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Resumo

Isobruceina B (2) e a neosergeolida (5) sdo quassindides obtidos de Picrolemma
sprucei. Essas substancias possuem atividade antitumoral, antimalérica, anti-helmintica,
citotoxica, inseticida e leishmanicida in vitro j& comprovadas. Neste trabalho, técnicas in
vitro foram utilizadas para investigar uma variedade de atividades bioldgicas de 2 e 5 e dos
derivados semi-sintéticos 1,12-diacetilisobruceina B (21) e 12-acetilneosergeolida (22).
Essas substancias foram avaliadas quanto a sua toxicidade geral frente a larvas do
microcrustaceo Artemia franciscana, citotoxicidade frente a células tumorais humanas em
colaboracdo com o laboratério de Oncologia da UFC, sob coordenacéo da Profa. Claudia
Pessoa, atividade larvicida frente a larvas do mosquito vetor da dengue Aedes aegypti e
atividade antimalarica frente ao parasita causador da maldria humana Plasmodium
falciparum. 2 e 5 exibiram elevada atividade antimalarica frente a cepa multiresistente de
P. falciparum K1 (Clsp 1,0-4,0 ng/mL). 2 e 5 (CLsp 3,2-4,4 mg/L) apresentaram letalidade
bem mais elevada do que o derivado 22 frente a larvas de A. aegypti, a0 passo que 0
derivado 21 se mostrou inativo. Ensaios bioldgicos também foram realizados com extratos
e fracBes obtidos de frutos de P. sprucei. Um método baseado em CCD-densitometria foi
desenvolvido para mensurar o teor de quassindides nos frutos e fracBes destes frutos. Essas
andlises determinaram que apenas as fracdes obtidas em cloroférmio apresentam teores
significativos de 2 e 5 e esses teores estdo relacionados as atividades bioldgicas. Infusdes
dos caules de P. sprucei séo utilizadas na Amazoénia . Um método baseado em LC-(+)-ESI-
MS/MS foi desenvolvido e aplicado para determinar o teor de 2 e 5 em infusdes de P.
sprucei. As concentracdes de 2 e 5 nas infusdes de caules sdo de 60,1 e 774 pg L™,

respectivamente.



Abstract

Isobrucein B (2) and neosergeolide (5) are quassinoids which are obtained from
Picrolemma sprucei. These compounds have proven in vitro antitumor, antimalarial,
anthelminthic, cytotoxic, insecticide and leishmanicidal activities. Herein, in vitro
techniques were used to investigate a range of biological activities of 2 and 5 and known
semi-synthetic derivative 1,12-diacetylisobrucein B (21) and 12-acetylneosergeolide (22).
These compounds were evaluated for general toxicity toward the brine shrimp species
Artemia franciscana, cytotoxicity toward human tumour cells, larvicidal activity toward the
dengue fever mosquito vector Aedes aegypti and antimalarial activity against the human
malaria parasite Plasmodium falciparum. 2 and 5 exhibited the greatest antimalarial activity
against multidrug-resistant P. falciparum K1 strain. 2 and 5 (LCso = 3.2-4.4 mg/L)
displayed greater lethality than derivative 22 (LCso = 75.0 mg/L) toward A. aegypti larvae,
while derivative 21 was inactive. Biological assays were also performed with extracts and
fractions obtained from P. sprucei fruit. A TLC densitometry method was developed to
mensurate the quassinoids content in fruits extracts and fractions. This analysis determinate
that only chloroform fractions presents significative content of 2 and 5 and this data is
related to the biological activities. Infusions of the stems of P. sprucei are used in the
Amazon region as antimalarials. They contain 2 and 5. An LC-(+)-ESI-MS/MS method
was developed and applied to the determination of 2 and 5 in P. sprucei infusions. The
concentrations of 2 and 5 in the stem infusion were found to be 60.1 and 774 pg L™,

respectively.
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Introducéo

1. Levantamento Bibliogréfico

1.1 - Familia Simaroubaceae

A familia Simaroubaceae contém aproximadamente 25 géneros e 200 espécies. Dentre
estas pelo menos 8 ocorrem na Amazonia Brasileira. Possui afinidades botanicas com as
familias Rutaceae, Burseraceae, Meliaceae e Cneoraceae. O principal uso comercial esta
relacionado a presenca dos quassindides (RIBEIRO et al., 1999, THOMAS, 1990).
Quassindides compBem um grupo de substancias amargas que quimicamente sdo
triterpenos degradados e altamente oxigenados em geral. De acordo com seu esqueleto
basico, podem ser agrupados em 5 grupos contendo 18, 19, 20, 22 ou 25 carbonos (GUO et

al., 2005).

1.2 - Género Picrolemma

O género Picrolemma foi descrito em 1862 por J. D. Hooker no “Genera Plantarum”
com a espécie P. sprucei como tipo (Figura 1). Trés outras espécies, P. valdivia, P.
pseudocoffea e P. huberi (sin. Cedronia granatensis Cuatr. and P. granatensis) tem sido
propostas. Destas, P. huberi é vélida, P. pseudocoffea é uma sinonimia de P. sprucei e P.

valdivia é incerta (CRONQUIST, 1944, THOMAS, 1990).
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1.3 - Picrolemma sprucei Hook. f.

O nome vulgar caferana (café-rana ou café falso, na linguagem regional) se deve a
semelhanca desta planta com o cafeeiro (Coffea arabica L., Rubiaceae) (Figura 1). Outras
espécies conhecidas como caferana sdo a Tachia guianensis Aubl. (Gentianaceae) e a
Quiina rhytidopus Tul. (Quiinaceae) (PIO CORREA, 1926, SILVA; LISBOA; LISBOA,

1977).

Figura 1 — A - Planta Amazo6nica Picrolemma sprucei Hook. f, com florescéncia. B —

Frutos do cafeeiro. C — Frutos de P. sprucei.
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A importancia da espécie P. sprucei e o potencial medicinal dos seus principios ativos
sdo grandes fora do Brasil, através de estudos efetuados por pesquisadores trabalhando em
outros paises da Amaz6nia, como Guiana Francesa, mas certamente o Brasil é o pais com a
maior populagdo nativa dessa espécie (THOMAS, 1990).

No Brasil, acessos de P.sprucei foram detectados nos Estados do Pard, Rondbnia e
Amazonas, sendo que neste Ultimo distribuidos em todo o Estado (herbario do INPA,
2005). Em geral apresentam intera¢Ges com insetos, principalmente formigas, que habitam
o caule oco. Esse ultimo é freqlientemente fragil e é a parte mais utilizada medicinalmente
na Amazonia brasileira, sendo disponivel para compra em feiras e através de raizeiros no
interior do Estado (RIBEIRO et al., 1999).

H& grande interesse no estudo farmacol6gico in vivo dos quassindides presentes na
caferana e seus derivados semi-sintéticos, entretanto, a quantidade obtida nos processos de
extragdo descritos previamente vem se mostrando como fatores limitantes para a
continuacdo desses estudos. Aqui nés demonstramos um novo método para obtencdo dos
quassinoides da caferana em escala-grama, cuja purificacdo se baseia tdo somente em
cristalizagdes.

Estudos ao longo dos ultimos 30 anos sobre os extratos de raizes, caules e folhas de
Picrolemma sprucei revelaram a presenca dos componentes antimalaricos neosergeolida e
isobruceina B. Apesar do amplo uso de infusdes de P. sprucei no tratamento da malaria em
toda a regido Amazonica regido, nenhum estudo demonstrou a atividade antimalarica destas

infusdes, bem como dos frutos da caferana
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2. Objetivos

2.1 — Geral

v Contribuir para o conhecimento da atividade bioldgica e composicdo quimica de
extratos de frutos, infuses de caules e quassinoides isolados da planta Picrolemma

sprucei Hook.f. e preparar derivados semi-sintéticos a partir destes quassinoides.

2.2 — Especificos

v Aperfeicoar a técnica de isolamento e purificacdo em escala-grama dos quassinoides
neosergeolida e isobruceina B a partir de P. sprucei.
v Determinar o teor de quassindides nos frutos e infus@es de caules de P. sprucei.
v Estudar os quassinodides neosergeolida e isobruceina B, bem como extratos e fracdes
do fruto em ensaios in vitro quantitativos para as seguintes atividades bioldgicas:
e Antiparasitaria (efeito sobre formas sanguineas do parasita da malaria humana e
murina, Plasmodium falciparum e sobre o nematdide Meloidogyne exigua).
e Toxica (a larvas do crusticeo Artemia franciscana).
e Citotdxica em linhagens de células tumorais humanas e avaliacdo do mecanismo
de acdo dos quassinoides usando células HL60 como modelo.
¢ Inseticida (em larvas e imagos de Aedes aegypti).

e Antimicrobiana (diversas linhagens de bactérias e fungos patogénicos).
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v/ Estudar a reatividade desses quassindides (em meios &cidos, alcalinos,
redutores, oxidantes, etc.) e definir procedimentos para isolamento e
purificacdo dos produtos.

v Estudar a atividade biol6gica de derivados dos quassinoides NS e IB nas

atividades bioldgicas colocadas acima.
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CAPITULO 1: Picrolemma sprucei Hook. f.: uso tradicional,
principios ativos e seus derivados semi-sintéticos, exploracao

comercial e econdmica
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Extsdo ds Artay/Stebs of bha &t 00

Introdugéa

£ PIEantE faw e TR nomo ohal el prineinal fase
T BittaEE @ and e ot oa informagtes oklo.
grdficas dad drass oo bobdoicd, aebetbood. qui.
mica @ ‘arracregia scbra @ eepdoia Sorodemma
srrume Hoow T 08 seus o cicE &tivee, bem come
gk danvados s@mi-Sintalcos dassnn JTrmoE.
Orda partmante, tambdm estdo induidos informa.
SREE @ e N0 0E N 10 Sl DS CAE D
Mo e CdE DeEoEEs OO0 SUihNeE oM aeaa plania.
A impomaniia Ceod aspdod fome planka miedsna

& o pobencial madicingd dos BeE DrinSPInE abvos
sde grandas fong do Sae. atravis O aeludcs afa.
tuadice oy paGSysRadsrae trabalhands am oot
Caibas O@ Arardea, como a Franga [Suera San.
raGE], MR Gue caramentd o Bresl & o peig oo
Ml pogulagdo ralivd CeEia aspdoa do planata.
Entra outnos mobens gue Iemos pava @ publicagdo
do prasacie foi @ exciusdo cu nlo TENgS dekEE
&E0dCia am U 0ae ohrgs biblogrdt ode Maie Lsades
o stacas no Brasil, o Dweendnin dag Sanres Leaks
gz Hrasil @ das Exdines Cuthadas, da Sio Sormia
[VEE4), fato Qua ddddsu Semd Dhanta madicing vakoa
numa ralatva checundada pare peeEquEaloneG a
uEudnins alaren e plantas medicinas, ndo-fami-
kanzadcs com plactas Meadcings da ragdo Ame-
28nica. Outro fate importanta & gua ra Amazhng
bragfiaira s@ contacam abd £ anndees. di familiss
botdnicas distintas, palo nome “caferena®, antbra
alaz, @ & msoruce. Plie Cornda (1 558) ek e
SOGTAE UME JEEEEE, @ Techia Ewiananas Adkl, ca
famiia Gantanacead, uma planta, alids, bactana
raire ou Tesperadca na Amaehneg brasilers @ sam
& oonrrdnoa ubiyoa da B oennaedi.

O noma cafersra (mafd-mea ou cafd false, na lin-
Somse™ raginnal) bE Oed @ EeTaiNangE dasa @
sgumas oufras olantes na ragdo oo o catea
[Eoffes arstvea L, Aubacaaa], &m aspacal, @i 8
wardada ro pariods da frutificacde, guands @ cafa.
rana [P sonced) produz fruioe verdes gue &@ tomam
alards @d0E @ poElaniormanta avermalnados ao
ST AT @ cache localhiads ra pondE do
raka A planta & identdcada pola seonima botdsica
B pgaudcanifaa Ducke, nome gus reconnecs sasa
samaanga morfoltgica com oooafasrn, @ alguns
tastom (BESTAN at al., 2005 OUSE; WASJUEZ,
1884; LE COUNTE, 1547 FaMOCEUR: WERETT
POLOME.Y 1335 GREMaAND: MOBETT at al.,
1882; MILLIKEN, 1337; MORETTI: LACTILERAM,
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Ferolspny spracel Heok. i Ua
Tradiclaral, Principlas Atlvos = ssus
Osrivadss Esmi-sintdcicon,
Explormgis Commrcisl & Econdmics

12ET; MOSE at @, 2000; FOLEMERY: BHA-
THaGaR; MORETT, 1584; BILVA: LISBOA;
LEEESE 187T; VESMERDM at &l ZOCE). & morratn
rovmia botdnice de P sorvce Hook £, refletincs @
CRCEASETCE NELIND N dERc fdD JEkEd eEnADE,
fioi garantido por um parito noasa famika botlnica
THERAE W comunicapde passsall. & aepdca &
soruoel partianca & femila Smeroubscaas. Sea
‘il b dEingue 0@ 100dE 28 daTa E DEld reEan R
el Deecs bacidng da subsinnies torpdcican @iba-
TELE oganadan connEndEs SoMD Juakndeg
[THOMAS 18500,

Morfologia Macrossdpica

A B goruadd @ um arbusho gua atings atd 2.5 m da
ALurE, MUt amengoe e DO &6 suss partes. Apna-
sanie foliolos cartd cace Simdlniong, v e curtE @
rineries Juandoem ofioressincg acneeanta foras
ca pdiaas alaras @das @ aetames amaralon Oa
frutos slo soccdrpces. & miz cantral & eEpEEs @
o atranta, Fraguaniamen e @ Latganas 2 M ou maia
da oomprrmanie. A planta pode ser anoonirada
princaimania @™ rasifas do plabh na caposing @
i mata & tera firma, no nota da Asdnca do Sl
LE SSNTE, 12a7; GRENAMD; MOEETTI
JOSCUERIM, 1287 RIBEIS0 at ol 1588 SARANS
&t gl 2002: SILvs: USBES: LISSGS | E7T), @ tandi
sidn ragiairada o prasanga no Eouader Goana
Srancess, Pany, Solbmbae Weneroels MY 205, Z00S;
WMABOT 2005 MNe Brasi, aceeets de P Bosuca
foram dataciados noe Setadss do Pand, Sondbna @
Ammazones, sandn nasta ditmo, disbnbuidon am fodn
o Estads, corfonma dadcs ohbidos de harbdno do
NMES = ImEotuio Maoona da Fasgusa da Ameaboa.
Em paral @ sEpdcis dprERETIE Tlataplas com
Neston prncgalmants formgas. gua habitam ey
caula pon Esta para da planta & freadantemeanta
‘rdg.l o @ pane mas utizeds madisinalmania na
Amazhnia bramlsing, sando diseorival am feins
popularas @ por inmMmads 0@ MIZEFDE N0 nheror
oo Estade (5BE S0 ot al 1 ESE).

Morfologia Mitrosdpics

& anatemia fviar @ cadinar da & gonocai @ foi aato-
dacka por Saraiva et al. (Z0032). Ag eosdarmes das
fpinas sde glabias, AnMEEETIAM SEUlEE 08 panadad
orculadas @ asthmatoe aremostcos. O maofic &
SRR Lo wma camads da oalu ke @ pabkgada
wum pandnguime Rounose. S fesee veeo lanes wlo
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Extmdo @n ArtasBzafe of the Art W5

Dcolaterss @ aoreGantd™ dicbashos aRcurss da
ronbaddn t@nicn. No cauks envid@nod-Se Uim pansn.
gueima cosrtioal deesrwoiade, oom oiilulas de netunes
ECerangurmaice, BokdEs ou resdas e DagUE.
NSE SCEoE, dE SdCEdal aESEGLEL CiEmEmenie
ohEryd-Ea § reao vasoular [om vaeos iamaboong
GEoladcs ou @M Grupos merkcs e teoido fbroes,
sands o par@nquimas do tipo parebragusad, wai-
rantricn. M regiss centrad enconine.-ee ume madd s
Okl it & niarvurs Madsasa 00 Lengs mddio do
kmbe fnkar @ o pacinks BoEE e BT BN Lalcks b
& G- fRET D @3 QUMEE O EuaE o dlEE

Estudon stnobotdnicos » atnofar
magolégloon

Bam coninacia Do ponUatas mddenas, P eoriodd T
sache i izada hed bastanis femed e Medang tradoisnal
paia & betamento da makdna (SREMAND: MORETT:
L8CCUERAM, 1837 ke Bramid, ool das fofae acas
faizes & Laac no e o OF paetrita. come fandfuoe
& entakminticn (LB COMNTE. 1547], mande anmragacs
o Faru pare s maemas finanates (OUKE WaBEJUER
1 RASRE: SIEEM; SERSRA 20000 Mo Estacc oo
Berazones. o s pordla oa B eoeuoer & baskama o
ddo. eEpecE et na el de Maraus [FERSERA,
20000 ondkad & DO NN edaccd oo ook da B
Eofunes sando momercaipasns no Moameds MWondsipa
Bt Lishesa (Cantn da Man@on], como antimal diee
& faeifupn ha Guiara Franceda ooond do cacka &
wilizade peine Cebodes @ Sekur uma va2 acda, prafa.
fanCaTENE ekl Mmathd, @M combnapde tom Sanens
shoiodia Brgl pave tratar @ makdeia [SREMaND:
MOSETTI _#:p[:lJEI'.'I I, TEST: WALLIEERN, 1357)

Um asteds abnefarmancitgios realizado na Guiana
Francisa oo cat D o Secets aba DaksteEs o cimes di-
farantas grooos @ naconabdeces (Drdoes Saikr
Baity, brassken & eoroodia) Semoneire gue adraing
alncddrng srurananioes 0 parte o caulies, folas o elbas
o 2 greriersy miho Ut izadod para o et amen b corative
da Maldnia, SemEng e Cm i Bom oulres Eand.
San vadatan prefaratcalTants Oussss amate L
[Smaroubacaaa) @, @M Muilts CAErE. @ Comiinagdo
mom droges moderas O aeirann & obtde por maca-
rapdo da planta am rum ou owira beifida alcodica, por
WEMNCE diEE OU samanas L paduand cond & emiade
darEan valel fOf Eemand. Mol oo gus @M
MURrE st a6 planias medcral i utiizsian por
s Lamee 0o qus B0 drogas modamaes, podance
chagaratd | 5 das daadmrearagdo. Saguntdo a maoria

Bgyiiil Mibid - Wl YA eakhsbibe ed T
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Firrs'smma
Tradizioasl,

SR eI RCOE. 8 IFDoEs T o0 e TEE SR CRlE IeE da
coFmr B Malkdng, emretants, e planes samam”. Deg-
aa forrma, o peoel des Sooal ModanTas & Conmideradn
eEEENCE], ponaT ompemen e ar uss dae plantas
TadsrdE, @8 Juls JeRTIET @ TmunE werdadeed .
Sormorebow -aa ainda ous e aetrains e caforena, bem
oM did outras plantan, o wilimadss pare Danhar o
corpn, e wmd forrma dis ebminae @ febne, @ makdng o
iodas @n impomEn 13 o7 mkagdo ao te@manin
D DD, O @sdraD Bloodhon oa P sorune tambdm fo
unkTatds sampna am combnafde @ prafanancaal mana
£ SR ER0ENETTUT GO0 [Aptynatede) & O aTana.
Tamidim fiod consfatado o e do e e alandico da £
Soruned @m bachos oMo etamanis evantko da
rraldria (VISNERDM at al, 200E)

Em o esbuds wibsentants, Bartan o colboradors
1200E] darmonatram & capacsdasia do aetrato aquosn
o B sorueen da inbara f:-ﬂ'qu:.m hamosina, ohsina
carfeada da chgeatdo 0 Famog ehna, ispln Soid o
R TR Mo Tl DoE rUpE Ml T, Rt TiE e DoeEsreg
A o oaeEta. Erssiog in vivD OamOneleram Sua o
wetrEtn da 2 soruon ol canaT Oa il o CeRciman i oa
Cata WY E [Melaiasie & clonsgura) 0o parasa da maaa
iR Fasmeatum SisngeLm (eoncanbracdo mibndia
adatd t-ll 1,431 g'ml] @uma doss da adrale g =5
Mg da paan conpoial nibal &M 7T 5 % o SeaceTsen
o S prsngeeT i WD (D0 WaEeE Menoy oo Gua 8
racaca pale astrats da Crchorna ofieingig L1 O
mitratecombinade da & sorusel. O amans @ SekE-
SCEnETMUT @evis Mars (20 o gafeines frascas da
& goruna, com S fohas fraenas da O amara e 400
e caaca 0a 5 @ewE am | 5 L da agua terseta
oo 15 min] apnesantoes Gl dia 1,821 gfmL i wWhm
fremde @ 2 fsiciparum @ com inibiglo da 85,5% do
crascimanto da oaoa 17X do parssia Stagmodiom
yoadii el @ faine & UTa conDaniTReis o2 125 mgs’
. T o B0 L Traiennal 0 P e oy bl e i
da infacgBas da maldria. Mo ens@ic da inibiglo da
Edomirarakeapl da farmprot oporining 06 [FBIT] oo cedrains
ol Panred s el amara Fovam o ke i athos de
oua @ Cinchong salcows (ponbrek poeite, S1 37 on,f
L), pom 81, da 30 @ 51 gfml. mesactamea Sor
CATTD oy, & asiya o BoLces Dranarade @ parti das foinas
da P sorunal (DOm0 destrio SoTma) ne e o
riannama absvdace noesldge ine-nepatco do cona 1.1
o8 ceoa ITX oo mmeia 7 pned poedl. D oonidng do
S i BT e R0 (ol i H:-'a‘anw
o teee rdoconfirmaram o nformagle docua oedatn,
mia mua forma brota, podana ser oblizado am um
Irnamen i e ie onbra Makiiia.
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Estsdos guimicos

Reorant @t @ [185E) suomananam taJles @ e de B
oL aneoniada ra Guana Frencass & aliminagio e
RIS @ DDFOLrEE COM MEdRNC SEguitd da asiragdc
SIUCED @eR Gt P fualo @ doua farvarta O ax-
1 b e e S v i ey e e TG T ST
coneftrin am sahama kguidio- kyuids oa parti da fraglo
sl P o i i Do O saes Sl Jag saract da (1]
& imcbrucging 8 [ por comabografia am fasa norma
RACAET N @@l 1852 4 acaniagdn 0 sargackaa (1]
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Osrivedas Ssmil-mn

oroduzd @ decat heTes da (@) A foles da S wmasa,
tamiodm da Guisra Ferceca. forem cubmatidias ao
DoCeEsn da edracie dearnie asa fom eoladas @
"E-Camacal lkaneoda ) ol da sarpeceda (1) o da
scirucaing B (@) (POLONELY. BHATMAGAR;
WMOEETTL, 12324 Dea codles @ reltee e ideimes
satheos 03 Amazinig Drasierd, guanct EOmatioes an
TR POOSEED 08 selrRslD. DOFRT OO DeduanEs
~modificagtes, foram isolades cs guassindidas
~arsercacsda ) @ mobrumming B @ (SEHEECTO S @
@l 1584 WISISa gt D00 SaRanE 2001)
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Exindo dn Arta/Biafe of the Art W5

ExiEta™ @gumas oUlras eEpElEs JUe aprasanta T
2 eegatide (1)@ e iscoraseing B (2 ma suie oom-
pomipdo, ranhuma dadualas samdo ancondracd mo
Brazil For ssamphs, @ mstvuceina B O foi primai.
raMEThe md 80s 0 aagetw Sices &0l EanieTcs
WEIL (RUSCHAN ot al, 1575]. Tiechker @ colabo-
radoras [ 1323) tambdm Eoare™ @ eargackda (1) a
a ot neina B 0] de Perolarmimia uban Ducka [in.
Cadroma granatensd Caotras ), @ Bhat~agar atal
[1S25) Eclamm a mcbruming B [2) da Soulsmaa
wrad Lam..

Sprucei

A sergaciaa [1] aoreeentd @levads atralada vl
plasm D tanhe i vl QuaiTho B AWt Lima incan-
tragio da 50 ngemil foi capaz dainir am 3% ocres-
rirmsante i wen darana FLP da 2 fepanm (sanehka
& CinTEeSina ) @im cuEufes DT 2kl 2E N oo I:_ oa E
ng/mL {carca da 3 vazes manor do gua & da
sinrpnuna]. & Eobrussina 2 () eoreeertou ativideacta
ardimaldrcs M @D CReD YeREE Manor oo gus 3
sangactda [1). hos teatas 0 WD realzacon oM 2
Cabfiats MeG et anies & cloroguira EESE3 85 S8 e T 8,
a1 00 OuE ERtE NPT TamnE EE Mooy reEa b te
& EEEOCanEn gu nin@ Taresatar i i & Empechda (1]
fioi capar da iniber sgnificatiaamanta o creersmian e do
REREIE, @ uma concanbraglo da E ng/ml., anguanic
N Dave @ clorooune wm afsts inkitdn olntico
st fiod poegival pom uma cencentragdn Ram YEas
maer Sontagans 0 paresitds mMowiraneT oud @
sarpachda (1), da forma s@manania & dorcguina, o
afativa contra fodos oo esidgics esEanuRdos do
parEEila no EEngee Enmaing i wie mostareT oo @
sanandida (1) Yo canar da inkir @ mepa MEEE da
Bipgmacium barghad e e, oo DE [dosa afatea
medana)l dai0Z moan e ou B, CNcD VEaEs Manor
do gua @ d@ cloroquing (FAaMDEUR; MORETTI
POLOMERY, 1988). Seae raeu/tados MOLra™ a
supancridada oo agjuiva'@ncia antna & abvidada
SEMalrsd o ST @ N WeD O Quessindedos O @
CoroguiiE. BRN00 GolrE Cells RanRivaE.

