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Abstract. Polychlorinated biphenyls (PCBs) with the liable imately 20 coplanar CB congeners. On the other hand, the
2,3,6-substitution are important components of certain commajority of CB congeners presented in the environment are
mercial mixtures and frequently detected in biota, but little isnoncoplanar. The toxicities of environmentally relevant CB
known about their enzyme induction abilities and possiblecongeners with at least two or mavetho chlorine substitutions
endocrine-disrupting effects. CB 132 (223 ,4,6-hexachlo-  are still poorly understood (Hansen 1998), although phenobar-
rophenyl) and CB 149 (2;3,4,5,6-hexachlorophenyl) were bital (PB)-type enzyme induction (Denomreeal. 1983) and
investigated in weanling female rats dosed intraperitoneally orlopamine depletion (Shakt al. 1991) for someortho-substi-
days 21 and 22 and killed on day 24 of age. Uterotropictuted CB congeners has been described. Moreover, the differ-
response, serum thyroid hormone, and hepatic enzyme induent types of CB congeners have distinct biological activities
tion were examined in prepubertal female rats treated withand the “toxicity” of PCBs reported is dependent on the end-
these two environmentally relevant 2,3,6-substituted chlorobipoints measured and the congeners selected (Hansen 1998).
phenyl (CB) congeners from 8 mg/kg to 96 mg/kg. The readily Among differentortho-substituted CB congeners, certain CB
metabolized CB 132 did not cause any significant increase igongeners with the labile 2,3,6-chlorine pattern on one phenyl
all endpoints measured in the present study. On the other hanglng, such as 2/23,5,6-pentachlorophenyl (CB 95), 2,3,
CB 149 was a weak PROD and BROD inducer and a mOdeSE’,4’,6-pentach|orophenyl (CB 110), 2,3,3,4,6 -hexachloro-
depleter of serum thyroxine in prepubertal female rats. Theshenyl (CB 132), and 2!8,4,5',6-hexachlorophenyl (CB
finding of thyroid hormone disruption by CB 149 may lead to 149), are major components in commercial PCB mixtures
biologically significant neurobehavioral and neurochemicaI(Frameet al. 1996). The 2,3,6-substituted ring is rapidly me-
changes in developing animals via milk lactation. tabolized to methylsulfonyl PCBs (Noreet al. 1996), for
example, both methylsulfonyl CB 132 and CB 149 metabolites
can be detected in human tissues (Weistrand and Noren 1997).
Therefore, these congeners are considered to be not persistent

Polychlorinated biphenyls (PCBs) are ubiquitous environmen@nd have attracted little attention in PCB toxicity studies. More
tal pollutants with 209 congeners possessing different number€cently, there is some limited evidence suggesting that 2,3,6-
of chlorine atoms substituted on the biphenyl rings. AmongSubstituted CB congeners possess certain toxicities that were

209 possible congeners, a small group of coplanar chlorobilot identified before. For example, CB 95 was found to be a

phenyl (CB) congeners resembles 2,3,7,8-tetrachlorodibenzd2B-type enzyme inducer (Sajid 1996) and the most potent of
p-dioxin (TCDD) in molecular configuration. The toxicities of Several congeners in altering microsomal calcium ion transport
these coplanar CB congeners are mediated through the arpy Selective interaction with ryanodine receptor of muscle

hydrocarbon Ah) receptor, and the toxic potencies of these Sarcoplasmic reticulum and brain endoplasmic reticulum

dioxin-like coplanar CB congeners can be predicted based ofVong and Pessah 1997). CB 110 was found to be weakly
their induction of hepatic cytochrome P450 1A enzymes ad!terotopic, a PB-type enzyme inducer and a modest depleter of
compared to TCDD (Safe 1994). Until now, most of PCB serum thyroxine (1) in prepubertal female rats (it al. 1998).

