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ABSTRACT 
 

The effect of specific/therapeutic  dose of disinfectants (formalin and copper sulphate) was studied on 
180 apparently healthy Nile tilapia through hematological, biochemical, histopathological and electron 
microscopic examinations. 
Tilapia exposed to formalin (25mg/l, gp 2), clinically, no mortality was detected throughout the period of 
the treatment. During the first three days post treatment, the exposed Tilapia nilotica showed accelerated 
opercular beats while grossly, a copious mucus secretion covering the skin and gills with congested liver, 
kidneys and spleen were seen.   
Histopathologically, one days post-treatment, congestion was evident in all examined organs.  Five and 
ten days post-treatment, degeneration, leukocytic infiltration and focal depletion in the lymphoid tissue 
were noticed.  
Tilapia exposed to copper sulfate (2mg/l, gp 3), clinically, the mortality rate was 5% throughout the 
period of treatment and the exposed Tilapia nilotica showed unbalanced fast movement and gasping 
during the first three days post treatment. Grossly, the exposed tilapia showed numerous hemorrhagic 
areas on the body along the period.  
Histopathologically, one and five days post-treatment, the gills showed telangiectasis and focal 
hyperplasia in the secondary gill lamellae and the other organs were congested and suffered muscular 
hyaline degeneration, vacuolar degeneration in the hepatocytes, tubular nephrosis and proliferation of 
splenic MMC.Ten days post-treatment, the gills exhibited hyperplasia in the secondary lamellae, the 
muscles and liver showed degeneration and proliferation of melanomacrophages while the kidney 
showed vacuolation in the renal epithelium with focal depletion of hematopoietic tissue.  
The ultrastuructural changes in the hepatocytes and renal epithelium of tilapia exposed to formalin and 
copper sulphate were mentioned and fully discussed. 
It could be concluded that, although therapeutic dose of disinfections is efficient against many fish 

infection, their use should be done under strict regulation to avoid its pathological side effect  
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INTRODUCTION 

 
Fish are persistently bathed in potential pathogens, including bacteria, fungi and parasites. Among 

them, parasitic diseases in fish are most frequently caused by protozoa. Most protozoan infections are 
comparatively easy to control using common fishery chemicals, such as copper sulfate, formalin or 
potassium permanganate, methylene blue, brilliant green, parasite green, malachite green and 
trichlorforn [1]. In the aquaculture industry, copper sulfate is used as an algaecide and as a therapeutic 
chemical for various ectoparasitic and bacterial infections [2, 3,]. Copper sulfate also inhibits growth of 
bacteria such as Salmonella spp., Pasteurella spp., Vibrio spp., Streptococcus spp., Aeromonas spp., 
Pseudomonas spp. and Edwardsiella spp. [2]. Copper ions are quite toxic to fish at various functional 
levels when environmental concentrations are increased [4].Formaldehyde is used in aquaculture to 
control bacterial, fungal and parasitic diseases, demonstrating efficacy in short term baths [5]. Formalin 
efficient to treat white spot disease (ichthyophthiriasis) caused by Ichthyophthiriusmultifiliis[6], and 
effective for the control of ectoparasitic diseases in Oreochromis niloticus[7].The TLm24h value 
(LC50) for copper sulfate is 4.0 ppm in mirror carp (Cyprinuscarpio), 10.0 ppm in goldfish, 4.4 ppm in 
rainbow trout and 4.0 ppm in flounder (Paralichthysolivaceus), the TLm24h value (LC50) in the guppy 
was 1.17 ppm [8]. Formalin was more toxic to blue spottedcorydora LC50 (I) 50.75 mg.L-1 than to 
trairão (H. lacerdae) larvae with LC50 (I) of 2.02 Ml.L-1.However, the formaldehyde is a mutagen and 
carcinogen even at low concentrations and presented toxicity in a variety of organisms. In aquatic 
organisms, deleterious effects were observed on the concentration of 1 mg.L-1 for fish and 5 mg.L-1 
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for micro crustaceans and algae [8, 9]. The effects of these products in fish can be manifested at 
various levels of biological organization, including physiological dysfunction, structural changes in 
organs and tissues and behavioral changes that lead to impaired growth and reproduction[10].Fish has a 
great potential to serve as sensitive indicators, signaling exposure and understanding the toxic 
mechanisms of stressors in aquatic ecosystems. The implications of interrelated toxic effects of 
disinfectants on the survival, histology, physiology, biochemical constituents and behavior are less 
frequently studied. 

