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## 4672395423: MAJOR BIOTECHNOLOGY
KEYWORD: Cytotoxicity test / Proliferative / Anti-proliferative / Pueraria mirifica / Butea superba /

Mucuna collettii | Hep-G2 cell / human liver

WANRAWEE  SANGKAPONG: CYTQTOXICITY TESTS OF EXTRACTS FROM

This experiga®fl | igfied /19 el : ProlifcrVe. and antiproliferative
effect in vitro of the it ¢ fafts Gwllitc KW, Rtna, Pugraia mirifica, red Kwao
Krua, Butea superba ang/blagl Kfvaak faa; Muct e Mo human hepatoblastoma,

Hep-G2 cell line. 7 efc iNcubated.s 3 ex¥egis at the concentration
of 1,10, 100 and 1000flz/ngfl ff 3"days andh #%y\ o lhc Rbrcent of cells viability by
MTT compared wigi*the gbntgP| 05 5 Mifica extracts collected

from Nan (1000 pg/ml)@hd

and anti-proliferative effecl

hibited most proliferative
et ; ihcrba extracts collected from
Chaing Mai (1000 pg/ ) an@’=Khon" Kaer ces (1000 pg/ml) exhibited most

proliferative and anti-prolife: aliye.

collected from 131 00 pg/ml i{)\ca& (1000 pg/ml)

exhibited most profuferat I-antr-proit Very interesting,

proliferative effect 1ty e ct ni' the plant extracts
as normally the hqﬂﬁucytes can do rapid cell division |t" the hé&patic tissue is damaged.

Besides, the annpmh e effect to the cells enable establishment of study to

"‘“"’ﬂﬂ“El"mﬁﬁﬁ WEINS
Q»W'mmmummma d

amples of M. collettii extracts



vi

ACKNOWLEDGEMENTS

I would like to express my deeply appreciation and grateful thanks to my advisor,

Associate Professor Dr. Wi sart, Department of Biology, for his
extremely helpful  guidam N stiofiss” of Jhual encouragement and interest
throughout this study 2 g h e plant samples from his own
research. ciate Professor Dr. Sirirat
Rengpipat, Dep idance, Assistant Professor
Dr. Kumthom

Nattaya Ngamrojanayy /Pogrgm iniBiolectmologygintbeir valuable comments and

Bmiand Associate Professor Dr.

all suggestion

Special thagks

Biotechnology#Faculff of ! alglalor Unikersity for access to use the

Watory facilities, Program in

necessary instrumgffts fgf n 1 1Ke W ssistant Professor Orawan

Sattayalai and Profi ri ' ind permission to use inverted

microscope and ot g hj' ] ig ‘_;_j_ !' ‘/ cell ¢ ‘. ab.
I would parti _' rly 4 Atke730 thank tlt of Biotechnology and Genetic
Engineering, Chulalnngkorn ?_"l& i}rmg cancer cell lines and technical

P
Al

support of this thesis.

I a:r@ 55 ,,,,,,,,, e )ol]eague to excellent
assistance ﬂt f | }nrisaer:, Miss. Sutijit

Miss. Virasinee Trisap

-
-

Sriwatcharakulﬂss‘ c arﬁ:
and the members/of Kwao Krua Research Labnralnry Dep':l

generous hcip

A HINBRINEINT -

15 project was granted brCentraI of Ex-::el] ce in Biodiversity, F ty of

QW’]WWWNW]’MH']&EI

ent of Biology for their



CONTENTS

Page

THAI ABSTRACT.. iv
ENLISH ABSTRACT........... v
ACHKOELEDGEMENT vi
ABBREVIATION.......» vii
CONTENTS.......... - s gl
LIST OF TABLE... . o--.. | X
LIST OF FIGURESS.. ... X1
CHAPTER [ INTR 1
CHAPTERIT L 3
2.1 Botanical ch : 3
2.1.1 Puran‘g“ i 3

2.1.2 Buteagpei i 7

2.13 M’ucuna,' e: g 10

2.2 Pueraria monfana . lobgllien s sttt - - - - - . S 12
2.3 Biotransformation® 13
2.4 Cy‘tutoxicilyi..........? 1.,,{@?-; ‘ Lo 14
2.5 Methods for thg. 15
2.6 Mode 4828 16
2.7 The rolsgfx f 18
2.8 The use ofigy totoxicl it : ~ 19
2.9 Cytotoxic andeab:ht}; assays.. “ 22
2.10_ 2
22

23

2 ]ﬂ' 3 End-point used to qu‘nate drug ef'fect

q mmmmmm NYA EJ

3.1 Chemicals and equipments

O N TS (g D e Nt S A e R e Ry 30



1%

3.2.1 Plant powder preparation.................... A R s 30
322 Plant crolde mxtractin . iiiiuiiiiahanssasassssiasesanessssssnsnenis 35

2.3 00HE anll CEIL RIS . oo vvatninsismiss s S R e S e 35
3.3.1 Subculturing......... d e 36
i | day 36

38
38
40
40
, v ] el with Pueraria
mirifica.... .l 2 AN 40
43 Proliferaiie anghny o P.lobata.... 47
4.4 Proliferati\:’ , ith puerarin...... 47
. | , Gklls test with Butea
superba...... 4 fi ...... ' "k h,  VEE— 48
46 Proliferative any lls test with Mucuna
CHAPTER V DISCUSSIQN TR 58
Pv:rspactiws.,;l | T —— 62
REFERENC%,- . 63

APPENI}ICES..ﬂ ..... 74

collettii..

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ




LIST OF TABLES

o Page
Table 2.1 smice]lcansti . mirifica ............... 5
Table 2.2 clie ' 9
Table 2.3 e - GACll : ‘ jcal constituents in M.
m— 1
Table 2.4 16
Table 2.5 17
Table 2.6 v 1 , 18
Table 2.7 s o g5, ghgmical sub ! N : Sehacts on human 26
Table 4.1 € chag W SESTR 40
Table 4.2 Fowtf re pértentuce o Wiices collected P
mirifica g I:L A0 mparec " W ifica population, P.
lobata 8 t"‘ ‘ e :ﬂﬁ | Rer 52 cell culture (P <
AT, 41
Table 4.3 C0f 24 provinces collected B.
8. superba population
49
Tabled4 [y X8agt on Hep-G2

ccﬂu.m 0.05)...... 56
ﬂuﬂ'mzmswmm

ammnmummmw



X1

LIST OF FIGURES

Page
Figure 2.1 ; lowt rs ous roots and (d) pods of P.
j MiavgMai o s 4
Figure 2.2 ,,E bes of i s found in tuberous
6
Figure 2.3 s section and (d)
Figure 2.4 Qe M. colletti ...... 10
Figure 2.5 “ : ‘ } 12
Figure 2.6 pEitic gt sging ogen e - .......... 14
Figure 2.7 ! ‘ ‘ P ! .- | fiayiny ) druf  (metabolite)
cytotgiici ' 8 ich iy ha, h P aly for efficacy or
toxicity. 4. : \ 15
Figure2.8  The X 'nf 19
Figure 2.9 A schemaf€ repros oD | i'_ (o Bftotoxicity assay........ 21

Figure 2.10  Molecular structope=of—MTESS its corresponding reaction

products,__ WUW 25
Figure 3.1 @u ) 31

Figure 3.2 y &

Figure 3.3 S:ﬁesa |- 34

Figure 3.4  Clrracteristics of human liver hepatob]asmma c;.: S under inverted
MICID‘ 74 B4 . " S 35

*ﬁﬂﬂﬂeﬂﬁﬂiﬂﬁfmﬁ“

square. There are encig8ed by triple m! ines and are furthr:r

L2 ANSAINIINGIAY

the concentration of 1 pg/ml, significantly difference with Mean of

P. mirifica population, P. lobata extract and the DMSO control (P



X

Page
Figure 4.2  Proliferation and anti-proliferation effect of P. mirifica extracts, at
the concentration g |
of P. mirifica
(P<0.05 44
Figure 43  Prolifi irifica extracts, at
the piference with Mean
e DMSO control
45
Figure 4.4 ca extracts, at
the icattiy, difference with
@ Sact Ind the DMSO
fo.0f).....2 AN 46
Figure 4.5 P lobatcxivact onthekyay thb Hep-G2 cell culture.
N h - \ 47
Figure 4.6 Lk on_the grow - B CRITE. . oo cosvnrsvns 48
Figure 4.7 iCliect of B. superba extracts, at
sference with Mean of
50
Figure 4.8 extracts, at
nce with Mean
52

Figur -] L s, gt e
. superba populallun and thc DMSO cﬂnlrol (P<0.05)............. 53

thure 4.10 Proliferation and anti- ;‘Ilferatmn effect ofiysuperba extracts, at @

q W’] MMM% RN



X1

Page
Figure 4.11 Proliferation and anti-proliferation effect of M. collettii extracts, at

57

AU INENINGIns
RININTUUNINYAY



CHAPTER 1

Introduction

Among the pg oIhgt " he : ao Krua plants are the most
interesting ones. 11 ‘ hite Kwao Krua (Pueraria

mirifica Airy S mayButea superba Roxb.) and

black Kwao Krua (jé , dlledii|l a Pl Ly long-time been used in
traditional medicin ot Pu W been used as a rejuvenating
medicine su ' , “ indi n i nt were suggested for a
traditional purp schfash =l €1 ! o' bd blackening hair, a relief of

