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S u m m a r y  Z i n g i b e r a c e a e  rh i zomes  c o m m o n l y  u s e d  in  the  Ma lays ian  t rad i t iona l  med i c i ne  w e r e  s c r e e n e d  for  an t i - tumour  p r o m o t e r  activity 
us i ng  the  shor t - te rm assay  of  inh ib i t ion  of  12 -0 - te t radecanoy t  pho rbo l - l&ace ta te  ( T P A ) - i n d u c e d  Eps te in -Ba r r  v i rus ear l y  ant iger t :  ( E B V - E A )  in  
Raj i  cel ls. T h e  inh ib i t ion  of  T P A - i n d u c e d  E B V - E A  w a s  de tec ted  us ing  the  ind i rect  i m m u n o f l u o n s c e n c e  assay  ( IFA)  a n d  W e s t e r n  btot  
techn ique .  T h e  ind i rect  IFA de tec ted  the  express ion / inh ib i t ion  of  E B V - E A - D  (d i f fused E A  an t igen) ,  w h e r e a s  the  W e s t e r n  b lo t  t echn ique  
de tec ted  the  express ion / inh ib i t ion  of  b o t h  E B V - E A - D  a n d  E A - R  ( rest r ic ted E A  an t igen) .  S e v e n  rh i zomes  w e r e  f o u n d  to possess  Inh ib i tory  
activity t owards  E B V  act ivat ion,  i n d u c e d  by  TPA;  they  a re :  C u r c u m a  domest ica ,  C. xan thor rh iza ,  K a e m p f e r i a  g a l a n g a ,  Z ing ibe r  cassumunar ,  
2.  of f ic inale,  Z. of f ic inak ( r e d  var iety) ,  a n d  2.  ze rumbet .  A  cytotoxici ty assay  w a s  ca r r i ed  ou t  to d e t e r m i n e  the  toxicity of  the  Z i n g i b e r a c e a e  
rh i zome  extracts.  T h e  rh i zome  extracts that  exh ib i ted  E B V  act ivat ion inh ib i tory  activity h a d  n o  cytotoxici ty effect in  Raj i  cel ls. There fo re ,  the  
p resen t  s tudy  s h o w s  that  severa l  Z i n g i b e r a c e a e  spec ies  u s e d  in  Ma lays ian  t rad i t iona l  med i c i ne  con ta in  n + turatty occu r r i ng  non- tox ic  
c o m p o u n d s  that  inh ib i t  t he  E B V  act ivat ion,  wh ich ,‘if fu r ther  invest igated,  cou ld  con t r ibu te  in  the  d e v e l o p m e n t  of  cance r  p reven t i on  m e t h o d s  at  
the  t umou r -p romo t i ng  s tage.  

Keywords :  an t i - tumour  p romote rs ;  Z ing ibe raceae ;  E B V - E A  inh ib i t ion  

Today ,  o n e  of  the  most  u r g e n t  p r o b l e m s  of  pub l i c  hea l th  is the  
d e v e l o p m e n t  of  ef fect ive m e t h o d s  to b lock  the  ca rc inogenes i s  
sequen t ia l  events .  Chemica l  c a r c i n o g e n &  h a s  b e e n  r e c o g n i z e d  to 
gene ra l l y  h a v e  th ree  s tages:  in i t iat ion, p r o m o t i o n  a n d  p rog ress i on  
( H e n n i n g s  et  al,  1 9 8 3 :  Boutwe l l ,  1 9 8 9 ;  Pi tot  a n d  D r a g a n .  1 9 9 1 ) .  
B e c a u s e  a  c u r e  for  cance r  h a s  no t  b e e n  es tab l i shed.  cance r  c h e m o -  
p reven t i on  f rom ed ib l e  p lan ts  m a y  b e c o m e  a  m e a n s  to r e d u c e  
cance r  inc idence .  

