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INTRODUCTION  

 

Industrial and agricultural contaminants that have ruined the aquatic ecosystem may 

have an effect on fish health, either directly through consumption of the water or 

indirectly through their diet. Fish populations and health are immensely significant since 

they are an essential part of human existence and a progressively more important source 

of protein for humans (EL-Gazzar et al., 2014). 
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The impact of both boron (H3BO3) and cadmium (CdCl2) on some 

physiological and histological parameters was assessed on the Nile tilapia 

(Oreochromis niloticus). Six treatments including a control were used, with 

concentrations of 29mg/ L and 72.5mg/ L for boric acid, a concentration of 

6.25mg/ L for cadmium, and combinations of (B 29mg/ L + Cd 6.25mg/ L) 

and (B 72.5mg/ L + Cd 6.25mg/ L). The chronic influence of boron and 

cadmium on heat shock protein (Hsp70) in musculature, liver function, 

antioxidant enzymes, and histopathology of liver and gills were studied. The 

relative expression of HSP70 in B29, B72.5, B29+Cd, B72.5+Cd, and Cd 

was P= <0.0001, P= 0.0018, P= 0.0198, P= 0.4573, and P= 0.9814, 

respectively, in comparison with the control group. ALT, AST, and ALP 

enzymes activities demonstrated significant differences between treatments. 

Liver antioxidant enzymes catalase (CAT), superoxide dismutase (SOD), 

and glutathione peroxidase (GPx) activities showed significant differences 

between treatments. Histopathological investigation of fish liver and gills in 

treated groups revealed severe hemorrhage and congestion of sinusoids for 

the liver. Moreover, the investigation showed severe lamellar lifting and 

lymphatic infiltration in the gills. In cadmium-treated groups, the liver 

showed moderate congestion and lymphatic infiltration, and the gills 

showed moderate raising of lamellae epithelial and mild lamellar aneurysm. 
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Boron (B) is a trace element naturally occurring in rocks, soils, and natural streams. 

It is found in many shapes, such as borates, boric acid, boric oxide, and sodium, calcium, 

and magnesium salts. The most common type of boron available is the boric acid 

(H3BO3) (Kabu & Akosman, 2013). It is a vital mineral for all creatures. Furthermore, it 

is a necessary micronutrient for many biological processes, such as the activity of 

enzymes; bone growth; immune response; mineral and endocrine metabolisms; hormone 

functioning; brain function; improvement of arthritis, and diminishing cancer risk,; 

however, it becomes toxic in the aquatic environment when its levels are too high (Kabu 

& Akosman, 2013; Gülsoy et al., 2015; Uluisik et al., 2018). 

Cadmium (Cd) is considered as one of the notorious and detrimental aquatic 

environmental toxins; it has a variety of human endeavors and products, such as 

pigments, glasses and plastics. As a result, the environment now contains higher levels of 

cadmium. It is regarded as a highly toxic heavy metal, and it is currently among the most 

hazardous metals contaminants; moreover, it is regarded as a non-biodegradable or 

durable metal. Consequently, it has a substantial risk to both human and animal health 

(Al-sawafi et al., 2017). Cd has many physiological alterations such anorexia and 

detriment to red blood cells despite its existence with low amounts in fish and causes 

histopathological changes in various tissues and organs of fish (Khalesi et al., 2017). 

      Heat shock responses were first identified by Ritossa in 1962 after being expressed as 

heat shock proteins (Hsps);  they were largely synthesized after being discovered in 

house fly. It has been observed that Hsps could be found in all the creatures from bacteria 

to humans (Dubey et al., 2015). Hsps provide a protective role and aid in cell healing 

after cellular injury; it is considered as a crucial biomarkers for a variety of 

environmental stresses and pollution, since each time an organism is exposed to 

contaminants, their expression patterns and physical characteristics change (Golli-

Bennour & Bacha, 2011; Lauritano et al., 2012; Li et al., 2015).  

    Fish have many biochemical parameters, which are sensitive for the detection potential 

of various impacts of the metal bioaccumulations. Enzymes, such as aspartate and alanine 

aminotransferase (AST, ALT), and lactate dehydrogenase (LDH) are considered as 

beneficial biomarkers to detect pollution levels throughout chronic exposure and also an 

essential factor for checking water for toxicants existence (Younis et al., 2012; Al-Asgah 

et al., 2015). 

    It is remarkable that oxidative stress of environmental contaminants causes an 

imbalance between reactive oxygen species (ROS) and the organisms' ability to 

manipulate them through many mechanisms. The dynamic equilibrium could be disturbed 

conducive to enhanced ROS' level and detriment to cellular component (DNA, lipids and 

proteins), which is called "oxidative stress" (Obaiah et al., 2020). 
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      Pollutions that are happening by chemical toxicants are the main sources of ROS in 

all biological systems, which impede the activity of some enzymes of the antioxidative 

defence system, being the first cause of tissue damage that are decreased by antioxidant 

enzymes, such as catalase (CAT), superoxide dismutase (SOD), endogen glutathione 

(GSH), and glutathione S-transferase (GST)  (Alak et al., 2013).   

       Histopathological procedures are a sensitive, dependable, low-cost, and easy 

instrument that is frequently utilized in disease diagnosis and other pathologic problems. 

It shows the direct influence of toxins on architecture, as well as on cell and tissue 

morphology. Hence, it is considered a significant tool in toxicity studies of environmental 

pollutants in aquatic ecosystems (Vidya & Chitra, 2018).  

      The present study was designed to investigate some boric acid and cadmium 

influences on hsp70, liver function, antioxidant enzymes in musculature, and histological 

changes in both liver and gills. 

