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Abstract

Dioxins can be transferred from mother to fetus via the placenta, or to nursing infants via breast milk, potentially
causing developmental health problems in children. To assess pediatric health risks from dioxins, exposure of mothers
and children to dioxins must be clarified. Methods of reducing maternal transfer of dioxins should also be investigated.
Concentrations of 28 dioxin (polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, and co-planar poly-
chlorinated biphenyls) congeners in blood, adipose tissue, breast milk, cord blood and placenta collected from 44 preg-
nant Japanese women were measured. In addition, to investigate potential reductions in maternal transfer of dioxins, 23
pregnant women were instructed to take Chlorella pyrenoidosa supplements during pregnancy.

Correlations were observed between dioxin total toxic equivalents (total TEQ) in blood and total TEQ in adipose
tissue (r = 0.913, P < 0.0001), breast milk (» = 0.695, P = 0.0007), and cord blood (r = 0.759, P < 0.0001). Dioxin levels
transferred to fetuses and nursing infants reflect cumulative maternal concentrations of dioxins. A linear regression
equation was introduced to predict total TEQ in breast milk and cord blood from dioxin levels in maternal blood,
which should prove useful in evaluating fetal and infant risk of dioxin exposure. Total TEQ in cord blood were approx-
imately 26% lower than in maternal blood (P < 0.0001). The results of this study suggest that transplacental transfer
differs depending on the dioxin congener. Total TEQ in breast milk were approximately 30% lower in the Chlorella
group than in controls (P = 0.0113). This finding suggests that maternal transfer of dioxins can be reduced using dietary
measures such as Chlorella supplements.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Polychlorinated dibenzo-p-dioxins (PCDDs), poly-
chlorinated dibenzofurans (PCDFs), and co-planar
polychlorinated biphenyls (Co-PCBs) collectively repre-
sent environmental contaminants that exert a variety of
harmful effects on the laboratory animals, including car-
cinogenicity (Dragan et al., 1992), reproductive toxicity
(McNulty, 1984), and immunosuppression (Burleson
et al, 1996). PCDDs, PCDFs and Co-PCBs (dioxins)
continue to be released into the environment in Japan
via industrial combustion and municipal garbage incin-
eration processes. Dioxins that have been released into
the environment can be present in the air, soil and water.
As dioxins display extremely high chemical stability and
are lipid soluble, these chemicals are primarily intro-
duced into the body through food, as a result of biomag-
nification in the food-chain. Approximately 90% of
dioxin intake in humans reportedly occurs through
food, and 60-80% of this intake in Japan is through sea-
food (Tsutsumi et al., 2001). Conversely, in Europe and
North America, the primary sources of dioxin are meat,
eggs and dairy products (Schecter et al., 1994). Ingested
dioxins are absorbed from the gastrointestinal tract, but
are not readily catabolized by drug metabolizing enzyme
system, and accumulate in the body over long periods of
time. These accumulated dioxins can be transferred from
mother to fetus via the placenta during pregnancy, and
from mother to child via breast milk when nursing
(Fiierst et al., 1989; Schecter et al., 1990). Several cases
of neurological developmental disorders in children such
as hyperactivity and decreased intelligence quotient I1Q
have been reported following exposure to dioxins or
polychlorinated biphenyls (PCBs) (Chen et al.,, 1994;
Jacobson and Jacobson, 1996). In addition, experimen-
tal animal models reportedly show changes in brain
function and postnatal behavioral dysfunction resulting
from transplacental and lactational exposure to environ-
mental contaminants such as dioxins (Bowman et al.,
1989; Hany et al., 1999; Masuo et al., 2001; Maeda
et al., 2003). Recent increases in attention deficit hyper-
activity disorder (ADHD) and learning disabilities
(LD) in school children have become major social prob-
lems in Japan and the West (Wolraich et al., 1996;
Ohminami, 2003). The transplacental and lactatlonal
exposure to environmental contaminants such as dioxins
may be regard as one of cause of ADHD and LD in
children.

In order to assess the health risks of dioxins on chil-
dren, knowledge of the extent of dioxin exposure is cru-
cial, including the mechanisms by which dioxins are

transferred from mother to child. Studies are also
needed to investigate ways of reducing maternal transfer
of dioxins.

The present study investigated the transfer of dioxins
from mother to fetus or nursing infant, using pregnant
women from the general population in Japan and their
children as subjects. Moreover, in an attempt to mitigate
maternal transfer of dioxins, we investigated the utility
of Chlorella pyrenoidosa (Chlorella) supplements.

