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RESUMO

O presente trabalho relata o estudo quimico dos constituintes volateis das folhas e
frutos de Myrcia sp., coletados no municipio de Amontada-CE em marco de 2005 e a
obtencdo de fragdes e substdncias provenientes do decocto das folhas frescas e do extrato
etandlico das folhas secas de Cissus verticillata, bem como o estudo concomitante do seu
potencial farmacolégico como hipoglicemiante através de testes realizados com a fracio
solivel em metanol, fragdo rica em tiramina e com a tiramina, obtidos de C. verticillata.
Os Oleos essenciais de Myrcea sp. foram analisados por cromatografia gas-liquido
acoplada a espectrometria de massa (CGL/EM) e, quantitativamente, através do uso de
CGL acoplada a detector do tipo FID. A andlise do 6leo essencial das folhas de Myrcia sp.
(GAOFOLHAS), permitiu a identificagdo de treze componentes: d-elemeno, B-elemeno,
trans-cariofileno, o-humuleno, B-chamigreno, germacreno D, B-selineno, a-guaieno, o~
selineno, a-Z-bisaboleno, d-cadineno, epi-o-murolol e o-~cadinol. O dleo essencial dos
frutos de Myrcia sp. (GAOFRUTOS) permitiu a identificacdo de onze componentes: &-
elemeno, PB-elemeno, trans-cariofileno, o-guaieno, o-humuleno, germacreno D, B-
selineno, a-selineno, germacreno A, d-cadineno e germacreno B. O estudo fitoquimico do
decocto de C. verticillata resultou na fracdo rica em tiramina (CVFDSM-F9.,4) que ap6s
fracionamento cromatografico permitiu o isolamento da substincia tiramina, inédita no
género Cissus. Os testes realizados com esta fracdo e com a tiramina, em ratos com
diabetes aloxan-induzida, mostraram reducdo na glicemia, colesterol total, triglicérides e
niveis de VLDL e aumento nos niveis de HDL. O fracionamento cromatografico da fracao
hexanica, proveniente do extrato etanélico das folhas secas de C. verticillata, permitiu o
isolamento dos esteréides, B-sitosterol e B-sitosterol-glicosilado. A caracterizacao
estrutural das substincias isoladas de C. verticillata foi realizada através do uso de
técnicas espectroscopicas, tais como, infravermelho e RMN de 'H e 13C, incluindo
técnicas uni e bidimensionais (HMBC e HMQC), bem como a comparacdo com dados

descritos na literatura.
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ABSTRACT

The present work reports on the volatile constituents from leaves and fruits
of Myrcia sp. collected in Amontada County-Ceard State, in march/2006. It also reports on
the phytochemical analysis of the decoction solution from fresh leaves, and the ethanol
extract of dried leaves of Cissus verticillata in a concomitant study of its pharmacological
potential as hipoglycemiant. GLC/MS and GLC/FID analysis of the essential oil from
leaves (GAOFOLHAS) allowed the identification of 13 components: §-elemene, -
elemene, trans-caryophyllene, a-humulene, 3-chamigrene, germacrene D, B-selinene, o~
guaiene, a-selinene, a-Z-bisabolene, d-cadinene, epi-o-murolol and o-cadinol, while the
essential oil from fruits (GAOFRUTOS) allowed the identification of 11 components: &-
elemene, B-elemene, frans-cariophylene, o-guaiene, o-humulene, germacrene D, B-
selinene, a-selinene, germacrene A, O-cadinene and germacrene B. The silica-gel
chromatography analysis of the decoction solution of fresh leaves of C. verticillata
allowed the separation of a fraction rich in tyramine, and from it, pure tyramine.
Pharmacological tests on rats with aloxan-induced glycemia with both the tyramine rich
fraction and pure tyramine allowed reduction on the glycemia levels, as well as for total
cholesterol, triglycerids and VLDL, but HDL increasing. Silica-gel chromatography
analyses of the ethanol extract from dried leaves of C. verticillata allowed the isolation of
B-sitosterol and its glucoside derivative. Structure determination of all substances of C.
verticillata was accomplished by means of spectroscopic techniques such as IR, 'H and
BC NMR, including uni and bi-dimensional pulse sequences (HMBC and HMQC) ad

comparison with data from the literature.
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1. INTRODUCAO

A professora Glauce S. B. Viana do Departamento de Farmacologia da UFC, prop6s
ao professor Edilberto Rocha Silveira a realizacio de parceria no trabalho desenvolvido pela
doutoranda Cleide de Sousa Lino no desenvolvimento de sua tese sobre o estudo da agdo
hipoglicemiante de Cissus verticillata. A parceria teria como objetivo realizar o estudo
fitoquimico do decocto das folhas de Cissus verticillata e assim obter fragdes que
pudessem proporcionar a realizagdo de testes mais minuciosos visando a verificacdo de
sua acdo hipoglicemiante e também proporcionar o estudo farmacolégico de outras

atividades de suas fracdes.

Ap6s a realizagdo do levantamento bibliografico inicial, constatou-se que dentre
as espécies do género Cissus, as que tém sido mais intensamente estudadas em
seus aspectos fitoquimicos e relatadas na literatura sdo as espécies Cissus sicyoides

(Cissus verticillata), Cissus quadrangularis, Cissus pallida e Cissus rheifolia.

A espécie Cissus verticillata possui uma sinonimia extensa, como serd
apresentado nas consideragdes botanicas (Cap. 1), sendo que a maioria dos artigos
da literatura usa a denominagdo Cissus sicyoides para identifica-la, porém de acordo
com Nicolson e Jarvis, (1984) a primeira denominacdo ¢ a mais indicada e portanto, foi

adotada neste trabalho.

O chd das partes aéreas de Cissus sicyoides tem sido utilizado na medicina
popular como antiinflamatdrio, antiepilético, anti-hipertensivo, antitérmico, anti-
reumadtico, antidiabético (Braganca, 1996, Beltrame et al, 2001, Abreu et al 2003,
Quilez et al, 2004), diurético e agente antibacteriano (Ahmed et al, 2000), antialérgico
e no tratamento das seqlielas do acidente vascular cerebral. No norte do Pard
(Beltrame et al, 2001) e em Lavras, estado de Minas Gerais (Barbosa et al, 2002), o

chd das partes aéreas ¢ usado no tratamento de diabetes mellitus tipo 2.

Particularmente da espécie Cissus sicyoides foram isolados antocianinas
provenientes dos frutos (Toledo ef al, 1983), flavondides, esterdides, (Beltrame et al,

2001), cumarinas glicosidicas (Beltrame et al, 2002), compostos fendlicos (Ahmed et



al, 2000) e estilbenos (Quilez et al, 2004). A distribuicdo destas substancias ao longo

da planta se dd em todas as partes, com destaque principal para as partes aéreas.

Segundo Barbosa et al, (2002), o sumo de Cissus verticillata é usado na medicina
tradicional paraense, em associacdo com o de outras espécies para o tratamento de
seqiielas do acidente vascular cerebral e o seu chd tem sido utilizado continuamente como
antidiabético, validando o nome popular de “insulina vegetal”. Segundo o artigo esta
atividade hipoglicemiante poderia estar relacionada com a existéncia de flavondides no

cha de C. verticillata.

De acordo com Barbosa et al, (2002): “com o intuito de validar esta informacao
com ensaios in vivo, foram realizados testes administrando-se extrato aquoso das folhas de
Cissus verticillata a ratos normoglicémicos. Foi detectada uma diferenca de 30,3 mg/dL
no teor de glicose no sangue dos animais do grupo teste, o que indica uma reducdo de
19,5% em relagdao ao valor de referéncia registrado para o grupo controle, apds a
administracdo do extrato aquoso de folhas de C. verticillata. Os valores médios
encontrados foram de 155,4 mg/dL para o grupo controle e 125,1 mg/dL para o grupo
teste. Observou-se ainda o consumo aumentado de liquido pelo grupo teste (60 mL de

dgua contra 100 mL de extrato).”

Segundo Barbosa et al, (2002) a composi¢do do extrato aquoso de C. verticillata
foi estudada quanto a presenca de flavondides. Apds a realizacdo da andlise
cromatogréfica da fracdo acetato de etila, obtida por particao liquido-liquido a partir do
extrato aquoso hidrolisado e tratamento do cromatograma com FeCls;, foi possivel
identificar manchas caracteristicas de compostos fendlicos. Através de cromatografia em

coluna foram isolados trés flavonodides: canferol, luteolina e luteolina-3’-sulfato.

Ainda segundo Barbosa et al, (2002): “O chd de Cissus verticillata apresentou acao
hipoglicemiante em ratos considerados normoglicémicos, e provavelmente desenvolve
efeito semelhante em humanos, tal como afirma a medicina popular mineira. Este efeito,
presumivelmente, se deve a presenca de flavondides, encontrados em grandes quantidades
tanto no chd quanto no extrato etandlico. O extrato aquoso também apresenta canferol

livre, possivelmente acompanhado de seu glicosideo, o que justificaria, a0 menos em



parte, a atividade hipoglicemiante do vegetal in vivo, ja que se trata de um flavonol com

acdo diurética e hipoglicemiante.”

De acordo com Pepato et al (1998), O decocto das folhas de Cissus sicyoides ¢é
amplamente usado como um remédio popular para diabetes mellitus no Brasil onde seu
nome comum € “insulina vegetal”. Porém, poucas tentativas foram realizadas no sentido

de determinar cientificamente se C. sicyoides possui efeitos anti-diabéticos.

Pepato et al (1998), descreve o estudo farmacoldgico realizado e os resultados
obtidos: “Assim o decocto das folhas de C. sicyoides foi administrado por um periodo
prolongado em ratos normais e em ratos streptozotocin-diabéticos. Foram investigados os
efeitos deste tratamento nos pardmetros fisioldgicos e metabdlicos que sdo alterados em
animais diabéticos. O modelo experimental adotado foi concebido para ser apropriado a
comparacdo com um tratamento paralelo com insulina, que conduziu a melhorias

esperadas em varios valores dos parametros anormais.”

Segundo Pepato et al (1998), “O tratamento com o decocto reduziu
significativamente a ingestao de alimentos e liquidos e o volume de urina excretada,
como também os niveis de glicose do sangue, glicose urindria e uréia na urina, em
comparaciao com os grupos controles. O metabolismo de lipidios ndo foi afetado pelo
tratamento; nem o nivel de glicogénio hepdtico em animais diabéticos, que indicaram que
0 mecanismo responsdvel pela melhoria do metabolismo de carboidratos, observado em
animais tratados com o decocto, ndo pode envolver inibicdo da glicogendlise e(ou)

estimulagdo da glicogénese.”

Beltrame, et al (2001), isolou canferol 3-o-raminosideo e quercetina 3-i-
raminosideo do extrato hidro-alcodlico de folhas de Cissus sicyoides e também realizou
estudos farmacoldgicos desse extrato sobre a tolerincia a glicose intravenosa em animais
tratados com dexametasona. Os testes foram realizados empregando-se ratos machos da

linhagem Wistar.

Segundo Beltrame, et al (2001), “no primeiro ensaio biolégico foi investigado o

efeito do tratamento com o extrato hidro-alcodlico das folhas de C. sicyoides sobre a



N

tolerdncia a glicose intravenosa em animais tratados com dexametasona. O tratamento
com dexametasona (lg/kg) diminuiu a tolerdncia a glicose. Assim a associagdo
dexametasona juntamente com o extrato das folhas de C. sicyoides teve como objetivo
investigar a possibilidade de que esta possa promover melhoria na tolerancia a glicose. Os
resultados mostraram que hd uma maior glicemia no grupo tratado com dexametasona

quando comparado ao grupo controle. Este efeito foi intensificado quando a dexametasona

foi associada ao extrato de C. sicyoides.”

Conclui Beltrame, et al (2001): “Assim, os dados obtidos [...] sugerem que o
extrato de Cissus sicyoides aumenta o grau de intolerancia a glicose promovida pela
dexametasona, sugerindo um efeito diabetogénico e nao antidiabético como acredita a
populagdo usudria desta planta. Como o tratamento com o extrato hidro-alcodlico
promoveu discreta reducdo da glicemia no tempo zero (basal), em relacdo ao grupo
controle (resultados ndo apresentados), associado ao fato de que alguns flavondides
apresentam propriedades antidiabéticas, o fracionamento foi direcionado para o
isolamento destas substincias, resultando na obteng¢do dos flavondides, canferol 3-oi-
raminosideo e quercetina 3-o-raminosideo. Os flavondides citados foram submetidos a
ensaios in vitro para avaliar uma possivel atividade insulinogénica. Para isto, o efeito dos
flavondides canferol 3-o-raminosideo e quercetina 3-o-raminosideo na sintese do
glicogénio foi investigado [...] diferentemente da insulina (controle positivo), os
flavondides ndo estimularam a sintese do glicogénio. Nossos resultados estdo de acordo
com a literatura cientifica, que aponta um grande nimero de compostos com potencial

antidiabético, porém ndo confirmados em estudos laboratoriais.”

Esta dialética motivou o prosseguimento dos trabalhos e assim definiu-se como
objetivo geral, realizar a andlise fitoquimica de Cissus verticillata, contribuindo para o
conhecimento quimico-farmacolégico da espécie, além do treinamento no estudo dos

componentes volateis de plantas da caatinga nordestina.

Os seguintes objetivos especificos foram estabelecidos:

a) A busca do possivel “principio ativo” presente no cha das folhas de Cissus

verticillata responsdvel pela atividade hipoglicémica preconizada pelo uso na



medicina folclérica e identificada nos estudos preliminares realizados no

Departamento de Farmacologia da UFC.

b) Realizar o fracionamento cromatogrifico do decocto das folhas de C.

verticillata e obter fracdes para a investigac@o do seu potencial farmacolégico.

¢) Determinacdo do teor (%) e identificagdo dos constituintes quimicos da fracdo
volatil, obtida por hidrodestilacdo das folhas e dos frutos de uma espécie de Myrcia

coletada na caatinga cearense.

Assim encontra-se relatado neste trabalho, o estudo fitoquimico dos constituintes
volateis de Myrcia sp. (Myrtaceae) e dos constituintes ndo-volateis de Cissus verticillata

(Vitaceae).

A andlise dos constituintes volateis de Myrcia sp. foi motivada pelo forte odor
expelido pelas suas folhas, frutos e inflorescéncias. Esta propriedade organoléptica foi
confirmada através da literatura, que relata a existéncia de glandulas oleiferas nas folhas

dos representantes da familia Mirtaceae. (Joly, 1998)

Cissus verticillata conhecida popularmente como anil-trepador, cip6-pucd, cipd-
puci, pucd, insulina, insulina vegetal, uva-brava, tinta-dos-gentios, cortina-de-pobre, &
muito conhecida na medicina popular, pois o chd de suas partes aéreas é usado como
antiinflamatério,  antiepilético, anti-hipertensivo, antitérmico, antireumdtico e
antidiabético, em especial no tratamento do Diabetes mellitus tipo 2. A decisdo de
trabalhar com o decocto de suas folhas foi motivada pelo uso popular na forma de chés e
confirmada pela literatura que valida o uso do extrato aquoso das folhas de Cissus
verticilata como redutor dos niveis de glicemia aloxan-induzida em ratos diabéticos.

(Lorenzi & Matos, 2002; Silva, 1995; Barbosa 2002; Beltrane et al, 2001).

Esta dissertagdo contém em seu primeiro capitulo, as consideracdes botanicas sobre
as familias Vitaceae e Myrtaceae, sobre o género Cissus e sobre as espécies Cissus
verticillata e Myrcia sp., destacando suas respectivas descrigdes morfoldgicas, distribuicao

geogréfica e caracteristicas gerais. O segundo capitulo mostra o resultado do levantamento



bibliografico realizado com a inten¢do de identificar os metabdlitos secunddrios obtidos do
género Cissus. O terceiro capitulo descreve a identificagdo dos constituintes volateis das
folhas e frutos de Myrcia sp. e dos constituintes fixos isolados do decocto das folhas
verdes de C. verticillata, bem como dos constituintes obtidos do extrato etandlico das
folhas secas desta espécie. O quarto capitulo relata a parte experimental realizada para o
isolamento de metabdlitos secundarios de C. verticillata. O capitulo cinco contém o estudo
da acg@o hipoglicemiante de C. verticillata através de testes realizados com a fracdo solivel
em metanol (CVFDSM), com a fra¢do rica em tiramina (CVFDSM-Fj9,4) € com a
tiramina, obtidos do decocto das folhas da planta. O capitulo seis expde as conclusdes do
presente trabalho. O capitulo seguinte apresenta as constantes fisicas das substancias

isoladas de C. verticillata. Por fim, encontram-se as referéncias bibliograficas utilizadas.



Capitulo 1

Constderacoes Botanicas
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2. CONSIDERACOES BOTANICAS

2.1 Consideracoes Botanicas Sobre a Familia Vitaceae

A familia Vitaceae € composta por 13 gé€neros e cerca de 800 espécies, distribuidos
em regides tropicais e temperadas. As espécies dessa familia sdo lianas herbdceas e
sublenhosas, que apresentam gavinhas opostas as folhas e em nés distintos. Apresentam
estipulas auriculadas na base do peciolo, geralmente deciduas. Possuem margem foliar com
apiculos provindos das nervuras secunddrias ou tercidrias e dpice mucronado (Fig. 1, Pag.

9). (Ribeiro et al, 1999).

Apresentam flores pequenas em inflorescéncias paniculadas, as vezes de colorido
vivo (certas espécies de Vitis dos cerrados), ciclicas, tetrdmeras ou pentameras, de simetria
radial, hermafroditas ou de sexo separado. Cilice pequeno. Pétalas as vezes se
desprendendo em conjunto (certas espécies de Vitis). Androceu isdmero. Ovario stpero,
bicarpelar e bilocular, cada 16culo com até 2 dvulos. Possuem frutos do tipo baga (Fig. 1,

Pag. 9). (Joly, 1998).

Algumas espécies de Vitaceae apresentam frutos muito importantes, as uvas, pois
tais frutos sd@o usados como matéria prima de vinhos e champanhes, por exemplo: Vitis sp.

Alguns géneros dessa familia sdo usados como plantas ornamentais. (Ribeiro et al, 1999).
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Figura: 01 — Familia Vitaceae, ilustragdes de alguns de seus géneros. Adaptada de Joly,
1998.

Ilustragdes 1 a 6: Vitis: 1-Ramo florifero. 2-Flor abrindo-se. 3-Flor aberta. 4-Ovério em
corte transversal. 5-Cacho de frutos. 6-Fruto cortado longitudinalmente.

[lustracao 7: Cissus. 4-Aspecto geral de um ramo com alonga raiz adventicia, ramificada
na extremidade.

Ilustragdes 8 a 12: Partenocissus: 8-Ramo vegetativo. 9-Detalhe do apressorio. 10-Ramo
florifero. 11-Flor isolada. 12-Ovério em corte transversal.

[lustracdes 12 e 13: Diagramas florais de Cissus.
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2.2 Consideracoes Botanicas Sobre o Género Cissus

No Brasil a familia Vitaceae € representada apenas pelo género Cissus, com 42
espécies descritas para o pais. Apesar da maioria destas crescerem em matas, o género esti

presente também em campos, cerrados e restingas. (Lombardi, 2000).

O género Cissus L. € o mais vasto da familia Vitaceae, sendo constituido de 350 a

400 espécies de trepadeiras, com uma distribuicao pantropical (Corréa, 1926).

Certas espécies do género Cissus sdo usadas como revestimento em paredes e se
fixam por gavinhas modificadas em ventosas digitiformes. Parthenocissus, a conhecida

cortina-japonesa com suas longas raizes adventicias sdo plantas ornamentais. (Joly, 1998).

2.3 Consideracoes Botanicas Sobre Cissus verticillata

Cissus verticilata conhecida popularmente como anil-trepador, cipé-pucd, cipd-
puci, pugd, insulina, insulina vegetal, uva-brava, tinta-dos-gentios (Fig. 5, Pdg. 12), cortina-
de-pobre (Figs. 7 e 8, Pag. 13). Apresenta a seguinte sinonimia: Cissus sicyoides L., Cissus
canescens Lam, Cissus compressicaulis Ruiz & Pav., Cissus ovata Lam., Cissus smilacina
Kunth, Cissus tamoides Cambess., Cissus umbrosa Kunth, Phoradendron verticillatum (L.)
Ducke, Spondylantha aphylla C. Presl, Viscum verticillatum L., Vitis sicyoides (L.) Baker
(Nicolson et al, 1984; Lorenzi & Matos, 2002).

Ainda de acordo com Lorenzi & Matos (2002), Cissus verticillata pode ser descrita
como: “Herbdcea escandente ou trepadeira, perene, vigorosa, com ramos e folhas um tanto
carnosas, com gavinhas opostas as folhas e raizes aéreas péndulas, nativa da regido norte do
Brasil. Folhas simples, membrandceas, glabras, de 4-7 cm de comprimento. Flores
pequenas, de cor creme, dispostas em inflorescéncias corimbiformes. Fruto drupa ovéide-
globosa, de cor roxo-escura, com polpa carnosa, contendo uma tnica semente de cerca de 6
mm de comprimento. Multiplica-se tanto por sementes como pelo enraizamento dos

ramos’.
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Figura 02: Detalhe dos ramos com flores  Figura 03: Detalhe dos ramos com frutos
de Cissus verticillata. Fonte: Prof. jovens de Cissus verticillata. Fonte: Prof.
Edilberto R. Silveira (DQOI-UFC). Edilberto R. Silveira (DQOI-UFC).

Figura 04: Detalhe dos frutos jovens de Cissus verticillata. Fonte:
Prof. Edilberto R. Silveira (DQOI-UFC).
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Figura 05: Detalhe dos frutos maduros de Cissus verticillata.
Fonte: Prof. Edilberto R. Silveira (DQOI-UFC).

Figura 06: Ramos e frutos de Cissus verticillata. Fonte: Prof.
Edilberto R. Silveira (DQOI-UFC).
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Figura 07: Cissus verticillata mostrando a sua facil distribui¢@o nas
regides tropicais. Fonte: Prof. Edilberto R. Silveira (DQOI-UFC).

Figura 08: Cissus verticillata com aspecto que justifica o nome popular
“cortina-de-pobre”. Fonte: Prof. Edilberto R. Silveira (DQOI-UFC).
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2.4 Consideracoes Botanicas Sobre a Familia Myrtaceae

A familia Myrtaceae estd incluida na ordem Myrtiflorae (Myrtales), € compreendida
por cerca de 100 géneros com aproximadamente 3.000 espécies, sendo a maior familia da
ordem Myrtiflorae. Possui representantes em todo o mundo, porém possui dois grandes

centros de dispersdes, nas Américas e na Austrdlia. (Joly, 1998)

Ainda de acordo com Joly (1998) “sao plantas lenhosas, arbustivas ou arbéreas,
com folhas inteiras, de disposi¢do alterna ou oposta e as vezes oposta cruzada, com
estipulas muito pequenas. Folhas com pontuacOes (glandulas oleiferas). Caulifloria
freqiiente. Flores em geral brancas, ou as vezes vermelhas, efémeras, hermafroditas, de
simetria radial, em geral pentdmeras, mono ou diclamideas, muitas vezes com um
receptaculo bem desenvolvido. Corola as vezes suprimida e entdo cédlice gamossépalo com
deiscéncia transversal. Estames muito numerosos. Ovdrio sipero a semi-infero até infero,
pentacarpelar e pentalocular, com muitos 6évulos. Fruto baciforme ou capsular loculicida.
Sementes muitas vezes mostrando poliembrionia. As vezes sementes aladas” (Fig. 9, Pig.

15).

Sao exemplos freqiientes entre nos: “goiaba, aracd (Psidium), jabuticaba, ponhema,
sabard (Myrciaria), pitanga, uvaia, cabeludinha, grumixana, cereja-nacional (Eugenia),
cambucd (Martierea), guabiroba (Campomanesia), cambuci (Paiveae). Dentre as cultivadas
merecem destaque: cravo ou craveiro-da-india, azeitona do Nordeste, Jambeiro, pimenta-

da-Jamaica, eucalipto ou “calipe” dos caboclos™ (Joly, 1998).
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Figura: 09 — Familia Myrtaceae, ilustragdes de alguns de seus géneros. Adaptada de
Joly, 1998.

Ilustragdes 1 a 3: Eucalyptus: 1-Ramo florifero. 2-Botao na antese. 3-Fruto.

Ilustragdes 4 a 7: Campomanesia. 4-Ramo com flores. 5-Flor cortada longitudinalmente.
6-Gineceu e cdlice. 7-Ramo com frutos.

[lustracao 8: Myrciaria: Ramo com frutos.

Ilustragdes 9, 10 e 12: Psidium: 9-Ramo florifero. 10-Ovdrio cortado transversalmente. 12.
Folha em corte transversal; note as glandulas.

Ilustracdo 11: Eugenia: Ramo com frutos.

Ilustracdo 13: Diagrama floral.
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Os aspectos gerais de Myrcia sp., bem como de seus frutos e flores sdo mostrados a

seguir (Figs. 10 a 13, Pags. 16 e 17).

Figura 10: Aspecto geral de Myrcia sp. Fonte: Prof. Edilberto R.
Silveira (DQOI-UFC).

Figura 11: Detalhe dos ramos e frutos de Myrcia sp Fonte: Prof.
Edilberto R. Silveira (DQOI-UFC).
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Figura 12: Detalhe dos frutos verdes e maduros de Myrcia sp.
Fonte: Prof. Edilberto R. Silveira (DQOI-UFC).

Figura 13: Detalhe das inflorescéncias de Myrcia sp. Fonte: Prof.
Edilberto R. Silveira (DQOI-UFC).
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3. LEVANTAMENTO BIBLIOGRAFICO

3.1 Metabolitos Secundarios Isolados do Género Cissus

O presente levantamento bibliografico contém as substancias isoladas do género
Cissus relatadas na literatura. A motivagdo para a escolha do tema, foi contribuir para o
conhecimento farmacognéstico desse género, através do levantamento das substancias

isoladas até o presente momento a partir de suas diversas espécies.

