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’T o  w h o m  c o rre s p o n d e n c e  sho u ld  be ad d ressed

Polychlorinated biphenyls (PCBs) are stable pollutants, 
which can be found in alm ost every com partm ent of 
terrestrial and aquatic ecosystems. They are very lipophilic 
and therefore have the potency of accum ulating in the fat 
stores of animals. The mechanisms by which PCBs exert 
their adverse effects are still unclear. It is known that PCBs 
induce som e important biotransform ation enzym es, but 
their m utagenic properties are still controversial. The DNA  
breakage and clastogenic potency of a planar PCB77 
(3,3',4,4'-tetrachlorobiphenyl) was determ ined in vivo in 
fish, using the single cell gel electrophoresis or com et assay 
and the m icronucleus test, on erythrocytes of the brown 
trout exposed for 3, 9 and 14 days to initial PCB concentra­
tions of 780 and 918 pg/ml, dissolved in the water. Blood 
was taken by a caudal puncture and the erythrocytes were 
either deposited in an agarose gel (0.6% ) for the comet 
assay or sm eared directly on slides for the m icronucleus 
test. Five fish were studied per treatm ent and 50 and 
2000 erythrocytes per concentration and per animal were 
analysed for the comet assay and the micronucleus test 
respectively. Ethyl m ethanesulphonate (EM S) at a concen­
tration of 25 mg/1 water was used as a positive control. 
Although EM S induced a statistically significant increase 
of single strand breaks in the com et assay, in neither of 
the two tests used, were mutagenic effects due to PCB  
exposure observed.

Introduction
P o ly c h lo r in a te d  b ip h en y ls  (P C B s)  a re  l is ted  by  the  U S  E n v i r o n ­
m e n ta l  P ro te c t io n  A g e n cy  as ‘p r io r i ty  p o l lu t a n ts ’ b e c a u se  
th ey  h a v e  b e en  sh o w n  to b e  bo th  to x ic  an d  c a rc in o g e n ic  
( B u t te rw o r th  e t a i ,  1995).  A l th o u g h  P C B s  are  k n o w n  to be 
to x ic ,  e sp e c ia l ly  the  c o p la n a r  o n e s  w ith  tw o  para- ,  a t  least  tw o  
m e ta -  an d  no  o r th o -su b s t i tu en ts  (D e  V oogt e t a l . , 1990),  the 
m e c h a n i s m s  by  w h ic h  they  exert  th e i r  to x ic  e f fec ts  has  yet to 
be  e lu c id a ted .

T h e  use  o f  P C B s  has been  l im ited  s in ce  the  1970s,  h o w e v e r  
P C B s  c an  still  be  found  in a lm o s t  e v e ry  c o m p a r tm e n t  o f  the 
e c o s y s te m .  T h is  po llu t ion ,  a lm o s t  w i th o u t  e x ce p t io n ,  o r ig ina tes  
f ro m  the  use  o f  techn ica l  m ix tu re s  o f  P C B s ,  o r  c o m m e rc ia l  
fo rm u la t io n s  c o n ta in in g  such  m ix tu re s .  P C B s  are  e x tre m e ly  
p e rs i s ten t  in the  e n v i ro n m e n t  an d  like  m an y  o th e r  o rg a n o -  
c h lo r in e s  o f  s im ila r  na ture  are w id e ly  sp read  a m o n g  liv ing  
o rg a n is m s  all o v e r  the  w or ld  (F a la n d y s z ,  1994). T h e i r  b i o c h e m ­
ical a n d  to x ic o lo g ic a l  p ro p e r t ie s  h a v e  a lre ad y  been  s tu d ied  
e x te n s iv e ly  in terrestr ia l  and  aq u a t ic  o rg a n is m s ,  h o w e v e r  on ly
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a few s tud ies  h a v e  b e e n  c o n d u c te d  to  s tudy  th e  m utag en ic i ty  
o f  these  o rg a n o c h lo r in e s .

P lan ar  P C B s  o c c u r  as o n ly  m in o r  co n s t i tu e n ts  in co m m e rc ia l  
m ix tu re s ,  b u t  b e c a u s e  o f  th e i r  e x tr e m e ly  lo w  w a te r  so lub ili ty  
(h igh  l ip o p h i l ic i ty )  they  c an  a c c u m u la te  in g re a t  a m o u n ts  in 
aqua t ic  spec ies ,  s u c h  as fish. S e v e ra l  a u th o rs  have  a s su m e d  
tha t  o rg an ic  c o m p o u n d s  w i th  a  h ig h  l ipophil ic i ty  h a v e  a 
ten d e n cy  to b e  t a k e n  u p  b y  fish v ia  their  food ,  as well  as 
d i rec tly  f ro m  th e  w a t e r  (S c u ra  a n d  T h ie i la ch e r ,  1977). In th is  
report  a tten t ion  w a s  fo c u se d  o n  o n e  o f  the  m o s t  toxic  p la n a r  
PC B s,  i.e. P C B 7 7  ( 3 ,3 ' , 4 ,4 ' - t e t r a c h lo r o b ip h e n y l ) ,  wh ich  has  
be en  fo u n d  in f ish t is su e  (H o n g  e t a i ,  1992). S a rg en t  e t al.
(1989)  m e n t io n e d  th e  c la s to g en ic  e f fe c t  o f  P C B 7 7  (3 ,3 ' , 4 ,4 ' -  
te t rac h lo ro b ip h e n y l )  in v itro  in h u m a n  ly m p h o c y te s ,  u s ing  the  
c h r o m o s o m e  a b e r ra t io n  test.

T h is  w o rk  w a s  a im e d  a t  the  s tudy  o f  po ten t ia l  c la s to g en ic  
e f fec ts  o f  P C B 7 7  in  b r o w n  t ro u t  (S a lm o  tru tta  fa r io ) ,  u s in g  
th e  c lass ic  m ic r o n u c le u s  ( M N )  tes t  a n d  the  a lk a l in e  s ing le  cell 
ge l  e le c t ro p h o re s is  ( S C G E )  o r  c o m e t  assay. T h e  M N  tes t  w as  
p e r fo rm e d  e sse n t ia l ly  to a s se ss  w h ic h  p ro p o r t io n  o f  D N A  
b re ak a g e  seen  in th e  c o m e t  a ssa y  w o u ld  lea d  to  c h ro m o s o m e  
b re ak a g e  a n d /o r  loss .

B ro w n  trou t  w e r e  u se d  as  tes t  an im a ls  b e c a u se  this  sp ec ie s  
is very  sen s i t iv e  f o r  in d u c t io n  o f  P 4 5 0 -e n z y m e s  b y  c h em ica ls  
(e.g . P C B s)  ( P a y n e  e t a l . , 1987).

T h e  m ic ro n u c le u s  tes t  has  a lre ad y  been  u se d  in g en o to x i-  
c o lo g y  s tud ies  w ith  fish ( H o o f tm a n  an d  Vink ,  1981; H o o f tm a n  
a n d  de R aat ,  1982; D a s  an d  N a n d a ,  1986; A l-S ab t i ,  1986a ,b ,  
1992, 1994; M e tc a l f e ,  1988; H u g h e s  a n d  H eb er t ,  1991; D e  
F lo ra  e t a l . , 1993; B a h ar i  e t a l . , 1994). T h e  a lk a l in e  c o m e t  
a ssay  (pH  > 1 3 )  w a s  first  in t ro d u c ed  by  S in g h  et al. (1988).  
T h is  easy  a n d  sen s i t iv e  t e c h n iq u e  is c a p a b le  o f  d e te c t in g  a 
w id e  ran g e  o f  D N A  d a m a g e  in c lud ing :  s in g le  s t rand  D N A  
breaks ,  any  les ion  c a p a b le  o f  b e in g  t r a n s fo rm e d  in to  a s ing le  
s t rand  D N A  b re a k  a t  th e  a lk a l in e  p H  used  (i.e. a lka l i- lab i le  
si tes) ,  D N A  c ro ss l in k s  (T ice ,  1995) an d  in co m p le te  e x c is io n  
rep a i r  ev en ts  (G e d ik  e t a l .,  1992; G re e n  e t a l., 1992). T h is  
a ssay  has p ro v e n  to  be  e x tr e m e ly  use fu l  in the a rea  o f  
g en e t ic  to x ico lo g y  an d  e n v i ro n m e n ta l  b io m o n i to r in g  (for 
r ev iew  Fa irb a irn  e t a i ,  1994; T ice ,  1995).

