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RESUMO

A Cissus gongylodes tem sido tradicionalmente utilizada na dieta de povos indigenas
no Brasil e na medicina tradicional para a remocdo de célculos renais e doencas
inflamatorias. Este estudo teve como objetivo isolar, pela primeira vez, substancias
presentes na decoccdo das folhas de C. gongylodes responsaveis por suas
propriedades etnofarmacoldgicas anti-inflamatérias e antiuroliticas. As fragdes mais
ativas da decoccdo foram fracionadas utilizando C18 em sistema SPE, e as
substancias foram purificadas por HPLC-UV-DAD. A atividade anti-inflamatoéria foi
avaliada utilizando um ensaio ex vivo em sangue humano induzido por LPS e
ion6foro de célcio, medindo mediadores inflamatorios, PGE2 e LTB4. A atividade
antiurolitica foi avaliada utilizando um modelo experimental in vitro com urina
humana para determinar a dissolucao dos cristais de oxalato de célcio. Além disso, a
decoccdo foi caracterizada quimicamente pela analise metabolémica utilizando
UHPLC-ESI-HRMS. As substancias isoladas, incluindo rutina, eriodictyol 3'-O-
glicosideo e isoquercetina, demonstraram acGes multi-alvo significativas. Esses
componentes atuam como agentes anti-inflamatorios, inibindo a sintese dos
principais mediadores inflamatorios, PGE2 e LTB4. Além disso, exibem propriedades
antiuroliticas, promovendo a dissolugcdo de cristais de oxalato de calcio. A
caracterizacdo da decoccédo por UHPL-HRMS revelou um alto teor de flavonoides,
principalmente flavonoides glicosilados. Os resultados sustentam o uso tradicional
da decoccédo de C. gongylodes, identificando as substancias responsaveis por seus
efeitos anti-inflamatorios e antiuroliticos. A acdo multi-alvo exibida por C. gongylodes
€ particularmente desejavel no tratamento da urolitiase, uma vez que a inflamacéo e
a producdo de PGE2 precedem e contribuem para a formacao de cristais de CaOx
nos rins. Com base nessas acbes, C. gongylodes se destaca como uma fonte
potente de compostos ativos para o desenvolvimento de novos tratamentos para a

urolitiase.

Palavras-chave: oxalato de célcio; PGE2; LTB4; metabolomica.



ABSTRACT

Cissus gongylodes has been traditionally used in the diet of Indigenous peoples in
Brazil and in traditional medicine for the treatment of kidney stones and inflammatory
diseases. This study aimed to isolate, for the first time, compounds present in the
decoction of C. gongylodes leaves responsible for its ethnopharmacological anti-
inflammatory and anti-urolithiatic properties. The most active fractions of the
decoction were fractionated using C18 in an SPE system, and the compounds were
purified by HPLC-UV-DAD. The anti-inflammatory activity was evaluated using an ex
vivo assay in human blood induced by LPS and calcium ionophore, measuring
inflammatory mediators PGE2 and LTB4. The anti-urolithiatic activity was assessed
using an in vitro experimental model with human urine to determine the dissolution of
calcium oxalate crystals. Furthermore, the decoction was chemically characterized by
metabolomic analysis using UHPLC-ESI-HRMS. The isolated compounds, including
rutin, eriodictyol 3'-O-glucoside, and isoquercetin, demonstrated significant multi-
target actions. These components act as anti-inflammatory agents by inhibiting the
synthesis of key inflammatory mediators, PGE2 and LTB4. Additionally, they exhibit
anti-urolithiatic properties by promoting the dissolution of calcium oxalate crystals.
The characterization of the decoction by UHPLC-HRMS revealed a high content of
flavonoids, primarily glycosylated flavonoids. The results support the traditional use
of the C. gongylodes decoction, identifying the compounds responsible for its anti-
inflammatory and anti-urolithiatic effects. The multi-target action exhibited by C.
gongylodes is particularly desirable in the treatment of urolithiasis, as inflammation
and PGE2 production precede and contribute to the formation of calcium oxalate
crystals in the kidneys. Based on these actions, C. gongylodes stands out as a
promising source of active compounds for the development of new treatments for

urolithiasis.

Keywords: calcium oxalate; PGE2; LTB4; metabolomics.
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1 INTRODUCAO GERAL

A urolitiase e a nefrolitiase, comumente conhecidas como calculo renal,
referem-se a formacgédo de calculos nos rins ou em qualquer parte do trato urinario. O
calculo renal afeta 10% da populacdo mundial, podendo causar dor intensa,
obstrucdo urinaria, hematuaria e, em casos graves, a perda da funcéo renal (Bnaya et
al., 2024; Liu; Wang; Hao, 2024). A doenca é considerada multifatorial devido aos
fatores ambientais e genéticos, e tem uma alta taxa de recorréncia, sendo de 60%
em 10 anos (Khan, 2013). A formacédo dos calculos envolve a nucleacao dos cristais,
crescimento, agregacao e retencao deles nos rins. Cerca de 80% desses calculos
sdo formados por célcio, incluindo oxalato de calcio (CaOx) e fosfato de calcio; o
restante é composto de estruvita (fosfato de aménio e magnésio), acido urico e
cistina (Singh et al., 2022).

O acumulo de deposicdo de cristais nos rins leva a superproducdo de
espécies reativas e a sintese de moléculas pro-inflamatérias, resultando em danos
nos rins, perda de células renais, inflamacgéo e até mesmo insuficiéncia renal crénica
(Khan et al., 2021). Mediadores quimicos sao recrutados para reduzir a inflamacao
como edema, dor, e a formacdo dos célculos como mecanismo de defesa
(Medzhitov, 2008). A enzima fosfolipase A2 (PLA2) presente nas membranas
celulares catalisa a producdo de acido araquidénico (AA) (Nathan; Ding, 2010). O
AA é metabolizado por enzimas como as ciclooxigenases (COXs), que produzem
prostaglandinas como a prostaglandina E2 (PGE2), e as lipoxigenases (LOXs), que
geram leucotrienos como o leucotrieno B4 (LTB4) (Chen et al., 2018). A PGE2
promove vasodilatacdo, enquanto o LTB4 auxilia na quimiotaxia, recrutando
neutroéfilos para o local da lesao renal (Galli et al., 2011; Medzhitov; Janeway, 2000).

Atualmente, o tratamento do calculo renal inclui o uso de analgésicos, anti-
inflamatorios e relaxantes musculares para alivio da dor e facilitacdo da eliminacéo
de pequenos cristais. Agentes modificadores da constituicdo urinaria sao utilizados
para evitar a supersaturacdo de sais formadores de calculos (Khan; Canales;
Dominguez-Gutiérrez, 2021). Em alguns casos, a intervencdo cirurgica e técnicas
por ondas de choque sdo empregadas para a remocao dos célculos, mas podem
causar dor, sangramento, infeccdes e danos aos tecidos (Singh et al., 2022). Apesar
dos avancos farmacoldgicos e das técnicas sofisticadas, o0s procedimentos

permanecem caros e podem causar hemorragias devido as técnicas invasivas
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necessarias para a remocdo dos célculos. Assim, ainda ndo existem tratamentos
totalmente eficazes para dissolver calculos, reduzir sua recorréncia e agir como anti-
inflamatoérios (Nimavat et al., 2022).

As plantas medicinais desempenham um papel complementar no tratamento
do calculo renal, sendo mais econémicas, eficazes e com menores efeitos colaterais.
Os compostos naturais geralmente possuem estruturas quimicas mais compativeis
com os sistemas biolégicos humanos, o que pode resultar em uma melhor
tolerabilidade e menor incidéncia de efeitos adversos. Diversas plantas medicinais
tém demonstrado um papel promissor na inibicdo e dissolucdo dos calculos,
podendo ter potenciais diuréticos, antioxidantes, anti-inflamatorios, entre outros
(Jebir; Mustafa, 2024). Sendo assim, produtos naturais derivados de plantas tém
sido uma fonte valiosa na busca por substancias bioativas no desenvolvimento de
novos medicamentos (Newman; Cragg, 2020; Zhou et al., 2018). Os extratos
vegetais geralmente contém uma grande variedade de metabdlitos, e a bioatividade
desses extratos pode ser atribuida a esses metabdlitos. No entanto, isolar todos os
metabdlitos presentes em um extrato nem sempre € viavel, devido ao tempo
necessario, a complexidade quimica envolvida e a baixa concentracdo de muitos
metabdlitos especializados, além do isolamento de metabolitos ja conhecidos na
literatura (Aderemi et al., 2021).

A metabolémica surgiu como uma estratégia indispensavel para a andlise de
milhares de metabdlitos presentes em um Unico extrato sob condicbes especificas.
Essa abordagem utiliza diversas ferramentas, incluindo técnicas analiticas como a
cromatografia liquida acoplada a espectrometria de massa (LC-MS), que possibilita
a analise abrangente do perfil metabdlico dos constituintes presentes nos extratos
vegetais (Rochfort, 2005). Os dados obtidos podem ser utilizados para a
identificacdo de biomarcadores em extratos biologicamente ativos e na descoberta
de metabdlitos possivelmente inéditos (Yuliana et al., 2011).

Neste contexto, o decocto das folhas de Cissus gongylodes (Vitaceae) tem
sido utilizado na medicina tradicional para a remoc¢ao de calculos renais, além de
problemas biliares e inflamatoérios, sem a comprovacgédo cientifica das substancias
envolvidas na atividade biolégica associada a etnofarmacologia (Ahmed; Hasan,
2017; Ahmed; Hasan; Mahmood, 2016; Pirker et al.,, 2012). Estudos anteriores
mostraram que o0 decocto das folhas de C. gongylodes apresenta acao anti-

inflamatoria, inibindo as principais vias da inflamacdo, as COXs e LOXs, agéo
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antiedematogénica e atividade antiurolitica, inibindo e dissolvendo cristais de CaOx,
0S mais prevalentes, e de estruvita (Salem et al., 2020). Considerando o historico
etnofarmacologico da espécie C. gongylodes e as limitagdes dos tratamentos do
calculo renal, o presente estudo tem como objetivo avaliar pela primeira vez a
atividade antiurolitica e anti-inflamatoria das fracbes do decocto, a fim de bioguiar o
isolamento de substancias anti-inflamatorias e antiuroliticas. Além disso, visa
compreender o perfil quimico do decocto de C. gongylodes utilizando a
cromatografia liquida acoplada a espectrometria de massas.
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2 REVISAO LITERATURA

2.1 UROLITIASE

A urolitiase e a nefrolitiase, comumente chamadas de célculo renal, referem-se a
formacdo de calculos nos rins e no sistema urinario, podendo causar episodios de
dor intensa e até mesmo o comprometimento da funcéo renal (Sakhaee; Maalouf;
Sinnott, 2020). Os calculos renais sdo depoésitos minerais que podem ser
encontrados nos célices renais e na pelve de forma livre os presos as papilas renais
(Figura 1) (Khan, 2016). A urolitiase é considerada uma doenca multifatorial,
resultante da interacdo entre fatores ambientais e genéticos. A doenca esta
associada a condicbes relacionadas ao estilo de vida, incluindo doencas
cardiovasculares, hipertensdo, doenca renal crbnica, diabetes e sindrome
metabdlica (Liu et al., 2022). A urolitiase afeta cerca de 13% da populacdo mundial,
e sua ocorréncia é comparavel a do diabetes. A doenca apresenta uma alta taxa de
recorréncia, sendo de 50% entre 5 e 10 anos e 75% dentro de 20 anos, tanto em

homens quanto em mulheres (Ghale-Salimi et al., 2018).

Figura 1 — Representacéo dos calculos renais no interior do rim

Calculo renal nos calices
menores e maiores do rim

Calculo renal no canal ureter

Fonte: Zakaria et al. (2023).

Os calculos sao formados de calcio 80%, especificamente oxalato de calcio
(CaOx) e fosfato de calcio sendo os mais ocorrentes, 10% de estruvita (fosfato de

amoénio e magnésio), enquanto os 10% restantes sdo formados por acido Urico e
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cistina. Os calculos de CaOx podem ser de dois tipos monohidratado (COM) e
dihidratato (COD) (Lotan et al., 2017). Os fatores metabdlicos como a hipercalciuria
e hiperoxaluria contribuem para a formacéo de cristais de CaOx devido ao aumento
da concentracdo dos niveis séricos normais de célcio e oxalato de calcio na
excrecao urinaria, levando a formacéo dos calculos urinarios (Alelign; Petros, 2018;
Tiselius, 2011).

Os calculos de estruvita sdo originados de infecgbes no trato urinario
causadas por bactérias como Pseudomonas, Staphylococcus, Klebsiella, Proteus,
Corynebacterium, entre outras. As bactérias produtoras da enzima urease
promovem a decomposicdo da ureia em amonia e dioxido de carbono (Sharma;
Khan; Ahmad, 2016). Esse processo, catalisado pela enzima urease, torna a urina
alcalina, aumentando a concentracdo dos componentes que formam os cristais de
estruvita, o que, por fim, propicia a formacdo desses cristais (Das et al., 2017). Os
cristais de acido urico decorrem do metabolismo das purinas, resultando no excesso
do &cido Urico e contribuindo para a formacao dos cristais (Khan, 2014). Ja os
calculos de cistina ocorrem devido ao aumento da concentracdo desse aminoacido,
geralmente causado por uma condicdo hereditaria chamada de cistindria (Duan et
al., 2013; Sharma; Khan; Ahmad, 2016).

O mecanismo de formacdo dos calculos envolve uma série de processos
complexos, incluindo nucleacdo, crescimento de cristais insollveis, agregacdo e
retencdo desses cristais nos rins (Liu; Wang; Hao, 2024). O processo de nucleagao
dos cristais é o primeiro estagio da cristalizacdo e se inicia pela supersaturacédo de
minerais formadores de calculos, como célcio e oxalato, presentes na urina (Gomes
et al., 2005). A nucleacdo pode ocorrer de forma homogénea ou heterogénea, na
qual os ions minerais se combinam na presenca de proteinas e outros tipos de
minerais (Velu et al., 2017). A precipitacao dos cristais em urina supersaturada pode
ocorrer durante a formacéo da urina nos tubulos renais (Mulay; Anders, 2014). Uma
vez formado, o ndcleo de um cristal pode crescer devido a presenca de urina
supersaturada, resultando em crescimento e aglomeracdo no interior dos rins,
especificamente nos epitélios tubulares (Kumar et al., 2016).

A formacéo e o crescimento dos cristais podem ser influenciados pela
composigdo da urina, incluindo a saturagédo de minerais formadores de céalculos e a
presenca de modificadores inorganicos e organicos, como glicoproteinas e

glicosaminoglicanos (Muvhulawa et al.,, 2022). Modificadores conhecidos como
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inibidores de cristalizacdo e nucleacdo, como citrato, magnésio e zinco, atuam
reduzindo a disponibilidade de ions oxalato e célcio, impedindo, por exemplo, a
formacao desses cristais (Gupta et al., 2011). As glicoproteinas, produzidas pelas
células epiteliais dos tubulos renais, como nefrocalcina, osteopontina, uropontina,
bicunina e Tamm-Horsfall (uromodulina), presentes na matriz do calculo, podem
exercer efeitos inibitérios na formacao, nucleacéo e agregacao dos calculos. Essas
proteinas se ligam aos cristais nas fases iniciais, alterando suas superficies e
dificultando o crescimento e a adesdo dos célculos ao epitélio renal. Contudo, a
proteina polimerizada Tamm-Horsfall (uromodulina), em certas condicGes, pode
promover o crescimento de cristais (Argade et al., 2015; Kaleeswaran et al., 2018).

Entre as condicbes que favorecem a retencdo dos calculos nos rins,
destacam-se a interacdo entre o tipo de cristal e os epitélios renais, as condicbes
ibnicas, as macromoléculas e a quantidade de minerais precipitados (Chewcharat;
Curhan, 2021). Os cristais de oxalato de calcio di-hidratado (COD) interagem menos
com o0s epitélios renais em comparacdo aos cristais de oxalato de célcio
monohidratado (COM). Essa diferenga se deve a morfologia dos cristais: os cristais
COM possuem uma superficie mais complexa, que favorece a adesdo celular,
enquanto os cristais COD sdo mais lisos e menos propensos a interagir com as
células renais (Romero et al., 2010). A superficie dos cristais COM oferece mais
sitios de ligacdo e maiores interacdes com as proteinas presentes no epitélio renal,
facilitando sua adeséo e retengdo nos rins. A maior adesao dos cristais COM sugere
uma maior probabilidade de esses calculos causarem dano celular, inflamacéo e
apresentarem menor propensao a eliminacao (Saha; Verma, 2013).

A adesado dos cristais de COM ¢€ inibida por diversas moléculas aniénicas
soluveis encontradas na urina humana normal, como hialuronano, bicunina e
osteopontina, e anions soluveis especificos no fluido tubular podem revestir a
superficie do cristal, bloqueando assim sua adesdo as células renais proximas,
enquanto os anions da superficie celular competem e se ligam a esses cristais
(Sansores-Spain et al., 2022). O resultado dessa competicdo determina se o cristal é
eliminado do néfron na corrente de fluido tubular ou é retido no rim e se desenvolve
em um célculo (Youssef et al., 2020).

O calculo renal pode ser sintomatico e assintomatico e geralmente o individuo
apresenta colica no reno-ureteral, dor na lombar e até mesmo associacbes de

hematuria visiveis (Dinnimath et al., 2017). O diagnéstico envolve uma combinacéo
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de histdria clinica apoiado por exames de imagem como a ultrassonografia renal e a
tomografia computadorizada (Liu et al., 2022). Essas técnicas apresentam
sensibilidade e especificidade para identificar a presenca e o tamanho dos célculos
renais. Os exames laboratoriais também contribuem para avaliar a composi¢éo
qguimica e fatores predisponentes (Khan et al., 2021).

O tratamento do célculo renal geralmente depende do tamanho, tipo e
localizacdo do célculo. Pode variar desde a observagcdo em casos de célculos
pequenos (cerca de 4 mm) até a intervengdo cirurgica para calculos maiores (acima
de 7 mm) (Pachaly; Baena; Carvalho, 2016). O manejo da dor e a prevencao de
novos célculos e infeccbes urinarias sdo aspectos essenciais do tratamento (Evan,
2010). Em alguns casos, o aumento da ingestdo hidrica e a restricdo alimentar
podem ser suficientes para expelir e prevenir a formacdo de célculos renais
(Frochot; Daudon, 2016). As modificacbes alimentares incluem uma dieta
balanceada em sdodio, oxalato, calcio e proteina animal, além do aumento do
consumo de alimentos citricos. A ingestdo excessiva de proteinas pode aumentar a
reabsorcdo renal do citrato, diminuindo sua excrecdo e efeito inibitério, além de
elevar a concentracdo de constituintes de calculos, como célcio e acido Urico.
Acredita-se que os alimentos citricos aumentam os niveis de citrato, contribuindo
para a inibicdo da formacao de cristais (Gul; Monga, 2014).

O uso de medicamentos alcalinizantes, relaxantes musculares e reguladores
de distarbios metabdlicos pode facilitar a expulsdo dos calculos renais, reduzir a
recorréncia e a supersaturacdo de minerais urinarios, contribuindo assim para a
inibicdo da formacdo de novos calculos (Scardelato; Legramandi; Sacramento,
2013). Além disso, o0 uso de analgésicos e anti-inflamatérios é essencial para aliviar
a dor associada a codlica renal, que € causada pela obstrucdo urinaria provocada
pelo calculo, sua passagem pelo ureter, ou pela obstrucéo do fluxo urinario no rim ou
no trato urinario (Mikawlrawng; Kumar; Vandana, 2014).

A intervencdo cirlrgica é necessaria em casos de comprometimento da
funcdo renal, obstrucdo ureteral, com ou sem quadros infecciosos, e em calculos
obstrutivos acima de 7 mm (Ahn; Harper, 2021). Os calculos obstrutivos podem levar
a hidronefrose devido a obstru¢do do fluxo urinario, causando dilatagcdo do rim e,
eventualmente, perda da funcdo renal (Khan et al., 2021). Entre as técnicas
utilizadas para a remocéao cirargica estao a litotripsia extracorpérea por ondas de

choque e a nefrolitotomia percutéanea, entre outras (Albert et al., 2017). Apesar dos
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avancos na medicina moderna, as técnicas empregadas na remocao dos calculos
renais permanecem caras, podem causar hemorragias e, a longo prazo, danos
renais e hipertensdo, além de n&o reduzirem a recorréncia dos calculos renais
(Pearle et al., 2014, Xu et al., 2013) (Geraghty; Wood; Sayer, 2020).

Atualmente, ndo existem técnicas ou medicamentos satisfatorios capazes de
dissolver completamente os calculos renais, reduzir sua recorréncia e atuar como
anti-inflamatoérios (Forbes et al., 2022). Por essa raz&o, as plantas medicinais
desempenham um papel importante na busca por substancias e extratos que
possam oferecer uma acdo multialvo no tratamento da urolitiase de forma eficaz,
econdbmica e com menos efeitos colaterais (Afshar et al., 2010; Mulay; Evan; Anders,
2014).