Toxisidade & afsitos co-laterais de

B gprucar & bsnk componantes goi-
miaos

Como conptatede por Wignarnon @ oolaboradorms

[2005], mostas dag droges moderTinE, dnena e bl
akevada aficdnoa, sio fidas pala Maoria da popu-

B Mol Wl WY sebdsbibmled THN
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lspde pomo potercialmanta onds o aoraeantam
fiorta inciddrcia da dans ras fuogbes repdbods, au-
mantande ce afetos ttscos da maldng sobne o -
gade. Fana prafanmphen coniando B Soiac, Mmon-
nhacida por fodos oE wfonrmanies oomo axtrema-
manie inica, @ dose ublzaca & da apanas Uma Da-
caliania Kieare de o fd (50 mil) trde vades oo dia (20
g cha fhas frawcas am | L ca dgua farsanta per 10
i), Do AiuNE diss 8 oul el N80 & recoTerdads
Card Criangas Skem dEso na Amazdna Draslarm,
28 pracaracian da B soronn Nl plo recomandadas
para grévacas, devico ao afmls fntamants abotha.
Enroubno lada, chis firtoe (ca. 10 g da ceula britum@dn
wm ifusde da 1 L) da Qg o UESCOR DEE D DWDsar
ooaborte. Dawido d eod alovada toesodada por mjagdo
sunmutingd @ caundon pos 00EE el recans. DU
1.8 mgsagl. @ sargaciida (1) nio & indickda &0
irRtamanta da maldria de roedones (DS, 1.7 mgs
kgosfdial. A isobruceing B (2] apmsantou bL_das
‘_IEI.-"HE @, pomanio, posEdl Manol [Dndtacs @
camondongos 4o guad da sengackda (1) (FaMDELR,
WORETTE POLONSHY, 1 EES;

Atlvidada antitumoral da sargeolida,
isohrucsina B & derivados

& garpendica (1) apreearioy alevata aglo mibittna
onbra linfagens da salulae EUISTCEE @ MLt
dorges [P388) (FaRDEUS: MAORETT; RSLONSKY,
1S2E5]. Por pua ve2, & |15-Cecacatilsaryanioa [
sorEsan IO dpaNae Modarada ativetads @t eucdmera
Pemalid TR SRR T WD, S0EET da darmotEraT
alavach atnsdeda am tesbas A0 W [FOLSNGKY
BHaTNAGAE: MORETT, 1EE4). A sargackda (1) @
@ obrocaing B (2] foram atibzados am am
"ECTERNNY d@Abeedats 8T OIeTondl 1 wiET Redu o
aE oriantaphes do MEI. Ambes produziEm oon-
mantrastas lalas Tadaran :l:_”_:l T cram cia 10
@ 10 8 pam @ maond das lehagers O melansTa
& Qivarsds INhalets O cdnoar 0@ Cobet pumED @
ouiras linhagers da fumeres edidos (TISCHLES o
al, 1227, Shasne & colabcratorns || 555) temmanae
& alvidacs anbtumornl da mobrucaia B (2 & da
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fnihae @ oo eetrabes eyoreon de nhas @ raizes da 2
SCAUSD), NE MEETE CoNoaNirEgas, N JaTanalramm
capacidada aricida oot & eegenll (FO-UT atal,
it

Mo axiste ooty da P Eorucdl, atd onda beamos
connecimants. Tentativan da oelatar frutes o afatuar
Serminagde e prodopdo do mudas & sibastan oon-
trodadac tam o oueekEd limitade, lavando A
produsds do algumas modos, mas fre parcabida @
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CAPITULO 2: Inibicao in vitro do Plasmodium falciparum
por agentes quimioterapicos derivados de plantas medicinais

Amazonicas
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Malaris is the main camse of sconomic bows and high
mortadity o the world today and contzmes to be endemic
o mopical snch 2 the Ameeon. In the Brezilian
Amzenn, 1.6 million positnes plates. (thick smears) in o
iotal of B millicn diagnostc tests for malaria veere meE-
istered from 2004 to Fi 2007 (Mimisserio
da Sande, Sivep-Malaria 2007). Tha of an effecthos
Taccing and the increasing expansion of sirains of Flas
modinm fadcipanmm preseating resdvtancs: fowards om-
moomky weed, low-oost antizmlanials make conimel of this
disease difficalt (Oiliaco & Bloland 2001, Wallans &
Plowe 2001, Vieima ot al 2001, 2004, Gozzales ot al.
2003, Alecrim etal 2008). As a resuk, the Werld Health
Organizatiom (WEID 1978, 1587} has been promcting
musearch oo nammral prodect based dmes Sor teament of
diseass and mamy plant species have bean eralmated for
antimalarisl activity {Wanigarat al. 2004). In theas stad-
:im..-u::q:l]:.lmh.uh-m oo, the disoovery of lead com-

Frisnizil seppoit CMPgPPG-T SAI39270H5-6 asl 357104
2003-2, CMNPEPHOPG 520354099500 aad 5302602001-3,
Bicemamnis-Ems-Foped mnd Fupeam (FIFT 6703, CHEA-
I Wam | 3TN, Pelra 19T8/2003)
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15|'5|E|':| Tis ratiomal search for actve substances m me-

dicinal plants is 3 very proog and cost-sffecthoe sirm-
gy for antimalarial % :ﬁgmjr'l'halamﬁu:hhm
nﬂtﬁmﬂnurmlaﬁdhnmhd.pnfﬂnmgn—

of by imbabitands of malria -
El:u.l:l:r"'Ir E‘-mmpmm the extemsive svalmtion of
ninral products derfved from thewe soeroes (Camsphal]
etal 1987, 1998, 2000, Carvalbs & Eretl 1891, Car-
valho ot al. 1991, Branddo et al. 1992, 1997, Kot e
al. 2001, Andrade-Nete ot al. 204ab])

This riage of meafnl and effecthve plants is at the bear
of raditiomal medicinal knowlsdge and & an eriremely
inyportant source of therapemtic compommds in wse fo-
day. ]J::g:nmt.n.tmt—m:ﬂuu: ]mc-ﬂ,h:;i:h-ﬂ-:-uﬂ
||:|:|:|:|:u:|.al|u1.a.l :.'n'Juu ichl
hﬂhlﬁmmytﬁnhnlﬂimnﬂ.mnualihﬁ:ﬁm—
tien of anfimalarial natumal and aste-
o, respacteel) v, =aibncnatty aad i
plant species | Cirdona qrp.'h:r.ﬂmmm.ﬂ:lm.:m]’wu.ini
Arfemisia amvia m China, mspectv (Bosaxthal
2003). Eﬂl:m:.'ru.ﬂ:.nlmu'l-im-:mﬂ:ru.
mmd:.uhmtmualn-ﬂ.phntwhi:hp‘u-in:ah:hﬂilni

limg: alkaloids, di- and fla-
vinoids and other subs m““‘?"m nmm
sctvity agamst & Giciparom (Frederich ot al 1589,
Phillipuon 1999, Mnhammad ot al 200<4).
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Brzilian flom, especially the wast Amarom forest, is
a large, mainby emexplored sourte of mokecnlos with phar-
macological potantial Some exsmplss of sobsnces
derrred i'mpl.misuﬂdh Brarilian indians are pilio-
carping, exiracied from the leawes of jeborands (Pl
carpis_jaborandy), smeting, ohiamed from the roots of
ipeca (Ciplaells iremaramta), poamnd seeds (Fa
Lﬂﬁ!‘n‘a[cu:ma]. i in:aﬁinn.:lmn-ﬂ.a: 'Fﬁ.l:ﬂ'ill:l:l:l.[ﬂ:l:l.ﬂ.
curarws, exmacted foes the kosa of Chondondendron
spp, wsed in anesthetic i

Dwaspie @ rchness of owor flore, the role of Brasl
in the global prodection of Snugs bas been that of 2 mers
sq:p]im'ni'mrﬁngmtmiﬂiﬁninmﬁmaliutut}:
Thiz mdnsiry has growm iby in recemt years and iz
now estimated at U058 X2 bd wach year in phy-
h:'ﬂmapn‘hcagmbmdplm-&mnﬂdphmxmm
(Pinto ot al. 2002). However, mssarch in Braril on
Lhnm.u:-l]. biochamizal, a.nd.g;m-h.-: FRLOUICES east b

by
flexibls fnamcing from private and public sectors.
Thmuﬂ;h.ﬂ:.n-mm:inl:'lﬂrmmu.ﬂu pdantification of
kicactve compornds can in principls e optimized, load-
ing to geaier profits from the commercmliration of
plantma'hnuhmﬂ.ahnlmd.mammhpwnim

imrolves coordinated scientific effiort oo the part of dif-
fomunt professiomals. Thase profmsiomls guneralby

revent distinct academic divcplings, most mmﬂ
boteny, nafimal prodect, and synitstc chemistry, phar-
m:ulugrpnuﬂngrlnimhmlm’hm]ng&m
mﬁhiinh.rm“mmﬂnlhnrtn-ﬂmgm

soumd facts, 'ﬂ:ﬁmnit[uml.ﬂ.‘ng zgants for firthor clini-
cal and indhestrial denel can he identified

Im this work, the pharmacological potential of wer-
wral substancos Bnolaid from faditionally need antimas-
lariz| plants m:m]nmﬂ.'ﬂn'u-ugh.mnmjng:fminﬁm
inhibition of Imman malaria parasite species
fadriparm. The niimate goal of this weork is bo ideiify
oaw classes of anticalarial subsnos whick may seve

as & for the development of dmig kads having

nioval fumns of acon.
MATERLALS ANIF METHIODS

Plam matenal erimdion, am chemic) comsir
ot dsmar i~ The plants from which the substnces mdar
smdy were fvolsted are taditonally used for the treat-
mant of malaria and fever i the Amssom region and
am moom toe bocak w @fmm (Piorbhmma sporomd
Hook f., Simarowbacsas), amargess. araracanga

sridopemma desmardrom Benth ex Bfall .

omacean), amaredle (4 g oograrma vargany -

DC), and caapets-do-nore | Fothomorpie pefai L.,
Piparacoss). All plant maierialy wers collected in the
st of Ameonas in the loatons specified balowr.
Voncher specimens are deposited at the Institnio
Macicnal de Peequisas da Aporonia and Unieemidads
Fedaral do Amarones Hesbarmms. Phos wers dned in

the shade or laboratory and mmlled prior to extraction
Structural slucidation of fsaled ompoumds was per-
formed by amabyuis of 1-IV / 2-D KME. mass, inframed
and wlhiravinlet specal dam and companizon to speciral
daia avadlable in fhie liberatems.

Teplation off J-merodidvicatedssd (7 from £ poltata
- Caapeia-do-norte was culfhoaied Amamnaiy
Ocidental (Afanams) and harvested Boods (150 g) were
axtracted with a 1:1 peiwturs of CHCLEeDH (3 <« 13D
znl: 1% min sack) in an ubtraseund bath A far total avape-
matiom, the sairact (195 g; 13%) s chromaingraphed
om silica gel wing a §:1 mixture of CEHCL, ExOH 5:1
which yislded pure 1 (8.6 g #5.1% w /o based on ex-
tract, 5. 7% based on dry weight of plami.

eolton of mecrerngecdioe (&) from P sproced -
Cafpram was collected in the fown of Sives. Roots and
-:hm:[ﬁﬂ:n]m with haxame: in a soxhlisr
aﬁunrm. Tap r axtracied with vabar nimg the
1,05 . ConEzmous liguid-lioqnid extracton of
the resulting concemtrased H, O camact with CHCL, was
them Tha dascribed up h:rHu:lpu-mI
was essenbally that by Dlomettd et al (196X
for the isclation of other guassincdds from this plant.
o developed 2 medod which obviates the need fora

wiep. The concemmaned chloroform ex-

tracts {33.1 g) weme dizsobred i a minirvem of hot wa-
tor and acetone (2:1}. 'I.']urnrnlum[mcq:m.hu-m:&arh
temally meaysiallized w give b Lids
(685 -Eu.g.ﬂ[lllh huqd.-:-ndr:rmmht u?ﬁﬂ =

Teodation of a'dptome (3] fom A wargasy - Ama
llowas collected at Inpa's Adolpho Ducke Foerm in
Mamaz:, Bark (1.30 kg) was cacemated in ExQEH 1%
]'-[[']"'.:-‘{'] (ag.). Aftr filaten, evaportion of sobmmis
-i::mhﬂmiﬂ:\lammm;umtmdmﬁd;m
AqUROTSE acid The aqmeous laer wes bas-
iﬁnitnpﬁﬂ-mﬂ.ﬂmmmchho{mlfhm-
mmﬂmwn an ali;loid-mich fac-
tiom was (E[I:E_,"l. portion (7 g of this faction
s sequemtia by chromarographed on sitica (CC, then TLC)
wming diffarent aluentes to yiald sllipticne (3, £8.2 mg,
Q0052 % based on dry weight of plnt).

Feoiart oy m"..:.q:&'damrpﬂw il from A, desmanthrm
- Callection 20d extraction of amargess (am manga),
as wall as isolation amd of 4, was
the samg a described above for 3, wihersin bark (1.2 kg)
vielded sthamol extract (37 g) which was partitioned and
vielded 2m alkaledd rich pH B fracton (1.47 g). Sequea-
'I:.a]l:l:l.'lml-]:lhaw n'h:'um.l:-:\g'q:h.]'-:m a portion 1.4 g)

of thiz faction docarpine (55 5 mg, 00053
based on dry wedght of {1
Farase cw'ooe and ir witre ardmadariad teses -

Chloroquing, pyrimetiansing, and cyclogmemil reaismme
£ fdciparmm stain K1 was acqoired from MES (e
laria Resgarch and Redforunce Feagent Resoerce Ceanter,
Manassas, Vingimia, U5 and wras nsed in the = i st
Parasiten wure maintvingd in confimmons cobfoms m A+
romam arythrocyies, ming EPST mediom =d
wrth 10% lmam semiee, 20 descoibed by Trager and Jonzen
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{1575). The atiparasitic sffect of the compoends was
measired by growth inhibition percsotge 2 desoihed
l:l:.-'C‘a:n.IJ::- and Erettli (1591 Brsdly, trophozoite-
stages in sorbitol-synchronized blood (Lambros &
Vandarberg 1979} were cultered at 1-7% parasitsamsiz
and 2 % hapeatocrit and then meubated with the plant
sxiract or isclated compounds (maximem 1 mg'ml i
semal dilutions), diluted with 0.02% fnal concenimaticn
of DMS0 in cultims mediem (BPMT 1640 for a toal of
45 b at ITC. A poadtive control with referumcs antirs-
larizll dreg (chlorcgeizs: and quinme)) in stznderd conoen-
tratioms. (Rieckmams ot al. 1578, WHD 2001 wes wmed in
sach exparment The stock sohitcns wwm fother dibrisd
in. comp et mesdier (RENT 1640 ples 1 0% besan serem)
to each of the nsed conmentmations (00001 up to 100
pgml in sevea dilotiozs). The half-saximal mhibitory
(IC,.) msponses 2a congpared to the drg- Emn:m:h:nl:.
wars sstimated by intarpelation nsing Microcal Origin®
soffware. Each deplicate experiment was repeated thowe
tireas and blood smears were mezd blind

Searisti i amalyss - The dat of in vitro antimalarial
fests ware azabyzed with the Bicsiat 1.0 MCOT-CHPyg soft-
ware pachage wring Anova and Smdant’s et

RESIILTS

The rewalts of the = vitro tests with compommds ob-
teined from plmt exirach against mmitidmg-resstant £
Ladciparum Kl stramn are pressated in the Table. The IC
of compoends mnged from 20 oM to 067 pb. Moo
sergeolids (). a koowm quassmoid which kas preniously
bean. inolated fom Micrmemma sprvoed but for which
poried, showed sigmificanthy higher activaty (0. = 2.0
=) fham did the other compounds tested. Fig. | illbms-
tmates Se dowe-reapomse carve for this geasainoid shoo-
ing a tendency of standard carve; this azalyws was par-
formsed for all tested compounds. Ellipticing and
aspadocarping are ko indels alkalodds for which am-
timalarial actvity hes oot apparsatly besn prevously
dascribed. Both presented sipnificant inhibition of para-
site growth (IC,, = 73 and 1% oM, respectiwly). 4-
Nerlidylcatechol, a metzbolite found in Fotomormie
paltata for which no dafa is avzilahle as to antmalarial

[ ]

ca K = O

P e mornie el
M

E2

1E-2 en [ 8]

L arramhca [

Fug 2 diodmaive v o mulli-dry rorodend Moo
s indciperun K| stnein m the presenee of diffoeel conceninstions of
the umssmeed necmergen ke 1) besied wikk [ o valor in epresenisttes

; coniidonos wviervel | 95 CT) =000 — (000, Statodrul analy-
anamony sddiixemn] poerym shrwed sazderd soor = SUGIT, peidld

activity, presemted good parssite imbdhition (TC,, = 067
uAl). The in vitro sensiteedty of the F fadcipanm siain
1 the compounds tesied wes sioular and reproducdble
in assys in doplicat oo separate oocasioms.

TABLE

The hall-minsmnal ishibilkesy Somenieslion {100 ol eaklad obslenses Fnoms HI:I:II:IIll"I:I.I:I:"ll'l'EI:. Hm:lm;l.-pn.rn'_
Aspidhspomm wrgai and A deomnfow lewends Pirmodioe G @ (K stan)

Meamn [0y values"

Uispou] nase Trrwtural clams Plinl sjrocsafemne gl [TLE]

Mamcrgeluls asscaimoml ierpecnd e micmma oo [ELE] | 0oz
Elsplacans Trnchind=- el sl ] Aspidmpormm wmigany [T E] oo
Adpndicarme Trnchind=- el sl ] a{ﬁﬂﬂ'ﬂﬁﬂ-ﬂm i oan M i o Q0T oors
by ekl Flemylpnpasad Lerporsd foomophe poiaia a1 06T
Chleroopaire S plsgrlete ll lixdne Svmlhaetn: comn s standend (el o
o il ¥ s dallalion] M aluial comberiial wamd s [T ooiz

a2 migin vakies m eepicenlalive ary. Al experimanty wene parformed in duphess.
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Plants of the famity Simarcebaces are widely wsed
in aditicnal peedicing for the teatment of malana, can-
cez, dywntery, and other discases m countries around
tha world (Okano ot al. 1990, hiuloremad of 2l 2004
Cruassinedds are x gmoup of degraded tritarpenss found
in the family Smaroubaceas, that dhow mamy biological
activitins such as amtitursor (Fukamiya et al. 2003],
anfifesdant (Dtaide of 2l. 1957), phytotomic (D% Feo et
al. 20403), axdivizal {Apars et al. D002, and andihaleintic
(Munczmura ot al 2005 The antmalarial actviy of
woms quassinedds like brasatol, and
quassinhas been demomsiriced presioesby (Wmight 2005).

An ettmopharmacological ﬂ'nﬂ:_'."mI'mn:'h Gayam
MMFmﬂmmewﬂnﬂrﬂu—
act is meed i local maditional medicine 25 a comative
oxtment for malaria in assoc irton with O b pormom
spp. [(Apecymaceas) and Chmssly amara (Simxarouba-
ceae) or modarn drmgs (Wigneros et al. 2005). In a sub-
sequent study, Berand ot al (3007) demonstrated that £
sprucadl waker sxiact can inhibdt hemozoin formation.
In witro assays demonstated the antimalarial activity of
this exiract agaimst the chlorogeine resistest P iy
parrm sirain W2, Sergeolide and isobrucein B are
quassinnids which heve bean fuolaied provienshy foom &
spruca' and exkdbit high antplacmodial activity. Azainst
chloroquing-sansitive FUP vmin, wergeolide axhibited
an IC, , which was Sve times heqs tham that of lnobmacain
Baniﬁnwmhuﬂnn&nhﬂufnh]mmm&d
sam stain. In vivo assays demozstrated that wergealids
was capahble of inhihiting [ borgiel strain WEET with an
ED,;, of 0.2 mg'ksday, fve e leas than chloroquize
|:1-'a.ndn'n:rntal 158 5)
roots and stems of the 7 spce’ was moms acive than
gaining and chloroquime; with activities in the mdcro-
ouolar rangas | amahla to reported rumbt.
Sevaral aru imowm to mbdbit the oo of
P fG'o'panmm in coltee at newomelar concentations
(Euno et al. 2004). The quassinoids cemocinolide and
simalikalactone O, isolated from the root bask of Simata
o7 APOC TSI Ware Iuml:l.h:rhnputm:tm'l:d:‘n- against &
fadriparmr clones T and W (Mobammeod of 2l 2004
Fassarch has also rewvsaled quassineids which are 4 and
12 timwas mriam'l.'nmm'-:- (vin omal) xgainst rnl:h::l:t
e=alariy parsdte (Phillipson etal. 1983 than
an.ﬂm'hmmm.. respectively (Eim ot al 2(H1). Depite
thase amtinealaris] acthvities, quastinodds nsually prosent
toxicity dme principally to protedn synthewis inbibifion
and it iz Hkely that parasite and host cell dhowomes ang
too similar fo allow for the development of selective
imbihitors (Wright 200%). Em-rh'n:rmlmqmm
like an @ f-umsaturated kotomn in the A ring, an
spoxymeetinlons bridze in ®e C ning and an ortar fonc-
ton = C-15 2 considered very i for the anti-
e=alarial actihvity presented by quassmmoids (PhdllEpeon o
al. 19E5, Armerim J Poblin BN

Two morpholegically siler species of Mhofomonnie,
namely 7 paltara and P! omiedats, occer widsky in Brazil.
Beorth 2z knemm by the popralar namg capata, among other
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mames, amd are used im raditomal medicing for the treas-
mant of maliriy Both plants produce the secondary me-
taibolite of mived terpens and phemylpropanoid hicsyz-
thetic origin, +merolidyim-techol, which was evalusted
1n the presant stoudy. Cualitrtes tests have shown the pres-
ance of this compomd in the root, kaf 2nd inflones-
cances of P peiars and Hiembere wonld seem to seg-
@ast a similar distribution in P omial bt (Poto 200T).

Seemal smdies on the in vitro and in vive anfma-
lamal acteeities of & umbaliae and 7 paltaia have bean
meported. Apsorim et al. (196&) evaluated the sthanol
sxmacts of ' ombellat (leaves) and I pedara (whele
plaxt] against & Seqghe/ in vive. Reductiens in pare-
sitamin of 68, 55, and 25% ware observed for the &
umiey ity extract, wharsas oo activity was chsarved for
¥ poliatauxtract. In a similar stndy, Amorim etal. {19EE)
wvatuatd loaf ettancl sxtracts of e wanse spacing by
sebootareous and ol adminivmation and found that &
umisy fata leaf sartract wmificamtly rednced blood para-
witw bevals at differunt doues whereas 1 peitara leaf ex-
tract was mactve at 300 mag'kg in bhoth tests. Om the other
kand Adami (1995) svalmbed 1 pailtara and & omieiata
lzaf hoxane and methamo] sxtracts in vivo throngh cml
and subcnbmecns adminiiation in & Sorghed infected
mice and found thet thoss ewiracs wens: mactve agaimst
blood formms of F! borghel. Thess resalts lead Farmuira-
da-Cruz et al. (2000 to conchude that the oral or soboa-
tamgous adminivtration of plant cxtracts in Flasmooinm
oo infocted rats was not effective at detecting the
antimalarial activity of these plants.

Fals-Naebo et al. (1597) msted the n 1700 2nd i vito
antimalarial activity of F! peltara leaf, root and stem
water wriract niing a new method. Briefly, this methed
imvolved cml adminisiration in adwelt s via gavage tobe
{6 x i m) for 2 deys. After thiz period of toatmant, the
s wure bled and blood sem were tested n vito in mi-
croculteres of P Gidcjpanom nsing tritmee-labaled hy-
poxanthing incosporaticn for parasite quantifiraton. In
vitro F! f&igpanmm inkibition ($5%) was cheanced for
sarnns obvtaingd from raty incculated with P poltat we-
fer extract versus comtrols. Frops the resuls of this and
other sxperiments, differences In P berghel and P &
o marem hlood hiology oxight be thought fo be re-
spomsible for the of m wive activity chesrved for
Fothomorpbe spp. sxmacts by some authors.

