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INTRODUCTION 
The halogenated hydrocarbons comprise a huge group of  chemicals  w i t h  d i f f e -  

r e n t  p e r s i s t e n c e  and t o x i c i t y .  Although c e r t a i n  types of compounds e x e r t  a 
high t o x i c i t y  per se, it appears  t o  be common tha t  t o x i c  effects are caused by 

m e t a b o l i t e s  formed dur ing  b io t ransformat ion  i n  d i f f e r e n t  t i s s u e s .  Studying ha- 
logenated  hydrocarbons, autoradiography (12) has  proved t o  be a u s e f u l  t o o l  t o  
uncover t i s s u e - s e l e c t i v e  i n t e r a c t i o n s  i n  experimental  animals .  Below, examples 
w i l l  be given t o  demonstrate  metabol ism-related b inding  of p o l y c h l o r i n a t e d  b i -  
phenyls  (PCBs) and 1,2-dibromoethane (DBE), mainly i n  the s u r f a c e  e p i t h e l i a  of  
the r e s p i r a t o r y  and a l imentary  t r a c t s .  

i s  due t o  reversible h i g h - a f f i n i t y  i n t e r a c -  
t i o n s  of PCB m e t h y l  sulphone m e t a b o l i t e s  (MeS02-PCBs) w i t h  a s e c r e t o r y  p r o t e i n  
(5,10), whereas the ep i the l ia l  b inding  of DBE i s  mediated by a high l o c a l  b io-  
a c t i v a t i o n  t o  r e a c t i v e  m e t a b o l i t e s  ( 7 ) .  While DBE is a documented carcinogen 
i n  t h e  r e s p i r a t o r y  and upper a l imentary  tracts of  exper imenta l  animals  (see 
refs. i n  7 ) ,  c h r o n i c  PCB i n t o x i c a t i o n  has been a s s o c i a t e d  wi th  r e s p i r a t o r y  
distress i n  humans (11). 

Binding of PCBs i n  lung  tissue 

Formation and t i ssue-b inding  of PCB methyl  sulphone m e t a b o l i t e s .  MeS02-PCBs 
are l i p o p h i l i c  and p e r s i s t e n t  m e t a b o l i t e s  formed dur ing  b io t ransformat ion  of 
PCBs i n  the mercaptur ic  a c i d  pathway (1-3). Depending on s t r u c t u r e ,  MeS02-PCBs 
have been shown by autoradiography t o  be s e l e c t i v e l y  accumulated i n  one 
or more o f  t h e  fo l lowing  l o c a t i o n s  i n  mice, rats and/or q u a i l :  n o n - c i l i a t e d  
b r o n c h i o l a r  (Clara) pulmonary cells  (Fig.  11, proximal t u b u l a r  kidney cells, 
i n t r a u t e r i n e  luminal  f l u i d ,  p r o s t a t e  (Fig. 2 ) ,  l a r g e  i n t e s t i n a l  ep i the l ium 
(Fig.  2) and b r a i n  (5 ,  and r e f e r e n c e s  t h e r e i n ;  unpubl ished data) .  In one case, 
a MeS02-PCB m e t a b o l i t e  was accumulated i n  fe ta l  (but  no t  i n  materna l )  s o f t  
t i s s u e  (6). Using 4,4 '-bis(  'H-MeS02)-2,2' ,5,5-tetrachlorobiphenyl as  a model 
l i g a n d ,  t h e  uptake i n  the pulmonary Clara cells has been shown t o  be due t o  a 
specific MeS0,-P&5-binding p r o t e i n  ( 10). The protein-MeS0,-PCB complex is se- 
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creted i n t o  the b r o n c h i o l a r  lumen and s p r e a d  ove r  the  s u r f a c e  l i n i n g  (5). 

While accumula t ion  i n  t h e  b r o n c h i o l a r  e p i t h e l i u m  has been obse rved  f o r  a t  
least  7 d i f f e r e n t  MeS02-PCBs, l o c a l i z a t i o n  of MeSO,-PCBs i n  the other sites 
mentioned is less f r e q u e n t .  Hence it seems as b i n d i n g  o f  MeS02-PCBs i n  t h e  

lat ter s t r u c t u r e s  o c c u r s  by a d i f f e r e n t  mechanism t h a n  t ha t  i n  l u n g  t i s s u e .  
The e x i s t e n c e  o f  o t h e r  su lphone-b ind ing  p r o t e i n s  c o u l d  p o s s i b l y  e x p l a i n  these 
b i n d i n g  phenomena. 

