causar  contaminacao ambiental, afetar
organismos ndo-alvo (incluindo humanos e

Algumas das abordagens contra a
proliferacdo do A. aegypti e a consequente
transmissdo de doencas virais incluem o uso de
vacinas, predadores biolégicos e larvicidas

quimicos  (Baldacchino et al,  2015). animais), e favorecer o surgimento de resisténcia

Recentemente, uma vacina eficaz contra o virus nas populacdes de mosquitos (Farder-Gomes et
da dengue, a Qdenga®, foi aprovada para uso por al., 2024; da Silva et al., 2025; Sittichok et al.,
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2024). Como exemplo de impacto negativo em
humanos, o fipronil, mesmo em baixas
concentragbes, pode causar  alteragbes
comportamentais, danos ao intestino médio e
morte celular nas larvas, além de afetar enzimas
de desintoxicacao (Farder-Gomes et al., 2024).
Como alternativa aos larvicidas quimicos, o uso
de Oleos essenciais tem sido explorado.

Os Obleos essenciais sdo substancias
naturais volateis compostas por uma variedade de
componentes, como terpenos, monoterpenos,
compostos fendlicos e outros, cuja composicao
depende da planta de extragéo (Dhifi, Bellili, Jazi,
Bahloul, & Mnif, 2016) e foi comprovado que
alguns tém atividade larvicida (Gomes et al., 2018,
2019, 2020, 2022). Os 6leos essenciais oferecem
uma abordagem n&o téxica para o controle de
larvas e biodegradabilidade, minimizando os
impactos ambientais adversos, e tém uma baixa
probabilidade de desenvolvimento de resisténcia
de larvas devido a sua composi¢cdo complexa
(Nerio, Olivero-Verbel, & Stashenko, 2010). Essas
propriedades os tornam mais vantajosos em
comparagao com os larvicidas sintéticos.

Embora os éleos essenciais apresentem
vantagens promissoras em relacao aos larvicidas
sintéticos, seu uso como substituto parcial ou total
requer mais informagdes sobre seus mecanismos
de acao larvicida. A diversidade na composi¢cao
dos Oleos essenciais indica  possiveis
mecanismos multiplos de agdo, reduzindo a
possibilidade de resisténcia das larvas (Dris, Tine-
Djebbar, Bouabida, & Soltani, 2017). Para
investigar esses mecanismos, a pesquisa de
acoplamento molecular estéd surgindo como uma
ferramenta eficaz para examinar as interacoes
entre compostos de 6leos essenciais e alvos de
proteinas e proteinas relevantes para o
crescimento larval.

O acoplamento molecular € uma técnica
usada para prever a interacdo entre duas
moléculas, como uma proteina e um ligante
(Pagadala, Syed, & Tuszynski, 2017) envolvendo
a simulagao de como o ligante se encaixa no local
ativo da proteina, formando um complexo estavel.
O processo usa algoritmos de computador para
explorar todas as orientacbes e conformacdes
possiveis do ligante, identificando a melhor
combinagdo que maximiza a afinidade e a
estabilidade do complexo (Guedes, de
Magalh&es, & Dardenne, 2014). Ao analisar os
componentes do 6leo por meio de acoplamento
molecular, é possivel analisar como eles agem
nas proteinas que sao cruciais para a
sobrevivéncia das larvas. Esse entendimento é
particularmente relevante para plantas com

potencial larvicida conhecido, como as plantas do
género Citrus.

Entre as plantas com composi¢cdes de
maior interesse para o controle de larvas de A.
aegypti esta a Citrus limon L., também conhecida
como lim&o. E uma planta da familia Rutaceae e
cultivada em varias partes do mundo,
especialmente em paises subtropicais (Gonzalez-
Molina, Dominguez-Perles, Moreno, & Garcia-
Viguera, 2010). O dleo essencial extraido dessa
planta tem propriedades medicinais, dada a sua
complexa composicdo de sesquiterpenos,
terpenos, hidrocarbonetos aromaticos e derivados
oxigenados. Entre suas aplicagbes estdo acdes
antimicrobianas, antioxidantes, antidiabéticas,
antivirais e larvicidas (Dosoky & Setzer, 2018).

Apesar da agéao larvicida do 6leo essencial
de Citrus limon L., sua eficacia na eliminacao das
larvas de Aedes aegypti tem sido pouco
explorada. Portanto, o presente estudo descreve
a composigao quimica do 6leo essencial destilado
das cascas de Citrus x limon (L) Osbeck e avalia
se ele tem atividade bioldgica contra larvas de
terceiro estagio do Aedes aegypti.

2. MATERIAL E METODOS:

2.1. Obtencao e extracao de o6leo essencial

Partes estruturais e representativas (flores
e frutos) da planta, medindo de 30 a 40 cm de
tamanho, foram coletadas em uma éarea rural de
Séo José de Ribamar-MA, Brasil, em janeiro de
2018, no periodo da manha, nas coordenadas
geogréficas latitude 02°35'51,8"S e longitude
44°09'33,3"W para identificacdo botanica e
extragdo do 6leo essencial. Apds essa coleta, o
material foi certificado pelo Laboratério de
Estudos Botanicos da Universidade Federal do
Maranhdo com o numero 11169. Uma vez
identificados, os frutos foram separados das
demais partes, descascados com bisturi e
armazenados em uma bandeja para a extragéo do
6leo essencial.

A destilagdo do éleo foi realizada por
hidrodestilacdo, e o rendimento médio foi
calculado com base nas medi¢cdes de densidade
e no peso do material (Gomes et al., 2020). Para
a extracao, as amostras foram pesadas (400 g),
misturadas (4000 mL) com &gua destilada na
propor¢cao de 1:10, colocadas em um baldo de
fundo redondo acoplado a um extrator do tipo
Clevenger e aquecidas a 100°C em uma manta de
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aquecimento elétrico por 4 horas. Apos esse
tempo, o 6leo destilado foi coletado e seco por
percolacao em solucao de sulfato de sddio anidro
(Synth, Diadema, Brasil) e armazenado em
frascos de vidro ambar a 4°C para evitar possiveis
perdas de constituintes volateis. A densidade foi
medida em um picnédmetro de 5 mL a uma
temperatura de 25°C, e o material foi pesado em
uma balanca analitica (Gomes et al., 2019, 2020).

2.2. Cromatografia Gasosa
Espectrometria de Massas

acoplada a

A identificagdo dos componentes do 6leo
destilado foi realizada por meio de um
cromatégrafo a gas acoplado a espectrometria de
massa, de acordo com o estudo realizado por
Sousa e colegas (Sousa et al., 2023). Para esse
fim, as amostras foram analisadas em um
cromatégrafo a gas (Shimadzu, Kyoto, Japao)
acoplado a um espectrobmetro de massa
(QP2020AS), usando hélio como gas de arraste
com uma taxa de fluxo na coluna de 2,5 mL/min;
temperatura do injetor: 280°C, divisdo 1:50;
coluna capilar de silicone CarbolWax e
metilfenil 5% (30m x 0,25mm x 0,25mm) e
programa de temperatura do forno de 60°C a
280°C. No espectrdbmetro de massa, a
temperatura foi ajustada para 280°C e os
espectros foram registrados de 35 a 550 m/z.
Foram injetadas aliquotas de 1 pL (injetor
automatico CP - 8410) das amostras diluidas em
uma proporcao de 20 uL em 1,5 mL de hexano.
Os componentes foram identificados pela
comparacao de seus indices de retencdo com
dados obtidos de substancias auténticas em
bibliotecas de referéncia NIST14 e area de
normalizacao.

2.3. Captura e reproducao de larvas de Aedes
aegypti

A deposigao dos ovos ocorreu em baldes
de polietileno de 500 mL, onde foram adicionados
agua e dois pedacos de palitos de eucalipto
durante os meses de janeiro e fevereiro de 2019.
Apéds a deposicao, os ovos foram colocados em
um recipiente de 200mL com 4gua mineral a uma
temperatura de 31°C para a eclosdao. Apds a
eclosdo, as larvas foram mantidas em
temperatura ambiente de 25 = 2°C, umidade
relativa de 70 a 80% e alimentadas com racao
para caes até atingirem o terceiro estagio (Gomes
et al., 2019).

2.4. Ensaio larvicida

A realizacdo desse ensaio seguiu a
metodologia descrita pela Organizagdo Mundial
da Saude (OMS) (World Health Organization,
2005). Inicialmente, dez larvas de terceiro estagio
foram transferidas para copos descartaveis e
expostas a trés concentracdes de 6leo destilado
(10, 50 e 100 pg/mL) por um periodo de 24 horas
para verificar a presenga ou auséncia de
atividade. Uma vez confirmada a atividade, os
testes foram realizados em quintuplicata a partir
do mesmo lote de larvas, onde dez larvas foram
submetidas a dois tratamentos: um com cinco
solugcdes de Oleo destilado (50 a 90 pg/mL)
preparadas a partir de sua dissolugdo em
dimetilsulféxido (DMSO) a 0,1% e o outro, um
controle negativo apenas com solugao de DMSO
a 0,1%. Portanto, para verificar a atividade
larvicida, o resultado da concentracao letal (CLso)
foi calculado e comparado com os critérios
estabelecidos por Cheng et al. (2003) que
consideram o Oleo altamente ativo quando
apresenta CLso < 50 pg/mL; ativo quando é < 100
pg/mL e inativo quando é > 100 pg/mL.

2.5. Avaliacao in silico

2.5.1. Docking cego exploratorio de proteina-
ligante

O acoplamento cego foi utilizado para
explorar minuciosamente as superficies das
proteinas acetilcolinesterase (ACE) e Sterol
Carrier Protein-2 (SCP2) para identificar e prever
bolsGes. Essa abordagem foi escolhida porque a
maioria dessas proteinas ndo foi estudada
experimentalmente. A estrutura tridimensional da
SCP2 foi baixada do banco de dados do Protein
Data Bank (PDB ID: 1PZ4) e limpa usando o
PyMOL Molecular Graphics System, versao 3.1.1
(Schroédinger, LLC.). A sequéncia de codificacao
(CDS) da acetilcolinesterase foi recuperada do
banco de dados de nucleotideos do National
Center for Biotechnology Information (NCBI)
(GenBank: ABN09910.1) e a estrutura da proteina
foi prevista com o Protein Homology/analogY
Recognition Engine V 2.2 (Phyre2.2) usando o
modo de modelagem intensiva (Kelley, Mezulis,
Yates, Wass, & Sternberg, 2015). O modelo foi
considerado uma boa previsdo quando
apresentado com 75% ou mais dos residuos
modelados com mais de 90% de confianga e com
pelo menos 30% de identidade do primeiro
modelo classificado.

Posteriormente, as estruturas das
proteinas foram preparadas com o]
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AutoDockTools (ADT) versao 1.5.7 (Morris et al.,
2009), com a adicao de hidrogénios polares e
cargas de Kollman. A grade de receptores foi
determinada para cada proteina para
compreender toda a estrutura da proteina. Os
principais constituintes do 6leo essencial de Citrus
limon foram usados como ligantes, a saber,
limoneno (C1oHi6), B-pineno (CioHis) € 0-cimeno
(C10H14). Neste estudo, o temefds (C16H2006P2Ss)
também foi usado como ligante devido a sua
atividade larvicida. A adicdo de hidrogénios e a
otimizacdo da geometria usando o Universal
Force Field (UFF) foram realizadas no software
Avogadro (Hanwell et al., 2012) e as cargas de
Gasteiger foram adicionadas com ADT. As
simulacdes de acoplamento cego proteina-ligante
foram realizadas em triplicata com o AutoDock
Vina 1.2.0 (Eberhardt, Santos-Martins, Tillack, &
Forli, 2021).

2.5.2. Acoplamento especifico de proteina-
ligante

Os receptores e os ligantes foram
preparados conforme descrito acima. O
acoplamento molecular do local ativo foi realizado
em ftriplicata usando o AutoDock Vina 1.2.0
(Eberhardt et al., 2021). Os locais especificos
previstos foram determinados com base nos
resultados de acoplamento cego. Foram
selecionados os locais com maior afinidade de
ligacao para cada ligante. Cada proteina tinha um
ou dois locais diferentes para cada um dos
compostos testados. Foram definidas grades para
todos os locais com um tamanho de 30x30x30 A
e espagamento de 0,375 A, e a exaustao foi
definida como 16. A eficiéncia do ligante (LE)
representa os resultados de Vina da afinidade de
ligagéo (Kcal/mol) normalizada pelo tamanho do
composto (Hopkins, Groom, & Alex, 2004) e foi
calculado com o RDKit, versdo 2023.09.5. Todas
as imagens foram geradas usando o BIOVIA
Discovery Studio Visualizer, versdo 24.1.0.23298
(Dassault Systémes Corp).

2.5.3 Redocking molecular

O redocking foi feito apenas na proteina
SCP-2 de Aedes aegypti, visto que para a
acetilcolinesterase de A. aegyptinao ha estruturas
cristalizadas disponiveis no PDB de organismos
que sejam préximos. A estrutura cristalizada SCP-
2 de Aedes aegypti esta disponivel no Protein
Data Bank (PDB ID: 1PZ4) em complexo com
acido palmitico. O ligante co-cristalizado foi
removido da estrutura proteica e convertido para

o formato .pdbqgt usando o AutoDock Tools
(versao 1.5.7) e em seguida o ligante passou por
redocking na mesma posigdo. O grid box foi
definido com base nas coordenadas do ligante na
estrutura cristalizada. As simulagdes foram feitas
com AutoDock Vina (versao 1.2.3). Os parametros
usados foram dimensodes da grid box ajustadas
ao sitio de ligagdo (ndo padronizadas como
40x40x40 A), espacamento de 0,375 A e
exaustividade definida como 16. O procedimento
foi repetido trés vezes para verificar se os
resultados eram consistentesA pose com maior
afinidade de ligacéo foi selecionada para célculo
do RMSD (Root Mean Square Deviation) entre
essa pose e a posicao do ligante na estrutura
cristalizada utilizando o PyMOL Molecular
Graphics System (versao 3.1.1, Schrédinger,
LLC).

2.6. Tratamento estatistico

A andlise Probit foi usada para calcular a
CLso, € os resultados foram apresentados como
média, desvio padrao, limite de confianga superior
e limite de confianga inferior, calculados usando o
software Statistical Package for the Social
Sciences (SPSS) com um nivel de significancia
definido como p < 0,05.

3. RESULTADOS E DISCUSSAO:
3.1. Extracéo do 6leo e analise de composicao

Para verificar o rendimento e identificar os
componentes presentes no O6leo destilado,
realizamos a medicdo da densidade e a analise
cromatografica acoplada a espectrometria de
massa (GC/MS). Por meio da extracdo, o 6leo
apresentou um rendimento e uma densidade de
2,45% (p/v) e 0,850 g/mL, respectivamente. A
analise cromatografica revelou a presenca de 16
compostos (Tabela 1) com predominancia de
monoterpenos, entre 0s quais se destacaram o
limoneno (75,77%), o-cimeno (9,24%) e o B-
pineno (7,48%), cuja a estrutura apresentada na
Figura 1. O limoneno possui uma ligacao dupla e
duas ramificagdes metila/isopropenil. O o-cimeno
apresenta um anel benzénico ligado a um grupo
metila e um grupo isopropila, JaA o B-pineno,
possui dois anéis fundidos, com um grupo
metileno exociclico e dois grupos metila.

Em nosso estudo atual, s6 foi possivel
identificar o limoneno, o composto predominante,
conforme determinado pelos resultados da
analise de GC/MS dos tempos de retencao, area
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normalizada e comparagdo dos dados do
cromatograma com os dados da biblioteca
existente. Esse resultado € consistente com o
estudo realizado por Gomes e colegas (2019)
quando avaliaram a composi¢cao quimica do 6leo
essencial das cascas de C. limon obtidas em um
bairro periférico do municipio de Sao Luis. Nesse
estudo, os autores utilizaram os métodos de
destilacdo e a identificacdo de compostos
semelhantes ao que realizamos revelou a
predominéncia do limoneno em fragdes
superiores a 50%. Um estudo similar foi realizado
por Paw et al. (2020) ao também estudar a
composicao de 6leo essencial das cascas de
Citrus limon. Todavia, diferente do nosso estudo,
os autores identificaram que o componente
majoritario, o limoneno, representava apenas
55,40 % da composi¢éo do 6leo, enquanto em
nosso estudo, foi encontrou concentragdes mais
elevadas de limoneno (75,77%). Outras
diferengas em nosso estudos estdo nos demais
compostos majoritarios. Enquanto em nosso
estudo foi encontrado o-cimeno (9,24%) e o B-
pineno (7,48%), o estudo de Paw et al. (2020)
encontrou neral (10,39%), trans-verbenol (6,43%)
e decanal (3,25%). Esse contraste pode ser
explicado por fatores associados ao clima, solo,
altitude ou variedade da planta (Luro et al., 2020).
Apesar disso, em ambos os estudos, 0 composto
majoritario foi o limoneno, caracteristico de
espécies do género Citrus. Outros estudos
realizados com métodos semelhantes também
confirmaram a predominancia do limoneno para
outras espécies de Citrus. As espécies
conhecidas sao C. limonia (Gomes et al., 2020),
C. aurantifolia (Sousa et al., 2023) e C. sinensis
(Gomes et al.,, 2021), que foram coletados de
diferentes partes e obtiveram fracoes de 44,75%,
81,69% e 89,55%, respectivamente. Embora
sejam de espécies diferentes, os resultados
obtidos ainda séo consistentes com as fracbes
predominantes de limoneno em Citrus em geral,
que variam de 30 a 97% (Mehl et al., 2014; Simas,
Amorim, Oliveira, Alviano, & Silva, 2015). Como
observado, os resultados concordam com relagao
a predominancia, mas diferem com relagdo as
fracbes desse constituinte. Assim, inferimos que
as diferencas observadas resultam de varios
fatores, desde sazonalidade, tempo de extragao,
fatores abibticos até o simples redirecionamento
das vias metabdlicas da planta (Blank et al., 2007;
Cerqueira et al., 2009; Figueiredo, Barroso,
Pedro, & Scheffer, 2008; Gobbo-Neto & Lopes,
2007).

[Tabela 1]

I,ll]‘l()l‘l(‘l‘l(‘} O-C1Neno ﬁ pimeno

Figura 1. Estruturas quimicas dos principais
componentes do dleo essencial de Citrus x limon
(L.) Osbeck

3.2. Atividade larvicida

Para avaliar a atividade larvicida, dez
larvas foram submetidas a dois tipos de
tratamento: um experimental (concentragbes de
6leo variando de 50 a 90 pug/mL) e um controle
negativo com DMSO 0,1%. Posteriormente, a
CLso foi calculada usando o método Probit e
comparada com os paréametros estabelecidos por
Cheng et al. (2003) A medida que aumentamos a
concentracao de éleo, foi observado um aumento
na mortalidade, levando a uma CLsy de 44,11
(Tabela 2). Comparando o resultado da CLso com
os critérios descritos por Cheng et al. (2003) para
atividade, o o6leo foi considerado ativo, pois
apresentou uma CLso inferior a 100 pg/mL.
Confirmamos a atividade larvicida do éleo
essencial de C. limon (L) Osbeck comparando a
CLso calculada com os critérios estabelecidos por
Cheng et al. (2003). De acordo com esses
autores, um 6leo essencial é ativo contra larvas
quando a CLso € menor que 100 pg/mL.

Apesar de nao haver um critério
padronizado estabelecido pela Organizacao
Mundial da Saude (OMS) para qualificar a
atividade larvicida dos 6éleos essenciais, o
resultado de nosso estudo estd alinhado com
estudos anteriores (Gomes et al.,, 2019, 2020,
2022; Sousa et al, 2023) que identificou o
limoneno como o principal componente e o
associou a atividade contra larvas de Ae. aegypti
para C. limon e outras espécies de Citrus. Apesar
das semelhancas nesses estudos em relacio ao
método de extracdo do 6leo, ao estagio larval e a
andlise durante o verdo, observamos uma
variacao significativa nos valores de CLs para C.
limon (CLso = 15,48 ug/mL), C. aurantifolia (CLso =
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18,68 pug/mL) e C. limonia (CLsp = 67,18 pg/mL)
(Gomes et al., 2019, 2020, 2022; Sousa et al.,
2023). Isso nos leva a inferir que a baixa letalidade
observada em nosso estudo néo esta relacionada
ao estagio larval ou ao momento da analise
durante a estacao (Cetin, Erler, & Yanikoglu,
2004; Fernandez et al., 2014, 2018), mas sim a
variagdes no periodo de desenvolvimento da
planta e no ciclo circadiano (Gobbo-Neto & Lopes,
2007). Além disso, outro ponto a ser observado é
o horario das coletas, pois elas ocorreram em
horarios diferentes, sendo que apenas a nossa foi
coletada pela manha.

[Tabela 2]

A atividade larvicida do limoneno
observada neste estudo pode estar relacionada a
sua estrutura, fragrancia e  alteracoes
histofisiolégicas. Em um estudo conduzido por
Santos et al. (2011) para avaliar a relagao
estrutura-atividade dos monoterpenos, os autores
afirmaram que a poténcia larvicida € afetada pela
estrutura do limoneno e que as liga¢des duplas
endo e exo foram mais ativas do que as alteracoes
estruturais  decorrentes da  adicdo de
heterodtomos. O estudo conduzido por Rod
(1997) atribui a atividade a forte fragrancia do
limoneno, que nao apenas repele, mas também
mata insetos que atacam as arvores. Enquanto
isso, o estudo de Oliveira et al. (2021) que
avaliaram 0s disturbios histol4gicos,
histoquimicos e energéticos causados pelo
limoneno em larvas de Ae. aegypti, concluiram
que esse composto afeta a capacidade de
absorcdo de nutrientes, alterando a membrana
peritréfica do intestino médio, inibindo assim a
retencdo de compostos vegetais isolados e
causando a morte das larvas.

Assim, a presenga do limoneno como
composto predominante no 6leo essencial das
cascas de C. limon apenas indica que o éleo € um
agente larvicida em potencial, mas nao garante a
eficacia na letalidade, pois ha varios fatores que
influenciam isso. Um estudo realizado por Lima et
al. (2021) reforga essa hipdtese ao demonstrar
que o limoneno isoladamente apresenta maior
atividade biolégica que o Oleo essencial de
Hedychium coronarium, que contém limoneno
(5,2%), B-pineno (17,0%) e p-cimeno (4,9%).
Todavia, os autores reforcam a ideia de que a
combinagdo dos constituintes do 6leo pode
potencializar o efeito biol6gico devido a sinergia.
Esse sinergismo pode ocorrer devido a atuagao
dos componentes em multiplos alvos celulares, a

facilitagdo da penetracdo de compostos mais
ativos por moléculas menos ativas ou a
modulacdo de mecanismos de resisténcia
microbiana (Langeveld, Veldhuizen, & Burt, 2014).
Por outro lado, nem todas as combinagdes séo
sinérgicas. Algumas podem ser aditivas ou até
antago6nica, dependendo das proporgdes e dos
alvos biologicos (Bassolé & Juliani, 2012).
Portanto, a identificagdo e otimizacao dessas
interagdes sao fundamentais para potencializar o
uso de Oleos essenciais.

3.3. Docking molecular

O acoplamento molecular concentrou-se
apenas nos compostos predominantes do éleo,
limoneno, [-pineno e o-cimeno, que foram
selecionados por apresentarem uma maior
concentracdo. Foi usado como como controle
positivo o temefds, cuja estrutura quimica é
mostrado na Figura 2. As proteinas-alvo usadas
foram a acetilcolinesterase (AChE) e a proteina
transportadora de esterol-2 (SCP2). No
acoplamento cego (Tabela 3), a AChE mostrou o
temefés como o ligante com a maior afinidade (-
7,02 kcal/mol), seguido pelo limoneno (-5,92
kcal/mol) e para a SCP-2 o B-pineno mostrou a
maior afinidade (-6,48 kcal/mol), seguido pelo
limoneno (-6,47 kcal/mol).

[Tabela 3]
\o \o
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Figura 2. Estrutura quimica do temefés

No acoplamento especifico no local ativo
(Tabela 3), o temefés apresentou a maior
afinidade de ligacao (-7,78 kcal/mol) com a AChE,
apesar de sua menor eficiéncia de ligacao (-0,29).
Entre os compostos do déleo, o o-cimeno
apresentou a maior afinidade com a AChE (-6,14
kcal/mol). Para a SCP-2, o temefds apresentou a
maior afinidade (-7,45 kcal/mol), enquanto os
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compostos no o6leo apresentaram valores
semelhantes, variando de 6,56 a -6,39 kcal/mol.
Em termos de eficiéncia de ligacdo, os compostos
do éleo variaram de -0,64 a -0,66, mais altos do
que o controle positivo temefés, que apresentou
uma eficiéncia de ligacao de -0,28.

Para validar o protocolo de docking
molecular usado presente no estudo, foi feito um
teste de redocking aplicado a proteina SCP-2 de
A. aegypti, utilizando o acido palmitico como
ligante. O procedimento foi repetido trés vezes
para garantir convergéncia dos resultados. A pose
com maior afinidade de ligagdo foi selecionada
para calculo do desvio quadratico médio (RMSD)
em relacdo a posicdo original do ligante na
estrutura cristalografica, utilizando o software
PyMOL. O valor de RMSD obtido foi de 2,179 A.
Esse valor, embora acima do limiar ideal de 2,0 A
(Wei et al., 2022; Yang & Chen, 2004), encontra-
se dentro da faixa aceitavel para validagao de
protocolos de docking.

[Tabela 3]

Os diagramas de interagao 2D (Figura 3)
mostram como os ligantes Temefos e o-cimeno se
ligam as proteinas SCP2 e ACHE. Ambos os
ligantes, Temefds e o-cimeno, foram selecionados
para visualizagdo dos tipos de ligacao por terem
as maiores afinidades de ligagdo com as eznimas.
Na enzima ACHE, Temefés faz ligagbes de
hidrogénio com TRP A:212 e GLY A:246, além de
também ter interacdes polares com GLU A:215 e
SER A:250. J& no SCP2, o Temefds possui
ligagdes de hidrogénio com GLN A:25, interagdes
m-cation com ARG A:24, e interacdes hidrofdbicas
com VAL A:26 e ILE A:19. O o-cimeno se ligacom
a enzima ACHE por meio de ligagdes hidrofobicas
com TYR A:456 e TRP A:212 e interacGes de Van
der Waals com GLY A:246. Na SCP2, o-cimeno
faz ligagOes hidrofébicas LEU A:16, interagbes -
1 com PHE A:105, e interagdes de Van der Waals
com ILE A:19. Essas ligagbes séo principalmente
hidrofébicas e aromaticas, o que explica sua maior
eficiéncia de ligagdo, superior ao Temefés. O o-
cimeno é um monoterpeno aromatico, composto
por um anel benzénico e cadeias laterais
hidrocarbonadas (Balahbib et al., 2021) que
podem se ligar aos residuos hidrofébicos das
proteinas por interagbes de Van der Waals e
interacoes - através do anel benzénico
presente no o-cimeno e nas proteinas (Balahbib
et al., 2021; Tapala, Ndlangamandla, Ngoepe, &
Clayton, 2024).

Alguns outros mecanismos larvicidas
relatados para o o-cimeno sao a ruptura da parede
celular (Santos et al., 2010), estresse oxidativo
(Costa et al., 2022), danos ao sistema digestivo
(Yu, Wong, Ahmad, & Jantan, 2015) e acao sobre
enzimas essenciais para a funcao larval, como a
AChE (Waliwitiya, Kennedy, & Lowenberger,
2009), resultados que estdao de acordo com os
apresentados neste estudo. No entanto, além da
interacao com a AChE, observamos por meio de
acoplamento molecular que o o-cimeno também
tem uma forte afinidade de ligacao com a SCP-2.
Isso se deve a alta lipolicidade do o-cimeno, que
se liga ao sitio ativo apolar da SCP-2, que é
especializado no transporte de moléculas de
lipidios, como o colesterol, um nutriente essencial
para o crescimento e o desenvolvimento dos
mosquitos (Larson, Wessely, Jiang, & Lan, 2014).
Essa combinagdo de mecanismos larvicidas
destaca o uso do o-cimeno como um larvicida
natural e eficiente. Os mecanismos do limoneno,
o principal composto do éleo essencial do C.
limon, sdo semelhantes aos do o-cimeno, pois,
além de causar danos ao sistema digestivo
(Oliveira et al., 2021), causam ruptura da parede
celular devido a lipofilicidade (Santos et al., 2011)
e inibicdo da atividade da AChE (Botas et al,
2017).