Ademni (18935) also svabmied £ poitais and 7 mm
i fata leaf haxane and methanc] sxmct = 1Itro o be-
man malaria parasite species P faicipanm. The meths-
ool exirects of both species presented seater inhibition
of  &Gicpanm groad then the heeme exmack. Ina
more recsnt shdy, Atindehon ot al. {2004} obuered the
in vitro atiplasmsadial activity of ¥ omis'laca leaf stha-
mol extract ﬂl: 1.7 pg'ml) in chloroqning and py-
m‘ﬂ:mmnmuﬂﬂﬂ’ﬁ;‘n‘pnm Wo obtuingd a wimi-
lar mesult for the alcobol moot extract of 1 paltata in
vitro m the Kl sirain of P falciparem In prelinsinary
work, 4-marobdylcatechol (1) was shown to be active
against 7 Gn'oparmm in vitro (Pinto 3002

Tha sceening of nateral prosdect: provides the chance
to discover new molecnles of emique smcmres ath high



el dnat Cawelo's Cher, Ko de jamine, Vel rEa), jum 2000

activity and selectivity which can e forthar optizmired
by samd- or fully symthetic procedums (Holzgabe &
Bochthold 1959,
Alkaloids are one of the most Sacizacng classes of
for buman we
{H::Jll:pu.n-:ntlL:rrm}.Ea:.wﬂlL 003). In general,
indols alkaloids are a class of coompound kavizg a range
of bdnlogical activities, mclading antthackenl, trypano-
cidal, leithrenicidal and anticancer {Sakamote-Fojo ot
al. 1968, Diadoransi atal. 2001, Koo of al. 2004, Faomira
at 2l 2005, Tanakes ot al 3008) The axti ial ac-
ﬁrﬁrﬂmiﬂhlﬂﬂc&ﬂ:hﬂhﬂuim:ﬁ-
mated (Wright at al 1954, Tem ot 2l 195%4). Propsising
resalts have besn ul:lram-i]:.rnn-:-'n.i.]:.rl:l:.fn-ﬂm':ﬁ:-:r
apidosparnsiding stncmral amalogee: fvolated frooy
A. pyrifiolom and A, megais cirpo to Nigesan chlore-

quing-sensitive 2nd a Camaroon chlonoguing-resistant
(Fedll) straim of P GSicoramm. o the chlorogeine-e-
sistant :.111.i.1:|.. apidosperming, 10-methoxyaspidos-

:.ﬁmE-H.IE e £163, 19 ;Pﬁﬁmmmﬂy

wharsas aftar ]:..]I: ware 3.8, 3.2 and 5.8 pMd, re-
-Lpn:l:ir-n]'l.'.]:n.ﬂ:.i-l:]!]u:r i ittve sirain, afimr 14
b IC,, wers 11.0, 131, and 22 O pM, reapectively, and
%]:,4.ﬁ,j.l,mi15'p_‘|{,mrpnrﬁtﬂ:r{hﬁhhn-
Offer ot all 202 Hars, the isolated moncterpens -
dole alkcaloids ellipticies (¥) 2nd aspidocarping {4) ware
more active. The actinites against Kl sirain wers of the
same order as those observed for the t oid-
pheaylpropancid compound 4-narolidvlcateckal (1)
Thiose compounds or chemical goups hawe already
shown potential as new dreg Isads or may hanes an ipact
on foiume drugs. Farther studies showld explors thess
compounds & 2 prototype for an aptmelaral amed at
tha F um exzh-resistant pamsdtes.
Adaptation of the protocol cited above to high-
thremghpmt platforms, as well 2 oplemeerztion of pwed-
am imdirect methods for the quntification of in vitro
pamite growth, sech as fecrmetry (Smilkstem ef al.
20 are enderwy and will be esssntial for @ moeee
in the swals and dymamism of stedios on amtio byl
plaxts, isolated natural substances and their sami-sva-

'H:nt.l:ﬂ.m'l.'lt':nl potentializing a process of contime-

i the near fanre.

mﬂﬁﬂj stahilization of gecgraphically specific
# fal o panm populations In contimmons i vite calnre
1z endarway and should permett imesatigaticns into the real
susceptbility profile of thess regional parasites to the
active subsiances and plant sxtracts which prosent prom-
ising inkdhitery comcantrations It is our hope that memarl-
aidgs of thiz regicmal profils cam be weeful for the idanti-
ficatiom, based on sound cxperimental wridencs, of the
most important and effectve medicinal plants for de-
valopment of mw and effective antnalarials for local
lecalar profiles of tha s pareadtes in associaton with anahy-
s of penetc meistmce markers (Ma ot al 300T) shonld
coniributs o the shcidation of powdble mechantow of
reidstance of the pamais to the matmal products wated 25
wall 25 aid in e dlﬂmnfmmph [l.nd--:-rm'n'
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labewalaon. T Machel: Radmgus, Walllerho: Salgads, and
Adrrars Ermioon lin o] sppar! previdal desng e m vile
culloring dod snlimal sael Ly ppocsdess. The Tollkreag -
15 ez e habasshipe feczived Fom the iadicgad
agensie. ¥WFAN (MUTINMPATCT), RUMA and MESM (CNPy
14211 501 gnd 3B4136T6-0, respoctively i, MUH sd ECCS
{Capes), LM aml ACHF (Fapeas)
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CAPITULO 3: Isolamento da isobruceina B e da

neosergeolida de Picrolemma sprucei Hook. f. em escala-grama.
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Gram-scale isolation of isobrucein B and
neosergeolide from Picrolemma sprucei Hook. f.

Ellen Cristina Costa da SILVA!, Rodripo César das Meves AMORIM?, Wandedi Pedmo TADED,
Adrizn Martin POHLIT?

AETTRACT

Cuassinoids neoserpeolide and mvbrucein b, cbtained from Mosdomms praics, have proven iw e antiiemor, antimalarial,
antheminthic, oyiooomic, inssdicide and beisymanicidal activities. Theme is imesest in the & wipe pharmacological soedy of
these namral componnds and their ssmi-gynthetic dermrives, however, the quaniiris obimined in peevioms citraction prooeeses
have bezn shown to be 2 limiting factor for continuation of thes: sudies, Herdn, we describe 2 methed for ohtaining prams
of thess quasinoids whose porificacion refies only on recrystallizstion.

EETWORDS: Caferana, Simaroubaceas, Qmasdnoid, Recrpsalliarion.

Isolamento de Isobruceina B e neosergeolida de Picrolemma sprucei Hook.
f. em escala-grama

AETUND

s quasandick= necserpenlida « isobnuceing B, chiidos de Mool gpemce, pesuem atividades anciiemoral, antimaldnc,
anti-helmintica, ciobdmica, inseticida ¢ anti-leishmania comprovadas em sudos oo eire. Hi imerese nosmodo Brmamldgion
I pve desegs sober Inciz namrais & de seus derivados sxmi-Entéticns, porém a quaniidade obrida nos processns de enragio (em
== mostrado um faror limiEme 3 oondinuacio deses simdee. Mo preseate mafalho, descorvemos om méindo para cbeengio
de pramas deses quesindides oy purificgio depende apenas de oristalimcio fadonada.

PALNTEE CHWE- Caferana. Simaronbaceae, (lnawindide, Recrieonlmcio.

" Cume d PoograAncin Qe so Mrsdees Rlure . besbein e Saresn B Uneormdy A s ol 20 ATeernae SRR Bvemdy s Uodga Db Jarkic Yamm.
0L Ao Garpar Ursvarsi, B3 CTT-000. Mmme Armecesn. Sl

? e & Fos-pachmcin cn Biokowologin Univarerhsto Podanl de Smcomar (URANL Svenids areml Pisdripe Sbvio Jordic Maem. 000, Abes Sampue Univarsiasio.
ERLTP0EE. Merme . Ao Srol

i Comvioracio & Mopesn or Cincar da Smdda (DS inckisic Maciamal & Foquiem da Srecani JNPE) . Aeanedy et Aralp. 3504, Paepoie. CEP ES0AS-000 Momer
Armoome Bl

i Coodomcio & Mapumm s Fradeior Ssbarae (GPPRL Inchilulc Fecomil #2 Mcopeems . At (). Svenida Fadrs Sagn. 289 Pomopale. CEP ES0R0-000. Mormer
g | PR B 11 7T, ok arepechithenn. o e,
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43



BMEGNI‘:FL Crarvscaie Ecteban of s B 20 neasgeskde om Fovmisnms seace Hook T

Isobrocein B (1) (Kuopchan eral, 197%) and necseepeofide
{2 (Schpector eeal, 1904} are hinartiee seoon dany meabolies
belonging o the das of highly oxyeenated tespenoids
known as quassinoids, 2 da= which is exdudeely found in
the Simarouhacear plant family (Fpume 1) Their Eolation
o sl srakes bas been described peevionsly from the stems
and roois of Fareloema pracs (mrnoaym P peedseifa
Drocke) (Moeeiti er ai, 1987, one of several plant species
known in the Braxilian Amaron & “cferana” (S e al,
1977). (hher spedies known as cferana are Tachis pupemesty
Aubl. {Gentianaceas) and it sipsidepas Tl (Quinacess)
{Comea, 192 Silva er af, 1977). Compound 1 wes also
chiained from the beaf eviract of B gowcer (Polonsky e af,
19E4). The antileukemic, antifeedant, antimalarial (Fandeur
exapd, 1985 Andrade-Meto ar ol 7007), keishmanicidal and
anthelmintic {MNunomura e &f, 3M6) activities of thess
quasinoids have been reviewed recently (Amonim and Pohlic,
Bis) and a srudy on the opiovmic, larvicidal, anrimalarial
and hemalyric acrivity of 1 and 2 and reo s=mi-gynchetic
dermatives has been recendy published (Silva eral, 30060

Despite mose than 15 years of miesest on the pan of
chemistx and pharmacolopists in quassinoids from 2 gL,
methads for obtaining them are still both resounce and tme-
oonsoming. Moreover, non-merainable setraction dieeotly
from the Amazann foeet is the availablz method for chizining 2
sprwcz) @t present (Amaorimand Pohlit, 2006} This fact limits
the poieniial weefulnss of this Amaoaiin medicinal plant
and the quasinoids ohinsd feom it Smdis are underaay
o develop aminabl: peoduction methods for this plant
and its tissnes (Barros and Pohlit, ungroblished work). In this
report, we describe 2 methed for obtaining both 1 and 2 an
gram-scales witheur the need for prpamcive chromatogaphic
methods and using fractional recrystallization in the

[purificarion siep.

Callection was performed in Silves Municipality, in
Amzzonas Srate, Beazil, in Apnl, 2003. Youcher spacimens
have heea previously deposited a the UFAM Herbariem
{Sihva 5719 & 573 ld=nrificrion we performed by Dir
Wyt Thomas as Pioolmma grwce’ Hook. £{%ayr Thomas,
persanal oomm. . Roots and siems were oot inen small pieces

while freh and allowed 1o dry in the shade and were then
pround.

Im 2 pilot-scale, stzinbex-aee] Soxhlet extractor, powdensd
stems and mots were depreased by continoous antraction
with hexanes. The solvent was evaporated from the marc
which wa= then exhaustively exrractisd in the same apparams
with distilled hot water. The water extracts were pombinesd
and concenirated using miziony evapoRrion i e with 2
Sls%=C bath. The esolting concentrated water sxtrac was

in TH} mL of water snd coatinually extraoted
with chloredorm. The three concentrated chloredom exiraces
(to@ling 41 8 g, after total evaporation) were sach separately
dismoleed in 2 minimuom of kot water and acetone (201, wiv)
Sibva, 200). Crysialiration cooorrad upea moling, of the
eesulting sobmtions. The fire chloeoform extrace (CF1] yidded
threse coops of orystals (PFT1.1, PPTLE and PFT1.3) and 2
filtraie. The second and third chlomfomm extracs (CFX and
Cﬁ-]}'i:l-i:d one crop each (PPTE and PPT3, eespectivelyl.
After recrysallizarion, PPTLL, FPTL.2, PPT2 and PPT3
yiekded 2 ol of 1.7% p(0U0ET %) of pume X Rerysialloations
of FPT1.3 yielded 1.17 g (0018 %) of pure 1 (Scheme 1)
Identification was performed by comparison of physical and
spectral datz with liseratore data (Moret e al, 1982: Viein
evad, 300 Thee aibowe Enlarion and purification procedures
were monimaed by analyring extracts, fractions and subsancs
by normal-phass thinJdayer cheomatography (TLC) osing
ether - isopropyl alcohol (9:1) 25 mobilephase. TLE plates
wer converiently devaloped by contact with iodine vapor and
illuminarion with LTV light {254nm). The R valwes for 1 and
2 were 0.5 and 0.4, respectieely under thee conditions. The
medting: points (m.p.} obtzined for 1 and 2 were 2582601
S and 200-204.1 M, respectively

Mor=ri e gl (1982) used depreasing and evhanstive,
serial hot water infigions which ar 2 lengthy and tedioos
peocidr, epodally on 2 pilost scale. |nowr sdapiation, the
use of coatinwous liquid-solid estraction for these andem
stepes provided quessinoid-rich, parrially concentrased water
exiraces. Whereas in Moreiti ee . (19E87) the chlamform
exiract wa chromatographed 1o yisld 1 and 2 on milligram
scales, por method obvises chromaopmphy aliceether.
The key reorysmllization siep semoves polar, water soluble
substances peeent in the chloroform extract and provides for
differential recrysialization of 1 and 2.

This methed shoald aid researchers interested in
chining 1 and 2 for phammamlogical stodies. Cald and
room Emperarare extraction with non-chlorinated solvents,
followed by recrystallization, are under stody to fiercher
develop eulti-gram Eolation of 1 and X

i WOl 3501} 290% 235~ 52 « SIG ol
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CAPITULO 4: Atividade bioldgica da neosergeolida e
iIsobruceina B isolados da planta medicinal Amazonica
Picrolemma sprucei (Simaroubaceae) e dois derivados semi-

sintéticos
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Biological activity of neosergeclide and isobrucein B
(and two semi-synthetic derivatives) isolated from the Amazonian
medicinal plant Picrolemma sprucei (Simaroubaceae)
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I whe presem stady, e viro sechmigue s wore ssed o Svvesrigane o rowpe of Mologrioad acmertes of krown novs-
raf guassiroids teobrwoein B () and mecsergealide (20, kmown emi-amnhene derreative L i2-dbaceryficobrmeein
73l and a mew semi-rymshenc dervarive, | 2-acetimecsergeolide fdl These compounds were evalwased jor general
woatciry aoward te Brime shnmp specier Artemi franciscana, cvmnciry sward kussan wosr cells kv
dod acmary woward the demgae Ever mosguien veckr Asdes aagypt, Aeemoditic acthily i moase enlrocies
ard amrmakarial GCMIY against te Rwian malira paresne Plasmodinm E.I.-:l:pm'm. Ciomgnaumay i and 2 exhab-
feed the grearest ooy apencd Al che mmor colls wened (80, = 527 gl and i ST RLTRT
Fil]q:m'm.fl‘mrr."ﬂ"}— i -rlli'ﬂg-.n'Jn'.l.HhasMynmnm e easkoemig HT-80 sreadn (8
JLK ) Cuassmoids Imi:r.n'lf" = X 2= o wagp' T dieplayed greaer lechaling tham dermuaumee 4 LT = 7 Ll.l-lg:J',I
rowand A asgypd brvae, whiile dermvanve 3 was inacnve. These reswdis SuUgREst a navef @p&.:muj:.r tfse manirm
guresmaids ar faracides e wocine fowerd A francsoma cowld be correlared wigh the gonviny i several hicdogi-
cal models, @ fiadmg dhar is (v aprecmo wizh ohe Meranre fmporianly. rome of the stedfed componrds exfabised
fe viero Raemsolync acindry, suggesnng specificiy af the obserwed cpfodone gffecie i stdy reveals tie Biologioa
potenvial of guassimoids [ omd 2 and e @ leeser exienr gheir semi- gonniene derraantes for thetr i vis aniwalanad
ot CRaInTie ScEhAes

ey words modccrgsalids - wolresain B - 12-acstylnsnssrgechds - 112 -Suatyluchiasin B - cpucloaialy -
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The glotal malaria simation kas worsened in the st
two decades with an sstirabed 353-300 mdllion newr cas-

copporand is active aguinst drop-mistant Plasmodise
faiiparsm, the most kthal hnman palaria panasite spe-

e 2nd morg than cos millicn anoual deaths attibuted to
this dizeasa, ¥ of which hare besn recorded mn Africa
EDNDE L CDC 20E). Global afforts toward conmol-

malaria ame greatly challemged by the moreacding
spn-l-infa.n.hm.almald:'n;m-mnﬂmﬂ.ﬂumufm—
n&rmmdmﬂ:urmﬁrdpuhall} reLpomsi-
bl for the difficnltes in malaria mertadify and
mortality (Vastorgaard & Ringwald 2007). Now drugs
are tharséore Deeded to treat malatia. Infarest in plamts
as sources of e asdimalarials has bean stimvelaed by
the isolaiton of arterdsizn from Ariewdas e, Thos

Freancial meppor:
CHPgPRORE CE2015
Fepad Contract

+ Comesponding asibor: ermpobliSieps gov br
Receved 9 hene 35408
Accopied. | Doormber 3000

TICHT ORS00 SASERE AWE-AL
L SRl -1, Feoarmsoon m-Fes-

4/

cims, (van Agimae] ot 2l. 1999 The Brarilim Amsson,
whars bumen malaria is eodeznic, is ooe of the mchest

somrcas of plants with ial pharmacological act-
ity. Flanis mﬁm{nmg:ﬁmﬂn dissase 2 i
fesions or as addithres in alicoholic beverages (Milliken
1897} Piorolewmna prendocoffea Dude (peendomyns Sor
Picyolewmn sprucel Hook. £) i oz of 2 mumber of plant
specins known in the Brarilian Amawon a5 colrams and
is compoaby used for the trextment of malaris

%rﬁ'ﬂl.i'l]ﬁ.;mlﬁ [&rmjn:lﬂll]ﬂﬂ?l:l'nh&

In tho j.mn:l:gm.ufﬂ:m tnlogical actvity of plant
exiracts and nateral products isolated from plamis, the
brine shrimp assay is a valmbls ool for establisking
ganeral toxicity and cytotexicity parameturs. This sy
consists of cxpouing bring thrimp larvae to plant cotract
in saling solnton and lan:al mwortality is evalnated afier

oz day. A wery positve correhition between the lathali-
1y o brine whrir and cytohoxicity has been ertablivhed

onlme: | memoria o Foorss by



by mesearcher: working on the developewot of newr ani-
canoar drugs from plasts af the Mational Cancer Institets
in the United States (Andarscn of al 1991). This corm-
laticn is comridered so good that lethality tomard brine
shrimp is recommended by thess authom a5 an efectie
pre-screqn for extuiing in vitvo cyiotoxicity and amtim-
mor aszys (Andorwom of all 1991, Qwignard or al 3003

Imasive mowgaitoes are ecmomic and saedtry com-
carns, eipecially in Furope and Amemica (Boyer et al
24 Armong the mosquite wectors of most concam &

Aedes aegypn (Diptera: Culicidas) which erigzated =
Afnca, kas around the world and is a wecior of

vallow and hemorrtagc dengne fover The presant -
wurpance of thews diseases is dus to the higher mimbar of
breeding phices for these mosquiioess @ todry's thooes-
way society (Firan ot al 2006} Addmionally, tamembes,
a 11:lhn'ht-:-:rg;mph:r:plﬂtq-|:-:mpnmﬂ widely nsed 2
Presents mhited recdst-
ance ases amd therefiors & loss of cverall effmacy (Lima
at al. 200 which & compoended in tropical coumtries
koving high anmual rainfalls by tho nood for as Gitio =
-} mL of clean waier for this spedes v @y oot the
agquatic portion of s B cycle, from egg throagh larval
plose io amergend image {adel). For thew reaeons and de-
&mﬂmmm.mﬁ&rmmﬂ
mcant decades. 4. acgpd and other mosquiine
conmims to pow serom peblic heakh protiams (Gl
efal 2000 Inportamdly, co—enondetion bas equipped plants
with a plethora of chamica] defunces xgainsgt imsect preda-
tors. As mech, pomking has nsed plants o plast extracts to
conimol insects wince ancient Hmes (Balandrin 1983, So-
kazmr ot al 10 In prevvioms work, we bence shioarn the
larvicidal acthvity xgaimt A. aegwpn' of P sprecer stam
and root methamol exiracts wtal ML

Cruassimoid is the marss: ghvea to amy of a membar of
hittar sobetances found exchsrraly in the Simaroehace-
ae family (Polonsdoy 1973). Chemically, quassincdds are

dod ounds which arg

ity cygeaed. Mamy quassineids st 5 widy
nn.gnefh-h:{-:gnlammum1m'Em-i'mm1nu in-
chnding antimmor, anfiealaris), anthviral, anti-inflam-
and harhicids] activities. Brocsanding, dmalilealacons D,
quaisin, bmsatel and glancarubinons 2w some of the
most wall-smdied quassincids and axhite: a wide rangs
of biclogical activities (Gue o al 2007F).

Chiassinoid compounds isobrecain B (1) and neower-
meolide (Z) b besn isolated previowshy from the sems
and moots of P sprace stal 1982, or af
al lgﬂlandlﬁmnw 2ls0 obtained tha
leaf extract of this same plant species (vepplensantary
dat2) (Polomsky et al. 1834). Our group kas receatly dazn-
onstrated the i antimabyrial activity of 2 (An-
drade-Mato ot al. 2007), the antibalednthic activity of |
anilfﬂmrmq-ti].lﬂ{ﬁj and has wmiten a eview
inw]:ic]nﬂ:nmhurﬂ:}'mﬂwhmk.mﬁﬁudm::d
leishreanicidal acticities of 1 were discussed orim
& Pohist 2006). Eupchan gt al. {1977) prepared the wapsi-
wynthetic quassinoid 1,12-diacetylizoboein B (3) by

iom of 1, but oo evakmton of s biclogical act-
ity has bean published to dat. In pemaral, vemi-synthetic
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madification of mafura]l quassincdds & thought to be 2
nsafnl too] for the discovery of new therapeutic

and quassincdd derathes with otisr potantizl mn?-:lﬁl
coeld lead to dartvatives with increased therapeutic in-
dicen, mcleding s gmificanthy increased plarmacological
actvity amdor decreased toxidty.

Harsin, in viiro methods 2w wwed to immstzebe the
gemaral toxicity in the hrine shrizap asey towards Ar-
femia franciscana, the cytotomicity toward hmman m-
mar calls. the larvicidal activity in A. acpypr. and the
hacmolytic and in vitro antiraalarial actvity against &
Jmlctparum of known isclxted quassinoids (] and ) and
sami-symchetic quassizcdd derhatvs 3, as wull a5 2 new
sami-symthetic derfative, 12-acetyinerargeolide ()

MATERIALES AMD METHODE

Prlirsr wierae wials - Culhrﬁ.-:n.mpm'ﬁ:mdi‘nﬂ-ib.v..
state of Arasnnas Brazil, in April }103. Vouch-
&0 wpacinsans ke depesited at the Unnersidade
Fuderal do Amaronzs Hertarem (Sitea 579 & 5730
Idantificarion was parformed Ty Dr Wyt Thomas =
P sproced Wyt Thopas, p-menal:mm‘hm;l.

Tsodanor o 1dersifiomnon of guassnaids - Tha pro-
cadure nsed for the isolaton of guassneids dschrucen
B ﬂ‘m-im:-wp:ﬂu:hﬁﬁumﬂumt amd shams of
P. spracel has besn described in 2 previcas poblicaton
(Andrads Mato st all 2007).

Speciromeinic meosmremens - Noclsar magnetic
mesomance (MIE) spectra weme cbtzingd oo 2 Varian
Unity Inova mwodil, nring Vame] soforars. Posithve o

jonization accurate mass specra [[F)-ESI-
ME] weme obtained on 2 Broker-Dalromics TrOTed
rppazatas waimg MeCIUVE OHCC E o 2z infusiox sal-
1.'n::|:|: sem. Malting poizts wem detormizned on a Mar-
-6l apramis a:u.ﬂ. are mncormected Fourier-
'In:lui'n:rmu:..ﬁ:.m-:l specita were chiaingd om a BOMEM
FTLA-2000-104 and UV specima were chizined on a
Fambo 20 X1 apparains.

I ir-dfacenyieobricem F - Treatment of copspoand

105.4 urol) with pyridine (3 3 mL) and ace-
mﬁdﬂ-‘] 3 ml) in accondance mﬂ:LF.;:p:ha.n.ﬂ

.1 {1875} yislded 1,13-diacatyl derivaths 3 (307 mg,
BS2%) mp un-m'c [264-267"C (Kupcham ot al.
19"5]] IR (EBr) 3447 (O-E), 2919-2850 (C-H), 1734-
7{C-2, C =00 e’ [[EBr) 3534, 1745,
'ﬁﬁﬁ*ﬁn lﬂﬁﬁcm'-"ﬂil-chmntal 1975 UV

[Lh-:ﬂ] 410 mm [UV  (BtOH) 238 nos (Eupchan e
al. 1975)); "H NME (500 Mz, CDCL) & 606 &, H-3),
5.38 {5, E-1), .06 (s, H-12) 479 (. H-30s, J=8.3) 478,
H-T), 410d, B0, s=41} 379 3, H-7), 377 (d, E-30n,
J=83), 325 @, H-14, J = 116}, 3.03 @, H-5, 7= 1309,
242 (ddd. H-fe, =13, 2.0, 2.0}, 2.23 |}.H—5I'] 218225
o, H-5), 2.10 (x, H-2"), 200 5, H-77), 1.94 s, H-290, 183
ddd, H-6a, J=13.0, 13.0, 2.0) 1_15[-_]( H]g:.{j%-:un\rtﬂr,
E{:]Jnﬂljfhr:H]]i 13, = 13), 3.69 (s,
H-7), 206 (s H97, 203 (s, H-2) 195 {5, H-T), 1B8
(s H-29), 1.14 (s, Ei-19) Eupchan ot al. 1975} “C KMR.
lﬁ"'rl:['l'.r_ CDCL) & 190.57 (C-T). 17034 (C- ¥, 16941

L6557 (C-17) 186,64 (C-15), 159,96 (C-4), 12844
-3:*3354 I, B0 {C- aﬁjsn: M8 (C-
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L7, 7352 (C30), TLI3 (C-10). 305, 4613 (£-10)
45.51 (C-B). £3.5 (C-5), 42.52 (C-9). 28.04 2257
o E-J.IEL-EH (C-8), 2093 (C-7, 20.50 {C "l;E-EL.ﬂ iC-
19} BET-iodMS mi SET1TTS [N |:-=a|:t II:I.i-I E:-:r
C_H_0O Ma* 5871735) [E-M5 mz 564 (M7, 122
440, T35, 95, 01, 60, 43 (Eupckan et al. 1977)]

I 2t ide - Meosargeolids (2, 16.4
3'-5pml;wmlj. and acetic ankydrida (1
ware magnatically somed for E:-'m'-.'h:r:-atrLH.Eh:rc-em-
plote evaporabon, the recides was diviohed In methanol
(1 ml" m.'n]:h.tgmlil:ﬂ-:l'mm-:n.-:fipnq:uhh. Tea

whhﬂlm'n]:n-:lmﬂ:ﬂ-h-:-h:mnfll -acatyineosargeckds
as nesdles (4, 150 mn, BIl%): (supplomendary data)

:.l-hﬁ": [%h;u:u? 3%35 , 9E3-1971

Hj. 1753 =0}, 1679 ) 1586 {C1"-4,
C =0, 12091238 (C-0) ez m m-r;.m-:um
Hmm.:-::nn GDDD].:"-E&EH—EIJ‘? (LH-3,J

28) 501 (s, B 12) 465 (4, B30, S=£3) 4.57 6, HT),
H-11 J=307 3 63 (d, H-30a, I=1.

