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RESUMO

Introducdo: As solucdes de fixacdo e conservacdo a base de formaldeido
permanecem até os dias de hoje como “padrédo ouro” para a manutengao de
materiais biol6gicos em laboratorios de anatomia. Contudo, seus efeitos nocivos a
saude humana e ao meio ambiente tém impulsionado a busca por solucdes
qguimicas alternativas com potencial suficiente para substitui-lo. Objetivo: O objetivo
deste estudo foi avaliar, através da analise das caracteristicas organolépticas
(avaliagdo macroscopica) e do estado de conservagcdo tecidual (avaliagdo
microscopica), a eficacia de uma solucdo quimica alternativa, livre de formaldeido,
para a conservacdo de pecas anatdbmicas em laboratério de anatomia. Material e
Métodos: Vinte hemiblocos de tecidos biolégicos cervicais (laringes e musculos
infra-hidideos) foram coletados de suinos machos (Sus scrofa domestica) e
submetidos aos processos de fixacdo em solugdo padrdo e posterior conservacao
em solucéo padrao (formol 10%) no grupo controle (GC) ou alternativa (alcool etilico,
glicerina, agua e desinfetante) no grupo experimental (GE). Avaliacbes das
caracteristicas organolépticas e do estado de conservagdo tecidual com base nos
graus de autolise celular foram realizadas imediatamente apds o abate dos animais
(fase 1), apés 1 més de fixacdo em solucdo padrao (fase 2) e apds 12 meses de
conservacao em solucdo padrao ou alternativa (fase 3). A avaliacdo organoléptica foi
baseada nas caracteristicas macroscopicas do material de acordo com a cor,
textura, odor de decomposicéo, odor da solucéo e irritagdo de mucosas. Com base
nos graus de autdlise celular o estado de conservagcdo foi classificado como
excelente (A), boa (B), satisfatoria (C), insatisfatéria (D) e tecido em autdlise (E).
Resultados: Os dados foram apresentados na forma de frequéncia e percentual e
analisados estatisticamente para comparagao entre fases e entre grupos (p<0,05). A
avaliagdo organoléptica ndo evidenciou alteracé@o dos tecidos na fase 1. Os mesmos
apresentaram-se palidos e rigidos nas fases 2 e 3 (p<0,05 vs fase 1) sem diferenca
entre grupos (p>0,05). Nenhum odor de decomposicao foi perceptivel nas 3 fases
para ambos os grupos. No GC (fase 2 e 3) e no grupo GE (fase 2), o odor da
solucéo e a irritagdo das mucosas foram classificados como néo toleravel. Na fase 3
o GE apresentou odor de solugéo toleravel com auséncia de irritacdo de mucosas

(p<0,05 vs fase 1;2 e vs GC). Na fase 1, 85% das amostras de musculo, 100% das



amostras de cartilagem e 95-100% das amostras de tecido epitelial apresentaram
excelente conservacéao tecidual (A). O percentual restante recebeu classificacao de
boa conservacéo (B). Na fase 2 e 3, o tecido muscular foi identificado 5 a 10% de
amostras classificadas como conservacdo satisfatoria (C) de modo que houve
diferenca significativa em relag&o aos resultados da fase 1 (p<0,05). Nestas fases, o
estado de conservacdo das amostras de cartilagem e tecido epitelial foram
mantidas. Para estes parametros, ndo foram encontradas diferencas significativas
na comparacdo entre grupos. Concluséo: A solucdo alternativa de conservacgao
mostrou-se eficaz para manter as caracteristicas macroscopicas e microscoépicas
das pecas anatdbmicas da mesma forma que a solucdo padrdo. Além disso, a
solucéo apresentou odor toleravel com auséncia de irritacdo de mucosas e manteve
consisténcia tecidual adequada, favorecendo a manipulacdo e a dissecacao das

pecas anatdmicas.

Palabras chave: Solucéo alternativa; conservante; pecas anatébmicas; alcool etilico;

glicerina; desinfetante.



ABSTRACT

Introduction: Formaldehyde fixing and preservation solutions remain to this day as a
"gold standard" for the maintenance of biological materials in anatomy laboratories.
However, its harmful effects on human health and the environment have driven the
search for alternative chemical solutions with sufficient potential to replace it. .
Objetive: The objective of this study was to evaluate the efficacy of an alternative
chemical solution, free of formaldehyde, for the preservation of anatomical
specimens in the anatomy laboratory by analyzing the organoleptic characteristics
(macroscopic evaluation) and the tissue conservation status (microscopic
evaluation). Material and Methods: Twenty hemiblocks of cervical biological tissues
(larynx and infrahyoid muscles) were collected from male pigs (Sus scrofa
domestica) and submitted to standard solution fixation and subsequent preservation
in standard solution (10% formaldehyde) in the group control (GC) or alternative
(ethyl alcohol, glycerin, water and disinfectant) in the experimental group (GE).
Evaluation of the organoleptic characteristics and the tissue conservation status
based on the cellular autolysis were performed immediately after the slaughter of the
animals (phase 1), after 1 month of fixation in the standard solution (phase 2) and
after 12 months of storage in solution standard or alternative (phase 3). The
organoleptic evaluation was based on the macroscopic characteristics of the material
according to the color, texture, odor of decomposition, solution odor and mucosal
irritation. Based on the degree of cellular autolysis, the condition was classified as
excellent (A), good (B), satisfactory (C), unsatisfactory (D) and tissue in autolysis (E).
Results: The data were presented in frequency and percentage form and analyzed
statistically for comparison between phases and between groups (p <0.05). The
organoleptic evaluation did not show alteration of the tissues in phase 1. They were
pale and rigid in phases 2 and 3 (p <0.05 vs stage 1) without difference between
groups (p> 0.05). No decomposition odor was perceptible in the 3 phases for both
groups. In GC (phase 2 and 3) and in the EG group (phase 2), solution pain and
mucosal irritation were classified as not tolerable. In stage 3 the EG had a tolerable
solution odor with no mucosal irritation (p <0.05 vs phase 1, 2 and vs GC). In stage 1,
85% of muscle samples, 100% of cartilage samples and 95-100% of epithelial tissue

samples presented excellent tissue conservation (A). The remaining percentage



received good conservation classification (B). In stage 2 and 3, muscle tissue was
identified 5 to 10% of samples classified as satisfactory conservation (C) so that
there was significant difference in relation to the results of phase 1 (p <0.05). At
these stages, the cartilage and epithelial tissue samples were preserved. For these
parameters, no significant differences were found in the comparison between groups.
Conclusion: the alternative preservation solution proved to be effective in
maintaining the macroscopic and microscopic characteristics of the anatomical parts
in the same way as the standard solution. In addition, the solution presented a
tolerable odor with no mucosal irritation and maintained adequate tissue consistency,

favoring the manipulation and dissection of the anatomical pieces.

Key words: Alternative solution; preservative; anatomical parts; ethyl alcohol;

glycerin; disinfectant.
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1 INTRODUCAO

Registros arqueologicos tém demonstrado que o0s homens sempre se
preocuparam com a conservacao dos corpos apés a morte, buscando métodos de
evitar a putrefacdo causada pela decomposicdo natural dos tecidos corporais
(SAEED et al., 2001; MAYER, 2011).

A técnica mais antiga de conservacdo de cadaveres que se tem
conhecimento é a mumificacdo. Utilizada por diversos povos antigos, principalmente
pelos egipcios, seus processos ndo foram bem descritos e ainda permanecem
desconhecidos em sua totalidade (SAEED et al., 2001). Relatos completos e
precisos sobre técnicas de preservacdo de corpos foram realizadas somente em
1544, por Ambrosié Paré, em seu Tratado de Cirurgia e, por Petrus Florentinus, o
qual descreveu detalhadamente os processos de embalsamamento dos pontifices
de Roma (KLEISS e SIMONSBERGER, 1964).

O marco para a conservacao de cadaveres foi a descoberta do aldeido
férmico, o qual passou a ser amplamente utilizado nos processos de conservacao
cadavérica em laboratérios de anatomia (OLIVEIRA e ZAIAT, 2004; BENKHADRA et
al., 2011). As limitacbes e desvantagens das solugbes a base de formaldeido
impulsionaram o desenvolvimento de inUmeras formulag6es visando minimizar seus
efeitos nocivos (BRENNER, 2014).

Apesar da vasta quantidade de substéncias desenvolvidas e da ampla
tecnologia disponivel, ainda nos deparamos com a dificuldade de preservar
materiais bioldgicos em solu¢Bes conservadoras atoxicas (FOX et al.,, 1985;
MOELANS et al., 2011). Desta forma, surge a necessidade de desenvolver novas
formulacdes, livres de substéncias nocivas e com propriedades conservadoras
suficientes para substituir as ja disponiveis, principalmente o formaldeido (BUESA,
2008; ZANINI et al., 2012).

Desta forma, buscamos avaliar a eficacia de uma solucdo quimica alternativa
contendo glicerina, alcool etilico, dgua e desinfetante com cloreto de benzalconio
como principio ativo na conservacao de pecas anatdmicas. A solugcdo em estudo foi
desenvolvida pelo Departamento de Ciéncias Morfolégicas (DCM) da Universidade
Federal do Rio Grande do Sul (UFRGS), sob orientacdo do Prof. Dr. Geraldo Pereira

Jotz e do Bidlogo Antbnio Generoso Severino, e vem sendo utilizada desde 2010.
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O objetivo de produzir e utilizar esta nova formulagdo foi minimizar a
emanacgado de vapores toxicos no ambiente, diminuindo a exposicdo ao formol pelos
manipuladores (professores, alunos e técnicos) a fim de cumprir normas de
seguranca, manter a arquitetura tecidual por longos periodos, reduzir 0s riscos
biolégicos (disseminagdo de infeccbes), prevenir o crescimento de fungos e
bactérias, manter flexibilidade e coloracdo dos tecidos o mais proximo do natural,
além de ser uma alternativa de custos consideravelmente baixos, uma vez que
muitas das técnicas utilizadas requerem uma grande infraestrutura, além de serem

processos extremamente dispendiosos.

Neste sentido, torna-se importante testar novas preparagdes que possam ser
empregadas para a fixacdo e conservacdo de material bioldégico em laboratérios de

anatomia.

2 REFERENCIAL TEORICO
2.1 TERMOS E DEFINICOES

A utilizacdo de determinados termos para definir a manutencdo das
caracteristicas morfoestruturais de tecidos biologicos apdés a morte, muitas vezes,
sdo empregadas de maneira inadequada e interpretadas de forma dubia. Suas
aplicacfes, tanto no campo educacional quanto no campo funeréario, segundo Balta
e colaboradores (2015), culminou no aparecimento de terminologias intercambiaveis,
o que dificulta a categorizacdo de diferentes métodos e solu¢des quimicas utilizadas
para este fim. No mesmo sentido, Brenner (2014) enfatiza que diferentes idiomas
podem utilizar denominacgdes distintas para definir processos de mesmo propadsito.

