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RESUMO

O géneraHypericum(Guttiferae = Clusiaceae) compreende 494 espécamodadas
em 36 secOes taxondmicas. Os representantes anosripartencem, sobretudo, as
secOes Brathys e Trigynobrathys as duas maiores com 87 e 52 espécies,
respectivamente. Popularmente, estas plantas shpad#s como antissépticos,
diuréticos, digestivos e agentes de cicatrizacdmm{@amente, apresentam tendéncia
em acumular floroglucindis diméricos, além de béeaonas, benzopiranos,
flavonoides e acidos fendlicos, metabdlitos cujaividdde antidepressiva,
antinociceptiva, antimicrobiana, antiproliferativa antioxidante s&o descritas.
Considerando o potencial terapéutico, este trabalbjetivou a determinacdo dos
principais compostos fendlicos presente nas fldegspécieslypericumnativas do
Sul do Brasil . campestre H. caprifoliatum H. carinatum H. connatum H.
linoides H. myrianthum H. polyanthemume H. salvadorense e dos Paramos
peruanosH. andinume H. laricifolium); a extracéo e analise dos compostos fendlicos
de H. carinatum obtidos com C@ supercritico e a investigacdo da atividade
antifingica e antiquimiotatica dos extratos lidotis de H. caprifoliatum H.
carinatum H. linoides H. myrianthume H. polyanthemumPara os experimentos,
foram coletadas (2008 - 2010) as partes aéreapldatas em floracdo. Todas as
coletas foram autorizadas pelos 6rgdos de protagdmental. Os métodos extrativos
incluem maceracéo estatica, ultrassom e €@percritico (temperatura = 40, 50 ou
60°C; pressao = 90, 120, 150 ou 200 bar). As @sdpsr CLAE foram realizadas em
coluna de fase reversa (C18), sistemas isocraticogostos por acetonitrila, agua e
acido trifluroacético e deteccdo ultravioleta (2200 ou 254 nm); Os picos foram
identificados pela comparacdo dos tempos de retowijecdo com padrbes e
guantificados pela curva de calibracdo dos compodiis ensaios antifungico e
antiquimiotatico foram realizados pelo método derodiluicdo em caldo e inibicao
da migracdo de neutréfilos, respectivamente. dlloicinol dimérico uliginosina B
(0,008 - 0,188%) e o flavonoide hiperosideo (0,85%,987%) foram o0s principais
metabdlitos detectados nas flores das espéciestigadasHypericum caprifoliatum

e H. andinumapresentaram o maior rendimento destes compasigectivamente.



Sete espécies apresentaram japonicina A em coacéat de 0,003 a 0,087%. (
myrianthun). O rendimento de hiperbrasilol B variou de 0,008&H. laricifolium a
0,011% enH. caprifoliatum Os benzopiranos (HP1 = 0,200%, HP2 = 0,225% e HP3
= 0,327%) e as benzofenonas (carifenona A = 0,3@9@earifenona B = 0,062%)
ocorreram exclusivamente efd. polyanthemume H. carinatum As maximas
guantidades de &cido clorogénico, isoquercitringerejtrina e guaijaverina foram
observadas, respectivamente, Bimcampestrg1,458%),H. andinum(1,161%),H.
carinatum (0,231%) eH. laricifolium (0,404%). Tais resultados fornecem suporte
adicional para o significado quimiotaxonémico dogrivhdos diméricos de
floroglucinol. Temperatura (40°C = 3,04%, 50°C 2126 e 60°C = 1,05%) e presséao
(90 bar = 0,95%, 150 bar = 0,97% e 200 bar = 1,88fdaram de modo distinto o
rendimento do extrato supercritico lde carinatum Apesar do menor rendimento em
comparacédo ao extratehexano (6,09%), a extracdo com £XDpercritico provou ser
mais seletiva que a maceracéo. Nas condi¢cdes iHEHIE, 90 bar e 180 minutos), a
maxima recuperacdo de uliginosina B, carifenona A caifenona B foi,
respectivamente, 162,83, 376,33 e 48,79%. O moaltematico empregado para
simular o processo de extracdo foi apropriadamemeelacionado aos dados
experimentais. Considerando as atividades biolégitalas as espécies investigadas
apresentaram um amplo espectro de acdo antifUngEsiin como reduziram a
migracdo dos neutréfilos. Os extratosHlecarinatum, H. linoides H. myrianthum
apresentaram 0s mais baixos valores de concentragiibdria minima contra
Cryptococcus neoforman€IM < 15,6 pg/mL),Rhodotorula mucilaginoséCIM <
62,5 pg/mL),Candida glabratae C. tropicalis (CIM = 1,9-250 pg/mL). Para estas
plantas, o efeito antiquimiotatico variou entre-600% nas concentracdes de 0,31 a
10 ug/mL. Os extratos mais ativos apresentaranmaeéeconcentracdo de uliginosina
B, japonicina A e hiperbrasilol B. Assim, as espéaileHypericumnativas do sul do

Brasil apresentam potencial como fonte de novafliagicos e anti-inflamatorios.

Palavras-chaves: Hypericum Brathys Trigynobrathys floroglucinol dimérico,
benzofenona, benzopirano, flavonoide, acido fendliguimiotaxonomia, extracdo

supercritica, modelagem matematica, atividadetargita, atividade antiquimiotéatica.



ABSTRACT

Phytochemical and biological study of theHypericum species of theBrathys and
Trigynobrathys sections.The genusHypericum(Guttiferae = Clusiaceae) comprises
494 species placed in 36 taxonomic sections. Tesentatives of Central and South
America belong primarily to sectiorBrathys and Trigynobrathys the two largest
sections with 87 and 52 species, respectivelyrdditional medicine, these plants are
used as antiseptic, diuretic, digestive and asrgeahgents. Such species have a strong
tendency to accumulate dimeric phloroglucinol, 8esibenzophenones, benzopyrans,
flavonoids and phenolic acids, metabolites whostdepressant, antinociceptive,
antimicrobial, antiproliferative and antioxidanttigities are described. In view of the
therapeutic potential, this work aimed to determihe main phenolic compounds
present in flowers oHypericumspecies native to southern Bra#il. (campestrgH.
caprifoliatum H. carinatum H. connatum H. linoides H. myrianthum H.
polyanthemunmand H. salvadorenseand to Peruvian Paramol.(andinumand H.
laricifolium); the supercritical C@extraction and analysis of the phenolic compounds
of H. carinatum the antifungal and antichemotactic activitiegrd lipophilic extracts
from H. caprifoliatum H. carinatum H. linoides H. myrianthum and H.
polyanthemumFor the experiments, aerial parts in blossom vieneested (2008 -
2010). All collections were authorized by competagiencies of environmental
protection. The extraction methods employed weaéicstnaceration, ultrasonic bath
or supercritical CQ(temperature = 40, 50 or 60°C; pressure = 90, 130, or 200
bar). HPLC analyses were carried out in reversa@lcalumn (C18), isocratic system
composed of acetonitrile, water and trifluoroacati@, and ultraviolet detection (220,
270 or 254 nm). Peaks were identified by comparifatention times / co-injection
with standards and quantified by calibration cuo¥éhe compoundsAntifungal and
antichemotactic tests were performed using the hbnmicrodilution assay and
neutrophils migration inhibition method. The dineephloroglucinol uliginosin B
(0.008 - 0.188%) and the flavonoid hyperoside (0.055.987%) were the main
metabolite detected in flowers of the investigaspeécies.Hypericum caprifoliatum

andH. andinumdisplayed higher yields of these compounds, rdsgdg. Japonicin A



was found in seven species studied at concentsatiat varied from 0.003 to 0.087%
(H. myrianthun). The yield of hyperbrasilol B ranged from 0.00&%H. laricifolium

to 0.011% inH. caprifoliatum The benzopyrans (HP1 = 0.200%, HP2 = 0.225% and
HP3 = 0.327%) and benzophenones (cariphenone ABG9% and cariphenone B =
0.062%) occurred exclusively ifl. polyanthemumand H. carinatum Maximum
amounts of chlorogenic acid, isoquercitrin, queirtiand guaijaverin were observed,
respectively, irH. campestré¢1.458%),H. andinum(1.161%),H. carinatum(0.231%)
and H. laricifolium (0.404%). Such results provide a further suppat the
chemotaxonomic significance of the dimeric phlousghols. Temperature (40°C =
3.04%, 50°C = 2.21% and 60°C = 1.05%) and pres@febar = 0.95%, 150 bar
0.97% and 200 bar = 1.89%) critical did affect eliéntly the yield of supercritical

extract of H. carinatum Despite lower yield in comparison tehexane extract

(6.09%), supercritical COextraction proved to be more selective than mdioeraln
optimal conditions (40°C, 90 bar and 180 minutethle maximum amount of
uliginosin B, cariphenone A and cariphenone B weaspectively, 162.83, 376.33 and
48.79%. Lastly, the mathematical model used inpitoeess of supercritical extraction
was properly correlated to the experimental datgarding the biological activities,
all investigated species exhibited a broad spectofimntifungal action as well as
reduced neutrophils migratiorlypericum carinatumH. linoidesandH. myrianthum
extracts presented the lowest value of minimum bimdsiy concentration against
Cryptococcus neoforman@MIC < 15.6 pg/mL)Rhodotorula mucilaginosgMIC <
62.5 pg/mL),Candida glabrataandC. tropicalis (MIC range = 1.9 - 250 pg/mL).
For these plants, the antichemotactic effect vafieoh 60-100% at concentrations of
0.31 to 10 pg/mL. The most active extracts werd prasented high amounts of
uliginosin B, japonicin A and hyperbrasilol B. Thuke Hypericumspecies native to
Southern Brazil show potential as source of newiafectives and anti-inflammatory

drugs.

Keywords: Hypericum Brathys Trigynobrathys dimeric  phloroglucinol,
benzophenone, benzopyran, flavonoid, phenolic adiémotaxonomy, supercritical

extraction, mathematical modelling, antifungalatyi antichemotactic activity.



LISTA DE TABELAS
MANUSCRITO 1
Table 1.Collection localities of thélypericumspecies...................coeeeveeni. 36

Table 2. Phenolic compounds present in thhexane fractions of thdypericum

Table 3. Phenolic compounds present in the methanolic imast of the

HYPEICUMTIOWETS ... et e e e e e e e e e 39

Table 4. Dimeric phloroglucinols of Hypericum genus - Brathys and

TrigynobrathySSecCtionsS .........ccovi i 41
MANUSCRITO 2

Table 1. Supercritical fluid extraction yields fromd. carinatumof total extract

and fraction obtained after treatment with acetone........................c.ee.... 63

Table 2. Mass quantities of uliginosin B, cariphenone A &eédxtracted by C®
supercritical fromH. carinatumat 40°C and 90 — 200 bar ...............cooveviinennn, 66

Table 3. Mass quantities of uliginosin B, cariphenone A &édxtracted by C®
supercritical fromH. carinatumat 50°C and 90 —200 bar ................oceee.... 67

Table 4. Mass quantities of uliginosin B, cariphenone A &édxtracted by C®
supercritical fromH. carinatumat 60°C and 90 — 200 bar .............ccccoovvvenennnn. 68

RESUMO EXPANDIDO

Table 1. Total supercriticaH. carinatumextract yields and respective fractions

obtained after treatment with acetone ............ccovvo e iii e iiiieeaneenee.. . 85

Table 2. Mass quantities of uliginosin B, cariphenone A dhdn fraction of

supercritical extract dfl. carinatumat 40°C and 90 bar ..................ceeeene. 86

Table 3. Mass quantities of uliginosin B, cariphenone A dhdn fraction of



supercritical extract dfl. carinatumat 40°C and 150 bar ........................... 87

Table 4. Mass quantities of uliginosin B, cariphenone A dhdn fraction of

supercritical extract dfl. carinatumat 40°C and 200 bar ........................... 88
Table 5.Numerical values for mathematical parameters ........................ 88
MANUSCRITO 3

Table 1.Collection localities of thélypericumspecies ..........ccoovvivi i ieiiienae, 102

Table 2. Antifungal screening of-hexane extract of nativgypericumspecies to
SOULNEIN BrazZil ... e 107

Table 3. Minimum inhibitory concentration and minimum funmgial

concentration oh-hexane extract dflypericumspecies native to Southern Brazil 08

Table 4. Effect of Hypericumlipophilic extracts on then vitro chemotaxis of

polymorphonuclear NeutrophilS..........ccooov 109

Table 5. Content (%) of the investigated phenolic compoummdddypericum

L) 1 = Lo £ TP 110



LISTA DE FIGURAS
MANUSCRITO 1

Figure 1. Chemical structure of selected secondary metaisoknalyzed for

species oHypericumsectionBrathysandTrigynobrathys.......................... 34
MANUSCRITO 2

Figure 1. HPLC profile of uliginosin B, cariphenone A andipaenone B from
the supercritical C@fraction obtained at 40°C and 120 bar .................c... 64

Figure 2. Global yield of the extracts using supercritical &®90 bar and 4C:

experimental data and mathematical fitting ............c.coviiiiiiiiiiiiiin, 71
RESUMO EXPANDIDO

Figure 1. Mass of uliginosin B obtained by supercriticalidlextraction at 40C
and 90 bar, 150 bar or 200 Dar .........couieiie i s 89

Figure 2. Mass of cariphenone A obtained by supercriticaidflextraction at
40°C and 90 bar, 150 bar or 200 bar .............coooiiiiii i, 89

Figure 3. Mass of cariphenone B obtained by supercriticaidflextraction at
40°C and 90 bar, 150 bar or 200 bar ............coviiiiiie i e, 89

MANUSCRITO 3

Figure 1. Dimeric phloroglucinols, benzophenones and benzosy

investigated irHypericumspp. lipophilic extracts ............cccoovviceeeeei i 101






LISTA DE ABREVIATURAS E SIGLAS
CLAE - cromatografia liquida de alta eficiéncia;
CO, — dioxido de carbono;
HP1 — 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-bepyoan;
HP2 — 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimettbgnzopyran;
HP3 — 5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimettbgnzopyran,;
°C - grau Celsius;
CH5CN — acetonirila;
MeOH — metanol;
HPLC — high-performance liquid chromatography;
TFA — trifluroacetic acid;
HEX —n-hexane;
ANOVA - analise de variancia;
nm — nanémetros;
tgr — time retention;
r* = R — coeficiente de correlacéo linear;
p — nivel de significancia;

K,/ K, — coeficiente de solubilidade / coeficiente deiskio.






SUMARIO
1 INTRODUGAO GERAL ..ottt sttt 23

2 CAPITULO | - Compostos fendlicos em flores dypericumdas secbes

Brathyse Trigynobrathys...........oooo e 27
2.1 INTRODUGAOD ...ttt ettt sttt ettt e ste e teste e ereaneas 28

2.2 MANUSCRITO 1 - Determination of phenolic compounds in flowers of

Hypericumof South Brazil and Peruvian Paramos .........ccccccccviiiiiiiiiiieennnennnn, 30

3 CAPITULO Il - Extracdo deHypericum carinatumGriseb. com C@

U] 0 1= (o3 1 1o o TR 51
B.LINTRODUGAOD ..ottt sttt et e ste e teste e ereaneas 52

3.2 MANUSCRITO 2 - Supercritical extraction of phloroglucinol and
benzophenone derivatives frorhlypericum carinatum quantification and

mathematical modeling ... 54
3.3 RESULTADOS ADICIONAIS ...ttt 76

3.4 RESUMO EXPANDIDO - Hypericum carinatum supercritical fluid

extraction, HPLC determination and mathematical @fiad ....................cccoevvnnnnnn. 77

4 CAPITULO Il - Atividade antiftingica e antiquimiotatiéa vitro de extratos

[0 1 [TeTo XS e (=1 NV o T=T g [o1 UL 001y o] o OO 93
A1 INTRODUGAO ..ottt ettt ettt sts st 94

4.2 MANUSCRITO 3 - Antifungal and antichemotactic activities and
quantification of phenolic compounds in lipophikxtracts ofHypericumspp.

NALIVE 1O SOULN BIazZil.... oo ettt ee e e e e e nens 96

5 DISCUSSAOD GERAL ...ttt ee e e e e et e, 119



6 CONCLUSOES

7 REFERENCIAS



INTRODUCAO GERAL



24

Historicamente, os produtos naturais constituem udome importante de
recursos terapéuticos, uma vez que um grande nimeei@rmacos em uso clinico ou
séo de origem natural ou foram desenvolvidos ar pkastes. Na base deste sistema, as
plantas figuram como um dos principais alvos dosdes quimicos, farmacologicos e
clinicos. Além disso, dos 252 farmacos consideradésicos e essenciais pela
Organizacao Mundial da Saude (OMS), 11% sao exelosinte de origem vegetal.
Constituem exemplos de compostos com aplicacOapéeticas a morfina, alcaléide
isolado dePapaver somniferune empregado no tratamento de dores intensas; o
glicosideo digitoxina d®igitalis sp, empregado como cardiotdnico; os ginkgolideos
de Ginkgo biloba com propriedades anti-tromboticas e o diterpeawitaxel deTaxus
brevifolia, utilizado como antitumoral (RATES, 2001; BUTLERQO4; KOEHN e
CARTER, 2005 GURIB-FAKIM, 2006; BAKERet al, 2007; NEWMAN e CRAGG,
2007; GANESAN, 2008; HARVEY, 2008; BARREIRO e BOLE® 2009).

A elevada diversidade quimica e biolégica apresienigelos compostos de
origem natural favorece o desenvolvimento de nol@macos. O potencial das
plantas, entretanto, ainda é pouco explorado. Skgwstimativas, o namero de
espécies vegetais superiores pode chegar a 50M@8as, apenas 15 a 17% foram
investigadas quanto ao seu potencial medicinak-Saeliambém que a identificacdo de
produtos com possivel utilizacdo econdmica ou @rapa aumenta com a diversidade
de espécies. No mundo, metade das plantas supedoogre nas florestas tropicais.
Paises ricos em diversidade vegetal como o Brpsittanto, apresentam grandes
oportunidades na pesquisa e desenvolvimento desrfavmacos (SOEJARTO, 1996;
RATES, 2001; GUERRA e NODARI, 2003; KOEHN e CARTERQ5).

Nos ultimos anos, o uso de terapias alternativasomplementares tem
aumentado. Algumas praticas passaram a fazer ipahtssive do recurso terapéutico
de 6rgéos oficiais de satde como o Sistema UnicBatele (SUS) (BRASIL, 2006).
Entre os fatores que justificam o crescente insergelas plantas medicinais estdo a
insatisfacdo com os resultados da medicina conoeaki os efeitos indesejaveis
causados pelos medicamentos sintéticos, a faltacdeso aos medicamentos e a

medicina institucionalizada, a consciéncia ecok@@ crenca de que o que advém da
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natureza é inofensivo (RATES, 2001). No campo dien{ o interesse por produtos
naturais tem sido justificado pela caréncia de dwtalternativos ao descobrimento
de novos farmacos em areas como imunossupresséagaso do metabolismo e
infeccdo (BUTLER, 2004). Além disso, a falta detamaento efetivo de algumas
doencas e a emergéncia de organismos patogéniersifitam a necessidade por

novos farmacos ou alternativas terapéuticas quéatam tais enfermidades.

