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Tohoku J. Exp. Med., 2000, 191 (4), 241-246 —— Effect of melatonin on the
mortality in methylmercury chloride (MMC)-intoxicated mice was evaluated.
Mice were given MMC in the diet (40 mgHg/g) with or without melatonin in
drinking water (20 mg/ml) for 5 weeks. In the control group, given MMC alone,
4 of 10 mice began to show neurological signs (e.g., abnormal righting reflex,
staggering gaitfallen and posture on its side) concomitant with loss of body weight
4-7 days before death. This group also showed 60%, of survival rate on the 35th
day. However, the treated group, concomitantly given melatonin, showed a 1009,
of survival rate on the 35th day, although 1 of 10 mice began to show the
neurological signs on the 33rd day. The level of thiobarbituric acid reactive
substance in the brain, as an indication of oxidative damage, showed a significant
decrease in the treated group compared with the control group. Thus, the 100%,
survival rate in the treated group may be partly due to antioxidative effect of
melatonin on the MMC induced neurotoxicity. ———— methylmercury;
melatonin; intoxication; survival rate; neurotoxicity (€ 2000 Tohoku Univer-
sity Medical Press

Methylmercury is highly neurotoxic as evidenced by the tragic epidemics in
Japan and Iraq (Watanabe and Satoh 1996). The most prominent toxic features
of methylmercury in human are neurological disturbances including ataxia,
sensory loss and constriction of the visual fields (WHO 1990). In experimental
mice intoxicated with methylmercury, they also showed neurological signs such as
abnormal righting reflex, staggering gait and fallen posture on its side (Suzuki and
Miyama 1971).

An antioxidant such as vitamin E was reported to have a protective effect
against the neurotoxicity of methylmercury in experimental animals (Chang et al.
1978; Welsh 1979). More recently, it has been reported that the neurotoxicity of
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methylmercury may be involved with oxidative damage-inducing free radicals
(Sarafian and Verity 1991; Ali et al. 1992; Park et al. 1996). Thus, 1t is possible
that the neurotoxicity of methylmercury might be decreased by enhancing anti-
oxidative capacity in the brain.

Melatonin, a pineal hormone, plays an important role in the circadian regula-
tion of sleep, and 1s often utilized as a sleep-inducing agent (Klein et al. 1971,
Wetterberg 1999). It is also known to easily penetrate the blood-brain barrier
(Reiter et al. 1997) and possess a potent antioxidant activity in the brain (Reiter
1998); 1t 1s an effective free radical scavenger and also stimulates the mRNA level
of glutathione-peroxidase as well as the activity of the enzyme (Barlow-Walden
et al. 1995; Kotler et al. 1998; Reiter 1998). It has been shown to reduce lipid
peroxidation in both in vivo and in vitro experiments (Reiter et al. 1995).

In the present study, we investigated the possible protective effect of
melatonin against the neurotoxicity of methylmercury in mice by observing the
survival rate. We also determined thiobarbituric acid reactive substance
(TBARS) as an indication of oxidative damage in the brain.

MAaTERIALS AND METHODS
Animals and procedures

Male ICR mice, 6 week old and approximately weighing 30-32 g, were
purchased from Nihon SLC (Hamamatsu). They were kept in a temperature-
controlled room (23+2°C) with a 12 hour light-dark cycle (light period; 0800-
2000). Three or four mice were placed in a plastic cage with free access to food
and water.

The mice were allotted to two groups administered with MMC in diet (40
mgHg/g: Nihon CLEA, Osaka) with or without melatonin (20 mg/ml) in drink-
ing water containing 0.02%, ethanol. Each group consists of 10 mice and
designated either the treated group or the control group, respectively.

After four weeks of treatment, both groups were evaluated by neurological
signs (e.g., abnormal righting reflex, staggering gait, and fallen posture on its side)
according to Suzuki and Miyama (1971). They were sacrificed on the 35th day of
the treatment and tissues were collected for mercury and TBARS analyses.

