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Avaliacéo do efeito antilitiasico e nefroprotetor do sobrenadante etanolico
do infuso de Costus spicatus (Jacq.) Sw.

RESUMO
A Lesdo Renal Aguda (LRA) é um processo de etiologia variada, caracterizado pela perda
abrupta da funcdo renal. A nefrolitiase, por sua vez é a formacdo de pedras originarias da
precipitacdo de sais pouco sollveis de urina concentrada. Com a intencdo de aprimorar as
pesquisas cientificas e objetivando aumentar o conhecimento a respeito das nefropatias, foram
desenvolvidos diversos modelos experimentais para o estudo das doengas, como 0 modelo de
LRA por rabdomidlise induzida por glicerol em animais e a cristalizacdo in vitro por
precipitacdo de oxalato de célcio, para estudos relacionados a nefrolitiase. Empregadas como
substratos na industria de medicamentos ou em seu uso popular e tradicional as plantas
representam uma faceta importante no tratamento de doencas. A Costus spicatus (Jacq.) Sw.,
comumente chamada de “Cana-do-Brejo” ¢ usada popularmente para doengas do aparelho
urinario e como diurético e depurativo. Portanto, o objetivo deste estudo foi realizar
investigacdo fitoquimica e farmacoldgica de C. spicatus em modelo de LRA em ratos Wistar
machos e em modelo de cristalizaco in vitro para nefrolitiase. O material vegetal coletado na
regido de Dourados-MS foi seco e moido, a extracdo foi feita com agua fervente, seguida de
extracdo com etanol, para obtencdo do Sobrenadante Etandlico do Infuso de C. spicatus
(SEICS). Para determinar a composic¢éo fitoquimica do SEICS foi utilizada a cromatografia
liquida ultra rapida acoplada a detector por arranjo de diodos e a espectrometro de massas (LC-
DAD-MS). Para a execucdo do experimento in vivo, foram utilizados 48 ratos Wistar, divididos
em seis grupos (n=8). Durante cinco dias, trés grupos receberam administracdo do SEICS (30,
100 e 300 mL/kg/dia); outro grupo recebeu acido ascorbico (200 mg/kg) para controle positivo
e outros dois grupos receberam solucdo salina. Subsequente ao tratamento, 0s animais
receberam uma injecdo intramuscular de glicerol a 25% na dose de 10 mL/kg. Apos a indugédo
de LRA foram aferidas a presséo arterial e a reatividade renal; realizou-se coletas de amostras
de soro e os rins foram extirpados para analise histopatologica e avaliacdo do potencial
antioxidante, por meio das analises das enzimas catalase (CAT) e superoxido dismutase (SOD),
bem como os niveis de lipoperoxidacdo (LPO). As coletas de urina de 24 horas ocorreram nos
dias 0, 3, 5 e 7. Outros 25 animais foram utilizados para investigacdo da atividade diurética
aguda e prolongada do SEICS (30, 100 e 300 mL/kg/dia). Para a avaliagdo do efeito
antilitiasico, utilizou-se amostras de urina de humanos. Trés amostras receberam a adi¢do do

SEICS (0,05; 0,5 e 5 mg/mL) e passaram pelo processo de cristalizacdo por precipitacdo de



oxalato de célcio concomitantemente as amostras controle. Apos a cristalizagdo, foi calculado
o indice de Turbidez (IT) e estimados o nimero e tamanho dos cristais. Os resultados indicaram
a presenca 25 compostos fitoquimicos no SEICS, e as principais classes de metabolitos foram
flavonodides, saponina esterdide e éacidos organicos. Houve uma reducdo significativa na
excrecdo de ureia e creatinina urinarias no grupo com LRA sem tratamento, além de danos
histopatologicos consideraveis (tumefacdo, vacuolizagcdo, necrose do epitélio tubular
contorcido proximal e infiltrado inflamatdrio). Os animais com LRA sem tratamento
apresentaram oliguria, o SEICS preveniu a ocorréncia da oliguria nas diferentes dosagens. A
dose de 30 mg/kg demonstrou efeito significativo de nefroprotecdo ao aumentar a excrecdo
urinéria de ureia, creatinina, sddio, calcio e cloro ap6s a inducéo da LRA. Os animais tratados
com a dose de 300 mg/kg apresentaram lesfes histopatoldgicas menos severas. O &cido
ascorbico ndo apresentou efeito nefroprotetor nos parametros analisados. Identificou-se uma
possivel acdo antioxidante do SEICS em detrimento do aumento de SOD (dose de 30 mg/kg) e
CAT (doses de 100 e 300 mg/kg) nas amostras de rins. Os resultados ndo identificaram
atividade diurética da planta. O SEICS foi capaz de reduzir significativamente a area dos cristais
de oxalato de calcio, além de reduzir a propor¢do dos cristais monohidratados e diminuir a
agregacao dos cristais 24 horas depois. Em suma, a dose de 30 mg/kg do SEICS apresentou
efeito positivo sobre os pardmetros urinarios, e as diferentes doses impediram a ocorréncia da
oligdria, além de demonstrarem efeito antioxidante nos rins; a C. spicatus também apresentou
acao antilitiasica por reduzir significativamente o crescimento e a agregacao dos cristais (in
vitro), além de dificultar a formacdo dos cristais monohidratados, 0 que corrobora o uso popular

da planta para doencas do trato urinario.

Palavras-chave: Nefropatias. Rabdomiolise. Plantas Medicinais. Lesdo Renal Aguda.
Nefrolitiase



Evaluation of the antilithiatic and nephroprotective effect of the ethanol-

soluble fraction of Costus spicatus (Jacq.) Sw.

ABSTRACT
Acute Kidney Injury (AKI) is a process of varied etiology, characterized by the abrupt loss of
renal function. Nephrolithiasis, on the other hand, is the formation of stones originating from
the precipitation of poorly soluble concentrated urine salts. With the intention of improving the
scientific research and aiming to increase the knowledge about the nephropathies, several
experimental models of diseases were developed, such as the glycerol-induced rhabdomyolysis
model in animals and the in vitro crystallization by sodium oxalate precipitation, for studies
related to nephrolithiasis. Used as substrates in the drug industry or in their popular and
traditional use, plants represent an important and more accessible facet in the treatment of
disease. Costus spicatus (Jacq.) Sw., commonly called "Cana do brejo™ is popularly used for
urinary tract diseases and as a diuretic and purifier. Therefore, the aim of this study was to
investigate phytochemical and pharmacological effects of C. spicatus in an AKI model in male
Wistars rats and upon an in vitro crystallization model for nephrolithiasis. The plant material
was collected in Dourados-MS region, it was oven dried and ground, extraction was made with
boiling water, followed by ethanol extraction, to obtain the ethanol-soluble fraction of C.
spicatus (ESCS). To determine the phytochemical composition of ESCS, ultra-fast liquid
chromatography coupled to a diode array detector and a mass spectrometer (LC-DAD-MS) was
used. In vivo experiment used 48 Wistars rats, divided into six groups (n=8). During five days,
three groups received ESCS administration (30, 100 and 300 mL/kg/day), another group
received ascorbic acid (200 mg/kg) as positive control; two other groups received saline.
Subsequent to treatment, the animals received an intramuscular injection of 25% glycerol (10
mL/kg). After AKI induction, blood pressure and renal reactivity were measured; serum
samples were collected and the kidneys were excised for histopathological analysis and
evaluation of the antioxidant potential, through the analysis of the enzymes catalase (CAT) and
superoxide dismutase (SOD), as well as the levels of lipoperoxidation (LPO); 24-hour urine
collections were performed at days 0, 3, 5 and 7. Others 25 animals were used to investigate
the ESCS acute and prolonged diuretic activity (30, 100 and 300 mL/kg/day). To evaluate the
antilithiatic effect, human urine samples were used, three samples received the addition of
ESCS (0.05, 0.5 and 5 mg/mL) and underwent the crystallization process by precipitation of
sodium oxalate concurrently with the control samples. After crystallization, the turbidity index



(TI) was calculated and the number and size of crystals in each sample were estimated. The
results show that 25 compounds were annotated from ESCS, and the main metabolite classes
were flavonoids, steroidal saponin and organic acids. There was a significant reduction in
urinary urea and creatinine excretion in the untreated AKI group and considerable
histopathological damage (swelling, vacuolization, necrosis and inflammatory infiltrate).
Animals with untreated AKI presented oliguria, ESCS prevented the occurrence of oliguria at
different dosages. 30 mg/kg dose demonstrated a significant nephroprotection effect by
increasing excretion of urea, creatinine, sodium, calcium and chlorine in the urine after AKI
induction. 300 mg/kg dose presented the least severe histopathological lesions. Ascorbic acid
had no nephroprotective effect on the analyzed parameters. A possible antioxidant action of
ESCS was identified due to the increase in SOD (dose of 30 mg/kg) and CAT (doses of 100
and 300 mg kg) in kidneys samples. Results did not identify the plant's diuretic activity. ESCS
was able to reduce significantly the calcium oxalate crystals area; it also reduces the proportion
of the monohydrate crystals and decreases the aggregation of the crystals 24 hours later. In
conclusion the 30 mg/kg dose of ESCS had a positive effect on urinary parameters, and the
different doses prevented the occurrence of oliguria, in addition to demonstrating an antioxidant
effect on the kidneys. C. spicatus had an antilithiatic action by significantly reducing the growth
and aggregation of crystals (in vitro), in addition to hindering the formation of monohydrate

crystals; which corroborates the popular use of the plant for urinary tract diseases.

Keywords: Kidney Diseases. Rhabdomyolysis. Medicinal plants. Acute Kidney Injury.
Nephrolithiasis.
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1 INTRODUCAO

A Lesdo Renal Aguda (LRA), anteriormente denominada Insuficiéncia Renal Aguda
(IRA), é um processo de etiologia variada, caracterizado pela perda abrupta da funcéao renal,
cursando por aumento acelerado da concentracdo de creatinina sérica (CrS), residuos
nitrogenados e incapacidade do rim em regular adequadamente a homeostase dos liquidos e
eletrélitos (CHARLTON; PORTILLA; OKUSA, 2014). A incidéncia da LRA adquirida na
comunidade é de 400 por 100.000 pessoas por ano e essa condi¢do determina até 30% das
internacdes em unidades de terapia intensiva (CHEUNG; PONNUSAMY; ANDERTON, 2008;
HSU et al., 2007). Pacientes que sobrevivem a LRA devem ser acompanhados com o passar
dos anos, pois esta comprovado o possivel declinio de suas func@es renais, podendo até evoluir
para a Doenca Renal Cronica (DRC) (LAl et al., 2012).

Com a intencdo de aprimorar as pesquisas cientificas e objetivando aumentar o
conhecimento a respeito da LRA, foram desenvolvidos diversos modelos animais de indugéo a
LRA. Um modelo de inducdo de LRA bastante utilizado e de simples reproducéo é a injecdo
intramuscular de glicerol, o que induz rabdomiolise (BELLOMO et al., 2004). A rabdomidlise
é o rompimento das células musculares e consequente extravasamento de mioglobina para o
meio extracelular, originando LRA por isquemia renal e nefrotoxicidade da mioglobina,
resultando também em estresse oxidativo, peroxidacdo lipidica da célula tubular proximal e
necrose tubular na area cortical (HOMSI; JANINO; DE FARIA, 2006).

Outra doenca renal que afeta 10 a 12% dos homens e 5 a 6% das mulheres é a
nefrolitiase, a qual ndo apresenta alto indice de mortalidade, no entanto, acarreta grandes custos
a sociedade por intermédio do seu custo de tratamento, internagdes e afastamento de trabalho
dos seus portadores (EDVARDSSON et al., 2013; GAMBARQO et al., 2004). A nefrolitiase é
a formacéo de pedras originarias da precipitacdo de sais pouco sollveis de urina concentrada
(MOE, 2006).

Os tratamentos dessas doencas podem ser bastante onerosos aos sistemas de salde,
podendo cursar com tratamento farmacologico, internac@es, dialise e cirurgias; sendo assim, 0s
estudos atuais objetivam principalmente aprimorar e identificar novas alternativas de
tratamento e prevencdo. Empregadas como substratos na industria de medicamente ou em seu
uso popular e tradicional as plantas representam uma especificidade importante no tratamento
de doengas. Cerca de 85% dos habitantes de paises em desenvolvimento fazem o uso de plantas

ou praticas da medicina tradicional para seus cuidados de satude (BRASIL, 2016).
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Dentre a ampla variedade de espécies de plantas usadas para o tratamento de salde esta
a Costus spicatus, comumente chamada de “Cana-do-Brejo”, “Canafistula” ou “Canarana” no
Brasil; € encontrada em areas tropicais e subtropicais, pincipalmente em ambientes umidos.
Segundo informacGes etnofarmacolégicas, suas folhas, raizes e rizomas sao utilizados para o
tratamento de inflamacdes, infecgdes, Ulceras cutaneas, nefrolitiase, diabetes, diarreia,
infeccbes do trato urindrio e como diurético e depurativo (DA SILVA; BERNARDO;
PARENTE, 2000).

Diante do exposto o objetivo desse trabalho foi avaliar o efeito protetor da C. spicatus
sobre a LRA induzida por glicerol em ratos Wistar e a litiase urinaria em modelo in vitro,

investigando assim as propriedades nefroprotetoras a ela atribuidas pelo uso popular.

2 REVISAO DE LITERATURA

2.1 Lesdo Renal Aguda

A LRA é um processo de etiologia variada caracterizado pela perda abrupta da funcéo
renal, cursando por aumento da concentracao de CrS e residuos nitrogenados e incapacidade do
rim em regular adequadamente a homeostase dos liquidos e eletrolitos. Anteriormente dava-se
a esse quadro o nome de IRA, no entanto, o termo lesdo é mais adequado a fisiopatologia do
quadro (AL ASMARI et al., 2017; CHARLTON; PORTILLA; OKUSA, 2014).

A incidéncia da LRA adquirida na comunidade é de 400 por 100.000 pessoas por ano e
essa condicdo determina até 30% das internacGes em unidades de terapia intensiva; apesar da
reversibilidade, a mortalidade dos pacientes com LRA pode chegar a 50% (CHEUNG;
PONNUSAMY; ANDERTON, 2008; HSU et al., 2007; LIANO; PASCUAL, 1996).

A LRA pode ser desencadeada por diversas doencas ou situacfes como a desidratacéo,
a faléncia cardiaca, cirurgias, isquemias, anestesias, sepse, uso de diuréticos, obstrucdes dos
tubulos renais, traumas, hemorragias, uso de antibiéticos, doencas hepaticas, rabdomidlise,
entre outras. Em paises em desenvolvimento, os fatores causais mais da LRA incluem diarreia
com desidratacdo, doencas infecciosas, aborto séptico, contrastes radioldgicos, medicamentos
naturais e venenos de animais pegonhentos (HULTSTROM; BECIROVIC-AGIC; JONSSON,
2017; LOMBARDI et al., 2008).

No Brasil, entre agosto de 2018 e agosto de 2019, 127.061 internag6es foram registradas
no Sistema Unico de Satde (SUS) motivadas por insuficiéncias renais (incluindo LRAs e
insuficiéncias renais ndo especificadas), 8.132 delas na regido Centro-Oeste e 267

especificamente na cidade de Dourados. O custo referente aos gastos hospitalares dessas
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internagdes no Brasil chegou a R$ 386.006.399,40. Nesse mesmo periodo foram registrados
15.838 obitos por insuficiéncias renais no SUS (DATASUS, 2019).

