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e ° . - ABSTRACT

Juk-Na-Rai (Gynura divaricata (L.) DC.: Asteraceae) is widely used in folk medicine to
control cholesterol, diabetes, hypertension and inflammation. Morphogically, the species can be
recognized by being fleshy in its upper parts but woody and procumbent at the base, by having
ascending scapose or leafy flowering shoots, and ribbed stems which usually are purple-tinged when
dried.

Genetic diversity and phylogenetic relationships within 32 samples of the Juk-Na-Rai
(Gynura divaricata) in Thailand, G. psudochina and G. formosana are widely used in folk medicine,
- including Zinnia violacea and Wedelia trilobata were investigated by PCR and nucleotide sequencing:
technique based on chloroplast DNA (cpDNA). Amplification and sequencing of the #nl intron
between zrnL (UAA) 5’exon and #rnL (UAA) 3’exon was performed using ¢ and d primers. The PCR
amplification of this region was detected a unique fragment of approximately 550 bp. The nucleotide
sequences were analyzed against those of sequences using the ClustalX program and PHYLIP
software for phylogenetic analysis. The neighbour-joining dendrogram was generate-d which provided

more information on polymorphism. Most of Gynura sp. was revealed a very low genetic diversity.
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The result was suggest that direct sequencing of the tmL (UAA) intron region do not evolve rapidly
-enough to resolve relationships at these lower taxonomic levels.

A lot of people believed that this plant has high medicinal properties. However, the possible
alterations caused by the use of herb indiscriminately can potentially cause damage to noﬁnal tissues.
Thus, cytotoxic potential assessment is necessary to ensure the safe use of medicinal plants. The hexane,
Ethyl acetate and ethanol were extracted from the leaves of G. divaricata. The cytotoxicity of the crude
extracts was tested against for five cell lines: breast cancer bells (MCF-7), colorectal cancer cells
(HT-29), oral cancer cell (KB cell), monkey kidney cells (Vero cell) and leukemia cell in rats (P388) in
culture using the MTT assay. Cell lines were grown in-RPMI enriched with 10% (v/v) fetal bovine
serum (FBS) at 37°C in humidified air containing S%CO2 The results obtained for cell viability after
24 of exposure to different concentrations crudé__‘(_axtracts (125, 250, 500, 1000 and 2000 pg/ml). The
cytotoxicity in KB of hexane, ethyl acetate and ethanol extracts was observed with the CC,, values
(50% Cytotoxicity Conqcngation) of.1439.18, 1620.27 and 978.86 pg/ml. for 24 hr, respectively. The
crude extracts were found to be active against to C. utilis at 1000 pg/ml. The mostly chemical
constituents from crude extracts that analyzed by GC-MS were Naphthalene and Hexadecanoic acid.
The results from this study shown that herb can be harmful in large or prolonged dosages. Therefore,
some herbs should not be used indiscriminately. However, study on the other biological activities of G.

divaricata should be extensively investigated in order to beneficial for Thai herbs development.
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uazﬁﬂmqmﬁmﬂauw% 5 %1in A9 Bacillus cereus, Escherichia coli, Staphylococcus aureus,

Q

Pseudomonas aeruginosa 3% Candida utilis

1.4 NYyY
| Hgsudioumdrduilinglo Indvosnaslsnaradadue lumsmianuduius
seriaeWuivesRivaen Taberlet et.al. (1991) Ymsane Inswesrialmiduin e
Flumssuuniis Taoidendrduilanilelndvesnas Isna1adfaduiovss wbacco
marchantia 1A% rice UTINTU &nT (UGU) Uag mrnF (GAA) c’f}aﬁ‘lu single-copy region UYH1A
Tngfidanudume wazwuidu om  ifhiBueysny seonuuylnsues ol

o v o w A a o ~ =) Y ~
anusumzfud1duiing Jo Induesdu tRNA 6 ¥1a v a, b, ¢, d, e, 4a2 £ LAAIAIAITIN

o a = aa 1 A
1 TagTnsiwos a waz b IHRNYSHIAD1IBIZHINEY trnT(UGU) 1ae traL(UAA) 5’exon



Inswes c upz d IS INABueTE 190U smL(UAA) Sexon (82 oL (UAA) 3’exon
wazwsiwed e waz £ IS inafiSuiosznedu mmL (UAA) exon UAg tmF (GAA)
YUIAVBI PCR product hiaadnzwuiivina 773, 833 uaz 251 bp. ey iWeldlnswe
2 1T b VIR 577, 614 1Az 389 bp. AuEIRY deld Twswed ¢ uoz d uaz vuIn 438, 324
woz 158 bp. muddiie 14 lwses e uas £ lufiwaiia tobacco , marchantia UaE rice ot
Tws ma%’ﬁo 6 ﬂfﬁﬂi’jymtﬁuﬂ‘?mmﬁtﬁumiu algae, Bwophﬁes, pteridophytes, gymnosperms
1a% angiosperm $1147% 19 awwuf wuh Iwswes ¢ uazd amnsaduuniissananigun
yilafiga Aesuun'lane 15 afialu 19 ofia Teflomirinswed ¢ woz d il lumsfnm

ANUMAINYAILLAZ I TN UBINY
= o v A A A 4 P .o Y- Y= Ao A a a g
M99 1.1 1001907 To Inaves universal primer $1149% 6 yiiaN 15 lumsindSmabdy

a R . 3 Iy 3
18113129 non-coding region YR80 ISNATTAAD D |

Name - sequence 5’ — 3’
A CATTACAAATGCGATGCTCT
b TCTACCGATTTCGCCATATC
c CGAAATCGGTAGACGCTACG -
d GGGGATAGAGGGACTTGAAC
e GGTTCAAGTCCCTCTATCCC
£ ATTTGAACTGGTGACACGAG

asafaney (crude extract) WuFsfiataoonnonayuing Taslddnhazaw
msaﬁ”ﬂasiwwmm’i‘f]uﬂmWﬁumﬁ'ﬂsznauﬁﬁqm%mnﬁ’ﬁwm FuinFeni asddy
(active constituents) _ 7 _

Jong and Chou-Hwang (1997) HudIueanuns Gynura formosana yhudeay
anadlsmueaiou mendsnmshinduduse ldasadanen 15 asu azaielue
ALY 's’huﬁ”liiazmﬂﬁmmzmﬂ“lumﬁaazc‘f;mm hamfasaldnneiassdmsauen
Taoldnoduii lnsun Innsuazasinaenlnssadevesaislag UV, MS, H-NMR 1815
chromanoneia 1y fiv 6-acetyl-2-hydroxymethyl-2’-methylchroman-4-one .

Lin et al. (2000) 11150U89 Gynura elliptica W1 s afiadenas lswesuuas

a0 IATaes19vesas 1ag UV, IR, H-NMR, MS WUE13 p-hydroxyacetophenone-like



F4 v
derivative, (+)-gynunone 4% chromane AUa15UseNaUdn 6 rila TudaumsnIuafiuen
[ @ o
18 6-acetyl-2,2-dimethylchroman-4-one 4ag vanillin dzeIsadlostumMssIMAINUVOUNEA
ionllogndniii laonsnozs1¥ atia (arachidonic acid) 1unasananas
4 99 . 9 a ¢ (o ) ?
yuAn (2544) ladnyigas lassadauazmsinssiilsnamsadauazii
3 @ 4 a 1 i = Y]
AUVDIINTUNSI! (G. procumbens) Aomaiin HPLC wuhennsauenaisidigniaiu s
a a a v LY a J a o Qr Qs
Suludsnanunnfisanedemsnaninaziinsizvysnamsdiag luaisaianning
o a [
w1516l Taomnatin HeLC. 1dans phytosterol  §101¢ phytosteryl  glucoside 91T 1IEANA
o o 1=y o oJ = =Y £ r )
aaslsvesu wagiinsngan lassaiemuni laemaiin NMR  49aAaa135 phytosteryl
‘d Q’ Q Y )
glucoside 11150080 18 ludsmaanauaziluaishsignidu§msy dsuaves
L. 4 o S Y doeqy v v 4 a
phytosteryl glucoside WU luasaia emusanaz luihaunm muiaen10EY Ao
0.35% wiw 1182 0.096% wiw NE1AU
Chen et al. (2009) 1118IUIBAVDL G. divaricata DC WU AHaRI0I0NIUOR
° 1 @ o P et Nl o rodha @ a a
95% 1inuend Iaeldmhazaiell lasfondimes uazih ihduihnadanedooTaos s
o o a o dsT =t T o 1 o @
w3 thaweTasedmsanwenluneduti Insuilasns W 18 20 dau wdaui 14 (5 asw)
@ o = a —_ =N A a o
innenlunedunilasldeTasedimsa : wnwea 10: 1 ldasdseaon (1) Y5 7 Tadnsu
a . d ¥ ¥ v ( a P A
sz laseadievesasdio NMR 1@ cerebroside 1inlnal #8 1-0-B-D-glucopyranosyl-
(28,38 4R, 10E)-2-[(2'R)-2’-hydroxyltricosanoyl-amino]-10-octadecene-1,3 4-triol cdﬁu‘f]u
. .. A A A o .o [ 7 =) ' y y . '
Sphingolipid ~ sianilsfiegluziiannsaiiam’ld  Tasfisnea1udn Sphingolipids 15U
. . [~ v o w A 1 @ (4 U A Y
ceramide Ll0¥ glucosylceramides ulumumﬂig'*nalxL“'f]usﬂaNuawamm:ﬁmummi’faaﬂumi
T @ o I a1 3 o d a T 1 3
dadggaululuenaildoedlinguautaae q sauiuhldweafanisuisdiogasias,
o 9 ¢ a A a a v 9
Mldraaifanisilaounlas ifnoznon Ia%e LAZABUAUBIADUIILAY (stress
& P a & A i
responses)(Teng et al., 2008) % G. divaricata ¥ Sphingolipid %uﬂﬂﬁamgiugﬂﬁmmm
o Y
ewla
Qd =y < sy = o dy o = ¥
MINATBUGNINITINM Tna1035 TunudTetiszimmasuanuiuiivde

a A

4 =5 ar 4’,' I~ a 3 [ L3 agt & aa
1wad HazgNs IunNsiugegaunsd Tasmsnageuanuiuivdemranliva1eds G353
9 ~A act A - P 9 J 3 4 dAAA oot
fiowd trypan blue W3t Aazanige Feamnsol¥asudesiSudiadisie uaswadiane

a A i~ 3 A o J = 1 ¢ g 1
18 Tasldmaiindfouitisuni dry exclusion method Fevir Itadmennd vasTaamidiu il
ARd 1ALNIAIIVEOVAIIT MTT assay 10819815 3-(4,5-dimethylthiazol-2-yl)-2,5-dipheny]