Além dos mecanismos ja relatados,
observamos, a partir do acoplamento molecular,
que o limoneno também atua ligando a SCP-2,
competindo pelos locais ativos com o colesterol.
Embora tanto o o-cimeno quanto o limoneno
tenham uma energia de ligagdo menor do que o
temefés (controle positivo), esses compostos
apresentaram melhor afinidade de ligacao tanto
para a AChE quanto para a SCP-2, sugerindo
ligacdes mais estaveis e especificas. O SCP-2 é
conhecido por ter locais de ligacdo hidrofobica
para interagir com lipidios (Larson et al., 2014). O
limoneno e o o-cimeno, por serem lipofilicos,
formam interagbes hidrofébicas com os locais
ativos do SCP-2, possivelmente bloqueando o
transporte de lipidios essenciais para o
desenvolvimento das larvas (Du et al., 2012). O
mecanismo de inibigdo da enzima AChE se deve
a presenca de regides apolares que interagem
com os componentes do O6leo (Steinberg,
Mednick, Maddox, Rice, & Cramer, 1975) e
também devido a presenca de residuos
aromaticos (Krishna, Chavali, & Uberbacher,
2013). Embora o temefés seja amplamente usado
como larvicida, sua menor afinidade de ligagao
indica que compostos como o limoneno e o o-
cimeno sdo alternativas mais eficazes e
possivelmente mais seguras para 0 meio
ambiente. Os resultados indicam varios
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mecanismos de reagdo tanto para o limoneno
quanto para o o-cimeno, o que dificulta o
desenvolvimento de resisténcia pelas larvas.

[Figura 3]

4. CONCLUSAO:

A destilagdo das cascas de Citrus x limon
(L) Osbeck por hidrodestilagdo possibilitou a
identificacdo da composi¢ao quimica do 6leo e a
avaliagdo de sua atividade larvicida contra o
Aedes aegypti. A partir dessas analises,
descobrimos que o éleo é predominantemente
composto de limoneno e apresentou atividade
larvicida contra o organismo testado. O
mecanismo de agdo dos componentes principais
é semelhante ao dos larvicidas comerciais, com
interacdo com a acetilcolinesterase e a proteina
transportadora de esterol-2, inibindo tanto as
fungcbes neutotransmissoras quanto o transporte
de colesterol. Portanto, esse 6leo tem o potencial
de atividade biol6gica para ser usado como
substituto de larvicidas quimicos ou como
complemento a eles. Para validar sua aplicagéo
em condicdes reais, recomenda-se a realizacao
de testes de campo em diferentes ambientes |,
bem como estudos de toxicidade ambiental para
avaliar possiveis impactos sobre organismos nao-
alvo e a persisténcia do produto no meio
ambiente.

5. DECLARACOES
5.1. Limitacoes do Estudo

Os resultados deste estudo sao limitados
em relagao ao rendimento do éleo, ao periodo de
desenvolvimento da planta e a sua aplicagao
apenas em um estudo in vitro; se aplicado a um
sistema real, pode n&o produzir 0s mesmos
resultados. Apesar de essas caracteristicas
afetarem a letalidade, elas nédo excluem seu
potencial larvicida. Além disso, de acordo com a
literatura, os componentes estudados apresentam
menor citotoxicidade do que os componentes
sinetéticos. Estudos comparativos mostram que o
limoneno e outros terpenos possuem uma
atividade citotoxica moderada, enquanto o0s
temefdés, um composto quimico altamente
utiizando como larvicidade, exibe maior
toxicidade em concentragdes muito menores
(Sarma, Adhikari, Mahanta, & Khanikor, 2019).
Aléem disso, o0s Oleos essenciais sao
biodegradaveis, menos persistentes no ambiente
e geralmente considerados seguros para
organismos nao-alvo, incluindo humanos e

animais, reduzindo assim o risco de poluigao
ambiental e bioacumulacdo (Senthil-Nathan,
2020). Portanto, o éleo essencial destilado das
cascas de Citrus x limon (L) Osbeck é um possivel
candidato, atuando como substituto de larvicidas
sintéticos ou complementando-os
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Componentes Tempo de retencdo Retencao Area
(min) normalizada (%)
Cis-acetato-3-hexenila 3233 992 0,07
a-Tujeno 3416 902 0,23
a-Pineno 3508 948 1,24
Tujene 4027 897 1,11
B - Pineno 4080 943 7,48
B - Mirceno 4247 958 1,26
Octanal 4418 1005 0,21
Butirato de 2-metil mirtenila 4458 - 0,06
o-Cimeno 4726 1042 9,24
Limoneno 4791 1018 75,77
3-Careno 5232 948 0,17
Limoneno 1,2 - Epdxido 6350 1031 0,53
Terpineno-4-ol 7010 1137 0,39
a - Terpineol 7218 1143 1,11
(E)-B-farneseno 10343 1440 0,04
a-Bergamoteno 10512 1430 0,49

Tabela 2. Atividade larvicida do dleo essencial em um periodo de 24 horas. Os dados de mortalidade
foram expressos como média + desvio padréao.

Concentracéao Mortalidade (%) CLso (ng/mL) X2
(ng/mL) (IC 95%)

50 72 +£0,83

60 82 +0,83 6,209
70 88 +£1,09 (3,438 - 50,217)

80 98 + 0,44

90 100 +£ 0,00

Controle 0,0+ 0,00
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Tabela 3. Pontuagées do Autodock Vina para o docking molecular de local especifico

Composto Afinidade de ligacao / Eficiéncia de ligacéo (kcal/mol)
Acetilcolinesterase Proteina transportadora de
colesterol-2
Limoneno -5,97 /-0,60 -6,53/-0,65
B-pineno -6,09/-0,62 -6,39/-0,64
o-cimeno -6,14/-0,61 -6,56 / -0,66
Temefoés -7,78 /-0,29 -7,45/-0,28
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Figura 3. Diagrama de interagdo 2D ilustrando a orientagdo dos ligantes Temefds e o-cimeno dentro
da estrutura do SCP2 e ACHE.
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RESUMO

Introducgao: Pseudomonas aeruginosa é um patdgeno de origem hospitalar frequentemente envolvido em
diversas infecgdes associadas a assisténcia a salde, especialmente em pacientes imunocomprometidos. Sua
capacidade de formar biofilme e desenvolver resisténcia a agentes antimicrobianos desempenha papel
fundamental nas falhas terapéuticas. Objetivo: O presente estudo teve como objetivo avaliar fenotipicamente a
formacao de biofilme, identificar o padrdo de suscetibilidade a antibiéticos e detectar o gene rhll em isolados
clinicos de P. aeruginosa. Métodos: Trinta e cinco amostras clinicas foram obtidas de diversas fontes, incluindo
urina, swabs de feridas, swabs auriculares e amostras de queimaduras. A identificacdo dos isolados bacterianos
foi realizada com base em métodos microbioldgicos padrao e confirmada pelo sistema VITEK-2. O teste de
difusdo em disco de Kirby-Bauer foi empregado para determinar a suscetibilidade antimicrobiana. O ensaio em
placa de cultura de tecidos (TCP) foi realizado para avaliar a capacidade de formagéao de biofilme, e a reagdo em
cadeia da polimerase (PCR) foi utilizada para detectar a presenca do gene rhil. A andlise estatistica utilizou o
teste de Fisher (p < 0,05). Resultados: Os isolados apresentaram resisténcia a ticarcilina, ceftriaxona e
ciprofloxacina (100% cada). Novobiocina (96%), cloranfenicol (93%) e trimetoprima também apresentaram altas
taxas de resisténcia (90%). Por outro lado, imipenem (9%) e amicacina (5%) apresentaram taxas de resisténcia
mais baixas, indicando que esses antibidticos foram comparativamente mais eficazes. A andlise do biofilme
revelou que 60% dos isolados eram fortes produtores de biofilme, enquanto 40% apresentaram formacao
moderada de biofilme. Os testes de PCR revelaram que os isolados (100%) possuiam o gene rhil. Conclusoées:
Os isolados clinicos de P. aeruginosa demonstraram elevada resisténcia antimicrobiana, alta capacidade de
formagéo de biofilme e presencga universal do gene rhil. Esses resultados ressaltam a necessidade de associar
abordagens fenotipicas e moleculares para melhor compreender e controlar as infecgdes causadas por esse
microrganismo.

Palavras-chave: Deteccdo de quorum, Pseudomonas aeruginosa, Fatores de viruléncia, Infecgcbes Associadas
a Assisténcia a Saude, Reacdo em cadeia da polimerase, Resisténcia a drogas.

ABSTRACT

Background: Pseudomonas aeruginosa is a hospital-acquired pathogen that commonly causes healthcare-
associated infections, particularly in immunocompromised patients. lts ability to form biofilms and develop
resistance to antimicrobial agents plays a key role in treatment failure. Purpose: The study aimed to assess the
phenotypic biofilm formation, identify the pattern of antibiotic susceptibility, and identify the rhll gene in clinical
isolates of P. aeruginosa. Methods: Thirty-five clinical samples were obtained through various sources, including
urine, wound swabs, ear swabs, and burn samples. Bacterial isolates were identified using standard
microbiological methods and examined with the VITEK-2 system. Kirby-Bauer disk diffusion testing was done to
determine antimicrobial susceptibility. A tissue culture plate (TCP) assay was conducted to assess biofilm-forming
ability, and polymerase chain reaction (PCR) was performed to detect the rhi/l gene. The statistical analysis used
Fisher's test (p < 0.05). Results: The isolates were resistant to ticarcillin, ceftriaxone, and ciprofloxacin (100%
each). Novobiocin (96%), chloramphenicol (93%), and trimethoprim also had high resistance rates (90%). On the
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contrary, imipenem (9%) and amikacin (5%) showed lower resistance rates, indicating that these antibiotics were
comparatively more effective. The analysis of biofilm revealed that 60% of the isolates were strong biofilm
producers, while 40% formed moderate biofilms. PCR tests revealed that all isolates (100%) carried the rhll gene.
Conclusions: P. aeruginosa clinical isolates displayed high antimicrobial resistance and biofilm-forming capacity,
and the rhll gene was found in all isolates. These results highlight the need to consider a combination of both
phenotypic and molecular approaches to gain more insight and manage infection by this organism.

Keywords: Quorum sensing, Pseudomonas aeruginosa, Virulence factors, Healthcare-Associated Infections,
Polymerase Chain Reaction, Drug Resistance.
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invade numerous organs and suppress the

1. INTRODUCTION:

Pseudomonas aeruginosa is a well-known
opportunistic pathogen belonging to the family
Pseudomonadaceae and is often associated with
colonization in both humans and animals
(Mohamed et al., 2022). It is Gram-negative, non-
fermentative, rod-shaped, and non-sporing, with a
diameter of 0.5-0.8 um and a length of 1.5-3.0 um.
The organism is very common in natural habitats
such as soil and water, and can also infect human
and animal hosts. It is mostly aerobic, though it
can grow under anaerobic conditions in the
presence of nitrate. It moves using a polar
flagellum (Spagnolo et al., 2021).

The optimal temperature for this
bacterium's growth is 37 °C, although it can grow
up to 42 °C. In addition, P. aeruginosa is oxidase-
positive, lactose-non-fermenting, and produces
pigments, including pyocyanin, fluorescein,
pyorubin, and pyomelanin; these pigments play an
important role in its identification (Zavascki et al.,
2010).

Most P. aeruginosa strains possess
virulence factors on their surface, enabling them to
attach, colonize, and invade host tissues. The
virulence factors stimulate cytokine secretion from
injured tissues, which facilitates invasion and toxin
secretion (Liao et al., 2022). This bacterium can

immune system, leading to infections that cannot
be fully cured. The main virulence factors
contributing to bacterial colonization are the
Lipopolysaccharide (LPS), flagella, and type IV pili
(Saleh and Motib, 2023). In addition, other
extracellular virulence factors include exotoxin A,
alkaline proteases, elastases, pyocyanin, biofilm
formation, and quorum sensing (Vadakkan et al.,
2024). Biofilm formation has been identified as a
major virulence factor in many bacteria. It entails
the creation of a well-organized community of
microbes, deposited within a thick protective
network. The major components of this matrix are
extracellular polymeric substances (EPS), which
include exopolysaccharides, proteins, nucleic
acids, and other secreted molecules (Mann and
Wozniak, 2012). Though biofilms were earlier
viewed as simple aggregates of bacterial cells, it
is now known to have a multifaceted, highly
organized architecture. They are structured
microcolonies linked together through pathways
that facilitate the flow of water, nutrients, and
waste products. This structural organization
creates a heterogeneous microenvironment with
nutrient and oxygen gradients (Hall-Stoodley et
al., 2004).

P. aeruginosa uses intrinsic, acquired, or
adaptive resistance as its defense mechanism
against antibiotics. In the intrinsic phase, the outer
membrane is impermeable, efflux pumps are
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expressed to expel antibiotics from cells, and
enzymes that degrade antibiotics are produced. A
horizontal shift of resistance genes or mutational
changes might achieve the acquired phase
(Artono et al., 2025).

Pseudomonas aeruginosa shows
resistance to a number of the most important
antibiotic classes, including B-lactam antibiotics,
aminoglycosides, and fluoroquinolones.
Resistance to beta-lactams is primarily mediated
by several mechanisms, including mutations in
PBPs (penicillin-binding proteins) that limit drug
binding, decreased permeability of the bacterial
outer membrane, enhanced antibiotic efflux, and
enzymatic degradation. Gene transfer also
facilitates the acquisition of B-lactamase enzymes
from other bacterial species, further contributing to
resistance (Glen and Lamont, 2024). P.
aeruginosa has been examined for innate causes
that contribute to biofilm formation. P. aeruginosa
DNA microarray analysis detected that a small
fraction of the genome (approximately 1%) shows
differential expression during biofilm growth, with
about 0.5% of the genes being repressed and
0.5% of the genes being activated (Whiteley et al.,
2001). Pseudomonas aeruginosa isolates that
carry the lasR and rhIR genes are believed to be
the most critical factors that control the expression
of virulence factors and biofilm formation. The lasR
gene, especially, is positively regulated in biofilm
formation, proteolytic, pyocyanin, and rhamnolipid
biosynthesis. Similarly, the quorum-sensing
regulator rhIR enhances protease and rhamnolipid
synthesis (Elnegery et al., 2021).

Despite the established role of quorum-
sensing systems in regulating virulence and
biofilm formation in Pseudomonas aeruginosa,
there is a lack of local data on the coexistence of
antimicrobial resistance with biofilm-forming ability
and the presence of the rhll gene in clinical
isolates. The combined assessment of these
factors will provide a more holistic understanding
of this organism's pathogenic behavior in the
clinical setting. To this end, the study will explore
trends in antibiotic resistance, biofilm-forming
capacity, and rhll gene expression in clinical
isolates of Pseudomonas aeruginosa using a
hybrid methodology that combines phenotypic and
molecular methods.

2. MATERIALS AND METHODS:

2.1. Study design and sample collection:

The 35 samples were collected from
various clinical sources, including burn swabs,
urine, stool, wound swabs, ear swabs, throat

swabs, and blood samples. All specimens were
handled according to standard microbiological
procedures (Wilson, 1996). The sample size was
determined based on the available clinical isolates
at the time of the study, and all samples were
collected from patients with a confirmed or
suspected bacterial infection.

2.2. Isolation and Identification

Clinical specimens were transported to the
laboratory in transport media, inoculated onto a
MacConkey's agar plate, and incubated at 37 °C
for 18-24 hours. The primary diagnosis of isolates
was made using different media and biochemical
tests, as described by Figueroa-Bossi et
al.(2022). The final diagnoses of the isolates were
confirmed biochemically using the VITEK 2
automated system (GN ID card).

2.2.1. GN-ID Identification
Compact System

through VITEK 2

According to the manufacturer's
instructions, the isolates were diagnosed using the
VITEK-2 Compact system (bioMérieux, France)
with GN ID cards.

2.3. Antimicrobial susceptibility testing

The Kirby-Bauer method was followed as
described by Peterson et al. (1980) to determine
antibiotic susceptibility to 8 antibiotics (ticarcillin,
ceftriaxone, imipenem, novobiocin, amikacin,
ciprofloxacin, trimethoprim, and chloramphenicol).
A bacterial suspension was prepared by picking
one to two well-isolated colonies from the original
culture and placing them in a test tube containing
4 mL of normal saline to yield a suspension of
moderate turbidity, as measured by DENSICHEK
(0.5-0.63). A portion of the bacterial suspension
was transferred and uniformly distributed on
Mueller-Hinton agar using a sterile cotton swab,
then incubated for 10 minutes. Next, the antibiotic
discs were inoculated onto the agar surface with
sterile forceps and pressed firmly to ensure
adequate contact. The plates were then inverted
and incubated at 37 °C for 18-24 hours. According
to the Clinical and Laboratory Standards Institute
(CLSI) standards, the diameter of the inhibition
zone around antimicrobial discs was measured in
millimeters (mm) using a metric ruler (Weinstein
and Lewis, 2020). The sensitivity of the individual
isolates was later established by comparing the
observed inhibition zones with the standard
criteria in the literature and categorizing them into
three groups: susceptible, intermediate, and
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resistant to the antimicrobial agent in question. All
findings were read according to CLSI (2025)
recommendations for standardized breakpoint
values.

2.4. Biofilm assay

Each experiment was carried out three
times, and the mean optical density (OD) was
calculated. Negative control wells containing
sterile broth have been added, and the cut-off
optical density (ODc) was set at the average OD
of the negative control plus 3 standard deviations.
Table 1 summarizes the classification of biofilm
formation depending on the OD values.

2.4.1. Tissue culture plate method (TCP)

The most commonly used method of
biofilm assessment is the tissue culture plate
(TCP) biofilm detection methodology, as identified
by Christensen et al. (1985), and it is considered
the standard method for assessing biofilm
formation.

2.5. DNA Extraction

Genomic DNA was extracted using a
commercially available extraction kit (Promega
Genomic DNA Kit). A Pseudomonas aeruginosa
suspension was prepared by inoculating Luria
broth with the bacteria and incubating at 37 °C for
24 hr. DNA isolation was performed using a
Promega kit. The entire process involved taking 1
ml of suspension and centrifuging it at 14000 rpm
for 1 min. The supernatant is then discarded to
obtain a lysate. 200 uL of GT solution is added for
precipitation, and the precipitated cells are
resuspended by vigorous shaking and incubated
at room temperature for 5 minutes. Next, 200 pyL
of GB solution is added to the tube, mixed
vigorously for 5 seconds, and incubated at 60 °C
for at least 10 minutes. After lysis, 200 pL of
absolute ethanol is added to the tube, and the
mixture is immediately shaken vigorously for 10
seconds. The GD column tube was placed in a
collection tube. The components were transferred
to the GD column tube and centrifuged for 2
minutes. The collection tubes containing the flux
were discarded.

400 ul of W1 was added to the GD column
tube, then centrifuged for 30 seconds. The flux
was discarded, and the GD column tube was
returned to the 2 ml collection container. tube. 600
uL of wash buffer was added to the GD column
tube, and the mixture was centrifuged for 30
seconds. The flow-through in the collection tube
was discarded, and the GD column tube was
placed back in the 2ml collection tube

tube and centrifuged again for 3 min. to dry
the column matrix. Finally, the dried GD column
tube was placed in a clean 1.5 ml centrifuge tube,
and 100 uL elution buffer was added; the mixture
was left for 3 min. Then, the DNA was centrifuged
for 30 seconds to elute the target DNA solution,
which was stored at -20 °C.

2.6. PCR ampilification of rhll

The rhll gene, involved in biofilm formation
in Pseudomonas aeruginosa, was detected by
conventional PCR. The primers were designed by
Alpha DNA (Canada) according to Edward et al.

(2023) with the following sequences: The
amplification of a 245 bp fragment was carried out
using the forward primer (5
CTCTCTGAATCGCTGGAAGG-3) and the
reverse primer (5™
GCGAAGACTTCCTTGAGCAG-3). PCR

amplification of the rhll gene was conducted using
the thermal cycling conditions listed in Table 2.
The PCR products were subsequently amplified
and subjected to electrophoresis on a 1% agarose
gel to verify the expected fragment size. 4 pL of 10
mg/mL ethidium bromide was used to stain the gel,
and 80 V was applied for 90 minutes. The bands
of DNA were \visualized wusing a UV
transilluminator (Cleaver, UK) and recorded with a
gel documentation system (Cleaver, UK). A 100 bp
fragment was added to the dish to determine the
size of the amplified fragments. PCR was
performed in a 25 pL master mix containing
primers and template DNA, with a total volume of
25 uL, under standard PCR conditions. The same
reaction was used for the negative control, but
without a DNA template.

2.7. Statistical analysis

Statistical analysis was performed using
SPSS version 30 (IBM, USA). Categories were
defined as means and percentages. Relationships
between categories were analyzed using Fisher's
exact test for small samples, and significance was
determined at p < 0.05. Biofilm formation
categories and the extent of antibiotic resistance
were used to group the data in the current study.
The rhll gene was detected in all 15 isolates, with
a prevalence of 100%. The confidence interval (Cl)
was calculated using the Clopper-Person method.

3. RESULTS
3.1. Results

3.1.1. Isolation and identification of P. aeruginosa

A total of 35 clinical specimens were
collected from different sources. Among these, 25
samples showed bacterial growth, while 10 did
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not. Based on cultural and biochemical
characteristics, 20 isolates were initially suspected
to be Pseudomonas species. Based on VITEK-2
confirmation, 15 isolates were identified as
Pseudomonas aeruginosa. These isolates formed
non-lactose-fermenting colonies on MacConkey
agar, produced pyocyanin pigment, were highly
positive in oxidase and motility tests, and were
strongly positive in the K/K reaction on triple sugar
iron (TSI) medium (Brook and Frazier, 1995). On
MacConkey agar, 15 isolates were identified as
lactose non-fermenters, whereas 10 isolates were
identified as other bacterial species. The
identification was finally conducted by placing the
samples in the automated VITEK-2 Compact
system with GN-ID cards, which contain 47
biochemical tests and a single negative control
well. The VITEK-2 system confirmed all suspected
isolates, with identification confidence levels very
good to excellent and probability values between
96% and 99%. Identification of isolates by sample
source showed that the most frequent sources of
P. aeruginosa were wound and burn specimens,
followed by urine and ear swab samples.

3.1.2. Antibiotic susceptibility test

The antibiotic susceptibility of the 15
Pseudomonas aeruginosa clinical isolates was
evaluated using the Kirby—Bauer disk diffusion
method according to CLSI (2025) guidelines. Eight
antibiotics representing various antimicrobial
classes were evaluated. Table 3 shows the
antimicrobial susceptibility profiles of the isolates.
Notably, ticarcillin, ceftriaxone, and ciprofloxacin
showed full resistance (100%), whereas relatively
low rates of resistance were observed with
imipenem (9%) and amikacin (5%). These results
are illustrated graphically in Figure 1.

3.1.3. Biofilm formation in P. aeruginosa isolates.

All  Pseudomonas aeruginosa isolates
formed biofilms, as determined using the tissue
culture plate (TCP) method. These isolates, 9
(60%) were strong biofilm producers, and 6 (40%)
showed moderate biofilm-forming ability. None of
the isolates was classified as weak or non-biofilm
formers.

3.1.4. Biofilm
resistance

The results of the statistical analysis,
according to Fisher's test, showed highly
significant differences (P-Value = 0.004) between
the biofilm formation categories and the extent of
antibiotic resistance. The results showed that all
isolates had a strong ability to form biofilms; 9
were completely resistant to antibiotics (100%),
and none were sensitive. This indicates a strong

formation and antimicrobial

positive correlation between biofilm formation and
the severity of antibiotic resistance, as shown in
Table 5. Among isolates with moderate biofilm-
forming capacity, 6 (66.7%) were resistant, and 3
(33.3%) were non-resistant. This indicates that
biofilm formation intensity decreases with
decreasing resistance.

3.1.5. rhll Gene Detection

The rhil gene was screened for using a
predictive polymerase chain reaction (PCR) in all
15 Pseudomonas aeruginosa isolates. These
outcomes revealed that no negative isolates were
detected (100% positive), and each produced a
clear 245 bp amplification band, as shown in
Figure 2. The negative control used showed no
band. The rhllgene was detected in all 15 isolates,
with a prevalence of 100%. The confidence
interval (Cl) calculated using the Clopper-Pearson
method ranged from 78.2% to 100%, as shown in
Table 6.

3.2. DISCUSSION

The obvious differences in resistance
patterns suggest the presence of multiple
resistance mechanisms underlying the isolates.
The findings of this study are consistent with the
prior literature on multidrug resistance in
Pseudomonas aeruginosa (Bassetti et al., 2018;
El Zowalaty et al., 2015). A combination of factors,
such as reduced membrane permeability,
activation of excretory pump systems, and the
formation of antibiotic-inactivating enzymes, can
explain this resistance. The high levels of
resistance detected in this research have critical
clinical implications, as they could limit the number
of available treatment options and underscore the
importance of ongoing antimicrobial surveillance.

The results showed that biofilm formation
was a prevalent property of clinical isolates of P.
aeruginosa, which can improve their survival and
persistence in the clinical setting by increasing
resistance. Biofilm development is one of the
fundamental adaptive strategies by which bacteria
can adhere to surfaces and grow within a self-
assembled extracellular polymeric matrix of
polysaccharides, proteins, and extracellular DNA.
The matrix also provides resistance to
environmental stresses and antimicrobial agents,
which enhances bacterial resistance to antibiotics
(Hall-Stoodley et al., 2004; Mann and Wozniak,
2012; Kunwar et al., 2021). The biofilm-forming
capacity of the isolates was described in Table 4,
and 60% and 40% were strong and moderate
producers, respectively. This difference aligns with
previous studies reporting heterogeneity in P.
aeruginosa biofilm production among clinical
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isolates (Chimi et al., 2024). Biofilm formation is a
highly controlled, dynamic process that generally
undergoes phases of initial adhesion, microcolony
development, maturation, and eventual
dissemination, thereby supporting colonization of
new environments (Hall-Stoodley et al., 2004).
The high rates of antibiotic resistance could be
partly explained by the majority of strong biofilm-
forming isolates in the present study, which form
biofilms that serve as physical barriers, restricting
antibiotic penetration and helping bacteria survive.
These findings raise the possibility of a
relationship between biofilm-forming capacity and
antimicrobial resistance in the investigated
isolates.

Ratajczak et al. (2021) mentioned that the
majority of strains (73.6%) were strong biofilm
producers, 17.0% were moderate, and 9.4% were
weak biofilm producers. Both multiple antibiotic
resistance and biofilm formation may complicate
the treatment of P. aeruginosa infections. The
present study showed that all P. aeruginosa
strains isolated from clinical specimens formed
biofilms in vitro. However, they differed in the
degree of biofilm formation. Most strains showed
strong biofilm-forming capacity (74.0%), while
significantly fewer strains exhibited moderate
(16.4%) and weak (9.6%) Dbiofilm-forming
potential. The study demonstrated that all
Pseudomonas aeruginosa strains isolated from
various clinical samples formed biofilms under
laboratory conditions; however, they differed in the
extent of biofilm formation. A 2018 study by da
Costa Lima et al. estimated biofilm-forming ability
and found that 77.5% of clinical P. aeruginosa
strains were capable of forming biofilm. (Da Silva
Carvalho & Perez, 2019) found that 86.5% of P.
aeruginosa strains studied were classified as
strong or moderate biofilm producers.