A disfuncdo renal pode ser classificada em trés niveis, segundo as caracteristicas
sugeridas pelo RIFLE (Risk, Injury, Failure, Loss, and End-Stage Renal Failure) (2004), sigla
em inglés para risco de disfuncéo renal, injaria ao rim, faléncia da funcéo renal, perda da fungéo
renal e estagio final da doenca, que seriam basicamente o risco, a injdria e a falha; e ainda
existem duas classes de resultados: perda da fung&o renal e doenga renal terminal (BELLOMO
et al., 2004).

Subsequentemente a essa classificacao, outras duas formas de classificar a LRA foram
propostas e sdo conhecidas como AKIN (Acute Kidney Injury Network) (2007), sigla em inglés
para Sociedade de Lesdo Renal Aguda e KDIGO (Kidney Disease: Improving Global
Outcomes) (2014), sigla em inglés para Doenga Renal: Melhorando os Resultados Globais; em
ordem cronoldgica de criagdo. Essas novas classificages sugerem a categorizagdo da LRA em
estagios, considerando o nivel de creatinina sérico, débito urinario e o recebimento de terapia
renal substitutiva (KIM et al., 2017). Os critérios para a classificacdo de LRA segundo cada
entidade supramencionadas estdo detalhados na Tabela 01 (MACHADO et al., 2014)

As diretrizes propostas pelo KDIGO definem LRA como uma diminuigédo abrupta da
funcdo renal que ocorre durante um periodo de até sete dias, e a DRC é definida por
anormalidades na estrutura ou funcédo renal que persistem por mais de 90 dias (LEVEY et al.,
2005). No entanto, os dados mais recentes sugerem que exista uma continuidade entre as
doencas, ja que pacientes que sdo acometidos por um episddio de LRA apresentam riscos
aumentados para o desenvolvimento de DRC ou piora da DRC subjacente (CHAWLA et al.,
2014).

Existe uma sobreposicdo entre os fatores de risco para LRA e DRC (idade, raca,
hipertensdo, diabetes, etc.), além disso os desfechos também podem ser semelhantes (eventos
cardiovasculares e renais, estagio final de doenca renal, morte). Sendo assim, existem alguns
fatores modificadores de doenca, como a severidade da lesdo renal, o estagio da doenca cronica,
0 namero e duracdo dos episodios e o grau de proteindria; que propiciam a continuidade entre

as duas doencas como esquematizado na Figura 1.
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Classificacao Crzlgl'_l'IIE:G Estagio AC}; ISN Estagio K[C):Irgo
Risco Aumento de CrS em 1,5 x 1 AumentodeCrS>03 1 Aumento de CrS > 3,0
ou diminuicdo >25% de mg/dL ou > 150% a mg/dL dentro de 48 horas
TFG (dentro de 7 dias) 200% do nivel basal ou aumento de CrS entre
(dentro de 48 horas) 15 a 1,9 x do basal
ocorrido dentro de um
periodo de 7 dias
Injaria Aumento de CrS em 2,0 x 2 Aumento de CrSentre 2  Aumento de CrS entre 2,0
ou diminuicdo >50% de 200% e 300% do nivel a 2,9 x do basal
TFG basal
Faléncia Aumento de CrS em 3,0 x 3 AumentodeCrSmaior 3  Aumento de CrS de 3,0 x
ou diminuigdo >75% de que 300% do nivel do basal ou CrS > 4,0
TFG ou CrS = 4,0mg/dL basal ou CrS >4,0 mg/dL ou inicio de terapia
ou aumento agudo = mg/dL com aumento renal substitutiva
0,5mg/dL agudo de no minimo
0,5 mg/dL ou inicio de
terapia renal
substitutiva
Perda Persisténcia da faléncia
renal aguda = completa
perda da fungdo renal > 4
semanas
Estagio Final Estdgio final da doenca

da Doenga renal (>3 meses)

Renal

Fonte: Adaptado de Bellomo et al., 2004 e Machado et al., 2014. RIFLE: Risk, Injury, Failure, Loss, and End-
Stage Renal Failure; AKIN: Acute Kidney Injury Network; KDIGO: Kidney Disease: Improving Global
Network: CrS: creatinina sérica; TFG: taxa de filtracdo glomerular

Lesdo Renal Aguda

Fatores de risco

* ldade

* Racgaou etnia

* Fatoresgenéticos

* Hipertensao

* Diabetes mellitus

* Sindrome metabdlica

Modificadores de doenga
* Severidade da lesdo renal aguda

Estagio da doenga renal cronica

* Numero de episédios
* Duragdo da lesdo renal aguda

Proteinuria

Desfechos

Eventos cardiovasculares
Eventosrenais

Estagiofinal de doenga renal
Incapacidade

Diminui¢do de qualidade de vida
Morte

Doenga Renal Cronica

Figura 1. Relagdes entre Lesdo Renal Aguda e Doenga Renal cronica. Fonte: Adaptado de

Chawla et al. (2017).
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Ja esta esclarecido que existe um declinio estavel das funcGes renais subsequente a leséo
aguda, onde a taxa de filtracdo glomerular (TFG) pode declinar do nivel basal até estagios
avancados de DRC (LAl et al., 2012). Para tanto, recentemente foi proposta uma denominagao
para o quadro fisiopatoldgico de progressdo de danos renais posteriores a LRA. Esse quadro
enquadra o periodo entre o sétimo dia de LRA e o nonagésimo dia de persisténcia de danos
renais, que delimita o minimo de tempo para a caraterizacdo da DRC. Essa doenca seria
conhecida como Doenca Renal Aguda (DRA), entretanto ainda séo escassas as pesquisas que
propiciam a compreenséo da epidemiologia, mecanismos e gestdo da mesma (CHAWLA et al.,
2017).

Os pacientes que sobrevivem a LRA devem ser acompanhados continuamente apés a
alta, visto que, mesmo apds o reestabelecimento de suas fungbes renais, esse paciente pode
desenvolver um declinio progressivo de fungdo renal ao longo dos anos (LAl et al., 2012).
Também existe a probabilidade aumentada desses pacientes desenvolverem eventos
cardiovasculares adversos a longo prazo, como arritmia, isquemia miocardica, insuficiéncia
cardiaca e parada cardiaca (CHUASUWAN; KELLUM, 2012).

A LRA representa um importante intensificador dos custos relacionados ao cuidado de
salde em pacientes hospitalizados. Estdo associados ao aumento significativo desses custos
alguns fatores como a gravidade da LRA, a necessidade de terapia renal substitutiva e a falta
de recuperacdo renal. Sendo que, em pacientes que sobrevivem a LRA, esses custos ainda
persistem com a necessidade de acompanhamento mediante a possivel progressdo da doenca
renal. Estratégias para identificar, prevenir e facilitar a recuperagdo dos rins sdo necessarias
(COLLISTER et al., 2017).

2.2 Urolitiase

A formacdo de célculos dentro do sistema coletor do rim (nefrolitiase) ou em outras
localizagBes do sistema urinario (urolitiase), € uma condicdo clinica que afeta diversas
populac6es mundialmente (YASUI et al., 2017). A formacao desses calculos depende de fatores
geograficos, climaticos, étnicos, dietéticos, genéticos, sedentarismo, saturacdo e desequilibrio
de pH urinario (SHARMA,; FILLER, 2010). A Tabela 02 define a classificacdo dos calculos
segundo sua etiologia.

Apesar de ndo apresentar alto indice de mortalidade, a urolitiase acarreta grandes custos
a sociedade por intermédio do seu custo de tratamento, internacdes e afastamento de trabalho
dos seus portadores (GAMBARQO et al., 2004).
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Tabela 02 — Classificagdo de célculos urinarios segundo etiologia

Classificacéo Constituicéo

Pedras na auséncia de infecgGes Oxalato de cilcio
Fosfato de calcio, incluindo bruchita e apatita de carbonato
Acido urico
Pedras na presenca de infeccéo Fosfato de magnésio e amonio
Apatita de carbonato
Urato de amdnio
Pedras de causas genéticas Cistina
Xantina
2,8-di-hidroxiadenina

Pedras causadas por drogas Variada

Fonte: Adaptado de Tiirk et al., 2016 (TURK et al., 2016)

A nefrolitiase afeta cerca de 10 a 12% dos homens e 5 a 6% das mulheres e é mais
frequente em adultos entre 40 e 50 anos (EDVARDSSON et al., 2013; STAMATELOU et al.,
2003). No Brasil, foram relatas 92.252 internac6es por urolitiase, 0 que acarretou um gasto total
de R$ 49.212.343,69 aos hospitais que atendem pelo SUS. Em Mato Grosso do Sul, foram
relatadas 1.409 internagbes; 39 somente em Dourados, segundo pesquisa realizada pelo
Ministério da Saude no ultimo ano (DATASUS, 2019).

O célculo é composto por uma parte organica constituida por proteinas (nefrocalcina,
hemoglobina, osteoporina, entre outras), e outra parte inorganica formada por sais de calcio,
acido urico, cabonato de aménia e magnésio, entre outros (MOE, 2006). Atualmente tém-se
observado uma tendéncia no aumento de pedras formadas por &cido urico (de 7% em 1980 para
15% em 2015), cujos portadores tém idade mais avancada, maiores indices de Massa Corporal
(IMCs) e menores pHs urinario, porém, 80% dos calculos sdo formados por oxalato de célcio
(XU et al., 2017; YASUI et al., 2017).

A precipitacdo desses sais pouco sollveis é proveniente da producdo de urina
concentrada, o que ocorre naturalmente na fisiologia renal, no entanto, os cristais que ndo sdo
excretados na urina, sdo os que originam a urolitiase ou nefrolitiase. As pedras menores de 5
mm geralmente sdo excretadas sem intervencdo médica, pedras maiores podem necessitar de
remocao (MOE, 2006).
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Os estudos ja sugeriam que a nefrolitiase era precursora da DRC em pacientes
portadores de doencas raras, como cistindria e hiperoxalUria primaria, entretanto, recentemente
as pesquisas apontam que os calculos renais também sdo fatores de risco da DRC na populacao
em geral, até mesmo casos de doenga renal terminal (RULE et al., 2009; SIGURJONSDOTTIR
etal., 2015)

O estudo de Alexander et. al. (2012) demonstrou que mesmo um Unico episodio de
calculo renal proporciona aumento significativo na piora do prognostico renal, e ainda ha
evidéncias de que essa relagcdo independa das comorbidades (ALEXANDER et al., 2012;
SIGURJONSDOTTIR et al., 2015). Ademais, outros estudos sugerem que a nefrolitiase
também interfira no aumento da prevaléncia de doengas metabdlicas, como a obesidade, o
diabetes e as doengas cardiovasculares (KOHJIMOTO et al., 2013; WEST et al., 2008).

Em relacdo ao tratamento, para boa parte dos tipos de pedras, modifica¢Ges dietéticas
como ingestao adequada de calcio e restricao de sais de sodio, proteina e oxalato, e a adequacédo
da ingestdo de liquidos sdo as principais medidas de terapia. A terapia farmacoldgica também
pode ser necessaria, incluindo tiazidas, sais de citrato, sais alcalinos e medicamentos usados
para diminui¢do dos niveis de acido Urico. Quanto mais grave a doenca, maiores 0S custos
despendidos para seu tratamento, podendo incluir o tratamento cirdrgico, o que acarreta gastos

consideraveis inerentes a internacdo (ZISMAN, 2017).

2.2.1 Formacao dos célculos

A transformacdo de uma fase liquida para uma fase solida em uma solucdo
supersaturada € conhecida como nucleacdo. Esse processo da inicio a formagdo do calculo com
a coalescéncia dos sais em aglomerados que podem aumentar de tamanho ou unirem-se a outros
aglomerados ou outros componentes (BOSKEY, 1981). A nucleacdo pode acontecer de forma
homogénea, que requer alto grau de saturacdo; ou heterogénea, que € 0 mecanismo mais
provavel na urina, pois ocorre na presenca de proteinas, outros polimeros organicos, ou outros
cristais revestidos com superficies quimicamente ativas (KHAN et al., 2016).

Quando o nucleo de cristais atinge o tamanho ideal e a saturacdo urinaria continua,
inicia-se o processo de crescimento do cristal, 0 que € considerado um pré-requisito para a
formacéo de calculos (FINLAYSON; KHAN; HACKETT, 1984). Existem duas vias basicas
para que esse crescimento aconteca: 0 mecanismo de particulas livres e o de particulas fixas.
No mecanismo de particulas livres os cristais nucleados crescem e se agregam a urina nos
tubulos renais, uma vez retidos nos rins, podem anexar-se ao epitélio tubular. Na presenca da

saturacdo os cristais podem ocluir o ducto coletor. O mecanismo de particulas fixas é a
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formacao de célculos ligados a placas calcificadas na estrutura papilar, chamadas de placas de
Randall. (KHAN et al., 2016).

O processo de unido dos cristais para formar particulas maiores é conhecido como
agregacdo, sendo esse, 0 processo definitivo para a formacdo dos calculos, uma vez que o
crescimento dos cristais é lento, o que impossibilitaria que um Unico cristal atingisse o tamanho
necessario para ser retido no trato urinario. A agregagéo acontece pela ligagdo viscosa do cristal
a outros compostos como a glicoproteina Tamm-Horsfall ou outras macromoléculas
(TSUJIHATA, 2008).

Algumas substancias sdo conhecidas por atuarem como promotores ou inibidores na
formacdo dos célculos. Os inibidores reduzem a formagdo dos célculos por dificultarem a
supersaturacdo, a nucleacéo, o crescimento, a agregacédo do cristal ou qualquer outra fase da
formacédo do célculo. Dentre os inibidores presentes na urina, podemos destacar pequenos
anions organicos como citrato, pequenos anions inorganicos como pirofosfatos, cations
metalicos multivalentes como magnésio ou macromoléculas como osteopontina,
glicosaminoglicanos, glicoproteinas, fragmento de protrombina urinaria-1 e proteinas Tamm-
Horsfall (ALELIGN; PETROS, 2018).

Os inibidores atuam de formas diferentes em cada organismo, podendo impedir a
formacdo dos céalculos ou dificultar seu crescimento, o que também contribui para sua
eliminagdo por meio da urina. Em contrapartida, os fatores promotores, facilitam a formacao
do caélculo, estes incluem os lipidios da membrana celular (fosfolipidios, colesterol e
glicolipidios), oxalato, calcio, sodio, cistina, volume diminuido de urina, entre outros. O
desequilibrio entre os fatores promotores e inibidores da formacdo dos célculos €, geralmente
o responsavel pela urolitiase (ALELIGN; PETROS, 2018).

Os cristais de oxalato de calcio presentes nos calculos ou na urina podem ser de dois
formatos morfoldgicos distintos: os monohidratados e os dihidratados. Os cristais
monohidratados sdo mais comumente encontrados nos célculos renais, enquanto que os cristais
dihidratados sdo mais frequentemente excretados na urina. As caracteristicas estruturais dos
cristais podem explicar essa diferenca; os cristais monohidratados supostamente atuam como
nucleos para a formacgédo dos calculos e sdo mais facilmente retidos nos rins, enquanto que a
estrutura dos cristais dihidratados dificultam a calculogénese. Sendo assim, a formacao de

cristais monohidratados propicia a patogénese da doenga (THURGOOQOD et al., 2010).

