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RESUMO

Uncaria tomentosa (Willd.) DC. (Rubiaceae), popularmente conhecida como cat’s
claw ou “unha-de-gato”, € uma liana encontrada principalmente na regido Amazénica
assim como Uncaria guianensis (Aubl.) Gmel. (Rubiaceae), que € utilizada como
substituinte ou adulterante em relacdo a U. tomentosa devido a sua maior abundancia e
menor valor comercial. A diferenciagdo de ambas pode ser realizada com base em
aspectos morfoanatbmicos, mas limita-se a composi¢do quimica em derivados, como
extratos fluidos e secos. As cascas do caule de U. tomentosa sdo compostas
majoritariamente por derivados triterpénicos, polifenois e alcaloides oxindolicos, aos
quais sdo atribuidas as principais atividades biolégicas da espécie. Contudo, o perfil de
alcaloides oxinddlicos é varidavel devido a ocorréncia de quimiotipos e a elevada
susceptibilidade dos mesmos a isomerizagdo. Assim, a presente tese teve como
objetivo avaliar a relevancia dos alcaloides oxindoélicos em U. tomentosa no que tange
ao reconhecimento de adulteracdo na espécie, ocorréncia de quimiotipos e
isomerizacdo desses compostos. Para isso, foram construidos modelos de classificagdo
e regressdo multivariada a partir das analises de CLAE-PDA, 1V e UV destinados a
diferenciacdo entre U. tomentosa e U. guianensis e ao reconhecimento de adulteragdo
e determinacdo do percentual de adulterante em amostras de U. tomentosa. Os
resultados obtidos demonstraram que os critérios farmacopéicos atualmente utilizados
no controle de qualidade da matéria-prima vegetal e derivados de U. tomentosa
baseados nos alcaloides oxinddlicos sdo inefetivos em relacdo ao reconhecimento de
adulteracdo. A avaliacdo da atividade citotoxica dos diferentes quimiotipos baseados
no perfil de alcaloides oxinddlicos em U. tomentosa frente a leucocitos humanos e as
celulas tumorias de bexiga (T24) e glioblastoma (U-251-MG) humanos, demonstrou
que a seletividade frente as células tumorais é depentente do quimiotipo.
Adicionalmente, a complexacdo dos alcaloides oxinddlicos com sulfobutil-éter-p-
ciclodextrina (SBE-BCD) minimizou a velocidade de isomerizagdo sob condigdes de

incubacdo (pH = 7,4; 37 °C), sem contudo inibir o processo de isomerizacao.

Palavras chave: Uncaria tomentosa, Uncaria guianensis, alcaloides oxindolicos,

adulteracdo, quimiotipos, isomerizagéo.






ABSTRACT
Relevance of oxindole alkaloids at Uncaria tomentosa (Willd.) DC. (cat’s claw):

adulteration recognition, chemotypes and isomerization

Uncaria tomentosa (Willd.) DC. (Rubiaceae), popularly known as cat’s claw, is a liana
found mainly in the Amazon rainforest as well as Uncaria guianensis (Aubl.) Gmel.
(Rubiaceae) used as substituent or adulterant due to their higher wild population and
lower market value. The differentiation among the raw material of both species can be
performed from morphological and microscopic characteristics, but is limited in
derivatives such as fluid and freeze-dried extracts. The stem bark from U. tomentosa is
composed mainly by quinovic acid glycosides, polyphenols and oxindole alkaloids, to
which have been assigned the major biological activities of the specie. However, the
oxindole alkaloids profile in the U. tomentosa is variable due to chemotype occurrence
and their susceptibility to isomerization. Thus, this study aimed to evaluate the
relevance of oxindole alkaloids at U. tomentosa in relation to adulteration recognition,
chemotype occurrence and oxindole alkaloids isomerization. Classification and
multivariate regression models were built from HPLC-PDA, FT-IR and UV data to
differentation between U. tomentosa e U. guianensis, as well as for adulteration
recognition and determination of the adulterant level in the U. tomentosa. The current
U.S. pharmacopeia monographs specifications for quality control of stem bark raw
material from U. tomentosa, as well as for their derivatives, such as powdered dried
extract, based on the oxindole alkaloids were ineffective for adulteration recognition.
The cytotoxic activity evaluation of the different chemotypes, based on the oxindole
alkaloid profile, against the human leukocytes and against human bladder cancer cell
line (T24) and human glioblastoma cell line (U-251-MG) demonstrated that selectivity
against the tumoral cells is dependent of the chemotype. In addition, the complexation
of the oxindole alkaloids with Sulfobutyl ether pB-cyclodextrin (SBE-BCD) minimize
the isomerization rate under incubation conditions (pH = 7.4; 37 °C) but without,

however, inhibit the isomerization process.

Keywords: Uncaria tomentosa, Uncaria guianensis, oxindole alkaloids, adulteration

recognition, chemotypes, isomerization.
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INTRODUCAO E
RELEVANCIA DO TEMA






Uncaria tomentosa (Willd.) DC. (Rubiaceae), caracterizada botanicamente como
uma liana, € popularmente conhecida como unha-de-gato ou cat’s claw devido a
presenca dos tomentos utilizados para galgar espécies de maior porte propiciando o
seu adequado desenvolvimento. Esta espécie € nativa da regido Amazonica e outras
regides tropicais da América do Sul e Central, onde desempenha um importante papel
socioecondmico, principalmente no Peru (VALENTE, 2006). Relatos
etnofarmacologicos descrevem a utilizacdo de decoctos das cascas para distintas
finalidades, como tratamento de Ulceras gastricas, artrite reumatdide, infeccdes
bacterianas e virais, alergias, asma e até mesmo cancer (REINHARD, 1999;
HEITZMAN et al., 2005; VALENTE, 2006). Dentre as atividades relatadas atribuidas
a espécie, algumas foram posteriormente comprovadas por estudos cientificos,
sobretudo as atividades antiviral, antiinflamatoria e antitumoral (KAISER et al.,
2013c; CAON et al., 2014; DIETRICH et al., 2014; DIETRICH et al., 2015).

Uncaria guianensis (Aubl.) Gmel. (Rubiaceae) assim como a U. tomentosa
também é popularmente conhecida como unha-de-gato ou cat’s claw. Dentre as 34
espécies pertencentes ao género Uncaria catalogadas até o momento, apenas U.
tomentosa e U. guianensis sdo encontradas na regido Amazonica, sendo a Ultima mais
abundante (GATTUSO et al., 2004; LAUS, 2004; HEITZMAN et al., 2005; ZHANG
et al., 2015). Contudo, o potencial terapéutico e toxicoldgico em U. guianensis foi
pouco explorado se comparado a U. tomentosa até o momento. Como ambas as
espécies sdo obtidas principalmente via extrativismo devido ao cultivo incipiente,
equivocos durante a coleta podem ser comuns, embora as especies possam ser
botanicamente diferenciadas mediante avaliacdo de aspectos morfoanatémicos,
principalmente em seu estado in natura (QUINTERA; DE UGAZ, 2003; GATTUSO
et al.,, 2004; VALENTE, 2006; POLLITO; TOMAZELLO, 2006). O menor valor
comercial da U. guianensis em relacdo a U. tomentosa também pode contribuir para
ocorréncia de adulteracdo em U. tomentosa empregando U. guianensis. Contudo, o
reconhecimento desta pratica se limita exclusivamente a aspectos quimicos em
derivados de U. tomentosa como extratos secos e até mesmo comprimidos. Entretanto,

métodos analiticos capazes de reconhecer esta pratica ndo estdo disponiveis em
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monografias oficiais destinados ao controle de qualidade da matéria-prima vegetal e

derivados de U. tomentosa.

Trés fragOes bioativas majoritarias sdo encontradas em U. tomentosa, a saber,
polifendis, derivados triterpénicos e alcaloides (LAUS, 2004; HEITZMAN et al.,
2005; ZHANG et al., 2015). Aos alcaloides oxinddlicos pentaciclicos séo atribuidas as
atividades bioldgicas mais relevantes da espécie, principalmente a atividade
antitumoral (HEITZMAN et al., 2005). Evidéncias recentes indicam a ocorréncia de
trés quiomiotipos especificos em U. tomentosa baseados no perfil de alcaloides
oxinddlicos encontrado na espécie (PENALOZA et al., 2015). Contudo, a influéncia
dos diferentes quimiotipos em relacdo as atividades reconhecidamente atribuidas aos
alcaloides oxinddlicos, bem como em relacdo a aspectos toxicologicos ainda é
desconhecida. Além disso, em decorréncia da elevada susceptibilidade dos alcaloides
oxinddlicos a isomerizagdo tanto em processos tecnoldgicos de obtencdo de extratos
fluidos e secos (PAVEI et al., 2011; KAISER et al., 2013a), quanto durante a
avaliacdo do potencial bioldgico in vitro dos mesmos (KAISER et al., 2013c), avaliar
o potencial individual dos alcaloides oxindolicos € um processo no minimo desafiador.
Portanto, o presente trabalho se insere em topicos muitas vezes negligenciados em U.
tomentosa e que tem como ponto de convergéncia os alcaloides oxinddlicos e sua
relevancia em relacdo ao reconhecimento de adulteragdo em U. tomentosa empregando
U. guianensis, aos diferentes quimiotipos e sua influéncia em relacdo a atividade

antitumoral e a busca de solugdes para minimizar a isomerizacdo dos mesmos.
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OBJETIVOS






Objetivo geral

Avaliar a relevancia dos alcaloides oxinddlicos em Uncaria tomentosa no que
tange ao reconhecimento de adulteragdo na espécie, ocorréncia de quimiotipos e

isomerizagdo desses compostos.
Objetivos especificos

i) Desenvolver modelos multivariados de classificacdo destinados a diferenciacdo
entre U. tomentosa e U. guianensis, bem como ao reconhecimento de adulteragédo em
U. tomentosa mediante analises de CLAE-PDA, 1V e UV;

i) Desenvolver modelos multivariados de quantificacdo destinados a
determinacdo do percentual de adulterante em U. tomentosa mediante andlises de
CLAE-PDA, IVe UV,

iii) Avaliar a ocorréncia de adulteracdo em amostras de U. tomentosa, adquiridas
no mercado popular Peruano, mediante emprego dos modelos multivariados de

classificacdo e quantificacéo;

iv) Obter fracBes purificadas em alcaloides oxindolicos representativas dos
diferentes quimiotipos relatados em U. tomentosa mediante fracionamento

empregando resina de troca idnica;

v) Avaliar in vitro a atividade genotoxica e citotoxica das fragdes purificadas em

alcaloides oxindolicos em leucécitos humanos;

vi) Avaliar in vitro a atividade citotdxica das fra¢Oes purificadas em alcaloides
oxinddélicos em linhagens de células tumorais de bexiga e glioblastoma humano (T24 e
U-251-MG);

vii) Avaliar a complexacdo dos alcaloides oxinddlicos com [-ciclodextrina
(BCD) e seus derivados hidrofilicos, hidroxipropil-B-ciclodextrina (HP-BCD) e
sulfobutil-éter-B-ciclodextrina (SBE-BCD), mediante emprego de diagramas de

solubilidade;
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viii) Caracterizar os complexos obtidos mediante emprego de calorimetria

exploratoria diferencial, IV e microscopia eletrénica de varredura;

ix) Avaliar a cinética de isomerizacdo dos alcaloides oxindolicos complexados
com SBE-BCD em condicGes experimentais comumente utilizadas em avaliacGes

bioldgicas in vitro.
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REFERENCIAL TEORICO






Aspectos agrononicos e botanicos

O género Uncaria pertencente a familia Rubiaceae € composto por
aproximadamente 34 espécies distribuidas, em sua maioria, na Africa e Asia (LAUS,
2004; HEITZMAN et al., 2005; ZHANG et al., 2015). Uncaria tomentosa (Willdenow
ex Roemer & Shultes) D.C. é originaria de florestas tropicais da América do Sul e
Central (Peru, Colémbia, Equador, Guiana, Venezuela, Trinidad-Tobago, Suriname,
Guatemala, Costa Rica, Panaméa e Republica Dominicana). No Brasil, a espécie U.
tomentosa pode ser encontrada nos estados do Amapa, Amazonas, Pard e,
principalmente, no Acre (POLLITO, 2004). Em estado silvestre se apresenta como
uma liana de grande porte e crescimento vigoroso que pode atingir de 25 a 30 m de
altura e 25 cm de diametro que apresenta em seu caule espinhos originados de
pedunculos abortivos denominados tomentos, utilizados para galgar a copa de espécies
de maior porte, sendo por isso popularmente conhecida como unha-de-gato ou cat’s
claw (GATTUSO et al., 2004; POLLITO; TOMAZELLO, 2006). Ocupa 0 mesmo
habitat de Uncaria guianensis (Aubl.) Gmel., com a qual é confundida, propiciando
adulteracbes da matéria-prima vegetal (QUINTERA; DE UGAZ, 2003; GATTUSO et
al., 2004; VALENTE, 2006). Além disso, a densidade populacional de U. guianensis é
superior se comparada a de U. tomentosa (POLLITO; TOMAZELLO, 2006). Neste
sentido, aspectos morfoanatdmicos das folhas e caules de ambas as espécies, bem
como suas caracteristicas microscépicas, podem ser utilizadas para diferenciacédo e,
consequentemente, para o reconhecimento de substituicdo ou adulteracdo da matéria-
prima vegetal (Tabela 1a) (GATTUSO et al., 2004; POLLITO; TOMAZELLO, 2006).
De forma simplificada, as caracteristicas morfoanatdmicas dos tomentos de ambas as
especies podem ser utilizadas na diferenciacdo. Enquanto U. tomentosa apresenta
tomentos com uma curvatura que varia de 30—90°, U. guianensis possui tomentos com

uma curvatura superior a 180° (Figure 1a).
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Tabela l1a. Principais caracteristicas morfoanatomicas de diferenciacdo entre Uncaria
tomentosa e Uncaria guianensis (Adaptado de GATTUSO et al., 2004; POLLITO;

TOMAZELLO, 2006).

Estrutura Uncaria tomentosa Uncaria guianensis
Opostos e pouco curvados Alternados e curvos
Tomentos
(curvatura de 30—90°) (curvatura > 180°)
Estrutura Ovalada a eliptica. Apresenta  Eliptica a oblonga. Auséncia
foliar tricomas na superficie abaxial. de tricomas na superficie.

Fibras maiores (1500 a 2000 ' \Pras menores (800 a 1500
um de comprimento) com a

Cascas do um de comprimento) com a S
. O presenca de macrocristais de
caule presenca de microcristais de g
e oxalato de célcio (40 a 80
oxalato de célcio.
pum).
A Mesclas de amerelo e branco, Mesclas de laranja e
Inflorescéncias . A
cinco lobos. vermelho, trés lobos.
Sementes Pequenas Grandes
10 — 30 m de comprimento 4 —10 m de comprimento

Dimensdes da
especie 5 — 40 cm de didmetro 4 — 15 cm de didmetro

Figura la. Ramos de Uncaria tomentosa (A) e Uncaria guianensis (B) in natura. Em

destaque as diferencas morfoanatdmicas entre os tomentos das espécies.
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Constituicdo quimica

Em relacdo a sua constituicdo quimica, U. tomentosa € composta
majoritariamente por trés fracdes bioativas, a saber, polifendis, derivados triterpénicos
e alcaloides, embora outras classes de compostos como fitoesterdis e coumarinas
também tenham sido relatadas para a espécie (LAUS, 2004; HEITZMAN et. al., 2005;
ZHANG et al., 2015).

Polifendis

Acidos fenolicos como &cido cafeico e acido quinico, derivados cafeoilquinicos
como o acido clorogénico e alguns flavonodides como catequina, epicatequina e rutina
além das antocianidinas sdo os principais constituintes da fracdo polifendlica em U.
tomentosa (Figura 1b). Alem disso, alguns polimeros como os taninos condensados
que possuem elevada massa molecular podem perfazer até 20% da massa seca das
cascas do caule em U. tomentosa (SANDOVAL et al., 2000; GONCALVES et al.,
2005; HEITZMAN et al., 2005; ZHANG et al., 2015).

HO H
HO H 0 0
HO X HO .
HO OH o "
o o HOOC

Hooc ©OH
Acido quinico Acido cafeico Acido clorogénico
H H
OH ‘ OH
OH OH OH O
Catequina Epicatequina Rutina (R = rutosideo)

Figura 1b. Alguns constituintes da fracdo polifenolica de Uncaria tomentosa.

Compostos fendlicos como a rutina e canferitrina foram propostos como

marcadores quimicos de diferenciacdo entre U. tomentosa e U. guianensis. Assim, a
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presenca de rutina apenas em cascas de U. guianensis verificada via CCD foi sugerida
como um marcador quimico de diferenciagdo, visto que esse flavondide estaria ausente
em U. guianensis (VAN GINKEL, 1996). Contudo, trabalhos posteriores empregando
analises de CLAE-UV de maior sensibilidade se comparada a CCD, revelaram a
presenca de rutina também em U. tomentosa, embora em menor concentragcdo se
comparada a U. guianensis (GRIEBELER, 2006; PAVEI et al., 2010; PENALOZA et
al., 2015). Alternativamente, a canferitrina presente apenas nas folhas de U. guianensis
conforme verificado via analises de CLAE-EM pode ser empregada como um
marcador quimico de diferenciacdo em relacdo a U. tomentosa (VALENTE et al.,
2009). No entanto, seu emprego em relacdo a diferenciacdo do caule, principal
farmacdégeno de ambas as espécies, € limitado devido a reduzida concentracdo de

canferitrina neste, mesmo em U. guianensis.

Derivados triterpénicos

Heterosideos derivados do &cido quinovico, que podem ser mono- di- ou
triglicosilados em funcdo do nimero de agucares ligados ao nucleo triterpénico, sdo 0s
componentes majoritarios da fragéo triterpénica em U. tomentosa (Figura 1c) (CERRI
et al., 1988; AQUINO et al., 1990; AQUINO et al.,1991; AQUINO et al., 1997).
Adicionalmente, derivados do acido oleandlico, ursélico, 19a-hidroxi-ursolico e
piroguindvico também foram relatados como componentes minoritarios desta fracéo
(KITAJIMA et al., 2000; KITAJIMA et al., 2003).
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Acido quinévico Acido piroquinévico

Acido oleandlico Acido ursolico Acido 19a-hidroxi-ursélico

Figura 1c. Alguns constituintes da fracéo triterpénica de Uncaria tomentosa. Onde R1,
R2, Rs referem-se aos sitios de glicosilagdo dos heterosideos derivados das agliconas.

Alcaloides

Dentre as fracbes bioativas verificadas em U. tomentosa, a fracdo alcaloidica
exerce marcado protagonismo decorrente de sua abundancia na espécie e,
principalmente, devido as diversas e pronunciadas atividades bioldgicas atribuidas a
mesma (REINHARD, 1999; LAUS, 2004; HEITZMAN et al., 2005).

Estudos fitoquimicos pioneiros em U. tomentosa referem-se inicialmente ao
isolamento dos alcaloides oxinddélicos tetraciclicos, rincofilina, isorrincofilina,
corinoxeina e isocorinoxeina (HEMINGWAY; PHILLIPSON, 1974) e,
posteriormente, dos alcaloides oxinddlicos pentaciclicos especiofilina, uncarina F,
mitrafiliana, isomitrafilina, pteropodina e isopteropodina (WAGNER et al., 1985).
Tanto os alcaloides oxinddlicos tetraciclicos quanto 0s pentaciclicos séo
diastereoisémeros diferindo-se pelas configuracdes de C-3, C-7, C-15 e C-20, e por

isso apresentam distintas propriedades quimicas, fisicas e bioldgicas (IUPAC, 1976;
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LIMA, 1997). Além destes, alcaloides indolicos penta- e tetraciclicos também foram
relatados em U. tomentosa, a saber, acuamigina, angustina, angustolina, isoajmalicina,
tetraidroalstonina, corinanteina, diidrocorinateina e seus N-Oxidos e hirsuteina e seus
N-6xidos (HEMINGWAY; PHILLIPSON,1974; MONTENEGRO DE MATTA et al.,
1976; WAGNER et al., 1985).

O primeiro relato sobre da isomerizagdo dos alcaloides oxinddlicos de U.
tomentosa se refere a interconversdo de pteropodina em seus isémeros, especiofilina,
uncarina F e isopteropodina em fungdo do tempo de refluxo (LAUS; KEPLINGER,
1994). Posteriormente foi possivel estabelecer a cinética e o mecanismo de
isomerizacdo dos alcaloides oxinddlicos pentaciclicos e tetraciclicos, sendo a cinética
dependente do tipo de solvente, pH e temperatura (LAUS et al., 1996; LAUS, 1998).

O mecanismo de isomerizacdo proposto para os alcaloides oxindolicos envolve
reacbes de adicdo/eliminacdo reversiveis do tipo retro-Manich nos centros
estereogénicos em C-3 e C-7 com a formacdo de um zwitterion intermediario (Figura
1d). Este intermediario pode ser facilmente estabilizado por solventes de elevada
constante dielétrica o que diminui a energia de ativacdo e consequentemente favorece
a isomerizacdo. Assim, a velocidade isomerizacdo ¢ menor em solventes organicos
quando comparada a agua sendo diretamente proporcional a escala de polaridade de
Dimroth-Reichardt. Modificag6es no pH revelaram que a velocidade de isomerizacao
€ menor em meio &cido do que em meio basico devido a protonacdo de N-4 em meio
acido que favorece a formacdo de ligacdo de hidrogénio com a carbonila lactamica
impedindo a formacdo do zwitterion intermediario. Ja a temperatura exerce um efeito
discreto sobre a velocidade de isomerizagdo, havendo uma relagdo diretamente
proporcional entre ambas varidveis (LAUS et al., 1996; LAUS, 1998).
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Mitrafilina
Configuracéo:
3S, 7R, 155, 195, 20R

zwitterion intermediario

3 ﬁ \_—/3 1% 3
©

COLCH, COCH,

Isomitrafilina
Configuragao:
3S, 7S, 158, 19S, 20R

Figure 1d. Mecanismo de isomerizacdo dos alcaloides oxindolicos e isomerizacédo dos
alcaloides oxindolicos pentaciclicos com juncdo dos anéis D/E em trans (Adaptado de
LAUS et al., 1996).

No caso dos alcaloides oxindolicos pentaciclicos, existem duas vias de
isomerizacdo determinadas, basicamente, pela conformacdo da juncdo dos anéis D/E
(LAUS et al, 1996). A conformagdo em trans determina a ocorréncia de
interconversao entre mitrafilina e isomitrafilina (Figura 1d). J& para a conformagdo em
cis possibilita interconvesdo mutua entre quatro formas isoméricas, a saber,
pteropodina, isopteropodina, especiofilina e uncarina F (Figura 1le) (LAUS et al.,
1996). No caso dos alcaloides oxinddlicos tetraciclicos, a presenca dos grupamentos
etila e vinila em C-19 determina a interconversdo entre rincofilina/isorrincofilina ou

corinoxeina/isocorinoxeina, respectivamente (Figura 1f) (LAUS, 1998).
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Especiofilina Uncarina F
Configuragéo: Configuragéo:
3R, 75, 158, 195, 208 3R, 7R, 158, 19S, 20S

CO,CH,

Iz

Pteropodina Isogte;.ropoﬁdma
Configuragéo: onfiguracao
38, 7R, 1585, 198, 20S 35,78, 158, 198, 208

Figura le. Isomerizacdo dos alcaloides oxindélicos pentaciclicos com juncdo D/E em
cis (Adaptado de LAUS et al., 1996).

Rincofilina (R = etil) Isorincofilina (R = etil)
Corinoxeina (R = vinil) Isocorinoxeina (R = vinil)
Configuragao: Configuragéo:

38, 7R, 158, 20R 38, 78, 158, 20R

Figura 1f. Isomerizacéo dos alcaloides oxindolicos tetraciclicos (Adaptado de LAUS,
1998).

