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Abstract 
The in vitro metabolism of 2,2',3,4’,5’,6-hexachlorobiphenyl (hexaCB)(CB149) by liver microsomes of rats, 
hamsters, guinea pigs and humans was compared. In all species, 5-hydroxy (OH)-CB149 was a major metabolite 
and both 4-OH- and 4,5-diOH-CB149 were minor metabolites. The order of total metabolites formed in 
untreated animals including humans was hamsters = guinea pigs > rats > humans. Phenobarbital (PB) treatment 
resulted in a remarkable increase of both 5-OH- and 4,5-diOH-CB149 in rats and hamsters and a slight increase 
of those in guinea pigs. These results suggest that PB-inducible cytochrome P450 (P450) enzymes play an 
important role in CB149 metabolism.  
  
Introduction 
Among various PCB congeners, 2,4,5-trichloro-substituted PCBs including 2,2’,4,4’,5,5’-hexaCB (CB153), 
2,2’,3’,4,4’,5-hexaCB (CB138) and 2,2’,3,4,4’,5,5’-heptachlorobiphenyl (heptaCB)(CB180) have been found at 
higher concentrations in human tissues such as blood, liver and adipose tissues.1-5 In addition, some OH-
metabolites such as 4-OH-2,2',3,4',5,5',6-heptaCB (CB187), 4-OH-2,2',3,4',5,5'-hexaCB (CB146), 4-OH-
2,3,3’,4’,5-pentachlorobiphenyl (pentaCB)(CB107), 3-OH-CB138 and 3-OH-CB153 have also been detected at 
relatively high level in blood and liver. Moreover, we have reported a catechol metabolite, 3’,4’-diOH-
2,2’,4,5,5’-pentaCB (CB101) present exclusively in the serum of animals given CB101.6,7 Recently, Haraguchi 
has observed 4,5-diOH-CB149 present in human blood at high level in a similar manner to 4-OH-CB187.8 Some 
catechol metabolites of PCB congeners have been suggested estrogenic.9 Therefore, in this study, to elucidate 
the metabolic pathways from CB149 to 4,5-diOH-CB149 and P450 isoforms responsible for CB149 metabolism, 
we examined the in vitro metabolism of CB149 using liver microsomes of rats, guinea pigs, hamsters and 
humans, and the effect of P450 inducers, PB and 3-methylcholanthrene (MC), on CB149 metabolism in animals. 
 
Materials and Methods 
CB149 and its metabolites (4-MeO-CB149, 5-MeO-CB149 and 4,5-diMeO-CB149) were synthesized by the 
method of Cadogan.10 The chemical purities of these compounds were >99% as determined by GC. Liver 
microsomes from male Wistar rats (body weight about 200 g), male Golden syrian hamsters (body weight about 
90 g) and male Hartley guinea pigs (body weight about 290 g) were prepared the next day after the last ip 
injection of P450 inducers, PB and MC, at a dose of 80 and 20 mg/kg/day for three days, respectively. 
Individual human liver microsomes prepared from 9 male and 8 female Caucasians were purchased from BD-
Gentest Biosciences (MA, USA). 40 µM CB149 was incubated at 37ºC for 30-60 min with 0.33 mM NADPH-
generating system, 6 mM MgCl2, 100 mM HEPES buffer (pH 7.4) and 0.5 mg protein of human liver 
microsomes in a total volume of 0.5 ml. After incubation, unchanged CB149 and its metabolites were extracted 
three times with the mixture of 1 ml of chloroform-methanol (2:1, v/v) and 3 ml of n-hexane. The pooled 
organic layer was evaporated to dryness, methylated with diazomethane and applied to GC-ECD and GC-MS. 
The CB149 metabolites were quantified by a calibration curve of authentic CB149 for GC peak area. The GC-
ECD conditions were as follows: column, DB-1 capillary column (30 m x 0.25 mm, 0.25 μm thickness); carrier 
gas, N2 (1 ml/min); column temp., 230ºC; injection port temp., 250ºC; detector temp., 250ºC. The conditions of 
GC-MS were as follows: column, DB-1 capillary column (30 m x 0.25 mm, 0.25 μm thickness); carrier gas, He 
(1 ml/min); oven temp., 70ºC (1.5 min) - 20ºC/min - 230ºC (0.5 min) - 4ºC/min - 280ºC (5 min); injection port 

 1

Vol. 71, 2009 / Organohalogen Compounds   page 000298



temp., 250ºC; detector temp., 230ºC. 
 