2.3 Modelo experimental de LRA
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Ainda existe muito para se avancar no ambito da LRA, portanto, houve aumento de
pesquisas que objetivam prevenir e acelerar a recuperacao nesses casos, 0 que inicia-se em
pesquisas experimentais desenvolvidas por meio de modelos de indugdo de LRA (AL ASMARI
etal., 2017). Os modelos que ocasionam LRA em animais podem ser basicamente classificados
em trés categorias: isquemia, toxinas e sepse, e cada categoria possui suas subclasses. S&o
exemplos de modelos de isquemia: a isquemia a quente e rim isolado e perfundido. Sao
exemplos de uso comum em modelos de toxinas a gentamicina, a cisplatina, o glicerol e a
mioglobina; ja as infusdes bacterianas e a perfuragdo cecal sdo classes de modelos envolvendo
a sepse (BELLOMO et al., 2004).

Um modelo bastante utilizado e de simples reprodugdo é o modelo de indugdo de LRA
por rabdomidlise (BELLOMO et al., 2004). A rabdomiolise é o rompimento das células
musculares e consequente extravasamento de eletrolitos, mioglobina e outras proteinas
sarcoplasmaticas como a creatina quinase, aldolase, lactato desidrogenase, alanina
aminotransferase e aspartato aminotransferase para o meio extracelular. Essa condi¢do pode ser
originaria de traumas, esforco, hipdxia muscular, defeitos genéticos, mudancas de temperatura
corporal, desordens metabdlicas e eletroliticas, farmacos, toxinas e algumas infec¢Ges; podendo
ainda ser de origem idiopatica (BOSCH; POCH; GRAU, 2009).

A prevaléncia de LRA induzida por rabdomidlise é de cerca de 10% entre as LRAS, 0
gue se agrava em épocas de guerras e na ocorréncia de desastres naturais. A incidéncia de LRA
por rabdomidlise ainda é maior em pessoas que fazem uso de drogas ilicitas, abuso de alcool e
portadores de doencas musculares; sendo particularmente maior em pessoas que apresentam
mais de um fator causal (BOSCH; POCH; GRAU, 2009).

2.3.1 Patogénese da LRA induzida por rabdomidlise

A patogénese da rabdomidlise pode estar embasada em trés mecanismos: a) a lesdo
sarcolémica, b) a deplecdo de Adenosina Trifosfato (ATP) no midcito, e ¢) um consequente
aumento desregulado de célcio intracelular, devido ao efluxo de célcio prejudicado pela falta
de ATP (BOSCH; POCH; GRAU, 2009). A alta concentracdo de célcio intracelular persistente,
ativa enzimas citoliticas como hidroxilases, proteases, nucleases e outras, 0 que compromete o
funcionamento das organelas, progride a deplecdo de ATP e libera radicais livres que culminam
no dano celular, e extravasamento do seu conteudo para a corrente sanguinea (PETEJOVA,;
MARTINEK, 2014).

Ainda ndo é bem estabelecido 0 mecanismo que origina a LRA no contexto da

rabdomiolise, mas entende-se que reducdo da filtracdo glomerular esta relacionada a
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vasoconstri¢ao intra-renal, a lesdo direta e isquémica nos tubulos e a obstrucdo tubular; a
nefrotoxicidade da mioglobina desempenha importante papel nesses eventos (BOSCH; POCH,;
GRAU, 2009). A citotoxicidade direta acontece principalmente nos tibulos proximais. Ja 0s
tibulos distais sd@o mais susceptiveis a obstrugdo tubular uma vez que, na presenca da urina
acida, da vasoconstricdo renal e da diminuicdo do fluxo, a mioglobina se precipita quando
interage com a proteina Tamm-Horsfall o que facilita a obstrucdo (ZAGER; GAMELIN, 1989).

A vasoconstricao, fator que também contribui para o desenvolvimento de LRA mediante
a rabdomidlise pode estar relacionada a alguns mecanismos. O sequestro de fluidos ocasionado
pelo dano muscular, por exemplo, estimula a ativacdo do sistema renina-angiotensina,
vasopressina e do sistema nervoso simpatico que promovem vasoconstricdo. Também existem
outros mediadores relacionados a vasoconstricdo renal, como endotelina-1, tromboxano Ay,
fator de necrose tumoral a, F2-isoprostanos e um déficit no vasodilatador Oxido nitrico
(ZAGER; GAMELIN, 1989).

A mioglobina no meio extracelular induz estresse oxidativo e peroxidacdo lipidica da
célula tubular proximal, o que por sua vez, desencadeia liberacdo de citocinas e quimiocinas e
ativacdo de leucaocitos que resultam na necrose tubular na area cortical (HOMSI; JANINO; DE
FARIA, 2006).

Por ser uma proteina heme, a mioglobina contém ferro ferroso, que quando interage com
0 oxigénio, pode ser oxidado em ferro férrico, o que libera um radical hidroxila; dentro das
células esse potencial oxidativo é neutralizado pelos antioxidantes intracelulares; no entanto, o
extravasamento da mioglobina, desencadeia uma liberacdo desordenada de Espécies Reativas
de Oxigénio (EROs) e radicais livres que culminam em lesdo celular (BOSCH; POCH; GRAU,
2009; ZARJOU et al., 2013).

Frente a lesdo renal mediada por dano oxidativo, algumas terapéuticas baseadas no uso
de antioxidantes tém sido pesquisadas, um exemplo é o uso de acido ascorbico (vitamina C),
por ser um potente antioxidante enddgeno de baixo peso molecular. Estudos feitos em animais
apontam efeitos positivos da suplementacdo de &cido ascorbico, tais como a diminuicao de ureia
e creatinina no soro, reducdo de dano tubular, melhora na depuracao de creatinina, relaxamento
da artéria renal e diminuicao de proteinuria e da concentracao de ferro (DENNIS; WITTING,
2017; KORKMAZ; KOLANKAYA, 2009; KOUL; KAUR; SINGH, 2015; USTUNDAG et al.,
2008; ZHU et al., 2016).

O glicerol é um alcool que possui trés hidroxilas, também conhecido como glicerina.
Em modelos experimentais de inducdo de LRA por rabdomidlise, o glicerol € a principal droga

utilizada, por surtir efeito rapidamente, ter baixo custo e facil aplicabilidade. Quando injetado
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intramuscularmente, essa substancia provoca o extravasamento da mioglobina e de outros
componentes da célula muscular para a circulacdo, o que ocasiona um quadro de rabdomidlise
e posterior LRA. A complexa patogénese desse processo envolve a toxicidade da mioglobina,
EROs, inflamagdo, apoptose e o ciclo redox do ferro, no entanto a profilaxia e intervencdes
terapéuticas podem promover a reversdo do quadro (LI et al., 2019).

2.4 Modelo experimental de urolitiase

Os modelos experimentais para o estudo da urolitiase incluem estudos in vitro e in vivo.
Os estudos in vitro avaliam a interferéncia de medidas profilaticas nos processos de nucleacéo,
crescimento e inibicdo da agregacdo de cristais urinarios desenvolvidos. Tais protocolos
fornecem informagdes sobre a fase inicial da doenca e podem contribuir na identificacdo de
medidas de prevencdo, no entanto sdo incapazes simular todos os aspectos da patogénese da
doenca, incluindo as condi¢6es anatdmicas e fisiologicas. Para tanto os modelos in vitro sdo
comumente utilizados para a investigacdo de medidas profilaticas que diminuem a taxa
formacao dos cristais (KHAN, 2018).

O principal fator para a cristalizacdo é a supersaturacdo (condi¢cdo termodinadmica), na
maior parte dos estudos in vitro a cristalizacdo se inicia com a supersaturagédo, todavia outros
fatores exercem influencias consideraveis sobre as taxas de cristalizacdo, como os fatores
promotores ou inibidores e as condigdes termodindmicas do protocolo, tais fatores
influenciadores séo conhecidos como fatores cinéticos. Portanto os modelos experimentais in
vitro devem fornecer condic¢des termodinamicas e cinéticas adequadas para que a cristalizagdo
ocorra (ACHILLES, 1997).

Os modelos que utilizam animais, por sua vez, sdo predominantemente focados em
reproduzir quadros de hipercalcidria e hiperoxaluria. Os modelos incluem a inducéo exogena
(injecdo intraperitoneal ou consumo de agua com oxalato de sddio, acido glicdlico e
etilenoglicol), a modificacdo dietética, cirurgias (resseccdo intestinal e Bypass gastrico) e
modelos mistos (TZOU et al., 2016).

Os modelos in vivo, sdo incapazes de fornecer informacdes sobre a cristalizacdo
diretamente, e os mecanismos de deposi¢cdo dos cristais ainda continua incerto. Sendo assim,
ambos os metodos fornecem informacdes limitadas em determinados aspectos da patogénese

da urolitiase, mas ainda sdo utilizados amplamente para o estudo da doenca (KHAN, 2018).

2.5 Plantas Medicinais
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O termo plantas medicinais refere-se a qualquer planta, que contenha substancias que
podem ser usadas para o fim terapéutico, ou que sdo precursoras para a sintese de drogas Uteis.
Usadas imemorialmente, ainda se apresentam como uma importante faceta nos cuidados a
salde de diversas populagdes. Sua importancia comercial é crescente, 0 comércio global de
plantas medicinais ultrapassou US$ 100 bilhdes por ano em 2013; e entre 2008 e 2013, as
vendas de plantas medicinais dobraram na China, triplicaram na India e cresceram 25% na
Europa (SOFOWORA; OGUNBODEDE; ONAYADE, 2013).

Segundo a Politica e Programa Nacional de Plantas Medicinais e Fitoterapicos (2016),
desde a década de 1970 no Brasil ha incentivo para o uso de plantas medicinais. Embora o
desenvolvimento da medicina moderna seja bem estabelecido, os paises em desenvolvimento
dependem da medicina tradicional, principalmente na atencdo primaria, uma vez que 85% dos
seus habitantes utilizam plantas ou praticas da medicina tradicional para seus cuidados de saude
(BRASIL, 2016).

Empregadas como substratos na inddstria de medicamento ou em seu uso popular e
tradicional as plantas representam uma especificidade importante no tratamento de doencas. Ha
estimativas de que 40% dos medicamentos disponiveis no mercado seja proveniente de recursos
naturais (25% de plantas, 12% de microrganismos e 3% de animais) (CALIXTO et al., 2001).

A atividade medicinal de cada planta esta correlacionada com a presenca de compostos
bioativos classificados entre metabdlitos primarios e secundarios (BRISKIN, 2000). Os
metabdlitos primarios estdo relacionados a processos metabolicos da planta (fotossintese e
transporte de solutos), dentre 0s quais pode-se citar as proteinas, nucleotideos, clorofila e
polissacarideos (BALANDRIN et al., 1985). Em relacdo aos metabdlitos secundarios, existem
trés classes principais: compostos nitrogenados, compostos fenolicos e terpenos. Tais
compostos desempenham funcdo na interacdo entre planta e meio ambiente, atuando como
defensores quimicos da planta, e como perpetuadores da espécie no papel de atrativos e
polinizadores (BRISKIN, 2000).

O uso de plantas medicinais incorpora ndao apenas o tratamento de doencas, mas também
a prevencao. Os cuidados em salde englobam de forma proativa, a promocdo de salde, a
prevencdo de doencas e 0 manejo de doencas cronicas. Sdo consideradas medidas de prevencédo
primaria, a promocao de saude e a prevencdo de doencas; e sdo consideradas medidas de
prevencao secundarias e terciarias aquelas que se concentram no rastreio e diagndstico precoce,
e na prevencao de agravos e complicac0es, respectivamente (SOFOWORA; OGUNBODEDE;
ONAYADE, 2013).
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Com cerca de 60 mil espécies vegetais catalogadas, e a maior diversidade vegetal do
planeta, o Brasil ainda tem muito o que avancar em pesquisas cientificas, visto que
aproximadamente 1.100 espécies foram avaliadas em suas propriedades medicinais. Além da
vasta biodiversidade, o pais ainda conta com a diversidade cultural e étnica dos seus habitantes,
0 que resulta em grande acumulo de conhecimentos e técnicas tradicionais (BRASIL, 2016).

Em estudo realizado na cidade de Dourados-MS, por meio de entrevistas a curandeiros
tradicionais, 71 espécies de plantas foram citadas como medicinais, 20 dessas espécies foram
citadas por sua utilizacdo em doencas do trato urinario. As trés espécies mais mencionadas
pelos curandeiros da regido de Grande Dourados foram a Costus spicatus, a Curcuma zerdoaria
e 0 Phyllanthus niruri, usadas como diuréticos, hipotensores e hipolipemiantes (COELHO et
al., 2019).

2.6 Costus spicatus (Jacg.) Sw.

A ordem Zingiberales, engloba aproximadamente 2.500 espécies de plantas tropicais
divididas em oito familias (Musaceae, Lowiaceae, Strelitziaceae, Heliconiaceae, Zingiberaceae,
Costaceae, Cannaceae e Marantaceae). A familia Costaceae é constituida por sete géneros
(Costus, Cheilocostus, Chamaecostus, Paracostus, Dimerocostus, Monocostus e
Tapeinochilos) e é costumeiramente usada como planta medicinal, ornamental e, em alguns
casos, para o consumo. O género Costus, em particular, apresenta em torno de 109 espécies
(ANDRE et al., 2016).

A espécie Costus spicatus pode ser encontrada no sul do México (Yucatan) Costa Rica,
norte da Colémbia e no Brasil; € uma planta perene, rizomatosa, ereta, ndo ramificada, que pode
apresentar de dois a trés metros de altura. Suas folhas sdo alternas e carticeas, com
inflorescéncias terminais e grandes bracteas vermelhas, que protegem as flores amarelas
(LORENZI; MATOS, 2002).

A C. spicatus, comumente chamada de “Cana-do-Brejo”, “Canafistula” ou “Canarana”
no Brasil, é encontrada em areas tropicais e subtropicais, pincipalmente em ambientes imidos.
Segundo informacgfes etnobotanicas, suas folhas, raizes e rizomas sdo utilizados para o
tratamento de inflamacdes, infeccdes, Ulceras cuténeas, nefrolitiase, diabetes, diarreia,
infeccbes do trato urinario e como diurético e depurativo (DA SILVA; BERNARDO;
PARENTE, 2000; DE ALBUQUERQUE et al., 2007; KELLER et al., 2009).

Quanto a sua composic¢do fitoquimica, a C. spicatus apresenta flavonoides, saponinas,
taninos, alcaloides, triterpenos, polifendis, dentre outros, que conferem a planta atividade
antioxidante (AZEVEDO et al., 2014; PAES; MENDONGCA; CASAS, 2013).
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O estudo de da Silva, Bernardo e Parente (2000) isolou e elucidou a estrutura de dois
novos flavonoides diglicosideos das folhas de C. spicatus chamados de tamarixetina 3-O-
neohesperidina, campferida 3-O-neohesperidina 0s quais apresentaram funcdo anti-
inflamatoria, bem como a ja conhecida quercetina 3-O-neohesperidina, nesse estudo ficou
evidente a acdo inibitdria desses flavonoides sobre a producdo de 6xido nitrico por macréfagos
ativados. A quercetina 3-O-neohesperidina, ainda foi capaz de inibir a leséo tecidual endotelial
por meio do estimulo a sintese de proteinas teciduais.

Devendran e Silvamani (2015) avaliaram a composicao fitoquimica do extrato etanélico
das folhas de C. spicatus, e identificaram 14 constituintes quimicos distribuidos entre as classes
de alcaldides, flavondides, glicosideos, fendis, saponinas, esterois e taninos.

Pereira e Parente (2003) identificaram que as hastes da planta sdo constituidas em 99,5%
por carboidratos e 0,5% por proteinas, os autores ainda identificaram que trés desses glucanos,
que foram investigados e demonstraram efeito sobre o sistema reticuloendotelial; apresentaram
acdo imunomoduladora devido ao estimulo & fagocitose; e ainda inibiram o aumento da
permeabilidade vascular causada por acido acético, o que reforca sua contribuicdo na protecdo
vascular.

