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recently, Craft er al. (2002) have reported that TCDD-like and
phenobarbital-like PCB congeners induce hypothyroxinemia in
both rats and mice through induction of hepatic UDP-GTs and
that there is a species difference in magnitude of decrease in
serum thyroid hormone level, and the difference is attributed 10
that in the increase of hepatic UDP-GTs. To date, however,
only fimited data are available on the species difference in the
altered level of serum thyroid hormone by PCBs.

In the present study, we examined the species differences
between rats and mice in altered levels of drug-metabolizing
enzyme and serum thyroid hormone by Kanechlor-500, a com-
mercial PCB mixture.

MATERIALS AND METHODS

Chemicals. Individual methylsulfony!-PCBs {MeSO,-PCBs) used as ana-
Iytical standards were synthesized aceording 1o the methods of Haraguchi et al.
{1987). 4-Methyl-3-MeS0,-2',3'.4",5,5"-pentaCB was used as an internal stan-
dard in the analysis of MeSO,-PCBs. Panacete 810 {medium-chain triglycer-
ides) was purchased from Nippon Oils and Fats Co. Ltd. (Tokyo, Japan).

Amimal treatments. Male Wistar rats, weighing 160-200 g, and male ddy
mice, weighing 2836 g, were housed, three or four per cage, with free access
to commercial chow and tap water, and maintained on & 12-h darkllight cycle
(8:00 A.M.-8:00 P.M, light) in an air-controlied room (temperatare: 24.5 = 1°C,
humidity: 55 = 5%). Rats and mice received a single ip injection of KC500
{100 mg/kg body weight) dissolved in Panacete 810 (5 mlkg). Control animals
were treated with vehicle alone (5 mi/kg).

Analysis of serum hormones.  All animals used were killed by decapita-
tion on day 4 after the dosing, and the thyroid gland and liver were removed
and weighed. Blood was coliected from each animal between 10:30 and 11:30
AM. After clotting at room temperature, Serum was separated by centrifugation
and stored at =50°C until used. Levels of total T,, total wtiodothyronine (T5),
and thyroid-stimilating hormone (TSH) were measured by radicimmunoas-
says using Amerlex-MT4, Amerlex-MT3 (Ortho-Clinical Diagnestics Co.;
Amersham, UK), and Biotrak rTSH ['"™I] assay system {Amersham Life
Science, Ltd.; Liule Chalfont, UK), respectively.

Hepatic microsomal enzyme assays. Hepatic microsomes were prepared
according 1o the method as described previously (Kato et al., 1995a). The
profein content was determined by the method of Lowry er al. (1951) with
bovine serum albumin as a standard. Amount of microsomal cytochrome P450
(P450) was estimated according (o the method of Omura and Sate (1964).
Microsomal O-dealkylase activities of 7-benzyloxy-, 7-ethoxy-, and 7-pen-
toxy-resorufins were determined by the method of Burke e al. (1985). The
activities of microsomal UDP-GT toward T, 4-nitrophenol, and chloramphen-
icol were determined by the methods of Barter and Klaassen (1992), Issel-
bacher e al. (1962) and Ishii er al. (1994), respectively. In addition, all
UGP-GT activities were measured after activation of UDP-GT by 0.05%
Brij 58.

RT-PCR analysis for gene expression of UGTI1Al and UGTIAG.  Total
hepatic RNAs were prepared with ISOGEN {NipponGene, Japan) and used for
the determination of the gene expression of UDP-GT isoforms, UGT1A] and
UGTI1A6. and ribosomal protein 1.27a (RPL27), an internal control. A portion
. (4 ug) of total RNA was converted to cDNA by use of poly d(N)6 primer
(Pharmacia Biotech) and Moloney murine leukemia virus reverse transcriptase
(GIBCO, BRL) in an RT-reaction mixture (20 jul). PCR was performed in a
total reaction mixture (25 puf} containing 0.8 ul of the RT-reaction mixture, 0.5
pd of each primer set and AmpliTag Gold DNA polymerase (Perkin Elmer).
The primer sets used were as follows: rat UGT!Al {Kasahara er al.,, 2002),
5. TGGTGTGCCGGAGCTCATGTTCG-3' (forward) and §'-ACTCCGC-
CCAAGTTCCACAAAAGCA-3' (reverse); rat UGTIAG (Kasahara ef al,
2002), 5'-TGCTCGACTTCCTGCAGGTTTC-3 (forward) and 5'-TTCCTG-
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TABLE 1
Relative Tissue Weights after the Administration of KC500
to Rats and Mice

Rats Mice

Tissues Control KC500 Control KC500
Thyroid

gland 0,006 = Q.00 0.006 = 0.0003 0.009 = 0.0003 0.010 = 0.0008
Liver 302 =002 4,19 = 0.06* 3.77 = 0.05 4,19 * 0.10*

Note. Values are given as % body weight, Data represent the mean = SE for
four to five rats and ten to twelve mice.
*p < 0.05, significantly different from the species-matched controls.

TACTCTCTTAGAGGAGCCA-3' (reverse); mouse UGTIAL (Bernard er of,
1999}, 5'-CAGGTTTCTCCTCGTGTGTC-3' {forward) and 5'-CATACTG-
GAATCCCTTTTGA-Y (reverse); mouse UTG1AS, 5'-TCAGACACTTCCT-
GCAGGGTTTC-3' (forward) and 5'-TTCCTGTACTCTCTTAGAGGAC-
CCA-3' (reverse). Amplifications of all cDNA examined were performed with
GeneAmp PCR System 9700 (PE Applied Biosystems, Foster, Calif., USA).
The PCR program used for the analyses of UGTIAI and UGT1 A6 in rats and
mice was as follows: pretreatment, at 94°C for 2 min; denaturation at 94°C for
20 s annealing, at 57°C for 45 §; extension, at 72°C for 45 s; and chase
reaction, at 72°C for 10 min. Each PCR product was separated by electro-
phoresis on a 2% agarose gel and the separated PCR product was visualized by
ethidium bromide staining under ultraviolet light. The predicted size of each
PCR product is as follows: rat UGTIAI and UGT! A6 (Kasahara er al., 2002),
200 and 300 base pairs {bp). respectivety; mouse UGTIA1 (Bernard er al.,
1999) and UGT1ASG, 442 and 318 bp, respectively. In addition, PCR for the
RPL27 in rats and mice (Wool er al, 1990), an internal standard, was
performed with a primer set: 5'-ATCGGTAAGCACCGCAAGCA-3" (for-
ward) and 5'-GGGAGCAACTCCATTATTGT-3 (reverse) for both rats and
mice, and the predicted product size is 234 bp.

Determination of MeSO, metabolites from KC500 in the liver. Amounts
of MeSO,-PCBs in the liver were determined with GC/MS (Mimura et al.,
1999), M* and M*? for Me50.-tetraCB (m/z 368 and 370, respectively),
MeSQ,-pentaCB (m/z 402 and 404, respectively), and MeSO;-hexaCB (m/z
436 and 438, respectively) were monitored as sefected ions.

