




 
Editora chefe  

Profª Drª Antonella Carvalho de Oliveira 

Assistentes editoriais 

Natalia Oliveira 

Flávia Roberta Barão 

Bibliotecária 

Janaina Ramos 

Projeto gráfico  

Natália Sandrini de Azevedo 

Camila Alves de Cremo 

Luiza Alves Batista 

Maria Alice Pinheiro 

Imagens da capa 

iStock 

Edição de arte  

Luiza Alves Batista 

Revisão  

Os autores 

 

 

 

 

 

 

 

 

 

 

 

2021 by Atena Editora 

Copyright © Atena Editora 

Copyright do texto © 2021 Os autores 

Copyright da edição © 2021 Atena Editora 

Direitos para esta edição cedidos à Atena 

Editora pelos autores. 

Open access publication by Atena Editora 

 

 

 

Todo o conteúdo deste livro está licenciado sob uma Licença de 

Atribuição Creative Commons. Atribuição-Não-Comercial-

NãoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0). 
 

 

 

O conteúdo dos artigos e seus dados em sua forma, correção e confiabilidade são de 

responsabilidade exclusiva dos autores, inclusive não representam necessariamente a posição 

oficial da Atena Editora. Permitido o download da obra e o compartilhamento desde que sejam 

atribuídos créditos aos autores, mas sem a possibilidade de alterá-la de nenhuma forma ou 

utilizá-la para fins comerciais.  

 

Todos os manuscritos foram previamente submetidos à avaliação cega pelos pares, membros 

do Conselho Editorial desta Editora, tendo sido aprovados para a publicação com base em 

critérios de neutralidade e imparcialidade acadêmica. 

 

A Atena Editora é comprometida em garantir a integridade editorial em todas as etapas do 

processo de publicação, evitando plágio, dados ou resultados fraudulentos e impedindo que 

interesses financeiros comprometam os padrões éticos da publicação. Situações suspeitas de 

má conduta científica serão investigadas sob o mais alto padrão de rigor acadêmico e ético. 

 

Conselho Editorial 

Ciências Humanas e Sociais Aplicadas 

Prof. Dr. Alexandre Jose Schumacher – Instituto Federal de Educação, Ciência e Tecnologia do Paraná 

Prof. Dr. Américo Junior Nunes da Silva – Universidade do Estado da Bahia 

Profª Drª Andréa Cristina Marques de Araújo – Universidade Fernando Pessoa 

Prof. Dr. Antonio Carlos Frasson – Universidade Tecnológica Federal do Paraná 

Prof. Dr. Antonio Gasparetto Júnior – Instituto Federal do Sudeste de Minas Gerais 

Prof. Dr. Antonio Isidro-Filho – Universidade de Brasília 

https://www.edocbrasil.com.br/
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4774071A5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4444126Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4734644D8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771171H3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4242128Y5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4168013D9


 
Prof. Dr. Arnaldo Oliveira Souza Júnior – Universidade Federal do Piauí 

Prof. Dr. Carlos Antonio de Souza Moraes – Universidade Federal Fluminense 

Prof. Dr. Crisóstomo Lima do Nascimento – Universidade Federal Fluminense 

Profª Drª Cristina Gaio – Universidade de Lisboa 

Prof. Dr. Daniel Richard Sant’Ana – Universidade de Brasília 

Prof. Dr. Deyvison de Lima Oliveira – Universidade Federal de Rondônia 

Profª Drª Dilma Antunes Silva – Universidade Federal de São Paulo 

Prof. Dr. Edvaldo Antunes de Farias – Universidade Estácio de Sá 

Prof. Dr. Elson Ferreira Costa – Universidade do Estado do Pará 

Prof. Dr. Eloi Martins Senhora – Universidade Federal de Roraima 

Prof. Dr. Gustavo Henrique Cepolini Ferreira – Universidade Estadual de Montes Claros 

Prof. Dr. Humberto Costa – Universidade Federal do Paraná 

Profª Drª Ivone Goulart Lopes – Istituto Internazionele delle Figlie de Maria Ausiliatrice 

Prof. Dr. Jadson Correia de Oliveira – Universidade Católica do Salvador 

Prof. Dr. José Luis Montesillo-Cedillo – Universidad Autónoma del Estado de México 

Prof. Dr. Julio Candido de Meirelles Junior – Universidade Federal Fluminense 

Profª Drª Lina Maria Gonçalves – Universidade Federal do Tocantins 

Prof. Dr. Luis Ricardo Fernandes da Costa – Universidade Estadual de Montes Claros 

Profª Drª Natiéli Piovesan – Instituto Federal do Rio Grande do Norte 

Prof. Dr. Marcelo Pereira da Silva – Pontifícia Universidade Católica de Campinas 

Profª Drª Maria Luzia da Silva Santana – Universidade Federal de Mato Grosso do Sul 

Prof. Dr. Miguel Rodrigues Netto – Universidade do Estado de Mato Grosso 

Prof. Dr.Pablo Ricardo de Lima Falcão – Universidade de Pernambuco 

Profª Drª Paola Andressa Scortegagna – Universidade Estadual de Ponta Grossa  

Profª Drª Rita de Cássia da Silva Oliveira – Universidade Estadual de Ponta Grossa 

Prof. Dr. Rui Maia Diamantino – Universidade Salvador 

Prof. Dr. Saulo Cerqueira de Aguiar Soares – Universidade Federal do Piauí 

Prof. Dr. Urandi João Rodrigues Junior – Universidade Federal do Oeste do Pará 

Profª Drª Vanessa Bordin Viera – Universidade Federal de Campina Grande 

Profª Drª Vanessa Ribeiro Simon Cavalcanti – Universidade Católica do Salvador 

Prof. Dr. William Cleber Domingues Silva – Universidade Federal Rural do Rio de Janeiro 

Prof. Dr. Willian Douglas Guilherme – Universidade Federal do Tocantins 

 

Ciências Agrárias e Multidisciplinar 

Prof. Dr. Alexandre Igor Azevedo Pereira – Instituto Federal Goiano 

Prof. Dr. Arinaldo Pereira da Silva – Universidade Federal do Sul e Sudeste do Pará 

Prof. Dr. Antonio Pasqualetto – Pontifícia Universidade Católica de Goiás 

Profª Drª Carla Cristina Bauermann Brasil – Universidade Federal de Santa Maria 

Prof. Dr. Cleberton Correia Santos – Universidade Federal da Grande Dourados 

Profª Drª Diocléa Almeida Seabra Silva – Universidade Federal Rural da Amazônia 

Prof. Dr. Écio Souza Diniz – Universidade Federal de Viçosa  

Prof. Dr. Fábio Steiner – Universidade Estadual de Mato Grosso do Sul 

Prof. Dr. Fágner Cavalcante Patrocínio dos Santos – Universidade Federal do Ceará 

Profª Drª Girlene Santos de Souza – Universidade Federal do Recôncavo da Bahia 

Prof. Dr. Jael Soares Batista – Universidade Federal Rural do Semi-Árido 

Prof. Dr. Jayme Augusto Peres – Universidade Estadual do Centro-Oeste 

Prof. Dr. Júlio César Ribeiro – Universidade Federal Rural do Rio de Janeiro 

Profª Drª Lina Raquel Santos Araújo – Universidade Estadual do Ceará 

Prof. Dr. Pedro Manuel Villa – Universidade Federal de Viçosa 

Profª Drª Raissa Rachel Salustriano da Silva Matos – Universidade Federal do Maranhão 

