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Lead poisoning continues to pose a serious health challenge and more significantly so in developing countries with ineffective
waste disposal systems. Recent efforts at solving lead poisoning issues have seen entire towns being resettled from leadcontaminated areas. This study was designed to investigate whether withdrawal of lead exposure results in a resolution of
toxic effects of lead in cardiac tissues. Adult male Wistar rats were exposed orally to lead acetate (PbA) at doses of 0.25, 0.5,
and 1.0 mg/ml for 6-week duration, after which one-half was sacrificed and the remaining left for a further 6 weeks without
lead treatment. Exposure of rats to PbA produced significant decline (P < 0.05) in the activities of antioxidant parameters,
including superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione-S-transferase (GST), catalase (CAT), and
reduced glutathione (GSH), whereas malondialdehyde (MDA) concentration was significantly elevated. Animals from the
withdrawal period exhibited a similar pattern of alterations, with a significant (P < 0.05) reduction in GSH, GPx, and SOD
and a significant elevation in MDA and H2O2 concentrations. However, GST activity was elevated, whereas CAT activity
remained unaltered in the withdrawal period. The results of this study showed that cardiotoxicity indicated by induction
of oxidative stress and reduction in antioxidant parameters failed to resolve upon withdrawal of lead exposure in male rats
during the period of study.
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1. Introduction
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Lead (Latin: Plumbum, Mass no. 82, Atomic no. 207.2)
is a soft and malleable, bluish-white colored metal
which has been industrially used by man for over 6000
years, as far back as the times of the Romans, Egyptians,
and Babylonians.[1] As a result of its widespread use
in industries, lead is consequently widely distributed
in the environment.[2,3] Lead is not known to have any
beneficial function in the body rather it exerts a variety
of toxic effects on the biological system.[4,5] Neurologic,
gastroenteric, cardiovascular, hematological, and renal
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dysfunctions have been reported with lead intoxication.
[6-9]
Lead has the potential to induce oxidative stress,
and there is ample scientific evidence to corroborate
this fact.[4,10,11] In both animal and cultured vascular
cell studies, exposure to lead resulted in oxidative
stress and nuclear factor kappa B (NFkB) activation, a
general transcription factor for numerous cytokines,
chemokines, and adhesion molecules.[12] Therefore, the
consequence of NFkB activation is inflammation and
eventual cardiac remodeling.[13] Exposure to lead may
also initiate inflammation through the release of reactive
oxygen species (ROS) by activated immune cells thus;
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acclimatization for 2 weeks, they were randomly divided
into four groups of 14 animals per group. The animals
were kept in wire mesh cages under controlled light cycle
(12 h light/12 h dark) and fed with commercial rat chow
ad libitum and liberally supplied with water.
The control group (Group I) received normal saline
while Groups II, III, and IV received 0.25, 0.5, and 1.0
mg/ml of lead acetate (PbA), respectively, in drinking
water for 6 weeks as described in our previous studies.[7,8]
At the end of 6 weeks of treatment, half of the population
of rats was sacrificed, and PbA was withdrawn from the
remaining rats for another 6 weeks. All of the animals
received humane care according to the criteria outlined
in the Guide for the Care and the Use of Laboratory
Animals prepared by the National Academy of Science
and published by the National Institute of Health. The
ethics regulations were followed in accordance with
national and institutional guidelines for the protection of
the animals’ welfare during experiments.[28]