The present study aimed to investigate the effect of therapeutic doses of formalin and copper 
sulphate  on Oreochromis niloticus  with special reference to gross, histopathological, ultra structural 
and hematological as well as the biochemical alterations .  

 
MATERIALS AND METHODS 

Experimental fish: 
A total number of 180 Tilapia nilotica (Oreochremis niloticus) were collected alive from Abbassa 

fish farms, Abou-Hammad, Sharkia. They were of both sexes with body weight of 57.6 ± 5 gm and 
apparently healthy. They transport in a sterile water tanks to the lab and kept for two weeks in nine 
glass aquaria (70 × 60 × 50 cm) under observation for acclimatization. The aquaria were continuously 
supplied with chlorine free water and the water was renewed daily. The water quality monitored had a 
pH of 5.2 ± 0.26, dissolved oxygen showed values of 6.94 ± 0.37 mg.L-1, the temperature presented 
values of 27. 1 ± 0.11° C, the conductivity 318.42 ± 16.93mS.cm-1 and ammonia of 0.011 mg.L-1, and 
none of these variables were restricted to the maintenance of fishes in this condition, remaining within 
the range recommended by [11].The temperature was adjusted thermostatically by using heater (type 
CMI, Germany) and continuous aeration using electric air pumping compressors.The fish were fed on a 
balanced diet along the period of the experiment. 

 
Experimental design:  

A total of 180 apparently healthy Nile tilapia were divided into 3 equal groups (60 fish/ group). 
Each group was subdivided into 3 replicates, each replicate fish was allocated in glass aquarium (70 × 
60 × 50 cm). The first group served as control without any disinfectant. The second and the third 
groups exposed to specific/therapeutic  dose of disinfectant as a definite treatment where the second 
group exposed to formalin (25mg/l) and  the third group exposed to (2mg/l) copper sulfate 
concentration (total alkalinity/100). All experimentally fish were subjected for hematological, 
biochemical, histopathological and electron microscopic examination at 1, 5 and10 day post exposure 
to each disinfectant.  

 
Clinical signs and gross lesions: 

Clinical sings were monitored throughout the study. Fish were observed for morbidity and 
mortality at least twice daily. At necropsy, the gross lesions were recorded in gills, liver, kidney, spleen 
and muscle of experimented fish.  

 
Hematological and serum biochemical parameters: 

Two blood samples were collected from the fish groups at 1, 5 and 10 days from the beginning of 
the experiment (FBE) by cutting the tail, each blood sample was divided into two portion. The first 
portion (1 ml) was collected in vacutainer tubes containing EDTA as anticoagulant for hematological 
studies. Erythrocytes and leukocytes counts were carried out by standard clinical method [12, 13]. 
Hematocrit (PCV) value was measured [14], while hemoglobin concentration was performed [15]. The 
second portion was collected in a plain centrifuge tubes and serum was separated and used for 
determine the activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), the 
levels of total protein (TP), albumin (Alb), blood urea nitrogen (BUN)creatinine (CR) and glucose 
using anAuto Clinical Analyzer, Hitachi Model 7150 (HitachiLtd., Tokyo, Japan).  
 
Histopathological technique:  

Tissue specimens were taken from the gills, liver, kidneys, spleen and muscle of experimented 
fish (groups 1 & 2&3)at 1, 5 and 10 days of experiment and fixed in 10% phosphate buffer formalin. 
Processed routinely and blocked in paraffin then, five micron thick paraffin sections were prepared and 
stained with hematoxylin and eosin, (H&-E) [16]. 
 
