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Abstract The lungs and blood of Yusho patients and healthy Japanese people have already been
contaminated with methylsulphonyl polychlorinated biphenyls (MSF-PCBs) at relatively high
concentration. Therefore, we should give due attention to their biological and toxicological
effects to man. In this study, in order to mainly evaluate non-S-dependent genotoxicity of five
MSF-PCB congeners, namely, 3-MSF-4, 5, 3’, 4'-tetrachlorobiphenyl (TCB), 3-MSF-4, 5, 2, 3’-
TCB, 3-MSF-2, 5, 2’, 4, 5-pentachlorobiphenyl (PenCB), 4-MSF-2, 5, 2’, 3’, -PenCB and 4-MSF
-2,5,2’,3, 5, 6’-hexachlorobiphenyl (HCB). We have examined their effects on the induction of
micronucleated cells, which has been frequently used to estimate the dose of ionizing radiation
and truly radiomimetic, non-S-dependent, clastogens, in cultured human lymphocytes in the
absence or presence of 2, 3, 4, 7, 8-pentachlorodibenzofuran (PenCDF), 2, 3, 7, 8-tetrachlorodiben-
zo-p-dioxin (TCDD) or 3, 4, 5, 3, 4-pentachlorobiphenly (Co-PenCB). The following results were
obtained. 1) 4X10~° M7, 8-benzoflavone (ANF) significantly enhanced the frequency of micronu-
cleated cells and all of the five MSF-PCB congeners failed to induce the formation of micronu-
cleated cells at doses of 5.2 to 9.6 ppm, which were about 35,000 times higher than the concentra-
tions in the lungs and adipose tissue of healthy Japanese people. 2) In the simultaneous treatment
of one of the five MSF-PCB congeners and PenCDF (3.9 ppb), TCDD (1.5 ppb) or Co-PenCB (8.8
ppb), the combination of 3-MSF-2,5, 2, 4, 5-PenCB (5.2 ppm) and PenCDF only significantly
enhanced the formation of micronucleated cells and the frequency rate was two times greater
than that of the control culture, which was treated with PenCDF alone.

Based on the results of this study, the five MSF-PCB congeners examined are considered not
to be or very weak non-S-dependent genotoxic chemicals. We, however, have not studied yet
whether some MSF-PCBs are S-dependent genotoxic compounds or not. Therefore, their effects
on the induction of sister chromatid exchanges (SCEs), which has proved to be the most sensitive
mammalian endpoint for determining exposure to S-dependent DNA insults, in cultured human
lymphocytes are now under investigation in our laboratory.

Introduction

Methylsulphonyl polychlorinated biphenyls
(MSF - PCBs), which are one of the major
metabolites of polychlorinated biphenyls
(PCBs), have been determined in several tissues
of patients with Yusho, polychlorinated diben-

(58)

zofurans (PCDFs) poisoning that occurred in
western Japan in 1968, and of healthy Japanese
people®”®919) - According to their analysis, the
concentrations of MSF-PCBs were much lower
than those of PCBs in the liver and adipose
tissues of both Yusho patients and healthy
people. However, in the lungs and blood their
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concentrations were comparable to or higher
than those of PCBs. Thus, several tissues of
Japanese people have already been contaminat-
ed with MSF-PCBs at relatively high concen-
tration. Therefore, we should give due atten-
tion to their biological and toxicological action.

We have already investigated the effects of
some MSF-PCB congeners on aryl hydrocar-
bon hydroxylase (AHH) activity in - cultured
human lymphoblastoid cells and in hepatic
microsomes prepared from both aryl hydrocar-
bon (Ah) responsive and nonresponsive strains
of mice!®MeIN)  Qur studies mentioned
above indicated that some congeners of MSF-
PCBs decreased and/or enhanced the enzyme
activity in both cultured human lymphoblastoid
cells and murine hepatic microsomes. There-
fore, some MSF-PCB congeners have been
expected to elicit biological or toxicological
effect in man.

Micronuclei, which have been thought to
reflect chromosomal or genetic damage from
carcinogenic insults such as smoking and-irra-
diation, enclose acentric chromosome frag-
ments or whole chromosomes that have not
been incorporated in the main nuclei at cell
division, and enumeration of micronuclei or
micronucleated cells in mitogen-stimulated
Iymphocytes provides a simpler and statisti-
cally more precise method than karyotypic
analysis for quantitation of chromosomal dam-
age. A cytokinesis-block method, using cyto-
chalasin B (CYB), an inhibitor of actin asse-
mbly?, was firstly reported in 1985%, and the
prevention of cytoplasmic division after nuclear
division by CYB, resulting in binucleated cells,
facilitates the scoring of micronuclei or mi-
cronucleated cells and increases the precision of
the assay.