T h is  s tu d y  sh o w e d  tha t  the h ig h ly  tox ic  P C B  ( IU P A C  
n u m b e r  77) does  not  in d u ce  e i th e r  m ic ro n u c le i  (d o u b le  s trand  
b reak s  a n d /o r  c h r o m o s o m e  loss)  o r  tails w i th  the c o m e t  assay  
(s ing le  s trand  b reaks)  in e ry th ro c y te s  o f  the b ro w n  trout.

Materials and methods
( 'h e in i i  <il\

h lh id iu m  b ro m id e . G iem sa . H D T A . T ris(h y d ro x y m e th y l)-a m in o m e th a n e . 
so d iu m  h y d ro x id e , sod ium  c h lo r id e  an d  e th y l m e th an esu lp h o n a te  (H M S ). w ere 
o b ta in ed  I rom  M erck  (D a rm s ta d t. G e rm a n y  I. Low m e lting  po in t a c a ró se  
and  norm al m e llin a  point ag a ro se  w e re  p u rch ased  Irom  ( i ih c o  B R I. ,V 
la u ro y lsa rco s in e . D M  SO  and  T rito n  X -IO O  w ere  p u rch ased  Irom  S terna  
C h em ica l (  o . (Si L ou is. M O . U S A ). P ure  R C B 77 powclei w as p u tc h ased  
Irom  S ch m id i (A m ste rd am . T h e  N e th e rlan d s).
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Fisli
Im m atu re  b ro w n  tro u t (S a lm o  In it ia  fa r io )  ag e d  1 0 -1 5  m o n th s  o ld . w e ig h in g  
on  a v e ra g e  2 0 .7  ±  7 .3  g w ith  an av e ra g e  leng th  of' 13.0 ±  1.59 cm . w ere  
o b ta in e d  fro m  a fish h a tch e ry , n ea r  W aver. B e lg iu m . T h e  fish w e re  k ep t in 
100 1 a q u a riu m  and  fed  d a ily  w ith  artific ia l fish food  (G o ld  M ed a l) . T h e  w a te r  
te m p e ra tu re  w a s  c o n tro lle d  a t 1 1 t .  I T .

T rea tm en t o f  th e  fis l i
F or th e  s ta n d a rd iz a t io n  o f  th e  te ch n iq u es  a w ell k n o w n  c la s to g e n  (E M S ) w as 
used . E M S  is a  d ire c t ac tin g  m u tag en . It in d u c es  c o m e ts  in h um an  ly m p h o cy te s  
in v itro  (B e lp a e m e  e t a l . .  1996) and  m ic ro n u c le i in fish e ry th ro c y te s  (H o o ftm a n  
and  D e R aa t, 1982: A l-S a b ti . 1994). It w as  u sed  as a p o s itiv e  c o n tro l to  d efin e  
the e x p e rim e n ta l c o n d itio n s  fo r the c o m e t a ssay  in fish e ry th ro c y te s : th e re fo re  
d if fe re n t c o n c e n tra t io n s  (25 , 5 0 . 100 and  2 0 0  m g  EM S/1 w ate r)  and  tre a tm en t 
tim e s  (3 . 9  a n d  14 d a y s )  w ere  c o m p ared . T h e  w a te r  w ith  th e  te st su b stan ce  
w as  ren e w e d  e v e ry  2 4  h. F o r  la te r  e x p e rim e n ts  25 m g  EM S/1 w as  u sed  a s  a 
p o s itiv e  c o n tro l.

A s  fa r  as P C B s  a re  c o n c e rn e d , w e a ttem p ted  to  a c h ie v e  th e  h ig h e st 
c o n c e n tra t io n s  s o lu b le  in w a te r: 5 .4  m g  P C B 7 7  w a s  d is so lv e d  in  3 m l 
h e x a n e  a n d  a d d e d  to  a  sm all ba ll o f  co tto n . T h e  im p re g n a te d  c o t to n  w as  then  
pu t in a  g la s s  tube  th ro u g h  w h ich  w a te r  w a s  d r iv e n  by  a  p u m p -sy s te m . W ater 
s a m p le s  ( 1 0 0  m l) w e re  ta k en  to  an a ly se  th e  P C B 7 7  c o n c e n tra t io n  in th e  w ate r, 
un til a  s ta b le  c o n c e n tra t io n  w as  reached  (a f te r  ~ 7  d ay s). A f te r  th e  c o n c e n tra tio n  
had  s ta b iliz e d  th e  fish  w e re  p u t in  th e  a q u a riu m  fo r  tre a tm en t. A f te r  tre a tm en t 
th re e  to  five  fish  a n d  2 5 0  m l o f  w ate r w e re  sa m p le d  fo r a n a ly s is  a t e a c h  tim e  
in te rv a l. T h e  fish w e re  not fed  d u rin g  th e  ex p o su re .

P C B 7 7  m ea s u re m e n ts
In  fish : th e  fish liv e rs  w ere  d r ie d  w ith  a  ly o p h iliz a to r  fo r  2 4  h a t 2 0 °C . T h e  
d ry  s a m p le s  w e re  w e ig h e d  an d  ex trac te d  fo r lip ids and  lip o p h y lic  s u b s ta n c e s  
w ith  h e x a n e /a c e to n e  (9 /1 )  fo r  10 h and  pu rified  w ith  F lo ris il c o lu m n s  e lu te d  
w ith  h e x a n e /e th e r  (1 /1 ) .

In w a te r: 2 5 0  m l o f  w a te r  w as  ta k en  a t ea ch  sam p lin g  tim e, a n d  e x tra c te d  
tw ic e  w ith  10 m l h e x a n e . T h e  ex trac t w as  then  e v a p o ra te d  to  1 m l fo r  an a ly s is .

T h e  final s a m p le s  o f  tissu e  a n d  w a te r  w ere  a n a ly sed  by  an  e lec tro n  c a p tu re  
g a s  c h ro m a to g ra p h  (o n  c o lu m n  in jec tio n , dual sp lit t in g  in to  tw o  c a p illa ry  
c o lu m n s  w ith  d if fe re n t p o la r itie s  (D B  17-01 a n d  D B  5 -0 2 ) c o n n e c te d  to  
tw o  e le c tro n  c a p tu re  d e te c to rs , au to m a tic  sa m p le rs  and  au to m a tic  in te g ra te r  
s y s te m s ; C a r lo  E rb a  In s tru m e n ts , G C  8 0 0 0  series).

