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GENERALABSTRACT

Introduction

Obesity is a metabolic disorder, characterized by excessive accumulation of body fat and
related to several comorbidities, such as type 2 diabetes and dyslipidemia. In recent years,
the incidence of obesity has become a public health problem worldwide, with incalculable
social costs. A group of drugs widelyused in the treatment and control of these pathologies
aretheinhibitorsoftheenzymesa-amylaseandpancreaticlipase.However,thesedrugshave major
side effects, such as abdominal pain, flatulence, diarrhea, and decreased vitamin absorption,
which often leads to discontinuation of therapy. For this reason, natural compounds have
been explored as potential alternatives to the treatment of obesity and diabetes.

MyrciariajaboticababelongstotheMyrtaceaefamily,isafruitplantnativetoBrazil,widely
cultivated mainly in the Southeast region. The fruits are globose, with juicy pulp, generally
sweet, and called jabuticaba. The peel of jabuticaba has a high content of phenolics,
anthocyanins,ellagicacid,andahighantioxidantandanti-inflammatorypotential. Cyanidin- ~ 3-
O-glycoside (C3G), the main anthocyanin present in the peel, is responsible for the color as
well as for its significant antioxidant, anti-inflammatory, and anti-obesity properties. As
much as some studies reported the inhibitory activityof the jabuticaba peel on the enzymes
amylaseandpancreaticlipase,thesewerecarriedoutinvitro,thatis,therearenoreportsthat
evaluate these effects in animals.

Objective

In this context, to take advantage of the residue obtained from the food industry, this work
hadthecentralobjectiveofevaluatingtheeffectofjabuticabapeelextractontheabsorption
ofstarchandtriacylglycerolsinmice.Inaddition,conductacomparativestudywithitsmain
constituent, C3G, on these phenomena.

Materialsand methods

All experimental procedures were previously approved bythe Ethics Committee on the use
ofAnimalsinExperimentation-CEUA-UEMundern®9577260819.Thepeelofjabuticaba ~ was
purchased from the Belo farm (State of Sdo Paulo) and was used for the preparation of
theextracthydroethanolic70%,andevenwaslyophilized. Theextractwascharacterizedand  the
profile of phenolic compounds was determined, and classified into anthocyanidin and non-
anthocyanidin in high-performance liquid chromatography (HPLC) coupled to a mass
spectrum. Evaluation of the effects of an extract and cyanidin-3-O-glycoside (C3G)
concentrationcurveontheactivityofpancreaticamylaseandlipasewereperformedinvitro.
Similarly,kineticassayswereperformed tocharacterizetheactivityoftheseenzymesinthe
presence of at least 2 different concentrations of the extract. All experimental procedures
were completely controlled and the activity of each of the enzymes, under the different
conditions of evaluation, was calculated from the spectrophotometric readings.

For in vivo tests, male mice, Swiss lineage (28 to 33g) were used in an 18-hour fast. Four
oral tolerance tests were performed on mice: 1) Starch tolerance test: animals received, via
gavage,anoverloadofcommercialcornstarch(1g/Kg).2)tolerancetesttotriacylglycerols (TG):
animals received, via gavage, an overload of olive oil (SmL / Kg). 3) Fatty acid
tolerancetest:animalsreceivedanoverloadofoleicacid+glycerolviagavage.Alltests
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were performedin thepresence and absence ofa curveofdoses ofthe extract ofthe peel of
thejabuticaba,aswellas withatleasttwodosesofC3G.Negativecontrolanimalsreceived water,
and positive control: received acarbose (50mg / kg) or orlistat (50mg / kg). Blood
sampleswerecollectedbeforeandafteroverloadingstarchorTGorglycerolplusoleicacid
andtheplasmalevelsofglucoseortriacylglycerolswerequantifieddependingonthepurpose
oftheassay.StatisticalanalysisandnumericalinterpolationforthedeterminationoftheIC50
(effective concentration responsible for half of the maximum inhibition) were performed in
the Scientist Software from MicroMath Scientific Software (Salt Lake City, UT).

Resultsanddiscussion

The chemical characterization of the extract revealed that the peel of the jaboticaba has 12
phenoliccompounds,tenofwhicharenon-anthocyaninsandtwoanthocyanins.Cyanidin-3-  O-
glycoside is the main phytochemical found in the last group and makes up 1.2 g% of the
extract. Theextractofthebarkofjabuticabainhibitedtheactivityofamylaseandpancreatic  lipase
in a dose-dependent manner. The IC50 was 1963 pg / mL and 143.9 pg / mL, respectively.
This means that the extract showed a much greater inhibitory action on lipase
(+13.6times)thanonpancreatica-amylase. Thesewereparabolicinhibitions,andtheextract
wascharacterizedasamixedinhibitor. ToevaluatethepossiblecontributionofC3 Gtothese
enzymatic inhibitions, experiments were carried out with C3G with concentrations of up to
200pg/mL.ThatisconcentrationswellabovetheconcentrationsofC3GpresentintheIC50 of the
extract, of 23.55ug / mL for amylase and 1.77ug / mL for lipase. Even so, C3G contributed
little to the inhibition of these enzymes by the extract. Thus, C3G can be considered a weak
pancreatic lipase inhibitor. Since it is not primarily responsible for the
inhibitoryeffectoftheextractonamylaseandpancreaticlipase,aneffectprobablyattributed to
other polyphenols present in the extract.

Basedontheseresults,itisexpectedatleastacertaininterferenceoftheextractonthestarch and
triacylglycerol absorption process in mice. To evaluate this hypothesis, the starch tolerance
test revealed that, theextract inhibited theabsorption of starch onlyin high doses. Extract
doses of 250 and 500 mg/kg reduced the glycemic increase induced by starch (area under
the curves) by 51 and 84%, respectively. The dose of 500 mg/kg, had an effect very similar
to acarbose (50 mg/kg), the classic inhibitor of starch absorption. C3G experiments, in
doses far above that found in the extract (250 and 500 mg/kg), 10 and 20 mg/kg, did not
interfere with the starch absorption process. In addition, the extract, at least in the doses
evaluated, did not interfere with the transport of glucose through intestinal cells.

Similarly, jabuticaba bark extract reduced the absorption of triacylglycerols (TG) in a dose-
dependent manner, after an oral overload of olive oil. However, this effect was observed at
doses of extract well below the doses responsible for inhibiting the absorption of starch.
Extract doses of 5 to 250 / mg kg reduced the response curve to TG overload progressively
towardsthecurveobtainedwithorlistat(positivecontrol). Thedoseof I mg/Kgpromoteda
transientstimulusintheabsorptionofTGfollowedbyinhibition. TheSmg/kgdosereduced
theareaundertheTGtolerancetestcurveby67%.Numericalinterpolationrevealedthatthe
concentrationoftheextractresponsiblefora50%decreaseinTGabsorption(IC50)was3.65

mg/kg. The effect of cyanidin-3-O-glycoside (0.2 and 2 mg/kg) on this process was also
evaluated. The lowest dose (0.2 mg/kg), similarly to the lowest dose of the extract, had a
doubleeffect,asobservedbytheinitialincreaseinserumTGconcentrationandsubsequent
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decline. On the other hand, the highest dose, 2.0 mg/kg, reduced the absorption of TG
compared to the control. This complex phenomenon reveals that, at least in low doses, both
theextractandC3Ghadadoubleeffect,witharapidandtransientstimulusofTGabsorption,
butthatthiswasoverlaidbyaninhibitoryactionthatpredominatedovertime.Theseresults,
however, revealed that the extract of the bark of the jabuticaba inhibited the absorption of
TGinmuchlowerdosesthanexpectedsincetheIC50oftheextractforlipasewas143.9ug/ mL.
Thus, it can be expected that the extract could interfere in steps after the hydrolysis of TG.
In addition, this interpretation is reinforced by the effect of C3G, which is a weak inhibitor
of lipase, but a strong inhibitor of the absorption of triacylglycerols in the
concentrationspresentintheextractofthebarkofthejabuticaba.Inthissense,weevaluated the
effect of the extract (5 and 25mg / Kg) and C3G (0.2 and 2mg / Kg) on the fatty acid
absorptionprocessinanimals.BoththeextractandC3Gpreventedanincreasein TGplasma
levelsafteranoverloadofoleateplusglycerol. Thedegreeofinhibitionwasverysimilarfor
theextractandC3Gdosesused. Thus,itisconcludedthattheinhibitoryeffectoftheextract
ontheabsorptionoffattyacidsdependsonasignificantcontribution,ifnotpredominant,of ~ C3G.
The general process of fatty acid absorption (AG) and subsequent release of TG is
highlycomplex. The exact mechanism bywhich C3G exerts thiseffect cannot be described
usingthiswork.However,itispossibletosuggestaninhibitoryactionofC3Gononeofthe proteins
involved in the transport of AG and or on the reactions that transform AG into TG via
monoacyl-glycerol or 3P glycerol.

Conclusion

It can be concluded that the extract of jabuticaba bark presents favorable perspectives as an
inhibitor of fat absorption and that cyanidin-3-O-glycoside, one of its main constituents,
seems to play a decisive role in this effect. Thus, both the bark extract of jabuticaba and
cyanidin-3-O-glycoside isolated present areal possibilityof application as pharmacological
agents or in diets for the treatment of obesity. An important characteristic of the extract of
jabuticababark is the low doses necessaryto reducethe absorption of fat. This also extends
to C3G. Jaboticaba peels are usually discarded as waste by the industrial processing of the
fruit, a fact that generates cheap raw material in large quantities for semi-purified
pharmaceutical formulations and food additives. Of course, for this, more mechanistic and
perhaps clinical studies are certainly desirable.

Keywords: Enzyme inhibition, pancreatic a-amylase, pancreatic lipase, obesity,
diabetes.
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RESUMOGERAL

Introducao

A obesidade ¢ uma desordem metabolica, caracterizada por acumulo excessivo de gordura
corporal e relacionado a varias comorbidades, como o diabete tipo 2 e dislipidemias. Nos
ultimos anos, a incidéncia da obesidade tem se tornado um problema de saude publica
mundialmente, com custos sociais incalculdveis. Um grupo de medicamentos bastante
utilizados no tratamento e no controle destas patologias sao os inibidores das enzimas -
amilase e lipase pancredtica. No entanto, estes farmacos apresentam grandes efeitos
colaterais,comodorabdominal,flatuléncia,diarreiacdiminui¢aodaabsor¢cdodevitaminas, 0s
quais muitas vezes acarretam a descontinuacdo da terapia. Por esta razdo, compostos
naturais tém sido explorados como potenciais alternativas ao tratamento da obesidade e do
diabetes.

