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ABSTRACT

Heavy metals and temperature are common environmental stressors. Thus, they have
considerable attention due to global climate change and anthropogenic pollution. Therefore,
the present study focused on the influence of thermal change on liver and kidney damage
induced by cadmium (Cd) in Oreochromis niloticus fish. The experiment was carried out on
120 apparently healthy Nile tilapia (60-70 gm) divided into 6 experimental groups, 20 for
each exposed to Cd at different temperatures for 21 and 42 days. The first group used as
control with water temperature of 22°C, the second group exposed to 3.44 mg/L CdCl, H,O
(1/10 96hrs.L.Csp) with water temperature of 22°C, the third group exposed to 1.77 mg/L
CdCl, H,O (1/20 96hrs.LCsg) with water temperature of 26°C, the fourth group exposed to
3.44 mg/L. CdCl, H,O with water temperature of 26°C, the fifth group exposed to 1.77 mg/L
CdCl, H,O with water temperature of 29°C and the sixth group exposed to 3.44 mg/L
CdClL, H,O with water temperature of 29°C. The results of biochemical analysis revealed that
the combined exposure to Cd and high temperatures lead to marked increase in the level of
transaminases (AST and ALT), ALP, TP, urea and creatinine concentrations than exposure to
Cd alone after 21 days. Meanwhile, after 42 days, the levels of TP and urea decreased with
continued elevation of other parameters. Histopathological alterations in liver tissue revealed
vacuolation, degenerative changes and necrosis. Kidney also showed necrosis, hemosiderosis
and hemorrhage in renal tubules. These changes were more pronounced with temperature
rising to 26°C and 29°C. These results confirm that the increase of temperature enhance Cd
toxicity and needs to be taken into account for the accurate prediction and assessment of Cd-

induced toxicity in fish.
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INTRODUCTION

Pollution of aquatic environment by metals due to natural and anthropogenic sources
is a worldwide environmental concern. Exposure to metals may lead to several toxic effects in
aquatic organisms, including tissue damage, respiratory changes, alterations of biochemical
and physiological mechanisms, and ultimate mortality (Heath 1995). Cadmium is one of the
most toxic metals in the environment, does not serve a beneficial biologic function in higher
organisms, and is extremely toxic even at very low concentrations (Soares et al. 2008). This
metal can enter the environment from various anthropogenic sources, such as by-products
from zinc refining, coal combustion, mine wastes, electroplating processes, iron and steel
production, pigments, fertilizers, and pesticides (USEPA, 2001). Liver is the major site of
metal storage and excretion in fish and as a result of its major role in metabolism and its
sensitivity to metals in the environment, particular attention has been given to liver in
toxicological investigations (Parvez et al. 2006). AST and ALT are the most important
enzymes acting as transaminases involved in amino acid metabolism and they are known to
be sensitive to metal exposures (Gravato et al. 2006). Chowdhury et al. (2004) have shown
that the concentration of Cd rises more rapidly in the liver than in the kidneys following
exposure, although the kidney is the primary organ of long-term Cd accumulation and storage
in vertebrates including fish. This implies that some of the Cd accumulated in liver is
transported later to the kidney for storage. Thomann et al. (1997) also demonstrated that the
Cd concentration in the kidney continues to increase even when fish are no longer exposed to
Cd, indicating the mobilization of Cd from other target tissues (e.g. liver) to kidney for long-
term storage. The slow onset of global climate change (IPCC, 2001) has created concern
about long-range effects of changing regional temperatures on aquatic organisms, most of
which are poikilotherms (Prosser, 1961). Thermal changes can produce alterations in the
toxicokinetics, bioavailability, biotransformation, homeostasis, absorption rate and
elimination of different compounds (Kéck et al, 1996). Metal toxicity to fish is often
reported to increase with increasing temperature which is often linked to increasing metal
accumulation. There have been several reports of increasing cadmium toxicity with increasing
temperature in aquatic organisms, juvenile mosquitofish and Gammarus pulex (Sassi et al.,
2010; Vellinger et al., 2012) but the information about Tilapia are scarce. The present study,
therefore, is an attempt to assess the possible influence of temperature on cadmium-induced

hepato-renal toxicity in Nile tilapia.
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MATERIAL AND METHODS

Tested compound:

Cadmium chloride monohydrate was purchased from LOBA chemie, Co. (Mombali,
India).

