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RESUMO

A prevaléncia de obesidade tem aumentado, em taasantes, em todo o
mundo, e vem se tornando o maior problema de saddmciedade moderna,
evidenciando a necessidade de adjuvantes paraaaweth seu tratamento. As
plantas medicinais séo ricas fontes de compostetibds com potencial de
utilizacdo terapéutica, podendo estes ser umanattea viavel para o
desenvolvimento de medicamentos eficazes e segpewa auxiliar no
tratamento da obesidade. O objetivo neste estuidavhdiar a utilizacdo das
plantas medicinaigloe vera(L.) Burm., Simaba ferrugine&t. Hil., Baccharis
trimera (Less.) DC,Garcinia cambogiaDesr. eTournefortia paniculataCham.

e do fitoterapico Moder diet elaborado com a comtiio destas plantas, na
forma de simulado, no tratamento da obesidadedé&teirminada a composi¢cao
guimica das referidas plantas, ensaios de inibigdoenzimas digestivas,
avaliacdo do potencial antioxidante e ensaieivo com a planta que mostrou
maior presenca de fitoquimicos com propriedadesdeologicas, visando sua
caracterizacao terapéutica (potencial para preeeag¢@atamento da obesidade)
e toxicoldgica. Os resultados indicaram a preselecaubstancias de interesse
farmacolégico, como os compostos fendlicos, sapaninfibras alimentares, em
todas as plantas, e o célcio, @a cambogiae S. ferruginea Foi observada
inibicdo das enzimas-amilase T. paniculatd e a-glicosidase T. paniculata, A.
verae B. trimerg apoés simulacdo de fluido géastrico; e potencitibaidante,in
vitro, em todas as plantaym aT. paniculata apresentandss mais altos teores
de compostos fendlicos e vitamina O fitoterdpico simulado n&do causou
inibicdo das enzimas digestivas e mostrou baixadatie antioxidante. Diante
desses resultados, B paniculatafoi escolhida para realizacdo do ensaio
biolégico, sendo administrada por gavagem na fodwafarinha e extrato
aquoso, a ratogVistar, submetidos a dieta hipercalérica, durante 42, gias
avaliacdo dos parametros: peso corporal, consuimerahr, glicemia, lipidios,
peroxidacgdo lipidica e toxicidade (genotoxicidadeistologia). A farinha e o
extrato aquoso das folhas Tepaniculataforam eficazes na reducdo da gordura
hepatica, glicose e triacilgliceréis séricos e ndpresentaram potencial
genotéxico, nas condicBes avaliadas. O extrato saqweduziu 0 consumo
alimentar e a peroxidacéo lipidica. Conclui-se gsi@lantas estudadas mostram
grande diversidade de fitoquimicos com potenciaisa serem utilizadas em
preparacGes farmacolégicas com possiveis benefigaside. Entre as plantas, a
T. paniculataapresenta os mais elevados teores de fitoquimmmspostos
fendlicos, saponinas e vitamina C), efeito inibidobre as enzimasamilase e
a-glicosidase e atividade antioxidante, em ensaiosgitro. Os resultados do
ensaio biolégico sugerem as folhasTd@aniculatacomo alternativa terapéutica
no tratamento da obesidade.



Palavras-chave: Obesidade. Plantas Medicinais. oRidantes. Enzimas
digestivas. Toxicidade. Fitoterapico.



ABSTRACT

The prevalence of obesity has increased worldwidalaaming rates, and has
become a major health problem in modern societghlighting the need for
adjuvants to aid in its treatment. Medicinal plaate rich sources of bioactive
compounds with potential therapeutic use, and rmeaw lviable alternative for
the development of safe and effective drugs toiraithe treatment of obesity.
The objective of this study was to evaluate the afsthe medicinal plantloe
vera (L.) Burm., Simaba ferrugineaSt. Hil., Baccharis trimera(Less.) DC,
Garcinia cambogiaDesr. andTournefortia paniculataCham., as well as of the
phytotherapic Moder diet, prepared from the contimaof these plants for the
treatment of obesity, performing the chemical cbtmrzation of the
constituents of the plants, as well as inhibitimsays of digestive enzymes,
evaluation of the antioxidant potential and theabiay with the plant that shows
the highest amount of phytochemicals with pharmagiol properties, in order
to perform their therapeutic (in the prevention drehtment of obesity) and
toxicological characteristics. The results indidatiee presence of substances of
pharmacological interest, especially phenolic conmas, saponinas, dietary
fiber in all plants; and calcium i®. cambogiaand S. ferruginea Enzymatic
inhibition was detected fos-amylase T. paniculatd and a-glucosidase T.
paniculata, A. verandB. trimerg after simulation of gastric fluid; arid vitro
antioxidant potential in all plants, with emphasia T. paniculata which
presented the highest levels of phenolic compouaxd vitamin C. The
simulated phytotherapic caused no inhibition ofdtiye enzymes and showed a
low antioxidant activity. Given these resulis, paniculatawas chosen for the
bioassay, and was administered by gavage in tine dédiflour and water extract
to Wistar rats subjected to a high calorie diet for 42 déysthe evaluation of
the following parameters: body weight, food intalggdycemia, lipids, lipid
peroxidation and toxicity (genotoxicity and histgly. The flour and the
aqueous extract of. paniculataleaves were effective in reducing liver fat,
glucose, triacylglycerols, and showed no genotgdtential, in the evaluated
conditions. The aqueous extract reduced food intaick lipid peroxidation. It
was possible to conclude that the studied plantsvsa great diversity of
phytochemicals with potential to be used in phaemétical preparations with
possible health benefits. Among the plarits,paniculatapresents the highest
contents of phytochemicals (phenolic compoundspag and vitamin C),
inhibition on the enzymeg-amylase and-glucosidase and antioxidant activity,
in in vitro assays. The results of the bioassay suggest thadniculataleaves
may be a therapeutic alternative in the treatméabesity.



Keywords: Obesity. Medicinal Plants. Antioxidant®igestive enzymes.
Toxicity. Phytotherapic.
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PRIMEIRA PARTE

APRESENTACAO

Os resultados que fazem parte desta tese esegseafdos sob a forma
de artigos, 0s quais se encontram no item artigos.

As referéncias bibliogréficas referem-se somenge cdagcbes que
aparecem nos itens introducao e referencial teérico

Cada artigo esta estruturado de acordo com asasodas revistas

cientificas escolhidas para a submisséo ou puBlicdg mesmo.
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1 INTRODUCAO

A utilizac&@o de plantas medicinais na prevenc&atarnento de doengas
€ uma pratica muito antiga e apresenta uma impmadhistorica nas
transformacdes da terapéutica, tanto como fonte ndatérias-primas
farmacéuticas, como fonte de substancias ativdads® e utilizadas como
protétipo de farmacos e, mais recentemente, na afode medicamentos
fitoterapicos.

O crescente aumento das enfermidades e a faltepclesny acesso,
seguranca e eficacia dos tratamentos para as dokvgaam muitas pessoas a
buscarem nas plantas medicinais op¢Bes para cordbatas. Um importante
exemplo dessa pratica se da no tratamento da adesidim dos principais
problemas que a area de saude enfrenta atualneedéjdo as proporcdes que
vem alcancando tem mobilizado grandes esforcos malugdo do seu
conhecimento. Sua incidéncia independe de fatarei®-scondmicos, idade e
suas consequéncias vao desde o desenvolvimentoedeas debilitantes até a
morte, afetando diretamente a qualidade de vidanddgduos.

Estima-se que haja mais de um bilhdo de adultamaacio peso no
mundo, e destes, 400 milhdes estejam clinicamertiesos (TUCCI;
BOYLAND; HALFORD, 2010), o que levou a doenca a digho de epidemia
global. No Brasil, de acordo com o Ministério dal& aproximadamente 50%
da populagdo apresenta excesso de peso, e 15,8idam®e e estimativas
apontam que, em 2025, o Brasil sera o quinto paiendndo em ndmero de
obesos (BRASIL, 2012b).

A obesidade causa problemas psicologicos, frusgedpredispdem o
organismo a uma série de doengas, em particulancdsecardiovasculares,
alguns tipos de cancer, diabetes e hipertensaagiafrteausando gastos

econdmicos tanto pelo governo como pela sociedade.
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Entre a comunidade cientifica, a classe médica ediasrsas
organizacdes internacionais de salde, ha um canggjue as principais
causas da obesidade sdo: dieta inadequada ricaadinidratos e gorduras
saturadas, sedentarismo e falta de atividadesdisegulares. Além da questao
de saude, ha também a questao da estética queeweilm muito valorizada nos
ultimos anos o que levou muitas pessoas a busagedes para tratamento da
obesidade.

Das opg¢Bes disponiveis para tratamento desta ddBmten as mais
empregadas sdo 0 uso de dietas balanceadas, pn&pdares de exercicios
fisicos e os tratamentos medicamentosos, que \sdedeibidores de lipases a
anorexigenos.

Devido aos efeitos colaterais, ineficacia e elevadasto dos
medicamentos tradicionalmente utilizados no tratdmeda obesidade, a
utilizacdo de plantas medicinais estd sendo ampitamexplorada, tanto pela
populacdo, devido ao facil acesso, baixo custo, edgéncia de prescricao
médica e crenca de auséncia de efeitos téxicosy pefa industria farmacéutica
gue vé nessas plantas uma alternativa viavel paesenvolvimento futuro de
medicamentos que induzam a reducdo de peso de fefitez e segura
(MAYER et al., 2009; PARK; LEE; SUNG, 2005). Estsdmostram que varios
produtos naturais, incluindo extratos e compossotados de plantas, estdo
sendo utilizados para a reducdo do peso corpoakeeencdo da obesidade
(RAYALAM; DELLA-FERA; BAILE, 2008; SIMAO; CORREA; GHAGAS,
2012; SOUZA et al., 2011).

A importancia das plantas medicinais deve-se acentribuicdo como
fonte natural de fA&rmacos e por proporcionar graratences de obtencdo de
moléculas protétipos devido a ampla diversidadsetes constituintes (YUNES;
CALIXTO, 2001). No entanto, inUmeras plantas sdo usadasreparpgbes

fitoterdpicas sem que seja realizado um controlequiidade e seguridade
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adequados, uma vez que a literatura cientificasepta, para a maioria das
plantas medicinais, a presenca de substanciasagdgiou composi¢cdo quimica
variavel (CAPASSO et al2000).

Além disso, algumas industrias farmacéuticas geanv somente o
lucro pregam a existéncia de alguns produtos nuitagy, fazendo propaganda
enganosa e na maioria das vezes sem se preocupar cealde publica,
oferecendo produtos ditos naturais, mas que narimalas vezes tem em suas
formulacdes a adicdo de substancias ndo declataalasndo ainda, em alguns
casos, a auséncia de estudos com o0s constituietnpes nas formulacdes.

Um importante exemplo dessa prética é o uso dtefépico Moder
diet, composto pela combinagcdo de extratos dagaslafoe vera(L.) Burm.
(aloe), Simaba ferrugineaSt. Hil. (calunga),Baccharis trimera(Less.) DC
(carqueja), Garcinia cambogia Desr. e Tournefortia paniculata Cham.
(marmelinho), que tem sido comercializado livreraem Brasil, com o suposto
efeito inibidor de apetite e redutor de peso, sem lgouvesse comprovacdes
cientificas para garantir seu uso seguro. No emtamtAgéncia Nacional de
Vigilancia Sanitaria (ANVISA), proibiu a venda desfitoterapico por falta de
estudos que atestassem sua eficacia bem comoreciaudé riscos durante seu
uso (AGENCIA NACIONAL DE VIGILANCIA SANITARIA - ANVISA,
20009).

Recentemente, o uso do Moder diet teve um altcionesto, refletido
no surgimento de inimeros casos de perda de pgsslaesua divulgacao
principalmente em sites na internet e em acaderhiasentanto, devido aos
efeitos surpreendentes proporcionados por esse receggr, ha uma
preocupante possibilidade de adulteractes, prilmegyde por anorexigenos e
riscos toxicolégicos pelo uso continuo, ressaltaadimportancia de estudos
com as plantas que fazem parte de sua composicaac@aprovacdo de seus

efeitos terapéuticos e toxicolégicos.
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Diante da busca de alternativas terapéuticas demeesto, facil acesso
e seguranca comprovada para o tratamento da oblesideam como a falta de
informacfes cientificas sobre o fitoterapico Modétt e as plantas que o
constituj faz-se necessaria uma investigacdo detalhada peitiesde seus
constituintes quimicos, possivel toxicidade decderedo uso continuo e

elucidacdes sobre 0 mecanismo de acao.

1.1 Objetivo geral

Determinar a composi¢do quimica das plantas quep@em o
fitoterapico Moder diet, realizar ensaios de irdloigle enzimas digestivas, medir
0 potencial antioxidante e ensaio biolégico comlanta que mostrar maior
presenca de fitoquimicos com propriedades farmgmas, visando sua
caracterizacao terapéutica (potencial para preeveag¢éatamento da obesidade)

e toxicolégica.

1.2 Objetivos especificos

a) Realizar a triagem fitoquimica, determinar a gosicdo centesimal e mineral
e o teor de alguns compostos bioativos das plapagsonstituem o fitoterapico
Moder diet.

b) Realizar ensaios de inibicdo de enzimas digestiva presenca de fluido
gastrico simulado com as plantas que constituentotefapico Moder diet e
com a mistura equivalente ao fitoterapico.

¢) Avaliar o potencial antioxidante das plantas goastituem o fitoterdpico
Moder diet e da mistura equivalente ao fitoterapico

d) Avaliar os efeitos antiobesidade da planta gustrar maior presenca de

fitoquimicos com propriedades antiobesidade, idibide enzimas digestivas e
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atividade antioxidante, em ratd¥istar, submetidos a dieta hipercalérica, por
meio dos parametros: peso corporal, consumo alamegticemia, lipidios,

peroxidacéo lipidica e toxicidade (genotoxicidadestologia).
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2 REFERENCIAL TEORICO

2.1 Epidemiologia: relevancia do problema

Em func@o das consequéncias causadas pela obesidtdeelocidade
de sua disseminac¢do em todo mundo, esta vem sendilerada uma epidemia
mundial, com mais de um bilhdo de adultos com esxcde peso, dos quais, 400
milhdes apresentam obesidade clinica, atingindto tpaises desenvolvidos
como os em desenvolvimento, entre eles o BrasilQCL) BOYLAND;
HALFORD, 2010; WORLD HEALTH ORGANIZATION - WHO, 201). Na
Ameérica, a obesidade vem aumentando, para amhgé&nesos, tanto em paises
desenvolvidos quanto nos em desenvolvimento. Naayrverificou-se na
ultima década um aumento da obesidade entre 10%®€ da maioria dos
paises. Em alguns paises da regido Oeste do Bacimo a Austrdlia, o Japao,
Samoa e China, também se nota a elevacdo da preizalia obesidade. No
continente africano, a obesidade é ainda relatimgariacomum, sendo que sua
prevaléncia é mais elevada na populacdo urbanakgéo a populacdo rural
(WANDERLEY; FERREIRA, 2010).

No Brasil, a andlise de cinco inquéritos populaais, realizados pelo
Ministério da Saude - Estudo Nacional sobre Despé&semiliares (ENDEF),
realizado entre 1974-1975; a Pesquisa Nacionaksséiide e Nutricdo (PNSN),
de 1989; a Pesquisa sobre Padrbes de Vida (PPs&ndavida em 1996-1997;
e a Pesquisa de Orcamentos Familiares (POF), 2B e de 2008-2009 —
permitiu avaliar a emergéncia da obesidade e warifiseus principais
determinantes. De acordo com esses estudos, alatlest o sobrepeso estédo
aumentando de forma acelerada na populacédo brasipeincipalmente entre os
adultos, enquanto a prevaléncia de desnutricdéndede forma acelerada nas

Ultimas décadas. Dados do Instituto Brasileiro dedgafia e Estatistica (IBGE)
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revelam que o sobrepeso na populacdo de 20 anogisyno sexo masculino
saltou de 18,5% em 1974-1975 para 50,1% em 2008-200 sexo feminino, o
avanco foi de 28,7% para 48%, no mesmo periodoTINSTO BRASILEIRO
DE GEOGRAFIA E ESTATISTICA - IBGE, 2009).

Em relacdo as criancas e adolescentes, os dafbos aumento da
obesidade também sao preocupantes. Para colopateanéa da obesidade entre
criancas nos Estados Unidos em perspectiva, 0 mamercriancas obesas
ultrapassa o niumero combinado de criancas afepedawirus da Aids, cancer,
diabetes infantil e fibrose cistica (FREEDMAN et @&007). No Reino Unido,
16% das criancas sdo obesas e outras 14% esté dwipeso.

No Brasil, 0 excesso de peso nessa parte da gdputaesce de forma
acelerada: em 1974, o excesso de peso atingiade38bancas entre 6 e 9 anos
de idade e 3,7% entre os adolescentes de 10 a&8Jnoo periodo entre 1996 e
1997, observou-se 14% de excesso de peso na fdiria de 6 a 18 anos de
idade (WANG et al., 2002). Dados divulgados peld=R@008-2009) indicam
que 33,5% das criancas brasileiras de 5 a 9 at@s &ima do peso, sendo que
16,6% do total de meninos sé&o obesos e 11,8% daisanesstdo com sobrepeso
(IBGE, 2009). A prevaléncia de obesidade nessaafaibdria € preocupante
devido ao alto risco da crianca obesa se tornaadufto obeso, apresentando
variadas condi¢Bes morbidas associadas.

Estudos recentes mostram que quase metade dagipblasileira esta
acima do peso. Os resultados da Ultima pesquisdigiiéncia de Fatores de
Risco e Protecdo para Doencas Cronicas por InquEeiiefonico (VIGITEL),
promovida pelo Ministério da Salude, mostram quexcegso de peso e a
obesidade aumentaram nos Ultimos seis anos nd.Bdasacordo com o estudo,
a proporcao de pessoas acima do peso no Brasit@vate 42,7%, em 2006,
para 48,5%, em 2011. No mesmo periodo, o percediabesos subiu de

11,4% para 15,8%. O estudo mostra também que ordaardas porcentagens de
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pessoas obesas e com excesso de peso atinge tgojulacdo masculina
quanto a feminina. Em 2006, 47,2% dos homens &@8&s mulheres estavam
acima do peso ideal. Agora, as propor¢cdes subiram p2,6% e 44,7%,
respectivamente (BRASI2012b).

Estimativas da WHO apontam que em 2015 o nimerobdsos e de
pessoas com sobrepeso no mundo ultrapassara neais dobro dos nimeros
atuais passando a ser de 700 milhdes e 2,3 bildgsectivamente. J4 para o
Brasil (idade de 15 a 100 anos) estima-se que 66A&f%4mulheres e 60,3% de
homens apresentardo sobrepeso e obesidade (WHQO), 284ddenciando a
necessidade urgente de alternativas seguras eefigara conter o avanco

dessa enfermidade.

2.2 Obesidade: conceito e classificacao

A obesidade pode ser definida, de forma geral, cooma doenca
resultante do acimulo anormal ou excessivo de gorshb a forma de tecido
adiposo, sendo consequéncia do balanco energéigitivp e que resulta em
prejuizos a saude, podendo levar a morte (SOCIEDABRASILEIRA DE
ENDOCRINOLIGA E METABOLOGIA - SBEM, 2010).

As medidas antropométricas comumente utilizadaa degnosticar a
obesidade sdo o indice de massa corporal (IMC)edida da circunferéncia
abdominal e a razdo cintura quadril, sendo a prangimais utilizada (WHO,
2010). O IMC é calculado dividindo-se o peso doivitiio (em kg) pelo
quadrado de sua altura (em metros) (SBEM, 201@).dadrédo utilizado pela
WHO, que identifica o peso normal quando o resal@a calculo do IMC esta
entre 18,5 e 24,9 kg/fmA faixa de IMC entre 25 e 29,9 k¢fr@ denominada de
sobrepeso ou excesso de peso. Valores de IMC ab#m0 kg/m indicam

obesidade. A obesidade é classificada em trésedifes graus. De 30 a 34,9
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kg/n?tem-se a obesidade grau |, de 35 a 39,9 kg/obesidade grau Il e acima
de 40 kg/rh obesidade grau lll (obesidade mérbida).

Sobrepeso e obesidade séo fatores de risco parséneade doencas.
Quando comparados a individuos com peso normalpbesos tém mais
propensdo a desenvolver problemas como hipertensdogencas
cardiovasculares, diabetes tipo 2, entre outro&£(BER010; WHO, 2010).

Além do grau de gordura, outro fator que interfawe riscos associados
ao excesso de peso € a sua distribuicdo regionadnpo. Quando o0 excesso de
gordura ocorre na regido abdominal (obesidade al@jrms riscos associados a
outras doencas sdo bem maiores do que quando @@érdistribuida de forma

uniforme e periférica (Obesidade ginecoide) (WHM,®.

2.3 Etiologia

A etiologia da obesidade ndo esta totalmente ewithr, mas existe na
literatura um consenso que ela ndo se caractasipa cma desordem singular,
mais sim como um grupo heterogéneo de condi¢cdesnudltiplas causas, que,
em Ultima andlise, refletem no fenétipo obeso (ASB@AO BRASILEIRA
PARA O ESTUDO DA OBESIDADE E DA SINDROME METABOLICA
ABESO, 2009).

Muitas séo as causas que podem conduzir a obesielstte elas podem
ser citados os fatores genéticos, ambientais, ispeieondmicos, culturais e as
desordens endécrinas (SBEM, 2010). Associados amogale peso estdo
também fatores como mudancas em alguns momentosdda(casamento,
separacgdo, viuvez); determinadas situagbes denvialéfatores psicoldgicos
(depressdo, ansiedade e estresse); tratamentoscameditosos (com
psicofarmacos e corticoides); suspensédo do habifardar; reducéo drastica de

pratica de exercicios, entre outras (BRASIL, 2006).
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Das varias causas da obesidade, o determinante maidiatmedo
acumulo excessivo de gordura é o balanco energptisitivo, que acontece
guando a quantidade de energia consumida é ma®raqquantidade gasta
(HENRY; PANDIT, 2009). Este é totalmente favorecjidas dietas atuais que
apresentam alta densidade energética, sdo ricg@elaras saturadas, agucares
simples, e tem baixos teores de carboidratos comple fibras, e pelo aumento
da inatividade fisica, configurando o estilo deaviocidental contemporaneo
(POPKIN; GORDON-LARSEN, 2004).

As explicagbes para 0 aumento da obesidade tem wgigopouco
controversas. Alguns estudos tém demonstrado difase genéticas entre
pessoas obesas e ndo obesas, enquanto outrosesguctimcentram em fatores
como mudancas no estilo de vida, tais como maugtosallimentares e
inatividade fisica (PERUSSE; BOUCHARD, 1999; SUNDQU,
JOHANSSON, 1998).

2.4 Obesidade e suas co-morbidades

Associa-se a obesidade algumas das mais prevaldomscas da
sociedade moderna. O excesso de gordura corporakraa o0 risco de
desenvolver diabetes, doencas coronarianas, caiipertensdo arterial,
dislipidemias, doencas do trato digestivo, doermamonares, complicacbes
ortopédicas, entre outras, podendo levar até aenOANIELS, 2009; GUH et
al., 2009).

A obesidade também atinge criancas e adolescgmegém sendo cada
vez mais suscetiveis ao excesso de peso, sendesalade infantil um fator
para a obesidade adulta. Nessa faixa etaria adaloesiesta relacionada a

doencas crénicas como hipertensao e diabetes,d@dtislipidemias. Outras co-
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morbidades associadas sdo problemas ortopédidescdes fingicas de pele e
esteatose hepética (DANIELS, 2009).

O excesso de peso esta associado com o0 aumenteortédade e
mortalidade e este risco aumenta de acordo comnmtwogde peso. Comparando-
se com individuos de peso normal, pessoas obaad208 a mais de chance de
morrer por todas as causas; possuem o risco duas weaior de falecer por
diabetes; tém 40% a mais de chance de desenvidfengbes na vesicula biliar
e 25% a mais de doencas coronarianas. Em homeng@4macima do peso
desejavel (obesidade grau Il), a mortalidade pdatcas causas é 55% maior,
apresentam 70% a mais de chance de desenvolvegcadoenronarianas, e o
risco de morte por diabetes é quatro vezes mai@udoentre pessoas de peso
normal (BLUMENKRANTZ, 1997).

2.5 Impactos econémicos

Pesquisasostram quéa mais de um bilhdo de adultos com excesso de
peso no mundo (TUCCI; BOYLAND; HALFORD, 2010), sendiue este
guadro implica em altos gastos econdmicos tantosp@&@igdos governamentais
como pelos individuos afetados. Nos Estados Unjulis,com maior nimero de
obesos no mundo, o levantamento @enters for Desease Control and
Prevention(CDC) realizado entre os anos de 1998 e 2006 awmal que 0s
custos com a obesidade aumentaram de 6,5% para GENTERS FOR
DISEASE CONTROL AND PREVENTION - CDC, 2012). Ja graises em
desenvolvimento, os gastos variam de 2 a 6% dm dotdl com a saldde. Se
levar em conta que uma pessoa obesa desenvolveéarimade outras doencas
em consequéncia do excesso de peso, por exemplmetes tipo 2, doencas
cardiovasculares, entre outras, os verdadeirogsesim essa epidemia podem

ser muito maiores.
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No Brasil, os gastos diretos com essa doencayiimz internacdes,
consultas e medicamentos, passam de um bilhdadep@ ano, que equivale a
12% do total de gastos anuais do Sistema Unico algdeS (SUS) com
internacBes. Mundialmente, o Brasil ocupa a sestdCfo entre 0s paises com
problemas com a obesidade (GIGANTE et al., 2009).

2.6 Tratamento

A obesidade deve ser reconhecida como enfermigla@gada como tal.
Seu tratamento deve ser complexo e multidisciplmaua escolha deve ser
baseada na gravidade do problema e na presengangéicacdes associadas.

Vérias opcgles estdo disponiveis para tratamentsotboepeso e da
obesidade, mas fundamentalmente os caminhos ar sdgeem passar pela
reducdo da energia ingerida e pelo aumento do gakidco.

A maioria dos tratamentos passa por dietas baldasegraticas de
exercicios fisicos com frequéncia, terapia medicdosa e cirurgia bariatrica.

O tratamento medicamentoso inclui diversos ageptesnotores de
perda de peso. Estes estao divididos em trés ciategos que diminuem a fome
ou modificam a saciedade; os que reduzem a digesafisorcao de alimentos e
0s que aumentam o gasto energético (NONINO-BORGES, 2006).

