





Editora chefe
Prof? Dr® Antonella Carvalho de Oliveira
Editora executiva
Natalia Oliveira
Assistente editorial
Flavia Roberta Bardo
Bibliotecaria
Janaina Ramos
Projeto grafico
Camila Alves de Cremo
Daphynny Pamplona
Gabriel Motomu Teshima 2022 by Atena Editora
Luiza Alves Batista  Copyright © Atena Editora
Natalia Sandrini de Azevedo  Copyright do texto © 2022 Os autores
Imagens da capa Copyright da edicao © 2022 Atena Editora
iStock Direitos para esta edicdo cedidos a Atena
Edicdo de arte  Editora pelos autores.
Luiza Alves Batista Open access publication by Atena Editora

Todo o contelido deste livro esta licenciado sob uma Licencga de Atribuicdo
@ Creative  Commons.  Atribuicao-Nao-Comercial-NaoDerivativos 4.0

Internacional (CC BY-NC-ND 4.0).

0 conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sdo de responsabilidade
exclusiva dos autores, inclusive nao representam necessariamente a posicao oficial da Atena Editora.
Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos autores,
mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Todos os manuscritos foram previamente submetidos a avaliacdo cega pelos pares, membros do
Conselho Editorial desta Editora, tendo sido aprovados para a publicagdo com base em critérios de
neutralidade e imparcialidade académica.

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do processo
de publicacado, evitando plagio, dados ou resultados fraudulentos e impedindo que interesses
financeiros comprometam os padrdes éticos da publicacdo. SituagOes suspeitas de ma conduta
cientifica serdo investigadas sob o mais alto padrao de rigor académico e ético.

Conselho Editorial

Ciéncias Biologicas e da Salide

Prof? Dr? Aline Silva da Fonte Santa Rosa de Oliveira - Hospital Federal de Bonsucesso
Prof® Dr? Ana Beatriz Duarte Vieira - Universidade de Brasilia

Prof® Dr® Ana Paula Peron - Universidade Tecnol6gica Federal do Parana

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr® Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias


https://www.edocbrasil.com.br/
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4513496Y0&tokenCaptchar=03AGdBq2458SPEQEODzlpQokb908t-TrS0q2mqXiZD6E_s0Whm3-17m2vEy8T6m32llHGBw7IUUXUsDXsYl2ifZ6ylcJRVOwOu41x4ehDsFw5_UQnamyfWyea7fLGzOKX3erqFJvpeKNM5UCMiHww_gNsPDkpu45SBAl3Nq6SyjzbG9FK0SW5tkk0wxo1jwdXUwwqU_DekSrQRdbJEQr0_jmFvIxARjUZ6fb9LY216FLc2QY4i3famcP4_1ctxdQ9cS_w4WEzZWjNkOG0MmGd_Jgkv1mdc8xbWO9eSYAhq1o7MmLZN7Dy5LyJHpiOE0vwQKextWR30f6uvJLxQN6skwsQqnbHZqC82FAYK_4-VHMFabZ96ihZ_uNcsQ5koyhFJTSX9fuEZESvQkrnt3gn3XRWpa3ZyAErKG4F4IyARHmQxM3d6Y6JCW5RIg-Z1Tul4zl7gV9b55T2pKoT3r6Kn2SA27jtUyzT-zw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=EC728E48AFE16A98FFC773D5A8602CDB.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=EC728E48AFE16A98FFC773D5A8602CDB.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do;jsessionid=3C9AE197E57189A69901A5CA9DA477A9.buscatextual_0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4267496U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773603E6
http://lattes.cnpq.br/5082780010357040

Prof. Dr. Cirénio de Aimeida Barbosa - Universidade Federal de Ouro Preto

Prof® Dr? Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof® Dr® Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof® Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr® Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof® Dr? Eysler Gongalves Maia Brasil - Universidade da Integragao Internacional da Lusofonia Afro-Brasileira
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recéncavo da Bahia

Prof® Dr® Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salde de Coimbra
Prof® Dr® Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Rondénia

Prof Dr? lara Lcia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. Jonatas de Franga Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Aderval Aragao - Universidade Federal de Sergipe

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof® Dr® Juliana Santana de Curcio - Universidade Federal de Goias

Prof® Dr® Livia do Carmo Silva - Universidade Federal de Goias

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof® Dr® Magnélia de AraGjo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Recdncavo da Bahia
Prof® Dr® Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof. Dr. Maurilio Antonio Varavallo - Universidade Federal do Tocantins

Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Dr® Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Sheyla Mara Silva de Oliveira - Universidade do Estado do Para

Prof® Dr® Suely Lopes de Azevedo - Universidade Federal Fluminense

Prof® Dr® Vanessa da Fontoura Custédio Monteiro - Universidade do Vale do Sapucai