Fish acclimation:

Apparently healthy Nile tilapia (Oreochromis niloticus) of body weight (60-70 gm) was
obtained from private aquaculture farm, Manzalah, Dakahlia, Egypt. They were transported in
large plastic bags containing oxygen to the laboratory of Forensic Medicine and Toxicology,
Faculty of Veterinary Medicine, Mansoura University. They were adapted for two weeks
before starting the experiment. During the acclimation period, fish were reared in glass
aquaria (70x40x40cm) provided with heaters and aerators and fed twice daily based on 3% of
body weight with standard laboratory pelleted diet. They were under controlled conditions (12
hrs. light and 12 hrs. dark). Also, the water was changed twice weekly with clean

dechlorinated tap water.
Exprimental design

One hundred and twenty acclimated fish were divided into 6 experimental groups 20 for
each group divided into two aquria. The first group used as control with water temperature of
22°C, the second group exposed to 3.44 mg/L (1/10 96hrs.LCsp) CdCl, H,O with water
temperature of 22°C, the third group exposed to 1.77 mg/L (1/20 96hrs.LCsp) CdCl, H,O with
water temperature of 26°C, the fourth group exposed to 3.44 mg/L CdCl, with water
temperature of 26°C, the fifth group exposed to 1.77 mg/L CdCl, H,O with water temperature
of 29°C and the sixth group exposed to 3.44 mg/LL CdCl, H,O with water temperature of
29°C. (The value of 96hrs.LC50 was calculated as 34.65mg/LL under our experimental

conditions, unpublished data).
Samples collection

At day 21 and 42, samples were collected from tested fish after their immobilization on
absorbent paper and kept motionless. The body surface was then cleaned and blotted dry. For
plasma separation, fresh blood samples were collected from the heart with disposable 3cc

syringe and 21 gauge needles containing heparin, the samples were kept in Epindorff tubes in
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standing position in refrigerator for 24hrs., and then centrifuged at 3000 rpm for 15 minutes
and the clear plasma were separated carefully and stored in Epindorff tubes at -20°C until
biochemical analysis. For histopathological study, specimen from liver and kidney were
collected and preserved in 10% neutral buffered formalin (groups exposed to 29°c was

sampled after 21days only due to high mortalities).
Biochemical analysis

Plasma samples were analyzed for total protein was determined according to Kingsley
et al (1939). Urea was determined by colorimetric method according to Vassault et al (1986).
Creatinine determined by photometric colorimetric test for kinetic measurement according to
Henry (1974). Aminotransferases (ALT and AST) were determined according to Tietz
(1976). Alkaline phosphatase (ALP) determined by kinetic method according to Young et al
(1972).

Histopathological Examination

Sections of 5 micron thickness were prepared from liver and kidney stained by
hematoxyline and eosin (H&E), then examined microscopically according to Bancroft et al

(1990).
Statistical analysis:

Data were subjected to statistical analysis using statistical software program (SPSS for
Windows, version 15, USA). Means and standard error for each variable were estimated.
Differences between means of different groups were carried out using one way ANOVA with
Duncan multiple comparison tests. Dissimilar superscript letters in the same column show a

significance (P<0.05).

RESULTS

Plasma biochemical Parameters of fish exposed to cadmium at different temperatures

for 21 days as shown in table (1):

Total protein results revealed significant decrease between all exposed groups and the
control. There are significant decreases in Cd1/10LCsy+22°C exposed group in compare to

Cd1/10LCs¢1+29°C exposed group while there are no significant difference in compare to
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Cd1/10LCsp+26°C. Also, there are significant decreases in Cd1/20LCsy+26°c exposed group
in compare to Cd1/20LCs¢+29°C exposed group Fig. (1).

Urea results revealed significant increase between all exposed groups and the control.
There are significant increases in Cdl/10LCsy+22°C exposed group in compare to
Cd1/10LCsp+26°C and Cd1/10LCs¢+29°C exposed groups although there is no significant
difference between Cd1/10LCs¢+26°C and Cd1/10LCsy+29°C exposed groups. Moreover,
there is significant decrease in Cd1/20LCsy+26°C exposed group in compare to
Cd1/20LCs¢1+29°C exposed group Fig. (2).

