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ABSTRACT 

Kerosene is used extensively in the developing world as fuel and indiscriminate exposure is 

common. The aim of this study is to determine how early in the course of exposure to small 

quantities of kerosene antioxidant micronutrient alterations occur. Thirty female rats were 

divided into five groups. Rats in groups 1 & 2 were treated with 0.3 ml/kg body weight of 

kerosene via oral or dermal route respectively; groups 3 and 4 received the same treatment. 

Group five served as the control. While groups 1 & 2 study was terminated after 1 week, 

exposure was for 3 weeks for groups 3 and 4. Irrespective of the route of administration, after 1 

and 3 weeks kerosene exposure only zinc, copper, selenium and manganese were significantly 

decreased compared with control.  In addition, of all the vitamins only niacin, riboflavin, 

thiamine and vitamin D were significantly decreased at the end of 1 week; although all vitamins 

were significantly decreased by the end of the third week. The toxic effects of kerosene were 

demonstrated through the results of this study, with antioxidant vitamins and minerals being 

depleted by the first week and the depletion persisting till the third week.    

Keywords: kerosene; micronutrients; sub-chronic study. 

 

 

 

 

 

 

 
 

 

*Corresponding Author Email: lapeiyanda@yahoo.com 

Received 21 March 2014, Accepted 26 March 2014 
 

mailto:lapeiyanda@yahoo.com


Iyanda ., Am. J. Pharm Health Res 2014;2(4)     ISSN: 2321-3647 

www.ajphr.com  83 

 

INTRODUCTION 

Kerosene, one of the products obtained from fractional distillation of petroleum crude is widely 

used in the non-electrified parts of many developing countries, especially of Asia and Africa; in 

these regions it is used generally as fuel for lightening and cooking purposes. Many studies have 

established that exposure to kerosene through either the dermal or oral route is toxic in a number 

of mammalian species e.g. mice, rats, rabbits and guinea pigs 
1-3

. Such toxicity has not only been 

reported with high level of exposure but at low level as well 
4
. Its harmful effect has also been 

suggested in fuel attendants working in filling stations as well as workers who come in contact 

with JP-8 jet fuel, a kerosene-based product, known to contain both gasoline and kerosene.  

The results of an earlier study 
5
 has suggested that even at low level of exposure, this product is 

capable of inducing alterations in the levels of a number of elements (Zn, Cu, Se) and 

biomolecules (vitamins A, C, E); essential components of the antioxidant defense system. The 

reduction in the levels of many of these antioxidants was linked to a probable increase in level of 

reactive oxygen/nitrogen species produced as a result of kerosene exposure.   

In most cases increase in free radical generation with concomitant reduction in antioxidant levels 

has been described to play a role in many disease conditions e.g. cardiovascular disease, cancer 
5. 

The aim of this study is to identify how early in the course of exposure to small quantities of 

kerosene, antioxidant micronutrient alterations occur. This will be achieved by estimating the 

levels of serum micronutrients by the end of the first week of daily exposure of Wistar rats to 0.3 

ml of kerosene/kg body weight (BW). Moreover, by comparing the result of the first week of 

exposure with that of the third week, the degree of oxidative stress with repeated exposure can 

also be assessed.    

MATERIALS AND METHODS 

Experimental Animals:  

Fourteen week-old female Wistar rats (230 g) procured from the Experimental Animal Unit of 

the Faculty of Veterinary Medicine, University of Ibadan, Nigeria, were used for the study. They 

were treated in compliance with national and international laws and guidelines for care and use 

of laboratory animals in biomedical research Institutes of health (revised 1985). Of the rats used 

for the study, twelve of them were randomly selected and divided into 2 groups comprising of 6 

rats per group and each group was treated with kerosene (obtained from Mobil filling station 

located in Osogbo, Nigeria) either through dermal route or oral route (as contaminant of feed) 

and the study terminated by the end of the first week of daily exposure. Twelve additional rats 

http://www.ajphr.com/


Iyanda ., Am. J. Pharm Health Res 2014;2(4)     ISSN: 2321-3647 

www.ajphr.com  84 

 

were treated the same way but the study was terminated by the end of the third week. Six other 

rats served as the control. Trace quantity of kerosene, that is 0.3 ml of kerosene/kg body weight 

was adopted 
5
 as quantity sufficient to study the toxic effect of trace amount of kerosene for both 

routes of exposure.  

