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Investigacdo dos efeitos hipolipemiantes e antiaterogénicos do éleo da
carcaca do jacaré do pantanal (Caiman yacare) (Daudin, 1802) em ratos

espontaneamente hipertensos submetidos a dieta aterogénica.

RESUMO

As doengas cardiovasculares sdo a principal causa de morte em todo o mundo entre as doengas
ndo transmissiveis. Existem varios fatores de risco que podem desencadear ou piorar a
condic¢do, levando a problemas mais graves, como a aterosclerose. O tratamento geralmente
envolve medicamentos, mas existe o risco de interagdes medicamentosas e potencial resisténcia
com o uso prolongado. Portanto, este estudo tem como objetivo investigar os efeitos do 6leo de
Caiman yacare na redugdo de lipidios e seus efeitos protetores cardiorrenais em ratos
espontaneamente hipertensos. O estudo utilizou um modelo animal com varios fatores de risco
cardiovascular, incluindo hipertensdo, hipotireoidismo e dieta rica em gordura. Os ratos foram
alimentados com dieta rica em gordura durante 8 semanas, com os tratamentos comec¢ando apos
4 semanas. Oleo de C. yacare (administrado em doses de 19, 56 ¢ 168 mg/kg), rosuvastatina (5
mg/kg) e oleo de peixe (56 mg/kg) foram administrados por via oral durante 4 semanas. A
fung¢do renal foi avaliada no inicio e no final dos tratamentos. A pressdo arterial e a atividade
elétrica cardiaca foram monitoradas. Foram medidos os niveis de lipidios séricos, marcadores
de inflamagdo e estresse oxidativo, bem como a funcdo hepatica e renal. O leito vascular
mesentérico foi removido para avaliar a reatividade vascular e amostras de rim, coragao e
artérias (carotida e subcldvia) foram coletadas para analise histopatologica. Os resultados
mostraram que a administracdo oral de oleo de C. yacare a 168 mg/kg reduziu
significativamente os niveis séricos de lipidios, uréia, creatinina ¢ LDL-ox. Também preveniu
a disfuncao endotelial arterial e a espessura médio-intimal causada pelos multiplos fatores de
risco cardiovascular. Nao foram observados efeitos diuréticos, anti-hipertensivos ou
antiinflamatdrios significativos. Os dados sugerem que o tratamento prolongado com 6leo de
gordura visceral de C. yacare tem efeitos significativos na redugao de lipidios, reduz a oxidagao
do colesterol LDL, previne a disfun¢do endotelial € modula parcialmente a funcdao renal em
ratos com multiplos fatores de risco cardiovascular.

Palavras-chave: Aterogénese; Oleo de jacaré; Omegas; Dislipidemia.



Investigation of the lipid-lowering and anti-atherogenic effects of oil from the
carcass of the Pantanal alligator (Caiman yacare) (Daudin, 1802) in

spontaneously hypertensive rats submitted to an atherogenic diet.

ABSTRACT
Cardiovascular disease is the leading cause of death globally among non-communicable

diseases. There are various risk factors that can trigger or worsen the condition, leading to more
severe issues such as atherosclerosis. Treatment usually involves medication, but there is a risk
of drug interactions and potential resistance with long-term use. Therefore, this study aims to
investigate the effects of Caiman yacare oil on lowering lipids and its cardiorenal protective
effects in spontaneously hypertensive rats. The study used an animal model with several
cardiovascular risk factors including hypertension, hypothyroidism, and a high-fat diet. The rats
were fed the high-fat diet for 8 weeks, with treatments starting after 4 weeks. C. yacare oil
(given at doses of 19, 56, and 168 mg/kg), rosuvastatin (5 mg/kg), and fish oil (56 mg/kg) were
administered orally for 4 weeks. Renal function was assessed at the beginning and end of the
treatments. Blood pressure and cardiac electrical activity were monitored. Levels of serum
lipids, inflammation and oxidative stress markers, as well as liver and kidney function were
measured. The mesenteric vascular bed was removed to assess vascular reactivity, and samples
from the kidney, heart, and arteries (carotid and subclavian) were collected for histopathological
analysis. The results showed that oral administration of C. yacare oil at 168 mg/kg significantly
reduced serum lipids, urea, creatinine, and oxLDL levels. It also prevented arterial endothelial
dysfunction and intima-media thickness caused by the multiple cardiovascular risk factors.
Significant diuretic, antihypertensive, or anti-inflammatory effects were not observed. The data
suggests that prolonged treatment with C. yacare visceral fat oil has significant lipid-lowering
effects, reduces the oxidation of LDL cholesterol, prevents endothelial dysfunction, and
partially modulates renal function in rats with multiple cardiovascular risk factors.

Keywords: Atherogenesis; Alligator oil; Omegas; Dyslipidemia
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1 INTRODUCAO

As doencas cardiovasculares (DCVs) foram responsaveis por aproximadamente 17,9
milhdes de mortes em 2016, representando 31% de mortes a nivel global. Destes obitos estima-
se que 85% ocorrem devido a ataques cardiacos e acidentes vasculares cerebrais (AVCs)
(OPAS, 2023). Sabe-se que ha varios fatores de risco que desencadeiam ou agravam as DCVs,
incluindo nutricdo inadequada e falta de consumo de alimentos sauddveis, sedentarismo,
hiperglicemia, hipertensdo, obesidade, tabagismo, fatores genéticos, dentre outros (PRECOMA
et al., 2019). Estes fatores quando ndo tratados adequadamente podem desencadear quadros
mais graves como a aterosclerose (AMBROSE; BARUA, 2004).

A aterosclerose caracteriza-se pela formagdo de placas de ateroma que incluem em sua
formagdo células, lipidios e restos de tecido na camada intima vascular (BASATEMUR et al.,
2019). Com o tempo essa placa de ateroma pode tornar-se fibrosa devido ao aciimulo de célcio
mineral. Isto ocasiona mé circulagdo sanguinea e leva a isquemia tecidual, causando
consequentemente sindromes coronarias agudas, incluindo infarto do miocardio e outras
condi¢des cronicas como dor no peito (angina de peito estavel), AVC, dentre outros (LIBBY et
al., 2019).

Desenvolve-se em consequéncia a danos no revestimento interno das artérias, causados
por diversos fatores de risco, dentre eles a hipertensdo arterial (HAS), diabetes, dislipidemia,
sobrepeso/obesidade e tabagismo (KOBIYAMA; LEY 2018). Tendo como fator crucial a
dislipidemia, decorrente de maus hdbitos alimentares, como uma dieta rica em gorduras
saturadas, trans e sedentarismo, consequentemente aumentando os triglicerideos e lipoproteinas
de baixa densidade (LDL), ocorrendo também a diminui¢do das lipoproteinas de alta densidade
(HDL) (JELLINGER et al., 2012).

Os triglicerideos sdo formados por acidos graxos e glicerol e constituem uma das formas
de armazenar energia no organismo, sendo depositados nos tecidos musculares e adiposo. Os
acidos graxos, por sua vez, sao classificados de acordo com o nimero de ligagcdes em sua cadeia,
sendo eles saturados, mono ou poliinsaturados. Os poli-insaturados mais frequentemente
presentes na alimentag¢do sdo classificados como 6megas, incluindo o 6mega 3 denominado
Eicosapentaenoico (EPA) e Docosahexaenoico (DHA), e 6mega 6 (linoleico) (FALUDI et al.,
2017).

O tratamento mais utilizado para a aterosclerose requer uma mudanga no estilo de vida
e 0 uso de farmacos como as estatinas que atuam na diminuig¢ao das concentragdes elevadas de

lipidios plasmaticos e na prevengao primaria das doencas coronarianas. Além das estatinas, sao
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utilizados inibidores de absor¢do de colesterol, sequestrantes dos &cidos biliares, , acido
nicotinico (niacina), fibratos e suplementos, sendo neste caso, indicado a suplementacdo com
omegas, popular o 6leo de peixe (FALUDI et al., 2017).

Os dmegas sdo substancias utilizadas em suplementos incluidos no grupo denominado
nutracéuticos, que proporcionam varios beneficios a satide (PALTHUR et. al., 2010). De acordo
com dados experimentais (AVEZUM et al., 2005; MOZZAFFARIAN; WILLET, 2007), o
Omega-3 protege contra a aterosclerose e morte subita (URQUIAGA et al., 2004). Os 0leos de
origem animal sdo importantes fontes de 6mega 3 e dmega 6 (MARTIN et al., 2006). Um estudo
realizado por JUNIOR et al. (2016) com duas espécies de jacarés da Amazodnia, o jacaretinga
e jacaré-acu, no qual apontou a presenca de dcidos graxos essenciais no 6leo destes animais,
apresentando niveis significantes de dmega 3.

No Brasil, destaca-se a exploragdo e a utilizacdo de modo sustentavel das populagdes
naturais de jacarés. A cadeia produtiva tem como meta a obtencdo da carne para a alimentagao
humana e da pele para industria da moda. O estado brasileiro do Mato Grosso ¢ o que mais
investe na criagdo e reproducao da espécie Caiman yacare, com denominagao popular de jacaré
do pantanal (FILHO et al., 2020). Um estudo evidenciou que o 6leo de C. yacare apresenta em
sua composicdo quantidades significativas de dmegas 3 ¢ 6 (AZEVEDO et al., 2020). Ha
diversos estudos sobre o aproveitamento integral do animal, e suas partes menos nobres para as
industrias, como a gordura de jacaré como biodiesel (AYALASOMAYAJULA et al., 2012).

Diante disto torna-se importante realizar pesquisas que propiciem o reaproveitamento
de descartes da industria e agregar valor ao mesmo (BESSA et al., 2013). Nesse sentido, ao
examinar os dados disponiveis, verifica-se a necessidade de se investigar o 6leo de C. yacare
para fins farmacoldgicos na medicina cardiovascular, tornando uma alternativa eficiente e
viavel a fim de agregar valor a cadeia produtiva, reduzindo descartes no meio ambiente com
foco no uso integral do animal oriundo dos descartes ja existentes (AZEVEDO et al.,2020).
Embora este 6leo possua propriedades anti-inflamatorias (AZEVEDO et al., 2020), ndo ha
pesquisas sobre o uso do 6leo de jacaré para o tratamento da aterosclerose, possuindo assim a

necessidade de mais estudos para confirmar a eficacia e determinar a dose adequada.

2 REVISAO DE LITERATURA

2.1 Aterosclerose
A aterosclerose ¢ uma condigdo complexa caracterizada por processos inflamatorios

cronicos que ocorrem na parede das artérias de médio e grande calibre, resultando na formacao
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de placas de gordura na camada intima dos vasos. A dislipidemia ¢ considerada o fator de risco
primordial associado a essa patologia (PETERS et al., 2012; STOGER et al., 2012).

O desenvolvimento da aterosclerose esta intrinsecamente relacionado a hipertensao e ao
dano ao endotélio vascular (HURBITUSE et al., 2016). Um fator crucial na formagdo da placa
de ateroma ¢ a disfuncao endotelial, que pode ser causada pela hipertensao arterial sist€émica
(HAS), pelo excesso de lipoproteinas de baixa densidade (LDL), popularmente conhecida como
“colesterol ruim”, e pelo baixo nivel de lipoproteina de alta densidade (HDL), popularmente
conhecida como “colesterol bom” (HU et al., 2016). O HDL desempenha um papel importante
no transporte do colesterol das células periféricas para o figado (FALUDI et al., 2017).

A disfunc¢do do endotélio favorece a entrada e o depdsito de LDL na camada intima dos
vasos. Uma vez depositadas, essas moléculas passam por um processo de oxidacao,
convertendo-se em LDL oxidado (LDLox), o que desencadeia uma resposta inflamatdria local
(GISTERA; HANSSON, 2017). Paralelamente, as células endoteliais comegam a expressar
moléculas de adesdo, como a proteina 1 de adesdo celular (VCAM-1), desencadeando a
migra¢do de mondcitos para a area afetada. Esses mondcitos infiltram-se no local e se
diferenciam em macrofagos, em resposta ao fator estimulante de colonias de macréfagos (M-
CSF) e ao fator estimulante de granuldcitos (G-CSF). Os macrofagos, entdo, iniciam o processo
de fagocitose das moléculas de LDLox (LIBBY et al., 2019).

