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RESUMO

A diabetes mellitus (DM) ¢ uma doenga metabdlica caracterizada pela deficiéncia de
insulina ou baixa funcionalidade deste hormdnio, o que inviabiliza o controle dos niveis
glicémicos pos-prandiais. Dentre os diferentes tipos, destaca-se a diabetes mellitus tipo 11
(DM2) que corresponde a 90% dos casos e € caracterizada por resisténcia a insulina e
hiperglicemia. Por se tratar de uma doenca de alta prevaléncia, capaz de afetar a qualidade
de vida dos individuos e cujo tratamento tem custo elevado, torna-se cada vez mais
necessario buscar diferentes formas de tratamento como, por exemplo, o uso de plantas
medicinais.

Dentre as diferentes espécies indicadas pela medicina tradicional para o combate a DM2,
destacam-se aquelas que pertencem ao género Baccharis, popularmente conhecidas como
carquejas. Nesse contexto, a Baccharis trimera (carqueja amarga) ¢ a espécie mais
comercializada, utilizada e estudada, principalmente pelo potencial que possui para o
tratamento de problemas hepaticos, disfungdes estomacais e intestinais, para diabetes,
obesidade e reumatismo. Tais propriedades derivam de sua complexa composiciao
quimica. A caracteriza¢do quimica de diferentes fracdes desta planta mostra-se relevante,
pois pode permitir relacionar seus principais compostos com suas agdes medicinais e,
ainda, ter emprego na avaliacdo da autenticidade de amostras comerciais. Dessa forma,
os objetivos desse estudo foram caracterizar quimicamente, avaliar o potencial
toxicologico e a bioatividade in vitro e in vivo de fragdes especificas de amostras de
carqueja, com destaque para seu potencial antioxidante e antidiabético. Para tanto, o
trabalho foi dividido em trés capitulos que representam artigos gerados a partir do estudo.
No primeiro artigo (Capitulo I) utilizou-se como referéncia, para a avaliagdo da
autenticidade de amostras de sachés comercializadas sob a designa¢do de carqueja
amarga, um Oleo essencial comercializado pela empresa Lazlo Aromaterapia Ltda. Nesse
estudo, foram identificadas 41 substancias nos 6leos essenciais de carqueja analisados.
Apenas o acetato de carquejila, o palustrol, o espatulenol e o -eudesmol foram detectados
em todas as amostras avaliadas. A auséncia do carquejol em uma das amostras de sachés
e a presenca do acetato de carquejila em baixas concentragdes nos 6leos essenciais dessas
amostras comerciais dificultou a avaliagdo da autenticidade das mesmas por comparagao
com as amostras de referéncia. Nao houve diferenca estatistica significativa entre o

potencial antioxidante dos dleos essenciais de referéncia e dos dleos essenciais obtidos a



partir das amostras comercializadas na forma de sachés. Os 6leos essenciais de ambos os
grupos mostraram-se citotoxicos de acordo com o teste de toxicidade aguda em Artemia
salina, com valores de DLso inferiores a 200 ppm. No segundo artigo gerado (Capitulo
IT), foram utilizadas amostras de Baccharis myriocephala referenciadas pela
caracterizacdo botanica. Dezenove compostos foram identificados pela primeira vez
como constituintes da fracdo volatil dessa espécie, sendo treze detectados nos 6leos
essenciais, cinco nas infusdes e um (palustrol) em ambas as matrizes. Quanto a
capacidade antioxidante, as infusdes demonstraram maior potencial que os 6leos. Quanto
a toxicidade, os Oleos essenciais foram caracterizados com alto potencial citotdxico,
enquanto as infusdes foram consideradas atoxicas. No terceiro artigo (Capitulo III), foi
avaliado o potencial antidiabético do 6leo essencial de Baccharis trimera em modelo
animal (ratos Wistar) no qual a DM2 foi induzida em ratos pela associacdo de uma dieta
hiperlipidica/hipercalérica com uma pequena dose de estreptozotocina. A combinacdo
dessa dieta com esse agente toxico foi capaz de reproduzir as caracteristicas metabolicas
da DM2 em um curto periodo de tempo, com o aparecimento da hiperglicemia e da triade
classica dos sintomas da diabetes. Nesse modelo, os ratos desenvolveram uma condig¢do
dislipidémica caracterizada principalmente pela hipertrigliceridemia. O principal achado
desse estudo foi o potencial apresentado pelo 6leo essencial de B. trimera para controle
da hipertrigliceridemia diabética. Esse 6leo essencial também apresentou potencial

hepatoprotetor nos animais diabéticos.

Palavras-chave: Baccharis trimera; Baccharis myriocephala; 6leo essencial; infusdes;
capacidade antioxidante, toxicidade, diabetes mellitus tipo II; agente antidislipidémico e

hepatoprotetor.



ABSTRACT

Diabetes mellitus (DM) is a metabolic disease characterized by insulin deficiency or low
functionality ofthis hormone, which makes it impossible to control postprandial glycemic
levels. Among the different types, type II diabetes mellitus (T2DM) stands out,
corresponding to 90% of the cases and being characterized by insulin resistance and
hyperglycaemia. Because it is a highly prevalent disease, capable of affecting the quality
of life of individuals and which treatment has a high cost, it becomes increasingly
necessary to seek different forms of treatment, such as the use of medicinal plants. Among
the different species indicated by traditional medicine to combat T2DM, those belonging
to the genus Baccharis, popularly known as carquejas, stand out. In this context,
Baccharis trimera (bitter carqueja) is the most commercialized, used and studied species,
mainly due to its potential for the treatment of liver problems, stomach and intestinal
disorders, diabetes, obesity and rheumatism. Such properties derive from its complex
chemical composition. The chemical characterization of different fractions of this plant
proves to be relevant, as it may allow relating its main compounds to its medicinal actions
and, also, be used in the evaluation of the authenticity of commercial samples. Thus, the
aims of this study were to chemically characterize, evaluate the toxicological potential
and the in vitro and in vivo bioactivity of specific fractions of carqueja samples,
highlighting their antioxidant and antidiabetic potential. To fulfill the objectives, the work
was divided into three chapters, which represent articles generated from the study. In the
first article (Chapter I), an essential oil marketed by the company Lazlo Aromaterapia
Ltda was used as reference to evaluate the authenticity of sachet samples sold under the
name of bitter carqueja. In this study, 41 substances were identified in the carqueja
essential oils analyzed. Only carquejyl acetate, palustrol, spathulenol and B-eudesmol
were detected in all samples evaluated. The absence of carquejol in one of the sachet
samples and the presence of carquejyl acetate in low concentrations in the essential oils
of these commercial samples made it difficult to assess their authenticity by comparison
with reference samples. There was no statistically significant difference between the
antioxidant potential of the reference essential oils and those obtained from the samples
sold in the form of sachets. Essential oils from both groups were cytotoxic according to
the acute toxicity test of Artemia salina, with LDso values below 200 ppm. In the second
article (Chapter II), samples of Baccharis myriocephala referenced by botanical

characterized were used. Nineteen compounds were identified for the first time as



constituents of the volatile fraction of this species, being thirteen detected in essential
oils, five in infusions and one (palustrol) in both matrices. As for the antioxidant capacity,
the infusions showed greater potential than the oils. Regarding toxicity, essential oils were
characterized as having high cytotoxic potential, while infusions were considered non-
toxic. In the third article (Chapter III), the antidiabetic potential of Baccharis trimera
essential oil was evaluated in an animal model (Wistar rats) in which T2DM was induced
in rats by the association of a high fat/hypercaloric diet with a small dose of
streptozotocin. The combination of this diet with this toxic agent was able to reproduce
the metabolic characteristics of T2DM in a short period of time, with the appearance of
hyperglycaemia and the classic triad of diabetes symptoms. In this model, rats developed
a dyslipidemic condition primarily characterized by hypertriglyceridemia. The main
finding of this study was the potential, presented by the essential oil of B. trimera, to
control diabetic hypertriglyceridemia. This essential oil showed also a hepatoprotective

potential in diabetic animals.

Keywords: Baccharis trimera; Baccharis myriocephala; essential oil; infusions;
antioxidant capacity, toxicity, type Il diabetes mellitus; antidyslipidemic agent and

hepatoprotector.
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INTRODUCAO

A diabetes mellitus (DM) ¢ uma doenca de alta prevaléncia mundial caracterizada pela
deficiéncia na producdo de insulina ou diminui¢do de seus efeitos sobre a regulagdo da glicose
sanguinea. Trata-se de uma patologia que possui diferentes classificagdes, sendo a diabetes
mellitus tipo I (DM2) a de maior ocorréncia (De Maria; Moreira & Marcilio, 2011).

A DM2 corresponde a 90% dos casos e € prevalente em adultos. Caracteriza-se por
resisténcia a insulina e hiperglicemia e estd intimamente relacionada a fatores genéticos,
qualidade da dieta, niveis de atividade fisica e obesidade. A sintomatologia classica da doenga
¢ representada pela politria, polidipsia e polifagia e as complicagdes podem ser agudas ou
cronicas (Rossaneis, et.al., 2019; Rodacki, et.al. 2022; SBD, 2019).

Por se tratar de uma doencga cronica que possui um alto custo de tratamento, tanto para
o individuo quanto para a satde publica, ¢ fundamental estabelecer formas de tratamento
acessiveis. Neste contexto, o uso de plantas medicinais pode ser uma estratégia interessante.

Dentre as diferentes espécies de plantas utilizadas para a prevencdo e tratamento da
DM2 destacam-se as do género Baccharis, especialmente a Baccharis trimera, popularmente
conhecida como carqueja amarga. Trata-se de uma planta amplamente utilizada no Brasil na
forma de infusdo, preparada com as folhas in natura ou secas e moidas e comercializadas dentro
de sachés. A esta matriz sdo atribuidas as seguintes propriedades: anti-inflamatodria, anti-
helmintica, antimicrobiana, hepatoprotetora, podendo ainda ser utilizada para tratamento de
feridas e contra gripes e resfriados (Gené; Marin & Adzet, 1992; Bara & Vanetti, 1998; Dresch
et al., 2006). Além das agdes supracitadas, a acdo hipoglicemiante ¢ amplamente referenciada,
0 que corrobora para o uso desta matriz para o tratamento da DM2 (Xavier; Peckolt & Canali,
1967; Oliveira et al., 2005; Dickel; Rates & Ritter, 2007).

Tais propriedades medicinais sdo atribuidas a sua composi¢do quimica complexa rica
em compostos fendlicos, tais como, hispidulina, rutina e quercetina (Soicke & Leng-Peschlow,
1987; Araujo et al., 2016). Além desta fragdo fenolica, destacam-se ainda os compostos
terpénicos, dos quais o carquejol e o acetato de carquejila podem ser considerados os

marcadores quimicos da matriz (Silva et al., 2013).
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JUSTIFICATIVA

Considerando a DM2 uma epidemia global de grande impacto sobre a qualidade de vida da
populagdo e de alto custo para os cofres publicos, fazem-se necessarios estudos para avaliar
tratamentos alternativos para esta enfermidade. Neste contexto, o estudo de plantas com efeitos
hipoglicemiantes ou antidislipidémicos, como a carqueja amarga, merece aten¢do. Desenvolver
estudos para comprovar os efeitos destas plantas frente a DM2 ¢ essencial para propor sua
utilizacdo para o tratamento da doenga e isso pode viabilizar o desenvolvimento de novos
medicamentos. Como ja abordado, as propriedades medicinais destas ervas estdo intimamente
relacionadas a sua complexidade quimica, sendo fundamental sua caracterizacdo tanto para
indicar os principais compostos relacionados a sua a¢do medicinal, quanto para criar um padrdo
de identidade e qualidade que permita identificar esta matriz de forma inequivoca,

independentemente da forma na qual esteja sendo comercializada.

13



OBJETIVOS
OBJETIVOS GERAIS

Os objetivos desse estudo foram caracterizar quimicamente e avaliar o potencial
toxicologico e a bioatividade in vitro e in vivo de fragdes especificas de amostras de carqueja,

com destaque para seu potencial antioxidante e antidiabético.

OBJETIVOS ESPECIFICOS
Para que os objetivos gerais apresentados acima fossem atingidos, os objetivos

especificos listados abaixo foram estabelecidos.

1. Estabelecer a composi¢do quimica e avaliar o potencial toxicolégico e a capacidade
antioxidante dos Oleos essenciais de amostras de Baccharis trimera comercializadas na
cidade do Rio de Janeiro na forma de sachés, comparando os resultados com os obtidos para
6leos essenciais de referéncia para essa espécie.

2. Estabelecer a composi¢do quimica e avaliar o potencial toxicologico e a capacidade
antioxidante dos oOleos essenciais e infusdes de amostras in natura de Baccharis
myriocephala.

3. Awvaliar o potencial fitoterapico do 6leo essencial de Baccharis trimera para o tratamento

da DM2 em um modelo animal.

O presente estudo ¢ subdividido em “Revisdo da Literatura” (afim de se construir um
referencial tedrico) e trés capitulos que representam os artigos gerados a partir do trabalho. O
Capitulo I, intitulado “Avaliacdo do perfil quimico e dos potenciais antioxidante e toxicologico
dos oOleos essenciais de amostras de Baccharis trimera comercializadas em sachés”, visa
cumprir o primeiro objetivo especifico. Este artigo foi publicado na revista Research, Society,
and Development. O Capitulo II, denominado “Evaluation of the composition, toxicological
and antioxidant potentials of the essential oils and teas of Baccharis myriocephala
(Asteraceae)”, atende ao segundo objetivo especifico. Esse artigo foi submetido para publicagao
na revista South African Journal of Botany. Para o cuamprimento do terceiro objetivo especifico,
produziu-se o Capitulo I1I e o artigo intitulado “Influence of Baccharis trimera essential oil on

type II diabetes mellitus”, que ainda sera submetido.

14



REVISAO DA LITERATURA

DIABETES MELLITUS

A Diabetes Mellitus (DM) ¢ uma doenca metabolica decorrente da falta de insulina e/ou
da incapacidade desta em exercer adequadamente seus efeitos. A insulina ¢ um polipeptideo,
produzido pelas células B-pancreaticas, responsavel pela regulacdo da glicemia; seus efeitos
estdo relacionados, por exemplo, ao aumento da captagdo de glicose sanguinea pelos diferentes
tecidos corporais (De Maria; Moreira & Marcilio, 2011).

Trata-se de uma patologia grave e de alta prevaléncia mundial. Dados do primeiro
relatério global da Organizacdo Mundial de Saude (OMS) apontaram que de 1980 a 2014 o
numero de adultos vivendo com a diabetes quadruplicou, alcangando a marca de 422 milhdes
de pessoas em todo o mundo. A expectativa ¢ que em 2030 a diabetes atinja aproximadamente
438 milhdes de pessoa (OMS, 2016). O aumento da prevaléncia da diabetes foi marcante em
paises subdesenvolvidos e em desenvolvimento quando comparado aos paises desenvolvidos
(OMS, 2016). No Brasil, dados da Pesquisa Nacional de Saude (PNS), realizada em 2019,
revelaram que 12,3 milhdes de pessoas acima dos 18 anos foram diagnosticadas com a diabetes,
o que correspondeu a 7,7% da popula¢do brasileira (IBGE, 2019; Muzy, et.al., 2021).

De forma classica, a diabetes pode ser classificada em diabetes mellitus tipo 1 (DM1) e
diabetes mellitus tipo 2 (DM2). A DM2 ¢ mais comum em individuos acima dos 40 anos e
corresponde a 90% dos casos de diabetes diagnosticados. Esse tipo de diabetes ¢ caracterizado
por um quadro de resisténcia a insulina que pode estar associado a fatores genéticos, idade do
individuo, qualidade da dieta, niveis de atividade fisica, doengas pancreaticas ou endocrinas e
ao uso de certos medicamentos, como os esteroides. Ressalta-se ainda que a obesidade,
distirbio metabolico crescente na atualidade, exerce forte influéncia no quadro de resisténcia a
insulina e no desenvolvimento da DM2. A obesidade ¢ uma “epidemia” global caracterizada
pelo acimulo excessivo de gordura corporal (Rodacki, et.al. 2022). No Brasil, dados da PNS
revelaram que 60,3% da populagdo acima dos 18 anos estava com excesso de peso e que 25,9%
deste grupo etério ja apresentava obesidade (IBGE, 2019).

Com o aumento do tecido adiposo associado a condi¢do de obesidade, ha aumento da
producdo de citocinas pro-inflamatorias e de 4acidos graxos saturados ndo esterificados

circulantes. Esses processos geram um quadro cronico de inflamagao e provocam a ativacao de
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certas proteinas quinases que interferem na cascata de sinalizagdo comandada pela insulina,
causando a resisténcia dos tecidos a a¢ao desse hormodnio (Santos; Ferrianei & Mill, 2021).

O aumento de casos de obesidade e, consequentemente, da DM2 nas ultimas décadas pode
ser associado as mudancgas no padrdo de alimentagdo, diminui¢do da atividade fisica e maior
sucetibilidade genética (Figueiredo, et. al., 2021). O diagnostico e monitoramento da DM?2
englobam a dosagem da glicemia em jejum, glicemia casual, teste oral de tolerancia a glicose,
hemoglobiana glicada e glicose pos-prandial (Cobas, et.al., 2022).

A sintomatologia da DM2 ¢ bastante complexa e envolve diferentes mecanismos
fisiologicos. Como dito anteriormente, essa doenga ¢ caracterizada por um quadro de resisténcia
a insulina, onde a captagdo da glicose pelas células fica prejudicada. A consequéncia deste
quadro ¢ a hiperglicemia cronica, principal manifestacdo da doenga. Em decorréncia da
hiperglicemia ocorre o surgimento dos outros sintomas classicos da diabetes: poliuria,
polidipsia e polifagia (SBD, 2019).

A DM2 pode levar a manifestagdo de complicacdes agudas e cronicas. Dentre as
manifestagdes agudas pode-se citar a sindrome hiperglicémica pura ou ndo-cetdsica, a
cetoacidose diabética e a hipoglicemia. Ja as complicagdes cronicas da DM2 estdo relacionadas
as manifestacdes microvasculares, como retinopatias, nefropatias e neuropatias, apresentando
uma estreita relagdo com a cegueira e insuficiéncia renal. As manifestacdes macrovasculares
também sdo freqiientes e estdo associadas a aterosclerose, ao infarto, a gangrena e ao acidente
vascular cerebral (AVC). As complicagdes macrovasculares podem levar ao desenvolvimento
da doenca diabética vascular periférica, comumente associada aos pés diabéticos e casos de
amputagdo. Tais complicacdes sdo decorrentes da glicagdo de proteinas, desequilibrio do estado
redox celular, ativagdo da via dos poliodis e alteragdes hemodinamicas (Muzy, et.al., 2021; SDD,
2019).

