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Abstract:

The patient of chronic arsenic 1oxicity shows oxidarive siress. To overcome the oxidative stress,
several antioxidants such as f-carotene, ascorbic acid, crtocopherol, zine and seleniim had
been suggested. In the present study, wiiversal antioxidant (both water and lipid soluble
antioxidant) alpha-lipoic acid was wsed to examine the effectiveness of ihis thiol on arsenic
metabolism, Alpha-lipoic acid increases the methyvlation of inorganic arsenic and releases
monomethvlarsenic acid (MMA) and dimethvlarsenic acid (DMA) from the fnrracellular pool.
These results suggest that alpha-lipoic acid increases metabolism of arsenic thereby reduces the
concentration of arsenic from arsenic-loaded isolated liver tissues of rat.

Introduction:

Toxic  effects from  arsenic
contamination of ground water is an emerging
public health problem in Bangladesh. It is
estimated that at least 61 districts out of 64
districts of Bangladesh have been affected
with arsenic contamination in ground water
and about 37-77 million of the total population
of 125 million of Bangladesh are at risk of
drinking contaminated water with arsenic
concentrations elevated above world health
organization’s standard 50 ;LgfL'. Arsenic
must  be  considered an important
environmental toxicant because of ils acute
and chronic toxic properties and extensive

distribution in the nature’.

arising

Trivalent inorganic arsenic exerts ils toxic
effects through several mechanisms; the most
impaortant significant mechanism is reversible

Assistant Professor, Department of Pharmacology &
Therapeutics. Medical College for Women & Hospital,
Dhaka.

combination with sulfhydryl groups (-SH).
Trivalent inorganic arsenic binds to and
inactivates  intracellular  -SH  containing
compounds, especially lipoic acid and «-keto
oxidases, thereby  disrupting  cellular
metabolism and inhibiting enzyme syslems
essential  for oxidative phcrsplmrylatimn} s
Evidence of sludies  suggests  that
toxicity of arsenic not only due to its high
affinity to -SH but also through generation of
free radicals during arsenic metabalism in
cells®. The metabolism of inorganic arsenic in
humans involves two processes, the reaction
of reduction that converts pentavalent
arsenicals to trivalent. Inorganic arsenic is
methylated  to monomethylarsenic  acid
(MMA) and dimethylarsenic acid (DMA) in
the body and are considered end product of
arsenic metabolism. The first methylation
reaction is rate limiting, can be stimulated by
elutathione and which causes reduction of
arsenate to arsenite™®. Recent in vitro work

many
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on arsenic metabolism has shown that
glutathione was necessary for full activity of
arsenic mclhylalionﬂ The second step
reduction of oxidative mecthylation, which
occurs mainly in the liver cytosol requires S-
adenosylmethionine (SAM) and possibly other
methyl donors (choline, cysteine, glutathione,
reduced lipoic acid) 1o produce MMA and
DMA. The methylation process is dose-
dependent and as dose of arsenic increases, a
reduction of the percentage of DMA is
observed in urine while retention of arsenic is
higher®.

Glutathione and glutathione related enzymes
stimulate the arsenic detoxification process by
modulating arsenic speciation’. Buchet and
Lauwerys in their study state that a depletion
of liver glutathione exceeding 90% of the
control value leads 1o decreased urinary level
of MMA, DMA and increased level of
inorganic arsenic®. The metabolism and
excretion of these heavy metals depend on the
presence of antioxidants and thiols that aid
arsenic methylation'®, Glutathione, lipoic acid,
selenium, alpha-tocopherol and ascorbic acid
have specific role in mobilization and
excretion of arsenic™ '

Human body also contains alpha-lipoic acid
which is a short chain fauy acid with -SH that
has polent antioxidant property (both water
and lipid soluble antioxidant)'?. Alpha-lipoic
acid is a disulfide compound that is found
naturally in mitochondria as the coenzyme for
pyruvate dehydrogenase and es-ketglutarate
dehydrogenase for several redox reactions.
Exogenously supplied alpha-lipoic acid is
readily taken up by a wvariety of cells and
tissues in which it is rapidly reduced by
NADH or NADPH-dependent enzymes to
dihydrolipoate (DHLA). They both have
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varied properties including quenching of
reactive oxvgen and nitrogen species
(hydroxyl radicals, superoxide, hypochlorous
acid, and peroxinitrite) and metal-chelation
(Cd*, Fe*', Cu™, Zn*)". Exogenous
administration of alpha-lipoic acid has been
found 1o be effective in many pathological
conditions associated with oxidative stress,
diabetic  neuropathy,  metal  toxicity,
hypertension, diabetic  complications  and
cataracts™. A number of in vitro studics also
proved its antioxidant potency. Alpha-lipoic
acid also causes an increase in intracellular
GSH in virro as well as in vivo. Cysteine is
important precursor for glutathione synthesis.
Alpha-lipoic acid has the ability to serve as a
continuous supplicr of C}'slcinc“. Therefore,
the purpose of this study was to evaluate the
effect of alpha-lipoic acid on the arscnic
methylation in the arsenic-loaded isolated
liver tissue of rat.