21944, 3,600, B-7),
309 (dL H-14, T= 11.5), 220-1 24 (m, B9, 2.05-2.10
(zn, H-8 + H-fa), 190 @, H-2) 182 (s -7, L50-163
H- 1+:H-u£~¢ 139 (s, B-19), 1.00 &, H-29); "C NMR

§ 1713 170 1495 (C-18), 168

12 lf T 5 3 {C- chii%i i, 5 (C-3).

l];?(':-q-'] EJ'H':'] 790 (C-13), 733 (C-12), T35 {C-
3, 70T (C-10), 327 {C-5L 490 (C-14), #6.0 (C-8), 449
(C-7), 4LE (C-1a, 393 (C-#, 307 (C-4), 2B.4 (C-§),
205 {C-T) M0 {C-27, 192 (C-29), 178 E3l-
t-:-f-‘.-["é.n;:!-‘-‘r T1E} nﬁn}—m- m.l:n.['atn-ﬂ.n:n[-c:t-]i]a::-&r
CH O+ J47T1EMD.

Frne shrmp assay - The lothality of guassi-
cien A framciscome Eallogz was m-a]'u.i'h-:l accomd-
mg to eabliied procedurs al. 19E2,
Andarson ot al 1991, !l-I.:n.E;uiI.h.n't El'Qﬁ.Famqta].
2041, Croznard ot all 2003} Q‘u.a::m:-:l:ll and derive-
tves ware separataly dissolved and difeted im DRSO
to provided sample colufions bavimg 10 conceadra-
Homs ing fom 10O00.0-0.250.25 pg'ml. Tha co-
solvant 0 had final well conmotatoas of = 1%
in all experiments and controls. For the brine shomp
ausay, wells of 24-anll microtitre plates were pre-filled
with 88 mT. salime solufiom. Next, 18 tam-day old romplii
(Znd instar larvas) in 2 mindmmm volnee of saling soln-
gomn fca. 0.2 ml), 10 pL of each quassincdd diswohed in
DMSD and a stock saline sohtbem wers added, which
provided » final volume of 10 ml. in cach wll (Ados-
pann 1983). Each comyponnd wes tested in thme inda-
pandent assays, sach in triplicate. The plates wers then,
albowed to stand in the absence of direct light §o aenid
powadble faluw posdttre mesalis due to the pemeration of
phototoxic compoends) atrt and mortality was svabiated
aftur 24 h. The half-mawipal (0. pe 5,
a5 compered io the drag-free mdmmj;muﬁmﬂdmhy
Probat anahysis waing Microsaft Bxcal® softarans.

MTT assay - Quasinodds and derivatives were
tested for cytotomicity in four Ime=ax tumonr cell lines:

49

Eﬂﬂ-ﬂﬂmﬂmmm‘- ,HCT-
£ (polom) and HL-&50 Igglu.l:n:m.l.a, 5 Marcy Hos-
pital, Eansas City, [I:Enil.l.:mmlrnm:lm
M]mmﬂmsuwmdwﬁ P4 foetal o
vine serum, 2 mbf giefaeing, 100 pg'ml. srepioomycin
and 100 WmL penicillin and incubated at 37°C mder &
R OO0 Calls wore then plated in Sé-wall
plams ({0 calls sl for adherent cells ar 0.5 = 10 calls!

wall fior % calls im 109 pl. of pwdirm) A fer 24
b 250 to 0.00] peiml in 1T joms) i
sohedm I wars 1o sach wall amd incubat-

ed for T2 b Diowombicin 0.01-0 58 pg'ml.) oas nsed as
poadtive conirol. Tomor cell groacth was quantified by the
ahilsty of leving cells to rednce the yellowr dys 3-(4, 5-dim-
athyl-2-thaasnbyl)-2, 5 -dipheend-2fi-twtrazclnm  bromids
1n:purphﬁ:rmn.p:nﬂnrl1dcm.n.n]9‘5ﬂ Tha drug
affuct was quantified 2: tha of the absorbanca
of Teduced dye at 595 nos in relaios to ool wells. The
IC, mesponse a5 comparsd to the drug-fres contmls wers

Larwcidal gerviey de A cegyped - Lanvicidal scte-
ity of quassinoids towend 4. acqppn W eelosied wi-
ing the method described in Pokili of al. 2004 A. ae-
Zypi larras wrare obiained by incnbation of eges from a
labomatery colomy (origizaned from an AN fiold stradn)
atﬂuenh:ﬂ;hlhfh;qmmmﬁm;ﬂ:mh-
st quisxs da Amazdmia, in tmp wa-
ter. Cruassimcids and dermvatives (0.1 to 100 pg/mT in 11
dibufioms) mﬁ.mhﬁimDLlEGth:h.muﬂdu
ﬂrcc—sdimatﬁnﬂwdlmef- Main all
experimsents and controls. Temephos (0001-0.38 pg/mi)
was nsed as posithe control. Negathe comrols cootained
1% DMED mrioad of wazple solmbiomn. E:-:hcpmm]:
and conirols were n thres mdependent 2
mnﬁd:.mtr.qllh::h.mﬂ.rmmﬂ.mﬂ:.cmﬂmhaﬂw
24 boand 3B b at 26-17"C. Tha IC responses as com-
p:ndtnliﬂ-d:qg-:ﬁ'ﬂrmﬂruhmmﬁmﬁh}'?mhit

Parasmee cwimre and 1w wirs andimalarial fesis -
Chlcroquing, pyTimetharing and cycloguani] recdstant
P. frleiparum strain Bl was acquited from MES (Ba-
laria Rascarch and Foforunce Reageet Roscurce Cantre,

Mamassas, Vingimia, [E.l]anim: used in all n vitne
teats. Pamasites ware mainfaimed in confirmoms cofnes
in A+ meon arythrocyies nsimg BPMI medmes sopple-
menied writh 1% Imman werum, a5 described by Trager
and Jensen {1%75). The anfparasiic efect of the com-
poands was measured by growth inhihiton
as descrited by Carmlbo and Kreatli (1991). Trophozo-
im-stages in sorhitol-synchromired blood (Lambros &

by 79 werw cultered at 1-2% sitpapiy
and 2.5% mmmmﬂﬂ; tom-
pounds 1 mz/ml in sorial dilntess) dilred
with a (.02% Hpal comceantration of DAMS0 in the cul-
fure medine (FPMI 1540) for a total of 46 b at 37°C.
Pouithve conirols coatained refarence antimalamial drugs
|:|:|.'I-:-r-:-q'n.|.|:|n quinizg and artepizizin in standard com-

ceniraticns (Risckmamm et al. 1578, WHO 2001) and
ware nsed E.*:r-n-u.r_'h. . T stock soloboms wers

Farther dilwred with complste medimm (FPMI 1540 plus



0% uman serue) w0 sach of e concantmatons wed

(100-0.0001 pgml = 7 diketions) The IC,, mespomses
a.c-u:q:u.m-imﬂ:u-irnn-flw:mdsmn:mﬁh

intarpolation mring Microcal Crign® softarars. Fach do-

phﬂmmﬂmmmdﬁmmuﬂbhﬂd
umears were read biind (Andmde-Meto st al 30T

Harmolya: assay - This fest was parformed i 25~
n'dl}i.l'h-'.'nﬂ.tgl_-mm

method dencribed by Corta- Lotudn st al {2002). Cam-
pounds wars tested at concentrations ranging frops 13-
100 ppml. 01% Triten X-100 {in 0EF% wline) was
used a5 a posdtten comtmol. After incubation at rtfor 1 b
axnd the ruparnaiznt was mowoved amd

cenirifgation,
the bherated lmemogichin was measured spectrophoto-
meirically a the atwortance at 340 zm.

Sranstioal anadvats - Date ame prosented 2 muean vahne
= SFM. ThaIC,, or EC,, valnos and thair 95%: confidence
mﬂ:-ﬂ?“-:lmd:tlmih}'nmlmm
idng'ﬂ:nGL!H‘]E!D{nm {Inbaitrre Sofftwams Sor
Sciemcs, San Dhage, CAY LC ra]:n.n-'.furﬂ:ulmm.]:m:q:l
uqmnhl:.u:ﬂdfr-:-m 22 b brre coonts using the
probit analtysis mathod described by Finnay (1971

EESULTS AMD DISCLUSIICHN

Enown and mowr quassinoid derivatews 3 and 4,
respecitvaly, wure prepared wing ampls acetylation-
parification procedumes and the ESI-ME. IR and NME
pn-chamnmuhmmﬂnmﬂdm

nul.’ﬂn:.n:
w-:ﬁmﬂf'ﬁ 'n.']:.l.l:'h.n-:-'n].ﬂ,.:

PAGA, h.m'nur-:umdatqd'hr-:-r'huﬂlmﬂ-ll or G-I
bnrdromy] gronp. WA{E-based evidence mggests that the
C-12 bydmoxyl growp undergoss acetylatoan (togwther
with the C-1 Indroxylin the case ofisobmacuin B acetyla-
tion) preferendially meer the C-11 Indnoery] groep. Mame-

-, this 5l at & 3.11 in the "H-NME specimm of 4 was
EdﬁH—E.h&nHﬂmhﬁ:@hQ‘m
chersnce this signal had a *"C-H comlatica
with & 75.31 {C-17). The H-12 signal of 4 was shificd
ap|:l:rr.=::|.1:|:|.|rh]1. 1 ppm o lower Held rolative to H-12 (5
417 of the precursor 2. This downfisld shift i evidence
for the dechielding camsed by the electromegairm acetats
groep oo C-12 in derivatie 4. Fm'ﬂ:l.m‘r.'l:ﬂ-aﬂ.i.p:t-
ment of B-12 (b 511} is & lg "'E'H
cmﬂlmm'ﬂl.':[h::-#?‘_]mi 1B (&
Heterommcisar hinkriple Bomd Corralation ]:rn-:h'umas-
wall as correlaton with seighbcering H-11 (& 4.19) in
the "H-'H Cormlation Spectrowcopy spectram of 4.

The bring shrimp assay is a simple. i e math-
od which alloams for the svaluation of general toeiciy and
15 pomaddered a preliminary assay in the stady of extracts
and wecondery metaboliies for cytotoxic and amsitemor
actovity. LC. “vales in the brine shrimp assay comelaie
wull with im vitre tesn such as thow for ansicemor
actreity, cyimomicity (Bdover ot al. 19E2, Mmro grall 1987,
E.u:[nﬁ:nﬂ al 27} and antineophisiic achvity (Badzaay
& Eoappa: 1997} and also for in whoo scadcity (LD, ) of ax-
m-ﬁnmmuﬂhmwm&mmnl-mnmﬁm
st al 2001} and pesticidal (Fatope et al. 1993), larvicidal
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fungicidal mellucicidal (Teplam of al 1954) amica-
larial (Feraz ot 2l 1997, insscticidal afal

and amtifsdamt E'H:I_-ﬂ:‘ﬂit . 1983), Craassincdds B
la.n.d.lmcmuhndvmjrh:-nﬂm:ﬂ.i ﬁmclrm:l-u
wils 3 showsd loor tomdicity (Fig- 1, Tabl). The sams wa
observed for e MTT cyiotomicity tests, whers 1 and 2
wxiihited IC_ walnes razging froen 000300027 pgml for
a1l rumor call lizes, whils 3 I:Iﬂ-"ﬂ:l']:lﬂ:l.i:tﬂ-ﬂ.}:“'l.'lr}'j:l:l.!
fromn 051 1o = 25 pg'ml (Fig. 2, Tobl).

In prelimizary work, it was shown tat 2f a concen-
tratiom of 300 pg'ml., P spruced stam and root methamao]
smirects canssd 7% and T mortality im A segp
larves, respectively (Poblit ot al 2004} In the prusend
stady, wince quassinoids | and I are prosent in methanal
and wther polar extracts. the potential larvicdal acoiy
of 1 and 2, a5 wmll 2 their acetylated denwatcees 3 and
4, mspectively, wure Imvestigated. The mesults whomed
that 1, 2 and 4 were active against 4. segwpd thind imstar
lrl.ﬂlfl;ﬁwmﬂﬁﬁn'mdmamtrtnhn
of 10 pg'ml. Az sech quassincdds 1 and I precent in
P guced conld be partially revpom sible fior the: lamicid-
al activity sxhibited by sxmacts of this plant The wyn-
thietic commpound temephos was wery lethal soarard A. ge-
gwpid lamvae (IC,, = 0.02F pg'ml). Cuassinoids and their
derivatives were less acttes tan Izt oovald ba
imsportamt models for the further of maw
larvicides. There is oo daiz oo the effectmoess of these
compponnds ina field setting. nor &5 it known whathear box-
ity towand other organiams cowld be a problem in 2 Seld
application Motahly, dus to reported resistance cases and
comcerns associzted with parmanence of coganophos-
phates in the amrizonesent over wrtended pariods of Hme,
there i 3 need b find sobstitetes for or alwrnatives o
orzancphosphate insecticides (Lima gt al 2006).

Significant inhibdtion of the bwman malbyria pararit
P. jailsiparsm o vite was exhibied by quassinoids 1,
Zmi-in.:i'raﬁw-?.]il.l:hd.mam:ﬂus:lh.ﬂumﬂnr
of increasing inhibition of dmm s I =4 <-2<]
{IC,, = 3451, 0216, 0006 and 0002 pM, mspectivly)
{Fig. 4. Chicroquine, quining and arieonisinin di
IC,, valuos of 088, 0012 and QU002 ubd, respecthmly. As
§ nnnln:rpul.l.:h ) and ischrucedn B (1) precented the
highost activity, in the same rmge of activity as the clini-
cally importamt drug standards thae wars 2ied a5 con-
trols. Despite modarate paradie mhibiSon, comspomnd
4 was four times more actve than chloroqmine, whils 3

B meertaling

! - @ & & -d d .
-1 1.4 on g a0 15 n

Lisg [rgimi]

Fag | fonie scinciy of sedoeal end serm-wyeibciic qoasamokds ob-
mined from Picrodenma sprecet sgaizsi e brns sknmp Ariemia
jramciscama & oobroeein B (1Y O seosorpeolste (T & 1,130
mecty hsobrucan H (5], O 1 -siyinecsomgonlide (4
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Fig. 2: cyinioric sctrvity of meiurl quasdsseds obisined from Ficrolmema sprucn! snd semi-spnthete derssisves. A sobrucein Bl B

reomergechide (17 O
FLS-MEA S molesoms, SFE glichiasione.

showed vory weak actvity relative to nafors] quscinmds
and poitive comtrols. The i vitr sensithvity of the P il
ciparum vrain toward the comspoands tested was wmilar
and reproducible in awsays in deplicate on separyte soca-
stoms. Some quadnnid structural reguiremnents, suwch as
an o S-ensaturated ketone In the A ring, an epoxymsth-
yians bridge on the © fing and an ester fanctionality af
C-15 aru considered important for the antivalaris] sci-
ity presaoted by quavdnoids (Olanc ot al. 1997) and are
in ganeral present In the corsperends nnder study:
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indicated that the P 5 I root, vham and bark alcchol
eximact is weed in traditional medicing 2 a coratve
treatment for malaria m associxton with (relsnosper
muw SPp. [Apocynaceac) and Juasna awam (Sima-
roubaceas) or peodarn drugs (Wigmeron ot al. 2007 In
2 subsaquent stady, Bartani ot al. (2005} demonstrabed
that P. sprucer water extract can inhibit hemomodn, for-
mation Im witro assays demvoostrated the antinsalarial
actinity of this exrtract against the chloroqming-pecirtant



P folciparum stredn W2 In the prosent smdy, we aw
demomsirated that both quassincids 1 and X 2w iwolaied
from infusioms of P sprucet in the laboratory procednrs
devcritmd and it is reasomable to asvame that they are
at keast partialhy respomsible for the antiralarial acthy-
ity reported previonsly for P spracel war extracts by
Vignsron ot al. (3005) and Bartami ot al (2007).

Tha mambrans is a delicate snoture
that cam be 53 abiwrud by dmg interactions {(4ki
& Yamnamahe LH]].Emﬂn] stadies indicate that cartain

Log [upimL)

Fig. ¥ lervicsdal sctivity of meuml el semi-ayniheiss qeassinoids
obisined from Piorobmeoms sprecet sgenst dadey angypéd lmrms. &
mobrucan B {1y O eosgechds (1 & L 1I-discetvlimbreers B
ik O 1 E-mocty nooserpoolde [

Eiciogical acthity of quartincics « Slen CC Siva a2 ol =

commpounds isolated from plants such as pofyphenols, ghy-
couides, sapoming and trierpencids may canse changes
im the membranes of red blood calls and sebsegaanthy
producs hasmchyuis (Mg et al. 1985, Badar ot al. 19946,
Grinbarg e al 1997, Ziang etal. The mechanical
stahility of the erythrocyte membrans 15 2 good indicator
of im witrn msuks in programs for cyiohewicity screening,
simce i simcimral ics freour ineractom with
drugs and chamges thet may be assessed tny protein alec-
trophoreais (Sharma & tharma 2001}, Frythoocyies also
provide a simpls model for the sindy of the protective or
toxic affects of substances or sTuatoms associated with
omidative siress (Aparicio et al. 2007, Laxis o1 al 2004,
Mufter-Castafieda ot al. 200€). Cher results snggest that
the chsarsed high cytotoxicity of quassincids towards
temor call lings is not Gae to oxidative stess or danxago
1o the call mepshrang, since none of the quassinoids or
thair derfratives wemu obwerved to byne monse erythro-
cyius at concoanirations beloar 200 ppiml..
Hmlmmda]mdid@::rh@;m
than their aretylsied derivattees for all biological tests
parformed (except hasmolyfic acttedty, where as wes
stabed ahore, no adtivity was observed for any of those
commpounds] This is evidence that the prsence of a by-
droxyl group at C-12 may be insportant for the ortotoxic,
precant stady. The enone growp in ring A of substances
1 and 3 likeby acts 2 a Mickasl aceeptor for hiological

& B [
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Fig. & dess-responue corve from Flamadiem fal-jpenon K parasie amevsd (cklomaene rexident) inthe

ol e concenirations

nfqmdmpﬂnﬂrﬂ.dmln‘u]ﬁ'_ﬁ:ﬂ A isobrucan B {1t B seoserpeakds (I C: ety lookmucsin Bl [k chiorgquine;
E- qemime; F' aricrerieen. Faloes are meene & SFEM o represenisttes capeniment e deplicsiz. Saprificant differences in el o conbmls by

el Whitncy [iedd with p < 55
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md.al:l,;lha.luzl'rh.l:l:{l}nnnlll 2005} Addrtion-
ally, diminished activity (2B, T2, 95 and 122
tows kss against SF297, HL-60, MDA-MAAI4S and
fres Iydroocyd at

C-15 (Okano et 2l 1997).

CQrazeingids | and 2 P. spoucet displany iraportant
mvite cytotoxic, antiplammodial and larvicidal actvities.
The ant i wﬁtﬂyhmﬂﬂmw
for 1, anthelmintic actvity previomby descnbed by
us for | and 2 land suppart to traditional medicizal prac-
ticn and recent ethnchotanical and sthnopharmacological
smdies a1l of which indicatu the of P. spracel
(ignerom et al 2005, Nemozmmra et al.

In genemal, (djpcetylated seani-nymtheric
m:smqwﬁm:nm i
antiplesmpdial and lamac ar-h:.'lt:rﬂn:u'l]:nnd'unl
componnds from which they were derived . The effecie
the nesd for mers ific teats for tho uffacts
on the per 'mmw&m'n:tm'muamﬁni“m , and
ﬁn’iﬁ:hdqn:ﬂnﬁsmcﬂﬂhﬂmﬁﬂ:
for imectcide actvity T :}
anﬂ.:n-c-iqn.:t-:-inf'ﬂu.-l.unﬂh:'fﬂ cther ganera, &
s of symergim and = vive antiumer and antealanal

artepvizinin Tesivtant staims) actvites and
meckanizm of cytotoxic activity are undsramy and
&i-mmhmﬂhrmu‘hdmdmcmﬁﬂmlh
S prepanation of novel seoesyzhetic quasaizoid &
roratives ride commponnd
phjrucalﬁrﬂi:i:uﬂp‘m'ﬁn (wtatdlity, sclubdity,

Tz the Cenlra &8 Baslecnalegia da Amariaii lof HME
ipecirs, o the the fHlkswang Nnamcal o sachls-
shipi recsivad: VAN (MUTINPATRCT) COF (CMPyg),
BOC (HART007-1), MESM (CNPg 18I11506), ECCS
MCAFES), RUHA (UMNPg MI11506-11, aad e Walldshice H.
Salgada md Michele Rodrigess Teoam FMT-AM i sschaical
EupEerl resiyed
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CAPITULO 5: Determinacio de quassinéides isobruceina B e
neosergeolida por LC-ESI-MS em infuses de caules de

Picrolemma sprucei
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LC-ESI-MS Determination of Quassinoids Isobrucein B and Neosergeolide

*Coordenacdo de Pesquisas em Produtos Natarais, Iestituto Nacional de Pesqaisax da Amagieia,

in Picrolemma sprucei Stem Infusions

Adrian M. Pohlit* Valguiria A. P. Jabor® Rodrigo C. das N. Amorim,**
Ellen C. Costa ¢ Silva® and Norberto P. Lopes™*

Avenida André Araidjo, 2936, 69060001 Manaus AM. Brazil

de Fisica e Quimica, Faculdade de Ciéncias Farmacéaticar de Ribeirdo Preto,

Universidade de Sao Pawle, Avenida do Café, &/'w, 14040.903 Ribeirgo Prewo-SF, Bragil

Curso de Pds-Graduagdo em B ia and * Caryo de Pés-graduagdo em (ulmica,
Universidade Federal do Amagonas, 69077000 Manaus- AM, Bragl

Enfestes dos canles de Picmlemmy prace] (peeoddnimo: P preadocoffea) séo principalmente
wtilizadas como antimalicicos em doda reglio amazdnica. Desta espécie foam lsolados 05
quassinoides snbruceiaa B e necserpeclids, os Quais apeesentam atvidade antimalinica & ctotinicn
Nesie esido, spresentzmos o deseavol vimenio de nma medodologia anabiics poe LO{+)-ES1-MSY
MS visando 3 delarminacio dos priacipals quassinoides desta espécle. O méodo deseavolvido
fod empeegado pera andlise de uma formeacio anesanal (Safusio de 1 g de mabénia seca - cauls
palvartzados de P apracel em 1 1L de dgaa ferventc). Padntes previamenie isolados de sobeuosin
B ¢ naoserpectids fomm wiltrados para 3 delerminacdo da Macaridade ma faixa de cxldracio
enlre 0,25 05 pa e’ £ 05 2 10 pp ml.", sespectivamente. Como padedo intemo fol palirada
2 substincia nocogiucingl a2 concentngio de 4,0 pp mi*. AMBOs 05 COHMPOSos apresealanam
boa linzaridade, precido @ exalidio £ as concentractes de isobruceina B ¢ necserpeolida odUidas
nas infustes foaam de 60,1 @ 774 pg 1.7, respecthamende.

Infusions of the stems of Ploroiemen pracel (psesdomym: P preadocoffes) ser wsed in
ihe Amuzon regioas of Peru, Brazil and Freach Gulana as snlimalarials smong olher uses.
They contain Be bty quassiaokds sobeucein B (1) and acosenpeolide (2) that have smpoctant
anlimalanial and loxic propesties among oders. [a Bis shudy, an 1.+ )-ESI-MS/MS method was
devedoped and appliad 10 Be delerminalion of 1 end 2 & 3 commoa remedy prepaned by infusiag
1 g of &y, powdaned stems of P spraced 1a 1 L of bolling waler. Isolalad 1 and 2 were wad in
calrtion ranges of 025 10 5 pp ok and 0.5 10 10 yp ml*, respectively, with the saleeral
standacd phioroglociaod al 4.0 py il Good Hineanity, procision and accuncy were chsarved for
both compounds. The concentaations of 1 and 2 & the stem infusions were foead o be 60.1 aad
T74 pg L, respecihedy.