Electron microscopy: 

Specimens from the liver and kidneys were fixed in 6.25 % cacodylate buffer gluteraldehyd 
followed by 1% osmium tetraoxide.After dehydration, the specimens were embedded in poly-ethylene 
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capsules containing the embedding mixture (Epon mixture and hardener ).Ultra-thin sections were 
prepared and stained by uranyl acetate and lead citrate [17]. 
 
Statistical analyses:  

The obtained data were statistically analyzed by t-test using SAS statistical software computer 
program [18]. 

* Significant (P < 0.05).  
** Highly Significant (P < 0.01). 

 
RESULTS  

Pathological findings:- 
Group 1(control): 
Showed no apparent behavioral or pathological changes. 
 
Group 2(formalin treated): 

Clinically, the exposed Tilapia nilotica showed accelerated opercular beats during the first three 
day post treatment followed by dark skin and impairment of swimming and sinking of the fish to the 
bottom of the aquarium were evident till the end of the experiment. No mortality was detected 
throughout the period of the treatment.  

Grossly, the experimental fish showed copious mucus secretion covering the skin and gills, 
congested liver, Kidneys and spleen during the first three days post treatment, latter on the liver and 
kidneys were pale in color.   

Histopathologically, one day post-treatment the gills revealed congestion and hyperplasia in the 
epithelium of the secondary lamellae[Fig.1]. The muscles exhibited intermuscular edema and 
congestion. The hepatopancreas showed swollen and vacuolated hepatocytes with basophilic cytoplasm 
and congestion of sinusoids[Fig.2]. The posterior kidneys and spleen showed congestion, edema with 
focal activation of the lymphoid follicles and proliferation of MMC [Fig.3]. 

Five days post-treatment, the gills revealed hyperplasia in the epithelium of the secondary 
lamellae with mononuclear leukocytes in the gill arch and lamellae. The muscles showed edema and 
suffered hyaline degeneration [Fig.4]. The hepatopancreas showed aggregation of MMCs, vacuolar 
degeneration. The posterior kidneys showed hyaline degeneration and epithelial cast with vacuolization 
of renal tubular epithelium. In the spleen, edema in the subcapsular area was seen together with focal 
depletion in the lymphoid tissue and atrophy in some melanomacrophage centers.  

Ten days post-treatment, the gills showed focal hyperplasia in the epithelium of the secondary 
lamellae. Interlamellar spaces of the primary lamellae were infiltrated with mononuclear leukocytes.  
The muscles exhibited intermuscular edema and focal hyaline degeneration in the muscle bundles. The 
liver showed focal area of vacuolation in the hepatopancreas. The kidneys showed focal tubular 
nephrosis of renal tubules[Fig.5]. In the spleen, focal depletion in the lymphoid tissue was noticed. 

Electron microscopic findings: 
The hepatocytes one day post treatment, revealed swelling of the mitochondria with loss of the 

matrix and cristae [Fig.6]while 5 day showed dilatation as well as vesiculation of RER cisternae and 
decrease in glycogen granules were seen. By ten day of treatment, the nuclear size was reduced and the 
heterochromatin was condensed with decrease of glycogen granules and increase in fat globules 
[Fig.7]. 

 The kidneys, one day post treatment, revealed marked increase in the mitochondria of the tubular 
epithelium with condensation of the nuclear heterochromatin while 5 day showed mitochondrial 
degeneration with loss of the matrix and cristae as well as fragmentation and vesiculation of rough 
endoplasmic reticulum cisternae. By ten day of treatment small vacuoles were noticed in the cytoplasm 
with loss of peroxisomes, ribosome and condensation of nuclear chromatin[Fig.8].    
 
Group 3 (Copper sulphate treated): 

Clinically, the exposed Tilapia nilotica showed unbalanced fast movement and gasping during the 
first three days post treatment. The activity of fish was reduced and skin darkening with loss reflex 
action were seen till the end of the experiment. The mortality rate was 5% throughout the period of 
treatment. 