Given t h e  s p e c i f i c  t i s s u e - l o c a l i z a t i o n s  of MeS02-PCBs, whole-body a u t o r a d i -  
og raphy  was combined w i t h  a n a l y t i c a l  methods (GC, GC-MS) t o  s t u d y  the  r o u t e  of 
f o r m a t i o n  of  MeS02-PCB. the p a r e n t  PCE i s  e p o x i d i z e d  i n  the l i v e r  
and c o n j u g a t e d  w i t h  g l u t a t h i o n e  (GSH). The GSH c o n j u g a t e  is degraded  t o  the 
c o r r e s p o n d i n g  c y s t e i n e  c o n j u g a t e  and e l i m i n a t e d  v i a  b i l i a r y  s e c r e t i o n .  I n  the 
l a r g e  i n t e s t i n e ,  t h e  c o n j u g a t e  is f u r t h e r  m e t a b o l i z e d  by a microbial C-S 

l y a s e ,  r e a b s o r b e d  from t h e  i n t e s t i n e  and 
s u l p h o x i d i z e d  (presumably i n  the l i v e r )  t o  the c o r r e s p o n d i n g  MeSO,-PCB, which 
i s  f i n a l l y  d i s t r i b u t e d  t o  the t a r g e t  t i s s u e s  (see refs. i n  5). The invo lvemen t  
of t h e  i n t e s t i n a l  m i c r o f l o r a  i n  t h i s  m e t a b o l i c  s e q u e n c e  was demons t r a t ed  by 
e x p e r i m e n t s  w i t h  germ-free mice and b i l e - d u c t  c a n n u l a t e d  rats (1,4).  As can 
be s e e n  i n  F ig .  1, there was no b i n d i n g  of MeS02-PCB i n  the b r o n c h i a l  e p i -  
t h e l i a  o f  germ-free mice g i v e n  the p a r e n t  PCB, whi le  c o n v e n t i o n a l  mice accumu- 
l a ted  MeS02-PCB i n  the b r o n c h i a l  e p i t h e l i u m .  

t h e  MeS02-PCBs are formed i n  a metabolic sequence  i n v o l v i n g  
e n t e r o h e p a t i c  c i r c u l a t i o n  and metabol ism by the i n t e s t i n a l  m i c r o f l o r a .  D e s p i t e  
t h e  reversible b i n d i n g  t o  a s e c r e t o r y  p r o t e i n ,  t h e  MeS0,-PCBs are r e t a i n e d  i n  
l u n g  t i s s u e  for  l o n g  p e r i o d s  of  time ( s e v e r a l  months).  P o s s i b l y ,  t he  p r e s e n c e  
o f  a pulmonary-entero-hepatic c i r c u l a t i o n  c o u l d  c o n t r i b u t e  t o  t h e  p e r s i s t e n c e  
o f  MeSO,-PCB i n  l u n g  t i s s u e ;  t h e  secreted protein-MeS0,-PCB complex c o u l d  b e  
t r a n s p o r t e d  by the c i l i a r y  e s c a l a t o r ,  swallowed, and the MeS02-PCB a b s o r b e d  
from t h e  g u t  and r e d i s t r i b u t e d  t o  the l u n g .  

I n i t i a l l y ,  

the PCB-thiol formed is  m e t h y l a t e d ,  

To summarize,  

F i  ure 1. Details o f  a u t o r a d i o g r a m s  showing the l u n g  r e g i o n  o f  a conven i o n  1 
l ( a  germ-free ( G F )  mouse 24 h af ter  i n j e c t i o n  o f  2 ,4’ ,5- t r i~hloro \ ’~CY- 
b i p h e n y l .  I n  the c o n v e n t i o n a l  mouse, a C-S l y a s e  i n  the i n t e s t i n a l  microflora 
c o n t r i b u t e s  t o  the f o r m a t i o n  of t h e  me thy l  s u l p h o n e  metabolites, which are 
s u b s e q u e n t l y  accumula t ed  i n  the b r o n c h i a l  e p i t h e l i u m .  I n  the germ-free mouse, 
l a c k i n g  i n t e s t i n a l  m i c r o f l o r a ,  a l imi ted  f o r m a t i o n  o f  me thy l  s u l p h o n e  metab- 
o l i t e s  is c o n t r i b u t e d  by C-S l y a s e  p r e s e n t  i n  t h e  t i s s u e s .  Hence, the bron-  
chial  accumula t ion  is i n s i g n i f i c a n t  i n  the germ-free mouse. 

F i g u r e  2. 6 d a y s  af ter  i n j e c -  
t i o n  o f  the PCB metabolite 4,4 - b i s (  3H-methylsulphonyl)-2,2’ ,5,5 - t e t r a c h l o r o -  
b i p h e n y l .  There is a marked a c c u m u l a t i o n  of the metabolite i n  the v e n t r a l  
p r o s t a t e  and t h e  l a r g e  i n t e s t i n a l  e p i t h e l i u m .  Note a l s o  l a b e l l i n g  of i n t e s t i -  
n a l  c o n t e n t s .  