Chlorella is a unicellular green algae that grows in
fresh water. Compared to other plants, Chlorella is
much richer in proteins and chlorophylls and contains
large quantities of vitamins, minerals, dietary fibers
and nucleic acids. The proteins in Chlorella include all
the essential amino acids for human growth and health.
Chlorella and Chlorella extracts have been shown to
lower cholesterol (Fujiwara et al., 1990), prevent
stress-induced ulcers (Tanaka et al., 1977) and improve
immunity against infection (Hasegawa et al., 1990),
and antitumor effects have also been described (Tanaka
et al., 1984; Konishi et al., 1985; Merchant et al., 1990).
Chlorella has also been reported to exert a stimulatory
effect on fecal excretion of dioxins in rats (Morita
et al., 1999, 2001), and we have confirmed that Chlorella
displays similar effects in mice (Takekoshi et al., 2005).
At present, Chlorella is widely available in supplements
and health foods in many regions of the world. The
present clinical trial was conducted based on this
information.

2. Materials and methods
2.1. Subjects

Subjects in this study comprised 151 healthy preg-
nant women (age range, 23-40 years; 120 primiparas,
31 multiparas) who were receiving prenatal care at Sais-
eikai Nara Hospital (Nara, Japan) and who provided
written consent to participate in the study. Of these, 65
subjects (53 primiparas, 12 multiparas) agreed to take
Chlorella tablets (Chlorella group). These subjects were
asked to take Chlorella tablets for approximately 6
months, from gestational week 12-16 up until day of
delivery. Dose was 6 g/day of Chlorella (30 tablets/
day), in portions of 10 tablets- after each main meal.
Sun Chlorella A tablets (Sun Chlorella Corp., Kyoto,
Japan) containing dried Chlorella powder as the active
ingredient were used. Each tablet comprised the follow-
ing (g/100 g): moisture, 4.7; chlorophyll, 2.4; dietary
fiber, 9.8; protein (N x6.5), 57.8; lipid, 10.4. No
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restrictions were imposed on the remaining 86 partici-
pants (67 primiparas, 19 multiparas) who comprised
the Control group, with the exception that they were
prohibited from taking Chlorella tablets.

This study was conducted in accordance with the
general principles of the Helsinki Declaration, and all
study protocols were reviewed and approved by the
Institutional Review Board of Saiseikai Nara Hospital.

2.2. Analysis of PCDDs, PCDFs, and Co-PCBs

Only participants for whom five samples comprising
maternal peripheral blood (maternal blood), breast
milk, maternal subcutaneous adipose tissue (adipose tis-
sue), cord blood and placenta, or four samples except
for maternal adipose tissue sample were available were
selected for analysis of PCDDs, PCDFs, and Co-PCBs.
Analysis was thus performed for 23 subjects in the Chlo-
rella group and 21 participants in the Control group.
Samples were collected between August 2001 and Octo-
ber 2002. Maternal blood samples (20 ml) were taken
from each of the 44 participants on the day of delivery.
Given that the participating subjects were pregnant,
fasting was not imposed at the time blood samples were
collected. Samples of placenta (20 g) which sufficiently
removed blood were collected immediately postpartum.
Samples of cord blood (20 ml) were collected immedi-
ately postpartum. Breast milk (10 ml each) samples were
collected on one day during days 3-9 of puerperium, and
were mixed. Samples of maternal adipose tissue (5-10 g)
were collected during surgery from abdominal incisions
in 33 subjects who underwent caesarean section deliver-
ies. Samples were immediately frozen after collection,
and sent to Obihiro University of Agriculture and Veter-
inary Medicine, where they were stored frozen at —20 °C
until analysis. Concentrations of 6 PCDD congeners, 10
PCDF congeners, and 12 Co-PCB congeners (Table 2)
were measured in each maternal sample.

Dioxin analysis was conducted in accordance with
the analytical manual of the Japanese Ministry of
Health, Labour, and Welfare (2000). Specifically, all
samples were spiked using 13C-labelled internal stan-
dards (Wellington Laboratories, Guelph, Ontario, Can-

ada) of PCDDs, PCDFs, and Co-PCBs. Then, for

maternal blood, cord blood and breast milk samples,
dioxin-containing lipid was separated from samples by
combination with saturated ammonium sulfate, fol-
lowed by ethanol, after which the lipid was extracted
using #-hexane. For placenta and maternal adipose tis-
sue samples, dioxin-containing lipid was extracted by
sonication with a 2:1 (v/v) chloroform-methanol mix-
ture. After measuring lipid content in each sample, diox-
in-containing lipids were fed into a multilayer silica gel
column comprising 2% (w/w) KOH-silica gel, 44%
(w/w) H,SOy-silica gel, 22% (wiw) H,S80,-silica gel and
10% AgNOs-silica gel, in that order, followed by passage