Antocianinas, alcaldides, flavondides, triterpenos e misturas de esteréides foram
isolados do género Cissus (Nunez, 1975; Morton J., 1981; Al-Said et al 1991, Beltrame
et al, 2001). Particularmente da espécie Cissus sicyoides foram isolados compostos
fendlicos, cumarinas glicosidicas, alcaléides quinolizidinicos, flavondides, terpendides,
estilbenos, triterpendides e esterdides. (Saifah ef al, 1983; Khan et al, 1986; Beltrame et

al, 2002).

Um total de 51 substincias foram identificadas na literatura como sendo isoladas
do género Cissus, sendo essas substincias provenientes de 04 de suas espécies, Cissus
sicyoides, Cissus quadrangularis, Cissus pallida e Cissus rheifolia. A andlise da
literatura permite concluir que a distribui¢ao destas substancias ao longo da planta se da

em todas as partes, com destaque principal para as partes aéreas.

Muitos trabalhos encontram-se publicados na literatura tendo como objeto de
estudo espécies do género Cissus, porém o que se observa é que a maioria deles se
detém em estudar a atividade de extratos brutos e de decoctos de partes das plantas,
destacando-se as seguintes, Cissus quadrangularis (39 artigos), Cissus sicyoides (14
artigos), Cissus pallida (01 artigo), Cissus rheifolia (03 artigos), Cissus gum (02
artigos), Cissus stem Gum (03 artigos), Cissus populnea (05 artigos), Cissus pteroclada
Hayata (01 artigo), Cissus glauca Roxb (01 artigo), Cissus gongylodes (01 artigo),
Cissus assamica (02 artigos), Cissus rufescence gum (01 artigo), Cissus digitata (01

artigo), Cissus tendrils (01 artigo), Cissus quinquangularis Chiov (02 artigos).

Pode-se constatar que das cerca de 400 espécies do género Cissus, encontram-se

na literatura trabalhos publicados sobre 15 espécies citadas anteriormente, sendo a
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espécie Cissus quadrangularis objeto de estudo de mais da metade das publicacdes.
Quanto a espécie que é objeto de estudo deste trabalho, Cissus sicyoides, 14 artigos
encontram-se publicados. (Sen, S. P. 1964, Sen, S. P. 1966; Tinge et al, 1983; Virzo et
al, 1980)

Os artigos publicados na literatura relacionados ao género Cissus investigam
entre outros, a atividade anti-acne, antibactericida, helicobactericida, tratamento das
trypanossomiases, schistossomiases, potencial antidiabético, atividade antioxidante,
antimicrobial, defesa da mucosa gastrica, combate a radicais livres, agente antidiabético,
atividade anti-alérgica, efeito antiosteopordético, atividade hipoglicémica, anti-lipémica,
anticonvulsivante, antiinflamatéria, acdo vasoconstritora. (Saifah, 1981; Saifah et al,
1983; Khan et al, 1986; Moura, 1986; Elisabetsky et al, 1988; Ivorra et al, 1989; Garcia
et al, 1997; Pepato et al,1998; Garcia et al, 2000; Lizama 2000; Saenz et al, 2000;
Beltrame er al, 2002; Barbosa et al, 2002; Chidambara et al, 2003; Shirwaikar et al,
2003; Quilez et al, 2004; Viana et al, 2004; Jainu et al, 2004; Jainu et al, 2005; Jainu et
al, 2006).

A Tabela 01, P4g. 21, apresenta as substincias isoladas a partir das diversas
espécies do gé€nero Cissus, destacando a estrutura, o nome da substincia, a espécie, a

parte da planta utilizada e a referéncia.
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Tabela 01: Substancias isoladas de espécies do género Cissus

Estrutura/ Nome Classe/Espécie/Origem/Referéncia

OMe

e Alcaldide

e Cissus rheifolia

e Folhas

e SAIFAH et al, 1983

MeO
e Alcaldide

e Cissus rheifolia

o e Folhas
/@ H e SAIFAH et al, 1983
MeO

Kayawongina (2)
OH
HO e Cumarina
X
o (issus sicyoides
N\
HO 0" Yo ¢ Partes aéreas
OH e BELTRAME, et al 2002
Sabandina (3)

/////
e Esterdide

e Cissus rheifolia
e Raizes

o SAIFAH et al, 1987
HO

Campesterol (4)
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e Esterdide

e Cissus sicyoides

e Frutos

e TOLEDO et al, 1983
e Partes aéreas

e QUILEZ er al, 2004

Diosgenina(5)

e Esterdide

e (Cissus sicyoides

® Frutos

e TOLEDO et al, 1983
e Partes aéreas

e QUILEZ et al, 2004

Hecogenina (6)

e Esterdide

e Cissus sicyoides/ Cissus
quadrangularis/ Cissus rheifolia

e Partes aéreas/ Partes aéreas/
Raizes

e BELTRAME, et al 2002;
GUPTA e VERMA, 1991;
SAIFAH et al, 1987

B-Sitosterol (7)

e Esterdide
e Cissus rheifolia
e Raizes

e SAIFAH et al, 1987

Estigmasterol (8)
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Di-estilbeno
Cissus quadrangularis Linn.
Talos secos

ADESANYA et al, 1999

8S

Quadrangularina B (10)

Di-estilbeno
Cissus quadrangularis Linn.
Talos secos

ADESANYA et al, 1999

HO

8R

Quadrangularina C (11)

Di-estilbeno
Cissus quadrangularis Linn.
Talos secos

ADESANYA et al, 1999
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R =H; Ar(eq); Ha»(ax)
Palidol (12)

Di-estilbeno
Cissus pallida
Talos secos

KHAN et al, 1986

R =H; Ar(ax); H, »(eq)
Enantiomero do Palidol (13)

Di-estilbeno
Cissus pallida
Talos secos

KHAN et al, 1986

RO OR

OR

R =Me
Palidol hexametil éter (14)

Di-estilbeno
Cissus pallida
Talos secos

KHAN et al, 1986
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RO OR

Di-estilbeno
Cissus pallida
Talos secos

KHAN et al, 1986

RO OR
R =Ac
Palidol hexa-acetato (15)
HO
Estilbeno-derivado
Cissus sicyoides
\
OH Partes aéreas
HO
AHMED et al, 2000
Resveratrol

(E)-3,4’,5-trihidroxi-estilbeno (16)

QUILEZ et al, 2004

OH

OH O

Aromadedrina (17)

Flavonoide
Cissus rheifolia
Raizes

SAIFAH et al, 1987

OH O

Canferol (18)

Flavondide

Cissus sicyoides
Folhas

BARBOSA et al, 2002
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¢ Flavondide

e (Cissus sicyoides

e Folhas

OH O e BARBOSA et al, 2002

Luteonina (19)

e Flavondide

e (Cissus sicyoides

e Folhas

e BARBOSA et al, 2002

e Heterosideo cumarinico

o (Cissus sicyoides
e Partes aéreas

HO 0" o e BELTRAME, et al 2002

OH

5,6,7,8-tetrahidroxi-cumarina-5-f-xilopiranosideo (21)

e Heterosideo esteroidal

HO o (Cissus sicyoides
0]
HO e Partes aéreas
HO on 0 e BELTRAME, et al 2002

3-B-0-B-D-glicopiranosil-sitosterol (22)
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OH O

Vitexina

Apigenina 8-C-glicopiranosideo (23)

Heterosideo flavonoidico
Cissus rheifolia

Folhas

SAIFAH et al, 1983

OH

Canferol 3-o-raminosideo (24)

Heterosideo flavonoidico
Cissus sicyoides
Partes aéreas

BELTRAME et al, 2001

Quercetina 3-o-raminosideo (25)

Heterosideo flavonoidico
Cissus sicyoides
Partes aéreas

BELTRAME et al, 2001
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OH
O OH
HO
OH
OH
Delfinidin-3-rutinosideo (26)

Heterosideo flavonoidico
(antocianidina)

Cissus sicyoides

Frutos

TOLEDO et al, 1983

OH

Heterosideo flavonoidico
(antocianidina)

Cissus sicyoides

Frutos

TOLEDO et al, 1983

OH
OH

Delfinidin-3-ramnosideo (28)

Heterosideo flavonoidico
(antocianidina)

Cissus sicyoides

Frutos

TOLEDO et al, 1983
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O OH

I | JCH3
H;C—C—CHy—(CHy);g—CH—CH=C]

CH;

4-Hidroxi-2-metil-tricos-2-en-22-ona (29)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

g
H;C—(CH,)¢—CH,—C=CH—CH,—(CH,)s—CHj;

9-Metil-octadec-9-eno (30)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

O
Il
H3C—(CH;);5—CH;—C—0—(CH;);s—CHj3

Octadecanoato de heptadecila (31)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

O
Il
H3;C—(CH;);7—CHy;—C—0—(CH;);o—CH;3

Eicosanoato de eicosanila (32)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

HO—CHZ—(CH2)29—(|3H—CH2—CH3
CH;

31-Metil-tritriacontanol (33)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

O OH

I |
: CH,—CH,—C—CH,—(CH,);,—CH—(CH,)s—CHj

7-Hidroxi-20-oxodocosanil-ciclohexano (34)

Composto lipidico

e Cissus quadrangularis

Partes aéreas

GUPTA e VERMA, 1991

H3C—$H—CH2—(CH2)20—C\//
CH; OH

Acido iso-pentacosandico (35)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991
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o)
N\
\/C—(CH2)29—(|ZH—CH2—CH3

HO SH,

Acido 31-metil-tritriacontanéico (36)

Composto lipidico
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

Taraxerol (37)

Triterpeno
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

AcO

-
-
-

Taraxeril acetato (38)

Triterpeno
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991

Friedelan-3-ona (39)

Triterpeno
Cissus quadrangularis
Partes aéreas

GUPTA e VERMA, 1991
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e Triterpeno

e Cissus quadrangularis Linn.

e Partes aéreas e raizes

e BHUTANI et al, 1984

e MENTHA e BHUTANI, 2001

R =B -OH
8-Amirina (40)

e Triterpeno

o Cissus quadrangularis Linn.

e Partes aéreas e raizes

e BHUTANI et al, 1984

e MENTHA e BHUTANI, 2001

R= =
0-Amirona (41)

e Triterpeno

e Cissus quadrangularis Linn.

o Partes aéreas e raizes

e BHUTANI et al, 1984

e MENTHA e BHUTANI, 2001

R, =a-OH; R, =p -OH
Onocer-7-eno-30-21B-diol (42)
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e Triterpeno

e Cissus quadrangularis Linn.

e Partes aéreas e raizes

e BHUTANI et al, 1984

e MENTHA e BHUTANI, 2001

R, =B -OH; R, = o -OH
Onocer-7-eno-3p,21a-diol (43)

R,

e Triterpeno
e Cissus quadrangularis
e Partes aéreas

e BHUTANI et al, 1984

Ri=a-OH; R, = B -OAc
Onocer-7-eno-30-21B-diol 3-acetato (44)

R,

e Triterpeno
e Cissus quadrangularis
e Partes aéreas

e BHUTANI et al, 1984

R; =P -OAc; R, = a -OH

Onocer-7-eno-3B-21a-diol 3-acetato (45)
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R; =P -OH; R, = a.-OH
7-oxo0-onocer-8-eno-3f, 21a-diol (46)

Triterpeno

Cissus quadrangularis Linn.
Partes aéreas e raizes

GUPTA e VERMA, 1990
MENTHA ¢ BHUTANI, 2001

R,

Ri= Ry= =0
Onocer-7-eno-3,21-diona (47)

Triterpeno
Cissus quadrangularis
Partes aéreas

BHUTANI et al, 1984

H' oH

Terpendide
Cissus rheifolia

Folhas

O
o SAIFAH et al, 1983
Vomifoliol (48)
O
Y Terpendide
| Cissus rheifolia
Folhas
HO

OH

Romalea aleno (49)

SAIFAH et al, 1983
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OH
e Qutros compostos
e (Cissus sicyoides
e Partes aéreas

e AHMED et al, 2000
3,5-dididroxibenzil alcool (50)

OH
)\/ OH

N | e Qutros compostos

I o Cissus quadrangularis Linn.

| N e Partes aéreas e raizes

Y\ OH e MENTHA e BHUTANI, 2001
OH

3,3’,4,4’-tetrahidroxi-bifenila (51)

A andlise da Tabela 01 permite concluir que das 51 substancias descritas na
literatura como tendo sido isoladas do género Cissus, sdo encontradas vdrias classes de
produtos naturais: alcaléides (2), cumarina (1), esterdides (5), compostos derivados do
estilbeno (8), flavonoéides (4), heterosideos (8), compostos lipidicos (8), triterpenos (11),

terpendides (2), outros compostos (2).

Conclui-se ainda que da espécie Cissus verticillata (Cissus sicyoides) foram
isoladas 13 substancias descritas na literatura: cumarina (1), esterdides (3), composto
derivado do estilbeno (1), heterosideo cumarinico (1), heterosideo estereoidal (1),

heterosideos flavonoidicos (5) e outro composto (1).
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4. RESULTADOS E DISCUSSAO

4.1 Estudo dos constituintes volateis de Myrcia sp.

O estudo dos constituintes quimicos volateis de Myrcia sp. foi realizado a partir dos
6leos essenciais obtidos das folhas e dos frutos coletados no municipio de Amontada, no

estado do Cear4, em janeiro de 2005.

Durante a coleta da planta, pdde-se observar um forte odor expelido pelas folhas,
frutos e inflorescéncias, despertando um grande interesse para o estudo dos seus componentes
quimicos volateis. Esse fato foi confirmado pela literatura, (Joly, 1998) que relata a existéncia
de glandulas oleiferas nas folhas dos representantes da familia Myrtaceae, como mostra a

Figura abaixo (Fig. 14).

Figura 14: Cortes transversais da folha de Myrtaceae.
Tlustracdes 3 e 4: Cortes transversais da folha de Psidium sp. (Myrtaceae) mostrando as

glandulas.
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A extracdo dos 6leos essenciais foi realizada por hidrodestilacio com a utilizacdo de
aparelho doseador tipo Clevenger modificado por O. R. Gottlieb (Gottlieb e Magalhaes,
1960).

As andlises dos constituintes dos Oleos essenciais foram realizadas utilizando
cromatégrafo gés-liquido acoplado a espectrometro de massa (CGL/EM). A andlise
quantitativa foi realizada através de CGL/FID. Os 6leos essenciais obtidos das folhas e dos
frutos de Myrcia sp. foram denominados de GAOFOLHAS e GAOFRUTOS,

respectivamente.

A identificacdo dos constituintes dos O6leos essenciais foi realizada através da
determinacao dos indices de Kovats, por regressao linear utilizando-se o Excel 2003, pesquisa
em espectroteca (Alencar 1990) e comparacdo com dados da literatura (Adams, 2001). A
correcao dos indices de Kovats foi efetuada para GAOFOLHAS através de regressao linear do
grafico construido com os tempos de retengdo (25,033; 29,775; 30,542) e indices de Kovats
tabelados. A equagdo da reta obtida para a regressdo linear foi: Y = 31,026X + 561,32; o seu
fator de correcdo foi R? = 1. Para GAOFRUTOS foram escolhidos trés picos com os seguintes
tempos de retencdo (25,042; 29,750; 30,033) e indices de Kovats tabelados. A equacdo da
reta obtida para a regressdo linear foi: Y = 30,952X + 563,02; o seu fator de corregdo foi R* =

0,9998.

O dleo essencial das folhas de Myrcia sp., denominado de GAOFOLHAS, foi obtido a
partir de 900 g de material, resultando em 5,25 g de dleo (rendimento de 0,58% em massa).
Embora seu cromatograma (Fig. 15, Pag. 40) tenha apresentado vérios picos, 15 deles,
relativos aos seus principais constituintes, foram registrados e tiveram seus espectros de
massa obtidos. Destes, 13 (94,5%) foram identificados e encontram-se na Tabela 02, Pag. 39.
Entre os compostos identificados todos sdo sesquiterpenos, tendo o B-elemeno (23,38%), o

germacreno D (12,87%) e o a-cadinol (15,20%) como majoritarios.

O dleo essencial dos frutos de Myrcia sp., denominado de GAOFRUTOS, foi obtido a
partir de 580 g de material, resultando em 2,5461 g de 6leo (rendimento de 0,44% em massa).
12 picos, relativos aos constituintes principais foram registrados no cromatograma do éleo

(Fig. 16, Pag. 40), dos quais 11 (99,05%) foram identificados (Tabela 02, Pdg. 39). Todos os
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compostos identificados sdo sesquiterpenos, tendo o B-elemeno (29,65%), o trans-cariofileno

(9,97%), o germacreno D (28,28%) e o o-selineno (8,11%) como majoritarios.

Foi realizado ainda o procedimento para a extracdo do dleo essencial dos talos de
Mpyrcia sp. utilizando-se 650 g de material, que resultou em quantidade ndo significativa de

Oleo essencial.

Os Oleos essenciais das folhas (GAOFOLHAS) e dos frutos (GAOFRUTOS) de
Myrcia sp., mostraram ter sua composi¢ao quimica com semelhancas marcantes, como o fato
do B-elemeno ser o constituinte majoritario nestes dois 6leos. Oito, dos onze constituintes
identificados no 6leo proveniente dos frutos, estdo presentes também no 6leo proveniente das
folhas, com teores aproximados. Entre as principais diferengas entre os dois 6leos, destacam-
se o fato de somente o 6leo essencial das folhas possuir o a-cadinol, sendo tal substincia o
segundo componente majoritario (15,20%), além do fato de 5 constituintes, das 13 substancias
identificadas no 6leo essencial das folhas ndo terem sido identificados no 6leo essencial dos

frutos.

Sao apresentados ainda os cromatogramas (CGL-FID) (Figs. 17 e 18, Pag. 41) que
foram utilizados na andlise quantitativa dos componentes dos dleos de Myrcia sp. e os
espectros de RMN 'H (CDCl;, 500MHz) (Figs. 19 e 20, P4g. 42) que serviram para uma
andlise preliminar de GAOFOLHAS e GAOFRUTOS.

As Figuras 21 - 36 (Pags. 43 - 48) mostram os espectros de massa dos compostos
quimicos volateis identificados nos 6leos essenciais provenientes das folhas (GAOFOLHAS)

e no 6leo essencial proveniente dos frutos (GAOFRUTOS), com suas respectivas estruturas.

A Tabela 02, Pag. 39 mostra os constituintes quimicos identificados nos 6leos
essenciais provenientes das folhas (GAOFOLHAS) e dos frutos (GAOFRUTOS) de Myrcia
sp, destacando os quatro constituintes majoritdrios desses Oleos que representam

respectivamente 60,89% e 75,93% dos seus constituintes.
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Tabela 02: Percentuais dos componentes quimicos (%) dos Oleos essenciais das folhas

(GAOFOLHAYS) e frutos (FAOFRUTOS) de Myrcia sp.

COMPONENTES LK GAOFOLHAS GAOFRUTOS
d-elemeno 1338 3,87 5,23
B-elemeno 1391 23,38 29,65

trans-cariofileno 1419 6,25 9,97
O-guaieno 1440 . 1,20
o-humuleno 1455 3,24 4,01
B-chamigreno 1478 3,58 L
germacreno D 1485 12,87 28,20
B-selineno 1490 5,81 3,39
B-guaieno 1493 1,15 .
a-selineno 1498 9,44 8,11
o-Z-bisaboleno 1507 2,91 L
germacreno A 1509 o 5,63
d-cadineno 1523 3,74 1,74
germacreno B 1561 . 1,92
epi-o-murolol 1642 2,71 L
a-cadinol 1654 15,20 -
Total - 94,15% 99,05%
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GCMS Chromatogram

Figura 15: Cromatograma (CGL-EM) dos constituintes volateis das folhas (GAOFOLHAS) de
Myrcia sp.

GCMS Chromatogram

Figura 16: Cromatograma (CGL-EM) dos constituintes volateis dos frutos (GAOFRUTOS) de
Myrcia sp.
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Figura 17: Cromatograma (CGL-FID) dos constituintes volateis das folhas (GAOFOLHAS) de
Myrcia sp.
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Figura 18: Cromatograma (CGL-FID) dos constituintes volateis dos frutos (GAOFRUTOS) de
Myrcia sp.
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Figura 19: Espectro de RMN H (CDCls , 500 MHz) dos constituintes volateis das folhas
(GAOFOLHAS) de Myrcia sp.
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Figura 20: Espectro de RMN "H (CDCls , 500 MHz) dos constituintes volateis dos frutos
(GAODFRUTOS) de Myrcia sp.
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Figura 23: Espectro de massa do trans-cariofileno.
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Figura 24: Espectro de massa do a-guaieno.
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Figura 25: Espectro de massa do a-humuleno.
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Figura 26: Espectro de massa do B-chamigreno.
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Figura 27: Espectro de massa do germacreno D.
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Figura 28: Espectro de massa do 3-selineno.
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4.2 Isolamento e identificacio de metabélitos secundarios da fracao

metanolica do decocto de Cissus verticillata

Motivados pelo uso do chd das partes aéreas de Cissus verticillata na medicina popular
como antiinflamatério, antiepilético, anti-hipertensivo, antitérmico, antireumdtico e
antidiabético, em especial em alguns estados brasileiros onde a planta é conhecida como
insulina ou insulina vegetal, onde € utilizada no tratamento de diabetes mellitus tipo 2 e pela
literatura que ora valida o uso do extrato aquoso das folhas de C. verticilata como redutor dos
niveis de glicemia aloxan-induzida em ratos diabéticos e ora afirma que o extrato
hidroalcodlico da planta, aumenta o grau de intolerancia a glicose promovida pela

dexametasona, iniciou-se a preparagdo de decoctos das folhas de Cissus verticillata (Silva,

1995; Beltrame et al, 2001; Barbosa et al 2002; Viana et al., 2004).

Se por um lado existiam dificuldades para a liofilizagdo do decocto e também o fato de
trabalhar com substancias muito polares, pelo outro a literatura ja relatava que os melhores
resultados para a acdo hipoglicemiante da planta foram obtidos a partir de extratos aquosos e

solventes mais polares (Beltrame et al, 2001, Barbosa et al, 2002).

Sucessivos tratamentos cromatograficos da fracdo metandlica (CVFDSM) proveniente
do decocto de Cissus verticillata permitiram a obtencdo da fracio CVFDSM—F924F¢g (752
mg) que foi dissolvida em 8 mL de MeOH e acrescentou-se lentamente 60 mL de acetato de
etila, ocorrendo a formagdo de um precipitado branco, que por filtracdo foi separado do
liquido mae. O precipitado foi dissolvido em 5 mL. de MeOH e novamente acrescentou-se
lentamente 35 mL de acetato de etila, ocorrendo a formagdo de um novo precipitado branco

(34 mg) com ponto de fusdo entre 125 e 130° C denominado SM-1.

A determinagdo estrutural de SM-1 baseou-se inicialmente na observacdo do espectro
de absorcdo na regido do IV (Fig. 40, Pag. 53), o qual apresentou, além de outras absorcdes,
deformagdo axial da ligacio N-H em 3504 cm™ referente ao grupo amino. Deformagio axial
da ligacio O-H em 3104 cm™ caracteristica de fenol. Deformagio axial de ligacio C-H de
compostos alifdticos em 2919 cm™. Deformagio axial da ligacio C=C de aromdtico em 1595,
1496 e 1462 cm™. Deformacdo axial da ligagio C-O de fenol em 1223 cm™. Deformagio

angular fora do plano em 833 cm™ de ligacdo C-H de aromético para-substituido.
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O espectro de massa (Fig. 41, Pag. 54) de SM-1 apresentou o pico fon molecular (M")
com razao massa/carga igual a 137 daltons. Esta razdo massa/carga impar permite confirmar a

presenca de nitrogénio na molécula em um niimero impar.

O espectro de RMN 'H (500 MHz, CD;0D) de SM-1 (Fig. 43, Pdg. 55) mostrou dois
dubletos centrados em 6 7,10 (2H, d, J = 8,4 Hz) e 8 6,77 (2H, d, J = 8,4 Hz) caracteristicos
de hidrogénios aromaticos com acoplamento orto. Foram observados ainda dois tripletos em 6
3,12 2H, t, J = 7,7 Hz) e 6 2,87 (2H, t, J = 7,7 Hz), atribuidos a hidrogénios metilénicos
acoplados. Pela observagdo do deslocamento quimico, concluiu-se que o primeiro se
encontrava ligado ao grupo amino e o segundo ligado diretamente ao anel aromético. Conclui-
se assim a existéncia na molécula do grupamento 2-aminoetila, como mostra a Figura abaixo

(Fig. 37).

— CH,— CH,— NH,

Figura 37 — Grupo 2-aminoetila.

O espectro de RMN *C-BB (125 MHz, CDs;OD) (Fig. 45, Pig. 56) apresentou 6
linhas espectrais, sendo quatro referentes a carbonos aromaticos, com deslocamentos entre &
157,8 ¢ 116,9. Destes, o mais desprotegido refere-se a um carbono sp” oxigenado. Os outros
dois sinais (8 42,4 e § 33,9) referem-se a carbonos alifdticos. A comparagido do espectro de
RMN "C com o espectro RMN “C-DEPT 135 de SM-1 (Fig. 47, Pdg. 57) permitiu assinalar
os carbonos alifiticos como sendo metilénicos. Além disso, o espectro RMN BC-DEPT 135
de SM-1 revelou que os sinais em & 130,9 e 116,9 referem-se a carbonos aromadticos

hidrogenados.

