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| Abstract

Project code : MRG4580016

Project Title : Screening for Anthelminthic and Antitumor Compounds from the Indigenous
Medicinal Member of the Two Plant Families, Annonaceae and Rubiaceae

Investigator : Assist. Prof. Dr. Weerah Wongkhanj, Dept. of Biology, Fac. Of Science, Chiang
Mai University

E-mail address : weerah@chiangmai.ac.th
Project period : 2 years

Searches for new bioactive anthelminthic or antitumor compounds are urgently needed.
There were evidences of anthelminthic compound resistance with few other effective choices.
Most of the present anthelminthic or antitumor compound always exhibited side effect to the
patient. There was almost no research of screening for the new anthelminthic compound in
Thailand. With all the themes mentioned, the purposes and aims of this project were accordingly
set for the initiation of the high standard laboratory in the Faculty of Science, Chiang Mai
University. Two species of worm have been chosen due to their availability of life cycle in
laboratory, the nematode Caencrhabditis elegans and the cercaria of blood fluke, Schistosoma
mansoni. Two human cancer cell lines have been chosen, MCF-7 (breast cancer cells) and
HeLa (cervical adenocarcinoma cells). The human amniocytic cell line with spontaneous
mutation, AMC-K46, and the normal primary cells from laboratory mouse embryo, M44, was ,
also used for the evaluation of the selective activity of the bioactive compounds. Fifteen species ’
of plant from the two families, Annonaceae and Rubiaceae, were extracted using ethanol or
aqueous. The ICsy of each extract was determined by the MTT assay or SRB assay on the
worms and the cell lines. There were 3 extracts from young fruit and leaves of annonaceous
plant expressed the antheiminthic activities against the worms, better than praziquantel, f
Antitumor activity was also observed and evaluated from the 3 extracts with the result better than
that of ellipticine. Annonaceous acetogenins are thought to be the active compounds in this
study, with enormously studies and revises. None of which has been referred to any extract from
young fruit of the plant. The antitumor-extracts with highest activity from the 3 annonaceous
plant were determined and used in genotoxicity assay to AMC-K46; Annona reticulate (young
fruit), Annona squamosa (young fruit), and Melodorum fruticosum (leaves). The exposed-cells
to the former two extracts were expressed the inhibition to the mitotic cell division with several
types of chromosome aberration. These cells exhibited a non significant different in percentage
of number to the control unexposed-cells, but clearly less than the cells exposed to mitomycin C.
Extracts of the two species from Rubiaceae, Ixora lobbii (leaves) and Paederia foetida (stem)
expressed very good activities with highly selective to inhibit C. elegans. All the extracts of the
plant from this family showed none of the antitumor activity.

Keywords : amniocyte, genotokicity';' ellipticine, mitomycin C, praziquantel
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FUszlamtluaniaa

9 F-1| A o s
o Lﬂuumma'l.umsmwmqu"lwsﬂﬁﬁ‘%am'l,ﬁ'l,uﬂmmmlﬂﬁLﬂﬂﬂi:‘[ﬂﬁﬁgﬂgﬂ



o 2
IDNININADI
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1 mssanuazidgevinani iiduluaa
%/ o J = d: = - L
 ldhmnReenueu 2 slefilulueaununnauned fda wuaudanay
e & [ a o a ! a
Caenorhabatis elegans Sa5psluamsiu ussdiAefiludes: (lifwhnaa) Tag
a s A& ) i .
leFuanuidailaann infections and Immunity Research Group, King's College London,
University of London, UK. mansnianuwinufiRudmanludasd jidinnsle uas nuau
o " d‘ [ =3 (23 =
ALY Transversotrema patialense BulunthFamarantadlaruwaiannaiasia
= 4« R o el & ' o A a
uazdinasiafls Melanoides sp. iulaannenas lasifivdativesfiasianuiinsée
A‘ = = A‘ ] !’ o J dlld A =l ] 2] A‘ ] A‘
wethnRariahnnundnihorsumaluiuiismiadodnl usnhaisesludradoslu
o a ' s 17 7= ' &
WaslfifmeinAulamaungs (Poecilia sp.) %ammmﬁﬂ‘lﬁw%q@ﬁmalsm"lumqLam
Py w & e g i o & ) LA v
1o Tavanarmanany dufuisdrwmnisnnldindalauazaranuilimnelaly
¥ & oy & . @ e
§191R89 URZENANTOUENLEGIBOUI cercaria aNWaR uazdLANTEaInaanlElunas
. A‘ o o g o
NAREY MMINARBINLN cercaria aanaifsiuandmlalaglfihssanaainsssund
. g o 1 ' . AN wa
uaza SRR UITia ldlA RPMI1640 DMEM tas HAMF12 wuin cercaria Ale&
9218 % biAin 3-4 Tl nimnesninanmey uarh (sensitive) saanwuingaa
Q i 1 i . o a . J ol
nn uazdiwiuilad luannwafiesihanvi bioassay WAGNANIZNUINEIRNANLY
vasfmivanele wwdsdudududy Waugnaananniaudfanglaifiv 30 wafi
) [} Qe Ot q‘: W =9 A‘ o A (]
TuomrsduSaduiu asmuilymvssmsldnuausfiaite Svunifldanwe uazaiy
' { a ) - a &
hdoamuyfouulamassmueunalTenss uazannTIasaunuantiasiail
J ) 1] a z =y _-
luszazimdeanwui limusaihwuaunssesszazanlfluntmesayld Sefiersongd
) a A '
mifenltuueusfial
Tevimanssiiemuanweniimunludrlduaslargou (Channa striata, Block)
NlBa3anidn Paliisentis rexus, Wongkham & Whitfield, 1999 snlFluntimaseauasiy
: - g' Qur o . 1 A n.d‘.d . 10 ) o d’ ¥ ]
lasusniamadadaTouasldandudidlaundrwimann dnvnmeseudasdusie
: : [ ' . a Yy e & A & '
HRTEIETRAAUAZENENEWENT wudt Mmuedsudafudsanldluminesssunlisnanta
ldfiasnnilgwaanlsznis fa Swammusunenifinuanaflédsuainesadlal
’ ' ' a . - la o [T [Y] ¥ v
wuneu wazwuinaeiivuanthsiestlss (species)duhiianwmilndilfnaiuaguziuiu
P a J [ . - e, 5 . [] o LY dl =
& mimadssdagdeuluiasfidmeminldeusadellddasudanadis 8n
o a _ aa Aa A a { T as o . .
demmiinfediiiieAduwdsrzomessosfiiduldviniu drdaufiliv infective
stage \Wingaglulsvhnfia copepods (1Iu intermediate host) uazmIuENMBauaanin
Waynmmaasunuaznizii lildasuszudszdalfimannldmainsiumsianuly
a . ‘.\V A o ‘ ’ ] : ﬁ' o 1 {1 -3 =, A‘
nmnansasansanafrfddummnnld udadslsfimufidenud livesthndesfieid
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dnwafirwindelimmasiuasissumave i fanlififnmaduldlugnmwaas
20anAITRAe 9 Jldhmsfneseandseludnuudassed Silasanudiuid
wdrldmansabhanlfuslemiiuauddells udlasnidulasethouay
Unngmisifdsliimimonuandauleldrnisdfuiianulunsmsinms
wiwmndatiunils daunudumn reprint ln manwan 1 adnelsianiiafansanugalal
mmm'lﬂ'fﬂuauwm%’ﬁﬁm‘ﬁum‘smaané’ﬂmmmsaanqw‘ﬁma"h";mw"lﬁ iiasand
ﬂ'.nmrmﬂ'l,unawmmiaﬂmmmu‘l%wmwm'lum-mmnaa nazdadrelunmnasafia
Fwanluiamanas

Témsneseunsvssasaiadaruewnentluldluian wia Schistosoma
mansoni 44 cercaria Taevi bioassay L'ﬁul.ﬁmﬁ‘um'sv‘iﬂwuau C. elegans laginms
ﬂﬂaa{l"n ‘Hmﬂgmﬂms Infeotions and Immumty Research Laboratory, King's College
London, UnlverS|ty of London ﬂizmﬁaoﬂqm Lm.mvsaaﬂgummimmﬂmﬂsmnm
matrmeimemans anAnmenaes anAnedoufies njmwamuas Tasd
wueunsnEiinasiinde Biomphalaria glabrata \Hudtufenans (intermediate
host) 3eldvmmessunsvasssaiadenandae lasnasavgdanmaduveniile
vapflduasaiansnuaiisinsia Soldusanalavandoallumsnuatiuidae
w87 (g35n130a 4.3)

@finsilniandsonia cercaria 183 Schistosoma japonicum WAz
Schistosoma mekongi snenadldlumsdanseadasusnildae widnnginfindiigm
amﬂ::msﬁm‘hmﬂm’ao c_eréaria TinnsasnenBsesiiaiulu mefivnmamases o
liannwadgmumsinanvieseLussn ez wuiudaslilesafif patamany
Uszns Ltdﬁﬁﬂﬁmﬁq@ﬁawqanﬁwm cercaria 7"1"3"1ﬂﬁwagj‘lsjmwﬁ'ﬁﬁnnaaﬂmmn
vmauwm:uﬁ”nm:ﬂ‘ﬂ'«J:memﬁaﬁmaﬂagﬁﬁnﬁﬂ lAmnuimssanadwuaznsaadn
IiF3nogvielyl Ssenean S. mansoni ilvuuawnorasiibiBadamahanldlunis
nasay ddulummenasiislddanmbmuanissesnld aslfnuwams cercaria 1n

S. mansoni [Wiuw

2 msmsyumaaﬁuua amﬁ‘lﬁ‘lumsnﬂ #Fais

2.1 maamywufu 159 une L«]:aa‘nnmﬂawuﬂmwuﬁmimmﬂﬁLﬂumaamﬁwuﬁ

auaz (immortal) ﬂammmmefammqwmvlﬁ"l.muqﬂ Foazhanldifuluasluns
FIE ST . ' e A

avewauilasdull leun wwasanwaieaas (cell suspension) 2 7fia fis U937 (human

monocytic cell ling) w8 K562 (human erythroid myeloma cel! line) URZLTARA NSNS
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‘mbmm (monolayer) 3 THia fa GMK (green monkey kidney celi line), MCF-7 (human
breast cancer cell hne) uae Hela (human cerwcal carcinoma cell line) I@mm*ﬂaamﬂ
wufuinldfuan Kenlfidnslhiainm maimdiine esdnemand
ynAnenasioelnal, mﬂﬁuﬁ'ﬁﬁmmﬂﬁmﬁuu:L‘iau,m'm?l NFINNY Ltazﬁwﬁuﬁﬁmu
N MAATNguAWINe ausinafiamsuwnd aninandoduslng
'«J’]ﬂﬂ"li‘ﬂ(ﬂﬁﬂutmﬂﬁﬁaﬂﬁgﬂﬁadmﬂﬁ%ﬁfﬁﬂ U937 uag K562 Wuitmasanniian
nagoundmnafinlesldis MTT-assay udsngiflenuduulirasdinsganiu |
SR dasniatastiwndsslimunsomiioadfiiesdn 96 well plate tmzausiwle

mamazmmwaama’mmlﬂammﬂLcnaammumn muu’l,umsmaamﬂawmimm
'l‘HL‘HﬂﬂﬂE]ElYI\?WJﬂ

SIS GMK mumuma*'l*ammamﬂu TeRsanh Wasnnsrsuma
spasadiweasd mumiﬂﬂuﬂmwuﬁnﬁﬂ@ eI LT (transformation) lails
iradnziS lasduiufia (www.atcc.com) UsznaunuanuimaswIulszancs 39

= J
A9l iunmInaaasds

2.2 1oaameNusUnd 4 wfia fio AMC-K46 uaz ACF-2 (human amniocytic cell line) CH-

4501 (chicken embryonlc ﬂbroblast cell line) ez DAO-M44 (mouse embryonic fibroblast

cell line) ma’[uwmmnaum'} M44 %4Lﬂumﬂamﬂwuﬁmammnmsm primary celi

culture Tuwesd fiimsdiimaluladisaddas nedim$idnemn ancinmmand

umﬂﬁﬂﬂnﬁﬂL%ma'lﬂai_itta; ﬁ’mmw;ﬂmmaﬁmﬂﬁufﬁnﬂmzﬁﬂtnwz%utﬁﬂq uaztdulsas

ﬁ’]ﬂﬁmﬁuqﬂ (finite c-:'el-l 'Iine) ﬁ?uﬁa.%:‘Hﬂq(ﬂLﬁ@!ttﬂ:ﬂ’lﬂﬂiw’lmﬁﬁ'ﬂﬂﬁn generation ‘ﬁ

50-80 lUud azmvl.iﬁmu“lﬁﬁnmﬁmﬁnaﬁa‘laﬁ'mfmmﬁﬁ generation 69 (2-5) lag

mausuiseinbsalululanawman LLa:mmiﬂﬁjma:muné’umﬁmuauﬁuﬁqmu

Fulnalle Lm:l,ﬁa‘lﬂﬁ’mwmmqﬂ‘waaLshasms'hﬁmmmﬂ’wuﬁum‘l&‘ﬂm&ﬁn
lumsnasssfinng woad CH-4501 Iénuaangse iasnidwssdmainguu

auaﬂ LLawiﬂﬂﬂ’ﬁﬂn‘}:ﬂL‘ﬁﬂﬂmﬂwuﬁﬁ]ﬂﬂﬁ’lﬂﬁma{lﬂ% fia AMC-K46 uns ACF-2 WU RS

aaamuwuﬁuﬂmaumLﬂuwaaﬂm@mwmmmmmﬁﬁumm (Dasa, 2005) Fssnansnsanld

'Lumsmaanu'l.umwmanmmzﬂmﬂnuL':Jul.snaaﬂﬂﬂ'lmmnn'nmaau,t.ﬁ‘[ﬂﬂm"l,ﬂ LAz

maamm’mu naﬂuﬂﬁmwwumnﬂ mimaunuluszasieraam Ao limansaldasd

Unfussanunldldinms mqmsJ"LumminmamsﬂgummmUﬁﬁm’mﬂwnﬁumiwmﬁm

Wusrsnylaviu Semsmansalfiass Mas 39 Lﬂuunaé"leuumm amynenasdywaadiing

=t & a PRV ST~
memﬂwuqmu'ﬂun’]ﬂﬂwmmu
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3 assanmasnrsanaarsonfiihusng
3.1 whavesfreniuitomiadodmiusslndide - |
Annonaceae: Annona squamosa (ﬁﬂﬂﬂﬂ’l)
Annona muricata (‘(,]I.%ﬂumﬂ)
Annona reticulate (WapTwws)
Artabotws siamensis (N1ILIN)
. Cananga odorata (N3EHININY)
Artabotrys odorafissimus (NTz@9919)
Melodorum fruticosum (8187%) |
Melodorurn siamensis (Wutl1)
Uvaria rufa (ua\lml’lﬂ)
Desmos chinensis (§N81ea)
Rubiaceae: Ixora ebarbata (l.’i"J’&l‘in'J)
Ixora lobbii (LIULA)
Paederia linearis (NIEWILANEIL)
. Paederia foetida (N3eWalnaauile)

Kopsia fruticosa (WaTiy)

3.2 Avusassiafiuusnsumuanuminzas 1% Tu e 370 wWiendu shandudiu
Fwdn Lmzauuﬁ’ﬂu@:’anﬁqmﬁgﬁ 50°C auukIEin (Uszanm 7-14 1) ilduald
azldueuazanalaslddirinazanade lwsmaa (ethanol) 1.|‘%a.g'm‘i“§r nniur gty Tae
TMsszIeuRy (distillation in vacuum) Tasld rotary evaporator ﬁqmmﬁ'l,mﬁu 60
°c lnfuwarsananegy (crude extract) LLﬁ"J%GLﬁ‘ijl'ﬂu@jLﬁu (8°C)

AT AN IENANENLANNARELNAR aRUEBLALI TR 08893 (Dicassay) Tasasld

audutudn 9w lalasihasananeiyluf i ldihminfisesmsudninluasans
@ o d‘ 1 - ﬂf :’ s
Tudvnasmamanzay v mnuaalIgnd wIawnan tueu

4. MINARBUATITANAREIL
4.1 mmaraunseImsansenvsonuaunldiiuluias
mM3vi bicassay Mldlasusnuueudinan C. elegans aanunaniuuazuL

sanidu 6 ngu gazdlszanm 30 ¢ udsznguagluasazapiWined (pH 7.0) 1 ua. Ul
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PMWALINMFANEIITITUIN 3.5 W, LENEITRIAMETLRT AR TNt 4 a9
du sdliluuanudszngy luffinm 20 lulasiins ngudl 5 Junguetuguéar
aeany Wudnasans phndu via uan) 20 Wlasies n@;u‘ﬁ 6 lwnguanuqu
Und dusniazanmiviwas (oH 7.0) 20 lulataas Harewudazann uasinllouidned
aonad 25 °C 1w 3 alus nnwhasnantudwsaniidie (ndawlwr) uas
wuauae (Lindeulwudaimsauious g) winwuhvuawlimess frmimesss
dnlndidwdn udiRuenududusasmsstansuldinndy wiedminnuimuauns
NANALTNTY fmdutuiundaannuduiuassianeuas winwuieasasuas
whaufienoerstuann ﬁtﬁm‘hmuﬂqmamuau’lﬁ’u’m'ﬁuuﬂ:lﬁsamwmifuﬁ’uﬁmmmu

w5

1 o ‘ LN ) A ‘g Qs
AUUWIRNFATBIAUIT ‘Yl'mqﬁ"flﬂi\lﬂ\'i’il%vlﬂﬂ']‘iaﬂﬂt"ﬂ@ﬂﬂq'i@nﬂﬂ‘lﬂﬂﬁﬂﬂﬂﬂ 50 Uaz