Mpyrciariajaboticaba,pertence afamiliaMyrtaceae,é umaplanta frutiferanativado Brasil,
muitocultivadaprincipalmentenaregiaoSudeste. Osfrutossaoglobosos,depolpasuculenta,
geralmente doce, e denominado de jabuticaba. A casca da jabuticaba apresenta grande
conteudo de fenolicos, antocianinas, acido eldgico, e um alto potencial antioxidante e
antiinflamatorio.Acianidina-3-O-glicosideo(C3G),principalantocianinapresentenacasca, ¢
responsavel pela coloragdo como também pelas significativas propriedades antioxidante,
anti-inflamatoria e anti-obesidade da mesma. Por mais que alguns trabalhos relataram a
atividadeinibitoriadacascadajabuticabasobreasenzimasamilaseelipasepancreatica,estes

foram realizados in vitro, ou seja, nao ha relatos que avaliem estes efeitos em animais.

Objetivos

Neste contexto, com intuito de aproveitar o residuo obtido da industria de alimentos, este
trabalho teve por objetivo central avaliar o efeito do extrato da casca da jabuticaba sobre a
absor¢do de amido e de triacilglicer6is em camundongos. Além de, realizar um estudo
comparativo com o seu principal constituinte, C3G sobre estes fendmenos.

Materiaisemétodos

Todos os procedimentos experimentais foram previamente aprovados pelo Comité de Etica
no Uso de Animais em Experimentagdo — CEUA-UEM sob o n® 9577260819. A casca da
jabuticaba, adquiridado sitio do Belo (Estadode Sao Paulo), foiutilizadaparao preparodo
extratohidroetandlico70%,e  omesmofoiliofilizado.Oextratofoicaracterizadoeoperfil ~ de
compostos fenolicos foi determinado e classificados em antocianidina ¢ nao
antocianidinasemcromatégrafoliquidodealtaperformance(HPLC)acopladoaumespectro  de
massa. Avaliagao dos efeitos de uma curva de concentragdo do extrato e da cianidina-3- O-
glicosideo sobre a atividade da amilase e lipase pancreatica foram realizados in vitro. De
maneira semelhante, também foram realizados ensaios cinéticos de caracterizagdo da
atividade destas enzimas na presenca de pelo menos 2 concentragdes diferentes de extrato.
Todos os procedimentos experimentais foram completamente controlados e a atividade de
cada uma das enzimas, nas diferentes condi¢des de avaliagdo, foi calculada a partir das
leituras espectrofotométricas e curvas de padrdo.
Paraensaiosinvivoforamutilizadoscamundongosmachos,linhagemSwiss(28a33g)em
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jejumdel8horas.Foramrealizados4ensaiosdetoleranciaoralemcamundongos:1)Teste de
tolerdncia ao amido: animais receberam, via gavage, uma sobrecarga de amido de milho
comercial (1g/Kg peso corporal). 2) Teste de tolerancia a triacilglicer6is (TG): animais
receberam, via gavage, sobrecarga de azeite de oliva (SmL/Kg peso corporal). 3) Teste de
tolerancia a acido graxo: animais receberam, via gavagem, sobrecarga de acido oléico +
glicerol. Todososensaiosforamrealizadosnapresengacausénciadeumacurvade diferentes
dosesdoextratodacascadajabuticaba,comotambém,compelomenosduasdosesdeC3G.
Animais controle negativo, receberam agua, e controle positivo: receberam acarbose
(50mg/Kg) ou orlistat (50mg/Kg). Amostras de sangue foram coletadas antes e apds
sobrecarga de amido ou TG ou glicerol mais 4cido ol€éico e quantificadas os niveis
plasmaticos de glicose ou TG dependendo do objetivo do ensaio. A analise estatistica e a
interpolacdo numérica para a determinagdo da ICso(concentracdo efetiva responsavel por
metadedainibi¢doméxima)foramrealizadasnoSoftwareScientistdaMicroMathScientific
Software (Salt Lake City, UT).

Resultadose discussio

A caracterizagdo quimica do extrato revelou que, a casca da jabuticaba apresentou 12
compostos fenolicos, sendo dez ndo-antocianinas e duas antocianinas. A cianidina-3-O-
glicosideo foi o principal fitoquimico encontrado no ultimo grupo perfazendo 1,2 g% do
extrato.Oextratodacascadajabuticabainibiuaatividadedaamilaseedalipasepancreatica
demaneiradosedependente. AICsofoide1963pug/mLe143,9ug/mLrespectivamente.Isto
significa que o extrato apresentou uma acao inibitdria muito maior sobre a lipase (+13,6
vezes) do que sobre a a-amilase. Estas foram inibi¢cdes parabolica, e o extrato foi
caracterizado como inibidor misto. Com intuito de avaliar a possivel contribui¢do da C3G
para estas inibi¢cdes enzimaticas, foram realizados experimentos com esta antocianina em
concentragdesdeaté200pug/mL.Ouseja,concentracdesbemacimadaconcentracdodeC3G
presentenalCsodoextrato,de23,55ug/mLparaamilaseedel,77pg/mLparalipase.Mesmo assim,
a C3G pouco contribuiu paraa inibicdo enzimdtica exercida pelo extrato da casca da
jabuticaba.Dessemodo,aC3Gpodeserconsideradaumfracoinibidordestasenzimas.Além disso,
a C3G nao pode ser a principal responsavel pelo efeito inibitorio do extrato sobre a amilase
e a lipase pancredtica, efeito provavelmente atribuido a outros polifendis presentes no
extrato.

Com base nestes resultados, espera-se a0 menos, uma certa interferéncia do extrato sobre o
processodeabsor¢aodoamidoedetriacilgliceréisemcamundongos.Comintuitodeavaliar
estahipdteseotestedetoleranciaaoamidorevelouque,oextratoinibiuaabsor¢dodoamido
somente em altas doses 250 e 500 mg/kg. Esta reducdo foi de 51 e 84%, respectivamente.
Defato,adosede500mg/kg,apresentouefeitomuitosemelhanteaacarbose(50mg/Kg),o inibidor
classico da absor¢dao do amido. Experimentos com C3G, em doses muito acima a
encontrada no extrato (250 e 500 mg/Kg), 10 e 20mg/Kg, ndo interferiu com o processo de
absor¢cdo do amido. Além disso, o extrato, pelo menos nas doses avaliadas, ndo interferiu
com a o transporte de glicose pelas células intestinais.

Demaneirasemelhante,oextratodecascadejabuticabareduziuaabsor¢aodetriacilglicerois (TG)
de forma dose dependente, apés uma sobrecarga oral de azeite de oliva. No entanto,
esteefeitofoiobservadoparadosesde5a250mg/K g,ouseja,bemabaixodasresponsaveis
pelainibicaodaabsor¢aodoamido.Adosede 1 mg/K gpromoveuumestimulotransitoriona
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absor¢ao de TG, seguida de inibicdo. J4, a dose de 5 mg/kgreduziu a absorcao em 67%.
Interpolagdo numérica revelou que, a concentracdo do extrato responsavel por uma
diminui¢do de 50% da absor¢ao de TG (ICso) foi de 3,65 mg/kg. Também foi avaliado o
efeito da cianidina-3-O-glicosideo (0,2 e 2 mg/kg) sobre este processo. A menor dose
(0,2mg/Kg),deformasemelhanteamenordosedoextrato,apresentouumduploefeito,como
observado pelo incremento inicial da concentragdo sérica de TG, e subsequente declinio da
mesma. Por outro lado, a maior dose, 2,0 mg/kg, reduziu a absor¢dao de TG em relagdo ao
controle. Este fendmeno complexo revela que, pelo menos em baixas doses, tanto o extrato
comoaC3Gapresentaramumduploefeito,comrapidoetransitorioestimulodaabsor¢aode
TG,masqueestefoisobrepostoporumaacaoinibitériaquepredominouaolongodotempo.
Estesresultados,entretanto,revelaramque,oextratodacascadajabuticabainibiuaabsorc¢ao de
TG em doses muito menores que a esperada, ja que a ICsodo extrato para lipase foi de
143,9ug/mL. Desse modo, estes resultados sugerem que, o extrato pudesse interferir em
etapas subsequentes a hidrolise dos TG. Além disso, esta interpretacdo foi reforcada pelo
efeito da C3G, que ¢ um fraco inibidor da lipase, mas um forte inibidor da absor¢do de
triacilglicer6is nas concentragdes presentes no extrato da casca da jabuticaba.

Nessesentido, avaliamos o efeito do extrato (5e 25mg/Kg) edeC3G (0,2 e2mg/Kg)sobre o
processo de absor¢do de 4cidos graxos em animais. De fato, tanto o extrato como a C3G
impediuumaumentoplasmaticodeTGapdssobrecargadeoleatomaisglicerol.Sendoque, o grau
de inibi¢do foi muito semelhante para as doses de extrato e C3G utilizadas. Desse modo,
conclui-se que, o efeito inibitorio do extrato sobre a absorcao de acidos graxos depende de
uma significativa contribui¢do, se ndo predominante da C3G. O processo geral
deabsorcaodeacidosgraxos(AG)esubsequenteliberaciode TGparaacorrentesanguinea ¢
altamente complexo. O exato mecanismo pelo qual a C3G exerce este efeito ndo pode ser
descrito por meio deste trabalho. No entanto, ¢ possivel sugerir uma acao inibitoria da C3G
sobre uma das proteinas envolvidas no transporte de AG e ou proteinas relacionadas a
transformacao do AG em TG via monoacil-glicerol ou glicerol 3P.

