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ABSTRACT 7 

This study evaluated the potential damage in vivo due to exposure to petrol generator exhaust fumes using White 8 

mice, Musmusculus. Four mice per group (experimental and control groups) were exposed to the exhaust fumes for 9 

30 days. Weight changes, activity quotient and oxidative stress indicators (superoxide dismutase-SOD, catalase-10 

CAT, reduced glutathione-GSH, glutatthinon-S-transferase-GST and malondialdehude -MDA) were assessed for 11 

both exposure groups. The results showed that there was no significant difference in activity quotient (P > 0.05) 12 

between both groups after the 30d study. The activities of the enzymes GSH and GST were inhibited (P < 0.05) and 13 

the level of MDA in the liver of the exposed mice increased significantly (P < 0.05) while those of SOD and CAT 14 

were not significantly different (P > 0.05) from the control. Various degrees of thickening of the alveolar septa and 15 

mononuclear inflammatory cells which were largely perivascular, peribronchiolar, and subpleural were the 16 

histological changes observed in the lungs of exposed mice. Hepatic tissue sections of the exposed mice also 17 

revealed some degree of pan lobular hepatocyte hyperplasia while the kidney sections showed ghost outline of the 18 

tubule and glomeruli-acute cortical necrosis. The results indicated that the generator exhaust fumes had detrimental 19 

effects on the exposed mice, raising concerns regarding daily human exposures in cities like Lagos with huge 20 

reliance on petrol generators. The need for improved provision of public electricity and adoption of cleaner 21 

household energy sources is advocated. 22 

Keywords: Fossil fuel; carboxyl-haemoglobin; air pollution; environmental health; green energy. 23 
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1. INTRODUCTION 25 

Erratic power supply in Nigeria has created a culture of the use of petrol generators to provide household energy 26 

across the country. The conditions worsen everyday as most Nigerians go without power supply for weeks and 27 
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sometimes months. This has hindered the nation’s economic development as industries, companies, cooperate 28 

organizations, private establishment have to rely on generators [1] which implies increased cost and the 29 

attendant air pollution consequences. 30 

In densely populated areas in Nigeria, generators are placed on balconies, doorsteps, chained beside windows 31 

and on top of houses to prevent theft. The generators are often run daily from nightfall to morning in households 32 

and during business hours for most establishments. The exhaust fumes produced by these generators contain 33 

some hydrocarbons and other toxic substances like nitrogen oxides, of carbon, sulphur, lead and carcinogenic 34 

benzo(a)pyrene which pose serious health challenges [2]. Cases of death sequel to use of generators at home are 35 

daily reoccurrences because of exhaust fumes inhalation [3].  36 

On the basis of the above, the aim of this study is to evaluate the potential health implications in households 37 

which are daily exposed to exhaust fumes using the whitemice as model. 38 

 39 

2. MATERIALS AND METHODS 40 

2.1 Test Organism  41 

Healthy mature female whitemice (Musmusculus), weighing 9.3 ± 2.8g were used for the experiment. The same 42 

sex was used to reduce physiological differences in experimental animals. The mice were obtained from the 43 

Zoological garden of the University of Lagos where they had been bred and acclimatized already. They were 44 

divided into two groups (experimental and control), each comprising of 4 animals. Mice were housed in separate 45 

wooden cages labeled ‘exposed’ and ‘control’. Section 2.2 further describes the experimental design 46 

 47 

 48 

 49 

2.2 Bioassay Experiment 50 

A brand new blue Two-Stroke Gasoline internal combustion generator (Tiger TG 950) with a maximum output 51 

power of 800 W was employed in this study to generate the exhaust fumes.  This is the commonly used model in 52 

low income household and small scale businesses across Nigeria due to its low procurement and running cost. 53 

In the experiment, mice were exposed to the exhaust fumes for duration of 30 d. Eight (8) mice were used in two 54 

(2) cages (one experimental and one control), measuring about 56cm x 30cm x 30cm each containing 4 mice. 55 

The control cage was kept at a different location (more than 500m) away from the effect of the exhaust fumes 56 

and the experimental ones were exposed to exhaust fumes 1m from electric generator for 6 hours daily. fed  both 57 
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group mice equally on daily bases throughout the duration of the experiment. The mice were sacrificed after the 58 

