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ABSTRACT

Introduction: The high blood lead level induces oxidative stress
and alters the antioxidant status of battery manufacturing workers.
Supplementation of vitamin C is beneficial to reduce the oxidative
stress and to improve the antioxidant status of these workers.

Aim: The main aim of this study was to observe the changes in
blood lead levels, oxidative stress i.e. serum lipid peroxide and
antioxidant status parameters such as erythrocyte superoxide
dismutase and catalase and serum nitrite after the vitamin C
supplementation in battery manufacturing workers.

Materials and Methods: This study included 36 battery manu-
facturing workers from Western Maharashtra, India, having age
between 20-60 years. All study group subjects were provided
vitamin C tablets (500 mg/day for one month) and a blood
sample of 10 ml each was drawn by puncturing the anterior

cubital vein before and after vitamin C supplementation. The
biochemical parameters were estimated by using the standard
methods.

Results: Blood lead levels were not significantly altered, however,
serum lipid peroxide (p<0.001, -15.56%) and serum nitrite (p<0.001,
-21.37%) levels showed significant decrease and antioxidant
status parameters such as erythrocyte superoxide dismutase
(p<0.001, 38.02%) and catalase (p<0.001, 32.36%) revealed
significant increase in battery manufacturing workers after the
supplementation of vitamin C.

Conclusion: One month vitamin C supplementation in battery
manufacturing workers is not beneficial to decrease the blood
lead levels. However, it is helpful to reduce the lipid peroxidation
and nitrite formation and enhances the erythrocytes superoxide
dismutase and catalase activity.
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INTRODUCTION

Lead is a ubiquitous and versatile metal, which has been used
by human beings over 9000 of years. But today it is a widely
distributed pollutant in environment. Lead is highly resistant to
corrosion, pliable, having high density, low elasticity, high thermal
expansion, low melting point, easy workability, easily recycled,
excellent antifriction metal and inexpensive. Due to these properties
it is used in acid battery manufacturing, printing press, silver
jewellery making, soldering cans, folk remedies, cable sheathing,
in colour pigments, petrol additives, soldering water distribution
pipes, ceramic glazes, paper industries etc, [1,2]. Lead and its
compound can enter the environment at any point during mining,
smelting, processing, use, recycling or disposal [1,2].

Lead present in food, beverages, soil/dust and atmospheric air
is absorbed by the gastrointestinal tract and is rapidly taken
up in blood and soft tissues (half-life 28-36 days) and then to
bones (half-life 27 years). Lead is mainly excreted through the
urine (> 90%) while lesser amounts are eliminated via the feces,
sweat, hair and nails [1,2].

In unorganized lead acid battery manufacturing sectors, most of
the work is accomplished manually and the workers are exposed
to lead through inhalation, ingestion and dermal contact. The
accumulation of lead mainly occurs in red blood cells, soft tissue
such as brain, kidney & bone marrow and mineralized tissues like
bone and teeth. In lead acid battery manufacturing areas lot of
lead particles, dust, smoke is available, which increases the blood
lead levels of the workers [3] and the variety of health issues such
as dental caries [4], haematological [5,6], matrix-gamma-carboxy
glutamic acid protein polymorphism [7], cardiovascular diseases
[8], kidney and liver failure [9-11], oxidative stress [12,13], pteridine
metabolism with neurotransmitters synthesis [14], immunological

[15], genotoxicity [16], reproductive [17], neuropsychological [18],
monoamine metabolites [19] have been reported in the battery
manufacturing workers after the chronic exposure to lead.

Lead induces oxidative stress and alters the antioxidant status
of battery manufacturing workers is well documented in several
studies [12,13]. Vitamin C is strong antioxidant and it reduces
oxygen-, nitrogen-, and sulfur- centered radicals [20]. Studies
on lead treated rats have shown lowered levels of iron leading
to impaired heme formation. However, treatment with Vitamin C
restored the levels of iron [21]. Therefore, the present study was
undertaken to assess the role of vitamin C on blood lead level,
oxidative stress and antioxidant status of Battery Manufacture
Workers of Western Maharashtra, India.

MATERIALS AND METHODS

This study comprised total 36 male battery manufacturing workers
from Western Maharashtra, India having the age group between
20-60 years.

