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by Methylmercury Exposure

Y. Tsuzuki

Department of Legal Medicine, Aichi Medical University, Nagakute,
Aichi-gun, Aichi 480-11, Japan

Methylmercury (MeHg) is considered a hazardous environmental
pollutant because this compound damages the nervous system (Okuda
et al. 1978). In addition to this action, many investigations
have reported histopathological changes in fatty degeneration
and necrosis of the proximal convoluted tubule of the kidney
after exposure to MeHg (KLEIN et al. 1973; CHANG & SPRECHER 1976
). MAGOS (1979) described mercury concentrations in kidney
greater than in other tissues after chronic exposure to MeHg.

STROO & HOOK (1977) reported that chronic exposure to MeHg
caused a decrease in the excretion of B-galactosidase and acid
phosphatase in rats, but did not affect the excretion of alka-
line phosphatase.

The object of this work was to study the nephrotoxic effects
of MeHg exposure in rats. To elucidate the mechanisms for the
development of renal damage, the activities of alkaline phos~
phatase, lactate dehydrogenase, muramidase, glutamate dehydro-
genase, and acid phosphatase were determined in kidney and urine.

MATERIALS AND METHODS

Wistar male rats weighing 200-220 g were used. Animals were
provided food and ad libitum. Rats were orally administered 2
mg/kg of MeHg for 11 days. Control rats were administered 2 mg/
kg physiological saline solution. All assays were conducted at
30°C under optimal condition in a automatic recording spectro-
photometer with a constant temperature cell housing. Activities
of alkaline phosphatase, lactate dehydrogenase, muramidase,
glutamate dehydrogenase, and acid phosphatase in the kidney and
urine were determined according to the methods of WRIGCHT et al.
(1972) ; LEATHWOOD et al.(1972); PLUMMER & NGAHA (1977); and
WRIGHT et al. (1972), respectively. Total mercury in the kidney
was measured using the method of DENITZ et al. (1973).

RESULTS

Table 1 gives the changes in the amount of mercury and
enzymatic activities in the kidneys of rats following the admini-
stration of 2 mg/kg of MeHg. The amount of mercury in the
kidneys exposed to MeHg was found to be 62 + 9 ng/g wet weight
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of tissue. The activities of alkaline phosphatase, lactate
dehydrogenase, and muramidase in the kidneys were depressed by
MeHg, while the activity of acid phosphatase was considerably
increased. The activity of kidney glutamate dehydrogenase was
unchanged following MeHg exposure.

The changes in enzymatic activities in the urine of rats
orally administered 2 mg/kg of MeHg are shown in Table 2. MeHg
exposure increased the activities of alkaline phosphatase, lac-
tate dehydrogenase, muramidase, and glutamate dehydrogenase in
the urine by 21, 13, 14, and 35 %, respectively, while the acti-
vity of acid phosphatase in urine was decreased.

Table 1. Changes in Amount of Mercury and Enzymatic Activities
in Rat Kidney Foiiowing the Administration of 2 mg/kg

Methylmercury

Parameter Control Treated
Mercury (ug/g) 0.15 + 0.02 62 + 9
Alkaline ghosphatase 4.7 + 0.9 4.0 + 0.6
(umoles/min/qg) - -

( 85 %)
Lactate dghydrogenase 70 + 7 53 + 4
(amoles/min/qg) - I

( 75 %)
Muramidase

\ 17 + 3 14 + 2

(ng/min/g) - -

( 85 %)
Glutamate.dehydrogenase 1.4 + 0.3 1.4 + 0.2
(umoles/min/qg) - -

( 99 %)
Acid phosphatase 3.1 + 0.4 4.5 + 0.7
(umoles/min/qg) - -

(145 %)

The results are expressed as the mean of six + S. D.

DISCUSSION

The concentration of Hg in the kidney (62 + 9 pg/g) was
similar to that reported by KLEIN et al. (1973) under similar
conditions.

Recently, MAGOS (1979) reported that the concentration of
mercury in the kidneys of rats dosed orally with 8 mg/kg of
MeHg for 5 days was found to be 84 + 2 pg/g of tissue.

The decrease in kidney lactate dehydrogenase and muramidase
activities (Table 1) corresponded in time with the increased
excretion of these enzymes into the urine (Table 2). The lower
activity of kidney alkaline phosphatase after MeHg exposure
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could be explained on the basis of the observed loss of the
tubular borders. The brush borders are the richest sourse of
alkaline phosphatase in the kidney. The loss of lactate dehy-
drogenase activity in the kidney have been reported following
renal damage by MeHg exposure (STROO & HOOK 1977). However, the
decrease in kidney alkaline phosphatase activity to 85 % of the
control value did not lead to an increased excretion of this
enzyme into the urine, while a comparable decrease in the kidney

Table 2. Changes in Enzymatic Activities in the Urine of Rats
Orally Administered with 2 mg/kg of Methylmercury

Parameter Control Treated
Alkaline phosphatase
.0+ 9, .7+ 9.
(nmoles/min excreated/h) 17.0 % 9.5 20.7 % 9.9
(120 %)
Lactate dehydrogenase
7+ 1. .4 + 1.
{(nmoles/min excreated/h) 5.7 % 1.0 6.4 1 1.1
(110 %)
Muramidase
.10 + 0. .25 + 0.
(ug/min excreted/h) 1.10 + 0.06 1.25 + 0.10
(110 %)
Glutamate dehydrogenase
.00 + 0. .35 4+ 0.
{(nmoles/min excreted/h) 1.00 + 0.04 1.35 + 0.10
(140 %)
Acid phosphatase
5+ 7. . .
(nmoles/min excreted/h) 15.5 £ 7.5 12.7 + 4.3
{ 81 %)

Six rats were used in the experiment and the results are given
as the mean value + S. D.

lactate dehydrogenase activity to 75 % of the control value
occured at the same time as an increase in the urinary lactate
dehydrogenase activity occured. An explanation for the low ex-
cretion of alkaline phosphatase could be the presence of a non-
dialysable phosphatase inhibitor complex in the urine (WILKIN~
SON 1968).

As described in Table 1, the activity of kidney glutamate
dehydrogenase was unchanged following MeHg exposure in spite of
some increase in the urinary glutamate dehydrogenase activity
(Table 2). This could be explained on the basis of a small loss
of this enzyme from the kidney into the urine indicating the
occurrence of mitochondria damage following by a turnover of
glutamate dehydrogenase to maintain the overall activity in the
kidney (PLUMMER & NGAHA 1977).

As described above, the changes in the enzyme activity in
the kidney was extremely small, while those in the urine were
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quite considerable. Urine enzyme measurements would seem there-
fore to be more useful in detecting kidney damage. The increase
in lactate dehydrogenase activity in the urine (Table 2) suggests
an early membrane permeability change in the cells of the kidney.
The lysosomal enzyme was affected by the MeHg and possibly sta-
bilized (STROO & HOOK 1977)., Of all the enzymes examined, the
assay of urinary lactate dehydrogenase provides the most sensi-
tive means for detecting renal damage by MeHg exposure.

From these results, the data suggests that MeHg at relative-
ly low exposure alters lysosomal and mitochondria function. It
also suggests that MeHg exposure had little protective effect.
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