toxicity studies have been extensively focused on the approxtiowever, little information is available for other environmen-
tally relevant 2,3,6-substitued CB congeners in terms of their

possible toxic properties.
Both CB 132 and CB 149 are conformationally stable chiral
Correspondence tavl.-H. Li; email: meihuili@ccms.ntu.edu.tw CB congeners with the 2,3,6-chlorine pattern on one phenyl
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ring (Glauschet al. 1996). Considering the fact that both CB a measurement of cytochrome P450 1A activity, and PROD and
132 and CB 149 are major components in Aroclor mixturesBROD were used as a measurement of cytochrome P450 2B activity.
(Frameet al. 1996) and frequently detected in human milk UDPGT activity in the microsomal suspension was measured using
(Glauschet al. 1995; Blanchet al. 1999) as well as biota 4-nitrophenol and phenolphthalein as substrates. UDPGT activities
' . ; e toward 4-nitrophenol and toward phenolphthalein were determined by
Jordan and Feeley 1999; Reieth al. 1999; Jimenezt al. o L
(2000_ Serranet a|.2>(1)00) it is important to investigate enzyme a modification of the method of Watanaéial. (1986) as described in

inducti biliti d ibl docrine-di . ff fSeoet al. (1995). Microsomal protein was determined by the modifi-
induction abilities and possible endocrine-disrupting effects Oly4tion of the Lowry method reported by Guengerich (1982) using

these two congeners. In this study, we used immature Spragugpyine serum albumin as a standard. Each sample was measured in
Dawley female rats as an animal model to examine the uteroduplicate.

tropic response, serum thyroid hormone, and enzyme induction

of two environmentally relevant 2,3,6-substitued CB conge-

ners, CB 132 and CB 149. Thyroid Hormone Analysis

Serum thyroid stimulating hormone (TSH), total 333triiodothyronin
Materials and Methods (T3) and T, concentrations were determined using commercially avail
able radioimmunoassay kits (Diagnostic System Laboratories, Inc.
Webster, Texas). Due to limited amount of serum obtained from each
Chemicals rat, T, and TSH were analyzed only once for each sample. The
detection limit of the assay was Ouy/dI for T,, 4.3 ng/dl for T, and

Corn oil was purchased from Sigma Chemical Company (St. Louis0-03 #lU/ml for TSH.

MO). CB 132 and CB 149 were obtained from AccuStandard (New

Haven, CT, guaranteed 99% pure). All chemicals and reagents used .

in enzyme assays were obtained from Sigma Chemical CompanyPata Analysis

Radioimmunoassay Kkits for determining serum thyroid hormone were

purchased from Diagnostic Systems Laboratories, Inc. (Webster, TX)All data are expressed as mearstandard errors. Data were analyzed
by one-way analysis of variance (ANOVA) using the Minitab statis-
tical program (Release 13.2) with a significant level o£[.05. If a
significant result was found, the Dunnett'test was used to compare

Animals and Treatments
treatment groups versus a control group.

Sprague-Dawley rats were obtained from the animal center of National
Cheng Kung University Medial College (Tainan, Taiwan, R.0.C.) andResylts
were housed in a rodent vivarium. The animals were kept in temper-
ature and humidity controlled rooms (21-22°C, 40-50% humidity), on
a 12-h light/dark cycle. Laboratory Rodent Diet 5001 (LabDiet, Rich- Acute Endocrine Response
mond, IN) and water were availabsl libitum Rats were weaned at
igzdaysc ;f a0 Fen’llaledpur)(;slvverle i”jeCt_‘lfd i”trapefiltorea">éWith CBBoth CB 132 and CB 149 did not cause any significant uterine
or issolved in 0.1 ml corn oil or corn oil alone between,, i p¢ i
g o dy 1 22 Do e ased 01 50 s e o2 SN (bl . 0B 149
alf of the dose delivered on each of 2 consecutive days. : .
(Figure 1). On the other hand, CB 132 did not cause any
significant decrease in serum totg) dnd T; from 8 mg/kg to
96 mg/kg. In addition, TSH levels were very low in all treat-
ment groups, and most TSH measurements were below the
detection limit (data not shown).

Necropsy and Tissue Processing

Rats were decapitated between 9:30 and 14x36n day 24, 44 h after

the second dose; blood was collected immediately and allowed to clot.

Serum was separated by centrifugation and storee-20°C until Hepatic Enzyme Activities
thyroid hormone analysis. The uterus was excised, trimmed of fat, cut

at the cervical os, and weighed to the nearest 0.01 mg. Livers WerEROD PROD, and BROD activities were not induced by CB

perfusedin situ with ice-cold 0.05 M Tris—0.15 M KCI buffer (pH .
7.4), excised, blotted on tissue paper, and weighed. The livers Werg—z32 from 8 mg/kg to 96 mg/kg (Table 2). CB 149 increased

then homogenized in the same Tris-KCI buffer. The crude homogenate ROD and BROD activity in a dose-dependent manner. At 96

was centrifuged at 10,008 g for 15 min at 4°C. The pellet from the Mg/kg, PROD and BROD activities were significantly in-

final centrifugation was resuspended in buffer (0.05 M Tris-HCI, 20%creased approximately two- and fourfold compared to the con-

glycerol [viv], 1 mM EDTA, pH 7.4 at 4°C) and stored a80°C until  trol group, respectively (Table 2). In addition, there was no

assayed. effect on 4-nitrophenol UDPGT or phenolphthalein UDPGT
activities by either CB 132 or CB 149 from 8 mg/kg to 96
mg/kg (Table 3).