. . ana [~ o 1 I
tetrazolium bromide (MTT) 111355 MfnynnuitluRyderad lunasanaass laodefves
Qdd’l A P 1 a A Y 1 dAaa A 3 o
354 Ae 15 MTT fegluzdmsazaefmbesmunsadngwasnidianilosnnadozi
@ o o 1 =t o L=

a1 MTT T Hiundsnuvessad Taviudg luTanewassvouwan uaziou lsialalas

a 4 ot 1 a dAAAn
UUH (dehydrogenase) was Iaunnines (cofactor) ‘wmg'lu TuTeneumovoswaanisine:



aa o 4 A aa d Y
sadmsazate MTT Tdlundnrlesinany (formazan) Fefiitiae wanvledauilezuaas
o A [ o LY
RS UNMTAd AT IA §UTY Zhang and Tan (2000) Idhmsdnuiasadaeniueannly
[} " " '4
Gynura procumbens JmsastmroufeIfuszdung Ina nasismaesoauns lasndiwelsa
a as A o C4 g X
Tudeaveanynaans Tasmslinynanesfumsasmemueanniuinungoeal 1 nie e
2 - o g a ay ¥ 1 -
asavaounglaalunszuaidonvesnyineassiilumnuuaznyded wanldwuh A
anuuduvesasasaenuennly G procumbens 150 Taaniudeilansy nisumiiy
0.15 fiaanSudeiiadans munzauiigalunsanszaung Inalunszsumbon Felunyilndey
lyifinamsalfouudas dlensuanududuimngsundai iy Wy iduomaniy
b4
[ a [ Qs ’ [
AsafaeNIUeaINly G.  procumbens 14 139 1011381 7 TU RUNTWITOOATLAUAND
) = g9 A e v
isenmeseauas lnsndelsaludeaveanyiidunnnim1d
9 o =< = [ a di‘ At 1 @
Iskander et al. (2002) l@Mns@nu1gnslunisaamssniruaaie MNeglumsiada
omueaedunennly G. procumbens MU AUNTORRMIONE@UVEIHYNATRY IALTa 1F
anududuvesmsadaenueannly G. procumbens 0.75 dnaniuaoynynanes lavl
s @ o e re. |l o T/ =
wesiFudnmsaamsdnmuvssynynaaes 65.2 esikualavasanaenauias Ingduan
a a [ ] @ ¥ Jd < :f'
10 G. procumbens ¥iiaRvITURUN AT DBANTONIEUVBIEHYNATDI LA 44.6 esiHud
S 3 o o w . =1 1 J a
uaz 34.8 1Wesidud mus1dy Mananisnaaswziiu ld mmmessEAINMITANAEN
a o Pt A ' v AW Y
woanly G. procumbens Tiwalumsaanisdmaussyuynaas 18fnga udmsanad 1d
4 £ H
vininivlidinalumsaamssniruvesnynaass TaedeluiisenumsAnyunvafuany
IS = v < @ @
Wuiydoad uagmsRUENTTNVRIAISANAIIN G. procumbens TUNDDANATDS
Chen et al. (2009) ¥183U80AVDS G. divaricata DC WU AfAR2010M11U00 95%
o 1 @ o A 4 oy o q’;’ oy 1 a a
huendaulaslddhazanillasdendmes uazih hdwminnadadediveiassdimsa
o 1 a = o o = 3 1 o 1 P a
duedaezdmsauuonlunedini Insun Tnsnsi¥ 14 20 daw vidaun 14 5 asuumen
@ o =) a a a o o
TuneduniTaglfieTassdmsn : wmuea 10 : 1 Tamsiszney (1) Yua 7 iadnsy 1h
. 4 ) ~ 1 -4 P
aslszaeufiszaunnududi 2, 5, 10, 20 pg/mL ¥aaeuANUTUAYABIYAA L1210 &9

o3 4 a a4 J [ 3 = K4 9
Lﬂul“ﬁaéﬁlﬂumf]\?ﬁ?ﬂli]ﬂiﬂﬂﬁﬂﬂﬂﬂﬁ@\? WUNTIWITOOVUINTTITYVDILTAD L1210 llﬂ 92,

93, 95 LA 95% AU IAL Lsaﬂainﬁﬂawusﬂuﬁyqq



Y] d
2.1 Jag gunsal

UNH 2

[V ¢ ad :
Jaq gUnsal uaziEmsnaasa

2.1.1 UMaINNIUBIAIBEN

o [ =1 o v ar o 1] @ 1
NINTE1IIY lLag‘,LﬂU'i'J'iJﬁ'Jilﬂ']@fJ'Nél}u"l)ﬂﬁu'li']ﬂﬂ! NN IAA NG 1‘”‘1]53!1/1?(

A, o 1 A g = o 1 '
Tne shdredreiiny ldunwizilgningunwuniuns uazd106199897 1NN (G.

- & P [ :I’ d A @ ¥
psudochina) FauiluRsluanamoanu sauisislursmifeans Ao W sy (Zinmia violacea)

.o £
UATNTTANNDUADY (Wedelia trilobata)

k4 A & v
2.12 Feyansonldlunmsnaaes

2.1.2.1
2.1.2.2
2.123
2124
2125

E._wher'z’chia coli DMST 4212
Bacillus cereus DMST 5040

Staphylococcus aureus TISTR 118

Pseudomonas aeruginosa ATCC 27853

Candida utilis TISTR 5046

. g 4 4
2.1.3 w5owii gunsal uaznsesile

2.13.1
2132
2133
2134
2135
2.13.6
2137
2138
2139
2.1.3.10
2.13.11
2.13.12
2.1.3.13
2.1.3.14

21315

= o g N
UNINDBJ (beaker) ' . { -
i3z UOnNA 4 (cylinder)
m'mgﬂsvmj (erlenmeyer flask)
WIALA7 (bottle) TUIAREE
b

VUNILFD (petri dish)
unaufdee (spreader)
4 &
WuRs¥elaiouvau (needle)
4 v b4
WuRoyollaennanes (hook)

v 9
Waewelarenay (loop)

o 4 "

ADNUDILIDI (cock,bp_rer)
1hnfy (forcept)
NADANAABY (tube) VUM 0.2, 0.5, 1.5, 15 L 50 Uaadns
ANYN (rubber bulb)
y o Pt
YOUANNIILAU (spatular)

Tnds uaznue (mortar and pestle)



2.13.16 asanleswiindnTusi@ (digital caliper)
2.1.3.17 Dilad (pipette) ¥11A 5 LA 10 Tadans
2.1.3.18 Thauuvon Tuli@ (pipette boy)
213.19 luTasTiulad (micropipette)
2.1.3.20 71 (tip) YUIAA
21321 WIENZEONEAT (flask)
2.1.3.22 @zNod (bumer)
2.1.3.23 AWM (cuveﬁe)
21324 o'ladud (glass slide)
2.1.3.25 aszaniaalan (covér slip)
2.1326 yaginsaimsnsemdeunszatunsesunia 0.2 lulasimns
2.1.327 ovaudou (hot air oven)
2.1.3.28 é’ﬂﬁﬂﬂl‘%ﬂ (laminar air flow cabinet)
2.1.3.29 Sil"ﬂ Lﬂi’é) (incubator)
9

2.1.3.30 ?J Y (refrigerator) mamfwﬁu%q (deep freeze). ‘

b4
o

gl
81911AIVANGUHQY (water bath) -

2.1.3.31
21332 ndevanssaivila bright field N
21333 niesyanssemiviia inverted A
2.13.34 nNABY amiﬁﬁmm’ﬂa (stereo microscope)
2.13.35 a3 (balance)

21336 wiveiiasidodaousadnlor (autoclave)
21337 130T I0HAN (vortex)

21338 1n30aflunios (centrifuge)

21339 nsesiamarniiunga-ae (pH meter)

2.1.3.40 mémw 81 (shaker or rotator) -

2.1.3.41 peatilnlas I ladines (spectrophotometer)

3o
21342 wieufiudSuaimsWugnI N (thermal cycler)
21343 1nseozmlsanasianins W3Fa (agarose gel el'ec't'rophoresis)
21344 9384d0OURBUIS (UV transilluminator)

2.1.3.45 ﬂ;ﬂdwmwma (gel document)



2.1.4 e yagaanil

2.14.1
2142
Hilton agar
2.143
2.144
2.1.4.5
2.14.6
2.1.4.7
2.14.8
2,149
2.1.4.10
2.1.4.11
2.1.4.12
2.1.4.13
2.14.14
2.1.4.15
- 2.14.16
2.1.4.17
2.1.4.18
2.1.4.19
2.1.4.20
2.14.21
2.14.22
2.14.23

ad y .
EJ’]‘IJ{,]%’JM% gentamycin

b4 ¥
DIMIIMILIDEUYDYIA nutrient broth (NB), nutrient agar (NA), Muéller-

oMsIRBUTARHIA RPMI 1640 112 MEM

cTﬁ U (Fetal bovine serum: FBS)

‘M'Iﬁglmﬂﬂqaﬁu (Phytohemagglutinin-M: PHA)

18115U (heparin) N
asazanuluamBeunns 13@ (potassium chloride)

i?wmm AN (fixative solution)

TAa%ia (colcemid)

Woala lniivines (phosphate wise buffer)

ftioU Gimsa

oamatiliiesa 1asl (phosphate buffer saline: PBS)

751%u (Trypsin)

1gnissy (hexane)

10TA0LHINTN (cthyl acetate) | I
1ONMUDR (ethanol)

MTT (3-(4,5-Dimethylthiazolyl)-2,5-diphenyltetrazolium bromide)
DMSO

Llﬂﬁﬂﬂﬁﬁ)ﬁ’ (alcohol)

‘lil’lﬂ’gu (distilled water)

TuTaswuman (liquid nitrogen)

gaaraAuod159319A DNeasy plant mini kit ¥9313EM Qiagen

ﬁ‘l"h“l’\lf]g (buffer) LU ethylenediaminetetraacetic ~acid (EDTA) Ung

tris borate EDTA (TBE) 13udus

2.1.4.24
2.14.25
2.14.26

fpendiland1e g (deoxynucleotide, dNTPs) UB9UTEN Roche
Adue Indwelsa (Tag DNA polymerase) 138% New England Biolabs

lwfies (primer) 1 4 Ao Infiwes c (CGAAATCGGTAGACGCTACG)

uoz Iws1wes d (GGGGATAGAGGGACTTGAAC) MYl Taberlet et al. (1991) (Invitrogen)

2.1427
2.1.4.28

1waeen 15d (agarose gel)

05iRenTus e (ethidium bromind)
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2.2 IBMINAABY

cd W v Y o 4
22.1 MINUAIDINAUINTUITIVN
o [ ) < o 1 as o o [V

mmsdisauesiususwdstsdudnsuises 1ndandadieg Tulsemea
< ' o A q9 v a g ¥ o A 4
Tne fuludeuduan 12 Ty ifeldlumsadadidwe wismifeannunizigni
. 2 E4
AJUMNIMILAT e dnyaIzeIMs Ty uazlddmiumaiunaiasianetn s
4 o 1 ' . L o A 4 W A 7
mafiufetnluvesuumnu (G psudoching) Fuiludsluana@ediu uaziylued

y ¥
R AD VAU (Zinnia violacea) AZNILANNDUNDY (Wedelia trilobata)

Y = Qs 4
222 ﬂ'lﬁﬁﬂy'lﬁﬂ'klm:ﬁ‘l’l'lﬂﬁmﬁ"lu')ﬂﬂ'ﬁlﬂ\iﬁu%ﬂiu'ﬁ’lﬂm

)
= o Y 1

[ d o [ [ a .v
iflodhsrdedsduingnivel TufinsvazBoadnyazmedaguine 1dun
o o ¥ 'y Y 4 a9 ¥ ° v 2
Snumzveedrdu lu dalangulu aeea mdhe meldilludoyalumswunaediug uas
d’ o d’ zﬂ' g [] Y = cv [ v <R W =)
diohwnilgniingamw ive ldeg luamizuinneu@e i dunauas TUNNANYUENIINIY
N ¥ £ 9 o
223 ﬂ']'iﬂﬂiel'lﬂ')ﬂl‘l’lﬂﬂﬂ?’nﬂillmf}ﬂ
2231 MIARARDUD
0o v [ Cal 4 &
1idand1aluresdnsunsioal IuumInW Ui wesnIzguNBLDY
o A o 9 [} b4 g’ AR ] 4’1’ o
w12 Ty Aivun lduiiianuazeiadagiihnauiimiumsause hiniualay
9 os: Y v AN vg ot o aa v a4 g
Tulaswuman nFeuisdndaedied laldaslurasananoswing 1.5 iiadans uazdnaaow
g/ v o < - - . v - - . =Y 1
!’t)ﬂ’]ﬂ“lgﬂﬁﬂﬂﬁnii]gﬂ GF-1 Plant DNA Extraction (Vivantis, Malaysia) Iﬂﬂi%’)‘ﬁm‘mmﬂﬁ@
YOIYAANAADULD
o a o a 4 2 a o Y a
RlBue ez nlSuanowensdwgumuazysue lny
=Y ac =Y 4
VimaiinezmlsanadidaIns IWise Annududuvssiuozmlsadevas 1 lumsazay
o o 13 J > =t = a g o
Tilos TBE anududu 1 v nszualih 100 Taad wieunulfouiivuvinadibuedy
adg 4 T @ 3 o '
ABUIBIATDINYIY (DNA marker) ¥141@ 10,000 ft1d %38 A Hind I vaanntiuthunuean
9 v aa 3 ' Y = A ' a g 9 o
foudroetinenTus lua uazquaumanislduaegInnmaTeedauatfoue d1M3UNS
a o a o @ 1 4 = oA
FsermedlSinaidlaemsasinsganfuuasdiansesailn las i laline
anueInAuLa 260 W1 Tumas uaz 280 w1 Tuwas handsmSinannududuves
A < o ) Tt ad U a a A 9 o’/’ 1
Adue Hunuetsdue gungdl 4 ssmwafomie 19 lutudeo 1y
A a aa
2232 mawulsinudnue
o_a g Ay v a = ad a da &
Wauei lduuivlsnadoweluuinunas lsnaradaidue
(chloroplast DNA: cpDNA) fMHUS 2L intron 5211319 7rnL (UAA) 5’exon Uag trnL (UAA)
T o 4 o
Fexon 4109 1n51ued ¢ (CGAAATCGGTAGACGCTACG)  uazlwimes d

