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Abstract

The efficacy of two monothiols, N-acetyl-DL-homocysteine thiolactone (NAHT) and glutathione (GSH) either
alone or in combination with two vitamins, vitamin B complex and vitamin E were studied in 7 days methylmer-
cury chloride (MMC; 1 mg kg) intoxicated male Swiss albino mice. Thirteen groups of animals, each containing
6 animals were used for the study. Three groups of animals were kept as control (treated either with vehicle,
normal saline or olive oil). Rest of the ten groups were kept as treatment groups. All the animals were treated
subcutaneously for 7 days with MMC and one group was sacrificed on the 8th day. The second group was kept
without toxicant for another 7 days and were sacrificed on the 15th day. Two MMC pretoxicated groups were
treated either with vitamin B complex (20 mg kg) or vitamin E (60 mg kg) and two other groups were treated
with N-acetyl-DL-homocysteine thiolactone (40 mg kg) or glutathione (50 mg kg) for another 7 days. The rest of
the four groups were treated with either N-acetyl-DL-homocysteine thiolactone or glutathione in combination with
either vitamin B complex or vitamin E. All the animals were sacrificed on the 15th day, brain and spinal cord were
dissected and estimated for acid phosphatase, alkaline phosphatase, succinic dehydrogenase and α mannosidases.
Some of the antidotes showed significant recovery of the enzymes in one tissue while some showed significant
recovery in the other tissue depicting the need for treating methylmercury poisoned animals with multi-chelation
therapy rather than as a monotherapy.

Introduction

Methylmercury chloride (MMC) is a widely distrib-
uted environmental pollutant which has a profound
effect on developing as well as adult neuronal systems
(Bullet & Cui 1998). Only a few antidotes especially
Dimercapto Succinic Acid (DMSA) substantiated the
efficacy and safety as a premier metal chelation com-
pound depicted by increased urinary excretion, as
compared to other antidotes (Miller 1998). The greater
scientific interest in the toxic action of methylmer-
cury chloride (MMC) at the cellular and sub-cellular
level and their recovery during antidotal therapy has
been focused on its adverse and recovering effects on
macromolecule biosynthesis (Miura & Imura 1987).

In the past, a number of compounds both synthetic and
herbal have been tried to ameliorate the toxic actions
of MMC (Bapu et al. 1994; 1998; Lee et al. 1999).
Some have shown encouraging results (Ballatori et al.
1998) but at the same time, some antidotes showed
a redistribution of metal from one organ to another
(Aaseth et al. 1982; Wannag & Aaseth 1980).

Biochemical lesions are considered to be the most
primary effect of methylmercury intoxication (Un-
nikumar & Sood 1985) and numerous reports have
detailed the effects of it on the biochemical machin-
ery of the cell system (Bapu et al. 1994; Bapu &
Sood 1998). It has also been reported that mercury
binds competitively to Zn++ and Mg++ dependent en-
zymes (Kozik et al. 1977), inhibits various organelle
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specific marker enzymes (Vijayalakshmi et al. 1992),
sulphydryl containing enzymes like succinic dehydro-
genase (Raghu et al. 1992) and decreases or alters
the normal concentration of essential elements in the
body (Bapu et al. 1994; Webb & Cain 1982). With
chelation therapy, a different scenario exists in the tox-
icated animals. Some of the antidotes remove mercury
from the body while some antidotes cause a redis-
tribution of the metal in different tissues (Thomas
& Smith 1982). Thyroxine, pyridoxine, methionine
and ascorbic acid are some of the compounds which
are effective in preventing heavy metal toxicity (Flora
& Tandon 1995). In cadmium toxicity, the supple-
mentation of vitamin B complex simultaneously with
cadmium has been effective in preventing the appear-
ance of signs of cadmium intoxication (Tandon et al.
1984).

With this background knowledge and our earlier
conclusions that treatment of methylmercury intox-
icated animals with vitamins like vitamin B com-
plex and vitamin E and monothiols like N-acetyl-
DL-homocysteine thiolactone and glutathione could
remove mercury (Sood et al. 1993), restore various
enzymes (Bapu et al. 1998), vitamins (Sood & Vijay-
alakshmi 1995) and various essential elements (Bapu
et al. 1994) in the brain and spinal cord as well as
repair various histopathological alterations in the brain
(Bapu & Sood 1998) of mice, it prompted us to check
their efficacy in the restoration of certain organelle
specific marker enzymes and sulphydryl containing
enzymes after mercury intoxication.