Enzyme Assays

7-Ethyoxyresorufin O-deethylase (EROD), 7-pentoxyresorufin O-de-DISCUSS":'n

pentylase (PROD), and 7-benzyloxyresorufin O-debenzylase (BROD) ] ]
were determined by a modification of the method of Pohl and FoutsThe major differences between CB 132 and CB 149 are rates of
(1980), as previously described in &i al. (1994). EROD was used as metabolism and potency as enzymes inducers. According to a
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Table 1. Body weight and uterotropic responses in prepubertal female rats administered CB 132 or CB 149

Dose Body Weight at Day 21 Body Weight at Day 24 Uterine Weight
Treatment (mg/kg) n (9) (9) (mg)
Control 0 9 39.28+ 1.89 51.67+ 1.81 38.00* 4.30
Estradiol 0.04 6 39.08 0.93 52.75+ 0.93 42.20+ 2.87
CB 132 8 5 37.40+ 3.45 48.10* 2.62 30.90+ 2.88
32 5 41.60+ 3.87 50.08+ 1.31 28.94+ 3.31
96 5 42.60+ 2.66 51.78+ 2.34 34.70+ 4.85
CB 149 8 5 38.50 2.17 52.90+ 3.26 37.04+ 9.23
32 5 38.60+ 1.33 54.00+ 2.21 38.46+ 4.35
96 5 39.70+ 1.09 55.80+ 1.84 38.36+ 3.80

4 e — 1_8 CBs with the labile 233,6-0_hlorine pattern on one phenyl
25 T | 8 mgkg ring, they can be classified into two groups based on the
| m32mgkg | presence/absence and position of vicinal hydrogen atoms in
g3 D% mgikg term of their metabolism rates (Table 4). One group (group
2. . I IV) is CB congeners with botlmeta-paraand ortho-meta
5 vicinal hydrogen atoms, the other group (group Il) is CB
B 2 ] congeners with onlymeta-para vicinal hydrogen atoms
8 15 ‘| | (Kannanetal.1995). CB 95, CB 136, CB 149, and CB 199
8 , belong to the less readily metabolizable group (group Il) and
D — possess PB-type enzyme induction abilities. On the other
05 ] hand, both CB 110 and CB 132 belong to the readily
metabolizable group (group V) but with different degree of
0 enzyme induction. CB 110 was found to be a PB-type
CB 132 CB 149 enzyme inducer (Liet al. 1998), whereas CB 132 was an
300 ineffective enzyme inducer in the present study. It seems
[ B0 mgrkg there is no obvious relationship between enzyme induction
250 | gzmr:/gk/ﬁg and metabolic characteristics of 2,3,6-substitued CBs.
“ ‘ Uterotropic activity in immature female rodents is a common

i 0196 ma/kg

endpoint of estrogenic activity but is a relatively insensitive
indication. Among CB congeners studied so far, severtilo-
substituted CB congeners as well as some hydroxylated CB
congeners did find some weak uterotropic activity in rodents
(Korachet al. 1988; Janseet al. 1993; Liet al. 1994, 1998).
The mechanism for induction of estrogenic effects by CB
congeners is still not clear, however, some evidence indicate
that hydroxylated metabolites of PCBs play an important role
in the estrogenicity of PCBs (Korae al. 1988). In the present
CB 132 CB 149 study, CB 132 and CB 149 did not produce any significant

Fig. 1. Thyroid hormones status in prepubertal female rats adminis-mcrease in uterine weight. It may be related to the lack of

tered CB 132 or CB149. *Significantly different from controls by formation O_f hyd_roxylated m(_etabolltes which are presumably
Dunnett'st test (p= 0.05) more reactive with estrogenic receptor (Koraghal. 1988)

because of weak P450 2B enzyme induction in these two CB
congeners observed in this study.