30 d period using sterilized dissecting instruments. 59 

 60 

2.3 Weight Change Studies 61 

The mice were weighed before and during acclimatization using an OHAUS Triple beam balance (700/800 62 

Series). During experiments, they were also weighed daily and their body weight recorded. 63 

2.3.1 Activity Quotient Studies: Body Movement per Minute and Feed Consumption Pattern 64 

This was measured for control and exposed mice and then the average calculated weekly [4]. 65 

ݐ݊݁݅ݐ݋ݑܳ	ݕݐ݅ݒ݅ݐܿܣ ൌ
݁ݐݑ݊݅݉	ݎ݁݌	ݐ݊݁݉݁ݒ݋݉	ݕ݀݋ܤ
݀݁݉ݑݏ݊݋ܿ	݀݋݋݂݂݋	ݕݐ݅ݐ݊ܽݑܳ

 

100g of feed were fed to the mice every day. Feed consumption pattern was measured and recorded throughout 66 

the experimental period. The average was calculated weekly. 67 

2.4 Antioxidant Enzymes Studies 68 

2.4.1 Method for Homogenizing Sample 69 

Three mice were randomly selected from each group and sacrificed by cervical dislocation after anesthetization. 70 

Their liver samples were excised and stored in plain bottles after draining in Potassium chloride. Specimens 71 

were stored in ice packs prior to transportation to the Biochemistry laboratory for analysis within 2 hrs. 72 

The post mitochondria fraction of the liver samples were prepared as fellow; 73 

The samples were washed in an ice cold 1.15% KCL solution, blotted and weighed. They were then 74 

homogenized with 0.1M phosphate buffer (pH 7.2), putting the organs each into the mortar; laboratory sand was 75 

added to it (acid washed sand) and it was blended in the mortar with pestle together. The resulting homogenate 76 

was centrifuge at 900rmp speed for 15mins and the supernatant was decanted and stored -20oC until analysis.  77 

2.4.2 Measurement of Anti-oxidative Stress Enzymes and Lipid Peroxidation  78 

The Superoxide Dismutase (SOD) activity was determined using themethodsof [5]. This was based on the 79 

ability to inhibit auto-oxidation of epinephrine, determined by increase in absorbance at 480 nm. The Catalase 80 

(CAT) activity was determined according to the method of [6].The reduced glutathione (GSH) content of liver 81 

tissue as non-protein sulphydryls was estimated according to the method described by [7]. Glutathione –S- 82 

transferase activity was determined by the method according to [8] while the Malondialdehyde (MDA) level 83 

which is an index of lipid peroxidation was determined using the method of [9] using thiobarbituric acid 84 

reactions (TBARS) assay. 85 
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2.5Histological Studies (Lungs, Kidney and Liver) 86 

Two mice were randomly selected from the experimental and control group. After dissection, the respective 87 

tissues were fixed in 10% formal saline. Before sectioning, the tissues were first dehydrated in graded alcohol 88 

concentrations, cleared in xylene and embedd in paraffin wax. Serial sections of 5-6μm thickness were cut using 89 

rotary microtome, and then passed through xylene followed by absolute alcohol and water. The sections were 90 

stained with haematoxylin and eosin, dehydrated in graded alcohol, cleared in more xylene and mounted in 91 

Canada balsam. The slides were left to dry on the hot plate for 2 hrs before observation under the Olympus 92 

binocular light microscope. The histologic sections were translated by a histopathologist at the Anataomy 93 

Laboratory of the College of Medicine, University of Lagos. 94 

2.6 Statistical Analysis 95 

The results obtained were subjected to statistical analysis using T-test (unpaired t-test), SPSS Version 20 and 96 

Graph-pad prism 6 -statistical software. Significant differences in treatment means were determined at P<0.05. 97 

 98 

3. RESULTS AND DISCUSSION 99 

Among the main sources of atmospheric carbon monoxide in developing countries like Nigeria is vehicular 100 

exhaust and generator fumes particularly because of the common use of less fuel efficient vehicles which fail 101 

modern emission standards and incessant power failures which necessitates the use of electricity generating sets. 102 

More so, Two-Stroke generators produce more fumes because combustion of carbon is poor and they appear to 103 

be more commonly used in many low income countries due to their lower cost of procurement. Thus, this study 104 

assessed health effects of exposure to fumes from such generators on whitemice as a model for vertebrate 105 