O génerdHypericum(Clusiaceae = Guttiferae) possui 494 espécieshlisgias
em praticamente todas as regides do mundo (ROBSDBK; CROCKETT and
ROBSON, 2011; RUHFELet al, 2011).Popularmente, estas plantas sédo utilizadas
como antissépticos, diuréticos, digestivos e ageueecicatrizacado (von POSERal,
2006). Em geral, os principais grupos quimicos riescpara 0 género sao quinonas
policiclicas (hipericina @seudehipericina), derivados floroglucinol (hiperforiesad-
hiperforina), xantonas (mangiferina e isomangif@yjrflavonoides, acidos fendlicos,
taninos e oOleos essenciais (KITANOV e NEDIALKOV, 98 KITANOV, 2001;
BERNARDI, 2007; SMELCEROVICet al, 2008). Em relacdo as atividades
farmacolégicas destacam-se a atividade antidepeesgFRANCIS, 2005),
antimicrobiana (SCHMITTet al, 2001; DALL'AGNOL et al, 2003), antitumoral
(DONGREget al, 2007), analgésica e anti-inflamatéria (PERAZ&Q@L, 2008).

Hypericum perforatung a espécie mais estudada do ponto de vista quignic
farmacoldgico. Conhecida popularmente conferva-de-S&o-Jodg extratos
padronizados da planta sdo empregados no tratamerdepressao leve a moderada.
De acordo com estudos farmacologitositro e in vivo, 0s compostos hipericina e
hiperforina, utilizados como marcadores, constitu@smprincipais responsaveis pela
atividade antidepressiva (BILI&t al, 2002).

No Brasil, as espécies nativas gpericumocorrem principalmente na regiao
Sul, compreendendo cerca de 20 representantes dado® em duas secles
taxondmicasBrathys e Trigynobrathys(ROBSON, 1990). As plantas pertencentes a
este grupo possuem uma forte tendéncia de acund@davados dimeéricos de

floroglucinol (uliginosina B, hiperbrasilol B e japicina A), além de benzofenonas
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(carifenonas A e B), benzopiranos (HP1 = 6-isobt&ji7-dimetoxi-2,2-dimetil-
benzopiran, HP2 = 7-hidroxi-6-isobutiril-5-metox22dimetil-benzopiran e HP3 = 5-
hidroxi-6-isobutiril-7-metoxi-2,2-dimetil-benzopmy ~ flavonoides  (hiperosideo,
guercitrina, isoquercitrina, guaijaverina) e acidesolicos (acido clorogénico). Tais
compostos sédo considerados os responsaveis peltssdarmacologicos observados
onde se destaca a atividade antidepressiva, am@pbiva, antimicrobiana,

antiproliferativa e antioxidante, entre outras (VIDSERet al, 2006).

A descoberta de novos compostos com utilidade éetag@a e o
desenvolvimento de modelos nacionais de saudegdiasados fatores que motivam o
estudo das plantas. A enorme diversidade biolodasabiomas brasileiros, por sua
vez, dada a sua capacidade de gerar conheciméntvagao tecnoldgica, constitui

uma alternativa promissora nesse processo (BARREIRBOLZANI, 2009).

Dados quimicos e farmacoldgicos revelam um graotenpial terapéutico para
as espécies do génertypericum O conhecimento das espécies nativas, entretanto,
permanece parcialmente explorado. Assim, esteltrattave como objetivo geral os
estudos quimico e biolégico de espécies Higoericum das secdedBrathys e

Trigynobrathys Os objetivos especificos incluem:

v Determinacdo dos principais compostos fendlicosgimes nos extratos
hexano e metanol obtido das flores de espéciél/dericumnativas do Sul

do Brasil e Paramos peruanos;

v Extracdo deH. carinatumcom CQ supercritico, modelagem matematica e

analise dos compostos fendlicos presentes no extrat

v Investigacdo das atividades antifingica e anticut@ttica dos extratos
lipofilicos deH. caprifoliatum H. carinatum H. linoides H. myrianthume

H. polyanthemum.

A tese é apresentada e estruturada na forma de&logpios quais sdo na

sequéncia amplamente considerados em uma disayesso
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INTRODUCAO

Quimicamente, fendlicos sdo compostos que possugmou mais aneéis
aromaticos com um ou mais grupos hidroxila. Disiidlos amplamente no reino
vegetal, representam os metabdlitos secundérios ataindantes das plantas com
mais de 8000 estruturas conhecidas atualmentejaas wariam de moléculas simples
a polimeros de alto peso molecular (DAl e MUMPE®L® IGNAT et al, 2011).

Os compostos fendlicos podem ser classificados éi@redtes grupos
dependendo do numero de anéis fendlicos que apaesendos elementos estruturais
gue ligam estes anéis. Entre os principais grupt&dlavonoides, acidos fendlicos,
taninos, cumarinas, quinonas, estilbenos, lignagmatse outros (IGNATet al, 2011).
Biossinteticamente, estes metabdlitos sdo formpdosrés rotas diferentes: (i) a rota
do chiguimato/corismato que produz derivados fembdpandides; (i) a rota do
acetato/malonato ou policetideo, a qual produz fgnpanoides de cadeia longa como
os flavonoides e algumas quinonas; e (iii) a ra@tao/mevalonato cujos produtos

séo, por exemplo, os terpenoides aromaticos (BHATHARYA et al, 2010).

De maneira geral, as plantas produzem uma ampladeaie de substancias
bioativas com importantes aplicacdes nas areaaltbes alimentos. No reino vegetal,
os compostos fendlicos atuam na defesa contra isrgas patogénicos, parasitas e
predadores, na protecdo contra a radiacdo ultéajofe atracdo de polinizadores,
como pigmentos e como agentes de sinalizacaodritrger-espécies. Particularmente,
tais metabdlitos sdo determinantes para a qualidadsorial e nutricional de frutas,
entre outros vegetais, constituindo, nos ultimossalw foco de muitas pesquisas na
area da saude devido principalmente a sua potameaciclade antioxidante e seus
marcantes efeitos na prevencado de enfermidadesiasas ao estresse oxidativo tais
como cancer, doencas cardiovasculares e neurodageas. Além disso, esses
compostos apresentam importantes aplicacfes imastsendo utilizados como
corantes e conservantes em alimentos ou na prodiedimtas, papel e cosméticos
(STAFFORD, 2000; RUIZ e ROMERO, 2001; BHATTACHARYe al, 2010; DAI
e MUMPER, 2010; IGNATet al, 2011).



29

Por todas as razdes mencionadas acima, a comurcad#gica tem dedicado
esforcos no sentido de caracterizar e quantifieardlicos de elevado potencial
terapéutico. O génerdypericumcompreende mais de 496 espécies acomodadas em
36 taxons amplamente distribuidos no mundgpericum perforatumé o membro
mais conhecido, dada a sua aplicacdo terapéutisacasos de depressdo leve a
moderada. Os representantes centro-sul americagidsnpem a secaBrathys e
Trigynobrathys Estudos farmacoldgicos tém demonstrado para algulestas plantas
atividade antidepressiva, antinociceptiva, inibeddorda monoamino oxidase,
antimicrobiana e antiproliferativa. Estes efeitosgfientemente estdo relacionados a
presenca de compostos fendlicos. Nesse sentido, pameularidade das espécies
nativas € a forte tendéncia de acumular derivadd$odoglucinol diméricos, além de
benzopiranos, benzofenonas, flavonoides, acidadites e terpenoides (von POSER
et al, 2006; CROCKETT e ROBSON, 2011; RUHFEtLal, 2011).

Nos sistemas de medicina tradicional e nos prodo¢peficiados a partir de
Hypericum perforatumas flores constituem o principal farmacdégeno egguie.
Dados da literatura também demonstram que a maite po contetdo fendlico esta
concentrada nas flores das plantas (AYANal, 2006; BERNARDIet al, 2008;
CROCKETT e ROBSON, 2011).

O potencial medicinal e o elevado valor economi@presentado por
Hypericum perforatuma indastria farmacéutica constituem alguns dosrdat que
estimulam o estudo fitoquimico de outros membrosgéoero. Apesar da elevada
diversidade das espécies nativas, estas sao amteinte pouco conhecidas, tanto do

ponto de vista quimico como biolégico, justificapdesim, o seu estudo.

O presente capitulo objetivou a analise dos compd&nolicos acumulados
nas flores de espécies de¢ypericum das secBedBrathys e Trigynobrathys Os

resultados sdo apresentados e discutidos na fammdnanuscrito cientifico.
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Abstract

The flowers constitute one of the main sites oluawalation of phenolic compounds in
plants of theHypericum genus. In addition to their important pharmacolagic
activities, some metabolites found in species frohe section Brathys and
Trigynobrathys appear to have chemotaxonomic significance accgrdio the
literature. HPLC analyses were carried out to &s#®s pattern and accumulation of
the dimeric phloroglucinols, benzophenones, benmosy flavonoids and a phenolic
acid in flowers ofHypericumspecies native to southern Brazil and PeruviaarRas.
Qualitative and quantitative differences are reguohrtUliginosin B and hyperoside
were the main components, detected in all specidsagth maximum concentrations
up to 0.188% inH. caprifoliatum and 5.987% inH. andinum respectively. The
content of japonicin A varied from 0.003 to 0.08 Bk myrianthun), while the yield
of hyperbrasilol B ranged from 0.006% iH. laricifolium to 0.011% inH.
caprifoliatum The major compounds id. polyanthemunandH. carinatumwere the
benzopyrans 6-isobutyryl-5,7-dimethoxy-2,2-dimethghzopyran (HP1 = 0.200%),
7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-beqgoan (HP2 = 0.225%) and 5-
hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-benzopgy (HP3 = 0.327%) and
benzophenones cariphenone A (0.309%) and caripleeBo(0.062%), respectively.
Maximum amounts of chlorogenic acid, isoquercitqogercitrin and guaijaverin were
observed, respectively, i. campestré¢1.458%),H. andinum(1.161%),H. cariantum
(0.231%) andH. laricifolium (0.404%). The results obtained support the taxonomi

evidence of the dimeric phloroglucinol derivatiaghe section level.

Keywords: Hypericum phloroglucinol derivatives, flavonoids, phenoliacid,
chemotaxonomy
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Introduction

The genusHypericumL. (Hypericaceae) is represented by 484 specieeglin 36
taxonomic sections on the basis of morphology amdjdmgraphy (Crockett and
Robson 2011). Ruhfel and co-workers (2011) progbseinclusion of other 10 taxa
based on phylogenetic analysis which would tota dfecies. The representatives of
Central and South America belong primarily to sewiBrathysand Trigynobrathys
the two largest sections with 87 and 52 speciespedively (Crockett and Robson
2011). In the mountain regions of the Peruvian Rés 14 species occur,
predominantly from sectioBrathys (Crockett et al. 2010), while in southern Brazil,

18 are found, the majority from sectidngynobrathygRobson 1990).

A wide range of pharmacological activities attraitto the extracts dflypericum
have led to the isolation and identification of savg@henolic compounds. Dimeric
phloroglucinols (Franca et al. 2009), benzopyrdesraz et al. 2001), benzophenones
(Bernardi et al. 2005), xanthones (Zhang et al.720favonoids (Wang et al. 2008),
phenolic acids, terpenoids (El-Seedi et al. 200R), 40 a lesser extent, essential oils
(Abreu et al. 2004a; Ferraz et al. 2005) are ctas$secondary metabolites that have
been commonly isolated fronHypericum species of sectionsBrathys and
Trigynobrathys Compounds of these classes have been showndegsoantibacterial,
antifungal, antiviral, antiproliferative, antinoejgtive, monoamine oxidase inhibitory
and antidepressant activities, among others (vaerPet al. 2006). Structures of the

phenolic compounds surveyed are given in Figure 1.

Phenolic compounds play important roles as deferand signaling in the interactions
of the plant with the environment (Gronquist et24l01; Boudet et al. 2007). Flowers
have been identified as one of the main sites ofimclation of these components in
Hypericum (Ayan et al. 2006; Bernardi et al. 2008). Somehart also attribute a
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chemotaxonomic significance to selected compoumdghese classes, especially

dimeric phloroglucinols (Ferraz et al. 2002; N6akt2004). Considering the chemical

and pharmacological importance of the metabolites,objective of this study was to

assess the pattern and accumulation of selectederidimphloroglucinols,

benzophenones, benzopyrans, flavonoids and a pbedd in flowers oHypericum

species native to southern Brazil and the PeruRi@mamos. As well as enriching the

knowledge about the chemistry of this genus, tltega can help in the selection of

future targets for biological and phytochemicabsts.

Uliginosin B R=HY)
HyperbrasilolB R = CL,CHCH(CHy) (2)

0 OR;
HO. O
L )
A
R,0 o)
o OH HP1 R=CH; R,=CH; (6)

Cariphenone A 4)

HO COOH
0
AN 0 OH
OH o} OH

Hyperoside R =g -D - Galactosyl (9 HO Ca

Guaijaverin R =g —L - Arabinopyranosyl(10) Chlorogenic acid 13)
IsoquercetrinR = 8 -D - Glycosyl 17

Quercetrin - R =g -D - Glycosyl (12

Fig 1 Chemical structure of selected secondary meta&sohbinalyzed in species of

HypericumsectionBrathysandTrigynobrathys
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Materials and methods

Plant material

Flowers from several individuals of the same spewere collected to form the pool
used in the experiments (Table 1). Plants weretiitkxh by Dr. Sérgio Bordignon

(UNILASALLE, RS, Brazil). Voucher specimens are dsped in the herbarium of
Universidade Federal do Rio Grande do Sul (ICNanPtollection was authorized by
Conselho de Gestdo do Patrimoénio Genético (CGEN)l@stituto Brasileiro do Meio

Ambiente (IBAMA — 003/2008 P 02000.001717/20080), besides Direccion
General Forestal y de Fauna Silvestre of the Repudfl Peru (0147-2010-AG-

DGFFS-DGEFFS).

HPLC analysis

Acetonitrile (CHCN) and methanol (MeOH) were HPLC grade from Merck
(Darmstadt, Germany); trifluroacetic acid (TFA)rto/etec (Rio de Janeiro, Brazil),
n-hexane (HEX), dichloromethane (DIC) and ethyl ate={EtOAc) (F. Maia, Cotia,
Séo Paulo, Brazil) were reagent grade. DistilletewéH,0) was purified by a Milli-Q

system.

Uliginosin B (1), hyperbrasilol B 2), japonicin A @), cariphenone A4), cariphenone

B (5), 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopgr (HP1) 6), 7-hydroxy-6-
isobutyryl-5-methoxy-2,2-dimethyl-benzopyran (HRZ), 5-hydroxy-6-isobutyryl-7-
methoxy-2,2-dimethyl-benzopyran (HP39),( hyperoside §) and guaijaverin 10)
were isolated and identified frokfypericumspecies as described elsewhere (Ferraz et
al. 2002; NOr et al. 2004; Dall’Agnol et al. 20@ernardi et al. 2007). Isoquercitrin
(11), quercitrin (2) and chlorogenic acidlB) were purchased from Fluka (Steinheim,

Germany), Dolisos Laboratories (Paris, France) &mi@d Biomedicals (llikirch,
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France). The identity and purity of compounds weenfirmed by 'H NMR

spectroscopy.

Table 1 Collection localities of thélypericumspecies

Species
_ ) Voucher number
Collection loacality (harvest)

H. andinumGleason. Ccapatinta et al. 05

Amparaes, Cuzco, Peru (May 2008)

H. campestré&Cham. & Schlecht. Bordignon et al. 3119
Cacapava do Sul, RS, Brazil (October and Decen2ip€9)

H. caprifoliatumCham. & Schlecht. Bordignon et al. 2287
Porto Alegre, RS, Brazil (October and December 9200

H. carinatumGriseb. Bordignon & Ferraz 2309
Glorinha, RS, Brazil (October and December, 2009)

H. connaturrLam. Bordignon et al. 3076
Capao do Leao, RS, Brazil (October and Decemb@9)20

H. laricifolium Juss. Ccapatinta et al. 07

Cumbemayo, Cajamarca, Peru (November 2008)

H. linoidesA. St.-Hil. Bordignon et al. 3317

Sao José dos Ausentes, RS, Brazil (October andnimre 2009)

H. myrianthumCham. & Schlecht. Bordignon et al. 3059
Paraiso do Sul, RS, Brazil (October and DecemI@£Qp

H. polyanthemunilotzsch ex Reichardt Bordignon et al. 3118
Cacapava do Sul, RS, Brazil (October and Decen2i@9)

H. salvadorens®obinson Bordignon & von Poser 3452

Glorinha, RS, Brazil (October and December, 2009)

The dried and powdered flowers Bifypericumspecies (200 mg) were extracted (5
times) successively with 5 mL of HEX and afterwandth 5 mL of MeOH for 20 min

in an ultrasonic bath (Ultrasonic, Sao Paulo, ByaZhe fractions were evaporated to
dryness under reduced pressure, dissolved in HRaGegMeOH and filtered (0.22

mm pore size, Merck) prior to further analysis.
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The HPLC system consisted of a Shimadzu liquid miatography instrument
(Shimadzu Corporation, Kyoto, Japan) equipped withGU-20A; degasser, LC-6AD
pumps, SIL-10AD auto sampler, CTO-20AC column ov&kD-20AV UV/VIS
detector and CBM-20A communications module. Theogtatographic data were
recorded and processed by LC Solution softwareomrers.24 SP2. For separations, a
Waters Nova Pack C18 column (4 um, 3.9 x 150 mmd) aaiwWaters Nova-Pack C18

60A guard column (3.9 x 20 mm) were used.

Dimeric phloroglucinols were eluted using an isdicralution program with 95%
CH:CN, 5% HO, 0.01% TFA, monitoring at 220 nm; benzopyrans and
benzophenones, with 60% QEN, 40% HO, at 270 nm; and chlorogenic acid and
flavonoids, with 14% CBkCN, 86% HO, 0.05% TFA, at 254 nm. The analyses were
performed at room temperature (25 and at a flow rate of 1 mL.niln A volume of

20 uL and three injections were performed for each samp

Peaks were identified by comparison of their retentimes {r) and by co-injection
with standards (Abreu et al. 2004b). Tiaevalues were 5.72, 7.29 and 8.85 min. for
compounds3, 1 and 2, respectively; 6.17, 8.08, 8.20, 11.52 and 19.4f. rfor
metabolites, 4, 6-8; and 3.32, 20.07, 22.40, 30.67 and 35.24 mii$#, 11, 10 and
12. The presence of selected metabolites in the @strgas also previously verified by
thin layer chromatography using silica gel 68,AMerck (Darmstadt, Germany) as
stationary phase. The mobile phase consisted of :HEX (50:50 v/v) for the
compoundd to 8and EtOAc:MeOH:EO (100:13.5:10 v/v/v) foB-13

Calibration curves were prepared for selected stalsd dissolved in MeOH with
minimally five data points covering the concentatrange of 8.13 — 411.34/mL
for chemicall (r*= 0.9976), 31.05 — 521.08y/mL for 4 (r*= 0.9999), 16.89 — 400
ng/mL for 6 (r?= 0.9999), 25 — 40Qg/mL for 7 (r*= 0.9981), 21.11 — 500g/mL for
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8 (r*= 0.9995) and 100 — 20Q@/mL for 9 (r*= 0.9982) and.3 (r*= 0.9983). Each
curve was obtained by plotting the peak area ottmapound at each level versus the
concentration of the sample. Japonicin A and hyeilol B were therefore quantified
with the uliginosin B calibration curve; cariphemoB, using cariphenone A; and the

flavonoids, using hyperoside (Nunes et al. 2010).

Results

In the present study, 10 species Hypericum native to southern Brazil and the
Peruvian Paramos were analyzed for the presencegaantity of 13 compounds,
several of which are of pharmacological intereste THPLC analysis allowed a
satisfactory separation and detection of the chdsemzophenones, benzopyrans,
dimeric phloroglucinols, flavonoids and the pheoaodicid. The HEX and MeOH
extracts exhibited unique secondary metaboliteilpmfalthough some compounds,
such asl and 9, were detected in all samples. The quantitatiilerdinces were

significant and are shown in tables 2 and 3.