This observation indicates a high
prevalence of this quorum-sensing gene among
the clinical isolates studied. The rhil gene is
another important component of the quorum-
sensing system in P. aeruginosa, which controls
the synthesis of signaling molecules involved in
biofilm formation and the expression of several
virulence factors. Quorum-sensing systems, such
as rhll-mediated responses, allow bacterial
communication and are critical for biofilm
formation and maintenance (De Kievit et al., 2001;
Elnegery et al.,, 2021). The prevalence of the rhll
gene across all isolates is also consistent with
earlier studies highlighting its role in biofilm
formation and pathogenicity. Disruption of rhil-
mediated signaling was shown to affect biofilm
development and decrease bacterial virulence,

highlighting the importance of this functional
process (Favre-Bonté et al., 2003).

Nevertheless, the presence of the rhllgene
may not always guarantee active quorum-sensing
activity or direct participation in biofilm formation
regulation. Further studies are needed to
determine the functional role of gene expression
levels in clinical conditions. Thus, its presence in
detecting possible participation; further molecular
research is required to clarify its specific role in
biofilm formation and antimicrobial resistance.

4. CONCLUSIONS

The study demonstrates that biofilm-forming
capability, antimicrobial resistance, and the
ubiquitous presence of the rhll gene occur
concomitantly in clinical isolates of Pseudomonas
aeruginosa. These results indicate the demand for
routine screening of biofilm-producing bacteria
and quorum-sensing-related genes in hospital
labs. Future studies should focus on the
quantitative analysis of the rhll gene expression
under different environmental and antimicrobial
stress conditions.

5. DECLARATIONS
5.1. Study Limitation

The sample size used is relatively small,
which might limit the scope of the findings. Also,
an antimicrobial susceptibility test by disk diffusion
was performed without confirmation by minimum
inhibitory concentration (MIC). Bonferroni or other
multiple-comparison correction was not applied to
the eight antibiotic susceptibility comparisons. It
was also restricted to rhil gene detection, with no
evaluation of its expression level or functional
activity. In addition, the analysis did not include
other genes associated with quorum sensing and
biofilm.
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Table 1. Classification of biofilm formation based on OD values (Christensen et al., 1985)

Mean of OD value at 630 nm'’

Biofilm formation

<0.120 Non
0.120-0.240 Moderate
>0.240 High

Table 2. PCR program of (rhll) primer that applies in the thermocycler

Initial . .
. Denaturati . . No. of Final
Gene den‘gt:ratl on Annealing Extension cycles extension
bl oC 1 oc 1 55.5°C30 72°C for1 72 °C
r 94 or3 94 or sec min 30 for 5 min
min 30 sec

Table 3. Antimicrobial susceptibility profile of Pseudomonas aeruginosa isolates (n=15)

Antibiotic Abbreviate Concentration  Resistance Intermediated  Sensitive
(ng/disk) No. (%) No. (%) No. (%)
Ticarcillin TIC 30 100% 0% 0%
Ceftriaxone CRO 30 100 % 0 % 0%
Imipenem IMP 10 9% 11 % 80%
Novobiocin NOV 30 96 % 4 % 0%
Amikacin AK 10 5% 0% 95%
Ciprofloxacin CIP 10 100 % 0 % 0%
Trimethoprim TMP 10 90% 7% 3%
Chloramphenicol CHL 30 93 % 7 % 0%

Table 4. Distribution of biofilm formation among P. aeruginosa isolates

Biofilm category Number of isolates Percentage (%)

Strong 9 60%
Moderate 6 40%
Weak 0 0%

Table 5. Association between biofilm formation and antimicrobial resistance among Pseudomonas aeruginosa

isolates (n = 15)

Biofilm Category Resistant Non Total P-Value
N (%) Resistant
N (%)
Strong 9 (100%) 0 9
Moderate 4 (66.7%) 2 (33.3%) 6
Total 13 2 15 0.004*

*P-Value calculated by using Fisher’s exact test
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Table 6. rhll gene prevalence among clinical isolates

Total number Prevalence% Interval coincident Clopper-

Pearson95%

15 100% %(78.2-100 )
35
30
25
20
15
10

0 - - - - - -
TIC CRO IMP NOV AK CIP TMP CHL
Ticarcillin Ceftriaxone = Imipenem  Novobiocin = Amikacin  Ciprofloxacin TrimethoprifGhloramphenicol
B Concentration (ug/disk) M Resistance No. (%) Intermediated No. (%) Sensitive No . (%)

Figure 1. Antimicrobial susceptibility profile of P. aeruginosa isolates

Figure 2. PCR ampilification products of P. aeruginosa isolates amplified with rhll gene primers, yielding a 245 bp
product. Lane (L), DNA molecular size marker (100-bp ladder). Lanes (1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14,
15) show positive results for the rhll gene.
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RESUMO

Introducdo: As doencgas alérgicas constituem uma crescente preocupacdo de saude publica globalmente,
impulsionadas pela urbanizagao, poluicdo ambiental e mudancgas no estilo de vida. Compreender a consciéncia
populacional e as tendéncias epidemioldgicas de longo prazo € essencial para prevengéo eficaz e organizagao
dos cuidados de saude. Objetivo: Determinar o papel da saude publica no aprimoramento da organizagao dos
cuidados meédicos para doengas alérgicas na cidade de Osh, Quirguistdo, considerando caracteristicas
epidemiolégicas, acessibilidade e qualidade dos servicos médicos. Métodos: Foi conduzido um estudo
transversal, incluindo uma pesquisa por questionario estruturado com 300 pacientes do Centro de Medicina
Familiar de Osh (2023-2024) para avaliar a consciéncia sobre causas de alergia, fatores de risco, métodos de
prevengao e fontes de informagdo. Paralelamente, foi realizada uma analise retrospectiva de dados oficiais de
morbidade (2003-2023) para rinite alérgica, asma brénquica e dermatite atépica em diferentes faixas etarias.
Resultados: A pesquisa revelou alta prevaléncia de doencgas alérgicas (63,3% dos respondentes ou seus
familiares). Poluicdo ambiental (25,0%), imunidade enfraquecida (21,7%) e hereditariedade (20,0%) foram
identificados como os principais fatores de risco. A consciéncia sobre imunoterapia especifica para alérgenos foi
baixa (16,7%). Midias sociais (30,0%), internet (28,3%) e médicos (26,7%) foram as principais fontes de
informacédo. Os dados epidemiolégicos mostraram uma tendéncia decrescente nas doengas alérgicas entre
adultos ao longo de 20 anos, mas um aumento significativo entre criangas, especialmente para dermatite atdpica
e asma bronquica. Discussao: A divergéncia entre a melhoria dos resultados em adultos e o agravamento das
tendéncias pediatricas destaca a necessidade de estratégias de saude publica especificas por idade. A
consciéncia limitada sobre métodos modernos de prevencao e o predominio de fontes digitais de informagao
sublinham oportunidades para educacéo direcionada. Conclusdes: Embora os resultados de saude dos adultos
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tenham melhorado, as crescentes taxas de alergia em criancas demandam intervengdes urgentes de saude
publica. Fortalecer a alfabetizagcdo em saude, aprimorar o papel dos provedores de cuidados primarios e
implementar programas ambientais e educacionais direcionados s&o essenciais.

Palavras-chave: Satde publica; asma brénquica; dermatite atdpica; rinite alérgica; literacia em saude; saude
infantil.

ABSTRACT

Background: Allergic diseases are a growing concern in global public health. Urbanization,
environmental pollution, and lifestyle changes contribute to this rise. Understanding what the population knows
and how disease rates change over time is necessary for better prevention and healthcare planning. Aim: This
study aimed to assess the role of public health in improving medical care for allergic diseases in Osh, Kyrgyzstan.
We considered local epidemiological patterns, service accessibility, and quality of care. Methods: We used a
cross-sectional design. A structured questionnaire was given to 300 patients at the Osh Family Medicine Center
during 2023—-2024. It covered causes of allergies, risk factors, prevention methods, and information sources. In
parallel, we analyzed official morbidity data from 2003 to 2023 for allergic rhinitis, bronchial asthma, and atopic
dermatitis across age groups. Results: The survey found a high prevalence of allergic diseases — 63.3% of
respondents or their family members had allergies. Main risk factors identified by respondents were environmental
pollution (25.0%), weakened immunity (21.7%), and heredity (20.0%). Only 16.7% knew about allergen-specific
immunotherapy. Leading information sources were social media (30.0%), the internet (28.3%), and doctors
(26.7%). Epidemiological data showed a decrease in allergic diseases among adults over 20 years, but a
significant increase among children, especially for atopic dermatitis and bronchial asthma. Discussion: Adult
outcomes have improved, but childhood allergy rates are rising. This suggests a need for age-specific public
health strategies. Limited awareness of modern prevention and the dominance of digital information sources point
to opportunities for targeted education. Conclusions: Rising allergy rates in children require urgent public health
interventions. Better health literacy, stronger primary care involvement, and targeted environmental and
educational programs are needed.

Keywords: Public health; bronchial asthma; atopic dermatitis; allergic rhinitis; health literacy; children’s health.

AHHOTALUA

BBepeHue: Annepruyeckue 3aboneBaHus NpeacTaBnsaioT cobor pacTyLyyo npobnemy obLecTBEHHOro
3[0paBoOOXpaHeHNss BO BceM Mupe, oDycrnoBneHHyw ypbaHu3auuen, 3arpsa3HeHueM OKpyXawlen cpenbl U
n3amMeHeHnem obpasa  kum3Hu. [loHMMaHue  MH(OPMUPOBAHHOCTM  HACENEHWss U AOMArOCPOYHbIX
ANMAEMUONOrMYECKMX TeHAEHUUN Heobxoanmo Ans ahPekTUBHOM NPOUNaKkTUKN U opraHM3aLmm MeauLMHCKON
nomow. Lenb: Onpegenute ponb OOLWECTBEHHOrO 340pPOBbsi B COBEPLUEHCTBOBAHMM  OpraHusauunm
MEeAMLIMHCKON MOMOLUM Npu anneprudeckmux 3aboneBaHusax Ha npumepe ropoga Ouw, Kbiprbi3cTaH, ¢ y4eToMm
ANUAEMUONOrMYECKMX OCOBEHHOCTEN, OOCTYMHOCTM M KayecTBa MeauumHckux ycnyr. MeTtoabl: [poBeaeHo
nonepeyvHoe nccrneaoBaHue, BknoyasLLee aHkeTuposaHue 300 nauuneHToB LieHTpa cemeiHon MeauuHel ropoaa
Ow (2023-2024) ons oueHkM WMHAPOPMUPOBAHHOCTU O NpUYMHaxX annepruun, dakTopax pucka, MeToaax
NPOUIIAKTUKN U UCTOYHMKAX MHGOpMauuK. NapannensHo NpoBeAeH PeTPOCNEKTUBHBIA aHanm3 oduumnanbHbIX
AaHHbIX 3aboneBaemoctn (2003-2023) nNo annepruyeckoMy puHUTY, BPOHXMANbHOW acTMe U aToMMYecKomy
AepMatuty B pasHblIX BO3pacTHbIX rpynnax. Pe3aynbTartbl: AHKETMPOBaHWE  BbISBUIIO  BbICOKYHO
pacnpoCTpaHEHHOCTb ansepruyecknx 3abonesanun (63,3% pecnoHAEHTOB UMM YNIEHOB UX CEMeN). 3arpsi3HeHne
okpyxatowen cpeabl (25,0%), ocnabneHHbli mMmyHuTeT (21,7%) wn HacnegctBeHHocTb (20,0%) Obinu
onpeaerneHbl Kak OCHOBHbIE hakTopbl pucka. OcBeAOMMEHHOCTb 06 annepreH-cneumguyeckon MMyHoTepanmm
6bina Huskon (16,7%). OCHOBHbIMU MUCTOYHMKaMK MHAOPMauun ctanu couunansHele cetn (30,0%), nHTepHeT
(28,3%) un Bpaun (26,7%). Inugemumonornyeckue [faHHble rnokasanu CHWXeHne 3aboneBaemocTu
annepruyeckumun 6onesHamu cpeamn B3pocnbix 3a 20 NeT, HO 3HaYUTENbHbIN POCT cpeaun AeTen, ocobeHHO no
aTtonuyeckoMy AepMatuty M OpoHxuanbHom actMme. O6cyxaeHue: PacxoxaeHwe wMexay ynydlleHuem
rnokasaTenen y B3pOCMbIX U yXyALleHWeM Yy feTen noavepkmBaeT HeobXOAMMOCTb BO3paCTHbIX CTpaTerum
obuecTBeHHOro 300poBbs. OrpaHuyeHHas OCBEAOMJIEHHOCTb O COBPEMEHHbIX MeTodax MpodunakTukm u
OOMVHUPOBaHNE LMPPOBbIX NCTOYHMKOB MHOPMaLMM YKa3blBalOT HA BO3MOXHOCTU ANS LefneHanpaBneHHoro
npoceeLleHnsi. BbiBoabl: HecMoTps Ha yny4lleHme 300poBbs B3pOCHbIX, POCT anneprnyeckux 3abonesaHmn y
aeten TpebyeT HEOTNOXHbBIX Mep OOLLECTBEHHOIO 34paBOOXpaHeHus. YKpenneHne caHuTapHON rpaMoOTHOCTH,
yCcuneHme ponu MepBUMYHOIO 3BEHA U peanu3aumsi LieneBbiX 3KOMOrMYecknx u obpasoBaTenbHbIX Nporpamm
ABMSOTCA HEOHXOONMBIMMU.

KnioueBble cnoBa: ObwecmeeHHoe 300posbe; O6poHxuanbHas acmma; amornuyeckud Oepmamum;
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annepauyeckull puHUM; caHumapHasi 2paMomHocmb; 30opoebe demed.

1. INTRODUCTION:

Allergic diseases are among the leading
public health challenges. Worldwide, an
estimated 30-40% of people suffer from some
form of allergy (World Health Organization,
2021; Pawankar et al., 2020). Conditions like
allergic rhinitis, bronchial asthma, atopic
dermatitis, and food allergies lower quality of
life and create large economic costs for health
systems. According to the Global Burden of
Disease Study, about 262 million people have
asthma and more than 400 million have allergic
rhinitis (GBD 2019 Asthma Collaborators,
2022). Atopic dermatitis is one of the most
common chronic skin diseases in childhood; in
some urban areas its prevalence exceeds 20%
(Langan et al., 2020).

Several factors explain the rising allergy
burden. Urbanization, environmental pollution,
changes in diet, reduced microbial exposure
(the “hygiene hypothesis”), and climate change
all play a role (Akdis, 2021; Cecchi et al., 2021).
Low- and middle-income countries are
urbanizing quickly, often faster than their
healthcare infrastructure can adapt (Serebrisky
& Wohl, 2021).

Central Asia, including the Kyrgyz
Republic, is no exception. Osh, the second
largest city, illustrates these trends well. With a
population of over 300,000, the city has high
levels of particulate matter, seasonal pollen
peaks, and dense motor traffic — all factors that
increase the risk of respiratory and allergic
diseases (Toktogulova et al., 2020; Semernik et
al., 2023). Economic constraints also limit
access to specialized allergy services and
modern therapies, such as allergen-specific
immunotherapy (Moldobaeva et al., 2022).

Public health strategies for allergic
diseases emphasize primary prevention, early
diagnosis, and patient education (GINA, 2021;
EAACI, 2022). A key element is health literacy
— the ability to obtain, understand, and use
health information (Nutbeam & Lloyd, 2021).
Poor health literacy is linked to worse disease
control, more emergency visits, and underuse
of preventive treatments (Wood et al., 2020).
Yet few studies have examined public
awareness of allergic diseases in Central Asian
cities.

In Kyrgyzstan, most previous research

focused on clinical descriptions or simple
epidemiological counts. Little attention has been
given to population knowledge, attitudes, and
practices about allergy prevention (Sulaimanov et
al., 2024; Annayeva, 2025). No study has
combined a community awareness survey with a
long-term (20-year) trend analysis of allergic
disease incidence in Osh. This gap makes it hard
to design evidence-based public health
interventions.

We therefore addressed two questions:
(1) What is the level of public awareness about
causes, risk factors, and prevention of allergic
diseases among patients attending primary care in
Osh?
(2) How have allergic disease incidence rates
changed from 2003 to 2023 across different age
groups, especially children? We hypothesized that
despite high disease burden, public awareness of
modern preventive methods is low, and the gap
between adult improvement and pediatric
worsening calls for targeted action.

1.1. Aims

The primary aim was to determine the role
of public health in improving allergy care in Osh,
taking into account epidemiological factors,
accessibility, and service quality. Secondary aims
were to measure public awareness, describe
20-year incidence trends by age, and develop
practical recommendations for prevention and
care.

2. MATERIALS AND METHODS:

2.1. Materials
2.1.1. Study Design and Setting

We used a descriptive, cross-sectional,
and analytical design. The study took place in Osh,
Kyrgyz Republic, during 2023-2024. It had two
parts: a patient survey and a retrospective analysis
of official morbidity data over 20 years.

2.1.2. Survey Participants

We enrolled 300 adult patients (=18 years)
who visited the Osh Family Medicine Center, a
primary care facility serving a mixed urban
population. Patients were recruited consecutively
during routine visits. Inclusion criteria were age
=18 years, ability to complete the questionnaire,
and voluntary consent. Inability to complete the
questionnaire was the only exclusion criterion.
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2.1.3. Questionnaire Instrument

Our team developed a structured
questionnaire based on relevant literature and
international allergy guidelines (GINA, 2021;
EAACI, 2022). We pilot-tested it on 30 patients to
assess clarity and face validity, then made minor
wording adjustments. The final version had four
sections:

e Section A: age and gender.

e Section B: awareness of allergy causes
and risk factors (multiple choice, multiple
answers allowed).

e Section C: knowledge of allergy prevention
methods.

e Section D: sources of information about
allergic diseases.

Questionnaires were anonymous.
Completion took about 10-15 minutes.

2.1.4. Epidemiological Data Source

We obtained official statistical data from
the Center for Electronic Healthcare of the Ministry
of Health of the Kyrgyz Republic for the period
2003—-2023. The data covered three disease
categories: allergic rhinitis (hay fever), bronchial
asthma, and atopic dermatitis with related
conditions. Incidence indicators were extracted
separately for adults/adolescents (=15 years) and
children under 14 years. Rates were calculated as
absolute numbers and per 100,000 population.

2.2. Methods
2.2.1. Data Collection

Trained medical staff (interviewers)
collected the surveys at the Osh Family Medicine
Center from January 2023 to December 2024.
After obtaining informed consent, interviewers
helped participants complete the questionnaire to
reduce literacy-related barriers.

2.2.2. Statistical Analysis

We used descriptive statistics: absolute
frequencies (n) and relative frequencies (%). For
epidemiological data, we computed incidence
rates per 100,000 population per year. Group
comparisons (e.g., awareness by age) used
chi-square tests, with significance set at a = 0.05.
All analyses were performed with SPSS version
29.0 (IBM Corp., Armonk, NY, USA).

2.2.3. Data Availability

Raw data are available from the
corresponding author upon reasonable request.

Summary data are presented in the tables and
figures of this manuscript.
3. RESULTS AND DISCUSSION:

3.1. Results
3.1.1. Characteristics of respondents

Of the 300 participants, 180 (60.0%) were
women and 120 (40.0%) were men. Most
participants (245, 81.7%) were of working age
(18-59 years). The largest age group was 30-44
years (95, 31.7%), followed by 45-59 years (80,
26.7%), 18-29 years (70, 23.3%), and =60 years
(55, 18.3%).

3.1.2. Prevalence of Allergic Diseases

A total of 190 respondents (63.3%)
reported having an allergic disease themselves or
in a family member. The remaining 110 (36.7%)
reported no allergies. The difference was
significant (x2 = 21.3, p < 0.001).

3.1.3. Awareness of Allergy Causes and Risk
Factors

When asked about causes of allergies, the
most frequent answers were environmental
pollution (75, 25.0%), weakened immunity (65,
21.7%), heredity (60, 20.0%), poor diet (50,
16.7%), and frequent medication use (40, 13.3%).
“Other” causes were mentioned by 10 (3.3%). The
top three causes accounted for 66.7% of all
responses.

Risk factor awareness showed a similar
pattern (Table 1). Environmental pollution was
named by 75 (25.0%), weakened immunity by 65
(21.7%), heredity by 60 (20.0%), poor diet by 50
(16.7%), and frequent medication use by 40
(13.3%). Other factors were named by 10 (3.3%).

Table 1. Awareness of allergy risk factors
among survey participants (n=300).

3.1.4. Knowledge of Allergy Prevention Methods

Avoiding contact with allergens was the
most recognized preventive measure (80, 26.7%),
followed by regular cleaning (70, 23.3%). Only 50
(16.7%) mentioned allergen-specific
immunotherapy (ASIT). Healthy eating was
named by 45 (15.0%), and strengthening the
immune system by 40 (13.3%). Other methods
were noted by 15 (5.0%) (Table 2).

Table 2. Awareness of allergy prevention
methods among survey participants (n=300).
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3.1.5. Sources of
Diseases

Information About Allergic

Social media was the most frequently cited
source (90, 30.0%), followed by the internet (85,
28.3%), and doctors (80, 26.7%). Television
accounted for 25 (8.3%), newspapers/magazines
for 10 (3.3%), and other sources for 10 (3.3%)
(Table 3). Digital sources (social media and the
internet) accounted for 58.3%.

Table 3. Sources of information about allergic
diseases among survey participants (n=300).

3.1.6. Long-term Trends
Incidence (2003—-2023)

The official data revealed opposite trends
between adults and children (Table 4). Over the 20
years, incidence rates of allergic diseases
decreased substantially among adults and
adolescents, but increased among children.

¢ Respiratory diseases: Among
adults/adolescents, the incidence rate fell
from 18,055.9 per 100,000 in 2003 to

4,497.3 per 100,000 in 2023 (a 75.1%

reduction). In children, the incidence rose

from 5,244.7 to 15,936.5 per 100,000 (a

204% increase).

in Allergic Disease

e Allergic rhinitis: Adult/adolescent rates
declined from 384.8 to 68.3 per 100,000
(82.2% reduction). Child rates decreased
from 81.0 to 64.7 per 100,000 (20.1%
decrease), but there were fluctuations, with
a higher rate in 2013.

e Bronchial asthma: Adult/adolescent rates
declined from 142.3 to 60.7 per 100,000
(57.4% reduction). In children, rates
increased from 41.5 to 82.8 per 100,000
(99.5% increase).

e Atopic dermatitis and related
conditions: Adult/adolescent rates
declined from 165.6 to 75.0 per 100,000
(54.7% reduction). In children, rates
increased from 138.8 to 163.9 per 100,000
(18.1% increase).

The most concerning changes were for
atopic dermatitis and bronchial asthma in
children, where incidence more than doubled.

Table 4. Incidence of allergic diseases in Osh city
(2003-2023), rates per 100,000 population.

3.2. Discussion

This study provides a combined picture of
public awareness and long-term allergy trends in
Osh. The results show a split pattern: adults have
seen real improvements over 20 years, but
children have not. At the same time, public
knowledge about allergy causes is decent, but
knowledge of modern prevention — especially
allergen-specific immunotherapy — is low. People
rely more on digital media than on doctors for
information.

3.2.1. Public Awareness of Allergic Diseases

The 63.3% of respondents reporting
allergies in themselves or family members is
higher than the official rates in Table 4. This is
likely because our survey captured both
diagnosed and undiagnosed cases, plus family
history. The gap suggests underdiagnosis or
underreporting in routine statistics, which calls for
better diagnostic capacity in primary care.

Most respondents correctly identified
environmental pollution, weakened immunity, and
heredity as major risk factors. This basic
understanding is  encouraging.  Pollution,
mentioned by a quarter of respondents, is a real
concern in Osh’s urban environment (Toktogulova
et al.,, 2020). Heredity (20%) matches the
well-known genetic component of atopy (Langan
et al., 2020). However, fewer people recognized
poor diet and frequent medication use as risk
factors, suggesting areas where health education
could be improved.

A critical knowledge gap is the low
awareness of ASIT — only 16.7%. ASIT is a
disease-modifying treatment that can prevent
progression from allergic rhinitis to asthma and
provide long-term tolerance (GINA, 2021; EAACI,
2022). The low awareness probably reflects
limited patient education and poor availability of
this therapy in Kyrgyzstan’s public system
(Moldobaeva et al., 2022). Both clinicians and the
public need more information about ASIT.

3.2.2. Information Sources and Health Literacy

The finding that social media (30%) and the
internet (28.3%) are the top information sources
aligns with global trends in digital health
information seeking (Wood et al., 2020). Digital
platforms offer a wide reach but also carry the risk
of misinformation. Only 26.7% of respondents
cited doctors as a source. This suggests that
clinical encounters are underused for patient
education. Patients with allergic diseases need
ongoing advice on trigger avoidance, medication
adherence, and recognizing exacerbations.
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Structured patient education in primary care could
improve disease control (Nutbeam & Lloyd, 2021).
Short educational sessions, written materials, and
trusted digital channels (e.g., clinic social media)
could help close the gap.

3.2.3. Divergent Epidemiological Trends: Adults vs.
Children

The drop in allergic disease rates among
adults is a positive sign. Better medical care, more
accurate diagnosis, and greater awareness of
allergen avoidance likely contributed. For asthma,
wider use of inhaled corticosteroids may have
helped (GINA, 2021). For allergic rhinitis and
atopic  dermatitis, better treatments and
self-management could explain the improvement.

By contrast, children have seen a clear rise in
allergic diseases, especially atopic dermatitis and
bronchial asthma. Atopic dermatitis in children
went from 138.8 to 163.9 per 100,000; asthma
from 41.5 to 82.8 per 100,000. This matches
global reports of increasing childhood allergies in
urbanizing settings (Akdis, 2021; Cecchi et al.,
2021). Several factors may explain the increase.
First, environmental exposures: Osh’s growth has
increased traffic emissions, construction dust, and
industrial activity, raising particulate matter and
allergen levels (Semernik et al., 2023). Children’s
developing immune systems are more vulnerable.
Second, lifestyle changes: less physical activity,
more time indoors, and dietary shifts toward
processed foods may promote inflammation and
reduce microbial exposure — the hygiene
hypothesis (Serebrisky & Wohl, 2021). Third,
early-life factors such as limited breastfeeding or
inappropriate weaning could contribute, though we
did not measure them. Fourth, increased
awareness among pediatricians and parents might
have led to better detection, but the consistency
across multiple disease categories suggests a true
epidemiological rise.

These divergent trends tell us that we cannot
use the same public health strategy for children as
for adults. Pediatric prevention needs its own
focus.

3.2.4. Public Health Implications

Our findings have several practical
implications for Osh and similar Central Asian
cities. First, the rising childhood allergy burden
calls for targeted prevention programs. These
could include environmental measures
(monitoring and reducing air pollution, controlling
indoor allergens in schools and kindergartens),
early diagnosis (adding allergy screening to
routine pediatric visits for children with a family
history of atopy), and parental education about

allergen avoidance and weaning practices.

Second, limited awareness of modern
prevention strategies (such as ASIT) suggests that
continuing medical education for primary care
physicians should include updates on allergy
management. Referral pathways to allergists
should be established where possible, and public
funding for ASIT should be explored.

Third, the dominance of digital media offers an
opportunity: health authorities can engage with the
public through social media, using clinic-affiliated
channels or trusted local influencers to share
accurate content. Proactive digital health literacy
campaigns are needed to counter misinformation.

Finally, progress in adult allergic disease
control should not lead to complacency.
Monitoring of emerging risks (e.g., climate-related
pollen changes) and continued access to effective
treatments are essential.

4. CONCLUSIONS:

Allergic diseases are very common in Osh,
especially in children. Adult rates have decreased
by 57-82% over the past 20 years (depending on
the disease category), likely due to better medical
care and increased awareness, likely due to better
medical care and increased awareness. Child
rates, however, have increased — most notably for
atopic dermatitis and bronchial asthma. Public
awareness of risk factors such as pollution and
heredity is good, but knowledge of modern
preventive methods (allergen-specific
immunotherapy) remains low. Most people get
information from digital media rather than doctors.
The following priorities emerge for public health
action:

e Strengthen primary prevention in children
through environmental improvements (air
quality monitoring, indoor allergen control)
and parent education about early-life risk
factors.

e Increase health literacy by incorporating
allergy education into routine primary care
consultations and using trusted digital
platforms to spread evidence-based
information.

e Improve access to modern therapies
(allergen-specific  immunotherapy) by
raising clinician awareness and exploring
sustainable funding mechanisms.

e Maintain adult disease control by
preserving access to effective treatments
and watching for emerging environmental
threats.
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Addressing the rising burden of childhood
allergies will require coordinated work across the
health, environmental, and education sectors. This
study provides baseline data for targeted
intervention design and highlights the important
role of public health in Central Asian cities.