classification scheme of Kannaet al. (1995) on rates of It is known that there are a variety of mechanisms by
metabolism for different CBs, CB132 belongs to a group ofWhich both TCDD-like CB congeners and non-TCDD-like
readily metabolizable CB congeners with both vicinal H atomsCB congeners can exert their effects on thyroid hormone
in bothortho/metaandmeta/parapositions, whereas CB 149 is homeostasis (Li and Hansen 1997; Hansen 1998). PCBs can
a group of less readily metabolizable CB congeners with vici-directly cause injury in thyroid glands (Collins and Capen
nal H atoms in onlymeta/paraposition and is metabolized to 1980; Byrneet al. 1987) or indirectly affect thyroid function
less extent compared to CB 132. CB 132 was an ineffectivevia either enhanced thyroid hormone metabolism or by
enzyme inducer in the present study. CB 149 increased PRODecreased plasma, Tevels through displacement of, from
and BROD activities significantly two- and fourfold at 96 its carrier protein by hydroxylated PCB metabolites (Li and
mg/kg, respectively. Hansen 1997). Although there was no increase of UDPGT
There is no clear relationship between metabolic potencyctivities observed in the present study, a possible mecha-
and enzyme induction ability in 2,3,6-substituted CB con-nism of serum total J depletion caused by CB 149 via
geners from current available information (Table 4). Amongenhanced J metabolism cannot be completely excluded. A

N
o
Q

T3 concentration (ng/dL)
3 g

o
[=]
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Table 2. Liver microsomal enzyme activities (mean SE; nmol resorufin formed/min/mg protein) in prepubertal female rats administered
CB 132 or CB 149

Dose
Treatment (mg/kg) n EROD PROD BROD
Control 0 9 0.731+ 0.109 0.087+ 0.016 0.048+ 0.011
CB 132 8 5 0.535¢ 0.116 0.095+ 0.018 0.029+ 0.009
32 5 0.570+ 0.030 0.107+ 0.017 0.074+ 0.018
96 5 0.607+ 0.115 0.106+ 0.026 0.071+ 0.020
CB 149 8 5 0.937 0.145 0.122+ 0.017 0.087+ 0.017
32 5 0.817+ 0.071 0.160+ 0.025 0.118+ 0.018
96 5 0.868+ 0.114 0.171+ 0.028 0.182+ 0.04F

aSignificantly different from controls by Dunnetttstest (p= 0.05).

Table 3. UDPGT activities (mean= SE; nmol substrate disappear- Acknowledgments. This study was supported by the National Sci-
ing/min/mg protein) in prepubertal female rats administered PCB ~ €nce Council under grant NSC 89-2320-B-002-024 and NSC-89-
132 or PCB 149 2320-B-002-213. We are grateful to Ms. Chow-Yen Chuang for her
contribution in this study. We also thank Dr. Larry Hansen (Uni-

Dose versity of lllinois at Urbana) for his suggestion in selections of PCB
Treatment  (mg/kg) n 4-NP UDPGT PP UDPGT congeners.
Control 0 9 5.14+ 0.70 2.03+ 0.27
PCB 132 8 5 5.16- 1.11 1.77+ 0.60
32 5  4.33+1.17 1.68+ 0.49 References
96 5 3.41+ 0.82 1.32+0.37
PCB 149 8 5 4.36- 3.26 1.69+ 0.07 Blanch GP, Glausch A, Schuring V (1999) Determination of the
32 5 3.89+ 2.21 1.74+ 0.30 enantiomeric ratios of chiral PCB 95 and 149 in human milk
96 5 4.96+ 0.94 1.93+ 0.27 samples by multidimensional gas chromatography with ECD and

MN (SIM) detection. Eur Food Res Technol 209:294—-296
Byrne JJ, Carbone JP, Hanson EA (1987) Hypothyroidism and abnor-
malities in the kinetics of thyroid hormone metabolism in rats
treated chronically with polychlorinated biphenyl and polybromi-
direct measurement of,Jglucuronidation will be needed to nated biphenyl. Endocrinology 121:520-527

definitely rule out this mechanism. Kaat al. (1998) found  Collins WT, Capen CC (1980) Ultrastructural and functional alter-

that both methylsulfonyl CB 132 and CB 149 metabolites at ~ ations of the rat thyroid gland produced by polychlorinated biphe-