Prof. Dr. Ronilson Freitas de Souza – Universidade do Estado do Pará 

Profª Drª Talita de Santos Matos – Universidade Federal Rural do Rio de Janeiro 

http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4758163P1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4270399A9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K2187326U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537717Y7&tokenCaptchar=03AGdBq25B4lxTE6dxhpWHIqxGO4pzzZPgu_iV_QeN8f-tMTk8_sLDOB3PD_mtdQto3H5C2R2ZsmxnQtfmP66wxlIUt_CzTJNotB4Nr2WeA_ZeswgWraa8MbkAaZzV6d4gzkjqhc5hYQ_M-PfSdSI7td93FvBg2bA_iQABLK3i0vQ0yQRv1A1eB6SAfJCCqLkJYK596wJItTTqwwkcjAoFPtAsP-pVLiuGf7SJ_ujWrq_i7e1ac86qNNWa4t2uz65kb3UGFiVXXHrO-FYdcycEtCopnwy24k_7y06U-vF-n-8PZQEl3SDM3ejydvF0fyiSGRsDtN1eSkV6vWnGCu7u4Mc0gY3WMCxo6n9h6ArYBnNV6Cm64GaRIFb2IozQuQEayUcf2hIrTNuNZNcI3xXna_NbCwxnM8FL3w
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?metodo=apresentar&id=K4236503T6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4442899D1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4442899D1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4779936A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4279858T4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4764629P0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4137698A3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4777360H4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257759E9
http://orcid.org/0000-0001-9605-8001
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4705446A5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771879P6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4416387H0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4437388Z1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252176Y6&tokenCaptchar=03AGdBq26r9EVjWZW6sbYV6Q3XWGEB7epb3WfkzfKlDLCL6nuSImCrTbZxxdXfH115SzT25I_DhCpgpShBG_bHFXb9avzWk6MqPQ5Zp852OEiXNYhpLA-1o7WMKEodPM974saRwubwT3ShtpI7TEUL1yL5gyWfjv-J8D0MVaZgolDHwnfde1QFLtnFBrSV7U3TMOlJjjTwlkIFKDPDdU5xFyNuqv7dgkF7UxyXUdDvkxvbam3pRrYvbqx_9n6fnJX2_cfH-uWR2fMeVyV82I9DjqHSG7u0oUFyl5bANzJZo2QGC73qpepr9YPym9hEA6ZkyAdzW0KaEju5BJNlFoIaVJkRrvcw_NNcXhQ9bnlrNJoyfwprUxxX9sxpxDuekPRDL7SREOqoujeurRQ7LYg7MiVFrMwFKPFpsudAav9n63JnabvRFbkuxokGOVhW6hIZ6GrqDjdtJArpWI8QYKDGLgBsWmONrszfNw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759649A2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4745890T7
http://buscatextual.cnpq.br/buscatextual/busca.do?metodo=forwardPaginaResultados&registros=10;10&query=%28%2Bidx_nme_pessoa%3A%28rita%29+%2Bidx_nme_pessoa%3A%28de%29+%2Bidx_nme_pessoa%3A%28cassia%29+%2Bidx_nme_pessoa%3A%28da%29+%2Bidx_nme_pessoa%3A%28silva%29+%2Bidx_nme_pessoa%3A%28oliveira%29++%2Bidx_nacionalidade%3Ae%29+or+%28%2Bidx_nme_pessoa%3A%28rita%29+%2Bidx_nme_pessoa%3A%28de%29+%2Bidx_nme_pessoa%3A%28cassia%29+%2Bidx_nme_pessoa%3A%28da%29+%2Bidx_nme_pessoa%3A%28silva%29+%2Bidx_nme_pessoa%3A%28oliveira%29++%2Bidx_nacionalidade%3Ab%29&analise=cv&tipoOrdenacao=null&paginaOrigem=index.do&mostrarScore=false&mostrarBandeira=true&modoIndAdhoc=null
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4203383D8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4277797H6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4462393U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4792160H3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4758278P9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4717019T5
http://lattes.cnpq.br/3962057158400444
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257670Z4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4791258D5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4550722Z1&tokenCaptchar=03AGdBq26LoS54yshuGjAVTAhWtnomcb507AafRxgqUHA5rWXDTSAC8ujT1VFuP3y4tEBpGZS19N7RvwQkr5-DNtHriEEfmKb3_xUnkf3DhuvNCis7j04oZUuB6sbtybYhhfqdItqvhoc65O4cnN7x8sDpdIA2YfMuD3aFN8lr_S8JQb21Y8ACfte1yscvXXYcb9BYcCxWmKJd1WT1zmiAHbGk8p2qcdZuPko-NEiJ5Ugid8V4GsrrRxNzr1Vaz46HdLyP-3SoU5boilW0MWXEJcql0N06gtpZRX8hFIkpuD6W1PuIm9rguooIts9aPhbSlACsBNSamb17Kz9iEl3SIt1aquVaMiuT2H0OjxSwQ189Q0oth7WG3Vke0uwL2SYCHXeuec8UfMRJMHigDIUlf9gvkuDFSNg2vQ
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4769404T1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4402494Z9&tokenCaptchar=03AOLTBLS3hr4cVdLwJSKo9XuEbo3aSa84rmwd-VOUOnOKNG3KlETmWt897QU6hGmuwDDNVvUrUkgDH-vfvZPo1eIf2BLLKEI2emXX1CA5HvkIgdhkMivWo24B8yZ-zPcvj4Fw7L1gp3Q20koTp8vB34HZj7tj6QIwm7Eg-r9RL6NmagOF4QShFd0RxMWncbwWeS6oSfAa9pUBo00oql_WKfAajQU7-KR4W7i6mx7ToD1Ks7uHo1tjJlvLXmi7eaCSELEFilDt7ucyjDmTDMmA69x906qBDzhUwgw9wNMmIKZrcdqSAUCKEKQyl65e9O4lIr5JoUjhqwYTYlqXV-8Td4AZk_gu2oOCQMktRum_bd5ZJ0UcclTNxG2eP5ynmhjzA8IqVUfHDX1jdLgwP-yNSOi-y3y7nzoJqU8WIDza49J4gZUb-9kuQJX9f1G7STe2pOK2K3_dnTDg1l2n2-D-e9nP6yOPDEhkwDXCBPqIxdIiq0Nw7T-hKXd1Gzc3DUUqou6qw9HA6F2nwy2UHd-eNvPVHcyDBXWNtdQrSC-N3IilO2aX6co_RHJc6661cZbnZ9ymBUs9533A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4717916J5&tokenCaptchar=03AOLTBLSVwbRfXQjvHTLKSbnQb-EM9FjsS8YUlzZidkeuA9sSX1KCi29pQYB0pkW06OTfYJOOF6c3m-CckDuL-Oh5sJFBIKejpmfeQVcMOV11R5LYPbegZCB29EuKUVsIutVxqSJdP8M8kpcFOLJvVLUABQ2zXTIcS6RskfgSgeo7v7cwjGQ0aFXQxEqvUBOHHfMElt7SLSolhyhOtMRHWMzO2r9aAqjhF6zTOPQYoqoqQ7hdKB5sHVaEjAI_F6afXKd3g_32o_aFei6P5_WjFj27KtgrKs0z4ZCVerHuXwwU9iZywYA9upkLgGv2zJAOQU51HVBuDSAmVvHxyqhM6fSuRQMmf33YJIg9G3zOOLUPbOkox--oyiwbH2ClIV7NsCPvCgcXO57Z4a1lv7uK12dTpufQYLqtGE1NKSw_JUJmck3XJrFxV8_0eWbzNa8VQFzJFz8Wakp_VyC03nIL0hc9rNxF8BG9kvDECVj8HSt8lPiwtnLyavrp44Dk-TBq_AEQVz4OH-fFYyh3AKMKrtkuzWnJKXXCULFlOa-z5gwLCQJ_KBEoh_fl9LPmzvboZxwrYyIndtSL
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4448161E1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4761024J9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4799273E2&tokenCaptchar=03AGdBq268VEkAcn3ftZ_2lZ-SL33xDwfeshMnherzDAzqv6lBQj8Hb9MVSbjclJQj7Co8u0G5K2qg28cPA0VDL7deaFLPcBB225xfSH9cY813pYSTpkZb5yNNx4B96AuZiaivkRGg57X14E80_ebaYUUK0tYeRE_YGiVDTF9ot0Cg_9yPAQGBQDcoSlXzQ3Jv3J4cj-VxOvY8_phk-Sr50ziZu5mm-RdiqTMbHFNlm8Jvve1Yqo5DJkxxNnZNOV6uYsPLS0-LwCjYYN72DfxAlLNJNOA7yZYt3arJXt5NqXlUqogF9y7Yl83eWoGJ-bG4GzrNrtaDx3wmOafTCa_RR5J_s2k7ESRQuaJiES6aOpLel16W_T9krltTH8b_immDt2qfUtaoef4VxO0GYIe-O4ZGQ4xSwFWf6A
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4776446E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4705653J5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K8165109H2&tokenCaptchar=03AOLTBLSbWEZwpva2ByIrBPCi-0az6LzTydMcPZSUTgp16vbnnLpg51Ugkf9LxOhcdp-j8ju-G690W40chagCitBRtkGUdH2DrzuB_Wwf-gzusS7c1mwGcOgaajazzXK0iDHLZDCdHFu-cQErx5UZuXAq6LHHhsC0jt4ptl6JoIkyJenMJK2676GqBk_VFV-PtpfjlX42HNgL0P9k_Ztf28FMXLNYCKmWSum37Y7-POrmi40F52-KRx-84V0s_avLH1EUB3nOzzqYYGOjozeF-uZF5uGYwkYDLNJ-WXiTzdZybxlUDzdPZkgboLRDEno2ptYbBytJU18zNTtVu76IKO6Vj-ETNeOAl7GqqvWmwLl15JBsg59vvqLQlp2bSA-pI7bOUHEw1Qk92hHHAUQT56_5-K6SkJm6mpsHxrh5X-cEsL-wZKAUPCZVtji0IlOdxPWGr_7plMjGiCvU2I0J-Gv7Du69Fk9BKEMokAsV_QudOoViVOUQUQraVrLZPdmHOve9RAaNjuNGnpJQCsuK9AeqrAPbA6IQKF-YySF7iHF_qig9QJ9uUA0ISfZF4C8EdnQhgAcB5As6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4488711E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4221072D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4249363T4


 
Prof. Dr. Tiago da Silva Teófilo – Universidade Federal Rural do Semi-Árido 

Prof. Dr. Valdemar Antonio Paffaro Junior – Universidade Federal de Alfenas 

 

Ciências Biológicas e da Saúde 

Prof. Dr. André Ribeiro da Silva – Universidade de Brasília 

Profª Drª Anelise Levay Murari – Universidade Federal de Pelotas 

Prof. Dr. Benedito Rodrigues da Silva Neto – Universidade Federal de Goiás 

Profª Drª Daniela Reis Joaquim de Freitas – Universidade Federal do Piauí 

Profª Drª Débora Luana Ribeiro Pessoa – Universidade Federal do Maranhão 

Prof. Dr. Douglas Siqueira de Almeida Chaves – Universidade Federal Rural do Rio de Janeiro 