Chemica l  c h e m o p r e v e n t i o n  is a  concep t  de f i ned  ns  the  p r e v e n -  
t ion of  cance r  by  the  admin is t ra t ion  of  nu tu ra l  o r  synthet ic  p u r e  
chemica ls .  o r  by  da i ly  f oods  e n r i c h e d  wi th  cance r  p reven t i ve  
c o m p o n e n t s  (Wa t tenbe rg ,  1 9 8 5 :  G r e e n w a l d  et  al,  1 9 9 a S  Weins te in .  
1 9 9 1 :  M o r s e  a n d  S toner ,  1 9 9 3 ) .  P r imary  cance r  p reven t i on  h a s  
two  aspec ts  in  its me thodo logy :  (  I )  exc lus ion  o r  a v o i d a n c e  01 :  the  
env i ronmt?n t  ca r c i nogens  o r  o the r  chemica l  factors c lose ly  re la t ing  
to cam inogeness i s  such  as  t u m o u r  p romote rs :  a n d  (2 )  the  admjn is -  
t ra t ion af  inhib i tory o r  ouppress ive  agen ts  aga ins t  cnrc . inogenes is  
( M u r a k a m i  et  al ,  1 9 9 4 ) .  B e c a u s e  the  cont inuous  exposu re  to env i -  
ronmenta l  a n d  food  curc inapens  is inevi tabk in  drti ly kite, direct 
inhib i t ion o r  su.pptxxaion at the tu rnour -p romot ing  s tage cou ld  b e  
a n  i tch iesrab le  st rategy,  Pan isu lar ly ,  phytochemic t i ls  f rom ed ib l e  
p lunt8  wou ld  h a v e  a n  a d v a n t a g e  in  the i r  c i in lcul  app l i cn t ion  o n  
account  of law toxicity, In fuct, a  g r e a  n u m b e r r  of e ~ i d e n ~ ~ o ~ ~ ~ ~ i c ~ ~ i  
studi@ s uf khs r&c iQnr ;h ip  be tween  foad  a n d  cancer ,  togather  wi th 
r eea reh  i r l  @ xp@ rim@ n n tnJ an ima l  mode ls ,  h u v e  dcmot r r i t ruced  that  
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to screen several species of the Zingiberaceae family most 
frequently used in local traditional medication for the presence of 
anti-tumour promoter activity. The short-term assay of inhibition 
of TPA-induce? EBV-EA in R+ji cells was used to identify poten- 
tial anti-turnout- promoter activity in seven Mataysian ginger 
rhizobia. 

Human lymphoblastoid Raji, a non-producer cell line which 
harbours multiple copies of EBV genomes (Emberg and Klein, 
1979). can be activated by, tumour promoters such as TPA to 
express EBV-EA (Kawanishi and Ito. 1982). Zur Hausen et al 
(1978. 1979) demonstrated that phorbol esters which possessed 
tumour-promoting activity could induce viral cy.cle in latently 
infected cetls carrying EBV, and Ito et al ( 1981~) noted that low 
concentration of jr-butyrate increased the effects of tumour 
promoters synergistically. It is noteworthy that such EBV-acti- 
vating principles can be considered to possess tumour-promoting 
capacity (ho et al, I98 Ih). However, extracts of certain plant 
species were found to inhibit the TPA-induced EBV-EA activa- 
tion. Thus. this assay system of inhibition of EBV-EA activation 
by TPA in indicator Raji cells is regularly used as an early method 
of detecting anti-tumour-promoting principles in natural products. 

Inhibitory potentials against tumour promoter-induced EBV acti- 
vation has been reported to be well correlated with those in some 
animal models (Murakami et al. 1996). Ursolic acid and mokko 
lactone. isolated from green perrilla and edible burdok extracts 
respectively. were found to inhibit EBV-EA activation induced by 
HPA (Koshimizu et al. 1988). and proven to have nnti-tumour- 
promoting activity in ICR mice skin (Koshimizu and Ohigashi. 
1991). Several other active components from common food that 
inhibited the TPA-induced EBV-EA activation (Ohigashi et al. 1986)’ 
were also shown to i’nhibit skin tumour formation by TPA in 7.12- 
dimethylbenz[a]anthracene-initiated mice (Tokuda et al, 1986). 

Some of the naturally occurring anti-tumour promoters identified 
in edible Thai plants by the inhibitory test of EBV-EA 
activation, induced by 40 ng mt-I HPA (Murakami et al. 199%). 
have further been proven to possess anti-tumour-promoting activity 
in vivo (Murakami et al. 1995h). Ohigashi et al (1992) screened 
marine algae. which is claimed to reduce cancer risk in Japan. for 
EBV-EA activation inhibitory activity and the dichloromethnne of 
U~ic~itr /GwLu(/~& that showed strong inhibitory activity (>70% at 
4 ~16 rnl~l) was also found to qmpletely suppress tumour formation 
on mouse skin induced by DMBA and TPA. The acetone extract of 
.~~atdl~~ric~ haiwlensis that showed significant inhibitory effects on 
EBV-EA activation in vitro was fractionated with ethyl acetate and 
two favones, 5.7,?,‘-trjl~ydroxy~luvune and 5,7.7’.3’-~trahydroxy- 
flavone were found to exhibit strong inhibitory ctl’ect on mouse skin 
tumour promotion in an in viva two-stage earcinogcnesis test 
(Konoshima et al, 1991). 