9 v
(GGGGATAGAGGGACTTGAAC) a3 Taberlet er al. (1991) TaglSuasansvanuanldly
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nrsRvdSuadA B uemiify 25 lulasans dsznoudlodiduie 500
wTundy Indiwed ¢ uae d (favitogen) anududu 0.8 #lalua M) Avendiing loInd
anududn 200 Tulas Tua Adue Indwes aanindudu 1 gia iwes Pcr anududu 1
o wazrh il nafiduefianiizdedl $u initiation denaturing fiaungli 95 oemn
e 5 117 1 501 MuAIeTUABY denaturing figaingd o4 esrusaiFod 1 udi 30 Turd
$1 annealing figaungdl 60 verisaiFen 2 di $1 clongation figangd 72 esmiraiFon 3
117 59Ranun 35 501 LALMUAIETY final elongation ﬁqmﬂgﬁ 72 DIA AT 5 1IN 1
38U A59900U PCR product 1nmdiaserlasldinaiinesalsawadianIns I3 ga s
anududuiuezmisaiosas 1 lumsazaeiivvles TBE anmdudu 1w uazifSeudioy
fuRiuemdsamneuing 100 giud HUSH PCR product figamgil 4 ssenisaifos
2:233 msAnmIANNFURUSNIOUEATIY
111 PCR product A4n1) densiniuiongTe InaiusHm Tech
Dragon Limited  1upuSn1sfAygoanaurvassaislszmsuiu dwadeyadidy
indTo IndudazdiedrandmsieisvufisumaruadiendedinTysunsy BLAST
(Altschul 1182ABLE, 1990) wivuioufugiudeya GenBank uazdasuunngy Siasizvina
phylogenetic  tree ﬁuﬂ‘%ﬂ‘un‘f’lﬂ‘ummmﬁuﬁufmﬂ“luﬁqmﬁmﬁu A9 THUUNININ (G.
psudochina) 182 G. formosana (AF 460136) (Pelser et al., 2002) mﬂgmi’faga GenBank (8%
- felunsdiduaiu Ae Ludu Zinnia violacea) ua:ﬂszﬂummgaﬂ (Wedelia trilobata) 19819
11511053 BioEdit version 7.0.5.2 Tumsasasasuuazud lunnwgndesussdduiioni le lna
ihéduiaedle nad unihmsilSeuifiosanumiiouvesdrduiongTe Indsznina
#108190U1 multiple alignment #20115UA5N  ClustalX version 1.83 uazifSouiney
mmﬁuﬁuﬁwNﬁugﬂiswmﬁaﬁ%‘iﬂiﬂﬂiﬂmﬂiu Phylip package version 3.6 159un15 14
ura18115un51 Ao Seqboot, Dnadist, Neighbor g Consense S lunsiomiilgen
Bootstrap 111811 1,000 uaz 1935 Neighbor-joining 151018 phylogenetic tree Jesmuagiluuy
uWURAI8 T15UN T Tree view version 1.6.6

W Y o 4
224 ﬂ"liﬁﬂﬂﬁ'l'iﬁﬂﬂﬂﬂ'l'ﬂ"l]']ﬂﬂl‘iﬁl]ﬂﬁ'lﬂiﬁ]ﬂl

0 Y o AN o )
iludnsunseaindeldazon sinduiuddevgungil 45 esruwaiveed

]
A o

] 9 ¥ []
WBR1IARANUFUBBNIINALDETE INTOUIUAINNHUNVBIRA BRI 111d06197 lau1ua
Y Qy =4 o o 1 v 9 9 o 1 v o =N a
Anvuasuanag mmammm@mamm’smaLmeﬂummazmmammu 10D aDLHINTA
o @ ar 1 [ I'4 Y] r s A 1w
waztenuen auawy laslddnsiduludnsunsienl (NFY): a15anNd (Uaaaas) minu 1:

] o J.d' -] q ¥ Qr v o v @ T A 1A
10 ‘H’E)ﬂ"l‘lfu%ﬂ’lﬂﬂﬁ)Uﬂmﬂ‘ﬂﬂs‘lﬂulliﬂﬁE‘T"liﬂ’l’t]tﬂﬂﬂuuﬁﬁ NIMIVYTINIDINRUULATBUVYTIN
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< v A Y] 1 @ o o §
ANUSITOU 120 soumBLIR uszezat 3 Ju luudazdvhazate dasazateh 1dun
nsee uazii1 luszmedaiiazainTag14in50e Evaporator a1 1densafaneiy wiouh

] =Y '3 o o P o o ) A 1
ydndadnszvmenilszneumunivesmsataneiuii ldanndidazaterilanieg
by a [2J =1 =}
Mumaiauna Iasu InnsWawaaln Insmes (chromatography/mass spectrometry: GC-

MS)

& o ' 1 a d Y - . . Co.
225  MINATOUYNTVOIAITANANOIUABIFDYAUNTD A287T disc diffusion
= 2{ a | EY
22.5.1 MswssuFosdunidmelslunisnadeoy
by » & v
FonlFlumsnageugnivesmsaianeninsuseaineiie
9
wuaise uaz¥edad 1AuA Bacillus cereus DMST 5040, Escherichia coli DMST 4212,
Staphylococcus aureus TISTR 118, Pseudomonas aeruginosa ATCC 27853 wa¥ Candida utilis
Y 3 e Y : F4
TISTR 5046 Taoidouunfiisszimizifealuenis nutrent agar (NA) laziedaaazzifes

o =

a o <3
lue1ms potato dextrose agar (PDA) NYUNNU 37 Lag 30 IAUFALFUT ATV 1una 24
s v v v k4 3 ]

#3104 easy 24 Frlusud1daradusenianumus Inlailifea (single colony) 1 lnlatl
o Y 1 o P Y dy b
wlveglugiasacamomeauuiuasy TasuuanioazmziaealeInis nutrient broth (NB)

a o Y 2 P oy

uaeluBaavzmizi@oalueImis potato dextrose broth (PDB) Mgmmi 37 uaz 30 89f

= o o o A o ) a ° Y]
waldea awdey dune 24 2lue Weasunanihlassaaevdsie Iasmsiunia

] d' & d =S -1 9 £ o
AMUYUA 625 W TunAs F9TTANBYUNAINTAANAUILTILTENIN 0.08 - 0.1 uArvain
& @ v 4 a adi
NATOUNTURITIT AN IUABITaYAUNS IR 11
2.2.52 MSASENAITAZAWIINAITANANBIUHEND
Q o a Y [ v o 1 ) 3
s afaneun ldnnmisatadrediiiazateaiss 1aun tenwsu
a a ¢ < ' o [
1pFaDFHNTA LaleN UL Waza1ea2e 100 1Wes15ua DMSO  Taaseaisafavieny 100
¥ N
SJaansu vntiuld DMSO 1 fdadans 1214 stock  vosmTaianeIuNTANWTUTY 100
a a o 1 a aa o P} g ¥ a Aa Y 9 a v
fafnTuae 1 Tanans 111 stock v UTe0181H Idasananauneudarnududusuduily
1000 luTasniude 1 Haddas Tavgaaisaiane1uein sock 1150 lulnsdas neuny
= a Y] A g/ = ¥ 9 . ol '
susalsuins 4950 lulasaas arsananeun ldssianududy 1000 lulasnsuse 1
A aa A 9 Y A 9 Y Y Y. Y =R
aaans Wedssminaaey 119991981582 10978105140A TUTLAUAINTUA 1A I
' lineaeu
Q"g} Ay a S o Y | . .
2253 MINATOUGNIMUEBIAUNTE A287T disc diffusion
A 9 4 Aao St Y 9 o 9 ar
die'ldersazaiomadiviuassnliuumadndonisudl 1 1dwu

o ad 1 A v I’y a Y ar 9 < A a
ﬁ']a'ﬂ“u'lL‘]f'ﬂlm'J“ﬂ‘llﬁ\itluﬁ'liﬁgﬁ']m"lfﬁﬁLHI'JuﬁE]ﬂiJ'lﬁﬁﬁﬂﬁlﬁ‘ﬂ'Jﬂu’]ﬂ’]ﬁ’]ﬁLL"INIﬂEJLL‘Uﬂ‘VILiEHJ:’,

v ¥ & b
1219891191113 mueller-hilton agar LAZIFBBEAILINIZIAUS 11015 potato dextrose agar
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b4
(PDA) Mnuso IRIMTo T tazdinuguniewn @l§3me), 1%DMSO uazfa
AURUNIAY (195 1U00) uazasaianeuiszauanudnduaieg aslunszam AA disc
v 3 a a = a 1
viadurIuguina1a 6 Tadwas Taold5uas 20 lulasinsas disc solduds 1hnf
b4 v £ .
LAY disc TNAIUUUIIzRENTIINs aasaeuda Tasldmsasaveny damauaumauin
9 ¥ v 4 v
HAAINIVANNNOVBE lUIMWIRsuREITY ST ueuuaiGotiuszwizifosigun gl
4 4 Y 4 o ~ o o
37 uazietaamzifiosigavgll 30 ssrruaadod e 24 $1lusuns 48 $11us asaawa
o 1] 4 = ar 3 . o s.e g
TaomsInvinadurIuguna19ueIusINGUDI (inhibition zone) vesa1safaney Tasly
Sy 3 A’l’ s s o Y aa . . :3’ Y o
mInaaeUgNIMUABYBIUANGY LasdaAYBImITARAKEIY A287T disc diffusion 192 197
ANNTIVIN AP81UJTIUL gentamycin, ampicillin 1AL ketokonazole NsTAUAMTUTU
@ 1A aa a < 3,’ a o :’ o
250 lulnsniudedadans lumsinsieinanisnaassinazlins iz iu 2 41 laethum
1 Py a '3 aa o g a e 9 =S = 1 Py
Aunde oz lunsdinnginadaiuaue lasldnmaen laenmsane alSeuifieuaundo
YBINGUNATDY AUNGUAILIA
o s = '
226  MINISDYUFAQ ]
dy ¢ a & = Y = F 18
2261 MIWIZRYUFDAFTANZAANUAD -
& ¢ a s g -
RouBaATIMTAaNSISUAIUY (breast  cancer  cells:  MCF-7),
d g o 9 ] o g - [}
raduISIaT I 11%13 (colorectal cancer cells: HT-29), 150a3%15 Jlureathn (oral cancer cell:
a . 4 " d = a g a . Bl
KB cell) 1a21%08 1 (monkey kidney cells: Vero cell) Fuiiuimadvinmefniuii 1nold
& ¢ Aa G 5§57 A iy ¢
IMINIZIBIEOAYIIA DMEM il FBS 10 ilesiiua (mawuan n) luvaamwizitousad
4 - N q’/’ Aa a oA o dy o y 3
YUIA 25 QNUIAAIFUANAT N3 subeulture HUTITMTUFATARN hommsmiiavuaoanain
dy -4 1 = a aa 3 1 S a s
VIawzReusad uozld PBS Usuias 5 Uadaas vinduldarsazatoou ladnsdduniwy
dd & ga a aa 4 4 s2
g 0.25 Wosidua Usuas 1 Taddas nelldseua 12 i e ldiwadiSungaeenain
d’l, A &R A o Ale =1 Fl o a dy sda
AUAIIAIME By angADRNIINNUHITAINIZIAD TIMISIRNBIMIIIWIZIRouYadaNil FBS
¢ o g 1 a an a aaa d a |1a [ 1
10 wWesisuasues 2 Taddas iiengaldnsovesaisazatoeu lainslsu uisldvan
t:’, o [T a aa 1 = a an 3 o
wzinouran iy Usuas 0.5 Taddas uazldems i 1ddsuies 5 iaddas swnduil
T g as ~ A S i 4 - ¢ A A o
vuludniruaueungiin 37 ssrwatoa iilasuou laoen Tad 5 wesidud omusuau
iad nowih Tl ldmaaeufuamsadanude laf
' ¥
¢ o
2262 MSINIZRSUFIATIALIINGDY
o & 4 ¢ I 2 A ) )
‘mmsmmwaawaaumamma@ﬂma“l'u‘wy, (leukemia cell in rats:
& g g a 9 d” ) Aa
P388) Fuilumadytiauviuaves lesldermsifournaria RPMI 1640 W1 FBS 10
/a o & ¢ ¢ a
wWesisua (Meanuan 1) luvamztewradvin 25 gnnAdrudas  laglums
o (d'dy 1 dy 9 v s an
subculture 4118 InsgarradnidesodluvaamiziRousadldnasanaaosvuia 10 Toddns