In this study, we investigated the induction of
micronucleated cells in mitogen-stimulated
lymphocytes by five MSF - PCB congeners,
which were major ones among MSF - PCBs
determined in the tissues of Yusho patients and
healthy Japanese people®, in order to elucidate
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their genotoxicity in terms of inducer of mi-
cronucleated cells.

Materials and Methods

1. Chemicals

Five MSF-PCB congeners, 3-MSF-4, 5, 3’, 4-
tetrachlorobiphenyl (TCB), 3-MSF-4,5,2’,3’-
TCB, 3-MSF-2,5, 2’, 4, 5’-pentachlorobiphenyl
(PenCB), 4-MSF-2,5,2’,3,4-PenCB and 4-
MSF -2,5,2, 3,5, 6 - hexachlorobiphenyl
(HCB), 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and 2, 3, 4, 7, 8-pentachlorodibenzofur-
an (PenCDF) were synthesized by Dr. Masuda
3,4,5, 3, 4-Pentachlorobi-
phenyl (Co-PenCB) was purchased from Cam-
bridge Isotope Laboratories, Woburn, USA.
Their purities-were over 99% by gas chromato-
graphy. The sources of chemicals used in this
work ‘were as follows: 7,8 - benzoflavone
(ANF) from Wako, Osaka, cytochalasin B
(CYB) from Sigma, St.Louis, phytohemagg-
lutinin M (PHA) from Difco, Detroit, penicillin,
streptomycin and RPMI 1640 from Gibco, New
York. All other chemicals and reagents were of
the highest quality commercially available.

and his colleagues.

2. Chemical treatment and lymphocyte
culture

Final concentrations of test chemicals in
whole-blood cultures were as follows : 3-MSF-
4,5,3,4-TCB; 6.8ppm, 3-MSF-4,5,2,3 -
TCB; 7.1ppm, 3-MSF-2,5,2, 4,5 -PenCB;
5.2 ppm, 4-MSF-2,5,2’, 3", 4~PenCB ; 5.8 ppm,
4-MSF-2,5,2’,3,5,6-HCB; 9.6 ppm, TCDD;
1.5 ppb, PenCDF ; 3.9 ppb, Co-PenCB ; 8.8 ppb
and ANF; 4x10—°M (11 ppm).

Lymphocyte cultures (5.0 ml) were initiated

- from whole blood (0.3 ml) aliquated into culture

(59)

tubes containing the test chemical(s) as de-
scribed later and RPMI 1640 medium (4.5 ml)
supplemented with 159 fetal calf serum, 100
units/ml penicillin and 100.g/ml streptomycin.

Firstly, these whole-blood cultures were in-
cubated with either acetone (solvent) alone,
ANF or one of the five MSF-PCBs. Secondly,
the whole-blood cultures were treated with one
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of the five MSF-PCB congeners in the presence
of either TCDD, PenCDF or Co-PenCB. These
test chemicals were added at the beginning of
the culture time and left until harvesting.

PHA (0.15 ml and a final concentration: 3%)
was added at culture initiation. The whole-
blood cultures were then incubated at 37°C in
5% CO, and 100% humidity. At 71 hrs after the
commencement of the culture, 7uM CYB was
added and the incubation was further continued
for additional 26 hrs.

3. Slide preparation and scoring

At the end of incubation, the whole-blood
cultures were centrifuged (1,000 rpm X5 min),
resuspended in 0.1M KCl hypotonic solution for
15min at 37°C and centrifuged. Then, cells
were fixed 3 times in fresh fixative (methanol :
acetic acid, 3 : 1) at room temperature. Samples
for microscopic observation were obtained by
carefully dropping cell suspension from a Pas-
teur pipette onto wet clean slides. Slides were
dried in vapor of water and stained with 3%
Giemsa (Merck) in distilled water.

Slides were coded and scored blind under
magnification of 1,000 fold. A total of 1,500
binucleated lymphocytes with preserved cyto-
plasm were scored for each experimental
group. Criteria for evaluation of micronucleat-
ed cells were those suggested by Countryman
and Heddle®.

Table 1

4, Statistical analysis

The results are expressed as the average
number£S. E. of micronucleated cells from 3
observations of 500 binucleated cells each on
different slides from the same group. Data
were statistically analyzed by Student’s ¢#-test.