A lk a lin e  c o m e t a s sa y
T h e  a lk a lin e  c o m e t a s sa y  w as  p e rfo rm e d  u n d e r  y e l lo w  ligh t as d e sc r ib e d  
by T ice  e t al. (1 9 9 2 )  an d  by B e lp aem e  e t a l. (1 9 9 6 ) w ith  som e 
m o d if ic a tio n s . B riefly . 10 p i  o f  d ilu te d  ( 10 0 X ) fresh  fish b lo o d  w as  put 
m th e  s e c o n d  gel la y e r  (1 0 0  p i 0 .5 5 / L M P  a g a ro se ) . T h is  la y e r  w as  
s a n d w ic h e d  b e tw e e n  a b o tto m  lay er (3 0 0  p i 0 .6 c.'t N P M  ag a ro se )  and  a 
to p  la y e r  (1 0 0  p i 0 .5 5 / L M P  ag a ro se). A fte r  p rep a ra tio n  th e  s lid e s  w ere

put in the e le c tro p h o re s is  b u f f e r  fo r 4 0  m in , to  a llow  u n w in d in g  o f  D N A . 
E le c tro p h o re s is  (3 0 0  n iA . 0 .7  V /c m )  w a s  p e rfo rm e d  in th e  sam e b u ffe r  
fo r 20 m in  a t I8°C .

B e fo re  a n a ly s is  th e  ce lls  w e r e  s ta in ed  w ith  100 p i e lh id iu m  b ro m id e  
(2 0  p g /m l w ate r)  fo r 10 m i n ,  r in se d  w ith  d is ti lle d  w a te r  and  k ep t in  a 
m o is t c h a m b e r  at 4 °C . F o r  a n a ly s is ,  im ag es  fro m  a Z e is s  f lu o re sce n ce  
m ic ro sc o p e  (m a g n ifica tio n  x 3 0 0 )  w e re  c a p tu re d  w ith  an  a ir-c o o le d  c a m e ra  
(P h o to n ic  S c ie n ce , ty p e  c o o l v i e w )  o n  a D T  2 8 5 5  fram e  g ra b b e r  type . F ifty  
n o n -o v e rla p p in g  im ag es  w e re  s e le c te d  ra n d o m ly  o n  th e  slid e s. T h e  D N A  
c o n te n t o f  the im ag e  w as  c a lc u la te d  fro m  the su m  o f  lig h t in ten s itie s  o f  
a ll p ix e ls  in tha t a rea . F o r  e a c h  se p a ra te  im a g e  th e  b ac k g ro u n d  in ten s ity  
w as  su b tra c te d  from  th e  im a g e  in ten s ity . T h e  c o m e t le n g th  w as  m e asu red  
by  d e fin in g  m a n u a lly  on  th e  s c r e e n  th e  c e n tre  o f  th e  n u c leu s , th e  le ad in g  
e d g e  o f  th e  n u c leu s  and  th e  e n d  o f  th e  ta il. A ll th e  d a ta  w e re  tra n sfe rre d  
to , and a n a ly se d  w ith  a  M a c in to s h  Q u a d ra  6 5 0 . T h e  fe a tu re s  ex tra c te d  
fro m  th e  m e asu rem en ts  w e re  e s s e n t ia l ly  the 'D N A  co n ten t"  d e fin ed  a s  the 
to ta l f lu o re sce n ce  a s so c ia te d  w i th  an  im a g e , 'ta i i  le n g th ' m e a su re d  from  
th e  c e n tre  o f  the n u c le u s  to  th e  e n d  o f  th e  ta il a n d  'ta i i m o m e n t' d e fin ed  
a s  th e  fra c t io n  o f  D N A  in t h e  ta il (D N A  c o n te n t in  ta il/D N A  c o n te n t o f  
th e  im a g e )  m u ltip lied  by  th e  ta i l  leng th .

F ish  m ic ro n u c leu s  te st
B lood  w as  co lle c te d  w ith  a  s m a l l  s y r in g e , w e tte d  w ith  h e p a rin , by c a rd iac  
p u n c tu re . O n e  d ro p  o f  b lo o d  w a s  u sed  to  m a k e  s m e a rs . A f te r  fixa tion  in  pu re  
m e th an o l fo r  2 0  m in , the p r e p a re d  s lid e s  w ere  left to  d ry  a t ro o m  te m p era tu re . 
F in a lly  th e  sm ea rs  w ere  s ta in e d  w ith  205,- G ie m sa  in  S o ren so n  b u ffe r  fo r 
15 m in . A  ligh t m ic ro sc o p e  w a s  u sed  to  scan  th e  b lo o d  sm e a rs  u n d e r  oil 
im m ers io n  at X 1 0 0 . T h e  n u m b e r  o f  m ic ro n u c le a te d  e ry th ro c y te s  (M N ) p e r  
1000—2 0 0 0  e ry th ro c y te s  fo r e a c h  fish w as  d e te rm in e d . T h e  n u m b e r o f  M N  
w a s  ex p re s s e d  a s  n u m b e r p e r  th o u s a n d  ((7,i) M N . T h e  c r i te r ia  fo r s c o r in g  the 
m ic ro n u c le i w ere : no  c o n n e c t io n  w ith  th e  m a in  n u c le u s , an d  a re a  - 1 /1 0 - 1 / 3 0  
s m a lle r  than  the m a in  n u c leu s .

S ta tis tic s
F o r  the c o m e t a ssay  d if f e re n c e s  b e tw e e n  tre a tm e n ts  w e re  d e te rm in e d  using  
th e  F ried m an  a n a ly s is  o f  v a r ia n c e  (A N O Y A ) te s t fo r  re p e a te d  m e a su re m e n ts , 
w h ic h  is b a se d  on  th e  m e d ia n  a n d  the d is tr ib u tio n  o f  th e  m e a su re m e n ts . F o r  
th e  M N  te s t, s ta tis tic a l d if f e re n c e s  w ere  d e te rm in e d  w ith  th e  y 2 te s 0

Results

P re lim  i n a ry  exp ert m en  t s

B e fo re  s ta r ting  the  e x p e r im e n t s  w ith  P C B 7 7 ,  the  fish e x p o su re  
c o n d i t io n s  w ere  o p t im iz e d ,  for the  m ic ro n u c le u s  les t  and  the 
c o m e t  assay ,  u s ing  a  w e l l - k n o w n  m o u s e  c la s to g e n ,  E M S .  F ish

E x p e r im e n t  1-3 d a y  tre a tm e n t 

E x p e r im e n t  2 -9  d a y  t r e a tm e n t 

E x p e r im e n t  2 -1 4  d a y  t r e a tm e n t 

E x p e n  m e n t  3 -3  d a y  t r e a tm e n t  

E x p e r im e n t  3 -9  d a y  tre a tm e n t 

E x p e n m e n t  3 - 1 4  d a y  t r e a tm e n t
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e ry th ro c y te s  w ere  c o u n te d , an il in e x p e rim e n ts  2 am i 3. at least 200(1 e ry th ro c y te s  p e r  tisii. F.ach p o in t i i i  the g rap h  rep re sen ts  th e  m e an  o l lou i m  lixe h
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C y to g e n e tic  s tu d ie s  o f  P C B 7 7  on  b row n  tro u t
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14 days

F ig . 2 . M ean  ta il le n g th  m e asu red  in fish e ry th ro c y te s  a fte r  ex p o su re  to  E M S  d is s o lv e d  in  w ate r. F ifty  c e lls  w e re  m e asu red  p e r  a n im a l. T h e  b a r  rep resen ts  th e  
m e an  o f  th re e  fish (i.e . 150 ce lls )  w ith  th e  S D . T h e  ta il leng th  w as m e a su re d  fro m  th e  c e n tre  o f  th e  n u c le u s  to  the en d  o f  th e  ta il.

w e re  e x p o se d  fo r  3,  9 a n d  14 d a y s  to 25 ,  50 ,  100 and  2 0 0  m g  
EMS/1 water. N o  s ta t is t ica l ly  s ign if ican t  in c rease  in m ic r o ­
n u c le u s  f req u e n c ie s  w a s  se e n  a f te r  E M S  t rea tm en t  o f  the  
an im a ls  (F igure  1). H o w e v e r ,  E M S  w a s  c lear ly  p o s i t iv e  in the  
c o m e t  assay,  w h e re  a  t im e -d e p e n d e n t  a n d  d o se -d ep e n d e n t  
in c re a se  in tail  l en g th  w a s  o b se rv e d  (F ig u re  2). In th ese  
p re l im in a ry  e x p e r im e n t s  o n ly  tail  l en g th  w a s  taken  in to  account.  
F o r  E M S  c o n c e n t r a t io n s  > 1 0 0  mg/1 th e  e ry th ro c y te  D N A  w as 
c o m p le te ly  d e s t ro y ed ,  m a k in g  th e  m e a su re m e n ts  fo r  the  c o m e t  
a s sa y  difficult,  i f  n o t  im p o ss ib le .