Statistics. ‘The data obtained were statistically analyzed according to Stu-
dent’s r-test. ’

RESULTS

Hepatic drug-metabolizing enzymes. Maximal induction
of hepatic drug-metabolizing enzymes by KC500 (100 mg/kg)
in rats were reported to be observed at 4 days after the admin-
istration (Shimada er al, 1976). Therefore, in the present
experiments, relative liver weight, microsomal P450 content
and microsomal O-dealkylase activities of 7-pentoxy-, 7-ben-
zyroxy-, and 7-ethoxy-resorufins in rats and mice were mea-
sured 4 days after the administration of KC500 at a dose of 100
mg/kg. '

In both species of rats and mice, KC500-treatment resulted
in significant increase in the liver weight; 1.4- and 1.1-fold,
respectively (Table 1). Likewise, the treatment resulted in
significant increases in hepatic microsomal enzymes in rats and
mice; P450 content: 3.2- and 1.2-fold, respectively; benzyl-
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TABLE 2
Effects of KC500 on Hepatic Microsomal P450 and Alkoxyresorufin O-Dealkylases in Rats and Mice

Rats Mice
Control KC500 Control KC500
Total P450° 1.74 = 0.02 233011 0.96 + 0.02 113 = 0.04*
O-Dealkylase of alkoxyresorufin
7-Benzyloxy- 0.08 = 0.01 6.72 * 0.64* (.08 = 0.004 0.85 £ 0.12%
7-Pentoxy- 0.03 = 0.003 0.82 * 0.03* 0.02 = 0.001 0.15 £ 0.02¢
7-Ethoxy- 0.16 = 0.0t 7.31 £ 0.92% 0.22 = 0.01 0.43 2 0.03*

Note. Total P450 is given in amol/mg protein: O-Dealkylase of alkoxyresorufin is given in nmol/mg protein/min. Data represent the mean = SE for 4-5§ rats

and 67 mice.
*n < 0.05, significantly different from the species-matched controls.

oxyresorufin O-dealkylase activity (CYP2B and CYP3A): 26-
and 10.2-fold, respectively; pentoxyresorufin O-dealkylase ac-
tivity (CYP2B): 25- and 7.3-fold, respectively; ethoxyresorufin
O-dealkylase activity (CYP1A): 46- and 1.5-fold, respectively
(Table 2). Furthermore, KC500-treatment led to significant
increases in UDP-GT activities toward T, and 4-nitrophenol in
rats but not in mice (Table 3). UDP-GT activity toward chlor-
amphenicol was extensively increased in rats and slightly in
mice.

Changes in hepatic gene expression of UGTIAl and
UGTIA6. Since the species difference between rats and mice
in alteration of UDP-GT activity by KC500 was observed
(Table 3), we further examined the altered gene expression of
the UDP-GTs, UGT1A1 and UGT1AS, responsible for glucu-
ronidation of T, and/or 4-nitrophenol, in KC500-treated rats
and mice. In rats, levels of UGT1A! and UGT1AG6 increased in
time-dependent manner at least up to 3 days after KC500-
treatment, and the increases were cbserved even 4 days later,
whereas in mice, no increase in the UGT1As was observed at
any period examined (Fig. 1).

Methyl sulfone metabolites of PCBs. KC500 (100 mg/kg)
was administered to rats and mice, and 4 days after the ad-
ministration, the MeSO, metabolites in each liver were an-

TABLE 3
Effects of KC500 on Hepatic Microsomal UDP-
Glucuronosyltransferase Activities in Rats and Mice

Glucuronide formed, rats Glucuronide formed, mice

Substrate Control KC500 Control KC500
Thyroxine 91+13 35724 21230 262 +1379
4-Nitrophenol 353209 178290 395*06 387=x02
Chloramphenicol 0.74 20,13 368 £0.38* 1.01 003 1.22 £005*

Note. Values are given in nmol/mg protein/min. Data represent the mean =
SE for 4-5 rats and 6-7 mice.
*n < 0.035, significantly different from species-matched controls,

alyzed (Table 4). 3-MeSO, or 4-MeSO, derivatives of
2,3',4’ S-tetrachlorobiphenyl (2,3',4',5-tetraCB), 223’4 5-
pentaCB, 2,2'4',5',5-pentaCB, 2,2',3',4",56-hexaCB, and
2,2',4'5,5',6-hexaCB were detected as main metabolites in
rats and mice. The amount of each Me$O, metabolite produced
was 2-9 times higher in mice than in rats, and the total amount
of MeSO, metabolites detected in liver was 5-fold greater in
mice as compared with that in rats.

Serum hormone levels. Effects of KC500 on the levels of
serum thyroid hormones, T, and T,, in rats and mice were
examined. Treatments of rats and mice with KC500 decreased
total T, levels to 17 and 27%, respectively, of the correspond-
ing controls, whereas serum total T; level was slightly de-
creased in mice (71% of control) but not in rats (Fig. 2). In
addition, no significant change in the level of serum TSH (Fig,
3) or in thyroid weight (Table 1) was observed in either species
of animals used.

DISCUSSION

In the present study, we found for the first time that KC500
treatment resulted in a significant decrease in serum T, levels
in both rats and mice, whereas a significant increase in activity

_ Rat
variA1 IR Rl (22}

UGTIAG 5 TR ok
RPL27 Tt (23) )

0 12 24 48 72 96 0 12 24 48 72 96
Time (h) after KC500-treatment

Mouse

Tanh  PAE e (26)

FIG. 1. Representative profile of the agarose gel-electrophoresis of ‘the
RT-PCR product for UGT!A] and UGT1AG in rats and mice after KC$00-
treatment. Total RNAs were prepared from the pooled livers of three rats or
five mice in each experiment group and used for the RT-PCR analysis, as
described in Materials and Methods. Time O means the animals were treated
with vehicle alone (control), Numbers shown in parentheses represent the
numbers of PCR cycles used.
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TABLE 4
Concentrations of Hepatic MeSO,-PCB Metabolites after the
Administration of KC500 to Rats and Mice

MeSO; metabolite Rals Mice
3-Me80,-2.3' 4" 5-1eiraCB 282 £ 6.6 784 £ R.7
4-MeS50.-2.3' 4" S-tetraCB 220=x64 911 £ 9.7
3-Me$0,-2.2°. 3 4’ 5-pentaCB 6015 10729
4-MeS50,-2.2'.3" 4" S-pentaCB 45110 333 x93
3-MeS0,-2.2' 4’ 5.5 -pentaCB 125*39 594 % 107
4-MeS0.-2,2' 4'5.5"-pentaCB 11.0* 3.1 743 £ 106
3-MeS0,-2,2°,3' 4' .5.6-hexzCB 33210 17.5 2 5.1
4-MeS50,-2.2°,3"' 4°.5,6-hexaCB 3209 17547
3-MeS0,-2.2",4°.5.5' 6-hexaCB 28x07 61=%15
4-MeS0,-2,2' 4",5.5",6-hexaCB 3ex12 N9*73
Total MeSO.-PCBs 96.5 * 244 4834710