Prof. Dr. Edson da Silva – Universidade Federal dos Vales do Jequitinhonha e Mucuri 

Profª Drª Elizabeth Cordeiro Fernandes – Faculdade Integrada Medicina 

Profª Drª Eleuza Rodrigues Machado – Faculdade Anhanguera de Brasília 

Profª Drª Elane Schwinden Prudêncio – Universidade Federal de Santa Catarina 

Profª Drª Eysler Gonçalves Maia Brasil – Universidade da Integração Internacional da Lusofonia Afro-

Brasileira 

Prof. Dr. Ferlando Lima Santos – Universidade Federal do Recôncavo da Bahia 

Profª Drª Fernanda Miguel de Andrade – Universidade Federal de Pernambuco 

Prof. Dr. Fernando Mendes – Instituto Politécnico de Coimbra – Escola Superior de Saúde de Coimbra 

Profª Drª Gabriela Vieira do Amaral – Universidade de Vassouras 

Prof. Dr. Gianfábio Pimentel Franco – Universidade Federal de Santa Maria 

Prof. Dr. Helio Franklin Rodrigues de Almeida – Universidade Federal de Rondônia 

Profª Drª Iara Lúcia Tescarollo – Universidade São Francisco 

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

Prof. Dr. Jefferson Thiago Souza – Universidade Estadual do Ceará 

Prof. Dr. Jesus Rodrigues Lemos – Universidade Federal do Piauí 

Prof. Dr. Jônatas de França Barros – Universidade Federal do Rio Grande do Norte 

Prof. Dr. José Max Barbosa de Oliveira Junior – Universidade Federal do Oeste do Pará 

Prof. Dr. Luís Paulo Souza e Souza – Universidade Federal do Amazonas 

Profª Drª Magnólia de Araújo Campos – Universidade Federal de Campina Grande 

Prof. Dr. Marcus Fernando da Silva Praxedes – Universidade Federal do Recôncavo da Bahia 

Profª Drª Maria Tatiane Gonçalves Sá – Universidade do Estado do Pará 

Profª Drª Mylena Andréa Oliveira Torres – Universidade Ceuma 

Profª Drª Natiéli Piovesan – Instituto Federacl do Rio Grande do Norte 

Prof. Dr. Paulo Inada – Universidade Estadual de Maringá 

Prof. Dr. Rafael Henrique Silva – Hospital Universitário da Universidade Federal da Grande Dourados 

Profª Drª Regiane Luz Carvalho – Centro Universitário das Faculdades Associadas de Ensino 

Profª Drª Renata Mendes de Freitas – Universidade Federal de Juiz de  Fora 

Profª Drª Vanessa da Fontoura Custódio Monteiro – Universidade do Vale do Sapucaí 

Profª Drª Vanessa Lima Gonçalves – Universidade Estadual de Ponta Grossa 

Profª Drª Vanessa Bordin Viera – Universidade Federal de Campina Grande 

Profª Drª Welma Emidio da Silva – Universidade Federal Rural de Pernambuco 

 

Ciências Exatas e da Terra e Engenharias 

Prof. Dr. Adélio Alcino Sampaio Castro Machado – Universidade do Porto 

ProFª Drª Ana Grasielle Dionísio Corrêa – Universidade Presbiteriana Mackenzie 

Prof. Dr. Carlos Eduardo Sanches de Andrade – Universidade Federal de Goiás 

Profª Drª Carmen Lúcia Voigt – Universidade Norte do Paraná 

Prof. Dr. Cleiseano Emanuel da Silva Paniagua – Instituto Federal de Educação, Ciência e Tecnologia de 

Goiás 

Prof. Dr. Douglas Gonçalves da Silva – Universidade Estadual do Sudoeste da Bahia 

Prof. Dr. Eloi Rufato Junior – Universidade Tecnológica Federal do Paraná 

Profª Drª Érica de Melo Azevedo – Instituto Federal do Rio de Janeiro 

http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4742429E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4707670J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4267496U9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4773603E6
http://lattes.cnpq.br/5082780010357040
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=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://lattes.cnpq.br/1353014365045558
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?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=K4708470J3
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4241566A7
http://lattes.cnpq.br/4403141053026782
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138613J6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4276371U0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4257027Z4&tokenCaptchar=03AOLTBLRQwYrpUQNUiVQs5GKnu0UEeohCfS4gh6VQg4m9OCJBJGP1ipscv6rWqdQAm2ekIryWPICw4nrsj8zRvhV4KOCu_O7fKg8x16A4Q0frQhC4eXdGXjdlfaKY5_iCNOSxZdXwJf6mvSt7LxNHGYgrH3nvQ2GW02NNUnMijTh0P3XD2EKSRa6CPw-zJpSyX79my81mz0XfDpmLx1gKrLlyJOkZoxVmwZiB8Ef2UhunxkIromTYDmWKj1WB7amYH6FeKqP2g_CrxeS9rrMUCSa_TBvxDeuCGoS639pvbI96P_J6DrHpqui_qr2lwFwRESn0FURO5I0vvaS_eoBsIw0NpHkYMlacZ3AG5LBQ6dZCocE8fSPnNTEYLZ920AIxxvFsOztg4UlnlCxNtyQAlLK8yuUExFbn4w
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4220017Y9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4138744E2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4798868A0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4252050Z6&tokenCaptchar=03AGdBq26OwUjfczJgpok-DhR78-_tg8mCtuc_kzOdu3fww-XkFeIGpZcxeQYR_lQjlru2zoBp9MaSwp6X-5o2KOEi_vtmcyIPkAOaR-MapG54dWG6zdfo1Am2FWOz1PLOuLmRiuW47XqJnozK7mGtmFri7W6RDjlyxm9gEHId_EG1bhArFgeqBA610tCpbHN9QsbtXAhrYqZkvRe4_gd77e_huLOm8x9zsu0tW2qJ6W6D8Y2GP66SDaz1Yh_QKnR8_TZlh9QtcC-OTeKPi3NB06bIFQNdSxHwLmb5B3ZYCiJ3k4p2cpPl6LkeIreU92cL5nLWqC2yOkPsupmW8RZR8Q0lkAleKMY9Hd3XlmAITir63s6d95SHqdoLA75owrR0nma3vrXxQgT9pkc1QvdCr5-B9vQupl7AAg


 
Prof. Dr. Fabrício Menezes Ramos – Instituto Federal do Pará 

Profª Dra. Jéssica Verger Nardeli – Universidade Estadual Paulista Júlio de Mesquita Filho 

Prof. Dr. Juliano Carlo Rufino de Freitas – Universidade Federal de Campina Grande 

Profª Drª Luciana do Nascimento Mendes – Instituto Federal de Educação, Ciência e Tecnologia do Rio 

Grande do Norte 

Prof. Dr. Marcelo Marques – Universidade Estadual de Maringá 

Prof. Dr. Marco Aurélio Kistemann Junior – Universidade Federal de Juiz de Fora 

Profª Drª Neiva Maria de Almeida – Universidade Federal da Paraíba 

Profª Drª Natiéli Piovesan – Instituto Federal do Rio Grande do Norte 

Profª Drª Priscila Tessmer Scaglioni – Universidade Federal de Pelotas 

Prof. Dr. Sidney Gonçalo de Lima – Universidade Federal do Piauí 

Prof. Dr. Takeshy Tachizawa – Faculdade de Campo Limpo Paulista 

 

Linguística, Letras e Artes 

Profª Drª Adriana Demite Stephani – Universidade Federal do Tocantins 

Profª Drª Angeli Rose do Nascimento – Universidade Federal do Estado do Rio de Janeiro 

Profª Drª Carolina Fernandes da Silva Mandaji – Universidade Tecnológica Federal do Paraná 

Profª Drª Denise Rocha – Universidade Federal do Ceará 

Profª Drª Edna Alencar da Silva Rivera – Instituto Federal de São Paulo 

Profª DrªFernanda Tonelli – Instituto Federal de São Paulo, 

Prof. Dr. Fabiano Tadeu Grazioli – Universidade Regional Integrada do Alto Uruguai e das Missões 

Prof. Dr. Gilmei Fleck – Universidade Estadual do Oeste do Paraná 

Profª Drª Keyla Christina Almeida Portela – Instituto Federal de Educação, Ciência e Tecnologia do Paraná 

Profª Drª Miranilde Oliveira Neves – Instituto de Educação, Ciência e Tecnologia do Pará 

Profª Drª Sandra Regina Gardacho Pietrobon – Universidade Estadual do Centro-Oeste 

Profª Drª Sheila Marta Carregosa Rocha – Universidade do Estado da Bahia 

 