(human) exposure. 106 

3.1 Weight Changes  107 

There was an initial increase in mean weight of the Whitemiceexposed to generator fumes was from 27.54g to 108 

28.49g between the first and second week of the experiment. The weight steadily decreased however, to 26.94g 109 

in the third week following exposures and further decrease to 9.92g in the fourth week. There was no detectable 110 

change in the mean weight of the control mice (Fig. 1).  111 

The results of the exposure experiment indicated that there was a reduction of weight in the exposed whitemice 112 

(Musmusculus) compared to control after three weeks and this may indicate stress which resulted in a gradual 113 

decline in body movement per minute and food consumption from week two to week four.  [10] reported that 114 

retrain stress is associated with weight loss and reduction in food intake. Also, chronic psychological stress has 115 
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been attributed to weight loss in rodent models in a study conducted by [11] which sought to determine 116 

appropriate animal models for investigation of effects chronic and acute stress on energy balance. 117 

3.2 Body Movement per Minute 118 

The body movement per minute of the exposed mice was lower than that of the control in the first week. It 119 

reduced continuously throughout the exposure period while that of the control showed slight changes throughout 120 

the 30 days period. Overall, mean body movements per minute were not significant (P >0.05) (Figure 2). 121 

3.3 Feed Consumption Pattern 122 

The generator fume exposed mice group fed more per day than the control on the first week but their feeding 123 

continued to decrease throughout the exposure period (Fig. 3). The feeding pattern of the control mice showed 124 

improved feeding throughout the 30 day period. However, there was slight decrease from 6.4g per day in the 125 

second week to 6.2g per day in the third week. Overall there was no significant difference (P > 0.05) between 126 

the daily feeding activities of the control and exposed mice. 127 

 128 

Figure 1: Weight changes pattern in control and exposed mice over a period of 30 days 129 

 130 

 131 

 132 

Figure 2:    Body Movement per Minute pattern in control and exposed mice over a period of 30 days 133 

 134 
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 135 

 136 

Figure 3: Feed Consumption Pattern in Control and Exposed Mice over a period of 30 days 137 

3.4Activity Quotient 138 

Activity quotient (ratio of body movement to quantity of feed consumed) increased in the exposed mice and 139 

reduced in the control (Fig. 4). Specifically, in the exposed group, there was an increase from 6.85 in the first 140 

week to 7.28 in the second week and then a reduction to 7.05 where it remained constant till the fourth week in 141 

the exposed mice. In the control mice, it decreased mono-phasically throughout the experimental period. T-test 142 

analysis showed that there was no significant difference (P >0.05) between activity quotient of the exposed and 143 

control mice group.  144 

 145 

 146 

Figure 4: Activity Quotient Pattern of Control and Exposed Mice over a period of 30 days 147 

 148 

3.5 Anti-Oxidative Stress Enzyme Activities and Lipid Peroxidation Levels 149 

The result showed that the level of Glutathione (GSH) in Whitemice exposed to the generator exhaust fumes 150 

were lower than that of the control (P < 0.05) (Fig. 5a). The mean values were 0.63 ± 1.7 µmol/ml/min/mgpro 151 

and 1.88 ± 0.01 µmol/ml/min/mgpro for the exposed and control group respectively. The activities of 152 
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Superoxide Dismutase (SOD) was also lower than that of the control (P >0.05) (Fig. 5b) with values of 1.8 ± 0.3 153 

µmol/ml/min/mgpro and 2.0 ± 0.04 µmol/ml/min/mgpro respectively. However the activities of Catalase (CAT) 154 

in Whitemice exposed to the generator exhaust fumes were higher than that of the control (Fig. 5c). The values 155 

were 13.1 ± 2.6 µmol/ml/min/mgpro and 12.1 ± 0.6 µmol/ml/min/mgpro respectively but they were not 156 

significantly different (P >0.05). The activities of Glutathione-S-Transferase (GST) in Whitemice exposed to the 157 

generator exhaust fumes was lower than that of the control(P< 0.05) (Fig. 5d) with the mean values of  0.29 ± 158 

0.02 µmol/ml/mgpro and 0.61 ± 0.01 µmol/ml/mgpro respectively.  159 

The lipid peroxidation levels showed that the level of Malondialdehyde (MDA) in Whitemice exposed to the 160 

generator exhaust fumes was significantly higher (P < 0.05) than that of the control (Fig. 5e). The values were 161 