Creatinine results revealed significant increases in all exposed groups in compare to the
control except Cd1/20LCsp+26°C exposed group. There are significant decreases in
Cd1/10LCs¢+22°C exposed group in compare to Cd1/10LCs¢+26°C and Cd1/10LCsyp+29°C
exposed groups although there is no significant difference between Cd1/10LCsy+26°C and
Cd1/10LCs¢+29°C  exposed groups. Moreover, there 1is significant decrease in
Cd1/20LCs¢+26°C exposed group in compare to Cd1/20LCsyp+29°C exposed group Fig. (3).

ALT levels revealed significant increases between all exposed groups and the control.
There are significant decreases in Cdl/10LCsp+22°C exposed group in compare to
Cd1/10LCsp+26°C and Cd1/10LCsy+29°C exposed groups although there is no significant
difference between Cd1/10LCs¢+26°C and Cd1/10LCsy+29°C exposed groups. Moreover,
there is significant decrease in Cd1/20LCsy+26°C exposed group in compare to
Cd1/20LCs¢1+29°C exposed group Fig. (4).

AST levels revealed significant increase between all exposed groups and the control.

Also, there are significant differences between all exposed groups Fig. (5).

ALP results revealed significant increases in all exposed groups except
Cd1/10LCsp+22°C and Cd1/20LCs¢+26°C exposed groups in compare to the control. There
are significant decreases in Cdl1/10LCsy+22°C exposed group in compare to
Cd1/10LCs¢+26°C and Cd1/10LCsy+29°C exposed groups in addition to significant increase
in Cd1/10LCs¢+26°C in compare to Cd1/10LCsp+29°C exposed groups. Moreover, there is
significant decrease in Cd1/20LCsy+26°C exposed group in compare to Cd1/20LCsy+29°C
exposed group Fig. (6).
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Table (1): Plasma biochemical Parameters of fish exposed to cadmium at different
temperatures for 21 days (Means + S.E).

TP Urea Creatinine ALT AST ALP

Group g/dl mg/dl mg/1 U/L U/L U/L
Control 5.7125° 16.487° 0.7888* 8.5625° 15.325" | 29.525°
+0.174 +0.407 +0.028 +0.429 | +0.4977 | +0.595
cd 3.6375° 27.125" 0.9938¢ 17.100° | 27.800° | 32.650°
1/10LCs+22°¢ | 0.106 +1.347 +0.053 +0.594 | +0.3234 | =+0.814
cd 3.9125° 18.675° 0.9025 12.687° | 31.287* | 31.800°
1/20LCsp+26°c |  +0.091 +0.548 +0.022 +0.413 +0.831 +0.716
cd 3.6875° 22.687° 3.2275" 61.762° | 37.337° | 115.79°
1/10LCsp+26°c | +0.1306 +0.564 +0.066 +1.136 +0.715 +2.589
cd 4.5938" 42.012° 2.5538" 72.187° | 49.325" | 55.312¢
1/20LCs5+29°c |  +0.103 +0.782 +0.083 +0.730 +0.856 +1.031
cd 4.3250" 23.975° 3.1750° 59.075" | 67.200* | 61.000"
1/10LCs5+29°c |  +0.054 +0.644 +0.052 +2.490 +0.696 +1.100

The means in the same column having the same superscript are not significantly different (P<0.05).

Plasma biochemical Parameters of fish exposed to cadmium at different temperatures

for 42 days as shown in table (2):

TP results revealed significant decreases in all exposed groups in compare to the

control. There are significant increases in Cd1/10LCs¢+22°C exposed group in compare to
Cd1/10LCsp+26°C and Cd1/20LCsy+26°C exposed groups. Moreover, there is no significant
difference between Cd1/10LCsy+26°C and Cd1/20LCsy+26°C exposed groups Fig. (1).

Urea results revealed significant increase in all exposed groups in compare to control.

There are significant increases in Cdl/10LCsy+22°c exposed group in compare to

Cd1/10LCsp+26°c exposed group. Also, there is significant increase in  Cd1/20LCs¢+26°c in

compare to Cd1/10LCsy+26°c exposed group Fig. (2).
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Creatinine levels revealed significant increase in all exposed groups and the control.
There are significant decreases in Cdl/10LCsy+22°C exposed group in compare to
Cd1/10LCs¢+26°C. Moreover, there is significant decrease in Cd1/20LCs¢+26°C in compare
to Cd1/10LCs¢+26°C exposed group Fig. (3).

ALT levels revealed significant increase in all exposed groups in compare to the control.
There are significant decreases in Cdl/10LCsy+22°C exposed group in compare to
Cd1/10LCsp+26°C. Moreover, there is significant decrease in Cd1/20LCs¢+26°C in compare
to Cd1/10LCs¢+26°C exposed group Fig. (4).