Em sua pesquisa, Azhagumadhavan et al. (2019), realizaram anélise fitoquimica de
extratos do rizoma de C. spicatus e identificaram a presenca de alcaloides, carboidratos,
flavonoides, proteinas, aminoacidos, fendis, taninos, glicosideos e esteroides.

Estimulados pelo uso popular da planta, alguns estudos foram publicados atestando as
atividades farmacoldgicas da C. spicatus. Um desses estudos confirmou sua funcdo analgésica,
ao identificar que o extrato metandlico das folhas da planta atenuou a dor induzida por
formalina em camundongos, nas fases neurogénica (0-5 min) e inflamatdria (15-30 min). O
extrato também foi capaz de atenuar a contorcdo induzida por acido acético, e estimulou
significante anti-nocicep¢do nos testes de placa quente e formalina. Tais efeitos, segundo 0s
mecanismos inibitorios centrais (QUINTANS JUNIOR et al., 2010). Resultados parecidos
também foram observados no estudo de Santos et al. (2014).

O estudo de Picanco et al. (2016), também demonstrou a atividade analgésica do extrato
aquoso das folhas de C. spicatus frente a dor induzida pelo veneno da vibora Bothrops atrox
em camundongos, nas fases neurogénica e inflamatoria. O influxo de leucdécitos também foi
analisado por meio da contagem de células na lavagem peritoneal e o extrato da planta reduziu

significativamente o nimero de leucdcitos e o edema, mas nédo foi capaz de inibir a coagulacédo
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provocada pelo veneno em amostras de sangue humano nem reduzir a agdo da fosfolipase A2,
gue € um dos fatores responsaveis pelas lesbes locais provenientes do envenenamento.

Outra pesquisa investigou a atividade farmacoldgica do extrato etanolico dos rizomas
da planta em camundongos com diabetes induzida por estreptozotocina, e observou melhora
significativa no peso corporal, glicemia e insulina plasmética dos animais diabéticos tratados
com o extrato em relacdo aos animais diabéticos ndo tratados; além de mostrar efeito protetor
contra a necrose nos hepatocitos, vacuolizacao e alteracfes estruturais causadas pela diabetes
(MADHAVAN et al., 2019).

Por outro lado, um estudo utilizando camundongos obesos, néo identificou atividade
farmacoldgica hipoglicemiante significativa no cha de C. spicatus. Os animais geneticamente
obesos ndo apresentaram reducdo da glicemia ou melhora na resisténcia a insulina causada pela
obesidade, quando tratados com o cha em concentracdes de consumo crescente no decorrer de
dez semanas. Em discussao, os autores relataram dificuldades em encontrar uma concentracao
ideal do cha para o modelo animal, e também apontaram a severidade da resisténcia a insulina
do modelo utilizado como um dos fatores que podem ter causado a ndo confirmacdo da
atividade hipoglicemiante. Os resultados farmacologicos ndo confirmaram o uso popular
frequente (segunda planta mais relatada) para o tratamento de diabetes pela populacdo de
dominicanos que vivem em Nova York, informacdo essa, que também foi identificada no
mesmo estudo (KELLER et al., 2009).

Para avaliar a atividade antifingica da planta contra cinco tipos de dermatofitos, um
mesmo estudo realizou trés experimentos independentes em duplicata. Os resultados da
cromatografia liquida de alta eficiéncia demonstraram que o extrato aquoso de C. spicatus
apresentava grande quantidade de flavonoides e que este, exibiu atividade antifingica para
todos os dermatofitos estudados (SILVA et al., 2008).

Em pesquisa in vitro, foi identificado importante efeito antimicrobiano da planta (folhas
e caule) contra cepas de Staphylococcus aureus, Escherichia coli e Candida albicans, bem
como forte atividade antioxidante, ambos os efeitos foram correlacionados a presencga de
flavonoides e fenodis (ULIANA et al., 2015). Outro estudo avaliou a interferéncia do extrato
metandlico da planta na inibicdo da enzima lipase pancreética in vitro, e identificou que a planta
possui uma acao inibitoria, 0 que sugere a necessidades de estudos mais aprofundados para
avaliar um potencial efeito adjuvante no tratamento da obesidade e dislipidemias, (SOUZA et
al., 2012).

N&o existem estudos que avaliaram os efeitos de C. spicatus em humanos, bem como,

estudos que identifiguem com clareza sua relacdo com as doencas renais. Também existem
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divergéncias quanto as partes da planta utilizadas popularmente, sendo assim h4 uma grande

lacuna nas pesquisas neste ambito.

3 OBJETIVOS

GERAL
Avaliar o efeito protetor do Sobrenadante Etandlico do Infuso de Costus spicatus (SEICS)

sobre a LRA induzida por glicerol em ratos Wistar e a litiase urinaria em modelo in vitro.

ESPECIFICOS

Realizar a caracterizacdo fitoquimica do SEICS;

Comparar a diferenca entre os efeitos de diferentes doses do SEICS;

Avaliar o efeito da injecdo intramuscular de glicerol sobre a funcéo renal de ratos Wistar
por meio de exames bioquimicos e analises histoldgicas;

Avaliar e comparar os efeitos de cada dose do SEICS, sobre 0s exames bioguimicos e
analises histoldgicas de ratos Wistar com LRA desenvolvida por rabdomidlise;

Avaliar a reatividade vascular renal mediante a LRA induzida por glicerol;

Identificar a agdo antioxidante do SEICS nos rins dos animais com LRA induzida por
glicerol,

Identificar o potencial diurético e natriurético do SEICS;

Avaliar o efeito do SEICS no tamanho e nimero dos cristais formados em modelo de
cristalizacdo in vitro por precipitacdo de oxalato de célcio;

Avaliar o efeito do SEICS no indice de turbidez das amostras de urina em modelo de
cristalizacdo in vitro por precipitacdo de oxalato de calcio;

Avaliar o efeito do SEICS na formacéo de cristais monohidratados e dihidratados nas
amostras de urina em modelo de cristalizacdo in vitro por precipitagdo de oxalato de célcio;

Identificar qualitativamente o efeito do SEICS sobre a agregacédo dos cristais 24 horas

apos a cristalizacdo in vitro.
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Abstract

Ethnopharmacological relevance: Costus spicatus (Jacq.) Sw., also known as “cana-do-brejo,”
is a species that is widely used in Brazilian traditional medicine for the treatment of kidney
diseases. However, no studies have evaluated its nephroprotective and antilithiatic effects.
Aim: To investigate nephroprotective and antilithiatic effects of C. spicatus in a preclinical
model of acute kidney injury (AKI) and in vitro nephrolithiasis.

Materials and methods: C. spicatus leaves were collected directly from the natural environment
in the Dourados region, Mato Grosso do Sul State, Brazil. The ethanol-soluble fraction of C.
spicatus (ESCS) was obtained by infusion. Phytochemical characterization was performed by
liquid chromatography coupled to diode array detector and mass spectrometer (LC-DAD-MS).
We assessed whether ESCS has acute or prolonged diuretic activity. The nephroprotective
effects of ESCS were evaluated in a model of AKI that was induced by glycerol (10 ml/kg,
intramuscularly) in Wistar rats. Different doses of ESCS (30, 100, and 300 mg/kg) were
administered orally for 5 days before the induction of AKI. Urinary parameters were measured
on days 1, 3, 5, and 7. Twenty-four hours after the last urine collection, blood samples were
obtained for the biochemical analysis. Blood pressure levels, renal vascular reactivity, renal
tissue redox status, and histopathological changes were measured. Antilithiatic effects were
evaluated by in vitro crystallization. Calcium oxalate precipitation was induced by sodium
oxalate in urine samples with ESCS at 0.05, 0.5, and 5 mg/ml.

Results: From LC-DAD-MS analyses, flavonoids, saponins and other phenolic compounds
were determined in the composition of ESCS. Significant reductions of the excretion of urinary
total protein, creatinine, sodium, and potassium were observed in the AKI group, with
significant histopathological damage (swelling, vacuolization, necrosis, and inflammatory
infiltration) in the proximal convoluted tubule. Treatment with ESCS exerted a significant

nephroprotective effect by increasing the urinary excretion of total protein, urea, creatinine,
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sodium, potassium, calcium, and chloride. All of the groups that were treated with ESCS
exhibited a reduction of histopathological lesions and significant modulation of the tissue redox
state. We also observed a concentration-dependent effect of ESCS on the crystallization of
urinary crystals, with reductions of the size and proportion of monohydrated crystals.

Conclusion: The data suggest that C. spicatus has nephroprotective and antilithiatic effects,

suggesting possible effectiveness in its traditional use.

Keywords: Acute kidney injury; Costaceae; nephrolithiasis; nephropathy; rhabdomyolysis.
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Abbreviations

AKI: acute kidney injury; ANOVA: analysis of variance; CAT: catalase; CEUA: Ethics
Committee on Animal Use; CFMV: Federal Council of Veterinary Medicine; COD: calcium
oxalate dihydrate crystals; COM: calcium oxalate monohydrate crystals; CONCEA: National
Council for Animal Control and Experimentation; DCT: distal convoluted tubules; DOB: main
absorbance before precipitation; DOT: main absorbance after crystal precipitation; ER:
excretion rate; ESCS: Ethanol-soluble fraction of Costus spicatus; GFR: glomerular filtration
rate; HCTZ: hydrochlorothiazide; LPO: lipid peroxidation; NCG: negative control group; PCG:
positive control group; PCT: proximal convoluted tubules; PSS: physiological saline solution;
SCr: serum creatinine; SD: standard deviation; SOD: superoxide dismutase; TI: turbidity

index; UFGD: Federal University of Grande Dourados.
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1. Introduction

Acute kidney injury (AKI) is a pathological process that is characterized by the abrupt
loss of renal function, leading to an accelerated increase in serum creatinine (SCr) levels and
nitrogenous waste (Charlton et al., 2014). The incidence of community-acquired AKI is 400
per 100,000 per year. This condition is responsible for up to 30% of admissions to intensive
care units (Cheung et al., 2008; Hsu et al., 2007). Patients who survive AKI should be monitored
for years because of the possibility of the continuous decline of kidney function, leading to
chronic kidney disease (Lai et al., 2012).

Another kidney disease, affecting 10-12% of men and 5-6% of women, is
nephrolithiasis. This disease is characterized by the formation of kidney stones that originate
from the precipitation of poorly soluble salts in concentrated urine (Moe, 2006). Although it
does not have a high mortality rate, nephrolithiasis is associated with costs to society in terms
of treatment, hospitalization, and absence from work (Edvardsson et al., 2013; Gambaro et al.,
2004). Treatments for kidney diseases can be quite costly to healthcare systems, including
pharmacological treatment, hospitalization, dialysis, and surgery. Numerous studies have
sought to identify new alternatives for their treatment and prevention. In developing countries,
such as Brazil, an estimated 85% of the population uses traditional medicine for healthcare
(Brazil, 2016). An ethnobotanical study that was performed in the Grande Dourados region,
Mato Grosso do Sul State, Brazil, identified 71 plant species that are routinely used in
traditional medicine (Coelho et al., 2019). Costus spicatus (Jacg.) Sw. (Costaceae) was among

the top three most cited species by healers in the Grande Dourados region, with popular usage

29 ¢ b

reported for urinary tract diseases. Also called “cana-do-brejo,” “canafistula,” or “canarana,’
this species is found in tropical and subtropical areas, especially in humid environments. Some
studies also cite C. spicatus as a treatment for nephrolithiasis and urinary tract infections and

as a diuretic and depurative (da Silva et al., 2000; Keller et al., 2009).
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Phytochemical investigations have revealed the presence of flavonoids, saponins,
tannins, alkaloids, and triterpenes in C. spicatus extracts (Azevedo et al., 2014; Devendran and
Sivamani, 2015; Paes et al., 2013). Silva et al. (2000) isolated and elucidated the structure of
two new flavonol diglycosides (tamarixetin 3-O-neohesperidoside and kaempferide 3-O-
neohesperidoside) in C. spicatus and showed the presence of seven other flavonoids. Previous
pharmacological studies that used different preparations of C. spicatus have reported analgesic,
antiinflammatory (Picanco et al., 2016; Quintans Juanior et al., 2010), and antidiabetic
(Madhavan et al., 2019) effects. Antifungal and antimicrobial activities have also been reported
(Silva et al., 2008; Souza et al., 2012).

Several ethnobotanical studies have suggested diuretic and renoprotective effects of C.
spicatus, but no published data have validated this traditional use. Thus, the present study
investigated the diuretic and nephroprotective effects of C. spicatus in Wistar rats and assessed

its antilithiatic activity by in vitro crystallization.

2. Materials and Methods
2.1. Drugs and reagents

Heparin was purchased from Hipolabor (Belo Horizonte, MG, Brazil). Xylazine and
ketamine hydrochloride were obtained from Syntec (Sdo Paulo, SP, Brazil). Phenylephrine,
hydrochlorothiazide, acetylcholine chloride, sodium nitroprusside, angiotensin Il, dextrose,
NaCl, NaHCOgz, KCI, CaClz, MgSOs, KH2PO4, and ethylenediaminetetraacetic acid (EDTA)

were purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.1. Preparation of the extract
Costus spicatus leaves were collected directly from the natural environment in the

Dourados region, Mato Grosso do Sul State, Brazil, at 430 m above sea level (22°12°02.7” S,
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54°54°38.0” W). A specimen of C. spicatus was deposited in the herbarium of the Federal
University of Grande Dourados (UFGD; no. DDMS 5645). Botanical identification was
performed by Dr. Maria do Carmo Vieira. The plant name is according to The Plant List online

database (http://www.theplantlist.org/; accessed November 30, 2019).

After cleaning in chlorinated water, the plant leaves were dried in an oven at 40°C for 3
days and then ground in a knife mill. Extraction was performed by an infusion of 60 g of the
leaf powder per 1 L of boiling water. After the preparation reached room temperature, absolute
ethanol (3:1; v:v) was added to precipitate proteins and polysaccharides. The resulting ethanol-
soluble fraction (ESCS) was then concentrated using a rotary evaporator and then freeze-dried.
ESCS was resuspended in filtered water immediately before administration (Azevedo et al.,

2014).

2.2. ldentification of the chemical composition by LC-DAD-MS

ESCS was solubilized in methanol and water deionized (7:3, v/v) at concentration 2
mg/mL. This solution was filtered (Millex 0.22 um, PTFE, Millipore) and 8 pL was injected
into the Shimadzu LC-20AD UFLC chromatograph coupled to diode array detector and a mass
spectrometer ESI-QTOF microTOF 11l (BrukerDaltonics, Billerica, MA, USA). The analyses
were monitored between 240-800 nm and acquired in negative and positive ion mode (m/z 120-
1200 and for MS/MS - collision energy 45-65 V). Kinetex C-18 chromatography column
(Phenomenex, 2.6 u, 150 x 2.1 mm) was used. The mobile phase was ultrapure water (Phase
A) and acetonitrile (Phase B) both with 0.1% formic acid. The gradient elution profile applied
was 0-2 min - 3% Phase B, 2-25 min - 3-25% Phase B, 25-40 min - 25-80% Phase B, 40-43
min - 80% B, followed by column washing and reconditioning (5 minutes). The flow rate was

0.3 mL/min and the temperature oven was 50 °C.


http://www.theplantlist.org/
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The data were processed by Data Analysis software version 4.2 (Bruker) and
compounds were identified based on ultraviolet spectra, retention time, accurate mass and
fragmentation profile in comparison with the data of literature. The molecular formulas were

determined by accurate mass considering errors up 5 ppm and mSigma below 30.