Durante a fagocitose, os macroéfagos sofrem uma transformagao em células espumosas,
as quais se acumulam na camada intima dos vasos, iniciando assim o processo de formagao das
placas de ateroma. Nesta fase, ha a liberacdo da interleucina IL-1B, que tem como fungao
recrutar células do musculo liso para a regido afetada. Estas células, por sua vez, secretam
interleucina IL-6 na corrente sanguinea, agindo em conjunto com a IL-1f3 para promover efeitos
pro-inflamatérios. A medida que essas células se deslocam para o interior das placas de
ateroma, ha um endurecimento das mesmas, causado pelo deposito de cristais de célcio
provenientes das células do musculo liso presentes no interior das placas. Isso resulta na
formacao de uma capa fibrosa composta por coldgeno e elastina, levando ao endurecimento das
placas e, por conseguinte, a obstrugdo parcial ou total das artérias (GISTERA; HANSSON,
2017). As placas de ateroma mais desenvolvidas sdo caracterizadas por um centro necrético e
neovascularizacdo. A estabilidade dessas placas pode persistir por anos, mas quando se tornam
instaveis, podem desencadear a formagao de trombos e/ou interromper o fluxo sanguineo (LU;

DAUGHERTY, 2015).
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2.2 Fatores de risco para aterosclerose

Os fatores de risco associados a aterosclerose estdo, em sua maioria, relacionados a
disfungdo endotelial. De acordo com Glasser, Selwyn e Ganz (1996), um endotélio normal
desempenha uma fun¢do inibitoria, inibindo a contracdo e a divisdo celular das células do
musculo liso, a agregagdo plaquetaria, a trombose e a aderéncia de mondcitos. Quando ocorre
a disfuncao endotelial, diversos fatores podem contribuir para a formacdo de placas
ateroscleroticas.

Outros fatores de risco incluem o sexo feminino, obesidade, tabagismo e sedentarismo,
como mencionado por Faludi et al. (2017). Esses elementos interagem de maneira complexa no
desenvolvimento da aterosclerose e podem aumentar a susceptibilidade do individuo a essa
condi¢do de saude. Além disso, o envelhecimento € um fator de risco adicional, uma vez que o
avanco da idade resulta em alteragdes na parede arterial e modificagdes em sua estrutura,
contribuindo para a formagao de placas aterosclerdticas (DE ANDRADE et al., 2010).

Além dos fatores supramencionados, a obesidade, diabetes mellitus, predisposi¢do
genética, dislipidemia e HAS destacam-se como fatores de risco proeminentes na aterosclerose.
A HAS ¢ uma doenga cronica ndo transmissivel definida por niveis pressoricos elevados,
resultando de uma combinacao de fatores de risco multifatoriais, como genética, sexo, etnia,
obesidade e estilo de vida. Essa condigdo ¢ caracterizada por uma elevagao da pressdo arterial
(PA), com a pressdo arterial sistolica (PAS) igual ou superior a 140 mm Hg e/ou a pressao
arterial diastolica (PAD) igual ou superior a 90 mm Hg (BARROSO et al., 2020).

Devido a sua natureza geralmente assintomatica, a HAS frequentemente causa
alteracdes estruturais e funcionais nos orgaos-alvo, como o coracgao, cérebro, rins € vasos
sanguineos. Ela ¢ reconhecida como o principal fator de risco para doengas cardiovasculares,
doenga renal cronica e dbito. Além disso, fatores de risco metabdlicos, como dislipidemia,
obesidade, intolerancia a glicose e diabetes mellitus, estdo associados a doengas do sistema
cardio circulatorio e renal (BARROSO et al., 2020).

A HAS também ¢ um fator de risco significativo para o desenvolvimento da
aterosclerose devido ao estresse de cisalhamento na parede dos vasos sanguineos. Esse estresse
leva a formagdo de lesdes que permitem a entrada de lipoproteinas de baixa densidade (LDL)
na camada intima das artérias. Vale destacar que, embora a hipertensao seja um fator de risco
para a aterosclerose, essa condicdo também pode surgir como uma consequéncia da propria
aterosclerose (PAN et al., 1997).

A dislipidemia refere-se a alteragdes nos niveis séricos de lipidios, incluindo o colesterol

total, triglicerideos (TG) e lipoproteinas presentes na corrente sanguinea. Essas alteragdes
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podem envolver um aumento nas LDLs e lipoproteinas de muito baixa densidade (VLDL),
acompanhado ou ndo da diminui¢do das HDLs. Esses desequilibrios lipidicos sdo fatores
desencadeantes da aterosclerose. Elas podem ser classificadas em hiperlipidemias, por
apresentarem niveis elevados de lipoproteinas e hipolipidemias, pois se constituem de niveis
baixos de lipoproteinas plasmaticas. (FALUDI et al., 2017).

A classificacdo etioldgica das hiper e as hipolipidemias podem ter causas primarias na
qual o disturbio lipidico ¢ de origem genética ou secundaria quando sdo decorrentes de estilo
de vida inadequado ou do uso de medicamentos. Dentre as dislipidemias primarias inclui-se
obesidade, tabagismo, ingestao excessiva de gorduras trans, sedentarismo e o hipotireoidismo
(SANTOS, 2001).

Dentre as dislipidemias destacam-se dois tipos principais: hipertrigliceridemia e
hipercolesterolemia (FALUDI et al., 2017). Ainda de acordo com Faludi et al. (2017), o
diagnostico das dislipidemias ¢ estabelecido por meio da medi¢ao dos niveis séricos de lipidios,
incluindo o colesterol total no sangue. As dislipidemias sao classificadas de acordo com os
valores observados e existem varias categorias:

- Hipercolesterolemia isolada: Aumento isolado do colesterol LDL (LDL-c),
geralmente definido quando os niveis de LDL-c sdo iguais ou superiores a 160 mg/dL.

- Hipertrigliceridemia isolada: Aumento isolado dos TG, normalmente definido quando
os niveis sdo iguais ou superiores a 150 mg/dL (se a amostra for obtida em jejum).

- Hiperlipidemia mista: Esse diagnostico ¢ dado quando ocorre um aumento tanto no
LDL-c (LDL-c > 160mg/dL) quanto nos triglicerideos (TG > 150 mg/dL em jejum).

- HDL-c baixo: Esse ¢ o diagnodstico quando ocorre uma reducdo dos niveis de
lipoproteina de alta densidade (HDL-c). Isso pode ocorrer de forma isolada ou em associacao
com um aumento do LDL-c ou dos TG. Os niveis baixos de HDL-c geralmente sdo definidos
como menores que 40 mg/dL. em homens e menores que 50 mg/dL. em mulheres.

Esses diagnosticos sdo importantes na avaliagdo do perfil lipidico do paciente, uma vez
que diferentes tipos de dislipidemias podem influenciar o risco de doengas cardiovasculares e
direcionar as estratégias de tratamento e prevencdo de doengas cardiovasculares e
cerebrovasculares (FALUDI et al., 2017).

A dislipidemia pode também resultar de outras condi¢des, sendo o hipotireoidismo uma
das mais destacadas (2). O hipotireoidismo ¢ uma sindrome clinica caracterizada pela
deficiéncia na producdo ou na agdo dos hormonios tireoidianos, afetando as funcdes
metabolicas organicas. A forma primdria, que representa 95% dos casos, ocorre devido a uma

diminuicdo na sintese dos hormonios, geralmente causada por disfuncdo direta da glandula
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tireoide. J4 a forma secundaria ocorre por causa hipofisaria, e a tercidria, por causa hipotalamica
(22).

A glandula tireoide ¢ responsavel pela produgdo dos hormonios triiodotironina (T3) e
tetraiodotironina (T4), os quais desempenham um papel crucial no metabolismo lipidico,
incluindo sintese, mobilizacdo e degradacao (24). T3 e T4 regulam os receptores de LDL,
influenciando a ativacdo de seus genes e afetando o metabolismo da HDL, aumentando a
atividade da proteina de transferéncia de éster de colesterol (CETP), que transfere colesterol da
HDL para outras lipoproteinas, como LDL e VLDL. Além disso, esses hormdnios tireoidianos
estimulam a lipoproteina lipase, que cataboliza as lipoproteinas ricas em triglicerideos (23).

A dislipidemia observada em pacientes com hipotireoidismo ¢ caracterizada pelo
aumento das concentragdes plasmaticas de LDL-c, principalmente devido a redu¢dao do niimero
de receptores hepaticos responsaveis pela remocao dessas particulas, a depuragao retardada das
LDL e ao aumento da absor¢ao intestinal de colesterol, influenciada pela acdo do hormdnio
tireoidiano na proteina niemann-Pick Cl-like 1 (NPCI1-L1) (1). O hipotireoidismo também
afeta a funcdo renal, seja diretamente no rim ou por meio de efeitos sistémicos hemodinamicos,
metabolicos e cardiovasculares (38), o que se reflete em um aumento da creatinina sérica,

diminuigdo da taxa de filtragdo glomerular e hiponatremia (39).

2.3 Tratamentos, dieta e prevencao da aterosclerose

No tratamento da aterosclerose ¢ possivel destacar abordagens tanto farmacologicas
quanto ndo farmacologicas. Os estudos epidemiologicos enfatizam a importancia de um estilo
de vida saudavel e uma alimentacdo adequada (FALUDI et al., 2017). A ado¢ao de um padrao
alimentar saudavel deve ser complementada por atividades fisicas, j& que esses fatores estdao
interligados. A terapia nutricional desempenha um papel crucial, orientando os pacientes a
fazerem escolhas alimentares sauddveis e evitar o consumo excessivo de alimentos ricos em
gordura, uma vez que estes estdo associados ao aumento do colesterol no sangue. A relacao
entre a ingestdo de gorduras e a formagdo de placas de ateroma ¢ bem documentada (LIBBY,
2021). A combinagdo de um estilo de vida saudavel, dieta adequada e atividade fisica podem
contribuir significativamente para reduzir o risco e melhorar o manejo da aterosclerose
(SANTOS; UMPIERRE, 2020).

De acordo com a Diretriz Brasileira de Obesidade (2016) o controle do peso corporal ¢
uma intervengdo essencial no tratamento da aterosclerose, e estudos indicam que a perda de
peso pode resultar em uma redugao significativa na concentracao plasmatica de triglicerideos,

na ordem de até 20%. A reducdo do consumo de bebidas alcodlicas também desempenha um
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papel importante no tratamento da aterosclerose. O consumo de alcool, especialmente quando
combinado com uma dieta rica em acidos graxos saturados, pode acentuar o aumento dos niveis
de triglicerideos (NAUD; BENSENOR; LOTUFO, 2020). Além disso, reduzir o consumo de
acucares e carboidratos refinados e substituir dcidos graxos saturados por acidos graxos mono
e poli- insaturados na dieta sdo medidas adicionais (FALUDI et al., 2017). Esses carboidratos
aumentam os riscos de doencas cardiovasculares por desencadearem a inflamagao, diminuicao
da sensibilidade da insulina, aumento da pressdo arterial e endotelial (PATTY et al. 2015).