5. DECLARATIONS

5.1. Study Limitations

Several limitations should be considered.
Our survey was done at a single family medicine
center, so results may not apply to all of Osh.
Convenience sampling may have introduced
selection bias. We relied on self-reports, which are
subject to recall and social desirability bias; we did
not clinically confirm allergic diseases. The
cross-sectional design does not allow causal
inferences. The retrospective epidemiological
analysis over 20 years may be affected by
changes in diagnostic criteria and reporting
practices. The questionnaire was not formally
validated against a gold standard. We did not
collect data on socioeconomic status, education
level, or detailed environmental exposures, which
could confound the results.

Additionally, the 2013 incidence data for
several disease categories (e.g., respiratory
diseases in adults, bronchial asthma and atopic
dermatitis in children) show non-monotonic
patterns that deviate from the overall 20-year
trends. These anomalies likely reflect a systemic
change in diagnostic criteria, disease coding (e.qg.,
transition between ICD revisions), or data
collection methodology within the Kyrgyz
healthcare system around 2013, rather than true
epidemiological fluctuations. Direct comparisons
between 2003 and 2023 remain valid for
assessing long-term trends, but intermediate year
values should be interpreted with caution. This
limitation is now explicitly acknowledged.
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Table 1. Awareness of allergy risk factors among survey participants (n=300).

Risk factor n % of total responses
Environmental pollution 75 25.0

Weakened immunity 65 21.7

Heredity 60 20.0

Poor diet 50 16.7

Frequent medication use 40 13.3

Other 10 3.3

Total 300 100

Table 2. Awareness of allergy prevention methods among survey participants (n=300).

Prevention method n % of total responses
Avoiding contact with allergens 80 26.7

Regular cleaning of premises 70 23.3
Allergen-specific immunotherapy 50 16.7

Healthy eating 45 15.0

Strengthening the immune system 40 13.3

Other 15 5.0

Total 300 100
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Table 3. Sources of information about allergic diseases among survey participants (n=300).

Information source n % of total responses
Social media 90 30.0

Internet 85 28.3

Doctors 80 26.7

Television 25 8.3
Newspapers/magazines 10 3.3

Other 10 3.3

Total 300 100

Table 4. Incidence of allergic diseases in Osh city (2003-2023), rates per 100,000 population.

Disease class Year Adults & adolescents Children (<14 years)
Respiratory diseases 2003 18,055.9 5,244.7
2013 26,103.5 3,719.8
2023 4,497.3 15,936.5
Allergic rhinitis 2003 384.8 81.0
2013 143.5 101.8
2023 68.3 64.7
Bronchial asthma 2003 142.3 41.5
2013 157.7 20.0
2023 60.7 82.8
Atopic dermatitis 2003 165.6 138.8
2013 52.2 36.9
2023 75.0 163.9

Source: Center for Electronic Healthcare, Ministry of Health of the Kyrgyz Republic.
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RESUMO

Introducdo: Em 2026, o Sistema CFQ/CRQs completa 70 anos (Lei n® 2.800/1956), fiscalizando um setor
responséavel por cerca de 11% do PIB industrial, mas carecia de reconstrugdo cronol6gica baseada em seus
registros primarios oficiais. Objetivo: Reconstruir a génese juridica do Sistema, estabelecer a cronologia oficial
documentada das presidéncias e discutir os desafios regulatérios atuais. Métodos: Pesquisa documental
historiogréafico-descritiva apoiada em fontes normativas e no acesso inédito ao registro interno "Galeria de
Presidentes", fornecido pelo Gabinete da Presidéncia do CFQ em 2026. Resultados: Detalhou-se oito
presidéncias efetivas e interinatos (1957-2026), fundamentando o exercicio interino de Oscar Bergstron
Lourenco (1963-1964) e a posse de Juvenal Déria em 1964. O Sistema hoje retine 21 CRQs e mais de 230 mil
registrados. ldentificou-se subdocumentagcédo da trajetéria de Hebe Martelli (Gnica mulher na presidéncia) e
divergéncia em aberto sobre o nimero de CRQs criados em 1957. Discussao: A Resolugcdo Normativa n°
36/1974 permanece como marco das atribuicdes. As normativas recentes retomam desafios histéricos, como a
atribuicao a curriculos hibridos e a seguranga quimica como bem publico, exigindo antecipacdo frente as
transicdes energética, de materiais e digital. Limitacées: A cronologia depende de registros institucionais nao
auditados independentemente em arquivo primario pelos autores. Conclusoes: O acesso aos registros primarios
consolidou a meméria documental dos setenta anos do Sistema, cujo legado reside na adaptagéo do arcabougo
regulatério as transformacgdes tecnologicas.

Palavras-chave: Regulamentacgéo profissional;, Pesquisa documental; Resolugdes Normativas; Governanga de
conselhos profissionais; Lei 2.800/1956.

ABSTRACT

Background: In 2026, the CFQ/CRQ System turns 70 (Law No. 2,800/1956), overseeing a sector responsible
for ~11% of industrial GDP, but lacked a chronological reconstruction based on its own official primary records.
Aim: To reconstruct the System's legal genesis, establish a documented official chronology of its presidencies,
and discuss current regulatory challenges. Methods: Historiographical-descriptive documentary research based
on normative sources and unprecedented access to the internal record "Galeria de Presidentes," provided by the
CFQ Presidency Office in 2026. Results: Eight substantive presidencies and interim periods (1957—2026) were
detailed, substantiating the interim exercise by Oscar Bergstron Lourengo (1963—1964) and Juvenal Déria's
inauguration in 1964. The System now comprises 21 regional councils and over 230,000 registrants. Under-
documentation of Hebe Martelli's trajectory (the only female president) and an open divergence regarding the
number of regional councils created in 1957 were identified. Discussion: Normative Resolution No. 36/1974
remains the milestone for professional attributions. Recent regulations revisit historical challenges, such as
attributing competencies to hybrid curricula and establishing chemical safety as a public good, requiring
anticipation of energy, materials, and digital transitions. Limitations: The chronology relies on institutional records
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not independently audited by the authors against primary archives. Conclusions: Access to primary records
consolidated the documentary memory of the System's seventy years, whose legacy lies in adapting the

regulatory framework to technological transformations.

Keywords: Professional regulation; Documentary research; Normative resolutions; Council governance; Law

2,800/1956.

1. INTRODUCAO

Profissbes ndao nascem regulamentadas: elas
se tornam regulamentadas. O caso brasileiro da
Quimica é exemplar dessa distingdo. Entre a
criagcdo dos primeiros cursos superiores de
quimica industrial, nas décadas de 1910 e 1920,
e a instalagao efetiva de um érgao préprio de
registro e fiscalizacdo, decorreram cerca de
quatro décadas de disputa institucional (Santos,
Pinto, & Alencastro, 2006; Silva, Santos, &
Afonso, 2006). O desfecho dessa disputa tem
data: 18 de junho de 1956, quando a Lei n® 2.800
criou o Conselho Federal de Quimica (CFQ) e os
Conselhos Regionais de Quimica (CRQs) (Brasil,
1956). A mesma data é hoje celebrada como Dia
Nacional do Profissional da Quimica.

Em 2026, o Sistema CFQ/CRQs completa
setenta anos. O aniversario foi assinalado por
sessao especial do Senado Federal, por sessao
solene na Céamara dos Deputados, pelo
lancamento de selo e carimbo comemorativos
pelos Correios e pela cunhagem de medalha pela
Casa da Moeda do Brasil, além de acoes
institucionais reguladas pela propria autarquia
(Correios, 2026; CFQ, 2026b; Senado Federal,
2026).

Até a presente atualizagao, a reconstrucdo da
cronologia das presidéncias do CFQ dependia
inteiramente de pesquisas em diversas fontes
secundarias (RQI, 2020, 2023), que tornava mais
dificil a pesquisa histérica por causar a busca em
multiplas fontes. O Gabinete da Presidéncia do
CFQ, em resposta a solicitagcdo formal dos
autores, forneceu a relagéao oficial dos presidentes
e um registro interno de atas de Reunides
Ordinarias (“Galeria de Presidentes”), permitindo
preencher a linha do tempo do Conselho de
Quimica (CFQ, Gabinete da Presidéncia, 2026).

1.1. Objetivos

O objetivo desta comunicagao é reconstruir, a
partir de fontes primarias verificaveis:

(i) a génese juridica do Sistema;

(i) uma cronologia documentada das
presidéncias do CFQ, apoiada nas

assinaturas apostas as Resolugoes
Normativas e nos registros de
Reunides Ordinarias fornecidos pelo
proprio CFQ;

a evolucao do arcaboucgo que define as
atribuicoes profissionais; e

uma discussao franca dos desafios
que o Sistema enfrenta em seu oitavo
decénio. Onde a evidéncia ainda falta,
isso é dito. Onde as fontes divergem, a
divergéncia € registrada.

2. FONTES E METODO

2.1. Fontes documentais

Trata-se de pesquisa documental de carater
historiografico-descritivo, apoiada em quatro
classes de fontes:

* Fontes primarias normativas: Lei n®
2.800/1956; Decreto-Lei n® 5.452/1943
(CLT); Decreto n® 24.693/1934; Decretos
nos 85.877/1981 e 86.593/1981; e as
Resolugdes Normativas do CFQ, com
atencdo especial as assinaturas de
presidente e secretario nelas apostas, que
funcionam como testemunho datado do
ocupante do cargo.

+ Fontes priméarias biograficas: a série
“Pioneiros da Quimica” da Revista de
Quimica Industrial (RQIl), o6rgdo da
Associacdo Brasileira de Quimica, e os
obitudrios e perfis institucionais publicados
pelo préprio CFQ.

« Fontes contemporaneas: notas da
Agéncia Senado, dos Correios e do CFQ
relativas ao septuagenario (2026), além de
dados setoriais da industria quimica.

» Fonte institucional oficial (nova nesta
atualizagdo): a relacdo oficial de
presidentes e o registro interno “Galeria de
Presidentes”, fornecidos pelo Gabinete da
Presidéncia do CFQ aos autores em 25 de
junho de 2026, em resposta a solicitacao
protocolada em 22 de junho de 2026. O
registro reune datas de Reunides
Ordinarias (R.O.) do Plenario do CFQ, com
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a identificacdo de quem exercia a
Presidéncia em cada sessdo — titular,
vice-presidente ou secretario em exercicio
— desde 08 de julho de 1957 (CFQ,
Gabinete da Presidéncia, 2026).

2.2. Critérios de evidéncia e limitacoes

O critério de evidéncia adotado foi
conservador: preferiu-se a data de Reunido
Ordinaria (R.O.) ou a assinatura datada em ato
normativo a qualquer mencgao secundaria. Onde o
registro interno da “Galeria de Presidentes”
apresentou inconsisténcias internas provaveis —
por exemplo, saltos numéricos de sessoes
incompativeis com o intervalo de datas informado,
ou uma data cujo ano diverge visivelmente da
sequéncia cronolégica das sessdes vizinhas —
isso € assinalado em nota de rodapé da Tabela 1,
para transparéncia da reconstrucao.

Uma limitagcdo permanece: a documentagéo
obtida ndo resolve a divergéncia entre a RQI
(2023), segundo a qual a segunda Resolucao
Normativa do CFQ, de 1957, criava cinco
Conselhos Regionais, e o historico institucional do
CRQ-X (s.d.), segundo o qual essa mesma
Resolugédo dividiu o territério nacional em sete
regides. O ponto permanece como pendéncia de
pesquisa.

3. RESULTADOS E DISCUSSAO

3.1. Resultados

3.1.1. Antecedentes: da atividade sem
profissao a profissao sem conselho

O Decreto n® 24.693, de 12 de julho de 1934,
regulamentado pelo Decreto n® 57/1935, constitui
a primeira regulamentagdo da profissdo de
quimico no Brasil. Reconhecia atividades, mas
nao regulava efetivamente o exercicio
profissional: a condi¢cdo de quimico prendia-se ao
exercicio da atividade e nao a formagao de quem
a exercia (RQI, 2023). O primeiro diploma legal a
delimitar com maior clareza as atividades
privativas da classe foi a Consolidagdo das Leis
do Trabalho (Decreto-Lei n® 5.452, de 1° de maio
de 1943), cuja Secao Xlll do Capitulo | do Titulo
[l tratou do exercicio da profissdo de quimico.

O problema, contudo, era estrutural: a CLT
atribuiu a fiscalizacao a funcionarios do Ministério
do Trabalho, e ndo a profissionais da quimica. Na
auséncia de um conselho técnico proprio, a
atividade acabava sendo exercida por
profissionais de outras formacées e mesmo por
praticos sem diploma (RQIl, 2023). Foi dessa
insuficiéncia — e nao de um impulso corporativo

abstrato — que nasceu a campanha pela criagéo
de um érgao proprio, capitaneada, a partir de
1945, por entidades como o Sindicato dos
Quimicos do Rio de Janeiro e a Sociedade
Brasileira de Quimica, com participagdo decisiva
de Geraldo Mendes de Oliveira Castro (RQI,
2023).

3.1.2. A Lei n? 2.800/1956 e a arquitetura do
Sistema

Sancionada por Juscelino Kubitschek em 18
de junho de 1956, a Lei n® 2.800 transferiu aos
Conselhos as atribuicdes de registro, fiscalizagao
e imposicao de penalidades até entéo previstas na
CLT (Brasil, 1956, art. 1%). Conferiu ao CFQ e aos
CRQs personalidade juridica de direito publico,
autonomia administrativa e patrimonial (art. 2°),
fixou a sede do federal no Distrito Federal (art. 3%)
e definiu sua composicao (art. 4%). Trés elementos
merecem destaque analitico:

« Composigao técnica vinculante. O art. 5 impds
que, entre os nove conselheiros federais efetivos,
houvesse no minimo um tergco de engenheiros
quimicos e um terco de quimicos industriais,
quimicos industriais agricolas ou quimicos, além
de um técnico quimico.

+ Mandato honorifico e trienal. O art. 7°
estabeleceu que o mandato do presidente e dos
conselheiros seria honorifico e de trés anos, com
renovacdo anual de um terco do colegiado —
dispositivo cuja leitura, a luz da longevidade
observada em algumas gestdes, merece a
atengéo discutida na Secao 3.2.1.

+ Escolha do presidente. Originalmente, o
presidente era nomeado pelo Presidente da
Republica a partir de lista triplice organizada pelo
proprio Conselho (art. 42, alinea “a”). O Decreto n®
86.593/1981 transferiu essa escolha ao Ministro
do Trabalho. Atualmente, a escolha cabe ao
Plenéario do Conselho.

O Decreto n® 85.877, de 7 de abril de 1981,
veio estabelecer normas para a execugao da Lei
n® 2.800/1956, discriminando as atividades
compreendidas no exercicio da profissdo, as
privativas e as comuns a outras profissdes. E ele,
e nao a lei de 1956, o instrumento que sustenta a
maior parte da atuagao fiscalizatoria concreta.

A instalacao efetiva ocorreu em 1957, no Rio
de Janeiro, em sala cedida pelo Instituto Nacional
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de Tecnologia. A carteira profissional de quimico
n® 1 do Brasil foi expedida a Geraldo Mendes de
Oliveira Castro (RQI, 2023). Registra-se aqui uma
divergéncia entre fontes, ndo resolvida pela
documentacao oficial obtida nesta atualizagao:
segundo a RQI (2023), a segunda Resolugao
Normativa do CFQ, de 1957, criava cinco
Conselhos Regionais; segundo o histérico
institucional do CRQ-X (s.d.), a Resolucao
Normativa n® 2 dividiu o territério nacional em sete
regides. As duas afirmagbes podem ser
conciliaveis — cinco conselhos instalados em um
desenho de sete regides —, mas a documentagao
consultada n&o permite decidir.

A Tabela 1 sintetiza a reconstrucao
cronolégica, agora fundamentada na relagao
oficial e no registro interno “Galeria de
Presidentes” fornecidos pelo Gabinete da
Presidéncia do CFQ (2026), que documentam,
sessdo a sessdo, o exercicio da Presidéncia
desde 1957.

3.1.3. Perfis dos presidentes

3.1.3.1. Geraldo Mendes de Oliveira Castro: o
fundador

Foto: Geraldo Mendes de Oliveira Castro (1957 —

1963).
Adaptado de: https://www.abg.org.br/rqi/2014/775/RQI-775-
pagina22-Pioneiros-da-Quimica.pdf. Imagem restaurada
com IA.

Quimico industrial formado em 1935 pela
Escola Nacional de Quimica e especialista em
borracha, Geraldo Mendes de Oliveira Castro foi
um dos principais lideres da campanha pela
regulamentacdo da profissdo. Presidente do
Conselho Federal de Quimica (CFQ) por dois
mandatos consecutivos (1957-1963), fez da
valorizacdo do profissional da Quimica como
agente do desenvolvimento cientifico e
tecnolégico a principal marca de sua gestao. Entre
os primeiros atos normativos do Conselho,
destacam-se a primeira Resolugdo Normativa, de
1957, que instituiu o Regimento Interno do CFQ,
e a segunda Resolugdo Normativa, responséavel
pela criagdo dos primeiros Conselhos Regionais
de Quimica (RQI, 2023). O registro oficial de
Reunides Ordindrias mostra uma vacéancia
transitéria do cargo em 1960, coberta pelo
Secretario Ralpho Rezende Decourt e, na
sequéncia, pelo Vice-Presidente Paschoal
Senide, antes do retorno de Geraldo Mendes a
Presidéncia, documentado até julho de 1963
(CFQ, Gabinete da Presidéncia, 2026).

3.1.3.2. Oscar Bergstron Lourengo*: a transicdo de
1963—-1964.

O periodo entre 1963-1967 é, em parte,
esclarecido pelo registro oficial de Reunides
Ordinarias: entre agosto de 1963 e abril de 1964,
o Vice-Presidente Oscar Bergstron Lourenco
exerceu interinamente a Presidéncia do CFQ (49?2
a 542 R.O.), na transicdo entre a gestao de
Geraldo Mendes de Oliveira Castro e a de Juvenal
Osoério de Araujo Déria. Nao ha, nas fontes
disponiveis, biografia publicada sobre Oscar
Bergstron Lourenco; seu registro limita-se, por
ora, as atas de sessao fornecidas pelo Gabinete
da Presidéncia. Oscar foi Engenheiro quimico,
Livre Docente em Quimica Organica e Professor
de fisica e quimica da Escola Politécnica da USP;
Chefe do Departamento de Engenharia Quimica
da Escola Politécnica da USP, 1966-1969.

* Sem imagem localizada.
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3.1.3.3. Juvenal Osdrio de Araujo Déria: a
consolidacao

Foto: Juvenal Osério Araujo Déria (1963 —
1970). Cortesia CFQ — 2026.

A fase inicial de estruturagdo do Sistema foi
sucedida por um periodo de consolidagao
institucional sob a presidéncia de Juvenal Oso6rio
de Araujo Déria. Segundo presidente efetivo do
CFQ, Déria ja presidia sessdes do Plenario a partir
da 552 Reuniao Ordinéria, por volta de 1964 —
alterando a data de 1967 anteriormente atribuida
a sua nomeagao por fonte secundaria (RQI,
2020), que provavelmente registrou um ato formal
posterior ao inicio do exercicio de fato do cargo.
Déria havia exercido anteriormente a presidéncia
do Conselho Regional de Quimica da 32 Regiao,
criado em 1957. Sua gestdo é lembrada,
sobretudo, pelo entendimento firmado com o
Conselho Federal de Farmacia para definir os
limites de atuacdo entre farmacéuticos e
quimicos, tema que, sob diferentes perspectivas,
permanece atual (RQI, 2020). Também foi
durante sua presidéncia que foi editada a
Resolugcdo Normativa n® 23/1969, ainda hoje
considerada referéncia para a caracterizagao de
departamentos quimicos em industrias e
empresas comerciais sujeitos a responsabilidade
técnica. Impedimentos pontuais de Déria em 1966
e 1967 foram cobertos pelo Secretario/Vice-
Presidente Jorge da Cunha, em exercicio da
Presidéncia.

3.1.3.4. Peter Léwenberg e a Resolugdo Normativa n°
36/1974

Foto: Peter Léwenberg (1970 — 1976).
Cortesia CFQ — 2026.

O processo de consolidagdo das atribuicdes
profissionais alcangou um marco decisivo com a
publicacdo da Resolugdo Normativa n® 36, de 25
de abril de 1974, assinada por Peter Léwenberg,
que exerceu a Presidéncia em dois periodos (c.
1970-1972 e 1973—-1976), com o Vice-Presidente
Paulo Ribeiro em exercicio interino na transicao
entre eles. Provavelmente o ato normativo mais
influente da historia do Sistema CFQ/CRQs, essa
resolucdo substituiu a RN n? 26, revogou as RNs
n® 5 6, 7, 20 e 26 e reorganizou 0 exercicio
profissional a partir de um conjunto de dezesseis
atividades, correlacionadas a trés naturezas
curriculares: “Quimica” (atividades 1 a 7),
“Quimica Tecnoldgica” (atividades 1 a 13) e
“Engenharia Quimica” (atividades 1 a 16), além
das competéncias atribuidas ao Técnico em
Quimica (CFQ, 1974). Foi também nessa
resolucao, especificamente na atividade n® 3, que
passaram a constar como atribuicbes do
profissional da Quimica a vistoria, a pericia, a
avaliacdo, o arbitramento e a elaboragcdo de
pareceres, laudos e atestados, estabelecendo a
base normativa da pericia quimica judicial e
extrajudicial exercida no Brasil até os dias atuais.
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3.1.3.5. Werner Gustav Krauledat e a abertura para
novas modalidades

Foto: Werner Gustav Krauledat (1977 —
1978). Cortesia CFQ — 2026.

A evolugdo normativa do Sistema prosseguiu
com a ampliagdo das categorias profissionais
reconhecidas pelo CFQ. Nesse contexto, a
Resolugcdo Normativa n°® 46, de 27 de janeiro de
1978, assinada durante a gestdo de Werner
Gustav Krauledat — iniciada em julho de 1977,
apos periodo de exercicio interino do Vice-
Presidente Clovis Martins Ferreira —, exemplifica
um movimento que se repetiria nas décadas
seguintes: o reconhecimento de novas formacoes
decorrentes do processo de diversificacao
industrial. Ao determinar o registro de Quimicos
de Alimentos, Tecndélogos de Alimentos e
Engenheiros de Alimentos, o CFQ aplicou o art. 9°
da RN n® 36, que autoriza a atribuicdo de
competéncias a graduados em cursos com
organizagdo curricular semelhante, a uma
profissdo entdo considerada em “franco
desenvolvimento” (CFQ, 1978).

3.1.3.6. Olavo Romanus

Foto: Olavo Romanus (1978 — 1979).
Cortesia CFQ — 2026.

Prof. Olavo Romanus (1927-2011) nasceu em
Curitiba e é um quimico de formagao marcada
pela exceléncia e inovagdo. Graduado em
Quimica Industrial e Engenharia Quimica pela
Universidade do Parana, complementou sua
formacdo com pés-graduagao no Instituto de
Oleos do Ministério da Agricultura, no Rio de
Janeiro, e estudos nos EUA, onde aprofundou
conhecimento em Quimica Orgénica e
Radioisétopos. Retornou ao Brasil por convicgao
de contribuir ao ensino; foi instrutor, professor
titular e diretor da Escola de Quimica da
Universidade Federal do Parana, responsavel
pela modernizagcdo de laboratérios e pela
transferéncia da escola para o Centro Politécnico.
Seu trabalho pioneiro em cromatografia, com
organizagao de cursos especializados, consolidou
as bases analiticas na instituicdo. (CRQ-IX, 2011)

Além de sua atuacao académica, Romanus foi
pesquisador no Instituto de Biologia do Parana,
colaborador na criagao de laboratérios de Biologia
Marinha na UFPR, membro dos Conselhos de
Curadores e de Especialistas em Ensino de
Quimica, e conselheiro federal. Presidiu a
organizacdo do | Simpédsio Brasileiro de
Cromatografia (1964) e foi batalhador incansavel
pela defesa da profissdo quimica. Sua
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preocupagdo com o0 meio ambiente o levou a
organizar estudos sobre poluentes atmosféricos.

3.1.3.7. Hebe Helena Labarthe Martelli: a primeira
mulher

Foto: Hebe Helena Labarthe Martelli (1979 —
1985). Cortesia CFQ — 2026.

A ampliacdo institucional promovida pelo
Sistema coincidiu, em seguida, com um marco
histérico na composicdo de sua liderancga.
Aprovada em primeiro lugar no curso de Quimica
Industrial da Escola de Quimica da UFRJ —
tornando-se a primeira mulher a alcangar essa
colocacao — e melhor aluna da turma formada em
1942, Hebe Helena Labarthe Martelli assumiu a
presidéncia do CFQ em 10 de janeiro de 1979,
apos periodo de exercicio interino do Vice-
Presidente Olavo Romanus. Até 2026, permanece
como a Unica mulher a ocupar 0 cargo. Sua
primeira Resolugéao Normativa, a RN n? 49, de 21
de setembro de 1979, teve como objetivo
uniformizar os processos de prestacao de contas
ao Tribunal de Contas da Unido. Durante sua
gestao, também foram editadas a RN n° 66, que
isentava do pagamento de anuidade profissionais
em situagdo de vulnerabilidade, e a expansao dos
Conselhos Regionais para Sergipe, Parana e
Ceara/Piaui, além da celebracdo, em 1982, do
convénio com a Novacap para a construcdo da
sede do CFQ em Brasilia (CFQ, 2026a).

Do ponto de vista historiografico, contudo,
permanece uma assimetria digna de registro. A
documentacao disponivel sobre Hebe Martelli é

substancialmente mais escassa do que aquela
referente aos seus pares masculinos, e sua
biografia institucional somente foi publicada pelo
CFQ em julho de 2026, treze anos apos seu
falecimento, ocorrido em  2013. Essa
subdocumentagcdo das trajetérias femininas na

Quimica brasileira constitui, por si s, um
importante  objeto de investigagdo ainda
pendente.

3.1.3.8. Jesus Miguel Tajra Adad: trinta e trés anos

Foto: Jesus Miguel Tajra Adad (1985 —2018).
Cortesia CFQ — 2026.

Na sequéncia, a presidéncia do CFQ passou a
ser exercida por Jesus Miguel Tajra Adad,
engenheiro quimico e quimico industrial formado
pela UFPR, com mestrado em Engenharia
Sanitaria e especializagbes em Engenharia de
Seguranga do Trabalho e em Radiois6topos
Aplicados a Bioquimica. A frente do Conselho
entre 6 de marco de 1985 e 2018 — tomando
posse um dia apos o registro de exercicio interino
do Vice-Presidente  Roberto Hissa —,
protagonizou a mais longa gestdo da histéria do
Sistema CFQ/CRQs. Foi durante esse periodo
que a estrutura institucional atualmente existente
se consolidou, que o numero de Conselhos
Regionais alcangou os atuais 21 e que a sede do
CFQ foi transferida do Rio de Janeiro para
Brasilia. Em fevereiro de 2020, recebeu o titulo
inédito de Conselheiro Emérito, falecendo em
junho do mesmo ano (CFQ, 2020).

A duragdo de sua gestao constitui um fato
histérico objetivo, e ndao um juizo de valor.
Entretanto, esse periodo € indissociavel das
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discussbes sobre governanga desenvolvidas na
Secédo 3.2.1.

3.1.3.9. José de Ribamar Oliveira Filho: a fase da
modernizac&do

Foto: José de Ribamar Oliveira Filho (2018-
Atual (2026+)).

Cortesia CFQ — 2026.