2.3. Pharmacological studies
2.3.1. Animals

All of the procedures that were used in this study were approved by the Ethics
Committee on Animal Use (CEUA) of UFGD (no. 29.2018). Seventy-three male Wistar rats
(250-300 g) were purchased from the UFGD vivarium and housed under controlled humidity
(60-80%) and temperature (22°C = 1°C) and a 12 h/12 h light/dark cycle. Food and water were
provided ad libitum. At the end of the procedures, all of the animals were euthanized by deep
anesthesia with isoflurane in a saturation chamber according to the Euthanasia Practice
Guidelines of the National Council for Animal Experimentation Control (CONCEA, Brazil,

2013) and resolution 1000/2012 of the Federal Council of Veterinary Medicine (CFMV).

2.3.2. Diuretic activity

Diuretic activity was evaluated according to Gasparotto et al. (2009). After
randomization, 25 male Wistar rats were divided into five experimental groups (n = 5/group):
negative control (filtered water; 0.2 ml/100 g), hydrochlorothiazide (HCTZ; 25 mg/kg), and
ESCS (30, 100, and 300 mg/kg). All of the animals initially received NaCl (5 ml/100 g body
weight) by gavage to impose salt and water uniformity in the body. The animals were then
treated once daily for 7 days with ESCS, HCTZ, or vehicle. Immediately after the first
treatment, all of the animals were placed in metabolic cages. Urine was collected and measured

(expressed as ml/100 g body weight) 1, 2, 4, 8, 12, and 24 h after treatment for the first 24 h
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and then every 24 h on days 2, 3, 5, and 7. pH and density were determined in fresh urine
samples using a digital pH meter (Q400MT; Quimis Instruments, Diadema, S&o Paulo, Brazil)
and refractometer (NO107; Quimis Instruments, Diadema, S&o Paulo, Brazil), respectively.
Aliquots of each urine sample were analyzed using a selective ion meter (COBAS INTEGRA
400 plus; Roche, Basel, Switzerland). The excretion rate was calculated by multiplying sodium,
potassium, and chloride ions concentrations (mEg/L) by urine flow (ml/min). The results are

expressed as pEq/min/100 g body weight.

2.3.3. Evaluation of nephroprotective effect

We evaluated the nephroprotective effects of ESCS according to the protocol that was
established by Al Asmari et al. (2017), with minor modifications. After randomization, 48 male
Wistar rats were divided into six experimental groups (n = 8/group). Three different groups
orally received ESCS (30, 100, and 300 mg/kg) daily for 5 days. The control animals received
vehicle (negative control; 0.2 ml/100 g) or ascorbic acid (200 mg/kg) by gavage according to
Martin et al. (2007) and Stojiljkovic et al. (2012). Ascorbic acid was used as the positive control
because of the involvement of oxidative stress in rhabdomyolysis. On day 6, all of the animals
were deprived of water for 24 h. In the morning on day 7, the animals intramuscularly received
10 ml/kg of 25% glycerol solution. The total volume that was administered was divided into
two equal parts for each femoral region. A group of naive rats was orally treated for 5 days with

vehicle (0.2 ml/100 g) and intramuscularly received 10 ml/kg of 0.9% NaCl (Table 1).

2.3.3.1. Evaluation of renal function
The animals that were subjected to rhabdomyolysis-induced AKI were initially placed
in pairs in metabolic cages 24 h before beginning the experiments for adaptation. Before the

experiments, all of the animals received 0.9% NaCl (5 mL/100 g) by gavage to impose salt and
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water balance. Urine was collected in graduated cylinders after 4, 8, 12, and 24 h. On days O,
3, 5, and 7, urine samples were also collected for 24 h. Urinary volume is expressed as mi/100
g body weight. pH and density were determined in fresh urine samples using a digital pH meter
(Q400MT; Quimis Instruments, Diadema, S&o Paulo, Brazil) and refractometer (NO107;
Quimis Instruments, Diadema, Sdo Paulo, Brazil), respectively. Urine levels of sodium,
potassium, chloride, bicarbonate, urea, creatinine, total protein, and albumin were measured
using an automatic biochemical analyzer (COBAS INTEGRA 400 plus; Roche, Basel,

Switzerland).

2.3.3.2. Heart rate, blood pressure, and serum biochemical analysis

Twenty-four hours after the last urine collection, rats that were subjected to
rhabdomyolysis-induced AKI were intramuscularly anesthetized with ketamine (100 mg/kg)
plus xylazine (20 mg/kg) and supplemented every 45-60 min when necessary. A subcutaneous
injection of heparin (20 1U) was administered before the surgical procedure. Subsequently, the
left carotid artery was isolated, cannulated, and connected to a pressure transducer that was
coupled to a computerized recording system (PowerLab, Graph, v4 .1; ADI Instruments, Castle
Hill, Australia). Systolic, diastolic, and mean arterial blood pressure and heart rate were
recorded for 20 min. After recording the cardiovascular parameters, a 5 ml sample of arterial
blood was collected from the previously cannulated carotid artery. The samples were
centrifuged at 1,500 x g to obtain serum. Serum levels of uric acid, urea, creatinine, calcium,
magnesium, sodium, potassium, and phosphorus were quantified using an automatic

biochemical analyzer (COBAS INTEGRA 400 plus; Roche, Basel, Switzerland).

2.3.3.3. Renal vascular reactivity
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After the blood pressure measurement and while the animals were still under anesthesia,
the right renal artery was cannulated and gently washed with physiological saline solution (PSS;
119 mM NaCl, 4.7 mM KCI, 2.4 mM CaCl,, 1.2 mM MgSQOs, 25.0 mM NaHCO3, 1.2 mM
KH2PO4, 11.1 mM dextrose, and 0.03 mM EDTA; pH 7.4). The right kidney was then removed
and placed in a jacked glass that was maintained at 37°C, aerated with carbogen (95% O2/5%
CO»), and perfused with PSS using a peristaltic pump at a constant flow rate at 4 ml/min.
Changes in perfusion pressure were recorded by a force transducer that was connected to a
signal amplifier and coupled to a recording system (PowerLab, Chart, v4 .1; ADI Instruments,
Castle Hill, Australia). After a 15 min stabilization period at ~28 mmHg, dose-response curves
of phenylephrine (1, 3, 10, and 30 nmol) and angiotensin Il (3, 10, 30, and 100 pmol) were
generated. The preparations were then subjected to an increase in perfusion pressure (~90
mmHg) by infusing PSS that contained 10 uM phenylephrine. After the stabilization period,
dose-response curves of acetylcholine (0.3, 1, 3, and 10 pmol) and sodium nitroprusside (0.1,

0.3, 1, and 3 pmol) were also generated.

2.3.3.4. Histopathological analysis and evaluation of renal redox state

The left kidney of each animal that was subjected to rhabdomyolysis-induced AKI was
excised, weighed, and fractionated for the histopathological examination of tissue redox state.
For histopathology, the samples were fixed in 10% buffered formalin. The tissue fragments
were then dehydrated in ethanol, diaphanized in xylene, and embedded in paraffin. Sections
were cut 4 mm thick and stained with hematoxylin-eosin (Gartner, 2017). We evaluated renal
tissue integrity by observing the presence of reversible cell damage (degeneration), irreversible
changes (necrosis and apoptosis), inflammation, congestion, hemorrhage, and fibrosis. Changes
were classified as the following: mild (< 25% of the sample analyzed), moderate (25-50% of

the sample analyzed), and severe (> 50% of the sample analyzed; Cunha et al., 2009).
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To evaluate renal redox state, we used kidney samples from animals that were subjected
to rhabdomyolysis-induced AKI. The analyses were performed to determine catalase (CAT)
and superoxide dismutase (SOD) activity, which is indicative of cellular redox state, and lipid
peroxidation (LPO) levels. The kidney samples were homogenized and centrifuged at 2,500 x
g for 20 min at 4°C. The supernatant was stored at -80°C until the analyses. The experiments
were performed according to previously established methods. Catalase activity was assessed
according to Aebi (1984). Superoxide dismutase activity was assessed using the pyrogallol
oxidation method. The LPO rate was measured using the FOX2 method as described by Jiang
et al. (1992). The results are expressed as the amount of protein that was present in the
homogenates (Sedlak and Lindsay, 1968). Protein concentrations were determined using the

Bradford (1976) method.

2.3.4. Antilithiatic effects

Antilithiatic effects were evaluated using the calcium oxalate crystallization method
with urine samples that were obtained from healthy humans. All of the experiments were
approved by the UFGD Research Ethics Committee (register no. 3020357). Urine samples were
obtained from six healthy individuals (three men and three women) with no history of
nephrolithiasis. All of the individuals voluntarily agreed to participate in the study and signed
an informed consent form. The samples were mixed, homogenized, and centrifuged at 1,500 x
g for 8 min. The supernatant was separated and filtered, and the pH was adjusted to 6 (Barros
et al., 2003). Seven urine samples (4 ml each) were separated. Three samples received ESCS
that was resuspended in distilled water at 0.05, 0.5, and 5 mg/ml and underwent the
crystallization process. Three other samples received the same ESCS doses but were not
subjected to crystallization. These latter three samples were used as a control for absorbance.

A sample without the addition of ESCS was used as a control for the crystallization process.
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Calcium oxalate precipitation was induced by adding 50 pl of 0.1 M sodium oxalate per
milliliter of urine every 30 min (i.e., 0, 30, 60, and 90 min) while stirring at 37°C. The samples
were removed from the bath at 120 min. ESCS was added 30 min before beginning
crystallization. Semiquantitative crystallization analyses were performed by means of turbidity.
Absorbance was recorded in triplicate at 580 nm using a spectrophotometer. The Turbidity
Index (TI) was calculated as the following: Tl = (DOT x DOB) / DOB, where DOT is
absorbance after crystal precipitation, and DOB is absorbance before precipitation (Barros et
al., 2003). The number and size of the crystals were measured under a light microscope with
the aid of a Neubauer chamber. The crystal area was estimated using Motic Images Plus 2.0

software (Richmond, BC, Canada).

2.4. Statistical analysis

The results are expressed as mean + standard deviation (SD). The statistical analyses
were performed using one-way analysis of variance (ANOV A) followed by Dunnett’s post hoc
test. Values of p < 0.05 were considered statistically significant. The analyses were performed,

and the graphs were generated using GraphPad Prism 7.0 software.

3. Results
3.1. Chemical composition by LC-DAD-MS

The extract ESCS was analyzed by LC-DAD-MS to determine its constituents. and
Twenty-five compounds were annotated from ESCS (Table 2, Figure 1), and the main
metabolite classes were flavonoids, steroidal saponin and organic acids.

The peaks 1 and 3 did not show UV absorption and they showed intense ions at m/z
165.0399 [M-H] and 191.0201 [M-H]", which were putatively identified as pentonic acid and

citric acid, respectively (Tienaho et al., 2019). The compound 4 revealed two absorption bands
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at the wavelength 299 and 325 nm in the UV spectrum, which suggested a chromophore like as
caffeic acid (Dembogurski et al., 2018). It also exhibited an intense ion at m/z 399.0924 [M-H]
, compatible to C17H20011, and it was annotated as caffeic acid derivative.

The metabolites 5-10 and 13 showed UV spectra with two absorption bands at ~ 270
and 335 nm indicating flavones (Dembogurski et al., 2018). The compounds 5 and 13 presented
the molecular formulas C27H30015 (m/z 593.1509 [M-H]") and C27H30014 (m/z 577.1514 [M-H]
), respectively, and 6-10 presented the same molecular formula, C2sH28014 (M/z 563 [M-H]),
suggesting isomers. The subsequent losses of 90 and 120 u suggest C-hexosyl substituent, while
the losses of 60 and 74 u are diagnostics to C-pentose and C-deoxyhexose, respectively. The
product ions [aglycone+113] and [aglycone+83] are important to determine the aglycone (Qin
et al., 2017, Neto et al., 2008). Thus, product ions of compound 5 (m/z 503, 473, 413 and 353
yielded from consecutive losses of 90 and 120 u) suggested the presence of two C-hexosyl
groups. In addition, the fragment ions m/z 383 and 353 suggested the aglycone apigenin. From
metabolites 6-10, the losses of 90/120 u and 60/90 u confirmed the sugars hexose and pentose.
Besides, 13 showed the products ions at m/z 503 [M-H-74]" and 463 [M-H-114]", which
confirmed a C-deoxyhexose. Therefore, the compounds 5 and 6-10 were identified as 6,8-di-C-
hexosyl apigenin and C-hexosyl C-pentosyl apigenin, respectively, while 13 was identified as

C-hexosyl C-deoxyhexosyl apigenin.

The compounds 11, 12, 14, 16, and 18-21 revealed two intense absorption bands at the
wavelengths =~ 260 and 350 nm on UV spectra, suggesting flavonol chromophores
(Dembogurski et al., 2018). The fragment ions at m/z 300 and 314 [aglycone-H]™, and their
product ions, confirmed the aglycones quercetin and O-methylquercetin, respectively. The
losses of 162, 146 and 132 u confirmed the sugars O-hexose, O-deoxyhexose and O-pentose.
Therefore, these compounds were identified rutin (11), O-hexosyl quercetin (12), O-pentosyl

quercetin (14), O-hexosyl-deoxyhexosyl O-methylquercetin (16), O-deoxyhexosyl quercetin
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(18), O-hexosyl-deoxyhexosyl O-methylquercetin (19), O-hexosyl O-methylquercetin (20) and

O-pentosyl O-methylquercetin (21) (Qin et al., 2017, Ferreres et al. 2007).

Peaks 15, 17 and 22 showed ions at m/z 593.1494 [M-H]", m/z 447.0915 [M-H]’, m/z
and m/z 431.0973 [M-H], respectively. Their UV spectra, fragmentation profiles and fragment
ions at m/z 285 [aglycone-H] confirmed the flavone aglycone luteolin (Dembogurski et al.,
2018, Ferreres et al., 2007). The compound 15 exhibited a loss of 308 u that corresponds to O-
hexosyl and O-deoxyhexosyl substituents. The compounds 17 and 22 showed losses of 162 u
and 146 u, respectively, and they confirmed O-hexosyl and O-deoxyhexosyl groups. Thus, O-
hexosyl-deoxyhexosyl luteolin (15), O-hexosyl luteolin (17) and O-deoxyhexosyl luteolin (22)

were annotated (Ferreres et al., 2007).

The compounds 23 and 24 did not show absorption on UV and they exhibited m/z
1047.5367 (Cs1HgaO22 [M-H]) and m/z 1033.5195 (CsoHs2022 [M-H]"), which were annotated
steroidal saponins since they yielded the fragment ions of aglycone at m/z 415 (C27Ha303")

(Wang et al., 2003).

3.2. Diuretic activity

Acute or prolonged administration of ESCS (30, 100, or 300 mg) did not significantly
alter pH, density, urinary volume, or renal electrolyte excretion in healthy Wistar rats. As
expected, animals that were treated with HCTZ exhibited a significant increase in urine volume
and sodium excretion after acute treatment (Tables 3 and 4). After prolonged treatment, urinary
elimination and electrolyte excretion values also increased compared with the negative control

group (Table 5).