While due to the volatility of the components of this product, kerosene was mixed thoroughly 

daily with the feed; dermal exposure was carried out by discharging kerosene directly on the skin 

of each rat. Daily kerosene exposure took place between 10:00 and 12:00 hours. The blood was 

collected through retro-orbital bleeding and discharged into anti-coagulant free bottle, 

centrifugation was carried out at 3000 g for ten minutes, the serum obtained was kept at - 20ºC 

until required for analysis. These animals were kept in the Animal House attached to the 

Department of Veterinary Physiology of the same University. The animals were left to 

acclimatize for two weeks prior to commencement of the experiment. Animals were housed in 

cages at ambient temperature of 23±3°C and a 12 h light, 12 h dark cycle and given unrestricted 

access to water and their respective feed. 

Estimation of serum minerals and vitamins:  

While riboflavin, folic acid, thiamine, niacin, pantothenic acid, and vitamins A, B6, C, D and E 

were estimated in the serum using the High Performance Liquid Chromatographic technique 

(HPLC); levels of Zn, Cu, Se, Mn, Mg, Co, Cr, Fe and Mo were quantified using the Atomic 

Absorption Spectrometric method. The HPLC equipment supplied by Waters® Corporation 

Milford, Massachusetts USA and equipment Buck Scientific 205 Atomic Absorption (Buck 

Scientific, East Norwalk, Connecticut, USA) were used for these estimations.  

Statistical analysis:  

The degree of significant difference between the serum levels of the vitamins and elements of 

control and each of the treatment groups was determined using Student’s t test; on the other 

hand, inter-group comparison among the two different routes of exposure and the control was 

carried out by using analysis of variance (ANOVA). A p value of ≤ 0.05 was considered 

significant. SPSS package version 15 was used for this purpose. 

RESULTS AND DISCUSSION  

Normally in aerobic organisms, reactive oxygen species (ROS), examples of which are 

superoxide (O2−), hydrogen peroxide (H2O2), and hydroxyl radicals (OH) are physiologically 

generated as by-products of metabolism 
6.
 These species induce oxidative stress and  cause not 

only oxidative damage to biological macromolecules such as DNA, protein, and fatty acids but is 
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also associated with a number of negative effects; examples being many pathological conditions 

6
, cell death 

7
, and functional changes to the proteosome and lysosomal systems of lipid 

metabolism 
8
. Another reason why ROS are very toxic is the fact that in the course of 

transforming a species to non-toxic components, a more highly species may be generated. For 

example, it is known that superoxides are changed into H2O2 by superoxide dismutase (SOD), 

and H2O2 is further detoxified into H2O by catalase. Some of the hydrogen peroxide molecules 

can be changed into highly toxic hydroxyl radicals by Fenton reactions and Haber-Weiss 

reactions leading to serious cellular damage 
9,10

. This means the activities of all these enzymes 

must be in equilibrium for effective removal of ROS. 

As Ames et al.
6
 have rightly suggested, that though all living organisms produce reactive oxygen 

species (ROS), such as O2 − (superoxide), H2O2 (hydrogen peroxide), and OH (hydroxyl 

radical), they also are equipped with effective defense mechanisms to degrade ROS during 

normal metabolic processes in oxygen exposed environments. These defense mechanisms 

involve antioxidants. Some of these antioxidants include not only antioxidant enzymes but 

essential elements (Zn, Cu, Mn, Se) and vitamins- both water and lipid soluble (e.g. vitamins A, 

C, E).  

In most cases of xenobiotic study, in which the capability of an agent to induce oxidative stress is 

studied, not only the activities of antioxidant enzymes but the levels of minerals and vitamins 

that possess antioxidant properties are assessed. This is because the deficiency or depletion of 

micronutrients as a result of xenobiotic exposure is capable of initiating an array of biochemical 

abnormalities in a living system. Many of these elements are either integral part or cofactors for 

the antioxidant enzymes, aside that they are also known to play significant role in other 

biochemical processes that are not directly related to combating damaging effects of oxidative 

stress. This means that apart from oxidative stress-induced diseases, other pathological 

conditions that have been linked with micronutrient alteration may begin to manifest in 

individuals exposed to kerosene. Results of the study have revealed that kerosene exposure 

induced significant decreases in the serum levels of antioxidant vitamins (A, C, E) and minerals 

(Se, Mn, Zn, Cu) as shown in Tables 1 and 4.  