2.2 Preparation of postmicrosomal
fractions
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lead may cause a perpetual cycle of oxidative stress and
inflammation.[12,14] Lead-induced oxidative stress is
achieved through the generation of ROS as well as the
downregulation of the antioxidant cell defense systems
through the interference with some essential metals
needed for antioxidant enzyme activity, inhibition of
sulfhydryl-dependent enzymes, depletion of glutathione,
and/or by increasing the susceptibility of the cell to
oxidative attack through the alteration of cell’s membrane
integrity and fatty acid composition.[11,15,16]
Globally, cardiovascular dysfunction is a leading
cause of mortality and a contributor to the burden of
disease. Recently, the global incidence of lead associated
toxicity has risen significantly.[17-19] Studies carried out on
hypertensive patients have revealed a positive correlation
between exposed people and high blood pressure.[20,21]
Myocarditis, arteriosclerosis, altered heart rate activity,
and an increased risk for the development of ischemic
heart disease have all been reported with lead exposure.
[22]
Increased bone concentration of lead has been
associated with electrocardiographic abnormalities such
as prolonged corrected QT interval and QRS complex
and conduction defects.[23] Currently approved treatment
methods for lead poisoning include the administration of
chelating agents such as meso-2, 3-dimercaptosuccinic
acid, and monoisoamyl; hence, these chelating agents
form insoluble complexes with lead and reduce its ability
to exert any effect on biological targets.[24] These drugs,
however, are potentially toxic and are sometimes unable
to be removed completely from the system.[25] These drugs
are hydrophilic and thus cannot cross the cell membrane
to the intercellular space.[26,27] Lead is, therefore, an
important environmental toxicant that must be given
greater attention especially because of the effects on the
cardiovascular system.
This study was carried out to evaluate the possible
effect of withdrawal on lead-induced cardiotoxicity and
oxidative stress in Wistar rats.

2. Materials and Methods
2.1 Animal treatment

In this study, 56 adult male rats weighing between 200 and
290 g were used. They were obtained and housed in the
Experimental Animal facility of the Faculty of Veterinary
Medicine, University of Ibadan, Nigeria. After a period of
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Rats were starved overnight and sacrificed by cervical
dislocation. The hearts were removed, rinsed in 1.15%
KCl and homogenized in aqueous potassium phosphate
buffer (0.1 M, pH 7.4) and homogenates were centrifuged
at 10,000 g for 10 min to obtain the postmicrosomal
fractions.

2.3 Biochemical assays

The activity of catalase (CAT) in cardiac tissue was
determined spectrophotometrically as earlier described.
[29]
Superoxide dismutase (SOD) was also determined
spectrophotometrically as described with modification
from our laboratory.[7,8,30] Glutathione-S-transferase (GST)
was estimated by the method of Habig et al.[31] Protein
concentration was determined by the method of Lowry et
al.[32] reduced glutathione (GSH) was determined at 412
nm wavelength using the method described by Jollow et
al.[33] Hydrogen peroxide generation was determined as
described by Woff.[34] The malondialdehyde (MDA) level
was measured according to the method of Varshney and
Kale.[35] Lipid peroxidation in units/mg protein or gram
tissue was computed with a molar extinction coefficient of
1.56 × 105/M/Cm. Glutathione peroxidase (GPx) activity
was measured as described by Buetler et al.[36]
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3. Results
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Antioxidant enzymes CAT and GPx were significantly
(P < 0.05) reduced in Group II (0.25 mg/ml of PbA) rats
while there was a significant (P < 0.05) increase in the
activities of CAT, SOD, GPx, and GST in Groups II and
III (0.25 and 0.5 mg/ml of PbA) as shown in Figure 2.
The increase in the activities of these antioxidant enzymes
indicated an adaptive response to oxidative stress induced
by administration of lead. These findings were not
ameliorated after 6 weeks of withdrawal.

N

3.2 Effect of lead on antioxidant enzymes
following exposure and withdrawal

Figure 2. Myocardial enzymic antioxidant activity after
administration withdrawal of lead acetate exposure. Values
are presented as mean ± standard deviation, *indicates
significant difference at P < 0.05. GPx: Glutathione
peroxidase (units/mg protein), catalase: mmole H2O2
consumed/min/mg protein), SOD: Superoxide dismutase;
units/mg protein), GST: Glutathione S-transferase; mmole
CDNB-GSH complex formed/min/mg protein).
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The effects of lead exposure for 6 weeks and subsequent
withdrawal on the myocardial content of markers of
oxidative stress are presented in Figure 1. There was a
significant increase (P < 0.05) in the myocardial content
of GSH of rats in Groups III and IV (0.5 and 1.0 mg/ml
of PbA while Group II (0.25 mg/ml of PbA) rats had a
significant decrease in myocardial GSH content. A
statistically significant (P < 0.05) increase in MDA and
hydrogen peroxide H2O2 content was observed in all
the treatment Groups (0.25, 0.5, and 1.0 mg/ml of PbA,
respectively.
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3.1 Effect of lead on markers of oxidative
stress