Diante disso, torna-se necessario o esclarecimento de alguns conceitos e
terminologias utilizadas para definir os processos de conservacdo de material

biol6gico em laboratérios de anatomia, conforme seguem:

- Embalsamamento: é o tratamento, mediante emprego de solucbes quimicas
especiais no corpo apdés a morte, que visa minimizar a presenga € 0
desenvolvimento de microorganismos, proteger da decomposicdo orgénica e
restaurar a aparéncia fisica. A distribuicdo uniforme e impregnacdo das solucdes
quimicas em todas as partes do corpo, através do sistema vascular, caracterizam
este processo (BATRA et al., 2010).
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- Tanatopraxia: do grego Thanatos (morte ou Deus da morte) e praxis (pratica).
Consiste no processo de embalsamamento realizado para cerimbnias funebres. O
emprego deste termo reserva-se exclusivamente ao campo funerario (TROMPETTE
e LEMONNIER, 2009; MAYER, 2011; GAHR et al., 2013).

- Fixagdo: processo que torna os tecidos firmes, insolUveis e protegidos contra a
decomposicao ap0s a morte. Solu¢Bes quimicas empregadas neste processo Sao
ditas solucdes de fixacdo ou fixadores (JUNQUEIRA e CARNEIRO, 2017).

- Preservacao: acdo que visa garantir a integridade e a perenidade de algo
(FERREIRA, 2014).

- Conservagdo: ato de conservar, resguardar de dano, preservar (FERREIRA,
2014).

Os termos preservacdo e conservacao, apesar de serem terminologias
distintas, podem ser utilizados alternadamente, sem modificar o sentido, pois se
designam ao mesmo proposito. Sendo assim, em nosso estudo utilizaremos
conservacao e preservacdo como termos que se referem ao mesmo processo, 0S

tratando como sinbnimos.

Neste sentido, o0s vocabulos conservacao/preservacado definem a
manutencdo, por tempo indeterminado, da condicdo alcancada pela fixacéo
(HILDEBRAND, 1968).

Torna-se importante salientar que estes termos sdo utilizados para nomear
uma técnica, referenciar solu¢cdes quimicas e definir diferentes fases de processos
desenvolvidas neste estudo, sendo fundamental para a compreensdo da
metodologia empregada no mesmo. As definigbes e conceitos apresentados séo
universalmente utilizados, entretanto, suas aplicacdes nos diferentes campos de
atuacdo, paises e culturas, permitem interpretacbes controversas. A forma de
emprego destas terminologias em nosso estudo néo inviabiliza a interpretagdo dada

para as mesmas em outras pesquisas.

2.2 HISTORIA DO EMBALSAMAMENTO E CONSERVACAO TECIDUAL

A pratica do embalsamamento, considerado um dos primeiros procedimentos

cirurgicos empreendidos pela humanidade, tem uma longa histéria, e vem sendo
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empregada por diferentes povos e culturas desde os tempos mais remotos (STRUB
e FREDERICK, 1989; EZUGWORIE et al., 2009).

Varios foram os propositos para a realizacdo do embalsamamento de corpos
apos a morte. O principal esta relacionado a crencas religiosas ou supersticoes
profundamente enraizadas. Motivados pela fé, diversos povos antigos conservavam
seus corpos por acreditarem que voltariam a habita-los. A vida eterna estava
relacionada a um corpo preservado, sendo que aquele com o corpo decomposto
seria banido da vida ap6s a morte (VON HAGENS e WHALLEY, 2009). A
compreensao da sintopia das estruturas internas para tratar doencas e, até mesmo,
para a caga, Sdo outros motivos da realizagdo do embalsamamento nas culturas
antigas (MAYER, 2011).

Trés grandes épocas marcam a trajetéria do embalsamamento com o passar
do tempo (AJAYI et al., 2011; MAYER, 2011).

2.2.1 Primeira época — Embalsamamento nas culturas e civilizagfes antigas

A primeira época, a qual remete ao principio do embalsamamento, aborda

sua pratica entre diversos povos antigos.

Os chinchorros, um povo que viveu no deserto do Atacama, utilizavam
técnicas de conservacao impressionantes, produzindo as mumias artificiais mais
antigas ja encontradas até hoje (cerca de dois mil anos antes dos egipcios)
(MARQUET et al., 2012).

No antigo Egito (3200 anos A.C.), os mortos eram enterrados em valas rasas,
escavadas nas areias do deserto, sem nenhuma préatica de mumificacdo. O clima
guente e seco da regido favorecia a desidratacdo dos corpos, o que contribuia para
a sua preservacao (MAYER, 2011). A crenca na imortalidade da alma certamente
foi originada pela ecloséo dos corpos preservados sobre a superficie da areia, o que
levou este povo a providenciar uma provisdo de alimentos, objetos pessoais e joias
para a utilizagdo do morto em sua jornada em outra vida (FIUZA e MARCHIORO,
2010). Saques as cavernas funerarias passaram a ser comuns, em virtude do
aumento da populacéo. A construcédo de grandes tumbas em solos mais firmes criou
um local mais seguro para enterrar os mortos, contudo, originou um ambiente menos

favoravel para a preservagdo, evitando o calor e a desumidificacdo. Este fato
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provavelmente induziu a criagdo de uma nova técnica de preservacao, iniciando a
era da mumificacdo artificial pelos egipcios (VON HAGENS e WHALLEY, 2009).

Os papiros encontrados, até os dias atuais, trazem descricbes incompletas
dos processos de mumificacdo desenvolvidos pelos egipcios (KLEISS e
SIMONSBERGER, 1964; RODRIGUES, 2010; FIUZA e MARCHIORO, 2010). A
técnica original incluia a evisceracdo, com excec¢ao do coracdo, pois acreditavam ser
a sede da alma, residindo ali os sentimentos e a consciéncia. Por fim, as cavidades
corporais eram preenchidas com terra, areia, tecido ou algodao e, o corpo envolto
em tiras de linho embebidas em solugdes especiais (ADAMS, 1998; SAEED; et al.,
2001; RODRIGUES, 2010, FIUZA e MARCHIORO, 2010; MAYER, 2011).

Em meados do século IV da era crista, a crenca de que a mumificacdo seria a
garantia de uma vida eterna ja ndo era mais aceita por muitos egipcios, dada a
influéncia do cristianismo (FIUZA e MARCHIORO, 2010). Com isso a arte e a ciéncia
de criar mumias perderam forca e, aos poucos, foram deixadas de lado e
substituidas por outras crencas e métodos, dando fim a um ciclo de mais de 30
séculos (MAYER, 2011), registrando aproximadamente 730.000.000 corpos
mumificados no Egito (EZUGWORIE et al., 2009).

2.2.2 Segunda época — Embalsamamento cientifico-anatémico

A segunda época inicia com a mais completa proibicdo da utilizacdo dos
métodos de conservacdo. Conhecida como a ldade das Trevas (ldade Média —
século V a XV), este periodo de restricdes reservava somente a nobreza, ao clero e
a alguns membros da alta sociedade o direito de embalsamar seus falecidos.
Rigorosas leis proibiam os cursos de medicina de utilizarem cadaveres para estudo
ou dissecacdo (TROMPETTE e LEMONNIER, 2009).

Ulteriormente, o Renascimento (século XVI) p6s fim a Idade das Trevas,
iniciando uma época marcada pelo desenvolvimento médico-cientifico, conhecida
como Periodo dos Anatomistas (EZUGWORIE et al., 2009; AJAYI et al., 2011). A
aprovacao da dissecacdo de cadaveres para fins de investigacdo médica forneceu
uma rica fonte de conhecimento e refinamento das metodologias de conservacgao
cadavérica. Desde entdo as técnicas de embalsamamento anatdmico passaram a
ganhar popularidade (AJMANI, 2009).
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O apogeu na investigacdo anatdbmica do embalsamamento se deu com o
desenvolvimento das técnicas de injecdo arterial (MCKONE, 1999; RODRIGUES,
2010; RIFKIN et al., 2011; MAYER, 2011). A descoberta da circulacdo sanguinea,
em 1628, pelo fisiologista inglés William Harvey foi fundamental para a incorporacéo
deste método (EZUGWOIRE et al., 2009; AIRD, 2011).

A técnica de injecdo arterial foi aprimorada pelo cientista holandés Frederik
Ruysch. Em 1717 seus exemplares anatdmicos foram vendidos ao famoso czar
russo Pedro, o Grande, para serem expostas no Museu de S&o Petersburgo,
juntamente com a férmula do liquido balsédmico utilizado na conservacdo das pecas.
As preparagdes chegaram ao destino em péssimas condi¢cdes de conservacao, pois
0s responsaveis pelo translado beberam as solucdes conservadoras, que continham
alcool e pimenta negra, para suportarem o frio extremo (REVE, 2006; RODRIGUES,
2010). Ruysch teria desenvolvido, com o liquido balsamico, a solu¢éo conservadora
ideal, no entanto, a composi¢cdo exata de sua férmula permanece desconhecida até
os dias de hoje (TROMPETTE e LEMONNIER, 2009; IJPMA e VAN GULIK, 2013).

O anatomista, fisiologista e médico escocés, Dr. William Hunter, em 1747
descreveu minuciosamente os planos de injecéo arterial utilizados por ele. Por ter
publicado seus achados, beneficiando o mundo cientifico, é considerado por muitos
como o inventor original do sistema de inje¢&o arterial (NUNNAMAKER e DHONAU,
2015).

Karl Scheelle descobriu, em 1779, a glicerina, um 4&lcool derivado da
saponificacdo do azeite de oliva com 6xido de chumbo. Sua adequacdo para a
preservacao, idealizada por Giacomini em 1884 e Laskowski em 1886, representou
um grande marco na preparagao de pecas anatdmicas (KURZ, 1978; RODRIGUES,
2010).

2.2.3 Terceira época — embalsamamento funebre

A terceira época tem por marco histérico a Guerra Civil Americana (1861-
1865), a qual levou os processos de conservacado cadavérica a serem aplicados
novamente com propositos funebres, movido principalmente por questdes afetivas. A
preservacao dos corpos dos soldados mortos em batalha era primordial para o

transporte em longas distancias, garantindo as familias o retorno de seus entes



15

queridos para um enterro digno, com um corpo preservado, limpo e séptico (AJAYI
etal., 2011; MAYER, 2011).

Com o novo enfoque dado ao procedimento de conservagdo cadavérica, 0
embalsamamento deixou de ser um método exclusivo das preparacdes anatdbmicas.
O ramo funerario do embalsamamento, alavancado pelo barbeiro-cirurgido da
Guerra Civil Americana, Thomas H. Holmes, trouxe a tona a preocupacdo e o
cuidado com o corpo inanimado herdado das civilizacdes antigas (PINEDA e YUON,
2004; AJMANI, 2009; FIUZA e MARCHIORO, 2010).

Em seus ensaios, Holmes desenvolveu solugbes de embalsamamento
contendo arsénico como componente principal (RODRIGUES, 2010). Seu fluido de
preservacao foi o primeiro a ser aceito e amplamente utilizados durante os séculos
XIX e XX (EZUGWOIRE et al., 2009).

Em 1906 o uso do arsénico em solugcbes embalsamadoras passou a ser
proibido, e o formaldeido foi eleito como substancia de escolha nas preparacdes
funebres (FIUZA e MARCHIORO, 2010). A descoberta do formaldeido ocorreu em
1859 pelo russo Aleksandr Mikhaylovich Butlerov, no entanto, aplicacbes médicas
desta substancia ocorreram em 1893 com Ferdinand Blum, revelando suas
propriedades antissépticas, antimicrobianas e fixadoras (BLUM, 1893; BINAWARA et
al., 2010).