3.3. Nephroprotective effects on rhabdomyolysis-induced AKI

3.3.1. Urinary parameters
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Throughout the period before the challenge (day 7), no statistically significant changes
were observed in urinary volume among any of the experimental groups. Twenty-four hours
after the challenge (day 7), animals in the negative control group exhibited a significant
reduction of the volume of excreted urine. All of the animals that received ESCS (30, 100, and
300 mg/kg) or ascorbic acid (positive control) exhibited a reversal of this change, presenting
values that were similar to the naive group (Table 6). Urinary total protein, creatinine, sodium,
and potassium excretion also significantly decreased in the negative control group compared
with the naive group (Table 7). Pretreatment with ESCS (30 and 300 mg/kg) or ascorbic acid
prevented these changes, keeping values of all urinary biochemical parameters similar to the
naive group. Interestingly, animals that were treated with ESCS at a dose of 30 mg/kg exhibited
significant increases in the urinary excretion of total protein, urea, creatinine, sodium, calcium,

and chloride compared with the other experimental groups (Table 7).

3.3.2. Heart rate and blood pressure
Systolic, diastolic, and mean arterial blood pressure did not significantly vary among
the experimental groups. However, animals that received ESCS at a dose of 300 mg/kg

exhibited a significant reduction of heart rate (Table 8).

3.3.3. Serum biochemical analyses

Only animals in the positive control group exhibited a significant increase in serum urea
levels compared with the ESCS groups (100 and 300 mg/kg) and negative control group. No
differences in uric acid, calcium, creatinine, magnesium, phosphorus, sodium, or potassium

levels were observed between groups (Table 9).

3.3.4. Renal vascular reactivity
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The mean kidney vascular pressure that was recorded at baseline did not differ between
groups: naive (93.37 £ 40.75 mmHg), negative control (87.08 + 28.09 mmHg), ascorbic acid
(74.62 = 10.71 mmHg), 30 mg/kg ESCS (87.23 £ 9.68 mmHg), 100 mg/kg ESCS (117.9
77.46 mmHg), and 300 mg/kg ESCS (104.2 £ 70.71 mmHg).

The infusion of 3 nmol phenylephrine caused significant vasoconstriction in the 30
mg/kg ESCS group, in which the difference in perfusion pressure before and after
phenylephrine administration was 60.86 + 26.52 mmHg. Similarly, the negative control group
exhibited a significant increase in the vasoconstriction response, with a 204.81 + 18.76 mmHg
change in perfusion pressure after the administration of 300 nmol phenylephrine (Table 10).

Animals that were treated with 300 mg/kg ESCS exhibited a significant increase in the
vasoconstrictor response to angiotensin Il (10 pmol; range: 39.62 + 11.71 mmHg) compared
with the 30 mg/kg ESCS group, positive control group, and naive group (Table 10).

The vasodilator response to acetylcholine was not different between groups. However,
animals that were treated with 300 mg/kg ESCS exhibited a significantly higher vasodilatory

response to sodium nitroprusside (0.1 pmol) compared with the naive group (Table 10).

3.3.5. Histopathological findings
The renal histopathological findings from animals that were subjected to
rhabdomyolysis-induced AKI are shown in Fig. 2. None of the animals in the naive group
presented any significant histopathological changes. Rats in the negative control group
exhibited mild-to-moderate swelling and vacuolization in proximal convoluted tubule (PCT)
cells, interstitial focal mononuclear inflammatory infiltrate in the cortex, and discrete
amorphous eosinophilic material deposition. In 50% of these animals, we observed the random

necrosis of PCT epithelial cells. Rats in the positive control group that were treated with
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ascorbic acid presented similar findings, with the exception of PCT epithelial cell necrosis,
which was present in only 25% of the animals.

Animals that were treated with 30 mg/kg ESCS also exhibited swelling and a mild-to-
moderate vacuolated cytoplasm in PCT cells, discrete multifocal interstitial mononuclear
inflammatory infiltrates in the cortical region, and the discrete deposition of amorphous
eosinophilic material. Only 37.5% of the kidney samples presented necrotic PCT epithelial
cells.

Half of the 100 mg/kg ESCS-treated animals exhibited discrete PCT epithelial cell
necrosis. The other samples from the same group had multifocal areas of the mild swelling of
cytoplasmatic PCT cells and the discrete deposition of amorphous eosinophilic material.

Only 37.5% of the animals that were treated with 300 mg/kg ESCS exhibited discrete
necrosis in PCT epithelial cells. Moreover, in a few samples, these lesions were associated with
discrete interstitial mononuclear inflammatory infiltrates in cortical regions. Surprisingly, one
sample from the 300 mg/kg ESCS group did not present any injury in the histopathological

analysis.

3.3.6. Tissue redox state
The tissue redox state in the kidneys in animals that were subjected to rhabdomyolysis-
induced AKI and were treated with ESCS or ascorbic acid (positive control) are presented in
Table 11. We observed a significant increase in SOD levels in the kidneys in rats that were
treated with 30 mg/kg ESCS and a significant increase in CAT levels in animals that were
treated with 100 and 300 mg/kg ESCS. No significant difference in LPO levels was found

between groups.

3.4. Antilithiatic effects
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The crystal areas in urine samples in the presence of ESCS concentration-dependently
decreased compared with control urine. Calcium oxalate dihydrate (COD) crystals in control
urine had an average area of 28.63 um?, whereas crystals in urine samples with the addition of
0.05, 0.5, and 5 mg/ml ESCS had an average area of 18.88, 17.61, and 7.10 um?, respectively
(Fig. 3A). As expected, because of the significant reduction of size, a significant increase in the
number of crystals was observed. Control urine had 51.691 calcium oxalate monohydrate
(COM) and COD crystals per milliliter, whereas the number of crystals in urine samples was
51.415, 61.574, and 89.349 for 0.05, 0.5, and 5 mg/ml ESCS, respectively (Fig. 3B). The TI
also increased in a manner that was directly proportional to the number of crystals in urine. This
difference was particularly evident in urine with the addition of 5 mg/ml ESCS, with a mean TI
of 1.402, which was significantly higher compared with the other ESCS doses (T1 = 0.02567 at
0.05 mg/ml ESCS; Tl = 0.04727 at 0.5 mg/ml ESCS) and control urine (Tl = 0.005667; Fig.
3D).

The presence of ESCS at the higher dose (5 mg/ml) also modified the proportion of
COM and COD. Fig. 4 shows the morphological difference between COM and COD. In control
urine, ~88% of the crystals were COM. In urine with the addition of 5 mg/ml ESCS, 59% of
the crystals were COM (Fig. 3C). In qualitative terms, we also found that the aggregation of
crystals in the images of samples 24 h after the crystallization process was higher in control
urine than in samples with the addition of ESCS (Fig. 5), and the crystal aggregation rate was

inversely proportional to the ESCS concentration.

4. Discussion
The present study found that a species that is popularly used for the treatment of kidney
disease in Brazil exerts significant renoprotective effects. Using a model of rhabdomyolysis-

induced AKI in rats, we found that ESCS significantly mitigated AKI-induced kidney damage.
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We also found that the extract significantly decreased the precipitation of crystals in urine from
healthy participants.

The first part of our study investigated whether the purified infusion of Costus spicatus
exerted a diuretic response in healthy rats. Infusions of C. spicatus are frequently used for the
treatment of kidney diseases in Brazil (Coelho et al., 2019). We started the study on the premise
that an increase in urinary volume would be observed, which is one of the main observations
that is reported with traditional use. Surprisingly, the acute or prolonged administration of
ESCS did not induce any significant diuretic responses, suggesting that the extract does not
influence urinary volume or renal electrolyte elimination.

In the second part of our work, we investigated whether ESCS induces a
nephroprotective response in an AKI model because some renoprotective drugs only exert
clinically detectable effects in the presence of some degree of impairment of renal function.
Thus, we used the rhabdomyolysis-induced AKI model in rats. Rhabdomyolysis can be readily
induced by intramuscular glycerol administration (Bellomo et al., 2004). Studies by Shi et al.
(2017) and Al Asmari et al. (2017) showed that the single-dose, intramuscular administration
of 6 ml/kg of 50% glycerol or 10 ml/kg of 25% glycerol increased serum urea and creatinine
levels, two important serum markers of AKI. Rhabdomyolysis reflects the rupture of muscle
cells and consequent leakage of myoglobin into the extracellular space, causing AKI through
renal ischemia and myoglobin nephrotoxicity. Moreover, rhabdomyolysis also causes increases
in oxidative stress, lipid peroxidation, and tubular necrosis (Bosch et al., 2009; Homsi et al.,
2006). In the present study, the intramuscular administration of 10 ml/kg of 25% glycerol
solution did not significantly alter the different biochemical markers, but we observed a
significant reduction of renal function and important histopathological changes.

One notable finding in the present study was the decrease in urinary volume. The 24-h

urine volume in untreated AKI animals significantly decreased compared with days 0 and 7.
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Oliguria is used as a parameter to evaluate AKI, but such a biomarker is controversial because
although the ability to concentrate urine is disturbed, oliguria may not be initially apparent. In
fact, urine flow reflects more the glomerular filtration rate (GFR), and oliguria may not be
evident until the GFR declines significantly (Lehner et al., 2016). Our data indicated that
animals that were treated with different doses of ESCS did not differ from naive animals with
regard to the eliminated urinary volume. Thus, ESCS may exert a protective effect against
oliguria in animals that are subjected to rhabdomyolysis-induced AKI.

Another interesting finding was related to the urinary biochemical parameters. Rats in
the negative control group that were subjected to AKI had lower total protein, creatinine,
sodium, and potassium urinary excretion compared with the naive group. Similarly, previous
studies that utilized different AKI models reported that the significant reduction of urinary
creatinine levels was an important marker of renal dysfunction (Punuru et al., 2014;
Takhtfooladi et al., 2015). In the present study, all doses of ESCS exerted renoprotective effects
in our model. Animals that were subjected to AKI and treated with 30 mg/kg ESCS had higher
urine levels of total protein, urea, creatinine, sodium, potassium, calcium, and chloride. The
absence of such an effect at higher doses of ESCS may be attributable to the specific
characteristics of the crude extracts. Relatively high doses may influence the concentration and
selectivity of the plant’s secondary metabolites. Thus, several compounds likely act on different
targets; in some cases, such multiple responses may antagonize each other (Tirloni et al., 2018).

Previous studies have shown that hemodynamic changes, including renal
vasoconstriction, may occur up to hours after glycerol administration, with the possible
normalization of kidney blood flow within 24 h. If kidney injury is irreversible, then persistent
changes in renal vascular reactivity will likely be observed, with a consequent increase in
systemic blood pressure. We evaluated various hemodynamic parameters 48 h after glycerol

administration. Thus, it is expected that no significant pathophysiological changes would occur.
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In fact, did we not detect any changes in heart rate or blood pressure in any of the experimental
groups. In addition to proving the absence of significant hemodynamic changes, this finding
also excludes the possibility of a hypotensive effect of ESCS. Additionally, the small changes
in renal vascular reactivity were not attributable to the AKI model that was used herein. Such
changes may reflect incidental variations that occurred in some preparations. In fact, the results
showed no tendency toward persistent or dose-dependent hypo- or hypersensitivity to any of
the vasoactive compounds that were tested herein.

The renal histopathological changes that were caused by rhabdomyolysis may be
attributable to myoglobin. Direct cytotoxicity that is caused by myoglobin occurs mainly in
PCTs, whereas distal convoluted tubules (DCTs) are more susceptible to tubular obstruction.
In the presence of acidic urine and lower renal blood flow, myoglobin interacts with Tamm-
Horsfall protein, which facilitates obstruction (Zager, 1989). Moreover, the acute reduction of
renal blood flow may suppress many genes that are involved in cellular metabolism, leading to
local oxidative stress and the lipid peroxidation of PCT cells (Yoo et al., 2019), which in turn
triggers the release of cytokines and chemokines, resulting in an inflammatory response and
tubular necrosis (Homsi et al., 2006; Panizo et al., 2015). In the present study, the animals that
received glycerol exhibited varying degrees of histopathological lesions, such as the presence
of swelling and vacuolization, inflammatory infiltrates, and necrosis in PCT cells. However,
we did not observe a significant increase in lipid peroxidation among the different experimental
groups, which may help at least partially explain the lower renoprotective effect of the classic
antioxidant drug ascorbic acid. Interestingly, treatment with ESCS at different doses reduced
all of the renal histopathological lesions. One limitation of the present study was that we were
unable to identify the exact mechanism by which ESCS exerts its nephroprotective effects.

Nonetheless, the significant increases in SOD and CAT in renal tissues may provide some
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insights into its mechanism of action. Further studies will help elucidate the mechanism of
action and the possible roles of secondary metabolites of ESCS in its renoprotective effects.

Finally, we evaluated the ability of ESCS to inhibit the formation of crystals in urine
from healthy participants. Macromolecules that are present in urine can be determinants of the
growth of crystals and consequently the formation of kidney stones. Chemical and physical
processes can determine the amount and area of such crystals because the change in surface
energy can prevent the addition of new ions (Rez, 2017). Kidney stones can consist of several
crystal forms, but COM is the most prevalent and has higher affinity for cell membranes.
Calcium oxalate monohydrate generally exhibits a diamond (hexagonal) morphology and an
uneven outer surface, whereas COD has a bipyramidal shape and smooth outer surface.
Therefore, COM is more conducive to aggregation and more strongly related to the
pathogenesis of nephrolithiasis (Rez, 2017). The addition of ESCS to the urine samples resulted
in significant and dose-dependent decreases in the formation and average areas of the crystals.
Moreover, ESCS modified the proportion of the two types of crystals. An increase in the amount
of COD was directly related to increasing ESCS doses. This suggests that the presence of ESCS
promotes COD formation to the detriment of COM formation. These results may suggest that
ESCS inhibits COM formation and reduces the aggregation of crystals, thereby directly
reducing the formation of kidney stones. The possibility that such effects would be fully
reproduced in complex living organisms is still speculative. If we consider that kidney stones
are formed in newly produced urine, then we believe that ESCS has important preventive effects
against this condition.

In our study, the compounds identified in ESCS were steroidal saponins and O-
glycosylated and C-glycosylated flavonoids (flavones and flavonols). Flavonoids are phenolics
widely distributed in vascular plants. They are associated with a broad spectrum of health-

promoting effects, mainly related to their antioxidant, anti-inflammatory, anticarcinogenic,
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vascular properties, as well as they have been shown free radical scavenging activity, and other
medicinal properties linked to their capacity in modulation of essential cellular enzyme
functions (Karak et al, 2019; Panche et al, 2016).

Several reports have showed antioxidant and anti-inflammatory potentials from
phenolic compounds, such as flavonoids, and they are related to protective effects in various
disorders, including renal (Ankita et al., 2015). These protective properties have been reported
for quercetin and its derivatives (Kanter etal., 2012; Machha et al., 2007), as well as for extracts
rich in flavonoids (rutin, epicatechin, luteolin, catechin and kaempferol), which reduced the
plasma levels of creatinine, urea, uric acid, and antioxidant enzyme activities, repairing kidney
damages (Tlili et al., 2016).

Steroidal saponins were also identified from ESCS. They are a group of naturally
occurring plant glycosides and contain a hydrophobic part, composed by a steroid backbone
and a hydrophilic part composed by several saccharide residues. They exhibit anti-
inflammatory, hypoglycemic, anti-hyperlipidemic, anti-tumor, hepatoprotective and hemolytic
effects (Barbosa 2014, Hierro et al., 2018). For example, the steroidal saponin ginsenoside Rg5
improved acute kidney damage by inhibiting oxidative stress, inflammation and apoptosis.
Histopathological examination also confirmed the nephroprotective effect of Rg5 (Li et al.,

2016).