"hd breast enlargement in

women (Ch , 2001 B. superbi ol 1l ve been consumed among

The use _' 2 Wmod Is s an 1 gpensabli toallof current research into the
biological activity uk-exiracts a- er iSglnown to be the main site of
xenobiotic biotransformate] e Bf this organ to express a plethora of
enzymes, both quantitativels
widely %:
genotoxicity ¢
This cell Ii

grefore, cell lines of liver origin are

i etabolism including
D

jw muost versatile one.

négel nsiormally lost by primary
. !
1980; Aden et 1979) In the fields of

hepatocytes i jculture (Knowles et al.,

experimental tn#: and plral'mznt:l:-Iszng:-,rr lated human hepatocytes have been

ﬂ:ﬂﬂ”’l‘ NENINYIMT-

uhsm and detoxification [Dv rak et al., 2{]{‘!3}
IE

q mm AT e

The basal data should be rapidly and fully established to support the product

development. Our study will focus on evaluation of proliferative and anti-proliferative
of the 3 plant extracts to Hep-G2 cells. The data should establish quantity of active
compound in plants that safety for consumers. The plants with high proliferaive might



increase the rejuvenate activity. The plants with anti-proliferative effects are also
interesting as they might be good sources of materials that could be developed into

anti-liver cancer drugs.

Purpose of the study 1:“{" :
To evaluate tig /

te, P. mirifica, red, B. superba

and black, M.

hepatoblastoma

- gmwth of human liver

ﬂﬂﬂ?ﬂ&lﬂﬁwmﬂ‘i
RIAINTUURIINIA Y



CHAPTER 11

Literature Review

snIKw
mivificr Pt 7 Bllettii were classified into the
family of Le Osae 4Ridiey, 19 ) ,‘\L Sevatti, 1978). The name of
Kwao Krua was 3 Aph, I H‘u_ Wegenus. At least three kinds of
Kwao Krua, th od'3 |
term consur 4 inQ@
2.1.1 erafia ghird
. - .
Thailand, knogdl as

is a Iung-livihg w

eycommonly found and long

is an indigenous herb of
ite Kwao Krua). The plant

\three foliate stipulate; terminal

leaflet. Tuberow® roghs are .‘ ried s and "'u‘ hap®s. Flower are bluish-purple

legume shaped, floy , octurred dus an®firy to early April. The length of
the inflorescence of ce tz i1l Tow Ximately 15-40 cm. The flower contained

five sepals and the, eels. Pods are slender typically

short or gle wgate, smootl then fully matured and
dried whigh %,4986 ; Cherdshewasart
unpuhllshﬁdﬁa, Fig |.

ﬂUEl’JVIEJ‘VITWEJ'TIﬂﬁ
qmmnsmmmnmw
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Figure 2.1 (a) dh{iﬂ flowers, (c) mhmurnmh and (d) pods of P. mirifica from

AUBINBNTREING
9 m RSN NI Y

compounds were shown in Fig 2.2




Table 2.1 Summary of the chemical constituents of P. mirifica

Categories Chemical constituents References
Isoflavonods Daidzein Ingham et al., 1986
Genistein Ingham et al., 1986
Ingham er al., 1986
S ggngham et al., 1989
Isoflavone ‘ harn etal, 1986
glycosides

‘ ez‘af..

1986 ; Ingham er al., 1989

Nahdihi e al, 1957

al.,

m et al.,

1986 ; Ingham et al., 1989
1989

Chromenes P o o . 2 % ®hocWer e al., 1940

Bollind and Pope, 1960
1Mones and Pope, 1961
ansakaew et al., 2000°
Chansakaew et al., 2000

: ' \ B:M al,
Sterols 'l B-sitosterol Hoyoe 1971

. 1986 ; Ingham et al., 1988

1988

1gmas1'.c:'rul Hoyodom, 1971
Tttracosanmc acid Chansakaew er al., Zﬂﬂﬂb

QW’]&NT]?EUN

Mmilf'ed from Pannansaen, EQD_‘_Subtan 200

ﬁ'mmaw



Isoflavone and Isoflavone glycosides

Glu

a\@nf\@ O ] O

. ﬂ(‘H}
L
HO OH

Kwakhurin

R e =

oflavonoid nucleus 17p- e ml

gugananingns._

P. mirifica.

QW?MT]?MNW’]’JV]&H&B




Chromenes

Isomiroestrol

i TIEI 1 mgwmmﬁ ‘5"2“'2“;’::;

HBG production canllnues to be high {Mousaw and Adlercreutz, 1?93}

pinnately three foliate, acuminate leaflet and long leafstalk. Flowers are large with

yellowish orange color. Petals are three times longer than the calyx. Pods are 3-4



inches long, oblong shaped with silvery silky short hair (Kruz, 1877 ; Brandis, 1990)
but only one seed present (Cherdshewasart, unpublished data, Fig. 2.3).

The plants were found abundant in the forests of the north, middle,

northeastern regions of Thailand (Cherdshewasart unpublished). The tuber and stem

of plant has been used in m

fl 183 EJ nInEINg

Cherdshewasart

ﬂﬂm‘ﬂi’&; HURAIRE Y

yhc™ acid, steroid, steroid glycoside, flavonoid and
flavonoid glycoside (Roengsamran er al., 2000: Ngamrojanavanich er al., 2006 in

preparation). The chemical constituents and their structural formula found in the

tuberous root is summarized and shown in Table 2.2.



Table 2.2 Summary of the chemical constituents of B. superba*

Categories Chemical constituents References
Carboxylic acid Straight acid carboxylic acid Rakslip, 1995

(C22-Cae)

Mgamrojanavanich e al,

2006 in preparation

_——-—; Mgamrojanavanich e al,

a‘
2006 in preparation

Steroid

Steroid glycosid pamrojanavanich et al,

2R06 in preparation

> Dgamrojanavanich et al,
%6 in preparation

NRakslip, 1995

gamrojanavanich er al,

Flavonoid
2006 in preparation

Ngamrojanavanich et al,
2006 in preparation
Ngamrojanavanich ef al,
2006 in preparation

vand Seshadri, 1949
rda and Reddy, 1998"

(1,2)- o- 1 thamnopyra a‘

‘ 3,7-dihydroxy-8-methoxyflavone-7-  Yavada and Reddy, 1998°

B superba is the Thai ‘admcma] remedymown as “rejuvenatiffgd and

RGN AUHATIRY IS

of most promising approaches for treating Alzheimer’'s disease by enhance the

acetyicholine ievel 1n the brain (Enz er al., 1993) and methanolic extract of B. superba
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at concentration 0.1 mg/ml also could inhibit activity of acetylcholinesterase 55.87%
(Ingkaninan, 2003).
2.1.3  Mucuna collettii

M. colletti or black Kwao Krua is a large woody climber, 30-40 m. in

¥

and flat. Flowers wing dur s March (Pcngklm, 1997

o

Figure 2.4 (a)/ljeaves and (b) stems of M. collettii, Photos c‘i‘j&‘. collettii

f MEJ ANYNINYINS.....

i acetate crude extracts namely; Kaempferol, Quercetin and Hopcaphcnn]

W‘i“ﬁiﬁﬁ%mﬁwﬁ NYIRY




Table 2.3  The structure and bioactivity effects of chemical constituents in M.

collettii
Category | Chemical compound structures Bioactivity
Flavonoid e Accelerated the tumer necrosis factor

ARANIATAI NN

alpha induced growth inhibition anc
apoptosis in MC3T3-E1 osteoblastic
cells (Son er al., 2006)

Up regulated expression of several
* tumor suppressor genes (Erk et al,
9605)

( Reduced superoxide  dismutase

Rhactivity the
pnaldehyde content in BNL SV

.8 cells (Son er al., 2004)

and Increase

-

L %
®
L
!
' L ¥
%

.,

[Mutbited apoptosis in vascular smooth

Mpuscle induced by a component of

"\ , oXidized LDL (Ruiz et al., 2006)

& Exhibited the strong  antioxidant

' activity (Yu et al., 2005)

Exhibited the strong antibacterial and

antiviral (HSV-1) activity (Ulanowska

al~2006; Lyu et al., 2005)

ublied aflatoxin B(1) biosynthesis

’ rgi.".!'m Sflavus (Norton, 1999)
leukermia P-388

}Eﬁ.ibited murine
L
cclls with ICsy of 5.7 uM (Sahidin et

f al., 2005)
\ ﬂxhil tﬂlﬁm activity against
LR eth®ilfin tant Staphylococcus

aureus and Mycobacw smegmatis

biosynthesis of leukotriene B4 and

why

strong antagonism of the histamine

acceptor (Huang et al., 2001)
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2.2 Pueraria montana var. lobata

Pueraria montana var. lobata (Kudzu) is classified in the genus Pueraria .
Family Leguminosae and subfamily Papilionoideae. It is one of the earliest medicinal
plants to be used in China. Root of this plant was used as an antipyretic, antidiarrhetic,

diaphoretic and antiemetic age leg al., 2004). The fruit is a legume, a pod,

drphdeve t/t bivalved usually dehiscent structure,
o e /95( multitude of shapes, from tiny
ne qsd 1o Y legumes up to 2 m long and

rou ndc‘i Slru{:[[]]'cs'h aicy —_
10-20 cm wide, the - el thg I{mus in the world. Kudzu is

resulting from a superior g

such as beans and

widely spread over.g

| 1) WEI'VITW g9

Ihc isolated -::::-nsnluenh ethanolic extracts of P. lobata are flavonoids,

GER Rty s gt tighy]

aidzein, daidzin, puerarin, 5-hydroxypuerarin, 3’-hydroxypuerarin and 3'-

methoxypuerarin (Jiang er al., 2005).