2.2 PROCESSO INFLAMATORIO

A fixacdo e o acumulo e de cristais de CaOx nos rins sdo condi¢oes
importantes para o desenvolvimento da nefrocalcinose. Os cristais de COM, por
exemplo se ligam as células epiteliais renais, resultando na proliferacao celular e na
inflamacédo (Khan, 2004). Além disso, ocorre a sinalizacdo de espécies reativas do
oxigénio (ROS), causando leséo, inflamacédo intrarrenal, formacado, retencdo dos
cristais e até mesmo a insuficiéncia renal crénica (Singh et al., 2022). Essa condicao
resulta na superproducdo de ROS, ocasionado a reducdo da capacidade
antioxidante endégena, o aumento do estresse oxidativo e a sintese de moléculas
pré-inflamatérias pela ativacdo da ativacdo da enzima PIA2 e consequentemente a
sintese de PGE2 (Khan et al., 2021; Thongboonkerd; Yasui; Khan, 2021).

A inflamacé@o é uma resposta complexa do sistema imunoldgico (Cardinal et
al., 2016). Quando ocorre uma mineraliza¢cdo iminente, o corpo reage produzindo
macromoléculas que inibem a cristalizacdo (Calixto; Otuki; Santos, 2003). Ap6s a
formacdo dos cristais, o corpo atrai células inflamatorias para elimina-los (Khan,
2014; Meng; Liu; Lai, 2015). As macromoléculas conhecidas como mediadores
quimicos desempenham um papel crucial na regulacdo da resposta inflamatéria,
coordenando uma série de eventos que incluem vasodilatacdo, aumento da
permeabilidade vascular e migracdo de células imunologicas para o local da leséo
(Abdulkhaleq et al., 2018; Medzhitov, 2010)
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A regulacdo do processo inflamatério inicia na ativacdo de enzimas
fosfolipases, especialmente a PLA2 presentes nas membranas celulares que por
sua vez, catalisa a sintese do AA (Medzhitov, 2008; Nathan; Ding, 2010). O AA é
regulador fundamental na inflamacédo, devido a sua posterior metabolizacdo por
diversas vias metabolicas. O AA geralmente é metabolizado por enzimas como as
COXs sendo composta por duas isoformas ciclooxigenase-1 (COX-1) e
ciclooxigenase-2 (COX-2), e as LOXs (Meirer; Steinhilber; Proschak, 2014). A
isoforma COX-1 estd presente nos vasos sanguineos, plaquetas, estomago,
intestino e rins, sendo denominada de enzima construtiva. A COX-1 também resulta
em diversos efeitos fisiologicos, como protecdo gastrica, agregacao plaquetaria,
homeostase vascular e manutencédo do fluxo sanguineo renal (Medzhitov; Janeway,
2000). Enquanto a COX-2 é induzida durante a inflamacgédo, sendo denominada de
enzima indutiva e facilita a resposta inflamatéria pela expressdo de células como
macrofagos e mondcitos. A via das COXs é responsavel pela sintese das
prostaglandinas (PGs), como a PGE2, tromboxanos, prostaciclinas e a via das LOX
produz os leucotrienos como o LTB4 (Chen et al.,, 2018). A PGE2 promove a
vasodilatacdo, aumentando a permeabilidade vascular, enquanto o LTBa4
desempenha a funcdo de quimiotaxia, recrutando os neutréfilos para o local
lesionado (Galli et al., 2011). E as vias COX e LOX produzem os mediadores mais
expressivos do processo inflamatorio, destacando-se a PGE2 e o LTB4 (Fig. 2)
(Lambeau; Gelb, 2008; Dobrian et al., 2011).

A presenca de AA e a sua conversdo em PGE2 desempenha um papel
importante na formacéo de cristais de CaOx devido a sua influéncia na excrecéo
renal de célcio e oxalato, o que contribui para a formacdo de calculos renais de
oxalato de célcio (Miller; Evan; Lingeman, 2007). Além disso, a PGE2 pode alterar a
interacdo entre a superficie da matriz do célculo de COM e as células epiteliais
renal, dificultando a eliminacdo dos calculos renais. a ligacdo de cristais de COM a
superficie das células epiteliais renais (Baggio et al., 2000; Rodgers et al., 2018).

Dessa forma, os anti-inflamatorios sdo usados para reduzir a dor, inibir os
mediadores quimicos e seus efeitos pré-inflamatérios e o0 estresse oxidativo
ocasionado pela nefrocalcinose (Geraghty et al., 2020). Além disso, a inibicdo do AA
e da PGE2 pode favorecer a formacédo de calculo renais sendo importante a sua

inibic&o.
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Figura 2 — Representacéo do processo inflamatério
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Fonte: Do Autor (2024).

Dessa forma, os anti-inflamatoérios sdo usados para reduzir a dor, inibir os
mediadores quimicos e seus efeitos pro-inflamatérios e o estresse oxidativo
ocasionado pela nefrocalcinose (Geraghty et al., 2020). Além disso, a inibicdo do AA
e da PGE2 pode favorecer a formacédo de célculo renais sendo importante a sua
inibicdo. Dentre as classes dos anti-inflamatorios existem os anti-inflamatérios nao
esteroidais (AINEsS) e esteroidais (AIEs) atuando de forma distintas no processo
inflamatério. Os anti-inflamatérios (AINES) podem ser seletivos para as COXs como
a COX-2 ou nao seletivos (Pallio et al., 2016). Os AINEs, como a indometacina,
inibem as COXs, impedindo a conversdo do AA pela COXs em PGE2 (Bindu et al.,
2020). A inibicdo da COX-1 pode levar a efeitos gastrointestinais, toxicidade renal e
insuficiéncia renal quando administrado em altas doses. Na tentativa de minimizar os
efeitos adversos da inibicdo da COX-1, foram produzidos medicamentos inibidores
seletivos da via COX-2. No entanto, esses inibidores seletivos da COX-2 estédo
associados a efeitos cardiovasculares e fendbmenos tromboticos (Domingos et al.,
2019).

Por outro lado, os anti-inflamatérios esteroides (AIEs), também conhecidos como
glicocorticoides, inibem a PLA2 reduzindo a disponibilidade de AA e,
consequentemente, diminuindo a producdo de PGE2 e LTB4, como ocorre com 0
farmaco dexametasona (Medzhitov, 2021). O uso prolongado de AIEs pode resultar
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em efeitos colaterais graves, incluindo irritacdo gastrica, osteoporose e hipertensao
(Domingos et al., 2019; Sohail et al., 2023). Portanto, é crucial desenvolver agentes
anti-inflamatoérios que visem tanto as vias COX quanto LOX, inibindo o AA na

inflamac&o renal, enquanto minimizam os efeitos adversos (Hotamisligil, 2020).

2.3 GENERO CISSUS

A familia Vitaceae compreende 15 géneros e 950 espécies de lianas,
distribuidas principalmente nos trépicos e regides temperadas (Cervantes et al.,
2021). Entre estes, o género Cissus € o maior da familia, com 300 espécies, a
maioria das quais sao lianas conhecidas como trepadeiras. Essas lianas possuem
grande diversidade morfolégica e estdo amplamente distribuidas em regifes
tropicais da Africa (135 espécies), das Américas (77 espécies), do sul da Asia (85
espécies) e da Austrdlia (12 espécies) (Lombardi, 2000; Rodrigues et al., 2014). Na
América do Sul, podem ser encontradas 65 espécies do género Cissus sp., sendo
que, no Brasil, cerca de 50 espécies desse género estdo presentes nos biomas da
Amazobnia, Caatinga, Cerrado, Mata Atlantica e Pantanal (Souza; Lorenzi, 2005).

O género Cissus sp. € utilizado na medicina popular em diversos paises
devido as suas propriedades antimicrobiana, antiparasitaria, anti-inflamatoria, anti-
hipertensiva, antitérmica, antiproliferativa, antiviral, anticonvulsivante, antiurolitica,
hipoglicémica, diurética, antidiabética e para tratar queimaduras, feridas, infeccées
cutaneas, hematomas, fraturas 0sseas, anemia, dor de garganta, reumatismo,
artrite, problemas gastrointestinais, diarreia, controle dos niveis de colesterol, entre
outros (Asem et al., 2014; Fernandes; Banu, 2012; Jainu; Devi, 2005; Lekshmi et al.,
2015; Madaleno, 2015; Ningombam et al., 2022; Salgado et al., 2009; Srissok et al.,
2011; Yi-Jie et al., 2016; Zamora-Martinez; Pola, 1992).

Diversos estudos cientificos vém comprovando o uso etnofarmacolégico
desse género, incluindo a atividade antiurolitica e anti-inflamatoria. As espécies
como C. adnata e C. gongylodes demonstram atividade antiurolitica, enquanto C.
multristriata, C. repens, C. quadrangularis, C. sicyoides, C. repanda e C. gongylodes
exibem acéo anti-inflamatoria (Quadro 1-2).

O género Cissus sp. apresenta uma diversidade de metabdlitos secundarios
encontrados em diferentes partes de plantas tais como, flores, caules, partes aéreas,

folhas, raizes e frutos (Quadro 3). As classes mais expressivas sao flavonoides,
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flavonoides glicosilados, triterpenos, alcaloides, fitosterdis, saponinas, terpenos,
estilbenos, ligninas, quinonas, cumarinas e, isoladas das espécies C. sicyoides, C.
pteroclada, C. rheifolia, C. javana e C. quadrangularis (Fig. 3) Ahmadu; Onanuga,
Aquino et al., 2010; Ansarali et al., 2016; Beltrame et al., 2002; Fernandes; Banu,
2012; Méndez-Lopez et al., 2020).

Quadro 1 — Atividade antiurolitica do género Cissus sp.

Espécie Extrato Mecanismo de acéo Referéncia

C. adnata Roxb. EEtOH2 Diminuicdo do pH urindrio; Laikangbam et al. (2010)
decristalizagcéo de urinas
coletadas de pacientes pré-
operatério com historico de
nefrolitiases e a
dissolucdo de cristais de
estruvita sintética*
Ningombam et al. (2022)
ECHCIs? Inibicho da nucleacdo e
agregacéo de cristais de CaOx
*%

C. gongylodes EA2 Inibicéo e dissolugéo de CaOx e
(Burch. Ex. Baker) estruvita ** Salem et al. (2020)
Phanch
C. discolor Blume ECHCI3z? Inibicdo da nucleagéo e Ningombam et al. (2022)
agregacao de cristais de CaOx**
C. javana DC EMeOH? Dissolveu calculos renais de Singh; Devi (2016)
COM **

Fonte: Autor (2024).
Legenda: Extrato cloroférmio (ECHCI3), Extrato metandlico (EMeOH), Extrato etandlico (EEtOH),
Extrato aquoso (EA), a folhas, * avaliacdo in vivo e ** avaliacdo in vitro.

A espécie C. gongylodes (Burch Ex. Baker) Planch., sinbnimo de Vitis
gongylodes, e C. sulcicaulis é utilizada como planta medicinal em forma de infusées
e decoccdes no tratamento de calculos renais, processos inflamatorios e biliares por
populacbes da india, Austria e Australia (Ahmed; Hasan; Mahmood, 2016; Ahmed:;
Hasan, 2017; Pirker et al., 2012). A espécie € comumente conhecida como cup4,
cipé de uvas, cipd mae-boa, uva do mato, videira brava, batata de cobra, entre
outros nomes (Rodrigues et al., 2014). A C. gongylodes ndo é uma planta endémica
do Brasil, podendo ser encontrada no Acre, Para, Ceara, Maranh&o, Goias, Mato

Grosso, Mato Grosso do Sul, Minas Gerais, Sao Paulo e Parana (Lombardi, 1997).
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Mecanismo de acao

Referéncia

Espécie Extrato
C. multistriata L. EMeOH?
C. repens Lamk. EMeOH¢
C. repanda Vahl. EMeQHP
EACOEtP
C. quadrangularis

Linn. EMeOHe

C. sicyoides L. EAP
EEtOH?

C. gongylodes EA2

(Burch. Ex. Baker)
Phanch

Cissus pteroclada
Hayata

Bergenina-11-O-
a-D-
galactopiranoside
0° (10)

Inibiu 0 edema de pata em ratos
induzido por injecdo de &cido
acético *

Inibiu 0 edema de pata induzido
por A-carragenina diminuindo os
niveis de MDA e NO; e aliviou os
niveis de citocinas pro-
inflamatérios, como IL-1B, IL-6,
TNFa, NFkB, iNOS e COX-2*

Inibiu 0 edema de pata de rato
induzido por carragenina por 2-
5h*

Agéo anti-inflamatéria em ratos
diabéticos induzidos por STZ*

Inibicdo da via da COX e 5-LOX
avaliados no modelo de edema
de pata induzido por carragenina
e acido araquidonico; e edema de
orelha induzido por etil fenil
propionato em ratos*

Reducédo do edema de pata
induzido por carragenina em
ratos e edema de orelha em
camundongos via inflamagé&o
tépica usando acetato de
detradecanoilforbol *

InibicBo do edema induzido por
xileno e AA e diminuicdo dos
niveis de PGE: pela admistragéo
oral do extrato *

Inibicdo do edema de orelha em
camundongos induzido por Oleo
de créton e inibicdo da
guantificacdo de PGE:z e LTB4*

Inibiu a producdo de mediadores
pro-inflamatérios NO e PGE:z e a
expressdo de NF-kB, TNF-a, IL-
1B, INOS e COX-2**

James et al. (2013)

Chang et al. (2012)

Kumar et al. (2013)

Lekshmi et al. (2015)

Panthong et al. (2007)

Garcia et al. (2000)

Beserra et al. (2016)

Salem et al. (2020)

Yi-Jie et al. (2016)

Fonte: Autor (2024).

Legenda: Extrato metandlico (EMeOH), extrato etandlico (EEtOH), extrato aquoso (EA), fracdo
acetato de etila (AcOEt), 2 folhas, P caule/haste, ¢ planta inteira, ¢ partes aéreas, *
avaliacéo in vivo e ** avaliacéo in vitro.



Quadro 3 — Substancias isoladas do género Cissus sp

C. sicyoides Linn.

1 Quercitrina EMeOHe® Beltrame et al. (2001)
2 Afzelin EMeOHe® Beltrame et al. (2001)
3 Kaempferol EMeOHe® Xu et al. (2009)
4 Quercetina EMeOHe® Xu et al. (2009)
5 Pongamol EMeOHe® Xu et al. (2009)
6 Juglanina EMeOHe® Xu et al. (2009)
7 Homopterocarpina EMeOHe Xu et al. (2009)
8 Triptantrina EMeOHe® Xu et al. (2009)
9 6-(2,4-dimetoxifenil)furo[2,3-f][1,3]benzodioxol EMeOHe® Xu et al. (2009)
C. pteroclada Hayata
10 bergenina-11-O-a-d-galactopiranosideo EEtOH® Yi-Jie et al. (2016)
11 Resveratrol EEtOH® Yi-Jie et al. (2016)
12 11-o-Galoilbergenina EEtOH® Yi-Jie et al. (2016)
13  Acido gélico EEtOHe Yi-Jie et al. (2016)
14  Purpurogalina EEtOHe® Yi-Jie et al. (2016)
15 Norbergenina EEtOH® Yi-Jie et al. (2016)
C. rheifolia Planch.
16 (2S,3S,9aR)-2-(3,4-dimetoxifenil)-3-(4- ECHCIs? Saifah et al. (1983)
metoxifenil)-2,3,4,6,7,8,9,9a-octahidro-1H-
quinolizina
17 Criptopleurina ECHCI3z? Saifah et al. (1983)
18 Vomifoliol ECHCI3z? Saifah et al. (1983)
19 (R)-4-((2R,4S)-2,4-dihidroxi-2,6,6- ECHCIs? Saifah et al. (1983)
trimetilciclohexilideno)but-3-en-2-ona
20 Vitexina EMeOH? Saifah et al. (1983)
C. javana DC
21 Cissus javanol EMeOH? Asem et al. (2014)
C.quadrangularis Linn.
22  24-metil-dammara-2,20,25-trieno-1-ona EHex> Pathomwichaiwat et al.
(2015)
23  24-metil-dammara-20,25-dieno-3-ona EHexb Pathomwichaiwat et al. (2015)

Fonte: Autor (2024).
Legenda: Extrato cloroférmio (ECHCIs), Extrato metandlico (EMeOH), Extrato etandlico (EEtOH),
Extrato hexanico (EHex), #folhas, PCaule/haste, e ¢ Partes aéreas.
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Figura 3 — Representacdo dos metabolitos secundarios isolados no género Cissus
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Fonte: Autor (2024).



32

Mesmo sendo encontrado em uma extensa distribuicdo geografica, a C.
gongylodes ndo apresenta diferencas morfolégicas notaveis (Lombardi, 1995). Seu
ciclo de vida é do tipo liana-volavel, germina no solo, e suas raizes permanecem no
solo durante toda a sua vida, necessitando de um suporte para se manter ereto e
normalmente cresce em direcdo a luz ultravioleta abundante. A C. gongylodes
floresce de janeiro a maio, frutifica de fevereiro a agosto e apresenta adaptacao a
ambientes aridos, devido aos seus caules carnosos (Lombardi, 2000). A planta &
caracterizada por folhas trifolioladas, inflorescéncias com flores verde-amareladas,
caules grossos e carnosos, e seus frutos sdo do tipo baga (Fotografia 1) (Santo et
al., 1987).

Fotografia 1 — Folhas, caules e inflorescéncia de C. gongylodes

Fonte: Autor (2024).

A C. gongylodes demonstrou ser eficiente na remocédo de poluentes do ar,
como benzeno e tolueno (Yoo et al., 2006). Os caules de C. gongylodes sé&o
utilizados como fonte de alimentacéo pelos indios Kayapds no Brasil, demonstrando
seu baixo potencial toxicolégico (Lombardi, 2007; Prance, 1991). A decoccdo dos
caules e a infuséo das folhas de C. gongylodes ndo apresentaram toxicidade nem
alteracdes morfolégicas em rins, figado e coracdo quando administradas em uma
dose de 5000 mg/kg em ratos por sete dias. Além disso, ndo exibiram acao
antimicrobiana contra as cepas de Escherichia coli, Staphylococcus aureus, Bacillus

subtilis, Pseudomonas aeruginosa e Candida albicans (Navarro, 2009). O extrato
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aguoso das folhas de C. gongylodes apresenta uma importante alternativa para a
obtencdo de micronutrientes essenciais, como cobre (0,95 mg), ferro (3,46 mg) e
zinco (1,69 mg) em 1g de planta, quando comparado com outras plantas
alimenticias apreciadas na alimentacdo, que contém cobre (1,37 mg), ferro (5,13
mg) e zinco (2,96 mg) (Andrade et al., 2005).

Até o momento, ndo havia relatos na literatura sobre a composi¢cado quimica
de C. gongylodes e a relacdo dos metabdlitos associados ao seu potencial
farmacoldgico. Assim como o género, a espécie C. gongylodes mostrou ser uma
planta promissora e atoxica, necessitando ser estudada para comprovar 0sS
metabdlitos e o seu mecanismo de acdo associados as atividades anti-inflamatéria e
antiurolitica. As plantas com histérico etnofarmacolégico tém grande potencial de
serem farmacologicamente ativas e pode fornecerem substancias de grande
importancia terapéutica e farmacéutica (Verpoorte; Choi; Kim, 2005). Portanto, essas
plantas podem revelar substancias lideres para o desenvolvimento de novos
candidatos a farmacos para o tratamento da urolitiase, por exemplo (Maier, 2015;
Pinto et al., 2002).

2.4 METABOLOMICA

As plantas produzem diversos metabdlitos que desempenham funcdes
cruciais para o crescimento, desenvolvimento e adaptacdo ao ambiente, que Sao
divididos em primarios e especializados. Os metabdlitos primarios exercem a funcao
de crescimento e desenvolvimento da planta. Em contraste, os metabolitos
especializados podem desempenhar um papel significativo na protecdo e defesa
contra os fatores bidticos contra herbivoros, insetos e patégenos e abiéticos no
aumento da resisténcia da planta em fatores que incluem temperatura, luz solar,
umidade, pH do solo, pressdo atmosférica e composicdo quimica do ar e da agua
(Gobbo-Neto; Lopes, 2007). Embora seu papel inicial dos metabolitos secundarios
seja voltado para atender as necessidades ecoldgicas e de defesa dos organismos
gue as produzem, muitos desses metabdlitos também exibem atividades
farmacoldgicas relevantes para a saude humana. Assim, a diversidade e
complexidade estrutural dos metabdlitos secundarios tornam essas moléculas
importantes fontes para a descoberta de novos agentes terapéuticos (Prinsloo;

Nogemane, 2018).
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Sendo assim, a metabolémica € uma poderosa estratégia no estudo de
produtos naturais, especialmente na identificacdo e caracterizacdo de metabdlitos
secundarios com potenciais atividades biologicas e em resposta as diferentes
condicdes ambientais (Luni¢ et al., 2022). A identificacdo est4 relacionada a
determinacdo da identidade de uma substancia, especialmente util para confirmar
substancias conhecidas, enquanto a caracterizacdo é indispensavel para elucidar
sua estrutura e conformacéo espacial principalmente em estudos com substancias
inéditas (Chagas-Paula et al.,, 2015). A metabolébmica permite uma andlise
abrangente dos perfis quimicos de plantas, por exemplo possibilitando a
identificacdo de substancias especificas em resposta a estimulos bidticos e
abidticos. Isso € essencial para entender como as plantas produzem determinadas
substancias bioativas e como esses metabdlitos podem ser modulados em
diferentes condicBes ambientais (Xiao et al., 2022).