Os acidos graxos saturados tém sido associados ao aumento dos niveis de triglicerideos,
uma vez que podem estimular a lipogénese hepatica e a secrecdo de lipoproteinas de muito
baixa densidade (VLDL). Portanto, recomenda-se a inclusdo de acidos graxos poli e
monoinsaturados na dieta (LOTTENBERG et al., 2012). Os acidos graxos poli-insaturados sao
classificados em oOmega 3 (incluindo o 4&cido eicosapentaendico — EPA e o éacido
docosahexaenodico — DHA) e 6mega 6 (como o acido linoleico), dependendo da posi¢ao da
ligacdo dupla entre os atomos de carbono a partir do grupo hidroxila. Esses acidos graxos t€ém
sido extensivamente estudados por seus potenciais beneficios no tratamento e prevencao de
doencas cardiovasculares (GREVENGOED et al., 2021; PISANIELLO et al., 2021; SHAIKH
et al., 2012) como a reducdo da inflamacdo, agrega¢do plaquetaria, melhora da funcdo
endotelial, reducdo da pressdo arterial e, consequentemente, a prevengao e tratamento de DCV
(SHERRATT et al., 2023). A suplementacao de acidos graxos dmega 3 t€ém demonstrado a
capacidade de reduzir significativamente a concentragdo plasmatica de triglicerideos, com
redugoes de até 25 a 30% (KRIS-ETHERTON; HARRIS; APPEL, 2003).

O tratamento farmacoldgico da aterosclerose frequentemente envolve a administragdo

de estatinas, que também podem ser combinadas em situagdes especificas com outros agentes
como a ezetimiba, colestiramina, fibratos e acido nicotinico. As estatinas sdo medicamentos
que reduzem os niveis de colesterol no sangue, incluindo a diminuigao dos triglicerideos. Elas
agem inibindo a enzima responsavel pela sintese hepatica do colesterol, conhecida como HMG-
CoA redutase. A redugdo do colesterol intracelular aumenta a expressao de receptores de LDL
no figado, o que resulta na reducao dos niveis de LDL circulante (FRANCO; KRIEGER 2016).
E importante notar que diferentes estatinas disponiveis podem apresentar variagdes na
redugdo percentual dos niveis séricos de LDL-c, conforme apresentado na Figura 1. A
rosuvastatina, por exemplo, ¢ destacada como uma das estatinas mais eficazes nesse sentido. A

eficacia das estatinas varia de acordo com o paciente e pode depender de fatores como a dose
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utilizada e a resposta individual (FALUDI et al., 2017).

Figura 1. Eficécia das estatinas na reducao do colesterol LDL em relagdo as doses. (Fonte: FALUDI
etal., 2017).

Embora as estatinas sejam amplamente reconhecidas por sua seguranga, ¢ importante

notar que podem acarretar efeitos colaterais, tais como hepatotoxicidade, miopatias e
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necessario para combater a aterosclerose, surge a necessidade de explorar a complementaridade
de produtos naturais em conjunto com as estatinas. Especialmente, destaca-se a importancia de
substancias naturais dotadas de propriedades antioxidantes e anti-inflamatorias (MOSS;
WILLIAMS; RAMII, 2018).

Outra opgdo terapéutica para o tratamento da dislipidemia ¢ a ezetimiba, que atua
inibindo a absor¢ao de colesterol no intestino delgado e bloqueando o transporte intestinal de
colesterol. Esta inibicdo da absor¢do de colesterol, especialmente do colesterol biliar, resulta na
reduc¢do dos niveis de colesterol no figado, levando a diminui¢do do LDL-c plasmatico entre 10
a 25% (ROSSEBO et al., 2008). Este medicamento ¢ uma opg¢ado terapéutica em pacientes que
apresentam intolerancia as estatinas. Embora o efeito colateral deste medicamento seja raro,
recomenda-se que ele ndo seja utilizado em casos de dislipidemias com doencga hepatica aguda
(FALUDI et al., 2017).

Os sequestrantes dos acidos biliares também chamados de resinas atuam diminuindo a
absorc¢do enteral dos 4cidos biliares. Processo este, que resulta na diminuicdo do colesterol
hepatico. Os trés sequestrantes desenvolvidos para este fim sdo a colestiramina, colestipol e
colesevelam, entretanto no Brasil, apenas a colestiramina esta disponivel. Deste modo, a adi¢ao
de colestiramina ao tratamento com estatinas pode ser considerada quando a meta de LDL-c
ndo ¢ alcangada. Como efeito colateral este medicamento pode interferir na motilidade

intestinal, causando obstipagdo, plenitude gastrica, nauseas, dentre outros sintomas, seu uso
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deve ser evitado no caso de hipertrigliceridemia, pois, pode-se ocorrer um aumento dos niveis
de TG (FALUDI et al., 2017).

Os fibratos sdo medicamentos derivados do acido fibrico que atuam estimulando os
receptores nucleares conhecidos como ‘“Receptores Alfa Ativador da Proliferacdo dos
Peroxissomas” (PPAR- a). A ativagdo desses receptores resulta no aumento da producao e da
acdo da lipoproteina lipase (LPL), responsavel pela hidrolise intravascular dos triglicerideos.
Os estimulos do PPAR- a pelos fibratos promove também aumento dos niveis de HDL, indicado
quando ha falha no tratamento das medidas ndo farmacologicas. Apesar dos efeitos colaterais
dos fibratos serem infrequentes, estdo interligados com distirbios gastrintestinais, mialgia,
astenia, dentre outros efeitos (FALUDI et al., 2017).

O 4cido nicotinico ¢ responsavel por reduzir a a¢do da lipase tecidual nos adipdcitos,
ocasionando menor liberagdo de acidos graxos livres para a corrente sanguinea, reduzindo
assim a sintese de TG pelos hepatocitos. Ele pode ser empregado excepcionalmente em
pacientes com niveis isoladamente baixos de HDL-c, mesmo na auséncia de
hipertrigliceridemia como uma alternativa ao uso dos fibratos e estatinas, ou em combinagao
com estes medicamentos. Ele pode causar efeitos adversos como rubor e prurido que tendem a
acontecer com maior frequéncia no inicio do tratamento (FALUDI et al., 2017).

Outro agente hipolipemiante s3o os inibidores da pro-proteina convertase
subtilisina/kexina tipo 9 (PCSK9) (CHAUDHARY et al., 2017). A PCSK9 ¢ uma proteina
responsavel pela degradacdo dos receptores hepaticos de LDL, o que resulta em
hipercolesterolemia (SABATINE, 2016; RODRIGUEZ; HARRINGTON, 2016). Os inibidores
dessa proteina sdao anticorpos monoclonais que aumentam a quantidade de recpetores de LDL
disponiveis. Quando a PCSK9 ¢ inibida, ha um aumento na captura de LDL pelos recpetores
nos hepatocitos, levando a uma redugdo nos niveis séricos e plasmaticos de LDL (STEIN;
RAAL, 2014; SCHMIDT et al., 2017).

Como apresentado anteriormente, os tratamentos medicamentosos tendem a ocasionar
efeitos colaterais que podem ser prejudiciais a saude do paciente, sendo assim necessaria busca
por novos tratamentos a base de produtos naturais, um exemplo disto, seriam os 6megas que
aumentam discretamente o HDL-c, no qual ha estudos que evidenciam a redu¢ao da mortalidade

e desfechos coronarios (MARCHIOLI et al., 1897; YOKOYAMA et al., 2007).

2.4 Acidos graxos (0megas)
Os oleos de origem animal tém despertado consideravel interesse como potenciais

objetos de estudo no campo farmacologico. Eles consistem em compostos de acidos graxos e
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glicerol, alguns dos quais sdo considerados essenciais, uma vez que o organismo humano nao
os sintetiza e, portanto, devem ser adquiridos por meio da dieta. Entre esses oleos, destacam-se
os acidos graxos poli-insaturados 6mega 3 e dmega 6, que desempenham um papel crucial no
corpo, contribuindo para a preven¢do de doencas cardiovasculares, neuroldgicas, imunologicas
e muitas outras (VAZ et al., 2014).

Dois &cidos graxos particularmente relevantes nesse contexto sio EPA e o DHA
(CALDER, 2018). Esses acidos s3o abundantemente encontrados em frutos do mar,
especialmente em peixes com alto teor de gordura. Além disso, diversos suplementos
alimentares, como 6leo de peixe, 6leo de figado de bacalhau, 6leo de krill e certos 6leos de
algas, contém EPA e DHA. Esses compostos estdo disponiveis tanto individualmente quanto
em formulagoes farmacéuticas combinadas (ARTERBURN; HALL; OKEN, 2006).

O potencial benéfico do EPA e do DHA nas DCV foi primeiramente observado em
estudos realizados na Groenlandia, onde a taxa de mortalidade por infarto do miocardio e
doenca cardiaca isquémica era notavelmente baixa. Essa observagdo estava associada ao
consumo significativamente elevado de EPA e DHA na dieta dessas populagdes (KROMANN;
GREEN, 1980; BIERREGAARD; DYERBERG, 1988).

Descobertas semelhantes foram feitas em populagdes nativas do Artico e na populagio
japonesa (NEWMAN et al., 1993). Subsequentemente, uma série de estudos corroborou essas
descobertas iniciais, destacando que o consumo de peixe ou a ingestao de EPA e DHA estao
correlacionados com uma reducdo do risco de mortalidade por DCV, em especial as doengas
coronarianas (CALDER, 2004; INNES, J. K.; CALDER, P., 2020).

Uma série consideravel de estudos de coorte prospectivos realizados até o momento tem
consistentemente revelado uma associacdo inversa entre a presen¢a de acidos graxos EPA e
DHA na dieta, no sangue ou nos tecidos e as baixas taxas de mortalidade por DCV (DJOUSSE
et al., 2012; ZHANG et al., 2018; ALEXANDER et al., 2017). Essas descobertas fornecem
evidéncias convincentes do papel crucial desempenhado pelos acidos graxos na prevencao
dessas doengas. Como resultado, hd um crescente interesse na investigagdo dos mecanismos
pelos quais os acidos graxos, especificamente o EPA e o DHA, exercem sua agdo
cardioprotetora, com foco especial nos fatores de risco associados as DCV (INNES, J. K.;
CALDER, P., 2020).

Um extenso corpo de estudos e meta-analises (WANG et al., 2006; BALK et al., 2006)
revelou que o EPA e o DHA apresentam beneficios notaveis, como a redugdo dos niveis de
triglicerideos e a diminui¢ao da pressao arterial (ABUMWEIS et al., 2018; MILLER et al.,

2014). Além disso, esses acidos graxos demonstraram capacidade de reduzir a agregacao
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plaquetaria (GAO et al., 2013) e melhorar a dilatagio mediada pelo fluxo sanguineo e a
complacéncia arterial relacionada ao endotélio vascular (XIN; WEI; LI, 2012; WANG et al.,
2012).

O omega 6 ¢ conhecido por ser um precursor de prostanodides da série-2 e leucotrienos
da série-4, substancias que tém associa¢do com atividades pro-inflamatorias e pro-tromboticas
(MCKENNEY; SICA, 2007). A suplementagdo com 6megas 3 ¢ 6 demonstrou a capacidade de
retardar o desenvolvimento da aterosclerose em camundongos knockout no receptor de LDL,
pois reduziu os niveis de triglicerideos e colesterol no sangue (ZAMPOLLI et al., 2006). E
importante observar que ha relatos sobre os efeitos do 6mega 6 (SIMOPOULOS, 2002) alguns
indicam que ele tem a capacidade de reduzir o colesterol total e os niveis de triglicerideos,
enquanto outros afirmam que esse acido graxo possui propriedades pro-inflamatoérias. Isso
destaca a necessidade de uma investigagdo mais aprofundada para entender melhor os efeitos
do dmega 6 (JUMP, 2022).

Além de serem encontrados em peixes, 0os 0megas também podem ser encontrados em
aves ¢ at¢ mesmo em répteis. Entre os répteis, os jacarés destacam-se como 0s principais
representantes. Eles sdo abundantes na regido centro-oeste do Brasil e despertam interesse
comercial devido a sua carne, couro e também a sua gordura. Assim, o aproveitamento de
matérias-primas, como essas fontes lipidicas, para a producdo de produtos farmacéuticos, pode

ser uma alternativa econdmica que contribui para agregar valor a regiao (GOMES et al., 2014).