through an alumina (alumina oxide 90; Merck & Co.,
Inc., Darmstadt, Germany) column for sample clean-
up. Analyses of PCDDs and PCDFs were performed
using high-resolution gas chromatography—mass spec-
trometry (GC-MS) (HP-6890: Hewlett Packard, Palo
Alto, CA, USA; AutoSpec-Ultima: Micromass, Man-
chester, England) equipped with a capillary column
(SP-2331: SPERUCO, Bellefonte, PA, USA, DB-
17HT: J&W Scientific, Folsom, CA, USA) employing
the Electron Impact-Selected Ion Monitoring method
at 10000 resolutions. Analysis of Co-PCBs was per-
formed using GC-MS (HP-6890; AutoSpec-Ultima)
with a DB-5MS fused silica capillary column (J&W Sci-
entific). Quality control was performed by calculating
recovery rates for PCDDs, PCDFs and Co-PCBs based
on BC-labelled 1,2,3,4-tetrachlorinated dibenzo-p-dioxin
(tetraCDD) or '*C-labelled 2,3,3',5,5'-pentachlori-
nated biphenyls (pentaCB) as syringe spikes. Method
blanks were analyzed parallel to samples. Detection lim-
its were: tetraCDD/DF, 0.005 pg/g; pentaCDD/DF,
0.005 pgl/g; hexaCDD/DF, 0.01 pg/g; heptaCDD/DF,
0.01 pg/g; octaCDD/DF, 0.02 pg/g; and Co-PCB, 0.01

pg/s.
2.3. Data analysis

Means and standard deviations (SDs) were calcu-
lated for the concentrations of each congener, and for
total PCDD, total PCDF, total Co-PCB and total diox-
in concentrations (PCDDs + PCDFs + Co-PCBs) for
maternal blood, maternal adipose tissue, breast milk,
cord blood and placenta. Total toxic equivalents
(TEQ) were calculated using WHO toxic equivalency
factor (WHO-TEF) values for each congener (Van den
Berg et al., 1998). In these calculations, measured values
of congeners with concentrations below the detection
limit were regarded as 0.

Correlations between various samples were investi-
gated to analyze maternal-fetal distributions for each di-
oxin. In addition, transplacental transmission of dioxins
was assessed using concentration ratios for each conge-
ner in the following samples as indicators: ratio between
placenta and maternal blood concentrations (Cy/Crmps
lipid-basis); ratio between cord blood and maternal
blood concentrations (Cey/Crmp, lipid-basis); and ratio
between cord blood and placenta concentrations (Cev/
Cp, lipid-basis). Maternal-fetal distribution and transfer
of dioxins was assessed solely on the basis of measured
values in the Control group.

To analyze differences between primiparous and mul-
tiparous women, concentrations of each congener in
each maternal sample, in addition to total concentra-
tions of PCDDs, PCDFs, and Co-PCBs, total concen-
tration of dioxins, and total TEQ were compared
between Control group primiparas (z = 10) and multip-
aras (n=11). To assess the effects of Chlorella
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supplementation, the same parameters were compared
between Chlorella and Control groups.

Mann—Whitney U-tests were used for comparisons
between each group and between each maternal sample,
while Spearman’s rank correlation test was used to
investigate correlations between maternal samples. Val-
ues of P <0.05 were considered statistically significant.
All statistical procedures were performed using SPSS
11.0 for Windows statistical software (SPSS, Chicago,
IL, USA).

3. Results
3.1. Characteristics of participants

Characteristics of mothers and their children are
shown in Table 1. No differences between Chlorella
and Control groups were observed with regard to results
of normal clinical examinations or interviews conducted
at Saiseikai Nara Hospital during pregnancy (data not
shown).

3.2. Maternal-fetal distribution and maternal transfer
of dioxins

The principal congeners found in maternal
blood, maternal adipose tissue, breast milk and cord
blood were 1,2,3,7,8-pentaCDD, 1,2,3,6,7,8-hexaCDD,
2,3,4,7,8-pentaCDF,  3,3/.4,4',5-pentaCB  (IUPAC
#126) and 2,3,3',4,4',5-hexaCB (#156), with these 5
congeners representing approximately 80% of total
TEQ. However, congeners 1,2,3,7,8-pentaCDD and
2,3,4,7,8-pentaCDF composed about 80% of total
TEQ in the placenta (Tables 2 and 3). The profile for di-
oxin congeners present in the placenta differed substan-
tially from that in maternal blood, maternal adipose
tissue, breast milk and cord blood (Tables 2 and 3).

Correlations were observed between total TEQ
(pg-TEQ/whole sample-g) in maternal blood and total
TEQ in maternal adipose tissue, breast milk and cord

blood (r=0.913, P <0.0001; r=20.695, P =0.0007;
and r = 0.759, P < 0.0001, respectively) (Fig. 1). Similar
correlations were observed on a lipid-basis.

No differences were observed between primipara and

multipara subjects in measured dioxin values (Tables 2
and 3).

