
C H A P T E R  I I I

E X P E R I M E N T A L

3.1 P L A N T  M A T E R IA L S

The plant materials o f  K . p a r v i f lo r a  W a ll used in this study were obtained from  
Kanchanaburi Province, Thailand in November 2000. The whole plant and flowers were 
compared against the specimen no. B K  59342 at the Royal Forest Department, Bangkok, 
Thailand.

3.2 C H E M IC A L  R E A G E N T S

3.2.1 Solvents

A ll commercia l grade solvents used in this research such as hexane, 
ch lo ro fo rm , ethyl acetate and methanol, were purified by d is tilla tion  p rio r to use. The 
reagent grade solvents were used fo r recrysta llization.

3.2.2 O ther chemicals

1 Merck's s ilica  gel 60 G A rt. 7734 (70-230 mesh A S TM ) and 9385 
(230-400 mesh AS TM ) were used as adsorbents fo r normal 
co lumn chromatography and flash column chromatography.

2 Merck's T LC  alum inum  sheets, s ili ga gel 6()F254 precoated 25 
sheets, 20x20 cm2, layer thickness 0.2 mm were used fo r T LC  
analysis.
T LC  spots were visualized w ith  a u v  lamp (254 and 365 nm) and 
w ith  L .

3



11

4 DPPH (2 ,2 -D ipheny l-1 -p ic ry lhydrazy l), C i 8H i 2N 50 6, M .w .
394.33 (F luka)

5 V itam in  E, C 29H 50O 2 , M .W . 430.72 (F luka)
6  Absolute E tOH (Merck)
7 3 -(4 ,5 -d im e th y lth ia z o l-2 -y l) -2 ,5 -d ip h e n y lte tra z o liu m b ro m id e  

(F luka).

3.3 IN S T R U M E N T S  A N D  E Q U IP M E N T S

3.3.1 M e lting  po in t apparatus
The m e lting  points were recorded on a Fisher - Johns m e lting  po in t apparatus.

3.3.2 Rotary Evaporator
The Buch i rotary evaporator was used fo r the rapid removal o f large amount 

o f vo la tile  solvents.

3.3.3 O ptica l Rotation
The op tica l ro ta tion values were measured by a Perkin - E lmer 341 

polarimeter.

3.3.4 U ltra v io le t - visible Spectrophotometer ( U V -V IS  )
The u v  - V IS  spectra were recorded on a Hew lett Packard 8452A diode array 

spectrophotometer in ch lo ro fo rm  and methanol.

3.3.5 Fou rie r T rans fo rm  - In fra red  Spectrophotometer ( FT - IR )
The FT -IR  spectra were recorded on a N ico le t Impact 410 spectrophotometer. 

Spectra o f so lid  samples were recorded as K B r pellets.

3.3.6 Nuclear Magnetic Resonance Spectrometer ( N M R  )
The ' h  and l3C Nuclear Magnetic Resonance Spectra were recorded at 200.13 

and 50.32 M H z , respectively, on a B ruker Model AC  - F200 Spectrometer in deuterated 
ch lo ro fo rm  ( C D C I3 ), and d im e thy lsu lfox ide  ( DM SO  ).
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3.3.7 Mass Spectrometer ( MS )
The mass spectra were acquired using a Fisons Instruments Mass 

Spectrometer M ode l T r io  2000 in  E l  mode at 70 eV and the LC  - MS spectra were 
obtained in A tm ospheric pressure chem ical ion iza tion ( A pc I ) mode. The LC  - MS  
solvent was MeOH: H 20  (1:1).

3.3.8 X  - ray D iffrac tom ete r
The X  - ray d iffrac tom eter were obtained on a B R U K E R  S M A R T  CCD  

d iffrac tom eter at Department o f Physics, Facu lty o f Science and Technology,
Thammasart Un ivers ity .

3.3.9 Spectronic 21
Spectonic 21 ( M ilto n  roy company ) is used to measure absorbance at 

517 nm  fo r antiox idant assay by DPPH  method.

3.4 C Y T O T O X IC  S C R E E N IN G  O F  M E D IC IN A L  P L A N T S

Screening fo r cy to tox ic  ac tiv ity  against breast cancer ce ll lines o f seventeen 
species o f herbs were carried out. They were Hydnophytum fonnicarum (หัวร้อยรู),

Cuscuta chinensis (ฝอยทอง), Nelambo nucifera (เกสรบัวหลวง), Acanthus ebracteatus (เหงือก

ปลาหมอ), Kaempferia parviflora (กระชายดำ), Curcuma longa (ฃมินชัน), Orthosiphon
aristatus (ห ญ ้าห น ว ด แ ม ว ), Gelonium multiflorum (ข ัน ท อ ง พ ย าบ าท ), Salacia chinensis (ก ำแ พ ง 7

ขัน), Rhinacanthus nasutus (ทองพันช่ัง), Euphorbia lacei (สลัดได), Garcinia cowa (ใบชมวง),

Rauvolfia seppentina (ระย่อม), Artemisia pallens (โกฐจุฬาฯ), Zingiber cassumunar (ไพล),

Curcuma zedoaria (ขมินอ้อย), Livisticum officinale (โกฐเชียง). A l l 17 species were cut in to

small pieces, dried, and crushed in  a blender. F if ty  gram o f each herb was soaked in  
ethanol at room  temperature fo r 3 days. The methanol so lu tion was filte red  and 
evaporated under reduced pressure to dryness at 35 °c , the crude methanolic extract o f
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each  sp ec ie  w as te s te d  fo r  c y to to x ic  ac tiv ity  ag a in s t b rea s t c a n c e r  ce ll lin e  u s in g  M T T  
m ethod . R esu lt o f  M T T  assay  re v e a le d  th a t K. parviflora hav e  th e  h ig h e s t a c tiv ity  fo r 
in h ib itio n  o f  b re a s t c a n c e r  cell line. T h e re fo re , K. parviflora w as  c h o se n  fo r fu rth e r 
study.