 

MATERIALS AND METHODS  

 

Experiment design  

 The Nile tilapia fish (50± 15g) were purchased from a private farm at El Qantara 

era and then were delivered to fish physiology laboratory at the National Institute of 

Oceanography and Fisheries, Suez and Aqqaba Gulfs Branch. Fish were acclimatized in 

plastic water tanks of 300L for seven days to recover from the stress of capture and 

transportation. Acute toxicity tests of boric acid (H3BO3) and cadmium chloride (CdCl2) 

were carried out to attain the LC100 and LC50 concentrations (96hrs) for the calculation of 

the sublethal concentration, which was used in the current chronic study. Based on our 

previous study (Abdel Aliem et al., 2022), sub lethal concentration of boron and 

cadmium was used. Six different concentrations were employed including a control, 

using concentrations of 29mg/ L and 72.5mg/ L for boric acid, a concentration of 6.25mg/ 

L for cadmium, and combinations of (B 29mg/ L + Cd 6.25mg/ L) and (B 72.5mg/ L + 

Cd 6.25mg/ L). Experiment was performed in 18 glass aquariums of 80L each. Artificial 

aeration was provided in all aquariums. The fish were stocked at a density of 10 fish/ 

aquarium, and they were in a static system for two months. Water quality parameters 

were measured with readings of 0.14ppt for salinity, 7.295 for pH, 5mg/ L for dissolved 

oxygen and 26°C for temperature.  
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Expression of hsp70 gene 

Total RNA isolation  

            Total RNA was isolated from fish tissues by the standard TRIzol® reagent 

extraction method (cat#15596-026, Invitrogen, Germany), as indicated by Abdel-Gawad 

et al. (2020). 

  

Reverse transcription (RT) reaction 

 Complete poly (A)
 +

 RNA isolation was performed from fish tissue specimens, 

followed by reverse transcription to cDNA using the RevertAid
TM

 Synthesis Kit in a total 

volume of 20µl.  

Quantitative real time-polymerase chain reaction (qRT-PCR) 

 StepOne™ real-time PCR purchased from Applied Biosystems (Thermo Fisher 

Scientific, Waltham, MA USA) was employed to determine the copy number of target 

genes in the fish tissue samples. The PCR reactions were established in 25l reaction 

mixture, which included 12.5l of 1× SYBR® Premix Ex TaqTM (TaKaRa, Biotech. 

Co. Ltd.), 0.5l of 0.2M sense primer, 0.5l of 0.2M antisense primer, 6.5l distilled 

water, and 5l of cDNA template. Each experiment contained a blank distilled water as a 

control. The specific primer for each utilized genes' sequences are listed in Table (1). By 

the end of each qPCR, a melting curve analysis was done at 95.0°C to test the quality of 

the primers used. The scoped relative quantitation to the reference was investigated by 

utilizing the 2
−ΔΔCT

 method. 

 

      Table 1. Primer's sequence used for qRT-PCR 

Gene Primer sequence NCBI reference  

 

Hsp70 
F: TCA CCA CCT ACT CCG ACA AC 

 

FJ207463.1 

R: CCA CCG CAG ACA CAT TCA AA 

 

Gapdh  
F: GGA TAC ACA GAG CAC CAG GT 

 

XM_005455438.3 

R: GTT CAG CGA CAC CCA AGT TT 
      Hsp70: heat shock protein 70; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.  

Fish liver functions 

Aspartate amino transferase (AST), Alanine aminotransferase (ALT), and Alkaline 

phosphatase (Alp) activities determination 

 AST and ALT activities were determined according to the method described by 

Reitman and Frankel (1957). Moreover, the results were expressed as milliunit/ ml. The 
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ALP activity was defined by using the method of Garen and Levinthal (1960). Furthermore, 

the results were expressed as milliunit/ ml. 

 

Determination of fish liver antioxidant enzymes 

 Liver tissue glutathione peroxidase (GPx) activity was determined by the method 

indicated by paglia and valentine (1967). Moreover, the superoxide dismutase (SOD) 

activity was estimated following the method of Beutler (1984), and catalase (CAT) 

activity was estimated by method of Jimenez et al. (2009). The results were expressed as 

unit/ ml. 

 

Histological analysis of liver and gills 

 Specimens of liver and gills were preserved in a suitable fixer (formalin 10%) for 

histological analysis according to the method of Drury and Wallington (1980). 

Specimens were then sectioned by microtome at the thickness of 4 microns and stained 

with hematoxylin and eosin.  

The organ index (Iorg), which is relied on the intensity of the lesion was utilized to 

objectively evaluate the existence of histological changes for each organ following the 

method of Bernet et al. (1999). 

Ethical approvement 

   The experiment was conducted under the ethical approvement of the Institutional 

Review Board Statement of Suez University No.141123. 

RESULTS  

1. Expression of hsp70 gene 

 The relative expression of hsp70 in B29 (i.e., boron with concentration 29mg/ L) 

group showed highly significant differences (P= <0.0001) compared to the control group. 

The relative expression of hsp70 in B72.5 (i.e., boron with concentration 72.5mg/ L) group 

paled significant differences (P= 0.0018), as did the cadmium group (P= 0.0198) in 

comparison with the control group. Relative expression of hsp70 gene in B29+Cd and 

B72.5+Cd treatments showed no significant differences (P= 0.4573 and P= 0.9814, 

respectively), as compared to control group. 

2. Liver functions 

 For the liver function enzymes, the result of ALT showed high significant 

differences in B29 (P= 0.0003) treatment compared to the control group, and there was 

also a significant differences in B72.5 (P= 0.0494) treatment compared to the control 

group. Moreover, no significant differences were detected in B29+Cd (P= 0.4381), 

B72.5+Cd (P= 0.1065), and Cd (P= 0.4934) treatments compared to the control group. 

