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H y d r o x y l a t e d a n d s u l f u r - c o n t a i n i n g m e t a b o l i t e s i n t h e f e c e s o f r a t s f e d 2 , 7 -
d i c h l o r o d i b e n z o - p - d i o x i n (DCDD) w e r e i n v e s t i g a t e d by g a s c h r o m a t o g r a p h y (GC) a n d 
CKT/mass s p e c t r o m e t r y . A t o t a l of s e v e n p h e n o l i c m e t a b o l i t e s , t h a t i s , h y d r o x y l a t e d 
and d i h y d r o x y l a t e d m o n o c h l o r o d i b e n z o - p - d i o x i n s / D C D D s , w e r e d e t e r m i n e d , w h i l e no 
s u l f u r - c o n t a i n i n g m e t a b o l i t e s c o u l d be d e t e c t e d . Two f u r t h e r m e t a b o l i t e s w e r e 
d e t e c t e d f rom t h e h y d r o x y l a t e d m e t a b o l i t e s f r a c t i o n a n d d e t e r m i n e d t o be a 
d i h y d o x y - d i c h l o r o b i p h e n y l ( D C B ) and a t r i h y d r o x y - D C B by c o m p a r i s o n w i t h mass s p e c t r a 
o f s y n t h e t i c s t a n d a r d s . 

INTRODUCTION 

S e v e r a l s t u d i e s have shown t h a t p o l y c h l o r i n a t e d d i b e n z o - p - d i o x i n s ( P C D D s ) a r e m a i n l y 
m e t a b o l i z e d t o g i v e monohydroxy- and dihydroxy-PCDDs i n a n i m a l s ( 1 - 3 ) . I n a d d i t i o n 
t o t h e s e h y d r o x y l a t e d m e t a b o l i t e s , s u l f u r - c o n t a i n i n g m e t a b o l i t e s s u c h a s 
methyl th io(MeS)-PCDDs have a l s o been found i n l o w e r c h l o r i n a t e d PCDD m e t a b o l i s m (1 ) . 
O u r p r e v i o u s s t u d y h a s d e m o n s t r a t e d t h a t 2 , 8 - d i c h l o r o d i b e n z o f u r a n ( D C D P ) i s 
m e t a b o l i z e d t o a s e r i e s o f s u 1 f u r - c o n t a i n i n g m e t a b o l i t e s , M e S - , 
m e t h y l s u l f o x i d e ( M e S O ) - a n d m e t h y l s u l f o r . e ( M e S 0 2 ) - D C D F a s m a j o r m e t a b o l i t e s , a l o n g 
w i t h p h e n o l i c m e t a b o l i t e s ( 4 - 5 ) . T h e r e f o r e , i n t h e m e t a b o l i s m of PCDD, MeSO- and 
McSOj-PCDD c o u l d be o t h e r p o t e n t i a l m e t a b o l i t e s . I n t h e p r e s e n t s t u d y , we e x a m i n e d 
f o r p h e n o l i c and s u l f u r - c o n t a i n i n g m e t a b o l i t e s i n t h e f e c e s o f r a t s g i v e n 2,7-DCDD 
i n o r d e r t o c l a r i f y t h e m e t a b o l i c p a t h w a y s of PCDD. 

