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DRUG AND CHEMICAL TOXICOLOGY, 7 (3 ) ,  213-227 (1984) 

EXTRA-HEPATIC GSH-DEPENDENT METABOLISM O F  1,2-DIBROMOETHANE (DBE) 
AND 1,2-DIBROMO-3-CHLOROPROPANE (DBCP) 

I N  THE RAT AND MOUSE 

R. T. MacFarlanda, A. J ,  Gandolfib,  I. G .  S ipesb  
Toxicology Programa and 

Department of Pharmacology and Toxicologyb 
College of Pharmacy 

Univers i ty  of Arizona 
Tucson, AZ 85721 

ABSTRACT 

Although DBE i s  metabolized by both microsomal and c y t o s o l i c  
pathways, i t  is t h e  l a t t e r ,  GSH-dependent rou te ,  t h a t  may l e a d  t o  
h e p a t i c  and ex t ra- hepa t i c  geno tox ic i ty  and mutagenici ty .  As both 
DBE and DBCP e x h i b i t  predominantly ex t ra- hepa t i c  t O X i C i t j ,  t h e i r  
i n  v i t r o  GSH-dependent debromination was measured i n  c y t o s o l i c  
f r a c t i o n s  prepared from l i v e r ,  kidney, testes and stomachs o f  
Sprague-Dawley r a t s  and Swiss-Webster mice. There was a marked 
species d i f f e r e n c e  between t h e  r a t  and mouse, v i t h  t h e  r a t  meta- 
b o l i z i n g  DBCP more r a p i d l y  than  DBE, and t h e  mouse metabol iz ing 
DBE more r a p i d l y  than  DBCP. Hepatic rates exceeded t h o s e  seen  i n  
extra- hepat ic  t i s s u e s  i n  every case .  Extra- hepat ic  rates of de- 
bromination represented as much a s  84% of t h e  h e p a t i c  rates, and 
genera l ly  followed t h e  o rder :  kidney > testes > stomach. Rates 
of metabolism f o r  DBE and DBCP represented on ly  a small f r a c t i o n  
of t h e  t o t a l  c y t o s o l i c  GSH S- t rans fe rase  a c t i v i t y .  These f ind-  
ings  suggest s i g n i f i c a n t  l e v e l s  of GSH-dependent metabolism may 
occur w i t h i n  those  t i s s u e s  a s s o c i a t e d  with  t h e  i n  vivo t o x i c i t y  
of DBE and DBCP. 

-- 

INTRODUCTION 

1,2-Dibromoethane (DBE, e thy lene  dibromide, EDB) and 

1,2-dibromo-3-chloropropane (DBCP) have both been widely used f o r  
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214 MAC FARLAND, GANDOLFI, AND SIPES 

a g r i c u l t u r a l  purposes  a s  nematocides i n  t h e  c o n t r o l  of 

roundworms. DBE i s  a l s o  used e x t e n s i v e l y  a s  a l e a d  scavenger  

component i n  l eaded  gaso l ine . '  The t o x i c i t i e s  of DBE and DBCP 

are predominantly e x t r a- h e p a t i c .  DBCP and DBE have been shown t o  

produce t o x i c i t y  towards  t h e  male r e p r o d u c t i v e  sys t em i n  a number 

of  s p e c i e s .  2 9 3 9 4  Nephro tox ic i ty  h a s  a l s o  been r e p o r t e d  i n  a 

number of s p e c i e s  f o l l o w i n g  exposure  t o  b o t h  DBE and DBCP.5 I n  

the  c a s e  of DBCP, ev idence  appea r s  t o  i n d i c a t e  t h e  proximal 

convoluted  t u b u l e  as t h e  primary s i t e  of damage i n  t h e  

kidney.  3 

DBE and DBCP have both  been shown t o  produce c a n c e r s  i n  

l a b o r a t o r y  an ima l s  when admin i s t e red  i n  r e p e a t e d  doses .  Squamous 

c e l l  me tap la s i a ,  h y p e r p l a s i a  and cytomegaly of t h e  r e s p i r a t o r y  

n a s a l  t u r b i n a l s ,  a s  w e l l  as  of t h e  l a r y n x ,  t r a c h e a ,  b ronch i  and 

b ronch io le s  were r e p o r t e d  i n  bo th  rats  and mice when exposed t o  

t h e s e  compounds v i a  t h e  i n h a l a t i o n  r o u t e .  Chronic o r a l  

a d m i n i s t r a t i o n  of e i t h e r  DBE or DBCP produced squamous c e l l  

