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Histopathological Alterations In Gill, Liver, And 
Brain Of Nile Tilapia (Oreochromis Niloticus), 

Exposed To Lead Nitrate (Pb[NO3]2). 
 

Dhivya Rajamanickam, C.G. Devadason 
 

Abstract: Lead (Pb) is the most important heavy metal that causes bioaccumulative toxicity in fish and other aquatic organisms. Histopathological 
evidence is a highly efficient and accurate way of detecting the adverse effects of heavy metals inside the internal organs of fish. Adults of Oreochromis 
niloticus were exposed to the 0.32mg/L Pb as lead nitrate (Pb[NO3]2) for 21 days. After 21 experimental days, the histopathological sections of gills, liver, 
and brain tissues were observed under a bright-field microscope using different magnifications (×40, ×100, and × 400). Dilation, complete destruction, 
severe congestion, hemorrhage, and complete lamellae fusion were exhibited in the primary and secondary lamella of lead-exposed fish gills. 
Examination of liver tissue revealed hepatocyte hypertrophy, cytoplasmic vacuolation, focal area necrosis, indistinct cell boundaries, and pyknotic nuclei. 
The cerebellar cortex of the fish brain showed inflammation, vacuolation, atrophy, hemorrhage, and degenerated cells. In conclusion, the heavy metal 
lead nitrate can cause significant histopathological alterations in the gills, liver, and brain of Oreochromis niloticus.  
 
Index Terms: Atrophy, Bioaccumulation, Heavy metal, Histopathology, Lead nitrate, Oreochromis niloticus, Pyknotic nuclei. 

——————————      —————————— 

1   INTRODUCTION                                                                     

NVIRONMENTAL pollution has been the key cause of the 
contamination of water bodies all over the world [1]. Heavy 
metals and pesticides are the most dangerous, hazardous of 
water pollution [2]. Heavy metals are moderately or completely 
solvable in water and absorbed through the skin, gills, and 
cause bio accumulative toxicity in fish and other aquatic 
organisms [3]. The heavy metal toxicity is influenced by the 
concentration of oxygen, temperature, pH, and hardness of the 
water [4]. The high level of metal contamination is poisonous 
and extremely dangerous to human health due to decrease in 
food safety [5]. Lead (Pb) is the most important concern in this 
aspect because it is a non-essential metal and contemporary 
contaminant in the world. Furthermore, wastewater from various 
industrial products and applications contains lead that is 
discharged directly into the water bodies without proper 
treatment [6]. Several studies in Sri Lanka involving heavy 
metals have shown that the concentration of lead in fresh and 
lagoon water is higher than that of other toxic metals [7] [8] [9]. 
Morphological and histopathological alterations can be caused 
by the accumulation of lead in fish tissues [10] and depending 
on the species of fish [11], concentration of lead, and the 
duration of exposure [12]. Histopathology is a method used to 
assess the adverse effects of heavy metals and to investigate 
the interactions between living organisms and pollutants in the 
environment [13]. Histopathological changes of fish can be 
indicating the heavy metal pollution of water and general health 
issues of the entire ecosystem [14]. Disruptions in cells, tissues, 
or internal organs contribute to a reduction in normal fish 
development, reproductive success, survival rates, and these 
changes are frequently used as biomarkers in various 
researches [15]. Histopathological evidence is a highly efficient 
and accurate way of detecting the effects of heavy metals inside 
the internal organs (gills, liver, and brain) of fish [16]. 
Oreochromis niloticus (Cichlidae family) (Nile tilapia) is 
considered one of the major fish species in the world with a high 

contribution to the food supply in the aquaculture sector [17]. 
Nile tilapia is one of the major and inexpensive protein source of 
Sri Lankan people, with maximum influence from reservoir 
fisheries catches. However, the research gap and lack of 
histopathological studies on the effects of heavy metals on 
freshwater fish limited awareness of the human health hazards 
associated with fish consumption [18]. 
 