Figure 1. Myocardial content of oxidative stress markers
after administration and subsequent withdrawal of lead
acetate exposure. Values are presented as mean ± standard
deviation, *indicates significant difference at P < 0.05 H2O2
(hydrogen peroxide generation. MDA: Malondialdehyde,
GSH: Reduced glutathione.
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Figure 3.
Photomicrograph of hematoxylin and eosin
stain of cardiac tissue section of rats exposed to lead acetate.
Control group (a) no visible lesion. Group (b-d) treated with
lead showed cardiomyocytes with focal areas of moderate
congestion of vessels (arrows) as well as infiltration by
inflammatory cells, focal area of necrosis, following 6 weeks
of lead acetate exposure (H and E, ×100).

3.3 Histological evaluation following
exposure and withdrawal of lead

Histological evaluation showed cardiomyocytes with focal
Toxicology International
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was observed, with a significant (P < 0.05) reduction in
GSH, GPx, and SOD and a significant elevation in MDA
and H2O2 concentrations. However, GST activity was
elevated, while CAT activity remained unchanged in the
withdrawal period. These findings clearly indicate an
induction of oxidative stress during the period of lead
exposure in myocardial tissues. The elevation of MDA
levels pointed to enhanced lipid peroxidation which may
be due to the production of superoxide, peroxyl, and
hydroxyl radicals.[41] This imbalance can cause damage
to biomolecules such as DNA, proteins and lipids hence
exposure to lead can cause changes in antioxidant enzyme
levels in a dose-response relationship.[42] The elevation
of MDA in myocardial tissues may lead to significant
pathology and subsequent cardiovascular dysfunction.
The heart is believed to be highly susceptible to oxidative
damage because of its low total reactive antioxidant
potential.[43] In this study, exposure to PbA caused a
significant (P < 0.05) reduction in the levels of SOD. This
finding is in agreement with some earlier reports on the
effect of lead-induced oxidative stress.[4,7,8] SOD, like CAT,
is a metalloprotein which enzymatically accomplishes
its antioxidant activities by the detoxification of H2O2.
Lead can interact with copper and zinc, which are both
cofactors required for the activity of SOD. This interaction
results in a reduced activity of SOD.[4] In this study, there
was an increase in H2O2 generation which is another
pointer to the occurrence of oxidative stress. This increase
in H2O2 could have been due to a reduction in antioxidant
enzymes CAT, GPx, and GST observed in this study.
The administration of PbA caused a statistically
significant reduction in the activity of GSH, a tripeptide
which plays a vital role in cytoprotection against oxidative
stress. Lead interferes and decreases the antioxidant
activity of GSH by binding exclusively to its-SH group.
[44]
In this study, exposure to lead caused histological
abnormalities such as focal areas of moderate congestion
of vessels as well as infiltration by inflammatory cells and
focal area of necrosis. This pattern was observed both at
the exposure and withdrawal phases of this study. Hence,
withdrawal of lead for a period of 6 weeks did not result
in a reversal of abnormalities recorded.
Failure to achieve a recovery in the parameters studied
after 6 weeks of exposure and eventual withdrawal might
have been due to the fact that lead is stored in bone where it
persists for a long time with the half-life ranging from years
to decades.[45-47] Other cardiovascular complications which