Note. Concentrations are given in ng/g liver. Data represent the mean + SE
for 5 rats and 6-7 mice.

of the UDP-GT responsible for glucuronidation of T, (T.-
UDP-GT) was observed in rats but not in mice. Such species
difference in increase of T,-UDP-GT activity by xenobiotics
has been reported: clofibrate, phenobarbital, pregnenolone-
16a-carbonitrile, and SB-naphthofiavone increase hepatic T,-
UDP-GT activity in rats but not in mice (Viollon-Abadie e al,
1999). The previous report and the present findings suggest
that in rats, a reduction of serum total T, level by KC500 would
occur at least in part by an increase in T, glucuronidation
through the induction of hepatic T,-UDP-GTs, especially
UGTIAI1 and UGT1AG6 (Schuur et al., 1997; Van Birgelen e?
al., 1995; Visser, 1996), while in mice, it may occur through
alternate mechanisms. This is further supported by the our
findings that after treatment with KCS500, gene expression of
hepatic UGTIAL and UGT1A®G in the rat liver was enhanced
prior to decrease in serum T, levels, whereas in the mouse
liver, such enhancement did not occur.

In general, the decrease in serum T, level by PCB congeners
such as 3,3'.4.4'-tetraCB, 2,3',4,4',5"-pentaCB, 2,3,3'4,4'.5-
and 2,2’,4,4'.,5,5 -hexaCBs and Aroclor 1254 have been re-
ported to decrease serum thyroid hormone levels in rats (Barter
and Klaassen, 1994: Liu et al., 1995; Ness et af., 1993; Van
Birgelen et al., 1995). This has been thought to occur through
induction of T,-UDP-GTs (Schuur et al., 1997; Van Birgelen
et al., 1995; Visser, 1996). Qur preliminary study (Kato et al.,
2002), however, indicated that the activity of T,-UDP-GT was
significantly increased in Wistar rats, but not in UGTIA-
deficient Gunn rats, by KC500 treatment, although serum total
T, levels in both strains of rat were significantly reduced by the
treatment. This suggests strongly that the decrease in serum
total T, levels in not only mice but alse rats by PCBs would not
be induced only through increase in hepatic T, glucuronida-
tion. PCB congeners (Chauhan et al., 2000) and their hydroxy-
lated metabolites (Brouwer et af., 1998; Lans et al, 1993)
show in vitro binding to transthyretin (TTR), a major thyroid
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hormone transporting protein, which plays an essential role in
the homeostasis of T, (Schreiber et al., 1995), suggesting that
decrease in the level of serum T, in KC500-treated mice and rats
might oceur, at least in part, through a TTR-associated pathway.

To determine the mechanism for decrease in the serum T,
level in KC500-treated mice, we examined KC500-altered
Jevels of hepatic microsomal UGT2B2 enzyme by Western
blotting with antirat UGT2B polyclonal antibody, because T,
glucuronidation is efficiently mediated by UGT2B2 enzyme
(van Raaij ef al., 1993; Visser et al., 1993). UGT2B2, however,
was not detected in any experimental group of rats or mice,
although other UGT2B subfamily enzymes (UGTZB3,
UGT2B6, and UGT2B12) were detected in all the experimen-
tal groups examined (data not shown). Accordingly, the de-
crease in serum T, levels in mice by KC500 seems to occur
without increase in the UGT2B2.

As a possible mechanism for the decrease in the levels of
serum T, and T, increase in estrogen sulfotransferase, which
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FIG. 2. Effects of KC500 on levels of serum total thyroxine and triiodo-

thyronine in rats and mice, Animals were killed 4 days after the administration

of KC500 (100 mg/ke, ip), and levels of serum thyroid hormones were

measured as described in Materials and Methods. Each column represents the

mean = SE (vertical bars) for four to five rats or six to eight mice; *p < 0.05,
significantly ditferent from the species-matched controls.
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FIG. 3. Effects of KC500 on the level of serum thyroid stimulating
hormone in rats and mice. Animals were killed 4 days after the administration
of KC500 (100 mg/kg, ip), and levels of serum thyroid stimulating hormone
were measured as described in Materials and Methods. Each column represents
the mean * SE (vertical bars) for four to five rats or seven to eight mice.

efficiently catalyzes the sulfation of iodothyronines T, and T,
(Kester et al., 1999), might be considered. However, since
Aroclor 1254 has been reported to show only a minimal impact
on overall outer ring deiodination activity (Hood and Klaassen,
2000), KC500 seems to hardly induce deiodinases converting
T, to T,. Furthenmore, we showed in the present study that
serum TSH levels in either rats or mice was not significantly
changed by KC500, indicating that TSH is not attributed to a
decrease in serum T, and/or T; levels by KC500. In addition,
it had been reported that serum TSH level was little affected by
PCBs (Hallgren et al., 2001; Hood er al., 1999; Liu er al,
1995).

We have previously reported that 3-MeSO, metabolites of
‘nonplanar PCBs have definite activities for inducing hepatic
microsomal drug-metabolizing enzymes, and their activities were
much greater than parent PCBs (Kato ef al., 1995a,b, 1999b). We
further demonstrated that 3-MeS0,-2,3’ 4',5-tetraCB, 3-MeS0;-
2,2'3' 4' 5-pentaCB, 3-MeS0,-2,2',4',5,5'-pentaCB, 4-MeSO,-
2,2'4' 5,5 -pentaCB, 3-MeS0,-2,2",3' 4',5,6-hexaCB, 3-MeS0,-
22’ 4'.5,5" 6-hexaCB and 4-MeS0,-2,2' 4',5,5',6-hexaCB could
reduce serum T, level (Kato et al., 1998, 19992). KC500, used
in the present study, includes many nonplanar PCBs which
were biotransformed to MeSO. metabolites, thus posing the
possibility that MeSO,-PCB metabolites formed are attributed
to decrease in the level of serum thyroid hormones in KC500-
treated rats and mice. However, species difference between rats
and mice in induced levels of hepatic drug-metabolizing en-
zymes was not necessarily correlated with that in the decreased
level of serum thyroid hormones. Although hepatic concentra-
tions of MeS0,-PCB metabolites in KC500-treated mice were
much higher than those in KC500-treated rats, the decreased
levels in serum T, in rats and mice were almost the same,
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Furthermare, the magnitude of the induction of T,-UDP-GT
and cytochrome P450 enzymes was greater in rats than in mice,
despite hepatic levels of MeSO, metabolites being greater in
mice than in rats. Namely, the difference between rats and mice
in the level of MeSO, metabolites was not correlated with the
difference in induction of microsomal drug-metabolizing en-
zymes or in reduction of serum thyroid hormone.