A 3 : LY o ¥ o a ' 2 @ o
Wandanudvduiinanzan v 3 47 ussihdadofldldmdannuduiuisunms

Juegaldnuauas (inhibitory concentration) Yasiag 50 ¥38 1Cs, VasNTUGR TN Tar T

TﬂiuﬂmﬂauﬁMﬁﬁﬁﬂgﬂ probit analysis
fsusidouvasnuanthnialuldluiaawse Schistosoma mansoni Ty

282 cercaria "lﬁ’ﬁﬁn’asﬂﬂaaa'luﬁ'ﬂwmnﬁmﬁ‘umiﬂmaa'lwuauﬁqnau Tagldau

: ’ & & a & . . o
NAFAUIUIN 24 BRY (24 wells plate) MIRNTINEIUNTIUNIANLVD cercaria FIUITOMN

1

De

;- \ Pz P o Ao A e °
NI Luﬂﬂ‘ﬂqﬂNﬂqil,ﬂﬂﬂ%1“jﬂ%ﬂﬂﬂqﬂuﬂﬁ°ﬂ@Lﬂu LAEEANTDATIFAUITUIN

ge

=

muavasnuanlduiuan lasldihe lugol iodine wazgmuldndasanssailndnaa

&)
=

4.2 MIVAROUNRYIEIIAN AR UG TRSAUUNSTAT
myhasanafifnadennanthnge ehldwuauneled) smeseutumadifiednm
audvnslanld asswiinisinen (therapeutic index) Huddie FaullwnsFoudioudn
IC,, ( 50% effective concentration) T5#319 vwawk NU U8
SRB assay LAamanuidududivlfioadn BAL93TY (inhibition concentration) T8
82 50 #30 I1Cs MIzuzIan 24 Talus %ﬁmazi.ﬁ BAUaIITNSAALLRIIN Papazisis et
al.(1997) fail | | | Al
C AAINarALETaseananaInnIRudue 'L@i'tgﬂatsnaﬁw'lﬁju (passage) 7t 8
uaelFlunarh bicassay Lﬁamimaauﬁ‘nmmﬁ'm sunief ldnaniadasduly
Wi anamutnsaTasidazriafildluniein cytotoxic assay lwam 96 wau fa
5x10° LTRR/MAH Tasrudumudrdmivudazanuduiuwssmserafildnouaulunis

nARed Ynna@a sulforhodamine B (Sigma) w3a SRB Aflanuidudu 0.4% (wiv) 1u 1%
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o ot e L £y . L v
acetic acid solution Taglgluianm 7ou mnduaslifigamgivesuiu 20 wifl snviu
o 2 N . R .o z b 4
99 SRB pANUAZANFIDATALANE 1% acetic acid solution $1Mm 5 939 uazIw LA

o A A e P [V w [Y ' o o &
LL%dﬂqmﬁﬂu&lﬂﬂﬂ ﬁmmm‘mLﬁnmu‘lﬂwmmmmmm AUNNWEWIANTNTUTUN DY

dolal iWawauuds 16n ssnzane unbuffered Tris-base solution (Sigma)iiudi 10mM
131w 200 pl \oszany SRB ﬁﬁ@ag‘lumaf{ wszslMauseaatnamuam
szanae 10 wf i ldedessuan (Anthos-2001 , Anthos labteck) #anu
ENIRRULEY 492 nm Tasfauasannasfi 620 nm n optical density (OD) Agwlsanud
amqaﬁoLfﬂummsg@nﬁuLLaamaaﬂquus]LLﬁ"ammmauaaﬂﬁ':ﬂﬂ"] blank (Fatdw
fualipuas OD VIIVRUAINAAIIIUIN 3 Na¥) fmiuidanauanasunInaind
\Fun1 signal-to-noise ratio (Wia S/N) Liudranauns SN = (mean test OD + blank) /
blank ‘ _ _
§930 MTT assay l8l5hendu3aen sioMA Ssaansarinmamasayidlas

ﬁﬂmmwnﬁﬁaﬁ"tﬁ%’uw%’auﬁ’wgmfﬂm

¢ oD Aldhainduafaunsuliifindmwauasd uazwe 1c,, Tasldlusunsy

Probit analysis @33BN15189 Sukuma (1998) -

4.3 mfmﬂﬁameadm‘a‘ﬁn“ﬂmnmiaﬂ-aﬂwm:wad Schistosoma mansoni
nuaveste 4.1 Himsdaiianianmssiennuaniisfiaangrstudissen
328z cercaria vasnenBluldifaa S. mansoni luneasaugradadanmaduranialenss
Wwa# Biomphalaria glabrata ﬁLﬂuLﬁ’qﬂ’mﬁaﬂmwaa S. mansoni 1aanamaulunay 4
ngau pwedwrihgudnatsvasidindifsaiu Uszanm 8-10 mm. ngass 3-5 67 lag

s W Qs o o ] o A
BUMaeuTaIvla luva 1 wf maléndasganysesiuuudida Sseansnnaadums
ar a o | & . o & A e ) | [
iwupasialanag ldifasonfiufonunalusouss anmuihduinasafnu ldanudazdr
ywndnateunngy uddasnaduzesialenasnonladusns (pre-exposure)
A o v o ' ' & A & a oA o o
WarsFaudnhmesudazngululslufiainasuuie 50 m usnin udsrianaiiirazana
fenadas 10 ml nausssionenuaasRsudazsialdianududusssmsfiaanssy
TawlEdrviazany Raasuaa wiarnau)ldfiu 20 ul wwhalienuidudugarieluud
o ¢ Ve o AV e M e @ oo a ) A
sxdaned lasdszanauvirfiue iC,, vasensaranidifonliudn dmiungueiuqud 1
a & . \ a a & & e
WWUsInaY 20 ul Funguaugui.2 LENeTMeR 20 ul INURGIMINAnILIN
P & o Qe ™ o ' o o o

gungivoaiiuim 24 Hlas Inlvdanmaduzasialesamasudasdainasmila
dhmdads uddanmuduvasiilanasnadldiums (post-exposure) nasann
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4 a | ' o o e ) . ; ¥
wudshmasusszngulifeam 24 12lus lufiawna$ 50 mi udazfianasivihazata 10
mi tRgatfen @aidsihfifledsIiludmansdnduaragnates 48 2la9) udr

@ I & A4 A ' . aw ' a
FanudaTMIaduesin ladnaTmitafianasaudmagmuitnfldanmsidunasiila
L'fhtjma:ﬂnﬁmﬁamﬁw%a"l&i (recover stage)

4.4 MINAREUANENNIURUTRBYIRITANAN NG TIRNY 1]
qwfmaﬁmﬁ'u@ﬁﬁ w38 genotoxicology mangfisnTisangnivasasla S]‘ﬁ_‘r‘i'l'lﬁ’
L.ﬁﬂﬂ'mﬂﬁﬂuuﬂméiémsﬁugn_ﬁm samasadsasfinge aMILENIa anmmﬁ“uﬁqnﬁmfwfm
m%:tﬂumm@lmaﬂiﬂmaﬁ’uqnﬁu wiaanadinadamiiauuaigadawinliiial
anuRaunadule T(ﬂﬂﬁ"';“lﬂﬂ’na:tﬂumsmwgm'su.ﬂoﬁwmmaﬁ (cell division) laglF
drfinsunfafiiFundn mitotic index wia M1 Fauflusnasacvosduamossfifing
i luumelamenils Tashmatudulszminies arndlaltaunh 1,000 iradan

< oA e w ad a
I gaflusidaalflunmsisudeuine M vanaadfegluanzdndvieisadiu
] d‘ [} L ‘ JU - dl 1
nguauquillldsummasavle g wananiifiansesiimi@nsmayfeuudssvasd
[ ' £ A Aa ' . . P l
TDURTVAINITULILTRR NIBNLILNIT percentage of decreasing of mitotic index #3a P-

ﬂi 1 h =l £ 3 A‘
DML Samarsowidn ldennieazBoalugunsdnosnsi

P-D.M.L = (MI 50001 — MI (reamint)X 100 /Moot
change of MI = Moug1 — Meqtmen

MI = metaphase cells in 1,000 cells x 100 / 1,000

umvAssillévhmsfnsnenufindndvaslaslaloy wiafidand chromosome
aberration %ﬁtﬁ@mﬂﬂﬁﬁiﬂﬂu‘[muﬁgﬂiwﬁﬂﬂnﬁ"l,ﬂ'[ﬂﬂl'ﬁmaﬁ AMC-K46 tTluluiea
ﬁ'ﬁﬁﬁ'ﬂﬁliﬂ:‘lﬁ%’ﬂh’ls‘ﬁ“@Lﬁéﬁué’a’i’maﬂqﬂﬁgoqﬂdaLfmﬁmﬂﬁ’uﬁ:u:t'%oﬁ'lﬁmaau
dansausrtredu Selufidl Aesnsarinankadauves A. reticulate nadouusd A,
squamosa usz 3nlUBY M. fruticosum FmsiaalTssluausig 10 e lagiwaz
irafdwan 1x10° addanu wismniwnzidaudivam 24 Falue guiianswdlungu g
8z 3 MuILRumIananATLdassiiafiinsniandu B nafimnza lapdfinga
Mufitdy DMSO uaz mitomycin C (MMG) 0.5 ug/mi lundueruaudarinazae (solvent
control) Waz NFUAILANTILIN (positive control) MUFAL BaIINUNWIZITUIAN 24
1l wirasfildundaudlasluloueanerauninuialng Tasld3%mesanan
NTLUIUNITVEY Klangsinsirikul (2003) %aﬁﬂﬂaztﬁﬂﬂ‘[wﬂaﬁa Taslulouvaaaadly
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THLUAUWR (metaphase) Anszatp@muunszang ladaadinsnesgulasnaluuss 4
n3EBRFUUL non-banding technique laul® 10% Giemsa 1% Weise phosphate buffer

¥ o a AN v, v e w i g
WK 10 Wil nvuuuasysaiin M1 uaz P-D.M.L enafildnaruaithedu wonanid

finmsematuumwsnlanuiednfivedasluisudngqs
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HANIINARDY

1. fefsausanlfluivadned Ae Annonaceae unz Rubiaceae 1lsznaudat 15 1lind
: ! y -l oy - -3 o
wandlflumnai 1 IradeurasfenifuwnumnadinAely uazfirutsriafiudiusesiuas

apusne AuFunatauiuanidansriafa A. squamosa WaE A. reticulate

g9 1 Refifusathanifansfnnsaatisusmmansesngimedsmmaefnsmeuhednuassiod
iaduziSe wnaiaeiniugiating (voucher number) lHannssuunaBauasfiuutyueehathfivenssall
uaziianlfinematulafiaadinpduacdnd naeddinen annenenand ainendedodin dunn
douraeRaiiiunaniaifluansafinveny (cruds extract) TaeffaAusiausnithy Annonaceae daulindinafinga

w1l Rubiaceae

Plant species uazfalneg | Voucher no. | Parts extracted
Annona squamosa  eawi CMU 027161 young fruit, leaf
Annona muricata  wiumuna CMU-AL 017 leaf
Annona reticulate  vioaubnk CMU-AL 013 young fruit, seed, lea
Annona siamensis msan CMU 027155 | leaf
Artabotrys odorafissimus nzdiniu CMU-AL 012 leaf, fruit, bark
-Cananga odorata - nszing CMU 027156 | leaf
Melodorum fruticosum. dwn - ;| CMU-AL015 ¢ | leaf
Melodorum siamensis:  wsiwwn: . .-\ | CMU 027154 leaf -
Uvaria rufa UnANE CMU-AL 014 leaf, bark

| Desmaos chinensis . st - | cMU 027157 leaf
Ixora ebarbata. - dum . CMU-AL 011 | leaf
Ixora lobbii dinuma - CMU 027160 leaf
Paederia linearis  nazvisuwsiag CMU 027158 leaf, stem
Paederia foetida  nzWimiaiiin CMU-AL 016 leaf, stem
Kopsia fruticosa wamuy CMU 027159 leaf

Lﬂmmnmsﬁﬁhmmuﬁ‘lﬁmnﬁ’ﬂLwiﬂ'z"nﬁm WAIANAUNITLIUNS freeze-dry UFD
uam:fm“‘usmnu@gmqimwmmﬂmmma‘cwmLﬂumtmmuﬂlm wsfluerianflunznay
fmsmumLm.,'Lumm:rmnq’lmLmqauw“l,mumvmunﬁ.,mum? freeze-dry WXkANIANGN 1
manm’m N"Lm mu’Luam:rmw.fluma*mumwmummquvwﬂm Imﬂa'\mmumt.nu“lf’ﬂwg}

LL’]iLL‘IN‘V] 20°C n@uuthmu
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2. Wannnmmassuasatana LRlATuURLeY uazadudldnadaandlunnsad 2

el 2 1 IC,, T2M3nanadnafinumiawsanay (anti-nematode) Aafushdaunedluididen (anti-schistosome
cercaria) uazAnuiiuRusaad (cytotoxicity) vasansaimanie AFalafuandiBunoaiy ug/ml SnuseiadildAmsy
dourasfiaiiannumatdi B-bark vie wWiend, L-leave vy, Sd-seed Winuin, St-stem e ATURPU UAT YF-
young fruit Wiadaunagen dAmiudnustainfuansiainazans (sotvent) Aa E-ethanol Wia 1BsueR, W-water (aqueous)
wietndu; * uanesziurIes 1C, Afedlieannya Tt *=100-500, *#= >500-5,000 ***= >5,000-10,000, #++#=

>10,000-50,000; WAL ¥**+*=" >50 000 ug/ml: NE = rio éxperiment taken in this research.

plant species part - solvent C, elegans S. mansoni MCF-7 Hela M44
A. muricata .L B Bk ok ok ok ok ode ok oo * %k kk  NE ® ok ok ok %
"YF E 12.4 1.1 26.8 7.6 *X%
YF W 86.4 SRk o 802 - 309 A |
sd W ¥(1642)  ** *(269.9) *(126.6) ****
A. reticulate L E 5.2 35.7 . 8.8 25.8 g *
L W 17.3 * % % 253 *(103.6) ****
B E 17.0 * %k 43.3 84.8 Ok k%
B W 250 0 xEkxx *(135.8) *(283.9) ***
A. siamensis = -~ L E Rl Sl v NE NE TR *[4
. YF . B 141 .. . 04 - 23.6 53.8 *EE
A squamosa- . L E *(193.2) . ** 393 - 43 xr*¥
L W *(198.4)  * k k% NE NE NE
YF E.- 81.1.. . T *(170.1) *(106.0) **
p YF W 490 ¥*k K0746) *(161.9) **
lorafiss L E *(1352) *** NE = NE
orafissumus -y Y 72.1 * * 86.7 93.0 *
B E kx%#%  4x%x  NE NE N
C. odorata L E * & ok k% LR RN *% % % % NE LR RN
M fruticosum L E *E kK ok TN NE NE R E K
M. siamensis L E * ok ok % kK K *% % k% NE * ok ok Kk
L E * kb ¥ % %k % Kk NE NE NE
U. rufa B E gk ok kK Kk K k% k% NE * ok E K
D. chinensis L E krex  xEk¥EE NE NE NE
I ebarbata L E Fok ok Kok kK ok ok ok kK kR KKk kK ok ok %
I lobbii L E (1.0 %% *(107.5) *(194.6) ** * *
. . L E XYY * ok % ok L
P. linearis St E - * ok ok ok Kk kkkkk kkkk N[
_ L E *F %k * ok ok kK KK RE KEFEX KKK KR
P. foetida St E ) * ok ok Aok ok ok ok kckokok  okokk k%
K. fruticosa L E ¥(316.5) R E k* % Mok kR k% ok ok ok ok ok ok ok ok X
Praziquantel  siore”  E *(425.8)  *(156.7)  ** *xx xE
Ellipticine SIGMA pMSO NE =~ NE 18.7 12.3 39.5

E3380
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anmaed 2 anduihdlansatadnuan 17 sk 30 fantieilnaeangna
fdmmsausanax C. elegans Tneilen 1C,, agludas 5.2 - 3165 ug/mi Tutaan 3 Fatue
IRaNTIATLANT Iuﬁi’:ﬂ'w%ﬁtmmzﬁ’mmmé’a@nqwéﬂu 4 5¢AU Pa (1 )ﬁﬁzgm (2) (3)
thunans uay (@) sisanquivisetignitenunn Toer e IC,, muandilu <1; >1 - 20;
>20 — 100; wag >100 ug/ml luﬁﬁlﬁﬂ'lﬁ’msﬁmﬁmﬁ’wammmﬁ’ 2 Mlédne Adldutlag
F1 1Cy, TEIA1 >100 ﬁdﬁﬂdqiﬁéﬂnqmﬁrﬁ’qﬁﬂﬁu@utmmaﬁnnmﬁﬂ Wil 5 seduineuny
ARERNUIN AANAUNT * LL@:’Lumswmammmmwmﬁmﬂuﬁq-mmﬁmmqﬁqﬁ”lﬂﬂ@nqw%f
panLaY ﬁ@:“[_:i“lﬁﬁﬂmﬁﬂmmﬂmuﬁ‘@mﬁu:ﬁa wilnedaulngjasiimmenauiuiad
Unfina M44 )

- \fefimsanniseangrazesaisainsiaviau wuhansataanfialued
Annonaceae Wi A, reticulate, A. squamosa, WAL A. odorafissimus Suuaaalfiiudng
wialtinlunsdeneangns (selective activity) Tlazindnuuausanau C. elegans ldAnn
fadauramesluldden S. manson afhimerisaury asadalae\diesuesainag
88289 A. reticulate UaE A. squamosa WansliiFunseanguanangn Aasihgautas .
mansoni Ka8AY 1Cy, WiNL 0.4 Uaz 1.1 ug/m AR Ansafiavenuiuansanisasan

| 1 iy = . 4 Yo 1 1 |
qva¥iRndnTesendewand praziquantel Islunimasasidaaglunguansiiuvasinisean

