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The genotoxic p r o p e r t i e s  of chemical  ca rc inogens  a re  nowadays being brought to light at an increas ing  
ra te .  In jur ies  to the DNA and mutat ions in var ious  s y s t e m s  a re  used by 85-90% of carcinogenic  polycycl ic  
hydroca rbons ,  n i t roso  compounds,  and other  agents  [9]. So f a r  as the carc inogenic  mycotoxins a r e  concerned,  
the r e su l t s  of the i r  invest igat ion in exp re s s  t e s t s  a re  con t rad ic to ry  [6, 8, 12, 14, 16]. 

It was accordingly  decided to invest igate  the genotoxic p r o p e r t i e s  of four  mycotoxins  in two t e s t  s y s t e m s  
not p rev ious ly  used fo r  this purpose .  In the f i r s t  t e s t  the indicator  of act ivi ty  was induction of somat ic  m u t a -  
genes is  (the total  of somat i c  recombinat ion ,  point mutat ions ,  and e l iminat ion of one of the X ch romosomes )  in 
imaginal  d isk  cel ls  of drosophi la  l a rvae ,  in the second it was induction of DNA r e p a i r  synthes is  in cul tures  of 
human embryon ic  or  adult r a t  l i ve r  ce l l s .  

E X P E R I M E N T A L  M E T H O D  

Citrinin,  i so la ted  f r o m  a cul ture  of Penic i l l ium c i t r inum AUA 523 by Dr .  S. Kneist  (Depar tment  of My- 
cology, Dermato logy  Clinic, Medical Academy,  E r fu r t ,  Eas t  Germany) ,  s tachbotryotoxin,  i so la ted  f r o m  a cul-  
ture  of Stachbotrys  a t re  by Dr .  M. Pa lyus ik  (Veter inary  R e s e a r c h  Insti tute,  Hungar ian Academy of Sciences ,  
Budapest) ,  and patulin (from Arzne imi t t e lwerk ,  Dresden ,  Eas t  Germany) ,  were  generous ly  provided by Dr .  R. 
Thust.  Aflatoxin B 1 was obtained f r o m  Calbiochem (USA). 

Expe r imen t s  we re  c a r r i e d  out by the method desc r ibed  p rev ious ly  [2] on _D. m e l a n o g a s t e r  l a rvae ,  h e t e r o -  
zygous fo r  two r e c e s s i v e  genes y and sn 3, located in the X c h r o m o s o m e .  The Y (yellow) gone de t e rmines  the 
yel low color  of the body and br i s t l e s  in the homozygous  s ta te ,  whereas  the sn  3 (singed 3) gone de t e rmines  the 
twis ted  shape of the b r i s t l e s ,  and he terozygous  sn3 /+  individuals have black, s t ra ight  b r i s t l e s .  Heterozygous  
y + / + s n  3 l a rvae  were  obtained by m a s s  c ross ing  of v i rg in  f ema le s  of the y+Sn/y+Sn genotype with ma le s  of the 
w s n J / y  genotype in t e s t  tubes 2 cm in d i ame te r ,  each  containing 10 ml  of s t andard  nutr ient  medium.  Af ter  3 
days the pa ren t s  were  t r a n s f e r r e d  to f r e s h  tubes ,  and 0.3 ml of an aqueous solution or  suspens ion  of the t e s t  
mycotex ins  with 5% dimethyl  sulfoxide (DMSO) or  a 5% solution of DMSO in w a t e r  was applied to the su r face  
of the nutr ient  med ium on which the l a rvae  were  developing. At the f i r s t  flight of the f l ies f ema le s  we re  studied 
under  the MB F - 4  m i c r o s c o p e  and the p r e s ence  of mosa ic  patches  (yellow or sn  ,~ br i s t les )  was recorded;  the i r  
f requency was ca lcula ted  as a total  fo r  all  types  of patches  (single yellow, singed, and double) p e r  100 individuals.  

