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ABSTRACT 
 
Fenitrothion or Sumithion [o,o-dimetyl-o-(3-methyl-4-nitrophenyl) phosphorothiote] is an 
organophosphorus pesticide widely used in agriculture and public health programmes. This 
experimental study aimed to evaluate the morphological changes in lungs due to ingestion of this 
pesticide. The study was performed on 20 male Sprague-Dawley rats. Ten rats were used as 
control group while another 10 received fenitrothion (FNT) by oral gavage for 28 consecutive 
days. The animals were sacrificed at the end of treatment period and lung was isolated for 
histopathology purpose. Rats in FNT group exhibit cholinergic signs such as hypoactivity, 
tremor, lacrimation and piloerection. At the end of the study, the body weight of the FNT group 
was significantly lower than the control group. However, the difference in the lung weight 
between control group and FNT group was not significant. Histological examination using light 
microscope revealed there is disruption of alveolar walls, swollen alveolar cells, inflammation 
cells and cells necrosis. Terminal bronchiole also showed destruction of its lining. Presence of 
highly infiltrate MALT was noted in the rats of FNT group. The results suggest that ingestion of 
FNT could cause damage and injury towards lung tissues as well as lung toxicity in male 
Sprague-Dawley rats. It is also suggested that this pesticide leads to neurotoxicity and induces 
the immune system. 
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Introduction 
Organophosphate compound are widely used in agriculture, domestic as well as in public health 
programs 21. One of the most common organophosphorus pesticides is fenitrothion 7. 
Fenitrothion [o,o-dimethyl-o-(3-methyl-4-nitrophenyl) phosphotioate] is mainly used for 
controlling insects on rice, fruits, vegetables and in forest areas. Although FNT have low toxicity 
in mammals 12, a number of studies on the side effects including liver 3, kidney 11, lung 1-2 and 
reproductive system 15 have been done.  

Organophosphate poisoning have been reported to occur either by occupational, 
accidental or suicidal. Poisoning of parathion occupationally also been reported to occur in 
several orange pickers 21. Most organophosphate poisoning occurs through oral route. 
Organophosphorus pesticides concentration in poisoning cases showed the highest values are in 
fat tissues and followed by several organs including lung 12. Since FNT is widely used in 
agriculture and public health programmes, it increases the risk of subacute lung toxicity due to 
ingestion of FNT. This is because subacute toxicity is more likely to occur after continuous 
ingestion of small quantities of pesticidal chemical through foodstuff 11.  

Lung toxicity is a major concern to the public in regard to organophosphorus pesticides 
especially in aerosolized form. This is because respirable small size spray droplet could 
accidentally been exposed to human via inhalation 1-2. Apart from inhalation, human are exposed 
to organophosphorus pesticides through oral and dermal route. In oral route, ingestion of 
organophosphorus pesticides may have been occupational, accidental or suicidal. Therefore, the 
aim of the study was to determine the histopathological changes of lung on male Sprague-
Dawley rats induce with FNT. 

 
 
Materials and Methods  

Chemicals and Equipments 

Fenitrothion [o,o-dimethyl-o-(4-nitro-m-tolyl) phosphorothioate, CAS 122 – 14 – 5, 99 % purity] 
was obtained from Supelco Analytical (USA). It was diluted in corn oil for the final test 
concentration. 
 
Animal & Treatment 
Twenty male Sprague-Dawley rats weighting between 200 – 250 g were used animal in this 
experiment. The rats were obtained from Animal Resource Unit, Faculty of Medicine, Universiti 
Kebangsaan Malaysia (UKM), Kuala Lumpur. All rats were handled in accordance with the 
standard guide for the care and use of laboratory animals. After acclimation period, the rats were 
randomly divided into two groups, control (corn oil) and FNT supplementation group (20 
mg/kg). The substances were administered for 28 days continuously through oral gavage. Rats in 
each group were sacrifices and dissected at the end of treatment. Body weight and lung weight 
was recorded. Lung was isolated for histopathology study.  
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Histopathological examination 
For histologic studies, the lung were dissected and fixed in 10% formalin. The fixed tissues were 
dehydrated in ascending series of ethanol, cleared in toluene and embedded in paraffin wax. The 
paraffin block were sectioned at 4-5 μ using a microtome and stained with hematoxylin and eosin 
(H&E). The stained tissues were observed using OLYMPUS BX41 camera microscope. 
 