MATERIALS AND METHODS 

C h e m i c a l s : 2,7-DCDD w a s p u r c h a s e d f rom t h e A n a l a b s ( N o r t h Haven ,USA) . 3 , 3 ' -
d i h y d r o x y - 4 , 4 ' - d i c h l o r o b i p h e n y l ( D C B ) was o b t a i n e d f r o m t h e U l t r a S c i e n t i f i c ( H o p e , 
USA).. Me thoxy- , d i m e t h o x y - , MeS- and MeS02-P<33Ds w e r e s y n t h e s i z e d from c a t e c h o l s and 
c h l o r o n i t r o b e n z e n e s a c c o r d i n g t o t h e method of Gray e t al^. (6) . Dimethoxy-DCBs w e r e 
s y n t h e s i z e d f rom 4 - c h l o r o - 2 - a m i n o a n i s o l e a n d 4 - c h l o r o a n i s o l e by t h e m e t h o d o f 
Cadogan ( 7 ) . The h y d r o x y - , d i h y d r o x y - P C D D s a n d d i h y d r o x y - D C B s w e r e p r e p a r e d f rom 
t h e c o r r e s p o n d i n g m e t h o x y - , d imethoxy-PCDDs and d imethoxy-EXBs by d e m e t h y l a t i o n w i t h 
B B r j ( 8 ) . 
A n i m a l s : 2,7-DCDD d i s s o l v e d i n c o r n o i l was g i v e n o r a l l y t o ma le W i s t a r r a t s l b o d y 
w t . a b o u t 210 g) a t a s i n g l e d o s e o f 10 m g / k g . F e c e s w e r e c o l l e c t e d d a i l y f o r 5 
d a y s a f t e r d o s i n g . 
A n a l v t i c a l P r o c e d u r e s : E x t r a c t i o n a n d c l e a n - u p p r o c e d u r e s f o r m e t a b o l i t e s w e r e 
p e r f o r m e d by t h e same p r o c e d u r e s d e s c r i b e d p r e v i o u s l y (5 ) . 
I n s t r u m e n t s : GC and GC/MS w e r e c a r r i e d o u t a s p r e v i o u s l y d e s c r i b e d (11 ) . 
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RESULTS AND DISCUSSION 

Masg s p e c t r a l p roper t i e s of hydroxylated PCDD 
In the dibenzo-p-dioxin molecule, there are two d i f fe ren t subs t i tu ted pos i t i ons : the 
1 - ( i d e n t i c a l t o the 4 - , 6- and 9-) and the 2 - ( i d e n t i c a l t o the 3 - , 7- and 8-) 
p o s i t i o n s . The mass spect ra of trimethylsilylated(TMS) der iva t ives of 1-hydroxy-
and 2-hydroxy-dibenzo-p-dioxin are shown in Fig. 1. The major fragment ion of both 
isomers was IM-CH3I*. However, d i f f e ren t r e l a t i v e in t ens i ty of t h i s fragment pealt 
was obse rved . As seen in F ig . 1, i f the hydroxy group i s in the 1 - p o s i t i o n , 
f ragment [M-CHjl^lat m/z 257) was observed a s base peak, whi le t h e 2-hydroxy-
dibenzo-p-dioxin did not give t h i s fragment as base peak, molecular ion M*( a t m/z 
272) b e i n g the base peak. This d i a g n o s t i c d i f f e r e n c e in mass s p e c t r a of the two 
d i f f e r en t hydroxy subs t i t u t ed d ibenzo-p-dioxin was a l s o recogn ized in the case of 
monOchlorodibenzo-p-dioxins(MCDDs) and DCDDs. As an example, Fig. 2 demonstrates the 
mass s p e c t r a of hydroxy-MCDDs s y n t h e s i z e d . Again, the r e l a t i v e i n t e n s i t y of [M-
CHjl'^ fragment d i f fe red s i g n i f i c a n t l y , depending on the pos i t ions of hydroxy group. 
MCDDs with a hydroxy group in the 1-position showed fragment (M-CHj)"^ as base peak. 
On the o ther tiand, the isomers having hydroxy group a t the 2-posi t ion gave M*(at m/z 
305) as base peak. I t appears t h a t the pos i t ion of a hydroxy group in the dibenzo-p-
dioxin molecule can be determined by the mass spectra of TMS. de r iva t ive of hydroxy-
PCDD. 

