
CHAPTER V 

DISCUSSION

G a str ic  c a n c e r  p r e v e n t io n  w a s  th e  m o s t  d e s ir a b le  ro u te  for c a n c e r  co n tr o l, w h ile  

c h e m o p r e v e n t io n  w a s  a  p r o m is in g  a lte r n a tiv e  to  r e d u c t io n  o f  th e  in e v ita b le  h u m a n  

e x p o s u r e  to  d ie ta r y  c a r c in o g e n .  P articu larly  nitrite in ta k e  a n d  g a s tr ic  m orta lity  in v a r io u s  

c o u n tr ie s  h a s  b e e n  d o c u m e n t e d .  M u ch  o f  th e  e v i d e n c e  for th e  ro le  o f  d ie t  in c a n c e r  h a s  

b e e n  in te r p r e te d  a s  e v i d e n c e  for th e  p r e s e n c e  o f  c a r c in o g e n ic  fa c to r s  in th e  d ie t  

(L y n n e tte , 1 9 9 9 ) .  For e x a m p le ,  th e  r e a c t io n  b e t w e e n  nitrite a n d  d ie ta r y  a m in e s  a n d  

a m id e s  u n d e r  th e  a c id ic  c o n d it io n s  o f  th e  s t o m a c h  c o u ld  le a d  to  th e  fo rm a tio n  o f  

n itr o s a te d  p r o d u c t s .  It w a s  p o s s ib le  to  in d u c e  g a s t r ic  c a n c e r  in h u m a n  (M irvish , 1 9 8 3 ) .  

O n  th e  o th e r  h a n d , it is w e ll k n o w n  th a t in g r e d ie n ts  in d ie t  in c lu d in g  e d ib le  p la n ts , fruits 

a n d  s e e d s  m a y  e x e r t  a n t ic a r c in o g e n ic  a n d  a n t im u ta g e n ic  a c t iv it ie s  (H artm a n  a n d  

S h a n k e l,  1 9 9 0 ;  H a y a tsu  e t al., 1 9 8 8 ) .  T h e r e fo r e , th e  e f f e c t s  o f th e  s e l e c t e d  fiv e  

v e g e t a b l e s  o n  th e  m u ta g e n ic ity  o f nitrite t r e a te d  1 -A P  a n d  nitrite t r e a te d  b e e f  e x tr a c t , in 

th e  a b s e n c e  o f  m e t a b o l ic  a c tiv a tio n , w e r e  e x a m in e d  u s in g  th e  A m e s  te s t .

5.1 Mutagenicity of Nitrite Treated 1-Aminopyrene and Nitrite treated Beef 

Extract

เท A m e s  t e s t ,  1 -A P  tr e a te d  w ith  e x c e s s  o f  s o d iu m  nitrite in a c id  s o lu t io n  (pH  3 .0 )  

for 4  hr w a s  u s e d  a s  a  p o s it iv e  m u ta g e n  a n d  a s  a n  e x a m p le  o f  m u ta g e n  o c c u r r in g  

d u r in g  th e  g a s t r ic  d ig e s t io n .  T h e  p r o d u c t s  o f nitrite t r e a te d  1 -A P , 1 -n itro p y rn e  a n d  

u n id e n t if ie d  n itr o - in tr o d u c e d  c o m p o u n d s  w h ic h  r e v e a le d  th e ir  d ir e c t  m u ta g e n ic ity  

to w a r d s  ร . typhimurium  T A 9 8  a n d  T A 1 0 0  (K a to  e t al., 1 9 9 1 :  K a n g s a d a la m p a i ,  B u tr y e e ,  

M a n o o n p h o l, 1 9 9 6 ) .  S in c e  th e  p r o d u c t s  o f  th e  m o d e l  d id  n ot re q u ire  m e ta b o l ic  a c tiv a tio n  

b e f o r e  e x p r e s s in g  th e ir  m u ta g e n ic ity , it a l lo w e d  u s  to  d e te r m in e  th e  c o u n te r a c t in g  

a c tiv ity  o f  th e  s a m p le  o n  th e  m u ta g e n  th a t m a y  c a u s e  m u ta tio n  to  th e  g a s tr ic  c e l l s .  T h e
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a b o v e  m o d e l w a s  u s e d  to  d e te r m in e  w h e th e r  th e r e  w e r e  s o m e  a n t im u t a g e n s  from  

v a r io u s  s u o s t a n c e s  a g a in s t  th e  m u ta g e n  in th e  g a s t r ic  like pH  s o lu t io n .

