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Abstract We have been already contaminated with various chemicals including highly toxic
organochlorine compounds such as 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD), 2, 3,4, 7, 8-
pentachlorodibenzofuran (PenCDF) and 3, 4, 5, 3, 4-pentachlorobiphenyl (Co-PenCB). In this
study, in order to evaluate the genotoxicity of the three chemicals, we have examined their effects
on the induction of sister chromatid exchanges (SCEs), which has been frequently utilized as an
indicator of biological and genetic damage due to exposure to carcinogens or mutagens, in
cultured human lymphocytes in the absence or presence of 7, 8-benzoflavone (ANF) and the
following results were obtained. 1) TCDD, PenCDF and Co-PenCB significantly increased the
frequency of SCEs with almost the same dose-dependent manner in terms of the concentration of
TCDD toxic equivalent. 2) 8 X10-°> MANF significantly enhanced the frequency of SCEs and the
simultaneous treatment of ANF and either of TCDD, PenCDF or Co-PenCB seemed to exert an
additive effect as SCEs inducer. 3) TCDD, PenCDF and Co-PenCB were considered to be very
potent inducers of SCEs, because their 50% effective concentration in SCEs enhancement were
only 5 to 10 times higher than the level of the adipose tissue in healthy Japanese, namely, 70ppt
as TCDD.

Consequently, the respective TCDD toxic equivalency factors of 0.5 and 0.2 for PenCDF and Co
-PenCB seemed to be reasonable so far as the induction of SCEs was employed as an indicator
of the genotoxic potency. The three chemicals are regarded as highly genotoxic ones and one of
the most important problems which should be solved is further comprehensive genotoxicity and
health consequences of the mixed contamination of these chemicals to our descendants.

Introduction

Recently, cytogenetic changes such as the
induction of micronucleated cells (MNs) and
sister chromatid exchanges (SCEs) have fre-
quently been utilized as indicators of biological
damage due to exposure to different carcino-
gens or mutagens. These two cytogenetic
changes are considered to occur as results of
different mechanisms to DNA or chromosome
damage. MNs have been considered to be the
result of chromosome fragments or whole chro-

mosomes lagging behind the genome at cell

(52)

division. On the other hand, SCEs are formed
during the S phase after an initial change in the
form of DNA base damage®®, when quadrir-
adials as mitotic chiasmas are a consequence of
mitotic crossing over??,

Many studies indicate that we have been
already contaminated with numerous chemicals
which have been intentionally or accidentally
made by man and some of those are highly
toxic organochlorine compounds such as poly-
chlorinated dibenzo-p-dioxins (PCDDs), poly-
chlorinated dibenzofurans (PCDFs) and co-
planar polychlorinated biphenyls (Co - PCBs)
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91U In this study, we have investigated the

induction of SCEs
Iymphocytes by 2, 3, 7, 8-tetrachlorodibenzo-p-
dioxin (TCDD), the most toxic congener among
PCDDs, 2,3,4,7,8 - pentachlorodibenzofuran
(PenCDF), the most toxic congener among
PCDFs and 3,4,5,3, 4 -pentachlorobiphenyl
(Co-PenCB), the most toxic congener among Co
-PCBs, in order to elucidate their genotoxicity.

in mitogen-stimulated

Materials and Methods

1. Chemicals

TCDD and PenCDF were synthesized by Dr.
Y. Masuda and his colleagues and Co-PenCB
was purchased from Cambridge Isotopve Labo-
ratories, Woburn, USA. Their purities were
over 99% by gas chromatography. The sources
of chemicals used in this study were as follows :
demecolcin, 7, 8-benzoflavone (ANF) and hoe-
chst 33258 from Wako, Osaka, 5-bromo-2’-
deoxyuridine (BUdR) from Sigma, St.Louis,
phytohemagglutinin M (PHA) from Difco,
Detroit and penicillin, streptomycin and RPMI
1640 from Gibco, New York. All other chemi-
cals and reagents were of the highest quality
commercially available. ‘

2, Chemical treatment and lymphocyte
culture

We assumed that the total concentration of
PCDDs, PCDFs and Co-PCBs in the adipose
tissue of Japanese people was 70ppt as TCDD
toxic equivalent value on fat weight basis and
that the toxic equivalency factors (TEFs, rela-
tive toxic potency to TCDD) were 0.5 for PenC-
DF and 0.2 for Co-PenCB. Their effects on the
induction of SCEs in peripheral human lympho-
cytes were examined at doses of about 5, 25 and
50 times higher concentrations than 70ppt
as TCDD. Therefore, human lymphocytes in
whole-blood cultures were treated with TCDD
at 364, 1,470 and 2,940ppt, with PenCDF at 784,
3,948 and 7,896ppt and with Co-PenCB at 1,750,
8,750 and 17,500ppt. These test chemicals were
added at the beginning of the culture time and
left until harvesting.