I carcinomas i n  t h e  fores tomach of bo th  ra t s  and mice. 

DBE and DBCP a r e  mutagenic i n  b a c t e r i a l  t e s t  sys tems wi th  t h e  

a d d i t i o n  o f  some type  of enzymatic a c t i v a t i n g  system.' For 

DBE, mu tagen ic i ty  h a s  been shown t o  be NADPH-independent, and 

enhanced by t h e  a d d i t i o n  of exogenous reduced g l u t a t h i o n e .  9 

R e s u l t s  from a number of s t u d i e s  have shown t h a t  DBE and t h e  

c h l o r i n a t e d  ana log  1 .2- dichloroethane  a r e  con juga ted  w i t h  GSH v i a  

t h e  g l u t a t h i o n e  S- t r a n s f e r a s e s .  The c o n j u g a t e  undergoes 
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in t ra- molecular  rearrangement t o  form the  h i g h l y  r e a c t i v e  

episul fonium ion ,  which p r e f e r e n t i a l l y  b inds  t o  n u c l e i c  

a c i d s .  'OB1' Therefore ,  b io t rans fo rmat ion  by g l u t a t h i o n e  

t r a n s f e r a s e s  appears  t o  r e s u l t  i n  the fo rmat ion  of a 

mutagenic/carcinogenic me tabo l i t e .  Since  GSH- transferase 

a c t i v i t i e s  are o f t e n  high i n  ex t ra- hepa t i c  t i s s u e s ,  t h e  

GSH-dependent b i o t r a n s f  ormation of DBE and DBCP us ing  c y t o s o l  

obta ined from rat and mouse kidney, testes,  stomach and l i v e r  was 

compared, 

METHODS 

Chemicals 

1,2-Dibromoethane (Matheson, Coleman and B e l l ,  Norwood, OH) 

w a s  r e d i s t i l l e d  p r i o r  t o  use.  1,2-Dibromo-3-chloropropane was 

purchased from P f a l t z  and Bauer, I n c . ,  Stamford CN. Reduced 

g l u t a t h i o n e ,  l-chloro-2,4-dinitrobenzene ( r e c r y s t a l l i z e d  from 

e t h a n o l  p r i o r  t o  use )  and serum albumin s t o c k  s o l u t i o n  were 

obta ined from t h e  Sigma Chemical Co., S t .  Louis ,  MO. Bromide 

s t andard  s o l u t i o n  was purchased from Orion Research I n c . ,  

Cambridge, MA. 

Animals 

Male Sprague-Dawley rats  (250-350 g )  housed 2-4 p e r  cage were 

obta ined from H i l l t o p  Labora to r i e s ,  H i l l t o p ,  PA. Male 

Swiss-Webster mice (25-40 g )  were purchased from Char les  R ive r  
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Breeding Labora to r ies  Inc. ,  Wilmington, MA and housed 4-6 per  

cage. A l l  animals were provided food (Wayne Lab Blox) and water 

ad l ib i tum p r i o r  t o  terminat ion.  - 

Preparat ion of C e l l u l a r  F rac t ions  

Hepatic and ex t ra- hepa t i c  c y t o s o l i c  f r a c t i o n s  were prepared 