0.09 ± 0.002 µmol/ml/mg pro and 0.04 ± 0.004 µmol/ml/mg pro respectively in the exposed mice and control 162 

group.  163 

In this study, the activity of the enzymes GSH and GST were inhibited (P < 0.05) in the liver of the whitemice 164 

exposed to the fumes and this finding is in agreement with those of [12] as well as [13]. Gluthathione-S-165 

Transferase (GST) is a cytosolic or microsomal enzyme that catalyses the conjugation of GSH with oxidative 166 

products, such as 4-hydroxyalkenals (membrane peroxides) and/or base propenals, resulting from DNA 167 

oxidative degradation [14]. Therefore, it plays an important role in protecting tissues from oxidative stress [15]. 168 

The decrease in GSH levels indicates that the biomolecule was actively protecting the tissue from oxidative 169 

stress induced by the exhaust fumes. Impairment in antioxidant enzymes will produce an imbalance between pro 170 

and antioxidant systems causing the formation of toxic hydroxyl radicals, with direct consequences on the cell 171 

integrity and cell functions itself [16]. 172 

SOD is known to provide cytoprotection against free radicals induced damage by converting superoxide radicals 173 

generated in peroxisomes and mitochondria to hydrogen peroxides [4]. The hydrogen peroxide is then removed 174 

from the system by the enzyme CAT, which converts it to water and molecular oxygen [4]. The enzyme SOD 175 

was inhibited in the liver of the whitemice exposed to the test chemicals. However, the reduction in SOD was 176 

not significant at P > 0.05. The inhibition of the enzyme SOD by the fumes will, result in oxidative stress to the 177 

liver tissues as a result of the damaging activities of the superoxide radicals. Furthermore, the inhibition of the 178 

enzyme SOD is expected to result in a reduction in the activity of CAT, due to a decrease in hydrogen peroxide 179 

generation from SOD activities. This was the case as reported by [4] and [17] but was not reflected in this study. 180 
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Perhaps exposures to generator exhaust over longer durations as seen urban populations in cities like Lagos 181 

would have far significant stress output. 182 

Exposure of M. musculusto generator exhaust was found to cause a significant (p < 0.05) increases in level of 183 

malondialdehyde indicative of oxidative damage in the liver of exposed mice compared to control. This result is 184 

in agreement with findings of [12] who reported an increase in lipid peroxides (LPO) in tissues of animals 185 

exposed to petroleum hydrocarbons. The increase in LPO is due to an inhibitory effect on mitochondrial 186 

electron transport system leading to stimulation in the production of intracellular reactive oxygen species (ROS) 187 

[18]. Elevated ROS level in tissues leads to cellular damage when the rate of its generation surpasses the rate of 188 

its decomposition by antioxidant defense systems. 189 

 190 

 191 

 192 
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 193 

 194 

Figure 5a-e: Mean activities of  a- Reduced glutathione (GSH), b- super oxide dismutase (SOD), c- Catalase 195 

(CAT), d- glutathione-S- transferases (GST) and e-  the levels of  lipid peroxidation product (Malondialdehyde-196 

MDA)  in Whitemice (Musmusculus) exposed to sub-lethal concentration of generator exhaust fumes and 197 

control  (⃰ indicates significant difference at P < 0.05). 198 

3.6 Histological Effects in the Lungs, Kidney and Liver. 199 

The histological examination of the lungs revealed normal alveolar epithelium but there was loss of epithelial 200 

cells, and many of the interstitial cells had pyknotic nuclei in control mice (Plate 1). In mice exposed to 201 

generator exhaust fumes, there was thickening of the alveolar septa and mononuclear inflammatory cells were 202 

largely perivascular, peribronchiolar, and subpleural (Plate 2) after the 30 days exposure period. 203 

The histological examination of the kidney revealed sections with normal distribution of the glomeruli and 204 

tubule in the control butthe renal vesselwas congested with some degree of perivascular inflammation (Plate 3). 205 

In the mice exposed to generator exhaust fumes, the kidney section showed ghost outline of the tubule and 206 

glomeruli-acute cortical necrosis (Plate 4) after the 30 days exposure period. 207 

The histological examination of the liver showed normal central vein and portal tract in the control mice group. 208 

However there were hepatic section with some degree of autolysis and normal outline of hepatocytes (Plate 5). 209 