(53)
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Heparinized peripheral blood samples were
obtained by venipuncture from healthy females
(mean age : 37 years old). Lymphocyte cultures
(5.0ml) were initiated from whole blood (0.3ml)
aliquoted into culture tubes containing RPMI
1640 medium (4.5ml) supplemented with 15%
fetal calf serum, 100 units/ml penicillin and
100.g/ml streptomycin, in either the presence
or absence of 8 X10~°* MANF. Hundred M BU-
dR and 0.15ml1 PHA (a final concentration ; 3%)
were added at culture initiation. The whole
blood cultures were then incubated at 37°C in 5
% CO, and 100% humidity. Seventy hrs later
and 3 hrs before fixation, 2 X10~” M demecolcin
was added. The cells were then collected by
centrifugation, exposed to 0.075MKCI hypoto-
nic solution for 15 min at 37°C and fixed 3 times
in methanol : acetic acid (3: 1 v/v) at room
temperature.

3, Slide preparation and scoring

Samples for microscopic observation were
obtained by carefully dropping the lymphocyte
suspensions from Pasteur pipettes onto pre-
cleaned wet slides and dried in vapor of the
water. The slides were stained for SCEs ana-
lyses using a little modification of the fluores-
cence (Hoechst 33258) plus Giemsa (FPG) tech-
nique®. Slides were coded and scored blind
under a magnification of 1,000 fold. SCEs were
analyzed in 30 to 64 metaphases for each point
and scored.

4 . Statistical analysis

The results were expressed as the average
number *+S. E. of SCEs per metaphase. Data
were statistically analyzed by Student’s #-test.

Results

1. Frequency of SCEs induced by TCDD,
PenCDF and Co-PenCB in the absence of
ANF

The experimental results are shown in Fig. 1.
The frequency of SCEs/cell in the control cul-
ture was 10.5%+0.4, and the three chemicals
significantly enhanced the SCEs formation even
at the lowest concentration, namely, about 5
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Relative Concentration of Organochlorine Compounds
to the Average Concentration of TCDD Toxic. eq.
(70ppt) in Healthy People as a Standard

Fig.1 Effect of TCDD (J), PenCDF (%) or Co-
PenCB (O) on the induction of SCEs in
human lymphocytes of whole-blood cul-
tures

*: P<0.05, *: P<0.01

times more than the average Japanese level.
The greatest SCEs induction was observed at
about 25 or 50 times over the mean level in
Japanese and those were 15.0+0.8SCEs/cell for
TCDD, 14.2+0.5SCEs/cell for PenCDF and 14.
2+0.6SCEs/cell for Co-PenCB. In the whole-
blood culture without ANF, the fregency of
SCEs in human lymphocytes seemed to increase
in almost the same proportion to the concentra-
tion of TCDD, PenCDF and Co-PenCB in terms
of TCDD toxic equivalent level. Therefore, our
assumption that TEF values are 0.5 for PenCDF
and 0.2 for Co-PenCB is considered to be acce-
ptable.

Based on these findings, we recalculate the
frequency of SCEs/cell values induced by the
three chemicals at the same concentration in
the toxic equivalent of TCDD and the result is
shown in Fig. 3. The frequency of SCEs in the
control culture was 10.5+0.4/cell, enhanced in
proportion to their concentration and at the
highest one it was 14.2+0.4/cell. Fifty % effec-
tive concentration (ECs,) for the induction of
SCEs in the lymphocytes cultured without ANF
appeared to be only 5.3 times higher concentra-
tion than the average one in Japanese, namely,

(54)
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Fig.2 Effect of simultaneous treatment of both
TCDD (M), PenCDF (%) or Co-PenCB (@)
and ANF (8X107°M) on the induction of
SCEs in human lymphocytes of whole-
blood cultures
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Fig.3 Means in effects of the three organochlor-
ine compounds (TCDD, PenCDF and Co-
PenCB: O) and these chemicals plus ANF
(@) on the induction of SCEs in human
lymphocytes of whole-blood cultures

* : P<0.05, % % : P<0.01
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70ppt as TCDD.