’ ] v v b4
wazsh luvdesh 1500 sevrowd L"ﬂunm 3 = 5 W WeATUNA NN IUUDIDIMITIAINT
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9 1 A 9 Sl LY 3 =a ]
avEMaeaNAaeuLg e ldiyadnanagneunizaignl MInUwANe s ndasll s
a aa ar 4 v Y Y o 3 ’q 1 dy ¢ o
ofans asliwanduran gewuldidiny nindugamraaldasluviamiz@ousan 1l
' ) aa ~ aAa ¢ & dd & A A o
vvludniuaugungiin 37 svnwadod Mllasveulavenlea 5 wesidua amuduiu

¢ 1 o [ @ ]
waa nswih MU ldmaaeufumsadaneiuse
[~ a [ 4
2.2.7 ﬂ’lﬁ‘ﬂﬂﬂﬂﬁﬂ'ﬂulﬂuwyﬂﬂtcﬁﬁﬂ
o
2.2.7.1 Matgnisadly 96 - wells plate
= 1 o act - Q =v=1
mamaaummzﬁuwymawaaiﬂﬂa‘ﬁ MTT assay lagdaalasdsnis
. SR = Y J a A I 3 9
994 Hussain MazAne (1993) lunmisnaaesiiaginmsansinuiaan 5 ¥ia Ao aausisudd
) 4 < o v
Uy (breast cancer cells: MCF-7), maammm"lﬁ‘lmg (colorectal cancer cells: HT-29),
- J =] ' a W
waauIse uFealn (oral cancer cell: KB cell), A 18 (monkey kidney cells: Vero cell)
. ¢ 3 ° W ¥ &
uagianuzis ulafiony1lumy (leukemia cell in rats: P388) ¥11A Inomsmnzifiossnd 1
@ A J 9 ¢ a dy a o & & N 9 ala A 9 9
2IMITANNATININAY TiraarlaneAURIRINT trypsinization ANTUFURAITNIU
o [ d a d,’ X o Y o &t
0.25% wazdmiveroayiia P3s8 imnzidealuemns RPMI 1640 NT&5Y 10% usadhn lAun
y 2 A =3 1 ~ y & ~ ) o av a - . . Aq ¥
Turlsianuisasou 1500 seuaowd umar 3 -5 wi mamlanadvemisnldluns
dy dy I's =y a an o @ o 4 an o ;’,'
mzfsufeusadas lsnes 2 faddas dimsivinnumeddiedinidunuug 1oy
S A o S A an a .
Ugniradisuauiiau 1 - 1.5 X 10° wadaeladans wquaz 100 Tulasdas (1 - 1.5 X 10°
AR
iFanAeYaN) B9lu 96 - wells plate 'nmmﬂuuuﬂﬂum‘luﬂmnﬂmmwmm 37 9N
waier nmsuenlaeenlas 5 wesidud unar 24 42114
2272 MsEEsuEsasaneIIRanus IR
Wamsafanouilannmsanadlediiiazaiedie 1aun ey

A A . s d o o o

TR TINT A LAZIBNIUDA W1ALAWA2Y 100 105 15UA DMSO  Iagdiarsananety 100
8 v

fiaansy 9101w ld DMSO 1 Hiaadns 9218 stock  vosEsARaBIURTANTUSY 100

fadnsude 1 Taaans 111 stock U903 19R 1@ satanorundamndudusuduily 2000

[ 1 s Aan @ a ~ o I'd

lulnsnsuno 1 adans Tasgaadisafane1nen stock 11100 lulasans lunsalifluwag

=Y o y . ¢ a .. pi o
¥1ia MCF-7, HT-29, KB 148 Vero cell Hauf 1015 ISIR09saaviia DMEM %ill FBS 10

7 a a ¢ A o y ¢
wediFug USuns 4900 "luimam Tunsaiilusadeiia P388 HaufuoIMTINIZIRoUTAd
RPMI 1640 ‘mJ FBS. 10 Lﬂaswuﬂ 1AZRINIINIBIAIIALAUABUAUNTDIVUIA 0.2
TuTlaswas mﬂuumstmmiﬁﬂﬂwmmﬂmmmmumeq A9 1000, 500, 250, 125 Uag 75
Tulasnfusotanans Lﬁammﬁmmaaiu 96 - wells plate AS1 24 #21uq thuasmsasa

] 1] b
ey Taua1511 96 — wells plate N1in PBugasimisimeon laeldinsesgadis antuldats
anavenuiwSouluseduanududunisg aalu 96-wells plate nguaz 100 luTasdas Taed

waui hidesldmsananen e lddlunguaiuny (megative control) nguiildmmizomish
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Ao 4' 9 .:' ' d' -~ ci a Aw a' 7
13354 10% e 191l blank vauitld DMSO fidevslue s AANFTY 10% Aszauniy
y 9 4 ' ' { '
udu 2% e ldlunmsasnaesuimanisnaasuilunauin bMso wie'li naznquinld
T ' . v
Mitomycin C M1399191u0MISNANTTY 10% 1ie 1491311 positive control 91m1iui l1l1iulu
v ad a Ao o 1% -4
AMUANYUNYNN 37 srusaiioa niimsveu laoenlya 5 nlesigua iuna 24 uas 48
SR
a 1 4 ad
2.2.7.3 msnaaouanuiluiyAssandI03s MTT
4 i o' [ o °
Wetmwaalumsananoimiluszezing 20 $211u4 111 96 — wells
plate 1 ldmsazars MTT Rilnnududu 2 adnsudoiiaians wquae 50 Tulnsans
: Y S A o o ¥ v a
NMIURY 96 — wells plate Awnszmunsooativetlosiuudssiihiliudeludaigugungi
#1 37 sarniaoailunal 4 $2lue easunaniimsganmsiimsazais MTT Taold
4 : (4 a a
1A3839ATT ININazMeRanHas U IABIANA132A10 DMSO: ethanol 95% 131105 1: 1
nquaz 100 lulnsans 11l iarimsganauuasdeinses Micro plate reader 1AUHI1IAAY
1 A Ao Y o ° fe ™ id Asa d
570 w1 luwas Mmsganauiasnia Idhudamilesiduamsidiaseatessad na
1 1 4 o o aaa S 9 o a
nsmszninauledisuanisidiason uazanumduduvesaisananldnaaoy luunu y
°o w : o 49 4 Aaa J
uag x  muday nndumanudsduvesmisanantildaimsmsidiaveusadanas
24 'y
ATINUI (50% cytotoxicity: CC.,)
228 Manadeun I WIuREADA W LTI U
2.28.1 MIMIvU@DA
= 3 A Y 3 o
19 Heparin ndounTzVRRAuazIYuoTlBRUMINTIF1veudRA
3 = < ° [ 4 @ 1 < 1 o
nmiun)aoududmsumziteaieiloiulsilv beparin 1Whdiduiten mzdudoad)
a 1Y v o - ¢ < a
VSnavieuvuYeAnafIes il qun ey oindws s Iasmeene 1 AUUELIMAYD 1 AU
Iidemlszuim 5-10 Gadnnsdea
4 7
2.2.82 MIMZBOUTAALANOAV)
b4
a d @ o
[A3UUIMSIALIFAT RPMI-1640 WANNU 10% Fetal bovine serum 1u
d’ A dy Jd a a aa
vIntaeaie veadealszunm 8-10 noa asluemisiousanilsuing 5 Tadaas Yavaa
0 & v ad A < &
uazih limzidealudaiuqueungiin 37 ssraadoa Wuszozna 48 42 1u9 ijoasy
' v '
nameamsanangiuidesnsinu lunguneneliuias 100 lulnsaas uazldringu
4 :
Yaoai¥o uaz mitomycin C 1510 100 T3y Tnsdns el ungu negative 1A positive
o @ 1 @ A = . y v
control MUAIAY NOUATUF TN 72 Uszunar 50 I Mead1Tazao coleemid AN
o 13 A aan a a P ’ d o dy ’
100 luInsnsudeiiaaans Usuas 100 Tulasaas ienganmsutiayad v limzidosdesn

o Qo 3 a o ° & $ 9 A
A71 72 ¥l dhmsinuiivasad Tasiimsnanes 2 1 uazlunniuneudesilaomie
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4 3 A 2
2.2.8.3 MsmuneuTaa
o e @ o o e S \
HaIINREUTaansY 72 %3 19 Hugaanmizideunlaluviasanaaoy
a an ° Y = P a A d‘! g
e 15 Tanaas uazii ldnwdesd 1200 sewand Wwa 5-10 w1l isuenmaaiia
A 3 [] d' ﬂ ny o 3 ¥ o d'
1899717 INUUgATIUTTY supernatant 19 11 Tlwauldidduinig  vweSeawanats
g o ' o ES
(vortex) 1o 1iwadnszae ldasazae TuaaBounae lsaarandudu 0.075 Tua Usuias
¥ ' ' . - -
5 finddns wazwanlhiudiedentu 1 luihum3esi 1200 seuandt Wunat 5-10w1# g
1 o Qy o 3’ 3 . o ] a
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¥ st . v T T
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4
a o o i [~
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=l - i &
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o LY (:‘ 1 ] 3 d'
lumsasaedulas Ty lwuesdmwaaneg lussozunudanniy e
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a s ° ¢ VoAY A =< Y g P4 v o
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A ° P ° S A o '
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= 4 = o .
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" . a ad a 1 1 a 5
- Single Chromatic gap (SG) HuauAnnANNATINMITITEIIIUNAYY
v 1= " ’ é Al ' o v L le
Tudruvealasunaunalaunaniis ua ludanuvaesnaniy uazuullarvnniasives
Tnsmniadaeglunuadoatu Whiudlu 1 vinde 156
% = Qd‘ = Al J =) 3
- Isochromatid gap (ISCG) WHuanuialnaninannmsiyesnunaiu
¥ =3 3 1 =) [ 1 12 o Y
TudruIasufiansasannsveslas lulsmaednu ua ldaduviaeenainiu tazuuae
v
vinnaseaveslasniadsegluuuadoiu Whindlu 2 vinde 11SCG
E=Y Qd’ r=1 =Y ' A =Y
- Single chromatid break (SB) iuanunnilnanazil Insufiaunanilauia
¥ v
mainnienasennindu laeduds uaznurvenlmenineveyrie liegluuuudeanu
il 1 vinde 1 SB
' v
- Isochromatid break (ISCB) wuanufiadnaneziiInsunfansaomna
v v
sineenaniu laoduids uazumavenlawnine1vegnse luedluuuaaniny Iiudou
wnilu 2 ¥inde 1 1SCB
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Tumsamuatnay $1uaunuea 1as 1o oy 2 HUIIUANNIN LA
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anunamvasnniigalueiFons usenifvaldvesfivasdniunziu  (Asteraceae) 90
< ' e Qs a a @ o
ﬂ"liﬂﬂB1WU'ﬂl‘ﬂUﬂ']iﬂ'lﬂﬂ'lﬂﬂ']ﬁﬂﬁﬂ‘ﬂm%ﬁmﬁ’luj‘ﬂﬂ'] (morphology) Glumiﬁ]ﬂmuuﬂﬁ%‘lu
& o P A - o v A A o o ¥
ANOUINSITINIAY LN'EN"l)']ﬂﬁJﬂ'J'\?JlHJ5wu1uﬁgﬂﬂﬁﬂ°ﬁﬁq33ﬂﬂ 1Y FUAZANHUSYDIAINU
Y . e e ee os i g
wazly Sludu (Davies, 1980; Vanijajiva, 2008) Tuszmealny Vanijajiva (2009) 18%a
° [ d’, ] dy EY o o A
UIUN LLﬁ%UQﬂiﬂ?ﬂWUﬁW‘ﬂuﬁQﬂuqﬂ 10 MYNUT AD G. procumbens (Lour.) Merr., G.
calciphila var. calciphila Kerr, G. calciphila var. dissecta F.G. Davies, G. integrifolia Gagnep.,
G. pseudochina (L.) DC., G. nepalensis DC., G. hmopaengnsis H. Koyama, G. cusimbua (D.Don)
» v = To o o
S. Moore, G. bicolor (Roxb. Ex Willd.) DC. stazmahvziiuiiwsdialuismau 1 aeiug