O aumento da glicemia pode favorecer, através de um conjunto de reagdes nao enzimaticas,
a geracdo dos AGEs (Advanced Glication End-Products — Produtos Finais de Glicagdo
Avangada). Estes compostos sdo capazes de interagir com o endotélio vascular, diminuindo sua
elasticidade, alterando suas fun¢des vasodilatadoras e causando um processo inflamatério.
Estas alteracdes endoteliais sdo as responsdveis por parte das complicagdes vasculares
associadas 8 DM2. A hiperglicemia caracteristica da DM2 também pode favorecer a formagao
de espécies reativas de oxigénio (ROS - Reactive Oxygen Species), o que tem potencial para
aumentar a inflamagdo. A ativagdo da via dos polidis em decorréncia da hiperglicemia também

¢ uma manifestagdo frequente na DM2. Através dessa via metabolica a glicose ¢ reduzida a
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sorbitol pela enzima aldose-redutase, principalmente em nervos e olhos, podendo levar a
catarata diabética e neuropatias. As alteragdes hemodindmicas relatadas na DM2 referem-se
principalmente ao comprometimento da filtracdo glomerular (SBD, 2019; Amorim, et. al,
2019).

O tratamento da DM2 ¢ baseado no controle dos niveis glicEémicos, evitando o surgimento
das complicagdes cronicas da doenga; para isso, apoia-se em trés pilares: dieta, pratica de
atividade fisica e uso de medicamentos. Em relagdo ao primeiro pilar, recomenda-se uma dieta
hipocaldrica, com elevado teor de fibras, sendo necessario evitar alimentos com alto indice
glicémico e industrializados (Arauajo, et al,. 2000; SBD, 2019; Figueiredo, et, al., 2021). A
atividade fisica também ¢ parte importante do tratamento, pois melhora a sensibilidade a
insulina. Vale ressaltar que o nivel de exercicio varia entre os individuos e deve ter o respaldo
de um profissional capacitado, que leve em consideragao as complicagdes decorrentes da DM2.
A terapia medicamentosa consiste no uso de diferentes classes de hipoglicemiantes orais e, em
alguns casos, de insulina exdgena (Araujo, et al,. 2000; SBD, 2019; Figueiredo, et, al., 2021).

Por se tratar de uma doenca cronica e com desdobramentos graves, a diabetes impacta de
forma significativa ndo s6 no or¢amento familiar, como também nos gastos associados ao
sistema de saude. Com base nas diretrizes da Sociedade Brasileira de Diabetes (SBD) referentes
aos anos de 2019 e 2020, estima-se que em 2040 os gastos com o tratamento da DM cheguem
a US$ 29 bilhdes. As despesas com o tratamento ambulatorial de individuos com diabetes no
Sistema Unico de Satide (SUS) em 2015 foram de US$ 2.108 e a tendéncia é que nos proximos
anos este montante aumente (SBD, 2019).

Além dos custos econdmicos da diabetes, devemos considerar que se trata de uma doenca
com impacto intangivel na vida das pessoas e de seus familiares, comprometendo de forma
severa a qualidade de suas vidas. As complicagdes cronicas da diabetes podem tornar o
individuo incapacitado para o trabalho ou com limita¢des em seu desempenho profissional, o
que impacta diretamente na autoestima do individuo e aumenta os gastos do sistema publico de
satide e com aposentadorias precoces (SBD, 2019).

Considerando o alto custo do tratamento da DM2, cada vez mais se faz necessario o
desenvolvimento de terapias alternativas para o controle da doenga. Neste contexto, o uso de
plantas medicinais torna-se uma alternativa interessante. Trata-se de um habito incorporado as
mais variadas culturas e que se fundamenta em diferentes efeitos terapéuticos associados a estes
produtos. Dentre as ervas que podem ser potencialmente utilizadas para o tratamento da DM2

estdo as espécies pertencentes ao género Baccharis, conhecidas como carquejas.
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Baccharis trimera

Dentre as espécies vegetais amplamente utilizadas pela populagdo para o tratamento da
diabetes figuram as do género Baccharis, conhecidas com a denominagdo de carquejas. No
Brasil, estdo descritas cento e vinte espécies de Baccharis distribuidas majoritariamente na
regido sul; destas, apenas cerca de trinta tiveram suas atividades bioldgicas estudadas (Barroso,
1976; Verdi; Brighente & Pizzolatti, 2005). Essas espécies tém porte arbustivo, com altura entre
0,5 e 4,0 metros. Esses arbustos sdo bem ramificados na base e possuem caules e ramos verdes
com expansoes trialadas. As inflorescéncias sdo do tipo capitulo, dispostas lateralmente nos
ramos, e apresentam coloracdo esbranquicada (Lorenzi & Matos, 2002).

Dentro do género Baccharis, a espécie mais importante e amplamente estudada ¢ a carqueja
amarga, conhecida cientificamente como Baccharis trimera (Less.) DC ou Baccharis
genistelloides var. trimera (Less.) Baker (Borella et al.,, 2006). No Brasil, as amostras de
carqueja comercializadas no varejo, embaladas em sacos plasticos ou em caixas contendo
sachés para a confec¢do de chas, sdo normalmente designadas como pertencentes a essa espécie
(Baccharis trimera). Essa erva faz parte da Relagdao Nacional de Plantas Medicinais de Interesse
ao SUS (RENISUS), na qual figuram as espécies vegetais com potencial para o desenvolvimento
da cadeia produtiva a fim de gerar produtos de interesse ao SUS (Sistema Unico de Saude)

(Brasil, 2006). A Figura 1 apresenta a Baccharis trimera.

Figura 1: Carqueja amarga (Baccharis trimera)
Fonte: http://agronomoalcimar.blogspot.com/2014/09/carqueja-baccharis-trimera.htm]
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Embora muito utilizada popularmente, ressalta-se que diferentes espécies semelhantes
morfologicamente sdo denominadas de carqueja e que este fato ¢ potencialmente perigoso para
quem as consome (Simdes-Pires et al., 2005; Dresch et al., 2006). Corroborando com esta
afirmativa, um estudo com diferentes espécies do género Baccharis demonstrou que os extratos
de B. coridifolia, B. megapotamica, B. spicata, B. dracunculifolia, B. leucopapa e B. patens
apresentaram sinais de toxicidade, que foi verificada de acordo com o nimero elevado de
camundongos mortos apds a ingestdo dos extratos. Outras espécies como B. uncinella, B.
tridentata, B. articulata e B. usterii ndo apresentaram efeitos toxicos significativos para
provocarem a morte dos animais de estudo (Sebold & Bianchi, 1997).

Outra espécie do género muito confundida com a carqueja amarga € a B. coridifolia, que
apresenta grande toxicidade e pode causar lesdes necroticas no tubo gastrointestinal e em
tecidos linfoides, podendo inclusive provocar morte (Varaschin et al., 1998; Dresch et al,
2006). A Baccharis myriocefala também ¢ uma espécie comumente confundida com a
Baccharis trimera por conta de sua semelhanga morfologica, porém bem menos estudada.
Efeitos nocivos desta espécie ndo sdo referenciados na literatura.

O uso medicinal da carqueja data de 1931, onde a infusdo de suas folhas era indicada
para o tratamento da esterilidade feminina e da impoténcia sexual masculina, além de sua
infusdo possuir propriedades tonicas, febrifugas e estomaticas (Lorenzi & Matos, 2002). Além
das propriedades terapéuticas citadas, diferentes estudos apontam os beneficios do uso da
infusdo de carqueja amarga para o tratamento de problemas hepaticos, disfungdes estomacais e
intestinais, para diabetes, obesidade e reumatismo (Soicke & Leng-Peschlow, 1987; Auler,
2004). Destaca-se ainda a a¢do anti-inflamatéria (Gené, Marin & Adzet, 1992) e antimicrobiana
(Bara & Vanetti, 1998), hipoglicemiante (Xavier, Peckolt & Canali, 1967; Oliveira et al., 2005;
Dickel, Rates & Ritter, 2007), anti-helmintica, contra anorexia, gripe, resfriado, assim como
para o tratamento de feridas e ulceragdes, entre outras fungdes (Dresch et al., 2006).

Tais propriedades sdo associadas a uma composi¢do quimica rica em compostos
fenodlicos, tais como hispidulina, rutina, eupatorina, luteolina, nepetina, cirsimaritina, cirsiliol,
apigenina,  eriodictiol, = 5-OH-3’,4’,6,7-tetra-metoxi-flavona,  quercetina, 4,4’-di-O-
metilapigenina,  3-O-metilquercetina,  5,6-di-hidroxi-7,3’,4’-trimetoxi-flavona,  4cido
cumaroilquinico, acido 3,5-di-O-cafeoilquinico, acido 3,4-di-O-cafeoilquinico, acido 4,5-di-O-
cafeoilquinico, acido 5-O-feruloilquinico, 4cido 3-O-isoferuloilquinico, 4&cido 5-O-

isoferuloilquinico, 6(8)-C-furanosil-8(6)-C-hexosil-flavona e 6(8)-C-hexosil-8(6)-C-furanosil-
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flavona (Soicke & Leng-Peschlow, 1987; Gené et al., 1996; Borella et al., 2006; Baffa & Rocha,
2010; Araujo et al., 2016).

Os compostos fendlicos sdo encontrados em abundancia nos alimentos de origem vegetal e
apresentam potencial atividade antioxidante e propriedades antitumoral, antiviral e bactericida.
Além destas propriedades, destaca-se a contribuicdo deste grupo para a reducdo das
concentragdes de colesterol total e LDL-colesterol e agdo anti-inflamatoria, o que ¢
especialmente interessante para o tratamento de DM2 (Vargas & Bellaver, 2022). Além disso,
a acdo isolada de alguns destes compostos frente aos niveis de glicemia também se mostrou
promissora. Wang e colaboradores (2010) demonstraram que a quercitina, ja identificada na B.
trimera, ¢ um inibidor potente da enzima a-glicosidase, o que reforca a utilizagdo desta espécie
para o tratamento da diabetes como um agente hipoglicemiante.

Além da infusdo, o 6leo essencial de carqueja amarga possui compostos aos quais ja foram
atribuidas importantes atividades farmacologicas, tais como a¢ao miorrelaxante, antidepressiva,
anti-inflamatoria, ansiolitica, hipotensiva, hipocolesterolémica etc. (Dresch et al., 2006; Karam
et al., 2013). Esses compostos pertencem ao grupo dos compostos terpénicos, que € constituido
de metabdlitos vegetais originarios da condensacdo de unidades isoprénicas. Até o momento,
56 compostos terpénicos ja foram identificados na fracdo volatil das folhas de Baccharis
trimera (Tabela 1). De acordo com sua estrutura quimica, esses compostos podem ser
classificados em quatro grupos: monoterpenos, monoterpenos oxigenados, sesquiterpenos e
sesquiterpenos oxigenados. A distribuicdo dos compostos ja identificados no 6leo essencial da

carqueja amarga nestas classes esta descrita na Figura 2.
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= Sesquiterpenos = Sesquiterpenos Oxigenados = Monoterpenos Oxigenados = Monoterpenos

Figura 2: Distribuicdo de compostos terpénicos identificados nos 6leos essenciais de Baccharis

trimera.

Fonte: Autora (2022)

Como pode ser verificado na Figura 1, os sesquiterpenos sdo 0s compostos

predominantes, representando 42,86% do contetido desses 0leos essenciais de carqueja amarga.
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Tabela 1: Compostos terpénicos identificados nos 6leos essenciais de Baccharis trimera

Sesquiterpenos Sesquiterpenos Monoterpenos Monoterpenos Oxigenados
Oxigenados
Aromadendreno!->67# B —Eudesmol>*>67 p-Cimeno* Acetato de carquejila-24567
Biciclogermacreno!>*7:8 Globulol'238 Limoneno**>® Acetato de nerila’
-Bisaboleno® . .
p Guaiol! B-Mirceno!->348 Borneol®
a-Cadineno®’ .
Ledol?3#58 E-B-ocimeno!-># Carenol’
-Cadineno'?® . . .
Y Oxido humuleno '+ Trans-Ocimeno®’ Carquejol®*

8-Cadineno'
a-Cadinol!#*68
a-Calacoreno!
B-Cariofileno®>7#
G-Copaenol .8
B'Elemen01=2,3,4,5,6,7,g
a-Germacreno®
Germacreno-B?
Germacreno-D!-3368
5-Guaieno®
Trans-B-gUaien01
v-Gurjuneno?
3-Gurjuneno®
v-Himachaleno?
o-Humuleno!>-%8
y-Muuroleno!?
Oxido cariofileno!'*+3

a-Selineno®

B-Selineno!4#

Palustrol*>67

Viridiflorol**%78

a-Pineno!?*
B-Pireno! 23436738
Sabineno >3*

y-Terpineno*?

a-Tujeno?

Trans-carveol’
Elemol?°
Epiglobulol!%?
Epi-o-muurolol*
Espatulenol!-3436.78
Geranial®
Mirtenol'
Neral®
o-Terpineol**

Terpinen-4-ol*

1 - Garcia, 2013; 2 - Simoes—Pires et al., 2005; 3 - Couto, 2014; 4 - Trombin-Souza et al.,2017, 5 - Santo et al.,
2014; 6 - Mossi et al., 2015; 7 - Amaral et al., 2010; 8 - Della Torre, 2013.

Fonte: Autora (2022)



A literatura aponta que os 6leos essenciais sao obtidos a partir das partes areas da planta
€ o processo para obtencdo destes 6leos ¢ a hidrodestilacio em aparelho de Clevenger. Ja a
quantificagdo e identificacdo dos compostos terpénicos tém sido realizadas com o auxilio das
técnicas de cromatografia gasosa com detector de ionizagdo em chama (CG/DIC) e/ou
cromatografia gasosa acoplada a espectrometria de massas (CG/EM) (Simdes-Pires et.al., 2005;
Amaral et al., 2010; Della Torre, 2013; Garcia, 2013; Couto, 2014; Santo et al., 2014; Mossi et
al., 2015; Trombin-Souza et al, 2017).

Dentre os compostos listados na Tabela 1, alguns merecem destaque por seu percentual
na composi¢ao do 6leo essencial, sua frequéncia de ocorréncia nesta espécie e sua bioatividade.

Estes compostos estdo descritos na Tabela 2.

Tabela 2: Concentragdo e propriedades farmacologicas dos principais compostos terpénicos do

Oleo essencial de Baccharis trimera

Composto | % Oleo essencial | Propriedade Farmacolégica
-pineno 0,72 — 23,41:234567  Atividade miorrelaxante; antimicrobiana; antidepressiva;
p 2 2 b p
antiespasmodica; anti-inflamatéria; ansiolitica,
anticonvulsante e hipotensiva®®!%!!
Limoneno 2,03 —5,91267 Atividade antibacteriana; atividade antifiingica; atividade
antitumoral; atividade acaricida; atividade
inseticida!21314.15.16.17
Carquejol 0,4 — 73,6416 Hipocolesterolémico'®

Germacreno-D 0,74 — 11,441:234567 Inseticida contra mosquitos; repelente contra afideos e

carrapatos; a¢do antibacteriana; fungicida??34%

Espatulenol 0,54 — 10,631:234367 Propriedades antibacterianas e moderada atividade
citotoxica'’
Ledol 2,29 —4,6157 Fungicida, anti-inflamatério®®*"28
Globulol 1,83 —6,9'35 Propriedade fungistatica®
Acetato de carquejila 19 — 60,527 Nd

B-elemeno 0,15 —1,831:2367 Atividade antiproliferativa em células HeLa em
humanos, atividade antioxidante?!
Biciclogermacreno 0,15 —20,92 123567 Nd
Aloaromadendreno 0,23 —2,06%33 Nd
Palustrol 5,48 —11,16'57 Nd
Viridiflorol 1,15 — 4222567 Nd
d-cadineno 0,26 — 6,44%>6 Nd
a-cadinol 1,39 - 3,34356 Fungicida?®!
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Nd- Nio determinado Couto, 2014'; AmaraL et al., 2010%; Garcia, 20133; Paroul, 2016*; Della Torre, 2013°; Mossi
etal.,2015% Santo et al., 20157; Silva et al.,20138; Guzman-Gutiérrez et al., 2012°; Almeida et al.,2003'°; Menezes
et al., 2009'"; Kim; Marshall; Wei, 1995'%; Arruda et al., 2006'%; Ibrahim et al., 2001'%; Vandersen et al., 2014'3;
Aggarwal ; Shishodia, 2006'%; Uedo et al., 1999'7; Abreu, 1994'8; Limberger et al., 2004'%; Aleu, 2001%°; Gong et
al., 2015%'; Noge; Becerra, 2009?2; Sahin et al., 2004%; Zarai et al., 2011?*; Simdes-Pires ef al., 2005%; Baananou
et al.,2014%%; Pinheiro et al.,2011%7; Kaplan et al., 2000?

Fonte: Autora (2022)

Como foi possivel verificar na Tabela 2, os compostos terpénicos predominantes no 6leo
essencial da carqueja amarga sdo o carquejol e o acetato de carquejila. O carquejol,
administrado em ratos de forma intraperitoneal, foi capaz de reduzir os niveis de colesterol
sanguineo de 5 — 10% (Abreu, 1994). Além disso, esse composto e seu éster (acetato de
carquejila) também sdo considerados marcadores quimicos importantes da Baccharis trimera
(Silva et al., 2013).

Outro composto relevante € o f-pineno que apresenta concentragdes elevadas no 6leo
essencial de carqueja amarga. Estudo conduzido por Santos e colaboradores (2022) demonstrou
que este composto, quando administrado por via oral em ratos diabéticos, apresentou efeitos
hipoglicémicos e hipolipénicos, além de agdo anti-inflamatoria potente (Santos, et.al, 2022).

O germancreno D e o espatulenol também apresentaram percentuais significativos no
6leo essencial de carqueja amarga. A ambos os compostos sdo atribuidas principalmente
atividades antibacterianas (Becerra, 2009; Sahin et al., 2004; Zarai ef al., 2011). Os compostos
palustrol e biciclogermancreno também foram encontrados em concentracdes importantes em
alguns dos estudos disponiveis na literatura (vide Tabela 2).

