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We investigated time-dependent changes in the
fate of methylmercury (MeHg) in both sexes of hairy
and hairless mice during 6 days after its single admin-
istration to clarify whether the presence of hair could
affect tissue distribution and excretion of MeHg. De-
spite the excretion of mercury (Hg) into hair of hairy
mice, Hg concentrations in several but not all tissues
were higher in hairy than in hairless mice, especially
in the brain, liver, kidney and testes in males and in
the brain, liver and blood in females. The cumulative
amounts of Hg excreted in feces in males and in both
urine and feces in females were lower in hairy than in
hairless mice, whereas there was no significant differ-
ence in the urinary level in males. However, signifi-
cant differences in the tissue Hg levels were observed
earlier than those in the excretory Hg levels. Accord-
ingly, the higher Hg levels in various tissues of hairy
mice as compared to those in hairless mice would not
have resulted from the lower Hg excretion levels. These
results suggest that the presence or absence of hair
markedly affects the fate of MeHg, but the differences
in its fate between hairy and hairless mice would not
be directly due to the fact that hair provides an excre-
tion route.
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INTRODUCTION

Mercury (Hg) compounds including methylm-
ercury (MeHg) are major hazardous environmental
pollutants, and human intake is often from fish.
MeHg is easily absorbed from the intestine, and dis-
tributed to many tissues including brain.1) Many re-
ports using experimental animals have revealed that
MeHg is transported into the brain through the neu-
tral amino acid transport system,2–4) and induces neu-
ronal cell damage.1,5–7) Since MeHg can also easily
pass through the blood-placenta barrier,1,8) and the
developing brain is more vulnerable to it than the
adult brain,1,6) its effects on human health, especially
on maternal and infant health, should be given close
attention.1)

Hg compounds, especially MeHg, distribute in
hair as well as in liver, kidney and brain, and the Hg
content in human hair is considered to be a good
indicator of MeHg exposure from foods.1) Although
there are many reports on the fate and toxicity of
MeHg including these modifying factors, studies are
generally performed using hairy experimental ani-
mals. Therefore, the influence of the presence and
the amount of hair remains unclear, although hair
that provides an excretion route might play impor-
tant roles in the fate and toxicity of MeHg.

In the present study, we examined time-depen-
dent changes in the fate of MeHg in hairy and hair-
less mice after a single administration of MeHg to
clarify whether the presence of hair could affect tis-
sue distribution and excretion of MeHg.

MATERIALS AND METHODS

Animals —–—  Hairless male mice (Hos : HR-1)
and C57BL/6N female mice were obtained from
Hoshino Laboratory Animals Co. (Saitama, Japan)
and CLEA Japan Co. (Osaka, Japan), respectively.
The animals were maintained at 24 ± 1°C and 50–
60% relative humidity, and on standard laboratory
chow (CE-2, CLEA Japan Co.) and tap water ad li-
bitum. They were crossbred at 10–12 weeks of age.
The second generation of mice had black, gray or
white hair, and some of them lost all their hair within
a few days at approximately 3 weeks of age. Only
the mice with black hair were weaned and divided
into males and females at 4 weeks, and hairy males
and hairless females, or hairless males and hairy fe-
males, were crossbred at 10–12 weeks. After simi-
lar crossbreeding several times, all mice obtained
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had black hair within a few weeks after birth even
in hairless mice as described above. Both sexes of
hairy and hairless mice were used for the experi-
ments at 8 weeks of age as described below. All ex-
perimental procedures were approved by the Ethics
Committee on Animal Experiments of the National
Institute for Minamata Disease (NIMD).
MeHg Administration and Hg Determination
—–—  MeHg administration and Hg determination
were performed as previously described9) with mi-
nor modifications. Methylmercuric chloride (Tokyo
Chemical Industry Co., Tokyo, Japan) was dissolved
in distilled water and administered orally to mice at
a dose of 20 µmol/kg on day 0. The animals were
housed in metabolism cages (1 mouse/cage), and
urine and feces were collected on day 1, 3, 5, and 6.
On day 1, 3 and 6, each mouse was anesthetized
using pentobarbital, and hair was collected. Blood
was then collected from the inferior caval vein in a
heparinized syringe, and plasma was obtained from
the aliquot after centrifugation at 3000 rpm for 3 min.
After perfusion with ice-cold saline via the heart,
kidney, liver, gonads and brain were excised. The
Hg content of each sample was determined by the
oxygen combustion-gold amalgamation method10)

using a Rigaku Mercury Analyzer MA-2 (Nippon
Instruments Co., Tokyo, Japan) and expressed as
total Hg (organic Hg + inorganic Hg).
Statistical Analysis —–—  Data on Hg levels, ex-
cept for hair, were analyzed by two-way analysis of
variance (ANOVA). Significant differences between
hairy and hairless mice at the specified times and in
the specified sex were determined by Student’s t-
test. Differences were considered significant at
p < 0.05.