Grossly, the exposed Tilapia nilotica showed numerous hemorrhagic areas on the body along the 
period of treatment. The gills appeared pale with slight erosion on the free portion. Paleness of the liver 
and distention of gallbladder were also noticed. The kidneys were slightly enlarged and congested. 

Histopathologically, one and five days post-treatment,the gills showed telangiectasis and focal 
hyperplasia in the secondary gill lamellae[Fig.9]. The muscles showed congestion and hyaline 
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degeneration. The hepatopancreas revealed vacuolar degeneration in the hepatocytes, congestion and 
perivascular melanomacrophages were evident [Fig.10]. The kidneys showed congestion of 
intertubular capillaries and perivascular edema and tubular nephrosis. In the spleen, congestion and 
Proliferation of MMCwere observed[Fig.11]. 

Ten days post-treatment, the gills exhibited hyperplasia in the secondary lamellae.The muscles 
suffered intermuscular edema and focal hyaline degeneration and melanomacrophages were seen 
among the muscle bundles[Fig.12]. The liver showed edema, hyperplasia in the bile ducts and focal 
aggregations of melanomacrophages. The kidney showed vacuolation in the renal epithelium with focal 
depletion of hematopoietic tissue. 

Electron microscopic findings: 
The hepatocytes one day post treatment, revealed mild vesiculation of SER & RER with 

mitochondrial swelling while 5 day showed increase in the lipid droplets. Lysosomal activities was 
evident with marked swelling and vesiculation of RER and loss of some ribosomes[Fig.13]. By ten day 
of treatment, mitochondrial swelling was evident in addition to condensation of nuclear 
heterochromatin. Marked decrease in glycogen together with increase lipid droplets, vacuolation and 
cavitation of cytoplasm were evident[Fig.14].  

The kidneys one day post treatment revealed mitochondrial degeneration in the tubular epithelium 
with partial to complete loss of the matrix and cristae while 5 day showed dilatation and vesiculation of 
rough endoplasmic reticulum cisternae that changed into circular arrays. By ten day of treatment 
numerous fat globules were noticed in the cytoplasm with loss of peroxisomes, ribosome and 
glycogen[Fig.15]. 
 

 
 

Fig.1: Gill, 1 day post-treatment of formalin, showing congestion and hyperplasia in the epithelium of 
the secondary lamellae . H & E stain x 250. 

 

 
Fig.2: Hepatopancreas, 1 day post-treatment of formalin, showing swollen and vacuolated hepatocytes 

with basophilic cytoplasm and congestion of sinusoids.H & E stain x 250. 
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Fig. 3: Spleen, 1 day post-treatment of formalin, showing edema, focal activation of the lymphoid 
follicles and proliferation of MMC . H & E stain x100. 

 

 
 
Fig. 4: Muscles, 5 days post-treatment of formalin, showing edema and suffered hyaline degeneration. 

H & E stain x 250. 
 

 
 

Fig. 5:Kidney, 10 day post-treatment of formalin, showing focal tubular nephrosis ofrenal tubules. 
H & E stain x250. 
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Fig. 6: Hepatocytes, one day post treatment of formalin, showing swelling of the mitochondria with 
loss of the matrix and cristae. Uranyl acetate and lead citrate, x 25000. 

 

 
Fig. 7: Hepatocytes, ten day post- treatment of formalin, showing reduced nuclear size with condensed 

heterochromatin, decrease of glycogen granules and increase of fat globules. Uranyl acetate and 
lead citrate,  x 25000. 

 

 
 
Fig. 8: Renal epithelium, ten day post- treatment of formalin, showing small vacuoles were noticed 

inthe cytoplasm with loss of peroxisomes, ribosome and condensation of nuclear chromatin. 
Uranyl acetate and lead citrate, x 35000. 
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Fig. 9: Gill, 5 days post-treatment of Copper sulphate, showing telangiectasis and focalhyperplasia in 

the secondary gill lamellae .H & E stain x 250. 
 

 
 
Fig. 10:Hepatopancreas, 5 days post-treatment of Copper sulphate, showing vacuolar degeneration in 

the hepatocytes and perivascular melanomacrophages. H & E stain x 250. 