Results

1. Frequency of micronucleated cells induced
by each of the five MSF-PCB congeners in the
absence or presence of PenCDF.

The experimental results are shown in Table
1. The frequency of micronucleated cells in the
control culture was 2.7 £0.4 per 500 binucleated
lymphocytes, and the treatment of PenCDF (3.9
ppb) did not enhance the micronuclei formation.
ANF(4 X 10~5M), however, significantly induc-
ed the micronucleated cells and the frquency
rate was 4.3%+0.4 per 500 binucleated lym-
phocytes.

In the five MSF-PCB congeners, significant
increase of the micronucleated cells was not
observed after their single treatment in the
absence of PenCDF, and the range of micronu-
cleated cell rates was 2.7 to 4.0 per 500 binu-
cleated lymphocytes. However, in the presence
of PenCDF, 3-MSF-2,5,2,4,5-PenCB only
significantly enhanced the frequency of mi-
cronucleated cells and the rate was 4.0+0.7 per
500 binucleated lymphocytes even at the lowest

Statistical analysis of the effect of the five MSF-PCB congeners

on micronucleated cell rates in the absence or presence of PenCDF

MSF-PCB congener

Micronucleated cells
(per 500 binucleated lymphocytes)

and ANF Dose(ppm) PenCDF(-) PenCDF (3.9 ppb)
Control - 2.7£0.4 2.0+0.4
3-MSF-4,5,3,4-TCB 6.8 2.74+0.4 2.7+0.4
3-MSF-4,5,2’,3-TCB 7.1 3.0£0.7 3.0+0.7
3-MSF-2,5,2’,4’,5-PenCB 5.2 3.7£0.4 4.0+£0.7*
4-MSF-2,5,2’,3,4-PenCB 5.8 3.3+0.4 2.7£0.4
4-MSF-2,5,2’,3,5’,6'-HCB 9.6 4.0+£0.7 3.3%£0.4

ANF 11 4.3%£0.4* —

* . Significantly different from respective control figures, p<0.05

(60)


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


Five MSF-PCB Congeners on MNs

dose (5.2 ppm) among the MSF-PCB congeners.
The rest of them did not show any significant
effect on the induction of the micronucleated
cells.

2. Frequency of micronucleated cells induced
by each of the five MSF-PCB congeners in the
presence of TCDD or Co-PenCB.

The experimental results are indicated in
Table 2. Respective micronucleated cell rates
after the treatment of TCDD (1.5 ppb) and Co-
PenCB (8.8 ppb) were 3.7£0.4 and 2.3+0.8 per
500 binucleated lymphocytes and these rates
were not significantly different from that in
control culture, which was 2.7+0.4, as shown in
Table 1.

Simultaneous treatment of TCDD and one of
the five MSF-PCB congeners did not show any
significant effect on the induction of the mi-
cronucleated cells and the range of the fre-
quency rates was 3.3 to 4.7 per 500 binucleated
lymphocytes. In the presence of TCDD, 3-MSF
-2,5,2’,4’,5-PenCB showed the highest fre-
quency rate per 1ppm dose in the five MSF-
PCB congeners.

Simultaneous treatment of Co-PenCB and
one of the five MSF-PCB congeners did not
significantly enhance the formation of micronu-
cleated cells and the range of the frequency
rates was 3.3 to 3.7 per 500 binucleated
lymphocytes. As in the case of TCDD, the
highest rate per 1 ppm dose was observed after

Table 2
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the simultaneous treatment of 3-MSF-2,5, 2’,
4’, 5’-PenCB and Co-PenCB.

Discussion

We have already reported that ANF and 3-
MSF-4, 5,3, 4-TCB, one of the MSF-PCB con-.
geners examined in this study, inhibit or
enhance aryl hydrocarbon hydroxylase (AHH)
activity in mice and human lymphoblastoid
cells, probably depending on the quantity and
quality of cytochrome P-450 (P-450) enzymes,
which catalyze benzo(a)pyrene (BP), a subst-
rate of the AHH assay, metabolism!%18171925),
We have also investigated the effect of eleven
MSF-PCB congeners on AHH activity of cul-
tured human lymphoblastoid cells treated with
TCDD and demonstrated that the TCDD-in-
duced enzyme activity was mostly inhibited
with them by 10 to 809%, depending on
congeners'®. Three of the eleven MSF-PCBs
were 3-MSF-4, 5, 3, 4/~TCB, 3-MSF-4, 5, 2’, 3"~
TCB and 4-MSF-2,5,2’, 3", 4-PenCB, which
were used in this study, and respective rates of
the enzyme inhibition were about 8095, 409 and
209% at the dose of 1.5%g/ml, in other words, 1.5
ppm which was about 4 to 5 times lower concen-
tration than those used in this study, namely 5.8
to' 7.1 ppm. In that experiment, ANF showed
the highest AHH inhibition at the dose of
1.4ug/ml (1.4 ppm), which was about 8 times
lower concentration than that (4 X10~°M) used