From r a t s  and mice by procedures s i m i l a r  t o  those  desc r ibed  by 

Sipes ,  e t  a l .  l2 A t  

stomachs were removed 

sucrose.  Like- t issues  

volumes of cold  0.05 M 

terminat ion,  l i v e r s ,  k idneys ,  testes and 

and immediately placed i n  ice- cold 0.05 M 

were pooled, weighed and homogenized i n  3 

T r i s - H C 1 ,  1.15% KC1, a t  pH 7.4. Liver and 

t e s t e s  were homogenized by hand using a Dounce t i s s u e  homogenizer 

(Vineland, N J ) ,  wh i le  kidney and stomach t i s s u e s  were homogenized 

a t  low speed f o r  30-60 sec i n  g l a s s  g r ind ing  tubes  wi th  power 

d r iven  Teflon p e s t l e s  (A.H. Thomas, Ph i l ade lph ia ,  PA). 

Cytosol ic  Eract ions  were prepared by d i f f e r e n t i a l  

c e n t r i f u g a t i o n  a t  4OC. The r e s u l t i n g  100,000 x g superna tan t  

f r a c t i o n s  were f i l t e r e d  through g l a s s  wool and d ia lyzed  a g a i n s t  

1.5 L of 0.05 M Tr i s -KC1 buf fe r ,  pB 7.4, f o r  18 h r .  During t h i s  

t i m e  the  b u f f e r  was changed t h r e e  t i m e s .  

Transferase  A c t i v i t i e s  i n  Cytosol ic  F r a c t i o n s  

The rate of formation of t h e  product of enzymatic r e a c t i o n  

between GSH and t h e  s u b s t r a t e  l-chloro-2,4-dinitrobenzene was 

measured by monitoring a n  i n c r e a s e  in absorbance a t  340 nm. The 
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r e a c t i o n  mixture c o n s i s t e d  of the  fol lowing:  1 mM g l u t a t h i o n e ,  

0.001-0.1 mg/ml c y t o s o l i c  p r o t e i n ,  1 mM ch lo rod in i t robenzene ,  i n  

a 3 m l  f i n a l  volume of 0.1 M potassium phosphate b u f f e r ,  pH 6.5, 

a t  25OC. Reference c u v e t t e s  were i d e n t i c a l l y  p repared ,  except  

t h e  GSH was omit ted.  S p e c i f i c  a c t i v i t i e s  were c a l c u l a t e d  using 

an e x t i n c t i o n  c o e f f i c i e n t  value of 9.6 mM-l c m  , a s  

determined by Habig e t  a l l 3  f o r  t h i s  s u b s t r a t e .  

-1 

I n  Vi t ro  Biotransformat ion of DBE and DBCP 

L ibera t ion  of inorgan ic  bromide was used t o  a s s e s s  the  degree  

of biot ransformat ion of DBE and DBCP. Incuba t ions  were c a r r i e d  

ou t  i n  1 2  m l  screw-top c u l t u r e  tubes .  React ion mixtures  

cons i s t ed  of t h e  fol lowing:  1 mM s u b s t r a t e  (DBE or DBCP d i s so lved  

i n  e t h a n o l ) ,  0.5-5.0 mg/ml c y t o s o l i c  p r o t e i n ,  1 o r  5 mM GSH, i n  a 

2 m l  t o t a l  volume of 0.05 M Tris-HC1,  1.15% KC1 b u f f e r ,  pH 7.4. 

Experimental b lanks  were i d e n t i c a l ,  except  t h e  GSH was omit ted.  

Samples were incubated i n  a 37OC water  b a t h  for t h e  va r ious  

pe r iods  of t i m e .  React ions  were terminated by f r e e z i n g  i n  a 

methano1:dry ice bath .  