2.5 Jacaré-do-pantanal (C. yacare)

Popularmente conhecido como jacaré-do-pantanal, o Caiman yacare é apresentado na
Figura 2. Pertencente ao filo Chordata, classe Reptilia, subclasse Archosauria, ordem
Crocodylia, tamilia Crocodilidae e subfamilia Alligatoridae, género Caiman, espécie Caiman
yacaré (SHIRLEY, 2013). Esse réptil pode atingir um comprimento que varia entre 2,5 a 3
metros na fase adulta. Possui escamas osteodermas na regido dorsal e ¢ caracterizado por
apresentar faixas amarelas, que predominam principalmente na regido caudal. Sua alimentacao
¢ essencialmente composta por peixes e animais pequenos, € esse padrdo alimentar pode ser
influenciado pela sazonalidade, especialmente durante os periodos de seca e cheia
(BRAZAITIS; MYRNA; PETER, 1998).

Esta espécie ¢ normalmente encontrada nas regides alagadas pertencentes ao nordeste e
leste da Bolivia, em diferentes habitats, no bioma Pantanal, na Amazdnia brasileira, nos rios
Parana e Paraguai e nordeste da Argentina (FARIAS et al., 2013). Os jacarés-do-pantanal

possuem uma ampla diversidade alimentar, alimentando-se tanto de animais vertebrados quanto
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de invertebrados. Dentre os vertebrados encontram-se os peixes, esta alimentagdo ¢€
influenciada pelas mudancas sazonais da regido que influenciam a temperatura e periodos de

secas e cheias nos rios (SANTOS et al., 1996).

Figura 2. Jacaré do Pantanal (C. yacare). Fonte: Farias et al., 2013.

No Brasil, a exploracao sustentavel das populagdes naturais de jacarés ¢ um destaque
notavel. Isso se deve ao vasto territorio tropical do pais que abriga populagdes de espécies de
jacarés com reconhecido valor econdomico e socioecondmico. O Brasil ¢, portanto, um dos
principais produtores mundiais e tem um potencial significativo nesse setor, considerando
sua posi¢cdo como detentor da maior diversidade de espécies de jacarés do mundo. A cadeia
produtiva desses répteis tem como principal objetivo a obten¢do de carne para consumo
humano e peles para a industria da moda. O estado brasileiro de Mato Grosso destaca-se
como lider nesse segmento, investindo significativamente na cria¢ao e reproducao da espécie
C. yacare. Esses jacarés sdo criados em sistemas de producao fechados, e o estado contribui
anualmente para uma cadeia produtiva que resulta no abate de aproximadamente 300 mil
unidades. Isso demonstra a importancia desse setor econdmico € a preocupacdo com a
sustentabilidade na exploragdo de recursos naturais (FILHO et al., 2020).

Devido ao seu grande interesse econdmico para diversas industrias, os crocodilianos,
incluindo os jacarés, enfrentam sérios riscos de caga ilegal e perda de habitat, o que aumenta a
ameaca de extingdo dessas espécies. No Brasil, existem seis espécies de crocodilianos, e
programas de conservagao tém sido elaborados para proteger esses animais. No entanto, ainda

€ necessaria uma compreensao mais profunda da ecologia e fisiologia dessas espécies para
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garantir sua preservacao (GOMES et al., 2014).

O sistema de criagdo comercial de jacarés do Pantanal ¢ caracterizado pela coleta de
ovos na natureza, seguida pela incubagdo, nascimento, engorda e recria dos animais. Essa
pratica tem permitido a criagdo de varios criadouros ao longo dos anos. A consolidagdo desse
setor de criacdo, especialmente no estado de Mato Grosso, contribui significativamente para a
preservacao da espécie e desestimula a caga predatoéria e ilegal (ALEIXO etal., 2011). A criagao
de jacarés em cativeiro ndo apenas visa a preservacao das espécies, mas também ao uso integral
dos animais. Estudos, como o realizado com jacarés da regido Amazdnica, destacam o interesse
industrial na utilizacdo da gordura e 6leo desses animais (BUTHELEZI et al., 2012).

Os répteis frequentemente desempenham um papel importante nas praticas da medicina
popular tradicional, onde sdo associados a cura e a prevengao de doencas (ALVES et al., 2010).
De acordo com as observagdes de Von Martius (1939), que conduziu uma expedi¢ao pelo
interior do Brasil no século XIX, tribos amerindias faziam uso de inimeros medicamentos
naturais, incluindo a aplicacao da gordura fresca de jacaré para aliviar sintomas de reumatismo.
Essas praticas demonstram a relacdo entre a fauna local e o conhecimento ancestral sobre o uso
de recursos naturais na medicina tradicional.

Além disso, os 6leos de origem animal desempenham um papel relevante, uma vez que
sao importantes fontes de acidos graxos essenciais, como 6mega 3 ¢ dmega 6. Um estudo
conduzido por Junior et al. (2016) com duas espécies de jacarés, o jacaretinga e o jacaré-agu, €
identificaram a presenga significativa de 4cidos graxos essenciais nos 6leos desses animais,
incluindo niveis aprecidveis de d6mega 3. Essas descobertas destacam a relevancia dos répteis
na relacao entre medicina popular e recursos naturais, bem como o potencial desses animais na
obtencdo de compostos benéficos para a saide humana.

De acordo com Azevedo et al. (2020), foram identificados e quantificados um total de
9 4acidos graxos no dleo de Caiman yacare, representando 86,69% da composicao total do oleo.
Dentre esses acidos graxos, 42,95% sdo saturados, 43,74% sdo insaturados, dos quais 34,65%
sd0 monoinsaturados e 9,09% sdo poli-insaturados. O 6leo de Caiman yacare inclui o acido
araquidonico, que ¢ um acido graxo poli-insaturado e pode ser sintetizado a partir do acido
linoleico. Ambos esses acidos graxos sdao precursores de metabolitos conhecidos como
eicosandides, que incluem prostaglandinas, leucotrienos e tromboxanos. Essas substancias
desempenham um papel modulatério e inflamatério no organismo. Além disso, esses acidos

graxos tém propriedades antioxidantes e contribuem para a promocgao da saude.
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3 OBJETIVOS

GERAL
Avaliar as atividades hipolipemiantes e antiaterosclerdticas do 6leo da carcaga de jacaré¢ C.

vacare (OJ) em ratos hipertensos na presenca de hipotiroidismo e dieta hiperlipidica

ESPECIFICOS

- Avaliar o volume urinario, o pH, a densidade, e a excre¢ao de eletrolitos e creatinina nos
diferentes grupos experimentais;

- Avaliar a atividade elétrica cardiaca por meio da eletrocardiograma e a pressdo arterial
sistolica, diastolica, média e a frequéncia cardiaca pelo método direto nos diferentes grupos
experimentais;

- Investigar diferentes parametros bioquimicos séricos;

- Avaliar histologicamente ¢ morfometricamente amostras de tecido hepatico, cardiaco e

arterial.
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Abstract

Cardiovascular disease is the leading cause of death globally among non-communicable
diseases. There are various risk factors that can trigger or worsen the condition, leading to more
severe issues such as atherosclerosis. Treatment usually involves medication, but there is a risk
of drug interactions and potential resistance with long-term use. Therefore, this study aims to
investigate the effects of Caiman yacare oil on lowering lipids and its cardiorenal protective
effects in spontaneously hypertensive rats. The study used an animal model with several
cardiovascular risk factors including hypertension, hypothyroidism, and a high-fat diet. The rats
were fed the high-fat diet for 8 weeks, with treatments starting after 4 weeks. C. yacare oil
(given at doses of 19, 56, and 168 mg/kg), rosuvastatin (5 mg/kg), and fish oil (56 mg/kg) were
administered orally for 4 weeks. Renal function was assessed at the beginning and end of the
treatments. Blood pressure and cardiac electrical activity were monitored. Levels of serum
lipids, inflammation and oxidative stress markers, as well as liver and kidney function were
measured. The mesenteric vascular bed was removed to assess vascular reactivity, and samples
from the kidney, heart, and arteries (carotid and subclavian) were collected for histopathological
analysis. The results showed that oral administration of C. yacare oil at 168 mg/kg significantly
reduced serum lipids, urea, creatinine, and oxLDL levels. It also prevented arterial endothelial
dysfunction and intima-media thickness caused by the multiple cardiovascular risk factors.
Significant diuretic, antihypertensive, or anti-inflammatory effects were not observed. The data
suggests that prolonged treatment with C. yacare visceral fat oil has significant lipid-lowering
effects, reduces the oxidation of LDL cholesterol, prevents endothelial dysfunction, and

partially modulates renal function in rats with multiple cardiovascular risk factors.

Keywords: Animal fat oil; Atherogenesis; Dyslipidemia; PUFA
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1. Introduction

Hypertension is a clinical condition characterized by high blood pressure levels,
generally defined as being equal to or greater than 140/90 mm Hg. This condition affects
approximately 32.5% of adults and over 60% of the elderly in Brazil. It is responsible for 50%
of deaths resulting from cardiovascular diseases, including atherosclerosis. Atherosclerosis is a
multifactorial inflammatory pathology that develops in response to damage to the tunica intima
of the arteries [1]. A meta-analysis involving 12,474 individuals revealed that hypertension can
increase the risk of carotid atherosclerosis by 81% [2,3]. These pathological conditions are
closely linked to serious events such as stroke, acute myocardial infarction, heart failure,
chronic kidney disease, and death [4].

One of the main causes of atherosclerosis in the Western population, including Brazil,
is the excessive consumption of fats in the diet, especially cholesterol. Excessively high levels
of cholesterol, particularly the form carried by low-density lipoprotein (LDL-C), are strongly
associated with atherogenesis [1]. These molecules are deposited in the subendothelial layer of
the arteries, and when they oxidize (oxLDL), it becomes a critical step in the development of
the disease. The oxLDL particles then cause an inflammatory response, which is mediated by
interleukins such as IL-1 and IL-6. This response leads to the activation of adhesion molecules,
resulting in the movement of monocytes to the subendothelial layer and the activation of
macrophages [3]. The macrophages engulf oxidized LDL and transform into foam cells, which
contribute to the formation of atherosclerotic plaques. Over time, the plaques develop a necrotic
center and the growth of new blood vessels, often covered by a fibrous coating. The
atherosclerotic plaques can remain stable for extended periods, but when they become unstable,
they can trigger the formation of blood clots, disrupting blood flow and causing severe
complications [5].

Despite the risks of excessive consumption, a well-balanced diet that includes an
adequate amount of fats is highly important as these substances play crucial roles in the body.
Fats not only provide energy but also serve as sources of fat-soluble vitamins such as A, D, E,
and K. Additionally, they contain essential fatty acids (omega-3s and omega-6s) that have a
significant impact on the body as they are part of the phospholipids that make up cell
membranes. In addition to their role as structural components in cell membranes, omega-3s
(along with omega-6s) play a role in the production of eicosanoids. Eicosanoids are signaling
molecules with chemically similar structures to the fatty acids they are derived from and play
important roles in the cardiovascular, pulmonary, immune, and endocrine systems of the body

[6,7].
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Several studies have demonstrated that regular consumption of essential fatty acids,
especially omega-3s, can have a significant cardioprotective effect against dyslipidemia and
atherosclerosis. Currently, the primary source of omega-3s is from cold-water marine fish such
as salmon, mackerel, herring, tuna, and sardines. The high global demand for essential fatty
acids has led to the search for alternative sources, including alligators. Brazil is home to a large
and diverse population of alligators, and a recent study has discovered the presence of essential
fatty acids in the oil of two species of Amazonian alligators [8].

In the Brazilian states of Mato Grosso and Mato Grosso do Sul, the most commonly
found species is the Caiman yacare, which is commonly known as the Pantanal alligator
("jacaré-do-Pantanal" in Portuguese) [9]. A study conducted by Azevedo et al. [10] showed that
the oil obtained from the Pantanal alligator contains significant levels of fatty acids, including
omega-6s. Therefore, this suggests that consuming it may potentially provide health benefits.
The purpose of the study was to evaluate the impact of long-term administration of C. yacare
visceral fat oil on lipid levels and the development of atherosclerosis in hypertensive rats fed
an atherogenic diet. This research may help increase our understanding of the potential

therapeutic benefits of alligator oil for cardiovascular diseases.