Prof? Dr® Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof® Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof? Dr® Welma Emidio da Silva - Universidade Federal Rural de Pernambuco


http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4767996D6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4574690P9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751642T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4125932D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4785541H8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707037E3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?metodo=apresentar&id=K4721661A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730006H5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799345D2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4431074H7
https://orcid.org/0000-0002-5205-8939
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4421455Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4777457H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4732623J3&tokenCaptchar=03AGdBq24iB-Pof08yPIxT6yxqim-Gnz-Y1IERLxwCNF6X8B9QzolzMoUtSDkPD6WZqA3yZ9AocEA-Ms1KKdTiOsRHg3DhIQwGo4ezaV3L0m_jo_oNAt2bpDjn-YYZVFAVh_wflb5D7E2YzRSy1Owzi0PkDAULG_dxn3s8nGd7OI4JiQUTInBUYirVwP-tlf_CP0AcGDIRSR6_ywnG_r5InTp1TG4mF2qZpMSWM8YklIs672ldbN7qYBYirnIjtrefebeiYbxomms41FywGx-yEcO10Ztb8x6DRdgHU_a6cXS8Z5k5ISxMK1MurH5TXXMv9GTYdgr_kZ6P2pZflXWlKOY_cNoCwIwSPAUTQ1VJR-fpO869k8oAgy1VpCxPKUoVcP6Vb9d4XrDijweLhiAXfO1_iH0V6LyUyw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730979Y6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4770360J4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4177965H7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4762258U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769144H2&tokenCaptchar=03AGdBq24Yxzjqjp7LskrufFVo0QrNAEv_wS-y9Yis7IH_xN8FImtn8T7wzW4CuISziPu87d95GO0da-CoAH7yG2-Z2mAJEQjgvyA7RGZsPKjEBx32rZJKmJkeRFMazOtWfpab87pjaC_XpeRceOifpsHXhAnXcuOqREUS4W1iUHMb0B_kvJKY7FRdnJRer3EHn5Ez_79p0cFso7UE5Ym0ET4ptZXWlpQ4RcrS0hQDiJS-IDoKSOxiaCZF9pFNEWki2O6bRejqfEqUlEGc3UTwcq_vkXTUgvNSnjeSCGbS09fo5UGVZP1Q1YNrzuIHhujGsB_BvTjjlC7fLNxfU2r2qpuzV9xULL7P5sLJPBFGqY_mZQuN-2tBIEujGguY81LwJm0GB4sgtmYJDc-JU-tiU1QrsExBI9_OKg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://lattes.cnpq.br/1353014365045558
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4469747P8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4227371A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4417033E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4723835T5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208877H4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4467061D7&tokenCaptchar=03AGdBq267s04IEVTMOWiqwurh_lBmUoi-vS7BW6P--0eLLmrOX3otZcGuK9_kzkerITV0xTmMad5fjY73BQjeAr5HU9a3VsN-BCAhIdFq3Bt2GghD1Sac4QbYFTuCxGCEajtFe9GBasPKJhvDIpQspDMnFXYyXhHAERpCeeFfUl-iWYu92wzV213OW5WT39pXNY-Eox-fBJemXlD4lUsNjSNqJhZOaj3MQ-6ZihaP2Bg1nKJ0H9sKrRw-M0ZFfilSGsFeVwe3HiyIPVrLdZmeB7rN1ldWt1HHwAcgJKtUFD_QaprpSqT135HrPW6GG3n5UBd7lKNvk0MnETJZHSV49UlnpJDy3cXwa7ZZu2KGU4X3fIN6o1YHVJzMsQXodx0lT8nC0uhPIUElyD694XgZv0L-mmWMl1PrDw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4208106A6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4728374J9&tokenCaptchar=03AOLTBLSd782i965vCUhSY1Tf89Z5X-2c8WmQvb5mB04zomll-Y2szBLd81HYsfkufWR-gBq5feMUL2LWVFOYezaaB_N8HJrg444SriTsScGQwNgFRlNqEFWVKgyr2LcdZC3TwBSOhFrHcx-fB9E_MLK9TEcuTIrweDsrLptGONUQHuGFs0w5Tq8zQpUJ1oBPW9PWJ8VOWknBRF_vyVj1043dMF4u7HT9lUeOC53CV1mxxrgJEBlXqXYuUVzFKRNUjZtRAg0W3aGDTT2BjW1kOtBkozSKnk_ZrFpMuxqzujBD_5zoN8hKsmKWbn3uvYuw3FAHhvtXhc6GbwtFn3NTSeOo1d4iFG-ODet7uvVFJJSRSVuPPDEtHMRVcm082SntHNs8rB_cBPJmK54nRqSxougSpTfA7kq3Zjn_SoOeKo22R-2b_C9U4nAfxhKkzip5nV4cA1A13DrZ2vOSMGmMiBVqvhhr5ywn6Quy_pPEuWwca5XKP15frqfeIQiObr5VsyngYyyE7JyIDfhQ1UDigdsGHLGH2ZEl_Y1Mf83-z6bui470oWfCD8hBgg9UBOgnyvJ91B6S1qDi
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4750685J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773701H6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4496674E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4765517P4&tokenCaptchar=03AGdBq25L0ZeMenyvmbGxNKYMxIjTZE_z2C_MkOvUgthueD01gklc0ZTmcWYcnYkybfPMYonWrO6eO724-9ItpTYdLDvhGTCcartqOGt8BGblsu2kRVj0OY8DQZLY6SoGSTCfW9q6VtakFtQdluBPvPtQ2AxvjIwU-4lb5tiksAVt6oPhWe5S6V8XzRbPzussTkPtBJxx0-7feaS45R6KjgjmrVx-3CehyCnPDSMrlAaVtSKj9y3LNtUAHB05sbCL8JhdZLKsaXzJ4wOYHcT6L0kX2WipKTwj9uC0ILrBsOLBKqmKNw9YscHOTJUkXWTNGWZiPXCBdG5qgwPVjYeCX3DN1Nkz6ZfIyMOFs45XAi7fzyWo2GydjhoBktYm_9oIKPeSP2eTA07gAtlODiAOhtyRYDb_9X7gs-EZ-ybLGFTzQME-HmjOtfOAGWQinEMQ_cBP5fT9Cfj9dCED77E_dXydXoIDyEoDWg
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4708470J3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4241566A7