O espectro de RMN bidimensional de correlacdo heteronuclear 'H, °C a uma ligacao,
com detec¢do no canal de hidrogénio (HMQC) (Fig. 48, Pig. 58) permitiu associar
inequivocamente os sinais de todos os hidrogénios a seus respectivos carbonos (Tabela 03,

Pig. 52).
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O espectro de RMN bidimensional de correlacio heteronuclear 'H, ">C a mais de uma
ligacdo, com deteccdo no canal de hidrogénio (HMBC) (Fig. 49, Pag. 59) mostrou os
acoplamentos, a mais de uma ligacdo, entre hidrogénios e carbonos (*Jeu e *Jen) (Fig. 38,
Pag. 51 e Tabela 03, Pag. 52). A partir desse espectro foi possivel confirmar o padrdo de
substituicdo no anel aromdtico com substituintes na posicdo para. Foram observadas as
correlagoes, a duas ligacdes, entre os hidrogénios em 8 6,77 (H-2 e H-6) e o carbono em &
157,8 (C-1), confirmando a posicao do grupo hidroxila em C-1; esses mesmos hidrogénios em
0 6,77 (H-2 e H-6) acoplam a trés ligacdes com o carbono 8 128,6 (C-4) ratificando a posi¢ao
do grupo 2-aminoetil neste carbono. Os acoplamentos dos hidrogénios metilénicos,

pertencentes ao grupamento 2-aminoetil, em 6 2,87 (H-7) com os carbonos em d 42,4 (C-8),

128,6 (C-4) e 130,9 (C-3 e C-5) colaboraram para a proposi¢do da estrutura final da molécula.

Figura 38: Correlacdes heteronucleares a mais de uma ligacao observadas no espectro de

RMN HMBC de SM-1.

A andlise dos dados espectroscopicos obtidos para SM-1 e a posterior comparacio
com dados registrados na literatura (Tabela 04, Pag. 53) confirmaram que SM-1 tratava-se do

4-(2-aminoetil)fenol, (Tiramina), (Fig. 39, Pag. 51).

Figura 39: Estrutura do 4-(2-aminoetil)fenol. Nome usual: Tiramina.
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Para avaliar a pureza da fracdo SM-1 foi feito o espectro de massa do cloridrato de
tiramina (Fig. 42, Pag. 54) que ao ser comparado com o espectro de SM-1 apresenta os
mesmos picos de razio massa/carga e os espectros de RMN 'H e RMN “C-BB da mistura de
SM-1 e cloridrato de tiramina, ndo havendo nenhuma alteracdo perceptivel na comparagdo
entre os referidos espectros de RMN 'H (Fig. 50, P4g. 60) e RMN "°C (Fig. 51, P4g. 60) da

mistura com os equivalentes espectros de SM-1.

Foram realizados os espectros de RMN 'H (500 MHz, CD;0D), RMN BC-BB (125
MHz, CD3;0D) de SM-1, mostrados nas Figs. 43 e 45, Pags. 55 e 56 e ainda os espectros de
RMN 'H (500 MHz, DMSO-d6) e RMN "*C-BB (125 MHz, DMSO-d6) de SM-1, mostrados
nas Figs. 44 e 46, Pags. 55 e 56, para comparar com os deslocamentos observados na
literatura para os referidos espectros da tiramina (cloridrato de tiramina). (Pouchert e Behnke,

1993).

Tabela 03: Correlagio heteronuclear 'H, *C (HMQC e HMBC) de SM-1.

C-BB HMQC HMBC

#C S¢ Oy Jen *Jen

1 157,8 o 6,77 7,10
2,6 116,9 6,77 (2H, d) _ 6,77
3,5 130,9 7,10 (2H, d) o 2,87;7,10

4 128,6 o 2,87 6,77

7 33,9 2,87 (2H, 1) 3,12 7,10

8 42,4 3,12 (2H, t) 2,87 o
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Tabela 04: Comparacdo dos dados de RMN BC de SM-1 (125 MHz) com os descritos na
literatura para o cloridrato de tiramina (15 MHz, DMSO-d6) (Pouchert e Behnke 1993).

SM-1 SM-1 Tiramina

#C dC (CDs;0D) dC(DMSO-d6) dC(DMSO-d6)

1 157.8 156,2 155,6
2,6 116,9 115,4 115,0

3,5 130,9 129,5 129,3

4 128,6 127,3 129,9

7 33,9 32,2 38,7

8 42,4 40,3 43,7

2919,63

350395

1140,19
1612,68

1223,12
149626

Figura 40: Espectro de IV de SM-1 (KBr, cm™).



Cap. 3 — Resultados e Discussdo 54

120

SRS SENESNNP | DU

120 140

miz

Figura 42: Espectro de massa do Cloridrato de tiramina (impacto eletrdnico a 70 eV).
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Figura 44: Espectro de RMN 'H (DMSO-d6, 500 MHz) de SM-1.
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Figura 46: Espectro de RMN "°C (DMSO-d6, 125 MHz) de SM-1.
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Figura 47: Espectro de RMN "*C-DEPT 135 (CD;0D, 125 MHz) de SM-1.
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Figura 48: Espectro de RMN HMQC (CDsOD, 125 MHz) de SM-1.
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Figura 49: Espectro de RMN HMBC (CD;0D, 125 MHz) de SM-1.
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Figura 50: Espectro de RMN 'H da mistura: SM-1 e Cloridrato de tiramina (CD30D, 500
MHz).

Figura 51: Espectro de RMN 3C da mistura: SM-1 e Cloridrato de tiramina (CD;0D, 500
MHz).
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Sdo mostrados a seguir os espectros de RMN 'H (CD;0D, 500 MHz) da fracdo rica
em tiramina (CVFDSM-Fj9,4), obtida do primeiro fracionamento cromatografico de
CVFDSM (Fig. 52, Pag. 61) e utilizada como padrdo para os demais fracionamentos. Para a
realizacdo dos testes farmacoldgicos, outras fragdes ricas em tiramina foram obtidas no
segundo e no terceiro fracionamento cromatografico de CVFDSM e os seus espectros de
RMN 'H (CDs0OD, 500 MHz) sao mostrados nas Figs. 53 e 54, Pdg. 62. Fracdes semelhantes,

ricas em tiramina, foram obtidas sucessivas vezes para a realizagdo dos testes farmacoldgicos.

Figura 52: Espectro de RMN 'H (CD3s0OD, 500 MHz) da fracdo (CVFDSM-F9.54).
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Figura 53: Espectro de RMN 'H (CD;0D, 500 MHz) da fracdo (E,CVFDSM-F,3,() obtida

no segundo fracionamento cromatogrifico de CVFDSM.

Figura 54: Espectro de RMN 'H (CDs0OD, 500 MHz) da fracao (E3CVFDSM-F,;.19) obtida
no terceiro fracionamento cromatografico de CVFDSM.
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4.3 Isolamento e identificacio de metabélitos secundarios da fracao

hexanica do extrato etandlico de Cissus verticillata

4.3.1 Isolamento e identificacio de EH-1

O fracionamento cromatogréfico da fracdo hexdnica (CVFEET-FH), proveniente da
particio do extrato etandlico das folhas secas de Cissus verticillata resultou na fragdo
CVFEET-FH-F7¢.59 (16,00 mg) de um sélido branco, amorfo, solivel em piridina, com ponto

de fusdo na faixa de 289-292 °C que foi denominado EH-1.

O espectro de RMN C-BB (CsDsN, 75 MHz) de EH-1 (Fig. 56, Pag. 66), apresentou
35 linhas espectrais, sendo duas delas atribuidas a carbonos olefinicos (0 141,5 e
122,4), como se pode presumir pelo valor do deslocamento quimico. Sete sinais com
deslocamentos entre & 103,1 e 63,4 sdo relativos aos carbonos oxigenados, seis deles
relativos a uma unidade glicosidica. Dentre os carbonos da unidade glicosidica, observa-se
um carbono mais desprotegido, o carbono anomérico. Os demais sinais entre 8 55,4 ¢ 12,5 séo
caracteristicos de carbonos saturados. O ntimero de sinais observados neste espectro e 0s
deslocamentos quimicos dos mesmos sao compativeis com os do esqueleto de um esterdide na

forma de heterosideo.

Pela comparacdo do espectro anteriormente citado com o espectro de RMN “C-DEPT
135 (CsDsN, 75 MHz) de EH-1 e a expansédo deste mesmo espectro na regido de & 18,0 a 80,0
(Figs. 57 e 58, Pags. 66 e 67) foi possivel sugerir o esqueleto proposto de 6 carbonos
metilicos (6 20,4 ; 19,9; 19,8; 19,5; 12,7; 12,5), 12 metilénicos (8 63,4; 40,5; 39,9; 38,0; 34,8;
32,7: 30,8; 29,0; 27,0; 25,0; 23,9; 21,9), 14 metinicos (6 122,4; 103,1; 79,1; 78,9; 78,7; 75,8;
72,3; 57,4; 56,8; 50,9; 46,6; 36,9; 32,6; 30,1) e 3 carbonos nao-hidrogenados (8141,5; 43,0;
37.5).

O espectro de RMN 'H (CsDsN, 300 MHz) de EH-1 (Fig. 59, Pdg. 67) mostrou um
sinal largo em & 5,38 (1 H) referente a hidrogénio olefinico. Mostrou ainda um dubleto em
85,07 (d, J = 6,7 Hz) e multipletos centrados em O 4,58; 4,43; 4,31 e 4,08 referentes a
hidrogénios ligados a carbonos oxigenados, colaborando para a proposicdo da presenca da

glicose na estrutura do esteréide. Por fim foram observados multipletos entre & 2,78 e 1,24, de
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hidrogénios aliféticos e sinais intensos, caracteristicos de grupamentos metila, entre 8 1,02 a
0,69. Sao apresentados também os espectros expandidos de RMN 'H (CsDsN, 300 MHz) de
EH-1 (Figs. 60 e 61, Pag. 68).

A andlise dos dados espectroscopicos obtidos para EH-1 e a posterior comparacio
com dados registrados na literatura (Tabela 05, Pdg. 65) sugerem que EH-1 trata-se do [3-

sitosterol glicosilado, mostrado na Figura a seguir (Fig. 55).

Figura 55: Estrutura do B-sitosterol glicosilado.
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Tabela 05: Comparacdo dos dados de RMN BC-BB (CsDsN, 75 MHz) com os descritos na
literatura para [-sitosterol glicosilado, RMN BC-BB (CD;0D, 75 MHz). (Kursten,

1994).
C EH-1 B-sitosterol glicosilado
1’ 103,1 102,3
2’ 78,7 78,2
3 78,9 77,9
4 72,3 71,5
5 75,8 75,1
6’ 63,4 62,6
1 38,0 37,3
2 30,8 31,9
3 79,1 78,3
4 39,9 39,8
5 141,5 140,7
6 122,4 121,6
7 32,7 30,0
8 32,6 32,0
9 50,9 50,1
10 37,5 36,7
11 21,8 21,1
12 40,5 39,1
13 43,0 423
14 57,4 56,1
15 25,0 24,3
16 29,0 28,3
17 56,8 56,6
18 12,7 11,8
19 19,8 19,0
20 36,9 36,2
21 19,5 19,2
22 34,8 34,0
23 27,0 26,2
24 46,6 45,8
25 30,1 29,3
26 20,4 18,8
27 19,9 19,7
28 23,9 23,5
29 12,5 11,9




Cap. 3 — Resultados e Discussdo 66

Figura 57: Espectro de RMN "*C-DEPT 135 (CsDsN, 75 MHz) de EH-1.
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Figura 58: Espectro de RMN BC.DEPT 135 (CsDsN, 75 MHz) de EH-1. Expansao da regido
6 18,0 a 80,0.

Figura 59: Espectro de RMN 'H (CsDsN, 300 MHz) de EH-1.
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Figura 60: Espectro de RMN 'H (CsDsN, 300 MHz) de EH-1. Expansdo da regido
00,5a3,0.

Figura 61: Espectro de RMN 'H (CsDsN, 300 MHz) de EH-1. Expansdo da regido
03,02 6,0.
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4.3.2 Isolamento e identificacao de EH-2

O fracionamento cromatografico da fracdo hexanica (CVFEET-FH), resultou entre
outras fracdes, 0,1803g da fracdo CVFEET-FH-F;p3s, que apds novo tratamento
cromatogréifico originou 19,9 mg da fragdo CVFEET-FH-F;p35-F»s27. Esta fracdo apds
processo de recristalizagdo, resultou em 13,4 mg de um sélido branco, na forma de cristais

aciculares, denominado de EH-2.

O espectro de absorcdo na regido do IV de EH-2 (Fig. 63, Pdg. 72), exibiu bandas
compativeis com estiramentos de grupos hidroxila (voy 3433 cm’™), estiramentos de grupos de
natureza alifitica (vey 2935 cm™) e olefinica (Ve—c 1653 cm™), deformacdo angular de grupos
metilénicos (Vcy 1458 cm'l) e metilicos (vcy 1372 cm'l) e ainda a deformacao axial da ligagao

C-0 de 4lcoois (Veo 1057 cm’™).

O espectro de RMN *C-BB de EH-2 (Fig. 64, Pag. 72), revelou a presenca de 28
linhas espectrais, sendo duas delas atribuidas a carbonos olefinicos (6 141,0 e 121,9), uma em
8 72,0 de carbono sp3 oxigenado e as demais referentes a carbonos alifaticos compativeis com

esqueletos derivados do encadeamento do isopreno (esqueletos terpenoidicos e esteroidais).

A comparagio do espectro de RMN "“C-BB com o espectro de RMN *C-DEPT 135
para EH-2 (Fig. 65, Pdg. 73) permitiu concluir que das 27 linhas espectrais observadas no
primeiro, 6 correspondem a carbonos metilicos (& 20,0; 19,6; 19,3; 19,0; 12,2; 12,1), 10 a
carbonos metilénicos (6 42,5; 40,0; 37,5; 34,2; 31,9; 28,5; 26,3; 24,5; 23,0; 21,3),9 a
carbonos metinicos (8 121,9; 72,0; 57,0; 56,3; 50,4; 46,1; 36,4; 32,1; 29,4) e 2 a carbonos
ndo-hidrogenados (8 141,0; 36,7).

O espectro de RMN 'H (CDCls, 500 MHz) (Fig. 66, P4g. 73), apresentou um dubleto
em 85,36 (1 H, d, J = 5,0 Hz) correspondente a um hidrogénio ligado a carbono olefinico,
confirmando a presenca da dupla ligacdo observada nos espectros analisados anteriormente;
um multipleto em & 3,53, correspondente a um dtomo de hidrogénio ligado a carbono
carbinélico; multipletos em & 2,29;2,01; 1,85 e 1,50, relativos a hidrogénios de carbonos

metilénicos; hidrogénios de grupos metilas em & 1,02 (s); 0,91(d, J = 6,45 Hz), na faixa de
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50,87 a 0,80 e em 80,69 (s). E apresentado também o espectro expandido de RMN 'H
(CDCl3, 500 MHz) de EH-2 na regido de 8 0,5 a 2,5 (Fig. 67, Pag. 74).

A andlise dos dados espectroscopicos obtidos para EH-2 e a posterior comparagdo com
dados registrados na literatura (Tabela 06, Pdg. 71) sugerem que EH-2 trata-se do 3-sitosterol,

apresentado na Figura a seguir (Fig. 62).

Figura 62: Estrutura do [B-sitosterol.
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Tabela 06: Comparacio dos dados de RMN "°C de EH-2 (125 MHz, CDCl3) com os descritos

na literatura para [3-sitosterol. (Macari, 1990).

C EH-2 B-sitosterol
1 37,5 37,2
2 31,9 31,6
3 72,0 71,7
4 42,5 42,3
5 141,0 140,7
6 121,9 121,6
7 31,9 31,8
8 32,1 31,8
9 50,4 50,1
10 36,7 36,4
11 21,3 21,1
12 40,0 39,7
13 42,5 42,3
14 57,0 56,7
15 24,5 24,2
16 28,5 28,1
17 56,3 56,1
18 12,2 11,9
19 19,6 19,3
20 36,4 36,0
21 19,0 18,7
22 34,2 33,9
23 26,3 26,1
24 46,1 45,8
25 29,4 29,1
26 20,0 19,6
27 19,3 18,9
28 23,0 23,0
29 12,1 11,9
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Figura 64: Espectro de RMN "*C-BB (CDCls,125 MHz) de EH-2.
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Figura 66: Espectro de RMN 'H (CDCl3, 500 MHz) de EH-2.
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Figura 67: Espectro de RMN 'H (CDCls, 500 MHz) de EH-2. Expansdo da regido 8 0,5 a 2,5.



Parte Expertmental



Cap. 4 — Parte Experimental 76

5. PARTE EXPERIMENTAL
5.1 Material Vegetal
5.1.1 Material Vegetal de Cissus verticillata

As folhas de Cissus verticillata utilizadas para a preparacdo de chas, foram coletadas
no Horto de Plantas Medicinais da Universidade Federal do Ceard, em janeiro de 2005.
Enquanto as folhas para a preparagdo do extrato etandlico foram coletadas em margo de 2005,

no mesmo local.

O material vegetal utilizado na decocg¢do era constituido de folhas frescas, enquanto o
utilizado para a preparagdo do extrato etandlico era constituido de folhas desidratadas e

trituradas.

O numero do registro de Cissus verticillata é 32240 e sua exsicata encontra-se no

Herbario Prisco Bezerra - UFC.

5.1.2 Material Vegetal de Myrcia sp.

O material vegetal de Myrcia sp. utilizado para a extracdo dos dleos essenciais, foi
coletado no municipio de Amontada, no estado do Ceard, em janeiro de 2005. Este material
era constituido de ramos completos de Myrcia sp., que foram divididos em trés por¢des: 900 g

de folhas frescas, 580 g de frutos e 650 g de talos.

5.2 Procedimento Experimental para a extracio dos dleos essenciais de

Myrcia sp.

As trés porgdes: 900 g de folhas frescas, 580 g de frutos e 650 g de talos triturados,
foram submetidas ao processo de hidrodestilacdo utilizando-se de aparelho doseador tipo

Clevenger, para a extracio de 6leos essenciais.

Os 900 g de folhas de Myrcia sp. foram divididos em duas por¢des de 600 g e 300 g.
A maior por¢do foi colocada em um baldo de vidro de 5,0 L juntamente com 2,75 L de dgua e

a menor porcio foi colocada em um baldo de vidro de 5,0 L, juntamente com 2,00 L de dgua,
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ambas foram mantidas em ebulicdo durante trés horas. As misturas dgua/6leo, resultantes das
duas porgdes, foram reunidas, secas com sulfato de sédio anidro (NaSO4) e filtrada,

fornecendo 5,25 g de dleo essencial.

Os 580 g dos frutos de Myrcia sp. foram colocados em um baldo de vidro de 5,0 L
juntamente com 1,00 L de dgua e mantido em ebulicio durante trés horas. A mistura
dgual/dleo, resultante, foi seca com sulfato de sédio anidro (Na,SO,) e filtrada, fornecendo

2,55 g de 6leo essencial.

Os 650 g dos talos triturados de Myrcia sp. foram colocados em um baldo de vidro de
5,0 L juntamente com 1,00 L de 4dgua e mantido em ebulicdo durante trés horas, nio

resultando em quantidade significativa de 6leo essencial.

O Fluxograma 01, P4ag. 78, mostra o procedimento utilizado para a extragao do dleo

essencial das folhas e dos frutos de Myrcia sp.
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Fluxograma 01: Método de extragdo do 6leo essencial das folhas e dos frutos de Myrcia sp.

Material vegetal
(folhas ou frutos)

Extracdo por hidrodestilagdo

A 4

Mistura: Mistura
mat. vegetal + decocto 6leo + hidrolato
Separagao
Fase orgénica Fase aquosa

1. Secagem com Na,SO,
2. Filtragao

Oleo essencial

Andlise por CGL/EM

Identificacdo dos
componentes
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5.3 Métodos Cromatograficos

As cromatografias de adsorcdo em coluna foram realizadas utilizando-se gel de silica
da Vetec® (¢ mm 0,063-0,200) cdd. 195 e gel de silica 60 da Merck® (¢ mm 0,040-0,063). O
comprimento e didmetro das colunas variaram de acordo com as quantidades de amostra a

serem cromatografadas e adsorventes utilizados.

Os fracionamentos por cromatografia de exclusdo foram efetuados em gel de dextrana
Sephadex LH-20 da Pharmacia Fine Chemicals®, utilizando-se metanol puro como fase

movel.

Para as cromatoplacas em camada delgada (CCD) utilizou-se silica gel 60 (¢ mm

0,002-0,025) sobre aluminio da Merck® (com indicador de fluorescéncia na faixa de 254 nm).

Os eluentes utilizados nos procedimentos cromatogrificos foram: hexano,
diclorometano, cloroférmio, acetato de etila ¢ metanol, puros ou combinados em proporgdes
crescentes de polaridade. Os eluentes utilizados nos tratamentos cromatograficos de adsorcio
sob pressdao média foram escolhidos apds andlise prévia das fracdes (a serem estudadas) por
CCD, a fim de permitir ao constituinte desejado (ou aquele de menor Rf) apresentar Rf

préximo de 0,3.

A revelacdo das substincias nas cromatoplacas foi feita pela exposicao das mesmas a
radiacdo ultravioleta com comprimento de onda de 365 nm, obtido por lampada modelo
UVSL-25 da Mineral Light®; por pulverizagdo com solucio de vanilina-dcido perclérico em

etanol seguido de aquecimento em estufa a 100°C por aproximadamente 5 minutos.

5.4 Métodos espectrométricos

5.4.1 Espectrometria na Regiao do Infravermelho (IV)

Os espectros na Regido do Infravermelho (IV) foram realizados na Central Analitica
do Departamento de Quimica Organica e Inorganica da Universidade Federal do Ceard,
utilizando-se espectrometro Perkin Elmer®, modelo FT-IR SPECTRUM 1000. Pastilhas de

Brometo de Potédssio (KBr) foram utilizadas para as andlises das amostras.
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5.4.2 Espectrometria de Ressonancia Magnética Nuclear de Hidrogénio

(RMN 'H) e de Carbono-13 (RMN Q).

Os espectros de Ressonancia Magnética Nuclear de Hidrogénio-1 (RMN 'H) e de
Carbono-13 (RMN "C), uni e bidimensionais, foram obtidos no Centro Nordestino de
Aplicagdao e Uso de Ressondncia Magnética Nuclear da Universidade Federal do Ceard
(CENAUREMN-UFC), utilizando-se espectrometros Bruker® modelo Avance DPX-300 e
modelo Avance DPX-500, que operam na freqii€éncia do hidrogénio-1 a 300 MHz e 500 MHz,

e na freqii€ncia do carbono-13 a 75 MHz e 125 MHz, respectivamente.

Os solventes utilizados nas dissolugdes das amostras para a obtengdo dos espectros
foram: cloroférmio deuterado (CDCls), dgua deuterada (D,0), dimetil-sulféxido deuterado
(DMSO-db6), Metanol deuterado (CD3;0D) e piridina deuterada (CsDsN), comercializados pela
Norell®, Merck® ou Aldrich®.

Os deslocamentos quimicos (8) foram expressos em partes por milhdo (ppm) e
referenciados, no caso dos espectros de hidrogénio, pelos picos de hidrogénios pertencentes a
fracdo nao-deuterada dos solventes utilizados: cloroférmio (& 7,27), agua (6 4,80), DMSO (o
2,50), metanol (6 3,31) e piridina (& 7,22; 7,58; 8,74). Nos espectros de carbono-13, os
deslocamentos quimicos foram referenciados pelos picos dos carbonos-13 dos solventes:
cloroférmio (6 77,23), DMSO (6 39,51), metanol (6 49,14) e piridina (6 123,87; 135,91;
150,35).

As multiplicidades das bandas nos espectros de RMN 'H foram indicadas segundo a
convengdo: s (singleto), d (dubleto), dd (duplo dubleto), dl (dubleto largo), t (tripleto), q

(quarteto) e m (multipleto).

O padrao de hidrogenacdo dos carbonos foi descrito segundo a convencao: C (carbono
ndo-hidrogenado); CH (carbono metinico); CH, (carbono metilénico) e CHj (carbono
metilico) e foi determinado através da técnica DEPT (Distortionless Enhancement by

Polarization Transfer) com angulo de nutagdo de 135° (CH e CH3 com amplitudes em
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oposi¢do ao CH,). Os carbonos ndo hidrogenados foram caracterizados pela subtracdo do

espectro DEPT 135° do espectro BB.

5.4.3 Espectrometria de Massa e CGL-FID

Os espectros de massa dos 6leos essenciais foram obtidos em Espectrémetro de Massa
Hewlett-Packard®, modelo HP-5791 A, acoplado a Cromatégrafo Gas-Liquido modelo HP A
série II (CGL/EM), provido de coluna capilar DB-5 (dimetilpolisiloxano) com 30,0 m de
comprimento; 0,25 mm de didmetro interno e filme de 0,1 um. A razdo de aquecimento do
injetor foi de 35-180°C/4°C/min. e 180-280°C/35°C/min, sendo hélio o gds de arraste. A
andlise CGL/FID foi efetuada num cromatégrafo Shimadzu® GC-17A equipado com detector
FID (Flame Ionization Detector), usando coluna capilar DB-5 (dimetilpolisiloxano) com 30,0
m x 0,25 mm de didmetro interno e filme de 0,25 wm, utilizando razdo de aquecimento do
injetor de 35-180°C/4°C/min. e 180-280°C/17°C/min, utilizando hidrogénio como géds de

arraste.

5.5 Ponto de Fusao

Os pontos de fusdo foram obtidos no Departamento de Quimica Organica e Inorganica
da Universidade Federal do Ceard em um aparelho Mettler®, com placa aquecedora modelo
FP90/FP82H7. As determinagdes foram realizadas a uma velocidade de aquecimento de

4°C/min.