In the HEX extracts, all species contained compduaticoncentrations ranging from
0.004 to 0.18% (wt/wt). The flowers dfl. caprifoliatum and H. polyanthemum
displayed higher yields df. In addition, flowers of seven of the ten spectslied
contained3 in concentrations ranging from 0.003 to 0.08%ypericum myrianthum
andH. campestreaccumulated the highest amounts3of.ow amounts of the dimeric
phloroglucinol 2 were detected imd. caprifoliatum and H. laricifolium, while only
traces of2 were observed itd. connatum Hypericum linoidesalso showed a peak
with retention time of compouri@d However, it was found that this peak is resutieéd
overlap with an unknown compound. The benzophendraasl5 and benzopyrans-

8 were exclusively found ii. carinatumandH. polyanthemumrespectively (Table
2).
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Table 2 Phenolic compounds present in thdexane fractions of thélypericum

flowers
Species % (weight / dry weight tissue)
HEX 1 2 3 4 5 6 7 8

H. andinum 1.15 0.014 nd nd nd nd nd nd nd
H. campestre 2.10 0.064 nd 0.080 nd nd nd nd nd
H. caprifoliatum 210 0.188 0.011 o0.004 nd nd nd nd nd
H. carinatum 3.30 0.046 nd nd 0.309 0.062 nd nd nd
H. connatum 0.20 0.004 t nd nd nd nd nd nd
H. laricifolium 3.00 0.069 0.006 0.041 nd nd nd nd nd
H. linoides 3.80 0.020 nd 0.046 nd nd nd nd nd
H. myrianthum 4.75 0.008 nd 0.087 nd nd nd nd nd
H. polyanthemum 150 0.126 nd 0.003 nd nd 0.200 0.225 0.327
H. salvadorense 3.20 0.013 nd 0.014 nd nd nd nd nd

HEX = n-hexane extractl = uliginosin B;2 = hyperbrasilol B3 = japonicin A;4 =
cariphenone A;5 = cariphenone B = 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-
benzopyran (HP1)7 = 7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl+#mpyran
(HP2); 8 = 5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-bmpyran (HP3)nd =
not detectedt = traces.

Table 3 Phenolic compounds present in the methanolic ilastof theHypericum

flowers
Species % (weight / dry weight tissue)

MeOH 9 10 11 12 13
H. andinum 34.35 5.987 0.218 1.161 0.002 t
H. campestre 6.30 0.514 0.116 0.174 0.109 1.458
H. caprifoliatum 50.75 1.553 0.353 0.168 0.120 t
H. carinatum 7.10 0.758 0.228 0.086 0.231 1.014
H. connatum 9.45 0.057 t 0.083 t 0.790
H. laricifolium 30.25 0.715 0.404 1.100 t t
H. linoides 4.10 0.075 0.082 t 0.187 0.470
H. myrianthum 4.10 1.229 0.142 0.066 t 0.205
H. polyanthemum 8.05 1.063 0.258 0.196 0.190 t
H. salvadorense 8.25 0.377 0.080 0.782 t 1.115

MeOH = methanol extract9 = hyperoside;10 = guaijaverin;11 = isoquercitrin;12 =
quercitrin;13 = chlorogenic acid; = traces.
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Regarding the MeOH fractions, the flavon@dvas the main metabolite detected in
concentrations that varied from 0.057%Hn connatumo 5.98% inH. andinum 10,
11, and12 varied from trace amounts in several species46%.inH. laricifolium,
1.16% inH. andinumand 0.23% irH. carinatum respectively. The phenolic aci®
also varied from trace amounts in several speaes tmaximum 1.45% irH.

campestre

Discussion

Phytochemical profiling studies can be valuablelsan taxonomic analysis of the
Hypericumgenus. HPLC analysis of the HEX extracts allowezldharacterization of
the different species investigated, supporting tisefulness of the technique as a
chemical fingerprinting method. This aspect is ipatarly important since the limited
number of morphological characteristics availabte distinguish between some
sections and high degree of morphological varigbibf some specimens create
difficulties in the differentiation and identifiaah of individual plants based only on
morphological characters. The morphological sintiles amongH. caprifoliatumand

H. connatunor H. campestreandH. brasilienseconstitute examples (Robson 1990).
Until now, however, appropriate methods had nonbaeveloped for quality control

of Hypericumspecies native to Central-South America.

Dimeric phloroglucinols have been described for thenera Elaphoglossum
Dryopteris Aspidium Myrtus Mallotus Eucalyptus Helichrysumand Hypericum
(Singh 2006; Socolsky et al. 2012). In the latsarch compounds have been isolated
exclusively from members of sectioBsathys and Trigynobrathys(Table 4). Thus,
some authors regard these phenolics as poteneah@taxonomic markers (Ferraz et
al. 2002; Nor et al. 2004; von Poser et al. 2006).
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Table 4 Dimeric phloroglucinols oHypericumgenus -Brathysand Trigynobrathys

sections

Section/ Species

Dimeric phloroglucinols

References

Brathys

H. drummondii

H. gentianoides

Trigynobrathys

H. brasiliense

H. carinatum

H. connatum

H. caprifoliatum

H. japonicum

H. myrianthum

H. polyanthemum
H. ternum

H. uliginosum

Albaspidins AA and PP

Drummondins A, B, C, D, Eand F

Isodrummondin D
Saroaspidin A,
Uliginosin A
Hyperbrasilol C

Hyperbrasilol A, B and C
Isohyperbrasilol B
Isoluliginosin B
Japonicin A

Uliginosin A and B
Uliginosin B
Hyperbrasilol B
Japonicin A
Hyperbrasilol B
Uliginosin B

Saroaspidin A, B and C
Sarothralen A, B, C and D
Sarothralin

Sarothralin G

Japonicin A

Japonicin A

Uliginosin B

Uliginosin B
Uliginosin B
Uliginosin A and B

Jayasuryia et al. 1989
Jayasuryia et al. 1991

Babka 2009

Abreu et al. 2004b
Franca et al. 2009
Leal etal. 2010
Rocha et al. 1995
Rocha et al. 1996
Nor et al. 2004

Nor et al. 2004

Nor et al. 2008

Nor et al. 2004

Nor et al. 2008

Hu et al. 2000
Ishiguro et al. 1985
Ishiguro et al. 1986
Ishiguro et al. 1987
Ishiguro et al. 1990
Peng et al. 2006
Singh et al. 2006
Dall’Agnol et al. 2005
Ferraz et al. 2002
Nor et al. 2008
Bernardi et al. 2007
Nor et al. 2004
Bernardi et al. 2007
Parker et al. 1968
Taylor etal. 1969
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Comparing Tables 2 and 4, in eight of ten investidaspecies, at least one dimeric
phloroglucinol has been detected for the first tine H. caprifoliatum and H.
laricifolium, both phloroglucinols X-3) analyzed were present, as seen Hn
brasiliense In accordance with Crockett and Robson (2011is ihteresting to note
that compounds such dsand 3 have been isolated from speciesToigynobrathys
growing in different geographic regions, indicatitigat these compounds may have
chemotaxonomic utility at the sectional or subsewl level. Our results provide
further support for the chemotaxonomic significaméehe dimeric phloroglucinols,
although the data cannot be conclusive since tmebeu of species investigated in
relation to the total sectional species numbetilid@®w. In fact, only 2 and 17% of the
representatives of the sectidBsathysandTrigynobrathys respectively, have thus far

been analyzed (Table 4).

The compounds detected in the MeOH fractions (Ta)leare common in many
species oHypericum(Su et al. 2008; Nunes et al. 2010). The compo@natiZare the
main polar phenolics reported Brathysand Trigynobrathyssections (Ishiguro et al.
1991, Dall’Agnol et al. 2003; El-Seedi et al. 200%reu et al., 2004b; Peng et al.,
2006; Bernardi et al. 2007; Zhang et al. 2007; @daret al. 2008; Li et al. 2008; Su et
al. 2008; Wang et al. 2008; Nunes et al. 2010) pide®f their frequent occurrence, it

IS not possible to see a clear taxonomic pattern.

The phenolic content varied significantly among itneestigated species (Table 2 and
3). The different parts of the plant, developmédages and environmental conditions
(i.e., location, season, collection) are very comnfiactors of chemical variation.
Evaluation of total phenolic compoundsHn polyanthemunandH. ternum however,
demonstrated that the flowers are the main orgara¢documulation (Bernardi et al.
2008; Pinhatti et al. 2010). Additionally, the popdenolic compounds (phenolic acids
and flavonoids) were produced in higher amountsefLal. 2008; Su et al. 2008) in

accordance with the results presented in tabled23an
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The variability of phenolic compounds cited aboved ahe different experimental
conditions employed make it difficult to directlpmpare our results with those of
other authors. Nevertheless, the yields of benzop/6-8 are similar to those
previously reported by Bernardi et al. (2008). Pplodar phenolic compounds 10 and
13 were found in higher concentration in the flow#dran in the stems and leafs, as
determined by Nunes et al. (2010). Metabalifewas obtained in a higher amount in
the stems and leaves while the concentratiohlah flowers was comparable to that
found in aerial parts. It is also important to nobat the flavonoid content dfl.
andinum and H. laricifolium, collected at high altitude regions of Peru, wére
highest among all the investigated species. In @ispn to the Brazilian species, the
Peruvian plants included in this study occur in mtain habitats exceeding 3000
meters above the sea level. Since the flavonoideobrof someHypericumspecies
was positively correlated with altitude (Umek et2099; Abreu et al. 2005; Bruni and

Sacchetti 2009) this factor could explain suchltesu

Conclusions

The characterization of selected dimeric phloroglols, benzophenones,
benzopyrans, flavonoids and chlorogenic acidHypericumspecies native to South
Brazil and Peruvian Paramos reaffirms the valuthisf genus as a source of bioactive
compounds. The results have provided additionafulisevidence supporting the
chemotaxonomic significance of dimeric phloroglwds for the species of the
sectionsBrathysandTrigynobrathys Continuing research in our laboratories involves
the isolation and structural elucidation of additibbioactive compounds from South

AmericanHypericumspecies.
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INTRODUCAO

A extracao dos compostos de uma matriz constit@ das primeiras etapas do
processo de analise, isolamento e purificacdo déupps naturais. Tradicionalmente,
0os métodos empregados sdo a extracdo por Soxhbateragdo, percolacdo e
destilacdo. Apesar da facilidade e do pequeno cogkracional, tais técnicas
apresentam desvantagens como o baixo rendimentseletividade e o uso excessivo
de solventes organicos toxicos e residuais. O desemento e o emprego de
tecnologias alternativas vém crescendo nas ultdéaadas a exemplo da extracéo por
fluido supercritico, extracdo assistida por micnol@s e com solventes pressurizados
(KAUFMANN e CHRISTEN 2002; STICHER, 2007; BIMAKRt al, 2009).

Em 1822, o cientista francés Caignard de la Towca®iu os fenbmenos
criticos (BERCHEet al, 2009). Hannay e Hogarth (1879), por sua vezanfoos
primeiros a demonstrar o seu poder de solvatac2NNAY e HOGARTH, 1879
apud LANG e WAI, 2001). Por definicdo, qualquer subsiarmantida acima de sua
temperatura e pressao criticas constitui um flusdpercritico, o qual apresenta
propriedades intermediarias entre gases e liquidosutilizacdo dos fluidos
supercriticos na extracdo de produtos naturais ¢emo marco o0 processo de
descafeinizacdo dos gréos de café verde em meadif#70. Desde entdo, uma ampla
variedade de compostos tem sido obtida (MAgilal, 1996; LANG e WAI, 2001;
HERREROet al, 2010), sendo o didéxido de carbono (€0 solvente de escolha em
mais de 90% dos casos (POURMORTAZAVI e HAJIMIRSADHEG2007).

Idealmente, o0 processo de extracdo deve ser exaysira 0S compostos de
interesse, além de rapido, simples, de baixo @istipaz de automacdo (BENTHEN
al.,, 1999). Entre os fatores que influenciam a e#wapor fluido supercritico
destacam-se aqueles relacionados a natureza diass(dpolar, polar ou idnico), aos
parametros de extracdo (pressédo, temperatura eo)fempa natureza da matriz
(tamanho das particulas, sitios ativos e conteédagda) (CAMEL, 2001). O método
tem sido utilizado somente na extracdo dos compdstmtivos da espécie européia
Hypericum perforatum(CATCHPOLE et al, 2002; GLISIC,et al, 2008) e sua
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aplicacdo na extracdo das espéciesigigericumbrasileiras foi descrita apenas para
H. polyanthemuniCARGNIN et al, 2010).

A demanda dos consumidores e a exigéncia dos orggosadores quanto a
qualidade, seguranca e eficacia dos produtos matalenotam o forte impacto
econdmico que os extratos vegetais geram a indjistja ela de alimentos, cosmética
ou farmacéutica. Assim, visto que na maioria daseyeo processo extrativo esté
baseado em abordagens empiricas e/ou em escalattalzd, a selecdo e a otimizacao
do método séo consideradas etapas chave paradusrializacdo (ZHANGet al,
2005; ABBASet al, 2008; KASSINCet al, 2010).

O presente capitulo teve por objetivo demonstragxtiacdo seletiva dos
derivados de floroglucinol e benzofenonas ldgpericum carinatumcom CQ
supercritico, bem como determinar alguns paramedesxtracdo. Os principais
resultados sdo apresentados e discutidos na foemendmanuscrito cientifico e um

resumo expandido apresentado em congresso.
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Abstract

The aerial parts dflypericum carinatun{Guttiferae) were extracted with supercritical
carbon dioxide under constant temperature (40, 5808C) and gradual pressure
increase (90, 120, 150 and 200 bar) aiming at #do®very of enriched fractions
containing uliginosin B, cariphenone A and cariphvem B, compounds of

pharmaceutical interest. The yields of these subst were determined by high-
performance liquid chromatography and compared thitise obtained with-hexane

maceration. The supercritical-fluid extraction slkowhigher selectivity than the
conventional solvent extraction method. After defgn40°C and 90 bar as the best
conditions to obtain the target compounds, a masiieal model was used for the

extractionprocess and a good correlation was achieved watlexiperimental data.
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1 Introduction

Phloroglucinol derivatives are a class of seconaagyabolites with wide occurrence
in the Guttiferae family [1]. The dimeric phloroginol uliginosin B, previously
isolated from somélypericumspecies native to south Brazil (ild. myrianthumH.
polyanthemunmand H. carinatun) [2], demonstrated important antinociceptive efffec
[3]. H. carinatumalso afforded the benzophenone derivatives camipme A and
cariphenone B [4], whose chemical class has begilighted for the cytotoxic and
HIV-inhibitory activities [5-7].

Taking into account the pharmacological activititise low concentration in the
vegetal matrix and thermo-oxidative decompositiori phloroglucinol and
benzophenone derivatives [8-12], it is importantdevelop efficient methods to
extract such compounds. Conventional methods préeanadjustable parameters to
control the selectivity of the extraction, emplogrde amounts of toxic organic
solvents, are time-consuming and provide low yig¢ld314]. The supercritical-fluid

extraction (SFE) has shown promising results imiaglsuch drawbacks [13, 15].

The characteristics of the supercritical carborxidi® [16-20] suggest its applicability
in the extraction of bioactive compounds fréfyipericumspecies. Nevertheless, until
now it was employed only fdf. perforatum[8, 21] andH. polyanthemunj22]. So,
this work investigated the effect of extraction ditions [23] such as temperature,
pressure and time regarding the recovery of exraicti concentration of uliginosin B,
cariphenone A and cariphenone B. For the condiassociated with the higher
concentration of these compounds, a mathematicdlehmy based on mass transfer

principles was performed aiming at future scalggredure.
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The mathematical modeling of extraction must besmered as a fundamental step in
the project of an efficient industrial process. Manatical models are used to simulate
processes with no need of experimentation in otdegtnow the extraction process
behavior. Therefore, mathematical modeling is ategyy to evaluate the selection of
the variable conditions [24]. According to Revemshand De Marco [25], a model
should not be a simple mathematical instrumentshatld reflect the physical insight
arising from the experimental observations. In thiwk, the mathematical analysis
was performed using differential mass balances fiimd and solid phase in an
extraction bed based on the concept of broken rtagdticells. The model was used to
fit experimental data and simulates two extracpenods, being the former associated

to the equilibrium-phase and the latter with therinal diffusion [26].

2 Material and Methods

2.1 Plant material

The aerial parts ofypericum carinatunGriseb. were collected during its flowering
stage in Glorinha, Rio Grande do Sul state, BramilDecember, 2008. The plant
material was identified by S. Bordignon (Departatnede Botanica, Universidade
Luterana do Brasil). A voucher specimen was deedsih the Herbarium of the
Universidade Federal do Rio Grande do Sul (ICN rdigmon 1520). Plant material

was dried at room temperature and powdered (1 mshmpeening) in a cutting mill.

2.2 Extraction methods

Supercritical extractions were carried out on aotmlale automated equipment
according to procedures previously described [P@wdered plant material (100 g
DW) was extracted at constant temperature (40,r5808C) while the pressure was

successively increased from 90 to 120, 120 to 1D1%H0 to 200 bar. The extractions
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were performed following the experimental proceddeéined by Cargnin et al. [22],
l.e., 100 min at 90 bar, 30 min at 120 bar, 30 atii50 bar and 30 min at 200 bar,
using the same plant material. However, insteaahdf one fraction for each pressure,
in this study samples were collected every 10 miroider to evaluate yield and
composition of the extractgersusextraction time. The supercritical carbon dioxide
flow rate was 6.7x10 kg.s* (through the extraction vessel) using a flowmetssay
(Sitraus F C Massflo 2100 - Siemens) with accuraty 0.1%. Pressure in the
extractor was monitored with a digital transducestem, Novus 8800021600,
acquired from Novus Produtos Eletronicos (Brazijhwprecision of £1.0 bar. The
temperature controller was connected to thermoesu(T-100) with accuracy of <
0.5.

In order to compare SFE to the conventional extvaainethod, powdered aerial parts
of H. carinatum(10 g DW) were thoroughly extracted byhexane maceration until
constant extract weight. To remove the organicestlivthe extract was evaporated to

dryness under reduced pressure.

2.3 HPLC analysis

Then-hexane and supercritical G@xtracts were treated with acetone and filteréd of
to remove waxes and insoluble impurities [22]. There enriched fractions were
evaporated to dryness, dissolved in HPLC grade anethfiltered (0.22 um pore size,
Merck) and analyzed by high-performance liquid chatography.

2.3.1 Benzophenones determination

Cariphenone A analysis was performed using a W#&@@spump and a Waters 2487
dual A absorbance detector set to 270 nm. The separatsncarried out with an
isocratic solvent system (60% GEN, 40% HO) through a Waters Nova-Pack C18
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column (4 um, 3.9 x 150 mm) adapted to a WatersaN@ack C18 60 A guard column
(3.9 x 20 mm) and flow rate of 1 mL.minMetabolite determination was assessed by
a calibration curve of pure standard isolated fidmcarinatumand concentrations
ranging from 5 to 140ig.mL™* (R* > 0.999). The compound identification was made
on the basis of the ultraviolet absorption speatrd retention time in comparison with
the standard compound. Cariphenone B quantificatias performed under the same
conditions described above and the content waseegpd as milligram of cariphenone

A equivalents/100 g plant.