Detail of an  au to ra$ iog ram o b t a i n e d  from a ra t  
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B i o a c t i v a t i o n  o f  1,2-dibromoethane i n  surface e p i t h e l i a .  The pes t i c ide  and 

lead  scavanger DEE i s  a s t rong carcinogen, inducing tumour i n  the forestomach, 

nasa l  mucosa, lung  and l i v e r  of mice and r a t s .  The metabolic a c t i v a t i o n  o f  DEE 

invo lves  bo th  an o x i d a t i v e  and a reduc t i ve  cytochrome P-450 dependent pathway, 

and a glutathione-S-transferase catalysed reac t i on  y i e l d i n g  a r e a c t i v e  GSH- 

conjugate ( re fs .  i n  7). Whole-body autoradiography showed t h a t  DEE i s  taken up 

and bound i n  the surface e p i t h e l i a  o f  the e n t i r e  resp i ra to ry  and the upper 

a l imentary  t r a c t s  o f  mice and ra ts .  Using a combination o f  i n  v ivo  and & 
v i t r o  experiments, autoradigraphy o f  solvent-extracted t i ssue  showed a re -  

l a t i o n s h i p  between the s i t e s  o f  covalent b ind ing  o f  DEE i n  the surface ep i -  

t h e l i a  and the s i t e s  o f  tumours observed a f t e r  DBE admin is t ra t ion  (7). 
Experiments with pregnant mice demonstrated tha t  metabolic a c t i v a t i o n  and 

e p i t h e l i a l  b ind ing  o f  DBE i s  pronounced a l so  i n  f e t a l  t issues. Un l ike  adu l t  

animals, which showed the highest b ind ing  i n  the  resp i ra to ry  system, the f e t a l  

BE-b ind ing  was most marked i n  the upper al imentary t r a c t ;  according t o  com- 

puter-assisted image ana lys is  o f  ex t rac ted  sect ions,  the  b ind ing  i n  the f e t a l  

o r a l  ep i the l ium was about 3 t imes higher than t h a t  i n  the maternal l i v e r ,  

wh i l e  b ind ing  i n  the f e t a l  forestomach and nasal  c a v i t y  equal led t h a t  i n  the 

maternal  l i v e r .  These r e s u l t s  suggest t h a t  DBE may a lso  be a t ransp lacenta l  

carcinogen i n  rodents (8). 

3 forestomach oral cavity 

Figure 3. D e t a i l  o f  an autoradiogram showing a l a t e  
mouse 90 min. a f t e r  i n j e c t i o n  o f  the potent carcinogen 
Note the  h igh  and s e l e c t i v e  b ind ing  i n  the e p i t h e l i a  o f  the f e t a l  forestomach 
and o r a l  cav i ty .  
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CONCLUSIONS 

Examples have been given, where b io t rans format ion  o f  halogenated hydrocar- 

bons r e s u l t s  i n  t i ssue -se lec t i ve  format ion and b ind ing  o f  metaboli tes. I n  the 

case o f  the PCBs, r e v e r s i b l e  b ind ing  t o  a secretory p r o t e i n  i n  lung t i ssue  i s  

mediated by M~SOZ-PCBS, formed i n  an entero-hepatic cyc le  i n v o l v i n g  both hepa- 

t i c  and i n t e s t i n a l  m ic rob ia l  metabol ic transformations. I n  cont ras t ,  the ep i -  

t h e l i a l  b ind ing  of DBE i s  apparently due t o  a h igh  metabol ic a c t i v a t i o n  a 
m, r e s u l t i n g  i n  enrichment o f  cova len t ly  bound adducts i n  the surface ep i -  
t h e l i a .  While the l a t t e r  r e s u l t s  hopefu l l y  w i l l  he lp  t o  understand the pre- 

v ious ly  known organo-specif ic i nduc t i on  o f  tumours caused by B E ,  the b ind ing  

o f  MeS02-PCBs t o  a secretory p r o t e i n  i n  the Clara c e l l s  represents a h i t h e r t o  

f a i r l y  unexplored mechanism o f  accumulation. The s ign i f i cance  o f  such b ind ing  

o f  MeS02-PCBs f o r  the development o f  r e s p i r a t o r y  d i s t ress  i n  PCB-exposed 

humans remains t o  be inves t iga ted .  Recently, a MeS02-PCB was found t o  decrease 

cytochrome P-450-dependent drug metabolism i n  the mouse lung ( 9 ) .  Also 

t h i s  f i n d i n g  stresses the need t o  c l a r i f y  the phys io log i ca l  f unc t i on  o f  the 

MeSOZ-PCB-binding pro te in .  
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