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CHAPTER I

INTRODUCTION

Nowadays, cancer is the first common leading cause of death in Thailand and

death from cancer is still increasing: | yuesent drugs use in cancer therapy is mostly
N, 1117,
direct against all rapid proliferative cells ‘whiCiaii€ct not only cancer cells, but also to
.
. S e . ’ — .
normal cells. Alternatively, the medicinal plafits*for_Ligatment cancer patients have been

developed as alternativVe of diugs or substances.that could candidate with the standard

methods, i.e., surgery, oy, radiation. biological products.

The use of 10¢| a long history including
traditional medicing§™and#Sec yeral oS currently, used chemotherapy which were

isolated from plant. Ouft als for anticancer activity were

isolated from nai . I Asian countries, herbal

formulations from a plantg-arggfert used by t ditional medical practitioners
for the treatment of Cangr. Ayurveda; the 1 alInc dicine has been consumed
for various tumor pregenti o .f""‘ siond(Abu-Dahab and Afifi, 2007). Phytotherapy
is considered as an altegative-te ‘,’L.f e ide efféet on the indiscriminate use of
synthetic drug. Moreover, thetads ancement emical and pharmacological studies

of plant-derived drugs i:;f"' 2 liane drug development (Balick et al.,
P At i
1996). | | _
The plantiderived-antic: fof ¢xamples of the vinca

L i
c d e o

alkaloids, vinblast

2005). The etoposide and teniposide whie

aranthus roseus (Cragg

and Newman, ; are the semi-synthetic

derivatives of cpipo@ﬁllotoxin, isolated frgrmy Podophyllum spp., the naturally derived
taxane e t ' dicidatyplants, Stephania
venosﬁsuﬂfqmﬁﬁg ﬂﬂﬂﬂﬁ and Dioscorea
membranacea has dioscorealide B afid dioscoreanonegwhich were potent aggiproliferation

WA

from Thai medicinal plants, Psidium guajava L. leaf and Ocimum basilicum L. which
showed anti-proliferative activity against KB cells (human mouth epidermal carcinoma)

and P388 cells (murine leukemia).



2

The present study, the screening for the cytotoxic potential of the 24 ethanolic
extracts from 22 Thai rejuvenating plants belonging to different plant families against
MCF-7 (human breast cancer cell line) and SW-620 (human colon cancer cell line) were
investigated with the aid of MTT assay. The plants with anti-proliferative effects are
interesting as they might be potential sources that could be developed into anticancer

drugs.

Purpose of the study

To evaluate the herbal extracts against the

human breast adenoca mal ..-‘--_' nocarcinoma (SW-620)

cell lines.

]

A

AULINENTNEYINS
AR TUAMINYAE



CHAPTER II

REVIEW OF THE LITERATURE

1. Rejuvenating herbal plants

Medicinal plants have long tcrri\ b# ditionally used for treatment of various
diseases including infection, lmmunologlc;J//P and cancers (Farnsworth and
Bunyapraphatsara, 1992)«dhe réjuvenati .Jg hcrb ith the efficacy of reversal of
aging and repair oi-t-c—si_@age associated with. aQTg'fGOthdarajan et,al., 2005).

a —
Thailand locates in a tropig with abundanee of diverse herbal plants (Suna, 2005).

Thai rejuvenatings d legally used in traditional Thai medicine. Twenty-

two plants used ignal=t€juvenating  remedies, were investigated for
L

cytotoxicity in this stu " - ! 5
— el
| "
1.1 Dracaena i,
D. confert gavaccae) feeh.lly known as “Kamlang Hanuman” is a
LE R L _‘

pread i in the uop}pa! subtropicalland warm temperate regions

Thg-p*lfml leave arallc*veined and usually appear long

R
and pointed, often with a hardbﬂed splne ,",, the

(Bogler and Simpson, 19¢

nd, and sometimes with additional

spines along the margins. Fl_p‘ﬁfgs_qﬂt ‘Clusthpe[imes solitary. Stamens have six
e el

inside a pcriantfi:"md anthers versatile. ()vary has 3-lobules; caﬂ:ll!obule has one ovule

i Y
(s1niusinoaniu, 253

B cotitel i has bl tsed
5 () & 1 B LISC

'
(‘)Jlal medicines for the

treatment of bile dr$ jrder analeptic muscle and sinew (W '5540)—'

"-...-

D. erbired,

Figure 1 D. species; Source of photos: http://www.arbolesornamentales.com/Dracenas.htm



1.1.1 Known chemical constituents
There was no report on the chemical constituents of D. conferta
1.1.2 Pharmacological activity and clinical trial

There was no report on biological activities of D. conferta

1.2 Anaxagorea luzonensis Gr I
A. luzonensis (Family Annon 1 ,/ nown as “Kamlang wua thaloeng” is
an indigenous shrub to Tth___d The leave: (? to 15 cm long and 3 to 5 cm

wide) with smooth and obtuse at the end‘#The 0 ltary with leaf-opposed (about
2 cm in diameter). Th yals Ao ovate jand the Wate or oblong. The fruit is

clavate (3 to 4 cm longjefThe blagk sceds are shi'nin__g and obovoid (Hooker, 1875). The

plant is traditional use potl toni€, stomachic, antipyrctic and for treatment of
muscular pain. Theffresheayes ar uscd as topicals for articular rheumatism (Gonda et
al., 2000). A. luzoner atains lfffcmt"ﬂasscsgof chemical constituents listed in Table

Hower

Figure 2 A. lugéuensis Gray

-t auE T 003, ..

1.2.1 Known chemifhl constituents 4 Q/

q:lass Chemical constituents Reference

Phenolic (xanthone) 1,3,6-trihydroxy-5-methoxy-4- Gonda et al. 2000
prenylxanthone,

1,3,6-trihydroxy-4-prenylxanthone,




Table 1 The classes of chemical constituents reported in A. luzonensis (Continued)

Class Chemical constituents Reference
1,3,5-trihydroxy-6-methoxy-2- Gonda et al. 2000
prenylxanthone,

3,6-dihydroxy-1,5-dimethoxyxanthone

Sabphon, 2008
Flavonoid Gonda ef al. 2000

Sabphon, 2008
Isoflavones Sabphon, 2008
Sterols Sabphon, 2008

1.2.2 Phar,
Antioxidative a

The flavonoid§ and’ xant one 1solated ffom ‘the bark of A. luzonensis showed

antioxidant activity (Go et ald2uot

Estrogenic ac ty: St f‘:-" :

The prenylflavonoid ﬁﬁﬁm lant had estrogenic activity (Kitaoka ef
al. 1988). e e

Ace .— Ko
The bioaetiy

]
xanthone and ora ! | obtained from

_ E -hydroxy-3-metylbutyl)
(]

plant had strong acti¥ity with 1Cso 2.36, and 2.57
1M against acetylchelmesterase (Sabphon, 2 0

ﬂummmw g1

ainora’es (Family Betulac.aae) locally known as “Kamlang suea g is a tree

IIANTLIEM m&ﬁ'ﬁ,ﬂﬂﬁﬁ Bl

are either male or female. Female inflorescences are 3-5 in a raceme with pendulous,
narrowly cylindric and densely yellow villous. The obovate seeds (1.5-2 mm in diameter)
are sparsely pubescent at apex with membranous wings. The plant has been traditional

used as an antidote in the treatment of snake bites (Chopra, et al., 1986). A decoction of



the bark is used to treat dislocated bones (Manandhar, 2002)

Source of photos: fittp. wv
htgphe o

Th
1995) ATl
..ii,.l.':"";-- i

1.3.2 Phagmacological acti

St

Anti-inflammatory adtiyity:
B. alnoides bark exmiéw&e
et al., 2002)

-!'1( gl ',‘- -
l:l_.. :

Acetylchoﬁes’t ase (AChE) 1
symptomatic treatment of Alzheimer’s disease.

AUHSNENI N0

herb that may reach a height of up'to 40 cm. The Iﬂlant is widely dist_@ted in the

TR RN AT IR

section. The flower is bisexual and has a three-stigma carpel. The fruit is a three-angled

sed aﬂdrug for the
I

achene. The root system of a young plant initially forms white and fleshy rhizomes
(Anderson and Dunford, 1970). Some rhizomes grow upward in the soil with a bulb-like

structure from which new shoots and roots grow. Other rhizomes grow horizontally or
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downward and form dark reddish-brown tubers or chains of tubers (Harborne et al., 1982,

Uddin er al., 2005).

Flower

Roat

ndus-tiririca.htm
perus-rotundus.htm

natural drugs. C. rotugidus ghizo T "';, | totreat in nﬁory bowel disease, fever,
pain, and various b ¢ )6, Soumaya et, al. 2009). The

plant has been reporied § i?; 1s aloi gosides, tannins, starch and
carbohydrates. It also cont@ins _:“s. es of Mg, V, Cr, Mn and Co (Raut and
Gaikwad, 2006). C. rotundus*&%éi.é 'diffé'@es of chemical constituents listed in
Table 2.

af
B

)ﬁ .1 Known chemlcal c{nstltuenis ﬁ

Table 2 The clasSes-ot X S | i C.
Class hemica tituen Reference
I : = {
Flavonoid "J Quercetin, luteolin, afzelechin, ai et al., 1991
ﬂ "fcﬂshm and auresidin @/ Masahlko and Kimiye,
u 'g j lamura et al., 2002.
Kiendrebeodd,#t al.,
RN IUNRNINEIR S
oumarin -dimethoxycoumarin z1, et al., 1986
Phenolic acids Galloyl quinic acid, ferulic acid and Chen et al., 2002

3-hydroxy- 4-methoxy-benzoic acid Romani et al., 2002
Kuete, et al., 2007




Table 2 The classes of chemical constituents reported in C. rotundus (Continued)

Class Chemical constituents Reference

Sterols a-cyperone, sitosterol Thebtaranonth, et al.,
1995 Kapadia, et al., 1967

Saponin Saponon-olenolic acid Hikino, et al., 1967

Sesquiterpenes Soumaya et al., 2009

yelogenous leukemia)

gainst bacterial (Parekh and
Chanda 2006).

Y

« F . ok <
Antimalar e
J. [ a L

a-cyperone, --rfayﬁ 0.12-per@xycalamenene isolated from

o

tubers of C. rotundus exhi amtimalarral ; (S aya et al., 2009).
r'fr + "-""J s

Anti-inflammat

The methanolic extr ﬁ%{.‘.’-‘a’ i hibited anti-inflammatory diseases

5 .- al., 1980).
Y]

mediated by o & rog

1.5 Diosp)zas -
1

'
D. rhodo 1! (Family Ebenaceac) locally known as Takona™, is a shrub, found

in the central and aortheast regions. (Than&l:}icharoenpath and Theanphong, 2007).

”""““’yﬂuﬁﬂ NARAN )W | b
species ics (Ph land, sixty species of

Dlospyro ave been described (Phengklal, 1978). TE fine and hard w is of high

‘-‘Iﬂ”l“e’iﬂ.ﬂ pI ) ﬂﬂﬂﬂﬁﬁlﬁ Zl.

u:ts are used for treatments of diarrhea, bleeding, abdominal discomfort, parasitic
infestation abscess and renal disease. The bark is used for symptomatic relief of

leucorrhea and as antidiuretic (Sutthivaiyakit et al., 1995).



1.5.1 Chemical constituents

Phytochemical investigation of more than 130 Diospyros species led to
the isolation of a variety of compounds, the majority of which is triterpenoids and
naphthoquinones (Mallavadhani et al., 1998). Lupeol, B-sitosterol, stigmasterol, diospyrin
and betulinaldehyde were isolated from the woods of D. rhodocalyx (Theerachayanan et
al., 2007).

Stdm

gure Srl?m.vpvﬂg ﬁt‘)doc‘alﬂ Kurz
Source of photos: http://f alher,ﬁﬂosl go. th?ﬂjall .php?id=223

J‘ll.

1.5.2 Pharmacologp;a] acti cllmcal trial
,.-':_'_ - f "-#"'4
Antlmalﬂrlal actIVIty / :
. WA
Diosp¥iine
Plasmodium fdfefg&rum with ICs value of 6.25 pg/m
i cterial activity:
Antlmycoyctena activity 1
Diospyrin and betulmaldchyde showed dnllmycobaclenal activity with MIC

~ AT weIng

16 Phyllanthus emblica Llnn

Rt NFAGAIVELT kN LA WE (10

cy bark. The greenish-yellow flowers formed auxiliary clusters. The feathery leaves are

rial activity against

nan et al., 2007).

et
1

linear-oblong with a rounded base and obtuse or acute apex (7-10cm long). The tender
fruits are green, fleshy, globosely and shining, and when mature change to light yellow or
brick-red (Summanen, 1999). This plant grows in tropical and subtropical countries such

as China, India, Indonesia, and on the Malay Peninsula. P. emblica have been widely
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traditional used for the treatment of different types of diseases. The fresh (or) the dry fruit
is used in traditional medicines for the treatment of diarrhea, jaundice and inflammations
(Deokar, 1998). The pulp of the fruit is smeared on the head to dispel headache and
dizziness (Perry, 1980). P. emblica leaves and fruit have been used for fever and
inflammatory effects in Chinese herbal medicine (Perianayagama et al., 2004). P. emblica

contains different classes of chemical cnrl' uents listed in Table 3.