T a b le  3.1 T h e  list o f  h e rb s  in  th e  p rim ary  sc reen in g  th is  ex p e rim en t.

H erb s T ha i co m m o n  nam e P la n t p a rts
Hydnophytum formicarum หัวร้อยรู F resh  rh iz o m e s

Cuscuta chinensis ฝอยทอง F resh  s tem s

Nelambo nucifera เกสรบัวหลวง D ry  p o lle n s
Acanthus ehracteatus เหงือกปลาหมอ D ry  leav es

Kaempferia parviflora กระชายคำ F resh  rh iz o m e s
Curcuma longa ขมินชัน F re sh  rh iz o m e s

Orthosiphon aristatus หญ้าหนวดแมว F resh  le av es
Gelonium multiflorum ขันทองพยาบาท D ry b a rk s

Salacia chinensis กำแพง 7 ชัน D ry  b a rk s
Rhinacanthus nasutus ทองพันชั่ง F resh  le av es

Euphorbia lacel แก่นสลัดได D ry  b a rk s
Garcinia cowa ใบชมวง F resh  le av es

Rauvolfia seppentina รากระย่อม D ry  ro o ts
Artemisia pallens โกศจุฬา D ry ro o ts

Zingiber cassumunar ไพล F resh  rh iz o m e s
( '.urcuma zedoaria ขมินอ้อย F resh  rh iz o m e s
Livisticum officnale โกศเชียง D ry  ro o ts



14

Plant (200g)

methanol

I  7 7 1, ,
M ethanol extract crude ( 10 ug/ml ) Marc. ( discarded )

b y  M T T  assay w ith  B T 4 7 4

Scheme 3.1 T h e  p ro c e d u re  fo r  ex trac tio n  o f  17 T hai herbs.

3.5 E X T R A C T IO N  A N D  IS O L A T IO N

F resh  b la c k  rh izo m es  o f  K. parv flora (5 kg) w ere  cu t, d ried  an d  c ru sh e d  (2.6 
kg). A fte r  ex tra c tio n  w ith  m eth an o l (3 ,7 5 0  m l, 2 tim es, each  tim e  so a k e d  fo r 3 d ay s) a t 
ro o m  te m p e ra tu re , th e  fd tra te  w as ev ap o ra ted  under red u ced  p ressu re  to  d ry n ess  a t 55°c. 
T h e  c ru d e  m e th a n o lic  e x tra c t (4 4 .0 9  g) w as ex trac ted  w ith  h ex an e  (3,460 m l) un til th e  
so lu tio n  w as co lo rle ss . T h e  filte red  h ex an e  so lu tio n  w as ev ap o ra ted  a t 2 0 ° c  to  a ffo rd  th e  
h e x a n e  ex trac t as a  m ix e r o f  w h ite -y e llo w  so lid  and  y e llo w  oil (10.64 g). T h e  re s id u e  o f  
th is  s te p  w as ex trac ted  w ith  ethyl a ce ta te  (5 ,4 0 0  m l) rep ea ted ly  u n til th e  so lu tio n  w as 
c lea r. T h e  c o m b in e d  ethy l a ce ta te  so lu tio n  w as co n cen tra ted  at 45°c on  a  ro tary  
e v a p o ra to r  u n d e r red u ced  p re ssu re  to  g ive th e  ethyl a ce ta te  ex trac t as  a  m ix e r o f  w h ite  
so lid  a n d  y e llo w  oil (7 .38  g) and  th e  final in so lu b le  resid u e  w as e v a p o ra te d  a t 5 5 ° c  to  
o b ta in  a  b ro w n  - v io le t liq u id  (2 1 .3 4  g). T h e  c ru d e  ex trac t o f  th e  b lack  rh iz o m e s  o f  K. 
parviflora w ith  v a rio u s  so lv en ts  are  show n  in Table 4.2 an d  th e  p ro c e d u re  an d  re su lts  
o f  th e  ex tra c tio n  a re  show n  in Scheme 3.2.
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F re sh  rh izo m es  o f  K. parviflora (5 kg)

C ut, d ried  an d  b len d ed

D rie d  an d  b len d ed  K parviflora (2 .6  kg)

M e th an o l c ru d e  e x tra c t (4 4 .0 9  g)

H e x a n e  (3 ,4 6 0  m l)

H ex an e  c ru d e  e x tra c t (1 0 .6 4  g)

E th y l a ce ta te  c ru d e  e x tra c t (7 .3 8  g)

M e th a n o l c ru d e  e x tra c t (2 1 .3 4  g)

M eth an o l (2 X  3 ,7 5 0  m l)