Como visto, a composic¢do terpénica da Baccharis trimera ¢ bastante rica e parte destes
compostos pode ser associada a efeitos bioldgicos importantes que ajudam a explicar as
propriedades terapéuticas atribuidas a esta matriz. Estudos que visam caracterizar
quimicamente esta matriz tornam-se relevantes por possibilitarem a identificagdo da planta de
maneira inequivoca, a deteccdo de fraudes e um uso mais consciente deste tipo de planta pela

populagdo.
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A carqueja amarga (Baccharis trimera) possui amplo uso na medicina alternativa e na fitoterapia. Os componentes

do oleo essencial de suas folhas tém potencial para figurarem entre os principios ativos mais importantes dessa

erva ¢ alguns deles também podem funcionar como marcadores quimicos da espécie. Sendo assim, o objetivo do

presente estudo € estabelecer a composi¢do quimica e avaliar o potencial toxicolégico e a capacidade antioxidante
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dos 6leos essenciais de amostras de carqueja comercializadas na cidade do Rio de Janeiro na forma de sachés,
comparando os resultados com os obtidos para 6leos essenciais de referéncia para essa espécie. Os dleos essenciais
dessas amostras em sachés foram isolados por hidrodestilacdo e analisados através de técnicas cromatograficas
(CG/DIC e CG/EM), espectrofotométricas (DPPH) e pelo teste com Artemia salina. Nesse estudo, 41 compostos
foram identificados nos 6leos essenciais analisados. Os compostos terpénicos foram os majoritarios e apenas o
acetato de carquejila, o palustrol, o espatulenol e o f-eudesmol foram detectados em todas as amostras avaliadas.
A variabilidade quimica dos 6leos essenciais das amostras de sachés dificultou a avaliagdo de sua autenticidade.
Os potenciais antioxidantes de todos os 6leos essenciais avaliados mostraram-se bem inferiores as capacidades
antioxidantes medidas para os controles positivos de rutina e 4cido galico (Clso-0,093 mg mL" e 0,0085 mg mL-
!, respectivamente). Todos os 6leos essenciais analisados podem ser classificados como citotoxicos com base no
teste de toxicidade com Artemia salina.

Palavras-chave: Baccharis trimera; sachés; 6leos essenciais; toxicidade; bioatividade.

Abstract

The bitter carqueja (Baccharis trimera) is widely used in alternative and herbal medicine. The essential oil
components of its leaves could be included among the most important active principles of this herb and some of
them can also be used as chemical markers of the species. Therefore, the aim of the present study is to establish
the chemical composition and evaluate the toxicological potential and antioxidant capacity of essential oils from
carqueja samples commercialized in Rio de Janeiro city as sachets, comparing these results with those obtained
for essential oils classified as reference for this species. The essential oils from these sachet samples were isolated
by hydrodistillation and analyzed by chromatographic techniques (GC/FID and GC/MS), spectrophotometric
techniques (DPPH) and by the Artemia salina test. In the present study, 41 compounds were identified in the
essential oils analyzed. Terpenic compounds were the majority and only carquejil acetate, palustrol, spathulenol
and B-eudesmol were detected in all the samples evaluated. The chemical variability of the essential oils in the
sachet samples turned difficult to assess their authenticity. The antioxidant potentials of all essential oils evaluated
were much lower than the antioxidant capacities measured for the positive controls of rutin and gallic acid (ICso =
0.093 mgmL™! and 0.0085 mg mL"!, respectively). All essential oils analyzed can be classified as cytotoxic agents
according to the Artemia salina toxicity test.

Keywords: Baccharis trimera; sachets; essential oils; toxicity; bioactivity.

Resumen

La carqueja amarga (Baccharis trimera) es muy utilizada en la medicina alternativa y fitoterapia. Los componentes
del aceite esencial de sus hojas podrian incluirse entre los principios activos mas importantes de esta hierba y
algunos de ellos también pueden usarse como marcadores quimicos de la especie. Por lo tanto, el objetivo del
presente estudio es establecer la composicion quimica y evaluar el potencial toxicoldgico y la capacidad
antioxidante de los aceites esenciales de muestras de carqueja comercializados en la ciudad de Rio de Janeiro en
forma de sobres, comparando estos resultados con los obtenidos para los aceites esenciales clasificados como
referencias para esta espécie. Los aceites esenciales de estas muestras de sobres fueron aislados por
hidrodestilacion y analizados por técnicas cromatograficas (CG/DII y CG/EM), técnicas espectrofotométricas

(DPPH) y por la prueba de Artemia salina. En el presente estudio, se identificaron 41 compuestos en los aceites
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esenciales analizados. Los compuestos terpénicos fueron mayoritarios y solo se detectaron acetato de carquejila,
palustrol, espatulenol y B-eudesmol en todas las muestras evaluadas. La variabilidad quimica de los aceites
esenciales en las muestras de los sobres hizo dificil evaluar su autenticidad. Los potenciales antioxidantes de todos
los aceites esenciales evaluados fueron mucho mas bajos que las capacidades antioxidantes medidas para los
controles positivos de rutina y acido galico (ICso = 0,093 mg mL! y 0,0085 mg mL"!, respectivamente). Todos los
aceites esenciales analizados pueden clasificarse como agentes citotoxicos segun la prueba de toxicidad de Artemia
salina.

Palabras clave: Baccharis trimera; bolsitas; aceites esenciales, toxicidad; bioactividad.

1. Introducio

As ervas s3o muito usadas pelo povo brasileiro para aliviar ou curar varias doengas,
como por exemplo, enfermidades renais, reumatismo e diabetes (Rodrigues et al., 2001). Como
exemplo de tais ervas podemos destacar as carquejas (g€nero Baccharis). Esse género
pertencente a familia Asteraceac e contém aproximadamente 500 espécies distribuidas
principalmente no Brasil, Argentina, Colombia, Chile e México (Verdi et al., 2005). No
territorio brasileiro estdo descritas 120 espécies desse género distribuidas majoritariamente na
Regido Sul (Barroso, 1976; Verdi et al., 2005).

Das espécies de carqueja conhecidas, somente 30 foram avaliadas quanto as suas
propriedades biologicas (por exemplo, potencial analgésico, antidiabético, anti-inflamatorio,
antioxidante, citotdxico e inseticida) (Karam et al., 2013). Dessas espécies, a Baccharis trimera
(Less.) DC, também conhecida como Baccharis genistelloides var. trimera (Less.) Baker,
merece destaque pelo grande potencial medicinal que apresenta (Borella et al., 2006). Essa erva
¢ conhecida popularmente como carqueja amarga e faz parte da lista RENISUS (Relagdo
Nacional de Plantas Medicinais de Interesse ao SUS),na qual figuram as espécies vegetais com
potencial para o desenvolvimento de cadeia produtiva a fim de gerar produtos de interesse ao
SUS (Sistema Unico de Satade) (Brasil, 2008).

As diferentes espécies de ervas, entre elas a carqueja amarga, sdo normalmente
comercializadas secas e inteiras pelo produtor. Elas sdo adquiridas por firmas atacadistas ou
por laboratorios. A partir destas espécies sdo produzidos remédios ou complementos
alimentares. Comercialmente, a apresentacdo mais simples desses produtos naturais ¢ a forma
de sachés, na qual a erva seca e moida ¢ utilizada para a preparagdo de infusdes.

O controle de qualidade exercido pela maioria das empresas brasileiras que trabalham
com plantas medicinais considera apenas as caracteristicas visuais das drogas que
comercializam, assim, os critérios que compdem o controle de qualidade sdo: intensidade da

cor, grau de fragmentagdo e porcentagem de material estranho. No caso das plantas aromaticas,
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também o aroma ¢ considerado. Os critérios utilizados atualmente ndo costumam ser suficientes
para garantir a qualidade e a autenticidade dos produtos finais que sdo comercializados (De
Souza, Lionzo, & Petrovick, 2006). A avaliagdo da composi¢ao quimica de fragdes especificas
dessas ervas, tal como seu 6leo essencial (fracdo volatil), pode ser um instrumento interessante
para garantir a identificacdo inequivoca das espécies e evitar fraudes.

Os oleos essenciais sdo conhecidos desde a antiguidade, época em que eram utilizados
como esséncias. Atualmente encontram aplicagdo em diferentes seguimentos industriais, como
o farmacéutico, de alimentos e de cosméticos. Esses dleos essenciais correspondem a misturas
complexas de compostos volateis (principalmente compostos terpé€nicos) extraidos das
glandulas secretoras de diferentes partes dessas plantas, como folhas e flores. Muitos desses
compostos possuem acdo farmacoldgica cientificamente comprovada e, também, potencial
toxico (Borges, & Amorim, 2020).

A carqueja amarga (Baccharis trimera) possui varios compostos terpénicos bioativos
em seu Oleo essencial: B-pineno, palustrol, ledol, espatulenol, carquejol, acetato de carquejila,
dentre outros (Amaral et al., 2010). O espatulenol, por exemplo, possui acdo citotoxica e
bactericida (Limberger et al., 2004). O B-pineno também possui a¢do bactericida (Mariano et
al., 2019). O carquejol, administrado em ratos de forma intraperitoneal, foi capaz de reduzir os
niveis de colesterol sanguineo de 5 — 10% (Abreu, 2002). Além disso, esse composto
(carquejol) e seu éster (acetato de carquejila) também sdo considerados marcadores quimicos
importantes da Baccharis trimera (Silva et al., 2013).

Com tudo que foi exposto acima, fica facil entender a importancia de caracterizar as
ervas medicinais comercializadas no Brasil através da realizagdo de andlises quimicas em
algumas de suas fragdes. Dessa forma, este trabalho tem como objetivo caracterizar
quimicamente os Oleos essenciais de amostras comerciais de carqueja amarga vendidas na

forma de sachés, avaliando seu potencial antioxidante e toxicologico.

2. Metodologia

AMOSTRAS

Foram obtidas cinco amostras comercializadas na forma de sachés sob a designacdo de
Baccharis trimera, provenientes das principais marcas disponiveis em supermercados, lojas de
produtos naturais e farmdacias na cidade do Rio de Janeiro. As amostras de cada uma dessas

marcas foram coletadas em trés diferentes pontos de comercializagdo. Para cada marca, as
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amostras obtidas nos diferentes pontos de comercializagdo foram reunidas e homogeneizadas
através do método do quarteamento (Viana; Avelar, 2010) para a obtencdo do material a ser
analisado. Todas as cinco marcas com as quais o trabalho foi desenvolvido (S1, S2, S3, S4 e
S5) eram comercializadas dentro de caixas com dez a quinze sachés contendo cada um cerca
de 1,0 g da erva. Dentro desses sachés, o material se apresentava seco e finamente moido.
Também foram obtidos dois frascos de oleo essencial de carqueja amarga, ambos do
lote 0814, da empresa Lazlo Aromaterapia Ltda, Brasil. Os 6leos essenciais contidos nesses
frascos foram utilizados como referéncia para fins de compara¢do com os 6leos essenciais que

foram obtidos das cinco amostras de carqueja amarga comercializadas na forma de sachés.

MATERIAIS

O solvente acetato de etila (99,9% de pureza) e os padrdes externos dos compostos
volateis [acido hexadecandico (99%), B-cariofileno (98,5%), limoneno (97%) e metil-eugenol
(98%)] foram adquiridos da Sigma-Aldrich (Milwaukee, WI, EUA). A mistura de alcanos
saturados de Co-Cazs, usada como marcadora de indice de retengdo, foi adquirida da Supelco

(Bellefonte, PA, EUA).

ISOLAMENTO DOS OLEOS ESSENCIAIS DAS AMOSTRAS DE CARQUEJA

A extragdo dos 6leos essenciais foi realizada por hidrodestilagdo em aparelho tipo
Clevenger em um baldo de dois litros, contendo 70 g de amostra comercial e 700 mL de dgua
destilada, por duas horas a uma temperatura de 100°C. Depois que a agua foi eluida do aparelho
de Clevenger, o 6leo essencial foi captado através de lavagem com 10 mL de acetato de etila.
Ap0s eliminagdo da agua residual com sulfato de s6dio anidro, esse solvente foi eliminado por
arraste com nitrogénio industrial. Os 6leos essenciais foram armazenados em temperatura de

cerca de - 4°C at¢ a realizagdo das analises (Souza et al., 2019).

CROMATOGRAFIA GASOSA COM DETECTOR DE IONIZACAO EM CHAMA
(CG/DIC)

As analises de CG/DIC foram realizadas em um cromatografo GC-2010Plus (Shimadzu,
Japao). Os compostos volateis contidos nos 6leos essenciais foram separados em uma coluna
capilar de silica fundida (30 m x 0,25 mm d.i.) revestida de dimetil-poli-siloxano (100%), com
espessura de filme de 0,25 pm (SPB-1, Supelco, EUA). A temperatura do forno cromatografico

foi programada inicialmente para permanecer a 60°C por cinco minutos. Depois, a temperatura
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aumentou de 60°C para 120°C a uma taxa constante de 2°C/minuto, sendo mantida por dez
minutos nessa ultima temperatura. Finalmente, a temperatura foi programada para subir
novamente a uma taxa de 5°C/minuto até a temperatura final de 230°C, na qual o forno foi
mantido por 30 minutos. A temperatura do injetor foi fixada em 230°C, enquanto a temperatura
do detector foi mantida em 240°C. O gas hélio foi usado como gas carreador em um fluxo de
1,0 mL minuto™. As inje¢des dos 6leos essenciais foram realizadas em split de 1:20. Os indices
de retencdo dos compostos na coluna foram estimados pelo método de Kovats modificado (Van
Den Dool; Kratz, 1963), com o auxilio da mistura de alcanos saturados mencionada
anteriormente (1.000 ug mL' de cada componente em hexano). As concentragdes dos
compostos volateis dos dleos essenciais foram estimadas com base na area percentual relativa
de seus picos cromatograficos em relacdo a area total do cromatograma (método de

normalizagdo de area).

CROMATOGRAFIA GASOSA ACOPLADA A ESPECTROMETRIA DE MASSAS
(CG/EM)

As andlises de espectrometria de massas por impacto de elétrons foram desenvolvidas
em um sistema de cromatografia gasosa acoplado a espectrometria de massas do tipo GC-
2010Plus/GCMS-QP2010 da Shimadzu (Japao). A coluna e as condigdes cromatograficas
foram as mesmas descritas para as andlises de CG/DIC. O espectrometro de massas operou em
uma voltagem de ionizag¢do de 70 eV, realizando varreduras nos fragmentos na faixa de 30 a
400 m/z, em ciclos de 3 décimos de segundo. As temperaturas da fonte de ions e da interface
com o CG foram mantidas em 240°C. A identificacdo dos espectros de massas dos compostos
em analise baseou-se na comparagdo com os dados disponiveis nas bibliotecas NIST12.lib e
NIST62.1ib, disponiveis no software gerenciador desse sistema de CG/EM. A identificagdo foi
complementada com a coeluigdo com padrdes externos disponiveis no laboratorio e pela

comparagao dos indices de Kovats calculados com aqueles disponiveis na literatura.

ANALISE DA CAPACIDADE ANTIOXIDANTE (Clso)

A metodologia usada para a analise do potencial antioxidante dos dleos essenciais foi a
descrita por MIRANDA et al., (2016). Os oleos essenciais foram diluidos em metanol nas
seguintes concentragdes: 10, 50, 100 e 200 ug mL!. A atividade antioxidante foi determinada
apos a mistura de 167uL de cada solugao com 1333 pL de solugdo de trabalho de DPPH (2,2-
difenil-1-picril-hidrazil, Sigma, EUA), com absorbancia de 0,750 + 0,15 (volume total de 1,5
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mL). A absorbancia foi mensurada em espectrofotometro digital (EDUTEC EEQ-9023, Brasil)
no comprimento de onda de 515 nm, apds 60 minutos de reagdo. A Clso (concentragdo de 6leo
essencial que reduz o contetdo de radicais DPPHe em 50%) foi calculada através de uma curva
de regressao linear. A solucdo de trabalho de DPPH foi feita a partir de uma solug¢ao estoque de

DPPH (0,4 mg mL™). Acido galico e rutina foram utilizados como controles positivos.

TESTE DE TOXICIDADE AGUDA EM ARTEMIA SALINA

O teste de toxicidade aguda em Artemia salina foi realizado através da metodologia
adaptada de Nascimento et al. (2015). Uma solu¢do salina (4gua do mar) foi filtrada e usada
como meio para a eclosdo dos ovos de 4. salina. Os ovos foram colocados para eclosdo na
solugdo salina filtrada por 48 horas, com aera¢do constante, temperatura ambiente e com
iluminac¢ao artificial (lampada do tipo LED branca). Para a execucdo do teste, foram separadas
10 larvas de 4. salina para cada tubo de ensaio. Em seguida, foram transferidas aliquotas de
100puL das solugdes (microemulsdes) de cada oleo essencial em metanol para tubos de ensaio
que foram avolumados para 5 mL, com dgua do mar filtrada. Os 6leos essenciais foram testados
em diferentes concentragdes: 5, 50, 100, 150, 200 e 300 pg mL™'. Cada uma dessas
concentragdes foi testada em triplicata, sendo a contagem dos animais mortos e vivos realizada
apos 24 horas. O teste foi acompanhado de dois controles negativos, (1) somente dgua salina e
(2) 4gua salina adicionada de 100 pL de metanol, e de um controle positivo, com dicromato de
potassio (K>Cr207). Foi feita uma curva de regressao linear para o calculo da DLso (dose letal

capaz de provocar a morte de 50% da populacdo em estudo).

ANALISE ESTATISTICA

Todas as andlises estatisticas foram realizadas com o auxilio do software Graph Pad
Prism 6.0. A existéncia de diferengas estatisticas significativas (p < 0,05) entre os grupos, com
relacdo as concentracdes de alguns dos compostos volateis analisados, foi avaliada pelo
emprego do teste t paramétrico ndo pareado com corre¢do de Welch. Os dados de toxicidade e
de atividade antioxidante também foram avaliados da mesma forma para verificagdo da

existéncia de diferencas estatisticas entre os grupos (p < 0,05).
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3. Resultados e Discussao

Os compostos volateis constituintes dos 6leos essenciais comerciais usados como
referéncia (grupo 1) e dos oOleos essenciais obtidos das amostras comerciais de carqueja
vendidas na forma de sachés (grupo 2) estdo listados na Tabela 1. O rendimento de extragdo
dos 6leos essenciais do grupo 2 variou de (0,13 £+ 0,02) g por 100 g de amostra.

Dos 41 compostos listados na Tabela 1 como componentes dos 6leos essenciais das
amostras analisadas, cinco (5) apareceram exclusivamente nas amostras do grupo 1 e vinte e
cinco (25) exclusivamente em uma ou mais amostras do grupo 2. Apenas quatro compostos (4)
foram detectados em todas as amostras analisadas de ambos os grupos (acetato de carquejila,
palustrol, espatulenol e B-eudesmol). A andlise estatistica de varidncia mostrou diferenca
significativa (p < 0,05) entre os grupos 1 e 2 com relagdo apenas as concentragdes dos
compostos acetato de carquejila e espatulenol. O acetato de carquejila apresentou-se em maior
concentragdo no grupo 1, enquanto que a concentracdo do espatulenol mostrou-se superior no
grupo 2.

Os compostos quimicos encontrados no grupo 1 foram classificados como
monoterpenos (4), monoterpenos oxigenados (2), sesquiterpenos (4) e sesquiterpenos
oxigenados (6). J& os compostos do grupo 2 foram classificados como monoterpenos (2),
monoterpenos oxigenados (3), sesquiterpenos (8), sesquiterpenos oxigenados (18), derivados
de fenil propeno (2), cetona (1) e acidos graxos (2). Os compostos terpénicos representaram a
classe quimica de maior ocorréncia nos dois grupos, com dezesseis componentes no grupo 1

(100,00%) e trinta e um componentes no grupo 2 (86,11%),).
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Tabela 1. Compostos volateis identificados nos 6leos essenciais usados como referéncia (grupo 1 - OR) e nos

6leos essenciais provenientes das amostras de B. trimera vendidas na cidade do Rio de Janeiro na forma de

sachés (grupo 2 - S).