No Brasil, existem, alguns medicamentos registradoa tratamento da
obesidade como a sibutramina, dietilpropiona (amf®pna), femproporex,
mazindol e orlistat. Estes séo indicados apenasasos em que o IMC for
maior ou igual a 30, ou maior ou igual a 25 acorhpdos de fatores de risco
em casos que o tratamento com dietas, exercic&isosi e mudancas
comportamentais ndo provocam efeitos. Contudo, tifascontrovérsias sobre
a utilizac@o destes, pelos escassos estudos salseeteitos a longo prazo e

pelos seus efeitos colaterais, como doencas casgjia@ertensdo, disfuncao
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sexual, entre outras. Outra questdo associadaatngnto medicamentoso, é
gue infelizmente o tratamento na maioria dos caédsaz beneficios em curto
prazo, este é frequentemente associado com ganpesdeapés a cessacao do
uso das drogas (MAHAN; SCOTT-STUMP, 2008).

Devido a gravidade da obesidade e os efeitos caistdo tratamento
medicamentoso, a utilizacdo de produtos naturaie #&to crescimento nos
altimos anos, principalmente pelo fato que a pag@idaacredita que esse tipo de
tratamento ndo acarreta efeitos colaterais, ndessiga de prescricdo médica,
além de apresentar baixo custo.

Alguns dos produtos naturais utilizados sdo a alofdoe verg,
alcachofra Cynara scolynmys boldo Peumus boldys carqueja Baccharis
sp.), cascara-sagradRhamnus purshiana centella-asiatica, extrato de citrin
(Garcinia sp.), clorela Chorella pyrenoidosh espinheira-santaMaytenus
ilicifolia), espirulina $pirulina maximy Fucussp., guarandRaullinia cupana,
ginseng-falso (Pfaffia paniculaty, glucomanan Amorphophallus konjg¢c
jurubeba $olanum paniculatujn maracuja Rassiflora alata)e sene Cassia
angustifolig. Seu uso também vem sendo estimulado por prodagade
diversos meios de comunicacdo (Internet, Revisiascientificas leigas, entre
outros), além de muitas farmacias de manipulac&a&m comercializado estas
plantas na férmula de capsulas.

Outra pratica bastante comum utilizada pela popolacpelas industrias
de fitoterdpicos é o uso da combinacdo de plantmdo obter um maior
espectro de efeitos, no entanto, a maioria degsdsifos ndo tem comprovacao
cientifica sobre sua eficacia e seguranca, neasdsitde novos estudos.

As plantas podem auxiliar no tratamento da obesidBelforma direta
ou indireta. Na forma direta, estas podem atuamakindo o metabolismo e na
modulagdo do apetite. J& na forma indireta, elasmatno tratamento da

obesidade associada a outras patologias. Nessepoasm-se citar plantas com
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acdo diurética e aquelas que agem como depreskpristema nervoso central
(MORO; BASILE, 2000).

O uso de produtos naturais vem ganhando bastandelitagr
principalmente depois da implantagdo do Programa&ioNal de Plantas
Medicinais e Fitoterapicos (PNPMF), que visa imseoim seguranca, eficacia e
gualidade, plantas medicinais, fitoterapicos eigesvrelacionados a fitoterapia
no Sistema Unico de Salde (SUS) (BRASIL, 2006).

Outra vantagem do uso de produtos naturais, basei@m fato que
mesmo uma diminuicdo modesta, de 5 a 10% do peporebja traz beneficios
a salude (SBEM, 2010). Estudos realizados na Cl@iaamada, nos Estados
Unidos e em varios paises europeus mostraram gisedaanetade das pessoas
com excesso de peso conseguiram reduzir a incal@éecdiabetes por meio da
reducdo de peso e da pratica de exercicios fi§ORGANIZACAO PAN-
AMERICANA DA SAUDE - OPAS, 2003). Assim, a buscauso de plantas
medicinais para tratamento da obesidade aumentaramltimos anos.

Infelizmente, a maioria das plantas medicinaiizatias para tratamento
da obesidade, é usada sem orientacdo médica, ®@moévo de preocupacao ja
gue, para muitas delas, ha poucos estudos ciestifio estes sdo até mesmo
inexistentes, o que demonstra a necessidade dampia caracterizacdo dessas

plantas, para verificacdo de sua eficicia e segaran

2.7 Fitoterapico Moder diet e seus componentes

Emagrecedor natural composto de extratos de eovadoder diet se
caracteriza como um composto vegetal usado paikeauxorganismo na perda
de peso e na prevencdo da obesidade. Atua na cedocdpetite e ansiedade,

acelera o metabolismo eliminando gorduras locadigaflacidez. Leva a perda
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de 6 a 8 kg por més, com alegacao de ndo apresdeitar colateral nem contra
indicacdo (WIKIPEDIA, 2010).

Em sua composicdo estdo presentes extratos degaal@maba
ferrugineg, para inapeténcia, é tbnica usada para combaégnia e fraqueza
em geral; carquejaB@ccharis trimery combate o mal funcionamento do
intestino, é antidiabética, anti-reumatica e dioeétmarmelinho Tournefortia
paniculatg, antibiético das vias urinarias; babos&log verg, revitaliza e
combate a flacidez, antienvelhecimentGarcinia cambogia combate a
obesidade, utilizada como inibidor de apetite ebgm para bloquear a absorcao
e sintese de gordura.

Produzido pelo laboratério Erusmed, o Moder digh ez mira da
ANVISA, que pela resolucdo 3.691/2009, determinsuspensédo da fabricacgéo,
distribuicdo, comércio e uso do medicamento, pafo flo fitoterapico ndo ter
registro, nem tdo pouco estudos que comprovem fitgcia e/ou toxicidade
(ANVISA, 2009).

Vendido como remédio natural, na forma de capselsse fitoterapico
pode apresentar misturado com suas ervas anoresigesrmaonios tireoidianos
e outras substancias de uso proibido ou s6 recadenmbm prescricdo médica.
Além disso, as misturas das ervas também ndo sameadadas. Elas podem
ser incompativeis e causar a chamada interacdocameeintosa, com efeitos
imprevisiveis, necessitando assim de estudos margprovacado cientifica de
seus efeitos.

Entre as espécies vegetais presentes na compakicBtoder diet, a
Aloe veraé a mais estudada, estando presente nas listatSSRENespécies
vegetais que apresentam potencial de gerar prodigofmteresse ao SUS
(BRASIL, 2009)), ANVISA (plantas medicinais com nigamentos
fitoterapicos derivados simples registrados na ABWWI(CARVALHO et al.,

2008)), LMFRS (plantas medicinais com medicamefitoterdpicos derivados
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presentes na lista de medicamentos fitoterapicosredgstro simplificado
(Instrucdo Normativa 5/08) (BRASIL, 2008)) e SUSafpas medicinais com
medicamentos fitoterapicos derivados oficializadpara uso no SUS
(RENAME) (BRASIL, 2012a)). Em seguida, destacanad®accharis trimera
presente na lista RENISUS e registrada como DVé@sp que podem ser
comercializadas na forma de drogas vegetais indlizadas (Resolucdo da
Diretoria Colegiada 10/10) (BRASIL, 2010)), eGarcinia cambogigoresente
na lista da ANVISA (TEIXEIRA, 2013). As espéci&maba ferrugineae
Tournefortia paniculataestdo ausentes em todas as listas e seu usoeia bas
apenas em descri¢bes de uso popular.

No que se refere ao tratamento da obesidade escastedos sao
encontrados para essas plantas, o que revela asitlemke de estudos que
poderéo ajudar no entendimento farmacol6gico éxiad do uso interno dessas

plantas no combate a obesidade.

2.7.1Aloevera

Aloe vera(L.) Burm. (babosa), € uma espécie de planta pmtda ao
géneroAloe e familia Liliaceae, nativa do norte da Africa (BA; LOPES,
2007). E uma planta utilizada para diversos fingliieais, sendo as principais
aplicacdes relacionadas a problemas da pele com® psoriase, hanseniase e
gueimaduras, tendo ampla utilizacéo na industricodenéticos (VALVERDE et
al., 2005). Relatos macedobnicos, egipcios, chineseéé mesmo na biblia
demonstram que era comum o uso dessa planta ruidatie para diversas
finalidades (BACH; LOPES, 2007).

As folhas dessa planta sé@o constituidas de unotpaicenquimatico rico
em polissacarideos (mucilagem), o que lhe confemra oonsisténcia viscosa

(baba). Seus principios ativos sao encontradosanesgilagem e esta é
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constituida de tecidos orgénicos, vitaminas (A, BCe enzimas (lipases,
proteases), sais minerais e aminoacidos, dos qlgiss sdo importantissimos
para o homem (BOUDREAU; BELAND, 2006; HE et al.08Q A seiva obtida
de sua casca é rica em aloina, alantonina e aimoagis. Essas substancias lhe
confere propriedades cicatrizantes, antibacteriamifiingica e antivirética
(VALVERDE et al., 2005). As atividades bioldgicadatadas para esta espécie
vegetal sdo comumente atribuidas a uma acéo siaédgis compostos nela
contidos, em vez de apenas uma substancia quiid¢aMADGE et al., 2004).
Quanto ao seu potencial toxico, estudos realizadosextratos aquosos
de A. veramostram que em doses usuais (40 i), lo extrato aquoso desta
planta ndo induz mutagenicidade sobre célulasliden cepa enquanto que em
doses superiores as utilizadas popularmente, @texfoi capaz de induzir
citotoxicidade e mutagenicidade quando avaliadaesabmesmo tipo celular.
Nesse estudo, os autores também verificaram efeitdimutagénico
(mutagenicidade induzida pelo paracetamol) do geA.dvera sobre linfdcitos
humanos utilizando o teste do microndcleo (STURBELdt al., 2010), o que
também foi verificado por Stanic (2007), em estsdbre a acdo antimutagénica
do gel deA. verasobre os efeitos induzidos por metanosulfonaliceti
Capacidade antioxidante foi observada por Yun, &u&iuhui (2003),
que analisando A. veraem varias idades, constataram que na idade deoquat
anos essa planta mostra maior potencial antioxédgune em idades inferiores, o
que demonstra que a fase de crescimento tem pdaélna composicao
antioxidante do gel dé. vera Ja Rajasekaran, Sivagnaman e Subramanian
(2005), observaram que na administracao oral datexalcodlico deA. vera
(300 mg kg para ratos diabéticos, os altos niveis da peaggid lipidica e de
hidroperdxidos nos tecidos desses ratos diabélicam revertidos para niveis
quase normais depois do tratamento com o extrasadelantaO tratamento

também resultou num aumento significativo nos sivks glutationa reduzida,



29

superéxido dismutase, catalase, glutationa persaigaglutationa-S-transferase
no figado e nos rins de ratos diabéticos, resudtgde evidenciam a propriedade
antioxidante do extrato de vera

Em relagdo a obesidade, um estudo desenvolvido coextrato
alcodlico daA. verg administrado oralmente, nas concentra¢des dee 2800
mg kg' de peso corporal em ratos com alimentacdo nornahsrcom
sobrecarga de glicose e com hiperglicemia induzida estreptozotocina,
demonstrou que o extrato promoveu a manutencadicemia por controlar a
acdo das enzimas que metabolizam os carboidrath3AFEKARAN et al.,
2004), o que também foi observado por Noor et28l08). Mohamed (2011) e
Rajasekaran et al. (2006) observaram que a adraigéist oral deA. vera
resultou em uma diminuig&o significativa nos nivdgscolesterol e triglicérides,
em experimento realizado com ratos, 0 que demogsaeao extrato liofilizado
deA. verapode ser utilizado como auxiliar no tratamentoblesidade.

No mercado norte americano ha produtos a baseé\.deera que
prometem a cura de diabetes, cancer e até da wdmerc Contudo, as
propriedades antibacterianas e antiinflamatoribgadas para esta planta ainda
nao foram comprovadas em humanos acometidos @& ésencas.

De acordo com a legislacdo brasileira somente eétisns e
medicamentos fitoterapicos de uso tépico podem falericados em escala
industrial a partir desta planta. Produtos de unsermo na forma de alimentos,
como suco e isotbnico, comercializados em outrésepando estédo autorizados
no Brasil pela falta de pesquisas que comprovergaranca de ingestdo. No
gue se refere ao tratamento da obesidade escassesesdo encontrados.

Diante da escassez de estudos sobre seus conssityiimicos e efeitos
de seu uso interno, estudos mais detalhados pod@rdar no entendimento

farmacoldgico e/ou toxico do uso interno dessatplan combate a obesidade.
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2.7.2Baccharistrimera

Pertencente a familia AsteraceaeBaccharis trimera(Less.) DC,
conhecida popularmente como carqueja, € uma plpetene nativa da
Amazobnia, sendo encontrada nas regides tropigaityindo Brasil e outros
paises da América do Sul. Na medicina popular s@busdas aB. trimera
fungbes no uso interno como estomatica, anti-rdoméanti-helmintica, ténica
para o figado e no tratamento de diabetes, gastrites, anorexia, gripe,
resfriado, além de ter acdo digestiva, diuréticedritora de peso. Pelo efeito
diurético, auxilia no emagrecimento e no contr@alhbetes (OLIVEIRA et al.,
2005). No uso externo B. trimera é indicada para tratamento de feridas e
ulceracdes (VERDI et al., 2005). Na industria daej@ podem ser usadas como
substitutas do lapulo.

Flavonoides e terpenoides sao considerados os graj@o maior
ocorréncia nessa planta. Encontrando-se tambénesoatmpostos como as
saponinas (SOUZA et al., 2011) e 6leos essenctdBOSTINI et al., 2005).
Dos muitos efeitos biolégicos d& trimeraja relatados, podem ser citados o
antioxidante (OLIVEIRA et al., 2003), gastroprotet8AGGIO et al., 2003),
antitlcera (DIAS et al., 2009), hipoglicemiante BBOSA-FILHO et al.,
2005), entre outros.

Quanto ao seu efeito toxico, o principal ja relatédo de inducado de
aborto, comprovado experimentalmente em animaifRR(¥Eet al., 2005). Baixa
toxicidade e efeitos antimutagénicos foram obse&wagubr Nakasugi e Komai
(1998), em fracbes metandlicas isoladasBddrimera Baggio et al. (2003)
analisando extratos aquosos e hidroalcodlicos ibadaleB. trimerae Dias et
al. (2009) analisando o extrato bruto liofilizadesth planta ndo observaram
efeitos citotéxicos em ratd¥istar, o que também foi observado por Peron et al.

(2008) ao avaliar células da medula 6ssea de Ydisr, tratadosn vivo, via
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gavagem, com extrato aquoso desta planta, nasraoagp@es de 6,85 e 68,50
mg mL™. Ja Pinho et al. (2010) avaliando a mutagenicidtagtevo ein vitro do
cha deB. trimera,nas doses de 20 ¢'l(dose usual) e 200 §'L(10 vezes mais
concentrado), pelo teste ddium cepal. e 0 de aberracbes cromossémicas em
linfécitos humanos relataram a necessidade de mg@iedurante seu consumo.

Rodrigues et al. (2009) analisando extratos aqudgoB. Trimera,
administrados por gavagem nas doses de 200, 500@ g kg camundongo,
durante trés dias, ndo observaram efeito genotdiccamostras de sangue e
figado desses animais pelo teste cometa. Entretarggtrato aquoso mostrou
potencial antigenotéxico (danos oxidativos indugidpelo peréxido de
hidrogénio) em amostras de sangue desses ratosgstdodo cometa, 0 que
pode ser devido ao potencial antioxidante demastia vivo, pelo extrato
aquoso desta planta, possivel responsavel porgerateoléculas de DNA contra
danos oxidativos induzidos por radicais livres.

Em relacdo ao potencial antioxidante desta plddalua et al. (2010)
registraram bom potencial antioxidanie vitro e in vivo para o extrato
hidroetandlico de3. trimeranos neutréfilos de ratos Fisher. JA Mendes, Tabach
e Carlini (2007) relataram que o extrato hidroalicodde B. trimeraapresenta
moderada capacidade antioxidante, ndo sendo niiigienée como antitlcera
em ratos (inducéo de Ulcera por stress). Poréng &tial. (2009), analisando
diferentes extratos dB. trimera, observaranque alguns extratos mostraram
atividade antidlcera sendo capazes de reduzirdemderatodVistar (inducéo de
Ulcera por acido cloridrico em etanol).

No que se refere ao tratamento da obesidade, Seuzd (2011)
constataram alta atividade inibitoria de extratatamolicos deB. trimera sob
algumas enzimas digestivas (lipase e amilases)irano® que a utilizagédo

desses extratos pode ser Util para auxiliar nartranto dessa enfermidade.
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No Brasil, a B. trimera esta entre as plantas medicinais mais
comercializadas, e estudos mais detalhados sobsecsastituintes quimicos e
sobre seu modo de atuacdo no tratamento da obesgida@m contribuir para
um uso mais seguro dessa planta.

2.7.3Garcinia cambogia

Garcinia cambogiaDesr. € uma pequena arvore, pertencente a familia
Gutiferaceae, originaria das florestas do Cambmijh,da Africa e Polinésia,
amplamente cultivada na india e em paises do eat@iente. As partes da
planta mais utilizadas sédo a casca seca e a pafpiudos, sendo o fruto a parte
que apresenta o componente capaz de promover gengieso (SANTOS et al.,
2007).

O acido hidroxicitrico (AHC) encontrado na cascas doutos é a
substéncia responsavel pela perda de gordura & pelpriedades saciantes da
G. cambogig SANTOS et al., 2007). Atribui-se ao AHC as setgsracdes para
promover perda de peso:

a) Bloqueador de lipidios — quando ingeridos enessag, 0s carboidratos sao
metabolizados e armazenados como lipidios, duresse processo ocorre a
participacdo da enzima citrato liase. O AHC ligaasessa enzima inibindo-a,
impedindo o armazenamento de lipidios.

b) Redutor de apetite — 0 controle de apetiteté fepartir de uma maior sintese
de glicogénio feita pelo AHC, que ao bloquear aatut liase direciona as

calorias que ndo sdo armazenadas na forma deo$ipjuhra formacdo de

glicogénio, dessa forma, quando as reservas degéiio estdo altas, os
receptores de agUcar no figado sdo estimuladosianesinal de saciedade ao

cérebro, sem estimular o sistema nervoso centiatoGnodo de atuacdo esta
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relacionado a capacidade de estimular a liberacéo serotonina, um
neurotransmissor diretamente envolvido no conttelapetite.

Estudos realizados com extratos @Ge cambogiademonstraram a
reducdo de adiposidade visceral em camundong@idstcom dieta rica em
lipidios (KIM et al., 2008), propiciando uma atigide semelhante a leptina na
reducdo dos niveis sanguineos de insulina e metttoraetabolismo da glicose
(HAYAMIZU et al., 2003a), e em humanos a reduc¢dogdedura abdominal
tipica da obesidade, sugerindo seu uso na prevengédducdo do acumulo de
gordura visceral (HAYAMIZU et al., 2003b). Ja emndizdes de dietas ricas
em carboidratos o AHC isolado foi eficaz na redud@o sintese de novos
lipidios em humanos (KOVACS; WESTERTERP-PLANTENGR06).

Quanto a sua toxicidade, Saito et al. (2005) olasam que dietas
contendoG. cambogialcom teores de acido hidroxicitrico maiores qud. Q@
kg' de racédo) administradas a ratos Zucker obesosjaram-se altamente
toxicas para os testiculos desses animais e causaradiminuicdo da
espermatogénese ap6s 13 semanas de tratamensraJatpsVistar, extratos
etandlicos deG. cambogiaadministrados durante seis semanas, apresentaram
efeitos toxicos no sistema reprodutivo dependetdedose, sendo identificadas
distorcdes nas células do epitélio germinativo (K3DE et al., 2007).

Para humanos, ndo foram constatados efeitos advdosoextratos de
G. cambogiaadministrados na forma de comprimidos, conten@0@0L.mg de
4cido hidroxicitrico did, durante 16 semanas (HAYAMIZU et al., 2003b), e
durante 12 semanas, ndo sendo observadas alteragdasiveis séricos dos
hormdnios sexuais testosterona, estrona e est&thMAMIZU et al., 2008).

Apesar do AHC apresentar toxicidade relativameratixah o amplo
espectro de acdes e a escassez de informacdessobrefeitos em longo prazo,
tornam necessarios estudos mais detalhados sobsévgis interferéncias em

alguns paréametros fisiolégicos.
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2.7.4Tournefortia paniculata

A Tournefortia paniculataCham., tradicionalmente conhecida como
marmelinho, é um arbusto pertencente a familia @oazeae. Sua origem é
atribuida as regides mediterraneas e aos EstaddedJia América, ocorrendo
amplamente nos trépicos e subtropicos (MORAES; SQ2B07). No Brasil,
suas folhas s@o usadas na medicina popular cométidiue antiinflamatério
das vias urinarias e em casos de litiase renal TRERICCI et al., 2000).
Escassos estudos sdo encontrados sobre seus uiotestit quimicos,

necessitando assim de ampla caracterizagdo quénfiicecional.

2.7.5Simaba ferruginea

Simaba ferrugineaSt. Hil, popularmente conhecida como calunga,
calunga ferruginea, ou fel da terra, com sinonimientifica de Quassia
ferrugiena D. Dietr, € uma arvore nativa do cerrado seco dasiBcentral,
pertencente a familia Simaroubaceae. Sua casoca tlnttronco quanto do
rizoma, apresenta substancias de gosto amargsaquempregadas na medicina
popular para tratamento de febre, cicatrizacdo edlielafs, dores reumaticas,
Ulceras gastricas, obesidade, e outros transtopmimsipalmente na forma de
chas (LORENZI; MATOS, 2002; MARCELO, 2002). Emborérias plantas
pertencentes a familia Simaroubaceae tenham sidmlasisna medicina
tradicional para tratamento de varias doencas,aapaiguns produtos quimicos
e farmacoldgicos tém sido relatados sobre o géfenaba(MUHAMMAD et
al., 2004; TOMA et al., 2002), o que releva a nsicksle de estudos sobre sua
composi¢do quimica e atividade farmacoldgica visaoomprovacdes de sua

eficacia, até entdo relatada apenas na medicindgrop
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2.8 Inibidores de enzimas digestivas

Inibidores de enzimas digestivas sao substanciasicps (a maioria
proteinas) presentes nos tecidos vegetais, comensesn raizes e outros e em
animais como, por exemplo, na clara de ovo. Essdistancias, quando
ingeridas, inibem a acdo de enzimas, como por ererap amilases, lipases e
tripsina, que sdo muito importantes para o metsimalinormal do organismo
humano, impedindo assim, a absor¢cdo de carboidrfpidios e proteinas, o
que pode acarretar perda de peso, podendo serauraménta importante para
auxiliar no tratamento da obesidade (GENOVESE; LAJ(2001).

A presenca desses inibidores em produtos natwaissido bastante
estudada para a busca de medicamentos baseadoscanoismo de inibicdo
enzimatica que ocasiona altera¢des benéficas naboietmo, se apresentando
como uma excelente alternativa para o desenvoltonseguro e eficaz de
drogas antiobesidade (BHUTANI; BIRARI; KAPATI, 2007

Muitas pesquisas demonstram a eficacia, a impoaano potencial de
uso de inibidores dessas enzimas no tratamentdesidade e comorbidades
associadas e reforcam a necessidade da buscavasrfoates desses inibidores:
amilases (OBIRO; ZHANG; JIANG, 2008; UDANI et a009), glicosidases
(KWON; APOSTOLIDIS; SHETTY, 2006) e lipases (SHARMASHARMA;
SEOQO, 2005; SOUZA et al., 2011). Assim, inibidoresahzimas digestivas que
ajudem a limitar a absorcéo intestinal de carbtidra gorduras na fase inicial
podem revelar-se Uteis como auxiliares no tratanéatobesidade.

2.8.1 Amilases

Amilases séo algumas das enzimas produzidas povaamiplantas e

microrganismos que participam da hidrolise de ddrbtns de forma a
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permitirem a sua utilizagdo como fonte de enefig@a que essa energia possa
ser utilizada pelos seres vivos, os carboidratezigam ser hidrolisados a
mondmeros e absorvidos. Dessa maneira, estes pualticipar dos processos
catabolicos intracelulares, liberando a energia aymeazenam (WANG et al.,
2008).

A principal forma de armazenamento de carboidraos plantas,
inclusive naquelas utilizadas na alimentagcdo pblowanos, € o amido, um
complexo de reserva nutritiva, formado por doisgige polimeros de glicose, a
amilose e a amilopectina, sendo a amilose um podiméo ramificado de
glicose unidas por ligagcbes glicosidiaad,4, e a amilopectina, um polimero
ramificado possuindo cadeia principal de glicoseidam por ligacbes
glicosidicasu-1,4 interligadas por ligacéesl,6 (SORENSEN et al., 2004).

Desta forma, devido a complexidade do amido, s@essarias muitas
enzimas para sua degradacdo completa e consecplesuecdo e utilizacdo
como fonte energética. Estas sdo divididas em grujm acordo com seu
mecanismo de acdo em: endo-amilases, exo-amilasesnzmas de
desramificacéo.

As endo-amilases, conhecidas compeamilases (1,4-glucano-4-
glucanohidrolases), classificadas pela sigla E.Z13., clivam as ligacfes
glicosidicas a-1,4 presentes na parte interna do amido, comdotenem
acucares simples para que possam ser completadigetilos pelo organismo.
A hidrolise exercida por esta enzima ocorre emrdd&passos, comegando com
a ligacdo do substrato a enzima, seguida da sépamg polimero, e um
processo hidrolitico para libertacdo de diversalouas menores (ANTUNES,
2008). Os produtos resultantes da digestdo @almilase sdo uma mistura de
maltose, maltotriose e unidades ramificadas desgic

A inibicdo dac-amilase pode ter amplo campo de aplicagdo, como po

exemplo, no tratamento adjuvante da obesidade leetds tipo 2, pois sua
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inibicdo pode dificultar a digestéo dos carboidsatuzindo assim a absorgéo e
consequentemente a disponibilidade desses acUpesegyvendo ou apoiando a
perda de peso (CHOKSHI, 2007). Outro campo de agdic tem sido na
agricultura no controle de insetos e pragas.

Diversos tipos de compostos orgénicos sdo conhecjukda sua
atividade inibitéria sobre a amilase. Os inibidané&® proteicos geralmente sédo
moléculas de baixo peso molecular como os compdstadicos e agucares,
enquanto que os proteicos sdo classificados delacom sua estrutura, sendo
que destes um grupo é encontrado em fungos e oss@gis sdo oriundos de
vegetais superiores (SILVA, 2008). Inibidores delase ja foram identificados
em varias espécies de plantas, sendo que a descaleenovas plantas com
potencial inibitério pode se tornar um forte alig@oa auxiliar no tratamento da
obesidade e suas complicacées.