Diante disso, a metabolémica com abordagem ndo direcionada € uma
ferramenta sistematizada e poderosa para identificar e quantificar pequenos
metabolitos (<1500 Da) em amostras biologicas de plantas (Liu et al., 2013).
Utilizando técnicas analiticas como a cromatografia liquida acoplada a
espectrometria de massa de alta resolucdo (LC-HRMS), a LC promove a separacao
dos compostos com base na polaridade, tamanho molecular ou interacdo com a fase
estacionaria. A HRMS, por sua vez, analisa os compostos separados, determinando
a massa molecular e os padrdes de fragmentacao, possibilitando a identificagdo e a
caracterizacdo dos metabolitos por meio de bancos de dados. Essa abordagem
ortogonal proporciona uma analise abrangente e eficiente do perfil metabdlico de
plantas em diferentes condi¢des biologicas (Zhang et al., 2012).

Em geral, o fluxo de trabalho da metabolémica ndo direcionada consiste em
planejamento experimental, preparo de amostras, aquisicdo de dados,
processamento, analise estatistica multivariada, identificacdo de marcadores e
interpretacdo significativa dos resultados (Fig. 4) (Ren et al., 2018). O preparo de
amostras € uma etapa fundamental, pois influencia diretamente a qualidade e a
confiabilidade dos dados obtidos. Nesse contexto, a técnica LC-HRMS proporciona
uma analise abrangente do metaboloma, destacando-se pela sua robustez, alta
sensibilidade e eficiéncia na deteccado de uma vasta gama de metabdlitos (Canuto et
al., 2018).
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Figura 4 — Fluxo de trabalho da metabolémica ndo direcionada
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Fonte: Autor (2024).

Além disso, estudos recentes destacam as vantagens das técnicas de
aquisicao independente de dados (DIA), que fragmentam indiscriminadamente todos
0s ions precursores detectaveis dentro de uma ampla faixa m/z com mudltiplos ciclos
de baixa e alta energia (Katchborian-Neto et al., 2024). Essa abordagem amplia a
cobertura de dados espectrais de fragmentos LC-MSE em uma Unica corrida
cromatografica, permitindo a captura de metabolitos majoritarios e minoritarios. A
fragmentacao dos ions em intervalos de massa especificos, sem a necessidade de
pré-selecdo com base na intensidade do sinal. A aquisicdo DIA ndo realiza uma
separacdo seletiva do MS® e MS2 e em vez disso, alterna entre niveis de energia
para coletar fragmentos de todos os ions presentes (como no MSE), criando um
perfil de fragmentacdo de toda a amostra (Alves et al., 2024). No entanto, a DIA é
ideal para abordagens ndo direcionadas, especialmente em estudos exploratdrios de
plantas com perfis quimicos complexos e ainda pouco investigados, onde a
identificacdo de novos metabolitos secundarios é necessaria. (Katchborian-Neto et
al., 2023; Wang et al., 2019).

Em contraste, o método de aquisicdo dependente de dados (DDA),
amplamente utilizada na metabolémica, adquire dados MS2 ao selecionar ions com

base na intensidade do sinal. Para isso, o DDA identifica primeiro os ions intactos no
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espectro MS! e, em seguida, escolhe aqueles com maior intensidade para
fragmentacdo e aquisicdo dos espectros MS2?, fornecendo informacdes estruturais
detalhadas dos metabdlitos de maior abundancia na amostra (Fenaille et al., 2017).
Uma limitacdo desse método € a utilizacdo de uma janela espectral relativamente
estreita para a fragmentacdo, o que significa que ele foca em um pequeno nimero
de ions de alta intensidade em cada ciclo de aquisicdo. Essa abordagem acaba
deixando muitos metabdlitos de baixa abundancia sem dados MS?, ou seja, sem
fragmentacado detalhada para analise estrutural. Isso reduz a abrangéncia da analise
e pode limitar a identificacdo de substédncias menos concentradas na amostra,
especialmente aqueles com potencial atividade biolégica que podem estar presentes
em quantidades reduzidas (Schmid et al., 2021). Nesse sentido, a DDA pode ser
menos eficaz em analises ndo direcionadas, onde o objetivo é explorar e identificar o
maior niumero possivel de metabdlitos (Tsugawa et al., 2015).

Na metabolomica, softwares como Global Natural Products Social Molecular
Networking (GNPS), MS-DIAL e MZmine desempenham um papel essencial no
processamento e analise de dados espectrométricos de massa, cada um oferecendo
caracteristicas distintas que facilitam a interpretacédo e a anotacao dos dados obtidos
(Silva et al., 2021). O GNPS ¢ plataforma baseada na web que permite a analise
colaborativa e compartiihamento de dados de espectrometria de massa (MS/MS)
(Wang et al., 2016). Atraveés de ferramentas como networking molecular, GNPS
ajuda a organizar espectros em familias, facilitando a descoberta de novos
metabolitos e a comparacdo de dados com bibliotecas de fragmentacdo publicas.
Essa rede colaborativa torna o0 GNPS uma ferramenta valiosa para a identificacdo de
metabolitos conhecidos e a inferéncia de dados contextuais de metabolitos em
experimentos de metabolémica (Ramos et al., 2019). Além disso, tanto o MS-DIAL
guanto o MZmine suportam andlise ndo direcionada, o que é fundamental para a
exploracdo de perfis metabdlicos complexos. Eles fornecem ferramentas para o
alinhamento de dados e a deconvolucdo de picos, essenciais para a correta
identificacdo de metabdlitos em amostras bioldgicas (Li et al., 2018). Ambos também
incluem funcionalidades de quantificacdo, ajudando na avaliacdo das concentracoes
relativas dos metabdlitos identificados. Além disso, esses softwares permitem a
integracdo com bancos, se tornando crucial para a identificacdo e anotacao precisas
de metabdlitos. Essa conexdo possibilita a comparacdo de espectros obtidos em

suas analises com espectros de referéncia armazenados em bibliotecas publicas,
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aumentando a confiabilidade dos resultados (Katchborian-Neto et al., 2020; Kontou
et al., 2023).

De acordo com Metabolomics Standards Initiative (MSI), a identificagdo dos
metabdlitos em metabolémica compreende niveis de desreplicacdo que variam de 0
a 4 (Sumner et al., 2007) O nivel 0 envolve a identificacdo completa de substancias
isoladas, incluindo a determinacdo de suas estruturas. O nivel 1 baseia-se na
comparacdo com padrdes auténticos, usando analises espectroscopicas e
espectrométricas. No nivel 2, a estrutura € proposta sem padrfes, enquanto o nivel
3 permite identificar a classe do composto. Por fim, o nivel 4 se limita a presenca ou
auséncia do metabdlito, sem informacdes estruturais detalhadas (Pilon et al., 2020).

O estudo metaboldmico € um campo emergente, impulsionado pelo
aprimoramento das ferramentas de aquisicdo de dados e tratamento analitico
(Segers et al., 2019). A diversidade quimica dos metabdlitos e suas concentracdes
variadas tornam desafiadora a captura do metaboloma completo. Assim, a
combinacdo de multiplas plataformas analiticas, incluindo técnicas de alta resolugéo
como LC-MS e espectroscopia, tem se mostrado essencial para expandir a
cobertura das substancias detectadas, resultando em uma compreensdao mais
robusta dos processos bioldgicos e metabdlicos dos organismos em estudo

(Gonzalez-Dominguez et al., 2017).

2.5 ISOLATION OF ANTI-INFLAMMATORY AND ANTI-UROLITHIATIC ACTIVE
COMPOUNDS FROM THE DECOCTION OF CISSUS GONGYLODES LEAVES
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ABSTRACT

Ethnopharmacological relevance: The Cissus gongylodes has traditionally been used in the diet of indigenous people
in Brazil and in traditional medicine for kidney stone removal and inflammatory diseases. The active compounds
responsible for these pharmacological activities are unknown.

Aim of the study: This study aims to isolate, for the first time, the compounds in the decoction of C. gongylodes
leaves responsible for their anti-inflammatory and anti-urolithiatic ethnopharmacological properties.

Materials and methods: The most active fractions of the C. gongylodes leaf decoction were fractionated using SPE-
C18 and the compounds were purified through HPLC-UV-DAD. The decoction fractions and isolated compounds
were evaluated for their anti-inflammatory and anti-urolithiatic activities. The anti-inflammatory activity was
assessed using an ex vivo assay in human blood induced by LPS and calcium ionophore, measuring inflammatory
mediators, PGE2 and LTB4. The anti-urolithiatic activity was evaluated using an in vitro experimental model with
human urine to determine the dissolution of the most recurrent calcium oxalate (CaOx) crystals. Additionally, the
decoction was chemically characterized through metabolomic analysis using UHPLC-ESI-HRMS.

Results: The isolated compounds from the decoction of C. gongylodes, including rutin, eriodictyol 3'-O-glycoside,
and isoquercetin, have demonstrated significant multi-target actions. These components act as anti-inflammatory
agents by inhibiting the release of main inflammatory mediators, PGE2 and LTB4. Additionally, they exhibit anti-
urolithiatic properties, promoting the dissolution of calcium oxalate (CaOx) crystals. Furthermore, the charac-
terization of the decoction by UHPLC-ESI-HRMS revealed a high content of flavonoids, mainly glycosylated
flavonoids.

Conclusions: The results support the traditional use of C. gongylodes decoction, identifying the compounds
responsible for its anti-inflammatory and anti-urolithiatic effects. The decoction fractions and isolated com-
pounds exhibited dual anti-inflammatory activity, effectively inhibiting key inflammatory pathways and
potentially presenting fewer adverse effects while also promoting the dissolution of CaOx crystals associated with
urolithiasis. The multi-target action displayed by C. gongylodes is particularly desirable in the treatment of
urolithiasis, as inflammation and PGE2 production precede and contribute to the formation of CaOx crystals in
the kidneys. Based on these actions, C. gongylodes emerges as a potent source of active compounds for the
development of new treatments for urolithiasis.

1. Introduction

Urolithiasis, or kidney stones, involves the formation of stones in the

kidneys and urinary system, leading to urinary obstruction and impaired
renal function (Sakhaee and Maalouf, 2020). Urolithiasis is a condition
with high prevalence and recurrence, associated with factors such as
diet, fluid intake, sedentary lifestyle, metabolic disorders, and genetic
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Glossary:

AC Arachidonic acid
ANOVA Variance analyses

CaOx Calcium oxalate

COX Cyclooxygenase enzyme

DEX Dexamethasone

GNPS Global natural product social molecular networking

G G Force

HPLC High-performance liquid chromatography

HPLC-UV-DAD High-performance liquid chromatography coupled
to diode-array ultraviolet detector

1D Identification number
IND Indomethacin

LOX Lipoxygenase

LPS Lipopolysaccharides
LTB4 Leukotrienes B4

MF Molecular formula
MS Mass spectrometry

NMR Nuclear magnetic resonance
NSAIDs Non-steroidal anti-inflammatory drugs
PBS Phosphate-buffered saline

PGE2 Prostaglandin E2

PLA2 Enzyme phospholipase A2

PTFE Polytetrafluoroethylene

QTOF Quadrupole time-of-flight mass

Rpm Rotations per minute

Rt Retention time

SAIDs Steroidal anti-inflammatory drugs

SD Standard deviation

SisGen National system of genetic heritage and associated

traditional knowledge

SPE Solid-phase extraction

UHPLC-ESI-HRMS Ultra-high-performance liquid chromatography
coupled to electrospray and high-resolution mass
spectrometry

UHPLC-MS/MS Ultra-performance liquid chromatography-tandem
mass spectrometry

predisposition (Liu et al., 2022; Romero et al., 2010; Sansores-Espana
et al., 2022). Low urinary volume, resulting from insufficient water
intake, increases the concentration of lithogenic components in the
urine, promoting stone crystallization (Chewcharat and Curhan, 2021).
Excessive consumption of sodium and animal proteins raises urinary
levels of calcium and uric acid, while dietary calcium restriction may
exacerbate the condition by increasing intestinal absorption and urinary
excretion of oxalate, thereby heightening the risk of stone formation
(Lotan et al., 2017). Dietary and lifestyle changes are thus essential for
preventing kidney stones and promoting urinary health (Lin et al.,
2020). Stone formation is a multifactorial process that includes super-
saturation, nucleation, growth, and crystal aggregation (Kumar et al.,
2016). The composition of kidney stones is closely linked to the indi-
vidual characteristics of each person, with calcium oxalate (CaOx)
stones, particularly in the monohydrate (COM) and dihydrate (COD)
forms, being the most common (Evan, 2010; Lieske et al., 2014).
Metabolic disorders, such as hypercalciuria and hyperoxaluria, increase
the excretion of precursors of calcium oxalate (CaOx) stone formation
(Youssef et al., 2020). Hypercalciuria and hyperoxaluria may be linked
to elevated levels of arachidonic acid (AA) and prostaglandin E2 (PGE2),
which increase calcium and oxalate excretion and contribute to the
formation of CaOx stones (Rodgers et al., 2018).

Nephrocalcinosis resulting from the deposition of CaOx crystals in
the kidneys leads to the overproduction of reactive species and the
synthesis of pro-inflammatory molecules, causing kidney damage, loss
of kidney cells, inflammation, and even chronic renal failure (Khan
et al., 2021). Chemical mediators are recruited to reduce inflammation
and kidney stone formation. Phospholipase A2 in cell membranes cat-
alyzes the production of arachidonic acid (AA) (Medzhitov, 2008;
Nathan and Ding, 2010). AA is metabolized by enzymes such as cyclo-
oxygenases (COXs), which produce prostaglandins such as PGE2 and
lipoxygenases (LOXs), which generate leukotrienes such as LTB4 (Chen
et al., 2018). PGE2 promotes vasodilation, while LTB4 assists in
chemotaxis, recruiting neutrophils to the site of renal injury (Galli et al.,
2011; Medzhitov and Janeway Jr, 2000).

Treatment of kidney stones includes analgesics, anti-inflammatory
drugs, muscle relaxants for pain relief and stone elimination, and
invasive procedures for their removal (Forbes et al., 2022; Wang et al.,
2022). However, pharmacological therapies may have adverse effects,
and surgical procedures are costly and can lead to complications such as
bleeding (Pearle et al., 2014; Xu et al., 2013). Despite advancements,
these treatments are often ineffective in dissolving stones and do not
reduce the recurrence of stone formation (Nimavat et al., 2022; Singh

et al., 2022).

Anti-inflammatory drugs are used to reduce inflammation resulting
from nephrocalcinosis (Geraghty et al., 2020). Nonsteroidal
anti-inflammatory drugs (NSAIDs) inhibit COXs, blocking the conver-
sion of arachidonic acid into prostaglandins such as PGE2 (Bindu et al.,
2020). However, COX-1 inhibition can lead to gastrointestinal effects
and renal toxicity, while selective COX-2 inhibitors are associated with
cardiovascular effects. Conversely, steroidal anti-inflammatory drugs
(SAIDs) inhibit PLA2, reducing the availability of arachidonic acid and
consequently decreasing the production of PGE2 and LTB4 (Medzhitov,
2021). Long-term use of SAIDs can result in severe side effects, including
gastric irritation, osteoporosis, and hypertension (Domingos et al., 2019;
Sohail et al., 2023). Therefore, it is crucial to develop anti-inflammatory
agents that target both COX and LOX pathways, thus inhibiting arach-
idonic acid in renal inflammation while minimizing adverse effects
(Hotamisligil, 2020).

Decoction of Cissus gongylodes (Baker) Burch. ex Baker (Vitaceae)
leaves are used in traditional medicine to treat kidney stones and
inflammation (Ahmed et al., 2016; Bieski et al., 2012; Pirker et al.,
2012). In Brazil, the plant is part of the diet of the Kayapé indigenous
people, demonstrating its therapeutic and nutritional potential, and it is
considered non-toxic due to its consumption (Kerr et al., 1978). Toxicity
studies of the decoction of the plant’s leaves have shown no toxic effects
in animals at a concentration of 5000 mg/kg (Navarro, 2009). Our
previous research shows that the decoction of C. gongylodes leaves dis-
solves calcium oxalate crystals in human urine and exhibits in vivo
anti-edematogenic activity, reducing inflammatory mediators PGE2 and
LTB4 (Salem et al., 2020). Considering the ethnopharmacological his-
tory of C. gongylodes and the need for effective multi-target therapies for
urolithiasis, this study aims to isolate anti-inflammatory and
anti-urolithiatic substances from decoctions of C. gongylodes leaves. The
study reports, for the first time, the active compounds isolated from this
species, which also support its traditional use. Additionally, it includes
the chemical characterization of the decoction using UHPLC-ESI-HRMS.

2. Materials and Methods
2.1. Reagents and equipment

The indomethacin was acquired from Eurofarma® (Sao Paulo, SP,
Brazil). The internal standard limaprost, along with the lipopolysac-

charide inducers (LPS) from Escherichia coli 026, calcium ionophore,
and the reference drug, dexamethasone, were acquired from Sigma
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Aldrich® (St Louis, MO, USA). All solvents used were of high-
performance liquid chromatography (HPLC) grade, including hexane,
methanol, ethanol, formic acid, glacial acetic acid, and acetonitrile from
Sigma Aldrich® (St Louis, MO, USA). Ultrapure water was purified using
a Millipore Milli-Q® water purification system (Bedford, MA, USA). The
deuterated solvent methanol (CD3OD) was obtained from Sigma-
Aldrich® (St Louis, MO, USA). Penicillin-Streptomycin was acquired
from Gibco™ (Grand Island, NY, USA), sodium oxalate from Synth®
(Diadema, SP, Brazil), and polyherbal Cystone® was acquired from
Himalaya Herbal Healthcare (Makali, BLR, India). The chromatographic
profile and isolation of substances were conducted by a high-
performance liquid chromatography coupled to diode-array ultraviolet
detector - HPLC-UV-DAD (Shimadzu Prominence) in equipment con-
sisting of two LC-20AD pumps, a DGU-20A 3R degasser, a SIL-20A HT
autoinjector, a CTO-20A column oven, a UV-Vis detector with diode
array (SPD-M20A, DAD), and a CBM-20 communicator. Metabolomic
data of the decoction and spectrometric data of the isolated compounds
were obtained on an UHPLC-ESI-HRMS with a quadrupole time-of-flight
mass as analyzer (QTOF, Xevo-G2-XS-QTOF/MS, Waters Corp., Milford,
MA, USA). The plasma samples were purified using solid-phase extrac-
tion (SPE) with a Supelco Manifold System and Supelclean™ LC-18
cartridges (SPE, 100 mg adsorbent, #504270). The quantification of
PGE2 and LTB4 was performed by ultra-performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) using a
model 8030 instrument (Shimadzu®, Kyoto, Japan) equipped with a
triple quadrupole mass analyzer and electrospray ionization operating
in negative mode. 'H and '3C NMR spectra were obtained using a Bruker
Avance III spectrometer operating at 7.05 T (300 MHz for 'H and 75
MHz for 13C).

2.2. Plant material

The leaves of C. gongylodes were collected by P. P. O. Salem in March
2020, in the city of Alfenas, MG, Brazil, according to the geographic
coordinates S 21° 25’ 04.7’; W 45° 57’ 26.3”’; altitude 846 m. The
species was cataloged and deposited in the herbarium of the Federal
University of Alfenas (# voucher 2987). The leaves were dried in an
oven with an air circulator at 40 °C for 72 h and kept in conditions free
from light and humidity until the extraction process was conducted. The
species of C. gongylodes was identified by Professor J. A. Lombardi from
the State University of Sao Paulo (UNESP). The study had access regis-
tered on the National System for Governance of Genetic Heritage and
Associated Traditional Knowledge (SisGen # A3D5C99).

2.3. Obtaining the decoction and fractions of C. gongylodes

The decoction of C. gongylodes (Dec) was prepared from 200 g of
powdered dried and crushed leaves in a knife mill, to which distilled
water (1:10, g/mL) was added to the plant powder and brought to a boil
for 20 min. The Dec (58 g) was filtered under reduced pressure, frozen,
and freeze-dried. The ethyl acetate (FoAc), chloroform (FoCl), and
hydroalcoholic (FoHi) fractions were obtained from the dried Dec by
liquid-liquid extraction using the organic solvents ethyl acetate (EtOAc)
and chloroform (CHCl3). The Dec (45 g) was suspended in HyO/EtOH,
2:1 (v/v) to a final volume of 720 mL, after which the hydroalcoholic
fraction was acidified to pH 2 with a 5% (v/v) hydrochloric acid solu-
tion, and the acidified fraction was partitioned using the EtOAc solvent
to obtain the EtOAc fraction. The hydroalcoholic fraction was then
basified to pH 8 with a 5% (v/v) sodium hydroxide solution and sub-
sequently partitioned with the CHCl3 solvent to obtain the CHCl; frac-
tion (Katchborian-Neto et al., 2020). Because there are reports
indicating the presence of alkaloids in species of the Cissus spp, the
acid-base extraction methodology was procedure (Bafna et al., 2021).
The resulting hydroalcoholic fraction (FoHi) was then neutralized. The
FoAc (5.6 g), FoCl (2.5 g), and FoHi (10.8 g) fractions were then rotary
evaporated under reduced pressure at 30 °C and 100 rpm, frozen at
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—20 °C, and freeze-dried.

