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Impacto potencial desta pesquisa

Com o crescimento da populagdo mundial, o descarte de cadaveres passa a ser uma
questdao ambiental fundamental quanto ao uso do solo, emissédo de poluentes,
consumo de recursos e desperdicio de materiais. Tornou-se uma fonte de
preocupacdao publica no século XXI, evidente no desenvolvimento de um “movimento
funerario verde” no mundo ocidental, que busca um corpo menos impactante e
praticas de eliminagdo, mais ecologicamente corretas. Com este trabalho iremos
avaliar a conservacéo de visceras isoladas, advindas de necropsias, 0 que podera
gerar um grande potencial de utilizacdo desses conjuntos no treinamento clinico e
cirargico com repetibilidade, reduzindo, inclusive, a quantidade de cadaveres
utilizados. Também poderemos diminuir a quantidade de material bioldgico enviado a
descarte sanitario, tornando menor o acumulo de carcacas, a contaminacao do solo e

dos lencdis freatico.

The potential impact of this research

As the world population grows, the disposal of cadavers becomes a fundamental
environmental issue regarding land use, pollutant emissions, resource consumption,
and waste. It has become a source of the public concerning the 21st century, evident
in the development of a “green burial movement” in the Western world, which seeks a
less impactful cadaver and more ecologically correct disposal practices. This study
aimed to evaluate the conservation of isolated viscera resulting from necropsies, which
could generate a great potential for clinical and surgical training, with repeatability. We
can also decrease the amount of biological material sent to sanitary disposal, thereby
reducing the accumulation of carcasses and contamination of the soil and

groundwater.
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CONSERVACAO DE VISCERAS DE CAES VISANDO AO TREINAMENTO CLINICO
E CIRURGICO - UTILIZACAO DO VACUO E SAL DE CURA

RESUMO - Métodos alternativos vém sendo utilizados para minimizar o uso de
animais vivos no ensino e buscam, também, reduzir o ndmero de animais em
experimentacdo. O uso de cadaveres € uma possibilidade como recurso alternativo
ao uso de animais vivos para aprendizagem cirargica, 0os quais promovem eficiéncia
pratica, melhoram o aprendizado, além de apresentarem menor custo e serem
possiveis customiza-los para repeticao de técnicas. Objetivou-se, com esse trabalho,
avaliar a conservacado de conjuntos de visceras (conjunto pulméao e coracdo — CPC -,
e conjunto estdmago, baco e intestinos — CEBI - de cdes) com dois tipos de solucdes
preparadoras em relacdo a microbiologia, biomecanica ou insuflagdo pulmonar por até
quatro meses. Foram utilizados 16 cadaveres, 8 para o grupo 1 (G1 - Alcool etilico
glicerinado e sais de cura) e 8 para o grupo 2 (G2 - sais de cura). Para o CEBI foram
guantificadas as alteracBes na resisténcia intestinal, medida em Newtons, durante o
teste de tracdo, nos momentos zero (previamente a fixacédo), 30, 60, 90 e 120 dias de
conservacgao a vacuo e para o CPC foi avaliada a viabilidade pulmonar por meio da
insuflacdo pulmonar. Foi realizada a analise microbiolégica do liquido e de fragmento
de tecido pulmonar para a quantificacdo das bactérias mesdfilas aerdbias e
anaerobias, leveduras, Enterobacteriaceae, esporulados totais viaveis e presenca de
Clostridium. A forca maxima de ruptura (FMR) para o G1 e G2, e 0 alongamento da
ruptura (AR) do G1 e do G2 para as amostras controle do jejuno foram 19,21N,
9,68mm, 18,29N e 13,76mm, respectivamente, e durante a conservacao, 23,34N e
9,06mm, 23,27N e 8,37mm (30 dias), 16,79N e 6,15mm, 21,46N e 5,33mm (60 dias),
23,02N e 5,02mm, 27,29N e 5,54 (D90), 28,07N e 5,39mm, 25,96N e 4,51mm (120
dias), respectivamente. Nao houve diferenca significativa entre a interacdo Tempo X
Tratamento, e os fatores foram examinados individualmente dentro de cada grupo. No
G1, os momentos D60, D90 e D120 diferiram significativamente do DO (controle). J&
no G2 houve diferenca significativa em todos os momentos em relacdo ao DO. Nao
houve diferenca significativa entre os tratamentos no D30, D60, D90 e D120 e a
diferenca observada no DO néo é estatisticamente relevante. A populacdo microbiana
ndo excedeu 9,2x10% UFC / mL no total de bactérias aerébicas e 1,8x10% UFC/mL no
total de bactérias anaerébicas no G1 e 1,9x103 UFC/mL no total de bactérias aerébias
e 1,33x 103 UFC/mL para anaerdbios totais no G2. Enterobactereaceae foi detectado
nas amostras de jejuno em 120 dias na concentracdo de 2,1x10%. A contagem de
leveduras nunca ultrapassou 3,4 x 102 UFC/mL e esporulados, 2,3x10% UFC/mL. A
biomecanica néo foi significativamente afetada e a contagem microbioldgica foi baixa
durante os 120 dias, demonstrando a eficacia de ambos protocolos de conservacao
de visceras isoladas visando ao treinamento cirdrgico.

Palavras-chave: anatomia, biomecéanica, insuflacdo pulmonar, maleabilidade,
microbiologia .



CONSERVATION OF DOG VISCERA AIMING FOR CLINICAL AND SURGICAL
TRAINING - USE OF VACUUM AND CURING SALT

ABSTRACT - Alternative methods have been used to minimize the use of live animals
in teaching and also seek to reduce the number of animals in experimentation. The
use of cadavers is a possibility as an alternative resource to the use of live animals for
surgical learning, which promotes practical efficiency and improves learning, in
addition to presenting lower cost and being possible to customize them for repetition
of techniques. The aim of this research was to evaluate the conservation of sets of
viscera (lung and heart set - LHS -, and stomach, spleen, and intestines set - SSIS -
of dogs) with two types of preparative solutions in relation to microbiology,
biomechanics, or lung inflation for up to 4 months. Sixteen cadavers were used, 8 for
group 1 (G1 - glycerin ethyl alcohol and curing salts) and 8 for group 2 (G2 - curing
salts). For SSIS, changes in intestinal resistance were quantified, and measured in
Newtons, during the traction test, at moments zero (prior to fixation), 30, 60, 90, and
120 days of vacuum storage, and for LHS, the viability was evaluated through lung
insufflation. Microbiological analysis of the fluid, lung, and jejunum tissue fragment
was performed to quantify aerobic and anaerobic mesophilic bacteria, yeasts,
Enterobacteriaceae, total viable sporulates, and the presence of Clostridium. The
maximum rupture force (FMR) for G1 and G2, and the elongation rupture (AR) of G1
and G2 for jejunum control samples were 19.21N, 9.68mm, 18.29N, and 13.76mm,
respectively, and during storage, 23.34N and 9.06mm, 23.27N and 8.37mm (30 days),
16.79N and 6.15mm, 21.46N and 5.33mm (60 days), 23.02N and 5.02mm, 27.29N and
5.54 (D90), 28.07N and 5.39mm, 25.96N, and 4.51mm (120 days), respectively. There
was no significant difference between the Time x Treatment interaction, and the factors
were examined individually within each group. In G1, moments D60, D90, and D120
differed significantly from DO (control). In G2, there is a significant difference at all times
in relation to DO. There is no significant difference between treatments on D30, D60,
D90, and D120; the difference observed on DO is not statistically relevant. The
microbial population did not exceed 9.2x10% CFU/mL in total aerobic bacteria and
1.8x10% CFU/mL in total anaerobic bacteria in G1 and 1.9x10% CFU/mL in total aerobic
bacteria and 1.33x 103 CFU/mL for total anaerobes in G2. Enterobacteriaceae was
detected in the jejunum samples in 120 days at a concentration of 2.1x102. The yeast
count never exceeded 3.4 x 102 CFU/mL and sporulated, 2.3x10% CFU/mL. The
biomechanics were not significantly affected and the microbiological count was low
during the 120 days, demonstrating the effectiveness of both isolated viscera
conservation protocols aimed at surgical training.

Keywords: anatomy, biomechanics, malleability, microbiology, pulmonary insufflation.
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CAPITULO 1 — CONSIDERACOES GERAIS

1. Introdugao

Utilizando os principios humanitarios de experimentacdo animal que foram
sintetizados por Russell e Burch em 1959, métodos alternativos vém sendo utilizados
para minimizar o uso de animais vivos no ensino da Medicina Veterinaria. Trés
palavras foram utilizadas para sintetizar esses principios, denominados como os 3
Rs’: replacement, reduction, e refinement (substituicao, redugao e refinamento). Esses
trés conceitos fundamentais buscam alcancar equilibrio para substituir animais vivos
em instituicbes académicas. Assim, ha necessidade da busca por métodos
alternativos a utilizacdo de animais vivos, visando reduzir o nimero de animais
necessarios em experimentacao, assim como na pesquisa (Costa Neto et al., 2012,
Rocha et al., 2019), e com possibilidade de repeticdo de treinamentos (Arluke, 2004,
Tannenbaum e Bennett, 2015, Guarana et al., 2021).

Técnicas de preparo de cadaveres com aspecto realistico tém sido descritas para
a pratica do treinamento cirdrgico (Rocha et al., 2019), radioldgico (Kihara et al., 2023)
e de exames e procedimentos, como o da colheita do liquido cerebroespinhal e
mielografia (Zero et al., 2022), com 6tima avaliacdo académica.

A lei Arouca (11.794/2008) foi criada em 2008 e oficializada pelo Decreto 6.899
de 2009 (Brasil, 2009) para regulamentar o uso de animais em atividades de ensino e
pesquisas no Brasil, estabelecendo que Comissdes de Etica Institucionais controlem
as atividades de ensino e pesquisa nas universidades através do CEUA (Comisséo
de Etica no Uso de Animais), e cadastrando a instituicio junto ao Conselho Nacional
de Controle da Experimentacdo Animal (Concea) (Brasil, 2008), auxiliando com isso,
na formagdo dos novos profissionais com valores éticos de responsabilidade e
respeito para com a vida (Oliveira et al., 2013).