L ive r  cel ls  f rom male  Wi s t a r  r a t s  were  i so la ted  and cultured by G. A. Bannikov 's  method in pe t r i  dishes 
on cover s l ips  coated with collagen [4]. A cul ture  of human embryonic  l i ve r  cel ls  at 7-12 weeks of development  
was obtained by E r a i z e r ' s  method [3]. Mycotoxins,  d issolved in medium L-15 (from Flow Labo ra to r i e s ,  England) 
with 1% acetone was added to the r a t  l ive r  cu l tures  1-2 days a f t e r  seeding,  and to human l ive r  cel ls  3-4 days 
a f t e r  seeding,  i .e . ,  toward  the t ime  of fo rmat ion  of a complete  monolayer .  DNA r e p a i r  synthes is  was de te rmined  
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TABLE 1. Induct ion of S o m a t i c  Muta t ions  in  D. m e l a n o g a s t e r  by M yc o tox in s  

Concen~ation, Number of re- Survival rate, % Frequency of mu- 
Mycotoxin M males examined of control tation, % P 

I 

Control --  1815 100 I 0,61 

Citrinin 

S tachbo tryo toxin 

Patulin 

Aflatoxin B 1 

8.10 -2 
6.10 -s 

359 
754 

107,9 
159.4 

0,55 
0,92 

4.10 -4 597 
1,4.10 -4 873 
1,1- 10 -~ 282 

4.10 -3 1239 
4-01 -~ 395 

3,2.10 -3 511 
3,2- 10 -u 1286 

4. l0 -~ 747 
3,2.10 -3 0 
3,2.10 -a 0 
3,2.10 -~ 0 

1.10 -6 172 
3,2.10 -7 1094 
3,2.10 -s 1154 

90,0 1,17 
92,2 1,26 
49,7 1,41 
87,3 0,72 
93,2 0,76 
108 1,36 
90,6 1,86 
99,4 0,67 

0 
0 
0 

22,7 5~3 
60,7 6,58 
78,2 2,34 

>0,05 
>0,05 
>0;05 
>o,o5 
>0,05 
>0,05 
>0,05 
>0,05 
< o , o i  
>0,05 

<o,ool 
<o,ool 
<o,ool 

a u t o r a d i o g r a p h i e a l l y .  I m m e d i a t e l y  a f t e r  e x p o s u r e  to  the m y c o t o x i n s  t he  c e l l s  w e r e  i n c u b a t e d  wi th  a s o l u t i o n  of 
[3H]thymidine (12 C i / m m o l e ,  10 # C i / m l )  f o r  1 h and  e x p o s e d  wi th  N T B - K o d a k  p h o t o g r a p h i c  e m u l s i o n  f o r  14 
d a y s .  D u r i n g  th i s  p r o c e d u r e  c e l l s  in  wh ich  r e p l i c a t i v e  DNA s y n t h e s i s  was  t a l d a g  p l a c e  {S ce l l s )  c o n t a i n e d  m o r e  
than  100 g r a i n s  of s i l v e r  above  t h e i r  n u c l e i ,  w h e r e a s  c e l l s  wi th  DNA r e p a i r  s y n t h e s i s  c o n t a i n e d  f r o m  4 to  100 
g r a i n s  of s i l v e r ,  a f t e r  deduc t ing  the b a c k g r o u n d  [1]. In e a c h  e x p e r i m e n t a l  g r o u p  100 n u c l e i  w e r e  e x a m i n e d  in 
s u c c e s s i o n ,  and  the i n t e n s i t y  of l a b e l i n g  and the p e r c e n t a g e  of c e l l s  r e p a i r i n g : D N A  w e r e  d e t e r m i n e d .  Dur ing  
e v a l u a t i o n  of r e p a i r  s y n t h e s i s ,  i nduced  in the ce l l  c u l t u r e  by agen t s  inh ib i t ing  r e p l i c a t i v e  DNA s y n t h e s i s ,  a l l  
the  m o s t  i n t e n s i v e l y  l a b e l e d  c e l l s ,  equa l  in n u m b e r  to the n u m b e r  of S c e l l s  in  the  c o n t r o l ,  w e r e  r e g a r d e d  as  
S c e l l s .  Inh ib i t ion  of r e p l i c a t i v e  DNA s y n t h e s i s ,  u s e d  as  an i n d i c a t o r  of t o x i c  ac t ion ,  was  d e t e r m i n e d  f r o m  the 
d e c r e a s e  in the  n u m b e r  of i n t e n s i v e l y  l a b e l e d  S c e l l s  (with m o r e  than  100 g r a i n s  of s i l v e r  p e r  nuc leus )  in c u l -  
t u r e s  t r e a t e d  wi th  m y c o t o x i n s .  

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

S o m a t i c  M u t a g e n e s i s  in D r o s o p h i l a .  C i t r i n i n  in c o n c e n t r a t i o n s  up to  8 x 10 -2 M d id  not  a f fec t  the  s u r -  
v i v a l  of the  l a r v a e  o r  t h e i r  c o n v e r s i o n  in to  adu l t  f l i e s .  The f r e q u e n c y  of m u t a t i o n  was  a l i t t l e  h i g h e r  than the 
c o n t r o l  l e v e l  but  the d i f f e r e n c e  was  not  s t a t i s t i c a l l y  s i g n i f i c a n t  (Table  1). 

