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Muta9enic r e s e a r c h  has become of 9 rea t  impor tance in the 
last  few yea rs ,  ma in ly  because of i ts  suspected i n t e r e s t  r e -  
gard in9 ca rc inogen ic  consequences~ A c o r r e l a t i o n  as high as 
90 % bas indeed been found between c a r c i n o g e n i c i t y  and mutas  
n i c i t y  (McCANN et al~ 1975). Fo r  that purpose the S a l m o n e l l a /  
microsome test  p rov ides  a rap id  and s e n s i t i v e  method fo r  de tec-  
t in9 mutagenic compounds (AMES et a l .  1975)~ Moreover~ using 
d i f f e ren t  s t r a i n s  of bacter ia~ one can d i s t i n9u ish  between d i f -  
f e ren t  k inds of muta t ions .  So i t  has been shown that sodiumazide 
causes b a s e - p a i r  subst i tu. t ions,  but no f r amesh i f t  mutat ions in 
Sa lmone l la  typh imur ium (N ILAN et a l .  |973)~ 

Recen t l y  DE F L O R A  (1978) bas repo r ted  the metabol ic  de-  
ac t i va t i on  of sodiumazide by ra t  l i v e r  e x t r a c t ,  which is no rma l l y  
added to enhance the mutagenic response (AMES et al~ 1975). We 
heve found that some plant  e x t r a c t s  a lso deac t i va te  th is  mutagen 
in the S a l m o n e l l a / m i c r o s o m e  tes t .  Because of the impor tance of 
the p o s s i b i l i t y  to deac t i va te  mutagenic responses~ we fuPther 
studied th is  deac t i va t ion  phenomenon in de ta i l .  

M A T E R I A L  AND METHODS 

Maie W i s t a r  ra t s  (200 g) were  obtained f rom the animal house 
of the K ~ 1 7 6  Bel9 ium~ The ve9etab les  were  purchased 
f rom a local g ro r176  

G lucose-6 -phospha te  and NADP were obtained f rom E3oehrin- 
ger Mannheim Gmbh~ A r o c l o r - 1 2 5 4  f rom Monsanto~ g lu ta th ione 
f rom Sigma~ and a i l  o ther  chemica ls  f rom Merck~ They were  of 
the pu res t  form ava i l ab le~  

l_ ive r  e x t r a c t s  ( A r o c l o r - 1 2 5 4 - i n d u c e d  or not~ see resu l t s )  
were  p repa red  accord in9  toAMEES et a l~ (1975) to obta in the 5 - 9 ~  
The S - 9  mix  conta ins per  ml : 0~ ml S-9~ 8 jumoles magnesium- 
chlor ide~ 33 jumoles KCI~ 5•moles  g lucose-6 -phospha te  and 100 
~moles Na2HPO4~ 

The vegetab les  were  washed in runn ing tap water~ eut, mi• 
in a S o r v a l l  o m n i - m i x e r  (3 x 1 min~ w i th  an equal volume of s t e -  
r i  le PBS and f i l t e r e d  through cheese c lo th~ The e •  were  
then cen t r i f u9ed  at 2~ (30 min~ 3000 xg)~ Superna tan ts  were  
s to red  at - 2 0 ~  before  use~ 

The mutagen ic i t y  assay  was thorough ly  ruade w i th  s t r a i n  
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T A 1 0 0  of  S a l m o n e l l a  t y p h i m u r l u m  ( k i n d l y  p r o v i d e d  by  D r , A m e s ) ,  
N a N .  was a l w a y s  a p p l i e d  in  100 jul w a t e r  at  1 jug pe r  p e t r i  d i s h  
(0, '7 "~nM)o H i s t i d i n e  r e v e r s i o n s  w e r e  m e a s u r e d  by the s t a n d a r d  
method ( A M E S  et a l ,  1975)o Spon taneous  r e v e r t a n t s  have not 
been s u b s t r a c t e d o  A i l  t es t s  have been done at  l eas t  t w i c e  in  
t r i p l i c a t e ,  w i t h  c o n s i s t e n t  r e s u l t s ~  

R E S U L T 5  

The m e t a b o l i c  d e a c t i v a t i o n  of  NaN 3 by r a t  l i v e r  e x t r a c t s ,  