Objetivou-se, com este estudo, avaliar a conservac¢ao do conjunto pulméo coracéo
(CPC) e conjunto estdbmago, baco e intestino (CEBI) de cées, e comparar as técnicas

anatdbmicas empregadas em relagdo a microbiologia, biomecanica e insuflacéo
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pulmonar por até quatro meses. Isso podera gerar grande aplicabilidade na pratica de
treinamento cirdrgico, sem gerar residuos toxicos, diminuindo a quantidade de
cadaveres enviados a aterros sanitarios e diminuindo o acumulo de carcacas, a

contaminacao do solo e dos lencois de freaticos.

2. REVISAO DE LITERATURA

2.1 Fixadores e conservantes em anatomia

Para a utilizacdo de cadaveres no estudo da anatomia, é necessario usar
métodos de fixacdo e conservagdo para preserva-los, e que possam ser utilizados
pelo maior tempo, sem que haja a proliferacdo de microrganismos (Calamares Neto e
Colombo, 2015). A conservagdo tem como objetivo preservar da maneira mais
préxima possivel, a morfologia e caracteristicas das pecas como, consisténcia,
coloracdo e flexibilidade, mantendo os cadaveres reais como se fossem animais
frescos (Kimura e Carvalho, 2010). Os meios liquidos mais utilizados para a
conservacao e que inibem crescimento de microrganismos séo o formaldeido, &lcool
etilico, glicerina e o fenol (Rodrigues, 2010).

Devido ao baixo custo do formaldeido e possuir agdo bactericida, fungicida,
viricida, esporicida e penetrar nos tecidos rapidamente (6mm a cada 12h), ainda é o
fixador e conservante mais utilizado, porém ele torna as pecas escuras, friaveis e mais
pesadas com o tempo, e produz vapores toxicos irritantes as mucosas (Calamares
Neto e Colombo, 2015), além de ser considerado cancerigeno e teratogénico, e um
poluente ambiental caso descartado de forma imprépria (Who,1991).

A solucao de Thiel é utilizada para a fixacdo de cadaveres pois fornece textura e
cor proximas dos animais vivos e apresenta muitas aplicacbes em cirurgia, ultra-
sonografia, anestesia regional e entubagéo das vias aéreas (Eisma et al., 2011, Eisma
et al., 2013). Também preserva a flexibilidade e plasticidade dos érgaos e tecidos, e
os pulmdes mantém capacidade de insuflacdo e as articulacbes dos membros
continuam com mobilidade (Thiel, 2002, De Crop et al., 2012). Esta solugao contém
sais, como nitrato de aménio, nitrato de potassio e sulfito de sédio, com pequenas

porcentagens de formaldeido, etilenoglicol, acido bérico e p-clorocresol (Rodrigues,
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2010, Hayashi et al., 2016). Com essa solugcédo é possivel manter as vias aéreas
preservadas e utilizar os cadaveres para o treinamento de intubacado endotraqueal,
sendo essa a base da pratica moderna da medicina de emergéncia, e € um dos
componentes essenciais para os residentes se aperfeicoarem (Sagarin et al., 2005).
A cor vermelha obtida com esta solugdo ocorre devido a nitritos e mioglobina nos
musculos que formam a nitrosomioglobina (Hammer et al., 2014).

O alcool etilico 96°GL também é um bom fixador e de facil aquisicdo. Entretanto,
se empregado em concentragdo acima de 70% endurece muito os tecidos. O fenol
liquido ou em forma de cristais ndo endurece os tecidos e também protege o material
da acdo de fungos. Deve ser usado com cuidado pois € toxico, e provoca queimaduras
na pele (Rodrigues, 2010). Outra alternativa de conservacéao € a criodesidratagao, que
consiste em desidratar as pegas causando retragao dos tecidos (Freitas et al., 2009).
As pecas anatdmicas podem ser mantidas fora de solugdes e se tornam mais leves
devido a perda total de agua, auxiliando no transporte (Taylor e Van Dyke, 1995).

Foi utilizado sal de cura como alternativa ao uso do formaldeido no ensino da
anatomia veterinaria. A solugao continha 23% de sais de cura, 30% de etanol, 20% de
Pluriol® E 400 (mistura de polietilenoglicol) e 0,1% de 6leo de orégano na solugao
final para melhorar o cheiro, a solugao testada preservou com sucesso os cadaveres
de caes, sem riscos ambientais e a saude, com baixo custo efetivo (Janczyk et al.,
2011) .

Na Universidade de Ciéncias de Szent Istvan, na Hungria, ao invés de formaldeido,
foi utilizada solucéo de sais de cura a 16% para a preservacao de pecas anatdmicas
de caes. As pegas mantiveram a sua coloragao e consisténcia, demonstrando a alta
qualidade dessas pecas, comparativamente aquelas submetidas a fixacdo com
formaldeido. Os sais de cura sdo um método de baixo custo e seguro no uso para o
ensino anatémico (Werdelmann e Gerics, 2016).

O cadaver fresco € o modelo que mais se aproxima da realidade, porém necessita
de congelamento, apresenta um tempo limitado de trabalho devido a rapida putrefacao
e risco de infecgdo. Na Universidade de Téquio, foi utilizada solucdo composta de
20kg de cloreto de sédio, 1L de formaldeido a 20%, 0,2L de fenol, 0,5L de glicerina,
41 de alcool isopropilico e 19,3L de agua totalizando 25L de solug&o. Foram realizados
21 procedimentos ortopédicos, ultrassonograficos, cateterizacdo venosa central,
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cultura bacteriana, fungica e, mensuragdo da amplitude de movimento das
articulagdes, concluindo-se que o método de preservagao apresentou efeito
antimicrobiano, preservando a flexibilidade das articulagbes dos cadaveres, e alta
qualidade tecidual no quesito maciez e coloragdo, favorecendo todos os
procedimentos realizados (Hayashi et al., 2014). No entanto, as solugdes saturadas
de sais tém demonstrado ser um método simples, com baixo risco de infeccéo e de
baixo custo, que contribui para ampla utilizacdo de cadaveres preservados em
treinamentos cirurgicos (Hayashi et al., 2016).

Em pesquisa realizada utilizando solu¢do aquosa de cloreto de sédio a 30% para
a conservacao de pecas anatbmicas, anteriormente fixadas por formaldeido, foi
reportado que durante cinco anos ndo houve contaminagao visual, além de auséncia
de odores putridos ou alteracdo na coloracéo e maciez (Oliveira, 2014). Em técnica
utilizando alcool etilico para fixacado e solucao salina a 30% para conservacéo, testes
biomecénicos do jejuno e da pele demonstraram manutencdo da resisténcia e
elasticidade tecidual durante 8 meses em caes (Rocha et al., 2018) e por 7 meses em
gatos (Zero et al., 2020).

A utilizacao de AEG (alcool etilico glicerinado) para fixagéo e SC (sal de cura) para
a conservacao de cadaveres vem demonstrando ser ser um método eficaz, e de baixo
custo, para a manutencdo das caracteristicas dos cadaveres quimicamente
preparados, mantendo-os muito proximos aos animais frescos. Varios estudos vém
sendo realizados com o uso desse preparo anatdmico em cadaveres para aulas de
técnica cirurgica, além de treinamento de puncdo do liquido cerebroespinhal e
mielografia (Zero, 2021) e mimetizando afec¢des como megaesodfago, efusao pleural,
pneumotodrax, e outros procedimentos como esofagograma e broncografia (Kihara,
2020), mantendo os cadaveres com coloragao e textura proxima ao animal fresco (Del
Ponti et al., 2021, Ferreira et al., 2021, Queiroz et al, 2022a, Queiroz et al, 2022b).

2.2 Uso de animais em pesquisa e ensino

Apés o estabelecimento das CEUA e a criagao da lei Arouca (n° 11.794), as quais

controlam as atividades de pesquisas e ensino universitarias, houve necessidade da
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busca por métodos éticos e alternativos para o ensino e pesquisa que envolva animais
(Brasil, 2008).

Existem muitas razbes para as instituicbes de pesquisa e ensino procurarem
alternativas para a substituicdo de animais em aulas praticas, incluindo riscos de
zoonoses, consideragdes éticas, eficacia no ensino, higiene do ambiente de trabalho,
pressdes econdmicas e publicidade adversa. Muitos académicos e pesquisadores vao
contra as praticas com animais por motivos éticos e morais, podendo causar conflitos
e problemas psicoldgicos. Por isso, foram estabelecidas normas legais para uso de
animais em pesquisa e aulas, assegurando-se, assim, o bem-estar (Arluke, 2004).

Alternativas humanizadas, como a utilizagdo de cadaveres em determinadas
situagdes, promovem maior aprendizado, aumento da eficiéncia, diminui custos, além
do potencial de customizagao e repetitividade do exercicio. O aumento da confianga
e satisfacdo do aluno devido a diminuicdo do estresse durante o procedimento
cirurgico com cadaveres beneficia o processo de aprendizagem desde que a fonte de
aquisigao desses animais seja ética, como por exemplo, advindo de eutanasia por
razdes médicas, morte natural ou acidentes (Knight, 2007).

Em levantamento realizado em 27 Universidades dos Estados Unidos, entre 1983
e 1984, estima-se que 16.655 animais, foram submetidos a eutanasia. Isso fez com
que as universidades do Canada e Estados Unidos procurassem métodos alternativos
para diminuir o uso de animais vivos em treinamento cirurgico (Balcombe, 2000).

No Brasil, foi realizado estudo envolvendo avaliagdo de graduandos na disciplina
de Técnica Cirurgica Veterinaria na realizacdo de treinamento cirdrgico com
cadaveres quimicamente preparados com solucdo de Larssen modificada e, na
sequéncia, treinamento em animais vivos (castragao). Houve 93,29% de aceitagao a
favor do método de ensino, demonstrando a necessidade da criagao e aprimoramento
de métodos alternativos ao ensino no treinamento da técnica cirurgica (Silva et al.,
2004).

Outro estudo evidenciou a satisfacdo de 88,9% dos estudantes de medicina
veterinaria em relacdo ao aprendizado cirurgico em cadaveres conservados
quimicamente com solugao de Larssen modificada, enquanto apenas 5,9% dos alunos

acharam mais eficiente se o ensino fosse realizado em animais vivos. E, independente



14

do processo quimico utilizado na conservacido de cadaveres, 95,7% dos alunos
aprovaram o uso de cadaveres no ensino da cirurgia (Silva et al., 2007).