5.6 Decoctos de folhas frescas de Cissus verticillata

N

Amostras de 300g de folhas frescas de Cissus verticillata foram submetidas a
decoc¢do, por cinco minutos, em 500 mL de H,O destilada. A solucdo foi resfriada a
temperatura ambiente e filtrada. As mesmas folhas foram submetidas a0 mesmo processo
perfazendo um total de 1 litro de decocto. Foram obtidos 4 litros de decocto a partir de 4

amostras num total de 1,2 kg.

As quatro solugdes foram liofilizadas fornecendo um total de 29,48 g de material

s6lido marrom denominado CVFED.
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O solido resultante foi agitado durante 30 minutos em 100 mL de metanol, a
temperatura ambiente. Depois de filtrado o residuo sélido foi novamente agitado em 50 mL de
metanol por mais trinta minutos e filtrado, repetindo-se o processo por mais duas vezes. Apds
evaporacdo do solvente foram obtidos 15,67 g de um residuo pastoso marrom escuro que foi
denominado CVFDSM e 11,35 g de um residuo sélido insolivel em metanol que foi

denominado CVEFDIM.

Estes procedimentos foram realizados sucessivas vezes para fornecer material
(amostras de 2,0 g de CVFDSM e amostras de 1,0 g da fragdo rica em tiramina) para a
continuidade dos testes farmacoldgicos e para realizacido dos fracionamentos cromatogrificos

de CVFDSM em coluna de Sephadex LH-20.

3 porcdes de 300 g de Cissus Verticillata originaram 3,0 L de decocto que apds
liofilizagdo renderam 15,48 g de material solido (CVFD). Este foi agitado em metanol

originando 10,76 g de material solivel (CVFDSM) e 4,33 g de material insoltivel (CVFDIM).

Repeticao do processo com 4 aliquotas de 300 g de folhas de C. Verticillata, forneceu
4,0 L de decocto, que liofilizados renderam 22,31 g de CVFD, que apds agitacdo em metanol
foi fracionado em 15,07 g de CVFDSM e 6,27 g de CVFDIM.

O processo foi repetido por mais duas vezes com 4 e 8 por¢des de 300 g de folhas de
C. Verticillata, fornecendo 4,0 e 8,0 L de decocto respectivamente, que liofilizados renderam
29,48 e 41,20 g de CVFD. O fracionamento do sélido obtido no primeiro procedimento
resultou em 15,68 g de CVFDSM e 11,35 g de CVFDIM, para o segundo foram obtidos 28,50
g de CVFDSM e 11,57 g de CVFDIM.

5.6.1. Fracionamento Cromatografico de CVFDSM

Inicialmente a partir da primeira obtencdo do material solivel em metanol (CVFDSM)
e do material insolivel em metanol (CVFDIM) de Cissus Verticillata relatado no item 5.6,

P4g. 81, foram enviadas amostras desses materiais (1,6 g de cada) ao Departamento de
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Fisiologia e Farmacologia da Universidade Federal do Ceard, para a realizacio dos testes que

visaram avaliar o potencial hipoglicemiante dessas amostras.

Os testes iniciais apresentaram resultados muito significativos para a fragcdo soldvel

em metanol (CVFDSM) e motivaram a continuidade dos trabalhos com esta fracao.

5,08 ¢ de CVFDSM dissolvidos em 8 mL de MeOH foram cromatografados em
coluna de Sephadex LH-20 (100 g) de 5 cm de didmetro, por eluicdo com MeOH.

Foram coletadas 24 fragdes de 9 mL, mais trés fragdes de 125, 250 e 500 mL
respectivamente e ainda 500 mL de uma dltima fracdo foi coletada tendo como eluente
MeOH:H,O0 (1:1).

Comparagdo por CCD e revelagdo sob luz UV permitiu a reunido das fragdes

semelhantes conforme a Tabela 07, representada a seguir.

Tabela 07: Fracionamento cromatografico de CVFDSM.

Fracao Massa (g) %o
CVFDSM-F, ; 0,0163 0,32
CVFDSM-F, 4 0,0622 1,22
CVFDSM-Fg_» 1,2309 24,23

CVFDSM-F3.15 1,5456 30,42
CVFDSM-F9.4 1,0073 19,83
CVFEDSM-Fys 0,3099 6,10
CVFDSM-Fy¢ 0,2789 5,49
CVFDSM-Fy, 0,0138 0,27
CVFDSM-Fyg 0,0815 1,60

TOTAL 4,5464 89,49
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5.6.1.1 Isolamento Cromatografico de SM-1

A fracdo CVFDSM-F9.04 (1,0073 g) foi analisada por RMN de 'H revelando a

presenca de tiramina.

Esta fracdo foi recromatografada em coluna de Sephadex LH-20 (25 g) de 3 cm de

diametro, por elui¢do em MeOH. Foram coletadas 12 fracdes de 9,00 mL.

Comparagdo por CCD e revelagdo sob UV permitiu a reunido das fragdes semelhantes

conforme a Tabela 08, indicada abaixo.

Tabela 08: Fracionamento cromatografico de CVFDSM-Fg »4.

Fracao Massa (g) Yo
CVFEDSM-F9.4F 3 0,0101 1,00
CVFDSM-F9.,4F 45 0,2126 21,11
CVFDSM-Fi9.24F¢g 0,7524 74,69
CVFDSM-Fi9.24F9.1» 0,0141 1,40

TOTAL 0,9892 98,20

A fracio CVFDSM-Fg4Fcs (0,7524 g) foi dissolvida em 8mL de MeOH,
acrescentando-se lentamente em seguida 60 mL de acetato de etila, ocorrendo a formacgao de

um precipitado branco, que por filtracao foi separado do liquido mae.

Para melhor purificacdo do precipitado, este foi redissolvido em 5 mL de MeOH e
novamente acrescentou-se lentamente 35 mL de acetato de etila, ocorrendo a formacdo de um

precipitado branco (0,34 mg).

O liquido mae inicial foi colocado em repouso durante a noite, sob refrigeracao,

formando um precipitado branco que, depois de filtrado, resultou em 0,050 g.

Os dois precipitados obtidos, denominados SM-1, foram analisados por RMN de 'He

1C permitindo a identificagio dos mesmos como tiramina.
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5.6.2 Obtencao de fracoes ricas em tiramina provenientes de Cissus

verticillata para o estudo de sua acao hipoglicemiante.

Com o fracionamento cromatografico de CVFDSM foi obtida a fragdo CVFDSM-F .
24, (1,0073 g) (item 5.6.1, Pag. 82) que através da andlise do espectro de RMN 'H (CD;0D,
500 MHz) (Fig. 52, Pag. 61) e por comparacdo com o espectro de SM-1, revelou a presenca
de tiramina. Fracdes semelhantes a esta, foram obtidas outras vezes a partir da repeticdo do

procedimento descrito.

O fracionamento cromatografico de 5,00 g de CVFDSM em coluna de Sephadex LH-
20 (100 g) de 5 cm de diametro, por eluigdo com MeOH, relatado no item 5.6.1, Pag. 82, foi
realizado por mais trés vezes, visando a obten¢do de fragdes ricas em tiramina. Tais fracdes
foram identificadas por comparacdo com a fracdo padrao através de CCD e pela comparacio
dos espectros de RMN 'H das fragdes, da fracdo rica em tiramina (CVFDSM-Fi94) € 0

espectro de SM-1, identificada como tiramina.

A obtencdo das amostras da fragdo rica em tiramina foi motivada pelos relatos da
literatura, que mostram que a administragdo cronica de tiramina conduz a uma melhoria da

tolerancia de glicose em ratos diabéticos (Visentin et al, 2005).

Assim, os testes para avaliacdo dos niveis de lipideos, triglicérides e niveis de HDL e
VLDL em ratos da linhagem Wistar masculinos com diabetes aloxan-induzida, foram
realizados com a frag@o solivel em metanol (CVFDSM), com a fra¢do rica em tiramina e com

a tiramina adquirida comercialmente sob a forma de cloridrato de tiramina.

5.6.2.1 Obtencao de fracdo rica em tiramina proveniente do segundo

fracionamento cromatografico de CVFDSM.

5,00 g de CVFDSM dissolvidos em 10 mL de MeOH foram cromatografados em
coluna de Sephadex LH-20 (100 g) de 5 cm de diametro, por eluicio com MeOH. Foram
coletadas 20 fragdes de 10 mL, mais uma fracao de 300 mL. A tdltima fracdo foi coletada com

500 mL de MeOH:H,O (1:1).
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Comparagdo por CCD e revelagdo sob luz UV permitiu a reunido das fracdes

semelhantes conforme a Tabela 09.

Tabela 09: Segundo fracionamento cromatografico de CVFDSM.

Fracao Massa (g) %o
CVFDSM-F, ., 0,1684 3,37
CVFDSM-F; 4 0,3366 6,73
CVFDSM-Fs_¢ 0,5563 11,13
CVFDSM-F74 0,5575 11,15
CVFDSM-Fo._1, 0,8727 17,45

CVFDSM-F3.50 1,1513 22,35
CVFDSM-F;,; 0,5303 2,33
CVFDSM-F», 0,1163 11,29

TOTAL 4,2894 85,79

A fracdo CVFDSM-Fi3,0, foi denominada E,CVFDSM-F;3, e identificada como
sendo rica em tiramina, através da comparacio do seu espectro de RMN 'H (Fig. 53, Pdg. 62)
e o espectro de RMN 'H de SM-1, identificado como tiramina (Fig. 43, Pdg. 55) e da fracdo
rica em tiramina obtida no primeiro procedimento cromatografico (Fig. 52, P4dg. 61). Esta
fracdo foi enviada para o Departamento de Fisiologia e Farmacologia da UFC para a

realizac@o dos testes farmacoldgicos.

5.6.2.2 Obtencao de fracdo rica em tiramina proveniente do terceiro

fracionamento cromatografico de CYFDSM.

5,10 g de CVFDSM dissolvidos em 10,0 mL de MeOH foram cromatografados em
coluna de Sephadex LH-20 (100g) de Scm de didmetro, por eluicdo com MeOH. Foram

coletadas 21 fragdes de 10 mL, mais trés fracdes de 100 mL.

Comparagdao por CCD e revelagdo sob luz UV permitiu a reunido das fragdes

semelhantes conforme a Tabela 10, Pag. 87.
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Tabela 10: Terceiro fracionamento cromatografico de CVFDSM.

Fracao Massa (g) Yo
CVFDSM-F, 0,1534 3,01
CVFDSM-F; 5 0,5723 11,22
CVFDSM-Fg 7 0,9634 18,89

CVFDSM-Fg 0,6077 11,92
CVFDSM-Fy 1o 0,6966 13,66
CVFDSM-F; .19 1,0957 21,48
CVFDSM-Fyg 0,5328 10,45
CVFDSM-F;, 0,1158 2,27
TOTAL 4,7377 92,90

A fracdo CVFDSM-F,; 19, foi denominada E;CVFDSM-F,, 9 e identificada como
sendo rica em tiramina, através da comparagdo do seu espectro de RMN 'H (Fig. 54, Pdg. 62)
com os espectros relatados anteriormente. Esta fracdo foi também enviada para o
Departamento de Fisiologia e Farmacologia da UFC para a realizacio dos testes

farmacolégicos.
5.7 Extrato Etanolico de Cissus verticillata

2.400 g de folhas frescas de Cissus verticillata foram colocadas para desidratar a

sombra durante 15 dias, resultando em 205 g (8,54%) de folhas secas.

185,55 g dessas folhas secas foram trituradas e submetidas a extracdo com etanol a
frio, utilizando-se 1,5 L (4x) desse solvente com intervalos de 48, 24, 24 e 24 h

respectivamente.

A destilacao dos 6,0 litros de solvente, sob pressdo reduzida, forneceu 62,75 g de um

liquido viscoso marrom denominado de CVFEET.

5.7.1 Particao liquido-liquido de CVFEET

62,75 g de CVFEET foram dissolvidos em 200 mL de etanol e em 200 mL de dgua
destilada e extraido duas vezes com hexano (200 mL e 100 mL respectivamente), seguido de

diclorometano (200 mL e 100 mL respectivamente). Foram realizadas ainda cinco extragdes
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com acetato de etila utilizando-se 100 mL desse solvente e em seguida duas extragdes

utilizando-se, em cada uma, 100 mL de n-butanol. (Fluxograma 02, P4g. 89).

Os extratos obtidos foram concentrados por destilagdo do solvente sob pressdao

reduzida e encontram-se descritos na Tabela 11, apresentada abaixo.

Tabela 11: Fracdes da particdo liquido-liquido de CVFEET.

Solvente Sigla Massa (g)
Hexano CVFEET-FH 15,9844
Diclorometano CVFEET-FDCI 1,5634
Acetato de etila CVFEET-FA 0,9986
n-Butanol CVFEET-FnB 1,2724
TOTAL 19,8188

A fase hidro-alcodlica (CVFEET-FH,O) foi submetida a destilagdo sob pressdo
reduzida para retirada do etanol e posteriormente submetida a liofilizacdo. A amostra
liofilizada foi submetida a agitacdo por 30 minutos em 100 mL de MeOH e filtrada. Este
procedimento foi realizado trés vezes resultando em 15,03 g de material soldvel em MeOH
denominado (CVFEET-FH,0-SM) e 26,20 g de material insolivel em MeOH denominado
(CVFEET-FH,0-IM). (Fluxograma 02, Pag. 89).
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Fluxograma 02: Particio liquido-liquido de CVFEET.

Folhas Frescas DeSidratagﬁo‘ Folhas Secas N Folhas Secas
(2.400 g) " (205g) (185g)
Extracdo com etanol
4x 1,5L
CVFEET
(62,752)
Particao
liquido-liquido
Fase
hexano CH,Cl, AcoEt n-BuOH hidro-alcodlica
CVFEET-FH CVFEET-FA CVFEET-FH,0
(15,9844 ¢) (0,9986 g)
CVFEET-FDCI CVFEET-FnB
(1,5634 g) (1,2724 ) Destilagdo
Liofiliza¢do

CVFEET-FH,0

Agitagdo em MeOH

y A 4

CVFEET-FH,0-SM CVFEET-FH,0-IM
15,03 g 26,20 g
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5.8. Preparacao do decocto a partir da torta proveniente da extracdo com

etanol das folhas secas de Cissus verticilata

Apés a extracdo com etanol, as folhas secas e trituradas de Cissus verticillata foram

colocadas em sistema aberto para evaporagdo de tragcos do solvente.

A torta foi submetida a decoccdo em erlenmeyer por 5 minutos em 2,00 L de H,O
destilada. Ap6s filtracdo obteve-se 1,00 L de decocto. Em seguida foi adicionado mais 1,00 L

de 4dgua fervente que apds filtragdo resultou em mais 1,00 L de decocto.

Os dois litros de decocto foram liofilizados resultando em 30,45 g de material sé6lido
marrom denominado CVFESD. Este material foi submetido a agitagdo por 30 minutos em 100
mL de metanol, a temperatura ambiente. Depois de filtrado o processo foi repetido mais trés
vezes, resultando em 9,37 g de um residuo pastoso marrom-escuro solivel em metanol,

denominado CVFSDSM e 18,04 g de residuo insolivel em metanol (CVFSDIM).

O solido insolivel em metanol (CVFSDIM) foi colocado sob agitacdo por 30 minutos
em 100 mL de dgua destilada, a temperatura ambiente. Depois de filtrado o processo foi
repetido mais duas vezes. A fracdo aquosa foi submetida a liofilizacdo resultando em 9,76 g
de material solivel em dgua (CVFSDIM-SH,0). O sélido insolivel em dgua (CVFSDIM-

IH,0) resultou em 6,68 g. Estes procedimentos estio relatados no Fluxograma 03, Pag. 91.
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Fluxograma 03: Particdo liquido-liquido de CVFEET e preparacdo do decocto a partir da

torta resultante do extrato etandlico das folhas secas de Cissus verticillata.

Folhas Frescas Demdratagao‘ Folhas Secas

(2.400 g) (205 g)

A 4

Folhas Secas
(185 g)

Extra¢do com
etanol (4x; 1,5 L)

A 4

Torta
Decoccao
v
2 litros de
decocto
Liofilizacdo
v
CVESD
(30,45 g)
Agitacdo em MeOH
v v
CVFSDSM CVEFSDIM
9,37 g) (18,04 g)
Agitagdo em H,O
v v
CVFSDIM-SH,0 CVFSDIM-IH,0

9,76 2) (6,68 g)
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5.9. Fracionamento Cromatografico de CVFEET-FH

Uma aliquota de CVFEET-FH (5,00 g), proveniente da particdo do extrato etandlico, foi
pulverizada juntamente com 10 g de gel de silica e em seguida aplicada em uma coluna
cromatografica pré-empacotada com gel de silica (30 g) em hexano e eluida com hexano,
sendo coletadas 22 fracdes de 50 ml cada (F; a F»,). As Fracdes Fo3 a F49 foram coletadas em
volumes de 50 mL tendo como eluente hexano/diclorometano (1:1). As fracdes F4; a Fys (50
mL), Fa6 a Fsg (100 mL) foram coletadas tendo como eluente diclorometano. As fracdes Fsy a
Feo (100 mL) e Fg; a Fgs (50 mL) foram coletadas tendo como eluente cloroférmio/acetato
(1:1). As fracdes Fgg a F76 (50 mL) e F77 a Fg, (100 mL) foram coletadas tendo como eluente
acetato de etila. As fracdes Fs3 a Fgs foram coletadas em volumes de 200 mL tendo como

eluente metanol.

As fracdes foram concentradas sob pressdo reduzida, analisadas por CCD e agrupadas

conforme a Tabela 12, Pag. 93.
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Tabela 12: Fracionamento cromatografico de CVFEET-FH.

Fracio Massa (g) %
CVFEET-FH-F, 0,1655 3,31
CVFEET-FH-F, 4 0,0941 1,88
CVFEET-FH-Fs_g 0,0604 1,21
CVFEEET-FH-Fo_» 0,0236 0,47
CVFEET-FH-Fi3., 0,0494 0,99
CVFEET-FH-F;3.55 0,9417 18,83
CVFEET-FH-F»4.59 0,4993 9,99
CVFEET-FH-F3.35 0,1803 3,61
CVFEET-FH-F36.4¢ 0,1023 2,05
CVFEET-FH-F4 4> 0,0778 1,56
CVFEET-FH-F4;.59 1,0497 20,99
CVFEET-FH-Fs, 5, 0,0375 0,75
CVFEET-FH-Fs3.5¢ 0,0695 1,39
CVFEET-FH-Fs7.55 0,0520 1,04
CVFEET-FH-Fs9.¢ 0,1468 2,94
CVFEET-FH-Fg 45 0,0440 0,88
CVFEET-FH-Fg.47 0,1147 2,29
CVFEET-FH-Feg.¢9 0,0260 0,52
CVFEET-FH-Fy.74 0,0385 0,77
CVFEET-FH-F75.3 0,0250 0,50
CVFEET-FH-Fg, g 0,0327 0,65
CVFEET-FH-Fgs 0,6130 12,26
CVFEET-FH-Fg4 0,1730 3,46
CVFEET-FH-Fgs 0,0486 0,97
TOTAL 4,6654 93,31

5.9.1 Isolamento de EH-1

As fragdbes CVFEET-FH-F;97;4 e CVFEET-FH-Fys59 foram reunidas e apds
evaporaciao parcial do solvente, apresentaram um precipitado branco, que depois de separado
e lavado com cloroférmio, originou 16,00 mg de um sélido branco solivel em piridina, que

foi denominado EH-1.
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5.9.2 Fracionamento Cromatografico de CVFEET-FH-F;,.;5s e Isolamento
de EH-2

A fracdo CVFEET-FH-F;(.35 (0,1803 g) obtida no item 5.9 (P4g. 92) foi adsorvida em
1,00 g de gel de silica flash, pulverizada em gral de porcelana e acondicionada sobre 5,00 g de
gel de silica em coluna cromatografica de 1,00 cm de didmetro. Utilizou-se como eluente
hexano/diclorometano (4:1) para coletar as fracdes 1 a 21. Utilizando-se como eluente
hexano/diclorometano (2:1) foram coletadas as fracdes 22 a 37 enquanto as fracdes 38 a 43
foram coletadas com o eluente hexano/diclorometano (1:1). Tais fra¢cdes foram coletadas em
volumes iguais a 8,00 mL. A fracdo 44 foi coletada com metanol em um volume de 40 mL.
Ap6s evaporacio do solvente na temperatura ambiente, as fracdes foram analisadas por CCD

e agrupadas conforme a Tabela 13.

Tabela 13: Fracionamento cromatografico de CVFEET-FH-F; 3s.

Fracao Massa (g) Y%
CVFEET-FH-F5(.35-F; 0,0013 0,72
CVFEET-FH-F;(.35-F; 0,0008 0,44
CVFEET-FH-F3(.35-F47 0,0021 1,16
CVFEET-FH-F5035-Fg_12 0,0194 10,76
CVFEET-FH-F3(.35-F13.15 0,0032 1,77
CVFEET-FH-F;5(35-Fi6.19 0,0042 2,33
CVFEET-FH-F3.35-Fy0.21 0,0019 1,05
CVFEET-FH-F50.35-F25.04 0,0213 11,81
CVFEET-FH-F3(.35-F5.97 0,0199 11,04
CVFEET-FH-F3.35-Fag.3» 0,0086 4,77
CVFEET-FH-F3(.35-F33.38 0,0028 1,55
CVFEET-FH-F3(.35-F39.43 0,0051 2,83
CVEEET-FH-F3(.35-Fy4 0,0840 46,59
TOTAL 0,1746 96,84

A fracdo CVFEET-FH-F535-Fp527 (19,9 mg) revelou, apds andlise por CCD a
presenga de um “spot” Unico, mas o s6lido branco apresentava pequena presenca de impureza
amarela. Assim essa fracdo foi lavada por duas vezes em acetona a frio, resultando em 13,4

mg de sélido branco que foi denominado EH-2.
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5.9.3 Fracionamento cromatografico de CYFEET-FH-F,;.,5 e isolamento de

EH-3

A fracdo CVFEET-FH-F»3.55 (77,8 mg) obtida no item 5.9 (P4g. 92) foi adsorvida em
1,50 g de gel de silica, pulverizada em gral de porcelana e acondicionada sobre 10,00 g de gel
de silica em coluna cromatografica de 3,00 cm de didmetro. Utilizando-se como eluente
hexano, foram coletadas as fracdes 1 a 15. As fracdes 16 a 75 foram obtidas tendo como
eluente hexano/cloroférmio (10%). As fracdes 76 a 85 foram eluidas com hexano/cloroférmio
(20%). As fragdes 86 a 89 foram recolhidas com hexano/cloroférmio (30%). As fragdes 90 a

92 foram coletadas com metanol. Todas as fragdes tinham o volume de 10 mL.

Apés analisadas por CCD foram reunidas as fracdes semelhantes e agrupadas

conforme a Tabela 14.

Tabela 14: Fracionamento cromatografico de CVFEET-FH- F»3.5s.

Fracao Massa (g) %
CVFEET-FH-F»3.95-F; 7 0,0018 0,19
CVFEET-FH-Fy3.5-Fg.16 0,0232 2,46
CVFEET-FH-F»3.95-F17.05 0,0512 5,44
CVFEET-FH-F»3.55-Fa6.33 0,0370 3,93
CVFEET-FH-F3.95-F34.47 0,0493 5,24
CVFEET-FH-F,3.,5-Fys.57 0,0302 3,21
CVFEET-FH-F,3.55-Fss.65 0,0430 4,57
CVFEET-FH-F33.5-Fgs.68 0,0215 2,28
CVFEET-FH-F,3.55-Fg9.75 0,0643 6,83
CVFEET-FH-F»3.55-F76.90 0,2835 30,11
CVFEET-FH-F,3.5-F91.95 0,1523 16,17
CVFEET-FH-F»3.,5-Fog.97 0,0740 7,86
CVFEET-FH-F,3.55-Fog.99 0,0270 2,87
TOTAL 0,8583 91,14

A fragdo CVFEET-FH-F,3.,5-Fsg6s foi lavada duas vezes em hexano resultando em
33,0 mg de um precipitado branco, denominado EH-3, que apds andlise por CCD, e
observacio do espectro de RMN 'H, sugeriu-se tratar-se de uma mistura dos esteréides B-

sitosterol e estigmasterol.
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Os procedimentos realizados para os isolamentos de EH-1, EH-2 e EH-3 estio

relatados no Fluxograma 04, indicado abaixo.

Fluxograma 04: Isolamento de EH-1, EH-2 e EH-3.

CVFEET-FH
(5,002

Cromatografia em gel de silica

Hexano/diclorometano (1:1)

Acetato de etila Hexano/diclorometano (1:1)
v ) 4 A
CVFEET- CVFEET- CVFEET-
FH-F70.50 FH-F30.35 FH-F3.25
Lavagem com Cromatografia Cromatografia
cloroférmio em gel de silica em gel de silica
v A 4 A
EH-1 CVFEET-FH- CVFEET-FH-
16,00 mg F3035-F25.27 F23.25-Fss.65
Lavagem com Lavagem com
acetona hexano
\ 4 \ 4
EH-2 EH-3

19,90 mg 33,0 mg
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6. ESTUDO DO POTENCIAL FARMACOLOGICO DE Cissus
verticillata

6.1. Estudo da Acao Hipoglicemiante da fracio de Cissus verticillata
solivel em metanol (CVFDSM) (SF¥*) e da fracao rica em tiramina
(CVFDSM-F9.,4) (TRF*) em ratos diabéticos

A fracdo soldvel em metanol (CVFDSM) e a fragdo rica em tiramina (CVFDSM—
Fi9.04) foram enviadas para o Departamento de Fisiologia e Farmacologia da Universidade
Federal do Ceard para a realizacio dos estudos da acdo hipoglicemiante em ratos
diabéticos. (*A fracdo CVFDSM, foi denominada SF e a fracio CVFDSM-F9,4 foi
designada TRF pela doutoranda Cleide de Sousa Lino orientada pela profa. Glauce S. B.

