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The Role of Oxidative Stress In Lead Poisoning

Bashier Al-Ubaidy’, Dawsar K. Al-Khashali”~, Nawfal A. Numan™
Received 20-9-2002 Accepted 24-4-2005

ABSTRACT

To investigate the relationship between increased lipid peroxidation, and the lowering of both
plasma total proteins and albumin inlead-exposed workers, and the effectiveness of antioxidants (vit. C
and E) in modulating oxidative stress in those workers.

Thirty male and females workers employed in the Iragi storage battery (age range 20-40 years)
were participating in this study. Additionally, 11 healthy subjects were served as healthy controls, with
the same age range compared to workers group, to avoid the effects of age variations on the studied
parameters. Blood lead levels, erythrocytes and plasma MDA, erythrocytes and plasma GSH, total
protein and albumin levelsin healthy controls and |ead-exposed workers pre- and post-treatments with
antioxidant were measured.

Comparison with healthy control groups reveal 360% increase in blood lead levels, 150%
increase in erythrocyte MDA, 117% increase in plasma MDA, 28% decrease in erythrocyte GSH, 56%
decrease in plasma GSH, 13% decrease in total plasma protein and 23% decrease inalbuminlevelsin
lead-exposed workers. Treatment with a combination of antioxidant vitamins (1000 mg/day vit. C and
200 mg/day vit. E) for one month produced significant reduction 12% in lead levels, 54% in
erythrocyte MDA, 53% in plasma MDA; significant increase 41% in erythrocyte GSH, 120% in
plasma GSH and 11% in plasma albumin levels in comparison with pre-treatment levels.

In conclusion, there is a beneficial effect of antioxidants on the oxidative stress parameters that
not only related to their ability to remove lead from target cells, but also associated with antioxidant
potential for bolstering thiol antioxidant capacity, and this makes these vitamins a good candidate for
therapeutic intervention in lead poisoning.
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INTRODUCTION

Lead, similar to many heavy metals, is a
complex toxin, exerting numerous
pathophysiologic effects in many organ
systems @. At the molecular levels, lead
interacts with biomolecules and functions in
different ways, like binding to numerous
structural  and  enzymatic  proteins @,
interference with metabolic pathways of
mitochondria ©, and exhibiting mutagenic and
carcinogenic effects in mammalian cells .
Oxidative stress which refers to a cellular
situation characterized by elevation of the
study state concentrations of reactive oxygen
species (ROS), and this could be a possible
contributor to the pathogenesis of lead
poisoning®. Some in-vitro and in-vivo studies
showed an elevated production of ROS due to
lead treatment ©7® and increased lipid
peroxidation  associated with  altered
antioxidant defense systems ©.

The effects of lead on the oxidative stress
parameters like glutathione (GSH), and
malondialdehyde (MDA), suggests ROS as a
possible contributor to cell damage due to lead
exposure @, Theincreaseinlipid peroxidation
during lead poisoning were found to be
accompanied by alterations in the antioxidant
defense system, including decreased GSH
levelsin all body compartments ™.

This study was conducted to investigate the
extent to which ROS-related processes are
involved in lead poisoning and the possibility
of therapeutic intervention with antioxidant
vitaminsinthis case.

SUBJACT and METHOD :-

This study was carried out on workers
employed inthe Iraqi storage battery plant, and
selection was made on the basis that they must
be directly involved with lead exposure, and
have been employed for at least 8 months,
before the investigation were carried out.
Thirty, male and females volunteers (age range
20-40 years) from the workers of the battery
plant, participate in this study. Eleven healthy
subjects served as healthy controls, with the
same age range compared to workers group, to
avoid the effects of age variations on the
studied parameters.
The average working time (hrs/day) for each
worker is 6 hrs, with a period of exposure to
lead ranging from 8 months to 28 years.
Individual symptom survey was performed by
clinical and physical evaluation of the workers
involved in the study, concerning the presence
of lead-associated signs and symptoms for the
purpose of proper selection.

Blood samples (10 ml) were drawn by vein
puncture from each subject prior to starting

69

freatment with antioxidants (as baseline
sample). After that, all subjects receive a
combination of antioxidant vitamins (ascorbic
acid 1000 mg/day and a-tocopherol 200
mg/day) orally for a period of 4 weeks, then
second blood sample was drawn for eval uation
of the effect of treatment on the studied
parameters.