Tl g

- i 1 = S ]
grandesuniteuntasiiliqries dawda IC,, (WeN 425.8 uaz 156.7 ug/mi fa C.
elegans Was S. mansoni Mua1AL et lafinnu gnsafanntieanainsanangdnasiy
FuameArnisaangnsiigenda (A1 IC,, taandn)aes praziquantel aeinawiuladn druiu
N1TRANGVBFREVUAU C. elegans Wi 1A IC,, Tuhawlail 12.4 ey 14.1 ug/ml anans
ANANABEAUNDY A reficulate LA A. squamosa MMNAIAL doussanmaniadulused

[ 3 .\ " . o ar al ]
Wt AR A, muricata WAL A. siamensis uasINaN1SANSAMUBUTtaa N nvide Uy T
Ld o oA - T I T T o
nseangvaiansuiunganelausninarafianausiu dufuitsdesainainced
Rubiaceae R4 /. lobbii (an3analaeiesnweaainlu) uas P. foetida (A3aRAAEIUBAATN
LR % @ o o Lo B [T I e
a19) udesliiuandunizlunseangraduds C. elegans innndn fadeauses
S. mansoni WillaannsRansanandnsngautes IC, MlAn 1.0 uaz 27.2 ug/ml Fauans

] ﬁg— 1 1 ; i . ) y ol v. -4 [ . [ N i
1RaNgVBANG1AT IC, T > 5,000 ug/ml muddL dwfuuualiiunrandeinm vied

1 . . . - I_w 1 J o] 1
(3und1 pharmacotherapeutic tendencies idminfinnsaangrigiaatansads Aesie IC,,

< 100 ug/ml WeaRasannisaangrasisrangd Ma4 arugliléneiugnsdauanssn

1
&£ = o

1 ycr‘ o . . 4 £
IC,, a¥ldiAmrsatiaTanud Iz lunsaangns Ai3en selective index Wia SI Talunil

anusadEenaiiusmnsdouldae
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SI 219981741107 = IC,, 1098 THUABNUANWTAEAR + IC.. 1894198 Ausa M44
50 50

mnammmmjm Si mnmwwﬂmvmmqLﬂuma‘ﬁnmLLE"ﬂumﬂu’Lum?ﬂmm‘m
mmmuwmmmmmlmmm”lmﬁmmnmmul@unﬂ?ﬂﬂnqwﬁmmuwmmammmu?ﬂm
mamﬂmmmmmnmwaaﬂnmﬁqLﬂumﬂmamzm@q@‘lmmmns‘kumnmﬁ*ﬂﬂnqwﬁ
il dedulunsAnensdnnsaadiausn (screening) WnWL9MAN ST Yavdzainladl
AN <1 ManEAIINGn mmnﬂﬁ'um@:uﬂruam;‘l‘?llum‘:ﬁﬂml'i‘lumﬁ"‘nm"lﬁﬁ'Lm"mq"ﬁ
wadadesianisineniag Lmvmnm ICey 1ums*'1<m 2 ua’lmsnmmmuuq‘l}uu”lmq ang
faﬂﬂqwﬁme’mmwmﬂ A. retrcu!ate A squamosa, 1. !obbu Wa P. foelida NLLu"JTuqu
mﬁ’ma‘m:mwmmﬂlums*mmLﬂummfaﬂmﬂﬂmnuuuﬂuﬂmﬂm \

Lfi'aﬁ@’]‘a‘m’]ﬂ‘??’ﬂ'ﬂﬂqw?ﬁfﬁi@t‘ﬁﬂﬁuzﬁ‘d ANA3WT 2 aziiiugn iaRaeiuguzd
s MCF-7 1iFunatadaasansainainitaly genus Annona Aaudwunnlaaidn Ic,,
Lﬂumwmqw 23 6.— 269.9 ug/mi Lm”mm‘u HeLa 'lmsuuﬂmnmqmﬂm ICy TEMIN
4.3-283.9 ug/ml wmﬁqmm@mqm Pagnad nmtmwmmumuu alinamnruilufinme
uiadLnG M4 sinlsen Ic,, Henannnda 500 ug/ml mu’lﬂ Foi i duiuidedlaRansan
A SI mmmnmmaanqmﬁm@mmumumumwm ummmmqmaumqaqq’mnmum
Lﬁ@d’ﬂ:ﬁq%ﬂﬂ@wﬁmlﬁmnndm@ﬁﬂnﬁ uasin Bhmandrinwazdend duile st
ratio 8A1 <1 Tmﬂmwﬁzﬂfjw?quéaﬁhmn‘A‘re'ricuiate; A.-sqdamosa, A. odorafissimus
waz 1. jobbii thaglinafianin wszdn st datndn 1 sy ifienBeudieufuen elipticine
Fafien st deszann 0.5 iy

amsRarannsdiainazaefisnaiusauusde watuea uast wudnng
ﬂnmmsmnwmmuﬂmmnumﬂmmmmwrfmnu"Lu"Lcé’]”mnmmﬂuumTummmm@nqm%r
wmmuLmummmumw\muﬂum e NaN9Aa @13 inles s RTdesItinAe A.
ret:culate AT A, squamosa Lmm‘lﬁmmmmm@ﬂqwﬁwmnfmmmnmmﬂm Lu'ﬂ
wqqmnf-nnmummw*ﬁm"nﬂnmmmmmnu-L'w'a'Luu AL iuTanfantnean A
reticulate Aailen IC,; sevasaiinnasenditiasen Beewindnduse C. elegans,-S.
mansoni, MCF-7. uat Hela (i 12.4; 1.1, 26.8 uaz 7.6 ug/ml %thmfiﬂﬁﬂ’li‘@ﬂﬂq%g
Andhansafindaeshanndaudiaturesits Safidn IC;; §9n91 An 86.4, > 5,000, 80.2 LAY
30.9 ug/ml \Ha0uET ANsaR AARLEEILEARNNABRUIRS A. reficulate SNz lunis
fugs C. elegans sAndn S. mansoni Batigin ICy; 111 12.4 uaT 1.1 ug/ml AUAIFL Fasy

- o’ ’U’ ] ' N o ar ol
iwiflanmsedufiuansaiadoeinil 1c,, fus 5,000 uag 86.4 ug/iml mugadu faflans
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ATAAILDTIUBRANNABRUTIEY A, squamosa TaLamsANdwIzlinstiuss MCF-7
uNn9n Hela fagifn IC,, Wi 23.6 way 53.8 ug/ml snaddin wilumandudiy ansais
Fraiesuesnnlunduuaacldidiunstudalunamsednugansn IC,, +11% 39.3 uaz 4.3
ug/ml madndy fanaszfiunisuaneliiiudn udausiasaesioiu farseenqrissneiia
o Ltﬁxm@%gﬂﬂﬁﬂ’a@ﬂmﬁ':ﬂﬁdﬁ']ﬂ:ﬂ'}ﬂﬁEi’]'dﬁ'u'lﬁ

flrzfufhiralaBnaseusadu Ao { ynmedanamelindeqanssamilutos
RIN1INAAEE WU ﬁdﬂ'fau cercaria 184 S. mansoni TEFuRERY A, reticulate uaz A,
'squamosa I,Lﬂ“lmf;lLLﬂ’JNﬂﬂﬂmwﬁ'}ﬂﬂﬂﬂ'ﬂ’mﬂNﬁﬂﬂ’a‘ﬂﬂﬂﬂﬂﬁquﬁ‘? uasfRaTasRauaY
mqummﬂqﬂu@fﬂnmmmumn (skin bubbles) wazfnfidnwanilentuvgaeanin 3a
me'l.vimuqmmm@nqwﬁmﬂmswuﬂ?zmw@mqu@ﬂﬂ'l.uzdquwmuauma‘m‘mmq wasi
nMsdseeaadiaaaemenlnens Lwiﬂf;iNis‘ﬁmu'mwﬂﬁ’nwmzﬂq'ﬁn’nti@ﬂLﬁuﬁiu

weufanay Feanadl cuticle wuqnmm@ﬂﬂmnufaﬂ Anszifunile (2) mndanmann

-
G-

ma‘w 2 ATWL9 mmﬂﬂw‘luum@'lun'\?@@nqﬂﬁmuuﬂu finaclisangssieadant
wuﬁwmwl’ﬂun'ﬁ‘wmamuma m‘lmmmmnmmn C. odorata, M. fruticosum, M.

siamensis, U. rufa,- D. chmensrs; I: ebarbata W8t P. linearis

3 mfwmwumw@m'Jmnﬂmmwmwaﬂw'mzﬂm Schistosoma mansoni
QNN maﬂumm@nqwﬁwmmmnmmwumn@ mmnm’m NREBLIE A
squamosa WaY A. reticulate 1ﬂﬂﬂﬂ®quﬂuﬂ'ﬁ‘ﬂuﬂ\‘l‘wﬂﬂ (molluscwlda! actlwty) Taann
nsVeaaLiuwesY B. glabrata wummmnmmammumhquﬁu TaelifAn IC,, VIQG
NINAT1 5,000 ug/ml Bukalilliinldwesmaliszazionn 24 ol Weawinasiieanis
d Gd i .. : o . . . L as 4 1 1 ]
desiuadeuiliffadussiuanudndusstansainiiAgendn 947.3 ug/mi us
ar . :’« i o o .‘;9/ 3 = ar 1 -] § . ul
wisanifudimhindunidgdhuhareianialugn 24 dalussanfaiuisondutunng
anwilwiauisnuasiuvanunsldmung
~uananiifaiinsiianansaipainuadewsesiesesaiafifonalunistiugs
cercaria A8 A squarriosa uas A. reticulate linssatiguasednsinnsifutacialaaman
B. g!abrata Tmﬂuﬂummnmumummwmm 'num'l.‘wummmwummmwm’m cercaria
FE 100% WERARAN IC, o A93U cercaria Tnenlsranns #a 2.5 ug/ml uaz 1.0 ug/mi
o o A o ar 1 ‘d' Y ?{ c‘/ 1 tJ -~ )
ANNANAL T4 §1mFUNGUATLIANTIT FNUINAY 20 ul daunquAILANTZ BNRsIUuaR 20 ul

q

o > H ' - Bll 9 L L L
nadusansasesinguuugivesiiung 24 49lus fnsdudnsnissusesialazes
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UBLUANLAY IUITEL pre-exposure, post-exposure LA recover stage ﬂﬁ"mgﬁmmﬂmﬂlu
AW 1 R _ N o

B @;Lﬁudjmﬁ‘aﬁ'ﬂﬁﬁwaﬁirﬂmmﬂé’mmmﬂ.ﬁl’ummﬁqhﬁfaﬂmma‘iﬁﬂﬁqﬁ’:y (P<0.05)
A| a13alinaIn A. squamosa Iﬂﬂﬁmm‘é"ﬂnmﬁumqﬁ’qlﬂ post-exposure 7 25.3 aare
mﬁﬁﬁ'qﬁﬂﬂndﬁ pre-exposure < 40.:8_ﬂ§‘y’\'1lii'ﬂu’lf'7]_ weinatgnnraidnsnssiusasialadn
gnazini Aa recoyer,ué’m_qnﬁ’uﬁ 36.5 ﬂg’am’@mﬁ dauansainann A. reticulate Pslals

' kY o ) A A o g { : g i alv var
rastansiiutasia lavesiafisuiunguacuan TelungadldFuestuas (control 2)

]
ol =

o LY é’ 1 1 ar -] [-v4 1 s 1 g ol'
ﬂmmmﬂm”umﬂwqhgwu@ma”luﬁuﬂmﬂrytfl@Lﬁﬂuﬂunqummumnﬂu (control 1) post-

A::i :’I 1 [ ar
exposure A1 47.7 WAz 40.3 AFIAaUrT AINATAL

Heart beat of snail intermediate host.
beat per '

minute -
60 -

40 -1

A. squamosa A, reticulate controlt control2
plant extracts and controls

O pre-exposure W post-exposure M recover

ANl 1 u,ammsmuwmwﬂwaﬂ’mﬁvmmaqw‘lmummnmumumnwmmﬂnum LY
squamosa WAT A. reficulate &1 controlt WAz control2 Aa n@u“n‘lmu u'mﬁu WAL LBATUAR
pmdndL Wil pre-exposure, post-exposure WAz recover wnefle sxuznaunsliFuans
udeannlgFumsudn 24 4alue uaz svrvifeamivesesnainesfilfiuuasldluiazen dou
Lﬁuuuﬂamnmﬂuﬁa:uﬁatﬂuﬁﬁlﬁmmuﬁ“lhiﬂm (SD) & wdudn pre-exposure WwufhuAniad

TRIRDYY NG

4. mmwmﬂaquﬁrwwﬁ)’mﬁ’ugﬁw@m')mn"ﬁumuﬁmmﬂ’w:ysf
AINANTINAT ICq, TRIENSARAANTY 5 species AT AMC-KA6 waz Hela Tae
A8 MTT assay "meamw"lmmmlummm 3 1&13471’1?1’11?\'\ st Wnnsdsufiunadng eazifiy
1441 dufuired AMC-K46 'é‘lf]_ﬁ‘ﬂﬂGl?ll‘lﬂﬂ"rﬂﬂﬂt]ﬂﬁ@,ﬂqmLﬂuﬂﬁ?ﬂﬂﬂwu"l‘ﬂ’min‘llm M.

- ' ) -8 [ rlJ [ i 1
fruticosum TeiliAn 1C,, il 10.48 uaz 4.39x10° ug/ml & wH wadiwisfuaziaadi Ll
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1 ar’

WUNRIANH

a’

o (e
Wﬂ’\ﬂ)‘!ﬁﬂ’lﬁ‘LLUﬁﬁ]QLmU

o o st .9/ . ] . ‘v‘. :’I‘d = o ’ nl ar :’r '
[arALl ’ﬁﬁlﬁﬂqqﬂﬂﬂqﬂqq ANTANAUNAIHLATZIVFRATINATNNWISHAZELENITARN

. : '.:' . 1 c'=! 1 1 o sal IS ar
luln3a (mitosis) unndnsadibiniviavidarrediiagluszuzin

.y X o A .
(non-dividing 5@ resting cells) s uRtitlsznnouan s Uhderndn 1 wn fe 0.024 M3

aangradunantiuliuiansainainuadentes A. squamosa daun IC,, HinAiAaiu

3 ar LE. i [ rA [l T LN ] i
AR 53.70 uAz 43.75 ug/ml Amiuasdiutaiauazimaanldutaininddu aanen Ic,, #

Indpaiuiiuanadnansad et ifausamnzlunindendudaaadusiaiuas i utia

- o oo I O B B ) W & el
“ﬁ‘@ﬂ']u']i‘ﬂﬂ']@qﬂLﬁﬂﬁﬂQﬂﬂ\TTzﬂ?‘:‘lﬂLW'ﬂﬂu PTIHNBABNATILIAT ST LRIAEUUINAN

wnAdn 1(53.70 / 43.75 = 1.23) ansafindunsnmiiaanniil wﬂﬁtmmdﬂaji‘iqw%ﬁum?

o

fudaugadluntmansgsil szl IC, nnnd1 100 ug/ml uszarlilflunismasedilan

EI'IE“]\WI 3 LAAIAN IC,, AT, SI ‘]J‘E\‘iﬂ'l'i‘ﬂﬂﬂl’ﬂﬁ’mﬂﬂ@'lﬂ%l‘ﬂﬂﬁﬂiﬂ’]m@LﬂIﬂﬂYILmQVl’JLLﬂw‘lN wiiaeiy A1 SI 289

.I.Lﬁlﬂ.,t.'ﬂﬂﬂL%ﬂﬂﬂf;lﬂﬁuqmtﬂﬂ‘ﬂlﬂ?’lﬂ’mi‘uiﬂw |C50 dividing / IC4-non-dividing uazludauzesany

nnwhiasradiiiusnmdouan ICSO-HeLa / IC50-AMC-K46 finstin Iv-leaves, sb-stem bark, yf-young

fruit WAL NAC-no activity

1C5 pg/mil selective index (SI)
Plant species : ' ‘ :
: Aé\i’{fd'iKn‘éﬁ n‘:}fg;ﬁ‘:sg dgﬁ;ﬁg e ng | AMCKdS Hela dividing | non-dividing
A reticulate (vf) | 2.99x10° | 3.76x10° 0.86 21.0 NAc 0.041 2.8x10° 5.5x10°
A reticulate(lv.) | 1.21x10* | 1.54x10° | 6159 | 963 NAc 0.640 0.51 0.063
A. reticulate (sb) | 3.70x10% | 2.25x10° | 7.26x10%| " 1.73xi0* NAc NA¢ NAc NAc
A. squamosa (yf) | 53.70 4375 5.25 59.24 NAc 0.089 0.098 0.739
A squamosa(tv) | 1.22x10* | 2.06x10* | 8230..| 101x10? - NAc 0.815 0.675 NAc
C. odorata (Iv); | 1.06x10* |  3.55x10° 101x104 - 1,15x107 NAc ~NAc NAc NAc
Coo fruticosa(lv) | 3.64x10* | 121x10° | 7490° | 2.86x10° NAc | 0.028 0206 |. NAc
M. fruticosum (tv.) | 1048 | 4.39x10° | 1390 | 1.54x10? 0.024 0090 | 0754 NAc
& nfunasiaad Hela ummnmmumwmemm@nq AT AT Ae