C y to g e n e tic  e ffe c ts  o f  P C B 7 7  on  th e  b ro w n  trou t 

F ish  w e re  e x p o s e d  for  3, 9 o r  14 d a y s  to init ial P C B 7 7  
c o n c e n t r a t io n s  o f  7 8 0  a n d  9 1 8  p g  P C B 7 7 /m l  water ,  in e x p e r i ­
m en ts  1 and  2  respec t ive ly .  A s  a  re fe re n ce  m u ta g e n ,  25 m g  
EMS/1 w a te r  w a s  used .  T h e  P C B 7 7  c o n c e n tra t io n s  m e a su re d  
in the  w a te r  an d  th e  fish l ivers  a re  g iv en  in T ab le  I.

T h e  P C B 7 7  c o n c e n tra t io n  in the  w a te r  d e c reased  a f te r  the  
f ish w e re  p lac ed  in th e  a q u a r iu m ;  th is  w a s  p ro b a b ly  d u e  to 
a b so rp t io n  o f  th e  P C B s  to th e  fish body.  In e x p e r im e n t  1 an 
u n e x p la in e d  in c re a se  w a s  o b se rv e d  at d ay  9  o f  the  ex p er im en t .  
In bo th  e x p e r im e n ts  ve ry  h ig h  P C B 7 7  c o n cen tra t io n s  w ere  
fo u n d  in the  fish liver. In e x p e r im e n t  1 the  m e a su re d  c o n c e n t r a ­
t io n  in c reased  w i th  t rea tm e n t  t im e.  In e x p e r im e n t  2  the 
c o n c e n tra t io n s  w e r e  c o m p a r a b le  a f te r  9  and  14 d a y s  o f  
t rea tm en t.

F ig u re  3 a  a n d  b  s h o w s  tha t  no  in c rease  in m ic ro n u c le u s  
f req u e n c ie s  w a s  o b s e rv e d  a f te r  e x p o su re  to P C B 7 7  o r  E M S .  
T h e  actual  m ic ro n u c le u s  f req u e n c ie s  o f  each  fish in all the 
e x p e r im e n t  a re  sh o w n  in T ab le  II. In F ig u re  4  a p ic tu re  o f  a 
fish e ry th ro c y te  w i th  a n d  w i th o u t  a  m ic ro n u c le u s  is show n.

D a ta  for the  c o m e t  a ssay  a re  g iven  in T ab le  III an d  T able  
IV for e x p e r im e n ts  1 a n d  2  respec t ive ly .  P C B 7 7  t rea tm en t  did 
not  lead  to a  s ig n if ican t  in c re a se  in e i th e r  tail leng th  o r  tail 
m o m e n t ,  w h e re a s  E M S  c le a r ly  in d u ce d  an increase.  W h e n  
v iew in g  the  s ta in e d  e ry th ro c y te s  u n d e r  the m ic ro sc o p e  the 
nucle i  w ere  iden t ica l  to those  o f  the  c o n tro l  cells.  T h is  sh o w s  
tha t  the PC B  c o n c e n t ra t io n s  w e re  not cy to tox ic .

T a b le  I .  P C B 7 7  c o n c e n tra t io n s  fo r tw o  p a ra lle l ex p e rim e n ts , m easu red  in 
th e  w a te r  (p g  P C B 7 7 /m l w a te r)  a n d  in th e  fish liv e rs  (n g  P C B 7 7 /g  liver 
f re sh  w e ig h t)

E xposure  Experim ent 1 Experim ent 2

(days) W ater L iver W ater Liver
(pg P C B 77/m l) (ng  PC B 77/g ) (pg  PC B 77/m l) (ng  PC B 77/g  )

0  780 918
3 396 296.0 _ _
9 1027 1054.9 429 987.2

14 - 343 626.5

T he \a lu e s  given  fo r the liv e rs  are obta ined  from  the m ean o f  fo u r o r five poo led  
fish livers.

Discussion
S in c e  the  1930s,  r e s ea rc h e rs  h a v e  t r ied  to find a  c au sa l  l ink  
b e tw e e n  c h em ica l  c o n ta m in a t io n  a n d  a cu te  tox ic i ty  in fish 
p o p u la t io n s  ( M a c e k ,  1980) .  T h e  first  gen e t ic  to x ic o lo g y  s tud ies  
w e r e  c o n d u c te d  at th e  b e g in n in g  o f  the  1970s  (A m e s  e t a i ,  
1973; M i l l e r a n d  M ille r ,  1975; M c C a n n  e t a i ,  1975; K l ig c rm an  
e t a l . , 1975; H o o f tm a n  a n d  V ink,  1981; P re in  e t a l . , 1987),  
a n d  m a n y  w a te rb o rn e  p o l lu tan ts  h a v e  c y to to x ic  p ro p e rt ie s  
w h ic h  h a v e  b e e n  s h o w n  to c au s e  e n h a n c e d  f req u e n c ie s  o f  
c h r o m o s o m a l  ab e r ra t io n s  in fish (K l ig e rm an ,  1982).

C y to g e n e t ic  m e th o d s  are  p ro b a b ly  th e  m o s t  sensi t ive  a n d  
e f f ic ien t  w a y s  to d e tec t  the  e f fec ts  o f  g en o to x in s .  H o w ev e r ,  
fish a re  n o t  n o rm al ly  very  p o p u la r  fo r  ce r ta in  c y to g en e t ic  
te c h n iq u e s  (e .g .  c h r o m o s o m e  a b e r ra t io n  test, s i s te r  c h ro m a tid  
e x c h a n g e s ) ,  b e c a u se  o f  the ir  la rge  n u m b e r  o f  sm all  c h r o m o ­
so m e s .  O n  the  o th e r  h a n d ,  fish p ro v id e  an e x ce l le n t  so u rc e  o f  
m ate r ia l  fo r  th e  s tudy o f  the  m u ta g e n ic  a n d /o r  c a rc in o g e n ic  
po ten t ia l  o f  w a te r  s a m p le s  s in ce  th ey  are aqua t ic  ve r teb ra te  
o rg a n is m s  tha t  can m e ta b o l ize ,  c o n c e n tra te  and  s to re  
w a te rb o rn e  po l lu tan ts  (A l-S a b t i ,  1991). S ev e ra l  o th e r  gene t ic  
te c h n iq u e s  do  n o t  need  k a ry o ty p in g ,  and  h e n ce  the n u m b e r  
a n d  size  o f  the  c h ro m o s o m e s  d o e s  not  m atter ,  e .g .  the m ic r o ­
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F ig . 3 . M ean  n u m b e r p e r  th o u sa n d  (Ser) M N  in  fish e ry th ro c y te s  ex p o sed  to  25 mg/1 E M S  o r  7 8 0  o r  9 1 8  pg  P C B 7 7 /m l w a te r  in (a )  ex p e rim e n t I and  (b ) 
e x p e rim e n t 2  resp ec tiv e ly . In b o th  e x p e rim e n ts  at least 2 0 0 0  e ry th ro c y te s  w ere  c o u n te d  p e r  fish . E ach  b a r  re p re s e n ts  th e  m e an  o f  fo u r  o r  five fish.

n u c le u s  le s t  and  the  c o m e t  assay.  In the  c o m e t  assay  m an y  
fish t is sues  can  be used ,  e.g. b ra in ,  liver, gi l ls ,  b u t  as the  use 
o f  n o n -d e s t ru c t iv e  m e th o d s ,  i.e. w i th o u t  k i l l ing  the  an im al,  is 
h ig h ly  p re fe r red  (Foss i ,  1994) w e  t r ied  to d e v e lo p  the  c o m e t  
a ssa y  on b lood.