Statistical method 
Normality test was done. Independent t-test was used to assess statistical significance between 
the two groups and dependent t-test for within group. The difference is considered to be 
significant at P< 0.05. All values were expressed as means ± SEM. 
 
 
RESULT 

Signs of toxicity  

Signs of toxicity such as hypoactivity, tremor, lacrimation and piloerection could be seen in rats 
of FNT group. All rats in FNT group showed piloerection of fur while six suffered from tremor. 
Lacrimation only presence in two of the rats in the treatment group. All signs of toxicity start to 
occur after 2 hours of oral gavage. Hypoactivity and lacrimation end after 2 days while tremor 
and piloerection persists during the treatment period, 28 days. 
 
Mean body weight, absolute and relative lung weight  

Figure 1 showed body weight between control and FNT group weekly for 4 weeks.  FNT caused 
significant reduction in body weight by week as compared to control group. Figure 2 and 3 
showed absolute and relative lung weight respectively between control and FNT group. 
Induction of FNT did not cause any significant difference in both absolute and relative lung 
weight. 

  

Discussion 

Ingestion of 20 mg/kg bw of FNT resulted a few cholinergic sign in rats. Lacrimation and 
piloerection are most prominent signs indicating disturbance of autonomic nervous systems. 
Tremor in the other hand is a common sign indicating neurotoxicity 14. FNT can cause 
neurotoxicity by inhibiting acetylcholinesterase (AChE) in the nervous system. 
Acetylcholinesterase is an enzyme that degrade or hydrolyse the acethylcholine (ACh), a 
neurotransmitter 7,8,16,19. ACh is mainly found at the neuromuscular junctions and cholinergic 
nervous system. It serves to terminate synaptic transmission.  