Viana).

Segundo informacdes pessoais de Cleide de Sousa Lino, “88 ratos da linhagem
Wistar masculinos foram divididos em 8 grupos de 11 animais cada. O primeiro grupo, sem
tratamento, foi nomeado como grupo normal (N). O outro, jejuando ha 16 h, recebeu aloxan
(ALX, 40 mg/kg) pela veia peniana. O estado diabético nestes grupos foi avaliado por
medidas do nivel de glicose no soro 48 h depois do inicio do tratamento e normalmente
cerca de 40% estavam mortos naquele momento. Animais que apresentaram niveis de
glicose abaixo de 200 mg/dL, foram rejeitados. Os grupos foram: normal (N) e diabético
(D), foi administrada a fragdo solivel em metanol (SF) 50 e 100 mg/kg (SF50 e SF100),
mais glibenclamida 5 mg/kg (G). Foi administrada a fracdo rica em tiramina (TRF) 100
mg/kg (TRF), mais tiramina 1 e 2 mg/kg (Tl e T2). Os animais foram tratados com dgua
destilada (veiculo, 10 ml/kg), fracdo solivel (SF) 50 e 100 mg/kg, fragcdo rica em tiramina
100 mg/kg, e também glibenclamida de acordo com os padrdes 5 mg/kg e tiramina 1 e 2
mg/kg, via oral durante 5 dias, 48 h depois da diabetes aloxan-induzida. Somente um grupo
foi tratado com aloxan (diabético, D). foram coletadas amostras de sangue cinco dias

depois do tratamento.”

De acordo com informacgdes pessoais de Cleide de Sousa Lino, “O Sangue do plexo
retro-orbital foi coletado e centrifugado a 3.000 rpm por 10 min, e o nivel de glicose foi

determinado pelo método enzimdtico de glicose oxidase-peroxidase (Jogo para Teste
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Laboratorial de Glicose, Diagndsticos de Sistemas Ltda., Brasil). Concentracdes de
triglicérides de soro (TG), colesterol total (TC), lipoproteinas de alta densidade (HDL-C), e
lipoproteinas de baixa densidade (VLDL). Os niveis foram medidos através de métodos
calorimétricos enzimadticos standards (Trinder, 1969) no espectrofotdmetro, modelo

Selectra II, marca Winner.”

O tratamento oral durante cinco dias com SF na dose de 50 e 100 mg/kg e TRF na
dose de 100 mg/kg, tiramina na dose de 1 e 2 mg/kg e Glibenclamida na dose de 5 mg/kg
causaram reducdes significativas da hiperglicemia, quando comparados a0 mesmo grupo
antes do tratamento (Fig. 68, Pdg. 99 e Tabela 15, Pag. 104). Os animais tratados com
SF100 (100 mg/kg) apresentaram uma reducio de 40% na glicemia (antes do tratamento:
316,8 £ 18,91; depois do tratamento: 190,0 + 24,93 mg/dL) (Fig. 68, Pag. 99).

(Informacdes pessoais de Cleide de Sousa Lino).
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Figura 68: Grafico de avaliacdo da glicemia em soro de ratos aloxan-diabéticos antes e apds
a administracdo de CVFDSM (DSF50 e DSF100): Glicemia medida em soro de ratos
normais ( N ), e diabéticos ( D ) antes (ll) e depois (C_) do tratamento com dgua destilada
ou com a fragdo solivel em metanol 50 mg/kg (SF50) e 100 mg/kg, p.o., (SF100) durante 5
dias. O tratamento dos animais comegaram 48 h depois da diabetes aloxan-induzida.
Controles normais foram usados para comparacdes. Todos os valores representam SEM

mau de 12 a 15 animais. *p <0.05 quando comparado ao mesmo grupo antes de tratamento.
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A reducgdo observada com TRF foi de 64% (antes do tratamento: 442,3 + 57,12, ;
depois do tratamento: 158,7 £ 20,72 mg/dL) (Tabela 15, Pag. 104). Semelhantemente,
tiramina 2 (2 mg/kg) apresentou a glicemia reduzida em 20% (183,3 + 26,72 mg/dL,)
(Tabela 16, Pag. 105), quando comparado com os valores antes do tratamento (229,5 +
14,34 mg/dL). Além disso, glibenclamida, como esperado, reduziu a glicemia em 58%
(antes do tratamento: 307,6 + 23,47; depois do tratamento: 129,6 + 9,26 mg/dL) (Tabela 16,
Péag. 105). (Informacdes pessoais de Cleide de Sousa Lino).

Sao apresentados os dados das concentracdes de lipideos nas Figuras 69-72, Pags.
100-103 e nas Tabelas 15 e 16, Pags. 104 e 105. Ocorreram alteracdes significativas nos
niveis de lipideos no soro dos ratos diabéticos tratados, quando comparados com 0 mesmo

grupo antes do tratamento. A SF ndo reduziu o colesterol total (Fig. 69, Pag. 100).
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Figura 69: Graifico de avaliacdo dos niveis de colesterol total (TC) em ratos aloxan-
diabéticos antes e apds a administracdo de CVFDSM (DSF50 e DSF100): Colesterol total
(TC) medido do soro de ratos normais (N) ou diabéticos (D), com a fracdo solivel em
metanol 50 mg/kg ( DSF50), ou fragao solivel em metanol 100 mg/kg. ( DSF100 ), antes
(Hl) e depois () do tratamento com dgua destilada ou com a fracdo solivel 50 e 100
mg/kg,p.o. durante 5 dias. Controles normais foram usados para comparagdes. Todos os
valores representam SEM mau (9-15); *p <0.05 quando comparados com 0 mesmo grupo

antes de tratamento.
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Porém, TRF e tiramina 2 reduziram o colesterol em 25% e 18%, respectivamente
(TRF antes do tratamento: 75,5 + 6,36: depois do tratamento: 56,67 + 4,99 mg/dL,; T2
antes do tratamento: 53,3 + 2,63; depois do tratamento: 43,9 + 1,36 mg/dL) (Tabela 16,
Péag. 105). Em relacdo a HDL, ndo houve alteragdo significativa nos valores (Fig. 70, Pag.

101 e Tabela 16, Pag. 105) (Informagdes pessoais de Cleide de Sousa Lino).
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Figura 70: Gréfico de avaliacdo do nivel de HDL-C medido do soro de ratos aloxan-
diabéticos antes e apds a administracdo de CVFDSM (DSF50 e DSF100): HDL-C
medido do soro de ratos normais (N) e diabéticos (D), com a fra¢do soldvel em
metanol 50 mg/kg. (DSF50), fragdo solivel em methanol 100 mg/kg. (DSF100), antes
(M) e depois () do tratamento com dgua destilada ou com a fracdo solivel 50 e
100 mg/kg, p.o. durante 5 dias. Controles normais foram usados para comparagdo.
Todos os valores representam SEM mau (11-22); *p <0.05 quando comparados com o

mesmo grupo antes de tratamento.

O grupo tratado com a frac@o soldvel SF50 (50 mg/kg) teve triglicérides e VLDL
reduzidos em 39,5%, (depois do tratamento: 103,9 + 12,76 e 34,4 + 2,05 mg/dL), quando
comparado com os valores antes do tratamento (171.8 + 10.25 e 20,8 + 2,55 mg/dL).

Semelhantemente, o grupo tratado com SF100 teve triglicérides (TG) reduzido e VLDL
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estimado em 45% (depois do tratamento: 67,1 + 6,7 e 13,4 + 1,34 mg/dL), quando
comparados ao mesmo grupo antes do tratamento (121,8 +11,1 e 24.4 + 2.22 mg/dL) (Fig.
71 e 72, Pag. 102 e 103). (Informagdes pessoais de Cleide de Sousa Lino).
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Figura 71: Gréfico de avaliacdo dos niveis de triglicerides no soro de ratos aloxan-
diabéticos antes e apds a administragio de CVFDSM (DSF50 e DSF100):
Triglicerides medidos do soro de ratos normais(N) e diabeticos (D), com uso da fragdo
solivel em metanol 50 mg/kg. (DSF50) e fracdo solivel em metanol 100 mg/kg.
(DSF100), antes (HM) e depois () do tratamento com dgua destilada ou com a
fracao soldvel 50 e 100 mg/kg,p.o. durante 5 dias. Controles normais foram usados
para comparagdo. Todos os valores representam SEM mau (5-15); *p <0.05 quando

comparados com 0 mesmo grupo antes de tratamento.
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Figura 72: Gréfico de avaliacdo dos niveis de VLDL em ratos aloxan-diabéticos antes
e apds a administragdo de CVFDSM (DSF50 e DSF100): VLDL medido do soro de
ratos normais (N) e diabéticos (D) com a fracao soluvel em methanol 50 mg/kg.
(DSF50) e fragdo solivel em metanol 100mg/kg. (DSF100), antes () e depois (CJ)
do tratamento com dgua destilada ou com a fracao solivel 50 e 100 mg/kg,p.o. durante
5 dias. Controles normais foram usados para comparacdo. Todos os valores
representam SEM mau (5-15); *p <0.05 quando comparados com 0 mesmo grupo

antes de tratamento.

O TRF produz as mesmas porcentagens de reducdo (76%) nos triglicérides e nivel
de VLDL (antes do tratamento: 359,0 + 32,1 e 71,8 £ 6,42 mg/dL; depois do tratamento:
86,3 £10,70 e 17,3 £ 2.14 mg/dL). Semelhantemente, tiramina 1, reduziu os triglicérides e
nivel de VLDL em 45% (antes do tratamento:174,9 + 21,9 e 35,0 + 4,34 mg/dL; depois do
tratamento: 96,9 + 14,28 e 19,4 + 2,86 mg/dL), quando comparado ao grupo tiramina 1,
depois do tratamento. O tratamento com tiramina 2 também reduziu os triglicérides e os
niveis de VLDL em 62% (depois de: 58,0 = 8,54 ¢ 11,6 £ 11,71 mg/dL), quando
comparado com o mesmo grupo antes do tratamento (151,1 + 12,10 e 30,2 + 2,42 mg/dL)
(Tabela 16, Pag. 105). Semelhantemente, o grupo tratado com Glibenclamida teve os
triglicérides e niveis de VLDL reduzidos em 54% (depois de: 53,3 + 11,63 mg/dL e 17,9

1,97 mg/dL) quando comparado com o mesmo grupo antes do tratamento (antes do
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tratamento: 114,9 £ 24,10 e 34,6 = 8,81 mg/dL). HDL ndo mostrou nenhuma alterac¢io

significante (Tabela 16, Pag. 105). (Informac¢des pessoais de Cleide de Sousa Lino).

Tabela 15: Avaliacdo da glicemia e dos niveis de lipideos no plasma de ratos aloxan-

diabéticos antes e depois do tratamento com glibenclamida.

GRUPOS GLICEMIA TC HDL TG VLDL
(mg/dL) (mg/dL)  (mg/dL) (mg/dL) (mg/dL)
NORMAL 90,00 + 1,93  57,20£2.84 3564+201  36,08+483 6,1 0,49
DIABETICOS
Antes 344,1 £14,48 5524400 3583+239 1679+ 17,28 33,58 £3.46
Depois 319,0422,79  46,15+3,02 33,19+2,08  132,6+939 26,52+ 1,879
GLICEMIA
Antes 307,6 £23,47  66,71+638 3600+2,.88 1149241 34,64 +8381
Depois 129,6 +9.26%#  5539+2,89 3483+492 5326+11,63% 17,92+ 1,97+

Glicemia e perfis de lipideos do plasma foram medidos do soro de ratos normais,

glibenclamida diabéticos e diabéticos. Todos os valores representam SEM mau (6-11). *p

<0.05 quando comparados com o mesmo grupo antes de tratamento.
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Tabela 16: Avaliacdo da glicemia e dos niveis de lipideos no plasma de ratos aloxan-
diabéticos antes e depois do tratamento com a fragdo rica em tiramina (CVFDSM-F9.04) €

com tiramina 1 mg/kg e tiramina 2 mg/kg. (T1 e T2).

GRUPOS GLICEMIA TC HDL TG VLDL
(mg/dL) (mg/dL ) (mg/dL ) (mg/dL) (mg/dL)
NORMAL 90,9 +1,93 57,2+2.84 35,6 +£2,01 36,1 £4,83 72+0,97
DIABETICOS:
Antes 344,1 + 14,48 55,2 +4,00 35,8 +2,39 167,9 + 17,28 33,6 +£3,46
Depois 319,0 + 22,79 46,2 + 3,02 33,2+2,08 132,6 + 9,395 26,5 +1,88
TRF:
Antes 4423 £57,12 75,5 +6,36 45,0 +3,42 359,0 +32,11 71,8 £6,42
Depois 158,7 £ 20,72* 56,7 +4,99* 39,0 £2,96 86,3 +£10,70* 17,3 £2,14%*
TIRAMINA 1:
Antes 266,9 + 10,91 64,0 £ 2,62 33,5+ 1,19 174,9 £ 21,72 35,0 +£4,34
Depois 232,6 + 16,68 55,5+5,83 40,0 +2,55 96,9 + 14,28* 19,4 +2,86%
TIRAMINA 2:
Antes 229,5 + 14,34 53,3 +2,63 25,7+ 3,47 151,1 £12,10 30,2242
Depois 183,3 + 26,72 43,9 + 1,36% 333+£2,48 58,0 + 8,54* 11,6 +1,71*

Glicemia e perfis de lipideos foram medidos em soro de ratos de normais, diabéticos, e os
ratos diabéticos tratados com a fracdo rica em tiramina (TRF), Tiramina 1mg/kg e Tiramina
2mg/kg (T1 e T2) antes e depois do tratamento durante cinco dias. Todos os valores
representam SEM mau (6-11). *p <0.05 quando comparados com o mesmo grupo antes de

tratamento.
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Em conclusido, os resultados mostraram que a administragdo oral da fracdo solivel
(SF) e a da fracdo rica em tiramina (TRF) de Cissus verticillata tiveram um efeito benéfico
em ratos diabéticos, reduzindo a hiperglicemia, como também a hiperlipidemia,
semelhantemente isso foi apresentado pela tiramina comercial. Dados na literatura
relacionam alguns flavondides e tiramina como possuidores de efeitos hiperglicémicos e
hipotrigliceridémicos em animais diabéticos (Di Carlo, 1999; Visentin et al, 2005). Entao,
estudos com flavondides e tiramina, como também outros componentes presentes na planta,
sdo fundamentais para avancar na elucidagdo do mecanismo de acdo e envolvimento com
as propriedades antidiabéticas atribuidas a C. verticillata. Os resultados justificam o uso
popular de C. verticillata, mostrando o beneficio potencial do extrato aquoso da planta

como um medicamento alternativo, no tratamento de diabetes mellitus tipo 2.

Estes resultados sdo importantes, pois confirmam a acdo hipoglicemiante de C.
verticcilata, indo ao encontro dos resultados favordveis a agdo hipoglicemiante de C.
Verticillata, obtidos preliminarmente e relatos na literatura (Pepato et al, 1998; Barbosa et
al, 2002; Viana et al, 2004) e opondo-se aos resultados obtidos por Beltrame (2001) que

atribuiu um efeito diabetogénico e ndo diabético ao extrato de C. verticillata.

Destaca-se ainda por relacionar pela primeira vez na literatura a tiramina como
substancia responsavel pela a¢ao hipoglicemiante de C. verticillata. Os estudos feitos sobre
a acdo hipoglicemiante de C. verticillata que comprovam a sua acdo hipoglicemiante
supdem que os flavondides existentes na planta sejam responsdveis pela referida acao.

(Pepato et al, 1998; Barbosa et al, 2002).

Diversos estudos relatam o potencial hipoglicemiante da tiramina. Segundo Visentin
et al, (2003), “A amina tiramina biogénica é bastante utilizada para estimular o transporte
de glicose in vitro nos adipocitos, cardiomiocitos e musculo esquelético, e por melhorar a
utilizacdo de glicose in vivo em ratos. No referido trabalho foi testado se o tratamento
prolongado de tiramina poderia melhorar a tolerancia de glicose em ratos diabéticos
streptozotocin-induzidos. A tiramina foi administrada durante 3 semanas em ratos

diabéticos com aplicac@o de injecdes didrias de 29 micromols/kg por i.p. isoladamente ou
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em combinag¢do com vanddio 0,02 micromol/kg. Em outro grupo de ratos diabéticos, a
tiramina foi administrada subcutaneamente a 116 micromols/kg/dia através de minibombas
osmdticas. Todos os tratamentos com a tiramina resultaram em uma diminuiciao das
respostas hiperglicémicas. Porém, os animais diabéticos que receberam tiramina por trés

semanas nao se recuperaram da hiperglicemia, da hipoinsulinemia e da glicosuria.”

Zorzano et al (2002), estudou o efeito da combinacdo de outras aminas,
particularmente a benzilamina e a tiramina, e compostos de vanadio IV e V no tratamento e
prevencdo de diabetes mellitus. “N6s temos evidenciado que em ratos diabéticos
streptozotocin-induzidos (um modelo diabetes do tipo 1), a administracdo crOnica de
benzilamina e vanddio melhora a hiperglicemia. A administracdo crénica de benzilamina e
vanadio melhora a hiperglicemia e estimula a quantidade de glicose através dos adipdcitos
de ratos. A combinagdo de benzilamina e vanddio causa os seguintes efeitos: a) incremento
da primeira fase de secrecdo de insulina depois do tratamento agudo com benzilamina e
uma baixa dosagem de vanddio, b) aumento na tolerncia de glicose também depois da
administracdo aguda de benzilamina e vanadio, c) melhora da hiperglicemia e d) reversao
da resisténcia de insulina no musculo depois do tratamento crénico com benzilamina e
vanadio. Preferencialmente os compostos com vanddio sdo sais de vanadio e complexos de

vanadio e as aminas sdo tiramina e benzilamina.”

De acordo com Visentin et al, (2005), “Quando testada in vifro em doses
milimolares, a tiramina causou uma grande estimulacio do transporte de glicose nos
adipdcitos de ratos e em musculos esqueléticos e cardiacos. Em administragio in vivo de
tiramina (4 mg/kg i.p.) diminuiu as respostas de hiperglicemia para o controle da glicose
em ratos streptozotocin-tratados. Foi obtido este efeito positivo na diminuicdo de glicose

sem a utiliza¢do de vanidio.”

Os resultados obtidos nos testes farmacolégicos de C. verticillata, especialmente
para as fracdes ricas em tiramina (CVFDSM-F19-24, E2CVFDSM-F13-20 e E3CVFDSM-
F11-19) e tiramina (SM-1), e a comprovacdo na literatura da ag¢do da tiramina como

hipoglicemiante em ratos diabéticos, mostram que 0s objetivos deste trabalho foram
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atingidos, isolando-se de C. verticillata uma substincia de comprovado efeito

hipoglicemiante.
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7. CONCLUSAO

A andlise dos constituintes dos 6leos essenciais das folhas (GAOFOLHAS) e dos
frutos (GAOFRUTOS) de Myrcia sp., mostrou que esses Oleos sdo constituidos por
sesquiterpenos, tendo B-elemeno (23,38%), germacreno D (12,87%) e a-cadinol (15,20%)
como constituintes majoritarios do primeiro 6leo e B-elemeno (29,65%), trans-cariofileno
(9,97%), germacreno D (28,28%) e a-selineno (8,11%) como constituintes majoritarios do

segundo 6leo.

Sucessivos tratamentos cromatogrificos da fragdo metandlica (CVFDSM)
proveniente do decocto das folhas frescas de Cissus verticillata permitiram a obtencdo do
4-(2-aminoetil)fenol (tiramina), substidncia inédita para o género Cissus. Os testes
realizados com tiramina mostraram reducdo na glicemia, colesterol total, triglicérides e
niveis de VLDL em ratos com diabetes aloxan-induzida, e aumento nos niveis de HDL.
Estes resultados sao ratificados por artigos mais recentes da literatura quando relatam que a
administracdo cronica de tiramina conduz a uma melhoria da tolerancia de glicose em ratos

diabéticos.

A fracdo hexanica (CVFEET-FH) proveniente da particdo do extrato etandlico das
folhas secas de Cissus verticillata permitiu o isolamento dos esterdides P-sitosterol-
glicosilado (EH-1), do B-sitosterol (EH-2) e a obten¢do de uma mistura dos esterdides [3-

sitosterol e estigamasterol.

Os resultados apresentados nesta dissertagdo confirmam a a¢@o hipoglicemiante de
C. verticillata, relatada preliminarmente na literatura por alguns trabalhos que investigaram
o seu potencial antidiabético. (Pepato et al, 1998; Pepato et al, 2003; Barbosa et al, 2002;
Viana et al, 2004) e opdem-se aos resultados obtidos por Beltrame (2001) que atribuiu um

efeito diabetogénico e ndo diabético ao extrato de C. verticillata.

Este trabalho relaciona de forma inédita na literatura a tiramina como substancia

responsavel pela acdo hipoglicemiante de C. verticillata. Opondo-se também a relatos de
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que a acdo hipoglicemiante de C. verticillata deve-se, supostamente, a existéncia de

flavondides no decocto de suas folhas. (Pepato et al, 1998; Barbosa et al, 2002).

Os testes farmacoldgicos com a fracdo solivel em metanol (CVFDSM), com as
fracdes ricas em tiramina (CVFDSM-F19-24, E2CVFDSM-F13-20 e E3CVFDSM-F11-19)
e com a tiramina (SM-1), e a comprovacdo na literatura da acdo da tiramina e da
benzilamina, como hipoglicemiantes em ratos diabéticos, mostram que os objetivos deste
trabalho foram alcangados, isolando-se de C. verticillata o “principio ativo” responsavel
pelo seu comprovado efeito hipoglicemiante e a sua acdo nos niveis de HDL, VLDL,

colesterol total e triglicérides in vivo. (Sales et al, 2005).

Os resultados obtidos até o0 momento, a partir do decocto e do extrato etandlico das
folhas de C. verticillata, confirmam o grande potencial quimico-botanico-farmacolégico
desta espécie e justificam a continuidade dos estudos, ndo apenas para esta espécie, mas
também para outros representantes do género Cissus, tanto pelos trabalhos de estudos
farmacoldgicos publicados na literatura, como pelas substincias isoladas a partir de

algumas de suas espécies. (D’ambroésio et al, 1994; Fritzemeier et al 1981).
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8. CONSTANTES FiSICAS E DADOS ESPECTROSCOPICOS

8.1 SM-1: Tiramina ou 4-(2-aminoetil)fenol

Formula molecular: CsH;;NO
Massa molecular: 137 u
Aspecto: sélido amorfo levemente amarelado

Solubilidade: metanol

Espectroscopia no Infravermelho (KBr, cm'l): 553; 656; 775; 833; 946; 1022; 1112;
1140; 1223; 1256; 1354; 1385; 1462; 1496; 1612; 2920; 3104; 3504.

Espectrometria de massa (IE, 70 eV): 36; 38; 39; 51; 53; 55; 65; 77; 79; 91; 107; 108;
109; 120; 137.

Espectroscopia de RMN 'H (500 MHz, MeOD): & (integracdo, multiplicidade,
constante de acoplamento): 2,87 6 2H, t, J = 7,7 Hz); 3,12 6 (2H, t, J = 7,7 Hz); 6,77
(2H, d, J=8,4 Hz); 7,10 6 (2H, d, J = 8,4 Hz).

Espectroscopia de RMN “C (125 MHz, MeOD): § (padrido de hidrogenacio,
correlacao estrutural): 33,9 (CH,, C-7); 42,4 (CH,, C8); 116,9 (CH, C-2/C-6); 128,6 (CH,
C-4); 130,9 (CH, C-3/C-5); 157,8 (CH, C-1).
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8.2 EH-1: glicosideo do B-sitosterol

Formula molecular: C35HgoOg¢
Massa molecular: 576 u
Aspecto: solido amorfo branco
Solubilidade: piridina

P.F.: 289-292°C

[alp™: + 65,49°

Espectroscopia de RMN 'H (300 MHz, CDCl;3): & (integracido, multiplicidade,
constante de acoplamento): 0,69 (3H, s); 0,90 (s); 0,96 (s); 1,01 (d, J =5,1 Hz); 1,11-2,14
(m); 2,50 (1H, t, J = 11,7 Hz); 2,75 (1H, t, J = 13,3 Hz); 4,08 (3H, m ); 4,31 (2H, m ); 4,43
(1H, m ); 4,58 (1H, d, J = 11,6 Hz); 5,07 (d, J = 6,7 Hz); 5,38 (1H, s).

Espectroscopia de RMN C (75 MHz, CsDsN): & (padrio de hidrogenacio, correlaciio
estrutural): 12,5 (CHs, C-29); 12,7 (CH3, C-18); 19,5 (CH3, C-21); 19,8 (CH3, C-19); 19,9
(CHs, C-27); 20,4 (CH3, C-26); 21,8 (CHy, C-11); 23,9 (CH,, C-28); 25,0 (CHy, C-15);
27,0 (CH,, C-23); 29,0 (CH,, C-16); 30,1 (CH,, C-2); 30,8 (CH, C-25); 32,6 (CH, C-8);
32,7 (CH,, C-7); 34,8 (CH,, C-22); 36,9 (CH, C-20); 37,5 (C, C-10); 38,0 (CHy, C-1); 39,9
(CH,, C-4); 40,5 (CH,, C-12); 43,0 (C, C-13); 46,6 (CH, C-24); 50,9 (CH, C-9); 56,8 (CH,
C-17); 57,4 (CH, C-14); 63,4 (CH,, C-6°); 72,3 (CH, C-4°); 75,8 (CH, C-5°); 78,7 (CH, C-
2’); 78,9 (CH, C-3’); 79,1 (CH, C-3); 103,1 (CH, C-1"); 122,4 (CH, C-6); 141,5 (C, C-5).
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8.3 EH-2: B-sitosterol

Férmula molecular: C,9Hs500

Massa molecular: 414 u

Aspecto: Cristais brancos em forma de agulha
Solubilidade: cloroférmio

P.F.: 116,0-117°C

Espectroscopia no Infravermelho (KBr, cm'l): 964; 1057; 1372; 1458;1653; 1719; 2935;
3433

Espectroscopia de RMN 'H (300 MHz, CDCL): § (integracio, multiplicidade,
constante de acoplamento): 0,69 (3H, s); 0,87 — 0,80 (m); 1,02 (3H, s); 0,91 (d, J = 6,45
Hz); 1,50 (m); 1,85 (m); 2,01 (2H, m); 2,29 (2H, m); 3,53 (1H, m); 5,36 6 (1H, d, J = 5,0
Hz).