As modificacbes induzidas no perfil de alcaloides oxindolicos decorrentes do

processo de isomerizacdo podem ocorrer em distintas etapas relacionadas tanto ao
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processamento da matéria-prima vegetal, quanto em ensaios visando a avaliacdo do
potencial terapéutico da espécie (KAISER et al., 2013a; KAISER et al., 2013b;
KAISER et al., 2013c). Processos extrativos como maceracdo estatica em longo
periodo, refluxo e turbo-extracdo ocasionaram modificacbes no perfil de alcaloides
oxindolicos decorrentes da isomerizacdo em virtude, principalmente, do tempo e
temperatura (KAISER et al., 2013a). Por outro lado, com o emprego de maceracgdo
dindmica ou ultrassom é possivel preservar o perfil de alcaloides oxindélicos em U.
tomentosa (KAISER et al., 2013a). Além disso, foi possivel obter condi¢des 6timas de
extracdo via maceracdo dindmica que propiciaram maximizar o rendimento de
extracdo dos alcaloides oxinddlicos preservando o perfil encontrado na matéria-prima
vegetal (KAISER et al., 2013b).

Recentemente foi demonstrada a ocorréncia de isomerizacdo durante o periodo
de incubac@o em experimento simulando as condig¢des habitualmente empregadas em
culturas celulares (KAISER et al., 2013c). As condic¢des de incubagdo, como pH do
meio (7,4) e temperatura (37 °C), induziram a isomerizagdo de especiofilina, uncarina
F e pteropodina a isopteropodina (conformacédo dos anéis D/E em cis), de mitrafilina a
isomitrafilina (conformacdo dos anéis D/E em trans) e rincofilina a isorrincofilina
(tetraciclicos) (KAISER et al., 2013c). Ap6s 6 h de incubacdo, o perfil inicial de
alcaloides oxinddlicos foi alterado significativamente mantendo-se estavel até as 24h

de incubacéo.

Outro fator importante em U. tomentosa € a ocorréncia de quimiotipos baseado
em seu perfil de alcaloides oxindolicos. Inicialmente, STUPPNER et al. (1992a)
verificaram que amostras distintas de caule e raiz apresentavam elevada variabilidade,
tanto qualitativa quanto quantitativa, em relacdo a composicao total de alcaloides
oxindolicos. Posteriormente, constatou-se que o estagio de maturidade, épocas do ano,
locais de coleta e distintas partes do vegetal contribuem para essa elevada
variabilidade (LAUS et al., 1997). A partir destes estudos, foi proposta a existéncia de
dois quimiotipos em U. tomentosa, botanicamente indistinguiveis entre si, a saber,
quimiotipo oxindolico tetraciclico e pentaciclico (LAUS et al., 1997). Além disso, foi
verificado que esses quimiotipos parecem exercer atividades bioldgicas antagdnicas
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(KEPLINGER et al., 1999). Contudo, recentemente PENALOZA et al. (2015)
verificaram a ocorréncia de trés quimiotipos mais especificos na espécie a partir da
avaliacdo da composicdo quimica de folhas, galhos e cascas do caule de 22 individuos
coletados em distintas regifes do Peru. Estes quimiotipos foram nominados de acordo
com a composi¢do quimica majoritaria de alcaloides oxinddlicos em: quimiotipo I,
composto majoritariamente por alcaloides oxinddlicos pentaciclicos com conformacéo
dos anéis D/E em cis (especiofilina, uncarina F, pteropodina e isopteropodina);
quimiotipo Il, composto majoritariamente por alcaloides oxindélicos pentaciclicos
com conformacdo dos anéis D/E em trans (mitrafilina e isomitrafilina); quimiotipo 111,
composto majoritariamente por alcaloides oxindélicos tetraciclicos (rincofilina e
isorrincofilina). As folhas da espécie apresentam quimiotipos mais definidos quando
comparado aos galhos e cascas do caule o que pode estar relacionado a biossintese dos
alcaloides que ocorre nas folhas e sua distribuicdo a partir destas para as demais partes
do vegetal como galhos e caule possibilitando a bioconversdo dos mesmos (LUNA-
PALENCIA et al., 2013; PENALOZA et al., 2015).

Emprego etnofarmacoldgico e farmacolégico

A medicina indigena Ashéaninka da regido amazénica peruana utiliza decoctos e
macerados das cascas e raizes de U. tomentosa ha cerca de dois mil anos para o
tratamento de Ulceras gastricas, artrite reumatoide, infeccGes bacterianas e virais,
alergias, asma e, até mesmo, cancer (REINHARD, 1999; HEITZMAN et al., 2005;
VALENTE, 2006). Diversos trabalhos cientificos foram conduzidos com o intuito de
comprovar o potencial terapéutico da espécie, sendo a maioria deles direcionados a
fracdo alcaloidica de U. tomentosa. Um apanhado geral das atividades mais relevantes

associadas ao emprego da espécie é apresentado a seguir.
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Atividade anti-inflamatoéria

Diversos estudos realizados in vitro indicam que atividade anti-inflamatoria de
extratos obtidos das cascas de unha-de-gato esté relacionada a prevencao da producéo
do fator transcriptacional NF-k a nivel molecular inibindo assim a transcri¢cdo de
genes associados ao processo inflamatorio (SANDOVAL-CHACON et al., 1998;
SANDOVAL et al.,, 2000; AKESSON et al., 2003; ALLEN-HALL et al., 2007;
ALLEN-HALL et al.,, 2010). O efeito anti-inflamatério da espécie foi também
comprovado in vivo mediante reducdo de edema em pata de ratos apds administracéo
de extratos hidroetandlicos e decoctos das cascas de U. tomentosa (AQUINO et al.,
1991; AGUILAR et al., 2002) e reducdo do dano celular em brénquios de ratos ap6s
inflamagdo pulmonar induzida por O3z (CISNEROS et al., 2005). Alem disso, em
ensaio clinico duplo-cego, randomizado, controlado por placebo, a administracdo de
20 mg de extrato enriquecido em alcaloides oxindélicos pentaciclicos foi capaz de
reduzir os sintomas associados a artrite reumatoide (MUR et al., 2002; SETTY;
SIGAL, 2005). Por outro lado, alguns trabalhos associam o efeito anti-inflamatorio dos
extratos de U. tomentosa as propriedades antioxidantes dos polifendis, sendo este
independente da fracdo alcaloidica da espécie (SANDOVAL et al., 2002;
GONCALVEZ et al., 2005; PILARSKI et al., 2006; AMARAL et al., 2009;
KRISHNAIAH et al., 2011). Recentemente foi também demonstrado o efeito anti-
inflamotério in vivo da fracdo purificada em derivados triterpénicos do 4acido
quindvico em cistite hemorragica induzida por ciclofosmamida (DIETRICH et al.,
2015).

Atividade imunoestimulante e imunomoduladora

A atividade imunoestimulante da espécie inicialmente verificada mediante
aumento da fagocitose em granuldcitos induzida pelos alcaloides oxinddlicos tanto in
vitro quanto in vivo, a exce¢do da mitrafilina e rincofilina (WAGNER et al., 1985),
posteriormente pdde ser comprovada mediante estimulacdo da secrecdo de citocinas

(IL-1 e IL-6) em macrofagos alveolares apoOs incubacdo com extratos aquosos de
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cascas (LEMAIRE et al.,, 1999). Extratos e fracGes enriquecidas em alcaloides
oxindolicos pentaciclicos também foram capazes de estimular a proliferacdo de
linfocitos T e B quando incubados inicialmente com células endoteliais, sendo este
efeito inibido pelos alcaloides oxindolicos tetraciclicos denotando um efeito
antagonista dos alcaloides oxinddlicos tetraciclicos em relagdo aos pentaciclios
(WURM et al., 1998; KEPLINGER et al., 1999). O extrato &cido das cascas de U.
tomentosa enriquecido em alcaloides oxindolicos foi capaz de aumentar
significativamente os niveis de linfécitos em pacientes portadores do HIV apos cinco
meses de uso (KEPLINGER et al., 1999). Por outro lado, o extrato aquoso da cascas
de U. tomentosa e a fracdo enriquecida em polifendis obtida deste também foram
capazes de estimular in vitro a producdo de citocinas pré-inflamatdrias TNF-a e I1L-6
e reduzir os niveis de IL-1B em macréfagos, modulando assim sua atividade (LENZI et
al., 2013).

No entanto, extratos e fracBes de alcaloides oxinddlicos também podem
apresentar efeito imunoldgico depressor. Em células mononucleares periféricas foi
observada diminuicdo dos niveis de neopterina e da relacdo quinurenina/triptofano
(marcadores de reposta imune Thl induzida por IFN-y), efeito que se manteve apos
estimulacdo inicial com fitohemaglutinina e concavalina A (WINKLER et al., 2004).
De forma semelhante, o extrato hidroetandlico das cascas e a fracdo enriquecida em
alcaloides oxindélicos inibiram a proliferacdo do virus da dengue tipo 2 em mondcitos
humanos, com diminuicdo significativa dos niveis de citocinas pro-inflamatorias,
TNF-a, IFN-y ¢ IL-10, associadas ao agravamento do quadro clinico (REIS et al.,
2008). Aumentos significativos na polpa branca do baco e timo e na producao in vivo
de linfécitos T (principalmente CD4%) e linfocitos B foram verificados apés a
administracdo do extrato de cascas de U. tomentosa a camundongos por 28 dias, ndo
sendo evidenciado efeito imunotoxico nos animais tratados. O perfil de citocinas
observado foi compativel com uma resposta Th2 mediada, devido ao aumento nos
niveis de IL-4 e IL-5 e diminui¢do nos niveis de IL-2 e IFN-y em células esplénicas,
apos estimulacdo com concavalina A (DOMINGUES et al., 2011a). Também foi

observado bloqueio da progressdo do diabetes tipo 1 (imunomediada) em 95% dos
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camundongos tratados com o extrato hidroetandlico das cascas, sendo o efeito
relacionado & atividade imunomoduladora mediada por uma resposta Th2
(DOMINGUES et al., 2011b). Além disso, a mitrafilina isolada das cascas de U.
tomentosa foi capaz de modular a plasticidade dos mondcitos e macréfagos humanos
in vitro mediante inibicdo da producdo de citocinas pré-inflamatérias TNF-o e IL-6
apos estimulacdo prévia com lipopolissacarideo (LPS) contribuindo assim para a
atenuacdo da resposta imune (MONTSERRAT-DE LA PAZ et al., 2015).

Atividade antitumoral e antiproliferativa

O potencial antitumoral e antiproliferativa da espécie foi demonstrado frente
diversas linhagens celulares principalmente humanas, a saber: células leucémicas (HL-
60 e U-937) (STUPPNER et al., 1993); células leucémicas (K-562 e HL-60) e de
linfoma (Raji) (SHENG et al., 1998); células de melanoma (SK-MEL), carcinoma
epidermoide (KB), carcinoma ductal (BT-549) e carcinoma de ovério (SK-OV-3)
(MUHAMMAD et al., 2001); carcinoma de mama (MCF7) (RIVA et al.,, 2001);
leucémicas T linfoblasticas (CCRF-CEM-C7H2) (BACHER et al.,, 2006); de
osteossarcoma (SAOS), carcinoma de mama (MCF7) e carcinoma cervical (HeLa)
(DE MARINO et al., 2006); neuroblastoma (SKN-BE(2)) e glioma (GANG)
(GARCIA PRADO et al., 2007); células leucémicas (HL-60) (PILARSKI et al., 2007;
CHENG et al., 2007; PILARSKI et al., 2013); carcinoma medular de tiredide (MTC-
SK) (RINNER et al., 2009); sarcoma de Ewing (MHH-ES-1) e carcinoma de mama
(MT-3) (GIMENEZ et al., 2010); gliomas de rato (C6) e humanos (U138-MG)
(PAVEI, 2010); adenocarcinoma de coélon (HT-29) adenocarcinoma colorretal
(SW707), carcinoma cervical (KB), carcinoma de mama (MCF7), carcinoma de
pulmdo de células ndo-pequenas (A549), cistoadenocarcinoma ovariano (OAW-42),
além de linhagens celulares de ratos, a saber, carcinoma pulmonar de Lewis (LLC
LL/2) e melanoma (B16) (PILARSKI et al.,. 2010); modelo de carcinosarcoma
Walker-256 (DREIFUSS et al., 2010; DREIFUSS et al., 2013); carcinoma colorretal
(HCT116 e SW480) carcinoma cervical (HeLa) (GURROLA-DIAZA et al., 2011);
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células tumorais de bexiga (T24 e RT4) (KAISER et al., 2013a; DIETRICH et al.,
2014). Embora a atividade antitumoral em U. tomentosa seja atribuida
majoritariamente aos alcaloides oxindélicos (HEITZMAN et al., 2005; ZHANG et al.,
2015), outros constituintes da espécie como os derivados triterpénicos (DIETRICH et
al., 2014) e compostos fendlicos (DREIFUSS et al., 2013) também demonstraram

potencial antitumoral.

A morte das células tumorais parece ocorrer via apoptose induzida pela ativacéo
de caspases (SHENG et al., 1998; BACHER et al., 2006; DE MARINO et al., 2006;
CHENG et al., 2007; RINNER et al., 2009). Entretanto, a via apoptotica pode ser
induzida alternativamente pela inibi¢do da ativacgao do fator de transcricdo NF-«xB, que
parece ser dependente do tipo celular e seu estado de ativacdo (ALLEN-HALL et al.,
2010; PILARSKI et al., 2013). Além disso, 0 extrato das cascas de U. tomentosa e a
fracdo enriquecida em alcaloides oxinddélicos pentaciclicos deste foram capazes de
inibir a ativacdo de genes que regulam a proliferacéo e diferenciacdo celular, mediante
inibicdo da via de sinalizacdo Wnt, sendo esta superativada em determinadas células
tumorais, como no caso do carcinoma colorretal (SW480) (GURROLA-DIAZA et al.,
2011).

Aspectos toxicologicos

A utilizacio de preparacdes de U. tomentosa é considerada segura (VALERIO
JR.; GONZALEZ, 2005). Diversos estudos foram conduzidos visando avaliar o
potencial toxicologico da espécie tanto in vitro quanto in vivo, contudo nenhuma
alteracdo significativa nos padrdes toxicoldgicos avaliados foi verificada. Além disso,
preparacdes de U. tomentosa demonstraram baixo potencial genotoxico e mutagénico
(VALERIO JR.; GONZALEZ, 2005; ROMERO-JIMENEZ et al., 2005).
Contrariamente, extratos de U. tomentosa tem aumentado a capacidade de reparacéo
em danos ao DNA induzidos por radiacdo UV (R1ZZI et al., 1993; MAMMONE et al.,
2006; CAON et al., 2014). Além disso, a utilizacdo de trés comprimidos contendo
extrato seco de cascas de U. tomentosa durante 19 dias do ciclo de tratamento como

terapia complementar foi capaz de reduzir significativamente a neutropenia induzida
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pela quimioterapia empregando a associacdo 5-fluorouracil, doxorubicina e

ciclofosfamida em pacientes acomentidos de cancer de mama (ARAUJO et al., 2012).

Aspectos analiticos

Inicialmente os métodos cromatograficos desenvolvidos destinaram-se ao
monitoramente dos alcaloides oxinddlicos em U. tomentosa, principalmente 0s
pentaciclicos (Tabela 1b). STUPPNER et al. (1992) e posteriormente LAUS e
KEPLINGER (1994) desenvolveram métodos via CLAE-UV destinados a
quantificacdo dos alcaloides oxinddlicos utilizando resfriamento do sistema (12 °C e
15 °C) o que dificulta a sua reprodutibilidade. Posteriormente, GANZERA et al.
(2001) propuseram método isocratico via CLAE-UV visando avaliar os alcaloides
oxindolicos com prévia extragdo em fase sélida de compostos fendlicos utilizando
poliamida. Por outro lado, MONTORO et al. (2004), GRIEBELER (2006) e PAVEI et
al. (2011) propuseram métodos via CLAE-EM e UV destinados a quantificacdo dos
alcaloides oxindolicos que apresentavam como ponto de convergéncia a baixa
seletividade entre isomitrafilina e pteropodina. BERTOL et al. (2012) propuseram
método via CLAE-UV com adequada seletividade de separacdo entre isomitrafilina e
pteropodina, mas a temperatura de analise (15 °C) e a extracdo em fase sélida prévia
da amostra com poliamida dificultam a implementacdo desta metodologia na rotina de
analise. Por sua vez, KAISER et al., (2013a) desenvolveram e validaram método via
CLAE-UV/EM destinado a andlise e quantificacdo dos alcaloides oxindolicos
pentaciclicos e tetraciclicos a temperatura ambiente (23 °C), sem a necessidade prévia
de clean-up da amostra mantendo a adequada seletividade entre isomitrafilina e

pteropodina.
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Tabela 1b. Condicdes cromatograficas empregadas na analise de metabolitos
secundarias relevantes em Uncaria tomentosa (Adaptado de KAISER, 2012).

Parte vegetal Coluna .
. Fase Movel Deteccéo Referéncia
(Grupo quimico) (Temperatura)
Raizes Lichrospher CH-18 ?H;’OH:CHE'CN: tampao uv STUPPNER etal.
] SN 15 °C) osfato pH 6,6 _(20.20.60 (245 nm) (1992)
(alcaloides oxindolicos 2) ( v/Iv); gradiente
Cascas de raizes e tronco LichroCART RP-18 CHACN:€ter: tampa_o uv LAUS e
(alcaloides oxinddlicos ) (12 °C) fosfato pH 7,7 (34:1:65 (254 nm) KEPLINGER
v/v); isocrético (1994)
Cascas do caule Luna RP-18 Tampéo fosfato pH
e 7,0:CH:CN (65:35 VIv); uv GANZERA et al.
(alcaloides oxinddlicos ) (23 °C) gradiente (245 nm) (2001)
Cascas e folhas Lichrsorb RP-18 e
) o Symmetry RP-18 CH3OH:CH3CN: tampéo EM MONTORO et al.
(alcaloides oxindolicos* e acetato pH5.0; gradiente (2004)
derivados triterpénicos) (23 °C)
Cascas do caule e extrato seco Lichrospher RP-18 7 J éﬂpéoNf(zg{)%Topvl;'v)- uv GRIEBELER
(alcaloides oxinddlicos ®) (28 °C) IR A ' (245 nm) (2006)
isocratico
0, .
Cascas do caule e raizes Gemini RP-18 TFA ,0’1 /0_ (V/V)'_ _ uv PAVEI et al.
(polifendis) (23°C) (metanoI.TFA,_99,9.0,l, (2010)
v/v); gradiente (325 nm)
Tampao fosfato pH
Cascas do caule e extratos Gemini RP-18 7,0:(CH3CN:tampéo uv PAVEI et al.
secos (alcaloides oxinddlicos ?) (35°C) fosfato pH 7; 95:5; v/v); (245 nm) (2011)
gradiente
Cascas do caule Zorbax XDB Tampdo acetato de amonio UV BERTOL et al.
_ o 35 mM (pH 6,9): CHiCN; )
(alcaloides oxindélicos ) (15 °C) gradiente (245 nm) (2012)
Cascas do caule e fracdo Acido formico
enriauecida (derivad%s Sinergy Fusion RP-18 0,1%:(CHsCN:&cido UV/IEM PAVEI et al.
quecida {c (35°C) formico 0,1%; 90:10, v/v); (205 nm) (2012)
triterpénicos) .
gradiente
Cascas do caule Gemini-NX RP-18 ~ Tampéo acetato de amonio  yy/EMm KAISER et al.
. - 10 mM (pH 7,0): CH3CN;
(alcaloides oxinddlicos 2?) (23°C) gradiente (245 nm) (2013a)
Cascas do caule L1 end-capped (3um) Tampdo fosfato pH uv
) o 7,0:CH3CN:(CH30H:4cido USP (2015)
(alcaloides oxinddlicos %) (23°C) acético; 99:1, v/v) (245 nm)

apentaciclicos; Ptetraciclicos; UV = Ultravioleta; EM = Espectrometria de massas.

Atualmente, a monografia da Farmacopéia Americana (USP, 2016) propde

metodologia via CLAE-UV destinada ao controle de qualidade da matéria-prima

vegetal (cascas do caule de U. tomentosa) e de derivados desta, como extratos secos,

comprimidos e capsulas. A metodologia propde o emprego de temperatura ambiente
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(23 °C) com adequada seletividade entre isomitrafilina e pteropodina, contudo mantém
0 processo de clean-up da amostra utilizando poliamida. De acordo com as
especificagbes da monografia, a matéria-prima vegetal deve apresentar teor de
alcaloides oxinddlicos pentaciclicos superior a 0,3% (m/m) e teor de alcaloides
oxinddlicos tetraciclicos inferior a 0,05% (m/m). Para os derivados como extratos
secos, comprimidos e capsulas, o teor de alcaloides oxindélicos tetraciclicos é limitado

a 25% (m/m) em relacéo ao teor de acaldides oxidolicos pentaciclicos determinado.

Em relacdo as demais fracGes majoritarias da especie, a saber, polifendis e
derivados triterpénicos, o desenvolvimento de metodologias pode ser considerado
incipiente quando comparado aos alcaloides oxindoélicos. Inicialmente, MONTORO et
al. (2004) propuseram metodologia destinada a analise de derivados triterpénicos em
cascas do caule e folhas de U. tomentosa por CLAE-MS. Posteriormente, PAVEI et al.
(2012) desenvolveram e validaram metodologia por CLAE-UV destinada a anélise e
quantificacdo dos sete derivados triterpénicos majoritarios em cascas do caule de U.
tomentosa utilizando o-hederina como padrdo externo. Anélises complementares por
CLAE-MS possibilitaram a identificacdo de quatro derivados monoglicosilados, dois
diglicosilados e um triglicosilado sendo todos derivados do Acido quinévico (PAVEI
et al., 2012). Além disso, PAVEI et al. (2010) desenvolveram e validaram
metodologia via CLAE-UV destinada a andlise da fracdo polifendlica das cascas do
caule e raizes de U. tomentosa. Majoritariamente, cinco polifendis foram detectados e
quantificados, dentre os quais puderam ser identificados mediante comparacdo com
substancias de referéncia os acidos cafeico e clorogénico bem como a rutina. Os
demais picos apresentaram espetros de UV caracteristicos de flavondides, porém sua

estrutura quimica ndo pode ser completamente elucidada (PAVEI et al., 2010).

Ciclodextrinas

Ciclodextrinas s@o oligossacarideos ciclicos de origem natural que apresentam
uma superficie externa hidrofilica e um nicleo ou cavidade hidrofébica (DEL VALLE,
2004; LOFTSSON et al., 2005; KURKOV; LOFTSSON, 2013). As ciclodextrinas
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naturais sdo formadas por seis (a-ciclodextrina; a-CD), sete (B-ciclodextrina; B-CD) ou
oito (y-ciclodextrina; y-CD) unidades de glicopiranose. Ainda que as ciclodextrinas
naturais apresentem caracteristicas hidrofilicas, a (-CD apresenta limitada
hidrossolubilidade devido a elevada energia de sua rede cristalina (LOFTSSON et al.,
2005). Assim foram desenvolvidos derivados hidrossoluveis da -CD mediante
modificacbes quimicas nas hidroxilas secundarias sendo as mais comumente
empregadas a hidroxipropil-p-ciclodextrina (HP-BCD) e a sulfobutil-éter-p-
ciclodextrina (SBE-BCD) (LOFTSSON et al.,, 2005). Em virtude de sua limitada
hidrossolubilidade, a B-CD é utilizada apenas em formulagdes destinadas a via tdpica e
oral, enquanto que a HP-BCD e a SBE-BCD sao também utilizadas em formulagdes
destinadas a via parenteral (DEL VALLE, 2004; LOFTSSON et al., 2005; KURKOQV;
LOFTSSON, 2013).