¥
@

3 dy A a ; 1 v &
fariulumsdnensail Wumsreaumu@lumswuisanaiiludsamd lnedn 1 meiug

b

aa % 24 1 1y 4 1 o @ a °
A9 G. divaricata (L) DC ni3endeialud snsusioel nioudzdile Gedeaninnldidludy

ayulng
$nsunswal (Gynura divaricata) w30 uflzdiis Iufmunie funevuoi wieiniy
= vy 3 da o o Y Y et a o
U dlunssalddugnumnedniiengnansd) dy fuly uaglusani wesiinanualsiu
o o 1 o ¥ =3 slg Tl et 2L v QR a2
madapuinngs Wy Hdussudclunyldauadidarsudaing lunausunseien il
A (Vanijajiva, 2008; Poeaim and Vanijajiva 2010) ﬁﬂ'nm%a’hﬁmsmmiums%’ﬂyﬂsﬂ"lﬁ’
. ; 4 1 = dwd'dca'
vanwwiia [ 1w 53 AnNANg uazgiud Wudu venvniideiuilufisyiiainiou
Sufialutlsemeiusould Tasiidodonialddn “Bai Bei San Qi Wiisaninnldiiluiis
A = dyd - 3 . 3
eyl (Chen er al,, 2009) Taufisariiaiidsienunsusnlag Linnaeus i) a7 1838 Tu
&0 Senecio divaricatus @11 De Candolle (1838) lafinmsdauazutisngulnilae
{ g < 2 v o 4
Lﬂaﬂu;ﬁﬂﬁ NA1N Senecio divaricatus (1) Gynura divaricata (L.) @QW‘]J’J]’(T“TJ%ﬁﬁ‘fI
mnzlutlszmeiu deunludl ae. 1979, Davies Tavhnsdnyinyluana Gnura
ki
s 4 4
Tum31 Bastern Asia azifioniun Himalayas uazdanguiieluanadild 9 ailad Tag
G. divaricata § 3 subspecies o subsp. divaricata, subsp. barbareifolia Q% subsp.
- 1 <3 4 o [T
formosana_LLﬂE]EJNTiﬂﬂHJWU’N G. divaricata UANUTUTUNUNY G. procumbens
d! = L -' 1 1 =] . L] o = Qv li' [
FaRimsyunIngz10edunId Southeast Asia IFUNU UATNTIBIUMITNUNGINY
S ' £y ) Add I'd _ 4
G. procumbens 861910 IasmWIzAMUMIANNAueInlIERoY LaZNIIBONGNT

NFININ (Zhang, et al., 2000; Iskander, et al., 2002; Kim, et al., 2006)
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3.3 wansAnnaematianaluana

a o @ =Y o v
TumsinsenszauTuana Taamaiia PCR Tudwvia onl (UAA) 5’exon Uag rml
9 ¥ I’s P ) ] v da" A =S =)
(UAA) 3’exon 9109 NS035 ¢ uag d Tunndiedis wuhiisudpueisina@eilszu
' A 2 ag P @ A ’
550 guua FatvinaFuaRue IndRsstueguitivinalssana 577 guud (Taberlet et al.,
4 0 o w = a o o 1 ar
1991) diethdduilng Te Inavesdiede GD001-032 fu G. psudochina e G. formosana
] ;‘] A a W > a da o A . . a o
FutlunsIuanamednin SRS luifeIty Ao Z violacea 1408 W. trilobata WYUATITH
Qo . 1 é \J T ¥ (-4 T )
dauaaslugili 3.3 Sanud Z violacea tag W, trilobata HAPINUUANANBENTAIY 1A 1
3 o’l’ o ey o o pai ) o ar
uandsnaluszaualdd wogszduana sndu GDO06, GDO26 taz GDO32 Andania
[y ) ~ = v o o Ao o A b1 o
Juni gife uazveuusw mdIdy nsfisnsnnealiluisidgnldhelasmsilng uas
womianandsamalume lffiufismmins  JeorwilulifIdhdedsfizdanlng T
LAAIANLANA NN BT NN INLH ALY ' W\
’ 3 4 ° ' @ Y (Y 1 4
eennanhlumsanfivluana Gynura Tufuniis ol (UAA) intron @07 IWs
d a = o w A % @ . A o
weswiia ¢ wag d Itesdalumsfinunnuuaanaenisiugnssuluszatadlad uazly
- szduana 9N Vanijajiva (2008) wuRfanudunilimeiugassussrinanalussAud
[ 3 R A ° ~ 9/ 3 VoA Qs,l =y v C~=] ] o [
aaiuTainnuiuunszdssidmiaoug faluusnunae Isna1aAfDNe 15U AUrU
: . =3 co-* 1
trnT-L intergenic spacer 138 #rnK intron tazlirls Tulanioaadue Guimua ITS1, 5.8S uag
Q 1 3 1] é
-1TS2 AU Pelser ttazans (2002) NAITOUSNAITUUANAUDY Senecio sect. Jacobaea A4

A 4 @ 1w 3 9 A A =
L“fluwﬂmaﬁmum’mwuﬂu i'JﬂJ‘VNﬂ'ﬁ(I"]f marker 84 %Y RAPD L‘Wﬂ‘l_lizﬂ’ﬂ'ﬂﬂ']iﬂﬂy'l

gl
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Gaozo

G2

Goog8 o
G022

Go03t

GBo30

Goo28

GBo27

GRo24

GRO23

60022

GDo21t

Goore

GBo18

Goerr

coote

Goots

GBo14

G0013

Gagt2

Gootrt

GBo1g

G009

GB097

Gynura formosana
Gynura pseudochina
GOogs

GDOg4

G09a3 o
o002 AY & 7~
Gogot

== Zinnia violacea
Y Wedelia trifobata

oot

{ Y Car) s v Ly
510 3.3 phylogenetic tree ¥893NTUISIWAL $1UU 32 20819 BITVVNOUNY G. psudochina,
G. formosana, Z. violacea \\0g W. trilobata lunsins #ml (UAA) intron Taald
=Y 4 Ve 1 1T @
NWIT10ABT Neighbor-joining method Tagmuaasn 1NN Bootstrap IN11Y

1,000

=Y d
34  pamsianzvendszneumani]

9
o '3 o = @ s o a
msansimesnlsznsumuaiivesasatangunnlusnswsea luguenisu
a a 9 =Y [14 ’ ~ =
1BTaoLdNIa - UAZIOE1UDR somataund lasurInnslunaala Inswas
(chromatography/mass spectrometry: GC-MS) Ing ldshimsAinmivinmsadanerniniuves
o ¢ o ¢ - o o <
$nsnseal 2 a%e lumsAnvimesndsensumaniivesmsatanouninlusnsuisioallu
> : a 3 3 =t A’: - o L 3
Fulgnry PTaeFNIA Uazes1Ua ATIN 1 wullasnanua 41, 27 uag 25 W dmSuass
o a & - 0w  |a 44 ' 3 <
1 2 wufiensianua 72, 52 uaz 52 fin M9y Ysuaeisinuiunad 5 nlesidud uaas

. ' ] E4 b4
SWAPUARIATTIN 3.2 IﬂﬂWUﬂ'ﬁW}’lS'ﬁJIﬂ'ixiﬂ%)"lﬂﬂﬂiu‘ﬁulﬁﬂwu UASIDT NS HINIATIU
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’ }
1?1ty Av Naphthalene (6% Hexadecanoic acid uag luFuesIUea WY 9, 12, 15-Octadecatrien-1-
ol (15.31) wag Hexadecanoic acid Tneasiwulavaulnajiflunsalesiu 1y hexadecanoic
. dan . . n& v a Qs o

acid 150 nsmhadAn (palmitic acid): CH,(CH,),,.CO0H Failunsalufusudd Taesialiwy
A g' tY [} g’ s 4 ] ) 1 = Vo o’: dy
Tufiminiu 1wy hduthay wielvdarnw uaansiians lasuanuaulslumsdnuinsail

A = & a"ﬂ 4 M 2 a a A ' 2 a A =
Ao uuwmau Feestidluvewdsvsondndvn Inauuss Tazah sziia wienldeu

[ g a g = 1 A :’ @ =3

aomznnvesinaeaiivle ldfgungines uuwmaunuluwiiv il lnsdes uas

a o ] i @ 0 o
msen Inflvesasisznoudun3d wu Tuesyys Peyduiuummauld s Tvandsen
av lumsndanma@nidd iy msveamie aden asauuasansa wieh 114
Taonse 1wy gamiiu memainmaﬁ)”nﬂﬁﬁ'ﬂmmm"muﬂaﬂmaﬂﬁﬁnw uuwmau%v
FEAMUADIADM YN AD UAzHIMII N A A N ey mﬂmﬁﬂuaﬂ
wily ildReeimsadnld ondou Heumu waziieldsulSinaann Windeatadazgn

4 v v
wae  Mlddennzlafinne  wieeeilddediald - duiudedvesnindy

o o ) et @ o @ ] A
ssntlsznovdinaluluvesinsnswaidseryuialliunsvdsenu 9A33N3
= a o o = ’ a < V..
Pseifiy wisimnziluseazen mszershlfidansazausudelfifannuiiufivde
v 3 ° Eq o o 1 ° i Y ‘ 4
semeld sawielindh Wnlumsih 19 s Temni lumsddausas wu misthloude 1y

4
Hostunmasanlludidodn wudu
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d' . o o N @ o 3
119191 3.2 Llﬁﬂ\?'E]Qﬂ'1.'5$ﬂﬂ'ﬂﬂ'l%ﬂfl"ﬂflﬂﬂ'ﬁﬁﬂﬂﬂfl"l'iﬁ]'lﬂclll‘i]ﬂﬁu'ﬁ"lﬂmﬁlu‘Ifuwﬂl"]fu

a in = o 3
LOTABEHNTA LHASIDTIUDD ﬁ?lﬂﬁ?%’,ﬁ%’lﬂkﬂﬂuﬂ GC-MS 314U 2 A9

Hexane Ethyl acetate Ethanol
ﬂ%ﬁﬁ 1 ﬂ%»‘ﬁél 2 . ﬂ%@‘?'l 1 ﬂ%ﬂ‘vﬁ'l 2 ﬂ%@ﬁ 1 ﬂ%‘:’\i‘?'l 2
Delta.- Delta.-cadinene, | Delta.-cadinene, | Delta.-cadinene, | Neophytadiene Ethyl.alphi—d-
cadinene, Naphthalene Naphthalene Naphthalene (5.08) glucopyranbside
Naphthalene (10.02) (15.58) (3.88) (5.93):
(13.67) " ‘
Naphthalene Naphthalene Naphthalene Naphthalene Hexadecanoic | Hexadecanoic acid
(8.78) .. v‘.'(19.00) : (1031) (4.64) acid (11.43) (12.67)
Eicosane Hexadecanoic | Neophytadiene Hexadecanoic 9,12, 15- Octadecadienoic
‘ (7.19) . acid (21.05) (9.34) acid (11.53) Octadecatrien- acid (8.14)
1-0l (15.31) o
Beta.- Phytol, Hexadecanoiq Octadecadienoic | Hentriacontane 9,12, 15-
Sitosterol Hexadecen acid (6.82) -acid (5.83) (13.73) Octadecatrien-1-ol |
(6.29) (6.38) (8.98)
Octadecadienoic | Octadecadienoic Stigmastan Stigmastan ZSS-E‘chyl(r:holés_tj
acid (14.97) acid (5.79) (5.64) (5.13) 5-en-3.beta.-ol
(9.60)
b-sitrosterol 238- 23S-
8.27) Ethylcholest-5- | Ethylcholest-5-
en-3.beta.-ol en-3.beta.-ol
(8.37) (11.74)
41 72 27 52 25 52