Oleos essenciais de

Oleos essenciais obtidos das amostras contidas nos

referéncia sachés
Compostos IK | IKL [OR1| OR2 | (M£DP)% | S1 S2 S3 S4 S5 (M = DP) %
(%) | (%) @ | @ | @ | D |
B-PinenoMb< 965 | 980" |3,55| 3,53 | 3,54+0,01 | — [ 0061 | - 1 018 | - | 005+0,08
3-CarenoM®< 1014 | 1014> | 1,98 | 1,78 | 1,88+0,14 | —— | -
LimonenoMab: 1015 | 10152 | 2,06 | 1,92 | 1,99+0,10 | - | - = | 046 | -- | 0,09+0,21
cis-B-OcimenoM®< 1034 | 1040' | 2,82 | 2,64 | 2,73+0,13 | —— | -
CarquejolMObe 1134 | 1151° | 0,17 | 0,19 | 0,18+0,01 | 048 | 1,34 | 1,03 | 085 | - | 0,74+0,52
DL-MentolMObe 1151 ] 11513 | — 2,56 | - — | 051+1,14
4-Fenil-2-butanona®&CcAbe | 1152 11993 | - | - 0,50 | --- Lol | . — | 0,30+0,45
AnetolPFPbe 1220 | 1247 | = | - — | ILI8 | — 1 007 | — | 2,25+4,99
Acetato de carquejilaMObe | 1277 | 12934 | 47,7 | 51,09 | 49,40 +2,40¢| 3,80 | 4,82 | 3,64 | 284 | 042 | 3,10+ 1,66
Metil-eugenolPPPCAabe | 1363 | 1360' | --- | --- — | 203 | — 1009 | 0,13 | 045+0,88
B-ElemenoS< 1375 | 1384! | 4,61 | 4,66 | 4,64+0,04 | —— | 033 | - 1 033 | 0,10 | 0,15+0,17
CariofilenoS®b< 1400 | 1409° | - | - — | 0,63 | 142 | 123 | 048 | 0,75+0,58
Desidroaromadendreno®™© | 1429 | 14343 | - | - Lid | — = | 0,80 | -- | 039+0,54
B-CopaenoSh< 1459 | 14602 | 424 | 3558 | 391047 | — | -
(+)-Ledeno®: < 1463 | 1478% | - | - 1,241 1,29 | — | 0,56 | 037 | 0,69+0,56
ElixenoS< 1488 | 1488 [ 2,50 | 2,13 | 232026 | — | -
B-BisabolenoS* 1492 | 14923 | - | - 1,041 048 | - — 1 096 | 0,50+0,50
(-)-B-CadinenoSb< 1502 | 1509% | 1,05 | 0,87 | 0,96+0,13 | 1,54 | L06 | LI7 1 102 | - | 096+0,57
a-Calacoreno®< 1514 | 1517" | = | - LOS | 027 | — | 041 | 0,19 | 0,38+0,40
ElemolS0< 1530 | 1534° | 0,68 | 0,62 | 0,65£0,04 | — | -
PalustrolS©->< 1551 | 1550° | 8,17 | 7,89 | 8,03+0,20* | 13,15] 839 | 6,09 | 454 | 520 | 7,47+ 3,49
EspatulenolSOb< 1561 | 1572 | 0,3 | 032 | 0,31+0,01¢ | 1,65 | 10,64 | 16,49 | 12 70 | 23,39 | 12,97 +7,98"
EpiglobulolS9® 1571 1578 [ 3,03 | 2,83 | 293+0,14 | — | - — 227 = [045+1,02
ViridiflorolS0b< 1575 1578 | — | — — 1206 ] — [ 049 | 0,81 [ 2,69+530
Oxido de Cariofileno®®?¢ | 1578 | 15792 | — | - 11,141 0,46 | 2,62 | 121 | 239 | 3,56+4,32
GlobulolS©-"< 1579 | 1581 | — | - 3,72.1 021 | 4,10 | 023 | 24,10 | 6,47+ 10,03
LedolS0b< 1580 | 15822 | 2,14 | 1,95 | 2,05+0,13 | 469 | 445 | 6,62 | 310 | - | 3,77+245
b, glf)fo (s 1590 15441 | | e | | 10 | = ] 0224049
CubenolS®< 1600 | 1604° | — | - — 10,59 | 1,94 [ 2,10 | 0,80 [ 1,09+0,90
aloarorg.ei(digr(l)d(i:nOSO’b’C 1602 | 1595% | - - - e 140 - - 0,52£0,72
CedrenolSObe 1603 | 1604! | - | - L23 ) - | 1,94 | . — | 0,63+0,90
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isoaro%’;é‘;ggr‘gﬁoso,b& 1606 | 15122 | — | - LI9 1 — | L18 | 165 | 0,59 | 0,92+0,64
WidrolS0b< 1610 | 1597° | — | — — | 210 | — [ 042+094
tau-CadinolSO:b< 1612 | 16142 | - 126 | — | 025+0,56
a-Acorenol SO 1617 ] 1616* | — | - — | 047 | - — | 1,69 [ 043+0,73
B-EudesmolSOb< 1622 | 16223 | 3,67 | 3,93 | 3,8+0,18¢ | 401 | 3,96 | 415 | 285 | 298 | 3,59+ 0,62
7-Muurolo]S00< 1629 | 16283 | - - | 226 | 181 — | 081+1,13
LongifolenaldeidoSO*c | 1646 | 1631' | --- 241 106 | 197 | __. — | 1,09+1,11
trans-LongipinocarveolS®b< | 1656 | 16343 | - | - - 221 . ] 035 | 0,51+0,96
Acido hexadecanoico9ab< | 1968 | 1968% | --- | --- 5191 694 1 392 | 585 | 473 | 533+1,14
Acido LinoleicoA%:b< 2119 | 21153 | — == | 2,03 1 099 | 227 | 1,10 | 1,28+0,91

a - identificado por coeluigdo com compostos volateis padrdes; b - identificado pelos dados de espectrometria de massas; ¢ - identificado
pela comparacdo do indice de kovats calculado com o indice de Kovats teorico (literatura); IK — indice de Kovats modificado (Van
Den Dool, & Kratz, 1963); IKL- indice de Kovats da literatura; OR1 — 6leo essencial comercial 1 de referéncia; OR2 — 6leo essencial
comercial 2 de referéncia; S1 — 6leo essencial obtido a partir da amostra 1 comercializada na forma de saché; S2 — dleo essencial obtido
a partir da amostra 2 comercializada na forma de saché; S3 — 6leo essencial obtido a partir da amostra 3 comercializada na forma de
saché; S4 — dleo essencial obtido a partir da amostra 4 comercializada na forma de saché; S5 — 6leo essencial obtido a partir da amostra
5 comercializada na forma de saché; M — Monoterpeno; MO — Monoterpeno oxigenado; S — Sesquiterpeno; SO — Sesquiterpeno
oxigenado; CE — cetona; CA — composto aromatico; DFP — derivado de fenil propeno; AG — 4cido graxo;. Em uma mesma linha,
valores médios com letras gregas diferentes sdo estatisticamente distintos (p < 0,05). Fontes de obtengdo dos valores de IKL: 1 —
Pherobase; 2 - NIST; 3 — PubChem; 4 —Simoes-Pires et al., 2005; 5— ChemSpider.

Fonte: Autores (2022).
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As Tabelas 2 e 3 mostram os cinco compostos de maior concentragdo em cada uma das
sete amostras analisadas. Dos compostos majoritarios dos 6leos essenciais de referéncia (grupo
1), apenas o B-copaeno nao foi detectado em nenhum dos 6leos essenciais obtidos das amostras
comercializadas na forma de sachés (grupo 2). O B-elemeno também s6 foi detectado em trés
dos cinco 6leos essenciais do grupo 2. Os demais compostos majoritarios do grupo 1 (acetato
de carquejila, palustrol e B-eudesmol) estavam presentes em todas as amostras do grupo 2, com
destaque para o palustrol e o B-eudesmol. O palustrol apareceu como um dos cinco compostos
majoritarios de todas as amostras do grupo 2 e o -eudesmol figurou entre os cinco majoritarios

de quatro das cinco amostras desse segundo grupo.

Tabela 2. Compostos majoritarios dos dleos essenciais de carqueja amarga OR1, OR2, S1

e S2
OR1 (%) OR2 (%) S1 (%) S2 (%)
Acetato de Acetato de 51,0 12,16
carquejila 47,7 carquejila 9 Palustrol 13,15 Viridiflorol
Oxido de 11,18
Palustrol 8,17 Palustrol 7,89 cariofileno 11,14 Anetol
Acido 10,64
B-Elemeno 4,61 B-Elemeno 4,66 | Hexadecanoico 5,19 Espatulenol
B-Copaeno 4,24 B-Eudesmol 3,93 Ledol 4,69 Palustrol 8,39
Acido 6,94
B-Eudesmol 3,67 B-Copaene 3,58 B-Eudesmol 4,01 Hexadecanoico

ORI1 - dleo essencial comercial 1 de referéncia; OR2 — 6leo essencial comercial 2 de referéncia; S1 — 6leo
essencial obtido a partir da amostra 1 comercializada na forma de saché; S2 — 6leo essencial obtido a partir da
amostra 2 comercializada na forma de saché.

Fonte: Autores (2022).

Tabela 3. Compostos majoritarios dos 6leos essenciais de carqueja amarga S3, S4 e

S5
S3 (%) S4 (%) S5 (%)
Espatulenol 16,49 Espatulenol 12,70 Globulol 24,10
Acido
Ledol 6,62 Hexadecanoico 5,85 Espatulenol 23,39
Palustrol 6,09 Palustrol 4,54 Palustrol 5,20
Acido
B-Eudesmol 4,15 Ledol 3,10 hexadecandico 4,73
Globulol 4,10 B-Eudesmol 2,85 B-Eudesmol 2,98

S3 — 6leo essencial obtido a partir da amostra 3 comercializada na forma de saché; S4 — 6leo essencial
obtido a partir da amostra 4 comercializada na forma de saché; S5 — 6leo essencial obtido a partir da
amostra 5 comercializada na forma de saché.

Fonte: Autores (2022).

O carquejol e o acetato de carquejila s3o considerados marcadores quimicos da espécie
Baccharis trimera (Silva et al., 2013). A presenca desses dois compostos costuma ser

interpretada como um forte indicativo de que as amostras de carqueja sdo da espécie Baccharis
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trimera. Analisando a Tabela 1, é possivel perceber a presenga em baixas concentragdes de
carquejol nos oleos essenciais do grupo 1 (referéncia) e, também, nos 6leos essenciais de quatro
das cinco amostras do grupo 2. J4 o acetato de carquejila, presente em altas concentragdes nos
6leos essenciais de referéncia (grupo 1), foi encontrado nos 6leos essenciais de todas as
amostras do grupo 2, porém em concentracdes bem menores (p < 0,05) do que no grupo 1.
Nesse contexto, seria interessante avaliar a presenga de outros marcadores quimicos, como por
exemplo a 3-o-metil-quercitina, para concluir de forma mais precisa se as amostras
comercializadas como sachés (grupo 2) sdo realmente auténticas, ou seja, se sdo Baccharis
trimera (Beltrame et al., 2009). Essas diferencas podem estar associadas a variagcdes nas
condi¢des edafoclimaticas as quais as plantas foram submetidas durante seu desenvolvimento,
a variacdes de processamento e, até mesmo, a mistura dessas amostras com outras espécies de
plantas. Isso poderia explicar a presenca de compostos incomuns a carqueja amarga como, por

exemplo, o DL-mentol na amostra S1 e o anetol nas amostras S2 e S4.

Tabela 4. Atividade antioxidante e potencial toxicologico dos 6leos essenciais usados como
referéncia (grupo 1) e dos 6leos essenciais provenientes das amostras de B. trimera vendidas
na cidade do Rio de Janeiro na forma de sachés (grupo 2)

Parimetros analisados Grupo 1 Grupo 2
Clso(mg mL™) 123,07 +20,72* 31,34 +9,82*
DLso(ug mL™) 22,80 +0,28° 12,74 +0,05°

Clso — concentragdo de solugdo metandlica de 6leo essencial capaz de reduzir o radical livre DPPH" em 50%;
DLso — dose letal de solu¢ao metanodlica de 6leo essencial capaz de matar 50% da populacdo testada; em uma
mesma linha, valores marcados com letras diferentes sdo estatisticamente distintos (p < 0,05).

Fonte: Autores (2022).

Os valores médios de Clso (concentragdo de 6leo essencial capaz de reduzir o radical
livre DPPH" em 50%) dos 6leos essenciais estdo listados na Tabela 4. Nao houve diferenga
estatistica significativa (p > 0,05) entre o potencial antioxidante dos Oleos essenciais de
referéncia (grupo 1) e o potencial antioxidantes dos dleos essenciais obtidos das amostras
comercializadas na forma de sachés (grupo 2). Os resultados de Clso obtidos para os padrdes de
rutina e acido galico foram 0,093 mg mL' e 0,0085 mg mL"!, respectivamente. Comparando os
potenciais antioxidantes desses padrdes com os potenciais antioxidantes dos 6leos essenciais
em estudo, foi possivel classificar os 6leos essenciais de ambos os grupos como antioxidantes
relativamente fracos. Paroul et al. (2016) encontrou um valor de Clso de 6,19 mg mL™! ao avaliar
o que consideraram ser um 6leo essencial de B. trimera. Entretanto, nesse artigo especifico ndo

foram encontrados os marcadores quimicos carquejol e acetato de carquejila nas amostras, o
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que sugere que esse artigo deve ter sido conduzido com uma planta de outra espécie (Budel et
al., 2005). Comparando os resultados obtidos no presente estudo com os valores de Clso de
outra espécie do género Baccharis (B. dracunculifolia) (Clso = 3,52 mg mL™') (PAROUL et al.,
2016), percebe-se que os Oleos essenciais analisados no presente estudo possuem baixa
capacidade antioxidante.

Com relagdo aos valores de toxicidade aguda em A. salina, todas as amostras analisadas
nesse estudo apresentaram valores bem inferiores aos que sdo preconizados por Meyer et al.
(1982) para substancias atoxicos e seguras (DLso > 1.000 ppm). Na verdade, esses 6leos
essenciais podem ser classificados como citotoxicos de acordo com o teste empregado, pois
apresentaram DLso inferior a 200 ppm (Lima et al., 2014). Os 6leos essenciais obtidos a partir
das amostras comercializadas na forma de sachés (grupo 2) sdo mais téxicos (p < 0,05) do que
os Oleos essenciais usados como referéncia (grupo 1). Alonso (1998) avaliou a toxicidade
intraperitoneal do carquejol e encontrou uma DLso de 410 ppm, o que demonstra uma certa
toxicidade para esse composto. O valor mais baixo de DLso encontrado para os 6leos essenciais
analisados no presente estudo em comparacdo com o carquejol pode ser explicado pelos
diferentes métodos de avaliacdo da toxicidade utilizados e, também, por alguns efeitos aditivos
e sinérgicos entre os constituintes desse tipo de oleo essencial. A citotoxicidade dos oleos
essenciais de B. trimera ¢ reforgada por seu efeito deletério em células neuronais e por sua

capacidade de inibir a proliferacdo de células de glia (Losqui et al., 2009).

4. Conclusao

Foram identificadas 41 substancias nos 6leos essenciais de carqueja amarga analisados.
Dessas, a maioria faz parte da classe dos compostos terpénicos (monoterpenos, monoterpenos
oxigenados, sesquiterpenos e sesquiterpenos oxigenados). Apenas o acetato de carquejila, o
palustrol, o espatulenol e o f-eudesmol foram detectados em todas as amostras avaliadas. Além
do acetato de carquejila, o carquejol também ¢ considerado um marcador quimico dessa espécie
de erva. A auséncia de um deles (carquejol) em uma das amostras de sachés e a presenca do
outro (acetato de carquejila) em baixas concentracdes nos 6leos essenciais dessas amostras
(grupo 2) dificultou a avaliacdo da autenticidade das mesmas por comparagao com as amostras
de referéncia (grupo 1). As diferencas de composi¢ao dessas amostras com relacdo a esses dois
marcadores quimicos pode ser explicada pelas variagdes nas condi¢des edafoclimaticas as quais
as plantas foram submetidas durante seu desenvolvimento, por variacdes de processamento e,

até mesmo, em fun¢do da mistura dessas amostras com outras espécies de plantas.
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Nao houve diferenga estatistica significativa entre o potencial antioxidante dos 6leos
essenciais de referéncia (grupo 1) e dos oleos essenciais obtidos a partir das amostras
comercializadas na forma de sachés (grupo 2). Os 6leos essenciais de carqueja amarga testados
possuem capacidades antioxidantes inferiores aquelas observadas para o acido galico, rutina e
para o 6leo essencial de Baccharis dracunculifolia. Os 6leos essenciais de ambos os grupos (1
e 2) mostraram-se citotoxicos de acordo com o teste de toxicidade aguda em Artemia salina,
com valores de DLsg inferiores a 200 ppm.

Por fim, sugere-se que novos marcadores quimicos, como a 3-o-metil-quercitina, sejam
monitorados nessas amostras para que sua autenticidade possa ser avaliada de forma conclusiva.
Também seria importante ampliar a quantidade de amostras comerciais analisadas e obter folhas
frescas de Baccharis trimera representativas das diferentes estacdes do ano. A partir dessas
amostras in natura, seria possivel produzir um conjunto de 6leos essenciais de referéncia que
garantiria uma comparacdo mais robusta com os 6leos essenciais das amostras comercializadas

na forma de sachés.
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ABSTRACT

Baccharis myriocephala (Asteraceae) is a carqueja species less studied when compared with
Baccharis trimera and Baccharis dracunculifolia. Thus, the aim of this study was to
characterize the chemical composition, toxicological and antioxidant potentials of the essential
oils and infusions of natural B. myriocephala samples. According to our knowledge, it’s the
first time that the volatile fraction composition of this kind of infusion is being evaluated. There
are also no data available concerning the antioxidant and toxicological potentials of the essential
oils and infusions of this herb. The essential oils of B. myriocephala samples were isolated by
hydrodistillation, while the volatile fractions of its infusions were isolated by solid phase
extraction with Porapak Q polymer. Both volatile fractions were analyzed by chromatographic
techniques: GC/FID and GC/MS. The total phenolic content and total flavonoid content of the
infusions, and the antioxidant activities of essential oils and infusions were measured with the
aid of spectrophotometric techniques, while their toxicological potentials were evaluated by the
Artemia salina bioassay. Twenty eight compounds were identified in the essential oils of
Baccharis myriocephala and all of them were classified as terpenic compounds. Fourteen of
these compounds were identified by the first time as Baccharis myriocephala essential oil
constituents. Furthermore, nine compounds were identified in the volatile fraction of B.
myriocephala infusions and seven of them were not present in the essential oils. Infusions of
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this herb [ICsomppr) = (2.21 £ 0.27) mg mL!] are better antioxidants than its essential oils
[ICsomppr) = (40.37 £ 4.69) mg mL™!]. The LDso(asg) estimated for the B. myriocephala essential
oils was (26.64 + 0.90 ug mL™"). This value shows a high cytotoxic potential (LDso < 200 ppm)
for this kind of essential oil. On the other hand, Baccharis myriocephala infusions had no
toxicity (LDso > 1000) according to the Artemia salina bioassay.