2.3.2 Uliginosin B determination

Uliginosin B yields were determined using the sageipment under isocratic solvent
condition (95% CHCN, 5% HO, 0.01% TFA), flow rate of 1 mL.mihand detection
at 220 nm. Metabolite quantification was assessgd lxalibration curve of pure
standard and the concentrations ranged from 2 @ 80mL* (R* > 0.999). The
identification was based on the ultraviolet absorptspectra and retention time in

comparison with the standard compound.

2.4 Statistical analysis

Mean differences among each extraction conditiomewested for significance by
ANOVA using a probability value of P < 0.05. Tuksyest was used to indicate mean

separation among these conditions (SPSS Softwargion 10).

2.5 Mathematical modeling

A model for supercritical-fluid extraction based thre concept of broken and intact
cells was used to fit experimental data and sireslavo extraction periods using the

differential mass balances of the solute per unliime extraction bed. The first period
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is guided by phase-equilibrium and the second byrial diffusion into the particles.
The mathematical model was formulated by Xavierakt[26] according to the
discussion proposed by Sovova [28]. In this motihed, mass of extracted compounds
(solute) is assumed to bepseudocomponent in terms of the mass balance. The solute
mass balance in fluid and solid-phase was exprebsedwo partial differential
equations that were analytically solved by Xavierak [26]. The extraction curve,
written in terms of maximum extract yields, is esgsed in two steps; the first one
controlled by phase equilibrium and the secondinibgrnal diffusion from particles,

having the following expression

M) _ Kit (1)
M(e) M(w)

for the first period, where
Ky =mY", (2)

being mthe solvent flow rate and’ is weight fraction for the

equilibrium fluid-phase,;
and

M) _ 1 gaty, 3)
M ()

for the second period, whekg is defined as follow

_ kay (4)
*-¢g)

wherek, is the solid-phase mass transfer, apds the specific surface area per unit

volume of extracted bed.

Summarizing, the extraction curve is linear in fiimrc of the time for the first step of

the extraction and exponential for the second pd&6].
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3 Results and Discussion

3.1 Extraction yields

The total extract yields obtained by €8upercritical extraction at 40, 50 and 60 °C
and different pressure values are shown in Tabldhk analysis of supercritical
extraction of H. carinatum showed that the increase in temperature produced a
negative effect on the total extracts recoverysifect is a consequence of the fluid
density decrease, which varies proportionally wiitle pressure [30]. Thus, under
constant temperature, the subsequent pressuresli@2@nd 200 bar) tended to afford
higher yields. The supercritical fluid density beioa can explain the higher yields
obtained at 40°C and 90 bar since these conditonger to fluid higher density and,

consequently, higher solvation ability.

It is well established that benzopyran, benzopheramd phloroglucinol derivatives
present is somelypericumspecies are soluble in acetone while undesirablesand
other compounds remain precipitated [22]. As it barseen in table 1, at 40°C and 90
bar the yield of the acetone soluble fraction waig/\high, representing ca. 68% (w/w)
of the extract obtained in this condition. In comgan, the extracts acquired at 90 bar
- 50 and 60°C presented only ca. 5% (w/w) and 3%v)wf this fraction, respectively.
Although the supercritical fluid presents a higlvaton power under low temperature
(40°C) and pressure (90 bar), the distinct exwactif acetone soluble and insoluble
compounds shows that the properties of the soligeakso important to explain the
results. The solubility of the low volatile substas, for example, decreases with
increasing molecular weight and polarity, while foose highly volatile, the solubility

is determined by the vapor pressure, which incieasth the temperature [31].
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Table 1. Supercritical fluid extraction yields frof. carinatumof total extract and

fraction obtained after treatment with acetone

Yields
Pressure 468C 50°C 60°C
(bar) % Extract % Fractiofi % Extract % FractioR % Extract % Fractiofi
90 1.22 0.83 0.59 0.03 0.35 0.01
120 0.25 0.13 0.40 0.20 0.05 0.03
150 0.51 0.27 0.44 0.30 0.29 0.20
200 1.06 0.66 0.79 0.55 0.36 0.30
Total 3.04 1.89 2.21 1.09 1.05 0.54

%y of total extract /100 g of plant
°g of fraction after treatment with acetone /10(f glant

In order to compare the extraction efficiency, plamterial was also submitted to
maceration withn-hexane, yielding 6.09% of extract and 4.71% oft@ue soluble
fraction. The higher yield obtained by the maceratcompared to the SFE can be
explained by the greater co-extraction of undegralmmpounds (i.e. chlorophylls)
and consequently lower selectivity of the formeitimd. Similar results are described
in literature highlighting the positive effects ithe quality of supercritical fluid
extracts, such as selectivity, total elimination s@lvent residue and compounds
stability [17].

3.2 HPLC analysis of phloroglucinol and benzophenanderivatives

The extraction conditions regarding the contentsil@finosin B, cariphenone A and

cariphenone B in thE. carinatumfractions were determined by HPLC (Fig. 1).
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Figure 1. (A) HPLC profile of uliginosin B from the superacial CO, fraction (60
min) obtained at 40°C temperature and 90 bar pressiB) HPLC profile of
cariphenone A and cariphenone B from the superalitCG fraction (130 min)
obtained at 40°C temperature and 120 bar pressure.

The evaluation of yields and extracts compositiofunction of the time has been the
subject of several studies related to supercrificad extraction [32-33]. However, in
the studies witlHypericumspecies the influence of time variable was notsmeTed.
Aiming to evaluate of the uliginosin B, cariphenofieand cariphenone B yields in
relation to the time, the extracts were obtaineerg\l0 min, treated with acetone and
analyzed (Tables 2, 3, and 4). In all the experisieat 90 bar, the end time was

defined considering the plant exhaustion (100 o). other pressures (120, 150, and
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200 bar), the extraction time was defined as 30 foifowing the same experimental

procedure used by Cargnin et al. [22].

The amounts of uliginosin B, cariphenone A andptanone B in the acetone soluble
fraction of then-hexane extract were respectively: 167.94 + 3. 866G + 1.72, and
26.40 = 0.65 mg per 100 g of plant. In generalesaptical CQ extraction afforded
higher amounts of the compounds (Table 2, 3 antha) then-hexane maceration,
indicating that the supercritical method is moriestéve. Thereby, significant changes
in composition and biological activity of the exttes may occur according to the
extraction method selected. Thus, supercriticaldflextraction allows enriching

bioactive compounds, increasing the biologicahagtiof the extracts [17, 13, 20].

Observing the results shown in Table 2, it is daesio affirm that the contact time
(about 40 min) was necessary to promote the ad¢iquisif the extract. The efficiency
of the extraction is also related to the incredgb@fluid contact time with the vegetal
matrix. Therefore, the magnifying of this time pésma deeper penetration of the
solvent in the plant material. Consequently, a @rgiimount of extract will be spread
out characterizing a phenomenon of mass transtes. ifitensity of mass transfer is
associated to the amount of solvated material aldexjuent diffusion through the

solid-phase until the interface with the solvent.

In the experiment performed at 40°C, the presstifOdar afforded higher amounts
of uliginosin B and cariphenone A. The highest @miation of cariphenone B was
obtained at 200 bar, but this compound was alsaimdxd in considerable quantities at
90 bar (Table 2). At 40°C, the acetone solubletivagresented 8.61% - uliginosin B,
5.08% - cariphenone A and 2.58% - cariphenone Berd&fbre, the experimental

condition 90 bar — 40°C was the most suitableHerextraction of these compounds.



Table 2. Mass quantities of uliginosin B, cariphenone A, aadphenone B extracted

by CGO, supercritical fluid fronH. carinatumat 40°C per 100 g of plant.

Time (min) Uliginosin B (mQ) Cariphenone A (mg) @drenone B (mQ)
P =90 bar
10 0.03+ 0.00 0.02+ 0.00 0.02+ 0.00
20 0.23+ 0.01 0.02+ 0.00 0.09+ 0.00
30 3.53+ 0.09 1.96+ 0.11 0.09+ 0.00
40 28.09+ 1.09 14.09+ 0.35 0.35+ 0.00
50 21.19+ 1.62 9.51+ 0.18 0.36+ 0.01
60 17.25+ 0.14 5.98+ 0.52 0.29+ 0.00
70 23.71+ 2.10 10.67+ 0.05 0.70+ 0.00
80 11.85+ 1.03 7.16+ 0.39 1.41+ 0.04
90 15.46+ 1.42 7.16+ 0.11 6.12+ 0.12
100 8.63+ 0.67 6.10+ 0.25 4.60+ 0.34
22 129.97+ 3.53 62.67+ 1.47 14.02+ 0.43
P =120 bar
10 11.76+ 0.90 6.36+ 0.30 2.40+ 0.22
20 0.21+ 0.00 0.36+ 0.00 0.13+ 0.00
30 0.14+ 0.00 0.21+ 0.00 0.07+ 0.00
)3 12.11+ 0.9C 6.93+ 0.2F 2.60+ 0.2
P =150 bar
10 5.14+ 0.17 6.69+ 0.33 1.50+ 0.12
20 6.49+ 0.48 5.82+ 0.38 2.21+ 0.12
30 2.94+ 0.27 5.31+ 0.17 3.01+ 0.24
)2 14.57+ 0.60° 17.82+ 0.50° 6.72+ 0.05
P =200 bar
10 2.06+ 0.02 1.90+ 0.07 1.80+ 0.08
20 1.33+ 0.02 2.21+ 0.11 3.66+ 0.03
30 2.79+ 0.13 4.43+ 0.37 19.99+ 1.18
)3 6.18+ 0.14 8.55+ 0.5T 25.45+ 1.26'
Total 162.83+ 4.58 95.97+ 0.82 48.79+ 0.66'
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abedpifferent letters indicate significant differena@song comparable categories (P < 0.05).



Table 3. Mass quantities of uliginosin B, cariphenone A, aadphenone B extracted
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by CGO, supercritical fluid fronH. carinatumat 50°C per 100 g of plant.

Time (min) Uliginosin B (mg) Cariphenone A (mg) @drenone B (mQ)
P =90 bar
10 nd nd nd
20 nd nd nd
30 nd nd nd
40 nd nd nd
50 nd nd nd
60 nd nd nd
70 nd nd nd
80 0.01+ 0.00 nd nd
90 0.03+ 0.00 0.01+ 0.00 nd
100 0.10+ 0.01 0.04+ 0.00 0.02+ 0.00
)2 0.15% 0.0 0.05+ 0.00 0.03+ 0.00
P =120 bar
10 5.71+ 0.05 0.87+ 0.05 0.24+ 0.01
20 11.47+ 0.11 4.40+ 0.04 0.48+ 0.00
30 10.30+ 0.44 3.11+ 0.10 0.56+ 0.02
z 27.49+ 0.57 8.37+ 0.05 1.28+ 0.0
P = 150 bar
10 16.12+ 0.44 2.93+ 0.04 1.10+ 0.01
20 18.44+ 0.08 4.80+ 0.03 1.87+ 0.03
30 9.31+ 0.32 2.38+ 0.05 1.12+ 0.03
)3 43.87+0.16" 10.12+ 0.07 4,10+ 0.02
P =200 bar
10 13.23+ 1.18 3.97+ 0.12 2.41+ 0.09
20 12.21+ 0.35 3.52+ 0.29 2.34+ 0.11
30 4.40% 0.29 1.86+ 0.05 2.23+ 0.08
)2 29.84+0.78 9.35+ 0.4F 6.98+ 0.22
Total 101.35+ 1.24 27.89+ 0.35 12.39+ 0.20

abedpifferent letters indicate significant differencamong comparable categories (P <

0.05); nd = not detected.



Table 4.Mass quantities of uliginosin B, cariphenone A, aadphenone B extracted

by CGO, supercritical fluid fronH. carinatumat 60°C per 100 g of plant.

Time (min) Uliginosin B (mg) Cariphenone A (mg) (pdrenone B (mg)
P =90 bar
10 0.35% 0.02 0.03+ 0.00 0.06+ 0.00
20 0.01+ 0.00 nd nd
30 nd nd nd
40 nd nd nd
50 nd nd nd
60 nd nd nd
70 nd nd nd
80 nd nd nd
90 nd nd nd
100 0.01+ 0.00 nd nd
p2 0.37+0.02 0.03+ 0.00 0.06% 0.0
P =120 bar
10 0.14+ 0.00 0.03+ 0.00 0.03+ 0.00
20 0.32+ 0.01 0.07+ 0.00 0.08+ 0.01
30 0.15+ 0.00 0.06+ 0.00 0.04+ 0.00
p2 0.61+ 0.0 0.16+ 0.00 0.15+ 0.00
P = 150 bar
10 0.90% 0.05 0.13+ 0.01 0.13+ 0.01
20 2.04+ 0.08 0.88+ 0.02 0.20+ 0.02
30 17.53+ 0.35 5.68+ 0.38 0.81+ 0.03
z 20.47+ 0.37 6.69% 0.37 1.14+0.07
P =200 bar
10 16.58+ 1.24 3.78+ 0.20 1.45+ 0.03
20 12.40+ 0.32 2.59+ 0.01 1.40+ 0.04
30 12.63+ 0.20 3.60+ 0.01 1.72+ 0.02
z 41.61+ 1.36' 9.97+0.2F 457+ 0.0F
Total 63.06x 1.27 16.88% 0.57 5.96% 0.02

abedpifferent letters indicate significant differencasong comparable categories (P

< 0.05); nd = not detected.
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At 50°C, the lowest pressure employed in the erpamt (90 bar) was not able to
extract considerable amounts of the interest comg®wue to the supercritical fluid

density; thus the proportion of acetone solublectiom/extract was very small.

Consequently, the extracted compounds presenteat pblaracteristics and/or low
molecular weight. Increasing pressures resulhaneasing yields, being 150 bar the
ideal pressure to obtain uliginosin B. Cariphendnand cariphenone B also showed
high yields with increasing pressure, being obtimehigher amounts at 150 and 200
bar, respectively. This same profile was obserwedie three compounds studied in
the experiment performed at 60°C. Therefore, theaetion of such compounds at

higher temperatures strongly depends on the d&Dsity.

The extraction of uliginosin B, cariphenone A amdighenone B in concentrated form
would be possible through the use of fractionataetion and/or fractional separation.
In this case, the extraction cell and separatoes @mmonly equipped with
independent control of temperature and pressure. ti® development of this
fractionation requires the improvement of the mdtsmce the process of obtaining

each compound depends on its differential solyhitithe supercritical fluid [13].

Although the solubility of uliginosin B, cariphene® and cariphenone B in the €O
supercritical is not known, it seems to be veryilgimn view of the chromatographic
characteristics of these compounds. Uliginosin Bhoaigh presenting several
hydroxyl groups, due to the intramolecular hydroggends between thearbonyland
hydroxyl groups, is the less polar among the threepounds. With regard to the
benzophenone isomers, cariphenone A is less palz both hydroxyl groups present
in the molecule are in thaéeighborhood of the carboxyl group favoring the
intramolecular bonds. Thus, the approaches of dhé#ity plus the characteristics of

the fluid are coherent with the yields obtainedtfse compounds.
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This work also brings contribution to the medicindént research, describing the
investigation about benzophenone derivatives etxtradrom medicinal plant matrix
using supercritical fluid. Therefore, aiming atisi@ctory results for further isolation
and purification of these compounds or enrichedtimas for biological investigations,
it is clear that the extraction performed at 40%@ 80 bar must be employed since it
proved to be the best experimental condition. Furttore, the supercritical-fluid
method also provides versatility and a notable t@oenomy when compared with
hexane maceration. Besides that, the method petimeitsse of C@that is potentially

an ideal green solvent.

3.3 Mathematical modeling results

The knowledge of thermodynamics parameters as agethe mass transfer rate is an
important factor from the industrial point of view optimization of the supercritical
extraction process [34]. Aiming at a future scabequrocedure, the mathematical
modeling was performed using extraction masssus time. The mathematical
modeling of extraction process can be used fordésgn of industrial plants with
good operational conditions. In this sense, difiem@athematical models have been
proposed to describe the extraction of natural aamgds from vegetal matrices by

supercritical carbon dioxide [18, 28].

The previous results (Tables 2, 3 and 4) indicagbdr yields of the target compounds
at 90 bar and 4C€. Therefore another experiment was performedisitctimdition with

the objective of constructing an extraction curvieich permitted the mathematical
simulation. The experimental data were fitted by thathematical model previously
described. From these data, it was possible ty cartrthe estimation of the unknown

parameters of the model. The results are presamted. 2.
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Figure 2. Global yield of the extracts using supercritical L& 90 bar and 4C:
Experimental data and mathematical fitting (cortiumsiline).

The unknown parameterk; andK,, were estimated by minimization of the sum of
squares of errors between the experimental datahengrediction using the model.
The parameteK; is related to the extract solubility in the solv€60O,) while K, is
related to the extraction from inner cells in tlodidsphase. The estimated parameters
for mathematical model were 0.00742 g.thiand 0.0165 min for K; and Ko,
respectively. The Rvalue was determined as 0.9946. The first stefn@furve may
be considered a straight line associated to a aohsktraction rate while the second
step approaches exponentially to a limit value, clwhwas given by the potential
supercritical extraction amount of extractable samses. Thus, the results of the

mathematical modeling correlated adequately themxgntal data at the investigated
conditions.

4 Conclusion

This study demonstrated that SFE is a feasible odefior selective recovery of

phloroglucinol and benzophenone derivatives fidncarinatumbeing 40 C and 90
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bar the best conditions to obtain the target comgsun higher amount and lower

time. It was also observed that higher temperatsiresigly reduced the yields

The mathematical model fitted very well the expenmal data in which the bioactive
compounds were obtained in higher amount. Finttly,model parameters determined

could be useful for the scale-up of tHecarinatumsupercritical extraction process.
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RESULTADOS ADICIONAIS

No manuscrito 2, os procedimentos de extracaorstifea foram obtidos sob
temperatura constante e pressao variavel em fudgddempo. Para determinar
indubitavelmente a pressao 6tima de extracdo, wo e&perimento foi realizado a
temperatura (40°C) e pressao constantes (90, 15P200ubar) com novo material
vegetal, coletado em 2010. Demais condicdes expetais seguiram o0s padroes
mencionados. Adicionalmente, os procedimentos dedetagem matematica,
realizados previamente em fungdo do extrato, foegui obtidos em relacdo aos
compostos investigados (uliginosina B, carifenona Aarifenona B). Os dados séo
apresentados na sequencia sob forma de um resyrandisto publicado nos anais do

13th European Meeting on Supercritical Fluids
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ABSTRACT

The genusHypericumhas been studied worldwide due to its pharmacoégand
biological effects. Uliginosin B, a dimeric phlodaginol, and the benzophenones
cariphenone A and B, for example, are the majquaesible for the anti-proliferative
and antimicrobial activities oHypericum carinatuma native species to southern
Brazil. Although presenting therapeutic potentilese compounds are obtained in
low yield with conventional extraction methods arah suffer thermal and oxidative
decomposition. The use of supercritical carbon idex an environmentally safe
solvent, is a promising alternative. Thus, the ainthis study was to determine some
extraction conditions in view of future procedudcéscale-up. The aerial parts of plant
were extracted under constant temperature (40°@)paessures of 90, 150 and 200
bar. HPLC analysis and mathematical modeling weezluo quantify the metabolites
and assess the unknown parameters of the extraatespectively. The better
extraction condition to obtain the bioactive compadsi was 40°C and 90 bar. The

mathematical model fitted very well the experiméd&gta.
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INTRODUCTION

The genudHypericumhas been investigated worldwide for its economichémical
and biological importance. Several species are ugedraditional medicine as
antiseptic, diuretic, stomachic, wound healing ag@md in the treatment of infectious
diseasesHypericum perforatunis one of the best-known membeaspecially due to
its therapeutic value as an antidepressant drug.bldactive metabolites commonly
described for the genus include naphthodianthrorilesionoids, phloroglucinol

derivatives and xanthones [1-3].