Ciéncias biologicas: génese na formacgao multidisciplinar 2

Diagramagdo: Camila Alves de Cremo
Corregdo: Yaiddy Paola Martinez
Indexagdo: Amanda Kelly da Costa Veiga
Revisdo: Os autores
Organizadora: Alana Maria Cerqueira de Oliveira

Dados Internacionais de Catalogagé@o na Publicagao (CIP)

C569 Ciéncias bioldgicas: génese na formagao multidisciplinar 2 /
Organizadora Alana Maria Cerqueira de Oliveira. -
Ponta Grossa - PR: Atena, 2022.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-65-5983-841-7

DOI: https://doi.org/10.22533/at.ed.417221701

1. Ciéncias biolégicas. I. Oliveira, Alana Maria Cerqueira
de (Organizadora). Il Titulo.
CDD 570

Elaborado por Bibliotecaria Janaina Ramos - CRB-8/9166

Atena Editora

Ponta Grossa - Parana - Brasil
Telefone: +55 (42) 3323-5493
www.atenaeditora.com.br
contato@atenaeditora.com.br



http://www.atenaeditora.com.br/

DECLARACAO DOS AUTORES

Os autores desta obra: 1. Atestam nao possuir qualquer interesse comercial que constitua um conflito
de interesses em relacgdo ao artigo cientifico publicado; 2. Declaram que participaram ativamente da
construcao dos respectivos manuscritos, preferencialmente na: a) Concepcao do estudo, e/ou
aquisi¢ao de dados, e/ou analise e interpretacao de dados; b) Elaboragao do artigo ou revisao com
vistas a tornar o material intelectualmente relevante; c) Aprovagao final do manuscrito para
submissao.; 3. Certificam que os artigos cientificos publicados estdo completamente isentos de dados
e/ou resultados fraudulentos; 4. Confirmam a citacao e a referéncia correta de todos os dados e de
interpretacoes de dados de outras pesquisas; 5. Reconhecem terem informado todas as fontes de
financiamento recebidas para a consecucao da pesquisa; 6. Autorizam a edigao da obra, que incluem
os registros de ficha catalografica, ISBN, DOl e demais indexadores, projeto visual e criagao de capa,
diagramacao de miolo, assim como langamento e divulgacdo da mesma conforme critérios da Atena

Editora.



DECLARAGAO DA EDITORA

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicagao constitui apenas
transferéncia temporaria dos direitos autorais, direito sobre a publicacao, inclusive ndo constitui
responsabilidade solidaria na criacao dos manuscritos publicados, nos termos previstos na Lei sobre
direitos autorais (Lei 9610/98), no art. 184 do Cdédigo Penal e no art. 927 do Cddigo Civil; 2. Autoriza
e incentiva os autores a assinarem contratos com repositorios institucionais, com fins exclusivos de
divulgagao da obra, desde que com o devido reconhecimento de autoria e edicao e sem qualquer
finalidade comercial; 3. Todos os e-book sao open access, desta forma nao os comercializa em seu
site, sites parceiros, plataformas de e-commerce, ou qualquer outro meio virtual ou fisico, portanto,
esta isenta de repasses de direitos autorais aos autores; 4. Todos os membros do conselho editorial
sao doutores e vinculados a instituicdes de ensino superior pablicas, conforme recomendacao da
CAPES para obtenc¢ao do Qualis livro; 5. Nao cede, comercializa ou autoriza a utilizacdo dos nomes e
e-mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que nao o

escopo da divulgacao desta obra.



APRESENTACAO

O Livro “Ciéncias biologicas: Génese na formagao multidisciplinar 2”, traz ao leitor
vinte capitulos de relevada importancia na area de Genética, Citogenética, Imunologia,
Parasitologia, Quimica medicinal, Saude publica e Ecologia. Entretanto, caracteriza-se
como uma obra multidisciplinar que engloba diversas areas da Ciéncias biolégicas.