Keywords: Baccharis myriocephala; essential oils; infusions; volatile fraction; antioxidant
activity; toxicological potential

1. Introduction

Baccharis (Asteraceae) is a monophyletic genus (Heiden et al., 2019) which comprises 442
species native to the Americas, from Southeastern Canada to Southern Argentina and Chile
(Heiden & Bonifacino, 2021). In Brazil, there are 179 species, 114 of them endemic to the
country, from which (Heiden, 2022) the species known as “carqueja” generally present winged
stems and are classified into two sections: Baccharis sect. Aphyllae Baker (33 species) and
Baccharis sect. Caulopterae DC. (15 species) (Heiden & Bonifacino, 2021), being used
frequently in traditional medicine to treat gastrointestinal diseases (Lourenco, 2017).
Spasmolytic, diuretic, anti-inflammatory and healing properties in the treatment of bacterial
and fungal infections can also be associated to several members of these species (Trombin-
Souza et al., 2017). Due to the morphological similarity of these species, it's not easy to
discriminate one from another, even by taxonomists. So, they are often collected and marketed
indiscriminately (Lourengo, 2017). In this context, a deeper knowledge of the chemical
composition of these plants could be an useful tool to differentiate them, allowing a more
efficacious and conscious employment of the medicinal properties of each one. However, the
researches on the chemical composition and biological properties of these plants have focused
on few species, like Baccharis trimera and B. dracunculifolia, that have high commercial value
(Trombin-Souza et al.,, 2017). There are few studies, for instance, about B. myriocephala
species (Ferracini et al., 1995; Sa and Neves, 1996; Budel et al. 2005; Simdes-Pires et al., 2005;
Trombin-Souza et al., 2017). Histochemical and phytochemical studies indicated the presence
of essential oil, starch, fatty and cyanogenic compounds, alkaloids, anthocyanins and saponins,
as well as gums, mucilages and tannins (S& and Neves, 1996; Budel et al., 2005). So far, the
chemical composition of the essential oils of this species was evaluated only by three research
groups (Ferracini et al., 1995; Simdes-Pires et al., 2005; Trombin-Souza et al., 2017). Thus, the
aim of this study was to characterize the chemical composition, toxicological and antioxidant

potentials of the essential oils and infusions of natural B. myriocephala samples. According to
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our knowledge, it’s the first time that the volatile fraction composition of this kind of infusion
is being evaluated. There is also no information available in the scientific literature about the

antioxidant and toxicological potentials of the essential oils and infusions of this herb.

2. Material and methods

2.1. Samples

The fresh samples of this carqueja species were collected during phenological stage by Mrs.
Vera Froes Fernandes in Teresopolis, Rio de Janeiro State, Brazil (22.407270° S; 42.84890°
W). These samples were identified by Dr. Gustavo Heiden from Embrapa Temperate
Agriculture (RS, Brazil) as Baccharis myriocephala DC. A voucher specimen of this plant
material was deposited in the ECT Herbarium Embrapa (RS, Brazil) under the ECT0004300
code. The remained samples were dried in an oven (FANEM, SP, Brazil) during 24 hours at a
temperature range of 55 — 65°C and, then, milled with the aid of an analytical bench mill
(Quimis, model 0298A21, Brazil).
2.2. Chemicals

The extraction solvents acetone (purity grade = 99.9%) and ethyl acetate (99.9%), methanol
(99.9%), P-caryophyllene (98,5%), hexadecanoic acid (98%), methyl linoleate (> 98%),
nerolidol (98%), 2-nonanone (99%), and vanillin (99%) were purchased from Aldrich
(Milwaukee, WI, USA). The adsorbent known as Porapak Q (50/80 mesh) and the Co-Cas
alkane mixture, used as a retention index marker probe, were obtained from Supelco

(Bellefonte, PA). All other reagents used in this study were of analytical grade.

2.3. Essential oil extraction from natural Baccharis myriocephala samples

The essential oil extraction was based on a previous work with some few modifications
(Marques, Moreira, & Ayres, 2022). The essential oils were extracted from 70 g of dried and
milled leaves by hydrodistillation (Clevenger apparatus) using a 2000 mL flask with 700 mL
of distilled water. This isolation process was carried out during two hours at a temperature of
100°C. At the end, the water was eluted from the Clevenger apparatus and the essential oil was
captured by washing the system with 10 mL of ethyl acetate. This extract was filtered over
anhydrous sodium sulfate and, then, the solvent was eliminated with a N> flow. Finally, the

essential oil was stored at -4°C until the development of the analyses.
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2.4. Isolation of the volatile fraction of Baccharis myriocephala infusions

The isolation of the volatile fraction of infusions was carried out according to a previous
work (Abi-Zaid, Riachi, De Maria, & Moreira, 2015). First of all, sample was infused in boiling
water (50 mL) with shaking (10 minutes). This extract was cooled with tap water, filtered by
gravity and adjusted to a final volume of 100 mL with distilled water. A glass column (14.0 cm
x 1.0 cm i.d.) packed with 700 mg of Porapak Q was activated by heating at 220°C during 3

hours under a N, flow 0f 0.9 - 1.0 L min™'. The carqueja infusion was, then, passed through the

column by means of a peristaltic pump (Model P-3, Pharmacia, Swiss) at a flow rate of 1.5 mL
min'. After that, the column was inverted and washed with 20 mL of water. Adsorbed volatiles
were eluted with 100 mL of acetone and concentrated with a vacuum rotary evaporator system
(20°C) and nitrogen to a final volume of 50 pL. This acetone extract was stored under N at -

4°C until the development of the chromatographic analyses.

2.5. Capillary gas chromatography combined with flame ionization detection (GC-FID).

The GC/FID analyses were performed in a GC-2010Plus (Shimadzu, Japan) coupled to a
flame ionization detector (FID). The volatile compounds contained in the essential oils or in the
acetone extracts obtained from infusions were separated in a fused silica capillary column (30
m x 0.25 mm i.d.) coated with dimethyl polysiloxane (100%) with a film thickness of 0.25 pm
(SPB-1, Supelco, USA).

The temperature of the chromatographic oven was initially programmed to stay during 5
minutes at 60°C and, then, to increase from 60°C to 120°C at a rate of 2°C/minute. This last
temperature was maintained during 10 minutes. Finally, the temperature increased at a
10°C/minute rate until it reached 230°C, where it was kept during 30 minutes. The injector
temperature was kept at 230°C, while the detector temperature was kept at 240°C. Helium was
used as the carrier gas at a flow rate of 1.0 mL minute™. Injections of the undiluted essential
oils and acetone extracts (1 pL) were performed in splitless mode. Retention rates of the
compounds in the column were estimated by the modified Kovats method (Van Den Dool &
Kratz, 1963), with the aid of a mixture of saturated alkanes (1,000 ug mL™" of each component
in hexane). The concentrations of the volatile compounds in the essential oils were estimated
based on the relative percentage area of their chromatographic peaks in relation to the total area
of the chromatogram (normalization technique). The concentrations of the volatile compounds
in infusions were estimated by the external standardization method. Calibration curves were

constructed by analyzing standard solutions at three different concentrations under identical
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experimental conditions. When a reference compound was not available, the semi-
quantification process was carried out with the most structurally similar reference compound
found in the laboratory. So, in the Baccharis myriocephala infusions, the concentration of 2-
methylcyclohexanone was estimated with regard to 2-nonanone; the concentrations of triacetin
and methyl cis-9, cis-15-linoleate were estimated with regard to methyl linoleate; the
concentrations of palustrol, ledol, spathulenol and B-eudesmol were estimated with regard to

nerolidol.

2.6. Capillary gas chromatography combined with mass spectrometry (GC/MS).

Electron impact mass spectrometry analysis was developed in a GC/MS system of the type
GC-2010Plus/GCMS-QP2010 of Shimadzu (Japan). The column and chromatographic
conditions were the same as described for the GC/FID analysis. The mass spectrometer operated
at an ionization voltage of 70 eV, scanning the fragments in the range of 30 to 400 m/z, in cycles
of 3 tenths of a second. The temperatures of the ion source and the GC interface were
maintained at 240°C. During the analysis of the acetone extracts, the solvent delay used in the
GC/MS apparatus was 5 minutes. The identification of the mass spectra of the compounds under
analysis was based on comparison with the data available in the NIST12.1ib and NIST62.lib
libraries, contained in the management software of the GC/MS system. Identification was
complemented by the coelution with available external standards and by comparison of the

calculated Kovats indexes with those available in literature.

2.7. Total phenols assay

The total phenolic content of the essential oils and infusions was evaluated by the
spectrophotometric method of Folin-Ciocalteu, using gallic acid as reference compound
(Hamauzu & lijima, 1999). The essential oils were analyzed as methanol solutions (2.5 mg mL"
1, while the infusions were analyzed as the original infusions (see item 2.4). Total phenolic
content was calculated from a calibration curve of gallic acid (1, 5, 10, 25, 50 and 100 pg mL"
1) and results were expressed as mg of gallic acid equivalents (GAE) per g of dry sample.

Absorbance was recorded at 760 nm.

2.8. Total flavonoids assay
The total flavonoid content of the infusions was evaluated by the spectrophotometric

method of aluminum chloride, using rutin as reference compound (Neves, Alencar & Carpes,
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2009). Again, the infusions were analyzed as the original beverages (see item 2.4). Total
flavonoid content was calculated from a calibration curve of rutin (20, 60, 100, 150, 200, 300,
600 and 1,200 pg mL™") and results were expressed as mg of rutin equivalents per g of dry

sample. Absorbance was recorded at 510 nm.

2.9.DPPH assay

Antioxidant activity was evaluated by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
(Govindarajan, Rastogi & Vijaykumar, 2003). In the case of the essential oils, four methanol
solutions of each oil (1.0 mg mL"!, 4.0 mg mL"!, 8.0 mg mL"' and 12.0 mg mL™') were used to
make the antioxidant curve that was employed to calculate the ICso. In the case of the aqueous
extracts, the original infusions (item 2.4) were used to allow the preparation of four new
solutions of each sample (0.10 mg mL™, 0.15 mg mL™, 0.30 mg mL™"! and 0.60 mg mL™") to be

used in the DPPH assay. Absorbance was recorded at 515 nm.

2.10. Brine shrimp lethality assay

This toxicological evaluation was carried out to determine the lethal dose (LDso) of the
essential oils and infusions by the Artemia salina bioassay (ASB) (Souza et al., 2019). The
essential oils were first diluted in methanol and these methanolic solutions of the essential oils
were added in sea water to produce final solutions of 5, 10, 30, 60, 100 and 150 ppm, containing
1.43% (v/v) of methanol. In the case of infusions, its aliquots were directly added to the sea
water to produce final solutions of 100, 200, 400, 600 and 1,000 ppm. Ten Nauplii (second
instar) of brine shrimp were added in each flask and maintained in direct contact with the
solutions during 24 hours. A magnifying glass, a light focus and a dark background were used
to conduct the readings. These readings consisted in determining how many subjects have died
at the end of the experiment. This information allowed the production of mortality curves that
were used to stablish the LDso of the oils and infusions, that is, their ability to kill 50% of the

study population. Experiments were conducted with each concentration in triplicate.

2.11. Statistical analysis
All statistical analyses were performed using Graph Pad Prism 6.0 software. The existence
of significant statistical differences (p < 0.05) between the essential oils and infusions were

evaluated by the use of the parametric t test.
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3. Results and Discussion

The volatile compounds found in the essential oils of Baccharis myriocephala leaves are
listed in Table 1. These essential oils were isolated by hydrodistillation from the leaves with a
mean yield of (0.18 + 0.04) g per 100 g of dry sample. Twenty eight compounds were identified
in the essential oils of Baccharis myriocephala and all of them were classified as terpenic
compounds: four monoterpenes, twelve sesquiterpenes, eleven oxygenated sesquiterpenes and
one oxygenated diterpene. These 28 compounds represent 89.10% of the total content of the
essential oils analyzed. B-Copaene [(36.06 + 5.32)%], B-caryophyllene [(13.8 £ 1.81)%], B-
myrcene [(7.17 £ 2.05)%], y-elemene [(3.83 + 1.65)%], 6-guaiene [(3.65 £ 0.64)%], and B-
elemene [(3.61 £+ 0.29)%] were the major compounds found in these Baccharis myriocephala
essential oils. At least in part, these results differed from those presented by Trombin-Souza et
al. (2017). In this scientific research the main constituents of the essential oil of Baccharis
myriocephala were limonene (41.9%), B-pinene (16.7%), myrcene and caryophyllene oxide
(both 4.9%), and (E)-caryophyllene and spathulenol (both 2.2%). According to Simdes-Pires et
al. (2005) the main constituents were the following: epiglobulol (45.8%), globulol (14.5%), B-
eudesmol (9.8%), caryophyllene oxide (6.6%), spathulenol (5.6%), and B-pinene (4.8%). On
the other hand, Ferracini et al. (1995) listed the following major compounds of B. myriocephala
essential oils: 6-cadinene and spathulenol (both 9.44%), (E)-nerolidol (9.01%), B-caryophyllene
(4.52%), a-copaene (2.86%), and globulol (2.45%). These differences could be explained by
variations in the soil and climate conditions to which the plants were submitted during their
development (Borges & Amorim, 2020). In the present study, fourteen terpenic compounds
were identified by the first time as Baccharis myriocephala essential oil constituents: a-guaiene,
B-copaene, B-selinene, epi-bicyclosesquiphellhandrene, y-elemene, 6-guaiene, dihydro-B-

agarofuran, germacrene-B, palustrol, cubenol, carotol, -cadinol, a-acorenol, and phytol.
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Table 1
Composition of the essential oils of Baccharis myriocephala.

Compounds LRI LRI* Concentration (%) Classification
B-pineneb* 957 9640 0.17 £0.02 M
B-Myrcenebe 978 981N 7.17 £2.05 M
Cis-B-Ocimene®* 1042 1043Ph 0.97+0.18 M
a-Cubebene®* 1334 1336N 0.42+0.31 M
a-Copaeneb* 1357 1359N 0.87+0.01 S
B-Elemene®® 1374 1382°F 3.61+£0.29 S
B-Caryophyllene®®° 1403 1405N 13.8+1.81 S
a-Guaienebe 1418 1418N 0.34+0.11 S
a-Humulene = a-Caryophyllene®* 1428 1428F 1.94+0.43 S
B-Copaene® 1466 1460N 36.06 +5.32 S
B-Selineneb* 1467 14677 2.72 £1.60 S
Epi-Bicyclosesquiphellhandrene®® 1469 14697 0.82+0.80 S
Elixene = y-Elemeneb© 1478 14787 3.83+1.65 S
a-Bulnesene = §-Guaieneb* 1485 14897 3.65+0.64 S
Dihydro-beta-Agarofuran®* 1493 1493° 0.50 +0.04 0S
3-Cadineneb* 1504 15097 343+£1.42 S
Germacrene Bb¢ 1533 1533F 0.71+0.32 S
Caryophyllene oxideb® 1552 1552N 0.82+0.17 OS
Palustrol>* 1557 15577 1.42 +£0.79 (6N
Globulol>* 1558 1560N 0.29+£0.01 (6N
Epiglobulol®* 1563 1564° 0.25+0.02 (6N
Ledolb* 1574 1574N 0.61 £0.08 (6N
Cubenol®¢ 1576 1592N 0.65+0.04 (6N
Carotol®® 1610 1614N 0.96 £0.70 (6N
3-Cadinolb* 1613 1620V 0.53+£0.20 (6N
a-Acorenol>* 1618 1621N 0.45+0.01 (0N}
a-Cadinol®¢ 1623 1624° 0.89+£0.58 (6N
Phytol®¢ 2098 2098N 1.22+0.15 OD
Total - - 89.10 -

LRI - modified Kovats index calculated using Co-Cy alkanes (Van den Dool and Kratz, 1963); LRI* - LRI obtained
from literature; Monoterpene (M); Sesquiterpene (S); Oxygenated sesquiterpene (OS); oxygenated diterpene
(OD); ® - Identified by coelution with standard volatile compounds; ® - Identified by comparing the calculated LRI
with the LRI from literature (LRI*); © - Identified by mass spectra data; © - PubChem, N - NIST, "' — Pherobase.
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Table 2 shows the volatile compounds identified in Bacharis myriocephala infusions.
To our knowledge, this is the first time that this volatile fraction is evaluated and nine
compounds were found in this kind of beverage: one ketone, two esters, four terpenic
compounds, one fatty acid and one phenolic aldehyde. The selectivity of the solid phase
extraction method used to isolate the volatile fraction of the infusions allowed the identification
of other compounds not found in the essential oils of these samples: 2-methylcyclohexanone,
triacetin, vanillin, spathulenol, B-eudesmol, hexadecanoic acid, and methyl cis-9, cis-15
linoleate. Although present in this group, spathulenol and B-eudesmol had yet been identified
as Baccharis myriocephala constituents (Ferracini et al., 1995; Simdes-Pires et al., 2005;
Trombin-Souza et al., 2017). The aroma of vanillin is associated with sweet, vanilla-like,
delightful, hard candy, and sucrose notes (Moreira et al., 2002). It presents an extremely low
odor threshold in air (0.6 — 1.2 ng/L) and also a low odor threshold in water (30 pg/L) (Moreira
et al., 2002; Plotto et al., 2004). Nonetheless, this compound cannot be classified as an odor-
active compound of this kind of infusion, since its odor activity value (OAV) was estimated as

0.05, being lower than an unit.

Table 2
Chemical characterization of the volatile fraction of Baccharis myriocephala infusion.
Compounds LRI LRI* Concentration (pg/L) Classification
2-Methylcyclohexanone®® 984 954P 20.75 + 1.06¢ ketone
Triacetin®* 1310 1313N 10.00 £ 0.01¢ Ester
Vanillin® ¢ 1337 1347N 1.50+0.71 Phenolic aldehyde
B-Caryophyllene®"® 1403 1405N 17.5+3.54 Sesquiterpene
Palustrol®® 1551 15577 20.00 + 7.07° Oxygenated sesquiterpene
Spathulenol®* 1564 1572N 18.0 +3.46° Oxygenated sesquiterpene
B-Eudesmol®* 1620 1622P 20.58 + 6.05° Oxygenated sesquiterpene
Hexadecanoic acid®®¢ 1941 1942N 117.5+34.25 Fatty acid
Methyl cis-9,cis-15-linoleate®™* 2101 2093h 5.75+2.01¢ Ester

LRI - modified Kovats index calculated using Co-Cye alkanes (Van den Dool and Kratz, 1963); LRI* - LRI obtained
from literature; * - PubChem, N - NIST, " - ChemSpider; * - Identified by coelution with standard volatile
compounds; ° -Identified by comparing the calculated LRI with the LRI from literature (LRI*); © - Identified by
mass spectra data; ¢ — Concentration given in ppb 2-nonanone equivalent; ¢ - Concentration given in ppb methyl
linoleate equivalent; f - Concentration given in ppb nerolidol equivalent.