Frozen samples from c y t o s o l i c  incuba t ions  t o  be analyzed for 

t h e  presence of f r e e  inorgan ic  bromide were l y o p h i l i z e d  t o  remove 

unreacted parent  compound. Samples were rehydrated w i t h  

d i s t i l l e d  water ,  and t h e  bromide ion c o n c e n t r a t i o n  determined 

using t h e  gas  chromatography method of Maiorino e t  a l .  1 4  
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S ta t i s t i c s  

The unpaired S tuden t ' s  t-test was used t o  eva lua te  

d i f f e r e n c e s  between two means. For t h r e e  or more groups,  one-way 

a n a l y s i s  of va r iance ,  in con junct ion wi th  the  l e a s t  s i g n i f i c a n t  

d i f f e r e n c e  (LSD) t e s t  was employed. Groups were judged 

s i g n i f i c a n t l y  d i f f e r e n t  when a p value of less than  0.05 was 

obtained,  

RESULTS 

The var ious  r a t e s  of g l u t a t h i o n e  S- t r a n s f e r a s e  a c t i v i t y  among 

hepa t i c  and ex t ra- hepa t i c  t i s s u e s  of t h e  r a t  and mouse using 

l-chloro-2,4-dinitrobenzene a s  a s u b s t r a t e  a r e  p resen ted  in Table 

1. Tn t h e  r a t ,  t h e  l i v e r  and testes had t h e  h i g h e s t  a c t i v i t i e s .  

Ac t iv i ty  i n  the  kidney and stomach was cons ide rab ly  less. In the  

mouse, t h e  l i v e r  a l s o  e x h i b i t e d  t h e  h ighes t  equ iva len t  a c t i v i t y ,  

followed by the  kidney,  tes tes  and stomach. 

Optimization of In Vit ro  Conditions 

In o r d e r  t o  p e r m i t  in te r- spec ies  comparison i n  t h e  r a t e s  of 

GSH-dependent metabolism of DBE and DBCP, e f f o r t  was made t o  

optimize the  v i t r o  enzymatic cond i t ions .  Using h e p a t i c  

c y t o s o l i c  f r a c t i o n s ,  r e a c t i o n s  were determined t o  be l i n e a r  wi th  

respect t o  p r o t e i n  concen t ra t ion  over  t h e  range of 0.5 t o  5.0 

mg/ml. A concen t ra t ion  of 5 mM GSH was s e l e c t e d  s i n c e  i t  

produced maximal enzymatic bromide release without  producing a 
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H e p a t i c  and  E x t r a- h e p a t i c  Metabol i sm of  lY2-Dibromoethane  and  
1,2-Dibromo-3-chloropropane in t h e  Rat and  Mouse Exp re s sed  a s  a 
P e r c e n t a g e  of O v e r a l l  T i s s u e  T r a n s f e r a s e  A c t i v i t y .  

Rat T o t a l  GSH S -  DBE DBCP 

T i  s suea  a c t i v i t y  RateC % T o t a l d  RateC %To ta ld  
t r a n s f e r a s e  

L i v e r  815+100 - 5.76 0.71 16 .60  2.05 

151+45 3.14 2.08 8.11 5.36 

T e s t e s  615+72 - 0.84 0.14 7.24 1 .17  

79+29 0.56 0 .71  6.30 7.97 Stomach 

Kidney - 

- 

Mouse T o t a l  GSH S -  DUE DBCP 

T i s suea  a c t i v i t y b  RateC %To ta ld  RateC %To ta l d  
t r a n s f  erase 

1891+401 19.14 1 .01  1 . 6 0  0.09 

573+87 16.07 2.80 0.36 0.07 

406+109 11.80 2.91 0 .51  0.13 

281+97 7.80 0.17 0.27 0.10 

- L i v e r  

Kidney - 
- Testes 

Stomach - 

a T e s t e s  and s tomach s u p e r n a t a n t s  were pooled .  L i v e r  and  k i d n e y  
were i n d i v i d u a l  s u p e r n a t a n t s  

bnmoles 1-chloro-2 4- d in i t r obenzene  consumed/mg c y t o s o l i c  
p r o t e i n  /min 