Os capitulos estdo distribuidos em tematicas que abordam de forma categorizada e
multidisciplinar a Ciéncias biologicas , as pesquisas englobam estudos de: mapeamentos
genético, citogenético, sequenciamento, genética e educacéo ,analises forenses , doencas
genética, eugenesia classica, engenharia genética, analise por PCR, cultura de células de
linfoma e leucemia, salde mental, resposta imune, vacinagdo contra a covid-19, virus
Sars-Cov-2, métodos de extracdo de lipidios ,levantamento taxonémico, morfologia vegetal,
eficiéncia de inseticidas , quimica medicinal, cromatografia liquida de alta eficiéncia (CLAE),
espectroscopia de infravermelho (IV) e espectrometria de massas (EM), problematica
ambiental e de saude publica, poluentes emergentes e biodiesel.

A obra foi elaborada primordialmente com foco nos profissionais, pesquisadores
e estudantes pertencentes as areas de Ciéncias biologicas e Ciéncias da Salde e suas
interfaces ou areas afins. Entretanto, € uma leitura interessante para todos aqueles que de
alguma forma se interessam pela area.

Cada capitulo foi elaborado com o propésito de transmitir a informacgéao cientifica
de maneira clara e efetiva, em portugués, inglés ou espanhol. Utilizando uma linguagem
acessivel, concisa e didatica, atraindo a atencéo do leitor, independente se seu interesse é
académico ou profissional.

O livro Ciéncias biologicas: Génese na formagao multidisciplinar 2”, traz publica¢des
atuais e a Atena Editora traz uma plataforma que oferece uma estrutura adequada, propicia

e confiavel para a divulgacéo cientifica de diversas areas de pesquisa.

Alana Maria Cerqueira de Oliveira
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ABSTRACT: There is number of publications trying to demonstrate the efficacy of magnetic
fields treatments in medicine. By the way, pulsed electromagnetic fields (PEMF’s) and static
magnetic fields (SMF’s) technologies have been used on several pathological conditions with
promising results. More recently, these magnetic fields have been also used to treat several
types of cancer. However, there are conflicting results and remains continuing concern that
exposure to electromagnetic devices may cause deleterious health effects. The current study
was aimed to further evaluate the potential cytogenotoxic effects induced in rats exposed
in a device that uses PEMF’s combined with SMF’s. Thirty sexually mature 14-week-old
male and female Sprague Dawley rats were distributed into three groups: (a) 5 males and
5 females independently exposed to PEMF’s combined with SMF’s, (b) animals treated with
SMF’s only, and (c) non-exposed animals. Micronucleus test in rat bone-marrow and male
germ cells analysis were performed following standardized procedures. The observed results
showed a lack of alterations on micronuclei frequency, on scored polychromatic erythrocytes
percentage, and on sperm counts and morphological characteristics of male germ cells in
animals exposed to magnetic fields device compared to unexposed animals. These results
suggest that magnetic fields generated in this therapeutic device did not have any detectable
cytotoxic or genotoxic effect in exposed rats. In view of these findings and the contradictory
reports in the literature, it is necessary to carry out more research to help to clarify the
controversy regarding cytogenotoxic risk associated with medical magnetic fields exposures.
KEYWORDS: PEMF-medical device, static magnetic fields device, cytotoxicity, genotoxicity,
micronuclei, sperm abnormalities.

RESUMEN: Hay una diversidad de publicaciones que intentan demostrar la eficacia de los
tratamientos con campos magnéticos en el area médica. Las tecnologias que usan campos
electromagnéticos pulsados (PEMF, por sus siglas en inglés) y campos magnéticos estaticos
(SMF, por sus siglas en inglés) han sido utilizadas en varias condiciones patologicas con
resultados prometedores. Mas recientemente, los tratamientos magnéticos también se han
utilizado para tratar varios tipos de cancer. Sin embargo, hay resultados contradictorios
reportados en la literatura y sigue existiendo preocupacion entre la comunidad cientifica
de que la exposicion a dispositivos electromagnéticos pueda causar efectos nocivos para
la salud. El presente estudio, tuvo por objeto evaluar los posibles efectos cito-genotéxicos
inducidos en ratas expuestas en un dispositivo terapéutico que utiliza PEMF en combinacion
con SMF, originalmente disefiado para el tratamiento de diversos tipos de cancer en humanos.
Para tal efecto, 30 ratas Sprague Dawley, machos y hembras, sexualmente maduras y de 14
semanas de edad se distribuyeron en tres grupos de estudio: (a) 5 machos y 5 hembras
expuestas de forma independiente a PEMF combinados con SMF, (b) animales tratados solo
con SMF y (c) animales no expuestos. Se realizaron pruebas citogenéticas; como la prueba
de micronlcleos en médula ésea, y el andlisis de células germinales masculinas siguiendo
protocolos previamente estandarizados. Los resultados observados, mostraron ausencia de
alteraciones en la frecuencia de micronucleos, en el porcentaje de eritrocitos policromaticos,
en el recuento de espermatozoides y las caracteristicas morfoldgicas de las células germinales
masculinas en animales expuestos al dispositivo terapéutico, en comparacion con los
animales no expuestos. Estos resultados sugieren que los campos magnéticos generados en
esta maquina de uso médico no tuvieron ningun efecto citotéxico o genotdxico detectable en
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las ratas expuestas. En vista de estos hallazgos, y de los informes contradictorios publicados
en la literatura, se hace pertinente y necesario llevar a cabo mas estudios sobre la inocuidad
de estos dispositivos utilizando otros tipos celulares y una variedad de pruebas citogenéticas.
PALABRAS CLAVE: Campos magnéticos, genotoxicidad, micronicleos, espermatozoide,
mutacion.