M arc , (d isca rd ed )

t
R esid u e

E th y l a c e ta te  ( 5 ,4 0 0  m l )

R es id u e

M e th a n o l ( 1 ,000 ml )

R esid u e

S c h e m e  3 .2  T h e  p ro c e d u re s  an d  q u an titie s  o f  K. parviflora ex trac tio n .
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T h e  p rim a ry  te s t fo r  cy to to x ic  ac tiv ity  ag a in st b reas t c a n c e r  ce ll lin e  re v e a le d  
th a t th e  c ru d e  e thy l a ce ta te  an d  m eth an o l ex trac t w ere  m o re  ac tiv e  th an  th e  c ru d e  h ex an e  
as sh o w n  in Table 4.3. T h e re fo re  c ru d e  e th y l ace ta te  ex trac t w as  f irs t se p a ra te d  b y  
ch ro m a to g rap h y .

3.6.1 SEPARAT IO N  OF CRUDE E T H Y L  A C E T A T E  EX TR A C T .

T h e  c ru d e  e th y l a ce ta te  ex trac t (7 .38  g) w as p re -a d so rb e d  o n  s ilic a  g e l 70  - 
2 30  m esh  A S T M  (2g) p r io r  to  ap p lica tio n  on th e  top  o f  th e  co lu m n . F irs tly , th e  co lu m n  
w as e lu te d  w ith  4 0 %  h ex an e -e th y l ace ta te , co n cen tra tio n  o f  e th y l a c e ta te  w as  s lo w ly  
in c re a se d  to  100%  e th y l ace ta te . T h e  s im ila r frac tio n s  w ere  c o m b in e d  an d  th e  so lv en t 
w as rem o v ed  by  ro ta ry  e v a p o ra to r  to  g ive  c o m p o u n d  1, 2, 3 an d  4 , re sp e c tiv e ly . T h e  
iso la tio n  o f  c o m p o u n d s  1-4 fro m  th e  c ru d e  e th y l ace ta te  ex trac t is  b r ie f ly  su m m a riz e d  in 
Scheme 3.3.

3 .6  I S O L A T I O N  O F  C R U D E  E X T R A C T  F R O M  K .  p a r v i f l o r a .

Crude ethyl acetate extract 
(7.38 g)

silica gel 70 - 230 mesh ASTM 
(2g) eluted with 40% 
EtOAc/Hex to100% EtOAc

t
Compound 1 

(188 mg)

▼
Compound 2 

(1,530 mg)

▼
Compound 3 

(232 mg)
Compound 4 

(96 mg)

Scheme 3.3 Iso la tio n  p ro ced u re s  o f  th e  c ru d e  e thy l ace ta te  e x tra c t o f  K. parviflora.
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T h e  c ru d e  h ex an e  e x tra c t w as o b ta in ed  as a m ix tu re  o f  w h ite  - y e llo w  so lid  
an d  y e llo w  oil (1 0 .3 8 g ) a fte r  ev ap o ra tio n . T h e  c ru d e  h ex an e  e x tra c t (1 0 .3 8 g ) w as 
fra c tio n a ted  b y  o p en  co lu m n  ch ro m a to g rap h y  using  M erck 's  s ilig a  gel 7 0 -2 3 0  m esh  
A S T M  (3g ) as an  ad so rb en t. T h e  co lu m n  w as e lu ted  w ith  h e x a n e -e th y l a ce ta te  g rad ien t 
in  a  s tep w ise  fa sh io n . T h e  s im ila r  frac tio n s  w ere  co m b in ed  and  th e  so lv en t w as rem o v ed  
by  ro ta ry  e v a p o ra to r  to  g iv e  co m p o u n d  5, 6, 7, 8, 9, and  10. In  ad d itio n , c o m p o u n d  1 
an d  2 w h ich  w ere  o b ta in e d  p rev io u s ly  from  cru d e  e thy l a ce ta te  w e re  fo u n d  in c ru d e  
h ex an e  too . T h e  iso la tio n  o f  co m p o u n d  5 -10  from  the c ru d e  h e x a n e  e x tra c t is b rie fly  
su m m a riz e d  in Scheme 3.4.

3.6.2 S E P A R A T IO N  O F C R U D E H E X A N E  E X T R A C T .

Crude hexane extract
(10.64 g)

silica gel 70 - 230 mesh 
ASTM (2g) eluted with 
100% Hex to100% EtOAc

T  ▼
Compound 8 Compound 9

(41.7 mg) (34.4 mg)
Compound 5 Compound 6 

(27 mg) (721 mg)
Compound 7 
(327.6 mg)

T
Compound 10 

(44 mg)

▼Compound 1 
(346.9 mg)

Compound 2 
(988.6 mg)

Scheme 3.4 Iso la tio n  p ro ced u re s  o f  th e  c ru d e  h ex an e  ex trac t o f  K. parviflora.
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T h e  c ru d e  m e th an o l e x tra c t w as o b ta in ed  as b row n  - v io le t v ico u s  liq u id  
(2 1 .3 4  g). T h e  c ru d e  m e th an o l e x tra c t (4  g) w as p re -ad so rb ed  on  a sep h ad ex  co lu m n . 
T h e  co lu m n  w as e lu ted  w ith  m e th an o l. T h e  iso la tio n  o f c o m p o u n d  11 fro m  th e  m e th an o l 
ex trac t is b rie fly  su m m a riz e d  in  Scheme 3.5,

3.6.3 S E P A R A T IO N  O F C R U D E  M E T H A N O L  E X T R A C T .

Crude methanol extract (4 g) 
Sephadex

eluted with methanol

Compound 11 
(163.80 mg)

Scheme 3.5 Iso la tio n  p ro ced u re s  o f  th e  c ru d e  m eth an o l ex trac t o f  K. parviflora.

