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Polychlorinated biphenyls (PCB) are lipophilic compounds resistant to chemical reactions in 
the physical environment and they are therefore accumulated in the foodwebs. By 
enzymatically catalyzed metabolic reactions, in at least higher animals, PCB congeners are 
chemically transformed. Metabolically, the parent compounds are generally oxidized to 
more polar products such as hydroxylated metabolites. These semi-polar chlorobiphenyl 
(CB) metabolites can be conjugated to glucuronic acid or to sulphate which increases the 
hydrophilicity and facilitates subsequent excretion via bile and urine. However, metabolites 
are not always excreted but may instead be retained selectively in tissues, as shown for 
several methyl sulphonyl metabolites of PCB (reviewed by prof Bergman and therefore not 
included here). In the present work, the selective retention of hydroxylated CB metabolites 
(OH-CBs) will be reviewed. 

Irrespective of species, the rate of metabolism depends on the number and positions of 
chlorine atoms. Thus, highly chlorinated biphenyls (CBs) without vicinal unsubstituted 
positions are slowly metabolized, e.g. 2,4,5,2',4',5'-hexaCB (CB-153') whereas CBs with 
vicinal hydrogens in the mefa-/para-positions are more rapidly metabolised^. An example is 
2,5,2',5'-tetraCB, with vicinal unsubstituted positions in the mefa-/para-positions, which is 
rapidly metabolized both to hydroxylated metabolites and products from the mercapturic 
acid pathway, e.g. mercapturic acid conjugates and methylsulphonyl-CBs^. CBs with 
chlorine atoms in 3,4- or 2,3,4-position are also metabolized to hydroxylated metabolites, 
with, or without, rearrangement via a 1,2-shift^'°. Thus, e.g. 3,4,3',4'-tetraCB (CB-77) is 
metabolized to 5-0H-3,4,3',4'-tetraCB and to the rearranged metabolite 4-OH-3,5,3',4'-
tetraCB". 

To observe selective retention of compounds, metabolized or not, the use of radiolabelled 
material and whole-body autoradiography, greatly facilitates the study. The radiolabel 
shows if and where selective tissue retention occurs, and analysis shows the identity of the 
retained compound. One example of this is the autoradiographic study of 2,5,4'-triCB (CB-
31 ) in pregnant mice®. The autoradiography showed strong accumulation of radiolabelled 
compound(s) in the bronchi, the uterine fluid and the yolk sac epithelium. The radiolabel in 
the bronchi was earlier shown to consist of 4-methylsulphonyl-CB-3l'. Methylsulphonyl 
metabolites (0.3 nmol/animal) were present in he uterine luminal fluid as well, but in this 
case the dominant metabolites OH-triCBs (0.8 nmol/animal). Conjugated OH-triCBs (0.2 
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ORGANOHALOGEN COMPOUNDS 
Vol.20 (1994) 437 



METAB 
nmol/animal) were also found, but no unmetabolised triCB was present. The hydrophilic 
uterine fluid contained much higher concentration of these lipophilic compounds than did 
the surrounding tissue which may point to the presence of carrier proteins®. 

CB-77 has also given rise to a similar high concentration of radiolabelled material in ulerine 
fluid in pregnant mice as reported by Darnerud and co-workers*. There was also a 
particularly strong accumulation in the blood and the soft tissues of fetuses in late 
pregnancy (dosing day 13 and analysis day 1 Tf. Analysis of the whole fetuses showe'd that 
the radioactivity corresponded mainly to hydroxylated metabolites, the major metabolite 
being identified as 2-0H-CB-77. However, this was later shown to be wrong and 4-OH-
3,5,3',4'-tetraCB was instead determined as the major metabolite (unpublished data). The 
accumulation of the para-substituted CB-77 metabolite in blood was confirmed by analysis 
of plasma from virgin mice, where the hydroxy-metabolite was present in 15 times higher 
concentration than the parent CB five days after an oral dose of CB-77^, and in fetal and 
maternal mouse blood, where the 4-0H-3,5,3',4'-tetraCB to CB-77 ratio was similar 
(unpublished data). The concentration of the metabolite was 4.7 times higher in fetal blood 
than in the maternal (unpublished data). In an experiment with rats, exposure in utero to 
CB-77 caused a similar accumulation of 4-OH-3,5,3',4'-tetraCB in rat fetuses'". 

2,3,4,3',4'-PentaCB (CB-105) also gives rise to a similar high concentration ofa 1,2-shifted 
metabolite - 4-OH-2,3,5,3',4'-pentaCB (15 times higher than the parent CB) - in mouse 
blood^ The selective retention in blood of the OH-metabolites of CB-77 and CB-105 may 
be due to their ability to bind to transthyretin (TTR), a thyroxin transporting protein. All three 
have halogen on each mefa-position in the same ring as the para-substituted hydroxy-
group; this allows the OH-CBs to compete with thyroxin for the TTR binding site'' ' '^'". 
Brouwer has shown that 4-0H-3,5,3',4'-tetraCB, the CB-77 metabolite, binds to TTR and 
thereby interferes not only with the thyroxin-transportation but also with the transportation 
of vitamin A'^. In vitro binding studies of synthesized OH-CBs has also shown that para-
hydroxylated metabolites of CB-77 and CB-105 have a higher affinity (2.5 and 6 times, 
respectively) than thyroxine for the binding site on TTR"''^. 