Outro grupo de enzimas utilizadas para degradagamido séo as exo-
amilases, representadas pelglicosidase, que cliva as ligacfes glicosidicas
1,4 externas da amilose, amilopectina e polissdeasi relacionados (OTA et
al., 2009).

Os inibidores dei-glicosidases também séo agentes de grande irgeress
terapéutico, uma vez que inibindo a degradacaa;deages para absorcao pelo
organismo apresentam atividade contra a obesidedbRA et al., 2005).
Outras aplicagBes desses inibidores sdo o tratamaatinfeccbes virais,
tumores, osteoartrites, entre outras doencas.

Alguns farmacos como a arcabose e o miglitol sdlizados como
inibidores dea-glicosidases, e utilizados no tratamento da obesidporém,
além desses, poucas opgbes sdo encontradas néute@p justificando a
necessidade de estudos para obtencdo de novas faténibidores dessa

enzima.
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2.8.2 Lipases

As lipases séo descritas como triacilglicerol lgp#E.C.3.1.1.3), que
atuam sobre ligacBGes ésteres presentes em trigésétiberando acidos graxos
e glicerol, constituindo uma classe especial deadlesterases. Elas hidrolisam
principalmente triglicérides de cadeia longa, ga,seom cadeia acila com mais
de 10 atomos de carbono. Essas enzimas séo de gnapaortancia, ndo apenas
por atuarem sobre substratos insollveis em agus,tamabém por catalisarem
reacbes diferentes, como as de hidrolise, estgdim, alcodlise e amindlise
(MUKHERJEE, 2003). Essa diversidade de propriedgmepicia a utilizacao
das lipases em diferentes campos de aplicacéo.

Entre as lipases, se tem a pancreatica, que @a@gali enzima lipolitica
sintetizada pelo pancreas e desempenha papel anpoma digestao eficiente
dos triglicérides. Sua atuacdo ocorre pela remodés A&cidos graxos,
preferencialmente nas posicdes 1 e 3 dos triglieériingeridos na dieta,
liberando 2-monoacilglicerol e acidos graxos deedbnga saturados e poli-
insaturados como produtos lipoliticos, sendo resesl pela hidrélise de 50 a
70% do total de gorduras ingeridas na dieta (MUKBER, 2003; SHI; BURN,
2004).

A inibicdo da lipase pancreatica se mostra como apgiio bastante
promissora para auxiliar no tratamento da obesjdfdeue pode limitar o
impacto nutricional da absorcdo de lipidios, sendo dos mecanismos mais
estudados para a determinacdo e eficacia potateigkodutos naturais como
agentes antiobesidade. Agentes antilipase agenmpr da reducdo ou do
blogueio da digestdo de lipidios, impedindo a atiwrdestes pelo trato-
gastrointestinal e, portanto, imitam o efeito ddugdio da ingestdo de alimentos.

Um dos principais medicamentos usados para tratantienobesidade,

o orlistat, atua por meio de inibicdo de lipasesge sucesso tem estimulado
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muitas pesquisas para identificacdo de novos ioiegldessas enzimas. Entre
essas pesquisas, cita-se a busca por produtosisatom ac¢ao inibitoria sobre a
lipase, que tem sido alvo de muitos estudos, matciente pela descoberta em
plantas de moléculas inibidoras pertencente a shegeclasses de compostos
como as saponinas, lectinas e alguns compostokcien(BIRARI; BHUTANI,
2007; SHARMA; SHARMA; SEO, 2005; SOUZA et al., 2011

2.8.3 Tripsina

Tripsina (E.C.3.2.21.4) é uma enzima digestiva pzath pelo pancreas
na forma de seu zimogénio enzimaticamente inatifgs{nogénio) e levado até
0 intestino, onde por acdo enzimatica da enterageire/ou tripsina se torna
ativa e realiza a digestdo das proteinas, libergefitideos (BARCELOS,
2004). Pertence a classe das endopeptidases, auésejma proteina que
hidrolisa ligacdes peptidicas distantes dos extse@ae N-terminal. Além da
digestdo intestinal, atua em processos de lisdacale organismos invasores,
coagulacdo sanguinea, fertilizacao, entre outros.

A tripsina é susceptivel, em varios graus, a algnibglores naturais de
proteases, podendo esses inibidores ser de natpretca ou ndo proteica
(SCHACHTER, 1980). O bloqueio da a¢éo dessa enr@salta em aumento
excessivo da concentracdo plasmatica de colecisingu e desta forma, o
pancreas é continuamente estimulado a liberar raa@ma, provocando
hipertrofia pancreéatica (SILVA; SILVA, 2000). Emlaora hipertrofia
pancreatica seja frequentemente relatada em anirmdaislaboratério e
supostamente desencadeada pela presenca de iesbider proteases, néo
existem evidéncias de efeitos deletérios em sam®mhos, mesmo no caso de

leguminosas consumidas cruas, como no caso do amendque
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comprovadamente possui inibidores de tripsina,h@#@@ndo qualquer relato de
efeito nocivo a saude (SGARBIERI, 1987).

Alguns estudos mostram que a inibicdo da digestdprdteinas pode
ser benéfica para a sadde na medida em que diminaior caldrico total de
uma refeicdo e abranda a digestdo da mesma levandima sensacdo de
saciedade pela passagem do bolo alimentar atravésath gastrointestinal,
podendo contribuir para perda de peso. Porém, asnaminoacidos obtidos da
digestéo das proteinas sao substancias esseraiais prganismo, a inibicdo da
tripsina também pode acarretar problemas ao omanisendo considerada
como um efeito antinutricional (MCDOUGALL et a2005).

2.9 Radicais livres e antioxidantes

Radicais livres (RL) sdo espécies quimicas capaleesexisténcia
independente, que contenham um ou mais elétromsnghaselhados, com meia
vida curtissima. Dessa forma, eles sdo altamemiivos, sendo capazes de
atacar qualquer biomolécula, se caracterizando comteculas destrutivas
(BIANCHI; ANTUNES, 1999).

Os radicais mais importantes presentes nos orgasisvivos Sao
radicais hidroxila (HQ, anion superoxido (), peroxila (ROO), alcoxila
(RO) e 6xido nitrico NO). Existem outras espécies reativas nos orgasismo
gue ndo séo radicais livres, mas podem induzidesagadicalares, a exemplo do
oxigénio singlete '0,), perdxido de hidrogénio ¢@,) e éacido hipocloroso
(HOCI) (YILDIRIM; MAVI; KARA, 2001).

Esses radicais podem ser gerados por fontes erakgarexégenas. Por
fontes enddgenas, originam-se de processos biokgague normalmente
ocorrem no organismo, tais como redugdo de flavmawis; resultado da

atividade de oxidases, cicloxigenases, lipoxigesiasdesidrogenases e
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peroxidases; presenca de metais de transi¢éo erimta célula e de sistemas
de transporte de elétrons. Essa geracdo de RLwenwvétias organelas celulares,
como mitocdndrias, lisossomos, peroxissomos, nucticulo endoplasmatico
e membranas. As fontes exégenas incluem tabagsohagcao do ar, solventes
organicos, anestésicos, pesticidas e radiacdes RESA 2002; YILDIRIM;
MAVI; KARA, 2001).

Os Radicais livres desempenham um papel importanterganismo
onde apresentam fungfes contra organismos infesgiagidam na manutengéo
do sistema imunoldgico, entre outras (HALLIWELL, 1409. Geralmente, o
metabolismo equilibra sua preseng¢a no corpo, n@aslidema € que, quando se
formam em excesso, sob certas condi¢cdes anormaisecuma situacdo que se
denomina estresse oxidativo (BARREIROS; DAVI; DAZD06). Atualmente,
sabe-se que o estresse oxidativo estd associaiiioa grocessos de toxicidade
celular, tais como danos na estrutura de proteipasgxidacdo lipidica nas
membranas, alteracdo do DNA e inativacéo de enZBIANCHI; ANTUNES,
1999).

Dessa maneira, estdo envolvidos com varias patdpgomo doencas
do trato gastrointestinal, como a Ulcera gastricainstinal; doencas
relacionadas ao sistema nervoso, como a sindromBoden e o mal de
Alzheimer; doencas cardiovasculares, como a aferase e cancer. O conjunto
de danos causados ao organismo pode resultar eethecwmento precoce,
podendo ser a causa ou 0 agravante dessas doeHédd IWELL,;
GUTTERIDGE; CROSS, 1992). Além de ser a causa das/éloencas, os RL
também causam danos a alimentos, afetando nespesjdade nutricional, cor,
aroma, sabor, textura, e s&o responsaveis pelaa¢@on de compostos
potencialmente téxicos e antinutricionais paraganismo.

Com a descoberta dos efeitos deletérios causadms Pl no

organismo humano e nos alimentos surgiu um grameeesse pelo estudo de
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substéncias conhecidas como antioxidantes. Antoxés sdo substancias
capazes de retardar ou inibir a oxidacdo de substaxidaveis e tém como
principal funcdo proteger os constituintes celidagemanter o estado redox
celular (HALLIWELL, 2001). Eles previnem os efeitdsletérios da oxidacao,
inibindo o inicio da lipoperoxidacdo, sequestrariRo e/ou quelando ions
metalicos; protegem organismos aerébicos do estmddativo (RODRIGUES
et al.,, 2003). Apesar de os antioxidantes doareitrogls para determinados
substratos, eles ndo se tornam RL, pois eles s@veessem ambas as formas.

O organismo possui um sistema enzimatico (endégeai@ combater
0os RL, sendo composto por diversas enzimas, destacse a superoxi-
dismutase (SOD), a catalase (CAT) e a glutatiomaxmase (GPx); sendo o
primeiro a agir, ele evita que o perdxido de hiérig e radicais como o
superoxido se acumulem (HALLIWELL, 2011).

A SOD tem papel fundamental na defesa do organisorgra as
espécies reativas de oxigénio, pois atua na rendgaadical superdxido. Ja a
CAT decompde o peroxido de hidrogénio em excessoproduto téxico do
organismo, em agua e oxigénio molecular, o que éamé feito pela enzima
GPx, porém, ela atua nessa reacdo somente quapdmxido de hidrogénio
esta presente em baixas concentracdes (BARREIR®@;CDAVI, 2006;
BIANCHI; ANTUNES, 1999; ROVER JUNIOR; HOEHR; VELLASO, 2001).

Mesmo apresentando alta capacidade de defesaalisiy, as defesas
antioxidantes enddégenas nado sdo infaliveis, nadegendo totalmente os
componentes celulares. Dessa forma, € bem estalmelque antioxidantes
obtidos de fontes exdégenas sao indispensaveisetesa apropriada contra os
RL e, assim, apresentam importante papel na magiidata salde

Em algumas pesquisas ha relatos de que muitosaigdetitas e plantas
medicinais apresentam, em sua constituicdo, compasim acdo antioxidante,

entre 0s quais se pode citar as vitaminas C e |Epastos fendlicos,
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carotenoides e alguns minerais (DJERIDANE et alQ6). Muitos destes
fitoquimicos possuem uma capacidade antioxidargeegta associada com uma
menor ocorréncia de algumas doencgas humanas.

A vitamina C atua como antioxidante pelo fato quascorbato pode
doar atomos de hidrogénio para reduzir outro cotop&da atua na fase aquosa
como excelente antioxidante sobre os RL, mas n&mapaz de agir nos
compartimentos lipofilicos para inibir a peroxidagis lipidios.

Nos compostos fendlicos, o potencial antioxidanteatébuido as
propriedades redox dos grupos hidroxil e a sug&elaom diferentes partes da
estrutura quimica que pode ser determinada poo ¢atores: reatividade como
agente doador de hidrogénio e elétrons, estabdiddd radical flavanoil
formado, reatividade frente a outros antioxidantapacidade de quelar metais
de transicdo e solubilidade e interagdo com as marab (BARREIROS;
DAVI; DAVI, 2006). Estes compostos podem agir tanto etapa de iniciagdo
como na propagacdo do processo oxidativo e os wwdimtermediarios
formados por sua acdo sao relativamente estawiglada ressonancia do anel
aromatico que apresentam (RAMALHO; JORGE, 2006; B&3, 2002).

Os carotenoides agerm vivo nho combate aos RL, atuam como
desativadores do oxigénio singleto e tripleto oum@osequestradores dos
radicais peroxila. Eles sdo capazes de interrorapereacbes RL que podem
oxidar lipidios insaturados e proteger o DNA cordtaques desses radicais. A
capacidade de exterminar RL dos carotenoides peld&ua estrutura contendo
duplas ligacdes alternadas, que tem a capacidaaleodeodar cargas ou elétrons
desemparelhados.

Os carotenoides atuam como antioxidantes lipofileguntamente com
a vitamina C e os compostos fendlicos (antioxidahidrofilicos) formam uma

forte defesa contra os RL por atuarem em diferardagpartimentos das células.
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Assim, esses compostos mostram potenciais pararprevcombater os RL e as

diversas doencas causadas por eles.
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3 CONSIDERACOES FINAIS

A prevaléncia de obesidade tem aumentado, em tgamantes, em
todo o mundo, e vem se tornando o maior problemaadele na sociedade
moderna, evidenciando a necessidade de adjuvamtes guxiliar em seu
tratamento. As plantas medicinais séo ricas fodéesompostos bioativos com
potencial de utilizacdo terapéutica, podendo estesma alternativa viavel para
o desenvolvimento de drogas eficazes e segurasapailzar no tratamento da
obesidade.

Neste trabalho observou-se que as plantas estydaldes vera(L.)
Burm. (aloe),Simaba ferrugine&st. Hil. (calunga)Baccharis trimera(Less.)
DC (cargqueja),Garcinia cambogiaDesr. e Tournefortia paniculataCham.
(marmelinho), mostram grande diversidade de fitmigds com potenciais para
serem utilizadas em prepara¢fes farmacolégicas possiveis beneficios a
saude. Entre as plantasT .goaniculataé a que apresenta os mais elevados teores
de fitoquimicos (compostos fenolicos, saponinastamina C), alta inibicdo
sobre as enzimasamilase aex-glicosidase e atividade antioxidante, em ensaios
in vitro.

A avaliacdo dos efeitos terapéuticos e toxicol&gidaT. paniculata
revelou queas folhas desta planta apresentam potencial astd#ne e
antioxidante, pois causam reducdo nos niveis dmggi triacilglicerdis e
gordura hepadtica (farinha e extrato aquoso) e doswuo alimentar e
peroxidacdo lipidica (extrato aquoso), e ndo caus&ito genotdxico, nas
condi¢cBes avaliadas. Porém, um estudo mais detatl@gotencial medicinal e
toxicoldgico assim como a caracterizacdo dos fitbipos presentes na.
paniculata ainda se faz necesséario para melhor compreensédcseds
mecanismos no tratamento da obesidade, além dasopdissiveis aplicacfes

terapéuticas.



46

REFERENCIAS

AGENCIA NACIONAL DE VIGILANCIA SANITARIA. Resolugéo RE n°
3.69], de 15 de fevereiro de 2009. Dispde sobre a p@dbdla manipulacdo e
comercializacdo, em todo o territorio nacionalfitiierapico Moder Diet, como
medida de seguranca por ndo atender as exigérgialamentares desta
agéncia. Brasilia, 2009. Disponivel em:

<http. www.anvisa.org.br>. Acesso em: 20 set. 2009.

AGOSTINI, F. et al. Estudo do 6leo essencial demlgs espécies do género
Baccharis(Asteraceae) do sul do Bra$flevista Brasileira de Farmacgonosia
Sao Paulo, v. 15, n. 3, p. 215-220, jul./set. 2005.

ANTUNES, A. F.Atividade inibitéria de extratos vegetais do cerrad sobre
alfa-amilases 2008. 96 p. Dissertacdo (Mestrado em Ciéncic&adale) -
Universidade de Brasilia, Brasilia, 2008.

ASSOCIACAO BRASILEIRA PARA O ESTUDO DA OBESIDADE BA
SINDROME METABOLICA. Etiologia da obesidade S&o Paulo, 2009.
Disponivel em:
<http://www.abeso.org.br/pdf/Etiologia%20e%20Fisitipogia%20-
%20Walmir%20Coutinho.pdf>. Acesso em: 15 set. 2010.

BACH, D. B.; LOPES, M. A. Study of economic viabjliof theAloe veraL.
culture.Ciéncia e AgrotecnologialLavras, v. 31, n. 4, p. 1136-1144, jul./ago.
2007.

BAGGIO, C. H. et al. Gastroprotective effects aderextract oBaccharis
illinita DC in ratsPharmacollogy ResearchBressanone, v. 47, n. 1, p. 93-98,
Jan. 2003.

BARBOSA-FILHO, J. M. et al. Plants in their activesnstituents from South,
Central, and North America whit hypoglycemic adtivRevista Brasileira de
Farmacognosia Sao Paulo, v. 15, n. 4, p. 392-413, out./dez5200

BARCELOS, M. F. PSubstancias toxicas naturais em alimentosavras:
UFLA, 2004. 114 p.

BARREIROS, A. L. B. S.; DAVID, J. M.; DAVID, J. FEstresse oxidativo:
relacdo entre geracdo de espécies reativas e dief@sganismoQuimica
Nova, Sdo Paulo, v. 29, n. 1, p. 113-123, fev. 2006.



47

BERTOLUCCI, S. K. V. et al. Micropropagacéo teurnefortiapaniculata
Cham Revista Brasileira de Plantas MedicinaisBotucatu, v. 3, n. 1, p. 43-49,
2000.

BHUTANI, K. K.; BIRARI, R.; KAPAT, K. Potential aritobesity and lipid
lowering natural products: a revieiWatural Product Communications,
Westerville,v. 2, n. 1, p. 331-348, 2007.

BIANCHI, M. L. P.; ANTUNES, L. M. G. Radicais liveee os principais
antioxidantes da dietRevista de Nutricdg Campinas, v. 12, n. 2, p. 123-130,
maio/ago. 1999.

BIRARI, R. B.; BHUTANI, K. K. Pancreatic lipase iifjitors from natural
sources: unexplored potentiBlirug Discovery Today, London, v. 12, n. 19/20,
p. 879-889, Oct. 2007.

BLUMENKRANTZ, M. Obesity: the world’s metabolic disorder. Beverly Hills:
Quantumhcp, 1997. Dispononivel em:
<http://www.quantumhcp.com/obesity.htm>. Acesso &éhmar. 2013.

BOUDREAU, M. D.; BELAND, F. A. An evaluation of theiological and
toxicological properties dhloe barbadensigMiller), Aloe veraJournal of
Environmental Science and Health Part C - Environmatal Carcinogenesis
& Ecotoxicology Reviews Philadelphia, v. 24, n. 1, p. 103-154, Jan./Jurgs20

BRASIL. Instrucdo normativa n° 5, de 11 de dezembro de 2008. Determina a
publicacéo da lista de medicamentos fitoterapieosedistro simplificado.
Brasilia, 2008. Disponivel em:
<http://www.portal.saude.gov.br/portal/arquivos/iidf N_5 2008 anvisa.pdf>

. Acesso em: 10 dez. 2012.

BRASIL. RDC n° 10 de 10 de margo de 2010. Dispde sobre a notificded
drogas vegetais junto a Agéncia Nacional de Vigi&iSanitaria (ANVISA) e
da outras providéncias. Brasilia, 2010. Disponévei
<http://www.brasilsus.com.br/legislacoes/rdc/10320tml>. Acesso em: 10
dez. 2012.

BRASIL. Ministério da SaudeCadernos de atencéo béasicabesidade.
Brasilia, 2006. Disponivel em:
<http://portal.saude.gov.br/portal/saude/defauttef Acesso em: 15 set. 2010.



48

BRASIL. Ministério da Sauddrelacdo nacional de plantas de interesse ao
SUS (RENISUS) Brasilia, 2009. Disponivel em:
<http://portal.saude.gov.br/portal/arquivos/pdf/RENS_2010.pdf>. Acesso
em: 10 maio 2013.

BRASIL. Ministério da Saldé&RENAME . Brasilia, 2012a. Disponivel em:
>http://portal.saude.gov.br/portal/arquivos/pdféere rename_2012_pt 533 11
_06_2012.pdf>. Acesso em: 2 maio 2012.

BRASIL. Ministério da Salde. Secretaria de Vigiianem SaudeVigilancia

de fatores de risco e protecdo para doencgas crongpor inquérito

telefénico. Brasilia, 2012b. Disponivel em:
<http://portal.saude.gov.br/portalsaude/arquivad#20d 2/Ago/22/vigitel_2011_
final_0812.pdf>. Acesso em: 1 dez. 2012.

CAPASSO, R. et al. Phytotherapy and quality of berbedicinesFitoterapia,
Amsterdam, v. 71, n. 1, p. 58-63, Aug. 2000.

CARVALHO, A. C. B. et al. Situagéo do registro dedicamentos fitoterapicos
no Brasil.Revista Brasileira de Farmacognosialodo Pessoa, v. 18, n. 2, p.
314-319, abr./jun. 2008.

CENTERS FOR DISEASE CONTROL AND PREVENTIOBRtudy estimates
medical cost of obesity may be as high as $147 isilannually. Disponivel
em: <http://www.cdc.gov/media/pressrel/2009/r09QRR7>. Acesso em: 10
dez. 2012.

CHOKSHI, D. Subchronic oral toxicity off standardizwhite kidney bean
(Phaseolus vulgarjsextract in ratsFood and Chemical Toxicology Oxford, v.
45, n. 1, p. 32-40, Jan. 2007.

DANIELS, S. R. Complications of obesity in childrand adolescents.
International Journal of Obesity, London, v. 33, n. 1, p. 60-65, Apr. 2009.

DIAS, L. F. T. et al. Atividade antitlcera e antidanteBaccharis Trimera
(Less) DC (AsteraceadRevista Brasileira de FarmacgonosiaSao Paulo, v.
19, n. 1, p. 309-314, jan./mar. 2009.

DJERIDANE, A. et al. Antioxidant activity of somdgerian medicinal plants
extracts containing phenolic compounBeod Chemistry, London, v. 97, n.
4, p. 654-660, Aug. 2006.



49

FREEDMAN, D. S. et alCardiovascular risk factors and excess adiposity
among overweight children and adolescents: the Begadeart studyiournal
of Pediatrics, New York, v. 150, n. 1, p. 12-17, Jan. 2007.

GENOVESE, L. I.; LAJOLO, F. M. Atividade inibitéride tripsina de feijdo
(Phaseolus vulgarit.): avaliagéo critica dos métodos de determinacgéo
Arquivos Latinos Americano de Nutricdg Caracas, v. 51, n. 4, p. 386-394,
2001.

GIGANTE, D. P. et al. Prevaléncia de excesso de pashesidade e fatores
associadosRevista de Saude PublicaSao Paulo, v. 43, n. 2, p. 83-89, Nov.
20009.

GUH, D. P. et al. The incidence of co-morbiditiekated to obesity and
overweight: a systematic review and meta-anal3C Public Health,
London, v. 9, n. 88, Mar. 2009. Disponivel em:
<http://mww.ncbi.nim.nih.gov/pubmed/19320986>. Azeem: 12 nov. 2012.

HALIWEELL, B. Free radicals and antioxidants: quadis?Trends in
Pharmacological Scienced ondon, v. 32, n. 3, p. 125-130, Mar. 2011.

HALLIWELL, B. Free radicals and other reactive species in diseada:
ENCYCLOPEDIA of life sciences. Coimbra: Nature, 20D@isponivel em:
<http://www.els.net/WileyCDA/ElsArticle/refld-a00@B9.htmI>. Acesso em:
12 nov. 2012.

HALLIWELL, B.; GUTTERIDGE, J. M. C.; CROSS, C. Erée radicals,
antioxidants, and human disease: where are we dowal of Laboratory
and Clinical Medicine, Saint Louisy. 119, n. 6, p. 598-620, June 1992.

HAMAMIZU, K. et al. Effects ofGarcinea cambogi@xtract on serum leptim
and insulin in miceFitoterapia, Amsterdam, v. 74, n. 3, p. 267-273, Apr.
2003a.

HAMAMIZU, K. et al. Effects ofGarcinea cambogia&xtract on serum sex
hormones in overweight subjecEtoterapia, Amsterdam, v. 79, n. 4, p. 255-
261, June 2008.

HAMAMIZU, K. et al. Effects ofGarcinea cambogigHidroxycitrici Acid) on
viceral fat accumulation: a double-blind, randordizelacebo-controlled trial.
Current Therapeutic Research New York, v. 64, n. 8, p. 551-567, Sept./Oct.
2003b.



50

HE, Q. et alQuality and safety assurance in the processimadpefvera gel
juice.Food Control, Guildford, v. 16, n. 2, p. 95-104, Feb. 2005.

HENRY, J. A.; PANDIT, A. Perspective on biomatesialsed in the surgical
treatment of morbid obesit@besity Reviews Oxford, v. 10, n. 3, p. 324-332,
May 2009.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. Godenacio
de indices de PrecaBesquisa de orcamentos familiares 2008-200néalise
da disponibilidade domiciliar e estado nutricionalBrasil. Rio de Janeiro,
2009. 80 p.

KANDRA, L. et al. Enzymatic synthesis of a new initdr of a-amylase:
acarviosinyl-isomatosyl-spiro-thiohydantoi@arbohydrate Research
Amsterdam, v. 340, n. 7, p. 1311-1317, May 2005.

KAYODE, O. A. et al Effects of crude ethanolic extract@&rcinea cambogia
on the reproductive system of male wistar rR&t{us novergicysAfrican
Journal of Biotecnology, Grahamstown, v. 6, n. 10, p. 1236-1238, May 2007.

KIM, K. Y. et al. Garcinea cambogi@xtract ameliorates visceral adiposity in
C57BL/6J mice fed on a high-fat di®&ioscience Biotechnology Biochemistty
Tokyo, v. 72, n. 7, p. 1772-1780, July 2008.

KOVACS, E. M. R.; WESTERTERP-PLATENGA, M. S. Effeabf
hydroxycitric on net fat synthesis as de novo lgrogsisPhysiology &
Behavior, Philadelphiav. 88, n. 4, p. 371-381, July 2006.

KWON, Y. |.; APOSTOLIDIS, E.; SHETTY, K. Inhibitorpotential of wine

and tea againstamylase and-glucosidase for management of hyperglycemia
linked to type 2 diabetedournal of Food Biochemistry, Westport, v. 32, n. 1,
p. 15-31, Feb. 2006.