3.3. Placental transfer of dioxins

Total concentrations of dioxins and total TEQ in
cord blood were approximately 56% and 39% lower than
corresponding values in maternal blood (calculated from
total TEQ and measured values in Table 3; Mann-Whit-
ney U-test: P < 0.0001 for each). Cp/Cny for the various
congeners (lipid-basis) was 0.29-1.23 for PCDDs, 0.35-
2.67 for PCDFs, and 0.33-0.90 for non-ortho-PCBs,
and 0.24-0.33 for mono-ortho-PCBs, as accumulation
in the placenta varied greatly depending on the specific
congener (one-factor analysis of variance (ANOVA),
P <0.01) (Fig. 2). Cp/Cyp for the major congeners was
1.23 for 2,3,7,8-tetraCDD (WHO-TEF:1), 2.68 for
1,2,3,7,8-pentaCDD (WHO-TEF:1), 1.33 for 1,2,3,7,8-
pentaCDF (WHO-TEF:0.05), 2.67 for 2,3,4,7,8-penta-
CDF (WHO-TEF:0.5). Moreover, Cg/C,, (lipid-basis)
was 0.09-4.79 for PCDDs, 0.00-1.19 for PCDFs, 0.48—
3.61 for non-ortho-PCBs, and 0.90-2.12 for mono-
ortho-PCBs, as transmission from placenta to cord
blood differed depending on the congener (one-factor
ANOVA, P <0.01) (Fig. 2). Observed ranges for Ce/
C.p (lipid-basis) were 0.06-1.38 for PCDDs, 0.00-0.59
for PCDFs, 0.29-1.23 for non-ortho-PCBs, and 0.28—
0.60 for mono-ortho-PCBs (one-factor ANOVA,
P <0.01) (Fig. 2). Although placental transmission of
several congeners was restricted, no restriction on the
transfer of octaCDD or 3,3',4,4/-tetraCB (#77) into
the cord blood was observed.

3.4. Effect of Chlorella administration

The mean lipid contents (£SD) of maternal blood,
cord blood and breast milk were significantly lower in

Table 1

Characteristics of participants

Characteristics Control group (n = 21) Chlorella group (n = 23) rt
Mean SD Mean SD %

Maternal

Age (years) 28.5 39 304 31 . - 0.185

Weight before pregnancy (kg) 55.1 122 53.5 8.3 - 0.654

Parity (% primipara) - - 47.6 - - 56.5 0.763 .

Newborn

Male (%) - - 333 - - 47.8 0.373

Weight (g) 2860.8 304.6 3064.5 335.9 - 0.040

% Mann-Whitney U-test or Fisher’s exact test.
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Fig. 1. Correlations between total TEQ in maternal blood and
breast milk, maternal blood and adipose tissue, and maternal
and cord blood, in a subset of the Control group (n = 20).

the Chlorella group than in the Control group
(0.43 £ 0.07% vs. 0.54 £ 0.09%; 0.31 £ 0.05% vs. 0.37 £
0.03%; and 2.70 £ 0.96% vs. 3.85 % 0.97%, respectively;
Mann—Whitney U-test, P < 0.05 for all). In view of these
reduced levels in lipid-containing samples, dioxin con-
centrations and TEQ in the Chlorella and control were
compared on a whole sample-basis.

Total TEQ in breast milk was lower in the Chlo; ella
group (0.643 * 0.387 pg-TEQ/whole sample-g) than in
the Control group (0.909 + 0.406 pg-TEQ/whole sam-
ple-g; Mann-Whitney U-test, P = 0.0113) (Table 4).

Co/Crp  (whole sample-basis) for PCDFs and
PCDDs, excluding Co-PCBs, was higher in the Chlorella
group than in the Contrpl group (Mann—Whitney
U-test, P =0.0034) (Fig. 3). Moreover, Ce,/Cp (whole
sample-basis) for PCDDs and PCDFs tended to be
lower in the Chlorella group than in the Control group
(Mann-Whitney U-test, P = 0.0617) (Fig. 3). No differ-
ence in Cgp/Cryp (whole sample-basis) was seen between
groups (Mann-Whitney U-test, P =0.2172) (Fig. 3). In

addition, differences between the Control and Chlorella
groups were observed in correlations between concentra-
tions of PCDDs, PCDFs and Co-PCBs in cord blood
and those in maternal blood (Table 5).

4. Discussion

The first objective of this study was to survey the ex-
tent of exposure to PCDDs, PCDFs and Co-PCBs in or-
dinary mothers and their children in Japan, and to assess
maternal-fetal distribution and transfer of dioxins.

Strong correlations were observed between total
TEQ in maternal blood and total TEQ in maternal adi-
pose tissue, reflecting the amount of dioxins that have
accumulated in the bodies of mothers. Strong correla-
tions were also seen between total TEQ in maternal
blood and those in cord blood and breast milk. Concen-
trations of dioxins in maternal blood thus not only offer
a predictor of dioxins levels that have accumulated in
the body, but also seem to offer clues to understand-
ing the amounts of dioxins transferred from the mother
to the fetus or nursing infant. The linear regression
equation introduced in this study should prove useful
for predicting dioxin concentrations in breast milk and

cord blood based on concentrations in maternal blood.