Nos Estados Unidos, desde 1861, o embalsamamento funebre esta disponivel
para todos os cidadaos, tornando-se um servi¢co corriqueiro, aplicado em 90% dos
corpos a cada ano (MITFORD, 2000; MAYER, 2011).

No Brasil, a primeira tanatopraxia e arte restauratéria foi realizada por Gelcio
Miguel Schilbelben em 1994, durante a 122 Reunido da Associacdo Latino
Americana de Cemitério e Servicos Funerarios — ALPAR e 1° Encontro Internacional
de Diretores de Cemitérios e Servigos Funeréarios do Brasil, ocorridos na cidade de
Curitiba. Estabeleceu-se, a partir de entdo, o marco do embalsamamento funerario
do pais (FIUZA e MARCHIORO, 2010).
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2.3 SOLUCOES MODERNAS DE FIXACAO E CONSERVACAO ANATOMICAS

Modernas solu¢des quimicas de fixagdo e conservacdo anatdbmicas sdo o
resultado do acumulo de varios séculos de conhecimento empirico e investigacao
cientifica, culminando em uma diversidade de formulacbes amplamente relatadas na
literatura especializada (LOMBARDEIRO et al., 2017).

Métodos de preservacdo seca (PAPAGEORGOPOULOU et al., 2015), em
baixas temperaturas (BRADBURY e HOSHINO, 1978; O'SULLIVAN e MITCHELL,
1993; ANDERSON, 2006; BARTON et al., 2009; MESSMER et al., 2010; MISHRA et
al.,, 2016), por inclusdo e impregnacdo de substancias endurecedoras (VON
HAGENS, 1979), com solucdes pulverizadas (MACDONALD e MACGREGOR, 1997;
MILLS, 2010) e preservacdo umida (VAN DAM et al., 2015; TURAN et al., 2017,
LUO et al., 2018; TAMAYO-ARANGO e GARZON-ALZETE, 2018) s&o exemplos da
diversidade de técnicas e métodos de conservagdo atualmente empregados.

O formaldeido tornou-se a base das primeiras solu¢bes de embalsamamento
modernas, mostrando um excelente potencial conservador (EZUGWOIRE et al.,
2009). Batizadas com o nome de seus idealizadores desde seus primoérdios,
convenientemente esta tradicdo manteve-se nas solucdes contemporaneas, apesar
de alguns autores favorecerem o componente principal ou o principio ativo para

nomea-las.

Por adotarmos uma forma de preservagdo que utilize conservacdo Uumida,
daremos mais atencao a estas solucfes. A tabela 1 faz um resumo das principais

solucdes de fixacao e conservagao consideradas modernas.

Tabela 1 — Soluc6es modernas de fixacdo e conservacao.

Formol 40% (400 ml) Glicerina (500 ml)
Pulvertaft (1950) Nitrito de Potassio (30 g) Acido Arsénico 1% (200 ml)
(Solucgéo de Kaiserling)  Acetato de Potassio (60 g) Acetato de Potéssio (250 g)
Agua da torneira (2 I) Timol (2,5 g)

Continua.
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Richins et al. (1963)

Dowicide G™ (0,75)

Metanol (4,00)

Formcel (5,40)

Sorbitol 70% (1,50)

Pirofosfato tetrapotassio (0,30)
Agente molhante (0,05%)
Agua (87,9905)

Medidas em % por peso corporal.

Dowicide G™ (3,75)

Metanol (20,00)

Formcel (27,00)

Sorbitol 70% (7,50)

Pirofosfato tetrapotassio (1,50)
Agente molhante (0,25)

Agua (40,00)

Medidas em % por peso corporal.

Langner e Jackson
(1966)

Formol 4% tamponado
2-para-dioxanona

(60 a 80% do peso corporal)

Formol 4% tamponado
2-para-dioxanona

(60 a 80% do peso corporal)

Frolich et al. (1984)

Formaldeido (2,2%)
Lisoformina (4,5%)
Glicerol (20%)
Hidrato de cloral (5%)
Cloreto de sadio (4%)

Cloreto de calcio (anidro) (1%)

Fixacdo complementar (imersao):

Formol 4%

Agua da torneira (600 I)

Fenoxietanol 1% diluido em agua
da torneira (600 I)

Kessler (1989)

(Solucéo de Jores)

Formol (50 ml)

Agua destilada (1000 ml)
Sulfato de sodio (50 g)
Hidrato de cloral (50 g)

Agua destilada (1000 ml)
Glicerol (600 ml)
Acetato de potassio (300 g)

Wineski e English

Formaldeido (1,5 a 2%)
Fenol (7,5%)
Metanol (1,0 a 1,5%)

Fenoxietanol 1% diluido em agua
da torneira (200 I)

(1989)
Pentaclorofenato de sodio (1%)
Total de solucéo (24 1)
Solucédo de Perfuséo: Agua da torneira aquecida (100)
Solugéo de estoque (14300 ml) Acido Bérico (3)
Solucéo de Clorocresol (500 ml) (Mono) etilenoglicol (10)

) Sulfito de sédio (700 g) Nitrato de aménia (10)

Thiel (1992)

Formol (300 ml)

Nitrato de potassio (5)
Solucéo de clorocresol (2)
Sulfito de Sédio (7)
Formol (2)
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Thiel (1992)

Solucao de Estogue:

Agua da torneira quente (100)
Acido Bérico (3)
Monoetilenoglicol (30)

Nitrato de Aménia (20)

Nitrato de Potassio (5)

Solucao de Clorocresol:

Monoetilenoglicol (10)

4-cloro-3-metilfenol (1)

Solucao Cavitéria:

Solugéo de estoque (1000 ml)

Solucéo de clorocresol (500 ml)

Formol (850 ml)

Sulfito de Sdédio (500 g)
Morfina (300 ml)

Alcool isopropilico (3000 ml)

Solucéao Cerebral:

Agua de torneira (40)
Mono-etileno-glicol (10)
Alcool isopropilico (40)
Formol (10)

Os componentes sem unidade
especifica de medida indicam
valores volumétricos para liquidos e
partes em peso corporal partes
solidos. Um mililitro é igual a um
grama.

Pretorius (1996)

Formol (1,2 )
Etanol 96% (28 1)
Glicerina (0,8 )

Glicerina (250 ml)
Fenol liquido 80% (250 ml)
Agua (500 ml)

Coleman & Kogan
(1998)

Agua (8 1)

Fenol (1,2 1)

Formol 37% (0,5 I) Armazenados na mesma solugdo
Fenol (0,2 1) de fixacéo, mantidos a 18 °C.

Glicerina (0,5 1),

Alcool isopropilico (4 I)
Cloreto de sodio (20 kg)
Agua da torneira (29,8 1)

Majewski et al. (2003)

Liquidos i6nicos

Liquidos i6nicos
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Da Silva et al. (2004)
(Solucao de Klotz)

Formol 40%

Cloreto de sédio
Bicarbonato de sédio
Hidrato de cloral

Agua

Formol 40%

Cloreto de s6dio
Bicarbonato de sédio
Hidrato de cloral

Agua

Rodrigues (2010)
(Solucao de Pick)

Formol 40% (50 ml)
Agua destilada (1000 ml)
Sulfato de s6dio (50 g)

Solucao intermediaria:

Alcool etilico 80%

Agua destilada (1000 ml)
Glicerol (600 ml)
Acetato de potassio (300 g)

Al-Hayani et al. (2011)

Goma-laca seca (80 kg)
Alcool 58%, (200 I)

Armazenados na mesma solugéo
de fixagéao.

Janczyk et al. (2011a,)

Nitrito de sédio (23%)
Etanol (30%)

Agua (23,9%)

Pluriol® E 400 (20%)
Oleo de orégano (0,1%)

Acido ascorbico (3%)

Armazenados na mesma solucao
de fixacdo, mantidos entre 4 a 6 °C

Hammer et al. (2012)

Glicerina (0,7 I/KQ)

Etanol (5% em volume)

Timol (300,44 g)
Etanol (1 1)
Agua (10 1)

Shi et al. (2012)

Formaldeido a 6%

Sal de tetraquil hidroximetil fosfénio
— THP (15%)

Solucao tampéo acida (hidroxido de
s6dio, acido citrico e &cido
cloridrico, com pH 4,3-6,5) (85%)

Agua deionizada

Benet et al. (2014)

Etanol (62,4%)
Glicerol (17%)
Fenol (10,2%)
Formaldeido (2,3%)
Agua (8,1%)

Solucéo Fixadora (1 parte)
Agua (10 partes)

Armazenado a 5 °C

Holewijn et al. (2017)

Fluido de fixacao FAL® (4 1)
Agua (18 1)
Formaldeido a 37% (0,3 1)

Liquido de preservacao F4L®
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Conclusao.

Solucao pré-fixagédo Armazenados na mesma solucao

N ) o
Cloreto de benzalc6nio 1% (300 de fixagdo, mantidos a 4 °C.
ml)

Turan etal. (2017) Solucdo de Fixacéo:

Etanol 96%, (35 L)
Sabao Liquido (55 L)
Acido citrico (10 Kg)

Formaldeido (3,5%) Armazenados na mesma solugéo
Alcool (15%) de fixacdo, mantidos a 4 °C.
Luo et al. (2018) Glicerina (1%)
Cloreto de sddio (0,9%)
Agua bidestilada

Etanol industrial (85%) Mantidos em Etanol a 96% ou

Tamayo-Arango e o 0 embrulhados em um saco plastico
. Glicerina (10%) sobre a mesa de dissecagéo.
Garzon-Alzete (2018)  cloreto de benzalconio (5% a partir

de solucéo a 50%).

Um aspecto importante para a conservagdo anatdbmica moderna € a
manutencdo das propriedades organolépticas reais, em especial a preservacdo da
cor, textura e odor tecidual. Todas as técnicas e solucdes de conservacgao listadas
acima foram desenvolvidas em busca de procedimentos 6timos e preservacao ideal.
Avaliacdes da qualidade macroscopica dos tecidos foram realizadas por estes
autores, uma vez gue a técnica de conservacao ou substancias utilizadas podem ser

capazes de promover modificacdes das caracteristicas teciduais.

A tabela 2 apresenta uma comparacao das diferentes técnicas de fixacdo e
conservagao em termos de origem do tecido conservado, da qualidade do tecido e

do tempo de conservacao que proporcionam.
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Tabela 2 — Comparacdo das diferentes solugbes de fixagdo e conservacdo em

termos de tecido conservado, qualidade do tecido e tempo de conservagao.

Pulvertaft (1950)

Coloracédo semelhante a fresco.
Textura semelhante a fresco.

Odores nao avaliados.

Nao consta

Richins et al. (1963) Humano

Coloracdo marrom avermelhada.
Textura ndo avaliada.

Odores nao avaliados.

2 anos

Langner e Jackson (1966)  Animal

Coloracédo semelhante ao tecido fresco.
Textura semelhante ao tecido fresco.

Odores nao avaliados.

10 meses

Frolich et al. (1984) Humano

Coloracdo semelhante ao tecido fresco.
Textura semelhante ao tecido fresco.