W natlo

. ylla@is.ﬁtm

S s H',E" ;‘_,'
1.6.1 Known chegaical umw

Table 3 The classes of chemaiéal ¢dh }htn?nﬁmh P. emblica.
(Modmch from Jari Olavi Summanen, 1999) Y f

Class
— —_—
Alkaloid _J’hyllantine. phyllantidine, zeatin, Khann@ad Bansal, 1975
zeatin, nucleotide, zeatin and Ram and Rao, 1976

S UEINANINEINT.

and chebulagic dﬁld

ARIANIEM AN INLINY

ellagic acid Theresa et al. 1965,
Hui and Sung 1968,
Subramanian et al.,1971

Desai et al. 1977
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Table 3 The classes of chemical constituents reported in P. emblica.
(Modified from Jari Olavi Summanen, 1999) (Continued)

Class Chemical constituents Reference

amlaic acid, corilagin, Theresa et al. 1967

3-6-di-O-galloyl-glucose and Srivastava and Ranjan, 1967

ethyl gallate

B-glucogallin Theresa ef al. 1967

- rivastava and Ranjan, 1967
kkawy et al.1995

and lyer, 1958

sa and Srinivasulu, 1987

etal. 1977

sung 1968

dan and Srinivasan, 1935
etal., 1962

ah and Hamid, 1968

Triterpene

Furanolactone

$is Basa and Srinivasulu, 1987
Diterpene Gibberellin Ram and Raja, 1978

e -t /
Flavonoid nas apd Seshardi, 1958

:._ Weiw i J!l‘ili)n (LI T LA LIIL CiTIL] _;""‘:‘:’:".: : ':‘ et a[.,]g?l

Y. o 1.,

unpub '.“.' ed results
ka mpherol -3-0-B-D- glucoside  El- Mekkawy et al.1995

sm.ﬂuﬁﬁ"irmw%”w Tkt

Carbohy Acidic, neutral p}lysaccharldcs Nizzamuddin ef al. 1982

I
|
i

glucese

q 1.6.2 Pharmacological activity and clinical trial

Antisnake venom activity
The methanolic root extracts of P. emblica showed potent antisnake (Vipera
russellii and Naja kaouthia) venom activity (Alama and Gomesb, 2003).
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Antioxidant activity
The fruit of P. emblica has more potent antioxidant than vitamin C (Khopde, ef
al., 2001).
Antiproliferative activity
Eighteen main compounds, including phenolic compounds, proanthocyanidin

tom P. emblica roots were estimated for their

polymers and norsesquiterpenoids isolaf
antiproliferative activities agaiust |

uterine carcinoma), and Bi6F muri elantn alls (Zhang, et al., 2004).

presents in the e Suptropical areas of Asi frica (Choudhary et al.,
2004). The plant is & & @ 1 1\ Hairless branches are gray-
yellow to gray-brown. :Uliptic % ong, 3-8 cm wide). Male and
female flowers separaf€ onfthe same trce. v le. flowers have circular sepals with 30-60
stamens. Female flowems ha e A a : a anc spherical ovary. Fruits are

subglobular with shallowly 3 lobed=and iwosth

0oth red-orange when ripe (wzveu, 2521
. "" I _:

and Cheenpracha et al
The plailiis traditional consumed for treatment 6 hepatic and gum diseases,

; . AT A

inflammation and's Avesyroots, and seeds of S.

multiflorum contain several dite _ aurane-type diterpenes, and flavonoids

(Choudhary et al., 2004). Triterpenoids isolated from bark contains GAP31, a protein

B

1.7.1 Known chemical constituents

onstitue e/
[ _ 'q n
9 o
Terpene Gelomulide, jolkinolide B, Talapatra et al., 1989

multiflorenol, gelomusid A and Das and Chakravarty, 1993
gelomusid B Choudhary et al., 2004
Sterol B-sitosterol Talapatra et al., 1989
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Table 4 The classes of chemical constituents reported in S. multiflorum (Continued)

Class Chemical constituents Reference

Flavonoid Luteolin and scutellarein Parveen and Khan, 1987
Das and Chakravarty, 1993

Stem

_.-.-"'.-'" -"-" :

g .
‘_j 2 Pharmacological actmty and clini

Antlfl.:E - : =

Suregadols t s A extract of S. multij derate inhibitory activity
in a mutant yeast ﬁin bioassay (Jahan et al., 2002). E

Antibacterialagtivity:

ﬁ mnﬂ q ?’] &Wi ﬁ ﬂﬂ?’ﬂmowed inhibitory
activity't est es) and Sudprasert,

2008).

q AR NENA,0.

) protein, GAP31, and also exhibited the inhibitory effect on the infection and

replication of herpes simplex virus (HSV) (Bourinbaiar and Lee-Huang, 1996).



14

1.8 Melia azedarach Linn.

M. azedarach (Family Meliaceae) is native to tropical Asia. It is widespread and
naturalized in most of the tropics and subtropical countries such as Persia, India and
China (Nakatani et al., 1998). M. azedarach locally known as “Lian” is a medium-sized
tree (up 10-15 m tall). The plant is dense and dark green crown. Its bark is dark brown
with grey lenticels. The leaves are allu.Tna lcaﬂels are short stalked and thin, hairless,

dark green (ventral) and relatively pale (d wowers are white with purple stripes.

Fruits or berries are yellow, round, smooth;, Dried fruits are hard with 4 to §

seeds (Ramya et al., 2009)" -
The plant has_longebeen recog 1zed for traditional. medicinal and insecticidal

properties (Cabral et al, ¢ /Bohnenstengel el @k, 1999). M. azedarach extracts

inhibited vesicular stopaafitis/ (V). PO jo and herpes Simplex (HSV) viruses in cell

cultures (Wachsm 19820 rum are poisonous, have beéen used traditionally for
- 1 l||"l
the treatment of a v; sgasess e#ﬂecmlly dermatitis and rubella (Alche, et al.,

S cwtmdal d lp'vwldal activity (Wandscheer et al., 2004
e leafe;\trl ,}5 possess antiviral and antifertility activity

(Chﬂlidha['y et al. } 1990 .. .-;- ok .-..-'.."'_:-ll:-ll #

_ | Flgu#: 8 My azedamch Linn. |
Source ol photos hnp lIwww. qwsbm com!lmagesr’NewZ! ZOOIIMeha azedarach.jpg

' .81 Kndwd'éhéﬁfiﬂhl ‘constituents
Different phytochemicals have been isolated from fruits including
melianoninol, melianol, melianone, meliandiol, vanillin and vanillic acid (Han et al.,

1991). In addition, limonoids and triterpenoids have been isolated from fruits and bark



15
(Lee et al., 1999). The euphane triterpene (Kelecom et al., 1996) and four lignans (Cabral
et al., 1995) were isolated from the methanol extract of the seeds of M. azedarach.
1.8.2 Pharmacological activity and clinical trial
Antiparasitic activity:
M. azedarach fruit extracts showed anti-tapeworm and an earthworm activity
(Szewczuk et al., 2003).

Antiviral activity:
M.  azedarach . leavi - extracts imonoid  1-innamoyl-3, 11-
%) values of 6 um and 20 pum for

vesicular stomatitis (VS l X LHSVaL) viruses (Andrei ef al., 1988 and

Antioxid _

M. azedar ln‘. ntioxida z il Ahmed er al., 2008).
1.9 Stephaiic ’\\

S. erecta (F d.ﬂl-- '- Thail pame as “Buabokpa” is a

slander herbaceo i sJant s found dn vical rain forest in Southeast
' ber and round membranous
leaves. Flowers are very sia f--=l ‘el W ind and Larsen, 1991). S. erecta is used
in Thai folk remedies as a sK&l ¢ cant and other diseases, as well as an
analgesic and tonic (¥unju ystdiefingnezdis 4161 2). The plant produces a large
number of alkaidids, including at least 17 bisbenzylise quinofings (Lin et al., 1993).
Several bisbe 3"_ - srg cytotoxicity against a
number of humzjyance : _ ) enn antimalarial activity of some
members of this group of alkaloids (Lin ef al., 1993). -

ﬂn chemical constiténts:

F L RS P o e

erec:a“rawat et al. 1982). Obaberine, stephibaberin, telobine, tetradrine, thalrugosin,

thalru ﬁosme (Likhiwitayawuid ft al. 199’_¥ﬂtth Itelobine deMroteloblne

QU DR L ENOTT plat il e

Bhown to be present in this plant.
1.9.2 Pharmacological activity and clinical trial
Antiplasmodial activity:
The alkaloids isolated from S. erecta have potent inhibitor for Plasmodium

falciparum (Likhiwitayawuid et al., 1993).
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Fruit

ril r enosa (1 ‘\igl:
Source of photos: http://www.herblpg. corm*thalz“herbSS html
http://www.tropicaflore.com

A Wl ohatliabldae BAINEAE Ben

lungchang is a climber (around 4 m tall) with a large woody caudex. The leaves are

arranged spirally on the stem. The plant has a large exposed tuber (up 20-40 cm in
diameter) with bitter taste. The genus Stephania of the family Menispermaceae comprises
of approximately 45 species and 15 of which have been reported in Thailand (Forman,

1991). Several Stephania species have been used in traditional medicine to treat a variety
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of disease (Perry and Metzger, 1980). The genus Stephania is also well known as an
important source of isoquinoline alkaloids, one of the largest groups of natural products
which display interesting pharmacological activity. The genus Stephania could be a
potential source of biologically active compounds which might be used as lead molecules

for the development of new drugs (Suna Jongsomboonkusol, 2001).

_ "“"-n..m_ nical coipelndS atealkaloid and alkaloid derivative,
i.e. anonaine, asimilobiné “elaziovi i ani eticuline, stepharine, stesakine.

sukhodianine, ushinsuainesthalzucosamine, tudera ‘Chatles, ef al., 1987) liriodenine,

mecambroline, nucifesolific sfeépharie. | stephanosine, ¢ shinsuninine (Pharadai, et al.,
uinaudeau, et al., 1981),

kamaline (Banerjig 994 ar F, lobgrberin '- -_" inamers al., 2001).

. \\\

berlierine Stlfate \ ' ant has anticancer activity

(Keawpradub er al., 2001 afd Simon e ali 195 ! re K e chloride has anti-leukemic
activity on P-388 a 2 i h-migef(Pharay "‘L efal., 1985 and Simon er al.,
1989).

A
Antimicrobial activity

Extracts from nosa tias protobe pids with antimicrobial activity

and berberinesimrthis plant has cyvtotoxicity on fungi. protozo: a0 dacteria (Simon er al.,
1989). '

Antlplasglal a

Dehydrostephanine and dehydrocrebanine shows potnt antiplasmodial activity
(Ingka

HUEINENINgIn

Tmospora crispa Miers ex Hook. f. & Thoms.

ok e Ea e E LI e avoy T

fBorneo), Thailand and Vietnam (Chavallttumrong et al, 1997). T. crispa is one ingredient

in Thai folk remedies for maintaining good health, as a hepatoprotectant (Adhvaryu et al,
2008). In general folklore, a decoction of the stems, leaves and roots is used to treat fever,
cholera, diabetes, rheumatism and snake-bites (Sinsh et al, 2003). A decoction of the stem

is used for washing sore eyes, reduces thirst, internal inflammation, increases appetite
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(Sartori and Swift, 2003), anti-malarial and a wash for skin ulcers, treatment of fever due
to malaria, treatment of jaundice and against intestinal worms. The antimalarial effect was
confirmed (Rahman et al, 1999). T. crispa contains different classes of chemical

constituents listed in Table 5.

Table 5 The classes of chemicalcon *porigd in 7. crispa

Class Reference

Terpenes wongkathip et al, 2002

Terpenoid et al., 1995

Flavonoid i and Noor, 1995
Cavin et al, 1998

Terpenes glucoside Fukuda, et al., 1983
Pac , etal., 1992

\7 Y )
i | : ,'"
Sterol ;LI -sitostera Pathak et al., 1995
Alkaloid Colombine; glucos:de, Bisset and Nwaiwu, 1983

AU ¢ A MBS W ‘5'”8

tembe?nne choline and

erujoyltys
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- Zlif;-;'spa }Iiers Ex-HOoR'T. & Thoms.
T —

%

Jass diar Yism@‘--ﬂ/,
ima-u aqusthoYWIaysia: 1023Tino.jpg
; N

y and clinical trial

] .'-
d ‘ II-'

gl =
ific, N-trans-ferulo tyramine and secoisolariciresinol
-

T. crispa stem

al, 2007)

Hypoglycaemic

T. crispa stem shows tt{e‘_‘@glyc emie clfect which is associated with a potent
in vitro insulino_g.ropic activﬁﬁ-‘li‘i-lﬁtﬂg’ﬁun;a;f} ¢ -= Fisletssand insulinoma cell line (HIT-

T15) (Noor, efat S1989).

Cardi ol tracﬁlity:

CyclocucaF! ol and eycloeucalenone
"T{;ongkathip et al, 2002).

RUBINENINYINS

Alfarnesiana (Family Mimosaceae, subfamily of Leguminosae) locally known as

5

e slcﬁpmduced mild

cardiotonic effects

“Krathin thet”, is native to throu hH{n Mexico, tropi€als America, and othﬂugubtropical
P Bl P P iy
q/ith many spreading branches and basal stems. The alternate leaves are bi-pinnate
compound with two to six pairs of pinnate each with 10 to 25 pairs of narrow leaflets. The
twigs are dark brown with light-colored dots (lenticels) (Siegler et al. 1986). Flowers are

bright yellow or orange flowers, very fragrant with a smell of violet. The older bark is
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also dark brown and smooth, (Little and Wadsworth, 1964) The flowers are the source of
“cassia oil”. The bark is rich in tannin (Siegler et al. 1986).

Various parts of the plant are used in traditional medicine (Liogier 1990, and
Parrotta 2001). In Mexico, the flowers are used to treat headache and indigestion, whereas

a decoction of the green pods is used to treat dysentery and skin inflammations. In India,

(Parrotta, 2001), the dried grat P ) mixed with water is considered to be

effective against diarrhoeag | ya, the plif s mding the seeds is used as a plaster
for treating tumors anc furuncle : : wijk, 1962). A. farnesiana
contains different classesof@hencal constituents listedyin Table 6.

3

Nk
R

1.12.
Table 6 The classes o

h

Class

Cyanogenic glycggites antarimand lotaustralin Seigler and Ebinger, 1987

Benzenoid cyl lSISSI et al. 1973
Duke, 1981

Phenylpropanoids Duke, 1981

Ketones Duyke, 1981

- A J

Flavonoids _ b Sissi, et al. 1973

}
and farnesol, Siegler et al. 1986
Flavonoids glycomdﬁ Naringin El Sissi, et al. 1973

AU ¢) ‘V!ﬂ‘ﬂﬁ‘W“El'l g

Al ﬁmﬁ’iﬁl MAIFNHIA Y

The ethanolic extracts of A. farnesiana barks efficiently inhibited bacterial growth
(Garcia er al., 2006).
Antimalarial activity:

The ethanolic extracts of A. farnesiana barks exhibited cytotoxicity against
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Plasmodium falciparum, with ICs, values 1.3 pg/ml (Garavito et al., 2006).

Flower

g e 12_&&3 i a*.,"’{m
Source of photos: high www hear rg;sﬁﬁamsn nagesiSpeciesi?g-acacia+farnesiana

1.13 Albiziagprocera B
A. procera (Famly I_ ac) na , )pical Asia and Australia, locally
known as “Thing tholl® iyl H fastpibwi %8 m in height). The bark is

ish brown on maturity. : 2 seeds (Troup 1921, Little

and Wadsworth 1964). .

deep red or redé

A. procera is commonly used in traditional medicines (Venkalarammany 1968).

The bar tains tanni reddi , ison, useful in
pregna u Vi : E‘] 'ﬁr f treat ulcers and
have ms@]nc:dal properties (Parrotta 1987). A. procera contains dlffcrent classes of

chemical constituents listed in Tabl e

ARTANTTIEM AN Y
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Flower

Source of phetos: hup thaihérbin &go;thal&nldctmlphp’?ld -350

| 5w1"ltu‘i‘ﬂha_ongwﬂch1Ie :Albizia_procera_seeds.jpg
-y

1.13.1 Knowafcheficll con: ~
i il \

Table 7 The classes of che aipqgsﬁiucn@oped A procera

Class

Che ’jn.al céﬁfﬁ‘ents "',i_ieference

Triterpenoid saponin

*ﬁfnaﬂo!‘iic ad’d.s' ‘j_"..f;‘ \ Varshney and Badhwar,

ccl‘nlmcymc 1972a
= w.H =
proccramrl'rA Banc vetal., 1979

‘1
'md nrnr'n al 2007

L

—
Amino acid "L{J albizzin ? cetal 1958
Flavonoid _J biochanin A, dai De ande and Shastri, 1977

gemstem fOl‘ITlOI'!OI'IC[lI’l

AU 2] A WO SN LTS o

q RGN &'

Saponins isolated from bark of A. procera exhibited cytotoxicity against HepG2
cell line with ICsg value 9.13 pg/ml (Melek, et al., 2007).



