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ABSTRACT
Exposure of animals to different duration of smoke can result in a wide range of adverse clinical conditions. Toxicological consequences arising from prolonged exposure may not be totally enumerated. The present study was to evaluate the oxidative stress-inducing potential of a short and long-time exposure of male rat erythrocytes to environmentally
relevant to public health. Male Wistar rats were exposed to open municipal land-fill smoke for 30 and/or 60 days. The
oxidative stress in erythrocytes was evaluated by assessing the magnitude of malondialdehyde production and reduced
glutathione (GSH) contents and the activities of superoxide dismutase (SOD), catalase (C) and glutathione reductase
(GR) after 30 and/or 60 days of exposure. After 30 days there was no change in SOD, catalase and GR activities and no
alterations in GSH and lipid peroxidation (LPO). After 60 days, the levels and activities of SOD (23.62%), catalase
(5.24%), GR (14.87%) decreased. Overall, the study demonstrates that the chronic exposure of male rats to smoke results in induction of oxidative stress and simultaneous reduction in antioxidative defense system in erythrocytes at 60
days of exposure.
Keywords: Lipoperoxidation; Antioxidants; Oxidative Stress; Antioxidases; Smoke Pollution; Oxidative Damage;
Erythrocytes

1. Introduction
Many developed countries are confronted with the burden of air pollution and fire outrages on their forest reserves [1]. Globally, indoor air pollution from burning of
biomass in smoky, inefficient stoves lead to nearly three
million premature deaths each year [2]. Considerable air
pollution occurs in big cities worldwide [3]. In the developing world, rapid population growth has translated
into large urbanization with attendant increases in the
volume of air pollution problems. Increases in vehicular
exhaust coupled with industrial air pollution and workyard smoke continue to pollute the atmosphere unabated.
Welding fumes also permeate the environment and open
air burning from municipal waste and landfills are major
contributors to air pollution problems [4]. Air pollution
generally has a great impact on both local and global
environment [5,6].
Smoke pollution assumes a great concern globally due
to manifestation of technological and scientific innovations in various fields in addition to diverse activities of
man for his sophistication. Recently, urban and non-ur*
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ban pollution problems are developing in various activities namely, residential [7], agricultural [8,9], and small
scale industrial activities [10]. This characteristics display a pronounced variability in time and space due to
wide variety of information on particulate matter [11].
New information suggests that pollutants in smoke are
more toxic than previously thought [7] because particle
pollution is a silent killer [10].
Many studies have reported on the atmospheric pollutants particles during assessment of the environmental
status. This is generally required to identify hazards that
are present and to implement control. Follow up studies
reported on the atmospheric particle size distribution and
chemical nature by urban and rural influenced aerosols in
many areas of the world [8]. Long and short-term exposure to low levels of particulate smoke pollution has
shown to increase the risk of stroke [12], acute chronic
bronchitis [13] and heart disease [14].
The decomposition products found in smoke and its
fume such as oxides of nitrogen, phosgene, carbon monoxide and carbon dioxide in the environment necessitate
this study. Data generated from this cohort will be used
to assess the long-term effects of smoke pollution on
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lipoperoxidation, potential oxidative stress and how these
might be affected by changes in exposure to smoke. The
main aim of the present study is to report on the baseline
data of smoke pollution on superoxide dismutase (SOD),
catalase (C), glutathione reductase (GR) activities, glutathione and lipid peroxidation (LPO) levels in wistar rats.

2. Materials and Methods
The study area is geographically located at latitude 6˚10'
N and 6˚15'N and longitude 2˚15'E and 4˚10'E. During
December and January, predominant wind spread in NW,
W and SW direction. The hazy Harmattan conditions
were prevailing about 21.9% and predominant wind
speed of 1 - 5 km/ph. Based on meteorological factors,
synoptic scale wind pattern, topography, proper crosswind distribution in downwind direction, only four locations were selected. The location sites A (sham) lies between east and north-east side, the other two locations B
and C lie between south-west and west direction. The
control locations lie 2 km away from Municipal Refuse
landfill.