2. Methods

2.1 Drugs and reagents

The following drugs, salts, and solutions were used: isoflurane (BioChimico, Rio de
Janeiro, RJ, Brazil), and heparin (Hipolabor, Belo Horizonte, MG, Brazil). Phenylephrine
(Phe), sodium nitroprusside (NPS), acetylcholine (ACh), sodium chloride (NaCl), potassium
chloride (KCl), calcium chloride (CaCl2), magnesium sulfate (MgSO4), sodium bicarbonate
(NaHCO3), monobasic potassium phosphate (KH2PO4), dextrose, ethylenediaminetetraacetic
acid (EDTA), cholesterol, cholecalciferol, and cholic acid were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Methimazole (Tapazol®) was obtained from Biolab Pharma (Jandira,
SP, Brazil). Fish oil (Lavitan®) was obtained from Cimed (Sao Paulo, SP, Brazil). All other

reagents were obtained in analytical grade.

2.2 Obtaining C. yacare visceral fat oil
The fat used to extract the oil was obtained from alligators (Caiman yacare) that were
over two and a half years old. These animals were raised in captivity and were legally obtained

from the Chico Mendes Institute for Biodiversity Conservation (ICMBio). Following the
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methodology proposed by Azevedo et al. [10], the visceral fat was taken from the adipose tissue
surrounding the right caudolateral aspect of the liver, known as the "adipose body". Initially, a
sample of 854.9¢g of body fat was collected. The oil was extracted using the Soxhlet method,
involving a six-hour reflux process at 65°C for five days. Subsequently, the oil was concentrated

by evaporating the solvent at 65°C, using a rotary evaporator connected to a vacuum system.

2.3 Chemical analysis of C. yacare fat oil

The chemical composition of Caiman yacare oil was analyzed using Gas
Chromatography (Shimadzu, model GC-2010, Japan) with a Flame Ionization Detector (FID)
and a split/splitless injector. The separation was conducted on a 30m fused silica capillary
column with a diameter of 0.25mm, BPX-70 (70% cyanopropyl-phenyl polysiloxane) (Sigma
Aldrich, USA). The detector and injector temperatures were set at 250°C. The initial column
temperature was set at 80°C for 3 minutes, then increased to 140°C at a rate of 10°C/min, and
further increased to 250°C at 5°C/min for 10 minutes. Helium (White Martins, Brazil) was used
as the carrier gas at a flow rate of 1.0 mL/min. Synthetic air and hydrogen were used as the
detector gases, while nitrogen was used as the auxiliary gas (make-up gas). The injection
volume was 10 pL. Fatty acids in the oil sample were identified and quantified by comparing
them with the retention time of fatty acid methyl esters (FAME mix, 37 components) used as
the internal standard (100 mg). The quantitation was expressed as a percentage of the total fatty

acids. This methodology was developed and validated specifically for this purpose.

2.4 Animals

Male Wistar Kyoto (WKY) and Spontaneous Hypertensive Rats (SHR) that were 3
months old and weighed between 300-350 g were obtained from the Federal University of
Grande Dourados (UFGD). The rats were kept in a vivarium with controlled conditions, which
included 12 h:12 h light: dark cycles, a temperature of 22 + 2°C, and free access to food and
water. Before conducting experiments, the rats underwent a one-week period of acclimatization
to the laboratory conditions. All procedures involving the animals were reviewed and approved

by the Ethics Committee on Animal Experimentation at UFGD, with approval protocol number

23/2022.

2.5 Experimental procedures
2.5.1 Selecting the dosage of C. yacare fat oil

The doses of C. yacare fat oil (OJ) were determined using an allometric extrapolation
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based on the body area scale [11]. This extrapolation was derived from the typical daily dose
of fish oil (OP) given to human patients, which is set at 1 g/day. Considering the average body
weight for humans is 70 kg, this results in a dose of 14.28 mg/kg. For the rats used in the study,
the average body weight was 300 g. Therefore, the mean dose obtained for rats was 56 mg/kg,
based on this allometric extrapolation. As a safety precaution, two other doses were considered:
one three times higher, totaling 168 mg/kg, and another three times lower, approximately 19

mg/kg.

2.5.2 Groups and treatments

The experimental model used in this study followed the methodology proposed by
Guarnier et al. [12] with a few modifications. Initially, the animals were divided into eight
WKY and forty-eight SHRs. All hypertensive animals were fed an atherogenic diet (AD) for
60 days. The diet was prepared following the method described by Guarnier et al. [12], which
included 64.4% standard rodent diet, 5% lard, 5% sucrose, 5% hydrogenated fat, 0.5%
cholesterol, 0.1% sodium cholate, and 20% powdered egg yolk. Additionally, the SHR animals
received daily methimazole (2 mg/kg orally) and four injections of 175,000 IU/kg of
cholecalciferol (subcutaneously) every two days. Thirty days after the treatments described
above, the animals were divided into the following experimental groups: 1) WKY rats that
received orally filtered water (1 mL/kg, once daily) and were fed a standard commercial rodent
diet (naive group); 2) SHRs that received orally filtered water (1 mL/kg, once daily) and were
fed an AD (negative control group; NC); 3) SHRs that received OJ (19, 56, and 168 mg/kg,
once daily) and were fed an AD; 4) SHRs that received fish oil orally (56 mg/kg) and were fed
an AD; 5) SHRs that received rosuvastatin orally (5 mg/kg) and were fed an AD. All treatments
were carried out for 30 days. Throughout the experimental period, water and feed intake, as

well as body weight, were monitored and recorded weekly.

2.5.3 Renal function

Renal function was evaluated following the methods proposed by Gasparotto Junior et
al. [13]. On days 1 and 28 of treatment, all animals received an oral dose of 5 mL/kg of 0.9%
NaCl to restore the balance of salt and water. Afterwards, the animals were placed individually
in metabolic cages with unrestricted access to food and water, and the urine produced during
an 8-hour period was collected and its volume measured. The pH and density of the urine were
measured with a digital pH meter (Q400MT; Quimis Instruments, Diadema, Brazil) and a

portable refractometer (NO107; Nova Instruments, Piracicaba, Brazil) respectively. In addition,
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the levels of sodium, potassium, chloride, bicarbonate, and creatinine were determined using

an automated biochemistry analyzer (COBAS INTEGRA 400 plus; Roche, Basel, Switzerland).

2.5.4 Electrocardiography

On the morning of the 29th day, after the experimental treatments had ended, all rats
were anesthetized with isoflurane inhalation (2-3%). Then, electrodes were placed on the upper
and lower limbs of each rat, and the P, Q, R, and S waves, as well as the PR, QRS, QT, and

QTC segments, were recorded using an ECG recorder (WinCardio, Micromed, Brasilia, Brazil).

2.5.5 Blood pressure and heart rate measurement

After the ECG was recorded, and while still under anesthesia, the blood pressure levels
were measured according to the method described by Gasparotto Junior et al. [ 14]. First, heparin
(30 IU) was administered subcutaneously. Then, the left carotid artery was cannulated and
connected to a PowerLab recording system (Software Chart 8.0; ADInstruments, Castle Hill,
Australia). The mean arterial pressure (MAP), systolic blood pressure (SBP), diastolic blood
pressure (DBP), and heart rate (HR) were recorded for 20 minutes. The results are presented as

an average of the last 5 minutes recorded.

2.5.6 Blood collection and biochemical analyses

After measuring blood pressure, blood samples (4-5 mL) were collected from the
previously cannulated carotid artery. Serum was obtained by centrifugation (at 150 g for 10
min). Urea, creatinine, triglycerides (TG), total cholesterol (TC), low-density lipoproteins
(LDL-C), very low-density lipoproteins (VLDL-C), high-density lipoproteins (HDL), alanine
aminotransferase (ALT), and aspartate aminotransferase (AST) levels were measured using an
automated Roche cobas ® 6000 biochemical analyzer. Serum levels of nitrotyrosine (NT),
oxidized LDL (oxLDL), soluble vascular cell adhesion molecule-1 (sVCAMI), soluble
intercellular adhesion molecule-1 (sSICAMI1), interleukin-1 beta (IL-1 beta), and IL-6 were
measured using enzyme-linked immunosorbent assays (ELISA; Merck KGaA, Darmstadt,
Germany. Malondialdehyde (MDA) levels were measured using an MDA assay kit from
Cayman Chemical Company, Ann Arbor, MI, USA.

2.5.7 Mesenteric vascular beds (MVBs) reactivity
After collecting blood samples, the MVBs were promptly isolated and prepared for

perfusion as described by Gasparotto Junior et al. [16]. The superior mesenteric artery was
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cannulated and gently flushed with a physiological saline solution (PSS: 119 mM NaCl; 4.7
mM KCI; 2.4 mM CaCl2; 1.2 mM MgSO04; 25.0 mM NaHCO3; 1.2 mM KH2PO4; 11.1 mM
dextrose, and 0.03 mM EDTA). The entire intestine and MVB were then removed, and the
MVB was separated. The MVBs were stored in glass vats at 37°C, aerated with carbogen (95%
oxygen and 5% carbon dioxide), and perfused at a constant flow of 4 mL/min with a PSS using
a peristaltic pump. Perfusion pressure was recorded using a pressure transducer connected to a
computerized polygraph. After a 30-minute stabilization period, the integrity of the preparation
was checked by administering 120 mmol of KCI. Then, a dose-response curve of phenylephrine
(Phe; 1, 3, 10, and 30 nmol; 10-30 puL) was performed. After another 30-minute stabilization
period, the preparations were continuously perfused with PSS containing 3 uM Phe to induce a
prolonged increase in perfusion pressure. Under these conditions, the changes in vascular
reactivity induced by the administration of sodium nitroprusside (SNP; 0.3, 1, 10, and 30 pmol;
10-30 pL) and acetylcholine (ACh; 1, 3, 10, and 30 pmol; 10-30uL) were investigated. At the

end of this procedure, all animals were euthanized due to an overdose of isoflurane.

2.5.8 Relative organ weight, histopathology, and morphometry

After euthanasia, the heart, kidney, liver, as well as the subclavian and carotid arteries
were removed and cleaned. Then, the relative weight of the heart, kidneys, and liver were
calculated (wt% = absolute weight of the organ x 100/weight of the animal's body). A sample
of the heart, liver, and arteries were preserved in a 10% buffered formalin solution.
Afterwards, the samples were dehydrated using alcohol, clarified with xylene, and embedded
in paraffin. The samples were then cut into 5 um sections, dyed with hematoxylin and eosin,
and examined under a light microscope. The data analysis was carried out using Motic Images

Plus 2.0 software.

2.6 Statistical analyses

The data was analyzed to determine if there was homogeneity of variance and normality.
Differences between the means were assessed using a one-way analysis of variance (ANOVA),
followed by a Bonferroni test. The results were expressed as the mean + standard error of the
mean (E.P.M.), and p-values of <0.05 were considered statistically significant. Graphs and
statistical analyses were conducted using Prism 10 for macOS (GraphPad® Software, San

Diego, CA, USA).
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3. Results

3.1 Chemical analysis

The fatty acid composition of Caiman yacare visceral fat oil is presented in Table 1.
Monounsaturated fatty acids make up the majority at 50.60%, followed by unsaturated fatty
acids at 44.48%, and polyunsaturated fatty acids at 4.75%. The most abundant fatty acid is oleic

acid (omega-9), a monounsaturated acid, accounting for 39.19% of the total composition.

3.2 Behavioral changes, food consumption, and body weight gain

The behavior of the animals throughout the entire experimental period showed no
significant changes, considering the species and gender. No clinically observable signs of
toxicity were identified, including diarrhea, piloerection, decreased ambulation, peripheral
ischemia, or porphyrin secretion in the eyes. No significant changes in food consumption and

body weight gain were observed among the different experimental groups (data not shown).