1.14 Leucaena leucocephala de Wit

Elower

ve L4/L | lekcocephaldde Wit
esanfo/key/Ferages/Media/Html/

3

gtropicalfor

agna |gucecephala.htm
' _
\ -4, 474 8
L. leucocephgl (Family Mimosaceae, subfamily of Ieguminosae) locally known

plant. 'l"__he p-'ntri_s shrub or trecup to 18 m tall with gray
bark and prominent igels. aves ate

-pinnate with 4-9 pairs of pinnae. Flowers
il

ol

numerous are globose h€ads wi;h;p_gliams@,‘gi_:"pf,E-S c¢m. Pod is pendant and brown at

maturity with seeds 18522 per pod (tdur. 2%{)1;[ leucoeephala was reported to have few
il b .

g fr "’j(}@ﬂIl‘()]!iﬂEﬂT’ achdiseases to contraception (Jagan
rpmgoniroling of siom

il

medicinal properties ran

Mohan and Azeemoddin, 1988} —Galactomamnans are the most abundant storage

polysaccharide in Leucaena sps-tound in the endosperm cell wall of seeds from the
k!

Leguminosae En&lly (Reid, 1985). They have biological gg;j_vﬂ;e} of including cancer

chcmopreventi&_;af: anti-cancer (Ingolfsdottir et al., .igﬁf_!;h)i_,nlimmunostimmulalion
(Ingolfsdottir et &T.i 1994 and Ramesh et al, 2002), anti-vital (Herold et al., 1995),
anticoagulant and” anti-thrombotic (Martinichen-Herrero er~al, 1995) activities. L.
leucocephala contains different classes of chefii€al constituents listed in Table 8.

1:14.1 Chemical constituents

Table 8 Ehe classes of chemical constituents reported in L. leucocephala

Class Chemical constituents Reference

Diterpenoid agids % Gibberglliny(phytghermone) Arigayo, ef uli1983

Sterol 3-sitosterol Verma and Chandra, 1979

Flovanoid Guaijaverin, kaempferol, Morita, et al. 1977
hyperoside quercetagetin and Ranganathan and Nagarajan,

quercetin 1980
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1.14.2 Pharmacological activity and clinical trial
Antibacterial activity:
Extracts of L. leucocephala had been reported to have antibacterial (Avirutnant
and Pongpan, 1983).

1.15 Streblus asper Lour.

S. asper (Famxly Mora '
dense branch. The oblong=ov

rough on both sides and fir

s “Khoi” is a tree with rigid and
wlong) are sub-rhomboid with very
ers (4 to 7 mm in diameter)
are in rounded heads. .. The female flowers usually in
pairs are green pedu

ovoid fruit (8 to

early enclosing the fruit. The
»ft and fleshy (Hooker, 1886).
Various parts ¢ folk medicines for the
and cancer (Ra

constituents listed i

Table 9 The classes of chg constituent -asper
Class "~ Reference
Cardiac glycoside ~ Kamlosil _F_JII pvs) ;ﬁ) u ' - Khare, et al., 1962

A 'l

| and Reichstein,

..I =
! strophanolloside, sarmethoside, ¥

‘Btghallomde and

pregnﬂ YHANININY AN, ..
glycosxd tetraiacontan- ?one, B- 51tosterol Prakash, et a!
AR AN INRTI N A
lupeol, diol, strebloside and Fiebig, et al., 1985

mansonin
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The other constituents were o-copaene, P-clemene, caryophyllene,

geranyl acetone, germacrene, o-cadinene, caryophyllene oxide and 8-heptadecene
(Phutdhawong, et al., 2004). In addition, the major constituents of the volatile oil from
fresh leaves of S. asper were phytol, a-farnesene, trans-farnesyl acetate, caryophyllene

and trans-trans-o-farnesene (Phutdhawong, et al., 2004).

Female floveer @&

NETC How

IVILY al

et al., 1964).). Phamfacological studies indicated that th y p s definite action on
. - Ji‘
myocardium (q'
Antifi larm’l-actwlty ....
The crudr.,_;i‘queous extract t of the stem bark of S. h;k)er revealed significant
macrofilaricidal activity I&Izlistogll etal., 1964

inream gl HNTNAING.. e

anticancer actwlty in KB cell (hurEIm carcinoma of the nasopharynx) cwre sy%tem
qnﬁﬂ"'l AR TINAIN Y
cerla cl Ph et al.,

Antimicrobial activity:

Ethanol extracts from the sticks and leaves of S. asper have been shown to inhibit

the growth of Streptococcus mutans (Triratana, et al., 1987).
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Anti-allergic activity:
S. asper showed promising anti-allergic activity in experimental models, such as
anti-PCA (passive cutaneous anaphylaxis) and mast cell stabilizing activity (Amarnath,
2002).

1.16 Butea superba Roxb.

B. superba (Family Pﬂpl!l igingsae) locally known as “red Kwao
Krua”, is a large climber: owing in forests in Thailand’s
saves are pinnately trifoliate,
orange color. Pods are 3-4

1877 and Brandis. 1990).

acuminate leaflet a

inches long, oblong s

and rejuvenate,

performance (Suntag@: ) T lant ich flavonoid and flavonoid

Flgm‘ 16 B. superba Rgxb.

9 W’? FEREEHRITNHIA )

&topic-335&action
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1.16.1 Known chemical constituents

Table 10 The classes of chemical constituents reported in B. superba (Sangkapong, 2005)

Class Chemical constituents Reference
Carboxylic acid Straight acid carboxylic acid (Cx- Rakslip, 1995
CZG)q

3-hexacosangloxy
Steroid ! Rakslip, 1995

Steroid glycoside Rakslip, 1995

Flavonoid 1yduox y=9-ra pterocary \ gamrojanavanich, et al.,

Flavonoid glycoside Roengsamran et al., 2000

Ngamrojanavanich, et al.,
2007

Isoflavone ethoxXyisoflav Ngamrojanavanich, er al.,

I I!I
1.1 ! . Pharmacological s y and clinical tri:

Antlprohferagon activity:

T S YT g e

(breast cﬂcer) cell lines with .JCSO values 327 and 473 uM, pectlvely

A RLANLLS, LB INYIA L

The root bark of B. superba extracts showed inhibitory activity on AChE
(Ingkaninan et al., 2003)

Androgenic activity:

B. superba tubers have an androgenic effect on the reproductive organs of intact
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and ovariectomized rats, and exhibit anti-estrogenic activity on serum luteinizing
hormone (LH) secretion in ovariectomized rats (Malaivijitnond et al., 2009). B. superba
tuberous powder showed effective treatment of erectile dysfunction in mature Thai males

(Cherdshewasart and Nimsakul, 2003)

1.17 Mucuna collettii Lace
M. collettii (Family Papilion: x‘-‘ cLuf sae) locally known as “black Kwao
Krua”, is a large soft woody¢limber. The Ie&oliate; leaflet 4-8 by 2-4 inches
sparsely hairy, entire m@’e S-I;&m Iomre hanging on the stem up to
12 inches long »\aithnmn"’.m—.r with bro T-Mtc into a bell-shaped tube.
Petals are blackish-pus d.IL -undles. Pods are linear-
5 1 ¢ hard and flat (Pengklai, 1977). The sap is

black when all p of thi§ - ut andiexpa h d (ot . The roots of M. collettii
S a fg !

oblong shaped up to

have long been used,

' b . - - y !
- - et
Source of photoﬂnp; thaiherb .go.th plantdetail php?id 4%

1.17. lﬂChemlcal constltuents

Auangndngang

1.17.2 Pharmacologgnl activity and cllmcal trial

'Q RAIIUUBIANIIALL..

amst KB cell line (Ohyama, ef al. 1999). The plant crude extract exhibited cytotoxicity
to Hel.a (Cherdshewasart ef al., 2004a) and MCF-7 (Cherdshewasart et al.. 2004b)
Antioxidant activity:
Quercetin in this plant has been reported to provide antioxidant activity (Lamson

and Brignall, 2000)
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Antimutagenic activity:
The extract of M. collettii has been reported to have antimutagenic potential

(Cherdshewasart et al., 2008).

1.18 Pueraria mirifica Airy Shaw et Suvatabhandu

P. mirifica (Family Papilion%:Id-r uminosae) locally known as “white Kwao
Krua” is a climber, found in the | cz‘ rest of the northern, western and
northeastern and southern region of Thailan &ara and Suvatabandhu, 1952 and
Cherdshewasart er m’.m plant.ﬁ a lum\vood Leaves are pinnately
three foliate stipulw : ‘uberous -rL(;GE"maned in sizes and shape.

Flowers are bluish- / shape. |, The inﬂorﬁ‘seeg&: of certain flowers is
approximately 15-40 ¢ g Pdds ar sl der typicaily ahort elongate, smooth or hairy,

including 1-10 si ' ‘1) mawrgﬂ and dricd whichturned into various color

herdqhﬂasar&aﬂd Snwatcharakul 2007).

(Smitasiri and Wungj

Figure 18 P. miyifica Airy Shaw &&vatabhandu

q W’] ANNIAUAUBIANLNALL.,

tolk medicine for both aged men and women for its efficacy to grow hair, strengthen and

darken existing ones, help improve domplexion and remove wrinkles, improve eyesight,
increase energy and vigor leading to more reflexive body movements. P. mirifica contains
a high phytoestrogen content and concentrated isoflavones, which support several health

functions:; prostate, cardiovascular, bone structure, breast and skin appearance. and
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menopausal or post-menopausal symptoms. P. mirifica contains different classes of

chemical constituents listed in Table 11.

1.18.1 Known chemical constituents
Table 11 The classes of chemical constituents reported in P. mirifica (Modifiled from
Cheewasopit, 2001)

Class Reference
Isoflavonoids - ngham et al., 1986a
ham etal., 1986b
N ‘Ham etal., 1989
Isoflavone glycosi am et al. 1986b
; acetateand . \gham et al. 1989
Chromene ler et al., 1940
1ansakaew et al., 2000a
Coumestans “pumest Lli;uri- sham et al.,1986
1 ( mgham et al., 1988
Sterol Hoyodom, 1971
Pterocapans Chansakaew et al., 2000a
Acid

1an cw et al., 2000b

Y

i l..l

182 o

oo Il
Antioxidative activity: i

Pueraria glycoitde mangiferin and mawsoﬂavonmd showed potent antioxidant

m.r HYRIMING TS

lsoﬂavoncnds, genistein cnd daidzein of the dichloromethane e l from P.

qmm IEISIATAN e

Preventive bone loss:
P. mirifica, the phytoestrogen-rich has been reported to prevent bone loss in
orchidectomized rats (Urasopon et al., 2007 and Urasopon et al., 2008).
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1.19 Piper nigrum Linn.

P. nigrum (Family Piperaceae) locally known as “Phrik thai” or black pepper, is a
climber. The plant is native of Southern India and Sri Lanka. The blackish-green leaves
are elliptical ovate. The fruits first turn green, then red and finally turning black. The
plant is widely cultivated in the tropics as the source of black and white pepper. Black

: white pepper is obtained when the pericarp

is removed (Craib, 1992). P.

system of medicine (Kirtij

) finds extensive use in Ayurvedic

pepper is obtained from the dried unrip&}‘

jr of piperidine and pyrrolidine
alkamides are known Mlant Qarma.p-ulﬂﬂ)?) the most important being

erties like CNS  stimulant,

piperine, known to pg [
analgesic, antipyretic aad™anufecdant . Kado et al., 1979). In Iranian

traditional medicine, blagk'pepperis slieve menorrhagia in women (Craib, 1992).

Source of photosi LLp:/WWW.Imd
tlp ITWWW. bloggang comyviewdiary php?id- nuy
handmade&month-09- 2008&date -21&group-5&gblog-1

AU ST

1.19.1 Known chemical constituents

major constltucﬁz isolated_from P=igrum fruits is pi Z-N
asma KEE VLT Glay i Tk i

@t al., 2004), piperidine, pyrrolidine amides (Parmar ef al., 199'?) The compounds 3, 4-
dihydroxyphenyl ethanol glucoside and 3, 4-dihydroxy-6-(N -ethylamino) benzamide
reported to be present in green pepper but absent in black pepper (Pradhan, et al., 1999).
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1.19.2 Pharmacological activity and clinical trial
Acetylcholinesterase inhibitory activity:
Acetylcholinesterase (AChE) inhibitor has been used as a drug for the
symptomatic treatment of Alzheimer’s disease. The seeds of P. nigrum extract showed
inhibitory activity on AChE (Ingkaninan et al., 2003).