Espectroscopia de RMN *C (75 MHz, CDCl): § (padrio de hidrogenacio, correlaciio
estrutural): 12,1 (CHs, C-29); 12,2 (CH3, C-18); 19,0 (CH3, C-21); 19,3 (CHs, C-27);19,6
(CHs, C-19); 20,0 (CH3, C-26); 21,3 (CH,, C-11); 23,0 (CHy, C-28); 24,5 (CH,, C-15);
26,3 (CH,, C-23); 28,5 (CH,, C-16); 29,4 (CH, C-25); 31,9 (CH,, C-2); 31,9 (CH,, C-7);
32,1 (CH, C-8); 34,2 (CH,, C-22); 36,4 (CH, C-20); 36,7 (C, C-10); 37,5 (CH,, C-1); 40,0
(CHa, C-12); 42,5 (CHy, C-4); 42,5 (C, C-13); 46,1 (CH, C-24); 50,4 (CH, C-9); 56,3 (CH,
C-17); 57,0 (CH, C-14); 72,0 (CH, C-3); 121,9 (CH, C-6); 141,0 (C, C-5).
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Abstract: Cissus verticillata (syn. C. sycioides, fam. Vitaceae) is a medicinal plant popularly used in
Brazil, for the treatment of diabetes mellitus. The anti-diabetic activity of a fraction from leaves of
Cissus verticilllata (MSF, methanol soluble fraction), as well as that of tyramine (TYR) were
investigated, in the model of alloxan-induced diabetes, in male Wistar rats. The biochemical
parameters studied were: serum glucose, triglycerides (TG), total cholesterol (TC) and very low
density lipoprotein (VLDL), urea, creatinine, AST and ALT levels. Besides, glycated hemoglobin and
liver glycogen concentrations were also determined. The MSF (50 and 100 mg kg™, p.o.), tyramine (1
and 2 mg kg™, p.o.), glibenclamide (GLI 5 mg kg™, p.0.) and metformin (MET, 50 mg kg™', p.o.) were
administered daily, for 5 days, 48 h after the alloxan injection (40 mg kg™, i.v.). Drugs were
administered alone or associated. Alloxan-diabetic rats showed significant reductions in plasma
glucose, triglycerides and total cholesterol, after the treatment with the MSF, tyramine and
glibenclamide, as compared to diabetic controls. The MSF and TYR effects were not potentiated by
their association with GLI. Besides, MSF or TYR did not reverse DZ-induced hyperglycemia.
However, MSF and TYR effects were significantly potentiated by MET, suggesting that these drugs
act by a mechanism similar to that of MET. The other biochemical parameters were unaltered. The
treatment of diabetic animals with the MSF increased the number of pancreatic beta cells. TYR also
decreased the concentration of glycated Hb. While a 61% decrease in glycogen concentration was
observed in diabetic controls, a total and partial recoveries of alloxan effects were seen after treatment
of diabetic animals with the MSF (100 mg kg™, p.0.) and measurements carried out 2 and 24 h after
amyloglicosidase addition, respectively. In conclusion, our results showed that the MSF and TYR,
when administered by gavage for 5 days, may reduce glucose, TG and TC levels by a mechanism at
least in part similar to that of MET. These results point to the insulin-like effects of C. verticillata,
probably due to the presence of tyramine in the plant.

Key words: C. verticilllata, glucose, triglycerides, total cholesterol, tyramine, anti-diabetic activity

INTRODUCTION

Diabetes mellitus is a group of syndromes
characterized by hyperglycemia, altered metabolism of
lipids, carbohydrates and proteins and an increased risk

. . . 1
of complications from vascular diseases''. Several

medicinal plants are popularly used in Brazil and
elsewhere for the treatment of diabetes and among them
are those belonging to the genus Bauhinia, Momordica,
Eugenia and Cissus™**.

Cissus verticillata syn. C. sicyoides (Vitaceae), species
studied in the present research, is a medicinal plant
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popularly known in Brazil as cip6-puca, anil-trepador,
cortina, or insulina™®*®. Leaf decoctions from C.
verticillata, called elsewhere as princess vine, are taken
as a popular remedy for diabetes in Brazil, where it is
also known as vegetal insulin, as well as for other
diseases, including rheumatism, epilepsy and stroke!”.

Analgesic and anti-inflammatory effects were
detected in C. quadrangularis™ (Panthong et al., 2006),
while analgesic activity was also observed by us in the
aqueous exctract and methanol soluble fraction
prepared from the fresh leaves of  Cissus
verticillata®'”. Furthermore, a very recent study'''!
reported that the methanol extract of C. quadrangularis
possesses peripheral as well as central analgesic effects.

Several substances were isolated from the genus
Cissus. Thus, Beltrame reported the isolation of a new
coumarin glycoside in the aerial parts of C. verticillata,
together with a known coumarin, two flavonoids and
two steroids!®'?. Furthermore, luteonin, kaempferol and
luteonin-3-sulphate were also isolated from the aqueous
extract after acid hydrolysis!"*!.

Recently, tyramine was isolated as a new substance
from C. verticillata, at the Organic Chemistry
Laboratory of the Federal University of Ceara
(Brazil)'"¥. Many studies have found that tyramine
administration to diabetic rats increases glucose
disposal and reduces hyperglycemia, an effect
occurring even at doses that have little effect on
cardiovascular variables and for this reason it has been
suggested as a possible treatment for diabetes!'>'®!.

There are only a few reports on the effects of C.
verticillata and their constituents'®™'>"! in the
literature, some of them presenting contradictory or
unsuccessful results''?. In a previous study!'”, we
showed that a semi-purified fraction from C. verticillata
presents hypoglicemic and hypolipidemic activities, in
the model of alloxan-induced diabetes in rats. In the
present study, we further investigate the effects of the
daily oral treatment for 5 days of alloxan-diabetic rats,
with a methanol soluble fraction from C. verticillata
leaves, as compared to its main active constituent,
tyramine, on the serum glucose as well as on other
biochemical parameters. The effects of the drugs on
pancreatic beta cells and on glycated HB levels as well
as on hepatic glycogen contents were also investigated,
attempting to clarify the mechanism of the
hypoglycemic action of this medicinal species.

MATERIALS AND METHODS
Plant: Fresh leaves of Cissus verticillata were

harvested from the Prof. Francisco José de Abreu
Matos Medicinal Plants Garden, at the Federal
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University of Ceara. Voucher specimens (No.32240),
identified at Kew Garden, UK, are deposited at the
Prisco Bezerra Herbarium, Federal University of Ceara,
Fortaleza, Brazil.

Methanol soluble fraction preparation (MSF): A
three hundred gram aliquot of fresh leaves from Cissus
verticillata was submitted to decoction with 500 mL
(twice) of H,0, for 5 min. The procedure was repeated
three more times to yield a 4 L solution, from a total of
1.2 kg of leaves. After lyophilization, 29.5 g of a light
brown solid residue was obtained, which in turn was
stirred for 30 min with 50 mL of methanol (twice) to
afford 15.67 g of a viscous brown residue, after
methanol rotoevaporation (MSF) and 11.35 g of the
methanol insoluble residue (MIR). Among all the
fractions tested for anti-diabetic activity, the most
active one was the MSF and, for this reason, it was
chosen for further analyses.

Isolation of tyramine (present in C. verticillata
leaves) from the MSF: MSF (5.1 g) dissolved in
MeOH and submitted to gel permeation over Sephadex
LH-20 (100 g) on a 500 mL glass column (5 cm
diameter), by elution with MeOH, resulted in 24
fractions (9 mL each), followed by two larger fractions
(125 and 250 mL) and finally by a 500 mL fraction
eluted with MeOH/H,O 1:1. After TLC comparison,
three major fractions were obtained by pooling the
similar fractions: CvMsFg 1, (1.23 g), CvMsF 55 (1.54
g) and CvMsFeo (1.01 g). 'H NMR (500 MHz,
MeOD) analysis of all major fractions revealed the
presence of a major compound in F9,4 that was later
designated (tyramine rich fraction (TRF). Besides
tyramine characteristic pair of doublets in the aromatic
region (6.77 and 7.10 ppm, J 8.4 Hz) and the pair of
triplets in the aliphatic region (2.87 and 3.12 ppm),
several signals between 3.3 and 4.3 ppm followed by
doublets at 4.5 and 5.1 ppm were indicative of the
presence  of sugar components. TRF  was
rechromatographed on Sephadex LH-20 by elution with
MeOH to yield 12 fractions (9 mL each) that were
compared by TLC and pooled by similarity. Fgg (750
mg) was redissolved in MeOH and, then, EtOAc was
added dropwise until the formation of a light yellow
precipitate. Filtration afforded 390 mg of tyramine (2-p-
hydroxiphenylethylamine) identical to the standard
tyramine, after TLC co-cromatography and 'H and "*C
NMR spectral analyses (157.8, 116.9, 130.9, 128.6,
42.4 and 33.9 ppm). These methods were performed
either separately with tyramine from TRF and standard
tyramine, or in a 1:1 mixture. The process was repeated
4 times in order to provide enough material for all
pharmacological assays.
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Drugs: Alloxan monohydrate, tyramine hydrochloride
and diazoxide were obtained from Sigma Chemical Co.
(St.Louis, MO, USA), glibenclamide, from Aventis
Brasileiro Ltda. (GO, Brazil) and metformin, from
Merck. All other drugs were of analytical grade and
dissolved in distilled water for oral administration,
before use.

Animals: Male Wistar rats (180-250 g) from the
Animal House of the Federal University of Ceard were
housed in standard environmental conditions (22+11°C,
humidity 60£5%, 12 h light: 12 h dark cycle), with free
access to a standard commercial diet and water ad
libitum. Experiments were performed according to the
Guide for the Care and Use of Laboratory Animals,
from the US Department of Health and Human
Services, Institute of Laboratory Animal Resources,
Washington DC, 1985. Experimental protocol: Animals
were divided into 8 groups of 5-38 animals each. The
first group, untreated, was named the normal group
(NC). Diabetic groups (untreated and treated) fasted for
at least 16 h, received alloxan (ALX, 40 mg kg™)
through the penile vein. The diabetic state in these
groups was assessed by measurements of the serum
glucose levels, 48 h later, when around 40% deaths
were registered due to the alloxan toxicity. Animals that
presented glucose levels lower than 200 mg dL™" were
rejected. The studied groups were: normal (NC),
diabetic plus distilled water (DC), diabetic plus
methanol soluble fraction, 50 and 100 mg kg™ (MSF 50
and MSF 100), diabetic plus glibenclamide 5 mg kg™’
(GLI 5), diabetic plus standard tyramine 1 and 2 mg
kg™' (TYR 1 or 2) and diabetic plus glibenclamide 5 mg
kg (GLI 5) alone or associated with tyramine.
Besides, other diabetic rat group treated with metformin
50 mg kg™' (MET) alone or associated with tyramine
were also included. Animals were treated orally for 5
days (unless otherwise specified), 48 h after the
alloxan-induced diabetes. Blood samples were collected
just prior and five days after treatments.

Determination of biochemical parameters in rat
serum: Blood from the retro-orbital plexus was
collected and centrifuged at 3000 rpm for 10 min and
the glucose level was determined by the glucose
oxidase-peroxidase enzymatic method (Labtest, Brazil).
Concentrations of serum total cholesterol (TC),
triglycerides (TG) and very low density lipoprotein
(VLDL) levels were measured by standard enzymatic
colorimetric  methods  (Trinder 1969) in the
spectrophotometer, model Selectra II, from Winner.
AST, ALT, urea and creatinine levels were also
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determined by standard procedures, according to the
manufacturer’s instructions (Labtest , Brazil).

Effects of the MSF, TYR, GLI and diazoxide (DZ),
alone or associated, on DZ-induced hyperglycemia:
Groups of 6 male Wistar rats (150-250 g) were divided
into normal controls (NC), MSF (100 mg/kg), GLI (5
mg/kg), TYR (2 mg kg™"), DZ (60 mg kg™") and the
associations of MSF 100+DZ 60, GLI 5+DZ 60, TYR
2+DZ 60. Firstly, animals were treated orally with each
drug and their blood collected before and 30, 60 and
120 min after the drugs administration. In another
experiment, animals were treated with the drugs and
injected with DZ, 30 min later. Blood samples were
collected from the retro-orbital plexus, in tubes
containing separation gel, before and 30, 60 and 120
min after DZ administration. Then, the blood was
centrifuged at 3,000 rpm, for 10 min and samples used
for glucose determination by the glucose-oxidase
method (Labtest, Brazil).

In vitro determination of glycated hemoglobin (Hb):
Blood was collected from the abdominal aorta of non-
diabetic 12 h fasted rats and distributed in tubes
containing EDTA (10 g dL™"). After centrifugation at
3,000 rpm, the supernatant was discarded and cells,
filtered, washed (0.15 M NaCl, 1:10, 3xtimes) and
centrifuged at 3,000 rpm, 5 min each time. The cell
suspension was washed twice more, transferred to tubes
and phosphate buffer 0.01 M, pH 7.4, containing
gentamycin (20 mg dL™") and CCl4 (1:2:0.5) was
added. The mixture was centrifuged at 3,000 rpm, 5
min and the total Hb concentration in the supernatant,
determined spectrophotometrically at 540 nm. The
mixture was diluted in 0.01 M phosphate buffer, pH
7.4, to obtain a solution containing 8 g dL™' of Hb.
Tubes with the hemoglobin solution (final
concentration of 4 g dL™"), gentamycin (20 mg dL ™)
and 1 mL of phosphate buffer, containing 50 mM
glucose (controls), MSF, TYR or quercetin (50 pg
mL™", each) were incubated for 48 h (in the dark and at
room temperature). After incubation, samples were
treated with 1 M boric acid to remove the unstable
fraction of the glycated hemoglobin and submitted to
ionic  exchange chromatography for glycated
hemoglobin determination.

Hepatic glycogen determination: Alloxan-induced
diabetic rats were treated with MSF (100 mg kg™', p.o.)
or distilled water (DC), for 10 days. Control animals
(NC) were also treated with distilled water. In the 10th
day, animals were anesthetized with ether, 1 h after the
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last drug treatment, their livers dissected, washed with
saline and samples from all groups were removed and
weighted. Then, samples were homogenized in sodium
citrate buffer (0.1 M, pH 4.2) and 10 uL of the
homogenate was used to determine free glucose in the
tissue. For this assay, 100 mg liver pieces in 10 mL
buffer were used, followed by the addition to the
homogenate of 1 mg of powder amyloglicosidase per
ml of buffer. The assay mixture was left at room
temperature, from 2-24 h. Samples (10 pL) were then
used to determine the total glucose concentration, by
the glucose oxidase method, according to the
manufacturer’s instructions (Labtest, Brazil). Results
were expressed as mg glycogen/100 mg tissue.

Histological studies: Diabetic animals were sacrificed
at the 5th day after treatment and their pancreas
dissected, washed with saline and placed in buffered
formalin, followed by a 70% alcohol solution, 24 h
later. Tissue samples were fixed in formalin and
embedded in paraffin for light microscopy examination
of HE sections.

Statistical analyses: All results are presented as
mean+S.E.M. Data was analyzed by ANOVA followed
by Student-Neuman-Keuls as the post hoc test and
Student's t-test for paired observations. Results were
considered significant at p<0.05.

RESULTS AND DISCUSSION

The treatment of diabetic rats with MSF, at the
doses of 50 and 100 mg kg', p.o., significantly
decreased glycemia in 28 and 46%, respectively. While
TC levels were unchanged, TG and VLDL levels also
decreased by 44 and 54%, with both doses, as
compared to values before the treatment. TYR 1 and
GLI 5 (an oral hypoglycemic drug of the sulfonylurea
class, used as standard) treatments of diabetic rats
decreased levels of glycemia, TG and VLDL in 41 and
57% and in 45 and 54%, respectively, as compared to
values before the treatment. While TYR 2 decreased
levels of glycemia, TG and VLDL in 33 and 57%. A
similar picture was observed after treatment of diabetic
rats with the association of GLI 5 + TYR 1 (32 and
49% decreases of glycemia and TG levels, as compared
to values before the treatment) (Table 1 and 2).

Although diabetic rats showed a 28% increase in
urea values, these values came close to normal ones, 5
days later. However, the increase in creatinine levels
was maintained after this period of time (3.6 and 3
times increases, respectively). Urea values in diabetic
rats before treatment with MSF (50 and 100 mg kg™,

181

Table 1:Glycemia and serum lipid profiles (mg dL™) in normal
controls (NC), alloxan-induced diabetic rats (DC) and
diabetic rats, before and after treatment with the methanol
soluble fraction from Cissus verticillata (MSF), tyramine
(TYR), glibenclamide (GLI) and the combination of
glibenclamide plus tyramine (GLI + TYR)

Glycemia (mg dL™")

Groups

(mg kg™, p.o) Before After

NC 93.9+2.70 (10) 97.8+4.55

DC 377.6+14.11 (38)* 369.3£19.34*
MSF 50 410.7+32.29 (20)* 295.5426.04**
MSF 100 354.7421.29 (22)* 191.7£19.71%*
TYR 1 373.5427.15 (13)* 219.9+14.25%*
TYR 2 257.3+22.96 (07)* 171.9426.33%*
GLI5 385.4+17.63 (12)* 210.3+ 30.67%*
GLI5+TYR 1 374.6+£20.34 (07)* 256.1+£33.31**

Values represent meantSEM for the number of animals in
parentheses. Diabetic rats were treated with distilled water (DC) or
MSF (50 and 100 mg kg™"), TYR (1 and 2 mg kg™"), GLI (5 mg kg™")
or the association of GLI (5 mg kg™) plus TYR (1 mg kg™"), orally for
5 days. Before and After = diabetic animals before and after
treatment.*p<0.05 as compared to normal controls (NC). The data
were analyzed by ANOVA and Student-Newman-Keuls as the post
hoc test.**p<0.01 when compared to the same group before treatment
(Student’s paired t test)

p.o.) increased in 80 and 134% and decreased to 16 and
25% after treatment. Similar data were observed in
creatinine levels which decreased from 2.6-1.2 times
and from 1.9 times to normal ones, after diabetic rats
treatment with the MSF doses of 50 and 100 mg kg,
respectively. While TYR 1 and TYR 2 treatments of
diabetic rats did not significantly altered urea levels,
they decreased creatinine levels to 1.4 and 1.5 times, as
related to normal controls. As far as AST and ALT
levels are concerned, the only significant change was
that seen with the group of diabetic animals treated with
the association of GLI 5+TYR 1 where decreases of 48
and 22% respectively were observed, as compared to
diabetic controls (Table 3).

Diazoxide (DZ) is an antihypertensive drug that
increases blood glucose by decreasing insulin release
levels and opening of K™ channels and, in this sense, it
presents a mechanism of action opposed to that of GLIL
Our data (Table 4) showed that DZ significantly
increased glycemia, after 60 and 120 min. MSF or TYR
alone did not alter the blood glucose levels during this
period (up to 120 min) nor reversed the DZ
hyperglycemic effect. On the other hand, while GLI did
not show any effect per se, it significantly reversed the
hyperglycemic effect of DZ, bringing values to normal
levels. These experiments showed that both the MSF
and TYR probably do not act by the same mechanism
as GLI. In order to clarify the mechanism of action of
the hypoglycemic effect of C. verticillata, biochemical
parameters in sera of diabetic rats treated with
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Table 2: Total cholesterol (TC), triglycerides (TG) and very low density lipoprotein (VLDL) levels in the serum from normal (NC) and alloxan-
induced diabetic rats (DC), before and after the treatment with the methanol soluble fraction from Cissus verticillata (MSF), tyramine
(TYR), glibenclamide (GLI) and the combination of glibenclamide plus tyramine (GLI + TYR)

Group TC TG VLDL (mg dL™)
Before After Before After Before After

NC 64.1+5.38 58.7+3.93 64.9+9.17 79.8+£10.25 12.8+1.74 16.0+2.05
(10) (12) (12)

DC 78.2+4.99 62.5+3.53 184.2+13.51 145.0+£12.9%* 36.8+2.70 28.8+2.64%*
(20)* @n* GBn*

MSF 50 74.444.61 60.2+3.82%* 177.0+£17.47 99.5+5.97** 35.4+3.49 19.9+1.19%*
(19)* (13)* (13)*

MSF 100 64.4+2.80 53.3+3.89%* 152.4£17.76 70.5+4.67** 30.5+3.55 14.1£0.93**
) (29)* (29)*

TYR 1 68.4+5.65 60.3+7.23 228.8+£16.78 98.8+8.96** 45.843.40 19.8+1.79%*
(14) (19)* (19)*

TYR 2 53.34+2.63 43.9+1.36** 149.4+11.86 64.2+6.50%* 29.94+2.38 12.8+1.30%*
(12) (10)* (10)*

GLIS 76.9+8.08 53.2+4.70** 167.7+£20.15 76.9+£9.70** 33.5+4.03 15.4+1.96%*
(15)* (16)* (16)*

GLI5+TYR1 81.5+5.09 67.8+4.63** 262.5+28.13 134.0+24.60** 52.3+5.54 26.8+4.92%*
(18)* (6)* (6)*

TC, TG e VLDL were measured in the serum from NC, DC and diabetic rats, before and after oral treatments for 5 days with MSF (50 and 100
mg), TYR (1 and 2 mg) and GLI (5 mg/kg), alone or associated. Treatments started 48 h after alloxan-induced diabetes. NC and DC were treated
with distilled water. Values represent mean+SEM of the number of animals in parenthesis.*p<0.05 as compared to NC (ANOVA and Student-
Newman-Keuls as the post hoc test),**p<0.05 as compared to the same group before treatment (Student’s paired t test)

Table 3: Urea, creatinine, AST and ALT levels in the serum of normal controls, alloxan-induced diabetic rats and diabetic rats, before and after
treatment with the methanol soluble fraction from Cissus verticillata (MSF), tyramine (TYR), glibenclamide (GLI) and the combination
of glibenclamide plus tyramine (GLI + TYR)

Group Urea (mg DI™") Creatinine (mg dL™") AST(UL™ ALT(UL™)
NC B 38.8+2.32 0.8+0.03 97.6+£6.23 57.4+4.02
(14) (14) (10) (12)
A 38.0+£2.26 0.8+0.03 87.7+6.54 51.3+4.95
DC B 53.7+4.03 2.9+0.19 126.8+8.43 58.7+5.52
(15)* (15)* (26) (21)
A 45.4+£5.07 2.4+0.10* 118.0+8.25 58.7+£7.25
MSF 50 B 70.0+9.03 2.1+0.46 112.5+7.32 48.0+3.86
3)* @)* (13) (11)
A 59.0+6.06%* 1.0+0.14** 92.14+7.50%* 55.5£5.35
MSF 100 B 90.8+7.18 1.5+0.27 127.848.26 54.04+5.08
(8)* ®)* (16) (13)
A 67.8+£6.40%* 0.9£0.13** 119.8+8.89 49.4+5.75
TYR 1 B 46.5+4.40 2.5+0.21 104.1+8.72 46.0+£3.15
(10)* (13)* 21 (21)
A 33.6+5.13%* 1.8+£0.17** 88.3+10.02 38.0+2.82
TYR 2 B 63.4+3.73 1.8+0.29 122.9+12.1 52.3+4.06
(10)* (10)* (12) (12)
A 53.8+3.10 1.24+0.15%* 113.7£12.31 45.3+4.41
GLI 5 B 67.6+£6.55 1.4+0.15 125.3+9.25 53.7+5.52
(10)* ()] ()] (3)
A 60.9+3.60 1.0£0.07** 111.8+6.91 48.4+5.96
GLI5+TYR 1 B 90.5+5.88 1.5+0.20 91.3+6.99 37.3+2.07
(12)* @)* ()] ®)
A 92.1£8.83 0.9+0.04** 47.3+4.60%* ** 29.04+0.90**

Values represent mean+SEM for the number of animals in parentheses. NC = non-diabetic controls. Diabetic animals were treated, orally for 5
days, with distilled water (DC) or MSF (50 and 100 mg kg™), TYR (1 and 2 mg kg™") and GLI (5 mg kg™"), alone or associated. B and A =
diabetic animals before and after treatments.*p<0.05 as compared to NC (ANOVA and Student-Newman-Keuls as the post hoc test; **p<0.05 as
compared to the same group before treatment (Student’s paired t test)

tyramine, metformin (an oral hypoglycemic drug of the

biguanide class) and their association were determined.
We showed that TYR (1 and 2 mg Kg™', p.o.) decreased
in a dose-dependent manner (35 and 43% decreases,

respectively) glycemia values, as compared to diabetic
controls, while metformin caused a 49% decrease. The
association MET 50+TYR 2 decreased the glycemia in
73% and MET 50 + TYR 1 brought glycemia values to
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Table 4: Evaluation of the methanol soluble fraction (MSF) from Cissus verticillata, diazoxide (DZ), tyramine (TYR), glibenclamide (GLI) and
the associations of MSF + DZ, TYR + DZ and GLI + DZ, on diazoxide glycemic curves, in rats

Group Time (min) 0 30 60 120

NC 88.5+2.55 91.0+3.72 98.3+6.64 99.0+5.36

DZ 60 63.4+3.27 116.2+5.24 164.2+17.01%* 211.2+16.90%*
MSF 100 67.3+1.78 85.844.18 86.5+3.69 102.7+5.32
MSF 100+DZ 60 55.7£1.80 112.2+6.02 147.3£4.29* 203.3+9.60*
TYR2 107.0+3.30 88.5+3.40 109.2+5.50 115.5+4.37
TYR 2+DZ 60 62.243.63 117.0+6.57 166.1+21.1%* 221.7+35.42%
GLI 5 67.3£3.16 65.8+5.06 60.7+5.54 70.5+6.41

GLI 5+DZ 60 76.0+3.73 74.0+7.75%* 99.049.79** 110.0+14.43%%*

Values represent mean+SEM from 6 rats per group, fasted for 12 h. NC = normal controls. Glycemia was evaluated before (zero time, T=0).
Then, animals were pretreated orally with MSF (100 mg kg™"), TYR (2mg kg™') and GLI (5 mg kg™') and 30 min later with DZ (60 mg kg™, i.p.).
Glycemia was measured at 30, 60 and 120 min after the administration of the drugs, alone or associated with DZ.*p<0.05 as related to normal
controls (NC), at each observation time,**p<0.05 associated drugs as compared to DZ (ANOVA and Student-Newman-Keuls as the post hoc test)

Table 5: Effects of tyramine (TYR), the main active constituent of
the methanol soluble fraction (MSF) from Cissus
verticillata, alone or associated with metformin (MET), on
glycemia, in aloxan-induced diabetic rats

Glycemia (mg dI™)

Group Before treatment After treatment
NC 72.942.30(08) 80.8+3.37

DC 328.2422.02 (18)* 335.1+£18.87*
TYR 1324.7+18.12 (17)* 211.3+£15.23%*
TYR 2259.5+17.57 (11)* 148.0£28.55%*
MET 50 315.6+18.70 (14)* 160.6+23.82%*

MET 50+TYR 1 308.0+24.03 (08)* 105.9+17.12"

MET 50+ TYR 2 409.8+27.92 (08)* 111.3+27.93%*

Values represent meantSEM for the number of animals in
parentheses. NC = normal controls. Diabetic animals were treated,
orally for 5 days, with distilled water (DC), MET (50 mg kg™"), or
TYR (1 and 2 mg kg™), alone or associated. Before and After =
diabetic animals before and after treatments.*p<0.05 as compared to
NC (ANOVA and Student-Newman-Keuls as the post hoc
test),**p<0.05 as compared to the same group before treatment
(Student’s paired t test)

normal ones, suggesting a potentiation of the TYR
effect by MET 50 (Table 5).

