Session 11-3

Effects of methylmercury on the
infants

Japan

« Documented mercury poisoning
cases were as follows:
— Work-related elemental and methyl
mercury poisoning inthe 15-18¢
At 50 ) "

&

; Methylmercury poisoning by eating MeHg sterilized wheat in
frag

(1974}

+ 6,530 polsoning victims

» 439 deathy
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A huge statue of Buddha in Nara, in the 8 century

-

Felt hat maker

A character in ““Alice in wonder land”
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iraq MeHg intoxication 1971

. . Minamata disease 1956, 1965
by Eugene Smith

Hunter-Russell Syndrome

Characteristics of Minamata disease

@First instance on record of severe
methylmercury poisoning caused by
manmade environmental pollution

@Neurological disorders by
methylmercury which penetrates

_inte.the brain through BBB
GFeta

al- type Minamata disease
caused by maternal methylmercury

exposﬁ}i\ | e
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Chemical forms of Hg

e Inorganic: Hg**, HgX,; HgX,~, HgX,2-
- (X=OH -, CI-, Br-)

| ¢ Organic: CH,Hg*, CH,HgCl, CH,HgOH

Features of CH,;Hg*

° MeHg is bioaccumulated through

food chains in aquatic system.

e MeHg concentration in fish is the
| highest in aquatic system.

2 ® Fish mercury must at first be
measured for aquatic environment
assessment.

e Human MeHg exposure is through
fish and shellfish. : v
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Mercury Cycle
t‘g{‘i} ‘sunllght WgM*

Hg-COrganic
Complexes

e MeHg conjugates with cysteine and
is then easily absorbed as amino
acids in the digestive tract, and
easily penetrate the brain / fetus
according to their amino acids
demand, causing dlsorders in the
brain and fetus. :

R © Fetuses and neonates are high-risk
groups
e Hg in hair or blood (RBCs) is a

good indicator for human exposure
assessment.
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At the Blood-Brain Barnier

|

Nutrients: = ,
- Amino acids, Glucose, etc.

",

)

CPPTIYLPNL ™ &

aserussenEnesnsRenasasRRIenanreraass®

"

Methylmercu

Binds to Cysteine in the Circulation

Methylmercury

Nitrogen o Hydrogen
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Methylmercury enters Brain

Topics of MeHg effects on infants

1. The reason why the distributions of the
brain damage are differ between adult and
fetal-type Minamata disease patients

2. MeHg and fatty acids transfers through
placenta '

oductive toxicity of MeHg (Effect of

eHg exposure on birth sex ratio in
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Distribution of lesions in the brain

*

o
Haad 1885

The reason why the distributions of the brain
damage are differ between adult and fetal-type
Minamata disease patients

In the case of adult Minamata disease, neuronal
degenerations were observed mainly in the cerebral
cortex (Parietal, Occipital and temporal lobes),
cerebellum and peripheral nerves. On the other hand,
the: fetag-type Minamata disease patients showed
wi e-spread neuronal degeneration in the brain and
perlpheral nerves Our purpose is to explain the
dlﬁerenceS‘QSIng neonatal rats.

N\
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Brain growth spurts

We paid the attention
to the difference in the
Brain growth between
human and rodents

B .3
—

R

,..‘» L . *, § F’ g
5§ 1 15 20 25 30

Nonths for humen, Days for rats

Difference in the brain growth rate between human and rat

MeHg 10 mg/kg/day treatment at different
BG stages (PD1-10, PD14-24 and PD35-45)
by our own improved administration method.
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98 - VIRPUALY IARETY



Effects were completely different by

the dosage periods !
P 1-10 —  Weak symptoms
No body weight decline
Sevier symptoms
Body weight decline
Paralysis of hind legs

PD 14-23
PD 35-34

—_
—_
ENVIRORMERTAL RESEANCH $1, €150 (1992}

Effacts o1 Methyl Mercury in Posinatal Developing Rats!
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Vanabilsty of brain lesions in rats administered methylmercury at various
postnatal development phases
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-Similar to the results
from Pf_enx?;t‘al dosage

i tats following oral adminiatraion o
iping phase: o ool of feral-ty)
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Distribution of lesions in the brain

" “Adult case N

rtal M pameta 219t

Fefal-type

e &

e w5, Lhiigner: ity Concendal MINGMEE [He3ee dus 10 INERENrs
i L izonng Hagg 10960

INTERNATIONAL CONFERENCE 2006 * 101



Conclusion

Distribution pattern of the brain lesion differed with
MeHg dosages at various stages of rat brain
development.