Cnmoles DBE- o r  DBCP-derived i n o r g a n i c  bromidelmg c y t o s o l i c  
p r o t e i n  /min 

dDBE o r  DBCP ra te  d i v i d e d  by t o t a l  t ransferase rate xl00 
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s i g n i f i c a n t  non-enzymatic e f f e c t .  Reactions were l i n e a r  wi th  

respec t  t o  time f o r  a t  l e a s t  5 min, wi th  t h e  excep t ion  of mouse 

l i v e r  c y t o s o l  us ing  DBE as t h e  s u b s t r a t e ,  where a decrease  i n  

l i n e a r i t y  was noted between 2 and 5 min. Rates presented a r e  

based on l i n e a r  r eg ions  of enzyme a c t i v i t y .  

Hepatic and Extra- hepat ic  GSH-Dependent Metabolism of DBE and DBCP 

Figure 1 compares the  rates of GSH-dependent, enzymatic 

bromide release from DBE and DBCP when var ious  c y t o s o l s  from rats 

and mice were used. For DBE, t h e  h ighes t  a c t i v i t i e s  f o r  bromide 

release were found i n  mouse l i v e r  c y t o s o l ,  which was 

approximately t h r e e  times more a c t i v e  than  r a t  l i v e r  cy toso l .  

The a c t i v i t i e s  i n  mouse kidney, testes and stomach c y t o s o l s  were 

a l s o  g r e a t e r  than  those  f o r  t h e  corresponding r a t  t i s s u e s .  

A marked spec ies  d i f f e r e n c e  i n  t h e  rate of GSH-dependent 

debromination of DBCP was a l s o  observed. For t h i s  compound, t h e  

r a t  c y t o s o l s  showed t h e  g r e a t e s t  a c t i v i t i e s .  L iver  c y t o s o l  

a c t i v i t i e s  were roughly twice those  obtained w i t h  t h e  kidney, 

testes o r  stomach. For a l l  t i s s u e s ,  t h e  r a t  c y t o s o l s  were 

approximately 10 times more a c t i v e  than t h e  corresponding t i s s u e s  

of the  mouse. 

The r a t e s  of GSH-dependent debromination of DBE and DBCP by 

t h e  var ious  t i s s u e s  of t h e  rat and mouse represen t  only  a small 

percentage of t h e  t o t a l  GSH S- transferase  a c t i v i t y  i n  t h a t  t i s s u e  

(Table I ) .  For DBE, t h e  kidney c y t o s o l s  of both  s p e c i e s  and t h e  
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I 

liver 

DBE 

1 
Rat 

0 Mouse 

kidney testes stomach 

DBCP Rat 

0 Mouse 

liver kidney testes stomach 

FIG. 1 GSII-Dependent Metabolism of DBE and DBCP by Hepatic and 
Extra-hepatic Cytosols of the Rat and Mouse. In Vitro 
conditions: 1 mg/ml cytosolic protein, 5 mM GSH, 1 DBE or 
DBCP. 

asignificant differences bet we en he pat i c and 
extra-hepatic rates (p < 0.05). 
bsignif icant differences between kidney and other 
extra-hepatic rates (p < 0.05). 
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cy toso l  of mouse testes e x h i b i t e d  t h e  

g r e a t e s t  s p e c i f i c  a c t i v i t y  r e l a t i v e  t o  t o t a l  g l u t a t h i o n e  

S- transferase  a c t i v i t y .  Gluta thione S- t rans fe rase  a c t i v i t y  

towards DBE appears  t o  represen t  a somewhat lower proport ion of 

the  o v e r a l l  a c t i v i t y  i n  t h e  l i v e r  and stomach t i s s u e s  of both  

species .  The g l u t a t h i o n e  S- t rans fe rases  w i t h  s i g n i f i c a n t  l e v e l s  

of a c t i v i t y  towards DBCP were most concen t ra ted  i n  t h e  stomach 

and kidney of t h e  rat.  I n  t h e  mouse, t h e s e  a c t i v i t i e s  

represented only 0.1% of t h e  a c t i v i t y .  