5. Conclusion

The present study showed that ESCS from Costus spicatus has important
nephroprotective effects against rhabdomyolysis-induced AKI in rats. Moreover, the plant
extract exerted a dose-dependent antilithiatic effect, reducing both crystal growth and
aggregation in urine samples from healthy humans. The present data provide evidence that

supports the traditional use of C. spicatus for the treatment of kidney diseases.
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Legend to figures

Figure 1: Base peak chromatograms obtained in negative (A) and positive ion modes (B) from

ethanol-soluble fraction of Costus spicatus (ESCS)

Figure 2: 40x view of hematoxylin and eosin (H&E) stained section showing
histopathological findings in renal cortex from animals with rhabdomyolysis-induced
AKI. The black arrows show necrosis of individual epithelial cells. Empty-core arrows show
the deposition of amorphous eosinophilic material. Empty arrowhead shows interstitial
mononuclear inflammatory infiltrate. Black arrowhead shows swelling and vacuolization in the
cytoplasm. DCT: distal convoluted tubules; PCT: proximal convoluted tubules. (hematoxylin

and eosin stain; 40X).

Figure 3: Effects of ESCS (0.05, 0.5, and 5 mg/mL) on crystals area (A), crystals number
(B), percentage of monohydrate crystals (C), and turbidity index (D) in crystallization in
vitro protocol. 2 p< 0,05 when compared to control; ®p < 0,05 when compared to ESCS 0.05

mg/mL; ¢p< 0,05 when compared to ESCS 0.5 mg/mL.

Figure 4: Microscopic images (40x) of urine samples. A: Calcium oxalate monohydrate

crystals; B: Calcium oxalate dihydrate crystals.

Figure 5: Microscopic images (20x) of urine samples at the beginning and 24 hours after
the crystallization process with the addition of ESCS 0.05 mg/mL (A and B), 0.5 mg/mL

(C and D), 5 mg/mL (E and F), and urine control (G and H).
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Immediately after crystallization 24 hours after crystallization
A) ESCS 0.05 mg/mL B) ESCS 0.05 mg/mL

C) ESCS 0.5 mg/mL

E) ESCS 5.0 mg/mL

G) Control urine

Figure 5
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Tables

Table 1

Rhabdomyolysis-induced AKI experimental design

Groups Day1to5 Day 6 Day 7 Day 8 Day 9

Naive Saline orally Water Saline Rest Euthanasia
deprivation (10 mL/kg) IM

NCG Saline orally Water Glycerol 25% Rest Euthanasia

deprivation (10 mL) IM

PCG 200 mg/kg/day ascorbic Water Glycerol 25% Rest Euthanasia
acid orally deprivation (10 mL/kg) IM

ESCS 30 30 mg/kg/day ESCS Water Glycerol 25% Rest Euthanasia
orally deprivation (10 mL/kg) IM

ESCS 100 100 mg/kg/day ESCS Water Glycerol 25% Rest Euthanasia
orally deprivation (10 mL/kg) IM

ESCS 300 300 mg/kg / day ESCS Water Glycerol 25% Rest Euthanasia
orally deprivation (10 mL/kg) IM

IM: intramuscular; NCG: negative control group; PCG: positive control group.
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Table 2. Compounds identified from ethanol-soluble fraction of Costus spicatus (ESCS) by

LC-DAD-MS.
RT Negative ion mode Positive ion mode (m/z)
Peak | (min) (ann\q) MF (m/2) Compound
MS [M-H]| MS/MS |MS[M+H]| MS/MS
1 11 - CsH1006 | 165.0399 - - - Pentonic acid
2 1.2 - C7H1,0g | 223.0449 - - - Unknown
3 1.6 - CeHsO7 | 191.0201 - - - Citric acid
4 | 12.1 | 299, | Ci7H2011 | 399.0924 401.1090 Caffeic acid
325 derivative
5 | 146 | 271, | CyH3O1s5| 593.1509 | 503, 473, | 595.1657 | 505, 475, 6,8-Di-C-hexosyl
334 413, 383, 439, 421, apigenin
353 409, 391,
379, 355,
325, 295.
6 | 159 | 271, | CyH2s014| 563.1407 | 503, 473, | 565.1568 | 475, 445, C-hexosyl C-
335 443, 425, 409, 391, pentosyl apigenin
413, 407, 379, 355,
395, 383, 349, 337,
365, 353, 325, 295.
297
7 | 16.4 | 271, | CyH2s014| 563.1397 | 503, 473, | 565.1560 | 475, 445, C-hexosyl C-
335 443, 425, 409, 391, pentosyl apigenin
413, 407, 379, 355,
395, 383, 349, 337,
365, 353 325, 307,
295.
8 | 16,5 | 271, | CyHx:014| 563.1397 | 485,473, | 565.1569 | 493, 475, C-hexosyl C-
336 455, 443, 445, 433, pentosyl apigenin
425, 413, 409, 391,
407, 395, 379, 355,
383, 365, 349, 337,
353 325, 307, 295
9 | 17.3 | 272, | CzHzs014| 563.1399 - 565.1555 | 475, 445, C-hexosyl C-
338 391, 379, pentosyl apigenin
355, 337,
325, 307,
295.
10 | 17.6 | 271, | CaeH2014| 563.1397 | 485,473, | 565.1573 | 475, 445, C-hexosyl C-
336 455, 443, 433, 391, pentosyl apigenin
425, 413, 379, 355,
395, 383, 325, 307, 295
365, 353
11 | 185 | 262, | Cp7H3016| 609.1444 | 300, 285, 611.1619 303 Rutin®
352 271, 255,
243, 179
12 | 18.8 | 262, | CuHx012| 463.0871 | 300, 271, | 465.1051 303 O-hexosyl quercetin
356 255, 243,
227,179
13 | 19.2 | 270, | CyH3014| 577.1514 | 503,463 | 579.1728 | 507, 489, C-hexosyl C-
338 459, 429, deoxyhexosyl
423, 405, apigenin
379, 355,
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359, 337,
325, 271
14 | 20.0 | 263, | CgoHig011| 433.0757 | 300, 271, | 435.0936 303 O-pentosyl
357 255, 243, quercetin
211, 179
15 | 20.6 | 263, | Co7H30015| 593.1494 | 327,285, | 595.1650 287 O-hexosyl-
340 255, 239, deoxyhexosyl
229, 227 luteolin
16 | 20.8 | 264, | CasH32016| 623.1596 | 314,299, | 625.1747 | 479, 317 O-hexosyl-
350 287, 285, deoxyhexosyl O-
271, 243 methylquercetin
17 | 20.9 | 265, | CxHxO11| 447.0915 | 285, 255, | 449,1073 | 287, 258, O-hexosyl luteolin
341 227, 211, 241, 213, 165
183
18 | 21.0 | 264, | CoiHxO11| 447.0915 - 449.1077 | 303, 257, O-deoxyhexosyl
348 229, 153 quercetin
19 | 21.3 | 264, | CuHs016| 623.1606 | 315,299, | 625.1768 | 317, 302 O-hexosyl-
352 287, 269, deoxyhexosyl O-
255, 243 methylquercetin
20 | 21.6 | 262, | CxHx012| 477.1026 | 314,299, | 479.1198 | 317, 302, O-hexosyl O-
352 285, 271, 285, 274, methylquercetin
257, 243, 257, 229, 153
227, 175
21 | 229 | 269, | CaH20011| 447.0924 - 449.1063 317 O-pentosyl O-
344 methylquercetin
22 | 23.5 | 265, | CxuH2O010| 431.0973 - 433.140 287 O-deoxyhexosyl
337 luteolin
23 | 29.6 - Cs1Hg4O2, | 1047.5367 1031.5444 | 869, 725, Steroidal saponin
[M+H- 415, 397,
H.O]* 293, 271, 253
24 | 29.7 - CsoHg202,| 1033.5195 - 1017.5296 (855, 835,723,  Steroidal saponin
[M+H- 711, 577,
H.O]* 415, 397,
379, 309,
271, 253, 157
25 | 29.8 | 244, | CigH1409| 373.0570 | 337, 311, - - Unknown
273, 299, 293,
317 283, 267,
255, 239,
229, 213,
199

RT: retention time; MF: molecular formula; s: confirmed by injection of authentic standard.



Table 3

Effect of ESCS acute administration on urine volume, pH and density after 8 and 24 hours

Group Urine volume  Urine volume pH pH Density Density
(ml/100g/8h)  (mI/100g/24hr) (8h) (24h) (8 h) (24h)
M SD M SD M SD M SD M SD M SD
NCG 552 094 929 130 7.99 020 7.82 046 1017 3.05 1031 0.05
HCTz 7.71* 037 1211° 077 7.10° 0.14 803 0.14 1018 0.88 1022 0.76
ESCS 30 488 035 1016 127 7.73 004 803 010 1019 3.05 1029 6.11
ESCS 100 553 071 814 109 7.98 043 813 0.10 1014 4.00 1029 4.16
ESCS 300 7.71 0.37 9.69 112 814 040 836 0.18 1018 2.00 1029 6.42

ap < 0.05 when compared to the all other groups; °p< 0.05 when compared to ESCS 100 mg/kg.

HCTZ: hydrochlorothiazide; M: mean; NCG: negative control group; SD: standard deviation.
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Table 4

Effect of ESCS acute administration on electrolyte ER (nEg/min/100g) in 8- and 24-hour urine
samples

Na* ER Na* ER K*ER K*ER CIER CIER
Group (8 h) (24h) (8 h) (24h) (8 h) (24h)

M DP ™M DP M DP ™M DP ™M DP M DP
NCG 165 011 091 016 075 002 102 023 18 007 269 045
HCTZ 280° 012 312°0 018 099 004 112 007 210 033 299 0.30

ESCS 30 167 016 087 004 083 020 107 118 19 017 201 045
ESCS 100 140 039 073 009 069 020 086 022 168 044 215 042
ESCS 300 180 026 093 012 100 015 105 020 217 027 287 0.93

2p < 0.05 when compared to the all other groups. ER: excretion rate; HCTZ: hydrochlorothiazide; M:

mean; NCG: negative control group; SD: standard deviation.



Table 5

Effect of ESCS prolonged administration on urinary excretion (mL/100g) and electrolyte ER
(wEg/min/100g) in 24 hours urine samples on days 3 and 7

Group Urine volume Na*® ER K" ER CIER
(mL/100g) (24h) (24h) (24h)

M DP M DP M DP M DP

NCG 6.51 0.68 0.41 0.15 0.93 0.26 1.17 0.40

HCTZ 23.122 1.78 5.122 0.26 6.122 0.34 7.882 0.45

Pay3 ESCS 30 6.31 1.6 0.42 0.05 0.92 0.08 1.06 0.16

ESCS 100 6.85 0.57 0.34 0.04 0.77 0.14 0.85 0.14

ESCS 300 5.97 1.35 0.34 0.16 0.81 0.17 1.02 0.39

NCG 4.99 1.30 0.27 0.09 0.59 0.07 0.58 0.26

HCTZ 40.222 3.12 9.142 0.55 15.31° 0.87  18.77° 0.98

Day7 ESCS 30 6.47 1.98 0.24  0.005 0.60 0.03 0.47 0.04

ESCS 100 6.18 1.40 0.26 0.13 0.66 0.28 0.61 0.31

ESCS 300 6.49 2.20 0.19 0.12 0.53 0.33 0.38 0.27
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2p <0.05 when compared to the all other groups. ER: excretion rate; HCTZ: hydrochlorothiazide; M:

mean; NCG: negative control group; SD: standard deviation.



Table 6

24-hour urine volume in animals treated with ESCS or ascorbic acid (PCG) in rhabdomyolysis-
induced AKI on days (D) 0, 3,5and 7

81

Naive
NCG
PCG
ESCS 30

ESCS 100

ESCS 300

DO (ml/ 100 g)

D3 (ml/ 100 g)

D5 (ml/ 100 g)

D7 (ml/ 100 g)

Mean SD Mean SD Mean SD Mean SD
11.34 410 9.23 3.04 7.39 1.59 7.60 1.57
10.62 3.81 8.77 2.07 8.88 2.08 5.48?2 1.07
9.96 3.63 9.66 1.61 8.77 151 7.96 1.24
7.58 1.35 7.06 0.86 8.54 1.26 7.88 0.31
8.45 2.34 9.73 2.94 8.54 1.53 7.88 2.34
10.88 5.32 8.68 0.80 7.40 0.97 7.51 1.17

ap <0.05 when compared to TO. NCG: negative control group; PCG: positive control group; SD:

standard deviation.



Table 7
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24-hours urinary biochemical analysis in animals treated with ESCS or ascorbic acid (PCG) in

rhabdomyolysis-induced AKI on day 7

Naive NCG PCG 30 mg/kg 100 mg/kg 300 mg/kg

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Albumin
(mg/L) 5.93 0.06 6.67 0.64 6.30 1.65 8.65 3.13 595 106 6.05 1.20
Total protein
(mg/dL) 113.30* 29.83 44.37 15.73 76.38 17,18 126.°20* 25.00 55.10 32.24 99.10 53.74
Urea
(mg/dL) 59.78 14,95 29.49 1253 38.65 14.14 64.76® 18.05 31.53 17.60 57.52 16.74
Creatinine
(mg/dL) 51.708 13.60 26,53 7.00 36.80 7.02 56.40*° 7.43 2830 9.33 4515 9.12
Sodium
(mmol/L) 117.97%¢ 12,29 83.47 9.35 111.38 15.98 148.33%* 26,27 66.65 3.75 121.80 26.16
Potassium
(mmol/L) 207.67%° 20.86 118,77 44.32 164.35 22.64 207.90® 18.79 144.45 20.76 193.15 25.81
Calcium
(mmol/L) 3.83 012 250 046 418 127 833%cde 237 355 247 465 0.78
Chloride
(mmol/L) 255.47 21.66 142.33 54.45 186.90 36.47 278.65* 57.52 153.15 47.12 233.30 60.81

3p < 0.05 when compared to the NCG; Pp < 0.05 compared to ESCS 30 mg/kg; °p < 0.05 compared to ESCS
100 mg/kg; 9p < 0.05 compared to ESCS 300 mg/kg; ¢p < 0.05 compared to PCG. PCG, NCG, and naive group.

NCG: negative control group; PCG: positive control group; SD: standard deviation.



Table 8

Heart rate and blood pressure levels of animals treated with ESCS or ascorbic acid (PCG) in
rhabdomyolysis-induced AKI

83

SBP DBP MBP HR

Mean SD Mean SD Mean SD Mean SD
Naive 119.51 20.83 75.53 14.21 96.64 17.43 295.62 49.62
NCG 114.72 14,15 70.12 10.23 89.46 10.94 211.73 45.79
PCG 112.23 9,364 73.51 10.45 92.13 13.52 223.61 54.89
ESCS 30

129.82 16,45 82.13 8,62 103.71 10.18 248.12 70.47
ESCS 100

124.32 18.09 74.64 10.10 97.34 12.92 23.120 57.41
ESCS 300

114.11 18.16 72.69 16.74 92.73 13.52 204.412 15.17

2p<0.05 when compared to naive group. DBP: diastolic blood pressure; HR: heart rate; MAP: mean
arterial pressure; NCG: negative control group; PCG: positive control group; SBP: systolic blood

pressure; SD: standard deviation.