 
 
Fig. 11: Spleen, 5 days post-treatment of Copper sulphate, showing congestion and proliferation of 

MMC. H & E stain x100. 
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Fig. 12:Muscles, 10 days post-treatment of Copper sulphate, showing intermuscular edema and focal 

hyaline degeneration and melanomacrophages. H & E stain x250 
 

 
 
Fig. 13:  Hepatocytes, 5 day post-treatment of Copper sulphate, showing lysosomal activities with 

marked swelling and vesiculation of RER and loss of some ribosomes. Uranyl acetate and lead 
citrate, x 35000. 

 

 
 
Fig. 14: Hepatocytes, ten day post-treatment of Copper sulphate, showing mitochondrial swelling, 

decrease in glycogen together with vacuolation and cavitation of cytoplasm. Uranyl acetate and 
lead citrate, x 25000. 
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Fig. 15: Renal epithelium, ten day post-treatment of Copper sulphate, showing numerous fat globules in 
the cytoplasm with loss of peroxisomes, ribosome and glycogen. Uranyl acetate and lead citrate, x 
35000. 

Haematobiochemical findings: 
Exposure of fish to formalin and copper sulphate affect hemogram and some biochemical profiles, 

such changes were statistically analyzed and tabulated (Tables1and 2). 
 

Table (1): Some hematological parameters of Oreochromis niloticus after treatment with formalin 
(25mg/l) and copper sulphate (2mg/l) for 10 days in comparison to the control  

(Mean ± SE). 
Substance Time of 

sampling 
RBCs 

×106/µl 
Hb 

gm/dl 
PCV 

% 
WBCs 
×103/µl 

Formalin Control 2.58  
 0.10 

9.49  
 0.40 

26.30  
 1.11 

26.20  
 1.12 

1day * 
2.20  
 0.13 

** 
6.20  
 0.37 

** 
20.00  
1.20 

* 
21.41  
 1.39 

5 day 2.32  
 0.12 

8.50  
 .36 

25.50  
1.03 

25.16  
 1.21 

10 day 2.43  
 0.13 

9.28  
 0.51 

26.10  
 .44 

25.30  
 1.52 

Copper sulphate Control 2.58  
 0.10 

9.49  
 0.40 

26.30  
 1.11 

26.20  
 1.12 

1day ** 
2.10  
 0.13 

** 
5.25  
 0.32 

** 
16.40  
 0.98 

** 
21.34  
 1.28 

5 day 2.34  
 0.13 

8.78  
 0.48 

25.34  
 1.39 

24.43  
 1.35 

10 day 2.51  
 0.13 

9.02  
 0.45 

25.70  
 1.24 

25.36  
 1.27 

* Significant (P < 0.05).  ** Highly Significant (P < 0.01). 
 
Table (2): Some biochemical parameters of Oreochromis niloticus after treatment with formalin 

(25 mg/l) and copper sulphate (2 mg/l) for 10 days in comparison to the control 
(Mean ± SE). 