Doutor em  Quimica Analitica pela
Universidade de Sao Paulo (USP) e professor da
Universidade Federal do Maranhao (UFMA), o
Professor Dr. José de Ribamar Oliveira Filho foi
eleito presidente do Conselho Federal de Quimica
(CFQ) em 18 de abril de 2018 (R.O. n® 26.777,
6072 Reunido) e reconduzido, por aclamagéo,
para o mandato 2024-2027. A frente da autarquia,
liderou um amplo processo de modernizacao
institucional, marcado pela implementagdo do
Planejamento Estratégico 2018-2028, pela
institucionalizagdo do Colégio de Presidentes
(Copresi), pela criagdo do Comité de Relagdes
Institucionais e Governamentais e pela atuagéao
firme em defesa do Sistema CFQ/CRQs diante da
Proposta de Emenda a Constituicdo n® 108/2019.
Durante a pandemia de COVID-19, coordenou a
iniciativa Quimica Solidaria, responsavel pela
doacao de mais de 100 mil litros de alcool e alcool
em gel 70%, além de criar a Central de
Informagdes da Quimica (CIQ). Sua gestéao
também fortaleceu a insercédo internacional do
Sistema, com participacdo em eventos como a
COP28 (CFQ, 2024).

Esse compromisso com a valorizacdo da
Quimica e com a formagéao de profissionais éticos
e socialmente responsaveis ja era perceptivel
muito antes de sua atuagdo na presidéncia do
CFQ. Um dos autores (Gomes), como ex-aluno da
Universidade Federal do Maranhdo, teve o
privilégio de ser seu estudante nas disciplinas de
Quimica Geral Experimental, em 2004.2, e
Quimica do Meio Ambiente, em 2009.2. Suas
aulas eram ministradas com elevado rigor
cientifico, clareza e dedicagao ao ensino, sempre
acompanhadas de uma preocupacao genuina
com a formacgdo integral dos futuros quimicos.
Nos momentos de convivéncia académica, o
Professor Ribamar frequentemente dialogava
com os estudantes sobre a importancia do
Conselho Regional de Quimica para o exercicio
profissional. Essas conversas, conduzidas com
entusiasmo e espirito formador, exerceram
influéncia duradoura na trajetéria académica e
profissional de um dos autores, constituindo um
testemunho do legado de um professor que
sempre compreendeu que formar quimicos
significava, acima de tudo, formar profissionais
conscientes de sua responsabilidade perante a
sociedade.

A identidade profissional do quimico brasileiro
nao esta na Lei n® 2.800: esta na sedimentacao
das Resolugcbes Normativas. A Tabela 2
apresenta 0s marcos que, no entendimento dos
autores, melhor explicam o desenho atual.

3.1.4. O CFQ aos setenta anos: numeros e
honrarias

O Sistema CFQ/CRQs reune 21 Conselhos
Regionais, cobrindo as 27 unidades da federacgao,
e mais de 230 mil profissionais da quimica
registrados (CFQ, 2026¢; Senado Federal, 2026).
Sua missao declarada é “promover a atividade
plena da Quimica, com vistas a contribuir para o
desenvolvimento sustentavel do pais” (CFQ,
2026c). O setor que fiscaliza tem peso
macroecondmico: segundo dados da Abiquim
divulgados em 2026, a industria quimica brasileira
registrou faturamento liquido de
aproximadamente US$ 158,6 bilhdes em 2024 e
responde por cerca de 11% do PIB industrial
(Assembleia Legislativa de Goias, 2026). Trata-se
de estatistica de fonte setorial, e deve ser lida com
a cautela usual aplicavel a nimeros divulgados
por associagdes de industria.

O septuagenario foi marcado por sessao
especial no Senado Federal em 18 de junho de
2026, decorrente do Requerimento n® 52/2026
(senador Sérgio Petecado); por sessdo solene na
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Cémara dos Deputados; pelo langamento de selo
personalizado e carimbo comemorativo dos
Correios; e pela cunhagem, pela Casa da Moeda
do Brasil, de medalha alusiva a data (Correios,
2026; CFQ, 2026b; Senado Federal, 2026).

3.2. Discussao

3.2.1. Formacao profissional e o problema da
atribuicao

As RNs n? 342 e 343/2025 recolocaram, sob
linguagem nova, a questao que a RN n® 36 tentara
resolver em 1974: como atribuir competéncias
legais a egressos de curriculos cada vez mais
heterogéneos. O problema agravou-se por dois
vetores. O primeiro é a expansao acelerada de
cursos na modalidade a distdncia em uma area
cujo nucleo formativo € laboratorial e
experimental. O segundo é o surgimento de
formagdes hibridas (quimica computacional,
ciéncia de dados aplicada a quimica, engenharia
de bioprocessos) que ndo se acomodam com
naturalidade nas trés naturezas curriculares
desenhadas em 1974.

3.2.2. Seguranca quimica, produtos
controlados e responsabilidade técnica

A RN n? 335/2025, ao disciplinar a Ficha com
Dados de Seguranga de Produtos Quimicos
(FDS) e a Ficha com Dados de Seguranca de
Residuos Quimicos Perigosos (FDSR), sinaliza
um dos eixos mais promissores de atuacdo do
Sistema: a seguranga quimica como bem publico.
Aqui a responsabilidade técnica deixa de ser
formalidade cartorial e passa a ser instrumento de
protegdo a vida — inclusive a vida do préprio
trabalhador exposto. Um conselho profissional
que leve a sério esse eixo tem, ai, sua justificativa
social mais robusta.

3.2.3. Quimica verde, bioeconomia e o
proximo decénio

O oitavo decénio do CFQ coincide com trés
transicoes simultaneas: a energética
(biocombustiveis avancados, hidrogénio de baixo
carbono, combustiveis sustentaveis de aviacao),
a de materiais (reciclagem quimica, recuperagao
de terras-raras e metais criticos, economia
circular) e a digital (aprendizado de maquina
aplicado a descoberta de materiais e ao controle
de processos, laboratérios autdbnomos). Um
conselho profissional que chegue tarde a essas
fronteiras nao apenas perde relevancia: cria vazio
de responsabilidade técnica exatamente onde o
risco € maior.

4. CONCLUSOES

Setenta anos depois da Lei Mater, o balancgo é
favoravel e nao precisa de retoques. O Sistema
CFQ/CRQs deu a profissdo quimica brasileira
aquilo que ela ndo tinha em 1956: fronteira legal,
6rgéo proprio de julgamento e um mecanismo de
reconhecimento de novas modalidades capaz de
acompanhar — ainda que com atraso — a
diversificagdo da area. As trajetérias reunidas
neste texto (Geraldo Mendes, Oscar Bergstron
Lourenco, Juvenal Déria, Léwenberg, Krauledat,
Hebe Martelli, Jesus Miguel e Ribamar Oliveira)
sao, cada uma a seu modo, capitulos dessa
construcao.

A colaboracao direta do Gabinete da
Presidéncia do CFQ permitiu, nesta atualizagéao,
preencher a lacuna cronoldgica de 1963—1967
anteriormente registrada: o periodo € hoje
documentado por Reunides Ordinarias datadas,
com o exercicio interino de Oscar Bergstron
Lourengo (1963-1964) e a ascensao de Juvenal
Déria a Presidéncia plena ja por volta de 1964.

Duas tarefas permanecem propostas a
comunidade. A primeira é historiografica: resolver
a divergéncia remanescente quanto ao numero de
Conselhos Regionais criados em 1957 (cinco ou
sete) e resgatar trajetérias sub-registradas, a
comecar pela de Hebe Martelli. A segunda €
politica e técnica: enfrentar, com serenidade, o
debate sobre 0 modelo de escolha dos dirigentes,
e antecipar-se as transicdes energética, de
materiais e digital, de modo que a
responsabilidade técnica em quimica continue
significando, no oitavo decénio, o que significou
no primeiro.

E esse, e ndo a medalha, o patriménio que se
celebra.

5. DECLARAGOES

5.1. Limitagdes do Estudo

+ Limitagdes metodoldgicas: a cronologia da
Tabela 1 depende de registros
institucionais fornecidos pelo Gabinete da
Presidéncia do CFQ, ndo auditados pelos
autores em arquivo primario
independente;  duas  inconsisténcias
tipogréficas provaveis no documento-fonte
foram identificadas e assinaladas, mas
nao resolvidas.

+ Limitacdo de amostragem documental: a
divergéncia entre RQIl (2023) e CRQ-X
(s.d.) quanto ao numero de Conselhos
Regionais criados em 1957 permanece
nao resolvida.
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* Limitacdo de generalizagdo: as biografias

dos presidentes tém profundidade
documentaria desigual, refletindo
assimetrias  histéricas de  registro

(notadamente no caso de Hebe Martelli e
de Oscar Bergstron Lourengo), e ndo uma
escolha editorial dos autores.

* Limitacdo de escopo: a discussdo dos
desafios contemporaneos do Sistema
(Secao 3.2) é necessariamente seletiva e
reflete a perspectiva dos autores como
profissionais registrados no Sistema
CFQ/CRQs.

5.2. Agradecimentos

Os autores agradecem ao Gabinete da
Presidéncia do Conselho Federal de Quimica pelo
fornecimento da relagdo oficial de presidentes e
do registro interno “Galeria de Presidentes”,
essenciais para a reconstrucdo da cronologia
apresentada nesta comunicacdo; a Associacao
Cientifica Araucaria pelo apoio editorial; e a
Revista de Quimica Industrial (ABQ), cuja série
“Pioneiros da Quimica” preserva parte substancial
da memdria aqui reconstruida.
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5.3. Fontes de Financiamento
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Nenhum financiamento externo foi recebido.

5.4. Conflitos de Interesse

De Boni, L. A. B. é profissional da quimica
registrado no CRQ-V e Editor-Gerente do
Periodico Tché Quimica. Nao recebeu
financiamento do Conselho Federal de Quimica
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para a elaboracao deste texto e ndo ocupa cargo
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Gomes, P.R.B é professor efetivo no Instituto
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recebeu financiamento do Conselho Federal de
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Quimica para a elaboracdo deste texto e néo
ocupa cargo eletivo no Sistema CFQ/CRQs.

5.5. Disponibilidade de Dados

Todas as fontes normativas e biograficas
primarias citadas neste estudo sdo de acesso
publico e estao referenciadas na Seg¢do 7. O
registro interno “Galeria de Presidentes”,
fornecido pelo Gabinete da Presidéncia do CFQ,
esta disponivel mediante solicitagdo ao autor
correspondente, sujeito a autorizacdo do CFQ

para redistribuicdo.

5.6. Contribuic6es dos Autores

De Boni, L. A. B.: Concepcgéao e Design (CD),
Coleta de Dados (DC), Analise e Interpretagéo de
Dados (DAl), Escrita do Manuscrito (MW),
Aprovacao Final (FA).
Gomes, P. R. B.: Andlise e Interpretacdo de

Dados (DAl), Escrita do Manuscrito (MW),
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MW | Manuscript Writing | Escrita do Manuscrito
CR Critical Review Reviséo Critica
FA Final Approval Aprovacgéo Final

5.7. Declaracéo de Ferramentas de IA

Ferramenta: Claude (Anthropic). Propésito:
apoio a verificagao cruzada de datas entre fontes
documentais fornecidas pelos autores, redagao
de revisbes do manuscrito e reformatagao
conforme o template do periddico. Nao foi utilizada
para fabricagdo de dados, andlise estatistica ou
interpretacdo de resultados histéricos, que
permanecem de responsabilidade exclusiva dos
autores. Todo o conteudo gerado foi revisado e
substancialmente verificado pelo autor
correspondente antes da submissao.

5.8. Declaracao de Integridade da Pesquisa

Sem fabricacao de dados; sem falsificagéo
de resultados; sem relato seletivo; trabalho
original; ndo publicado anteriormente; métodos
conduzidos eticamente.

5.9. Declaracao de Originalidade e Auséncia de
Plagio

Este manuscrito é trabalho original, nao
publicado anteriormente nem em avaliagcao
simultdnea em outro periédico. Todas as fontes
estdo devidamente citadas em formato APA. [A
CONFIRMAR: execucdao de verificacdo de
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Commons Attribution 4.0 International License
(CC BY 4.0), which permits use, sharing,
adaptation, distribution and reproduction in any
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medium or format, provided that you give
appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons
license, and indicate if changes were made. To
view a copy of this license, Vvisit
http://creativecommons.org/licenses/by/4.0/.

Este artigo esta licenciado sob uma Licenga
Internacional Creative Commons Atribuicao 4.0
(CC BY 4.0, que permite o0 uso,
compartiihamento, adaptagdo, distribuicao e
reprodugdo em qualquer meio ou formato, desde
que seja dado o devido crédito aos autores
originais e a fonte, com link para a licenca. Para
ver uma coOpia desta licenga, visite
http://creativecommons.org/licenses/by/4.0/.

6. ESTUDOS ENVOLVENDO SERES
HUMANOS E ANIMAIS

Nao aplicavel. Trata-se de pesquisa
documental historico-institucional,  baseada
exclusivamente em fontes legais, normativas e
institucionais de acesso publico ou fornecidas
formalmente pelo CFQ, sem coleta de dados de
seres humanos ou animais e sem uso de
informagdes pessoais sensiveis de individuos
vivos além de fatos biograficos ja publicados. Nao
houve, portanto, necessidade de aprovagdo por
Comité de Etica em Pesquisa.

6.1. Aprovacdo do Comité de Etica

Nao aplicavel.

6.2. Consentimento Informado
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Tabela 1. Cronologia documentada das presidéncias do Conselho Federal de Quimica (1957-2026),
com base na relagéo oficial e no registro interno “Galeria de Presidentes” (CFQ, Gabinete da
Presidéncia, 2026).

Periodo Presidente / Exercicio [Evidéncia documental (R.O. = Reunido Ordinaria)

08.07.1957 — c.Geraldo Mendes de OliveiralPresidente na 12 R.O. (08.07.1957), ainda presente na 252 R.O.

08.1963 Castro (fundador; dois|(29.05.1963) e na 48?2 R.O. (03.07.1963). Vacancia do cargo em

mandatos consecutivos) 27.04.1960 (222 R.O.), com o Secretario Ralpho Rezende Decourt em
exercicio, seguido do Vice-Presidente Paschoal Senide em exercicio
(232 € 242 R.O., 27.04—08.06.1960).
14.08.1963 —Oscar Bergstron  Lourengoi492 R.O. (14.08.1963) e 542 R.O. (22.04.1964).
22.04.1964 (Vice-Presidente, em exercicio
da Presidéncia)

C. 1964 —Juvenal Osério de Araujo Déria [Presidente na 552 R.O. (logo ap6s a 542 R.O., c. 1964), com presenga

12.11.1969 documentada até pelo menos a 952 R.O. (12.11.1969). Impedimentos
pontuais foram cobertos pelo Secretario Jorge da Cunha em exercicio|
(652 R.O., 09.03.1966; 742 R.O., c. 1967; 772 R.O., 25.10.1967) e, em
1969, pelo Vice-Presidente Peter Léwenberg em exercicio (922 R.O., c.
13.06.1969; 932 R.O., 17.06.1969), com o retorno de Doéria 3
Presidéncia registrado na 942 R.O. (15.10.1969) e na 952 R.O.
(12.11.1969).

23.04.1970 —|Peter Léwenberg (Vice-|Vice-Presidente em exercicio da Presidéncia nas 992 e 1002 R.O. (23.04

02.07.1972 Presidente; depois Presidente) |e 20.05.1970); assume como Presidente pleno na 1012 R.O.
(24.06.1970). Mandato encerra-se por volta de 02.07.1972 (1342 R.O.),
quando o Vice-Presidente Paulo Ribeiro passa a exercer a Presidéncia
em razao do término do mandato.

02.07.1972 —Paulo Ribeiro (Vice-Presidente,[1342 R.O. (02.07.1972) e 1352 R.O. (15.08.1973).

12.09.1973 em exercicio; término do|

mandato de Léwenberg)

12.09.1973 — c.Peter Lowenberg (segundolPresidente na 1362 R.O. (12.09.1973); assina a RN n® 36, de 25.04.1974

1976 mandato) (CFQ, 1974).

C. 1976 —Clévis Martins Ferreira (Vice-|Clovis Martins Ferreira em exercicio na 1712 R.O. (08.10.1976);

15.07.1977 Presidente, em exercicio) /Krauledat assume como Presidente na 1812 R.O. (15.07.1977) e assina

Werner Gustav Krauledat a RN n® 46, de 27.01.1978 (CFQ, 1978).
1978 — 10.01.1979 [Olavo Romanus (Vice-|1892 R.O. (28.04.1978) e 1972 R.O. (15.12.1978).
Presidente, em exercicio)
10.01.1979 —Hebe Helena Labarthe MartelliPresidente na 1982 R.O. (10.01.1979) até pelo menos a 2362 R.O.
05.03.1985 (primeira e, até 2026, Unical(19.03.1982); breve exercicio de Samuel Klein na 2352 R.O.
mulher a presidir o CFQ) (05.02.1982). Instala 0 CRQ-X em 23.11.1983 (CRQ-X, s.d.).

05.03.1985 Roberto Hissa (Vice-Presidente,[Registro datado de 05.03.1985, véspera da posse de Jesus Miguel Tajra

em exercicio) Adad.

06.03.1985 — 2018 |Jesus Miguel Tajra Adad Presidente na 2692 R.O. (06.03.1985); presenca documentada em R.O.
sucessivas até a 22.7672 R.O. (03.12.2014, mandato 2015-2018). 33
anos a frente da autarquia; primeiro Conselheiro Emérito do CFQ (CFQ,
2020).

18.04.2018 — atual [José de Ribamar Oliveira Filho |Eleito na R.O. n® 26.777 (6072 Reuniao, 18.04.2018), mandato 2018—
2021; reconduzido por aclamacado para o mandato 2024-2027 (CFQ,
2024).

Notas: intervalos assinalados com “c.” sdo inferidos a partir da sequéncia de Reunides Ordinarias vizinhas. O registro interno
“Galeria de Presidentes” apresenta trés provaveis inconsisténcias de transcricdo, aqui assinaladas para transparéncia da
reconstrugdo cronoldgica: (a) a 252 R.O. é datada de 29.05.1963 e a 482 R.O., de 03.07.1963 — um intervalo de cinco
semanas para 23 sessbes é incompativel com o ritmo observado no restante da série, sugerindo erro de digitacdo em um
dos dois numeros de sessdo ou datas; (b) a 742 R.O. é datada de “14.06.1997” no documento original, o que é
cronologicamente incompativel com a sequéncia (652 R.O. em 1966; 772 R.O. em 25.10.1967) — leitura mais provavel:
14.06.1967; (c) a 922 R.O. é datada de 13.08.1969 no documento original, data posterior a da 932 R.O. (17.06.1969) —
sequéncia cronologicamente incompativel, sugerindo erro de digitagdo no més (leitura mais provavel: 13.06.1969). Os trés
pontos foram comunicados ao Gabinete da Presidéncia do CFQ para confirmag&o em arquivo primario.
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Tabela 2. Marcos normativos selecionados da regulamentacao da profissdo quimica no Brasil.

Ano Marco

1934 Decreto n? 24.693, regulamentado pelo Decreto n® 57/1935: primeira regulamentacdo da profissdo de|
quimico; institui a figura do “quimico licenciado”.

1943 Decreto-Lei n® 5.452 (CLT), Titulo Ill, Cap. |, Secao XllI: primeira delimitacdo clara de atividades privativas;
fiscalizacdo a cargo do Ministério do Trabalho.

1956 Lei n? 2.800: cria 0 CFQ e os CRQs e lhes transfere a fiscalizagao; 18 de junho torna-se o Dia Nacional do|
Profissional da Quimica.

1957 Instalacdo do CFQ; RN n? 1 (regimento interno) e RN n? 2 (criacdo dos primeiros regionais). Ver a
divergéncia de fontes discutida na Secéo 3.1.2.

1969 RN n® 23: caracteriza, para os fins dos arts. 334-b e 341 da CLT, os departamentos quimicos de industrias
e empresas comerciais sujeitos a diregao e responsabilidade técnica.

1974 RN n? 36: elenco de 16 atividades profissionais; naturezas curriculares Quimica, Quimica Tecnolégica e
Engenharia Quimica; atribuicdes do Técnico Quimico; consagra a pericia como atribuicdo (item 03).

1977-1984 RN n? 44/1977 (agentes biolégicos no controle de aguas e efluentes); RN n? 46/1978 (alimentos); RN n?
76/1984 (revoga o paragrafo Unico do art. 22 da RN n? 36).

1981 Decreto n® 85.877: regulamenta a Lei n? 2.800, discriminando atividades privativas e comuns. Decreto n®
86.593: transfere ao Ministro do Trabalho a escolha do presidente do CFQ.

1987-1992 RN n? 105/1987 e RN n® 122/1990 (pessoas juridicas sujeitas a registro); RN n? 133/1992 (responsabilidade
técnica).

2004 RN n® 194 (atualiza os arts. 82 e 92 da RN n? 36) e RN n° 198 (define as modalidades profissionais na areal
da Quimica).

2019 RN n? 287: disciplina a fiscalizacio, as penalidades e o0 processo administrativo em todo o Sistema.

2025 RN n® 334 (responsabilidade técnica); RN n® 335 (FDS e Ficha com Dados de Seguranga de Residuos
Quimicos Perigosos); RNs n® 342 e 343 (concessao de atribuicbes a egressos de cursos superiores €
técnicos).

2026 RN n? 344 (nova Carteira de Identidade do Profissional da Quimica); RN n? 346 (agOes institucionais dos

70 anos do Sistema).

Fonte: elaborado pelos autores a partir de Brasil (1934, 1943, 1956, 1981a, 1981b) e das Resolu¢cdes Normativas do CFQ

(CRQ-1V, 2026).

Periédico Tché Quimica. ISSN 2179-0302. (2026); vol.23 (n°53)
Downloaded from www.periodico.tchequimica.com
54



-PERI()DICO TCHE QUIMICA

ARTIGO ORIGINAL

ASSOCIACAO DA VARIAGAO DO GENE TSHB COM HIPERTIREOIDISMO EM
MULHERES DA PROVINCIA DE MAYSAN

THE ASSOCIATION OF TSHB GENE VARIATION WITH HYPERTHYROIDISM IN
WOMEN OF MAYSAN PROVINCE

Slsse Anlaa ol () 438l sarl Lol o ji TSHB s 3 i) Jalis )

Yamama Ahmed Ogla
Department of Biology, College of Science, University of Misan, Maysan, Iraq. ORCID: 0000-0009-8357-2170

Salah Hasan Faraj *
Department of Biology, College of Science, University of Misan, Maysan, Iraq. ORCID: 0000-0001-9794-7396

* Corresponding author
e-mail: salah81ss@uomisan.edu.iq

Received 10 April 2026; received in revised form 09 May 2026; accepted 16 July 2026

RESUMO

Introducao: As disfungdes da tireoide sdo condigdes complexas e poligénicas influenciadas por variantes
genéticas. Objetivo: Avaliar, em carater piloto e exploratério, a distribuicdo de uma substituicdo G>A
observada na posicdo 113 do amplicon sequenciado do gene TSHB em mulheres iraquianas com
hipertireoidismo. Métodos: Estudo caso-controle piloto com 15 mulheres com hipertirecidismo e 15
controles saudaveis, entre 18 e 45 anos. Um fragmento de 520 pares de bases do éxon 3 de TSHB foi
amplificado por reacdo em cadeia da polimerase e sequenciado. As frequéncias genotipicas e alélicas
foram descritas, e tabelas esparsas foram avaliadas pelo teste exato de Fisher. Resultados: As frequéncias
dos gendtipos GG, GA e AA foram 66,67%, 20,00% e 13,33% nos casos € 93,33%, 6,67% e 0% nos
controles. O alelo A foi numericamente mais frequente nos casos (23,33% versus 3,33%). A analise
assintotica produziu OR = 8,826 (IC95%: 1,012-76,963; P = 0,049), enquanto o teste exato de Fisher
bilateral nao atingiu significancia estatistica (P = 0,052). Discussao: A diferenga observada constitui apenas
uma tendéncia nao significativa. O tamanho amostral reduzido, as células esparsas e os amplos intervalos
de confianga limitam a precisdo. O transcrito RefSeq revisado NM_000549.5 foi adotado como referéncia
para a nomenclatura; contudo, o nimero 113 foi contado a partir do inicio do amplicon de 520 pb, e ndo a
partir do cdédon de iniciagdo ATG. Portanto, essa posicdo é apresentada apenas como coordenada do
amplicon e ndo como nomenclatura HGVS c. Conclusodes: Os resultados sdo geradores de hipétese e nao
confirmam associagédo entre a variante e hipertireoidismo. Estudos multicéntricos maiores, com fenotipagem
bioquimica detalhada e nomenclatura HGVS validada, s&o necessarios.

Palavras-chave: frequéncia alélica; variante genética; estudo caso-controle; hipertireoidismo; populagdo
iraquiana.

ABSTRACT

Background: Thyroid disorders are complex polygenic conditions influenced by genetic variation. Aim: To
conduct a pilot, exploratory assessment of a G>A substitution observed at position 113 of the sequenced
TSHB amplicon in Iragi women with hyperthyroidism. Methods: This pilot case—control study included 15
women with hyperthyroidism and 15 healthy controls aged 18-45 years. A 520-bp fragment of TSHB exon 3
was amplified by polymerase chain reaction and sequenced. Genotype and allele frequencies were
described, and sparse contingency tables were evaluated using Fisher's exact test. Results: GG, GA, and
AA genotype frequencies were 66.67%, 20.00%, and 13.33% in cases and 93.33%, 6.67%, and 0% in
controls. The A allele was numerically more frequent in cases (23.33% vs. 3.33%). The asymptotic analysis
yielded OR = 8.826 (95% CI: 1.012-76.963; P = 0.049), whereas the appropriate two-sided Fisher's exact
test did not reach statistical significance (P = 0.052). Discussion: The observed difference represents a non-
significant trend only. The small sample, sparse cells, and wide confidence interval substantially limit
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precision. The reviewed RefSeq transcript NM_000549.5 was selected as the reference sequence; however,
position 113 was counted from the 5’ end of the 520-bp amplicon rather than from the transcript ATG start
codon. It is therefore reported only as an amplicon coordinate and not as HGVS c. nomenclature.
Conclusions: These hypothesis-generating findings do not establish an association between the variant and
hyperthyroidism. Larger multicenter studies with detailed biochemical phenotyping and validated HGVS
nomenclature are required.

Keywords: allele frequency; genetic variant; case—control study; hyperthyroidism; Iraqi population.
gaidlall
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hyperthyroidism has not been established.

1. INTRODUCTION

The thyroid gland is a major endocrine
organ located in the anterior neck and
composed of two lobes connected by an
isthmus. Follicular cells synthesize
triiodothyronine  and  thyroxine, whereas
parafollicular cells produce calcitonin. Thyroid
hormone production is regulated through the
hypothalamic—pituitary—thyroid axis
(Anandkumar et al, 2020; Al-Suhaimi and
Khan, 2022; Yao et al., 2022).

Thyroid-stimulating hormone (TSH) is a
heterodimeric glycoprotein composed of a
common alpha subunit and a hormone-specific
beta subunit encoded by TSHB. Circulating
TSH is widely used in the biochemical
evaluation of thyroid function, and binding of
TSH to its receptor on thyroid follicular cells
promotes thyroid hormone synthesis (Ushakov,
2024; Yang et al., 2024).

The TSHB gene is located at
chromosome 1p13.2 and contains three exons,
of which exons 2 and 3 encode the mature
protein. Pathogenic TSHB variants reported in
the literature predominantly impair hormone
synthesis, secretion, dimerization, or receptor
activation and are therefore mainly associated
with  central hypothyroidism rather than
hyperthyroidism (Nicholas et al., 2016; Persani
and Bonomi, 2017; Talebi et al., 2020).

Accordingly, a direct causal mechanism
linkihgg a TSHB coding variant to

Hyperthyroidism is more commonly related to
TSH-receptor autoantibodies or autonomous
thyroid tissue. The present study was therefore
designed as an exploratory association
analysis and does not assume that the
observed sequence change is causative.

The study specifically examined
genotype and allele distributions for a G>A
substitution observed at position 113 within the
sequenced 520-bp amplicon. Because no
reference-transcript accession was
documented in the available laboratory record,
this position is reported as an amplicon
coordinate and should not be interpreted as
validated HGVS coding-DNA nomenclature.