In conclusion, we demonstrate for the first time that in mice,
the decrease in serum T, level by KC500 occurs without
increase in the T,-UDP-GTs, UGT1A1, and UGTIAG respon-
sible for glucuronidation of T,, and further suggest that the
decrease in rats would not be produced only through induction
of the T,-UDP-GTs. However, exact mechanisms for KC500-
mediated decrease in serum thyroid hormone levels in rats and
mice remain unclear, and further studies are necessary for
understanding the susceptibility to PCBs in animals including
humans.
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Metabolism of 2,3,3’,4,4’-Pentachlorobiphenyl in Hamsters

Nobuyuki Koga®?, Hiroaki Kuroxi®, Koichi HaracucuHi®?, Tomoyo KaNamaru®,
Yoshihisa KaTo? and Ryohei KiMura®

Y Department of Nutritional Sciences, Nakamura Gakuen University,
5-7~1, Befu, Johnan-ku, Fukuoka 814-0198 -
2 Daiichi College of Pharmacentical Sciences, 22-1, Tamagawa-cho,
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‘Abstract The in vivo metabolism of 2,3,3" .4 4'-pentachlorobiphenyl (CB105) was studied in
hamsters and the effect of cytochrome P450 inducers, phenobarbital (PB) and 3-methylcholanth-
rene (MC) on its metabolism was compared to rats. After administration of CB105 intraper-
itoneally at a dose of 3 mg/body, four metabolites, named M-1, M-2, M-3 and M-4, were
detected in 5 days-feces of all groups and the formation ratio of the metabolites M-1 ~ M-4 was
1:39: 84: 02 1in untreated hamsters and 1: 19: 6.7: 0.7 in untreated rats. On the basis of the
mass spectra of four synthetic authentic comnpounds and the retention times on DB-1 and MPS50
columns, M-1, M-2, M-3 and M-4 were identified as 4’-hydroxy-2,3,3',4,5-PenCB, 5'-hydroxy-
CB105, 5-hydroxy-CB105 and 4-hydroxy-2,3,3',4’,5-PenCB, respectively. The pretreatment of PB
and MC resulted in about 2-fold fecal excretion of four metabolites in hamsters and in about 3-
fold in rats. Of four metabolites, only M-4 were detected in the serum at 5 days after CB105
administration and the concentration was 0,39 zg/ml of hamster serum and 0.28 pg/ml of rat
serum. In hamsters, the concentration of M-4 was increased to 1.8-fold of untreated animals
by PB treatment and 2.6-fold by MC treatment. On the other hand, the treatment of rats with
PB and MC did not show such an increase of serum M-4. These results suggested that the
hamster oxidized 2,3,4-trichloro-substituted benzene ring predominantly rather than 3’,4-dich-
loro-substituted benzene ring differently from the rat and that M-4 formed in hamster liver
distributed to the blood and retained there to a considerable extent in comparison with that
formed in rat liver.
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P450 (P450) BFEEE R, S sxFHZ &I
P450 4= & - T L5 PenCB BB S LT
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PCB 38T P 450 ®en.is & L7 FFEE R BEER
X LBWHEEFRE2E T 2 eNMgEanty
51 % i, FOFHELENDE VD S, phenobar-
bital {(PB) I, 3-methylcholanthrene (MC) &t
BLURSEICHMES AT L3, PB BICIE, 2(2)
fiid 23 6 (67) fiic 1 ~ 2 EIEZSEH SN
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PCB) o3&, £/, MCEITIX 3,3 ,4,4'-MUE
FLE 7 2= (TCB), 3,3.4,4,5-PenCB 8L U
33,4455 -REFRLE 7 = = V7% ¥ coplanar
7% PCB EitfEat& ez, 48, giHo CB118
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2{REHPRRHs Lo EBELRED, #
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L7zew R LI 21 B3 in vivo KB 2T ~,
TOER, WIThOBcE T HRBEEIRE
BB L OO BHEORBYALEREh3 T
ExEBHoM LY, Fh o 0liEiTo-kEEk
(OH) &, 5-OH KU 2-0OH kL, & &z NIH
ELAFH DD 4-0H-2,3,3',4',5-PenCB R Uf
4'-0H-2,3,3'45-PenCB CH -7 Bk H 5 Z &
W, 4-OHEE & i 4-OH &3 Huirys { £/
SRTEY, ERI3EEHL T IHER, T
bbb 234-ZHEEFERAVEVBEOFNIL-
THFERRCECRIDABMEAPTVENS
BRTH-%., B, BEO6 I CB 105 2 EEPK
BELZy b Ot s A5 o MEOREY &
LY, EERSEHEDI S 7-OHE 2 4
BE KRG, & o wERSBEL ABY
4-OH-2334-TCB B L4 EED A F L F 2
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1. EBRE#

(1) CBL05 D&k

CB105 % Cadogan i & 2 F&¥ TEE L 7.
£ 7, 34-dichloroaniline & f 1,2,3-trichlor-
obenzene 27 FZ 7 uurF v TEHEL, &
DICHTHER A VR FNEIMA T, 110°CT 24 B
FIRmEEh, RIGWR TNV F 474
FAYITRE L0, BYErEH
Wlhra= 727 4+ — (HPLC) kD 3EEL
7z, HPLC &{Fix XD\ TH S, #7 4, 0DS
(250X 10 mm id., 5 xm, EEFEE) . BEHE,
7 b= FYA-HO (9:1); #HE, 2m!/min;
L EE R, 254 nm. CB 105 OHE ERIEANI 99%
BETH o7, - |

CB 105 : MS (EI)-m/z (relative intensity)
324 (100)_ [M*], 326(183) [M++2], 328 (101)
[M*+4], 330 (33) [M*+6], 252 (45) [M*—
CL1. o

(2) R&EDOEE

CB105 k¥ D &5k & Cadogan @ F&E» T
Tof. T4 5, 3,4-dichloroaniline & 2,3,6-%
5 v i 2,3,4-trichloroanisole #, £ - 11 2,3,
4-trichloroaniline & 2,6-#% % \» ik 2,3-dichlor-
oanisole 2i0%2 T, 110°C, 24 BEIRIG S €77,
R, CBLS EABR 7N IF A5 LBL U
HPLC THEIL2, -
4-CH,0 (MeO) -2,3,5,3",4'-PenCB : '"H-NMR
(500 MHz, chloroform-d)¢é7.52(1H, d, J=
8.1Hz, 5-H), 747 (1 H, d, J=22Hz, 2~
H), 7.28 (1H, s, 6-H);:7.22 (1H, dd, J=
8.3 Hz, 2.0Hz, 6'-H), 3.95(3H, s, 4-MeO) ;
MS (EI) m/z (relative intensity) 354 (100)
[M*], 356 (160) [M*+2], 358 (105) [M*+

P
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4], 360 (38) [M*+6], 339 (62) [M+~
CH,), 311 (29) {M*— COCH,], 241 (25).