I t i s noteworthy ttiat the mass spectrum of TMS der iva t ive of hydroxy-PCDD I s useful 
no t on ly for t h e p o s i t i o n of a hydroxy group, but a l s o for the p o s i t i o n of 
s u b s t i t u t e d chlor ine atom. As can be seen in Fig. 2, when the chlor ine atom being 
adjacent to a hydroxy group, fragment (M-51 l*(at m/z 255) was c h a r a c t e r i s t i c for 
t h i s c a s e , whi l e t h e c h l o r i n e atom being not a d j a c e n t , [M-501*(at m/z 256) was 
obse rved as major f ragment ion . In a d d i t i o n , f ragments of m/z 93 and 95 due t o 
migra t ion of ch lor ine atom to s i l i cone indicated the presence of chlor ine atom and a 
hydroxy group in the same benzene r ing . 
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F ig . 1 Mass spect ra of TMS de r iva t ives of hydroxy-dlbenzo-p-dioxins 

Hydroxylated metabol i tes 
Fig.3 shows the mass spect ra of a main metaboli te ( I ) , an accompanying isomer (II) 
and an a u t h e n t i c r e f e r e n c e compound. The both m e t a b o l i t e s (I and I I ) e x h i b i t e d 
d i agnos t i c fragment ions such as weak IM-CHjl+ and [M-51 1*, which are c h a r a c t e r i s t i c 
for 2-hydroxy-PCDD having chlor ine atom adjacent to the hydroxy group as described 
above. Comparison of t h e r e t e n t i o n t imes on GC and GC/MS r e v e a l e d t h a t main 
metabo l i t e (I) was i d e n t i c a l with the reference compound (the exact s t r u c t u r e i s not 
d e t e r m i n e d so f a r ) in F ig . 3. Thus, I and I I were assumed t o be 3-OH-2,7-DCDD and 
3-OH'2,8-DCDD, r e spec t ive ly , i n d i c a t i n g the NIH s h i f t f o l l o w i n g an 2 ,3 - a r en oxide 
formation. 
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Fig. 2 Mass spectra of TMS der iva t ives of hydroxy-MCDD standards 

A dechlor inated phenolic metaboli te ( I I I ) was determined. In comparison with mass 
spectra and GC re ten t ion times of synthesized hydroxy-MCBDs, I I I was iden t i f i ed as 
7-hydroxy-2-MCDD or 8-hydroxy-2-MCDD ( See Fig . 2). The f eca l e x c r e t i o n of t h i s 
m e t a b o l i t e ( I I I ) amounted t o 0.01 i of dose du r ing 5 days a f t e r a d m i n i s t r a t i o n . 
Then, i t appears t h a t t h i s h y d r o l y t i c d e c h l o r i n a t i o n i s no t a major m e t a b o l i c 
pathway in the metabol ism of 2,7-DCDD. The a d d i t i o n a l m e t a b o l i t e s were one 
dihydroxy-MCDD (IV) and three isomeric dihydroxy-DCDDs (V, VI and VII), but we were 
not able to e lucidate the s t ruc tures of these dihydroxylated metabol i tes a t present . 
F u r t h e r m o r e , two minor m e t a b o l i t e s (VIII and IX) were de te rmined frora the 
hyd roxy la t ed m e t a b o l i t e s f r a c t i o n a t the f i r s t day. The mass s p e c t r a of TMS 
d e r i v a t i v e s of VIII and IX showed intense M* a t m/z 398 and 486, respec t ive ly , with 
d i a g n o s t i c i s o t o p e pealcs due to 2 c h l o r i n e s u b s t i t u e n t s . These molecu la r we igh ts 
(MW) do not correspond t o those of hydroxy-DCDD(MW: 340 as TMS d e r i v a t i v e ) or 
dihydroxy-DCDD(MW:428 as TMS der iva t ive ) . Metaboli tes VIII and IX were presumed t o 
be dihydroxy-DCT and trihydroxy-DCB, r e s p e c t i v e l y , from t h e i r molecu la r i o n s . To 
d e t e r m i n e the p o s t u l a t e d t he se m e t a b o l i t e s and the s i t e s of the hydroxy groups 
s u b s t i t u t e d to the biphenyl r ings , some dihydroxy-DCBs were synthesized and t h e i r 
mass spec t ra were inves t igated. The mass fragmentation p a t t e m s of TMS de r iva t ives 
of dihydroxy-DCBs were very spec i f ic , depending on the pos i t ions of the two hydroxy 
groups. 3,3'-(OH)2-4,4'-DCB gave M* a t m/z 398 as base peak, major fragment ion IM-
151*(at m/z 383), minor fragment ions lM-501*(at m/z 348), (M-123)*(at m/z 247) and 
fragment ions of m/z 93 and 95. 5,6'-(OH)2-2,3'-DCB a l s o showed i n t e n s e M*, major 
fragment tM-123]*, minor fragment [M-15]* and fragment ions of m/z 93 and 95. On 
the o t h e r hand, 6,6'-(0H)2-3,3'-DCB which has the two hydroxy groups a t the 2 ( 2 ' ) -
and 6(6 ' ) -pos i t ions , exhibi ted Intense M'̂  and a few wealc fragment ions such as [M-
151* . The mass f r agmenta t ion p a t t e r n and the r e t e n t i o n t ime of m e t a b o l i t e VI I I 
were q u i t e s imi la r to those of 6,6'-(OH)2-3,3'-DCB. Thus, VIII was determined t o be 
a dihydroxy-DCB having t h e two hydroxy groups a t 2 ( 2 ' ) - and 6 ( 6 ' ) - p o s i t i o n s of 
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F i g . 3 Mass s p e c t r a of m e t a b o l i t e s ( I and I I ) and an a u t h e n t i c hydroxy-DCUD 
a s TMS d e r i v a t i v e s 