Keywords: calerana, cafe lane, Pioroleeuma spvuced, Plomismena presdocofles, aeoscreokide,

Isobmuceda B, LC-MSMS

Introduction

Onz of the classic goals of the Brwzilian aatural products
research community is the search for new biclogically
active compounds.’ More recently, new interests include
investipations of daily and scasomal rhythms of secondary
metzholile bicsyntheses and quality costrol of medicinal

*onmul spdopa @ichpap b
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plunts ? Picrdemma sprucei Hock. f. (Simaroshaceas) is
onz of several medicinal plant species which are known
in the Brazilian Amazon by the common same caferana
{meaning “false-coffec”, and giving nise to the often used
pseadonym for this plant, P! preadocoffea Docke). It 1s
widely distribuied throughoet the Amazoa region from
Pens where it is popalarly known as sacha-café’ to French
Guiana where it is called café lase.*® Root, stem and
whale plant infasions of P sprucei wre used throsghoat

3)2134y
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the Amaron region in the tesiment of malaria® pestno-
intestingl problems and intesting] woms ? Al higher doses,
 gprucei infisions heve notable toxic efecis mmd ore med
1 jpreseoke aborions.T

Kecenily, £ spracei has been the subject of several
sindies whose results in peseral bend mapport o ils uses in
tracfitiomal medicine. For example, leaf and siem infisions
and olther eximcts have been shown o possess in vitne
antibelminthic activity.! Also, =n ethnophermacological
gtudy in French Guisne showed that aloohel sxiracs
of # sprucei rood, sbem and bark are msed in focal
traditicomal medicine 25 o comiive treaiment for malanis
in sssocintion with (feirsospermrm mpp. {Apocymacensy
mnd (Puaswic omarg (Simeroubocese) or modern dnsgs.”
In o subsequess sindy, Benoni o af * demorstraied that a
P spracei waler extracd can inhibi hemoeoin formation
mnd in vt exays demonstraied the antimalrial sctivity
of thix extraci apesieed the chkoroquine-resistant Plasseodise
Jokoiparee sruin W2, In the wesiern Bmrilion Amaeon,
drizd slems sre commosly commercializsd in local
markeiplaces by iroditiomal bealers or mizeims and one
typically wsed in the preparation of infuskions for aral

Infusions of P sprucei contein the guassinoids
imobrucsin B (1} and nemmerpealide () (Figuees 1) These
compounds have been isolaind previoesly from the siems
mnd moois of P sprocei on a milligrem scale® ond mone
recenily on 2 gram-scale!! Also, | has besn izolabed
fram the lesves of this plant. ™ Recently, the sntimalurial,
antilenkemic, sntifendent and leishmanicidal activites of
I were the subject of a review. Finsdly, 1 and I display
significeni cytolomicity to baman mmor cell lines, no
hemalytic activity @0 mouse erythrocytes, and modersie
dengoe fover vecior) ¥

Considering the hinlogical activities of P sprocer
and of the quassinoids ixoloied From il tngether with the
possible occurrence of seasonal and circadisn verisfion,
stimulmies and jusiifies the development of analytical
methods for the guantification of thess active meiaboliies
in infusions wsed inm traditional medicine. Liguid
chromeiography {L.C) compled 10 mass speciromestry
(LC-M%) hax smerged as the most specific amlytical
method forqualitative and quentiiaiive anshyses of newnal
producis™ Additionally, sdvances in the shcidation of
clecirspray ioniration (ES[} processes heve allowed for
the analyss of meinbolites with le= competition: from
b oidalive poiential processes through molecular ion
dis=ncisfion™ in nddition to the well estahlished acid-hese

und cafionizing {anionizing) reactions. " For thess reasons,
LC-ESI-MS predominstes in Braril snd sronnd the world
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ms the iechmigee of choioe in the onalysis of natural
products of kre-volatifity in polar ssalyies of diverse
origins.! (fiven the rempe of dosages of irsditionally used
infuzions of P sprucei, the toxic efects associabed with
larper doses, ond the ahility of ESI coupled systems. io
anzlyre nawral products, the aim of the present study was
1o develop o new method for determinmtion of | smd 2 in
infuzions of sems of F. spruced.

Fimpers 1. Chrasascids imbnecria B (1) and necsarpenliale {T) proasmi is
infmices of Ficroboona spraced.

Experimental
Collection of plant maerialy

Collaction wes performed in Silves, Amoromss
Soaie, Brazil, im April, 2003, Youcher specimens ane on
depasit at the UFAM Herhariom (5iva 5729 & 57300
ldentification of P! spracer Hook. I e performed by D
Wmt Thoms.1#

Chemicaly and respeats

Methanol, HMLC grade, wos purchased from J.T. Baker
(Xalostoc, Mevioo]. Glacial scetic acid wes of mabytical
grode and sapplied by Merck (Dermsiade, Germany).
Ulirapure water, ablained from a Milli} Mes Sysiem
(Millipore, Bedford, MA, USA), was used in xll sl
| and 2 were isolated from P ospreced os described
previoasly!% and wsed os reference stondards. Their
identity and parily were esiablished based on 10
and 20} NMEL K, HE-ESLTOF.MS, HPLC-DATY and
LiC-F51-M5 analyses snd comparison bo liiersiues dats ™

Ftandarm' selutions

Siock stendard sobefions wers prepared at 1 mg mil.!
in methancd and stored at -20°C for a maximum of three
maonths. Working soletions wers prepared by approprisie
dilution with methanal o have final concentrations in
the rasges .25 @0 5 pg " and 05 to 10 pg mL7 foc 1
ond 2, respectively. Working solutions had the intemal
slandard (5] phloroghcinal (1.3.5-2rifyvd ronybenzene ) al
o concentration of 4.0 pg ml.".
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LT and ME detection conditioes

The higquid chromatography system consisied of an
LC-10ATY pamp and a CTOL10AS colums owes fram
Shimadyu (Kyoto, Japan). The separstion of 1, 2 =nd
[5 werz performed on 2 reversed phase N5T18 oolamn,
25 mm = 4.6 mam 11}, 5 pm particle size (Nano Ssparstion
Technolagies, Sio Cories, Sio Paalo, Brio A L hrospher®
10} B 18 column, 4 mm = 4 mm 03, 5 pm particle s,
from Menck (Dammsiadt, (ermany) wes used as guard
oolamn. The L syslem was operated isooratically esing
mobile phese consisting of a mixiuee of methesal:water
(5050, wiv) end 2 % acstic acid which was purmped o
& Brecraie of 0B ml. min'. Injections of samples wes
performed manually through & X0 pl. koop with 2 Eheadyne
model TI115 injecior (Rheodyne, Cotati, USA) and the
oolamn wes kepl in an oven ==t al 7T+1 °C.

Detection was schirved with o Chiaiiro Micns LC irple
quedrupole mass spocirometer (Micromass, Maschesier,
UK ftied with sn electrospray interface (ESD) soame and
tendem mass separation operatal in the positive ion mode
o = potenfisl of 2.5 EY. The LC flow wes split =0 tha
gpproximately 150 pl. min sntened the moss specirometer.
The desolvation le=mperatune was sl to 250 5 and the soame
was st o 100 *C for LCMS. The nitmpss desnlvafion
endd mebulizer ges Bow mis wens st o 250 and 30 L b7,
respectively. Anpon gas wes wsed as collison gas. Cone
valizge and col xon energy wers optimized for sach ansyie
by performing full scan soquisitions. Oplimdeation of MS
oondilions wes achieved by direct infimion of sandard
solutions (10 pg ml1) prepaesd in the mobile phase and
dedivensd by o syringe pump at 2 Boa-raie of 10 pl. min”,
The cons voltape wnas set o 0V for | end 2 and 20V for
IS, znd collision energies of 10 eV for | and [5 ond 28 e
fior 2 wesre ueed. For quastitation, MSMS wes operaled in
the multipls resction monitoring (MEM)mods, moniloring
the tamsitions 481400, 5f=25 and 127> for 1. 2 and
LS, respectively, with 2 dwell Sme of 1.0s. Dala soquisigion
anil cpaantitstive snalysis wem pedormed wxing & Mes=] ynx
{Micromas=) dafa scquisitinn system, verdon 4.1

Validation of the metfod

The method wms riporously walidaied in sccordence
with United Siaies Food and Drug Administraion (FIDA)
guidelines™ by determination of the following parameiers:
linearity, ranpe., precizion, acouracy, limil of quantification
(LG for LC-MSMS. For linearity and range, the
calibration curves wers constnacied by injection of seven
concentraticns of | and 2, rnging from 025 1o 5.0 s mL7
wnad 05 e 10 pg !, pespoctively, in triplicats.
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The anzlyie to 15 peak ar=a ratio wes ploted opsins)
the respective standord concenbratinns and ghe lincarity was
evaluated by lincar regression analysis. The acceplance
criterion for each calculaind siandsnd conoentrafion wes o
maximurm 2% deviation firom the nominal vabee, excepl for
the L), which wes s as 10 % devisfion. The precsion
mnd LX) was sstablishesd using the oriterion thal responses
of the smalyies at the LOC) shonld be s lesxt 5 times that
af the blank responsz.

Sample prepanotion

500 g of dry, ground stems of Picnslemma sproce
were infused im 1.0¥) L. of boiling waler. The resaling
mixtmre was coversd, allowsd to siend for 15 min, then
immedinlely filbered. The filtrule wes evaporaled to
drymess mnder vacuum which resultsl in a2 residoe. The
resicise was dissohved in methenal in an skrasousd bath
which provided 2 solation (100 mL) which wes fleed.
The resuking filtrale ar RSl {residue of siem infesion in
miethemal solmion) wes samed at 20 *C and 15 e alded
priorio LC-MS snalysis. The conceniration of quassinaids
was calculaied from the linear regression sgaations.

Resulis and Discussion

Developmant of LC-ESI-ME conditions

In order Lo guantify | and 2 in &n infiion of siems of
P sprecer used in Brmalion folk medicine, M5 parameiers
wers oplimizad in order to obiain mors shendan) proosrsor
ions. Thus, the halsmce of proloamied or deprotonsted and
calionized or emionized | and X or other addud ion species
af | and 2 were analyzsd. ldeally, these spacies should be
of high intessity o sllow onalyirs o be deterind at low
ooncentrabions in complex matrices. The intensity of ion
species was therefore the main crlera For optimization.
Imitially. 1 =nd 2 wene dimctly infosed inlo the M5 detecior
using ES] ionization. Both positive and segative ionizsfion
mades of the E5] soarce wene esled by infision of standaed
saluticns of each compound at 10 pg mL.", The positive jon
detertion mode offersd higher sensitivity then the negative
mode wsing an acidic mobile phase. {+).ES]-MS full scan
specira displayed protonated dons ([M=H]") with good
iniensities ot o7 4%1 and 505 for | and 2, respeciively.

During the optimiration of the method, differ=n 1LC
conditions and solvent sysiems weme evalumsd A ddition of
widic modifiers such s aostic acid to the mobile phase was
fimnd {0 Emproe peak resalation. Farthermone, the positive
inn delesction mode [+ E5 | offepsd higher sensitiviey than
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negative ion mode |{-1-ES]] when acidic mobils phoes was
used. Alken, addition of scetic acid or fomic acid o the
mohilz phese led to sigmificent sshancement of the [ M+H]
ioas and significant reduction of the miiosized molecules.
Tahie 1 presenis the parent ond fmgmeni boms used for
identification and guantification of compoends | and 2.

Tablie L Proiremied molecnle srd Frageen e obireed o ESHESRE
spacira. The meat abah ke ol izl ve fomn ™) wire e Tor ickenishition

wrel quusiifcation of ischroccin B (1) and soossrgeclide (2] by
LC-FS1-M 5SS

(hamizsid
1 X

Proicraizd molamie [MHE 40 e
Fragmesi iom. Et=) &7
s 43

i M3

a a7

4 a7

k] 413

i HE

g m

3% 367

an ME

300 EEL]

;] i

2 3

™ k]3]

M 7

s L}

Siem infision in sohnion (RS1) was diredly injeced
imto the LC-ESI-MSMS sysiem. Figare 7 pressnts the
represeniative MEM-chrometngram. Under the comditions
described in the method, 15, | end 2 cluled a8 reiestion
times af 3.5, 4.6 and 8.6 min, respectively, and elution of
oll componenis of the sample wes compleie within 10 min.
Chromalographic profiles displayed good ssparation of the
ansyts components in a short period of time.

Methad wrlidarion

The validation parmmeiers were evalmsisd through
esstirmation of linearity, peecixion (inira and inger day) and
accurecy af the method. The linearity of on analytical
method is itx ability, within o definile range. 1o obtain resulis
directly propomticnal bo the concentrations {quantitiesh of
the analyir i the sample. The calibration curve for each
mmalyie was bazed on 7 different concentmtions by plotting

60

TEy my "

Fafl

20 40 AR B L0 R |1.I:I‘H;'EI|IIIIJI|—
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Fimure 1. Heprascrisie
of e (XL, 000 MRM of oobneosn B (1) end (00 MEM
of the micmal sanderd phinmglacne] {1.3.5-inbydecaybenresc)

s cediboer rowersed METIE b, P mma
dimm 3 pra. Elecmi weere rmicr U900, wify )l and 25 oo
acid. Pl ruie w08 mil. min®. Injecisn volerne won 3 gl Colens
oven emperaiees w aei ol 1721 T

the result of the linesr mgres=ion snalyws of the peak s
rakin wersus conoenbnmtion.

Linear regreszion onalysis provided the sguaticons
presenied in Tebles 2 and 3. For both 1 xnd 2, the
correlation ceefficients {r) were evidence for a lnear
redationship between conceniration and pesk area ratio in
the concentmiion remge studisd. The valves of LOCY ane gl
presenisd in isbles 2 snd 3 and were considersd safisfacinry
for bath smalyies.

Application of the method

In onder i check the spplicability of the developed
method, & Sem infusion was evalasied . This partioalsr
prepantion wes chosen hased on ihe wide ovailability of
zirms in markeiplaces in the westem Brosilisn & maron sd
the use of this preparmion os s antimalrial in reditioal
medicine in this region. Concenimtions of 1 and 2 in semples
of siem infusion were calonlsfed based on the integrtion
of the | M+H|" peak ar=a ratio of each of thes= analyies in
the MEM chromaiogram. By this process i is possible 1o
select the compound of interssi and guaniification of de
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Tabls L Cosbdmce Ensis for quasbfcaton of oobmcan i wit e
methad devebped

Mramscien Ixchrmicen B
Kcrurscy and Procson
Cosccabratins skded (g ml. '} azs (§1] 3@
O, = (R} 11 1z 16
Witkin-gey procis, (T, &} 15 17 [ 3
Within-gey sccmraey™ () L3 LE 12
—
Fanpe (ppml-} 03 -50
Lincar oo = (LR 4 00008
Cormclaton oot [
hamistwzon Limt
Coscesbrstns (pg ml"} = a ]
Withis-gwy procizon, ==3 §CW, &) b B
Witkin-dey scomracy™, i= ) 45

T Expromed morebiive stmderd desisian, RED

Table 3. Confiderer lersis for qronthcosian of somsageclide wiik B
medhed devekeped

Aerurscy ared Fricision
Coscesbretos sdded (pg ml'} 13 an A0
OV, =5 0%} 14 16 0E
Witkin-gey procis, (T, &} 13 1E 15
Witkin-dey sccmmcy™ {5 ns 13 L&
Linearity
Fanpe (ppml} 0.%-100
Lircar oo y =057k + L¥2E
Cormclaton oot IR
hamistwzon Limt
Coscesbrtos (pg ml1} 040
Withiz-gwy procizen, == ITV, £) T.E
Witkiz-dey sccmcy’, n=5 ) B3

T Expromed morebiiee stmderd desisiaon, RE1D

individual compounds (consdering differsnt molar masss
znd fragment ioes ) cen be performed withost the seed for
oommpleie chromatographic resolution, bt in this case good
1 and 2 were determined 1o/he present & concentmtions of
(161 and 7.74 pg mL.", recpectively, inthe mmmple solstion
of siem imfusion (KEL) analyred, which cormesponds to
woncentrations of 6.1 and 774 pg L7, respectively, of these
quessinnids in the infizion.
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Conclusion

The LC-(+-ES]-M5M% methad described hersin
proved suilable for the analysis of 1 and 2 in siem extracts
and can be easily spphisd in rostine salyses. Furthemore,
the method may be used 1o oemify the quality of popalar
medicing] mees of the extract snd for ecological sedies.
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CAPITULO 6: Envolvimento de um caminho intrinseco
mitocondrial na apoptose induzida pela neosergeolida de células
leucémicas HL-60: O papel do poro de transicao e

permeabilidade mitocondrial e danos ao DNA.
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Figure: 1. Chemical sirecture of necemgeotide A, concemiraton-sesponss: corve of oeosmpeotide opiciosciy | %) alfer Z4h exposure of
HL-Bl:amd FEMC (B}, and Hs offiects on 5- booemo- 2 - decryuridng | Brdl ) incorpombon (C) by HL-0cels. *p 00001 comparsd o contod by
AROVA Inlowed by Student Nowman - Kol iest. Daty am prescmied 35 means = S .M. for ihme Independent axperimenis In triplcain

aoti-HIV ((Rano et al., 1996], and cytotoxic and antiumor
activities [ Tischler =t al,, 1992; lokawa =t al., 1993; Mata-
Greenwood =tal, 2001; Murakami etal., 2004; von Huenen
et al., 2007; Sibm o al, 2009). Since the use of brucean-
tin (Kupchan e al, 1973] in phase [1 heeast cancer and
melanoma dimical trials and its subseguent with drwal
due to the concems about toxicity (Wiseman =t al., 15982;
Arzeneau et 2l, 1983), studies an the antitiumar properties
of quassinnids have increased steadily [Oczmo et al., 1985
Mata-Greemrsood et al, 200]; Guo et al., 2005,
Recently, it has been reported that necsergeolide
(Fgure 1Al a guassinoid isclated from Mioralsmma
sprucei Hook. £ [Simamubaceae), has significant in sitro
antimalarial, larvicide, and cytotoxic properties [Siba
et al., 200%). Also, nepsergealide nonselectively inhibited
camcer cell lines proliferation (SF295 (ghioblastomal,
MDA-MBAIL (melanoma), HCTE (colon), amd HL-ED
(leukemia)] as evidenced by quite similar I valwes. [n
thee present study, the underlying malecular mechanisms
of meosergealide’s antipmoliferative actirity were svalu-
ated using fuman promyel ocytic leukemia cells [(HL-G0].
The HL-80 cells are extensively used in the szamination
of the effects of test drugs on cell prolifemation, o=l oyele,
cell differentiation, and apoptosis events (Collins, 1987;
Militdo =t &l., 2005). For comparison, the effect of oen-
sergealide on the growth of ooemal cells was svaluated
using peripheral hlood monomaclear cells (FEMC).

Materials and methods

Drugs and reagents

The procedure used for the isolation of nessergenlide
from the roots and stems of P gerucer wes described
in a previous publication (Andrade-Neto =t al, 2007).

@ 377 Inlorme: Halthcam USA, Inc
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Necsergealide used in this sudy had purity greater than
9% besed an HPLC (IMAD/ESI-MS] and NMH anabyses.
Fetal calf senam and phytoh emagglutinin were punchased
from Cutilab (Campinas, 5F, Hrazil). APMI 1540 medium,
trypsin-ELITA, penicillin, and streptomycin wers pur-
chased from GIBCOE (Ivitrogen, Carlsbad, CA, TTSA)L
Cyinchalasin-B [Cyi-B), cydosparine A (CsA), sulfamil-
amide, thodamine 123 (Bho-123), and MTT [3-(4,5-dime-
thylthizenl-2-41 -2, 5-diphenylietrazoliom bromide] wers
purchased from Sigma-Aldrich Co. {5t Lous, MO, TTSA]L
Daxarubicin (Daxolem®) was purchased fom fodiac
Produins Farmaciuticos 5. A. (320 Paulo, 5P Brazid). All
ather chemicals and reagenis were of anahytical grade.

el cutures

The human pramydacytic keukemia cell lne (HL-G) was
domated by the Natonal Cancer [nstitute (Bethesda, MDD,
USA). Cells were maintamed im RFM] 160 medium sap-
plemented with 10% fetal bovine serum, 2mM ghtamine,
100 Uyml. peniicllin, 100 pg/ml. streptomycinst 37 Cwith
domors whin had oot taken any drug at besst 15 days prior
tn mmpling was collected and PEMC were xolated using
density-gradient  cemtrifugation over -1077.
The PEMC were washed and re-suspended in APMI 154D
medinmsupplementsd with 20% fxtal bovinesenam, 2 mM
ghutamine, 100U mL penicillin, 100 pg/ml. streptomycin
2t I C under a 5% 00, atmosphere. Phytohemagghitinin
2%} was added at the start of culhares. After 24h, cells
were ireated with the test compounds.

Heasergenlide todcity fo HL-60 caells and PEMC

The cytotoxicity of neosergeolide o HL-B) cells and
FHMC was svaluated by the MIT a=say (Mosmann,
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1583). Eniedly, cells were plated in S6-well plates (3= 10*
cells/ml for HL-50 and d=10* cells/ml for PEMC).
Nepsergealide was dissolved in 1% DMS0 at concen-
tratioms of 0.006-4 pM and the resulting solutbons were
added to wells. After 24h, the supermnatant was replaced
by fresh medivm contzining MTT (0 5mg/mL]. After 3h,
the MTT formazan prodwc wes dissohved in IMS0 and
absorhance was measured 21 585 nm (Beckman Coulterf
DTE-880 spectrometer]. Dospnabdcin (0044496 pbd ) was
used 25 positive coobnol.

Artiproliferative effect (Inhdbitdon of Erdw
Incorporation)

The HL-G) cells were plated in 24-well tissue oalture
plates (3x10* cells/ml] and treated with neoserge-
olide at different concentmtions. After 21 b of exposure
to sample, 20 pl. of Bedll (10mM) was added 1o exch
well and incubated for 3h at 370, To determine the
amount of Brdll incorporated ioto KA (Pera =t al,
1877), cells were harvested, transferred to optospin
slides amd allowed to dry for 2h at moom temperature.
Cells that had incorporated BrdU were laheled by direct
peroxidase immunpeytochemistry using the chromo-
gen diaminchenzidine (IDAR)L Slides were counber-
stained with hematoxdin, moumted, and coverslipped.
Determination of Brdl positivity was performed by light
microscopy (Olympus, Tolom, lapan). A total of 200 cells
were counted per sample to determine the percentage
of Brd(Lpositive cells. Doxaruhicn (006 pM) was used as
positive comtral.

&nalysts of monphological changes

Untreated or nepsergealide-ireated HL-G0 cdls were
examined for morphalogical changes by light micros-
oopy [ Metrimpes Hungary,/FAOD-Labimes Modelo Studar
Lah®). To svaluate morphology, cells were hareested,
transferred o cytospin slides, fixed with ethanod for | min
and stxined with Moy Griimeald-Giemsa Dazaruhicn
(OLE pM) was nsed 2= positive ooatmal.

Fiow cytometric experiments
Cellmembrans integrity

The HL-G0 cell membrane integrity was svaluated by the
exchuinn of propidium indide (PL)at 50 pgéml. Aligupes
were removed from cultures after 3, 6, 12, and 24h of
incubation. Cell fluorescence was then determined
by How cyinmetry in a2 Guava BasyCyte Mini (Guea
Techmologies, Inc, Hoyward, CA, USA) using Gusa
Erpress Plus software. A total of 5000 events were evalu-
ated per experiment.

imternudeosomal DN frogmentotion

Aliquotswere removed from HL-50 cell caltures after 36,
12, and 24 h of mcuhation with nensergeclide. Then, the
aliqunts were mouhated at 370 for Wmin in the dark in a
bysis sohitiom comtxining 0.1% citrate, 0.1% Tritom X- 100,
and 50 pg/ml FL Cell fuorescence was then determined
by fow cyinmetry in 2 Guava EasyCyte Mini (Guea
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Techonologies, Inc, Hayward, CA, UESA) wsing Guoova
Express Plus software. The percentage of degaded DINA
was determined by the number of cells displaying sub-
diploid (sub-G G, DNA divided by the total number of
cells examined. A total af S 000 events were evaluated per
experiment.

Mitochondrial depaolarization wes evalusted after 3,
G, 1Z and 24h of incuhatin with nepsergeolide using
the method of incorporstion of Rho-1Z23. Bho-123 is 2
cell-permeable, catioaic, luprescent dye that is readily
sequestered by active mitochondria without inducing
ototoxc effects. Briefly, treated and untreated HL-GO
cells were centrifuged at 2HH rpm for 5 min and the pellet
was re-suspended in 2 pl.ofa | pg/mlsclution of Bho-
1Z% foe 15min in the dark. Afier tncubation, cdls were
ceatrifuged 2t 2000rpm for Smin. The resulting pellet
was re-suspended in 2H pl. of phosphate-buffered sline
{PFHS) and mcubated for ' mn mn the dark. Floorescence
was measured and percentage of mitochondrial depolar-
ization was determined [Cury-Boaventura et al., 2004).

dAnnewn WP and caspases (9, 3, ond 7 detechion

The Anmewin V (AnnV]) cpipmetry assyy was wsed to
detect cell population in vizhle, early and late apopiosis
stage. After shom exposure time (3h) or pulse treatment
{3h of neosergectide sxposure following 21h reinoabae-
tion period without dmag), HL-G0 cells were stained with
flupeescein  izsothincyanate (FITC) conjugated AnmV
(Guava Mexin kit, Guava Technologies, Inc., Hapsard,
CA, UsA) and M (meootic-cdl indicaint], and then they
were suhjected to Aow cytometry [ Gusva EasyCyie Mini).

