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Abstract

Pregnant normal (N) and acatalasemic (A) mice treated with aminotriazole (AT) were exposed
to metallic mercury. The mercury contents of the fetus and maternal organs were subsequently
determined. The fetal and placental mercury contents were the highest in the AT-treated A mice
(A-AT), and the contents decreased in the order of AT-treated N mice (N-AT), non-treated N mice
(N-C) and non-treated A mice (A-C). Statistically significant differences in the fetal mercury levels
were observed between N-C and A-C, A-C and N-AT, and N-AT and A-AT. The ratios of the
mercury concentration in the fetus to that in the maternal blood decreased in the order of A-AT,
N-AT, A-C and N-C. The differences in the ratio were significant between these groups. Similar
results were obtained when the ratios of the maternal liver level to the maternal blood level or
the ratios of the placental level to the maternal blood level were compared. The effect of AT
on mercury uptake is remarkable in the fetus of both normal and acatalasemic mice exposed to
metallic mercury.
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Effect of Aminotriazole on Mercury Uptake by the Fetus of Normal and
Acatalasemic Mice Exposed to Metallic Mercury

Tadamichi Meguro
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Pregnant normal (N) and acatalasemic (A) mice treated with aminotriazole (AT) were
exposed to metallic mercury. The mercury contents of the fetus and maternal organs were
subsequently determined. The fetal and placental mercury contents were the highest in the
AT-treated A mice (A-AT), and the contents decreased in the order of AT-treated N mice
(N-AT), non-treated N mice (N-C) and non-treated A mice (A-C). Statistically significant
differences in the fetal mercury levels were observed between N-C and A-C, A-C and N-AT,
and N-AT and A-AT. The ratios of the mercury concentration in the fetus to that in the
maternal blood decreased in the order of A-AT, N-AT, A-C and N-C. The differences in the
ratio were significant between these groups. Similar results were obtained when the ratios
of the maternal liver level to the maternal blood level or the ratios of the placental level to
the maternal blood level were compared. The effect of AT on mercury uptake is remarkable
in the fetus of both normal and acatalasemic mice exposed to metallic mercury.
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Metallic mercury is rapidly oxidized to
mercuric ion when it is exposed to human
blood in vitro (1-3). It has been reported
that the uptake of mercury by erythrocytes
of Japanese acatalasemic patients is lower
than that by erythrocytes of normal subjects
(4-7), indicating that catalase (EC 1.11.
1. 6) oxidizes metallic mercury into mercu-
ric ions and facilitates the uptake of mer-
cury. The transport of elemental mercury
into fetal tissues of rats was reported by
Clarkson et al. (8). Ogata and Meguro
reported the distribution of inhaled mercury
vapor in the fetus of normal and acatalase-
mic mice (9).

Aminotriazole (AT), an inhibitor of cat-
alase (14), inhibits oxidation of mercury
vapor. The effect of AT on mercury uptake
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was previously studied in vitro using human
erythrocytes in the presence of methylene
blue and in whole rats (10).

In this study, the effect of AT on mer-
cury uptake by the fetus of normal and
acatalasemic mice was determined in order
to elucidate the cause of the difference in
the organ distribution of mercury between
normal and acatalasemic mice.

Materials and Methods

Animals. Normal and acatalasemic female
mice of an inbred strain (C,H/AnlCs), which
were in the 17th or 18th day of gestation, were
used.

Aminotriazole injection.  3-Amino-1H-1, 2, 4-
triazole (AT) (Kanto Chemical Co., Inc, Tokyo)
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dissolved in 0.9% saline was injected intraperi-
toneally at a dose of 1.6 g/kg 30 min prior to
the exposure to metallic mercury.
Exposure to metallic mercury vapor. Metallic
mercury vapor was generated by adding a stan-
nous chloride solution to an aqueous solution of
radioactive mercuric chloride (**HgCl,) (specific
activity, 0.52 mCi/mg; Amersham International ple,
Buckinghamshire, England) in a dish on the bottom
of an exposure chamber. After injection of AT,
normal and acatalasemic pregnant mice were
placed in the middle of the eaposure chamber and
exposed to metallic mercury vapor (2.0 mg/m®)
for 1 h at room temperature (28°C). Mice receiv-
ing no injection were used as controls. Thirty
minutes after the mice were removed from the ex-
posure chamber, the mice were anesthesized with
diethyl ether, and venous blood was taken from
the orbital vein. Maternal organs, fetuses and
fetal appendices were removed, washed in 0.9%
saline and weighed. The amount of mercury was
determined by a Multi-Mode Scaler scintillation
counter (TDC-601, Aloka Co., Mitaka, Tokyo).
The mercury contents were expressed as ng per
g wet weight of tissue.
Statistical analysis.  Statistical significance
was evaluated by one way analysis of variance

(ANOVA) (11) and Tukey’s method (12).