O u r  a im  w as  to s tu d y  the  p o s s ib le  c la s to g en ic  p o ten cy  o f  a 
p lan a r  P C B  c o n g e n e r  (P C B 7 7 ) ,  u s in g  the  m ic ro n u c le u s  test 
a n d  the  c o m e t  assay.

To  o p t im ize  th e  t rea tm e n t  c o n d i t io n s  a k n o w n  c las togen  
w a s  used  (E M S )  s in ce  it had  a l r e a d y  b e en  sh o w n  to induce

m ic ro n u c le i  in e as te rn  m u d m in n o w ,  U m b ra  p y g m a ea  
( H o o f tm a n  and  d e  R aat ,  1982; M e tca lfe ,  1988),  in b row n  
b u l lh e a d s .  Ic ta lu ru s  n e b u lo s u s  (M e tca lfe ,  1988) a n d  in X en o p u s  
l a rvae  (Van H u m m e le n  e t a l . , 1989). H o w ev e r ,  no  d a ta  w e re  
av a i lab le  c o n c e rn in g  the  c o m e t  a ssay  in fish.

It is d if f icu lt  to c o n tro l  the  c o n ce n tra t io n  o f  P C B 7 7  in 
the  w a ter ,  b e c a u se  th is  b ip h en y l  c o m p o u n d  is ex tre m e ly  
h y d r o p h o b ic  a n d  ab so rb s  v e ry  q u ick ly  to th e  g las s  w alls  and  
o th e r  su b s ta n c e s  p resen t  in the  aq u a r iu m  ( fae c es ,  fish, etc.).  
By first d i s so lv in g  the P C B s  in h ex an e  and  p u t t in g  th is  so lu t ion

4 8 8



C y to g e n e t ic  s tu d ie s  o f  P C B 7 7  on b row n  trou t

T a b le  I I . A ctu a l M N  freq u en c ie s  (n u m b e r p er th o u s a n d )  o f  e a c h  lish  a n d  the m ean  M N  fre q u e n c ie s  in all th e  e x p e rim e n ts . T h e  in itia l P C B 7 7  co n c e n tra tio n s  
w ere  7 8 0  a n d  9 1 8  ng /m l in e x p e rim e n ts  1 and  2 re sp e c tiv e ly

Deatniem Frequencies o f  M N i per lieh 
KMS

Four or l ire  lieh per ireadnenl in ea eh experiment 

9  days 14 days

PC B

14 days
experiment 1 
3 days

experim ent 2 
9  da> e 14 days

experim ent 3 
3 days

experim en t 1 
3 day s 9 daxe

experim ent 2 
9 day s

(V n iro i per lish 3.4.5.2.1 0 5.1.5.1.2 5.1 1.0.5,1.5.0.5 3.5.1.0.5.0 5.1 .3.5.1.0.5.05.1 0 .1 .0 .5 ,05 .1 .5 1.5. 1. 1.5. 4. 1 0. 2. 1. 0 0.5. 0 . 2.4, 2. 1 0.5.0.5.1.0 5.0.5
m ean { 'i i i  SI) 2.87 .- 1.7 1.30 i  0.8 0.87 ;  0.5 1.30 :  1.2 1.30 £ 1.2 0.70 ± 0.6 1.80 £  1.2 0.75 £  1 1.18 £  1.0 0.60 i  0.2
25 m g KMS/I per lish ( 'I .  I - - 2.3.5.0.1.5 I .I .I .0 .I 2 .1 .2 .5 .1.5.2.5 1.1.5.2.1.5 0.5.3.1 0.5.1.5
mean SD - 1.75 i  1.4 0 .80  ±  0.4 1.90 £  0.6 1.50 ;  0.4 1.50 £  1.3 1.0 £  0.7
5(1 m u KMS/I pei lish l " . i - 1.1.5.4.0.5 1.5.2,3.1.5.1.5 0 .0 .5 ,05 .1 .1 .5 - - - -

mean ( '! .)  SD 1.75 * 1.6 1.90 £  0.6 0.70 ±  0.6
10(1 m g  KMS/I per lieh ( ', . ) 4.2.2.4.3 2.5.1.5.1.0.5.0 1 5.1 - - - - - - -
mean (* .** I SI) 3.1X1 :  1 0 1.10 :  1.0 1.25 2  0.4
20(1 m g KMS/I per lieh ('¡-I 4.2.9.03).3.4 O.5.2.O.5.1.0.5 - - - - - - - -
m ean ( 'V i SD 2.9(i £ 1.3 0.90 i  0.6
I’CB 77 p er lieh O h  1 - - - - - 0 .5 ,1 .5.1,1.5,0.5 1.5.1.1.1 0.5 .I.5 .0 .5 .0  5.1 1.5.1.5.15.0.5.0
m ean ('!<! SI) 1.0 £  0.5 1.12 £  0.2 0 .80  ±  0.4 1.0 £  0.7

on a c o t to n  ball  in a  glass  tube,  a h ig h  c o n c e n tr a t io n  o f  P C B s  
w a s  r e a c h e d  by  a flow o f  w a te r  th ro u g h  th e  tube.  T h e  s tab il ized  
init ial  c o n c e n tra t io n s  in the  a q u a r iu m  w e re  7 8 0  an d  91 8  pg 
P C B 7 7 /m l  w a te r  in e x p e r im e n ts  1 a n d  2  re spec t ive ly .  T h e s e  
c o n c e n t ra t io n s  w ere  m u ch  h ig h e r  th an  th o se  f o u n d  in na tu ra l  
a q u a t i c  sy s te m s ,  fo r  e x a m p le  the  h ig h e s t  c o n c e n tr a t io n  e v er  
f o u n d  w a s  178 pg/1 in a G e r m a n  b ay  (D e  V oogt e t  a i ,  1990).

T o  c h e c k  w h e th e r  the  fish h a d  a c tu a l ly  had  tak e n  up  the 
P C B s ,  the  P C B 7 7  co n ce n tra t io n s  w e r e  m e a su re d  in th e  fish 
l ive rs ,  a ta rge t  o rg an  for  P C B  a c c u m u la t io n .  B e c a u se  o f  the 
sm a l l  size ,  the  l ivers w ere  p o o le d  b e f o re  m ea su re m e n t .  T h e  
m e a su re d  P C B 7 7  co n ce n tra t io n s  in th e  fish l ive rs  (T ab le  I), 
w e re  h ig h e r  than  the  c o n c e n tra t io n s  f o u n d  in the  e n v i ro n m e n t ,  
e .g .  37.1 ng  P C B 7 7 /g  in fish (H o n g  e t a i ,  1992).