The mean value for the TPC of the Baccharis myriocepala infusions was (57.42 + 0.14)
mg of GAE L™ of beverage. This value was lower than the mean TPC value (806.1 mg of GAE
L) found for commercial Chilean boldo infusions (Souza et al., 2019). The TPC of the
Baccharis myriocephala infusions analyzed in the present study [(25.26 + 1.72) mg GAE g of
herb] was also lower than the TPC [(89.81 + 13.96) mg of GAE g'!] of fresh infusions produced
from the flour of Pereskia aculeata Miller stems (Moraes et al., 2020). Concerning the TFC of
the Baccharis myriocephala infusions, the estimated mean value [(11.58 + 1.25) mg of RE g!
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of herb] was close to that found for the TFC of fresh stem infusions of Pereskia aculeata Miller
[(14.80 +3.28) mg of RE g'] (Moraes et al., 2020), but lower than the mean TFC value (755.92
mg of RE L) estimated for Chilean boldo infusions (Souza et al., 2019).

The mean ICsomppr) value found for the Baccharis myriocephala essential oils was
(40.37 + 4.69) mg mL"'. This value was 18.3 times bigger (p < 0.05) than that found for
infusions [ICsomppr) = (2.21 + 0.27) mg mL™], indicating that the infusions of this herb are
more powerful antioxidant agents than its essential oils. These essential oils are still weaker
antioxidant than those obtained from Baccharis trimera (ICsopppny = 6.193 mg mL™) and
Baccharis dracunculifolia (ICsomppr) = 3.521mg mL™") (Paroul et al., 2016). The antioxidant
potentials of the infusions of both herbs (Baccharis trimera — ICsomppiy = 0.049 mg mL™;
Baccharis dracunculifolia — 1Csomppr) = 0.037 mg mL™) are also stronger than the antioxidant
capacity of the Baccharis myriocephala infusions (Paroul et al., 2016). It can be explained by
the variability of the chemical composition of these different Baccharis species and also by
differences in the preparation methods employed to produce the aqueous extracts. The
Baccharis myriocephala infusions presented a higher 1Csompppry mean value than the fresh
infusions prepared from the Pereskia aculeata Miller stems [ICsomppr) = (0.50334 £+ 0.03155)
mg mL ™), being weaker antioxidants than the last ones (Moraes et al., 2020). This behavior was
also noted when the essential oils and infusions of the Baccharis myriocephala samples were
compared with the same products prepared from commercial Chilean boldo samples. The mean
ICsomppr) value of the essential oils of this last herb was estimated as 12.53 mg mL™ (Souza et
al., 2019). For the infusions, the mean ICsomppn) value found was 0.43 mg mL™ (Souza et al.,
2019).

The LDsocasp) estimated for the B. myriocephala essential oils was (26.64 = 0.90 ug mL"
1. This LDsocasg) value is similar to that found for the essential oils of commercial Chilean
boldo samples [(26.20 + 5.59) ppm] sold in sachets (Souza et al., 2019). This value shows a
high cytotoxic potential (LDso < 200 ppm) for this kind of essential oil, encouraging future
studies to evaluate its application, for instance, as an antibacterial or antifungal agent. On the
other hand, the Baccharis myriocephala infusions had no toxicity (LDso > 1000) according to
the Artemia salina bioassay. However, this kind of infusion must still be consumed with care.
Further toxicological tests must be carried out and the composition of all its fractions must be
thoroughly clarified to allow a safe consumption of this plant.

The results of antioxidant activity, toxicological potential, total phenolic and flavonoid

content can be verified in Table 3.
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Table 3
Antioxidant activity (ICsompppn)), toxicological potential, total phenolic content, and total flavonoid
content of Baccharis myriocephala infusions and essential oils.

Samples ICsoppry (mg mL™")  LDsoass) (ng mL™")  TPC (‘mg GAE g™) TFC (*mg RE g")
or ("mg GAE L) or (“mg RE L")
. a a 2526+ 1.72 511.58 +1.25
Infusions (Avg + SD) 2.21+£0.27 >1000 45742 4 0,14 @525 56 + 19,64
Essential oils (Avg + SD) 40.37 + 4.69° 26.64 +0.90° - -

ICsomppr) — the concentration of an antioxidant which reduces the free radical DPPH* about 50%; LDsoss) — lethal dose
capable to kill 50% of the tested population by the Artemia salina bioassay; TPC — total phenolic content; GAE — gallic acid
equivalent; TFC — total flavonoid content; RE — rutin equivalent; * - TPC expressed as mg GAE g'!' of herb; # - TPC expressed
as mg GAE L of beverage; ¥ - TFC expressed as mg RE g of herb; @ - TFC expressed as mg RE L' of beverage; Avg —
average value; SD — standard deviation. In a specific column of this table, when infusions were compared with essential oils
in relation to a parameter that was measured for both, the values marked with different letters were statistically different (p <
.05).

4. Conclusions

In the present study, nineteen compounds were identified by the first time as Baccharis
myriocephala volatile fraction constituents: o-guaiene, [-copaene, [-selinene, epi-
bicyclosesquiphellhandrene, y-elemene, 6-guaiene, dihydro-B-agarofuran, germacrene-B,
palustrol, cubenol, carotol, J-cadinol, a-acorenol, phytol, 2-methylcyclohexanone, triacetin,
vanillin, hexadecanoic acid, and methyl cis-9, cis-15-linoleate. Thirteen of these compounds
were detected in the B. myriocephala essential oils, five of them in the infusions and one
(palustrol) in both matrices. Measurable amounts of phenolic and flavonoid compounds were
detected in the B. myriocephala infusions by the spectrophotometric methods employed in the
present study. Infusions of this herb [ICsomppr) = (2.21 £ 0.27) mg mL™'] are better antioxidants
than its essential oils [ICsomoppn) = (40.37 £ 4.69) mg mL™'], thereby indicating that antioxidant
activity is concentrated in the non-volatile fraction of this kind of herb. The LDso(asp) estimated
for the B. myriocephala essential oils was (26.64 £ 0.90 ug mL™). This value shows a high
cytotoxic potential (LDso <200 ppm) for this kind of essential oil. On the other hand, Baccharis

myriocephala infusions had no toxicity (LDso > 1000) according to the Artemia salina bioassay.
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Abstract

Bitter carqueja (Baccharis trimera) is the second most cited plant in the scientific literature as appropriate to treat
type 2 diabetes mellitus (T2DM). However, the compounds responsible for the medicinal properties of this plant
(e.g., hypoglycemic action) have not been yet identified. Some of these properties can be associated with the
terpenic compounds of its essential oil (e.g., carquejol). Theredore, the aim of this study was to evaluate, for the
first time, the phytotherapic potential of Baccharis trimera essential oil for the treatment of T2DM. The
composition of this essential oil and its antioxidant capacity were characterized in a previous study. Its
toxycological potential was evaluated by the Artemia salina bioassay. The study was developed for 8 weeks with
20 male Wistar rats, divided into four groups of 5 individuals: G1 - non-diabetic rats treated with Tween 80 (0.01%
in water); G2 - rats induced to diabetes and treated with Tween 80 (0.01%); G3 — non-diabetic rats treated with
carqueja essential oil diluted in Tween 80 (0.01%); G4 —rats induced to diabetes and treated with carqueja essential
oil diluted in Tween 80 (0.01%). The rats in G1 and G3 were fed with a normal diet, while the rats in G2 and G4
were fed with a hyperlipidic/hypercaloric diet for the first 3 weeks. On the 22" day, 35mg of streptozotocin (STZ)
kg! of body mass were administered to the rats of G2 and G4. As of the 6™ week, both groups started to receive a
normal diet. Water and rations were offered ad libitum and the consumption of both of them was monitored daily.
Body weight and glycaemia of the animals were measured on the 1%, 22 29" 36™ 43t 50" and 57" days of the
experiment. On the last day of the experiment, the rats were euthanized and the following biochemical parameters
were analyzed: insulinemia, glycated hemoglobin, triglycerides, total cholesterol, HDL cholesterol, LDL
cholesterol, albumin, AST, ALT, ALP, urea, and creatinine. The diabetic rats developed hyperglycemia, which
resulted in a high hemoglobin glycation rate when compared to the non-diabetic control groups. The diabetic rats
also developed dyslipidemia primarily characterized by hypertriglyceridemia. B. trimera essential oil showed
promising results as a hypotriglyceridemic and hepatoprotective agent to treat diabetic rats.
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New tests, with a larger sample size (amount of rats) and a treatment time greater than 3 weeks, should
be performed to confirm the anti-dyslipidemic and hepatoprotective actions and to verify a possible hypoglycemic
action of this essential oil.

Keywords: Baccharis trimera, essential oil, diabetes mellitus, hipoglicemic potential, hipotryglyceridemic and
hepatoprotective actions.

1. Introduction

Type II diabetes mellitus (T2DM), a major endocrine disease found in clinical practice,
may lead to chronic complications associated with worsening of life quality and productive
capacity, ultimately, leading its owners to death (De Maria, Moreira, & Marcilio, 2011).

Globally, an estimated 462 million individuals are affected by T2DM, corresponding to
6.28% of'the world’s population and more than 1 million deaths were attributed to this condition
in 2017 alone (Khan et al., 2020). So, T2DM is already a world public health problem, causing
a huge burden on public coffers in different countries, developed or not (De Maria, Moreira, &
Marcilio, 2011).

The pathophysiology of T2DM is associated with the resistance of peripheral tissues to
insulin action (Kharroubi & Darwish, 2015) with an intimate correlation between T2DM and
obesity, its major non-genetic risk factor. In the beginning of this metabolic disorder, insulin
resistance is often compensated by an over production and secretion of this hormone and the
maintenance of this condition may lead to overstimulation of pancreatic B-cells, causing its
premature apoptosis. The pathological condition evolution is deeply related to several changes
in the metabolism of carbohydrates and lipids. As B-cells mass reduces, insulin production (and
secretion) is impaired and chronic hyperglycemia established. The emergence of dyslipidemias
in the patients is also another common feature of T2DM (Schofield et al., 2016). In addition to
the pancreas, other organs such as kidneys and liver are gradually harmed by the T2DM
(Haligur, Topsakal, & Ozmen, 2012).

T2DM’s treatment consists of life style adjustments, as balanced diet, weight loss and
regular physical activity practice, and pharmacological approach, with the prescription of oral
hypoglycemic agents. Due to the side effects and costs of pharmacological intervention, the use
of medicinal herbs and its products (decoctions, infusions, encapsulated powders, tinctures and
essential oils) emerges as alternative for prevention and treatment of T2DM. Also, in
developing countries, as Brazil, this tendency is remarkable, been explained by popular culture,
low education levels and poverty of its population (Cortez et al., 1999).

Several vegetal species have been reported by presenting antidiabetic activity (Grover

et al., 2002) and, according to Brazilian popular culture, Baccharis trimera (Less.) D.C. is one
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of'the most useful medicinal herbs for the treatment of T2DM. Traditionally known as “carqueja
amarga”, this herb is included in the National List of Medicinal Plants of Interest to SUS
(RENISUS) , that contains vegetal species capable to generate medicinal or phytoterapic
products to be used in the public health system (SUS — Sistema Unico de Satde) of Brazil
(Brasil, 2008). However, there are few scientific reports confirming Baccharis trimera
biological activities against obesity and T2DM and, almost all of them are associated with
aqueous and organic solvent (e.g., ethanol) extracts (Oliveira et al., 2005; Souza et al., 2012).
The usage of Baccharis trimera essential oil for the treatment of T2DM is not described in
literature. Nevertheless, this essential oil can be found in Baccharis trimera infusion as a
functional food ingredient. It contains several bioactive terpenic compounds that are often
neglected, receiving secondary importance as medicinal agents, as carquejol, which after
intraperitoneal administration in rats reduced blood cholesterol levels by 5-10% (Abreu, 1994).

So, the aim of the present study was to evaluate the phytotherapic potential of Baccharis

trimera essential oil for the treatment of T2DM.

3. Material and methods

2.1. Baccharis trimera essential oil

A commercial sample of Baccharis trimera essential oil was purchased from Lazlo
Aromaterapia Ltda, Lot 0814, Brazil. The chemical composition, antioxidant activity and
toxicological potential of this sample were characterized in a previous work published by the
present scientific research group (Teixeira et al., 2022). In this latter study, the solvent used to
evaluate the toxicological potential of the B. trimera essential oil was methanol. Thus, to avoid
the potential high toxicity of methanol to the rats, this bioassay was redone using aqueous

Tween 80 (0.01%) as the solvent for the dilution of the essential oil.

2.1.1. Toxicological potential of the essential oil

The toxicological evaluation was carried out to determine the lethal dose (LDso) of this
essential oil by the Artemia salina bioassay (Souza et al., 2019). Volumes of 100 pL of aqueous
Tween 80 (0.01%) solutions containing the essential oil were added to fresh sea water (5 mL)
to produce final solutions of 5, 10, 30, 60, 100, and 150 ppm. Ten nauplii (second instar) of
brine shrimp were added in each flask and maintained in direct contact with the solutions for

24 hours. A magnifying glass, a light focus and a dark background were used to conduct the

61



readings. The readings consisted of determining how many subjects died at the end of the
experiment. This information allowed for the production of mortality curves that were used to
stablish the LDso of the oil, that is, its ability to kill 50% of the study population. Triplicate

experiments were conducted with each concentration.

2.2. In vivo experiments associated with type II diabetes
Prior permission was sought from the animal ethics committee of UNIRIO for

conducting this study (CEUA-UNIRIO/2012014-2).

2.2.1. Animals

The study was carried out for 8§ weeks with twenty Wistar rats (2 months of age)
purchased from CEMIB (Centro Multidisciplinar para Investigacdo Biologica na Area de
Ciéncia em Animais de Laboratorio / Multidisciplinary Center for Biological Research in the
Science Area of Laboratory Animals, UNICAMP, Brazil). The newly acquired animals had a
week of adaptation to the conditions of the new bioterium before the beginning of the

experimental protocol.

2.2.2. Rations used in animal feed

The normal ration (NR) (NUVILAB® ALIMENTO COMPLETO) was purchased from
QUIMTIA S.A. (Parana, Brazil). The high-fat ration (HFR) was produced in the lab
(LACAPA/IB/UNIRIO) based on a previous study (Estadella et al., 2004). All the ingredients
used in the manufacture of this ration had been previously powdered. The HFR was produced
by mixing the above-mentioned NR with milk chocolate (SICAO, Barry Callebaut, MG,
Brazil), shelled peanuts without sodium chloride (Nova Geragdo Comestiveis Ltda, Casas
Pedro, RJ, Brazil) and sweet cookies (Maizena® biscuit, Industria de Produtos Alimenticios
Piraque S.A., Piraqué, RJ, Brazil) in a mass ratio of 3:2:2:1. An amount corresponding to 1.5 L
of drinking water was added to 3.0 kg of this initial mixture. The resulting mixture was shaped
in small cylinders (4.0 cm of length x 3.0 cm i.d.) by manual pressing with the aid of a device
often used to prepare kofta (Mecanica Edi Ltda Me, SP, Brazil). Then, these cylinders were
dried in an oven (FANEM, SP, Brazil) for 48 hours at a temperature ranging from 60°C — 70°C.
2.2.2.1. Proximal analyses of the rations

The content of water, lipids, proteins and minerals (ashes) of the rations (NR and HFR)
were determined according to the methods described by the Association of Official Analytical

Chemists (AOAC, 1995), and total carbohydrate content was estimated by calculating the
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difference between 100% and the sum of these percentage contents of water, lipids, proteins
and minerals. Thus, the carbohydrate content also included the total fiber content of these
samples. For calculation of the caloric value of these rations, it was considered that 1 g of
carbohydrate is capable of generating about 4 kcal of energy; 1 g of proteins also produces
about 4 kcal of energy and, finally, 1 g of lipids generates about 9 kcal of energy. (Krause,
2018)

2.2.3. Experimental protocol of in vivo tests (intervention plan)

As previously mentioned, the study was developed for 8 weeks (56 days) with twenty
Wistar rats divided into four groups of five individuals: group 1 (G1) - non-diabetic rats treated
with Tween 80 (0.01% in water); group 2 (G2) - rats induced to diabetes and treated with Tween
80 (0.01%); group 3 (G3) — non-diabetic rats treated with carqueja essential oil diluted in Tween
80 (0.01%); group 4 (G4) — rats induced to diabetes and treated with carqueja essential oil
diluted in Tween 80 (0.01%). The suspensions between the essential oil and Tween 80 were
prepared to allow dailly oral administration (by gavage) of an oil concentration of 20 mg kg
of body mass. During the first three weeks (21 days — phase 1) of the induction of type II
diabetes mellitus, G1 and G3 rats received the NR, while G2 and G4 rats received the HFR.
The second phase of type II diabetes induction started on day 22, when G2 and G4 rats received,
by an intraperitoneal injection, a single low dose of streptozotocin (STZ) (35mg Kg™' of body
mass) in a citrate buffer (pH = 4.4). During the two weeks corresponding to this second phase
(4™ and 5" weeks), both groups were fed with the specific rations mentioned above. As of the
36" day (sixth week), both groups started to be fed only with NR. This feeding routine was
maintained until the end of the study (56™ day). During the whole experiment, the animals were
kept in plastic boxes (maximum of 3 animals per box), at room temperature [(24 + 1)°C] and a
circadian cycle of 12h/day and 12h/night. Water and rations were offered ad libitum and the
consumption of both of them was monitored daily. Body weight and glycaemia of the animals
were measured on the 1%, 22 29 36t 43t 50t and 57" days of the experiment. Euthanasia
of the animals was performed by the cervical dislocation technique, after intraperitoneal

injection of thiopental (40 mg kg of body mass).