S t a c h b o t r y o t o x i n  was  found to be m o r e  tox ic  than  c i t r i n i n ,  but in a tox ic  c o n c e n t r a t i o n  (1.1 • 10 -2 M) i t  had  
no s i g n i f i c a n t  e f f ec t  on the  f r e q u e n c y  of mu ta t i on .  Al l  f l i e s  w h i c h  d e v e l o p e d  in the  p r e s e n c e  of 1.1 • 10 -2 M 
s t a c h b o t r y o t o x i n  w e r e  s m a l l  and  had  m o r p h o s e s  of D e l t a  t y p e .  In s o m e  i n d i v i d u a l s  a r e d u p l i c a t i o n  of the  t h o r a x  
and s e u t e l l u m ,  and a n o m a l i e s  o r  a b s e n c e  of l e g s ,  and s o  on, w e r e  o b s e r v e d .  F u r t h e r m o r e ,  m e l a n o t i c  p s e u d o -  
t u m o r s  w e r e  found  in the  t h o r a x  o r  a b d o m e n  of 3.5% of f e m a l e s .  If the  c o n c e n t r a t i o n  of  the  agen t  was  r e d u c e d  
t o  4 • 10 -3 M the  n u m b e r  of m o r p h o s e s  f e l l  s h a r p l y ,  but  p s e u d o t u m o r s  w e r e  s t i l l  found in 2% of i n d i v i d u a l s .  

Pa tu l i n ,  which  wi th in  the  r a n g e  of d o s e s  t e s t e d  d id  not  a f f ec t  e i t h e r  s u r v i v a l  r a t e  o r  m e t a m o r p h o s i s ,  
c a u s e d  a s m a l l  but  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in the  m u t a t i o n  l e v e l  in a c o n c e n t r a t i o n  of 3.2 x 10 -3 M. 

Judg ing  f r o m  i ts  LDs0 va lue  a f l a tox in  B 1 i s  about  30,000 t i m e s  m o r e  t o x i c  f o r  d r o s o p h i l a  l a r v a e  than  
s t a c h b o t r y o t o x i n .  F l i e s  wh ich  d e v e l o p e d  in the  p r e s e n c e  of a f l a tox in  B 1 had  low v i a b i l i t y ,  d e v e l o p e d  s l owly ,  and 
w e r e  s m a l l e r  than  c o n t r o l s  but m o r p h o s e s  w e r e  o b s e r v e d  among  t h e m  in only 5% of c a s e s  and w e r e  m a n i f e s t e d  
as  d i s t u r b a n c e s  of wing shape ;  a p s e u d o t u m o r  was  found in only one ind iv idua l .  The  m u t a g e n i c  a c t i v i t y  of t h i s  
agen t  was  much  h i g h e r  than  tha t  of the  o t h e r s ,  and  i t  was  s t i l l  p r e s e n t  in  d i lu t ions  of about  3.2 x 10 -a M, wh ich  
i s  100,000 t i m e s  l o w e r  t han  the c o n c e n t r a t i o n  of p a t u l i n  wi th  which  s o m e  i n c r e a s e  in  the  m u t a t i o n  l eve l  was  ob -  
t a i n e d .  

DNA R e p a i r  S y n t h e s i s  in L i v e r  Ce l l  C u l t u r e s .  The r e s u l t s  of t h i s  p a r t  of the i n v e s t i g a t i o n  w e r e  g e n e r a l l y  
s i m i l a r  to  t h o s e  of the  p r e v i o u s  p a r t .  Only a f l a tox in  B 1 w a s  found to  be c a p a b l e  of induc ing  DNA r e p a i r  s y n -  
t h e s i s  in r a t  l i v e r  c e l l  c u l t u r e s ,  in a g r e e m e n t  wi th  p r e v i o u s  o b s e r v a t i o n s  [15]. The r e m a i n i n g  m y c o t o x i n s  d id  
not  induce  t h i s  e f f ec t ,  even  in t ox i c  c o n c e n t r a t i o n s  a t  wh ich  r e p l i c a t i v e  DNA s y n t h e s i s  w a s  c o m p l e t e l y  o r  p a r -  
t i a l l y  i nh ib i t ed  in  h u m a n  e m b r y o n i c  l i v e r  c e l l s  (Table  2). 
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T A B L E  2. DNA R e p a i r  S y n t h e s i s  in L i v e r  Ce l l  C u l t u r e s  T r e a t e d  wi th  M y c o t o x i n  