Healthy, non alcoholic and non smoking male subjects were
selected for the present study. Subjects who were on medication
for minor and major illnesses were excluded. Before blood
collection, all the study subjects were informed about the study
objectives and health hazards of lead exposure and its toxicity.
After obtaining written consent, demographic, occupational and
clinical data was collected by using questionnaire and interview.
Majority of battery manufacturing workers had complaints like
loss of appetite headache, paresthesia, paresis, intermittent
abdominal pain, nausea, diarrhea, constipation and myalgia. The
socioeconomic status of all subjects was average. Dietary intake
and food habits of all subjects were normal. The experimental
protocol was approved by the institutional protocol committee
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and ethical clearance was obtained from institutional ethics
committee. Utmost care was taken during the experimental
procedure according to ICMR Guidelines 2006 [22]. 10 ml blood
sample was drawn by puncturing the anticubital vein and 4 ml
blood was then transferred in tube a containing heparin and same
amount was also taken in plain tube. The remaining 2 ml blood
was collected in EDTA bulb for biochemical parameters assays
included in the study. Then all the study subjects were provided
30 tablets of 500 mg vitamin C and asked to take 1 tablet daily in
the morning for 1 month and after 1 month blood samples, were
again collected. Before collecting blood samples we ensured that
all workers had consumed vitamin C tablets regularly at morning
for one month. The biochemical parameters such as blood lead,
serum lipid peroxide and nitrite, erythrocyte superoxide dismutase
and catalase were estimated before and after the supplementation
of vitamin C by using standard methods.

Blood lead level was estimated by using lead Care Il blood lead
analyser (Magellan Diagnostics, USA). The lead care Il system uses
an electrochemical technique called Anodic Stripping Voltammetry
(ASV) to determine the amount of lead in a blood sample [23].
Lipid peroxidation was measured spectrophotometrically by the
method of Kei Satoh [24]. The activity of Erythrocyte-Superoxide
Dismutase (SOD) was determined by Marklund and Marklund
method [25]. Erythrocyte catalase was measured by the method
of Aebi [26]. Serum nitric oxide was determined by the cadmium-
reduction method [27]. Statistical analysis of results was done by
instant graph pad. The mean difference was considered significant
at p< 0.05.

RESULTS

Blood lead levels were not significantly altered, however, serum
lipid peroxide (p<0.001, -15.56%) and serum nitrite (p<0.001,
-21.37%) levels showed significant decrease and antioxidant
status parameters such as erythrocyte superoxide dismutase
(p<0.001, 38.02%) and catalase (p<0.001, 32.36%) revealed
significant increase in battery manufacturing workers after the
supplementation of vitamin C [Table/Fig-1,2].

After Vitamin C
Supplementation
Before Vitamin C (500 mg Vit. C/day
Sr. Supplementation for 30 days)
No. | Biochemical parameters (N= 36) (N=36)
A Blood Lead Level 63.25 + 5.39 62.10 + 4.93
(ng/di) (48.7-65) (40.6-65)
B Oxidative stress parameter
A Serum Lipid Peroxide 212 +£0.65 1.79 £ 0.63***
(nmol/ml) (0.9-3.2) (0.5-2.7)
C Antioxidant Status
A RBC-Superoxide Dismutase 5.97 +1.46 8.24 + 2,10
(unit/ml of haemolysate) (8.55 - 8.90) (8.55- 11.55)
RBC- Catalase
28.70 + 7.71 37.99 + 17.26"*
B (r::r'\")'/ H,0, decom/mgHio/ (16.90- 46.48) (16.90 - 97.18)
L . 51.69 + 11.96 40.64 + 8.54***
D Serum nitrite (umol/lit) (27.82-81.20) (26.89-60.50)

[Table/Fig-1]: Blood Lead Levels, Oxidative Stress and Antioxidant Parameters
of Battery Manufacturing Workers of Before and After Vitamin C (500 mg/day for
30days) Supplementation.

Figures indicate Mean + SD values and those in parenthesis are range of values
***p<0.001 and ‘Non significant (Significant levels as compared to one month of
vitamin C supplementation).