Antioxidant activity:

Both water extract and ethanol e epper showed exhibit strong

The ethanol W UGrum Wers ’ ast both gram-positive and

gram-negative bacteria For al4 2004). The ds 3, 4-dihydroxyphenyl
ethanol glucoside de were found to inhibit
the food borne pat

P. nigrun ed B-hexosaminidase
release from RBL-2I 1€), a tumor analog of mast

cell, with an 1Csq value off14 0 pa/nil owh her than that of ketotifen fumarate, a

1.20 Fagraea fragrans Rexb

F. fragrans (Family Potatiateat) [ocal s.“Kan krao™, is native to South-
east Asia. The pi ant is a large evergreen tree (about 10 to 251 wall) with a dark brown
trunk and deep hr"_ WUnk and grow upwards.
The leaves are simple with' ards the lip. Its yellowish flowers
have a distinct fra

ce and the fruits of the tree are bltter tastl 5 red berries (wfouin madud

HATAY. 25 lo fever, treating
hemorr % ﬁ sﬂmd ﬁi’u yuuzszing nay
BIYY T-m‘mm 53,2541 1au 1).

qmmmmﬁmmﬂmwz

a d Biotechnology (BIOTEC) and Shiseido. The findings will act as a catalyst for further

research development of cosmetic ingredients and skin care (www.sciencepark.or.th).
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e Figuye 20 F. fragransRoxbe, .

ithaigovnetplants_dataplantdatloganiac/ffragr_1 htm
ubulac thypublish Mo viel html™

1974), secoiridoid glyg@sidg namgly, fiwclﬁmﬁrin-(l(un-Anakc and Rajvatin, 1976). A
A
delyde, gﬁntiopiérﬂpside, sweroside and swertiamarin  were
es of I fragrans. (Marie, et al, 2008)
i

1.20.2 Phagmacological activity.and clinical trial

Antibacterial ac Vlt)ﬂ;!':-.-. ;:f;-."i-:f
Extracts of Fagraea fragrans hiad been féposted to have antibacterial (Kun-Anake
. et A A -

and Rajvatin, 1976). i S I

Antipl'ab'ggﬂial activity: -t
Fagraldbh'fde isolated from F. fragrans was potent inhibitors for P. falciparum
< |

—

(Marie, et al. 200%)_.} {1

L.21 Vitex trifolia.Lipn,, )

V? trifoliu (Fdmily|Vefbéndteae) 16caly Kndbvia§ “Khdhn fhisal® that is a shrub
(up to 8 M tall) within tropical and sub-tropical regions. It has a smooth light grey to
brown bark. The leaves.consist of 3 or.5 smaller leaflets which are all conn€cted at one
goim‘f and arecﬂlpnb "‘Th’el u]gp.a'r of the. Jeavés. s.urfacc. are green ar;d thé‘::..jﬁwé’r" surface
grayish green that covered with white hairs. The purple to blue flowers consist of a tube
with five lobes and the central lobe is bigger than the others. The fleshy globose fruits are
black when mature (up to 7 mm in diameter) and contain 4 small black seeds (Herna'ndez

et al., 1999).
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V. trifolia has been reported to have both medicinal and insecticidal properties. In

traditional medicines, this plant is the most important in the field of medicine. Leave are
commonly used as poultice for rheumatic pains, inflammation, sprains and fever. Roots
are used to treat febrifuge, painful inflammations, cough and fever. Flowers are used in
treating fever and fruit in amenorrhoea (Ramesh et al., 1986 and Herna'ndez et al., 1999).

Seed are used an insect antifeeding detivity (Hosozawa er al., 1974). There have been

various studies on the chemical ¢ 'fil J‘l ' vapounds isolated from both V. trifolia
leaves and fruit (Pan e _ %1.989). The' F My ntains the different classes of

12 e —

chemical constituents i§
1.21.1

' r/ stituents .
Table 12 The classes o et ithel f;x %h‘x"";:"‘-u olia

s QA
72 2 NN
Terpenoid aryor dey fried sabin ~,- uksamrarn ef al., 1991
,
Sterol edantham and
Subramanian, 1976
eng et al., 1996
Flavonoid lair et al., 1975
Ramesh et al., 1986
pendu @ﬁ‘_}, ..-&.“.-. Zeng et al., 1996
; / i eg@l., 2005
.II -
! trimethy| quercetage
Flavonoid *lﬁ)liﬂ-’;‘—O—B-D-glchde, Ramesh et al., 1986
o] WL BTN 002
Terpenoid ‘Caryophylleney friedeliny’sabin S ramm et al., 1991

and a-—pinene,f o

ASRERTA T nra s

Zenget al., 1996
Fatty acid Linoleeic acid, myristic acid, Prasad and Nigam, 1982
palmitic acid, palmitoleic acid, y-

tocopherol and steric acid
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v 9
L1 : -
Fruit Flower=%
e

\atuic fruit

. trifolia Linn.
: 'pload;qleantee document 1229050283 pdf

tgo.h-plantdetail php2id-517
— e

b | #
al ologlcﬁl ac%}ty and clinical trial
g = sdda ..-'.."-:,_*4-‘
of V. tfifolic féﬁs exhibited moderate inhibiting activity
against both gram-positivéand .gm_m*ncgatwe—%f‘zﬂa (Hessain, et al., 2001).

=l S -
E—

Hepatoprotective activity:— ——

Leaf extracts of ¥ a-rf'tﬁrﬂa have -'Hdﬁ'hhprbtectlve activity against carbon
tetrachloride (C.Cé) induced hepatocellular injury. (Manjunatha and d Vidya, 2008)

Antlcaug;i' activity: o :_J

Extracts frm}a dried fruit of V. trifolia contains pcrswogcnm and penduletin with

anticancer dCtIVl[?J(L! et al., 2005), inducing apoptosis and”inhibiting cell cycle at
theGO/G1 and G2/M phaseés in mammalian canger (tsFT210 cells) (Li et al., 2005).
Antimalarial activity:
The cyciohexane extracts of V. negundo inhibits the activity of P. falciparum at

ICs9 17.3 pg/ml (Nguyen-Pouplin, et-al., 2007).

1.22 Kaempferia parviflora Wall. Ex. Baker
K. parviflora (Family Zingiberaceae) locally known as “black Krachai” is
perennial herb. The black rhizome has been considered to be of highest quality, compared

to other different types: yellow, white, and red ones.

J24% 0N GdA
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The fresh or dried rhizome has been used in Thai folk medicine as an aphrodisiac
and for the treatment of colic disorder and hypertension (Patanasethanont et al., 2007).
The plant has been known as Thai ginseng, is believed to have sexual enhancing activities
(Churdboonchart, 2000; Wutythamawech, 2000) The laboratory results support its
potential with positive effects on the seminal vesicle, spermatogenesis and health safety at
doses of 60 and 120 mg/kg for 30 days (itjaingam et al, 2005).

Jure 2?%:};_'
Source of photos: http./g v qﬁﬂ_}eg nno
http: IWWW. 1

I
B Hr..-l'.. ..-'.-' 4
From invitro study, “the Tine -Iﬂa(( noids . the rhizomes of K.

parviflora exlﬂf') 4 2 asmodial baClerial activities, but no

cytotoxicity aga BC (breast cancer), and
1S (Yenjﬁt al., 2004), anti-peptic

ulcer (Rujjanawate ct al., 2005), anti-viral protease effects (Sookkongwaree et al., 2006)

R AT KA1 et 3 P -

parvlﬂora}an inhibit P-gp function, Wthl’] may be useful for overcoming P-gp-mediated

OL R PSR e (L lak3h T

qonstltucnts listed in Table 13.

NCI-H187 (humagsmali ce
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1.22.1 Known chemical constituents

Table 13 The classes of chemical constituents reported in K. parviflora

Class Chemical constituents Reference

Flavonoid 5-hydroxy-3, 7-dimethoxyflavone, Yenjai et al., 2004

2 Tant virdlona naz

811w flunes 2528

Chalcone T anduratin Afand \ nchinda et al., 2002
1.22.2 Pha Al \

Anti-allergic actiyity:

Active constituents of K. parvi ics, 5-hydroxy-7,4'-dimethoxyflavone,
FEST

5-hydroxy-3,7,3' 4'-tetramethoxytlavéne - an lroxy-7-methoxyflavone  were

responsible for intt~allergic effect of the plant (Tewtrakul ef al., 2608).
h———__u.

The 5,7,4'%\& _ amethoxyflavone showed potent
antiplasmodial activity (Yenjai er al., 2004).

Anti-gastric uﬁﬂctivity: L
AL TEEaXH CTTTE L TTETTa T A - -

ulcer activity which is preserve of gastric mucus secretion (Rujjanawate ef al., 2005).

Anti-inflammatory:

AW RIASRI NN 18 -

eghibited anti-inflammatory activity (Tuchinda et al., 2002).

2. The knowledge of cancer
Cancer is a group of disease with uncontrolled growth and spread of cells that

may affect almost any tissue of the body. Cancer cell is generally the results of certain
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genetic changes, involving activation of oncogenes or inactivation of tumor suppressor
genes. These changes allow the cell to escape normal control mechanisms in cell
proliferation, differentiation, migration and death which collectively maintain the normal
cellular architecture and functions in an organized tissue. The frequency of somatic
mutations leading to cancer beings is dictated largely by chemicals in the cellular

microenvironment and to a small ex  heritable genetic predisposition (Suna, 2005).

million people are diagnosédwath cancegevery.ve ancer causes 7.9 million deaths or
13% of deaths worldwidg.ine ]t is estimated that.thereawill be 12 million deaths in
2030 (WHO).

In Thail
2007 is shown i

_ ancer in males, follows
by, liver, lung, colgf® ? rcast cancer is the most
. f = {\

_ancer Center in the year

Table 14 The ten leadin@ sités of cancer 0., ll ~ 'gi tom Siriraj Cancer Center

Population  Percentage
1,010 14.04
9.10
8.26
8.12
7.59
525 0 525 7.30
ympho ma‘. 178 1244/ 4.20
FbeE] 3 Yob) Y63 T 211 1) 5
151 10

ukaemla 5 4 3.54

’Qﬁflﬁmﬁ 17t ﬂﬁﬂ%ﬂ?ﬂﬂ

2.1 Types of cancer

Prostate

(=]

Cancer cells within a tumor are the descendents of a single cell, even after it has
metastasized. Hence a cancer can be classified into 5 types by the type of cell in which it

originated and by the location of the cell (Phonnok, 2008).
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2.1.1 Carcinoma

The majority of cancers (about 85%) are carcinomas. They start in the
epithelium, which is the covering of organs and of the body. Carcinomas are named after
the type of epithelial cell that they started in and the part of the body that is affected.
There are four different types of epithelial cells. Cancer that starts in squamous cells is

called a squamous cell carcinoma, Gancer that starts in glandular cells is called an

from connective tissue, or

‘~ supporting tissues of the

cies derived from hematopoetic
(blood-forming) cells oplin the )¢ mph and the. of the immune system.

marro \ characterized by an abnormal

proliferation of blood cel

T
2.1.5 Melanonis =

The ca ﬂf"'_{w » . of melanocytes. Melanocytes

predominantly ock specially the eye. The vast

majority of melafie

22 Breasﬂnncer

Breast canceff iszthe leading cause ofideath as the first leading cause of Thai
female cuﬂ fg %sﬁnﬂﬁrwm ﬂiﬁss frequent than
women. Mpst cases occur during age 45 to 55 year old (Cooper; 1992).

There are 2 types of breast ofircinoma. F-% /s

wq ' ﬂifﬂnﬂ;}ﬂ:ﬂhﬂa 1 cﬁ} af in the
ining of a breast duct. The abnormal cells do not spread outside the duct to other tissues

in the breast. Approximately 90% of breast cancer is this type. The most common is

called “invasive ductal™, NOS (for “not otherwise specified™).
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(2) Lobular carcinoma which about 5% of breast cancer occurs in the lobules of

the breast. This condition seldom becomes invasive cancer; however, having lobular
carcinoma in one breast increases the risk of developing breast cancer in either breast.

Risk factors for breast cancer relate principally to the effect of hormones on the

breast tissue. Breast cancer risk is increased about three fold in women who never had

children or who had their first child afier age 35. The women who use the birth control

pill for several years prior to {irSt prég 1ay result in modest increase in breast

cancer risk (Kelsey, 1979). Long-term pos n pal trogen replacement therapy may

also be associated with awmodest i & cancer risk (Miller, 1973).
' | ——

Environmental influence wproposed to play a major role in

mammary gland carcingg

sillorbés | 1997 and Catieau 2002), and most individual
: ? %\\%\\ e ), and most individuals
are exposed to careinoge oif daily diet! \L‘i’ : - of cooked meats and fish
(Wakabayashi et 1992) 4 In-ri \ igh temperatures forms

eterocyclic amines. & -.’r ‘ ‘1; \":%.\
h yel d _ g r\\\

\

death as the third leading cause

ammary gland carcinomas in

N

rodent models (Ndeao af al j 1 tha man breast cancer risk

may be to diets high i cog

2.3 Colon caneer
Colon cancer confinueg P
of Thai patient cancer (Table™4). g cause of cancer deaths in the U.S.,

accounts for 50,000 deaths ,.E:r_:-tgg;_ ancer of the large intestine (colon),

the lower part of ¢ -' offthe last 6 inches of the

- -

colon. Togcth M, g ut 112,000 people are
diagnosed with c n ca 0"newWtases of rectal cancer are
diagnosed each Er, according to the American Cancer Sﬂty. Most cases of colon
cancer begin as smal‘,. nemcancerous (benign)@limps of cells called adenomatous polyps.
Over t s%o : ﬂo bﬁnﬁlﬁ:a . Iﬂ ﬂbﬁmall and produce
few, i ﬂy, symptoms. Regular screening tests can help prevent colon cancer by
identifying polyps before they becofhe cancerous. If signs and symptoms off gblon cancer
PRSP HAA R T e
ggas of abdominal pain.
The risk of developing colorectal cancer increases as age. The disease is more
common in people over 50, and the chance of getting colorectal cancer increases with

each decade. The risk overall are equal, but women have a higher risk for colon cancer,

while men are more likely to develop rectal cancer. Diet high in fat and calories and low
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in fiber may be linked to a greater risk of developing colorectal cancer. A new risk study
for developing colon cancer is genetic mutations reported by Markowitz-Ingalls and
Kishore Guda (Markowitz-Ingalls, 2009). The presence of mutations in a group of
enzymes called GALNTs, which are required for normal glycoslylation, used to
synthesize mucus and is involved in many cellular activities. These mutations contribute

to alterations in the glycosylation d in turn, to the development of colon

cancer.

3. Cytotoxicity —

The cytotoxicitydest™MCihod i3 sded which measures the effect of test

substances or physica "ethod is both simple and

AN
X

sensitive and is us¢ es and stimulations. There are many

applications in cai€er rgs€aréh o assay hich quantita numbers of viable cells
present following thg ogedur --.: - ‘:‘\ icity assays, each of them
using specific agifac ¥ o= :~ ity, such as cell integrity,
proliferation and meg@boli€ fuu ti'on‘ "f-; omparisen of commonly employed
cytotoxicity assays (W31 SXI NTTT R \ d Neutral red assay) to detect

antiproliferative effects of, leni ,é:;_ ! lorectal cancer cell lines in
vitro as reported by Schrg 4-and “wor roterova et al., 2009). The metabolic
activity of selenium treated cell -meast red by T, Neutral red and Brilliant blue assays
were more sensitive and. yietde Its. Among the most often used

assays are thpsedmeasuring the metabolic activity of wiable<“cells using colorimetric
changes based o AY J

3.1 MTT assay ﬁ

This assay ﬁeﬁted the chan in%ft‘l colorimetric formation in wells and
#l as

mﬁ butﬁ’t?w csbePey Mot Ivosmann, 1983

The on“ living cells could reduce the soluble yellow tetrazolium salt, 3-4,5

dimethylthiazol-2.5 diphenyl tctr&olium bromide=gMTT), into an ifsdluble blue
R ﬁ?mﬁw} SRR o
fassay can be applied clinically to select the effective drugs because the assay can be done
in a 96-well plate, and MTT formazan production can be analyzed using a scanning
multi-well spectrophotometer. Thus, many samples and anti-cancer drugs can be analyzed

simply and rapidly (Rocha D and Lopes, 2001).
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Plant used in study Cancercell lines Reference

Hemidesmus indicus B-16 (murine melanoma ; , \ : Studies of the anticancer
Polyalthia longifolia HCT-8 (human colon s A mar _ _showed a positive result | potential of plants used in
Aphanamixis polystachya | carcinoma) . i eg ' o Bangladeshi folk medicine
Oroxylum indicum CEM and HL-60 (leukenua’  Sea ure n eggs (Costa-Lotufo et al,. 2005)
Tribulus terrestris ‘ t ¢ b { Cso was in the range of

Nigella sativa ‘h\' \\ in all tested phases of the sea

Cuscuta reflexa | .1‘\ " 1armelos was strongly

Paederia foetida active (ICs; = 50.5 pg/ml, inhibiting

Emblica officinalis the first cleavage ), (ICso = 22.7

Moringa oleifera

Aegle marmelos

ml, for third cleavage), (ICso =

orble

Y
—

A .