T h e  p r o d u c t  o f  nitrite tr e a te d  b e e f  e x tr a c t  w a s  s e l e c t e d  b e c a u s e  it s h o w e d  th e  

m u ta g e n ic ity  to w a r d s  ร .  typhimurium  b o th  T A 9 8  a n d  T A 1 0 0  s tr a in s  in th e  a b s e n c e  o f  

m e ta b o l ic  a c tiv a tio n . T h e  m u t a g e n ic  p r o d u c t s  fo r m e d  d u r in g  th e  r e a c t io n  o f b e e f  e x tr a c t  

a n d  s o d iu m  nitrite w e r e  p r o v e d  to  b e  th e  n itr o -h e te r o c y c lic  a m in e  c o m p o u n d s  (T s u d a  et 
a l., 1 9 8 5 ;  M u n zn e r , 1 9 8 6 ) .  C o o k in g  o f  p ro te in  rich  f o o d s  m a y  in d u c e d  th e  fo rm a tio n  o f 

m u t a g e n s  a n d  c a r c in o g e n s  (S ta v r ic , 1 9 9 4 ) .  T h e  m u t a g e n ic  p o te n tia l o f b e e f  e x tr a c t  w a s  

p r e p a r e d  from  b o ilin g  m e a t  for 8  hr a n d  s u b s e q u e n t ly  b e in g  in te r a c te d  w ith  nitrite w a s  

fo u n d  o n  ร . thyphimurium  T A 98  a n d  T A 1 0 0  in th is  s tu d y . It w a s  d e m o n s t r a te d  th at  

e x t e n s iv e  le n g th  o f c o o k in g  tim e  at h a b itu a l h o u s e h o ld  c o o k in g  c o n d it io n  s u c h  a s  b o ilin g  

c o u ld  p r o d u c e  in d ir ec t  m u t a g e n s  th a t c a u s e d  m u ta tio n  to w a r d s  s.typhim urium  T A 9 8  in 

th e  p r e s e n c e  o f a c t iv a t in g  s y s t e m  (C o m m o n e r  e t at, 1 9 7 8 ) .  T h e  f in d in g  o f  d ir e c t  

m u t a g e n ic  a c tiv ity  in b e e f  e x tr a c t  s t u d ie d  b y  C o m m o n e r  e t ai s u g g e s t e d  th a t s a m p le  

c o n ta in e d  s o m e  c o n v e r t ib le  p r e c u r s o r s .  T h e  m u t a g e n ic  p r o d u c t s  from  th e  r e a c t io n  

b e t w e e n  nitrite a n d  b e e f  e x tr a c t  w e r e  s p e c u l a t e d  to  b e  d ir e c t  m u t a g e n ic  n itro­

c o m p o u n d s  (D e  M e e s te r ,  1 9 8 9 ) .  T h e s e  s u b s t a n c e s  m ig h t b e  d e r iv e d  from  th e  r e a c t io n  

b e t w e e n  IQ -ty p e  h e t e r o c y c l ic  a m in e s  w h ic h  o c c u r r e d  d u r in g  b o ilin g  m e a t  a n d  nitrite a s  

p r o p o s e d  b y  p r e v io u s  s t u d ie s  ( S a s a g a w a  e t al, 1 9 8 8 ;  Lin e t al, 1 9 9 2 ;  P e e r a w o n g  a n d  

K a n g s a d a la m p a i ,  1 9 9 8 ) .  S a s a g a w a  e t al.( 1 9 8 8 )  r e p o r te d  th at tr e a tm e n t  o f  IQ ty p e  

h e t e r o c y c l ic  a m in e s  w ith  nitrite (5 0  ทาM) r e s u lt e d  in c o n v e r s io n  o f  a m in o  g r o u p s  to  nitro  

g r o u p s .  T h e  nitro d e r iv a t iv e s  o f  im id a z o q u in o lin e  a n d  im id a z o q u in o x a lin e  s h o w e d  a lm o s t  

th e  s a m e  m u ta g e n ic ity  in th e  a b s e n c e  a n d  p r e s e n c e  o f  m e ta b o l iu c  a c t iv a t io n  a s  p a r e n t  

a m in o  d e r iv a t iv e s .