Regarding the AST result, there was a high significant difference in B29 (P= 0.0003) 

treatment as compared to the control group. Moreover, there was a significant difference 
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in B29+Cd (P= 0.0304) compared to the control group; it was noted, that there were no 

significant differences in B72.5 (P= 0.7476), B72.5+Cd (P= 0.9492), and Cd (P= 0.1961) 

treatments with the control group. In ALP, results showed very highly significant 

differences in B29 (P= 0.0001) treatment compared to the control group, and there was 

also a significant difference in B29+Cd (P= 0.0172) compared to the control group. 

However, there were no significant differences in B72.5 (P= 0.1388), B72.5+Cd (P= 

0.0647), and Cd (P=0.1769) treatments with the control group. 

 

3. Antioxidant enzymes activities 

 Results showed a significance change between treatments in CAT activity in B29, 

B72.5+Cd, and Cd groups (P= 0.0263, P= 0.0289, and P= 0.0060, respectively) compared 

to the control group, and there were no significant differences between B72.5 and B29+Cd 

treatments with the control group. GPx activity was observed to show a high significant 

difference between B29 (P= 0.0002) and the control group. In addition, significant 

differences appeared in B29+Cd, B72.5, and Cd treatments (P= 0.0126, P=0.0060, and P= 

0.0102, respectively) and the control group. The SOD activity revealed that there was a 

significant difference between B29 (P= 0.0096) and Cd (P= 0.0250) treatments and the 

control group, while there were no significant differences between B29+Cd, B72.5+Cd, and 

B72.5 groups (P= 0.3079, P= 0.3460, and P= 0.1520, respectively) and the control group. 

 

4. Histological studies of chronic experiments 

4.1. Gills 

 Alterations in histomorphology were observed in all boron-treated groups. In 

contrast, control fish gills showed no discernible alterations. Each gill consists of a 

primary filament and secondary lamellae (Fig. 8). One or two layers of thick cells make 

up the main lamellar epithelium. Moreover, the main lamellar epithelium displayed the 

chloride cells. Fish treated with cadmium (6.25mg/ L) in the gills displayed moderate 

raising of lamellae epithelial and mild lamellar aneurysm. Furthermore, the gills in fish 

which were exposed to boron (29mg/vl) showed severe lamellar lifting as well as 

lymphatic infiltration. Additionally, fish exposed to boron (29mg/ L) + cadmium (6.25mg 

/ L) exhibited severe lamellar fusion and lamellar disorganization besides moderate 

lamellar hyperplasia. O. niloticus gills tissue exposed to boron (72.5mg/ l) displayed 

sever lamellar hyperplasia and fusion. For those fish that were exposed to boron (72.5mg/ 

L) + cadmium (6.25mg/ L) severe degeneration of gill lamella and necrosis (The 

epithelium is completely interrupted as a normal consequences of cell-lysis) were 

showcased. 
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Fig. 1. Sub- lethal levels of boron and 

cadmium's effect on hsp70 

on HSP70 gene expression 

 

Fig. 2. Sub- lethal levels of boron and        

cadmium's effect on liver function 

enzyme ALT 

 

Fig. 3. Sub- lethal levels of boron and 

cadmium's effect on liver function 

enzyme AST 

 

 

Fig. 4. Sub- lethal levels of boron and 

cadmium's effect on liver function enzyme 

ALP 

 

 

 

Fig. 5. Sub lethal levels of boron and 

cadmium's effect on liver antioxidant 

enzyme CAT 

on HSP70 gene expression 

 

Fig. 6. Sub lethal levels of boron and 

cadmium's effect on liver antioxidant 

enzyme GPX 

on HSP70 gene expression 

 

Fig. 7. Sub lethal levels of boron and 

cadmium's effect on liver antioxidant 

enzyme SOD 

on HSP70 gene expression 
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 Fig. 8. Histological section of fish gills stained with hematoxylin & eosin showing: (A) Control group 

showing normal architecture of secondary lamellae originate at the superior and inferior surface of primary 

lamellae,  (B) Cadmium (6.25mg/ L) treated group showing aneurysm (an) in the secondary lamellae (L2), 

(C) Boron (29mg/ L) treated group showing epithelial lifting (arrowhead) and leukocyte infiltration in the 

bases of primary lamellae (L1), (D) Boron (29mg/ L) + cadmium (6.25mg/ L) treated group displayed 

epithelial lifting (arrow) associate with intraepithelial edema, (E) Boron (72.5mg/ L) treated group showing 

architectural and structural alteration and epithelial hyperplasia with lamellar fusion, and (F) Boron (72.5mg/ 

L) + cadmium (6.25mg/ L) treated group showing necrosis (n) of lamellae associated lymphatic infiltration 

(lf) 

4.2. Liver 

 The morphology of the control fish's liver hepatocytes was found to have a 

parenchymatous look. The hepatopancreas and bile duct separated the liver's irregularly 

formed lobules at the light microscopic level (Fig. 9). Normal hepatocytes had a 

polygonal shape, a spherical nucleus in the center, and a nucleolus that was heavily 

stained. Fish treated with cadmium (6.25mg/ L) in the liver displayed moderate 

congestion and lymphatic infiltration. Moreoever, fish liver tissues specimens exhibited 

to boron (29mg/ L) showed a severe haemorrhage as well as congestion of sinusoids. Fish 

exposed to boron (29mg/ L) + cadmium (6.25mg/ L) displayed severe congestion and 

hepatocytes hyperplasia besides the deposition of eosinophilic granules in cytoplasm. 