Concentration, M IPercent of labeled ceils outside S phase 
Mycotoxin rat human 

Citrinin 8,10 -4* 3• 3 3• 1 
6.10 -4. t 14+__8 
4. I0 -4 3 16• 17 
2.10 -4 1 • 1 94- 3 

Control - -  2• 1 9• 10 

Stachbotryotoxin 3.10 -4 3• --  
5.10 -s* 5+_ 1 2 
1- 10 -5 6• 8 
6.10 -B 5• 27 

Control - -  9• 12 3 

Patulin 1,6.10 -a* 
8 . 1 0  - 4  

1 , 6 . 1 0  - 4 *  
8.10 -~ 

1,6.10 -5 

2• 
4• 

3• 
4• 

2 

Control - -  9• 12 3 

A flatoxin B 1 5. I0 -* 
8. lO - 5  

95_4_2 
82 

19=k 15 Contzol 

394-7 

9• 

Legend .  C e l l s  w e r e  t r e a t e d  f o r  3 -5  h. M 4- m g i v e n  f o r  two o r  t h r e e  e x p e r i m e n t s .  A s t e r i s k  
i n d i c a t e s  d e c r e a s e  in n u m b e r  of i n t e n s i v e l y  l a b e l e d  S c e l l s  in c u l t u r e  of h u m a n  h e p a t o c y t e s  
by m o r e  than  90% c o m p a r e d  with  the  c o n t r o l .  

On the whole the  r e s u l t s  ob t a ined  wi th  the p o w e r f u l  c a r c i n o g e n  a f l a tox in  B1, which  was  u s e d  as  a con t ro l  
compound ,  a r e  e v i d e n c e  of the r e l i a b i l i t y  of the  t e s t  s y s t e m s  used .  

Consequen t l y ,  c i t r i n i n  and  s t a c h b o t r y o t o x i n  have  no r e a l  geno tox ic  a c t i v i t y  in t h e  t e s t  s y s t e m s  used ,  and  
such  a c t i v i t y  in the  c a s e  of pa tu l i n  i s  only  j u s t  p e r c e p t i b l e .  Th is  a g r e e s  in  g e n e r a l  with the onco log ic  c h a r a c -  
t e r i s t i c s  of t h e s e  m y c o t o x i n s .  C i t r i a i n  i nduces  t u m o r  f o r m a t i o n  only when c o m b i n e d  with  o t h e r  compounds  
[7, 11]; c a r c i n o g e n i c  p r o p e r t i e s  of s t a c h b o t r y o t o x i n  a r e  not  m e n t i o n e d  in the l i t e r a t u r e ,  a l though th i s  agen t  has  
been  s t u d i e d  f o r  a long t i m e  both  e x p e r i m e n t a l l y  and in c l i n i c a l  v e t e r i n a r y  m e d i c i n e  [17]. P a t u l i n  is  a w e a k  
c a r c i n o g e n  [5, 10], wh ich  is  e a s i l y  i n a c t i v a t e d  in the  ce l l  [13] wi thout  r e a c h i n g  the c r i t i c a l  m a c r o m o l e c u l e s .  

On the who le  the  r e s u l t s  c o n f i r m  da t a  of the  w r i t e r s '  p r e v i o u s  i n v e s t i g a t i o n s ,  conduc ted  on  the s a m e  o b -  
j e c t s  wi th  c a r c i n o g e n s  of  o t h e r  c l a s s e s  [1, 2] and t hey  a l low a p a r a l l e l  to  be d r a w n  be tw e e n  the m u t a g e n i c  and 
c a r c i n o g e n i c  p r o p e r t i e s  of c h e m i c a l  c o m p o u n d s .  

The a u t h o r s  a r e  g r a t e f u l  to  D r .  R.  Thus t  ( Ins t i tu te  of P a t h o l o g y ,  M e d i c a l  A c a d e m y ,  E r f u r t ,  E a s t  G e r m a n y )  
f o r  providL~g the r ayco tox in s  and  a l s o  to  D r .  R. Thus t  and  D r .  S. K u e i s t  ( R e s e a r c h  G r o u p  of P r o p h y l a c t i c  S t o m a -  
to logy ,  S t o m a t o l o g i c  C l in i c ,  M e d i c a l  A c a d e m y ,  E r f u r t )  f o r  s c i e n t i f i c  i r f fo rma t ion  and f r u i t f u l  d i s c u s s i o n s .  
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