5.2 Mutagenicity of Chloroform and Ethanol Extract from the Vegetables

G e n e r a lly , all o f  th e  c h lo ro fo rm  a n d  e th a n o l e x tr a c t s  from  v e g e t a b l e s  in th is  

s tu d y , e x c e p t  ch lo ro fo rm  e x tr a c t  o f P ak  Ka Y a n g  ( 0 .1 9 0  m g /p la te )  o n  T A 9 8 , w e r e  not  

m u t a g e n ic  o n  b o th  ร . typhimurium  T A 98  a n d  T A 1 0 0  in th e  a b s e n c e  o f  m e ta b o l ic  

a c tiv a t in g  s y s t e m .  T h is in fo rm a tio n , th e r e fo r e , s u p p o r te d  th a t T hai in d ig e n o u s
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v e g e t a b l e s  a r e  s a f e .  P ak  K a Y a n g  ( 0 .1 9 0  m g /p la te )  w a s  m u t a g e n ic  h e n c e ,  it m ig h t  

c o n ta in  s o m e  m u t a g e n s .  O n th e  o th e r  h a n d , b o th  nitrite tr e a te d  c h lo ro fo rm  a n d  e th a n o l  

e x tr a c t s  o f all th e  v e g e t a b l e s  s h o w e d  m u ta g e n ic ity  a s  in th e  e x p e r im e n ts  o f  Intiyot e t al 
( 2 0 0 2 ) ,  C h ia m p a n ic h a y a k u l e t al ( 2 0 0 1 )  a n d  V a c h a lk o v a  e t al ( 2 0 0 0 ) .  T h at s h o u ld  b e  th e  

p r e c a u t io n  to  th e  h ea lth  c o n c e r n in g  c o n s u m e r s  in s im u lta n e o u s ly  c o n s u m in g  s u c h  

v e g e t a b l e s  a lo n g  w ith  nitrite c o n ta in in g  fo o d  ite m s .

5.3 Effect of Chloroform and Ethanol Extracts from the Vegetables on 

Mutagenicity of Nitrite Treated 1-Aminopyrene.

T h e  p r e s e n t  s tu d y  is th e  a t te m p t  to  e lu c id a t e  th e  p r o te c t iv e  e f f e c t  o f  e x tr a c t s  o f  

th e  v e g e t a b l e s  o n  th e  t e s t e r  s tr a in s  a g a in s t  m u ta tio n  in d u c e d  b y  nitrite t r e a te d  1 -A P  a n d  

nitrite tr e a te d  b e e f  ex tr a c t . T h e  ch lo ro fo rm  a n d  e th a n o l e x tr a c t s  from  all v e g e t a b l e s ,  

e x c e p t  e th a n o l e x tr a c t  from  P a k  G u d , s h o w e d  th e  a n t im u ta g e n ic  e f f e c t  o n  th e  

m u ta g e n ic ity  o f nitrite tr e a te d  1 -A P . T h e  re su lt  in d ic a te d  th a t th e  d ir e c t  a c t in g  m u t a g e n s  

fo r m e d  d u r in g  in te r a c t io n  b e t w e e n  nitrite a n d  1 -A P  c o u ld  b e  s u p p r e s s e d  b y  s o m e  

c o m p o n e n t s  in th e  e x tr a c ts .  S u c h  c o m p o u n d s  e x tr a c t e d  w e r e  from  v e g e t a b l e s  w e r e  

f la v o n o id s  (N a k a o k i a n d  M orita 1 9 6 0 ;  S h ig e m a t s u ,  K o u n o  a n d  K a w a n o , 1 9 8 2 ;  G a b r ie le ,  