Em virtude de suas propriedades fisico-quimicas, as ciclodextrinas sdo muito
utilizadas na industria tanto para aumentar a hidrossolubilidade de moléculas pouco
sollveis, quanto para preservar a estabilidade de moléculas susceptiveis a degradacéo
mediante a formacdo de complexos entre as ciclodextrinas e a molécula de interesse
(LOFTSSON et al., 2005). Os complexos formados podem ser de inclusdo, quando
parte da molécula de interesse é imobilizada no interior da cavidade hidrofdbica a
nivel molecular, ou de adsorcao, quando o complexo é formado mediante interacdo de
grupamentos da molécula de interesse com 0s grupamentos da superficie externa da
ciclodextrina (DEL VALLE, 2004; LOFTSSON et al., 2005; KURKOV; LOFTSSON,
2013). Em virtude de sua capacidade de complexacdo com moléculas de interesse, a
velocidade de degradacdo e isomerizacdo da astilbina, um didroflavonol encontrado
em Hypericum perforatum, pode ser minimizada significativamente mediante
complexagdo com B-CD e y-CD (ZHANG et al., 2013). Além disso, a isomerizacao
do trans-resveratrol a cis-resveratrol induzida pela exposic¢éo do resveratrol a luz solar
foi minimizada ap6s complexagdo com a-CD (BERTACCHE et al., 2006). Assim, a
complexacdo com as ciclodextrinas parece ser uma promissora alternativa para minizar

a isomerizacéo dos alcaloides oxindolicos de U. tomentosa.
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Analise multivariada

A analise multivariada de dados tem como finalidade bésica racionalizar a
informacdo de uma matriz complexa de dados facilitando assim a visualizagcdo de
correlagBes entre as variaveis que dificilmente seriam verificadas mediante anélise
univariada. Assim, pela propria definicdo, a utilizacdo deste tipo de abordagem tem
como pressuposto bésico um sistema complexo. Matrizes vegetais, devido a sua
natureza multicomponente, se enquadram perfeitamente nesta definicéo.
Consequentemente, a utilizacdo da analise multivariada em associagdo com métodos
analiticos tém aumentado nos altimos anos, principalmente em abordagens destinadas
a analise metabolémica (LIU et al., 2016; GAD et al., 2013a). Além disso, 0 seu
emprego na diferenciacdo e no reconhecimento de adulteracdo em espécies de
interesse comercial também tem sido muito efetivo (GAD et al., 2013a; GAD et al.,
2013Db).

De acordo com o padrdo de reconhecimento do sistema e com a finalidade ao

qual se destina a analise multivariada pode ser dividida em:

- Andlise ndo-supervisionada: Tem como objetivo encontrar padrées em dados
sem nenhum conhecimento prévio sobre a natureza dos mesmos. Destina-se
basicamente a andlise exploratéria dos dados baseada na variancia total do sistema.
Enguadram-se nesta classe de métodos a analise de componentes principais (PCA), a
analise de fatores (FA) e a analise de cluster (HCA), entre outros (BRERETON, 2003;
HAIR et al., 2009; GAD et al., 2013a).

- Analise supervisionada: Tem como objetivo encontrar padrdes em dados
tendo como base o conhecimento prévio sobre as caracteristicas qualitativas das
amostras. Assim, é possivel construir um modelo de classificagdo com base
exclusivamente nas variaveis altamente correlacionadas com a caracteristica
qualitativa em questdo. O modelo proposto depois de calibrado pode ser entdo
avaliado usando um conjunto de amostras independentes de caracteristica qualitativa
conhecida para validar as propriedades de previsdéo do modelo proposto, antes de

utilizad-lo em um conjunto de amostras desconhecidas. Enquadram-se nesta classe de
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métodos a analise do vizinho mais proximo (k-NN), soft independent modeling of class
analogy (SIMCA) e a analise discriminante por minimos quadrados parciais (PLS-
DA), entre outros (BRERETON, 2003; HAIR et al., 2009; GAD et al., 2013);

- Calibracdo multivariada: Analise supervisionada que tem como objetivo
especifico quantificar uma determinada caracteristica (y) a partir de um conjunto de
variaveis (matriz x), também denominados preditores. O modelo em questdo pode ser
calibrado utilizando-se a caracteristica quantitativa conhecida (y) e sua correlacdo e
covariancia com as varidveis da matriz x (preditores). Na calibracdo multivariada o
modelo proposto depois de calibrado, pode ser entdo avaliado mediante uso de um
conjunto de amostras independentes de caracteristica quantitativa conhecida (y) para
validar as propriedades de previsdo do modelo proposto, antes de utiliza-lo em um
conjunto de amostras desconhecidas. Engquadram-se nesta classe de métodos a
regressao linear maltipla (MLR), a regressdo de componentes principais (PCR) e a
regressao por minimos quadrados parciais (PLS); entre outros (BRERETON, 2003;
HAIR et al., 2009; GAD et al., 2013).
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Capitulo 1. Diferenciacdo quimica entre Uncaria tomentosa e Uncaria guianensis
mediante andalises de CLAE-PDA, IV e UV associadas a analise multivariada de

dados: uma ferramenta para o reconhecimento de adulteragdo em Uncaria tomentosa.







Introducéo

Dentre as 34 espécies que compde o género Uncaria, apenas as espécies U.
tomentosa e U. guianensis sdo encontradas no América do Sul (LAUS, 2004;
HEITZMAN et al., 2005; ZHANG et al., 2015). Ambas sdo comumente conhecidas
como unha-de-gato e ocupam o mesmo habitat, sendo que U. guianensis apresenta
maior densidade populacional (GATTUSO et al., 2004; POLLITO; TOMAZELLO,
2006). No entanto, o conhecimento relacionado ao emprego farmacoldgico de U.
tomentosa e também em relacdo aos aspectos toxicologicos € maior se comparada o U.
guianensis. Alem disso, U. tomentosa apresenta maior valor comercial se comparada a
U. guianensis, sendo que ambas sdo obtidas principalmente via extrativismo. Assim,
praticas de substituicdo e/ou adulteracdo em U. tomentosa utilizando U. guianensis

podem Ser recorrentes.

A diferenciagdo entre U. tomentosa e U. guianensis baseada em aspectos
morfoanatdmicos e microscopicos parece ser efetiva para o reconhecimento de
substituicdo quando aplicada a matéria-prima in natura ou até mesmo seca e
cominuida (GATTUSO et al., 2004; POLLITO; TOMAZELLO, 2006). Contudo, para
derivados da espécie como extratos secos, comprimidos e capsulas, a diferenciacao e,
consequentemente, o reconhecimento de substituicdo e adulteragdo em U. tomentosa
se limita a sua composi¢do quimica. Assim, o presente capitulo foi destinado a
diferenciacdo quimica entre U. tomentosa e U. guianensis mediante emprego de
distintas abordagens analiticas associadas a analise multivariada de dados visando,

portanto, estabelecer parametros indicativos de adulteragdo em U. tomentosa.

Este capitulo é apresentado na forma de artigo a ser submetido para publicacéo

em periodico relevante que se enquadre no escopo do presente estudo.
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Artigo 1. Chemical differentiation between Uncaria tomentosa and Uncaria
guianensis by LC-PDA, FT-IR and UV methods coupled to multivariate analysis:
a reliable tool for adulteration recognition







Chemical differentiation between Uncaria tomentosa and Uncaria guianensis by
LC-PDA, FT-IR and UV methods coupled to multivariate analysis: a reliable tool
for adulteration recognition

Samuel Kaiser, Anderson Ramos Carvalho, Vanessa Pittol, Evelyn Maribel Pefialoza,

Pedro Ernesto de Resende, George Gonzélez Ortega*

Faculdade de Farmécia, Programa de Pds Graduacdo em Ciéncias Farmacéuticas
(PPGCF), Universidade Federal do Rio Grande do Sul (UFRGS), Av. Ipiranga, 2752,
Santana, Porto Alegre — RS — Brazil — CEP: 90610-000.

* Correspondence to: S.Kaiser, Av. Ipiranga, 2752, Sala 606, Santana, Porto Alegre -
RS — Brazil, CEP: 90610-000; Tel: +55 (51)3308 5415 Fax: +55 (51)3308 5437; E-

mail: samokaiser@yahoo.com.br

65



ABSTRACT

Introduction — Uncaria guianensis (UG) and Uncaria tomentosa (UT) are widely
found in the South America rainforest. Both species are popularly known as cat’s claw
but they can be easily differentiated in natural state through their morphological
characteristics. However, the differentiation of derivatives obtained from both species,
such as dried extracts, is limited to differences in their chemical composition, and
consequently it requires analytical chemical methods to. Thus, several official
compendia established identification criteria based on the oxindole alkaloids profile of
UT stem bark, nonetheless, this analytical task can be troublesome owing to the
natural variability of both species, including the occurrence of at least three

chemotypes in UT.

Objective — To determine criteria directed toward the establishment of a consistent
differentiation of both cat’s claw species by multivariate analysis from FT-IR, UV, and
LC-PDA data, as well to establish reliable parameters for adulteration recognition in

U. tomentosa stem bark.

Material and Methods — Six authentic UT stem bark samples, two UG stem bark
samples and eighteen UT samples spiked with UG at three levels (10%, 30% and 50%,
w/w) were properly extracted. All samples were analyzed by FT-IR analysis; direct
UV analysis; UV analysis after basification and complexation with KOH and AICls,
respectively; LC-PDA analysis of oxindole alkaloids, quinovic acid glycosides, and
polyphenols. Classification (SIMCA and k-NN models) and calibration (PCR and PLS
models) multivariate models were applied for adulteration recognition and
quantification of their level, respectively. LC-PDA-QTOF analyses were performed to
characterize the main compounds responsible by adulteration recognition.
Additionally, ten stem bark samples of cat’s claw obtained from folk market and three
from commercial suppliers were evaluated to corroborate the applicability of the

models developed.

Results — The LC-PDA analysis of oxindole alkaloids was insufficient for
differentiate genuine UT stem bark samples of those purposely spiked with UG stem

bark. In opposition, the LC-PDA analysis of polyphenols and the UV analysis after
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basification with KOH and complexation with AICI; coupled to SIMCA and PLS
multivariate models, allowed a conclusive differentiation between UT and UG, as well
the recognition of UT stem bark samples mixed with UG. In that context, flavonoids
appear to be key-compounds for the differentiation between UT and UG, as well as for
adulteration recognition. Two tri-O-glycosylated flavonols derived from quercitin and
kaempferol responsible by differentiation between UT and UG and, consequently, with
adulteration recognition, were characterized from LC-PDA-QTOF analysis. In
addition, two UT stem bark samples from Peruvian folk market were recognized as

adulterated by the analytical approach here proposed.

Conclusion — The UV-based analysis of the cat’s claw polyphenols seems to be the
method of choice aiming an initial screening for the identification of genuine U.
tomentosa samples. Furthermore, a more conclusive approach can be achieved by the
LC-PDA analysis of polyphenols. In addition, alkaloid-based methods were not suffice
neither for identification nor for recognition of adulteration in U. tomentosa stem bark

with U. guianensis owing its natural variability and chemotypes.

Keywords: Uncaria tomentosa; Uncaria guianensis; cat’s claw; stem bark;

multivariate analysis; adulteration recognition.
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INTRODUCTION

The genus Uncaria (Rubiaceae) includes about thirty four species spread worldwide,
but only Uncaria tomentosa (Will.) DC. and Uncaria guianensis (Aubl.) Gmel. can be
found in the Amazon rainforest (Heitzman et al., 2005; Keplinger et al., 1999; Pollito
& Tomazello, 2006; Reinhard, 1999; Zhang et al., 2015). Both species are lianas
known as cat’s claw or “Una de Gato” owing the presence curved hooked thorns
(Keplinger et al., 1999; Pollito & Tomazello, 2006; Reinhard, 1999). Aqueous
preparations from stem bark of both species have been used as anti-inflammatory,
immunostimulant, antiviral and antitumor in folk medicine (Heitzman et al., 2005;
Keplinger et al., 1999; Reinhard, 1999). Thus, the two South American Uncaria
species are frequently confused (Keplinger et al., 1999). However, the safety and the
pharmacological activities of U. tomentosa preparations were extensively explored
when compared to U. guianensis preparations (Heitzman et al., 2005; Keplinger et al.,
1999). Moreover, incipient differences in the chemical composition of both species
have been reported. Higher levels of pentacyclic (POA) and tetracyclic oxindole
alkaloids (TOA) can be found in stem bark of U. tomentosa when compared to U.
guianensis (Sandoval et al., 2002), while the distribution of polyphenols (PPH), such
as caffeoylquinic derivatives and flavonoids, as well as of mono- di- and tri-

glycosylated quinovic acid glycosides (QAG) have been slightly evaluated.

The differentiation about both species can be easily performed by morphological
characteristics of their thorns and leaves, as well from its wood and stem bark (Pollito
& Tomazello, 2006; Silva et al., 1998; Lindorf, 2001). In contrast, the identification of
derivatives obtained from both species, such as dried extracts, capsules and tablets
containing powdered extract, is harder and limited to differences in their chemical
composition, since show identical organoleptic properties. Currently, only the oxindole
alkaloids (POA and TOA) have been used as chemical markers in quality control of
raw material and derivatives from U. tomentosa (USP, 2016). Moreover, three-
chemotypes were found in U. tomentosa wild population based on their oxindole
alkaloid profile, namely, chemotype I (POA with cis D/E ring junction); chemotype Il
(POA with trans D/E ring junction); and chemotype Il (TOA) (Pefialoza, et. al.,



2015). Thus, the U. tomentosa U.S. pharmacopeia monographs specifications based
only in oxindole alkaloids might not be enough to adulteration detection with U.

guianensis.

The adulteration of U. tomentosa with U guianensis can be related with
misconceptions at collection, since both species have the same habitat and are obtained
mostly from wild populations due to early status of cat’s claw forest management
(Pefaloza, et. al., 2015; Torrejon et al., 2010). In addition, the lower market value of
the U. guianensis stem bark compared to U. tomentosa and its larger wild population

(Pollito & Tomazello, 2006) also can contribute to adulteration occurrence.

Supervised multivariate analysis, such as k-nearest neighbors (k-NN) and soft
independent modeling of class analogy (SIMCA) allow selecting variables responsible
by differentiation even in complex systems, as plant derivatives. On the other hand,
multivariate calibration methods, such as principal component regression (PCR) and
partial least squares (PLS), allow the quantification of a specific response (compound
level or spike level) from a multivariate system (Brereton; 2003; Gad et. al., 2013a).
For building supervised and multivariate calibration models are necessary previous

knowledge about sample classification or response level, respectively.

The present study aims to determine chemical composition criteria that enable the
differentiation between stem bark from both cat’s claw species (U. tomentosa and U.
guianensis) by multivariate analysis, as well as, to establish quality control parameters
applied to adulteration recognition of U. tomentosa with U. guianensis in the raw

material and its pharmaceutical derivatives.

EXPERIMENTAL
Reagents and standards

Acetonitrile (Tedia, USA), methanol (Tedia, USA), ammonium acetate (Tedia, USA),
formic acid (FA)(Tedia, USA), Trifluoroacetic acid (TFA) (Sigma, USA) NHsOH
(Merck, Germany), KOH (Merck, Germany), AlCls (Merck, Germany) and ultra-pure
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water from Milli-Q® system (Millipore, USA) were used for LC and
spectrophotometric analyses. Mitraphylline (Phytolab, batch 2946, Germany),
chlorogenic acid (Fluka, batch 455159/1, Switzerland), caffeic acid (Extrasynthése,
batch 0381024, France), rutin (Sigma, batch 128K1177, USA) were used as external
standards. The leucine-enkephalin (Waters, batch W24021502, USA) used as lock
mass in the LC-PDA-QTOF analysis. All other reagents used were of analytical grade.

Plant material

Six genuine U. tomentosa stem bark samples (UT:-UTs) and two U. guianensis stem
bark samples (UG:-UG2) collected in Peruvian Amazon (November 2012) were
certified by J.R. Campos De la Cruz (Museo de Historia Natural de la Universidad
Nacional Mayor de San Marcos, Lima, Peru). The U. tomentosa samples were
purposely selected to cover the three chemotypes recognized in this specie (Pefialoza,
et al., 2015), namely, POA with trans D/E ring junction (UT1 and UT>), TOA (UTzand
UT4) and POA with cis D/E ring junction (UTs and UTs) (Table 1). The vouchers of
specimens (ICN157757- ICN157762) were deposited at Herbarium of Universidade
Federal do Rio Grande do Sul (Porto Alegre, Brazil). All samples were comminuted in
a cutter mill (SK1 Retsch, Germany) after dried in air-circulating convection oven
(Memmert, Germany) at 40 °C. For analysis of simulated adulteration, three genuine
U. tomentosa samples (UT1, UTz and UTs) were spiked with UG1 and UG: in three
levels (10%, 30% and 50%, w/w) totalizing eighteen samples (Table 1).

Table 1
Extraction procedure

Powdered samples (106-250 um particle size range selected) were extracted by 2-h
dynamic maceration under magnetic stirring at 300 rpm (IKA RH basic 1, Germany),
using ethanol:water 61:39 (v/v) as solvent, and a plant:solvent ratio of 0.5:10 (w/v)
(Kaiser, et al. 2013a). The resulting extractive solutions were filtered (Paper filter

Whatman n° 2, UK) and reconstituted to their original value with the same solvent.
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FT-IR analysis

Separately, 10-mL aliquots were concentrated under vacuum at 40 °C up to half of
their original weights (Blchi R-114, Switzerland) and freeze-dried at once (Modulyo
4L, Edwards, USA). The freeze dried samples were analyzed at FT-IR Spectrometer
(Spectrum BX, Perkin Elmer, Germany) using the diamond ATR sensor and the
absorbance were measured in the range 400 — 4400 cm™ with a resolution of 4 cm™.

Twenty scan were performed for each sample.

UV analysis

Separately, aliquots of 40uL from extractive solutions were properly diluted with 2
mL of ethanol:water 61:39 (v/v) solution and evaluated in UV-VIS spectrophotometer
(Hewlett-Packard, USA) in the 200-500 nm range at once (l), after addition of 40 pL
KOH 1M solution (I1) and 20-min after addition of 40 uL AICIs solution (5% in
methanol; w/v) (I11). Blanks solution were prepared with 40 uL ethanol:water solution

61:39 (v/v), instead of samples aliquots.

LC-PDA analysis

All analyses were performed in a Prominence high performance liquid
chromatography (HPLC) system (Shimadzu, Japan) composed by an FCV-10 AL
system controller, an LC-20 AT pump system, an SIL-20 A automatic injector and an
SPD-M20A detector. The extractive solutions were properly diluted and filtered
through a 0.45 um membrane (Millipore, USA) prior the analysis of oxindole alkaloids
(TOA and POA) (Kaiser et al., 2013b), quinovic acid glycosides (QAG) (Pavei et al.,
2012) and polyphenols (PPH) (Pavei et al., 2010) in accordance with previously
validated methods (Supporting information, Table S1). All results were processed by
LC-Solution Multi-PDA software (Shimadzu, Japan).
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LC-PDA-QTOF analysis

All analyses were performed in an Acquity ultra performance liquid chromatography
(UPLC™) system (Waters, USA) coupled to an Acquity PDA detector and a QTOF
analyzer (SYNAPT G2 Si, Waters, USA). The UPLC analysis parameters were
adjusted from HPLC analysis of polyphenols by using of Acquity UPLC Columns
calculator software (Waters, USA). An Acquity BEH C18 column (10 x 2.1 mm i.d.,
1.7 um) (Waters, USA) was used as stationary phase. Formic acid solution 0.1% (v/v)
(A) and acetonitrile:formic acid (99.9:0.1, v/v) (B) were used as mobile phase in a
linear gradient program: 30-40% B (0-2.5 min); 40-60% B (2.5-4.5 min); 60% B (4.5-
5.5 min); 60-30% B (5.5-7.0 min); and stop (8.0 min). The flow rate was kept constant
at 0.35 mL/min and analyses were performed at constant temperature (50 + 1°C) using
an injection volume of 30 nL. The analysis was performed in both ESI- and ESI*
modes with TOF operating in resolution mode (R = 20,000). All MS experiments were
performed in MSE continuum mode. The source conditions used were: 2 kV of
capillarity; 120°C and 500°C of source and desolvation temperatures, respectively; 30
V and 80 V for sampling cone and source offset, respectively; 50 L/h and 1,000 L/h of
cone and desolvation gases flow, respectively; and 6.5 bar of nebulizer gas flow. The
nitrogen was employed as desolvation gas, cone gas and nebulizer gas while the argon
was employed as collision gas at transfer collision cell (20 — 40 eV). A wide mass
range (50-1000 m/z) was monitored with a scan time of 0.3 s and interscan delay of
0.015 s. The leucine-enkephalin solution (1pg/mL) (554.2615 m/z in ESI-; 556.2771 in
ESI*) was employed as lock mass solution. All results were processed by Mass Lynx
4.1 and MSE data viewer softwares (Waters, USA).

Separately, 2 mg-aliquots of freeze dried extracts from UTs and UTs + UG1_50 were
properly dissolved to obtain solution of 5ug/mL in water:acetonitrile (70:30, v/v) and

filtered through a 0.22 um membrane (PVDF, Millipore, USA) prior to analysis.
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Multivariate analysis

The chromatograms obtained from LC analyses were aligned by the correlation
optimized warping (COW) algorithm (Pravdova et al., 2002) before the proposed
model fitting. The Kennard-Stone algorithm (Kennard; Stone, 1969) was employed
for selection of calibration set (n=18) and prediction set (n=8) (Table 1). Different
transforms and preprocessing methods were employed to obtain a better fitting to
proposed model. All analyses were performed at Pirouette 3.11 (Woodinville, WA,
USA).

For the discrimination analysis, soft independent modeling class analogy (SIMCA)
and k-nearest neighbors (k-NN) models were employed (Brereton; 2003; Gad et. al.,
2013a). The sensitivity or true positive rate (1) (percentage of spiked samples that
were indicated by model as spiked) and specificity or true negative rate (2) (percentage
of authentic samples that were indicated by model as authentic) were evaluated for

proposed models.

sensitivity (%) = % x100 @

specificit y (%) = % x100 2

where a represents the number of spiked U. tomentosa stem bark samples classified as
spiked by the model, and b the total number of spiked samples; c represents the
number of authentic U. tomentosa stem bark samples classified as authentic by the

model, and d the total number of genuine samples.

For multivariate calibration, principal component regression (PCR) and Partial least
squares (PLS) models were employed (Brereton; 2003; Gad et. al., 2013a). The leave-
one-out method was used for cross validation. The root mean square error of
calibration (RMSEC) and cross validation (RMSECV) and prediction (RMSEP) were
the parameters considered in the fitting of the proposed models. The number of
principal components or latent variables was determined from lowest RMSECV value

for each proposed model.
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Evaluation of market samples

Ten cat’s claw samples obtained from Peruvian folk market and three cat’s claw
samples available from commercial suppliers were evaluated (I-XI1l) (Supporting
information, Table S2). Additionally, nine UT samples spiked with U. guianensis (A-
I) (which were not present in the calibration and prediction sets used in building of
models) were analyzed for validation of the multivariate models. The root mean square
error of validation (RMSEV) was used for evaluation of the predictive capacity of the

models. All samples were prepared as described above in the Extraction procedure.

RESULTS AND DISCUSSION
U.S. pharmacopeia specifications for U. tomentosa stem bark quality control

The current U.S. pharmacopeia monographs specifications for quality control of UT
stem bark raw material, as well as for their derivatives, such as powdered dried extract,
capsules and tables has been based mainly on their oxindole alkaloids content (USP,
2016). In accordance with U.S. pharmacopeia requirements, the POA content obtained
by sum of individual concentration of speciophylline, uncarine F, mitraphylline,
isomitraphylline, pteropodine, isopteropodine must be higher than 0.3% (w/w) of dried
raw material, while the TOA content, obtained by sum of rhyncophylline and
isorhyncophylline, must be lower than 0.05% (w/w). Moreover, for the powdered
dried extracts, capsules and tablets, the TOA content must be lower than 25% of the
labeled amount of POA ones (USP, 2016).

Clearly, the differentiation between authentic UG and UT stem bark samples could be
verified, mainly due to higher content of oxindole alkaloid found in UT stem bark
(about 20 times higher in some cases) in comparison with that found in UG (Figure 1).
Despite the clear decrease of the POA and TOA contents verified after intentional
spiking of UT samples with UG, both maximal POA and minimal TOA content were
achieved in accordance with U.S. pharmacopeia requirements, especially those having
high POA contents, as UT1 and UT, samples. The sample UTs showed TOA content
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higher than threshold (0.05%, w/w) even before intentional adulteration, while the UTs
was reproved only after addition of 50% (w/w) of spiking amount with UG (Figure 1).
Thus, the U.S. pharmacopoeia requirements were inadequate for adulteration

recognition in UT stem bark samples.