A avaliagao da pratica cirurgica veterinaria por alunos de graduagao, em cadaveres
caninos preparados com alcool etilico (AE) e conservados em solugdo aquosa de
cloreto de sédio a 30% (SACS 30%) obteve uma nota média de 7,32+1,63 e, 75,67%
dos alunos foram a favor do uso de cadaveres para o treinamento cirurgico, sendo
80% a favor do uso de cadaveres quimicamente preparados (Rocha et al., 2019).

Estudantes de graduagao avaliaram os animais quimicamente preparados com
alcool etilico glicerinado (AEG), sais de cura (SC) e mantidos a vacuo e n&o houve
diferencga significativa entre em relagdo a maleabilidade da pele fresca (9,05+1,05) ou
do animal quimicamente preparado (8,45+0,83). Ainda, 100% dos alunos foram a favor
do uso de cadaveres para a realizacdo de aulas de técnicas cirurgica, preferindo,
primeiro, o treinamento em cadaveres, seguido de aulas de cirurgia com animais vivos
(Del Ponti et al., 2021).

2.3 Aspectos microbioléogicos da degradagdo e conservagao de pecgas

anatomicas

A degradacdo de um cadaver é causado por uma associacdo de fatores
bioticos, bactérias intrinsecas e extrinsecas, individualidade do animal, e fatores
abioticos como tempo, clima, temperatura e umidade. As bactérias sdo descritas
como a grande for¢a motriz para que o processo de decomposi¢ao ocorra. Elas podem
ser aceleradas, ou ser mantidas latentes de acordo com a temperatura em que estao
agindo (Carter et al., 2008).

Os primeiros estagios de decomposi¢cdo sdo marcados pelo inchaco induzido
pelas bactérias. Elas comecam a digerir o intestino e os tecidos circundantes, e
comeca a ocorrer a autélise dos tecidos. Durante a putrefacdo, as bactérias passam
por processos anaerdbicos, produzindo gases como subproduto, sédo eles o
hidrogénio, sulfeto, metano, cadaverina e putrescina. Neste momento, o cadaver
libera esses gases e inicia-se a decomposicao tardia. As etapas finais duram até a
esqueletizagcéo, sendo consideradas os estagios mais secos do processo (Hyde et al.,
2013).
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Muitos estudos examinam o0s microorganismos da decomposicdo e o
microambiente resultante, porém esses estudos sdo realizados no solo onde estéao
enterrados os cadaveres. Inicialmente, ha desenvolvimento de bactérias aerdbicas
(Staphylococcus e Enterobacteriacae), as quais sdo substituidas por bactérias
anaerobicas (Clostridio e Bacteroides). Essa mudanca das bactérias deve-se a falta
de oxigenacdo dos tecidos. A primeira bactéria a aparecer é o Staphylococcus,
seguido pelos coliformes e bactérias anaerébias (Hyde et al., 2013).

Foi observado na decomposicdo de suinos em temperatura entre 23 e 30°C,
que no inicio do processo, as bactérias lipoliticas estavam presentes em baixa
concentracdo (5,5x10° UFC/mL) enquanto as bactérias proteoliticas estavam
aumentadas (5,3x10° UFC/mL) e foram diminuindo durante o processo de
decomposicdo. Foram isoladas bactérias do género Acinetobacter, Bacilo, Kurthia,
Brevibacterium, Anthrobacter e Serriatia (Howard et al., 2010).

As bactérias mesdfilas, como Escherichia, Klebsiella, Aeromonas, Alcaligenes,
Enterococcus e Bacillus, sobrevivem a uma temperatura de 30 a 40°C. As termdfilas,
como Bacillus, Clostridium, Thermoactinomyces, se encontram em temperaturas de
50 a 60°C. A temperatura ndo € o Unico efeito sobre as bactérias. Outros fatores
ambientais, como Ph, fontes de energia disponivel, forca ibnica e nutrientes, também
influenciam na diversidade e crescimento (Zeikus, 1979). A carcaca animal é
composta de material microbiologicamente ativo que pode conter virus, bactérias,
protozoarios, parasitas, prions, toxinas, residuos de drogas e outros produtos
quimicos. Todos os materiais biologicamente ativos, precisam ser reduzidos a
guantidades seguras, e eliminados para minimizar seu risco potencial (Berge et al.,
2009). Boas praticas de fixacdo e conservagao Sdo necessarias para que nao ocorra
a deterioracao e proliferacdo de patdogenos causadores de doencas (Corréa, 2003;
Rodrigues, 2010).

A condicdo de temperatura elevada favorece o desenvolvimento da putrefacéo
profunda, que é produzida na massa muscular interna da carne. A auséncia de
refrigeracdo ap0s a morte resulta no desenvolvimento acelerado de bactérias
anaerobias, procedentes do trato intestinal do animal, sobretudo Clostridium sp

(Ingram, 1972). Considera-se que 0s primeiros sinais de putrefacao aparecem quando
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o numero de Clostridium perfringens alcanca a contagem de 107 germes/grama de
carne, considerando uma contaminacéao inicial de 102 germes/grama de carne. A
refrigeracdo rapida evita estas duplicacdes fatidicas e a consequente putrefacédo
profunda (Rosset, 1994). Entéo, a refrigeracdo da carne tem como objetivo, diminuir
a temperatura a um valor em para que haja grande retardo na taxa de crescimento
bacteriano, e no caso do congelamento, a sua interrup¢cdo. Desse modo ha a
eliminacao do desenvolvimento de patdégenos causadores de toxi-infec¢des, além de
aumentar o prazo de validade, sem alterar a cor, sabor e odor da carne (Aidani et al.,
2014).

A resisténcia microbiana foi testada em diversas concentragcdes com o0 uso do
formaldeido para a fixacdo dos cadaveres. O Staphylococcus sp. mostrou-se mais
resistente a esse fixador do que a Samonella sp., Pseudomonas e Klebsiella sp. O
Aspergillus ninger foi mais resistente que a Candida albicans, demonstrando também,
que os fungos sdo mais resistentes que as bactérias (Solomon, 1975). Por esse
motivo, podem ocorrer quadros alérgicos nos laboratorios de anatomia, pela
exposicao constante aos esporos suspensos, que dependendo da contaminacgao
ambiental e a intensidade da exposi¢cao, podem ocasionar, aos profissionais e alunos,
desordens respiratorias, imunes e no sistema nervoso central (Corréa, 2003).

A acdo antisséptica da glicerina, atua contra fungos e bactérias, desidrata as
pecas anatdmicas e suprimi odores prejudiciais a saude, como aqueles liberados pelo
formaldeido (Krug et al., 2011).

A utilizacdo de AE na fixacao e de SACS a 30% na conservacgao de cadaveres
de caes ja foi avaliada com sucesso, apresentando baixa contagem microbiol6gica
para 0os géneros Bacillus, E. coli e Pseudomonas, e sem contaminagcdo aparente a
inspecao visual nos tanques e cadaveres, auséncia de odor desagradavel ou
putrefacdo (Pereira et al., 2019).

Cadaveres de gatos fixados com AEG, conservado com SC e mantidos a
vacuo, foi avaliado diariamente a biomecéanica dos tecidos por 7 dias e realizada a
analise microbiolégica que manteve-se baixa, nunca ultrapassando 6,0x10* UFC/mL
para aerébios totais e 4,8x10* UFC/mL para anaerébios totais . Foram dectadas nas

amostras Micrococcus sp., Bacillus sp., Klebsiela sp. e Staphylococcus sp. e 0s
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cadaveres nao apresentaram contaminacao visual e odor desagradavel (Queiroz et.
al., 2022a).

Para avaliar o efeito crénico da conservacdo de cadaveres de gatos com a
mesma técnica anatdmica (cadaveres conservados por até 120 dias) a temperatura
de 0 a 4°C e mantidos a vacuo, observou-se, microbiologicamente, que a populacao
microbiana em 12 das 16 amostras analisadas nunca ultrapassou 4,0 x 102 UFC/ mL
nos aerdébios totais e 8,8 x 102 UFC/ mL nos anaerébios totais. Foram identificados
Staphylococcus sp, Bacillus sp, E coli, Micrococcus sp e Klebsiella sp (Queiroz et al.,
2022c). Na conservacdo de cadaveres de caes por 120 dias com a utilizacao de AEG,
SC e mantidos a vacuo, a contagem microbiolégica manteve-se baixa, nunca
excedendo 8,0x102 UFC/ mL para aerdbios totais e 5x10% UFC/ mL para anaerébios
totais e, 25% das amostras analizadas ndo apresentaram contaminacao, foram
identificados Staphylococcus sp, Bacillus sp. e uma amostra com levedura (Ferreira
et al., 2021).

2.4 Conservantes e vacuo na industria alimenticia

No caso da cura de carnes, sao utilizados aditivos alimentares tais como sais
de nitrato, nitrito, cloreto de sédio e acucares, os quais fixam a cor avermelhada da
carne curada, possuem acao bacteriostatica, e mantém suas caracteristicas fisicas e
quimicas (lamarino et al., 2015). O nitrato € adicionado a carnes devido ao poder
corante (cor rosea), resultado da reacdo da mioglobina e hemoglobina, unificando a
coloracdo dos produtos. O nitrito também atua como agente bactericida, ao retardar o
desenvolvimento do Clostridium botulinum, na producdo de toxinas, e reduz a
progressédo da oxidacéo lipidica. O nitrito é essencial no processo de cura, pois além
de preservar as funcdes dos produtos carneos, contribui para o desenvolvimento de
pigmentos e do sabor tipico das carnes curadas (Pizza, 1999, Toldr& et al., 2001)

A embalagem a vacuo estd ganhando grande importancia como técnica de
conservacgao para o prazo de validade de carnes e outros alimentos (Farber et al.,
2003). Esse tipo de embalagem é considerado uma atmosfera modificada, pois nela
h& uma alteragdo da pressdo do ar por reducdo do oxigénio, o que leva uma

diminuicdo da atividade respiratoria normal do alimento e da populacdo microbiana
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(Young et al., 1988), pois h& inativacdo de bactérias aerdbicas, o que evita sua
deterioracéo e, consequentemente aumenta a validade e qualidade. Entretanto, ainda
pode haver contaminacdo por bactérias anaerdbias, sendo necessario o uso da
refrigeracdo para minimizar esse problema (Mantilla et al., 2010).

O véacuo promove reducdo nos valores de oxidacao e da forca de cisalhamento
muscular, proporcionando maior maciez do produto, além de que a auséncia de
oxigénio leva ao predominio de bactérias laticas, as quais alteram pouco a qualidade
das carnes (Leonel, 2008; Tesser, 2009).