The uhove findings show that the EW gnome currying human 
lymphoblastoid cells (Raji), activated by turnour promoters, has been 
uwd widely as a I;crL%?ninp assay for the e;lrly detection of unti- 
tumour prumotQw, In aursc~ch for natural inhibitors against tltmour 
promotion, we screened eleven ginger rhizomes commonly found as 
ingredients ir the Maluysiun trtlditinnal medicine using the inhibition 
of TPA-induced EB%k?A activation asiiuy. 

Preparation of crude extracts 
The Zingiberaceae rhizomes were extracFed by the method of EFo 
et al ( 1983). Five grams of dried. ground &&me was extracted 
using petroteum ether. chloroform and e&an& sokvents succes- 
sivefy. The powdered rhizome was soaked for 3 days in 20 ml of 
solvent. On day 3. the extract was removed from the pLanF de&s 
and subjected to evapor&ion. The dry ct&e ebraet ~btrrined was 
dissolved in DMSO ~Si:gma) to pro;vi& n stock scrhti~ 00 
10 mg ml-’ and stored af -30°C. The plant debris were dried; an& 
resoaked with the following solvenr. 
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Treatment with increasing concentrations of plant extmcts 
decreased the number of fluorescent ceils. Hence, the first well 
which showed no fluorescent cells was taken as the concentration 
and titre for complete EBV activation inhibitory activity 
[inhibitory effect (IEI: lOO%1. 

EBV activation wits measured by detection of EA. The ratio of 
EA-induced cells was compared with that of a control experiment 
only with sodium /z-butyrate and TPA. in which the ratio of EA- 
induced cells ~21s ordinarily around 50%. The control was consid- 
ered as 100% tumour promotion 2nd 0% inhibition. 

Anti-tumour promoter standard 

Ascorbic acid ( 1000 PM: Sigma), I known anti-tumour promoter. 
w;1s used iis a standard for method validation. It showed 50% 
inhibition against TPA-induced EBV-EA activation in,Raji cells 
compared with negative control and OX cytotoxicity relative to 
controls. 

Cytotoxicity assay RESULTS 

Rapidly growing human lymphoblastoid Raji cells were incubated 
3s mentioned above. On day 3. the cells were spun down at 
1000 r.p.m for 5 min and 0.1% tit‘ Trypan Blue was added to the 
ceti suspension. Cell enumeration was carried out using a haemo- 
cylcmeter, 

Table 1 Inhibition (%) of TPA-Induced EBV-EA activation (IFA) 

piece of Immobikm PVDF transfer membmne in ;L semidry 
transfer cell (Bio-Rad. USA) using a conslrtnt current of 0.5 mA 
for in period of I h. Then the transfer membrane was removed from 
the sandwich and incubated in 0. t ml of block@ solution per cm’ 
of the membrane for I -2 h at room temperature with gentle a&t- 
tion. The blocking solution consisted of 5 g of non-&t mitk 
(Oxoid. UK) and X pl of Tween-20 (Merck. Germany) in ~00 mt 
of PBS. The membrane was then incubated overnight with NPC 
serum diluted in the blocking solution ( I :?f)O) at 3°C with gcnEk 
agitation. The following morning. the membrane was washed three 
times and incubated in 0.5 pg ml-1 of enzyme-coupled secondary 
reugent. affinity purified goat anti-human (H&L) tgG horseradish 
peroxidase conjugate (Bi&Rad. USA) for I h at room temper:bture 
with gentle agitation. The membrane wits then immersed in the 
cotour development sofution ( Bio-Ritd) contsinlng chromogenic 
substrate with enzyme-coupled antibody and incutu,lteci nt room 
temperature with gentle agitation for about 2-3 min till the protein 
b:mds were clearly visible. 

Plant 
(vernacular name) 

Extract 

Extract concentration (pi d-1) 

20 (10 80 160 320 6QQ 

Petroleum ether 
Chlorolorm 
Elhanol 
Chloroform 
Ethanol 
Ethanol 

Petroleum ether 
Chloroform 
Ethanol 
Petroleum ether 
Chloroform 
Ethanol 
Petmleum ether 
Chloroform 
Ethanol 
Chlarslform 
Gfhanol 
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Tab le  2  E B V - E A  prote in  suppress ion  in  Raj i  cel ls  detected by  Wes te rn  blot  

P lznt  Extract  
(vernacu la r  n a m e )  

Extract  concent ra t ion ( i tg m l -‘) 

2 0  4 0  a 0  1 6 0  3 2 0  6 4 0  

C u r c u m a  domest i ca  
(kunyrt )  