Results  
In GC-ECD, three metabolites, namely the methylated derivatives of M-1, M-2 and M-3, were detected at the 
retention times of 17.4 min, 18.2 min and 19.6 min, respectively, in the in vitro system using rat liver 
microsomes (Fig. 1). By comparison of mass fragmentation pattern and retention time in GC-MS, three 
metabolites were determined as 5-OH-CB149 (M-1), 4-OH-CB149 (M-2) and 4,5-diOH-CB149 (M-3) as shown 
in Table 1. In untreated animals, only 5-OH-CB149 was formed and the activity was 6.3, 14.6 and 14.5 
pmol/min/mg protein in rats, hamsters and guinea pigs, respectively (Table 2). Human liver microsomes formed 
5-OH-CB149 at a rate of 1.9~2.5 pmol/min/mg protein and also two other metabolites. No significant sex 
difference was observed in humans. PB treatment increased 5-OH-CB149 dramatically to 253-fold that in 
untreated rats, to 11-fold that in untreated hamsters and also to 2.4-fold that in untreated guinea pigs. Moreover, 
PB treatment showed a significant increase of 4,5-diOH-CB149 in three animal species and of 4-OH-CB149 in 
rats and hamsters. In contrast, MC treatment decreased 5-OH-CB149 to less than 70% that of untreated hamsters 
and guinea pigs, whereas it resulted in a significant increase of 4-OH-CB149 only in hamsters.  
 
Discussion 
In this study, we demonstrated that CB149 was transformed to 5-OH-CB149 as a major metabolite and to both 
4-OH- and 4,5-diOH-CB149 as minor metabolites in all species and that the formation of 5-OH- and 4,5-diOH-
CB149 are markedly increased by PB-treatment. The postulated metabolic pathways are illustrated in Fig. 2. 
These findings suggest that PB-inducible P450 isoforms such as rat CYP2B111, hamster CYP2B12 and guinea 
pig CYP2B1813 and human CYP2B614 catalyze the 5- and 4-hydroxylation of CB149. The finding that human 
liver microsomes formed 4-OH-CB149 at lower level may suggest an involvement of human CYP2A6 as 
reported in CB101 metabolism.15 On the other hand, the order of the amount of 4,5-diOH-CB149 formed in 
animals was rats >> hamsters > guinea pigs. When the incubation time was prolonged from 30 min to 60 min, 
the remarkable increase of 4,5-diOH-CB149 accompanied by the remarkable decrease of 5-OH-CB149 was 
observed in PB-treated rats (data not shown). These results indicate that CYP2B enzymes play an important role 
in two oxidative steps from CB149 to 4,5-diOH-CB149 via 5-OH-CB149. Comparing our results on CB101 
metabolism,16 total amount of CB149 metabolites was much higher than that of CB101 metabolites, suggesting 
that the chlorine atom at 2-position of CB149 is very important in the metabolism of PCBs having the adjacent 
hydrogens at meta-para position because it might modurate both the rate of the 5- or 4-oxidation by PB-
inducible CYP2B enzymes and an involvement of CYP2B or CYP2A enzymes. 
 
Acknowledgments  
The work was partially supported by the Health and Labour Sciences Research Grants (N. K.) from Ministry of 
Health, Labour and Welfare of Japan, and the Grant-in-Aid for Scientific Research (B) (no. 20404006; K. H.) 
and for Scientific Research (C) (no. 20510070; Y. K.) from Japan Society for the Promotion of Science.  
 
References 
1. Bergman Å, Klasson-Wehler E, Kuroki H. Environ Health Perspect 1994;102:464. 
2. Sandau CD, Ayotte P, Dewailly E, Duffe J, Norstrom RJ. Environ Health Perspect 2000;108:611. 
3. Fängström B, Athanasiadou M, Grandjean P, Weihe P, Bergman Å. Environ Health Perspect 2002;110:895. 
4. Guvenius DM, Aronsson A, Ekman-Ordeberg G, Bergman Å, Norén K. Environ Health Perspect 2003;111: 

1235. 
5. Park JS, Bergman Å , Linderholm L, Athanasiadou M, Kocan A, Petrik J, Drobna B, Trnovec T, Charles MJ, 

Hertz-Picciotto I. Chemosphere 2008;70:1676. 
6. Haraguchi K, Koga N, Kato Y. Drug Metab Dispos 2005;33:373. 
7. Haraguchi K, Kato Y, Koga N, Degawa M. Xenobiotica 2005;35:85. 
8. Haraguchi K, personal communication. 
9. Garner CE, Jefferson WN, Burka LT, Matthews HB, Newbold RR. Toxicol Appl Pharmacol 1999;154:188. 
10. Cadogan JIG, J Chem Soc, 1962;4257. 