O CO:q retarda o crescimento microbiano de varias maneiras: solubiliza-se
dentro da célula e vai produzir acido carbdnico (H2CO3), penetra na parede da célula
microbiana alterando a permeabilidade celular, reduzindo o pH celular e, interferindo
em muitos caminhos enzimaticos e bioquimicos dentro do microorganismo celular,
reduzindo sua taxa de crescimento (Floros e Matsos, 2005). A combinacdo dessas
atividades é responsavel pelo efeito bacteriostatico do CO: (Blakistone, 1999).
Diminuindo a temperatura de armazenamento, a atividade inibitéria do CO2 aumenta
em virtude da maior solubilidade do gas em agua sob baixas temperaturas. Quando o
pH diminui em uma faixa acida a inibicdo também aumenta (Jay, 2005).

As bactérias Gram positivas sdo mais resistentes quanto a inibicdo do CO2 do
gue as Gram negativas, sendo os clostridios 0s mais resistentes e as pseudomonas
as mais sensiveis. O CO2 provoca uma mudanca consideravel na microbiota das
carnes durante o armazenamento prolongado, apresentando uma microbiota
predominantemente formada por microorganismos Gram positivos, enquanto no
produto fresco, é principalmente Gram negativos (Jay, 2005), sendo os fungos,
leveduras e bactérias aerdbias deteriorantes altamente suscetiveis ao COz2, ocorrendo
uma diminuigdo desses microorganimos na atmosfera modificada. As bactérias acido-
laticas e anaerdbias sao altamente resistentes, enquanto as facultativas podem ou
nao ser inibidas pelo CO:2 (Finne, 1982).

Na embalagem a vacuo a compressao causada no alimento pode aumentar a
exsudacdo da carne e/ou diminuir a forma original do alimento, aumentando a

guantidade de liquido presente na embalagem (Church e Parsons, 1995).
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2.5 Descarte das pecas anatomicas e carcacgas

Com o crescimento da populagdo mundial, o descarte de cadaveres passa a
ser uma questao ambiental fundamental quanto ao uso do solo, emissao de poluentes,
consumo de recursos e desperdicio de materiais. Tornou-se uma fonte de
preocupacao publica no século XX, evidente no desenvolvimento de um “movimento
funerario verde” no mundo ocidental (particularmente nos EUA), que busca um corpo
menos impactante, e praticas de eliminagdo mais ecologicamente corretas (Olson,
2016).

Com o aumento crescente da consciéncia ambiental, € compreensivel que tais
preocupagdes também sejam transferidas para o campo funerario, criando uma
tendéncia para produtos e servigos funerarios “mais verdes” (Davies e Rumble, 2012).
Devido ao “movimento funeral verde”, houve um aumento crescente de inovacdes
menos impactantes, e mais sustentaveis do que a cremacao e o sepultamento, essas
alternativas, e o que elas oferecem em termos ambientais e publicos, trazem
melhorias para a saude publica (Green et al., 2014).

A biosseguranga no descarte de carcagas € muito importante para a prote¢ao
da saude ambiental, animal e publica contra potenciais ameagas microbiolégicas. A
carcaga animal é composta de material microbiologicamente ativo, que pode conter
virus, bactérias, protozoarios, parasitas, prions, toxinas, residuos de drogas e outros
produtos quimicos. Todos os materiais biologicamente ativos precisam ser reduzidos
a quantidades seguras e eliminados para minimizar seu risco potencial (Berge et al.,
2009).

Pensando nessa biosseguranca, os laboratérios de anatomia, universidades e
hospitais americanos e europeus, tem utilizado a hidrélise alcalina das carcacgas, que
€ um processo no qual utiliza-se aquecimento e pressurizagdo para dissolver e
esterilizar, utilizando uma solugdo de hidroxido de sodio ou potassio. A hidrdlise
alcalina tornou-se de crescente interesse como uma inativagcdo alternativa, método
para residuos organicos microbiologicamente contaminados, incluindo carcagas de
animais. Sua eficacia, facilidade de uso, baixo impacto no meio ambiente e baixos
custos operacionais tornam o método de escolha, comparado a compostagem,
decomposigao anaerdbica, incineragao ou renderizagao (Kaye et al., 1998).
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Varios métodos causam a decomposic¢ao de tecidos moles, como fervura, uso
de produtos quimicos, 0 uso de insetos, decomposigdo em agua e decomposigao por
enterramento no solo. Todos estes métodos levam a esqueletizacdo completa, e
exceto a fervura, sédo eficazes para animais de médio e grande porte (Modi et al.,
2014).

O clima umido da estacéo chuvosa também € util para acelerar a decomposicao
de pecgas anatdmicas enterradas, levando a esqueletizagao precoce do cadaver, em
aproximadamente 30 dias (Modi et al., 2014).

Geralmente, a decomposicdo de uma semana no ar é equivalente a duas
semanas na agua e oito semanas no solo. Para a obteng¢do de ossos, o animal pode
ser fervido ou enterrado. No entanto, a decomposi¢ao do tecido mole é retardada em
corpos embalsamados devido a presenca de formaldeido, mas a fervura de tais
espécimes antes do enterro, leva ao aumento da decomposi¢cao do tecido mole,
devido a diminui¢cdo do formaldeido pés fervura (Modi et al., 2014).

O processo pelo qual um cadaver se transforma em esqueleto, por meio da
destruicao do tecido mole, é bastante complexo. O processo de decomposic¢ao, ocorre
como tudo na biologia, ndo existe dois individuos iguais, nem dois processos de
decomposicéo iguais (Pinheiro, 2006).

A decomposi¢ao de um corpo € um processo no qual ocorre a autélise celular
iniciada pela morte. Os nutrientes intracelulares sdo derramados nos tecidos
circundantes, facilitando a proliferacdo de populagdes bacterianas que causam a
degradagao tecidual, liberando gas (Hanglung e Sorg,1997). O gas causa inchago e
libera fluidos pelos orificios corpéreos, que vao atrair a fauna para a carcaga (moscas,
besouros, mamiferos e aves necrofagas). Esses animais, juntamente com as
bactérias, as enzimas e a agao fisica, quebram e removem os tecidos do corpo (Vass
et al., 2002). A putrefacdo segue rapidamente, e ocorre uma rapida diminui¢gdo na
biomassa, o ponto final € a esqueletizagdo (Campobasso et al., 2001). A
decomposigado envolve autdlise (destruicdo de células e 6rgdos por um processo
quimico asséptico), e putrefagcado (por causa de bactérias e fermentacdo) (Knight,
1996).

E um processo que varia muito de cadaver para cadaver, de ambiente para

ambiente, circunstancias da morte, o lugar onde se encontra e o clima. Sabe-se que
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a putrefacédo ocorre muito mais rapido nos corpos que sao deixados ao ar livre do que
aqueles imersos na agua, enquanto os corpos enterrados se decompdem em um ritmo
muito mais lento (Gordon et al., 1988, Prieto et al., 2004). Fatores como o periodo de
tempo antes do corpo ser enterrado (permitindo assim o inicio da putrefacéo), a
temperatura no local, a presenga ou auséncia de oxigénio, a profundidade do corpo,
a topografia do solo, afetam consideravelmente a velocidade de decomposi¢cao
(Gordon et al., 1988).

Assim, para saber o impacto da decomposicao, varios fatores devem ser
levados em consideracdo. Esses fatores incluem temperatura, elevacdo, umidade,
tipo de solo, vento, sombra, vegetagdo e estacdo do ano. Além dessas variaveis,
existem outras que podem influenciar o processo de decomposi¢gdo como intervalo
pos mortem, mumificacao, insetos necroéfagos e trauma (Haglund e Sorg, 2001).

Até a presenca de sombra ou luz solar direta pode acelerar ou desacelerar os
processos de decomposicdo, bem como o peso corporal, o tamanho do inchago e o
numero de insetos. A profundidade em que um corpo esta enterrado também afeta o
nivel de decomposicao (Shean et al., 1993).

Apo6s a morte, a maioria dos corpos que nao foram embalsamados, comegam
a putrefacado rapidamente e se liquefazem em pouco tempo, deixando apenas o
esqueleto. Outros, no entanto, podem passar por alguns dos processos de
preservagdo como a mumificagdo ou saponificacdo, que acabam por levar a
esqueletizagdo. Um corpo esqueletizado tendera a se desintegrar ou a se fossilizar,
um processo que pode levar milhdes de anos (Prieto et al., 2004).

Embora varios estudos sobre decomposi¢cao tenham sido realizados em varios
ambientes, poucos consideram a decomposi¢cao para corpos embalsamados. Os
animais que sao utilizados nos experimentos sao os suinos, devido a semelhanca com
a decomposi¢cdo humana (Campobasso et al., 2001). Em estudo sobre decomposigéo
de porcos embalsamados enterrados em profundidades de 2 a 4 pés foi demonstrado
que o formaldeido nao afeta a lixiviagdo de acidos graxos volateis para o solo, e os
restos embalsamados enterrados mumificaram (McQuinn, 2011). Os estudos que
apresentam corpos embalsamados sao de cemitérios e os conservantes utilizados

pelos embalsamadores nédo sao descritos (Rogers, 2004, Berryman et al., 1990).
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Em outro estudo foram utilizados 3 porcos conservados com 1%, 5% e 10% de
formaldeido com 5% fenol e 10% de glicerina. Os porcos embalsamados se
decompuseram em uma taxa mais lenta em comparagao aos porcos frescos. Moscas
e seus ovos estavam presentes nos porcos frescos apos 12 horas e a atividade dos
vermes comecgou dentro de 24 horas, enquanto, nos porcos embalsamados, as
atividades da mosca nao estavam presentes até o 8° dia, e os ovos das moscas
depositados permaneceram intocados. Os cadaveres com solugdo de formaldeido a
5% ou mais apresentaram crescimento de fungos e sinais de mumificagcéo, e apenas
no 50° dia, a mumificagdo estava completa e a pele comegou a se deteriorar (Keaton,
2012).

