











138 NAKANO ET AL.
Breast milk 2.0
(Chlorelia) G Control group (n=17) R
Breast milk = % 15 *
(Contro) = g ' - ¢
Matemal blood % g ’ ¢ >
Chiorell L3
(Chloreila) = .8 1.0 N %
Maternal blood c E % o
(Control) g 8 . N y=2.997x+0.529
[ [y o, o, o, o, E }T 05 .. * I‘=O.676
0% 20% 40% 60% 80% 100% 82 p<0‘01
Composition ratio = 0.0 ! . ! i
HPCDDs OPCDFs B non-orthoc PCBs B mono-ortho PCBs 0.0 0.1 0.2 03 0.4 0.5
TEQ in maternal blood (pg-TEQ/whole sample-g)
FIG.1. Composition ratios of TEQ for PCDDs, PCDFs, non—ortho-
¢o-PCBs, and mono-ortho-co-PCBs in breast milk and maternal blood
in the Control and Chlorella groups. 2.0
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than the World Health Organization recommended tolerable = . ‘ ‘ .
daily intake of dioxins of 14 pg of TEQ/kg of body 0.0
weight/day.3® Although nursing occurs for only a limited pe- 0.0 0.1 0.2 0.3 0.4 0.5

riod of time, more detailed research is needed to reveal the
consequences by high intakes of dioxin via breast milk. The
linear regression equation introduced from the results of this
study expressing the relationship between TEQ of breast
milk and TEQ of maternal blood should prove useful for
predicting dioxin concentrations in breast milk based on con-
centrations in maternal blood.

In this study, IgA levels in breast milk and thyroid hor-
mone levels in maternal blood were used as indicators for
examining the health effects of dioxins on pregnant women
and their children. Following the Yu-Cheng incident in Tai-
wan in 1979, suppressed antibody production, including de-

TEQ in maternal blood (pg-TEQ/whole sample-g)

FIG. 2. Correlation between TEQ in maternal blood and breast milk
in a subset of the Control and Chlorella groups.

creased serum levels of IgA and IgM, was reported in pa-
tients who had ingested dioxin-contaminated cooking oil.3!
However, no observable effects of dioxins were seen in the
present study on IgA concentrations in breast milk. This may
be because dioxins have essentially no effect on IgA levels
in breast milk at the normal level of dioxin exposure via

TaBLE 3. CONCENTRATION OF IGA IN BREAST MILK AND CONCENTRATION OF THYROID-RELATED
HorMONES IN MATERNAL BLoOD N CONTROL AND CHLORELLA GROUPS

Control group (n = 17)

Chlorella group (n = 18)

Milk Blood Milk Blood
IgA (mg/dL) 105.9 (77.7) — 154.8 (74.9)* —
Ts (ng/mL) — 1.87 (0.23) — 1.77 (0.39)
F-T; (pg/mL) — 2.24 (0.18) — 2.34 (0.27)
Ty (ng/dL) — 11.71 (1.65) — 11.80 (1.56)
F-T4 (ng/dL) — 1.01 (0.13) — 1.01 (0.11)
TSH (xU/mL) —_ 1.68 (1.09) — 1.50 (1.06)

Data are mean (SD) values.
*P < .05.
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FIG.3. Correlation between TEQ and concentration of IgA in breast'

milk in each participant of the Control and Chlorella groups.

food. Thyroid dysfunction has been reported to be a toxic
effect of dioxins.*> As depressed thyroid function in preg-
nant women is reportedly linked to mental retardation in
children,? our study also investigated the effects of dioxins
on thyroid hormone levels in maternal blood. However, no
significant correlation between thyroid hormone concentra-
tions and dioxin concentrations in maternal blood was ob-
served.

Approximately 90% of human intake of dioxins is through
food.3334 We investigated whether dioxins in breast milk
reflected the content of dioxins ingested by mothers through
food by comparing data on dioxins in breast milk in this
study to data on dioxins from dietary sources in Japanese
from a survey conducted by the Ministry of Health, Labour
and Welfare, Japan in 2001.2° The results revealed signifi-
cant correlations between concentrations of dioxin con-
geners for both dioxins in breast milk and dietary intake of
dioxins (r = .878, P < .01; Fig. 5). Huisman et al.35 inves-
tigated the relationship between dioxins in breast milk and
dietary intake of dioxins during pregnancy in 418 pregnant
women, and reported a weak correlation between dioxin
concentrations in breast milk and dioxin intake during preg-
nancy. It appears that dioxins in breast milk are influenced
by the dietary intake of dioxins by the mother.