Materials and methods

Seventy eight three months old Swiss male albino
mice (inbred strain) weighing about 30 ± 5 gm bred
at our animal house obtained from the original stock
from National Centre for Laboratory Animal Sciences,
National Institute of Nutrition, Hyderabad were used
for the present study. The animals were kept in highly
hygienic conditions under controlled environmental
conditions like temperature of 25 ± 2 ◦C and relative
humidity 55 ± 5% and were kept in polypropylene
cages with 12 h of light and darkness. They were
divided into 13 groups and each group contained six
animals.

The experimental protocol was approved by the
Institutional animal house ethics committee.

Control groups

Three groups of animals received subcutaneous injec-
tions of respective vehicle (10 mM Na2CO3-NaHCO3,
pH 9.2; normal saline or olive oil). The mode of ad-
ministration, volume and interval between injections
were similar in all the groups.

Methylmercury treated groups

Ten groups of animals were used for this purpose.
They were injected sub-cutaneously with methylmer-
cury chloride (MMC; Wako Pure Chemicals Ltd.,
Japan) dissolved in 10 mM Na2CO3-NaH CO3, pH 9.2
at a daily dose of 1 mg kg body weight for 7 days.
One group was sacrificed on the 8th day and the sec-
ond group was kept without drug treatment for the
next seven days and were sacrificed on the 15th day.
The rest of the groups were utilized for therapeutic
treatments.

Vitamin treated groups

Two groups of animals were used for this purpose.
They were injected sub-cutaneously with vitamin B
complex (Neurobion, Ranbaxy Laboratories Ltd.,
New Delhi, 20 mg kg; diluted in normal saline) or
vitamin E (Evion; Merck, India, 60 mg kg; diluted
in olive oil) to 7 days MMC pre-toxicated animals for
another 7 days.

Monothiols treated groups

Two groups of animals, pre-treated with methylmer-
cury chloride for 7 days were used for this purpose.
They were injected sub-cutaneously with glutathione
(50 mg kg) and N-acetyl-DL-homocysteine thiolac-
tone (40 mg kg) for another 7 days.

Monothiols and vitamins treated groups

Four groups of 7 days MMC pretoxicated animals
were utilized for this purpose. They were injected sub-
cutaneously with glutathione (50 mg kg) and after half
an hour were injected either with vitamin B complex
(20 mg kg) or vitamin E (60 mg kg). Another two
groups of animals were injected with N-acetyl-DL-
homocysteine thiolactone (40 mg kg) for another 7
days.

All the therapeutic groups were sacrificed on the
15th day.
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On the scheduled day, the animals were sacrificed
by cervical dislocation in the morning hours to pre-
vent diurnal changes and the brain and spinal cord
were dissected out quickly, washed with normal saline
(4 ◦C), blotted and weighed. They were minced with a
sharp scissors and homogenized in a glass mortar with
pestle in double distilled water for the estimation of
alkaline phosphatase, acid phosphatase and succinic
dehydrogenase and in sodium citrate (1 mg ml) for α

mannosidase. Complete homogenization was obtained
by adding non-acidic sand to the medium. This was
followed by centrifugation in a Remi (RC24) refrig-
erated centrifuge (4 ◦C). The supernatant was divided
into two portions. One portion was used for the spec-
trophotometric assay of alkaline and acid phosphatase
(Shinowara et al. 1942) and succinic dehydrogenase
(Kun & Abood 1949) and the other portion was par-
tially purified with chilled acetone and resubjected
to centrifugation. The supernatant was discarded and
residue was suspended in sodium citrate and estimated
for α mannosidase (Tettamanti & Masserini 1984).

The specific activities of the enzymes are ex-
pressed as amount of inorganic phosphate liber-
ated/mg protein/hr (for alkaline and acid phosphatase),
amount of formazan formed/mg protein (for succinic
dehydrogenase) and µmol 4-nitrophenol liberated/mg
protein/hr (for α mannosidase).

Statistical Analysis

The results were evaluated using a two way ANOVA
according to the method of Sokal and Rohlf, 1969,
for calculating the significant difference between the
treatments.