RESULTS AND DISCUSSION

Both in males and females, there was no signifi-
cant difference in body weight between hairy and
hairless mice at 8 weeks of age, although the weight
was higher in hairy than in hairless mice at 4 weeks
(Table 1).

Time-dependent changes in tissue and excretory
Hg were investigated in both sexes of hairy and hair-
less mice orally administered MeHg at a dose of
20 µmol/kg. In both hairy and hairless mice regard-
less of sex, the Hg concentration in the brain was
highest on day 3 (Fig. 1A and 1B), whereas the con-
centrations in other tissues continued to decrease dur-
ing the 1st to the 6th day (Fig. 1C–1L). In contrast,

the hair Hg concentration continued to increase in
hairy mice (Table 2). Hg concentrations in the brain
and liver tended to be higher in hairy than in hair-
less mice regardless of sex, although significant dif-
ferences were observed only on day 3 in males and
on day 6 in females (Fig. 1A–1D). The Hg concen-
tration in the kidney in males was also higher in hairy
than in hairless mice except on day 6 (Fig. 1E),
whereas that in females was identical between hairy
and hairless mice (Fig. 1F). The Hg concentration
in the testes was significantly higher in hairy than in
hairless mice only on day 3 (Fig. 1G), although the
level in the ovary was similar during 6 days
(Fig. 1H). In both sexes, there were no significant
differences in Hg concentrations in blood and plasma
between hairy and hairless mice except for the blood
in females on day 1 and 6 (Fig. 1I–1L). The cumu-
lative amount of Hg excreted in feces tended to be
lower in hairy than in hairless mice both in males
and females (Fig. 1O and 1P), although that in urine
did so only in females (Fig. 1M and 1N). Signifi-
cant differences were observed from the 5th day in
fecal excretion in males (Fig. 1O), and from the 3rd
day in urinary and fecal excretion in females (Fig. 1N
and 1P).

In the present study, Hg levels in several but not
all tissues were higher in hairy than in hairless mice
(Fig. 1A–1L), in spite of the excretion of Hg into
the hair of hairy mice (Table 2). In addition, although
hairy mice showed lower Hg excretion in feces in
males and in both urine and feces in females than
hairless mice, significant differences in tissue Hg
concentrations were observed earlier than those in
excretory Hg levels (Fig. 1A–1P). Accordingly, the
higher Hg levels in various tissues in hairy rather
than in hairless mice would not have resulted from
the lower Hg excretion levels. Although the reasons
for the differences in the fate of MeHg remain un-

Table 1. Body Weights in Both Sexes of Hairy and Hairless
Mice

Body weight (g)

Hairy mice Hairless mice

Aged 4 weeks

Male 20.30 � 2.62 16.41 � 3.19*

Female 16.80 � 2.13 13.33 � 2.44*

Aged 8 weeks

Male 28.37 � 2.28 27.28 � 1.57

Female 21.72 � 1.56 21.11 � 1.26

Values represent the mean � S.D. obtained from 12 mice.
Significant differences from hairy mice at *p < 0:01.
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Fig. 1. Time-Dependent Changes in Tissue and Excreted Hg in Both Sexes of Hairy (�) and Hairless Mice (�).
Mice were orally administered MeHg at a dose of 20 µmol/kg on day 0. The values represent the mean ± S.D. obtained from 3 to 4 mice. Two-way

ANOVA: groups of mice (hairy and hairless mice); days [1, 3, (5) and 6]. Male. Brain: groups, p < 0.01; days, p < 0.01; group and day interactions, not
significant (NS). Liver: groups, p < 0.05; days, p < 0.01; group and day interactions, p < 0.01. Kidney: groups, p < 0.01; days, p < 0.01; group and day
interactions, NS. Testes: groups, p < 0.01; days, p < 0.01; group and day interactions, NS. Blood: groups, NS; days, p < 0.01; group and day interactions,
p < 0.01. Plasma: groups, NS; days, p < 0.01; group and day interactions, p < 0.01. Urine: groups, NS; days, p < 0.01; group and day interactions, NS.
Feces: groups, p < 0.01; days, p < 0.01; group and day interactions, NS. Female. Brain: groups, p < 0.01; days, p < 0.01; group and day interactions, NS.
Liver: groups, p < 0.05; days, p < 0.01; group and day interactions, NS. Kidney: groups, NS; days, p < 0.01; group and day interactions, NS. Blood:
groups, p < 0.01; days, p < 0.01; group and day interactions, p < 0.05. Plasma: groups, NS; days, p < 0.01; group and day interactions, NS. Urine: groups,
p < 0.01; days, p < 0.01; group and day interactions, NS. Feces: groups, p < 0.01; days, p < 0.01; group and day interactions, NS. (*) and (**) indicate
significant differences from hairy mice at the specified times at p < 0.05 and p < 0.01, respectively.