Alloxan-induced diabetes per se did not
significantly alter total cholesterol levels. The treatment
of diabetic animals with TYR (1 and 2 mg kg', p.0.) or
MET decreased cholesterol values which ranged from
23, 28 to 37%, as compared to values before the
treatment. The association of TYR at the lower dose
with MET decreased those values even more (34 and
26% decrease), as compared to values before the
treatment. However, alloxan-induced diabetes increased
drastically triglycerides levels (2.2-1.3 times). While
these values after 5 days were still high, the treatment
with TYR alone or associated with MET brought them
closer to normal values. A similar picture was seen in
VLDL levels that were drastically increased after
diabetes induction and went down to normal values
after treatment with TYR, MET and their association.
VLDL values in diabetic rats without treatment (DC)
were still high after 5 days (Table 6).
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Alloxan-induced diabetes significantly increased
urea as well as creatinine levels (153-101% and 7.8-6.3
times, respectively) (Table 7). However, while
creatinine levels in diabetic rats remained higher 5 days
later (7.8 and 6.3 times higher), as compared to normal
controls, these values were significantly reduced from
26, 39 and 52, after treatment with TYR 1 (before: 6.5;
after: 4.8 times), TYR 2 (before: 5.8; after: 3.5 times)
and MET 50 (before: 7.8 times; after: 3.8 times). Urea
values in diabetic rats before treatment with TYR (1
and 2 mg kg™, p.0.) and MET 50 increased in 114, 200
and 96% and decreased to 26, 16 and 31% after
treatment The association (MET 50+TYR 1 and MET
50+TYR 2) decreased the urea levels in 50 and 43%
and creatinine in 57 and 32% as compared with diabetic
rats before treatment. AST and ALT values were not
significantly altered by diabetes, at the conditions of the
present work. However, AST values in almost all
diabetic treated groups were reduced, 5 days later, to
around half, as compared to diabetic control values. On
the other hand, no significant alteration was noticed in
ALT values (Table 7).

Figure 1 shows that the glycogen concentrations
were maintained at the same levels when measured in
the normal control group, 2 and 24 h after the
amyloglicosidase addition. A 61% decrease in glycogen
concentration was observed in the diabetic control
group, as measured at both time points. Total or partial
recoveries of alloxan effects were seen, after the
treatment of diabetic animals with the MSF (100 mg
kg, p.0.), when the glycogen concentration was
measured, 2 and 24 h after amyloglicosidase addition.

Table 8 shows the results of the levels of glycated
hemoglobin which were significantly decreased in rat
erythrocytes, in the presence of MSF (37% decrease),
TYR (40% decrease) and quercetin, used as a positive
standard (51% decrease). Our data show a similar
efficacy among the three drugs used. Alloxan is known
to destroy liver beta cells. We showed that the islet total
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Table 6: Total cholesterol (TC), triglycerides (TG) and very low density lipoprotein (VLDL) levels, in the serum from normal (NC) and alloxan-
induced diabetic rats (DC), before and after treatment with the methanol soluble fraction (MSF) from Cissus verticillata, tyramine
(TYR), metformin (MET) and the combination of MET + TYR

Group TC TG VLDL (mg dL™)
Before After Before After Before After

NC 61.7+3.27 72.2+1.79 64.949.17 79.8+10.25 12.8+1.74 16.0+2.05
(20) (12)

DC 71.043.05 64.7+3.14%* 140.8+11.89 106.0+£9.33* 28.242.38 21.2+1.87
(18) (15)* (15)*

TYR 1 67.6+3.25 52.3+4.17% ** 181.4+14.44 89.4+8.77" 36.3+2.89 17.941.75%%*
(15) (17)* (17)*

TYR 2 66.143.07 47 341.69% % 154.0+11.70 70.6+10.62%* 30.8+2.34 14.142.13%*
(11) (11)* (11)*

MET 50 71.0£4.72 44,542 .84% * 152.8+15.11 79.745.62%* 30.6+3.02 16.0+1.12%%*
(14) (14)* (14)*

MET50+TYR 1 79.4+7.87 52.4+6.50"" 166.8+14.13 92.14+9.23%* 33.4+2.83 18.4+1.86%*
3)* 3)* 3)*

MET50+TYR 2 63.743.98 47 34D 34% ** 209.3+13.38 76.6+5.24%% 41.9+£2.68 15.3+1.05%*
(8) (8)* (8)*

TC, TG and VLDL were measured in rat serum from NC, DC and diabetic rats before and after oral treatments for 5 days with tyramine (TYR 1
and 2 mg™' po) or Metformin (MET 50 mg kg™ po), alone or associated. Treatments started 48 h after alloxan-induced diabetes. Normal and
diabetic controls were treated with distilled water. Values represent mean+SEM of the number of animals in parentheses.*p<0.05 as compared to
NC (ANOVA and Student-Newman-Keuls as the post hoc test);**p<0.05 as compared to the same group before treatment (Student’s paired t

test)

Table 7: Urea, creatinine, AST and ALT levels in the serum of normal controls, alloxan-induced diabetic rats and diabetic rats before and after
treatment with the tyramine (TYR), metformin (MET), or the combination of MET + TYR

Group Urea (mg dL™) Creatinine (mg dL™") AST (UL™) ALT (UL™)
NC B 19.6+0.56 0.4+£0.03 86.0+4.04 492+4.32
(12) (14) (16)
A 21.1+0.88 0.4+£0.03 70.4+2.75 48.9+4.24
DC B 49.7+3 .44 3.140.16 89.0+5.65 43.543.65
(12)* (12)* (24) (10)
A 42.646.27* 2.5+0.10% 73.2+7.94 52.9+44.84
TYR 1 B 42.0+4.74 2.6+0.19 73.4+4.20 46.0+3.15
(12)* (13)* (14) (21)
A 31.04.60% ** 1.940.16%* 55.6+5.30%* 38.0+2.82
TYR 2 B 59.042.07* 2.3+0.32 86.9+10.19 52.3+4.06
(6) (06)* (8) (12)
A 49,743 .44% 1.4£0.20%* 83.9+13.44 4534441
MET 50 B 37.9+4.41% 3.120.14* 74.8+5.34 40.0+1.97
(12) (16) (16) (14)
A 26.3+3.13%* 1.540.07%* 44.6+4.76% ** 33.2+1.91
MET 50 + TYR 1 B 51.8+1.81 3.0+£0.09% 74.0+7.44 33.2+1.36
(08)* ®) (11) (11)
A 26.0:£2.05%* 1.340.12% 48.243.73% ** 31.8+1.88
MET 50 + TYR 2 B 28.5+3.47 3.1+0.24 78.8+9.05 34.842.19
(08)* (05)* ) (5)
A 16.3+3.24%%* 2.1£0.27%* 40.04£3.15% ** 29.1+3.57*

Values represent mean+=SEM for the number of animals in parentheses. NC = non-diabetic control animals. Diabetic animals were treated, orally
for 5 days, with distilled water (DC) or tyramine (TYR 1 and 2 mg) and Metformin (MET 50 mg kg™), alone or associated. B and A = diabetic
animals before and after treatments. *p<0.05 as compared to NC (ANOVA and Student-Newman-Keuls as the post hoc test), **p<0.05 as

compared to the same group before treatment (Student’s paired t test)

area in the liver of diabetic rats was significantly
decreased, as compared to normal controls and a similar
picture was observed in diabetic rats treated with the
lower dose of MSF. However, the treatment of diabetic
rats with the higher MSF dose (100 mg kg)
completely reversed the alloxan cytotoxicity and liver
beta cells characteristics were not significantly different
from the normal ones (Fig. 2).
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The present work evaluated biochemical
parameters, such as triglycerides, VLDL, cholesterol
and glucose, in the serum of alloxan-induced diabetic
rats, before and after the treatment with a semi-purified
fraction from leaves of C. verticillata (methanol soluble
fraction, MSF) and tyramine, a main bioactive
constituent of this fraction. Our results showed that
MSF significantly decreased serum glucose, total
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Table 8: Hemoglobin (Hb, 4 g dL™") in vitro glycation from
nondiabetic rats, in the presence of D-glicose 50 mM and the
methanol soluble fraction (MSF) from Cissus verticillata, as
comparad to tyramine (TYR) and quercetine (QCT)

Sample % HBAlc % Inibition
Control 8.74+0.50 (05) -

MSF 5.55+1.00 (04)* 36.6

TYR 5.21+0.89 (05)* 40.4

QCT 4.254+0.28 (04)* 51.3

Blood from eight Wistar rats fasted for 12 h was collected from the
abdominal aorta and used to prepare an erythrocyte pool (3 ml of
blood from each animal). Then, samples of this hemoglobin solution
were incubated, for determination of glycated hemoglobin in vitro.
Control tubes contained only buffer, Hb (4 g dL™) and D-glicose (50
mM). MSF, TYR and QCT were incubated at concentrations of 50
pg/ml. Values represent mean+=SEM of the number of samples in
parentheses. *p<0.05 as related to controls (ANOVA and Student-
Newman-Keuls as the post hoc test)

60 - HGlycogen2 h Glycogen 24 h
=
=
on
£ 30
=
&
ERE
<
0
MSF
Fig. 1: Effect of the methanol soluble fraction (MSF)

from Cissus verticillata, on hepatic glycogen, in
diabetic rats Values represent mean+SEM of ten
animals. NC = non-diabetic controls treated only
with distilled water. Diabetic animals were
treated with distilled water (DC) or MSF (100
mg kg "), orally for ten days and after treatments
livers were dissected and glycogen contents
determined, 2 and 24 h after the addition of
amyloglicosidase. 'p<0.05 as compared to NC
(ANOVA and Student-Newman-Keuls as the
post hoc test), “p< 0,05 as compared to the same
group before treatment (Student’s paired t-test)

cholesterol and triglyceride levels, in diabetic rats.
Similarly to MSF, tyramine also significantly decreased
glycemia, TG and VLDL. The association of MSF or
TYR with GLI did not decrease those values further.
One interesting finding was the complete blockade of
the increase in creatinine values, observed in diabetic
animals after treatment with MSF or TYR. A similar
effect was seen with GLI. Furthermore, a great decrease
in AST values was observed, after the treatment of
diabetic animals with the association of GLI+TYR.

Our results showed that the mechanism of the
hypoglycemic action of MSF and TYR does not seem
to be that of GLI, since no potentiation was observed
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Fig. 2: Number of pancreatic islets in diabetic rats
treated with the methanol soluble fraction
(MSF)  from  Cissus  verticillata  and
glibenclamide ~ (GLI)  Values  represent
mean+SEM of 6-8 animals. NC = non-diabetic
controls. Diabetic rats were treated, orally for 5
days, with distilled water (DC), MSF (50 and
100 mg kg™"), or GLI (5 mg kg ") and five days
after treatments the pancreas was dissected and
stained with hematoxilin-eosin for the counting
of the number of islets, by optic microscopy.
'p<0.05 as compared to NC (ANOVA and
Student-Newman-Keuls as the post hoc test);
“p<0.05 as compared to the same group before
treatment (Student’s paired t-test)

after the association of GLI+TYR. Glibenclamide also
called glyburide is a sulfonylurea that has as its major
action the increase in insulin release from the pancreas
or an insulinotropic action'™. Insulin secretion is
controlled by the membrane potential of beta cells,
which depends on the activity of ATP-sensitive K
channels (Karp channels). These channels close,
following an increase in the cytoplasmic ATP/ADP
ratio. This leads to membrane depolarization, opening
of voltage-gated Ca®" channels, elevation of the
cytoplasmic Ca’" concentration and stimulation of Ca®*-
dependent exocytosis of the insulin-containing
granules. These channels represent then a target for
hypoglycemic sulfonylureas !,

Furthermore, we showed that the hyperglycemic
effect of diazoxide, an ATP-dependent potassium
(Katp) channel agonist, was not reversed by MSF or
TYR, suggesting again that their mechanism of action
is not similar to that of GLI. Diazoxide is an
antihypertensive drug which is known to open Krp and
to hyperpolarize plasma membranes, including those of
pancreatic-beta cells, thus decreasing insulin secretion
2 In this sense, its mechanism of action opposes that
of GLL.

Recent reports demonstrated that the oral
administration for 7 days, with doses of 100 and 200
mg kg™ of the aqueous extract from C. verticillata,
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reduced hyperglycemia in alloxan-induced diabetic
rats'*, The tea from this plant presents a hypoglycemic
activity in normoglycemic rats and this effect is
probably due to the presence of flavonoids!'?.
Furthermore, a recent work showed that tyramine, a
tracer amine also present in C. verticillata, at the dose
of 26 pmol kg™, ip., administered for 3 weeks to
diabetic rats, resulted in decreased hyperglycemic
responses'”). The chronic exposure to tyramine, an
amine oxidase substrate, led to an improvement of
glucose tolerance in diabetic rats'®. In addition, the
acute exposure to tyramine reduced hyperglycemia and
triglycerides in alloxan-diabetic rats!'*! and these results
were similar to ours. In the present study, we also
showed that tyramine decreased the percentage of
glycated hemoglobin. Glycation of Hb has been
implicated in nephropathy and retinopathy in diabetes
mellitus and is primarily used to identify plasma
glucose concentration over a prolonged period of
time®. Furthermore, MSF decreased lesion and
increased the number of pancreatic beta cells,
protecting  cells against the alloxan-induced
cytotoxicity.

Pancreatic islets can suffer functional and
morphological alterations due to several factors,
including drugs that produce free radicals, such as
alloxan and streptozotocin®, Some reports indicate
that the formation of superoxide and hydroxylradicals is
responsible for the alloxan-induced cytotoxicity!**"*,
Immunohistochemical studies demonstrated that the
pancreas from alloxan-induced diabetic animals showed
a 70% reduction of beta cell areas. At the same time,
there was an increase in the areas occupied by delta
cells and no alteration in glucagon-producing cells™".
Another study”™” showed decreases in the number of
insulin positive cells and increases in the number of
cells expressing somatostatin in rats submitted to
alloxan-induced diabetes. These authors did not observe
any alteration regarding to glucagon producing cells.
We also observed that the significant decrease in the
liver glycogen content of diabetic rats were totally or
partially blocked after MSF treatment. The anti-
hyperglycemic activity of both MSF and TYR may be
due to increased utilization of glucose. In diabetic rats,
high glucose levels and decreased hepatic glycogen
could be attributed to low availability of glycogen
synthetase, as demonstrated elsewere!?'~*** |

In order to clarify the mechanism of action of the
hypoglycemic effect of C. verticillata, we studied the
effects of the association of TYR plus MET on several
biochemical parameters, in the serum of alloxan-
induced diabetic rats. Unlikely the results observed with
the association of GLI plus TYR, a clear potentiation

186

was seen as far as the decrease in glucose levels is
concerned, after the treatment of diabetic animals with
the association of MET plus TYR. Under this
experimental condition, values of glycemia were near
normality. Our data suggest that the mechanism of
hypoglycemia observed after MSF and TYR treatments
of alloxan-induced diabetic rats is similar to that shown
by MET.

Metformin is an oral hypoglycemic drug of the
biguanide class and its mechanism of action remains
elusive. The blood glucose-lowering action of the drug
does not depend on the functioning of pancreatic cells.
Currently proposed mechanisms of action include: a)
reduced hepatic and renal gluconeogenesis; b) slowing
of glucose absorption from the gastrointestinal tract,
with increased glucose conversion to lactate by
enterocytes; c) direct stimulation of glycolysis in
tissues, with increased glucose removal from the blood;
and d) reduction of plasma glucagon levels. As a matter
of fact, a combination therapy with glibenclamide plus
metformin is considered as an optimal and rational
therapeutic treatment of patients with type 2 diabetes
mellitus, giving better glycemic control than the
monotherapy with either drug™*.

It has been demonstrated that metformin alone
mimics insulin’s ability to increase receptor tyrosine
kinase activity and stimulate phospholipase C"**. More
recently, MET was shown”®*”! to activate the AMP-
activated protein kinase cascade, via an adenine
nucleotide-independent mechanism. Then, it is possible
that the hypoglycemic activity of MSF and TYR
involves a similar mechanism of action and at least in
part these drugs may act by activating the AMPK.
Furthermore, it has been demonstrated that amine
oxidase substrates inhibit the lipolytic activity in rat
adipocytes. These data suggest that inhibition of
lipolysis is a novel insulin-like effect of tyramine that is
mediated by hydrogen peroxide, generated during
amine oxidation!'*'*,

In conclusion, our results showed that the oral
administration of the methanol soluble fraction from C.
verticillata had a beneficial effect on the rat diabetic
state, reducing hyperglycemia as well as the
hyperlipidemia, similarly to that presented by tyramine,
a bioactive constituent of the plant. Furthermore, at
least in part, the hypoglycemic activity of MSF and
tyramine is similar to that shown by MET, probably
increasing pancreatic insulin and opening K channels.
Data in the literature relate that flavonoids and tyramine
possess both hypoglycemic and hypotriglyceridemic
effects in diabetic animals™*®. Therefore, studies with
flavonoids and tyramine, as well as with other
constituents present in the plant, are underway to
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further elucidate their mechanisms of action and
involvement with the putative anti-diabetic properties
of C. verticillata.
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Abstract: In the present study, the antioxidant activity of a methanol soluble fraction (MSF) from Cissus verticillata, used
in Brazil and elsewhere as a hypoglycemic and antidiabetic medicinal plant, and tyramine (TYR), one of its main bioac-
tive constituents, was assessed. For this, male Wistar rats were submitted to alloxan injection (40 mg/kg, i.v.) in order to
induce a diabetic state and, 48 h later, glycemia was determined. Animals were distributed into groups: normal controls
(NC); diabetic controls (DC); DC plus MSF; and DC plus TYR. Another group was treated with glibenclamide (GLI),
used as a positive control. After 5-day treatments, animals were sacrificed for liver dissection, and determination of anti-
oxidant markers such as thiobarbituric acid reactive substances (TBARS), reduced glutathione (GSH), catalase and nitrite
concentrations. The antioxidant effect was also evaluated on the pentobarbital-induced sleeping time, before and after
CCl, treatment. Under our experimental conditions, diabetic rats did not present any alteration in liver lipid peroxidation,
before (DC) or after treatments with the MSF; TYR or GLI, as compared to normal controls (NC). Levels of GSH were
significantly increased in 79% in DC, as related to NC, and the effects were partially reversed in diabetic rats, after MSF
treatments at the higher dose. However, while similar effects were observed after TYR and GLI, both drugs brought val-
ues of GSH to normality. The DC group had increased liver catalase activity, as compared to NC, and these effects were
partially reversed by MSF and almost completely by TYR and GLI. Significant increases were also detected in nitrite
concentrations in livers of DC, as an index of free radical formation, and a large reduction was observed after MSF, TYR
and GLI treatments of diabetic rats, as compared to NC. MSF and TYR also prevented prolongation of the pentobarbital-
induced sleeping time by CCl,, suggesting hepatoprotective and anti-oxidative effects. In conclusion, we showed that the
antioxidant activity probably plays an important role in the antidiabetic effect of C. verticillata, and TYR is at least in part
responsible for this property.

Keywords: Cissus verticillata, hypoglycemic activity, free radicals formation, antioxidant activity.

INTRODUCTION

Diabetes is associated with a significant oxidative stress,
and this oxidative damage may contribute to several diabetic
complications [1]. Reactive oxygen species are known to be

induce malfunction of endothelial cells, leading to diabetic
angiopathy [7], and the development of vascular complica-
tions in diabetes correlates with the intensity of hyperglyce-
mia [8].

an important part of the defense mechanisms against infec-
tion, but excessive generation of free radicals or unsaturated
fatty acids have been implicated in the pathogenesis of vas-
cular diseases [2]. Diabetic patients have an increased inci-
dence of vascular diseases, and it has been shown that free
radical activity is elevated during diabetes [3]. In addition,
free radicals seem to be responsible for the development of
diabetic macroangiopathy as well as microangiopathy [4].
Previous studies [5, 6] demonstrated that increased free-
radical reactions in patients with DM type Il were responsi-
ble for the development of vascular changes. As a matter of
fact, oxygen-derived free radicals have been suggested to
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It has been shown that cells adapt to oxidative stress
conditions but, under hyperglycemic conditions, progressive
glycosylation of the enzymatic proteins leads to decreases in
their activities [9]. Diabetes mellitus (DM) is characterized
by hyperglycemia together with biochemical alterations of
glucose and lipid peroxidation [10]. Thus, some complica-
tions of DM are associated with the increased activity of free
radical-induced lipid peroxidation and accumulation of lipid
peroxidation products [11].

Low levels of Vitamin E are associated with increased
incidence of diabetes, and some reports suggest that people
with diabetes have decreased levels of antioxidants [12, 13].
Another study [14] suggested that diabetes altered the meta-
bolic state of oxidation-reduction type reactions, pointing out
to a potential benefit of therapeutic intervention with anti-
oxidants. The loss of antioxidant capacity is statistically
associated with accelerated aging processes in diabetic pa-
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tients, due to an increase in basal oxidation products of
erythrocytes associated with monosaccharide autooxidative
glycation [15, 16].

Cissus verticillata (syn. C. sicyoides, Vitaceae) is a me-
dicinal plant popularly known in Brazil as “cip6-pucd, anil-
trepador, and cortina”. Leaves decoction from C. verticillata
called elsewhere as princess wine is widely taken as a popu-
lar remedy for diabetes in Brazil, where it is also known as
“insulina vegetal”. Several substances were isolated from C.
verticillata. Thus, one work reported the presence in this
species of tannins, steroid-triterpenes, amino acids, lipids
and flavonoids [17], when the phytochemical analysis of the
plant showed the presence of alkaloids, triterpenes, steroids,
flavonoids, tannins, saponins and coumarins, among others
[18, 19]. Recently [20], tyramine was also for the first time
isolated from the plant.

Some studies [21, 22] have shown that tyramine admini-
stration to diabetic rats increases glucose disposal and re-
duces hyperglycemia. We also demonstrated [23] antidia-
betic and hypolypemic actions of the aqueous extract of the
plant, as well as with tyramine, known to be present in this
species [24]. Thus, the objectives of the present work was to
further explore our previous data, by focusing now on possi-
ble antioxidant effects of a C. verticillata fraction, as well as
of tyramine, one of its active constituents, in the model of
alloxan-induced diabetes in rats.

METHODS

Animals. Male Wistar rats (180-200 g) from the Animal
House of the Federal University of Ceara, Brazil, were used.
Animals were maintained at standard conditions (21-23°C),
controlled humidity, 12 h light/dark cycle, with water and
food ad libitum. Experiments were conducted according to
the Guide for Care and Use of Laboratory Animals from the
NIH, USA.

Plant and fractions isolation procedures. Fresh leaves
of C. verticillata were harvested from the Prof. F.J.A. Matos
Medicinal Plants Garden, at the Federal University of Ceara,
Brazil. Voucher specimens (No. 32240), identified at Kew
Garden, UK, are deposited at the Prisco Bezerra Herbarium
at the same University.