Figure 1

Evaluation multivariate models

The multivariate analysis is an important tool for adulteration recognition in herbal
medicines (Brereton; 2003; Gad et. al., 2013a). Thus, in this occasion were evaluated
seven classification models (Table 2) and seven calibration models (Table 3) from
data of FT-IR, UV and LC-PDA analyses aiming at challenging the capability for
adulteration recognition and quantification of spiking level in the UT stem bark

purposely adulterated with UG stem bark.

The classification and calibration models proposed showed suitable predictive
capacity, without indicative of overfitting, as verified from the sensitivity and
sensibility levels for the calibration and prediction samples sets in the classification
models (Table 2), root mean square errors of calibration (RMSEC), cross-validation
(RMSECV), and prediction (RMSEP) in the calibration models (Table 3), except for
the model based on LC-PDA analysis of oxindole alkaloids. The SIMCA models
showed higher capacity for adulteration recognition, compared to k-NN models (Table
2), while the PLS models showed higher capacity for quantification of spiking levels
compared to PCR models (Table 3). Both classification and calibration models
obtained from UV data (UV spectrum, UV+KOH spectrum and UV+AICI3 spectrum)
and LC-PDA analysis of polyphenols showed superior performance for the recognition

and quantification of the simulated adulteration in the UT stem bark samples.
Table 2

Table 3
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FT-IR analysis

The FT-IR analysis provides a semi-quantitative profile about the chemical
constitution of samples. Although it shows a limited application for quantitative
analysis of complex samples, FT-IR technique supports the direct analysis of samples
in solid state such as powdered extracts or tablets containing them without prior
sample preparation. Consequently, the association of FT-IR and multivariate analysis
has been used for the analysis of complex samples, including plant raw material and
powdered dried extracts (Bunaciu et al., 2011; Gad et al., 2013a).

From FT-IR spectra of both UT and UG samples (Supporting information, Figure
S1A), no clear differentiation region could be observed and, therefore, any consistent
criteria for the recognition of the simulated adulteration of UT with UG could be
determined. Consequently, aiming the improvement in the discrimination and
quantification capacity of the models, the fingerprint region of FT-IR spectra (1600—
730 cm*) was used. Nevertheless, no practical advantage was verified, as revealed by
the poor specificity of the SIMCA model (Table 2, Supporting information, Figure
S1B) and high RMSCV and RMSEP values (higher than 10%) from the PLS model
(Table 3). In general, the high discrimination power from SIMCA model was
associated to absorptions bands (1100-1020 cm’; 840-790 cm™) (Supporting
information, Figure S1C) corresponding to C—O stretching vibration from alcohols
and aromatic C—H out of plane bending, respectively (Silverstein et. al., 2005).
However, the high chemical complexity of stem bark extracts hindered a definitive
identification of the class of compounds responsible by differentiation between both
species as well the unambiguous recognition of adulteration in UT stem bark samples
spiked with UG.

UV analysis

The analysis by UV spectroscopy has been extensively employed for quantification
mainly due to its low cost, practicality and robustness. Although UV analysis shows

low specificity, its association with multivariate analysis had increased aiming the
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analysis of complex matrix such as plant extracts (Gad et. al., 2013a; Gad et. al.,
2013b).

From UV spectra, a clear differentiation could be verified among authentic UT
samples alone and those spiked samples with UG. The absorption peak at 344 nm
noticed in UG samples was almost absent in UT authentic samples (Figure 2A).
Moreover, the high sensitivity and specificity obtained from SIMCA model indicated
that the UV analysis and the proposed model were able to discriminate both species
straightforward (Table 2, Figure 2B). The highest discriminative power observed in
the classification model was ascribed to the absorption peak at 344 nm (Figure 2C),
which seems to be a clear indicative of adulteration of UT stem bark samples using
UG.

Figure 2

Furthermore, the spiking level using UG could be determined with suitable accuracy
by all proposed calibration models (Table 3). The regression errors (RMSEC,
RMSECYV and RMSEP) obtained from both PLS and PCR models were lower than 2.5
% (w/w), demonstrating therefore a suitable correlation among predicted spiked
amounts and experimental spiked amounts (rc, rcv and rp > 0.99) (Table 3). More
specifically, the intensity of absorption peak at 344 nm could be related to spiked
amount in UT samples, as indicated by higher regression vector in PLS model (Figure
2D). Thus, the presence of a significant absorption peak at 344 nm is a strong
indicative of adulteration in UT stem bark samples such as earlier verified by SIMCA

model, and its intensity could be related to UG spiking level.

The UV analysis performed with addition of chemical reagents also allowed further
analytical possibilities. Thus, a significant bathochromic shift could be verified in the
UV spectrum of the UG samples after medium basification (Supporting information,
Figure S2A). The characteristic absorption peak noticed in the spiked samples was
shifted to 398 nm. This behavior is characteristic of acid compounds with = conjugated

systems such as cinnamoyl system present in polyphenols, more specifically

77



flavonoids (De Rijke et. al., 2006; Mabry et. al., 1970). After medium basification,
both classification (SIMCA model, Supporting information, Figure S2B) and
calibration models (PLS and PCR models) were able to recognize the simulated
adulteration in UT stem bark samples and also to quantify the spiked amount (Tables
2 and 3). According to SIMCA and PLS models, the absorption peak at 398 nm
showed highest discriminative power (Supporting information, Figure S2C) and
regression vector (Supporting information, Figure S2D), respectively. It appears,
therefore, as a reliable indicative to recognize the adulteration in UT stem bark

samples with UG.

The addition of AICIs produced a characteristic bathochromic shift in the UV spectra
of UG samples and UT samples spiked with UG, revealing two absorption peaks at
360 nm and 402 nm (Supporting information, Figure S3). These spectra remained
stable after medium acidification (Data not shown), a behavior often noticed in 3-
hydroxyflavones, 5-hydroxyflavones and 3,5-hydroxyflavones (De Rijke et. al., 2006;
Mabry et. al., 1970). In contrast to that verified with UV data without addition of
reagents, the SIMCA model showed low specificity (50%) in the prediction set after
the complexation with AICIs (Table 2), indicative of the false positive occurrence.
Nevertheless, both PLS and PCR models were able to determine the spiked amount of
UG in UT stem bark samples after addition of AICIz (Table 3).

LC-PDA analysis

The LC-PDA analysis has been extensively employed for the quality control of
medicinal plants due to its specificity, a very critical point for analysis of complex
matrix, such as plant derivatives (Gad et. al., 2013a). At present, the quality control of
UT stem bark samples is based in the LC-PDA analysis of oxindole alkaloids (USP,
2016). However, as earlier demonstrated (Figure 1), the simulated adulteration was
not recognized by the oxindole alkaloids analysis. Essentially, oxindole alkaloids
content did not present any relation with the spiking level in UT stem bark samples, as
verified from values of RMSEC, RMSECV and RMSEP (higher than 20%) and
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regression coefficients (rc, rcvand rp) (Table 3). The negative regression vectors in the
PLS model indicate that decrease in the oxindole alkaloids content with the increase in
the spiked level occurred due to lower oxindole alkaloid content present in the UG
(Supporting information, Figure S4D). Moreover, the low sensitivity (33%) and
specificity (50%) in the prediction set obtained from SIMCA model evidence the
occurrence of false negatives and false positives, respectively (Table 2). On the other
hand, the classification and calibration models obtained from the quinovic acid
glycosides analysis by LC-PDA showed superior performance compared to models
obtained from oxindole alkaloids. The higher discriminating power and regression
vectors (Supporting information, Figure S5C and Figure S5D) could be related to
peak Q7, a monoglycosylated derivative (Pavei et al., 2012). However, the low
specificity (50%) verified from SIMCA model (Table 2) is a consistent indicative of

false positive occurrence.

As earlier verified from UV analysis, the polyphenols composition seems to be closely
related with the adulteration recognition in UT stem bark samples. The SIMCA model
obtained from LC-PDA analysis of polyphenols (Table 2), showed high sensitivity
(100%) and specificity (100%), while from calibration model (PLS) the low values of
RMSEC, RMSECV and RMSEP (lower than 2.1%) and high regression coefficients
(rc, rev and rp > 0.99) (Table 3) suggest that the polyphenols composition is related
with the spiking level in UT stem bark. The peak P4, previously characterized as
flavonoid from its UV spectrum (Pavei at al., 2010), showed the highest discriminative
power (Figure 3C) and regression vector (Figure 3D) observed in SIMCA and PLS
models, respectively. Therefore, the presence of peak P4 in significant amounts seems

to be an important indicative of adulteration in UT stem bark samples.

Figure 3

The UV spectra of the extractive solutions obtained from UG stem bark are very
similar than spectrum associated to peak P4 obtained from LC-PDA analysis of

polyphenols (Supporting information, Figure S6). More specific, the absorption peak
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at 344 nm in UG stem bark samples and the absorption peak at 347 nm in the UV
spectrum of peak P4 seem related with electrons transition in = conjugated of the
cinnamoyl system (Mabry et. al., 1970). This finding reinforces the potential use of the
UV spectrum for initial screening aiming the differentiation between UT and UG stem

bark, as well as for adulteration recognition in UT stem bark.

LC-PDA-QTOF analysis

In order to characterize the main compounds responsible by adulteration recognition in
UT stem bark, LC-QTOF analyses were performed (Supporting information, Figure
S7). The major peaks verified between 2.0 min and 4.0 min in the ESI* chromatograms
(Supporting information, Figure S7A and Figure S7C) showed m/z at 369.1814
[M+H]" or 385.2127 [M+H]*, characteristic of POA and TOA, respectively. In the
ESI- chromatograms the same peaks could not be verified, since the oxindole alkaloids
due to their alkalinity don’t ionize in the negative mode (Supporting information,
Figure S7B and Figure S7D). Moreover, all peaks showed Amax at 245 nm very similar
to Amax OF oxindole alkaloids (Kaiser et al., 2013b). However, no clear relation between
oxindole alkaloid profile and the adulteration recognition was established, such as

previously showed from multivariate analysis.

On the other hand, from ESI- chromatograms two minor peaks at 1.56 min and 1.96
min showed higher content in the UT sample spiked with 50% of UG (Supporting
information, Figure S7B), compared to authentic UT sample (Supporting information,
Figure S7D). Thus, seem to be related to adulteration recognition in the UT samples.
Moreover, both peaks showed UV spectra similar to Peak 4 (Supporting information,
Figure S6B), with two Amax about 265 nm and 350 nm, characteristic of flavonoids.
From their fragmentation pattern, both peak at 1.56 min and 1.96 min were
characterized as tri-O-glycosylated flavonols derived from quercitin and kaempferol,
respectively (Table 4). The aglycones were suitably characterized as flavonols by
presence of fragments 3 A*, 13 A~ for peak at 1.56 min and fragments %2 A*, 13 A*

and %2 B* for peak at 1.96 min, common for this flavonoid class (De Rijke et al., 2006;
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Ma et al., 1997) . These fragments, mainly the ** A*, 13 A- were generated by retro-
Diels-Alder reactions (De Rijke et al.,, 2006; Ma et al., 1997). In addition, the
fragments with m/z at 303.0487 [M+H-162-146-146]" and m/z at 300.0277 [M-2H-
162-146-146] indicated that peak at 1.56 min is a tri-O-glycosylated quercitin
derivative with the glycosidic chain formed by hexose—6-deoxy-hexose—6-deoxy-
hexose. On the other hand, the fragments with m/z at 287.0541 [M+H-162-146-146]*
and m/z at 284.0316 [M-2H-162-146-146] ~ indicated that peak at 1.96 min is a tri-O-
glycosylated kaempferol derivative with the glycosidic chain formed by hexose—6-
deoxy-hexose—6-deoxy-hexose. Therefore, these results reinforce that the higher
content of flavonoids in U. guianensis compared to U. tomentosa stem bark seems to
be related with differentiation between both cat’s claw species and, consequently, with

adulteration detection in authentic U. tomentosa stem bark samples.

The kaempferitrin, a di-O-glycosylated flavonol found only in UG leaves and absent in
UT leaves was proposed as chemical marker for differentiation of both species, despite
its content in UG stem bark was thirty six times lower than that found in leaves
(Valente et al., 2009). Consequently, the differentiation between the stem bark of UT
and UG by kaempferitrin seems to be doubtful at least. The rutin also was proposed as
a chemical marker for differentiation between stem bark of UT and UG from TLC
analysis (Van Ginkel, 1997). Moreover, the presence of rutin by TLC analysis in UT
stem bark samples was considered an adulteration indicative (Van Ginkel, 1997).
However, our results demonstrated that rutin level in the UT stem bark samples was
weakly correlated with the spiking level. Thus, the rutin could not be considered a

reliable chemical marker for adulteration recognition in UT stem bark samples.

Table 4

Evaluation of market samples

The UT stem bark has been used in Ashaninka medicine for over two thousand years
(Keplinger et al., 1999). Hence, the use of UT preparations in Peru mainly in the folk
medicine is very common. Aiming to evaluate the adulteration in the UT stem bark
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samples commercialized, ten samples obtained from Peruvian folk market and three
obtained from commercial suppliers were evaluated (I-XII1). In addition, nine UT stem
bark samples spiked with UG (A-1) were evaluated for validation of SIMCA and PLS

models established from UV data, used in the initial screening of unknown samples.

From UV initial screening, only six intentional spiked samples (D-1) and one sample
obtained from folk market (1X) were classified as adulterated from SIMCA model
(Table 5 and Figure 4). The samples A, B, C and XI that could not classified by
SIMCA model probably due to its conservative feature, but other unknown samples
were classified as authentic UT stem bark samples. Complementarily, the predicted
spiking amounts obtained from PLS model established from UV data showed suitable
agreement to experimental spiking amounts (RMSEV = 6.12%; rv = 0.99) for all
intentional spiked samples (A-I) (Table 5). Except for samples IX and XI that showed
predicted spiking amount of 47% and 91% (w/w) indicative of adulteration practice,
all other samples obtained from Peruvian local market showed predicted spiking
amounts lower than RMSEV, characteristic of authentic UT samples. In addition, the
high intensity of absorption peak at 344 nm in the UV spectrum (Figure 4) associated
to higher content of peak P4 obtained from LC-PDA analysis of polyphenols allowed
the adulteration recognition in both IX and XI samples (Table 5). Coincidentally, both
samples did not meet the U.S. pharmacopeia requirements due to their low POA
content. Nevertheless, three UT authentic samples (B, D and E) intentionally spiked
with UG also fulfilled these U.S. pharmacopeia requirements demonstrating clearly its

deficiency in relation to adulteration recognition.
Figure 4

Table 5

CONCLUSIONS

From U.S. pharmacopeia requirements employed in quality control of U. tomentosa

stem bark raw material based on its oxindole alkaloids profile was not possible to
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recognize the simulated adulteration with U. guianensis. Among the alternative
multivariate methods employed to recognize the simulated adulteration in U.
tomentosa stem bark with U. guianensis, the UV analysis seems to be the method of
choice for an initial screening of sample, followed by analysis of polyphenols by LC-
PDA. The levels of absorption peak at 344 nm in the UV spectrum and peak P4 in the
LC-PDA analysis could be correlated with the spiking level in the U. tomentosa stem
bark samples. The differential distribution of flavonoids, present in higher levels in U.
guianensis in comparison with U. tomentosa stem bark, were the compounds
responsible by differentiation between both cat’s claw species. In addition, the analysis
of cat’s claw market samples revealed that adulteration occurred in two samples of
eleven samples of U. tomentosa stem bark evaluated. It reinforces the need of
alternative methods able to recognize the adulteration in U. tomentosa stem bark by

using of U. guianensis stem bark in raw material and its pharmaceutical derivatives.
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Figure 1. Total content of pentacyclic (POA) (A) and tetracyclic oxindole alkaloids (TOA) (B) in U. tomentosa stem bark samples (UT1-UT6), U.
guianensis stem bark samples (UG1 and UG2) and intentionally spiked U. tomentosa samples with U. guianensis stem bark in three levels (10; 30;
50%, w/w). minimum POA content (NLT: not lower than 0.3 %, w/w) in accordance with U.S. pharmacopeia requirements; "maximum TOA content
(NHT: not higher than 0.05%, w/w) in accordance with U.S. pharmacopeia requirements. POA content: obtained from sum of speciophylline, uncarine
F, mitraphylline, isomitraphylline, pteropodine, and isopteropodine contents expressed as mitraphylline; TOA content: obtained from sum of
rhyncophylline and isorhyncophylline contents expressed as mitraphylline; #*samples reproved in accordance with U.S. pharmacopeia monograph

specifications.
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Figure 2. Overlaid of UV spectra (200500 nm) obtained from analyses of extractive solutions (A); In green, authentic U. tomentosa
stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis stem bark; White region: selected
region from UV spectra (260-440 nm); Blue region: main differentiation peak (320-380 nm) from UV spectra between spiked
samples and authentic samples. Class distance plot obtained from classification SIMCA model (B); Discriminating power obtained
from classification SIMCA model (C); Regression vector obtained from calibration PLS model (D).
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Figure 3. Overlaid of LC-PDA profiles (325 nm) from polyphenols analyses of extractive solutions (A); In green, authentic U.
tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis stem bark; Blue region:
main differentiation peak (peak 4) from LC-UV profiles between spiked samples and authentic samples. Class distance plot obtained
from classification SIMCA model (B); Discriminating power from classification SIMCA model (C); Regression vector obtained from

calibration PLS model (D). Chlorogenic acid (COA), caffeic acid (CAA), peak P3 (Flavonoid), peak P4 (Flavonoid), peak P2
(Flavonoid), rutin (RUT).
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Figure 4. Overlaid of UV spectra (200500 nm) obtained from analyses of extractive solutions (A); In blue, unknown samples
obtained from folk market and commercial suppliers (I-XI111); In pink, U. tomentosa stem bark samples intentionally spiked with U.
guianensis stem bark (A-1); Class distance probability plot obtained from classification SIMCA model (B).
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TABLES

Table 1. Detailed descriptions of cat’s claw stem bark samples used in the building of
multivariate models.

Sample Spiked amount
Sample o Chemotype?
description (%, wiw)
1 UT: 0 POA with trans D/E
2 UT2 0 POA with trans D/E
3 UTs 0 TOA
4 UTs 0 TOA
5 UTs 0 POA with cis D/E
6 UTe 0 POA with cis D/E
7 UG, 0 ND
8 UG2 0 ND
9 UT:+UG._10 10 POA with trans D/E
10 UT:+UG._30 30 POA with trans D/E
11 UT: + UG:_50 50 POA with trans D/E
12 UT: + UG2_10 10 POA with trans D/E
13 UT:+UG2_30 30 POA with trans D/E
14 UT: + UG2_50 50 POA with trans D/E
15 UTs+UG;_10 10 TOA
16 UTs + UG;_30 30 TOA
17 UTs + UG:_50 50 TOA
18 UTs+ UG2_10 10 TOA
19 UTs + UG2_30 30 TOA
20 UTs + UGz 50 50 TOA
21 UTes + UG;_10 10 POA with cis D/E
22 UTs + UG1_30 30 POA with cis D/E
23 UTs + UG1_50 50 POA with cis D/E
24 UTes + UG2_10 10 POA with cis D/E
25 UTs + UG2_30 30 POA with cis D/E
26 UTs + UG2_50 50 POA with cis D/E

4pased on the oxindole alkaloid profile; POA: Pentacyclic oxindole alkaloids; TOA:
Tetracyclic oxindole alkaloids; ND: not defined.
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Table 2. Classification models for the recognition of adulteration in authentic U.
tomentosa stem bark samples.

Number of Sensitivity (%)
Classification Preprocessing Specificity (%)
Method Model Transformation components for each Calibration  Prediction
class or Neighbors
set set
Mean Centred
SIMCA SNV, 1t 2 and 3 100 100
A 100 0
Derivative
FT-IR
Mean Centred 100 100
k-NN SNV, 1% 3
A 25 0
Derivative
Mean Centred 100 100
oy SIMCA Nor 2 and 3 100 100
NN Mean Centred 3 100 100
Nor 50 50
SIMCA Mean Centred 2 and 3 100 100
UV+KOH Nor 100 100
NN Mean Centred 3 100 100
Nor 100 100
SIMCA Mean Centred 2 and 3 100 100
UVA+AICI Nor 100 50
NN Mean Centred 3 100 100
Nor 50 50
Auto scale 93 33
LC analysis SIMCA Nor 2and3 100 50
POA+TOA Mean centred 93 83
k-NN Nor 3 75 0
Mean Centred 100 100
LC analysis SIMCA MSC, Nor 2and3 100 50
QAG i Mean Centred 93 100
k-NN MSC, Nor S 0 0
Mean Centred 100 100
LC analysis SIMCA Nor 2and 3 100 100
PPH Mean Centred 100 100
k-NN Nor 3 100 50

SIMCA: soft independent modeling class analogy; k-NN: k-nearest neighbors; SNV:
Standard normal deviation; MSC: Multiplicative scattering correlation; Sensitivity:
percentage of spiked samples that were indicated by model as spiked; Specificity:
percentage of authentic samples that were indicated by model as authentic; Nor:
Normalization (100); POA: Pentacyclic oxindole alkaloids; TOA: Tetracyclic oxindole
alkaloids; QAG: Quinovic acid glycosides; PPH: Polyphenols; UV+KOH: UV
analysis after basification with KOH; UV+AICIs: UV analysis after complexation with

ALCls.
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Table 3. Calibration models for determination of the spiking level in U. tomentosa
stem bark samples.

Preprocessing LV orPC RMSEC (%) rc

o)
Method Model Transformation selected RMSECV (%) rcv RMSEP (%) P
Mean Centred 9.37 0.965
IR PCR " snv, 1% Derivativer 1292 o090 09 0888
Mean Centred 3.25 0.996
PLS  snv, 18Derivative* 6 1068 0937 2 0.675
Auto scale 2.03 0.998
v PCR None 6 5 42 0.996 1.52 0.999
Mean Centred 2.12 0.998
PLS None 5 5 40 0.997 1.63 0.999
PCR Auto scale 4 1.38 0.999 337 0.987
None 2.39 0.998
UV+KOH
PLS Auto scale 4 1.32 0.999 331 0.987
None 2.38 0.998 ' '
PCR Auto scale 5 1.43 0.999 502 0.997
None 1.88 0.998
UV+AICI3
PLS Auto scale 5 1.34 0.999 502 0.998
None 1.84 0.998 ' '
Mean Centred 22.27 0.742
LC analysis PCR None 2 23.08 0.650 29.71 -0.084
POA+TOA Mean Centred 20.71 0.782
PLS None 2 2268 0674 2085 -0.076
Mean Centred 12.77 0.929
LCanalysis R MSC 3 1423  ossa 102 0857
QAG Mean Centred 9.70 0.960
PLS MSC 3 13.79 0.893 10.14 0.925
None 1.32 0.999
LC analysis PCR None 6 1.72 0.998 1.73 0.997
PPH None 1.38 0.999
PLS None 4 182 0.998 2.07 0.997

*(first-degree derivative and 5 points were used); PCR: Principal components
regression; PLS: Partial least-squares analysis; SNV: Standard normal deviation;
MSC: Multiplicative scattering correlation; LV: Number of latent variables; PC:
Number of principal components; RMSEC: Root mean square error of calibration;
RMSECV: Root mean square error of cross validation; RMSEP: Root mean square
error of prediction; rc: calibration regression coefficient; rcv: cross validation
regression coefficient; rp: prediction regression coefficient; POA: Pentacyclic
oxindole alkaloids; TOA: Tetracyclic oxindole alkaloids; QAG: Quinovic acid
glycosides; PPH: Polyphenols; UV+KOH: UV analysis after basification with KOH;
UV+AICI3: UV analysis after complexation with ALClz.
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Table 4. Characterization of peaks related to adulteration recognition in U. tomentosa stem bark samples from LC-PDA-QTOF

analysis in MSE mode.