2.3 Biotransformation and metabolism
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The metabolisms of isoflavonoids and lignans show similar patterns in animal
(Price and Fenwick, 1985) and human (Adlercreutz ef al., 1991) whereas coumestan
have not been identified. Afier consumption, isoflavone and lignan glycosides are
probably hydrolyzed within gastrointestinal tract by gastric acid (Xu et al., 1995) and

intestinal microflora hydrolysis g . The precursor of genistein and daidzein are

(Figure 2.6). After absorption,

Heated and then excreted in urine and

bile. The reconjugime of aghy ith g atTiconse=#®1d and sulfuric acid is function
by hepatic phase : . (Morgton el-whagd894. . Adlercreutz et al., 1993).

, H‘ 1.._3‘ cleavage (Andlauer er al.,
2000). In husmef a 1€ Wotd ablorbe nd. inReater amounts than their
‘ ) gvonoids is found at the
range of 7- 8 hr af§fr ¢ Mg and Bursill, 1998). Those
a plasma (Adlercreutz er

g8 (Adlercreutz et al., 1991),

isoflovones hg
al., 1994), amniolf
feces (Adlercrgz e, IP {1k (F 4 G uste 6), saliva, breast aspirate
(Hargreaves et alj "" e i (1 “gh AR 991).

Biochanin A. i formonetietin g bolize by gut microflora to genistein
and daidzein, respecfivelyy *d in can er métabolized to 4-ethylphenol and

daidzein to equol, dihydrgdai langolensin (Anderson and Garner,

1997). Th ‘.!: 1at eq Mo x i
phytoestroperntmhich-areonen-tound inhiahe Y FTY RTTe e ”,.“, Ll attices and mxeit
significant & .

il

ant effect than other

-
111
L

ﬂUEJ’JVIEWI‘i‘WMﬂ‘i
ammnmummmw
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Figure 2.6 boltsm in intestine (Anderson and

C I"f"

déat Essalial cellular functions

24

and sun-::ture ' has lon® 1 to as both drug efficacy and

drug toxicity in vitro. In terms of drug toxicity, cytotoxicity assays have been used to

# umzw ANy
ﬂmmnsmummmaﬂ



Efficacy Toxicity

._“‘

| Toxicity

dgllz (metabolite) cytotoxicity,

acy or toxicity.

25  Methods for theaf ”‘_"/mff |

‘ '“- n described (Table
Db Thesd canbe divided mto direct and ndirect methods et al., 1994). The
direct assaye gl e Fackcextrapolate cell densities
in cxpuncntim proliferating cultures; they are scnsi:@ and directly measure

surviving ﬁ'actm’ cells, but suffer Frum major disadvantages of being labor-

AUBINININYINT: =

measu rement of (Woolf, 19

QRIAFUNATING T

- Exclusion of dyes or enzymes

- Decrease of intracellular ATP content

- Formation of a colored or fluorescent product from a precursor
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- Release of a labeled compound or an enzyme from damaged cells

- Total cell biomass

Table 2.4 Some of the methods used to assess cell death (Woolf, 1999)

Assay

Trypan blue dye ex

Tritiated thyn J1-JAR) release. “dse oflbeled compound
assay ' W '
*'Chromium (0F) relgnsel L 8lcase oM@diolabeled compound

. + |
Europium I(Eu3 fluorescent compound

ATP bioluminesc ke of ATP from damaged cell

Almpst an T A e Betoxicity assays. When toxicity
of an age a Q’I cells derived from
that organ --- , p@ content of activating
and demxifyitﬁ NZYyme! SIS is 0@ not possible to directly
extrapolate the data obtained from the ammal h;:- humans. So an alternative is to use

HTIAETSNeNS

There are two fundamenta‘yp:s of cell dtaihﬂﬁp[ﬂﬂlﬁ and nccmm

RTRINIUANT2 N8

physical and chemical trauma. Because cell injury is extensive, there is often an

inflamimatory respoiisc thal is required (o clear the debis.
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Apoptosis is more subtle, and it is the most important form of programmed
cell death. On exposure to the noxious substance, the cell undergoes a complex series
of molecular changes (which are not fully understood) that ultimately result in its
death in the absence of an inflammatory response. However, in the late stages of

apoptosis, changes similar to ne

ngy be seen within the cell; hence, simple dye

exclusion assays cannot besuS§eg

i g the two forms of cell death (Majno
and Joris, 1995) ,g AL /)
9

= - - a’
Table 2.5 Morphologicaldistfictionbetwer

Sl — et

——

_and necrosis

e, Necrosis
patches or areas of

Apoptosis
o Death of isgk

dc

e Chromatin ¢ densgliot Al e y cafglle swelling and whole-
shrinkage and cgf shy '

o

* Budding of plasmalfnen i,-W _ plesma membrane

‘ ‘ !-I ol iy E\ 1 - -
¢ Late loss of memfbran@fintegrith Ji 1y los "\ ' brane integrity
¢ No inflammatory i fMira A A ; natOfy infiltrate present

» Phagocytosis of dying ceMshy B0t ytosis of dying cells by professional

neighboring cells

« DNA la i B @datinn as a late
:]ectmp!t : : J

iy

Apupmm‘s ergy-dependent pr@@g#s that can run a very fast course (34

LR37 RER ean 1wl s bom}d o e

y, DNA fragmentation uccv at 300 or 50 ki Iobase (Kb) pair miﬂwalws Is

IR ANURIINGIRY

by activation of calcium-magnesium-sensitive nucleases, which have not yet been

Initi

fully characterized. The complex series of molecular events underlying apoptosis are

not fully understood; several genes appear to be involved (Table 2.6 ; White, 1996).
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Table 2.6 Gene products influencing apoptosis

Enhancers of apoptosis ) Inhibitors of apoptosis

Bel-x, Bel-2

Bax Bel-x;

v ’///é:;

A : y—slimu!aling factors

%

c-myc

Necrosis ' ¢ AHOPLosis, is - Mlependent process, and is
characterized by a I TP content (Corcoran ef al.,
1994). Membrang

as the injury becomed eversible, there greSglon from subtle changes in the

n We pathogenesis of necrosis;

dam
membrane ionic pumps (0~ DONSPECIICEMBrtase in membrane permeability and,
e ¥

laeglogy and toxicology

have usedk . 2N ‘chen apoptosis and

2.7 _ The role ‘ﬂbohsm in drug cytdibficity

@ﬁﬂﬁ"ﬂiﬂ NN

excreted harmlessly from the bodg This process maﬂqulre one or more 1

A WIARKITI A RTINLI T

adequately detoxified, can bind to various essential cellular macromolecules in vivo
and, thereby, result in different forms of toxicity. /n vitre the formation of chemically

reactive metabolites will often be manifested as cellular death, irrespective of the
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nature of the macromolecule to which the toxic metabolite binds (Woolf and Jordan,
1987). A drug may undergo sequential phase I and phase Il metabolism, or
alternatively, 1t may undergo only phase 1 or phase 11 metabolism (Tephly and

Burchell, 1990).

Stable e
Metabolite Toxicity
Excretior

Autologous
Protein

|

Hypersensitivity

AN Eus TN

[L'm-‘.}th, enzymes), either within the liver or in the target tissue, to their active

corﬁnems that then mediate the tﬂ| 's therapeutic acfioh, ‘ Qs
AWIANDN IS im ANEIRE
q .8 ‘lﬁjfrylm city as an indicator uawug oxicity

By definition, a chemically reactive metabolite is unstable and it may not be

possible to characterize it directly by routine analytical methods, such as high-
performance liquid chromatography (HPLC) and mass spectrometry (MS). To assess
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the formation of these metabolites and their possible role in idiosyncratic drug toxicity,
various methods have been used as indirect markers for their formation (Pirmohamed
and Park, 1996). These include the following:

- Covalent binding to proteins

- Immunological detection ug protein conjugates

- Trapping of t

A two-stage in Sibtoxitity'a Foge2.9) was devised by Spielberg
(1980) in an offedle 1 Aas e
metabolites, b

emically reactive drug
R ite-generating  system
(microsomes and : BINL) as a readily available
target cell. Th isfinglibate ~ -_ tem comprising liver

microsomes and JRNAQPHY #iid_JneGBa€d Wi Wpchpheral blood mononuciear

leukocytes (MML) tken Spatients i '.,\ d ith®4t idiosyncratic adverse

] - F o i\ A
reactions. Cytotoxty ghn by" vapi@usimethods, the most common

\
being Trypan blue dfe exehifion- plism \,_ stable and protein-reactive
metabolites within e sygl by f@sing HPLC and determining

covalent binding to the mi

e ' ’ pectively (Fig. 2.9). The degree of

ite jg~then assessed by the

af the v At the el Vol % o ) L, functional assay 15

complemerftaryt. (6 néthdds described in the
foregoing. Thﬁg'npnnance 0 Teeay e fact tha | veral variables can be

altered indcp-:nd?ll}i or in combination to inswcr different questions. First, cells

AUEINENIWEIAT
IR TN INGIAE
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RADIOLABELLED
DRUG
+ NADPH

TOX:C
METABCH_ITES

Cytotoxicity
r‘cnwg
LTT%

jcity assay.