5aneii o imbedhulesidud

d ¥
3.5  wamInAwelUgNBAITegAuNSHvesmsaianeUN LIS disc diffusion

Ll

¥ [}
o 1 @ as L ar a -~
u'lff')u"U‘El\iﬁ']iﬁﬂﬂﬁﬂ'l‘ﬂ’il'lﬂﬁlﬁﬂﬂiu”!‘J"Iflﬂtalu‘b'utﬁﬂlch’u (BIROTFINTA Llﬂ&’tﬂﬁ1uﬂﬂﬁ
Yy 9

amdudu 1000 uaz 500 lulasniuneiladans wazenlfiaus A gentamycin, ampicillin

1A ketokonazole Mszauanududu 250 lulasnsureiiadans wihmnageugninig

a 3 a ad a . . = o dd o
Hu899aun38a2075 Disc diffusion TasgRunidMinnldmacey Av Bacillus cereus DMST |

5040, Escherichia coli DMST 4212, Staphylococcus aureus TISTR 118, Pseudomonas
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aeruginosa ATCC 27853 wag Candida utilis TISTR 5046 lagldenlgFuzaeriianuay
anwamnsolumséudagaunis fe £ coli uaz S. aureus 19 ampicillin il positive control
AU B. cereus 1ag P. aeruginosa 1% gentamycin W positive control UaY C. utilis 14
ketokonazole 111 positive control aziiMs TavnaduruguIna1s wuhasafane1uen
Tusnsinsoailuduienis wFaszdmsa uaziosiuea 1 "liimmmﬁugqqﬁuw?ﬁ%ﬁﬂim
18 Lﬁawm"lajww?nmﬁngamsm?mmmmmﬁfs’a (inhibition zone) W3pUIATFE TitnTey
mmmﬂumnmiﬁ (clear zone) ‘UENWEJ E. coli, S. aureus, B. cereus \Q% P. aeruginosa Taolu
uAay mi‘nﬂaaaummmﬂgmu mmuwmmmaummsmmwmfnauma"lﬂ Tay
gentamycin Aszauanududi 250 Tulnsniudeiinaans nnaduiuguinaliveing
Tafisunaomii 0.00, 30,20, 20.80 10E 20.50 HaABIMT MUAIRY

dm3uide ¢ witis srsadaviemmnluinsuisioadlusuensy n3assdinsn uny

@ e

v ¥ [
wiueanszauanuduiu 500 lulasnsudeiiadans Biannsaduginseiald uanszay

a

¥
anududu 1000 lulasnsudediadans anuniodudemsnigld Taonuvuiaduriiu
o a 1 3 1w a a o w
AUONM9v891T I (clear zone) BAURALIMNAY 9.93,9.26 Liaz 8.4 Hadawas awdAy Tao

’ v ¥
1%DMSO 118 ethanol NFTud Mz liuaanalunsdudinsniyveuse C. wilis

o = ~ i J a a
#9317 3.4 uazil ketokonazole 1111 positive control wmmﬁ’umuquunmwmnsnmiau

¥

AundoiIi 26,50 Tadwas (Lilduaasdoys)

#F 1%DMso

H v ¥y
s 34 uamevinaduiuguIna1veIn s uiINSINTYYDUFD C. wilis YOITITANA
@ o’:’ a a ~ Y
nornnluinsuswal ludueniay wioosdnsa uaziosuea NANUTUIY
v I A aa a {q ¥ ¥ o
1000 uaz 500 lulasniudediodans Tavil 1%DMSO Haz ethanol #1fiiludavi

saoiudutfSoudon



27

3.6 wamsnageuanuiluiunorad lai

mnageuanuiiuivdewad 1ae3s MIT assay Iaodauiasi5n15¥eq Hussain
2 ° d - °
uazaaie (1993) Fadumanaaeumsmauveasasananuamiselumsiauvesluin
aa o
ARUIASEIUNITTAITEIS 3-[4, 5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT)

g o o a
Taoadnuaan wasiimshauvesly Inaeuasound ou'land dehydrogenase Lag cofactor

¥ 1)
LY =)

aa o Q ]
Tuly Innewessazsard MTT Iinaeundn formazan 18 daudietiarsazate MTT 1a)
1 Ja 9 oot ~ o a Aa o 9
inluwadndssmsnagou waan Iy Inaswas el ndaziard MTT 19150 formazan
Ass Pt H oo V] Ao Ada vV a a1 A A o
it Teowaaimoiuselidnuas lalulld drnsaadeliiinogizAnduag dadionnn
v o ¥ o @ 1 A 9y A
azarsludidiazarveglfarsazareduog awisodanniseanduudslddlonios
0 ° -4 Haa A a )
spectrophotometer 11tNA o3 IFUANMIIFInsoavssad Faflousienunailuntud
v w Ao q Y 7 , P 2 y o - \
wduvoIEIsanane N I Aiwaaae 50-1nle315uaA (50% cytotoxic concentration: CC,,)
S % ¢ A ¢ d
lumsnaasstlagimsanuiduwas 5 ¥l A9 wanuiSud 11w (breast cancer cells:
o 3 o (] 4 =4 (]
MCF-7), iraauzi5a811&1na (colorectal cancer cells: HT-29), tranngi5elusesiin (oral
a .>i- ) o 3
cancer cell: KB cell), e 10A (monkey kidney. cells: Vero cell) LLAZIBARULLT ada@anu 1y
Y (leukemia cell in rats: P388) Wnagsuiumsatanmui ldainmsafiadediinzae
FAENEY 5a0sTMsa uazienusa WonRasanluudaziwas nmsnaaeudleans
o v Y o 1/ 4 v e @ ' /4 o Y}
anareuInluvesdudnsulsieel wudnlesFuanI3agIeAvBATAANNININATELAIY
b T A v
arsanaverniudmeniay wfaszFimsn uazesiuea Nszsuanududy 125, 250, 500,
: ¥ 1 oA aa a ° Y < 3 (4 (] o A o
1000 1z 2000 JulnsnSuselianans Unamlndesiunmsegseavsuranannuiieioy
3
funguaiuny Taeflanududuvesas aanouludwenauy wfaezdnia tazwesvea
A o d a d 3 o 4 [ Y
‘Vl'ﬂﬂﬁ“ﬁﬁﬁ%ﬁﬂ MCF7 718 50 11035151 (50% cytotoxic concentration: CC50) NINY 1439.18,
. @ 1 oA an o o i ¢ a =]
1620.27 tiaz 978.86 luTasniunoliaaans awdau (U7 3.5 A) wadwila HT29 Hinwizas
o & y &4 o HE s 22 o
anavey lusuesamuwiniuiissduanududuinidisadats 50 wesivud (cc,,) fie
b4 s
167185l Tnsnsuneliadans dnsuasadaneuludueiassdinie uazesuea e ld
anududugsiigaildlunisnaaey (maximal concentration tested: MCT) 8> 2000
@ 1 a an 1] [ 1 o 4 -
lulnsnsudsiindans ulesifudnisegsonveuraddwinnd 50 wWefidua (jUh3.5 B)
o 1Y) d o o 3 = ) e
Swiuasrila KB anududusesaisasaneuludueSaozdimsn uazesvea 1 ln
- I4 ¢ o o Y Y T A aa o @
(radga1e 50 WosHud (CC,) i 1616.43 uag 1508.74 luInsnsudeliadans amdidy

3 ] [l v
dmiumsasanouluduensy deldanududugsiganldlumsnaaen e > 2000

@ 1 a Aaa o 1 o i} A4 o
lulnsniuneilindans Sasmsegsenveurnadannnd 50 lediaua (31 3.5 C)
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dmsumadaiin Vero cell Tmmzanmaanentuduenmuriiiidsssunny
Wuduiii Waadme so wedidud (cc,) Ao 1040.55 Tulasniuseladans dmSuamsada
weowlusueTaesdmsn uozieswen deldamududugeiiqefilfluntmadey fe >
2000 lulnsnSusieliadans é’mﬂmﬁagisammwﬁﬁé’amﬂn'h 50 wlesidud (g1l 3.5 D)
wozadadia P3ss arududuvesmsafanolusueiaesdmsa uaziosen Ay
wadme 50 wesidud (Cc,) Wiy 1000.38 uaz 1648.56 lulasniusdeliadians ey
dmivasasanontusuensy ielfamududugeiiqaiildlumsmaney #o > 2000
Yulnsnsudedadans Sasimiegsonveusassanandl 50% (U 3.5 E) uaaeswazidon
ypsaudududivnlfiradme 50 wesiFud (50% cytotoxic concentration: CC,;) lutwad

FHAN AIA15199 3.3

v F4 {
@13190 3.3 uﬁmﬂfnmi’fn%ml'eN'm'iﬂﬁ'ﬂ14fmJ‘lufffumﬁmzmwumaﬂwu BT ABSHINITA

Ao g9 o SIS L ¢ a 1 ¥ an
uazmmuaa ‘Yﬁ’]ﬂﬂmﬁﬁ@nﬂ 50 LTJE)_SL“)!‘LIGI ADLHARYHUAANRIYUID MTT assay

Crude extract 50% cytotoxic c(_mcentration (CC,)
MCF7 HT29 - KB - Vero cell P388
Hexane 1439.18 1671.85 .| >MCT 1040.55 >MCT
Ethylacetate 1620.27 >MCT 1616.43 | >sMCT 1000.38
Ethanol 978.86 >MCT 1508.74 >MCT 1648.56

MCT = maximal concentration tested ( 2000 pg/ml)

2 3 dy 3 o S as = = . LY g = v A
Tumsanmniedl lashmsnadevenlfFaussiia Mitomycin C AUIFBAFUAAN 1D
Iilunguaruguaiiauin Tas Mitomycin C fAszduarmududu 10, 20, 40, 80 uaz 160
@ 1 a aa o [ v J 8 a @ 1
Tuinsniudeiindans Hramiisamsegsonveuradanauilooufungquaiugu laedl
! o - ¢ d - s ¢ A
anududuiiv ldsadane 50 wesidud (Cc,) Tuwadyiia MCF-7, HT-29, KB, Vero cell
wag P388 MM 52.49, 99.34, 82.34, 88.15 uag 49.77 luTasniureliodans mudAy (GUh
3.5F)
P P Qs ’ Y @ ) e’dy 9 o =
FanrsanuasadansinainlvuesduinsuiseaiiaenndssnunNIsANY U0
@ ~ Y Y s S Yy
aiaT Lazany (2551) Mameumsdined e ludngunsiesina AN 0, 0.078,
0.156, 0.313, 0.6, 25, 1.25, 2.5, 5 uag 10 daansunsiiaanns Wunan 24 ¥21u9 nageva