Conclusido

Com base no que foi apresentado, pode-se concluir que, o extrato de casca da jabuticaba,
como a cianidina-3-O-glicosideo isolada apresentam uma real possibilidade de aplicagao
como agentes farmacoldgicos ou em dietas para o tratamento da obesidade, pois ambos
apresentaram uma significativa inibi¢do da absorcdo de gordura. Uma importante
caracteristicadoextratodecascadejabuticabasdoasbaixasdosesnecessariasparaobtengao
destesfendomeno.IstotambémseestendeparaaC3G.Ascascasdejabuticabacostumamser
descartadas como residuos pelo processamento industrial da fruta, fato que gera matéria-
prima barata e em grandes quantidades para formula¢des farmacéuticas semi-purificadas e
aditivos alimentares. Claro que para isso, mais estudos mecanicistas e talvez clinicos sao
certamente desejaveis.

Palavras-chaves:Inibicadoenzimatica,a-amilasepancreatica,lipasepancreatica, obesidade,
diabetes.
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Effects of a Myrciaria jaboticaba peel extract on
starch and triglyceride absorption and the role of
cyanidin-3-O-glucoside

Pamela Alves Castilho, Livia Bracht.” Lillian Barros, (0 Bianca R. Alouquerque, (0 ©
Maria Inés Dias, & © Isabel C. F. R. Ferreira, (9 Jurandir Fernando Comar,®
Tamires Barlati Vieira da Silva,” Rosane Marina Peralta,”

Anacharis Babeto de Sa-Nakanishi” and Adelar Bracht (%2

The purpose of this study was to perform a parallel and comparative investigation of the effects of a
Myrciaris jaboticaba [common name jabuticaba) peel extract and of its constituent cyanidin-3-0-gluco-
side on the cverall process of starch and triglyceride intestinal absorption. The peel extract inhibited both
the porcine pancreactic a-amylase and the pancreatic lipase but was 13.6 times more potert on the latter
[1C5p values of 1963 and 143.9 pg mL 7, respectively). Cyanidin-3-O-glucoside did not contribute signifi-
cantly to thess inhibitions. The |abuticaba peel extract inhibited starch absorption in mice at doses that
were compatible with its inhibitory action on the w-amylase. No inhibition of starch absorption was found
with cyanidin-3-0-glucoside doses compatible with its content in the extract, The extract also inhibited
triglyceride absorption, but at doses that were considerably smaller than those predicted by its strangth in
inhibiting the parcreatic lipase (IDsp = 3.65 mg kg'l}. In this case, cyanidin-3-0-glucoside was also
strongly inhibitory, with 72% inhibition at the dose of 2 mg kg, When oleate + glyceral were given to
mice, both the peel extract and cyanidin-3-0-glucoside strongly inhibited the appearance of triglycendes
in the plasma. The main mechanism seems, thus, not te be the lipase inhibition but rather the inhibition
of ore or more steps eg,, transport) in the events that lead to the transformation of free fatty acids in the
intestinal tract into triglycerides. Due to the low active doses, the jabuticaba peel extract presents many
favourable perspectives as an inhibitor of fat absorption and cyanidin-3-O-glucoside seems to play a
decisive role.

America. Due to its sweet and characteristic taste the pulp of
jabuticaba has been consumed either in natura or used in the

Myrciaria jaboticaba, belonging to the Myrtaceae family, is a
fructiferous plant from Brazil, extensively cultivated mainly in
the southeastern part of the country. The fruits, known as
jabuticaba, are globular with a thick skin and juicy pulp, and
are generally sweet.' They present a high content in phenolics,
anthocyaning, ellagic acid, and a pronounced antioxidant
capacity fn virp.* Jabuticaba possesses a high commercial
potential thanks to its pleasant sensorial properties in
addition to its nutritional and functional properties.” Its popu-
larity has been compared to that of the berries in North

“Pusi-Graduete Program in Food Seiences, State University of Muringe, 87020-000
Muringd, Parand, Brazil

*Department of Biochemisiry, State University of Muringa, $7020-900 Marirgd,
Parand, Brecil Emel: adebrachiiuol.com br, abrachtiuenbr

'Centra de fwestigncde de Mortanha (CIMO), Institute Politécnico de Braganga,
Campus de Santa Apolong, 5300-233 Poriugal
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production of jams, wines, liqueurs and juices. The jabuticaba
skin, on the other hand, is rigid and has an astringent taste. It
is usually discarded as residue by the food industry, but it is
also a potential source of bicactive molecules and a functional
food.”" In a recent study, several phenolic compounds have
been identified in a hydroalcoholic extract of the skins
among anthocyanins (eg, cyanidin-3-C-glucoside] and non-
anthocyanins.”

There are several reports artributing merabolic effects to
extracts or chemical components of hoth the jabuticaba whole
froit and skin. For example, the daily intake during 40 days of
1to 2 g kg of a dried hydroaleoholic extract of the whole
fruit by diabetic rats caused substantial diminution in the
levels of total cholesterol and triacylglycerols in the plasma
and a reduction in post-prandial glycemia ® These effects were
attributed, partly at least, to the inhibition of the panereatic
lipase by the extmet. The IC;; of the total fruit extract for this
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inhibition, however, was very high, namely 1080 pg mL ™" of
the reaction medium, a point to be taken into account in
terms of future clinical applications.” In line with an effect on
lipid metabolism is the report of experiments in which the
dried fabuticaba peel was fed to rats and which resulted in
inereased exeretion of fecal triglycerides.” Tn another study in
which obese rodents were fed with diets containing fractions
af dried skin, increased HDL cholesterol and diminished
insulin levels were found.” Cyanidin-3-O-glucoside, the main
anthocyanin of the skin,” has also been frequently associated
with lipid metabolism. Food supplementation with cyanidin-3-
O-glucoside to obese mice reduced body weight, visceral
adiposity, hepatic  steatosis  and  plasma  levels  of
triacylglyeerols. “*" 1t alse reduced  hyperglycemia  and
improved sensitivity to insulin in diabetic mice."” Many of
these effects have been attributed to the ability of ganidin-3-
O-glucoside in modulating the activity of the lipoprmotein lipase
in tissues and in increasing the activity of the brown adipose
tissue. "

The observations that were summarized above strongly indi-
cate that jabuticaba extracts and its constituent cyanidin-3-0-
glucoside affect lipid and possibly also earbohydrate metab-
olism. The most striking possibility is an action on triglyceride
and possibly also on starch absorption from the intestinal
tract. Close examination of the reports, however, reveal that a
direct pmoof that these events really occur in wwo is still
lacking. Furthermore, mechanistic details of the action of
jabuticaba extracts and of their main constituent cyanidin-3-0-
glucoside are still to be elucidated. For this reason, we decided
to investigate in detail these actions in mice by administering
defined doses of an hydroaleoholic extract of jabuticaba peel
and eyanidin-3-O-glucoside and by measuring their actions on
triglyceride and starch absorption. An hydroaleoholic peel
extract was used instead of a total fruit extract for two main
reasons. The first reason is that most studies on the biological
effects of the jabuticaba have been conducted using peel
extracts. The second one is that cyanidin-3-O-glucoside, a com-
pound that is of particular interest for the present study,
seems to be fairly abundant in the skin.’ If this commercially
available compound participates in a significant way in the
effects of jabuticaba extracts, the study may open the way for
detailed and refined mechanistic studies using cellular
systems.

Materials and methods
Materials

Porcine pancreatic «-amylase (type IV-BJ, pancreatic lipase
(type 1) and potato starch were purchased from Sigma-Aldrich.
Cyanidin-3-O-glueoside hydrochloride (C3G, 98% pure) was
purchased from Biopurify Phytochemicals Ltd (Chengdu,
China). Phenolic compound standards [ellagic acid, quercetin-
3O-glucoside and cyanidin-3-0-glucoside) were purchased
from Extrasynthese (Genay, France). Excipient-free acarbose
and orlistat were obtained from Manipulacio Farmacias Sio

This foumal & @ The Royal Sacisty of Chemistry 200

Wiew Article Online

Paper

Paulo (Maringa, Brazil). Origin of both products is Fagron M
(Waregem, Belgium). All reagent prade chemicals were from
the highest possible degree of purity.

Preparation of hydroethanolic extract of M. jaboticaba peels

The jabuticaba skins (peels) were purchased from the Belo
Farm (53o Paulo State, Brazil). They were dried in a recitculation
oven at 45 °C and gound to a fine powder. This powder was
suspended in a 70% hydroalcoholic solution at a proportion of
10 g powder per 100 mL extraction solution. The mixture was
kept on a rotary shaker (120 rpm] for 2 hours at room tempera-
ture and protected from light. Agitation was followed by fil-
tration through Whatman 1 and the fltrate was collected. The
solid residue was submitted to two additional and suecessive
extractions. The combined filtrates were concentrated in an
oven at 45 °C for ethanol evaporation. The agueous solution
was finally lvophilized and stored in freezer at —20 °C.

Deter 1 of the phenolic profile of the hydroethanolic
extract of the M. jaboticaba pecls

For determining the phenolic profile of the sample, the lyophi-
lized extract {10 mg) was re-dissolved in 2 mL of ethanol : water
(70:30 viv) and filtered through a 0.22 um disposable filter
disk into an amber vial for HPLC analysis.

Non-anthocyanin and anthocyanin compounds were deter-
mined by high-performance liquid chromatography (Dionex
Ultimate 3000 UPLC, Thermo Scientific, San Jose, CA, USA],
with diode-array detector (280, 330, and 370 nm wavelengths
for non-anthocyanin compounds, and 520 nm wavelength for
anthoeyvanin compounds) linked to an electrospry ionization
mass spectrometer working in negative mode (non-anthocya-
nin compounds) and positive mode (anthoeyanin compounds)
(Linear Ton Trap LTQ XL, Thermo Scientific, San Jose, CA,
USA) under conditions previously deseribed.”® Phenolic com-
pounds were identified eomparing their UV-vis and MS reten-
tion times with those obtained from available standards and
data from our compound library and the literature. The results
were expressed inmg g~ extract.

Animals

The present work was approved by the Ethics Commirttee on
the Use of Animals in Experimentation (CEUA] of the State
University of Maringd [protocol number 9577260819} Male
Swiss mice weighing between 33 and 40 g were used [age of
approximately 40 days). The mice were fed with standard chow
diet and received water ad libttum, Three animals were kept in

each cage according to the universally accepted guidelines for
animal experimentation.