Blood samples were placed into
heparinized tubes and refrigerated until
separation of erythrocytes and analysis.
Blood lead levels were measured by graphite
France atomic absorption spectrophotometer
according to the method of Parson et al 2.
Erythrocytes and plasma malondialdehyde
(MDA) level asindicator of lipid peroxidation
were assessed utilizing thiobarbituric acid
assay method of Stock and Dormandy ®®, and
the susceptibility of plasma and erythrocytes to
in-vitro hydrogen peroxide-induced oxidative
stress was measured according to the method
of Gilbert et a ™, and the results were
expressed as nmole (MDA )/gm Hb, based on
the molar extinction coefficient of MDA
(156x10° M™* cm™). Glutathione levels were
determined in erythrocytes and plasma
according to the method of Godin et a ™.
Plasma albumin levels were determined
utilizing a ready-made kit for this purpose
(Randox company, England) according to the
method of Doumas et a 9. Total plasma
protein was measured according to the Biuret
method 7. Erythrocyte  hemoglobin
concentration was measured using Drapkin’s
reagent method “®.

Statistical analysis of the data was done
using Student’s t-test, and P-values of lessthan
0.05 were considered significant.

Table (1) showed a significant elevation in
lead levels in blood of exposed workers
(360%) compared to controls, produced 12%
decrease in lead levels, which is a significant
value compared with pre-treatment levels.

The results of the study indicates that the base
line erythrocytes and plasma MDA levelswere
elevated by 150% and 117% respectively
compared to that of controls (Table 1). MDA
levels in both compartment decrease after
treatment with a combination of antioxidant
vitamins (1000 mg/day ascorbic acid and 200
mg/day (o-tocopherol) for one month, which
was significant, compared to the pretreatment
values (Table 1). The response of erythrocytes
and plasma to in-vitro hydrogen peroxide
challenge showed that, MDA production in
both compartments of the exposed worker’s
blood were significantly higher, compared to
that of controls. Treatment with anti oxidants as
indicated before, significantly increase the
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resistance of erythrocytes and plasma of lead-
exposed subjects to the hydrogen peroxide-
induced lipid peroxidation, reflected by a
significant decrease in the MDA production
after antioxidant treatment, compared to pre-
treatment levels (Figures | and I1).

Table (1): Blood lead levels, erythrocytes

and plasma MDA levels in lead-exposed

workers pre- and post-treatments with vit.

C andvit. E
L ead exposure workers
Control Before After
Parameter s
n=11 treatment treatment
n=30 n=30
4103
Blood lead pg/di 10+064 | 46.4 +207* .
196*
Erythrocyte MDA 7.7 % 907 +0.58*
19.81 +20*
nmole/gm Hb 0.29 ¥
PlasnaM DA 097 +
211 +008* 100 +0.06
nmole/L 0.08
Each value represents mean + SE
* Significantly different from control

(P<0.05).
¥Significantly different with respect to pre-
treatment (P<0.05).
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In lead-exposed workers, there was 28% and
56% depletion in erythrocytes and plasma
glutathione (GSH) levels respectively,
observed before antioxidant treatment, and
compared to controls (Table 2). After
treatment with antioxidants for one month,
there were a significantincreasein GSH levels
in both compartments (41% and 120%
respectively) compared to pretreatment levels
(Table 1). Total plasma protein and albumin,
the general antioxidants in the body, were
found to be affected due to lead exposure, and
their levels in lead workers were significantly
decreased (13% and 23% respectively)
compared to controls. Antioxidant treatment
produced a significant elevation on plasma
albumin only after one-month duration of
treatment (Table 3).
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Table (2): Erythrocytesand plasma
glutathione (GSH) levels in lead-exposed
workers pre- and post-treatment with vit. C

and vit. E.
L ead exposure
workers
Control
Par ameters Before After
n=11 treat - treat -
ment ment
n=30 n=30
Erythrocyte GSH 1192+ 1217+
8.62+ 0.4*
pmole/gm Hb 0.36 0.37* ¥
Plasma GSH 0.39 + 0.86+
0.88+ 0.15
pmole/L 0.05* 0.12*

Each value represents mean + SE
* Significantly different from
(P<0.05).

¥Significantly different with respect to pre-
treatment (P<0.05).

control

Table (3): Plasma total protein and albumin
levelsin lead-exposed workers pre- and
post-treatment with vit. C and vit. E.

Lead exposure
| workers
Par ameters Cc_)ntro Before | After
n=11

treat- | treat-

ment ment
Total plasma | 7.51 + 656+ | 6.6+
proteingm/dl | 0.11 0.13* 0.12*
Plasma 4,29 +
albumin 5.06 + 0.1 g'ggf 0.11"
gmv/dl ) *

Each value represents mean + SE
* Significantly different from
(P<0.05).