In the southern Brazil, there are about 20 natpexes. Pharmacological studies have
shown that some of them present antidepressanhoaiteptive, MAOI, antiviral,
antibacterial, antifungal and anti-proliferativetiaties. Uliginosin B, a dimeric
phloroglucinol, and the benzophenones cariphenoaadB have been pointed out as
the major responsible for the anti-proliferative damntibacterial activities of
Hypericum carinatum for example [1, 4, 5]. Although presenting therajic
potential, these compounds are obtained in lowdywith conventional extraction

methods and can suffer thermal and oxidative deositipn [6, 7].

The use of supercritical fluids is a promising adtgive. The supercritical fluids have
properties such as high diffusivity, low viscosdgd low surface tension conferring
attractive characteristics as a solvent for eximacbf components from a solid matrix
[8]. Carbon dioxide (C¢) is the most used solvent since it is non-toxan-explosive,
readily available and of low cost. Furthermoresapercritical conditions it presents
advantages such as selectivity for lipophilic comms and non degradation of
thermolabile substances [9-12], features very gppate for the extraction of
bioactive compounds frorilypericum species. Thus, the aim of this study was to
assess the effect of extraction conditions (tentps¥apressure and time) regarding

the recovery of extracts and concentration of nbgin B, cariphenone A and
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cariphenone B. In view of future procedures of sagl, applications of mathematical

modelling were also carried out.

MATERIALS AND METHODS

Plant material

The aerial parts oflypericum carinatunGriseb. were collected during its flowering
stage in Glorinha, Rio Grande do Sul, Brazil, incBaber, 2010. The plant material
was identified by S. Bordignon (Departamento dedBmia, Universidade Luterana do
Brasil). A voucher specimen was deposited in thebBieum of the Universidade
Federal do Rio Grande do Sul (ICN - Bordignon 15&ant material was dried at

room temperature and powdered (1 mm mesh opemrgtutting mill.

Extraction methods

Supercritical extractions were carried out on eaotplcale automated equipment
according to procedures previously described [Pwdered plant material (100 g
DW) was extracted at temperature of the 40°C aerdspires of 90, 150 and 200 bar.
The extractions were performed following the exmemtal procedure defined by
Cargnin et al. [14]. The samples were collectedy®® min in order to evaluate yield
and composition of the extracigersus extraction time. The supercritical carbon
dioxide flow rate was 6.7xI® kg.s' (through the extraction vessel) using a
flowmeter assay (Sitraus F C Massflo 2100 - Siemevith accuracy of < 0.1%.

Pressure in the extractor was monitored with ataligransducer system, Novus

8800021600, acquired from Novus Produtos Eletr@ni@razil) with precision of
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+1.0 bar. The temperature controller was connetieitiermocouples (PT-100) with

accuracy of < 0.5.

HPLC analysis

The supercritical C@extracts were treated with acetone and filterddi@fremove
waxes and insoluble impurities. Further, the emttliractions were evaporated to
dryness, dissolved in HPLC grade methanol, filtg@@2 pum pore size, Merck) and

analyzed by high-performance liquid chromatography.

Benzophenones determination

Cariphenone A analysis was performed using a W#&@0spump and a Waters 2487
dual A absorbance detector set to 270 nm. The separatencarried out with an
isocratic solvent system (60% GEN, 40% HO) through a Waters Nova-Pack C18
column (4 um, 3.9 x 150 mm) adapted to a WatersaN@ack C18 60 A guard column
(3.9 x 20 mm) and flow rate of 1 mL.minMetabolite determination was assessed by
a calibration curve of pure standard isolated fidmcarinatumand concentrations
ranging from 5 to 140Qg.mL™* (R* > 0.999). The compound identification was made
on the basis of the ultraviolet absorption speatrd retention time in comparison with
the standard compound. Cariphenone B quantificatias performed under the same
conditions described above and the content waseegpd as milligram of cariphenone

A equivalents/100 g plant.

Uliginosin B determination

Uliginosin B yields were determined using the sagaeipment under isocratic solvent
condition (95% CHCN, 5% HO, 0.01% TFA), flow rate of 1 mL.mihand detection

at 220 nm. Metabolite quantification was assessgd lralibration curve of pure
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standard and the concentrations ranged from 2 @80mL* (R* > 0.999). The
identification was based on the ultraviolet abgorptspectra and retention time in
comparison with the standard compound.

Mathematical modeling

A model for supercritical-fluid extraction based the concept of broken and intact
cells was used to fit experimental data and sireslavo extraction periods using the
differential mass balances of the solute per unitime extraction bed. The first period
is guided by phase-equilibrium and the second byrival diffusion into the particles.
The mathematical model was formulated by Xavierakt[15] according to the
discussion proposed by Sovova [16]. In this motied, mass of extracted compounds
(solute) is assumed to bggseudocomponent in terms of the mass balance. The solute
mass balance in fluid and solid-phase was exprebsedwo partial differential
equations that were analytically solved by Xavierak [15]. The extraction curve,
written in terms of maximum extract yields, is exgged in two steps; the first one
controlled by phase equilibrium and the secondinibgrnal diffusion from particles,

having the following expression

M) _ Kit (1)
M(e) M(w)

for the first period, where

Ky =mY", (2)

being mthe solvent flow rate and” is weight fraction for the equilibrium fluid-phgse
and
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M() _ 3 gaty 3)
M ()

for the second period, whekg is defined as follow

— ksao (4)
2T a-o)

wherek, is the solid-phase mass transfer, apds the specific surface area per unit

volume of extracted bed.

Summarizing, the extraction curve is linear in filmre of the time for the first step of

the extraction and exponential for the second pdi5].

RESULTS AND DISCUSSION

The results obtained are summarized in the tableg, 13 and 4. Uliginosin B,
cariphenone A and cariphenone B extraction cuogimined by supercritical GO
extraction ofH. carinatumunder temperature (40°C) and pressure (90, 152@6ad

bar) constants are shown in figures 1, 2 and 3.
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Table 1. Total supercriticalH. carinatum extract yields and respective fractions

obtained after treatment with acetone.

Yield
Pressure 40°C
(bar) % Extrac % Fractionl
90 0.95 0.91
150 0.97 0.92
200 1.89 0.97

%g of total extract /100 g of plant
Pg of fraction /100 g of plant

In general form, the modeling of the supercritieatraction for the conditions here
studied as well as for the total time for the expents allows to evidence that for 90
bar, the extraction of metabolites of interestracpically controlled for the first stage
of the extraction process, in which the higher ami®wf these metabolites had been
observed. With the increase of the pressure, tbensestage of the process becomes
present, where the diffusion from internal cells tbk vegetal matrix is more
predominant in the mass transfer process. The mmatieal modeling represented
well the experimental data as it can be seen inrEg 1, 2, and 3. The unknown
parameters present in the mathematical model wsthemated by minimization of the
sum of squares of errors between the experimeatal @nd the prediction using the

model. The numerical results for these parameters wresented in Table 5.

Especially in pharmaceutical, food and cosmetichustries, the use of supercritical
fluids represents an alternative to the conventiorethods of extraction since extracts
of high quality are achieved. Nevertheless, satitsfg results are dependent on the
optimization of process parameters such as pressemgperature, fluid extraction,
modifiers, flow rate, extraction time, among oth&rs According to the results of
Table 1, the increased pressure produced high&tsyed extract. In addition, in the

pressures of 90 and 150 bar the percentage of reestduble fraction represented
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about 95% of the total extract. At 200 bar of puesshowever, this value was 51%,

indicating an elevated co-extraction of undesiraldenpounds such as epicuticular

waxes. As expected, at constant temperature, that@n of pressure results higher

fluid density and consequently superior power d¥atoon [8].

Table 2. Mass quantities of uliginosin B, cariphenone A, amaliphenone B in

fraction of supercritical extract dfi. carinatumat 40°C and 90 bar per 100 g of

plant.
Time (min) Uliginosin B (mg)  Cariphenone A (mg) Gdrenone B (mQ)
10 1.30+ 0.07 15.08+ 0.51 0.78+ 0.06
20 1.41+ 0.10 17.30+ 0.54 0.84+ 0.03
30 3.01+ 0.11 30.5% 0.54 1.45+ 0.02
40 2.48+ 0.21 37.57+ 0.90 1.77+ 0.03
50 6.48+ 0.48 4470+ 2.36 2.10+ 0.00
60 1.19+ 0.11 18.78+ 0.67 0.91+ 0.03
70 1.75+ 0.06 28.10+ 1.32 1.65+ 0.07
80 1.28+ 0.05 13.68+ 1.00 0.71+ 0.05
90 2.76+ 0.26 39.21+ 0.18 1.97+ 0.02
100 1.96+ 0.15 32.63+ 0.16 1.74+ 0.01
110 0.81+ 0.00 5.98+ 0.37 0.39+ 0.01
120 1.92+ 0.00 16.11+ 0.50 0.99+ 0.03
130 2.48+ 0.15 28.13+ 1.03 1.99+ 0.16
140 0.65+ 0.04 10.24+ 0.56 0.76+ 0.04
150 0.30+ 0.02 6.61+ 0.05 0.59+ 0.01
160 5.10+ 0.01 12.28+ 0.01 1.06x 0.00
170 5.62+ 0.06 11.99+ 0.03 0.99+ 0.00
180 2.40+ 0.03 7.32+ 0.02 0.70+ 0.00
Total 42.90+ 0.66 376.3% 4.14 21.3% 0.28
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Table 3. Mass quantities of uliginosin B, cariphenone A, asatiphenone B in
fraction of supercritical extract dfi. carinatumat 40°C and 150 bar per 100 g of
plant.

Time (min) Uliginosin B (mg) Cariphenone A (mg) (pdrenone B (mgQ)

10 1.85+ 0.15 34.28+ 0.66 3.11+ 0.09
20 2.96+ 0.17 61.81+ 1.27 6.60+ 0.22
30 3.13t 0.10 34.9% 1.31 498+ 0.21
40 2.30+ 0.12 25.27+ 0.90 3.57+ 0.22
50 1.16% 0.02 11.22+ 0.43 1.76+ 0.04
60 1.00+ 0.05 6.38+ 0.12 1.19+ 0.06
70 1.10+ 0.02 8.10+ 0.29 1.53+ 0.05
80 1.47+ 0.05 14.06+ 0.81 2.33+ 0.07
90 0.09+ 0.00 0.16%+ 0.00 0.08+ 0.00
100 0.43+ 0.00 1.12+ 0.01 0.49+ 0.00
Total 15.48+ 0.06 197.4@ 0.07 25.64 0.39

HPLC analyses were performed aiming to evaluaterédwm®very of uliginosin B,

cariphenone A and B in the fractions of superailtiextract. As it can be observed in
the table 2, 3 and 4, the composition of extractedaaccording to the conditions
employed. According to Pourmortazavi and Hajimieggd [17], four parameters are
extremely helpful in the understanding the solutddvior in supercritical media: (i)

the miscibility or pressure in which the solute raigs into the supercritical fluid; (ii)

the pressure in which the solute reaches its maxirsolubility; (iii) the pressure

range of selective fractionation and (iv) a knowjedf the physical properties of the
solute. Regarding the conditions employed in thislyg the temperature of 40°C and
90 bar of pressure produced the higher quantitthefthree compounds investigated.
Moreover, at 40°C and 150 bar high concentratidrtaophenone B were obtained. It
is also important to note that, in comparison ® ¢bnventional methods, the time of
extraction is reduced to a few hours. Thus, higtedectivity and shorter time are
factors that can compensate the costs of investimethie processes of supercritical

extraction.



Table 4. Mass quantities of uliginosin B, cariphenone A, aagiphenone B in fraction of

supercritical extract dfl. carinatumat 40°C and 200 bar per 100 g of plant.

Time (min) Uliginosin B (mg)  Cariphenone A (mg) @drenone B (mQ)

10 0.23+ 0.01 15.65+ 0.25 1.15+ 0.05
20 1.45+ 0.04 69.95+ 2.20 5.17+ 0.12
30 2.43t 0.10 85.77+ 2.07 9.13+ 0.27
40 1.37+ 0.02 7.38+ 0.21 1.98+ 0.05
50 3.94+ 0.15 5.19+ 0.17 3.1& 0.03
60 1.93+ 0.17 1.10+ 0.13 1.10+ 0.03
70 1.92+ 0.18 0.78+ 0.03 0.66+ 0.04
80 0.09+ 0.00 0.09+ 0.01 0.05+ 0.00
90 0.05+ 0.00 n.d n.d

100 0.10+ 0.00 n.d 0.0 0.00
110 0.86% 0.04 0.19+ 0.01 0.23+ 0.02
120 0.16+ 0.00 0.09+ 0.00 0.04+ 0.00
130 n.d n.d n.d

140 n.d n.d n.d

Total 14.53+ 0.51 186.2H% 1.99 22.7% 0.32

Table 5. Numerical values for mathematical parameters

Pressure Metabolites K1 K,

90 bar Cariphenone A 2.6588 0.0078
Cariphenone B 0.1262 -
Uliginosin B 0.2421 -

150 bar Cariphenone A 4.4264 0.0418
Cariphenone B 0.4655 0.0369
Uliginosin B 0.2542 0.0239

200 bar Cariphenone A 8.5668 0.1063
Cariphenone B 0.7444 0.0534

Uliginosin B 0.2134 0.0230
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Figure 1. Mass of uliginosin B obtained by supercriticalidlextraction at 4% and
different pressures. The continuous line is forrtehematical fitting and the symbols
were used for the experimental da#-(90 bar,A - 150 bar, anda - 200 bar).
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Figure 2. Mass of cariphenone A obtained by supercritiazitifextraction at 4% and
different pressures. The continuous line is forrtehematical fitting and the symbols
were used for the experimental da#-(90 bar,A - 150 bar, anda - 200 bar).
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Figure 3. Mass of cariphenone B obtained by supercritiagatifextraction at 4% and
different pressures. The continuous line is forrttehematical fitting and the symbols
were used for the experimental da#-(90 bar,A - 150 bar, anda - 200 bar).
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CONCLUSION

The composition of supercritical fluid extract idf carinatumvaried in according to
temperature and pressure, being 40°C and 90 bdretter condition for extraction of
the bioactive compounds: uliginosin B, cariphenoheand B. Additionally, the
condition of 40°C and 150 bar also represents atgadternative for selective
recuperation of cariphenone B. Besides, the tinmm@ny is notable especially when
compared with the conventional methods of extractidepending of the employed

condition, it is necessary only 90 to 180 minutes.
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CAPITULO 1l

Atividade antifungica e antiquimiotatida vitro de extratos lipofilicos deypericum

spp.
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INTRODUCAO

Inegavelmente, os fungos desempenham um importapépel no
funcionamento dos ecossistemas. Como decompositdeesmatéria organica,
constituem um dos principais responsaveis pela-istacdo dos ciclos de vida na
natureza, ao passo que, associados a outros orgenipodem atuar visando a
captacdo de agua, sais minerais e nutrientes (HAW®RSTH, 1991; BLACKWELL,
2011; PAUTASSO, 2012). Muitos destes micro-organism em especial
Saccharomyces cerevisjatambém sdo empregados na producdo de alimentos e
bebidas fermentadas (ex.: pdo, queijo, iogurteejarwinho), além da fabricacdo de
antibidticos e biofertilizantes (FREY-KLETT, 2012AY, 2012).

Segundo algumas estimativas, o numero de fungoatmeeza pode variar entre
1,5 e 5,1 milhdes (BLACKWELL, 2011; HAWKSWORTH, 1892001). Felizmente,
poucas espécies sdo consideradas potencialmeatg€patas para o ser humano, visto
gue podem causar graves enfermidades e elevadas daxmortalidade (HAYNES,
2001; van BURIK e MAGEE, 2001; GARCIA-VIDAL e CARRPALA, 2012).

De maneira geral, os fungos patogénicos poderdigiglidos em primarios e
oportunistas. Os patogénicos primarios usualmegmesantam reservatorio ambiental
e infectam individuos saudaveis; os oportunistasuroente ocorrem como comensais
e aproveitam a debilidade do hospedeiro para canfcdo (HAYNES, 2001; van
BURIK e MAGEE, 2001). Em ambos 0s casos, 0s megarssgue levam a doenca
sdo complexos (COTTIER e PAVELKA, 2012) e envolveesde a auséncia ou
diminuicdo da imunidade do hospedeiro até uma sdeiefatores de viruléncia
relacionados ao agente invasor (HAYNES, 2001; VAREK e MAGEE, 2001).

Na atualidade, as infec¢des fungicas mais freqaeséie aquelas causadas por
espécies d€andida CryptococcusPneumocysti® Aspergillus(GARCIA-VIDAL e
CARRATALA, 2012). A distribuicio desses agentes godiriar em funcdo da
geografia, da condicdo dos pacientes e das uniddeld®spitalizacdo (PEMAN e
SALAVERT, 2012). Apesar disso, nas infeccOes sigtés) alguns fatores de risco

podem ser identificados. Destacam-se, nesse sergidwspitalizacdo por longos
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periodos, terapia com antibidticos de amplo espgecfuimioterapia, comorbidades
(ex.: neoplasias, HIV, diabetes, cirrose), idadengada ou prematura, procedimentos
médicos invasivos (ex.: transplante de orgaosjeenitros (COLOMBGCet al, 2006;
GARCIA-VIDAL e CARRATALA, 2012; PEMAN e SALAVERT, 212).

Considerando o tratamento, o diagnostico precoa selecdo correta do
antifangico sdo os fatores de maior impacto no @mbao agente infeccioso.
Equinocandinas, anfotericina B e azélicos, por wem® constituem os farmacos de
primeira escolha nas infeccbes sistémicas. O debsemento de novas opcbes e
estratégias terapéuticas, entretanto, continuasséde, tendo em vista os problemas
crescentes de resisténcia aos antifungicos dispisnintre outros fatores (PFALLER,
2012; VANDEPUTTEet al, 2012; ZARAGOZA e PEMAN, 2012).

O uso de terapias combinadas tem sido uma dasatlters empregadas no
tratamento de invasfGes fungicas graves (RIVAS e BBARA-CASTRO, 2009;
ZARAGOZA e PEMAN, 2012). Na préatica, 0 emprego @ditprapia também visa o
tratamento das doencas de base ou sintomas canados. Nesse sentido, alguns
estudos tém demonstrado que a modulacdo ou o daaesposta inflamatoéria pode
ser um aliado no combate as infeccOes fungica® &sb caso, por exemplo, de
pacientes que apresentam infeccéo sistémica rat®reedoenca inflamatéria cronica
como a sindrome inflamatoria da reconstituicdo en(MfOTCHKISS e KARL, 2003;
CHAUSSADEEet al, 2012; COTTIER e PAVELKA, 2012; PERFECT, 2012).