2.6 Analise biomecéanica de tecidos de animais

Para a realizagdo de testes biomecéanicos sdo utilizadas maquinas universais
de ensaios mecanicos. Os testes biomecéanicos podem ser realizados através da
compressao de corpos de prova, flexdo e tracdo gerando dados computacionais. Para
0s ensaios de tracdo, sdo analisadas as forgas externas crescentes que promovem a
deformagéo dos tecidos, medindo a resisténcia e alongamento do corpo de prova
avaliado (Rocha et al., 2018). Foram realizados testes biomecéanicos de tracdo do
ligamento nucal de cdes e comparada a resisténcia do ligamento integro (que contém
duas bandas), com o ligamento com apenas uma banda funicular. Com esse estudo
foi verificado que a resseccao de somente uma banda, poderia representar dano com
relacdo a funcdo biomecanica de sustentacdo do ligamento nucal (Rodrigues et al.,
2021)

As propriedades biomecanicas sado importantes e o interesse por elas vém
crescendo, para que possam ser comparados tecidos frescos e quimicamente
preparados, verificando as altera¢cdes morfolégicas causadas pela conservacdo e na
busca de melhores condi¢Bes para a implantagdo de materiais biolégicos e novos
modelos de experimentacéo, que sejam tdo bons como os animais frescos (Camargo
et al., 2014).

Pesquisas vém sendo realizadas utilizando testes biomecanicos para

determinar a elasticidade e resisténcia do pericardio suino fresco, e do pericardio
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bovino fresco e quimicamente conservado. A direcdo da coleta do pericardio implica
em uma mudanca na resisténcia tecidual, que é muito importante para procedimentos
cirdrgicos e utilizacdo como implantes (Soares et al., 2021; Medeiros et al., 2022).

O peritbnio de paca (Cuniculs paca) conservado em glicerina 98% e fresco
houve melhora na propriedade ténsil do peritbnio conservado, sendo mais uma op¢ao
de material biolégico para o uso nas cirurgias reconstrutivas (Camargo et al., 2014).
Também foi avaliada a conservacao do peritbnio de paca em solucao hipersaturada
de acucar a 300%, demonstrando uma maior maleabilidade para o ato cirargico em
relagdo a glicerina (Leal et al., 2014).

Foi realizada a anélise biomecéanica em cées fixados com formaldeido a 10% e
conservados em SCAS 30% para quantificar alteracfes na resisténcia intestinal,
durante 120 dias. Observou-se que néo houve alteracao na resisténcia tecidual entre
os tecidos conservados e os frescos, justificando, assim, a utilizacdo desses
cadaveres nas aulas de técnica cirurgica (Lippi et al., 2021).

O AEG como fixador e a SCAS a 30% como conservante de cées, em tanques,
foram utilizados para avaliacdo biomecanica do jejuno e pele durante 8 meses.
Concluiu-se que o tecido conservado apresentou caracteristicas similares ao dos
cadaveres frescos, sendo utilizados nas aulas de técnica cirdrgica com 6tima
aprovacao dos alunos de graduacéo e baixa contaminacao microbiologica (Rocha et
al., 2018; Rocha et al., 2019; Pereira et al, 2019). Foi utilizada a mesma técnica
anatdbmica para prética de suturas em veias jugulares externas (Peldgia et al., 2018)
e artérias carétidas comuns de caes (Cerqueira et al., 2017), tendo sido demonstrados
otimos resultados em testes de tracdo, viabilizando esse tipo de material
guimicamente preparado para a utilizacdo em treinamento para microcirurgia.
Cadaveres de gatos também foram preparados com esta mesma técnica anatbmica e
0 jejuno e a pele mantiveram as caracteristicas biomecanicas parecidas a dos animais
frescos por até 7 meses (Zero et al., 2020).

Foi analisada a resisténcia da pele de cadaveres de gatos fixados com AEG e
conservados com SC (20% de cloreto de sddio, 1% de nitrito e 1% de nitrato) e
mantidos refrigerados por até 90 dias. Houve manutencdo de valores dos valores
biomecéanicos durante toda a conservacdo e proximos daqueles dos cadaveres

frescos, além dos cadaveres quimicamente preparados terem sido avaliados pelos
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alunos com notas superiores a 8 (escala de zero a 10), recomendando o emprego
dessa técnica anatbmica visando treinamento cirdrgico (Fracdo et al., 2019).
Cadaveres de céaes e gatos submetidos a mesma técnica anatdbmica mas embalados
a vacuo e mantidos refrigerados por até 120 dias, demonstraram Otima resisténcia
tecidual ao longo de toda a conservacdo, com Otimas avaliagdes praticas dos alunos
em treinamento de suturas, além de baixa contaminag¢do microbioldgica, o que é muito
importante para o ensino da cirurgia (Del Ponti et al, 2021; Ferreira et al, 2021; Queiroz
et al, 2022a; Queiroz et al, 2022b; Queiroz et al., 2022c)
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ABSTRACT

Using cadavers as an alternative resource to using live animals for surgical training promotes
practical efficiency, improves learning, has lower costs, and can be customized for the repetition
of training. This study aimed to evaluate the conservation of visceral sets (lung and heart set
[LHS] and stomach, spleen, and intestine set [SSIS] of dogs) using two types of preparative
solutions prior to analysis of biomechanics and pulmonary insufflation after preservation for up
to 4 months and analysis of microbiology after preservation for 10 months. Sixteen cadavers
were divided into two groups depending on the preservation method: eight for Group 1 (G1 -
glycerin ethyl alcohol and curing salts) and eight for Group 2 (G2 - curing salts). For the SSISs,
changes in intestinal resistance, measured in Newtons, were quantified during the traction test,
at moments zero (DO - before fixation), 30 (D30), 60 (D60), 90 (D90), and 120 (D120) days of
storage under vacuum. For the LHSs, lung viability was evaluated through lung insufflation
which was rated as bad, medium, good, and excellent. Microbiological analysis of the liquid
contained in the individual plastic packaging of each set and of the pulmonary and jejunum
fragments was performed to quantify mesophilic aerobic and anaerobic bacteria, yeasts,
Enterobacteriaceae, anaerobic endospores, and Clostridium every month, and after 10 months.
There were no significant differences in the time and treatment interactions, and the factors
were examined individually within each group. In G1, D60, D90, and D120 differed
significantly from DO (control). G2 showed a significant difference at all time points on DO and
no difference between the treatments on D30, D60, D90, and D120. The microbial population
did not exceed 9.2x10° CFU/mL for total aerobic bacteria and 1.8x10° CFU/mL for total
anaerobic bacteria in G1 and 1.9x10° CFU/mL for total aerobic bacteria and 1.33x10°> CFU/mL
for total anaerobes in G2. Enterobacteriaceae were detected in jejunum samples after 120 days
at a concentration of 2.1x10%. The yeast count never exceeded 3.4x10? CFU/mL and sporulated
at 2.3x10° CFU/mL. Clostridium was not detected in more than half of the samples. The
biomechanics of the tissues were not significantly affected for up to 4 months, and the
microbiological count was low for up to 300 days, demonstrating the effectiveness of both
isolated viscera conservation protocols aimed at conserving and providing cadavers for surgical
training.

Keywords: anatomy, biomechanics, malleability, microbiology, pulmonary insufflation
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1 INTRODUCTION

Alternative methods have been developed to minimize the use of live animals in
veterinary medicine training. The humane principles of animal experimentation developed by
Russell and Burch in 1959 synthesized three words known as the three R’s: replacement,
reduction, and refinement. Reduction refers to reducing the use of animals in classes and
experiments, refinement refers to refining the techniques used while maintaining the
repetitiveness of procedures, and replacement refers to replacing the live animals when there
are no losses during the teaching process (Arluke, 2004; Tannenbaum & Bennett, 2015;
Guarana et al., 2021).

The use of animal corpses for the sake of training must always be ethical, whether
cadavers are acquired as a result of veterinarian-recommended euthanasia, accidents, or natural
deaths. Training with embalmed cadavers provides students with greater confidence and
satisfaction prior to engaging in live animal care (Knight, 2007; Del Ponti et al., 2021; Guarana
et al, 2021).

Using fresh cadavers for teaching is the closest method to using real models; however,
a timeline for the viability of the cadaver is short due to rapid putrefaction in the absence of
freezing methods. However, preserving cadavers in saturated salt solutions has been shown as
a good option for conservation/storage. Salt solution preservation is simple, relatively
inexpensive, and can lower the risk of infection (Rodrigues, 2010).

This study aimed to evaluate the conservation/preservation of lung and heart (LHS) sets
and stomach, spleen, and intestines (SSIS) set and the anatomical techniques used by analyzing
the biomechanics and lung insufflation in specimens preserved for up to 4 months and the
microbiology in those preserved for 10 months. Adequate preservation methods have excellent
potential to improve cadaver use for surgical training with repeatability, and may even reduce
the number of cadavers that is required. This may decrease the amount of biological material
sent for sanitary disposal, thereby reducing the accumulation of carcasses, and subsequent

potential soil and groundwater contamination.
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2 MATERIALS AND METHODS

2.1 The animals

Sixteen adult male and female dog cadavers, whose deaths did not involve
morphological changes, were used. The corpses were obtained from the Zoonosis Control
Center in Ribeir&o Preto, SP, in a process already approved by the Municipal Legal Department
(process 02.2014.000027-1) and by the Local Ethics Committee for use (process 2693/22). The
animals were frozen (-18°C) after death and then transported to the Laboratory of Animal
Anatomy at UNESP Jaboticabal, SP, located 50 km away. The animal body scores were
between 4 and 5 on a scale of 1 to 9, which is considered the ideal body score for dogs by
Wsava (2013).

2.2 Anatomical technique

The animals were thawed in water for 12 h and subsequently weighed. Next, they were
placed in the dorsal decubitus position and the thoracic and abdominal regions were shaved. A
ventral incision was made, and the musculature was dissected to enable sternal resection at the
costochondral joint. A median ventral abdominal incision was made from the xiphoid cartilage
to the pubic symphysis for the extirpation of the LHS and SSIS which were then weighed. The
animals were divided into two groups: in group 1 (G1), 20% of the weight was in glycerin ethyl
alcohol (EA, formed by 5% glycerin in pure alcohol) and 20% was in curing salt (CSS, formed
by 200g/liter g/L sodium chloride, 10 g/L sodium nitrite, and 10g/liter g/L sodium nitrate); for
group 2 (G2), only 20% of the CSS was used. The group samples were kept under vacuum
storage and refrigerated between 0 and 4°C for 300 days.