Table 9

Serum biochemical analysis of animals treated with ESCS or ascorbic acid (PCG) in

rhabdomyolysis-induced AKI

Naive NCG PCG ESCS 30 ESCS 100 ESCS 300
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Urea
46.87 497 4574 6.87 49.91° 6.70 46.93 8.32 4530 7.21 44.68 3.26
(mg/dL)
Uric acid
0.34 0.03 044 011 035 006 033 0.03 034 005 031 0.04
(mg/dL)
Calcium
10.85 0.25 1050 0.24 10.52 0.20 10.77 0.52 1055 0.39 10.48 0.50
(mg/dL)
Creatinine
0.58 0.21 0.38 017 053 0.18 051 026 051 016 0.39 0.20
(mg/dL)
Magnesium
2.47 0.27 236 026 245 028 227 015 230 024 234 0.16
(mg/dL)
Phosphorus
43 063 7.88 072 821 074 788 085 7.68 066 7.81 0.67
(mg/dL)
Sodium
136.63 3.02 135.50 2.62 135.13 2.47 13550 2.62 135.13 2.03 134.86 1.07
(mmol/L)
Potassium
5.04 0.48 471 084 528 061 468 043 480 075 4.84 0.61
(mmol/L)

2p < 0.05 when compared to ESCS 100 mg/kg, 300 mg/kg and NCG. NCG: negative control group;

PCG: positive control group; SD: standard deviation.
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Table 10
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Renal vascular reactivity (mm Hg) to phenylephrine, angiotensin I1, acetylcholine, and sodium
nitroprusside of animals treated with ESCS or ascorbic acid (PCG) in rhabdomyolysis-induced AKI

Naive NCG PCG ESCS 30 ESCS 100 ESCS 300

Phe Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD

1 nmol 239 2.36 1.08 305 199 175 043 161 293 286 8.18 1.78
3 nmol 7.02 6.73 1284 490 1257 223 60.86* 26.52 2327 7.01 8.8 3.79
10 nmol 146.60 11.72 152.72 24.95 149.85 16.72 125..33 34.62 143.20 28.75 134.22 31.24
30 nmol 173.75 29.02 204.81° 18.76 165.42 38.65 156.04 24.34 169.69 31.63 182.55 29.76
Ang 11 Naive NCG PCG ESCS 30 ESCS 100 ESCS 300

3 pmol 100 323 -070 133 283 233 074 216 283 190 216 2.76
10 pmol 1559 6.80 1846 1054 1351 5.86 17.54 3.67 2636 7.22 39.62° 11.71
30 pmol 37.31 17.19 5345 1994 3345 3.62 47.88 11.05 48.02 883 4795 11.04
100 pmol  49.46 13.02 54.67 10.54 63.88 9.83 5548 641 64.15 30.11 60.92 11.78
ACh Naive NCG PCG ESCS 30 ESCS 100 ESCS 300

0.3nmol -19.48 8.64 -40.92 3.96 -2359 928 -2057 830 -1898 9.89 -23.26 16.13
1 nmol -33.96 13.95 -40.65 15.36 -38.63 15.75 -37.30 19.74 -28.86 14,80 -40.77 20.39
3 nmol -37.33 15.68 -43.22 19.83 -43.70 16.44 -42.38 20.16 -39.00 16,35 -36.29 941
10 nmol -50.63 23,24 -53.00 25.27 -67.21 17.35 -65.14 18.48 -53.02 18.43 -58.92 21.94
NPS Naive NCG PCG ESCS 30 ESCS 100 ESCS 300

0.1pmol -11.34 1423 -421 984 -7.37 17.88 -8.23 10.17 -524 1332 -4649 505
0.3 pmol -3.07 483 -0.73 646 -282 1093 08 742 -1.01 241 -0.39 7.29
1 pmol -7.71 997 -299 568 -029 593 336 509 -272 692 -1.05 2.14
3 pmol 072 320 -170 409 -060 746 -232 878 -022 6.73 381 7.06

3p < 0.05 when compared the ESCS 100 and 300 mg/kg, naive, NCG and PCG; °p <0.05 compared to ESCS
100 mg/kg and PCG; °p < 0.05 when compared to ESCS 30 mg/kg, naive, and PCG; 9 p< 0.05 when
compared to naive group. ACh: acetylcholine; Ang Il: angiotensin Il1; NCG: negative control group; NPS:

sodium nitroprusside; Phe: phenylephrine; PCG: positive control group; SD: standard deviation.



Table 11

Kidney tecidual redox state of animals treated with ESCS or ascorbic acid (PCG) in
rhabdomyolysis-induced AKI

Parameters Naive NCG PCG ESCS 30 ESCS 100 ESCS 300
M SD M SD M SD M SD M SD M SD

SOD 313.7 227 3194 225 2472 118 459.0* 323 4115 450 2256 194
CAT 298 042 299 071 118 012 492 061 650° 123 208 1.29
LPO 6179 29.3 5206 27.2 6069 411 5596 293 639.1 251 5952 27.0

3p <0.05 when compared to the naive, NCG, PCG, and ESCS 300 mg/kg. °p < 0.05 when compared
to the naive, NCG, and PCG. °p <0.05 when compared to the naive, NCG, PCG, ESCS 30 and 100
mg/kg. CAT: catalase (mmol min/mg protein); LPO: lipoperoxides (mmol hydroperoxide/mg
protein); M: mean; NCG: negative control group; PCG: positive control group; SD: standard
deviation; SOD: superoxide dismutase (SOD U/mg of protein).

86



87

6 CONCLUSAO

O presente estudo identificou a presenca 25 compostos fitoquimicos no SEICS, e as
principais classes de metabolitos foram flavondides, saponina esterdide e &cidos organicos.
Quanto ao modelo de indugdo de LRA, identificou-se que os animais que receberam a injecao
de glicerol apresentaram reducdo da excregdo urindria de ureia, creatinina e eletrélitos, bem
como do volume urinario; as lesGes histopatologicas também evidenciaram a eficacia do
modelo.

Em relagdo a investigagdo da atividade nefroprotetora da planta, ficou constatado efeito
protetor do SEICS em relacdo a oligdria identificada apds a injecdo de glicerol, ja que os
resultados de excrecdo urinaria dos animais tratados com o SEICS ndo diferiram dos animais
que ndo receberam a injecdo de glicerol. O SEICS também apresentou melhora na excrecéo
urinaria de eletrolitos, ureia e creatinina na dose de 30 mg/kg. A dose de 300 mg/kg foi a que
apresentou maior protecdo em relacdo as lesdes histopatoldgicas causadas pela LRA induzida
por rabdomidlise.

O efeito antioxidante do SEICS foi atestado na dose de 30 mg/kg com o aumento
estatisticamente significante de superoxido dismutase. Também houve um aumento
significativo de catalase nas doses de 100 e 300 mg/kg em relacdo aos demais grupos.

O SEICS ndo apresentou acao diurética ou natriurética aguda e prolongada, bem como
ndo interferiu na reatividade vascular renal mediante a infusdo de fenilefrina, angiotensina II,
acetilcolina e nitroprussiato de sédio.

Quanto ao potencial antilitiasico, a presenca do SEICS em modelo de cristalizagdo in
vitro foi capaz de reduzir significativamente a area dos cristais formados, além de reduzir a
formacdo dos COMs em detrimento do aumento na formacdo de CODs. Em consequéncia da
reducdo do tamanho dos cristais, houve um aumento do seu nimero e indice de turbidez das
amostras com adi¢do de SEICS. A planta também foi capaz de reduzir a agregacao dos cristais
24 horas apds o processo de cristalizacdo. Todos os efeitos antilitiasicos identificados no
presente trabalho atribuidos ao SEICS foram dose-dependente, validando assim as informacdes
etnofarmacoldgicas atribuidas a planta em relacdo ao seu uso popular para o tratamento da

nefrolitiase.
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MINISTERIO DA EDUCACAO

FUNDACAO UNIVERSIDADE FEDERAL DA GRANDE DOURADOS
PRO-REITORIA DE ENSINO DE POS-GRADUACAO E PESQUISA

COMISSAO DE ETICA NO USO DE ANIMAIS - CEUA

Dourados-MS, 25 de fevereiro de 2019.

CERTIFICADO

Certificamos que a proposta intitulada “Avaliacdo do efeito antilitidsico
e nefroprotetor do extrato de Costus spicatus sobre lesao renal aguda
induzida por glicerol’, registrada sob o protocolo de n® 29/2018, sob a

responsabilidade de Marcio Eduardo de Barros e Karyne Garcia Tafarelo

Moreno — que envolve a producdao, manutencao e/ou utilizagdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de
pesquisa cientifica (ou ensino), 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 Comissdo de Etica no Uso de Animais
(CEUA/UFGD) da Universidade Federal da Grande Dourados, em reunidao de
09/11/2018.

Finalidade ( ) Ensino (X ) Pesquisa Cientifica
Vigéncia da autorizagdo | 01/06/2019 a 30/09/2019
Espécie/linhagemy/raca Rattus norvegicus - Wistar

NO de animais 64

Peso/idade 40 dias

Sexo Machos

Origem Biotério Central UFGD

Melissa Negrao Sepulvida
Coordenadora CEUA

Comissdo de Etica no Uso de Animais — CEUA/UFGD — Rua Jodo Rosa Gées, 1761 — Vila Progresso.
Dourados/MS. E-mail: ceua@ufgd.edu.br
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliacdo do efeito antilitiasico e nefroprotetor do extrato de Costus spicatus em ratos
Wistar com leséo renal aguda induzida por glicerol

Pesquisador: Karyne Garcia Tafarelo Moreno

Area Temética:

Verséo: 1

CAAE: 99855418.2.0000.5160

Instituicdo Proponente: Faculdade de Ciéncias da Saude
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

NUmero do Parecer: 3.020.357

Apresentacédo do Projeto:

O presente estudo sera apenas uma coletada amostras de urina de seis humanos voluntarios, para servir de
base para o experimento de cristaliza¢do in vitro com uso

de oxalato de sodio . Sera adicionado as amostras o extrato da planta para verificar se ha redugéo na
cristalizacdo e consequente efeito antilitiasico.

Os patrticipantes da pesquisa ndo sofrerdo qualquer intervencgéo, serdo apenas fornecedores da amostra de
urina para o experimento.Fase in vivo:

sera realizada com ratos wistar, sera induzida lesé@o renal aguda por rabdomidlise com uso de glicerol, e os
animais serdo tratados com extrato de

Costus spicatus em diferentes doses para verificar se ha nefroprotecéo.

Objetivo da Pesquisa:

Objetivo Primario:

Avaliar o efeito protetor do extrato de Costus spicatus sobre a lesdo renal aguda induzida por glicerol em
ratos Wistar e a litiase urinaria em modelo

in vitro.

Objetivo Secundario:

Comparar a diferenga entre os efeitos do extrato das folhas e do rizoma de Costus spicatus;Avaliar o efeito
da injecdo intramuscular de glicerol sobre

Endereco: Rua Melvin Jones, 940

Bairro: Jardim América CEP: 79.803-010
UF: MS Municipio: DOURADOS
Telefone: (67)3410-2853 E-mail: cep@ufgd.edu.br
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a funcao renal de ratos Wistar por meio de exames bioquimicos e andlises histolégicas;Avaliar e comparar
os efeitos de cada extrato de Costus

spicatus, sobre os exames bioquimicos, andlises histolégicas, peso corporal e peso renal ratos Wistar com
LRA desenvolvida por

rabdomiélise;Avaliar o efeito antilitiasico dos extratos de Costus spicatus em cristalizac¢ao in vitro;

Avaliacdo dos Riscos e Beneficios:

A pesquisa desta-se que os riscos envolvendo seres humanos envolvem o processo de coleta de mostra de
urina, que pode gerar constrangimento aos participais. Esse risco

sera minimizado com a realizacao da coleta em local privativo e feita pelo proprio participante, e entrega de
recipiente para o armazenamento da

amostra que impega a exposicao do material para terceiros. O sigilo e anonimato dos participantes sera
preservado durante toda a pesquisa.

Ja quanto aos beneficios espera-se que a pesquisa identifique na Costus spicatos algum potencial
nefroprotetor, sendo assim havera a abertura de uma nova alternativa para

novos estudos e a possibilidade de utilizacdo da planta como um tratamento alternativo nas nefropatias. Se
os resultados forem negativos, a

pesquisa contribuird4 para o esclarecimento das informacdes populares, que sugerem que a planta tenha
potencial nefroprotetor. Portanto o

voluntario participante da pesquisa estara contribuindo com esses achados e auxiliando no processo de
pesquisa.

Comentérios e Consideragdes sobre a Pesquisa:
Trata-se de uma pesquisa de alta relevancia social e cientifica e apresenta minimos riscos éticos.

Consideragdes sobre os Termos de apresentacdo obrigatoria:
Os termos de apresentacao obrigatéria constam no protocolo e atendem o que se pede a normatizagéo
vigente

Recomendacdes:
Como as amostras de urinas humanas, deste protocolo sera base para pesquisa em animais, sugiro que a
pesquisa seja também submetida ao comité de pesquisa em animais.

ConclusBes ou Pendéncias e Lista de Inadequagdes:
Ap6s anélise criteriosa deste protocolo, concluimos pela APROVACAO da mesma.

Endereco: Rua Melvin Jones, 940

Bairro: Jardim América CEP: 79.803-010
UF: MS Municipio: DOURADOS
Telefone: (67)3410-2853 E-mail: cep@ufgd.edu.br
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Consideracdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Rrari

Tipo Documento Arquivo Postagem Autor Situacéo
Informacdes Basicas| PB_INFORMACOES_BASICAS DO _P | 30/09/2018 Aceito
do Projeto ROJETO 1216907.pdf 10:58:29
Folha de Rosto Folha_de_rosto.pdf 30/09/2018 |Karyne Garcia Aceito
10:45:43 | Tafarelo Moreno

Declaracéo de Termo_de_compromisso_fcs.pdf 30/09/2018 |Karyne Garcia Aceito

Instituicdo e 10:44:54 |Tafarelo Moreno

Infraestrutura

Declaracéo de Declaracao_de_compromisso.pdf 30/09/2018 |Karyne Garcia Aceito

Pesquisadores 10:43:52 | Tafarelo Moreno

Declaracao de Demosntrativo_Infraestrutura.pdf 30/09/2018 |Karyne Garcia Aceito

Instituicdo e 10:42:46 |Tafarelo Moreno

Infraestrutura

Orcamento Orcamento.pdf 30/09/2018 |Karyne Garcia Aceito
10:22:56 | Tafarelo Moreno

Cronograma Cronograma.pdf 30/09/2018 [Karyne Garcia Aceito
10:20:30 | Tafarelo Moreno

TCLE /Termos de |TERMO_DE_CONSENTIMENTO_LIVR | 30/09/2018 |Karyne Garcia Aceito

Assentimento / E_E_ESCLARECIDO.pdf 10:17:42 | Tafarelo Moreno

Justificativa de

Auséncia

Parecer Anterior Parecer_Comissao_de_ Pesquisa.pdf 30/09/2018 |Karyne Garcia Aceito
10:03:55 | Tafarelo Moreno

Projeto Detalhado / |Projeto_de pesquisa COMPLETO_Kary] 30/09/2018 |Karyne Garcia Aceito

Brochura ne.pdf 10:02:31 |Tafarelo Moreno

Investigador

Situacao do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Nao

Endereco:
Bairro: Jardim América
UF: MS
Telefone:

Municipio:
(67)3410-2853

Rua Melvin Jones, 940

CEP: 79.803-010
DOURADOS

E-mail:

cep@ufgd.edu.br
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DOURADOS, 14 de Novembro de 2018

Assinado por:
Leonardo Ribeiro Martins

(Coordenador(a))
Endereco: Rua Melvin Jones, 940
Bairro: Jardim América CEP: 79.803-010
UF: MS Municipio: DOURADOS
Telefone: (67)3410-2853 E-mail: cep@ufgd.edu.br
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