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Abstract 
In the present study, the freshwater fish, Oreochromis mossambicus were exposed to five different acute 
concentrations of Malathion like 0.626, 1.252, 2.503, 5.006 and 10.012 ppb for 96 hrs. The 96 h LC50 of 
Malathion for O. mossambicus was determined to be 0.5925±0.0625 ppb MAL/l. In addition, the study 
aimed to investigate the histopathological alterations of acute concentrations of Malathion in the gills. 
The most common histopathological changes in the gills of fish exposed to Malathion were characterized 
by thickening of secondary lamellae, hemorrhage at primary lamellae, epithelial lining in the tips, 
lamellar aneurysm, lifting up of epithelium, deformation of the cartilage core, erosion of secondary 
lamellae, cartilage tissue hypertrophy, shortening of the secondary lamellae, blood congestion in the 
secondary lamellae and curling of secondary lamellae. Ultimately, the study revealed that the degree of 
distortion of the gill was in proportion to the duration of exposure and concentration i.e., dose and time 
dependent.   
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Introduction 
Pollution problem is now encountered all over the world, with an increase in industrialization, 
urbanization, surplus use of agrochemicals such as insecticides, pesticides, herbicides, 
fungicides, etc. to improve yield of agricultural products. Among the different types of 
pesticides, organophosphates have become one of the widely used class of pesticides. The 
effects of exposure of aquatic ecosystem to these pesticides are difficult to assess because of 
their short persistent in water column due to low solubility and rapid degradation. Hence 
monitoring of these insecticides is important [1]. Malathion is one of the most effective 
organophosphorus insecticides used for the control of pest with relatively low human toxicity. 
Many reports have indicated that Malathion, even at low concentrations, harms fish. Alteration 
of growth parameters, haematological properties, swimming ability, and the depletion of some 
biochemical parameters (glycogen, cholesterol and total protein), have been reported after 
Malathion exposure in fish [2]. 
The toxicity studies are highly useful for sensitive species of an ecosystem that can be used to 
monitor in determining the indicator species, for a particular type of pollution. The results of 
toxicity are generally reported in terms of median lethal concentration LC50 and or median 
tolerance. Histopathological assessment has been increasingly recognized as an important tool 
for the assessment of the impact of environmental pollutants on aquatic animals [3-4]. The gill 
of fish is the main site of gas exchange, ion regulation and nitrogen waste excretion. When fish 
are exposed to environmental pollutants, these vital functions are deleteriously affected and the 
functional impairment of the gill can significantly damage the health of fish [5]. The present 
work has therefore been undertaken to assess the acute toxic effects of Malathion on the 
histology of gill of Tilapia, Oreochromis mossambicus. 
 
Materials and Methods 
The freshwater fish, Oreochromis mossambicus with a length of 10.57±1.69 cm and weight of 
17.16±6.45gm were collected from the local fishermen of Pazhayakayal fishing village of 
Thoothukudi District, Tamil Nadu, India. They were acclimatized to laboratory condition for 
10-15 days in FRP tanks of 500 litre capacity and were fed ad libitum with floating fish feed 
(Premium). The commercial grade of Malathion solution was prepared with distilled water for  
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acute toxicity studies. The test organisms were randomly 
selected and stocked in plastic tubs filled with five different 
concentrations of Malathion solution, obtained through range 
finding tests, i.e., 0.626, 1.252, 2.503, 5.006 and 10.012 ppb/ 
MAL with ten fishes per concentration. A plastic tub having 
diluent water without Malathion served as control. Care was 
taken to maintain a water level of 40 liter in each plastic tub 
including control tank. The experiment was conducted in 
duplicate. Static bioassay was carried out for a period of 96 h 
following standard methods [6]. The experimental 
concentrations were renewed after every 24 h during the 
period of bioassay. Mortality was noted at 24, 48, 72 and 96 h 
after exposure to MAL and data were subjected to Probit 
analysis [7] for the calculation of 24, 48, 72, 96 h LC50 value. 
After conducting bioassay for 96 h, fishes were collected from 
the first two concentrations and also from the control group as 
no fish were alive at the end of the bioassay in the last three 
concentrations. Then fishes were sacrificed and gill tissues 
were dissected out and cut into small pieces of 3 mm 
thickness and fixed in bouins fixatives for 24 h. Gill tissues 
were decalcified in Formic acid - Sodium Citrate solution for 
3 h. Fixed tissues were rinsed in tap water, dehydrated 
through a graded series of ethanol, infiltrated with xylene and 
then embedded in paraffin. Five-micron thick sections were 
prepared using the microtome from the tissue blocks and 
taken up on glass slides. The sections were deparaffinized in 

xylene, rehydrated through decreasing concentrations of 
ethanol, stained with hematoxylin and eosin [8], and then 
examined by light microscopy. 
 