=

AMNHABAUUEN A. reticulate, A. squamosa wazannluaes M. fruticosum lasilsn

IC,, 1lu

9. a Q. : a9 e g
0.86, 5.25 WAz 13.90 ug/ml MAAIFY arsafinananfuananiseangyslussdulninan

awaauLig Wdun A. reticuiate (W) A. squamosa(lu) uaz C.odorata var fruticosa(lw)

TaeiA ICy, 1l 61.59, 82.30 uaz 74.90 ug/mi muﬁﬂﬁuémi‘ﬂ 1188 Hela Rldutiafafl

Z‘Hﬁ‘ﬂﬂﬁ]ﬁ’]}iﬁ]')%’ﬂ'ﬂﬂfmﬁﬂquﬂﬂ’]dﬂﬂﬂﬂ’] |C50 Lﬂu 21. 0 96.3 uax 59. 24 ug/mlann A,

reticulate (N8Y) A, retrcufate(’l,u uaz A. squamosa(mafemu) PANATAL @1Tafaann A.

reticulate (Na8RY) A. squamosa(ma‘ﬂ*au) C.odorata var fruticosa(’l,u) WAL M. fruticosum
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N u,-'ﬂmmm@ﬂqw%m;m?%m,wqx’l.uwnﬁﬂns‘.‘j’uz"l’qLemé’l.u_iqﬁ’qu'mnfhLemﬁ”l,ajumﬁ’faﬁw

AN SI uﬂﬂﬂ’l’] 1 ﬁﬂuﬂqﬁ‘@ﬂﬁ‘ﬂﬂ 2. I’?'IQLl.ﬂGNﬂﬂ?@@ﬂq%ﬁﬂquﬂﬂﬂdﬂﬂuﬂﬂuﬂﬂﬁ]'ﬂt‘ﬁﬂﬂLL‘i.NEI"J

uuﬂﬂ A. retlculate Au) uaz A. squamosa( 1‘L| ) fagiAn SI 'vm@tlm'! 1 lsinnniin Aa 0. 64

waz 0.81 ANNANAU

dmiunismagauiugfi sie genotoxic test uliinasnnnsAnmfanunsousis

aaniflu 2 doude nemasaLNATEIENTRiaN UL TeTRdlalARNAs TN sULIaFY

. . ; ol 4 A 1 a’
¥78 mitotic index 38 MI way P-D.M.L FeanunsaaguIFfmsned 4 Geanifiudn arsafa

AMNNKABDUIEN A. reticulate LAY A. squamosa WERIAN MI (0.75 usz 0.93 fNaTsL) 1

uwansinseei e lifisiudAtyain MMC (1.63) ﬁwmﬂmqm'qmmﬁ’mﬁeﬂmﬁqw‘%ﬁuﬁqms

fala muuu"lu‘iwmmmwaauum mummnmqn’mmm M. fruticosum WRAIAN MI 7

ar

X
winfLRTL RN eadiilazU DMSO Aa 4.36 ua ‘erannuw_"l.mmnLﬁﬁﬁlun@uﬂqu@uw

Fuenmaiead A 4.84 Seliflamunnsnafumiaedn Jeamnzasvlddnansaning

1 ] 1 pr) oy 1 A &
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Pallisentis rexus from the Chiang Mai Basin,
Thailand: ultrastructural studies on egg
envelope development and the mechanism
of egg expansion

W. Wongkham' and P.J. Whitfield**

'Department of Biology, Faculty of Science, Chiang Mai University,
Chiang Mai 50200, Thailand: 25chool of Health and Life Sciences, King's
College London, Franklin-Wilkins Building, 150 Stamford Street, London

SE1 9NN, UK

Abstract

Paltisentis vexus Wongkham & Whitfield, 1999 (Eoacanthocephala: Quadrigyr-
idae) infects the freshwater snakehead fish, Channa striala, in the Chiang Mai
Hasin, Thailand. All stages of egg development within the body cavity of the
female parasite were observed, using transmission electron microscopy.
Changes in mature eggs after contact with water were also investigated, The
mature egg has five egg envelopes separated from each other by four gaps. The
fertilization membrane, which is formed first, is pushed centrifugally by other,
subsequently formed, envelopes and gaps, which produces a final total shell
thickness of 8-36 um around the acanthor. The disappearance of the outermest
layer and. the unpleating of an adjacent inner laver causes the expansion of eggs
on contact with water. The volume of an expanded egg isapproximately 27 times
that of an unexpanded one, but the density of eggs s reduced from a value

DO 10,1079 /JOH2(03199

greater than water 1o one almost equal to water. This is believed to aid the

dispersion of eggs. '

Inteoduction

Fallismbis rexus (Wonghkham & Whitfield, 1999) infects
the freshwater snakehead fish, Channa strigla, in the
Chiang Mai Basin, northern Thalland. The parasite
completes ils larval development (by reaching the
cystacanth stage) within 13 days in Cyclops sp. and can
employ several species of copepods as intermediate hosts
(Wongkham, 1998).

The structure of the egg envelope has been studied in
many species of acanthocephalans. Crompton (1985)
concluded that the parasite eggshell s composed of three
w four envelopes, The precise number is dependent on

“Author far comespenderce
Fax: 20 7RG 0195
E-mail: phil.whitfeld@kelac uk

the species of acanthocephalan concemed. The ultra-
structure of the acanthocephalan eggshell has been
studied by Whitfield (1473) and Marchand (398%a,b) in
several species of Acanthocephala. In all species it was
reported that there are four solid envelopes separated by
four fluid/granuiar gaps. Peter et al. {19%1), Taraschewski
& Peter (1992) and ‘Taraschewski et al. (1992) have
extended the findings of Marchand (1984ab) in
the Archincanthocephala, Palacacanthocephala  and
Eoacanthocephala, )

The observations of the present study were aimed at
§>rm’iding a detailed descriEﬁnn of the development and
inal configuration of the egg envelopes of the
eoacanthocephalan, P rexus. These studies have also
facilitated  the first ultrastuctural study into the
mechanism by which mature eggs of acanthocephalans
in the genus Pallisentis expand enormously when they
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contact fresh water (fai, 1967; George & Nadakal, 1973;
Wongkham, 1998].

Matesials and methods

Living specimens of locally caught Chanag strigta were
purchased from several markets in Chiang Mai town.
Living gravid female worms of £ rexus parasites were
obtained at autopsy from the fish indestine and washed in
normal saline. They were fixed in 2.5% glutanidehyde in
0.1 sodium cacodylate buifer, pH 7.2, for at least 3-6h
at 8-10°C and washed in the same buffer. To aid fixative
penetration, the bodies of worms were cut transversely
inp sections 2-3mm in length. Central body sechions
containing eggs within the psendocoslome were post-
fixed in 1% osmiumn tetroxide in 0.1M sodinm cacodylate
buffer at pH 7.2, dehydrated in ethanoi and propylene
oxide, and embedded in Spurr resin. Ultrathin sections
werecut on a Reichert Ultracut ¥ ultramicrotome, stained
with urany! acetate and lead citrate, and examined witha
Jeol 000X MKID wansmission electron microscope
(TEM). The sections were examined for {he different
stages of egg development.

Live gravid female P rexus parasites from purchased
fishes were placed in a culture dish containing spring
water. Released mature eggs were immedintely trans.

“derred 0 a new dish and stored in spring-water for 5-7
days until fully expanded. They were concentrated by
centrifugation in water at 5000 rpro and then processed as

above for electron microscopy. Sections were examined to
investigai the exspamded configuration of ports of the
envelope series. Some eggs were kept in spring waler for
longer periods of time to investigale possible changes
after expansion.

Results

L tmstructure of the mature eggs within the fanale parasite
body cavily
In the mature egg, a number of egg envelopes are
concentrically arranged around ihe enclosed acanthor.
‘There are four solid envelopes (E1-E4) comresponding to
those which have been deseribed in other acanthocepha-
lan eggs (Peter of al., 1991; Taraschewski & Peter, 1992;
Taraschewski ¢ al., 1992). There is also, however, an
additional external envelope (E0) in the case of £ rexus
eggs, which seems to be derived from the oouyte
fertitization membrane. These envelopes are separated
by four gaps (GO-G3), which are filled with diiferent,
presumably liquid material (figs 1 and 2). There s also o
gap (G4) between E4 and the acanthor. This gop is {Ted
with highly osmiophilic material, EQ, measuring (1.(05~
Q.15 um in thickness, is an elecron-dense layer. E1 is an
electron-dense layer with a thickness of approximately
0.05-0.15 pm. A characteristic of this layer is its regular
folding or pleating with pleat amplitudes of 2-3pm
(fig. 2. The mner clefis of the pleating, which are

Fig, 1. Transmission electron micrograph of mature egg eovelopes. The solid layers are fabelled as E0-~E4 and the gaps as (0G4, The
acanthor (AC) & clearly seen with a nuclear mass at its centre. Seale bar = 5 am,
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Evacarsthosphalan egg expansion 79

Fig, 2. Trarsmission electron micrograph of mature egg enve . Envelopes and gaps are Jabelled 05 in ﬁg. 1. The pleatamplitude of £
is indicated by a double-beaded arrow. Scalebar = 1 am,

confluent with gap G, contain asmiophilic granutation.
The suterelefis of E1 are partof the gap GO, whidh is filled
with electron-tucent material enclosed by the outermost
layer EO. S

The gap G1, between the basal part of EYand E2 is 0.7
t.6 wn wide, and, like the inner clefts of £1, contains

dense csmiophilic filamentous material, E2 is a further

electron-dease layer measuring of 0.1-0.3 pm in thick-
ness. Gap G2, situated between E2 and E3 is filled with
electron-lucent material ond a few osmiophilic granutes.
This gap is seen by Hight mictoscopy as a clear wone
between E2 and the acanthorn The width of this gap at
vach pole of the mature egg is approximately 15-27 um
and 5-102m a1 the equator.

E3 cansists of three dearly demarcated layers (fig. 2).

£3a is a thin coprugated elechron-dense membrane-fike
layer measuring 00401 um in width. This layer is
characterized by irregulor clefts and curvatures inside
which are two additional layers of electon-dense
material (E3b and E3c). The fine dense csmiophilic
grantuies of £3b are inunediately beneath the inner clefls
of E3a. The patchy clumps of coarse electron-dense
granutes of E3e (0L.0-0.06 um in width) are attached to the
inner stde of E3b (005-02 wm in width): These two layers
(E3b and E3c) are separated from E4 by gap G3. This gap
measures D007 um in width with csmiophilic granudar
contents, !

£4 can be distinguished into two fayers, the outer E4a
layer and the inner E4b layer (fig. 3). E4a measwred §.01~

B.05 pim in width and -is composed of dense osmiophilic -

granules in an irregular layer above £4b, Bdb, the
innermost solid layer of the envelope series is thick and

dense and measures 0.2-05gm in width. It has a very
characteristic inlernal substructure which consisls, in
transverse section, of an allemaling series of electron-
dense and electron-jucid lines which are armanged
perpendicular to the underlying acanthor surface (figs 2
and 3). The dense line to dense line spacing in this arvay is
about 2inm. The G4 gap between E4 and the ouler
surface of the acanthor is filled with extremely eleciron
dense material.

Egg envelopy developnient

The initial stage of envelope development is rep-
resented by a single electron-dense layer called here the
fertilization membrane (Fmy) (lig. 4A), with a thickness of
0.05-0.15 gern. This membrane is probably synonymous
with EQ in later terminology. A transiucent zone (Ga)
measuring 0.05-0.5 um beiween the fertilization mem-
brane and the developing acanthor is also dearly
observed, This translucent zone is filled with csmiophilic
granufes and all the other egg envelopes are formed
within this zone,

The fertilization membrane, which is formed first, is
gradually pushed centrifugally by the other envelopes
and gops which are formed inlemal to the fedilization
mem%mne (figs 4 and 35). The process of envelope
synthesis and secretion, from the surface of the develop-
ing acanthor, is associated with an accumulation of
granular endoplasmic reticulum and searetory vesicles at
the periphery of the outer layer of embryonic cytoplasm
(fig. 4); these organelles may alse be concerned with
processes other than envelope synthesis. The images in
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fig. 4 represent stages in the géneration of the esg
envelope series from a'stage when only-the fectilization

membrane is present (fig. 4A) to a mnch-lales: stage’

(fig. 4F) in which the dlabotation of énvelope Edb Is
beginning. : ) -
The full sequence of envelope development, stiges is

Hlustrated in a series of seali diagrams in fig. 5. tshows
the enormous expansion of the gap between the ™

fertilization membrane (later -E0) and ‘the developing

acanthor. This gap, within which the envelope series '
deveiops, is initially only 0.05-0.2 g in width, butby the -
time that the mature egg envelope series is in place, the -

gap is 36 pm wide,

Afthvugh a large number of stages in the process of .
envelope secretion have been observed in different TEM
images, it is not possible to accommodate all of them in

& single unambiguous sequence. The sequence shown in

figs 4 and 3, however, seems 1o describe the ordered -

formation of almost afl envelopes and their sub-layers.
The eight developmental stages illustrated diagramma-
tically in fig. b conslitute thwee wmajor phases of
symthesis,

In the first phase (stages A-D, fig 5) there is litde
expansion of the initial é? gap but the foundations of
envelopes E2 and E3 are laid down as’simple dense

fayers. It is possible that the dense layer inside E2'

and immediately above the embryonic surface i the

foundation of E4. In the sévond phase (stages E-F fig. 5);
considerable expansion of the initial Gz gap begins to

oecur and £2 and E3 begin to become more elaborate,
Simultancously, the complex pleated laver of eavelope El
forms in the gap between the fertilization membrane and

i : Yo
Fig, 3. ‘Transmission electron mwﬁ»;;faphi:f egg envelopes B3 and B4, Labels in this Sgure are as desaribed in fig. 514 The distance
between seven adjucert dense lines in E4b s marked with a double-headed white arrow, Scake bar < 5008 am.

E2, within very dense material filling the gap between the
fertilization membrane and EL, By slage F(fig. 5) there are
‘more explicit signs that E4 is in place. In the final phase
{stages G and H, fig. 5) even mone Gz expansion occurs
and major alterations happen to both gap G1 and

‘envelope E4 G becomes filled and expanded with

fitrous material and the ordered structure of Edb becomes
apparent By lhe end of stage M. the mature egg envelope
series is in position.

Egg expansion in waler
Ultrastructuml] analysis of expanded eggs (figs 6A & B)

. shows that EQ disappears when eggs come inlo contact

with spring water and thatlayer E1 beneath itimpleats and

* expands providing the physical basis for egg expansion,
* The initial unpleating of ET always begins at the equatorof

the egg and symmetrically expands the boundary of the
unpleating to both poles {fig. 7). This resuiis in increasing
widih and length of the eggs and within §-72h in sprizgg
water, the mature eggs can reach their fully expand

length (D42-140mm, wilh a mean of 0.79 = D.24 SD).
There i5, however, a pleated part of E1 which remains at
both poles of the fully expanded egg, which is refered to
here as a ‘folded cap’ (fig. 7). The fully expanded Et
envelope is fusiform in s§1ape and eontaing the wex-
panded components of the egy, that is: £2, E3, B4, G2, GG3,
G4 and the acanthor. In the expanded egg these parts are
presumably bathed in a mixture of the G1 conlents and
spring water which has permeated £1. The expanded egg
is afmost eight times the fength and approximately twice

. the width of the unexpanded matee egg (able 1),
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Epacanthocephalan egg expansion . 81

Fig, 4. Tranwmdssion electron microgaphs of entiee egy envelope sequence at six different stagss of devalopment (A1), Hach scale

bar « {15 . A, There isaninital gap (Geybetwesn the fertilization membrane (Fmland the embryonic mernbrane (Emb) A nuclous of

an embryo {NU) can abo be seen, 8. B2 is the inftial stage of B2 subtended by sevrotory vesiches {SV). C. E2is pushed oubwards while 53

and E4 form beneath. Note ihie active endoplasmic reticalum (Er} and secretory vesicls at the surface of the acanthor, D, Later stage of

duvelopment with four salid layers belag formed. B, The fertifization membrane can be separated into two parts B and E1. B2 ard E%2 are
atse distingaishable. ¥ £2, E3a and Edb ace distinguishable and pleatd in E1 are obvious,
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33

Fig. 5. Seale dingrans representing egg envelope formation n chranolog ient sequimce A-H, Each dlagram represénts a witdtls uf 3 e of
‘ol L0) A * he developing euvedope series, i : °

Approximately 80% of expanded eggs stored in the
spring water were found’ té be resting in the vertical
position wilth an egg pole “attached” to the glass surface,
These adhesive expanded eggs were not easily removed
or detached by stirring the surrounding water since they

vemained attached to the glass surface by means of the
folded cap and swung with water movements, Eggs kept
in spring water fonger than 2-3 days losi their polar
adhesive property. Bacteria often covered the owter
surface of expanded eggs left In spring water for 2 few
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Tabrke 1. Paltisertis rexues: the linear dimensions and volume of unexpanded and expanded eggs.

: Sae range Mean lenglﬁ Mean width Estimated volume
Egg - - ilngth x widthin mm) fmm) {raun) (mm™
Urniexparded QLRS- 116 X 0.036~0048 07 0042 LiRL L el
Expanded 9.42-1.4 X 006111 Q.790 Q4080 A5

Volunwe, V estimated from ¥ = 4/3ar’h where ¢ = 177 mean width and b = 172 mean hngth.

weeks, but were never found in G1 or in the other gaps
beyond (fig. 63 :

Discussion
Stracture of e egg envelopes

The structural arrangement of mature egg envelopes
for P rexus Is similar w that described for B goloant by
Marchaned (1984b}. The size and thickness of each layer,
however, differs between the two species (fable 2).

