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ABSTRACT 
Exposure of Wistar r a t s t o 3 ,3 ' , 4 , 4 ' - t e t r ach lo rob ipheny l (TCB) resu l ted in a 

d r a s t i c reduct ion of h ^ M t i c thyro id hormone 5 ' -deiodinase (5'-D) a c t i v i t y . In v i t r o 
s t u d i e s revealed ccnpe t i t i ve i n h i b i t i o n of hepat ic 5'-D a c t i v i t y by monohydroxy meta­
b o l i t e s of TCB, but not by t h e parent oaipound TCB. 

INIRDDOCnON 

seve ra l t a r g e t p ro t e in s have been reported t o be involved in the onset of d i s ­

t i n c t pathobiochsniceil changes irduced by tox ic congeners of polyhalogenated a r ana t i c 

ccnpounds, sud i as polychlor inated biphenyls (PCBs). Ttie roast fami l ia r an3 most thou­

roughly inves t iga ted t a r g e t p ro t e in , d i r e c t l y involved in microscnal enzyme induction, 

i s t h e c y t o s o l i c Ah-receptor [ 1 ] . The Ah-receptor p ro te in , upon binding of t o x i c 

parent ccnpounds, such as 2 ,3 ,7 ,8- te t rachlorodibenzo-p-dioxin (TCEO) and TCB, mediates 

t h e onset of "do novo" syn thes i s of cytochrcme P450IA]^ ard acocopanying ethoxyresoru­

f in -o-dee thy lase (EROO) and arylhydrocarbon hydroxylase (AHH) a c t i v i t i e s , in p a r t i c u ­

l a r [ 2 , 3 ] . 

Another, more recen t ly discovered tcuget pro te in for t o x i c PCBs ard r e l a t e d 

ccnpounds i s t r a n s t h y r e t i n (TIR), a p ro te in involved in the plasma t r anspor t of t hy ­

r o i d hormone and vitamin A ( 4 , 5 ) . Binding of, pr imar i ly , monohydroxy metabol i tes of 

PCBs t o t h i s t a r g e t p ro t e in was observed both in v i t r o ard in v ivo , r e su l t i ng in a 

Organohalogen Compounds 1 51 
 
1990



disturbance of biniiiq of thyroxine (T4) end retinol-bourd retinol binding protein 

(RBP) to TIR [4-6]. These results praiptfd us to also investigate possible interaction 

of TCB ancVor its monohydroxy metabolites with other proteins involved in thyroid 

honione rretabolisra. In this paper the interaction of TCB and its manohydroxy metaboli­

tes with hepatic microsanal type I 5'-deiodinase (5'-D), an enzyne critically involved 

in the activatiorv/elimination of T4, is presented. 

MATERIALS AND MEIHXS 

Animal treatment 

Male Wistar rats (4 per group) weighing 200-250 g were exposed to a single ip dose of 

50 mg/kg body weight of TCB (99% pure, dibenzo-p-dioxin ani dibenzofuran free; Chrcm-

pack, Middellxirg, The Netherlands) dissolved in com oil, or to com oil alone (5 

ml/kg). After 4 days the livers were isolated ard microsones were prepared inmediate­

ly, acoordirg to previously published rrethods [7]. Protein contents were measured with 

the Bio-Rad assay, using bovine serum albumin (Sigma Cliejiiical Qiipany, St. Louis, USA) 

as a standard. The hepatic microscnal fractions were stored at - 80 °c until further 

analysis. 

Microsanal 5'-D activity measurements 

H^atic type I 5'-D activity was detennined in microsanal pn^arations by the forma­

tion of ^ ^ I " fran 3,[3',5'-^^Sj]-triiodothyronine ( h ^ ^ I ] i f r 2 ) [8]. Briefly, 20 -200 

;jg microscmal proteiryml was inci±>ated for 20 min at 37 "c with 0.2 ;iM •^%-rT3 in a 

200 nM phosphate buffer, fii 7.2, containirq 4 ITM ECCA and 3mM dithiotreitol at 37 °C. 