Substance Time of 
sampling 

Total protein 
g/dl 

Albumin 
g/dl 

Glucose 
g/dl 

AST 
U/L 

ALT 
U/L 

UREA 
mg/dl 

Creatinine 
mg/dl 

Formalin Control 3.20  
± 0.13 

1.80  
± 0.07 

88.3 
± 3.53 

213.7 
± 8.55 

106.10 
± 4.24 

13.86 
± 0.55 

1.13 
± 0.05 

1day *  
2.69  

± 0.15 

*  
1.53  

± 0.08 

** 
110.14 
± 6.01 

**  
258.69  
± 12.93 

**  
152.13  
± 8.37 

**  
20.41  
± 1.12 

** 
 2.22  

± 0.12 
5 day 2.88 

± 0.17 
1.79 

± 0.11 
95.14 
± 5.71 

235.28 
± 14.12 

118.55 
± 7.11 

15.81 
± 0.95 

1.31 
± 0.08 

10 day 2.94 
± 0.18 

1.77 
± 0.11 

92.13 
± 5.53 

222.23 
± 13.33 

112.14 
± 6.73 

14.98 
± 0.90 

1.22 
± 0.07 

Copper sulphate Control 3.2  
± 0.13 

1.8  
± 0.07 

88.3 
± 3.53 

213.7 
± 8.55 

106.10 
± 4.24 

13.86 
± 0.55 

1.13 
± 0.05 

1day **  
2.55 

± 0.16 

** 
 1.42 

± 0.09 

** 
122.15 
± 7.70 

**  
279.12 
± 17.58 

**  
177.17 
± 11.16 

**  
22.09 
± 1.39 

**  
2.19 

± 0.14 
5 day 2.81 

± 0.15 
1.58 

± 0.09 
98.70 
± 6.22 

240.19 
± 13.21 

120.53 
± 6.63 

15.15 
± 0.83 

1.27 
± 0.07 

10 day 2.88 
± 0.18 

1.67 
± 0.11 

90.13 
± 5.68 

235.09 
± 14.81 

122.08 
± 7.69 

15.13 
± 0.95 

1.31 
± 0.08 

* Significant (P < 0.05). ** Highly Significant (P < 0.01). 
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DISCUSSION 

 
The reaction and survival of aquatic animals depend not only on the biological state of the 

animals and physico-chemical characteristics of water but also on kind, toxicity, type and time of 
exposure to the toxicant [19]. The Oreochromis niloticus in our study showed accelerated opercular 
beats during the first three days post treatment followed by dark skin and impairment of swimming and 
sinking of the fish to the bottom of the aquarium till the end of the experiment. Similar behavioural 
manifestations of acute toxicity like copious mucus secretion, loss of scales, grouping, loss of 
equilibrium and mortality rate 6.66 were observed in Esomusdanricus exposed to 5.5 mg/l copper[20]. 
Loss of swimming performance was also observed in brown trout, Salmotrutta exposed to sub lethal 
concentration of copper [21]. [8]evaluate the toxicity of 1.17 ppm of copper sulfate in the guppy 
(Poeciliareticulata), fish exhibited abnormal behavior such as erratic swimming and loss of equilibrium 
and became lethargic with high mortality. The ornamental fish, bluespotted coridora 
(Corydorasmelanistius) exposed to formalin concentrations showed two patterns of behavior during the 
first 24 hours. Fishes exposed to higher concentrations(50,100,150,200and 250mg/l) presented 
agitation, followed by erratic swimming and positioning on the water surface immediately after the 
addition of the substance. While the fishes submitted to the lower concentrations (3,6,12 and 25 mg/l) 
remained standing, making small movements and resting at bottom of containers [10]. Toxicity levels 
of therapeutic compounds (formalin, potassium permanganate, copper sulfate, acetic acid, and 
hydrogen peroxide ),used in aquaculture may vary depending on fish size and species, water quality, 
concentration of the compound, and duration of exposure[22]. 

The TLm24h value (LC50) for copper sulfate is 4.0 ppm in mirror carp (Cyprinus carpio), 10.0 
ppm in goldfish, 4.4 ppm in rainbow trout and 4.0 ppm in flounder (Paralichthy solivaceus) 
[Heo,1997], the TLm24h value (LC50) in the guppy was 1.17 ppm [8]. Formalin was more toxic to 
bluespottedcorydora LC50 (I) 50.75 mg.L-1 than to trairão (H. lacerdae) larvae with LC50 (I) of 2.02 
Ml.L-1 [23]. However, each species responds differently to the action of a substance, therefore the 
importance of conducting toxicity tests with different organisms is recommended. [5], evaluated the 
efficacy of formalin to control ectoparasites of fish "bullseye" Sphoeroidesannulatus, determining CL 
50-96h (I) of 1095 mg.L-1 (30 min) and 972 mg.L-1 (60 min) and 79 mg.L-1 (72h), this last level 
showing similar toxicity to bluespottedcorydora in 96 hours. [24], determined the LC 50-96h (I) of 
429.68 mg.L-1 of formaldehyde for tilapia (Oreochromis niloticus). According to [25], the 
formaldehyde presented more toxic activity for temperate fish in concentration range of 15 to 30 mg.L-
1. For rainbow trout (Oncorhynchus mykiss) the LC50 48h of formalin concentration of 6.1 mg.L-1 
was determined.  