11 INTRODUCTION

Several techniques that involve electromagnetic fields (EMF’s) procedures have
been used for therapeutic purposes, but have also been correlated with deleterious health
effects. The bio-effects of exposure to electromagnetic fields have been studied for many
years. However, among scientific community, there is still no agreement on whether these
effects are physiologically significant (Macklis, 1993; Miller and Green, 2010; Binhi, 2012).

Interest in the health effects of EMF’s on human populations was rekindled by a series
of epidemiological studies carried out during the late 1970’s and early 1980’s (Jauchem and
Merritt, 1991). By the way, Milham (1982) analyzed the occupational grouping of cancer
deaths in adult white men who died between 1950 and 1979; an increased mortality ratio
for leukemia was found. More recent studies in adult human beings have suggested
increased occupationally associated EMF’s risks for breast cancer, abnormal pregnancies,
chromosomal abnormalities, congenital deformities, and several other health conditions
(Ahlbom et al., 2001; Pearce et al., 2007; Hug et al., 2010). Based in these studies and
others, there is no doubt that life bodies can be affected by EMF’s at several levels. Actually,
these fields are the most probable candidate to affect cellular interactions and it is possible
to consider a diversity of cellular effects induced of both, electric and magnetic fields (Cifra
et al., 2011).

With regard to PEMF’s, they have been used for the past 40 years to treat
therapeutically resistant problems of the musculoskeletal system. Recently, diverse
approaches using PEMF’s procedures were tested for therapeutic effects in several types
of cancer (Haro et al., 2005; Grosel et al., 2006).

While the issue of potential genotoxic and cytotoxic effects of EMF’s is controversial,
there are many commercial machines that use several types of magnetic fields that are
unproven or have not been properly tested. In view of this, we have aimed the present study
to further evaluate the cytological effects induced in rats exposed in a patented medical
device (Davidson, 2001), originally designed to treat several types of cancer in human
beings. This machine uses PEMF’s and SMF’s. For the present study, we decided to confine
our in vivo experimental investigation to single parameters, i.e., the analysis of micronuclei
in bone marrow, sperm analysis, and morphological characteristics of male germ cells in

exposed Sprague-Dawley rats.
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21 MATERIALS AND METHODS

Animals

14-week-old, sexually mature, male and female rats (Sprague-Dawley line) were
used. Animals weighing 250-300 g for females, and 400-450g for males were born and
raised in our breeding colony. After 10 days quarantine period, animals were then randomly
distributed into experimental and control groups. At the time of experiments the animals
were housed at 25° C in standardized acrylic cages (five animals per cage) under a 12-12
h light/dark cycle, with free access to standard diet and tap water. This research project
fulfilled all requirements of the University’s Animal Care and Use for Research Protocol,
which is based on the National Guidelines for Ethics and Biosafety under the General Law
of Health for issues regarding Health Research, Ministry of Health, Mexico City.

Magnetic Field Machine and Measurements

Magnetic fields were generated by a patented machine that combine PEMF’s and
SMF’s exposure according to Davidson (2001). In summary; this machine comprised a
quantity of permanent neodymium magnets arranged in a side-by-side relationship. Each
permanent magnet being adjacent to the magnetic north pole and magnetic south pole of an
adjacent permanent magnet, respectively. Thus, the plurality of these magnets forms a ring
of permanent magnets. The device further includes an electrically conductive wire wound
substantially around the ring, and tubing wrapped around the ring of permanent magnets
between windings of the wire. A cooling device introduces a flow of coolant through the
tubing. This machine also includes a control circuit, connected to the wire, for selectively
generating a coil current for passing through the wire. The current has an AC component
and a DC component. According to the manufacturer, the frequency of the AC component
is programmable and is set to substantially match a resonant frequency associated with
the organisms to be treated. Thus, the coil current creates an electromagnetic field that
interacts with the magnetic field generated by the ring of permanent magnets to generate
a complex field that causes ionic collisions within the cells to be treated. This device was
originally designed to treat several types of cancer in humans (Davidson, 2001).