4. Discussion
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Figure 4. Photomicrograph of haematoxylin and eosin stain
of cardiac tissue section of rats recovering from lead acetate.
Control group (a) no visible lesion. Group (b-d) treated with
lead showed cardiomyocytes with focal areas of moderate
congestion of vessels (arrows) as well as infiltration by
inflammatory cells, focal area of necrosis, following 6 weeks
of lead acetate exposure (H and E, ×100).
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areas of moderate congestion of vessels, infiltration by
inflammatory cells, and focal area of necrosis, following
6 weeks of PbA exposure. A similar picture was observed
after 6 weeks of withdrawal of lead [Figures 3 and 4].
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Lead exposure has been associated with heart disease,
and positive correlation occurs between lead exposure
and cardiovascular disease.[37] Some of these adverse
cardiovascular events have been reported even in
low blood lead concentrations.[12] There is ample
scientific evidence linking oxidative stress with the
pathophysiologic mechanism of lead-induced toxicity.
[4,9,10,11]
Predominantly, lead toxicity manifests in oxidative
damage as a result of the generation of ROS as well as the
direct depletion of the antioxidant defense.[38-40]
In our study, exposure to lead caused a statistically
significant (P < 0.05) increase in markers of oxidative
stress. Exposure of rats to PbA in drinking water for
a period of 6 weeks produced a significant decline (P <
0.05) in the activities of antioxidant markers studied
such as GPx, GST, CAT, SOD, and GSH whereas MDA
concentration as a marker of oxidative stress was
significantly elevated. With the withdrawal of PbA
for a period of 6 weeks, a similar pattern of alterations

Jan-April 2016 / Vol 23 / Issue 1

Toxicology International

15

Lead-induced toxicity and oxidative stress in cardiac tissues of rats

6. References

UN

IV

ER
SI

TY

O
F

IB
A

1. Thuppil V, Tannir S. Treating lead toxicity: Possibilities
beyond synthetic chelation. J Krishna Inst Med Sci Univ
2013;2:4-31.
2. Juberg DR, Kleiman CF, Kwon SC. Position paper of the
American council on science and health: Lead and human
health. Ecotoxicol Environ Saf 1997;38:162-80.
3. Borghini A, Gianicolo EA, Andreassi MG. Usefulness of
biomarkers as intermediate endpoints in health risks posed
by occupational lead exposure. Int J Occup Med Environ
Health 2016;29:167-78.
4. Mohammad IK, Mahdi AA, Raviraja A, Najmul I, Iqbal A,
Thuppil V. Oxidative stress in painters exposed to low lead
levels. Arh Hig Rada Toksikol 2008;59:161-9.
5. Graeme KA, Pollack CV Jr. Heavy metal toxicity, part II:
Lead and metal fume fever. J Emerg Med 1998;16:171-7.
6. Needleman HL. The future challenge of lead toxicity. Environ Health Perspect 1990;89:85-9.
7. Omobowale TO, Oyagbemi AA, Akinrinde AS, Saba AB,
Daramola OT, Ogunpolu BS, et al. Failure of recovery from
lead induced hepatoxicity and disruption of erythrocyte
antioxidant defence system in Wistar rats. Environ Toxicol
Pharmacol 2014;37:1202-11.
8. Oyagbemi AA, Omobowale TO, Akinrinde AS, Saba AB,
Ogunpolu BS, Daramola O. Lack of reversal of oxidative
damage in renal tissues of lead acetate-treated rats. Environ
Toxicol 2015;30:1235-43.
9. Aguilar Madrid G, Téllez-Cárdenas L, Juárez-Pérez CA,
Haro-García LC, Mercado-García A, Gopar-Nieto R, et al.
Blood lead determinants and the prevalence of neuropsychiatric symptoms in firearm users in Mexico. Int J Occup
Med Environ Health 2016;29:219-28.
10. Ercal N, Neal R, Treeratphan P, Lutz PM, Hammond TC,
Dennery PA, et al. A role for oxidative stress in suppressing
serum immunoglobulin levels in lead-exposed Fisher 344
rats. Arch Environ Contam Toxicol 2000;39:251-6.

LI
BR
AR
Y

The authors acknowledge the technical assistance of Mr.
Olalekan Samson Agboola to this study.