C u r c u m a  xanfhorrh!za 
( temu lawak)  

Kaempfe r i e  ga langa  
(chekur )  

Z ing iber  cassumunar  
(bong la i )  

Z lng lber  of f ionale 
( h a & )  

Z ing!ber  of f ic inale 
( red  var iety)  
(he/a  ba ra )  

Z lng/ber  ze rumbet  
( l emwyang i  

Pe t ro leum ether  
Ch lo ro fo rm 
E thanol  
Ch lo ro fo rm 
E thanol  
E thanol  

Pe t ro leum ether  
Ch lo ro fo rm 
E thanol  
Pe t ro leum ether  
Ch lo ro fo rm 
E thanol  
Pe t ro leum ether  
Ch lo ro fo rm 
E thanol  
Ch lo ro fo rm 
E thanol  
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+  +  

+  

+  +  
+  +  
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f. Compte te  prote in  suppress lon;  2. part ia l  pro te in  suppress ion;  - +  n o  prote in  suppresscon:  ct, cytotoxic. Observa t Iona l  data  
we re  der i ved  f rom dupl ica te  exper iments .  

S im i la r  resul ts we re  ob ta ined  with the Wes te rn  blat  techn ique that 
c letectcd the suppress ion  of TPA- in& Iced  E B V - E A - D  r ind  E A - R  
(restr icted E A  complex) .  :IS  shown  in  Tab le  7,. T h e  p& i ve  control \  

1 1  1 0  9  8  7  6  5  4  3  2  1  

-- -  6 5  kDa  
-  5 0  kDa  

F i$ure  I Wes te rn  S lo t  wi th pe t ro leum ether  extract of .Z of l ic inale rh izome.  
A  1 2 %  S D S  pa lyacry lamide  ge l  e lec t rophores is  ( P A G E )  run,  t ransferred to 
lmmob i l on  P V R F  in  the semid ry  TransJJ lot  cel l .  B lo t  was  I reated with N P C  
( E A + )  s e r u m  as  p r imary  an t ibOdy  a n d  goat  an t i -human IgG H R P  con jugate  
as  secondary  ant ibody.  T h e  cotour  react ion was  car r ied  out  us ing  H R P  
con jugats  substrats. Load ing  pattern: l ane  1, pres ta insd S D S - P A G E  
standard,  l ow range:  l ane  2, prssts ined S D & P A G E  stan$Jard.  h igh  range:  
l ane  3, unt reatsd RBJI  ML,  posi t ive contral ;  l ane  4, Aa j i  +  4  m m a i  m l -’ 
s & u r n  @ butyrats, pOsl t iv6  control ;  tans 5, Raj i  +  tub t 2 Q  n g  m l -’ V A , 
negat ive  oontrd;  tans 6, Raj l  +  n -b  +  T P A  +  2 9  # g  m l -’ p lant  extraot: lans  7. 
Aa j i  +  n -b  +  T F A  +  4 0  p g  m l  1  p lant  extrsot; Ian6 8, Rej i  +  n -b  +  T P A  * 
B Q  p g  m l -1  p lant  extraat; l ane  9. Raj i  +  n -b  +  V A  +  1 6 0  & g  m t’ p lant  extract; 
l ane  IQ , Raj i  +  n -b  +  V A  +  3 2 Q  II&  m l -’ p lant  extract; lans  1  I, Raj f  * n -b  +  
T P A  +  6 4 0  jq  m l -’ p lant  extraot. T h e  blat  shows  the E S Y  E A .19 (47 -66  k l3a)  
a n @  E A + I (66  kDa j  p ro tam bands,  wh rah  we re  Ident i f ied in  lanes  6. 6  a n d  7  
a n d  wa re  s tdppressed in  lanes  6 -11  
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Table 3 Percentage killtng of Raji cells (cytotoxicity assay) 

Plant Extract 
(vernacular name) 

20 

Extract concentration (pg ml-l) 

40 80 160 320 640 

Curcuma domesfrca 
(kun yif) 

Curcume xanthorrhiza 
(temu fawak) 

K-fempferia galanga 
[chekur) 

Zingrber cassumunar 
(bong/at) 

Zingiber officiffale 
(balia) 

Zingiber officinale 
(red variety) 
(ha& bara) 

Zingiber zerumbel 
I~efwoyangl 

Petroleum ether 
Chloroform 
Ethanoi 
Chloroform 
Ethanol 
Ethanol 

Petroleum ether 
Chloroform 
Ethanol 
Petroleum &her 
Chloroform 
Ethanol 
Petroleum ether 
Chloroform 
Ethanoi 
Chloroform 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