AST levels revealed significant increase in all exposed groups in compare to the control.
There are significant decreases in Cdl/10LCsy+22°C exposed group in compare to
Cd1/10LCs¢+26°C. Moreover, there is significant increase in Cd1/20LCsy+26°C in compare to
Cd1/10LCs¢1+26°C exposed group Fig. (5).

ALP levels revealed significant increase in all exposed groups in compare to the control.
There are significant decreases in Cdl/10LCsy+22°C exposed group in compare to
Cd1/10LCs¢+26°C. Moreover, there is significant decrease in Cd1/20LCs¢+26°C in compare
to Cd1/10LCs¢+26°C exposed group Fig. (6).

Table (2): Plasma biochemical Parameters of fish exposed to cadmium at different

temperatures for 42 days. (Means + S.E).

TP Urea Creatinine ALT AST ALP

Group
g/dl mg/dl mg/dl U/L U/L U/L
5.7125" 15.975¢ 0.7888" 8.7750¢ 15.462¢ 29.362¢

Control
+0.158 +0.232 +0.034 +0.265 +0.509 +0.569
Cd 3.8625" 25.550° 1.5838" 20.562¢ 20.862¢ 48.262°
1/10LCso+22°¢ | +0.101 +0.722 +0.060 +0.446 +0.740 +1.963
Cd 3.3125° 32.237° 1.2762¢ 30.562° | 66.500° 41.862°
1/20LCso+26°c | +0.091 +(0.788 +0.085 +0.539 +0.468 +0.850
Cd 3.2562° 23.462° 5.0000° 44.787° 36.387" 60.712*
1/10LCsy+26°c | +0.053 +0.669 +0.092 +0.801 +1.080 +0.880

The means in the same column having the same superscript are not significantly different

(P<0.05).
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Fig. (1): Total Protein values of fish exposed to
cadmium at different temperatures.

Fig. (2): Urea values of fish exposed to cadmium
at different temperatures.
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Histopathological findings of fish exposed to cadmium at different temperatures for 21

days:

In Cd1/10LCsq at 22°C exposed group, severe congestion with vacuolation and necrosis
of hepatocytes Fig. (7). Also, kidney showed Brown to black pigment deposition and

congestion, besides vacuolation and necrosis in renal tubules were seen Fig. (8).

In Cd1/20LCsy at 26°C exposed group, Vacuolation of hepatocytes with normal
hepatopancease was seen. Furthermore, kidney showed Hemorrhages with brownish

hemosiderin pigment deposition were observed.

In Cd1/10Lcso at 26°C exposed group, numerous glycogen vacuolation in hepatocytes

was observed. Also, kidney Hemorrhage and coagulative necrosis in renal tubules were seen
Fig. (8).

In Cd1/20LCs at 29°C exposed group, liver showed severe congestion and necrosis of
hepatocytes were seen Fig. (7). Kidney showed hemorrhage and necrosis in renal tubular

epithelium were observed.

In Cd1/10LCsy at 29°C exposed group, liver showed Congestion with normal
hepatopancrease, beside mild vacuolation of hepatocytes was detected Fig.(7). Necrosis in

renal tubules and dissolution in renal glomeruli were seen Fig.(8).
Histopathological findings of fish exposed to cadmium at different temperatures for 42
days:

In Cd1/10LCsy at 22°C exposed group, liver tissue showing lytic necrosis in
hepatocytes. Moreover, kidney showed hemorrhage and hemosiderosis with degenerative

changes in renal tubules.

In Cd1/20LCsp at 26°C exposed group, liver showed congestion in central vein. In

addition, kidney showed necrosis and dissociation of the renal tubular epithelium. Fig.(8).

