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ABSTRACT   

A common route of exposure to gasoline is the olfactory epithelium. The aim of this study 

was to investigate the effect of gasoline vapor on the histology of the olfactory epithelium 

and on some biomarkers of oxidative stress. The experiment lasted for 21 days with 35 rats 

designated into 7 groups. Rats exposed to gasoline were placed in whole body exposure 

chambers with 500mls of gasoline. The rats were exposed for between 5-30minutes 

depending on the group for exposure. The histopathology of the olfactory epithelium revealed 

loss of sustentacular cells (5, 10, 15, 20-minute exposure), proliferation of basal cells (5, 10, 

15, 20, 25 minutes), thinning of the olfactory epithelium (10-minute exposure), loss of the 

apical surface of the olfactory epithelium (15 and 20-minute exposure)and apoptosis (30-

minute exposure).  Increase in malondialdehyde (p<0.05) was observed after exposure to 

gasoline (5, 10, 15, 20, 25, 30-minutes). A decrease in superoxide dismutase (p>0.05) (5, 10, 

20, 25, 30-minutes) and a decrease in catalase (p< 0.05) (5, 10, 15, 20, 25, 30-minutes) was 

also observed. These results indicate that exposure to gasoline altered the normal histological 

architecture of olfactory epithelium and induced oxidative stress in albino Wistar rats.  
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INTRODUCTION       

The olfactory epithelium is the organ 

responsible for the sense of smell which is 

located in the nasal cavity 1. It is located at 

the superior medial vertical lamellae of the 

superior turbinate’s and the corresponding 

nasal septum 2. Within the olfactory 

epithelium are found the olfactory neurons, 

basal cells and support cells 3. The support 

cells also known as sustentacular cells are 

non-neuronal cells. They constitute a line of 

cells that inhabits the epithelial full height 4. 

The olfactory neuron also known as the 

olfactory sensory neuron is a neuron that 

has one axon and one dendrite 5.  Basal cells 

are regarded as stem cells and have been 

suggested to regulate neurogenesis 6-7.  

Exposure of the olfactory epithelium to the 

external environment results in the 

destruction of the olfactory epithelium due 

to the presence of airborne contaminants 8. 

Gasoline is one such contaminant which 

contains volatile components and the major 

route of exposure to it is by inhalation9-10. 

The olfactory system is a highly sensitive 

detector of these volatile chemicals 11.Some 

of the toxic substances found in gasoline 

include benzene, toluene, xylene etc.12 

The health hazards related with chronic or 

sub-chronic exposure to the pollutants in 

gasoline has attracted the attention of the 

general public and the scientific community. 

Studies on human and experimental animals 

such as genotoxicity13, immunotoxicity 14, 

reproductive toxicity 15, developmental 

toxicity 16, hematotoxicity, renal function 17, 

hepatotoxic18, cancer19, nephrotoxic 20, 

lungs 21etc. have been carried out on 

gasoline. This study was conducted to 

determine the effect of gasoline via 

inhalation on the olfactory epithelium. 

 

 

 

MATERIALS AND METHODS 

Experimental Procedure and Chemicals: 

The care of the animals was done according 

to the animal ethics committee guidelines of 

the University of Calabar (034ANA3419). 

Gasoline was purchased from the NNPC 

filling station at Elele, Rivers State Nigeria. 

Thirty-five male albino Wistar rats 

weighing 180-240g were obtained from the 

animal house of the Department of 

Anatomy, University of Port Harcourt, 

Rivers State, Nigeria. The rats were divided 

into 7 groups designated 5-30 min exposure 

groups, consisting of 5 rats each. The rats 

were housed in cleaned cages and 

maintained at room temperature (23 ± 2◦c) 

and a 12hr light/dark cycle. The animals 

were allowed to acclimatize for one week 

and were given access to food and water ad 

libitum.  

Experimental Design: The control group 

were not exposed to gasoline vapor while 

the exposure groups were exposed to 

gasoline vapor for 21 days 22-23. The 

exposure groups were as follows: 5-minute 

(min) exposure group, 10 min exposure 

group, 15 min exposure group, 20 min 

exposure group, 25 min exposure group and 

30 min exposure group. The groups were 

exposed to gasoline vapor in exposure 

chambers.  