As the alkalinity of water increases, the concentration of copper ions in solution decreases. 
Consequently, a therapeutic level of copper in water with high alkalinity would be lethal to fish in 
water with low alkalinity [26]. The toxicity of free copper ions is well known. Accumulation of copper 
has also been seen in gill, kidney and liver tissue from the brown bullhead catfish (Ameiurusnebulosus) 
[27], bluegill (Lepomismacrochirus) [28] and Rainbow trout (Oncorhynchus mykiss) [29]. The organs 
of aquatic animals accumulate copper, which may cause morphological alterations and change certain 
physiological processes [30]. Copper have cytotoxic and genotoxic effects [31]. The uptake of 
waterborne copper in fish occurs primarily through the gills [32] 

Therefore, histopathological changes in fish tissue can be used as a tool to detect the direct toxic 
effects of chemicals in target organs [33], because they reflect the damage caused by duration and 
intensity of exposure to toxic element and the tissue adaptive capacity [34]. Histopathologically, the 
gill showed congestion and hyperplasia in secondary lamellae with filling of the interlamellar spaces, 
intravascular hemolysis with vacuolation and necrosis of hepatocytes and renal tubules.There was 
depletion of hematopoietic tissues in the kidneys and spleen .The degenerative and proliferative 
changes in the gills of the exposed fish could be a body response against copper sulphate and 
formalin.The observed muscle necrosis resulted from the ability of copper to precipitate in the soft 
tissue and proliferation of melanomacrophage between the muscle bundles and inside the spleen could 
play a role in the clearance of the muscles from this compound. According to [1], the toxicity of 
formaldehyde is the cause of pathological damage in the gills, causing a gill dysfunction, 
osmoregulatory and respiratory imbalance and mortality. This is due to the fact that the gill epithelium 
is the primary contact surface, by having a large surface area, with the external environment, became a 
target of the pollutants present in the water [35]. This epithelial hyperplasia with filling of the 
interlamellar spaces is described in several fish in response to a variety of agents[36, 37, 38], like a 
primary strategy for fish protection.  [39], mentioned that, juvenile rainbow trout, Oncorhynchus 
mykiss, exposed to 20 or 100 µgl(-1) of Cu (as CuSO(4)) revealed hyperplasia, aneurisms, and necrosis 
in the secondary lamellae of the gills.[8], evaluate the toxicity of copper sulfate in the guppy 
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(Poeciliareticulata). Fish subjected to an acute toxicity 1.17 ppm reveled severe hyperplasia and 
exfoliation of the epithelial cells of gill lamellae.[40], stated that jundia fingerlings treatment formalin 
(0.2 ml/litre),showed hyperemia and hyperplasia of gill cells . The study showed that the employed 
therapeutic treatments can cause adverse changes to the gill tissue. In rainbow trout (Oncorhynchus 
mykiss), copper sulfate causes lumen closure of renal tubules as a result of epithelial edema and causes 
structural damage to the epithelial cells of renal tubules and parenchymal cells in the kidney [2].[23], 
also found hepatocytes disarray for larvae of Hopliaslacerdae submitted to the concentration of 
formaldehyde (7 ml.L-1) after 96 hours of exposure. [10], reported that ornamental fish, 
bluespottedcoridora (Corydorasmelanistius) exposed to formalin concentrations showed 
disorganization of liver arrangement, and necrosis in kidney, similar result recorded by [39, 41, 42]. 
These histopathological changes in varies internal organ including liver, kidney and spleen attributed to 
copper concentration in these organ [29]. Copper is known to exert its toxicity partly due to the 
formation of reactive oxygen species (ROS) [43, 44, 45]. 