N

5. Acknowledgments

11. Farmand F, Ehdaie A, Roberts CK, Sindhu RK. Lead-induced dysregulation of superoxide dismutases, catalase,
glutathione peroxidase, and guanylate cyclase. Environ Res
2005;98:33-9.
12. Gurer H, Ercal N. Can antioxidants be beneficial in
the treatment of lead poisoning? Free Radic Biol Med
2000;29:927-45.
13. Vaziri ND. Mechanisms of lead-induced hypertension and
cardiovascular disease. Am J Physiol Heart Circ Physiol
2008;295:H454-65.
14. Rodríguez-Iturbe B, Sindhu RK, Quiroz Y, Vaziri ND.
Chronic exposure to low doses of lead results in renal infiltration of immune cells, Nf-κb activation, and overexpression of tubulointerstitial angiotensin ii. Antioxid Redox
Signal 2005;7:1269-74.
15. Cabell L, Ferguson C, Luginbill D, Kern M, Weingart A,
Audesirk G. Differential induction of heme oxygenase and
other stress proteins in cultured hippocampal astrocytes
and neurons by inorganic lead. Toxicol Appl Pharmacol
2004;198:49-60.
16. Ding Y, Gonick HC, Vaziri ND. Lead promotes hydroxyl
radical generation and lipid peroxidation in cultured aortic
endothelial cells. Am J Hypertens 2000;13(5 Pt 1):552-5.
17. Gottesfeld P. Time to ban lead in industrial paints and coatings. Front Public Health 2015;3:144.
18. Kianoush S, Sadeghi M, Balali-Mood M. Recent advances
in the clinical management of lead poisoning. Acta Med
Iran 2015;53:327-36.
19. Sullivan M. Reducing lead in air and preventing childhood
exposure near lead smelters: Learning from the U.S. experience. New Solut 2015;25:78-101.
20. Alghasham AA, Meki AR, Ismail HA. Association of blood
lead level with elevated blood pressure in hypertensive patients. Int J Health Sci (Qassim) 2011;5:17-27.
21. Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg SJ.
Lead exposure and cardiovascular disease – A systematic
review. Environ Health Perspect 2007;115:472-82.
22. Jain NB, Potula V, Schwartz J, Vokonas PS, Sparrow D,
Wright RO, et al. Lead levels and ischemic heart disease
in a prospective study of middle-aged and elderly men:
THe VA normative aging study. Environ Health Perspect
2007;115:871-5.
23. Cheng Y, Schwartz J, Vokonas PS, Weiss ST, Aro A, Hu H.
Electrocardiographic conduction disturbances in association with low-level lead exposure (The normative aging
study). Am J Cardiol 1998;82:594-9.
24. Flora SJ, Saxena G, Gautam P, Kaur P, Gill KD. Response
of lead-induced oxidative stress and alterations in biogenic
amines in different rat brain regions to combined administration of DMSA and MiADMSA. Chem Biol Interact
2007;170:209-20.
25. Flora SJ, Saxena G, Mehta A. Reversal of lead-induced neuronal apoptosis by chelation treatment in rats: Role of reactive oxygen species and intracellular Ca(2+). J Pharmacol
Exp Ther 2007;322:108-16.

DA

may arise from the underlying oxidative stress initiated
by exposure to lead include hypertension, atherosclerosis,
reduced coronary blood flow, thrombosis, and vascular
smooth muscle cell proliferation.[12] The exposure to PbA
for 6 weeks resulted in histomorphological abnormalities
as well as a significant dose-dependent disruption of the
antioxidant defence system in the cardiac tissues of rats.
This abnormality was not reversed by withdrawal for
another 6 weeks.

16

Jan-April 2016 / Vol 23 / Issue 1

Toxicology International

Omobowale et al.

40.

41.

42.

DA

N

43.

LI
BR
AR
Y

39.