TBARS assay

TBARS was determined by a method based on the original method of
Ohkawa et al. (1979) but after slight modification. Briefly, to 200 ml of 2.5%,
homogenate, 200 ml of 0.8%, sodium dodecyl sulfate, 1.5 ml of 209, acetate
solution (pH 3.5) and 1.5ml of 0.5%, TBA were added, and the mixture was
heated at 95°C for 60 minutes. The value was expressed as nmol of TBARS
(malondialdehyde equivalent) per gram of the brain. Malondialdehyde standard
was prepared from 1, 1, 3, 3-tetramethoxypropane.
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Total mercury determination

The tissues were weighed and wet-ashed in a Pyrex tube with a mixture of
nitrate/sulfate/perchloric acids (1:4:1 v/v) at 160°C for 30 minutes. The con-
centration of mercury in the tissues was determined by cold-vapor atomic absorp-
tion spectrometry, using stannous chloride as the reducing agent (Kim et al. 1995).
To assure the accuracy of the determination, bovine liver (BCR No. 185; Bureau
of Reference, Commission of the European Communities) was used as a reference
material. Determined values fell within the range of the certified value.

Statistical analyss

Statistical analysis were performed by Student’s ¢-test where appropriate.
Survival rates are analyzed by Log-Rank test (JMP version 3, SAS Institute Inc.).

ResuLTts AxD Discussion

Until the third week of the treatment period, both the treated and control
groups showed a small but gradual increase in the body weight (Fig. 1). On the
forth week, the control group showed small decrease. But, there is no significant
difference between the body weights of the two groups during this period.

The control group also showed a marked decrease in survival rate over the
period of 30th to 35th days compared with 1009, of survival rate of the treated
group (Fig. 2: p=0.029 by Log-Rank test). In the control group, 4 mice began to
show neurological signs such as abnormal righting reflex, staggering gait and fallen
posture on its side concomitantly with loss of body weight 4-7 days before death.
However, in the treated group only 1 mice began to show those signs on the 33rd
day and was alive at sacrifice on the 35th day.
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Fig. 1. Body weight changes during experiment.
Means and SDs are shown (n=10). There was no statistical difference
between the Control (O) and Treated (@) groups.
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Fig. 2. Survival rate.
The Treated (@) group showed statistically significant improvement of sur-
vival rate compared with that of the Control (O) group (p=0.029 by Log-
Rank test).

These findings indicate that the melatonin treatment reduced manifestation
of neurological signs concomitantly with loss of body weight and it ameliorated
the survival rate of the fifth week. These effects are due to, presumably, anti-
oxidative capacity of melatonin. As shown in Fig. 3, the treated group showed
decreased TBARS in the brain compared with that of the control group.

Mercury concentration in the brain of the treated group is higher than that of
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Fig. 3. TBARS in the brain.
Mean+8.D. (n=5 for Control group and 8 for Treated group). On the 35th
day with MMC treatment with () or without (M) melatonin, mice were
sacrificed and the brain was collected for TBARS assay.
***p <0.001 by Student’s ¢-test.
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TaBLE 1.  Mercury concentrations wn tissues

Mercury concentrations (mg/g tissue)

Control group Treated group
Brain 12.6+ 3.5 19.0+ 7.5
Liver 332+ 15 46.4+14.6
Kidney 135.1+13.6 128.9+-17.4

All values represent mean+s.p.; Control group
(n=>5), Treated group (n=8).

The mice were sacrificed on the 35th day with
MMC treatment with or without melatonin and tissues
were collected for mercury analysis. There were no
statistical differences between the Control and Treated

groups.

the control group, though there is no statistical significance because of relatively
large SDs (Table 1). The mice of which brain was analyzed for mercury were
sacrificed on the 35th day. Therefore, it is possible that survival mice with
relatively lower Hg concentration in the brain among the control group were
sacrificed and analyzed for mercury. This may enhance the difference in mercury
concentration between the two groups. Food consumption on the basis of each
cage was always greater in the treated group than in the control group (about 1.1-
1.5 times greater; data not shown). Since melatonin has hyperphagia effect
(Shaji and Kulkarni 1998), this might be associated with this effect. In spite of
greater intake and slightly higher concentration of mercury in the brain, it is
concluded that the treated group showed less neurological disturbance and
mortality.