7 was the most active

Coo = 14.2 ' nl for HL-60
| 1C50 = 19.6 pg/ml for CEM
C

lae)

AL JNENIMETT:.
RININIUNRIINYIAL

(44
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Plant used in study Cancer cell lines Reference

ant extracts were tested for the

ty % ce lysis of mouse
» f-\‘“’s sativa was the most
16.8pg/ml)
Bidens pilosa DU-145 (prostate cancer) = is has cytotoxic effects on | Cytotoxicity of six South
Centella asiatica MDA-MB-231 and MCF-7 Pl ; 1d MCF-12A. African medicinal plant
Cnicus benedictus (breast cancer cells) =30 pg/ml and 31 pg/ml, extracts used in the
Dicoma capensis MCF-12A. ; treatment of cancer.
Hypoxis hemerocallidea (Honsalignant oeea soll) (Steenkamp and Gouws,
Sutherlandia frutescens 2006)
— ~o
Seventeen Thai medicinal | KB (human mouth epi 1-’;"_ : 7’ ( gjava) leaf oil Anti-proliferative activity of
plants carcinoma) E d the highest anti-proliferative | essential oil extracted from
P388 (murine leukemia) activity (ICso' 7.9 pg/ml for KB) Thai medicinal plants on

Sweet Basil (Ocimum basilicum) oil

AU 839 El NIH ﬂﬂ?:::::::

KB and P388 cell lines
(Manosroi et al., 2006)

ammnm SJWTJ‘V]EHQ d

134



Table 15 Summary of some study of the anticancer potenti

Plant used in study

Cancer cell lines

Eleven Thai medicinal

plants

COR-L23 (human large
lung carcinoma)
MCF-7 (human breast
Adenocarcinoma) i
LS-174T (human colon’
adenocarcinoma)
SVK-14 (normal human

keratinocytes)

Fourteen Thai medicinal

plants

—

HepG2 (malignant hus i

hepatoma) .,I '

Vero (normal African gres

monkey kidney)

¢

‘

HepG2

44

Reference

owed that three plants;
Core nbranacea, Dioscorea
\-\\ and Siphonodon
bWk hibited high cytotoxic

embranacea against cancer cells
\‘ vely toxic that showed the

tivity for breast cancer

so = 7.7 pg/ml) for lung and colon

ncer cell lines (37.6 and 23.2pg/ml,

In vitro cytotoxic activity of
Thai medicinal plants

used traditionally to treat
cancer

(Itharat et al., 2004)

)
-y
%55 /0 pg/ml) possessed

 selectivity (SI>14.3) to
'l

SdF |

Cytotoxic activity screening
of some indigenous Thai
plants

(Prayong et al.,2003)

FJ:UEJ AT WENS
ARIANTAUNNIING 1A Y
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Table 15 Summary of some study of the anticancer potentiak

Plant used in study Cancer cell lines Reference

Five Thai medicinal plants | - eed of 4. squamosa, Brine Shrimp lethality

in the family Meliaceae: 7 mb _ark of M. azedarach activity of Thai medicinal
Azedirachta indica or cytotoxic plants in the family
Azedirachta indica var. Meliaceae

siamensis, (Pisutthanana et al.,2004)
Melia azedarach,

Sandoricum indicum

Swietenia macrophylla.

Fourteen Yemen medicinal | ECV-304 (human bladder ven plants,Dracaena cinnabari, Cytotoxicity of plants used

plants carcinoma) alyptus camaldulensis, Pulicaria | in traditional medicine in
divinorum, Euphorbia | Yemen

nia somnifera (Al-Fatimia et al., 2005)

1Cso < 30 pg/ml)

agamst EC gt 4 cells

"'l'

ICso = The inhibitory concentration; con ation o a | % i.e. an enzyme, cell or cell receptor).
ECso = The effective concentration; concﬁau ﬁ ﬁ ffect in 50% of the organisms treated.

LDso = The lethal dose; dose that can be e cted to cause mortality i m 50% of dosed ammals (http JIwww. encyclo co.uk/search.php).

QW’]Nﬂ‘ﬁUﬁJMﬂﬂma&l
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4. Mode of cell death
Cell death is part of normal development and maturation cycle, and is the
component of many response patterns of living tissues to xenobiotic agents (i.e. micro
organisms and chemicals) and to endogenous modulations, such as inflammation and
disturbed blood supply (Clavien, et al., 2000, Vaupel and Hockel, 2001). Cell death is an

important variable in cancer developm or prevention and cancer therapy (Schulte-

4.1 Necrosis

Necrosis occurs p€lls atcfexposed to extréme variance from physical and

N

chemical trauma ady resu amage fo the cellILis begins with an impairment
of the cell’s abili leading influx of water and
extracellular ions. Intraéellular greanelles: most not ably the ochondria, and the entire

cell swell and rupture $is). Due ultimate, bréakdown of the plasma
membrane, the cytop ig >nt iding soma yines are released into the
extracellular fluid. Therefore Mecraticcell deathiis of ,1‘ 2 cia ed with extensive tissue

damage resulting in andftenge i hatory i ponse ' h and Van Zwet, 1988).

4.2 Apoptosis
Apoptosis is a _mede .of ot s_under normal physiological
conditions and thedcél] is an active participant in its own demisel(cgllular suicide). It is

most often foungd duri

=

-
ne; f\! sis, embryogenesis,
induction and maivﬁlanc ent‘ﬂhe nervous system and
endocrine-dependent tissue atrophy. The cell is includes chroniatin aggregation, nuclear
and cytoplasmic cond‘n.‘mn. partition of cytdpldsm and nucleus into membrane bound-

vesicucsﬂp% ﬁe’sa:hwcﬁi ' ‘ijQﬂ igctmitochondria
qlmatcria.

and nucle The apoptotic bodies are rapidly recognized and phagocytized by

either macrophages or adjacent ei-zitl“lial cells (Savill&mal., 1989). Due to thi§ efficient

AT 2 SR Ao e G

qoptotic bodies as well as the remaining cell fragments ultimately swell and finally lyse.
The terminal phase of cell death is secondary necrosis (Krihenbiihl and Tschopp, 1991)
A characteristic biochemical feature of the process is double-strand cleavage of

nuclear DNA at the linker regions between nucleosomes leading to the production of
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oligonucleosomal fragments. In many, although not all of the circumstances in which

apoptosis occurs, it is suppressed by inhibitors of messenger RNA and protein synthesis.

NORMAL CELL

ptosic body

Figure 23 The diffeg@nt calll de ) patht¥ay-bétween ne hoptosis

(Kerr et al.,

In the diagram :'--'..:';'.‘_-—;-#l_n'-'-'--: equence of ultra structural changes in
apoptosis and necrosis: (2-6 Show pa poptosis, 7 and 8 show pathway of

Nd )
necrosis) ﬁf e .-I'.

(l) i_»l'i L
(2) Th ¢ ocl I;;‘"@ of nuclear chromatin,

condensation of ¢ y

(3) At a lat

plas , utlines.
stage, the nucleus fragments, and protub ces that form on the cell

surface separate to p‘!w apoptotic bod:es

Q}‘M HANMRINHN T

The development of gecrosis is assoﬂed with irregulargclumping of

shape until removed by mononuclear phagocytes
Apoptosis occurs spontaneously in malignant tumors, often markedly retarding
their growth, and it is increased in tumors responding to irradiation, cytotoxic

chemotherapy, heating and hormone ablation. It has been suggested that apoptotic cells
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utilize the same proto-oncogene products and regulators of the cell cycle in a unique
manner to induce a tightly controlled cell death. Several typical events of early cell cycle
traverse are associated with apoptosis, e.g. unregulation of proto-oncogenes such as c-
mye, ras, cfos, c-jun, cdc-2, and phosphorylation of the protein product of the tumor
suppressor retinoblastoma gene. Some of the molecules that induce apoptosis are also

involved in the regulation of proliferation and differentiation. For example, the nuclear

transcription factor c-myc whigh s sically’ agsociated with the promotion of cell
growth has also been im_‘___;‘- L be a/Ceflaal mediator of apoptosis. Ceramide, a
hydrophilic component Shingolipi eSpee Spingomyelin) which induces
differentiation, growth progression, also induces apoptosis.
Finally, the demonstratigs i CC ""w- protein designated APO-1
or Fas can enhan€€a es may have therapeutic

implications (Kerr

Table 16 Gene ppoducts Enging apopt E % ingkapong, 2005)

Enhance

Bel-x
Bax
Bak
Bad
Nbk

B4 gel ol ting factors

Faszﬁfc‘ DY
Interletikin Iﬁ-converting enzyme (ICE)

The mvcstlgatlon of the cx ssion of proteingggulating apoptosis @4 predictive

ﬁ fhdf ﬁ;u 48 %W:lﬂﬁ feprs

1. The expression of each of the protein regulating apoptosis is likely to have a

different significance in different at organs, as recently pointed out for bc/-2. Indeed it has
already been demonstrated that this protein has a predictive meaning in myeloid

leukaemias and breast cancer.
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2. It will be necessary to investigate not only the primary tumor, that also the
post-treatment residual tumor and the metastasis. These approach logical markers respond
to treatment. This type of information could possibly lead to choose both the best
treatment for resistant clones and to identify in the primary tumors potentially resistant
cells already present and treatment them immediately in an appropriate way.

3. It is likely that, in most typ: nor, to predict the sensitivity to treatment it

4.4 The differeg

They haV
morphological ¢ erigfic gphysiolog | features (Table 17-19)
(Modified from Rodedf al ke

inguishable, as differences

Tablel7 The diff€ren phidlegich '_" V apoptosis and necrosis

Charecteristic m ‘\\\ Apoptosis
Outset i eyldplasm a ‘r. ing of cytoplasm,
' 12 ol e lu\n sation of nucleus.

Plasma membrane Blebbing of plasma membrane
without loss of integrity

Chromatin oregation of chromatin at the
- nuelear membrane.
B |

Organelles ndrid become leaky due to

II orga pore formation involving proteins of

| 1 _

the bcl-2family.

Vesicles fqﬁicle formation, comfilete | Formation of membrane bound

Terminau

I

Charecteristic Necrosis Apoptosis
Extent Affects groups of contiguous Localized effect that destroys
cells. individual cells.

Phagocytosis Phagocytosis by macrophages Phagocytosis by adjacent cells
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Table 18 The differences physiological impact between apoptosis and necrosis

(Continued)
Charecteristic Necrosis Apoptosis
Immune system Significant inflammatory No inflammatory response.
response.
Induction Appeared by non-physiological | Induced by physiological stimuli
disturbances (lack of growth factors, changes in
(complene tattack, yiig ormonal environment).
viruges, *___' ia, hyporfigs
chen ohc poisonsy. |
Table 19 The diffe is and necrosis
Features Apoptosis
Regulation V t y regulated process
g activation and
Energy input (ATP)-dependent (active
cess, does not occur at 4°C)
DNA on-random mono- and
igonucleosomal length
fragmentation of DNA
adder pattern after agarose gel
e PIecioppoesis)
Biochemical e 'g,("_ A of various

[actorsrious factors

.'I
]
W

¥
't ochrome C, AIF) into

cytoplasrn by mitochondria.

AU ANUNTNE T

ARAINTUN] ﬁﬁﬁ%ﬂw’ff{::

cytoplasmic to the

extracellular side of the

membrane)




CHAPTER III

MATERIALS AND METHODS

1. Materials

1.1 Chemical reage

ation 4 olving of crude plant extracts
Chemicals and R i ‘ Company

o —

95% Eth - Alcohol Refinery
Dimethy 317 Merck

1.2 Thai rejusénatigg

The plants weregflentificd and‘authentiCated by traditional medicinal experts in

the collecting places

Plants in thi Source
|. Acacia farnsia “M 5-‘- oot Khon Kaen
2. Albizia procer, "V lign t ¥ Ste Khon Kaen
3. Anaxagorea luzon@nsis =—AR fﬁf Vh Chiang Mai
4. Betula alnoides r ‘J' -i‘ar Ceae hole stem Chiang Mai
5. Butea superba z _f!ﬁ:,;r ~_,,‘s Tuberous root Chiang Mai
6. Cyperushot ( Bangkok
7. Diosp. I,,F" Khon Kaen
8. Dracaenatanfe ';. Chiang Mai
9. Fagraea frggrans Potaliaceae Whole steri Khon Kaen
10. Kaempferia @rﬂora Zingiberacew Rhizome Bangkok
I1. angkok
12 ﬂ“ﬂﬂﬁm Hﬁﬁ m/]nn ﬁihon Kaen
3 cuna collettii Papilionaceae wﬂe stem C i
Pueraria mirifica Papilionaceae Tuberous root Chiang Mai
17.  Stephania erecta Menispermaceae  Tuberous root Chaiyaphum
18. Stephania venosa Menispermaceae  Tuberous root Sakon Nakhon

19. Streblus asper Moraceae Seed Bangkok
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20. Suregada multiflorum  Euphorbiaceae ~ Stem and leaves  Khon Kaen
21. Tinospora crispa Menispermaceae  Whole stem Khon Kaen

22. Vitex trifolia Verbenaceae Stem bark Khon Kaen

1.3 Culture media

Chemicals and Reagents Company
RPMI 1640 medium s \ ) Biochrom
DMEM mediuigz = . Sigma
EMEM medium' BioWhittaker
Biochrom
Gibco
HyClone
Amresco
Carlo Erba
1.4 Cell li
Human mamn r ' N nan colon cancer cells (SW620)
were continuously cultur srow as sedin this study.
1.4.1 Human niammary cany ine (MCF-7)
MCF-7 (ATE€ ..":E*":'.'E_.nf;. _;-.d‘.:l human mammary cancer cell line
which was isolated ffom pleural effusion of a Caucasian female 49. years old patient with
a breast adenocArGit Hd ion of Experimental

Oncotherapy, Re

¥
Thailand.