H iller a n d  F ran k e , 1 9 8 1 ) ,  g l y c o s i d e s  (D e lla  G r e c a  e t al, 1 9 9 3 ) ,  tr ite r p e n o id s  (D e lla  G r e c a  

e t al, 1 9 9 4 ;  K w on , Z e e  a n d  L e e , 1 9 9 8 ) ,  a n d  c h lo r o p h y ll ( C h a n s a k a o w , R u a n g r u n g s i  a n d  

Ish ik a w a , 1 9 9 6 ) .  T h e r e fo r e , th e  p o s s ib le  m e c h a n is m s  o f a n t im u ta g e n ic ity  o f  v e g e t a b l e  

e x tr a c t s  m ig h t b e  e x p la in e d  a s  th e  fo llo w in g .

Firstly, s o m e  f la v o n o id s  in th e  v e g e t a b l e  e x tr a c t s  m ig h t inhib it e n z y m e  in th e  

b a c te r ia l c e l l ,  n it r o r e d u c ta s e  a n d /o r  O - a c e t y l t r a n s f e r a s e  in Salm onella  c e l l  a s  th e  

a c tiv a t in g  e n z y m e s  o f  m a n y  d ir e c t  m u t a g e n s .  It w a s  s p e c u l a t e d  to  b e  th e  ta r g e t  o n  

s tu d y  o f  in h ib ition  b y  E d e n h a r d e r  a n d  T a n g  ( 1 9 9 7 ) .  F la v o n o id s  w e r e  c o m m o n  

c o m p o u n d  in p lan t. T h e r e  w e r e  r e s e a r c h e s  fo u n d  f la v o n o id s  c o m p o u n d  in P ak  C h e e  

L ao ( N iy a z s w a  a n d  K a m e o k a , 1 9 7 4 )  P ak  Ka Y a n g  (K rish n a n , N air a n d  R a m a c h a n d r a n ,  

1 9 9 9 )  a n d  P ak  Pai (S r iv a s ta v a  e t al., 1 9 8 1 ) .  L e e  a n d  Lin (1 9 9 2 )  fo u n d  th a t f la v o n o id s  

c o u ld  inhib it n itr o r e d u c ta s e .  เท th e  b a c te r ia l t e s t e r  s tr a in s  (T A 98  a n d  T A 1 0 0 )  f la v o n o id s  

in h ib ited  th e  a c tiv ity  o f  m u t a g e n s  id e n tif ie d  in f o o d s  w h e th e r  it w a s  d ir e c t  a c t in g  [ e .g .  2 -
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a m in o flu o r e n e ]  or it r e q u ir e d  m e ta b o l ic  a c tiv a tio n  [2 -a m in o -1 -m e th y l-6 -  

p h e n y l im id a z o [4 ,5 -b ]p y r id in e  (Ph IP ) a n d  2 -a m in o -3 -m e th y l im i-d a z o [4 ,5 - / ]q u in o l in e  (IQ) 

a n d  3 -a m in o -1 ,4 -d im e th y l-5 H -p y r id o [4 ,3 - fc ) ] in d o le  (T rp -P -1) (E d e n h a r d e r , R a u s c h e r  a n d  

Platt, 1 9 9 7 ;  C a lo m m e , 1 9 9 6 ;  W e isb u r g e r , D o la n  a n d  P ittm an , 1 9 9 8  a n d  M iy a z a w a  e t al., 
1 9 9 9 ) .

S e c o n d ly ,  it w a s  p r o p o s e d  th a t v e g e t a b l e  e x tr a c t s  m a y  m o d ify  th e  p e r m e a b ility  

o f m u ta g e n  a c r o s s  b a c te r ia l m e m b r a n e s .  E d e n h a d e r  a n d  T a n g  ( 1 9 9 7 )  r e p o r te d  th a t 1-  

n itr o p y r e n e  w a s  in g e n e r a l  m o r e  e f f e c t iv e ly  a n t a g o n iz e d  b y  p o te n t  a n t im u ta g e n ic  

f la v o n o id s .  T h e y  s u g g e s t e d  th a t d iffere n t m e c h a n is m  o f a n t im u t a g e n e s i s  w e r e  a t w ork . 