Cells undergoing early and late apoptosis were detecied
by the emission of the luorescence from cnby FITC and,

both FITC and P, respectively. Ao, the percentage of
cells with active caspases (5, 3, and 7) were sstimated
Iy Ao cytometry (Guava BasyCyte Mind) using a Goma
Caspeses 9 and /7 FAM Kit [Cuam Techmalogies, Inc,
Hayward, CA, TTRAL

Anaiysis of mitedvondnial permieability ransiticn on
mesergeoide-ingweed call death

To corrobomate the central mle of mitochomdria in the
apoptatic process induced by neosergeolide, cells wers
pretreated or mot for 30 min with Csd at 5 pM [a blodker
af mitnchomd riad permeability tramsition (MPT]] priar to
the nepsergealide exposure and cotreated for 3h. After
exposure time, mitochondrial depolarization, imberms-
deosomal NNA fragmeniation, active caspeses (9, 3, and
T} detection, and morphalogical analysic af cell death
{ADYER staining) were performed as described alaowe.

Magsurement of infracelflular rea ciive oxpgen speces

Intracellular renctive ooygen species (RS} wers
estimated affer trestment with necsergeclide using
T T.dichlorofuprescein  diaceiate [ FIJA} as=
fluprescence probe. The H DCFDA difusss through
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the cell membrane readily and is bydmlyzed by inim-
cellular esterases to oon-Auorsscent dichlorofluores-
cein [DCFH), which is then rapidly oxddized to highlby
fluorescent DEFH (2,7 -dichlomAuoresosin) by a hrosd
range of intracellular oxidstive stresses other than H) 0O,
(Crow, 1887 Hempel et ol 19990 Therslore, inoreased
mean fluorescence intensity of [ECF represents a prohe
of oxidation by a hmad moge of oxidative evenis and
oot coby reaction with H 0. At different exposure Gmes
(3 and 3 hb], the ouliure medium was replaced by fresh
serum-free medium contaming 30 pM H DCED. DCF
fluorscence intensity was detecied by fow oytometny
using a Guava ExsyUyte Mini (Guava Technologies, [ne.,
Hayward, CA, USA ) and Gueva Express Plus soffware. The
DCF fluarescence intensity is proportional o the amount
of intracelhudarty formed A0S [Lelel et al, 1293].

DMA damage analysis

Micronucie aseay

Afiter pulse treatment {3h], HL-60 cells were moshabed
in compleie mediom for 48h and Cyt-B (3 pg/ml) was
trexted at 24 h. Cells were harvested and re-suspended in
a hypotonic salution (0.075 M EC1) for 10min. Afterward,
HLJG cells were harvesied again and Carnoy’s focetone
was added gently. Then, cells were dropped onto dean
shides and air-dried. These slides were staimed with 1%
Ciems2schuticn (pHE.E) 2nd then observed under aligh
micmscope. Micromedei [MN] were reporied per 1,00
binucleated cells (BENC) with well-preserred oytoplasm
(Bckhardt o al_ 1994). To werify the genotoxic pobential
of peosergeolide against FAMC, the same protocol used
fior beukemia cells was applied.

Alkriine comet assay

The comet assaywas conducted under alkaline conditions
as described by Singh et al. [1988) with modifications
(Klaude et al | 1956)] and following the recommenda-
tinas of the Intermstional Workshop on Gen otoxiciny Test
Procedures (Tice et al., 2000). After pulse mesrment (3 k],
HL 60 cells were collected amd processed for the assay as
fiollows_ Briefty, 15 pl of the odl sspension wers mized
with 90 pl. of 0.75% low meltbng point agarose in PES 2
I7C; 100 pL of the ool yspension were spread o a glass
slide pmm.u]fnuutedmﬂ: a layer of 1 5% normal meit-
ing point agames in PBS, covered with 2 glas coverslip
and placed =t 4°C for 15min. The coverslip was gentby
remmved amd the slide was submerged imbo ice-cold
bysing selution (2.5 M Nald, 10 mMTris, 0.1 mM EITA, 1%
sodium sarcosinate, 1% Triton X-100, and 10f% DM20, pH
10 2t 450 for at least 1 b After lyxis, the slides wers placed
in a horizontal gel slsctropharesis chamber with freshlby
prepared alkalime butfer [ 3 mb NalH and | mM EIVTA,
pH =11.0). The slides weere kept in this sohution for 20min
at 4% o allow umwinding of the ONA and expresion of
alkali-labile sites. Then, the samples were subjeced o
elecirophoresis in the same sohition at 300mA, 081V
cm for min at 4%C. After decimophoresis, the slides
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were rmnsed thres itme= [Smin each time] with
0AM Tris-HCl (pH 75 Each slide was stained with 50
pL of ethidium bromide (20 pgiml) and cowversd with
& cowerslip. The amabysis of the cells was performed by 2
visual scoring system [Miyemee o al, 19908). Briefly, fu-
arescently stained nudeaids were scored visualby uxsing
am epiffunmescence microscope (Ohmpus, Tokyo, lapan)
with an excitation filter of 510-550 nm and a bammier Glter
of 8¥lmm 2t 400= magnification

A total of 300 mpdemly selected cells (1 cells fom
exch af the three replicabe slides) were anahyged for each
oomcentration of test substance. Cells were soored visu-
ally acoarding in tail length imto fve classes: (1] dass O
undamged cells having no taidl; (2] class 1: cells having
 tail sharter than the diameter of the bead (oucews) (3)
das=s Z: cells having a tad length 1-2 times the diameter aof
the hesd; (4] dass 3: cells having a tad longer than 2 times
the diameter of the head; (5] dass 4: comets having oo
heads. A walue (damage index, [H) was assigned to each
oomeet apconding o s class, nsing the formula:

M= (lanl] + [1x0l]+ (ZxnZ] & (3xnd)+ (d=nd],

where m=mumber of cells in each dass snatyred. Damage
index thus ranged from 0 {completsly ondamaged: 1080
el = 0] to 400 (with maximuem damage: 100 cells=4)
{Caolling et al., 1995 Siva ot 2., 2000). Daxaruhicin (0.8
pM) was used as positive contral. To assess NNA dam-
mgein PEMC caused by nepsergealide. the same protocol
used for leukemia cells, ax desorihed abowe, was applied.

Statistical analysls

Diata are presented as means £ 5.EM. IC_walues and 55%
oomfidence mbervals [C] 95%) were obiaimed by nonlin.
ear regression using the GRAPHPAL program (Infuithee
Software for Sdence, San Dhego, CA, USA)L For all experi-
menis, data were anahlyzed by one-way anabysis of van-
amce [ANOVA) followed by the Newman -Eeuls test.

Results

Ide reduces both profiferation and wiability

of HL-60 cells
ited devated oytoboxdiy o HL-G0 cells after 24 Data
from rwo independent sxperiments carried oot in ripli-
cate provided an IG_ wahee of 0.1 pb (3G 0.06-0.15 pM).
Neosergeolide was not optotoxic to PEMC (IC = 4.0 pM)
&t bestedd concemirations. [Maxorubicin was used 2= positive
comtrel =nd displayed pobent cytotoxicity agaiest HI-S0
celle (DG, O ph, CI 95% 002004 pM) and PEMC
(I, D33 phd, (395% 030 0044 pM). Subsequend seperi-
menis wene conducted at concentrations oormespond-
ing to 1/2=IC_, IC_, and 2=0C_ (0U05, 01, and 0.2 pM,

ivedy]l.

Tofurtherstudy the inhihition of proliferation, the moar-
poration of the nudeotide Brdll into DNA wos svalosted
Iy direct peroxi dese mmunocytoch emisity in reated and



G684 B.C Cavalcantietal

untreated HL-60 cells. Afier 24 h, necsergeolide 2t the con-
centrations of 05, 01, and 0.2 pM inhdhited Brdl] incor-
paration by 4200+2 90, BRET+£1.45, and B.E7+1.45%,

respecively, in HL-G0 cells (Figure 18; pao0001)

Meosergeadide alters cell morphalogy, Inducing both
apoptosts and necrasts In HL-60cells

To determime whether growth inhihition wes related to
the induction of apopiosis and necrosis, morphological
analysis of necsergealide-treated HL-50 cells was carmied
out nsing Mmy.Griirwald - Giemsa staining.

Amzhymis of May-Grimwald-Giemsa stamed nen-
sergealide-treated and unitreated HL-G0 cells revealed
several drug-induced marphological changes. Contral
cells exhibited a typical non-zdherent 2nd vacuwaliza-
tion mund morphology after 24h in calure (Fgure 24).
Nepsergealide 2t all concentrations induced DINA frag-
mentation, reduction in cell volume, and destahilzation
of the plasma membrane. Frogression boward cell death
in a dose-dependent manmer was ohserved [Figare 205-
2E). Alsn, pyknotic oudei were observed at all conoen-
trations. The positive comtml substamce daxoruhicn
(DG pM) alzn indweed reduction in o=l vwolume, besides
nudear fragmentation and dest abilizstion of the plasma
membrame (Figare 2B

Effects of necsergecdida on cell membrans

Integrity, cell proliferation, Internudieosomal DNA
fragmentation, and &y _ by flow cytometry
Proliferation and cell membrane integrity were deter-
mimed by the snchsion of Fl {Figere 34 and 18). In HL-G0
el culures treated with 005 and 0] pM neosergealide,
los of membrane imbegrity was observed onby after 2dh
{phiS]. A 02 uM, neosergeolide mdwoed eady loss of
membrane imtegrity, which began after Eh of exposare.
Necgergeolide reduced the number of viable cells in 2
time- and coocentration-dependent mammer. Culures
exposed o neosergealide at low concentration (005 pA)
showed a decresse in cell viahdity ondy after 12 and 24 h
af treatment (pac{l05). However, at the highest coocen-
tration (0.2 pM]. necsergealide reduced cell viahality at
all exposure times svaluated. Dozprubicin reduced the
number af viable cells (Figure 3B} without membrane
damage (Figure 14].

At all concentrations tesbed, necsergenlide cansed cell
shrinkage and ouclear condensation as evidenced by
decrease in forward light scattering and transient increase
in side scattering, respectively. Both of theze marpho-
logical modifications are compatible with the presence
af apopiotic cells. All subdiploid-sized DNA (sub-G
E.'hm consdered to be due to interoucleosomal TNA

Flgure 7. Morphologhcal exhures inducad by

amalysls of enireaied [A) and reated HL-50 el

Mjroscoplc
[C-0.05 prsd, D01 pi and E-D.2 ] Doxorebickn (06 pbd ] woes used a5 posisve ooninol (B, Cells were meubated for 24 band sizined by
My - Crilmwkd- Glmmsn. Elark arows: nuded pyicnotic and mecler ragmeniySon, wiilie dashed amrws: debis, and black dashod S

membrans dimags. Magnficaon: 400,
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Figum 4 Efect of nensergenlide after Th exposun: in the presenoe or absence of CsA (3 M on HL-60 mitochondrial rarsmembrane
(A Intermecimsomal DFA tragmentation | H), percentge of ol withacSve cispase-0(C), 2nd caspasas-3 and -7 (D) determine

potential
by florw Cytoametric analysts

totic sub-(G 005, peals represent apopiotic cells: hewvimg
fractional [XNA content and were observed at all con-
cemtrations 3, 6, 12, and 24h after treatment {Figure 3C;
poo (L0010 ). Doxpnabicin also induosd apoptotic effects.

Measergelide-induced mitochondrial depolarzation
in HL-G cells was svidenced by Ehao-123 incorpemticn
after 3, 6, 12, and 24h of incubaticn (Figure 30). These
dala suggesi that neosergeolide induces apopinsis m
HL-G60 cells by iriggering an imirinsic mitochondrial
patnaay.

Frotection by CsA against neosergeolide-induced cell
killing in HL-50

A= MPT and caspases play crucial mles in the process of
apopiosis, the effects of Csd, a specific mhikitor of MPT,
on messagedlide-induced apoptosis was imvestigated.
After 1h exposure, nensergealide reduces the mitochon-
drial depolartmation (Figure 44) and causes an mcreass
in the OMA fragmentation (sub-0 /G, pesks] (Figure 48]
as well in the number of cells with activate ase-9
(Fgure 4C) and caspases-3 and -7 (Figure 400 To impli-
cate a male of the MPT in nepsergealide-induced ool k-
img, HL-G cells were pretreated with & pM Csd before
EXIsure o ide. The CsA completely hlodoed
necsergealide-induced apoptosis [Figare 4A-400).

Ide Induces tdylserine
e
after 3h (pulse treatment]

Tao werify if neosergeolide-induced cytotoxicity was a
reversible process, the cells were meated for 3h; affer
short-exposure time, the drug was removed, and then

the culiures were reinoobeted for 21he After 3h pulse
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treaiment, neosergenlide caused a significant increase
in the oumber of earty (AnoV/P1) and late (Anni)
Fi*) apoptotic HL-G0 cells when compared to the com-
trod group (Figure 5). For AnnV/Pl mperiments, we
did not ohserve a significant concenration-responss
relationship in the number of mecratic cells (AnnV-/
e 0122001, 0.0 £000, 0.4620.02, 340090, and
190 20.22%, for megative contral (vehicle) cultures, dax-
orubicin-treated cultures, amd 0005, 0L, and 0. 2p M neo-
sergeclide-trested oaltures, respeciively. Cormohorating
with our Ann\/ Pl dats, neosergenlide increases the per-
ceniage of apoptotic (earty and late stages) HL-60 cells
with caspeses.3 and -T activated, and a slight increase
of necrotic cells population was ohserved: .70+ 031
(vehide cultures), 2673025 [doworubicin cultares),
and 0U6T 2021, 2.30+0.56, and 345+ 1.15% for 0.05, 0.1,
amd 0.2 pM necsergeclide - treated cultures, respectively
(Figure &)

Heassrgeside Induces changes in the HL-60 cell cyde
and DMA damage after 3 h{pulse treatment)
Tahle | shows the effect of neosergeolide on the HL-50
el oycle. In general, neosergeolide at all concenimtions
kowersd the noumber af cells 2t E., 5, and Ern'M phases,
which suggesis that neosergeolide mberfered in a2 non-
spedific manmer in the HL-G0 cell ole. As expected,
necsergenlide trestment also induces a reduction in cell
peoliferation, mitochomdrial depolarization, and interme-
deosomal DNA fragmentation (sub-[G G peaks). Also,
no intracellular HOS produdionwas detected 3-24 hafter
treatment with neosergenlide (data not shown).
Innemsergeolide.- tregied HL-60 cells, the DNA damage
indexes were higher than in the conirol cells | Figaee TAL
Un the other band, mo increase oo [MNA migmtion was
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Flgume 5. Efiect on IS extermlizaiion afier HL- 60 oplls tnexind with 0005 (C), 0 (0} and 0.2 pM {E} necsecpeolde. The 'S exberm BraSion
s determined by Miow Oyiomaetry using Ann\- FITC | YIW- HLog) and Pl {BED-HLog) afier pulse treatment | 3 of. ERHED:
following Z1h reincetation perod without drg). ‘Wiable cells e plobied i keer lefl quadrant, cells in early and labe apopiosls with
FS extermaliaed ane pofied & lower right and upper dght quadmmis, sespectively, and necpolic cells o plotted ab wpper ket quadrand.
Niegatve coninol (A} was reated with the vehice (0.1% DMS0] used for Shoing @i sobabinm. Dosyrebicin (B) 20 06 pM was ussd =
positve mnirol. A odal of 5 000 evenis were analyzad in cach experiment. ®p« 0L0S compamed io contocd by ANOVA Sollowed by Nmenan-
Fiauls ms. Doiz are poeseied 25 mean vakees = S E M. Smm fwo Independent erperimaents
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Figure 6 Effert om caspeses-3 and -7 acSvation after HL-50 cells eated with (LIS (C), 01 {I¥) and 0.2 pM (E} necsergealide. Cispases
activiy was determined by fiow Cyfoametry using PI [HED-HLog) 2nd fecsescent-labeled tnhiblor of caspases, FLICATM (GAN-HLog)
afier pulse treatment {3 of nemsergealids eposun: Soilmwing 1 b reincubation period without drag) Viabie ells as: ploted at kwer let

quadramni, s in sarty and laie apoptosls wih acthve smases-T and -7 are pioted at lowes g and uppes right quadmanis, especiredy,
and neootc cols @ plotied & upper 120 quadrant. Negathve oonirol (A was Smied with e whice (0% DMS0) usead for diluting
e =1 subsiance. Doxorebicn (B at 0U6 p was used & posiive conmol. A R of 5000 evenls were analeed In sach experiment.
P« 0.0 ¥ p= 005 compared fo ool by ANCAA Inliowsd by Nowsman -Fouls ieel Data are preseniod as meen valoes + 5E 8 fom fwo

Independent eEperiments in irtplicate.

ohserved in oeosergeolide-treated PEMO (Figure TH). proliferationafleukemia calls{Tahle 2; pc 0U05). Howerer,
The MN Eegquencies were sigmificantly increased by the DNA damage concentrations for HL- G0 cells were mot
neosergealide freatment at all concentmtions tested genoioxic for PEMC and did not decrease the pralifera-
(jp01.05) and nensergealide decreased cytokinesis-block ticn ratto af PEMC [Takl= 3).
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Figure 7. Effcts of necsergealide after 3h pulse Tratment on the distrdwsion of damaged cells in alkaline comet assty o damage grades
(C: grades 0-4) on HL-60 (A) and PRMC (B, Its efiects om HL-50 {C), and PEMC (D) DNA damage index. Bars meprosent the mean =
SEM. of thme independent experiments. Negative coarrol (C): colls were Sitnd with the vehick wed for @luting the tesiod sudstance.
Domrstectn (0.6 uM) was used as postttve contzul (D). *p<0.001 compazed to contzol by ANOVA followed by Newman-Kews test

Table 1. Efiect of neosergrolide on el cycle distbution tn HIG) cells by Now oytommetric esing PTafier 3h pulse troatment.

Treatment DNA coment (%) Cell proliferation.  Mitochondrial
Compound (uM) Sub-G_IG. G, S M (*10¢/mL) depolartzagion (%)
c E 565:029 G424:118 23852065 14012310 7682129 559009
o 06 30601 280% ©A0:170% 12362173 206:02%  542:0.16° 976:051%
Neosezgectide 00s 20744252% M0G:122% Z721:032* 463+ 11 650:0.3 13082045

ol 2492+202% 03262217 1321:LIB*  280:066%  513:043 19212035

02 43991209 F09:202*  6E5:070° 0.93:0.18° 4382050 167422 4%

control (0.1% DMSO); “Posiitve comtml (Dosorabacn); ‘data sgnificant n reabion to control group (velicke) at p < 0.001;
*p < 0.05 JANOVA Sollowed by Newman Keuls test.

TableZ Efiect of necsergeatide on HL-60 and PEMC Discussion
mﬁu‘mmmum" Previous reports on the cytotaxicity of neosergeclide
Treatmet M p 1000 (SinadTMdemﬂuedthuuobsmdlo
¢ . (M) NC % ENC other guassinoids (Kupchan et al,, 1976; Lee et al, 1962
HL&0 C* = 90:057 91.33:088 Lumonadio ot al, 19€]; Imamurs et al, 1993; Mata-
calls Greeawood etal, 2001; iang et al., 2008; Lau et al., 2009),
o 05 5466+ 218% T4.86:120% it strongly inhibited the proliferation of tumor cedls in

0.05 W3I3+145° E833:176 spite of their histological origin. The present study was
Nemergeolide 0.1 4556+1.76° 49.0:1.15 designed to evaluate the selectivity of neosergealide to

02 5733:145% 350:238% . g
PEMC G . 250¢0.19 23412033 tumor cells mm‘;‘l ‘°u:""m! lymphocytes, m;
o 0s 453741.25% ELIT=0.18 mareover, ta cuo e undetlying mechanism

0.05 1R3:021 92.16:245 action. MTT an-lyss confirmed the stroag cpotmaty
Neosergeolide 0.1 3251000 84242300 of neasergeclide to leukemia cells (1C_ <01 M after

__02 Z10+0.17 8735:1.15 24h of exposure), while it suggest a gpod selectivity for
*Negatve control (0.1% DMSO); *postitve contrul (Dosorabacn); this compound, since no cytotoxicity was observed to

"M froquency Is cxpressed per 1,000 binuciaated colls {BNC); : 3
*data Sgrificant in relatinn 1o ool Fosp (vehick) at g:"::‘““‘ lymphocytes 2 z"d mm": "
P<0.001/ANOVA Soilowed by Newmnan-Kouls test. ¢ between therapeutic toxicological effects
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of & candidate compound is important for establishing
applicahility 2= a pharmaceutical. Also, when consider-
ing the side effects of chemptheragry, it is very important
to debermine whether a drug has a harmiul effect on
nwmal dividing cells, such 2= prolifersting hmpho-
cytes (Fwcot o al, 200 Anayetti ot al., 2003). Bricein
I, a quassinoid isalated from Srices josamisg (L.) Merr
(Simaroubacess), also demonsimted selectivity agaimst
pamreatic umor cells in compari=son io rontumorkgemnic
cells (Lau et al., 2{049).

[n the present study, cytotomic activity was also evalu-
ated through the loss of membrane integrity as showm by
resulis of ow cyfometry analyses, especially after 24h
of exposure. During early stages of apoptosis, cell mem-
brane becomes impermeabl = to vital dyes, such 2= trypan
bhee (Piscentini et al., 1991] ar P1 (Wan Cruchten & Van
Den Broedk, 3002}, and opposite siiuation oooars dunng
late apoptosis or peaosis. 5o, other 2ssays are needed to
emluate cells umdergoing early apoptosis (Le, anmewn
detection and caspasss activation].

Praoliferation capadty is equivalent to cell growth amd
was measursd by incorporation of Brdll a thymidine
analog that is moorporated inbo DNA during the 5 phase
and can he detected by immunocytochemistry (Halm
et al., 1998). Ower a pericd of 24h, oeosergzalide at low
concentration decreased the number of Boill-positine
cells. The kower Brd(] uptake by cell DMNA after neoser-
gealide sxposure also corrobombes the resudl ohixined
from the MTT assay. In addition, our results are in gen-
eml sgresment with the antiproliferative properties of
other quassinpids, swch 2= brusamnl and bruceantin,
which were shown to inhibit the proliferation of several
established leukemia cell lines, including HL-GD cells,
in an assay besed on the incorporation af *H-thymidine
(Mata-Greemwnod et al., 2.

[ndwction of apopiosis by gquessinpids has been
reparted hefore [Mata-Gresnwood et 2., 2002 Cwendet
ef al, 200W; Hosati et al, 2004; von Bueren et al., 2007;
Lau et &, 2H). In this study, several sensitive methods
fior detecting apopiosis were used, besed on the differ-
ent morpholegical or biochemical features of apopinsis
and mecrosis. The results demonsiTate thet neosergeolide
induces apoptosis in HL-80 cells 2t micromclar con-
ceptrations as evidenced by flow cylometric analyses
and marphodogical alterations (May-Gritnwald-Giemsa
staimingl. INA fegmentstion during apoptosis could
lead to extensive koss af ONA content and a disting sub-
GG peak when analyzed by Bow cytometry. In the
present study, apopiosis was anshyzed by the determima.-
tinn afsuh (GG, cells. ur anabysis revealed that neoser-
gealide stimulation increased the percentage of sub-Gy/
(G, peaks (hypodiploid DA} in HL-50 cells in a time- and
concentration-dependent manmer.

Apopingis and necrosis represent oaly the exireme
ends of a wide mmge of possible morphological amd hio-
chemical deaths and can poour simultaneously in tissues
and cell cultures sxposed to the same stimulos (Niootera
et al, 1999). However, there is no dear biochemical
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defmition of necrotic cell death and conssquently oo
positive biochemical marker that unambiguously dis-
miminsie necrosis from apopiosis (lake apopbosis fes.
tures]. Another problem is that even the interpretation
af dying cell morphology may be complex, because in
thie shzence of phagocytosis apoptotic cells proceed to 2
siage called secondary necrosis, which sharss mamy fes-
tures of primary necrosis (Kerr et al | 1984; Kmemer et al |
19 Krysko et al., 2],

Une ofthe earliest manifestations of apoptosis, regard -
less of the imitiating stmulus, is the redistribution of
phospholipids in the plasma membrane that leads o the
exposure of phosphatidylserine (P5) at the cell surfsce
(Fadok et al., 1992; Koopman =t al, 1984; Martin et al |,
1995). AnoV i= a Ca™ dependent phospholipid -binding
peodein that hes a high affinity for PS and hinds to cells
with expased P5 (Erysko et al., 2008). Combindng Aom'¥
with Il can help to distinguish hetween apoptosis (eardy
amd late stages] and mecrosix. The data showed that afber
pulse treatment [(Ih of neosergealide sxposure follow-
ing 21 h reincubation peried withoot drog], many oslls
were in early and late apopiosis with active caspeses.3
and -7, and after a shor period exposure [3h), activation
af caspases-3 and -7 was also ohserved. These results
showed that the activation of apopiotic mechanisms
ooours earier and do not depend oo extended perinds
af exposure.