LORENZI, H.; MATOS, A. F. JPlantas medicinais no Brasil:nativas e
exoticas. Sado Paulo: Instituto Plantarum de EstdddSlora, 2002. 441 p.

MAHAN, L. K.; ESCOTT-STUMP, SKrause's food, nutrition, and diet
therapy. 12" ed. Philadelphia: WB Saunders, 2008. 1321 p.



51

MARCELLO, C. M. Avaliacdo da atividade antitlcera fla¢cdes d&imaba
FerrugineaST. HIL. (Simaroubaceae). In: SIMPOSIO DE PLANTAS
MEDICINAIS DO BRASIL, 17., 2002, Cuiab&nais... Cuiaba: UFMT, 2002.
1 CD-ROM.

MAYER, M. A. et al. Recent advances in obesity phacotherapyCurrent
Clinical Pharmacology, Sharjah, v. 4, n. 1, p. 53-61, Jan. 2009.

MCDOUGALL, G. J. et al. Anthocyanins from red wirieeir stability under
simulated gastrointestinal digestidthytochemistry, Saint Paul, v. 66, n. 21, p.
2540-2548, Nov. 2005.

MENDES, F. R.; TABACH, R.; CARLINI, E. A. Evaluatioof Baccharis
trimera andDavilla rugosain tests for adaptogen activiRhytotherapy
Research London, v. 21, n. 6, p. 517-522, June 2007.

MOHAMED, E. A. K. Antidiabetic, antihypercholestéemic and antioxidative
effect of Aloe Veragel extract in alloxan induced diabetic ratastralian
Journal of Basic and Applied SciencesAmman, v. 5, n. 11, p. 1321-1327,
2011.

MORAES, L. D.; SOUSA, O. VAvaliacdes qualitativas e quantitativas da
variacdo de metabdlitos secundariosTmurnefortia paniculat&Cham
(BoraginaceaeRevista Brasileira de BiociénciasPorto Alegre, v. 5, n. 2, p.
1032-1034, July 2007.

MORO, C. O.; BASILE, G. Obesity and medicinal pkfitoterapia,
Amsterdam, v. 71, n. 1, p. 73-82, Aug. 2000.

MUHAMMAD, I. et al. A new antimalarial quassinoidoim Simabgama
orinocensisJournal of Natural Products, Washington, v. 67, n. 5, p. 772-777,
May 2004.

MUKHERJEE, M. Human digestive and metabolic lipasebrief review.
Journal of Molecular Catalysis B: Enzimaticy, Oxford, v. 22, n. 5, p. 369-
376, July 2003.

NAKASUGI, T.; KOMAI, K. Antimutagens in the Brazdin folk medicinal
plant carquejaBaccharis trimeraLess.).Journal of Agricultural and Food
Chemistry, Washingtony. 46, n. 7, p. 2560-2564, June 1998.



52

NONINO-BORGES, C. B. et all'ratamento clinico da obesidadiéedicina,
Ribeirdo Preto, v. 39, n. 2, p. 246-253, abr./RO06.

NOOR, A. et al. Antidiabetic activity dhloe veraand histology of organs in
streptozotocin-induced diabetic rafurrent Science Bangalorey. 94, n. 8, p.
1078, Apr. 2008.

OBIRO, W. C.; ZHANG, T.; JIANG, B. The nutraceuticale of thePhaseolus
vulgarisa-amylase inhibitarBritish Journal of Nutrition , Cambridge, v. 100,
n. 1, p. 1-12, July 2008.

OLIVEIRA, A. C. P. et al Effect of the extracts and fractionsBdccharis

trimera andSyzygium cumiron glycaemia of diabetic and non-diabetic
mice.Journal of Ethnopharmacology, Lausanne, v. 102, n. 3, p. 465-469, Dec.
2005.

OLIVEIRA, S. Q. et alAntioxidant activity ofBaccharis articulateextracts:
isolation of a new compound whit antioxidant adjiviFree Radical Research
Oxford, v. 37, n. 5, p. 555-559, May 2003.

ORGANIZACAO PANAMERICANA DE SAUDE.Doencas cronico-
degenerativas e obesidadestratégia mundial sobre alimentacdo saudavel,
atividade fisica e salde. Brasilia: OPAS/WHO, 2@03p.

OTA, M. et al. Action ofa-D-glucosidase fromspergillus nigetowards
dextrin and starciCarbohydrate Polymers Oxford, v. 78, n. 2, p. 287-291,
Apr. 20009.

PADUA, B. C. et al. Antioxidant properties Baccharis trimeran the
neutrophils of fisher ratgournal of Ethnopharmacology, Lausanney. 129, n.
3, p. 381-386, June 2010.

PARK, M. Y.; LEE, K. S.; SUNG, M. K. Effects of diery mulberry, Korean
red ginseng, and banaba on glucose homeostagkiion to PPARy, PPARYy,
and LPL mRNA expressionkife Sciences Oxford, v. 77, n. 26, p. 3344-3354,
Nov. 2005.

PERON, A. P. et alAvaliacdo mutagénica das plantas mediciBaischaris
trimera Less. ésolanum melongeria em células de medula 6ssea de ratos
Wistar.Revista Brasileira de BiociénciasPorto Alegre, v. 6, n. 2, p. 127-130,
abr./jun. 2008.



53

PERUSSE, L.; BOUCHARD, C. Genotype-environmentratéon in human
obesity.Nutrition Reviews, New York, v. 57, n. 5, p. S31-S37, May 1999.

PINHO, D. S. et al. Avaliacdo da atividade mutagémia infusdo dBaccharis
trimera(Less.) DC. em teste ddlium cepae teste de aberracdes
cromossdmicas em linfocitos humanBgvista Brasileira de Farmacognosia
Sao Pauloy. 20, n. 2, p. 165-170, abr./maio 2010.

POPKIN, B. M.; GORDON-LARSEN, P. The nutrition tsation: worldwide
obesity dynamics and their determinaisernational Journal of Obesity,
London, v. 28, n. 3, p. 2-9, Nov. 2004.

RAJASEKARAN, S. K. et al. Benecial effects Alfoe veraleaf gel extract on
lipid profile status in rats with streptozotociradetesClinical and

Experimental Pharmacology and PhysiologyCarlton, v. 33, n. 3, p. 232-237,
Mar. 2006.

RAJASEKARAN, S. K. et al. Hypoglycemic effect Afoe veragel on
streptozotocin induced diabetes in experimental dJaurnal of Medicinal
Food, New Rochelle, v. 7, n. 1, p. 61-66, 2004.

RAJASEKARAN, S. K.; SIVAGNAMAN, S.; SUBRAMANIAN, S.

Modulatory effects oAloe veraleaf gel extract on oxidative stress in rats &rdat
with streptozotocinJournal of Pharmacy and PharmacologyLondon, v. 57,
n. 2, p. 241-246, Feb. 2005.

RAMALHO, V. C.; JORGE, N. Antioxidantes usados eleo8, gorduras e
alimentos gordurosoQuimica Nova Sao Paulo, v. 29, n. 4, p. 755-760,
jul./ago. 2006.

RAYALAM, S.; DELLA-FERA, M. A.; BAILE, C. A. Phytotemicals and
regulation of the adipocyte life cycléournal Nutritional Biochemistry,
Philadelphiay. 19, n. 11, p. 717-726, Nov. 2008.

RODRIGUES, C. R. F. et al. Genotoxic and antigexiotproperties of
Baccharis trimeran mice.Journal of Ethnopharmacology, Lausanney. 125,
n. 1, p. 97-101, Aug. 2009.

RODRIGUES, H. G. et al. Suplementa¢&o nutriciooah@ntioxidantes
naturais: efeito da rutina na concentracdo de otddHDL. Revista de
Nutricdo, Campinas, v. 16, n. 3, p. 315-320, jul./set. 2003



54

ROVER JUNIOR, L.; HOEHR, N. F.; VELLASCO, A. P. Ssna antioxidante
envolvendo o ciclo metabdlico da glutationa asstce métodos
eletroanaliticos na avaliacdo do estreQaémica Nova Sao Pauloy. 24, n. 1,
p. 112-119, jan./fev. 2001.

SAITO, M. et al. High dose dBarcinea cambogi#s effective in suppressing fat
accumulation in developing male Zucker obese hatshighly toxic to the

testis Food and Chemical Toxicology Oxford, v. 43, n. 3, p. 411-419, Matr.
2005.

SANTOS, A. C. S. et alzarcinia cambogiauma espécie vegetal como recurso
terapéutico contra a obesidadéatureza Onling, Santa Teresa, v. 5, n. 1, p. 37-
43, 2007.

SCHACHTER, M. Kallikreins (kininogenases): a grafpserine proteases with
bioregulatory action®?harmacological ReviewsBethesda, v. 31, n. 1, p. 1-17,
1980.

SGARBIERI, V. C.Alimentacao e nutricdo:fator salide e desenvolvimento.
Sao Paulo: Almed, 1987. 387 p.

SHARMA, N.; SHARMA, V. K.; SEO, S. Y. Screening séme medicinal
plants for anti-lipase activitylournal of Ethnopharmacology, Lausanne, v.
97, n. 3, p. 453-456, Mar. 2005.

SHI, Y.; BURN, P. Lipid metabolic enzymes: emergirgg targets for the
treatment of obesityature Reviews Drug DiscoveredWashington, v. 3, n. 8,
p. 695-710, Aug. 2004.

SILVA, E. M. A¢éo inibitéria de extratos de plantas do cerradoabre alfa-
amilases com énfase em Kielmeyera coriacez008. 141 p. Dissertacdo
(Mestrado em Ciéncia da Saude) - Universidade dsika, Brasilia, 2008.

SILVA, M. P.; SILVA, M. P. A. P. Antinutritional fetors: protease inhibitors
and lectinsRevista de Nutricdg Campinas, v. 13, n. 1, p. 3-9, jan./abr. 2000.

SIMAO, A. A.; CORREA, A. D.; CHAGAS, P. M. B. Inhition of digestive
enzymes by medicinal plant aqueous extracts useid tine treatment of
obesity.Journal of Medicinal Plants ResearchlLagos, v. 6, n. 47, p. 5826-
5830, Dec. 2012.



55

SOARES, S. E. Acidos fendlicos como antioxidanRsista de Nutricaq
Campinas, v. 15, n. 1, p. 71-81, Jan. 2002.

SOCIEDADE BRASILEIRA DE ENDOCRINOLOGIA E METABOLOG\.
Obesidade Rio de Janeiro, 2010. Disponivel em:
<http://www.endocrino.org.br/busca/obesidade>. Aoemm: 20 set. 2010.

SORENSEN, J. F. et al. Potential role of glycosédaibitors in industrial
biotechnological applicationBiochimica et Biophysica Acta Alberta, v.
1696, n. 2, p. 275-287, Feb. 2004.

SOUZA, S. P. et al. Inhibition of pancreatic lipdseextracts oBaccharis
trimera(Less.) DC., Asteraceae: evaluation of antinutsemtd effect on
glycosidasesRevista Brasileira de FarmacognosiaCuritiba, v. 21, n. 3, p.
450-455, maio/jun. 2011.

STANIC, S. Anti-genotoxic effect ofloe veragel on the mutagenic action of
ethyl methanesulfonatérchives of Biological SciencesBelgrade, v. 59, n. 3,
p. 223-226, 2007.

STURBELLE, R. T. et al. Avaliacdo da atividade ngétaica e antimutagénica
daAloe veraem teste ddllium cepae teste de micronucleo em linfécitos
humanos binucleadoRevista Brasileira de FarmacognosiaCuritiba,v. 20, n.
3, p. 409-415, jun./jul. 2010.

SUNDQUIST, J.; JOHANSSON, S. E. The influence afiseconomic status,
ethnicity and lifestyle on body mass index in agitundinal studylnternational
Journal of Epidemiology, Oxford, v. 27, n. 1, p. 57-63, Feb. 1998.

TALMADGE, J. et al Fractionation of Aloe vera L. inner gel, purificat and
molecular profiling of activitylnternational Immunopharmacology,
Amsterdam, v. 4, n. 14, p. 1757-1773, Dec. 2004.

TEIXEIRA, S. S.Medicamentos fitoterapicos e drogas vegetais
industrializados e plantas medicinais oficializadagelo Ministério da Saude
no Brasil: requlamentacao sanitéria, abrangéncia e qualidaslesiudos pré-
clinicos e clinicos. 2013. 337 p. Tese (DoutoraddSalde Publica) - Escola
Nacional de Saude Publica Sergio Arouca, Fundagialdo Cruz, Rio de
Janeiro, 2013.



56

TOMA, W. et al. Antiulcerogenic activity of four tnacts obtained from the
bark wood ofQuasia amard..(SimaroubaceaBiological and Pharmaceutical
Bulletin, Tokyo, v. 25, n. 9, p. 1151-1155, Sept. 2002.

TUCCI, S. A,; BOYLAND, E. J.; HALFORD, J. C. G. Thele of lipid and
carbohydrate digestive enzyme inhibitors in the ag@ment of obesity: a
review of current and emerging therapeutic agdditthetes, Metabolic
Syndrome and Obesity: Targets and TherapyManchester, v. 3, p. 125-143,
May 2010.

UDANI, J. K. et al. Lowering the glycemic indexwhite bread using a white
bean extractNutrition , New York, v. 8, n. 52, p. 1-5, Oct. 2009.

VALVERDE, J. M. et al Novel edible coating based éioe veragel to
maintain table grape quality and safdiyurnal of Agricultural and Food
Chemistry, Washington, v. 53, n. 20, p. 7807-7813, Oct. 2005

VERDI, L. G. et al TheBaccharis genugAsteraceae): chemical, economic and
biological aspectQuimica Nova Séo Paulo, v. 28, n. 1, p. 85-94, jan./fev.
2005.

WANDERLEY, E. N.; FERREIRA, V. A. Obesidade: umagqgectiva plural.
Ciéncia & Saude Coletiva Rio de Janeiro, v. 15, n. 1, p. 185-194, jan.0201

WANG, J. R. et al. Molecular evolution of dimetieamylase inhibitor genes in
wild emmer wheat and its ecological associat@MC Evolutionary Biology,
London, v. 8, n. 91, p. 91-105, Mar. 2008.

WANG, Y. et al. Trends of obesity and underweigholider children and
adolescents in the United States, Brasil, ChinaRuskia American Journal
of Clinical Nutrition , Bethesda, v. 75, n. 6, p. 971-977, June 2002.

WIKIPEDIA. Moderdiet. Disponivel em:
<http://www.wikipédia/moderdiet.htm>. Acesso em:=28. 2010.

WORLD HEALTH ORGANISATION.WHO global database on body mass
index. Geneva, 2010. Disponivel em:
<http://apps.who.int/bmi/index.jsp>. Acesso emjurf 2012.

YILDIRIM, A.; MAVI, A.; KARA, A. A. Determination of antioxidant and
antimicrobial activities of Rumex crispus L. extiadournal of Agricultural
and Food Chemistry, Washington, v. 49, n. 8, p. 4083-4089, Aug. 2001.



57

YUN, H. U.; JUAN, X. U.; QIUHUI, H. U. Evaluationfantioxidant potential
of Aloe vera(Aloe barbadensisMill§rextracts.Journal of Agricultural
and Food Chemistry, Washington, v51, n. 26, p. 7788-7791, Dec. 2003.

YUNES, R. A.; CALIXTO, J. BPlantas medicinais sob a ética da quimica
medicinal moderna Chapecé: Argos, 2001. 120 p.



58

SEGUNDA PARTE - ARTIGOS

ARTIGO 1

CHEMICAL COMPOSITION OF MEDICINAL PLANTS USED AS
AUXILIARIES IN THE TREATMENT OF OBESITY

Anderson Assaid Simao; Angelita Duarte Corréa

Submetido para a Revista Bioscience Journal.

Artigo redigido conforme norma da revista. Esteégarte uma verséo
preliminar, considerando que o conselho editorial rdvista podera
sugerir alteracOes para adequéa-lo ao seu estipwipro

ABSTRACT: Medicinal plants are rich sources of bioactive coomls

with potential therapeutic use, and the knowledgeuathe composition
of the compounds present in their extracts is ocaitito ensure the
scientific proof of the efficiency and safety okthuse. The objective of
this study was to perform phytochemical screenpfermine percent
and mineral compositions, as well as the contensahe bioactive
compounds in the medicinal plarisoe vera(L.) Burm. (aloe),Simaba

ferruginea St. Hil. (calunga),Baccharis trimera(Less.) DC (carqueja),
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Garcinia cambogia Desr. and Tournefortia paniculata Cham.
(marmelinho), aiming to find substances of pharrn@gioal interest, in
order to aid in the treatment of obesity and ottiseases. Important
substances with therapeutic potential, especialignplic compounds,
saponins and dietary fiber, were found in all gaas well as calcium, in
G. cambogiaand S. ferruginea It was possible to conclude that the
studied plants show a great diversity of phytocloaisi with potential to
be used in pharmaceutical preparations with pasditdalth benefits.
However, recommending the use of these plants degapossible risks
and benefits for human health is premature, andtiaddl studies of
toxicity, efficiency and safety are necessary,ipalarly in relation to the
saponins found in all plants and to the high lewélphenolic compounds
in T. paniculata(36.19 g 100 g dry matter).

KEYWORDS: Phytochemical screening. Percent comjositMinerals.

Bioactive compounds. Medicinal plants. Obesity.

INTRODUCTION
The prevalence of obesity has increased steadityjsaconsidered

an important public health problem in developedntoes and a global



60

epidemic by the World Health Organization (WORLD AHH
ORGANIZATION - WHO, 2010). Its treatment is essahtias it is
associated with various diseases, such as diabstae cancers,
cardiovascular diseases, among others (GUH 2G09).

Despite being one of the oldest diseases known #m, m
pharmacological options for the treatment of olyeaie still limited and
have many side effects (MAHAN; SCOTT-STUMP, 2008jven the
above, the use of medicinal plants is being widglored, both by the
population, due to easy access, low cost, no neegrescriptions, a
belief in the absence of toxic effects, and bygharmaceutical industry,
which sees these plants as a viable alternatithetduture development
of drugs that induce weight reduction effectivehdasafely (MAYER et
al., 2009). Studies show that several natural ptsduncluding extracts
and compounds isolated from plants, are used ftwciag body weight
and preventing obesity (SOUZA et al., 2011; SIMAQile 2012).

Various medicinal plants, such @doe vera(L.) Burm. (aloe),
Simaba ferrugineaSt. Hil. (calunga),Baccharis trimera(Less.) DC
(carqueja)Garcinia cambogieDesr. andTournefortia paniculataCham.

(marmelinho), are used in the treatment of obgS©HUZA et al., 2011,
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SIMAO et al.; 2012; 2013). However, most of thedanfs have no

scientific evidence of their efficacy and safetythre treatment of this
disease, and their use is solely based on popelafdy highlighting the

need for scientific studies to elucidate the chamoonstituents of these
plants, in order to help in the pharmacologicaitoxinderstanding

regarding their use in the treatment of obesity @ther diseases.

This study aimed to perform phytochemical screendeiermine
the chemical and percent compositions, as welhascontent of some
bioactive compounds from the medicinal plaAtsvera B. trimerg S.
ferrugineg G. cambogiaand T. paniculata used as auxiliaries in the
treatment of obesity, in order to find substancésplesarmacological
interest and ensure the use of these plants by pthmilation in

industrialized and phytotherapic formulations.

MATERIAL AND METHODS
Sample collection and preparation

B. trimeraandT. paniculataleaves, as well as the stem barkSof
ferrugineg were acquired in the municipal market of Belo izonte,

Minas Gerais, in January 2011, and transportedhéo laboratory.B.
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trimera and T. paniculataleaves were washed with tap and distilled
water, and then placed together with the stem lodrtained fromsS.
ferruginea in forced air circulating ovens to dry for 48 hsurat a
temperature of £35°C. After drying, the leaves #m& bark were ground
in a Wiley-type mill, and the flours were stored hermetically sealed
flasks until the analyses. The commercial powdef.okrg obtained by
lyophilization of the plant mucilage, and &. cambogia obtained by
spray drying, were acquired from FLORIEN, a disitdy of

pharmaceutical raw materials.

Analyses
Phytochemical screening

Flours from medicinal plants (FMP) were subjected t
phytochemical screening, and specific reagents weyed for each
chemical group, with the use of chemical reactitmst result in the
development of color and/or precipitate, charasterifor each class of
substances (MATOS, 1997). Organic acids were agdlyas well as
reducing sugars, alkaloids, anthraquinones, azsjenmarotenoids,

catechins, depsides and depsidones, coumarin teesasteroids and
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triterpenoids, flavonoids, cardiotonic glycosidegsquiterpene lactones
and other lactones, polysaccharides, proteins amdoaacids, saponins

and tannins.

Percent composition

Moisture contents were determined in an oven atQpQ%intil
constant weight. The ether extract was determingiigua Soxhlet
continuous extractor. The crude protein was medsbyethe Kjeldahl
method, using the conversion factor of 6.25 (N 25%. Ash and fixed
mineral residue were obtained from a defined qtamf samples by
incineration (550°C) in a muffle furnace, thus det@ing the percentage
of residue. Total, soluble and insoluble dietabefiwere determined by
the enzymatic method. The non-nitrogen extract determined by the
difference between 100 and the sum, in dry mattethe ether extract,
protein, ash and total dietary fiber. These anayfepercent composition
were performed using the methodology describedheyAssociation of

Official Analytical Chemists - AOAC (2005).
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Mineral composition

In order to quantify the minerals (Fe, Zn, Mn, @a, Mg, P, K
and S), the samples were subjected to a nitrop@rchiigestion in
digester blocks with temperature control. P and é&ewdetermined by
colorimetry, K by flame photometry and Ca, Mg, ®dn, Zn and Fe by
atomic absorption spectrophotometry. For all aredyzhe procedures

described by Malavolta et al. (1997) were used.

Phenolic compounds

The extraction of phenolic compounds was carriedvath 50%
methanol, under reflux for three consecutive timas80°C, and the
extracts were collected, evaporated up to 25 mL snbmitted to
phenolic compound measurement, using the FolinDeeagent, and

tannic acid as a standard (AOAC, 2005).

Oxalic acid
For the measurement of oxalic acid, the method Idped by

Loures and Jokl (1990) was employed; accordinghie imethod, the
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oxalic acid was hot extracted with hydrochloric dacprecipitated and

quantified by titration of calcium oxalate with pesium permanganate.

Nitrate

Nitrate was extracted with distilled water at 45fCthe dosage, a
complex is formed by the nitration of salicylic @ainder highly acidic
conditions, then the reading at 410 nm is perforindzhsic solutions (pH
greater than 12). The absorbance of the materigldivactly proportional
to the present amount of nitrate, without the omnee of interference of
ammonium, nitrite, or chlorine ions. Potassium atér was used as a

standard (CATALDO et al., 1975).

Trypsin inhibitor

Trypsin inhibitors were extracted with 0.1 mof INaOH under
magnetic stirring. After centrifugation at 10,000yxfor 60 minutes, an
aliquot of the supernatant was used in the enz\ssaya( KAKADE et al.,
1974). The trypsin activity was determined accagdmthe methodology
proposed by Erlanger et al. (1961), in which 200gfithe plant extracts

and 200 pL enzyme were incubated in a water baB74® for four time
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periods after the addition of 800 pL of the sulisttzenzoyl-DL-arginine-
p-nitroanilide (BApNA) prepared in TRIS buffer
(tris(hydroxymethyl)aminomethane) at 0.05 mof, LpH 8.2 plus 20
mmol L CaCb. The reaction was stopped by adding 200 pL of 30%
acetic acid, and the product was read in a speuttometer at 410 nm.
Trypsin inhibition was obtained from the determioatof the line
slopes (absorbance vs. time) of the activity asséyke control enzyme
(without plant extract), and enzyme + inhibitor ffwplant extract). The
slope of the line is due to the formation speethefproduct per minute
of reaction, and the presence of the inhibitor eaus reduction in the
slope. Absorbance values were converted to nmahgushe molar

extinction coefficient of BApNA determined by Eriger et al. (1961).

Saponins

The extraction of saponins was performed with aethamder
stirring at room temperature for 60 minutes. Th&ltsaponin content
was determined by the reaction of saponins withsaddehyde, and

digitonin was used as a standard (BACCOU et all719
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Statistical analysis

Data are the average of three replicates * standiewdhtion and
were statistically evaluated by analysis of varggrend the means were
compared using the Scott Knott test (P <0.05) wité aid of the R

software (R Development Core Team, 2011).

RESULTADOS E DISCUSSAO

The phytochemical screening is characterized bydésetification
of the chemical compounds present in plant matefiaé results of the
phytochemical screening in the FMPs used as atigian the treatment
of obesity are shown in Table 1.
The results indicate the presence of different bwia groups of
pharmacological interest in the studied plants,hsas tannins G.
cambogia and T. paniculatd, which prevent lipid peroxidation,
degradation of nucleotides and accelerate thergepliocess (PIETTA et
al., 2000; MONTEIRO et al.; 2005); depsides andstgmes B. trimera
S. ferrugineaand T. paniculatg, which present antioxidant (HIDALGO

et al., 1994), antiviral (NEAMATI et al., 1997), tiamor, analgesic and
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Table 1 Phytochemical screening of medicinal plants.

Aloe Baccharis Simaba Garcinia Tounerfotia

Constituents vera trimera ferruginia cambogia paniculata
Organic acids ) ) ) ) (+)
Reducing sugars (+) (+) (+) (+) (+)
Alkaloids ) ) ) ) )
Anthraquinones ) ) ) ) (+)
Azulenes (+) (+) (+) ) )
Carotenoids ¢) (+) ) ) (+)
Catechins ) ) ) ) (+)
Depsides . N n
and depsidones 0 ) ) © )
Coumarin
o ) ) ) ) )
derivatives
Steroids and
. . ) (+) (+) ) (+)
triterpenoids
Flavonoids ) (+) (+) ) (+)
Cardiac glycosides ) () ) O] )
Sesquiterpene
lactones and ) ) ) ) (+)
other lactones
Polysaccharides +) +) () ) )
Proteins and amino
. (+) (+) (+) ) (+)
acids
Saponins (+) (+) (+) (+) +)
Tannins ) ) ) (+) (+)

The sign (+) indicates presence and (-) indicatbsemce of the
metabolite.
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antipyretic properties (OKUYAMA et al., 1995); céeaoids B. trimera
andT. paniculatg, with properties associated with various physatal
actions, may be precursors of vitamin A, and arglicated in protective
mechanisms against oxidative damage in cells, @aadcular diseases,
cataract and macular degeneration, besides cottigouto the
improvement of the immune system (SIMOES et alQ720triterpenoids
(B. trimerg S. ferrugineaand T. paniculatd, with medicinal properties,
and great potentialities in biological activitissich as anti-inflammatory,
bacterial, fungicidal, antiviral, analgesic, cardiscular, antitumor, etc.
(SIMOES et al., 2007), among other groups of mditaso

Alkaloids and cardiac glycosides were not deteatedny of the
analyzed plants. The preliminary phytochemical escirey provides an
overview of the chemical groups in the plants, further studies are
needed to determine the concentration and chalzatien of these
substances.