 2

Vol. 71, 2009 / Organohalogen Compounds   page 000299



11. Ishida C, Koga N, Hanioka N, Saeki HK, Yoshimura H. J Pharmacobio-Dyn 1991;14:276. 
12. Koga N, Kikuichi-Nishimura N, Hara T, Harada N, Ishii Y, Yamada H, Oguri K, Yoshimura H. Arch 

Biochem Biophys 1995;317:464. 
13. Ohta C, Haraguchi K, Kato Y, Koga N. Xenobiotica 2005;35:319. 
14. Ariyoshi N, Oguri K, Koga N, Yoshimura H, Funae Y. Biochem Biophys Res Commun 1995;212:455. 
15. McGraw Sr JE, Waller DP. Biochem Biophys Res Commun 2006;344:129. 
16. Koga N, Ohta C, Haraguchi K, Matsuoka M, Kato Y, Endo T. Organohalogen Compds 2007;69:1757. 
 

(A) Untreated                  (B) PB-treated                  (C) MC-treated  
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Fig. 1 Gas chromatography of the methylated derivatives of CB149 metabolites formed by liver 

microsomes of untreated, PB-treated and MC-treated rats.  
 
 
 
Table 1 Mass spectral data and retention times of the methylated derivatives of three CB149 

metabolites and its synthetic compounds 
  Mass spectral data (Relative abundance, %)  Retention 
Compound Molecular time (min) 
 weight [M+] [M+-15] [M+-35] [M+-43] [M+-50] [M+-70] in GC-MS 
CB149 392 100 - 32 - - 74 11.95 
M-1 388 100 6 - 30 17 - 14.89 
M-2 388 100 2 - 33 - - 15.13 
M-3 418 100 29 - 22 - - 15.61 
6-MeO-CB146 388 100 - - - 123 29 13.50 
5-MeO-CB149 388 100 6 - 30 16 - 14.89 
4-MeO-CB149 388 100 4 - 37 - - 15.13 
4,5-diMeO-CB149 418 100 28 - 18 - - 15.61 
3-MeO-CB153 388 100 7 - 45 13 - 16.67 

-, not detected. 
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Table 2 In vitro metabolism of CB149 by liver microsomes of rats, hamsters, guinea pigs 
and humans and the effects of P450 inducers on CB149 metabolism 

                                                                                           
  Metabolite formed (pmol/min/mg protein)               
 Treatment  n   M-1  M-2 M-3            
Rat  

Untreated 4 6.3 ± 2.6  (1.0) N.D. N.D. 
PB-treated 4 1596  ± 116* (253) 36.3 ± 2.9* 452  ± 166*  
MC-treated 4 10.3 ± 4.2  (1.6) N.D. N.D.    

                                                 
Hamster 

Untreated 4 14.6 ± 1.4  (1.0) N.D. N.D. 
PB-treated 4 158  ± 23.1*(10.9) 11.4 ± 2.9* 13.3 ± 4.0*  
MC-treated 4 9.8 ± 4.8  (0.7) 3.3 ± 1.3* N.D.    

                                                 
Guinea pig 

Untreated 4 14.5 ± 4.6  (1.0) N.D. N.D. 
PB-treated 4 34.6 ± 4.5* (2.4) 1.3 ± 1.1 2.8 ± 1.4*  
MC-treated 4 6.1 ± 1.6* (0.4) N.D. N.D.    

                                                  
Human 

Male  9 2.5 ± 1.8 0.6 ± 0.3 0.2 ± 0.1 
 Female 8  1.9 ± 1.5 0.6 ± 0.4 0.2 ± 0.2 

N.D., not detected.     
Each value in animals represents the mean ± S.D. of four animals and those in parentheses 
are the relative ratio of untreated animals. Each value in humans represents the mean ± S.D. 
of nine males and eight females. 

* Significantly different from untreated animals (p<0.05). 
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Fig. 2  Postulated metabolic pathways of CB149 in the liver. 
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