Materials and method:

Chemicals and reagemts: Arsenic trioxide
(As;0;), MMA and DMA were purchased
from Sigma Chemical Company (St. Louis,
MO, USA). Chemicals and reagents (o
measure total protein were from Human
Gmbh  (Germany). lon-exchange column
chromatography (AG 50W-X 8)
purchased from Bio-Rad Laboratory. Alpha-
lipoic acid was a gift from Opsonin Pharma
Limited, Bangladesh.

Wials

Preparation of isolated liver tissues: The
study was carried out on isolated liver tissues
of Long Evans Norwegian adult healthy male
rats weighing about 150-180 gm. The rats
were housed in standard plastic cages in a
¢lean rodent room where a 12-hour light/dark
cycle was maintained. On the day of
experiment, rals  were sacrificed under
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chloroform anesthesia and the abdomen was
opened by giving a midline incision. The liver
was dissected out and immersed immediately
into the physiological solution placed in ice
bath. The liver tissues were chopped into
small picces (approximately 2 mm in size).

Research design (Fig.-1): Several test tubes
were taken and marked as three groups: Group
[-Control; Group II-Arsenic (50 pg); Group
IMI-Arsenic (30 pg) + alpha-lipoic acid (15
ubh). Number of the test tubes (samples) in
cach group was six and each test tube
contained 230 mg small pieces of liver tissues

[solated liver tissues
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immersed in 5 ml of physiological solution.
Isolated liver tissues of rat were incubated
with in presence or absence of arsenic (50 pg)
at 37°C for 45 minutes. After the first
incubation, tissues were washed twice with
physiological solution. The purpose of this
mcubation was o load the Liver tissues with
arsenic. Then during the second incubation (at
37°C for another 45 minute), liver tissues were
treated with or without alpha-lipoic acid (15
ub). At the end of second incubation,
speciation of arsenic was done both in
supernatant (medium) and in tissues (after
extraction by 50% methanol).

Incubated for 45 minutes with or without presence of arsenic

After the end of incubation period, tissues were washed and again

incubated for 45 minutes at 37°C with or without presence of alpha-lipoic acid

After second incubation

Supernatant (medium)

Speciation of arsenic

Y

Tissues

Homogenized

Tissues homogenate + Methanol (1:1}

Y

Centriflugation

Supernatant

Speciation of arsenic

Figure-1: Diagram showing the processing of samples for chemical analysis.
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Tissue supernatant / medium
Applicd to the top of the column

Then pass 15 ml 0.5 M HCI

Y
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Pass through cation exchange resin (AG 50W-X §8)

Collection of 15 ml eluant (inorganic arsenic)

Pass 15 ml deionised water

Collection of 15 ml eluant (monomethylarsenic acicd)

Pass 30 ml 4 N amonium hydroxide

Collection of 30 ml eluant (dimethylarsenic acid)
At the end of the procedure. ion-exchange column chromatography washes with 4 M HCI,

Figure -2: Flow chart showing the procedure of speciation of arsenic

Speciation of arsenic (Fig.-2): To evaluate the
effect of alpha-lipoic acid on arsenic
metabolism, the supernatant after second
incubation or the methanol (30%) extract of
tissuc homogenate was passed through the
ion-exchange column chromatography (AG
S0W-X8) to separate the arsenic metabolites
according to the method of Tam et al'
According to this method inorganic arsenic.,
MMA and DMA were sequentially cluted
with 15 ml of 0.5 M HCI, 15 ml of deionized
water and 30 ml of 4 N NH,OH. The different
metabolites (both in supematant and in
methanol extract) were analyzed by wusing
Alomic Absorption Spectro-photometer with
Hydride Generator (AAS-HG). The methanol
extraction was carried out under dimmed light.

Protein assayv: Protein concentration ol tissues
was estimated by ‘Biuret” method described by
Weichselbaum'”, using bovine serum albumin
(8 gm/dl) as standard.

Statistical analysis: Statistical analyses were
carricd out using Statistical Package for Social
Science (SPSS), version 9.0, USA. The values
were expressed as mean = SEM for resulls
obtained with six samples in each group and
the data of arsenic speciation were subjected
to statistical analysis using unpaired t-test.
Statistical significance was determined by p
value less than 0.05.
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Results:

Table-1 shows the elfect of alpha-lipoic acid
on arsenic metabolism. The amounts of
inorganic arsenic, MMA and DMA in the
supernatant  of only arsenic-treated  liver
tissues (G-I) after second incubation were
13.66 = 0.90, 17.38 = (.72 and 27.00 £ 1.46
pg/gm protein respectively. But when the
arsenic-loaded liver tissues were incubated
with alpha-lipoic acid at a concentration of 13
pM (G-II), the amount of inorganic arsenic,
MMA and DMA (in supernatant) increased to
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inorganic arsenic, MMA and DMA in tissucs
were 39.09 = 118 pg/gm, 23.78 = 1.57 and
9.9] + (.86 pgfem protein respectively. When
the arsenic-loaded tissues were treated with
alpha-lipoic acid, the amount of 1otal arsenic
in tissues was decreased to 42.8 pg/fem prolein
{G-11) and in which inorganic arsenic, MMA
and DMA was present at a concentration of
26.29 + 0.76 pgfem, 11.83 = 0.57 pg/gm and
468 + 0.27 pefem protein respectively and
they were statistically significant (p<0.001) as
compared to only arsenic-treated group.