2.1. Animals
Wistar rats, 8 - 10 wks, weighing 195 ± 10 g were procured from the animal house, Department of Anatomy
and Cell Biology, Obafemi Awolowo University, Ile-Ife,
Nigeria and acclimatized to the laboratory. Animals (40)
males were randomized into 4 groups. Group A was
placed in abandoned site A (sham) surrounded by commercial and traffic environment, whereas duplicate groups
B and C were placed in the center of the smoke polluted
area attributed by chunk car parts, mechanic workshops
and commercial activities. The control location site lies 2
km from the open burning refuse landfill. The animals
were housed in plastic cages (41 × 28 × 15 cm) under
laboratory conditions. Rats were fed food pellets (Ladokun Feeds, Nigeria LTD) and water was provided ad
libitum. Five animals were placed in each of the 8 boxes.
Animal treatments and protocol employed in this study
was according to the Institutional Ethical Committee,
also the principles and guidelines as contained in the
“Principles of laboratory Animal Care” (NIH publication
No. 85 - 23) were followed.
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bital plexus with the help of capillary tube 24 h after 30
and/or 60 days of exposure. Heparin (2 mg/ml) was used
as an anticoagulant. Blood samples were centrifuged at
2000 rpm for 15 min to separate plasma. The layer of
white blood cells above the packed erythrocytes was
discarded. Erythrocyte pellet was washed three times
with 0.15 M NaCl, diluted (33%) in phosphate buffer
saline (mM: NaCl, 136.9; KCl, 2.68; KH2·PO4, 1.47; and
Na2·HPO4, 6.62; pH 7.4) and kept at 4˚C until further
analysis. Liver was disserted out, ground and centrifuged,
the homogenate and the 33% packed erythrocytes were
used for the estimation of LPO, GSH, Glutathione reductase, Catalase and Superoxide dismutase. LPO and
GSH were measured on the day of blood collection.

2.3. Measurement of LPO
LPO was assessed by measuring malondialdehyde (MDA)
levels by thiobarbituric acid (TBA) reaction [15]. In brief,
1 ml of 33% packed erythrocytes was incubated at 37˚C
± 0.5˚C for 2 h. The sample was mixed with 1 ml of 10%
w/v trichloroacetic acid to precipitate protein. The mixture was centrifuged at 2000 rpm for 10 min and an aliquot of 1 ml supernatant was reacted with 1 ml of 0.67%
thiobarbituric acid in boiling water bath for 10 min. After
cooling, it was diluted with 1 ml of distilled water and
the absorbance was read at 535 nm. Results have been
expressed as nmol/ml packed erythrocytes.

2.4. Assay of GSH Level
GSH content in erythrocytes was estimated by the method of Prins and Loos [16]. Briefly, an erythrocyte pack
of 0.2 ml (33%) was mixed with 4 ml of 0.08 N H2SO4.
After 10 min, 0.5 ml of tungstate solution was added and
mixed vigorously for 5 min to clear the brown hemolysate. After allowing it to stand for 5 min to avoid crust
formation on top of the supernatant, it was centrifuged
for 15 min at 2000 rpm at room temperature. 2 milliliters
of supernatant was mixed with 2.5 ml of Tris buffer (pH
8.0) and 0.2 ml of 5,5’-dithiobis-2-nitrobenzoic acid reagent. Within a minute, absorbance was read at 412 nm.
The levels of GSH have been expressed as mmol GSH/ml
packed erythrocytes.

2.5. Determination of SOD Activity
2.2. Analytical Procedure
During the course of the experiment, two rats died in B
and C groups, including one control; however, data of
three animals in each group have been presented to
maintain uniformity of sample size of all groups. None of
the animals that died showed any visible signs of toxicity.
At test termination, blood was collected from retro-or-

Copyright © 2012 SciRes.

SOD activity was determined by the procedure of Madesh
and Balasubramanian [17]. The reaction mixture contained 0.65 ml PBS (pH 7.4), 30 µl 3-(4-5 dimethyl thiazol 2-xl) 2,5-diphenyl tetrazolium bromide (MTT; 1.25
mm), 75 µl pyrogallol (100 µM), and 10 µl hemolysate
(10%). The mixture was incubated at room temperature
for 5 min, and the reaction was stopped by adding 0.75
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ml of dimethyl sulfoxide. The absorbance was read at
570 nm and the activity has been expressed as Unit. One
unit of SOD was defined as the micrograms of hemoglobin causing 50% inhibition in the MTT reduction.

analysis of variance followed by Duncan’s post-hoc test was
used to find out the differences between mean values. The
differences were considered significant when p < 0.05.

3. Results
2.6. Determination of Catalase Activity
Catalase activity in erythrocytes was assayed by the
spectrophotometric method of Aebi [18]. Two ml of
phosphate buffer (50 mM, pH 7.0) and 10 µl hemolysate
(10%) were taken in a curvette. Reaction was started by
adding 1 ml H2O2 (10 mM) and the absorbance was recorded at every 10 sec for 1 min at 240 nm against water
blank. The activity of catalase has been expressed as
mmol H2O2 utilized/min/mg hemoglobin.