3.3 Renal function

Tables 2 and 3 show the effects of oral treatment with OJ (19, 56, and 168 mg/kg), OP
(56 mg/kg), and ROSU on urinary parameters on the 1st and 28th day of treatment. On the first
day of treatment, all hypertensive animals fed with AD showed significantly higher urinary
volume and renal excretion of sodium, potassium, chloride, and bicarbonate compared to the
animals in the naive group. The pH values and urinary density were not statistically different
among all experimental groups.

On the twenty-eighth day of treatment, the urine volume produced by the animals in the
NC, ROSU, and OJ groups (19 mg/kg) was similar to that of the animals in the naive group.
However, the OJ (56 in 168 mg/kg) and OP (56 mg/kg) groups showed a statistically lower
urine volume compared to the naive animals. The urinary pH was significantly reduced in all
hypertensive animals fed with the AD, regardless of the treatment performed. The values of
density, sodium, potassium, chloride, and urinary bicarbonate obtained in hypertensive animals

fed with the AD were similar to those obtained in naive rats.

3.4 Electrocardiography
The effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/kg)
and ROSU on electrocardiography are shown in Table 4. The animals from the negative control

group and the group treated with OJ at its lowest dose (16 mg/kg) showed a significant increase



44

in the PR segment. The treatment performed with OJ (56 and 168 mg/kg) or with OP (56 mg/kg)
prevented this alteration, keeping the values of the PR segment similar to those found for the
animals in the naive group. All other electrocardiographic parameters did not show significant

alterations among all the experimental group.

3.5 Blood pressure and heart rate

The effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/
kg) and ROSU on blood pressure and heart rate values are presented in Table 5. All SHR fed
with AD and treated with the vehicle, ROSU or OJ (at all doses) showed a significant increase
in SBP, DBP, MAP, and HR when compared to naive animals. On the other hand, animals
treated with OP (56 mg/kg) exhibited a significant increase only in SBP and HR, while

maintaining DBP and MAP values similar to those of the naive group.

3.6 MVBs reactivity

The effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/
kg) and ROSU on MVBs reactivity are presented in Table 6. The animals in the negative control
group showed a significant increase in vascular reactivity to Phe 30 nmol, as well as a
significant reduction in vasodilator response to ACh 3 pmol when compared to the naive
animals. The 28-day treatments with OJ (19, 56, and 168 mg/kg), OP (56 mg/kg), and ROSU

prevented this alteration, maintaining MVBs reactivity similarly to naive rats.

3.7 Biochemical analyses

Table 7 presents the effects of prolonged oral treatment with OJ (19, 56, and 168
mg/kg), OP (56 mg/ kg), and ROSU on serum biochemical parameters. In the liver function
tests, only the animals that received ROSU showed a significant increase in ALT serum levels,
while all other experimental groups showed similar results to those obtained for naive animals.
All serum lipids were significantly elevated in AD-fed SHR treated only with the
vehicle. Only the animals that received ROSU showed significantly lower levels of triglycerides
than those observed in hypertensive rats fed with AD and treated only with the vehicle. The
levels of TC, LDL-C, and VLDL-C were significantly reduced in rats treated with OJ (168
mg/kg), OP (56 mg/kg), and ROSU when compared to the negative control group. On the other
hand, only the animals treated with ROSU showed a significant reduction in HDL-C levels,
while all groups treated with OJ or OP presented HDL-C levels similar to those observed in the

AD-fed SHR rats treated only with the vehicle.
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All serum oxidative stress markers were significantly elevated in the negative control
group when compared to the naive animals. The levels of serum oxLDL were significantly
reduced in groups that received OJ (168 mg/kg), ROSU, and OP (56 mg/kg) when compared to
the negative control animals. However, the levels of NT and MDA were significantly reduced
only in animals treated with ROSU or OP (56 mg/kg) when compared to the negative control
group. Meanwhile, the animals that received OJ at its highest dose (168 mg/kg) showed
statistically higher levels of NT and MDA compared to all other experimental groups.

All serum inflammatory markers were significantly elevated in the AD-fed SHR rats
treated only with the vehicle. Only the animals treated with ROSU showed statistically lower
serum levels of sVCAM-1 and sICAM-1 compared to the rats in the negative control group.
Regarding the levels of serum cytokines (IL-6 and IL-1 beta), the groups that received ROSU
or OP (56 mg/kg) showed values lower than those observed in the animals of the negative
control group. On the other hand, animals treated with OP (168 mg/kg) showed levels of IL-6
and IL-1 beta statistically higher than all other experimental groups.

Both markers of renal function, including serum levels of urea and creatinine, were
significantly elevated in the rats fed an atherogenic diet and treated only with the vehicle. The
rats treated with ROSU, OJ (168 mg/kg), or OP (56 mg/kg) were able to significantly reduce
the levels of urea and creatinine when compared to the animals in the negative control group,

however, the levels were still significantly higher than those found in naive animals.

3.8 Relative organ weight, histopathology, and morphometry

Effects of oral prolonged treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg)
and ROSU on relative organ weight are presented in Table 8. All hypertensive animals fed with
AD, regardless of treatment, showed a significant increase in the relative weight of the liver and
heart. The weight of the kidneys was not changed by any of the experimental groups.

Effects of oral prolonged treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg)
and ROSU on cardiac and arterial morphometry are presented in Table 9. All hypertensive
animals, regardless of treatment, showed a significant thickening of the heart wall and
interventricular septum. Animals in the NC and OJ groups (19 and 56 mg/kg) showed a
significant thickening of the intima-media in the carotid and subclavian arteries. Conversely,
treatment with ROSU, OP, and OJ (at their highest dose) maintained the intima-media ratio
statistically similar to that of the animals in the naive group.

Representative histological images of the liver, left ventricle, and arteries (subclavian

and carotid) are showed in Figures 1 and 2. All animals that were fed AD exhibited a significant
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buildup of lipids in liver cells and small areas of cell death with mild inflammation (Figure 1).
Additionally, the groups treated with OJ at doses of 19, 56, and 168 mg/kg showed localized
increases in the growth of epithelial cells in the bile duct.

In the heart tissue, only one of the animals that received OJ at a dose of 168 mg/kg
exhibited a small area of myocardial necrosis (Figure 1). In the samples of carotid artery from
the group treated only with the vehicle (NC), it was possible to identify small areas with the
presence of lipid streaks (Figure 2). In the other experimental groups, despite the thickening of
the intimal layer, we did not find the presence of lipid streaks in the samples of carotid or

subclavian arteries (Figure 2).

4. Discussion

The use of animal-derived oils for treating diseases is an ancient practice known as
zootherapy [17]. In Brazil, various forms of traditional wildlife are recognized as zootherapeutic
resources. At least 354 wild animal species are used in Brazilian traditional medicine, of which
157 are also consumed as food [18]. Among the animal species with therapeutic potential is
Caiman yacare, an alligator species from the Pantanal biome, with an established production
chain in the states of Mato Grosso do Sul, Brazil. This allows for the creation of an extraction
procedure for a standardized oil that can be used for medical and ethnomedical purposes [19].

The C. yacare oil used in this study showed a high concentration of fatty acids, including
unsaturated acids (44.48%), monounsaturated acids (50.60%), and polyunsaturated fatty acids
(4.75%). The most abundant fatty acid was oleic acid (39.19%), followed by palmitic and
stearic acid (27.44% and 12.08% respectively). The fatty acid composition observed in this
study is similar to that reported by Azevedo et al. [19]. The high levels of monounsaturated and
polyunsaturated fatty acids in C. yacare oil provide various health benefits. Oils with a similar
fatty acid profile have been shown to have a significant impact in preventing oxidative stress,
cardiovascular diseases, inflammatory conditions, neural development, thrombosis, cancer, and
improving immunity [19, 20].

The presence of risk factors such as hypertension, obesity, dyslipidemia, diabetes, and
smoking is strongly associated with negative outcomes in cardiovascular diseases [21].
Atherosclerotic lesions are abnormalities found in the inner layer of the arteries, caused by the
accumulation of oxidized cholesterol and the growth of smooth muscle cells. These cells form
a thick plaque that changes the middle layer of the artery, leading to various circulatory issues
[22, 23, 24]. The accumulation of oxidized LDL in the arteries can begin with an unbalanced

high-fat diet, excessive cholesterol synthesis, or reduced breakdown of LDL by the liver [25].
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Our study used an effective model that replicates human conditions with various cardiovascular
risk factors. We used hypertensive dyslipidemic animals, along with the administration of high
doses of vitamin D3 and antithyroid drugs [12]. The model showed that after 8 weeks, animals
treated with only the vehicle exhibited hepatic steatosis, reduced kidney function, serum
oxidative stress, endothelial dysfunction, and an exacerbated systemic inflammatory response.
Additionally, we observed thickening of the intima layer of the arteries, as well as ventricular
hypertrophy, leading to significant electrocardiographic changes.

Throughout the world, the use of polyunsaturated fatty acids (PUFA) is widespread.
Research conducted on both humans and animals suggests that omega-3 PUFA possess
significant antioxidant effects, enhance nitric oxide synthesis, improve endothelial function,
and promote vasodilation. Furthermore, clinical intervention studies suggest that omega-3
PUFA possess anti-inflammatory properties, which could potentially be beneficial in treating
inflammatory and autoimmune diseases. Therefore, we decided to utilize fish oil (OP; a rich
source of omega-3 PUFA) as one of the positive controls, along with a traditional lipid-lowering
medication, rosuvastatin. Consistent with the data mentioned above, our study found that the 4-
week treatment with OP was able to reduce serum oxidative stress, decrease levels of VLDL-C
and LDL-C, and show an important anti-inflammatory response.

Despite the widespread use of OP, various types of animal fats are used worldwide,
including in Brazil, where the use of alligator fat oil is notable. The viscera of C. yacare are
considered a byproduct in the leather and food industry. However, it has been shown to be a
potential source of raw material for pharmaceutical products, as some of its constituents have
antioxidant and anti-inflammatory effects [10]. In our study, we used C. yacare oil, which is
rich in unsaturated, monounsaturated, and polyunsaturated fatty acids. These compounds have
antioxidant properties and protective effects against neurodegenerative diseases [30, 31],
diabetes, cancer [32], and wound healing [33]. A recent study demonstrated that C. yacare fat
oil has significant anti-inflammatory activity in wound healing in rats [10]. Since linoleic acid
serves as a precursor of arachidonic acid, which is responsible for the synthesis of
prostaglandins, leukotrienes, and thromboxane’s, it is likely to play a crucial modulating role
during inflammation. Furthermore, a systematic review with meta-analysis was conducted to
summarize the current epidemiological evidence on the relationship between blood levels of
omega-6 polyunsaturated fatty acids and the risk of coronary heart disease. The data indicated
that the recommended intake of omega-6 polyunsaturated fatty acids may provide a coronary
benefit in primary prevention [34]. Conversely, there is evidence suggesting that replacing

dietary saturated fatty acids with an omega-6 enriched diet may have negative effects on the
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cardiomyocyte levels [35]. While some of the information mentioned above is promising, there
is currently no data indicating the beneficial or harmful effects of OJ in the presence of
inflammatory heart diseases, including atherosclerosis.

Hypertension and a high-fat diet can be the genesis as well as an aggravating factor for
progressive renal disease, characterized by reduced urine volume and renal excretion of
electrolytes, as well as increased levels of urea and serum creatinine [36, 37]. In our study, after
8 weeks of exposure to different risk factors, blood pressure levels remained elevated, leading
to cardiac hypertrophy. Additionally, the urine volume was significantly reduced, indicating a
decrease in renal function and the absence of a diuretic effect from OJ or OP. On the other hand,
serum levels of creatinine and urea were significantly reduced in groups treated with OJ (at its
highest dose) and OP, showing a potential protective effect on the kidneys. This effect is likely
due in part to changes in endothelial dysfunction and the decrease in intima-media thickness
observed in arteries after treatment. Although it may not fully reverse all renal changes, it could
help ensure the necessary vasodilation to maintain glomerular filtration rate. This discovery
supports a previous study that showed these fatty acids improve endothelial function [27, 28].