DISCUSSION 

A marked species d i f f e r e n c e  between t h e  r a t  and mouse was 

observed f o r  t h e  GSII-dependent debromination of DBE and DBCP i n  

a l l  t i s s u e s  examined. I n  the  r a t ,  r a t e s  of metabolism of DBCP 

were s i g n i f i c a n t l y  g r e a t e r  than  those  observed f o r  DBE i n  each of 

t h e  four  t i s s u e  c y t o s o l s .  The reverse  s i t u a t i o n  was seen f o r  t h e  

mouse cy toso l s ,  where DBE underwent much g r e a t e r  r a t e s  of 

debromination than  DBCP. 

I f  the  GSH-dependent rou te  is c e n t r a l  t o  t h e  format ion of t h e  

t o x i c  species formed from t h e s e  two compounds, a p o s i t i v e  

r e l a t i o n s h i p  between GSH-dependent enzymatic r a t e s  and 5 viva 

t o x i c i t y  would be expected. DBCP, which is more r e a d i l y  

metabolized a long a GSH-dependent r o u t e  by t h e  r a t  than  the  

mouse, appears t o  be a much more po ten t  t o x i c a n t  i n  t h e  rat.  

Chronic s t u d i e s  i n  which DBCP was adminis tered o r a l l y  t o  r a t s  and 
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mice i n d i c a t e  t h a t  much lower doses  were r e q u i r e d  i n  rats 

compared t o  mice, t o  produce comparable t o x i c i t y .  ',15 I n  one 

such s tudy,  t h e  maximally t o l e r a t e d  doses  of DBCP when 

adminis tered by gavage were 30 mg/kg i n  t h e  rat ,  v e r s u s  260 mgjlrg 

i n  t h e  mouse. l5 A c lea r- cu t  d i f f e r e n c e  i n  s p e c i e s- s p e c i f i c  

potency does n o t  appear  t o  e x i s t  however, for DBE i n  rats and 

mice. Clea r ly ,  a number of complicat ing f a c t o r s  p reaen t  i n  t h e  

whole animal model l i m i t  t h e  degree t o  which t h e  i n  v i t r o  d a t a  

can be i n t e r p r e t e d .  

Although r a t e s  of debromination vary between compounds and 

s p e c i e s ,  t h e  a c t i v i t i e s  of t h e  four  t i s s u e s  r e l a t i v e  t o  one 

ano ther  a r e  s i m i l a r ,  wi th  t h e  l i v e r  e x h i b i t i n g  t h e  h i g h e s t  rate 

i n  every case.  A s i m i l a r  p a t t e r n  among l i v e r  and ex t ra- hepa t i c  

r a t  t i s s u e  c y t o s o l s  us ing DBE a s  a s u b s t r a t e  has  been repor ted  by 

H i l l . ' '  This  p a t t e r n  i s  aga in  seen using t h e  f o u r  t i s s u e  

c y t o s o l s  from t h e  rat and mouse, and t h e  s t andard  c o l o r i m e t r i c  

s u b s t r a t e  l-chloro-2,4-dinitrobenzene (Table 1). The only 

except ion i s  seen i n  t h e  ra t ,  where a g r e a t e r  a c t i v i t y  w a s  seen  

f o r  the  tes tes  compared t o  t h e  kidney. 

The d i s t r i b u t i o n  of c y t o s o l i c ,  a s  w e l l  as microsomal, 

t r a n s f e r a s e  a c t i v i t y  i n  t h e  r a t  has previousoly been examined 

using c hlo  rod i n i  t ro  benzene. l7 Rates of c y t o s o l i c  metabolism 

were comparable t o  those  seen i n  t h e  c u r r e n t  s tudy ,  but  

d i f f e r e n c e s  were observed i n  the  r e l a t i v e  a c t i v i t i e s  of t h e  

va r ious  t i s s u e s .  I n  p a r t i c u l a r ,  very h igh  rates were seen  for 
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the  testes,  exceeding even those  seen  us ing  h e p a t i c  cy toso l .  