Exposure to Gasoline Vapor: The method 

of exposure earlier described 24-25 was 

adopted for this study. Animals were placed 

in whole body exposure chambers 

measuring 23.5 x 17.0 x 18.5 inches. 

500mls of gasoline was placed in the 

chambers 1 hour before the exposure 

commenced. Animals in all the exposure 

groups were later placed in the chambers 

and allowed to inhale the vapour for the 

duration of each exposure. Rats were 

removed from the exposure chambers and 

placed in a vapour free section of the animal 

house after each exposure. A portable air 

quality monitor (S-500) was used to 
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measure the amount of gasoline vapour 

inhaled by each group of rats.  

Collection of Blood/Tissue Samples: At 

the end of the exposure duration of 21 days, 

each group of rats were anaesthetized and 

killed. A 5 ml syringe was used to collect 

blood samples from the rats by cardiac 

puncture. The blood was collected from the 

left ventricle. Blood samples were put in 

plain bottles so as to obtain the serum. Sera 

obtained after centrifugation was used for 

the estimation of oxidative. The rats were 

decapitated and the entire nasal tissues were 

obtained from the tip to the ending 

connexion with the olfactory bulb. The 

olfactory epithelium was removed and 

separated from the respiratory epithelium. It 

was fixed by immersion in 4% 

paraformaldehyde in phosphate buffer 

saline.  

Statistical Analysis: Data was expressed as 

Mean ± SEM (standard error of the mean) 

and one-way Analysis of Variance was 

utilized to analyze experimental data. Least 

significant difference multiple tests were 

utilized to compare between the group mean 

and the control. Differences were 

considered significant at P< 0.05.  

 

 

 

 

 

 

 

 

 

 

RESULTS  

Readings for Gasoline Vapour 

Evaporated During Exposure: The 

concentration of gasoline each group of rats 

were exposed to was recorded in parts per 

million (ppm). Each of the groups had the 

following readings: 5 min exposure 

(16,737ppm), 10 min exposure (20,240 

ppm), 15 min exposure (23,077ppm), 20 

min exposure (27,344ppm), 25 min 

exposure (30,920ppm) and 30 min exposure 

(34,458 ppm).   

Assessment of Oxidative Stress Markers:

 There was no significant decrease in 

serum SOD levels (P>0.05) in the exposure 

groups compared to the control. Fig. 1. 

There was significant increase in MDA 

levels (P<0.05) in the exposure groups Fig. 

2.while there was significant decrease in 

CAT levels (P<0.05) in the exposure 

groups. Fig 3. 

 

Figure 1:  Thelevels of superoxide dismutase (SOD) (p>0.05) 
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Figure 2: The levels of malondialdehyde (MDA) (p<0.05)    

 

Figure 3:  The levels of catalase (CAT) (p<0.05) 
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Nasal Epithelium Histopathology: The olfactory epithelium of the control group was 

observed to have a normal epithelial lining as shown in fig 4. Following exposure to gasoline 

for 5minutes; there was a loss of sustentacular cells as well as proliferation of basal cells in 

the olfactory epithelium shown in fig 5. Loss of sustentacular cells, proliferation of basal cells 

and thinning of the olfactory epithelium was observed after exposure for 10 minutes shown in 

fig 6. After exposure for 15 minutes there was a loss of the apical surface of the olfactory 

epithelium as well as loss of the sustentacular cells and proliferation of basal cells shown in 

fig 7. Exposure for 20 minutes resulted in loss of sustentacular cells, proliferation of basal 

cells and further loss of the apical surface of the olfactory epithelium shown in fig8. After 

exposure for 25 minutes proliferation of the basal cells and total loss of the apical surface of 

the olfactory epithelium was observed as shown in fig 9. 30 minutes exposure, presented with 

loss of the olfactory epithelium and apoptosis shown in fig 10.    