Rats in FNT group showed significant reduced weight gain when compared to control 
group at the end of treatment period. This result is consistent with previous study 12-14. High 
energy is required in biotransformation of FNT into its metabolites such as fenitrooxon and 3-
methyl-4-nitrophenol 5. Penetration of FNT and its metabolites from bloodstream into the lung 
also requires energy. These energy is obtained through breakdown of carbohydrates (food), thus 
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resulting it to be used rather than being stored as fat. Hence, resulting the rats in FNT group to 
have lowered weight gain compared to control group.  
FNT group have lowered lung weight compared to control group, however, statistical analysis 
reveals no significant difference. Previous study 6 suggested direct correlation of body weight 
loss with morphological alteration in terminal bronchiolar epithelium by trialkyl 
phosphorothiotes, an impurity in organophosphorus pesticides. This may explain the relation on 
body weight loss, lung weight loss and morphological changes in the lung. Morphological 
changes such as destruction of terminal bronchiole lining and necrosis of cells may result in 
weight loss of the lung.  Loss of the cells’ weight itself leads to the loss of lung weight as cell is 
basic unit. Decreased in lung weight will also contribute to loss of body weight. 
In the present study, only male Sprague-Dawley rats are used. This is because male animal are 
generally more sensitive to the acute effect of FNT compared to female animal 14. FNT was 
given orally by oral gavage rather than in the diet in order to control its daily intake 
independently from the food requirement of the animals. This will avoid nutritional problems 
created by the unpleasant taste of FNT in the food. Thus, allowing the treatment with sufficient 
dose to be carried out 20.  
Oral administration of 20mg/kg bw of FNT resulted in several morphological changes in rats’ 
lung. Destruction of the bronchiole lining at the terminal bronchiole was never been reported in 
previous studies. Study 6 on O,O,S-Trimethyl Phosphorothioate, an impurity found in FNT only 
highlighted the extensive amount of cellular debris in the terminal bronchiole. Ingestion of FNT 
also resulted in swollen of alveolar cells. This result is similar to those reported in pulmonary 
effect of deltamethrin through inhalation route 4-6,13. A slightly disruption of alveolar walls as 
well as necrosis of cells is seen although lung is not the vital organ which come in contact 
through ingestion route. These results could be due to penetration of FNT and its metabolites 
such as fenitrooxon and 3-metyl-4-nitrophenol into lung tissues through bloodstream since 
alveolus is surrounded by a network of capillaries.  
Once in the lung, the FNT will undergo biotransformation as lung also possess metabolizing 
enzyme, cytochrome P450 mixed function oxidases and flavin-containing monooxygenase. Both 
cytochrome P450 mixed function oxidases and flavin-containing monooxygenase utilize 
NADPH and oxygen to peform oxidative desulfuration which yield oxon of the parent 
compound. Apart from these enzymes, rats’ lung also possesses glucuronosyl transferase in a 
medium amount compare to liver and kidney. Glucuronosyl transferase involves in glucosylation 
which transfers glucose from uridine diphosphate glucose to FNT 18. Biotransformation process 
will yield a highly active metabolite, fenitrooxon and other inactive metabolites. These 
metabolites as well as FNT itself may accumulate in lung tissue if ingest continuously 5. 
MALT is a diffuse lymphatic tissue because of its association with mucus membrane that 
exposed to the external environment. MALT is located to intercept antigens and initiate immune 
system. Thus, presence of MALT in control group is considered normal as respiratory passage is 
exposed to external environment. Once it is in contact with antigen, they will travel to the 
regional lymph nodes where they undergo proliferation and differentiation. Progeny of these 
cells return as effector of B and T lymphocytes 9,17. At this point, MALT which consists of 
numerous lymphocytes may infiltrate the epitelium. Plasma cells, mast cells, eosinophils and 
fibroblast may also present. In this study, presence of highly infiltrated MALT in the FNT group 
indicates FNT or its metabolites act as an antigen that initiate immune response. Presence of 
inflammation cells is also consistent with the study done 10,13. It is suggested that in this present 
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study, mix of acute and chronic inflammation cells are present. However, it is hard to 
differentiate whether the inflammation cells are mainly neutrophils and/or lymphocytes. 
 
 

Conclusion  

Several changes in lung morphology could be seen in FNT group such as disruption in terminal 
bronchiole lining and alveolar wall, swollen of alveolar cells and necrosis of cells. These 
findings seem to indicate that FNT caused damage and injury to lung tissue. Thus, suggesting 
that FNT may cause lung toxicity through oral route. Presences of inflammation cells and highly 
infiltrated MALT in FNT group suggested that FNT also act as antigen that induces the immune 
system. As a conclusion, FNT caused morphological alterations of lung in male Sprague-Dawley 
rats. 
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Figure 1. Graph showed the body weight of control and FNT group. FNT 
caused significantly decreased in body weight (p<0.05). 

Figure 2. Graph showed the absolute lung 
weight of control and FNT group.  

Figure 3. Graph showed the relative lung 
weight of control and FNT group.  
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Figure 4. The lung of control rat showed 
normal  alveoli structure (H&E, 400X). 

Figure 6. The terminal bronchiole of control rat 
(H&E, 400X). 

Figure 7. The terminal bronchiole of 
fenitrothion group showed destruction of 
bronchiole lining (H&E, 400X). 

Figure 5. The lung of fenitrothion group showed 
alveolar cells are swollen. The cells show 
necrosis and alveolar walls are slightly 
disrupted (H&E, 400X). 
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Figure 11. The lung of fenitrothion group 
showed inflammation cells (H&E, 100X). 

Figure 10. The control rats showed normal lung 
structure (H&E, 100X). 

Figure 8. Presence of MALTs in a rat from 
control group (H&E, 400X). 

Figure 9. A focus of MALT in a rat from 
fenitrothion group. It is highly infiltrate with 
lymphocytes (  ) which is identified by small, 
round, dark-staining nucleus (H&E, 400X). 