In Cd1/10LCs at 26°C exposed group, liver showed severe congestion with periportal

necrosis. Fig. (7). Also, kidney showed lymphocytic exudates in interstitial tissue.
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Fig. (7): Photomicrograph of liver section in fish. (A) Liver of fish exposed to Cd1/10LCs, at 22°c for
21 days showing severe congestion with vacuolation and necrosis of hepatocytes (HE,
x10) (B) Liver of fish exposed to Cd1/10LCs, at 26°c for 42 days showing severe
congestion with periportal necrosis (HE, x10) (C) liver of fish exposed to Cd1/20LCs, at
29°c for 21 days showing severe congestion and necrosis of hepatocytes (HE, 10x). (D)
Liver of fish exposed to Cd1/10LCs, at 29°c for 21 days showing congestion with normal
hepatopancrease (HE, x10).
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Fig. (8): Photomicrograph of kidney section in fish. (A) Kidney of fish exposed to Cd1/10LCs, at
22°C for 21 days shows brown to black pigment deposition, congestion, vacuolation and
necrosis of renal tubules (HE, x10) (B) Kidney of fish exposed to Cd1/20LCs, at 26°C for
42 days shows necrosis and dissociation of tubular epithelium (HE, x10) (C) Kidney of fish
exposed to Cd1/10LCs at 26°C for 21 days shows hemorrhage and coagulative necrosis in
renal tubules(HE, x10) (D) Kidney of fish exposed to Cd1/10LCs, at 29°C for 21 days

shows necrosis of renal tubules and dissolution in renal glomeruli (HE, x10).



Sleem.F.R. et.al., 794

DISCUSSION

The plasma protein level can be considered an index of fluid volume disturbances (Goss
and Wood, 1988). The decrease in proteins level may be due to formation of lipoproteins,
which are utilized for repair of damaged cell and tissue organelles or direct utilization by cells
for energy requirements (Ghosh and Chatterjee 1989) or by disturbance in liver protein
metabolism. The present results revealed significant decrease in TP after Cd exposure after 21
days and more decline after 42 days which agree with Remyla et al. (2008) results in fresh
water fish Catle Catle which be due to reduced protein synthesis or increased protein
excretion caused by nephrosis or by cirrhosis. These results can be confirmed by severe

congestion, vacuolation and necrosis histopathologically after 21 days.

ALT and AST are frequently used in the diagnosis of damage caused by pollutants in
various tissues, such as liver, muscle, and gills (De la Tore et al. 2000). The present results
shows an increase in plasma AST and ALT activities in fish exposed to Cd after 21 days and
their activities increased with increased time to 42 days which caused mainly by leakage of
these enzymes from liver cytosol into the bloodstream as a result of liver damage caused by
metal exposure. These results are in accordance with the finding of Almeida et al. (2002) and
Kaoud et al. (2011) and attributed the increase in their activities to the hepatocellular damage

and impairment of liver parenchyma.

Alkaline phosphatases are intrinsic plasma membrane enzymes found on the
membranes of all animal cells which catalyses the dephosphorylation of phosphorylated
organic compounds and also involves in bone formation and in membrane transport activities
(Molina et al., 2005). The measurement of AP activity is carried out in ecotoxicological
studies as it serves as an indicator of intoxication because of its sensitivity to metallic salts
(Boge” et al., 1988). The present results shows marked elevation of ALP activity after 21 days
and its activity increased with increased exposure period to 42 days which agrees with Atli
and Canli (2007) results which may be attributed to the enhancement of this enzyme can be
observed as a signal of severe tissue damage (Bernet et al. 2001). A histopathological
screening of the liver in the present study revealed severe congestion with vacuolation and
necrosis of hepatocytes after exposure to Cd1/10LCsy for 3 and 6 weeks which agree with
Guardiola et al., 2013 who reported the same results in Gilthead seabream. The vacuolation
of hepatocytes may indicate an imbalance between the rate of synthesis of substances in the

parenchymal cells and the rate of their release into the systemic circulation (Gingerich,
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1982). Previous studies concluded that Cd, at relatively low, sublethal concentrations, can
target vascular endothelial cells at a variety of molecular levels, including cell adhesion
molecules, metal ion transporters and protein kinase signalling pathways (Prozialeck et al.,
2000).