In  o u r  e x p e r im e n ts ,  the m ic ro n u c le u s  f req u e n c ie s  o f  E M S  
an d  P C B 7 7  t rea ted  fish w e re  n o t  s ig n if ican tly  h ig h e r  w h e n  
c o m p a r e d  w ith  the  con tro ls .  T h is  re su l t  is r a th e r  u n e x p ec te d  
b e c a u se  p r e v io u s  reports  m en t io n  the  in d u c t io n  o f  m ic ro n u c le i  
b y  E M S ,  in a m p h ib ia  in v ivo  (Van  H u m m e l e n  e t a l.,  1989), 
an d  in fish (H o o f tm a n  and  d e  R aat ,  1982;  M e tca lfe ,  1988). 
T h i s  c o n tra d ic t io n  m ay  be e x p la in ed  in sev e ra l  w ay s .  F irs t  the  
m o s t  im p o r ta n t  cond it ion  to  b e  m e t  is th a t  the s tu d ie d  cells  
sh o u ld  d iv ide .  It is k n o w n  tha t  th e  m ito t ic  ra te  o f  fish 
e r y th r o c y te s  is v e ry  low  (A l-S ab t i ,  1994) ,  w h ic h  m ig h t  a lso  
ex p la in  the  lo w  f req u en c ie s  o f  m ic ro n u c le i  in p rev io u s  reports .  
S e c o n d ly ,  a n o th e r  poss ib ly  e x p la n a t io n  fo r  the  lack  o f  e ffec t  
is th a t  m ic ro n u c le a te d  e ry th ro c y te s  a re  d e s t ro y ed  by the 
i m m u n e  sy s te m ,  a n d  h e n ce  n o t  o b se rv e d .  A  th ird  p oss ib i l i ty  
is that the  E M S  c o n c e n tra t io n s  a p p l ie d  m ig h t  b e  c y to to x ic  
fo r  the  fish e ry th rocy tes .  H o w ev e r ,  in d ic a t io n s  fo r  a p o p to s is  
in the  c o m e t  a ssay  w ere  o n ly  o b s e r v e d  at co n ce n tra t io n s

100 mg/1, w h ic h  does  not e x p la in  the  a b se n ce  o f  m ic ro n u c le i  
a t  lo w e r  c o n c e n tra t io n s  o f  E M S ,  w h ic h  a re  c ap a b le  o f  in d u c in g  
c o m e ts .  T h e  resu lts  suggest  tha t  the e ry th ro c y te s  o f  the  b ro w n  
t ro u t  a re  sen s i t iv e  to E M S  but tha t  the  M N  test is not  a go o d  
in d ic a to r  fo r  D N A  breaks  in th is  sp e c ie s  u n d e r  th e  d e sc r ib e d  
e x p e r im e n ta l  c o nd it ions .  T h e  p o s i t iv e  r e sp o n se s  o b se rv e d  by 
M e tc a lf e  (1 9 8 8 )  an d  W il l ia m s  an d  M e tc a l f e  (1 9 9 2 )  in the  M N  
test in m u d m in n o w s ,  b ro w n  b u l lh e a d s  an d  r a in b o w  trout 
re sp ec t iv e ly ,  w ere  o b ta in e d  a f te r  i.p. in jec tion  w ith  E M S ,  
w h ic h  is not  d irec te ly  c o m p a ra b le  to e x p o su re  in th e  water.

D e sp i te  these  d iff iculties ,  the  m ic ro n u c le u s  tes t  has  been  
r e c o m m e n d e d  as an accu ra te  in d ica to r  in e n v iro n m e n ta l  s tud ies  
u n d e r  l ab o ra to ry  co n d it io n s  an d  in the field (H o o f tm a n  and  
V in k ,  1981; H o o f tm an  and  de R aat .  1982; L an d o l t  and  K o can ,  
1983; L o n g w c l l  et a i .  1983; A l -S a b t i .  1986a,b; D a s  and  
N a n d a ,  1986; Hose  et a i .  1987; M e tc a l f e ,  1988; H u g h e s  and

%

F ig . 4 . T ro u t e ry th ro c y te s  w ith  and  w ith o u t a m ic ro n u c leu s . T h e  blood 
s m e a r  w as  s ta in e d  w ith  G iem sa .

H eb er t ,  1991; W il l ia m s  a n d  M e tca lfe ,  1992; D e  F lo ra  e t a i ,  
1993; A l-S a b t i  a n d  M e tca lfe ,  1995).  In m o s t  o f  these  reports  
the o b se rv e d  m ic ro n u c le u s  f r e q u e n c y  w a s  lo w  and  m an y  ce l ls  
had  to  b e  c o u n te d  to  find a s ig n i f ic a n t  re sp o n se .  T h e  b io lo g ica l  
s ig n i f ican ce  o f  these  m ic ro n u c le u s  resu lts  sh o u ld  thus  be 
q u e s t io n ed .  H ig h e r  s ign if ican t  m ic ro n u c le u s  f req u e n c ie s  w ere  
fo u n d  in s tu d ies  by A l-S a b t i  (1 9 9 4 a ,b )  a f te r  e x p o su re  o f  fish 
to se len iu m ,  o rg an ic  a n d  in o rg an ic  m erc u ry  ( l - 3 7 % o  M N ),  
c h r o m iu m  (5 ^ - 1  %o M N )  an d  c a e s iu m  (m a x im u m  27.5Scc M N ) ,  
a n d  in a s tu d y  by  B a h ar i  e t al. (1 9 9 4 )  a f te r  e x p o su re  o f  fish 
to y - rad ia t io n  a n d  m i to m y c in  C. A l-Sab t i  m en t io n e d  that the 
m ito t ic  ac t iv i ty  in p e r ip h e ra l  e ry th ro c y te s  o f  fish is low, 
b u t  tha t  th e re  is re la t iv e ly  lit tle k n o w n  ab o u t  the  rate  o f  
h a e m a to p o ie s is  and  e ry th ro c y te  re p la c e m e n t  in fish spec ies  
(A l-Sab t i  a n d  M e tca lfe ,  1995). T h i s  re sea rch  a rea  sh o u ld  be  
g iv en  spec ia l  a tten t ion  in fu tu re  s tu d ies .  T h e  d u ra t io n  o f  the 
cell  c y c le  in o rg a n ism s  will  be  d e p e n d e n t  on the  t im e  n eed e d  
for  D N A  rep lica t ion .  T h e re fo re  the  resu lts  o f  the m ic ro n u c leu s  
tes t  will  be  d e p en d e n t  on  the  sp e c ie s  used . C a r ra sc o  et a i
(1 9 9 0 )  a n d  B u rg e o t  (1 9 9 5 )  c o n s id e re d  tha t  the use  o f  the fish 
m ic ro n u c le u s  tes t  was h ig h ly  q u e s t io n a b le  as a labora to ry  o r  
field in d ic a to r  o f  b io log ica l  e f fe c ts  in w ild  fish ex p o se d  to 
c h em ica l  co n ta m in a n ts .  N o  de f in i t ive  o r  con s is ten t  co rre la t ion  
w as to u n d  b e tw e e n  any  o b se rv e d  va r ia t io n  o f  n u c le a r  m o r p h o ­
logy  and  any  m e a su re d  level o f  c h em ica l  c o n tam in a tio n .  T he  
a u th o rs  su sp e c t  that  the  e x t r e m e ly  lo w  f requenc ies  of' the 
o b se rv e d  e ry th ro cy te  n u c le a r  les ions  m ay  not have  o r ig ina ted  
from  a g e n o lo x ic  event  as a resu lt  o f  e x p o su re  lo x enob io t ie  
c o n tam in an ts .
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K .B e lp a e m e  e t al.