3.7 P U R IF IC A T IO N  A N D  P H Y S IC A L  P R O P E R T IE S  O F  
IS O L A T E D  C O M P O U N D S .

3.7.1 P U R IF IC A T IO N  AND  PROPERTIES OF CO M PO UND  1.

C o m p o u n d  1 fro m  c ru d e  e th y l a ce ta te  ex trac t (188  m g ) an d  c ru d e  h ex an e  
(347  m g) is a co lo rle ss  n eed le  c ry sta l (to ta l 535 m g, 0 .0 1 1 %  w t. by  w t. o f  th e  fresh  
rh izo m es). C o m p o u n d  1 w as o b ta in e d  fro m  the  e lu tio n  o f  s ilic a  gel co lu m n  
c h ro m a to g ra p h y  w ith  4 0 %  ethy l a ce ta te  in h ex an e  and  w ash ed  th e  c ry s ta ls  w ith  25%  
ethy l a ce ta te  in h ex an e . C o m p o u n d  1 h ad  m .p . 181-182  ° c  an d  sh o w ed  a s in g le  sp o t at 
the  Rf v a lu e  o f  0 .41 on  T L C  p la te  u s in g  70  % e thy l ace ta te  in h e x a n e  as th e  m o b ile  
phase . T L C  sp o ts  w ere  v isu a liz e d  w ith  U V  lam p  (254  and  365 n m ) an d  w ith  I2 .
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3.7.2 P U R IF IC A T IO N  AND PROPERTIES OF CO M POUND  2.

C o m p o u n d  2 fro m  c ru d e  e th y l a ce ta te  ex trac t (1 ,558  m g ) an d  c ru d e  h ex an e  
e x tra c t (989  m g) as w h ite  so lid  (to ta l 2 ,547  m g, 0 .0 5 1 %  w t. b y  w t. o f  th e  fresh  
rh izo m es), w as o b ta in e d  b y  th e  e lu tio n  o f  s ilic a  gel co lu m n  c h ro m a to g ra p h y  w ith  60%  
e thy l ace ta te  in  h ex an e . It w as re -c ry s ta lliz e d  w ith  50%  ethy l a ce ta te  in  h ex an e  to  o b ta in  
co lo rle ss  n eed le  c ry s ta ls  an d  w as w a sh e d  w ith  30%  ethy l ace ta te  in  h ex an e . C o m p o u n d  
2 h ad  m .p ,1 3 4 -1 3 5 ° c  an d  sh o w ed  a  s in g le  sp o t at the  Rf v a lu e  o f  0 .21 on  T L C  p la te  
u sin g  70  %  e th y l a ce ta te  in h ex an e  as th e  m o b ile  phase . T L C  sp o ts  w e re  v isu a liz e d  w ith  
u v  lam p  (2 5 4  an d  365  n m ) an d  w ith  u .

3.7.3 P U R IF IC A T IO N  AND  PROPERTIES OF CO M POUND  3.

C o m p o u n d  3 w as o b ta in e d  fro m  c ru d e  e thy l ace ta te  e x tra c t by  th e  e lu tio n  o f 
s ilica  gel co lu m n  c h ro m a to g ra p h y  w ith  7 5 %  E tO A c  /  H ex , as a  w h ite  p o w d e r  (to ta l 232  
m g, 0 .0 0 4 6 %  w t. b y  w t. o f  th e  fresh  rh izo m es). C o m p o u n d  3 h a d  m .p ,1 3 9 -1 4 1 ° c  and  
sh o w ed  a s in g le  sp o t at th e  R f va lue  0 .23  on T L C  p la te  u sin g  80%  E tO A c  /  H ex  as the  
m o b ile  p h ase . T L C  sp o ts  w e re  v isu a liz e d  w ith  U V  lam p  (254  an d  365  n m ) an d  w ith  I2 .

3.7.4 P U R IF IC A T IO N  AND  PROPERTIES OF CO M PO UND  4.

C o m p o u n d  4  w as o b ta in e d  fro m  c ru d e  e thy l ace ta te  e x tra c t as a  w h ite  p o w d e r 
(to ta l 96  m g, 0 .0 0 2 %  w t. by  w t. o f  th e  fresh  rh izo m es). C o m p o u n d  4  w as e lu te d  fro m  
s ilic a  gel co lu m n  ch ro m a to g ra p h y  w ith  80%  E tO A c /  H ex  and  w a sh e d  w ith  4 0 %  E tO A c 
/ H ex . C o m p o u n d  4  h ad  m .p . 2 5 2 -2 5 4 °C  an d  sh o w ed  a sin g le  sp o t at th e  R f v a lu e  0 .13  
on  T L C  p la te  u s in g  80%  E tO A c  /  H ex  as the  m o b ile  phase . T L C  sp o ts  w ere  v isu a liz ed  
w ith  U V  lam p  (2 5 4  an d  365  n m ) an d  w ith  L  .