b i p h e n y l r i n g . T h i s m e t a b o l i t e was t e n t a t i v e l y c o n s i d e r e d t o bo formed by c l e a v a g e 
of t h e C - 0 b o n d o f t h e d i b e n z o - p - d i o x i n r i n g , b e c a u s e t h e t w o h y d r o x y g r o u p s 
a t t a c h e d a t t h e o r t h o p o s i t i o n s of t h e b i p h e n y l r i n g . F o r m a t i o n of such a compound 
r e s u l t i n g f rom c l e a v a g e of C-0 bond h a s a l s o b e e n f o u n d i n t h e m e t a b o l i s m o f 
p o l y c h l o r i n a t e d d i b e n z o f u r a n s ( 9 - 1 1 ) , b u t n o t i n PCDD m e t a b o l i s m . T h e f e c a l 
e x c r e t i o n o f m e t a b o l i t e V I I I w a s e s t i m a t e d t o bo 0.01 % of d o s e . T h i s m e t a b o l i c 
pa thway from PCDD s t i l l r e m a i n s t o be e l u c i d a t e d . 
S u l f u r - c o n t a i n i n g m e t a b o l i t e s 

No s u l f u r - c o n t a i n i n g m e t a b o l i t e s c o u l d b e d e t e c t e d i n t h e f e c e s , e v e n t h o u g h t h e 
c h e m i c a l s t r u c t u r e of 2,7-DCDD i s v o r y s i m i l a r t o t h a t of 2,8-DCDF, wh ich h a s been 
found t o g i v e r i s e t o s u l f u r - c o n t a i n i n g m e t a b o l i t e s ( 4 - 5 ) . 
E x c r e t i o n of 2,7-DCDD, h y d r o x y - and dihydroxy-MCDDs/DCDDs 
F e c a l e x c r e t i o n of 2,7-DCDD a m o u n t e d t o 2 3 . 9 % of t h e d o s e d u r i n g t h e f i r s t t h r e e 
d a y s . H o w e v e r , t h e u n c h a n g e d 2,7-DCDD w a s n o t d e t e c t e d on f o u r a n d f i v e d a y s . 
H y d r o x y l a t e d m e t a b o l i t e s were d e t e c t e d a t t h e f i r s t two d a y s and t h e f e c a l e x c r e t i o n 
of h y d r o x y - and dihydroxy-MCDDs/DCBDs were 1.4 % and 0.3 % of d o s e , r e s p e c t i v e l y . 
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