Low energy mass spectrum

R_T A max Measured Theoretical
(min) (nm) ESI* ESI monoisotopic : : . Molecular
monoisotopic A ppm b
(m/z) (m/z) mass formula
mass (Da)
(Da)
156  270; 353 [['R"Am"i‘] ;77;?22233 [M-H] = 755.2057 7562119 7562113  0.80  CasHaOx
196  265: 350 [['R"Am"i‘] ;772;3222277 [M-H] =739.2109 7402173 7402164 121  CasHaoOuo
RT High energy mass spectrum (20 — 40 eV) ©
(min) ESI* fragmentation pattern (m/z) ESI fragmentation pattern (m/z)
611.1622 [M+H-146]"
156 465.1042 [M+H-146-146]" 300.0277 [M-2H-162-146-146] -
' 303.0487 [M+H-162-146-146]" 151.0029 -3 A
153.0178 3 A*
505.1659 [M+H-146]"
449.1075 [M+H-146-146]*
196 287.0541 [M+H-162-146-146]"* 284.0316 [M-2H-162-146-146] -
' 165.0177 %2 A*
153.0177 3 A*

121.0278 %2 B*

RT: Retention time; A max: Wavelength of maximum absorption from UV spectrum; ESI: Electrospray ionization; 2mass difference
between measured monoisotopic mass and theoretical monoisotopic in parts per million (ppm); "Determined from isotopic pattern;
ccollision energy ramp; %2 A*; 13 A*: 13 A~ 02 B* mass fragments from aglycone name in accordance with Ma et al. (1997).
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Table 5. Determination of peak P4, POA and TOA contents in U. tomentosa stem bark
samples spiked with U. guianensis, and unknown samples from Peruvian folk market
and commercial suppliers.

Sample Spiking amount Predicted spiking ~ Peak P4 content” POA content® TOA content
(%, wiw) amount? (%, w/w) (%, wiw) (%, wiw) (%, wiw)
UT: - UTg" 0 -2.20-1.04 0.001 -0.015 0.193-1.779 0.010 - 0.646
UG: - UGy" 0 99.99 - 103.21 0.429 — 0.504 0.038 —0.058 0.003 - 0.008
UT + UG_10" 10 9.73-11.04 0.039 —0.058 0.362 — 1.553 0.008 —0.579
UT + UG_30" 30 26.04 —33.79 0.118 - 0.152 0.285-1.176 0.006 —0.421
UT + UG_50" 50 45.70 — 53.97 0.191 -0.227 0.209-0.871 0.004 —0.288
A 14 10.05%% 0.086 0.065%# 0.178"#
B 45 34.32% 0.192 0.386 0.029
C 32 29.14# 0.188 0.277%% 0.008
D 54 50.86% 0.347 0.811 0.002
E 16 17.42% 0.133 1.159 0.003
F 60 49.73* 0.272 0.329 0.252###
G 87 78.54% 0.233 0.098### 0.070%#
H 64 52.59% 0.377 0.157## 0.005
| 41 35.23" 0.430 0.074%# 0.001
| unknown 1.01 0.004 0.885 ND
1 unknown -3.22 0.001 0.388 0.053%##
1 unknown 1.56 0.013 0.670 0.579%#
v unknown 3.03 0.005 0.939 0.017
\% unknown -3.73 0.010 1.500 0.011
Vi unknown -4.99 0.008 1.446 0.001
VI unknown -1.68 0.010 1.474 0.754#%
VIl unknown -0.61 0.008 0.293### 0.427##
IX unknown 47.01% 0.391 0.042%## 0.057##
X unknown 4.29 0.011 0.201%## 0.011
XI unknown 91.05% 0.734 0.046%# 0.002
Xl unknown -1.57 0.029 0.258%# 0.034
X1 unknown 6.09 0.087 0.247%# 0.041

3PLS model established from UV data; Pexpressed as rutin; calculated from sum of
speciophylline, uncarine F, mitraphylline, isomitraphylline, pteropodine, and
isopteropodine contents expressed as mitraphylline; 9calculated from the sum of
rhyncophylline and isorhyncophylline contents expressed as mitraphylline; “range
obtained from samples employed in the establishment of the multivariate models
(calibration and classification models); *classified as spiked sample by SIMCA model
established from UV data; *not classified sample by SIMCA model established from
UV data; ND: not detected; #**samples in disagree with U.S. pharmacopeia
requirements (USP, 2016); all experimental result were obtained from mean of three
determinations.

95



SUPPORTING INFORMATION

_ 0.012
z uT2
< 015 ©
s \ . 8 0.010
£ )
g o010 N 8 ooos U UTE+UG2_30%
o . A Ju I
) AVsa UT1
Q A N WAL 0.006 1_30%
< 005 =\ M i UT1+¢§%§%G1_10%
TR P ita 0.004 OhE (o
= === patd Soet] I
-0.00 = - =RETS g -
3002 2002 1002 0.00 0.08
Wavelength (cm™)
_ 300 u 20
¢ |
& 20 (1]
o 200 i
£ - i
B T o9
£ I '
E ‘ '
§ 100 ‘ I -20
& i |
. Al -40
3202 2002 1002 3202 2002 1002 4
Wavelength (cm) Wavelength (cm-')

Figure S1. Overlaid of FT-IR spectra (4000-600 cm™) obtained from analyses of freeze dried stem bark sample (A); In green,
authentic U. tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis stem bark;
White region: selected region from FTIR spectra (1600730 cmt); Blue region: main differentiation bands (1100-1020 cm; 840-790
cm?) from FRTIR spectra between spiked samples and authentic samples. Class distance plot obtained from classification SIMCA
model (B); Discriminating power obtained from classification SIMCA model (C); Regression vector obtained from calibration PLS
model (D).
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Figure S2. Overlaid of UV spectra (200-500 nm) obtained from analyses of extractive solutions after basification with KOH 1M (A);
In green, authentic U. tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis
stem bark; White region: selected region from UV spectra (280-500 nm); Blue region: main differentiation peak (360—440 nm) from
UV spectra between spiked samples and authentic samples. Class distance plot obtained from classification SIMCA model (B);
Discriminating power obtained from classification SIMCA model (C); Regression vector obtained from calibration PLS model (D).
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Figure S3. Overlaid of UV spectra (200-500 nm) obtained from analyses of extractive solutions after complexation with AlICIl3 5%
(A); In green, authentic U. tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U.
guianensis stem bark; White region: selected region from UV spectra (280-500 nm); Blue region: main differentiation peak (400-460
nm) from UV spectra between spiked samples and authentic samples. Class distance plot obtained from classification SIMCA model
(B); Discriminating power obtained from classification SIMCA model (C); Regression vector obtained from calibration PLS model

(D).
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Figure S4. Overlaid of LC-PDA profiles (245 nm) obtained from oxindole alkaloid analyses of extractive solutions (A); In green,
authentic U. tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis stem bark;
Blue region: main differentiation peak (ISPTER) from LC-UV profiles between spiked samples and authentic samples. Class distance
plot obtained from classification SIMCA model (B); Discriminating power obtained from classification SIMCA model (C);
Regression vector obtained from calibration PLS model (D). Speciophylline (SPEC), uncarine F (UNCF) mitraphylline (MIT),
rhynchophylline (RHY), isomitraphylline (ISMITR), pteropodine (PTER), isorhynchophylline (ISRHY), isopteropodine (ISPTER).
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Figure S5. Overlaid of LC-PDA profiles (205 nm) obtained from quinovic acid glycosides analyses of extractive solutions (A); In
green, authentic U. tomentosa stem bark samples; In red, U. tomentosa stem bark samples intentionally spiked with U. guianensis
stem bark; Blue region: main differentiation peak (peak 7) from HPLC-UV profiles between spiked samples and authentic samples.
Class distance plot obtained from classification SIMCA model (B); Discriminating power obtained from classification SIMCA model
(C); Regression vector obtained from calibration PLS model (D). Peak Q2 (triglycosilated derivative), peak Q3 (diglycosilated
derivative), peak Q4 (monoglycosilated derivative), peak Q5 (diglycosilated derivative), peak Q1 (monoglycosilated derivative) peak
Q6 (monoglycosilated derivative); peak Q7 (monoglycosilated derivative).
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Figure S6. UV spectra (200400 nm) obtained from analyses of authentic U. tomentosa (UT) and U. guianensis (UG) stem bark
extractive solutions (A) and UV spectrum (200—400 nm) of Peak P4 obtained from HPLC-PDA analysis of polyphenols (B).
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Figure S7. Base peak intensity (BPI) chromatograms from LC-PDA-QTOF (50-1000 m/z) analyses of U. tomentosa (UT) spiked with
50% (w/w) of U. guianensis (UG) in both ionization modes (ESI* (A); ESI- (B)) and authentic U. tomentosa (UT) sample in both
ionization modes (ESI™ (C); ESI" (D)). *peak at 1.56 min and **peak at 1.96 min related with adulteration recognition in U.

tomentosa stem bark samples.
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Table S1. LC-PDA conditions for analysis of oxindole alkaloids, polyphenols and quinovic acid glycosides.

Mobile phase Flow rate (mL/min)
Method Column Diluent Temperature ( °C) Compound (RRT #- min) Reference
(Sample dilution factor) A (nm)
- - b
Ammonium acetate buffer spemophylllne (SPEC) (1'09 )
10 uncarine F (UNCF) (1.26°)
. mM (pH 7.0) (A) and . . ¢
Oxindole . I, 7 AN . mitraphylline (MIT) (1.36°)
) Gemini-NX RP-18 column  acetonitrile (B) in a linear 1.00 mL/min . b i
alkaloids . . o rhynchophylline (RHY) (1.65°) Kaiser, et
(250 x 4.6 mm i.d., 5 pm) gradient program. 23 +1°C L7 . b
(POA and (Phenomenex, USA) acetonitrile:H>0 (50:50 245 nm isomitraphylline (ISMITR) (1.717) al., 2013b
TOA) ’ v)v)z e pteropodine (PTER) (1.78)
(10 times) isorhynchophylline (ISRHY) (1.99°)
isopteropodine (ISPTER) (2.53")
TFA 0.1% (v/v) (A) and chlorogenic acid (COA) (1.00°
methanol: TFA (99.9:0.1, caffeic acid (CAA) (1.23°)
Polvohenols Gemini RP-18 column v/v) (B) in a linear 0.90 mL/min peak P3 (Flavonoid*) (1.46°) Pavei. et
();’pPH) (250 x 4.6 mm i.d., 5 pm) gradient program. 23t1°C peak P1 (Flavonoid*) (1.71°) al 2610
(Phenomenex, USA) methanol: TFA 0.1% (v/v) 325 nm peak P4 (Flavonoid*) (2.05°) N
(two times) peak P2 (Flavonoid*) (2.24°)
rutin (RUT) (2.44°)
FA 0.01% (v/v) (A) and peak Q2 (triglycosilated derivative**) (1.00%)
acetonitrile: FA 0.01% peak Q3 (diglycosilated derivative**) (1.04%)
Quinovic acid Sinergy Fusion RP-18 (90:10, v/v) (B) in a linear 1.00 mL/min peak Q4 (monoglycosilated derivative**) (1.09%) Pavei. et
glycosides  column (150 x 4.6 mm i.d., gradient program. 35+1°C peak Q5 (diglycosilated derivative**) (1.17 9) al 2612
(QAG) 4 um) (Phenomenex, USA)  acetonitrile: FA 0.01% 205 nm peak Q1 (monoglycosilated derivative**) (1.19%) N
(30:70, viv) peak Q6 (monoglycosilated derivative**) (1.21%
(two times) peak Q7 (monoglycosilated derivative**) (1.24%)

*RRT: Relative retention time; Preference speciophylline peak; °reference cholorogenic acid peak; “reference peak Q1; * chemical
class inferred from UV spectrum ** putatively identified from MS analysis.
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Table S2. Detailed descriptions of U. tomentosa stem bark samples spiked with U.
guianensis and unknown samples obtained from Peruvian folk market and commercial
suppliers.

Spiking amount

Sample Package identification Source
(%, wiw)

I “san roque” Folk market NA
| “sanatel vida” Folk market NA
I “la bella durmiente” Folk market NA
v “herbosh el shipibo™ Folk market NA
\Y/ “herbosteria los ficus” Folk market NA
VI ND Folk market NA
VIl ND Folk market NA
VI ND Folk market NA
IX ND Folk market NA
X Supplier 1 Commercial supplier NA
Xl “janeiro 2004 Folk market NA
Xl Supplier 2 Commercial supplier NA
X1 Supplier 3 Commercial supplier NA
A NA Collected from Peruvian amazon 14
B NA Collected from Peruvian amazon 45
C NA Collected from Peruvian amazon 32
D NA Collected from Peruvian amazon 54
E NA Collected from Peruvian amazon 16
F NA Collected from Peruvian amazon 60
G NA Collected from Peruvian amazon 87
H NA Collected from Peruvian amazon 64

I NA Collected from Peruvian amazon 41

ND: not determined; NA: not applied;
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Capitulo 2. Relevancia dos quimiotipos em relacdo a genoxicidade e citotoxicidade

dos alcaloides oxinddlicos em Uncaria tomentosa







Introducéo

Reconhecidamente, as atividades imunoestimulante e antitumoral em U.
tomentosa tém sido atribuidas aos alcaloides oxindolicos (HEITZMAN et al., 2005;
ZHANG et al., 2015). O monitoramente inicial do perfil dos alcaloides oxinddlicos em
diferentes anos e estagios de maturidade da espécie revelou uma grande variabilidade
em seu perfil de alcaloides (STUPPNER et al. 1992a). Assim foi proposta a existéncia
de dois quimiotipos em U. tomentosa botanicamente indistinguiveis entre si, a saber,
quimiotipo pentaciclico e tetraciclico (LAUS et al., 1997). Recentemente, a partir da
avaliacdo da constituicdo quimica de 22 amostras de cascas de caule, galhos e folhas
de U. tomentosa de origem Peruana, evidenciou-se que 0s quimiotipos eram ainda
mais especificos na espécie (PENALOZA et al. 2015). Consequentemente, trés
quimiotipos foram verificados em funcdo do perfil de alcaloides oxinddlicos da
espécie: quimiotipo |, composto majoritariamente por alcaloides oxindolicos
pentaciclicos com conformacdo dos anéis D/E em cis (especiofilina, uncarina F,
pteropodina e isopteropodina); quimiotipo IlI, composto majoritariamente por
alcaloides oxindolicos pentaciclicos com conformacdo dos anéis D/E em trans
(mitrafilina e isomitrafilina); quimiotipo 111, composto majoritariamente por alcaloides

oxindolicos tetraciclicos (rincofilina e isorrincofilina).

Em relacdo a atividade imunoestimulante, os alcaloides tetraciclicos e
pentaciclicos possuem efeitos antagonicos (KEPLINGER et al., 1999). Enquanto os
alcaloides oxindolicos pentaciclicos estimularam a proliferacdo de linfocitos T e B em
células endoteliais, os tetraciclicos foram capazes de inibir o efeito estimulante. Neste
tocante, o presente capitulo visou avaliar a influéncia dos diferentes quimiotipos sobre
a citoxicidade e seletividade em células tumorais em comparacdo a células néo-
malignas (leucdcitos humanos) bem como seu potencial genotoxico em celulas néo-

malignas.

O presente capitulo € constituido por artigo cientifico publicado, conforme
referéncia abaixo:

Kaiser S, Carvalho AR, Pittol V, Dietrich F, Manica F, Machado MM, De Oliveira LFS, Battastini
AMO, Ortega GG. 2016. Genotoxicity and cytotoxicity of oxindole alkaloids from Uncaria tomentosa
(cat's claw): Chemotype relevance. J Ethnopharmacol 189: 90-98.
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ABSTRACT

Ethnopharmacelogical relevance: Uncaria tomentosa (Willdenow ex Roemer & Schultes) DC. (Rubiaceae)
or cat's claw is a climber vine from the South American rainforest used in folk medicine for cancer
treatment. Its antitumor activity has been mostly ascribed to pentacyclic oxindole alkaloids ( POA) from
stem bark and leaves while the activity of tetracycic oxindole alkaloids (TOA) remains unknown. In
recent times, the occurrence of three chemoty pes based on its oxindole alkaloid profile was noticed in U
tomentosa, namely, chemotype 1 (POA cis DJE ring junction); chemotype 11 (POA trans DJE ring junction)
or chemotype HI (TOA). Conseguently, the relationship between the chemotype and cyviotoxic and
genotoxic activities deserves attention.

Aim of the study: To evaluate the influence of cat's claw chemotypes on genotoxicity and cytotoxicity
against non malignant and malignant human cell line models.

Material and methods: Four authentic stem bark cat's claw samples (545 and two leaf samples (L, and
L) were analyzed by HPLC-FDA, properly extracted and fractioned by ion-exchange to obtain oxindole

alkaloid purified fractions {OAPFs). The freeze-dried fractions were assayed for genotoxicity and cyto-
toxicity against human leukocytes (non malignant cell line) by the micronuclei frequency method and
the alkaline comet DMNA assay, and the trypan blue method, respectively. Moreover, the cytotoxicity of
each OAPF was evaluated against a human bladder cancer cell line (T24) and human glioblastoma cell
line (U-251-MG) by MTT method (malignant cell lines). Additionally, the isomerization of oxindole al-
kaloids throughout the course of cell incubation was monitored by HPLC-PDA.

Resulis: Based on HPLC-PDA analyses, sample 5, was characterized as chemotype I, while samples &, and
Rhynchophylline (PubChem CID: 5281408) Li were characterized as chemotype I, and samples S, Swv and L as chemotype 111 The chemotypes
tsorhynchophylline (PubChem CID: showed comparable cytotoxic activity toward malignant cell lines (T24 and U-251-MG) unlike human
3037048) leukocytes (non malignant cell line), where this activity was clearly distinct. Chemotype Il (POA trans DJE
ring junction) showed a higher selectivity index (51) against malignant cells (51=111-3.04) than che-
motype 1 (SI=0.10—0.19) and Il (51=0.21-057). No important genotoxic potential was found by mi-
cronuclei frequency and alkaline comet DNA assays. Despite the isomenzation of oxindole alkaloids
during the cell incubation, the chemotype of the cat's claw samples remained unchanged.

Conclusion: Cat's claw chemotypes showed different selectivity against human malignant cells, so that
the correct identification of each chemotype seems to be important to better understand its antitumor
potential.

Chemical compounds studied in this arvicle:
Mitraphylline {PubChem CID: 94160)
Isomitraphylline (PubChem CID: 11726520)
Speciphylline (PubChem CID: 168985)
Uncarine F {PubChem CID: 12304288)
Preropodine { PubChem CID: 10429112)
Lsopteropodine {PubChem ClD: 9885603)

@ 2016 Elsevier Ireland Lrd. All ights reserved.

Abbreviations: POA, pentacyclic oxindole alkaloids; TOA, tetracydic oxindole al- 1. Introduction
kaloids; QAPFs, oxindole alkaloid purified fractions; T24, human bladder canaer cell

line; U-251-MG, human glioblastoma cell line; S, selectivity index; SPEC, spedo-
phylline; UNCF, uncarine F; PTER, pteropodine; ISFTER, isopteropodine; MIT, mi-
traphylline; ISMITR, isomitraphyline; RHY, rhynchophylline ISRHY, s0-
rhynchoplylline; S, stem bark samples: L, leaf samples; CE, crude extract
* Corresponding author.
E-mail address: samokaiser@yahoo.combr (5. Kaiser)

hitp: {/dx doi. or g/ 101016 jep2016.05. 026
0378-8741 /2 2016 Elsevier Ireland Lid. All rights reserved.
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Uncaria tomentosa (Willdenow ex Roemer & Schultes) DC
(Rubiaceae), popularly known as cat's claw or “Ufia de Gat”, is a
climber vine from the South American rainforest traditionally
employed as immunostimulant, anti-inflammatory and also for
cancer treatment (Heitzman et al, 2005; Keplinger et al., 1999;
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Pentacyclic oxindole alkaloids (POA)
B.HS

cis D/E ring junction (four diastomeric forms)

speciophylline
Configuration:
3R, 75, 155, 188, 205

pteropodine
Configuration:
35, 7R. 158, 195, 205

uncarine F
Configuration:
3R, 7R, 155, 195, 205

isopteropodine
Canfiguration:
35,75 155, 185, 205

trans DIE ring junction (two diastomeric forms)

mitraphylline
Configuration:
35, 7R, 188, 185, 20R

—n

isomitraphylline
Configuration:
38, 75, 185, 185, 20R

Tetracyclic oxindole alkaloids (TOA)

rhyncophylline (R = ethyl group)
corynoxeine (R = vynil group)
Canfiguration:
35, 7R 155, 20R

isorhyncophylline (R = ethyl goup)
isocorynoxeine (R = vynil group)
Caonfiguration:
15, 75 155 20R

Fig L Main oxindole alkaloids reported in cat's daw and their isomerization prooess,

Zhang et al., 2015). Antitumor activity has been mostly ascribed to
its stem bark oxindole alkaloids (Heitzman et al, 2005; Kaiser
et al, 2013a; Pilarski et al, 2010), which can occur as pentacyclic
(POA) or tetracydic (TOA) derivatives (Fig. 1). Both POA and TOA
are susceptible to isomerization. The isomerization rate depending
on pH, temperature and medium polarity (Laus et al., 1996). For
POA with trans DJE ring junction, isomerization leads to one pair of
interconvertible diastereomeric forms (mitraphylline and iso-
mitraphylline ), while for POA with cis D/E ring junction undergoes
isomerization to four interconvertible diastereomeric forms (spe-
ciophylline, uncarine F, pteropodine and isopteropodine) (Laus
et al., 1996). Concerning TOA, two pairs of interconvertible dia-
stereomeric forms are found, which differ in the group attached at
C-20 (ethyl group - rhyncophylline and isorhyncophylline; vinyl
group - corynoxeine and isocorynoxeine) (Laus et al., 1998).

The occurrence of two chemotypes in cat's claw based on its
oxindole alkaloid profile (chemotype POA or TOA) was first re-
ported by Laus et al. (1997). Recently, three specific chemotypes
were found from the study of the chemical variability of a wild
population of cat's claw from the Peruvian Amazon (Penaloza
et al, 2015). These chemotypes were named as chemotype I,
composed mainly by POA with cis D/E ring junction; chemotype II,
composed mainly by POA with trans D/E ring junction; and che-
motype Il composed mainly by TOA

The occurrence of an antagonistic effect between TOA and POA
has been reported. POA was able to stimulate the endothelial cells
in vitro to produce a lymphocyte-proliferation-regulating factor,
while the increased TOA concentration in the medium inhibited
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the factor production (Keplinger et al., 1999; Wurm et al, 1998).
Probably based on these findings, the U. 5. Pharmacopeia limited
the TOA content to 0.05% (w/w) of the dried raw material, and up
to 25% (w/w) in relation to the POA content in the cat's claw de-
rivatives such as powdered dried extract, capsules and tables {USF,
2016). On the other hand, against human peripheral blood
mononuclear cells (PBMC) stimulated with phytohaemagglutinin
and concanavalin A, both POA and TOA showed similar suppres-
sion activity in immunobiochemical pathways induced by inter-
feron-y (Winkler et al., 2004). Thus, the antagonistic effect of TOA
in relation to POA needs to be darified.