Odores irritantes e toéxicos ausente.

5 anos

Nao

Kessler (1989) consta

Coloracéo semelhante ao tecido fresco.
Textura rigida.

Odores nao avaliados.

Wineski e English (1989) Humano

Coloracao nao avaliada.
Textura semelhante ao tecido fresco.

Odores nao avaliados.

3 anos

Thiel (1992) Humano

Coloracéo semelhante ao tecido fresco.
Textura semelhante ao tecido fresco.

Odores irritantes e toxicos ausente.

Mais de 1 ano

Pretorius (1996) Humano

Coloracéo semelhante ao tecido fresco.
Textura ndo avaliada.

Odores nao avaliados.

Nao consta

Coleman & Kogan (1998) Humano

Coloracédo semelhante ao tecido fresco.
Textura semelhante ao tecido fresco.

Odores irritantes e toéxicos ausente.

1 ano

Humano
Majewski et al. (2003) e
Animal

Coloracéo néo avaliada.
Textura semelhante ao tecido fresco.

Odores irritantes e toxicos ausente.

2 anos

Da Silva et al. (2004) Animal

Coloracéo néo avaliada.
Textura ndo avaliada.

Odores nao avaliados.

N&o consta

Continua.
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Concluséo.
Coloracéo ndo avaliada.
Rodrigues (2010) NED Textura ndo avaliada. N&o consta
consta

Odores nao avaliados.
Coloracao da pele pélida e das estruturas
subcutdneas semelhantes ao tecido

Al-Hayani et al. (2011) Humano fresco. 2 semanas

Textura semelhante ao tecido fresco.

Odores nao avaliados.

Coloracdo dos musculos escura e dos
orgéos semelhante ao tecido fresco.

Janczyk et al. (2011a) Animal ~ . 1 ano
Textura ndo avaliada.

Odores nao avaliados.

Coloracédo semelhante ao tecido fresco.
Hammer et al. (2012) Humano Textura semelhante ao tecido fresco. 1 ano

Odores irritantes e toxicos leves.

Coloragéo ndo avaliada.
Shi et al. (2012) Animal  Textura ndo avaliada. 2 anos

Odores irritantes e toxicos ausente.

Coloracédo semelhante ao tecido fresco.
Benet et al (2014) Humano Textura semelhante ao tecido fresco. 1 ano

Odores irritantes e toxicos intensos.

Coloracéo semelhante ao tecido fresco.
Holewijn et al. (2017) Humano Textura rigida. 4 semanas

Odores nao avaliados.

Coloragdo dos musculos e do figado
palida.
Turan etal (2017) Animal Textura semelhante ao tecido fresco. 1ano

Odores irritantes e toxicos ausente.

Coloracéo néo avaliada.
Luo et al. (2018) Humano Textura ndo avaliada. 1 ano

Odores nao avaliados.

Coloracédo semelhante ao tecido fresco.
Tamayo-Arango e

Garzoén-Alzete (2018)

Animal Flexibilidade semelhante ao tecido fresco. Nao consta

Odores irritantes e toxicos ausente.

Alguns destes autores também avaliaram a qualidade dos tecidos em nivel
histoldgico, apresentando resultados satisfatorios na maioria dos estudos (FROLICH
et al., 1984; COLEMAN e KOGAN, 1998; MAJEWSKI et al., 2003; JANCZYK et al.,
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2011; HAMMER et al, 2012; SHI et al.,, 2012; TURAN et al., 2017; LUO et al.,
2018). Suas solugdes de conservacao revelaram boas propriedades de preservacao,
capazes de manter as caracteristicas morfologicas celulares e teciduais dentro da
normalidade, revelando resultados compativeis com o0s observados nos tecidos
conservados em solugdes tradicionais. Alteragdes morfologicas microscopicas foram
relatadas somente nos trabalhos publicados por Turan et al. (2017) e por Luo et al.
(2018), contudo, estes achados ndo comprometem a qualidade de preservacao de
suas solucdes.

A diversidade de solucbes de fixagdo e conservacao, utilizada pelos
laboratorios de anatomia em todo o mundo, ja foi constatada por Van der Eerden e
Van Nie (1981). Em um levantamento internacional, mediante questionario,
comprovaram que ndao ha um método uniforme de preservacdo de materiais
bioldgicos. A busca pelo “método de preservagao ideal” continua sendo retratada na
literatura especializada até os dias atuais, 0 que corrobora com 0s seus achados.
Além disso, poucos sao os trabalhos que avaliam a qualidade das solu¢cdes a nivel
macroscopico e microscopico simultaneamente (FROLICH et al., 1984; COLEMAN e
KOGAN, 1998; MAJEWSKI et al., 2003; JANCZYK et al.,, 2011; HAMMER et al.,
2012; SHI et al.,, 2012; TURAN et al., 2017), o que nos fez avaliar o0s dois

parametros em nosso estudo.

2.4 COMPONENTES DAS SOLUCOES DE FIXACAO E CONSERVACAO
2.4.1 Propriedades bésicas

Os produtos quimicos, constituintes das solucdes fixadoras e conservadoras,
visam a preservacdo morfoestrutural dos tecidos organicos, de modo a impedir o
desenvolvimento de microorganismos patogénicos (BALTA et al., 2015). Os fluidos
utilizados nos laboratérios de anatomia devem garantir uma conservacao dos
materiais biolégicos em longo prazo (superior a 8-12 meses), juntamente com a
manutencdo da textura e da coloracdo o mais proximo possivel do cadaver fresco
(COLEMAN e KOGAM, 1998; BALTA et al., 2015). Conhecer os diferentes
componentes quimicos de uma solugcédo e a forma como sdo categorizados permite
analisar com maior propriedade seus efeitos sobre os tecidos, tanto em nivel

macroscopico quanto microscépico (MAYER, 2011). Por conseguinte, o0s
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componentes de um fluido de embalsamamento podem pertencer as seguintes

categorias:

- Fixadores e Conservantes: sdo substancias quimicas que impedem o
desenvolvimento de fungos e bactérias saproéfitas, modificando enzimas e lisinas
corporais, garantindo a integridade dos tecidos apés a morte (TOLOSA et al., 2003;
MAYER, 2011). Uma boa fixacdo é alcangada com o menor tempo possivel entre a
morte do individuo e a fixacdo, garantindo contado da solucdo com todas as
superficies da pecas (volume da mistura no minimo 10 vezes maior que o volume do
espécime) (CARDIFF et al., 2014). A escolha adequada da solugéo fixadora é outro
requisito fundamental para se ter uma fixagao efetiva, a qual pode ser realizada por
perfusdo ou por imersdo (ALVES, 2002). Segundo Rodrigues (2010), os principais
fixadores e conservantes utilizados no Brasil sdo os aldeidos (formaldeido) e os

alcoadis (etanol).

- Desinfetantes e Germicidas: sdo produtos quimicos que servem para eliminar
microorganismos patogénicos (desinfetantes) e nao patogénicos (germicidas)
(PELCZAR et al., 1996). Pertencem a esta categoria os compostos de amonio

quaternério (cloreto de benzalcdnio) e o glutaraldeido (MAYER, 2011).

- Agentes Modificantes: intervém nas reac¢des quimicas produzidas pelas solucdes
de fixacdo e de conservacdo. Também agem em fluidos de embalsamamento,
monitorando a acdo dos principais agentes destas solucdes. Estdo inclusos nesta

categoria 0s umectantes, tampdes e sais inorganicos (MAYER, 2011).

- Umectantes (agentes molhantes): sdo substancias utilizadas para hidratar os
tecidos. Constituem esta classe o glicerol (glicerina), sorbitol, etilenoglicol,
polietilenoglicol e lanolina (MAYER, 2011).

- Tampdes: sdo solucbes que resistem a mudancas do potencial hidrogenidnico
(pH) quando &cidos ou bases sédo adicionados (HARRIS, 2015). Nas solucdes de
embalsamamento o &cido bdrico, fosfato de soédio e EDTA (acido etilenodiamino

tetra-acético) dissédico sado utilizados para este fim (MAYER, 2011).

- Sais Inorgéanicos: desempenham um papel importante na determinacdo das

qualidades osmoticas da solugdo de embalsamamento (MAYER, 2011).
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- Anticoagulantes: s&o adicionados ao fluido de embalsamamento para auxiliar na
dissolucéo de coagulos sanguineos e tornar o sangue menos viscoso. Sao exemplos
o citrato de sédio, oxalato de sodio e EDTA dissddico (MAYER, 2011).

- Tensioativos: sdo substancias que diminuem a coesdo molecular dos liquidos
presentes no fluido de embalsamamento, permitindo sua difusdo por vasos
sanguineos de pequeno calibre. O cloreto de benzalconio, o lauril sulfato de sodio e

o sulfonato de alquilbenzeno linear sdo exemplos de tensioativos (MAYER, 2011).

- Corantes: sdo agentes que atribuem uma coloracdo definida ao fluido de
embalsamamento. Podem ser a eosina, o vermelho ponceau, a eritrosina e o
amaranto (MAYER, 2011).

- Agentes desodorizantes: diminuem ou mascaram o odor bruto da solucéao,
conferindo ao fluido de embalsamamento um aroma caracteristico agradavel. Como
exemplos destes agentes temos o benzaldeido, o éleo de craco, o 6leo de sassafras
e o salicilato de metila (MAYER, 2011).

- Veiculos (diluentes): sdo adicionados as solucdes de embalsamamento
desempenhando a funcdo de solvente para diversos produtos quimicos
componentes da solucdo. Podem ser a agua, o alcool metilico e o glicerol (MAYER,
2011).

2.5 COMPONENTES DAS SOLUCOES DE FIXACAO E DE CONSERVACAO EM
ESTUDO

Os produtos quimicos que compdem as solucbes de fixacdo e de
conservacdo em estudo distribuem-se nas diferentes categorias (fixadores,
desinfetantes, germicidas, tensoativos, umectante e veiculos), com mecanismos de
acado especificos nos tecidos. Destacamos na tabela 3 os componentes destas

solugdes, sua agao nos tecidos, vantagens e desvantagens de suas utilizac¢oes.
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Com base no exposto, este estudo busca avaliar uma solugéo alternativa
de conservacdo contendo glicerina, &lcool, desinfetante com cloreto de
benzalcénio como principio ativo e agua que possibilite uma preservacao
estrutural dos tecidos em longo prazo, mantendo as caracteristicas
organolépticas e microscopicas o mais semelhante possivel ao tecido fresco.
Este fluido também tem por objetivo impedir a disseminacdo e o crescimento
de fungos, bactérias e virus, além de ser uma alternativa que minimize a
emanacao de vapores toxicos e facilite o armazenamento e a manipulacao dos

materiais bioldgico utilizados nos laboratérios de anatomia.
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4 OBJETIVOS
4.1 Objetivo Geral

Avaliar a eficacia de uma solug¢édo quimica alternativa na conservacao de
pecas anatdbmicas (blocos de tecidos biologicos cervicais - laringes e musculos

infra-hidideos de suinos) em laboratério de anatomia.