Pancreatic a-amylase assay and kinetics

The activity of the poreine panereatic a-amylase (initial reaction
rate) was measured as the rate of reducing sugar formation."
The reaction medivm was 20 mM phosphate buffer, pH 6.9,
containing 6.7 mM NaCL.'*'® Substrate (starch), enzyme and
inhibitors [jabuticaba peel extract or cyanidin-3-O-glucoside
hydrochloride) were all dissolved into this medium. The volume
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of the final reaction medium was equal to 1.0 mL and was com-
posed of 500 pL substrate solution, 250 pL inhibitor solution
and 250 pL enzyme solution. The final cencentrations of starch
were in the range between 0.05 and 1 g per 100 mL, those of the
M, jaboticaba peel extract in the range between 20 and 4000 pg
mL " and those of evanidin-3-O-glucoside in the range between
5 and 160 pg mL ™. The enzyme concentration in all incu-
bations was equal to 0,75 units per mL under the conditions of
the assay. Initally reaction medium and the substrate solution
were mixed and incubated for 5 minutes at 37 °C. This was fol-
lowed by the addition of the enzyme solution. After 10 minutes
incubation at 37 “C the teaction was stopped hy keeping the
reaction tube in boiling water for 5 minutes. The reducing
sugars were determined by the 3,5-dinitrosalicylate method,
using maltose as standard."™ Absorbance, which is directly pro-
portional to the concentration of reducing sugars, was read at
540 nm. Interference by the components of the extract or cyani-
din-3-C-glucoside with the absorbance measurements was
monitored by parallel incubations containing the same inhihi-
tor concentrations and buffer solution in place of the enzyme.
To these incubations samples 3,5-dinitrosalicylate was added
and their absorbance subtracted from the absorbance of the
incubations containing the enzyme. The reaction rates were
expressed as pmol per minute,

Pancreatic lipase assay and kinetics

The activity of the panereatic lipase (initial reaction rate) was
measured using p-nitrophenyl-palmitate as substrate,” The
latter was suspended in isopropanol and the suspension was
sonicated until complete solubilization. The enzyme (porcine
pancreatic lipase) was initially suspended i Tris-HC| buffer at
the concentration of 2 mg mL ™", This suspension was centri-
fuged (2000g, 5 min) and the supernatant used as the enzyme
source, The reaction medium was 10 mM Tris-HC] buffer {pH
8.2) containing p-nitrophenyl-palmitate at various concen-
trations in the range up to 530 pM, according to the experi-
mental protocol. The M. jahuticaba peel extract was added for
final concentrations of up to 300 pg mL", according to the
experimental protoeol. Cyanidin-3-0-glueoside was added for
final concentrations of up to 200 mg mL™". The incubation
temperature was 37 °C. After 5 minutes the reaction was
started by adding an aliquot of the enzyme solution (0.1 mL).
The reaction was stopped after 10 minutes by keeping the reac-
tion tube in boiling water for 5 minutes. After cooling at room
temperature, the reaction tube was centrifuged (21 000g for
10 min) and the absorbance of the supernatant, due to the
released p-nitrophenol, was determined at 410 nm against a
blank containing the denatured enzyme. Interference by the
components of the extract or cyanidin-3-O-gluceside with the
absorbance measurements was monitored by parallel incu-
bations conraining the same inhibitor concentrations and
buffer solution in place of the enzyme. The absorbance of
these samples was subtracted from the absorbance of the incu-
bations containing the enzyme. The reaction rate was
expressed as pmol per minute using the extinction coefficient
of L3 x 10 Mt em
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Starch tolerance test in mice

Fasted mice (18 hours) were used and the administration route
was in all cases intragastric (hy gavage). The number of
animals for each experimental approach was between 5 and 7.
Positive controls received commercial corn starch (1 g per kg
body weight) and negative controls filtered tap water.'™ The
M. jaboticaba extract was administered at the doses of 250 or
500 mg kg™' to two different groups of mice in addition to
commiercial corn starch. Cyanidin-3-O-glucoside was given at
the doses of 10 mg kg™" or 20 mg ke~ to two different groups
of mice in addition to commercial corn starch. Finally, experi-
ments were also done with the reference substance acarbose
which was given to the mice at the dose of 50 mg kg™ in
addition to commercial corn starch. Plasma glucose was deter-
mined at times 0, 30, 60, 90 and 120 minutes atter starch
administration. Blood samples were collected from the tail
vein and analyzed by means of a glucometer (AccuCheka),

Glucose tolerance test in mice

Glucose tolerance was assayed in order to find out if the
M. jahoticaha extract interferes with glucose transport across
the enterocytes (intestinal cells). Fasted mice were used after a
fasting period of 18 h. Two different doses of M. juboticaba
extract were administered to different groups of animals,
250 mg kg ' and 500 mg kg *. Controls received just filtered
tap water. Glucose was administered intragastrically to all
animals (1.5 g kg™'). Blood samples were collected from the
tail vein at times 0, 30, 60, 90 ¢ 120 minutes and analyzed by
means of a glucometer {AccuChek&).

Triglyceride tolerance test in mice

Intestinal triglyceride absorption was evaluated by means of
the tolerance to olive oil after 18 hours [asting.” The
M. juboticaba extract was solubilized in filtered water and the
follewing doses were administered intragastrically to different
groups of animals: 1, 5, 23 and 250 mg per kg of body weight;
the eontrols received filtered water in place of the extract solu-
tion. Cyanidin-3-0-glueoside was equally solubilized in filrered
tap water and given intragastrically to two different groups of
animals at the doses of 0.2 and 2 mg per kg body weight; here
again the controls received filtered water in place of the cyani-
din-3-0-glucoside solution. The reference substance orlistat
was given to a separate group of animals at the dose of 50 mg
kg™". After drug administration all animals received intragas-
trically olive oil (5 mL per kg body weight). The plasma trigly-
ceride levels were determined at 0, 1.5, 3.0, 4.5 and 6.0 hours
in blood samples collected from the tail vein. For each experi-
mental procedure 3 to 4 animals were used.

Measurement of blood triglyeerides was carried out by
means of an AccutrendPlus@ Roche triglyceride meter. The
choice of this method was based on the advantage that only
drops of blood are needed. Such small samples can be easily
obtained from the tail vein of the mice. The method of assay
of the AccutrendPlus® Roche triglyceride meter is an end-
point enzymatic-colorimetric assay, which actually measures
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the glyceral moiety of the triglycerides. As such it suffers a
small interference by free lycerol, which is generally accepted
as tolerable for clinical purposes.' It was shown that the
AccutrendPlus®  Roche triglyceride meter measures with
almost equal precision both VLDL and chylomicron triglycer-
ides. Comparison with a conventional enzymatic method
revealed a mean difference of 0.94% between both methods.™

Triglycerides in plasma after oleate administration to mice

The animals were deprived of food for 18 hours prior to the
experiments. Solutions (100 pL) of the M. jahoticaba peel extract
and cyanidin-3-O-glucoside were administered orally at the
doses of 5 and 25 mg kg " and 0.2 and 2 mg kg ', respectively.
Controls received tap water (200 uL). Oleic acid {180 pL) plus gly-
cerol (20 pL) were administered orally to all animals. Additonal
controls were done by administering separately gheerol (20 pl)
or oleic acid (180 pL). Blood samples from the tail vein were
analyzed with the AccutrendPlus® Roche triglyceride meter as
deseribed in the preceding item at zero time (just before gly-
cernl and oleate administration) and after 90 minutes.

Caleulations and statistical eriteria

Numerical interpolation for the determination of the half-
maximal inhibitor concentrations (ECs,) was done using the
Scientist software from MicroMath Scientific Software (Salt
Lake City, UT). The same program was used for fitting the rate
equations to the experimental initial rates of enzymatic activity
by means of an iterative non-linear least-squares proccdure.
The decision about the most adequate model (equation) was
based on the model selection criterion (MSC) and on the stan-
dard deviations of the optimized parameters. The model selec-
tion criterion, which corresponds to the normalized Akaike
Information Criterion, is defined as:"™

B g
f\_‘ Wyl yﬂbh. Yubs }3 3
MsC=mlZ—— | % (1)
YooY, = Yea
i

Y., ate the experimental reaction rates, Y, the mean
experimental reaction rate, Y., the theoretically calculated
reaction rate, w the weight of each experimental point, n the
number of observations and p the number of parameters of
the set of equations. In the present work, the model with the
largest MSC value was considered the most appropriate, pro-
vided that the estimated parameters were positive. When the
MSC values differed by less than 5%, the mode yielding the
smallest standard deviations for the estimated parameters was
considered the most appropriate one.,

Results
Phenolic profile of the hydroethanolic extract of M. jaboticaba
peels

Previous to the biological assays, the phenolic profile of the
M. jaboticabu peel extract was determined. Table 1 presents
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chromatographic  parameters, spectral data and contents.
Phenolic compounds were identified according to the chroma-
tographic characteristics, ultraviolet light absorption and mass
spectra, as previously deseribed in the literature for jabuticaba
residues,”"' The phenolic profile of the jabuticaba peels extract
used in the present work includes twelve compounds, ten non-
anthocyanin eompounds and two anthocyanins. Among non-
anthocyanin compounds, ellagic acid derivatives (peaks 1-9)
were most abundant, and a quercetin derivative, namely querci-
tiin (peak 10), was also found. The anthocyanin compounds
detected were a delphinidin-3-C-glucoside and a eyanidin-3-0-
#lucoside (peaks 11 and 12, respectively], the latter being the
most representative, as already deseribed in the literature 7

Effects of the jabuticaba peel extract and cyanidin-3-0-
glucoside on a-amylase

The possible action of the jabuticaba peel extract on the pan-
ereatic w-amylase was investigated based on reports that similar
preparations may influence blood gluense levels. Inhibition of
the pancreatic w-amylase is a possible mechanism. The results
of the first experiments are shown in Fig. 1. The extract in fact
inhibited the pancreatic w-amylase with a well-defined concen-
tration dependence. Inhibition, however, occurred ar relatively
high concentrations. This is reflected by the IC., value, which
numerical interpolation revealed to be equal to 1963 pg mL ™.
When the reciprocal reaction rates [1/v) were plotied against the
extract concentrations, the relationship turmed out to be para-
bolie, an observation that prediets the presence of quadratic (or
higher order] inhibitor concentration terms in the steady-state
rate equation ( parabolic inhibition).