These i n c o n s i s t e n c i e s  may be t h e  r e s u l t  of d i f f e r e n c e s  i n  t h e  

methods used i n  t h e  p repara t ion  of s u b c e l l u l a r  f r a c t i o n s .  

Both DBE and DBCP are r e a d i l y  metabolized us ing  h e p a t i c  and 

extra- hepat ic  c y t o s o l s .  When expressed as percentages  of t h e  

o v e r a l l  t r a n s f e r a s e  a c t i v i t y  i n  each t i s s u e ,  however, t h e s e  rates 

represent  only a f r a c t i o n  of the  o v e r a l l  a c t i v i t y  (Table 1 ) .  

Expression of t h e  d a t a  i n  t h i s  manner may i n d i c a t e  t h e  r e l a t i v e  

predominance of those  t r a n s f e r a s e  forms involved i n  the  

metabolism of s h o r t - c h a i n  organohalogens. I n  g e n e r a l ,  t h e s e  

r e s u l t s  i n d i c a t e  a g r e a t e r  p ropor t ion  of t h i s  t y p e  of t r a n s f e r a s e  

a c t i v i t y  i n  ex t ra- hepa t i c  t i s s u e s  compared t o  l i v e r .  Such a 

s i t u a t i o n  would i n c r e a s e  t h e  l i k e l i h o o d  of a n  ex t ra- hepa t i c  t o x i c  

response,  e s p e c i a l l y  i f  t h e  GSH-dependent pathway predominates 

over  cytochrome P-450 mediated b io t rans format ion  of these  

compounds i n  ex t ra- hepa t i c  t i s s u e s .  

Although h e p a t i c  r a t e s  of debromination exceed those  seen i n  

t h e  o the r  t i s s u e s  f o r  DBE and DBCP i n  t h e  r a t  and mouse, n e i t h e r  

compound i s  c h a r a c t e r i z e d  a s  being predominantly hepatotoxic .  A 

poss ib le  exp lana t ion  may l i e  i n  t h e  r e l a t h e  propor t ion  of t h e  

parent  compound being metabolized a long a GSH-dependent r o u t e ,  

versus t h a t  amount i n i t i a l l y  e n t e r i n g  i n t o  a cytochrome 

P45O-mediated o x i d a t i v e  pathway. Using tetradeutero-DBE, Van 

Bladeren e t  a l l 8  es t imated t h a t  the  predominant & viva 

biotransformat ion was mediated by t h e  microsomal P-450 pathway, 

accounting f o r  approximately 80% of t h e  t o t a l  b iot ransformat ion.  
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These e s t i m a t e s  were, however, based on l e v e l s  of u r i n a r y  

metabo l i t e s  and, as such, may no t  r e f l e c t  the  r e l a t i v e  

s i g n i f i c a n c e  of the  two pathways w i t h i n  s p e c i f i c  t i s s u e s  or 

organs.  

Evidence f o r  a unique mechanism of GSH-dependent 

b i o a c t i v a t i o n  f o r  DBE, coupled with  an observed p a t t e r n  of 

ex t ra- hepa t i c  t o x i c i t y  f o r  both  DBE and DBCP, may i n d i c a t e  a r o l e  

f o r  ex t ra- hepa t i c  metabolism i n  the  development of t o x i c i t y .  

Findings  i n  t h e  c u r r e n t  s tudy  show bo th  compounds t o  be r e a d i l y  

metabolized us ing  c y t o s o l i c  p repara t ions  from r a t  and mouse 

t i s s u e s .  Fur the r  s t u d i e s  comparing t h e  r e l a t i v e  rates of 

P450-mediated Phase I metabolism t o  GSH con juga t ion  w i t h i n  t h e  

va r ious  t i s s u e s  may provide more informat ion concerning the  r o l e  

of t h e  GSH-dependent pathway i n  t h e  t o x i c i t y  of DBE and DBCP. 
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