4.2 Objetivos Especificos

- Comparar as caracteristicas organolépticas (cor, textura, odor de
decomposicédo, odor da solugéo e irritacdo das mucosas) entre hemiblocos de
tecidos biolégicos cervicais submetidos a técnica de fixacdo e conservagdo em
solucéo padréo (GC), e fixados em solugcédo padrdo e conservados em solucéo
alternativa (GE) em trés fases distintas: antes da fixacdo (fase 1), ap6s 1 més
de fixacdo em solucéo padrao (fase 2) e apos 12 meses de conservacdo em
solucéo padrao ou alternativa (fase 3);

- Avaliar comparativamente, em nivel histologico, o estado de conservacéo
tecidual, com base no grau de autdlise celular de fragmentos do musculo
esterno-hidideo submetidos a técnica de fixacdo e conservacdo em solucdo
padrao (GC), e fixados em solucdo padrdo e conservados em solucao
alternativa (GE) em trés fases distintas: antes da fixacéo (fase 1), ap6s 1 més
de fixacdo em solucdo padréao (fase 2) e apos 12 meses de conservacao em

solucéo padrao ou alternativa (fase 3);

- Avaliar comparativamente, em nivel histologico, o estado de conservagao
tecidual, com base no grau de autdlise celular de fragmentos da cartilagem
epiglote e do tecido epitelial associado submetidos a técnica de fixacdo e
conservacdo em solucdo padrdo (GC), e fixados em solucdo padrdo e
conservados em solugcao alternativa (GE) em trés fases distintas: antes da
fixacdo (fase 1), apos 1 més de fixacdo em solucdo padréo (fase 2) e apos 12
meses de conservagao em solugéo padrao ou alternativa (fase 3);

- Comparar o estado de conservacdo tecidual em nivel microscopico e as

caracteristicas organolépticas entre os hemiblocos conservados em solucao

padrao (GC) e alternativa (GE), na fase 3 do estudo.
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Abstract

Chemical preservation solutions are fundamental for the maintenance of the
morphostructural characteristics of tissues after death. The goal of this study was to
evaluate the efficiency of an alternative chemical solution without the use of formalin
for the preservation of anatomical pieces. Twenty hemiblocks of biological cervical
tissues (larynxes and infra-hyoid muscles) were gathered of male swine (Sus scrofa
domestica) and subjected to standard solution fixation procedures and subsequent
preservation in standard solution (formalin 10%) in the control group (CG) or
alternatively (ethyl alcohol, glycerin, water and disinfectant) in the experimental group
(EG). Evaluations of organoleptic characteristics and tissue conservation status
based on cellular autolysis degrees were made immediately after the slaughter of the
animals (phase 1), after one month of fixation in a standard solution (phase 2) and
after 12 months of preservation in standard or alternative solution (phase 3). The
organoleptic evaluation was based on the macroscopic characteristics of the material
according to the color, texture, decomposition odor, solution odor and mucosal
irritation. Based on cellular autolysis degrees, the preservation status were classified
as excellent (A), good (B), satisfying (C), unsatisfying (D) and tissue in autolysis (E).
The data were presented in the form of frequency and percentage and statistically
analyzed for comparisons among phases and groups (p<0,05). The organoleptic
evaluation did not show any alteration in tissues during phase 1. They presented
themselves as pale and rigid in phases 2 and 3 (p<0,05 vs phase 1) without showing
difference between groups (p>0,05). No decomposition odor was noticeable during
all 3 phases for both groups. In groups CG (phase 2 and 3) and EG (phase 2), the
solution odor and the mucosal irritation were classified as non-tolerable. In phase 3,
EG presented a tolerable solution odor with no mucosal irritation (p<0,05 vs phase
1;2 and vs CG). In phase 1, 85% of the muscle, 100% of the cartilage and 95-100%
of the epithelial tissue samples presented excellent tissue preservation (A). The
remaining percentage received a good preservation classification (B). In phase 2 and
3, the muscle tissue was identified with 5 to 10% of samples classified as satisfying
(C) generating a significant difference relating with the results of phase 1 (p<0,05). In
these phases, the state of preservation of the cartilage and epithelial tissue samples
were kept. Within these parameters, no significant differences were found comparing
both groups. In conclusion, the alternative preservation solution showed itself
efficient to maintain the macroscopic characteristics of the anatomical pieces, same
as the standard solution. Moreover, the solution presented a tolerable odor with no
mucosal irritation and kept an adequate tissue consistency, supporting the
manipulation and dissection of the anatomical pieces.

Keywords: Alternative solution; preservative; anatomical pieces; ethyl alcohol;

glycerin; disinfectant.
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1. INTRODUCTION

The humid preservation is one of the most traditional and important techniques
for the maintaining of biological material in anatomy laboratories. Preserved
specimens in this method produce informative objects of demonstration, that many
times approximate their tissue characteristics as the ones observed in fresh corpses
(Albrecht, 1988).

Dry preservation methods (Papageorgopoulou et al., 2015), or by inclusion
and impregnation of thermosetting substances (Von Hagens, 1979), are costly,
expensive and modify the organoleptic properties of tissues (Schallenberg, 1972;
Prasad et al.,, 2015). In this way, the practices of humid preservation became
indispensable and wide utilized in anatomy labs until nowadays (Van Dam et al.,
2015; Turan et al., 2017; Luo et al., 2018; Tamayo-Arango e Garzon-Alzete, 2018).

One of the first forms of humid preservation was the immersion of corpses in
honey, recommended by the Babylonians (Meckl, 2004). The formalin discovery
brought substantial benefits to this method becoming the landmark of modern
anatomical conservation (Binawara et al., 2010). As a result of its action on the
tissues, ranging from effects in the reactions of protein denaturation (Mason and
O’Leary, 1991), to antioxidant activity (Turan et al., 2017) and microbial disinfection
capacity (Tang et al., 2009; Balta et al., 2015), the formalin became an indispensable
ingredient in the fixation and preservation solutions utilized in anatomy laboratories
around the world (Oliveira and Zaiat, 2004; Benkhadra et al, 2011). However,
corpses and pieces preserved in formalin presented excessive tissue rigidness, loss
of texture, consistency and coloring (Barton et al., 2009), emitted toxic fumes of
carcinogenic potential (Binetti et al., 2006; IARC, 2006; NTP, 2010) and promote
irritating effects on the upper airway, ocular mucosa and skin (Viegas et al., 2010;
Wolkoff and Nielsen, 2010).

Due to the harmful effects to human health and environment, as well as
organoleptic modifications produced, several humid techniques and formulations are
being developed in order to decrease formalin concentrations, minimizing damage
and producing specimen with more realistic tissue characteristics (Brenner, 2014;
Balta et al, 2015).

In 1992, Thiel presented a fixation and preservation solution capable of

maintaining similar tissue characteristics observed in fresh corpses (Jaung et al.,
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2011; Eisma and Wilkinson, 2014). Although, his technique is described as time-
consuming, hard to implement and costly (Wolff et al.,, 2008; Hammer et al., 2012).
Furthermore, Thiel’'s solution components are toxic, highly inflammable, explosive

and dangerous to health and environment (Janczyk et al., 2011).

Another group of researchers has recently developed a proprietary
conservation solution called Fix for Life (F4L) (Van Dam et al., 2015). Its effects were
reviewed by Holewijn et al. (2017), presenting unsatisfactory results as tissue
stiffness and alteration of the physiological biomechanical properties of the tissues.

In spite of the great quantity of chemical substances available and the wide
developed technology, we still face difficulties in preserving biological materials in
non-toxic solutions, capable of preserve the natural morphological characteristics of
tissues (Fox et al., 1985; Moelans et al., 2011). In this way, the need to develop new
formulations, free of harmful substances and with conservative properties, mainly

formalin, arises (Buesa, 2008; Zanini et al., 2012).

Thus, the goal of the present study is to evaluate the efficiency of an

alternative conservation solution, to preserve the anatomical pieces.

2. MATERIALS AND METHODS

2.1. Experimental design performed

This study was realized in the Laboratories of Human Anatomy and Histology
of the Department of Morphological Sciences of the Federal University of Rio Grande
do Sul (UFRGS), with the approval of the Committee on Ethics in Animal Use
(CEUA), of the Federal University of Health Sciences of Porto Alegre (UFCSPA),
under protocol number 204/17. For this study, 20 blocks of biological cervical tissues
(larynxes and infra-hyoid muscles) from male swine (Sus scrofa domestica), at age of
07 to 08 months and weighting 120 to 150 Kg were used. The samples were
obtained in a swine slaughterhouse located in the city of Taquara/RS, Brazil. The
animals were slaughtered according to routine norms established by the Ministry of
Agricultural Livestock and Supply (MAPA). It's worth to note that the parts of the body
used in the present study would had been discarded in other ways, because not even

the larynx or the extrinsic muscles are used in commercial ends.



44

The biological material was gathered on the same day, immediately after the
slaughter of the animal. Swine’s biological materials with traumatic lesions,
inflammatory and/or infectious processes of the cervical region were not used. After
the gathering, the blocks were stored in plastic organizer boxes, packed at room
temperature and transported to the anatomy laboratory. As a result of dangerous
chemical products transportation restrictions (MT- Decree 96.044 — Ordinance
204/97), safe handling in suitable location, the washing and fixation processes of the
anatomic pieces were realized in the Anatomy Laboratory and not in the gathering
location, thus creating a gap of 3 hours between gathering and fixation of the tissue
block.

Shortly after, the blocks were washed in current water to remove residual
blood (exsanguination) and were sectioned, through an incision in the median sagittal
plane, dividing it in two hemiblocks (right and left). The hemiblocks were randomized
in two groups (block randomization): CG- Control Group (n=20) and GE -
Experimental Group (n=20). CG hemiblocks were submitted to the standard fixation
technique for 1 month and the standard conservation technique for 12 months, while
the hemiblocks in group EG were submitted to the standard fixation technique for 1
month and the alternative conservation technique for 12 months. In both groups, the
samples were fixed and conserved by immersion. The standard fixation solution and
the standard conservation solution were composed, each one, by 90% of water and
10% of formaldehyde 37% (Quimicamar). The alternative conservation solution was
composed by diethylated glycerin, ethyl alcohol, water and disinfectant with
Benzalkonium chloride as an active ingredient. The alternative conservation solution
is with patent required by UFRGS, so it's not possible to reveal or disclose its
concentrations, as well as the brands of chemical products utilized. The volume of
fixation and conservation solutions of both groups corresponded to ten times the
volume of the pieces (Rodrigues, 2010).

2.2. Evaluation of organoleptic characteristics

The blocks of biological cervical tissues have received a special numeration
(without identification of sampling group and experimental phase), and were
macroscopically analyzed by experienced anatomists, in a double-blind study. The

organoleptic characteristics (coloration, texture, decomposition odor, solution odor
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and irritating vapors emanation), were analyzed following the protocol adapted by Da
Silva et al (2007), which says:

- Coloration:

The tissue coloration was classified as dark, normal or pale. The dark
classification was utilized when pigmentation was more intense than the one found
on fresh tissue, the normal classification when pigmentation was similar to the fresh

tissue and pale classification when it was lighter than the fresh tissue.

- Texture:

The tissue texture was classified as rigid/steady, normal or
friable/decomposed. The rigid/steady classification was used when tissues presented
a harder consistency than the one observed on fresh tissues, normal classification in
cases that consistency of tissues was similar to the one on fresh tissues, lastly,
friable/decomposed classification when the tissue presented an autolysis degree or a
decomposition state, complicating or making it impossible the utilization of the piece

as a didactic and/or research material.