Magnetic flux density (rms) was measured in the middle of the ring where the magnetic
fields were homogeneous using an axial Hall-effect probe (Bell FW 6010 teslameter, Orlando
FI.) Moreover, an oscilloscope (BK-Precision model 2120) was coupled to the system to
monitor the resultant field. A pulsed 120 Hz square wave form electromagnetic field was then
generated, with a maximum peak of 17.6 mT (rms) at the center of the exposure zone where
cages containing animals were placed. On the other hand, the SMF’s were measured with
the teslameter, setting the apparatus in DC mode, this value was a maximum peak of 8.6 mT
at the middle of the exposure zone. Furthermore, the local geomagnetic field was measured
by using an axial high sensitivity Hall probe (Integrity Design IDR-321 geomagnetometer,
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Essex Jct., VT9) and the average value was 20 pyT within the exposure zone. The local
temperature in the exposure zone was also measured setting the Bell FW 6010 teslameter
in Temp mode. The measured temperature value was an average of 25.3 + 0.5 °C when the
machine was on, and 24.9 + 0.3 °C when the machine was off, no statistically significant
differences were observed between two conditions (Kolmogorov-Smirnov test for normality,
followed by paired t-test).

Experimental Protocol

Three experimental regimens were considered for bioassays: (a) 5 male and 5
female rats, independently exposed to 120 Hz PEMF’s combined with SMF’s for three
consecutive days, two exposures of 50 min each with no-exposure intervals of 1 h between
exposures, (b) 5 male and 5 female rats, independently exposed only to SMF’s, without
current in the coil, and (¢) non-treated animals, including 5 males and 5 females without
any magnetic exposure. During the no-exposure intervals, the cages containing the animals
were allocated in the same exposure room where any detectable EMF was measured. In
the case of micronuclei analysis, both male and female animals were used. For germ-cell

tests, only males were analyzed.
Micronucleus Test

Animals were killed at the end of exposure time. Following sacrifice, Acridine Orange
fluorescent staining was applied to the micronucleus (MN) test, according to the previous
described procedure (Hayashi et al., 1983). In summary; bone marrow from both femurs
was flushed with 0.5 mL of fetal calf serum into a microfuge tube using a 1mL syringe fitted
with a 22 G needle. The cells were concentrated by gentle centrifugation at 600x g for
1-3 min and a small drop of resuspended cells was placed on a clean microscope slide to
make a thin smear. All smears were air-dried, fixed in absolute methanol and stained using
Acridine Organge (Fisher Sci. Co., Fair Lawn, NY)

Coded slides were examined under x1000 magnification using a fluorescence
microscope equipped with appropriate filters. Immature, polychromatic erythrocytes (PCE’s)
were identified by their orange-red color, mature erythrocytes by their green color and the
MN by their yellowish color. For each rat, 500 erythrocytes were examined to obtain the
percentage of PCE’s. In addition, for each rat, 2000 consecutive PCE’s were examined
to determine the incidence of MN. Decoding of the slides was done after completing the
microscopic analysis.

Male Germ Cells and Sperm Morphology Analysis

For sperm counts, orchidectomy was performed by open castration method. A
midline or pre-scrotal incision was made and the testes were milked out on the incision site.
The testicles were then exposed by incising the tunica vaginalis. The spermatic cord was
exposed, ligated and incised. Semen samples were thereafter collected from the cauda
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epididymis according to a previously described procedure of Oyeyemi and Ubiogoro (2005).
These samples were then analyzed immediately after collection. The spermatozoa were
scored by using an improved Neubauer chamber as described by Pant and Srivastava
(2003).

For sperm morphology analysis, smears were prepared from epididymis following the
previously described method of Wyrobeck (1979). Spermatozoa preparations were stained
using 1% Eosin Y die/1 h (Fisher Sci. Co., Fair Lawn, NY) and examined under high power
magnification (x1000). 100 cells per slide, 10 smears for each animal, for a total of 5000
cells per analyzed group, were evaluated in a blind way, for the presence of bicephalic or
biflagellate forms, and abnormalities in head shape such as enlarged and amorphous head
were expressed as a percentage of sperm morphology abnormalities.

All reagents were supplied by Sigma Chemical Co. (St. Louis, MO) unless otherwise
specified.

Statistical Analysis

The statistical differences among groups were estimated using analysis of variance
for normal distributions. In the case of the percentage of sperm morphology abnormalities,
the data obtained were first transformed by using the arcsine function. After this, an
analysis of variance for normal distributions and the correspondent parametric Tukey
test for establishing individual differences were performed. The normality of the data was
determined by the Kolmogorov-Smirnov test (p<0.05). All analyses were done using the
SPSS package version 22.0. Differences were considered to be significant when the
probability values were lower than 0.05.