Various studies have reported measurements of diox-
in levels in human tissues. In a study similar to the pres-
ent, dioxin levels were measured in maternal blood,
adipose tissue, milk, placenta and cord blood in five
pregnant American women. In this study, mean TEQ
in adipose tissue samples was 11.6 pg-TEQ/lipid-g
(range: 8.17-15.62 pg-TEQ/lipid-g). In our study, mean
TEQ in adipose tissue samples was 24.0 pg-TEQ/lipid-
g (range: 13.29-51.87 pg-TEQ/lipid-g), slightly higher
than reported by Schecter et al. (1998). Another study
reported dioxin lev§ls in the adipose tissue of two adults.
In that study, 2,3,7,8-tetraCCD levels in abdominal adi-
pose tissue samples were 5.7 and 7.4 pg/lipid-g. In our
study, mean 2,3,7,8-tetraCCD level in adipose tissue
samples was 1.0 pg/lipid-g (range: 0.55-2.30 pg/lipid-
g), somewhat lower than the levels reported by Ryan
et al. (1985).

The placenta serves to transfer nutrients, oxygen and
endogenous bioactive substances from the mother to the
fetus, and to excrete waste products produced by the
fetus via the mother. An addition function is as a barrier
to chemical and toxic substances; the so-called the placen-
tal barrier. The present results revealed that dioxin con-
centrations in cord blood (lipid-basis) were about 56%
lower than in maternal blood. This was considered largely
attributable to the placenta limiting the transport of
lipids, although the placenta may not function as a com-
plete barrier to dioxins. Transplacental transfer of dioxins
was also investigated based on Co/Coyp, ratio (lipid-basis).
The results showed that C.p/Cyyp, (lipid-basis) was 0.1 for
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Fig. 2. Concentration ratios for dioxin congeners between maternal blood and placenta and cord blood in a subset of the Control
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maternal blood or placenta; C,: concentration in placenta (pg/lipid-g); Cmo' concentration in maternal blood (pg/lipid-g); Cev!

Concentration in cord blood (pg/lipid-g).

2,3,7,8-tetraCDD, 0.06 for 1,2,3,7,8,9-hexaCDD, 1.38 for
octaCDD, and 1.23 for 3,3',4,4-tetraCB (IUPAC #77).
These differences suggest that differences in the transpla-
cental transfer of dioxins exist depend on the particular
congener in question. The form in which a dioxin is pres-
ent in the blood (such as binding to serum proteins, etc.)
can differ depending on the congener (Piper et al., 1973;
Patterson et al., 1989), and this is one possible cause of
these differences. Research has also shown that 2,3,7,8-
tetraCDD binds strongly to arylhydrocarbon (Ah) recep-
tors, which are present in the placenta in addition to the
liver and other tissues (Manchester et al., 1987; Nakai
and Bunce, 1995). When WHO-TEF values were estab-
lished for dioxin isomers, affinity to Ah receptors was
established as one of the criteria (Van den Berg et al.,
1998). Functioning of the placenta itself, including the
expression of Ah receptors, may also represent a contrib-
uting factor. Moreover, as cytochrome P450 is also ex-
pressed in placenta, differences between isomers in
receptivity to drug metabolizing enzymes may also affect
transplacental transfer. Changes in placental function due
to 2,3,7,8-tetraCDD exposure were reported in a study
conducted in rats (Ishimura et al., 2002). Research relat-
ing to the transfer of environmental contaminants such
as dioxins to the fetus, including effects on placental func-
tion, is expected to continue in the future. The results of

this study suggest the possibility that intake of Chiorella
supplements may modify the transfer of dioxins. How-
ever, the physiological effects and mechanisms of action
of Chlorella are as yet unclear, and warrant future
investigation.

Studies of dioxin concentrations in breast milk are
underway in many countries (Alder et al., 1994; Gonzé-
lez et al., 1996; P'éiplée et al., 1996; Paumgartten et al.,
2000). Recently, dioxin contamination in breast milk
has decreased compared to past levels in Japan and
other industrialized countries (survey of the Ministry
of Health, Labour and Welfare Japan, 2001). The results
of this study very closely approximate those of the 1998
and 1999 surveys conducted by the Japanese Ministry of
Health, Labour and Welfare (2001), indicating that lev-
els of dioxin contamination in breast milk have not
changed greatly over the last few years. A survey of
breast- and formula-fed infants (Abraham et al., 1996)
found that at 1 month after birth, 2 breast-fed infants
had ingested 82.2 and 106.2 g-TEQ/kg-body weight/
day of PCDDs and PCDFs respectively, while 1 for-
mula-fed infant had ingested 2.1 pe-TEQ/kg-body
weight/day. Breast-fed infants also reportedly ingest
about 50-fold greater quantities of PCDDs and PCDFs
as formula-fed infants in the year after birth. Quantities
of dioxins ingested by infants throughout nursing were
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Fig. 3. Cp/Cup, Cep/Cp and Cet/ Conp of PCDD/DFs in subsets of the Control group (n=21) and Chlorella group (n = 23). Gy

Concentration (pg/whole sample-g) in placenta of PCDD/DFs; Cpy

»: concentration (pg/whole sample-g) in maternal blood of PCDD/

DFs; C,,: concentration (pg/whole sample-g) in cord blood of PCDD/DFs; x = outlier; dark line = median; box = interquartile range;

bars = non-outlier range (5-95%).