When mitochondrisl membmane potential is dis-
sipated, 2 c=ll begins an immeversible apopiotic process
(Gao et al, 2006; Haa & Yen, 2007). Detection of mito-
chondrial membrame potential chamges mn, therefore,
beusefil ax a probe for the onset of apoptosis. The oorme-
lation hetwesn the loss af the mitochondrial membrane
potential and [INA fragmentation indicates that the
reduction of Ay constituies an obligate and irreversible
step of ongoing HL-6{ death. In thisshady, neosergeolide
increased potential koss in the mitochondrial membrane
thus providing evidence for the actvation of an nirin-
sic apoptoss pathway in HL-G0 cells. These results are
in general agreemend with the findings of Hosabi et al.
(2004} who demonstated that quassnoids induce mito-
chondrial depolarization and caspase-3 activation. Also,
zocording to Mats-lreemwood et al. (2002), treatment
af keukemic cells with bruceamtin induces a decrease in
c-amrpr mANA and protein which in tum may be respon.
sible for some of the pro-apopiotic effscts of quassinoids
(Cuendet & Perzuta, 2004}

Mitochondria play a decisive mle in the apoptotic
patheay mediated by certain sgonists (Green, 1998;
Heed et al., 1990; Smaili et al., 2007). Disruption of the
inmer and outer mitochondrial membrane and opening
af the MPT pare, which is regulated by members of the
Bel-2 famnily =5 well & the redox and energy state of the
cell, resudt in a collapse of Ay, and in the exit of sohebhle
proteins, swch as oytochrome ¢ and apophosis- mdwcing
factar (van Loo et al., 2002). This MPT from the inber-
membrane space can trigger an activation of down-
stream maspases (foratti & Szabo, 1995 Thomnberry &
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Lazebmik, 1998). The dassic MPT & dependent upon
the [C2=], is energy dependent, and is accompanied
by mitochondrial swelling and depalarization (Eoratti
& Spabo, 1995), which CsA inhibits MPT pore opening
(Armsiramg, 200E]. The CsA binds to Cyp-M, 2 cyda-
philin-family protein assocised with the MPT pore,
cawsing it to dissociate from the pore complex, and this
increasess the prohahbility of MPT pore dosure and thus
prevenis the Avy dismoption and blodk cpfochrome ¢
release (Lemasters, 1999; liang et al., 2001; Brostiovetsky
et al, 2002). On the contrary, it has been reported thed
the nondassic MPT, which = insensitive io Csl, poours
without swelling and depolarization of the mitochon-
dria (Sultan & Sokalowe, 2001

Comsistent with these chservations, neosergealide-
induced apoptosis is dependent of the clasic MPT
mechanism. Coireatment with Csd prevenis neoser-
gealide-imdwoed caspases-5, -3 amd -7 activation sug-
gesting that blocking of MPT prevents the leakage of
cytachrome ¢ and consequently prevents the activation
of maspese. 8 [mspese-dependent cyiochmome ©relesse]
and apoptobic proteass activating factar | [Apef-1].
Caspase. % ix thought to he the initistor caspase immlved
in the mitochondrial-initiated apoptotic pathway, and
it activates downsiream caspases, such as caspases-13,
-B, apd -7 (Strasser et al., 20000 Cazpases-3 apd -7 are
two well-known “rrecutioner caspase" Their adim-
tion is helieved in be responsible for the marphal ogical
changes seen in apopiosis, incduding ONA agmen-
tation, chromatin comdensation, and the formation
of apopintic bodies (Marcelli et al., 199% Nichalsea,
==} 8

Several mechanisms exist by which neosergenlide
could potentially exert to achieve the ohserved apopio-
genic effects in cancer cells. [t was mmluated whether
the ROS generstion or direct DNA damage could be
relxied to neosergeclide activity. Apopiosis induced by
many chemical genotoxins is a consequence of block-
age of DNA replication, which leads to collapse of repli-
cabion forks and DMA double-sirand heeaks formation,
which, the latter, is thought to be crucial downstream
fior apoptosis-triggering lesions (Hoos & Kxine, 2006).
Genninxic INA damaging sgents may adivate bath
membrane death receptors and the endogenoos mibo-
chondrial damage pathway lesding to cell death wia
apoptosis (Kaina, 2003). ’NA damage, such as OXNA
strand breakage and induction of MN, may be impor-
tant features of neosergalide’s optoioxic mechanisms.
Thus, HL-80 cultures treat ed with neosergenlide exhibit
sirong redoction o cytokinesis-block  proliferaton
which is a hinlogical parameter for the detection of cel-
lular toxicity or cell cycle delay [Surrallés et a1, 1995].
Ao, neasergealide induces DNA damage after a shont
incubation period (3h) as evidenced by a significant
increasze in grades 1 amd 4 comets in comparison o
negative control [Figure 7 A). The occurrence of comets
with no heads and with nearly all DNA in the tail (gade
4] is an indication of the cyiptomc effect (Hartmann &

74

Speit, 1997). Interestingly, neosergenlide mdwoes INA
damages in HL-60 cells which are p53 null {Shimir &
Pommier, 19%7) but not in FEMC (wild-type p53], sug-
gesting that this effect is p53 independent. The tumor
suppressor protein p53 is considersd to be 2 major
plzyer in the apopiotic response o genpioains. Some
experiments, rying to suddaie im more detail the
rale of p53 in OMA damage-triggered apoptasis, have
shown that some primary and sstahlished cell [moose
fibroblasiz) lines deficient for p53 were deary more
sensitive than the comesponding wild-type afier expo.
sure to LV and allofating agent (methnd methanesul -
fomate), supporting the wiew that pS3 is not required for
inducing apoptasis in these cells [Lackinger & Kaina,
20 Lackinger et al., 2001} However, the pro- or andi-
apopintic effect of pS3 appears to be & cell type-specific
phenomenon since ymphoblasioid cells wild-type for
p53 proved to be mare sensitive to alkylating agents
amd L. tham the p53 mutated counterparts (Karman &
Stepherson, 1950). The factor{s] imeolved in making the
decizion betwesn protection against or stimulstion of
the apapiotic process by p53 remains unknorem (Kaina,
2007).

Intracellular BDS production s assocated with
a mumber of celular evenis, incdoding activation of
KADH oxidase and mnthine oxdase, and the funcion-
ing of the mitnchomdrial respimatory chain (Peree-Oirtix
et al., 2007). The NADH cxidase is inhibited by several
imown potential anbiumor agends, swch as sulfomyis-
rea, sdriamycin, and capsaidn (del Castillo-Olivares
et al., 1998). Interestingly, Morré ot al. (1998) showed
that the cytotoxicity of the guassinoid glaucanibalone
o Hela cells was asopdsted with MADH owidase inhi-
hition. Fhao = al. (2000) demonstrated that mmhihition
af NADPH oxidese activity by diphemdeneindonivm
suppressed free mdical production and inhdbdted cell
growth of B1G melanoma cells. The present smudy pro-
vides evidence that the mechamisms of cell growth
inhibition, cell death, and DNA-damage of neoserge-
alide do not depend oo the production of BOS. These
data are consistent with the previous repart in which it
was shown that the cpinionicity of nemsergeolide and
amather solsted quasinnid (Echrocein B) toward can-
cer cell lines is nod rel abed io casdative stress (Silva et al.,
). Aworking mechanistic mode] is developed hased
an these findings and is summarized im a schematic dis-
gram {Figure S).

Conclusions

The present study provided sxperimental evidence to
suppart the nnderying mechanism of action mvobred in
the neosergeclide-mediated apopiosis. Taken together
the resuls indicated that neosergeclide leads i DNA
damage triggering inirvinsic pathways for apopiosis
induction. [n addition, mo antiproliferstone effect or DNA
damage effect of nepsergealide was evident in PEMC,
which is evidence of its thempeutic potentisl.
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CAPITULO 7: NOVAS CONTRIBUICOES PARA O
CONHECIMENTO DA COMPOSICAO QUIMICAE
ATIVIDADE BIOLOGICA DE INFUSOES, EXTRATOS E
QUASSINOIDES OBTIDOS DE Picrolemma sprucei Hook.f.
(SIMAROUBACEAE).
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1. Material e Métodos

1.1 - Coleta e identificacdo do material vegetal

A espécie Picrolemma sprucei foi coletada em dois momentos: Uma primeira coleta foi
efetuada pelo Dr. Adrian M. Pohlit no municipio de Silves, Estado do Amazonas, em abril
de 2003. Exsicatas foram depositadas no Herbario da UFAM (Silva 5729 e Silva 5730). A
identificacdo foi realizada pelo Dr. Wayt Thomas (comunicacdo pessoal). Uma segunda
coleta foi realizada na Reserva Florestal ZF-2 (km 60 BR-174, Manaus - Boa Vista)
pertencente ao INPA, em setembro de 2006. Foi feita uma triagem das plantas, separando-
as em raizes, caules, folhas e frutos. A confirmacéo da identificacdo botanica da espécie P.
sprucei foi realizada no Herbario do Instituto Nacional de Pesquisa da Amazénia (INPA),
onde foi depositada amostra fértil (exsicata) referente a essa espécie (223883). As distintas
partes da planta foram secas a sombra, picotadas em pedacos de cerca de 10 cm. Os caules
e raizes foram moidos em moinho “Whiley Mill” n° 3, marca Arthur H. Thomas

(Philadelphia, U.S.A.), e os frutos foram moidos em moinho de carne, marca Eberle.

1.2 - Reagentes e solventes

Todos os solventes utilizados neste trabalho foram de grau técnico e previamente
purificados utilizando destilacdo fracionada. Os solventes foram tratados para a retirada de
impurezas comuns e secos com Na,SO, quando necessario. A agua utilizada em todas as

etapas foi destilada.

79



1.3 - Equipamentos

Foram utilizados os seguintes equipamentos: Balanca semi-analitica, Marca Quimis,
modelo BG2000, limite 2,020g, balanca analitica, Marca Mettler-Toledo, modelo AB204
com limite méximo de peso de 210 mg, evaporador rotatorio, Marca Fisatom 802, modelo
550, lampada UV, Marca Spectroline, modelo CX-20, “ultraviolet fluorescence analysis
cabinet”, onda longa (365 nm) e onda curta (254 nm), ultra-som, Marca Ultrasonic, modelo

USC 1400.

1.4 - Andlises cromatogréficas

1.4.1 - Cromatografia de camada delgada (CCD) analitica

Foram utilizadas placas prontas de silica gel 60 em aluminio MERCK de 20 x 20 cm
com indicador de fluorescéncia Fps4. Os sistemas de revelagéo utilizados foram lampadas
de ultravioleta (UV) a 254 nm e 366 nm e revelacdo em vapor de iodo e solucdo alcodlica
de H,SO,4 a 5% e vanilina. Para analise em fase reversa foram utilizadas cromatoplacas de
RP-18 em aluminio MERCK de 20 x 20 cm com indicador de fluorescéncia Fjsg,

utilizando-se os mesmos sistemas de revelacao.

1.4.2 - Cromatografia de camada delgada (CCD) preparativa

Foram utilizadas placas com silica gel 60 em aluminio MERCK com 1 mm de
espessura e tamanho de placas 20 x 20 cm. Para revelacdo serdo utilizadas lampadas de UV

a 254 e 366 nm.
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1.4.3 - Cromatografia Liquida de Alta Eficiéncia (CLAE)

Cromatografo analitico Shimadzu, modelo LC-20, com sistema quaternario, detector
SPD-20A, injetor automético SIL-20A e controladora CBM-20A. A fase movel utilizada
foi acetonitrila-agua 10:90, com gradiente linear (20 min) até acetonitrila-agua 75:25 e
isocratico até o final da corrida. Foi utilizada coluna de fase reversa analitica LichroCart®

250-4 com volume de injecdo de 10 uL, fluxo de 1,5 mL/min.

1.5 - Analises espectroscopicas

Espectrémetro de ressonancia magnética nuclear Marca Varian, modelo Unity Inova
(500 MHz) do Centro de Biotecnologia da Amazdnia (CBA). Solventes: CDCL3, MeOD,
D,0 e CsDsN. Tetrametilsilano (TMS) foi utilizado como padréo interno.

Espectrometros de massas Daltronics-Bruker UltrOtof Mass Spectrometer e Daltronics-
Bruker lon Trap Mass Spectrometer (USP-SP, Central Analitica). Espectros de massa
acurada por ionizacdo de “electrospray” em modo positivo foram adquiridos em um
aparelho Bruker-Daltronics UltrOTof utilizando uma mistura de MeOH/H,O/HCO;H como
sistema de solventes para infusdo [infusdo significa que a substancia foi
dissolvida numa mistura desses solventes e a solucdo resultante  foi

injetada diretamente no aparelho de massas.
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1.6 - Obtencdo dos quassinoides

A preparacdo dos extratos de P. sprucei foi realizada por Silva (2006), descrita no

capitulo 1.

Novo método: isolamento da neosergeolida a partir de raizes em duas etapas

Dando seqiiéncia ao aperfeicoamento do procedimento de extracdo dos quassindides,
450 g de serragem de raizes, obtidas na segunda coleta, foram submetidas a desgraxificagdo
com hexano ( 1,0 L) em extratores do tipo Soxhlet (3 x 6 h). O solvente foi evaporado
utilizando-se evaporagdo rotatoria obtendo-se o extrato em hexano (massa?). A serragem
foi submetida a extracdo com Et,O etilico (1,0 L) a temperatura ambiente (3 X uma
semana). O solvente foi evaporado utilizando-se evaporacao rotatdria originando 2,7 g
(0,6%) de extrato em Et,O denominado PSE, o qual foi submetido a recristalizacdo da
forma descrita anteriormente, obtendo-se 219,1 mg de neosergeolida (5) (0,049 % em

relacdo ao peso seco de serragem).

1.7 - Preparacédo dos derivados semi-sintéticos a partir da neosergeolida e isobruceina
B

1.7.1 - Hidrdlise alcalina

A reacdo de hidrolise alcalina foi realizada segundo o procedimento descrito por Okano
e colaboradores (1985) que aplicaram essa reacao a isobruceina B (2). A uma solugédo de
isobruceina B (2) (25,4 mg) em MeOH (1,5 mL) foi adicionado NaOH 1 N (0,45 mL).

Apbs agitacdo a -5 °C por 17 min, a mistura de reagdo foi neutralizada com HCI 1N (0,8

82



mL) e evaporada a vacuo para obtengdo de um residuo branco cristalino. A reacdo foi
monitorada por CCD analitica como descrito anteriormente. O residuo foi submetido a
purificacdo em cromatografia em coluna de silica Flash (MeOH, 100%) para obtencao
de 15,6 mg do derivado 23 (Esquema 1), na forma de um cristal branco (Rf 0,38; Tempo
de retengdo CLAE 5’°48”; UVmax 245nm). Da mesma forma, 13,1 mg do derivado
desacetilado 24 (Esquema 1), na forma de um cristal branco (Rf 0,51; Tempo de retencédo
CLAE 8°27”; UVmax 245nm) foram preparados a partir de neosergeolida (5) (25,3 mg).
Na figura 1 observa-se a ampliacdo dos espectros de *H de 5 e 24. No quadro A observa-se
o sinal em 2.9 ppm referente ao grupo acetil ligado ao carbono 15. No quadro B observa-se
claramente a auséncia deste sinal.

Outro procedimento de hidrdlise alcalina foi realizado adicionando-se NaOH 0,1 N (5
mL) a uma solugdo do quassindide (16,1 mg) em MeOH (10 mL). Apds agitacdo a -5 °C
por 30 min, a mistura de reacgdo foi neutralizada com resina Dowex, filtrada e evaporada a
vacuo para obtencdo de um residuo branco cristalino. A reacdao foi monitorada por CCD
analitica como descrito anteriormente. O residuo foi submetido a purificacdo em
cromatografia em coluna de silica Flash, com elui¢cdo em i-PrOH, para obtencdo de 12,4 mg
do derivado 25 (Figura 2) (MS/MS = 425,1409 [ M + H]"; 447,1238 [M + Na]", na forma

de um cristal branco.

1.7.2 - Redugéo

A uma solucéo de neosergeolida (5) (34,1 mg) em MeOH (10,0 mL) foi adicionado
NaBH; (1,0 mg). A solucdo ficou sob agitacdo por 24 h. Apos purificacdo por CC

(MeOH:H,0, 1:1 v/v) obteve-se o derivado 35 (33,7 mg). Da mesma forma, foram
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preparados 33,7 mg do derivado 36 (Rf 0,6; Tempo de retengdo CLAE 9°52”; UVmax

276nm; MS/MS 449,3 [M - H]" (Figura 3)).

OH
HO(_A_«CO,Me NaOH 0,1 N
MeOH
(@) .. pOAC Dowex
15 _’
/E t.a.
O 30 min.
(2) (25)
Isobruceina B 15-desacetil isobruceina B
OH OH
(@) = (@) H
3 NaOH 1,0 N .CO,Me

wCOMe  “LirioN
MeOH (@)

e 5 ——
S
. (o) 17 min.

(5) (24)

Neosergeolida
(34,1 mg)
Esquema 1 — Preparo de derivados semi-sintéticos a partir dos quassinoides neosergeolida e

isobruceina B.
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1.8 - Determinagéo das estruturas cristalogréaficas

Para as determinagdes estruturais dos cristais obtidos por difracdo de raios-X foi
utilizado o equipamento modelo URDG, da Carl Zeiss, do Instituto de Quimica da USP de
Sao Carlos, pelas Professoras Regina H. de A. Santos (USP-SC) e Claudia C. Silva (UEA).
O tratamento dos dados coletados foi realizado no sistema WinGX (FARRUGIA, 1999).
Foram realizadas corregOes pelos fatores de Lorentz, de polarizacdo e dos efeitos de
absorcdo. A estrutura foi resolvida pelos Métodos Diretos através do sistema SIR97
(ALTOMARE et al., 1999), onde foram localizados todos os &tomos, menos o0s
hidrogénios. O refinamento foi realizado pelo método dos minimos quadrados com matriz
completa e calculos de Fourier diferenca utilizando o programa SHELXL-97 (HERBST-

IRMER; SHELDRICK, 1998).

1.9 - Estudo fitoquimico dos frutos de P. sprucei

1.9.1 - Preparagéo do extrato etandlico dos frutos

Frutos de P. sprucei foram coletados a partir de espécimes cultivados no INPA em
dezembro de 2005. 191,26 g de frutos secos em estufa a 50° C e moidos com grau e pistilo
foram submetidos & extragcdo em etanol a t.a. por uma semana em um erlenmeyer. Apos
filtragem em papel de filtro, o extrato foi concentrado utilizando evaporagdo rotatoria. O
marc foi extraido mais duas vezes e os extratos foram reunidos totalizando 22,97 g (12,0%)
de extrato etanolico denominado 1RA10. O mesmo procedimento foi realizado com 16,29 g

da casca e polpa dos frutos obtendo-se 1,53 g de extrato etanolico das cascas denominado
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3RA16C (8,2%) e com 18,69 g do carogo dos frutos obtendo-se 0,94 g de extrato etanolico

da polpa denominado 3RA16P (5,8%).

1.9.1 - Fracionamento do extrato etanolico dos frutos inteiros, cascas e carogos

O extrato etandlico dos frutos inteiros de P. sprucei (LRA10) (20,0 g) foi submetido a
particdo em solucéo de 100 mL de MeOH/H,0 (9:1) e extraido com 50 mL de hexano por
trés vezes. As fases hexanicas foram reunidas, secas por evaporagdo rotatdria, obtendo-se
224,8 mg (10,95%) da fase hexanica denominada 3RA22H. Houve a formagdo de um
precipitado branco (3RA22HC) que foi separado e cristalizado. A fase hidrometandlica
resultante foi submetida ao mesmo procedimento, substituindo-se sequencialmente hexano
por cloroférmio, acetato de etila e n-butanol (Figura 5). Os extratos etandlicos das cascas
(B3RA16C) e carocos (3RAL6P) (0,5 g de cada) também foram submetidos a procedimentos

de particdo como descrito acima (Figuras 6 e 7).

1.10 - Ensaios bioldgicos

1.10.1 - Ensaio de toxicidade frente a larvas de A. franciscana

O ensaio de letalidade frente a larvas do microcrustaceo A. franciscana Kellogg in vivo

foi realizado no LAPAAM/INPA segundo procedimentos descritos no capitulo 2 desta

Tese.
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1.10.2 - Avaliagdo da atividade inseticida frente a imagos de A. aegypti

Essa atividade foi determinada por prova bioldgica de garrafas de 250 mL Marca Schott
segundo protocolo de WHO (2006), onde foram usados mosquitos adultos hematéfagos da
espécie Aedes aegypti, com 3 a 5 dias de idade, obtidos de campo. As substancias de
interesse foram impregnadas nas garrafas e colocadas em contato com os mosquitos. O
teste foi realizado em triplicata fazendo-se observacfes a cada 10 min até 90 min. O
resultado foi avaliado pelo percentual de mortalidade até 90 min, onde o total de mosquitos

mortos foi dividido pelo total de mosquito inicial e multiplicando-se por 100.

1.10.3 - Avaliacdo da atividade antiproliferativa em células tumorais

Os ensaios de citotoxicidade frente a células tumorais in vitro foram realizados no
Laboratorio de Oncologia Experimental (LOE) do Departamento de Fisiologia e
Farmacologia da Universidade Federal do Ceara (UFC), sob coordenacdo da Professora
Claudia Pessoa, com colaboracdo do aluno de Doutorado em Farmacologia Bruno Coelho

Cavalcanti, segundo procedimento descrito no Capitulo 2 desta Tese.

1.10.5. Ensaio de inibicao da atividade de mitocéndrias vegetais.

Os ensaios de inibicdo da atividade mitocondrial foram realizados no Laboratério de
Bioenergética do Departamento de Bioquimica e Biologia Molecular da UFC, sob
coordenacgdo da Professora Dirce Fernandes. As mitocondrias foram isoladas de raizes do

cultivar de feijdo Vita 5 em condi¢des controle pelo método de Cornu e colaboradores

87



(1996). A concentracdo de proteina mitocondrial foi determinada pelo método de Bradford
(1976). A anélise da integridade da membrana mitocondrial externa foi avaliada segundo

método descrito por Neuburger e colaboradores (1982).

1.10.6. Ensaio de atividade hemolitica em eritrocitos de camundongos Mus musculus

Swiss

Os ensaios de atividade hemolitica foram realizados no Laboratério de Oncologia
Experimental (LOE) do Departamento de Fisiologia e Farmacologia da Universidade
Federal do Ceard (UFC), sob coordenacdo da Professora Claudia Pessoa, com colaboracdo
do aluno de Doutorado em Farmacologia Bruno Coelho Cavalcanti. Os ensaios de atividade
hemolitica foram realizados no LOE-UFC, segundo a metodologia descrita por Costa-
Lotufo e colaboradores (2002) e Dresch e colaboradores (2005). Essa metodologia permite
avaliar o potencial das substancias-testes em causar lesdes na membrana plasmética dos
eritrécitos, seja pela formacdo de poros ou pela ruptura total. O sangue foi coletado de trés
camundongos (Mus musculus Swiss) por via orbital (animais previamente anestesiados com
éter etilico) e diluido na proporcéo de 1:30 com solucdo salina (NaCl 0,85% + CaCl2 10
mM). Os eritrocitos foram lavados 2 vezes em solucdo salina por centrifugacdo (15 g/3
min.) para reducdo da contaminacdo plasmatica e ressuspensos em solucdo salina para
obtencdo de uma suspensdo de eritrocitos (SE) a 2%. Os ensaios foram realizados em
multiplacas com 96 cavidades. Cada poco da 12 fileira recebeu 100 uL da solucdo salina.
Na 22 o0s pogos receberam 50 pL da solugédo salina e 50 pL do veiculo de diluicdo da
substancia teste, neste caso, DMSO 10%. Aos pogos da 32 fileira, foram adicionados 100

ML de solugéo salina e 100 pL das substancias teste em solugdo. Da 42 fileira em diante os
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pogos receberam 100 pL da solugdo salina, excetuando-se os da ultima fileira, que
receberam 80 pL de solugéo salina e 20 pL de Triton X-100 a 1% (controle positivo). As
diluicbes foram feitas da 3% a 112 cavidade, retirando-se 100 pL da solucdo da cavidade
anterior e transferindo para a seguinte de modo que as concentra¢es foram sempre diluidas
pela metade, variando de 1,5 a 200 pg/mL. Em seguida, 100 pL da suspensao de eritrocitos
foram plaqueados em todos 0s pogos. Apos incubagdo de 1 hora, sob agitacdo constante a
temperatura ambiente (26 + 2°C), as amostras foram centrifugadas (50 g/3 min.) e o
sobrenadante transferido para uma outra placa para a leitura da absorbancia da hemoglobina
no espectrofotdmetro de placas a 540 nm. A atividade das substéancias teste foi determinada

de maneira relativa ao valor dos controles positivo e negativo.

1.10.7. Cultura de parasitas e ensaio de atividade antimal&rica in vitro

1.10.7.1. Técnica de microscopia

Os ensaios de atividade antimalérica foram realizados por este Doutorando no Setor de
Malaria da Fundacdo de Medicina Tropical do Amazonas (FMTAM), sob orientacéo do Dr.

Pedro P. R. Vieira, segundo metodologia descrita no Capitulo 2 desta Tese.