5-MeO-CB 105: 'H-NMR (500 MHz, chlo-
roform-d) &6 7.530 (1H, d, J=8.33Hz, 5-
H), 7.488(1H, 4, J=2.02 Hz, 2-H), 7.251(1
H, dd, J=8.33Hz, 202 Hz, 6'-H), 6.774 (1
H, s, 6-H) ; MS (EI) m/z (relative intensity)
354 (100) [M*], 356 (162) [M*+2], 358 (83)
[M*+4], 360 (30) [M*+6], 311 (32) [M*—
COCH,].

6-MeQO-CB 105 : '"H-NMR (500 MHz, chloro-

form-d) ¢7.622(1H, d, ]=8.07Hz, 5-H),
7.423 (1H, d, J=2.02Hz, 2"-H), 7.15% (1
H, dd, J=8.07Hz, 2.02Hz, 6-H), 7.101(1
H, s, 5-H) ; MS (EI) m/z (relative intensity)
354 (100) [M*], 356 (148) [M*+2], 358 (105)
[(M*+4], 360 (37) [M*+6], 304 (87) [M*—
CH,CI], 284 (24) [M*—Cl,], 241 (3D).
4-Me0-2,3,4,3',5'-PenCB : '"H-NMR (500
MHz, chloroform-d) ¢7.445 (1H, d, J=
8.33Hz, 5-H), 7.325 (2H, s, 2-H and 6
H), 7.147(1 H, d, J=8.33Hz, 6-H), 3.967(3
H, s, CH;) : MS (EI) m/z (relative intensity)
354 (100) [M*], 356 (162) [M*+2], 358 (105)
[(M*-+4], 360 (40) [M*+6], 339 (65) [M*+—
CH.], 311 (30) [M*—COCH,], 241 (50).

5'-Me(Q-CB 105 : 'H-NMR (500 MHz, chloro-

form-d) & 7454 (1H, d, J=8.32Hz, 5-H),
7.175 (1 H, d, J=8.32 Hz, 6-H), 7.086 (1
H, d, J=2.02Hz, 2-H), 6845 (1 H, 4, J=

2.02 Hz, 6'-H) ; MS (EI) m/z (relative inten-

sity)354(100) [M*], 356 (173) [M*+2], 358(100)
[M*+4], 360 (42} [M*+6], 311 (29) [M*—
COCH,], 241 (30).

2, Eixs

Golden syrian BHEENAR Y — (FEK 80 g)
B LU Wistar ZRiE#tEZ v b (BEH170 2 i,
P 450 B33 & & LT PB(80 mg/kg/day), H B\
i¥ MC (20 mg/kg/day) % 3 HRIBEEMICHES L

7z, PB 3EEAE KT, MC T —liciBsEL -

. PBBEIUMCOBRESEHODEHE,
CB 105 #* 3mg/bpdy THERKEEL .

(98)

1. RStHooRt
CB105#5% 5 HEOFEAFmL, 60°CT 24
ﬂ#FﬁﬁﬁZﬁ% l/’ a— t - a Jlf—f*ﬁiﬁi‘%’i; ‘/ v 7 Albr—

THHEERVT, 20Ok AT 4 EREE

o7

—7, Hiik, CBISEEZSBBIINALR
F—HH0IETy FOFEIMRE DT, ME%
B, /A7) - -A(MBSBFEARE Y !
M) WCART, MBEEHPEL, Zhizos
REDOI T ETo%, Thbs, MFEOSmliC
05 M EENBHE 025 ml 2iFEmLI-8, Z ook
L=RAF /=N (2:11) 1 mlRUn-~FH¥>3
mlicEBRE% 2TV, CHeEI PV AL >
TAFN{b#, GC/ECD B LU GC/MS it L
7z.

4. KEHOSIR

KREMO S 13 ECD 4 HP 5890 Series II
HAZu<w 7357 (Hewlett-Packard ) = H
iz, GC/ECD O&MFIIROBEY TH 3, 31EE
DHZ L, Tibs, ODB-1fusedsilica capil-
lary column (15mX0.25mm id., 0.25gm &
B, J&W Scientific #), @ DB-1 fused silica
capillary column (30 mXx0.25mm id., 0.25
pmEE, J&W Scientific #) B & U@ MSP 50
fused silica capillary column (50 m*0.25 mm
id, 01 ,mBEE, BR/ARE) E2ERLE, 47—
7 BER 200~240°CT, A S5IKEADEBEI
250 °C, HEHHFFIRE L 250°CIcEEL, ¥+ )V 7 —
AAELTN, {1 ml/min) #Hwi,

5. tOMOSESE

(1) GC/MS .

RAARZ PVOBIERHEESWESH
HP 5980 # A7 o= b7 7 7 (Hewlett-Packard
BED) 2BwT, EI®=—FTfTo#. GC/MS kX
D2BEYDOERGEERWTIToN, O34, DB-
1 fused silica capillary column {15m X 0.25
mm id, 0.25 gmBRE, J&W Scientific %) ;
F—=7 @K, 190°C. HEAORE, 250°C . &
HeHRE, 280°C ++ V7 —#4 A, He (1 ml/
min), @ # J &, MPS 50 fused silica capillary
column (50m x 0.25mm id, 0.1 pxm BEE,
FALRLEY)) | A — 7, 100°C— (20 °C/min)
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—+200°C— (5°C/min) —280°C; *#+ U7 —#
X, He gas.

(2) '"H-NMR

AN PNVOFERBEEFHEO JEOL GSX-
500 (500 MHz) v TiTofz, B, BEr o

O RNLTEEL, FrIAFNY SV ERIRE
B L L THW.

£ B R R

1. Py PRSI MPRBOBH

29,CBL0S#®E57 v bikBIT 5 5 Ao S
RS EF. KO oaRVAREYE A F
e, GC/ECD (15mDB-1 45 4) it
BER, RNBEICBWT, REE (7.79 min)
Pz, REMERDhZ I XD - BENT
NARFFEEMA] 11,82 min, 15.85min 8 & U8 16.27
min w&HE R (Fig la), 285 2 KM~
l, M-2BXUM-3&33, 24, PBRUMC
BAMVEROBTFRITB W T b RNIEEE - £ E1
3o -8t Eni, —7%, CB105 ##
&5 HEHOMPREMERUEMGETHIFL &

I3, WTROBEKBWT b RE(LEL4T, M-

1 <L FAURERAE 11.82 min i L Bb
nalFxor—samtanie, B TM-4
& L7 (Fig. 1b).