clear, they must be caused by the presence or ab-
sence of hair, probably through some alteration of
the metabolism that is important for not only tissue
accumulation of MeHg but also its excretion.

It should be noted that tissue distribution and
excretion of MeHg sex-dependently differ between
mice with and without hair, especially in the kidney,
blood, gonads and urine (Fig. 1A–1P). We recently
revealed that, regardless of the marked sex differ-
ence in the fate of MeHg in intact C57BL mice,11–13)

its fate was similarly affected by a dietary modifica-

tion (dietary protein deficiency) regardless of sex,
except for the gonads.14) We, therefore, suggested
that some factors that affect the fate of MeHg might
be similarly influenced by this dietary modification
both in males and females.14) The candidates would
be the metabolism of low molecular weight thiol
compounds and/or transport activity of the neutral
amino acids, which are markedly affected by a di-
etary protein deficiency.9,15–19) In contrast, in the hairy
and hairless mice in this study, there might be sex-
dependent differences in the alterations in those fac-
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Fig. 1. Contenued
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axonal protein, 440-kDa ankyrinB, associated with
neuronal degeneration induced by methylmercury.
J. Neurosci. Res., 73, 831–839.

8) Kajiwara, Y., Yasutake, A., Adachi, T. and Hirayama,
K. (1996) Methylmercury transport across the pla-
centa via neutral amino acid carrier. Arch. Toxicol.,
70, 310–314.

9) Adachi, T., Yasutake, A. and Hirayama, K. (1992)
Influence of dietary protein levels on the fate of
methylmercury and glutathione metabolism in mice.
Toxicology, 72, 17–26.

10) Jacobs, M. B., Yamaguchi, S., Goldwater, L. J. and
Gilbert, H. (1960) Determination of mercury in
blood. Am. Ind. Hyg. Assoc. J., 21, 475–480.

11) Hirayama, K. and Yasutake, A. (1986) Sex and age
differences in mercury distribution and excretion
in methylmercury-administered mice. J. Toxicol.
Environ. Health, 18, 49–60.

12) Hirayama, K., Yasutake, A. and Inoue, M. (1987)
Effect of sex hormones on the fate of methylmer-
cury and on glutathione metabolism in mice.
Biochem. Pharmacol., 36, 1919–1924.

13) Hirayama, K., Yasutake, A. and Adachi, T. (1991)
Mechanism for renal handling of methylmercury. In
Advances in Mercury Toxicology (Suzuki, T., Imura,
N. and Clarkson, T. W., Eds.), Plenum Press, New
York, pp. 121–134.

14) Adachi, T., Kuwana, T., Pan, H. S. and Hirayama,
K. (2005) Sex difference in the influence of dietary
protein deficiency on the fate of methylmercury in
mice and rats. J. Health Sci., 51, 207- 211.

15) Adachi, T., Yasutake, A. and Hirayama, K. (1994)
Influence of dietary levels of protein and sulfur
amino acids on the fate of methylmercury in mice.
Toxicology, 93, 225–234.

16) Adachi, T. and Hirayama, K. (1998) Dietary protein
levels cause different effects of methionine supple-
ment on the fate of methylmercury in mice. Jpn. J.
Toxicol. Environ. Health, 44, 226–232.

17) Adachi, T., Yasutake, A. and Hirayama, K. (2002)
Influence of dietary levels of protein and sulfur
amino acids on metabolism of glutathione and re-
lated amino acids in mice. J. Health Sci., 48, 446–
450.

18) Adachi, T. and Hirayama, K. (2005) Influence of
dietary protein levels on the fate of methylmercury
and on amino acid transport at the renal brush bor-
der membrane in rats. J. Health Sci., 51, 138–146.

19) Adachi, T. (2006) Dietary protein level-dependent
alterations in urinary excretion of thiol compounds
caused by L-methionine supplement in mice. J.
Health Sci., 52, 63–66.

tors caused by losing hair.
In conclusion, the fate of MeHg markedly dif-

fers between mice with or without hair, probably due
to important differences in metabolism and not to
the presence or absence of hair as an excretion route.
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