Ra t  l i v e r  e x t r a c t s  i n h i b i t  the m u t a 9 e n i c i t y  of  NaN 3 in  the S a l -  
m o n e l l a / m i c r o s o m e  test~ as D E  F L O R A  (1978) has a l r e a d y  
r e p o r t e d ,  In  o r d e r  to i n v e s t i g a t e  the n a t u r e  o f  t h i s  i n h i b i t i o n  we 
compared~ in  a f f r s t  s e r i e s  o f  expe r imen ts~  the i n h i b i t i n g  c a p a c i -  
ty  of  r a t  l i v e r  e x t r a c t s  ob ta ined  f r om no rma l  and f rom A r o c l o r -  
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F i g .  1, C o m p a r i s o n  o f  the d e a c t i v a t i n g  ac t i on  of  the r a t  I i v e r  e x -  
t rac ts~  ob ta ined  f r om no rma l  (-) and f r om A r o c l o r - 1 2 5 4 -  
induced (o) r a t s .  NaN 3 added to the p e t r i - d i s h e s  ; 
0,  ? nMo 

F i g ,  2 ,  The i n f l u e n c e  of  the added N A D P H  g e n e r a t f n g  sys tem on 
the d e a c t i v a t i o n  of  the s o d i u m a z i d e  mu tagen ic  ac t i on  by 
l i v e r  e x t r a c t s o  L i v e r s  o f  A r o c l o r - 1 2 5 4 - i n d u c e d  r a t s  
w e r e  used f o r  these  e x p e r i m e n t s ,  A s  usual  the S - 9  m ix  
con ta i ned  the N A D P H  g e n e r a t i n g  sys tem (e)~ U s i n g  s o -  
l e l y  the S - 9  (™187 the vo l ume  was ad jus ted  w i t h  0 . 1 5  M 
K C I ,  NaN 3 added to the p e t r i - d i s h e s  : 0ooE nMo 
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1254- induced  r a t s .  These  r e s u l t s  a re  shown in F i g .  1. Add ing  a 
r e l a t i v e  smal l  quant i ty  of  S - 9  mix (100-200)JI)~ we obse rved  
that the ra t  I i ve r  e x t r a c t s  f rom A r o c l o r - 1 2 5 4 - i n d u c e d  ra t s  e x h i -  
b i t  a 9 r e a t e r  i nh ib i t i ng  capac i t y  than those f rom normal  r a t s .  
When laPger quan t i t i es  (more than 300 /JI) a re  added~ th is  d i f f e -  
rance  d i s a p p e a r s .  

F u r t h e r  i nves t i ga t i ng  th is  phenomenon, we Iooked fo r  the im-  
po r tance  of  the N A D P H  gene ra t i ng  system, wh[ch is usua l l y  Tn- 
c luded in the S - 9  mix (AMES et a l .  1975). The re fo re �87  some e x -  
pe r imen ts  wePe conducted�87 in wh ich  we compared the i n f l uence  
of the S - 9  mix obta ined f rom A r o c l o r - 1 2 5 4 - i n d u c e d  ra t s  w i th  the 
in f luence  of equal vo lumes of S - 9  (w i thout  the N A D P H  g e n e r a -  
r ing sys tem) .  The d i f f e r e n c e  in vo lume be tween the S - 9  mix and 
the S - 9  was ad jus ted  by adding 0 .15  M KCI to the saine vo lume.  
As  can be seen in F' ig.  2, the NAE)PH gene ra t i ng  system s t imu-  
lates the inhTbi t ing e f fec t  of  l i v e r  e x t r a c t s  on the mutagen ic i t y  
of sodiumazide�87 p r o v i d i n g  that small  quan t i t i es  of ex tPact  a re  
c o n s i d e r e d .  |ndeed�87 the N A D P H  enhanced i nh ib i t i on  d i sappea rs  
at h igher  concen t ra t i ons  (300)JI S - 9  mix or  more) .  However~  i t  
should be s t r e s s e d  that~ et th is  moment�87 the level  of spontaneous 
r e v e r t a n t s  is a l r eady  reached .  

When the l i ve r  e x t r a c t s  a re  bo i l ed  (10 rein.)  the i nh ib i t i ng  
e f fec t  on the NaN3-Tnduced mutagen ic i t y  comple te ly  d i s a p p e a r s .  

Ant i -NaN3,--mutaQenic action,,o,f v, egetab, le lac,toP s. 