Acknowledgments

The authors thank Ms. Chieko Inomata and Mr. Toyoki Yamato for their excellent
technical assistance. This work was supported by grants from the Ministry of Education,
Science, Sports and Culture, Japan (Grants in Aid for JSPS ~Fellows, P98139).

References

1) Ali, S.F., Lebel, C.P. & Bondy, S.C. (1992) Reactive oxygen species formation as a
biomarker of methylmercury and trimethyltin neurotoxicity. Neurotoxicology, 13,
637-648.

2) Barlow-Walden, L.R., Reiter, R.J., Abe, M., Pablos, M., Menendez-Pelaez, A., Chen,
L.-D. & Poeggeler, B. (1995) Melatonin stimulates brain glutathione peroxidase
activity. Neurochem. Int., 26, 497-502.

3) Chang, L.W., Gilbert, M. & Sprecher, J. (1978) Modification of methylmercury
neurotoxicity by vitamin E. Environ. Res., 17, 356-366.

4) Kim, C.-Y., Watanabe, C., Kasanuma, Y. & Satoh, H. (1995) Inhibition of -
glutamyltranspeptidase decreases renal deposition of mercury after mercury vapor
exposure. Arch. Toxicol., 69, 722-724.



7

8)

10)
11)
12)

13)

14)
15)

16)

17)

18)

C.-Y. Kim et al.

Klein, D.C., Weller, J.L. & Moore, R.Y. (1971) Melatonin metabolism: Neural regu-
lation of pineal serotonin: Acetyl coenzyme A N-acetyltransferase activity. Proc.
Natl. Acad. Sci. US4, 68, 3107-3110.

Kotler, M., Rodriguez, C., Sainz, R.M., Antolin, I. & Menendez-Pelaez, A. (1998)
Melatonin increases gene expression for antioxidant enzymes in rat brain cortex. J.
Pineal Res., 24, 83-89.

Ohkawa, H., Ohishi, N. & Yagi, K. (1979) Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction. Amnal. Biochem., 95, 351-358.

Park, S.T., Lim, K.T., Chung, Y.T. & Kim, S.U. (1996) Methylmercury-induced
neurotoxicity in cerebral neuron culture is blocked by antioxidants and NMDA
antagonists. Neurotoxicology, 17, 37-46.

Reiter, R.J., Melchiorri, D., Sewerynek, E., Poeggeler, B., Barlow-Walden, L., Chuang,
J., Ortiz, G.G. & Acuna-Castroviejo, D. (1995) A review of the evidence supporting
melatonin’s role as an antioxidant. J. Pineal Res., 18, 1-11.

Reiter, R.J., Tang, L., Garcia, J.J. & Munoz-Hoyos, A. (1997) Pharmacological
actions of melatonin in oxygen radical pathophysiology. Lafe Sci., 60, 2255-2271.
Reiter, R.J. (1998) Oxidative damage in the central nervous system: protection by
melatonin. Prog. Neurobiol., 56, 359-384.

Sarafian, T. & Verity, M.A. (1991) Oxidative mechanisms underlying methylmercu-
ry neurotoxicity. Int. J. Dev. Neuroscience, 9, 147-153.

Shaji, A.V. & Kulkarni, S.K. (1998) Evidence of GABAergic modulation in
melatonin-induced short-term memory deficits and food consumption. Methods Find.
Exp. Clin. Pharmacol., 20, 311-319.

Suzuki, T. & Miyama, T. (1971) Neurological symptoms and mercury concentration
in the brain of mice fed with methylmercury salt. Ind. Health, 9, 51-58.
Watanabe, C. & Satoh, H. (1996) Evolution of our understanding of methylmercury
as a health threat. Enwviron. Health Perspect., 104, 367-379.

Welsh, 8.0. (1979) The protective effect of vitamin E and N, N’-diphenyl-p-
phenylenediamine (DPPD) against methylmercury toxicity in the rat. J. Nutr., 109,
1673-1681.

Wetterberg, L. (1999) Melatonin and clinical application. Reprod. Nutr. Dev., 39,
367-382.

WHO (1990) Environmental Health Criteria 101, Methylmercury, Geneva.