_ _Iu  or the MTT assay has
B, used only if a microsomal
1 dsomes themselves may
metabolize MTT, : y for use when the toxic
metabolite itsell canffbe syfHES7ed"aMBMMbcn Bbated with the cells, as in
sulfamethoxazole hy drnx F'f 1989). Trypan blue dye exclusion

correlates with other indu ding lactate dehydrogenase (LDH)

release he of 2 c@alin a blastogenesis
(Spielberg S OREI i J
/18

Th | ‘ CIty, assay is that it lacks
sensitivity in ' any changes observed are small (Pirmnhzﬂ:l et al., 1991), and thus,

a negative rcsulvna not exclude the f'o n of a toxic metabolite from the

mlﬂ INNINBINT

nd is available, it may be more useful to combine the determination of both

IHATVIETA Y

1sadvantages of using the in vitro cytotoxicity assay in

he

QW

clucidating the pathogenesis of idiosyncratic toxicity is illustrated with reference to
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several compounds that have been associated with different forms of toxicity (Woolf,
1999).
2.9  Cytotoxic and viability assays

An intensive program to screen plant extracts and other natural materials for

cytotoxic activities ~Defnion-e Wy TClemst@®oents that are toxic to cells in
vitro. Cytotoxic ager . o8 : with cytostatic effect (those
that stop cell growth oc)dal bife cells). The techniques of

growing cells.d : ay€r Wye ben's cuently*#Bplicd to the cytotoxicity

testing of cang ipés. For ¢ 0! , e Gy, (concentration of drug
needed to in] \ Mbe dose-response curves for
each cell hines ” lua & the cytotoxic, mutagenic,
and carcinogenic g Ectadbf dhatvical cathos L\ h cells (Boik, 1996).

:'Il i,
2.10 Parameters§¥hig v%y

2.10.1 Céll cajfuire métl

reshney, 2000)

Seeding density depen h rate, and assay duration. It must

be determinegd indi ay~seeding densities are

typically e S pEr el OSSR Hn{crotitre plates. Time
zero valu -", &

e
absorbance urﬂ 5

M
* Drug solgbilization

AN NI SIS

l:nnqunds are dissolved in a sdl-;.rg:nt“subh as dimethylsulfoxide (DMSQ), methanol

or ethanol (EtOH) and filter steri‘;ed (0.22 pm por A 1:1 mixture of DMB@ and
: a B
n

QAR B HEARY

Ethanol is usually growth stimulatory in the 1-2% range. Different cells population

fic-asay, typically 1.5-2.0

exhibit different sensitivities to these organics.
* Drug incubation '



23

It 1s common procedure to incubate cells with drug solutions immediately after
enzyme disaggregation of solid tissue, or harvesting of cell monolayer by
trypsinization. There is evidence to suggest that susceptibility of cells to drug is

altered by enzyme treatment and does not return to control levels until approximalely

12 h after enzyme exposure. It mayghg

recovery period for freshly,diS§ alefl gtlly iggallow for this. Maintenance of pH at

7.4 is essential during-AlTSinBhbajion/ &m“uns nre
: ——

A ——
2.10.2 Duration efdrut

ore be expedient to include a pre-incubation

Assay duration jsfCiefin by, iWo, faplorangi) the length of time cells need
to respond to.am : xperj ime that cells can grow

before nutrient dggfetioy 1 if. Nutiept dépletian Ay evelops within 3-4 days

after plating unlessgfuligfesfarg 4 v Once % Pprogressive deterioration of
cellular health gfid vagbily e Bom8gle major artifact in data
interpretation. Nujffentgtiey n_gan be/Calib “ - the day-by-day

growth kineticg#t c 2 \ ull"-\ |ti¥¥&s that are fed daily. The

two curves begin toifliveige § g Mormally sets the upper limit

e

to assay duration 1f culures g

following a 1-day rod ”TL l

.

assays, 36-48 h assay period

kjuat® to detect the effect of a drug

while avoiding the necdga ﬁij’,b 'ﬁwﬁl ; l

2.10:3 En
A '-C.f—.... have h S E O TIae) ng the v]abﬂ”}r or
proliferatiof-#tice ’ﬂups:

e
1) Rt]ﬂf iductive assay hetreed 10 ctcnninqﬂf!r: number of cells in a

culture that are c?ab]e of forming colonies in viire. In these types of experiments,

HORPh RN IbAL i 4310 1 bt

cel]“mber_ These methods are very time-consuming and become impractical when

‘many samples have to be anal ea‘ A
q unt rable s thatexctudethe®ave. Colints Ban EBith

using a hemocytometer and stained with Trypan blue. This method is quick,

inexpensive, and requires only a small fraction of total cells from a cell population.

Therefore, this method is generally used to determine the cell concentration (cell
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number/ml) in batch cell cultures. This is helpful in ensuring that cell cultures have
reached the optimal level of growth and cell density before routine sub-culture,
freezing, or any experiment. Or counts can be performed mechanically using for

example a flow cytometer and propidium iodide. Alternatively, membrane integrity

can be assayed by quantifying the sglgage of substances from cells when membrane
3) Metaboli §5¢ , i ~ a tetrazolium-based

colorimetric assay “Horg 1 f 1983, a quantitative

MTT (3-(4 ; _ agbl L Al)-2.6-d\g “guazOWm  bromide) by the
mitochondrial ‘ : | ) : soluble formazan which
precipitates out of 3 3 Qe reaction (Fig. 2.10). The
assay measure o Wproduct is proportional to
the number of livy qQ with an ELISA plate
reader. The as AS e s ¢ 18 teMiltive to counting cells by
dye inclusion/excliifion Aoniter g the” 1seBo R Cr from lysed cells, or
incorporation of [3H} 1dnedinto cel DNA¥Bhe MTT assays have been used
with a growing nu fhe .fa L types i priMary cultured cells as well as
: ay is cost effective because of the

1 mrhe problem of radio-
-

J

-
| —

|
L

AUt nningns
w ﬂ‘?ﬂﬁm’l .,

Figure 2.10 Molecular structure of MTT and its corresponding reaction products.

establish cell lines. This‘,
number of. ¥

isotope andke

.=
t‘:—zlg'-_. uﬁo‘
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4) Direct proliferation assays use DNA synthesis as an indicator of cell
growth. These assays are performed using either radioactive or nonradioactive

nucleotide analogs. Their incorporation into DNA is then measured.

qualitatively. Theréforesmgall s s ivee =#€ widely used in biomedical
research invelving J L i » Ing-genotoxicity studies. Of these

cell lines, the Hep§2 et 1€ ie 1k st v Qe. his cell line retains many of
the specialize 1108 ndlhlos . . in culture (Knowles er
al., 1980; Adengg®al. J879f. 2%25\% W Ric VaxicRGRliver-specific metabolic
responses 1o diff—l B!

Additiggfllly, #
a wide rang& of '. o
(CYP) 1A1, 1A%, 2B C B4

Snplant extract (Table 2.7).
88) Hep-G2 cells express

such as cytochrome P450

ftolase, nitroreductase, N-
demethylase, catalgf ¢ reductase, cytochrome
P450 reductase and ,’ ";:l non jorediiclhse. Phase 11 enzymes such as
epoxide hydrolase,’ fota sferase, - e JS-transferase (GST), undine

glucuronosyl Lranferase

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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Chemicals Activity Concentra ‘ m’]ﬂ ‘\‘k\\\\ | Results Reference
Tamoxifen | Anti-breast 0.1-20 uMgh? | 45 L 2 Q‘PT!‘ w2 Meg@l cell cycle of transduced Hep-G2 | Holownia
cancer drugs ez decreased GO/GI  cell numbers, | and
‘ Ml ation index. Braszko,
T mostly in cells overexpressing | 2004
jificant effect on cytotoxicity or
afera of cells engineered to overexpress
E1 or on empty vector transfected cells.
Ebselen Anti- 1-50 uM i the suppression of growth Hep-G2 cells | Yang ef
[2-phenyl- | inflammatory LN oxide. al., 1999
1,2- he-dependent reduction of lactate
cenzoisosele geT wﬂeakage and malondialdehyde
azol-3- (H)- furmahnnmh}Mgen peroxide-treated cells
one] AQ to reduce the reactive oxygen species formation