Furthermore, O. niloticus liver tissue of individuals exposed to boron (72.5mg/ L) 

displayed hyperplasia of pancreatic tissues and necrosis of hepatic tissue.  For these O. 

niloticus, individuals exposed to (72.5mg/ L) + cadmium (6.25mg/ L) revealed severe 

degeneration denoted as cytoplasmic degeneration and cellular rupture along with 

hyperplasia of the pancreatic tissues and blood vessel congestion. Statistical analysis of 

organ indices for liver and gills were summarized in Table (2). 
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Fig. 9. Histological section of fish liver stained with hematoxylin & eosin showing: (A) Control 

group showing hepatocytes (hc), small darkly stained nuclei, sinusoids (s) and pancreas (p), (B) 

Cadmium (6.25mg/ L) treated group displayed, showing focal necrosis with lymphatic infiltration 

(lf) and congestion of blood vessels (co), (C) Boron (29mg/ L) treated group showed hemorrhagic 

areas (h), (D) Boron (29mg/ L) + cadmium (6.25mg/ L) treated group displayed congestion of 

blood vessels (co) and hydropic degeneration (hd) of hepatocyte, (E) Boron (72.5mg/ L) treated 

group displayed hyperplasia of pancreatic tissue (head arrow), and (F) Boron (72.5mg/ L) + 

cadmium (6.25mg/ L) treated group showing congestion of blood vessels (co), severe hydropic 

degeneration of hepatocytes (wavy arrow) and hyperplasia of pancreatic tissue (arrow) 

 

Table 2. Organ indices (mean ± S.E) for gills and liver 

 Data represent as  mean ± S. E. (n= 6), 

       (*) refers to a significant difference between the control and other treated groups,  

       (ND) not found.  

 

DISCUSSION 

 

 The objective of the study was to assess the sensitivity of O. niloticus to harmful 

heavy metals and minerals such as cadmium and boron. Heat shock protein 70 (Hsp70) 

levels were examined in individuals exposed to the highest concentration of boron 

(29mg/ L). As reported in Capkin et al. (2017), borax has various effects on the 

Parameter Control Cd (6.25mg/l) B (29mg/l) B (29 mg/l) + 

Cd (6.25 mg/l) 

B (72.5mg/l) B (72.5mg/l)+ 

Cd (6.25 mg/l) 

     Gills index  ND 9±2.5 12±3.1 16±4.2 20±2.2 35±3.6 

Liver index  ND 11.66±1.3 15.0±2.86
*

 22.2±1.37
*
 27.36±3.51 33.41±4.11 
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expression of the hsp70 gene, and the transcription of the hsp70 gene was significantly 

regulated due to borax exposure, leading to increased synthesis of heat shock protein 70 

(Hsp70). Hsp70 is produced in response to phsiological, environmental, and chemical 

exposures in both eukaryotes. 

      Haseeb et al. (2018) also revealed the impact of boron, but on the ostrich spleen and 

level of hsp70 expression. They found that, hsp70 expression level was first provoked at 

low-dose groups, and after that, it dramatically impeded in high-dose groups compared to 

the control group. At low doses of boron, the synthesis of hsp70 increasesm affirming 

that hsp70 is a beneficial and highly sensitive biomarker for boron exposure in the ostrich 

spleen. AlaK et al. (2019) evaluated the efficiency of borax against a different heavy 

metal exhibition on the hsp70 gene expression, and they observed that hsp70 decreased 

after treatment with borax. They suggested that borax itself is not a factor of 

antioxidations; however, it can support other antioxidants defence actions of fish are that 

interrupted by different heavy metals. Moreover, a significant increase in copper treated 

groups compared to control led to an increase in hsp70. In the studies of Jing et al. 

(2013), Savassi et al. (2020) and Li et al. (2021), the effect of heavy metals (Cu, Cd) on 

hsp70 gene expression in common carp (Cyprinus carpio L.) showed increased hsp70 

expression after exposure to cadmium and copper. The study investigated the expression 

of heat shock protein 70 in the Cyprinidae fish Tanichthys albonubes in response to 

copper and cadmium exposure. While, Jiang et al. (2015) reported that cadmium, copper, 

and its combination induced hsp70 overexpression in common carp liver. 

    In the study of the effect of zinc nano particles on hsp70 expression in liver and gill 

tissues of goldfish (Carassius auratus), it was noted that, hsp70 gene expression was 

significantly increased in treated fish (Harsij et al., 2018).  

    Since all chemical reactions that happened in different body cells are stimulated by 

enzymatic system and the entry of foreign chemicals in the cell generally disrupted most 

enzyme -in this system- functions, the enzymes activities alterations in fish have often 

been utilized as indicators for both intoxication and water pollution (Mohamed et al., 

2019). The commonly utilized markers of liver injury and stress indicator are ALT, AST, 

and ALP and are also known as serum aminotransferases (Atli et al., 2015; Oztopuz et 

al., 2019). Al-Asgah et al. (2015) and Abdelzaher et al. (2022) found that ALT and AST 

levels raised significantly with the increase of Cd concentration in Oreochromis niloticus, 

which was exposed to environmental pollutants. In African catfish, Clarias graiepinus 

and common carp Cyprinus carpio exposed to cadmium where serum ALT and AST, 

ALP activities were increased (Elarabany et al., 2019; Oz et al., 2020a; Aldoghachi et 

al., 2022), and this is compatible with our results. 

  Pawa and Ali (2006) investigated the role of boron in ameliorating fulminant 

hepatic failure by counteracting the alterations related to the oxidative stress; the results 

showed no alterations in the activity or levels of AST and ALP when the effect of boron 

alone was studied relative to the control group; rather a little reduction in ALT was 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878687/#b0150
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878687/#b0150
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observed. Similarly, there was a reduction in AST and ALT activity of boric acid treated 

fish (Ali et al., 2019). Furthermore, a substantial decrease in the activity of serum ALT, 

related to a non-significant change in serum AST activity, was observed in rats exposed 

to H3BO3 (Ismail, 2022). 