Cat's claw preparations are considered effective and safe as a
phytomedicine for human use, without major restrictions re-
garding their acute toxicity, genotoxicity or cytotoxicity (Keplinger
et al,, 1999; Romero-Jiménez et al, 2005; Valerio Jr and Gonzales,
2005). Despite the antitumor activity found for cat’s daw quinovic
acid glycosides (Dietrich et al, 2014), it has been mostly reported
for the cat's claw oxindole alkaloids (Heitzman et al, 2005; Kaiser
et al., 2013a; Pilarski et al., 2010; Zhang et al, 2015). However the
effect of the different oxindole alkaloid profiles found in cat's claw
on antitumor activity remains unknown. Thus, the present study
aims to evaluate the influence of the cat's claw chemotypes on the
genotoxicity and cytotoxicity against human non malignant cell
line (human leukocytes) and cytotoxicity against human malig-
nant cell lines (T24 human bladder cancer cell line and U-251-MG
human glioblastoma cell line).
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2. Material and methods
2.1. Plant material and extraction procedure

Four authentic cat's claw stem bark samples (5-Sy) and two
leaf samples (Ly-Ly) were collected from the Peruvian Amazon
(Movember 2012) and certified by |. R. Campos De la Cruz {Museo
de Historia Matural de la Universidad Nacional Mayor de San
Marcos, Lima, Peru) (Table 1). The botanical vouchers were de-
posited at the Herbarium of Universidade Federal do Rio Grande
do Sul (Porto Alegre, Brazil). All samples were comminuted in a
cutter mill {SK1 Retsch, Germany) after drying at 40 *C in an air-
circulating convection oven (Memmert, Germany), and extracted
to obtain the maximum yield of oxindole alkaloids (Kaiser et al,
2013b). Separately, 10 g of powdered samples were extracted by
2-h dynamic maceration in a magnetic stirrer at 300 rpm (IKA RH
basic 1, Germany) with hydroethanolic solution 63% (v/v) at a
plant: solvent ratio of 0.5:10 (w/v). The resulting solutions were
filtered through paper filter (Paper filter Whatman no. 2, UK),
concentrated under vacuum at 40 *C up to half of their original
weights (Bichi R-114, Germany), and immediately freeze-dried
(Modulyo 4 L, Edwards, USA). For comparative purposes, the crude
extract from Sy (CESy) was used in the genotoxidty and cytotoxi-
city evaluation.

22, Obtaining the oxindole alkaloid purified fractions (OAPFs)

Oxindole alkaloid purified fractions were obtained separately
from the crude extracts of each stem bark {S,-Spy) and leaf (L, and
L) samples by ion-exchange fractionation as previously described
(Kaiser et al., 2013a). Aliquots of crude extract (200 mL) were
mixed with 0.8 g of crossliked Polyvinylpyrrolidone (PVPF) (Di-
vergan RS, BASF, Germany) and stirred magnetically at 300 rpm for
1h at room temperature (234 1*C). This mixture was filtrated
through paper filter and acidified with formic acid solution (10%,
v/v) to pH 3.0. After, acidified filtrated was submitted to ion-ex-
change process using a glass column (2.7 = 50 cm) previously filled
with 30 g of strong anionic resin (Dowex Marathon, Sigma Aldrich,
USA) and drained off at constant flow (5 mL/min). Non-adsorbed
compounds were washed out with 150 mL of hydroethanolic so-
lution 40% (v/v) and discarded. The column was washed with
300 mL of ammonium acetate buffer 0.3 M (pH 7.0) for resin
neutralization. Finally, the oxindole alkaloids were extracted from
resin with 300 mL of hydroethanolic solution 80% (v/v). The first
40-mL subfraction was drained off, and the next 260 mL contain-
ing the oxindole alkaloids were acidified with formic acid solution
10% (vfv) o pH 5.5, concentrated under vacuum up to 50 mL at
40°C and immediately freeze-dried. All alkaloid fractions (5-Sw;
Ly and L) were obtained by pool of three consecutive batches
from purification process.

23. Oxindole alkaloids analysis

The oxindole alkaloids were assayed employing a previously
validated HPLC-PDA method (Kaiser et al, 2013c) using mi-
traphylline as external standard (Phytolab, Germany). A Gemini-
NX RP-18 column (250 = 4.6 mm id., 5 pm) (Phenomenex, USA)
protected by an RP-18 guard column was used as stationary phase.
Ammonium acetate buffer 10 mM (pH 7.0) and acetonitrile were
used as mobile phase in a linear gradient program. The tempera-
ture (23 °C) and the flow rate (1.0 mL{min) were kept constant
throughout the analysis. All samples were properly diluted in
acetonitrile: water solution {50:50, vjv), and filtered through a
0.45 um membrane {Millipore, USA) prior to analyses. The total
oxindole alkaloid content was determined in miplicate and ex-
pressed by the sum of individual alkaloid contents (speciophylline,
uncarine F, pteropodine and isopteropodine - POA with cis DJE
ring junction; mitraphylline, isomitraphylline - POA with trans DJE
ring junction) for POA, and (rhyncophylline and isorhyncophyliline)
for TOA.

24. Genotoxicity and cytotoxicity evaluation against human
leukocytes

24.1. Cellular proliferation and viability assay

Human leukocyte cultures were prepared using 500 pL of ve-
nous blood collected by wvenipuncture from a male volunteer
(survey approved by the Ethics Committee of the Federal Uni-
versity of Santa Maria, letter of approval number: 23,081) and
immediately transferred to RPMI 1640 medium supplemented
with 10% fetal bovine serum, 1% streptomycin/penicillin and 1% of
phytohemaglutinin (Dos Santos Montagner et al, 2010). First the
dose-effect cytotoxicity of the OAPFs (5,-Spy; Ly and Ly) in leuko-
cytes was evaluated. Concentrations ranging from 187 to
935.4 pM for all purified fractions and 1.2-59.5 pM for crude ex-
tract from Sy{CESy) expressed by total axindole alkaloid content
(sum of POA and TOA contents) in relation to weighted molecular
weight (Eq. (1)) were prepared in phosphate buffered saline (PBS,
pH 7.2).

WMW = (MWpqs x (POA/100)) + (MWros x (XTOA(100) (1)

where WMW, MWpg, and MW s represent the weighted mole-
cular weight, POA average molecular weight (368 426 g/mol), TOA
average molecular weight (384.469 g/mol), respectively, while %
POA and %¥TOA represent the percentage of POA and TOA in rela-
tion to total oxindole alkaloid content.

The leukocyte cultures were maintained at 37 °C in a humid
atmosphere saturated with 5% CO,. After 72 h, cell viability was
determined by the trypan blue method (Burow et al, 1998) em-
ploying PBS (pH 7.2) as negative control. The viable cells were
determined by counting in a Neubauer chamber and the results
were expressed as the percentage of cell viability in relation to

Table 1
Detailed grographic coordinates of the cat's daw samples used in the study.
Sample Region GPS coordinates Voucher Chemotype
Latitude (deg) Longitude (deg)
Stem bark (51) Padre Abad-Ucyali-Peru -9.018 —75.489 ICN 157760 1 (POA with s DJE ring junction)
Stem bark (S}’ Puerto Inca-Hudnuco—Peru —-9.135 —75.009 ICM 157757 I {FOA with trans DJE ring juncton)
Stem bark (S José Crespo y Castillo-Hudnum—Peru —-9.125 —76.041 ICN157761 1 (TOA)
Stem bark (Spy) Padre Abad-Ucyali-Peru —9.145 —75.778 ICN 157759 1 (TOA)
Leaf (Ly)" Puerto Inca-Hudnuco—Peru —-9.135 —75.009 ICN 157,757 I {FOA with trans DJE ring juncton)
Leaf (L) José Crespo y Castillo-Hudnum—Peru 9125 —76.041 ICN157761 1 (TOA)

' Srem bark and leaf samples collected from same plant (1),
Z srem bark and leal samples collected from same plant (1),
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negative control group by means of three independent experi-
ments. A four-parameter Weibull non-linear model (Curve Expert
1.3 software ) was applied to estimate the inhibitory concentration
of 50% (ICsg).

For the genotoxicity evaluation (alkaline comet DNA assay and
micronuclei frequency) of the OAPFs, three concentrations were
employed for each purified fracton (18.7 pM, 1871 pM and
9354 pM) and CESy (1.2 pM, 11.9pM and 595 pM). Phosphate
buffered saline (PBS, pH 7.2) was employed as negative control.

24.2. Micronudei frequency assay

The leukocyte samples were placed in a conical tube with sal-
ine and centrifuged twice in 1000 rpm for 5 min About one mil-
liliter containing the cell pellet was drained off and spread over a
glass slide in replicate, and allowed t dry at room temperature,
Slides were stained by the panoptic method {Schmid, 1975), and
analyzed by optical microscopy in immersion lens. Each result
expressed a 1000 cell-count

24.3. Alkaline comet DNA assay

The alkaline comet DNA assay was performed as previously
described (Singh et al., 1988; Tice et al, 2000). After incubation,
leukocyte samples were mixed with low-melting point agarose
and placed on a microscope slide pre-coated with normal melting
point agarose. The slides were immersed in a lysis solution, and
the electrophoretic analysis was performed at 300 mA and 25V
during 20 min The slides were neutralized, allowed to dry at room
temperature overnight, re-hydrated for 10 min, and dried again as
before. The last stage was the coloring and the use of stop solution.
The slides were analyzed under blind conditions. The DNA damage
index {DI) was calculated based on two criteria: completely un-
damaged (100 cells = 0), and maximum damaged (100 cells = 4).

25, Cytotoxicity against human malignant cells

The T24 human bladder cancer cell line (American Type Culture
Collection — ATCC, USA) and U-251-MG human glioblastoma cell
line (Sigma, USA) were maintained, respectively, in RPMI, and
DMEM culture media, both supplemented with 05 U/mL peni-
cillin/streptomycin and with 10% (v/v) fetal bovine serum. Sepa-
rately, the cell lines were plated (96-well plate) at 3 = 10° (T24)
and 8 x 10° (U-251-MG) per well, and treated with the working
samples after reaching semi-confluence. About 7 mg of each OAPF
sample (S5-Sp; Ly, Ly and CESy) were dissolved in 100 pL of DMSO
(Sigma-Aldrich), and properly transferred to a 96-well plate to
yield concentrations ranging from 46.8 to 374.2 pM for OAPFs, and
2.97-23.74 pM for the CESy. The culture medium (cell viability
control) and DMSO (solvent control) were used as negative con-
trols. Cisplatin (Sigma-Aldrich, USA) was used as positive control
(5.0 pg/mL). The cell cultures were maintained at 37 °C, in a humid
atmosphere saturated with 5% CO.. After 48 h incubation, cell
viability was determined by the MTT method (Mosmann, 1983 ).
Absorbance was measured at 570 and 630 nm using an ELISA plate
reader (Spectramax M5, Molecular Devices, USA), and the results
were expressed as cell viability percent in relation to the solvent
control group by means of three independent experiments. A four-
parameter Weibull non-linear model {Curve Expert 1.3 software)
was applied to estimate the inhibitory concentration of 50% (ICsg).

26. Monitoring of oxindole alkaloid profile throughout the cell
incubation

Each OAPF sample (5-5n; Ly and Lyy,) was properly dissolved in
PBS (pH 7.4) to obtain a final concentration of 187.1 pM. Separately,
100 pL aliquots were collected at the initial time and after 24 h of
incubation in a humid atmosphere saturated with 5% CO,, at 37 °C.
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Each sample was appropriately diluted tenfold with acetonitrile:
water (50:50, v/v), and the individual alkaloid contents were de-
termined by HPLC-PDA (Kaiser et al., 2013¢).

2.7. Statistical analysis

The results were statistically evaluated by the Snedecor f-test
for variance, followed by the Student t-test (Microsoft Excel soft-
ware), and p = 0.05 values were considered significant.

3. Results and discussion
3.1. Plant material characterization

Together with two cat's claw chemotypes previously re-
cognized by their oxindole alkaloid profiles (Laus et al., 1997), a
third chemotype was recently detected in wild populations of the
specie (Pefialoza et al, 2015). In the present work, the stem bark
samples 5, and S, were characterized as POA chemotype with cis
(chemotype I) and trans (chemotype II) DJE ring junction, re-
spectively, while S;; was characterized as TOA chemotype (che-
motype III) (Fig. 2). Likewise, the leaf samples L; and Ly, were
characterized as POA chemotype with trans DJE ring junction
(chemotype II) and TOA chemotype (chemotype III), in that order.
The cat's claw chemotype seems to be more clearly defined in Ly
and Ly than in 5y and Sy, (Fig. 2). This may be due to the fact the
biosynthesis of these oxindole alkaloids occurs in leaves first, be-
fore they are distributed to other organs of the plant, where they
undergo isomerization and bioconversion (Laus et al., 1997; Pe-
naloza et al., 2015). Although POA and TOA contents were quite
similar in sample Sp, it was classified as TOA chemotype (che-
motype III) owing to the high content of the latter. Among all
selected samples, only Sy, 5y and Ly, (POA cis and trans chemotypes)
showed a TOA content lower than 0.05% (w/w), thus fulfilling this
U. S. pharmacopeia quality requirement (USF, 2016).

32. Obtaining and characterization of oxindole alkaloid purified
fractions (OAPFs)

The fractionation method applied consisted in a multiple step
ion-exchange process which avoids oxindole alkaloids isomeriza-
tion allowing suitable yields, recovery and reproducibility, such as
previously reported (Kaiser et al, 2013a). Although all samples
were fully identified as U tomentosa, the total alkaloid contents
found in OAPFs were dissimilar among them (Table 2). Actually,
these alkaloid contents ranged from 19.66% to 87.89% (wjw) and
seemed unrelated to any of the chemotypes analyzed.

33, Cytotoxicity and genotoxicity evaluation against human
leukocytes

Human leukocytes represent a recognized model aiming at the
evaluation of cytotoxicity and genotoxicity in non malignant cells.
Since other active substances occurring in the ethanolic crude
extract from cat's daw stem bark can hinder univocal conclusion,
the crude extract from Sy (CESy,) was also included this experi-
ment. Concentrations ranging from 18.7-9354pM and
1.2-59.5 pM, respectively were employed for the cytotoxicity
evaluation of the purified fractions (OAPFs) and crude extract
(CESy) (Fig. 3A). It is noteworthy that, against human leukocytes
the oxindole alkaloids from cat's daw showed significant cytotoxic
activity. Thus, cell viability decreased significantly even after
treatment with the lowest concentration of 18.7 pM of S, Sy and
L. Comparable activity was noticed for Sy, Sy and Ly, but at a
concentration higher than 187.04 pM. The 1Cs, values calculated
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Fig. 2. Chromatographic profiles {245 nm) of tetracyclic {TOA) and pentacyclic oxindole alkaloids { POA) found in the different cat's claw chemoty pes: chemotype | (POA with
as DfE ring junchion) (A} chemotype 11 {(POA with trans DfE ring junction) (B;E); chemotype I {TOA) (C:D:F) Speciophylline (SPEC) BT: 12.7 min; uncarine F {UNCF) RT:
16.7 min; pteropodine (PTER) RT: 24.1 min; isopteropodine (ISPTER) RT: 341 min — POA with ds DE ring juncton; mitraphylline (MIT) RT: 17.8 min; isomitraphylline
(ISMITR) RKT: 230 min — POAwith frans D/E ring junction; rhynchophylline (RHY ) BT: 19.1 min; isorhynchophylline (ISRHY) RT: 26.3 min — TOA

from a four-parameter Weibull equation ranged from 33.80 t
736.23 pM for OAPFs, and 44.32 pM for CE (Table 3). Since the
total alkaloid content of OAPF from Sy (75.16%, wjw) was clearly
higher than that found in CES; (4.45%, w/w), the lower I1Csp value
of CES, compared to 5y suggests that other compounds present in
the CESy, such as quinovic acid glycosides and polyphenols can
also contribute to the cytotoxic activity (Dietrich et al, 2014). In
addition, the dissimilar cat’s claw chemotypes showed different
cytotoxicities against human leukocytes. Chemotype I (S;) showed
higher cytotoxic activity when compared to chemotype II (S, and

Table 2

Ly) and chemotype I (S, Sy and Ly;). Therefore, the cytotaxicity
of the cat's claw samples against human leukocytes, a non ma-
lignant cell model, seems to be closely related to pentacyclic oxi-
ndole alkaloids with cis D/E ring junction (speciophylline, uncarine
F. preropodine and isopteropodine). It should be mentioned that
no significant cytotoxic effect was previously reported for cat's
claw oxindole alkaloids by other non malignant cell line models.
Rinner et al (2009) did not found significant reduction in the
viability of human skin fibroblast cells (HF-SAR) after 48 h of in-
cubation with 200 pM of pteropodine and isopteropodine. On the

Chemical constitution of aude extract obtained from cat's claw stem bark (CESn) and oxindole alkaloids purified fractions (OAPFs) obtained fromcat’s claw stem bark (5-5w)

and leaf samples (L and L)

Sample Total oxindole alkaloid

Total POA with cis DJE ring

Total POA with rans DJE ring TOA content (g%)" TOA/POA ratio  Chemotype

content {gE)* junction content (g%)" Junction content (g%)°

& 19,66 + .90 18.61 = .70 105 +0.20 NI MA 1 (POA with cis DJE ring
Junchon)

Sn 73.16+ 3.26 46.56 = 193 2868 = 1.34 WD MNA I {POA with rans DJE
ring junchon)

Sm 5449+ 550 511 =035 1823 + LG7 3115 = 385 133 + 010 1 (TOA)

Sne 8789+ 1042 36.52 + 461 1131 = 1.26 40,06 + 4.56 0.84 +0.01 1 (TOA)

Ly 5630+ 1.52 4325 + 018 5206 + 1.34 NI MA 1 {POA with rans DfE
ring juncton)

Lm 83,60+ 5.50 377 +020 634 +0.63 7348+474 725+ 023 1 (TOA)

CESn 445+ 0,10 249+ 005 197 +0.05 WD MNA I {POA with rans DJE
ring junchon)

Mean +standard deviation of three consecutive batches (X + 5D, n=3); POA: pentacyclic oxindole alkaloids; TOA: tetracyclic oxindole alkaloids; ND: Not detected; NA: Not

applicable.

* Obtained by the sum of total POA and TOA contents.

P Obtained by the sum of individual alkaloid contents (speciophylline, uncarine F, pteropodine and isopteropodine 4
© Obtained by the sum of individual alkaloid contents (mitraphylline, somitra phy lline).

4 Dbtained by the sum of individual alkaloid contents (rhyncophylline and isor lwncophylline).
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Fig. 3 Leukocyte viability assay (A) and micronudei frequency assay (B) after reatment (72 h) with stem bark aude extract (CES;;} and oxindole alkaloid purified fradions
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trans DfE ring jundion); Sm, S and Ly: chemotype 0 (tetracyclic axindole alkaloids (TOA)).

Table 3
Inhibitory concentration 50% values (1C; o) of stem bark crude extract (CESp) and oxindole alkaloids purified fracions S-Sy Ly and L) evaluated in human bladder cancer
cell line (T24), human glioblastoma cell line (U-251-MG) and human leukocytes, respectively.

Sample ICag (b} Chemotype

T24 U-251-MG Human leukocytes
5 181.68 + B36% (51=0.19) 35164 = 767% (S1=010) 33,80 + G10° 1 (POA with ds DJE ring junction)
Sp 24188 + 60420 (51=3.04) 35363 + 3827 (SI=2.08) 73623+ 76.93" 1 {POA with trans DJE ring junction)
Sm 26397 + 53.54* (51=0.57) 32758 + H2.75% (S1=046) 149,63 + 14.48° 1 [TOA)
Snv 26505 + 47.16°" (S1=043) 37430 + 34.78% (S1=030) 112.80 + 31.00°° 1 (TOA)
Ln 729,19 + 26.10" (S1=1.95) 403.50 + 33.54° (SI=1.11) 446.18 + 30,639 1 {POA with trans DJE ring junction)
Lm 197.79 + 068" (S1=0.43) 398,69 + 213% (S1=021) 8509 + 713% 11 (TOA)
CESn 9,54 + 0.89° (SI=4.64) NI 4432 + 209" I (PO with trans DJE ring junction)

Mean +standard deviation of three independent experiments (X + 5D, n=3); selectivity index value S1=1Csq human leukocytes/ICso T24 or U-251-MG el lines; NI: No
inhibitory activity at concentration range evaluated (297 — 23.74 pM ) expressed as total oxindole alkaloids content present in the extract. **54%y me letters indicate results
statistically equivalents by Student (-test (p = 0.05) for each cell line evaluated.

of all samples, excepting Ly and CESy, where no significant in-
crease could be observed (Fig. 3B). The higher micronuclei fre-
quency was noted with S; (chemotype I), followed by Sy (che- g
motype III) and Ly, (chemotype II). Moreover, from the comet assay
data, no significant DNA damage was found either after treatment
with OAPFs or with CESy (Fig. 4). Previous studies performed with
cat's claw preparations from stem bark also revealed weak geno-

other hand, Muhammad et al. (2001) found different ICsy values T
after the incubation of VERO cells with oxindole alkaloids with dis el
D/E ring junction. Speciophylline showed lower ICs; walue
(39 pg/mL equivalent to 106 pM) compared to pteropodine 5 T
(higher than 50 pg/mL equivalent to 136 pM) and isopteropodine, ; s
which was inactive in the concentration range evaluated. E

Micronudei frequency, an important indicative of DNA muta- 5 *
genesis, was increased significantly after treatment with 935.4 pM E 2

NG & & S S Ly Ly cesy

Fig. 4. Comet assay after treatment with stem bark cude extract (CESg) (119 pM)
and oxindole alkaloid purified fractions (18.7 M) obtained from stem bark (5-Sq)
and leaves (Ly and Ly ) of the different cat's claw chemotypes (n=3). 5: chemoty pe
1{pentacyclic oxindole alkaloids (POA)with os D(E ring junction); S, Lo and CESq:

toxic potential (Romero-Jiménez et al., 2005; Valerio Jr and Gon-
zales, 2005). Therefore, both OAPFs and CESy showed weak DNA
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chemotype 11 (FOA with trans DE ring junction); Sy, Sp and Ly chemotype 11
(tetracyclic oxindole alkaloids (TOA)).
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damage in the concentration range evaluated, and no clear re-
lationship could be found between the different chemotypes and
genotoxicity against human leukocytes.

34. Cytotoxicity evaluation against human malignant cells

The antitumor activity of cat's claw has been mostly ascribed to
axindole alkaloids (Heitzman et al, 2005; Kaiser et al., 2013a; Pi-
larski et al., 2010; Zhang et al., 2015), but without any distinction
among chemotypes. On this occasion, the cytotoxicity of the cat's
claw chemotypes was evaluated against human bladder cancer
(T24) and human glioblastoma (U-251-MG) cell lines. From a four-
parameter Weibull equation, the ICsp value estimated for T24 cell
line ranged from 18168 to 267.05 pM for OAPFs, and 9.54 puM for
CES;; (Table 3). For the U-251-MG cell line, it ranged from 351.64 to
40350 pM for OAPFs, CES; being ineffective (Table 3). As pre-
viously reported {Dietrich et al., 2014), the quinovic acid glycoside
purified fraction from cat's claws showed a higher cytotoxic po-
tential against human bladder cancer cell line {T24) compared to
oxindole alkaloid purified fraction. On the other hand, the cyto-
toxicity of CES, against the human glioblastoma (U-251-MG) cell
line was much weaker (non significant) than all the OAPFs eval-
vated. Therefore, these results suggest some relationship between
this activity and the high content of oxindole alkaloids found in
those fractions.

The grouped ICsp values against malignant cell lines (T24 and
U-251-MG) and non malignant cell line (human leukocytes) re-
vealed that all cat's claw chemotypes were effective against both
malignant cell lines (Figs. 5A and B), but they showed different

cytotoxicity against a non malignant cell line (Fig. 5C). Conse-
quently, chemotype II (S;) was more selective (selectivity index
(S1)= 1) against malignant cell lines, when compared to chemo-
type I (Sp and Ly) and chemotype Il {TOA) (selectivity index
(S1) = 1) (Table 3). In addition, any antagonistic effect between POA
and TOA could be verified for antitumor activity against the cell
lines evaluated differenty from the behavior observed in relation
to immunomodulatory activity ( Keplinger et al., 1999; Wurm et al,
1998). However, the presence of TOA in the alkaloid profile seems
to decrease its selectivity against the malignant cell lines, as could
be verified from Sy, (S1=0.30-043; Chemotype IIl), that presents
an equivalent content of POA and TOA, compared to Sy
(S1=2.08 - 3.04; Chemotype II) composed only by POA (Figs. 2B, D
and Table 3).