2.4. Isolation of substances from the active fractions of C. gongylodes
leaves

The bioactive fractions FoAc and FoHi were subjected to solid-phase
extraction (SPE) fractionation using Supelclean™ LC-18 cartridges (SPE,
1 g adsorbent) with a manifold system at a flow rate of 3.15 mL/min and
a pressure of —5 Kpa. The FoHi (3.1088 g) and FoAc (2.9634 g) fractions
were eluted in LC-18 cartridges with different variable ratios of the el-
uents water and methanol in the volume of 60 mL (v/v) per aliquot,
resulting in 20 subfractions (Table S1). The FoAc fraction obtained 10
subfractions: Ac-1 (1293 mg), Ac-2 (102 mg), Ac-3 (117 mg), Ac-4 (272
mg), Ac-5 (60 mg), Ac-6 (89 mg), Ac-7 (66 mg), Ac-8 (18 mg), Ac-9 (21
mg), and Ac-10 (49 mg). The FoHi fraction obtained 10 subfractions: Hi-
1 (2756 mg), Hi-2 (115 mg), Hi-3 (65 mg), Hi-4 (22 mg), Hi-5 (11 mg),
Hi-6 (7 mg), Hi-7 (5 mg), Hi-8 (2.5 mg), Hi-9 (1 mg) and Hi-10 (5 mg).
The chemical profile of the subfractions was characterized using HPLC-
UV-DAD, with chromatograms recorded at 254 nm. The subfractions Hi-
5, Hi-6, and Hi-7 were grouped into Hi-5a due to their similar chemical
profile. Their composition is the same, but there are differences in their
peak area and intensity. The 20 subfractions obtained from SPE were
frozen and lyophilized. The subfractions, Ac-5 (60 mg) and Hi-5a (8.5
mg) showed lower chemical complexity and significant activity in both
anti-inflammatory and anti-urolithiatic assays. Therefore, they were
subjected to purification by HPLC-UV-DAD. The active subfractions
were dissolved in MeOH: H20 (v/v) and filtered through a 0.45 pm PTFE
syringe filter.

Compounds were separated on a semipreparative reversed phase
(C18) Inertsil® (ODS-4) column, with a particle size of 5 pm and di-
mensions of 7.6 mm x 250 mm. The solvent system was acetonitrile
(solvent B) and ultrapure water acidified with 0.1% AcOH (solvent A)
and a flow rate of 1.5 mL/min. Isocratic elution with 20% solvent B was
maintained for 30 min chromatograms were monitored and recorded at
a wavelength of 254 nm, obtained by Labsolutions® software. The
compounds rutin (P1) 6.5 mg, eriodictyol 4-O-glucoside (P2) 2.5 mg,
and isoquercetin (P3) 3.2 mg, have times of 9.5, 10.8 and 11.6 min,
respectively. All compounds were identified by analysis of NMR and MS
data.

2.5. Metabolomic analysis

2.5.1. UHPLC-ESI-HRMS

The Dec was resuspended in a (1:1, v/v) mixture of ACN/H20 at a
concentration of 1 mg/mlL, and for the blanks, only the solvent mixture
was used. Subsequently, the samples underwent clean-up through
liquid-liquid partitioning with hexane (2 x 300 pL) followed by filtra-
tion in 0.45 pm pore size PTFE filters. Analyses were conducted using
UHPLC-ESI-HRMS in data-independent acquisition mode, with electro-
spray ionization and a quadrupole-time-of-flight analyzer (UHPLC/ESI-
QTOF-MS) in both positive and negative ionization modes. The equip-
ment used was the Xevo® G2-XS-QTOF, equipped with an ACQUITY
UHPLC® CSHT C18 column (2.1 x 100 mm, 1.7 pm particle size). The
mobile phase consisted of ultra-purified water (solvent A) and acetoni-
trile (solvent B), both acidified with 0.1% formic acid. A gradient
method was applied from 1% to 99% acetonitrile over 10 min: 10% B to
99% B in 7.5 min (0-7.5 min), maintained at 99% B for 0.5 min (7.5-8.0
min), returned to the initial mobile phase condition of 10% B over 0.1
min (8.0-8.10 min), followed by a 1.9-min (8.10-10.0 min) re-
equilibration at 10% B. The flow rate was constant at 0.4 mL/min,
with an injection volume of 10 pL per sample and a column oven tem-
perature of 50 °C. The scanning range was from 50 to 1200 Da for the
centroid data-independent acquisition (MSF) in both positive and
negative modes. The instrument settings in positive mode included a
capillary voltage of 3.0 kV, a source temperature of 130 °C, a des-
olvation temperature of 450 °C, a cone gas flow rate of 100 L/h, a
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desolvation gas flow rate of 900 L/h, and a collision energy of 3.0 eV. In
negative mode, the settings were a capillary voltage of 3.0 kV, a source
temperature of 130 °C, a desolvation temperature of 500 °C, a cone gas
flow rate of 50 L/h, a desolvation gas flow rate of 800 L/h, and a
collision energy of 15.0 eV, with a mass range of 70-1000 m/z.

2.5.2. Metabolites annotation

Data processing was carried out using MZMine 3 software, including
steps such as mass detection, deconvolution, deisotoping, alignment,
and gap filling, which were crucial to ensure a proper understanding and
visualization of the obtained data. Data were processed separately for
each ionization mode according to the following steps: mass detection,
chromatogram construction followed by deconvolution, noise removal,
and sample alignment. The processing parameters were established ac-
cording to the general aspects of the chromatograms for each ionization
mode. Thus, for the negative mode, the following parameters were used:
mass detection using the exact mass algorithm, noise level: 3.0El;
minimum time interval, 0.1 min; minimum height, 8.0 E'; m/z toler-
ance, 0.01 m/z or 10.0 ppm; peak height, 2.0 E2; peak duration, 0.1-1.0
min; baseline, 2.0 EL; isotope removal, m/z tolerance, 0.003 m/z or 5
ppm; retention time tolerance, 0.5 min; maximum charge, 1; represen-
tative isotope, most intense; filtering, retention time: 0.05-10 min; peak
duration range: 0.1-1 min; alignment using the join aligner module, m/z
tolerance, 0.001 m/z or 10 ppm; retention time tolerance, 0.045 min;
and gap filling, m/z tolerance, 0.005 m/z or 7 ppm; intensity tolerance,
10%; m/z from 0.005 to 7.0. For the positive mode, the following pa-
rameters were used: mass detection using the exact mass algorithm,
noise level: 6.0E2; minimum time interval, 0.1 min; minimum height,
1.2 E3; m/z tolerance, 0.005 m/z or 10.0 ppm; peak height, 2.0 E3; peak
duration, 0.1-1.0 min; baseline, 1.2 E3; deisotoping, m/z tolerance:
0.001 m/z or 10 ppm; retention time tolerance, 0.1 min; maximum
charge, 1; representative isotope, most intense; filtering, retention time:
0.03-10.0 min; peak duration range: 0.1-1 min; alignment using the join
aligner, m/z tolerance, 0.001 m/z or 10 ppm; weight for m/z, 15;
retention time tolerance, 0.5 min; and gap filling, m/z tolerance, 0.005
m/z or 12 ppm; intensity tolerance, 10%; m/z, 0.005 to 12. The chemical
annotation was completed using in-house databases with isolated com-
pounds from the Cissus genus and the Br. Flay Ms! and MS? flavonoid
database (Alves et al., 2024). Precursor annotation (MSl) was per-
formed, followed by online spectral databases (Mass Bank, PubChem,
MoNA, and Global Natural Product Social Molecular Networking —
GNPS) for MS? fragment annotation.

2.6. Identification of compounds from bioactive fractions by UHPLC-
QTOF MS/MS and NMR

The mass spectra of the isolated compounds were obtained using a
UHPLC instrument, equipped with an ACQUITY UHPLC® CSHT C18
column (2.1 x 100 mm, 1.7 pm particle size) and coupled to a QTOF
mass spectrometer through an ionization interface electrospray positive
ionization mode (ES™). The mobile phase consisted of water containing
0.1% (v/v) formic acid (A) and acetonitrile containing 0.1% formic acid
(B). Elution was 0-5 min, 1-40% B (0-2 min), 40-98% B (2-3 min), 98%
B (3-3.5 min), 98-1% B (3.5-3.6 min) and 1% B (3.6-5 min). The in-
jection volume was 20 pL. The ESI-MS scan range was m/z 100-1200 Da.
The ESI voltage was 6.0 kV in positive ion mode. The mass spectra were
analyzed using Masslynx software, version 4.1, and Mzmine 3.9.0.

The isolated compounds P1, P2, and P3 were dissolved in 550 pL of
the deuterated solvent CD30D at concentrations ranging from 3 to 6.0
mg/mL at room temperature. Molecular structural characterization was
performed using nuclear magnetic resonance (NMR) spectroscopy
techniques, including one-dimensional ('H and 'C) and two-
dimensional (COSY, HSQC, and HMBC) experiments, and on a 300
MHz spectrometer operating at ‘H and 75 MHz for '3C nuclei, NMR
spectra were processed using Bruker’s Topspin software, version 4.1.
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2.7. Ex-vivo anti-inflammatory evaluation

The ex vivo anti-inflammatory experiment on human blood was
conducted according to Katchborian-Neto et al. (2023) and Rosa et al.
(2021), with modifications. The experiment was approved by the
research ethics committee of the Federal University of Alfenas
(89.325.818.10000.5142, approved on August 15, 2022), and all donors
provided written consent before blood collection. Fresh blood samples
were collected in vacuum tubes containing sodium heparin immediately
before the ex-vivo assay incubation. The positive controls dexametha-
sone (DEX) and indomethacin (IND) were tested at 1 pg/mL (final well
concentration) according to Katchborian-Neto et al. (2020) and Rosa
et al. (2021). The Dec and its fractions FoAc, FoCl, and FoHi, and the
subfractions Ac-1 to Ac-10 and Hi-1 to Hi-10, were evaluated at 10
pg/mL (final well concentration) according to Ferreira et al. (2024) and
Gongalves et al. (2023). Only the subfractions H-8 and H-9 could not be
evaluated due to their low yield. The isolated substances (P1, P2, and
P3) and positive controls were evaluated at concentrations of 0.5, 1, 2, 4,
and 10 pg/mL (final well concentration) according to Silva et al. (2023),
including the inhibitory concentration range expected for the isolated
substances to allow ICs calculation. The samples were resuspended in a
solution of EtOH/H20 (1:1, v/v), and 1x phosphate-buffered saline (PBS
- pH 7.2; 0.15 M chloride; 0.01 M phosphate) was used to perform the
dilutions. As for the negative control, only 1x PBS was used to estimate
the maximum amount of PGE2 and LTB4 produced in the inflammatory
process. The samples, inducers, and blood were plated on sterile 96-well
plates (86 x 128 mm) in a laminar flow hood. The plating sequence
consisted of 35 pL of the Dec, fractions, isolated substances from the Dec,
and reference drugs, 280 pL of heparinized blood in all wells, and 35 pL
of LPS solution at 1 pg/mL and calcium ionophore at 2 pmol/L (final
well concentration) in all wells, resulting in a total volume of 350 pL per
well. The 96-well plates were then incubated for 24 h in an atmosphere
of 5% CO, at 37 °C. After the incubation period, the plates were
centrifuged for 5 min at 157 rcf and 4 °C. Subsequently, 180 pL of
plasma were removed from the blood in each well, and the plasmas were
frozen, freeze-dried, and stored until the protein precipitation process.
The 280 pL of the precipitating agent (ACN/MeOH, 1:1, v/v) containing
the internal standard limaprost (23 ng/mL) was added to the dried
plasma. The controls and samples were vortexed, subjected to ultra-
sound for 2 min, and centrifuged (4025 rcf, 4 °C) for 10 min The su-
pernatant (200 pL) was transferred to a polypropylene tube containing
1.8 mL of ultrapure water. The chemical mediators of inflammation
were extracted from the samples on an LC-18 solid-phase cartridge. The
cartridges were conditioned with 2 mL of MeOH, and 2 mL of ultrapure
water acidified with 0.1% AcOH. Consecutively, 2 mL of the samples
were eluted into the cartridges, which were then washed with 2 mL of an
aqueous solution containing 0.1% AcOH. The eluates were transferred to
polypropylene tubes using 1.0 mL of metabolic solution containing 0.1%
AcOH, dried in a speed vacuum sample concentrator for about 4 h, and
stored in a freezer at —20 °C until the quantification analyses of PGE2
and LTB4.

2.7.1. Prostaglandin E2 and Leukotriene B4 quantification by UHPLC-MS/
MS

Quantification was performed using UHPLC-MS/MS on an ultra-
performance liquid chromatography coupled with a triple quadrupole
mass analyzer operating in negative mode. Controls and samples were
resuspended in 50 pL of ACN and injected (30 pL) into the chromato-
graphic system containing an Agilent® Poroshell 120 EC-C18 column
(2.7 pm, 3.0 x 100 mm) and a matching guard column EC-C18 (2.7 pm,
3.0 x 5 mm) maintained at 30 °C. The mobile phase consisted of (solvent
A) ultrapure water acidified with 0.1% formic acid and (solvent B) 100%
ACN at a constant flow rate of 0.3 mL/min. The elution gradient was
established as flows: 40% A and 60% B to 90% B over 4.5 min (0-4.5
min), 90%-100% B in 1 min (4.5-5.5 min), 100% B for 1 min (5.5-6.5
min), finally returning to the initial mobile phase of 60% B over 1 min,
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followed by 3.5 min of re-equilibration. The mass spectrometer settings
were as follows: nitrogen gas nebulization at a flow rate of 2 L/min,
nitrogen gas drying at a flow rate of 15 L/min at 400 °C, interface
voltage at 3.5 kV, DL temperature at 250 °C, oven temperature at 35 °C,
detector voltage at 2.16 kV, and argon collision gas at 230 kPa. The
multiple reaction monitoring transitions in (m/z) in negative mode [M-
H] for the chemical mediators and internal standards are shown in
Table S2, as validated by Rosa et al. (2021). Data acquisitions were
performed using LabSolutions® software.

The linear equation of the calibration curve for PGE2 (y = 0.01307x
+ 0.1424) and LTB4 (y = 0.009332x + 0.01324) yielded a coefficient of
correlation (R?) = 0.9933 for PGE2 and LTB4 (R?) = 0.9925, where y is
the relative area of PGE2/limaprost or LTB4/limaprost and x is the
concentration of PGE2 and LTB4 measured in ng/mL, respectively. The
concentration of PGE2 and LTB4 in ng/mL and the percentage of inhi-
bition were calculated for the isolated substances from C. gongylodes and
the Dec, the fractions, and subfractions were evaluated by the ratio of
the signal area of PGE2 to the internal standard. All determinations were
performed in triplicates, and the results of the concentration of PGE2
and LTB4 were expressed as mean + standard error (SD). The data
statistics were conducted by one-way analysis of variance (ANOVA) (p <
0.05) followed by Dunnett’s multiple comparison tests in GraphPad
Prism® 9.1.2 (GraphPad© software, La Jolla, CA, USA). The ICs( value
and statistical analyses were calculated using the GraphPad Prism®
software.

2.8. Evaluation of CaOx in human urine

The effects of calcium oxalate (CaOx) crystal dissolution were con-
ducted following modified protocols as per Barros et al. (2003), Moreno
et al. (2021), and Salem et al. (2020). The experiment was approved by
the Research Ethics Committee of the Federal University of Alfenas
(registration number 67746523.7.0000.5142, approved on June 1,
2023), and first-morning urine samples were obtained from individuals
with a history of crystalluria. All individuals voluntarily agreed to
participate in the study and signed informed consent forms. Urine
samples were collected in sterile containers, stored in Falcon tubes, and
centrifuged at 239 rcf for 10 min at room temperature (25 °C). To induce
CaOx crystal formation, 400 pL of 0.1 mol/L sodium oxalate solution per
milliliter of centrifuged urine was added, which was kept at 100 rpm
agitation for 24 h at room temperature. After incubation, an aliquot of
urine was evaluated to observe CaOx crystal formation under a binoc-
ular microscope. The urine containing crystals was diluted with
crystal-free urine to a concentration of 200 CaOx crystals/pL and 10%
(v/v) of the penicillin and streptomycin antibiotic solution at 10.000
IU/mL.

The anti-urolithiatic activity of the FoAc, FoCl, and FoHi fractions
was screened at doses of 1, 2, and 3 mg/mL based on the studies of
Barros et al. (2003) and Moreno et al. (2021). The Dec and active
fractions FoAc and FoHi were evaluated at 0.25, 0.5, and 1.0 mg/mL
doses. These doses were defined based on the screening evaluation to
allow assessment of the dose-response curve. Screening of the sub-
fractions Ac-1 to Ac-10 and Hi-1 to Hi-10 was assessed at a dose of 2
mg/mL, while the isolated substances P1 and P2 were tested at doses of
0.25, 0.5, and 1.0 mg/mL, and substance P3 was tested at a dose of 1.0
mg/mL. Only the subfractions H-8 and H-9 could not be evaluated due to
their low yield. The positive controls sodium citrate and Cystone® were
evaluated according to the respective doses of the tested samples, and
the negative control consisted of urine with crystals only. The samples
were resuspended in water, filtered through a 25 mm x 0.22 pm cel-
lulose ester filter, diluted in urine with crystals, and incubated in 96-well
plates (86 x 128 mm), totaling a volume of 200 pL per well. The samples
were then incubated for 24 h to evaluate crystal dissolution compared to
positive and negative controls. After incubation, aliquots of 20 pL
samples were assessed in a Neubauer counting chamber enhanced by the
Nikon Eclipse E100 binocular microscope. Crystal images were captured
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using the Axio Scope Al microscope, Carl ZeissTM, Germany, and the
area and quantity of CaOx crystals were analyzed using Carl Zeiss Axi-
oVision Rel. 4.8 software. The results were analyzed by one-way analysis
of variance (ANOVA) (p < 0.05), followed by Dunnett’s multiple com-
parison test. The ICsy value and statistical analyses were calculated
using the GraphPad Prism® software.

3. Results and discussion

3.1. Anti-inflammatory activity of the fractions from the Dec of
C. gongylodes

The Dec and the fractions FoAc and FoHi exhibited dual anti-
inflammatory activity by inhibiting the inflammatory mediators PGE2
and LTB4, synthesized through the COX and LOX pathways, respec-
tively. These effects were significantly different from the negative con-
trol in both pathways: COX (p < 0.0001) and LOX (p < 0.0001), at the
tested dose of 10 pg/mL (Fig. 1). The Dec showed 58% inhibition in the
production of PGE2 and 52% inhibition in the production of LTB4. The
inhibitory values for the FoAc and FoHi fractions were 51% and 54% for
the COX pathway and 43% and 37% for the LOX pathway, respectively.
Only the FoCl fraction did not exhibit satisfactory anti-inflammatory
activity in either pathway compared to the negative control group (p
< 0.0001). Dexamethasone and indomethacin respectively displayed
71% and 80% inhibition of PGE2 production, while dexamethasone
demonstrated 70% inhibition of LTB4 release.

Dexamethasone belongs to the class of anti-inflammatory SAIDs,
which inhibit the production of arachidonic acid by and consequently
the COX and LOX pathways. On the other hand, indomethacin acts only
on the inhibition of the COX pathway and belongs to the class of NSAIDs
(Chagas-Paula et al., 2011). The substances present in the Dec, as well as
in the FoAc and FoHi fractions demonstrated the ability to inhibit the
production of PGE2 and LTB4, exhibiting a dual action in inhibiting the
COX and LOX pathways. Based on these results, the FoAc and FoHi
fractions appeared promising, inhibiting both two main pathways of the
inflammatory process. Consequently, they were selected for further
fractionation and investigation.

The FoAc and FoHi fractions underwent fractionation using SPE,
resulting in the subfractions Ac-1 to Ac-10 and Hi-1 to Hi-10, respec-
tively. Similar to the FoAc and FoHi fractions, their subfractions Ac-1,
Ac-2, Ac-3, Ac-4, Ac-5, Ac-6, Ac-8, Ac-10, Hi-1, Hi-2, Hi-5, and Hi-6
exhibited dual activity by inhibiting both inflammation pathways (p
< 0.0001). In contrast, the subfractions Ac-7, Ac-9, Hi-4, and Hi-10
inhibited the synthesis of PGE2 (p < 0.0001) (Figs. 2 and 3). Only the
Hi-3 subfraction did not show any anti-inflammatory activity compared
to the negative control group (p < 0.05). Indomethacin, the reference
medication group, demonstrated a significant difference from the
negative control in inhibiting PGE2 (p < 0.0001). However, it was
inactive in the LOX pathway, similar to the negative control, according
to its known function as a nonsteroidal anti-inflammatory drug acting
through the COX pathway (Alcantara et al., 2023). Subfractions Ac-5
and Hi-5 through Hi-7 exhibited PGE2 inhibition percentages greater
than 50%, whereas the drug indomethacin showed 88% inhibition via
COX and inhibition percentages of LTB4 ranging from 31% to 54%. The
Ac-5 and Hi-5 to Hi-7 subfractions demonstrated PGE2 inhibition rates
exceeding 50%, while the drug indomethacin showed 88% inhibition via
the COX pathway. Therefore, these subfractions were selected for
chemical isolation to identify compounds with anti-inflammatory po-
tential that can act on both the COX and LOX pathways.