 In our study, antioxidant enzyme activities were significantly decreased in all 

investigated treatments of boron and cadmium compared to the control group. The 

findings of Ince et al. (2010) and Ince et al. (2014) agree with our result upon 

investigating the boric acid and borax dietary supplementation influence on antioxidants 

activity in rats. Cheng et al. (2021) detected the influence of cadmium on antioxidant 

enzymes of mud crab (Scylla paramamosain). Moreover, studies by EL-Gazzar et al. 

(2014) and Abd-Allah (2019) focused on oxidative stress in O. niloticus. 

 On the contrary, AlaK et al. (2019) evaluated the borax efficiency against heavy 

metal exhibition on the antioxidant enzymes GPX, CAT and SOD; the result showed 

rises in antioxidant enzymes activity in borax and borax combined groups. 

 Batool et al. (2018) revealed that cadmium caused an increase activity of SOD 

and reduction in activity of CAT, and GPX in two fish species Channa marulius and 

Wallago attu. In the study of the antioxidant system of freshwater fish (Oreochromis 

niloticus) response when exposed to Cd, the results showed an increasing effect of CAT 

and decreasing activity of SOD and GPX (Saglam et al., 2014). Activities of GPX and 

SOD in freshwater murrel (Channa punctatus) were elevated after exposure to cadmium, 

while the activity of CAT decreased (Dabas et al., 2012), and the difference with our 

study results may be due to using different doses, species and conditions. 

 Liver has an essential role in various physiological and biochemical processes 

such as digestion and detoxification of pollutants in water (Araújo et al., 2019). Gills in 

fish also have crucial functions in the filtration of the waterborne pollutants due to their 

large surface area which are exposed to the external environment (Barbieri et al., 2016).  

 Capkin et al. (2017) examined the possible effects of borax on the rainbow trout 

histopathology. They observed histological lesions in the liver and gills, including  

lamellar fusion, hyperplasia, and epithelial necrosis and pyknotic nucleus, as well as 

degradation in hepatic cell nuclei, fat vacuoles, and necrotic hepatocytes in liver of fish 

exposed to low doses of Borax. In this context, Oz et al. (2020b) studied 

histopathological changes in the rainbow trout (Onchorhyncus mykiss) consuming boric 

acid and observed lamellar edema, degenerative changes, inflammatory cell infiltrations 

in and severe lesion in gills. Hydropic and vacuolar degeneration in hepatocytes in the 

liver were slight to severe; moreover, mononuclear cell infiltrations, biliary hyperplasia in 

portal areas and necrotic changes in hepatocytes were observed. Furthermore, the 

histopathology of different (O. niloticus) tissues exposed to cadmium showed that there 

are many histopathological alterations in different tilapia's organs.  Gills showed necrosis 

and atrophy of the gill lamellae, severe edema, fusion, hyperplasia, and focal 

desquamation of the epithelial lining of the secondary lamellae. The gills arch showed 

https://pubmed.ncbi.nlm.nih.gov/?term=Dabas+A&cauthor_id=21691727
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many mononuclear leucocytic infiltration, edema, congestion, and the apex of gills 

filaments showed congestion, hyper activation of the mucous and chloride cells.  

Regarding the liver, histological observations revealed degeneration of hepatocytes with 

nuclear pyknosis in many cells, as well as the accumulation of the metal binding proteins 

in their nuclei (Kaoud et al., 2011; Abbas et al., 2019). In this respect, Nursanti et al. 

(2017) and  Otludil et al. (2017) found the same result in the histology of the gills of O. 

niloticus that were exposed to Cd. Alteration in secondary lamellae such as telangiectasis 

were observed in the gills of fish. Additional changes included lamellar epithelium 

lifting, epithelial hypertrophy, hyperplasia, fusion of epithelial lifting, as well as 

hyperplasia of the secondary lamellae. 

 

CONCLUSION 

 

 The present study revealed some effects of boron and cadmium alone and their 

combination on the Nile tilapia (O. niloticus) regarding heat shock protein 70 (Hsp70) 

gene expression, liver functions enzymes, and their histopathological effect in gills and 

liver. Data revealed that hsp70 gene participated in response to environmental stressors 

and proved the importance of hsp70 as biochemical markers. This study suggested that 

boron caused the inhibition of liver antioxidant enzymes, and B & Cd caused alterations 

in histopathology of liver and gills tissues.  

REFERENCES  

 

Abdel Aliem, R.; Soliman, B. A.; Khaled, H. E.; Mourad, M. and Dighiesh, H. S. (2022).  

Toxicological effect of Boric Acid and Cadmium Chloride on the Nile Tilapia, (Oreochromis 

niloticus). Egypt. J. Aquat. Biol. Fish., 26(5): 667 – 680.  

Abdelzaher, M.F.; Azab, A. M.; Authman, M.M.N. and Shaban, W. M. (2022).Impact of 

Lead and Cadmium Chronic Exposure on Some Physiological Parameters of the Nile Tilapia 

(Oreochromis niloticus). Egypt. J. Aquat. Biol. Fish., 26(6): 421 – 432. 

Abbas, W. T.;   Authman, M. M. N.;   Darwish, D. A.; Kenawy, A. M.; Abumourad, 

I.M.K. and Ibrahim, T. B. (2019).  Cadmium Toxicity-Induced Oxidative Stress and 

Genotoxic Effects on Nile tilapia (Oreochromis niloticus L.) Fish: The Protective Role of 

Fenugreek (Trigonella foenum-graecum) Seeds. Egypt. J. Aquat. Biol. Fish., 23(5): 193 – 

215. 