Table-I: Effect of alpha-lipoic acid on the metabolism of arsenic in arsenic-loaded isolated
liver tissues of rat

Group| Amount of arsenic metabolites in supernatant | Amount of arsenic metabolites within tissues
after second incubation (ggfgm protein) after second incubation (gg/gm protein)

I j i '
ko MMA DMA o MMA DMA
arsenic arsenic

| Nd Md Md Nd Ml MNd
I 13.66 + 0.90 17.38+£0.72 27.00 = 146 5900+ 1.18 2378+ 157 | 991 = 0D.86
il 22.08 = 0.84° 3282+ 1.80" | 5528 =064 | 26292076 | 11.832057 | 4.68=027

Giroup 1-Control tissues weated with only physiological solution: Group 11-Tissues were treated with arsenic (50 pg) in firsi
incubation and physiological solution in second incubation: Group 111- Tissucs were treated with arsenic (50 pg) in first
mcubation and alpha-lipoic acid (15 pM) in second incubation; Nd mezans nol detectable: Values were expressed as mean =
SEM of six samples in each group: "p <0.001, when compared with only arsenic-treated group: Inorganic arsenic. MMA and

DMA were extracted from lissues by extraction with 50% methanol.

22.08 +0.84 pg/gm, 32,82 £ 1.80 and 55.28 =
0.64 pg/em protein respectively which was
statistically  significant  (p<0.001)  in
comparison lo arsenic-treated group. That is,
alpha-lipoic acid increases the metabolism of
inorganic arsenic to MMA and DMA.

Table-I also shows the concentration of
arsenic metabolites that was retained within
the tissues, treated with or without alpha-
lipoic acid (15 pM) and which were extracted
from tissues by methanol (50%). After second
incubation the amount of total arsenic in only
arsenic-treated  ltissues was 9278  pgfom
protein (G-1}, in which the amount of

Discussion:

The present study shows that incubation of
liver tissues with trivalent arsenic accumulates
arsenic  within  the liver tissues and
metabolizes to MMA and DMA, which were
then released into the medium (supernatant).
In the course of incubation with arsenic
trioxide in alpha-lipoic acid treatment group,
the MMA and DMA were significantly
increased (p<0.001) in comparison to only
arsenic-treated group. This means that alpha-
lipoic acid increases metabolism of arsenic in
the isolated liver tissues into its methylated
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forms. This may be due to elevating the level
of G5H by alpha-lipoic acid. GSH has been
suggested to be a necessary component for
arsenic metabolism probably in the initial
reduction of arsenate to arsenite and in
subsequent oxidative meth}flation?'g. When
GSH levels were reduced within the cells,
MMA and DMA were decreased and hepatic
arsenic level was increased'®. Furthermore, a
decrease in the levels of arsenic metabalites in
supernatant in only arsenic-treated group
might indicate that the methylation step was
inhibited by inorganic arsenic in the tissues.
Shila et al suggested that alpha-lipoic acid
may modulate the methylation of arsenic'”. Tt
may be due to influence of alpha-lipoic acid
on metabolism of arsenic in the isolated liver
tissues of rat, there may be less free inorganic
arsenic available in tissues for methylation
and only a small amount of metabolites
remains within the tissues. It is likely that
interactions of trivalent arsenic metabolites
with proteins and other cellular constituents
are responsible for retention and toxic effects
of arsenic in tissues of animals and humans
exposed to arsenic™. However, Styblo et al
suggested that MMA and DMA derivatives
were at Jeast as cylotoxic as mmorganic arsenic
in most cell types and associated with a
variety of adverse effects including inhibition
of several enzyme, damage of DNA structure
and activation of gene transcription™'. This
study also shows that treatment of liver tissues
with alpha-lipoic acid significantly (p<0.001)
decreases the amount of MMA and DMA
within tissues. As has been suggested, GSH
could serve as the source of electrons in a
sulphide-disulphide  couple to drive the
arsenale to arsenite reduction, as well as
possibly to mediate reduction of arsenic in its
various other pentavalent states including the
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- [E]
methylated metabolites™, GSH also plays an
important role in detoxification of arsenic by
stimulation of excretion of methylated arsenic

8.4
compounds ™.

In conclusion, the finding of the present study
suggests  that alpha-lipoic  acid  increases
metabolism ol arsenic in tissues. This may be
due to elevating the level of GSH by alpha-
lipoic acid thereby increases the level of
MMA and DMA  in  supernatant, while
decreases the levels of metabolites in tissues.
However, further studies with alpha-lipoic
acid need to be carried out in vive 1o ascertain
their therapeutic efficacy in modifying arsenic
methylation in human.
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