2.7. Determination of GR Activity
GR activity was measured following the method of Goldberg and Spooner [19]. The 3 ml of reaction mixture
contained 2.6 ml PBS 12 M, pH 7.2), 0.1 ml EDTA (15
mM), 0.1 ml oxidized glutathione (GSSG) (65.3 mM).
To this, 10 µl of hemolysate was added and the volume
was made up to 2.95 ml with distilled water. After incubation at room temperature for 5 min, 0.05 ml of NADPH
(9.6 mM) was added. Decrease in absorbance/min was
recorded immediately at 340 nm for 3 min. Control was
run without GSSG. The activity of GR has been expressed as unit/g hemoglobin. One unit is µmol NADPH
utilized/min/g hemoglobin.
Estimation of Hemoglobin in erythrocytes was determined by using kits (BDH Chemical, England) following
the manufacturer’s recommendations.

2.8. Statistical Analysis
All values have been expressed as mean ± SEM. Two-way

Effects of exposure to different durations to smoke on
various oxidative stresses related parameters in rat erythrocytes are presented in Table 1. Results presented
demonstrate that exposure to smoke for 30 days do not
affect the alterations of the oxidative stress-related endpoints in rat erythrocytes. However, exposure to smoke
for 60 days cause time-dependent effects on the different
attributes evaluated for assessing the oxidative stressinducing potential of smoke in rat erythrocytes.
After 30 days of exposure, smoke neither increased
nor altered the antioxidative parameters of rat erythrocytes except the activity of SOD which was 0.21% but
not significant in comparison to control activity. Rats
exposed in the center of smoke for 60 days increased
LPO level by 2.05% of the control. Similarly, the effects
are marked for GSH which increased by 2.38% and
4.76% for 30 and 60 days respectively. In the liver, smoke
could not produce any significant changes in the magnitude of LPO and GSH levels respectively, as observed in
the activities of catalase (0.73%), SOD (1.15%), GR
(0.07%) when rats are exposed for 30 days. However,
after 60 days of exposure, smoke cause significant increased in LPO (4.52%) p < 0.05, diminution in the activities of catalase (5.24%), SOD (23.62%), GR (14.87%),
and GSH (19.15%) level.

4. Discussion
The present study shows that exposure to smoke for 30
days did not cause oxidative stress in rat erythrocytes.
Although, short time exposure did not cause any increase

Table 1. Lipid peroxidation and antioxidative systems in erythrocytes of male rats exposed to smoke for 30 days and/or 60
days.
Blood
erythrocyte