Results

Biochemical alterations during methylmercury
intoxication

Methylmercury chloride treatment for 7 days caused
a significant decrease in acid phosphatase, ∝ man-
nosidase, alkaline phosphatase and succinic dehydro-
genase in brain and spinal cord (M: Figure 1 A–D).
When the 7 days MMC pretoxicated animals were
kept without intoxicant for the next 7 days and sac-
rificed on the fifteenth day, a further decrease in acid
phosphatase, ∝ mannosidase, alkaline phosphatase
and succinic dehydrogenase activity was found in all
the tissues (W: Figure 1 A–D).

Effect of vitamins therapy

The post-therapeutic treatment of the animals with vi-
tamins B complex and E significantly recovered the
alkaline phosphatase activity in the nervous tissues
(B,E; Figure 1 B). The activity of acid phosphatase
recovered significantly in the brain during vitamin
E application (E; Figure 1 A) and succinic dehy-
drogenase also recovered completely in brain during
vitamin B complex and E application (B.E; Figure 1
C). ∝ mannosidase showed a significant recovery in
its activity in both the tissues during both vitamin B
complex and E therapy (B, E; Figure 1 D).

Effect of monothiols therapy

NAHT and GSH application recovered the alkaline
phosphatase activity in the brain while in spinal cord,
both monothiols inhibited its activity (N,G.; Figure 1
B). The acid phosphatase activity on the other hand
recovered in all the tissues which was found to be more
suitable than the other monothiol, glutathione (N,G.;
Figure 1 A) The recovery of succinic dehydrogenase
was found in all the tissues during GSH therapy (G.;
Figure 1 C).

Glutathione application revealed a recovery of suc-
cinic dehydrogenase activity in all the tissues while
NAHT treatment showed a reverse effect (N,G.; Fig-
ure 1 C). NAHT and GSH therapy recovered the en-
zyme level in all the tissues but α mannosidase on the
other hand, showed a recovery in both brain and spinal
cord in both the nervous and non-nervous tissues but
the degree of recovery was different. Both these an-
tagonists showed more recovery in brain compared to
spinal cord (N,G; Figure 1 D).

Effect of combined therapy of monothiols and
vitamins

The application of glutathione and vitamin B com-
plex recovered alkaline phosphatase level significantly
in spinal cord (B2, Figure 1 B). The combined ap-
plication did not show a significant recovery in acid
phosphatase in the nervous tissues (E2, Figure 1 A). In
spinal cord, NAHT application with vitamin E showed
the best results (E1; Figure 1 A). The level of suc-
cinic dehydrogenase enzyme recovered in brain with a
combination of vitamin B complex and NAHT or GSH
(B1, B2; Figure 1 C) while monothiols and vitamin E
showed insignificant recoveries (E1, E2; Figure 1 C)
as compared to the monothiols alone group. In spinal
cord, none of the combinations showed better results
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Fig. 1. A, B, C & D represent the percentage changes in acid phosphatase, alkaline phosphatase succinic dehydrogenase and alpha mannosidase
in brain (open bars) and spinal chord (closed bars), during methylmercury chloride (M) application as well as during normal withdrawal (W) and
N-acetyl-DL-homocysteine thiolactone (N), Glutathione (G), vitamin B complex (B), vitamin E (E), N-acetyl-DL-homocysteine thiolactone
and vitamin B complex (B1), N-acetyl-DL-homocysteine thiolactone and vitamin E (E1), glutathione (G), glutathione and vitamin B complex
(B2) and glutathione and vitamin E (E2) application. P < 1%.

as compared to the monothiols alone group (B1, B2;
Figure 1 C) except NAHT plus vitamin E (E1; Fig-
ure 1 C). In the case of α mannosidase, the combined
therapy of vitamins and NAHT were not effective in
brain and spinal cord (B1, E1; Figure 1 D). None of
the other combinations were effective in recovering
the inhibited enzyme level.