The results of the phytochemical screening aregneement with
other studies with these plants, which also showe presence and

absence of these metabolites, such as the stutfadguez et al. (1996),
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with the A. vera gel and its extracts, which recorded the presegice
saponins and absence of tannins, flavonoids andloadls; those by
Rodrigues et al. (2009), witB. trimerg who observed the presence of
flavonoids, saponins and absence of alkaloids ragtiinones, coumarins
and cardiac glycosides; those by Moraes & Souza@®7ROwith T.
paniculataleaves, which reported the presence of flavondaisins and
absence of alkaloids, and those by Subhashini.e28l1), withG.
cambogia who found saponins, tannins, sugars, proteinsagisgnce of
flavonoids, but the result for the alkaloids tesaswpositive. In the
literature consulted, there were no studies ormpthyochemical screening
of S. ferruginia

The results of the chemical composition in the FMRsshown in
Table 2. Regarding ether extract, the contents doware low, andT.
paniculata had the highest content (3.88 g 108 d@ry matter - DM).
Ether extract was not detectedAnveraandG. cambogiaThe contents
of crude protein were also relatively low, and #st contents were very
high inG. cambogig34.18 g 100 g DM).

The highest content of dietary fiber (DF) was foumd. trimera

(66.26 g 100 g DM), and the lowest if\. vera(10.97 g 100 § DM).
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Aloe Simaba Baccharis Garcinia Tournefortia
Constituents vera ferruginea trimera cambogia paniculata
Ether Extract ND 1.97+0.1% 2.49+0.20 ND 3.880.21
Crude Protein 1.54+0.f1  8.96+0.1% 7.15+0.258 1.78+0.2% 10.78+0.38
Ash 3.30+0.08 8.53+0.04 6.18+0.05 34.18+0.24 3.61+0.01
Insoluble Fiber 5.20+0.f8  45.20+0.43 64.67+0.50 3.09+0.18 46.71+0.86
Soluble Fiber 5.77+0.33 3.74+0.25 1.60+0.07 30.11+1.19 1.16+0.08
Total Fiber 10.97+0.42  48.94+0.62 66.26+0.53 33.08+1.02 47.87+0.88
NNE! 84.18+0.5% 31.60+0.64 17.93+0.66 30.96+1.17 33.86+0.1%2

Data are the mean of three replicates + standarthtion. Same letter in rows do not differ by 8mott-Knott
test (P <0.05)!NNE: Non-nitrogen extracfND: Not detected. Moisture contents in the flourmi medicinal

plants, in g 100§ Aloe = 8.53;Simaba= 8.42;Baccharis= 8.56:G. cambogia= 3.94;Tournefortia 9.90.
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The high contents of soluble DF shown®ycambogia30.11 g 100 §
DM), as well as insoluble DF found iB. trimera and T. paniculata
64.67 and 46.71 g 100'dM, respectively, should also be mentioned.

Epidemiological studies suggest that dietary filames capable of
preventing obesity and weight gain, besides coutiniy to the reduction
of the risk for developing diabetes, cardiovascdiaeases, among others
(LIU et al., 2003).

In general, the soluble DF helps in the treatmenwloesity,
because it slows gastric emptying, glucose absmrptand reduces
cholesterol in blood serum (RIQUE et al., 2002; MEILAAKSANEM,
2009). On the other hand, the insoluble DF accidsrintestinal transit
and increases feces weight (RIQUE et al., 2002usTkthe presence of
these fibers in the composition of the analyzedtslaan be characterized
as a strong ally in the treatment of obesity.

The non-nitrogen extract or glicidic fraction castsi mainly of
sugars. Thus, the highest content was found.inera(84.18 g 100 §

DM), followed byT. paniculataS. ferrugineaandG. cambogia
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Besides the influence exerted by macronutrients the
development of obesity, micronutrients, especiaftynerals, have
received much attention, due to the influence aylweeight control.

Table 3 shows the mineral contents of FMPs usezliasiaries
in the treatment of obesity. It is important to filight the high levels, in
mg 100 g DM, of potassium (1,009.44) and manganese (470A.
vera, of potassium (1,383.13), calcium (2,660.70) amod i(55.67) inS.
ferrugineg of potassium (2,336.69) and iron (39.98Bintrimeraand of
calcium (7,273.23), sulfur (999.38) and iron (73.80G. cambogia

Minerals play important roles in the human bodyd ane of
them is regulation of metabolism. The absence ofiesaninerals can
cause metabolic problems, such as slowing in mésabowhich may
lead to weight gain. In addition, some minerals panmticipate in the
digestion of carbohydrates, fats and proteins,camdact as aids in weight
reduction.

The high levels of calcium shown b$. cambogiaand S.
ferrugineacan be extremely effective for the treatment oésity, since
calcium intake is involved in the regulation of lyodeight (ST-ONGE,

2005).
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Table 3.Mineral composition, in g 100°gdry matter, of medicinal plants.

Mineral Aloe Simaba Baccharis Garcinia Tournefortia
vera ferruginea trimera cambogia paniculata
P 44.40+0.00 83.84+6.31 83.84+6.31 76.44+0.00 44.40+0.06
K 1,009.44+6.31 1,383.13+27.48 2,336.69+49.31 742.59+69.31 495.75+12.82
Ca 845.45+6.31 2,660.70+16.68 612.42+0.00 7,273.23+33.45  381.06+23.19
Mg 258.74+6.31 163.79+0.00 142.17+0.08 419.88+6.01 147.9816.41
S 258.74+27.51 731.60+10.92 630.65+12.63 999.38+63.32 527.19+23.5%
Cu 13.1240.21 3.10+0.32 7.81+0.78 3.38+0.38 2.04+0.27
Mn 47.07+0.49 5.24+0.11 13.47+0.27 18.75+0.11 7.000.17
Zn 1.57+0.23 2.20+0.16 3.84+0.00 6.51+0.18 1.40+0.08
Fe 2.58+0.38 55.67+0.18 39.38+1.44 73.69+0.68 11.51+0.48

Data are the mean of three replicates * standandtt®. Same letter in rows do not differ by theo&-Knott
test (P <0.05). Moisture contents in the floursrfrmedicinal plants, in g 100'gAloe = 8.53;Simaba= 8.42;

Baccharis= 8.56;G. cambogia= 3.94;Tournefortia 9.90.
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Variations in the contents of circulating calciwan affect food
intake. High calcium contents decrease food intakeit is assumed that
this effect is due to the greater availability @laaum to ion channels.
Several studies show that obese patients subntittegiets with high
contents of calcium present a reduction in body(HEANEY, 2003;
MOORE et al., 2004; ZEMEL et al., 2004).

Bioactive compounds, present in plants, act in Ithea
maintenance and in the reduction in the risk ofea®; however,
depending on the concentration, these compoundsaase damage to
health, highlighting the need for characterizatistudies of these
compounds in plant extracts. The bioactive compseund=MPs used as
auxiliaries in the treatment of obesity are showiable 4.

Phenolic compounds were found in all plants, @nganiculata
showed the highest contents (36.19 g 1000M), and G. cambogia
(0.09 g 100 g DM) andA. vera(0.15 g 100 g DM) showed the lowest.
The maximum dose of phenolic compounds suggestechdmans is
about 1 g day (SCALBERT et al., 2005); thus, with only 3 g ®f
paniculatg the daily limit is reached. These plants are us#d in food,

but for the treatment of obesity. If consumed imBmuantities, onlyT.
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Table 4. Contents of bioactive compounds, in dry mattémedicinal plants.

Medicinal plant Phenolic Oxalic acid Trypsin inhibitor

compounds (g 100 @) Nitrate (TIA mg™h)?* Saponins

(g 100 ¢ (g kg? (g 100 ¢
Aloe vera 0.15+0.0%2 ND? 0.77+0.0% ND 0.07+0.06
Simaba ferruginea 1.62+0.08 0.97+0.09  0.81+0.02 0.17+0.02 0.13+0.06
Baccharis trimera 4.03+0.2% 0.91+0.08  2.68+0.12 6.26+0.33 0.54+0.03
Garcinia cambogia 0.09+0.0% ND 0.16+0.01 ND 0.07+0.06
Tournefortia 36.19+0.9% 0.93+0.02  6.96+0.13 22.01+2.46 1.00%0.08
paniculata

Data are the mean of three replicates + standaritin. Same letter in columns do not differ by tBcott-
Knott test (P <0.05)'TIA: trypsin inhibitor activity, in nmol mift mg®. °ND: Not detected. Moisture contents
in the flours from medicinal plants, in g 100: g\loe = 8.53;Simaba= 8.42;Baccharis= 8.56;G. cambogia=

3.94; Tournefortia 9.90.
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paniculatacan offer some kind of health risk, due to thenhegntents of
phenolic compounds presented.

The contents of phenolic compounds in the leaveB. dfrimera
(4.03 g 100 g DM) were higher than those observed in other studiith
this plant, whose levels ranged from 0.045 to 257100 g DM
(FREITAS et al., 2004; SOUZA et al., 2011; OLIVEIR# al., 2012).
These differences may be due to the different fayfireparing the plant
(maceration and infusion) and to the use of othdragents, such as
ethanol, ethyl acetate, butanol, among others.

For A. verg the contents exceeded that recorded by
Moniruzzaman et al. (2012), which was 0.0008 g g@®M. In the same
study, the authors also found that the leavedAofvera have higher
phenolic contents than the gel, indicating the o$ethe leaves as
antioxidants. On the other hand, 8r cambogiathe contents were lower
than that reported by Subhashini, Nagarajan & kawinf2011), which
was 7.5 g pyrocatechol 100" @M, and also than those recorded by
Jantan et al. (2012) in 22 methanol extracts diedht parts (leaves,
trunks , bark and fruits) of nin@arcinia species, with contents ranging

from 0.44 to 6.28 g gallic acid 100°¢DM. The different results are
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probably due to the pattern used in the dosagdereiit extragents,
different species, plant parts used and even tigenasf the samples. For
S. ferrugineaandT. paniculata no records were found in the literature on
the phenolic content of these plants.

Some phenolic compounds, such as tannins, cahitird@rtain
digestive enzymes, such as amylase and trypsialtiresin weight loss,
helping in the treatment of obesity (MONTEIRO et @005). They also
have multiple biological effects, such as antiorida anti-allergic, anti-
inflammatory, anti-bacterial, anti-thrombotic, vd#ating and
cardioprotective (BALASUDRAM et al., 2006), showiagoroad field of
application for the phenolics of these plants.

There was no statistical difference between thantpl B.
Trimera S. ferrugineaandT. paniculataregarding the content of oxalic
acid, and it was not detected A veraand G. cambogia Oxalic acid
contents higher than 10 g are considered toxicetlth; therefore, the
contents of this substance found in these plarfes o risk to health.
The toxic effect of oxalic acid in the body has bessociated with the
reduction in the bioavailability of some essentralnerals, such as

calcium, and the main consequences are hypocalcami rickets,
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besides affecting the absorption of iron, magnesanoh zinc (SIENNER,
2005).

Nitrate was also found in all plants, with conterdnging from
0.16 to 6.96 g K§ DM. The acceptable daily intake of nitrate is 5 kagf
body weight (WHO, 2003). The excessive consumgpbiotiis compound
can lead to cyanosis, through the formation of nyegtobin and
neoplasms from the formation of N-nitroso compour@AQUIN;
ANDRADE, 2004). Taking the example of a 60-kg persthey could
ingest 300 mg nitrate, and this value would onlyréached with great
quantities of the analyzed plants. Therefore, th@ents of nitrate found
in these medicinal plants are not able to caukeaoifealth.

T. paniculatashowed the highest potential for trypsin inhihitio
(22.01 trypsin inhibitor activity in nmol mih(TIA) mg™* DM), followed
by B. trimera (6.26 TIA mg" DM), and S. ferruginea(TIA 0.17 mg
DM). The presence of trypsin inhibitors was notedétd in the plants
A.veraand G. cambogia Souza et al. (2011) observed the presence of
trypsin inhibitors in aqueous and methanolic exta¢B. trimeraleaves,
corroborating the results of this study, in whickipsin inhibition was

observed foB. trimerg however, these authors expressed their results in
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percentage of trypsin inhibition, thus making itpossible to make
comparisons with the activity observed in this gtudvhich was
expressed in TIA m§DM. The presence of trypsin inhibitor, particujarl
in T. paniculata shows its specificity to inhibit the proteolygnzymes,
which can lead to a decrease in protein digedifbiiecreasing weight
gain in animals.

Saponins were found in all the studied species, Targhniculata
showed the highest contents (1.00 g 100 @M). The contents of
saponins recorded in this study fBr trimera (0.54 g 100 § DM —
ethanol extract) are within the range reported byza et al. (2011) for
this plant, which ranged from 0.23 (aqueous extreet0.75 (methanol
extract), in g 100 § DM. In the same study, these authors also found no
hemolytic effect in tests conducted with extradtshés plant, results that
indicate a low toxicity of the saponins presenthese leaves.

Among the side effects that saponins can causes Hre changes
in reproduction and growth, as well as the reductio nutrient
absorption, due to changes in the permeability el cnembranes
(FRANCIS et al., 2002), highlighting the need foudies to verify the

toxicological potential of this phytochemical presen plant extracts.
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However, saponins may aid in the treatment of ¢yelsecause they can
inhibit digestive enzymes and act on lowering ch@ml in human
plasma, by forming micelles in the small intestimgh bile acids, thus
preventing their reabsorption (PEREIRA; CARDOSO120) and this
phytochemical may be responsible for possible alpdisity properties in
the plants analyzed in this study.

In the literature consulted, few studies relatedhe presence of
the bioactive compounds determined in this paperweund for the
analyzed plants, reflecting the concern about tresiple harmful effects

they may cause, highlighting the need for studigls these plants.

CONCLUSION

The plants presented high levels of substances patbntial to
cause weight loss, such as dietary fibers, someenalsy phenolic
compounds, saponins and trypsin inhibitors. Howelds premature to
recommend the use of these plants regarding thsibpp@srisks and
benefits for human health, and additional studie®xcity, efficacy and
safety are necessary, particularly in relationh® $aponins found in all

plants, and to the high levels of phenolic compsund’. paniculata
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However, the knowledge of these chemical consttiief plants
contributes to their better use, either by the petpaon or by the

pharmaceutical industry, resulting in a greaterarsteconomic value.
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ABSTRACT
The objective of this work was to perform digestive enzyme
inhibition assays with aqueous extracts of the medicinal plants

Aloe vera (L.) Burm. (aloe), Simaba ferruginea St. Hil. (calunga),
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Baccharis trimera (Less.) DC (carqueja), Garcinia cambogia Desr.,
Tournefortia paniculata Cham. (marmelinho) and with the aqueous
extract of the combination of those plants in the proportions
1:1,5:0,5:1,5:0,5, used as aids in the treatment of obesity. The a-
amylase, a-glycosidase, lipase and trypsin enzyme inhibition
analyses were conducted in the presence and absence of a
simulated gastric fluid. In the absence of the simulated gastric fluid
the enzymes underwent variable inhibition by the plant extracts,
except for lipase, that did not undergo any inhibition. In the
presence of the simulated gastric fluid, only the a-amylase and a-
glycosidase enzymes were inhibited by the plant extracts. The
combination of the plants did not cause inhibition in any of the
evaluated digestive enzymes. Those results reveal that the
aqueous plant extracts aloe, cargueja and marmelinho present
potential as adjuvant in the treatment of obesity and of other
dyslipidemias, because they inhibit a-amylase (marmelinho) and a-
glycosidase (aloe, carqueja and marmelinho) after the gastric
digestion simulation; the same cannot be said of the plants in

combination.
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INTRODUCTION

Obesity is a chronic disease resulting from the excessive
accumulation of body fat, which causes health damage in adults,
adolescents and children, both in developed and in developing
countries, with significant losses not only in the quality of life, but
also in longevity.

The prevalence of obesity has been increasing at alarming
rates throughout the world, and has become a major health
problem in modern society. Approximately 1.6 billion are
overweight, of which 400 million are obese, leading the disease to
a global epidemic status (Tucci et al., 2010).

Obesity causes psychological problems, frustration,
unhappiness and it predisposes the organism to a series of
diseases, in particular cardiovascular diseases, some types of

cancer, diabetes and hypertension, causing an increase of
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economical costs for governments as well as for society (Bray,
2004).

Weight loss strategies and obesity treatments usually
involve a combination of dietary changes, increase of physical
activity, behavioral therapy, pharmacotherapy, and, in extreme
cases, surgery (Celleno et al., 2007). Another widely used option
are the natural products that have had a considerable increase in
their consumption in recent years, mainly for the fact that the
population believes they are ingesting medicines that do not cause
harm to health and present low cost.

Research on therapeutic alternatives, mainly with medicinal
plants, has been gaining space and importance in the
pharmaceutical industry, being revealed as a quite promising
option for the discovery of new phytomedicines and
phytotherapeutics, due to the high number of still unstudied plant
species, representing a vast field of substances to be discovered
(Viegas Jr et al., 2006).

For the treatment of obesity, molecular targets, such as

enzymes and receptors present in natural products, have been
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studied in order to search for medicines based on the enzymatic
inhibition mechanism that causes beneficial alterations in the
metabolism, being an excellent alternative for the safe and
effective development of anti-obesity drugs (Bhutani et al., 2007).
In this context, the enzymes a-amylase and a- glycosidase
are responsible for carbohydrate processing, operating in the
breakdown of starch and in the absorption of monosaccharides by
the enterocytes (Kandra, 2003; Ota et al., 2009). Inhibitors of those
enzymes, present in plants, offer a promising strategy to aid in the
treatment of obesity, hyperglycemia associated to type 2 diabetes
and hypertension, through the reduction of the starch breakdown
and of the glucose absorption in the intestine (Kwon et al., 2006).
Besides those, lipase, involved in the lipid metabolism, is
also shown as an interesting target of inhibitors, because its
inhibition promotes reduction in triglyceride absorption, causing a
decrease of caloric use and weight loss. On the other hand, trypsin
inhibition, involved in protein digestion, unlike the other inhibitions,
Is characterized as having a harmful effect because it impedes the

complete absorption of amino acids, which are of fundamental
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importance for the organism, present in foods (Friedman and
Brandon, 2001).

Much research has demonstrated the effectiveness,
importance and the potential use of those enzyme inhibitors in the
treatment of obesity and associated comorbidities and they
reinforce the need for the search of new sources of those
inhibitors: amylases (Obiro et al., 2008; Udani et al., 2009),
glycosidases (Kwon et al., 2006) and lipases (Sharma et al., 2005;
Souza et al., 2011). As such, digestive enzyme inhibitors that help
limit the intestinal absorption of carbohydrates and fats in the initial
phase may prove to be useful as aids in the treatment of obesity.

Various medicinal plants such as Aloe vera (L.) Burm.
(aloe), Simaba ferruginea St. Hil. (calunga), Baccharis trimera
(Less.) DC (carqueja), Garcinia cambogia Desr., and Tournefortia
paniculata Cham. (marmelinho) are used as aids in the treatment
of obesity. However, studies related to the presence of enzymatic
inhibitors in the extracts of those plants that can participate or even
be responsible for their anti-obesity properties, are scarce in the

literature.
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Based on the above, the objective in this work was to
conduct assays of digestive enzyme inhibition with aqueous
extracts of aloe, calunga, carqueja, G. cambogia and marmelinho
and with the aqueous extract of the combination of those plants, so

that these plants can be used as aids in the treatment of obesity.

MATERIALS AND METHODS
Sample collection and preparation

The plants Simaba ferruginea St. Hil. (calunga), Baccharis
trimera (Less.) DC (carqueja) and Tournefortia paniculata Cham.
(marmelinho) were acquired in the municipal market of Belo
Horizonte, Minas Gerais, Brazil, and transported to the
Biochemistry Laboratory in the Chemistry Department of Federal
University of Lavras (UFLA). The marmelinho and carqueja leaves
were washed under running water and distilled water and soon
afterwards placed together with the bark obtained from the calunga
trunk in forced-air ovens for drying for 48 hours, at temperatures
ranging from 30°C to 35°C. After drying, the leaves and the bark

were ground in a Willey type mill and the flours stored in
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hermetically sealed flasks until the analyses. The commercial
powder of Aloe vera (L.) Burm. (aloe) (mucilage) and that of
Garcinia cambogia Desr. (fruit) were acquired from FLORIEN, a
pharmaceutical supply distributor.

The flour of the plants were mixed for the elaboration of a
simulated phytotherapeutic, from the combination of aloe, calunga,
carqueja, G. cambogia and marmelinho in the proportion
1:1,5:0,5:1,5:0,5, respectively; the same combination is used in the
elaboration of the phytotherapeutic known by the trade name

‘Moder Diet’.

Moisture determination

The moisture determination was carried out in triplicate in
the medicinal plant flours (MPF) according to the Association of
Official Analytical Chemists - AOAC (2005) method, that consists
of the water loss by dehydration, at temperatures ranging from

100°C to 105°C.
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Extract preparation

The MPF were mixed with distilled water in the proportion
1:25 (p/v), and placed in a horizontal agitator at room temperature
for 1 hour. Soon afterwards, the mixture was filtered in filter paper

and used as inhibitors in the enzymatic analyses.

Enzyme obtention

For the assays, the pancreatic porcine a-amilase type VI
(SIGMA) was used, as well as the pancreatic porcine trypsin and
the porcine lipase type Il (MERCK). The a-glycosidase was
obtained from fresh porcine duodenum provided by the Amimal
Science Department of UFLA, that was triturated in blender with
Tris-HCI 0.5 mol L™, pH 8.0 buffer at 4°C, for extraction of the
enzymes from the enterocyte membranes and processed in mixer
until complete homogenization. The homogenate was filtered in
nylon mesh and centrifuged for 10 minutes, at 2,500 x g, at 4°C.
The supernatant was collected and used as an enzymatic extract

(Souza et al., 2011).
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a-amylase activity

The a-amylase activity was determined according to the
methodology proposed by Noelting and Bernfeld (1948). Thus, 50
uL of the plant extracts and 50 pL of a-amylase were pre-
incubated for 20 minutes, in a water bath at 37°C. The substrate
was the 1% starch prepared in Tris 0.05 mol L™, pH 7.0 buffer with
38 mmol L NaCl and 0.1 mmol L™ CaCl,. After addition of 100 pL
of the substrate, the mixture was incubated for four periods of time.
The reaction was interrupted adding 200 pL of 3.5 dinitrosalicylic

acid and the product read in spectrophotometer at 540 nm.

a-glycosidase activity

The a-glycosidase activity was determined according to
Kwon et al. (2006), using 5 mmol L* p-nitrophenyl-a - D-
glucopyranoside in a 0.1 mol L™ pH 7.0 citrate-phosphate buffer
as substrate. In the assay, 50 pL of the plant extracts and 100 pL
of enzyme were incubated in a water bath, at 37°C, for four periods

of time, after addition of 50 pL of the substrate. The reaction was
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interrupted adding 1.000 pL of 0.05 mol L™ NaOH and the product

was read in a spectrophotometer, at 410 nm.

Lipase Activity

In each analysis, the mixture of 100 uL of lipase, 50 pL of
the plant extracts and 50 pL of 4 mmol L™ p-nitrophenyl laurate
substrate in Tris-HCI 0.05 mmol L™ pH 8.0 buffer containing 0.5%
Triton-X100 was incubated for four periods of time. The reaction
was stopped, transferring the tubes to an ice bath and adding
1.000 pL of Tris-HCI 0.05 mmol L* pH 8.0 buffer. The p-
nitrophenol, of yellow coloration, a product of the lipase action on
p-nitrophenyl palmitate, was read in a spectrophotometer at 410

nm (Souza et al., 2011).

Trypsin activity

The trypsin activity was determined according to the
methodology proposed by Erlanger (1961); in which 200 pL of the
plant extracts and 200 pL of enzyme were incubated in a water

bath, at 37°C, for four periods of time, after addition of 800 puL of
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p-benzoyl-DL-arginine-p-nitroanilide substrate (BApNA) prepared
in 0.05 mol L, pH 8.2 TRIS (tris(hydroxymethyl)aminomethane)
buffer with 20 mmol L™ CaCl,. The reaction was interrupted adding
200 pL of 30% acetic acid and the product read in a

spectrophotometer at 410 nm.

Determination of Inhibition

The enzyme inhibition was obtained from the determination
of the slopes of the straight lines (absorbance x time) of the control
enzyme (without plant extract) and enzymes + inhibitor (with plant
extracts) activity assays The slope of the straight line is due to the
speed of product formation per minute of reaction and the
presence of the inhibitor causes a decrease in that inclination.
From that inclination, the absorbance values were converted into
pmol of product through a standard glucose curve for the amylase
and of p-nitrophenol for glycosidase and lipase, while, for the
trypsin, the of BApNA molar extinction coefficient determined by

Erlanger (1961) was used.
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Preparation of simulated gastric fluid

With the objective of simulating the digestion process in the
stomach in vitro, enzymatic activity assays in the presence of a
simulated gastric fluid were also carried out. For such, the plant
extracts were incubated with the simulated gastric fluid prepared
according to The United States Pharmacopeia - USP (1995), for 1
hour in a water bath at 37°C. After that period, they were
neutralized with sodium bicarbonate salt to physiological pH and
only then were the inhibition activity determination assays

conducted.

RESULTS AND DISCUSSION
The digestive enzyme inhibition is a promising alternative for
obesity treatment, mainly by the fact that they act on the small
intestine, without acting on the central nervous system, where the
usual anorexigens act. The results of the enzymatic inhibition by
the medicinal plant aqueous extracts are presented in Table 1.
a-amylase was only inhibited by the marmelinho extract that

presented an inhibition potential of 2,907.13 pymol min™* g* dry
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Table 1. Inhibition of digestive enzymes by aqueous extracts of medicinal plants given in enzyme
inhibition units (EIUY).