T a b le  I I I .  R e su lts  o f  th e  c o m e t assay  (in  (im ) in ex p e rim e n t 1 a f te r  tre a tm en t o f  fish w ith  P C B ? "  and 25 mg/1 E M S .  T h e  in itia l P C B 7 7  c o n c e n tra t io n  w as 
9 1 8  pg/1. T a il le n g th  w as  m e asu red  fro m  the c e n tre  o f  the n u c le u s  to  th e  end  o f  th e  ta il.
Tail m o m e n t =  tail leng th  X re la tiv e  D N A  c o n te n t o f  th e  tail

E x p o su re T re a tm e n t n Tail leng th Tail length T ail m o m en t T a il m om en t
tim e  (d ay s) m e d ian m ean  ±  S D m ed ian m ean  ±  S D

3 C on tro l 46 9 .4 0 9 .3 8  ±  1.82 2 .9 4 3 .1 3  ±  1.01
50 8 .92 9 .0 2  ±  1.32 2 .75 2 .6 9  ±  0 .7 0
50 9 .0 8 9 .0 8  ± 1 .2 1 3 .4 6 3 .5 8  ±  1.03

E M S 50 4 3 .0 8  *** 43 .5 4  ±  1 4 .8 0 ' ' 2 9 .3 !* * * 30 .13  ±  11.71***
(2 5  mg/1) 48 3 9 .9 4 * * * 39 .27  ±  13.75 2 5 .8 5 * * 26.61 ±  10 .84"**

50 5 1 .4 2 * * * 54.11 ±  16 .2941 • : 3 3 .6 7 *  ■ 3 6 .8 2  ±  15 .90***
P C B 77 50 9 .4 0 10.51 ±  4 .2 6 3 .52 4 .0 7  ±  2 .5 3

49 9.73 10.42 ±  4 .28 3 .65 3 .9 9  ± 2 . 1 9
50 9 .7 3 10.15 ±  2.18 3 .88 4 .0 8  ±  1.37

9 C o n tro l 50 8 .43 8 .8 8  ±  1.33 2 .97 2 .9 8  ±  0 .73
50 7 .63 8 .58  ±  4.61 2 .6 2 2 .9 2  ±  2 .19
50 9 .18 9 .3 2  ±  3.41 2 .84 3 .0 6  ±  1.37

EM S 49 8 4 .1 5 *  ' 8 3 .94  ±  10 .49*** 7 9 .3 0 * * * 7 8 .6 5  ±  11,41 **
(25  mg/1) 50 81.73**« 8 0 .69  ±  7 .1 2 ’ * ’■ 7 8 .8 8 * * * 7 7 .4 2  ±  8.08**

48 121.28  *** 119.26 ±  13 .51*** 116 .76*** 118.30  ±  22 .4 3 * * *
P C B 7 7 50 9 .7 4 9 .7 7  ±  1.96 3 .0 0 3.11 ±  0 .94

50 10.06 12.29 ±  1.53 3.81 5.51 ±  7 .9 4
49 9 .0 8 9 .3 2  ±  1.3 3 .9 4 3 .95  ±  1.06

n =  n u m b e r  o f  c e lls  m e asu red  p e r  fish.
¡ P  '  0 .0001  in  c o m p a riso n  w ith  co n tro l.

T a b le  IV . R esu lts  o f  th e  c o m e t assay  (in p m ) in e x p e rim e n t 2  a f te r  tre a tm e n t o f  fish  w ith  P C B 7 7  and  25  mg/1 E M S . T h e  in itia l P C B 7 7  c o n c e n tra t io n  w as  918  
pg/1. Tail le n g th  w as  m e asu red  from  th e  c e n tre  o f  th e  n u c le u s  to  the e n d  o f  the ta il. Tail m o m en t =  tail le n g th  X  re la tiv e  D N A  c o n te n t o f  th e  tail

E x p o su re  T re a tm e n t n T ail leng th T ail length T ail m o m en t T a il m o m en t
tim e  (d ay s) m ed ian m ean  ±  SD m ed ian m e a n  ±  S  D

9 C o n tro l 4 6 10.05 10.14  ±  2.67 3.81 4 .1 3  ±  1.41
49 9.73 9 .4 4  ±  1.49 4 .5 9 4 .6 2  ±  1.01
49 10.05 10.64  ±  2 .86 4 .3 0 4.891  ±  0 ,85

E M S 50 1 0 3 .3 5 '* * 105.22  ±  12 .19*** 9 9 .9 2  '"•* 101 .12  ±  1 2 .9 4 ’
(25  mg/1) 50 1 1 2 .0 1 iV * 108.1! ±  19.44* "* 108 .84  -* • 102 .90  ±  22 .85

49 8 0 .5 3  * 7 9 .03  ±  8 .3 5 ! ; ' 7 6 .5 2  ** 7 4 .6 6  ±  8 .75
P C B  77 49 10.05 10.19 ±  2.17 4 .3 0 4 .4 4  ±  1.05

50 10.70 10.26 ±  1.57 4 .8 8 4 .81  ±  1.10
49 10.05 9 .75  ±  1.43 3 .9 4 4 .1 6  ±  0 .9 9

14 C o n tro l 5 0 9 .89 10.61 ±  3.72 3 .49 3.91 ±  1.50
5 0 9 .4 4 9.51 ± 1 .2 1 3 .42 3.51 ±  0.81
50 9 .73 10.22 ±  3.23 3 .4 6 3 .6 6  ± 1 .8 1

E M S 48 98.31  ' 97 .97  ±  11.80** ' 9 7 .0 8 * * * 9 7 .0 5  ±  12.13 • “ -
(2 5  m g/l) 48 108 .97*** 110.12 ±  12.05- 1 0 7 .4 5 "  * 108.33  ±  12 .4 0 * 5 ■
P C B  77 50 9 .0 8 9 .9 4  ±  3.29 3 .8 4 4 .2 0  ±  1.45

50 10.02 9 .9 5  ±  1.49 4 .0 7 4 .01  ±  0 .85

lí =  n u m b e r  o f  c e lls  m easu red per fish.
■ '  P  t  ().()()() 1 in c o m p a riso n vs ith co n tro l.

T w o  se r io u s  p ro b le m s  w ith  the fish m ic ro n u c le u s  tes t  will  
a lw a y s  r e m a in  a c c o rd in g  to C a r ra sc o  e t al. (1990) .  First ,  the 
lo w  f req u e n c y  o f  m ic ro n u c le i  and  o th e r  n u c le a r  les ions  w o u ld  
re q u ire  the  use  o f  im prac t ica l ly  large sa m p le  s iz e s  to asse ss  
m arg in a l ly  p o l lu ted  a reas .  Secondly ,  the  m ic ro n u c le u s  test in 
fish m a y  not  be  a sensi t ive  m e a su re  o f  e x p o su re  to specif ic  
g e n o to x ic  ch em ica ls .

F ina lly ,  the  r e m a in in g  a d v an tag es  o f  the  test are that it is 
c h e a p e r  c o m p a r e d  w ith  the c o m e t  assay ,  and  m e a su re s  an 
e s ta b l i sh e d  c h ro m o s o m a l  change .

T h e  resu l ts  o f  the  c o m e t  a s sa y  in d ic a te d  a c le a r  t im e 
an d  d o se -d e p e n d e n t  increase  o f  in d u ced  tail  leng th  after  
H M S t rea tm e n t  o f  the lish. but  no su c h  in c rease  w a s  seen 
a f te r  t r ea tm e n t  w i th  PC B 77 .  After  3 d a y s  o f  t rea tm e n t  w ith  
2 5 mg/1 HM S a h igh ly  s ignificant  e f fec t  (P  0 .0 0 0 1 )  was 
o b se rv ed .  It is im p o r tan t  lo m en t io n  that w ith  the  very