  

http://lattes.cnpq.br/0245575611603731
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4463907J8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4759660E9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4760729J2
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751834Y8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537856E4&tokenCaptchar=03AGdBq25h8s4ah6wRNPrjprU34aYFel02dUO8rCfIm5Dqn0zx7x-SOFz8S9Cgi7nVgAOr9BtH4aO4sfkQ-E5jfY7GGAva11Lj54I5Ks81P3cOKDsR2L2bC57MFAdyQ5zkxGhYmdwiH1Ou1aKVPQsQ-PHWu6MVpgVCz4wNpL0wxSE9sCtO3vobB1j0oPGwrvE0YgAfmI2B_4HS3daHhCIVe74EBkUincgIXr2ekTFY3_lGSr3lm2KDnZynPE4OjNXYPSdvAEMZn443NnoKDEpMTl5pYsZYSymhhw9DVjloXcM_aE0VtRXDPCUpoOIFJGXMdh10Ys_CK3XixwjCY1n7Ui_aNUS2NhnIIhrRjabALTJgmg92Tgek1-ZOcY3yQBLsFnK7Rni2elPkXUm_qcZsnSgtUk6FDRiR34B6DWhPSaV96tv8YL8hB3ZFss4gR3HdF6M-vS7-mzr5mrLAbFhYX3q-SMLqRVsBYw
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4235887A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4465502U4
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4794831E6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4425040A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4730619E0
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4703046Z8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4751950T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4272309Z6
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4259265T5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4269841A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4592190A8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4774983D5
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4537843A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4217820D9
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4770908P1
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4544802Z1


 
 

Referências, métodos e tecnologias atuais na medicina veterinária 2 

 

 

 

 

 

 

 

 

 

Diagramação:  

Correção:  

Indexação: 

Revisão: 

Organizadores: 

 

Camila Alves de Cremo 

Mariane Aparecida Freitas 

Gabriel Motomu Teshima 

Os autores 

Alécio Matos Pereira 

Danrley Martins Bandeira 

Cledson Gomes de Sá  

 

 

 

Dados Internacionais de Catalogação na Publicação (CIP) 

R332 Referências, métodos e tecnologias atuais na medicina 

veterinária 2 / Organizadores Alécio Matos Pereira, 

Danrley Martins Bandeira, Cledson Gomes de Sá. – 

Ponta Grossa - PR: Atena, 2021. 
  

 Formato: PDF 

Requisitos de sistema: Adobe Acrobat Reader 

Modo de acesso: World Wide Web 

Inclui bibliografia 

ISBN 978-65-5983-379-5 

         DOI: https://doi.org/10.22533/at.ed.795212008 

  

1. Medicina veterinária. I. Pereira, Alécio Matos 

(Organizador). II. Bandeira, Danrley Martins (Organizador). III. 

Sá, Cledson Gomes de (Organizador). IV. Título.  
CDD 636 

Elaborado por Bibliotecária Janaina Ramos – CRB-8/9166 

 

 

 

 

Atena Editora 

Ponta Grossa – Paraná – Brasil 

Telefone: +55 (42) 3323-5493 

www.atenaeditora.com.br 

contato@atenaeditora.com.br  

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


 
DECLARAÇÃO DOS AUTORES 

 

Os autores desta obra: 1. Atestam não possuir qualquer interesse comercial que constitua um 

conflito de interesses em relação ao artigo científico publicado; 2. Declaram que participaram 

ativamente da construção dos respectivos manuscritos, preferencialmente na: a) Concepção 

do estudo, e/ou aquisição de dados, e/ou análise e interpretação de dados; b) Elaboração do 

artigo ou revisão com vistas a tornar o material intelectualmente relevante; c) Aprovação final 

do manuscrito para submissão; 3. Certificam que os artigos científicos publicados estão 

completamente isentos de dados e/ou resultados fraudulentos; 4. Confirmam a citação e a 

referência correta de todos os dados e de interpretações de dados de outras pesquisas; 5. 

Reconhecem terem informado todas as fontes de financiamento recebidas para a consecução 

da pesquisa; 6. Autorizam a edição da obra, que incluem os registros de ficha catalográfica, 

ISBN, DOI e demais indexadores, projeto visual e criação de capa, diagramação de miolo, assim 

como lançamento e divulgação da mesma conforme critérios da Atena Editora. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
DECLARAÇÃO DA EDITORA 

 

A Atena Editora declara, para os devidos fins de direito, que: 1. A presente publicação constitui 

apenas transferência temporária dos direitos autorais, direito sobre a publicação, inclusive não 

constitui responsabilidade solidária na criação dos manuscritos publicados, nos termos 

previstos na Lei sobre direitos autorais (Lei 9610/98), no art. 184 do Código penal e no art. 

927 do Código Civil; 2. Autoriza e incentiva os autores a assinarem contratos com repositórios 

institucionais, com fins exclusivos de divulgação da obra, desde que com o devido 

reconhecimento de autoria e edição e sem qualquer finalidade comercial; 3. Todos os e-book 

são open access, desta forma não os comercializa em seu site, sites parceiros, plataformas de 

e-commerce, ou qualquer outro meio virtual ou físico, portanto, está isenta de repasses de 

direitos autorais aos autores; 4. Todos os membros do conselho editorial são doutores e 

vinculados a instituições de ensino superior públicas, conforme recomendação da CAPES para 

obtenção do Qualis livro; 5. Não cede, comercializa ou autoriza a utilização dos nomes e e-

mails dos autores, bem como nenhum outro dado dos mesmos, para qualquer finalidade que 

não o escopo da divulgação desta obra. 

 



APRESENTAÇÃO

Novas tecnologias estão sendo inseridas todos os dias nas diversas profissões, e 
na medicina veterinária não é diferente, estudantes e profissionais já experientes estão 
tento que se adequar aos novos tempos, onde a pesquisa realizada pelas universidades e 
outros centros de pesquisa voltado para medicina veterinária, desenvolve novas técnicas 
de abordagem aos problemas que sempre existiram, técnicas essas que visam melhorar o 
tratamento de enfermidades com métodos menos invasivos e mais eficazes no prognósticos 
dos pacientes.

No entanto o domínio de novas técnicas requer mais especialização dos médicos 
veterinários, um bom exemplo é a acupuntura que vem garantindo cada vez mais espaço 
dentro da Medicina veterinária, voltada principalmente para o tratamento de traumas 
musculares, com o objetivo de minimizar as dores e o sofrimento do animal até sua total 
recuperação.

Nesse contexto é mais fácil observar a importância do emprego de novas técnicas 
de abordagem na área clínica, esse capitulo trás dezesseis trabalhos abordando o emprego 
e a pesquisa de novas técnicas de tratamento das mais diversas patologias na qual os 
animais são acometidos, fazendo com que profissionais já estabelecidos no mercado de 
trabalho busquem atualizações e fazendo com que novos médicos saiam da academia 
cada vez mais especializados. 

Alécio Matos Pereira
Danrley Martins Bandeira

Cledson Gomes de Sá
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ABSTRACT: Osteoporosis is a skeletal metabolic disorder characterized by a loss of bone 
mass and architectural microstructure in which bone strength is compromised, increasing the 
risk of fragility fractures. This study evaluated the variation of serum bone turnover markers 
(BTMs), selected minerals and 17β-estradiol levels (E2) before and every 4 weeks until the 
24th week after ovariectomy (OVX) and glucocorticoid (GC) administration in sheep model. Six 
animals have gone OVX and weekly dexamethasone injections along 24 weeks and compared 
with a sham control group. Osteopenia was confirmed by microcomputed tomography and 
bone histomorphometry at L4 vertebra. BTMs – total and bone alkaline phosphatases (BALP) 
activities and intact osteocalcin (OC) concentration showed lower values over time in the GC-
treated OVX sheep than in the sham control group, except for intact OC concentration at the 
16th post-operative week. Resorption marker C-terminal telopeptides of collagen type I (CTX) 
concentration always showed higher values in the GC-treated OVX sheep group than the sham 
control one. Intact OC and CTX values presented statistical difference between both groups 
(P˂0.001 and P˂0.01, respectively). In normal physiologic conditions, the correlations between 
BALP with Ca (R=0.25, P=0.049) and P (R=-0.5196, P=0.0007), support the involvement 
of this BTM with the mineralization process. Also, the correlations between BALP with OC 
(R=0.4184, P=0.0077), BALP with tartrate-resistant acid phosphatase (TRAP) (R=-0.5083, 
P=0.001) and OC with TRAP (R=-0.3237, P=0.0444) help to confirm their opposite function. 
From the hemodynamic point of view, these results confirm the reliability of these serum BTMs 
evaluation in sheep for orthopedic research. 
KEYWORDS: Bone histomorphometry; serum bone turnover markers; lumbar vertebral 
micro-structure; osteoporosis; sheep

RESUMO: A osteoporose é um distúrbio metabólico esquelético caracterizado por perda de 
massa óssea e microestrutura arquitetônica em que a resistência óssea fica comprometida, 
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aumentando o risco de fraturas por fragilidade. Este estudo avaliou a variação dos marcadores 
séricos de remodelação óssea (BTMs), minerais selecionados e níveis de 17β-estradiol (E2) 
antes e a cada 4 semanas até a 24ª semana após a realização de ovariectomia (OVX) e 
administração de glicocorticóides (GC) em modelo de ovelha. Seis animais foram submetidos 
a OVX e a injeções semanais de dexametasona ao longo de 24 semanas e comparados 
com um grupo de controle simulado. A osteopenia foi confirmada por microtomografia 
computaorizada e histomorfometria óssea na vértebra L4. Os BTMs - atividades de fosfatases 
alcalinas total e óssea (BALP) e concentração de osteocalcina (OC) intacta apresentaram 
valores mais baixos ao longo do tempo nas ovelhas OVX e tratadas com GCs do que no 
grupo controle, exceto para concentração de OC intacta na 16ª semana pós-operatória. A 
concentração do marcador de reabsorção - telopeptídeos C-terminal docolágeno tipo I (CTX), 
apresentou sempre valores mais elevados no grupo de ovelhas OVX e tratadas com GCs do 
que no grupo controle. Os valores da OC intacta e CTX apresentaram diferença estatística 
entre os dois grupos (P˂0,001 e P˂0,01, respectivamente). Em condições fisiológicas normais, 
as correlações entre a BALP com Ca (R = 0,25, P = 0,049) e P (R = -0,5196, P = 0,0007), 
apoiam o envolvimento deste BTM com o processo de mineralização. Além disso, as 
correlações entre a BALP com OC (R = 0,4184, P = 0,0077), a BALP com fosfatase ácida 
resistente ao tartarato (TRAP) (R = -0,5083, P = 0,001) e da OC com TRAP (R = -0,3237, P 
= 0,0444) ajudam a confirmar sua função oposta. Do ponto de vista hemodinâmico, esses 
resultados confirmam a confiabilidade da avaliação desses BTMs séricos em ovinos para 
pesquisa ortopédica.
PALAVRAS-CHAVE: Histomorfometria óssea, marcadores do metabolismo ósseo, vértebras 
lombares, microestrutura, osteoporose, ovelha.