It is known that hemodynamic changes caused by hypertension, along with dyslipidemia
and oxidative stress, can lead to a significant vascular inflammatory response, creating ideal
conditions for the development of coronary artery disease and resulting in severe cardiovascular
outcomes [38]. It is notable that OJ produces a similar response to OP by reducing levels of
VLDL-C, LDL-C, and oxLDL, which are key factors in atherosclerosis. However, differences
arise when looking at systemic oxidation and circulating cytokine levels. Treatment with OP at
its highest dose increased serum levels of MDA, NT, IL-6, and IL-1-beta, indicating an increase
in oxidation and systemic inflammation compared to OP. Because the responses to oxidative
stress and inflammatory mediators were opposite to those observed with OP, it cannot be
definitively stated that prolonged administration of OJ benefits endothelial cell integrity as
described for omega-3 PUFA rich OP. Also, there are still concerns about the possible heart-
related side effects of consuming OJ for a long time, because one animal that was given a high
dose of OJ showed mild necrosis in the cardiac area, indicating myocardial ischemia.

One of the main consequences of the high-fat diet used in our study, in addition to the
cardiorenal changes, was hepatomegaly and diffuse hepatic steatosis. Although the catalytic
relationship between heart diseases and hepatic steatosis is widely known [38], we did not find
any histopathological effects that could indicate possible benefits of OJ on liver function. In
addition to this gap, another important limitation deserves mention. It was not possible to

identify the presence of atherosclerotic lesions in the arterial branches, despite the detection of
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increased thickening of the intima-media layers in the carotid and subclavian arteries. The lack
of atherosclerotic lesions is likely due to the rodents' natural resistance to short-term atherogenic
factors. We believe that maintaining this model for more than 8 weeks will result in significant
atherosclerotic lesions or contribute to other morphological changes typical of hypertensive
disease, as well as help to clarify in a more detailed manner the actual role of OJ in the presence

of multiple cardiovascular risk factors.

5. Conclusion

The data suggests that prolonged treatment with Caiman yacare visceral fat oil has
significant lipid-lowering effects, reduces the oxidation of LDL cholesterol, prevents
endothelial dysfunction, and partially modulates renal function in rats with multiple

cardiovascular risk factors.
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6. CONCLUSOES

Os dados obtidos nos permitem sugerir que o tratamento prolongado com 6leo de Caiman
yacare induz efeitos hipolipemiantes, previne a disfuncao endotelial e modula parcialmente a
funcdo renal. Nao observamos efeitos anti-hipertensivos significativos, bem como atividades

antioxidantes e anti-inflamatorias sistémicas.
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Table 1. Fatty acid composition (g/100 gram of oil) of the Caiman yacare viscera fata oil

determined by gas chromatography.

Carbon chain Fatty acid name Content (g/100 g)
Saturated fat
C6:0 Caproic acid 0.99
C8:0 Caprylic acid 0.38
C10:0 Capric acid 0.02
C12:0 Lauric acid 0.07
C13:0 Tridecanoic acid 0.07
C14:0 Myristic acid 3.04
C16:0 Palmitic acid 27.44
C18:0 Stearic acid 12.08
C20:0 Arachidic acid 0.13
C22:0 Behenic acid 0.08
C23:0 Tricosanoic acid 0.11
C24:0 Lignoceric acid 0.07
Total unsaturated 44 .48
Monounsaturated fat
Cl6:1 Palmitoleic acid 4.63
Cl17:1 Heptadecenoic acid 0.09
C18:1n9¢ Oleic acid 39.19
C20:1 Gadoleic acid 228
C24:1n9 Nervonic acid 4.39
Total monounsaturated 50.58
Polyunsaturated fat
C18:2n6t Linolelaidic acid 1.13
C18:2n6¢ Linoleic acid 0.17
C20:2 Eicosadienoic acid 246
C20:4n6 Arachidonic acid 0.09
C20:3n3 Eicosatrienoic acid 0.02
C20:5n3 Eicosapentaenoic acid 0.31
C22:2 Docosadienoic acid 0.34
Total polyunsaturated 4.52
Total fats 99.58




Table 2. Effects of oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/kg), and rosuvastatin (ROSU) on urinary parameters on the 1%

day of treatment

Parameter Naive NC ROSU ) ) ) or

(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
Urinary volume
(mL/100g/8h) 2.5+0.70 5.5+0.98 5.1+2.28 5.1+147 4.1+1.39 5.1 £1.912 49+2.14
pH 7.3 +£0.46 7.3 £0.65 7.87 +£0.47 7.64 £0.35 7.84+£0.35 7.99 +0.34 8.00 +£0.35
Density 1019 +£2.22 1015 +3.21 1014 +5.39 1014 +3.99 1014 +£3.90 1013+ 3.72 1012 +£3.73
Sodium (mmol/L) 112.4+8.5 137.2+£9.12 142.1 £10.6° 135.7 £12.4° 151.4 £15.7° 144.5+13.4° 139.1 £12.7°
Potassium (mmol/L) 37.1+£3.6 452 +£3.1° 50.1+5.6 473+£49 53.2+6.8 49.1 £54° 46.7£5.2°
Chloride (mmol/L) 133.1+14.7 167.2 £13.1° 170.6 £ 15.3° 1642 +11.8° 171.4 £12.1° 168.1 +£13.22 166.4 £12.5°
Bicarbonate (mmol/L) 207.2+£253 2103+ 184 205.7+19.5 202.9 £21.6 212.4+£22.7 205.3 +£20.2 209.1 £21.6

Statistical analyses were performed using one—way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n = 7-8 rats
per group. * p <0.05 when compared to naive. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive animals that
were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive
animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 3. Effects of oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg) and, rosuvastatin (ROSU) on urinary parameters on the 28

day of treatment

Parameter Naive NC ROSU 0J 0l 0J oF

(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
Urinary volume
(mL/100g/8h) 3.1+1.10 1.8 £0.74 2.1+0.88 2.1+0.63 1.5+0.56 1.6 £0.71° 1.6 £0.71°
pH 7.7+£0.08 6.5+ 0.88* 6.5 +£0.55* 6.4 +0.22° 6.0+0.18 6.7 £0.45° 6.5+ 0.47°
Density 1020 £3.15 1019 + 3.35 1021 +£2.45 1023 +3.60 1025 +£5.32 1024 + 6.19 1015+ 1.10
Sodium (mmol/L) 106.3+7.3 110.2 £ 8.1 105.1+£7.3 102.5+99 104.1 £8.0 112.6 £9.2 101.8 £8.2
Potassium (mmol/L) 342+4.1 324+£52 326142 30.5+4.0 31.5+3.8 344+49 33.3+4.1
Chloride (mmol/L) 1254 +£11.8 122.3 +13.8 127.6 £11.3 130.3+13.3 129.3 +13.1 126.5+13.5 131.7+15.6
Bicarbonate (mmol/L) 201.1+£22.5 204.1 £20.1 198.7 £21.6 189.1 £20.4 200.5+ 194 195.8 £24.1 202.6 £22.6

Statistical analyses were performed using one—way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n = 7-8 rats
per group. * p <0.05 when compared to naive. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive animals that
were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive
animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 4. Effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/kg), and rosuvastatin (ROSU) on electrocardiography

Parameter Naive NC ROSU o) ) o) or

(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
Segments (ms)
PR 38.8+3.24 47.4 £6.75° 453 £3.62 48.7 £ 4.92° 447 +£735 453 +£3.14 41.7 £ 4.64
QRS 36.5+2.99 359+221 35.7+2.82 36.5+2.37 37.6 £4.81 353+333 37.1+£2.78
QT 72.4 £10.45 73.0 £8.25 71.1+£12.84 77.3 +£12.11 70.4 £ 6.20 69.0 £ 4.01 70.0 £9.73
QTc 197.9 £27.81 184.4 £22.77 186.3 £26.76 205.9 £29.45 183.3 £16.55 173.5 £28.13 184.1 £26.05
Waves (mV)
P 0.07 £0.03 0.07 £0.03 0.08 £0.03 0.07 £ 0.02 0.06 +0.03 0.07 +0.04 0.06 £ 0.02
Q 0.02 +£0.01 -0.02 £ 0.01 -0.02 £ 0.01 -0.02 £ 0.01 -0.02 £ 0.01 -0.02 £ 0.01 -0.02 £0.01
R 0.22 £0.07 0.21 +£0.07 0.21 +0.07 0.26 +0.05 0.22 £0.06 0.27 £0.05 0.26 £0.06
S -0.02 £0.01 -0.02 £ 0.01 -0.03 £0.01 -0.03 £0.01 -0.02 £0.01 -0.02 £0.01 -0.03 £0.01

Statistical analyses were performed using one—way ANOVA followed by Bonferroni. Values are expressed as mean £ SEM (standard error of the mean). n = 7-8 rats
per group. * p <0.05 when compared to naive. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive animals that
were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive
animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 5. Effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg), and rosuvastatin (ROSU) on blood pressure and
heart rate values

ROSU oJ oJ oJ (0] 4
Parameter Naive NC
(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
PAS (mm Hg) 125.9 £ 11.38 152.3 £ 14.27* 160.3 + 14.48* 151.8 +11.66* 154.4 +10.76* 161.9 + 14.65* 165.6 £13.03?
PAD (mm Hg) 62.3 £9.30 92.3 £+ 8.06% 99.7 £9.15% 90.4 +£9.77¢ 92.7+11.02? 94.4+10.11° 83.1 £15.39
PAM (mm Hg) 96.1 £11.21 121.4 +8.04° 121.8 + 8.46° 120.0 £ 7.67° 124.7+17.89 127.7 £ 13.972 118.4+18.13
FC (bpm) 387.9 +£23.97 292.9 £13.07¢ 326.6 +£9.28" 323.6 £ 20.032 324.9 £ 38.36% 318.5+20.632 294.3 £ 33.60°

Statistical analyses were performed using one-way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n= 7-8 rats
per group. * p <0.05 when compared to naive. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive animals that
were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive
animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 6. Effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg), and rosuvastatin (ROSU) on mesenteric vascular

be reactivity

Parameter Naive NC ROSU o) ) o) or
(Smg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)

Phe (nmol)

1 10.88 £4.23 13.01 £4.33 8.54+£544 6.70 £2.55 6.29 +3.96 7.18 £3.58 5.49 £2.47

3 22.11+£5.21 19.33 £6.12 20.02 £6.21 25.11+£7.12 2247 £8.44 20.21 £4.99 20.54 £8.77

10 56.5+10.44 59.21 £11.32 4599 £9.77 46.00 £11.22 55.12+9.33 58.44 £10.03 59.13 £ 17.21

30 108.4+12.77 15535+ 23.25° 92.34 + 14.66° 85.52 +£20.33° 77.3 £18.12° 1042 £17.22° 86.2 +18.22°

ACh (pmol)

1 -4.83 £1.73 -6.95+£2.11 5.12+1.44 -522+2.11 -4.23 £2.55 -521+£224 -5.66+1.44

3 -32.33 £ 8.21 -12.11 £8.55* -24.18 £11.43° -20.09 + 13.12° -17.12 £9.88° -30.98 £13.21°  -31.52+£15.44°

10 -36.32 £12.33 -20.86 +8.90 -30.32 £ 10.11 -29.11£10.12 -37.40 £ 14.77 -28.44 +£12.91 -43.37 £ 14.86

30 -44.54 £14.56  -39.03 £ 13.11 -32.57+11.20 -38.44 £ 16.04 -29.70 £ 13.14 -36.06 £ 15.22 -41.81 £ 18.96

SNP (pmol)

0.3 -470 £2.11 -4.70 £2.61 -3.94 £1.31 -3.94 £ 1.64 3.97 +1.88 -3.83 +2.87 -4.68 £2.11

1 -7.33+£3.21 -7.01 £3.41 -6.61 £2.54 -7.31+£247 175 +£2.11 3.41+£2.05 -3.35+1.77

3 -15.22 £ 6.21 -15.55+7.22 -15.98 £ 6.44 -16.75 £ 4.09 -12.81 £4.26 -11.54 £5.65 -12.13 £4.67