Discussion

Neuropathology associated with methylmercury chlo-
ride is characterized by complete architectural dis-
ruption of neuronal elements within the cerebellum
where it binds strongly to protein and sulphydryl
groups (Philbert et al. 2000). The level of different

enzymes of various metabolic pathways have to be
studied during intoxication and detoxication to prove
the efficacy as an antidote during methylmercury poi-
soning. The decrease in activity of various enzymes
like alkaline phosphatase, acid phosphatase, α man-
nosidase and succinic dehydrogenase during mercury
intoxication shows that mercury created serious dis-
turbances in the biochemical machinery involved in
various metabolic processes. This may be correlated
well with the previous study where mice treated under
similar experimental conditions showed the deposition
of mercury during intoxication in brain and spinal cord
(Sood et al. 1993) and disturbances in elemental com-
position in various tissues (Bapu et al. 1994) which
may be the reason for severe disturbances in activ-
ities of metal and SH dependent enzymes. Alkaline
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phosphatase, a plasma membrane marker enzyme has
been found to be affected considerably as mercury
attacks the membrane transport processes. Mercury
gets deposited in the lysosomes during intoxication
and various hydrolases have been found to be affected
(Webb & Cain 1982; Vinay et al. 1990). Acid hydro-
lases have been shown to increase or decrease during
methylmercury intoxication depending upon dose, du-
ration, animal species and target tissue (Vinay et al.
1992). In this study, a decrease in the level of acid
phosphatase and α mannosidase has been found which
may be because mercury, being a labilizing agent and
due to the preferential storing of the compound in the
lysosomes, causes cell autolysis which causes the re-
lease of enzymes released into the circulation. Further,
the decreased level of cholesterol (Sood et al. 1997)
and vitamin E (Sood et al. 1995) which are regarded as
lysosomal stabilizing agents (Weissman 1967) during
methylmercury intoxication, also increases the lysoso-
mal fragility, which may be the reason for decreased
level of acid phosphatase and α mannosidase in the
present study.

Succinic dehydrogenase, which contains four
groups of non-heme iron and SH groups, is more sus-
ceptible to methylmercury chloride intoxication, and
it has been reported that vitamin E protects SH groups
of dehydrogenases and elevate their level (Vijayalak-
shmi 1993). SDH is inhibited both in the brain and
spinal cord clearly indicating that mercurials interfere
with glycolysis and Kreb’s cycle. Likewise, inhibition
of pentose phosphate pathway enzyme, glucose-6-
phosphatase have been reported in the brain and spinal
cord in a similar experimental condition (Vijayalak-
shmi 1993). Thus all major energy yielding pathways
are disturbed during MMC intoxication.

The treatment of MMC pretoxicated animals with
monothiols like GSH and NAHT and vitamin B com-
plex and E either alone or in combination showed
varying results. The recovery of the enzyme with one
combination in some tissues and the other in some
other tissues were found in this study. For instance,
glutathione alone and in combination with vitamin B
complex showed maximum recovery of the enzyme in
spinal cord while in brain, NAHT alone and in com-
bination with vitamin B complex revealed maximum
recovery. The recovery of SDH also showed varying
results in different tissues. Vitamins and monothiols
treated groups showed sufficient recovery of these
enzymes in different tissues.

The glycosidases which are found in higher con-
centrations in the myelin sheath (Hafiza & Sood 1980;

Vinay et al. 1990), associated with carbohydrate and
lipid metabolism are highly sensitive to methylmer-
cury (Vijayalakshmi et al. 1992) which has been
confirmed in this study. α mannosidase being a Zn
dependent enzyme (Weissman 1967) are easily af-
fected by methylmercury as this heavy metal has the
tendency to knock out other metals during its intoxi-
cation. The deficiency of these enzymes causes drastic
metabolic defects in the myelin sheath depicted by
severe myelin degeneration as has been reported in a
similar experimental condition in mice and the appli-
cation of vitamin B complex alone or in combination
with glutathione were found to be helpful in regaining
the myelin contour (Bapu & Sood 1998). It has been
reported that some of the constituents of vitamin B
complex, particularly thiamine, has been found suc-
cessful both individually and as adjuvants in prevent-
ing lead toxicity (Flora & Tandon 1995; Tandon et al.
1984). Since different chelators showed different re-
sults, the application of chelators as a multi-chelation
therapy would be suitable after mercury poisoning
as it has been found that the improvement of SH
groups, cysteine and GSH in various functional activ-
ities would cause the recovery of altered biochemical
machinery in the normal cell.
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