1.4.2 ﬂ.uﬁl colon cancer cellllihe (SW-62

N e

from ly node of a Caucasian male 51 years old patient with a Dukes' type C of

ute, ‘;J‘j istry of Public Health,

4

colorectal adenocarcinoma tumor. Fhe cell line wakJebtained from Theéldhstitute of
YRR RE TR B
9

1.5 Chemical reagents for cell viability evaluation by MTT test
Chemicals and Reagents Catalog No. Company
MTT M5655 Sigma

Glycine 453804 Carlo Erba
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Normal saline 1580 GPO,Thailand

Trypan blue 17-942E BioWhittaker

1.6 Equipments and instruments used in this study
Name Company

Air pump Emerson

Autoclave Consolidated
Faster

Kokusan
Bright-Line

ontherm

Scientific Industries
Forma Scientific
Water jacketed CO; 'menbator—— Thermo Forma
3 ,,;_
2. Methods |
7

2.1 Prepa " ion 0

The plant 7

terlals were sliced into pleces and dried i 1 ; ot air oven at 70°C. The

dried mﬁlals were groliid into powder.
21|Preparatlonf§' ﬂt Qlﬂgsw El ’] n ‘j
ms of plant owdcr'fwcre extracted wath 500 ml 95% ethafol for 7 days
LR R A R
he precipitate was percolated two times with 500 ml 95% ethanol for 3 days. The total
supernatants were evaporated in the rotary evaporator until completely dried. The crude

extracts were stored in light-protect bottle at 4°C until used.
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2.3 Preparation of stock solution of plant crude extracts
Each plant crude extracts were dissolved in 100% dimethyl sulfoxide (DMSO) as
100 mg/ml stock solution and stored at 4'C until further experiments within 1 month.
Stock solutions were diluted to test concentration (0, 0.1, 1, 10, 25, 50, 75, 100, 500 and
1000 pg/ml) with 100% DMSO which did not exceed 2% of the total volume that should

-7

not effect against cell growth and viai

2.4 Cell Culture

2.4.1 CulfiiFer

MCF-7 cells
(DMEM) supplemented
penicillin and 10,000
bicarbonate (NaHC

were maintained at 37¢

é..

odified Eagle's medium
, 1 ml of 10,000 units/ml

agent and 1 g sodium
ium. The culture cells

%6.CO; incubator.

Plant sample j

v

s Iy )
Ethanolic extract ..-"E"“,..ra ol nds d alcohol (500 ml)
: .7 . ! ]y
: I.' Il i
: i i

Ethanohc extract Grounds + 95% Ethyl alcohol (500 ml)

ﬂumwﬂmw Y

ARRATRRBINGNY

Crude ethanolic extract

Figure 24 The preparation of plant crude ethanolic extract
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2.4.2 Culture of SW620 cell lines
SW620 cells were continuously grown in RPMI-1640 medium
supplemented with 5%(v/v) FBS, 1.5 mM L-glutamine, 1 ml of 10,000 units/ml penicillin
and 10,000 pg/ml streptomycin for antibiotic reagent and 2 g NaHCO; were added in
each liter of RPMI 1640 medium. The culture cells were maintained at 37°C with 95%

humidity atmosphere of 5% CO; incuba

Both MCF-7 and"SW620.ccll g ref] ery 3-4 days to maintain the

optimum conditions for i orowth. The uie medium was removed from the

aliosphate buffer [BBS). These cells were detached

. Bvosi™h 0.01% EDTA for 2-3

line
05%

ftertr . .»q. ells were washed with culture
4 ) 8 H,Q\\ - . ;
. ¢ ' culture medium with FBS until

i \\ : EM and RPMI-1640

S\ £620.respe x\}h ure medium were added to

.ﬂl.ﬂ-i__ "y

Qp \ \.

3-4 days before the experiment. The

from surface of th€"25 -l
min then the solutigi®Wwas #mevg
medium without FBS '
became single cells, dig

medium were used fo

the final volume at 8 m! and s
2.6 Cell suspension preg
MCF-7 and SW-620 célis-were propa;

cells were rinsed with 3 m ~-"rf.'r'i':-.{f_§ foltowe oval of the solution. Cells were

detached from thels : (£620 cells were cultured

=)
' cdium, respectively.

The fresh cultureﬂdl i ; vﬂ the aid of a pipette in
order to dissociaté™nto single cells. Cell suspensions were tramSferred to 15 ml conical
tube and cemrifugedﬁr,ﬂﬂ x g for 10 minfitgs. The supernatant was discarded and

e B QSR W BT e o
were cow@d and diluted as described in 2.7.

AMARASRINT AN A

In each experiment, c

with Eagle's modTii

microscope. The 0.4% Trypan blue dye solution and hemacytometer were applied to
determine the viable cell number, Trypan blue will only enter across the membranes of
non-viable cells. For MCF-7 and SW-620 cells were cultured in EMEM and RPMI-1640

medium, respectively. The cell suspensions were diluted with 1:10 culture medium and
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mixed 20 pl of cells with 20 pl of 0.4% trypan blue suspension, by Pasture pipette and
allowed to stand for 10 minutes. Ten microliters of stained cells were placed in a
hemocytometer and counted for the number of viable (unstained). The viable cells were
counted in the | mm middle square and 1 mm four corner squares of the hemacytometer.
(Figure 25)

T

lrnJ_m ﬁ.

regl |

—

ST T
Figure 25 Magnified vi oo "'r . The central 1| mm’ area is
divi -enclosed by triple rule
line A m’

The cells i ach square of the hemacytometer were eﬂvalent to approximately

calcula

yoxsackar=sARRANIAP)

density = average cell count per square x di

| mm, rcEresent a to‘lﬂume of 0.1 mm® afid’the 5ubsequent cell density per ml was

TRARIBTRHITITAYN %
Dlluted cell suspension with culture medium to desirable volume (y)
Media x-1 ml : Cell 1 ml
Media y ml : Cell z ml

Cell per ml = (total cell counfs’ i (10x2) x 10&%
DR

(z = cell volume for dilution)
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2.8 Antiproliferative assay

2.8.1 Cell viability evaluation by MTT test

Cytotoxicity assay was a conventional method to assess cellular damage.
The 3-(4, 5-dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT) assay
presented the changing of colorimetric formation for measuring the activity of

mitochondrial enzyme in living cells. intracellular succinate dehydrogenase could

reduce the yellow tetrazolium - pluble purple formazan crystal. The

amount of formazan product. o the number of viable cells

(Carmichael er al., 1987wand. Twen , 198 efore, this procedure could be

ncer cells.

g , | A
OCLLLZNNNS
/4 \\ i*

\s

N
v N
.’ I ﬁ“
a .
&
Aol
A
i LB :
yENTT and g reaction product
Jrd
T £

determined the inhibitory dose.efplant crude extraeis.on ca

Figure 26 Moleculagtrugiure'c

L
Two hundrgd micadlifers of 2 3 -‘ in culture medium were plated

o g

into each well of 96-well/plate s f'r- cubate’ ntil'cell attachment. The cells were
treated with the plant crude :5 1A of various concentrations of samples
» N S =Tl i
ranging from 0 tey] 00
with 10 pl of ;m;&l en incubated under
A% A
darkness at 37°C+for 4 0 ftf'of DMSO were added
' n - 1|
into each well. Plates were then ge 0 dissolve §

dir

shaker (IKA, Werk Jaf.kc & Kunkel) at 25°C for 5 min. Finally, 25 pl Sorensen’s glycine

buffer nin for complete
solubili tl n. 'ﬂ i ;17 dér ({lecan, Sunrise) at

540 nm. results were shown in l?e graph between the percentage of cell wablllly (Y-

’&l’ﬂ"mﬁﬂ“‘i’ﬂm‘ﬁ“ﬁ wma I

Calculation of the percentage of cell viability

for#2 h. Plates were added

azan crystal by plate

The percentage of cell viability = A e Sl x 100

Absorbance of vehicle cells
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Theé ICso value could calculate from this curve. It was defined as the 50%
reduction of the absorbance or 50% of the percentage of cell viability compared with cells

that were treated by DMSO as a negative control in MTT assay.

2.10 Statistical analysis

The results were shown as meanj+ standard error mean (S.E.M.) of five

replication experiments (n = § 5tica / sis was performed using a one-way
'!‘ (] 1

ANOVA for the analysis, of cul

e~

ingan analysis of variance at the

significance levels of P -

veit considered sigitieantly.

]

A

AULINENTNEINS
ARIAATUAMINYAE



CHAPTER IV

RESULTS

1. Characteristics of the plant crude extracts

The plant use, percentage yields

extracts are shown in Table 20, 1‘1

Plants ude extract characteristic

Acacia farnesiana
Albizia procera

Anaxagorea luzonensig

: istics of the 24 plant ethanolic crude
Table 20 The percentagesyiclds and aractcri@nt extracts

ight brown sticky
rown crystal

sllow viscous liquid

Betula alnoides d-brown solid

Butea superba rown sticky

Cyperus rotundus Red-brown viscous liquid
Diospyros rhodocalyx lack sticky

Dracaena conferta
Fagraea fragrans

Kaempferia parviflora

.....

Leucaena leucogephala— Root ————— A

Melia azedarac. F_
1
|

Mucuna collettii
Phyllanthus emblica

T Ik

Tuberous root
Tuberous r$

AW AN T34

Pueraria f ica

Stephania erecta

Fruit

9

14.72

Red powder

Brown sticky

Green-yellow viscous liquid
Drogn sticky

'_-" J own powder

:L orown viscous liquid

Brown viscous liquid

viscous liquid

Light yellow solid

W RERTR o

Streblus asper Green-brown viscous liquid
Suregada multiflorum Leaves 10.56 Black sticky
Suregada multiflorum Stem 12.42 Yellow viscous liquid
Tinospora crispa Whole stem 4.52 Brown viscous liquid
Vitex trifolia Stem bark 5.26 Yellow-brown solid




2. Anti-proliferative assay

2.1 Cell viability evaluation by MTT test

MTT assay, a simple and reliable technigue, which performed to demonstrate the
percentage of cell viability that can be used for screening of anti-proliferation agents. In
order to evaluate the cytotoxic effect of 24 extracts from rejuvenating herbs against
MCEF-7 and SW-620 cells after treated ¥
75, 100, 500, 1000 pg/ml) for MR L"q: [ 72 h. The effects were obtained in five

rious concentrations (0, 0.1, 1, 10, 25, 50,

replicate (n=35) from eac

Blank

Figure 27 Cell viability wasgddntificd by con onal MTT colorimetric assay.

TI—— — =

NEgeSt om Lhai rejuvenating herbs on

MCEF-7 cell lines arg presented as the ability of the antiprolife ! e in Table 45.

MTT ‘csﬂzdlcated that 8 out UI plant extracts, Suregada multiflorum

sritd p el Al) & Dbl DLEL L L)l oo
Streblu tu nesa-extractsie d a cytotoxicity

on cell proliferation between 0- lOOdtg/mI At the lC of them which are &"79 33.91,

GTSWTﬂﬁﬂ TRUBTINGNAL, .

tcm) Anaxagorea luzonensis, Acacia farnesiana, Kaempferia parviflora and Albizia
procera exhibited cytotoxicity on cell proliferation between 100-1,000 pg/ml, showed the
ICsp were 279.03, 299.64, 439.97, 652.39, 694.92, and 765.23 pg/ml, respectively.
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The 7 out of 21 plant extracts, Betula alnoides, Dracaena conferta,
Fagraea fragrans, Leucaena leucocephala, Melia azedarach, Phyllanthus emblica, and
Vitex trifolia showed no proliferative effect on MCF-7 cell. The ICsy values were greater
than 1,000 pg/ml.

For ethanolic extracts of Butea superba, Mucuna collettii and Pueraria
mirifica were not analyzed in this studygbecause there were reports on the anti-
the growth of MCF-7 cells by
Cherdshewasart and colleague in ’ f ed that the ethanolic extracts of

proliferation effect of the 3 plai

ficant anti-proliferation activity
d.642 83 ug/ml, respectively. While

Butea superba and Puerawiasmitifica exhibited
against MCF-7 cells with an ERsg¥alue o '370.

the ethanolic extracts of Jde

MCF-7 cells with afED g -/’:r _ | ‘:\\K\\

\\\\

Thedlfe Y v 16 e . of 24 plant extracts,

10n effect on the growth of
’r,al 2004).

Stephania erecta, Stre . zper nigrum (seed), Piper

nigrum (fruit), Step b . pyros rhodocalyx, Cyperus
hibited cytotoxicity on cell
5.08, 5.55, 5.90, 14.60, 14.78,

Spectively.

rotundus, Phyllanthus gmbl g a - :

proliferation between 0-100 pug/mi=the i€
15.73, 23.83, 29.34, 29.47, 33.06c2nd 36

The 6 out o fﬂ: ex ,_-i‘- eria parviflora, Tinospora crispa,

Mucuna collettii ) 4 ada ultiflorum (stem),

: ‘agraea fragra 1;" lbizia procera and

ted 0 een 100-1,000 pg/ml.

» ‘ > 282.29, 290.86, 332.86, 345.49, 362.2@;7.05, 407.37, 468.18,

482.51, 529.03 and wag/ml respectively. g s

Nydedi ?fl"ﬂ 04 4 0
showed e effect’o alue ater than 1,000

pg/ml.

QIR 20001088,

llmit of activity for crude extracts at a 50% inhibition (ICsp) of proliferation of less than

Dracaena con et

Butea superba exin

The 1Csq values

30 pg/ml after an exposure time of 72 h (Suffness and Pezzuto, 1990). Thus, the result

obtained that only the ethanolic extract of Suregada multiflorum (leaves) showed the most

activity against MCF-7 cells (ICsq = 23.79 pg/ml). As for, the ethanolic extracts exhibited
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a pronounced cytotoxic effect on the SW-620 cells such as Stephania erecta, Streblus
asper, Suregada multiflorum, Piper nigrum (seed), Piper nigrum (fruit), Stephania
venosa, Betula alnoides, Diospyros rhodocalyx and Cyperus rotundus which 1Csg of them
are 5.08, 5.55, 5.90, 14.60, 14.78, 15.73, 23.83, 29.34 and 29.47ug/ml respectively. These
data indicate that the extract of Suregada multiflorum leaves is highest cytotoxic activity,

against both cell lines.