Produtos naturais podem oferecer vantagens na hiescantifUngicos com
mecanismos de acdo inovadores, tendo em vista rapéa aiversidade quimica e
biologica (LAM, 2007). As espécies dtypericumnativas do sul do Brasil, por sua
vez, apresentam potencial como fonte de compostosiarobianos (DALL’AGNOL
et al, 2003; FENNERet al, 2005) e anti-inflamatérios (PERAZZEt al, 2008).
Assim, este capitulo teve como objetivo a invesfigada atividade antifungica e
antiquimiotatica do extrato lipofilico dd. carinatum H. caprifoliatum H. linoides
H. myrianthume H. polyanthemumOs resultados sé&o apresentados e discutidos na

forma de um manuscrito cientifico.
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Abstract

Plants of theHypericum genus are a notable source of new therapeutict@gen
including antimicrobial and anti-inflammatory. Thesudy reports the antifungal and
antichemotactic activities of the lipophilic extracof five Hypericum species H.
caprifoliatum Cham. & Schlecht.H. carinatumGriseb.,H. linoidesA. St.-Hil., H.
myrianthumCham. & Schlechtand H. polyanthemunilotzsch ex Reichardt) native
to South Brazil. Tests were performed using thehbmicrodilution assay against 10
species of pathogenic yeasts and neutrophils nograthibition method, respectively.
All samples exhibited a broad spectrum of antifungetion as well as reduced
neutrophils migrationHypericum carinatum, H. linoidesndH. myrianthunKlotzsch
ex Reichardt extracts presented the lowest valuminimum inhibitory concentration
againstCryptococcus neoforman®IC < 15.6 pg/mL),Rhodotorula mucilaginosa
(MIC £ 62.5 pg/mL),Candida glabrataand C. tropicalis (MIC range = 1.9 - 250
ng/mL). The antichemotactic effect varied from @B% at concentrations of 0.31 to
10.0 pg/mL. The results of analyses by HPLC demmatest a strong correlation
between the phenolic compounds and the antifungatifinflammatory activities. The
extracts that presented high amounts of the dimehioroglucinol uliginosin B,
japonicin A and hyperbrasilol B were the most aetiVhus Hypericumextracts show

potential as source of new anti-infectives and-enfitkmmatory drugs.

Keywords: Hypericum antifungal, antichemotactic, dimeric phloroglums)

benzophenones, benzopyrans.

1. Introduction
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Fungal infections continue to produce high ratemofbidity and mortality especially
in severely ill or immunocompromised patients. $geof Candida are the most
important cause of opportunistic mycoses worldw{dandida albicansC. glabratag

C. parapsilosisC. tropicalisandC. kruseiaccount for 95-97% of all invasive fungal
infections caused by yeast of this genus (Peméarsatalert, 2012). In Brazil, a study
of the Brazilian Network Candidemia reported anrallé@ncidence of 2.49 cases per
1000 hospital admissions and mortality rates of §&4ombo et al., 2006). Although
uncommon, emerging yeasts @sy/ptococcusspp.,Geotrichumspp. andRhodotorula
spp. are also significant due to their virulencd agsistance to the majority of drugs
available for treatment (Peman and Salavert, 204&)photericin B and fluconazole
are the most commonly used antifungal agents miceli practice. Adverse effects,
drug interactions, toxicity and increasing resis&® however, are factors that limit
the use of these drugs (Colombo et al., 2006; Rkjesar and Sundararaman, 2012;
Vandeputte et al., 2012; Zaragoza and Peman, 2GbRsidering this scenario, efforts

to develop strategies and more effective therapegtiions are needed.

Activation of the immune system is an importantpsie the host defense against
microbial infections. In the early stages of infent pro-inflammatory mediators

stimulate the recruitment of defense cells sucheasgrophils and monocytes to combat
the infectious agent (Garcia-Vidal and Carrataldl2 Kumar and Sharma, 2010).
Contradictorily, however, exacerbated inflammatogsponses may cause tissue
damage and even increase the susceptibility torogppet pathogens. Some authors
have postulated that low-level inflammation pronsofiengal colonization and fungal

colonization promotes further inflammation in aiwics cycle type (Kumanoto, 2011).

Furthermore, it has also been shown that antifisngal amphotericin B can induce
signal transduction and inflammatory cytokine reegSau et al., 2003). Thus, the

uncontrolled of the inflammatory process can compse both the treatment of
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infection as the management of other related deseéSau et al., 2003; Zelante et al.,
2007).

Plants of theHypericum genus (Clusiaceae) are a notable source of pakenti
therapeutic agents. Different extracts and isolatsoimpounds have shown
antimicrobial (Gibbons et al., 2002) and anti-inflmatory activities (Ozturk et al.,
2002). Besides, several species are used in taditimedicine for the treatment of
these disorders (Bussmann et al., 2010; Tunon.el@95; van Vuuren and Naido,
2010). Phenolic compounds as phloroglucinols (Hyper), naphtodiantrones
(hypericin) and flavonoids (hyperoside) are theabttve metabolites commonly
described for these plants (Saddige et al., 2010).

Dimeric phloroglucinols (uliginosin B, japonicin Ayperbrasilol B) are considered
chemotaxonomic markers of the natidgpericumspecies to Southern Brazil (Ferraz
et al, 2002; Nor et al., 2004). Additionally, otheretabolites with phloroglucinol
pattern (benzophenones and benzopyrans) are asalui (von Poser et al., 2006).
Some authors suggested that the dimeric derivato@dd be responsible for
antifungal (Dall’Agnol et al., 2003; Fenner et aR005) and anti-inflammatory
activities (Perazzo et al., 2008) demonstratedxtraets of someHypericumspecies.
Such studies furnished evidences that could jush®/ popular use of these plants
(Mentz et al., 1997).

The aim of this study was to evaluate the antifliaga antichemotactic activities of
lipophilic extracts, rich in compounds with the @tdglucinol substitution pattern, of
five Hypericum species native to Southern Brazil. In order torelate the

pharmacological results with the main metabolitessent in the extracts (Fig. 1),

analyses by high performance liquid chromatogrgptBLC) were performed.
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(1) Uliginosin B R=H
(2) Hyperbrasilol B R = CH,CHCH(CHy),

HO o)
I
O  OH

(4) Cariphenone A (5) Cariphenone B

(6) HP1 R1: CH3, R2: CH3
(7) HP2 Ry= CHy, Ry= H
(8) HP3 Ry= H, R= CHy

Fig. 1. Dimeric phloroglucinols(1-3), benzophenone$& and 5) and benzopyran$6-8)
investigated irHypericumspp. lipophilic extracts.

2. Material and methods

2.1. Plant material

Aerial parts of the plants were collected in the RBrande do Sul state, south Brazil,

between October and December, 2009 (Table 1). $l@ete identified by Dr. Sérgio
Bordignon (UNILASALLE, RS, Brazil). Voucher specime are deposited in the

herbarium of Universidade Federal do Rio Grand&udlo(ICN). Plants collection was

authorized by IBAMA (Instituto Brasileiro do Meiombiente e dos Recursos Naturais

Renovaveis) (n003/2008; Protocol 02000.001717/2008 — 60).
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Table 1

Collection localities of thélypericumspecies.

Species Collection locality Voucher number

H. caprifoliatumCham. & Schlecht. Porto Alegre, RS, Brazil Bordigret al. 2287

H. carinatumGriseb. Glorinha, RS, Brazil Bordignon & Ferra23
H. linoidesA. St.-Hil. Sé&o José dos Ausentes, RS, Brazil Boreh et al. 3317

H. myrianthumCham. & Schlecht. Paraiso do Sul, RS, Brazil Byprdn et al. 3059

H. polyanthemunilotzsch ex Reichardt Cacapava do Sul, RS, Brazil Bordignon et al., 3118

2.2. Extracts preparation

The dried and powdered plant materials were thdriyugxtracted withn-hexane at
room temperature. The fractions were pooled, eapdrto dryness under reduced

pressure and then stored at -20°C until biologggaluation and HPLC analyses.

2.3. Antifungal activity

A total of 36 strains (clinical isolates and refere strains) of opportunistic yeasts
were tested for the antifungal susceptibilBandida albicandATCC 28367, ATCC
10231, ATCC 24433, CA 02F;. dubliniensigCD 24A , CD 24P, CD 85P, CO 24P),
C. glabrata(CG 01, CG 4036, CG 40039, CG 40138),guilliermondii (CG 40039),
C. krusei(CK 02, CK 03, CK 04, CK 6258};. parapsilosiYCPA 01, CPA 04, CPA
08, CPA 134),C. tropicalis (CT 08, CT 56, CT 750, CT 40098 ryptococcus
neoformangdCRY 02, CRY 14, CRY 17)zeotrichum candidungGC 09, GC 18, GC
26, GEO 03) anéRhodotorula mucilaginosgROH 01, ROH 02, ROH 03, ROH 05).

Screening for antifungal activity was carried osing the broth microdilution method.

In order to obtain stock solutions (1000 pg/mL)e tHypericum extracts were
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solubilized with 0.9% NaCl solution and dimethyllghoxide (DMSO). In 96-well
microtiter plates, the stock solutions were dilutedh Sabouraud dextrose broth

(SDB) at 500 pg/mL to the screening test.

Minimal inhibitory concentration (MIC) of the ext® was determined by the broth
microdilution method according to M27-A3 documentstermined by the Clinical
Laboratory and Standards Institute (CLSI, 2008thwRPMI-MOPS (RPMI 1640
medium containing L-glutamine, without sodium bloamate - Sigma-Aldrich Co., St
Louis, USA - buffered to pH 7.0 with 0.165 mol/L NRS buffer — Sigma). The
concentrations of the extracts ranged from 1.0t 5g/mL and 10QiL-aliquots were
inoculated of a flat-bottom 96-well microtiter. TIMIC was defined as the lowest
concentration of compounds at which the microorgi@antested did not demonstrate
visible growth. Amphotericin B kindly supplied byri§talia® (Brazil) was used as

positive control. The experiments were carriedindtiplicate.

The minimal fungicidal concentration (MFC) was detmed by sub-culturing
volumes of 10 pL from wells without visible growm $abouraud dextrose agar (SDA)
with Cloranfenicol (Difco, Detroit, USA) and incutea at 35 °C for 48 h. Minimum
fungicidal concentration (MFC) was defined as tbedst concentration yielding

negative subcultures.

2.4. Antichemotactic assay

Stock solutions (1000 pg/mL) of théypericumextracts were previously prepared in
Hanks buffer and Tween 80 (maximum concentratioh0%). The stock solutions
were diluted in rat leukocytes solution to obtdme tconcentrations of 0.31 to 10.0

ng/mL used in the assay. Chemotaxis evaluation peaformed according to the
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method described by Suyenaga et al. (2011). THetste/samples was added to the
upper wells of a modified Boyden chamber, separtad the chemotactic stimulant
(LPS from Escherichia co)i present in the lower compartment by an gud
nitrocellulose filter (Millipore, USA). The leucotss migration was measured using
the microscope. The mean value of migration cooedpthe micrometer distance
from the top of the filter to the farthest planefotus still containing two cells in five

microscopic fields. All experiment was carried outuplicate.

2.5. HPLC analysis

Acetonitrile (CHCN) and methanol (MeOH) were HPLC grade from Merck
(Darmstadt, Germany); trifluroacetic acid (TFA) rimovetec (Duque de Caxias, RJ,
Brazil) andn-hexane (HEX) from F. Maia (Cotia, SP, Brazil) weeagent grade.
Distilled water (HO) was purified by a Milli-Q system (Millipore, Bemd, MA,
U.S.A).

Uliginosin B (1), hyperbrasilol B Z), japonicin A @), cariphenone A4), cariphenone
B (5), 6-isobutyryl-5,7-dimethoxy-2,2-dimethyl-benzopgr (HP1) 6), 7-hydroxy-6-
isobutyryl-5-methoxy-2,2-dimethyl-benzopyran  (HP2)7) and 5-hydroxy-6-
iIsobutyryl-7-methoxy-2,2-dimethyl-benzopyran (HR8) (Fig. 1) were isolated from
Hypericumspecies as described elsewhere (Bernardi, 200 Afaol et al., 2005;
Ferraz et al., 2002; Nor et al., 2004). The idgnahd purity of compounds were
confirmed by'H NMR spectroscopy.

The extracts were dissolved in MeOH (HPLC grade) filtered (0.22 mm pore size,
Merck) for further analysis. The HPLC system comsisof a Shimadzu liquid
chromatograph (Shimadzu Corporation, Kyoto, Japaqipped with a DGU-20A

degasser, LC-6AD pumps, SIL-10AD auto sampler, @DALC column oven, SPD-
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20AV  UV/NVIS detector and CBM-20A communications mdel The
chromatographic data were recorded and processedCl§olution software version
1.24 SP2. For separations a Waters Nova Pack Auénd4 pm, 3.9 x 150 mm) and
a Waters Nova-Pack C18 60A guard column (3.9 x 8€) mere used.

Dimeric phloroglucinols were eluted using an isdicralution program with 95%
CHsCN, 5% HO, 0.01% TFA at 220 nm; benzopyrans and benzoplesnavith 60%
CHsCN, 40% HO at 270 nm. The analyses were performed at roonpdeature
(25°C) and at a flow rate of 1 mL/min. A volume2ff uL and three injections were

performed for each samples.

Peaks were identified by comparison of their retentiimes (g) with those of
authentic reference standards. Co-injections warged out for further confirmation
of their identification. Thetg values were 5.72, 7.29 and 8.85 min for dimeric
phloroglucinols3, 1 and2; 6.17 and 8.08 for the benzophenobesnd 4; and 8.20,
11.52 and 19.41 min for benzopyrdh8.

Calibration curves were prepared in MeOH with aistefive data points covering the
concentration range of 8.13 — 411.34 pg/mL for deahl (r* = 0.9976), 31.05 —

521.08 ug/mL ford (r> = 0.9999), 16.89 — 400 pg/mL fér(r? = 0.9999), 25 — 400

pg/mL for7 (r*= 0.9981) and 21.11 — 500 pg/mL ®(r?= 0.9995). Each curve was
obtained by plotting the peak area of the compoamdeach level versus the
concentration of the sample. The dimeric phloroglols and benzophenones were
quantified with uliginosin B and cariphenone A badition curves, respectively. The

yields values were expressed in % (weight compgandveight dry extract).
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2.6. Statistical analysis

Control and the treatments were analyzed by ANOWWo¥ved by Tukey's test. Data
are expressed as mean = SEM. Differences were demesi statistically significant

whenP < 0.05. Data analyses were performed using the GepRIFism 5.0 software.

3. Results

The lipophilic extracts of 5Hypericum species native to South Brazil were
investigated against 10 species of emerging ygadtogens (Table 2). The extract of
H. carinatuminhibited the growth of all yeasts tested, beinig effect fungicidal in
70% of cases. High percentages of inhibition (6@BGere also observed to the
extracts ofH. myrianthumH. linoidesandH. caprifoliatum Resistances were viewed
only against theCandida spp. The extract oH. polyanthemumproved to be
ineffective against all the sevé&randidaspecies tested, followed I, caprifoliatum
(4/7),H. linoides(3/7) andH. myrianthum(2/7).

The most active extracts were selected for theraht@tion of minimum inhibitory
concentration (MIC) and minimum fungicidal concation (MFC) against different
strains of the susceptible yeasts. According toldah C. neoformansand R.
mucilaginosawere the most susceptible yeasts. Regarding thasleogens, the
extracts ofH. carinatum, H. linoidesndH. myrianthunpresented MIC values 15.6
ng/mL and< 62.5 pg/mL, respectively. In additioi]. myrianthumextract also
displayed the lowest value of MFC (7.8-15.6 pug/maggainstR. mucilaginosaWithin

the Candidagenus, the most sensitive species werglabrataandC. tropicalis In



107

these cases, MIC values varied in the range oR2®yug/mL for both the extracts

above mentioned.

Table 2
Antifungal screening oh-hexane extract of nativelypericumspecies to Southern
Brazil.
Hypericumspecie8
Yeast
H. caprifoliatum  H. carinatum H. linoides H. myrianthum  H. polyantheum
Candida albicansATCC 28367 R Fungistatic Fungistatic R R
Candida dubliniensisCO 24P Fungicidal Fungicidal R Fungicidal R
Candida glabrataCG 40136 R Fungicidal Fungistatic Fungistatic R
Candida guilliermondiiCG 40039 R Fungistatic R Fungistatic R
Candida kruseiCK 02 R Fungistatic R R R
Céandida parapsilosi€PA 08 Fungicidal Fungicidal Fungicidal Fungicidal R
Candida tropicallisCT 08 Fungicidal Fungicidal Fungicidal Fungicidal R
Cryptococcus neoforman€RY 17 Fungicidal Fungicidal Fungicidal Fungicidal Fungial
Geotrichum candidumGEO 03 Fungicidal Fungicidal Fungicidal Fungicidal Fungist
Rhodotorula mucilaginoséROH 03 Fungicidal Fungicidal Fungicidal Fungicidal Fungiai

*Tested concentration = 500 pg/mL; R = Resistance.

The previously selected extracts were also evaduéde the chemotactic effect on
polymorphonuclear neutrophils in concentrationsO@&1 to 10.0 ug/mL (Table 4).
Hypericum carinatum H. linoides and H. myrianthumextracts showed a similar

activity. The effect observed proved to be dosesddpnt and over 60% in the lower
tested concentration. In preliminary tests (data sttown), the mean chemotactic
inhibition of theH. caprifoliatumandH. polyanthemunextracts was only 43% and
48%, respectively. For these samples, there wasgliffierence between the tested

concentrations (5 and 1 pg/mL).
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Minimum inhibitory concentration (MIC) and minimurfungicidal concentration

(MFC) of n-hexane extract of natiigdypericumspecies to Southern Brézil

H. carinatum H. linoides H. myrianthum

veast MIC MIC range MFC MIC MIC range  MFC MIC MIC range M FC
Candida albicans
CA02 > 500 > 500
ATCC 10231 > 500 > 500 > 500 > 500 > 500 > 500 nt nt nt
ATCC 24433 > 500 > 500
Candida dubliniensis
CD 24A > 500 > 500
CD 24P > 500 > 500 > 500 nt nt nt > 500 > 500 > 500
CD 85P > 500 > 500
Candida glabrata
CG01 62.5 > 500 7.8 62.5 31.2 62.5
CG 4036 62.5 62.5 - 250 250 15.6 7.8-125 125 15.6 15.6 - 125 125
CG 40039 250 > 500 125 > 500 125 > 500
Candida krusei
CK 03 > 500
CK 04 > 500 > 500 > 500 nt nt nt nt nt nt
CK 6258 > 500
Candida parapsilosis
CPAO1 500 > 500 125 500 250 > 500
CPA 04 500 500 > 500 250 125-250 >500 500 250 - 500 > 500
CPA 134 500 > 500 250 > 500 500 > 500
Candida tropicallis
CT56 250 > 500 62.5 125 250 500
CT 750 250 3.9-250 > 500 250 31.2-250 >500 250 1.9-250 > 500
CT 40098 3.9 31.2 31.2 62.5 1.9 31.2
Cryptococcus neoformans
CRY 02 3.9 250 1.9 250 7.8 31.2
CRY 14 7.8 3.9-156 500 1.9 1.9 250 1.9 19-78 250
CRY 17 15.6 500 1.9 250 1.9 1.9
Geotrichum candidum
GC 09 > 500 500 > 500
GC 18 > 500 > 500 > 500 500 500 500 > 500 > 500 > 500
GC 26 > 500 500 > 500
Rhodotorula mucilaginosa
ROH 01 31.2 500 1.9 250 7.8 15.6
ROH 02 62.5 15.6 - 62.5 125 3.9 19-78 250 7.8 19-78 15.6
ROH 05 15.6 62.5 7.8 250 1.9 7.8

®Data antifungal susceptibility in pg/mL; nt = nested.
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Table 4

Effect of Hypericum lipophilic extracts on thein vitro chemotaxis of
polymorphonuclear neutropHils

Sample / Concentration (ug/mL) Migration (m) Migration inhibition (%)
H. carinatum
10.00 0 100
5.00 7.60 +1.58 92.96
2.50 14.33+3.88 86.73
1.25 30.57 £8.22 71.69
0.63 29.60 + 6.45 72.59
0.31 40.80 +7.50 62.22
H. linoides
10.00 0 100
5.00 0 100
2.50 12.80 + 3.03 88.15
1.25 24.20 +8.51 77.59
0.63 30.20 £ 4.16 72.04
0.31 37.33+9.95 65.43
H. myrianthum
10.00 0 100
5.00 12.20 +1.174 88.70
2.50 21.00 +5.98 80.56
1.25 31.00 £9.39 71.30
0.63 18.80 + 3.03 82.59
0.31 29.45 + 6.64 72.73
Positive control (LPS) 108 £ 2.56 0

dChemotaxis is presented as means + SEM of leukaaigetion. *P<0.05 indicates a

significant difference compared to reference chatreaant (LPS) (ANOVA-Tukey’s
test).