Table 5

The correlation coefficients between the concentration of
PCDDs, PCDFs, and Co-PCBs in cord blood and that in
maternal blood from the Control and Chlorella groups

PCDDs PCDFs Non-ortho- Mono-
PCBs ortho-PCBs
Control (whole sample-basis)
Correlation  0.562 0.655 0.737 0.717
coefficient
P-value 0.010 0.002 0.001 0.001
Chlorella (whole sample-basis)
Correlation  0.255 0.308 -0.013 0.381
coefficient
P-value 0.240 0.153 0.953 0.073

Spearman’s correlation coefficient by rank test.

posed by environmental contaminants such as dioxins to
fetuses and nursing infants. Dietary measures represent
one of the most realistic ways to accomplish this. Our re-
sults suggest that Chlorella supplementation may be
effective for reducing dioxin exposure. Studies that illu-
minate the actual health risks of environmental conta-
minants such as dioxins, and which also make effective
use of the functionality of food for reducing exposure
to these environmental contaminants, will become even
more important in the future. .

References

Abraham, K., Knoll, A, Ende, M., Pépke, 0., Helge, H., 1996.
Intake fecal excretion and body burden of polychlorinated

dibenzo-p-dioxin and dibenzofurans in breast-fed and for-
mula-fed infant. Pediatr. Res. 40, 671-679.
Alder, L., Beck, H.,, Mathar, W, Palavinskas, R., 1994.
. PCDDs, PCDFs, PCBs, and other organochlorine com-
pounds in human milk. Levels and their dynamics in
Germany. Organohal. Compd. 21, 39-44.

Bowman, R.E., Ferguson, S.A., Schantz, S.L., Gross, M.L.,
1989. Behavioral effects in monkeys exposed to 2,3,7,8-
TCDD transmitted maternally during gestation and for four
months of nursing. Chemosphere 18, 235-242.

Boylan, J.J., Egle, J.L., Guzelian, P.S., 1978. Cholestyramine:
Use as a new therapeutic approach for chlordecone (kep-
one) poisoning. Science 199, 893-895.

Burleson, G.R., Lebrec, H., Yang, Y.G, Ibanes, J.D., Pen-
nington, K.N., Birnbaum, L.S., 1996. Effect of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) on influenza virus
host resistance in mice. Fund. Appl. Toxicol. 29, 40-47.

Chen, Y.C., Yu, M.L., Rogan, W.J., Gladen, B.C., Hsu, C.C,,
1994. A 6-year follow-up of behavior and activity disorders
in the Taiwan Yu-cheng children. Am. J. Public Health 84,
415-421.

Dragan, Y.P.,, Xu, X, Goldsworthy, T.L., Campbell, H.A,,
Maronpot, R.R., Pitot, H.C., 1992. Characterization of the
promotion of altered hepatic foci by 2,3,7,8-tetrachloro-
dibenzo-p-dioxin in the female rat. Carcinogenesis 13, 1389—
1395.

Fiierst, P., Kriiger, Chr., Meemken, H.A., Groebel, W., 1989.
PCDD and PCDF levels in human milk: Dependence on the
period of lactation. Chemosphere 18, 439444,

Fujiwara, Y., Hirakawa, K., Sinpo, K., 1990. Effect of long-
term administration of Chlorella tablets on hyperlipemia.
J. Jpn. Nutr. Food Sci. 43, 167-173 (in Japanese).

Geusau, A., Tschachler, E., Meixner, M., Sandermann, S., Pdpke,
0., Wolf, C,, Valic, E., Stingl, G., McLachlan, M., 1999.
Olestra increases faecal excretion of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin. The Lancet 354, 1266-1267.



1254 S. Nakano et al | Chemosphere 61 (2005) 1244~1255

Gonzalez, M.J., Jiménez, B., Hernandez, L.M., Gonnord,
M.F., 1996. Levels of PCDDs and PCDFs in human milk
from populations in Madrid and Paris. Bull. Environ.
Contam. Toxicol. 56, 197-204.

Hany, J., Lilienthal, H., Roth-Haerer, A., Winneke, G., 1999.
Behavioral effect following single and combined maternal
exposure to PCB77 (3,4,3',4'-tetrachlorobiphenyl) and
PCB47 (2,4,2' 4'-tetrachlorobiphenyl) in rat. Neurotoxicol.
Teratol. 21, 147-156.

Hasegawa, T., Yoshikai, Y., Okuda, M., Nomoto, K., 1990.
Accelerated restoration of the leukocyte number and
augmented resistance against Escherichia coli in cyclophos-
phamide-treated rats orally administered with a hot water
extract of Chlorella vulgaris. Int. J. Immunopharmac. 12,
883-891.