31 RESULTS

The current in vivo study was aimed to evaluate the possible cytogenotoxic effects
of magnetic field exposure from a patented therapeutic machine in both male and female
Sprague-Dawley rats on the micronuclei frequency and PCE percentages, and on male
germ cells; sperm counts, and sperm morphology abnormality percentages. In the figure 1,
the frequency of micronuclei from bone marrow of exposed rats is showed. No statistically
significant differences were found among groups in both male and female animals, suggesting
no clastogenic effect induced by PEMF’s or SMF’s exposure (p> 0.05). On the other hand,
figure 2 shows the grouped means of percentages of polychromatic erythrocytes (PCE’s)
from the analyzed groups. These values indicated no statistically significant differences
among groups, for both male and female animals (p>0.05). These results suggested that
the number of PCE’s were no altered by magnetic field exposure of both PEMF’s or SMF’s.

Ciéncias biologicas: Génese na formagao multidisciplinar 2 Capitulo 8 “



~

ol
o

w

N
o

OMales

N

®Females

MN/2000 cells

- o

[
o

A (PEMF+SMF) B (SMF) C (Non-exposed)

Figure 1. Micronucleus (MN) frequency from bone marrow polychromatic erythrocytes of Sprague
Dawley rats. (a) animals exposed to 120 Hz PEMF’s combined with SMF’s for three consecutive days,
two exposures of 50 min each with no-exposure periods of 1 h between exposures, (b) rats exposed
to SMFs, without current in the coil, and (c) non-treated animals. No statistically significant differences
were found among groups in both male and female animals (p> 0.05). Bars represent grouped means +
S.D.
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Figure 2. Percentages of polychromatic erythrocytes (PCE’s) from bone marrow of Sprague Dawley
rats. (a) animals exposed to 120 Hz PEMF’s combined with SMF’s for three consecutive days, two
exposures of 50 min each with no-exposure periods of 1 h between exposures, (b) rats exposed to
SMF’s, without current in the coil, and (¢) non-exposed animals. No statistically significant differences
were found among groups in both male and female animals (p> 0.05). Bars represent grouped means +
S.D.

With regard to male germ cells analysis, the observed results showed no alterations

in either the sperm counts (Figure 3), and morphological characteristics of spermatic cells
(Figure 4) when compared the grouped means among groups (p>0.05).
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Figure 3. Effect of magnetic field exposure on sperm counts of Sprague Dawley rats. (a) animals
exposed to 120 Hz PEMF’s combined with SMF’s for three consecutive days, two exposures of 50 min
each with no-exposure periods of 1 h between exposures, (b) rats exposed to SMF’s, without current in
the coil, and (c) non-exposed animals. No statistically significant differences were found among groups

(p> 0.05). Bars represent grouped means + S.D.
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Figure 4. Percentages of sperm morphology abnormalities (SMA) in male germ cells of Sprague Dawley
rats. (a) animals exposed to 120 Hz PEMF’s combined with SMF’s for three consecutive days, two
exposures of 50 min each with no-exposure periods of 1 h between exposures, (b) rats exposed to

SMF’s, without current in the coil, and (c) non-exposed animals. No statistically significant differences
were found among groups (p> 0.05). Bars represent grouped means + S.D.

4| DISCUSSION

Biomedical effects attributed to magnetic fields have been widely discussed during
the last years. The question has been raised as to whether exposition to these fields can
originate genetic damage or other biological disfunctions. On the other hand, since the early
part of the 20" century, attempts had been undertaken to treat or otherwise cure human
diseases using magnetic field techniques. However, many research reports agree that life

organisms could be affected in a negative way by exposure to electromagnetic radiation
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(Feychting et al., 2005). In the current study, we did not find any measurable genotoxic or
cytotoxic effect induced in mature rats by an in vivo exposure to a therapeutic machine that
combine PEMF’s and SMF’s exposure conditions.

Results presented here, indicated no alterations in micronuclei frequency and in PCE
percentages of treated animals due to magnetic field exposure. These results agreed with
previous reports that used the MN assay, indicating no genotoxic or cytotoxic effects induced
by magnetic fields (Scarfi et al., 1994; Scarfi et al., 1999; Frahm et al., 2006; Okudan et al.,
2010). Furthermore, it was observed that extremely-low frequency EMF’s exposure at 1.0
mT and 60 Hz did not increase the MN frequency by ionizing radiation in mouse embryonic
fibroblast NIH3T3 cells (Jin et al., 2012). On the contrary, there are several papers with
positive results, indicating a genotoxic effect due to magnetic field exposure (Simko et al.,
1998; Celikler et al., 2009). Winker et al. (2005) also claimed for a clastogenic potential of
low-frequency EMF’s, which may lead to considerable chromosomal damage in dividing
human diploid fibroblasts. Moreover, Erdal et al. (2007) found a higher MN frequency in
Wistar rat tibial bone marrow cells treated with a long term extremely low-frequency EMF’s
exposure, in comparison to non-exposed or acutely exposed animals.

The controversial concern regarding EMF’s cytogenotoxic effects, is originated from
the fact that many scientists believe that EMF’s therapeutic devices produce as a little
quantity of energy and are therefore too weak to induce any alteration on cells. Moreover,
the inconclusive nature of laboratory bioassays and the fact that there are no epidemiological
studies of patients exposed to such therapeutic devices turns this concern very complex.
In contrast, the International Agency for Research on Cancer (IARC, 2002) included and
categorized the extremely low frequency magnetic fields as “possibly carcinogenic to
humans”; this was based on pooled analyses of epidemiological research that reported
an association between exposure to low-level magnetic fields and several types of cancer.