INTRODUCTION
In humans osteoporosis is a skeletal disorder characterized by a loss of bone mass 

and structure in which bone strength is compromised, thus increasing the risk of fragility 
fractures. Human osteoporosis is divided in type I, or post-menopausal osteoporosis, mainly 
characterized by a loss of trabecular bone, increasing fractures of the vertebrae and typically 
affects women after menopause due to lack of endogenous oestrogens (RIGGS & MELTON 
3rd, 1986; RIGGS et al., 2003). Type II, or senile osteoporosis, causes loss of cortical and 
trabecular bone in both men and women, as the disadvantageous result of ageing and it 
is characterized by hip, proximal humerus, proximal tibia and pelvis fractures (RIGGS & 
MELTON 3rd, 1986).

In healthy skeleton, constant bone remodelling occurs in which mature bone tissue is 
removed through a bone resorption process, and new tissue is formed in order to maintain 
bone strength and mineral homeostasis in continuum with a strict coordination between 
their phases (ANDERSEN et al., 2009). The bone remodelling cycle has three phases: 
the initiation, the transition (reversal) and the termination of bone formation as thoroughly 
described in literature (MATSUO & IRIE, 2008; ANDERSEN et al., 2009; BONEWALD 
2011). The process of bone remodelling involves the osteoprotegerin (OPG)/receptor 
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activator of nuclear factor NF-κB ligand (RANKL)/its membrane-bound receptor (RANK) 
system on osteoblasts and osteoclasts with OPG and RANKL constituting a ligand-receptor 
system that directly regulates osteoclast differentiation, and OPG acting as an inhibitor of 
osteoclastogenesis by competing with RANKL for the membrane receptor (MEIKLE, 2006; 
TEITELBAUM, 2007; LIU et al., 2015; IKEDA & TAKESHITA, 2016; KAPASA et al., 2017). 
The abnormality in the bone remodeling process, which conducts to osteoporosis, depends 
on the miss-coordination of multiple communication pathways between the osteoblast and 
the osteoclast lineages (FENG & MCDONALD, 2011). These cells activities are controlled 
by a variety of cytokines and hormones, in particular the lack of oestrogen induces an 
unbalanced remodelling, increasing bone loss and risk of osteoporosis (LERNER, 2006).

Ewes have been among widely used large animals for preclinical testing of new anti-
osteoporotic pharmacologic strategies, research in biomaterials and in the development of 
orthopedic implants and prostheses for fixation of fragility fractures and joints replacement 
in the osteopenic/osteoporotic skeleton. The sheep subjected to bilateral ovariectomy 
(OVX) with 12 months postoperatively (or more), or by the combined treatment of OVX 
sheep associated to glucocorticoid (GC) applications for 6 months and, in some protocols, 
a calcium/vitamin-D deficient diet, have been used frequently as an animal model for this 
purpose (DIAS et al., 2018). The GCs cause bone and muscle loss and weakness (KLEIN, 
2015). ZHANG et al. (2016) describes in detail the underlying mechanism of osteoporosis 
induced by GCs in OVX animals. ANDREASEN et al. (2015) concluded that GC-treated 
OVX aged sheep induced a significant bone loss, promoted by an arrest of the reversal 
bone remodeling phase, resulting in an uncoupling of bone formation and resorption, as 
demonstrated in postmenopausal women with GC-induced osteoporosis (ANDERSEN 
et al., 2013; JENSEN et al., 2011). Another very recent study elucidates the osteocyte 
regulation of OPG/RANKL system in the sheep model of osteoporosis, concluding that in 
the late progressive phase of the osteoporosis induced by steroids, the RANKL expression 
is stimulated in osteocytes (EL KHASSAWNA et al., 2017).

In small ruminants, clinical conditions of osteoporosis are also described as being in 
goats associated with phosphorus and calcium deficiency (BRAUN et al., 2009, ROSA et al., 
2013a, 2013b; BARBOSA et al., 2018), osteopenia in goats by copper deficiency (BUCK et 
al., 2012) and natural occurring osteopenia in the old sheep (MAENZ et al., 2020). MAENZ 
et al. (2020) even state that old sheep may represent a suitable model of senile osteopenia, 
since it presents a markedly diminished bone structure and formation, and substantially 
augmented bone erosion, which could be representative of the human condition. Also, 
osteoporosis is enumerated as one of the most common metabolic bone diseases in grazing 
sheep by THOMPSON et al. (2008) due to imbalances or deficiencies in nutrients such as 
vitamin D, calcium and phosphorus, also reported as associated to 1,25-dihydroxyvitamin 
D-3 deficiency in sheep by WILKENS et al. (2010).

This study intends to evaluate the variation pattern of an analytical panel composed 
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by serum bone turnover markers (BTMs) all along the bone loss induction process in the 
GC-treated OVX sheep model. Conventionally, the BTMs are divided into bone formation 
and bone resorption markers. The markers of bone formation are synthetized by the 
osteoblasts, during the different phases of their development and differentiation, reflecting 
different cell functions and the bone formation process. They include the osteoblast 
enzymes total alkaline phosphatase (ALP) and its bone isoform (BALP), the matrix protein 
osteocalcin (OC) and the by-products of collagen synthesis – C-terminal and N-terminal 
(PINP) propeptides of type 1 collagen (LEEMING et al., 2006; CREMERS et al., 2008; 
SOUSA et al., 2015; SHETTY et al., 2016). The markers of bone resorption are synthetized 
during the bone resorption process of bone remodelling and these include the products 
of collagen breakdown – C-terminal (CTX) and N-terminal telopeptides of collagen type I, 
CTX-matrix metalloproteinase, hydroxyproline and the collagen cross-links pyridinoline and 
deoxypyridinoline and also the non-collagenous protein bone sialoprotein and the enzymes 
secreted by the osteoclasts – tartrate-resistant acid phosphatase (TRAP) 5b isoform and 
cathepsin K (LEEMING et al., 2006; CREMERS et al., 2008; SOUSA et al., 2015; SHETTY 
et al., 2016). Which concern the novel osteocyte activity markers – RANKL and OPG, these 
ones reflect bone microenvironment, and more recently the Dickkopf-related protein 1 and 
sclerostin (LEEMING et al., 2006; CREMERS et al., 2008; SOUSA et al., 2015; SHETTY et 
al., 2016). In this way the BTMs have been evaluated as potential tool for predicting impaired 
quality of bone and monitoring treatment of osteoporosis, such as undercarboxylated OC 
(VERGNAUD et al., 1997), PINP and CTX (VASIKARAN et al., 2011). The OC has also been 
found as a useful biomarker in steroid-induced osteoporosis (CLEMENS & KARSENTY, 
2001).

So, the present study aimed to contribute for the evaluation of bone loss during the 
first 24 weeks after GC-treated OVX sheep model induction through the interpretation of the 
pathophysiological significance of the serum variation pattern of a complete panel of serum 
BTMs – ALP, BALP and intact OC, CTX and TRAP, with the originality of assessing their 
correlations with the serum minerals – total calcium (Ca), phosphorus (P) and magnesium 
(Mg), and the hormone 17β-estradiol (E2). Additionally, an evaluation of micro-architectural 
characteristics and bone mineral density (BMD) of L4 vertebra, that were acquired by micro-
computed tomography (µ-CT) and bone histomorphometry, was performed to prove the 
effects of OVX and GC administration on bone tissue.