Statistical analysis of the effect of the five MSF-PCB congeners

on micronucleated cell rates in the simultaneous treatment of

TCDD or Co-PenCB

Micronucleated cells
(per 500 binucleated lymphocytes)

MSF-PCB congener Dose(ppm) TCDD(1.5ppb) Co-PenCB(8.8 ppb)
Control - 3.7£0.4 2.3£0.8
3-MSF-4,5,3,4-TCB 6.8 3.3£0.4 3.3£0.4
3-MSF-4,5,2’,3-TCB 7.1 3.7t0.4 3.7£0.4
3-MSF-2,5,2’,4’,5-PenCB 5.2 4.7x1.1 3.3%0.8
4-MSF-2,5,2’,3",4-PenCB 5.8 3.7x£0.4 3.3£0.4
4-MSF-2,5,2’,3’,5,6'-HCB 9.6 4.7+£0.8 3.7x0.8
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in this study, that is, about 11zg/ml (11 ppm)
and the inhibition rate was about 9095. Like
this, some MSF-PCB congeners such as 3-MSF
-4,5,3,4-TCB and 3-MSF-4,5,2’,3-TCB
have been expected to demonstrate the same
biological action as ANF.

At doses of 4X107°M to 8 X10~°M, ANF has
been shown to elicit some clastogenic or co-
clastogenic potency?121149202022)28)24) g5 we
anticipated that some MSF-PCB congeners
including those mentioned above also could
evoke similar clastogenic or co-clastogenic
effect to ANF and this study was carried out.
As the results of this -study, 4X10-°M ANF
significantly enhanced the frequency of micro-
nucleated cells per 500 binucleated lympho-
cytes. However, as shown in Tables 1 and 2,
any of the five MSF-PCB congeners did not
induce the formation of micronucleated cells by
themselves and 3-MSF-2,5,2’,4’,5-PenCB
only significantly elevated the micronucleated
cell rate in case of the simultaneous treatment
with PenCDF. Based on the results of this
study, the five MSF-PCB congeners examined
including 3-MSF-4, 5, 3, 4-TCB, which is prob-
ably the most effective AHH inhibitor among
MSF-PCBs, are considered not to be an effec-
tive inducer of micronucleated cells in man,
because their final concentrations used in this
study were about 35,000 times higher than those
in the lungs and adipose tissue of healthy
Japanese people®.

The types of mutations which could contrib-
ute to spontaneous micronucleated cells include
(a) mutations to kinetochore proteins, centro-
meres and spindle apparatus that could lead to
unequal chromosome distribution or whole
chromosome loss at anaphase, and (b) unrepair-
ed DNA-strand breaks induced endogenously
or as a result of exposure to environmental
mutagens which may result in acentric chromo-
some fragments?. Therefore, the assay of
micronucleated cells can detect both clastogens
and spindle poisons and can be preferentially
used to estimate the dose of ionizing radiation

(62)
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or truly radiomimetic (non-S-dependent) chem-
icals to which people have been exposed.
According to the results of this study, the
MSF-PCB congeners examined are considered
not to be or very weak non-S-dependent geno-
toxic chemicals. We, however, have not inves-
tigated yet whether some MSF-PCBs are S-
dependent genotoxic compounds or not. Sister
chromatid exchanges (SCEs), which are not
readily induced by ionizing radiation or non-S-
dependent clastogens, have proved to be the
most sensitive mammalian genotoxic endpoint
for determining exposure to S-dependent chem-
icals, because SCEs occur during the S-phase of
the cell cycle?”, probably at DNA replication
forks or sites where replication is incompl-
etemzs)_

ther some MSF-PCB congeners have the

Consequently, in order to clarify whe-

potency to elicit the genotoxicity such as S-
dependent DNA insults, effects of the five MSF
-PCBs on the induction of SCEs in cultured
human lymphocytes are now under investiga-
tion in our laboratory. :
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