Abd-Allah, M.M.; Ramadan, A.A.; Said, N. M.; Ibrahim, I.H. and Abdel-karim, E.A. 

(2019). Effects of Cadmium Chloride and Glyphosate on Antioxidants as Biochemical 

Biomarkers in Nile Tilapia. Aquac. Res. Dev.10:1. 



647                          Detection of Heat Shock Protein "Hsp70" Gene Expression in the Nile Tilapia  
 

 

 

Abdel-Gawad, F.K.H.; Khalil, W.K.B.; Bassem, S.M.; Kumar, V.; Parisi, C.; Inglese, 

S.; Temraz, T.A., Nassar, H.F. and Guerriero, G. (2020). The Duckweed, Lemna minor 

Modulates Heavy Metal-Induced Oxidative Stress in the Nile Tilapia, Oreochromis 

niloticus., Water, 12 (11): 2983. 

Alak, G.; Parlaka, V.; Yeltekinb, A.C.; Ucara, A.; Çomaklıc, S. and Topal, A. (2019). 

The protective effect exerted by dietary borax on toxicity metabolism in rainbow trout 

(Oncorhynchus mykiss) tissues. Comp. Biochem. Physiol. Part C., 216: 82:92. 

Al-Asgah, N. A.; Abdel-Warith, A.A.; Younis, A.M.and Allam, H.Y. (2015). 

Haematological and biochemical parameters and tissue accumulations of cadmium 

in (Oreochromis niloticus) exposed to various concentrations of cadmium chloride. Saudi J 

Biol Sci., 22(5): 543-550. 

Aldoghachi, M.J.A. (2022). Effect of water-borne cadmium toxicity on some biochemical 

parameters and histopathological alterations in common carp, (Cyprinus carpio). Iran. J. 

Ichthyol., 9 (1): 205-210. 

Ali, S.E.; Gamil, A.A.; Skaar, I.; Evensen, O. and Charo-Karis, H. (2019). Efficacy and 

safety of boric acid as a preventive treatment against Saprolegnia infection in Nile tilapia 

(Oreochromis niloticus), Sci Rep. 29; 9(1): 18013. 

 Alm-Eldeen, A.A.; Donia, T. and Alzahaby, S. (2018). Comparative study on the toxic 

effects of some heavy metalson the Nile Tilapia, Oreochromis niloticus, in the Middle Delta, 

Egypt. Environ. Sci. Pollut. Res., 25, 14636:14646.  

Al-Sawafi, A.; Wang, L. and Yan, Y. (2017). Cadmium accumulation and its histological 

effect on the brain and skeletal muscle of zebrafish. J Heavy Metal Toxic Dis., 2: 2. 

An, L.; Lei, K. and Zheng, B. (2014). Use of heat shock protein mRNA expressions as 

biomarkers in wild crucian carp for monitoring water quality. Environ. Toxicol. Pharmacol., 

37(1): 248–255. 

Araújo, F.G.; Gomes, I.D.; Nascimento, A.A.; Santos, M.A. and Sales, A.  (2019). 

Histopathological analysis of liver of the catfish (Pimelodus maculatus) in a tropical 

eutrophic reservoir from Southeastern Brazil. Acta Sci Biol Sci .,41(1): 41039. 

Atli, G.;   Ariyurek, S.Y.; Kanak, E.G. and Canli, M. (2015). Alteration in the serum 

biomarkers belonging to different metabolic systems of fish (Orechromis niloticus) after Cd 

and Pb exposures. Environ. Toxicol. Pharmacol., 40: 508-515. 



Soliman et al., 2023 

 

Barbieri, E.; Campos-Garcia, J.; Martinez, D. S. T. and da Silva, J.R. (2016). 

Histopathological Effects on Gills of Nile Tilapia (Oreochromis niloticus, Linnaeus, 1758) 

Exposed to Pb and Carbon Nanotubes. Microsc. Microanal. , 22: 1162–1169. 

Batool, Y.; Abdullah, S; Naz, H. and Abbas, K. (2018). Sub-Lethal Effect of Waterborne 

Cadmium Exposure on Glutathione S-Transferase and Total Protein Contents in Liver of 

Carnivorous Fish, (Wallago attu).  Proc. Pakistan Acad. Sci:   B. Life and Environmental 

Sciences. , 55 (2): 21–25.  

Bernet, D.; Schmidt, H.; Meier, W.; Burkhardt-Holm, P. and Wahli, T. (1999). 

Histopathology in fish: proposal for a protocol to assess aquatic pollution. J. Fish Dis., 22: 

25-34. 

Capkin, E.; Ozceleb, T.; Kayis, S. and Altinok, I. (2017). Antimicrobial agents, triclosan, 

chloroxylenol, methylisothiazolinone and borax, used in cleaning had genotoxic and 

histopathologic effects on rainbow trout. Chemosphere., 182: 720:729. 

Cheng, C.; Ma, H.; Deng; Y.; Feng, J.; Jie, Y. and Guo, Z. (2021). Oxidative stress, cell 

cycle arrest, DNA damage and apoptosis in the mud crab (Scylla paramamosain) induced by 

cadmium exposure. Chemosphere, 263(6): 128277. 

Dabas
 
, A.;  Nagpure, N .S.; Kumar, R.; Kushwaha, B.; Kumar, P. and  Lakra, W. S. 

(2012). Assessment of tissue-specific effect of cadmiumon antioxidant defense system and 

lipid peroxidation in freshwater murrel, (Channa punctatus). Fish Physiol Biochem. , 38(2): 

469-82. 