DISCUSSION

Blood lead levels of battery manufacturing workers were not
significantly altered (-1.81%) after one month vitamin C supple-
mentation (500mg/day) indicates that the vitamin C may not
be acting as chelating agent. The blood lead level of battery
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[Table/Fig-2]: Percentage Change of Blood Lead Levels, Oxidative Stress and
Antioxidant Status Parameters of Battery Manufacturing Workers with Respect to
Before Vitamin C Supplementation

manufacturing workers (63.25 + 5.39 pg/dl) was very high as
compared to non lead exposed population may be due to the
poor hygiene and inappropriate protection. Battery manufacturing
involves the use of lead for making grid, bearing and solder. This
process is usually manual and continuous release of lead into
environment results into lead poisoning. Increased blood lead levels
in battery manufacturing workers induces the oxidative stress and
altered the antioxidant status is well documented in various studies
[1,2,9,12]. Therefore, we planned to supply the vitamin C (500mg
/day for one month) to all these battery manufacture workers
and measured the serum lipid peroxide, nitrite and antioxidant
status parameters such as erythrocyte-superoxide dismutase and
catalase before and after vitamin C supplementation.

Serum lipid peroxide (p<0.001, -15.56%) and serum nitrite
(p<0.001, -21.37%) levels showed significant decrease and
erythrocyte superoxide dismutase (p<0.001, 38.02%) and
catalase (p<0.001, 32.36%) revealed significant increase in
battery manufacturing workers after one month vitamin C
supplementation (500 mg/day). The lead treated rats when
supplied with vitamin C showed the increased activity of catalase
may be due to increased absorption of dietary iron [21]. Our study
suggests that supplementation of 500 mg vitamin C daily for 1
month is sufficient enough to suppress the action of free radicals
generated due to lead toxicity. Vitamin C is a water-soluble
vitamin which is necessary for normal growth and development.
It is required for collagen synthesis which is necessary for skin,
tendons, ligaments, and blood vessels formation. Vitamin C helps
in the wound healing and formation of scar tissue. It repairs and
maintains cartilage, bones and teeth and acts as one of the major
antioxidants [28].

Several studies have reported that the lead induces the generation
of reactive oxygen species [29,30] that may be due to the interaction
of lead with oxy-haemoglobin and generation of O, - radicals in
RBC and accumulation of 8- Aminolevulinic acid (8-ALA). 3-ALA
may undergo enolisation and autoxidation at pH 7.0-8.0 results
in superoxide anions generation [31,32]. Accumulation of 8&-
aminolevulinic acid in several tissues and its increased excretion
in urine is well documented in several studies [33,34]. Lead alters
the RBC membrane structure and functions which may be due
to its excess accumulation in them [35]. The RBC’s are more
vulnerable to oxidative damage than any other cells [36,37]. Lead
toxicity increases osmotic & mechanical susceptibility of RBC'’s to
oxidative damage [38] and alters their membrane enzymes activity
[39-41] and composition of membrane proteins [42].
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Increased blood lead levels in battery manufacturing workers
result in the copper deficiency, which decreases the superoxide
dismutase activity, since the Zn-Cu dependent nature of SOD
enzyme is well documented in several studies [43-45]. Also,
increased blood lead level inhibits the enzymes involved in heme
synthesis and interferes in iron absorption at gastrointestinal tract
resulting in decreased heme synthesis. The combined effect of
these two mechanisms decreases the heme pool and catalase
activity, since catalase is heme containing enzyme [1,2].

Hence, vitamin C supplementation is helpful to reduce the oxidative
stress and scavenge the free radicals generated due to lead in
battery manufacturing workers. Drinking a glass of lemon water
in the morning can detoxify the free radicals generated in the lead
exposed populations.

LIMITATIONS

The sample size of this study is small, since for estimation of one
blood lead sample requires the rupees eight hundred and other
biochemical parameters expenditure was different. Due to the fund
constraint we have not estimated serum vitamin C level before
and after supplementation of vitamin C tablets and included only
selective 36 battery manufacturing workers in this study.

CONCLUSION

Supplementation of 500 mg/day vitamin C for 1 month in battery
manufacturing workers is not sufficient to reduce the blood lead
level, however it is helpful to reduce the lipid peroxide and nitrite
levels and to improve the antioxidant status parameters like
erythrocytes superoxide dismutase and catalase by scavenging
the free radicals generated due to high blood lead levels.
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