Medicinal plant a-amylase a-glycosidase Lipase Trypsin
Aloe nd® 1.23+0.05 nd nd
Calunga nd nd nd nd
Carqueja nd 0.58+0.03 nd 10.38+0.81
Garcinia cambogia nd nd nd nd
Marmelinho 2,907.13+7.64 35.46+0.58 nd 176.68+7.05
Phytotherapeutic® nd nd nd nd

Data are average of triplicates + standard deviation. Moisture content of medicinal plant flour in g 100
g’ aloe = 8.53; calunga = 8.42; carqueja = 8.56; Garcinia cambogia = 3.94; marmelinho = 9.90.
'One EIU is equal to 1 umol min™ g™ of dry matter. 2nd: inhibition not detected. *Phytotherapeutic:
elaborated from the combination of aloe, calunga, carqueja, Garcinia cambogia and marmelinho in
the proportion 1:1,5:0,5:1,5:0,5, respectively.
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matter - DM. This potential is considered high when compared to
Pereira et al. (2010), who analyzed different extraction conditions
(solvents, times and temperatures) of a-amylase inhibitors in white
bean, found inhibition between 36.88 and 66.89 umol min™ g* DM.
Souza et al. (2011), analyzing the inhibitory potential of different
carqueja extracts, also did not detect inhibition of a-amylase.
a-glycosidase was inhibited by the aloe, carqueja and
marmelinho extracts, and this latter plant presented an inhibition
potential of 35.46 ymol min™* g* DM, a potential quite superior to
that of the other plants that inhibited a-glycosidase . The inhibitory
potential of marmelinho in the present work outperforms that
verified by Pereira et al. (2011), who, analyzing commercial
samples of Hoodia gordonni, a plant used as an aid in the
treatment of obesity, found inhibition between 10.40 and 16.70
umol min g* DM. However, the potentials of aloe and carqueja
are lower than those of Hoodia gordonni. The inhibition of those
enzymes induces carbohydrate tolerance, extends gastric
emptying, causes satiation and weight loss; all of which are effects

that can be useful in the treatment of obesity (Chen et al., 2008).
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Inhibition of lipase involved in the lipidic metabolism, was
not detected for any of the aqueous extracts of the medicinal plants
analyzed. Studies described in the literature show that, in the
alcoholic extracts of plants, mainly methanol, lipase inhibitors have
been isolated (Sharma et al., 2005; Sugimoto et., 2009). Those
studies suggest that organic compounds soluble in methanol
present some structural characteristics that have the capacity to
bond and inhibit the pancreatic lipase.

For trypsin, a high inhibition was observed: 176.68, umol
min™* g* DM, (marmelinho) and 10.38 (carqueja). Trypsin inhibitors
present in the diet can cause a growth rate reduction in animals
accompanied by a protein digestibility decrease which may lead to
weight loss (MacDougall et al.,, 2005). The combination of the
plants did not cause inhibition under any of the digestive enzymes
analyzed.

For the ingestion of the medicinal plant extract, the passage
through the gastrointestinal tract can lead to structural
modifications in the inhibitors due to the acid pH of the stomach,

causing their deactivation. Considering the expressive inhibition of
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a-amylase, a-glycosidase and trypsin in the presence of the plant
extracts, they were submitted to a test of possible gastric fluid
action on the extract inhibitory activity (Table 2).

It was observed that there was a 14% decrease of the
marmelinho extract inhibitory potential on the a-amylase in the
presence of the simulated gastric fluid. For the a-glycosidase, the
simulated fluid provoked a reduction in the inhibitory potential of
the plant extracts of 60% (aloe), 32.8% (carqueja) and 27%
marmelinho). However, even with the decrease of enzyme
inhibition potential by the plant extracts, the results did not cease to
be significant. The carqueja and marmelinho extracts lost their
activity on the trypsin enzyme, which indicates that the trypsin
inhibitors present in these extracts are not resistant to the passage
through the gastric fluid, that can lead to modifications in the
inhibitor molecule due to the acidic pH of the stomach or the
presence of proteinases, inactivating it.

The inhibition results suggest that aloe, carqueja and mainly
marmelinho might be a good source of a-amylase and a-

glycosidase inhibitors, which could be used as aids in the



Table 2. Inhibition of digestive enzymes by aqueous extracts
simulated gastric fluid given in enzyme inhibition units (EIUY).
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of medicinal plants after exposure to

Medicinal plant a-amylase a-glycosidase Lipase Trypsin
Aloe nd® 0.49+0.02 nd nd
Calunga nd nd nd nd
Carqueja nd 0.39+0.04 nd nd
Garcinia cambogia nd nd nd nd
Marmelinho 2,512.55+8.54 25.90+1.12 nd nd
Phytotherapeutic® nd nd nd nd

Data are average of triplicates + standard deviation. Moisture content of medicinal plant flour in g 100
g’ aloe = 8.53; calunga = 8.42; carqueja = 8.56; Garcinia cambogia = 3.94; marmelinho = 9.90.
'One EIU is equal to 1 umol min™ g™ of dry matter. 2nd: inhibition not detected. *Phytotherapeutic:
elaborated from the combination of aloe, calunga, carqueja, Garcinia cambogia and marmelinho

plants in the proportion 1:1,5:0,5:1,5:0,5,

respectively.
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treatment of obesity that can be caused by an elevated level of
carbohydrates in the diet. The resistance of the inhibitors, when
passing through the simulated gastric fluid, is a strong indication

that those results will repeat in in vivo assays.

CONCLUSIONS

The aloe, carqueja and marmelinho aqueous plant extracts
present potential as adjuvant in the treatment of obesity and of
other dyslipidemias, because they inhibit the a-amylase
(marmelinho) and the a-glycosidase (aloe, carqueja and
marmelinho) after the gastric digestion simulation; the same

cannot be said of the plants in combination (phytotherapeutic).
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ABSTRACT

Aims: The objective of this work was to quantify phenolic compounds,
flavonoids, vitamin C, total carotenoids, B-carotene and lycopene and to
measure the antioxidant activity in the medicinal plants Aloe vera (L.) Burm.
(aloe), Simaba ferruginea St. Hil. (calunga), Baccharis trimera (Less.) DC
(carqueja), Garcinia cambogia Desr., and Tournefortia paniculata Cham.
(marmelinho) and of the phytotherapic made with the combination of these
plants.

Place and Duration of Study: Chemistry Department of Federal University of
Lavras — UFLA, Brazil between June 2011 and September 2012.

Methodology: Phenolic compounds, flavonoid, vitamin C, total carotenoids
and [-carotene and lycopene contents were quantified by UV-Vis
spectrophotometry and antioxidant activity by ABTS and B-carotene/linoleic
acid methods.

Results: High contents of phenolic compounds were found in marmelinho
(36.19 g 100 gdry matter — DM), followed by carqueja (4.03 g 100 g*DM) and
calunga (1.62 g 100 g'DM); of flavonoids in marmelinho (480.30 mg 100 g

* Corresponding author: Email: andersonbsbufla@yahoo.com.br; angelita@daqi.ufla.br;
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'DM) and carqueja (173.68 mg 100 g DM); of vitamin C in marmelinho (652.80
mg 100 g'DM) and G. cambogia (127.63 mg 100 g*DM); and of carotenoids in
marmelinho (23.16 mg 100 g~). The antioxidant activity, in pmol trolox g*, by
the ABTS method, was considered moderate in the aqueous (728.80) and
ethanolic (731.06) marmelinho extracts, and weak for the other plants.
However, by the B-carotene/linoleic acid method, the aqueous and ethanolic
marmelinho extracts show great antioxidant potential at all tested
concentrations (above 80% inhibition), and those of carqueja, calunga and the
ethanolic of the phytotherapic, at the concentrations of 40,000 and 20,000 mg
L™, also showed good antioxidant potencies (over 60% inhibition).

Conclusion: Those five species of plants showed antioxidant activity with
potential for use in pharmaceutical and food preparations, with possible health
benefits.

Keywords: Phenolic compounds; Flavonoids; Vitamin C; Carotenoids;
Antioxidant potential.

1. INTRODUCTION

In recent years, the effects of antioxidants have been investigated in relation to
illnesses. The research has tried to explain the benefits of those substances for
the prevention and treatment of various types of diseases [1,2].

Antioxidants are substances that combat free radicals, which are extremely
reactive species that cause the oxidation of various biomolecules (lipids,
proteins and nucleic acids) present in our organism causing diverse pathologies,
such as cancer, neurodegenerative disorders, cardiovascular diseases, diabetes
and other chronic diseases, and the free radicals may be the cause or the
aggravating factor of their general picture [3]. Thus, research seek alternatives
to reduce the harmful effects of free radicals and improve the body's antioxidant
capacity, as a form of treatment and prevention of diseases and their
complications.

In view of the epidemiologic growth of these diseases, different foods and plants
are studied by their substances, which are capable of neutralizing the effects of
free radicals, such as phenolic compounds and vitamin C (hydrophilic
antioxidants), vitamin E and carotenoids (lipophilic antioxidants), and certain
minerals, such as zinc and selenium [4].

In that context, plants that are popularly known as having some therapeutic
purpose, and that have not been the object of studies proving their effects, have
become the central objective of research that seeks the development of new
pharmaceuticals to aid in the treatment of diseases.

Aloe vera (L.) Burm. (aloe), Simaba ferruginea St. Hil. (calunga), Baccharis
trimera (Less.) DC (carqueja), Garcinia cambogia Desr., Tournefortia paniculata
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Cham. (marmelinho) are plants used, isolated or associated together, as aids in
the treatment of obesity [5,6]. When associated, they are used in an attempt to
obtain better results, as is the phytotherapic Moder diet, prepared from the
combination of these plants to help in the treatment of obesity, with few studies
related to their antioxidant properties which, if proven, could help in the
treatment of various other diseases, some directly related to obesity, such as
diabetes, cardiovascular diseases, hypertension, among others, which can be
caused or worsen by free radicals [7].

Based on the above, the objective of this work was to quantify the phenolic
compounds, flavonoids, vitamin C, total carotenoids, B-carotene and lycopene
and to measure the antioxidant activity of the medicinal plants aloe, calunga,
carqueja, G. cambogia and marmelinho and of the phytotherapic made from the
combination of these plants, with the purpose of evaluating the possible use of
these plants to combat free radicals and consequently in the treatment of
various illnesses caused by them.

2. MATERIAL AND METHODS
2.1 Sample collection and preparation

Baccharis trimera (Less.) DC (carqueja) and Tournefortia paniculata Cham.
(marmelinho) leaves, and the trunk barks of Simaba ferruginea St. Hil. (calunga)
were acquired in the municipal market of Belo Horizonte, Minas Gerais, Brazil, in
January 2011, in three replicates, and transported to the Biochemistry
Laboratory in the Chemistry Department of Federal University of Lavras (UFLA).
The marmelinho and carqueja leaves were washed under running water and
distilled water and soon afterwards placed together with the bark obtained from
the calunga trunk in forced-air ovens for drying for 48 hours, at temperatures
ranging from 30°C to 35°C. After drying, the leaves and the bark were ground in
a Willey type mill and the flours stored in hermetically sealed flasks until the
analyses. The commercial powder of Aloe vera (L.) Burm. (aloe) (mucilage) and
that of Garcinia cambogia Desr. (fruit) were acquired from FLORIEN, a
pharmaceutical supply distributor. The aloe powder was obtained from the
lyophilization of the plant mucilage, while that of G. cambogia from drying by
spray dryer.

The flour of the plants were mixed for the elaboration of a simulated
phytotherapeutic, from the combination of aloe, calunga, carqueja, G. cambogia
and marmelinho in proportions of 1:1,5:0,5:1,5:0,5, respectively; the same
combination is used in the elaboration of the phytotherapeutic known by the
trade name ‘Moder Diet’.



117

2.2 Moisture determination

The moisture determination was carried in the medicinal plant flours according
to the Association of Official Analytical Chemists - AOAC [8] method, that
consists of the water loss by dehydration, at temperatures ranging from 100°C to
105°C.

2.3 Phenolic compounds

The extraction of the phenolic compounds was carried out with 1 g of sample in
50 mL of 50% methanol, under reflux three consecutive times, at 80°C and the
extracts collected, evaporated up to 25 mL and submitted to phenolic compound
measurement, using the Folin-Denis reagent, and tannic acid as a standard [8].

2.4 Total flavonoids

The total flavonoid contents were measured using the same extracts of the
phenolic compound analyses, using the aluminum chloride colorimetric method,
with catechin used as a standard [9].

2.5 Vitamin C

The extraction of the ascorbic acid was carried out with 0.5 g of sample in 50 mL
of oxalic acid and 0.1 g of diatomaceous earth, under agitation, for 15 minutes.
After filtration (Whatman N° 40), the vitamin C in the extract was dosed, using
ascorbic acid as a standard [10].

2.6 Total carotenoids

For the determination of total carotenoids, the extraction was made according to
Higby [11], using 0.5 g of sample in a 40 mL extraction solution of isopropyl
alcohol:hexane 3:1. The content was transferred to a 125 mL separation funnel
wrapped in aluminum, where the volume was completed with distilled water. It
was left at rest for 30 minutes, followed by washing of the material and the
discard of the aqueous phase. This operation was repeated three more times.
The content was filtered with cotton sprayed with anhydrous sodium sulphate
99% to a 25 mL volumetric flask wrapped with aluminum, where 5 mL of
acetone were added and the volume completed with hexane. The readings were
made at 450 nm and the results expressed in mg 100 g™, calculated by the
formula:

Total carotenoids = (A4s0 X 100)/(250 x L x W), where:
Auso = absorbance, L = cuvette width in cm, and W = ratio of the mass of the
original sample and the final dilution volume in mL.



118

2.7 B-carotene and lycopene

For the determination of the B-carotene and lycopene, the same extract was
used as in the total carotenoid analysis, in which those extracts were taken for
absorbance readings in a spectrophotometer at four wavelengths: (453, 505,
645 and 663 nm) [12]. For the calculations of the B-carotene and lycopene
concentrations, the following equations were used:

B-carotene (Mg 100 g™) = 0.216 Aggs — 1.22 Agss — 0.304 Aggs + 0.452 Agss.
Lycopene (mg 100 g'l) =-0.045 Aggz + 0.204 Agas + 0.372 Asps — 0.0806 Ayss.

2.8 Antioxidant activity

2.8.1 Extract preparation

The extraction of the antioxidants was conducted using two extragents: water
(1:25, w/v) and ethanol (1:25, w/v). For each extragents the samples were
maintained under agitation for 1 hour and soon afterwards, filtered in filter paper.
All of the extractions were carried out in three replicates, protected from light
and subsequently submitted to antioxidant activity (AA) detection process by the
methods described below.

2.8.1 B-carotene/linoleic acid method

Starting from the raw extracts of the samples (40,000 mg L'l) dilutions in 20,000
and 10,000 mg L™ were prepared. The methodology used was developed by
Rufino et al. [13], with modifications.

For the preparation of the B-carotene/linoleic acid solution system, 50 pL of B-
carotene diluted in chloroform (20 g L'l) were used, to which 40 pL of linoleic
acid were added, as well as 530 pL of tween 20 (emulsifier) and, for
solubilization, 1 mL of chloroform. In a flask covered with aluminum for
protection against light, the chloroform was evaporated in a rotary-evaporator
and 100 mL of oxygen saturated water (distilled water treated with oxygen for 30
minutes) were added, and the combination was agitated until that the solution
system presented a yellow-orange coloration. In test tubes, 2,5 mL of that
solution system were added to 0.2 mL of each dilution of the sample used for
the test. Control tubes were made containing 2.5 mL of the solution system with
0.2 mL of BHT (butyl-hydroxytoluene - synthetic antioxidant), quercetin and
rutin, which are flavonoids with proven antioxidant action all at the concentration
of 200 mg LY in laboratory tests, it was found that the concentration of 200 mg
L™ of BHT is the one that provides the greatest protection for the system, when
compared to others; therefore, its use is suggested. After homogenization, their
readings were taken in a spectrophotometer at 470 nm, using water for
calibration of the spectrophotometer; this was considered to be the reading at
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time zero (initial). The tubes were placed in a water bath, at 40°C and readings
were taken after 2 hours.

2.8.2 ABTS method

The methodology used was developed by Re et al. [14], with modifications by
Rufino et al. [15]. Four different dilutions of the obtained extracts were
conducted for the assays and subsequent construction of the analytical curves.

Analytical curves were made with trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid) and with ascorbic acid, besides tests for comparison with the
standards BHT, and with rutin and quercetin, prepared in the concentration of
200 mg L™

2.9 Statistical analysis

The data are the average of three replicates + standard deviation analyzed by
one-way analysis of variance (ANOVA) and when this analysis showed a
significant difference, the Skott-Knott test (P<0.05) was used for the comparison
of means. All statistical tests were carried out using R (version 2.15.2) statistical
software [16].

3. RESULTS AND DISCUSSION
3.1 Antioxidant substances

The levels of antioxidants in the flours of the medicinal plants and in the
phytotherapic are shown in Table 1. Phenolic compounds were found in all the
plants, and marmelinho showed the highest contents (36.19 g 100 g™ dry matter
- DM) and G. cambogia the lowest (0.09 g 100 DM g'l). The phenolic compound
content in the phytotherapic was considered relatively high (4.56 g 100 DM g'l)
being lower only than those of marmelinho.

The contents of phenolic compounds in the carqueja leaves (4.03 g 100 g™ DM)
were higher than those observed in other studies with this plant, whose levels
ranged from 0.045 to 2.67 g 100 g'1 DM (5,17,18). These differences may be
due to the different ways of preparing the plant (maceration and infusion) and to
the use of other extraction agents, such as ethanol, ethyl acetate, butanol,
among others.

For aloe, the levels exceeded those recorded by Moniruzzaman et al. [19],
which was 0.0008 g 100 g'1 DM. In the same study, the authors also found that



Table 1. Levels of antioxidants, in dry matter, of medicinal

plants and the phytotherapic.
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Plants Phenolic Flavonoids Vitamin C Total B-carotene Lycopene
compounds (mg100g™) (mg100 g™ Carotenoids (mg100g™)  (mgl00g™)
(glo0g™) (mg 100 )
Aloe vera 0.15+0.01d ND' 13.37+0.60 f 0.54+0.11 e ND 0.52+0.01 d
Calunga 1.62+0.03 ¢ 55.75+2.76 d 44.40+0.96 d 1.50+£0.02d ND 0.3440.04 d
Carqueja 4.0310.21 b 173.68+3.60 b  19.27+0.38 e 13.6740.74b  3.59+0.50 b 1.97+0.15 b
Garcinia cambogia 0.09+0.00d ND 127.63+0.70 b 0.21+0.01 e ND 0.20+0.08 d
Marmelinho 36.19+0.91 a 480.30+4.73a 652.80#8.66 a  23.16+0.52a  10.09+0.94a 3.2840.36a
Phytotherapic® 4.56+£0.20 b 82.10+3.70 ¢ 121.5041.10c  4.30+0.70 ¢ 1.36+0.01 ¢ 0.79+0.01 c

Data are the average of three replicates + standard deviation. Same letters in columns do not differ among themselves by the Scott-
knott test (P<0.05). Moisture levels of medicinal plant flour in g 100 g™*: Aloe vera = 8.53; calunga = 8.42; carqueja = 8.56; Garcinia
cambogia = 3.94; marmelinho = 9.90. *Nd: Not detected. 2Phytotherapic: elaborated from a combination of Aloe vera, calunga,
carqueja, Garcinia cambogia and marmelinho in proportion 1:1.5:0.5:1.5:0.5, respectively, these data being obtained by estimation.
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the aloe leaves have higher phenolic contents than the gel, indicating the use of
aloe leaves as antioxidants. For G. cambogia, the levels were lower than those
recorded by Subhashiniet al. [20], which was 7.5 g of pyrocatechol 100 g™* DM,
and also than those recorded by Jantan et al. [21] in 22 methanol extracts from
different parts (leaves, branches, bark and fruits) of 9 Garcinia species, with
levels ranging from 0.44 to 6.28 g of gallic acid 100 g'l DM and, in both studies,
the Folin-Ciocateu method was used. These different results are probably due to
the pattern used in the dosage, to the different extractors, different species,
plant parts used and even to the origin of the samples.

For calunga and marmelinho, no records about the phenolic content of these
plants were found in the literature, so the comparison will be made with other
medicinal plants. The contents of phenolic compounds in marmelinho (36.19 g
100 DM g™) were very high, and superior to those related by Ghimire et al. [22]
who, in 24 medicinal plants of Nepal, verified phenolic compounds, in g 100 DM
g', between 2.38 (Drymaria cordata) and 32.12 (Amamum subulatum); by
Wojdylo et al. [23], who registered contents between 0.07 (Carum carvi) and
15.15 (Echinacia purpurea) in 32 Polish herbs; and to those of Gan et al. [24]
who, in 40 medicinal plants, found contents between 0.04 (Curcuma aromatic)
and 7.57 (Sanquisorba officinalis). The phenolic compounds in marmelinho were
surpassed only by Acacia catechu Willd with 41.47 g 100 DM g'l, in a study
conducted with 133 medicinal plants of 64 different families from India [25],
highlighting the high levels of phenolics in marmelinho, and may represent
several possible fields for the application of these phenolics, adding value to this
plant.

The phenolic compounds act as antioxidants, due to their redox properties, that
allow them to act as reducings agents, hydrogen donors and metal chelators.
Besides their role as antioxidants, these compounds present a wide spectrum of
medicinal properties, such as antiallergic, anti-inflammatory, anti-bacterial and
anti-thrombotic, plus present cardioprotective and vasodilator effects [26],
showing a broad field of application for the phenolics in these plants.

Marmelinho showed the highest flavonoid content (480.30 mg 100 DM g™),
followed by carqueja (173.68 mg 100 DM g'l) and calunga (55.75 mg 100 DM g
1. Flavonoids were not detected neither in aloe nor G. cambogia. However, for
the phytotherapic we estimated a flavonoid content of 82.10 mg 100 DM g'l.

The flavonoids in carqueja were higher than those in Borella and Fontoura [27],
who recorded levels between 12.43 and 47.50 mg of rutin 100 g* DM in 8
commercial samples of carqueja leaves. This difference is probably due to the
pattern used, besides factors related to cultivation, manure, collection site, plant
age, among others. Studies with aloe [19] and with G. cambogia [20] showed
the presence of flavonoids in the extracts of these plants, differently from the
present work, in which flavonoids were not detected. These differences may be
due to several factors, such as the environmental, site collection, preparation



122

and handling of the extracts; besides, tampering and/or forgeries could have
occurred during this process.

The flavonoid levels of marmelinho were higher than those related by Sumazian
et al. [28] in leaves of 6 vegetables from Malaysia whose levels, in mg 100 DM
g'l, ranged from 42 (Whitania somnifera) to 405 (Curcuma tames), to those of
various parts of medicinal plants, in 100 g DM: Alcea kurdica flowers (22 mg),
Valerian officinalis root (110 mg), Stachys lavandulifolium flowers (402 mg), and
lower in relation to the Lavandula officinalis (618 mg) and Melissa officinalis
leaves (1,000 mg) [29]. For the leaves of 11 plants analyzed by Djeridane et al.
[4], the flavonoids of marmelinho surpassed those of 6 plants with levels
between 162 (Ruta montana) and 454 mg 100 DM g'1 (Globularia alypum) and
they are inferior to those related for 24 medicinal plants from Nepal that
presented contents, in mg 100 DM g, between 1.353 (Withania somnifera) and
10.033 (Artemesia vulgaris) [22].

The consumption of foods and plants rich in flavonoids is associated with the
risk reduction of various chronic diseases, and their protecting effect is due,
partly, to their antioxidant properties and capacity to reduce oxidative stress [30].
Epidemiological data confirm a significant relationship between the high
ingestion of flavonoids and the decrease of carcinogenic risk, cardiovascular
diseases, myocardial infarction and total LDL concentrations [31,32].

Vitamin C was also found in all the analyzed plants, presenting contents that
varied from 13.37 to 652.80 mg 100 DM g'l. The estimated vitamin C level of the
phytotherapic (121.50 mg 100 DM g'l) was only lower to those of G. cambogia
and marmelinho. With the discovery of the antioxidant action of that vitamin, the
ingestion of substances with high vitamin C content has been recommended. As
such, those plants are shown as good vitamin C sources with potential for use
as antioxidants.

The total carotenoid contents varied from 0.20 to 23.16 mg 100 DM g*. The
highest amount total carotenoids, in mg 100 DM g*, was registered in
marmelinho (23.16), followed by carqueja (13.67) and the phytotherapic (4.30).
G. cambogia presented the lowest carotenoid content. The carotenoids act with
lipophilic antioxidants and together with the vitamin C and the phenolic
compounds (hydrophilic antioxidants) they form a strong defense against the
free radicals as they act in different cell compartments.

[B-carotene was not detected in the plants aloe, calunga and G. cambogia, while
the lycopene was found in all the plants; marmelinho and carqueja showed the
highest levels of those substances. The estimated [3-carotene content (0.79) and
lycopene (1.36) in the phytotherapic were only smaller than that of marmelinho
and carqueja.
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Studies conducted by Zhao et al. [33] indicate that the supplementation of
carotenoids reduces DNA injury and that the combination of carotenoids (f-
carotene and lycopene) ingested and reached via diet or in high doses of an
individual carotenoid (12 mg) could protect against DNA injury. The B-carotene
is highly liposoluble and widely transported with LDL cholesterol (75%) and HDL
cholesterol (25%). It possesses an antioxidant function as a free radical
scavenger, to reduce the extent of cell nucleus injury and to inhibit lipidic
peroxidation induced by the free radical enzyme sources, such as xanthine
oxidase [34].

3.2 Antioxidant activity

The results of the (AA) by the ABTS method, calculated by the analytical curve
of trolox and by the standard vitamin C curve, in flours of the medicinal plants,
the phytotherapic and the three standards are presented in Figure 1. Out of the
analyzed plants, marmelinho was the one that showed the highest antioxidant
potential, probably due to the higher levels of phenolics, flavonoids, vitamin C
and carotenoids in the leaves. For this plant practically no difference in AA
between the aqueous and ethanolic extracts, in trolox equivalent, as well as
vitamin C. For calunga, carqueja and the phytotherapic, the aqueous extracts
showed a higher AA than the ethanolic extracts, both for the trolox equivalent,
and for the vitamin C, which can be explained by the fact that the ABTS test
shows the best results when in the presence of hydrophilic antioxidants. Aloe
and G. cambogia did not show AA by the ABTS method, probably due to the low
content of phenolic compounds and the absence of flavonoids in the extracts of
these plants, which are substances that have strong action in capturing the
ABTS radical.

The low antioxidant potential shown by the phytotherapic in the ABTS test, may
be due to the lower proportion of marmelinho in the constitution of the
phytotherapic (10%), since this plant showed a good antioxidant potential, and
also to a negative synergistic action in the combination of these plants.