1.1. Aim

This pilot study aimed to explore
whether the position-113 G>A substitution
observed within the sequenced TSHB
amplicon differed in frequency between lIraqi
women with hyperthyroidism and healthy
controls from Maysan Province.

2. MATERIALS AND METHODS
2.1. Study Population and Design

This pilot case—control study included
15 women with a clinical diagnosis of
hyperthyroidism and 15 healthy controls aged
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18—45 years. Participants were recruited in
Maysan Governorate from 17 October 2024 to
25 May 2025, and blood samples were
collected at Al-Sadr Hospital. The diagnosis
recorded in the source dataset was based on
hospital clinical and laboratory assessment;
however, exact TSH/free-thyroxine thresholds,
hyperthyroidism etiology, treatment status, and
systematic exclusion criteria were not available
for retrospective reporting. The sample size
was determined by feasibility and available
eligible participants; no a priori power
calculation was performed. The study should
therefore be interpreted as exploratory and
hypothesis-generating.

2.2. Genomic DNA Extraction, PCR, and
Genotyping

Genomic DNA was extracted from
whole blood using the gSYNC™ DNA
Extraction Kit (Geneaid, Taiwan). A 520-bp
TSHB fragment was amplified with primers F:
5'-GGCTAAGCAATTCTTTCCCAGT-3" and R:
5-GCTCTCTAACGCCTGTGTAGG-3" (Ozhan
et al., 2017). PCR was performed in 25 pL
containing 3.5 puL DNA, 13 pL Master Mix, 1 pL
of each primer, and 6.5 pL nuclease-free
water. Cycling comprised 95°C for 5 min; 35
cycles of 95°C for 1 min, 55-58°C for 40 s, and
72°C for 45 s; and 72°C for 10 min. Products
were separated on 1.5% agarose gel and
visualized under ultraviolet light.
Chromatograms were aligned and genotypes
assigned using Geneious version 10.1.3. The
reviewed human TSHB RefSeq transcript
NM_000549.5 (protein accession
NP_000540.2) was selected as the reference
transcript for nomenclature review. The
reported number 113 was counted from the 5'
end of the sequenced 520-bp PCR amplicon,
not from the A of the transcript ATG initiation
codon. Consequently, the observed change is
reported as an amplicon-coordinate
substitution (position-113 G>A) and not as
HGVS c.113G>A.

2.3. Variant Nomenclature Verification

The reviewed reference transcript used
for nomenclature assessment was
NM_000549.5, with NP_000540.2 as the
corresponding  protein accession. HGVS
coding-DNA numbering begins at the A of the
ATG translation-initiation codon. Because the
laboratory designation “position 113" was
counted from the 5' end of the 520-bp PCR
amplicon, it is not valid HGVS c. notation.
Therefore, the previous ¢.113G>A and

p.Ala32Thr designations were withdrawn. The
variant is described consistently throughout
this manuscript as the position-113 G>A
substitution within the sequenced TSHB
amplicon. A definitve HGVS c¢. and p.
designation can be assigned only after the
original sequence files are aligned base-by-
base to NM_000549.5 and the exact transcript
coordinate is confirmed.

2.4. Statistical Analysis

Data were analyzed using SPSS
version 26 and MedCalc version 20.0111.
Genotype distributions were summarized
descriptively. Hardy—Weinberg calculations are
reported as exploratory because of the small
sample. For the sparse 2x2 allele table, the
two-sided Fisher’s exact test was used as the
primary inferential test. The asymptotic
Woolf/logit odds ratio and 95% confidence
interval are retained as descriptive sensitivity
estimates. Statistical significance was defined
as P < 0.05. No adjustment for multiple
comparisons was applied; therefore, all
inferential findings are exploratory.

3. RESULTS AND DISCUSSION
3.1. Results

3.1.1. Identification of the Position-113 G>A
Substitution

Multiple-sequence alignment of the
sequenced TSHB amplicon revealed a G>A
substitution at amplicon position 113 in women
with  hyperthyroidism  (Figure 1). This
coordinate is not presented as HGVS coding-
DNA nomenclature because a reference
transcript was not documented.

Sequence alignment revealed three
genotypes at the studied site: GG, GA, and
AA. A single yellow peak in the chromatogram
indicated the wild-type genotype (GG), two
overlapping red and yellow peaks indicated the
heterozygous genotype (GA), and a single red
peak corresponding to A indicated the
homozygous variant genotype (AA) (Figure 2).

3.1.2. Genotype and Allele Frequencies

Three genotypes (GG, GA, and AA)
were observed at the position-113 site. In the
hyperthyroidism group, GG was the most
frequent genotype (10/15; 66.67%), followed
by GA (3/15; 20.00%) and AA (2/15; 13.33%).
The corresponding control counts were 14, 1,
and 0. Hardy—Weinberg calculations are
shown descriptively in Table 1, but the small
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group sizes limit their interpretation.

Genotype-level comparisons were not
statistically significant. The A allele was
numerically more frequent in cases than
controls (7/30 [23.33%)] vs. 1/30 [3.33%)]). The
asymptotic Woolf/logit analysis yielded OR =
8.826 (95% Cl: 1.012-76.963; P = 0.049), but
the two-sided Fisher’s exact test, which is
appropriate for the sparse allele table, did not
reach the prespecified significance threshold
(P = 0.052). The result is therefore reported as
a non-significant trend and should be regarded
as exploratory (Table 2).

3.1.3. Variant Annotation Status

The nucleotide  substitution was
detected reproducibly in the sequencing
chromatograms. Nomenclature assessment
used the reviewed TSHB transcript
NM_000549.5; however, the reported position
113 originated from the amplicon coordinate
system rather than from ATG-based HGVS
coding-DNA  numbering. Accordingly, the
change is reported as position-113 G>A within
the sequenced amplicon, and no definitive
HGVS c. or p. designation or amino-acid
consequence is claimed.

3.2. Discussion

The A allele was numerically more
frequent among women with hyperthyroidism;
however, Fisher’s exact test yielded P = 0.052.
Thus, the present data do not demonstrate a
statistically significant association at a = 0.05.
The direction and magnitude of the asymptotic
odds ratio are unstable because the sample is
small and one control cell contains only a
single A allele.

The biological interpretation also
requires caution. Published pathogenic TSHB
variants primarily cause reduced TSH
synthesis or function and central
hypothyroidism, whereas hyperthyroidism is
usually driven by TSH-receptor autoimmunity
or autonomous thyroid tissue (Nicholas et al.,
2016; Persani and Bonomi, 2017; Talebi et al.,
2020). Therefore, the current observation
cannot be interpreted through a simple loss-of-
function mechanism, and a causal pathway
linking this amplicon variant to hyperthyroidism
remains unknown.

The reviewed
NM_000549.5 was

RefSeq
used to

transcript
assess

nomenclature. Because the original position
113 was counted from the start of the PCR
amplicon rather than from the transcript ATG
codon, the previous c¢.113G>A/p.Ala32Thr
designation was not HGVS-compliant and was
withdrawn. Functional interpretation should be
reconsidered only after the original sequencing
files are aligned to NM_000549.5, and a
transcript-based c¢. and p. annotation is
established.

The control-group allele frequency
could not be validly benchmarked against
gnomAD, dbSNP, or ClinVar without an
unambiguous transcript/genomic coordinate
and strand orientation. Database comparison,
rsID assignment, and ClinVar status must
therefore follow sequence re-annotation rather
than be inferred from the current amplicon
coordinate.

Overall, the study provides preliminary
local genotype counts but not confirmatory
evidence of association. Replication requires
larger  multicenter  cohorts,  predefined
biochemical diagnostic criteria, documentation
of Graves’ disease or other etiologies,
treatment-status data, exact statistical testing,
transcript-based HGVS annotation, and
subsequent functional assays only if a protein-
altering variant is confirmed.

4. CONCLUSIONS

This pilot study identified a G>A
substitution at position 113 of the sequenced
TSHB amplicon. The A allele was numerically
more frequent in women with hyperthyroidism
than in controls (23.33% vs. 3.33%), but the
appropriate two-sided Fisher's exact test did
not reach statistical significance (P = 0.052).
Consequently, the finding is hypothesis-

generating and does not establish an
association or causal relationship.
Nomenclature review used the RefSeq

transcript NM_000549.5 and confirmed that the
laboratory number 113 was an amplicon
coordinate, not an ATG-based HGVS c.

coordinate; therefore, the prior
c.113G>A/p.Ala32Thr designation and
structural interpretation were  withdrawn.

Assignment of a definitive HGVS designation
requires re-alignment of the original sequence
files to NM_000549.5. Larger, independently
replicated studies with detailed biochemical
phenotyping and validated HGVS annotation
are required.
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5. DECLARATIONS
5.1. Study Limitations

The principal limitations are the pilot
sample size, recruitment from one province,
absence of an a priori power calculation,
sparse genotype cells, wide confidence
intervals, no  correction for  multiple
comparisons, incomplete biochemical
diagnostic thresholds and disease-etiology
data, unavailable treatment and exclusion-
criterion details, analysis of a single amplicon
site, absence of the original sequence-file re-
alignment needed to convert the amplicon
coordinate to an NM_000549.5-based HGVS
coordinate, and lack of functional validation.
These limitations restrict precision, causal
interpretation, reproducibility, and
generalizability.
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Figure 1. Alignment of TSHB nucleotide sequences.

JAVAVAVAVAVAV-V.2VAV-VAV.VAVAVAVAVAVAY

G AAGCCACECCCCTCASG

AAA NANAANANAANNNNA

AT GAAGTCTCACHEBENCTC CTCTCTCA AG

/\M AAAANANNANNVNN,

G AAGCCACEECC CCCTCALRG

Figure 2. Sequencing chromatograms of the position-113 G>A substitution in the TSHB amplicon.
The ambiguity code R indicates G/A.

Table 1. Observed and expected genotype counts at the position-113 G>A site in the
hyperthyroidism and control groups

Group Status GG GA AA Ve P-value
Cases Observed 10 3 2 2.917 0.087
Expected 8.82 5.37 0.82
Control Observed 14 1 0 0.017 0.893
Expected 14.02 0.97 0.02
Total observed 24 4 2

HWE, Hardy—Weinberg equilibrium.
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Table 2. Genotype and allele frequencies at the position-113 G>A site in the hyperthyroidism and
control groups

P-value
Genotype/allele| Hyper n (%) | Control n (%) OR 95% ClI (Fisher PF/EF
0, 0, (<]
exact where
applicable)
GG 10 (66.67%) 14 (93.33%) 0.142 0.014-1.418 0.096 PF = 0.858
GA 3 (20.00%) 1 (6.67%) 3.500 0.320-38.233 0.304 EF =0.714
AA 2 (13.33%) 0 (0.00%) 5.740 0.252-130.379 0.272 EF = 0.825
G 23 (76.67%) 29 (96.67%) 0.113 0.012-0.988 (0.052 —
A 7 (23.33%) 1 (3.33%) 8.826 1.012-76.963 |0.052 —

OR, odds ratio; Cl, confidence interval; PF, preventive fraction; EF, etiological fraction. The allele-
level P-value is the two-sided Fisher’s exact result. Genotype-level estimates are exploratory; no
multiple-comparison correction was applied.
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RESUMO

Introducédo: Os peptideos derivados das mitocondrias, incluindo a humanina e o peptideo codificado pelo
quadro aberto de leitura mitocondrial do RNA ribossémico 12S tipo ¢ (MOTS-c), participam da resposta ao
estresse celular e da regulacdo metabdlica. Objetivo: Comparar as concentragdes séricas de humanina e
MOTS-c, hemoglobina glicada, glicemia de jejum, insulina e resisténcia a insulina entre homens saudaveis e
homens com diabetes mellitus tipo 2, aterosclerose ou hipertensdo. Métodos: Este estudo transversal
incluiu 88 homens de 40-60 anos, recrutados entre dezembro de 2024 e outubro de 2025 e distribuidos em
quatro grupos (n = 22 por grupo). A hemoglobina glicada foi medida em sangue total; glicose, insulina,
humanina e MOTS-c foram determinadas no soro. A resisténcia a insulina foi estimada pelo indice HOMA-
IR. As comparagbes foram realizadas por andlise de variancia de uma via seguida do teste post hoc da
diferenga minima significativa. Resultados: A humanina ndo diferiu entre os grupos (P > 0,05). O MOTS-c
foi significativamente menor nos trés grupos de pacientes do que no controle (P < 0,001). A hemoglobina
glicada, a glicemia de jejum e o HOMA-IR foram mais elevados no grupo com diabetes tipo 2; as
concentragdes de insulina também diferiram significativamente entre os grupos. Discussao: A reducdo do
MOTS-c pode estar associada a alteragbes da homeostase mitocondrial e metabdlica, enquanto a
humanina circulante nao diferenciou os grupos. Conclusdes: Baixas concentragbes de MOTS-c estiveram
associadas a diabetes tipo 2, aterosclerose e hipertenséo; entretanto, o desenho transversal, a amostra
limitada e as andlises nao ajustadas impedem inferéncias causais e generalizagées amplas.

Palavras-chave: humanina;, MOTS-c; peptideos derivados das mitocéndrias; resisténcia a insulina;

hemoglobina glicada

ABSTRACT

Background: Mitochondrial-derived peptides, including humanin and mitochondrial open reading frame of
the 128 ribosomal RNA type-c (MOTS-c), are bioactive microproteins involved in cellular stress responses
and metabolic regulation. Aim: To compare serum humanin and MOTS-c, glycated hemoglobin, fasting
blood glucose, insulin, and insulin resistance among healthy men and men with type 2 diabetes mellitus,
atherosclerosis, or hypertension. Methods: This cross-sectional study included 88 men aged 40—60 years
who were recruited between December 2024 and October 2025 and assigned to four groups (n = 22 each).
Glycated hemoglobin was measured in whole blood; glucose, insulin, humanin, and MOTS-c were measured
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in serum. Insulin resistance was estimated using the homeostatic model assessment of insulin resistance
(HOMA-IR). Group differences were evaluated using one-way analysis of variance followed by the least
significant difference post hoc test. Results: Humanin did not differ among groups [F(3, 84) = 1.013, P =
0.391]. MOTS-c was markedly lower in all patient groups than in controls [F(3, 84) = 113.339, P < 0.001].
Glycated hemoglobin, fasting glucose, and HOMA-IR were highest in the type 2 diabetes group, and insulin
concentrations differed significantly among groups. Discussion: Reduced circulating MOTS-c may reflect
altered mitochondrial and metabolic homeostasis, whereas circulating humanin did not discriminate among
the groups. Conclusions: Lower MOTS-c concentrations were associated with type 2 diabetes,
atherosclerosis, and hypertension. Because recruitment was site-based and the analyses were unadjusted,
the findings are exploratory and do not establish causality.

Keywords: mitochondrial-derived peptides; humanin; MOTS-c; insulin resistance; glycated hemoglobin
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1. INTRODUCTION: within  MT-RNR1 and can modulate cellular
metabolism through pathways that include
AMP-activated protein kinase; experimental

Mitochondria coordinate cellular . inks | . | K
bioenergetics, redox balance, apoptosis, and ?V'd‘?”ce Inks it to improved glucose uptake,
stress sig’naling Beyoﬁd aden’osine insulin sensitivity, and energy homeostasis (Lee

triphosphate  production, mitochondrial DNA 262%’5’ 2015; Kim et al, 2019; Mery et al,
encodes small biologically active peptides that :

participate in inter-organelle and systemic Type 2 diabetes mellitus is characterized
signaling (Saminathan et al, 2022; Clemente- by insulin resistance, compensatory
Suérez et al, 2023). These mitochondrial- hyperinsulinemia, and progressive B-cell
derived peptides include humanin, dysfunction  (Schleicher et al, 2022).
mitochondrial open reading frame of the 12S Mitochondrial-derived peptides have been
ribosomal RNA type-c (MOTS-c), small implicated in pancreatic B-cell survival and
humanin-like peptides 1-6, SHMOOSE, and metabolic regulation (Hoang et al, 2010). In
Gau (Saghatelian and Couso, 2015; Kumagai et vascular disease, humanin may protect
al., 2023). endothelial cells from oxidized low-density
lipoprotein-related injury, whereas MOTS-c has
been associated with metabolic and vascular
homeostasis (Evangeline and lyer, 2021; Zhu et
al., 2017; Li et al., 2019). Clinical studies have
reported altered circulating humanin or MOTS-c
in diabetes and coronary artery disease, but
findings are not uniform across populations and
clinical phenotypes. Hypertension frequently
coexists  with  dysglycemia and insulin

Humanin is encoded within the
mitochondrial MT-RNR2 region and was
originally identified through its neuroprotective
activity (Hashimoto et al, 2001). It has
antiapoptotic, cytoprotective, and metabolic
effects, although circulating concentrations may
vary with age, tissue activity, and disease state
(Salemi et al, 2020; Zuccato et al., 2019;
Coradduzza et al., 2023). MOTS-c is encoded
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resistance, and elevated fasting glucose has
been associated with a subsequent risk of
hypertension, particularly in men (Ahn et al.,
2021). Because mitochondrial stress signaling
contributes to metabolic and vascular
homeostasis, altered circulating mitochondrial-
derived peptides may also accompany
hypertensive  cardiometabolic  phenotypes,
although direct clinical evidence remains limited
(Savvopoulos et al., 2024).

Direct comparisons of both humanin and
MOTS-c across type 2 diabetes,
atherosclerosis, and hypertension using the
same sampling and assay framework remain
limited, particularly in Iragi men. We
hypothesized that circulating mitochondrial-
derived peptides would differ between healthy
controls and the three patient groups and would
parallel disturbances in glycemic control and
insulin resistance.

1.1. Aim

The objective of this study was to
compare serum humanin and MOTS-c
concentrations, glycated hemoglobin, fasting
blood glucose, insulin, and homeostatic model
assessment of insulin resistance (HOMA-IR)
among healthy men and men with type 2

diabetes mellitus, atherosclerosis, or
hypertension
2. MATERIALS AND METHODS:
2.1. Study Population
This  cross-sectional  study  was

conducted at the Center for Diabetes and
Endocrinology, the Maysan Center for Cardiac
Diseases and Surgery, Al-Taif Laboratory, and
selected private clinics in Maysan, Iraq, from
December 2024 to October 2025. Eligibility was
restricted to men aged 40-60 years who
belonged to one of four predefined clinical
categories and provided written informed
consent. The final analyzed sample comprised
88 participants: healthy controls (group A), type
2 diabetes mellitus (group B), atherosclerosis
(group C), and hypertension (group D), with 22
participants in each group. All 88 enrolled
participants were included in the reported
analyses. No formal a priori power calculation
was performed; the sample size reflected
recruitment feasibility during the prespecified
period, and the study should therefore be

regarded as exploratory.

Patient-group diagnoses were
established by specialist physicians using
medical history, clinical findings, and available
medical records at the participating centers.
Medication histories were recorded descriptively
but were not used for stratification or covariate
adjustment. Standardized eligibility, fasting
blood collection, and laboratory processing
procedures were applied to reduce
measurement variability; however, the site-
based non-random recruitment strategy may
have introduced selection bias.

2.2. Blood Samples

Six milliliters of venous blood were
collected from each participant after an 8-hour
fast between 09:00 and 11:00. Two milliliters
were placed in an ethylenediaminetetraacetic
acid tube for glycated hemoglobin determination
using the Huma Meter A1C reagent system
(Human, Germany) according to Nathan et al.
(2008). The remaining 4 mL were placed in a
gel tube, allowed to clot for 15 minutes, and
centrifuged at 3,000 rpm for 5 minutes. Serum
glucose was measured using a BioSystems A15
automated spectrophotometer (Spain)
according to standard clinical chemistry
procedures. Residual serum was stored at —-20
°C until analysis. Humanin and MOTS-c were
measured using immunoassay kits supplied by
MyBioSource (USA) and the ELISYS Uno
system (Human, Germany), respectively. Insulin
was measured using the AFIAS automated
immunoassay system. HOMA-IR was calculated
as fasting insulin (uU/mL) x fasting glucose
(mg/dL) / 405 (Matthews et al., 1985).

2.3. Outcomes and Statistical Analysis

The primary biochemical outcomes were
serum humanin and MOTS-c concentrations.
Secondary outcomes were glycated
hemoglobin, fasting glucose, insulin, and
HOMA-IR. Quantitative variables were analyzed
as continuous measures. Group differences
were evaluated using one-way analysis of
variance followed by the Ileast significant
difference post hoc test. Normality and
homogeneity of variance were not formally
assessed using the Shapiro-Wilk and Levene
tests because archived participant-level
diagnostic outputs were unavailable. Results
are presented as mean =+ standard error
together with  95% confidence intervals.
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Omnibus effects are reported as F(3, 84), P
values, and eta-squared (n?). All analyses were
unadjusted because complete participant-level
covariate data were not available for
multivariable modeling; no subgroup or
sensitivity analyses were performed. Statistical
significance was defined as two-sided P < 0.05.

3. RESULTS AND DISCUSSION:
3.1. Results

Serum humanin concentrations did not differ
significantly among the control [3.66 * 0.55
pg/mL; 95% confidence interval (Cl), 2.52—
4.80], type 2 diabetes [2.88 + 0.66 pg/mL; 95%
Cl, 1.51-4.25], atherosclerosis [2.83 + 0.14
pg/mL; 95% CI, 2.54-3.12], and hypertension
groups [2.66 * 0.12 pg/mL; 95% ClI, 2.41-2.91;
F(3, 84) = 1.013, P = 0.391, n2 = 0.035] (Figure
1; Table 1).

Serum MOTS-c concentrations were lower
in the type 2 diabetes [17.77 £ 1.53 pg/mL; 95%
Cl, 14.59-20.95], atherosclerosis [19.78 + 3.07
pg/mL; 95% CI, 13.40-26.16], and hypertension
groups [18.27 = 2.29 pg/mL; 95% CI, 13.51—
23.03] than in the control group [99.27 * 6.36
pg/mL; 95% CI, 86.04-112.50; F(3, 84) =
113.339, P < 0.001, n2 = 0.802]. The three
patient groups did not differ significantly from
one another (Figure 2; Table 1).

Glycated hemoglobin was highest in the
type 2 diabetes group [9.21 £ 0.46%; 95% Cl,
8.25-10.17] and exceeded the values in the
atherosclerosis [5.58 = 0.07%; 95% CI, 5.43—
5.73], hypertension [5.55 = 0.06%; 95% ClI,
5.43-5.67], and control groups [5.48 + 0.07%;
95% ClI, 5.33-5.63; F(3, 84) = 58.676, P <
0.001, n2 = 0.677]. No significant differences
were observed among the latter three groups
(Figure 3; Table 1).

Fasting glucose differed significantly among
groups [F(3, 84) = 25.989, P < 0.001, n2 =
0.481]. The type 2 diabetes group had the
highest concentration [210.09 £ 16.92 mg/dL;
95% Cl, 174.90-245.28], followed by the
hypertension [134.23 + 14.54 mg/dL; 95% ClI,
103.99-164.47], atherosclerosis [94.23 + 2.72
mg/dL; 95% CIl, 88.57-99.89], and control
groups [81.50 + 3.36 mg/dL; 95% ClI, 74.51—
88.49]. Post hoc comparisons are summarized
by the letter annotations in Figure 4.

Serum insulin  concentrations  differed
significantly among groups [F(3, 84) = 4.965, P
= 0.003, n? = 0.151]. Mean concentrations were

9.24 + 0.97 pU/mL (95% CI, 7.22—-11.26) in
controls, 23.00 + 4.26 pU/mL (95% ClI, 14.14—
31.86) in type 2 diabetes, 17.55 + 2.12 pU/mL
(95% CI, 13.14-21.96) in atherosclerosis, and
19.78 + 2.06 pU/mL (95% CI, 15.50—24.06) in
hypertension. The post hoc pattern is shown in
Figure 5.

HOMA-IR differed significantly among
groups [F(3, 84) = 10.203, P < 0.001, n2 =
0.267]. Values were highest in type 2 diabetes
[8.05 £ 1.31; 95% ClI, 5.33-10.77], followed by
hypertension [5.40 + 0.70; 95% ClI, 3.94-6.86],
atherosclerosis [4.16 + 0.58; 95% ClI, 2.95—
5.37], and controls [1.86 + 0.19; 95% CI, 1.46—
2.26]. The pairwise comparison pattern is
presented in Figure 6.

3.2. Discussion

The principal findings were a marked
reduction in circulating MOTS-c across the
three patient groups, no statistically significant
group difference in humanin, and the greatest
glycemic dysregulation and insulin resistance in
men with type 2 diabetes. Because this was a
cross-sectional, unadjusted comparison, these
findings indicate associations rather than causal
or predictive relationships.

The absence of a significant difference
in humanin is consistent with the report by
Conte et al. (2021), but contrasts with studies
that observed lower circulating humanin in
impaired  fasting glucose or diabetes
(Ramanjaneya et al, 2019; Voigt and Jelinek,
2016). Exercise status, age, disease severity,
assay characteristics, and tissue-specific
activity may contribute to this heterogeneity.
Humanin concentrations can vary with age and
growth hormone/insulin-like growth factor-1
signaling, and circulating levels may not fully
represent biological activity within target tissues
(Gong et al., 2014; Lee et al., 2014; Boutari et
al., 2022). Evidence that resistance training can
increase skeletal-muscle humanin levels in men
with impaired glucose metabolism further
supports exercise status as a potential source
of between-study variation (Gidlund et al.,
2016).

Humanin has also been linked to
vascular and oxidative-stress phenotypes.
Lower circulating humanin has been associated
with coronary endothelial dysfunction (Widmer
et al, 2013), whereas experimental
ischemia/reperfusion studies have
demonstrated changes in endogenous humanin
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after injury (Thummasorn et al, 2016).
Increased tissue expression has been reported
in mitochondrial disorders characterized by
substantial oxidative stress (Kariya et al., 2005).
These context-dependent observations support

cautious interpretation of a single serum
measurement.
MOTS-c concentrations were

substantially lower in men with type 2 diabetes,
atherosclerosis, or hypertension than in
controls. This pattern may reflect impaired
mitochondrial stress signaling or reduced
compensatory metabolic responses rather than
a disease-specific effect. Reviews of diabetes-
related evidence similarly describe reduced
circulating MOTS-c in metabolic dysfunction,
although stage of disease, obesity, and
treatment may influence the measured
concentration (Fang et al., 2025).

The type 2 diabetes finding agrees with
Ramanjaneya et al. (2019), who reported lower
circulating MOTS-c in diabetes, and with
lkonomidis et al. (2020), who linked low MOTS-
c to adverse -cardiovascular phenotypes in
patients with type 2 diabetes and coronary
artery disease. The much larger difference
between controls and all patient groups in the
present study produced a large omnibus effect
size; nevertheless, replication with independent
cohorts and assay validation is required.

In coronary artery disease, lower MOTS-
¢ has been associated with lesion severity and
complexity (Yasar et al, 2022). Experimental
studies also suggest that MOTS-c participates
in mitochondrial dynamics, antioxidant defense,
and exercise-related metabolic adaptation (Li et
al., 2019; Tang et al., 2023; Yang et al., 2021,
Woodhead and Merry, 2021). Reduced
expression in chronic metabolic stress has also
been described (Liu et al., 2019). These studies
provide biologic plausibility, but they do not
demonstrate that reduced MOTS-c caused the
abnormalities observed in the present
participants.

As expected, glycated hemoglobin,
fasting glucose, and HOMA-IR were most
markedly altered in the type 2 diabetes group.
Recent evidence  supports  bidirectional
crosstalk between impaired mitochondrial
quality control and insulin resistance, whereby
mitochondrial dysfunction may worsen insulin
signaling, while hyperglycemia and other
metabolic stressors can further compromise
mitochondrial function (Chen et al, 2025).
Nevertheless, the cross-sectional design of the

present study precludes causal or directional
inference. Accordingly, the lower MOTS-c
concentrations observed alongside poorer
glycemic indices should be interpreted as a
group-level descriptive association rather than
evidence of causality.