a J 4 as v v 4 o
SuRyAoadaIust MTT assay #U1A1 CC,, veamsafafiadaneiudlsieniueannly
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vostusnss eI uRY 1.25 fadniudefiadans usmsadanoiadadasindgly
wuanuiiufinudowad latiuila 1929 Wui@eaf skender et al. (2002) fhmsanugnily
msaﬂmﬁﬂmﬁuﬂﬂweiuwﬁumaawmmiﬂﬂﬂ@mwmumﬂiu Gynura procumbens JEY
I¥arsaia 4 vila Ao omuen wwmwy Tngdu wagihndy wmmﬁﬁﬂﬂmmamuaauqm
°lumsaﬂmsamﬁmmma‘lﬂmﬂwqﬂ uamsasmihngy iinalumsaanssnaudadelu
UNYNAADY Tﬂaﬁmﬁaaﬂﬂ155ﬂmnﬁm§a"lé' 62.5, 44.6, 34.8 uaz 0 1WosiFud awdeu
ﬁm%’umsﬁﬂmmsaaﬂqwﬁmmmmﬁ'mfu Zhang 4% Tan (2000) AmsAnEAISTRAE
Mueanin U Gynura procumbens ﬁfmadassﬁmﬂmangiﬂﬁ'ﬂaazsﬁmasaa uaz lnsndire
Tsaluideanynaans ‘wuiwmmmamzﬁuﬁymmﬂgiﬂa Anoamesen uaz lasndiwe lsa
Tudeanynanedld Tavanududuiimunzauiige fo 0.15 findnudeliadans Kim uag
ABLz (2006) Mifnywavesssatasemaaaanusulatiags InslimyRumsadanniuves
Gynura procumbens Y11 500 ﬁaﬁﬂé”mimfmﬁﬂmmﬂgm@m 1 Alansu iluszoznen 4
o mmsﬂaﬂmmﬁuiaﬁﬂqwawgmaaa‘lﬁ-sm*ﬁgﬂ Sriwanthana UAZANE (2007)
Anwgnivesasataayuinslne 8 %ﬁﬂdamﬁﬂizs?fumﬁuﬂqﬁ'sﬂjmwaﬁnﬁmﬁamn
(lymphocyte proliferation) luvaeanaass laell Gynura procumbens ‘i’JﬁJE’Jﬂﬂ’JU WUNHTANA
vinluiise AUGINTT 1 pg/ml, ’cmmnﬂimu‘lmmaaumiumwaaummu f901na1lan
msﬁﬁﬂummsansz&;umimqmﬁumwammma@mn‘luwammam"lﬂ Fsortiunldluy
asnszAumsasegiquiuld - OS¢ &
fineaumsfnmiessszneumanii luAvana Gynura 194 pyrolizidine alkaloids,
terpene coumarin MAY spirostene derivatives (Yuan, et al., 1990; Lin, et al., 2000) pea lsAa
Dai Hazame (2007) swNuNIsndusia hepatic veno-occlusive disease (HVOD) Y
ANUAURUEAUMITUITEMNIINYEY G segetum LB Chen, MOZABIZ (2009) WU
ﬁﬁﬂi%‘,ﬂﬂﬂ‘ﬁﬁﬂ’nu’f“’f‘lﬁ’ﬂluﬁulg{il"lﬂcl‘lﬂlﬂ\i G. divaricata f1® cerebroside HAZWUT cerebroside
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Abstract

Juk-Na-Rai (Gynura divaricata (L.) DC.: Asteraceae) is widely used in folk medicine
' to control cholesterol, diabetes, hypertension and inflammation. Morphologically, the species
can be recognized by being fleshy in its upper parts but woody and procumbent at the base,
by having ascending scapose or leafy flowering shoots, and ribbed stems which usually are
- purple-tinged when dried. A lot of people believed that this plant has high medicinal
properties. However, the possible alterations -caused by the use of herb mdlscrlmmately can
potentially cause damage to normal tissues. Thus, cytotox1c potential assessment is necessary
to ensure the safe use of medicinal plants. The-- hexane dichloromethane and ethanol were
.extracted from the leaves of G. divaricata. The. cytotox1c1ty of the crude extracts was tested
against mouse fibroblast cell line (L929) in-culture=using the MTT assay. 1929 cells were
grown in DMEM enriched with 10% fetal bovine’serum at 37°C in humidified air containing
5% CO,. The results obtained for L929 cell-viability after 24 and 48 h of exposure to
different concentrations (0.375, 0.75, 1.50 and 3:0 mg/ml). The cytotoxicity of hexane,
dichloromethane and ethanol extracts was observed with the CCs, values (50% Cytotoxicity
Concentration) of 2.19, 1.31 and 1.72 mg/ml for 24 -hr whereas the CCsy produced for 48 hr
were 1.71, 0.94 and 1.10 mg/ml, respectively.-Th¢ dichloromethane extract showed stronger
cytotoxic activity than the others. The results from this study shown that herb can be harmful -
in large or prolonged dosages. Therefore, some herbs should not be used indiscriminately.
However, study on the molecular identification, bioactive compounds and other biological
activities of G. divaricata should be extensively investigated in order to beneficial for Thai
herbs development.

Keywords: cytotoxicity, Gynura divaricata, MTT Assay

Introduction

Many plants synthesize substances that can be extracted and used in the preparation of
drugs, or the plants itself can be used directly as a medication. However, the possible
alterations caused by the use of herb indiscriminately can potentially cause damage to normal
tissues. Thus, cytotoxic potential assessment is necessary to ensure the safe use of medicinal
plants. The genus Gynura Cass. (Asteraceae-Senecioneae) is one of the most species-rich
genera of Senecioneae-Asteraceae occurring in tropical Asia with its highest diversity in
Southeast Asia. This genus is considered to be difficult taxonomically and differences
between species are small-while intraspecific variation is large (Davies, 1980; Vanijajiva,
2008). Recently, this genus has been revised for Thailand, with ten taxa recorded (Vanijajiva,
2009). In this latest treatment, unseen one cultivated species indicated that there is a new

species record Gynura divaricata (L.) DC. for Thailand which is popularly known as Juk-Na-
Rai.
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Gynura divaricata (L.) DC. is a perennial herb with a native distribution in south
~ China commonly known as “Bai Bei San Qi” with having a long traditional use in Chinese
folk medicine (Chen et al., 2009). This species was first described by Linnaeus in 1838 as
Senecio divaricatus. After that, De Candolle (1838) transferred Senecio divaricatus into
-Gynura divaricata (L.) and noted that the species was known only from China. In 1979,
Davies published a treatment of Gynura in eastern Asia and the Himalayas in which she
recognized nine species including three subspecies of G. divaricata namely subsp. divaricata,
subsp. barbareifolia and subsp. formosana. However, this plant is often confused with G.
procumbens that is widely distributed in certain areas of southeast Asia. G. procumbens has a
lot of reports on - bioactive compounds and biological activity. On the other hand, G.

divaricata has a little report on both bioactive compounds and biological activity. A new =

compound of this plant is cerebroside that showing strong cytotoxicity against L1210
leukemia cell line in vitro (Chen et al., 2009).

G. divaricata has drawn wide attention during the last decade in Thailand because a
lot of people believed that this plant has high medicinal properties and widely used as a
vegetable and as a folk medicine. Recent studies suggest that in vitro cytotoxicity assays
might be helpful in predicting toxicity and estimating toxic. concentrations in vivo.
Cytotoxicity assays such as LDH leakage, the neutral red and the MTT assay are widely used
to determine cell viability following exposure to toxic substances. MTT (3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)-is-a water soluble tetrazolium salt,
which is converted to an insoluble purple formazan by cleavage of the tetrazolium ring by
mitochondria dehydrogenases, which accumulate in healthy ‘cells: This assay is a qualitative,
more sensitive test and also high-throughput method than that Has been documented in the
literature for many different applications (Holst and Oredsson, 2005). Thus, the objective of
this study was mainly focused on the morphological characteristics of G. divaricata and the

cytotoxic potential of crude extract for various solvent systém-was also assessed on a mouse
fibroblast cell line, 1929 using the MTT assay. i

Materials and Methods

Plant material

The plant Juk-Na-Rai, G. divaricata used in this experiment was grown in Bangkok,
Thailand. Identification and classification of this species are based on their morphological
characteristics. The fresh leaves were collected, oven dried at 45°C for 2-3 days, after that
they were ground in a blender to powder. The powdered leaves were extracted using different
organic solvents with increasing polarity (hexane, dichloromethane and ethanol) at room -
temperature. Supernatants were filtrated through a Whatman filter paper number 1 and
concentrated by rotary evaporation at 40°C. The crude extracts were dissolved in DMSO.
This solution was sterilized by filtration through 0.22 mm filters and kept at 20°C until use.
Cell cultures

The mouse fibroblast cell line (L929) was a kind gift from Dr. Porntipa Phlcha
(Natlonal Cancer Institute, Thailand). Cells were grown in DMEM supplemented with 10%
FBS in 5% CO, humidified incubator at 37°C. Cells in exponential growth phase were
detached with 0.25% trypsin, centrifuged and the cell: v1ab111ty was determined by the tryphan
blue dye exclusion method. The optimum cell concentration as determined by the growth
profile of the cell line was 10°cells/ml. Five thousand viable cells were seeded per individual
96-microplate wells and cultured for 24 h for cell adherence and growth.
Cell exposure to crude extracts and MTT assay

Modification of Mosmarin (1983) method was used. Briefly, exponentially growing
cells were seeded into a 96-well plate and allowed to attach for 24 h before treatment. Cells
were treated with 100 pl of those crude extracts within a range of concentrations from 0.375
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to 3 mg/ml for 24 and 48 h. Fresh culture medium were used as negative control. After the
- exposure period, 50 pl of a 2 mg/ml solution of MTT was added to each well and incubated
further for 4 h at 37°C. All the exposure conditions were tested in triplicate and
photomicrographs were taken for cell morphological analysis. The MTT solution was then
replaced with DMSO and ethanol (1:1) in order to dissolve a purple formazan product for 10
min under shaking. The absorbance was determined with a multi well spectrophotometer at
570 nm. Absorbance values were expressed as percentages relative to untreated controls. The
50% cytotoxic concentration (CCsp) was defined as the concentration required for 50%
cytotoxicity of cell growth.

Results and Discussion

For morphological identification, Description: Gynura divaricata (L) DC., Prodr. 6
(1838) 301.-Senecio divaricatus L., Sp. Pl.: (1753) 866. Type: Osbeck s.n. (holo LINN
photo), China, Canton. - ’ .

Plants: 50-120 cm high, stems erect or- procumbent, sparsely pubescent to
glabrescent. Petioles: 0.5-5 cm long or leaves sessile, auricles 0.3-1 x 0.4-1.5 cm, pubescent
to glabrescent. Blades: ovate, elliptical, lanceolate, oblanceolate or lyrate, 2-15 x 1.5-5 cm,
sparsely to densely pubescent, base cordate or truncate, apex obtuse or acute, margin entire or
distantly dentate. Capitula: 1-5 per corymb; peduncles 1-15 cm -long,: pubescent to
subglabrous, bracts 3-7, pubescent to glabrescent; involucres 8-12 mm long, 5-7.5 mm in
diameter; calycular bracts 7-8, 4-5 mm long, pubescent; phyllaries -12-14, 1-2 mm broad,
sparsely pubescent. Florets ¢. 30-40, orange to yellow, 9-11 mm long, exserted part 2-3 mm
long. Anther:s 3.5 mm long, anther collar short. Style arms: 2.5 mm long. Cypselas: 4-6 mm
long, pilose; carpopodium hemispherical, yellowish; pappus 10-12 mm long;white or dirty-
white. 2n = 20 (Jose and Mathew, 1990). AU QT

Table1 Cytotoxic effects of G. divaricata extracts by different solvents on'L929 cells. -

Sovents Concentration  Viability (% of control) CCsp (mg/ml)
(mg/ml) 24 hour 48 hour 24 hour 48 hour

Hexane 0.375 117.87 91.44 2.19 1.71
0.75 109.17 88.93
1.50 99.47 65.91 -
3.00 6.53 1.85

Dichloromethane 0.375 99.10 73.69 1.31 0.94

075 47.30 36.92
1.50 24.70 7.69
3.00 9.57 5.34

Ethanol 0.375 112.82 7143 _ 1.72 1.10
0.75 76.40 59.52
1.50 36.70 11.36
3.00 18.27 4.14

The hexane, dichloromethane and ethanol extracts prepared from l_é'éﬁes of G.
divaricata were tested for cytotoxic activity (0.375-3 mg/ml) on L929 cells using the MTT
assay after for 24 and 48 h co-incubation. Results showed that 1929 cells became pyknosis,
condensation and even lyses after treated with crude extracts in a dose-dependent manner.
These characteristics are recognized as the general appearance of apoptosis or program cell
death. Measurements were performed three times and the concentration required for 50%
cytotoxicity (CCsg) was determined. The cell viability presented in Table 1. The CCsy of
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hexane, dichloromethane and ethanol extracts in 1.929 cells were 2.19, 1.31 and 1.72 mg/ml
for 24 h and 1.71, 0.94 and 1.10 mg/ml for 48 h, respectively (Table 1). Among all extracts,
the dichloromethane extract showed stronger cytotoxic activity than the others. In a previous
work, ‘'we reported the cytotoxic effects of G. divaricata in 1929 cell lines. The crude
ethanolic extract showed stronger cytotoxic activity than the crude aqueous extract. The CCsg
value for ethanolic extract on 1929 cells was 1.25 mg/m] whereas the CCsy value produced
by the aqueous extract (0-10 mg/ml) was not found cytotoxicity (Poeaim et al., 2008). Other
results (Chen, et al., 2009) have indicated an association between the concentrations of
chemicals leading to cytotoxicity in vitro. Cerebroside is a new compound from the aerial
parts of G. divaricata. At the concentrations of 2, 5, 10, 20 mg/m] of cerebroside exhibited
92, 93, 95, and 95%, respectively, inhibition of L1210 murine leukemic cell growth that
showing strong cytotoxicity (Chen, ef al., 2009). .