In order to investigate whether other CBs are metabolized to OH-CBs that are selecti\'ely 
retained in blood, rats were dosed with a technical PCB mixture, Aroclor 1254, and 24h, 7 
days and 14 days after dosing the rats were killed and the blood analyzed. The GC/MS 
analysis showed one dominant OH-CB and another 12 minor OH-CBs in the blood'^. The 
dominant OH-CB was 4-OH-2,3,5,3',4'-pentaCB - a CB-105 metabolite The levels of the 4-
OH-2,3,5,3',4'-pentaCB was 10 times higher than that of the most persistent CB, CB-153, 
one week after dosing. To check whether OH-CBs also could be determined in an 
environmentally exposed species, Baltic grey seal blood was analyzed and shown to also 
contain high concentrations of OH-CBs . The level ofthe CB-105 metabolite was 
approximately 20% compared to that of CB-153 (7.4 ng/g f.w., range 4.4-45 ng/g). This OH-
CBs were generally the same as in the rat blood but the relative amounts of the total 14 
OH-CBs that were indicated by GC/MS, differed compared to the rat. Also in human plasma 
samples, randomly selected from a blood donor bank in Stockholm, OH-CBs were 
determined in concentration in the same range as PCB (total PCB 3.6 ± 1.6 ng/g f.w.), a 
ratio of 0.08-0.35 (mean 0.18) ofthe OH-metabolite of CB-105 over CB-153. Again the 
same OH-CBs as in the other two species were identified but again, the relative amounts 
differed and in the human plasma samples a dominant OH-CB was identified as 4-OH-
2,3,5,6,2',4',5'-heptaCB, a possible metabolite of CB-187 and/or CB-183. 

The OH-CBs retained in blood from humans, seals and rats, are structurally similar, with 
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chlorine atoms on the adjacent positions to the hydroxy-group, which was either in a mete­
or a para-position. Considering that the number of potential hydroxy-metabolites (at least 2 
metabolites/CB) that may be formed from the PCB congeners that e.g. rats (Aroclor 1254; 
ca 80 CBs'®) are exposed to, the selective retention is striking. 

The analyses of OH-CBs in plasma were performed by partitioning the extracts between an 
organic solvent (hexane) and potassium hydroxide (1 M KOH in 50% ethanol), in order to 
isolate the phenolic metabolites from the neutral CBs. The isolated OH-CBs were re­
extracted into an organic solvent, after acidification of the aqueous phase, and derivatized 
with diazomethane. Methylation as derivatization method was chosen since the products, 
MeO-CBs, give characteristic fragmentation patterns as determined by electron ionization 
mass spectrometry (MS(EI))'^ Thus ortho-substituted MeO-CBs give abundant (M-50) 
fragments, para-substituted MeO-CBs give abundant (M-15) fragments whereas the mefa-
MeO-CBs gives (M-43) as abundant fragments. 

In the analysis of plasma and blood samples, GC/MS was used for structural identification 
of OH-CBs, analyzed as the methylated derivatives, to determine the position of the MeO-
group and the number of chlorine atoms. However, to identify the structure of the OH-CBs, 
synthesized standards are needed. A large number of MeO-CBs were therefore 
synthesized in order to identify at least the major OH-CBs in the plasma samples. To date, 
51 different MeO-CBs have been synthesized and characterized by MS(EI) and negative 
ion chemical ionization mass spectrometry (MS(NICl))'®. Either the Cadogan diaryl coupling 
reaction between a chloroaniline and a chloroanisole, or the Ullman diaryl coupling reaction 
between an iodoanisol and a chloroiodobenzene, and subsequent chlorination of the 
positions ortho to the MeO-group of the obtained product were used for synthesis of the 
MeO-CBs. 

Even with standards, the unambiguous identification of metabolites may not be 
straightforward. Many of the relevant MeO-CBs co-elute also with capillary GC, e.g. on a 
DB- 5 column. It was necessary to analyse the samples on two different columns, a DB-5 
fused silica capillary column (30 m x 0.25 mm i.d., 0.25 pm film thickness, J&W Scientific 
Inc) and a cyano derivatized column (SP-2331, 0.25 mm i.d., Supelco Inc), in order to 
identify the retained OH-CBs. For example the CB-105 is metabolized to two para-
substituted metabolites, one by an 1,2-shift in the dichlorinated phenyl ring - 4-OH-
3,5,2',3',4'-pentaCB, and one by a 1,2,-shift in the trichlorinated phenyl ring -4-OH-
2,3,5,3',4'-pentaCB^. The methyl derivatives of these two isomers have identical GC 
retention times on a DB-5 column, and identical fragmentation patterns in MS(EI), but 
different retention times on the SP-2331 column. On the other hand, some MeO-CBs that 
separate on the DB-5 column co-elute on the SP-2331 column, thus two columns were 
needed for identification. By using both columns, it was shown that 4-OH-2,3,5,3',4'-
pentaCB was retained in rat and mouse blood, whereas both isomers were present in seal 
and human blood'^. 

In conclusion, metabolism does not necessarily lead to excretion ofthe metabolites. Even 
semi-polar metabolites such as OH-CBs may be retained, when a sufficient structural 
similarity with endogenous compounds is at hand. The toxicological significance of 
selective tissue localization of compounds must be considered in risk assessment. 
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