2, NAXF-FhBLUNHKBEMOBRE
Kz, FALE, PB 84 U MC B EBNLAR Y —
WD &,CB105#&5% 5 AEoHEhRHHYIB L U
5 HEOMHPRBMER~I, Fig. 2 RO
LA Z—o@GoNIEY (A Friuik) OF
Azuw b F7L%RY, Fig. 2akRT L3,
BEHRHEHMLLTM-28IUM-3 35y bR
Wit s hizd, M-lRiELACBREaAR
ol —7, MPRHYOEE, 7 R
W, REREE EbIC M4 Bt shi: (Fig.2
b).%28,PB 8L U MCRIAMENAR Y —DIFE
b, RABNLRS—ERURSEH Y-V 2R
Liz (F—#KELR).

1. KB

GC/MS DER, M-1~M-4 O X F Lok
WERLHTRIEEFLT WA E,ns, OH
hThs I ENBEsMIR T, DD BEBR

492

a) Rat feces
CB10S

(&M-4)

M-3
L{:/L__
o .
{ ) T T. T
Q 5 10 15 20
b) Rat serum ‘
M-4
- CB105 /
G ¢
|
I T 1 T
1] 5 10 15

Retention time (min)

Fig. 1 Gas chromatograms of the methylated
derivatives of CBl105 metabolites
detected in the feces (a) and serum (b)
of untreated rats. '

T

'a) Hamstlér'f‘eqés_"' "

b) Hamster serum

’ CB105
|
|

Retention timé (min)

Fig. 2 Gas chromatograms of the methylated
derivatives of CB105 metabolites
detected in the feces (a} and serum (b)
of untreated hamsters.

-



178

B M-1 8 X Ul S M-4 i ERFRE L
Fhb11.82min L2 ALTHEI LSS, K
LitA—0bOTHaEH®RHFALE. EX15m
® DB-1# 5 &% Fvii: GC/MS DFERH 5,
M-18EUM-4DTAARY b AT R O
BAdy [M*—15) 2 RLIZEde, 4Fki
4 OEFENS FRR 5 NIHEMNZ LT
ERbIh2 4-OH&EHZ0ik 4-OHED A F v
FHETHL LiEESILE (Table 1). £2 T,
SRERD 4-Me0-2,3,3' 4’,5-PenCB ¥ 4’-MeO-
2,3,3,4,5-PenCB 2B DEEFTREL L Z 3,
DB-1(15m) # 5 Al BV 2 EBEEB LU~ A
ARZ MABELRIUTRERRTE Lol K,
E350m @ MPS50 2 5 A X CHRASY D
SEERAT. TORR, Fig 3RT I,
4-MeO %k & 4-MeOfh # 2 1 & W R F5 B [
29.88min & 30.12min KT B I EMNTE T2,
2T, RS M-4 O 2 F 1 btkic o &, [
BOLETRAZELRL LS B, RIS 29.88 min
Thot, INSORER1S, M-4 BLUM-141
717 4-0H-2,3,3' 4", 5-PenCB 8 & Uf4'-OH-
2,33,4,5-PenCB T&H 5 T L MIFH & fe,

—%, M-2 BE U M-3 2w Tik, DB-1# 5
ATRES 15~30m CRIFICHMT & 7225,
MPS50 % 5 4 (B&50m) CiELiER -7
(F—2 RBIX)., T, AREYMOSIFCI,
LITFDB-1#7A%Bw/. Table lizRL-k

I

£

Ens g

X3
=]

g

BCon
mFE
EBMC I
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* p<0.05 ( vs Con)
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(=]

Amount of matabolites {ug/whola fecas}
[-:]
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Errd

0 ;
M-3

Fig. 4 Effect of P450 inducer on the amount
of CB105 metabolites in hamster feces

M-4 M-1

A, TAARY PVEHBZEM-2BXUM-3
DT BT bRHSL A 4 [Mr—43] 28
BEIsNIENS, 5SS0HEH W 5-0H &
DAFNFEEFLEESNL, £IT, SREL
ERAANRZ PAB LU GC B 2 RFRHEZ
H#ELIEZ 5, M2 BIUM-3BRERFTNRS-
OH-CB 105 R Uf5-OH-CB 105 T3 3 Z & 38
Sinkizoiz,

3. BHPRBMICRITT P FEROEE

Fig. 41z, NAR 7 —H#FRBYWOEERER
(ug/23) AL M- 1 M-4DEBI
MPSS0 474 (F&50m) %2, $7M-28XU
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Table 1 Mass spectral dafa and retention times of the methylated CB105 metabolites and the
synthetic authentic compounds in GC/MS

- Molecular Mass spectral data Retention time
Compound . .
weight [M*} [M*15] [M*-43] [M*-50] [M*-70] {min)
CB105(feces) 324 100 - - - 45 6.41
M-1 (feces) 354 100 62 41 - - 10.17
M-2 (feces) 354 100 - 44 - - 14.00
M-3 (feces) 354 100 - % - - 14.45
M-4 (serum) 354 100 55 31 - - 10.17
2’-CH,0-CB105. 354 100 - - 144 31 8.10
4-CH,0-2,3,3",4’,5-PenCB" 354 100 62 29 - - 10.17
4-CH,0-2,3,3",4,5-PenCB 354 100 65 3 - - 10.17
6-CH,0-CB105 ' 354 100 - - 87 24 10.94
5'-CH,0-CB105 354 100 - 26 - - 14.01
5-CH,0-CB105, 354 100 - 32 - - 14.46

GC/MS . column (DB-1, 15m); oven temp.(190°C).
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Fig. 3 Gas chromatograms of the
methylated M-4 detected in the
serum (a) and of three authentic
compounds (b)
3’-Me0-2,2',3,4,4",5-hexach-
lorobiphenyl was used as an
internal standard (IS).
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Fig. 5 Effect of P450 inducer on the amount
of CB105 metabolites in rat feces
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Hormonally active agents and plausible
relationships to adverse effects on human
health*

Tohru Inouet

Center for Biological Safely and Research, National Institute of Health Sciences,
1-18-1 Kamiyohga, Setagaya-ku, Tokyo 158-8501, Japan

i . Abstract: A hormonally active compound was first identified in the book Silent Spring by

Rachel Carson in 1962, implicating the effect of pesticides such as DDT and the derivatives.

Nearly four decades later, the book Our Stolen Future by Theo Colborn et al., and other per-

tinent publications have revisited and broadened the issue regarding a variety of possible

- chemicals and the area exposed. Traaslation and publication became available in Japan

! within the last four years. Since then, Japan joined the member countries involved in the
global issue of endocrine disruptors, the “environmental hormone”.