35. Monitoring of oxindole alkaloid profile throughout the cell
incubation

Isomerization of oxindole alkaloids has been often reported
and its rate is dependent of pH, solvent polarity and temperature
of the medium (Laus et al, 1996). About cat's claw oxindole al-
kaloids, their isomerization was recently reported in cell viability
assays performed in buffered medium at pH 7.4, at 37 °C (Kaiser
et al., 2013a). In the present work, a similar outcome was found,
namely, the individual concentrations of POA and TOA also varied
through the 24 h-incubation, until a new equilibrium among iso-
mers was reached (Figs. 6A and C). As can be seen, the individual
content ratios of the oxindole alkaloids were originally different,
but they became equivalent after 24 h of incubation. Nonetheless,
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Fig. 5. Bax-plot of IC5q values obtained from the evaluation of oxindole alkaloid purified fractions (DAPFs) against human bladder cancer cell line (T24) (A} human
glioblastoma cell ling (U-251-MG) (B) and human leukocytes (CL *° Same letters indicate statistically equivalent results by Student t-test (p=0.05) for each cell line
evaluated. Chemotype 1 (pentagydic oxindole alkaloids (POA) with cis DJE ring junction; 5)% chemotype I (POA with trans DE ring junction; Sp Lp)k chemotype 1
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phylline (RHY) isorhynchophylline (ISRHY) individual contents ).

the original DJE junction ring conformation of each type of isomer
remained unaffected as well as the original chemotype attributed
to each sample (Figs. 6B and D). For instance, speciophylline, un-
carine F, and pteropodine were isomerized to isopteropodine.
Hence, even after isomerization the cs D(E ring junction was
preserved, consequently sample S, continue to belong to chemo-
type . Likewise, the trans DJE ring junction remained unaffected in
samples Sy and Ly, despite the isomerization of mitraphylline to
isomitraphylline, consequently chemotype Il remains unchanged.
Regarding samples Sy, Sy and Ly from chemotype I (TOA), the
conversion of isorhyncophylline to rhyncophylline also did not
alter the initial chemotype of the samples.

4. Conclusions

The cat's claw chemotypes (I, Il and IIT) showed similar cyto-
toxicity against malignant cell lines evaluated (T24 and U-251-
MG). On the other hand, chemotype 1 (POA with cis DJE ring
junction) followed by chemotype III (TOA) showed higher cyto-
toxic potential against the non malignant cell line evaluated { hu-
man leukocytes) when compared to chemotype II (POA with trans
DJE ring junction). Consequently, chemotype I1 was more selective
against malignant cell lines. Concerning genotoxicity, no major
alteration was found in the micronuclei frequency or DNA damage
index after treatment with the different cat's claw chemotypes in
their effective cytotoxic concentration range against malignant or
non malignant cell lines. Only after treatment with 9354 pM were
verified significant increases in the miconuclei frequency. Al-
though alkaloid isomerization was found throughout the cell in-
cubation, the original cat's claw chemotype of each sample re-
mains unchanged. Therefore, selection and definition of the ade-
quate cat's claw chemotype seems to be very important for
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antitumor activity, since it influences cytotoxic selectivity against
malignant cells.
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Capitulo 3. Influéncia da complexacdo com ciclodextrinas sobre a isomerizacdo dos

alcaloides oxinddélicos de Uncaria tomentosa







Introducéo

Os alcaloides oxindolicos de U. tomentosa apresentam elevada susceptibilidade a
isomerizacdo em solugédo sendo a velocidade dependente do pH do meio, polaridade
do solvente e temperatura (LAUS et al., 1996). Em decorréncia disso, a isomerizacao
pode ocorrer durante 0 processo extrativo e até mesmo durante incubacdo dos
alcaloides oxinddlicos sob condi¢Ges normalmente utilizadas em experimentos com
cultura de células (KAISER et al., 2013a; KAISER et al., 2013c). Consequentemente,
com a alteracdo do perfil de alcaloides em funcdo do periodo de incubacdo ndo é
possivel estabelecer uma relacdo entre 0 mesmo e a atividade observada. Em estudo in
silico via docking molecular foi possivel demonstrar que a mitrafilina apresenta maior
afinidade ao sitio de ligacdo da enzima diidrofolato redutase, um importante alvo para
moléculas com potencial antitumoral e antimicrobiano, em relacdo aos demais
alcaloides oxindodlicos (KOZIELEWICZ et al., 2014). Contudo, preservar a mitrafilina

em solucdo sem que ocorra sua isomerizacao a isomitrafilina é muito dificil.

A complexacdo com ciclodextrinas pode minimizar efetivamente a degradacao e
a isomerizagdo de moléculas labeis, como é o caso da astilbina e do trans-resveratrol
(BERTACCHE et al., 2006; ZHANG et al., 2013). Assim o presente capitulo visou
avaliar a influéncia da complexacdo com ciclodextrinas sobre a isomerizagdo dos

alcaloides oxindolicos de U. tomentosa.

Este capitulo é apresentado na forma de artigo a ser submetido para publicacéo

em periddico relevante que se enquadre no escopo do presente estudo.
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ABSTRACT

Introduction — The Uncaria tomentosa or cat’s claw is composed mainly by
polyphenols, quinovic acid glycosides, tetracyclic (TOA) and pentacyclic oxindole
alkaloids (POA), to which have been assigned important biological activities, such as
immunostimulant and the antitumor. However, the oxindole alkaloids are susceptible
to isomerization even in the cell incubation conditions. In contrast, the cyclodextrins
(CD) are able to reduce not only the degradation, but also the isomerization of
compounds mainly due to their ability for inclusion of the labile moiety of compound

into hydrophobic cavity.

Objective — To evaluate the effect of cyclodextrins on the isomerization of the
oxindole alkaloids from cat’s claw under incubation conditions commonly used in the

culture cells experiments.

Material and Methods — An authentic cat’s claw stem bark sample was properly
extracted and submitted to ion exchange process to obtain an oxindole alkaloids
purified fraction (OAPF). Excessive amounts of OAPF (5 mg) were used in the phase-
solubility studies with B-CD (1 — 10 mM), HP-BCD (2 — 20 mM) and SBE-BCD (2 —
20 mM). After, the oxindole alkaloids/SBE-BCD solid complex and a coresponding
physical mixture obtained from freeze drying and spatulation, respectively, were
properly characterized by DSC, FT-IR, SEM and their oxindole alkaloids content was
determined by HPLC-PDA. The isomerization kinetics of oxindole alkaloids in the
OAPF, solid complex and physical mixture was evaluated under cell incubation (PBS
10 mM pH 7.4) at 37 °C.

Results — The oxindole alkaloids/CD and oxindole alkaloids/HP-BCD phase-
solubility diagrams indicate that complexes obtained showed limited aqueous
solubility or negative deviation from linearity. On the other hand, the oxindole
alkaloids/SBE-BCD phase-solubility diagram showed linear relationships between
increases in the aqueous solubility of oxindole alkaloids (POA and TOA) and SBE-
BCD concentration, characteristic of A_-type curve. A stoichiometric ratio of 1:1 were
obtained for both POA (Ks 122.47 M) and TOA (Ks 25.57 M1) with enhancement of

128



2.92 and 1.33 fold in the aqueous solubility of POA and TOA, respectively, in the
presence of 20 mM of SBE-BCD, in comparison with their intrinsic solubility. The
contents of oxindole alkaloids found in oxindole alkaloids/SBE-BCD solid complex
and physical mixture were 7.3 % (w/w) and 11.1 % (w/w), respectively and their
characterization by DSC and FT-IR suggest that complexation occurs even in solid
state. Moreover, the complexation of oxindole alkaloids with SBE-BCD reduced the

isomerization rate of oxindole alkaloids under cell incubation conditions.

Conclusions — The complexation of oxindole alkaloids with SBE-BCD in solid state
reduce the isomerization rate of oxindole alkaloids from cat’s claw under incubation

conditions commonly used in cell experiments.

Keywords: Uncaria tomentosa; cat’s claw; oxindole alkaloids; isomerization;

cyclodextrins; Sulfobutyl ether 3-cyclodextrin.
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INTRODUCTION

Uncaria tomentosa (Willd.) DC. (Rubiaceae) have been used in the Ashaninka
medicine for treatment of several immunological and inflammatory diseases, as well as
of the cancer (Keplinger et al., 1999; Heitzman et al., 2005). This specie, popularly
known as cat’s claw or “Ufia de Gato” due to curved hooked thorns, is composed
mainly by polyphenols, quinovic acid glycosides, tetracyclic (TOA) and pentacyclic
oxindole alkaloids (POA), to which have been assigned important biological activities,
such as immunostimulant and antitumor (Keplinger et al., 1999; Heitzman et al., 2005;
Kaiser et al., 2013a).

Nevertheless, the oxindole alkaloids can be easily isomerized even under extraction or
cell incubation conditions (Kaiser et al., 2013a; Kaiser et al., 2013b). For POA with cis
D/E ring junction, four interconvertible diastomeric forms are found (speciophylline,
uncarine F, pteropodine and isopteropodine) while for POA with trans D/E ring
junction only one pair of interconvertible diastomeric forms are found (mitraphylline
and isomitraphylline) (Laus et al., 1996) (Figure 1). For TOA two pairs of
interconvertible diastomeric forms are found (rhyncophylline and isorhyncophylline;
corynoxeine and isocorynoxeine) (Laus et al., 1998) (Figure 1). The isomerization
process involves a retro-Mannich reaction concerning the stereogenic centers C-3 and
C-7 with the formation of the zwitterionic intermediate, being the isomerization rate
dependent mainly of the temperature, pH and solvent polarity (Laus et al., 1996).
Basically, the increase in the medium temperature enhances the isomerization rate
(Laus et al., 1996). Under acid conditions the formation of the hydrogen bond between
protonated N-4 and lactam carbonyl, when the groups in a syn position to each other
(mitraphylline, pteropodine and isopteropodine), inhibits the formation of the
zwitterionic intermediate slowing down the isomerization rate (Laus et al., 1996). In
addition, the high solvent polarity stabilizes the zwitterionic intermediate increasing
the isomerization rate in comparison with less polar solvents, being the isomerization
rate inversely proportional to Dimroth-Reichardt polarity parameter of the solvent
(Laus et al., 1996).

Figure 1
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Cyclodextrins are cyclic oligosaccharides from natural source with a hydrophilic
external surface and a lipophilic cavity, which have been extensively used to increase
agueous solubility of poorly soluble compounds, to improve their bioavailability and
the stability due to the formation of the inclusion complex (Loftsson et al., 2005;
Kurkov & Loftsson, 2013). B-cyclodextrin (B-CD) and their hydrophilic derivatives
hydroxypropyl B-cyclodextrin (HP-BCD) and sulfobutyl ether B-cyclodextrin (SBE-
BCD) have been used as complexing agents because of their commercial availability
and cavity size which is suitable for interaction with aromatic and heterocyclic rings
(Del Valle, 2004; Kurkov & Loftsson, 2013). For these reasons they are employed in
about 77% of the formulation with use of cyclodextrins available in the commercial
market (Kurkov & Loftsson, 2013). In contrast with 3-CD that presents limited water
solubility and nephrotoxicity, their hydrophilic derivatives HP-BCD and SBE-BCD
have been considered very safe for parenteral administration (Del Valle, 2004;
Loftsson et al., 2005; Kurkov & Loftsson, 2013). The cyclodextrins are able to
minimize not only the degradation, but also the isomerization of compounds mainly
due to their ability for inclusion of the labile moiety of compound into hydrophobic
cavity (Loftsson et al., 2005). Thus, the isomerization rate as well as the degradation of
the astilbin, a dihydroflavonol found in Hypericum perforatum, was minimized after
complexation with B-CD and y-CD (Zhang et al., 2013). Moreover, the isomerization
of the trans-resveratrol to cis-resveratrol induced by sunlight exposure also could be
decreased after complexation with a-CD (Bertacche et al., 2006).

Several in vitro studies have been performed with the isolated oxindole alkaloids from
cat’s claw, mainly in relation to their antitumor properties (Stuppner et al., 1993;
Muhammad et al., 2001; Bacher et al., 2006; Giménez et al., 2007; Prado et al., 2007;
Rinner et al.,, 2009). However, these studies did not take into account the easy
isomerization of the oxindole alkaloids that occurs under incubation conditions and it
relationship with the biological activity (Kaiser et al., 2013a). In addition, molecular
docking studies revealed that the mitraphylline had the best fitting in the binding site
of the dihydrofolate reductase, a target site for anticancer and antimicrobial drugs, in
comparison with isomitraphylline, speciophylline, uncarine F, pteropodine and

isopteropodine (Kozielewicz et al., 2014).
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Thus, taking account the importance of minimizing the isomerization of oxindole
alkaloid mainly throughout the biological activity evaluation, the present study aims to
evaluate the effect of cyclodextrins on the oxindole alkaloids isomerization under

incubation conditions commonly used in the culture cells experiments.

EXPERIMENTAL
Materials

B-cyclodextrin (B-CD, Kleptose® standard) and hydroxypropyl B-cyclodextrin (HP-
BCD, Kleptose® HPB) were supplied by Roquette Fréres (Lestrem, France) while
Sulfobutyl ether B-cyclodextrin (SBE-BCD, Captisol®) was kindly supplied by CyDex
Inc. (CA, USA). Acetonitrile HPLC grade (Tedia, USA) and ultrapure water obtained
from Milli-Q® system (Millipore, USA) were used in phase-solubility study and

HPLC analyses. All other reagents used were of analytical grade.

Obtaining of the oxindole alkaloids purified fraction (OAPF)

An authentic cat’s claw stem bark sample collected from the Peruvian Amazon
(November 2012) was certified by J.R. Campos De la Cruz (Museo de Historia
Natural de la Universidad Nacional Mayor de San Marcos, Lima, Peru) being the
voucher of specimen (ICN157759) deposited at Herbarium of Universidade Federal do
Rio Grande do Sul (Porto Alegre, Brazil). The sample after drying at 40 °C in air-
circulating convection oven (Memmert, Germany) was comminuted in cutter mill
(SK1 Retsch, Germany) and extracted by 2-h dynamic maceration in magnetic stirrer
at 300 rpm (IKA RH basic 1, Germany) with hydroethanolic solution 63% (v/v) in a
plant:solvent ratio of 0.5:10 (w/v) (Kaiser et al., 2013c). The resulting solution was
filtered through paper filter (Paper filter Whatman n°® 2, UK) and submitted to ion
exchange process using a strong anionic resin (Dowex Marathon; Sigma-Aldrich,
USA) in accordance with previously described (Kaiser et al., 2013a). The OAPF
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obtained was concentrated under vacuum at 40°C up to half of their original weight
(Blichi R-114, Germany), and freeze-dried at once (Modulyo 4 L, Edwards, USA).

Phase-solubility study

A phase-solubility study was carried out according to the method of Higuchi and
Connors (1965). An excess amount of OAPF (5 mg) was added to 1.5 mL of water
(pH 5.5) containing increase concentrations of cyclodextrins: 3-CD (1 — 10 mM), HP-
BCD (2 — 20 mM) and SBE-BCD (2 — 20 mM). After 48h of magnetic stirring (300
rpm) at 37 = 2 °C in a water bath (HE4B, IKA, Germany), the resulting solution was
filtered through a PVDF 0.45-um membrane (Millipore, USA), properly diluted (25
times) in acetonitrile:water (50:50, v/v) and analyzed by HPLC-PDA method to
oxindole alkaloids assay in accordance with previously validated method (Kaiser et al.,
2013b) employing mitraphylline (PhytoLab, Germany) as external standard. The total
oxindole alkaloid content was determined by the sum of individual alkaloid contents
(speciophylline, uncarine F, pteropodine, isopteropodine,  mitraphylline,
isomitraphylline) for POA, and (rhyncophylline and isorhyncophylline) for TOA. All

results were expressed by the mean of three determinations.

The apparent stability constant (Ks, M™!) of oxindole alkaloids/cyclodextrins
complexes were calculated based on the phase-solubility diagram according to the
following equation (1):

slope

- So(1-slope) @

where the slope was determined by regression analysis and So represents the intrinsic

solubility of the oxindole alkaloids in water (oxindole alkaloids solubility in absence

of cyclodextrins).
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Evaluation of pH effect on the complexation of oxindole alkaloids/ SBE-BCD

Excess amounts of OAPF (5 mg) were added to 1.5 mL of water (pH 3.0, adjusted
with formic acid), water (pH 5.5, adjusted with formic acid); water (pH 7.4 adjusted
with NaOH solution 10% (w/v), and phosphate buffered saline (PBS) 10 mM (pH 7.4
adjusted with NaOH solution 10% (w/v)) in the presence or absence of SBE-BCD
(10mM). The oxindole alkaloids assay was performed by HPLC-PDA (Kaiser et al.,
2013Db) such as described in the phase-solubility study. The solubility increasing of the
oxindole alkaloids was evaluated by comparison between the solubility in the solution

containing SBE-BCD and intrinsic solubility of the oxindole alkaloids in the medium.

Preparation of the oxindole alkaloids/SBE-BCD solid complex and physical

mixture

The solid complex of oxindole alkaloids/SBE-BCD was prepared in the molar ratio 1:1
in water (pH 5.5, adjusted with formic acid). After 48h of magnetic stirring (300 rpm)
at 37 °C in a thermostatic water bath, the resulting solution was filtered through a
PVDF 0.45-um membrane and the filtrated was freeze-dried at once. The physical
mixture of oxindole alkaloids/SBE-BCD was prepared by geometric mixing following
the same molar ratio used in the solid complex preparation. Both preparations were

stored in the dry conditions (25 °C; moisture 65 %, w/w).

Characterization of oxindole alkaloids/SBE-BCD solid complex and physical

mixture

The oxindole alkaloids/SBE-BCD solid complex and the corrresponding physical
mixture were characterized by infrared spectroscopy analysis, differential scanning

calorimetry analysis and assay of the oxindole alkaloids content by HPLC-PDA.
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Assay of the oxindole alkaloid content by HPLC-PDA

Aliquots of oxindole alkaloids/SBE-BCD solid complex (6 mg) or physical mixture
(6mg) were dissolved in 25.0 mL of acetonitrile:water (50:50, v/v) and analyzed by
HPLC-PDA (Kaiser et al., 2013b).

Differential scanning calorimetry (DSC)

Thermal analysis of the samples was performed using a DSC-60 calorimeter
(Shimadzu, Japan). The samples were accurately weighed (1 — 2 mg) in aluminum
pans, crimped and analyzed at 10 °C/min of heating rate (25 °C — 300 °C) and 50
ml/min of nitrogen gas flow. The temperature was previously calibrated employing
indium (mp 157 °C) and zinc (mp 420 °C) as standards.

FT-IR analysis

The solid samples were analyzed at FT-IR Spectrometer (Spectrum BX, Perkin Elmer,
Germany) using the diamond ATR sensor. The spectra were recorded in the range 400

— 4400 cm® using a resolution of 4 cm™ and twenty accumulations.

Scanning electron microscopy (SEM)

Photomicrographs were performed at a voltage of 10 kV in a JSM 6060 scanning
electron microscope (Jeol, USA). Samples were deposited on aluminum stubs

containing double-sided tape and coated under vacuum with a thin layer of gold.

Isomerization kinetic evaluation

Aliquots of OAPF (10 mg), oxindole alkaloids/SBE-BCD solid complex (100 mg) and
physical mixture (100 mg) were dissolved in 100 mL of PBS 10 mM (pH 7.4 adjusted
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with NaOH solution 10% (w/v)) and incubated at 37°C. Aliquot of 200uL were
collected in the initial time and after 1, 2, 4, 6, 8 and 24 h of incubation, properly
diluted (ten times) in acetonitrile:water (50:50, v/v) and analyzed by HPLC-PDA
(Kaiser et al., 2013b).

Statistical analysis

The results were statistically evaluated by Snedecor f-test for variances followed by
Student t-test (Microsoft Excel software, USA) and p < 0.05 values were considered

significant.

RESULTS AND DISCUSSION
Phase-solubility study

The phase-solubility diagrams obtained from oxindole alkaloids/cyclodextrin
complexes (Figure 2) showed distinct behaviors according to Higuchi and Connors
(1965). From oxindole alkaloids/BCD phase-solubility diagram was verified a small
increase in the both TOA and POA solubility at initial concentrations of BCD followed
by decrease in oxindole alkaloids solubility after 2 mM of BCD (Figure 2A). This
behavior, classified as Bs-type characteristic for complexes with limited solubility, can
be explained by the poor hydrosolubility of the BCD (Del Valle; 2004; Loftsson et al.,
2005).

Figure 2

From oxindole alkaloids/HP-BCD phase-solubility diagram could be verified an
increase in the POA solubility with the increase in HP-BCD concentration, a
characteristic behavior of the An-type curve (Figure 2B). The negative deviation from
linearity may be associated with changes in the dielectric constant of the aqueous
medium, changes in complex solubility or self-association of cyclodextrin molecules
(Loftsson et al., 2005). On the other hand, the TOA solubility decreases linearly with
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the increase in the HP-BCD concentration, behavior characteristic of the Bj-type curve
(Figure 2B). The TOA solubility reduction occurred probably due to the formation of
the insoluble complexes with HP-BCD in the medium (Del Valle; 2004; Loftsson et
al., 2005).

From oxindole alkaloids/SBE-BCD phase-solubility diagram was verified a linear
relationships between increases in the aqueous solubility of oxindole alkaloids (POA
and TOA) and SBE-BCD concentration (Figure 2C), in contrast with the profile
observed in BCD and HP-BCD phase-solubility diagrams (Figures 2A and 2B). Thus,
the curves obtained could be classified as AL-type in accordance with Higuchi and
Connors (1965). As the slopes obtained from linear regression analyses were less than
unity for both POA and TOA, it can be assumed that the increases in solubility were
due to formation of 1:1 complexes (Table 1). In addition, higher apparent stability
constant (Ks) obtained for POA (122.47 M) in relation to TOA (25.57 M?)
demonstrated the preference of SBE-BCD by POA. Consequently, was obtained 2.92-
fold increase in aqueous solubility of POA, while for TOA it was just about 1.33-fold
(Table 1).

Table 1

The POA is composed by six diastomeric forms (speciophylline, uncarine F,
pteropodine and isopteropodine with cis D/E ring junction; mitraphylline and
isomitraphylline with trans D/E ring junction), while TOA is composed by a pair of
diastomeric forms (rhyncophylline and isorhyncophylline). In solution, these
diastomeric forms show distinct physicochemical properties and structural
conformations, which confer individual parameters of complexation for each
compound (Table 1). In a general mode, the affinity for SBE-BCD seems to be related
to D/E ring junction conformation, since the POA with cis D/E ring junction (uncarine
F > isopteropodine > pteropodine) showed higher apparent stability constant (Ks) in
comparison to POA with trans D/E ring junction (isomitraphylline > mitraphylline),
excepting for speciophylline. The last one is extremely unstable in aqueous solution,
so that after few hours in solution its concentration decreases significantly due to the
isomerization (Laus et al., 1996; Keplinger et al., 1999; Kaiser et al., 2013a). For this
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reason, the speciophylline/SBE-BCD complexation was ineffective since its
isomerization rate seems to be faster than kinetics of complex formation in aqueous
solution. In relation to TOA, the rhyncophylline showed a higher affinity by SBE-
BCD in relation to isorhyncophylline.

Evaluation of pH effect on the complexation of oxindole alkaloids/ SBE-BCD

As oxindole alkaloids are weak bases, their intrinsic solubility can be modulated by
pH. From non-ionized compounds can be obtained more stable complexes in
comparison to their ionic forms, but their ionization can increase the intrinsic
solubility and consequently enhance the complexation efficiency (Del Valle; 2004;
Loftsson et al., 2005; Kurkov & Loftsson; 2013). On the other hand, under basic
conditions the isomerization rate of the oxindole alkaloids is higher than in under acid
conditions (Laus et al., 1996). Thus, the pH modulation of the medium can modify the

complexation efficiency and the isomerization rate of oxindole alkaloids.