Results

Mercury concentration in the fetus and
maternal organ. Mercury concentrations
in the maternal blood, fetus and placenta

Meguro

of pregnant non-treated normal (N-C), non-
treated acatalasemic (A-C), AT-treated nor-
mal (N-AT) and AT-treated acatalasemic
(A-AT) mice exposed to metallic mercury
are shown in Table 1. The mercury con-
centration in the maternal blood was the
highest in N-AT and decreased in the order
of N-C, A-AT, and A-C. On the other hand,
the mercury concentration in the fetus was
the highest in A-AT and decreased in the
order of N-AT, N-C and A-C. Similar re-
sults as in the fetus were obtained in the
comparison of placental mercury levels.

The results of one way ANOVA of mer-
cury concentrations in the maternal blood,
fetus and placenta of the four groups of
mice (N-C, A-C, N-AT and A-AT) are
shown in Table 2. Differences between
mean tissue concentrations of mercury in
these groups were analyzed by Tukey’s
method (12) (Table 3), and it was shown
that the mercury concentration in the ma-
ternal blood was significantly different (p <
0.05) between N-C and N-AT, A-C and A-
AT, N-C and A-C, and N-AT and A-AT.
The mercury concentration in the fetus was
also significantly different between N-C and
N-AT (p<0.001), A-C and A-AT (p<
0.001), and N-AT and A-AT (p <0.05).
Similar results were obtained in the com-
parison of mercury concentrations in the
placenta.

Table | Mercury concentrations (ng Hg/g wet weight) in the maternal blood, fetus and placenta of normal and
acatalasemic pregnant mice exposed to metallic mercury
Maternal blood Fetus Placenta
(n)® Mean+ USD® (n)® Mean £ USD? (n)® Mean+ USD?
N-C° (4) 24.17 £7.15 (18) 5.79+2.61 (18) 55.29 £27.50
A.-C (3) 8.16 £1.52 (11) 4.51%0.79 (11) 26.23+ 5.81
N-AT (3) 36.20+1.97 (13) 20.61+3.83 (13) 85.70 £17.58
A-AT (3) 18.52+5.57 (16) 22.891+1.36 (16) 102.41 £13.18

a: Number of mice.
b: Unbiased standard deviation.

c: N-C, non-treated normal mice; A-C, non-treated acatalasemic mice; N-AT, AT-treated normal mice; A-AT,

AT-treated acatalasemic mice.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 41/iss6/2
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Table 2 One way ANOVA® of mercury concentrations in normal and acatalasemic pregnant mice exposed to metallic

mercury
Factor d.f.? Mean square d.f.° Mean square F-value
(factor) (error)
Maternal blood 3 411.54 9 25.3327 16.25 * * %€
Fetus 3 1340.98 54 6.0374 222.11 ** *
Placenta 3 14987.7 54 361.244 41.49 * * *

a: Analysis of variance.
b: Degree of freedom.
c: p<0.001.

Table 3  Analysis by Tukey's method of differences hetween mean values for the mercury concentrations in maternal
blood, fetus and placenta in normal and acatalasemic pregnant mice exposed to metallic mercury

Maternal blood Fetus Placenta
Groups
A-C N-AT A-AT A-C N-AT A-AT A-C N-AT A-AT
N-C* * % * — - * %k * ok * %k ok * % * ok *
A-C * ok ok * * ok % * ok ok * %k * % ok
N-AT * * *

a: For the abbreviation of groups, see the legend for Table 1.
—, p>0.05; %, 0.05>p=0.01; #x, 0.01 >p =0.001; #*x*x,_0.001 >p.

20.0r
100
50F
o
—
O
@ o}
OS5
N-C A-C N-AT A-AT N-C A-C N-AT A-AT N-C A-C N-AT A-AT N-C A-C N-AT A-AT
Fetus Placenta Fetus Maternal iiver
Maternal blood Maternal blood Placenta Maternal blood
Fig. 1 Organ/maternal blood ratios and fetus/placenta ratio of mercury concentrations in normal and acatalasemic

pregnant mice exposed to metallic mercury. N-C, non-treated normal mice; A-C, non-treated acatalasemic mice ;
N-AT, AT-treated normal mice; A-AT, AT-treated acatalasemic mice. The bars show mean values, and the lines

represent one USD.
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Table 4 One way ANOVA® of organ/maternal blood ratios in normal and acatalasemic pregnant mice exposed to

metallic mercury

Factor 4 Mean square dfe Mean square Fovalue
(Distribution) o (factor) o {error)
Maternal liver/maternal blood 3 120.81 9 5.0285 24.03 * % x°
Placenta/maternal blood 3 47.595 54 0.7890 60.32 % * *
Fetus/placenta 3 0.057066 54 0.000834 68.42 * % *
Fetus/maternal blood 3 3.5451 54 0.031344 113.10 * % *

a: For abbreviations, see Table 2.
b: *%x%x_ p<0.001.