The widespread neuronal degeneration in the brain
was made by the prolonged MeHg treatment during
brain growth

\«aﬁistraﬁon during PD14-24 will provide
el'with the neuronal degeneration
bium, without the damage in
peripheral nerve, for the cognitiveﬁ

cerebellum a
study.

MeHg and fatty acids transfers through
placental

Maternal fish consumption brings both risks and benefits to
the fetus from the standpoint of MeHg and n-3 PUFA. MeHg is
one of the most risky substances to come through fish
consumption, and mercury concentrations in RBC-Hg are the
est biomarker of MeHg exposure. DHA (C22:6n-3), which is
wst important fatty acids for normal brain

t and function, is also derived from fish

Objective
between the
fetus in order t
fish consumption during the late gestation period .

is'study is to determine the relationship
Hg'exposure and n-3 PUFA concentrations in
onsider the risks and benefits of maternal

28
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Samples ; 50 pairs

Maternal blood Cord (fetal) venous blood
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Maternal RBCs Fetus RBCs

Comparison of Hg concentrations between mothers
and fetus
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Total Hg Level at Birth

Fetus

MeHg transfers

from mother to fetus
via active AA transport
System.

Mother

Rich in fetus circulation

CHad-nde

{
5
|
%

Iatty acids

Rich in maternal circulation

DHA, AAand L
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y=0.133x + 6.66
r=49.35

Fetat D

0 20 40 60 80 100 120

IFetal Hg concentrations in red blood cells (ng/g)
Figure 3. Correlation between mercury concentrations in red blood cells

and plasma docosahexaenoic acid concentrations in 63 fetus

Conclusion

e Fetal FA, AA and MeHg levels reflect the
levels in maternal circulation indicating the
importance of maternal nutrition state.

e MeHg will be actively transferred to the
fetus across the placenta via the amino

“acid transport system.

e AA and DHA, which are important for the
brain development and function, may be

preferentially transferred to the fetus.

e MeHg and DHA, which derived from fish

consumption, showed a positive correlation
in the maternal and fetal circulations.
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Pregnant women do not need ta give up eating fish, they had better conti
eat them in order to confer the benefit, but, must consume smaller fish in order to
reduce the risk from large fish.

DHA, EPA

oothed) whale 1-40 ppm

Mirk (baleen) whale 0. 02ppm

Sword fish 1. 0 ppm

Tuna 0. 8 ppm

Horse mackerel
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v = 0,035+ 0,66
r=08.33

fions in

Fetal DHA

60 80 P00 120

Fetal Hg cuncentrations in red blood cefls (ng/g)
Figure 3. Correlation between mercury concentrations in red blood eclls and

plasma docosahexaenoic acid concentrations in 63 fetus

Reproductive toxicity of MeHg

Recently, changes in the offspring
sex ratio at birth due to hazardous
chemicals have become a matter of
international concern. Our purpose is to
examine the MeHg pollution on the sex
ratio of at birth in Minamata City.
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_ Decline in male sex ratio in Minamata City
c Male ‘Female

AR I NN N I N N R SR RN

Years (BExess of females were observed in 1955, 57. 58 and 59)
Numbers of birth by gender in Minamata GCity

Sex ratio (M/F)

Populations

Birth sex ratio of infants during 1955-59 when MeHg pollution was most severe
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Sex ratio at stillbirth

"""""""""""" Bcontrol

** "Minamata City

(M/F)

Sex ratio of fetuses at stillbirth

1952-54 1955-59 1960-64

Term

Decrease in male birth rate were
observed in offspring in the overall
city population, in fishermen, and

in maternal Minamata disease
patients in the city in 1955-1959. An
increase in the ratio of male
stillborn in the city was observed
at the time.
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e In the natural course of events, most human
exposure to MeHg is through fish/shellfish
consumption. The methylmercury exposure
levels depends on the amount and species of
fish/shellfish consumed daily. The developing

brain in the late gestation period is known to be
most vulnerable. Further, more methylmercury
accumulates in the fetuses than in mothers.
Therefore, efforts must be made to protect the
fetuses from the risk of methylmercury,
especially in populations which consume a lot
of fish/shellfish.
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