Previous experimental and clinical
reports have linked mitochondrial-derived
peptides to glucose homeostasis. Humanin-
related peptides have altered metabolic profiles
in obesity models (Mehta et al, 2019), and
combined humanin, MOTS-c, and SHLP2
treatment improved glucose homeostasis in
diabetic mice (Paul et al., 2026). Reviews and
clinical studies have reported inverse
associations of MOTS-c with fasting insulin,

glycated hemoglobin, or insulin resistance,
although findings are not uniform across
comorbidity patterns (Miller et al, 2020;

Ramanjaneya et al., 2019; Savvopoulos et al.,
2024).

The higher fasting glucose observed in
the hypertension group is compatible with
epidemiologic evidence linking dysglycemia to
later hypertension risk, particularly in men (Ahn
et al., 2021). However, the current groups were
not matched or adjusted for medication use,
disease duration, adiposity, smoking, diet, or
physical activity, and these factors could explain
part of the between-group differences.

Insulin resistance is also relevant to
atherosclerotic risk. In a prospective cohort of
929 adults, elevated insulin-resistance-related
indices were associated with incident carotid
plagues, including among individuals with
comparatively favorable lipid or cardiovascular
risk profiles (Liu et al., 2026). This supports the
clinical importance of insulin resistance, but it
does not directly validate HOMA-IR or MOTS-c
as diagnostic markers in the present sample.

Clinically, MOTS-c may merit further
study as a complementary biomarker of
cardiometabolic dysfunction, but the substantial
between-study  variability, limited assay
standardization, and overlap among disease
mechanisms preclude immediate diagnostic
use. Future work should include women, wider
age ranges, larger multicenter samples, detailed
medication and lifestyle data, validated assay
performance, and longitudinal follow-up to
determine temporal relationships and clinical
utility.
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4. CONCLUSIONS

In this exploratory cross-sectional study,
circulating MOTS-c was markedly lower in men
with type 2 diabetes mellitus, atherosclerosis, or
hypertension than in healthy controls, whereas
humanin did not differ significantly among
groups. Glycated hemoglobin, fasting glucose,
and HOMA-IR were most abnormal in type 2
diabetes. These findings support an association
between reduced MOTS-c and cardiometabolic
dysfunction but do not establish causality or
diagnostic performance. Larger longitudinal and
multicenter studies that include women, broader
age groups, assay validation, and adjustment
for medication and lifestyle factors are needed.

5. DECLARATIONS
5.1. Study Limitations

The sample comprised only men aged
40-60 years from a single geographical area,
which limits external validity. The modest
sample size (22 participants per group) was
based on recruitment feasibility rather than a
formal a priori power calculation and may have
limited detection of smaller effects, particularly
for humanin. Recruitment was site-based and
non-random; blinding and randomization were
not applicable to group assignment, and
laboratory blinding was not documented.
Medication use, disease duration, adiposity,
smoking, diet, physical activity, and other
potential confounders were not controlled, and
analyses were not adjusted. Formal archived
outputs for distributional assumptions and
sensitivity analyses were unavailable. The
cross-sectional  design  precludes causal
inference, and circulating humanin may not
reflect tissue-level activity. In addition, six
biochemical outcomes were evaluated using
LSD post hoc comparisons without a multiplicity
correction, which may have increased the
family-wise risk of type | error.
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Humanin (pg/mL)

A B C D
Study group

Figure 1. Serum humanin concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean + standard error. Identical
letters indicate no significant difference according to the least significant difference post hoc test (P
> 0.05).
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Figure 2. Serum MOTS-c concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean #+ standard error. Different
letters indicate significant pairwise differences, whereas identical letters indicate no significant
difference (P < 0.05).

Periédico Tché Quimica. ISSN 2179-0302. (2026); vol.23 (n°53)
Downloaded from www.periodico.tchequimica.com

73



12 A

5.45R0 07 5.58620.07 5.5520.06

Glycated hemoglobin (%)

A B C D
Study group

Figure 3. Glycated hemoglobin by study group. A, healthy control; B, type 2 diabetes mellitus; C,
atherosclerosis; D, hypertension. Bars represent mean * standard error. Different letters indicate
significant pairwise differences (P < 0.05).
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Figure 4. Fasting blood glucose by study group. A, healthy control; B, type 2 diabetes mellitus; C,
atherosclerosis; D, hypertension. Bars represent mean + standard error. Letter annotations
summarize least significant difference post hoc comparisons (P < 0.05).
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Figure 5. Serum insulin concentrations by study group. A, healthy control; B, type 2 diabetes
mellitus; C, atherosclerosis; D, hypertension. Bars represent mean + standard error. Letter
annotations summarize least significant difference post hoc comparisons (P < 0.05).

HOMA-IR

Study group

Figure 6. Homeostatic model assessment of insulin resistance (HOMA-IR) by study group. A,
healthy control; B, type 2 diabetes mellitus; C, atherosclerosis; D, hypertension. Bars represent
mean * standard error. Letter annotations summarize least significant difference post hoc
comparisons (P < 0.05).

Table 1. One-way analysis of variance results for the six biochemical outcomes.

Parameter ANOVA df F P value n?

Humanin 3, 84 1.013 0.391 0.035
MOTS-c 3, 84 113.339 <0.001 0.802
HbA1c 3, 84 58.676 <0.001 0.677
Glucose 3,84 25.989 <0.001 0.481
Insulin 3,84 4.965 0.003 0.151

HOMA-IR 3, 84 10.203 <0.001 0.267

For each outcome, df = 3, 84. Values are based on one-way analysis of variance; n? denotes eta-squared
effect size. P values below 0.001 are reported as P < 0.001. Pairwise comparisons were performed using the
least significant difference post hoc test.
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RESUMO

Introdugao: Sistemas heterociclicos hibridos que combinam nuicleos estruturalmente e farmacologicamente
relevantes sao de interesse em quimica medicinal, pois a integragdo de diferentes arcabougos pode ampliar a
diversidade molecular e modificar o comportamento de ligacdo ao alvo. Objetivo: Sintetizar e caracterizar
estruturalmente uma nova série de hibridos 1,4-di-hidropiridina—1,2,4-triazolidina-3-tiona e investigar suas
interacdes previstas com o dominio tirosina-quinase do receptor do fator de crescimento epidérmico (EGFR).
Métodos: Os compostos-alvo foram preparados por uma sequéncia de trés etapas: condensacao
multicomponente do tipo Hantzsch, formilagdo de Vilsmeier—Haack e ciclizagdo com tiosemicarbazida. Os
intermediarios e produtos finais foram caracterizados por espectroscopia no infravermelho com transformada
de Fourier (FT-IR), ressonancia magnética nuclear (RMN) de 'H e ¥C, Distortionless Enhancement by
Polarization Transfer (DEPT-135) e espectrometria de massas. O docking molecular foi realizado contra o
dominio tirosina-quinase do EGFR obtido do Protein Data Bank (PDB ID: 6JWL), utilizando o software
Molecular Operating Environment. Resultados: Os derivados-alvo foram obtidos com rendimentos moderados
a bons, e os dados espectroscépicos foram consistentes com as estruturas propostas. Entre os compostos
submetidos ao docking, M9 apresentou o escore previsto mais favoravel (-15,91 kcal/mol), seguido por M6, M3
e M12 (14,64, -14,49 e -14,44 kcal/mol, respectivamente). As poses previstas mostraram interacdes com
residuos do sitio ativo do EGFR, incluindo Lys745, Thr790 e Asp855. Discussao: As diferengcas no
comportamento de ligagao previsto foram associadas a natureza e a posi¢ao dos substituintes arila. O derivado
para-cloro M9 apresentou o escore de docking mais favoravel nas condicbes computacionais aplicadas.
Conclusées: Uma nova série de hibridos 1,4-di-hidropiridina—1,2,4-triazolidina-3-tiona foi sintetizada e
caracterizada. M9 foi o candidato computacional mais bem classificado; entretanto, os resultados s&o
preliminares e requerem confirmagéo por ensaios in vitro de inibigdo do EGFR, citotoxicidade e seletividade.

Palavras-chave: 1,4-di-hidropiridina; 1,2,4-triazolidina-3-tiona; hibridos heterociclicos; reagdo de Vilsmeier—
Haack; docking molecular; tirosina quinase EGFR; caracterizagdo espectroscdpica.

ABSTRACT

Background: Hybrid heterocyclic systems that combine structurally and pharmacologically relevant scaffolds
are of interest in medicinal chemistry because scaffold integration can expand molecular diversity and alter
target-binding behavior. Aim: To synthesize and structurally characterize a new series of 1,4-dihydropyridine—
1,2,4-triazolidine-3-thione hybrids and investigate their predicted interactions with the epidermal growth factor
receptor (EGFR) tyrosine kinase domain. Methods: The target compounds were prepared through a three-step
sequence involving Hantzsch-type multicomponent condensation, Vilsmeier-Haack formylation, and cyclization
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with thiosemicarbazide. Intermediates and final products were characterized by Fourier-transform infrared (FT-
IR) spectroscopy, proton and carbon-13 nuclear magnetic resonance ('H-NMR and ¥C-NMR), Distortionless
Enhancement by Polarization Transfer (DEPT-135), and mass spectrometry. Molecular docking was performed
against the EGFR tyrosine kinase domain obtained from the Protein Data Bank (PDB ID: 6JWL) using Molecular
Operating Environment software. Results: The target derivatives were obtained in moderate to good yields, and
the spectroscopic data were consistent with the proposed structures. Among the docked compounds, M9
showed the most favorable predicted docking score (-15.91 kcal/mol), followed by M6, M3, and M12 (-14.64,
-14.49, and -14.44 kcal/mol, respectively). The predicted poses showed interactions with EGFR active-site
residues, including Lys745, Thr790, and Asp855. Discussion: Differences in predicted binding behavior were
associated with the nature and position of the aryl substituents. The para-chloro derivative M9 showed the most
favorable docking score under the applied computational conditions. Conclusions: A new series of 1,4-
dihydropyridine—1,2,4-triazolidine-3-thione hybrids was synthesized and structurally characterized. M9 was the
highest-ranked computational candidate; however, the findings are preliminary and require confirmation through
in vitro EGFR-inhibition, cytotoxicity, and selectivity studies.

Keywords: 1,4-Dihydropyridine; 1,2,4-triazolidine-3-thione; heterocyclic hybrids; Vilsmeier—Haack reaction;
molecular docking; EGFR tyrosine kinase; spectroscopic characterization.
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1. INTRODUCTION

Heterocyclic compounds are organic
cyclic systems containing at least one heteroatom
within the ring structure. The most common
heteroatoms are nitrogen, oxygen, and sulfur;
however, heterocycles incorporating other
elements, such as selenium (Abdel-Hafez, 2008),
phosphorus, iron, and magnesium, have also
been reported. These compounds represent one
of the most prevalent and significant classes in
organic chemistry, accounting for nearly half of
the approximately 50 million organic compounds
documented in the Chemical Abstracts database
(Comins and Ma, 2016).

The importance of heterocyclic
compounds arises from their broad biological and
pharmacological relevance. They are key
structural components of many pharmaceuticals,
natural products, and biomolecules. In oncology,
nitrogen-containing heterocycles are especially
important because they provide scaffolds for

kinase-targeted agents, including inhibitors of
epidermal growth factor receptor (EGFR)
signaling (Vitaku, Smith, and Njardarson, 2014;
Irfan et al., 2025). Structurally, heterocycles are
broadly classified into aromatic (Zhao et al.,
2017) and non-aromatic systems (Vitaku, Smith,
and Njardarson, 2014). Many biologically active
compounds contain five- or six-membered rings
bearing one to three heteroatoms, either as
isolated rings or fused systems such as the
purine and pyrimidine bases in DNA (Kabir and
Uzzaman, 2022). The clinical and
pharmacological relevance of mutant-selective
EGFR inhibition is exemplified by osimertinib, a
third-generation irreversible inhibitor developed
for sensitizing and T790M-resistant EGFR
variants (Cross et al., 2014).

Among heterocyclic systems, the pyridine
ring has attracted considerable attention due to
its versatile applications in medicinal and
materials chemistry. Partial or complete reduction
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of pyridine yields important derivatives such as

piperidine, tetrahydropyridines, and
dihydropyridines, each possessing distinct
chemical and pharmacological properties.

Notably, more than 85% of biologically active
compounds either contain heterocyclic rings or
are entirely heterocyclic in nature (Heravi, 2020),
with representative examples including milrinone
and amrinone (Chalan-Gualan et al., 2022).

In particular, the 1,4-dihydropyridine ring
is a six-membered heterocyclic system containing
one nitrogen atom (Hussein and Al-Mathkuri,
2025) and is considered a crucial scaffold in
medicinal chemistry. Its derivatives exhibit a wide
spectrum of pharmacological activities, making
them essential frameworks in drug design.
Extensive research has demonstrated that
dihydropyridine derivatives can interact with
multiple biological targets, highlighting their
therapeutic potential and importance in the
development of modern pharmaceuticals (Ali and
Al-Mathkuri, 2023).

Despite substantial progress in this field,
structural modification of dihydropyridine systems
to improve target engagement remains an active
area of research (Lago et al., 2023). One strategy
is to incorporate an additional heterocyclic moiety
into a dihydropyridine or dihydropyridinone core
to expand chemical space and modulate target
specificity (Faizan et al., 2024).
Thiosemicarbazone derivatives and their cyclized
1,2,4-triazolidine-3-thione products are attractive
in this context because of their versatile reactivity
and medicinal-chemistry relevance (Gri¢ar et al.,
2025). However, their integration  with
dihydropyridinone scaffolds remains insufficiently
explored. Recent analyses of catalytic 1,4-
dihydropyridine synthesis further emphasize
continued efforts to improve efficiency,
sustainability, and structural diversity in this
scaffold class (Soni et al., 2025).

Although 1,4-dihydropyridine derivatives
and 1,24-triazolidine-3-thione systems have
each been investigated because of their
pharmacological relevance, comparatively little
attention has been given to hybrid structures that
combine both motifs within one molecular

framework; previous studies have mainly
examined independently substituted
dihydropyridines, thiosemicarbazones, or

triazolidine derivatives (Patil et al., 2019; Ramesh
and Lalitha, 2016). The direct construction of 1,4-
dihydropyridine—1,2,4-triazolidine-3-thione

hybrids, particularly the effect of electron-
withdrawing aryl substituents on synthesis,
spectroscopic features, and predicted EGFR

binding, therefore represents a defined research
gap.

In the present work, a new series of 1,4-
dihydropyridine derivatives bearing a 1,2,4-
triazolidine-3-thione moiety was synthesized
through a sequential three-step route involving
Hantzsch condensation, Vilsmeier—Haack
formylation, and cyclization with
thiosemicarbazide. The compounds contained p-
NO,, p-Br, p-Cl, or o-Cl aryl substituents to
examine their effects on reaction yield,
spectroscopic behavior, and predicted molecular
interactions. Molecular docking against the EGFR
tyrosine kinase domain was wused as a
preliminary computational approach, consistent
with prior EGFR-focused studies of
dihydropyridine derivatives (Mansour et al., 2022;
Faizan et al., 2024).

1.1. Aims

The main aim of this study was to
synthesize and structurally characterize a new
series of 1,4-dihydropyridine—1,2,4-triazolidine-3-
thione hybrid derivatives and to investigate their
predicted interactions with the EGFR tyrosine
kinase domain using molecular docking.

The specific objectives were:

1. To prepare substituted 1,4,5,6-
tetrahydropyridine derivatives through a
Hantzsch-type multicomponent reaction.

2. To convert the synthesized intermediates

into 5-formyl-1,4-dihydropyridine
derivatives using Vilsmeier—Haack
formylation.

3. To synthesize the corresponding 1,2,4-
triazolidine-3-thione derivatives by
reaction with thiosemicarbazide.

4. To characterize the  synthesized
compounds using FT-IR, '"H NMR, 3C
NMR, DEPT-135, and mass spectrometry.

5. To examine the influence of p-NO., p-Br,
p-Cl, and o-Cl substituents on the
synthetic  yields and spectroscopic
behavior of the compounds.

6. To evaluate the predicted binding modes
and interaction profiles of the final
derivatives within the EGFR tyrosine
kinase active site.
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2. MATERIALS AND METHODS

2.1. Materials

All chemicals and solvents used in this
study were of analytical grade and were
obtained from commercial suppliers, including
Merck, BDH, and Sigma-Aldrich. The reagents
included 4-nitrobenzaldehyde, 4-
bromobenzaldehyde, 4-chlorobenzaldehyde, 2-
chlorobenzaldehyde, Meldrum’s acid, methyl
acetoacetate, ammonium acetate, glacial acetic
acid, dimethylformamide (DMF), phosphorus
oxychloride (POCI3), thiosemicarbazide, sodium
acetate, and anhydrous sodium sulfate. The
solvents used included dichloromethane,
ethanol, methanol, ethyl acetate, petroleum
ether, and distilled water. Silica gel was used for
column chromatography, and pre-coated silica
gel 60 F;s, plates were used for thin-layer
chromatography. Unless otherwise stated, all
chemicals were used without further purification.

2.2. Instrumentation

Reaction progress was monitored by thin-
layer chromatography (TLC) on pre-coated silica
gel 60 F,s, plates, and spots were visualized
under ultraviolet light. Column chromatography
was performed using 60-120-mesh silica gel.
Melting points were measured on a Stuart
SMP11 apparatus and are uncorrected. Fourier-
transform infrared (FT-IR) spectra were recorded
on a Shimadzu IR Affinity-1 spectrophotometer
using KBr pellets over 4000-400 cm™. Proton
and carbon-13 nuclear magnetic resonance ('H
NMR and ®™C NMR) spectra, including
Distortionless Enhancement by Polarization
Transfer (DEPT-135) experiments, were acquired
on a Bruker spectrometer at 400 MHz for 'H and
101 MHz for '*C. CDCI; and DMSO-ds were used
as deuterated solvents, with tetramethylsilane as
the internal reference. Electrospray-ionization
mass spectra were recorded on an AB SCIEX
3200 QTRAP instrument. Molecular structures
and docking simulations were prepared and
analyzed using Molecular Operating Environment
(MOE), version 2014.

2.3. Methods

2.3.1. Synthesis of methyl 2-methyl-4-(substituted
phenyl)-6-oxo-1,4,5,6-tetrahydropyridine-3-
carboxylate derivatives (M1, M4, M7, and M10)

The synthesis was performed using a
Hantzsch-type multicomponent procedure
adapted from Vijesh et al. (2011). Methyl

acetoacetate (1 mmol), the appropriate
substituted benzaldehyde (1 mmol), Meldrum’s
acid (1 mmol), and ammonium acetate (1.5
mmol) were dissolved in glacial acetic acid (10
mL). The reaction mixture was heated under
reflux at 120 °C for 12 h, as shown in Equation 1.
Reaction progress was monitored by TLC using
ethyl acetate/petroleum ether (1:3, v/v) as the
mobile phase.

After completion, the reaction mixture was
cooled to room temperature. For the 4-bromo, 4-
chloro, and 2-chloro derivatives, the precipitated
solids were collected by filtration, washed with
cold ethanol, and recrystallized from methanol.

For the 4-nitro derivative, no precipitate
formed upon cooling. The solvent was removed
under reduced pressure, and the crude product
was purified by column chromatography using
ethyl acetate/petroleum ether. The isolated
product was dried and characterized by FT-IR, 'H
NMR, 3C NMR, and DEPT-135 spectroscopy.

2.3.2. Synthesis of methyl 6-chloro-4-
(substituted phenyl)-5-formyl-2-methyl-1,4-
dihydropyridine-3-carboxylate derivatives (M2, M5,
M8, and M11)

The Vilsmeier—Haack formylation was
performed using a procedure adapted from
Armas et al. (2000). Dimethylformamide (1.24
mL, 16 mmol) in dichloromethane (4 mL) was
added dropwise to phosphorus oxychloride (1.5
mL, 16 mmol) with continuous stirring at room
temperature. The mixture was stirred for 30 min
to generate the Vilsmeier—-Haack reagent.

A solution of the appropriate methyl 2-
methyl-4-(substituted phenyl)-6-oxo-1,4,5,6-
tetrahydropyridine-3-carboxylate  derivative (4
mmol) in dichloromethane (16 mL) was then
added slowly. The resulting reaction mixture was
stirred at room temperature for 24 h, as shown in
Equation 2. Reaction progress was monitored by
thin-layer chromatography using ethyl
acetate/petroleum ether (1:2, v/v).

After completion, an aqueous sodium
acetate solution, prepared by dissolving 16 g of
sodium acetate in 24 mL of distilled water, was
added slowly over 1 h with continuous stirring.
The mixture was extracted three times with
dichloromethane, and the combined organic
layers were dried over anhydrous sodium sulfate.

The solvent was removed under reduced
pressure.

The crude products were purified by
column chromatography using ethyl

acetate/petroleum ether (1:6, v/v) as the eluent.
The purified derivatives were obtained as light-
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yellow or yellow solids and were characterized by
FT-IR, "H NMR, and 3C NMR spectroscopy.

2.3.3. Synthesis of methyl 6-chloro-4-(substituted
phenyl)-2-methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-
1,4-dihydropyridine-3-carboxylate derivatives (M3,
M6, M9, and M12)

The cyclization procedure was adapted
from reported thiosemicarbazone-to-triazolidine-
3-thione transformations (Gri€ar et al., 2025; Patil
et al, 2019; Ramesh and Lalitha, 2016).
Thiosemicarbazide (1 mmol) and the appropriate
methyl 6-chloro-4-(substituted phenyl)-5-formyl-2-
methyl-1,4-dihydropyridine-3-carboxylate
derivative (1 mmol) were dissolved in ethanol (5
mL) and distilled water (15 mL). The reaction
mixture was heated under reflux at 80 °C for 12 h
with continuous stirring, as shown in Equation 3.

Reaction progress was monitored by thin-
layer chromatography using ethyl
acetate/petroleum  ether (1:3, v/v). After
completion, the mixture was cooled to room
temperature, and the resulting precipitate was
collected by filtration, washed with cold ethanol,
and dried.

The crude products were purified by

column chromatography using ethyl
acetate/petroleum ether (1:6, v/v) as the eluent.
FT-IR, 'H-NMR, 'C-NMR, and mass

spectrometry were used to characterize the
purified final compounds.

2.4. Molecular Docking Study

Molecular docking was conducted to
examine the predicted binding modes of M3, M6,
M9, and M12 within the EGFR tyrosine kinase
domain, following a workflow comparable to that
used for dihydropyridine-based EGFR ligands
(Mansour et al., 2022). The crystal structure of
the L858R-mutant EGFR kinase domain in
complex with osimertinib (AZD9291) was
obtained from the Protein Data Bank (PDB ID:
6JWL; 2.55 A resolution); the co-crystallized
ligand is identified as YY3. The Protein Data
Bank is the principal open repository for
experimentally determined three-dimensional
macromolecular structures (Burley et al., 2019).

The receptor was prepared in MOE
version 2014 by inspecting  structural
inconsistencies, removing water and non-
essential  crystallographic  species, adding
hydrogen atoms, assigning protonation states
under physiological conditions, and minimizing
the structure while preserving the crystallographic
geometry. The  co-crystallized osimertinib

molecule was retained to define the ATP-binding
site and validate the protocol, then removed
before docking the synthesized compounds.
Ligands M3, M6, M9, and M12 were constructed,
protonated, and energy-minimized in MOE.

The active site was defined from the
position of co-crystallized osimertinib. Ligands
were placed using Triangle Matcher, initially
scored with London dG, and the 30 highest-
ranked poses were subjected to rigid-receptor
refinement and rescoring with GBVI/WSA dG.
The five highest-ranked refined poses were
retained for each ligand.

Protocol validation was performed by
redocking co-crystallized osimertinib under the
same placement, scoring, and refinement
settings. Reproduction of the crystallographic
orientation was assessed using the heavy-atom
root-mean-square deviation (RMSD), with a
predefined acceptance criterion of RMSD < 2.0 A.
This cutoff is consistent with the commonly
applied criterion for successful reproduction of
crystallographic ligand poses in docking-
validation studies (Warren et al., 2006; Goullieux
et al., 2023).

The final poses of the synthesized
compounds and reference ligand were evaluated
using the GBVI/WSA dG score, pose RMSD,
orientation in the ATP-binding pocket, hydrogen-
bond interactions, and other polar or hydrophobic
contacts with active-site residues.

3. RESULTS AND DISCUSSION

3.1. Results

The synthesized compounds (M1-M12)
were obtained successfully. Their physical
characteristics (color and melting point), reaction
yields, molecular formulae, and chemical
structures are summarized in Table 1.

3.1.1. Spectroscopic Characterization of 1,4,5,6-
Tetrahydropyridine Derivatives (M1, M4, M7, and
M10)

3.1.1.1. Methyl 2-methyl-4-(4-nitrophenyl)-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M1)

Off-white; yield = 41%; m.p. = 202 °C (Table
1). FT-IR (KBr, vmax, cm™): 3466-3416 (N-H),
3116 (Ar—H), 2947 (aliphatic C-H), 1793 (C=0,
ester), 1699 (C=0, amide), 1637-1599 (C=C,
aromatic/olefinic), 1514 (NO,, asym), 1350 (NO,,
sym), 1489-1450 (C—C, aliphatic), 1284 (C-N,
NO,), 1201 (C-N, amide), 1178, 1109, 1085 (C-
O, ester), 854-833 (Ar-C—H, out-of-plane). H
NMR (400 MHz, DMSO-ds) 6 10.06 (s, 1H, NH),
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8.16 (d, J = 8.7 Hz, 2H, Ar-H), 7.43 (d, J = 8.6
Hz, 2H, Ar—H), 4.27 (d, J = 7.5 Hz, 1H, CH), 3.53
(s, 3H, OCH,), 3.03 (dd, J = 16.4, 7.5 Hz, 1H,
CH,), 2.44 (d, J = 16.2 Hz, 1H, CH,), 2.35 (s, 3H,
CH,). 3C NMR (101 MHz, DMSO-ds) 5 169.27,
166.73, 150.65, 149.57, 146.43, 128.04, 123.91,
103.49, 51.18, 39.52, 37.91, 37.40, 18.33.

3.1.1.2. Methyl 4-(4-bromophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M4)

Off-white; yield = 44.4%; Rf = 0.65; m.p. =
187 °C (Table 1). FT-IR (KBr, vmax, cm™): 3464
(N-H), 3057 (Ar—H), 2951 (aliphatic C—H), 1708
(C=0, ester), 1689 (C=0, lactam), 1631 (C=C,
DHP ring), 1539 (Ar C=C), 1489 (C=C), 1311 (C-
N), 1226 (C-0), 1085 (C-O-C), 731 (Ar-H, out-
of-plane), 630 (C-Br). '"H NMR (400 MHz, CDCl5)
0 8.47 (s, 1H, NH), 7.42 (d, J = 8.2 Hz, 2H, Ar—
H), 7.07 (d, J = 8.2 Hz, 2H, Ar-H), 4.23 (d, J =
7.9 Hz, 1H, CH), 3.67 (s, 3H, OCH3), 2.91 (dd, J
= 16.5, 7.9 Hz, 1H, CH;), 2.64 (d, J = 16.5 Hz,
1H, CH,), 2.40 (s, 3H, CHs). 3C NMR (101 MHz,
CDCl;) & 170.54, 167.06, 146.54, 140.97,
131.90, 128.46, 120.87, 106.68, 51.41, 37.89,
37.43, 19.14.

3.1.1.3. Methyl 4-(4-chlorophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M7)

Off-white; yield = 30%; Rf = 0.67; m.p. =
173 °C (Table 1). FT-IR (KBr, vmax, cm™): 3475
(N=H), 3124 (Ar—H), 2947 (aliphatic C-H), 1747
(C=0, ester), 1697 (C=0, lactam), 1633 (C=C,
DHP ring), 1558 (Ar C=C), 1489 (C=C), 1313 (C-
N), 1222 (C-0), 1082 (C-0O-C), 823 (Ar-H, out-
of-plane), 651 (C-CI). '"H NMR (400 MHz, CDCl5)
0 8.44 (s, 1H, NH), 7.24 (d, J = 8.4 Hz, 2H, Ar—
H), 7.12 (d, J = 8.3 Hz, 2H, Ar-H), 4.22 (d, J =
7.7 Hz, 1H, CH), 3.68 (s, 3H, OCH3;), 2.92 (dd, J
= 16.5, 7.7 Hz, 1H, CH;), 2.64 (d, J = 16.5 Hz,
1H, CH,), 2.43 (s, 3H, CHs). 3C NMR (101 MHz,
CDCIl;) & 170.85, 167.15, 146.72, 140.32,
132.80, 128.97, 128.12, 106.67, 51.56, 38.03,
37.26, 19.20.