3.2. Anti-urolithiatic activity of C. gongylodes Dec fractions

Positive controls, the polyherbal formulation Cystone® and sodium
citrate, along with the FoAc and FoHi fractions, showed significant
ability to dissolve COM and COD crystals in human urine compared to
the negative control group at the tested doses (p < 0.0001) (Fig. 4). The
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Fig. 1. Anti-inflammatory evaluation of PGE2 and LTB4 quantification of the decoction (Dec) and its fractions, acetate fraction (FoAc), chloroform fraction (FoCl),
and hydroalcoholic Fraction (FoHi) derived from the leaves of C. gongylodes. The peak area values of PGE2/limaprost and LTB4/limaprost are expressed as mean +
SD (n = 4). *p < 0.0001 compared to the negative control group (Neg), #p < 0.0001 compared to the positive control group, dexamethasone (Dex). Results were
analyzed using one-way analysis of variance (ANOVA) and subsequent Dunnett’s multiple comparison test.
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Fig. 2. Comparison of anti-inflammatory activity in the COX pathway of the subfractions from the acetate fraction (Ac-1 to Ac-10) and subfractions from the
hydroalcoholic fraction (Hi-1 to Hi-7 and Hi-10) fractionated using SPE-C18. The peak area values of PGE2/limaprost are expressed as mean + SD (n = 4) for the
negative control group (Neg) and the positive control group indomethacin (Ind), and the subfractions as mean + SD (n = 3). *p < 0.0001 compared to the negative
control group (Neg), and #p < 0.0001 compared to the positive control group indomethacin (Ind). Results were analyzed using one-way analysis of variance
(ANOVA) and subsequent Dunnett’s multiple comparison test.
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Fig. 3. Comparison of anti-inflammatory activity in the LOX pathway of the subfractions from the acetate fraction (Ac-1 to Ac-10) and subfractions from the
hydroalcoholic fraction (Hi-1 to Hi-7 and Hi-10) fractionated using SPE-C18. The peak area values of LTB4/limaprost were expressed as mean =+ SD (n = 4) for the
negative control group (Neg) and the positive control group indomethacin (Ind), and the subfractions as mean + SD (n = 3). The reference control and negative
control groups were not significantly different, and neither inhibited the quantification of LTB4. *p < 0.0001 compared to control groups. Results were analyzed
using one-way analysis of variance (ANOVA) and subsequent Dunnett’s multiple comparison test.
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Fig. 4. The percentage inhibition of CaOx crystal at concentrations of 1, 2, and 3 mg/mL of the acetate fraction (FoAc), chloroform fraction (FoCl), and hydro-
alcoholic fraction (FoHi). *p < 0.0001 compared to the negative control group (neg). #p < 0.0001 compared to the positive controls sodium citrate (Cit) and
Cystone® (Cys) at all three tested doses. Data are expressed as mean + SD (n = 3). Results were analyzed using one-way analysis of variance (ANOVA) and subsequent

Dunnett’s multiple comparison test.

FoAc and FoHi fractions exhibited substantial anti-urolithiatic activity
(p < 0.0001), with inhibition percentages of 63%, 70%, and 84%, and
57%, 69%, and 79%, respectively, at the evaluated concentrations. The
positive control, Cystone®, demonstrated inhibition percentages of
22%, 56% and 73%, while sodium citrate showed 85%, 90%, and 97%.
The FoCl fraction exhibited significant dissolution of CaOx only at the
highest dose of 3 mg/mL, with an inhibition percentage of 39%.

At all doses (1-3 mg/mL), the active fractions FoAc and FoHi, were
further evaluated to understand the dissolution of CaOx crystals,
observing a reduction in crystal area at concentrations of 0.25, 0.5, and
1 mg/mL (Fig. 5). The Dec and its active fractions significantly reduced
the area of CaOx crystals compared to the negative control group (p <
0.05), demonstrating inhibition percentages exceeding 50%. No signif-
icant differences were observed between the active fractions and the Dec
(p < 0.05), indicating dose-dependent, anti-urolithiatic action. The
inhibitory concentrations (ICsp) of the Dec and active fractions were
0.22, 0.21, and 0.16 mg/mL, while the positive controls, poly-herbal
Cystone® and sodium citrate, each exhibited an ICso of 0.23 mg/mL
(Table S3). Microscopic observations showed that increasing doses of
the Dec and fractions FoAc and FoHi reduced the quantity and size of
CaOx crystals, completely dissolving them. These results indicate the
presence of substances in the C. gongylodes Dec and its fractions that
confer anti-urolithiatic activity. Based on this, subfractions (Ac-1 to Ac-
10 and Hi-1 to Hi-7 and Hi-10) of the active fractions FoAc and FoHi

were also subjected to anti-urolithiatic evaluation.

Screening for CaOx crystal dissolution allowed the selection of the
most active subfractions for bioguided isolation of substances respon-
sible for anti-urolithiatic activity. All subfractions Ac-1 to Ac-10, Hi-1 to
Hi-7, and Hi-10 showed significant differences compared to the negative
control group and the positive controls Cystone® and sodium citrate (p
< 0.05) (Fig. 6). The percentage inhibition of CaOx crystal area ranged
from 39% to 82% compared to the positive controls Cystone® and so-
dium citrate, which achieved 80% and 95%, respectively. Among all the
subfractions, Ac-5, Hi-5, Hi-6, and Hi-7 stood out with the highest in-
hibition rates, showing 78%, 76%, 76%, and 82%, respectively. There-
fore, these subfractions were also chosen for chemical isolation.

Kidney stones can form from various crystalline structures, with
calcium oxalate monohydrate (COM) crystals being the most prevalent
(Sorensen et al., 2022). COM crystals exhibit a more stable structure
compared to calcium oxalate dihydrate (COD) crystals. Morphological
differences include that COM has a hexagonal structure, making it less
soluble and more prone to adhesion in the kidneys, playing a central role
in the development of nephrolithiasis (Dinnimath et al., 2017; Rez,
2017). In contrast, COD has a bipyramidal shape, which is thermody-
namically less stable and dissolves more easily. Considering this prev-
alence and affinity, it is essential to develop therapies that target the
dissolution of COM and COD crystals for more effective treatment of
urolithiasis (Ammar et al., 2022). In light of the results, Dec fractions
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Fig. 5. Anti-urolithiatic activity of the decoction (Dec) and its active fractions, ethyl acetate fraction (FoAc), and hydroalcoholic fraction (FoHi) at doses of 0.25, 0.5,
and 1 mg/mL #p < 0.05 compared to the positive controls sodium citrate (Cit) and Cystone® (Cys) at all three tested doses. *p < 0.05 compared to the negative
control group (Neg). Values are expressed as mean + SD (n = 3). Results were analyzed using one-way analysis of variance (ANOVA) and subsequent Dunnett’s

multiple comparison test.



P.P.O. Salem et al.

40004

30004

20004

CaOx crystal area (um?/pL)

Journal of Ethnopharmacology 337 (2025) 118950

% inhibition

# 80% 95% 39% 59% 42% 58% 78% 50% 57% 58% 56% 51% 55% 69% 68% 69% T76% 76% 82% 56%

*

- . . " . *

* ]
= *
o = * *
0004 - * ol
* *
*
0- T

Neg Cys Cit Ac-1 Ac-2 Ac-3 Ac-4 Ac-5 Ac-6 Ac-7 Ac-8 Ac-9Ac-10 H-1 Hi-2 Hi-3 Hi-4 Hi-5 Hi-6 Hi-7 Hi-10

Dose mg/mL

Fig. 6. Comparison of the anti-urolithiatic activity of subfractions from the ethyl acetate fraction (Ac-1 to Ac-10) and subfractions from the hydroalcoholic fraction
(Hi-1 to Hi-7 and Hi-10) isolated by SPE-C18 from the active fractions at a dose of 2 mg/mL #p < 0.0001 compared to the positive controls sodium citrate (Cit) and
Cystone® (Cys). *p < 0.05 compared to the negative control group (Neg). Values are expressed as mean + SD (n = 3). Results were analyzed using one-way analysis

of variance (ANOVA) and subsequent Dunnett’s multiple comparison test.

from C. gongylodes leaves have shown promising activity in dissolving
both types of crystals, indicating significant potential as anti-urolithiatic
agents. Therefore, these extracts may be valuable for developing new
therapies for urolithiasis treatment.

3.3. Bioguided isolation of anti-inflammatory anti-urolithiatic substances

The Dec of C. gonylodes leaf powder was fractionated and the FoAc,
FoCl and HoHi fractions were obtained. FoAc and FoHi demonstrated
dual activity, dose-dependently dissolving CaOx crystals and inhibiting
the production of key inflammatory mediators PGE2 and LTB4. The
fraction FoCl showed significant CaOx dissolution only at the highest
dose (3 mg/mL) and did not exhibit anti-inflammatory activity. There-
fore, only FoAc and FoHi were selected for bioguided phytochemical
fractionation by SPE, resulting in twenty subfractions Ac-1 to Ac-10 and
H-1 to H-10. Due to low yield, subfractions Hi-8 and Hi-9 were not
evaluated for biological activities. The chemical profiles of the sub-
fractions were analyzed using HPLC-UV-DAD at 254 nm. Subfractions
Hi-5 to Hi-7 exhibited similar chemical composition with few differ-
ences on the peak area/intensity, and thus they were grouped as fraction
Hi-5a. Subfractions Hi-5a from FoHi and Ac-5 from FoAc exhibited
significant multi-target activity, both anti-urolithiatic and anti-
inflammatory, with lower chemical complexity, and were selected for
isolation and purification by HPLC-UV-DAD. The active fractions un-
derwent isolation, resulting in the isolation of rutin (P1) from sub-
fraction Hi-5a, and the compounds eriodictyol 4-O-glucoside (P2) and
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isoquercetin (P3) from subfraction Ac-5.

3.4. Anti-inflammatory activity of bioactive compounds

The three glycosylated flavonoids rutin (P1), eriodictyol 4-O-
glucoside (P2), and isoquercetin (P3) isolated from the active fractions
of the Dec of the C. gongylodes demonstrated significant anti-
inflammatory activity compared to the negative control group (p <
0.05). Both rutin and isoquercetin exhibited dose-dependent dual ac-
tion, inhibiting the production of inflammatory mediators PGE2 and
LTB4 across various tested concentrations (0.5, 1, 2, 4, 10 pg/mL)
(Figs. 7 and 8). The eriodictyol 4'-O-glucoside also showed dual anti-
inflammatory activity through COX and LOX pathways at higher con-
centrations (2, 4, and 10 pg/mL) and inhibited LTB4 synthesis at all
tested doses. However, eriodictyol 4-O-glucoside displayed selectivity
for dose-dependent reduction of LTB4 levels, with no significant effect
on PGE2 levels at lower doses (0.5 and 1 pg/mL).

The rutin and eriodictyol 4-O-glucoside demonstrated over 50%
inhibition in the COX pathway at doses of 1-10 pg/mL, whereas iso-
quercetin showed this level of inhibition across all tested concentrations
(0.5-10 pg/mL) (Table S4). For the LOX pathway, rutin exhibited over
50% inhibition at doses of 4-10 pg/mL, eriodictyol 4-O-glucoside only
at the highest dose (10 pg/mL), and isoquercetin at concentrations of
2-10 pg/mL. Additionally, the ICso values for PGE2 inhibition were
1.33 pg/mL for isoquercetin, 2.27 pg/mL for rutin, and 7.99 pg/mL for
eriodictyol 4’-O-glucoside. By comparison, dexamethasone and
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Fig. 7. Quantification of PGE2 from the compounds rutin (P1), eriodictyol 4-O-glucoside (P2), and isoquercetin (P3) isolated from C. gongylodes in the ex-vivo assay
with human blood at doses of 0.5, 1, 2, 4, and 10 pg/mL. Values are expressed as mean + SD (n = 4) for the negative control group (Neg) (n = 3), positive control
groups dexamethasone (Dex) and indomethacin (Ind), and the isolated compounds (n = 4). #p < 0.05 compared to the reference indomethacin (Ind). *p < 0.05
compared to the negative control group (Neg). *#p < 0.05 compared to the negative control group (Neg) and the positive control groups dexamethasone (Dex) and
indomethacin (Ind). Results were analyzed using one-way analysis of variance (ANOVA) and subsequent Dunnett’s multiple comparison test.
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Fig. 8. Quantification of LTB,4 from substances rutin (P1), eriodictyol 4'-O-glucoside (P2), and isoquercetin (P3) isolated from C. gongylodes in the ex-vivo assay with
human blood at doses of 0.5, 1, 2, 4, and 10 pg/mL. Values are expressed as mean =+ SD (n = 4) for the negative control group (Neg) (n = 3), positive control group
dexamethasone (Dex), and the isolated substances (n = 4). #p < 0.0001 compared to the reference drug dexamethasone. *p < 0.0001 compared to the negative
control group. Results were analyzed using one-way analysis of variance (ANOVA) and subsequent Dunnett’s multiple comparison test.

indomethacin exhibited ICso values of 0.78 pg/mL and 0.56 pg/mL,
respectively. Regarding LTB4, the ICso values were 0.68 pg/mL for rutin,
0.92 pg/mL for eriodictyol 4-O-glucoside, and 0.15 pg/mL for iso-
quercetin, while dexamethasone showed an ICsy of 0.57 pg/mL
(Table S5).

The results of our studies corroborate previous research, which
demonstrated the anti-inflammatory effect of rutin by inhibiting the
COX and LOX pathways, resulting in reduced prostaglandin E2 (PGE2)
and leukotriene B4 (LTB4) levels in LPS-stimulated RAW 264.7 cells
(Morikawa et al., 2003; Muvhulawa et al., 2022). Isoquercetin has also
been shown to decrease PGE2 levels in carrageenan-treated rats (Choi
et al., 2021). Furthermore, for the first time, we investigated the ability
of isoquercetin to inhibit the LOX pathway, as well as the
anti-inflammatory activity of eriodictyol 4'-O-glucoside, by evaluating
the reduction of PGE2 and LTB4 levels induced by LPS in human blood
samples.

Flavonoids are widely recognized for their therapeutic potential
against pain and inflammation, and they are considered promising
candidates for the development of new drugs due to their wide range of
biological activities, attributed to their great chemical diversity
(Arulselvan et al., 2016; Newman and Cragg, 2020). The structural di-
versity of flavonoids results from variations in levels of oxidation and
reactions such as alkylation and glycosylation. These modifications in
the central C ring give rise to different classes of flavonoids, which
present variations in the inhibition of COX and LOX enzymes (Comalada
et al., 2006).

The isolated compounds belong to the classes of flavanones and
flavonols. The presence of hydroxyl groups at positions C5 and C7 of ring
A, C3' and C4' of ring B (3',4"-dihydroxy), the carbonyl group at C4 in
ring C, the C2-C3 double bond in ring C, and the planarity of the
molecule contribute significantly to the anti-inflammatory activity, fa-
voring interaction with the active sites of the COX and LOX enzymes
(Shamsudin et al., 2022; Wang et al., 2022). Planarity, promoted by the
C2-C3 double bond, increases the affinity for the enzyme receptors,
while the delocalization of the = electron, generated by the conjugated
system between the carbonyl group at C4 and the C2-C3 double bond,
stabilizes intermediates formed during chemical reactions with flavo-
noids (Es-Safi et al., 2007; Niquini et al., 2020). On the other hand,
glycosylation reduces the anti-inflammatory activity by decreasing lip-
ophilicity, weakening the interaction with the active groups of the en-
zymes. The presence of a hydroxyl group at C3 in the C ring decreases
enzyme inhibition (Chen et al., 2018). In contrast, methylation of fla-
vonoids increases lipophilicity, allowing a more efficient interaction
with hydrophobic regions of proteins involved in inflammation. Thus,
the combination of hydroxyls in strategic positions, methylation, and
specific double bonds is essential to optimize the anti-inflammatory
action of flavonoids (Md Idris et al., 2022; Ribeiro et al., 2014).

Among the isolated compounds, the flavonol class, represented by
rutin and isoquercetin, showed greater inhibition of the COX and LOX
pathways compared to eriodictyol 4-O-glucoside, a compound of the
flavanone class. The presence of a glycosidic group at the C3 position of
the C ring contributed to the greater anti-inflammatory activity of rutin
and isoquercetin. In contrast, the absence of the double bond between
the C2 and C3 carbons in the B ring resulted in less inhibition by erio-
dictyol 4-O-glucoside on the COX and LOX pathways (Table S5) (Du
et al., 2023; Oniga et al., 2017). These discoveries highlight the
importance of specific structural characteristics of flavonoids in modu-
lating inflammatory pathways. Therefore, continued structure-activity
relationship studies are essential to improving the understanding of
molecular interactions and identifying new flavonoid-based therapeutic
strategies for the treatment of inflammatory processes.

Compounds isolated from C. gongylodes Dec showed a dual anti-
inflammatory action, offering more effective control of inflammation
by reducing multiple inflammatory mediators. This effect may decrease
the typical side effects of NSAIDs and SAIDs (Januario et al., 2018;
Santos et al., 2019). These findings are relevant for future research,
highlighting the importance of identifying compounds that simulta-
neously inhibit the COX and LOX pathways and cause fewer adverse
effects (Maiolini et al., 2023).

3.5. Anti-urolithiatic activity of bioactive compounds

The substances rutin (P1), eriodictyol 4-O-glucoside (P2), and iso-
quercetin (P3), isolated from the most active fractions, demonstrated
significant action in dissolving both COM and COD crystals in human
urine samples. In the study, both the polyherbal formulation Cystone®
(Cys) and sodium citrate (Cit), used as positive controls, showed sig-
nificant efficacy compared to the negative control group, with a statis-
tically relevant difference (p < 0.0001) (Fig. 9). Dissolution of CaOx
stones was dose-dependent for rutin, eriodictyol 4'-O-glucoside, and
isoquercetin at tested concentrations of 0.25, 0.5, and 1 mg/mL. Spe-
cifically, at the highest tested dose of 1 mg/mL, rutin and eriodictyol 4"
O-glucoside achieved 86% dissolution, and isoquercetin achieved 88%
dissolution. In comparison, the positive controls Cystone® and sodium
citrate showed dissolution percentages rates of 70% and 95%, respec-
tively. The observed inhibition percentages (ICsg) for the tested doses
were: 0.55 mg/mL for Cystone®, 0.22 mg/mL for sodium citrate, 0.37
mg/mL for rutin, and 0.18 mg/mL for eriodictyol 4-O-glucoside
(Table S6).

The constituents present in Dec and active fractions, as well as iso-
lated compounds such as rutin, eriodictyol 4-O-glucoside, and iso-
quercetin, which have hydrophilic and hydrogen bond-forming groups,
can form complexes with CaOx crystals. The nature of these phyto-
chemical complexes can affect their efficacy, resulting in greater
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Fig. 9. Anti-urolithiatic activity of the substances rutin (P1), eriodictyol 4-O-glucoside (P2), and isoquercetin (P3) isolated from C. gongylodes evaluated at doses of
0.25, 0.5, and 1 mg/mL #p < 0.0001 compared to the positive controls sodium citrate (Cit) and Cystone® (Cys). *p < 0.0001 compared to the negative control group
(Neg). Values are expressed as mean + SD (n = 3). Results were analyzed using one-way analysis of variance (ANOVA) and subsequent Dunnett’s multiple com-

parison test.

solubility of CaOx crystals (Liu et al., 2022). Furthermore, the concen-
trations and sizes of the crystals directly influence dissolution. Smaller
crystals, with a larger surface area, facilitate more efficient interactions
with the compounds in the fractions, accelerating dissolution through
hydrogen bonds and ionic interactions between Ca?* and Cz04% ions on
the crystal surface (Polat and Eral, 2021). In contrast, larger crystals
with a smaller contact area slow down this process. Higher crystal
concentrations may also reduce the efficacy of the fractions due to
competition for interactions with the active compounds (Li et al., 2022;
Sheng et al., 2005).

Decoctions, infusions, and plant extracts have been the focus of
intensive research due to their potential anti-urolithiatic, antioxidant,
and anti-inflammatory properties (Zeng et al., 2019). Biological assays
highlight these extracts as promising alternatives for urolithiasis treat-
ment, showing fewer side effects than conventional therapies (Al-Khayri
et al., 2022). Studies suggest that flavonoids and extracts rich in flavo-
noids play a crucial role in preventing and treating kidney stones. These
substances are likely the primary agents responsible for the observed
pharmacological activity (Ahmed et al., 2018; Bawari et al., 2023;
Sharma et al., 2017; Zhang et al., 2014; Zhou et al., 2018). However,
only a small fraction of flavonoids present in plant extracts have been
identified, isolated, and evaluated for their anti-urolithiatic action. A
detailed understanding of these substances is essential for elucidating
their mechanisms of action in nephrolithiasis (Sorokin et al., 2017).