MATERIAL AND METHODS

Animals, housing and anesthetic and surgical protocols
Twelve ewes (Portuguese Serra-da-Estrela breed), 3 to 4-years-old, 55.9±4.5kg 

weight, were acclimatized for 4 weeks. The animals were housed indoors in boxes and feed 
with grass hay and food pellets (0.250kg/animal/day). Diet was offered at an estimated 1.20 
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x energy maintenance requirements according to the NCR (1985) recommendations for 
sheep nutrition. The animals were divided in a sham control group (n=6) and a GC-treated 
OVX sheep group (n=6). For OVX realization, the anesthetic protocol was composed by 
acepromazine maleate (0.1mg/kg EV, Calmivet; Univete, Lisbon, Portugal), butorphanol 
tartrate (0.06mg/kg EV, Torbugesic; Fort Dodge Veterinaria, S.A., Vall de Vianya, Girona, 
Spain) and propofol 2% (3mg/kg EV, Propofol-Lipuro; B.Braun, Melsungen, Germany) 
and maintained with 1.5% isoflurane in oxygen. Analgesia was accomplished by flunixin 
meglumine (1mg/kg, IM, q24h, Finadyne; Vetlima, Lisbon, Portugal) for 72 hours. Amoxicillin 
(15mg/kg, IM, q48h, Clamoxyl LA; Laboratórios Pfizer, Lda, Barreiro, Portugal) was also 
administrated during the first week. The OVX sheep received 1mg/kg dexamethasone 
weekly injections (0.6mg/kg IM, Dexafort; MSD Animal Health, Portugal and 0.4mg/kg 
IM, Oradexon, N.V. Organon, The Netherlands), as described by ZARRINKALAM et al. 
(2009). During the last four weeks the gradual tapering of steroids was performed to prevent 
symptoms associated with abrupt withdrawal of GCs. Animals were euthanized at the 24th 
postoperative week with EV pentobarbital sodium (Eutasil; Sanofi Veterinária, Miraflores, 
Algés, Portugal). The experiments on animals followed Directive 2010/63/EU and of the 
local Council on the protection of animals used for scientific purposes (authorization DGAV 
0420/000/000/09).

Collection of blood samples
Blood samples were collected preoperatively and every 4 weeks until the 24th 

postoperative weeks (T0 to T6). The blood samples were drawn from the jugular vein into 
serological tubes (S-Monovette®, SARSTEDT, Nümbrecht, Germany). Samplings were 
performed between 9:00a.m. and 10:00a.m. and immediately centrifuged at 3000rpm for 
10min. Then the serum were stored in Eppendorf tubes at -20°C for serum total ALP, TRAP, 
E2 and mineral analyses and at -80°C for the other BTMs analyses.

Biochemical analysis
Commercially available kits from QUIDEL Corporation (Santa Clara, CA, USA) were 

used for ELISA determinations of serum BALP activity (Ref. 4660; EIA kit) and intact OC 
levels (Ref. 8002; EIA kit). The CTX levels were also measured with a commercial kit (ACP, 
Ref. O2F1; ELISA kit; IDS, Boldons, UK). The TRAP was performed via an enzymatic method 
and molecular absorption spectrophotometry using a commercial kit (ACP, Ref. 17304; 
Sentinel Diagnostics, Milan, Italy). Serum ALP activity (Ref. 6004), total Ca (Ref. 60117), 
inorganic P (Ref. 6122) and Mg (Ref. 6189) were determined by Beckman Coulter (CA, 
USA) commercial kits, via chemical method and molecular absorption spectrophotometry 
(Olympus AU400 automated biochemistry analyzer, Olympus America Inc., PA, USA). Serum 
E2 levels (eE2 Ref. 10490889; ADVIA Centaur-Siemens Healthcare Diagnostics, Frimley, 
UK) were determined by automated direct competitive chemiluminescent immunoassay. 
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The manufacturer’s protocol was followed as described and samples were assayed in 
duplicates. The sensitivity of this assay was 19pg/mL, and intra- and inter-assay coefficients 
of variation were 2.3%-11.1% and 0.9%-2.6%, respectively.

X-ray µ-CT
Samples from the body of the 4th lumbar vertebra (L4) (6mm diameter) were scanned 

using X-ray scan micrograph (µ-CT; SkyScan 1272; Bruecker, Kontich, Belgium). The 
samples were maintained in wet conditions by wrapping them with filter paper soaked in 
saline. Series of two dimensional projections, with a resolution of 7μm were acquired over a 
rotation range of 180°, with a rotation step of 0.45°, by cone-beam acquisition and using a 
0.35mm copper + 0.15mm aluminium filter. The data were reconstructed using the software 
NRecon (Version: 1.6.6.0, Skyscan) and analysed in a CT analyser (Version: 1.17.0.0, 
Skyscan). The region of interest (ROI) was defined as a 4.5mm diameter circle centred 
over the specimen. By auto-interpolation of manually-defined ROI with the inner and outer 
limits of trabecular bone, it was yielded a volume of interest (VOI) with a shape of a cylinder 
representative of the sample, which was the essential basis for the quantitative analyses. 
The BMD (g/cm3) of each sample was determined using the 8mm phantom calibrators of 
0.25 and 0.75g/cm3. The bone volume fraction (BV/TV; %), trabecular thickness (Tb.Th; 
μm), specific bone surface (BS/BV; %), trabecular number (Tb.N; 1/mm) and trabecular 
spacing (Tb.Sp; µm), closed porosity (Po(cl); %), open porosity (Po(op); %), and total 
porosity (Po(tot); %) were calculated using the Batman tool of CT analyser software. For 
the three-dimensional (3D) analysis, the bone region of each section was automatically 
defined (Ridler-Calvard method) and the resulting binarised image despeckled to remove 
the background (for bright speckles <40 voxels). The 3D reconstructions were produced 
using the CTVOX software.

Bone histomorphometry
Identical L4 vertebra biopsies were fixed in formalin 10% (NBF-neutral buffered 

formalin, Thermo Scientific, USA) and stored at 4ºC. For histological preparations, the 
bone samples were decalcified by incubation in a solution of TBD-2 (Thermo Scientific, 
USA) with mechanical stirring during 7 days. The decalcification end-point was defined as 
two consecutive days with negative tests for the presence of calcium in the decalcification 
solution supernatant. In brief, to 0.5mL of supernatant were added 1.0mL of citrate-phosphate 
buffer (0.20M citric acid and 0.16M dibasic potassium phosphate, pH 3.2-3.6) and 2.5mL of 
saturated ammonium oxalate. After 20min a calcium precipitate in the test tube is formed when 
the decalcification is still occurring. The decalcification was further confirmed by puncturing 
the decalcified bone biopsies with a needle to test the resistance. The decalcified bone 
samples were then dehydrated in ascending alcohol concentrations before embedding the 
specimens in paraffin. Sections of 5µm were cut in the anteroposterior plane on a automate 
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microtome (HM 355S Automatic Microtome, Thermo Scientific, USA) and mounted in glass 
slides. The histological slices were deparaffinized through downward alcohol concentrations 
and stained with Hematoxylin & Eosin (H&E) (Thermo Scientific, USA) using a standardized 
protocol. The cortical porosity (Ct.Po; %) and cortical thickness (Ct.Th; µm) were assessed 
in the cortical bone and the BV/TV (%), Tb.Th, Tb.Sp and Tb.N in the trabecular bone were 
quantified using the BoneJ (DOUBE et al., 2010) plugin of ImageJ software. For that, all 
micrographs of the histological cuts stained with H&E were split in the RGB channels. A 
bitwise operation was performed to subtract the green channel, strongly staining the bone 
marrow area, to the red channel, roughly corresponding to the bone area and the bone 
marrow, rendering an image of the bone area. These resulting representations of the bone 
area were treated to remove noise and binarized for histomorphometric evaluation.

Statistical analysis
ANOVA and Wilcoxon / Kruskal-Wallis test were used to determine statistical 

differences (P<0.05) and to compare mean differences between the different times or 
between study groups. The degree of correlations between the serum BTMs, minerals 
and E2 values were assessed by z Spearman correlation test. Statistical analyses were 
performed with SPSS statistical software (version 23.0, SPSS, Inc., IBM Company, NY, 
USA).

RESULTS

Serum biochemical evaluation
The results of biochemical analyses are shown in Table 1 and Figure 1 and the 

correlation coefficients between investigate variables in Table 2.

ALP
(U/L)

BALP
(U/L)

OC
(µg/L)

CTX
(pg/L)

TRAP
(U/L)

Ca
(mmol/L)

P
(mmol/L)

Mg
(mmol/L)

E2

(pmol/L)

Time 
(weeks)

Groups

T0 (pre-
op.)