Gynura sp. is a herbal folk medicine that popular as a vegetable and as a folk
medicine. The literature has reported the presence of several interesting components in the
Gynura genus, such as pyrrolizidine alkaloids, a -terpene coumarin, and several new
spirostene derivatives. (Lin ef al., 2000). However, Dai et al. (2007) reported and reviewed
that hepatic veno-occlusive disease (HVOD) is associated with the G. segetum root.

The results of the CCsy value evaluation of G. divaricata will provide indicators of
safe level use this plant as a traditional medicine. However, an agent is added to the cell
culture it becomes readily available to the cells, which does not occur in the living systems.
In addition, the metabolic processes in animal systems are more complex and dynamic than )
in cell cultures. For future, there is great interest not only in the molecular identification:but
also determination and purification of active components. ' 1
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 ABSTRACT

- ~Gehétic diversity and phylogenetic relationships within 32 samples of the Juk-Na-Rai (Gynura d/varicata)“_l_" h

in Tha|land G. psudochina and G. formosana are widely used in folk medicine, including Zinnia wo/acea and
Wedella tn/obata ‘were investigated by PCR and nucleotide sequencing technique based on chloroplast D'\L—\
(cpDNA). Ampliﬁcation and sequencing of the tmL intron between trnL (UAA) 5'exon and tmbL (UAA) 3'exon was
performed using ¢ and d primers. The PCR amplification of this region was detected a unique fragment of
approximately 550 bp. The nucleotide sequences were analyzed against those of sequences using the ClustalX
program and PHYLIP software for phylogenetic analysis. The neighbour-joining dendrogram was generated which
provided more information on polymorphism. Most of Gynura sp. was revealed low genetic diversity. This study
indicated that nucleotide sequencing of the trnl. (UAA) intron region do not evolve rapidly enough to resolve

relationships at these lower taxonomic levels.
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~ Keywords: Gynura divaricata, trnL (UAA) intron, chloroplast DNA, genetic diversity

Aniuasingseasa . '
Rranadmumn (Gynura Cass) fimsnszanafmunluanfaurewiteds nefinouuanuaneanin

b

anluedunsiusan@eslfresianednunzdu  (Asteraceae)  annsAnmnuduTuinisennunanddne

o’

&g iinen (morphology) lunsdndnuunitluanailifiesetnafien Wasaanfiaomudsduluseiual@dgann

&

Auazdnrnizassadiuuazly s (Vanijajiva 2008) luilszmalng V.anijajiva (2009) FaRauuN Lm:m%awﬁuq
W‘ﬂumaﬁimﬂmﬁﬂﬁnwmzﬁmgluamm‘lﬁ 10 aufiug Ae G. procumbens (Lour.) Merr., G. calciphila var.
calciphila Kerr, G. calciphila var. dissecta F.G. Davies, G. integrifolia Gagnep., G. pseudochina (L.) DC., G.
nepalensis DC., G. hmopaengnsis H. Koyama, G. cusimbua (D.Don) S. Moore, G. bicolor (Roxb. Ex Willd.) DC.

1



Proceedings of 17" National Genetic Conference, 7-9 April, 2011, Chiang Mai, Thailand

e

wazandnaziuitrrtinlunidniau 1 anewug slewn Poeaim uaz Vanijajiva (2010) semufinliu 1 anewug A G,
divaricata (L) DC WFanTeialldrdnsunsen] waullzdnth Fefoahanlfifuitoagulng dudoafuiudu
NN (G. psudochina)
Ansurmend (Gynura divaricata) vise ullvinth Audmunifie funesnat viednwul Wunssalddugn
=3 lﬁld o ¥ 1% ’6’ a ar o’ < 1 o k23 A b4
mnmdnifisguansdl ddu Ay uazlueowh  usslaomudsdumedugninengs Wy adusnfelumuls
14 1l & =2 2 . a 4 o
FauFRTaaUne TunanauieBaonng s (Vanijajiva, 2008; Poeaim and Vanijajiva 2010) {AMNLTANH
asswanlunsinlsalduatasiin vy waveu Bu arwduge wezpfud Dudu uenaniidednuiesiniing
tudfinludszmatunrewld Tnefidadunyialiudn “Bai Bei San Qi iflenmianlfifhfasaulns (Chen et al,, 2009)
TudszmalnefsanunisfnudsenlideingamanssaadlzAtlein G. procumbens (gadnwnl, 2541; A

&

Wity, 2543; Sriwanthana, 2007) 39 G. procumbens uirayulnsaasdu uazinmid #liwunianszanasalu
pimaeidaazdusen (Vaniajiva, 2008) Aterandnadifiavduauludunissuunaeiugaesiofildlunisine
= 4 o :’r ° £ yyd'd « PR o :" 74 Q
warnsBande  Asdudududesligntilszaumeniuas@mong s wazlinnafesldosuuluneduun
NI oy ia 4 a3 (4 A X AN s ¥
fatunsdirasinsnsaninliiansaanaenlulszndlng fadunsennlunistivdaeiug daiunnsfneisuass
UnqUszasAieAnmanumanianameiugnassesdnanaenianiuiisne — lulszmalnalaamatiams
Tuana * Fwansiduasdaaiuayunisdnduunaeiugifgndesuazande  elslenbianai Ui

= ar &0

HaRfuTdviududingunineesduiing uasilantatmunlifluasdaly

ginsaluasitnis :
Wususanmadeiudnsuneniannuamite] llszmelng 1w 32 fet1s (GD001-032) Tagan
?'1ﬂa:@iﬂmﬁnwmuﬁ@mﬂm’fﬂH@lumsﬁiﬁLLunmﬁﬁuﬁfm@ﬁmmmm@ wazFnetnszesdunmA (G,
psudochina) %«ﬂuﬁﬂummﬁmﬁu mRtnARmfuRe iy (Zinnia violac-ea)- Lm:m:@um\ng@ﬂ
(Wedefla trilobata) shdausadludauduon 12 lu wvasuazenadasindufidumssnde hanualng
ulnsiauman wazaindifuedosgaarind1iagl GF-1 Plant DNA Extraction (Vivantis, Malaysia) Tae432nsmnal
Afleresgaainfidue WdiBuedinnsiFnumBinafiduensiusnnmesinn Tealdneia
~ agarose gel electrophoresis LLa:nm“mmmi@ﬂnﬁul,mﬁqtlm?;m spectrophotometer usneiatnadiSued
gl 4°C Yadued lFnfiuBunudifue luinueselswanai s ue (chioroplast DNA: cpDNA) At
trnl intron 52134 tmlL (UAA) S'exon Uae trl (UAA) 3'exon o nfines c (CGAAATCGGTAGACGCTACG) Uay
Infinaf d (GGGGATAGAGGGACTTGAAC) ANy Taberlet et al. (1991) ﬁmm_m?ﬁ\mumﬁlﬂunﬂmﬁluﬂ?mmﬁlﬁu
il 25 pl Usznaudiaiidwa 500 ng Infwes ¢ wag d (Invitrogen) 1 pl (0.8 pM) B;eoxynucleotide, dNTPs
(Roche) 0.5 pi (200 uM) Tag DNA polymerase (Biolabs) 0.2 ul (1 U) uag 10 X PCR Buffer (Biolabs) 2.5 pl (1 X) Tnsl
fenamnRlufuneusineg &l initiation denaturation 04U 95°C WU 5 11T 49U 1 78U MNEEUMNR 94°C
w1 Wi 30 3undl gungfl 55°C W 2 Wi uszgaamnll 72°C W 3 Wl 41uau 35 seu uazANdaE final
extension ﬁqmmﬁ 72°C uu 5 Wil 41u9u 1 28 AsvaranisinUGTanTaaldinafla agarose gel electrophoresis
@iy PCR - Awnanauniwszinasiuinedlelng  (Sequencing) w%auv?qﬁﬁmﬁﬂﬁ‘léfmLﬁﬂmﬁﬂu
audniusiugiudeya GenBank Tnelld Basic Local Alignment Search Tool (BLAST) uasdiasnzimnuauni
ANANAUTIFRTIMUINNT (phylogenetic tree) Wituiiauiu G. formosana (AF 460136) (Pelser et al., 2002) Tag

Tusunsu BioEdit, Clustal X 1.83 uaz PHYLIP software (Neighbor-joining method, NJ) #ifin bootstrap i1 1,000



Proceedings of 17" National Genetic Conference, 7-9 April, 2011, Chiang Mai, Thailand

HALATIANTD
Tumsinndnsuemadugnidnenassdnnnmeniing 32 fete wudddnuos biuansei ey
dnwnuzAsudnenng e dduussdunanslufi@ideatuinadnden LLﬂ:Lﬁﬂﬁ’\ﬁQﬂﬁwmﬂqn wudninag
watuassedioafidiu uszdunanalu wieenslsfmuliaansafinaen dluszazsnasnm 2 T NNFaLN
lumslinsviszdulinana Tnamaiia PCR usumds tmL (UAA) S'exon uaz trlL (UAA) 3'exon Fonglng
wef ¢ uaz d luynaedne nudiTuRdueRemnaienlszun 550 Alua %qﬁmmm%uﬁt.ﬁumlm’ilﬁmﬁumqu
ffaunessnn 577 Alud (Taberlet et al, 1991) Wiemhaduiealelnfressaetne GDO01-032 fu G,
psudochina uax G. formosana Fadlufinluanauitniu saeilunsdifeaiy fe 2. violacea unz W. triobata i
?Jmm:ﬁﬁumm'lugﬂn']w‘?; 1 3amd1 Z. violacea uaz W. trilobata uaRANUANF LT AAY urlaiunnsinansly
wiuaTldd wazsziuana sniiu GDO06, GD026 uay GDO32 ﬁmmnﬁ\mﬁm’umﬁ QIR WATTIBUUMY ANAIAL N9
ﬁﬁn‘mﬁmmﬁtﬂuﬁmﬁﬂaniﬁdﬂﬂ‘[mﬂm?ﬁn‘ﬁﬁ Lmzﬁfadqﬂwmmnﬂrmﬂ%unﬁ@lﬁtﬂuﬁmuﬂws CRGRETIITITG)
m?wmamamdqu'lumiuwummumnrfmnummmﬂumﬂaiﬂ‘lwm"l,ummu\: trnl (UAAY intron me.,t,ﬂum@mq 1
fanannumaaiiei '
aspnandadlumsfinuniieluang Gynura ludwiis tml (UAA) intron soeenfues c uaz d ddednin
unsAnmanumanussmesiugnssu s fuatad uazluszAuang P Vanijajiva (2008) wuidniimauiuuls
maRugnasuszrisanaluszium sahudaiinausiiuiias Keonsunidu b B uneealmanadiidue
AWM trT-L intergenic spacer, K intron wazlulsTulmueama e faumie ITS1, 5.88 uay ITS2 Gy Pelser
LAZANE (2002) TIENNNTNRENALNLANANITEY Senecio sect Jacobaea Fuuittluaadmunz gy soutims

14 marker 814 1 RAPD ietlsznaunsinsasall

Gpoz20
GDOZ5
Gooes
GD0o29
Gpo37
Goo3o
GDoz38
Gro27
GDo24
GDO23
GDo22
GDo27
Goo19
GDO718
GDo17
GDOo16
Goo15
GDo14-
GDo13
GDoO12
Gpo11
GoDo10
GDoo9
GDoo7r
Gynura formosana
Gynura psevdochina
GDoos
GDoo4
GDoo3
Gooo2
GDoo1
| GDO26
GDo06
GDo032

~ Zinnia violacea
- Wedelia trilobata

.01

Figure 1. Phylogram analysis on trnL (UAA) intron sequence of chloroplast DNA, 32 varities of G. divaricata
comparative with G. psudochina, Zinnia violacea and Wedelia trilobata as well as G. formosana that

from GenBank using bootstrap 1,000 replicates and Neighbour-joining algorithm
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