Additionally, among the substances investigated for anti-urolithiatic
activity (rutin, hyperoside, quercetin, catechin, and diosmin), rutin has
shown significant efficacy in inhibiting kidney stone formation by
reducing the concentration of CaOx stone-forming constituents such as
calcium and oxalate (Chaiyarit et al., 2024; Chen et al., 2001). This ef-
fect resulted in minimal damage to kidney tissues in animals induced
with ethylene glycol and ammonium chloride (Ghodasara et al., 2010).
Rutin acts as a potent agent in treating nephrolithiasis by inhibiting
oxidative stress, autophagy, and apoptosis while also promoting the
recovery of the structural and functional integrity of kidneys compro-
mised by gentamicin (Kandemir et al., 2015). It also reduces oxidative
stress and the expression of inflammation and cell death markers such as
TNF-a, NF-kB, and caspase-3 proteins, protecting against inflammation
and cell death in rats with nephrotoxicity (Arjumand and Sultana,
2011). Its combination with vitamin C has demonstrated protective ef-
fects against kidney injuries induced by high-cholesterol diets (Al-Rejaie
et al.,, 2012). Furthermore, the novel insights into the mechanisms of
action of isoquercetin and eriodictyol 4-O-glucoside significantly
enhance our understanding of the processes involved in renal stone
dissolution by flavonoids. This evidence confirms the anti-urolithiatic
effects of rutin and extends previous research, supporting flavonoids’
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effectiveness in eliminating CaOx stones.

The Dec of C. gongylodes leaves harbors a high concentration of fla-
vonoids, potentially elucidating their observed anti-urolithiatic action.
These substances are crucial in justifying their therapeutic use in kidney
stone removal, demonstrating their effectiveness in treating this condi-
tion among the population. It is essential to evaluate the Dec of
C. gongylodes in different experimental models to deepen the under-
standing of its mechanisms of action in the formation and dissolution of
kidney stones in urolithiasis, especially considering its medicinal use for
managing this disease.

3.6. Identification of the structural compounds isolated via NMR and MS

The bioactive subfractions Hi-5a and Ac-5, selected for phytochem-
ical isolation, produced three glycosylated flavonoids (Fig. 10). The
three isolated compounds, P1, P2, and P3, were identified as flavonoids
of the flavonol (P1 and P3) and flavanone (P2) types. Their chemical
structures were identified from NMR (1D and 2D) and UHPLC/ESI-
QTOF-MS in positive mode and comparison with data described in the
literature. The compounds were identified as:

Rutin (Quercetin 3-O-rutinoside), (P1), was confirmed by QTOF-MS
in positive mode, where the m/z of the ion adduct [M+H]" = 611.1614
Da (calc. m/z 611.1607 Da, error of 1.14 ppm) was attributed to the
molecular formula Cy;H39016. The MS/MS spectrum (Fig. S1) with
retention time of 2.25 min showed the fragment of m/z 303.0499 (error
of 0.00 ppm) and 465.1033 (error of 1.07 ppm) corresponding to the
aglycone and the loss of the glycoside, respectively - 'H NMR (300 MHz,
MeOD) &: 7.66 (d, 1H, J,, = 1.6 Hz, H-2"), 6.86 (d, 1H, J, = 8.5 Hz, H-5),
7.63 (dd, 1H, J, = 8.5 Hz; J, = 1.6 Hz; H-6), 6.21 (d, 1H, J, = 1.7 Hz,
H-6), 6.40 (d, 1H, J, = 1.5 Hz, H-8), 5.11 (d, 1H, J,, = 7.35 Hz, H-1"),
3.27 (m, H-2"), 3.42 (dd, 1H, Jee = 2.2 Hz; Jo, = 8.4 Hz, H-3"), 3.38 (m,
H-4"), 3.30 (m, H-5"), 3.36 (m; Ha-6"), 3.79 (d, 1H, J,, = 10.4 Hz, Hb-6");
4.51 (brs, 1H, H-1"), 3.27 (m, 1H, H-2"), 3.62 (d, 1H, Jee = 2.3 Hz, H-3"),
3.30 (m, H-4"), 3.53 (dd, 1H, Jaa = 9.4 Hz; J,e = 3.2 Hz, H-5"), 1.11 (d,
3H, J = 6.1 Hz, H-6"). 3¢ (75 MHz, MeOD) 6: 121.9 (C-1), 118.1 (C-2),
144.5 (C-3", 148.3 (C-4), 116.5 (C-5), 124.0 (C-6), 157.7 (C-2), 134.1
(C-3), 177.2 (C-4), 161.8 (C-5), 100.5 (C-6), 164.7 (C-7), 95.1 (C-8),
157.1 (C-9), 104.1 (C-10), 105.1 (C-1"), 74.4 (C-2"), 76.3 (C-3"), 68.9 (C-
4", 77.6 (C-5"), 69.0 (C-6”), 102.8 (C-1"), 71.9 (C-2"), 72.6 (C-3"), 74.4
(C-4"), 72.7 (C-5"), 18.4 (C-6"). The compared experimental data and
literature are presented in Table S7 and additional information relying
on spectral correlations is presented at the 2D spectra (Figs. S6-8) and
Table S8 (Srinivasan et al., 2015).

Eriodictyol 4-O-glucoside, (P2), confirmed by QTOF-MS in positive
mode, presented m/z of the ion adduct [M+H]* = 451.1248 Da (calc. m/
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Fig. 10. Representation of the compounds identified through phytochemical analysis of the decoction of C. gongylodes (Dec). Legend: Rha = rhamnose; Glu-Rha =

glucose-rhamnose.

2 451.1235, error of 2.88 ppm), corresponding to the molecular formula
C21H2201; and the MS/MS spectrum (Fig. S2) of the ion with the
retention time 2.40 min - "H NMR (300 MHz, MeOD) &: 7.67 (d, 1H, J,
= 2.16 Hz, H-2), 6.89 (d, 1H, J, = 8.5 Hz, H-5)), 7.61 (dd, 1H, J, = 8.5
Hz; J, = 2.16 Hz; H-6), 4.39 (dd, 1H, J = 4.65 Hz, J = 7.26 Hz, H-2),
2.51 (dd, 1H, J =7.26 Hz; J = 15.57 Hz, Ha-3), 2.57 (dd, 1H, J = 4.65 H;
J =15.57 Hz, Hb-3), 6.24 (d, 1H, Jy, = 1.98 Hz, H-6), 6.44 (d, 1H, J, =
1.98 Hz, H-8), 5.19 (d, 1H, J,, = 7.65 Hz, H-1"), 3.41 (m, H-2"), 3.42 (m,
H-3"), 3.42 (m, H-4"), 3.44 (m, H-5"), 3.63 (brs, 1H, Ha-6"), 4.22 (brs, 1H,
Hb-6"). 13C (75 MHz, MeOD) &: 122.0 (C-1), 118.1 (C-2), 145.0 (C-3),
149.3 (C-4), 123.8 (C-5)), 116.5 (C-6)), 69.4 (C-2), 41.7 (C-3), 175.4 (C-
4), 159.7 (C-5), 100.5 (C-6), 164.8 (C-7), 95.4 (C-8), 157.5 (C-9), 104.5
(C-10), 104.8 (C-1"), 76.0 (C-2"), 78.3 (C-3"), 71.5 (C-4"), 78.4 (C-5"),
64.8 (C-6"). The compared experimental data and literature is presented
in Table S9, and additional information relying on spectral correlations
is presented in the 2D spectra (Figs. S12-14) and Table S10 (Liu et al.,
2014).

Isoquercetin (Quercetin-3-0-glucoside), (P3), was also confirmed by
QTOF-MS in positive mode, with m/z of the ion adduct[M+H]" =
465.1027 Da (calc. m/z 465.1028, error of 0.21 ppm) and corresponding
molecular formula Co3Hp0012. The MS/MS spectrum (Fig. S3) of the ion
with retention time of 2.44 min showed the fragment of m/z 303.0496
(error of 0.99 ppm) of the aglycone corresponding to the loss of the
glycoside - 'H NMR (300 MHz, MeOD) &: 7.70 (d, 1H, Jy = 2.0 Hz, H-2),
6.86 (d, 1H, J, = 8.4 Hz, H-5)), 7.58 (dd, 1H, J, = 8.4 Hz; J,, = 2.0 Hz; H-
6", 6.39 (d, 1H, J,, = 1.8 Hz, H-6), 6.19 (d, 1H, J,, = 1.8 Hz, H-8), 5.26
(d, 1H, Ja, = 7.29 Hz, H-1"), 3.45 (brs, 1H, H-2"), 3.41 (brs, 1H, H-3"),
3.47 (brs, 1H, H-4"), 3.38 (brd, 1H, J = 5.10 Hz, H-5"), 3.58 (dd, 1H, J =
5.10 Hz; Ha-6"), 3.71 (dd, 1H, J = 11.7 Hz; J = 2.43 Hz, Hb-6"). 13C (75
MHz, MeOD) &: 121.7 (C-1), 116.2 (C-2), 144.7 (C-3"), 148.4 (C-4),
114.6 (C-5), 121.8 (C-67), 157.3 (C-2), 134.2 (C-3), 178.2 (C-4), 165.5
(C-5), 93.2 (C-6), 164.8 (C-7), 98.5 (C-8), 157.0 (C-9), 104.4 (C-10),
102.9 (C-1"), 74.4 (C-2"), 76.9 (C-3"), 74.5 (C-4"), 76.7 (C-5"), 61.2 (C-
6”). The compared experimental data and literature is presented in
Table S11 and additional information relying on spectral correlations
are presented at the 2D spectra (Figs. S18-20) and Table S12 (Fitrah
et al., 2024).

The compounds P1 and P3, identified as rutin and isoquercetin,
respectively, were determined to be flavonoids of the flavonol 3-O-gly-
cosylated type. This subclass of flavonoids is characterized by the
absence of aliphatic hydrogens at positions 2 and 3 of the C ring in the 'H
NMR spectrum, which indicates the presence of an o,f-unsaturated
flavonol system (Wawer and Zielinska, 2001).

The NMR spectra for compound P1 (Figs. S4-S9) were identical to
those reported in the literature (Table S7), with the 1H.NMR spectrum
exhibited signals corresponding to aromatic hydrogens from five sp?
carbon protons (8y 6.21-7.66) (Srinivasan et al., 2015). Among these,
two proton signals at dy.¢ 6.21 and 8y.g 6.40, doublets with the same
coupling constant (J;, = 1.7 Hz), were attributed to the A ring of the
aglycone. The other three protons, at 8y.o: 7.66 (d, 1H, J, = 1.6 Hz),
du.5 6.86 (d, 1H, J, = 8.5 Hz), and 8y.¢ 7.63 (dd, 1H, J, = 8.5 Hz; J, =
1.6 Hz), were assigned to the B ring of quercetin. These data
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unequivocally supported the conclusion that the aglycone fraction of P1
is quercetin. The glycosidic hydrogens were detected with chemical
shifts ranging from 8y 3.08 to &y 5.30, indicating the presence of a
glucose unit, confirmed by the oxymethylene carbon at 8¢ 69.0.
Additionally, the connection to a rhamnose unit was confirmed by the
methyl group at 5c.¢» 18.4, observed in the '*C NMR spectrum. The main
correlations observed in the two-dimensional spectra, such as COSY,
HSQC, and HMBGC, are presented in Table S8 and Fig. S9.

Compound P2 was identified as eriodictyol 4-O-glucoside, which
belongs to the flavanone class. Its NMR spectra are detailed in Table S9
and Figs. S10-S14 (Liuetal., 2014). The TH NMR spectrum of compound
P2 showed doublets at 8y.¢ 6.24 and 8y.g 6.44 (each 1H, d, J, = 1.95 Hz)
due to meta coupling of two protons from ring A. The other three aro-
matic protons at dy.o» 7.67 (d, 1H, J, = 2.16 Hz), dy.5° 6.89 (d, 1H, J, =
8.5 Hz), and 8g.¢ 7.61 (dd, 1H, J, = 8.5 Hz; Jn, = 2.16 Hz) exhibited a
trisubstituted coupling pattern at positions 1, 3, and 4. The flavanone
aglycone was confirmed by signals in the 'H NMR spectrum of H-2,
Ha-3, and Hb-3 protons, coupled at 8y.2 4.39 (dd, 1H, J = 4.65 Hz; J =
7.26 Hz), 8ya-3 2.51 (dd, 1H, J = 7.26 Hz; J = 15.57 Hz), and 8yp.3 2.57
(dd, 1H, J = 4.65 Hz; J = 15.57 Hz), respectively. The primary corre-
lations observed in the two-dimensional spectra, including COSY, HSQC,
and HMBC, are detailed in Table S10 and Fig. S15.

The NMR spectra for substance P3 identify it as isoquercetin, as
detailed in Table S11 and Figs. S16-S20 (Fitrah et al., 2024). This sub-
stance is very similar to rutin, differing only in the type of glycoside. In
the 13C NMR spectrum, an anomeric carbon was observed at 8¢ 104.8,
along with four oxygenated methine carbons at 8¢y 76.0, d¢.3 78.3,
8c.4” 71.6, and 8¢5’ 78.4 and an oxygenated methylene carbon at 8¢~
64.8, all attributed to glucose. The primary correlations observed in the
two-dimensional spectra are detailed in Table S12 and Fig. S21.

In all spectra, the sugar linkage can be distinguished as O-glycosidic,
indicated by the 13C NMR (8¢ 98-112), in contrast to C-glycosides (5¢
60-82) (Silva et al., 2023). Furthermore, the J values of the anomeric
proton observed in all spectra (7.29-7.65 Hz) suggest a p-configuration
of D-glucose, consistent with findings reported in the literature (Seo
et al., 2017).

Rutin has been isolated from various species of the genus Cissus,
including the leaves of Cissus ibuensis (Ahmadu et al., 2010), the fruits of
Cissus abovata (Hazarika et al., 2023), the aerial parts of Cissus quad-
rangularis (Ruangsuriya et al., 2020), and the leaves of Cissus sicyoides Xu
et al. (2009). Isoquercetin has been reported in the leaves of C. sicyoides
(Xu et al., 2009) and Cissus rotundifolia (Said et al., 2018). Rutin and
isoquercetin have been reported for the first time in the species
C. gongylodes, while eriodictyol 4'-O-glucoside has been reported in the
genus Cissus.

3.7. Characterization of the Dec and fractions of C. gongylodes by
UHPLC-ESI-HRMS

Data-independent acquisition (DIA) was employed to enhance
spectral coverage compared to data-dependent acquisition (DDA),
providing a more comprehensive view of the metabolic profile of Dec
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(Schultz et al., 2013; Zhang et al., 2012). The Dec of C. gongylodes were
subjected to metabolic profiling using UHPLC-ESI-QTOF/MS (Fig. 11).

Features were confidence annotated at level 2 (12 compounds) and
level O for the identified compounds (Sumner et al., 2007). The inte-
gration of in-house databases containing compounds identified from the
Cissus genus enhances the reliability of annotations in metabolomic
studies (Katchborian-Neto et al., 2024). In the positive ion mode, 60
features were detected, and 7 substances were annotated (Table S13). In
the negative ion mode, 67 features were detected, and 12 substances
were annotated (Table S14). The main classes of annotated metabolites
were flavonoids and organic acids. Compounds 1, 2, 3, 5, 6, 8, and 12
were identified as flavonols, with compounds 1, 2, 5, and 8 being

OH
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HO OH OH
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11. Base peak chromatograms obtained in negative ion mode of C. gongylodes (Dec) and blanks.

glycosylated. Compounds 4 and 14 were classified as flavones, while
compound 7 was identified as a glycosylated flavone. Compounds 9, 10,
11, and 13 were categorized as organic acids (Fig. 12).

Among the annotated compounds, 1, 2, 3, 5, 6, 8, and 12 were
identified as flavonols, with compounds 1, 2, 5, and 8 showing glyco-
sylation. Compounds 4 and 14 were classified as flavones, while com-
pound 7 was identified as a glycosylated flavone. Finally, compounds 9,
10, 11, and 13 were categorized as organic acids. Compound 1 exhibited
a pseudomolecular ion [M-H]™ at m/z 609.1445 and [M+H]* at m/z
611.1612, indicating a molecular formula of Cy7H39016. Fragmentation
produced product ions at m/z 463.0867 ([M-146-H]") and m/z 300.0278
([M-146-163-H]"), corresponding to the loss of rhamnose (146 Da) and
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Fig. 12. Chemical structure of the annotated compounds.
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glucose (163 Da), respectively, which are indicative of rutin.

In flavonoid fragmentation, the loss of CO and CO3 is quite common.
This process generates pseudomolecular ions [M-H]~ with m/z 271.0229
(C14H70¢) and 245.0270 (C13HqOs), resulting from the consecutive loss
of CO from the ion at m/z 300.0278. The loss of CO5 from m/z 301.0278
can lead to the formation of ions at m/z 256.0229 (C14H¢Os) and
227.0362 (C13H704). Ions at m/z 119.0503 (C;H303) and 178.9980
(CgH305) may form through the cleavage of the C1-C2 and C2-C3 bonds
in the ion, respectively. The ion at m/z 119.0503 contains the B ring,
while the ion at m/z 178.9980 contains the A ring. The ion at m/z
178.9980 can lose CO and CO,, generating ions at m/z 151.0013
(C7H304) and 107.01395 (CgH305). The Retro-Diels—-Alder reaction can
occur in flavonoids, forming an intense ion at m/z 151.0013 (C;H304).
Compounds 1-4 were annotated in both ionization modes: product ions
of quercetin-type flavonoids exhibit m/z values of 301.03, 271.03,
178.99, and 151.00, as observed in compounds 1-4 in negative mode,
and positive mode, the product ions of flavonoids showed intense signals
at m/z 303.04,273.03, 181.06, and 153.01 (Fu et al., 2020).

Compounds 5 and 6 exhibited a structure similar to quercetin. Due to
the absence of the -OH group at C-5, the product ions of kaempferol are
all 16 Da smaller than those of quercetin, showing intense ions at m/z
285.03, 257.05, and 163.01 (Vinayavekhin et al., 2010). Compound 7
displayed a pseudomolecular ion [M+H]* at m/z 433.1115, indicating a
molecular formula of C2;H2001¢. Fragmentation produced signals at m/z
287.0569 ([M-146-H]"), indicating O-hexose loss. Diagnostic ions of
apigenin O-hexose-type flavonoids are typically seen at m/z 433.11,
271.03, and 153.02 (Ivanova and Spiteller, 2021).

Compound 8 exhibited a pseudomolecular ion [M+H] at m/z
479.0835, with a retention time of 0.59 min, corresponding to a mo-
lecular formula of Cy1H0013. Its fragmentation (MS/MS) generated
representative fragment ions at m/z 316.0289 ([M-162-H]"), indicating
the loss of an O-hexoside. Compound 12, with ion [M-H] at m/z
317.0298, a retention time of 2.27 min, and a molecular formula of
C15H100g, showed product ions characteristic of myricetin-type flavo-
noids at m/z 479.08, 316.02, and 271.02, as seen in compounds 8 and 12
(Candela et al., 2020). Compound 15 exhibited a structure similar to
quercetin. Due to the absence of the -OH group at C-3, the product ions
of luteolin-type flavonoids are all 16 Da smaller than those of
quercetin-type flavonoids, showing characteristic intense ions at m/z
285.03, 151.05, and 133.01 (Sliwka-Kaszynska et al., 2022).

4. Conclusion

The Dec and its fractions obtained from C. gongylodes leaves
exhibited multi-target activity, demonstrating dual anti-inflammatory
effects through the key inflammatory pathways COX and LOX and
promoting the dissolution of CaOx crystals. The characterization of the
Dec using UHPLC-ESI-HRMS revealed a high content of flavonoids,
primarily glycosylated flavonoids. Bioguided isolation led to the iden-
tification of flavonoid compounds: rutin, eriodictyol 4'-O-glucoside, and
isoquercetin, which were isolated for the first time from C. gongylodes.
These isolated compounds confirmed their multi-action, acting as anti-
inflammatory agents through COX and LOX pathways by inhibiting
the synthesis of inflammatory mediators PGE2 and LTB4 and exhibiting
anti-urolithiatic effects by dissolving CaOx stones. Both biological ac-
tivities are highly desirable for the treatment of urolithiasis, a condition
associated with kidney stone formation and inflammation. The isolated
compounds support ethnopharmacological use against urolithiasis and
inflammation, and identifying compounds with dual biological activity
may present fewer side effects compared to conventional therapies. In
this sense, the Dec of C. gongylodes leaves appears promising as a
candidate for the development of new treatments for urolithiasis.
Therefore, the extract of C. gongylodes deserve further studies to confirm
in vivo anti-urolithiatic activity and the absence of toxicity. Additionally,
standardized, seasonal metabolomic and chemometric studies of the
extracts should also be conducted to assess the stability of the chemical
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composition before clinical trials.
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3 CONSIDERACOES FINAIS

O Dec e suas fracdes obtidas das folhas de Cissus gongylodes apresentaram
atividade multialvo, com efeitos anti-inflamatérios duais através das vias COX e LOX,
além de promoverem a dissolucéo de cristais de CaOx. A caracterizacéo do Dec por
UHPLC-HRMS revelou alto teor de flavonoides, principalmente flavonoides
glicosilados. O isolamento bioguiado permitiu identificar substancias pertencente a
classe dos flavonoides como rutina, eriodictiol 4'-O-glicosideo e isoquercetina
isolados pela primeira vez na espécie C. gongylodes. Essas substancias
demonstraram atividade anti-inflamatdria por meio da inibicdo de mediadores
inflamatérios (PGE2 e LTB4) e atividade antiurolitica, dissolvendo célculos
prevalentes de CaOx. Ambas as atividades sdo desejaveis para o tratamento da
urolitiase, condicdo associada a formacgéo de calculos renais e a inflamacéo. A acao
dual das substancias isoladas reforca o0 uso etnofarmacoldgico contra a urolitiase e
inflamacéo e sugerem menor risco de efeitos colaterais em comparacao as terapias
convencionais. Dessa forma, o Dec de C. gongylodes surge como um candidato
promissor para novos tratamentos de urolitiase. No entanto, estudos adicionais sao
necessarios para confirmar sua atividade antiurolitica in vivo e auséncia de
toxicidade, além de investigacdes metabolémicas e quimiométricas sazonais para

avaliar a estabilidade da composi¢do quimica antes de ensaios clinicos.
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APENDICE A - Colaboracdes cientificas

As colaboracdes cientificas realizadas pelo nosso grupo de pesquisa e com

colaboradores, publicadas na literatura durante o periodo deste doutorado. O

conhecimento, as técnicas e o trabalho em equipe desenvolvidos ao longo do

doutorado também foram aplicados nesses artigos. Em resumo, a Tabela 1

apresenta o periddico académico, ano de publicacdo, tema principal e titulo de cada

pesquisa, além do DOI correspondente.

