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Various compounds of manganese (Mn) are used
industrially, e.g., in dyes and battery production.
Manganese acetate (MnAc) salts occur in divalent and
trivalent forms. Divalent MnAc is used mainly as a dye,
pigment, or catalyst. The chief ingredients of Mn ore
itself are manganese dioxide (MnO,) and manganese
carbonate (MnCO,). In Kanazawa, Japan air pollution
from a Mn treatment factory was found to affect 1local
junior high school students, who showed reduced
respiratory function relative to their exposure to Mn
(Nogawa et al., 1973). The use of Mn as an antiknock
ingredient 1in automobile fuels has recently been
introduced, placing the general population at risk of
chronic low-level exposure. Joselow et al. (1978) have
reported the elevation of blood Mn levels in children
living in urban areas. There are few animal studies, on
the effects of compounds other than manganese chloride
(MnCl,) (Rehnberg et al., 1981). In the case of
env1ronmental pollution by Mn, the differing
physiological effects of the various chemical forms of
Mn must be considered. The present study therefore
examined the differences in the effects of several Mn
compounds on the physiology and behavior of mice by
short-term oral administration.

MATERIALS AND METHODS

Six-week-old male ddY mice weighing 28.2 + 0.7 g were
divided into 5 groups of 8 animals each. Groups 1-4
were fed diets containing 2 g Mn/kg in the form of
MnClz~ 4LH ;05 Mn(CH C00) , 4H,0, MnCO,, or MnO, for 100
days. Standard laboratory mouse chow (130 "mg Mn/kg,
phytate (as mesoinositol-~hexaphosphoric acid) 1.0%,
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address.
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crude fiber 3.4%, methionine 0.37%, and arginine 1.37%,
Type F2, Sankyo Laboratories Service Co., Japan) was
fed to the control mice group. All mice were allowed
free access to food pellets and water, and body weight
changes were recorded.

The mice were tested for spontaneous motor activity
after an interval of 30 days. Activity was measured
using an ANIMEX Activity Meter (Type SE, FARAD
Electronics, Sweden). Two mice were placed in a plastic
cage at night, and after 10 min of acclimatization,
their activity was measured for 30 min.

Mice were decapitated at 24 hr after their last feed.
Blood was collected by venesection and hematological
parameters were measured using a Micro Cell Counter
(TOA Electronics Ltd., Japan). Tissues samples were
removed, weighed, and stored at -20 °C until analysis.
Hair was washed by the method of Kumpulainen et al.
(1982). In brief, it was rinsed with ethyl alcohol,
washed with sodium lauryl sulfate solution, rinsed
again with deionized water, and then dried. Tissues
were digested by the wet ashing method and the
resulting solutions were analyzed for Mn content by an
atomic absorption spectrophotometer with a flame
atomizer (Type 308, Hitachi Ltd., Japan).

Data were statistically analyzed using Student's t-
test and analysis of variance.

RESULTS AND DISCUSSION

The intake rate decreased within the first month but
then became constant in all groups (Fig. 1). Mean daily
food intake per mouse and the standard deviation in
each group were : 3.6 + 0.9 g in the control group, 4.0
+ 0.7 g in the MnCl2 group, 4.0 + 0.8 g in the MnAc
group, 3.7 + 1.1 g in the MnCO, group, and 3.8 + 0.7 g
in the MnO, group. There was no significant difference
in intake among the groups. The Mn concentration in
most tissues in the Mn groups was about 2-3 times that
of the controls (Table 1). Among the Mn groups, the
MnAc and MnCO, groups had considerably higher Mn
contents in the liver and kidney than the MnCl, and
MnO, groups. The tissue Mn content varled
31gn1flcantly among the Mn groups (two-way analysis of
variance, p < 0.01), although Mn intake did not wvary.
The concentration-related accumulation of Mn in human
hair has been shown with varying concentrations of Mn
in drinking water (3.6-14.6 pg/l, 81.6-252.6ug/l, and
1800-2300 ug/l) (Kondakis et al., 1989). Although Mn
ingested through drinking water usually comprises only
a small percentage of the total intake (i.e., 2 to 5
mg/day), the concentration in water in some of these
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Figure 1. Daily food intake of mice
O , control; O, manganese chloride; @, manganese
acetate; A, manganese carbonate; A, manganese dioxide.
The rate of intake indicates the food intake of the

mice in each group divided by the mean intake of all
mice before the experimental period.
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Figure 2. Growth rate of mice exposed to manganese

O , control; 0O, manganese chloride; @, manganese
acetate; &, manganese carbonate; a, manganese dioxide.
The growth rate indicates the body weight of the mice
in each group divided by the mean body weight of all
mice before the experimental period.

Significantly different from the control, a) p < 0.05,
b) p < 0.01. (Data analyzed by Student's t-test.)