- Decomposition odor:

The decomposition odor was classified as absent, tolerable/noticeable or not
tolerable/intense. The absent classification was used in cases that the odor was
imperceptible, tolerable/noticeable in cases that the evaluator noticed a light
decomposition odor, being tolerable to handle the pieces in pedagogical or research
situations. Lastly, it was classified as not tolerable/intense when the evaluator noticed
a strong decomposition odor process, being unbearable to handle the pieces for

pedagogical and/or research situations.

- Fixation or preservation chemical solution odor:

The odor of the fixation or preservation chemical solution was classified as
absent, tolerable/noticeable or not tolerable/intense. The absent classification was
used in cases that the odor was imperceptible, tolerable/noticeable in cases that the
evaluator noticed a light fixation or preservation chemical solution odor, being
tolerable to handle the pieces in pedagogical or research situations. Lastly, it was

classified as not tolerable/intense when the evaluator noticed a strong fixation or
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preservation chemical solution odor, being unbearable to handle the pieces for
pedagogical and/or research situations.

- Irritation of the mucous membranes (eyes, nose and mouth)

The irritation of the mucous membranes was classified as absent,
tolerable/noticeable or not tolerable/intense. The absent classification was used in
cases that any mucous membranes irritation was imperceptible, tolerable/noticeable
in cases that the evaluator noticed a light membrane irritation caused by the
emanation of chemical solution vapors, being tolerable to handle the pieces in
pedagogical or research situations. Ultimately, it was classified as not
tolerable/intense when the evaluator noticed a strong irritation of mucous membranes
caused by the emanation of chemical solution vapors, making it impossible to handle
the pieces for pedagogical and/or research situations.

The evaluation was performed in three distinct phases: Phase 1 (pre-fixation)
at the beginning of the study, immediately after slaughter of the animals, Phase 2
(post-fixation), after 1 month of fixation in standard solution and Phase 3 after 12

months of storage in standard or alternative solution.

2.3. Histological evaluation

- Histological processing

To obtain histological sections, fragments of 1cm3 were gathered from the
epiglottic cartilage and from the sternal-hyoid muscle of each hemiblock in the three
distinct phases, and fixated in paraformaldehyde 4% (48 hours). The histotechnical
processing was realized in a Micron STP 120 Automatic Tissue Processor (Thermo
Scientific), starting with an ethanol dehydration (70%, 80%, 90% and 100%), followed
by a diaphanization in xylol and embedded in fluid paraffin (60°C). Later, the tissue
fragments were included in Paraplast® and sectioned in microtome Leica RM 2155®
(Leica Instruments GmbH Nussloch Germany). 3 semiserved sections of 5 um were
obtained, cut in the sagittal plane and stained with hematoxylin (Newpow) and eosin

(Vetec) for evaluation of cellular autolysis degrees.

- Evaluation of the cellular autolysis degrees

The histological slides were identified with a special numeration (without

specification of the type of tissue, sample group and experimental phase) and
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observed in a light microscope from Zeiss, model Axio Imager M2, attached to a
digital camera. It was observed in the epiglottic cartilage slides the preservation state
of the cartilaginous and epithelial tissue and in the infra-hyoid muscle slides the
muscle tissue. The analysis was realized by two experienced histopathologists, in a
blind evaluation and the captured tissue images, augmented by 10X and 40X, with
the Zeiss ZenBlue edition software version 2.3. The histological evaluation of cellular
autolysis degrees was based in criteria established by Goyri-O’Neal et al. (2013) and
George et al. (2016), in an adapted evaluation form, objective and detailed. The
defined characterization criteria of cellular autolysis comprise the analysis of
vacuolization, cytoplasmic staining, nuclear condensation, nuclear fragmentation and
phantom or absent nucleus, classified according to its presence in degrees that vary
from 0 (absent), 1 (< 25% of cells), 2 (25% < > 50% of cells) and 3 (> 50% of cells)
(Table 1).

Each tissue analyzed was classified in five categories, according to the
preservation state of morphological structures by optical microscopy, as follow: A
(excellent conservation), B (good conservation), C (satisfying conservation), D
(unsatisfying conservation) and E (tissue in autolysis) (Table 2). This classification is
based on the sum of points acquired by each tissue during histological evaluation.

2.4. Statistical analysis

This study statistical analysis was realized in a Statistical Package for the
Social Sciences (SPSS) software, version 25.0. The results were presented through
frequency and percentage. Cochran’s Q test and Friedman’s test (when there was
more than two classification) were utilized to compare proportions along the three
phases of evaluation within each sample group. The Qui-squared test was utilized for
comparison between groups in the last phase of the study. Intra-evaluator
comparison was through Kappa’'s agreement test. The statistical significance

adopted was 5%.

3. RESULTS

It was observed intra-evaluator agreement on the organoleptic evaluations

(macroscopic) and on cellular autolysis degree evaluations (microscopic) in 100% of

samples, with coeficient K = 1, that corresponds to a perfect agreement.
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The color and texture of the epiglottic cartilage and the sternal-hyoid muscle
presented normal aspect, as well as the absence of decomposition odor in the pre-
fixation phase (Phase 1 - immediately after the slaughter of the animals), in 100% of
the samples. The properties observed on the fresh pieces served as a reference of
real organoleptic characteristics for the comparisons among the different groups and
phases of the study. Modifications of optical, haptic and olfactory properties of the
hemiblocks of biological cervical tissues were observed in both groups (CG and EG),
in the postfixation (phase 2) and postconservation (phase 3), in comparison with the
fresh tissue (Table 3; Figure. 1)

The coloration of the evaluated tissues presented significant alteration in both
groups, in phases 2 and 3, in comparison with phase 1 (p <0,05). The sternal-hyoid
muscle and the epiglottic cartilage showed themselves pale in the 20 hemiblocks
(100%) after 1 month of fixation on the standard solution and 12 months of
conservation in standard (CG) and alternative (EG) solution. Despite of the pale
coloration in the tissues, a yellowish tone in the pieces preserved in the alternative
solution was reported by the evaluators, when compared to pieces preserved in the
standard solution. This chromatic alteration became evident when the tissues were
exposed to air during the evaluations of hemiblocks on phase 3 of this study (Table
3; Figure 1).

In evaluating the texture, in both groups the tissues showed themselves
rigid/steady after 1 month in standard fixation solution (phase 2). A light softness of
structures was observed in EG, in comparison with CG, in the postconservation
phase (phase 3). Despite of this subtle difference in the final phase of the study, the
standard and alternative conservation solution provided a more rigid/steadier
consistency to the pieces, regarding the fresh tissues (p <0,05; Table 3).

No decomposition odor was noticeable in both groups, in phase 2 and 3 and
between CG and GE at the end of the research. Intense and non-tolerable odor of
the standard fixation solutions, accompanied by intense and non-tolerable irritation of
the mucous membranes was noticeable in all pieces (100%) of GC in phases 2 and
3, showing a statistically significant difference regarding phase 1 (p <0,05). Pieces of
EG (100%) revealed intense and non-tolerable odor of the standard fixation solution
and intense and non-tolerable irritation of mucous membranes in phase 2. The
absence of mucosal irritant vapors and a light and tolerable odor of the alternative

conservation solution was noticeable in phase 3, indicating a statistically significant
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difference among all sample phases (p <0,05). Noticeable difference in the odor and
emanation of irritant vapors between tissues preserved in standard solution (CG) and
alternative solution (EG) was identified by evaluators in phase 3 of the study (p<0,05;
Table 3).

The histological analysis of the sternal-hyoid muscle demonstrated that in
both groups in phase 1 (pre-fixation), 85% (n = 17) of samples presented excellent
tissue conservation (A) and 15% 9n = 3) presented good conservation (B). Due to the
presence of two samples (10%) in each group (CG and EG) with a satisfying
conservation state (C), the distribution of conservation percentage status were
different, for both groups, in comparison of phases 2 and 3 with phase 1 (p<0,05; Tab
4). No statistically significant difference was found in the conservation state of tissues
in standard solution (CG) and alternative solution (EG) at the end of the study
(p>0,05 Table 4; Figure 2a and 2d).

The cartilage sections showed themselves unaltered in all sample stages,
with 100% (n = 20) classified as excellent conservation (A) in the two treatment
groups. Also, no conservation differences were identified between cartilages
preserved in standard (CG) or alternative (EG) solution in phase 3 of the study
(p>0,05; Table 4; Figure 2b and 2e).

The histological aspect if the epithelial tissue showed excellent conservation
in 100% (n =20) of samples in CG and 95% (n = 19) in EG, which revealed a sample
(5%) in good conservation (B). This pattern was observed just in the beginning of the
study (phase 1) and kept itself until the end of the research (phase 3), not having a
statistically significant difference among the 3 sample phases (p>0,05). Also, no
differences were found between epithelia preserved in standard solution (CG) and

alternative solution (p = 1,000; Table 4; Figure 2c and 2f).

4. DISCUSSION

The biological tissue transformations after death are caused by complex
chemical and organic processes, through interaction of enzymes, bacteria, fungi and
protozoa (Dimaio and Dimaio, 2001). Oxygen and nutrients deprivation in cells
activate a succession of events that result in the beginning of autolysis and shortly
after in putrefaction (both, decomposition processes) (Haglund and Sorg. 1996;

Hostiuc et al., 2017). The autolysis represent a cellular degradation triggered by their
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own enzymes (mainly lytic enzymes within lysosomes), which can occur in any
moment of the life cycle or immediately after death. Putrefaction is characterized by
tissue decay promoted by bacterial activity, initiating alongside with autolysis after
death (Rutty, 2006; Gelderman et al., 2019; Escamez and Tuominen, 2014).

The use of fixation and preservation solution in anatomy laboratories,
according to Brenner (2014), aims to prevent the appearance of decomposition
phenomena, granting adequate morphostructural preservation of tissues for long
periods. The preservation fluids also may secure the maintenance of organoleptic
characteristics of organs and structures as close as possible to the in vivo aspect, as
well as to prevent the growing of fungi and bacteria, and avoid the emanation of toxic
vapors to the environment and manipulators (Coleman and Kogan, 1998). It should
be noted that post-mortem alterations may not be completely interrupted during the
fixation process in formaldehyde (Tomita et al. 1999).

Various chemical preservation solutions with non-toxic properties have been
developed and tested for their capacity to store biological materials and keep tissue
architecture for long periods, verifying its own applicability in anatomy teaching
(Brenner, 2014; Balta et al., 2015). Different formulations based on ethyl alcohol and
glycerin have been proposed (Woodbune and Lawrence, 1952; Turan et al., 2017
Tamayo-Arango and Garzén-Alzate, 2018). Until the present moment, no study
reports that evaluate the efficiency of an alternative chemical preservation solution
similar to the proposition of this study were found, which contains besides glycerin,
ethyl alcohol and water, the disinfectant of benzalkonium chloride as an active
ingredient. The only report about using a solution that contained disinfectant of
benzalkonium chloride in anatomy laboratories was to moisten the corpses during
dissections (MAcdonald and MAcgregor, 1997). In view of this, the incorporation of
disinfectants with benzalkonium chloride in corpses preservation solutions is a field to
be explored, making the alternative solution in study a potential substitute to the
traditional preservation fluids based on formaldehyde and phenol.