Methanol Soluble Fraction Preparation (MSF). A
three hundred gram aliquot of fresh leaves from Cissus ver-
ticillata was submitted (twice) to decoction with 500 mL of
H,O, for 5 min. The procedure was repeated three more
times, to yield a 4 L solution, from a total of 1.2 kg of leaves.
After lyophilization, 29.5 g of a light brown solid residue
was obtained, which in turn was stirred for 30 min (twice)
with 50 mL of methanol, to afford 15.67 g of a viscous
brown residue, after methanol rotoevaporation (MSF), and
11.35 g of the methanol insoluble residue (MIR). Among all
the fractions tested for antidiabetic activity, the most active
one was the MSF and, for this reason, it was chosen for fur-
ther analyses [20].

Isolation of tyramine (present in C. verticillata leaves)
from the MSF. MSF (5.1 g) was dissolved in MeOH and
submitted to gel permeation over Sephadex LH-20 (100 g),
on a 500 mL glass column (5 cm diameter), by elution with
MeOH. This step resulted in 24 fractions (9 mL each), fol-
lowed by two larger fractions (125 and 250 mL), and finally
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by a 500 mL fraction eluted with MeOH/H,O 1:1. After TLC
comparison, three major fractions were obtained by pooling
the similar fractions: CvMsFg_1, (1.23 g), CvMsF13.15 (1.54 g)
and CVMSsFig.24 (1.01 g) by 'H NMR (500 MHz, MeOD).
Analysis of all major fractions revealed the presence of a
major compound in Fyg.4 that was later designated tyramine
rich fraction (TRF). Besides the tyramine characteristic pair
of doublets in the aromatic region (6.77 and 7.10 ppm, J 8.4
Hz) and the pair of triplets in the aliphatic region (2.87 and
3.12 ppm), several signals between 3.3 and 4.3 ppm, fol-
lowed by doublets at 4.5 and 5.1 ppm, were indicative of the
presence of sugar components. TRF was rechromatographed
on Sephadex LH-20 by elution with MeOH, to yield 12 frac-
tions (9 ml each) that were compared by TLC and pooled by
similarity. Fe.g (750 mg) was redissolved in MeOH and, then,
EtOAc was added dropwise until the formation of a light
yellow precipitate. Filtration afforded 390 mg of tyramine,
after TLC co-cromatography and *H and **C NMR spectral
analyses (157.8, 116.9, 130.9, 128.6, 42.4 and 33.9 ppm).
These methods were performed either separately with
tyramine from TRF and standard tyramine, or in a 1:1 mix-
ture. The process was repeated 4 times, in order to provide
enough material for all pharmacological assays [20]. For
technical reasons (low yield) the standard tyramine used in
the present study was purchased from Sigma Chem. Co.
(Mo, USA). Drugs were dissolved in distilled water before
use.

Procedure for determination of the antioxidant activ-
ity. After 5 days of oral (intragastric gavage) treatments,
animals were killed by cervical dislocation. Then, the liver
was immediately dissected and homogenized in 1.15% KClI,
at a volume equivalent to 10 times its weight (1g/10 ml solu-
tion). The mixture was centrifuged (5,800 rpm, 10 min at
10°C), and the supernatant used for biochemical determina-
tions (TBARS, GSH, catalase, and nitrite).

Determination of lipid peroxidation levels in liver
tissue. To 10% liver homogenates (0.5 mL) prepared in
1.15% KCL, were added 0.9 mL of sodium phosphate buffer
(50 mM, pH 7.4) and 0.5 mL of the free radicals formation
catalyzing medium, containing FeSO4 (0.01mM) and ascor-
bic acid (0.1 mM). The mixture was maintained for 30 min
at 37°C when the reaction was stopped by the addition of 1
mL of 10% trichloroacetic acid, TCA. Then, after centrifuga-
tion (3,000 rpm, 15 min), 1 ml of 0.8% thiobarbituric acid
was added to the supernatant. The mixture was maintained in
boiling water for 15 min. After cooling, the thiobarbituric
acid reactive substances (TBARS) concentration was meas-
ured spectrophotometrically at 532 nm. Results expressed as
nmol/mg/protein were calculated from a standard MDA
curve, which is a by-product of the lipid peroxidation reac-
tion [25].

Reduced glutathione (GSH) and sulphydryl group
determinations. GSH (L-y-Glutamyl-L-cisteinyl-glycine)
contains the most abundant intracellular thiol (-SH) groups,
and constitutes an important antioxidant system in the cell
[26]. The GSH concentration was determined by a modified
Ellman (1959) method [27]. Briefly, to a 10% liver ho-
mogenate (400 uL) prepared in 10% EDTA (0.02 M), were
added 320 uL and 80 uL of a 50 % TCA solution. After
centrifugation, 3,000 rpm, for 15 min at 4°C, 800 uL of a 0.4
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M Tris-HCI (pH 8.9) were added to a 400 pL supernatant
sample, followed by the addition of 20 uL of 0.01 M
dithionitrobenzoic acid (DTNB). GSH concentration was
spectrophotometrically determined at 420 nm, 1 min after
the DTNB addition. Results were calculated from a standard
GSH curve and expressed as pg/g tissue.

Determination of catalase activity in the liver. Liver
tissue was homogenized in a 0.1 M sodium phosphate buffer
solution, pH 7.0, at an equivalent volume of 200 times its
weight. Then, the homogenate was centrifuged at 5,800 rpm,
10 min at 4°C, the upper layer was discarded and the bottom
layer was used for spectrophotometric measurements at 230
nm [28]. In the cuvette, were added 980 pL of the reaction
medium (15% H,0,, in 1 M Tris-HCL buffer), containing 5
mM EDTA, pH 8.0, and 20 uL of the sample diluted in the
Tris-HCI buffer. Initial and final absorbances were recorded
at 230 nm, after 1 and 6 min, respectively. A standard curve
was established using purified catalase (Sigma, MO, USA).
Results were expressed in nmol/min/mg protein. Protein was
determined by the Lowry method [29].

Determination of the nitrite concentration. The Griess
reagent (0.1% N-(1-naphthyl) ethylenediamine dihydro-
choride in distilled water and 1% sulfanilamide in 5% phos-
phoric acid) is widely used to detect the presence of nitrite in
samples of urine, plasma and tissues. The diazotization reac-
tion forms a pink chromophore presenting a peak of absorp-
tion at 560 nm. The 10% liver homogenate prepared in saline
was centrifuged at 3,000 for 10 min, and 100 ul of the Griess
reagent were added to 100 pl of supernatant. The reaction
mixture was incubated for 10 min at room temperature. For
blanks, 100 pl of the Griess reagent and 100 uL of saline
were used. The absorbance was measured at 560 nm in a
microplate reader and the nitrite concentration was deter-
mined from a standard NaNO, curve [30].

Barbiturate-induced sleeping time. Five groups (9-14
animals each) of male Swiss mice (25-35 g) were treated
with the MSF (50 and 100 mg/kg, p.0.) and TYR (1 and 2
mg/kg, p.o.). Controls were treated with vehicle (distilled
water, 10 ml/kg, p.0.). After 1 h treatments, animals were
injected with sodium pentobarbital (40 mg/kg, i.p.), accord-
ing to Dandiya and Collumbine, 1959 [31]. Animals were
then evaluated for the sleep latency and duration of sleep.

Effect of CCl, on the barbiturate-induced sleeping
time. Five groups (6-9 animals each) of male Swiss mice
(25-35 g) were treated with the MSF (50 and 100 mg/kg,
p.o.) and TYR (1 and 2 mg/kg, p.o.). Controls were treated
with the vehicle (distilled water, 10 ml/kg). After 1 h treat-
ments, animals were injected with 20% CCl, in olive oil (1
ml/kg, s.c.), according to Montila et al., 1990 [32]. Twenty
four hours after CCl, administration, the animals were
treated with sodium pentobarbital, and evaluated for the
sleep latency and duration of sleep.

RESULTS

Evaluation of the antioxidant activity of the methanol
soluble fraction (MSF), tyramine (TYR), and glibencla-
mide (GLI) in aloxan-induced diabetic rats. Since in pre-
vious studies we showed no alteration in serum hepatic
transaminases from alloxan-induced diabetic rats after treat-
ment with MSF or TYR, we decided to investigate the al-
loxan-induced hepatotoxicity, in the absence and presence of
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MSF and TYR, by measuring the levels of lipid peroxida-
tion, enzymatic (catalase) and nonenzymatic (GSH) antioxi-
dant systems, as well as nitrite concentration.

Determination of effects of MSF, TYR and GLI, on
the rat liver lipid peroxidation. In Fig. (1), we present the
effects of MSF, TYR and GLI on the formation of thiobarbi-
turic acid reactive substances (TBARS), a parameter used to
measure the aloxan-induced lipoperoxidation. Results
showed that alloxan, at the dose of 40 mg/kg, i.v., did not
alter TBARS concentration in diabetic control rats (DC), as
compared to normal controls (NC) treated with distilled
water only. Similarly, diabetic animals treated with MSF (50
and 100 mg/kg), TYR (1 and 2 mg/kg) or GLI (5 mg/kg),
orally for 5 days, did not significantly alter TBARS levels in
the liver.
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Fig. (1). Effects of MSF from Cissus verticillata, tyramine (TYR)
and glibenclamide (GLI) on the activity of thiobarbituric reactive
substances (TBARS), in the liver of diabetic rats. Diabetic rats were
treated with distilled water (DC) or MSF (50 and 100 mg/kg), TYR
(1 and 2 mg/kg), GLI (5 mg/kg), orally for 5 days, and after treat-
ments livers were dissected and homogenized. Values represent
mean + SEM from 6 to 11 animals.

Determination of effects of MSF, TYR and GLI, on
catalase activity in the rat liver. Fig. (2) shows that the
catalase activity (mmol/min/mg protein) in livers of the NC
group (0.13 £ 0.019) was significantly increased, as related
to the DC group (0.29 + 0.044). However, the animals treat-
ment with MSF for 5 days significantly inhibited the enzyme
activity. Thus, at the lower dose, MSF (50 mg/kg, p.o.) re-
duced in 45% the catalase activity (0.16 + 0.018), as com-
pared to DC. There was no dose effect relationship, since at
the higher dose (100 mg/kg, p.o.) the effect was lower, cor-
responding to a 31% reduction of enzyme activity (0.21 +
0.028) and suggesting that, at this dose range, MSF was
already presenting its maximal effect.

Determination of effects of MSF, TYR or GLI, on
reduced gluthatione levels in the rat liver. Fig. (3A) shows
the effect of MSF on reduced glutathione (GSH) levels in-
duced by alloxan, in rat livers. The liver GSH concentrations
(ng/mg tissue) decreased from 528.9 £ 64.3, in normal con-
trols (NC) treated with distilled water only, to 111.2 + 17.1,
in diabetic controls (DC) treated with distilled water plus
alloxan. The treatment of diabetic animals for 5 days with
MSF (50 e 100 mg/kg, p.o.) significantly increased hepatic
GSH levels to 584.8 + 83.0 and 350.6 + 57.6, respectively. In
Fig. (3B), the liver GSH concentrations (ug/mg tissue) de-
creased from 122.0 + 24.6 in the NC group to 17.1 £ 2.8 in
the DC group. The treatment of diabetic animals with TYR
(1 e 2 mg/kg, p.o.) or GLI (5 mg/kg, p.o.) brought GSH
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levels to normal values (TYR 1: 121.9 + 23.9; TYR 2: 112.3
+15.3; GLI 5:92.1 £ 6.2).
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Fig. (2). Effects of MSF from Cissus verticillata, TYR and GLI on
the activity of catalase, in the liver of diabetic rats. Diabetic rats
were treated with distilled water (DC) or MSF (50 and 100 mg/kg),
TYR (1 and 2 mg/kg), GLI (5 mg/kg), orally for 5 days, and after
treatments livers were dissected, homogenized and processed for
catalase activity, as described in Material and Methods. Values
represent mean + SEM from 5 to 10 animals. " p < 0.05, as com-
pared to NC; ** p < 0.05, as compared to DC (ANOVA and Stu-
dent-Newman-Keuls as the post hoc test).
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Fig. (3). Effects of the methanol soluble fraction (MSF) from Cis-
sus verticillata (A), tyramine (TYR) and glibenclamide GLI) (B) on
the activity of reduced glutathione (GSH), in the liver of diabetic
rats. Diabetic rats were treated with distilled water (DC) MSF (50
and 100 mg/kg), TYR (1 and 2 mg/kg), or GLI (5 mg/kg), orally
for 5 days, and after treatments livers were dissected and homoge-
nized and the GSH content was estimated according to Material and
Methods. Values represent mean + SEM of 5 to 11 animals. " p <
0.05, as compared to NC; ** p < 0.05, as compared to DC
(ANOVA and Student-Newman-Keuls as the post hoc test).

Determination of MSF, TYR and GLlI, on nitrite lev-
els in the rat liver. Fig. (4) shows a significant increase in
nitrite levels (uM) in livers of DC rats (14.7 £ 2.06), as com-
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pared to NC (1.6 = 0.34). However, MSF (50 and 100
mg/kg, p.o.) reduced nitrite levels in 65% (5.1 £ 1.51) and
68% (4.7 + 1.18), respectively. A similar picture was ob-
served after the treatment of diabetic rats with TYR (1 and 2
mg/kg, p.o.) that reduced nitrite levels in 79 (3.0 + 1.46) and
82% (3.2 £ 1.14). Similar data were observed after GLI
treatment of diabetic rats, showing a 78% decrease in nitrite
levels, as compared to NC (3.2 + 1.81).
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Fig. (4). Effects of the methanol soluble fraction (MSF) from Cis-
sus verticillata, tyramine (TYR) and glibenclamide (GLI) on the
reduction of nitrite levels, in the liver of diabetic rats. Diabetic rats
were treated with distilled water (DC) or MSF (50 and 100 mg/kg),
TYR (1 and 2 mg/kg), GLI (5 mg/kg), orally for 5 days, and after
treatments livers were dissected, homogenized and processed for
nitrite determination according to Material and Methods. Values
represent mean + SEM from 4 to 6 animals. " p < 0.05, as compared
to NC; ** p < 0.05, as compared to DC (ANOVA and Student-
Newman-Keuls as the post hoc test).

Determination of effects of MSF and TYR on the
pentobarbital-induced sleeping time, in the absence and
presence of CCl, treatment, in rats. Tables 1 and 2 show
that, while sleeping latency was unaltered by MSF it was
increased by 55 and 36%, by TYR (1 and 2 mg/kg, p.0.),
respectively. However, neither MSF nor TYR affected sleep
duration. In the presence of CCly, a significant prolongation
(57%) of the pentobarbital-induced sleeping time was ob-
served, and the lower dose of MSF was unable to block that
effect. However, MSF at the higher dose, as well as TYR at
both doses, completely reversed the CCl, prolongation of the
pentobarbital-induced sleeping time, and values were close
to those demonstrated in the absence of CCl, administration.

Table1l. Effects of the Methanol Soluble Fraction (MSF)
from Cissus verticillata (MSF) and Tyramine (TYR)
on the Pentobarbital-Induced Sleeping Time, in

Mice
Group (mg/kg, p.o) Sleep latency (s) Sleep Duration (min)
Control 233 +16.8 (9) 60 +4.7
MSF 50 198 +9.2 (10) 59+6.1
MSF 100 227 +10.2 (10) 50+5.4
TYR1 516 + 55.3 (10)° 59+75
TYR2 364 +39.5 (14)* 48374

Animals were treated with the MSF (50 e 100 mg/kg), TYR (1 e 2 mg/kg), and after 1
h they were injected with pentobarbital (40 mg/kg, i.p.) when the parameters studied
(sleep latency and sleep duration) were evaluated. Values are means = SEM of the
number of animals in parentheses. *p < 0.05, as related to controls (ANOVA and
Student-Newman-Keuls as the post hoc test).
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Table2. Effect of the Methanol Soluble Fraction (MSF) from
Cissus verticillata and Tyramine (TYR) on the Pro-
longation of the Pentobarbital-Induced Sleeping
Time by CCl4 in Mice

Group (mg/kg, p.o) Sleep Latency () Sleep Duration (min)
Control 261 +23.0 (9) 127 £11.9
MSF 50 277 +£31.3(7) 114+ 141
MSF 100 340 +36.0 (7) 41 +6.6°
TYR1 276 +33.5(6) 44 +35°
TYR2 382+37.5(6)° 37 +4.42°

Animals were treated with MSF (50 e 100 mg/kg), TYR (1 e 2 mg/kg), followed by
20% CCL,4 (1 ml/kg, s.c.), 1 h later. Twenty four hours after the CCl, injection, animals
were administered with pentobarbital (40 mg/kg, i.p.) and evaluated for sleep latency
and sleep duration. Values represent means + SEM of the number of animals in paren-
theses. °p < 0.05, as related to controls (ANOVA and Student-Newman-Keuls as the
post hoc test).

DISCUSSION

Diabetes mellitus is characterized by hyperglycemia
together with biochemical alterations of glucose and lipid
peroxidation [10]. Lipid peroxidation is a free radical-related
process, involved in oxidative stress which plays a major
role in the pathogenesis of diabetes mellitus [33]. Abnor-
mally high levels of lipid peroxidation and the simultaneous
decline of antioxidant defense mechanisms can lead to dam-
age of cellular organelles and subsequent oxidative stress.

Alloxan induces “chemical diabetes” in a wide variety of
animal species, by damaging the insulin secreting pancreatic
beta cells, at doses ranging from 40 to 200 mg/kg, (i.v. or
i.p.). Although it is largely accepted that alloxan at higher
doses is a model of type 1 diabetes, at a lower dose, such as
that used in the present study (40 mg/kg, i.v.), it produces a
type 2 diabetes, because of a residual insulin secretion [34].
Hyperglycemia increases the generation of free radicals
which may lead to liver cells damage, and the increase of
oxygen free radicals in diabetes could be primarily due to the
increase in blood glucose levels and secondarily to the ef-
fects of alloxan [35].

In a previous work [23], we showed that the daily treat-
ment of diabetic rats with the aqueous extract from C. ver-
ticillata (AECS) for 7 days (100 and 200 mg/kg, p.0.) sig-
nificantly decreased blood glucose levels in 25 and 22%,
respectively, as compared to the same groups before AECS
treatment. While no changes were seen in total cholesterol
levels, a significant decrease was observed in plasma triglyc-
eride levels, in the alloxan-induced diabetic rats after AECS
treatment with both doses, as compared to the same groups
before treatment.

These results agree with recent ones [24] where we
showed significant hypoglycemic and hypolipemic effects of
the methanol soluble fraction (MSF) and tyramine (TYR), its
main bioactive constituent, in the model of alloxan-induced
diabetes in rats. MSF and TYR were also active in decreas-
ing hepatic glycogen and glycosylated hemoglobin as well.
Furthermore, both drugs protected pancreatic beta cells from
alloxan toxicity. In the present study, levels of hepatic lipid
peroxidation, as measured by the formation of TBARS, were
not significantly altered by alloxan. Similarly, in diabetic rats
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after treatment with MSF, TYR or glibenclamide, levels of
TBARS were maintained unaltered, as compared to normal
controls. Possibly, in our protocols, the low dose of alloxan
(40 mg/kg, i.v.) leading to moderate levels of blood glucose
was not sufficient to induce an increase in lipid peroxidation
levels.

Abnormally high levels of lipid peroxidation and the
simultaneous decline of antioxidant defense mechanisms can
lead to damage of cellular organelles and subsequent oxida-
tive stress. Recent findings indicate that the increase in the
lipid peroxidation product, MDA, and the decline in glu-
tathione-dependent antioxidant defenses may appear early in
non-insulin dependent type 2 diabetes mellitus patients,
before the development of secondary complications [36].

We also showed a significantly increased liver catalase
activity in alloxan-induced diabetic rats, as compared to
normal controls. The treatment of diabetic rats with MSF or
TYR brought the enzyme activity to normal levels, and simi-
lar results were observed in the GLI treated diabetic rats.
Similarly to our findings, a recent work [37] demonstrated
that the catalase activity was significantly increased in the
liver of alloxan-induced diabetic rabbits, and values were
normalized by repaglinide, an oral antidiabetic drug. Fur-
thermore, increased levels of catalase were observed in liver
of alloxan-induced diabetic rats [38] what, according to
Kakkar et al., 1995 [1], is due to the oxidative stress and
increased production of hydrogen peroxide caused by diabe-
tes.

Alloxan exerts its diabetogenic effect by the production
of H,0; in intact islets [39]. The liver contains high superox-
ide dismutase (SOD), catalase, and reduced glutathione
(GSH) activities which can scavenge alloxan-induced free
radicals. On the contrary, islet cells have low concentrations
of these enzymes, making then vulnerable to cytotoxic ef-
fects of free radicals [2]. According to Malaise et al., 1982
[40], alloxan decreases the islet GSH content, as well as
glucose oxidation and glucose-stimulated insulin release by
pancreatic islets. These functional effects of alloxan are
presumably relevant to the cytotoxic action of the drug. The
activity of GSH peroxidase, an enzyme catalyzing the reduc-
tion of peroxides, was found to be much less in pancreatic
islets than in other tissues [40]. These findings suggest that
the selective cytotoxicity of alloxan to pancreatic beta cells
result from a rapid cellular uptake of the drug and a great
sensitivity to peroxide (low GSH peroxidase and catalase
activities).

In the present study, levels of liver GSH decreased sig-
nificantly in almost 80%, in diabetic animals, as compared to
normal controls. The treatment of diabetic animals with MSF
reversed the alloxan effect, and values of GSH leveled up
towards normality. A similar finding was demonstrated after
TYR or GLI treatments. Sailaja et al., 2003 [41], reported
that diabetic patients have shown increased lipid peroxida-
tion and decreased levels of glutathione, glutathione reduc-
tase, glutathione peroxidase, glutathione, and glucose-6-
phosphate dehydrogenase.

Diabetic rats also showed increased MDA levels,
whereas antioxidant enzymes such as reduced glutathione,
SOD and glutathione peroxidase were markedly diminished,
in comparison to controls [42-43]. Alloxan-induced diabetic
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rats presented an almost 10 times increase in nitrite levels,
indicative of free radicals formation. A great reduction of
TBARS levels was observed after treatment of diabetic ani-
mals with MSF, pointing out to a blockade caused by MSF
in the alloxan-induced oxidative stress. The effect was even
greater after treatment of diabetic animals with TYR, sug-
gesting that C. verticillata has an important antioxidant ac-
tivity.

It is known [44] that hyperglycemia induces an over
production of oxygen radicals, and consequently increases
protein and lipid oxidations in diabetic patients. These find-
ings suggest that diabetes is an altered metabolic state of
oxidation-reduction. Proteins and lipids are among the main
targets for oxidative stress.

CCl, treatment decreases SOD, catalase, glutathione and
glutathione peroxidase, and increases lipid peroxidation.
SOD is a ubiquitous cellular enzyme that dismutates super-
oxide radicals to H,O, and oxygen, and is one of the main
cellular defense mechanisms. The H,0, formed by SOD and
other processes is scavenged by catalase, an enzyme respon-
sible for the dismutation of H,O, into H,O and molecular
oxygen. Glutathione is an important naturally occurring
antioxidant, as it prevents hydrogen of the sulfhydryl group
to be abstracted, instead of methylene hydrogen of unsatu-
rated lipids. Therefore, levels of glutathione are of critical
importance in tissue injury caused by toxic substances. The
antioxidant enzymes and glutathione form the first line of
defense against free radical-induced damage, offering protec-
tion against free radicals and thereby maintaining low levels
of lipid peroxidase [45]. Peroxidase is an enzyme that cata-
lyzes the reduction of hydroperoxides, including hydrogen
peroxides, and functions in order to protect the cell from
peroxidative damage.

It has been shown that the activation of amino oxidases,
present in insulin-sensitive tissues, by tyramine induces
insulin-like effects, and increases peripheral glucose utiliza-
tion [21]. Tyramine stimulates glucose transport in rodent or
human adipocytes through their oxidation by semicarbazide-
sensitive amino oxidase (SSAO) or monoamine oxidase
(MAO) [46, 47]. Furthermore, the amine-dependent stimula-
tion of glucose transport was found to be mediated by hy-
drogen peroxide, generated during amine oxidation, since it
was prevented by catalase, glutathione or N-acetylcysteine.
In fact, hydrogen peroxide is an insulin mimicking agent that
enhances glucose transport [48], stimulates lipogenesis [49]
and inhibits lipolysis [50] in fat cells. These insulin-like
effects seem to be mediated at least in part by tyrosine phos-
phorylation of intracellular proteins [51].

The sympathomimetic action of tyramine, leading to
undesirable effects, talks against a possible therapeutic ap-
proach to diseases linked to glucose intolerance. However,
other amines, such as benzylamine, devoid of sympath-
omimetic effects, like tyramine, also reduce the hyperglyce-
mia of streptozotocin-induced diabetic rats [52]. Recently
[53], tyramine and benzylamine were reported to mimic
insulin action on adipose differentiation, and the stimulation
of adipogenesis by these drugs was an SSAO-dependent
mechanism that apparently shared common signaling path-
ways with insulin.

Lino etal.

The antioxidant activity of C. verticillata demonstrated in
the present study has been detected in extracts of other spe-
cies of the genus Cissus, such as C. quadrangularis [54-56].
We assume that the antioxidant effects of MSF and tyramine
on defense mechanism enzymes are, at least in part, respon-
sible for the hypoglycemic activity of the plant as observed
by us [24]. Furthermore, the effects of these drugs on the
CCl,-treated rats were probably also due to their antioxidant
activity, since CCly-induced hepatotoxicity is a consequence
of free radicals production [56]. In conclusion, not only the
hypoglycemic but also the hypotriglyceridemic effects of C.
verticillata are, in great part, due to the ability of this species
to scavenger free radicals and to antagonize oxidative-
induced tissue damages as those seen in several pathologies,
including diabetes.
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