*Significantly different with respect to pre-
treatment (P<0.05).

control

DISCUSSION

Free radicals activity has been implicated in
the pathogenesis of a variety of human
diseases and the analysis of our data showed
that, oxidative stress was quite clear in lead
exposed workers (Table 1, Figure |l and 11), as
noticed by increased erythrocytes and plasma
MDA levels, which is in agreement with other
studies 2,

The mechanisms by which lead causes it’s
deleterious effects has yet to be elucidated,
however, part of lead’s effect may be due to
the accumulation of delta-aminolevulinic acid
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dehydratase (ALAD), an enzyme in the heme
synthesis pathway, which catalyzes the
condensation of two molecules of 3-ALA to
porphobilinogen® At a pH range of 7.0-8.0
8-ALA enolizes, and the resulted enol undergo
autooxidation resulting in the formation of
superoxide and hydroxyl radicals. ALA has
also been shown to undergoes iron-catalyzed
oxidation with ROS generation, and to induce
Ca™ release from mitochondria through
oxidative damage to inner membrane®.

The effect of antioxidant vitamins
(ascorbic acid and tocopherol) on lipid
peroxidation parameter, MDA, as shown in
table (1) and figure | and I, suggested that
they did produce a decrease in the basal MDA
levels and the susceptibility of both,
erythrocytes and plasma to the oxidative stress
induced in-vitro by H202. The antioxidant
tfreatment lead to increase in erythrocytes and
plasma GSH levels (Table 2), which may be
due to a direct scavenging activities of the
generated ROS, and decreasing utilization and
damage of GSH, or indirect through the
improvement of the oxidant/antioxidant
balance in the cells after treatment .

In normal conditions, as well as during
oxidative stress (lead exposure) adaily dose of
ascorbic acid and a-tocopherol, appear to be
protect the oxido-reductive state of red blood
cells, by modulating the extent of lipid
peroxidation, as well as the activities of the
anti oxidant enzymes .

In this study, daily supplementation with a
combination of ascorbic acid and a-
tocopherol, resulted inasignificant decreasein
lead levels in the blood after one month (Table
1), and this may provide an economic and
convenient method of reducing blood lead
levels, possibly by decreasing intestinal
absorption of lead ®, or it may increase the
renal excretion of this metal.

Albumin is known to act as an effective
antioxidant, due to its ability to bind the
catalytic copper ions @, free fatty acid, and
hypochlorus acid (HOCI), and also showed a
significant capability to destroy H202 in the
presence of reduced gl utathione .

The present study clearly demonstrated the
relationship  between increased lipid
peroxidation, and the lowering of both plasma
total proteins and albumin in lead-exposed
workers (Table 3), which may be attributed to
the structural modification, which may lead
eventually to impair the antioxidant properties
of albumin, and even may act to induce
oxidative stress, through it's action as a
prooxidant in presence of catalytic ions @®.
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Antioxidants treatment resulted in significant
elevation in albumin levels (Table 3), which
may be due to their direct scavenging activity,
or protection of albumin against ROS-induced
damage.

In conclusion, results of this study suggested
that the beneficial effects of antioxidants on
the oxidative stress parameters are not only
related to their ability to remove lead from
target cells, but also associated with
antioxidant potential for bolstering thiol
antioxidant capacity, and this makes these
vitamins a good candidate for therapeutic
intervention in lead poisoning.

REFERENCE

1. Stollery, B.T.; Broadbent, D.E.; Banks,
H.A. and Lee, W.R. Short term prospective
study of congestive functioning in lead
workers. Br. J. Ind. Med. 1991, 46, 698-707.
2. Chalevelakis, G.; Bouronikou, H
Yalouris, A.G.; et al. -yaminolevulinic acid
dehydrates as an index of lead toxicity. Time
for areappraisal? Europe J. Clin. Invest., 1995,
25, 53-58.

3. Vercesi, .E.; Castilho, R.F.; Meinicke,
A.R,; et al. Oxidative damage of mitochondria
induced by 5-aminolevulinic acid: Role of Ca?
ions and membrane protein thiols. Biochem.
Biophys. Acta., 1994, 1188, 86-92.

4. Onuki, J.; Medeiros, M.H.G.; Bechara,
E.J.H. 5-aminolevulinic acid induced single-
strand breaks in plasmid PBR 322 DNA in the
presence of Fe®* ions. Biochem. Biophys.
Acta. 1994, 1225, 259-63.

5. Gurer, JM. SE., Montaro, K.J.: Oxygen
free radical generation inmice exposed to low
level lead. Free Rad. Biol., 1999, 27, 130-142.
6. Montario, H.P.; Bechara, E.J.H; Abdulla,
D.SPP. Free radicals involvement in
neurological porphyrias and lead poisoning.
Mol. Cell Biochem., 1991, 103, 73-83.