Dubey, A.; Prajapati, K. S.; Swamy, M. and Pachauri, V. (2015). Heat shock proteins: a 

therapeutic target worth to consider. Vet World. , 8: 2231-0916. 

Drury, R.A. and Wallington, E.A. (1980). Carleton’s Histological Technique. 5
th

 edition, 

Oxford university press, NewYork. 

Elarabany, N. F. Bahnsawy, M.H. and Alfakheri, M. (2019). Effects of cadmium on some 

haematological and biochemical parameters of African catfish, (Clarias graiepinus. African 

J). Biol. Sci., 15 (1): 43-52. 

 EL-Gazzar, A .M. E.; Ashry, K. and El-Sayed, Y.S. (2014). Physiological and Oxidative 

Stress Biomarkers in the Freshwater Nile   Tilapia, Oreochromis Niloticus L, Exposed to 

Sublethal Doses of Cadmium. Alex. J. Vet. Sci., 40: 29-43. 

https://www.researchgate.net/journal/Chemosphere-0045-6535
https://pubmed.ncbi.nlm.nih.gov/?term=Dabas+A&cauthor_id=21691727
https://pubmed.ncbi.nlm.nih.gov/?term=Nagpure+NS&cauthor_id=21691727
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar+R&cauthor_id=21691727
https://pubmed.ncbi.nlm.nih.gov/?term=Kushwaha+B&cauthor_id=21691727
https://pubmed.ncbi.nlm.nih.gov/?term=Kumar+P&cauthor_id=21691727
https://pubmed.ncbi.nlm.nih.gov/?term=Lakra+WS&cauthor_id=21691727


649                          Detection of Heat Shock Protein "Hsp70" Gene Expression in the Nile Tilapia  
 

 

 

Garen, A. and   Levinthal, C. (1960). A fine-structure genetic and chemical study of the 

enzyme alkaline phosphatase of E. coli. I. Purification and characterization of alkaline 

phosphatase. Biochim Biophys Acta., 38: 470-83. 

Golli-Bennour, E. and Bacha, H. (2011). Hsp70 expression as biomarkers of oxidative 

stress: mycotoxins’ exploration. Toxicology., 287: (1–3), 1–7. 

Gülsoy, N.; Yavaş, C. and Mutlu, O. (2015). Genotoxic effects of boric acid and borax in 

zebrafish, Danio Rerio using alkaline comet assay. Excli J., 14:890-899.  

Harsij, M.; Paknejad, H.; Khalili, M.; Jafarian, H. and Nazari, S. (2018).  Histological 

study and evaluation of Hsp70 gene expression in gill and liver tissues of goldfish (Carassius 

auratus) exposed to Zinc oxide nanoparticles. Iran J Fish Sci., 20(3): 741-760. 

Haseeb, K.; WanG, J.; Xiao, K.; Yang, K.; Sun, P.; Wu, X.; Luo, Y.; Song, H.; Liu, H.; 

Zhong, J. and Peng, K. (2018). Effect of Boron Supplementation on Expression of Hsp70 

in the Spleen of African Ostrich. Biol Trace Elem Res., 182:317–327. 

Ince, S.; Kucukkurt, I.; Demirel, H.H.; Acaroz, D.A.; Akbel, E. and Cigerci, I.H. 

(2014). Protective effects of boron on cyclophosphamide induced lipid peroxidation and 

genotoxicity in rats. Chemosphere., 108:197-204. 

Ismail, H.T.H. (2022). Toxic effects of excess exposure to boric acid on serum biochemical 

aspect, haematology and histological alterations and ameliorative potential role of melatonin 

in rats. Saudi J Biol Sci., 29(10): 103425. 

Jiang, X.; Guan, X.; Yao, L.; Zhang, H.; Jin, X. and Han, Y. (2015). Effects of Single 

and Joint Subacute Exposure of Copper and Cadmium on Heat shock proteins in Common 

Carp (Cyprinus carpio). Biol Trace Elem Res., 169:374–381. 

Jimenez, A.; Hidalgo, C.; Morales, A.; Arizcun, M.; Abellan, E. and Cardenete, G. 

(2009). Antioxidant enzymatic defenses and oxidative damage in Denrex dentex fed on 

different dietary macronutrient levels. Comp. Biochem. Physiol. Part c., 150:537-545. 

Jing, J.; Liu, h.; Chen, H.; Hu, S.; Xiao, K. and Ma, X. (2013). Acute effect of copper and 

cadmium exposure on the expression of heat shock protein 70 in the Cyprinidae fish 

(Tanichthys albonubes). Chemosphere., 91: 1113-1122. 

Kabu, M. and Akosman, M.S. (2013). Biological effects of boron. Rev. Environ. Contam. 

Toxicol., 225: 57-75. 

https://pubmed.ncbi.nlm.nih.gov/?term=GAREN+A&cauthor_id=13826559
https://pubmed.ncbi.nlm.nih.gov/?term=LEVINTHAL+C&cauthor_id=13826559
https://pubmed.ncbi.nlm.nih.gov/?term=Ismail%20HT%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9436754/


Soliman et al., 2023 

 

Kaoud, H.A.; Zaki, M.M.; El-Dahshan, A.R.; Saeid, S. and El Zorba, H.Y. (2011). 

Amelioration the Toxic Effects of Cadmium-Exposure in Nile Tilapia (Oreochromis 

niloticus) by using Lemna gibba L. Life Sci J., 8(1): 185-195. 

Khalesi, M.; Abedi, Z.; Behrouzi, S. and Eskandari, S.K. (2017). Haematological, blood 

biochemical and histopathological effects of sublethal cadmium and lead concentrations in 

common carp. Bulg. J. Vet. Med., 20 (2): 141-150. 