 

Figure 4:  Normal epithelial lining (OE), Sustentacular cell (SC), Basal cell (BC) (H&E 

  x500) (control group) 
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Figure 5:  Loss of Sustentacular cells (SC) and proliferation of basal cells (BC),  

  Olfactory epithelium (OE).  (H&E x500) (5 min exposure) 

 

 

Figure 6:  Loss of sustentacular cells (SC), proliferation basal cells (BC) and thinning of 

  the olfactory epithelium OE. (H&E × 500) (10 min exposure) 
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Figure 7:  Loss (L) of apical surface of olfactory epithelium (OE), loss of sustentacular 

  cells (SC) and proliferation of basal cells (BC) (H&E × 500) (15 min  

  exposure)  

 

Figure 8:  Loss of sustentacular cells (SC), proliferation of basal cells(BC) and further 

  loss (L) of the apical surface of the olfactory epithelium(OE) (H&E × 500) (20 

  min exposure) 
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Figure 9:  Proliferation of basal cells (BC), total loss of apical surface of olfactory  

  epithelium (L) (H&E × 500) (25 min exposure) 

 

Figure 10:  Loss of olfactory epithelium (L), apoptosis (A) (H&E × 500) (30 min  

  exposure)  
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DISCUSSION 

The present study was carried out to 

evaluate the effect of gasoline vapour 

inhalation on the levels of oxidative stress 

markers (MDA, SOD and CAT) and the 

olfactory epithelium. Gasoline is found 

abundantly in the atmosphere as a result of 

its volatile nature hence lots of Nigerians 

are exposed to it 26-27. A common channel of 

exposure to the toxic substances found in 

gasoline is by inhalation due to its high 

vapour pressure 9-10.   

In this study the histopathological 

examination of the olfactory epithelium 

revealed loss of sustentacular cells, 

proliferation of basal cells, loss of apical 

surface of the olfactory epithelium and 

cellular apoptosis. It was stated 28that nasal 

tissue contact with chemicals during 

breathing may affect the longevity of the 

olfactory epithelium cells. This was 

observed in this study in which as the 

olfactory epithelium was exposed to 

gasoline, there was loss of sustentacular 

cells. In another study29 it was also reported 

that there was loss of sustentacular cells 

after exposure of the olfactory epithelium to 

nickel. The progression from cell loss to 

apoptosis in this study can be linked to 

another work30—31in which it was reported 

that the outcome of the olfactory mucosa 

after contact with a pollutant is dependent 

on the duration of the contact and the 

concentration of the pollutant.  In this study 

the cells in the olfactory epithelium 

progressed from cellular loss to cellular 

apoptosis which could be explained as 

occurring due to increase in the duration of 

exposure. It was reported 32that elevation in 

epithelial proliferation is a true indicator of 

toxic chemicals in the air. This report could 

explain the proliferation of basal cells which 

occurred after exposure to gasoline in this 

study. Despite the position of the olfactory 

epithelium from the main airstream, 

xenobiotics still readily get to this region 33.   

The sustentacular cells have been reported 

to have a tremendous capacity for 

xenobiotic metabolism34. The findings from 

the histopathological examination of the 

olfactory epithelium in this study can be 

stated to be as a result of the interaction of 

gasoline with the xenobiotic metabolizing 

enzymes in the sustentacular cells and the 

bowman’s glands.     

One of the terminal end products of 

polyunsaturated fatty acids peroxidation in 

cells is MDA which is a marker of oxidative 

stress 35. Lipid peroxidation helps in the 

assessment of deterioration brought about 

by free radicals on membrane lipids 36.  In 

this study a significant increase in the level 

of MDA was observed in all the groups 

exposed to gasoline. This could explain the 

deterioration in the state of the sustentacular 

cells observed in this study. A study 37 

reported a significant increase in lipid 

peroxidation after rats were exposed to 

leaded gasoline for 30mins/ day for 6 

weeks. Another study 38 reported an 

increase in MDA and a decrease in SOD 

and CAT in rats after exposure to gasoline 5 

mins/day for 8 weeks. These reports back 

the findings in this study and can further 

suggest that short term exposure to gasoline 

results in the occurrence of lipid 

peroxidation. The net result of oxidative 

stress is damage to the cellular frame work, 

function of the enzyme and stability of the 

genome39.  Results from a study 21stated a 

decline in SOD levels after exposure to 

gasoline for 30 mins/day for six weeks. It 

was reported 18that there was an increase in 

MDA and a decrease in SOD and CAT 

among filling station workers. The results of 

this present study indicated that exposure of 

rats to gasoline for 5-30 mins/day for 21 

days resulted in oxidative stress as seen in 

the increase in MDA and the decrease in the 

SOD and CAT levels.  

CONCLUSION 

The results from this study indicated that 

gasoline exposure could bring about 

alteration in the histoarchitecture of the 
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olfactory epithelium as well as result in 

oxidative stress in Wistar rats. 
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