We now w e r e  i n t e r e s t e d  to know i f  vege tab le  f a c t o r s  can i n h ; -  
b i t  the mutagenic  e f fec t  of  sod iumaz ide  i n S .  t yph imur ium as 
we l l~  Wi th  that pu rpose  a s e r i e s  of vege tab les  w e r e  e x t r a c t e d  as 
d e s c r i b e d  in the methods.  These  inc luded  : pota toes,  ca r ro ts �87  
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Fi  9.  3.  The deac t i va t i ng  ac t ion  of vege tab le  ex tPacts  on the mu- 
tagen ic  ac t ion  of sod iumaz ide (0 .7  nM). C a u l i f l o w e r  (m)~ 
leek (o), and sp inach (™ 
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par,s ley,  celer'y�87 tomatoes, har,fcots, sa lad,  endive�87 leek, s p i -  
nach, and cau l i f l ower , .  Tes t i ng  these extr ,acts in the S a l m o n e l l a /  
micr,osome test ,  the th ree  las t  ment ioned appeared to have an 
ant imutagen ic  e f fec t  (F ig~ 3).  The other, extr ,acts did not have 
any i nh ib i t i ng  capac i t y  at a i l .  UnlTke the S - 9  mix i nh ib i t i on ,  we 
round a r ,ect i l inear,  cor,r ,elat ion between the quant i t y  of added ex -  
tr,act and the ant imutagen ic  effect�87 at least  for` leek and spTnach. 
Cau l i f l ower ,  extr ,act  is c lear , ly  less i n h i b i t i v e .  

l n v e s t i g a t i n g  the NADPH dependence of  the vegetab le  an t imu-  
tagenic  factors~ we compar,ed leek and spinach extr ,acts as such 
w i th  the same extr ,acts ,  to which an exter,nal NADPH gener,at ing 
system was added. In no case~ however,, we found a NADPH de-  
pendent s t imu la t i on  of the ant imutagen ic  vegetab le  ex t r ,ac ts .  
When the e x t r a c t s  wer-e bo i led  dur,ing 10 re in . ,  their, an t imutage-  
nic act, ivJty was comple te ly  Ios t .  

We should l ike  to point  out that the ant imutagen ic  vegetab le  
factor,s ar,e a lso Iost when the extr ,acts ar,e stor 'ed at - 2 0 ~  
Add ing  500 ~ul f r ,eshly  pr,epar,ed extr ,act  of  sp inach or, cau l i f lower ,  
we round an i nh ib i t i ng  e f fec t  of  42 % or- 69 ~/0 wi th  r,egar,d to the 
contr ,o l .  When the same extr ,act  had been stor,ed dur,ing 19 weeks 
at -20~187 these va lues  wer,e r ,espec t i ve ly  d im in ished  to 0 ~/0 and 
'7 e/0. in the same way we found fo r  f r ,esh ly  prepar,ed leek e x -  
tr,act an i nh fb i t i ng  e f fec t  of 72 %, which was d im in ished  to 48 ~/0 
13 weeks ther,eafter, .  

A n t i - N a N 3 - m u t a g e n i c i t y  of  su l fhydr ,y l  ,amino ac ids~ 

S ince  the mutagenfc a c t i v i t y  of sever,al  car,cinogens is i nh f -  
b i ted by cys te ine  (ROSIN and S T I C H  19oE8), we Iooked for` the 
e f fec t  of  th is  and some other, su l fhydr-y l  compounds in out, test  
system~ As shown in F i g .  4, cys te ine  behaves as a potent a n t i -  
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F ig~  4. The ant imutagen ic  ac t ion  of SH-am ino  ac ids on the muta-  
genic e f fec t  of sod iumaz ide (0~ nM) : meth ion ine (™ and 
cys te ine  (o). 
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mutagen fo r  sod iumaz ide in S .  t yph imur ium TA100~  To  a less ex-  
tant the saine holds t rue  fo r  meth ion ine : on ly  h igher  c o n c e n t r a -  
t ions of th is  S H - a m i n o  ac id  have a deac t i va t i ng  e f fec t~  IReduced 
g lu ta th ione  ( ~ ' - g l u t a m y l - c y s t e i n y l - g l y c i n e ) ~  tes ted  in the saine 
concen t ra t ions �87  d id hot have any i nh ib i t i ng  e f fec t  at ail�87 non did 
cys teamine~ Because  the la t te r  can be c o n s i d e r e d  as d e c a r b o x y -  
lated cyste ine�87 we may conc lude  that the ac id  group of cys te ine  
is of  v i ta l  impor tance  fo r  the an t imu tagen ic i t y  of c y s t e i n e .  

Out  at tempts at the deac t i va t i on  of cys te ine  as an ant imuta-  
gen�87 by us ing the wel l  known s u l f h y d r y l  i n h i b i t o r s  iodoace ta te  
and p - h y d r o x y - m e r c u r i b e n z o a t e ~  comple te ly  fai led~ main ly  ha-  
cause of t h e i r  h igh t o x i c i t y .  So we cou ld  hot use th is  method fo r  
check ing  the p r e s e n c e  of S H - a m i n o  ac ids  in ou t  ra t  l i v e r  and 
vege tab le  e x t r e c t s .  