Results and Discussion 
The fishes were exposed to five different concentrations of 
Malathion like 0.626, 1.252, 2.503, 5.006 and 10.012 
ppb/MAL for a period of 96 h. The results revealed a different 
mortality rate of fishes which ranged from 0 to 100 % 
showing that the mortality rate was totally dose and time 
dependent (Fig.1). The mean LC50, 95% confidence limits, 
slope, r2 and chi-square values of MAL for Oreochromis 
mossambicus are presented in Table 1. The 24, 48, 72 and 96 
h LC50 values of MAL were 4.0985, 2.182, 0.969 and 0.5925 
ppb MAL/l respectively (Fig.2). A direct relationship between 
exposure duration and concentration was clearly evident from 
the present bioassay test.  
There are many studies in concern with the toxicity of MAL 
on fish. Even at very low and lethal toxic concentrations, 
Malathion is known to harm different species of fishes as 
reported by various scientists. LC50 values were estimated to 
range from 0.25 to 15 ppm [9], 0.091 to 22.09 ppm [10] and 
0.06 to 7620 µg/l [11] depending upon the species and 
concentrations of Malathion. The LC50 values of Malathion 
for different fish species reported by various investigators are 
as below: 

 
Table. Median lethal concentrations of Malathion reported in the literature for different fish species 

 

Sl. No. Species Time LC50 values References 
1. Ameiurus melas 96 h 11.8 ppm Martinez and Leyhe [12] 
2. Brown Trout 96 h 101 ppb Durkin [13] 
3. Carassius auratus 96 h 4.71 ppm Naserabad [14] 
4. Channa punctatus 96 h 6.65 ppm Pandey [15] 
5. Cichlids 96 h 4.6 ppm Shao-Nan and De-Fang [9] 
7. Clarias batrachus 96 h 0.25 ppm Wasu [16] 
8. Clarias gariepinus 96 h 8.22 ppm Ahmad [17] 
9. Cyprinus carpio 96 h 15.24 ppm Sharmin [18] 
10 Esomus danricus 96 h 17.9 µg/l Das and Gupta [19] 
11. Gambusia affinis 96 h 0.7 ppb USEPA[20] 
12. Heteropneustes fossilis 96 h 10.7 ppm Begum and Mithra [21] 
13. Labeo rohita 96 h 5 µg/l Ullah [22] 
14. Ophiocephalus punctatus 96 h 16 μl/l Pugazhvendan [23] 
15. Oreochromis niloticus 96 h 1.06 ppm Al-Ghanim [24] 
16. Xiphophorus maculatus 96 h 12.05 ppm Sadeghi and Imanpoor [25] 

 
However, in the present investigation, 96 h LC50 value 
(0.5925 ppb) of Malathion for O. mossambicus was estimated 
to be lower than the studies mentioned in the above table. 
This might be due to the high toxic potential of the 
commercial grade of Malathion and variation in size of the 
fish used. The difference in the toxic potential of the 
pesticides may be attributed mainly to the susceptibility of the 
test animals and factors like fish size and weight, and 
environmental factors, such as temperature, pH, total 
alkalinity and dissolved oxygen [15]. 
Histopathological biomarkers are closely related to the other 
biomarkers of stress since many pollutants have to undergo 
metabolic activation in order to be able to provoke cellular 
change in the affected organism. Even a slight damage to the 
tissue may result in a stress to the fish. Respiratory distress is 
one of the early symptoms of pesticide poisoning. Gills are 
generally considered as good organ to indicate water quality 
[26]. They are the primary route for the entry of pesticide. They 
are primary respiratory organs and all metabolic pathways 
depend upon the efficiency of the gill for their energy and 
damage to this organ cause a chain of destructive events, 