For the SSISs in G1, the EA solution was injected, followed by CSS by intragastric
application via the cardia. The intestines were injected at three points (25x0.8 mm needle) on
the mesenteric surface for better distribution of the content and at three points in the spleen.
Ligature of the cardia and rectum was performed to maintain the injected liquid inside the organ
set (Figure 1). The stomach and spleen were retained to maintain the syntopy of the “stomach,
spleen and intestines” set, in addition to the “heart and lung” set. The same procedure was

performed for G2 using only the CSS. After injection, each set was placed in a transparent
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plastic package; 10% of the weight in CSS was added inside each package, which was then
sealed using a professional vacuum machine (DZQ600%).

For the LHSs of G1, the EA solution and CSS were injected into the trachea using a 60
mL syringe and into the myocardium at three points using a 25x0.8 mm needle (Figure 2). The
trachea was obliterated with a string to maintain the fluid inside. The same procedure was
performed in G2 using only CSS. After injection, each organ set was placed in a transparent
plastic bag and 10% of the weight in CSS was added inside each package, which was then
sealed using the professional vacuum machine (DZQ600®).

The vacuum causes liquid leakage due to the difference in pressure between the internal
and external environments. This free liquid maintained in the packages is important to avoid
drying of the material and to improve the conservation because of the properties of the agents
used. This process also facilitates the collection of material for microbiological analysis.

All materials were stored in a horizontal refrigerator between 0 and 4°C, with a digital
thermometer attached to the sealing cap from the outside for 300 days. The viscera were washed
on days 2, 4, and 6; bloody fluid transudation occurs after preparation in the first few days due
to vacuum compression (Church & Parsons, 1995). New CSS in the same amount as that used
initially was added to the packages, placed under the vacuum, and sealed for storage.
Biomechanical analysis of the jejunum was then performed for the SSISs of the two groups
(Figure 3). A rectangular mold of 1x5 cm stainless steel and a scalpel were used for collection.
Three samples were collected from the duodenojejunal flexure in an aboral direction. The
samples were immediately placed in identified flasks of water to prevent drying until the
biomechanical analysis could be completed. The biomechanical analyses of the jejunum (due
to sampling ease with excellent homogeneity) and microbiological analyses of the fluid and a
sample of the intestinal tissue (selected at random) were performed on days 30, 60, 90, and 120.
Fresh samples (considered as control samples) were collected before the introduction of the
preservative liquids and immediately after removing each organ set (day zero, D0).

The LHSs of G1 and G2 were analyzed by measuring the insufflation capacity of the
lungs on DO, before storage, and at 30, 60, 90, and 120 days of refrigerated and vacuum storage.
Microbiological analyses of the fluid and a sample of the lung parenchyma were performed

using a randomly chosen set.

2.3 Analysis of tissue resistance
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An EMIC Universal Testing Machine (model DL-2000) was used to evaluate tissue
resistance. A 500N load cell, 100 mm/min displacement speed, and 20 mm gap between the
grips were applied. The equipment belongs to the Laboratory of Surgical Anatomy, Department
of Animal Morphology and Physiology, FCAV — UNESP — Jaboticabal.

2.4 Analysis of lung insufflation

To assess the lung viability, an endotracheal tube was inserted into the trachea and
attached to an ambu bag for lung insufflation. This inflation method was used in a study of
thoracic radiographic image quality with human cadavers preserved in Thiel’s solution, in
which lung insufflation capacity, lung flexibility, and plasticity were maintained (De Crop et
al., 2012). Another study of an anatomical model of chemically preserved cadavers for a chest
radiological study was developed using the same anatomical technique as that used in our
research (Kihara, 2020). Two veterinarians with at least 15 years of experience in anatomy and
surgery were chosen as the project executors and evaluators in the current study. The 16 LHSs
were evaluated before fixation (D0), and on D30, D60, D90, and D120 (days) of storage under
vacuum in a refrigerator at a temperature between 0 and 4°C.

Assigned insufflation scores of the dog lungs are shown in Table 1. Canine lungs have
six lobes (two in the left lung and four in the right lung).

All samples were removed from the vacuum packaging and the endotracheal tube was
inserted into the trachea, the cuff was inflated, and an ambu bag was used for lung inflation
(Figure 4). A sampling of all sets was filmed, and the videos were archived for later analysis if

needed.

2.5 Statistics
A statistical analysis of the biomechanical traction test of the jejunum was performed.
The data were analyzed using logarithmic transformation, and the normality of the residuals

was ensured. The data were submitted to the mixed linear model without assuming sphericity;
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therefore, the Geisser-Greenhouse correction was applied. The factors analyzed were time,
treatment, and their interactions. When the difference was significant, Tukey's post hoc test was
performed for intragroup analysis and Sidak's test for intergroup analysis.

This study aimed to determine which moment in time showed values of intestinal
resistance/elasticity that were closer to those of the control samples. The control samples were
considered ideal for surgical practice as they were retrieved from fresh animals and had not

been prepared with any type of fixative/preservative.

2.6 Sampling

Eight samples were analyzed at D30, D60, D90, D120, and D300 for a total of 40
samples, including lung tissue (accessory lobe), jejunum, SSIS fluid, and LHS. All samples
were collected monthly during the conservation period (4 months) with an additional collection
after 10 months. One set was randomly chosen and 10 mL of liquid from the package was
collected per group in previously sterilized bottles. Sterile tissue samples were collected from
each set in which the liquid collection was performed. Prior to collection, Mayo scissors and
rat tooth tweezers were sterilized to prevent contamination. One gram of tissue was collected,

placed in autoclaved flasks, and sent to the microbiology laboratory of the institution.

2.6.1 Microbiological Analysis
Quantification analyses of the five bacterial groups were performed in addition to the
detection analysis of Clostridium sp., Total Aerobic Mesophiles, Total Anaerobic Mesophiles,

Total Yeasts, Enterobacteriaceae, and Anaerobic Endospores.

2.6.2 Quantification

Quantification was performed using the depth plating technique, also known as Pour
Plate. In this technique, the sample is diluted up to five times; from each dilution, 1.0 ml is used
as an innocuous sample in duplicate and distributed in previously sterilized plates. Then, the
molten medium is poured and cooled to 45°C (in a water bath) onto a Petri dish containing the
diluted sample suspension. The material is homogenized by rotating the plate in clockwise and
counterclockwise circular movements, which are repeated approximately ten times. After the
medium has solidified, the plates are incubated in ovens at the appropriate temperature and
atmosphere.
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The culture medium used for aerobic and total anaerobic mesophiles was plate counting
agar (PCA). However, for anaerobes, incubation was performed after oxygen removal; for
yeasts, potato dextrose agar (BDA) medium was used, for Enterobacteriaceae, MacConkey
medium was used, for Anaerobic Endospores, Brain Heart Infusion agar (BHI) and thermal
shock (80°C for 10 min followed by cooling prior to plating) were used. All counting plates
were stored directly in a bacteriological oven and incubated at 37°C for 24 h. After this period,
the colony-forming unit (CFU) was counted manually using a magnifying glass (Vanderzant &
Splittstoesser, 1992).

2.6.3 Detection of Clostridium sp.

To isolate Clostridium bacteria, aliquots of the initial dilutions of each sample were
transferred to empty and sterilized test tubes and then subjected to thermal shock. After heat
shock, 1 mL of each sample was inoculated into Petri dishes containing Sulfite Polymyxin
Sulfadiazine (SPS) agar, and plating was performed using the depletion method. The plates
were incubated in anaerobic jars with the Gas Pack system at 37°C for up to 72 h. Upon growth,
the colonies were subjected to biochemical tests for sex confirmation (Vanderzant &
Splittstoesser, 1992).

3 RESULTS

The mean and standard deviation of jejunal Maximal Rupture Force (MRF) for each
chemically prepared set is shown in Table 2.

The average cadaver weights for G1 and G2 were 681.25+361.13g and 1081.25+601.67g,
respectively.

Data were analyzed using a mixed linear model after outliers were removed. Two factors
were analyzed: time and treatment, and the interaction between them in response. Residual
normality and homoscedasticity were ensured after the logarithmic transformation of the data.
Sphericity was not assumed,; therefore, the Geisser-Greenhouse correction was used (Table 3).

For the MRF, there was no significant difference between the time and treatment
interactions; therefore, the factors were examined individually. The different treatments did not
alter the MRF obtained from the biomechanical tests. However, there was a significant

difference (p<0.05) between the values measured within the same group. The time of fixation
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affected the MRF. MRF was significantly higher in G1 (AE+CSS) than that in the control (DO0).
In G2 (CSS), D90 and D120 differed significantly from DO (control).

The same statistical analysis was used for rupture elongation (RE) (Table 4).

There was a significant difference between treatment and time interactions. However,
the post hoc analysis revealed that the difference between G1 (EA+ CSS) and G2 (CSS)
occurred at moment 0, which was taken as a control. This interaction and the results expressed
the interaction between time and treatment. Therefore, each of these factors was evaluated
individually.

Similar to the results for MRF, time was responsible for the variation in the stretching

response variable (mm). There was no significant difference between the values obtained in G1
and G2; any differences were attributed to the conservation time (Table 5).
Tukey's post hoc analysis highlighted intragroup differences. In G1, D60, D90, and D120
differed significantly (p<0.05) from DO (control). Conversely, G2 showed a significant
difference (p<0.05) at all time points on DO. The Sidak test revealed no significant difference
(p>0.05) between treatments at D30, D60, D90, and D120. The differences observed in the
fresh animals (DO) were not relevant to this analysis.

There was no difference between G1 and G2 in maximal strength and stretching
response; however, significant differences were observed within each group over time, as
shown in the graphs (Figures 5 and 6).

After removing the LHS, lung insufflation was performed by inserting an endotracheal
tube into the trachea and ventilating it with an ambu bag. All lungs were viable on DO (fresh)
and after storage on D30, D60, D90, and D120. During conservation/fixation, the lung
maintained its excellent insufflation capacity, making it possible to insufflate all lobes. There
was no difference in insufflation between the two anatomical techniques.

Table 6 shows the data from the microbiological analysis of lung tissue. The Total
Aerobe count never exceeded 3.7x10?> CFU/mL for samples injected with CSS or 2.0x10?
CFU/mL for samples injected with EA+CSS. These results were obtained at 60 days, and the
total aerobe count decreased with conservation time. After 10 months of refrigeration, the
anatomical specimens continued to show low levels of contamination.