The next question that can be formulated is one about the
possible contribution of cyanidin-3-O-glucoside to the inhibi-
tory effects of the jabuticaba peel extract on the wamylase
activity. The experiments that were done in order to find an
answer to this question are shown in Fig, 2. Concentrations of
up to 330 pM eyanidin-3-0-glucoside were investigated [160 pg
mL™'). This highest concentration caused 13.3% inhibition.
For the extract concentration that caused 50% inhibition,
1963 pg mL ", the fraction corresponding to cyanidin-3-O-glu-
coside was equal to 24.2 pg mL™" (50 pM) according to Table 1.
The total coneentration of the non-anthoeyanidin pelypheno-
lics for this extract concentration, on the other hand, was
equal to 55.9 pg mL " (59.9 pM).

Fig. 3 shows the results that were obtained when starch
{substrate] and extract (inhibitor) concentrations were varied
simultanecusly. The usual saturation curve in the absence of
inhibitor was progressively lowered when the extract concen-
tration was raised. The curves present no tendency of conver-
ging at high substrate concentrations, excluding, thus, com-
petitive inhibition. n the search for the most adequate model
that would he able to describe the curves in Fig. 3, the best fir
was obtained with eqn (2):

Vma:ls_:
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Table 1 Phenolic profile of the hydroethanclic extract of M. jaboticaba peel

RT e M-H|" Quantification
Peak (min] (nm) [miz) MS® (miz) Tentative identification Ref. (mgz "}
Non-anthocyanin compounds
1 436 2d4/265 THI 481 (54, 301 (100) Bis-HHDP-glucose isomer 14and 22 2851005
3 614 234276 935 917 (48], 783 (11), 633 (100), 301 (5)  Galloyl-bis-HHDP-glucose isomer 1" 28202
3 6.91 234/276 035 917 [53), 783 (9], 633 [100), 301 (5)  Galloyl-bis-HHDP-glucose isomer 1 3.87 2007
4 945 2230275 745 633 [24], 483 (100), 301 (38) Digalloyl-HHDP-glucose isomer 14 41402
5 1239 229/270 933 915 (13), 633 (26}, 451 (100}, 301 (12] Castalagin/vescalagin 1 222+ 0.06
6 1477 234/276 935 917 [60], 783 (10}, 633 (100), 301 (7]  Galloyl-bis-HHDPglucose isvmer 1 4,87 2 0.06
7 1597 220/275 939 787 (13), 769 (100), 301 (3) Pentagalloyl glucose ldand 22 348+ 006
8 166  220/275 939 787 [1§), 769 (100), 301 (5} Pentagallov] glucose Mand22 2312006
9 1815 220/253 30 257 [5!!], 229 (23} Ellagic acid 22 1.58 ¢ 0,02
10 24154 349 47 301 [100) Quercetin-3-0-thamnoside (quercitrin) 14 and 22 0.218 £ 0.002
TEAD 28305
F 0.218 + (LDD2
TPC non-anthocyanin 28505
Anthocyanin compounds
11 158 523 163 303 (100) Delphinidin-3-0-glucoside Mand 22 1.630.01
12 L7 515 444 287 [100) Cyamidin-3-0glucoside 1dand 22 1234 +0.05
¥ 13.97 2 0,06

RT: retention tme; TEAD: total ellagic acid derivatives; TF: total flavenols; TPC: total phenolic compounds; TA: total anthocyaning; HDDP:
hmcahydnmydiphenu}(]. Phenolic compounds used for quantification: ellagic acid {y = 26719¢ — 317 255, R = 0.9989}; quercetin3-O-glucoside [y =
34 843 ~ 160173, R = 0.9998%; and cyanidin-3-O-glucoside (y = 97787x — 743 480, R* = (,9993),

Porcine pancreatic u-amylase r7

Reaction rate (v, umal/min)

0.6

T
1] 1000 2000
Extract concentration (pg/mL)

Fig.1 Concentration dependences of the inhibition caused by the
Myrciana jaboticaba peel extract on the porcine «-amylase. Each datum
peint is the mean of four determinations. Standard errors of the mean
cannot be seen when smaller than the symbols. Reaction rates (v) and
reciprocals of the reaction rates (1/v) were represented versus the inhibi-
tor concentrations.

This equation describes a mechanism in which inhibition
is brought about by the formation of EI, El; and ESI com-
plexes, Ku, Ky and K, being the corresponding dissociarion
constants."*** The E,, complex is responsible for the parabolic
nature of the inhibition, as revealed by the non-inear relation-
ship between 1/v and [I]. The continuous lines in Fig. 3 were
calculated with the optimized parameters obtained in the
fitting procedure. It should be noted that eqn (2) was fitted

2648 | Food Funct, 2021 12 2644-2658

simultaneously to the whole data set, allowing the obtainment
of the whole set of parameters.

Effects of the extract and cyanidin-3-0-glucoside on the
pancreatic lipase

Inhibition of the pancreatic lipase by a whole jabuticaba fruit
extract was previously observed.” The experiments in this
work were done in order to confirm this effect for the peel
extract and alse for evaluating its strength and possible
mechanistic details. The concentration dependence of the
inhibition is shown in Fig. 4. The extract clearly inhibited the
enzyme in a concentration-dependent manner; 50% inhi-
bition, evaluated by numerical interpolation, can be expected
at the extract concentration of 143.9 pg mL ™", The skin extract
is, thus, 7.5 times more potent than the total fruit extract,
whose IC;, value was reported to be 1080 pg mL™." It is also
a much more potent inhibitor of the pancreatic lipase than of
the pancreatic wamylase, actually 13.6-fold stronger. Plotting
of the inverse of the reaction rates (1/v) against the concen-
trations (Fig. 4) resuited in a parabola, denoting multiple
binding of the inhibitor or inhibiters to the enzyme.

Similarly to what was done with the wamylase, the effects
of cyanidin-3-O-glucoside on the pancreatic lipase were also
measured. The results are shown in Fig. 5. The concentration
of cyanidin-3-O-glicoside was varied in the range of up to
200 pg mL~", which in molar terms corresponds to a concen-
tration of 412.5 pM. The compound can be considered a
weak inhibitor of the pancreatic lipase. Even at the highest
concentration, 412.5 pM, inhibition reached only 25%.
Cyanidin-3-O-glucoside in the extract is clearly not the main
responsible for the inhibitory effect of the preparation. The
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Cyanidin-3-0-glucoside concentration (uM)

80 160 240 320
08— | | 1 1 I

=
-5
i

o
@
1

Reaction rate (v, prmol/min)
o o
T 9

=
L&)
L

0.2~

T I I 1 1 1 I 1
0 20 40 60 80 100 120 140 160
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Fig. 2 Concentration dependence of the inhibition caused by cyanidin-
3-O-gluceside on the porcine pancreatic «-amylase. Each datum point
is the mean of three determinations. Standard errors of the mean
cannot be seen when smaller than the symbols. The continuous line was
calculated from the relation y = 0.634 - 0.000262x (r = 0.92; x carres-
ponds to the pM concentrstion), obtained by fiting the eguation
describing the straight line to the data by means of a least squares
procedure.

extract concentration that caused 50% inhibition at a concen-
tration of 143.9 pg mL " contains 1.77 pg mL ' cyanidin-
3O-glucoside and 4.1 pg mL™ total non-anthoeyanin
polyphenolics.

The effects of the jabuticaba peel extract on the substrate
saturation curves of the porcine pancreatic lipase are shown
in Fig. 6. Similar experiments were not done with eyanidin-
30O-glucoside because this compound, by being a weak
inhibitor, would need concentrations far abeve its solubility
limits. As shown in a previous work, the enzyme shows a
substrate-inhibition phenomenon at high p-nitropheny! pal-
mitate concentrations.'” The position of the curves obtained
in the presence of the jabuticaba skin extract are consistent
with the inhibition already demonstrated in Fig. 4. They do
not present any tendency of converging with the control
curve, suggesting & priori that the inhibition is not of the
competitive type. Attempts at fitting a steady-state equation
to the whole data set took into account this fact and also
the previous observation that inhibition is probably of the
parabolic type. The best fit was obtained with the following
equation:

Vi uw{s_i

= K,.{(1 a ]'(l"]) 4 :_51(1 i HE) (1 . L‘%)

This journd s © Thi Roval Society of Chermstry 200

(3)

View Article Online

Paper

Porcine pancreatic a-amylase

—®&— No addition
—#— 1000 pgml extract
—A— 2000 pg/mL extract

087 4 3000 pg/mL exiract
0.5-
S| =
Eo4 ./_J_J_l-
3039 A _ A
= e F ‘,‘} N
0.2 =il L=
= .
_+
0.1
0 1 1 1 1 1 1
0 02 04 06 08 10
[S] (g/100 mL)

Fig. 3 Reaction rates of the porcine pancreatic o-amylase obtained by
varying simultanecusly the concentrations of the substrate ({S; starch)
and the Myrciaria jaboticaba peel extract. Each datum point is the mean
of four determinations. The lines running through the experimental
points were calculated using optimized parameters obtained by fitting
eqn (2) to the experimental data by means of a nonlinear least-squares
procedure. Values of the optimized parameters and gocdness of fit indi-
cators are: Ky, 0.233 + 0L025 g per 100 mL, V.. 0.745 + 0.027 pmol
min Ky, 4109.4 £ 38547 pg mL Y K 5439 & 0554 jg mL Y Ko
24701 + 4410 pg mL~Y sum of squared deviations, 0.00744; MSC,
#.237; correlation, 0.994,
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Fig. 4 Concentration dependences of the inhibition caused by the
Myrciania gaboticaba peel extract on the porcine pancrestic lipase. Each
datum point is the mean of four determinations. Standard errors of the
mean cannot be seen when smaller than the symbols. Reaction rates v}
and reciprocals of the reaction rates (1/v) were represented versus the
inhibitor concentrations.
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Fig. 5 Concentration dependence of the inhibition caused by eyanidin-
3-0O-glucoside on the porcine pancreatic lipase. Each datum point is the
mean of three determinations. Standard emors of the mean cannot be
seen when smaller than the symbols. The continuous line was calculated
from the relation y = 0916 — 0.000531x (r = 0.91; x corresponds to the
uM concentration), obtained by fitting the equation describing the
straight line to the data by means of a least squares precedure.