3.7.5 P U R IF IC A T IO N  AND PROPERTIES OF CO M PO UND  5.

C o m p o u n d  5 w as o b ta in e d  fro m  c ru d e  h ex an e  e x tra c t b y  th e  s ilic a  
gel co lu m n  ch ro m a to g ra p h y  w ith  5%  E tO A c / H ex  an d  w ash ed  w ith  co o l h ex an e .
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C o m p o u n d  5 is a g reen ish  - y e llo w  so lid  (27 m g, 5 .4 * 1 0  4%  w t. by  w t. o f  the  fresh  
rh izo m es). C o m p o u n d  5 h ad  m .p . 121-122°c an d  sh o w ed  a  s in g le  sp o t at th e  Rf value  
0 .75  o n  T L C  p la te  u s in g  2 0%  e th y l ace ta te  in  h ex an e  as th e  m o b ile  p h ase . T L C  spo ts 
w e re  v isu a liz e d  w ith  u v  lam p  (254  an d  365 n m ) an d  w ith  I2 .

3.7.6 P U R IF IC A T IO N  AND PROPERTIES OF COM POUND 6.

C o m p o u n d  6 w as fo u n d  in  c ru d e  h ex an e  ex trac t by  th e  e lu tio n  o f  s ilic a  gel 
c o lu m n  ch ro m a to g ra p h y  w ith  10%  E tO A c /H e x . C o m p o u n d  6 is y e llo w  n eed le  c ry sta ls  
(721 m g, 0 .0 1 4 %  w t b y  w t o f  th e  fre sh  rh izo m es). C o m p o u n d  6 h ad  m .p . 129-130  ๐c  
an d  sh o w e d  a  s in g le  sp o t at th e  R f v a lu e  o f  0 .58  on  T L C  p la te  u s in g  20%  e th y l ace ta te  in 
h ex an e  as the  m o b ile  p h ase . T L C  sp o ts  w ere  v isu a liz ed  w ith  u v  lam p  (254  an d  365 nm ) 
an d  w ith  u .

3.7.7 P U R IF IC A T IO N  AND  PROPERTIES OF CO M POUND 7.

C o m p o u n d  7 is y e llo w  p la te  c ry s ta ls  (508  m g, 0 .0 1 %  w t. by  w t. o f  th e  fresh  
rh iz o m e s)  in  c ru d e  h ex an e  ex trac t. C o m p o u n d  7 w as o b ta in ed  fro m  th e  e lu tio n  o f  s ilica  
gel c o lu m n  ch ro m a to g ra p h y  w ith  10%  e th y l ace ta te  in  h ex an e . C o m p o u n d  7 had  m .p. 
1 4 9 -1 5 0 ° c  an d  sh o w ed  a  s in g le  sp o t a t th e  R f v a lue  0 .45  on  T L C  p la te  u s in g  20%  ethy l 
a ce ta te  in  h ex an e  as th e  m o b ile  ph ase . T L C  spo ts w ere  v isu a liz e d  w ith  U V  lam p  (254 
an d  365  n m ) an d  w ith  L  .

3.7.8 P U R IF IC A T IO N  AND  PROPERTIES OF COM POUND 8.

C o m p o u n d  8 w as o b ta in e d  fro m  c ru d e  h ex an e  e x tra c t as a ye llo w  n eed les 
c ry s ta l (4 2  m g, 8 .4* 10 '4% w t. by  w t. o f  th e  fre sh  rh izo m es) b y  th e  e lu tio n  o f  s ilica  gel 
c o lo u m n  ch ro m a to g ra p h y  w ith  10%  e th y l a ce ta te  in  h exane . C o m p o u n d  8 h ad  m .p . 145- 
1 4 7 ° c  an d  sh o w ed  a s in g le  sp o t at th e  R f v a lu e  0 .35  on T L C  p la te  u s in g  20%  ethy l 
a c e ta te  in  h e x a n e  as th e  m o b ile  p h ase . T L C  sp o ts  w ere  v isu a liz e d  w ith  u v  lam p  (254  
an d  365 n m ) an d  L .
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3.7.9 P U R IF IC A T IO N  AND  PROPERTIES OF COM POUND 9.

C o m p o u n d  9 w as o b ta in ed  fro m  c ru d e  h ex an e  ex trac t b y  th e  e lu tio n  o f  silica  
gel c o lu m n  c h ro m a to g ra p h y  w ith  15 %  e th y l ace ta te  in  hex an e . C o m p o u n d  9 w as a 
g reen ish  - y e llo w  so lid  (34  m g , 6 .8  * 10"4%  w t. by  w t., o f  the  fre sh  rh izo m es) w ith  m .p. 
152-153  ° c  an d  sh o w ed  a  s in g le  spo t a t the  R f v a lu e  0 .35  on T L C  p la te  u sin g  2 0%  ethy l 
a c e ta te  in  h e x a n e  as th e  m o b ile  p h ase . T L C  sp o ts  w ere  v isu a liz e d  w ith  u v  lam p  (254  
an d  365  n m ) an d  w ith  h.