The highest microorganism count was observed for Total Anaerobes at 120 days,
reaching 7.1x102 CFU/mL for LHS injected with CSS; for LHS injected with EA + CSS, the
count was 1.7x10? CFU/mL at D60. The total Enterobacteriaceae count was always <1.0x10,
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indicating no microbiological growth. The highest Anaerobic endospores and Total Yeast
counts were observed after 60 days of conservation, and there was a decrease in counts in the
other collections. For specimens preserved in CSS, the highest yeast count was observed after
300 days of conservation. Of the 10 tissues analyzed during the conservation period,
Clostridium was found Only in three.

The analysis of the liquid in the packaging was performed on the same samples as those
used for tissue analysis. The results are shown in Table 7.

The Total Aerobe count in the liquid never exceeded 9.2x10° CFU/mL for SSIS
preserved with EA+CSS and 4.5x10° CFU/mL for specimens preserved with CSS.
Contamination was always higher in the specimens treated with the two preservatives. The
Total Anaerobe count in the tissues conserved with CSS was higher at 30 days and for those
conserved with EA+CSS was higher at 60 days. The samples did not show significant
contamination by Enterobacteriaceae, and more Yeasts and Anaerobic Endospores were
detected in the samples stored for 60 days. Clostridium was also detected in four samples.

Table 8 shows the microbiological analysis of the jejunal tissues. The Total Aerobe
count never exceeded 5.7x102 CFU/mL in those tissues conserved with CSS and 2.14x10°
CFU/mL in those conserved with EA+CSS, both at 30 days. Greater Total Anaerobe counts
were detected after 60 days of conservation. At 120 days, a higher Enterobacteriaceae count
was detected in tissues conserved using CSS, with the other samples being less than or equal to
1.0x10 CFU/mL. After 60 days of storage, the samples showed the highest counts of Yeasts,
Anaerobic Endospores, and Clostridium.

Table 9 shows the microorganism counts in the liquid samples from packages containing
SSIS. The highest Total Aerobe and Anaerobe counts were detected in the samples after 30
days of storage. The Enterobacteriaceae count was very low in all collections. The highest
Anaerobic Endospores count was found in the samples stored for 60 days and samples preserved
with EA+CSS also contained the highest Yeast count. The highest yeast count was observed

with CSS conservation at 90 days. Only four samples did not contain Clostridium.

4 DISCUSSION
The 30% sodium chloride solution (SCAS 30%) has been studied for five years and
proved to be as effective as the conservation of previously fixed tissues, without visual

contamination, unpleasant odor, or loss of softness and color (Oliveira, 2014). This solution
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was effective for use in embalmed dogs (Rocha et al. 2018) and cats (Zero et al., 2020) injected
with EA for 120 days. 20% sodium chloride solution (SCAS 20%) is the main component of
the pickling salt used in the conservation of dog and cat cadavers fixed with EA for 120 days
(Del Ponti et al., 2021; Ferreira et al., 2021; Queiroz et al., 2022a; Queiroz et al, 2022b). In all
previous studies, the SCAS was equal or greater than 20% in concentration, as demonstrated
by the conservation of human cadavers (Friker et al., 2007). These high concentrations make it
difficult for microorganisms to survive due to their high osmoregulatory capacities, as observed
by microorganism activity in the Dead Sea (Nissenbaum 1975).

Our results showed that EA and CSS were effective in embalming viscera and
preventing deterioration for 300 days, similar to other reports demonstrating the preservation
of dog (Rocha et al. 2018) and cat cadavers for surgical training (Fracgdo et al. 2019, Zero et al.,
2020). Diethylene glycol and mono ethylene glycol, which have been used as fixatives in human
cadavers kept for six months to one year (Goyri-O'Neill et al. 2013), have also shown efficacy
in preserving the integrity of the tissues similar to that of fresh tissues. A solution containing
glycerin alcohol and thymol was found to maintain color, stiffness, and movement better than
formaldehyde-fixed tissues (Hammer et al., 2011; Hammer et al., 2012).

Swine urinary bladders and intestines fixed in EA and preserved in tanks with SCAS
30% were used for surgical training with good efficacy (Guarana et al., 2021), similar to the
sets evaluated in the present study, retained for 120 days, packaged in a vacuum, and
refrigerated. The visceral color was maintained without a putrid odor, similar to the results in
cured meat. Sodium nitrite stabilizes the color of meat products and inhibits C. Botulinum
(Leitdo, 1978). Vacuum packaging promotes a reduction in oxidation values and muscle shear
force and results in greater tenderness; the absence of oxygen leads to the predominance of
lactic acid bacteria and preserves meat quality (Leonel, 2008; Tesser, 2009), leading to a
reduction in deterioration (Young et al., 1988).

In the current study, using pickling salts for visceral preservation maintained the tissue
color to that which was similar to that of fresh animals, and to those of a study using bone
marrow of dog cadavers chemically prepared with CSS and EA (Rocha et al., 2022).

The conservation of isolated viscera facilitates storage and may eliminate the need for
refrigeration, depending on the fixation process (Guarana et al., 2021). Some whole-cadaver
preservation protocols for surgical training cadavers may require refrigeration for up to four
months (Del Ponti, 2021; Ferreira et al, 2021; Queiroz et al, 2022a; Queiroz et al, 2022b). In
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our study, the sets were stored in plastic vacuum packages with pickling salts and kept in small
spaces.

The use of corpses is a part of the history of surgery. Their use is secular and remains
the most respected training method because of the preservation of anatomical features, allowing
the surgeon to appreciate the dissection and handling of real tissues (Silva et al., 2007; Stirling
et al., 2014). Our study using animal viscera from necropsies showed excellent conservation
quality and viability for potential use in surgical training. The described protocols will generate
less material for disposal, reduce the number of carcasses discarded in landfills, and be more
environmentally friendly (Olson, 2016; Prieto et al., 2004).

The solutions used in this research are relatively inexpensive and do not contaminate
the environment or release dangerous steam, such as occurs when using formaldehyde (Who,
1991; Cury et al., 2013). In addition, harmful products such as formaldehyde increase financial
and environmental costs, making it necessary to search for alternative conservation methods
(Janczyk et al., 2011).

The products used in this study enabled smooth intubation with an endotracheal tube.
Lung insufflation remained significant for 120 days in sets kept refrigerated and under vacuum,
which is different from the results after formaldehyde conservation, in which the lungs undergo
profound changes in color and flexibility and become fragile (De Crop et al., 2012). Another
study using the same anatomical technique in which the animals were radiographed with lung
repletion also reported good insufflation (Kihara et al., 2023). Embalmed human cadavers
preserved in Thiel's solution have been used to replicate lung movements in radiological
studies, thus reducing the need to expose live models to excessive radiation (De Crop et al.,
2012).

Using embalmed cadavers is an alternative to using live animals and can reduce cost,
increase repeatability, and assist in training residents and students in cerebrospinal fluid
puncture examinations, myelography, orotracheal intubation, and radiography to detect
pneumothorax and pleural effusion (Kihara et al., 2023; Zero et al., 2022). Furthermore, the
trend in universities worldwide is to avoid the euthanasia of animals (Balcombe, 2000).

Our results revealed little variation in intestinal biomechanics for up to four months,
demonstrating the efficacy of the anatomical technique employed in this study. The values in
the traction test were similar to those of fresh dog intestines or to those of dogs (Queiroz et al.,
2019) or cat cadavers preserved using ethyl alcohol for fixation and SCAS for preservation
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(Zero et al., 2020). These values were also similar to those of cat cadavers fixed with EA and
CSS and kept under a vacuum for seven days (Queiroz et al., 2022a).

The elongation values for tissue rupture (elasticity) found in our study were higher than
those reported in other studies. This may be due to the use of a vacuum and the preservative
liquid present in each package, which increased the softness of the anatomical material, similar
to that observed in cured products. The vacuum also decreases the amount of available oxygen,
promoting a reduction in oxidation values and muscle shear force (Leonel, 2008; Tesser, 2009).

The maximum microorganism count observed in this study was 102 CFU/mL. Despite
there being no minimum bacterial count for cadaver conservation, a comparison of our results
with those of other studies illustrates that the number of microorganisms detected was low,
proving that the method is effective. In an experiment conducted with a pathogen inoculum, the
bacterial concentration causing disease in the host was 10° CFU/mL (Rigobelo et al., 2016).
Furthermore, sanitary microbiological standards for foods limit the allowable counts of
microorganisms in fruits, vegetables, meat, fish, milk, and their derivatives (Brasil, 2001).
Tolerance varies according to the microorganism but can reach up to 10> CFU/mL.

The low count of CFU/mL in the liquid from the vacuum packaging of the viscera sets
was similar to that found in the packages of embalmed cat cadavers and did not affect the quality
of conservation. No unpleasant odor or putrefaction was observed during the evaluation period
(Queiroz et al., 2022c), similar to that described for the conservation of anatomical specimens
previously fixed and kept in tanks of 30% SCAS (Oliveira, 2014). This was also similar to
results observed in the conservation of dog cadavers fixed by EA and preserved in 30% SCAS
for up to 120 days (Rocha et al., 2018; Pereira et al.,2019), and in the conservation of canine
pericardium for a minimum period of 90 days in hypersaturated sodium chloride solution for
surgical purposes (Brun et al., 2002).

The Enterobacteriaceae concentration found in our study was always less than or equal
to 1.0x10 CFU/mL, a very low concentration. These microorganisms are very sensitive to
desiccation, temperature, pH, and bacterial control methods such as curing salts (Baylis et al.,
2011).

In addition, the Total Anaerobe count never exceeded 7.2x10?> CFU/mL under
conservation treatment with EA and CS and 1.98x10% CFU/mL under treatment with CS from
LHS. For total aerobe count, the counts under the same treatments were 9.2x10° CFU/mL and
4.5x10% CFU/mL, respectively.
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For SSIS under EA and CS treatment, we found 2.5x10? CFU/mL of Total Anaerobes
and 2.14x10% CFU/mL of Total Aerobes. Under CS treatment the counts were 9.1x10? CFU/mL
and 5.7x10% CFU/mL, respectively. The bacterial count in this experiment was slightly higher
than that shown in a study using dogs fixed with EA and conserved in tanks with 30% SCAS
solution, in which the contamination did not exceed 9x10' CFU/mL for Total Aerobes and
7x10' CFU/mL for Total Anaerobes. Both values were considered too low to cause health issues
in humans (Pereira et al., 2019). A different study reported that in cat cadavers conserved for
120 days using EA and SC, vacuum packaged, and refrigerated, the Total Aerobe count never
exceeded 4.0x10? CFU/mL and the Total Anaerobe count never exceeded 8.8x10> CFU/mL
(Queiroz et al., 2022c¢), similar to the results of the present study.