With regard to the issue that weak fields may have too little energy to induce
any genotoxic effect or DNA damage, it has been proposed that because low frequency
electromagnetic radiation does not transmit enough energy to affect chemical bonds, then,
it is generally accepted that extremely low frequency EMF’s are not enable to cause DNA
direct damage (Adair, 1998). On the other hand, several hypotheses have been put forward
of how EMF’s can alter the structure of DNA indirectly. Secondary currents and, hence, a
movement of electrons in DNA might be induced (Valberg et al., 1997). This could generate
guanine radicals, which, upon reaction with water may be converted to oxidative DNA
damage (Giese, 2006). In a recent investigation, Focke et al. (2010) found that exposure of
human primary fibroblasts to a 50 Hz EMF’s at a flux density of 1.0 mT induced a slight but
significant increase of DNA fragmentation as assessed by the Comet Assay. Furthermore,
they observed that EMF-induced responses in the Comet Assay were dependent on cell
proliferation, suggesting that DNA replication rather than the DNA itself may be altered.

On the other hand, the results obtained in the present research indicated that
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exposure to pulsed EMF’s or SMF’s emitted by the therapeutic device showed no influence
on sperm cells of exposed animals compared with the un-exposed controls. The sperm
counts were no altered by exposure, suggesting no effect in cell cycle progression. These
results coincided with the findings of Lundsberg et al. (1995) who found no association
of occupational EMF exposure on sperm concentration among males. By the way, even
with higher frequency electromagnetic radiation, Aitken et al. (2005) observed that sperm
number, morphology and vitality of male germ cells were not significantly affected when
mice were treated with 900 MHz radio-frequency electromagnetic radiation. On the contrary,
Furuya et al. (1998) found that the application of EMF’s at 50 Hz with intensities between 1.0
mT to 100 mT affected the proliferative and differentiative capacity of mouse spermatogonia.
Moreover, anomalous effects on spermatogenesis in mice that were exposed to a 1.5-T static
magnetic field were informed by Narra et al. (1996). Ramadan et al. (2002) also reported that
exposure of mice to fractionated doses of high oscillating magnetic fields (20 mT) induced
a statistically significant decreased sperm count, and daily sperm production. Likewise, a
significant decreased sperm count was found in mature Sprague-Dawley rats exposed to a
50 Hz and 25uT for 18 consecutive weeks (Al-Akhras et al., 2006). Furthermore, Hong et
al. (2005) reported that a 50 Hz EMF’s exposure have the potential to induce DNA strand
breaks in testicular cells and sperm chromatin condensation of exposed mice.

Regarding the sperm morphology abnormalities, the outlined results presented here
are in good agreement of those of Withers et al. (1985) who did not find alterations in
sperm heads, however, in their work they exposed mice to 0.3 T static magnetic fields
from a magnetic resonance device. Similarly, the Spanish group of Tablado et al. (1998)
demonstrated that morphological characteristics of epididymal sperm of mice were not
affected after exposition to 0.7 T therapeutic magnets. We have previously published a lack
of alterations on morphological characteristics of male germ cells in mice exposed to a 60
Hz and 2.0 mT magnetic fields (Heredia-Rojas et al., 2004). On the contrary, Roychoudhury
et al. (2009) found alterations of spermatozoa and fertilization rates in rabbits exposed to 50
Hz magnetic fields. For human beings, it is generally accepted that there is some evidence
that suggests that magnetic field exposure may have deleterious effects on sperm quality
(De-Kun et al., 2010).

On the other hand, conflicting findings have been reported by Lorio et al. (2007) who
observed significant increased values of kinematic parameters of spermatozoa after an
exposure to EMF’s of 5 mT and 50 Hz frequency. In contrast, a 5 mT sine wave (50 Hz) and
a 2.5 mT square wave (50 Hz) exposure did not produce any significant alteration on sperm
motility. These results indicate that EMF’s exposure can improve spermatozoa motility, and
that this effect depends on the field characteristics.

Inconclusion, the current study suggestedthatan in vivoexposure to PEMF’s combined
with SMF’s emitted by a patented therapeutic device, originally designed for treating several
types of cancer in humans, did not have any measurable effect on MN frequency and PCE

Ciéncias biologicas: Génese na formagao multidisciplinar 2 Capitulo 8 m



percentages of exposed rats and on sperm counts and morphological characteristics of
male germ cells. These results support, in part, the innocuity of this therapeutical machine in
mammals. However, we consider that is necessary to carry out more research using various
cell types and cytological endpoints under different experimental conditions to add more
evidence of innocuity of the mentioned therapeutic device, and at the same time, help to
clarify the controversy concerning the possible cytotoxic and genotoxic risk associated with

a therapeutic magnetic field exposure.
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