Tabela 1 — Colaborac@es cientificas

N° Jornal Ano Colaboracao Titulo (DOI Hiperlink)
Académico

1 Photochemistr 2019 Isolamento de Tag Fast and efficient method to
y And C e a conversao obtain tagitinin f by
Photobiology em Tag F photocyclization of tagitinin C.

photochemistry and
photobiology

2 Phytochemical 2021 Preparo de In vivo anti-inflammatory activity
Analysis amostras e LC- of Fabaceae species extracts

MS/MS screened by a new ex vivo
assay using human whole
blood.

3 Phytochemistr 2021 Ensaio anti- Chemistry of leaves, bark, and
y Letters inflamatério essential oils from Ocotea

diospyrifolia and anti-
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inhibition of edema and
neutrophil recruitment.

4 Bioorganic & 2023 Purificacédo de Structure-activity relationship
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Chemistry analogues of gibbilimbol B using
Letters multivariate analysis and
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farmacéutica e uso dos
referidos compostos e da
composicao farmacéutica

7 Fitoterapia 2024 Preparo de Biological and metabolomics-
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isolamento de tetrahydrofurofuran lignan from
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activity against human
melanoma cell line

Fonte: Autor (2024).
Nota: Cada publicacéo pode ser acessada clicando com o botdo direito do mouse no hiperlink DOI

em cada titulo.

As publicacbes cientificas listadas na Tabela 1 refletem as colaboracdes
realizadas em cada trabalho cientifico. Essas colabora¢des foram selecionadas para
posterior discriminacdo, pois estdo relacionadas a formacao cientifica obtida durante
o doutorado, contribuindo para o amadurecimento e desenvolvimento da presente
tese. Assim, serdo apresentados um breve resumo e as contribuicbes especificas

em cada publicacao.

N° 1- Artigo de pesquisa — (2019): Fast and efficient method to obtain tagitinin
F by photoc clization of tagitinin C photochemistry and photobiology

Ha evidéncias na literatura de que a Tagitinina C (1) pode sofrer fotociclizacao
para formar Tagitinina F (2). O composto 2 possui elevado potencial farmacolégico,
mas sua obtencéo é dificultada, enquanto o composto 1 é facilmente extraido de
Tithonia diversifolia, uma planta amplamente disseminada. Apés avaliar diversas
condi¢cBes reacionais, foi identificada uma condicdo fotodependente que promove a
ciclizacdo de 1 em 2 em menos de 15 minutos. A ampliagcdo da escala da reacéo de
fotociclizacdo de 1 para 2 demonstrou um rendimento de 100%. Além disso, a
guantidade de 2 isolada de um extrato irradiado com UV foi oito vezes maior do que
a isolada de um extrato nao irradiado. Este estudo permitiu um melhor entendimento
do processo de fotoconversdo, além de estabelecer métodos eficazes para o
isolamento e quantificacdo dessas substancias, conhecidos por suas significativas

atividades antitumorais, entre outras propriedades farmacoldgicas relevantes.


https://doi.org/10.1016/j.fitote.2024.106070
https://doi.org/10.1016/j.fitote.2024.106070
https://doi.org/10.1016/j.fitote.2024.106070
https://doi.org/10.1016/j.fitote.2024.106070
https://doi.org/10.1016/j.fitote.2024.106070
https://doi.org/10.1016/j.fitote.2024.106070
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Principais contribuicdes: Auxilio na elaboracdo do manuscrito, extracao do
material vegetal e isolamento por HPLC-UV-DAD, e a fotoconversao da Tag C em F.

Elaboragao da versao final do manuscrito.

N° 2 — Artigo de pesquisa — (2021): In vivo anti-inflammatory activity of
Fabaceae species extracts screened by a new ex vivo assay using human

whole blood.

As plantas sdo uma fonte promissora na busca por novos candidatos a
farmacos. A familia Fabaceae inclui diversas espécies com potencial terapéutico,
como atividade anti-inflamatoria. Devido as limitagBes dos anti-inflamatorios atuais,
h& uma demanda por estruturas mais eficazes e métodos éticos e confiaveis para
triagem de mdultiplas amostras. Um método ex vivo para quantificacdo de
prostaglandina E2 (PGE2) foi validado para rastrear a atividade anti-inflamatdria em
extratos de Fabaceae. O ensaio demonstrou que cinco de 47 espécies inibiram a
producdo de PGE2. Ensaios in vivo e perfis metabdlicos de quatro extratos
confirmaram seu potencial anti-inflamatério. O método se mostrou rapido, sensivel e
preciso, oferecendo uma abordagem confiavel para triagem inicial antes de ensaios
in vivo e contribuindo para o desenvolvimento de anti-inflamatdérios mais eficazes.

Principais contribuicdes: Auxilio no preparo de amostras, execucdo do
ensaios anti-inflamatérios e a operacdo do LC-MS/MS. Elaboracdo da versao final

do manuscrito.

N° 3 — Artigo de pesquisa — (2021): Chemistry of leaves, bark, and essential oils
from Ocotea diospyrifolia and anti-inflammatory activity - Dual inhibition of

edema and neutrophil recruitment.

Espécies do género Ocotea demonstraram atividade anti-inflamatoria por
meio de um mecanismo de acdo promissor. Este estudo apresenta a primeira
avaliacdo in vivo do potencial anti-inflamatério e do mecanismo de acdo dos extratos
e Oleos essenciais das folhas e cascas de Ocotea diospyrifolia. Substancias foram
isoladas e identificadas nos extratos das folhas e cascas por UPLC-HRMS,
enquanto os 6leos essenciais foram caracterizados por GC-MS. Entre as nove

substancias isoladas, destaca-se a descoberta da diospirifolina, um alcaloide
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aporfinico inédito no género Ocotea. Outras substancias isoladas pela primeira vez
neste género incluem mururina A e salsolina, e os alcaloides coclaurina, reticulina e
isoboldina apresentaram-se como isomeros 6aR-(-), diferindo dos comumente
encontrados em outras espécies do género. A analise por UPLC-HRMS identificou
classes dos flavonolignanas, flavonoides, acidos clorogénicos e alcaloides, enquanto
a analise por GC-MS revelou o a-felandreno como composto majoritario nos 6leos
essenciais, sem a presenca do safrol, marcador quimico tipico da familia Lauraceae.
Algumas substancias, como o acido 5-cafeoilquinico, quercitrina, a-humuleno e (E)-
cariofileno, possuem atividades anti-inflamatérias conhecidas. Tanto o extrato das
folnas e sua fracdo acetato de etila quanto os 6leos essenciais demonstraram
atividade anti-inflamatoria in vivo, inibindo edema e recrutamento de neutroéfilos, o
que sugere atuacdo em vias inflamatérias principais e potencial maior eficicia e
seguranca em relacdo aos anti-inflamatérios convencionais. A alta diversidade
guimica e o mecanismo anti-inflamatoério promissor de O. diospyrifolia reforcam seu
potencial para investigacdes futuras.

Principais contribui¢cbes: Auxilio na elaboragdo do manuscrito, realizagdo da
extracdo do material vegetal, preparo de amostras, isolamento em HPLC-UV-DAD,
execucdo do ensaios anti-inflamatorios e andlise estatistica dos resultados.

Elaboracéo da verséo final do manuscrito.

N° 4 — Artigo de Pesquisa — (2023): Structure-activity relationship study of
antitrypanosomal analogues of gibbilimbol B using multivariate analysis and

computation-aided drug design

Gibbilimbol B e anélogos, isolados da planta brasileira Piper malacophyllum,
mostraram atividade contra formas tripomastigotas de Trypanosoma cruzi, com baixa
toxicidade em células NCTC. Esses resultados motivaram a sintese de 24 analogos
relacionados para investigar o potencial antitripanossémico e explorar relacdes
estrutura-atividade. Inicialmente, 12 substéncias foram planejadas mantendo a
cadeia lateral linear de gibbilimbol B e insaturacdo em C-4, mas com variacdo de
grupos éster e amida e substituintes na posi¢do para do anel aromatico. Outras 12
substancias foram sintetizadas com uma cadeia lateral ramificada contendo um
grupo etil em C-2. Esses analogos demonstraram atividade promissora contra

tripomastigotas (EC50 < 20 uM) e auséncia de citotoxicidade em fibroblastos de
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mamiferos (CC50 > 200 uM). Analises de estatistica multivariada e aprendizado de
maquina indicaram que a atividade biolégica estd relacionada a estrutura
tridimensional e aos substituintes aromaticos, especialmente com grupos t-butil ou
nitro na posicao para. Esses grupos afetam propriedades como o estado topoldgico
eletrénico, volumes de Van der Waals, area superficial e polarizabilidade, essenciais
para a atividade contra T. cruzi.

Principais contribui¢cdes: Auxilio no isolamento e purificacdo de substancias
em placa cromatogréafica de camada delgada preparativa. Elaboracéo da versao final

do manuscrito.

N° 5 — Artigo de pesquisa — (2023): Chemical annotation of the infusion of
Jungia floribunda Less and its inhibitory potential on the elastase enzyme

A Jungia floribunda Less., um arbusto da familia Asteraceae, tem suas folhas
tradicionalmente utilizadas na medicina popular de diversos paises da América do
Sul como agente anti-inflamatério e hipoglicemiante. No presente estudo, uma
infusdo das folhas de J. floribunda foi preparada e sua composicdo quimica foi
analisada por UHPLC-MS, combinada com andlise de rede molecular, permitindo a
anotacao de flavonoides, lactonas sesquiterpénicas, cumarinas e derivados do acido
clorogénico. Adicionalmente, realizou-se um ensaio de atividade in vitro para inibicéo
da elastase com a infusdo, onde se observou inibicdo enzimética em concentracdes
entre 15 e 240 ug/mL, alcancando até 71% de inibicdo na concentracdo maxima
avaliada. Considerando que plantas representam fontes promissoras para o
desenvolvimento de novos farmacos, esses resultados corroboram o potencial da
infusdo de J. floribunda como uma fonte de substancias bioativas com capacidade
inibitoria da elastase, reforcando também seus aspectos etnofarmacolégicos.

Principais contribuicdes: Auxilio na elaboracdo do manuscrito, preparo de
amostras, execucao do ensaios anti-inflamatorios. Elaboracdo da versao final do

manuscrito.

N° 6 - Patente — (2023): Processo de Obtencdo de compostos anti-
inflamatérios, os referidos compostos, composi¢cdo farmacéutica e uso dos

referidos compostos e da composicéo farmacéutica
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A patente refere-se a um processo de producdo de compostos anti-
inflamatorios derivados do espilantol, uma N-alquilamida presente no jambu, planta
comum no Brasil e conhecida por seu efeito anestésico. O derivado desenvolvido
demonstrou maior eficacia e menor risco de efeitos colaterais em comparacdo aos
corticosteroides, amplamente utilizados para reduzir inflamacdes, mas com sérias
reacoes adversas quando usados cronicamente. A pesquisa identificou compostos
com alta poténcia anti-inflamatéria e sua composicdo farmacéutica. Esses
compostos tém potencial aplicacdo na industria farmacéutica para tratar doencas
inflamatorias, como enxaqueca, reumatismo, osteoartrite, infeccbes e lesdes
ortopédicas. Além disso, seu mecanismo de acdo difere dos farmacos
convencionais, sugerindo um perfil de seguranga aprimorado.

Principais contribui¢cdes: Auxilio na elaboracdo do manuscrito, execucdo do
ensaios anti-inflamatérios e na analise estatistica dos resultados. Elaboracdo da

versao final do manuscrito.

N° 7 — Artigo de pesquisa — (2024): Biological and metabolomics-guided
isolation of tetrahydrofurofuran lignan from Croton spp. with antiproliferative

activity against human melanoma cell line

O género Croton (Euphorbiaceae) é reconhecido como fonte promissora de
substancias bioativas com atividade antiproliferativa, embora o conhecimento sobre
a composicdo e atividade de Croton floribundus, Croton echinocarpus e Croton
zehntneri seja ainda limitado. Este estudo visou investigar a atividade
antiproliferativa dessas espécies em células tumorais de mama, pulmédo e
melanoma, além de fibroblastos humanos. Estratégias metabolémicas foram
aplicadas usando cromatografia liquida de ultra-desempenho acoplada a
espectrometria de massas de alta resolucdo e analise estatistica multivariada para
identificar o principal composto ativo. O extrato das folhas de C. floribundus
apresentou a maior atividade antiproliferativa, com um valor de IC50 inferior ao do
farmaco temozolomida na linhagem de melanoma SK-MEL-147 e em outras
linhagens de melanoma testadas. Quatro lignanas tetrahidrofurofuranicas foram
isoladas pela primeira vez da fracdo mais promissora desse extrato, sendo a epi-
yangambina identificada como o principal composto antiproliferativo contra SK-MEL-

147. A epi-yangambina mostrou-se seletiva para essa linhagem celular (IC50 =
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13,09 pg/mL; indice de seletividade = 3,82), superando a temozolomida (IC50 =
121,50 uyg/mL) ao inibir a progressao do ciclo celular em G2/M. Essa descoberta é
relevante devido a alta resisténcia das células de melanoma a tratamentos
convencionais, posicionando a epi-yangambina como um potencial protétipo para
futuras pesquisas antiproliferativas.

Principais contribuicdes: Auxilio na elaboracdo do manuscrito, preparo de

amostras e isolamento em HPLC-UV-DAD. Elaboragao da versao final do manuscrito

A colaboracdo em artigos cientificos durante o doutorado foi fundamental para
o desenvolvimento da formacdo cientifica, proporcionando experiéncia pratica e
técnica em diversas etapas do processo de pesquisa. Contribuicdes como a
extracdo do material vegetal, preparo de amostras, isolamento por HPLC-UV-DAD, e
realizacdo de ensaios anti-inflamatorios reforcaram habilidades laboratoriais
essenciais, enquanto a analise estatistica dos resultados aprimorou a capacidade de
interpretacdo de dados. Participar da elaboracdo e finalizacdo de manuscritos
também foi crucial para o aprimoramento de competéncias na redacdo cientifica,
essenciais para a comunicacao de resultados complexos de forma clara e precisa.
Esses aspectos ndo sO enriqueceram a formacdo, como também ampliaram o
conhecimento técnico e a capacidade de colaboracdo em equipe, essenciais para o

desenvolvimento da tese e para futuras pesquisas na area.
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Table S1. Mobile phases used in solid-phase extraction and the corresponding aliquots

obtained.
Mobile Phase (V/v) FoAc aliquots FoHi aliquots

| H20 | Only | Ac-1 | Hi-1
H.O/MeOH 91 Ac-2 Hi-2
H>0/MeOH 8:2 Ac-3 Hi-3
H.O/MeOH 7:3 Ac-4 Hi-4
H>O/MeOH 6:4 Ac-5 Hi-5
H.0/MeOH 1:1 Ac-6 Hi-6
H>0/MeOH 3:7 Ac-7 Hi-7
H>O/MeOH 2:8 Ac-8 Hi-8
H.0/MeOH 1:9 Ac-9 Hi-9
MeOH Only Ac-10 Hi-10

Table S2. MRM Transitions of mediators and internal standards.

Compound Transition (m/z) Q1 CE Q3

| Limaprost | 379.20 — 299.30 | 14 | 21 | 21 |
PGE2 351.20 — 315,25 14 15 21
LTB4 335.20 — 195,20 11 18 19

Table S3. 1Csp inhibitory concentration of the anti-urolithiatic activity of the active fractions
obtained from the leaves of Dec.

Samples IDs” ICs0 (mg/mL.)
Cys 0.2351
Cit 0.2323
Dec 0.2200
FoAc 0.2145
FoHi 0.1582

Legend: *Cystone® (Cys), sodium citrate (Cit), C. gongylodes decoction (Dec), ethyl acetate fraction (FoAc), and
hydroalcoholic fraction (FoHi).
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Table S4. Percentage inhibition of PGE2 and LTB4 concentrations by compounds isolated
from C. gongylodes.

Samples IDs Doses % PGE2 [PGE2] ng/mL % LTB4 [LTB4] ng/mL
pg/mL inhibition inhibition
Neg - 27.92+1.52 - 28.19 + 0.56
Dex 0.5 37.64 17.41 +4.61 39.92 16.93 + 1.07
1 57.78 11.78 + 2.80 69.88 8.49+0.91
2 67.82 8.98 £ 0.96 71.19 8.12+0.74
4 71.69 7.90 £0.88 75.25 6.98 £ 0.62
10 73.45 7.41+0.42 83.98 451 +0.56
Ind 0.5 49.06 14.22 +0.75 ND ND
1 62.19 10.55+0.77 ND ND
2 71.02 8.09 £ 0.57 ND ND
4 90.22 4.19+0.79 ND ND
10 93.56 0.33+0.19 ND ND
P1 0.5 30.13 19.51+3.11 43.04 16.06 + 1.51
1 42.42 16.08 + 0.24 57.03 12.11 + 0.86
2 46.97 14.80 + 0.99 61.26 10.92 + 0.36
4 57.87 11.76 £ 0.91 62.83 10.48 + 0.20
10 67.58 9.05+1.63 67.67 9.11+0.95
P2 0.5 -17.83 3290+ 211 36.34 17.95+2.18
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1 2.45 27.24+1.82 54.89 12.71 +£1.03
2 20.27 22.26 +2.16 64.73 9.94 +0.53
4 40.17 16.71 +£1.63 70.65 8.27 £0.60
10 50.03 13.95+1.76 77.00 6.48 +0.71
P3 0.5 36.83 17.64 +2.29 61.05 10.98 + 0.67
1 46.92 14.82 +0.71 69.01 8.73+0.39
2 58.47 11.59 +0.75 71.68 7.98 +0.23
4 63.25 10.26 £ 0.65 78.84 5.96 £ 0.75
10 66.94 9.23 +0.58 83.41 4.68 £0.91

Legend: Dex: Corticosteroid (Steroidal Anti-Inflammatory Drug), Ind: Non-Steroidal Anti-Inflammatory Drug;
P1: Rutin; P2: Eriodictyol 4’-O-glucoside, P3: Isoquercetin; ND: Not determined due to lack of activity in the
LOX pathway.

Table S5. ICso inhibitory concentration of the anti-inflammatory activity against PGE2 and
LTB4 of the isolated substances from C. gongylodes.

Samples IDs” ICs0 (ug/mL) PGE2  ICso (Ug/mL) LTB4

Dex 0.7769 0.5705
Ind 0.5600 -

P1 2.263 0.6854
P2 7.988 0.9801
P3 1.331 0.1482

Legend: *Reference drugs, dexamethasone (Dex) and indomethacin (Ind), the isolated substances from the active
fractions of the decoction of C. gongylodes rutin (P1), eriodictyol 4’-O-glucoside (P2) and isoquercetin (P3).
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Table S6. ICso inhibitory concentration of the anti-urolithiatic activity of isolated substances

from C. gongylodes.

Samples IDs” ICso (mg/mL)
Cys 0.5475
Cit 0.2245
P1 0.3601
P2 0.1759

Legend: *Polyherbal Cystone® (Cys), sodium citrate (Cit), and the isolated substances from the active fractions
of the decoction of C. gongylodes, rutin (P1), and eriodictyol 4’-O-glucoside (P2).

Table S7. NMR spectroscopic data for rutin (P1).

Experimental data?