Us ing  t h i n - l a y e r  ch roma to9 raphy  �87 however ,  ( s i l i ca  gel 6 0 F -  
954 p r e c o a t e d  plates~ so lven t  : 2 - p r o p a n o l / w a t e r  "70/30 v /v �87 
de tec t i on  w i th  f r e s h l y  p r e p a r e d  i o d o - a z i d e  and subsequent l y  w i th  
1 ~/e s t a r c h  solut ion)~ we cou ld  demons t ra te  that none of ou t  e x -  
t r a c t s  con ta ined cys te ine  or  methionine�87 or  at least  not in a con -  
c e n t r a t i o n  wh ich  cou ld  exp la i n  t h e i r  an t imutagen ic  e f fec t~  

D I S C U S S I O N  

The path of the c u r v e  wh ich  r e f l e c t s  the S - 9  mix deac t i va t i on  
of sod iumaz ide  ( con t ro l s  in F i 9 .  1 and 2) is in good agreement  
w i th  the r e s u l t s  of  D E  FLOIRA (1 978); the path as such g ives  a 
f i r s t  i nd i ca t i on  that th is  i n t e r a c t i o n  is an enzymat ic  one.  The  
fact  that the S - 9  mix f rom un induced ra t s  is less i n h i b i t i v e  g ives  
f u r t h e r  suppor t  to th is  hypo thes i s .  F ina l  ly, the N A D P H  depen-  
dence a lso  con f i rms  the same statement~ One cou ld  a rgue  that 
th is  N A D P H  e f fec t  is small�87 but i t  should  be s t r e s s e d  that the 
subs t ra te  fo rms a I im i t ing  fac to r  in ou t  expe r imen ts  (only 1 )Jg 
pe r  p la te ) .  On the bas is  of analogous resu l ts �87 L S F R O T H  (1978) 
assumes an enzymat ic  i n t e r a c t i o n  in the S - 9  mix i n h i b i t i o n  of the 
mutagen ic i t y  of  hexava len t  ch romium.  MOtRIYA et a l .  (1 9"78), on 
the con t ra ry �87  s tudy ing  the i nh ib i t i on  of mutagenic  pes t i c i des ,  
suggest�87 that the mutagenic  a c t i v i t i e s  of these p e s t i c i d e s  a re  
d e s t r o y e d  by compounds that con ta in  the s u l f h y d r y l  g roup,  r a t h e r  
than by metabol ism~ However �87  they over looked�87 that,  in the f i r s t  
p lace they too had found a g r e a t e r  i nh ib i t i on  w i th  the S - 9  mix 
than w i th  the S - 9  solely�87 and secondly�87 they had used a cys te ine  
c o n c e n t r a t i o n  as h igh as 20 mM. Add  to th is  that�87 �8 our  hands�87 
s u l f h y d r y l  compounds as g lu ta th ione  and cys teamine  do not have 
any an t imutagen ic  e f fec t  at a i l .  

Tha t  az ide  is hOt a c a r c i n o g e n  (AMES et a l .  1995)�87 cou ld  be 
expla ined�87 in our  opinion�87 by the fact  that i t i s  ease ly  d e a c t � 8  
ted by l i v e r  enzyme(s) .  

R e g a r d i n g  the vege tab le  an t imuta9en ic  factors �87 we a re  only 
in fo rmed about the r e p o r t  f rom K A D A  et a l .  (1978), who found an 
an t imutagen ic  ac t ion  of vege tab le  fac to r (s )  obta ined f rom cabbag i ,  
r ad i sh ,  t u rn ip ,  and g inger  on the mutagenic  p r i n c i p l e  of t r y p t o -  
phen py r01ysa te .  P r e v i o u s l y  K A D A  (19?'7) had shown that c a u l i -  
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f lower �87  pumpkin~ and cabba9 e con ta in  an t imuta9en ic  fac to r (s )  fo r  
N - b u t y I - N - ( a c e t o x y m e t h y l ) n i t r o s a m i n e ,  U n l i k e  the S - 9  mix�87 we 
found a l ineaP c o r r e l a t i o n  be tween the an t imuta9en ic  e f fec t  and 
the quant i t y  of  added sp inach -  and leek e•  T h i s  means�87 to -  
gerber  w i th  the fact  that we cou ld  not obse rve  any N A D P H  de -  
pendence~ that the ac t i ve  an t imutagen ic  f ac to r  fpom ve9e tab les  
is a non -enzyma t i c  one,  As  f o l l ows  f rom ou t  c h r o m a t o g r a p h i c  i n -  
v e s t i g a t i o n s  th is  f ac to r  is not iden t i ca l  w i th  cys te i ne  nor  w i th  
meth ion ine ,  OuP ac t i ve  vege tab le  ex tPacts  a re  not on ly  heat sen -  
s i t ive~ as these f rom K A D A  et a l .  (1978)�87 but they a re  a lso  
fa iP ly  labile�87 when s toped et - 2 0 ~  