Both POA and TOA concentration decreased with the increase in the pH of the
medium (Figure 3). Mainly for POA, the SBE-BCD (10 mM) minimized the
concentration decrease in relation to absence of cyclodextrins in the medium (intrinsic
solubility). Moreover, significant increments in the oxindole alkaloids solubility were
verified, mainly in buffered medium pH 7.4 in the presence of SBE-BCD. This
behavior can be explained in part by the ionization of the oxindole alkaloids. The POA
showed pKa values ranging from 4.05 to 5.5, while the TOA ranging from 5.3 to 6.4
(Finch & Taylor, 1962; Chan et al., 1966). Thus, under acid conditions the oxindole
alkaloids are in the ionized form, mainly at pH 3.0. Consequently, the aqueous
solubility of oxindole alkaloids increased, but their stability decreased as evidenced by
non significant difference between the intrinsic solubility and the SBE-BCD (p > 0.05)
(Figure 3A and 3B). On the other hand, at pH 7.4 the oxindole alkaloids in the non-
ionized form showed lower aqueous solubility than at pH 3.0, but the complex stability
increased as verified from significant difference between the intrinsic solubility and
SBE-BCD, mainly for POA (p < 0.05). Moreover in buffered medium at pH 7.4, the
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aqueous solubility of oxindole alkaloids decreased significantly in relation to pH 7.4
unbuffered medium evidencing a salting out event. Under this condition, significant
increases in the aqueous solubility were verified for both POA (2.78) and TOA (2.10)
in the presence of SBE-BCD in relation to their intrinsic solubility (p < 0.05) (Figure
3A and 3B). Although the aqueous solubility increment of indole alkaloids at pH 7.4
had been higher than that observed at pH 5.5, the isomerization rate at pH 7.4 is higher
than that verified at pH 5.5 (Laus et al., 1996). Thus, the pH 5.5 seems to be better
choice taking into account the equilibrium between isomerization rate of the oxindole

alkaloids and their complexation efficiency with SBE-BCD.

Figure 3

Characterization of oxindole alkaloids/SBE-BCD solid complex and physical
mixture (PM)

Assay of the oxindole alkaloid content by HPLC-PDA

The OAPF used for obtaining the solid complex and physical mixture showed a total
oxindole alkaloids content of 87.9% (w/w). On the other hand, the oxindole
alkaloids/SBE-BCD solid complex showed a total oxindole alkaloids content of 7.3 %

(w/w), while the physical mixture showed a content of 11.1 %(w/w).

Differential scanning calorimetry (DSC)

The differential scanning calorimetry (DSC) curve obtained for OAPF (Figure 4A)
showed three endothermic events: the first one at 62 °C corresponds to the loss of
bounded water; the second at 172 °C related to the oxindole alkaloids melting point;
and the third at 298 °C, probably related with decomposition of the oxindole alkaloids.
In the DSC curve obtained for SBE-BCD, the endothermic event at 84 °C corresponds
to the loss of bounded water while the second endothermic event at 263 °C

corresponds to its decomposition (Jain et al., 2011) (Figure 4B). From the oxindole
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alkaloids/SBE-BCD solid complex analysis (Figure 4C), could be verified a shift in
the endothermic event corresponds to loss of bounded water at 56 °C, while the
endothermic event related to decomposition of SBE-BCD was shifted to 274 °C
accompanied with a decrease of the enthalpy variation. Moreover, the absence of
endothermic event correspondent to oxindole alkaloids melting point suggests an
interaction between the oxindole alkaloids and SBE-BCD. Similar behavior could be
verified in DSC curve from physical mixture (Figure 4D). Consequently, the
interaction between the oxindole alkaloids and SBE-BCD occurs even in the solid

phase.

Figure 4

FT-IR analysis

The FT-IR spectrum from OAPF (Figure 5A) showed followed characteristic
absorption bands: 3,198 cm™? (N—H stretching); 2,934 cm™ (C—H stretching); 1,698
cm?t (C=0 stretching); 1,618 cm™ (aromatic C=C stretching); 752 cm? (=C-H
stretching) (Finch & Taylor, 1962; Chan et al., 1966). On the other hand, the FT-IR
spectrum from SBE-BCD showed characteristic absorption bands at 3,374 cm™ (-OH
stretching), 2,931 cm™ (C—H stretching) and 1,032 and 1,153 cm* (C—O stretching in
alcohol and ether groups, respectively) (Figure 5B). The decrease in the intensity of
absorption bands correspondent to C=0O (stretching), C=C (stretching) and =C—H
(stretching) of the oxindole alkaloids, associated to band shifts of 9 cm™ and 3 cm™ in
the absorption bands related to —OH and C—O (alcohol and ether groups) in the SBE-
BCD, suggest interaction between oxindole alkaloids and SBE-BCD (Figure 5C). The
physical mixture showed a similar FT-IR spectrum (Figure 5D) when compared to
solid complex (Figure 5C). These findings revealed an interaction between aromatic
ring and carbonyl of lactam of oxindole alkaloids and hydroxyl groups of SBE-BCD,

even in the solid phase, such as earlier verified from DSC curves.

Figure 5
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Scanning electron microscopy (SEM)

The SEM photomicrographs of OAPF showed particles with amorphous characteristic
(Figure 6A) while the SBE-BCD showed amorphous particles with shrunken spherical
shape characteristic of spray dried powder (Figure 6B), such as verified previously
from X-ray diffraction studies (Jain et al., 2011). Knownly, the SBE-BCD (Captisol ®)
is currently isolated by spray drying process that explains the particle shape verified.
In the oxindole alkaloids/SBE-BCD solid complex the particles maintained the
shrunken spherical shape with small depositions onto surface suggesting a coating of
SBE-BCD particles with OAPF particles (Figure 6C). The physical mixture (Figure
6D) showed a similar particle shape verified in the solid complex (Figure 6C), but the
deposition of the OAPF particles onto surface of SBE-BCD particles was even more

clear.

Figure 6

Isomerization kinetic evaluation

Although the complexation between oxindole alkaloids and SBE-BCD has been
evidenced by the characterization of the oxindole alkaloids/SBE-BCD solid complex
and physical mixture, the evaluation of the isomerization kinetic deserves attention
since the oxindole alkaloids are susceptible to isomerization under incubation
conditions similar those generally used in cell cultures for evaluation of biological
activity (Kaiser et al., 2013a). Moreover, until now no system was purposed to inhibit
or minimize the isomerization of oxindole alkaloids in aqueous medium in order to
ensure an alkaloid fraction with the same composition along the biological evaluation,

at least.

The isomerization profiles obtained are shown in the Figure 7. The isomerization rate
of speciophylline, uncarine F and pteropodine to isopteropodine (POA with cis D/E

ring junction) as well as the isomerization rate of mitraphylline to isomitraphylline
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(POA with trans D/E ring junction), and isorhyncophylline to rhyncophylline (TOA),
decreased in the oxindole alkaloids/SBE-BCD solid complex (Figure 7B) and physical
mixture (Figure 7C) in comparison to OAPF (Figure 7A) although their individual
proportions are equivalents after 24h of incubation. The oxindole alkaloids/SBE-BCD
solid complex showed distinct initial proportion in relation to OAPF and physical
mixture that could be associated to isomerization occurrence throughout the solid
complex preparation. Previously to freeze drying process, the oxindole alkaloids were
magnetically stirred with SBE-BCD in water (pH 5.5) for 48h which may have induced
the isomerization of oxindole alkaloids. Therefore, the obtaining of complex in solid
state such as in physical mixture was preferable for the complexation aiming to

minimize the isomerization process.

Figure 7

The complexation of oxindole alkaloids with SBE-BCD is an equilibrium system
between the complex (oxindole alkaloids/SBE-BCD) and its individual components
(oxindole alkaloids and SBE-BCD). This dynamic system is susceptible to
modifications in the equilibrium conditions, as occurs in the oxindole alkaloids
isomerization system. Thus, the free-oxindole alkaloids in solution are isomerized to
more stable forms (isopteropodine, POA with cis D/E ring junction; isomitraphylline,
POA with trans D/E ring junction; and rhyncophylline for TOA) even that in lower
isomerization rate when compared to verified in OAPF. While in the OAPF the new
equilibrium condition was reached after 6 h for POA with cis D/E ring junction and
after 4 h for POA with trans D/E ring junction and TOA (Figure 7A), in the physical
mixture the new equilibrium condition was reached only after 8 h of incubation period
(Figure 7C). Therefore, the complexation of oxindole alkaloids with SBE-BCD

minimized the isomerization rate but without inhibiting it absolutely.

CONCLUSION
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The complexation of oxindole alkaloids was more efficient with SBE-BCD in
comparison with HP-BCD and BCD. The characterization of oxindole alkaloids/SBE-
BCD solid complex and physical mixture by DSC and FT-IR analysis evidenced that
complexation occurs even in solid state. Moreover, the complexation of oxindole
alkaloids with SBE-BCD was able to minimize the isomerization rate under incubation
conditions mainly in the complex obtained in solid state. On the other hand, in liquid
medium the isomerization of oxindole alkaloids was induced even during the
complexation process owing to their high susceptibility to isomerization. Therefore,
the complexation of oxindole alkaloids with SBE-BCD in solid state can be a valuable
alternative to reduce their isomerization under incubation conditions commonly used

in cell culture experiments.
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FIGURES

Pentacyclic oxindole alkaloids (POA)
cis D/E ring junction (four diastomeric forms)
H,CO.C

19

CH, HN

CH,
H o
speciophylline uncarine F
Configuration: Configuration:
3R, 78,158,198, 208 3R, 7R, 158, 198, 208

pteropodine isopteropodine
. Configuration:

Configuration:

35, 7R 1598 198, 208 38,78, 155, 198, 208

trans D/E ring junction (two diastomeric forms)

mitraphylline isomitraph_ylline
Configuration: Configuration:
38, 7R, 158, 19S5, 20R 38,78, 1588, 198, 20R

Tetracyclic oxindole alkaloids (TOA)

rhyncophylline (R = ethyl group) isorhyncophylline (R = ethyl goup)

corynoxeine (R = vynil group) isocorynoxeine (R = vynil group)
Configuration: Configuration:
38, 7R, 158, 20R 38, 7S, 158, 20R

Figure 1. Schematic representation of main oxindole alkaloids reported in cat’s claw
and their isomerization process.
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Figure 2. Phase-solubility studies of oxindole alkaloids from cat’s claw in presence of
BCD (1 — 10 mM) (A), HPBCD (2 — 20 mM) (B) and SBE-BCD (2 — 20 mM) (C).
Pentacyclic oxindole alkaloids (POA) content was calculated from the sum of their
individual contents (mitraphylline, isomitraphylline, speciophylline, uncarine F,
pteropodine and isopteropodine); Tetracyclic oxindole alkaloids (TOA) content was
calculated from the sum of their individual contents (rhyncophylline and
isorhyncophylline).
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alkaloids (TOA) (B) in the absence (intrinsic solubility) and presence of SBE-BCD
(10 mM). Upper values represent the solubility increase obtained by ratio between
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Figure 4. DSC thermograms of oxindole alkaloids purified fraction (OAPF) (A), SBE-

BCD (B), oxindole alkaloids/SBE-BCD solid complex (C) and physical mixture (D).
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Figure 5. FT-IR spectra of oxindole alkaloids purified fraction (OAPF) (A), SBE-
BCD (B), oxindole alkaloids/SBE-BCD solid complex (C) and physical mixture (D).

150



18K

18k

1ok
7

o

Figure 6. Photomicrographs obtained by scanning electron microscopy (SEM) of
oxindole alkaloids purified fraction (OAPF) (A), SBE-BCD (B), oxindole
alkaloids/SBE-BCD solid complex (C) and physical mixture (D). Upper right: higher
magnification of the specific regions for more detail.
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and physical mixture (C) throughout the incubation in phosphate buffered saline (pH 7.4) at 37 °C.
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TABLES

Table 1. Parameters of phase-solubility study obtained for oxindole alkaloids in

presence of SBE-BCD.

_ D/E ring ] _ So Ks Solubility
Alkaloid Regression equation R?
junction (mM) (MY increase?
mitraphylline trans y =0.0084x + 0.214 0.70 0.27 31.05 1.46
isomitraphylline trans y =0.0109x + 0.1501 0.99 0.15 73.85 242
speciophylline cis NA NA 0.09 NA NA
uncarine F cis y =0.0248x + 0.0304 0.99 0.05 492.64 9.91
pteropodine cis y =0.0183x + 0.2612 0.95 0.28 67.17 2.25
isopteropodine cis y =0.0371x + 0.1299 0.99 0.12 311.54 6.77
Total POAP NA y =0.1055x + 0.7671  0.97 0.96 122.47 2.92
rhyncophylline NA y =0.0322x + 1.0369 0.77 1.20 27.62 1.43
isorhyncophylline NA y =0.0084x + 0.6936 0.70 0.77 11.03 1.18
Total TOA® NA y =0.048x + 1.6233 0.71 1.97 25.57 1.33

NA: not applied; R?: determination coefficient; So: intrinsic solubility of the oxindole
alkaloids in water; Ks: apparent stability constant; ®Obtained by ratio between intrinsic
solubility (So) and solubility in the presence of SBE-BCD 20mM; "Total content of
pentacyclic oxindole alkaloids (POA) obtained by the sum of their individual contents

(mitraphylline, isomitraphylline,

speciophylline,

uncarine F, pteropodine and

isopteropodine); ¢ Total content of tetracyclic oxindole alkaloids (TOA) obtained by
the sum of their individual contents (rhyncophylline and isorhyncophylline).
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A presente tese foi desenvolvida com o intuito de determinar a relevancia dos
alcaloides oxindolicos em U. tomentosa e sua relacdo com a adulteracdo empregando-
se U. guianensis, a ocorréncia de quimiotipos em funcdo do perfil de alcaloides
oxindolicos e a isomerizacdo dos mesmos. Reconhecidamente, os alcaloides
oxindolicos sdo protagonistas em U. tomentosa, tanto em relacdo aos aspectos
analiticos, quanto em relacdo ao potencial bioldgico da espécie. Contudo, a elevada
susceptibilidade dos mesmos a isomerizagdo bem como a ocorréncia de quimiotipos na
especie baseados em seus perfis de alcaloides oxinddlicos podem levar a artefatos de
processo e dificultar a generalizacdo de resultados, respectivamente. Além disso, a
espécie apresenta em sua constituicdo quimica, derivados triterpénicos e polifendis,

metabolitos secundarios que também possuem elevado potencial bioldgico.

Os alcaloides oxindolicos sdo utilizados como marcadores quimicos no controle
de qualidade da matéria-prima vegetal e derivados de U. tomentosa, como extratos
secos, capsulas e comprimidos (USP, 2016). Assim, inicialmente foi avaliada a
capacidade de reconhecimento de adulteracdo em U. tomentosa empregando-se U.
guianensis de acordo com as especificacbes de qualidade estabelecidas na monografia
farmacopéica de U. tomentosa, centradas nos alcaloides oxindolicos. Os resultados
obtidos com amostras de cascas de caule de U. tomentosa adulteradas de forma
proposital com cascas de caule de U. guianensis (10%, 30% e 50%, m/m), revelaram
que mesmo as amostras adulteradas em até 50% atendem as especificacbes
farmacopéicas. Portanto, metodologias alternativas via CLAE-PDA, IV e UV
associadas a analise multivariada de dados foram aplicadas com o intuito de
diferenciar U. tomentosa de U. guianensis e, consequentemente, reconhecer e
quantificar o percentual de adulterante em amostras de cascas de caule de U.
tomentosa. A analise de UV da solucdo extrativa propiciou tanto o reconhecimento de
adulteracdo em U. tomentosa de forma satisfatoria, quanto a quantificacdo da
proporcdo de adulterante mediante emprego de modelos de regressdo multivariada.
Claramente os polifenois, mais especificamente os flavondides contribuiram para a
diferenciacdo de ambas as espécies, devido a sua maior concentracdo nas cascas do
caule em U. guianensis quando comparada a U. tomentosa como evidenciado
mediante andlise de polifendis por CLAE-PDA. Dois flavondides tri-O-glicosilados

157



derivados da quercitina e do camferol relacionados a diferenciacéo entre U. tomentosa
e U. guianensis e, consequentemente, ao reconhecimento de aldulteracdo em U.
tomentosa, foram devidamente caracterizados por CLAE-EM. Além disso, foi possivel
reconhecer a pratica de adulteracdo ou substituicdo em duas amostras de casca de
caule comercializadas no mercado popular Peruano como cascas de caule de U.
tomentosa. Este fato demonstra que a adulteracdo e até mesmo a substituicdo parecem
ser corriqueiras em cascas de caule de U. tomentosa e por isso merecem a devida
atencdo, considerando que grande parte da matéria-prima disponivel para a
comercializacdo e, consequente, producdo de derivados € obtida via extrativismo.
Portanto, a utilizacdo dos alcaloides oxindolicos como marcadores quimicos € no
minimo questionavel se considerada a deficiéncia dos meétodos analiticos focados

nestes metabolitos em reconhecer a adulteracdo em U. tomentosa (Capitulo 1).

Outra particularidade em U. tomentosa é a existéncia de quimiotipos na especie.
Até o momento, trés quimiotipos baseados nos perfis de alcaloides oxinddlicos foram
relatados: quimiotipo |, composto majoritariamente por alcaloides oxinddlicos
pentaciclicos com conformacdo dos anéis D/E em cis (especiofilina, uncarina F,
pteropodina e isopteropodina); quimiotipo Il, composto majoritariamente por
alcaloides oxindolicos pentaciclicos com conformacdo dos anéis D/E em trans
(mitrafilina e isomitrafilina); quimiotipo I11, composto majoritariamente por alcaloides
oxinddlicos tetraciclicos (rincofilina e isorrincofilina). Assim, o presente trabalho
também visou avaliar a influéncia dos diferentes quimiotipos sobre a atividade
antitumoral reconhecidamente atribuida aos alcaloides oxinddlicos, bem como a sua
relevancia em relacdo a genotoxicidade e citotoxidade frente a células ndo-malignas.
Constatou-se que os trés quimiotipos apresentavam atividade citotoxica equivalente
frente as células tumorais de bexiga e glioblastoma humano (T24 e U-251-MG), mas
diferenciadas em relagdo aos leucocitos humanos (células ndo-malignas) o que se
refletiu no indice de seletividade. Apenas o quimiotipo Il apresentou indice de
seletividade superior a unidade (1.11-3.04) quando comparado aos quimiotipos I
(0.10-0.19) e 111 (0.21-0.57). Isto significa que o quimiotipo Il apresenta concentracao
efetiva menor frente as células tumorais se comparado as células ndo-malignas sendo,

portanto, mais seletivo quando comparado aos demais quimiotipos. Em contrapartida,
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nenhuma modificacdo significativa foi verificada em relacdo a genotoxicidade dos
diferentes quimiotipos. Assim, pdde-se constatar que o perfil de alcaloides oxindolicos
alterou a seletividade frente as células tumorais. Consequentemente, a definicdo do
quimiotipo em U. tomentosa € de extrema importancia e ndo permite generalizacfes
em relacdo aos alcaloides oxinddlicos e suas potencialidades bioldgicas, uma vez que

os diferentes quimiotipos da espécie ndo sdo equivalentes (Capitulo 2).

A susceptibilidade dos alcaloides oxinddlicos a isomerizacdo é de extrema
relevancia, j& que modificacBes no perfil de alcaloides podem alterar o potencial
bioldgico das preparacdes a base de U. tomentosa. Consequentemente, minimizar a
cinética de isomerizacdo € relevante, principalmente, durante experimentos biol6gicos
in vitro que necessitam de incubacdo em condigdes controladas de pH (7,4) e
temperatura (37 °C). As ciclodextrinas surgem como uma alternativa para minimizar a
velocidade de isomerizacdo dos alcaloides oxindolicos devido a sua capacidade de
formar complexos estaveis com moléculas de interesse. Neste sentido, foi avaliada a
complexacdo dos alcaloides oxinddlicos de U. tomentosa com distintas ciclodextrinas,
a saber, B-ciclodextrina (B-CD) e seus derivados hidrossoluveis, hidroxipropil-p-
ciclodextrina (HP-BCD) e sulfobutil-éter-p-ciclodextrina (SBE-BCD). A complexacao
dos alcaloides oxindolicos foi mais efetiva com a SBE-BCD se comparada a B-CD e
HP-BCD conforme verificado mediante diagramas de solubilidade de fases. Além
disso, o complexo obtido em estado solido via mistura fisica dos alcaloides
oxindolicos com SBE-BCD manteve o perfil de alcaloides oxindolicos se comparado
ao complexo obtido em solu¢do. Embora a velocidade de isomerizagdo tenha sido
minimizada através da complexacdo com SBE-BCD em condi¢fes de incubacdo que
mimetizam experimentos in vitro, a extensdo do processo de isomerizacdo foi
equivalente em 24h ao verificado na auséncia de SBE-BCD. Isso se deve basicamente
a natureza dindmica do sistema em equilibrio, tanto no processo de isomerizacéo,
quanto no processo de complexacdo. Assim, a complexacéo dos alcaloides oxindolicos
de U. tomentosa com SBE-BCD pode ser uma alternativa para reduzir a velocidade de

isomerizagdo dos mesmos (Capitulo 3).

159



Portanto, o presente trabalho abordou temas extremamente relevantes em relacéo
ao protagonismo dos alcaloides oxinddlicos em U. tomentosa e evidenciou muitas
fragilidades decorrentes deste protagonismo, principalmente, em relacdo aos aspectos
analiticos da espécie e sua incapacidade em relagcdo ao reconhecimento de adulteracéo
(Capitulo 1); os quimiotipos que dificultam a generalizacdo das avaliagfes biologicas
(Capitulo 2); e, para finalizar, a isomerizacdo dos alcaloides oxinddlicos, inclusive
durante avaliacbes bioldgicas, que pode ser retardada mediante complexacdo com
ciclodextrinas, por exemplo, mas que dificilmente serd completamente inibida
(Capitulo 3).

160



CONCLUSOES






Os modelos multivariados desenvolvidos com base nas analises de UV e
CLAE-PDA de polifendis permitiram a diferenciacdo entre as cascas do caule
de U. tomentosa e U. guianensis em funcdo de sua constituicdo quimica e,
consequentemente, o0 reconhecimento e a quantificagdo do percentual de

adulterante em U. tomentosa;

A avaliagdo das amostras de cascas de caule provenientes do mercado popular
Peruano evidenciou que a adulteracdo em U. tomentosa empregando-se U.

guianensis ocorreu em duas das onze amostras avaliadas;

A avaliacdo da atividade citotoxica in vitro, tanto em células tumorais de bexiga
e glioblastoma humano (T24 e U-251-MG), quanto em leucdcitos humanos,
revelou que os diferentes quimiotipos em U. tomentosa apresentam atividade
citotoxica equivalente frente as células tumorais mas possuem seletividade
diferenciada sendo, portanto, a definicdo e a escolha do quimiotipo de extrema

importancia;

Ndo foi evidenciada atividade genotdxica significativa dos diferentes
quimiotipos de U. tomentosa mediante ensaio cometa e frequéncia de

micronucleos;

A complexacdo dos alcaloides oxinddlicos com sulfobutil-éter-p-ciclodextrina
(SBE-BCD) ocorreu, mesmo em estado solido, como caracterizado mediante

analises de calorimetria exploratéria diferencial e 1V;

Embora a complexacdo dos alcaloides oxindolicos com a sulfobutil-éter-p3-
ciclodextrina (SBE-BCD) seja capaz de reduzir a velocidade de isomerizacao
dos alcaloides oxindolicos sob condicdes de incubacdo comumente utilizadas
em experimentos in vitro (pH = 7,4; 37 °C), ndo altera a extensdo do processo

de isomerizacdo em decorréncia da natureza dinamica do sistema em equilibrio.
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PERSPECTIVAS






= Avaliar a atividade citotoxica comparativa entre o complexo alcaloides
oxindolicos/SBE-BCD obtido em fase sélida e os alcaloides oxinddlicos livres

frente as células tumorais de bexiga (T24) e glioblastoma humano (U-251-MG);

= Caracterizar o complexo solido dos alcaloides oxindolicos com sulfobutil-éter-
B-ciclodextrina (SBE-BCD) e a mistura fisica por RMN *H.
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