Literature data®

Position H 13C
I’ - 121.9
2 7.66 (d, 1H,Jn=1.6 118.1

Hz)
3’ - 144.5
4 - 148.3
5’ 6.86 (d, 1H, Jo=8.5 116.5
Hz)
6’ 7.63 (dd, 1H, Jo =8.5 124.0
Hz; Jm = 1.6 Hz)
2 — 157.7
3 — 134.1
4 — 178.1
5 - 161.9
6 6.21 (d, 1H, Jm =17 100.5
Hz)
— 164.7
6.40 (d, 1H, Jm =17 95.1
Hz)
9 — 157.1
10 — 104.1
17 5.11 (d, 1H, Jaa = 105.1
7.35Hz)
2”7 3.27 (m) 74.4
3” 3.42 (dd, 1H, Jee = 2.2 76.3

Hz; Jaa = 8.4 H2)

H

7.540 (brs, 1H)

6.841 — 6.858 (d, 1H,
Jo =85 HZ)

7.555 — 7.559 (d, 1H,
In = 2.4 Hz)

6.20 — 6.204 (d, 1H, Jm
=2 Hz)

6.392 — 6.396 (d, 1H,
Jn=2Hz)

5.352 - 5.359 (d, 1H,
Jaa =75 HZ)

3.221 —3.303 (m, 4H)

n.o.

13C
122.05
116.73

145.20
148.86
115.69

121.64

156.88
133.76
177.83
161.68
99.13

164.52
94.04

157.07
104.43
101.64
74.53

76.36
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47 3.38 (m) 68.9 n.o. 68.70
5” 3.30 (m) 77.6 n.o 76.90
6” 3.36 (m); 3.79 (d, 1H, 69.0 3.221 -3.303 (m, 1H); 67.45
Jaa = 10.4 H2) 3.703 - 3.724 (d, 1H,
Jaa = 10.5 Hz)
1’ 4.51 (brs, 1H) 102.8 4.353 (brs, 1H) 101.20
2’7 3.27 (m, 1H) 71.9 3.221 - 3.303 (m, 1H) 71.02
3 3.62 (d, 1H, Jee = 2.3 72.6 3.060 —3.078 70.46
Hz)
4> 3.30 (m) 74.4 3.221-3.203 70.83
5 3.53(dd, 1H, Jaa=9.4 72.7 3.060 — 3.078 72.30
Hz; Jae = 3.2 H2)
6’ 1.11(d,3H,J=6.1 18.4 0.992 - 1.004 (d, 3H,J 18.19
Hz) =6 Hz)
aCompound P1 (300 MHz to *H e 75 MHz to 3C em MeQOD);
b Srinivasan et al., 2015 (500 MHz, DMSO).
Table S8. Spectral correlations of rutin (P1).
Position 13C HSQC HMBC COSsYy

I 121.9 — 6.86; 7.66

2’ 118.1 7.66 -

3’ 1445 — 6.86; 7.66

4 148.3 - 6.86; 7.63; 7.66

5’ 116.5 6.86 7.63

6’ 124.0 7.63 - 6.86

2 157.7 — —

3 134.1 - 5.11

4 178.1 - -

5 161.9 - 6.21

6 100.5 6.21 6.40 6.40

7 164.7 - 6.21; 6.40

8 95.1 6.40 6.21 6.21

9 157.1 - 6.40

10 104.1 - 6.21; 6.40

1” 105.1 511 -

2” 74.4 3.27 3.38
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76.3 3.42
68.9 3.38
77.6 3.30
69.0 3.36; 3.79
102.8 451
71.9 3.27
72.6 3.62
74.4 3.30
2.7 3.53
18.4 1.11

81

Table S9. NMR spectroscopic data for eriodictyol 4’-O-glucoside (P2).

Experimental data®

Literature data®

Position
1,

(ep]

(ee]

H

7.67 (d, 1H, Jm = 2.16 Hz)

6.89 (d, 1H, Jo = 8.46 Hz)

7.61 (dd, 1H, Jo = 8.55 Hz;
Jm = 2.28 Hz)

4.39 (dd, 1H, J=4.62 Hz; J
=7.26 Hz)

2.57 (dd, 1H, J=4.65 Hz; J
=15.57 Hz); 2.51 (dd, 1H, J
=7.23 Hz; J=15.48 Hz)

6.24 (d, 1H, Jm = 1.95 Hz)

6.44 (d, 1H, Jm = 1.95 Hz)

13C
122.0
118.1

145.0
149.3
123.8

116.5

69.4

41.7

175.4
159.7
100.5

164.8
954

157.5

1H 13C
- 133.2
6.95 (d, 1H, Jm = 2.04 114.4
Hz)
- 146.7
- 145.4
7.12 (d, 1H, Jo = 8.22 116.6
Hz)

6.85 (dd, 1H,Jm=2.4 117.7
Hz; Jo = 8.22 Hz)

5.44 (dd, 1H, J = 3.42 78.1
Hz; J=12.36 Hz)

2.71 (dd, 1H, J = 3.42 42.0
Hz; J =17.16); 3.21 (dd,
1H,J=12.36 Hz; J =

17.16 Hz)

— 196.1

- 163.4

5.80 (d, 1H, Jm =2.10 95.8
Hz)

— 166.6

5.89 (d, 1H, Jm =2.10 95.0
Hz)

- 162.7
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5.19 (d, 1H, Jaa =

3.41 (m)
3.42 (m)
3.42 (m)
3.44 (m)

7.65Hz2)

3.63 (brs, 1H); 4.22 (brs,

1H)
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104.5 - 101.8
104.8 4.69 (d, 1H, Jaa = 7.56 102.2
Hz)

76.0 3.46 (m) 73.3
78.3 3.46 (m) 75.8
71.5 3.40 (m) 69.8
78.4 3.40 (m) 77.2
64.8 3.71 (dd, 2H, Jae = 3.42; 60.7

Jaa=11.7 Hz)

2300 MHz to 'H e 75 MHz to 3C em MeOD.

bLju etal., 2014 (600 MHz, DMSO-d6).

Table S10. Spectral correlations for eriodictyol 4’-O-glucoside (P2)

Position 13C HSQC HMBC CoSY
I 122.0 - 6.89 -
> 118.1 7.67 - -
3 145.0 - 6.89 -
& 149.3 - 6.89 -
5 12338 6.89 - -
6 116.5 7.61 - 6.89
2 69.4 4.39 - 2.51; 257
3 417 2.57;2.51 4.39 -

4 175.4 - 2'5}1332557; -
5 159.7 - 6.24 _
6 1005 6.24 - 6.44
7 164.8 - 6.24; 6.44 -
8 95.4 6.44 - 6.24
9 1575 - 6.44 .
10 104.5 - - -



2”

3”

4”

5”

6”

104.8 5.19
76.0 341
78.3 3.42
71.5 3.42
78.4 3.44
64.8 3.63; 4.22

Table S11. NMR spectroscopic data for isoquercetin (P3).
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Experimental data?

Literature data®

Position
17

27

3’
4,

5’

o

© 00 ~N o O Pk~ wdN

—_
: O

N

W

H

7.70 (d, 1H, Jm=2.0
Hz)

6.86 (d, 1H, Jo = 8.4
Hz)
7.58 (dd, 1H, Jo,=8.4
Hz; Jm = 2.0 Hz)

6.39 (d, 1H, Jn=1.8
Hz)

6.19 (d, 1H, Jn=1.8
Hz)

5.26 (d, 1H, Jaa =
7.29Hz)

3.45 (1H, brs)

3.41 (1H, brs)

13C
121.7

116.2

144.7
148.4

114.6

121.8

157.3
134.2
178.2
165.5

93.2
164.8
98.5

157.0
104.4

102.9

74.4

76.9

H

7.71 (1H, brs)

6.88 (d, 1H,J=8.3
Hz)
7.59 (dd, 1H,J=8.3
Hz, 1.7 Hz)

6.21 (1H, brs)

6.40 (1H, brs)

525(d, 1H,J=7.7
Hz)
3.49 (brt, 1H,J=8.4
Hz)
343 (brt,1H,J=8.9
Hz)

13C
123.2

116.2

146.1
150.0

117.7

123.3

158.6
135.8
179.6
163.2

100.0
166.2
94.9

159.2
105.8

104.4

75.9

78.2



3.35(brt,1H,J=9.2
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47 3.47 (LH, brs) 745 H2) 71.4
5 3.38 (brd,l_llzl—)l, J=5.10 6.7 3|_2|22 (SdidHiné :H‘.;))Z 8.5
3.58 (dd, 1H, J=11.7 3.58 (dd, 1H,J=11.8
2.43 Hz) J=2.0 H2)
3300 MHz to H e 75 MHz to *C em MeOD.
b Fitrah et al., 2024 (500 MHz, MeOD).
Table S12. Spectral correlations of isoquercetin (P3).

Position 13C HSQC HMBC COSsy
r 121.7 — 6.86; 7.70 —
2’ 116.2 7.70 - -
3 144.7 — 6.86; 7.70 —
4 148.4 - 6.86; 7.58; 7.70 -
5 114.6 6.86 - _
6’ 121.8 7.58 7.70 6.86
2 157.3 — 7.70 —

3 134.2 — 5.26 —
4 178.2 — — —
5 165.5 — 6.19 —
6 93.2 6.39 6.19 6.19
7 164.8 — 6.19; 6.39 —
8 98.5 6.19 6.39 6.39
9 157.0 - 6.39 -
10 104.4 — 6.19 —
1” 102.9 5.26 — 3.45
2” 74.4 3.45 341 —

3” 76.9 3.41 3.47



4”

59’

74.5
76.7
61.2

3.47
3.38
3.58;3.71

3.41
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Table S13. Annotation of C. gongylodes leaf Dec by UPLC/ESI-QTOF-MS in positive mode.

Dec Rt  Compounds MF Exact Adduct m/z Error MS/MS MS/MS Database

Mass (ppm) MassBank fragments
PubChem

8.7E3 2.47 Rutin (1) Co7H30016  610.1533  [M+H]* 611.1612 -0.1391 303.049; 303.0483; Cissus genus
127.037; 127.0339;
097.029; 097.0288;

47E% 259 Isoquercetin CoiH20012 464.0954 [M+H]* 465.1025 -1.8876 303.048; 303.0498; Cissus genus
2 305.031; 305.0559;
229.048; 229.0490;
257.007; 257.0447;
273.031; 273.0395;

1.7E3 2.72 Quercetin (3) CisH1007 302.0426  [M+H]* 303.0486 -3.1541 153.017; 153.0172; Cissus genus
137.022; 137.0229;
229.050; 229.0482;

201.058; 155.0480;



7.8E1

3.5E2

6.9E2

8.9E*

2.75

2.81

2.81

2.83

Quercetin-O-

Pentose (4)

Kaempferol
O-hexoside

(5)

Kaempferol

(6)

Apigenin
hexose (7)

C-

C20H18011

C21H20011

C15H1006

C21H20010

434.0849

448.1005

286.0477

432.1056

[M+H]"

[M+H]"

[M+H]"

[M+H]*

435.0910

449.1068

287.0534

433.1115

-2.7906

-2.2316

-5.7264

-4.0425

303.048;
356.965;
229.048;
153.017;

287.056;
258.059;
289.060;
127.039;

287.055;
241.049;
213.054;
165.018;

271.060;
433.113;
153.018;
187.056;

303.0385;
229.0427;
153.0172;
356.9632;

287.0535;
258.0593;
289.0634;
127.0524;

287.0535;
241.0480;
213.0490;
165.0164;

271.0577,
433.1139;
153.0147;
187.0569;

Cissus genus

Cissus genus

Cissus genus

Cissus genus
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Table S14. Annotation of C. gongylodes leaf Dec by UPLC/ESI-QTOF-MS in negative mode

Dec Rt  Compounds MF Exact Adduct m/z Error MS/MS MS/MS Database

Mass (ppm) MassBank  fragments
PubChem

1.5E%  0.59 Myricetin O- CxnH20013 480.0903 [M-H] 479.0835 2.1023  316.022; 316.0233;  Cissus genus
hexoside (8) 479.082; 479.0836;
271.025; 271,0229;
287.020; 287.0189;
317.029; 317.0289;

2.7E2 0.80 Gallic acid C7H60s 170.0215 [M-H]" 169.0125 -3.0777 125.023; 125.0221;  Cissus genus
9) 169.013; 169.0125;
170.016; 170.0069;
124.014; 124.0144;

9.2E2 143 Methyl CgHgOs 184.0371 [M-H]" 183.0287 -3.1154 124.020; 124.0166;  Cissus genus
gallate (10) 183.035; 183.0355;
123.009; 123.0010;

32E2 161 4- C7H60O3 138.0316 [M-H]" 137.0235 -2.1303 137.023; 137.0232;  Cissus genus
Hydroxybenz 094.054; 094.0364;
oic acid (11) 093.035; 093.0331;
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1.8E?

4.0E3

1.8E2

2.5E3

3.9E?

2.27

2.47

2.48

2.59

2.72

Myricetin C15H1008

(12)

Rutin (1) C27H30016

p-coumaric ~ CoHgOs3
acid (13)

Isoquercetin~ C21H20012

(2)

Quercetin (3) CisH1007

318.0375

610.1533

164.0579

464.0954

302.0426

[M-H]

[M-H]

[M-H]

[M-H]

[M-H]

317.0298

609.1445

163.0389

463.0879

301.0351

-1.1548

-1.6141

-3.3168

0.6979

1.1500

315.013;
316.016;
317.027;
287.018;
178.999;

301.033;
271.023;
255.022;
609.144;
178.998;

178.998;
106.347;
133.034;
134;036;
160.842;

301.038;
255.032;
151.004;
463.097;
178.998;

121.029;
107.013;
151.003;
109.028;
178.998;

315.0121,
316.0233;
317.0289;
287.0195;
178.9990;

301.0324,
271.0229;
255.0303;
609.1445;
178.9980;

178.0198;
106.0396;
133.0282;
134.0377;
160.8415;

301.0324;
255.0303;
151.0013;
463.0888;
178.9981;

121.0269;
107.0023;
151.0013;
109.0284;
178.9981;

Cissus genus

Cissus genus

Cissus genus

Cissus genus

Cissus genus

89



2.6E?

7.2E!

1.2E!

2.75

2.81

3.51

Quercetin O- CzH1011
pentose (4)

Kaempferol = Cz1H20011
O-hexoside

()

Luteolin (14) CisH100s

434.0849

448.1005

286.0477

[M-H]

[M-H]

[M-H]

433.0783 2.9685

447.0937 2.3176

285.0404 1.9716

300.027;
301.034;
433.077;
271.024;
151.002;
178.998;

447.093;
285.039;
284.032;
257.055;
163.012;

133.027;
132.019;
151.001;

300.0278;
301.0324,
433.0788;
271.0229;
151.0038;
178.9980;

447.0911;
285.0385;
284.0333;
257.0554;
163.0121;

133.0190;
132.0182;
151.0013;

Cissus genus

Cissus genus

Cissus genus
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Fig. S1. The molecular mass of rutin was confirmed by QTOF-MS in positive mode, yielding
[M+H]" = 611.1614 Da, with an error of 1.14 ppm and a molecular formula of C27H3001s.
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Fig. S2. The molecular mass of eriodictyol 4’-O-glucoside was confirmed by QTOF-MS in
positive mode, yielding [M+H]" = 451.1248 Da, with an error of 2.88 ppm and a molecular
formula of C21H22011.

2.0E3

1.8E3

1.6E3

1.4E3

1.2E3
451.1248

Intensity

1.0E3

B.0EZ2

6.0E2
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451.1140  451.1160 4511180 451.1200 451.1220 451.1240 4511260 4511280 4511300 451.1320 451.1340
miz

W Scan #337

Fig. S3. The molecular mass of isoquercetin was confirmed by QTOF-MS in positive mode,
yielding [M+H]* = 465.1027 Da, with an error of 0.21 ppm and a molecular formula of
C21H20012.
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Fig. S4. *H NMR spectrum of rutin (Compound P1) recorded at 300 MHz in MeOD.
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Fig. S6. COSY spectrum of rutin (Compound P1) recorded at 300 MHz in MeOD.
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Fig. S7. HSQC spectrum of rutin (Compound P1) recorded at 300 MHz in MeOD.
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Fig. S8. HMBC spectrum of rutin (Compound P1) recorded at 300 MHz in MeOD.
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Fig. S10. *H NMR spectrum of eriodictyol 4’-O-glucoside (Compound P2) recorded at 300
MHz in MeOD.
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Fig. S11. 3C NMR spectrum of eriodictyol 4’-O-glucoside (Compound P2) recorded at 300
MHz in MeOD.
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Fig. S12. COSY spectrum of eriodictyol 4’-O-glucoside (Compound P2) recorded at 300 MHz
in MeOD.
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Fig. S13. HSQC spectrum of eriodictyol 4’-O-glucoside (Compound P2) recorded at 300 MHz
in MeOD.
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Fig. S14. HMBC spectrum of eriodictyol 4’-O-glucoside (Compound P2) recorded at 300 MHz
in MeOD.
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Fig. S15. Main HMBC correlations for eriodictyol 4’-O-glucoside (Compound P2).
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Fig. S17. *C NMR spectrum of isoquercetin (Compound P3) recorded at 300 MHz in MeOD.
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Fig. S18. COSY spectrum of isoquercetin (Compound P3) recorded at 300 MHz in MeOD.
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Fig. S19. HSQC spectrum of isoquercetin (Compound P3) recorded at 300 MHz in MeOD.
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Fig. S20. HMBC spectrum of isoquercetin (Compound P3) (recorded at 300 MHz in MeOD.
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Fig. S21. Main HMBC correlations for isoquercetin (Compound P3).
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ANEXO A — Parecer consubstanciado do Comité de Etica

UNIVERSIDADE FEDERAL DE Plataforma
ALFENAS »%«m

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: METABOLOMICA, FITOQUIMICA E AVALIACAO ANTI-INFLAMATORIA EX VIVO DE
PRODUTOS NATURAIS, SUBSTANCIAS ISOLADAS E SINTETICAS.

Pesquisador: Daniela Aparecida Chagas de Paula

Area Tematica:

Verséo: 1

CAAE: 60344622.1.0000.5142

Instituicdo Proponente: UNIVERSIDADE FEDERAL DE ALFENAS - UNIFAL-MG
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

NUmero do Parecer: 5.582.522

Apresentacdo do Projeto:

Trata-se de um estudo de extratos de diferentes espécies de familias com reconhecido potencial para
atividade anti-inflamatéria, por meio de estratégias metabolémicas, fitoquimicas, de sintese e o uso de ensaios
ex vivo em sangue humano para triagem da atividade anti-inflamatéria para descoberta de extratos e
substancias com propriedades anti-inflamat6rias com mecanismo de ag&o inovador.

Serdo realizadas coletas de amostra de sangue de voluntarios que serdo utilizadas para os testes ex vivo.

O Pesquisador néo indica o tipo de projeto de (IC, mestrado ou doutorado).

N&o apresenta indicios de conflito de interesse.
Financiamento Préprio.

Objetivo da Pesquisa:
Estudar os extratos de diferentes espécies de familias com reconhecido potencial para atividade anti-

inflamatéria, por meio de estratégias metabolémicas, fitoquimicas, de sintese e o uso de ensaios ex vivo em
sangue humano para triagem da atividade anti-inflamatéria para descoberta

Endereco: Rua Gabriel Monteiro da Silva, 700 - Sala O 314 E

Bairro: centro CEP: 37.130-001
UF: MG Municipio: ALFENAS
Telefone: (35)3701-9153 Fax: (35)3701-9153 E-mail: comite.etica@unifal-mg.edu.br
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ANEXO B — Parecer consubstanciado do Comité de Etica

UNIVERSIDADE FEDERAL DE Plataforma
ALFENAS - UNIFAL \729‘0!'

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Isolamento bioguiado de substéncias antiuroliticas e anti-inflamatdrias de Cissus
gongylodes(VITACEAE)

Pesquisador: PAULA PIO DE OLIVEIRA SALEM

Area Tematica:

Verséo: 2

CAAE: 67746523.7.0000.5142

Instituicdo Proponente: UNIVERSIDADE FEDERAL DE ALFENAS - UNIFAL-MG
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

NUmero do Parecer: 6.095.634

Apresentacdo do Projeto:

O projeto trata de proposta de tese de doutorado, com financiamento proprio, que aborda pesquisa
bioguiada da possivel acao de fra¢gbes isoladas da planta Cissus gongylodes, conhecida como cupa, cujo o
histérico etnofarmacoldgico descreve o uso do seu decocto para acdo antiurolitica e estudos in vitro
apontam resultados promissores. O decocto e as fragdes isoladas cromatograficamente (acetato de etila),
cloroférmica e hidroalcodlica serdo avaliadas em ensaios in vitro para verificar a capacidade urolitica sobre
cristais de oxalato de célcio obtidos por cristalizagdo da urina humana.

Objetivo da Pesquisa:
Objetivo Primario:
Avaliar o decocto das folhas de cupa e suas fragbes quanto a sua atividade antiurolitica.

Objetivo Secundario:

* Coleta do material vegetal das folhas de cupa;

* Obtencao do decocto e suas fracdes acetato de etila, cloroférmica e hidroalcodlica;
* Estruturacdo de bando de dados das substéncias isoladas do género Cissus;

« Caracterizacao do perfil cromatografico do decocto e de suas fragées por HPLC-UV

Endereco: Rua Gabriel Monteiro da Silva, 700 - Sala O 314 E

Bairro: centro CEP: 37.130-001
UF: MG Municipio: ALFENAS
Telefone: (35)3701-9153 Fax: (35)3701-9153 E-mail: comite.etica@unifal-mg.edu.br
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