The significant decrease in the plasma concentrations of water soluble vitamin, ascorbic acid, an 

important extracellular antioxidant that is capable of completely inhibiting oxidative 

modification of lipids by aqueous peroxyl radicals 
11

; may not be unassociated with the fact that 

it is known to disappear faster than other antioxidants when plasma is exposed to oxygen free 

radicals, due in part to its sparing effects on other antioxidants. This therefore suggests that the 
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Table 1: Serum levels of zinc, copper, selenium and manganese in rats administered with trace quantity of kerosene 

     1 week  3 weeks 

 Zn (µmol/L)  

** 

Cu 

(µmol/L) ** 

Se(µmol/L)  

** 

 Mn (nmol/L) 

**  

 Zn(µmol/L)  

**   

Cu(µmol/L)  

** 

Se 

(µmol/L)**  

Mn  (nmol/L) 

**  

Control                  18.43±1.37  16.59±2.10  1.50±0.10 159.19±14.43  18.43±1.37 16.59±2.10  1.50±0.10  159.19±14.43 

Oral  15.14±1.38* 12.82±1.52* 0.93±0.06* 121.89±12.67* 10.161.03* 10.00±1.11* 0.80±0.07* 109.00±11.99* 

Dermal 16.47±1.71* 16.15±1.92 1.29±0.09* 140.96±23.02 13.65±1.27* 13.51±2.02* 1.01±0.09* 128.26±18.04* 

Results are expressed as mean ± standard deviation. *p <0.05 is significant when compared with control using Student’s t test. ** P < 0.05 

when control, dermal and oral groups were compared using ANOVA, n=6.  

Table 2: Serum magnesium, iron, magnesium, chromium, molybdenum and cobalt in rats administered with trace quantity of 

kerosene- 1 week study 

     1 week 

 Fe 

(µg/dl)** 

Mg 

(mmol/L)** 

Cr 

 (nmol/L) 

Mo 

(nmol/L) 

Co 

 (nmol/L) 

Control                 129.60±5.11 1.20±0.10 236.01±30.86  11.57±0.64  8.01±0.86 

Oral 104.67±7.84* 1.04±.07* 240.17±27.03 12.01±0.40 7.74±0.59 

Dermal 117.32±5.53* 1.31±0.09* 229.00±40.06 11.39±0.83 7.97±0.77 

Results are expressed as mean ± standard deviation. *p <0.05 is significant when compared with control using Student’s t test. ** P < 0.05 

when control, dermal and oral groups were compared using ANOVA, n=6. 

Table 3: Serum magnesium, iron, magnesium, chromium, molybdenum and cobalt in rats administered with trace quantity of 

kerosene- 3 weeks study  

     3 weeks  

 Fe (µg/dl) 

** 

Mg(mmol/L) 

** 

Cr 

 (nmol/L) 

Mo 

 (nmol/L) 

Co 

 (nmol/L) 

Control                 129.60±5.11 1.20±0.10 236.01±30.86  11.57±0.60  8.01±0.86 

Oral 91.03±5.01* 1.11±0.07* 240±40.50 11.15±0.58 6.18±0.54* 

Dermal 107.59±7.26* 1.15±0.05* 231.79±42.06 1.16±0.44 6.49±0.76* 

Results are expressed as mean ± standard deviation. *p <0.05 is significant when compared with control using Student’s t test. ** P < 0.05 

when control, dermal and oral groups were compared using ANOVA, n=6. 
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Table 4: Serum levels of antioxidant vitamins in kerosene administered rats. 

 1 week 3 weeks 

 Vitamin  A 

(µmol/L) ** 

Vitamin C   

(mmol/L)** 

Vitamin E 

(µmol/L) ** 

Vitamin A 

(µmol/L) ** 

Vitamin C   

(mmol/L)** 

Vitamin E 

(µmol/L) ** 

Control  2.89±0.31 48.71±6.00  18.55±1.34 2.89±0.31 48.71±6.00  18.55±1.34 

Oral 2.15±0.37* 40.00±5.38* 14.16±2.09* 1.60±0.29* 32.21±4.89* 11.77±1.55* 

Dermal  2.48±0.28* 45.64±4.06* 16.49±2.66* 1.94±0.36* 37.64±7.33* 13.98±3.07* 

Results are expressed as mean ± standard deviation. *p <0.05 is significant when compared with control using Student’s t test. ** P < 0.05 

when control, dermal and oral groups were compared using ANOVA, n=6. 

Table 5: Serum vitamin levels in rats administered with trace quantity of kerosene- 1 week post-administration. 

 Riboflavin 

(nmol/L) ** 

Folic  

(nmol/L) 

Niacin  

(nmol/L) ** 

Thiamine 

(nmol/L)** 

Pyridoxine(

nmol/L) 

Pantothenic 

acid(µmol/L) 

Vitamin D 

(nmol/L)** 

Control  883.08±56.08  15.10±2.09 59.02±6.07  114.88±12.78 59.42±6.54 1.97±0.11 121.05±14.96 

Oral 731.05±49.94* 15.02±3.11 54.48±7.14* 101.90±9.30* 58.38±5.81 1.96±0.14 105.33±11.65* 

Dermal  799.60±36.03* 14.86±3.70 60.05±11.05 106.09±8.64* 57.72±7.76 1.84±0.09 119.61±15.09 

Results are expressed as mean ± standard deviation. *p <0.05 is significant when compared with control using Student’s t test. **P < 0.05 when 

control, dermal and oral groups were compared using ANOVA, n=6. 