Sham 
control

GC-treated 
OVX sheep

101.0±23.0
54.8±21.2

13.2±6.7
8.1±3.4*

18.3±4.7
12.0±9.0

0.23±0.12
0.39±0.34

2.17±0.29
2.20±0.29

2.38±0.11
2.26±0.22

1.73±0.20
1.99±0.50

0.95±0.10
0.85±0.09*

199.0±67.9
253.3±154.2

T1 (4) Sham 
control

GC-treated 
OVX sheep

114.2±50.0
88.4±60.1

10.0±4.6
5.3±1.2

16.0±7.1
4.6±2.1*†

0.91±1.06
0.64±0.31

1.99±0.78
2.36±0.24

2.33±0.09
2.27±0.13

1.83±0.38
2.20±0.44

0.94±0.07
0.88±0.13

177.0±75.6
171.8±46.8

T2 (8) Sham 
control

GC-treated 
OVX sheep

104.5±43.1
100.2±98.3

10.0±4.6
4.9±1.1

16.0±7.1
5.0±3.2*†

0.91±1.06
0.60±0.30

2.20±0.50
2.46±0.09

2.33±0.09
2.21±0.17

1.83±0.38
2.27±0.45*

0.94±0.07
0.94±0.04

177.0±75.6
151.3±75.6
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T3 (12) Sham 
control

GC-treated 
OVX sheep

137.2±58.5
92.6±71.5

8.4±5.9
6.6±1.9

16.3±6.5
12.7±13.0

0.18±0.12
0.37±0.12

2.53±0.53
2.22±0.47

2.36±0.12
2.11±0.23*

1.85±0.40
2.04±0.22

0.96±0.09
0.86±0.04*

207.4±83.0
152.0±92.2

T4 (16) Sham 
control

GC-treated 
OVX sheep

154.7±60.4
89.6±25.3

6.9±3.6
6.7±1.5

11.7±5.3†
19.7±12.0*

0.27±0.14
0.56±0.29

2.22±0.81
2.10±0.32

2.32±0.03
2.28±0.25

2.03±0.48
2.58±0.54*†

0.94±0.07
0.83±0.04*

143.2±76.0
148.3±97.7

T5 (20) Sham 
control

GC-treated 
OVX sheep

122.7±53.5
91.2±41.8

7.3±4.7
7.2±1.6

9.8±2.4
5.1±1.4†

0.27±0.14
0.81±0.13*†

2.33±0.31
2.90±0.91*

2.30±0.12
2.14±0.17

1.70±0.45
2.21±0.37

0.92±0.03
0.95±0.07

166.3±89.2
116.0±78.9

T6 (24) Sham 
control

GC-treated 
OVX sheep

150.0±67.2
100.0±29.9 7.8±4.5

8.0±1.1
10.6±3.7
5.0±0.9†

0.25±0.12
0.72±0.40*

2.27±0.34
2.54±0.38 2.27±0.15

2.16±0.21
1.89±0.56
2.17±0.60

1.00±0.05
1.01±0.03

152.4±80.8
119.7±57.3

Total alkaline phosphatase (ALP); bone isoform of alkaline phosphatase (BALP); intact osteocalcin 
(OC); C-terminal telopeptides of collagen type I (CTX); tartrate-resistant acid phosphatase (TRAP); 

calcium (Ca); phosphorus (P); magnesium (Mg); 17β-estradiol (E2); glucocorticoids (GC); ovariectomy 
(OVX); *significant differences compared with sham control group for the same time (*P<0.05); 

†significant differences compared to their preoperative (baseline) values (†P<0.05)

Table 1: Means±SD of serum bone turnover markers, minerals and 17β-estradiol levels in the sham 
control and glucocorticoid-treated ovariectomized sheep groups.
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Figure 1: Time-related (preoperatively and every 4 weeks until the 24th postoperative weeks – T0 to T6) 
changes of serum (A) total alkaline phosphatase (ALP) and (B) bone isoform of alkaline phosphatase 

(BALP) activities, (C) intact osteocalcin (OC) level, (D) C-terminal telopeptides of collagen type I (CTX) 
level, (E) tartrate-resistant acid phosphatase (TRAP) activity, (F, G and H) serum minerals – calcium 

(Ca), phosphorus (P) and magnesium (Mg) concentrations and (I) 17β-estradiol (E2) level at the 
preoperative time and during the postoperative period (mean±SD); *significant differences compared 

with sham control group for the same time (*P<0.05); †significant differences compared to their 
preoperative (baseline) values (†P<0.05).

ALP BALP OC CTX TRAP Ca P Mg E2

Sham control group
ALP R=1.00

P=1.00
- - - - - - - -

BALP R=-0.3558
P=0.0262

R=1.00
P=1.00

- - - - - - -

OC R=-0.2606
NS

R=0.4184
P=0.0077

R=1.00
P=1.00

- - - - - -

CTX R=-0.4741
P=0.0023

R=0.2452
NS

R=0.2463
NS

R=1.00
P=1.00

- - - - -

TRAP R=0.5072
P=0.0010

R=-0.5083
P=0.0010

R=-0.3237
P=0.0444

R=-0.6182
P˂0.0001

R=1.00
P=1.00

- - - -

Ca R=-0.0566
NS

R=0.2500
P=0.0490

R=-0.0336
NS

R=-0.0322
NS

R=-0.0056
NS

R=1.00
P=1.00

- - -

P R=0.3796
P=0.0132

R=-0.5196
P=0.0007

R=-0.1238
NS

R=-0.2592
P=0.0129

R=0.3947
NS

R=-0.2031
NS

R=1.00
P=1.00

- -

Mg R=-0.1516
NS

R=0.1237
NS

R=0.1852
NS

R=0.1281
NS

R=-0.0429
NS

R=-0.4135
P=0.0065

R=-0.1665
NS

R=1.00
P=1.00

-

E2 R=-0.5299
P=0.0003

R=0.6864
P˂0.0001

R=0.3942
P=0.0118

R=0.3116
NS

R=-0.4489
P=0.0042

R=0.4489
P=0.0029

R=-0.6057
P˂0.0001

R=0.0698
NS

R=1.00
P=1.00

Glucocorticoid-treated ovariectomized sheep group
ALP R=1.00

P=1.00
- - - - - - - -

BALP R=0.1231
NS

R=1.00
P=1.00

- - - - - - -

OC R=-0.3453
NS

R=0.3312
NS

R=1.00
P=1.00

- - - - - -
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CTX R=0.3131
NS

R=0.0594
NS

R=-0.1652
NS

R=1.00
P=1.00

- - - - -

TRAP R=0.1120
NS

R=0.2243
NS

R=-0.2366
P=0.0490

R=0.0912
NS

R=1.00
P=1.00

- - - -

Ca R=-0.3688
P=0.0347

R=0.1518
NS

R=0.2844
NS

R=0.0611
NS

R=-0.0943
NS

R=1.00
P=1.00

- - -

P R=0.5079
P=0.0025

R=-0.2100
NS

R=0.0561
NS

R=0.0102
NS

R=0.0657
NS

R=-0.4934
P=0.0026

R=1.00
P=1.00

- -

Mg R=0.1415
NS

R=0.0979
NS

R=-0.2811
NS

R=0.1917
NS

R=0.4687
P=0.0052

R=-0.0373
NS

R=0.1546
NS

R=1.00
P=1.00

-

E2 R=-0.0961
NS

R=0.0289
NS

R=-0.0272
NS

R=-0.0078
NS

R=-0.0055
NS

R=-0.0847
NS

R=0.0403
NS

R=-0.0456
NS

R=1.00
P=1.00

Total alkaline phosphatase (ALP); bone isoform of alkaline phosphatase (BALP); intact osteocalcin 
(OC); C-terminal telopeptides of collagen type I (CTX); tartrate-resistant acid phosphatase (TRAP); 

calcium (Ca); phosphorus (P); magnesium (Mg); 17β-estradiol (E2)

Table 2: Correlation between serum bone turnover markers, minerals and 17β-estradiol levels in the 
sham control and glucocorticoid-treated ovariectomized sheep groups.

Total ALP activity did not present statistically significant differences between both 
groups in study along time, but with the values of the GC-treated OVX sheep group showing 
lower levels relatively to sham control group after induction protocol. No statistically 
significant differences were observed along time within each study group. Relatively to 
serum minerals concentration, Ca did not show statistically significant differences between 
both groups in study along time, except for T3. Nevertheless, the values of the GC-treated 
OVX sheep group were always below the values of the sham control group, similarly to ALP 
for each time point. For P and Mg, also statistical differences were obtained between groups 
in study along time (P˂0.05 and P˂0.01, respectively). The P presented statistical differences 
between groups at the T2 and T4 with the values of GC-treated OVX sheep group superior 
to those of the sham control group and for Mg statistical differences were observed at 
the T3 and T4 with the values of GC-treated OVX sheep group inferior to those of the 
sham control group. For P, just within the GC-treated OVX sheep group, it was observed 
a statistically significant increase in values between the preoperative time and T4. The Mg 
showed statistical differences in sham control group between the T3 and T6 and in the GC-
treated OVX sheep group between the preoperative time and the T5 and T6. For E2, after 
the preoperative period, it was possible to observe in the GC-treated OVX sheep group a 
decrease in its values until T6, while sham control group just presented a slight fluctuation 
during the study.

For the BTMs, the BALP and TRAP activities did not present statistically significant 
differences between both groups in study along time, but intact OC and CTX concentrations 
presented statistical difference between both groups in study (P˂0.001 and P˂0.01, 
respectively). However, serum BALP activity showed in the GC-treated OVX group lower 
values than those obtained in the sham control group until the T4. The intact OC levels 
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were markedly higher in sham control group in the T1 and T2 compared to GC-treated OVX 
sheep group, but at T4 the value was significantly higher in the GC-treated OVX sheep. 
The CTX levels also presented significant differences between study group at the T5 and 
T6 with the GC-treated OVX sheep group presenting the highest values. For the intact OC 
values it was possible to verify that within the sham control group there were significant 
differences between the preoperative time and from the T4 in which a decrease of the 
intact OC values could be observed. In the GC-treated OVX sheep group the intact OC 
showed statistical differences between the preoperative time and the T1, T2, T5 and T6, 
which presented lower values. For the CTX levels no statistical differences were observed 
in the sham control group along time but in the GC-treated OVX sheep group there was 
a statistical difference between the preoperative time and the T5, with this last one value 
presenting a marked increase.