20 pmol/kg possess the ability to reduce thyroid hormone ™IS compared with iodide excess and deficiency, and thyrotropin

levels in male Sprague-Dawley rats. However, it was only and thyroxine administration. Virchows Arch B Cell Path 33:213—

o 231

found that CB 149, but not CB 132, reducegl@vels in the  penomme MA, Bandiera S, Lambert I, Copp L, Safe L, Safe S (1983)

present study. Itis likely that the depletion of By CB 149 Polychlorinated biphenyls as phenobarbitone-type inducers of mi-

may be due to induced P450 2B activities and the generation crosomal enzymes. Biochem Pharmacol 32:2955-2963

of more bioactive metabolites, such as methylsulfonyl me-Dussault JH, Ruel J (1987) Thyroid hormones and brain development.

tabolites. It will be greatly helpful to understand toxicities of _ Ann Rev Physiol 49:321-334

different CBs by investigating the mechanism of PB-typeF@me GM, Cochran JW, Bowadt SS (1996) Complete PCB congener
. . . . distributions for 17 Aroclor mixtures determined by 3 HRGC

enzyme induction and the possible role of metabolites.

: : . systems optimized for comprehensive, quantitative, congener-spe-
In conclusion, neither CB 132 nor CB 149 induced EROD  _jfic analysis. J High Resol Chromatogr 19:657—668

significantly in the present study, confirming that they areglausch A, Hahn J, Schurig V (1995) Enantioselective determination

poor agonists for thé\h receptor. The readily metabolized of chiral 2,2,3,34,6-hexachlorobiphenyl (PCB 132) in human

CB 132 did not cause any significant increase in PROD and  milk samples by multidimensional gas chromatography/electron

BROD activities or decrease in thyroid hormone levels in ~ capture detection and by mass spectrometry. Chemosphere 30:
; 2079-2085

prepubertal female rats. On the other hand, the less readil ) . ) .

metabolized CB 149 was a weak PB-type enzyme induceFVJlaUSCh A, Blanch GP, Schurig V (1996) Enantioselective analysis of

. . chiral polychlorinated biphenyls in sediment samples by multidi-
and a modest depleter of serum thyroxine in prepubertal mensional gas chromatography-electro-capture detection after

female rats. Thyroid hormones are known to play an impor-  steam distillation-solvent extract and sulfur removal. J Chro-
tant role in neurodevelopment events of the developing matogr A 723:399-404

animals (Dussault and Ruel 1987). Although CB 149 isGuengerich FP (1982) Microsomal enzymes involved in toxicology-
considered relatively nonpersistent, CB 149 is commonly analysis and separation. In: Hayes AW (ed) Principles and meth-

found at different environmental samples as well as milk _ 0ds of toxicology. Raven Press, NY, pp 609-634

samples. The finding of thyroid hormoele disruption by CB Hansen LG (1998) Stepping backward to improve assessment of PCB
) . - o . congener toxicities. Environ Health Perspect 106S:171-189

149 may lead to biologically significant neurobehavioral and j3gen HT, Cooke PS, Porcelli J, Liu TC, Hansen LG (1993) Estro-

neurochemical changes in developing animals via milk lac-  genic and antiestrogenic actions of PCBs in the femalérrattro

tation. andin vivo studies. Reprod Toxicol 7:237-248
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Table 4. Structure characteristics and environmental occurrences of 2,3,6-substituted CB congeners

IUPAC Metabolic Environmental Enzyme
No. A Ring B Ring Chiral Groug Occurrences Inductiorf

24 236 No \Y —

45 236 2 Yes \Y X —

59 236 3 No \Y, —

64 236 4 No \Y —

84 236 23 Yes \Y X —

91 236 24 Yes \Y X —

95 236 25 No 1 XX Weak PB
110 236 34 No \Y X Weak PB
113 236 35 No I —d —

132 236 234 Yes \ Norfe
135 236 235 Yes 1l —

136 236 236 Yes Il X Weak PB
149 236 245 Yes Il X Weak PB
150 236 246 No I - —

164 236 345 No Il —

174 236 2345 Yes 1l X —

179 236 2356 No Il X —

199 236 23456 No Il X PB

@Metabolic groups are defined according to a classification scheme of Karad(1995).

b Environmental relevance is adapted from Hansen (1998). Important congeners are indicated by X or, especially important, XX.
¢ Enzyme induction is based on Hansen (1998).

9 PCB congeners are not detected in Aroclor mixtures above 0.01 weight % (Etaahel 996).

¢Based on this study.
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