AULINENTNEINS
ARIAATUAMINYAE
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Table 21 The percentage of cell viability after treatment with Acacia farnesiana extract

140

120

2

The percentage of cell viability

AR Wﬂﬁﬂﬁ-ﬁ% TATIBHARS ™

Figure 28 MTT test results of Acacia farnesiana extract on the growth of MCF-7 and
SW-620 cells. The ICsp were 652.39 = 18.99 and 345.49 + 23.63 pg/ml,

(n=3)

Concentrations The percentage of cell viability

(ng/ml) MCF-7 SW-620

0 100.00 + 1.50 100.00 + 7.29

0.1 105.32+£7.14

1 100.70 + 8.19
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Table 22 The percentage of cell viability after treated with Albizai procera extract

(n=3)
Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 100.00 + 1.46 100.00 £3.13
0] \ 'L ! : = 84.83 +4.54

| | 1'f51' 91.69 + 4.85

10 .:_ 119.70 + 30 90.30 +2.12
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Figure 29 MTT test results of A/bizai procera extract on the growth of MCF-7 and
SW-620 cells. The ICso were 765.23 + 13.78 and 529.03+ 15.43 pg/ml,

respectively.
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Table 23 The percentage of cell viability after treated with Anaxagorea luzonensis

extract (n=3)

Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 100.00 + 3.44
0.1 105.53 £ 9.97
1 113.47+7.20
107.24 + 6.94

7.26 £ 6.45
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Figure 30 MTT test results of Anaxagorea luzonensis extract on the growth of MCF-7
and SW-620 cells. The ICso were 439.97 + 34.99 and 36.14 + 1.24 pg/ml,

respectively.
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Table 24 The percentage of cell viability after treated with Betula alnoides extract
(n=3)

Concentrations The percentage of cell viability

(pg/ml) MCF-7 SW-620

0 100.00 £ 2.40 100.00 £ 7.22

0.1 9199+ 1.52
1 88.99 +£2.38
10 92.76 + 2.85

e
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Figure 31 MTT test results of Betula alnoides extract on the growth of MCF-7 and
SW-620 cells. The 1Csp were more than 1,000 and 23.83 + 2.77 pg/ml,

respectively
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Table 25 The percentage of cell viability after treated with Butea superba extract

(n=35)

Concentrations The percentage of cell viability
i MCF-7 SW-620

0 100.00 + 4.26
104.33 £3.95
93.48 +£3.49
98.70 + 6.52

95.66 + 6.07

0.1
1
10
25

490 + 9.66
22 +2.20
6.69 + 6.25
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Figure 32 MTT test results of Butea superba extract on the growth SW-620 cell. The ICsp
was 689.59 +36.01 pg/ml.



Table 26 The percentage of cell viability after treated with Cyperus rotundus extract
(n=3)

Concentrations The percentage of cell viability

(ng/ml) MCF-7 SW-620
0 100.00 + 8.28 100.00  4.04

0.1 106.10 + 3.64
1 9450+ 4.30
10

7831+7.14
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Flgure 33 MTT test results of Cyperus rotundus extract on the growth of MCF-7 and
SW-620 cells. The ICs, were 53.46 + 1.40 and 29.47 + 0.20 pg/ml,

respectively.



Table 27 The percentage of cell viability after treated with Diospyros rhodcalyx
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Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 100.00% 1.18 100.00 £ 3.51
0.1 106.60 + 8.47
! 100.94 £ 6.11
10 05.46 + 10.42

2.39 +£9.25

754
DINE \I‘l‘lﬁh 12077

P A S
00 Ij"/""!’ﬁif \\1&\ . £ 0.87

ljf‘?’ F 1\\3u 9 +2.32%

100 ll&wﬁ ﬂ\"ﬁx 67+4.43*

ICs (jug/m: ’ b L\\l\ 34+ 1.87

WAL
1. MCF-7 celis ¥ s .

M)A D

-620 cells

o
=]
v
g 60

69

ammnﬁmwmgm ..

from D. rhodcalyx (pg/ml)

rhodealyx (pg/ml)

Figure 34 MTT test results of Diospyros rhodcalyx extract on the growth of MCF-7 and

SW-620 cells. The ICso were 33.91 + 0.33 and 29.34 £ 1.87 pg/ml,

respectively.



Table 28 The percentage of cell viability after treated with Dracaena conferta extract

(n=3)

Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620

0 100.00 + 4.09 100.00 + 9.28

0.1 | 8k 4 9436337

! N 'J-'f}; 111.23£8.13
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Figure 35 MTT test results of Dracaena conferta extract on the growth of MCF-7 and

Btk

SW-620 cells. The ICsy were more than 1,000 and 407.37 + 48.11 pg/ml,

respectively.
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Table 29 The percentage of cell viability after treated with Fagraea fragrans extract
(n=3)

Concentrations The percentage of cell viability

(ng/ml) MCF-7 SW-620

0 100.00 = 1.74 100.00 = 4.52
] ! '

0.1 . 100.64 + 6.33
l l

I f{a‘} 912141057

10 96.60 + 201 92.524+9.73

5 - ',.n L 94.42+5.03
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Figure 36 MTT test results of Fagraea fragrans extract on the growth of MCF-7 and
SW-620 cells. The 1Csp were more than 1,000 and 468.18 + 19.12 pg/ml,

The percentage of cell viability

respectively.
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Table 30 The percentage of cell viability after treated with Kaempferia parviflora

extract (n=35)
Concentrations The percentage of cell viability
(he/m}) MCF-7 SW-620
0 100.00 + 1.31
0.1 96.48 £ 9.29
1 108.56+9.11

100.75 £ 7.36

"r/% S - )5.82 + 6.90
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Figure 37 MTT test results of Kaempferia parviflora extract on the growth of MCF-7 and
SW-620 cells.The ICso were 694.92 + 18.22 and 282.29 + 22.71 pg/ml,

respectively.
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Table 31 The percentage of cell viability after treated with Leucaena leucocephala
extract (n=35)

Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 ). 00k 2.28 100 + 4.37
0.1 9 101.52 + 6.97
1 . ' 113.87 + 3.68
e 102484 + 132.06 + 4.04
84 74 +.3 631+ 6.59
57+332
7 95:89 + 831 +2.85
100 88.06- 16.87 + 7.50
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Figure 38 MTT test results of Leucaena leucocephala extract on the growth of
MCF-7 and SW-620 cells. The ICsy were more than 1,000 and
482.51 £ 7.25 pg/ml, respectively.
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Table 32 The percentage of cell viability after treated with Melia azedarach extract

(n=5)

Concentrations

The percentage of cell viability

(ng/ml) MCF-7 SW-620

0 100.00 £ 2.10 100.00 % 7.19
0.1 _ “' 118.81 £ 9.60
| AN 03¢ y . 13277+ 7.82
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Figure 39 MTT test results of Melia azedarach extract on the growth of MCF-7 and

SW-620 cells. The ICsy were more than 1,000 pg/ml same.



Table 33 The percentage of cell viability after treated with Mucuna colletti extract

(n=35)
Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 100.00 + 5.43
0.1 89.52 + 6.4
' 89.76 + 5.67
10 87.78 + 4.76
25— g3 62 + 3.89
? 1. 5+721
' 45+ 6.73
0+6.40
500 | 27223
7 - 81 +3.26
ICso (ug/ml) ‘_ 86+ 19.42
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Figure 40 MTT test results of Mucuna colletti extract on the growth of SW-620 cell The
ICso was 332.86 + 19.42 pg/ml.




Table 34 The percentage of cell viability after treated with Phyllanthus emblica

The percentage of cell viability
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extract (n=J)

Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 1 37 100.00 £ 1.86
0.1 ' 107.91 + 3.83
1 103.99 £2.45
10 84108 + 5. 80.06 + 6.14
’ 91.45 + 326 522631
5+1.16
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Figure 41 MTT test results of Phyllanthus emblica extract on the growth of MCF-7 and

SW-620 cells. The ICsp were more than 1,000 and 33.06 = 0.84 pg/ml,

respectively.



Table 35 The percentage of cell viability after treated with fruits of Piper nigrum

extract (n=5)
Concentrations The percentage of cell viability
(ng/mi) MCF-7 SW-620
0 100.00 + 3.08
0.1 88.12+ 231
1 90.87 + 4.85
75.74 £ 3.62

3.62+0.88
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Figure 42 MTT test results of Piper nigrum fruits extract on the growth of MCF-7 and
SW-620. cells. The ICso were 39.61 + 2.86 and 14.78 + 0.39 pug/ml,

respectively.



Table 36 The percentage of cell viability after treated with seeds of Piper nigrum
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extract (n=J5)

Concentrations The percentage of cell viability
(ng/mD) MCF-7 SW-620

0 100.00 + 2.88

0.1 101.89 + 3.68

98.43 +2.07

5279 +£2.41
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0.84 £3.02
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Figure 43 MTT test results of Piper nigrum seeds extract on the growth of MCF-7 and
SW-620 cells. The I1Csy were 37.02 + 2.44 and 14.60 + 0.73 pg/ml,

respectively.
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Table 37 The percentage of cell viability after treated with Pueraria mirifica extract
(n=3)

Concentrations The percentage of cell viability

(ng/ml) MCF-7 SW-620
0 100.00 + 6.26

0.1 103.47+2.98

1 102.05 £ 4.26
10 96.03 £ 5.68
25 — 8491 +6.27
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30.59 +3.92

8745 +2.91
52+7.57
‘- 5920 +3.93
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Figure 44 MTT test results of Pueraria mirifica extract on the growth of MCF-7 and
SW-620 cells.The ICsy were more than 1,000 pg/ml same.
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Table 38 The percentage of cell viability after treated with Stephania erecta extract

(n=3)

Concentrations The percentage of cell viability

(ng/ml) MCF-7 SW-620

0 100.00 = 2.36 100.00 £ 2.55

0.1

87.11+£2.10

1 77.14 £ 0.46

10 10.59 + 0.68

25 7.91+0.32
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Flgure 45 MTT test results of Stephania erecta extract on the growth of MCF-7 and
SW-620 cells. The ICso were 35.34 + 1.22 and 5.08 + 0.07 pg/ml, respectively.



Table 39 The percentage of cell viability after treated with Stephania venosa extract

(n=3)
Concentrations The percentage of cell viability
(pg/ml) MCF-7 SW-620
0 100.00 + 5.06 100.00 + 2.87
0.1 A 5. 9924 +2.54
| ' ‘ _ 89.53 + 4.48
10 99.76 + 144 67.65 + 4.62
25 85.85 + 2 50 2169+ 1.11
5 £3.40 £3,03 7.48+3.85
S51+1.02
2278 + 6146 + 0.93
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Flgnre 46 MTT test results of Stephania venosa extract on the growth of MCF-7 and
SW-620 cells. The ICso were 76.15 £ 1.14 and 15.73 £ 0.41 pg/ml,

respectively.



Table 40 The percentage of cell viability after treated with Streblus asper extract.
(n=5)

Concentrations The percentage of cell viability
(ng/mh) MCF-7 SW-620

0 100.00 + 2.42 100.00 = 5.23
0.1

87.70 £ 4.45

84.20 £ 3.36

10 14.56 + 0.60
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Flgure 47 MTT test results of Streblus asper extract on the growth of MCF-7 and
SW-620 cells. The ICsp were 46.28 + 1.71 and 5.55 £ 0.09 pg/ml, respectively.
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Table 41 The percentage of cell viability after treated with leaves of Suregada

multiflorum extract (n=35)

Concentrations The percentage of cell viability
(pg/ml) MCF-7 SW-620

0 100.00 + 4.85

0.1 101.43 £ 5.75

97.33 +3.68
13.19 £ 0.54
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Figure 48 MTT test results of Suregada multiflorum leaves extract on the growth of
MCF-7 and SW- 620 cells. The ICsy were 23.79 + 0.90 and 5.90 + 0.15 pg/ml,

respectively.
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Table 42 The percentage of cell viability after treated with stems of Suregada

multiflorum extract (n=>5)

Concentrations The percentage of cell viability
(ng/ml) MCF-7 SW-620

0 100.00 + 7.82

0.1 94.24 + 7.38

! 103.36 + 7.10

10 104.71 + 6.88

§7.39 + 7.67

114,81 £ 6.90
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Figure 49 MTT test results of Suregada multiflorum stems extract on the growth of
MCF-7 and SW-620 cells. The ICso were 299.64 + 12.55 and 377.05 + 8.04
pg/ml, respectively



Table 43 The percentage of cell viability after treated with Tinospora crispa extract

85

(n=5)
Conconirations The percentage of cell viability
(ng/ml) MCF-7 SW-620
0 100.00 £ 6.13 100.00 £ 2.05
0.1 3 103.67 £ 7.51
| 104.35 £ 7.40
10 3.32+ 5 99.08 + 8.48
25 728 +3 107.18 £9.02
) 1 47+£297
41 +4.57
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Figure 50 MTT test results of Tinospora crispa extract on the growth of MCF-7 and
SW-620 cells. The 1Cso were 279.03 + 8.63 and 290.86 + 7.31 pg/ml,

respectively.



Table 44 The percentage of cell viability after treated with Vitex negundo extract

(n=5)
Concentrations The percentage of cell viability
(ng/mD) MCF-7 SW-620
0 100.00 + 1.82 100.00 + 2.31
0.1 95.91 + 6.05
! 98.13 +2.80
10 97.27+2.67
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Figure 51 MTT test results of Vitex negundo extract on the growth of MCF-7 and
SW-620 cells. The ICsy were more than 1,000 and 362.25 = 10.21 pg/ml,

respectively.



Table 45 Cytotoxicity of plant extracts from the Thai rejuvenating herbs against
MCF-7 (Mean £ S EM.) (n=5)

Ranking order Plant 1Cso (ng/ml)

1 Suregada multiflorum (leaf) 23.79+0.90"

2 Diospyros shodogaly, 33.91 +0.33*°
3 Step R 35.34 +1.22%

4 37.02 +2.44*
5 : 9.61 + 2.86""
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6 6. 28 + 1.71*
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17T —1,000'
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Table 46 Cytotoxicity of plant extracts from the Thai rejuvenating herbs against

SW-620 (Mean = S.EM.) (n=15)

Ranking order Plants ICso (ng/ml)
1 Stephania erecta 5.08 +£0.07*
2 Streblus aspe iy 5.55+0.09*
3 --"...-. J,‘ 5905:0.]5a
4 ipe. 14 60+ 0.73"
5 14 78 + 0.39°
6 73041
7 \ 83277
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4+ 1.87°
-. 4 7 i 0-201

43306+ 0.84°

14 + 1.24°

98229 +22.71°

290.86 + 7.31°¢
332.86 + 19.42%¢

45.49+23.63¢
10.21%¢
. ..'- " 8.040¢
40287 = 48.11°
468.18+19.12"

529.03+ 15.43¢%

F’lﬂﬁl%ﬂ%ﬁ% WE S

QR BSASTEUM TR

Pueraria mirifica

>1000'

“The difference at the level of *>“%*'¢ is verified by Duncan’s test.
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2.1.3 The selectivity index (SI)
The selectivity index (SI) was calculated from the ICsg ratio in MCF-7
versus SW-620 cells (Bézivin et al., 2003). SI value indicates selectivity of the sample to
the cell lines tested. Any sample which has SI value higher than 3 will be considered to

have high selectivity, results summarized in Table 47.

e S]va
The 5

726-1:45(S1 > 2.76 to S1>1.45)

onferra, F. fragrans, L.
leucocephala and B Supcubar shov e wWe een 2.76-1.45.

udin _- \.& WY P. nigrum (seeds), K.
2 ’ \'-\" u. lyx, M. azedarach, P.

show \\ ctivity between MCF-7 and

In conside .I‘H'l‘r"ﬁ yto! and Selectivity result, the samples
B

o _SiVal
The
parviflora, A. farfesia
mirifica, T. Crispa an
SW-620 .

could be classified into 5 catego
4 2

FirstlyaplataE et N-620 <100 pg/ml) and high

Lselectivity (SI=3); A, luzonensis, B alnoides,-gmblica, S. erecta, S.