90 
cl 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

90 97 100 
0 0 0 
0 0 0 

95 98 100 
0 90 too 
0 0 0 

75 80 100 
0 0 0 
0 0 0 
0 100 100 
0 100 100 
0 100 100 

90 98 100 
0 95 100 
0 0 100 
0 90 100 
0 0 60 

0. No cytotoxlcity relative to controls. Data, expressed as percentage of killing, are mean values of duplicate experiments (s.d.c5j%). 

their chloroform extracts and 80-I 60 gg ml I with petroleum ether 
extmcts. At 30 g ml I( no inhibitory activity ws observed (IE = 
Or/r,). ~mcl $I( concentrations above 160 l.tg ml.1 cytotoxicity W;IS 
observed (CT =,9O- 100% ). C. S~UV~IOP~~~~;N demonstreted 100% 
IE at 40 pg ml 1 and 160 l.16 ml.1 with treatment of the chloroform 
and ethanol extracts, respectively. however at higher concentr+ 
lions cytotoxicity was observed (CT = W- 100%). At 20 pg ml .I. 
no inhibitory effect W;IS observed with these extmcts (IE = 0%). 
The petroleum ether extmct of C. .w~~/Kw/~~:L~ did not inhibit EA 
activution at 20 pg ml  ’ and was toxic lo Ria.ji cells at nil other 
concentrations. 

The ethanol extrilct of’ K. grr/rt?~qcr demonstrated partial inhibi- 
tion (IE = 8040%) at concentrations of 320-640 pg ml-‘. At 
lower concentrations ot’20-X0 pg ml .L. no inhibition wias observed 
GE = 0%) with all three extrtactx. At concentrations ol’ 160- 
640 pg ml ‘, cytotoxicity Was observed with the treatment ol 
petroleum ether tend chloroform extmcts. 

Four other Zingiberatce;le species. c. ocvqqirtosrr, C. ~wrt~~tr. G. 

punrltrrum/ rind L. ~ulunp~ cawxd cell de&h (CT = 6% I 00%) 
becsuse of toxicity nt all concentntions tested. thus the EBV-EA 
inhibitory activity could not be determined. 

C. clor~~ic*u or turmeric, which showed ntrcmg EA inhibitory 
activity, has hgd art erxtremely long USC r\mong the Muhayysians 
tBurkil1. I966L It is the most froque&y used species in the preps- 
r&m of Mnttayysian traditional medicine. and is ulso used ss spice, 
food pnssrvative and’caoking Ingedicnt, In D previo~ study, 
curcumin, a principal in C. clwwsi~rt, wus tkw~d to suppress the 
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Epidemiolog/cal studies have identified populations less prone to 
cancer. suggesting that environmental factors including diet may 
have an important contributory role (Doll, 1992: Wattemberg. 
1992: Ziegler et al, 1992; Ropers et al. 1993). 

In cancer prevention. it would be effective to block rhe three 
stages of carcinogenesis independently or concunendy. However. 
it is worthwhile se’archinp for effective anti-tumour promoter5 
because the promotion stage is known to need a long-term period 
for completion and is the only process possessing reversibility 
(Berenbelum. 1975). Pitot and Sirica (1980) showed evidence that 
pure initiation caused irreversible change but not neoplasm unless 
a promoter is applied. Thus. the crucial step in the development 
of human cancer may be the second stage of carcinogenesis. i.e. 
the tumour promotion stage and not the first initiation stage. 
Epidemiological evidence argues strongly rhat tumour promotion 
is a significant factor in the final development of cancer in humans 
(Hammond. 1975). 

At present. cancer patients treated with chemical chemopreven- 
tive compounds. which effectively suppress the evolution of the 
neopiastic process. are also exposed to the permissible risk of 
toxicity from the chemopreventive agent that increases with the 
dosage (Wattenberg. 19X5). Finding& in the present study. 
however, showed that the ginger rhizobia extracts which showed 
strong EBV-EA inhibitory activity did not cause any cytotoxicity 
effect in Raji cells. 

Populations with high risk of cancer could be encouraged to 
take in their diets plants with anti-tumour-promoting principles. 
Although such an approach may not totally eliminate the disease. 
it could form one method of control. However. such methods have 
not been previously assessed and the efficacy of appropriate diets 
in control of cancer need to be investigated. 

In the case of these ginger plants which have been studied. 
further investigations are being carried out to isolate and identify 
the active compounds in each and to demonstrate that they possess 
strong anti-tumour promorer activity in in vivo experiments. The 
detection and further analysis of these natural compounds could be 
useful in the development of a formulation for the dietary control 
of malignancies. 
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