Error bars indicate the standard deviation of data from
8 mice.
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Table 2. Hematology

red blood white blood hemoglobin hematocrit
cell count cell count

(x10%/m03)?) («10%/mm3)2)  (g7a1)®) (7))

control 807+ 95, 59.3+18.0 , 13.6+1.0 45.4%4.6
MnAc 705% 87 36.4t11.5°) 12.9¥1.4 41.1%6.4
MnCl, 6991138, , 34.9% 2.6 12.5%1.3 39.6%7.9,
MnCO3  682% 74°) 43.6% 5.8, 13.6¥1.5 38.7%3.8P)
Mno 7601163 40.6% 9.9 12.3%3.7 40.2%8.1

2
a) Values represent the mean + SD for 8 mice.

Significantly different from the control, b) p < 0.05,
c) p < 0.01. (Data analyzed by Student's t-test.)
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Figure 3. Spontaneous motor activity of mice exposed to manganese

O , control; O, manganese chloride; ®, manganese
acetate; A, manganese carbonate; &, manganese dioxide.
The rate of activity indicates the spontaneous motor
activity of the mice in each group divided by the mean
activity of all mice before the experimental period.

a) Significantly different from the control, p < 0.01.
(Data analyzed by Student's t-test.)

Error bars indicate the standard deviation.

areas was approximately 2000 ug/l, substantially
increasing the total intake. The Mn levels in the
organs of female mice were increased 1.5 times by
chronic dosing in drinking water (500 to 5000 mg Mn/1,
300 days) (Suzuki, 1974). In the present study, the Mn
groups were fed daily an additional Mn dose of about
200 mg Mn/kg body weight. And the doses were observed
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before the plateau level was reached on the biological
response curve to increasing dietary Mn intake.
Absorption determined by the isotopic dilution method
varied from 2 to 297 in rats fed a total diet
containing 1.5-100 mg Mn/kg, ad libitum without fasting
(Weigand et al., 1986). Lee and Johnson (1989)
suggested that the better Mn availability form a soy
protein rather than a casein diet was due to neither
the arginine nor phytic acid component of the soy diet.
The present diet consisted of wheat flour, whitefish
meal, and soybean protein. Mn was probably more rapidly
absorbed from this diet than the other types of diets.
MnAc and MnCl2 are soluble in water and alcohol, while
MnCO, and MnO, are virtually insoluble. Absorption of
these latter two is therefore expected to be lower than
that of the other soluble compounds. In this study
however, the accumulation of Mn in tissues in the MnCO,
group was similar to that of the MnAc group. The
difference in accumulation between the MnCO, and MnO
groups was Erobably due to the differing absorptions o%
Mn?* and Mn%**.

Less weight gain was seen in the MnAc and MnCl, groups
than the controls (Fig. 2). The MnCO, and MnO, groups,
however, were similar to the controls in this variable.
Chandra et al. (1979) observed normal growth rate in
growing mice exposed to MnCl, .

We also noted a decreased red blood cell count in the
MnAc and MnCl, groups (Table 2). The white blood cell
count was decreased in the MnAc, MnCl,, and MnO,
groups. Independent of the route of 54 Mn
administration, transferrin has been identified as the
major Mn-binding protein in plasma (Davidsson et al.,
1989). Serum iron binds with transferrin in hemoglobin
synthesis. Thus, the binding of transferrin by Mn
effect hemoglobin synthesis, thereby reducing the red
blood cell count. We did not analyze blood Mn levels as
the concentration in blood is extremely low, rising
only slightly even when dietary intake is greatly
increased (Rehnberg et al., 1981).

The effects of Mn on spontaneous motor activity are
shown in Fig. 3. In the control group, motor activity
increased from days 15-45, thereafter remaining
constant. The MnCO, group showed significantly less
activity than the control mice. Recent work in the
brains of growing rats, failed to reveal any
histological changes despite extremely high levels of
Mn. Thus, transient motor disturbances may be explained
by the biochemical effects of Mn (Kristensson et al.,
1986). Our own data on the exposure of mice to Mn for
12 months indicated that Mn content correlates with the
level of biogenic amines in the brain (Komura et al.,
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1986).

Reduced locomotor activity in the MnCO, and MnAc
groups seemed to correlate with Mn content in the
tissues. Weight gain differed between mice exposed to
soluble Mn and those exposed to insoluble Mn, while
hematological changes were manifold. MnAc seemed to
have the greatest effect, followed by MnCO, and MnCl,.
A recent report suggested that the neurotoxicity of ﬁn
may be related to its ability to increase catechol
autoxidation in catecholaminergic neurons (Vescovi et
al., 1989). In the present study, Mn** seemed to exert
a less effect than Mn?'. This could be explained by the
different experimental conditions employed.
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