3.7.10 P U R IF IC A T IO N  AND  PROPERTIES OF COM POUND 10.

C o m p o u n d  10 as co lo rle ss  n eed le  c ry s ta ls  (44  m g, 8.8 * 10"4 w t.b y  w t. o f  the 
fre sh  rh izo m es). C o m p o u n d  10 w as o b ta in ed  fro m  c ru d e  h ex an e  e x tra c t by  th e  e lu tio n  o f 
s ilic a  gel co lu m n  c h ro m a to g ra p h y  w ith  25%  e th y l ace ta te  in h ex an e . C o m p o u n d  10 had  
m .p . 1 47 -149  ๐c  an d  sh o w ed  a s in g le  spo t at th e  R f v a lu e  0 .28  on  T L C  p la te  u s in g  20%  
e th y l a ce ta te  in  h ex an e  as th e  m o b ile  phase . T L C  sp o ts  w ere  v isu a liz e d  w ith  u v  lam p 
(2 5 4  an d  365  n m ) an d  w ith  I2 .

3.7.11 P U R IF IC A T IO N  AND PROPERTIES OF CO M POUND 11.

C o m p o u n d  11 w as o b ta in ed  fro m  th e  c ru d e  m eth an o l e x tra c t by  th e  e lu tio n  o f 
sep h ad ex  c o lu m n  c h ro m a to g ra p h y  w ith  m e th an o l as a b ro w n  - v io le t v ico u s  liqu id . 
(1 6 3 .8  m g , 3 .3*  10 '3 %  w t. b y  w t. o f  th e  fresh  rh izo m es).

3.8 X - ra y  D IF F R A C T IO N .

C ry s ta l o f  c o m p o u n d  1, 2, 6 , 7, 8 an d  9 w ere  id e n tif ie d  b y  X -ray  D iffrac tio n  
an a ly ses . A ll d a ta  w ere  c o lle c te d  at ro o m  tem p e ra tu re  u sin g  g ra p h ite  m o n o c h ro m a te d  
M o K  a  R a d ia tio n  ( lam d a  =  0 .7 1 0 6 9  A °) on  B R U K E R  S A M A R T  C C D  d iffrac tro m ete r. 
T h e  d a ta  w ere  c o rre c te d  fo r  L o re n tz  an d  p o la riz a tio n  e ffec ts . T h e  c ry s ta l d a ta  o f  
c o m p o u n d  1, 2, 6 , 7 , 8 an d  9 are  g iv en  in Table A l ,  A6, A l l ,  A16, A21 and A26 
re sp ec tiv e ly .
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T h e  s tru c tu re s  w ere  so lv ed  b y  d irec t m eth o d s u s in g  S H E L X L S  - 97  and  
re fin ed  by  fu ll m a trix  leas t - sq u a res  on F 2 u sing  S H E L X L S  - 97  w ith  an iso tro p ic  
th e rm al p a ra m e te rs  fo r  all n on  - h y d ro g en  a tom s. A ll hyd ro g en  a to m s w ere  fo u n d  fro m  
d iffe re n ce  F o u rie r  m ap s an d  w ere  in c lu d ed  in  re fin em en t. T h e  fra c tio n  c o o rd in a te s  o f  
non  - h y d ro g en  a to m  an d  se lec ted  b o n d  d is tan ces  and  an g les o f  c o m p o u n d  1, 2, 6 , 7 , 8 
an d  9 are  lis ted  in Table A2-5, Table A7-10, Table A12-15, Table A17-20, Table A22- 
25 and Table A27-30, re sp ec tiv e ly .

3.9 B IO L O G IC A L  A S S A Y

3.9.1 C yto tox ic ity  assay

B io assay  o f  c y to to x ic ity  ac tiv ity  ag a in s t five  cell lines, in c lu d in g  K ato -III  
(g as tric ), B T  4 7 4  (b reas t) , C h ag o  (lu n g ), ร พ  620  (co lon ) an d  H e p -G 2  (h ep a to m a) 
can ce r, in vitro w as p e rfo rm e d  b y  M T T  [3 -(4 ,5 -d im e th y lth ia z o l-2 -y l)-2 ,5 -d ip h e n y l 
té tra z o liu m  b ro m id e] co lo ricm e th o d . In p rin c ip le , th e  v iab le  ce ll n u m b e r  p e r  w ell is 
d irec tly  p ro p o rtio n a l to  th e  p ro d u c tio n  o f  fo rm azan , w h ich  fo llo w in g  so lu b iliz a tio n , can  
be m easu red  sp ec tro p h o to m e tric a lly .

C o m p o u n d s  w ere  te s ted  fo r c y to to x ic ity  ac tiv ity  to w ard  5 ce ll lin es as fo llow : 
K a to -III  : G astric  ca rc in o m a , H u m an  A T C C  N o. H T B - 103 
B T 4 7 4  : D u c to l ca rc in o m a , b reast, H um an  A T C C  N o. H T B  20
S W 6 2 0  : L y m p h  n o d e  m e ta s ta s is , co lon  ad en o ca rc in o m a , H u m an

A T C C C C L 2 2 7
H E P -G 2  : L iv e r  h ep a to b la s to m a , H u m an  A T C C  N o .H B  8065  
C h ag o  : L u n g  u n d iffe ren tia ted , H um an  J. N at. C a n c e r  Inst.