Anaerobic Endospores show high potential for the genus Clostridium, a bacterium that
feeds on proteins. Clostridium is an important decomposer; therefore, it is found in cadavers.
(Hyde et al., 2013). The low concentration of Clostridium found in our study demonstrates the

effectiveness of the applied anatomical technigue.

5 CONCLUSION

The preservation methods applied in our study for isolated viscera demonstrated
minimal impact on intestinal biomechanics, maintained lung insufflation and low
microbiological count for over 300 days. These findings underscore the efficacy of these
preservation protocols in preparing cadavers for subsequent use in surgical and clinical training.
As both methods were efficient, the curing salt solution is cheaper than the ethylic alcohol

solution and should be chosen as the first choice.
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TABLES

Table 1 — Score of lung insufflation of the LHS chemically prepared

Score Insuflation lobes
Bad Apenas 1 lobe
Medium 2 a 3 lobes
Good 4 lobes
Excelent 5 ou 6 lobes

Table 2- Mean and standard deviation of Maximal Rupture Force (MRF) in Newtons (N) of

SSIS chemically prepared and vacuum packed for 120 days.

Time
DO
D30
D60
D90
D120

G1 (EA+CSS)
19.21Aa+7.26
23.34Aa+9.70
16.79Aa6,10
23.02Aa8,30
28.07Ab18.40

G2 (CSS)
18.29Aa+18.02
23.27Aa+17.00
21.46Aa+18.45
27.29Ab +3.56
25.96Ab+12.85

*Means followed by the same capital letter in the same line do not differ (p>0.05) from each

other by the Sidak test.

**Means followed by the same lowercase letter on the same column do not differ (p>0.05) from

each other by Tukey's test.

Table 3- MRF data from the jejunum of SSIS chemically prepared and kept under vacuum for

up to 120 days.

Variation sources F value P value
Time 8.343 <0.0001
Treatment 0.01638 0.8987
Time x Treatment 1.620 0.171
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Table 4- RE data from the jejunum of SSIS chemically prepared and kept under vacuum for up

to 120 days.
Variation sources F value P value
Time 40.73 <0.0001
Treatment 0.4816 0.4912
Time x Treatment 5411 0.0004

Table 5- Mean and standard deviation of RE (mm) of SSIS chemically prepared and vacuum

packed for 120 days
Time
(EA+CSS)

DO 9.68Aa +4.49
D30 9.06Aat4.17
D60 6.15Ab+3.40
D90 5.02Ab+1.96
D120 5.39Ab+2.22

G2
(CSS)
13.76Bat4.61
8.37Ab +5.05
5.33Ab +4.50
5.54Ab +2.87
4.51Ab +1.79

*Means followed by the same capital letter in the same line do not differ (p>0.05) from each

other by the Sidak test.

**Means followed by the same lowercase letter on the same column do not differ (p>0.05) from

each other by Tukey's test.
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Table 6- Microbiological analysis of the lung tissue of the LHS chemically prepared and

preserved for 300 days
Collection | conservation | samples Total Total Enterobacteriaceae Sporulate Yeast Clostridium
Aerobes Anaerbes (CFU/mL) (CFU/mL) | (CFU/mL)
(CFU/mL) | (CFU/mL)
CSs A6 2.09x10? | 4.5x10? <1.0x10 <1.0x10 | <1.0x10 absent
P30 EA+CSS A6 1.6x102 | 1.2x102 <1.0x10 <1.0x10 | <1.0x10 | ausente
CSS A4 3.7x10% | 2.1x10? <1.0x10 2.3x10% | 1.1x10% | present
D00 EA+CSS A8 2.0x10% | 1.7x102 <1.0x10 1.4x10% | 3.4x10%2 | present
CSS A2 3.1x10% | 2.0x10? <1.0x10 <1.0x10 | <1.0x10 absent
Do EA+CSS A4 <1.0x10 | <1.0x10 <1.0x10 1.1x10% | <1.0x10 present
CSS A4 2.0x10% | 7.1x10? <1.0x10 <1.0x10 | <1.0x10 absent
D120 EA+CSS A2 <1.0x10 | <1.0x10 <1.0x10 <1.0x10 | <1.0x10 absent
CSS A5 1.1x10% | 1.0x102 <1,0x10 <1,0x10 | 2.1x10? absent
D300 EA+CSS A3 1.3x10% | 1.0x102 <1,0x10 <1,0x10 | <1,0x10 absent

Table 7- Microbiological analysis of LHS liquid from dogs chemically prepared and preserved

for 300 days
Collection | conservation | samples Total Total Enterobacteriaceae | Sporulate Yeast Clostridium
Aerabes Anaerbes (CFU/mL) (CFU/mL) | (CFU/mL)
(CFU/mL) | (CFU/mL)
CSS A6 | 1.76x10% | 1.98x10° <1.0x10 <1.0x10 | <1.0x10 | absent
B30 EA+CSS A6 1.12x10! | 1.18x10! <1.0x10 <1.0x10 | <1.0x10 absent
CsS A4 2.3x102 | 1.4x10? <1.0x10 52x10 | 1.9x10 Present
D60 EA+CSS A8 9.2x10° | 7.2x10? <1.0x10 2,1x10 | 2.8x10 present
CSS A2 4.5x102 2.1x10? <1.0x10 <1.0x10 | <1.0x10 present
b0 EA+CSS A4 5.7x10% | 1.1x10? <1.0x10 1.1x10% | 1.0x10 present
CSS A4 1.0x10 1.0x10 <1.0x10 <1.0x10 | <1.0x10 absent
D120 EA+CSS A2 1.0x10 1.0x10 <1.0x10 <1.0x10 | 1.0x10 absent
CSS A5 <1,0x10 | <1,0x10 <1,0x10 <1,0x10 | <1,0x10 absent
D300 EA+CSS A3 <1,0x10 | <1,0x10 <1,0x10 <1,0x10 | <1,0x10 absent
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Table 8- Microbiological analysis of jejunum tissue sample of SSIS chemically prepared and

preserved for 300 days
Collection | conservation | samples Total Total Enterobacteriaceae Sporulate Yeast Clostridium
Aerobes Anaerbes (CFU/mL) (CFU/mL) | (CFU/mL)
(CFU/mL) | (CFU/mL)
CSS A5 5.7x10% | 1.2x10? <1.0x10 2.01x10! | <1.0x10 | present
B30 EA+CSS Al 2.14x10% | 2.09x10° <1.0x10 <1.0x10 | <1.0x10 absent
CSS A6 1.4x10% | 9.1x10? <1.0x10 6.7x10% | 2.1x10% | present
peo0 EA+CSS A3 1.2x10? 2.5x102 <1.0x10 3.2x10% | 4.2x10? present
CSS Al 1.2x102 3.3x102 <1.0x10 <1.0x10 | 1.2x10° absent
Do EA+CSS A3 <1.0x10 | <1.0x10 <1.0x10 2.3x10% | <1.0x10 present
CSS A3 1.5x10? 1.0x10? 2.1x102 <1.0x10 | 2.1x10? absent
D120 EA+CSS Al 1.2x10? 1.1x10? <1.0x10 <1.0x10 | <I1.0x10 absent
CSS A8 2.0x10? 2.1x102 <1,0x10 <1,0x10 | 2.0x10? absent
D300 EA+CSS A6 1.1x10? 1.0x10? < 1,0x10 2.1x102 | <1,0x10 | present

Table 9- Microbiological analysis of the liquid sample present in the

chemically prepared and preserved for 300 days.

packaging of SSIS

Collection | conservation | samples Total Total Enterobacteriaceae Sporulate Yeast Clostridium
Aerobes Anaerbes (CFU/mL) (CFU/mL) | (CFU/mL)
(CFU/mL) | (CFU/mL)
CSS A6 1.9x10° | 1.33x10° <1.0x10 1.1x10% | <1.0x10 | present
B30 EA+CSS A3 1.3x10% | 1.8x10° <1.0x10 1.9x10' | <1.0x10 | present
CSS A6 1.1x10% | 3.2x10? <1.0x10 4.2x10% | 2.0x10 present
D00 EA+CSS A3 1.7x10% | 1.6x10? <1.0x10 2.5x10% | 7.2x10? | present
CSS A5 2.0x10 1.0x10 <1.0x10 <1.0x10 | 3.0x10 absent
D0 EA+CSS A3 3.2x10% | 6.2x10? <1.0x10 1.0x10 | <1.0x10 | present
CSS A3 1.0x10 1.0x10 <1.0x10 <1.0x10 | 1.0x10 absent
D120 EA+CSS Al <1.0x10 | 1.1x102 <1.0x10 <1.0x10 | 1.0x10 absent
CSS A8 <1.0x10 | <1.0x10 <1,0x10 1.0x10 <1,0x10 present
D300 EA+CSS A6 <1,0x10 | <1,0x10 <1,0x10 <1,0x10 | <1,0x10 absent
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FIGURES LEGENDS

Figure 1- Injection of preservative solutions in the SSIS of dogs.

A-Injection of the solution via the cardia. B- injection of the solution into the mesenteric
surface of the intestine. C- Injection of the solution into the spleen. D- Vacuum packed set and
10% of CSS weight inside the package

Figure 2- Injection of preservative solutions in the LHS of dogs.

A-Injection of the solution through the trachea B- Injection of the solution in 3 points of the

myocardium
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Figure 3- Assay machine used for the biomechanical analysis of the chemically prepared

jejunum of dog cadavers.
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A-Preparing the machine to start the analysis, free space of 2 cm for placement of the jejunum.

B- Start of the jejunal traction test C- Jejunal rupture during the traction test

Figure 4- Chemically prepared dog lung being inflated. Images from A to E demonstrate the

evolution of lung insufflation by the ambu.
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Figure 5- Comparison of MRF between G1 and G2 over time of the jejunum of SSIS chemically
prepared for 120 days

50
-« Gl (EA+CSS)

= 40— -« G2 (CS8S)
€

D=
M
R ;]
F

10

L] 1 L] L] 1

DO D:0 D60 D90 D120

Figure 6- Comparison of RE between G1 and G2 over time of the jejunum of SSIS chemically
prepared for 120 days
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