We investigated the potential for reducing the maternal
transfer of dioxins to the child through breast milk by di-
etary supplementation of C. pyrenoidosa during pregnancy.
In this study, the TEQ in breast milk of pregnant women
who took Chlorella tablets during pregnancy was approxi-
mately 40% lower than in controls. Pluim et al.3% inves-
tigated the effects of a 5-day low-dioxin diet in nursing
mothers during week 4 postpartum, measuring dioxin con-
centrations in breast milk both before and after the diet. Al-
though they reported no change in dioxin concentrations dur-
ing this short-term study, they suggested that a diet low in
dioxin levels continued over the long term could potentially
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FIG. 4. Correlation between TEQ and concentration of F-T3, F-Ty,
and TSH in maternal blood in a subset of the Control group (n = 17).
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FIG. 5. Correlation between 28 dioxin congeners in breast milk
in the Control group and dietary dioxin intake. Data relating to di-
etary intake of dioxins in Japanese quoted from the “National sur-
vey of daily intake (total diet study) of dioxins from food in Japan”
(2001) conducted by the Ministry of Health, Labour and Welfare
Japan.?®

reduce dioxin levels in adipose tissue and breast milk. Beck
et al.®7 reported that the breast milk of vegetarians contained
low PCDD/PCDF concentrations. This suggests the possi-
bility that dioxin levels in breast milk can be reduced through
a diet low in dioxins, and through inhibiting the absorption
and accelerating the excretion of dioxins ingested through
food. The primary mechanism by which C. pyrenoidosa pro-
motes excretion of dioxins is presumably through the for-
mation of complexes between dioxins and the chlorophyll
in C. pyrenoidosa.®® Dioxins are then absorbed by the di-
etary fiber also contained in C. pyrenoidosa,*° thereby in-
hibiting absorption of dioxins from the intestinal tract and
reabsorption of dioxins through the enterohepatic circula-
tion. However, no significant difference in TEQ in mater-
nal blood was observed between groups. Chlorella supple-
ments reportedly reduced serum cholesterol levels in
hyperlipidemic patients,'® suggesting the need to consider
the effects of C. pyrenoidosa on maternal lipid metabolism,
including the transfer of lipids containing dioxins to.the
mammary glands. However, the physiological functions of
C. pyrenoidosa and the associated mechanisms are not yet
thoroughly understood, and represent an important topic for
future investigation.

The present study found no effects of dioxins on IgA con-
centrations in breast milk, although IgA levels in breast milk
were significantly increased in the Chlorella group com-
pared to the Control group. Increased concentrations of IgA
were seen in breast milk from the Chlorella group, while
dioxin concentrations were reduced. However, the lack of a
correlation between IgA and dioxin concentrations in breast
milk suggests that this was caused not by decreased dioxin
levels, but rather as the effect of Chlorella on the immune
system of pregnant women. IgA in breast milk is known to

have specificity against antigens such as bacteria, viruses,
and harmful substances in the digestive tract of the nursing
infant. In addition, IgA also provides nonspecific immunity,
forming complexes with invasive factors and with orally in-
gested food antigens by high agglutinating activity, pre-
venting invasion into the intestinal mucosal cells.*! Conse-
quently, from a qualitative perspective, the significance of
IgA as a breast milk component lies not in specific antibody
activity, but in the total quantity of IgA present. IgA-pro-
ducing B cells primed by antigens in gut-associated lym-
phoid tissue such as Peyer’s patches transfer to mammary
glands via the enteromammary pathway, and then produce
IgA. Kitamura et al.*? conducted a study in which pigs were
given feed containing casein phosphopeptide from day 45
of gestation until weaning, and investigated immunoglobu-
lin levels in milk. IgA levels in the casein phosphopeptide-
fed group were significantly increased on the day of partu-
rition and 10 days postpartum. Kitamura and Otani*® also
reported that IgA production in the gastrointestinal tract is
promoted by oral intake of casein phosphopeptide in hu-
mans. Some reports have noted that dietary fiber and veg-
etable proteins such as soy protein enhance IgA production
in mesenteric lymphocytes.*445 Components contained in C.
pyrenoidosa such as peptides or dietary fiber presumably
stimulate IgA-producing B cells in gut-associated lymphoid
tissue and increase IgA in breast milk through this mecha-
nism via the enteromammary pathway. Increasing IgA in the
breast milk through maternal Chlorella supplementation
may be effective for reducing the risk of infectious disease
in nursing children.

The latent risks of environmental contaminants such as
dioxins may well be manifest as symptoms such as atten-
tion deficit hyperactivity disorder and learning disabilities
in children, who are more sensitive than adults to chemical
substances and toxins. However, to thoroughly ascertain any
causal relationships, we must await the results of detailed
long-term studies. At present, parallel measures should also
be pursued to reduce, however slightly, any health risks
posed by environmental contaminants such as dioxins to fe-
tuses and nursing infants. Reducing maternal dioxin levels
and the transfer of dioxins to fetuses and nursing infants rep-
resent one of the most realistic ways to accomplish this goal.
Our results suggest that Chlorella supplementation by the
mother may effectively reduce transfer of dioxins to chil-
dren through breast milk. Our results also indicate that ma-
ternal Chlorella supplementation may have beneficial ef-
fects on nursing infants by increasing IgA levels in breast

" milk.
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