2. Frequency of SCEs induced by TCDD,
PenCDF - and Co-PenCB in the presence of
ANF

The results are indicated in Fig. 2. The fre-
quency of SCEs in the control culture was 12.
5+0.4/cell, PenCDF significantly induced the
SCEs formation even at the lowest concentra-
tion and the other two chemicals from about 25
times over the mean Japanese level. The
greatest SCEs formation was seen at about 25
or 50 times more than the mean level in
Japanese and those were 16.6+1.0SCEs/cell for
TCDD, 17.3%+0.7SCEs/cell for PenCDF and 16.8
+1.0SCEs/cell for Co-PenCB. In general, the
three chemicals enhanced the frequency of SCEs
in the lymphocytes of whole-blood cultures in
the presence of ANF with almost the same
dose-dependent manner in terms of TCDD toxic
equivalent. Therfore, our assumption concern-
ing TEF values for PenCDF and Co-PenCB
seems to be reasonable not only in the absence
of ANF but also in its presence.

Based on the findings mentioned above, we
reevaluated the frequency of SCEs at each
concentration, adding up the SCEs/cell of the
three: chemicals at the same concentration in
TCDD toxic equivalent and the result is indi-
cated in Fig. 3. The frequency of SCEs in the
control culture was 12.540.4/cell, increased
significantly in proportion to their concentra-
tion and at the greatest concentration it was
16.6+0.5/cell. Their ECs, for the induction of
SCEs in the human lymphocytes cultured in the
presence of ANF seemed to be 10 times
higher concentration than the average one in
Japanese people, namely, 70ppt as TCDD.

Discussion

The development of TEFs for PCDDs and
related compounds has been necessitated by the
identification of complex mixtures of these
chemicals in almost every compartment of the
global ecosystem. ‘PenCDF is the second toxic
congener among PCDDs, PCDFs and Co-PCBs

(55)
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and its proposed TEF value is 0.52”. Co-PenCB
is the most toxic PCB congener and the range
of its proposed TEF value is 0.1 to 0.4%929, In
this study, we assumed that TEF values for
PenCDF and Co-PenCB were 0.5 and 0.2, respec-
tively and this assumption seemed to be reason-
able because TCDD, PenCDF and Co-PenCB
enhanced the frequency of SCEs in almost the
same dose-dependent manner in terms of the
TCDD toxic equivalent concentration, as in-
dicated in Figs 1 and 2.

PCDDs, PCDFs and PCBs did not bind
covalently to DNA, did not affect the frequency
of SCEs and were negative in other short-term
genotoxicity tests®?%. Contrary to the findings
mentioned above, the present study and other
recent investigations indicated PCDDs, PCDFs
and PCBs significantly increased the frequency
of SCEs in cultured human lymphocytes!9»1721
and that of micronucleated cells in vitro'®9),
and cytogenetic analysis of peripheral blood
Iymphocytes .demonstrated that accidental or
occupational exposure to PCBs and/or PCDFs
resulted in an enhanced frequency of SCEs®®.

The present study also indicated that TCDD,
PenCDF and Co-PenCB seemed very potent
inducers of SCEs, because, as shown in Fig. 3,
their ECs, values of SCEs induction were only 5.
3 and 10 times higher concentration than that in
healty Japanese, that is, 70ppt as TCDD in the
absence and presence of ANF, respectively.
ANF greatly enhanced the sensitivity of SCEs
assay in detecting effects of cigarette smoking
and accidental exposure to a mixture of PCBs
and PCDFs in peripheral lymphocytes®!®. As
indicated in Fig. 3, ANF significantly enhanced
the frequency of SCEs in the control culture and
the simultaneous treatment of ANF and either
of the three chemicals was considered to be
additive in SCEs induction. This kind of effect
has been seen in our former study on the induc-
tion of micronucleated cells with the same
chemicals!'®.

Several, however, of these chemicals are
carcinogenic in animal models, where they have
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been classified as tumor promoters rather than
initiatorsV”®1®  Taking account of recent
findings described above and the results of this
study, we had better consider that these
halogenated aromatics are carcinogenic partly
as promoters and partly as initiators, because
they are probably potent genotoxic compounds
and sometimes seem to act through mechanisms
involving direct genetic damage.

Human breast milk has been also contaminat-
ed with PCDDs, PCDFs and Co-PCBs'*? and
daily intakes of these chemicals in breast-
feeding babies of healthy mothers have been
estimated to be about 100 to 200 pg/kg/day as
TCDD equivalent values (TEQs)'®. These
TEQs values are about 100 to 200 times greater
than the acceptable daily intake (ADI) value,
namely, lpg/kg/day. Therefore, we should
give due attention to the comprehensive genoto-
xicity and possible health consequences due to
PCDDs, PCDFs and related chemicals in the
breast milk to breast-feeding babies.
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