10 22.00 £10.11 23.02 +10.09 23.53+£9.12 -24.21 £10.51 24.11 £ 11.04 18.73 £9.16 -19.25 +£10.26

The values represent the changes in pressure (mm Hg) after the administration of Phe, ACh, or NPS compared to the baseline perfusion pressure. Statistical analyses
were performed using one-way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n = 7-8 rats per group. * p <0.05
when compared to naive. ® p < 0.05 when compared to NC. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive
animals that were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive:
Normotensive animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 7. Effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg), and rosuvastatin (ROSU) on serum biochemical

parameters

Parameter Naive NC ROSU o) o) o) oF

(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
AST (U/L) 58.1+89 65.2+£10.6 67.1+7.7° 69.2+9.34 60.6 + 8.86 66.5+9.01 65.7+9.92
ALT (U/L) 352+6.62 42.7+£8.25 62.6 + 8.86° 40.5+7.49 43.1+£9.77 48.1 £9.95 39.4 +£821
TG (mg/dL) 62.1+6.11 199.2 +£12.322 102.2 £11.33® 204.3 £12.44*  182.4 £12.23%* 179.2 £11.23% 176.4 £ 13.33%
TC (mg/dL) 101.4 £7.77 342.8 £33.712 175.2 £16.77%® 322.4+32.11%  285.5+33.65°  221.8 +2] .4k 206.6 + 18.93bcde
HDL-C (mg/dL) 40.2 £5,23 88.3 £ 7.65% 65.1 £4.21%® 79.3 £8.21* 81.4+6.54° 84.8 £ 6.33° 759 +6.21°2
LDL-C (mg/dL) 38.7+£5.66 146.8 + 14.8* 73.6 + 6.32%® 133.8 £12.77°  127.6 £11.96°  112.4 £9.53%  105.2 £ 10.2330cde
VLDL-C (mg/dL) 19.6 £2.11 81.2+7.67* 40.7 £5.21%® 772 £6.01* 75.9 £5.22% 56.1 + 5.2]abede 54.1 + 5.44 2bcde
oxLDL (ng/mL) 0.19£0.03 1.67 = 0.09° 1.03 £0.07® 1.58 £0.07* 1.49 +0.08* 1.26 £ 0.08%¢de 1.28 £ (.07 abede
NT (umol/L) 0.012+0.003  0.052+0.006°  0.024 + 0.005%® 0.051 £0.007*  0.060 +0.008*  0.087 + 0.007%4  0.033 £ 0.00524F
MDA (mmol/L) 1.33 £0.07 5.12+£027° 3.55+£0.19® 5.33+0.32% 5.25+0.38% 7.88 & (.3]2bcde 3.70 £ (0.33abdet
sVCAM-1 (ng/L) 2.11+0.22 4.76 + 0.46° 3.83 £0.39%® 4.55+0.39* 4.63 +0.39* 4.82 £ 0.40* 4.04 £ 0.40°
sICAM-1 (ng/L) 4.62 +0.51 10.21 £0.72° 7.66 +0.78® 9.35+0.88%* 9.82 +£0.73% 9.99 £ 0.97* 8.74 £ 0.90°
IL-6 (ng/L) 152.4 £15.21 316.8 +31.7° 252.5£20.12% 327.5 £29.6* 333.2+£354%  421.6 +£28.3%d 2525+ 2(),]2bdt
IL-1 beta (pg/mL) 352.2+£21.65 578.9 +52.8° 449.1 +34.93%® 566.7 & 49.2% 572.1 £56.4% 6922 +51.2%4 4354 +4(),] [ddt
Urea (mg/dL) 30.1 +£3.12 62.1 £5.33° 46.1 £4.31%® 56.7 £6.21% 59.9 £ 6.77° 445 £4.21® 47.2 £4.00%
Creatinine (mg/dL) 0.32 +0.06 1.82+£0.12° 1.42 £ 0.09% 1.66 £0.13% 1.59 £0.15° 1.40 £0.10%® 1.45+£0.13%®

Statistical analyses were performed using one—way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n = 7-8 rats
per group. *p < 0.05 when compared to naive. " p < 0.05 when compared to NC. ¢p < 0.05 when compared to ROSU. 9p < 0.05 when compared to OJ 19 mg/kg. ¢p <
0.05 when compared to OJ 56 mg/kg. ' p < 0.05 when compared to OJ 168 mg/kg. OJ: hypertensive animals that received different doses of alligator oil + atherogenic
diet; OP: hypertensive animals that were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) +
atherogenic diet; Naive: Normotensive animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 8. Effects of oral prolonged treatment with OJ (19, 56, and 168 mg/kg), OP (56 mg/ kg) and rosuvastatin (ROSU) on relative organ weight

Parameter Naive NC ROSU 0J 0J oJ or

(5 mg/kg) (19 mg/kg) (56 mg/kg) (168 mg/kg) (56 mg/kg)
Liver 3.02+0.29 4.86 +0.37* 5.09 £ 0.42* 4.89 £0.19* 4.73 £0.33* 4.78 £0.27 4.87 £0.20°
Right kidney 0.33 +£0.02 0.35+£0.03 0.34 +£0.03 0.32+0.02 0.34 +£0.02 0.37 £0.05 0.33 £0.03
Left kidney 0.32+0.02 0.34 +0.03 0.35+0.03 0.33 £0.02 0.33£0.01 0.34 +0.03 0.35+0.05
Heart 0.23 +£0.02 0.35+0.03* 0.35+0.02* 0.34 £0.02° 0.34 £0.03* 0.34 £0.02° 0.35 £0.02*

Statistical analyses were performed using one—way ANOVA followed by Bonferroni. Values are expressed as mean £ SEM (standard error of the mean). n = 7-8 rats
per group. * p <0.05 when compared to naive. OJ: hypertensive animals that received different doses of alligator oil + atherogenic diet; OP: hypertensive animals that
were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive
animals treated with vehicle (tween); NC: negative control; hypertensive rats treated with vehicle + atherogenic diet.



Table 9. Effects of prolonged oral treatment with OJ (19, 56, and 168 mg/kg), rosuvastatin (ROSU) and OP (56 mg/kg) on cardiac and arterial

morphometry
Parameter Naive NC (SRn(l)gS/Eg) 19 z;/kg) (56 g;/kg) (16821Jg/kg) (56 gllg)/kg)
LV wall thickness (mm)  0.970.13  1.48 + 0.37° 141034 125+028 143 £ 026" 132+0.18 132 =038
RV wall thickness (mm) ~ 0.56=0.14  0.92 +0.17° 1.13 +0.43° 130£026°  0.98 £0.16° 0.99 £ 0.17° 1,09 £ 0,09°
IS thickness (mm) 173036  2.39+0.38° 272 £0.25 275£041°  2.84+036" 2.99 +0.24° 2.75 £ 0.46
IMT-LCCA (mm) 0.62£0.08  0.81 =0.09° 0.63 +0.10 0.95+0.11°  0.84+0.12% 0.71+0.12 0.79 £ 0.18
IMT-LSA (mm) 0.49£0.07  0.92+0.07° 0.55 +£0.08" 0.87£0.09°  0.87£0.11% 0.72£0.16 0.70 £ 0.19

Statistical analyses were performed using one-way ANOVA followed by Bonferroni. Values are expressed as mean + SEM (standard error of the mean). n = 7-8 rats
per group. *p < 0.05 when compared to naive. ® p < 0.05 when compared to NC. ¢p < 0.05 when compared to ROSU. OJ: hypertensive animals that received
different doses of alligator oil + atherogenic diet; OP: hypertensive animals that were treated with fish oil + atherogenic diet; ROSU: hypertensive animals that were
treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive: Normotensive animals treated with vehicle (tween); NC: negative control; hypertensive rats treated
with vehicle + atherogenic diet. AA: aortic arc; IS: interventricular septum; IMT-LCCA: intima-media thickness of left common carotid artery; IMT-LSA: intima-
media thickness of left subclavian artery; LV: left ventricle; RV: Right ventricle.



Legend to figures

Figure 1. Representative histological sections of the heart and liver in different experimental
groups: NAIVE, CN, ROSU, OJ (19, 56, and 168 mg/kg), and OP (56 mg/kg). OIJ:
hypertensive animals that received different doses of alligator oil + atherogenic diet; ROSU:
hypertensive animals that were treated with rosuvastatin (Smg/kg) + atherogenic diet; Naive:
Normotensive animals treated with vehicle (tween); NC: negative control; hypertensive rats
treated with vehicle + atherogenic diet. In heart, the black arrows show an area of ischemic
necrosis. In liver, the arrowheads present lipid droplets. In liver, the asterisks indicate cell

death with mild inflammation.

Figure 2. Representative histological sections of the left common carotid and left subclavian
arteries in different experimental groups: NAIVE, CN, ROSU, and OJ (19, 56, and 168
mg/kg). OJ: hypertensive animals that received different doses of alligator oil + atherogenic
diet; ROSU: hypertensive animals that were treated with rosuvastatin (5mg/kg) + atherogenic
diet; Naive: Normotensive animals treated with vehicle (tween); NC: negative control;
hypertensive rats treated with vehicle + atherogenic diet. In carotid artery, the black arrow

indicates the presence of a lipid streak.
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7.1 Aprovacio do Comité de Etica do Uso de Animais em pesquisa (CEUA)

MINISTERIO DA EDUCACAO
FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
FPRO-REITORIA DE ENSINO DE POS-GRADUACAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

Dourados-MS, 8 de setembro de 2022.

CERTIFICADO

Certificamos que a proposta intitulada "INVESTIGACAO DOS EFEITOS
HIPOLIPEMIANTES E ANTIATERATOGENICOS DO OLEO DA CARCACA DO
JACARE (Caiman yacare L.) EM RATOS ESPONTANEAMENTE
HIPERTENSOS SUBMETIDOS A DIETA ATEROGENIC. “ registrada sob o
protocolo de n? 23/2022, sob a responsabilidade de Arquimedes Gasparotto
Junior - que envolve a produgdo, manutencdo efou utilizacde de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de
pesquisa cientifica (ou ensinc), encontra-se de acordo com os preceitos da Lei n©
11.794, de 08 de outubro de 2008, do Decreto n° 6.899, de 15 de julho de 2009,
e com as normas editadas pelo Conselho Nacional de Controle da Experimentacao
Animal (CONCEA), e foi aprovada pela Comissac de Etica no Uso de Animais
(CEUA/UFGD) da Universidade Federal Da Grande Dourados, em reunido de
11/08/2022.

Finalidade ( ) Ensinc (X ) Pesguisa Cientifica
gﬁs‘:ﬁ; do projeto de | 44 /10/2022 2 01/08/2023
Espécie/linhagem/raca Rattus norvergicus - Ratos Wistar e SHR
NO de animais 60 animais (10 Wistar e 50 SHR)
Peso/idade 300g / 3 meses

Sexo machos

Procedéncia Biotério Central UFGD

Daniela Torres Cantadori
Coordenadora em exercicio CEUA/UFGD

1761 — Vila Progresso

Comussdao de Etica no Uso de




7.2 ICMBio



Ministério do Meio Ambiente - MMA
Institutn Chico Mendes de Conservacao da Biodiversidade - ICMBio
| Sislema de Aonzagio e Informagio em Bodversidade - SISEIO

Autorizacdo para atividades com finalidade cientifica
Mimera: 586811 | Data da Emissio: 04052017 11:33 | Data para Revalidago®: 03062018
~ D& acCede Com O ar. 26 da IN 0302014, B5ia Sulizagin Bm prazn de vaidade equivalents 30 previsio o Conograma de atividades 00 pietn,

mi36 deverd Ber revaildada anualmente mediamie 3 apresentacdo do relatono de alividases a ser enviado por melo o Sisbio no prazo de 3% 30 dias
a contar da dala do aniversario de sua emissdo.

Dados do titular

Nama: Leandns Nogueira Pressinatt CPF: 250,492 368-52
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