\ "% A

. ﬁcon . po (165 Th SW+6 Octoo ug/ml) but less
[ectwny (SI<3); are C. rotundus, D. r odocalyx and P. nigrum

fi 1tﬂ|d seeds

Al Wb THRS WA Fovs o

g/ml) and high selcctlwty (SI=3); are D. conferta, F. fragrans, L.

awwa&ﬁﬁ&ﬁ%quuwaam

pg/ml) but less selectivity (SI<3); are A. farnesiana, A. procera, K.

parviflora, S. multiflorum (stems), T. crispa, V. trifolia, D. conferta,
F. fragrans and L. leucocephala
e Finally, non toxic in both cell lines (ICs¢>1000 pg/ml) is M

azedarach.
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Table 47 Cytotoxicity and selectivity results in human mammary cancer (MCF7) and

human colon cancer (SW620) cell line of 24 plants ethanol extracts

ICsg (pg/ml)
Plants in this study Selectivity index
MCF-7 SW-620
Acacia farnesiana 345.49 1.89
Albizia procera 29.03 1.45
Anaxagorea luzonensis 12.17
Betula alnoides >41.96
Butea superba N/A
Cyperus rotundus 1.81
Diospyros rhodocaly: 1.16
Dracaena confert >2.45
Fagraea fragrans >2.14
Kaempferia parviflora 2.46
Leucaena leucocephal. )1 >2.07
Melia azedarach 1,000 1.00
Mucuna collettii 332.86 N/A
Phyllanthus e bliga >30.25
Piper nigrum (' :; 2.68
Piper nigrum ( «:;_ 2.54
Pueraria mirifica y > 1, I‘tp N/A
Steph 6.96
s:epwﬁuﬁl?ﬂﬂﬂ'ﬁw BANT

Streblus a er ‘46 .28 5 55

RIINTURAINYA 2

Tinospora crispa 279.03 290.86
Vitex trifolia > 1,000 362.25

0.96
>2.76




CHAPTER V

DISCUSSION

Pharmaceutical agents have been usually discovered by screening of natural

assembly, induces cell eyclé arréstin pha@ apoptosis in several tumor
N 3 By ‘i . - . -

cell lines such as g hael, 2000, Cragg and

Newman, 2005). otheca acuminate Decne
(Nyssaceae) and ser ives mptotheein are used for treatment of
ovarian and small cell ancers (Creemers et al., 1996;
dif} sensitivities towards a
cytotoxic compound. @ _ #han'@ 1 \ therefore considered necessary
_ A\"g\ 000)

In the presen the 4 toxicity effect of 24 ethanolic extracts

from 22 plants belongin, cancer (MCF-7) and human
colon cancer (SW-620). Twentx ry 1 sthave been presented as ingredients in

the Thai traditional Hiper nigrum, Suregada

multiflorum, DiosgyFos FHOdOCAIX, {"# crispa that are
Ao oA

already used as i . (uf2 mgaur2548). MTT

assay, the principle based on the ability of living cells to cleave the yellow tetrazolium

salt mt : yme, succinate
dehydr enas ﬂ’jﬂ H h@tofieter, the number

of living (mls in each sample could tg analyzed.

TSR

Suregada multiflorum (leaves) extract showed the highest cytotoxic activity
against breast cancer cells (ICsp = 23.79 pg/ml), but ranked third against colon cancer
cells (ICsp = 5.90 pg/ml). In the previous reports, triterpenoids isolated from the bark of

the plant was effective against human breast cancer cells (Bourinbaiar and Lee-Huang,
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1996). On the contrary, S. multiflorum stem extract showed weak activity against breast
and colon cancer cells (ICsp = 299.64 and 377.05, respectively). The water extracts of S.
multiflorum stem showed weak activity against COR-L23 (large cell lung carcinoma),
LS-174T (human colon adenocarcinoma) and MCF-7 cells (ICso = 103.5, 101.6 and
108.7, respectively) (Itharatet al., 2004,

The ethanolic extract anic rous root), Streblus asper (seed),
Piper nigrum (seed), - nia venosa (tuber), Diospyros
rhodocalyx (stem bark ed high cytotoxic activity
against colon cancéfeells with” 1@ valu 8,°5:55, 1460, 14.78, 15.73, 29.34 and

29.47, respectively @ : vediny raté cyi o activity against breast cancer cells

with ICsq values 3 3,46, respectively
S. asper has § ed 15 possess' ar can ty (Rastogi and Dhawan,

1990). Two cytotoXic cafdiaghg] yeosides, str Je and mansonin, were isolated from S.

asper stem bark witliSignificag ivity against KB "1 \ epidermoid carcinoma) cells
with 1Csy values of 32 ) fig/ml, respé wely. The volatile oil isolated from fresh
leaves of S. asper showed twl Csg << 30 pg/ml) against P388

Tuber from S. veno ,ﬂ or and anti-proliferation of breast

peco a5 8
cell culture. Palnda gd possess high cytotoxic
activity agains ‘F_ g/ 1’ (Keawpradub et al.,
2001,). The 80% nol crude'e @ showed maderate cytotoxic activity

all tumor cell lines tested, with an 1Cso of 35.11 pg/ml for SKOV3 (human ovarian cancer

“FUTTIRSNEANS......

cancer cc s with ICso values of 14.60 and 14.78 pg/EI respectively and Wnst breast
RARNTOU AR RU RS
lack pepper is obtained from the dried unripe fruit and P. nigrum (seed), white pepper is
obtained when the pericarp is removed (Craib, 1992). This demonstrated that substances
containing in pericarp of P. nigrum are not different in sensitivity on colon and breast

cancer cells.
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The ethanolic extracts of Betula alnoides (whole stem), Phyllanthus emblica
(fruit) and Anaxagorea luzonensis (whole stem) extract showed cytotoxic activity against
colon cancer cells (ICsp = 23.83, 33.06 and 36.14 pg/ml, respectively) but no activity
against breast cancer cells (ICso > 1,000 pg/ml and 4. luzonensis = 439.97 pug/ml). Thus,

the plant ethanolic extract was selectiye ic against cancer cells. The extract of P.

emblica fruits showed moderate eytotoxic ity in all tested tumor cell lines, with 1Csg
'ml for HCT-8 (human colon
carcinoma), 70.4 andwas: ; 2 . A4 H L~ eukemia) tumor cell lines,

R \‘\\ s against MK-1 (human

gastric adenocarci Carcinom and BI16F10 (murine

melanoma) cells (Zhang, egal. . \\

respectively. P. e

The ethanolic gXtrag \ h Butea superba (tuberous
root) and Puerariéf mirifica (fub [Qus Foot) ’ OXic activity against SW-
620 cells with an 1C g valyé ofi332. sﬁ and N painst SW-620 with an IC

JH

so value more than 1,000" pgfmk resp! "i!t', THe ctha J,'- extracts of M. colletti had
anti-proliferation effect onjthe grosvali -ffig cIls

ith a EDsq value of 85.36 pg/ml.
While B. superba and P miriji ‘H;-.- hibite y against MCF-7 cell lines with an
ICsp value of 370.91 and 64283~ ug '

Hopeaphenol (whick

yely (Cherdshewasart er,al 2004).
xicity against KB (human

epidermoid =-.%F'.- I8} b‘ jonetin and prunetin

isolated from B. superba, vity against KB cells with ICs

values 37.3 and 71. I#M and on BC (breast cancer) cell lines with 1Csq values 32.7 and

“UEIVENININI. ..,

Kaempferia parviflora (rhizome) aid Tinospora crispa (whole stem) WCd weak
PRI TN R 8-
fprocera exhibited cytotoxicity against HepG2 cells with ICsp value 9.13 pg/ml (Melek, et

al., 2007).
The ethanolic extracts of Melia azedarach (whole stem) showed no activity

against and activate proliferation of both cell lines (ICso > 1,000 pug/ml).
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However, according to the criteria of cytotoxicity activity for the crude extracts,
as established by the American National Cancer Institute (NCI); 50% inhibition values

(ICso) of proliferation at the less than 30 pgmlwere considered “active™ in the

preliminary assay (Suffness and Pezzuto, 1990). In consideration of the cytotoxicity (ICso

recta, Streblus asper,

Suregada multiflo Setula alnoides, Diospyros

rhodocalyx and Cyperis ro N icity against human colon

cancer cells (SW-620) #t vilro a '.;" Iy orum exhibited a potential

cytotoxicity against human east cane er-oelsi(V CF-7) i vifko.

The extracts fromyfatural egetables and medicinal herbs

initiates positive effects again ‘Ison with chemotherapy or the recent

hormonal treatments (Wuef @t 2002). elated from plants as well as the

Cmde extract p "-:',;l!-,lllA'J-ljl[-Jllll",l'.uulijal‘l-j;i“'zl‘iiﬂﬂh-;:;;::n:j OWEVeEr the prcscncc
— = 3

. \ F o & 2

of the active cliemica ording to plant materials or

. : . . Al :
solvent used or extgaction conditions. Water and alcohol is @ gommon solvent used in

plant extraction. In the Ei traditional medicw preparation from plants, boiling of the
plant mﬂiauilya{e‘g)w&]iwﬁﬁ iw MI )ﬁﬁcthods. Water is
a prime (qice solvent due to low cost and results in the separation of polar compounds.
However water extraction leaves un&esired substance luding sugars and*starch which
Qs ﬂﬂ.@:\ﬁ ﬂoﬁ.mcuawcrc]\oi fmyi;]oath ofar and
n-polar compounds, and also effective in suppressing the growth of microorganisms.
Alcoholic extraction is used in this experiment, thus the anti-proliferation activity of the

plant extracts should derived mainly from their polar and non-polar constituents.
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The oriental traditional medicines are increasing popularity in the Western
countries. China and India are the 2 big players in this type of market. Even many
government organizations have tried hard to promote the exportation of the Thai herbal
plant products, the demand is still low due to lack of credit in hygiene production as well

as poor quality control. Researches on b c \gtive chemicals would initiate more interests.

Organic farming of the selected ¢ Il-studied herbal plants would help
guarantee of the standard way ia mirifica cultivar with high
isoflavones has beensselected-anc gamiesfarming in a huge area to
guarantee the uniq ufacturing of traditional
medicines, dietary. supplcments beyvaragesy food asmetiesproducts.

The potent i this study including
Stephania erecta, Strel ... e’ rigrum, Stephania venosa,
Betula alnoides, Btospy { and ( "-_ > well grown in many
places in Thailand. 48 3 .. tithe | m tion of both consumption

and organic plantation offthe

ﬂ‘lJEl'WIEWI‘ﬁWEI']ﬂ‘i
’Qﬁ'lﬁﬁﬂ‘if”ﬂﬁﬂﬂ&ﬂﬁ&l



PERSPECTIVE

Anti-proliferation assay in cell cultures of the plant extracts is a conventional and
rapid screening method. Thus, more plant samples in other groups of traditional remedies
should be brought to this type of investigation. More different cell type is also needed to

verify other bioactivities of the pla tn i -

in this group. Even the selected plant crude
extracts could be manufactured i ‘ on Y / es, beverages, foods or cosmetics,

however, the crude extract | ot convin€li development of medicines for a

specific treatment. Thus. identification a as purification of bioactive chemicals is
i |
urtheistig enew int --!.'t';m ty should derive from the

obtained from this massive

urgent needed in the
further study. Fin
study.

I;:i
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MEDIA AND REAGENTS

1. RPMI 1640 medium
RPMI 1640 medium (Biochrom) 1043 g
(with L-glutamine and 25 mM HEPES buffer, without NaHCO?3)
NaHCO; \ 2g
10,000 units/m! penicillin.and | I ml
Sterile water 1000 ml

Adjust pH to 7.0 -
sterilize by nitrocelluloss
All bottled mediums are

djust volume with water and

= the filtrate into bottles.

2. DMEM medium (&

DMEM powder ai€di 9.58 ¢
HEPES 1.5g
NaHCO; lg
10,000 units/ml pe 1 ml
Sterile water 1000 ml

Adjust pH to 7.2 - 7,
and sterilize by nitrocellulose meribrane |
bottles. All bottled mediumsaré Stored |

fore adjust volume with water

.0.22 pum). Dispense the filtrate into

\"7

3. EMEM medium (Ea les v

EMEM powder medtum (BioWhittaker) 9.58¢g
AU INYNINGNT
10,00QJunits/ml penicillin and 10 000 pg/ml streptomycm 1 ml

ARARIASURIIN AR Y

andfsterilize by nitrocellulose membrane (pore size 0.22 um). Dispense the filtrate into
bottles. All bottled mediums are stored in 4°C until use.
4. Phosphate buffer saline (PBS)

NaCl

KClI 02¢g
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NazHP04 1.15 g
KH2P04 0.2 g
Distilled water 1L

Adjust pH to 7.4 with 1 N HCl or 1 N NaOH before adjust volume with water.

Dispense into bottles and autoclave for 20 minute.

5.0.4% Trypan blue dye

Trypan bue 1.6g

NaCl 324 g
KH,PO4 0.24 g
Distilled water 400 ml

With magnetic stirre until
and/or 1% HCI).Then

All ingredients™we
completely dissolved. 4

dispensed into light prote

6. MTT solution

MTT: 5 mg
3-(4,5-dimethylthi
0.89% Normal saline 1 ml

Add MTT 5 mg into 1 mla
sterilized by filter. Dispense i -l I

ne. All ingredients were mixed and
and freshly prepared for every

experiment. L

V.
7. Sorensen’s glycine’bu "
0.1 M glycine™ 7507 ¢

0.1 M NaCl 5.844 g

ﬁum NEDANEANT ..

nitrocellulose membrane (pore size 0.224im).

AMIRINIUNNIINYINY

10 mM Tris pH 7.4 (1.2 g/100 ml) 10 ml
400 mM NaCl (5.84 g/100 ml) 40 ml
5 mM CaCl, (0.55 g/100 ml) 10 ml

10 mM MgCl, (2.03 g/100 ml) 10 ml
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Distilled water to make 100 ml
All ingredients were mixed altogether and sterilize by nitrocellulose membrane (pore

size 0.22 um). Dispense into bottles and autoclave for 20 minute.
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