HPLC analyses were carried out to determine themnmjenolic compounds present
in the investigated samples. The results are shawedble 5. Uliginosin B was
detected in the extract of all species in concéotra ranging from 0.06 to 3.60%.
High percentages of this compound were observe#i.imyrianthumwhich also
presented the higher amount of japonicin A. Addidlly, hyperbrasilol B,
benzophenones (cariphenone A and B) and benzop{#?s, HP2 and HP3) were
detected only in theH. linoides H. carinatum and H. polyanthemumextracts,
respectively.
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Table 5
Content (%) of the investigated phenolic compolnddypericumextracts.

Hypericum species Compounds

2 3 4 5 6 7 8

H. carinatum 1.65 +0.008 nd nd nd nd nd 0.08 £0.00D.58 + 0.009
H. caprifoliatum 0.06 £ 0.002 0.28 +0.002 nd nd nd nd nd nd
H. linoides 0.19+0.005 1.44+£0.010 1.40+0.010 nd nd nd nd nd
H. myrianthum 3.60 £0.006 7.05+0.033 nd nd nd nd nd nd
H. polyanthemum  0.05 £ 0.002 nd nd 35.70 £ 0.1932.68 + 0.02710.98 + 0.005 nd nd

% alues are expressed as mean * standard devidtitme® assays; 1 = uliginosin B;=
japonicin A; 3 = hyperbrasilol B4 = HP1;5 = HP2; 6= HP3; 7 = cariphenone A8 =
cariphenone B; nd = not detected.

4. Discussion

Despite advances in science and technology, theoegplpof new anti-infectives has
declined significantly over the last years (Griffiet al., 2012). Considering the
available drugs, some studies also show dispadatwéden the therapeutic areas. The
number of antifungal agents for example is aboutides lower than that of
antibacterials (Newman and Cragg, 2007). As a apresgce, the pharmacological
options against fungal diseases are limited. I8 Hspect the clinical treatment of
systemic infections is reduced to only four clasgf#soropyrimidine analogs,
polyenes, azoles and echinocandins) and three woilaftedargets (inhibition of
nucleotides, ergosterol arfii(1-3)-glucan) (Vandeputte et al.,, 2012; Zaragomd a
Peméan, 2012). At least in part, such shortage & tduthe eukaryotic nature of the
fungal cell and consequent similarity to mammal@metabolism (Newman et al.,
2000). Natural products favor the development o deugs with different targets and
mechanisms of action due to their wide structunakmity. In fact, although not
representing exclusively the final chemical entitgtural products are a major source

of anti-infectives (Newman and Cragg, 2007; Rajesm&r and Sundararaman, 2012).
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Plants are the basis of the systems of traditioralicine. Naturally, many metabolites
play a role of defense against pathogenic microosgas (Rajeshkumar and
Sundararaman, 2012). According to the results ptedean table 2, the extracts df
caprifoliatum H. carinatum H. linoides H. myrianthumand H. polyanthemum
exhibited a broad spectrum of action. Similar inggrens were also obtained with the
lipophilic extracts and fractions ¢f. ternum(Fenner et al., 2005). Considering the
MIC (Table 3), it is noteworthy thatl. carinatum H. linoidesand H. myrianthum
extracts showed higher potency agai@stneoformansaand R. mucilaginosaln this
case, the MIC range is comparable to many antifisngaically used (Pappas et al.,
2004). Cryptococcusand Rhodotorulaspecies can cause infections as meningitis,
endocarditis, peritonitis and fungemia with mottakates in range of 20-40%. Some
studies have also shown that the previous admatisir of broad spectrum antibiotics
represents a risk factor for such infections ad aglresistance to antifungal agents
(Lunardi et al., 2006; Peman and Salavert, 201BusT theHypericumextracts may

represent an alternative for the treatment of tle@serging fungal.

According to Rios and Recio (2005), antimicrobiaitivaty is promising when
concentrations below 100g/mL for extracts and 1Qg/mL for isolated compounds
are achieved. In this range of desirable vall¢scarinatum H. linoidesand H.
myrianthumextracts demonstrated just inhibit some strainsCofglabrata and C.
tropicalis (Table 3). In general, the MIC range for these {geams wide, which could
indicate only a limited activity of these extradis.fact, even at high concentrations,
Candidaspecies were the only ones to shows resistantieetinvestigated extracts
(Table 2). Such results could be explained by werigirulence factors commonly
reported for these microorganisms such as adherérafdm formation, secretion of
hydrolytic enzymes (proteases, phospholipases a@malysins) and filamentous
growth (Silva et al., 2012).
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The results of then vitro antichemotactic activity showed that all extragése able to
reduce the migration of neutrophils. Coincidentlye extracts oH. carinatum H.
linoidesandH. myrianthumwere also the most effective. For these samplegemneral
5-10 pg/mL were sufficient to inhibit 100% of the polynptvonuclear migration.
Standardized extracts éf. brasiliensehave demonstrated anti-inflammatory activity
in the carrageenin-induced rat paw edema (Perazalo €008). According to Perazzo
et al. (2008), the effects observed suggest action ineaprocesses once the extract
did not inhibit the formation of granulomatous tiss As neutrophils are presented in
the acute phase of inflammation, the present restdten agreement with the literature

data.

Gradually, mechanisms that promote inflammation angair antifungal immune
response are being discovered. It is known, fomgta, thatCandidaalbicansand
Aspergillus fumigatuscolonization are associated with elevated levdlghe pro-
inflammatory cytokine (IL-17, IL-23 and Th17) (Kumato, 2011; Zelante et al.,
2007). Fungal colonization, however, does not reardg imply infection and disease
development. The stability of the host—fungus retegthip is maintained by a complex
balance of intracellular signals pro- and antianimatory (Cottier and Pavelka, 2012,
Romani, 2011). Consequently, control of the inflagony response may represent a
strategy to combat fungal infections (Zelante et daD07). In view of this,H.
carinatum H. linoidesand H. myrianthumextracts show potential as source of drugs

which act in the fungal infections associated wiftammatory disorders.

The findings of this study further demonstrate rsgrocorrelation between the
antifungal / anti-inflammatory activities and théemolic content of thélypericum

species. Interestingly, the extracts that presentégh amounts of dimeric
phloroglucinol derivatives were the most activel{féa 2 - 5). Uliginosin B, japonicin
A and hyperbrasilol B presented antimicrobial attiv(Jayasurya et al., 1989;

Jayasurya et al.,, 1991; Rocha et al., 1995, 1986) @onsequently could be the
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responsible by effect observed. Some works reisis antimicrobial properties to
benzophenones (Baggett et al., 2005) and benzapyiadl’Agnol et al., 2003). The
first group of compounds occurring only Hh carinatum plant with high potential
fungicide, while the latter group only K. polyanthemuinspecies ineffective against
yeasts ofCandidagenus (Table 2 and 5). Moreover, it is notabld th@inosin B,
japonicin A, hyperbrasilol B, cariphenone A and iglaenone B are all poly-
hydroxylated molecules, unlike HP1, that does nmesent OH-group, and HP2 and
HP3 that present only one (Fig. 1). Thus, the presef the —OH group seems to be

relevant for the antimicrobial activity.

In conclusion, theHypericumspecies from South Brazil confirmed their potdrgis
source of new antimicrobial and anti-inflammatomugk. In general, the lipophilic
extracts demonstrated a broad spectrum of antiftagjieon.Hypericum carinatumH.
linoidesandH. myrianthumwere highly effective in combating emerging yeas€.
neoformansandR. mucilaginosaMoreover, all the samples investigated were able t
reduce the migration of neutrophils revealing tiné-mflammatory potential of the
species. The antifungal and anti-inflammatory atb#is were strongly correlated with
the presence of dimeric phloroglucinol derivativies the n-hexane extract. The
biological activity of the isolated compounds slibbé further investigated to confirm

the impressions of this study as well as to deteertieir mechanism of action.
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O géneroHypericumtem sido considerado uma unidade natural paraosuit
taxonomistas, embora existam discussfes quantoatamento deste género como
uma familia em separado (Hypericaceae) ou, trathbmente, como parte da
subfamilia Hypericoidae dentro de Guttiferae. Asedi filogenéticas suportam a
hipotese da existéncia da familia Hypericaceaaja cpmpreenderia nove géneros,
entre elesHypericumcom mais de 80% da diversidade (CROCKETT e ROBSON,
2011).

A rede filogenética do género foi proposta e orgaat por Robson (ROBSON,
1977, 2002). Atualmenté{ypericumconta com 36 sec¢des taxonomicas delineadas por
combinacdes entre caracteristicas morfoloégicas e ddsribuicBo geografica
(CROCKETT e ROBSON, 2011)Brathys e Trigynobrathys sdo os taxons
predominantemente americanos. O primeiro apresdais centros primarios de
distribuicdo: Belize - Cuba e as fronteiras entem&zuela - Colombia. A partir destes
centros, as demais espécies radiam para outrosspadsproprio continente (Brasil,
Argentina, Uruguai, Bolivia, Peru, Chile, Costa &®idVéxico, Panam4a, Estados
Unidos e Canada), assim como para Africa e AsiaBRON, 1990).

Em que pese o local de origem seja um fator deabiéidade quimica, os
representantes das secoBsathys e Trigynobrathys mantém um conjunto de
metabalitos secundarios comuns (Tabela 2 e 3, mdtwg). No caso dos derivados
diméricos de floroglucinol, os resultados obtideforcam o valor quimiotaxondmico
destes compostos. Uliginosina B e japonicina A, pekemplo, foram
independentemente isolados de espécies que ocoatmalmente em locais muito
distintos (Tabela 4, manuscrito 1), demonstrandsing que determinadas rotas
biosintéticas foram preservadas durante a evoldgaaspécies e/ou poderiam ocorrer
com maior frequéncia dentro do taxon como um radaltda sua convergéncia
evolutiva (CROCKETT e ROBSON, 2011).

A presenca de determinados compostos fendlicognergHypericumtambém
estd associada a certas estruturas morfolégicamsdgdantas. A ocorréncia de

naftodiantronas como hipericina emypericum perforatum por exemplo, esta
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associada a presenca de glandulas escuras, presemrente nas flores da planta.
Tais glandulas ocorrem em cerca de 2/3 das seC3BOCKETT e ROBSON, 2011).
As espeécies das secdBrsathyse Trigynobrathysndo apresentam este tipo glandula,
embora sejam dotadas de glandulas palidas (FERRAZL, 2002). Estas secretam e
acumulam preferencialmente Oleos essenciais eatlersv de floroglucinol e estéo
distribuidas, sobretudo, nas folhas, sépalas éagédtABREUet al, 2004; ABREU e
MAZZAFERA, 2005; AYAN et al, 2006; BERNARDIet al, 2008; CROCKETT e
ROBSON, 2011). Assim, por ser caracteristica diséin o acumulo de determinadas
classes fendlicas associadas a presenca de glémdglaras ou palidas sdo igualmente

importantes do ponto de vista quimiotaxonémico.

Geralmente extratos de plantas contendo fendlioastituem uma mistura de
varias classes sollveis nos solventes empregadosnds comuns sdo metanol,
etanol, acetona, agua e acetato de etila (NACZKHAFSDI, 2004). Os derivados
diméricos de floroglucinol, benzopiranos e benzofas, contudo, sdo classicamente
obtidos por meio de solventes apolares como étpetiéleo en-hexano (NORet al,
2004; BERNARDIet al, 2005). Embora tais metabdlitos apresentem hildixem
suas estruturas (Figura 1, manuscrito 1), eles uposscarater apolar. Esta
caracteristica explica-se pelo fato de que muites hlddroxilas estdo envolvidas em
ligacbes intramoleculares, dificultando, assimealizacdo de pontes de hidrogénio

intermoleculares, fortemente polares.

Os métodos empregados na analise quantitativa @opastos fendlicos, por
sua vez, podem ser classificados em funcdo dantiegéo do seu conteudo total ou
de um composto / classe especifica. No primeir@,casmétodo de Folin e suas
variacbes, baseadas na reducdo do acido fosforéoldm € o procedimento
comumente empregado. Por ser inespecifico, estedméletecta todos os grupos de
fendlicos encontrados no extrato. Como desvantagabstancias redutoras como o
acido ascorbico constituem interferentes; no seguwado, predominam as técnicas de
cromatografia liquida de alta eficiéncia (CLAE),camis também s&o muito aplicadas

nos procedimentos de separacao e isolamento dopostws. Nestas situacdes, 0s
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detectores comumente utilizados s@o os de luzvidteda, visivel, arranjo de
fotodiodos e de fluorescéncia (NACZK e SHAHIDI, 200

Nas espécies ddypericum o contetdo fendlico tem sido avaliado tanto pelo
método de Folin-Ciocalteu como por CLAE. Dadosadss para fins de comparacéao
do extraton-hexano e da fracdo metandlica das partes aéreds aworifoliatum H.
carinatum H. myrianthume H. polyanthemumesultaram em variagdes na faixa de 37
- 86 e 139 - 196 mg equivalentes de quercetingy e extrato seco, respectivamente
(BERNARDI et al, 2008). Fritz e colaboradores (2007) obtiveramsultados
ligeiramente inferiores para os extratos etandlices H. polyanthemume H.
myrianthum Em outro estudo, o extrato metanolico das flale$l. polyanthemum
apresentou variacdes de 10 a 75 mg/g, dependendstd@igio de desenvolvimento da
planta (BERNARDI et al, 2008). Diante destes dados s&o possiveis algumas
consideracdes: primeiro, a menor quantidade de ostog fendlicos nos extratos
apolares esta coerente com os resultados obtidasel@ 2 e 3, manuscrito 1);
segundo, considerando que as flores representanm eeodo geral, a menor parte do
peso destas plantas (BERNARBt al, 2008), € possivel reafirmar que, para os

compostos fendlicos investigados, as flores sgwinsipais 6rgaos de acumulo.

Em regra, qualquer 6rgdo vegetal possui capacidadgintetizar e acumular
compostos fendlicos. E muito comum, no entanto,agumetabolitos concentrem sua
producdo em determinados tecidos, a qual podervamafuncéo de fatores abibticos
ou bidticos como os diferentes estagios de deseinvehto da planta. O maior
contetdo dos benzopiranos HP1 e HP2Henpolyanthemumpor exemplo, tem sido
obtido nos botdes florais verdes da planta, enguBaii®3 alcanca niveis superiores
apenas no final do ciclo de floracdo (BERNARE&l al, 2008). Paralelamente, é
conhecido que os compostos fendlicos desempenhpéispaa interacdo das plantas
com o seu ambiente. Os efeitos alelopaticos attiizudo alto conteddo fendlico én
polyanthemune H. myrianthumpoderiam inclusive justificar o padréo de distigaio

e adensamento destas plantas (FR#Tdl, 2007).
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Os compostos fendlicos sé@o frequentemente respeiss@elas atividades
farmacoldgicas descritas as espécies Higericum O derivado dimérico de
floroglucinol uliginosina B e o flavonoide hiperdsb, por exemplo, contribuem para
a atividade antidepressiva ¢ caprifoliatume H. polyanthemun(DAUDT et al,
2000; MENDESet al, 2002; VIANA et al, 2003; VIANAet al, 2005; VIANAEet al,
2006; VIANA et al, 2008; HAASet al, 2011). A presenca destes metabdlitos em
outras espécies das sec@®rathyse Trigynobrathys(Tabelas 2 — 4, manuscrito 1),
portanto, reforca a importancia desse estudo, ug@aque os resultados podem ser

Uteis na selecao e investigacdo de novas plantagquivalente potencial terapéutico.

Em relacdo aos meétodos extrativos, conforme deéifinigdescrita por
SONAGLIOet al, 2003, ‘0 termo extracao significa retirar, da forma maeetiva e
completa possivel, as substancias ou fracao ativdida na droga vegetal, utilizando,
para isso, um liquido ou uma mistura de liquidosntdogicamente apropriados e
toxicologicamente segurds.Além da adequacdo tecnolégica e da inocuidade
fisiologica, a viabilidade econémica também é fateterminante para a escolha do
método. Assim, a selecdo correta pode determinao alficientemente agregamos

valor aos recursos biolégicos (HANDA, 2008).

As etapas frequentemente envolvidas no processatiggtincluem a selecéo,
secagem e moagem do material vegetal; a extraggwigimente dita e a filtracdo; a
concentracdo e a secagem da solucdo extr&@ivi@ndémeno extrativo, por sua vez,
pode ser descrito como segue: (1) a droga vegesalnge o solvente promovendo a
dilatacdo da estrutura celular; (2) concomitantémens compostos soluveis s&o
dissolvidos pelo solvente; (3) os compostos disdobs sdo transferidos por difuséao
para a superficie do material vegetal; por fim,qg)compostos séo transportados pelo
solvente e removidos do extrator (PEREIRA e MEIRELEO010). A padronizacao de
todas as etapas do processo, portanto, contribiggrnfiGgativamente para a qualidade

final do produto.

O emprego de fluidos supercriticos tem ocorridomass diferentes areas, tais

como ambiental, de alimentos, farmacéutica, quineicde combustiveis. Embora



124

incipientes, as aplicacdes farmacéuticas incluextragio e analise de farmacos,
desenvolvimento de polimorfos, farmacos particudadosistemas de liberacéo, co-
formulacéo, purificacdo de excipientes e esteghpade materiais médico-cirargicos,
meio para cristalizacdo e reacbes enzimaticas, dchm de complexos e
revestimentos, cromatografia e separacdo de en@mmd, entre outros (HERRERO,
2010; SEKHON, 2010). Alicercada em uma abordagertidraciplinar, a tecnologia
dos fluidos supercriticos pode oferecer aplicagketusivas nos campos da producéo,
processamento e desenvolvimento de matérias-priREREIRA e MEIRELES,
2010).

Os custos de investimento continuam sendo o maitave para aplicacao
comercial de fluidos supercriticos. Por conta dissmtimizacdo das condi¢cdes de
extracdo constitui um dos aspectos de maior reteagpara o processo (HANDA,
2008; PEREIRA e MEIRELES, 2010). Neste estudo, forabservadas algumas
diferencas entre as condi¢cdes empregadas. Destanasse sentido, o predominio de
uliginosina B e carifenona B no experimento realizaob temperatura constante e
aumento sucessivo de pressao (Tabelas 2-4, maougyrie de carifenona A quando
ambos, temperatura e pressdo, foram mantidas otestdTabelas 2-4, resumo
expandido). De maneira geral, os principais fatayes influenciam o meétodo de
extracdo sdo o ano, a parte da planta e aspecadsciaiaticos; a localizacdo dos
solutos; a granulometria, a forma, a porosidadeumamlade do material vegetal; o
solvente utilizado e sua taxa de fluxo; temperaturaessao; tipo e percentagem de
co-solvente; modo ou perfil de extracdo, tempo ealipagnento empregados
(HERRERO, 2010; PEREIRA e MEIRELES, 2010). O sucafs método, portanto,
depende da selecdo das condicbes adequadas dgiex@a quais também podem

justificar sua viabilidade econémica.