A n tim u ta g e n ic  f la v o n o id s  m ig h t m o d u la te  th e  m u t a g e n ic  r e s p o n s e  o f th e  n itr o a r e n e s ,  

w h ic h  h a v e  1 -n itr o p y r e n e  a s  a  m e m b e r . H o w e v e r , th is  s u g g e s t e d  a  h y p o t h e s i s  still 

re q u ir e d  to  b e  p r o v e d .

T hirdly, c o m p le x  fo rm a tio n  b e t w e e n  v e g e t a b l e  e x tr a c t s  a n d  a  m u ta g e n  m ig h t  

limit th e  b io a v a ila b ility  o f  m u t a g e n s  to  th e  t e s t e r  b a c te r ia . S ta v r ic  (1 9 9 4 )  s u g g e s t e d  th at  

fib er , p o ly p h e n o l ic  c o m p o u n d s ,  c h lo r o p h y ll a n d  c a lc iu m  c o u ld  form  c o m p l e x e s  w ith  

m u ta g e n  in th e  in te s tin a l tract. T h e s e  c o m p o u n d s  w e r e  g e n e r a l ly  fo u n d  in v e g e t a b l e s .  

B ir o s o v a , M ik u la so v a  a n d  V a v e r k o v a  (2 0 0 5 )  s tu d ie d  th e  a n t im u ta g e n ic  e f f e c t  o f  p h e n o l ic  

a c id s  o n  3 -(5 -n itr o -2 -fu r y l)a c r y lic  (5N F A A ) fo u n d  th e  a n t im u ta g e n ic ity  o f c a f f e ic  a n d  

feru lic  a c i d s  e x tr a c t e d  from  p la n t s p e c i e s  o f  g e n e r a  E ch in acea iL) o n  5 N F A A  a n d  

c ic h o r ic  a c id  from  th a t p la n t in c r e a s e d  th e  m u t a g e n ic  e f f e c t  o n  5N F A A . N iy a z a w a  a n d  

K a m e o k a  ( 1 9 7 4 )  a n d  K rish n a n , N air a n d  R a m a c h a n d r a n  ( 1 9 9 9 )  fo u n d  th a t P ak  C h e e  

L ao a n d  P ak  Ka Y a n g  c o n ta in s  p o ly p h e n o l c o m p o u n d s  s u c h  a s  l im o n e n e , th y m o l,  

m y r c e n e  e t c .  L im o n e n e  from  Urtica s p  a n d  r o s e h ip  in h ib ited  m u ta g e n ic ity  o f s o d iu m  

a z id e  (K a ra k a y a  a n d  K a v a s , 1 9 9 9 ) .  It w a s  n o t fo u n d  th e  m u ta g e n ic ity  o n  ร .  typhimurium  
T A 1 0 0 . It s h o u ld  b e  th e  fo rm a tio n  o f  a  c o m p le x  b e t w e e n  p h e n o l ic  c o m p o u n d s  a n d  

m u ta g e n ,  w h ic h  c o u ld  limit th e  b io a v a ila b ility  o f m u ta g e n . T h is  m a y  d e s c r i b e  th e  

m e c h a n is m  h o w  e x tr a c t  o f  v e g e t a b l e s  in th e  p r e s e n t  e x p e r im e n t  in h ib ite d  th e  

m u t a g e n e s i s  o f  nitrite t r e a te d  1-A P .
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5 . 4  E f f e c t  o f  C h l o r o f o r m  a n d  E t h a n o l  E x t r a c t s  f r o m  t h e  V e g e t a b l e s  o n  

M u t a g e n i c i t y  o f  N i t r i t e  T r e a t e d  B e e f  E x t r a c t .