It was observed that, when compared to the BHT and rutin standards, the
antioxidant potential, in trolox and vitamin C equivalents, of the aqueous and
ethanolic extracts of marmelinho reached 58% and 54% on average, of the
potential of those standards. In relation to quercetin, the potential of marmelinho
was much smaller, with only 9.7% of its potential (in trolox equivalent, as well as
vitamin C). The antioxidant potential of the extracts of the other plants and of the
phytotherapic was considered low. However, as in the extracts of marmelinho,
the antioxidant substances are not in the isolated form as are the standards, this
average potential of approximately 56% can be considered a good antioxidant
potential.

The good antioxidant potential shown by the marmelinho leaves is evidenced
when compared to other studies, in which, independently of the extract,
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Fig. 1. Antioxidant activity by ABTS method of aque  ous and ethanolic extracts of medicinal plants, the
phytotherapic and three standards, expressed in (a) pmol trolox L * g™*and (b) mg g * de vitamin C .
Data are the average of three replicates + standard deviation. Same letters in columns do not differ among themselves by the Scott-
Knott test (P<0.05). Phytotherapic: elaborated from a combination of Aloe vera, calunga, carqueja, Garcinia cambogia and marmelinho
in a proportion of 1:1.5:0.5:1.5:0.5 respectively.
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surpassed that Wojdylo et al. [23] who in 32 Polish herbs, verified potentials
between 0.0045 (Archangelica officinalis) and 3.46 (Syzygium aromaticum) pmol
trolox g™. It also surpassed that detected by Bouayed et al. [29] in several parts
of medicinal plants, in mg g'1 vitamin C: 2.8 (Alcea kurdica flowers), 7.36
(Valerian officinalis root), 15.4 (Stachys lavandulifolium flowers), 19.2
(Lavandula officinalis leaves) and 19.3 (Melissa officinalis leaves). It is
surpassed only by 11 of 132 Indian medicinal plants analyzed by Surveswaran
et al. [25] and by two of 40 medicinal plants studied by Gan et al. [24]. Such
results were probably due to the presence of different antioxidants, ways and
extractors used in the preparation of these plants, which implies a greater
antioxidant potential.

The lipidic oxidation inhibition results, by the B-carotene/linoleic acid method for
the MPF, the phytotherapic and the three standards after 2 hours of reaction,
are shown in Table 2. All the plants demonstrated lipidic oxidation inhibition
potential, except the ethanolic extract of G. cambogia.

Marmelinho was the plant with the highest antioxidant potential at the analyzed
concentrations, and, at concentrations of 40,000 and 20,000 mg L™, the
agqueous and ethanolic extracts showed practically the same antioxidant
potential, whereas at the concentration of 10,000 mg L™, the ethanol extract
showed the greatest potential.

The calunga and carqueja extracts (aqueous and ethanolic) at concentrations of
40,000 and 20,000 mg L™ also showed good antioxidant potentials (over 60%
inhibition). The phytotherapic showed a great antioxidant potential, especially its
ethanolic extract, with an inhibition potential at the concentrations of 40,000 and
20,000 mg L™, which was only inferior to the antioxidant potential of marmelinho,
evidencing the occurrence of a good antioxidant potential by the combination of
the plants.

The B-carotene/linoleic acid method shows a better response to antioxidants
with apolar character. As marmelinho showed the highest levels of carotenoids
(lipophilic antioxidant) and also of other antioxidants, it presented the highest
antioxidant potential among the plants analyzed. For calunga, carqueja and the
phytotherapic, the greatest inhibition potential of lipid oxidation found in the
ethanolic extracts of these plants occurred probably due to the greater removal
of antioxidants with apolar character, provided by the alcohol in relation to water.
The low antioxidant activity in the aloe and G. cambogia extracts probably
occurred due to the low levels of carotenoids in the extracts of these plants.

In order to demonstrate the response of polar and apolar antioxidant groups
compared to the ABTS and B-carotene/linoleic acid methods, observing Figure 1
(ABTS Test), it is possible to observe that quercetin and rutin, hydrophilic
antioxidants, have a greater antioxidant potential than BHT (lipophilic
antioxidant), i. e. in this test, polar antioxidant groups showed better responses.
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three standards, in % inhibition by the
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cts of the medicinal plants, the phytotherapic and
B- carotene/linoleic acid method.

Plants Water Ethanol

40,000mgL™  20,000mgL™*  10,000mgL™ 40,000mg L™ 20,000 mgL™ 10,000 mg L™
Aloe vera 50.1442.33 eA  39.44+0.37eC 41.73+0.09dB  16.55+1.67 eD 12.27+2,09eE 14.27+1.10 eE
Calunga 61.97+1.67cB  58.05+0.85bB 57.66+0.54bB  70.75#0.17 dA  64.37+0,59 dA  46.67+3.41 cC
Carqueja 70.91+1.17 bA  60.21+1.32bB  55.09+7.33 bB 73.53+1.37 CA  68.2142,26 cA  49.67+0.29 cC
Garcinia cambogia 57.21+1.28 dA  54.13+3.08 cCA 20.78+0.28dB  ND® ND ND
Marmelinho 99.98+1.10 aA  96.71+1.53 aA 86.08+7.44 aB 100.00+1.40 aA  100.000,34 aA 95.71+1.25 aA
Phytotherapic® 49.05+0.25 eD  48.41+1.50 dD  43.5420.61 cE 87.23+0.34 bA  81.22+0,41 bB  56.58+4.15 bC

BHT (200 mg L™)
Quercetin (200 mg L™
Rutin (200 mg L™)

75.93+1.15
70.48+0.71

8.71+1.29

Data are the average of three replicates * standard deviation. Lowercase letters in the column compare between plants and uppercase
letters on the line compare between concentrations. Same letters do not differ among themselves by the Scott-Knott test
(P<O.05).1ND: Not detected. 2Phytotherapic: elaborated from a combination of Aloe vera, calunga, carqueja, Garcinia cambogia and

marmelinho in a proportion of 1:1.5:0.5:1.5:0.5 respectively.
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Now, by the B-carotene/linoleic acid method (Table 2), BHT shows a greater the
antioxidant potential, exceeding that of quercetin and rutin, i. e. nonpolar
antioxidants present better results.

When compared to the standards, the marmelinho extracts were higher at all of
the tested concentrations, as well as the ethanolic extract of the phytotherapic in
concentrations of 40,000 e 20,000 mg L™, while the carqueja (aqueous and
ethanolic) and the calunga (ethanolic) extracts at the concentration 40,000 mg L
! presented the same inhibition potential as the quercetin. In relation to rutin, all
the plants showed antioxidant potential above that of this standard. The different
results of antioxidant activity observed in the extracts of the plants were probably
due to the different antioxidant compounds present in the extracts of these
plants, and to the difference principle employed by each antioxidant method
used in this work. Given this situation, some plants showed a good antioxidant
potential to a method and a weak potential to the other, emphasizing the
importance of using more than one technique to reflect the antioxidant capacity
of a sample.

Studies performed with these plants confirm this antioxidant potential.
Rajasekaran et al. [35] observed that an oral administration of the alcoholic
extract of Aloe vera gel (300 mg kg'l) to diabetic rats reversed the high levels of
lipid peroxidation and hydroperoxides in the tissues of these rats to nearly
normal levels. The treatment also resulted in a significant increase in the levels
of reduced glutathione, superoxide dismutase, catalase, glutathione peroxidase
and glutathione-S-transferase in the liver and kidney of diabetic rats; these
results show the antioxidant property of the Aloe vera extract.

In vitro studies showed that the Aloe vera gel has a potential for capturing free
radicals [19,36], which was not observed in the present study, and a potential for
combating the inhibition of lipid oxidation [36], corroborating the results of this
study. Such differences may be due to several factors, such as environmental,
collection site, plant age, preparation and handling of the extracts. Yun et al. [37]
analyzing Aloe vera at various ages, found that at age four this plant shows a
greater antioxidant potential than at ages below, which shows that the
development phase plays a vital role in the antioxidant composition of the Aloe
vera gel.

For carqueja, Padua et al. [39] reported a good antioxidant potential in vitro and
in vivo for the hydroethanolic extract of this plant in a study performed with
neutrophils of Fisher rats. Mendes et al. [40] reported that the hydroalcoholic
extract of carqueja presentes a moderate antioxidant activity. In the same study
the authors observed a reduced antiulcer activity in rats (ulcer induction by
stress). Dias et al. [41] and Morais et al. [2], analyzing the antioxidant potential
of carqueja by the DPPH method, which has the same principle of capturing free
radicals as the ABTS method, found a good antioxidant potential for the
carqueja extracts. These results differ from those found for carqueja in the
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present study, in which it was possible to observe a low antioxidant potential for
the extracts (agueous and ethanolic) by the ABTS method. This difference is
probably due to factors such as the collection site, plant age, ways and
extractors used in the preparation of the plant.

For G. cambogia, Subhashini et al. [20] registered a great antioxidant potential
for the aqueous extract obtained from the bark of its fruits by the methods of
scavenging free radicals (DPPH), reduced iron (FRAP), total reactive antioxidant
potential (TRAP) and lipid peroxidation. Results that differ from those found for
the extracts (aqueous and ethanolic) of G. cambogia in the present study, when
using the ABTS method, and show similar results when it comes to lipid
oxidation. The different results among these studies may be due to the way the
extracts were prepared, which is an extremely important factor in order to have a
good antioxidant activity. In this work, crude extracts were used, while in the
work of Subhashini et al. [20], concentrated extracts were used, which can justify
these differences. Other factors, such as the geographic origin, plant age, and
even tampering and/or forgeries can be considered. In the literature consulted,

no studies on the antioxidant potential of calunga and marmelinho were found.

4. CONCLUSION

The studied plants showed an antioxidant potential, and the antioxidant activity
by the ABTS method was considered moderate in marmelinho extracts, and
weak in the other plants. For the B-carotene/linoleic acid method, the aqueous
and ethanolic extracts of marmelinho, carqueja and calunga, and only the
ethanolic extract of the phytotherapic presented a good antioxidant potential.
Thus, those plants show potential to be used as antioxidant sources in
pharmacological and food preparations, with possible health benefits.
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Abstract

Considering that medicinal plants are rich sourags bioactive
compounds with potential for therapeutic use, wideked in folk
medicine and in the preparation of manufacturedjsirthe objective of
this study was to evaluate the therapeutic ancctbogic effects of the

administration of the flour and aqueous extract@irnefortia paniculata
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leaves onWistar rats, subjected to a hypercaloric diet for 42 dayse
rats were divided into five groups and were givdre tfollowing
treatments by gavage: TO (control) - 1 mL water §ayl - aqueous
extract containing 14 mg phenolic compound? kat day"; T2 - 14 mg
quercetin kg rat day"; T3 - 50 mg flour fronT. paniculataleaves (FTL)
kg™ rat day* and T4 - 100 mg FTL kyrat day'. The treatments did not
significantly alter the weight, but were effectiwe reducing liver fat,
glucose and serum triglycerides. The treatment €tluced food
consumption and lipid peroxidation. None of theatmeents showed
genotoxic potential. It is possible to concludet tiia paniculataleaves
have an anti-obesity potential. However, a moreaitist study of the
medicinal potential and the characterization of tpblgemicals in this
plant are still necessary for a better understandinits mechanisms of
action, enabling future applications in the treattmaf this pathology or

for various therapeutic purposes.

Keywords: obesity, medicinal plants, pharmacology, antioxtdan

genotoxicity, phytotherapic.
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1-INTRODUCTION

Due to the consequences caused by obesity ané &p#ed of its
spread throughout the world, it has been considargtbbal epidemic,
with over one billion overweight adults, from whiet00 million are
clinically obese, reaching both developed count@esl countries in
development, including Brazil (TUCCI et al.,, 20109 incidence is
independent of socioeconomic factors and age, &ddnsequences
range from the development of debilitating diseasesleath, directly
affecting the quality of life of individuals.

Out of the various causes of obesity, the most idiate
determinant of the excessive accumulation of faheés positive energy
balance, which happens when the amount of energyucoed is higher
than the amount spent (HENRY; PANDIT, 2009). Tlsiddtally favored
by current diets, which have a high energy densitg, rich in saturated
fats, simple sugars, and have low levels of complesbohydrates and
fibers; it is also favored by an increase in phgisinactivity, which sets
the contemporary Western lifestyle (POPKIN; GORDOARSEN,

2004) and contributes to the development of caalioular diseases,
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some cancers, diabetes, hypertension, among otlsgsificantly
affecting the national economy.

Among the options available for the treatment afsity, the most
used ones are: balanced diets, regular physicalcisge and drug
treatments, ranging from lipase inhibitors to anbes. However, due to
side effects and the high cost of drugs traditignased in the treatment
of this disease, the potential of natural produots the treatment of
obesity is being widely explored, and they may haahle alternative for
the future development of effective and safe abésity drugs (MAYER
et al., 2009; PARK et al., 2005).

A variety of natural products, including extractsdacompounds
isolated from plants, are being used for reducimglybweight and
preventing obesity (RAYALAM et al., 2008; SIMAO ail., 2012;
SOUZA et al., 2012). In this context, plants the¢ popularly used for
therapeutic purposes, which do not have studiewisigatheir effects, are
of great value in research aiming for the develapnoé phytotherapics
that can help in the anti-obesity treatment andagznn its prevention or
treatment, with proven efficacy and safety. Mixtioé phytochemicals or

isolated molecules identified from these plantsresent an excellent
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opportunity for the development of such therapsutiBIRARI;
BHUTANI, 2007).

Tournefortia  paniculata Cham., traditionally known as
marmelinho, is a shrub belonging to the family Bpmaceae. Its origin is
attributed to the Mediterranean regions and theddn®tates, occurring
widely in the tropics and subtropics (MORAES; SOUS2007). In
Brazil, its leaves are used in folk medicine as iaretic, anti-
inflammatory in the urinary tract and in cases dplmolithiasis
(BERTOLUCCI, 2000).

Recent studies reported that the aqueous extratt paniculata
leaves can act in the treatment of obesity, becatigs high inhibitory
activity in vitro on the enzymes-amylase ana--glucosidase (SIMAO et
al., 2012). These enzymes are responsible for trecepsing of
carbohydrates from the diet, acting on starch lwleak and on the
absorption of monosaccharides by enterocytes (O0Téh ,2009), being a
promising strategy to aid in the treatment of otyeshyperglycemia
associated to type 2 diabetes and hypertensiontaltiee reduction in
starch breakdown and to the glucose uptake inritestine (KWON et

al., 2006).
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Thein vitro antioxidant potential was also observed in thecaga
extract of these leaves (SIMAO et al., 2013) whiéldemonstratedn
vivo, will be characterized as an important tool to iaidhe treatment of
obesity, since many diseases directly related &sityg such as diabetes,
cardiovascular diseases, hypertension, among othrexg be caused or
exacerbated by free radicals (VILLAREAL et al., 300

Simdo et al. (2013) also found high contents of nplie
compounds inT. paniculataleaves (36.19 g 100™"gdry matter); such
substances can provide several benefits for tlantent of obesity and
other diseases, since they have an inhibitory effedigestive enzymes,
as well as antioxidant and antiglycemic propertéag] phenolics may be
the substances responsible for the possible aesigbeffects of these
leaves.

Although it is described as a constituent in thengosition of the
phytotherapic Moder Diet, revoked by National HeaBurveillance
Agency and still available for purchase over thierdnet, T. paniculata
has no scientific studies which prove its pharmagichl and/or toxic
effects, and is not present in the official listsxeedicinal plants released

to the preparation of phytotherapics. Thus, thepmsition, which is rich
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in phenolic compounds, highlights this species atr@ng candidate for
the development of medicines, although its vitro and in vivo
pharmacotoxic extensive characterization is stitessary.

In this study, based om vitro results, the potential therapeutic
and toxicological effects of the administration tfe flour (rich in
phenolic compounds) and aqueous extract.opaniculataleaves were
evaluated on the metabolism Wfistar rats subjected to a hypercaloric
diet, in order to determine possible anti-obesityperties, as well as safe
and effective doses for the development of therapéormulations from

this plant.

2 - MATERIAL AND METHODS
2.1 - Sample collection and preparation

T paniculataCham. (marmelinho) leaves were acquired in the
municipal market of Belo Horizonte, Minas Gerars January 2011, and
transported to the Laboratory. The leaves were adsimder running and
distilled water and, soon afterwards, they weregulain forced-air ovens
for drying for 48 hours, at £35°C. After dryingetlheaves were ground in

a Willey type mill, and were then passed througlB@rmesh sieve (0.2
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mm), and only the plant material that passed thiahg sieve was used

in the bioassay.

2.2 - Bioassay
2.2.1 - Animals and experimental conditions

The experiment was developed in accordance with etihéecal
principles in animal experimentation, accordingthe Law 11,794 of
October 2008, and the project was approved by thee€Committee on
Animal Use of Universidade Federal de Lavras (UFLAProtocol
014/11).

The experiment was conducted over 10 weeks, usihgnale
Wistarrats Rattus norvegicyswith initial body weight of approximately
243.15 g. The animals were kept in individual cage21°C, light/dark
cycle of 12 hours, with access to distilled weader libitum During the
first four weeks, the rats were given a hypercaldiet containing 46%
commercial food (Biobase Bio-tec Ratos e Camundsngel6%
condensed milk and 8% corn oil (LEVIN et al., 198®iets were
prepared weekly, in the amount of 1 kg, and stameal freezer at -24°C

to minimize lipid oxidation of polyunsaturated fa#cids.
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At the end of four weeks consuming the hypercaldligt, the
animals were weighed, had a body weight of appratety 327.80 g,
were divided into five groups of six animals eaahd were given the
hypercaloric diet and the following treatments ot weeks: TO (control)
- 1 mL water day; T1 - aqueous extract containing 14 mg phenolic
compounds K rat day'; T2 (positive antioxidant control) - 14 mg
quercetin kg rat day"; T3 - 50 mg flour fronT. paniculataleaves (FTL)
kg™ rat day* and T4 - 100 mg FTL kyrat day*

Each treatment was administered daily, diluted wistter, and the
administration was performed by gavage, using |sted stainless steel
cannula and syringe, at the same hour, by the sagngdual, with the
volume of 1 mL per animal.

For the calculation of the dose for the adminigiratof the
aqueous extract and quercetin, the maximum dopéeriolics suggested
for humans was considered, that is, 1,000 mg'd®CALBERT et al.,
2005), as well as the average weight of an adutiamy which is 70 kg;
thus, it is possible to calculate the dose per grbody weight, which is

equivalent to 14 mg phenolics kgnimal body weight. On the other
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hand, for the administration of the FTL at a doé&®and 100 mg, the
maximum solubility of this flour in water was tak&ro account.

For the obtention of the aqueous extract, the FHs wadded to
water in the ratio 1:25 (W%), kept under agitation for 60 minutes at room
temperature and then centrifuged at 10,000 x glfdrminutes. The
supernatant was collected and subjected to measuteof phenolic
compounds, using the Folin-Denis reagent, withitaanid as a standard
(AOAC, 2005), and the contents of phenolic compaufalnd in this
extract were 16.25 mg riiLand, in FTL, 40.62 mg 100 riig

On the other hand, for quercetin and FTL, aqueolgiens were
prepared at concentrations of 20 and 40 mg'miespectively. The
volume administered in each treatment was calalilatzording to the
weight of each rat. Thus, a solution volume comesiing to the dose
calculated according to the body weight measuredtien day was
administered to each animal by gavage. The samedweas for the

control group, to which only water was administered
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2.2.2 - Body weight and daily food consumption

Body weight and food consumption were recordedydit the
evaluation of the parameters weight gain and faodemption, and food
consumption was calculated by the difference betwhe offered diet

and the leftovers.

2.2.3 - End of the bioassay

At the end of the experiment, blood samples wekertdrom the
tail end, after a 12-hour fasting, for the detemion of glucose
concentrations using a portable glucose meter (Avek® - Active -
Sao Paulo, Brazil) and reagent strips (Accu-Chekaitage ).

Then, the rats were anaesthetized with thiopem@iusn (1 g of
sterile powder dissolved in 40 mL of 0.9% salineluson),
intraperitoneally, at a dose of 40 mg kdAfter the collection of 2 to 4
mL of blood by cardiac puncture, which caused dégtlexsanguination,
a 50-pL aliquot was separated for the evaluatiogesfotoxicity (comet
assay), and the remainder of the blood was cegétfat 2,500 x g for 10
minutes, for the obtention of the serum, which weept under

refrigeration.
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After euthanasia, a necropsy was also performet, tive removal
of internal organs (heart, liver, kidneys and paasj, as well as liver
weighing and preparation of histological slides.eTiver was divided
into three parts: one was intended for the qual#gatnalysis of the
histology of this organ, one for the determinatmnlipid peroxidation,
and one for the determination of ether extract.eAftemoval of the
organs, the head, legs, tail and skin were remda#idwed by washing

of the carcass with salt solution.

2.2.4 - Analysis of liver lipids and carcass

The carcass, as well as part of the liver, wereghed and
lyophilized until constant weight. Then, they wemeished in a mortar
and subjected to lipid measurement using the Soxh&thod (AOAC,

2005).

2.2.5 - Blood laboratory analyses
The blood serum was used to determine the conctemsaof
glucose, total cholesterol, HDL cholesterol, tragyides, activity of the

enzymes aspartate aminotransferase (AST), alanmmo&ransferase
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(ALT) and Gamma glutamyl transferase (GGT). Bloodstituents were
analyzed by commercial kits (Labtest) and analyzex® carried out with

the equipment Automatic Veterinary Biochemical Arzalr Thermoplate.

2.2.6 - Lipid peroxidation

The lipid peroxidation was determined by the foromat of
Thiobarbituric acid reactive substances (TBARS),coading to
Winterbourn et al. (1985).

The livers of the animals were weighed and homagpehin a
Potter tissue homogenizer, in an ice bath, afteratidition of buffered
saline in 0.1 mol ! sodium phosphate (PBS), pH 7.4 (volume equivalent
to 4 times the fresh weight of the tissue). The bgemate was
centrifuged at 3,000 x g for 10 minutes at 4°C, #relsupernatant, kept
in an ice bath, was used in the assays. 500-puluabgof supernatant
were mixed with 500 pL of 25% hydrochloric acidyV), 500 pL of 1%
thiobarbituric acid (w ¥, in 0.05 mol [ NaOH) and 45 pL of 2% BHT
(w v, in ethanol). The mixture was heated in a boilivager bath for 10
minutes. After cooling in an ice bath, 1.5 mL oftdmol were added, and

the samples were shaken vigorously, centrifugé&@atx g for 5 minutes,
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and the fraction containing butanol was collectedl aised for the
determination of the absorbance at 532 nm.

The TBARS concentration was calculated from thaddad curve
of malondialdehyde - MDA (1,1,3,3 tetraethoxyproganThe results

were expressed in moles MDA thiresh sample.

2.2.7 - Comet assay
2.2.7.1 - Obtention of nucleoids and electrophoresi

The comet assay was performed according to théadelogy
described by Singh et al. (1988), with some modifans. An aliquot (15
uL) of each cell suspension containing the treatsevias mixed with
1004L low melting point agarose (0.5% w'vin PBS), applied to a
microscope slide previously coated with normal mgltpoint agarose
solution (1% w ¥ in PBS), overlaid with a coverslip (24 x 60 mmyan
kept at + 4°C for 5 minutes, until solidificatiori the agarose. For each
treatment/rat, 2 slides were prepared. Then, thersbps were removed
and the slides were immersed in lysis solution (2d L NaCl, 100
mmol L EDTA, 10 mmol [ Tris, 1% Triton X-100, 10% DMSO; pH

10), where they remained for 24 hours at 4°C.
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After lysis, the slides were kept for 25 minutes anfreshly
prepared electrophoresis solution (1 mmét EDTA, 300 mmol L
NaOH; pH 13), allowing the loosening of bonds in Akholecules and
the exposure of alkali-labile sites. The electrapks was conducted at
25V for 35 minutes. After the electrophoresis, sides were kept in a
neutralization solution (0.4 molLTris; pH 7,5) for 30 minutes, and then
dried and fixed with 100% ethanol. All proceduresrgvperformed in the

dark.

2.2.7.2 - Staining and analysis

The slides were stained with 48 propidium iodide solution
(lmg mLY), overlaid with a coverslip and analyzed in arflaprescence
microscope (Nikon ECLIPSE E400) using a 200x maggiion.

In order to measure damage levels in lymphocyte DiNAecules,
100 nucleoids of each slide, 2 slides per treatirsn{totaling 200
nucleoids per treatment/rat), were counted andsified by the same
evaluator, using visual score patterns describedingh et al. (1988).
The cells were classified according to the sizethed "tail" and the

diameter of the "head" in Class 0: no damage (darti); Class 1: low
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damage level (5-20%); Class 2: intermediate dantegd (20-40%);

Class 3: high damage (40-85%); Class 4: totally atped (damage>
85%). The average frequency of damage was calcufeden the sum of
the percentages of damage 1, 2, 3 and 4. Theaspitnits (0-400; where
0 = no damage and 400 = 100% damage) were caldgténe equation
(1 x number of nucleoids grouped in class 1) + fumber of nucleoids
in class 2) + (3 x number of nucleoids in class+3§4 x number of

nucleoids in class 4), as described by Collins 4200

2.2.8 - Histopathology

For histopathological analyses, slides containings drom the
heart, liver, kidneys and pancreas of each rat wamepared. In
histological processing, the organs were cut imalspieces, immersed
in 10% formalin for 24 hours and kept in 70% aldotwetil inclusion in
paraffin. 4um cuts were made in a rotary microtome, stainech wit
hematoxylin-eosin, mounted on slides/coverslips amalyzed under light

microscopy (100x magnification), for the qualit&tianalysis.
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2.3 - Statistical analysis

The experiment was conducted in a completely rarom
design. For data on weight gain, the plots werdalisuded in a 5 x 7
scheme, that is, five treatments, a seven-week riex@et with Ssix
replicates and, for data on food consumption, thespvere subdivided in
a 5 x 6 scheme, with five treatments, a six-weeBed@rment with six
replications. For the other analyzes, five treatismiemith six replicates
were used and, when the analysis of variance shaiggiificance, the
comparison of means by the Scott-Knott test (P 50was performed

using the Sisvar program (FERREIRA, 2003).