There are several ways in which temperature can influence metal toxicity. Firstly,
temperature can affect the general behavior, physiology and activity (Wolf, 1998). Secondly,
temperature directly and positively affects the metabolic rate (Vergauwen et al., 2013),
thereby affecting energy metabolism and many other processes. Combined with the energetic
cost associated with metal exposure, this could alter toxicity. Thirdly, the metal uptake rate as
well as reaction rates can increase with increasing exposure temperature (Bervoets et al.,
1996). Finally, temperature itself may become a stressor, especially near the thermal tolerance
limits (Heugens et al., 2003).Results revealed that exposure to high temperatures increase
cadmium toxicity, significant increase in activities of ALT, AST and ALP in Cd1/10LCs, at
26 and 29°c than at 22°c in addition to significant increase in their activities in Cd1/20LCs, at
29°c than at 26°c after 21 days. Moreover, ALT., AST and ALP levels increased in
Cd1/10LCsq at 26 than at 22°c after 42 days. Also, TP level shows significant increase with
increased temperature and Cd after 21 days while after 42 days, its level markedly decreased.
In other temperature effect studies in fish in which the metal was supplied as waterborne Cd
(Douben, 1989; Kock et al., 1996) the temperature dependent increase of metal content was
explained by a greater increase in uptake rate than the increase found in the elimination rate
(Douben, 1989). The increased bioaccumulation in liver with high temperature may explain
the increased toxic effects of Cd on liver which reflects on elevated enzyme activities, TP
level and histopathological findings. Temperature influences the incidence and severity of
histological changes in liver. Severe congestion, vacuolation and necrosis in Cd1/20LCs, at
26°c exposed group increased with rise of temperature to 29°c which have an agreement with
(Hallare, 2005) results in Zebrafish emberyo after exposure to Cdcl, 2mg/L at ( 21, 26 and 33
°C) for 48h. These results agree also with Salazar-Lugo, 2011 who illustrate the liver
histology in fish paraquat exposed showed as initial necrosis in paraquat /29 °C group, and
generalized necrosis in paraquat /35 °C group suggesting that 35 C temperature produced a

synergistic effect on paraquat -mediated liver damage.

Creatinine and uric acid levels are indicators of kidney function, urea is the major
nitrogen-containing metabolic product of protein metabolism and the elevation in blood urea

is known to be correlated with an increased protein catabolism and/or the conversion of
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ammonia to urea as a result of increased synthesis of arginase enzyme involved in urea
production (Harper et al., 1979). This study showed a significant increase in creatinine and
urea in fish exposed to Cd for 21 and 42 days which agree with Abdel-Tawwab and Wafeek,
2010 results which may be due to the action of heavy metal on glomeruli filtration rate (EI-
Bagori 2001; Abbass et al. 2002) and/or Cd may cause pathological changes to the kidney
resulting in dysfunction. The latter explanation can be proved with the histological changes in
kidney architecture in form of hemosiderosis, congestion, vacuolation and tubular necrosis
after 21 days and increased after 42 days. The present study revealed that exposure to high
temperatures and Cd lead to significant increase in urea and creatinine after 21and 42 days
except urea value after 42 days because the excretion of divalent ions is a major function of
renal tubular epithelium and Cd is primarily nephrotoxic metal (Gingerich, 1982). The
histopathological alterations occurred in the kidney were hemosiderosis, congestion,
vacuolation and necrosis of renal tubules after exposure to Cd1/10 LCsy for 3 weeks which
agree with Omer et al., 2012. There was a steady accumulation of Cd in both kidney and
liver and an increase in renal metallothionine levels correlated with the accumulation of Cd in
the kidney of rainbow trout (Olsson et al., 1996). It has been reported that when MT becomes
saturated with Cd, it may lead to tubular epithelial cell necrosis (Chan and Rennert, 1981).
Cd is found in the cell bound to MT association of this avid metal binding protein may be a
reason for the low excretion rate of this metal in fish (Harrison and Klaverkamp, 1989).
The Cd bound to MTs can be removed by exposure to low pH (Roesijadi, 1992). Cd inhibited
the activity of Na+/H+ exchange that was present on the brush border of the eel kidney
tubular cells and was able to alter the passive H+ permeability. The interference of Cd might
inhibit the transporter and impair the overall osmoregulatory process (Vilella et al., 1991).
The cytoarchitecture of kidney showed mild hemorrhage with hemosiderosis in Cd1/10LCsg
at 22°c exposed group which developed to severe hemorrhage and coagulative necrosis with
rise temperature to 26°c. In Cd/29°c exposed group, renal tubules showed necrosis and
hemorrhage with dissolution in renal glomeruli. Salazar-Lugo, 2011 detected that exposure
to paraquat at paraquat/29 C lead to intense leukocyte infiltration, principally of basophil
cells, as well as hyperplasia of MMC. These lesions were enhanced in paraquat/35 °C besides

hyperplasia of endothelium with rupture of vascular membrane.

Overall, the present study validates that elevated temperatures increase hepato-renal

toxicity induced by cadmium in Oreochromis niloticus fish.
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