2   METHOD 
 
2.1 Fish collection 
Relatively mean body weight (32 ± 5.3 g) of sexually matured 
healthy and active Oreochromis niloticus was collected from 
fish culture tanks in the department zoology at Eastern 
University of Sri Lanka. 
 
2.2 Culture maintain in the stock tank 
The fishes were maintained in the recirculating stocking tank 
(100 liters) which contained dechlorinated water. During the 
acclimatization period, the fish were fed twice a day with fish 
pellets [19]. 

 
2.3 Experiment tanks 
The Detergent was used as disinfectant to clean the experimental tanks 
before and after the experiment. The two separate tanks (100 liters) were 
filled with dechlorinated water (Salinity 0.4±0.1ppt, pH 7.4±0.3, Dissolved 
oxygen level 6.98±1mg/l, and Temperature 27±4

0
C) and covered with a 

plastic net to prevent the fish from jumping out and breeding with 
mosquitoes [14]. 

 
2.4 Preparation of stock solution 
The Stock solution (1000 ppm) of lead nitrate (Pb[NO3]2) 
(Microtroniks QUALI-TECH) was prepared in the laboratory 
and stored in clean glass bottles and diluted to concentrations 
of 10ppm [20]. 
 
2.5 Experimentation 
The feeding was stopped one day prior to the experiment. 
There were 5 fish per tank and 2 tanks for each treatment in a 
total number of 10 fish. Fish from one tank which contained 
water without lead (Pb) served as the control group. Fish from 
the other tank were exposed to the 0.32mg/l Pb as lead nitrate 
(Pb[NO3]2) for 21 days. 

E 

———————————————— 
 Dhivya Rajamanickam, Department of zoology, Faculty of science, 

Eastern University of Sri Lanka. E-mail: dhivya2tady@gmail.com 

 C.G. Devadason. Senior lecture, Department of zoology, Faculty of 
science, Eastern University of Sri Lanka.  E-mail: 
chand_oo@yahoo.com 

mailto:dhivya2tady@gmail.com
mailto:chand_oo@yahoo.com


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VO`LUME 10, ISSUE 03, MARCH 2021  ISSN 2277-8616 

150 
IJSTR©2021 
www.ijstr.org 

Lead doses (0.32mg/l) were prepared and constantly exposed 
to the aquarium water for 21 days. To prevent the degradation, 
the experiment water was regularly replaced with clean water 
with the necessary quantity of stock solution. The above 
mentioned water quality parameters were recorded everyday 
to maintain a constant water medium. Fishes were fed once 
daily, and clinical behaviors were carefully monitored [21]. 
Acclimation tanks and the mentioned experiments adhere to 
the council of the European Union guidelines (86/609/EU).  
 
2.6 Preparation of histopathological sections 
After 21 experimental days, three fish were collected from both 
control and lead-exposed groups and anesthetized with 2-
phenoxyethanol (1ml L-1 water). The mean body weight of fish 
(33 ± 4.3 g) was measured and the internal organs of each fish 
were dissected to collect gills, liver, and brain. These organs 
were weighed individually, washed with saline water, and 
properly drained [11]. The dissected organs were fixed with 
10% formalin for histopathological analysis. The fixed organ 
tissues were dehydrated for thirty minutes in descending 
grades of alcohol (70, 80, 90, and 100%) and cleared with 
xylene for another 30 minutes. The tissues were then 
infiltrated by embedded in molten paraffin wax [13]. A Thermo 
Scientific™ Shandon™ Finesse™ 325 Manual Microtome was 
used to cut 5 μm thick sections of organ tissues. Afterward, the 
sections were spread out in a water bath at 45

o
C, and 

successfully attached to the slide using bovine albumen 
adhesive. Prepared slides were incubated at 50

o
C to dry and 

fix the sections. Finally, the sections were stained with 
hematoxylin and counterstained eosin [14]. The 
histopathological sections were observed under a bright-field 
microscope (OPTIKA B-159R, Italy) with different 
magnifications (×40, ×100, and × 400). The photos were taken 
by using an eyepiece camera unit (BMS tCam 764595 
5megapixels, Nederland). 
 