MI. Environmental toxicity, oxidative stress and apoptosis:
Ménage à trois. Mutat Res 2009;674:3-22.
Jurczuk M, Brzóska MM, Moniuszko-Jakoniuk J. Hepatic
and renal concentrations of Vitamins E and C in lead- and
ethanol-exposed rats. An assessment of their involvement
in the mechanisms of peroxidative damage. Food Chem
Toxicol 2007;45:1478-86.
Bazrgar M, Goudarzi I, Lashkarbolouki T, Elahdadi Salmani M. Melatonin ameliorates oxidative damage induced
by maternal lead exposure in rat pups. Physiol Behav
2015;151:178-88.
Abdel-Wahhab MA, Abdel-Azim SH, El-Nekeety AA. Inula
crithmoides extract protects against ochratoxin A-induced
oxidative stress, clastogenic and mutagenic alterations in
male rats. Toxicon 2008;52:566-73.
Khodamoradi N, Komaki A, Salehi I, Shahidi S, Sarihi A.
Effect of Vitamin E on lead exposure-induced learning and
memory impairment in rats. Physiol Behav 2015;144:90-4.
Evelson P, Travacio M, Repetto M, Escobar J, Llesuy S,
Lissi EA. Evaluation of total reactive antioxidant potential
(TRAP) of tissue homogenates and their cytosols. Arch
Biochem Biophys 2001;388:261-6.
Vajtr D, Kukacka J, Adámek T. Findings in myocardial
extracellular matrix in fatal poisoning with addictive substances. Soud Lek 2002;47:54-8.
Ambrose TM, Al-Lozi M, Scott MG. Bone lead concentrations assessed by in vivo X-ray fluorescence. Clin Chem
2000;46(8 Pt 1):1171-8.
Kosnett MJ, Becker CE, Osterloh JD, Kelly TJ, Pasta DJ.
Factors influencing bone lead concentration in a suburban
community assessed by noninvasive K X-ray fluorescence.
JAMA 1994;271:197-203.
Haleagrahara N, Jackie T, Chakravarthi S, Kulur AB. Protective effect of alpha-lipoic acid against lead acetate-induced oxidative stress in the bone marrow of rats. Int J
Pharmacol 2011;7:217-7.

44.
45.
46.

47.

Source of Support: Nil. Conflict of Interest: None
declared.

UN

IV

ER
SI

TY

O
F

IB
A

26. Bosque MA, Domingo JL, Corbella J, Jones MM, Singh
PK. Developmental toxicity evaluation of monoisoamyl
meso-2,3-dimercaptosuccinate in mice. J Toxicol Environ
Health 1994;42:443-50.
27. Ding GS, Liang YY. Antidotal effects of dimercaptosuccinic
acid. J Appl Toxicol 1991;11:7-14.
28. NIH. Public Health Service Policy on Humane Care and
Use of Laboratory Animals: Office of Laboratory Animal Welfare. National Institutes of Health, Department of
Health and Human Services; 2002. p. 1-19.
29. Sinha AK. Colorimetric assay of catalase. Anal Biochem
1972;47:389-94.
30. Misra HP, Fridovich I. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide dismutase. J Biol Chem 1972;247:3170-5.
31. Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferases. The first enzymatic step in mercapturic acid formation. J Biol Chem 1974;249:7130-9.
32. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem
1951;193:265-75.
33. Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR. Bromobenzene-induced liver necrosis; protective role of GSH &
evidence for 3,4 bromobenzene oxide as the hepatotoxic
metabolite. JB Lippincott; 1994. p. 108-44.
34. Woff SP. Ferrous ion oxidation in the presence of ferric ion
indicator xylenol orange for measurement of hydroperoxides. Methods Enzymol 1994;233:182-9.
35. Varshney R, Kale RK. Effects of calmodulin antagonists on
radiation-induced lipid peroxidation in microsomes. Int J
Radiat Biol 1990;58:733-43.
36. Beutler E, Duron O, Kelly BM. Improved method for
the determination of blood glutathione. J Lab Clin Med
1963;61:882-8.
37. Solenkova NV, Newman JD, Berger JS, Thurston G, Hochman JS, Lamas GA. Metal pollutants and cardiovascular
disease: Mechanisms and consequences of exposure. Am
Heart J 2014;168:812-22.
38. Franco R, Sánchez-Olea R, Reyes-Reyes EM, Panayiotidis

Jan-April 2016 / Vol 23 / Issue 1

Toxicology International

17