O poder de solvatacdo dos fluidos supercriticosepser manipulado por
mudancas nas condicbes de pressao e temperatuext@dEado. Este poder de
solvatacdo ajustavel constitui uma das grandes agans da técnica e ¢é
particularmente Gtil na extracdo de amostras caoxaplecomo drogas vegetais

(CASAS, 2010). A extracdo de. carinatum por exemplo, mostrou-se mais seletiva
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que a maceracdo comhexano. O contetudo de carifenona A e carifenongds,
exemplo, chega préximo do dobro em comparacdo eqieido por maceracdo com
n-hexano (Tabela 2, manuscrito 2). A seletividadeextaacdo e/ou solubilidade dos
compostos depende do equilibrio entre a densidadiuilo e as propriedades do
soluto, tais como massa molecular, polaridade €sgeede vapor. Assim, a menos que
os solutos nao tenham qualquer afinidade com aizn@EREIRA e MEIRELES,
2010), os dados de solubilidade dos compostos puoéms podem ser usados

diretamente para predizer a seletividade.

Como regra geral, se outras variaveis sdo constamte aumento na pressao
tende a aumentar a densidade do fluido e, por gaimde, seu poder de solvatacéo;
um aumento da temperatura, por outro lado, tendel@zir a densidade do fluido. O
efeito da temperatura, entretanto, € complexo. Batgde vista termodinamico, a
elevacdo da temperatura também poderia aumentegsadp de vapor dos solutos,
facilitando sua solubilidade no fluido. Adicionalnte, de acordo com as regras
cinéticas, o aumento da temperatura pode levar mowmento térmico mais intenso
dos solutos, favorecendo sua dessorcdo da mat?SAS, 2010; PEREIRA e
MEIRELES, 2010; SHI, 2010). Assim, os efeitos acidescritos competem entre Si

durante a extragcao e sdo fundamentais para a cengdi@ do processo.

Tanto a temperatura como a pressao afetaram a esggpoqualitativa e
guantitativa do extrato dd. carinatum Conforme as tabelas 1-4 do manuscrito 2, o
aumento da temperatura diminuiu o rendimento tolal extrato, bem como a
quantidade de uliginosina B, carifenona A e cadfenB. Diante disso, é possivel
inferir que as moléculas que compdem o extratosaptam pouca volatilidade e o
efeito observado € uma consequéncia mais pronundaddiminuicdo da densidade
e/ou do poder de solvatacao do fluido. Tais im@es$oram confirmadas quando, sob
temperatura constante, a pressdo foi elevada ermmmentos dos extratos foram
superiores (Tabela 1, resumo expandido). Com ercgg&arifenona B, entretanto, o
aumento da presséo causou prejuizos a extracdwaeles compostos (Tabelas 2-4,
resumo expandido). Com frequéncia, 0 aumento dadmatura e da pressao resulta

uma maior extragcdo de compostos pesados, tais cemas e clorofila (PEREIRA e
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MEIRELES, 2010) Assim, a condicao ideal para a obtencdo dos trégpastos em
estudo é 40°C e 90 bar. Além disso, tendo em &iskletividade, a condicdo de 40°C

e 150 bar pode representar uma oOtima alternatinsageecuperacao da carifenona B.

Paralelamente, o tempo de extragao influencia t@amiciéncia como 0s custos
operacionais. Um perfil cinético da extracdo dampastos bioativos did. carinatum
nas diferentes condicbes empregadas pode ser weo figuras 1-3 (resumo
expandido). Para a maxima recuperacéo dos compalgjossina B e carifenona A,
0 tempo de contato entre o fluido e a matriz vedeiale pelo menos 180 min a 40°C
e 90 bar; para carifenona B esse tempo reduz efictiorno de 90 min a 40°C e 150
bar. Indiscutivelmente, o método supercritico repnéa uma grande economia de
tempo em comparacao a maceracao ndraxano. Além disso, as etapas de filtracdo e
concentracdo do extrato podem ser completamemtenalias, uma vez que por um
simples procedimento de descompressao do fluiduwerste € eliminado. Diante de
tudo isso, pode ser considerado um meétodo rapideerge e limpo para a extracao de

produtos naturais.

Cui e Ang (2002) reportaram que 50°C e 380 baresgmtam as melhores
condi¢cdes para a extracao dos floroglucindéis hgoerd ead-hiperforina presentes em
H. perforatum Outro estudo realizado com a espécie nativapolyanthemum
demonstrou que 40°C e 90 bar resultaram em altodimentos do floroglucinol
uliginosina B e do benzopirano HP1 (6-isobutirii-6limetoxi-2,2-
dimetilbenzopirano); para HP2  (7-hidroxi-6-isobilHi-metoxi-2,2-dimetil-
benzopirano) e HP3 (5-hidroxi-6-isobutiril-7-met&P-dimetilbenzopirano), por sua
vez, melhores rendimentos foram obtidos a 50°COebh2 (CARGNINet al, 2010).
Paralelamente aos resultados obtidos Ebroarinatum fica claro que a definicdo das
condi¢cdes de extracao sdo profundamente dependintestriz e, por isso, de dificil

generalizacéo.

Simulacdes matematicas e computacionais podemsselas para predizer e
planejar o processo de extracdo. Basicamente, eséanfentas de engenharia que

executam varias tarefas, incluindo calculos autmadbs, balancos de matéria e
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energia, estimativas de propriedades fisicas, loélq@ara concepcéo de plantas piloto,
avaliagcdes econdmico-ambientais e otimizacao deepsms (HANDA, 2010). Para
nosso conhecimento, este foi 0 primeiro estudo ddetagem matematica realizado
com uma planta do génekdypericum Os resultados da simulagcdo para o extrato
(Figura 2, manuscrito 2) e para 0s compostos igasts (Figuras 1-3, resumo

expandido) foram condizentes com aqueles obtidpsrementalmente.

Em decorréncia disso, visto que as resisténcieanaferéncia de massa devem
ser evitadas ou minimizadas a fim de aumentar a thx extracdo (PEREIRA e
MEIRELES, 2010), dados relativos a solubilidade dokitos no fluido K;) e sua
difusdo na droga vegetak{ podem ser bastante Uteis para a analise do gmces
extrativo. Nesse sentido, quanto maior o valoKge menor o d&,, menores seréao as
resisténcias a transferéncia de maSsalevado rendimento da carifenona A no extrato
obtido a 40°C e 90 bar de pressao exemplifica ningto a relacdo entre as constantes
K:e K, (Tabela 5, resumo expandido). Nesta condicéo, earpgae a solubilidade da
carifenona A seja menoiK{) em comparacdo as demais condi¢des, tal efeito &
compensado pela menor taxa de difusdo do solutmataz K,). Futuramente, na
medida em que novos experimentos forem realizadssgados relativos a estas
constantes poderdo ser comparados, facilitandojmasa otimizacdo e o

escalonamento do processo.

De maneira geral, as espéciesHigericumapresentam um amplo espectro
antimicrobiano. Para o0s representantes nativos wlod8 Brasil, destacam-se as
atividades antiviral, contra o virus da imunodéingia felina (SCHIMITTet al,
2001) e herpes (FRIT2t al, 2007), antiprotozoaria, contiazichomonas vaginalis
(CARGNIN et al, 2013) eLeishmania amazonensiPAGNINO et al, 2012) e
antibacteriana, contrBacillus subtilis Micrococcus luteug Staphylococcus aureus
(DALL’AGNOL et al, 2003; DALL’AGNOL et al, 2005; AVANCINI e WIEST,
2008; FRANCAet al, 2009). Em acordo com os dados deste estudo lgkaBee 3,
manuscrito 3), a atividade antifungica tem sido cd&s para Cryptococcus
neoformans Epidermophyton flocosumSaccharomyces cerevisiae diferentes

espécies deAspergillus sp., Candida sp., Microsporum sp., e Trichophyton sp.
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(FENNERet al, 2005). Resultados discrepantes foram relatado®pLL'AGNOL

e colaboradores (2003). Nesse caso, fatores rebids ao processo extrativo (ex.:
hexano x metanol), ao método do bio-ensaio (ekusdo x diluicdo) e ao perfil de
suscetibilidade dos microorganimos poderiam justifi tais diferencas (RIOS e
RECIO, 2005; CO%t al, 2006).

Ao que tudo indica, diferentes grupos de metai®litespondem pelas
propriedades mencionadas acima. Assim, enquantmotane flavonoides (ex.:
amentoflavona e luteoforol) constituem os metabslibio-ativos para a atividade
antiviral (SCHIMITT et al, 2001; FRITZet al, 2007), xantonas (ex.: 1,5-di-
hidroxixantona, 5-hidroxi-1-metoxixantona e 6-degwareubina) e derivados
floroglucinol (ex.: uliginosina B, isoluginosina Baponicina A, HP1, HP2, HP3)
constituem os principais responsaveis pelas atigglantifrichomonas(CARGNIN
et al, 2013), leishmanicida (DAGNIN@t al, 2012), antibacteriana (DALL'AGNOL
et al, 2003; DALL’AGNOL et al, 2005; FENNERet al, 2005; FRANCAet al,
2009) e antifungica (ROCHAt al, 1994; FENNERet al, 2005), em concordancia

aos dados correlacionados neste estudo (TabeBas 2, manuscrito 3).

A maioria dos antifingicos interfere na biosintese na integridade do
ergosterol, o principal esterol da membrana cellbarfungos (RIVAS e CARDONA-
CASTRO, 2009). Em que pese o0 mecanismo de acadeaiivados floroglucinol nédo
seja conhecido, é provavel gue esses compostodirarte nas propriedades de
membrana dos fungos (SIKKEMAt al, 1995; BURT, 2004), uma vez que s&o
lipofilicos. Dados da literatura descrevem, pornegi®, complexas interacdes entre
membranas fosfolipidicas e hiperforina (HOFFMAN# al, 2010), o principal
derivado floroglucinol deH. perforatum entre outras espécies com potencial
antimicrobiano (GIBBON&t al.,2002).

Como evidenciado neste estudo, as hidroxilas tambem@cem ter um papel
relevante na atividade antimicrobiana dos derivdlbweroglucinol. Estas impressfes
corroboram dados da literatura que apontam, panpbee auséncia de atividade para

o benzopirano HP1, molécula que ndo possui grujasexila, e atividade para HP2,
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HP3, uliginosina B e japonicina A, moléculas monopwli-hidroxiladas, frente &.
aureus(DALL'AGNOL et al, 2005). Para Kubo e colaboradores (1995), taipag
atuariam orientando a ligacdo dos compostos nahidsefilica da membrana fungica,

favorecendo, consequentemente, o alinhamento @gacearbonada na fase lipofilica.

Correlacfes entre a atividade antioxidante ineraogsecompostos fendlicos e a
atividade antimicrobiana s&o igualmente descrit€HUN et al, 2005). Os
mecanismos, nesse caso, envolveriam perturbactzsle@a de transporte de elétrons,
complexacdo com proteinas, inibicdo de enzimas rai€aidnicos, entre outros
(COWAN, 1999; SHETTY e WAHLQVIST, 2004pud CHUN et al, 2005). Assim,
pelo menos em parte, a atividade antioxidante dasqara a carifenona A
(BERNARDI et al, 2005) poderia explicar o elevado efeito fungcakemonstrado

por H. carinatum(Tabela 2, manuscrito 3).

Em muitos casos o papel biolégico dos metabdlitesusdarios esta
relacionado a defesa da planta contra o ataquensktos, herbivoros e micro-
organimos (COWAN, 1999). Niveis elevados de uligina B, HP1, HP2 e HP3 nas
partes reprodutivas del. polyanthemumapds contato com partes de um fungo
autoclavado,Nomuraea rileyj sugere tal funcdo para os derivados floroglucinol
(MEIRELLES et al, 2012). Estas impressfes também foram observasagelacio
aos niveis de hiperforina e xantonas em culturasid@erforatumsubmetidas a
estresse bibtico corolletotrichum gloeosporioides Agrobacterium tumefaciens
respectivamente (SIRVENT e GIBSON 2002; FRANKLEA al., 2009). Assim como
0s animais, as plantas desenvolveram habilidadesreeonhecer padrées moleculares
associados a patdogenos (NURNBERG#&RaL, 2004) e, consequentemente, ativar a
biossintese dos seus compostos de defesa (FRANKdtlElL, 2009). Atualmente, o
conhecimento e a manipulacéo controlada dessesiseuss constitui uma estratégia
para obtencdo de compostos de interesse terap@mtietypericumsp. (SIRVENT e
GIBSON 2002; FRANKLIN et al, 2009; MEIRELLESet al, 2012).

A maioria dos antifungicos usados na clinica apitese alguma desvantagem

em termos de toxicidade, resisténcia, eficacia, itcefeadverso, interacéo
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medicamentosa ou custo. Apenas para exemplifisapriacipais fatores que limitam
0 uso da anfotericina B sdo a sua nefrotoxicidadirea absorcdo oral (RIVAS e
CARDONA-CASTRO, 2009; ZARAGOZA e PEMAN, 2012). Enflacas espécies de
Hypericumnao sejam isentas de toxicidade, tais plantasramosliferentes perfis de
seguranca (BETTt al, 2012), indicando que a otimizacdo de parametwos dose

e vias de administracdo podem viabilizar o seuteispéutico. Ratos tratados pela via
intraperitoneal com o extrato éter de petroledHdecaprifoliatum (270 mg/Kg/dia),
por exemplo, mostram sinais de toxicidade, enquaetthum efeito foi observado
para ratos ou camundongos tratados oralmente (@0Q42@/kg) com o extrato éter de
petroleo e ciclo-hexano (VIANAt al, 2006). De forma semelhante, nenhum sinal
clinico de toxicidade aguda foi observado em carangds tratados com o extrato
ciclo-hexano deH. polyanthemun{2000 mg/Kg, v.0), ao passo que doses repetidas
(450 e 900 mg/Kg) afetam o ganho de peso e altgrardmetros bioquimicos e
histologicos. Mesmo assim, de acordo com os paramele toxicidade agud#.
polyanthemumfoi classificada como segura (BETHEt al, 2012). FERRAZ e
colaboradores (2009) demonstraram ainda que HP2,eHRPP3 (30 mg/Kg, i.p.) ndo
induzem efeitos genotoxicos, embora sinais de rmBuiaglade tenham sido
observados para HP1. Uliginosina B (90 mg/kg),qu@ vez, induz prejuizo motor em
camundongos tratados intraperitonealmente, ao preEs@ela via oral, nenhum efeito
foi observado. Além disso, ao que tudo indica,dad extratos como 0S compostos

isolados apresentam boa biodisponibilidade oraD(<T et al, 2012).

Considerando a atividade antiquimiotéatica, é inmgrud destacar que, além das
infeccdes microbianas, muitas outras doencas ¢arcer, aterosclerose e Alzheimer)
podem ser influenciadas ou até mesmo causadas eeordéns da resposta
inflamatoria (LUSTER, 1998; AKIYAMAet al, 2000; COUSSENS e WERB, 2002;
LIBBY et al, 2002; HOTAMISLIGIL, 2006). Em certos tipos dencar, por exemplo,
dados da literatura apontam que alguns mediadamduzidos pelos neutréfilos
poderiam dar inicio a formacdo de tumores, bem ctaworecer a sua progressao
(GREGORY e HOUGHTON, 2011; AMULIGet al, 2012). Em contrapartida, é

interessante notar que camundongos tratados comtratce ciclo-hexano deH.
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polyanthemung450 — 900 mg/Kg, v.0, 28 dias), planta cujo poignantitumoral tem
sido descrito (FERRAZt al, 2005; GRIVICICHet al, 2008), tiveram o namero de
neutrofilos reduzido (BETTét al, 2012), em acordo com os resultados deste estudo
(Tabela 4, manuscrito 3). Deste modo, € possivelirnear que as espécies de
Hypericum e seus principais derivados floroglucinol représen alternativas

potenciais para o desenvolvimento de farmacos dfaredtes alvos terapéuticos.
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Uliginosina B foi o principal derivado dimérico deroglucinol detectado no
extraton-hexano das flores de todas as espéci¢tygericumdas secoeBrathyse
Tigynobrathysinvestigadas. As concentracdes do metabdlito nariade 0,008 a
0,188% (p/p);

Os benzopiranos HP1, HP2 e HP3 foram determinadokistvamente emnH.
polyanthemune em concentragbes de 0,200, 0,225 e 0,327% fjp/@xtraton-

hexano das flores, respectivamente;

As benzofenonas carifenona A e carifenona B foratarchinadas exclusivamente
emH. carinatume em concentragdes de 0,309 e 0,062 % (p/p) materthexano

das flores, respectivamente;

Hiperosideo foi o principal flavonoide detectadofrecdo metandlica de todas as
espécies deHypericum das secOe®Brathys e Tigynobrathysinvestigadas. Nas

flores, as concentracdes do metabdlito variara@\@er a 5,987% (p/p);

Os resultados reforcam o significado quimiotaxors@rdos derivados diméricos
de floroglucinol para as espécies ddypericum das secdesBrathys e

Tigynobrathys

As andlises por CLAE mostraram-se Uteis como mételompressdo quimica,
uma vez que permitem diferenciar, a partir dosatad;, as diferentes espécies de

Hypericuminvestigadas;

Os compostos fendlicos polares foram quantitativaenes principais metabdlitos
acumulados nas flores das espécies Higericum das secOesBrathys e

Tigynobrathysnvestigadas;

A extracdo deHypericum carinatum com CQ supercritico mostrou-se mais
seletiva que a maceracdo cawhexano para a recuperacdo de uliginosina B,

carifenona A e carifenona B;
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v' Temperatura e pressado afetam de modo distintodimento e a composicdo dos
extratos deHypericumcarinatumobtidos com C@supercritico. Assim, o aumento
da temperatura causou efeitos negativos sobredinmento do extrato, enquanto o

aumento da presséao produziu efeitos positivos;

v' As condicdes ideais de temperatura, pressao e teapextracdo délypericum
carinatum com CQ supercritico visando a recuperacdo de uliginosBa

carifenona A e carifenona B foram 40°C, 90 bar @ éhutos, respectivamente.

v' As maximas quantidades de uliginosina B, carifendr@acarifenona B obtidas na
extracdo deHypericumcarinatumcom CQ supercritico foram, respectivamente,
162,83 £ 4,58, 376,33 + 4,14 e 48,79 + 0,66 mgl d.@e planta seca;

v" O modelo matematico empregado para simular o psocele extracdo de
Hypericum carinatum com CQ supercritico foi apropriadamente correlacionado

aos dados experimentais;

v' Os extratos lipofilicos deH. caprifoliatum H. carinatum H. linoides H.

myrianthume H. polyanthemunexibem um amplo espectro de acéo antifingica;

v' H. carinatum H. linoides e H. myrianthummostram maior poténcia contf@a
neoformangConcentracao inibitdria minima = 1,9-1546/mL), R. mucilaginosa
(Concentragdo inibitéria minima = 1,9-6245/mL), C. glabrata (Concentracéo
inibitéria minima = 7,8-250ug/mL) e C. tropicalis (Concentracdo inibitoria
minima = 1,9-25@g/mL);

v' Os extratos lipofilicos deH. caprifoliatum H. carinatum H. linoides H.
myrianthume H. polyanthemuntambém apresentam potencial anti-inflamatorio,

uma vez que inibiram a migracéo de neutrdfitosgitro;

v ParaH. carinatum H. linoidese H. myrianthumo efeito antiquimiotatico foi dose

dependente (60-100%) nas concentracdes entre 0,3d41L;

v As atividades antifingica e antiquimiotatica foraorrelacionadas aos derivados

diméricos de phloroglucinol presentes no extragtofilico destas plantas.
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