3   RESULTS 
 
3.1 Clinical signs of Oreochromis niloticus 
Heavy metal exposed fish exhibited loss of hungriness, 
decreased swimming, skin discoloration, and increased mucus 
secretion. In the middle of the second-week exposure, one 
mortality occurred. This investigation shows the effects of lead 
nitrate on Oreochromis niloticus. 
 
3.2 Histopathological alterations in gills 
General histopathological gill structure of control Nile tilapia  
typical for teleost fish [22]. The gill consisted of primary (PL) 
and secondary lamella (SL). The secondary lamellae lined by 
pavement cells (PV). The primary lamellae lined between 
secondary lamellae which made of stratified epithelium and 
mucous cells (MC), and the base of the lamella and 
interlamellar region dispersed by chloride cells (CC) (Fig 1). 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                         
                                                                                                                  
                                                                                                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Photomicrograph of gill section of O.niloticus after 21 
days of exposure to lead nitrate (Stain: H&E; Magnification: 

×400); central venous sinus (CVS), lamellar axis vasodilation 
(V), curling of secondary lamella (Short arrow), lamellar 

epithelial lifting (**), and shorter gill lamellae (*). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Photomicrograph of gill section of O.niloticus after 21 
days of exposure to lead nitrate (Stain: H&E; Magnification: 
×400); aneurism (A), and epithelial hyperplasia (HYP). 

 

 

 

 

 

 

 

 

 

Fig. 2. Photomicrograph of gill section of O.niloticus after 21 

days of exposure to lead nitrate (Stain: H&E; Magnification: 

×400); lamellae fusion (F), severe congestion (cog), dilation of 

lamellae (*), and prominent hemorrhage (**). 
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Dilation, complete destruction, severe congestion, 
hemorrhage, and complete fusion of lamellae were observed in 
the primary and secondary lamella of lead-exposed fish gills 
(Fig 2). In addition, aneurism, hyperplasia of chloride cells, and 
pavement cells were confirmed in the lamellae region (Fig 3). 
The gills accentuated by a decreased interlamellar space, 
vasodilation of the lamellar axis, and epithelial lifting. The 
curling and shorting were prominent in secondary gill lamella 
(Fig 4). 
 
3.3 Histopathological alterations in liver 
The control group fish liver displayed a normal structure, which 
was protected by a fibrous capsule and the mesothelial cells. 
The portal area contained a portal vein and pancreatic 
structure surrounded by hepatocytes (He). The hepatocytes 
arranged with homogenous cytoplasm and a centrally located 
spherical nucleus (N). Sinusoids and kupffer cells were 
occasionally seen in the liver tissue (Fig 5). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

 

Examination of liver tissue after 21 days of exposure to lead 
nitrate was revealed hepatopancreatic damage and complete 
hepatic cord disarrangement, hepatocyte hypertrophy (HH), 
cytoplasmic vacuolation (CV), focal area necrosis, indistinct 
cell boundaries, and pyknotic nuclei (PN). The connections 
were lost between degenerated hepatocytes and 
pancerocytes. Furthermore, dilation of sinusoids, increased 
kupffer cells, and fat accumulation (FA) also recognized.  
 
3.4 Histopathological alterations in brain 
 
The brain of a control group Oreochromis niloticus was 
showed normal histological architecture. The cerebellar cortex 
made up of a molecular layer (ML), a single row of purkinje 
cells, a ganglion layer, and a granular layer (GL). The 
molecular layer formed of small, scattered cells organized with 
few fibers. Along the margin of the granular layer, the pyriform 
shaped purkinje neuron cells were observed. The granular 
layer revealed small granular-shaped, tightly packed, and 
deeply stained cells (Fig 7). 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The cerebellar cortex exhibited alternative histology after the 
lead treatment.  In the granular and molecular layer, 
inflammation (IF), vacuolation (V), atrophy (A), degenerated 
cells, and hemorrhage (H) were observed. The prominent 
lesions, necrotic changes, and pyknotic neuron cells were 
clear in the brain tissue. Other pathological changes revealed 
infiltration of mononuclear cells along with dilation and 
congestion of the meningeal vessels (Fig 8). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Photomicrograph of brain section of the O.niloticus control 
group (Stain: H&E; Magnification: ×400); granular layer (GL), 