7. Sandhir, R.; Julka, D.; Gill, K.D.
Lipoperoxidive damage on lead treatment in
rat brain and its implications on membrane
bound enzymes. Pharmacol. Toxicol. 1994, 74,
66-71.

8. Solliway, B.M.; Schaffer, A.; Pratt, H.;
Yannai, S. Effects of treatment to lead on
selected biochemical and hematological
variables. Pharmacol. Toxicol. 1996, 78, 18-
22.

9. lto, Y.; Niiya, Y.; Kurita, H.; Shima;
Sarai.: Serum lipid peroxide level and blood
superoxide dismutase activity in workers with
occupational treatment to lead. Int. Arch.
Occup. Environ. Health. 1985, 56, 119-127.
10. Thom, S.R.; Kang, M.; Fisher, D.; et al.
Release of glutathione from erythrocytes and
other markers of oxidative stress in carbon

72

monoxide poisoning. J. Appl. Physiol. 1997,
82(5), 1424-32.

11. Bursell, E.E and King, G.L. The Potential
use of glutathionyl hemoglobin as a clinical
marker of oxidative stress. Clin. Chem., 2000,
46(2), 145-6.

12. Parson, P.J.; Slavin, W.: A rapid Zeeman
graphite  furnace atomic absorption
spectrometric method for determination of lead
in blood. Spectrochem. Acta. 1993, 48 B, 925-
939.

13. Stocks J. and Dormandy T.L. The
autoxidation of human red cell lipids induced
by hydrogen peroxide. British J. Heamat. 1971,
20, 95-111.

14. GilbertH.S., Stamp D.D. & Roth E.F.: A
method to correct for errors caused generation
of interfering compounds during lipid
peroxidation. Anal. Biochem. 1984, 137, 282-
6.

15. Godin, D.V. and Wohaieb, SA.
Nutritional deficiency, starvation and tissue
antioxidant status. Free Rad. Biol. Med. 1988,
54, 165-76.

16. Doumas B.T., Watson W.A. & Biggs
H.G.: Albumin standards and the measurement
of serum abumin with bromocresol green.
Clin. Chim. Acta. 1971; 31: 87-8.

17. Reinhol, J.G., in “Standard methods of
clinical chemistry”, Reiner M (Ed), Academic
Press, New Y ork, , 1953, Vol. 1. pp: 88-9.

18. Drapkin  D.L. & Austin JH.
Spectrophotometric  studies I, preparation
from washed blood cells. Nitric oxide
hemogl obin and sulfhemoglobin. J.Biol. Chem.
1935, 112, 51-65.

19. Janero, D.R. Malondialdehyde and
thiobarbituric acid reactivity as diagnostic
indices of lipid peroxidation and peroxidative
tissue injury .Free Rad .Biol .Med .1998, 9,515
—540.

20. Jendryczko-A. Involvement of free
radicals in lead poisoning. Med-pr. 1999,
45(2), 171-5.

21. Ribarov, S.R. and Bochev, P.G. Lead-
haemoglobin interaction as a possible source of
reactive oxygen species — a chemiluminescent
study. Arch. Biochem. Biophys. 1998, 213,
288-292.

22. Oteiza, P.l. and Bechara. 5-aminolevulinic
acid induces lipid peroxidation in cardiolipin-
rich liposomes. Arch. Biochem. Biophys.
1993, 305, 282-287.

23. Neuzil-J, Thomas-S. R, Stocker-R.
Requirement for promotion, or inhibition by -J
tocopherol of radical induced initiation of
plasma lipoprotein lipid peroxidation. Free
Rad. Biol. Med. 1997, 22, 57-71.

24. Bowry-V. W, Mohr-D, Cleary-J, Stoker-
R. Prevention of tocopherol mediated



Iragi J.Pharm.Sci., Vol .15 (1) ,2006

peroxidation in ubiquinol-10-free human low
density lipoprotein. J-chem. 1995, 270, 5756-
63.

25. Dowson, E.B; Evans, D.R.; Harris, W.A
et a. The effect of ascorbic acids
supplementation on the blood lead levels of
smokers. J. Am. Coll. Nutr. 1999, 18(2), 166-
70.

26. Nelson-JJ, Duanping-L, Sharrett-AR, etal.
Serum albumin level as a predictor of incident

73

coronary heart disease. AM. J. Epidemiol.
2000, 151, 468-77.

27. Cha - M.K , Kim - I.H. Glutathione -
linked thiol peroxides activity of human serum
albumin blood. Biochem. Biophys. Res.
Common. 1996, 222(2), 619-25.

28. Bourdon-E, Lareau-N and Blache-D.
Glucose and free radicals impar the
antioxidant properties of serum albumin.
FASEB-J. 1999, 13(2) 233-44.