Egn (3) represents a mechanism of mixed inhibition by the
jabuticaba skin extract with formation of the complexes EI and
ESLL. Vingy and Ky represent the maximal reaction rate and the
Michaelis-Menten constant, respectively.'” K is the substrate
inhibiton constant and &, and K. are the inhibition con-
stants. Fitting was unsuccessful when a quadratic term of [1]
was omitted. The continuous lines running through the experi-
mental points in Fig. & were calculated using eqn (3) with the
optimized parameters obtained in the least-squares fitting pro-
cedure. Values of the optimized parameters are listed in the
legend to Fig. 6. The inhibidon constant K, refers to the dis-
sociation of the El complex. Its value (33.3 pg mL™") is much
smaller than that of the dissociation constant of the ESI,,
complex, which is £, (171.3 pgmL™"). This means that, at low
concentrations, inhibition is mainly caused by binding to the
free enzyme,

Effects on starch absorption

Inhibition of starch absorption by jabuticaba formulations
has equally been sugpested and can actually be expected
based on the inhibitory effects on the wamylase shown in
Fig. 1. Our approach to this question is shown in Fig. 7.
After starch administration to mice (1 g kg™ '), blood glucose
concentrations were monitored for up to 120 minutes. The
control curve showed the usual rise in blood glucose with
maximal values between 40 and 60 minutes.” Low doses in
the range of up to 25 mg kg™ did not affect starch absorp-
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Fig. & Reaction rates of the porcine pancreatic lpase obtained by
varying simultanesusly the concentrations of the substrate {[S]; p-nitro-
phenyl palmitate) and of the Myrciana jaboticaba peel extract. Each
daturmn point is the mesn of four detemminations. The lines running
through the experimental points were calculated using optimized para-
meters obtained by fitting eqn (3} to the experimental data by means of
2 nonlinear least-squares procedure. Values of the optimized para-
meters and gocdness of fit indicators are: Ky, 69.4 + 14.7 M, V. 131
+ 0.16 pmol min % Ky, 333 + 40 pg mL S Ky, 1713 + 76.7 pg mLS Kig
= 48L.9 + 159.5 uM; sum of squared deviations, 0.01132; MSC, 4.702;
correlation, 0.997.

tion (not shown). When much higher doses were adminis-
tered, however, a clear inhibitory effect was found, as shown
in Fig. 7(A). The 500 mg kg™ dose attenuated the concen-
tration versus time curve in a way that is not very far from
the attenuation caused by 50 mg kg ' acarbose, the classical
inhibitor of starch absorption. Fig. 7(B) allows to compare
the areas under the curves subtracted from the area under
the curve when water was given in place of stareh. The jabuti-
caba peel extract doses of 250 and 500 mg kg™ reduced the
area under the curves by 51 and 84%, respectively. These
extmet doses contained 3.2 and 6.1 mg kg™ eyanidin-3-0-glu-
coside, respectively, and 7.12 and 14.25 mg kg™' total non-
anthocyanin polyphenolics,

Even though eyanidin-3-O-glucoside is a weak inhibitor
of the wamylase, effects on other hydrolytic enzymes
{-glucosidase) and steps of the intestinal glucose absorption
process cannot be excluded. This justifies the experiments
shown in Fig. 8 in which starch was given to mice in
addition to 10 and 20 mg kg ' eyanidin-3-0O-glucoside. These
two doses of pure cyanidin-3-O-glucoside are higher than
those contained in the 250 and 500 mg kg™ peel extract
doses of the experiment shown in Fig. 7. Hence, if the com-
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Fig. 7 (A} Blood glucose concentration profiles after Intragastric starch loads in mice: the effect of the M. jaboticaba residues extract. The oral
administration of commercial starch (1 g per kg body weight) was done immediately after the administration of the extracts or acarbose. The doses
and thelr estimated contents in cyanidin-3-O-glucoside are given on the graphs. Plasma glucose was measured as described In Materials and
methods. Each value represents the mean + mean standard error of 4 mice. (B] Areas under the curves obtained after the varicus treatments with of
M. jaboticaba extract illustrated by panel (A} subtracted from the area under the curve cbtained after water administration. Asterisks indicate statisti-

cal significance relative to the control curve (p < 0.05),
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Fig. 8 Blood glucose concentration profiles after intragastric starch
loads in mice: the effect of cyanidin-3-O-glucoside administration. The
oral administration of commercial starch {1 g per kg body weight) was
done immediately after the administration of cyanidin-3-O-glucoside.
The doses are given on the graph. Plasma glucose was measured as
described in Materials and methods. Each value represents the mean +
mean standard error of 3 mice.

pound gives a significant contribution to the effects of the
extract, this should be detectable. Apparenty, cyanidin-3-0-
elucoside, at the doses that were given, does not inhibit

joumal is € The Roval Sccigty of Chermistry 2021

starch absorption, an ohservation that is consistent with its
weak inhihitory activity on w-amylase. Actually, there is even
a tendency toward higher glycemic levels after 90 minutes,
especially with the 20 mg kg™ dose. Statistical significance
is lacking, however.

Starch hydrolysis is essential but not the phenomenon
that immediately precedes glucose entry into the systemic
circulation. The released plucose reaches the circulation
after transport across the cell membranes of the cells lining
the intestinal lumen. The glucose tolerance experiments
shown in Fig. 9 were done as an additional control in order
to find out if the jabuticaba peel extract is able to inhibit
absorption of free glucose. The results revealed that at least
the 250 and 500 mg ke doses did not modify the
response of the mice after an intragastric glucose load.
Inhibition of plucose transport across the enterocyte s,
thus, unlikely.

Effects on triglyeeride absorption

The question if the jabuticaba peel extract interferes with tri-
glyceride absorption was approached by administering olive
oil to mice and by subsequently following the plasma concen-
tration of triglycerides. It is well established that the absorp-
tion of triglycerides in the intestine depends on the activity of
the pancreatic lipase, which splits these molecules into pro-
duets that are de faito absorbed and which are in a subsequent
stage used to restore the triglycerides that appear in the
plasma.*" Fig. 10(A] illustrates the time course of the changes
in plasma rriglycerides concentrations following the adminis-
tration of olive oil (5 mL kg™') under various conditions. The
sole administration of olive oil (control curve) was followed by
a clear rise in the plasma concentration of triglycerides with a
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Fig. 9 Blood glucose concentration profiles after intragastric glucose
loads in mice: the effect of the M. jaboticaba peel extract. The oral
administration of glucose (1.5 g per kg body weight} was done immedi-
ately after the administration of the extract. The doses are given an the
graph. Plasma glucose was measured as described in Materials and
methods, Each value represents the mean + mean standard error of
4 mice.

peak after 3 hours. After this peak the triglyceride concen-
tration declined slowly. After six hours it was close, bur still
above, the concentration found at the administration time
(zero time). The experiments were repeated with mice to which
various doses of the jabuticaba peel extract or orlistat had
been administered. As expected, ordistat almost totally pre-
vented the rise in the plasma triglyceride concentration. The
various doses of the jabuticaba peel extract modified the
response in a concentration dependent manner. The lowest
dose (1 mg kg™') accelerated the initial rise, but it also acceler-
ated the decline to values under those of the control curve at
4.5 hours. Extract doses from 5 to 250 mg kg™ shifted the
response curve progressively in the direction of the curve
ohtained with orlistat.

Fig. 10(B) shows the areas under the triglyceride curves sub-
tracted from the area under the curve obtained when orlistat
was  given. This procedure normalizes the responses.
Administration of the jabuticaba peel extract produced a dose-
dependent decrease in the normalized area under the time-
response curves, suggesting inhibition of triglyceride absorp-
tion as the predominant effect. This is true even for the lowest
dose, which showed an initial increment above the control
curve. With the dose of 5 mg kg™ the diminution of the nor-
malized area was equal to 67%. Numerical interpolation
revealed that 50% diminution can be expected at the dose of
365 mg ket

Fig. 10(B) informs also, in addition to the peel extract
doses, the approximated doses of cyanidin-3-O-lucoside that
were auntomatically administered with the extract, calculated
using the content given in Table 1. Based solely on the data
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Fig. 10 (A) Biood triglyceride concentration profiles after intragastric
olive gil loads in mice: the effect of the M, jaboticaba residues extract.
The oral administration of dlive oil 5 mL kg™ was done immediately
after the administration of the extracts or orlistat. The doses and their
estimated contents in cyanidin-3-O-glucoside are given on the graphs.
Plasma triglycerides wers measured as described in Matenals and
methods, Each value represents the mean + mean standard error of
4 mice. (B) Areas under the curves obtained after the varous treat-
ments with of M. jaboticaba extract illustrated by panel (A) subtracted
fram the area under the curve obtained after oristat administration.
Asterisks Indicate statistical significance relative to the control curve
{p = 0.05).

obtained when the pancreatic lipase was measured, pure eyani-
din-3-(kglucoside doses in the range depicted in Fig. 10[B)
should not affect triglyceride absorption. Fig. 11 shows,
however, that this prediction was not confirmed. Two doses of
cyanidin-3-O-glucoside were administered, 0.2 and 2 mg ky™'.
The lower dose caused an initial increment in the concen-
tration of triglycerides after olive oil administration to mice,
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Fig. 11 (A) Plasma triglyceride concentration profiles after intragastric olive oil loads In mice: the effect of cyanidin-3-0O-glucoside. The oral admin-
istration of olive ail (5 mL kg ™) was done i diately after the | adn ion of cyanidin-3-O-gluccside or orlistat The doses are given on the
graphs. Plasma triglycendes were measured as described in Materials and methods. Fach value represents the mean + mean standard errar of
3 mice, (B) Areas under the curves obtained after the various treatments with of M. jaboticaba extract illustrated by panel (A} subtracted from the

area under the curve obtained after orlistat administration. Asterisks indicate statistical significance relative to the control curve (p < 0.05).

similar to that found with the lowest jabuticaba peel extract
dose. After the peak at 1.5 h, however, there was a rapid
decline with a tendency of remaining under the control curve
during the subsequent 2 hours. The 2.0 mg kg™ dose, on the
other hand, caused a clear diminution in the response. When
analyzed in terms of the normalized area under the curves, as
it was done with the response to the extract, a clear inhibirion
of triglyceride absorption by the 2 mg kg™ dose is apparent
(Fig. 11B). With the 0.2 mg ke ' dose, however, a stimulatory
effect seems to predominate even though statistical signifi-
cance is lacking.