3 - RESULTS AND DISCUSSION

In Figure 1, it is possible to observe body weigmd food
consumption of animals subjected to different tresits during the six
weeks of the experiment. The average weights ofréte showed no
significant differences among the treatments (Fgl)y. However, the
average weight gain of the animals in groups TO, T2 and T4 was

10.20%, 4.57%, 3.07% and 7.11%, respectively, wibiie¢he T1 group, a
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Figure 1. Body weight ofWistar rats subjected to the treatments: TO
(control) - 1 mL water da}; T1 - aqueous extract containing 14 mg
phenolic compounds Kgrat day"; T2 - 14 mg quercetin Kgrat day'; T3
- 50 mg flour fromT. paniculataleaves (FTL) kg rat day" and T4 - 100
mg FTL kg' rat day', for six weeks. Data represent the mean of six
replications * standard deviation of the averageheor each week of
experiment.
weight loss was observed in the animals, with aragye weight gain of
5.80%, although not statistically different.

In another study with the aqueous extracT opaniculataleaves,
an in vitro inhibition of the enzymes-amylase andi-glucosidase was
observed, and this inhibitory effect is one of fh@ssible mechanisms

responsible for weight reduction, considering a dowcarbohydrate

absorption (SIMAO et al., 2012). Souza et al. (J0&2aluated the anti-



150

obesity effects of the methanol extract Baccharis trimeraleaves,
administered tdVistar rats by gavage, and also observed a reduction in
the weights of the animals and suggested a possiethanism of action
based on the inhibition of lipases and glycosidaa#sch were inhibited

in vitro by the methanol extract of this plant. These repshow that
medicinal plants that have digestive enzyme inbibiin their extracts, as

is the case of. paniculata may be useful for limiting the absorption of
fat and carbohydrates of the diet, resulting inghtloss.

Some studies describe the anti-obesity potentialquércetin
through mechanisms such as the increase in liglyishibition of
adipogenesis and induction of apoptosis of adipsc(iSU; YEN, 2006;
AHN et al., 2008; FANG, 2008). However, in this dyuquercetin (T2)
was unable to cause a reduction in body weightfirroimg the results of
Machha et al. (2007), who also found no decreagbdarbody weight of
Wistar rats after the treatment with quercetin, adminggteby gavage, at
a dose of 10 mg Kyrat for six weeks.

The average daily food consumption by the animalshiown in
Figure 2. The treatment T1 showed a significanéaffreducing food

consumption.
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Figure 2. Food consumption oWVistar rats subjected to the treatments:
TO (control) - 1 mL water day T1 - aqueous extract containing 14 mg
phenolic compounds Kgrat day"; T2 - 14 mg quercetin Kgrat day"; T3

- 50 mg flour fromT. paniculataleaves (FTL) kg rat day* and T4 - 100
mg FTL kg' rat day', for six weeks. Same letters in columns do not
differ by the Scott-Knott test (P <0.05).

These results demonstrated that the treatment Flefactive in
reducing appetite, which characterizes an anoraeidgaction by an
unknown mechanism, and this inhibition may be egldab the weight loss
observed for this treatment (Figure 1).

Table 1 shows the average weights of the liverg likier

weight/carcass weight ratio and the levels of badg hepatic fat, with no
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Table 1. Average liver weight, liver weight/carcass weighody and hepatic fat dlistar rats subjected to
treatmentSfor six weeks.

Parameter TO T1 T2 T3 T4

Liver weight (g) 7.71+1.10 7.12+1.39 7.79+1.0f 7.95+1.36 8.24+0.74
Liver weight/total body weight (%) 4.49+0.85 4.54+0.78 4.69+0.27 4.82+0.66 4.99+0.46
Hepatic fat (g 1009 13.63+0.84 11.13+1.39 10.63+1.08 8.27+0.99 8.89+1.2%

Body fat (g 100 @) 18.92+1.93 17.24+1.6% 17.76+2.74 17.01+1.98 19.35+1.10

Data are the mean of six replicates + standardatieni ‘Treatments: TO (control) - 1 mL water dayT1 -
aqueous extract containing 14 mg phenolic compougdsat day"; T2 - 14 mg quercetin Kgrat day*; T3 -
50 mg flour fromT. paniculataleaves (FTL) kg rat day" and T4 - 100 mg FTL kfrat day". Same letters in
rows do not differ by the Scott-Knott test (P <Q.05
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statistical difference among the treatments foraberage weights of the
livers, the liver weight/carcass weight ratio ahd kevels of body fat. The
treated groups showed levels of liver fat signifitya lower than the

group TO (control), with a reduction of 18.34%, @26, 39.32% and

34.77% for the groups T1, T2, T3 and T4, respeltive

Considering that the liver would be affected by siole
antinutritional factors present ifi. paniculataleaves, damage could
reflect on anatomical changes in the treated growpgh did not occur,
thus discarding, under the conditions of this expent, the induction of
hypertrophy and hyperplasia.

Body fat has been used as an indicator of obesityais. The
accumulation of adipose tissue has been assoaatked/arious markers
of obesity, such as weight gain and body mass aed [ndex
(NASCIMENTO et al., 2008).

Table 2 presents the results of some biochemicdicators
measured in the blood of the animals under study.

The determination of glucose is the initial paraenefor the
detection of changes and disturbances of the ghunetabolism, such as

type 2 diabetes, usually associated with obesityOT, 2009).
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Parameters

T0

T1

T2

T3

T4

Caudal capillary glucose
(mg dL?)

97.16+2.48

82.5+5.50

84.16+5.38 86.83+7.883 03.66+3.44

Serum glucose (mg df) 165.16+17.17 140.34+6.12 168.08+9.330 162.31+8.09 177.96+6.35
Total cholesterol (mg df) 56.16+4.13 55.1945.36 61.48+6.67 59.63+4.26 58.13+4.56
HDL cholesterol (mg di%)* 49.11+5.36  43.77+2.38 47.64+1.2% 45.11+3.9% 44.33+4.12
Triglycerides (mg dr) 42.51+1.92 29.23+4.00 31.70+8.78 34.40+3.68 32.80+2.86
AST? (U L™ 77.35+0.57 80.45+4.08 74.35+5.14 71.58+5.88 76.12+4.82
ALT® (U LY 59.74+6.32 87.25+16.13 63.17+7.38 56.82+3.18 61.49+4.858
GGT (U LY 2.55+0.00  2.48+0.07  2.48+0.07 2.42+0.18  2.50+0.08

Data are the mean of six replicates + standardatieni ‘Treatments: TO (control) - 1 mL water dayT1 -
aqueous extract containing 14 mg phenolic compougdsat day"; T2 - 14 mg quercetin Kgrat day*; T3 -

50 mg flour fromT. paniculataleaves (FTL) kg rat day" and T4 - 100 mg FTL kgrat day*. ’AST: aspartate
aminotransferas€ALT: alanine aminotransferas&GGT: Gamma glutamyl transferase. Same letters\rs ro
do not differ by the Scott-Knott test (P <0.05).
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The levels of caudal capillary glucose in the adsnsaubjected to
the treatments T1, T2 and T3 were significantlydowhan those in group
TO (control), with a reduction of 15.09%, 13.38%dat0.63% in the
concentration of glucose, respectively.

For serum glucose, only the treatment T1 was abghificantly
reduce the concentration of glucose in relatiotheogroup TO (control),
demonstrating a higher hypoglycemic potential @& #gueous extract of
T. paniculataleaves, compared to other treatments. This resluctiay
be due to the inhibition of the enzymesamylase andi-glucosidase,
reducing the glucose concentration through the towarbohydrate
absorption (SIMAO et al., 2012), and through thewdo food
consumption observed for this treatment (Figure 2).

Some authors have attributed the hypoglycemic efieplants to
the phenolic compounds present in their extract$GUEROA-
VALVERDE et al., 2009; URZEDA et al., 2013), andce#fe compounds,
present inT. paniculataleaves, can be responsible for the reductionef th
glucose concentration observed in the present study

The blood dosage of lipids and hepatic enzymes igesv

important parameters in the determination of fuorai ingredients safety
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or final products derived from plants subjectedotdcity assays (PATEL
et al., 2008).

The results obtained showed that there was no sttali
difference among the groups, regarding serum cdraten of total
cholesterol and HDL cholesterol. The treated grodps not differ
statistically, and triglyceride concentrations weignificantly lower than
group TO (control), with a reduction of 31.24%, £8%6, 19.08% and
22.85% in the concentration for the groups T1, T3, and T4,
respectively.

Studies showed a significant reduction in the blagidcose
concentration of diabetic rats treated with quéncéCOSKUN et al.,
2005; MACHHA et al., 2007), as well as a reductiantriglycerides
(RICARDO et al., 2001), and these studies are sters with the results
of this study, in which a reduction in the concatitn of glucose and
triglycerides was observed for rats treated witargetin (T2).

Based on the data in Table 2, it was observedthigaactivities of
AST and GGT were statistically equal for all grouBegarding ALT, the
treatment T1 showed an activity significantly higliean those recorded

in the other groups, with an increase of 46.04%gdtivity, compared to
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the group TO (control). Thus, the results of ALT the treatment T1
suggest that this treatment can cause hepatottigise

The elevation in serum levels of the ALT enzymaevagt caused
by the treatment T1 can be probably attributed tepatic dysfunction,
due to a hepatocyte disruption, resulting from asisr or changes in the
permeability of the cell membrane (KANEKO, 1989njury or
destruction of hepatic cells release transaminasesthe bloodstream
(MOTA, 2009), resulting in an increase of theiriaty.

AST, found primarily in the mitochondria (80%), amgans such
as heart, liver, kidneys, pancreas and skeletatlesisis not released as
quickly as ALT, which is essentially hepatic andcdbzed in the
cytoplasm, thus justifying the fact that statidtichanges were recorded
only for the concentrations of ALT in relation teetcontrol group in this
study. In addition, ALT is a more sensitive indaatof acute
hepatotoxicity than AST (AL-HABORI et al., 2002).

The index of oxidative stress, normally caused ey fradicals in
the body, was determined by lipid peroxidation, ahhis considered an
important marker of oxidative stress, and also oh¢he main factors

involved in cell damage, caused by these radi&Ad U et al., 2005).
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The results of lipid peroxidation (Figure 3) foretklreatments T1
and T2 were significantly lower than those in grdiugp (control), with a
reduction of 34.09% and 18.90%, respectively, ine ttMDA
concentration.

Quercetin (T2) was used as a positive control, iezdt is a
flavonoid with proven antioxidant activity (DUARTEELMEIDA et al.,
2006; SIMAO et al., 2013). Through vivo studies, it was possible to
observe that quercetin was effective in reducingARB in rat livers
(GARCIA-SAURA et al., 2005; YAMAMOTO; OUE, 2006)u$tifying
its use as a reference substance. It has fiveivegahenolic hydroxyls
and a high resonance stability, and these progeatie responsible for its
antioxidant potential and possibly for the reductiln the MDA
concentration found in this study.

On the other hand, the treatment T1, which has ghen
compounds, may contribute, at least in part, toahgoxidant activity
demonstrated in this study, since these compouads tedox properties
that allow them to act as hydrogen donor reduciggnss. Yet, the
complexation of F& to phenolic compounds can reduce the availability

of this metal involved in the Fenton reaction,he tnitiation and
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Figure 3. Production of Thiobarbituric acid reactive substmin the
hepatic tissue ofistar rats subjected to the treatments: TO (control) - 1
mL water day; Tl - aqueous extract containing 14 mg phenolic
compounds kg rat day'; T2 - 14 mg quercetin kgrat day*; T3 - 50 mg
flour from T. paniculataleaves (FTL) kg rat day* and T4 - 100 mg FTL
kg™ rat day', for six weeks!MDA: malondialdehyde. Data are the mean
of six replicates + standard deviation. Same lIetiar columns do not
differ by the Scott-Knott test (P <0.05).

propagation of lipid peroxidation (LIMA et al.,, 26)) which could
explain the reduction in the MDA concentration hg t.queous extract of
T. paniculataleaves. For this study, the treatment T1 showettebe
results for antioxidants than the phenolic pattesh quercetin,
demonstrating the good antioxidant potential of fant.

In relation to treatments T3 (50 mg FTL kgat day') and T4

(100 mg FTL kg rat day'), containing 20.31 and 40.62 mg phenolics,
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respectively, none was able to inhibit the formatad lipid peroxidation
products, thus suggesting that the antioxidanttanbss present in this
flour are able to exert antioxidant effects onlyemththey are extracted
and concentrated.

It is worth emphasizing that the treatments usedhia study,
except for the treatment T2 (quercetin), were naobjected to any
purification process for the obtention of activgriedients, that is, there
were only the flour and the crude aqueous extra@t paniculataleaves,
highlighting its therapeutic potential as an antiexit and hypoglycemic,
even when used without any purification process.

For the results regarding the fragmentation of DMAlecules
(Table 3), there was a predominance of nucleoidls mo damage (class
0), with percentage averages ranging between 43(Td%and 83.05%
(TO) and with low damage level (class 1), with agges between 16.32%
(TO) and 52.58% (T1). It was also possible to obs¢rable 3) a reduced
number of nucleoids with intermediate damage le\elass 2), with
percentage averages ranging between 0.00% (T4p&%% (T1) and
absence of nucleoids with high damage levels (cBjssand totally

damaged DNA (class 4) in all treatments.
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Table 3. Average nucleoid number per class of comet, frequein nucleoids with damage and arbitrary units
in leukocytes oWVistarrats subjected to treatments for six weeks.

Class of comet (%) Frequency of _
Treatments 0 1 2 3 4 da(rg}oe)lgé A[Jbr::z'ry
TO 83.05+4.28 16.32+3.68 0.98+0.08 0.00x0.06 0.00+0.08 17.30+3.87  18.28+4.28
T1 43.16+16.53 52.58+11.71 5.29+1.18 0.00+0.06 0.00+0.06 57.87+11.88 63.16+13.56
T2 71.304#5.50 28.40#5.11 0.30£0.08 0.00z0.06 0.00+0.068 28.70+5.50  29.00%5.89
T3 59.60+5.86 39.30+4.68 1.13+0.24 0.00x0.08 0.00+0.08 40.76x5.58  41.56+5.98
T4 68.1819.63 31.83x9.63 0.00+0.06 0.00x0.08 0.00+0.08 31.83+9.63  31.83+9.63

'Data represent the mean values obtained in 2 slidite 100 nucleoids analyzed in each slide, and 4
slides/treatment/rat. 30 rats were used (6 rasftrent).’Treatments: TO (control) - 1 mL water dayT1 -
aqueous extract containing 14 mg phenolic compougdsat day"; T2 - 14 mg quercetin Kgrat day*; T3 -

50 mg flour fromT. paniculataleaves (FTL) kg rat day* and T4 - 100 mg FTL Kkyrat day*. *Frequency of
damage: sum of the damage of classes 1 throufriditrary units: (1 x damage in class 1) + (2 x da® in
class 2) + (3 x damage in class 3) + (4 x damagtass 4). Same letters in columns do not diffethgyScott-
Knott test (P <0.05).
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Although the percentages of nucleoids with danaagkarbitrary
units demonstrate significant differences betwdengroup TO (control)
and the other treatments, these values are rdlate damage in class 1
(low damage level) and class 2 (intermediate dajpadgmonstrating
lack of genotoxicity, considering the six weeks @fposure to the
treatments, thus suggesting that, in the composiab the evaluated
treatments, there are not molecules capable ofir@awgenotoxic and,
consequently, mutagenic effects on the DNA under éperimental
conditions used.

Some studies have made use of the comet assayngleraent
the toxicological characterization of plant extsacinvestigating the
cytotoxic and genotoxic effects of secondary mditso (phenolic
compounds and terpenes), such as those conductdéelgyra et al.
(2012), who investigated the genotoxic potentialwdfite bean flour,
containing tannins and other phenolic compounddionan leukocytes,
describing the prevalence of low damage levelshairtresults; the one
conducted by Wan-Ibrahim et al. (2010), who evad&0 aqueous plant
extracts and observed that only two of them, ¥itex PinnatalL. and

Quercus infectorieDliver, caused damage higher than 50% in the DNA
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of human leukocytes, which are attributed to thenaic content, more
specifically to tannic acid; and those by Strangeale (2009), who
analyzed natural products, such as guaddikgnia glomerataSpreng),
espinheira-santaMaytenus ilicifoliaMart. ex Reiss) and salvid.ippia
alba Mill. NE) and observed cytotoxic and genotoxic wities induced
by metabolites, such as coumarins, tannins anénes) in the extracts of
these plants, highlighting the need for a toxicaabcharacterization of
plant metabolites, since they may induce side anttherapeutic effects
dependent on factors such as dose and chronic use.

In Figure 4, images of histological sections ol#dinfrom
different organs are shown. No macroscopic chamgae observed in
the organs analyzed, and neither were injuriesjgmificant microscopic
changes. The possible accumulation of fat in therliof the animals
induced by the hypercaloric diet was not obsernredhe histology, as
well as injuries or destruction of hepatic cellsatthcould release
transaminases into the bloodstream, causing araserin their activity.
However, the time period of the experiment may betsufficient to
reveal such damage by optical microscopy sincetHertreatment T2,

there was an increase in the activity of ALT (Tabjend, for the treated
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(d)

Figure 4. Photomicrographs (reading from left to right) oétliver (a),
kidneys (b), pancreas (c) and heart (d)Wftar rats subjected to the
treatments: TO (control) - 1 mL water dayTl - aqueous extract
containing 14 mg phenolic compounds?kgat day:; T2 - 14 mg
quercetin ki rat day"; T3 - 50 mg flour froni. paniculataleaves (FTL)
kg™ rat day* and T4 - 100 mg FTL Kgrat day*, for six weeks.
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groups, a decrease in the concentration of hepation relation to the
group TO (control) (Table 1).

The results obtained fdr. paniculataleaves in this study showed
the presence of anti-obesity and antioxidant prggseras well as lack of
genotoxicity, showing the high pharmaceutical poé&nof this plant,
which can be widely studied as a source of biomuéscor molecular
models for the development of new pharmaceutical/@ncosmetic
formulations. These results show prospects of &urgludies to determine
doses and investigate other parameters that defifeectiveness and

safety.

4 - CONCLUSION

T. paniculataleaves show an anti-obesity potential, since they
cause a reduction in serum levels of glucose aglyderides, as well as
in hepatic fat (flour and water extract) and foashgumption, and also in
lipid peroxidation (aqueous extract), and do natseagenotoxic effects,
in the evaluated conditions. However, more detaiftddies of the
medicinal and toxicological potential, as well &g ttharacterization of

the phytochemicals present in this plant, are stdtessary to better
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understand its mechanisms in the treatment ofphikology, in addition

to other possible therapeutic applications.
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Tabela 1A Resumo da andlise de variancia para csig§m centesimal e
mineral de plantas medicinais.

Parametro FV GL QM CV (%)
Tratamentos 4 52,92* 3,80
Proteina bruta
Residuo 10 0,05
Tratamentos 4 8,40* 8,39
Extrato etéreo
Residuo 10 0,02
] Tratamentos 4 510,22* 1,05
Cinzas
Residuo 10 0,01
) Tratamentos 4 1284,03* 1,62
Fibra total
Residuo 10 0,45
) ) Tratamentos 4 2275,40* 1,22
Fibra insoltvel
Residuo 10 0,16
_ i Tratamentos 4 449,17* 6,22
Fibra Soluvel
Residuo 10 0,32
Extrato Tratamentos 4 1971,70* 2,10
nao-nitrogenado
Residuo 25 0,70
Tratamentos 4 1258,16* 5,99
Fosforo
Residuo 10 15,95
) Tratamentos 4 1550170* 3,39
Potassio
Residuo 10 1639
oo Tratamentos 4 25120662* 0,84
Célcio
Residuo 10 394




Tabela 1A Continua
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Parametro FV GL QM CV (%)
o Tratamentos 4 41732* 2,13
Magnésio
Residuo 10 23,00
Tratamentos 4 221384* 5,18
Enxofre
Residuo 10 1065
Tratamentos 4 63,624* 5,18
Cobre
Residuo 10 0,09
Tratamentos 4 862,23* 1,47
Manganés
Residuo 10 0,07
. Tratamentos 4 13,6588* 4,62
Zinco
Residuo 10 0,02
Tratamentos 4 2650,46* 2,05
Ferro
Residuo 10 0,57

* Teste de F significativo a 1% de probabilidade.
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Tabela 2A Resumo da analise de variancia para ogastos bioativos de
plantas medicinais.

Parametro FV GL QM CV (%)
Compostos Tratamentos 4 730,76* 4,94
fendlicos .

Residuo 10 0,17
. . Tratamentos 4 0,79* 7,32
Acido oxalico
Residuo 10 0,01
) Tratamentos 4 23,2289* 3,50
Nitrato
Residuo 10 0,06
Inibidor de Tratamentos 4 271,30* 19,05
tripsina i
Residuo 10 1,17
] Tratamentos 4 0,50* 8,80
Saponinas
Residuo 10 0,01

* Teste de F significativo a 1% de probabilidade.
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Tabela 1B Resumo da andlise de variancia parabstdsicias antioxidantes de
plantas medicinais.

Parametro FV GL QM CV (%)
Compostos Tratamentos 5 592,13* 4,89
fendlicos .

Residuo 12 0,14
) Tratamentos 5 99716,00* 1,74
Flavonoides
Residuo 12 5,00
] ) Tratamentos 5 179983,00* 1,57
Vitamina C
Residuo 12 7,00
totais )
Residuo 12 0,07
Tratamentos 5 47,28* 12,28
B-caroteno
Residuo 12 0,09
. Tratamentos 5 4,36* 14,77
Licopeno
Residuo 12 0,03

* Teste de F significativo a 1% de probabilidade.
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Tabela 2B Resumo da andlise de variancia paraidaae antioxidante pelos
métodos ABTS @-caroteno/acido linoleico.

Parametro FV GL oM CV (%)
ABTS Tratamentos 13 201523,00* 2,44
(Trolox) )

Residuo 22 10
ABTS Tratamentos 11 174651,00* 2,00
(Vitamina C) ]

Residuo 24 5,00
B-caroteno/ Tratamentos 5 13107,10* 7,59
acido linoleico )

Residuo 102 234,40
B-carotenol Concentracao 2 2502,82* 3,69
acido linoleico Residuo 15 soa

* Teste de F significativo a 1% de probabilidade.
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Tabela 1C Resumo da andlise de variancia do pesmreb e do consumo
alimentar de ratoVistar submetidos aos tratamentogurante seis semanas.

Parametro FV GL QM CV (%)
Tratamentos 4 3362,7% 25,53
Residuol 25 7153,62

Peso corporal
Tempo 6 2144,59* 5,69

Tratamentos*Tempo 24 449,39

Residuo 2 150 355,09
_ Tratamentos 4 32,67* 1531
Consumo alimentar Residuol 30 7.15
Tempo 5 36,79* 13,94
Tratamentos*Tempo 20 5,68
Residuo 2 150 5,93

* Teste de F significativo a 1% de probabilidad&. Nleste de F néo significativo.
'Controle- 1mL de agua dfa T1- extrato aquoso contendo 14 mg de compostos
fendlicos kg rato dia’; T2- 14 mg de quercetina kgato dia’; T3- 50 mg de farinha de
folhas deTournefortia paniculatg FFT) kg* rato dia e T4- 100 mg de FFT Kgrato

dia™.



180

Tabela 2C Resumo da andlise de varidncia do pesdigddo, peso do
figado/peso carcaca, gordura corporal e hepéaticatdsWistar submetidos aos
tratamentos durante seis semanas.

Parametro FVvV GL QM CV (%)
) Tratamentos 4 1,06 14,75
Peso do figado
Residuo 25 1,31
figado/peso .
corporal total Residuo 25 0,30
Gordura Tratamentos 4 21,19 21,95
corporal i
Residuo 25 14,54
Gordura Tratamentos 4 25,13~ 24,89
Hepatica i
Residuo 25 6,14

* Teste de F significativo a 1% de probabilidad&. NTleste de F néo significativo.
'Controle- 1mL de agua dta T1- extrato aquoso contendo 14 mg de compostos
fendlicos kg rato dia'; T2- 14 mg de quercetina kgato dia’; T3- 50 mg de farinha de
folhlas deTournefortia paniculata FFT) kg* rato dia" e T4- 100 mg de FFT Kgrato
dia™.
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Tabela 3C Resumo da andlise de variancia de pa@sneioquimicos e de
substancias reativas ao acido tiobarbitirico (TBAR® ratos Wistar
submetidos aos tratamentodurante seis semanas.

Parametro FV GL QM CV (%)
Glicose Cap”ar Tratamentos 4 237,91* 8,28
caudal i

Residuo 25 54,41

_ . Tratamentos 4 1091,94* 10,00

Glicose sérica

Residuo 25 278,64

Tratamentos 4 10,97 11,92
Colesterol total

Residuo 25 51,03

Tratamentos 4 166,52 7,14
Colesterol HDL

Residuo 25 16,23

o Tratamentos 4 158,90* 15,75

Triacilglicérides

Residuo 25 29,52

Tratamentos 4 374,83 20,94
AST

Residuo 25 275,05

Tratamentos 4 892,25* 20,13
ALT

Residuo 25 181,98

Tratamentos 4 0,74 31,39
Gama GT

Residuo 25 0,42

Tratamentos 4 0,11* 9,23
TBARS

Residuo 25 0,00

* Teste de F significativo a 1% de probabilidad&. Nleste de F néo significativo.
'Controle- 1mL de agua dta T1- extrato aquoso contendo 14 mg de compostos
fendlicos kg rato dia’; T2- 14 mg de quercetina kgato dia’; T3- 50 mg de farinha de
folhlas deTournefortia paniculata FFT) kg* rato dia" e T4- 100 mg de FFT Kgrato
dia™.
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Tabela 4C Resumo da analise de variancia do nudesraicleoides por classe
de cometa, frequéncia de nucleoides com danos dades arbitrarias em
linfécitos de ratodVistar submetidos aos tratamentosurante seis semanas.

Parametro FV GL QM CV (%)
Tratamentos 4 1322,04* 14,68
Dano O
Residuo 25 91,24
Tratamentos 4 1082,37* 22,83
Dano 1
Residuo 25 59,19
Tratamentos 4 27,69* 14,10
Dano 2
Residuo 25 2,57
Tratamentos 4 0
Dano 3
Residuo 25 0
Tratamentos 4 0
Dano 4
Residuo 25 0
danos .
Residuo 25 67,66
. Tratamentos 4 1719,62* 24,37
Unidades
arbitrarias Residuo 25 80,32

* Teste de F significativo a 1% de probabilidade.

'Controle- 1mL de agua dfa T1- extrato aquoso contendo 14 mg de compostos
fendlicos kg rato dia'; T2- 14 mg de quercetina kgato dia"; T3- 50 mg de farinha de
folhlas deTournefortia paniculata FFT) kg* rato dia" e T4- 100 mg de FFT Kgrato
dia”.