2.2.4. Blood collection and analyses
The blood of the animals was collected by cardiac puncture. Serum and plasma were

obtained from such blood and used to evaluate the biochemical parameters mentioned below.
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The blood of the rats (all of which had been fasted) was collected using BD Vacutainer® SST®
IT Advance® tubes (Cirargica Estilo Ltda, Ribeirdo Preto, SP, Brazil), containing a clot
activator on the wall of the tubes (responsible for accelerating the coagulation process), and a
separator gel for obtaining serum, all made from plastic and identified by a golden cap. In order
to obtain plasma, two different types of tubes were used: BD Vacutainer® Plus tubes (Cirtirgica
Estilo Ltda, Ribeirdo Preto, SP, Brazil), containing Sodium Heparin sandblasted on the inside
wall of the tube, identified by green caps; and BD Vacutainer® tubes (Cirtirgica Estilo Ltda,
Ribeirdo Preto, SP, Brazil) containing EDTA K (dipotassium salt of ethylenediamine tetra-
acetic acid) blasted on their inner wall. These latter tubes were identified by purple caps. Tubes
without anticoagulants were maintained in a vertical position for 30 minutes at room
temperature to allow clot formation, while the tubes containing anticoagulants were gently
homogenized to avoid hemolysis. All the tubes were centrifuged at 3.000 rpm for 15 minutes
using a refrigerated centrifuge (NT815, Nova Técnica Industria e Comércio de Equipamentos
para Laboratorio Ltda, Brazil). The supernatant (serum or plasma) from each tube was collected
and stored in 1.5 mL eppendorf tubes. At the end, the blood samples were analyzed by a digital
spectrophotometer (EEQ-99023, INCA Tecnologia de Produtos e Servicos Ltda, Brazil) with
the aid of glass (0.7 mL) and plastic cuvettes (1.0 mL). The following biochemical analyses
were performed: (1) fasting glycaemia, (2) fasting insulinemia, (3) glycated hemoglobin
(HbAlc), (4) triglycerides, (5) total cholesterol, (6) HDL cholesterol, (7) LDL cholesterol, (8)
urea, (9) creatinine, (10) alanine transaminase (ALT), (11) aspartate transaminase (AST), (12)
alkaline phosphatase (AP) and (13) albumin. The lipid profile of the rats was assessed by the
analysis of the biochemical parameters 4, 5, 6 and 7; renal function was assessed by the analysis
of the biochemical parameters 8 and 9, and liver function was analyzed using the biochemical
parameters 10, 11, 12 and 13. Commercial kits were used for making these biochemical
analyses. These kits provided quantitative results quite rapidly and safely. These kits were
purchased from different companies: Katal Biotecnologia Industria e Comércio Ltda (Brazil)
to perform the glycated hemoglobin test; Millipore Industria € Comércio Ltda (SP, Brazil) for
insulin dosage, and Quibasa Quimica Bésica Ltda (Bioclin, MG, Brazil) for the LDL test. All
other biochemical parameters were analyzed with the aid of kits gently donated by Labtest

Diagnostica S.A. (MG, Brazil).

2.3. Statistical Analysis

All statistical analyses were performed using the Graph Pad Prism 6.0 software.
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Statistical differences (p < 0.05) between the proximal compositions of the rations (NR and
HFR) were monitored by the t parametric test. The statistical analyses of glycaemia, food and
water intake and body mass were performed using grouped analysis of variance (two-way
ANOVA), with Tukey’s post-test for multiple comparisons among the groups. The statistical
analyses of all the remaining biochemical parameters were performed by one-way analysis of
variance (one-way ANOVA), also followed by Tukey’s post-test. The probability levels of p <

0.05 were considered to be statistically significant.

3. Results and discussion

Carquejol and carquejyl acetate are considered to be chemical markers of Baccharis
trimera (Amaral et al., 2010). However, according to literature, the content of both compounds
in the essential oils of Baccharis trimera can vary substantially from one sample to another.
For instance, Couto (2014) found 0.4% of carquejol and 19% of carquejyl acetate in the terpenic
fraction of Baccharis trimera. However, Santo et al. (2015) did not detect carquejol in their B.
trimera samples and estimated carquejyl acetate concentration as 47.04%. In their turn, Mossi
et al. (2015) did not find carquejyl acetate in their samples and calculated carquejol content as
73.4%. These differences can be explained by biological factors (genetic variability and
interaction with other biological agents), environmental factors (salinity and acidity of soil,
luminosity, moisture and temperature) and processing factors (storage period, leaf drying
method, type of transportation) (Amaral et al., 2010). These variations can also be associated
with a heterogeneous distribution of these compounds throughout the plant (Karamet al., 2013).

The presence of both chemical markers of Baccharis trimera [carquejol: (0.18 = 0.01)%
and carquejyl acetate: (49.40 £+ 2.40)%] had suggested that the commercial oil from Lazlo was
actually genuine. Sixteen (16) compounds have been identified as components of this essential
oil. These compounds can be divided into four groups: monoterpenes (4 members), oxygenated
monoterpenes (2), sesquiterpenes (4) and oxygenated sesquiterpenes (6). Carquejyl acetate was
the major compound found in this essential oil (Figure 1). In addition to the latter compound,
palustrol [(8.03 £ 0.20)%], B-elemene [(4.64 + 0.04)%], B-copaene [(3.91 + 0.47)%], P-
eudesmol [(3.80 = 0.18)%] and B-pinene [(3.54 = 0.01)%] were also present in expressive

amounts in this essential oil (Teixeira et al., 2022).
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Figure 1 — Total lon Chromatogram of the commercial essential oil of Baccharis trimera.

The antioxidant potential of this essential oil was also previously evaluated by the DPPH
method, and the result was expressed as an ICso value of (123.07 + 20.72) mg mL™! (Teixeira
et al., 2022).

The results of the Artemia salina toxicity bioassay indicated that the LDso of the B.
trimera essential oil (diluted in aqueous Tween 80 (0.01%) solution) was (43.4 = 17.1) ppm.
This value (below 200 ppm) indicates that this essential oil can be considered cytotoxic (Lima
et al., 2014). Alonso (1998) evaluated the intraperitoneal toxicity of carquejol and found a LDso
value of 410 ppm for this compound. This result shows certain toxicity for carquejol, since the
LDso value was below 1,000 ppm (Meyer et al., 1982). The lower LDso value found for the B.
trimera essential oil, compared with carquejol, can be explained by differences in the methods
used to evaluate toxicity and, also, by some additive or synergistic effects of the essential oil
constituents. The cytotoxicity of the essential oils of B. trimera is reinforced by a mean LDso
value of (22.80 +0.28) pg mL™' found when analyzing their methanolic solutions by the Artemia
salina bioassay (Teixeira et al., 2022). Its cytotoxixity was also reinforced by its deleterious
effect on neuronal cells and its capacity to inhibit the proliferation of glial cells (Losqui et al.,
2009). Based on the above mentioned information, and to protect the health of the animals
evaluated in the present study, they were treated with a daily dosage of B. trimera essential oil
of 20 mg Kg!' of body mass.

The manual process used to prepare the HFR can be considered as easy to reproduce in a
food laboratory. For instance, the fact that this ration (HFR) was produced from the NR, ensured
the minimal content of micronutrients (vitamins and minerals) necessary to allow regular
development for the animals during the 5 weeks of consumption. In order to produce the HFR,

other foods (milk chocolate, peanut and sweet cookie) were mixed with the NR. These
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foodstuffs can be easily purchased in food marketing places, and they are also relatively cheap
and widely consumed by the Brazilian population. Theoretically, the presence of high amounts
of saturared and hydrogenated fats (milk chocolate and cookie) and the high caloric value of
these foods can potentially favor mass gain and lead to dyslipidemias. Thus, the repetitive, high
consumption of these foods could increase the occurrence of type II diabetes mellitus in a
specific population. The texture and hardness of the HFR pellets were very similar to those of
the NR. This feature of the HFR was probably important for the animals’ health, since it ensured
that they could exercise their rodent nature while feeding. The water content of the HFR was
reduced to more than half of the NR moisture value to make it similar in texture and hardness
to the NR. The proximal composition of the HFR was very different from that of the NR (see
Table 1). The most significant difference between these two rations was noted in its lipid
contents, with the HFR presenting about 13 times more lipids than the NR. The caloric value
of the HFR was about 1.5 times higher than the one calculated for the NR. Based on this
information, the special ration (HFR) produced and used for the induction of type II diabetes

mellitus in the rats can actually be classified as a hyperlipidic/hypercaloric ration.

Table 1 — Proximal composition (g 100 g"' of sample) of the NR and the HFR (wet base)

Proximal composition and caloric value NR (Avg + SD) HFR (Avg = SD) HFR/NR
Moisture (g 100 g™! of ration) 13.25 £ 1.45° 5.12£0.04° 0.39
Ashes (g 100 g of ration) 6.25+0.12% 3.51+£0.15° 0.56
Carbohydrates (g 100 g of ration) 58.29 +0.70° 49.92 £1.51° 0.86
Lipids (g 100 g of ration) 1.87 +0.08* 24.50 £ 1.11° 13.1
Proteins (g 100 g of ration) 20.34 + 0.56* 16.95 £ 0.62° 0.83
Caloric value (Kcal 100 g”! of ration) 331.35+1.10% 487.98 + 17.16° 1.47

In a specific row of the table, the values marked with different letters are statistically different (p < 0.05), according to the t
parametric test; NR — normal ration; HFR — High fat ration; Avg — average value obtained from triplicate analysis; SD — standard
deviation.

During the first three weeks of the study, G1 and G3 rats received the NR, while G2 and
G4 rats were fed with the HFR. During this period of 21 days, the mean glycaemia of both
groups remained unaltered and there were no statistical differences (p > 0.05) among the groups
for this parameter (Figure 2). The HFR, which was supplied alone to the rats during these three
weeks, was not able to provoke the chronic hiperglycemia that normally characterizes diabetes
mellitus. This result was corroborated by previous studies which have demonstrated that
Sprague-Dawley rats fed with a high-fat diet developed obesity, hyperinsulinemia and insulin

resistance, but they did not develop significant hyperglycemia (Srinivasan et al., 2005; Mu et
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al., 20006).
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Figure 2 — Glycaemia of rats monitored throughout the development of the
experimental protocol. G1 — non-diabetic rats treated with Tween 80 (0.01% in
water); G2 — rats induced to diabetes and treated with Tween 80 (0.01%); G3 — non-
diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 —
rats induced to diabetes and treated with carqueja essential oil diluted in Tween 80
(0.01%). Statistical analyses were made by using a group analysis of variance (two-
way ANOVA), with Tukey’s post-test for multiple comparisons among the groups.
Source: Author (2022).

During most of this three-week period, the consumption of the NR and the HFR by G1,
G2, G3 and G4 rats was similar. However, on days 4, 5, 6, 7, 8, 11, 12, 13, 14 and 15, some
statistical differences (p < 0.05) were found between the groups fed with the NR (G1 and G3)
and those fed with HFR (G2 and G4). In these cases, G2 and G4 rats consumed smaller (p <
0.05) amounts of ration than G1 and G3 rats. This information is an indicative that the highest
lipid content and caloric value of HFR probably resulted in more satiety in these animals (Figure
2). If G2 and G4 rats developed insulin resistance during these first three weeks of HFR
ingestion, the similarity between these groups and G1 and G3 rats with respect to blood glucose
levels could be explained by the neutralization of insulin resistance by a compensatory response
of the organism, thereby increasing insulin production/secrection (hyperinsulinemia). This
situation is frequent in the initial phase of T2DM, when hyperinsulinemia occurs before
hyperglycemia. Maintenance of glycaemia in G2 and G4 and its similarity with G1 and G3
could also be explained by greater satiety produced by the HFR and the relatively small

difference between the carbohydrate contents of both rations.
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Figure 3 — Consumption of ration by the rats monitored throughout the development of the experimental
protocol. G1 — non-diabetic rats treated with Tween 80 (0.01% in water); G2 — rats induced to diabetes
and treated with Tween 80 (0.01%); G3 — non-diabetic rats treated with carqueja essential oil diluted in
Tween 80 (0.01%); G4 — rats induced to diabetes and treated with carqueja essential oil diluted in Tween
80 (0.01%). Statistical analyses were made by using a group analysis of variance (two-way ANOVA),
with Tukey’s post-test for multiple comparisons among the groups. Source: Author (2022).

During these three weeks, there was also no significant statistical difference (p > 0.05)
among G1, G2, G3 and G4 for the body mass of the animals (Figure 4). It can be assumed that
the satiety caused by this HFR and its relatively low lipid content, compared to data from other
similar studies (Srinivasan et al., 2005), could explain the similar mass gain among these four
groups. However, Correia-Santos et al. (2012), also working with Wistar rats, found results for
this parameter (body mass) that were similar to those found in the present study, even though
they provided a diet that was much richer in lipids (60%) than the HFR used here. Thus, the
similarity between the mass gain of the groups fed with the HFR (G2 and G4) and the groups
fed with the NR (G1 and G3) could be explained by the low insulin functionality of G2 and G4
rats due to resistance of the peripheral tissues to its actions. In this condition, if
hyperinsulinemia did not produce a total compensatoy effect, lypolisis (in adipose tissue) would
be favored and could partially compensate for the higher caloric value of the HFR, avoiding the
establishment of overweight in G2 and G4.
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Figure 4 — Body mass of the rats monitored throughout the development of the experimental protocol. G1
—non-diabetic rats treated with Tween 80 (0.01% in water); G2 —rats induced to diabetes and treated with
Tween 80 (0.01%); G3 —non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%);
G4 —rats induced to diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical
analyses were made by using a group analysis of variance (two-way ANOVA), with Tukey’s post-test for
multiple comparisons among the groups. Source: Author (2022).

During the first 21 days of the present study, there were no statistical differences among

G1, G2, G3 and G4 for water consumption of the animals (Figure 5).
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Figure 5 — Water consumption by the rats monitored throughout the development of the experimental
protocol. G1 — non-diabetic rats treated with Tween 80 (0.01% in water); G2 — rats induced to diabetes
and treated with Tween 80 (0.01%); G3 — non-diabetic rats treated with carqueja essential oil diluted in
Tween 80 (0.01%); G4 — rats induced to diabetes and treated with carqueja essential oil diluted in Tween

70



80 (0.01%). Statistical analyses were made by using a group analysis of variance (two-way ANOVA),
with Tukey’s post-test for multiple comparisons among the groups. Source: Author (2022).

On the twenty-second day of the study, G2 and G4 animals received, by intraperitoneal
administration, a single streptozotocin dose (35 mg kg of body mass). From that moment
onwards, the glycaemia of the rats of these specific groups began to rise (Figure 2). One week
later, a significant statistical difference (p < 0.05) could be noted in fasting glycaemia among
the rats fed with the HFR (G2 and G4) and those fed with the NR (G1 and G3). The fasting
glycaemia of G2 and G4 rats further increased in the following week, becoming markedly
different (p <0.0001) from the rate found in G1 and G3 rats (Figure 3). Mu et al. (2006) reported
that a single isolated dose of streptozotocin at low concentration was not able to cause
hyperglycemia in rats. Thus, the HFR must have actually caused sensitization of the G2 and G4
rats, triggering insulin resistance. The combination of this sensitization (by the HFR) with
decreased pancreatic capacity to produce and secrete insulin, owing to the administration of
streptozotocin, led G2 and G4 rats to have clear hyperglycemia. In this two-week post-
streptozotocin period, G2 and G4 rats continued to be fed with the high-fat diet. The amount of
ration ingested by these rats was not statistically different (p > 0.05) from the amount of NR
ingested by G1 and G3 rats (Figure 3). In this phase, the body mass of G2 and G4 rats began to
decrease, while the body mass of G1 and G3 rats continued to increase. However, the higher
caloric value of the HFR, compared to that of the NR, probably prevented the establishment of
significant differences between the body mass of both groups (Figure 4). After the injection of
streptozotocin, water consumption of G2 and G4 began to increase and, after one week, there
was a statistical difference between these groups (G2 and G4) and the groups G1 and G3 for
this parameter (Figure 5).

All these changes were correlated with hyperglycemia. As blood glucose concentration
increases, the kidneys’ capacity for reabsortion of this molecule is exceeded and some of it
begins to be excreted in the urine (glycosuria). This condition increases osmotic pressure in the
renal lumen (osmotic diuresis), inhibiting water reabsorption by the kidneys. Therefore, there
is an increase in the production of urine (polyuria) and a marked loss of fluid, which interfere
with blood volume. The smaller blood volume will be osmotically recomposed by the
displacement of water stored in the cells of the body, causing dehydration (hyperosmolarity),
increased thirst and need for excessive water intake (polydipsia). About a week after the

application of streptozotocin, polydipsia and polyuria began to become very apparent; the
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bottles had to be refilled with drinking water and the boxes of G2 and G4 rats had to be cleaned
on a daily basis.

As of'the thirty-sixth day, with hyperglycemia completely installed in G2 and G4 rats (diabetic
rats), the diet of these groups was changed to the NR, in order to mimic the dietary treatment
usually provided to type II diabetic individuals. Thus, in the last three weeks of the experiment,
the groups (G1, G2, G3 and G4) consumed only the NR. From the thirty-sixth day, groups G2
and G4 began to receive carqueja essential oil, this administration was performed during the
final three weeks of the study. In this period, the glycaemia of the non-diabetic rats remained
virtually constant, and there was no statistically significant difference between G1 and G3
groups, indicating that the B. trimera essential oil was not able to interfere in the glycaemia of
the animals in a non-pathological condition. In the case of diabetic animals, a comparison
between groups G2 and G4, showed a tendency of decreasing glycaemia in the last two weeks
of the experiment in the animals treated with B. trimera essential oil. However, this trend did
not result in a statistically significant difference between these groups (p > 0.05). This
statistically significant difference could possibly have been achieved if the research had been
carried out with a larger sample size (amount of rats) for each group and for a longer treatment
period (more than 3 weeks). The final mean values of the fasting glycaemia rates of G2 and G4
rats were 333.25 mg dL! and 263.6 mg dL!, respectively, while the final mean values of this
parameter in G1 and G3 rats were 79.2 mg dL' and 89.5 mg dL"!, respectively. With this
marked hyperglycemia of G2 and G4 rats, polydipsia and polyuria were even better
characterized at this stage and were obviously accompanied by glycosuria. Glycosuria usually
causes substantial loss of calories (4.1 kcal for each gram of excreted glucose). This loss can
lead to fatigue and, when associated with loss of adipose and muscle tissue (glucose is replaced
by lipids and proteins as fuel), results in severe weight loss despite increased appetite and
caloric intake (polyphagia). This situation became very clear when the body mass and food
intake graphs of the last three weeks of the study were evaluated (Figures 4 and 3, respectively).
When G2 and G4 rats started to use the NR, there was a statistically significant difference (p <
0.05) among these diabetic rats and the non-diabetic rats (G1 and G2) in terms of food intake.
After a week, there was also a statistical difference (p < 0.05) between these groups for body
mass. Although G2 and G4 rats consumed more NR, they lost weight and finished the

experiment with a statistically lower mean body mass when compared to G1 and G3 rats.
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Figure 6 — Glycated hemoglobina monitored after euthanasia of the animals. G1 —non-diabetic rats treated
with Tween 80 (0.01% in water); G2 —rats induced to diabetes and treated with Tween 80 (0.01%); G3 —
non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 — rats induced to
diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical analyses were
made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for multiple comparisons
among the groups. ** means p < 0.01. Source: Author (2022).