The organoleptic characteristics of biological cervical tissue blocks fixated
and preserved in standard solution, described in our results, are in agreement with
the reports of Hubbel et al. (2002) and Kerckaert et al. (2008), demonstrating that
tissues preserved in formalin become pale, rigid and emanate irritant and toxic
vapors. These modifications, in phases 2 and 3, pointed to statistically significant

differences regarding fresh tissues. Significant chromatic alterations were also
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noticed in tissues maintained in the alternative solution, revealing a yellowish tone
when exposed to air. Corroborating with our study, Tamayo-Arango and Garzon-
Alzate (2018), reported a darkening of the musculature and viscera of corpses during
the dissection procedure. The chromatic changes caused by our alternative
preservation solution may be resulting of effects produced by glycerin, which is in
agreement with reports of Carvalho et al. (2013). However, further studies are
necessary to clarify the mechanisms involved. It is known in this study that the
alterations were observed exclusively out of the preservation liquids, during
exposition to air, indicating possible “darkening oxidation effects” Coleman and
Kogan (1998). Adverse pigment variations were also verified by Turan et al. (2017),
revealing an initially whitish and later greenish tone of the musculature and liver of
the corpses. These modifications were attributed to citric acid and dye present in the
formula of the liquid soap utilized in the preservation formula. In contrast with our
findings, Pretorius (1996) reported that solutions containing glycerine and ethyl
alcohol retains natural coloration of tissues.

The texture of biological cervical tissues preserved in alternative solution
revealed a rigid aspect regarding fresh tissues, with a statistically significant
difference between phases 3 and 1. This rigidness is consequence of characteristic
effects caused by the standard fixation solution occurred in phase 2, since formalin
bind the tissues by crosslink of methylene bridges with peptide chains. This intra and
intermolecular reticulation mechanism drastically changes tissue characteristics,
acquiring rigidness after a few days (Fox et al., 1985). A light softness of the
structures was noticed in tissues preserved in the alternative solution compared to
the ones preserved in standard solution. This haptic difference may be attributed to
glycerin, which granted the tissues of the experimental group an aspect closer to
natural. However, less flexible than fresh tissues and not so rigid as the ones
preserved in standard solution. Corroborating with our work, Gajvoronskij et al.
(2013) report that glycerin preserve the humidity and soft consistency of tissues.
Other studies, also utilized ethyl alcohol and glycerin in their formulation, revealing
closer results to the ones observed in fresh tissues with the same haptic conditions
achieved in our research (Coleman and Kogan, 1998; Hammer et al., 2012; Benet et
al., 2014; Turan et al., 2017; Tamayo-Arango and Grazén-Alzate, 2018).

Decomposition odors were absent in all CG and EG samples, in all three

phases of the research. Formalin, present in standard fixation and preservation
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solutions, has antiseptic properties, fighting bacteria, preventing the hydrolysis of
cellular proteins and consequently the formation of characteristic fetid gases of
decomposition (Tang et al., 2009; Kasper et al., 2012; Hauteo et al., 2013; Balta et
al., 2015). Similar effect is performed by the benzalkonium chloride, component of
the disinfectant present in the alternative preservation solution. Its antimicrobial
actions alter the permeability of the plasma membrane, deactivate enzymes and
destroy these agents cellular wall, granting the absence of decomposition odors.
(Fazlara and Ekhtelat, 2012).

The odors emanated from the standard fixation and preservation solution are
much more intrusive in comparison to the alternative preservation solution, showing
statistically significant differences between them. In contrast, odors of the disinfectant
related to the alternative preservation solution were pleasant. According to Janczyck
et al. (2011), formalin evaporates easily, emanating toxic and irritant gases to the
ocular mucosa and airways. Tissues preserved in the alternative preservation
solution did not reveal these characteristics. Similar results were presented by
Hammer et al. (2012) and Tamayo-Arango and Garzon-Alzate (2018), proving the
absence of irritant vapors harmful to health in fluids based on glycerin and ethyl
alcohol, which makes this solution suitable for use in anatomy laboratories.

The disinfectant with benzalkonium chloride was added to the formula as an
antimicrobial agent of low toxicity (Miyagi et al., 2000). Its 2% concentration of active
ingredient do not produce toxic or irritant effects, being sufficient to achieve its
efficiency, which may be obtained with a content less than 1% (Gardner and Girard,
2000; Tamayo-Arango and Garzon-Alzate, 2018). The security form of the
disinfectant utilized in our formulation does not bring information about toxic
properties of the product. The information contained, according to manufacturers,
describe individual risks of each ingredient, in their pure concentrations. Irritant
effects on skin and mucosa and intoxication by inhaling are potential risks of the
benzalkonium chloride to the health of its manipulators. According to Sutterlin et al.
(2008), benzalkonium chloride is biodegradable, being the solution safe to dispose
of, without contamination risks. However, some studies show ecotoxicity impacts and
effects over different aquatic organisms (Zhu et al., 2010; Jing et al., 2012; Chen et
al.,, 2014). Turan et al. (2017) did not add benzalkonium chloride directly to the
solution, believing that its efficiency could be compromised when interacting with

other components, mainly when mixed with liquid soap.
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It's important to notice that the organoleptic tissue characteristics achieved
by our alternative preservation solution aim the maintenance of biological materials
for long periods, serving as a pedagogic-didactic model for teaching processes
(practical classes, dissection courses and scientific researches). The specifications
established for tissue preservation with this aim differ from those used to practice
operation techniques. Preservation solutions that aim to facilitate dissection, provide
a safer manipulation and extend the valid time of biological materials, a light
rigidness is necessary. More real organoleptic characteristics are of mainly interest to
surgeons that perform ability training. Various preservation solutions are described to
this end (Thiel, 1992; Da Silva et al., 2004; Hayashi et al., 2005; Anderson, 2006; Da
Silva et al., 2007; Barton et al., 2009; Messmer et al., 2010; Benet et al., 2014).
However, the majority does not completely preserve the visual and haptic
characteristics, natural to the tissues. though providing desirable tissue properties for
clinical offices (Jansen et al., 2014). In many cases, cadaveric tissues are kept
refrigerated, without being submitted to a process of fixation, aiming at achieving
desirable tissue characteristics. This condition grants biological materials low
durability and great infectious potential, which is of little interest for routines in
anatomy laboratories (Hammer et al., 2015).

In this study, the results of histological evaluation for tissue preservation
states have shown that the muscle tissue (sternal-hyoid muscle), presented greater
variability of preservation states. In phase 1 (pre-fixation), 85% of muscle samples
presented excellent preservation (A) and 15% presented good preservation (B). In
phases 2 (postfixation) and 3 (postconservation) was possible to identify the
presence of 5 to 10% of samples in a satisfying preservation state (C). These phases
(2 and 3) had different distributions regarding phase 1, without difference between
groups. All cartilaginous tissues (epiglottis) were classified as excellent preservation
in both groups and in all phases of the study. In phase 1 of CG, all laryngeal
epithelial tissues presented excellent preservation state (A) and in the same phase of
EG, 95% have shown excellent preservation state (A) and 5% presented good
preservation (B). This distribution showed itself unaltered in phases 2 and 3 of the
study. Comparing both groups, no differences between preservation states of all
three tissues analyzed were found. The results of the evaluation of the preservation

states presented in our research have shown that our alternative preservation
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solution (used in EG) was able to preserve the tissues and avoid degradation with
the same efficiency as the ones using formalin 10% (used in CG).

The characterization criteria of cellular autolysis used in this study for the
muscle, cartilaginous and epithelial tissue of the larynx included cytoplasmic color
alteration, nuclear condensation, nuclear fragmentation and phantom or absent
nucleus. They were used to classify the tissue in different preservation states.
Autolytic enzymes disintegrate cellular organelles granting the cytoplasm a
homogeneous appearance, which is strongly stained by eosin, resulting in a loss of
cellular details (Zdravkovic et al., 2006). The nuclear condensation occurs in function
of the loss of its content to the cytoplasm. If the nuclear material is soluble in the
cytosol, it results in phantom or absent nucleus, if it's insoluble, results in nuclear
fragmentation (Wells, 1906). These manifestations were present since the beginning
of the study and may be attributed to the gap of 3 hours between the gathering of the
biological material and the tissue fixation process by immersion, and not by infusion.
According to Mahalakshmi et al., (2016) the tissues must be fixed as soon as
possible after the gathering to avoid histomorphological alterations. According to
Rodrigues (2010), the piece immersion in liquid fixator is not sufficient to obtain a
uniform fixation. The fixator infusion by the vascular system ensure its distribution to
all tissues.

In the present study, the development of characterization criteria of autolysis
with a greater intensity in the muscle tissue, less evident in the epithelial tissue and
absent in the cartilaginous tissue, are in agreement with the reports of Cocariu et al
(2016), which approaches that the manifestation speed of these phenomena is
different in each type of tissue. In the cartilage, the cellular density rate, chondrocytes
resistance to the absence of oxygen and the protection of the extracellular matrix
against microorganisms can delay the autolytic processes (Lasczkowski, 2002;
Alibegovic, 2014). The difference in tissue preservation between the epithelial and
muscle tissue, found in this study, may be associated to the use of the fixation
method by immersion, the thickness of the surface area of the tissue in contact with
the fixator and the penetration speed of the fixator. The fact of the epithelial tissue
being less thick and present a greater contact surface with the fixator fluid, in
comparison with muscle tissue fragment, may have facilitated the formalin diffusion to
all cells, preventing the appearing of autolytic processes in a more severe form in this

tissue. According to Holda et al., (2017) formaldehyde penetration rate in the cardiac
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muscle tissue is slow, which may have contributed to the incomplete fixation of the
muscle tissue and the developing of autolysis in a greater intensity in the epithelial
tissue.

Studies using formaldehyde-based preservation and fixation solutions in
different tissues and organs of corpses (Coleman and Kogan, 1998; Luo et al., 2018)
have achieved, in histological level, compatible results to the samples preserved and
fixed in formalin observed in this study. Results compatible with the solution in this
study were also observed in different alternative preservation solutions that did not
use formalin in their composition, revealing good preservation properties and
maintenance of morphological tissue characteristics at microscopic level in corpses
(Frolich et al., 1984; Hammer et al., 2012), in different animal species (Majewski et
al., 2003; Janczyk et al., 2011; Shi et al., 2012; Turan et al., 2017).

In studies involving human corpses, the solution used by Frolich et al. (1984)
based on phenoxyethanol 1% kept morphological characteristics in tissue samples
(liver and kidneys) after 5 years of preservation. Also, the preservation solution
containing 10% thymol-ethanol used by Hammer et al. (2012) was, in a certain way,
effective in preserving tissue of the skeletal muscle after the period of 1 year.

In animal studies Majewski et al. (2003) reported a good preservation of the
skeletal muscle of chicken and pig after a period of 2 years in preservation solution
containing ionic liquids. In a similar way Janczyk et al. (2011) reported that the saline
solution composed by sodium nitrite, ethyl alcohol, water, Pluriol® E 400 (a mix of
polyethylene glycols) and oregano oil, for the period of 1 year, was effective in the
preservation of skeletal muscle tissue of dogs. Shi et al. (2012) histologically
analyzed the different tissues of rabbits preserved for 2 years in a solution containing
a reticulation agent (hydroxymethyl phosphonium salt of tetrakis) and have reported
good preservation properties.