The initial stage of formation of B is similar to that
described Jor the fertilization membrane in Acantfosentis
acanthur  (Eoacanthocephala) by Marchand (1984a),
Moniliformis dildus {Archiacanthocephala) by Wright
(1971) and Polynorphus mimius (Palacacanthocephala)
by Whitfield (1973). Most authors agree that the Jertiliza-
tion membrane remains around the developing acanthor
as the oter envelope of a series. West (1964} and Wright
(1971) have propesed that this membrane is the innermost
envelope, but have failed to demonsirate explicit evidence
to support thelropinion. 1t is clear in the present study that
thiis membrane is initially secreted by the fertilized egg.
after which it is gradually pushed centrifugally by the
development of the new wnvelopes and the gaps. The
derivalives of the ferlilization membrane therefore remain
as the outermost snvelope of the shell. The same
phenomenon has been described by Strarack (19723 in

’

Fig & Trarsmission dlectron micrographs of the unpleating of §J
in contitct with spring water (50 has dissppeared). A. Early
expansion stage withmost pleats of E] stalghtened outand some
filirous material sti prosent in G {seale bur = 1 pm) B, Later
stageof expansion pfE 1 with bucteria (8a) vn its puter surfaceand
very litthe fibrous matertal visible indde (scale bar = 18 am}.

Pomphorhynchus lagvis, Whitfield (1973) in Polymorphus
minutus and Marchand (1984a) in A, acanthuri,

The homogensous transparent nature of E1 seems to
characierize all species of ecacanthocephalans (Mare-
hand, 198ab), The pleated ulirastruciural configur
atioh of this layer was probably misunderstood by
Marchand (1984b) who referred to it as ‘hreguiar
shaped tubules’ in Pallisentis goleani. However, the
densily of pleats in this layer in P, goloani lapprox. 30
pleats per 3 pm) illusirated in the photomicrograph
provided by Marchand (1984b) is more than that in P,
rexus (approx. 10-12 pleats per 3um). The pleated
configuration of El clearly plays a crudal role in
facilitating egg expansion. :

El, referred o as Eib by Marchand (1984ab), has
different appearances among other eoncanthovephalan
species. In three genera this envelope has a comugoled
character with a differentoverallconfiguration and a lesser
de§m of pleating than that found in Pallisentis. Examples
include the two species described by Marchand (§984a),
Neoechinpriyachs agilis and Tenuisentis nilolicus, as wellas
Neoechinoriynchus ritili described by Faraschewski of .
(1942). Egg expansion has not been described in these

eCies.

E1 has a filamenlous struriure in three spedes of the
genus Acanthosentis, namely: A, scantir] (Marchand,
1984a), and A, tilapise and A, papifio (Marchand, 1984b).
The shape, size and characieristics of the filamenis are
different In each species. In addition, there are interjor
connections between the Bl and E2 layer in N. mfili
(Taraschewski of al., 1992) which maintain the distance
between the twolayers. These structures have never been
found in P rexus. :

E2, with its denise, concendrically arranged flaments, is
apparently similar in the mature eggs of all ecacantho-
wophalan species (Marchand, 1984 a,b; Taraschewski ¢t al.,
1W9R2). In B réxus, these fine filaments develop early
during eggshell formation with an arrangement perpen-
dicular to the surface of the acanthor. These filaments
Inter become reinforced and appear as an electron-dense
layer during the later stages of development. In all the
investigated ecacanthocephalan species, this envelope
contains keratin (Marchand, 1984 ab; Taraschewski et af.,
1992). The chemical composition of the E2 layer sapports
the soggestion that its role is one of protection and
impermenbility to water,

The characteristics of £3 and B4 are very similar among
all species of ecacanthocephalans that have been studied
before (Marchand, 1984 ab; Taraschewski ot af., 1992), £3
may be accompanied by one or two amerphons electron-
dense malerials, which differ between the species, The
chemical compusition of this layer is different i the three
classes of Acanthocephala (Taraschewskl ¢f al., 1992).
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iy 7. Photenicrograplhs of sequential stages of mature oggrexpansion in spring water, Four eggs are illustrated at the sams magnification

(scade bar = 100 gm} and at Stccessive stages of pxpansion, A1 A, unexpmded egg B, envelope 1 has begun to expand in its

wyquaterial reglons with thw polar reglons s6li unexpanded; C, most of K1 hay now expanded but ere remzsing at sach polar segion a small
fo[dcx? cap (FCY: 1, maxisnum expansion of E1,

The structure of E4 in P pexus 3s similar to that described
for other species of ecacanthocephalan (Marchand,
E98dab; Taraschewski ef al., 1992). Peter o al, {1991) and
Taraschewski #f af, (1992), concluded that neither chitin
nor keratin has been found in this layer in
eoacanthocephalans.

Wongkham  {1982)  microscopically  examined
expanded eggs of Pallisenlis sp. (almost certainly P
rexas, as i Wis study) during e process of
experimental infection of the interrnediate host {Cydops
sp.) The copepod consumed the acanthor and most of
the egg envelppes inclading 2, but in mosl cases. had
not eaten the expanded E1 envelope. A tear was always
visible in the rejecled layer. We can probably condude,
therefore, that the envelope layers from E2 inwards

Tabte 2 ‘Thickness (urm) of the egg ulmvatepcs and gaps in
Paliisentts golinnd and £ rexus.

Egg envolopes i goloari B rexns
EQ 0.02 2.05-0.15
E1 thicknessy AL by 0.05-0.15
Bl amplitude of pleats 1014 2-3
0] 11-0.5 0.7-1.6
x2 #.04-005 ' 0.1-0.3
32 011-14 327
E3 .01 0.04-01
E3b 0035-0.7 0.05-81.1
L& = Bo-0.06
3 0.0-615 4007
LEda 0463 D05
Edb 11502 9203
Totud {approxt [ & 14 B3

The tame and the width of ench envefope of . gotvani is sdapted
from those deseribed by Maschand 1198463, *Measured from the
mages in Marchand {193k, )

may play an important role in the protection of the
acanﬂ‘:or from potential mechanical damage caused by

the copepod mouthparis.

Eye expansion
Egp expansion in contact with water seems to be 2
cormmon and distinctive feature of the genus Pallisentis.
Two other members of this genos have been described as
undergoing egg expansion, namely P, nagpurensis (George

. & Nadakal, 1973} and P paviadet (Rai, 1967). However, the

nature of the expansion in these spevies was only
described in these publications in a preliminary manner
and the descriptions do not include infogaation on the
expansion mechanism. From the resulls of the present
study on the structure of eges, before and after expansion,
three factors can be hypothesized {ocontrol the expansion
process: () the elimination of EQ which acls as a "shrink-
wrap” around Et in its pleated configuration; {ii} the
subsequent increase in the permeabiiity of E1 to water;
and (i)} an esmotic pressure difference between the two
sides of E1, causing an ingress of water through E1
resulting in the hydration and solution of the dense
filamentous material (see fig. 2) in the space under E1.
This ingress of water increases the volume within E1 and
hydraulically expands E causing the straightening of its
pleated configuration. '

ED is well preserved in the environmental medium of
the female parasite body cavity Only in cerlain
environmental conditions afler egg release is EO elimi-
nated. Wongkham (1998) has shown that EO elimination
and epg expansion oocurs most rapidly and completely at
pH vatues between 5.0 and 6.5 and in aquecus solutions
containing low molarities of mineral salls, equivalent to
around 0.02M NaCl, Only after the disappearance of the
B0, can El unpleat and expand. As the unpleating and

expansion of E1 oceurred, G1 increased in width, E2
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and the remaining egg envelope layers, together with all
the gaps (G2-GA, have never been found to expand or
increase in width and length. This characteristic is
probably indicative of the rigid nature of ¥2 and its
impermeability to water.

The wnexpanded vgg has a density significantly greater
than that of water and sinks rapidly fo the bottom of a
water column. When the egg expands, its volume is
approximately 27 times that of the unexpanded egg and
the whele of this expansion seems 0 be coused by ingress
of the waler (with a density of 1gml™*). If the density
of the unexpanded epg is assumed to be, say, 12 mi ™, it
follows that the density of the expanded egg will be
27.2 + 27 which is 1.007gmi™% In other words, the
expansion has reduced the density of the egg to a value
very close to thal of water. This helps to explain the
observation that expanded eggs were moved and disper-
sed with greater case in water than the unexpanded eggs.

The phenomenon of egg expansion may facililte
cupepod infection by two potential mechanisnis given the
previcus {inding by Wongkham (1998) that the acantho-
cephalan can successfully employ a range of copepod
species as intermediate hosts. In the first few days after
release from a female worm, the expanded egg retains a
sticky property on both poles and wilf adach 1o the
substratum in a ‘vertical’ arientation. In this ‘benthic®
phase the fixed position and extension of the egg about
Tmm above the substratum . surface may increase the
chanves of encounters with bottom-browsing benthic
copepod species, On losing their sticky property, the eggs
(with water-like density) spend their longer planktonic
period floating freely in the stirred region of the water
cofumn, which increases their infection chances with
respect 1o planktonic copepod species.

The chemsical composition of the gaps in the egg
envelope serios may also play an important role in
increasing the chance. of * infection.  According . to
Taraschewski ef al. (1992) all the gaps of the egg shell of
the epacanthocephalans, Neoohinorfynchus mbill and
Paratenuisenlis  awmbigins contain  different kinds of
poivsaccharide compmmds. It 'is assumed that these
potvsaccharides are also present in Paflisentis rexus, The
intermediate host may be attracted by these palysacchar-
ides in the G1 as nutrients which in turn improve the
probability of infection.

The regutar pleating of E1 appears 1o be a unique
characteristic of the genus Pallisentis and is obviously
associated with the %ayer’s capacity to expand. The
mechanism by which the pleated Ef betwesn Edand B2 {5
formed remains an area o be studied. Presumably the
constituents of EI are secreted into the space between EQ
and k2 and here seif-assemble into the Et layer. Why this
self-assembly results in an already pleated configuration
is unclear.
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Abstract

Preliminary screening for the anthelminthic and antitumor activities of the biocactive compound were
evaluated in vifro on the ethanomedicinal plants from the two families, Annonaceae and Rubiaceae,
collected from Chiang Mai province, Northern Thailand. Thirty extracts from different parts of 15
plant species were retrieved by ethanol or distilled water. Two kinds of worms and three human and
animal cell lines were used for the bioassay including, Caenorhabditis elegans (free living nematode),
the cercaria of Schistosoma mansoni (human blood fluke), MCF-7 (human breast cancer cell line),
HeLa (human cervical carcinoma cell line) and M44 (normal mouse embryonic cells). There are 17
extracts, mostly from annonaceous plants, exhibited the better anthelminthic activity than the
commercial standard compound, praziquantel. Of those extracts, 3 showed highly promising activity
with excellent selectivity against the worms, the ethanol extracts from young fruit and leaves of
Annona reticulata and ethanol extract form the young fruit of Annona squamosa. The antitumor
activity was observed in the 3 extracts from the two plant species, A. reticulata and A. squamosa,
better than the ellipticine. Annonaceous acetogenins are thought to be the natural compounds
expressing the anthelminthic and antitumor activities in this study. There was no previous report
indicating the active acetogenin from young fruit of annonaceous plant. The ethanol extracts from the
leaves of Ixora lobbii and the stem of Paederia foetida, showed signs of a very good anti-nematode

with highly selective activity against C. elegans. All of the extracts from the rubiaceous plants
exhibited no activity against the cancer cells.

1. Introduction

Several species of the two plant families, Annonaceae and Rubiaceae, have been reported to be
used as Antitumor and antiparasites for decades by traditional medical practitioners (Wutthi-
Dramawetch, 1977, Tanamatayarat, 2002). Annonaceous plant is a large group of the old world plant
family and has been reported distributed in Thailand with more than forty genera with almost two
hundred species (Chalearmkrin, 2000). The phytochemistry of the plant has been enormously studied
with several major reviews by the group of Professor Jerry L. McLaughlin in the U.S.A. since 1990.
Alkaloid and non-alkaloid natural bioactive compounds have been identified from different parts of
the plants (Rupprecht et al., 1990, Fang et al., 1993, Gu et al., 1995; Zeng et al., 1996 and Alali et al.,
1999) and has been revised on structure and activities recently (Kim, 2002). The compounds have
been proven to be with several activities; antibacterial, antiparasitic, pesticidal, antiperkinsonian and
antitumor activities. Acetogenins, a large group of the C35/C37 natural compounds was mainly found
in the plants with the powerful antitumor and pesticidal activities (Rupprecht et al., 1990; He et al.,
1997; Alali et al., 1999). There was a report of antimalarial activity of the extracts from Annona
senegalensis (Ajaiyeoba et al., 2006). These natural bioactive compounds have been expected to be a

58



new chemotypes for commercialized antitumor and pesticidal agents. Recent activity testing from the
crude extracts of some annonaceous plants reported by Kamuhabwa et al. (2000) expressed the
cytotoxic activities to several cancer cell lines.

The Rubiaceae was identified and reported by Maxwell (2001) with forty-one genera and
ninety-two species from the Doi Suthep-Pui National Park, Northern Thailand. The ethanol crude
extracts from some of those plants expressed the cytotoxic activity to the breast cancer cells (MCF-7)
and the cervix carcinoma cells (KB-3-1) (Tanamatayarat, 2002). Several studies has been done on the
plant from Rubiaceae for the cytotoxic activity on cancer cells in vitro: Hedyotis corymbosa and
Hedyotis diffusa on hepatoma cells (Hep-2B) (Hsu, 1998; Liu, 1995); Ixora coccinea on Dalton’s
lymphoma (DLA), ascites carcinoma (EAC), sarcoma (S-180), lymphoblastic leukemia (ALL),
chronic myelogenous leukemia (CML) and K-562 cells (Latha and Panikka, 1998); Cinchona
pubescens on nasopharynx carcinoma (KB) (Raffauf et al., 1978); Crossopteryx febrifuga, Pavetta
crassipes and Spermacoce dilorachiata on colon carcinoma cells (Col-15) (Chapuis et al., 1988);
Psychotria forsteriana on rat hepatoma cells (Roth et al., 1986); and Nauclea orientalis on human
bladder carcinoma (T-24) (Erdemeier et al., 1992).

The anthelminthic activity from natural products has been reported from a few plant species.
Anti-nematodes activity from the seed of Butea frondosa (Leguminosae) on Ascaridia galli has been
reported with the inhibition of glucose uptake mechanism (Kumar et al., 1995). The ethanol and
aqueous extracts from leaves of Sencio nudicaulis (Compositae) expressed antifilarial activity when
tested against Sefaria cervi (Nematoda) with the ICs; at 10 -15 ng/ml respectively (Singh et al., 1996).

Among the above mentioned articles and reviews, none of which has been reported the effect
of the lead compounds from the two plant families to be used as the anti-schistosome cercaria, anti-
nematode, and the selective cytotoxic effect to cancer cells. Most of the anthelminthic drug not only
kills the parasite, but also exhibits the side effects to host cells (Balbaa and Bassiouny, 2006; Hrckova
et al., 2006; Ramirez et al., 2001; Menendez et al., 2001). The schistosome cercaria was chosen as a
screening helmintic model in this study for three reasons; schistosomiasis still a serious problem in
some part of the world (Blas et al., 2006), the cercaria infective stage is the target to control by
prevention of infection and the availability of the parasite in laboratory. On the other hand, the adult
stage of Schistosome was difficult to be eradicated by chemotherapy such as praziquantel (Sabah et al.,
1986). The selective effect of a lead compound to the target organism, tissue or cells is primary
awarencss of screening assay for a new drug (Stewart and Stolman, 1961; Lee and Houghton, 2005).
Furthermore, there were several signs of the drug resistance developing, especially to praziguantel, on
the schistosome (Fallon and Doenhoff, 1994; Ismail et al., 1999; Liang et al., 2000; Liang et al., 2001;
Doenhoff et al., 2002). Only two drugs namely praziquantel and triclabendazole are effectively used
in the control of trematodiasis (Keiser et al., 2006). Oxamniquine is may be another available
alternative to praziquantel (Cioli, 2000). The new bioactive compound would be urgently needed in
the near future to control schistosomiasis over the world (Doenhoff et al., 2000; Doenhoff and Pica-
Mattoccia, 2006). This research aims to screen the cytotoxic and anthelminthic activities of the crude
extracts from some plants in the two families, Annonaceae and Rubiaceae, available from Northern
Thailand. '

2. Materials and methods

The plants

Different parts of 15 plant species in 2 families, Annonaceac and Rubiaceae, were collected
from several areas in the Chiang Mai Basin. The plants were identified by Ms. Angkhana Inta and Dr.
Pranee Palee, and the herbarium samples were deposited to the Ethnobotanical Research Section, and
the Human and Animal Cell Technology Laboratory collection, Department of Biology, Faculty of
Science, Chiang Mai University (Tablel). Crude extracts were prepared from the oven-dry plants 47-
50°C) in 95% ethanol or distilled water using sonicator. The crudes were concentrated by rotary
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evaporator and lyophilized to get the dry or sticky materials and kept in a freezer at -20°C prior to use.
Each of the crude was weighted and diluted by ethanol or distilled water as appropriate to get at least 6
serial ditutions to be used in the bioassay.

The animal models and the bioassay for the anthelminthic compound

Anti-nematode assay was performed on the culture of the free living nematode, Caenorhabditis
elegans. The worm (density of 20-25 worm/ml) was exposed to the crude dilutions on the 24-well
plates for 3 hours. The dead worms were distinguished from the quiescent alive, while observation
was made under microscopy, with two techniques; the light touch and the mechanic stimulation. The
light touch was performed by 2-3 flashing of a 60Watts day-light bulb at a distance of 8-10
centimetres from the observed cultured dish. The mechanic stimulation was the 2-3 times of gently
banging by a pen on the dish.