AU 3 ﬂ NN

qmmn‘smumwmaﬂ

9z



Table 2.7 Effects of drugs, chemical substanc ESW maw::ma cells {(Hep-G2) (continued).
Chemicals Activity | Concentratig Jﬂ"’rﬂ: ‘ \‘ Results Refernces
Silymarin Componentof | 10- 100 pi'u'[ L WenWllen-dependent cytoprotection against the | Dvorak e
several : ‘ Wi both allyl alcohol and carbon | al., 2003
comercially l
produced |
hepatoprotective | 4
remedies.
Lipiodol Chemotherapeutic | 2% selective effect on the uptake of | Towu et
(iodinated and | Ao t0MC agents. al., 2004
poppy seed | radiotherapeutic B orubicin-targeted treatment of Hep-G2
oil) agenls to cancer | mprove the intracellular uptake and
patiens. | ——— ] otoxicity of of doxorubicin in vive.
Apigenin Antioxidant, | 25and S0 M PRS hERSESSI <4 cedWprogramme cell death in term of TNF-a, | Khan and
carbohydrate ‘ N-y release and induction of caspases activity. Sultana,
metabolism _,_,.J":." W;Q” ed caspase-3, -7, -10 and caspase-9 activity in | 2006
prumnm anti- J denfuanner.
agyﬁgauun and ‘! ""j)
anti-inflammatory
agent. -
Acacetin Antiperoxidative, | 1, 5, 10 an ¢ [nhibited ﬂm‘,ﬂ;ﬂ;l:ferﬂﬁﬂn of Hep-G2 by inducting | Hsu ef
[5,7- anti-inflammatory | pg/ml apoptosis and blocking cell cycle progression in the | al.,2004
dihydroxy- | and ‘ @&F phase.
4’-methoxy- | antiplasmodial L ' . 510 Shdl 0 %R ps3 and p21/WAF1
flavone] effects Q : . ' ‘ ot E‘g_ buti |3ﬂ elldcle arrest.

ARIANTANNIINYAY

LZ
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\\W/// |
e — 'ﬂ'
Table 2.7 Effects of drugs, chemical substances a;ui plagiertraots on fium: H,- resligpateblasioma cells (Hep-G2) (continued).

Chemicals Activity Concentration; Results Refernces
P. peruvuana | Anticancer, 10, 30 and 5§ : N Tt abonyl cyanide m-chlorophenyl Wu et al.,
extracts antimycobacterial | pg/ml igalown to induce cell cycle arrest and 2004

, antileukemic, _ & : ch mitochondrial dysfunction
antipyretic, . od T 0 (Wi PO sses potent antihepatoma activity
immunomodulato | y W = : 1l on apoptosis is associated with.
ry and treating idysfunction,
diseases. ‘ a ¥
Impila Treat stomach 10 mg/ml bndile AN totoxicity in Hep-G2 cells im vitro | Popat ef
complaints, involilks Mpletion of cellular glutathione. al., 2002
cough, tapeworm Erevagng glutathione depletion by supplementing
infestations and | e ?f.f;*-" Is with N-acetylcysteine reduces cytotoxicity.
- | impotence. :
Troglitazone | Antidiabetic agent L ,ﬁ'ﬂf_':»ﬂ‘_ ed apoptotic cell death characterized by | Yamamot
e oS . 3
' Tﬂﬂ fragmentation and nuclear | o ef al.,
\ 2001

iy be one of the factors of liver

ﬂummmwmm
QW']Mﬂ‘iﬂJNW]’mmﬂEJ
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CHAPTER III

The chemieg) £ 1, Dolierd : , thiss isted as follows:

Dimethyl Sul ulde,.- (RNTSQ

EDTA v y AN NS
95% Ethyl alcoholy 4 N : oh8Refinery, Thailand
Ethidium brogille o f of. 53 \ Sicnia, U'Slh.

Fetal Bovine Seruf ' A W5 e AG, US.A.
Glycine ' B A 4 S 8icwis, USA.

M'ic'r | N /el J.S.A.

Peurarin a, US.A.

Phenol red Fishér Scientific, U.S.A.

Potassium chloride ikisher Scientific, U.S.A.
Potassium dishydrog
RPMI- 1640 e liiii——i0chieme 2, 1.S.A.
Sodium bica¥ebigte of 5.5

i ¥ 1
Sodium cmnri;‘ Fisher Sciitific, U.S.A.

Sodium di- hydrn phusphat: Merck Germany

A ANYNTREINT

The equipments and supplle‘ used in this studglige listed as follows:

FRIANNIT i antIae
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Automatic micropipettes P20, P200, and P1000  Gilson Medical Electrical S.A.,
France

Biohazard Faster, U.S.A.

Haemacytometer Bright-Line, U.S.A.
Hot-air oven \\ // ntherm, U.S.A.
Inverted microscope us, U.S.A.

Microtiterplate 9&@ ‘ mmark
Microtiterplate rgadene ‘ Itiskan®, U.S.A.

dical Electrical S.A.,

Pipette tips 20, 200 znd :

Rotary evaporaid
Tissue culture flaskg
Water bath v _ A A G
Water jacketed C :- ol T W rma, Japan

32  The plant giite
3.2.1 Plant pg Rt er al2004%)

The 5 .r' ots_-of -the . mirifica were collected from 28
provinces of Thailand, incli "___,; s | Mai, Mae Hong Somn, Phayao, Nan,
Lampang, Tc ' ‘ nulnk, Phetchabun,
conphiens Plety ivakern sawan, Uthar Thani, Saken INa @~ PNong Bua Lam phu,
Chaiyaphum Nake faburi, Phoachin Buri,
Ratchaburi, Phetghaburi, Prachuap R Knan and Chumphom (Cherdshewasart ef al.,

2006, in preparau? : Fig. 3.1).

ﬂUEJ’J'VIElVﬁWU'mﬁ
Qﬁﬁﬂﬁﬂimﬂﬂ’]?ﬂﬂ’lﬂﬂ
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Mo Provinces
Chiang Rai
Chiang Mai
Mae Hong Son
Phayoa

Nan

Lampang

Phrae

Lamphun
Uttharadith
Sukhothai

Tak

Phitsanulok
Phetchabun
Kamphaeng Phet

L= - | (-] (%] La fnd bt —

=

Nakhonsawan
Uthaithani
Sakon Nakhon

MNong Bua Lam
Phu
Chaiyaphum

, Nakomn
Ratchasima
Sarabur

fll ., Lop Buri

0 e Mo S rm=
A NeaNI NS
N0 ¢ e

RIASNIUYRANHARE

al., 2006).
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The tuberous roots of the wild B. superba were collected from 25
provinces of Thailand, including Chiang Rai, Chiang Mai, Mae Hong Somn, Phayao, Nan,
Lampang, Phrae, Uttharadith, Tak, Phitsanulok, Phetchabun, Kamphaeng Phet, Nakorn

Buri, Chachoengsao, Chd i < \: e wasart urrpubhshed F:g 3.2)

ollected from 4 provinces

of Thailand, includ } i ,%mpang, Kanchanaburi

(Cherdshewasart, un

ﬂNEJ’JVIEWIﬁWEJ']ﬂi
RIINTU UM INYIAY
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No. Provinces
Chiang Rai
Chiang Mai
Mae Hong Son
Lampang
Uttharadith
Tak
Phitsanulok
Phetchabun

L -] == =l (=1 A = fad b —

MNakhon Sawan

10 Sakon Nakhon
Loei

Nong Bua Lamphu
Khon Kaen
Chaiyaphum
‘‘‘‘‘‘‘ MNakhonratchasima
Srisaket
Kanchanaburi

Lop Buri

Saraburi

=

o 19
111
'ﬂ 20 Ratchaburi

Prachinbun

'ﬂ-ﬁl’ UNINYINT

24 Chantaburi

MR1INYIAY

Figure 3.2 Sources of plant materials; B. superba in the experiments.
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11% NENTNEIE

AR AMINETAY

Figure 3.3 Sources of plant materials; M. collettii in the experiments.
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3.2.2 Plant crude extraction (Cherdshewasart e al., 2004%)
The plant powder was extracted with 95% ethanol by incubating 10 g of

plant powder with 100 ml absolute ethanol for 4 days in dark place. The supemnatant was

quently evaporated in the rotary evaporator

N-1000 until completely dneaalTe

i g vk stored in light-protect bottle at 4°C
until used. NLLEF) -z/é En-p
33 Cells andgabelTlace”

Hep-G2 1B phol Ogjeal ™ Hep-G2  (Human liver

= |
o
g
=
=
0=
=
z
e
7]
Tk
o=

hepatublasmmia') ce A5 gbi s\(kig, 34 . Wie jep G2 cell lines have been
isolated fro ivesbiafsy of. a m bod 16 ves , a well differentiated

hepatocellular car . THe gells afes _ epdtoc Weuction as an in vitro model

N

Q

Y
e
- ey

Figure 3.4 C’lﬂﬁsti{:s of human liwhe;nalublastoma cells under inverted

AUTTNUNINEING

mllep—sz cells were obtained from the American Type Culture Collection; ATCC

. _HB8065, storaged at The_Inflitute of Biotechn®io®y and Genetic Engife€r
q MIF1630 " medium with ium bicarbonate. Serum supplemented medium was

prepared by adding heat-inactivated fetal bovine serum (FBS) to basal medium. The cells
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were routinely propagated in 5% (v/v) serum-supplemented medium at 37 °C in a
humidified atmosphere of 5% CO; incubator. The cells were routinely subcultured once

every 3-4 days to maintain the optimum conditions for the exponential growth.