which ultimately lead to respiratory distress [27]. 
The histological examination of sections of gill of control O. 
mossambicus showed normal cartilaginous core, secondary 
lamellae, blood vessels, primary lamellar epithelium, primary 
lamellae, respiratory epithelium and inter-lamellar region 
(Fig. 3). The histopathological investigation of gill of O. 
mossambicus exposed to acute MAL concentrations of 0.626 
and 1.252 ppb showed thickening of secondary lamellae, 
hemorrhage at primary lamellae, epithelial lining in the tips, 
lamellar aneurysm, lifting up of epithelium, deformation of 
the cartilage core, erosion of secondary lamellae, cartilage 
tissue hypertrophy, shortening of the secondary lamellae, 
blood congestion in the secondary lamellae and curling of 
secondary lamellae (Fig. 4 & 5). The histopathological 
observations made in the present investigations are in 
conformity to the studies done in gill of different species of 
fishes exposed to various kinds of pesticides. 
Mallatt [28] reported that branchial changes were common in 
freshwater fishes rather than in seawater fish. The exposure of 
the fish Sepat Siam (Trichogaster pectoralis) to lethal doses 
of Malathion caused numerous mucus cells along the 
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epithelium of gill filaments [29]. Rosety et al. [30] observed 
histopathological alterations in gills of gilthead seabream 
(Sparus aurata) after acute exposure to Malathion. The 
changes included secondary lamellae fusion, clubbing, 
hyperplasia, thickening of the basal membrane in the 
secondary lamellae, detachment of the epithelial layer 
triggered by strong edema and shrinkage of lamellar cells. 
Malathion induced histological modifications in gills of 
Carassius auratus gibelio [31]. These alterations included 
epithelial ruptures, secondary lamellae fusion, vascular 
congestion and hyperplasia of branchial epithelium in the 
gills. Pugazhvendan et al. [23] observed severe damage, 
noticeable edema and active secretion of mucous, destructed 
epithelial cells, curled lamellae which finally led to 
congestion and haemorrhage of gill structure of 
Ophiocephalus punctatus exposed to Malathion. Parikh et al. 
[32] investigated the toxic effect of dimethoate on the gill of 
Oreochromis mossambicus and observed changes like 
clubbing of secondary lamellae (telangiectasis), enlargement 
of primary lamellae, and loss of secondary lamellae at high 
dose. In common carp exposed to Malathion, the 

morphological changes, such as telangiectasia, blood lamellar 
congestion, hypertrophy of filaments, lamellar fusion were 
observed in the gill structure [33].  
 
Conclusion 
The present study demonstrated that Malathion is toxic to 
Tilapia, Oreochromis mossambicus and the histological 
observations showed that exposure to the toxic concentration 
of Malathion caused the alterations in the gill tissues of O. 
mossambicus to a greater extent. These degenerative changes 
are expected to adversely affect the physiological process of 
respiration and cause many abnormal effects in the fishes in 
due course. 
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Table 1: Mean LC50, slope, regression coefficient (R2) and Chi-square values for O. mossambicus exposed to acute concentrations of MAL 

 

Exposure Period Mean LC50 value (n=2) 95% Confidence limits Slope value R2 value Chi-square value 
24 h 4.0985 ± 0.1445 2.764 - 4.328 7.8528 ± 0.6757 0.777 0.0095 ± 0.0085 
48 h 2.182 ± 0.248 1.156 - 2.689 5.2958 ± 1.1196 0.897 0.9005 ± 0.7995 
72 h 0.969 ± 0.031 0.384 - 1.099 3.6817 ± 0.1265 0.860 1.21 ± 0.447 
96 h 0.5925 ± 0.0625 0.004 - 0.797 3.511 ± 0.3302 0.690 0.1425 ± 0.0445 

*Values are given as Mean ± Standard Error of Mean (SEM) 
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Fig 3: Photomicrograph of gill control. CTC - Cartilaginous Core, 
SL – Secondary Lamellae, BV - Blood Vessel, PLE – Primary 
Lamellar Epithelium, PL - Primary Lamellae, RE - Respiratory 
Epithelium, ILR – Inter-Lamellar Region (5µm thick; H&E staining; 
200X) 
 

 
 

Fig 4: Photomicrograph of gill of fish exposed to MAL at 0.626 ppb 
after 96 h. TSL-Thickening of Secondary Lamellae, HPL - 
Hemorrhage at Primary Lamellae, ELT - Epithelial Lining in the 
Tips, LA - Lamellar Aneurysm, LUE - Lifting Up of Epithelium, 
DCC - Deformation of the Cartilage Core, ESL - Erosion of 
Secondary Lamellae (5µm thick; H&E staining; 200X) 
 

 
 

Fig 5: Photomicrograph of gill of fish exposed to MAL at 1.252 ppb 
after 96 h. CTH - Cartilage Tissue Hypertrophy, SSL - Shortening of 
the Secondary Lamellae, DCC - Deformation of the Cartilage Core, 
LA - Lamellar Aneurysm, BCSL - Blood Congestion in the 
Secondary Lamellae, CSL - Curling of Secondary Lamellae, ESL - 
Erosion of Secondary Lamellae (5µm thick; H&E staining; 200X) 
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