µ-CT analysis
No statistical differences were observed during the comparison of the micro-

architectural L4 vertebra sample parameters and trabecular BMD between the sham control 
and the GC-treated OVX sheep groups (P>0.05). However, a slight decrease of BV/TV – 
44.1% to 42.5% (-4.6%), Tb.N – 3.39(1/mm) to 3.05(1/mm) (-10%) and BMD – 0.69g/cm3 
to 6.62g/cm3 (-10.5%) and an increase in BS/BV – 18.1(1/mm) to 18.6(1/mm) (+14.3%) and 
Po(tot) – 52.9% to 59.5% (+13.5%), were observed between the sham control group and the 
GC-treated OVX sheep group, respectively.

Bone histomorphometric analysis
Statistical differences were observed after OVX and GC administration at the 24th 

postoperative week at trabecular bone level of L4 vertebra for Tb.Sp – 366.7µm in the sham 
control group and 430.8µm in the GC-treated OVX group, which significantly increased 
(P˂0.05). Although there was no statistically significant result, it was also possible to observe 
an increase in Ct.Th – 693.8µm to 721.4µm (+3.8%) and Ct.Po – 5.0% to 8.8% (+60%) and 
a decrease in the values of BV/TV – 43.2% to 34.7% (-19.7%), Tb.Th – 218.2µm to 174.8µm 
(-19.9%) and Tb.N – 3.7#/mm to 3.2#/mm (-13.5%), were observed between the sham 
control group and the GC-treated OVX sheep group, respectively.

DISCUSSION
The present work aimed to fully and thoroughly evaluate the variation of BTMs 

concentration and their correlations with serum minerals and E2 levels in the GC-treated 
OXV sheep as a model for osteoporosis research. The osteoporosis induction in this animal 
model has proved similarities with the pathophysiological mechanisms that occur in both 
postmenopausal and GC-induced osteoporosis in humans by deficient bone formation 
resulting from an uncoupling of the bone formation and resorption during the reversal phase 
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(JENSEN et al., 2011; ANDERSEN et al., 2013; ANDREASEN et al., 2015). In this way, 
the evaluation of a comprehensive analytical panel of BTMs, prior to OVX and then in a 
monthly pattern over 6 months post-OVX sheep, in which GC were administered weekly, 
was complemented by bone microstructural and composition evaluation through the 
analysis of bone biopsies obtained at the body level of the L4 vertebra by means of µ-CT 
and histomorphometry.

During bone loss in osteoporosis, BTMs, namely BALP, OC, CTX and TRAP, are 
released into the blood stream and/or excreted by kidneys in urine (SEIBEL, 2005). The BALP 
is a plasma membrane-bound enzyme expressed by osteoblasts used when assessing the 
phenotype or developmental maturity of mineralized tissue cells (MILLAN, 2006; GOLUB & 
BOESZE-BATTAGLIA, 2007). It is involved in initiating calcification by increasing the local 
concentration of inorganic phosphate, a mineralization promoter, and by decreasing the 
concentration of extracellular pyrophosphate, an inhibitor of mineral formation (WHYTE, 
1994; GOLUB & BOESZE-BATTAGLIA, 2007). The OC is a hydroxyapatite-binding protein 
synthesized by mature osteoblasts odontoblasts, and hypertrophic chondrocytes. At bone 
tissue level constitutes 15% of the non-collagenous bone matrix, with a small amount 
released to blood stream during the bone formation process and also during bone resorption 
process (SEEBECK et al., 2005; CREMERS et al., 2008). It acts as a regulator of bone 
mineralization, by binding calcium and consequently promoting hydroxyapatite nucleation, 
also regulating osteoblast and osteoclast activity (NEVE et al., 2013). The CTX are type I 
collagen molecule breakdown products generated by the activity of the enzyme cathepsin K, 
composed by short peptide sequences from the non-helical domain of this molecule, which 
are released during bone resorption process (CREMERS et al., 2008; SHETTY et al., 2016). 
Otherwise, TRAP 5b isoform is an enzyme, which is resistant to degradation by tartrate, 
most specifically expressed in the ruffled border of osteoclasts, activated macrophages and 
dendritic cells and cleaves type 1 collagen into fragments during bone resorption (HALLEEN 
et al., 2001; LEEMING et al., 2006; SHETTY et al., 2016). The normal values of BTMs in 
sheep were assessed in previously published studies (KLEIN et al., 2004; SEEBECK et al., 
2005; DIAS et al., 2008; SOUSA et al., 2014; COELHO et al., 2020).

In the present study, the bone loss at T6 after the GC-treated OXV implementation 
protocol in sheep was proven through the microstructural parameter results obtained at 
L4 vertebra level. It was observed a slight reduction in BV/TV, Tb.N and trabecular BMD, 
conjugated to an increase in BS/BV and Po(tot) obtained by µ-CT and an increase of Tb.Sp 
obtained by histomorphometric analysis, confirming the osteopenia induction. LILL et al. 
(2002) and SCHORLEMMER et al. (2003), with an identical animal model, also describe 
similar changes in microstructural measurements at vertebral level in sheep. Other studies 
described more profound changes in bone loss, possibly due to the fact that they also 
associated to the protocol a Ca/P/vit. D deficient diet to the GC-treated OXV implementation 
protocol (LILL et al., 2002; ZARRINKALAM et al., 2009; ESCHLER et al., 2015). However, 
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in this study it was decided to maintain a balanced diet since deficient levels of Ca and P 
would not alter the possible correlations of these minerals at serum level with the other 
blood parameters under study.

As expected, among the assessed BTMs level, total ALP and BALP activities and 
intact OC concentration, almost always, showed consistently higher values over time in the 
sham control group than in the GC-treated OVX sheep group (except for the intact OC level 
at T4) (Table 1, Figure 1). Just the bone resorption marker CTX, always presented higher 
values in the GC-treated OVX sheep group than in sham control group (Table 1, Figure 1). 
These results are in line with those presented by ANDREASEN et al. (2015), KIELBOWICZ 
et al. (2015) and CABRERA et al. (2018) who also determined intact OC and CTX levels 
in a similar animal model, with those of DING et al. (2010) for intact OC and also with the 
CTX level results obtained in the study of ZARRINKALAM et al. (2009). Thereby, following 
BTMs level it is possible to consider that sheep model reaches the highest bone remodeling 
8 weeks start the bone loss induction protocol. Other authors support the hypothesis that 
the sheep model undergoes the highest remodeling in short term and might be not suitable 
for long term studies (SIGRIST et al., 2007; ZARRINKALAM et al., 2009). However, in the 
present study it was also possible to observe a second significant reduction of intact OC 
level associated with an increase of CTX level (Table 1, Figure 1) after T5. The TRAP activity 
did not present statistical differences between the two groups which could be justified by the 
fact that this enzyme represents the set of two known isoforms – the TRAP 5a and 5b, and 
not just of the 5b isoform, which is the specific biomarker of osteoclastic resorption activity. 
Thus, the TRAP activity result might represent the metabolic expression of different organic 
tissues, and not just of bone tissue.

In the sham control group, serum Ca concentration always showed higher levels over 
the postoperative period compared to the GC-treated OVX sheep group, and the contrary 
was observed for P concentration (Table 1, Figure 1). These differences allow to perceive 
the involvement of these minerals in the bone turnover process and the negative correlation 
of the variation between these two parameters. Positive correlations in normal physiologic 
conditions between the formation marker BALP activity with serum Ca concentration 
and negative with serum P concentration, support the involvement of this BTM with the 
mineralization process. Also, the significant positive correlation between BALP activity and 
intact OC level, and negative correlation between these two formation markers and the 
resorption marker TRAP activity, could help to confirm their opposite function.

It is noteworthy that the serum E2 level remained in the GC-treated OVX sheep 
group always with values below those of the sham control group, declining until T6 (Table 
1, Figure 1), as expected and as reported by SIGRIST et al. (2007) and KIELBOWICZ et 
al. (2015). Also, regarding E2 level, the result with high statistical significance should be 
highlighted in the study of correlations obtained in the sham control group in which this 
parameter varies positively with the formation markers – BALP activity and intact OC level, 
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and total Ca concentration and negatively with the resorption marker TRAP activity, and P 
concentration, which is extremely elucidative about the role of this hormone in the process 
of bone turnover. It should also be noted that all correlations obtained between E2 level 
and serum BTMs and minerals levels under normal physiological conditions change and 
disappear in the GC-treated OVX sheep.

CONCLUSION
This study contributes to a better knowledge of the GC-treated OVX sheep model 

for osteoporosis research and the consequences that the present induction protocol may 
impose on its bone metabolism. From the physiologic hemodynamic point of view, these 
results confirm the reliability of these serum BTMs level determination in sheep for orthopedic 
research, proving the decreased bone formation by decreased of BALP activity and intact 
OC level, which indicate delay or disruption in the process of bone tissue mineralization, 
and increased bone resorption through increased CTX level in the GC-treated OVX sheep. 
Namely, the variations of the intact OC, as stated by VERGNAUD et al. (1997) and CLEMENS 
& KARSENTY (2001), and of CTX levels, as referred by VASIKARAN et al. (2011), in this 
animal model confirm these BTMs as reliable and sensitive indicators of diminished quality 
of bone and for the treatment of osteoporosis monitoring. Also, the obtained correlations 
between these serum BTMs, minerals and E2 levels clarify about their intervention and 
interrelation in the bone turnover process.
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