h ig h  co n cen tra t io n  o f  E M S  ( > 1 0 0  mg/1) the  D N A  w as so 
f r a g m e n te d  that th e  m a in  n u c leu s  w as  r e d u ce d  to on ly  a spot, 
a n d  a lm os t  the to ta l  a m o u n t  o f  n u c le a r  D N A  m ig ra te d  to the 
tail . T h is  c o u ld  p o s s ib ly  re flect  apop tos is .  F o r  th is  reason ,  in 
th e  fo l lo w in g  PC B  e x p e r im e n t s  25 mg/1 E M S  w a s  used as  a 
posi t ive  contro l .  To  see  an  e f fec t  in the  c o m e t  a s sa y  there  is 
n o  need  for cell d iv is io n .  T h is  e l im in a te s  the  p ro b le m s  met 
w ith  the m ic ro n u c le u s  tes t ,  s o  the  c o m e t  a ssa y  c o u ld  be m u ch  
m ore  sensi t ive  in e co g e n o to x ic o lo g ic a l  s tud ies .  It has  a lready  
b e en  tested on b ra in ,  gili ,  l ive r  and  b lood  t is su e  o f  M e d  aka. 
gili ,  s iphon  and  m a n t le  t is sue  o f  m u sse ls  and  b lo o d  and  liver 
t issue  o f  b u l lf rog  tad p o le s  (R .Tice ,  p e rso n a l  c o m m u n i c a ­
tion).  T h is  s ing le  cell  gel e le c t ro p h o re s is  a s sa y  is w a i l in g  now 
for  s tan d ard iza t io n  b e fo re  it c an  be u sed  for b io m o n i lo r in g  
stud ies ,  but  it has a l r e a d y  p ro v e n  its u se fu ln es s  in m any  o ther  
ex p e r im e n ta l  c o n d i t io n s  ( fo r  r e v ie w  see  F a irb a irn  e l <d.. 1995).
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C y to g e n e tic  s tu d ie s  o f  P C B 7 7  on  b row n  trou t

T h e  m o s t  im p o r ta n t  d ra w b ac k s  o f  the c o m e t  a ssay  are  that:
(i) s a m p l in g  e r ro rs  can  occur ;  (ii)  not  all m u ta t io n  ty p e s  can  
be d e tec ted ;  ( iii)  no  q uan ti f ica t ion  o f  th e  n u m b e r  o f  b re a k s  is 
poss ib le ;  ( iv)  n o t  all  D N A  breaks  lead  to f ixed m u ta t io n s ;  (v) 
there  is a  sp e c ie s  var iab il i ty  in re sp o n se .  T h e  a d v a n ta g e s  are 
that: (i) in fo rm a t io n  is g iv en  at th e  s in g le  cell  leve l ,  p ro v id in g  
in fo rm a t io n  on  th e  in te rce l lu la r  d is t r ibu t ion  o f  D N A  d a m a g e ;
(ii) on ly  sm a l l  s a m p le s  a re  n eed e d  ( 5 0 0 0 - 5 0  0 0 0  cel ls ) ;  (iii) 
v i r tua l ly  a n y  e u k a ry o t ic  cell p o p u la t io n  c an  b e  u se d ;  ( iv)  the  
lest is q u ick ,  sensi t ive ,  s im p le  and  low  cost .  In th e  fu tu re  
a t ten t io n  s h o u ld  b e  fo c u sed  on  the  o p t im iza t io n  a n d  s t a n d a r d ­
iza t ion  o f  the  c o m e t  assay, the  re la t io n sh ip  b e tw e e n  D N A  
m ig ra t io n  a n d  v a r io u s  ty p es  o f  D N A  d a m a g e  a n d  tox ic  
p ro c esse s  w h ic h  lead  to D N A  d e g ra d a t io n  an d  a lso  o n  the 
p oss ib i l i ty  o f  p re se rv in g  t is sue  for b io m o n i to r in g  pu rp o ses .

P C B 7 7  d id  n o t  se e m  to  in d u ce  a n y  m u ta t io n s  th a t  w o u ld  
in d u ce  m ic ro n u c le i  (d o u b le  s t rand  b re ak s  o r  c h r o m o s o m e  loss)  
o r  tails  in  th e  c o m e t  a ssay  (s ing le  s t rand  b re ak s  o r  a lka li  lab ile  
sites).  T h e s e  d a ta  ag ree  very  w e l l  w i th  th e  resu l ts  m en t io n e d  
by S a fe  (1 9 8 9 )  an d  S i lb e rh o rn  e t al. (1990):  P C B s  p e r  s e  a re  
n o n - m u ta g e n ic  an d  b e c a u se  th ey  do  n o t  fo rm  c o v a le n t  ad d u c ts  
w i th  c e l lu la r  D N A  an d  are  p ro b a b ly  n o n -g e n o to x ic .  S ev e ra l  
rece n t  s tu d ies  h o w e v e r  p o in t  in th e  d i rec t io n  o f  m u ta g e n ic i ty :  
S a rg e n t  e t al. ( 1989)  (h u m a n  ly m p h o c y te s ,  c h r o m o s o m e  a b e r ra ­
t ion  test) ;  M e i s n e r  e t al. (1992)  (ra t  b o n e  m arro w ,  c h r o m o s o m e  
d a m a g e ) ;  B u t te rw o r th  e t al. (1995)  (D ro so p h ila , r e c o m b in o -  
gen es is ) ;  J e n s e n  (1995)  (C h in ese  h a m s te r  o v a ry  ce l ls ,  c- 
m itos is  test) .

S a rg e n t  e t a l. ( 1 9 8 9 )  p ro p o se d  that the  c la s to g en ic  e f fec ts  
o f  P C B 7 7 ,  o b se rv e d  in h u m a n  ly m p h o c y te s ,  m ay  b e  d u e  to 
d irec t  in te rca la t io n  to the  D N A  (W a ss o m  e t a l., 1978),  o r  to a 
c a s ca d e  o f  tox ic  e f fec ts  a s so c ia ted  w ith  b in d in g  to th e  A h  
r e ce p to r  (P o la n d  an d  G lover ,  1980). O th e r  p ro p o se d  m e c h a n ­
ism s w ere  tha t  P C B 7 7  m a y  act th ro u g h  f ree  rad ica l  g e n e ra t io n  
o r  in d u c t io n .  A n  o th e r  e x p la n a t io n  fo r  the  to x ic  ac t ion  o f  P C B s  
w as g iv e n  by A l-Sab t i  an d  M e tca lfe  (1 9 9 5 ) ;  they  p ro p o se d  
tha t  P C B s  c o u ld  in ac t iv a te  the  sp ind le  appara tus .

T h e  b e s t  k n o w n  e f fec t  o f  p la n a r  P C B s  so  far is the  in d u c t io n  
o f  the  P -4 5 0  e n z y m e  sys tem ,  w h ich  c o u ld  poss ib ly  lead  to an  
ind irect  a c t iv a t io n  o f  p ro m u ta g e n s  p re sen t  in the  cell.  A  g o o d  
r ev iew  o f  the  p o ss ib le  tox ic  e f fec ts  o f  P C B s  is g iv en  by 
S a fe  (1992) .

In c o n c lu s io n ,  o u r  d a ta  ind ica te  tha t  the  p lan a r  P C B 7 7  
( 3 .3 ' ,4 ,4 ' - t e t r a c h lo r o b ip h e n y l )  d o e s  n o t  induce  d o u b le -  o r  
s in g le - s t r a n d e d  b re a k s  d e tec tab le  w ith  th e  m ic ro n u c le u s  test 
a n d  the  c o m e t  assay, in the e ry th ro c y te s  o f  b ro w n  trout.  
T h e  a b se n c e  o f  c la s to g en ic  e f fec ts  w i th  P C B 7 7  m ig h t  be  
e x t ra p o la ted  to o th e r  P C B s ,  h o w e v e r  s t ru c tu a l ly  d if fe ren t  P C B s  
m igh t  h a v e  d i f fe re n t  m u ta g e n ic  capaci t ie s .

T h e  a lk a l in e  c o m e t  a ssa y  o r  s ing le  cell gel e le c t ro p h o re s is  
a s sa y  a p p e a r s  to b e  m u c h  m o re  sen s i t iv e  than  the m ic ro n u c le u s  
a ssay  as fa r  as e c o g e n o to x ic o lo g ic a l  s tu d ies  are c o n c e rn e d  
(Pan d ran g i  e t a l., 1995).
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