Anti-schistosome assay was carried out on a Puerto Rican strain of the blood fluke,
Schistosoma mansoni, using the infective cercarial stage. The suspension was prepared to get the
number of 18-25 cercaria per a milli-litre of the freshly prepared aquarium water. The assay was
performed by adding 0.1 ml of the extract on to 0.9 ml of suspension per well in a 24-well cultured
plate.

The cell lines

The three cell lines were employed in this research: the cervical carcinoma cells (HeLa) and
the breast cancer cell line' (MCF-7) kindly provided by Dr. Pornthipa Ticha, the National Cancer
Institute, Bangkok and the mouse embryonic fibroblast, M44, developed in the human and animal cell
technology laboratory, Faculty of Science, Chiang Mai University. The M44 is a mortal cell lines
established by the primary explant from the 10 days old prenatal laboratory mouse embryo, from the
Animal Laboratory House, Faculty of Science, Chiang Mai University. The cells on passage 3 after
the primary cells were cryopreserved in the liquid nitrogen prior to use. After thawing, the cells were
subcultured until passage 8 and used in the crude extracts bloassay mentioned above. The density of
each cell line has been prepared for the cytotoxic assay in 96-well plates at 5x10° cell/well on a
triplicate basis for each concentration of the crude extracts.

SRB assay

The SRB assay was performed using a modified method from that previously described by Lin
et al. (1999) and Papazisis et al. (1997). Briefly, 70ul 0.4% (w/v) sulforhodamine B (Sigma) in 1%
acetic acid solution were added to each well of previously prepared 96 well plates (described above)
and left at room temperature for 20 min. SRB was removed and the plates washed 5 times with 1%
acetic acid before air drying. Bound SRB was solubilized with 200 ul 10mM unbuffered Tris-base
solution (Sigma) and plates were left on a plate shaker for at least 10 min. Absorbance was read in a
96-well plate reader (Anthos-2001, Anthos labteck) at 492 nm subtracting the background
measurement at 620 nm. The test optical density (OD) value was defined as the absorbance of each
individual well, minus the blank value (‘blank’ is the mean optical density of the background control

- wells, n=3). The signal-to-noise (S/N) ratio was the product of the following equation: S/N = (mean
test OD + blank)/blank.

Analysis of the effective concentration and the selective index

The 50% inhibitory concentration (ICsq) of the crude extracts to the nematode, the cercaria and
the cells were determined by the Priprobit analysis program version 1.63 (Sakuma, 1998).

The selective index (SI) indicates the efficiency of the pharmacotherapeutic activities of the
bioactive compounds to human and animal. This index provides a clear evaluation of any valuable
lead compounds in the light of their ability to kill the parasite or eliminate cancer cells but exert little
damage to normal cells. In this research, the SI was evaluated by considering the ratio of the ICsg
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between the target organism or, cells to the Md44. The criteria of the SI has been proposed previously
by Atindehou, et al. (2004) and has been adapted in this research. The provisional good activity (or
highly selective) of the extracts is the <1 value of the ratio. The index has been considered also
between the two cancer cell lines to estimate the select1v1ty of the lead compounds among the different
targeted cells.

3. Results

Seventeen out of 30 extracts were found effectively kill the nematode, C. elegans, with ICsy
range 5.2-316.5 ug/ml in 3 hr (Table 2). The extracts has been classified with extremely high, highly,
moderately and no activity, with the ICsp value of <1, >1-20, >20-100 and >100 pg/ml respectively.
To avoid anarchy in the Table 2, the values of ICsy greater than 100 pg/ml to the worm or cells were
marked on to 5 categories indicated by *. The extracts having no activity to the worms were not
being trial in some cases with the cancer cells but with the normal cell line, M44.

Considering the activities of the extracts to the worms, the extracts from Annonaceae, A.

reticulata, A. squamosa and A. odorafissimus expressed the more tendency of highly selective to kill C.

elegans than S. mansoni. The ethanol extract from the young fruit of the A. reticulata and A.
squamosa exhibited the extremely high activity to S. mansoni cercaria with the ICsq of 0.4 and 1.1
ug/ml respectively. This extracts expressed considerably higher activity than the praziquantel, which
was being categorized with very low (or without) activities with ICsp of 425.8 and 156.7 ug/ml to C.
elegans and S. mansoni respectively. However, most of the extracts from different parts of the above
mentioned three plants expressed more effective (less ICsp) to kill the worms than praziquantel. The
most highly effective activities were the ethanol extracts from the young fruit of A. reticulata and A.
squamosa, with the ICsg 12.4 and 14.1 pug/ml for C. elegans respectively. The extracts from the other
annoaceous plants, A. muricata and A. siamensis, did not indicated such of any result as mentioned
with the above three plant species. The two Rubiaceae species, I. lobbii (ethanol extract from leaves)
and P. foetida exhibited the highly selective activities of killing C. elegans to S. mansoni considering
from the ratio of the ICs, 11.0 and 27.2 pg/ml to >5,000 ug/ml respectively. The
pharmacotherapeutic tendencies of the extracts being classified as active and very highly selective of
the worms to those of the M44. The ¢xposed-cercaria to the extracts from young fruit of A. reticulata
and A. squamosa exhibited tail lost and external skin bubbles.

The criterion of antitumor activity for the crude extracts used in this study is adopted as
proposed by Tanamatayarat (2000). MCF-7 was effected by the extracts from the Annona species
with ICsp ranging 23.6-269.9 pg/ml and with 4.3-283.9 pg/ml to the Hela cells. Most of the extracts
expressed no activities to the M44 with the ICsy >500 pg/ml. The extracts from A. reticulata, A.
squamosa, A. odorofissimus and I. lobbii exhibited different degrees of selectivities between the two
cancer cell lines. With great difference of the I1Csg values between the cancer cell lines and those of
the M44 (i.e. SI <1), all of the extracts from A. reticulata, A. squamosa, A. odorafissimus and I. robbii
were considered with highly pharmacotherapeutic tendencies. This means that most of the extracts
were more selective to inhibit the cancer cells than the normal cells, in contrasted to the SI from
ellipticine.

There is no regular pattern -of the activities of the extracts using different solvents from the
same plant species, considering on the worms and the cancer cell lines. The ethanol extracts from A.
reticulata and A. squamosa conveyed better activities than the aqueous extract from the same part of
the plants. For example; the ethanol extract from the young fruit of A. reticulata ICsy 12.4, 1.1, 26.8
and 7.6 ug/ml which expressed better activities than the aqueous extract ICsy 86.4, > 5,000, 80.2 and
30.9 pg/ml for the C. elegans, S. mansoni, MCF-7 and HeLa respectively. Also the ethanol extracts
from the young fruit of A. reticulata is less selective to inhibit C. elegans than S. mansoni with 1Csp,
12.4 and 1.1 pg/ml respectively, while the aqueous extracts showed the opposite selectivity with ICsj,
>5,000 and 86.4 ug/ml respectively. The ethanol extract from the young fruit of A. squamosa was
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more selected to inhibit MCF-7 than HeLa with ICsp 23.6 and 53.8 pg/ml respectively, conversely the
ethanol extract from the leaf showed the opposite inhibition with ICsq, 39.3 and 4.3 ug/ml respectively.
On the other hand, the extracts from the plants with no activity to the worms also showed no activity
to the cell lines including; C. odorata, M. fruticosum, M. siamensis, U. rufa, D. chinensis, I. ebarbata
and P. linearis.

4. Discussion and conclusions

Acetogenin has been reported as the biologically active molecules found in annonaceous plant.
The molecules inhibit the Complex I (NADH: ubiquinone oxidoreductase) in- mitochondria and thus
cause a decrease in cellular ATP levels and cell death (Londerhausen et al., 1991; Ahammadsahib et
al., 1993; Lewis et al., 1993). Annonacin, a mono-tetrahydrofuran acetogenin, arrested cancer cells
and expressed the cytotoxic activity (Yuan et al., 2003). Ethanol leaf extract from A. muricata showed
higher activity against the MCF-7 with IDsp 1.9 ug/ml (Kim et al., 1998) than those from annonaceous
plant in this study. Moreover, the methanol, hexane and ethyl acetate extracts of the seed, stem, bark
and pericarp of this plant expressed the antiparasitic activity against E. histolytica, N. brasiliensis, M.
dessetae, A.salina, and several species of Leishmania (Bories et al., 1991; Jaramillo et al., 2000; Wang
et al.,, 2002). The extracts with ICso values less than 30 ug/ml to any cancer cells were normally
considered active, according to the American National Cancer Institute guidelines (Suffness and
Pezzuto, 1990). The extracts from A. reticulata and A. squamosa in this study expressed the active
antitumor activity with high selective index in comparison with the normal cells.

None of the previous works has been report the activities of the extract from the young fruit of
the annonaceous plant. In the Thai traditional medicine, dry young fruit of the A. squamosa has been
reported to be used to eliminate the human head louse (Wutthi-Dramawetch, 1997). The nematode, C.
elegans, has been reported previously to be inhibited by asimicin, an acetogenin found in Asimina
triloba, at approximately 0.1 pg/ml (Johnson et al,, 1996). This seems much extreamly active as anti-
nematode activity in contrast with the extracts from annonaceous plant in this study. More than 300
subgroups of acetogenin from annonaceous plants have been discovered and described with the
toxicity assays approached (Rupprecht et al., 1990; Fang et al., 1993; Gu et al., 1995; Zeng et al., 1996;
Zafra-Polo et al., 1998; Yazbak et al., 1998 and Chang et al., 1999). However, there are normally
more than 40 different acetogenins mixture occurred within an extract from annonaceous plant and
may surplus or inhibit the activities of each others (Alali, 1999). There were reports of the activities of
acetogenin against several species of insects, parasitic protozoa and pathogenic microbes (Alali et al,,
1998; McLaughlin et al, 1997). There was no activity against the worms with the extracts from A.
muricata, A. siamensis, and most of the Rubiaceae in this study. The molluscicidal activity was
reported from the extracts of A. squamosa (Singh and Singh, 2004) and also from A. muricata (dos
Santos and Sant’Ana, 2001) with the ICsp; ranged between 0.97-20.26 ppm. In this research,
molluscicidal activity had been investigated with the ethanol extracts from young fruit of A. squamosa
and A. reticulata on Biomphalaria glabrata, the intermediate host to S.mansoni. The result indicated
that the extracts expressed no activity to the snail with ICsy >5,000 pg/ml. The activity of the extracts
to the snail heart beating also investigated. The significant decreased heart rate was evidenced by the
exposed snail to the extract from the young fruit of A. squamosa at 2.5 ug/ml (data not shown).

There were reports of antitumor and cytotoxic activities of the extracts from the flower of Ixora
Javanica and Ixora coccinea (Nair and Panikkar, 1990; Latha and Panikkar, 1998). There was no
previous report for the nematicidal activity of Ixora apart from cytotoxic and antitumor principles
( Latha and Panikar, 1998; Wang and Huang, 2005).

Antitumor and cytotoxic activities have been reported from some species of rubiaceous plant.
The extracts from flowers of Ixora javanica expressed broad activity against the Dalton’s lymphoma
(DLA) and Ehrlich Ascites tumor cells at ICsp 12 and 65 pg/ml respectively (Nair and Panikkar, 1990).
This extract exhibited no activity against normal lymphocytes, but selectively against leukemic
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lymphocytes and K-562. The positive in vivo activities against induced tumors in mice had been
observed with topical and orally application, but showed post-treatment toxic effects on the urea
nitrogen level (Nair et al., 1991). Antinociceptive activity was reported from the extracts of Ixora
coccinea (Ratnasooriya et al., 2005).

Antidiarrhoeal and anti-inflammatory activity was reported from the ethanol extract of P.
foetida (Afroz et al., 2006; De et al., 1994), but neither antibacterial nor antifungal activity reported
(Pedersen et al., 1999; Cavin et al., 1999). There were several interested activities reported from the
other rubiaceous plant in the same genus. The extracts from Paederia scandans exhibited a clear
inhibition of the Epstein-Barr virus early antigen induction (Kapadia et al., 1996). These activities
were studied in laboratory animal model, which are far more out of scope from this study.

Acknowledgements

We would like to express our gratefulness for the kind help with this research to the institutes in
Thailand including: the National Cancer Institute, Bangkok; Department of Biology, Faculty of
Science, CMU; Faculty of Science, MU; and the institutes in the United Kingdom: Infection and
immunity research unit, School of Biomedical Science, King’s College London, University of London
and FRAM Alternatives Laboratories, School of Biomedical Sciences, University of Nottingham. This
work was supported in full by the Thailand Research Fund, grant number MRG4580016.

References

Afroz, S., Alamgir, M., Khan, M.T.H., Jabbar, S., Nahar, N., Choudhuri, M.S.K., 2006. Antidiarthoeal
activity of the ethanol extract of Paederia foetida Linn. (Rubiaceae). Journal of
Ethanophamacology 105, 125-130, _

Ajatyeoba, E., Falade, M., Ogbole, O., Okpako, L., and Akinboye, D., 2006. In vivo antimalarial and
cytotoxic properties of Annona senegalensis extract. African Journal, Traditional,
Complementary and Alternative Medicines 3(1), 137-141.

Ahammadsahib, K.I, Hollingworth, R.M., McGovern, J.P., Hui, Y.H., McLaughlin, I.L., 1993,
Inhibition of NADH:ubiquinone reductase (mitochondrial complex I) by bullatacin, a potent
antitumor and pesticidal Annonaceous acetogenin. Life Science 53, 1113-1120.

Alali, F.Q., Kaakeh, W., Bennett, G.W., McLaughlin, J.L., 1998. Annonaceous acetogenins as natural
pesticides: potent toxicity against insecticide-susceptible and resistant German cockroaches
(Dictyoptera: Blattellidae). Journal of Economic Entomology 91, 641-649.

Alali, F.Q., Liu, X., and Mclaughlin, J.L., 1999, Annunaceous acetogenins: recent progress. Journal of
Natural Products 62(3), 504-540.

Atindehou, K.K., Schmid, C., Burn, R., Kone, M.W., Traore, D., 2004. Antitrypanosomal and
antiplasmodial activity of medicinal plants from Cote d’ Ivoire. Journal of
Ethnopharmacology 90, 221-227.

Balbaa, M. and Bassiouny, K., 2006. In vitro effect of schistosomicidal drugs on hepatic arylsulfatase
B from the schistosoma-infected mouse. Journal of Enzyme Inhibition and Medicinal
Chemistry 21(1), 81-85. _

Blas, B.L., Lipayon, I.L., Tormis, L.C., Portillo, L.A., Hayashi,M., and Matsuda, H., 2006. An attempt
to study the economic loss arising from Schistosoma Jjaponicum infection and the benefits
derived from treatment. The Southeast Asian Journal of Tropical Medicine and Public Health
3(1), 26-32. _

Bories, C., Loiseau, P., Cortes, D., Myint, S.H., Hocquemiller, R., Gayral, P., Cave, A., and Laurens,
A., 1991. Antiparasitic activity of Annona muricata and Annona cherimolia seeds. Planta
Medica 57(5), 434-436.

Cavin, A., Dyatmyko, W., and Hostettmann, K., 1999. Screening of Indonesian plants for antifungal
and free radical scavenging activities. Pharmaceutical Biology 37(4), 260-268.

63



Chang, F., Chen, J., Lin, C., Chiu, H., Wu, M., and Wu, Y., 1999. Bioactive acetogenins from the
seeds of Annona atemoya. Phytochemistry 51, 883-889.

Chapuis, C.J., Sordat, B., and Hostettmann, K., 1988. Screening for cytotoxic activity of plants used in
traditional medicine. Journal of Ethanophamacology 23(2-3), 273-284.

Cioli, D., 2000. Praziquantel: is there real resistance and are there alternatives?. Current Option in
Infectious Diseases 13(6), 659-663. _

Cioli, D., Botros, S.S., Wheatcroft-Francklow, K., Mbaye, A., Southgate, V., Tchuente, L.A., Pica-
Mattoccia, L., Troiani, A.R., El-Din, S.H., Sabra, AN., Albin, J., Engels, D., Doenhoff, M.J.,
2004. Determination of ED50 values for praziquantel in preziquantel-resistant and —
susceptible Schistosoma mansoni isolates. International Journal for Parasitology 34(8), 979-
987.

De, S., Ravishankar, B., and Bhavsar, G.C., 1994. Investigation of the anti inflammatory effects of
Paederia foetida. Journal of Ethnophamacology 43, 31-38.

Doenhoff, M.J., Kimani, G, and Cioli, D., 2000. Praziquantel and control of Schistosomiasis.
Parasitology Today 16(9), 364-366.

Doenhoff, M.J., Kusel, J.R., Coles, G.C. and Cioli, D., 2002. Resistance of Schistosoma mansoni to
praziquantel: is there a problem? Transections of the Royal Society of Tropical Medicine and
Hygiene 96(5), 465-469, .

Doenhoff, M.J., and Pica-Mattoccia, L., 2006. Praziquantel for the treatment of schistosomiasis: its use
for control in areas with endemic disease and prospects for drug resistance. Expert Review of
Anti-Infective Therapy 4(2), 199-210.

dos Santos, A.F. and Sant’Ana, A.E.G., 2001. Molluscicidal properties of some species of Annona.
Phytomedicine 8(2), 115-120.

Erdelmeier, A.C., Regenass, U., Rali, T., and Sticher, O., 1992. Indole alkaloids with in vitro
antiproliferative activity from the ammoniacal extract of nauclea orientalis. Planta Medica
58(1), 43-48.

Fallon, P.G. and Doenhoff, M.J., 1994. Drug-resistant schistosomiasis: Resistance to praziquantel and
oxamniquine induced in Schistosoma mansoni in mice is drug specific. The American
Journal of Tropical Medicine and Hygiene 51, 83-89.