Although a significant number of chemicals possessing a hormone-like action have
been recognized for many years, and the action of their biological plausibility related to the
receptor-mediated effects strongly suggests possible human effects comparable to hormonal
’ . changes in wildlife, little is known about evidences or adversities in experimental animals

and humans. The most essential key to resolving these dilemmas may be to understand the
mechanism of actions (i.e., 2 possible low-dose issue). In other words, the mechanism at the
low-dose effect may be resolved simultaneously by the mechanism of three major questions

{ linked to the low-dose issue; namely, threshold, possible oscillation, and additive and/oc syn-
ergistic action. '

INTRODUCTION

The objective of this paper is to summarize all currently available information on hormonally active

. agents and plausible relationships to adverse effects on human health from the standpoints of the mech-

anisms of action of these chemicals.

f It is not uncommon to come across agrochemicals and industrial chemicals that have hormone-
mimic effects. These chemicals, the so-called “environmental hormones”, ‘often accumulate at de-
tectable levels in the environment, and it has been feared that they may have adverse effects not only on
wildlife but also on human beings. Following reports of feminization and decreased colony size of wild

: creatures, and reports suggesting a possible association of these chemicals with abnormalities of repro-

i ductive organs and oncogenesis in humans, attention has focused on the possibility that these occur-

Tences may be associated with exposure to endocrine-disrupting chemicals (EDCs). In this connection,
we would like to draw the attention of the reader to a Japanese translation of the book Our Stolen

. Future, written by Theo Colborn et al.

*Report from a SCOPE/IUPAC project: Implication of Endocrine Active Substances for Human and Wildlife (1. Miyamoto snd
J. Burger, editors). Other reports are published in this issue, Pure Appl. Chem. 75, 1617-2615 (2003).
¥Tel.: +81-3-3700-1564; Fax: +81-3-3700-1622; E-mail: tohru@nibs.go.jp
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This paper wiil review the subjects related to EDCs, the courses of arguments regarding the pos-
sible hazards of these chemicals, and current medical subjects pertaining to them.

CHEMICALS WITH HORMONE-MIMIC ACTIONS
Substances with hormone-mimic effects can be divided into four groups:

. hormones found in vivo;

. medicines with hormone-mimic actions manufactured for use in hormonal therapy, etc.;
. plant hormones known to exert phytoestrogen-like actions; and

. chemicals found in environments that can interact with hormone receptors.

In addition, substances that do not interact with hormone receptors but exert effects on gonads by
their modifying effects on steroid metabolism may be deemed as hormone-mimics in the broader sense
of the term. In this paper, however, emphasis shall be placed on the hormone-mimic actions mediated
by receptors that play essential roles in the mechanism of actions of hormone-mimics.

CHARACTERISTICS OF THE RECEPTOR-MEDIATED ACTIONS OF HORMONE-MIMICS

The receptor-mediated actions of hormone-mirmics are fundamentally characterized by the similarity in
structures of the receptors involved, crossing the barrier of animal species, These characteristics allow
us to speculate the possibility that the actions of these chemicals exerted in nature may also occur in hu-
mans.

Second, since similarities in the structure of various sex steroids and hormones are also known, it
is possible that each individual hormone-mimic exerts diverse effects by acting on male hormone re-
ceptors, female hormone receptors, and nuclear receptors (including many orphan receptors), etc.

Third, many of these chemicals are excreted from the living body in the form of conjugated in-
active substances instead of as degraded metabolites. They may also be eliminated in the unchanged
form. Therefore, if feces and urine containing these substances are eliminated into river water, it is plau-
sible to imagine that even inactivated hormones can sometimes become active and exert hormone-
mimic actions in the environment. This is one of the characteristics unique to this class of chemicals,

Receptor-mediated responses involve many unresoived questions. Various undefined elements
may be involved, including the relationship between receptor binding and signals, the relationship be-
tween receptor-ligand binding (ligand: substances that can bind to receptors) and the dissociation of lig-
ands from receptors, signal cross-talks, involvement of unknown nuclear receptors, etc.

The actions of these chemicals add to the effects of intrinsic hormones. For this reason, these
chemicals may exert their actions in a way different from that known for other chemicals that do not
have structural or functional counterparts in vivo. For example, stimulation of hormone receptors by
these extrinsic chemicals may modify homeostasis in vivo, leading to down-modulation of the physio-
logical stimulation of these receptors by the intrinsic ligands. Therefore, the influence of the continued
effects of environmental hormones needs special study,

PITFALL IN THE EFFECTS OF HORMONE-MIMICS

We must distinguish the interactions of endocrine hormone-mimics with hormone receptors from the
hazards caused to endocrine tissue. Bearing this in mind, let us now summarize the problems related to
the effects of hormone-mimics.

© 2003 UPAC, Pure and Applied Chemistry 75, 2555-2561
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- Antagonistic effects maintaining homeostasis

The endocrine system is regulated by homeostatic mechanisms. It is not uncommon for the effects of
small amounts of hormone-mimics to interfere slightly with these mechanisms, often with no adverse
influence; this is well known. However, this is not always the case. There seems to be a group of genes
that act antagonistically to each other in the maintenance of homeostasis.

With the uterotrophic assay, which is used to check for estrogenic activity, the ovary is removed
in advance and the blood level of the intrinsic female hormone is reduced to the minimum, Under the
thus-created extremely shrinking state of the uterus, the test substance (a chemical or hormone) is ad-
ministered to evaluate for its effects on the inflation of the uterus. This test {(checking for growth of the
uterus in ovariectomized animals) is designed to evaluate the hormone activity and effects of hormone-
mimics under conditions of blockade of homeostasis.

This test method itself is valid. However, there is no sufficient rational evidence that indicates that
the responses observed under such indirect control conditions of the living body can serve as an indi-
cator of the health hazards of hormone-mimics. Although the ovo-testes seen in lower vertebrates may
be used if the effects observed were to be valid as such an indicator, there is no consensus on what is
valid as an indicator of the health hazards of EDCs when mammals are used as experimental animals,

Down-regulation of the expression of receptors

It is known that the expression of gene-encoding receptors is down-regulated by continuous stimuli,
leading to reduced receptor activity. This can lead to a paradoxical outcome wherein the effects ob-
served in the presence of low levels of a substance are not seen at high levels of the same substance. If
this phenomenon occurred in individual organisms, the dose-response relationship will be nonlinear,

This means that extrapolation of results obtained at high levels of the chemicals, to conditions
where low levels of the same substance are present, would be difficult. It is needed to test the validity
of this hypothesis; analysis of the mechanisms underlying this phenomenon if the hypothesis were in-
deed valid, are thus important. Studies to resolve these questions are now under way,

Data gap concerning the effects of female hormones

In mature women, there are high levels of physiological hormones in vivo, and these are subject to
cyclic control. It has been proposed that girls with inadequate physical growth begin menstruation at
lower ages and undergo sexual maturation earlier than usual, and that hormone-mimics in these subjects
can precipitate breast cancer. '

The weak links in this hypothesis have been pointed out, and it has been shown experimentally
that estrogen by itself may be teratogenic, although this tendency has been shown to be weak., It is
known that organisms are programmed such that excessive exposure to estrogens during the intranter-
ine period or other developmental stages is avoided.