3.3.1 Subculturing

Hep-G2 cellsa/efe St Faweek. Remove RPMI-1640 medium
from the flask by the g L SUS R ﬁ onentially growing cells were
detached from the_surlace STt 25 ¢ @nizmm with 2 ml 0.05%
Trypsin sulutionW i “veulidedap from the surface at room

this degree may ) v' : ; mefficiency. The solution was

removed. The!

332 Cell syfpenfic
Het?G2. lsffwere, propag: Tays o the experiment. After
trypsinization, the ¢ l" € Incubatec r i \‘”-,h tReor 37 °C in incubator for 3-4
min or until the cnlls haWe rountied np fror @ he solution was removed. The
RPMI-1640 medium Was afl 'if: d aspira vith the aid of a pipette in order to

dissociate into single cells.# TR 11 4 4

AT -”'n’.::-..1nu..;.-»u.,-..q_.....;—. Eter were apphﬂd lu

determine tH ‘i'»\- aL W only enter across the
et § —

membranes of 1“ i-viable cells. MARER NSO of cell sugpeénsion with 0.4% Trypan

biue and carefull? re- suspendcd with a Pasture p]pette The haemacytometer and

L cytometer
ch Du red WPI ﬂ ipette after
mlxrglhumughly and placed the tip of the pipette at the junction ‘between the cnuntmg

chamber and the coverslip to aid c‘illary action. The g@ysuspension was drawifid fill

QRIS HHANHARS

swollen, larger and dark blue. The viable cells, not stained with Trypan blue, were
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counted in 4 of 1-mm square on the comer and on 1-mm square in the middle of

hemacytometer (Fig. 3.5).

Figure 3.5 Magn ied view of the cell counting chamber grid. The central 1-mm square

AU AW =

each 1/400 mm squarc

q W;]ﬁ”ﬂﬂ SR INERS

per ml was calculated using the following equation:
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Cell density (cell per ml) = (total cell count/5) x 2 x10*

Then, calculate for volume of cell suspension (V) (desired cell density = 5

x10") by using the following ct\"//

34

SO and adjusted the
concentration to 5Q#fng al. soltona: ute | st concentrations by 100%
DMSO which 4 " M that was not toxic to the

’ h the plant extracts (at 1, 10,
3 . \ '
100 and 1000 pg/ml, ic ale-per-cones W ithout the extract as a negative

control. The 96-well mu:mt d at 37 °C in a 5% CO, incubator for

3 days (72 ). AN TH
35  Cell S —— - )
Cell prafife {35 dimethylthiazol-2-

yl)-2,5- diphen’ i etrazolium bromide)} colonmetric method (@ ' ichael et el., 1987 and

Twentyman, ]93?‘ ﬁ!tc r 72 h incubation PW MTT (5 mg/ml) was added at 10

AUEINYNI WS

¢ buffer (pH
10. 5 e added into each well m dissolve insoluble formazan crystal. Plates were then

kept agitation i'ur 5 rnmutcs at roo em erature for co e snlublhzatmn Theuel of
réentape t' eII 1abTli alcufatéd acCordmg 16t win f
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The % of cell viability = OD of treated cells x 100

OD of control cells

AUt INENINgIns
RINNTUUNINYAY



:T:, l ?i\g \:‘u mm.a]
P mirifigh ///‘ ‘( \ ey

B. superba Baish Wallk-like material

M. mﬂem‘f

- ’ : Jv'
.l ;
- ‘ o
4.2 Prolifr.‘Mive and anti-proliferative effect on H@GZ cells tested with

Pueraria mirifi ﬁ‘

ﬂiﬁﬁ IMUNINEANI.

t extracts showed vari mltfeﬂtwe and anti- pmhfcratwe effect w:lhnul

q mmmm“ﬂmmma d
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Table 4.2 The growth response percentage of 28 provinces collected P. mirifica
extracts compared with Mean of P. mirifica population, P. lobata extract and the
DMSO control on Hep-G2 cell culture (P < 0.05).

Provinces | 1§ Cpncentration (ug/ml)
\VIIFE P 100 1000
Nan 9 : 1P & | 9798389 | 160.80+3.92"
Chumphon W5 103.05+4.43" | 15671 +0.61"
Kamphaeng Phet il ! : 699396 |154.23 £13.56"
Prachuapkirikhan =is i 94 mm 89 +4.42" | 150.75+ 6.81"*
Phetchaburi #1 | 90. 87+723 | 14311+ 12.68*
Chiang Rai 95 : ‘ A 129.53 +7.45™ | 140.18 + 8.89™"
Lamphun - a® 393" ¥ 1 9 +6.11 136.13 + 6.97*
Uthaitani 10 ' 7. L1 LT 96+3.06™ | 132.19+6.53>
Tak P o1l = 355" | 122364930
Nong Bua u W00 F386 : 28 07% 2 80" | 11945+ 757
Uttharadith 4| 5.9 =1 D : 7+7.73" | 117.21 2 23.95™
Nakomn Ratc | #1740 40 56 978! W12 5917 | 110.80+4.19
Sukhothai _#f 9306, * A 014 £406™ | 110.11+437
Phavao /4 |/ +3.5 1+ 64435 109.32 £ 6.41
Saraburi 1 : 3. 2 + 0.9 o276 105.63 + 5.33
Ratchaburi . 5348 + 1. 1o% 1 22+ 439™ 105.62 + 4.32
Sakon Nakorn | 18.80 + 10. W.51+254 | 10421£541 |
Phrae ¥ X : 4100 11744+ 1.74°° | 101.77+5.51
Mae Hong Son ___ [#106. ‘) i 102.84 + 6.10" 102.75 + 5.62
Chaiya Phum 95.14 FrgfE—i= $36" 106.79 + 2.08" 99.54 + 8.14
Lampang 97.0 Al 95.29 + 4.06" 99.46 + 3.92
Kanchamabpri )\ 99 g 94,45+ 371
Prachiykm 93.54 + 8.84
Chiang{V® 40" 90.90 + 5 79
o g 56 88.50 + 4.72
Nakhonsawg : ‘ 122,89 + 7.31° 81.91 +3.03
Phitsanul 107.52+ 228" 11032+ 7.06 | 81.2682.42°"*" | 737721217
Phetchabun 906+ 2.17"*" | 87.28 ys" 10498+ 197" | 70.19+237*
! ) ‘ 13.18+ 232

q mmnm mmﬂfm{lﬁ‘ﬂ 1

less than the control. + ; significant greater than P. lobata. ++ ; significant less than

P. lobata.
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At the concentration of 1 pg/ml, there were 2 out of 28 plant samples (7.14%
of P. mirifica population), including the plant samples collected from Sakon Nakorn
(125.80% of cells viability) and Nakemm Ratchasima (117.50% of cells viability)
province exhibited significant proliferative effect, P < 0.05, than the control (100% of

cells viability) on Hep-G2 cells. rg 5 out of 28 plant samples (17.86% of P.

mirifica population), includifg\th A § collected from Ratchaburi (53.45%

of cells viability), PheighabwW8®271 6 “yigkility), Phetchabun (79.96% of
cells viability), ChumpHOTT(8885% viaSY and Chiang Mai (85.96% of

cells viability) provinggssestiiBiied sigpificaptam=pigliferative cffect than the control

(117.44% of vi 35aW 26! A iability) and Uthaitani
(115.65% of cell ity flee: bitedh Silboi t proliferative effect as
{ ples (3.57% of P. mirifica
' ant anti-proliferative effect

/ K~ =X \ v )
(82.99% of cells viabil 5 compared v onthgl( Table 4.2, Fig. 4.3).

compared with”

population), colled

ﬂUEJ’J'VIElVﬁWU'mﬁ
Qﬁﬁﬂﬁﬂimﬂﬂ’]?ﬂﬂ’lﬂﬂ
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At the concentration of 100 pg/ml, there were 8 out of 28 plant samples
(28.57% of P. mirifica population), including the plant samples collected from Chiang
Rai (129.53% of cell viability), Nong Bua Lamphu (128.63% of cell wviability),
Nakorn Ratchasima [125.153% of cell viability), Nakhonsawan (122.89% of cell
giability), Sakon Nakorn (119.51% of cell

Jiid) and Phrac (117.44% of cell viability)
' pared with the control. There
A Bnpulahun) collected from

Phitsanulok province.exhibi i liferative effect on Hep-G2 cells

provinces exhibited siggs

was | out of 28 pla®

At the=®8nceny ‘ A 900 Yo [ Wi Tt of 28 plant samples
, es collected from Nan
(160.80% of cell
(154.23% of 4 ! 9 n (L
Phetchaburi (143.44%% g ol "ViabiliedhCTHank Rhi (140.18% of cell viability),
Lamphun (136.45% a8t |

Miability), Kamphaeng Phet
B of cell viability),

| L 9% of cell viability)
provinces exhibitedgfig : icant’, ratiye mpared with the control.
There was 1 out of 28, ; iifica population), collected from
Phetchabun province” u'f:‘r".