1.10.9. Ensaios de atividade antibacteriana segundo o teste de difusdo em agar

Os testes de atividade antibacteriana dos quassindides foram realizados no laboratério do
Professor Denilson F. de Oliveira da Universidade Federal de Lavras (UFLA). Foram
utilizadas linhagems das bactérias Aeromonas hydrophila (ATCC 7966), Bacillus subtilis

(ATCC 6633), Pseudomonas aeruginosa (ATCC 25853) e Staphylococcus aureus
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(ATCC25923). As bactérias foram repicadas para placa de Petri contendo meio TSA e,
apos 24 horas, foram transferidas para tubo de solugdo aquosa de NaCl a 0,85 % (g/mL),
até se alcancar turvacdo 0,5 na escala de Mc Farland (1,0 para B. subtilus). Com um Swab
estéril, as bactérias contidas nessas solucGes salinas foram inoculadas em meio de cultura
Muller-Hinton-Agar contido em placas de Petri. A seguir, foram feitos furos de 0,6 cm de
diametro nos meios de cultura inoculados, nos quais foram depositados 40 pL das solugdes
resultantes da dissolucdo dos extratos (5 mg) em 1 mL de etanol/agua (7:3). Ap6s 24 horas
a 37 °C, os halos de inibicdo do crescimento bacteriano ao redor do furo foram medidos
com uma régua. Os experimentos foram realizados em duplicata, com norfloxacina (ou

cloranfenicol) e etanol/agua como controles positivo e negativo, respectivamente.

1.10.10. Ensaios de atividade antifungica

Os testes de atividade antifingica dos quassindides foram realizados no laboratério
do Professor Denilson F. de Oliveira (UFLA). Foi utilizada a espécie de fungo Aspergillus
ochraceus Wilhem. 1,0 mg dos quassinoides foram dissolvidos em 2,0 mL de Tween 80 a
1% (g/mL) e adicionou-se 200 microlitros das solucdes resultantes a 40 microlitros de uma
suspensdo aquosa contendo 8,0x10° esporos/mL do fungo Aspergillus ochraceus Wilhem.
O meio de cultura Czapeck Yeast Extract (CYA-200 microlitros), ainda quente, foi
adicionado a cavidades de placas de 96 cavidades (capacidade aproximada de 400
microlitros por cavidade) e, apos solidificacdo do meio, 20 microlitros das suspensdes de
esporos contendo extratos vegetais foram colocados em cada furo. Apds 48 horas na
temperatura de 25° C, o experimento foi avaliado por observacdo visual para verificar se

houve crescimento fangico ou ndo. Os experimentos foram realizados em duplicata,
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empregando-se Tween 80 a 1% e cloreto de benzalconio como controles negativo e

positivo (MOURI et al., 2005).

1.10.11. Ensaios de atividade anti-helmintica

Os testes de atividade anti-helmintica dos quassindides foram realizados no
laboratdrio laborat6rio do Professor Denilson F. de Oliveira (UFLA). Raizes de cafeeiros
(Coffea arabica L.) cultivados em casa de vegetacao e infestadas com Meloidogyne exigua
Goeldi, foram lavadas cuidadosamente e cortadas em pedacos de um centimetro. A seguir,
foram trituradas em liquidificador por vinte segundos em solucéo de hipocloprito de sodio a
0,5 %, seguindo a técnica de Hussey e Barkey (1973), modificada por Boneti & Ferraz
(1981). Os ovos retidos na peneira de 0,025 mm foram recolhidos em béquer de 200 mL,
utilizando-se pisseta contendo &gua destilada. Para a obtencdo dos juvenis dos segundo
estadio (J2), utilizou-se uma camara de eclosdo formada com tela e papel de espessura fina,
colocado num funil de vidro esterilizado. Apenas J2 com no maximo dois dias de idade
apos eclosdo foram empregados. Em cada cavidade de placas do tipo Elisa foram colocados
100 pL de solugdo aquosa de Tween 80 a 1% contendo os quassindides neosergeolida e
isobruceina b (500 ppm) e 20 pL de suspensdo aquosa contendo de 20 a 30 J2. Apds 48
horas no escuro, a 25°C, contou-se os individuos moveis e imoéveis. A seguir, contou-se 0s
mortos e vivos. O experimento foi realizado com seis repeticdes e como testemunha

utilizou-se Tween 80 a 1%.
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1.11. Anélises Estatisticas

Os dados estdo apresentados na forma de médias + desvios padrGes. Os valores de
concentracdo inibitéria 50 (Clsp) ou concentracdo efetiva 50 (CEsp) e seus intervalos de
confianca 95% (1C95%) foram obtidos por regresséo linear utilizando o programa
GRAPHPAD (Intuitive Software for Science, San Diego, CA). Os valores de concentracdo
letal 50 (CLsp) para os testes de letalidade de larvas de A. franciscana foram obtidos de
contagens de larvas vivas apds 24 h de incubagcdo com as substancias testadas vida,

utilizando-se o método de anélise de probito descrito por Finney (1971).
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2. Resultados e Discussoes

2.1 - Coleta e identificacdo do material vegetal

Foram obtidos 43 acessos de P. sprucei na segunda coleta efetuada na Reserva ZF2.

Uma nova exsicata apresentando frutos estd em fase de preparo. Os dados referentes a

massa Umida e seca podem ser observados na Tabela 1.

Tabela 1 - Dados da perda de umidade de P. sprucei coletada na Reserva ZF2.

Orgéo Peso fresco (g) Peso seco na estufa (g) Massa seca (%)
Raizes 7.810,73 4.174,38 53,44
Caules 2.145,88 1.042,59 48,59

2.2 - Obtencao dos quassindides

Moretti e colaboradores (1982) utilizaram de forma exaustiva, desgraxificacoes,
seguidas de infusGes seriadas com agua quente, extracdo liquido-liquido com &gua e
cloroférmio e cromatografias as quais correspondem a um processo lento, especialmente em
uma escala piloto. Na adaptacéo iniciada por Silva (2006) e concluida no presente trabalho,
0 uso de extracdo continua liquido-sélido gerou extratos aquosos parcialmente concentrados
e ricos em quassindides. Enquanto Moretti e colaboradores (1982) geraram um extrato em

CHCIs, que foi cromatografado para obtencdo de (5) e (2) em escala de miligramas, o
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método desenvolvido por Silva (2006) eliminou completamente o uso de procedimentos
cromatograficos. A etapa chave de precipitacdo removeu substancias muito polares e
sollveis em &gua, presentes no extrato obtido em cloroférmio e permitiu a recristalizagéo
diferencial de isobruceina B (2), 1,17 g, com rendimento de 0,018% em relacdo ao peso
seco da serragem e 0,23% em relacdo ao peso seco do extrato e neosergeolida (5), 1,75 g,
com rendimento de 0,02% em relag&o ao peso seco de serragem e de 0,34% em relagdo ao
peso seco do extrato.

Aqui estamos demonstrando a sequéncia do processo de melhoramento da extracdo dos
quassindides em escala-grama, a temperatura ambiente e com solventes ndo clorados,
seguido de recristalizacdo. Até o momento foram obtidos seletivamente 219,1 mg de
neosergeolida (5) (0,049 % em relagdo ao peso seco de serragem), aproximadamente o
dobro em relacdo ao procedimento descrito por Silva (2006). Esta nova tentativa de
extracdo e isolamento dos quassindides de P. sprucei ainda se encontra em estudo a fim de
determinarmos um procedimento ideal para obtencdo da isobruceina B (2). Vale ressaltar
ainda o encurtamento do tempo necessario para obtencdo da neosergeolida (5) de varios
meses para poucas semanas.

O Laboratorio de Pesquisas em Produtos Naturais (LAPAAM) ja possui grande
experiéncia no estudo dos quassindides de P. sprucei, ja tendo sido produzidos duas
dissertacOes e quatro artigos referentes aos estudos da isobruceina B (2) e neosergeolida (5)
(Saraiva, 2001, Silva, 2006). Silva (2006) descreveu ainda a preparacdo dos derivados
acetilados 21 e 22 bem como iniciou o estudo das atividades citotoxica e larvicida dessas
substancias naturais e semi-sintéticas. Dessa forma, ndo serdo apresentados aqui dados
espectroscopicos das substancias (2), (5), 21 e 22 por ja se tratarem de dados largamente

descritos e estudados pelo grupo.
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Os dados da andlise de difracdo de raios-X (Figura 8) confirmaram os dados
previamente descritos na literatura nos quais a neosergeolida (5) forma cristais com agua de
cristalizacdo (Zukerman-Schpector et al., 1994). Todas as substancias geradas neste
trabalho e que se apresentam na forma de cristal, também estdo sendo analisadas segundo

esta técnica.

Figura 8. Representacdo ORTEP da estrutura 5, identificada por difracdo de raios-X de

monocristais.

2.3 - Preparacéo dos derivados semi-sintéticos a partir da neosergeolida e isobruceina
B

4.3.1 - Hidrolise alcalina

O derivado 23, obtido por reacdo de hidrdlise alcalina da isobruceina B (2), apresentou

fator de retencdo (r.f.) de 0,38 mm por CCD analitica (Et,O:i-PrOH, 9:1) e tempo de
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retencdo de 5 min e 40 seg. por CLAE e teor de pureza do pico maior do que 98%. A
absorcdo maxima no UV (UVmaéx.) foi de 245 nm. Ja o derivado 24, obtido por reacdo de
hidrélise alcalina da neosergeolida (5) apresentou r.f. de 0,51 mm, tempo de retencdo de 8
min e 27 seg. e teor de pureza do pico maior do que 98%.

O derivado 25, obtido por reacdo de hidrdlise alcalina da isobruceina B (2), apresentou
fator de retencdo (r.f.) de 0,29 mm por CCD analitica e tempo de retencdo de 1 min e 44
seg. por CLAE, teor de pureza do pico maior do que 98%, com UVméax de 245 nm. O
espectro de massas obtido (ESI-MS, CH3;OH:H,O:HCO,H, Figura 10) apresentou
fragmentacdes (m/z) em 425,1409 [M + H]" e 447,1238 [M + Na]* compativeis com a

estrutura proposta para o derivado 25 (Figura 10).

(36a), R=—OH: R ==0
(36b), R==0 ;R =—O0OH

Figura 10. Proposta estrutural para os quassindides semi-sintéticos preparados a partir da

neosergeolida e isobruceina B.
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Figura 9 — Ampliacdo dos espectros de RMN *H da neosergeolida (5) (A) e seu derivado desacetilado (24) (B) (CDCls / 500MHz)
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O derivado 26, obtido por reacdo de hidrolise alcalina da neosergeolida (5) apresentou
r.f. de 0,35 mm, tempo de retencdo de 2 min e 5 seg., teor de pureza do pico maior do que
98%, com UVmax de 245 nm. O espectro de massas obtido (ESI-MS,
CH30H:H,0:HCO,H) apresentou fragmentacdes (m/z) em 449,1493 [M + H]", 471,1328
[M + Na]” e 489,1417 [M + Na + H,0]" compativeis com a estrutura proposta para o

derivado 26.

2.3.3 - Epoxidacao

O derivado 27, obtido por reacdo de epoxidacdo da isobruceina B (2), apresentou fator
de retencao (r.f.) de 0,60 mm por CCD analitica e tempo de retencdo de 5 min e 28 seg. por
CLAE, teor de pureza do pico maior do que 98% e UVmax de 245 nm. Ja o derivado 28,
obtido por reacdo de epoxidacdo da neosergeolida (5) apresentou r.f. de 0,42 mm, tempo de

retencdo de 9 min e 52 seg., teor de pureza do pico maior do que 98% e UVmax de 278 nm.

2.3.4 - Benzoilacao

Os derivados 29 e 30, obtidos por reacdo de benzoilacdo da isobruceina B (2),
apresentaram r.f. de 0,69 e 0,71 mm por CCD analitica, respectivamente e tempo de
retencdo de 12 min e 53 seg e 11 min e 22 seg, respectivamente por CLAE, teores de
pureza dos picos maiores do que 98% e UVmax de 244 e 198 nm, respectivamente. Os
derivados 31 e 32, obtidos por reacdo de benzoilacdo da neosergeolida (5) apresentaram r.f.
de 0,73 e 0,79 mm por CCD analitica, respectivamente e tempo de retencdo de 13 min e 2

seg. e 11 min e 37 seg.., respectivamente por CLAE, teores de pureza dos picos maiores do



que 98% e UVmax de 247 e 207 nm, respectivamente. Ja os derivados 33 e 34, obtidos por
reacao de benzoilacdo da 15-desacetil neosergeolida (24) apresentaram r.f. de 0,64 e 0,67
mm por CCD analitica, respectivamente e tempo de retencdo de 13 mine 14 seg. e 11 mine
41 seg., respectivamente por CLAE, teores de pureza dos picos maiores do que 98% e

UVmax de 247 e 194 nm, respectivamente.

2.3.5 - Reducéo

O derivado 35, obtido por reacdo de reducdo da isobruceina B (2), apresentou fator de
retencdo (r.f.) de 0,41 mm por CCD analitica e tempo de retencdo de 5 min e 1 seg.. por
CLAE, teor de pureza do pico maior do que 98% e UVmax de 247 nm. O derivado 36,
obtido por reacdo de epoxidacdo da neosergeolida (5) segundo o mesmo protocolo acima,
apresentou r.f. de 0,60 mm, tempo de retencdo de 9 min e 52 seg. por CLAE, teor de pureza
do pico maior do que 98% e UVmax de 276 nm. O espectro de massas obtido (ESI-,
MeOH:H,O (80:20), Figura 12) apresentou fragmentacdo (m/z) em 4493 [M - H]
compativel com uma das estruturas propostas para o derivado 36, denominadas 36a e 36b

(Figura 11).

2.4 - Ensaios de atividade biologica

2.4.1 - Ensaio de toxicidade frente a larvas de A. franciscana

O ensaio com larvas do microcrustaceo A. franciscana é um método simples e barato
que permite avaliar a toxicidade geral e pode ser considerado um ensaio preliminar no

estudo de extratos e substancias puras para determinacdo da atividade antitumoral. O
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derivado 25, apesar de ter apresentado Clsy aproximadamente 7 vezes menor do que o
quassindide natural isobruceina B (2) (Tabela 2), ainda pode ser considerado bastante ativo
0 que o coloca como uma substancia promissora para futuros testes de atividade citotoxica

frente a células tumorais.

Tabela 2 - Atividade tdxica das fracbes obtidas por particdo do extrato etandlico de frutos

de P. sprucei frente a larvas de A. franciscana.

Amostra Clso (ug/mL)
2 1,3*
5 0,9*
25 8,8
1RA10 64,0
3RA16C 130,0
3RA16P 24,0
Fr. hexanica 128,0
Fr. cloroférmica® n.d.
Fr. ac. etila® n.d.
Fr. n-butanol* 6,0
Fr. aquosa® >130,0

1 - FracOes obtidas a partir da particdo do extrato etandlico dos frutos inteiros de P. sprucei.

n.d. — ndo determinado. *Silva, 2006.
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Figura 11. Espectro de massas (ESI-MS) do derivado semi-sintético 36.
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2.4.2.2 - Avaliagdo da atividade inseticida frente a imagos de A. aegypti

Devido a limitacdo de quantidade de amostra, até o presente momento somente 0s
quassinoides naturais (2) e (5) foram submetidos a este teste. Apesar da significativa
atividade larvicida, ndo se observou atividade inseticida frente as espécies estudadas, até
uma concentracao de 750 pg/mL. Entretanto, acreditamos que a dificuldade de ingestdo das
substancias pelo inseto mascarou possiveis efeitos toxicos. Novos testes devem ser

realizados com o uso de um veiculo que permita a entrega da droga teste aos insetos.

2.4.3 - Ensaio de citotoxicidade frente a células tumorais in vitro

Os extratos e fragOes obtidas a parti dos frutos inteiros bem como das cascas e polpas
dos frutos de P. sprucei ja foram testadas frente a quatro linhagens tumorais e estdo em fase
final de célculo das Clsp. Como pode ser observado na Tabela 3, somente a fracdo hexanica
obtida a partir da particdo do extrato etanolico dos frutos inteiros de P. sprucei nédo
apresentou boa atividade citotoxica. Todas as demais se mostraram bastante tdxicas a pelo
menos uma das linhagens testadas.

A analise das Clsg das fragcdes obtidas a partir dos extratos de cascas e polpas dos frutos
de P. sprucei mostra que, tanto a fracdo cloroférmica das cascas quanto a fracdo
cloroférmica da polpa foram bastante ativas, com valores de Clsg iguais ou inferiores a 0,92
ug/mL (Tabela 4). Entretanto, a fragdo n-butanolica da casca/polpa foi bastante ativa (Clsg

0,78-1,82 ug/mL) enquanto que a fragdo n-butanolica da casca/polpa foi inativa até uma

concentracdo de 100 pg/mL, dando uma boa indicacdo de que a composi¢do quimica



distinta entre essas fragGes. A forte atividade citotdxica apresentada por essas fragdes indica

que o estudo fitoquimico das mesmas deve revelar substancias de elevado potencial

antitumoral.

Tabela 3 - Atividade citotdxica das fragdes obtidas por particdo do extrato etandlico de

frutos inteiros de P. sprucei frente a células tumorais in vitro.

Linhagem

Amostra HCT-8 SF295 MDA-MB435

Classificacdo da atividade (atividade citotoxica %)

Fr. hexanica PA (22,43%) PA (29,77%) PA (28,44%)
Fr. cloroférmica MA (88,50%) PA (17,64%) MA (85,08%)
Fr. ac. etila MA (84,91%) MA (87,83%) MA (85,60%)
Fr. n-butandlica MA (82,39%) MA (86,73%) MA (84,98%)
Fr. aquosa MA (83,79%) PA (20,23%) MO (69,03%)

Como critério de atividade in vitro foi estabelecido que as amostras que inibirem o

crescimento dos parasitos de: 80 a 100% = muito ativa (MA); 50 a 79% = parcialmente

ativa (PA); < 50% = pouco ativa (PA).

2.4.5 - Ensaio de inibi¢éo da atividade mitocondrial

Observou-se que 0s quassinodides isobruceina B (2) e neosergeolida (5) ndo foram

capazes de alterar a capacidade de mitocondrias extraidas de feijdo de metabolizarem o0s
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substratos succinato e malato até uma concentracdo de 60 pM/mL. Dessa forma, as

referidas atividades bioldgicas testadas até 0 momento ndo possuem mecanismo de acdo

envolvendo alteragdes do metabolismo respiratério em células vegetais.

Tabela 4 - Atividade citotdxica das fracOes obtidas por particdo dos extratos etandlicos de

cascas e polpas de frutos de P. sprucei frente a células tumorais in vitro.

Linhagem
Amostra HCT-8 SF295 HL-60
Clso (ng/mL)
Polpa
Fr. hexanica n.d. n.d. n.d.
Fr. cloroférmica <0,19 <0,19 <0,19
Fr. ac. etila n.d. n.d. n.d.
Fr. n-butandlica 1,37 1,82 0,78
Fr. aquosa 31,87 91,35 27,43
Cascas
Fr. hexanica n.d. n.d. n.d.
Fr. cloroférmica 0,11 0,92 0,30
Fr. ac. etila n.d. n.d. n.d.
Fr. n-butanolica >100 >100 >100
Fr. aquosa n.d. n.d. n.d.

n.d. — ndo determinado
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2.4.6 - Ensaio de atividade hemolitica

Da mesma forma que para o ensaio de inibig&o da atividade mitocondrial, nenhuma das
amostras testadas (quassinoOides naturais e extratos e fracbes do fruto, caule e raiz de P.
sprucei) ndo apresentaram atividade hemolitica até uma concentracdo de 500 pg/mL,
indicando que ndo h& envolvimento entre as atividades bioldgicas apresentadas e o

rompimento de membranas bioldgicas.

2.4.7 - Ensaio de atividade antimalarica

Uma significativa inibicdo do crescimento do parasita causador da mal&ria humana P.
falciparum in vitro foi exibida pelos quassinoides (1) e (2) (Tabela 5). A neosergeolida (2)
e a isobruceina B (1), exibiram as maiores atividades, aproximadamente 15 a 82 vezes
maiores do que as apresentadas pela quinina e cloroquina e similares a apresentada pela
artemisinina. Se a mesma comparacéo for analisada numa escala molar, os quassinoides (1)
e (2) apresentaram atividades de 15 a 445 vezes maior do que a quinina e a cloroquina. A
sensibilidade in vitro do P. falciparum as substancias testadas foi similar e reprodutivel em
ensaios realizados em duplicatas em ocasides separadas. Alguns requerimentos estruturais
tais como a presenca de uma cetona o, 3-insaturada no anel A, uma ponte epoximetileno no
anel C e a presenca de uma funcdo éster em C-15 sdo considerados muito importantes para
a atividade antimalarica apresentada pelos quassindides (Okano et al. 1995) e estdo

presentes nos dois quassindides testados no presente trabalho. Desta forma, estamos
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demonstrando também que o0s quassindides (2) e (5) sdo, pelo menos em parte,
responsaveis por esta atividade bioldgica apresentada pelos chas de P. sprucei.

Os estudos preliminares ndo indicam efeito sinérgico entre a isobruceina B (2) e a
neosergeolida (5). Entretanto, ainda estd sendo estudado o possivel efeito sinérgico entre 0s
quassinoides e os antilamalaricos comerciais quinina, cloroquina e artemisinina.

Da mesma forma que foi observada nos ensaios de atividade citotdxica, os ensaios de
atividade antimalérica das fracdes do fruto de P. sprucei (Tabela 6) indicam um forte
potencial antimaldrico dos constituintes que por ventura venham a ser isolados e

caracterizados.

2.4.9 - Ensaios de atividade antibacteriana, antifungica e anti-helmintica

Os quassindides (2) e (5) apresentaram fraca atividade antimicrobiana, tanto frente as
espécies bacterianas A. hydrophila, B. subtilis, P. aeruginosa e S. aureus, com halo de
inibicdo vadiando de 6,5 a 8,0 mm, cerca de quatro a cinco vezes menor do que a
norfloxacina (controle positivo), quanto frente a espécie fungica A. ochraceus com
concentracdo inibitoria minima superior a dose maxima testada de 570 ppm (Tabela 7),
indicando, portanto, um fraco potencial antimicrobiano dos referidos quassindides. Da
mesma forma, o0s respectivos quassindides apresentaram apenas fraca atividade
antihelmintica frente ao nematoide M. exigua, indicando uma relativa seletividade, visto
que ja havia sido reportada uma significativa atividade anti-helmintica dos mesmos
quassindides frente ao nematdide M. contortus, um nematdide parasitico do aparelho
gastrointestinal de ruminantes domeésticos e silvestres com inibig&o in vitro de 72 e 77%,

respectivamente a uma concentragao de 86 ppm.
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Tabela 7 - Atividade antimicrobiana e anti-helmintica dos quassindides naturais obtidos de

P. sprucei.
Atividade Bioldgica
Anti-helmintica® Antibacteriana” Antiflingica®
Substéancia
A. B. P. S.
M. exigua A. ochraceus
hydrophila  subtilis aeruginosa aureus
2 26,2 6,5 7,5 - 7,0 > 570
5 25,2 8 7,5 7 - > 570
Tween 80 2,2 n.d. n.d. n.d. n.d. n.d.
Norfloxacina n.d. 32 31 26 24 n.d.
Cloreto de
n.d. n.d. n.d. n.d. n.d. 1,7
Benzalconio

a — Percentagem de juvenis mortos a uma concentracdo de 500 ppm; b - Halo (mm), a uma

concentracdo de 500 ppm; ¢ — Concentracdo inibitéria minima (CIM) (ppm); n.d. = ndo

determinada.
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Conclusodes

Um novo e seletivo método para obtencdo do quassinodide neosergeolida (5) foi obtido.
Entretanto, ainda ha a necessidade de aperfeicoamento de tal procedimento a fim de se
obter seqiiencialmente elevado teor do quassinoide isobruceina B (2), mantendo a
simplicidade, rapidez, baixo custo e baixo requerimento de solventes muito tdxicos tais
como os solventes clorados.

Os quassinoides 1 e 2 apresentaram elevada atividade antimalarica, ao passo que seus
derivados acetilados apresentaram se bem menos ativos.

Estudos de mecanismo de acdo demonstraram que 2 apresenta forte atividade
citotoxica devido a inducéo da apoptose das células tumorais.

Os quassinoides 1 e 2 apresentaram fraca atividade antimicrobiana e anti-helmintica e
moderada atividade larvicida frente a larvas de A. aegypti.

InfusGes do caule de P. sprucei apresentaram significativo teor de quassindides.

Foram preparados 14 derivados semi-sintéticos, sendo 3 ja conhecidos e 11 inéditos,
dentre os quais somente os derivados acetilados ja tiveram sua elucidacao estrutural
completa. Todos os demais estdo em fase de analise.

Apesar de se encontrar em fase inicial, o estudo fitoquimico dos frutos de P. sprucei ja
resultou no isolamento de uma substancia (em fase de elucidacdo estrutural) e na
apresentacdo de uma gama de atividades bioldgicas inéditas para o fruto. Apenas as
fracOes cloroférmicas obtidas da semente e da estrutura protetora da semente (epicarpo,
tegumento e mesocarpo) dos frutos de P. sprucei apresentaram teor de neosergeolida e

isobruceina B quantificavel pela técnica de CCD-densitometria e este teor é
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relacionado as atividades biologicas estudadas. Entretanto a presenca de outras

substancias também revelou um elevado potencial citotoxico para as demais fragdes.
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