Ishimura, R., Ohsako, S., Miyabara, Y., Sakaue, M., Kawa-
kami, T., Aoki, Y., Tohyama, C., 2002. Increased glyco-
gen content and glucose transporter 3 mRNA level in
the placenta of Holtzman rats after exposure 2,3,7,8-
tetrachlorodibenzo-p-dioxin. Toxicol. Appl. Pharmacol.
178, 161-171.

Jacobson, J.L., Jacobson, S.W., 1996. Intellectual impairment
in children exposed to polychlorinated biphenyls in utero.
N. Engl. J. Med. 335, 783-789.

Konishi, F., Tanaka, K., Himeno, K., Taniguchi, K., Nomoto,
K., 1985. Antitumor effect induce by a hot water extract of
Chlorella vulgaris (CE): Resistance to Meth-A tumor growth
mediated by CE-induce polymorphonuclear leukocytes.
Cancer Immunol. Immunother. 19, 73-78.

Maeda, S., Kakeyama, M., Thoyama, C., 2003. Effects of
2,3,7,8-tetrachlorodibenzo-p-dioxin on brain development
and function. In: Proceedings of the 23rd International
Symposium on Halogenated Organic Pollutants and Persis-
tent Organic Pollutants, Organohalogen Compounds, vol.
60-65, Boston, USA, 25-29 August 2003.

Manchester, D.K., Gordon, S.K., Golas, C.L., Roberts, EXK.,
Okey, A.B., 1987. Ah receptor in human placenta: Stabil-
ization by molybdate and characterization of binding of
2,3,7,8-tetrachlorodibenzo-p-dioxin, 3-methylcholanthrene,
and benzo(a)pyrene. Cancer Res. 47, 4861—4868.

Masuo, Y., Ishido, M., Kunimoto, M., Morita, M., Oka, S.,
2001. Hyperkinetic disorder induced by endocrine disrup-
tors in the rat [Abstract]. In: Proceedings of the 4th Meeting
of Japan Society of Endocrine Disrupters Research, Tsu-
kuba, Japan, 14-15 December 2001 (in Japanese).

Matsueda, T., Iida, T., Hirakawa, H., Fukamachi, K., Tokiwa,
H., Nagayama, J., 1993. Concentration of PCDDs, PCDFs
and coplanar PCBs in breast milk of Yusho disease patients
and normal subjects. Fukuoka Acta Med. 84, 263-272 (in
Japanese).

McNulty, W.P., 1984. Fetotoxicity of 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD) for rhesus macaques (Macaca
mulatto). Am. J. Primatol. 6, 41-47.

Merchant, R.E., Rice, C.D., Young, H.F., 1990. Dietary
Chlorella pyrenoidosa for.patients with malignant Glioma:
Effects on immunocompetencs, quality of life, and survival,
Phytother. Res. 4, 220-231. ’

Ministry of Health, Labour and Welfare Japan, 2000. The
provisional manual of dioxins analysis in breast milk, The
provisional manual of dioxins analysis in blood (in
Japanese). '

Ministry of Health, Labour and Welfare Japan, 2001. National
survey of dioxins and related compounds in human breast
milk, 1997-2000 (in Japanese).

Morita, K., Hamamura, K., lida, T., 1995. Binding of PCB by
several types of dietary fiber in vivo and in vitro. Fukuoka
Acta Med. 86, 212-217 (in Japanesg).

Morita, K., Matsuda, T., Iida, T., Hasegawa, T. 1999.
Chlorella accelerates dioxin excretion in rats. J. Nutr. 129,
1731-1736.

Morita, K., Matsueda, T., Iida, T., 1997. Effect of dietary
fiber on fecal excretion of polychlorinated dibenzo-p-dioxins
in rats. Jpn. J. Toxicol. Environ. Health 43, 3541 (in
Japanese).

Morita, K., Ogata, M., Hasegawa, T., 2001. Chlorophyll
derived from chlorella inhibits dioxin absorption from the
gastrointestinal tract and accelerates dioxin excretion in
rats. Environ, Health Perspect. 109, 289-294.

Moser, G.A., McLachlan, M.S., 1999. A non-absorbable
dietary fat substitute enhances elimination of persistent
lopophilic contaminants in humans. Chemosphere 39, 1513—
1521.

Nakai, J.S., Bunce, N.J., 1995. Characterization of the Ah
receptor from human placental tissue. J. Biochem. Toxicol.
10, 151-159.

Negishi, T., Arimoto, S., Nishizaki, C., Hayatsu, H., 1989.
Inhibitory effect of chlorophyll on the genotoxicity of
3-amino-1-methyl-5H-pyrido{4,3-blindole (Trp-P-2). Carci-
nogenesis 10, 145-149.

Ohminami, H., 2003. National survey of pupils who require
special educational support in elementary school and junior
high school. Ministry of Education, Culture, Sports, Science
and Technology, Japan (in Japanese).