The ultracellular changes, in both hepatocytes and renal epithelium revealed decrease of glycogen 
granules and increase of lysosomes as well as lipid droplets. An increase in nuclear heterochromatin 
with degeneration in the mitochondria and endoplasmic reticulum were seen. This observation was in 
agreement with the previous hematological parameters where the serum protein was decrease. 
Moreover, the ultra structural modification observed in rough endoplasmic reticulum suggested an 
impairment of synthetic and secretory cell activity. The damage in the mitochondria suggested an 
explanation for the altered glycolytic and Kreb’s cycle enzymes which is leading to changes in cell 
permeability followed by influx of copper and formalin into the cells and subsequent loss of 
mitochondrial function [46]. The increase in lipid might related to toxic or hypoxic condition by copper 
and formalin .The increase number of lysosomes was also developed after chronic and subacutedosing 
of copper and formalin especially in liver and kidney [41], and the alteration may represent a cellular 
response to sublethal injury which could induce cytoplasmic vacuolation and liver dysfunction . These 
results are in agreement with [47, 48, 49]. 

 The hematological parameters in Oreochromis niloticus exposed to copper sulphate and formalin 
revealed a significant decrease of RBCs, Hb and PCV at 1day of the experiment.These findings were 
confirmed histopathologically by the renal and splenic depletion of hematopoietic tissue and hepatic 
intravascular erythrocytichemolysis.This type of anemia could attributed to the effect of copper 
sulphate and formalin on the erythrocytes as a result of prooxidative effect [20] and tubular nephrosis 
that leading to drop in erythropoietin production and attenuation of erythropoiesis [50] .These data 
were in agreement  with Srivastava et al., 2009 who study the effects of four days therapeutic bath of 
formalin (F) on catfish( Heteropneustesfossilis),0.25 ml F/litre water revealed that the total RBC count, 
Hb, PCV, MCHC and MCH values showed a significant decrease after four days bath. [51], mentioned 
that on heavy metal stress induced by lead and copper in rainbow trout (Oncorhynchus mykiss), 
erythrocyte number (RBC), hemoglobin (Hb), and hematocrit value were decreased. On the other hand 
[52], stated that, oral supplementation of copper sulfate solution at 120 mg Cu/L or 300 mg Cu/L, 
respectively. No significant changes were observed in hematological parameters. The decrease of total 
leukocytes and elevated blood glucose level in our study could be attributed to the generalized stress 
response leading to an increase in the pituitary internal activity with an increase in the secretion of 
corticosteroid [53]. [54], mentioned that plasma glucose, and plasma cortisol levels were elevated in 
trout exposed to 26.9 µg Cu/L.[55], stated that, Nile tilapia exposed to varying concentrations (0.1, 0.5 
and 1.0 mg/litre) of a mixture of formalin, malachite green and methylene blue (FMC) for 1, 10 and 60 
min. treatment of fish with FMC elicited marked elevations of plasma glucose. A significant decrease 
in total protein and albumin of experimented fish with a significant increase in ALT and AST were 
detected at first day of our experiment .These biochemical changes were carried out due to the 
histopathological alterations in the hepatic parenchyma. Similar findings were reported by [56], who 
stated that excessive copper ingestion in rat the ALT level in serum was increase. The increased level 
of urea in our study could be due to the gill dysfunction[10, 39].The increase level of creatinine in our 
study attributed to the microscopical changes in the kidneys which affected on its functions.[57], 
reported that, the level of serum creatinine may be an indicator for kidneys dysfunctions.  

It could be concluded that, Copper sulphate and formalin are found to be highly toxic to tilapia 
nilotica(Oreochromus nilotucus)  that reflected  to the gross, histopathological and hematological as 
well as biochemical findings in fish  even in therapeutic doses.To reduce the risk and maximize the 
medical efficiency, additional studies about the therapeutic level of copper sulfate and formalin are 
necessary to show how much copper sulfate and formalin are required for treatment of each disease in 
different species of fish under specific water condition. 
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