In the study of Turan et al. (2017) was evaluated the efficiency of a
preservation solution in goats, composed by ethanol 96%, liquid soap and citric acid.
Histological sample analysis of the skeletal muscle has revealed a bad preservation
quality from the 4th month until the end of the one year study. They also report that
bronchial cartilage presented perfect structural preservation. However, the gradual
disappearance of the epithelial slide in the beginning of the study until its total

absence at the end of the research was reported.
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Signs of cellular autolysis characterization and tissue decomposition
occurred in the beginning of the study and maintained themselves in similar degrees
in the postfixation and postconservation phases, without difference between groups.
This condition revealed that the fixation in standard solution granted the maintenance
of morphological structures of anatomical pieces, (Tang et al., 2009; Kasper et al.,
2012; Hauteo et al., 2013; Balta et al.,, 2015) and the preservation in alternative
solution proposed in this study, was able to keep this condition. This preservation
capacity may be explained by the actions of the solution components (glycerine, ethyl
alcohol, water and disinfectant) on the tissues. In this sense, the alcohol-associated
glycerin denaturates the proteins reversibly ensuring tissue preservation (Hammer et
al., 2012) and the benzalkonium chloride disinfectant acts as an antimicrobial agent
(Miyagi et al., 2000).

5. CONCLUSION

The alternative preservation solution proposed in the present study has
shown itself able to maintain macroscopic and microscopic characteristics of the
anatomical pieces, for the period of one year, in the same way as the standard
solution. Moreover, the solution presented a tolerable odor with absence of mucosa
irritation and kept adequate tissue consistency, favoring the manipulation and
dissection of the anatomical pieces. In this way, the preservation of anatomical
pieces in a solution containing glycerin, ethyl alcohol, water and disinfectant may be
an alternative for the substitution of formalin 10% as a preservation solution in
Anatomy Laboratories.

Further studies may include other forms of evaluation like
microbiological analysis, toxic and irritant vapors quantification, organoleptic and
histological alteration of tissues. Furthermore, it is suggested to evaluate the
efficiency of the alternative preservation solution for longer periods and in human

corpses. Besides that, its potential as a fixation solution can be tested.
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Table 1. Histological criteria for the characterization of cellular autholysis and

respective degrees of classification.

Classification Criteria for
Cellular Autolysis

Degrees of Classification

Degree
Obtained

0
Vacuolization
(absent)
: . 0
Cytoplasmic staining
(absent)
) 0
Nuclear condensation
(absent
. 0
Nuclear fragmentation
(absent)
0
Phantom nucleo / absent
(absent)

1
(< 25%)

1

(< 25%)
1

(< 25%)
1

(< 25%)

1
(< 25%)

2
(25% < > 50%)

2
(25% < > 50%)

2
(25% < > 50%)

2
(25% < > 50%)

2
(25% < > 50%)

3
(> 50%)

3
(> 50%)

3
(> 50%)

3
(> 50%)

3
(> 50%)

Sum

Source: Adapted from Goyri-O’Neal et al., (2013) and George et al., (2016).
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Table 2: Classification of tissues according to their state of conservation.

Categories and States of Conservation

Puntuaction

A = Excellent conservation

B = Good conservation

C = Satisfactory conservation

D = Unsatisfactory conservation

E = Tissue in autolysis

Oa?Z2

3e4

5e6

7e8

9 or more

Source: Adapted from Goyri-O'Neal et al. (2013) and George et al. (2016).
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6 CONSIDERACOES FINAIS

A solucgéo alternativa de conservacéo proposta no presente estudo mostrou-
se eficaz para manter as caracteristicas macroscépicas e microscopicas das pecas
anatdmicas, pelo periodo de um ano, da mesma forma que a solugéo padrao (formol
10%). Além disso, a solucdo apresentou odor toleravel com auséncia de irritacdo de
mucosas e manteve consisténcia tecidual adequada, favorecendo a manipulagéo e a
dissecacdo das pecas anatdbmicas. Dessa forma, a conservacdo de pecas
anatdmicas em solugcdo contendo glicerina, alcool etilico, &gua e desinfetante pode
ser uma alternativa para a substituicdo do formol 10% como solucdo conservadora

em Laboratérios de Anatomia.



71

7 PERSPECTIVAS

Estudos futuros podem ser realizados utilizando outros métodos de avaliacéo
como andlise microbiolégica e mensuracdo de vapores irritantes e toxicos.
AvaliacOes histologicas de contagem de célula e mensuracdo da fracdo de area
poderdo ser utilizadas para definir a qualidade de preservacao dos tecidos. Testes
de compressédo e tracdo com analisador de texturas e quantificacdo das alteracdes
cromaticas por espectrofotometria poderdo oferecer mais informacfes sobre as
caracteristicas organolépticas. Por fim, sugere-se avaliar a eficacia da solucao
alternativa de conservacao por periodos mais longos e em cadaveres humanos,

além de testar o seu potencial como solucéo fixadora.
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ANEXO A — Parecer de aprovacio da Comissdo de Etica no Uso de Animais

(CEUA) da UFCSPA



REPl’)BLlCA‘FEDERATIVA DO BRASIL
MINISTERIO DA EDUCACAO

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

CEUA —~COMISSAO DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N°: 204/17 Parecer 500/17

2) DATA DO PARECER: 10/05/2017

3) TITULO DO PROJETO:

Avaliagdo de uma solucdo quimica alternativa para a conservacdo de material biologico
em laboratorio de anatomia.

4) PESQUISADOR RESPONSAVEL:

Geraldo Pereira Jotz

5) RESUMO DO PROJETO:

O presente projeto visa testar uma solucdo quimica alternativa ao uso de formaldeido,
considerado uma substancia carcinogénica para humanos, para conservacdo de pegas
anatomicas. A partir do conhecimento que o cloreto de benzalconio tem aco
antisséptica contra microorganismos, este sera utilizado em um preparado como
principio ativo na conservagdo de pecas anatémicas comparado ao formaldeido que é
considerado uma solugdo padréo utilizada atualmente.

6) OBJETIVOS DO PROJETO:

Avaliar a eficdcia de uma solugdo quimica alternativa na conservacéo de pecas
anatomicas em laboratorio de anatomia.

7) FINALIDADE DO PROJETO: [ | Ensino Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Adequado | | Comentérios

Introdugao Adequada | Comentarios

Objetivos Adequados j Comentarios

Rua Sarmento Leite, 245 « Porto Alegre, RS ¢ CEP 90050-170 » Fone: 0 xx 51 3303 9000 ¢ Fax: 0 xx 51 3303.8810 » www.ufcspa.edu.br

73



REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DA EDUCACAO

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

Relevancia e Justificativa Adequados | | Comentarios
Materiais e Métodos Adequados D Comentarios
Cronograma para execucao da pesquisa Adequado D Comentarios

Orcamento e fonte financiadora || Adequados Comentarios

Referéncias Bibliograficas

9) O PROJETO ESTA ADEQUADO A LEGISLAGAO VIGENTE:

Sim | ] Nao

10) INFORMAGOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B | cl ] D[ ] E [ ]
Justifique:

Nao se aplica

Espécie:  Sus scrofa domestica Numero Amostral:

Redugao Amostral: EI Sim N&o

Justifique:

Substituicdo de Metodologia: ' | Sim N&o

Se achar necessdrio, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia: i Sim Néo
Se achar necessario, justifique e sugira aprimoramentos da metodologia:

Adequadas |:| Comentarios

33
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REPUBLICA FEDERATIVA DO BRASIL
MINISTERIO DA EDUCACAQ

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE
Acomodacéo e manutencédo dos animais: D Adequada l:l Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias:

Néo se aplica

Manipulacédo dos animais: Adequada D Inadequada
Se achar inadequada cite abaixo as melhorias necessarias:

Analgesia dos animais (se aplicavel): E Adequada Inadequada
Se achar inadequada cite abaixo as melhorias necessdarias com analgésico substituto:

Nao se aplica

Anestesia dos animais (se apiicavel): D Adequada E Inadequada
Se achar inadequada cite abaixo as melhorias necessdarias com anestésico substituto:

Néo se aplica

Eutanasia dos animais (se aplicavel): D Adequada D Inadequada
Se achar inadequada cite abaixo as melhorias necessdrias com metodologia substituta:

Nao se aplica

Local de Realizagao (Biotério/Labotarério): Laboratério de Anatomia Humana e Histologia
do Departamento de Ciéncias Morfologicas da Universidade Federal do Rio Grande do Sul

Outra instituigdo. Qual? UFRGS

11) CRONOGRAMA DE UTILIZAGAO DE ANIMAIS
Data Espécie Sexo Quantidade

12) RECOMENDAGAO: As pendéncias deverio ser respondidas em uma carta,
indicando as paginas do projeto que foram alteradas (nova versio), assinadas
pelo pesquisador responsavel.

Aprovado
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76

REPOELICAVFEDERATIVA DO BRASI.
MINISTERIO DA EDUCACAO

UFCSPA

UNIVERSIDADE FEDERAL DE CIENCIAS DA SAUDE DE PORTO ALEGRE

I:I Com Pendéncia
l:! Né&o aprovado

Data de inicio 07/2017 Data de Término 10/ 2018

Comentarios gerais sobre o projeto:

Sugerimos que o presente projeto seja submetido para avaliagdo e/ou ciéncia da CEUA
da institui¢do (UFRGS) onde sera realizado a parte experimental. O projeto ndo
apresentou a fonte financiadora.
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AUTORIZACAO

Por este instrumento, o Matadouro e Frigorifico Santo André Ltda. CNPJ n°
97.763.072/0001-22, instalado no municipio de Taquara/RS, disponibiliza 40 blocos de
tecidos biolégicos cervicais (laringes e musculos infra-hidideos) de descarte do processo
comercial de suinos (Sus scrofa domestica) machos, com idade de 6 a 10 meses. Os blocos de
tecidos cervicais serdo utilizados na pesquisa intitulada Avalia¢fio de uma Solu¢io Quimica
Alternativa para Fixacio e Conservacio de Material Biologico em Laboratério de
Anatomia. O estudo ¢ de responsabilidade de Leorardo Jung, aluno do Programa de Pos-
Graduagdio em Ciéncias da Saude da Universidade Federal de Ciéncias da Satde de Porto
Alegre (PPGCS-UFCSPA), sob orientagfo do Professor Dr. Geraldo Pereira Jotz (UFCSPA e
UFRGS) e co-orienta¢do da Professora Dra. Tais Malysz (UFRGS).

Os blocos de tecidos biologicos cervicais deverdo ser utilizados exclusivamente para
fins de pesquisa cientifica

O descarte adequado dos rejeitos bioldgicos advindos da pesquisa ¢ de
responsabilidade dos autores do estudo.

Taquara, 13 de abril de 2017
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Tiago Rebechi

Matadouro Frigorifico Santo André Ltda

o i ]
[57.763.072/0601-22"
Matadouro Frigorifico
Santo André Lida.

Rua Andre Rebechi, 17700
i 95600-000 TAQUARA/RS
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