3.1.1.4. Methyl 4-(2-chlorophenyl)-2-methyl-6-oxo-
1,4,5,6-tetrahydropyridine-3-carboxylate (M10)

Off-white; yield = 42%; Rf = 0.67; m.p. = 195
°C (Table 1). FT-IR (KBr, vmax, cm™): 3477 (N—
H), 3057 (Ar-H), 2954 (aliphatic C-H), 1707
(C=0, ester), 1633 (C=C, DHP ring), 1539 (Ar
C=C), 1487 (C=C), 1301 (C-N), 1190 (C-0),
1087 (C-0O-C), 742 (Ar—H, out-of-plane), 671 (C—
Cl). '"H NMR (400 MHz, DMSO-ds) & 10.05 (s,
1H, NH), 7.51-7.44 (m, 1H, Ar-H), 7.26 (t, J =
4.8 Hz, 2H, Ar—H), 7.08-7.01 (m, 1H, Ar-H), 4.50
(d, d = 8.0 Hz, 1H, CH), 3.40 (s, 3H, OCH5), 3.01

(dd, J = 16.3, 8.0 Hz, 1H, CH,), 2.42 (d, J = 16.3
Hz, 1H, CH,), 2.29 (s, 3H, CHs). *C NMR (101
MHz, DMSO-ds) & 169.57, 167.07, 150.43,
139.15, 132.78, 130.48, 129.11, 128.03, 127.76,
103.76, 51.59, 36.85, 35.30, 18.73.

3.1.2. Spectroscopic Characterization of Methyl 6-
chloro-4-(substituted  phenyl)-5-formyl-2-methyl-
1,4-dihydropyridine-3-carboxylate Derivatives (M2,
M5, M8, and M11)

3.1.2.1. Methyl 6-chloro-5-formyl-2-methyl-4-(4-
nitrophenyl)-1,4-dihydropyridine-3-carboxylate
(M2)

Light yellow; yield = 51.8%; Rf = 0.31;
m.p. = 151 °C (Table 1). FT-IR (KBr, vmax, cm™):
3479 (N-H), 3061 (Ar—H), 2951, 2922, 2860 (C—
H), 1697 (C=0, ester), 1649 (C=0, CHO), 1606,
1512 (C=C), 1558, 1344 (NO.), 1294 (C-N),
1226, 1087 (C-0O), 862, 692 (Ar-H). 'H NMR
(400 MHz, CDCls) 6 9.76 (s, 1H, CHO), 8.10 (d, J
= 8.6 Hz, 2H, Ar—H), 7.46 (d, J = 8.6 Hz, 2H, Ar—
H), 6.90 (s, 1H, NH), 5.22 (s, 1H, CH), 3.50 (s,
3H, OCHz3), 2.45 (s, 3H, CH3). 3C NMR (101
MHz, CDCl;) & 187.19, 166.50, 152.03, 146.73,
144.66, 142.07, 128.82, 123.69, 112.12, 105.41,
51.61, 38.74, 19.08.

3.1.2.2. Methyl 4-(4-bromophenyl)-6-chloro-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(Ms)

Light yellow; yield = 59.3%; Rf = 0.35; m.p. =
141 °C (Table 1). FT-IR (KBr, vmax, cm™): 3464
(N-H), 3057 (Ar—H), 2951, 2920, 2848 (C—H),
1708 (C=0, ester), 1689 (C=0, CHO), 1600,
1539 (C=C), 1489 (C=C), 1296 (C-N), 1226,
1085 (C-0O), 775, 731 (Ar-H), 630, 605 (C-Br).
'H NMR (400 MHz, CDCI3) & 9.75 (s, 1H, CHO),
7.35 (d, J = 8.3 Hz, 2H, Ar-H), 7.15 (d, J = 8.3
Hz, 2H, Ar-H), 7.07 (s, 1H, NH), 5.09 (s, 1H,
CH), 3.63 (s, 3H, OCHz), 2.41 (s, 3H, CH3). °C
NMR (101 MHz, CDCl;) & 187.65, 167.00,
144.09, 142.17, 129.69, 120.83, 112.74, 106.13,
51.63, 38.14, 19.06.

3.1.2.3. Methyl 6-chloro-4-(4-chlorophenyl)-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(Ms)

Light yellow; yield = 50%; Rf = 0.37; m.p.
= 136 °C (Table 1). FT-IR (KBr, vmax, cm™):
3471 (N-H), 3062 (Ar—H), 2956, 2924, 2829 (C—
H), 1710 (C=0, ester), 1689 (C=0, CHO), 1618,
1544 (C=C), 1487 (C=C), 1296 (C-N), 1226,
1085 (C-0O), 804, 731 (Ar-H), 628, 455 (C—-ClI).
'H NMR (400 MHz, CDCI3) & 9.76 (s, 1H, CHO),
7.24-7.07 (m, 4H, Ar-H), 5.10 (s, 1H, CH), 3.63
(s, 3H, OCHz), 2.40 (s, 3H, CHs). '*C NMR (101
MHz, CDCl;) & 187.61, 166.95, 144.14, 143.53,
142.23, 132.56, 129.20, 128.45, 112.68, 106.15,
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51.51, 38.00, 18.90.

3.1.2.4. Methyl 6-chloro-4-(2-chlorophenyl)-5-
formyl-2-methyl-1,4-dihydropyridine-3-carboxylate
(M11)

Yellow; yield = 58%; Rf = 0.38; m.p. = 190
°C (Table 1). FT-IR (KBr, vmax, cm™): 3410 (N—
H), 3057 (Ar-H), 2954, 2922, 2854 (C—H), 1707
(C=0, ester), 1633 (C=0, CHO), 1591, 1539
(C=C), 1487 (C=C), 1301 (C—N), 1230, 1087 (C-
0), 831, 742 (Ar-H), 626, 453 (C—-Cl). '"H NMR
(400 MHz, CDCI3) 6 9.67 (s, 1H, CHO), 7.30 (d, J
= 7.7 Hz, 2H, Ar-H), 7.20 (d, J = 6.5 Hz, 1H, Ar—
H), 7.09 (t, J = 6.8 Hz, 1H, Ar—H), 7.02 (br s, 1H,
NH), 5.39 (s, 1H, CH), 3.54 (s, 3H, OCHj3), 2.27
(s, 3H, CH3). ®C NMR (101 MHz, CDCl3;) &
187.56, 167.06, 143.60, 142.41, 133.26, 131.73,
129.86, 128.02, 126.73, 112.32, 105.94, 51.23,
37.76, 18.83.

3.1.3. Spectroscopic Characterization of Methyl 6-
chloro-4-(substituted phenyl)-2-methyl-5-(5-thioxo-
1,2,4-triazolidin-3-yl)-1,4-dihydropyridine-3-
carboxylate Derivatives (M3, M6, M9, and M12)

The TLC profile before purification
showed multiple  spots, = whereas the
chromatographic fractions showed improved
separation and purity (Figure 1).

3.1.3.1. Methyl 6-chloro-2-methyl-4-(4-nitrophenyl)-
5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M3)

Orange; yield = 50%; Rf = 0.20; m.p. =
226-228 °C (Table 1). FT-IR (KBr, vmax, cm™):
3545, 3419, 3317, 3236 (N-H, DHP and
triazolidine rings), 3149 (Ar-H), 2947, 2918
(aliphatic C—H), 1639 (C=C), 1541 (NO,, asym),
1342 (NO,, sym), 1224 (C=S), 1103 (C-O-C). 'H
NMR (400 MHz, DMSO-d,) 6 11.22 (s, 1H, NH),
9.93 (s, 1H, NH), 8.12 (s, 1H, NH), 8.08 (d, J =
8.7 Hz, 2H, Ar-H), 8.03 (s, 1H, triazolidine CH),
7.57 (d,J=8.7 Hz, 2H, Ar—H), 7.35 (s, 1H, DHP-
NH), 5.25 (s, 1H, DHP—-CH), 3.54 (s, 3H, OCHj),
2.28 (s, 3H, CH3). *C NMR (101 MHz, DMSO-d,)
0 17748, 167.14, 154.65, 147.10, 146.41,
140.64, 131.75, 129.45, 123.64, 107.63, 101.07,
51.29, 40.63, 18.63. MS (m/z): [M]* = 409.

3.1.3.2. Methyl  4-(4-bromophenyl)-6-chloro-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M6)

Orange; yield = 45%; Rf = 0.25; m.p. =
210-212 °C (Table 1). FT-IR (KBr, vmax, cm™):
3543, 3415, 3300 (N-H, DHP and triazolidine

rings), 3037 (Ar—H), 2956, 2850 (aliphatic C—H),
1735 (C=0, ester), 1681 (C=C), 1371 (C-N),
1222 (C=S), 1039 (C-O-C), 617-561 (C—Br). H
NMR (400 MHz, DMSO-de) & 11.23 (s, 1H, NH),
9.84 (s, 1H, NH), 8.12 (s, 1H, NH), 8.01 (s, 1H,
triazolidine CH), 7.39 (d, J = 8.2 Hz, 2H, Ar-H),
7.25 (s, 1H, DHP-NH), 7.21 (d, J = 7.6 Hz, 2H,
Ar-H), 5.07 (s, 1H, DHP-CH), 3.53 (s, 3H,
OCHs), 2.26 (s, 3H, CHs). °C NMR (101 MHz,
DMSO-ds) & 176.93, 166.91, 146.22, 146.07,
140.32, 131.48, 130.96, 130.80, 129.99, 119.32,
107.66, 101.20, 50.83, 40.66, 18.15. MS (m/z):
[M]* = 443,

3.1.3.3. Methyl  6-chloro-4-(4-chlorophenyl)-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M9)

Orange; yield = 62.3%; Rf = 0.22; m.p. =
208-210 °C (Table 1). FT-IR (KBr, vmax, cm™):
3425, 3145 (N-H, DHP and triazolidine rings),
3024 (Ar—H), 2974 (aliphatic C—H), 1751 (C=0,
ester), 1662 (C=C), 1371 (C-N), 1222 (C=S),
1093 (C-O-C), 553-495 (C-Cl). '"H NMR (400
MHz, DMSO-d¢) 6 11.23 (s, 1H, NH), 9.83 (s, 1H,
NH), 8.11 (s, 1H, NH), 8.01 (s, 1H, triazolidine
CH), 7.48 (s, 1H, DHP—-NH), 7.26 (m, 4H, Ar—H),
5.08 (s, 1H, DHP-CH), 3.53 (s, 3H, OCH3), 2.26
(s, 3H, CH3). ¥C NMR (101 MHz, DMSO-dg) &
177.42, 167.35, 146.46, 146.21, 140.78, 131.20,
129.98, 128.32, 108.14, 107.59, 101.72, 51.23,
40.60, 18.57. MS (m/z): [M]* = 399.

3.1.3.4. Methyl 6-chloro-4-(2-chlorophenyl)-2-
methyl-5-(5-thioxo-1,2,4-triazolidin-3-yl)-1,4-
dihydropyridine-3-carboxylate (M12)

Orange; yield = 60%; Rf = 0.22; m.p. =
210-212 °C (Table 1). FT-IR (KBr, vmax, cm™):
3414, 3336, 3163 (N-H, DHP and triazolidine
rings), 3030 (Ar—H), 2972 (aliphatic C—H), 1735
(C=0, ester), 1668 (C=C), 1371 (C-N), 1224
(C=S), 1035 (C—-0O-C), 547-420 (C—-Cl). '"H NMR
(400 MHz, DMSO-d¢) & 11.26 (s, 1H, NH), 9.94
(s, 1H, NH), 8.26 (s, 1H, NH), 8.07 (s, 1H,
triazolidine CH), 7.36-7.19 (m, 4H, Ar-H), 7.16
(s, 1H, DHP-NH), 5.37 (s, 1H, DHP—CH), 3.51 (s,
3H, OCH3;), 2.24 (s, 3H, CH;). C NMR (101
MHz, DMSO-d¢) & 177.29, 167.30, 146.14,
144.92, 141.54, 132.50, 131.36, 129.53, 128.61,
128.25, 107.82, 101.75, 51.06, 40.57, 18.43.

3.1.4. Molecular Docking Results

The docking protocol was evaluated by
redocking the co-crystallized osimertinib into the
active site of the L858R-mutant EGFR kinase
domain. The highest-ranked redocked pose
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reproduced the crystallographic orientation with a
heavy-atom RMSD of 1.35 A, which satisfied the
predefined acceptance criterion of RMSD < 2.0 A.
The corresponding GBVI/WSA dG score for
osimertinib was -13.8 kcal/mol (Table 2),
supporting use of the validated protocol for
docking M3, M6, M9, and M12. This cutoff is
consistent with the commonly applied criterion for
successful reproduction of crystallographic ligand
poses in docking-validation studies (Warren et
al., 2006; Goullieux et al., 2023).

Among the synthesized compounds, M9
showed the most favorable predicted GBVI/WSA
dG score (-15.9135 kcal/mol), followed by M6
(-14.6434 kcal/mol), M3 (-14.4948 kcal/mol),
and M12 (-14.4427 kcal/mol). M9 formed a
predicted hydrogen-bond donor interaction with
Asp855, M6 an acceptor interaction with Thr790,
M3 acceptor interactions with Lys745 and
Gly796, and M12 an acceptor interaction with
Lys745 (Table 2).

The comparatively high interaction-energy
magnitude observed for M12 was verified from
the original MOE output. This value reflects a
specific ligand-residue interaction and does not
indicate superior overall binding, as the total
docking score depends on multiple energetic and
geometric contributions.

The redocking result (RMSD = 1.35 A)
met the predefined validation criterion, and the
reference-ligand score (GBVI/WSA dG = -13.8
kcal/mol) enabled comparison with the
synthesized compounds. Nevertheless, docking
scores are computational ranking estimates and
should not be interpreted as experimentally
measured binding energies.

3.2. Discussion
3.2.1. Discussion of Step 1 (Hantzsch Reaction)

The  Hantzsch-type = multicomponent
reaction afforded the expected 1,4,5,6-
tetrahydropyridine derivatives M1, M4, M7, and
M10 in moderate yields. The observed N-H,
ester C=0, and lactam C=0 bands, together with
the aromatic, methine, methylene, methoxy,
methyl, and N—H resonances, are consistent with
Hantzsch-derived dihydropyridine systems
reported previously (Vijesh et al., 2011; Hussein
and Al-Mathkuri, 2025). The nonequivalent CH,
protons showed the expected diastereotopic
splitting pattern, and the *C NMR and DEPT-135
spectra  supported the assigned carbon
environments. Because no mechanistic or
purification data specifically explain the lower
yield of M7, no causal explanation is proposed.

3.2.2. Discussion of Step 2 (Vilsmeier-Haack
Formyilation)

Vilsmeier—Haack formylation converted
the tetrahydropyridine intermediates into the
corresponding 5-formyl-1,4-dihydropyridine
derivatives M2, M5, M8, and M11, in agreement
with the transformation reported for related
substrates (Armas et al, 2000). The
disappearance of the lactam carbonyl and CH,
features, together with aldehydic 'H signals at &
9.67-9.76 ppm and '3C signals near & 187 ppm,
supports successful formylation. The downfield
aldehyde resonances are also consistent with
established  carbonyl-anisotropy  effects in
aromatic aldehydes and ketones (Abraham,
Mobli, and Smith, 2003).

3.2.3. Discussion of Step 3 (Cyclization to
Triazolidine Derivatives)

Reaction of the formylated intermediates
with thiosemicarbazide afforded the proposed
1,2,4-triazolidine-3-thione derivatives M3, M6,
M9, and M12. Loss of the aldehyde carbonyl and
aldehydic proton signals, together with the
appearance of a C=S band near 1222 cm™ and
additional NH and ring-CH resonances, supports
cyclization. Comparable thiosemicarbazone-to-
triazolidine-3-thione transformations have been
reported by Gricar et al. (2025), Patil et al.
(2019), and Ramesh and Lalitha (2016). The
downfield NH resonances in DMSO-ds are
compatible with solvent and hydrogen-bonding
effects described for amide-type protons
(Abraham, Griffiths, and Perez, 2014).

The combined FT-IR, 'H NMR, 3C NMR,
DEPT-135, and mass-spectral data support the
proposed structures; however, two-dimensional
NMR spectroscopy or single-crystal X-ray
diffraction would provide more definitive structural
and stereochemical confirmation. This limitation
should be considered when interpreting the
assignments.

3.2.4. Substituent Effects and Molecular Docking
Analysis

The final compounds showed a narrow
range of predicted docking scores, with M9
ranked highest, followed by M6, M3, and M12.
The more favorable score of the para-chloro
derivative M9 relative to the ortho-chloro
derivative M12 is consistent with a possible
positional effect on ligand accommodation, but
the four-compound series is too small to establish
a definitive structure—activity relationship. Similar
EGFR-focused docking studies of dihydropyridine
derivatives have also emphasized the influence
of aryl substitution on predicted binding behavior
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(Mansour et al., 2022; Faizan et al., 2024).

The predicted interaction profiles involved
residues within the EGFR ATP-binding region.
M3 showed acceptor contacts with Lys745 and
Gly796, M6 with Thr790, M9 a donor contact with
Asp855, and M12 an acceptor contact with
Lys745. These contacts provide a structural basis
for comparing the four poses, but the GBVI/WSA
dG score should be interpreted as a ranking
metric rather than a direct measure of binding
affinity.

M9 combined the most negative docking
score with a predicted interaction involving
Asp855, whereas M6, M3, and M12 showed
slightly less favorable scores and different
contact patterns. This ranking is broadly
consistent with prior computational work in which
dihydropyridine derivatives occupied the EGFR
ATP-binding pocket and interacted with
catalytically relevant residues (Mansour et al.,
2022). Relative to the validated osimertinib
reference score of —13.8 kcal/mol (RMSD = 1.35
A), all four synthesized compounds produced
more negative GBVI/WSA dG scores under the
applied protocol, with M9 showing the largest
numerical difference. This comparison remains
computational and does not establish superior
experimental affinity or potency.

The substituent-dependent differences are
therefore best viewed as preliminary qualitative
observations. Additional analogs, independent
docking validation, molecular ~ dynamics
simulations, and binding free-energy calculations
would be needed to test whether the observed
ranking is robust. Broader EGFR inhibitor
programs likewise combine structural
optimization with biochemical, cellular, and in vivo
validation rather than relying on docking scores
alone (Wang et al., 2022).

Overall, the docking findings provide a
hypothesis for subsequent experimental work but
do not demonstrate EGFR inhibition or anticancer
activity. Validation should include biochemical
EGFR kinase assays, cell-based cytotoxicity
testing, and selectivity assessment in non-
malignant cells.

4. CONCLUSIONS

A new series of 1,4-dihydropyridine—1,2,4-
triazolidine-3-thione  hybrid  derivatives was
synthesized through Hantzsch-type
condensation, Vilsmeier-Haack formylation, and
cyclization with thiosemicarbazide. FT-IR, 'H-

NMR, C-NMR, DEPT-135, and mass-
spectrometric data supported the proposed
structures.

Molecular docking against the EGFR
tyrosine kinase domain ranked M9 highest under
the applied computational conditions (GBVI/WSA
dG = -15.9135 kcal/mol), followed by M6, M3,
and M12. The compounds showed distinct
predicted contacts within the EGFR binding
pocket.

These  computational results  are
preliminary and do not confirm EGFR inhibition or
anticancer activity. The docking protocol was
validated by redocking osimertinib (heavy-atom

RMSD = 1.35 A; GBVI/WSA dG = -13.8
kcal/mol).  The  synthesized  compounds,
particularly M9, warrant further evaluation

through in vitro EGFR kinase assays, cytotoxicity
testing, selectivity assessment, and independent
computational validation.

5. DECLARATIONS
5.1. Study Limitations

No in vitro or in vivo biological evaluation
was performed; therefore, the docking results
represent preliminary computational predictions
only. EGFR kinase inhibition, cytotoxicity, cellular
selectivity, and mechanism-based biological
assays are required to validate the proposed
activity.

Structural assignment of the final
triazolidine-3-thione derivatives relied on FT-IR,
'H-NMR, 3C-NMR, DEPT-135, and mass
spectrometry. Two-dimensional NMR
spectroscopy or single-crystal X-ray diffraction
would provide more definitive structural and
stereochemical confirmation.

The docking analysis used a single
software platform, one receptor structure, and a
limited compound series. Independent docking,
molecular-dynamics simulations, and binding
free-energy calculations would strengthen the
computational conclusions. Moderate yields and
the use of column chromatography for several
compounds may also limit scalability.

Although the docking protocol met the
predefined redocking criterion using osimertinib
(RMSD = 1.35 A), the analysis was limited to one
software platform, one receptor structure, and a
small compound series. Independent docking,
molecular-dynamics simulations, binding free-
energy calculations, and experimental EGFR-
inhibition assays are therefore required to test the

Periédico Tché Quimica. ISSN 2179-0302. (2026); vol.23 (n°53)
Downloaded from www.periodico.tchequimica.com

84



robustness and biological relevance of the

predicted ranking.
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R=4-NO, , 4-Br , 4-Cl, 2-CI
M1 M4 M7 M10

Equation 1. Synthesis of 1,4,5,6-tetrahydropyridine-3-carboxylate derivatives.

R
| \/\
o =
i)POCI;\DMF,
~o DCM
| ii)H,0,NaOAc
H (o]

R= 4-NO,, 4-Br ,4-Cl ,2-C|
M2 M5 M8 M11

Equation 2. Synthesis of 5-formyl-1,4-dihydropyridine derivatives.

EtOH25%

4+ NH,CNHNH,

R=4-NO,, 4-Br ,4-Cl ,2-CI
M3 Mé M9 M12

Equation 3. Synthesis of 1,4-dihydropyridine—1,2,4-triazolidine-3-thione derivatives.
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proton transfer

-H,0

Scheme 1. Proposed mechanism for cyclization of the formylated intermediates with
thiosemicarbazide to afford 1,2,4-triazolidine-3-thione derivatives.

B
- - . 3 "15‘2:.__,_,__,,
Mg Co P (o T, 91 42 Yr4t s
(a) (b)

Figure 1. TLC analysis of compound M3 during step 3: (a) reaction-mixture profile before purification;
(b) column-chromatography fractions obtained using ethyl acetate/petroleum ether (1:3, v/v).
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Figure 2. FT-IR spectrum of compound M1 (KBr, 4000—400 cm ™).
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Figure 3. 'H-NMR spectrum of compound M1 (400 MHz, DMSO-d;).
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Figure 11. 3C-NMR spectrum of compound M3 (101 MHz, DMSO-d;).
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Figure 12. ESI mass spectrum of compound M3.
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Table 1. Physical characteristics, reaction yields, molecular formulae, and structures of the
synthesized compounds M1-M12.

Comp Structural formula Molecular formula Color m.p. (°C) Yield
ound (%)
NO,
M1 o C14H14N20s Off-white 202 41
o
|
Light
yellow
M2 C15H13CIN20Os 151 51.8
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M3

NO, 226-228

Ci16H16CIN5O4S Orange

M4 o C14H14BrNO:s Off-white 187
~0 |
N (o}
H

M5

M6

Br Light
yellow
C15H13BrCINO3 141
210-212
C16H16BrCIN:O25 Orange
H

=
o

M7 o C14H14CINO:s Off-white 173
~o |
N~ "0
H

M8

Cl Light
yellow

C15H13CI2NO3 136
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cl 208-210

M9 C16H16CI2N4O2S Orange 62.3

=
Q

M10 o cl C14H14CINO3 Off-white 195 42

M11
C15H13CI2NO3 Yellow 190 58

210-212

M12 ~NH C16H16CI2N4O=S Orange 60

Table 2. Molecular docking scores, RMSD values, and major predicted interactions of osimertinib and
compounds M3, M6, M9, and M12 within the EGFR tyrosine kinase active site (PDB ID: 6JWL).

Compound GBVI/WSA RMSD Ligand Receptor Interaction Distance Interaction
dG score (A) atom atom/residue (A) energy
(kcal/mol) (kcal/mol)
Osimertinib -13.8 1.35 — — Reference — —
ligand
M3 -14.4948 2.1930 O (15); CE (Lys745); H-acceptor; 3.67;4.25 -1.3;-0.8
S (27) CA (Gly796) H-acceptor
M6 -14.6434 1.4269 O (15) OG (Thr790) H-acceptor 3.29 -0.9
M9 -15.9135 2.3085 N (29) OD2 (Asp855) H-donor 2.88 -0.8
M12 —-14.4427 1.4825 S (27) NZ (Lys745) H-acceptor 3.52 -9.5
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Figure 13. Three-dimensional binding poses and two-dimensional interaction diagrams of compounds
M3, M6, M9, and M12 within the EGFR tyrosine kinase active site (PDB ID: 6JWL).
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Figure 14. Surface representations of compounds M3, M6, M9, and M12 within the EGFR binding
pocket, showing their predicted orientations and accommaodation within the active site.
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Figure 16. '"H-NMR spectrum of compound M4 (400 MHz, CDCl;).
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Figure 17. 3C-NMR spectrum of compound M4 (101 MHz, CDCls).
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Figure 18. DEPT-135 spectrum of compound MA4.
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Figure 19. FT-IR spectrum of compound M5 (KBr, 4000—400 cm ™).
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Figure 20. '"H-NMR spectrum of compound M5 (400 MHz, CDCl;).
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Figure 21. 3C-NMR spectrum of compound M5 (101 MHz, CDCl;).
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Figure 22. FT-IR spectrum of compound M6 (KBr, 4000—400 cm ™).
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Figure 23. 'H-NMR spectrum of compound M6 (400 MHz, DMSO-d;).
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Figure 24. 3*C-NMR spectrum of compound M6 (101 MHz, DMSO-qdj).
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Figure 25. ESI mass spectrum of compound M6.
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Figure 27. 'H-NMR spectrum of compound M7 (400 MHz, CDCl;).
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Figure 28. 3C-NMR spectrum of compound M7 (101 MHz, CDCl;).
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Figure 29. DEPT-135 spectrum of compound M?7.
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Figure 30. FT-IR spectrum of compound M8 (KBr, 4000—400 cm ™).
DRTAHSEENMS.10.fid
Ms o -3.5x10
Q
=)
(&)
O OOUNNOO® o o™ o
N NNNNAN = Q <
(o)} NNNNNNN wn o™ (o] L
| ——— \ B | 3.0x10
5 ©
at
8 2 L2.5x10
O @
[o\] —
N 6 |R
| |
i 1
. -2.0x10’
7.30 7.25 7.20 7.15 | 15x1d
f1 (ppm)
-
& J/ L1.0x10
3
_
1k L5.0x10°
)
J 0.0
Y T & = &'
S a0 S - S
i m o i m o™
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

Figure 31. 'H-NMR spectrum of compound M8 (400 MHz, CDClIs).
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Figure 32. 3C-NMR spectrum of compound M8 (101 MHz, CDCls).

Figure 33. FT-IR spectrum of compound M9 (KBr, 4000—400 cm ™).
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Figure 34. 'H-NMR spectrum of compound M9 (400 MHz, DMSO-d;).
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Figure 39. 3C-NMR spectrum of compound M10 (101 MHz, DMSO-d;).
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Figure 41. FT-IR spectrum of compound M11 (KBr, 4000—400 cm ™).
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Figure 42. 'H-NMR spectrum of compound M11 (400 MHz, CDCls).
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Figure 43. '3C-NMR spectrum of compound M11 (101 MHz, CDCl;).
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Figure 44. FT-IR spectrum of compound M12 (KBr, 4000—400 cm ™).
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Figure 45. 'H-NMR spectrum of compound M12 (400 MHz, DMSO-d;).
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Figure 46. *C-NMR spectrum of compound M12 (101 MHz, DMSO-dj).
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