Lauritano, C.; Procaccini, G. and Ianora, A. (2012). Gene expression patterns and stress 

response in marine copepods. Mar.Environ. Res., 76:22–31. 

Li, H.J.; Zhang, X.; Zhang, S.; Yang, T. and Yan, Z. (2015). Song, Molecular cloning, 

and expression of two heat-shock protein genes (HSC70/HSP70) from Prenant's 

schizothoracin (Schizothorax prenanti). Fish Physiol. Biochem., 41 (2): 573–585. 

Li, Z.; Shah, S.W.A.; Zhou, Q.; Yin, X. and Teng, X. (2021). The contributions of miR-

25-3p, oxidative stress, and heat shock protein in a complex mechanism of autophagy caused 

by pollutant cadmium in common carp (Cyprinus carpio L.)  Hepatopancreas. Environ 

Pollut., 287:11754. 

Mohamed, A.S.; Gad, N. S. and El Desoky, M.A. (2019). Liver Enzyme Activity of 

Tilapia zillii and Mugil capito Collected Seasonally from Qarun Lake, Egypt. Fish Aqua J., 

10:1. 

Nursanti, L.; Nofitasari, E.; Hayati, A.; Hariyanto, S.; Irawan, B. and Soegianto, A. 

(2017). Effects of cadmium on metallothionein and histology in gills of tilapia (Oreochromis 

niloticus) at different salinities. Environ. Toxicol. Chem., 99(5-6): 01-26. 

Obaiah, J.; Vivek, Ch.; Padmaja, B.; Sridhar, D. and peera, K. (2020). Cadmium 

Toxicity Impact on Aquatic Organisms- Oxidative Stress: Implications for Human Health 

Safety and Environmental Aspects-A Review. Int J Sci Technol Res., 9: 03.  

Otludil, B.; Akin, H.K. and Ünlü, E. (2017). Effects of sub-lethal exposure of cadmium on 

histopathology of gills of Nile tilapia, Oreochromis niloticus and the mitigating effects of 

Cladophora glomerata. Acta Biologica Turcica., 30(1): 24-30. 

Oz, M. T.; Karașahin, N. H.; Aksoy, B. E.; Inanan, S. and Dikel, (2020a). Harmful 

effects of dietary supplementation of boron on blood parameters of Rainbow Trout 

(Oncorhynchus mykiss) J Hellenic Vet Med Soc., 71(2): 2227-2234. 



651                          Detection of Heat Shock Protein "Hsp70" Gene Expression in the Nile Tilapia  
 

 

 

Oz, M.; Yavuz, O. and Bolukbas, F. (2020b). Histopathology changes in the rainbow trout 

(Onchorhyncus mykiss) consuming boric acid supplemented fish fodder. J Trace Elem Med 

Biol., 62: 126581. 

Oztopuz, O.; Turkon, H.; Buyuk, B.; Coskun, O.; Sehitoglu, M.H.; Ovali, M.A. and 

Uzun, M. (2019). Melatonin ameliorates sodium valproate-induced hepatotoxicity in 

rats. Mol. Biol. Rep., 47:317–325. 

Paglia, D. E. and  Valentine, W. N. (1967). Studies on the quantitative and qualitative 

characterization of erythrocyte glutathione peroxidase. J Lab Clin Med., 70(1): 158-69. 

Pawa, S. and Ali, S. (2006). Boron ameliorates fulminant hepatic failure by counteracting 

the changes associated with the oxidative stress. Chem Biol Interact., 160: 89–98. 

Reitman, S. and  Frankel, S. (1957). A colorimetric method for the determination of serum 

glutamic oxalacetic and glutamic pyruvic transaminases. Am J Clin Pathol., 28(1): 56-63. 

Saglam, D.; Atli, G.; Dogan, Z.; Baysoy, E.; Gurler, C.; Eroglu, A. and  Canli, M. 

(2014). Response of the Antioxidant System of Freshwater Fish (Oreochromis niloticus) 

Exposed to Metals (Cd, Cu) in Differing Hardness.Turkish J Fish Aquat Sci., 14: 43-52. 

Savassi, L.A.; Paschoalini, A.L.; Arantes, F.B.; Rizzo, E. and Bazzoli, N. (2020). Heavy 

metal contamination in a highly consumed Brazilian fish: immune histochemical and 

histopathological assessments. Environ Monit Assess., 192: 542. 

Strickland, J.D.H. and Parsons, T.R. (1972). A Practical Handbook of Seawater Analysis. 

Fisheries Research Board of Canada Bulletin., 157: 2nd Edition, 310 p. 

Uluisik, I.; Karakaya, H. C. and Koc, A. (2018). The importance of boron in biological 

systems. J Trace Elem Med Biol., 45: 156– 162. 

Vidya, P.V. and Chitra, K.C. (2018). Aluminium oxide nanoparticles induced irrevocable 

damages in gill, liver, and brain tissues of the freshwater Fish, Oreochromis mossambicus 

(Peters, 1852). Int. j. fish. aquat. sci., 3(2):13-17. 

Younis, E. M.; Abdel-Warith, A. A. and Al-Asgah, N. A. (2012). Hematological and 

enzymatic responses of Nile tilapia Oreochromis niloticus during short and long-term sub 

lethal exposure to zinc. Afr. J. Biotechnol., 11(19): 4442-4446. 

https://pubmed.ncbi.nlm.nih.gov/?term=Paglia+DE&cauthor_id=6066618
https://pubmed.ncbi.nlm.nih.gov/?term=Valentine+WN&cauthor_id=6066618
https://pubmed.ncbi.nlm.nih.gov/?term=REITMAN+S&cauthor_id=13458125
https://pubmed.ncbi.nlm.nih.gov/?term=FRANKEL+S&cauthor_id=13458125