He, K., Zhao, G-X., Shi, G., Zeng, L., Chao, J-F., and McLaughlin, J.L., 1997. Additional bioactive
Annonaceous acetogenins from Asimina triloba (Annonaceae). Bioorganic & Medicinal
Chemistry 5(3), 501-506, :

Hrckova, G., Velebny, S., Daxnerova, Z., and Solar, P., 2006. Praziquantel and liposomized glucan-
treatment modulated liver fibrogenesis and mastocytosis in mice infected with Mesocestoides
vogae (M. corti, Cestoda) tetrathyridia. Parasitology 132(Pt4), 581-594.

Hsu, Y.H., 1998. Tumor inhibition by several compounds extracted from Hedyotis corymbosa and
Hedyotis diffusa. Cancer Detection and Prevention 22(Suppl 1), S5-S56.

Ismail, M., Botros, S., Metwally, A., William, S., Farghally, A., Tao, L.F., Day, T.A., and Bennett,
J.L., 1999. Resistance to praziquantel: Direct evidence from Schistosoma mansoni isolated
from Egyptian villagers. American Journal of Tropical Medicine and Hygiene 60(6), 932-
935.

Jaramillo, M.C., Arango, G.J., Gonzalez, M.C., Robledo, S.M., and Velez, LD., 2000. Cytotoxicity
and antileishmanial activity of Annona muricata pericarp. Fitoterapia 71(2) :183-186.

Johnson, H.A., Gordon, J., and McLaughlin, J.L., 1996. Monthly variations in biological activity of
Asimina triloba. In: J. Janick (Ed.), Progress in new crops, ASHS Press, Arlington, VA. pp
609-614. '

Kamuhabwa, A., Nshimo, C., and de Witte, P., 2000. Cytotoxic of some medicinal plant extracts used
in Tanzanian traditional medicine. Journal of Ethnopharmacology 70, 143-149.

64



Kapadia, G.J., Sharma, S.C., Tokuda, H., Nishino, H, and Ueda, S., 1996. Inhibition effect of iridoids
on Epstein-Barr virus activation by a short-term in vitro assay for anti-tumor promoters.
Cancer Letters 102, 223-226.

Keiser, J., Brun, R., Fried, B., and Utzinger, J., 2006. Trematocidal activity of praziquantel and
artemisinin derivatives: In vitro and in vivo investigations with adult Echinostoma caproni.
Antimicrobial Agent and Chemotherapy 50(2), 803-805.

Kim, G.S., Zheng,L., Alali, F., Rogers, L.L, Wu., F.E., McLaughlin, J.L., and Sastrodihardjo, S., 1998.
Two new mono-tetrahydrofuran ring acetogenins, annomuricin E and muricapentocin, from
the leaves of Annona muricata. Journal of Natural Product 61(4), 432-436.

Kim, J., and Park, EJ., 2002. Cytotoxic anticancer candidates from natural resources. Current
Medicinal Chemistry — Anti-cancer Agents 2(4), 485-537.

Kumar, D., Mishra, S.K., Tandan, S.K., and Tripathi, H.C., 1995. Possible mechanism of

: anthelminthic action of palasonin on Ascaridia galli. Indian Journal of Pharmacology 27,

161-168.

. Latha, P.G. and Panikkar, K.R., 1998. Cytotoxic and antitumor principles from Ixora coccinea flowers.
Cancer Letters 130(1-2), 197-202.

Lee, C.C. and Houghton, P.; 2005. Cytotoxicity of plants from Malaysia and Thailand used
traditionally to treat cancer. Journal of Ethnopharmacology 100, 237-243.

Lewis, M.A., Arnason, J.T., Philogene, J.R., Rupprecht, J.K., and McLaughlin, J.L., 1993, Inhibition
of respiration at site I by asimicin, an insecticidal acetogenin of the paw paw, Asimina triloba
(Annonaceae). Pesticide Biochemistry and Physiology 45, 15-23.

Liang, Y.S., Coles, G.C., and Doenhoff, M.J., 2000. Detection of praziquantel resistance in
schistosomes. Tropical Medicine and International Health 5(1), 72.

Liang, Y.S., Coles, G.C., Doenhoff, M.J. and Southgate, V.R.,, 2001. In vitro responses of
praziquantel-resistant and —susceptible Schistosoma mansoni to praziquantel. International
Journal for Parasitology 31, 1227-1235.

Liu, J., 1995. Pharmacology of oleanolic acid and ursolic acid. Journal of Ethnopharmacology 49, 57-
68. ‘

Londerhausen, M., Liecht, W., Leib, F., and Moeschler, H., 1991. Molecular moce of action of
annonins. Pesticide Science 33, 427-438.

Maxwell, J.F., 2001. Annotated enumeration of the vascular plants of Doi Suthep-Pui National Park.

~ In: JF. Maxwell and S. Elliott (Eds.), Vegetation and Vascular Flora of Doi Suthep-Pui
National Park, Chiang Mai Province, Thailand. Thai Studies in Biodiversity 5, Biodiversity
Research and Training Programme, Bangkok, pp. 90-93.

McLaughlin, J.L., Zeng, L., Oberlies, N.H., Alfonso, D., Johnson, H.A., and Cummings, B.A., 1997.
Annonaceous acetogenins as new natural pesticides : recent progress. In: P.A. Hedin, R.M.
Hollingworth, J. Miyamoto, D.G. Thompson (Eds), Phytochemicals for pest control, Symp.
Ser. 658, American Chemican Society, Washington, D.C., pp. 117-133.

Nair, 8.C. and Panikkar, K.R., 1990. Antitumor principles from Ixora javanica. Cancer Letters 49(2),
121-126.

Nair, S.C., Panikkar, B., Akamanchi, K.G., and Panikkar, K.R., 1991, Inhibitory effects of Ixora
Javanica extract on skin chemical carcinogenesis in mice and its antitumour activity. Cancer
Letters 60(3), 253-258.

Papazisis, K.T., Geromichalos, G.D., Dimitriadis, K.A., and Kortsaris, A.H., 1997. Optimization of
the sulforhodamine B colorimetric assay. Journal of Immunological Methods, 208, 151-158.

Pedersen, O., Gurib-Fakim, A., Hussein, S., and Adsersen, A., 1999. Pharmacological properties of
seven medicinal plants of the Rubiaccae from Mauritius. Pharmaceutical Biology 37(3), 202-
207.

Raffauf, R.F., Le Quesne, P.W., and Ghosh, P.C., 1978. Antitumor plants. V. Constituents of
Cinchona pubescens. Lloydia 41(5), 432-434.

65



Roth, A., Kuballa, B., Bounthanh, C., Cabalion, P., Sevenet, T., Beck, J.P., and Anton, R., 1986,
Cytotoxic Act1v1ty of polyindoline alka101ds of Psychotrza forsterzana (Rublaceae) Q).
Planta Medica, 6 : 450-453.

Ratnasooriya, W.D., Deraniyagala, S.A., Gathige, S.D.N.K., Goonasekara, C.L., and Jayakody,
JRAC, 2005 . Antinociceptive action of aqueous extract of the leaves of Ixora coccinea.

_ Acta Biologica Hungarica 56 (1-2), 21-34.

Rupprecht, J.K., Hui, Y-H., and McLaughlin, J.L.., 1990. Annonaceous acetogenins: A review.
Journal of Natural Products 53(2), 237-278.

Sabah, A.A., Fletcher, C., Webbe, G., and Doenhoff, M.J., 1986. Schistosoma mansoni: chemotherapy
of infections of different ages. Experimental Parasitology 61(3), 294-303.

Sakuma, M., 1998. Probit analysis of preference data. Applied Entomology and Zoology 33, 339-347.

Sing, R., Khan, N.U., and Singhall, K.C., 1996. In vitro antifilarial activity of Sencio nudicaulis
Buch.Ham. effect on Setaria cervi (Nematoda : Filarioidea). Indian Journal of Physiological
Pharmacology 40, 231-236.

Singh, A., and Singh, D.K., 2004. Effect of herbal molluscicides and their combinations on the
reproduction‘of the snail Lymnaea acuminate. Archives of Environmental Contamination and
Toxicology 46(4), 470-477.

| Suffness, M., and Pezzuto, J.M., 1990. Assays related to cancer drug discovery. In: K. Hostettmann

| (Ed.), Methods in Plant Biochemistry: Assays for Bioactivity vol. 6, Academic Press,

P London, pp. 71-133.

. Thiengburanadrama, W., 1999. Dictionary of the Thai ethnomedicinal plant. 5 Ed., Ruom-Sarn (1997)

: Co. Ltd., Bangkok. (Publish in Thai). 880p.

Wang, L.Q., Min, B.S., Li, Y., Nakamura, N., Qin, G.W., Li, C.J., and Hattori, M., 2002.
Annonaceous acetogenins from the leaves of Annona montana. Bioorganic & Medicinal
Chemistry 10(3), 561-565.

- Wang, Y-C and Huang, T-L., 2005. Screening of anti-Helicobacter pylori herbs deriving from
Taiwanese folk medicinal plants. FEMS Immunology and Medical Microbiology 43, 295-
300. -

Wutthi-Dramawetch, W., 1977 The encyclopedia of medicinal plants of Thailand : The Thai
Phannaco-Ethnontany The Odian Store Publishing Co., Ltd., Bangkok. (Publish in Thai).
pp- 630.

Yazbak, A., Sinha, S.C. and Keinan, E., 1998. Total synthesis of Uvaricin. Journal of Organic
Chemistry 63, 5863-5868.

Zafra-Polo, M.C., Figadére, B., Gallardo,T., Tormo, J.R. and Cortes, D., 1998. Natural acetogenin
from annonaceae, synthesis and mechanisms of action. Phytochemistry 48(7), 1087- 1117.

66



Table 1

The plant species from the two families; Annonaceae and Rubiaceae (separated by
double lines). Abbreviation; B-bark, L-leaf, Sd-seed, St-stem and YF-young fruit.
The therapeutic activities were translated from Wutthi-Dramawetch (1977), n/r -

no record available.

Plant species

Youcher no,

Therapeutic activity

Annona squamosa CMU 027161  anti-skin ectoparasite
Annona muricata CMU-ALO017 n/r

Annona reticulata CMU-AL 013  anthelminthic activity
Artabotrys siamensis CMU 027155  n/r

Artabotrys odorafissimus CMU-AL012  n/r

Cananga odorata CMU 027156  Diuretic

Melodorum fruticosum  CMU-ALQ15  anti- heart failure
Melodorum siamensis CMU 027154  n/r

Uvaria rufa CMU-AL 014  n/r

Desmos chinensis CMU 027157  n/r

Ixora ebarbata CMU-AL 011  anti-parasite

Ixora lobbii CMU 027160  anti-inflammation
Paederia linearis CMU 027158  anti-ascariasis
Paederia foetida CMU-AL 016  anti-ascariasis
Kopsia fruticosa CMU 027159 n/r
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Table 2

The ICs, of anti-nematode, anti-schistosome cercaria, and cytotoxicity of the plant extracts. The
effective amount of the extract are all shown in pg/ml. Abbreviation for the parts of extracted
plants: B-bark, L-leaf, Sd-seed, St-stem and YF-young fruit; and the solvent: E-ethanol, W-

water (aqueous). The double lines separated between Annonaceae, Rubiaceae and standard
drugs.

plant species part solvent C. elegans S.mansoni MCF-7 Hela M44
A.muricata L E & ok ok ok ok *****. % % K ok ok NE H & %k ok %
YF E 12.4 1.1 26.8 7.6 ow ok
YF w 86.4 AL 80.2 30.9 R **
Sd w *(164.2) i\ *(269.9) *(126.6) ****
A. reticulata L E 52 35.7 8.8 25.8 B\ Y
L w 17.3 * % 25.3 *(103.6) ****
B E 17.0 ' 433 84.8 SRR
B i 25.0 b’ *(135.8) *(283.9) **+*
A.SiamenSiS L E % ok ok ok oo E R B NE NE * ko & %k
YF E 14.1 04 23.6 53.8 TR
A. squamosa L E *(193.2) *E 39.3 4.3 2 I
L W *(198.4)  ®*x# NE NE NE
YF E 81.1 * *(170.1) *(106.0) **
_ YF w 49.0 A\ *(274.6) *(161.9) **
A, odorafissimus L E *(135.2) * A NE NE $ * 7
L W 721 A 86.7 . 93.0 * Y
C.Odorata L E * & ok ok R ko R K K ® ok ok ok ok NE $ ok ok ok ok
M.ﬁuticosum L E * & R ok ok L I B O NE NE d ok ok koW
M.SiamenSiS L E L I % ok ok ok ok % ok % ok ¥ NE # ok k ok ok
L E ® ok ok ok %k * ok ok ok % NE NE NE
D. chinensis L E *n %% «x%xxx  NE NE NE
I‘ebarbara L E * % ok ok *.*** ® ok ok ok %k ok % ok ok * ok ok & ¥
L lobbii L E 11.0 * § € *(107.5) *(194.6) ***+*
P'hnearls St E F ok ok ® K ok ok ok L N N 3 % ok ok 3k NE
P'foetlda St E 27‘2 * & ok B K % koo * %k % ok ok ® ok ok ok ok
K. fruticosa L E #(316.5) R R EX" ok ok ok ok ok ok %ok ok kR K R K
Praziquantel ro S *(425.8)  *(156.7) % * W *x %
Ellipticine vate.  DMSO NE NE 18.7 123 39.5 .

Asterisk(s) ~ no activity with the different degree range of ICsp = * = 100-500; ** = >500-5,000; *** = >5,000-10,000;
*EE* = »10,000-50,000; and ***** = 50,000 pg/ml.
NE — no experiment taken in this research
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Abstract _

Five species of the annonaceous plants, consisted of Annona reticulate (bark, leaves and young fruits),
Annona squamosa (leaves, and young fruit), Cananga odorata (leaves), Cananga odorata var. fruticosa
(leaves) and Melodorum fruticosum (leaves), had been extracted by ethanol. The extracts had been
screened by the MTT assay for the cytotoxic activities using the desired dividing and non-dividing
densities of the two cell lines; human cervical adenocardinoma (HeLa) and the normal amniocytic cell
line (AMC-K46). The highest active extract to the AMC-K46 was from the leaves of M. fruticosum with
the MTTsg of 10.48 and 439.00 ug/ml for the dividing and non-dividing cells respectively. For HeLa,
the highest effect had been identified from the young fruit extract of A. reticulate with the MTTsq of
0.86 and 21.0 pug/ml for the dividings and non-dividings respectively. The highly selective effect of the
extract from A. squamosa (young fruit) to HeLa has also been classified (MTTsp = 5.25 pg/ml). The
three extracts, with the highest activity had been chosen for the mutagenesis assay on AMC-K46; A.
reticulate (young fruit), A. squamosa (young fruit) and M. fruticosum (leaves). The extracts from A.
reticulate and A. squamosa inhibit the mitotic division of the cells with the mitotic index of 0.75 and
0.93 respectively. These two extracts also exhibit significantly higher percentage of decreasing of
mitotic index than that of the controlled cells. The extract from M. fruticosum expresses no effect on the
mitotic division of the cells. The metaphases with the highest frequency of chromosome (67 and 68)
have been chosen as the modal chromosome number. All of the three extracts exhibit non-significant
genotoxicity to the cells with the percentage of aberrant metaphase of 0.82, 1.68 and 6.32 for A.
reticulate, A. squamosa and M. fruticosum respectively. Four types of chromosomal aberration have |
been observed in the cells exposing to those extracts i.e., acentric fragment, chromatid break, chromatid
deletion and chromatid gap. In conclusion, ary usage of these extracts in the indigenous medical
treatment should be with great care and precautions, particularly with topical application.

Introduction _

Almost 320 secondary natural products, from 150 species belonging to 41 genera of the
annonaceous plant, were reviewed from 288 publications by Leboeuf et al. (1982). The
phytochemistry of the plant has been studied for decades with several major reviews by the group of
Professor Jerry L. McLaughlin in U.S.A. since 1990 (Rupprecht et al., 1990; Fang etal., 1993; Gu et
al., 1995; Zeng et al., 1996 and Alali et al., 1999). Alkaloid and non-alkaloid natural bioactive
compounds have been identified from different parts of the plants. The compounds have been proven
to be with several activities; antibacterial, antiparasitic, pésticidal, antiperkinsonian and antitumor
activity. Acetogenins, a large group of the C35/C37 natural compounds was mainly found in the
plants with the powerful antitumor and pesticidal activites (Alali et al., 1999). The natural
acetogenins from the plants has been expected to be a new chemotypes for commercialized antitumor
and pesticidal agents. Recent activity testing from the crude extracts of some annonaceous plants
reported by Kamuhabwa et al. (2000) expressed the cytotoxic activities to several cancer cell lines.
Among the above mentioned articles and reviews, none of which has been reported the effect of the
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lead compounds from the plants to the genotoxicity and chromosome aberration in the human or
animal cells. This study was initiated with the aims to evaluate the in vitro cytotoxic activity of the
ethanol crude extracts from some species of the annonaceous plants against the human cancer and
normal cells. -

Materials and methods

The plants

Five annonaceous plant species were used in this research; Annona reticulate L., Annana
squamosa L., Cananga odorata (Lam.) Hook. f. & Thomson var. odorata, Cananga odorata (Lam.)
Hook. f. & Thomson var. fruticosa (Craib) J. Sinclair and Melodorum fruticosum Lour. The plants were
identified by Angkhana Inta and the herbarium samples were deposited to the collection of the Human
and Animal Cell Technology Research Laboratory, Department of biology, Faculty of Science, Chiang
Mai University. Bark, leaves and young fruits of the plants were collected (Table 1) and dried in a hot
air oven at 50°C until the stability of the weight was observed. The dried materials were ground to
powder and extracted with 80% ethanol overnight. The ethanolic extracts were filtered, evaporated by
rotary evaporators and lyophilized. Dried residues were weighed and stored at -20°C until needed. The
dried crude was brought to room temperature and weighted at a pg-base before dissolved in DMSO. The
crude-DMSO mixture was then diluted in the cell growth medium at a desired package of concentrations
prior to used as a freshly crude-working solution (CWS).