The reaction was stopped by addition of 750 jil of 1 N HCl. The 125j- pnaduoed was 

separated fron the reaction mixture by Sephadex IH-20 chranatography. Inhibition 

studies were performed by addition of 0 to 40 ;JM of TCB or the various monohydroxy-

TCBG to the reaction mixtures-

Synthesis and purification of monohydroxy-TCBs 

The hydroxylated TCB metabolites, 5-OH-3,3',4,4'-TCB, 4-OH-3,3',4',5-TCB, 2-CH-3,3',4-

,4'-TCB and 6-CH-3,3',4,4'-TCB were prepared fron the corre^xmding methoxy-chlorobi-

phenyls (synthesis described elsewhere [9 ,10]) by demethylation with boron tribromide 

[11]. The deraethylation was quantitative ard no further clean-up was needed. 

RESUUTS 

Exposure of male Wistar rats to a single ip dose of 50 nq/iq of TCB resulted in a 

43 % reduction of the hepatic microsanal type I 5'-0 activity, tested 4 days after TCB 

administration (T^jle 1) • 
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Table 1 

Effect of 3 ,3 ' , 4,4' -tetrachlorobiphenyl on tho microsanal type I 

5'-deiodinase activity in the rat liver 

Treatment nunber of 

animals 

com oil (5 ml/Tag) 4 

TCB (50 mg/kg) 4 

hepatic 5'-D activity 

(pnDl/min/ing protein) 

804 ± 73 

*457 + 75 

Note: Data are presented as means + SD; * P < 0.05 (Student's t test) 

In vitro incubation of hepatic microsanal preparations fron untreated Wistar ra ts 

with 0.1 iM [l^Sj-])^^ in the presence of 0 to 10 /jM of the various CH-TCB metabolites 

resulted in a significant reduction in the 5'-D activity (Fig. 1). No reduction in 5 ' -

D activity was observed following addition of 0.01 to 10 ^ of the parent oatpourd 

TCB. 

The inhibition of microsanal 5'-D activity by OH-TCBs appeared to tie of a oan-

peti t ive nature, with an apparent inhibition constant (K̂ v of 1 (iH for 5-OH-3,3',4,4'-

tetrachlorobiphenyl, i . e . , the most potent 5'-D inhibitor of the CH-TCBs t-oct-crj 

("^D-rT) deiodination 
(% of control) 

-6 -5 - i . 
log molar concentration inhibitor 

Figure l : Inhibition of h ^ a t i c micnxeanal type I 5'-deiodinase by mcaichydroxy-TCB 
metabolites. Data points represent means + SD (N = 2). 
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DISCUSSION 

The hepa t ic micnxscrol enzyme, type I 5 ' -deiodinase involved in t h e metabolism of 

thyroid hormones, was fcurd t o be i nh ib i t ed by monchydroxy-TCB metabol i tes , but rrat by 

the parent ooipoird TCB. The i n h i b i t i o n appeared t o be of c c n p e t i t i v e na tu r e , i r d i c a -

t i ng a d i r e c t i n t e r a c t i o n of the CH-TCBs with the subs t r a t e binding s i t e of 5 '-D. The 

apparent Ki for tlie most potent (3i-TCB i n h i b i t o r , e . g . , 5-OH-TCB was 1 fiM, which i s 

abcut tMD times Icwer than the Kn for T4 (1 .9-2 .3 (JM) [ 7 ] , a f i iys iological subs t r a t e 

for 5'-D. 

In vivo exposure of Wistar r a t s t o TCB a l s o r e s u l t e d i n a s i g n i f i c a n t l y reduced 

hepa t ic microsanal 5 ' -D a c t i v i t y . This suggests t h a t the in v ivo h q i a t i c producticsn of 

the b io log i ca l l y a c t i v e thyro id hormone, 3 , 3 ' , 5 - t r i i o d o t h y r o n i n e (T3), may be s e r i o u s ­

ly hanpered by TCB tureatment. 

I h i s study demonstrates t h a t h ^ a t i c 5'-D i s the t h i r d p r o t e in involved in thy­

roid hormone metabolism t h a t i s a f fec ted by t o x i c K 3 s . TIR, t h e plasma c a r r i e r of T4 

i n r a t s , was fojnd t o b e a binding p r o t e i n for e spec i a l l y nonchydroxy-metabolites of 

PCBs [ 4 , 5 ] . In a d d i t i o n , .the nuclear thyroid hormone r ecep to r was r ^ » r t e d t o bind 

tox ic PCBs and adipamide-der ivat ives of 2,3,7,8-TCDD ard 2,3,7,8-TCDF [12 ] . These 

findings s u r e s t t h a t m i l t i p l e p r o t e i n s involved in thyro id hormane netabolisra a re 

tiurget e n t i t i e s for t o x i c PCBs ard r e l a t e d chemicals. 
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