Effects on plasma triglycerides after oleic acid administration

The effects of cyanidin-3-O-glucoside on triglyceride absorp-
tion shown in Fig. 11, in principle at least, are difficult to
reconcile with its relatively weak action on the pancreatic
lipase in as much as very low doses were administered. It

could be that one or more steps of the overall absorption
process that are subsequent o the triglyceride hydiolysis step
are inhibited. This could involve free fatty acids. For this
reason, our approach to this question was to administrate free
oleic acid to mice with subsequent measurement of the trio-
lein equivalents in plasma. Table 2 shows the results obtained.
Data were expressed as the difference between the basal levels
and the levels found at 90 minutes after the administration of
oleic acid alone, glycerol alone and oleic acid + glyeerol, with
or without previous administration of the peel extract or cyani-
din-3-C-glucoside. The assay of blood triglycerides that was
used in the present work actually measures the glycerol moiety
of these molecules. When glycerol was administered alone,
however, the assay system displayed a relatively small increase
(1.32-fold the basal value), which corresponds to 13% of the
increment that was found in the experiments where glycerol
and oleic acid were administered simultanepusly (3.5-fold the

Table 2 Increments in plasma triolein equivalents per 100 mL due to oleic acid, giycarol and oleic acid + glycarol oral loads in mice. The basal con-
centration of triglycerides in this experimental series was 167.9 + 7.7 mg trclein equivalents per dl {n = 23). The asterisks (*) indicate significant
difference (Student-Newman—HKeuls testl with respect to the experiment group to which only oleic add plus glycerol were administered. The
symbol § indicates statistical significance of each increment according to the paired t-test. The experimental details are described in the Materials
and methods secticn

Intragastric administrations

Increment in plasma
trivlein equivalents

Jabuticaba peel extract Cyanidin-3-O-glucoside

fmg kg™") [y kg™ Substrates after 90 minutes (mg dL™)
— — Oleic acid (180 pL] + ghveerol (20 uL) 4203 £28.8% (n=4)
50 — Oleic acid (180 pL) + gheerol (20 pl) 53.0+ 27.0% [n=4)
250 — Oleic acid (180 pL) + glveerol (20 yL) 66.8+22.1* [n=3)
— 2 Oleie acid (180 pL) + gheeerol (20 pL) 743 £50:0% [n=3)
— 20 Oleic acid (180 pL] + ghveerol (20 pl.) 430+ 3817 [n=1)
) 83+23 (=3

. — Oleic acld (180 pL

— Glycerol (20 pLj 540+ 108" (n=3)
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basal value). When oleic acid was given alone, no increase in
the concentration of triacylglycerols in blood was detected, pre-
sumably because one of the substrates glycerol) needed for
synthesizing triglyeerides was limiting. On the other hand, in
all mice that had received either peel extract or cyanidin-3-O-
gluenside previous to the glyeernl + oleic acid administration,
the triglyeeride assay system detected only small increments.
Actually, none of these increments was statistically different
from its corresponding basal value, as revealed by the paired
{-test. In statistical terms, thus, the effects of the extract and of
cyanidin-3-O-glucoside cannot be distinguished from each
other. It is worth mentioning that the peel extract doses of 5
and 25 mg kg™ contained approximately 0.062 and 0.31 mg
ke eyanidin-3-0-glucoside.

Discussion
Composition of the jabuticaba peel extract and general aspects

We have determined the phenolic profile of the extract used in
the present work instead of relving on literature data taking
mto account that preparations of the kind may vary substan-
tially in their composition due to several factors. Regarding
the cyanidin-3-0-glucoside content, about 12,34 mg g™ was
found in the extract. This value is less than that reported pre-
viously for a similar peel extract (£39.7 mg g " extract],” but
higher than that one determined in jabuticaba pomace (+2 pg
o ! extract).” The variation in the content of anthocyanin
extracted from plant material can be a consequence of several
factors, ranging from the conditions of growth/maturation of
the plant, preparation of the sample, to the methods of extrac-
tion of these compounds from the plant tissue.” Therefore, it
is important to note that the froit ripening points in both
studies have not been determined, and distinet drying
methods were used (forced-air drying oven/freeze drying), as
well as different extraction methods,
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Regarding the aims of the present work, two main intercon-
nected questions were formulated in the Introduction: (a) do
Jjabuticaba peel extracts affect starch and tiagylglyceride
absorption? (b} if yes, whal is the contribution of the impor-
tant component cyanidin-3-O-glucoside? The answer to the
first question is positive in that the peel extract clearly inhib-
ited both starch and triglyceride absorption, but the latter
effect was considerably stronger than the former. An answer to
the second guestion was equally found: eyanidin-3-0-glucoside
only minimally contributes to starch absorption inhibition by
the extract; it might eventually affect starch absorption at
doses that are well above those contained in the active extract
doses. The compound contributes in a decisive manner,
however, to the inhibitory effect of the extract on triglyceride
absorption, even theugh this contribution seems Lo oceur pre-
dominantly via a mechanism that does not depend on the pan-
creatic lipase inhibition. Details and implications of each
action will be discussed separately in the following items. The
scheme in Fig. 12 illustrates the main points of our interpret-
ations and propositions.

Alpha-amylase activity and starch absorption

Inhibition of starch absorption by jabuticaba extacts and
anthoeyanins in general has been claimed to represent a poss-
ible beneficial action of either the pure compounds or extracts
prepared in various ways.**' With respect to peel extracts,
hewever, it will be impossible to obtain specific inhibition of
starch absorption because inhihition of triglyceride absorption
oecurs at much lower doses. As shown by our experiments,
5 mg kg™ of the peel extract inhibited triglyceride absorption
to an extent that was similar to the inhibition of starch absorp-
ton caused by a 500 mg kg™ dose. The difference comprises,
thus, two orders of magnitude. Our fn vivo experiments are
also not in agreement with previous extrapolations based on
enzyme measurements which indicate that cyanidin-3-0-gluco-
side could be useful as an inhibitor of starch absorption.”"**

i ]

—
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(

Fig. 12 Possible mechanisms of action and compaunds in the jabuticha peel extract involved in the inhibition of starch and triglycende absarption.
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The reason might be that the action of cvanidin-3-O-glucoside
as an inhibitor of x-amylase is not sorong enough. In this par
ticular respect our results are similar to those reported earlier.
In one study, for example, 1C5; values of 0,393 and 0450 mM
for the pancreatic and the salivary enzymes, respectively, were
found.”" Another study reported a IC5, of 0.3 mM for the pan-
creatic a-amylase and a ICs, >3 mM for the u-gluuusidase;“
These numbers make one to expect that doses of at least
250 mg kg™ of the compound are necessary for inhibiting
starch absorption in vive. Such a dose is not realistic in terms
of the jabuticaba extract and even in pure form. It should also
be recalled that when mice were treated in our experiments
with realistic doses of cyanidin-3-O-glucoside (10 and 20 mg
kp™"), no inhibition of starch absorption was found. All these
observations indicate the participation of other substances,
The extract used in this work contains 28.5 mg g_l non-antho-
cyanin polyphenolics. The 1C;, for the extract as inhibitor of
the a-amylase is equal to 1.963 mg mL™', what corresponds to
a total non-anthoeyanin polyphenol concentration in the assay
system of 69.93 pM (summing up individually all compounds
and using their molecular weights). If the polyphenalics are
the main inhibitors, a reasonable hypothesis, the IC;, values
of the most important ones may be significantly smaller than
100 pM.*"* For example, one of the components of the jabuti-
caba extract is pentagalloyl glucose for which we found, in pre-
vious work,* inhibition constants of K, = 78.5 (EI) and K, =
36.4 uM (ESI). However, there are other compounds that might
be contributing. Tannins, for example, are present in the jabu-
ricaba fruit in relatively large proportions, and are also well
known inhibitors of s-amylases.’®**

Kinetic analysis of the results that were obtained in this
work revealed non-competitive inhibition and cumulative
binding of inhibitors leading to the formation of the EI, ESI
and EL, complexes or even of higher orders [parabolic inhi-
bition]. Eqn {2) that describes this mechanism is the same
that gave the best fit to the experimental data obtained with
pentagalloy] glucose.* Equations of this kind are useful for
predicting the inhibition degree at any combination of sub-
strate and inhibitor coneentrations. The heterogeneity of the
preparation that was used does not invalidate eqn (2), provided
that the proportions between the concentrations of the active
compounds are not modified, a condition that holds for
extracts with constant composition.™ The inhibition constants
resulting from the fitting procedure are complex functions of
several individual dissociation constants, but still a measure of
the strength of the preparation that was used in terms of its
niss,