(70.19% of cell wahlhty, ST

oliferative effect on Hep-G2 cells

ﬂUEJ’JVIEWI‘iWEJ'm‘i
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4.3 Proliferative and anti-proliferative effect on Hep-G2 cells tested with
P. lobata.

P. lobata extract was lested for in vitro cytotoxicity against Hep-G2 cells at the

concentration of 1, 10, 100 and 1000 pg/ml. The plant extracts showed proliferative at

the doses of 1, 10 and 100 pg/ml withopt floge-dependent, but not significant than the
control (DMSQO), and signifi |

Figure 4.6 e : = cﬁl culture.

s Inpninsany- -

uerarin, one of the glycns* isoflavone was t ed for in vitro c}rlnt

q wmmmwm Angiay

cells viability). The percent of cells viability slowly decreased as the concentration of
puerarin increased (97.76, 94.49, 87.80, 78.06, 77.36 and 72.57% of cells viability,
respectively), with significant proliferation at the concentration of 10"'°, 10" and 10"
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M as compared with the control. Therefore, puerarin showed dose-dependent

cytotoxicity on Hep-G2 cells (Fig. 4.7).

120

Figure 4.7 Effi

* ; significant less th

4.5 Proliferative an _{:/ fect on Hep-G2 cells tested with
B. superba. ) ‘
The ‘Wit BSI -----—-=-;_,-< fand showed varied

proliferative“m
(Table 4.3 ; Flgl 8).

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ

t, on Hep-G2 cells
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Table 4.3

51

The growth response percentage of 24 provinces collected B. superba

extracts compared with Mean of B. superba population and the DMSO control on

Hep-G2 cell culture (P < 0.05).

Provinces Cngentration (ug/ml)
100 1000
Chiang Rai 112.84 £3.23" [402.02+ 747"
Loei A am 32 87 4 2.75" 29017+ 8.61""
Chonburi 49218496+ 216 6283 +1042"
Tak 123.67 + 1.86"

i lﬂa.nﬁu}.s'

+2.81" | 122.80+5.14"
Nakorn Ratchasi ll n‘\ \ d+ 1.66° | 121.01+3.10"
Mae Hong SBrn ‘fﬁ[ f"" Y‘ \\._ 99%263° | 11638253
Chaiya Phum j'!ﬁ .88 ﬁ\‘u\; R+ 1.28° | 10847+ 7.37
Saraburl W,ﬂf"& 18 3 0 §39+3.63" | 104.33+3.04
Chantaburi .«r Bid i M AN\ B 2500 | 0165124
Phetchabun pie | - Y l\ ‘L 0136480 | 92864534

Kanchanaburi " : ;E' o Woasoan1 | 9076246
Nong Bua Lamphu 88.56+4.10 | 88.51+463
Lampang 101.00£3.09 | 73.01 £ 3.69°
Uttharadith 85.5442.09° | 70.69 + 237"
Lop Blyi E 1™ | 67.68+2.02°
PitsanulpR7R ? 10° | 65.76+2.29°
Chachoengscitt 912 +445 | 6558+ 149
Chiang M:ﬁ 108.48+504 | 99.88+6.34 ?s.@ 492" | 652442.62°
Nakomsawan fl g15+639 | 9667368 | 9569+516 | 59.19+1.26
I My : P! %9: £ 17.62°

Phichinb APP. 15,7088 5. 04 848171 13 4 2.46°
| | . 93.09%3.15 o 94.55+4.7] 89.55+6.11 | 49.554 1.65°

n Kaen 89 4 88. % .

M M, 408+l B s@fRas )| B8 4
1 100.00 100.00 100.00

* ; significant greater than Mean nf B. superba population. ** ; significant less than Mean of B.

superba population. b ; significant greater than the control.

control.

a ;, signilicant less than the
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At the concentration of 1 pg/ml, there was only 1 out of 24 plant sample
(4.17% of B. superba population), collected from Kanchanaburi province exhibited
significant proliferative effect (130.61% of cells viability) as compared with the
control. There were 4 out of 24 plant samples (16.67% of B. superba population),

including the plant samples collected from Jl'ak (70.51% of cells viability), Pitsanulok

(75.93% of cells viability), Chaghaluis . @i cells viability) and Chiang Rai

(82.77% of cells viabilitgg) ' hibifcd” si t anti-proliferative effect as

ligre-was, only 1 out of 24 plant

sample (4.17% of Beg be Hopnlati "“-g_;gm Ratchaburi province
exhibited signi e e ol it 6, 1aBiMty) as compared with

of . superba population),

the control. Therg ‘ \
including the piant safipleg’callegle Tak (68 S9% of, ells viability), Chiagn Rai
(69.82% of cellgviabty _. ) \ l

(81.12% of cells vighlity

lls “Wibility) and Saraburi

iant\dnti-proliferative effect as

compared with th€’contg®] (Fable ’n,:' 18, ,
At r-‘ ONCEer t[“at] 0 o4 | ':_ g '] ol = : 18] p]ant 531'!]]}]& BXhlbltEd

significant proliferative - -\‘w ol. There were 13 out of 24

-
¥ s
=

plant samples (51.17% o on) 'exhibited significant anti-

proliferative effect as compa ::,;: th the'co ding the plant samples collected
from Lop Bufi (g0 viabilit:

, of cells viability), Mae

Hu"g Sun { % | —— —— i — — i — . T— W —

ell§ viability), Chiang
Mai (78.38% Dlﬁ 1 qv' i .87%), Ratchaburi
(83.92%), Sarabury (84.39), Chonbun (54.96% of cells 1»'iai:lil'l, Nakorn Ratchasima

(85.04% of cells vi’im, Uttharadith (855#'}“ cells viability) and Sakornnakorn

AU INENTNYINS
ARIANTAUNAINGIAE
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Mean

Cantrel [

Figure 4.11  Anti-proliferative effect of B. .superba extracts, at Ihc concentration of 100 pg/ml, significantly different with the Mean of
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b ; significant greater than the control, ' % '
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At the concentration of 1000 pg/ml, there were 10 plant samples (41.67% of B.
superba population), exhibited significant proliferative effect, including the plant
samples collected from Chiang Rai (402.02% of cells viability), Loei (290.17% of
cells viability), Chonburi (262.83% of cells viability), Tak (123.67% of cells viability),
Sakon Nakom (122.80% of cclls gabi ly , Nakorn Ratchasima (121.01% of cells
viability), Mae Hong Son (J168A% | ny} Chaiyaphum (108.47% of cells
' | ) dsChantaburi (101.65% of cells

viability) provinces &g e » ' allesafiples (58.33% of B. superba

from Khon Kaen (43. "Gélls il .55% of cells viability),
A Abikty )\ \Ravend 52 L% of cells viability),
: 4% of cells viability),
Chachoengsod (6559 of coflsfu Wk (B9Z6% of cells viability), Lop
Buri (67.68% qfftelly  _' A | ( " : "CBils viability), Lampang
(73.01% of “celisfliatfling | | miphtl, (8!
Kanchanaburi (90776 lls viabi d Phekn! lun (92.86% of cells viability)

1% of cells viability),

provinces (Table 4 ., "

ﬂUEJ’J'VIElVﬁWU'mﬁ
Qﬁﬁﬂﬁﬂimﬂﬂ’]?ﬂﬂ’lﬂﬂ
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4.6 Proliferative and anti-proliferative effect on Hep-G2 cells tested with
M. collertii.

M. collettii collected from 4 provinces in Thailand showed variation of
proliferative and anti-proliferative effect on Hep-G2 cells (Table 4.4). At the

concentration of 1 pg/ml the plant exisgey gpllected from Kanchanaburi (122.78% of

- peWCc between the tested plant
: ——*;-
samples as compared 1 TE. ~Algthe.cancentration of 100 pg/ml

mince cxhibited significant
T
W plant ST ple collected from

ect (78.54% of cells

proliferative effi
Chiang Mai provi 7ol eral
viability) as cnn*;par i fop g A : ’ntralion of 1000 pg/ml,
the plant sampli ; ‘.  Kanchangt ﬁli'};ﬂ- of hells viability) and
y | : significantly
proliferative effect®n 1 Lsamp :- i d {pom via, g ai province exhibited
significant anti-prolif fe. :

control (Fig. 4.16).

if§) as compared with the

Table 4.4 The growth “Spans 1:7‘."‘:" tag pllettii extract on Hep-G2 cells

culture com p{*ﬂ/i j

1000

383.10 + 12.44™°

; significant greater than Mean of M. collettii population. ** ; significant lm;s than

viean ol M. colleiii population. b | signilicani greaier than the conirol. a ; signilicant
less than the DMSO.
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b ; significant greater than the DMSO.
a; significant less than the DMSO.
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CHAPTER V

DISCUSSION

Al
P. mirifica and P._lobnip 1 ' fiacieristic of sticky light brownish
wax-like material. The<GlEp also sa_arcd ' iseharacteristic of tuber forming
with white meat. The in shapes o 7 uber that are round and oval

while P. mirifica €X , unpublished). This may

be the reason w g ! Actsylog llar. Pven though puerarin is the
major constituent o ohgla fGf N9), and g igifica (Cherdshewasart et
al., 2006") tuberous rog , ctivity has o, b b ed between the 2 plants. B.
superba extract is ggll-brgfnigh gblorguith al\srak)\%he WeBsh tuber releases red sap
once damage or cut ghd (s lm, dark®Bro'Wnish, éoloromnce dried. Under ethanolic
extraction, the darkgrow hffolor i """’ jaines s 'the Mical contents are different

i = .2
P

‘ A N
from P. mirifica and J§f lolfard, oid, \flevenkid glycoside, 3-hydroxy-9-

‘,.,.l‘.

methoxypterocarpan '( ledicarpin), A 7-Hyde

ir 3’ -met] 8 y-15oflavone (Formononetin),
7,4 -dimethoxyisoflavon®, 5, 4sdihydroxy-7

JoflaVone (Prunetin) and 7-hydroxy-
6,4’-dimethoxyisoflavone 'ﬂ" noe @000, Ngamrojvanish et al., 2006,

inpreparation)

M. colléiiisex -strong typieal smello Normally only the live
stem and root Rarbon WNlifig root, stem, flower,
— ; |
pod and seed will black a 1§ #{CNcrdshew , unpublished).