Pipke, O., Ball, M,, Lis, A., Wuthe, J., 1996. PCDD/PCDFs in
humans, follow-up of backgraound data for Germany,
1994. Chemosphere 32, 575-582.

Patterson, D.G., First, P., Henderson, L.O., Isaacs, S.G.,
Alexander, L.R., Turner, W.E., Needham, L.I.., Hannon,
H., 1989. Partitioning of in vitro bound PCDDs/PCDFs
among various compartment in whole blood. Chemosphere
19, 135-142,

Paumgartten, F.J.R., Cruz, CM., Chahoud, L, Palavinskas, R.,
Mathar, W., 2000. PCDDs, PCDFs, PCBs, and other
organochlorine compounds in human milk from Rio de
Janeiro, Brazil. Environ. Res. A 83, 293-297.

Piper, W.N., Rose, J.Q., Gehring, P.J., 1973. Excretion and
tissue distribution of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
rat. Environ. Health Perspect. 5, 241-244.

Rolaf van Leeuwen, F.X., Feeley, M., Schrenk, D., Larsen,
J.C., Farland, W., Younes, M., 2000. Dioxins: WHO’s
tolerable daily intake (TDI) revisited. Chemosphere 40,
1095-1101.

Rozman, K., Rozman, T., Greim, H., Nieman, 1.J., Smith,
G.S., 1982. Use of aliphatic hydrocarbons in feed to
decrease body burdens of lipophilic toxicants in livestock.
J. Agric. Food Chem. 30, 98-100. '

Rozman, T., Rozman, K., Williams, J., Greim, H., 1981.
Enhanced fecal excretion of mirex in rhesus monkeys by 5%
mineral oil in the diet. Drug Chem. Toxicol. 4, 251-262.

Ryan, J.J., Schecter, A., Lizotte, R., Sun, W.-F., Miller, L.,
1985. Tissue distribution of dioxins and furans in humans
from the general population. Chemosphere 14, 929-932.



S. Nakano et al. | Chemosphere 61 (2005) 1244-1255 1255

Schecter, A., Pipke, O., Ball, M., 1990. Evidence of transpla-
cental transfer of dioxins from mother to fetus: Chlorinated
dioxin and dibenzofuran levels in the liver of stillborn
infants. Chemosphere 21, 1017-1022.

Schecter, A., Kassis, I, Papke, O., 1998. Partitioning of dioxins,
dibenzofurans, and Coplanar PCBs in blood, milk, adipose
tissue, placenta and cord blood from five American women.
Chemosphere 37, 1817-1823.

Schecter, A., Startin, J., Wright, C., Kelly, M., Pépke, O., Lis,
A., Ball, M., Olson, J., 1994. Dioxins in US food and
estimated daily intake. Chemosphere 29, 2261-2265.

Takekoshi, H., Suzuki, G., Chubachi, H., Nakano, M., 2005.
Effect of Chlorella pyrenoidosa on fecal excretion and liver
accumulation of polychlorinated dibenzo-p-dioxin in mice.
Chemosphere 59, 297-304.

Tanaka, K., Konishi, K., Himeno, K., Taniguchi, K., Nomoto,
K., 1984. Augmentation of antitumor resistance by a strain
of unicellular green algae, Chiorella vulgaris. Cancer Immu-
nol. Immunother. 17, 90-54.

Tanaka, K., Yamada, A., Noda, K., Shoyama, Y., Kubo, C.,
Nomoto, K., 1977. Oral administration of a unicellular

green algae, Chlorella vulgaris, prevents stress-induce ulcer.
Planta Medica 63, 465-466.

Tsutsumi, T., Yanagi, T., Nakamura, M., Kono, Y., Uchibe,
H., lida, T., Hori, T., Nakagawa, R, Tobiishi, K.,
Matsuda, R., Sasaki, K., Toyoda, M., 2001. Uptake of
daily intake of PCDDs, PCDFs and dioxin-like PCBs from
food in Japan. Chemosphere 45, 1129-1137.

Van den Berg, M., Birnbaum, L., Bosveld, A.T.C., Brunstrom,
B.,, Cook, P., Feeley, M., Giesy, J.P, Hanberg, A.,
Hasegawa, R., Kennedy, S.W., Kubiak, T., Larsen, J.C,
Rolaf van Leeuwen, F.X., Djien Liem, AK., Nolt, C,,
Peterson, R.E., Poellinger, L., Safe, S., Schrenk, D., Tillitt,
D., Tysklind, M., Younes, M., Wern, F., Zacharewski, T.,
1998. Toxic equivalency factor (TEFs) for PCBs, PCDDs,
PCDFs, for humans and wildlife. Environ. Health Perspect.
106, 775-792.

Wolraich, M.L., Hannah, J.N., Pinnock, T.Y,, Baumgaertel,
A., Brown, J., 1996. Comparison of diagnostic criteria for
attention-deficit hyperactivity disorder in a country-wide
sample. J. Am. Acad. Child. Adolesc. Psychiatry 35, 319~
324.