Lipase activity and fat absorption

Inhibidon of the pancreatic lipase by the jabuticaba peel
extract is of the parabolic type, at least with p-nitrophenyl-pal-
mitate as the substrate, meaning that it can accelemte as the
concentration is increased. Double binding by forming binary
[ESI,) or higher order enzyme-substrate-inhibitor complexes
seems Lo be the cause of the former phenomenon, as indicated
by the kinetic analysis. As already mentioned, the inhibitory
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power of the estract on the pancreatic lipase was 13.6-fold
stronger than that on the pancreatic o-amylase. The partici-
pation of cyanidin3-O-glucoside, however, is not very pro-
npunced. But, the extract contains several compounds that
may act as inhibitors, including several phennlics (see Tahle 1)
and tannins."**" Nonetheless, the potency of the extract
used in this work, which revealed an IC., of 143.9 pg mL 1w
not exceptional when eompared to other preparations from
natural products. In a recent survey on formulations from
natural products with lipase inhibitor activities, 5 preparations
out of 13 are listed as having 1C, values smaller than 143.9 pg
mL ™ * Based on the available experimental evidence, prep-
arations with 1C,, values around 150 pg mL™" would require
doses abeve 100 mg kg™ in mice to produce significant inhi-
bition of trigheeride absorption. A preparation from the
pinhio coat (Aroucaria angustifolia), rich in tannins, for
example, has an ICy, for the pancreatic lipase inhibition equal
to 240 pg mL™" and the dose causing 50% inhibiton of trigly-
ceride absorption is 258.9 mg kg™." The jabuticaba peel
extract, however, inhibited triglyceride absorption at much
lower doses. Rigoroulsy, inhibition began with the 1 mg kg '
dose and reached 65% with the 5 mg kg™ dose. Taken
together, all these characteristics strongly suggest the existence
of at least one additional mechanism involved in the modifi-
cations in triglyceride absorption caused by the jabuticaba
peel extract. This interpretation is reinforced by the effect of
purified eyanidin-3-O-glucoside, which is a weak inhibitor of
the lipase, but a strong inhibitor of trighyeeride absorption at a
dose that is consistent with its concentration in the peel
extract,

The existence of an alternative and concomitantly operating
mechanism is corroborated by the experiments in which free
oleate was administered to mice. It is since long known that a
free fatty acid load does not promote significant increases in
the concentration of nonesterified fatty acids in blood, so that
alternative procedures based on the endogenous release of free
fatty acids are utilized for evaluating free fatty acid tolerance.*”
Changes in blood triglycerides, on the other hand, have been
since long regarded as a way of estimating free fatly acids

A1 The assay procedure used in the present study

absorption.
does not exclude interference by free glycernl, which can be
neglected in triacylglyeeral tolerance tests because in this case
the administered triglycerides are anyway the only source of
the glycernl moiety. The data obtained in the experiments of
this work in which free oleic acid was administered can also
be regarded technically as an oleic acid-dependent absorption
of glycerol. However, based on the well-established notion that
the glycerl 3-phosphate pathway of trighcerides synthesis is
fully operative in enterocytes [in addition to the monoacyl gly-
cerol pathway)™* and the results of our control experiments, it
seems reasonable to assume that the transport of free glyeerol
alone into plasma is severely limited and that it enters blood
mainly in the form of triacviglycerols after being co-absorbed
with oleic acid. In this respect it can be considered quite sig-
nificant that both eyanidin-3-O-glucoside and the peel extmet
strongly inhibited the glyeerol dependent co-absorption of

Foord Funct, 202112 2544-2659 | 2655

28



Published on 23 February 202 1. Downloaded by Universidade Estadual de Marings on 4/8/2021 3:44:35 PM

Paper

oleic acid, a phenomenon that occurred with doses of cyani-
din-3-O-glucoside that are consistent with its concentration in
the extract. The bulk of the observations strongly suggest that
the inhibitory effect of low doses of the jabuticaba extract may
occur with a significant if not predominating contribution of
cyanidin-3-O-glucoside.

Inhibition of triglyceride absorption by mechanisms that
are concomitant or even independent of the inhibition of
lipases have already been suggested by several studies. Even
for orlistat, the classical inhibitor of triglyceride absorption,
inhibition of fatty acyl synthase is now accepted as an
additional action that superimposes on the lipase inhibitory
activity.” The mechanism by which cyanidin-3-O-glucoside
acts cannot be deduced from the results of this work. The
overall process of fatty acid abscrption and subsequent release
as triglycerides is actually fairly complex and consists in
various steps involving several enzymes and proteic
factors.* " Full clarification of the action of cyanidin-3-O-glu-
coside or that of other compounds in the jabuticaba peel
extract will certainly require exhaustive and specific experimen-
tation. Hypotheses, however, can be formulated. Cyanidin-3-0-
glucoside could be acting on the transport of free fatty acids
across the enterocyte membrane or it could be inhibiting one
or more post-absorption metabolic steps in the process of tri-
glyceride synthesis as illustrated by Fig. 12. Inhibition of gly-
cerol transport from the lumen into the enterocyte is much
less likely it one takes into account that eyanidin-3-O-glucoside
also inhibited the absorption of triglycerides, a process in
which monoacyl-glycerol is the main glycerol source. 1t is pre-
sently accepted that free fatty acids, in spite of their lipophilic
nature, have their movements across the cell membrane and
across the cellular compartments greatly facilitated when
bound to specific proteins. Up to now three classes of facty
acid transport proteins have been described: the fatty acid
binding protein (FABP), the fatty acid translocase (FAT, also
known as scavenger receptor CD36), and the family of fary
acid transport proteins (FATP1-6).°°* It has also been
suggested that some of these proteins might be arranged in a
complex within the cell membrane, for example the FAT plus
FATP in addition to the very-long chain acyl CoA synthase, in
order to promote a more effective transportation of free fatty
acids through the cell membrane coupled to their transform-
ation along the cell space in direction to the sites where incor-
poration into supramolecular structures occurs.” ™ Inhibitors
of these transport proteins have already been identified, most
of them of plant origin. Lipofermat, for example, inhibits free
fatty acid transport in several cell types, including intestinal
epithelial cells,”*" Consistently, it has been shown that this
compound also inhibits, in a dose-dependent manner, the
incorporation of orally administered [*'Cloleate into plasma
lipids in mice.” Lipofermat and cyanidin-3-O-glucose are
different molecules having in common, however, aromatic
rings in their structures, which should facilitate their inter-
actions with the lipophilic environment that fatty acids require
for transportation, diffusion and transformation. The results
obtained in this smdy allow to suggest, thus, that cyanidin-3-
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Orglucose might be an inhibitor of free fatty acid transport.
Alternatively, it is equally possible that eyanidin-3-O-glucose
acts by inhibiting one or more steps in the metabolic trans-
formations that lead to the transformation of free fatty acids
into triglycerides via both the moncacylglycerol or glycerol
3-phoshate pathways,”* especially if one considers that these
transformations occur in a complex lipidic environment. Only
specific experimentation will allow to decide among these two
possibilities. Experimentation must also take into account the
observaton of a higher plasma wriglyceride concentration at
90 minutes following the olive oil load when the lowest extract
and eyanidin-3-0-glucoside doses were administered (Fig. 10
{A) and 11(A}). The curves decline strongly afterwards, but they
may be revealing a fast-stimulatory action that superimposes
on the inhibitory action that predominates later in time and is
the only effect that can be seen at higher doses. It should be
stressed that this phenomenon was observed with both pure
cyanidin-3-O-glucose and the peel extract. This observation
actually denotes a highly complex action mechanism for cyani-
din-3-0-glucoside and possibly cther components of the jabu-
ticaba peel extract, a characteristic that will certainly stimulate
future work on the subject.

Conclusion

It can be concluded that the jabuticaba peel extract presents
many favourable perspectives as an inhibitor of fat absorption
and that cyanidin-3-0-glucoside, one of its main constituents,
seems to play a decisive tole. Application of the peel extract or
even pure cyanidin-3-O-glucoside as weight reducing pharma-
cological agents and diets for treating obesity seems to be a
real possibility. A fundamentally important chamcteristic of
the jabuticaba peel extract is the low doses that are required to
reduce fat absorption. This requirement extends also to the
component cyanidin-3-O-glucoside. However, in practical
terms, the preparation of an effective jabuticaba peel extract is
much easier and cheaper in contrast to cyanidin-3-¢-glucoside,
whose isolation in pure form seems to be quite expensive, at
least at the present stage. Moreover, as it has been investigated
by our team, jabuticaba peel extracts also have potental for
being used as natural colorants in the food industry.™ Thus,
the combination of these functionalities, enhances the interest
in its exploration as a source of high added-value ingredient
for the produetion of functional foods. Furthermore, the jabu-
ticaba sking are usually discarded during industrial processing
of the fruit, a fact that generates abundant and cheap feed-
stock for semi-purified pharmaceutical formulations and food
additives. In such a context further mechanistic and perhaps
clinical studies are certainly highly desirable,
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EffectsofalMyrciariajaboticabapeelextracton
starchandtriglycerideabsorptionandtheroleof
cyanidin-3-O-glucoside
PamelaAlvesCastilho,LiviaBracht,LillianBarros,BiancaR.Albuquerque,MarialnésDias,|. C. F.

R. Ferreira,Jurandir Fernando Comar, Tamires Barlati,Rosane M. Peralta,Anacharis Babeto
de Sa-NakanishiandAdelar Bracht

Abstract

Thepurposeofthisstudywastoperformaparallelandcomparativeinvestigationof the
effects of a Myrciaria jaboticaba (common name jabuticaba)peelextract andof its
constituent cyanidin-3-O-glucoside on the overall process of starch and triglyceride
intestinal absorption. The peel extract inhibited both the porcine pancreactico-
amylaseandthepancreaticlipasebutwas13.6timesmorepotenton the later (ICsovalues
of 1963 and 143.9 ug/mL, respectively). Cyanidin-3-O- glucoside did not contribute
significantly to these inhibitions. The jabuticaba peel extract inhibited starch
absorption in mice at doses that were compatible with its inhibitoryactiononthea-
amylase.Noinhibitionofstarchabsorptionwasfoundwith cyanidin-3-O-
glucosidedosescompatiblewithitscontentintheextract. Theextract  also  inhibited
triglyceride absorption, but at doses that were considerably smaller than those
predicted by its strength in inhibiting the pancreatic lipase (IDso= 3.65 mg/kg). In
this case, cyanidin- 3-O-glucoside was also stronglyinhibitory, with 72% inhibition
at the dose of 2 mg/kg. When oleate + glycerol were given to mice, both the peel
extract and cyanidin-3-O-glucoside strongly inhibited the appearance of
triglycerides in the plasma. The main mechanism seems, thus, not to be the lipase
inhibitionbutrathertheinhibitionofoneormoresteps(e.g.,transport)intheevents that
lead to the transformation of free fatty acids in the intestinal tract into
triglycerides.Duetothelowactivedoses,thejabuticabapeelextractpresentsmany
favourableperspectivesasaninhibitoroffatabsorptionandcyanidin-3-O-glucoside
seems to play a decisive role.