The cell lines

Two cell lines were employed; human amniotic fluid cells (AMC-K46) and human cervical
adenocarcinoma cells (HeLa). All of the cell lines were used in semiconfluent conditions (exponential
phase) and maintained in cryopreservative condition in deep freezer (-80 °C).

AMC-K46: The AMC-K46 was established and developed from normal primary amniocytic
cells which obtained by amniocentesis. The cells were cultured in RPMI1640, 109%FBS, 5%CQO,, 37°C,
95%RH and used in the experiments at the 14" to 18" passages.

HelLa cells: The HeLa is a continuous cell lines which kindly provided by Assoc. Prof. Dr.
Watchara Kasinrerk, Department of Clinical Immunology, F aculty of Associated Medical Sciences,
Chiang Mai University. The cells were cultured in MEM, 10% FBS, 5%CQ,, 37°C, 95%RH.

MTT assay and the cytotoxic evaluation

In this research the cell densities were determined at 2.6 x 10* and 5.2 x 10° celis/cm? for AMC-
K46 and 1.3 x 10* and 2.6 x 10° cells/cm? for HeLa for dividing and non-dividing cells respectively.
The cells were subcultured and seeded to the 96 well-plate using half plate criteria for dividing and non-
dividing cells and incubated for 24 hours. Seven concentrations of CWS were desired as appropriated
and each of which was added on a triplicated-base treatments to the plate. The 1% DMSO in the cells
growth medium and the cell growth medium, was added to the wells as the solvent control and the
medium control, respectively. After the next 24 hours of incubation, all of the solutions were removed
gently and 200pl of the freshed growth medium was added into each well. The plate was then carried
on for MTT assay following Freshney (2000), as briefly summarized as follow; the 20 ul of MTT dye
(10pg/ml) was added to each well and incubated in humidified incubator at 37 °C for 4 hours, removed
the medium and the MTT dye from the wells and added 200 pl DMSO to each well (to dissolve the
remaining MTT-formazan crystals), incubated for 10 minutes at room temperature. The absorbance at
570 nm was recorded with a reference wavelength of 640 nm by the microplate reader (Anthos 2010).
The test optical density (OD) value was defined as the absorbance of each individual well, minus the
blank value (“blank’ is the mean optical density of the background control wells, n=3). The signal-to-
noise (S/N) ratio was the product of the following equation: $/N = (mean test OD + blank)/blank. The

70



cytotoxic effect was analysed as MTTsg usihg the. P_riprobit analysis program version 1.63 (Sakuma,
1998).

Genotoxicity assay and the chromosome aberration
The chromosome aberration was studied only in the AMC-K46. Three of the most highly active

crude extracts to the cell lines were chosen to be used in this experiment including: A. reticulate (young
fruit), A. squamosa (young fruit) and M. fruticosum (leaves). Cultured dishes (size of 10 cm?) were each
seeded with 1x10° cells of AMC-K46. After 24 hours of incubation, the dishes were added triplicately
with CWS , or DMSO as solvent controls, or mitomycin C (MMC) 0.5 pg./ml as a positive control.
After 24 hours of exposure, the chromosome was harvested and the chromosome aberrations was
studied following the methods described by Klangsinsirikul (2003); briefly, the spreading metaphase

chromosome were stained by non-banding technique with 10% Giemsa in Weise phosphate buffer for
" 10 minutes. The mitotic index (M.L) was evaluated as the percentage ratio of the metaphase cells in a
thousand counted cells. The percentage of decreasing of mitotic index (P-D.M.L) was the percentage
ratio of the decreasing of the M. of the treated cells from the control cells to the total number of M.I. of
the control cells. The chromosome aberration screening was scored from at least 50 spreading
metaphases with the following observation terms: the number of chromosome, the percentage of
aberration and the type of aberration observed on chromosome and chromatid (deletion, breaking,
interchange, fragment, dicentric and ring chromosome).

Results
The cytotoxicity and selectwe index '

The MTTs5p was determined and presented in TabIe 1 for AMC-K46 and HeLa respectively. The
criteria of cytotoxicity activity for the crude extracts used in this study is as proposed by Tanamatayarat
(2000). Three groups of the extracts has been classified; highly active, moderately active and no activity,
with the value of MTTsg; <20, >20-100 and >100 ug/ml respectively.

To provide a more understanding of the activity of the extracts, the selectivity index has been
evaluated and presented in last four columns in Table 1. - The criteria of the selectivity index has been
proposed previously by Atindehou et al. (2004) and has been adapted in this research as the ratio of any
two active or non-active MTTsy concentrations. In this research, the evaluation of the selectivity index
is in three folds; highly selective, moderately selective and non-selective with the values ratio; <0.29,
0.3-0.79 and >0 8 respectively. This index provides a clear evaluation of any valuable lead compounds

-in the light of their ability to eliminate cancer cells but exert little damage to normal cells. The
provisional good activity (or very highly selective) of the extracts is the <0.1 value of the ratio between
dividing and non-dividing cells of the same cell line. The index has been calculated also between the
two cell lines to estimate the activity of the lead compounds among the different targeted cells.

For AMC-K46, the most highly active extract was from the leaves of M. fruticosum with the
MTTsp of 10.48 ug/ml on the dividings, but with 4. 39x10* ug/ml on the non-dividings. This means that
the plant has a higher selectlve activity to kill the mitotic cells (dividing cells) than the resting cells
(non-dividing cells) which indicated by the very low value of the selectivity index, 0.024. A moderated
activity was detected from the young fruit of A. squamosa with almost similar MTTsp at 53.70 and 43.75

png/ml to the dividings and non-dividings respectively. Considering of this extract as a non selective
activity between the dividings and non-dividings with the selectivity index >1 (53.70 /1 43.75 = 1.23).
The other extracts are all classified as no activity with the MTng >100 pg/ml and so have not been
considered further in this research.

To the HeLa cells, three extracts showed the highly active effects to the dividings; A. reficulate
(young fruits), A. squamosa (young fruits) and M. fruticosum (leaves) with MTTsg; 0.86, 5.25 and 13.90

ug/ml respectively. The other three of the extracts expressed the moderately activity to the dividings; A.
reticulate (leaves), A. squamosa (leaves) and C. odorata var fruticosa (leaves) with the MTTsg; 61.59,
82.30 and 74.90 pg/ml, respectively. For the non-dividing Hela, three extracts has been categorized as
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- the moderately actives, A. reticulate (young fruits), A. reticulate (leaves) and A. squamosa (young fruits)
, with the MTTso; 21.0, 96.3 and 59.24 ug/ml respectively. The A. reticulate (young fruit), A. squamosa

| (young fruit), C. odorata var fruticosa (leaves) and the M. fruticosum (leaves) expressed the highly

. selective to kill the dividings than the non-dividings with the selectivity index < 0.1. The other two

. extracts expressed moderately to less selectivity index to the dividings; A. reticulate (leaves) and A.

- squamosa (leaves) with the ratios, 0.640 and 0.814 respectively.

Table 1 The MTTj, and the selective index of the crude extracts to the dividing and non-dividing
cells. The selective index of each cell line was calculated by the ratio between the MTTso-dividing /
MTTsg-non-dividing and those of each cell density was the ratio-of MTTso-HeLa / MTTso-AMC-K46
cells. Abbreviation : Iv - leaves, sb - stem bark, yf - young fruit and NAc — no activity. -

MTTsp ug/ml selective index
Plant species :
":i“i’i?d'il:f nﬁfgﬁ?ﬁg ds;;';g mnfldj:ﬁﬁng AMC-K46 HeLa dividing | non-dividing
A. reticulare (y£) | 2.99x10° | 3.76x10° 0.86 210 NAc 0.041 2.8x107 5.5x10°°
A. reticulate (Iv.) | 1.21x10° | 1.54x10° 61.59 96.3 NAc 0.640 0.51 0.063
A. reticulate (sb.) | 3.70x10° | 2.25x10° | 7.26x10° | 1.73x10% NAc NAc NAc NAc
A. squamosa (yt.) 53.70 43.75 525 59.24 NAc 0.089 0.098 0.739
A. squamosa (Iv.) | 1.22x10% | 2.06x10* 82.30 1.01x10* NAc 0.815 0.675 NAg
C. odorata (Iv.) 1.06x10° | 3.55x10° | 1.01x10* | 1.15x107 NAc NAc NAc NAc
C.o. fruticosa (Iv.) | 3.64x10? | 1.21x10° 74.90 2.86x10° NAc 0.028 0.206 NAc
M. fruticosum (iv.) | 10.48 4.39x10° 13.90 1.54x10% 0.024 0.090 0.754 NAc

The effect of the extract to the AMC-K46 chromosome
The mitotic index
The average mitotic mdex (M.L) of the crude extracts from the three plants, A. reticulate (young
fruit), A. squamosa (young fruit) and M. fruticosum (leaves) are presented in Table 2. The M.L of the
cells treated with the extracts from A reticulate and A. squamosa exhibited (0.75 and 0.93 respectively)
with non-significant difference from that of the Mitomycin C (MMC) exposed cells (1.63). This
explains that the two plant extracts inhibited the mitotic division of the cells. The extract from M,
fruticosum exhibited (4.36) the same M.L (with non-significant difference) to the DMSO exposed cells
(4.36) and the control cells (4.84). On considering the percentage of decreasing M.I. (P-D.M.L), the
cells treated with the extracts were 84.6, 80.9 and 10.2 for A. reticulate, A. squamosa and M.
fruticosum respectively. The extracts from A. reticulate and A. squamosa expressed significantly higher
. anti-proliferative activity than the DMSO exposed cells (P-D.M.I. =10.0). The extracts from the two
plants also exhibited a non-significant difference of the P-D.M.L to the MMC treated cells (P-D.M.L =
66.3). The extract from M. fruticosum exhibited no effect to the cells with the P-D.M.I = 10.2 which is
non-significant difference from the DMSO exposed cells (P-D.M.1. =10.0).

| The chromosome aberration

' The chromosome aberration was screened from 232-345 metaphases and summarized in the
Table 3. The percentage of the aberrant metaphase from the cells treated with A. reticulate, A. squamosa
and M. fruticosum (0.82, 1.68 and 6.32, respectively) exhibited no significant difference to the DMSO
and the medium control group (0.96 and 0.63 respectively). The numerical and structural mutation has
been observed. The pattern of numerical changes in the cells after the exposure to the plant extracts
showed in Figure 1. The total chromosome oountlng pattern of all treatment shown the 67 chromosomal
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cells still found in the highest frequency. The 68 chromosomal cells were decreased in the DMSO and
the plant extract treatment groups. There are 4 types of aberration observed in the cells treated with the
crude extracts of the plants, the medium control and the solvent control (DMSO) groups; acentric
fragment (ace) chromatid break (ctb), chromatid deletion (ctd) and chromatid gap (ctg) (Figure 2). All -
the 4 types of aberration were found in the cells treated with A. reticulate, while the ctb, and the ctb+ctd
in A. squamosa and M. fruticosum treated cells respectively. The chromosome type of aberration in the
extract-treated cells was only found in one metaphase of the M. fruticosum group. In addition to the
above four types of aberration, the chromosome break (acentric fragment or “ace”) and the chromatid
exchange (cte) were found in the MMC treated cells (with 59.29%). These aberrations are normally
occurred in any animal cells treated with MMC (Klangsinsirikul, 2003) and in this study, AMC-K46.

Table 2 The genotoxic of the ethanol extract from A. reticulate, A. squamosa and M. fruticosum.
Abbreviation: Ab.met. — number of aberration metaphase, Sc.met.- number of screen metaphase, ace -
acentric fragment, ctb - chromatid break, ctd - chromatid deletion and ctg - chromatid gap.

medium DMSO MMC A. reticulate | A, squamosa | M. fruticosum
M.L (*SD) 4.84(+2.27) | 4.36(x0.27) | 1.63(x0.08). | 0.75(x0.25) | 0.93(20.26) | 4.35(+0.68)
P-D.M.L - R 10.0 ' 663 84.6 80.9 10.2
Sc. Met. 322 322 345 232 234 295
Ab. met. 2 2 205 5 2 16
% aberration 0.63 - 0.63 59.29 0.82 1.68 6.32
Type of observed | Ctb, ctd ctb, ctg ctb, ctg, ctd, | ctb, ctg, ctd | ctb cib; ctd, ace
Aberration ace, cte '
Discussion

The crude extract from the 3 plants, A. reticulate (young fruit), A. squamosa (young fruit) and M.
fruticosum (leaves), exhibited the effective potent of selectivity to the two cell lines. Acetogenin and
kaurane diterpenoids would be the main active agents with highly selective to the two cell lines (Chang,
1993, Wu et al., 1996, Yu et al., 1997, Chang et al., 1998 and Yuan et al., 1998). The other alkaloids or
glycosides would also probably be the active agents against the cells (Leboeuf et al., 1982). The young
fruit of A. reticulate exhibited the highest effect to the cells in all aspects of this study. As far as known
to date, this is the first record of the young fruit of the annonaceous plant to be extracted and studied.
However, as this was a preliminary screening, further studies with the purification of the active
compounds would be of great interest. ' ' ‘ ,

Consider on the P.D.M.L, the exposed cells to the crude extracts from A. reticulate and A.
squamosa, which were higher than the unexposed cells (control groups). The acetogenin and liriodinine
(topoisomerase II inhibitor) would be the effective compounds to the cells (Woo ef al., 1997 and Alali et
al., 1999). The cause of slightly increasing of the percentage of the chromosome aberration may be
possibly from the genetic instability due to the differentiation of the cells (Walen, 2002). The chromatid
type of aberrations observed in all the cells leaded to the conclusion of the effect to the M phase of cell
cycle (Mitchell, 2000). , |

There was no previous report known to date using the amniotic fluid cell lines in a panel of
screening, neither for cytotoxic nor genotoxic agent from natural products. Such the screenings have
been done popularly by the “micronucleus assay” using the cells from bone marrow of laboratory animal
© (Hu et al,, 2005; Celik et al., 2005). 3T3 (the mouse fibroblast cell line) have been used widely as the
- model for the cytotoxicity testing for the cosmetic product (Chew and Maibach, 2000). AMC-K46

responded to the SDS with the MTTsq (71.3 pg/ml) very similar to that of 3T3 (70 pg/ml). This is quite
a good tendency of the AMC-K46 (or any other amniotic fluid cell lines) to be used as cytotoxic
embryonic human epithelial cell model for the cosmetic or drug screening in the future.

‘The spontaneous mutation on the amniotic cells has been reported by Walen (2002). The study
- of mosaicism in the chromosome distribution and aberration requires the advanced technique such as
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FISH or SKY (Mitchell, 2000). The MI and P-D.M.1. evaluations as mentioned in this study is the
cytogenetical endpoint assay in which the mechanism has been performed for a certain period of time
(Major et al., 1994). The longer exposure of the cells to the active compound may be needed in the
further experiment with the concerning of cell cycle and average generation time (Henderson et al.,
1997). The phamacogenomics procedures may also be considered as a quantitative gene profiling in the
effects of the natural products (Schweifhoffer et al., 2000). The expertise, skill and endurance is seems
to be very important for such a task. The study on the chromosome of more than 100 metaphases, one
by one, emphasizes the procedures with quite tedious and time consuming.

Conclusion

Five species of the annonaceous plant have been extracted; Annona reticulate (bark, leaves,
young fruit), Annona squamosa (leaves, young fruit), Cananga odorata (leaves), Cananga odorata var
fruticosa (leaves) and Melodorum fruticosum (leaves). The extracts from young fruit of A. reticulate
and A. squamosa showed the highest and highly cytotoxic effects to the two cell lines, HeLa (human
cervical adenocarcinoma) and AMC-K46 (human amniocytic cells) respectively. The highest
selective extract to the AMC-K46 was from M. fruticosum, but exhibited poorly selective to the
dividing and the non-dividing cells. The moderated cytotoxic effect to the cells was from young fruit
of A, squamosa. The others were identified with no activity to the cells. Three extracts have beén
chosen to be used to study the genotoxicity assay to. the AMC-K46; A. reticulate (young fruit), A. .
squamosa (young fruit) and M. fruticosum (leaves). The extracts from the young fruit of A. reticulate
and A. squamosa inhibited the mitotic division of the cells. The extract also expressed the highly
significant difference of the percentage of decreasing of mitotic index (P-D.M.L) of the extract
exposed cells to those of the unexposed cells. The metaphases with the highest frequency if the
chromosome number, 67 have been chosen as the modal number. None of the three extracts showed
the significant genotoxicity on the exposed cells to the unexposed cells (control groups). There were 4
types of aberration observed from the extract-exposed cells; acentric fragment, chromatid break,
chromatid deletion and chromatid gap. . '
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Figure 1 The total chromosome number patterns exhibited on each group of AMC-K46 cells.
The cells exposed to; (A) cell-cultured medium, (B) DMSO, (C) MMC, (D) A. reticulate, (E) A.
squamosa, and (F) M. fruticosum. Note that the chromosome number of 67 played the modal
number in all groups of the cells.

76



e
Ry

#

©

Figure 2 Example of the chromosome aberration on the AMC-K46 cells exposed with (A)
DMSO, (B) MMC, (C) A. reticulate and (D) M. fruticosum. The abbreviation for the aberration
was the same as in Table 2. All the arrows in (D) indicated the acentric fragment (ace).
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