C ell lines, ab o u t 5* 104 ce lls  /  m l w ere  cu ltu red  in  R P M I 1640 c u ltu re  
m ed iu m , su p p le m e n te d  w ith  10% (V /V ) fetal c a lf  serum , p en ic illin  a n d  s tre p to m y c in . A ll 
ce lls  w ere  in cu b a ted  in  5%  c c >2 h u m id ifie d  in cu b a to r at 3 7 ° c .  T h e y  w ere  g ro w n  as 
m o n o la y e r  an d  try p sin  w as ad d ed  to  d isag g reg a te  cells.
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C ell lin es  at th e  ex p o n e n tia l g ro w th  p h ase  w ere  h a rv e s te d  an d  cen trifu g ed  at 
200*  g fo r 5 m in . c o u n te d  u n d e r in v erted  m ic ro sco p e  and  re su sp e n d e d  in co m p le te  
R P M I m ed iu m  a p p ro x y m a te ly  2 .5* 104 ce lls /m l and  200  p i o f  the  ce lls  su sp en s io n  w as 
add ed  to  each  w ell o f  a  f la t b o tto m  9 6 -w ell m ic ro tite r  p la te  w ith  a  m u ltic h a n n e l p ipe tte . 
N u m b er o f  c e lls  p e r w ell is 5 * 1 0 3. A fte r 24 h in cu b a tio n  in a 5%  C O 2 h u m id ified  
in cu b a to r a t 3 7 ° c ,  2 p i o f  sam p le  agen ts  w as ad d ed  in ap p ro p ria te  w e lls  to  g iv e  v a rio u s  
final c o n c e n tra tio n  o f  sa m p le s  (con tro l g roup , N = 6 , each  sam p le s  tre a tm e n t g ro u p , 
N = 3). P e rip h e ra l w e lls  o f  each  p la te  ( lack in g  ce lls)  w ere  u tilized  fo r s a m p le  b la n k  (N = 2) 
and  m e d iu m / té tra z o liu m  re a g e n t b lan k  (N = 6 ) “b a c k g ro u n d ” d e te rm in a tio n s . T h e  
co n cen tra tio n  o f  D M S O  u sed  to  d isso lv e  the  sam p les w as ad ju s te d  to  0 .5%  and  th is 
co n cen tra tio n  o f  so lv e n t w as u sed  in co n tro l w ells . A fte r 72  hr in c u b a tio n  at 3 7 ° c ,  M T T  
sto ck  so lu tio n  w as p rep a red  as fo llow : 5m g  M T T /m l PB S w as f ilte re d  w ith  0 .2 2  p m  
filte red  un its . M T T  w o rk in g  so lu tio n  w as p rep a red  ju s t  p rio r to  c u ltu re  ap p lica tio n  by 
d ilu tin g  M T T  s to c k  so lu tio n  1:5 (v /v ) in  R P M I stan d ard  c u ltu re  m ed iu m . M T T  w o rk in g  
so lu tio n  (5 0  p i)  w as ad d ed  to  each  cu ltu re  w ell re su ltin g  in 50  p g  M T T /2 5 0  p i to ta l 
m ed iu m  v o lu m e  an d  c u ltu re s  w ere  in cu b a ted  at 3 7 ° c  fo r 4  hr.

In c u b a tio n  ce ll m o n o lay e rs  and  fo rm azan  w ere  th en  in sp ec ted  
m ic ro sco p ica lly . C u ltu re  p la te s  co n ta in in g  su sp en sio n  lines o r  any  d e ta c h e d  ce lls  w ere  
c e n trifu g e d  at low  sp eed  (2 0 0 * g ) fo r 5 m in. A ll o f  cu ltu re  m ed iu m  su p e rn a ta n t w as 
rem o v ed  fro m  w e lls  by  slo w  a sp ira tio n  th ro u g h  a b lu n t 18 -  g u ag e  n e e d le  and  rep laced  
w ith  150 p i o f  D M S O  u s in g  p ip e tte  and  m ixed  w ells  by p la te  m ixer. F o llo w in g  th ro u g h  
the fo rm azan  so lu b iliz a tio n , the  ab so rb an ce  o f  each  w ell w as m e a su re d  u sin g  a 
m ic ro tite r  p la te  re a d e r  a t 5 4 0  nm  (sin g le  w av e len g th , c a lib ra tio n  fa c to r  =  1.00)

C ell lin es  g ro w th  an d  g ro w th  in h ib itio n  w ere  e x p re ssed  in te rm s o f  m ean  (+  1 
SD ) a b so rb a n c e  u n its  a n d /o r  p e rcen tag e  o f  co n tro l ab so rb an ce  (+  1 S D % ) fo llo w in g  
su b trac tio n  o f  m ean  “ b a c k g ro u n d ” ab so rb an ce . In ad d itio n  the  IC 50 w as e x p re sse d  as the  
sam p le  c o n c e n tra tio n  in p g /m l th a t c au sed  a 50  % in h ib itio n  o f  g ro w th  c o m p a re d  w ith  
co n tro ls .
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3.9.2 A n tio x idan t assay

T h e  a n tio x id a n t a ssay  o f  sam p le  b y  D P P H  m eth o d  w as u se d  to  s tu d y  the 
p o ten tia l o f  sam p le  fo r  re d u c in g  D P P H  rad ica ls  (rad ical 2, 2 -d ip h e n y lp ic ry h y d ra z y l) . 
T h e  sam p le  th a t h as  h ig h  p o ten tia l a n tio x id an t ac tiv ity  can e ffe c tiv e ly  re d u c e  D P P H  
rad ica ls . V ita m in  E  w as u se d  as a  p o s itiv e  con tro l.