molecular layer (ML), ganglion layer (short arrow), and purkinje 
cells (arrow heads). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Photomicrograph of liver section of the O.niloticus control 
group (Stain: H&E; Magnification: ×400); hepatocyte (He), spherical 
nucleus (N), sinusoids (arrow head), and kupffer cells (short arrow). 
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Fig. 6. Photomicrograph of liver section of O.niloticus after 21 days 

of exposure to lead nitrate (Stain:H&E;Magnification:×400); 
hypertrophied hepatocytes (HH), cytoplasmic vacuolation(CV), fat 
accumulation (FA), phyknotic nuclei (PN), increased kupffer cells 

(short arrows), dilation of sinusoids (arrow heads), focal area 
necrosis (**), and indistinct cell boundaries (*). 
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4   DISCUSSION 
It is important to identify various health effects of aquatic 
organisms, including fish, because industrial chemicals, and 
heavy metal pollutants cause severe histopathological 
changes in fish tissues [23]. Higher lead concentration in 
aquatic animals originating from anthropogenic sources [20]. 
The fish impulse conductivity was found to be inhibited by lead 
that causes histopathological changes in tissues and organs. 
Similar observations were reported in various studies of 
Oreochromis niloticus exposed to lead nitrate [21] [24]. Gills 
are highly susceptible to harmful chemicals due to direct 
contact between gills and environmental pollutants. The 
absorption of heavy metals by gill is improved by enhancing 
the permeability of the gill epithelium by inhibiting the chloride 
cell ion exchange activity [25]. The excessive increase of 
chloride cells develops the epithelial thickening in the filament 
epithelium, which stimulates chloride cell movement near the 
top of the secondary lamellae and evokes the fusion and 
hypertrophy of cells [26] [27]. An inflammation could develop 
as blood congestion, marginal dilation, lamella aneurysms, 
and   leukocyte penetration when fishes experience an 
extreme form of stress. Both of these effects could be 
responsible for higher heavy metals, pH changes, ammonia, 
and depletion of oxygen [28]. Fish liver histology can be used 
as a version for investigating the relationships between 
environmental exposures and hepatic structures and functions 
[28]. Two considerations are determining the poisonous effects 
of heavy metal contamination in fish liver, the length of the 
exposure, and the concentration level of the specific heavy 
metal [29]. The present study reported the pathological 
alterations in fish liver, which was contaminated with lead 
nitrate showed proliferated hyperplastic pancreatic cells, 
massive amount of inflammatory cells, hypertrophy, 
degeneration, and vacuolation of hepatocytes [24] [29]. The 
heavy metals are associated with degenerative-necrotic 
diseases, cirrhosis, lysis of hepatocytes, and fish death [30] 
[31]. The main histological modifications of lead nitrate treated 
brain of the Nile tilapia showed degeneration of granular and 
molecular layer, atrophy, inflammation, necrosis of nerve cells, 
and brain cell vacuolization [32]. Hemorrhage of parenchyma 
cells and swelling of pyramidal cells noted in the cerebrum 

tissue [33]. Lead toxicity leads to form neurotoxins, 
mitochondrial dis functions, which affect the glycolysis and 
loss of cell substances in brain tissue [34] [35]. 
 

4   CONCLUSION 
In Conclusion, 21 days exposure to lead nitrate caused 
significant histopathological alterations in gills, liver, and brain 
of Oreochromis niloticus.  The increased concentration of 
water lead above the maximum acceptable amount and their 
bioaccumulation inhibited the metabolic process of fish. We 
hereby conclude that the heavy metal toxicity analysis and 
histopathological examination of fish serve as a bio-monitoring 
model of the safety of freshwater habitats. However, for a 
clearer interpretation of its dangerous impact, complementary 
investigations are required. 
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