Lipid
peroxidation

Catalase

Superoxide
dismutase

Glutathione
reductase

Reduced
glutathione

Control

4.88 ± 0.28

89.73 ± 2.84

4.28 ± 0.16

14.24 ± 0.84

0.42 ± 0.03

30 days

4.89 ± 0.11

89.72 ± 2.60

4.29 ± 0.20

14.25 ± 0.07

0.41 ± 0.92

60 days

4.98 ± 0.18*

89.05 ± 2.42*

4.21 ± 0.18*

14.24 ± 0.01*

0.40 ± 0.13*

Liver control

4.52 ± 0.37

89.12 ± 2.03

4.36 ± 0.17

14.19 ± 1.37

0.47 ± 0.25

30 days

4.52 ± 0.20

88.37 ± 1.87

4.31 ± 0.15

14.18 ± 0.08

0.46 ± 0.14

60 days

5.04 ± 0.62*

84.45 ± 3.00*

3.33 ± 0.17*

12.08 ± 0.02*

0.38 ± 0.26*

Lipid peroxidation: nmol malondialdehyde/ml packed erythrocytes; Catalase: nmol H2O2 utilized/min/mg hemoglobin; Superoxide dismutase: one unit is µg
hemoglobin required to inhibit 3-(4-5,dimethyl thiazol 2-xl) 2,5-diphenyl tetrazolium bromide reduction by 50%; Glutathione reductase: µmol NADPH utilized/min/g hemoglobin. Values represent mean ±SE (n = 3). *p < 0.05 compared to control.
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in LPO levels and showed no stress in antioxidative defense systems. Prolong exposure to smoke induced oxidative stress in rat erythrocytes (Table 1). After 30 days
of exposure, smoke did not enhance LPO, and did not
increase the levels of enzymatic and nonenzymatic antioxidants. This could be a compensatory system to combat the low-level reactive oxygen species (ROS) generation by smoke in the early phase of exposure and indicates that the development of oxidative stress is commiserating with the advancement of exposure duration.
Erythrocytes are more vulnerable to LPO [20]. Lipid
peroxidation has been shown to cause profound alterations in the structure and functions of the cell membrane
including decreased membrane fluidity, increased membrane permeability, inactivation of membrane-bound enzymes, and loss of essential fatty acids [21]. Several
studies in occupationally exposed human subjects indicate that smoke enhance LPO and alter antioxidant systems in erythrocytes of human cutaneous model [22] and
in electric arc welding operators [4,23]. The observed
increase in 60 days exposures in the present study may
be attributed to increased oxidative stress caused by the
smoke-induced generation of ROS and depletion of
erythrocyte sulfhydryl content coupled with decrease in
enzymatic antioxidative defense mechanism, as reported
by [4]. Reduction in enzyme activities with longer duration may be related to consumption of enzymes against
oxidative stress. The decreased activity of the antioxidases could additionally be attributed to their nature of
synergistic functioning, which may partly explain the
mechanism of their reduced activity [24]; when catalase
fails to eliminate H2O2 from the cell, the accumulated
H2O2 causes inactivation of SOD [25].
Liver is the principal detoxification organ and the potential impact of smoke on all of the antioxidative attributes was almost similar to that of erythrocytes. The finding in this study showed that there existed in all likelihood, an imbalance between oxidation and antioxidation,
and an oxidative stress and a potential oxidative damage
in rats exposed to smoke. The principal mechanisms by
which xenobiotics decrease the level of GSH are conjugation of GSH synthesis. In the present study, the percent
changes in GR activity and GSH level were decreased by
0.07% and 2.13% after 30 days whereas, after 60 days by
14.87% and 19.15% of the control respectively. Thus, the
reduced GR activity may not be the sole cause for depletion of GSH. Current findings indicate that GSH depletion may be related to oxidative reaction with the xenobiotics. In the present study, smoke pollution may have
generated a large amount of superoxide anion radicals
( O 2 ), hydroxyl radicals (*OH), and singlet oxygen (1O2)
[4], while, hydrogen peroxide H2O2 and other reactive
species were similarly observed by [26]. Therefore, the
Copyright © 2012 SciRes.
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depletion of erythrocyte GSH may also partly be related
to the decreased SOD synthesis by decreased diminution
of * O 2 . Again, the GSH is the most sensitive antioxidant which protects the erythrocytes from the insult, either through the glutathione cycle or the mercapturic acid
pathway [5]. Thus, it is assumed that toxic chemicals
present in the smoke increases LPO thereby giving stress
to the glutathione cycle. Reduced glutathione is a widely
distributed cellular reductant and is a metabolic regulator
and regular indicator of health.
Taking together, this results coupled with existing environmental health problems in both developing and developed nations, is associated with numerous diseases
[27]. Several diseases are due to an imbalance between
the activities of an oxidant agent and antioxidant system
within the cell. Toxicity associated with smoke could be
due to oxidative tissue damage as they catalyze oxidative
reactions in biological macromolecules. For example,
International Agency for Research on cancer [28], reviewed the global evidence and classified household
biomass of fuel smoke as a probable human carcinogen,
while coal smoke was classified as a proven human carcinogen [28]. This interpreted to mean that biomass fuel
is evidenced from fuel wood smoke [29], while, a longterm exposure to air pollution culminates in incidences of
cardiovascular events in women [30]. The diversity of
ideas about studies of outdoor air pollution and active
and passive tobacco smoke show that heart disease could
be expected from biomass indoor [28]. In addition,
asthma might be expected as an outcome of fuel smoke.
Nevertheless, studies have implicated biomass smoke to
childhood pneumonia to having heart and lung effects in
women [31,32].
In conclusion, the present study of potential toxicity
associated with smoke demonstrates induction of oxidative stress in erythrocytes and liver of rat exposed for
prolong duration, source of other numerous organ damage. Smoke induced depletion of GSH level is directly
associated with elevation in lipid peroxidation which
could be attributed to its protection against ROS generated by smoke. Therefore, smoke pollution induced oxidative stress smoke pollution induced oxidative stress
and is associated with simultaneous reduction in erythrocyte and liver antioxidant defense systems. The relationship between the levels of exposure to smoke in the
current study and the levels to which the general populations living in and around smoky environment are exposed is relevant to public health.
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