The liver of the mice exposed to the generator exhaust fumes had normal distribution of hepatocytes, central 210 

vein and portal tract with some degree of pan lobular hepatocyte hyperplasia (Plate 6) after the 30 days exposure 211 

period. 212 

There was also evidence of various degrees of thickening of the alveolar septa and mononuclear inflammatory 213 

cells which were largely perivascular, peribronchiolar, and subpleural. This result agrees with the findings of 214 

[19] where he demonstrated that a “short” exposure (3 weeks) to PM2.5 causes a low grade lung inflammation. 215 

This result also agrees with the account of [20] and [21] who reported lung histological alterations in mice 216 
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exposed to lead. Lungs and skin are usually the first contact for environmental exposure to xenobiotics, hence, it 217 

is expected that any toxic or sub-lethal effect of the xenobiotic will be observed first in the lungs, more so, in the 218 

case of exhaust which are principally inhaled and then directed to the lungs for gaseous exchange.  219 

It has been reported that exposure to particulate air pollution plays some role in a variety of human diseases 220 

involving the cardiovascular, nervous, and urinary systems [22]. The histological section of the liver tissues of 221 

the exposed mice revealed some degree of pan lobular hepatocyte hyperplasia. A prolonged exposure as 222 

described by [19] allows particulate matter to hit the liver and when this happens, they cause hepatic kupffer cell 223 

activation, inducing an inflammatory response [23]. Also, the kidney sections of the exposed mice showed ghost 224 

outline of the tubule and glomeruli-acute cortical necrosis. This is in support with findings of Massey and [24] 225 

who pointed out that inhaled and ingested nanoparticles can penetrate through the alveolar as well as the 226 

digestive walls to enter the blood system and subsequently be transported to any organ in the body. It also 227 

supports a reported research where an in vivo experimental evidence from single dose exposure to DEP in the 228 

lung aggravated the renal, pulmonary, and systemic effects of cisplatin (CP)-induced acute renal failure in rats 229 

[25]. 230 

 231 

 232 

Plate 1: Section of lungs of a control (unexposed) whitemice (Musmusculus)  showing normal alveolar 233 

epithelium (na)  but there is loss of epithelial cells, and many of the interstitial cells have pyknotic nuclei(H&E 234 

Stain X40) 235 



11 
 

 236 

Plate 2: Section of the lungs of a generator fume exposed whitemice (Musmusculus) showing thickening of the 237 

alveolar septa and mononuclear inflammatory cells (i) are largely perivascular, peribronchiolar, and subpleural. 238 

(H&E Stain X40) 239 

 240 

Plate 3: Section of the kidney of control (unexposed) mice (Musmusculus) showing normal distribution of the 241 

glomeruli (g) and tubule (t). The renal vessel (rv) is congested with some degree of perivascular inflammation 242 

(H&E Stain X40) 243 
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 244 

Plate 4: Section of the kidney of a generator fume exposed whitemice (Musmusculus) showing normal 245 

distribution of the glomeruli (g) and tubule (t). It also shows ghost outline of the tubule and glomeruli-acute 246 

cortical necrosis (H&E Stain X40) 247 

 248 

Plate 5: Section of the liver of control (unexposed) whitemice (Musmusculus) showing some degree of autolysis 249 

(on the right) and normal outline of hepatocytes (h) (on the left).The central vein (cv) and portal tract (pt)  are 250 

normal (H&E Stain X40) 251 
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 252 

Plate 6: Section of the liver of a generator fume exposed mice (Musmusculus) showing normal distribution of 253 

hepatocytes, central vein (cv) and portal tract (pt) but with some degree of pan lobular hepatocyte hyperplasia 254 

(h) (H&E Stain X40) 255 

 256 

 257 

 258 

4. CONCLUSION 259 

The use of biochemical responses and histological changes as biomarkers during environmental monitoring 260 

programmes is based on the observations that toxic effects, manifests at the subcellular level before it becomes 261 

apparent at higher levels of biological organization. The observed histological changes and inhibition of the 262 

antioxidants defense enzymes; GST and GSH in conjunction with an increase in MDA levels in the liver tissues 263 

of test animals exposed to exhaust is a call to city developers to improve electricity infrastructures so as to 264 

minimize use of electrical generating sets which leave a trail of pollution and health effects in biological 265 

systems. 266 
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