The an t imuta9en ic  p r o p e r t i e s  of  cys te ine  have r e c e n t l y  been 
wel l  documented fo r  chemica l l y  v e r y  df f fePent  muta9ens ( A B R A -  
M O V S K Y  et al~ 1978; R O S I N  a n d S T I C H  1978; MORIYA et al~ 
1978). The saine does not app ly  to meth ion ine ,  F rom ou t  o b s e r v a -  
t ion that cys teamine  has no a n t i - s o d i u m a z i d e - m u t e 9 e n i c  p r o p e r -  
t ies  at ail�87 i t  f o l l ows  that ant imuta9ens have to fui?i l  we l l  de f ined 
mo lecu la r  cond i t i ons :  wh ich  ~  of  c o u r s e  vaPy fo r  d i f f e r e n t  mu- 
ta9ens,  A s  con ju9a t ion  w i th  91utathione is 9 e n e r a l l y  c o n s i d e r e d  
to be a v e r y  impor tan t  de to •  pathway ( J A K O B Y  1976)~ 
wh i l e  91utathione in ou t  expe r imen ta l  cond i t i ons  bas no an t imuta -  
9en ic  effect~ i t  is ques t ionab le  whe the r  cys te i ne  in natuPal con-  
d i t i ons  cou ld  behave as an ant imuta9eno 

in any case~ it  is f o r t una te  that we have an t imutagen ic  f a c t o r s  
in ou t  natuPal enviPonment~ The r e s u l t s  PepoPted hePe ind ica te  
that at least  two i nac t i va t i on  pathways fo r  the muta9en sod ium-  
az ide  a re  p o s s i b l e .  ReseaPch is in p rogPess  to e luc ida te  each of 
them~ 

A C K N O W L E D G M E N T  

I thank GePda Du B u i s s o n - J e n a r  f o r  her  e x c e l l e n t  techn ica l  
ass i s t ance ,  

R E F E R E N C E S  

A B R A M O V S K Y ~  I,~ G. V O R S A N G E R ~  and K ,  H I R S C H H O R N  : 
Muto R e s .  50, 93 (1978).  
A M E S ,  B .  N,~ J.  McCANN~ and E .  Y A M A S A K I  t Mut .  R e s ,  3.1./, 
347 (1975).  
D E  FLORA~ S ,  : N a t u r e  2,7,1, 455 (1978),  
JAKOBY~ Wo Bo : p.  207.  In F .  J .  DE  S E R R E S ~  J. R .  

F O U T S ,  J. IR. B E N D ,  and R ,  M. P H I L P O T  (Edso) : in  v i tPo 
metabo l i c  ac t i va t i on  in muta9enes is  t es t i n9 .  E l s e v i e P / N o P t h -  
Hol land~ AmstePdam~ 1976. 

K A D A ,  T .  : Ppoc .  Ann~ Meet ing  AgP.  Chemo S o c .  Japan 444 
(1977) o 
K A D A  9 To,  K .  MORITA�87 and T .  I N O U E  : Mut .  R e s .  ~ 351 
(1 978 )  o 
Lt~FIROTH~ Go : Na tuPw issenscha f ten  6_55~ 207 (1978)o 
McCANN�87 Jo~ Eo CHOi~ Eo Y A M A S A K I ~  and Bo No A M E S  " 
PrOCo Nat~ Acado S c i .  U S A  7.22~ 5135 (1978),  
MORIYA~ M.~ Ko KATO~ and Y ,  S H I R A S U  : Mur~ R e s .  5?~ 259 
( I  9 7 8 )  ~ 
NILAN~ Ro A~ Eo G. S IDERIS~  Ao K L E I N H O F S ~  C .  SANDEIR~ 
a n d C ~  F .  K O N Z A K  : Mut .  Res~  17, 142 (1973)~ 
ROSIN~ M. Po~ end H.  Fo S T I C H  : Muto Res~  54~ ?3 (1978).  

665 