Chronic hyperglycemia promotes an increase in protein glycation and, based on this
principle, the glycated hemoglobin content of diabetic individuals is frequently evaluated to
check whether or not glycemic control was appropriate for a longer period of time. Figure 6,
shows that the hemoglobin glycation rate was statistically higher (p < 0.01) in the diabetic
groups (G2 and G4) than in the non-diabetic control groups (G1 and G3), even with only three
weeks of exposure to the aforementioned condition of hyperglycemia. As expected, owing to
the previously discussed results for glycaemia (see Figure 2), the carqueja essential oil did not
interfere with the hemoglobin glycation rate, regardless of whether or not the animals were in

a pathological state.
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Figure 7 — Fasting insulinemia monitored after euthanasia of the animals. G1 — non-diabetic rats treated
with Tween 80 (0.01% in water); G2 —rats induced to diabetes and treated with Tween 80 (0.01%); G3 —
non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 — rats induced to
diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical analyses were
made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for multiple comparisons
among the groups. No statistical differences were found among G1, G2, G3 and G4. Source: Author
(2022).

The fasting insulinemia of the animals was monitored at the end of the experiment
(Figure 7). There was no significant statistical difference among G1, G2, G3 and G4 for this
parameter (p > 0.05), but there was a tendency of decreased insulinemia when the diabetic rats
(G2 and G4) were compared with the non-diabetic ones (Gl and G3). This condition was
enough to promote the development (as of the 22" day of the experiment) of chronic
hyperglycemia, which is characteristic of diabetes in G2 and G4 groups. The presence of
measurable amounts of insulin in the blood of G2 and G4 rats was a strong indication that the
experimental protocol was capable of inducing type II diabetes in these Wistar rats. Apparently,
the model proposed in the present study was able to mimetize (in a short period of time) the
natural and metabolic course of the disease in humans, starting with the insulin resistance
condition and ending with the pancreatic beta cell dysfunction. Insulin resistance is a state of
reduced response to normal levels of this hormone. Generally, this condition is the first indicator
of type II diabetes. The pancreas may compensate for this reduced response to insulin by
increasing its secrection, in an attempt at glycaemic control. The insulin hypersecrection can
lead to pancreatic B-cell failure, resulting in decreased production of this hormone and in the
actual clinical manifestation of type II diabetes (Correia-Santos et al., 2012). When comparing
the insulinemia data of G1 and G3 and also of G2 and G4 groups, it was clear that the B. trimera
essential oil was not able to interfere with the capacity of these animals to produce and secret

insulin, regardless of whether or not they are in pathological condition.
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Figure 8 — Triglycerides monitored after euthanasia of the animals. G1 - non-diabetic rats treated with
Tween 80 (0.01% in water); G2 - rats induced to diabetes and treated with Tween 80 (0.01%); G3
- non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 - rats
induced to diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical
analyses were made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for
multiple comparisons among the groups. * means p < 0.05; ** means p < 0.01; *** means p < 0.001.
Source: Author (2022).

G2 and G4 rats (diabetic rats) also had abnormal lipid levels, as particularly evidenced
by a statistically significant (p < 0.05) increase in plasma triglyceride levels [G2 = (224.10 +
29.69) mg dL! and G4 = (157.6 + 22.23) mg dL"!] compared to the control groups [G1 = (77.86
+ 36.39) mg dL! and G3 = (74.33+ 34.02) mg dL!] (Figure 8). This fasting
hypertriglyceridemia can be explained by the probable increase in liver triglyceride levels
associated with the stimulation of lipogenesis (with the production of free fatty acids) from the
absorbed glucose. This lipogenic effect is usually caused by the high concentration of insulin
in the blood (hyperinsulinemia) to compensate the insulin resistance, which probably occurred
in the first three weeks of this experiment, before administration of STZ to the rats. The HFR
used in the present study may have favored this process, since it had a higher carbohydrate
content than the high-fat rations normally used in other studies (Srinivasan et al., 2005; Correia-
Santos et al., 2012). The increased amount of fatty acids, produced from the activated lipolysis
in adipocytes (probably after administration of STZ to the rats), can led to increased production
of VLDL, which also can contribute to hypertriglyceridemia.

B. trimera essential oil was able to reduce the hypertriglyceridemia found in the diabetic
rats in a statistically significant manner (p < 0.05). This is evident when comparing the
triglyceridemia rates of group G2 with those of group G4. However, this oil did not interfere
with the triglyceridemia of animals in the non-pathological condition, since there was no
statistically significant difference between G1 and G3 groups regarding this parameter. Thus,
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this anti-hypertriglyceridemic effect of B. trimera essential oil could be explained, for instance,
by a soft inhibitory effect of one or more of its components on pancreatic lipase activity,
indirectly decreasing the lipid absortion of the G4 rats.

Carquejyl acetate accounted for almost 50% of the content of the B. trimera essential
oil tested in this study. This compound is derived from carquejol and is produced by the
esterificarion of this alcohol with acetic acid. As mentioned earlier, carquejol (intraperitoneally
administered to rats) was able to reduce blood cholesterol levels by 5 - 10% (Abreu, 1994).
Therefore, it would be interesting to test the independent actions of carquejyl acetate and
carquejol in this type of model to check if this anti-hypertriglyceridemic effect could be
repeated. Although the carquejol content of the tested essential oil is very low, the idea of also
testing isolated carquejol is reinforced by the possible formation of this compound from
carquejyl acetate. The esterases present in the bloodstream can promote the hydrolysis of

carquejyl acetate, releasing carquejol.
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Figure 9 — LDL-cholesterol monitored after euthanasia of the animals. G1 - non-diabetic rats treated
with Tween 80 (0.01% in water); G2 - rats induced to diabetes and treated with Tween 80 (0.01%);
G3 - non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 - rats
induced to diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical
analyses were made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for
multiple comparisons among the groups. There were no statistical differences among G1, G2, G3 and
G4. Source: Author (2022).
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Figure 10 — HDL-cholesterol monitored after euthanasia of the animals. G1 - non-diabetic rats treated
with Tween 80 (0.01% in water); G2 - rats induced to diabetes and treated with Tween 80 (0.01%);
G3 - non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 - rats
induced to diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical
analyses were made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for
multiple comparisons among the groups. There were no statistical differences among G1, G2, G3 and
G4. Source: Author (2022).

The above-mentioned increase in VLDL in the diabetic condition may also be associated
with an increase in LDL, since VLDL is the precursor of LDL. This increase in VLDL could
also favor the generation of HDL2 (it contains triglycerides and esterified cholesterol), a form
readily captured by the liver, which could lead to a decrease in this lipoprotein in the plasma of
diabetic rats. In this pathological condition, these changes in LDL/HDL ratio can be considered
to be harmful, as they are atherogenic. However, there were no statistical differences (p > 0.05)
among G1, G2, G3 and G4 with respect to plasma levels of LDL-cholesterol and HDL-

cholesterol, and the B. trimera essential oil showed no influence on these parameters.
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Figure 11 — Total cholesterol monitored after euthanasia of the animals. G1 - non-diabetic rats treated
with Tween 80 (0.01% in water); G2 - rats induced to diabetes and treated with Tween 80 (0.01%);
G3 - non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 - rats
induced to diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical
analyses were made by using the one-way ANOVA analysis of variance, with Tukey’s post-test for
multiple comparisons among the groups. There were no statistical differences among G1, G2, G3 and
G4. Source: Author (2022).

Blood levels of total cholesterol did not differ statistically (p > 0.05) when G1 [(66.44
+14.78) mg mL'], G2 [(63.90 £ 9.51) mg mL™"], G3 [(72.15 + 8.88) mg mL'] and G4 [(68.67
+ 4.51) mg mL"'] were compared to each other (Figure 11). Hypercholesterolemia can be
attributed to increased dietary cholesterol absorption in the small intestine following the
ingestion of a lipid-rich diet. Although the diet used in this study was hyperlipidemic, its lipid
amount was lower than the one used in similar studies (Srinivasan et al., 2005; Correia-Santos
et al., 2012). There were also qualitative differences when the present HFR is compared with
others. Pork lard (rich in cholesterol) is often used in the manufacture of these other rations
(Srinivasan et al., 2005; Correia-Santos et al., 2012). The lipid fraction of the HFR used in the
present study contained lipids coming from different food ingredients used for its preparation.
Peanuts, for instance, are rich in mono- and polyunsaturated fatty acids and have no cholesterol.
Thus, its intake is usually beneficial to maintain a good relationship between HDL and LDL
levels and also for reduction of total cholesterol. This could explain, at least in part, the data
collected for the lipid profile of G2 and G4 rats. B. trimera essential oil showed no influence
on this biochemical parameter.

Dyslipidemia of T2DM is often characterized by high levels of triglycerides and
decreased blood levels of HDL. In some cases, there is also an increase in LDL levels or the
emergence of denser and more atherogenic LDL particles (Wu & Parhofer, 2014; Schofield et
al., 2016). Thus, the diabetes model developed for the present study, using this specific HFR in

association with a low streptozotocin dose, produced (at least in part) a lipid phenotype for the
78



diabetic animals similar to the one found in humans with T2DM.

The evaluation of the hepatic function of the rats was performed by monitoring plasma
levels of albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP). A decreased concentration of plasma albumin, and an elevated
level of liver enzymes in the blood are considered to be liver damage indicators (Gonzéles &
Schefter, 2003). Serum aminotransferase levels (ALT and AST) are among the most useful
measures of liver cell injury, although the level of AST is less liver-specific than that of ALT
(McGill, 2016).
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Figure 12 — Plasma Levels of albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
alkaline phosphatase (ALP) monitored after euthanasia of the animals. G1 — non-diabetic rats treated with
Tween 80 (0.01% in water); G2 — rats induced to diabetes and treated with Tween 80 (0.01%); G3 — non-
diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 —rats induced to diabetes and
treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical analyses were made by using the
one-way ANOVA analysis of variance, with Tukey’s post-test for multiple comparisons among the groups.
There were no statistical differences among G1, G2, G3 and G4 in relation to plasma levels of albumin and
AST. * means p < 0.05; ** means p < 0.01. Source: Author (2022).
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The mean plasma albumin levels of G1 [(2.63 = 0.54) g dL'], G2 [(1.88 £ 0.25) g dL'],
G3[(1.98+0,53) g dL'] and G4 [(1.88 +£0.22) g dL"!] were not statistically different (p > 0.05)
from each other (Figure 12). The same occured when G1 [(96.68+ 14.27) IU L], G2 [(158.3+
25.39) IU L', G3 [(205.7+ 82.65) IU L'!], and G4 [(157.3+ 66.78) IU L] were compared for
the plasma levels of AST. On the other hand, the mean ALT value of G2 [(349.50 +233.10) [IU
L] was higher (p < 0.05) than that of G1 [(39.10 + 40.49) IU L], G3 [(29.95 + 11.24) IU L~
17 and G4 [(73.62 + 51.59) IU L']. In the case of alkaline phosphatase (ALP), G2 [(195.30 +
97.46) IU L] and G4 [(174.60 = 78.00) IU L] (diabetic rats) presented higher plasma levels
than G1 [(25.53 £ 6.67) IU L] and G3 [(13.83 + 7.74) IU L"!] (non-diabetic rats).

Based on the above-mentioned data, the diabetic condition apparently started to harm the
liver of the rats, which was clearly indicated by the ALT and ALP levels of the G2 rats in
comparision with G1 and G3 rats. Interestingly, the B. trimera essential oil was able to reduce
about 4.7 times the plasma ALT levels of the diabetic rats, to such an extent that ALT levels of
G4 rats did not differ (p > 0.05) from the ALT levels found in G1 and G3 rats. These data may

point to a potential hepatoprotective action of B. trimera essential oil in diabetic individuals.
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Figure 13 — Plasma Levels of urea and creatinine monitored after euthanasia of the animals. G1 —non-diabetic
rats treated with Tween 80 (0.01% in water); G2 — rats induced to diabetes and treated with Tween 80 (0.01%);
G3 — non-diabetic rats treated with carqueja essential oil diluted in Tween 80 (0.01%); G4 — rats induced to
diabetes and treated with carqueja essential oil diluted in Tween 80 (0.01%). Statistical analyses were made by
using the one-way ANOVA analysis of variance, with Tukey’s post-test for multiple comparisons among the
groups. There were no statistical differences among G1, G2, G3 and G4 for the plasma levels of creatinine. *
means p < 0.05; ** means p < 0.01. Source: Author (2022).

The serum concentrations of urea in G2 [(89.75 + 15.63) mg dL"'] and G4 [(96.76 +
32.30) mg dL!] were statistically higher than the ones found in G1 [(46.52 = 16.59) mg dL]
and G3 [(44.23 £ 7.67) mg dL"'] (Figure 13). In the case of creatinine (another marker of renal

function), the behavior was different. The serum creatinine concentrations of G1 [(0.18 £ 0.19)
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mg dL'], G2 [(0.21 £ 0.24) mg dL'], G3 [(0.19 = 0.16) mg dL'], and G4 [(0.23 + 0.24) mg
dL'] did not differ (p > 0.05) from each other (Figure 14). It is difficult to evaluate the renal
function of diabetic animals using only these two markers (urea and creatinine blood levels).
Other tests, e.g., detection of albumin in urine, could be useful to allow a better analysis of the
renal function. The high concentrations of urea found in the blood of G2 and G4 animals were
most likely associated with an increase in muscle proteolysis for use as an energy source. It
normally happens in order to compensate for the decreased ability of the animals to use glucose
as a fuel in this diabetic situation. As previously mentioned, this increase in muscle proteolysis
associated with lipolysis in adipose tissue led to a substantial loss of body mass in the G2 and

G4 animals.

4. Conclusions

The B. trimera essential oil tested in the present study appears to be genuine because of
the presence of the chemical biomarkers carquejol and carquejyl acetate. This essential oil
(diluted in aqueous Tween 80 (0.01%) solution) was classified as a cytotoxic agent [LDso =
(43.4 £ 17.1) ppm] by the Artemia salina bioassay.

The HFR used to induce T2DM in the rats can be easily prepared in a laboratory
environment using relatively unexpensive food ingredients that are widely available for
purchase and are broadly consumed by Brazilian population. Proximal analysis showed that it
can actually be classified as a hyperlipidic/hypercaloric ration. Its fat composition differs from
that of other hyperlipidic rations that are composed of pork lard (rich in cholesterol) and often
used in diabetes studies. Not only the amount of the lipid fraction, but also its quality, can
influence the genesis and features of diabetes. Thus, the employment of the HFR of the present
study can favor the collection of new data on diabetes and the establishment of a new animal
model to study this pathology. However, this HFR alone was not able to induce the proper
symptoms of T2DM; therefore, it needs to be associated with a low intraperitoneal dose of STZ.

The combination of HFR with a low dose of STZ was able to reproduce the metabolic
characteristics of T2DM in a short period of time, with the clear appearance of hyperglicemia
and the classic triad of its symptoms (polyuria, polydipsia and polyphagia). In this new animal
model to study diabetes, rats developed a dislipidemic condition mainly characterized by its
hypertriglyceridemia.

There was a tendency of decreasing glycaemia in the last two weeks of the experiment

in the diabetic animals treated with B. trimera essential oil. However, this tendency did not
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result in a statistically significant difference among the diabetic groups (p > 0.05). Although
the main therapeutic target of medicines for diabetes is glycemic control, maintaining lipid
control is also essential for good metabolic control. In this context, the B. trimera essential oil
showed potential for use as an alternative agent for control of diabetic hypertriglyceridemia.
This essential oil also showed a hepatoprotective potential in the diabetic animals.

Carrying out this experiment for a longest treatment period (greater than 3 weeks) and
with a larger amount of rats for each group, may provide a more robust data set to verify the
hypoglycemic effect and to confirm the hypotrygliceridemic and hepatoprotective actions of

the B. trimera essential oil.
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CONSIDERACOES FINAIS

Na busca por amostras in natura que pudessem ser usadas como referéncia de Baccharis
trimera, obteve-se uma amostra de Baccharis myriocephala referenciada pela caracterizagdo
botanica. Dezenove compostos foram identificados pela primeira vez como constituintes da
fracdo volatil dessa espécie (Baccharis myriocephala), sendo treze detectados nos Oleos
essenciais, cinco nas infusdes e um (palustrol) em ambas as matrizes. Quanto a capacidade
antioxidante, as infusdes demonstraram maior potencial do que os 6leos essenciais. Quanto a
toxicidade, os 6leos essenciais foram caracterizados com alto potencial citotoxico, enquanto as
infusdes foram consideradas atoxicas.

Na auséncia de uma amostra in natura representativa da espécie Baccharis trimera,
utilizou-se como referéncia para a avaliagdo da autenticidade das amostras de sachés
comercializadas sob a designagdo de carqueja amarga, um o6leo essencial comercializado pela
empresa Lazlo Aromaterapia Ltda. Nesse estudo, foram identificadas 41 substancias nos 6leos
essenciais de carqueja analisados. Apenas o acetato de carquejila, o palustrol, o espatulenol e o
B-eudesmol foram detectados em todas as amostras avaliadas. A auséncia do carquejol em uma
das amostras de sachés e a presenca do acetato de carquejila em baixas concentragdes nos 6leos
essenciais dessas amostras comerciais (grupo 2) dificultou a avaliagdo da autenticidade das
mesmas por comparagdo com as amostras de referéncia (grupo 1). Nao houve diferenca
estatistica significativa entre o potencial antioxidante dos dleos essenciais de referéncia (grupo
1) e dos oleos essenciais obtidos a partir das amostras comercializadas na forma de sachés
(grupo 2). Os 6leos essenciais de carqueja amarga testados possuem capacidades antioxidantes
inferiores aquelas observadas para o 6leo essencial de Baccharis dracunculifolia. Os 6leos
essenciais de ambos os grupos (1 e 2) mostraram-se citotoxicos de acordo com o teste de
toxicidade aguda em Artemia salina.

Para o estudo do potencial antidiabético do 6leo essencial de Baccharis trimera utilizou-se
um modelo animal no qual a diabetes mellitus tipo II foi induzida pela associacdo de uma dieta
hiperlipidica/hipercaldrica com uma pequena dose de estreptozotocina. A combinagdo dessa
dieta com esse agente toxico foi capaz de reproduzir as caracteristicas metabolicas da DM2 em
um curto periodo de tempo, com o aparecimento da hiperglicemia e da triade classica dos
sintomas da diabetes. Nesse modelo, os ratos desenvolveram uma condi¢do dislipidémica

caracterizada principalmente pela hipertrigliceridemia.
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O principal achado desse estudo foi o potencial apresentado pelo 6leo essencial de B.
trimera para controle da hipertrigliceridemia diabética. Esse 6leo essencial também apresentou
potencial hepatoprotetor nos animais diabéticos.

Por fim, sugere-se o desenvolvimento de mais estudos a fim de caracterizar as diferentes
fracdes quimicas dessas plantas para que possa ser estabelecido um padrdo de identidade e
qualidade mais efetivo. Além disso, novos ensaios pré-clinicos e clinicos em modelos animal e
humano se fazem necessarios para comprovar a efetividade da utilizagdo da Baccharis trimera,

seja na forma de 6leo essencial ou infusdo, para o tratamento da DM2.
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