The present result indicated that the direct acting mutagens formed during 
interaction between nitrite and beef extract could be suppressed or enhanced by the 
components in the vegetable extracts. These results suggest that some mutagens and 
carcinogens may be produced in the human stomach. เท this experiment, vegetable 
extracts showed inhibiting effect on the mutagenicity induced by nitrite treated beef 
extract. There were many research found that vegetables contain compounds that have 
the antimutagenicity (Edenharder and Tang, 1997; De Mejia, Quintanar-Hemandez, and 
Loarca-Pina, 1998). It suggested that the antimutagenicity of vegetable extracts may 
due to compounds that could counteract the direct acting mutagen. There were many 
natural antimutagens such as chlorophyll and its derivatives (Edenharder, Leopold and 
Kries, 1995), Polyphenols (Hayatsu, Arimoto, and Neigishi, 1988). Nakahara and 
Trakoontivakorn (1998) were reported that Pak Pai suppressed the mutagenicity of Trp- 
P-1, an indirect mutagen required metabolic activation. The antimutagenic agent(s) was 
considered to be present เท the extraction of the vegetables. เท this study, we found that 
chloroform and ethanol extracts of Pak Ka Yang and Pak Pai could inhibit mutagenicity 
of nitrite treated beef extract, a direct mutagen, on the absence activation. The 
antimutagenic effect of these vegetables might due to inhibition effect of some 
compounds in Pak Ka Yang and Pak Pai on bacterial enzymes. The mechanisms or 
compounds of vegetables that showed antimutagenicity on direct mutagen might be 
more investigation.

On the other hand, we found that the chloroform extracts of Pak Chee Lao, Pak 
Gud and Pak Krad Hua Wan and the ethanol extracts of all vegetables enhanced 
mutagenic activity of nitrite treated beef extract. Ferguson (2001) reported that many of 
the chemicals described as antimutagens may also act as co-mutagen. Some 
constituents of the vegetable extracts may increase the mutagenic efficiency with an 
unknown mechanism that was not specific to the mutagen. Tang and Edenharder (1997) 
reported that the juices from several fruits exerted weak to moderate activity with
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respect to mutagenicity induced by nitroarenes in ร. t y p h i m u r i u m  TA98. It was found 
that when some vegetable extracts were incorporated into the pre-incubation tube 
com posed of nitrite treated beef extract and the tester strain, they increased the number 
of revertants of ร. t y p h i m u r i u m  strain TA98 higher than that of the positive control tube.

The inductions of vegetable extracts on enzyme, namely, nitroreductase and Û- 
acetyltransferase in ร. t y p h i m u r i u m  of Ames test that are believed to play an important 
role in mutagenesis of positive standard should be investigated. เท addition, the 
antimutagenicity of vegetable extracts should be performed on other testing systems in 
order to warrant the effect of the vegetables found in the present experiment. Finally, the 
differences between bacterial cells ( i n  v i t r o )  and mammalian tissues ( i n  v i v o )  might be 
limit in interpretation of such benefit of vegetables; therefore, examinations for their 
antimutagenic activity in animal model are recommended.

Beef is the most popular meat used in Northeastern style cooking. Concerning 
public food safety, beef is noted for its mutagenicity, generated when treated with nitrite 
under strongly acidic solution in relation to the high incidence of cancer in America 
(WCRF/AICR, 1997). The present results indicated that beef extract was mutagenic after 
treating with nitrite. Therefore, these might be the possible risk of gastric cancer in 
consumers that consume both nitrite and meat product. Surprisingly, people in 
northeastern area of Thailand have low incidence of gastric cancer (NIC, 2000). It might 
due to their consuming behavior. The regional foods, Kang Aom(แกงอ่อม), Tom Sab($ม 
แซ่บ), Lab(ลาบ), Spicy Salad(ยำ), contained meat and many kinds of vegetables such 
as Pak Chee Lao, Pak Ka Yang, Pak Pai, Pak Gud, and Pak Krad Hua Wan. เท this study 
revealed that chloroform and ethanol extracts of Pak Ka Yang and Pak Pai inhibited 
mutagenicity on nitrite treated beef extract. On the other hand, some vegetable extracts 
showed enhancing mutagenicity on nitrite treated beef extract. It suggested that these 
vegetables may have some useful and/or hazardous compounds for consumers. เท 
conclusion, the one way to prevent gastric cancer is to consume more and various 
vegetables.
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