There are many open questions s to the mechanism by which mature females remain physiclog-
ically stable, even when exposed daily to high levels of estrogen (400 pM/1). Some additional dramatic
effects may be needed to disturb this homeostatic physiology.

Multigeneration tests and effects on fetuses

It has been showrni that exposure to hormones or hormone-mimics during intrauterine or early neonatal
periods can lead to irreversible changes in the pattern of development. This susceptibility period is
short, extending from the 13 gestational day to about one week after birth. These effects are the so-
called “intrauterine window effects.”

© 2003 WPAC, Pure and Applied Chemistry 75, 2555-2561
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In anima! studies involving observation of experimental animals for two or more generations, no
effects of EDCs have been demonstrated. The question therefore arises as to why window effects are
observed during the short period mentioned above. It is unknown whether or not these effects really do
occur, and if they do, how they are produced.

Delayed growth of the thalamic nucleus specific to males (called sexual dimorphic nucleus) is
seen in male rats treated with female hormones. We may say that under conditions of homeostasis of
the physiological hormones in mature individuals, exposure to dose levels that usually cause only re-
versible changes can lead to irreversible changes, if the exposure occurs during genesis, morphogene-
sis, or functional development. However, there are no ample data endorsing this view in humans.

Considering the biclogical plausibility inferred from the experimental data accumulated to date”,
we may say that there are no sufficient data that clearly rule out this view. Close attention has thecefore
been paid to these effects in children, .

New theories of methodology, focusing on effects in fetuses and children, are now being devel-

oped, primarily in the United States, or the World Health Organization, within the framework of chil-
dren’s program, etc.

HEALTH HAZARDS AT LOW LEVELS OF EXPOSURE

Chemicals used for agriculture or industrial purposes are marketed, in general, only after their effects
on living beings have been investigated. We may therefore understand that they are used on the prem-
ise that the possibility of these chemicals exerting hazardous effects on health at relatively high-dose
levels has been almost ruled out. Nevertheless, problems with EDCs have begun to be highlighted.
These problems may not be confined to those related to the accumulation of these substances through
food chains in the ecosystem, but also to the additional possibility that these chemicals may exert ef-
fects at low-dose levels even if they have been declared safe at high-dose levels. The latter possibility
may apply, however, only to some cases and not to others.

We may say that a major issue pertaining to EDCs that must be resolved urgently is whether or

not they pose health hazards at low-dose levels. This issue can be summarized into the following three
questions: '

. presence/absence of threshold level;

. presence/absence of synergistic or additive effects; and

. possibility of extrapolation of high-dose effects to low-dose levels (ie., presence/absence of a lin-
ear dose-response relationship).

No clear-cut answers have as yet emerged to these questions. Considering the above-mentioned
characteristics of the effects of hormones, it is plausible to imagine how difficult it may be to resolve
these questions,

To determine if these cliemicals exerted hazardous effects on health at low-dose levels, the fol-
lowing basic questions may need to be considered; their biological plausibility is hardly denied.

. Regarding the presence or absence of threshold levels, it seerns likely that many chemicals sus-
pected of being EDCs can easily permeate across the cell membrane, which is composed of phos-
pholipids. Therefore, assuming that one receptor molecule reacts with one chemical molecule, the
lower limit of the dose level exerting the chemical’s effects would be extremely low,

Of course, since the probability of the binding of a ligand (o the receptor will be low if the
dose level is low, we cannot say that there is no threshold level for the effects seen in the low-

*Biological plausibility: Likelihood of a phenomenon s judged by considering the difference or similarity of elements of reac-
tions in individual organisms, on the basis of the results of a series of refated biological experiments. (CE. probability)
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dose-level range. In fact, for bisphenol A {(which has been attracting close attention because of its
hazardous effects on health at low-dose levels), the presence/absence of a threshold level has not
yet been reported. It seems rational, therefore, to assume that these health hazards occur in a very
low-dose-level range,

. If we consider not only the affinity of each substance for the receptor, but also the nonlinearity of
responses (e.g., waveform responses as a result of reduced receptor expression following an in-
crease in dose level), it is possible to assume that there are U-shaped or reverse U-shaped reac-
tions, or oscillational dose-response curves. Interim data endorsing such a view are being accu-
mulated, )

. Regarding the possibility of synergistic or additive effects, the observation of additive effects
among different nuclear receptors has been reported. Data yielded by analysis of interactions be-
tween receptor signals also suggest such a possibility. In fact, the dose-respense curves for some
composite materials were reported to be additive, but not synergistic. '

Thus, the questions on health hazards at low-dose levels have several aspects:

. type of receptor-mediated actions of the hormone mimics;

. diverse reactive characteristics on the part of the receptors;

. diverse modification during expression of intraceilular signals; and

. factors involved in irreversible changes related to morphogenesis and functional development,

Resolution of all these aspects of the question will lead to clarification of the mechanism of ac-
tions of the substances from each of the aforementioned standpoints. While these questions are among
the hottest research themes at present, they are certainly unlikely to be resolved easily,

. At a workshop held in North Carolina, USA, in October 2000, health hazards of chemicals at low-
dose levels were discussed. Investigators for and against the possibility of these substances posing
health hazards at low-dose levels gave detziled accounts of their studies, and no definitive conclusions
could be reached, as the arguments of both sides appeared to be tenable,

This means that reports affirming the plausibility of these substances posing health hazards at
low-dose levels in animal experiments cannot be immediately rejected. The workshop concluded by
pointing out the necessity of paying attention to the possible hazards on fetuses and neonates.

HEALTH HAZARDS OF HORMONE-MIMICS TO HUMANS

The possibility of health hazards of hormone-mimics to human beings have not been supported by ad-
equate epidemiological data, and the number of cases for which the data clearly endorse such effects is
quite small. The U.S. National Research Council (NRC) emphasizes the necessity of conducting further

 epidemiological studies on this topic (NRC, 1999).

In conclusion, this paper summarizes the current knowledge concerning the health hazards of hor-
mone-mimics to humans. Reports dealing with the effects of these substances on humans are confined
to those pertaining to the effects of dioxins and polychlorinated biphenyls (PCBs); the validity and use-
fulness of these results have not yet been established.

The following information is based on case studies conducted to date.

Health hazards of dioxins

Regarding health hazards of dioxins, two-year dosing studies revealed weight loss and liver damage,
and three-generation reproductive studies in rats disclosed intrauterine death and a decrease in litter
size. Onset of endometriosis in rhesus monkeys has also been reported.

A causal relationship of EDCs to the following cpisodes in humans has been suggested: biased
male-to-female ratio in children bom in the dioxin-exposed Seveso area of Italy, and increased inci-
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