Table 6: Serum vitamin levels in rats administered with trace quantity of kerosene - 3 weeks post-administration 

 Riboflavin 

(nmol/L) ** 

Folic  

(nmol/L)** 

Niacin  

 (nmol/L)** 

Thiamine 

(nmol/L)** 

Pyridoxine 

(nmol/L)** 

Pantothenic 

acid(µmol/L)** 

Vitamin D 

(nmol/L)** 

control  883.08±56.08  15.10±2.09 59.02±6.07  114.88±12.78 59.42±6.54 1.97±0.11 121.05±14.96 

Oral 700.28±48.98* 12.04±1.95* 51.51±5.09* 89.35±6.63* 46.06±6.61* 1.43±0.09* 91.57±11.50* 

Dermal  801.02±55.42* 13.11±3.66* 52.18±7.72* 94.65±9.14* 51.30±8.03* 1.61±0.10* 106.19±13.02* 

Results are expressed as mean ± deviation. *p <0.05 is significant when compared with control using Student’s t test. **P < 0.05 when control, 

dermal and oral groups were compared using ANOVA, n=6. 
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significantly lowered ascorbic acid levels in kerosene exposed states compared with control may 

be linked to increased oxidative stress. A strong synergism exists between thiols and ascorbic 

acid since regeneration of ascorbic acid requires thiols; diminished plasma thiol levels might be 

responsible for the low levels of ascorbic acid 12. 

The low levels of antioxidants in the first week of exposure could be a result of this increased 

oxidative stress; in addition it is possible that their low values aggravated the free radical damage 

and may increase the chance of tissue damage by the end of the third week of exposure. Other 

antioxidant vitamins (A, E) that their depletion have been linked with an array of medical 

conditions were also significantly reduced. Their depleted levels can also be associated with 

increased consumption originating from increase utilization as co-enzymes of processes involved 

in the transformation of constituents of kerosene e.g. benzene, naphthalene, e.t.c. Although 

decreased absorption as a result of either alteration of the functional integrity of the cells of the 

gastro-intestinal tract or interaction between trace elements or vitamins and constituents of 

kerosene like benzene and naphthalene is also a possibility as it had been suggested in an earlier 

study 
5
.  

This is doubtful though since Mo and Cr were not significantly different in rats in both 1 and 3 

weeks groups compared with control as shown in Tables 2 and 3. In addition to this, folic acid, 

pantothenic acid and pyridoxine were not significantly changed after 1 week for both routes of 

exposure. The fact that some depletions were as a result of a gradual loss of cellular function can 

be deduced from the fact that by the end of the 3 weeks of exposure significant decreases were 

recorded also for Co as revealed in Table 3. As shown in Table 5 and 6, the result of thiamine, 

riboflavin and niacin which have been identified to possess some measure of antioxidant 

properties was similar to that of other antioxidants such as vitamins A, E, C, Zn, Cu, Se, Mn that 

were significantly reduced after the first week of exposure.  

A point of interest is that, the results of an earlier study 
5
 carried out also in female rats of the 

same strain as those used for this study has established that all the elements were significantly 

altered in rats in which kerosene has been administered through oral route compared with 

control. The results of this study revealed that, not only at 1 week but also after 3 weeks Cr was 

not significantly changed compared with control (as shown in Tables 2 and 3). The difference in 

serum Cr presentation observed for the two studies can be attributed to differences in doses 

administered and durations of exposure. While a dosage level of 0.3ml/kg and 1 and 3 weeks 

were adopted for this study, a higher dose of 0.4 ml/kg and 30 days were adopted for the earlier 

study of exposure period of 4 weeks [5]. One may therefore suggest that either the higher dose or 
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cumulative effects of longer period of exposure resulted in significantly higher serum level of Cr 

in rats treated with kerosene recorded for the earlier study but not the present one. Other 

presentations that may be attributed to these are that both folic acid and pyridoxine that were 

significantly lower compared with control in rats treated with kerosene in the past study were not 

significantly different in the rats used for the present study. On the other hand, the non-

significant difference in pantothenic acid levels in both studies is indicative that this biomolecule 

is not altered in kerosene exposed state at least in the female Wistar strain.  

CONCLUSION 

The results of this study suggest that micronutrient depletion is a common occurrence in Wistar 

rats when exposed to kerosene and further raises the possibility that this level or pattern of 

exposure may manifest micronutrient depletion in human subjects  
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