T h e  te s tin g  p ro to co l
1) T h e  ab so rb a n c e  o f  4  m l D P P H  so lu tio n  w as m easu red  at 517 nm . (ab so lu te  e th an o l 

w as u se d  as a  b la n k  a d ju s tm e n t fo r  the  sp ec tro p h o to m ete r)
2) S am p le s  an d  v itam in  E  w ere  p ip e tte d  in to  each  tube co v ered  w ith  fo il, (each  sam ples 

m ad e  d u p lica te )
3) A d d ed  3.8 m l o f  D P P H  so lu tio n  in to  each  tube  (the final v o lu m e  w as 4 m l), 

th ro u g h ly  m ix e d  an d  k e p t in  th e  d a rk  fo r 30  m in.
4) A fte r  30  m in , th e  a b so rb a n c e  w as m easu red  at 517 nm . C o m p a re d  the  ab so rb an ce  

v a lu e  o f  each  sam p le  w ith  th a t o f  D P P H  so lu tion . T h e  sam p les  th a t h ad  a n tio x id an t 
ac tiv ity  w o u ld  h ad  ab so rb a n c e  v a lu e  lo w er th an  tha t o f  D P P H  so lu tio n .

5) T h e  sam p le s  w h ich  h ad  a n tio x id a n t ac tiv ity  w ere  taken  to e x a m in e  fo r  th e  IC sovalue.
5.1 ) E ach  5 m g  /  m l o f  sam p le  w h ich  h ad  a n tio x id an t a c tiv ity  w as d ilu te d  to 

3 .7 5 , 2 .5 , 1.25 an d  0 .6 2 5  m g  /  m l. T h e  ra tio  o f  d ilu tio n  is show n  in Table 3.2. V itam in  E  
w as d ilu te d  to  0 .3 7 5 , 0 .2 5 , 0 .1 2 5  an d  0 .0 6 2 5  m g  / m l and  the  ra tio  o f  d ilu tio n  is show n  
in Table 3.3,

Table 3.2 R atio  o f  d ilu tio n  o f  5 m g  / m l o f  sam p les w ith  e thano l.

5 m g / ml 3.75 mg /  ml 2 .50  mg / ml 1.25 mg /  ml. 0 .625  mg / ml
V ol. o f  sam ple ( 5 mg /  ml ) 2 00  ul 150 ul 100 ul 50  ul 25 ul

V ol. O f absolute ethanol Oui 50  ul 100 ฟ 150 ul 175 ul
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Table 3 .3  R a tio  o f  d ilu tio n  o f  0 .5  m g /  m l o f  v itam in  E  w ith  e thano l.

0.5 mg / ml 0.375 mg / ml 0.25 mg /  ml 0 .125  mg / ml 0.0625 mg / ml
Vol. o f  sam ple ( 0 .5  m g /m l  ) 2 00  ul 150 ul 100 ul 50  ul 25 ul

V ol. o f  absolute ethanol Oui 50 ฟ 100 ul 150 ฟ 175 ul

5 .2  ) T h e  sam p le s  in  5.1 w ere  te s ted  fo r an tio x id a tio n  ac tiv ity  p o ten tia l. R esu lts  
w ere  p lo te d  as a c o rre la tio n  b e tw een  a b so rb an ce  value  and  co n cen tra tio n  o f  sam ples.

IC 50 =  C o n c e n tra io n  o f  sam p les at 1/2 o f  ab so rb an ce  v a lue  o f  D P P H  so lu tion .

P rep a ra tio n  fo r D P P H  so lu tio n  and  sam ples fo r a n tio x id an t a ssa y .

1) D P P H  so lu tio n .
D P P H  so lu tio n  c o n ta in in g  2, 2 -d ip h en y l-1 -p ic ry lh y d razy l (2*  1 O'4 M ) w as 

p rep a red  by  w e ig h in g  20  m g D P P H  (M .w . 394 .3 ) and  d isso lv ed  in 250  ml ab so lu te  
e th an o l. T h e  D P P H  so lu tio n  h ad  b lu e ish -v io le t co lo u r (ABS517 e s tim a ted  1.15 - 1.2).

•  D P P H  so lu tio n  sh o u ld  b e  fresh ly  p rep a red  ju s t  be fo re  th e  te s tin g  and  kep t in 
d a rk  to  av o id  th e  d eco m p o sitio n  o f  D PPH .

2) V itam in  E  fo r p o s itiv e  co n tro l.
V itam in  E  1.5 m g w as d isso lv ed  in 1.5 ml o f  ab so lu te  e th an o l. T h e  

co n cen tra tio n  o f  v itam in  E  is 1 m g /  m l. T h e  tw o  fo lds d ilu tio n  re su lted  in 0 .5  m g/m l o f  
v itam in  E.

3) T h e  sam p le s  fo r a n tio x id a n t b io assay .
T h e  sam p le s  w ere  p rep a red  to m ake 5 m g/m l final c o n c e n tra tio n  by d isso lv in g

7.5 m g o f  sam p le  in 1 ,500 ml o f  ab so lu te  e thano l.
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