Table 5 Analysis by Tukey’s method of differences between mean values for the organ/maternal blood and fetus/
placenta ratios of mercury concentrations in normal and acatalasemic pregnant mice exposed to metallic mercury
Maternal liver Placenta _ Fetus Fetus
Blood“ Blood* Placenta Blood®
A-C  N-AT A-AT AC NAT A-AT AC NAT A-AT A-C N-AT A-AT
N-C * * * % ok * ok — * ok * ok % * ok * ok % * % ok * % ok * %k ok
A-C — * % — * % * % % * % % — * % %k
N-AT * % ok * s % — * % ok
a: Maternal blood.
—, p>0.05; *, 0.05 >p =0.01; *%, 0.01 >p =0.001; *x**, p <0.001.

The ratios of the mercury concentration
in the fetus, placenta and maternal liver to
that in the maternal blood, and the mercury
concentration in the fetus to that in the
placenta (Fig.1). The fetus/maternal blood
ratio and maternal liver/maternal blood
ratio were markedly increased by AT in
N and A mice. The placenta/maternal blood
ratio was markedly increased by AT in
A mice, but the AT-induced increase in the
ratio was slight in N mice. The fetus/pla-
centa ratio was markedly increased by AT
in N mice, but the increase was rather
slight in A mice. The results of one way
ANOVA of the data given in Figure 1 are
shown in Table 4. There were highly sig-
nificant differences (p < 0.001) in all four
ratios (maternal liver/maternal blood, pla-
centa/maternal blood, fetus/placenta and
fetus/maternal blood) among the four groups
(N-C, A-C, N-AT and A-AT). The results

of differences between mean ratios of the

http://escholarship.lib.okayama-u.ac.jp/amo/vol 41/iss6/2

four groups of an analysis by Tukey’s meth-
od are shown in Table 5. The maternal
liver/maternal blood ratio was significantly
different in all combinations of animal
groups, except the combination of A-C ver-
sus N-AT. The placenta/maternal blood
ratio was significantly different in all com-
binations of the groups, except the combi-
nations of N-C versus N-AT and A-C versus
N-AT. The fetus/placenta ratio was sig-
nificantly different in all combinations of
the groups, except the combination of N-AT
versus A-AT. The fetus/maternal blood
ratio was significantly different in all com-
binations of the groups, except the combi-

nation of A-C versus N-AT.

Discussion

The concentration of metallic mercury
in the arterial blood has been shown to be
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higher in acatalasemic mice exposed to
metallic mercury than in normal mice simi-
larly exposed, whereas the concentration of
mercuric ion in the blood was lower in
acatalasemic mice than in normal mice (13).
These results suggest that larger amounts
of elemental mercury, which is lipid sol-
uble, pass through the blood-brain, blood-
placenta and placenta-fetus barriers in
acatalasemic mice than in normal mice. In
fact, our previous study (9) indicated that
the fetal level of mercury is higher in
acatalasemic mice than in normal mice.
The concentration of mercury in the liver
of acatalasemic mice exposed to metallic
mercury has been shown to be significantly
higher than that of normal mice (5). Simi-
lar results were observed in a comparison
of the maternal liver of acatalasemic and
normal mice.

As to the inactivation of catalase by
aminotriazole, Heim et al. (14) observed
about a 90% decrease in hepatic and renal
catalase activities. Feinstein (15) observed
the inhibition of catalase activity by the
treatment of whole animals with aminotri-
azole. They showed the ratio of whole body
catalase levels in N-C, A-C, N-AT and A-
AT mice to be 100 : 22 : 12 : 1.

Ogata et al. (16) have reported the re-
covery of catalase activity after inhibition
by aminotriazole in the liver of acatalasemic
mice. Marked differences in the mercury
levels in the maternal blood, fetus and fetal
appendix were observed between N-C and
N-AT and A-C and A-AT.

These findings as a whole suggest that
AT increases the concentration of metallic
mercury in the maternal blood by inhibiting
catalase activity, and that the increased
metallic mercury, which is lipid soluble,
readily passes through the blood-placenta
and placenta-fetus barriers.

Consistent with previous reports (9, 10,
13, 15), the results of the present study
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show that the mercury contents of organs
in mice exposed to metallic mercury vapor
vary depending on the catalase activity
of the organ, because chemical forms of
mercury differ according to the catalase
activity.

Investigation of the quantitative relation-
ship between catalase activity and mercury
uptake by tissues is under way.
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