In this study, P. mirifica were collected from 28 provinces of Thailand

(Cher ' Py pulaliops@ay remain
in ang ng€sfand _khe it or q cﬁ has been
]imiteﬂg research found which lead us to lesser capability to obtain more plant samples.

Any how, the collected plants sampl€ are widely distriifited in every part of THifand

ISR IINEIRD

Therefore, some of the exist plant samples in this study may not exist at the present.
From the proiiferative and anu-proiiferative assay with Hep-G2 cell, there are 11
and 5 of P. mirifica population exhibited more proliferative and anti-proliferative,
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respectively than the control. The plant sample collected from Nan province at the
concentration of 1000 pg/ml and Uthaitani province at the concentration of 10 pg/ml
exhibits highest and lowest proliferative effect, respectively. The plant sample collected
from Ratchaburi province at the concentration of 1 pug/ml and Chiang Mai at the

concentration of 1 pg/ml exhibits hi west antiproliferative effect, respectively.

The results demonstrate that thel ibjts diversity in terms of bioactivity,

especially cytotoxicity irniii 2V, *Th fe g#fhe group of plant samples also

exhibits a varied degrec.or = i b@l of DPPH (Sutijit, 2003),

piftealign(€herdshewasart, 2006") and

Ames test (Pulchan : , preparti N uassays are submitted to
correlation analysis wi Faybue/ 0\ (Che \ , 2006). It is found that
genistein content jg fike ated with aghi A, and estrogenic activity
using the test of M@ Sof #sed W lieotr “u Miagenic/antimutagenic and

Most importal, bafh HEp 4 ',“ 7 &l edptaWB ERo. The response of the

plant extracts to d dihatllo B8corrtlated.

P. lobata extiglt sk igher oli e chid b i Hep-G2 cells than these of
the mean of P. mirificalg ionsat the @tion@f 1, 10 and 100 pg/ml but less
than these of the mean of P." P W at the concentration of 1000 pg/ml.
(Table 4.2). Though P. obe ontaisl g isoflavone but there is no any

| i;; cted. However, the
lﬂnce on this effect.

1 iﬂ: uterotrophic effect on
tomized rats and biphasic response to MG cells (Cherdshewasart

report for t]ﬁ)‘

Furthermore, themz
the tests with ovam

et al., 2004).

_ Husiansinenng

instead, We found that puerarin dne‘mnt show pruhf’eﬂe effect but dose- d

A WIRNTLS T AN TIV YT

B. superba extracts showed varied degree of proliferative and anti-proliferative

effects (Table 4.3). Since there is a great difference between the plant sample with highest
and lowest proliferative/antiproliferative Chaing Rai (1000 pg/ml) / Chantaburi (1000



64

pg/ml) and Khon Kaen (1000 pg/ml) / Phetchabun (1000 pg/ml), respectively. Though
there is no established data on active chemical analysis of the plant populations, clear
variation of active chemicals within the plant populations was observed. The variation in
leaf morphology and color of the bud is noticed in the plant populations (Cherdshewasart,

unpublished), attempts are being ¢, RAPD analysis (Chanchao, unpublished).

Noticeably, that only one s

growth, only anti-proli ‘ at medium and high dose
(Cherdshewasart et al™ |st|l:jml SICObMEP”] test of the plant population
—S

vince is analysed with MCF-7 cells

(Trisap, 2004) with orrelgtion iFwetgfound between the 2 tests. Active
chemicals are isolated it tabgrs) : and flavonoid glycoside
(Roengsamran e=l, 2009¥ Jehydy 9k rneth "- N edicarpin), 7-hydroxy-

4’-methoxy-isoflavy Bfm ity 7, 4% dh Kyl aflavone, 5.4’ -dihydroxy-7-
memxyisuﬁavuﬁe (Prugitingfa b _ ;B yoth “'ﬂavnnc (Ngamrojvanich er
p . » Y T we components has been
reported. However, th#f secfndffhémi ﬂ; ip Show ox ity in the test with BC and
KB cancer cell (Ngambjvy ‘ . Pl \ . Nevertheless, no pure
chemical isolatedfromyfll @ants i IS SOy has be@n YeBled. Therefore, we can not
conclude that there ar 11¢ ; 8l component and activity tested
or not. \
M. collettii -::ullccted pvince shows strong proliferative
t_hﬁi est dose, it shows
| satiple from Chiang Rai

‘ sﬂnplc collected from

@l with MCF-7 and HelLa
cells and resulted in Wh egree of cytotoxicity ( shewasart 2004°, 2004"). The plant

ﬁiﬂﬁﬂ'ﬁ NN WIS

ef’fe-::t ¢ dose of 100 and 1000 ml Thus, the only one extract of M. collettii

VTSR ﬁﬁ"ﬂ:ﬁ‘wmsﬁﬂ 8

cymtuxmﬂy At least 3 chemicals were found in the plant sample collected from Chiang

effect on Hep-
383.10% of ¢
province show

Kanchanaburi. It i§ joticed that the same plant sample was test

Ral province and all there chemicals were proved to be cytotoxic to many cancer cell

culture ( Petsom et al., 2006, in preparation),



65

Among all the test plant samples, B.superba population shows the strongest
proliferative and anti-proliferative to Hep-G2 cells There should be at least 2 awareness
from this study. Firstly the anti-proliferative may refer to cytotoxic. Consumption of plant
products with cytotoxic to Hep-G2 cells may induce human hepatic injury. Secondly,

consumption of plant products wi gtive effect to Hep-G2 may .promote the

malignancy of the tumor cell yunergsting ygproliferative effect on Hep-G2 itself
may refer to rejuvenatin : tS. dkerefore, it is possible that this

activity can inducible : ¥ which will lead to normal

‘——q..i... i e
hepatocyte. This y) sgpe-why Thai people in the past
comsumed Kwao Krua_pifiise”cepecially P, dphased on rejuvenating effect
(Suntara, 1931). A |

to explain and su

S

tific based information

Compare mi
2003) and Hep-C

SWer cytotoxicity test (Trisap,

o y effect from P. lobata,
P. mirifica, B. superh . e difference of results may
be caused from thé facgthayM CF-7 ¢ .mt-.‘. ptai ithoat metabolism activation
function. On the contrghy, > ; Y bolism activation function
and promptly function ‘ e of the results may highly be

influenced from the drug met4 ng enzym hep ytes.
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Perspectives

The study has shown diversity of bioactivity in term of proliferative and

antiproliferative effect to Hep-G2 cells. Some plant samples are interesting for

—
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RPMI-1640 medium
RPMI-1640 powder medium 1043 g

NaHCO; 2g

Sterile water

Weight and gux
nitrocellulose memh
stored in 4 °C HW’ |

water. Filtrate with 0.22 pm
es. All bottled mediums are

0.05% Trypaj
HEPES-buffer
NaCl :
KCl

Na;HPO,
Dextrose
HEPES
Distilled k r
Al g stirred with magnetic

'
stirre until a]H gredients ved. Thqﬂﬂﬁ g of trypsin powder
was added. The sglution was stirred until trypsin was completely dissolved. The adjust

ANV RN

] m 37 °C incubator for 24 hr for sterillity test.

mmnsm UN1ANYIAY

NaCl 324 g
KH;PO, 024¢
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Distilled water 400 ml

All ingredients were mixed altogether, heat and stirred with magnetic stirre
until completely dissolved. Adjust pH to 7.2-7.3 (by add 7.5% NaHCO; and/or 1%

HCI). Then dispensed into li N

S@bottles. All bottles were

— ‘ "!
: 1Y | - |
MTT: 3-(4, S-diMhylmiazul-z-ylj-I nml,g

5- dlphcnyllelmzul:‘n mide

“ﬁﬁﬂ?ﬂ&lﬂﬁwmﬂ‘i

dd MTT 0.5 mg into 1 of 0.89% nnrmal saline. All mgrud:cnts were
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