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Abstract Specimens of Clarias gariepinus were treated with lethal (70, 75, 80, 85, 90, and 95 mg/L)
and sub-lethal concentrations (8, 12 and 16 mg/L) of uranyl acetate, a low-radiotoxicity uranium salt. The
LCs, value was registered as 81.45 mg/L. The protein and glycogen concentrations in liver and muscles
were decreased in the fish exposed to sub-lethal concentrations. The red blood cell (RBC) and white blood
cell (WBC) counts, haemoglobin (Hb) concentration and haematocrit (Hct) values were decreased. Different
blood indices like mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean
corpuscular haemoglobin concentration (MCHC) were negatively affected. Level of plasma glucose was
elevated whereas protein was decreased. The level of calcium concentration (Ca) was declined in the blood
of exposed fish whereas magnesium (Mg) remains unchanged. The activity level of glutamic-oxaloacetic
transaminase (GOT) and glutamic-pyruvic transaminase (GPT) was elevated in exposed fish. These effects
were more pronounced in the last period of exposure and in higher concentrations. Results of the present
study indicate that uranyl acetate has adverse effects on Clarias gariepinus and causes changes in the
biochemical and hematological parameters of the fish.
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1 INTRODUCTION

In recent years environmentalists have raised
concerns about the accumulation of radioactive
substances in the bodies of animals and its
consequences in the atmosphere and water. Testing of
atomic weapons adds anthropogenic radioactivity to
the naturally present radioactivity. The use of atomic
energy for peaceful purposes, such as generation of
power, is being encouraged because of the curtailment
in the supply of fossil fuels and the prevailing energy
crisis. Realistically, environmentalists anticipate an
increase in the output of radioactive wastes. Hence,
strong effort should be made to monitor the
environmental implications and to furnish advice for
effective safeguards in the interest of public health.
Strontium, cesium, radium, plutonium and uranium
are common radioactive elements that enter the
environment through waste disposal or fallout, and
influence the aquatic fauna. Strontium and uranium

enter the fish body through the intestine, gills and
skin, and accumulate chiefly in the bones and to a
smaller extent in the viscera, gills and muscles
(Nikolsky, 1963; Goulet et al.,, 2011). These
radionuclides interfere in the calcium metabolism in
the bones. Rice et al. (1965) studied the dynamics of
strontium accumulation in the gold fish. Accumulation
of radioactive elements (uranium, radium, plutonium,
cesium) and their effects on biological processes of
fish and shellfish have also been documented by
Cambray and Bakins (1980); Hamilton (1980);
Shekhanova (1980); Guéguen et al. (2006); Darolles
et al. (2010). Several studies have assessed the effect
of uranium salts on fish and other animals, and their
possible consequences on human health (Stearns et
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al., 2005; Periyakaruppan et al., 2007; Zymmerman et
al., 2007; Priyamvada et al., 2010; Vicente-Vicente et
al.,, 2010; CCME, 2011; WWSA, 2011; Amer and
Alwachi, 2012; Daraie et al., 2012; Ahmad, 2014).
Many investigators, in the past, focused on the effect
of uranyl acetate on the biochemical, hematological
and immunological parameters of fish and other
laboratory animals (Domingo, 2001; Abou-Donia,
2002; Yazzie, et al., 2003; Goldman et al., 2006;
Hartsock et al., 2007; Ahmad, 2014). Accumulation
of depleted uranium and its effect on oxidative stress
in fish tissues has been reported by Barillet et al.
(2007) and by D’Ilio et al. (2007). Simon et al. (2014)
have studied the reproductive development in Danio
rerio under the influence of low (20 pg/L) and
moderate (250 pg/L) doses of uranium. Depleted
uranium contamination might be pathogenic by
suppressing defense mechanism or inducing
hypersensitivity in zebra fish, as reported by Gagnaire
et al. (2014). Fish are an important human food
source; so it is likely that when uranium or its
breakdown products are accumulated in fish tissue,
these radioactive isotopes will enter the human body.
The high tolerance of fish to uranium salts and its
long half-life (7x10® years) raise concerns about this
alarming situation. These contaminants in fish persist
for relatively long periods and this is one reason why
humans are particularly vulnerable to radioactive
compounds. The physiological change in animals
caused by toxicant will be reflected in the values of
one or more hematological parameters (Van Vuren,
1986). In fish, exposure to chemical pollutants can
induce either increase or decrease in the level of
hematological parameters. Fish blood is being studied
increasingly in  toxicological research and
environmental monitoring as a possible indicator of
physiological and pathological alterations as well as
disease in fishery management and aquaculture
(Mulcahy, 1975). Furthermore, the investigations
pertaining to the tracking down biochemical and
hematological abnormalities in the fish can provide
indication of exposure to pollutants before any gross
signs become apparent. Hence they serve as reliable
indices of fish health. Furthermore, biochemical and
hematological responses provide cues regarding the
type and level of pollutants in the environment (Rao,
2010). The objective of present study was to evaluate
the changes in the commercially important fish,
Clarias gariepinus, exposed to uranyl acetate. Effects
on plasma protein, glucose, glutamate oxaloacetate
transaminase (GOT), glutamate pyruvate transaminase
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(GPT) levels, red blood cell (RBC) and whit blood
cell (WBC) counts, hemoglobin concentration and
hematocrit values were investigated. Levels of protein
and glycogen in the liver and muscle of the fish were
measured. Concentrations of Ca and Mg in the plasma
of fish were also measured.

2 MATERTAL AND METHOD

Specimens of Clarias gariepinus (Total length 20—
23 cm and total body weight 55-60 g) were obtained
from fish farm located at Mozahmiah, north-west of
Riyadh. The fish were acclimatized to laboratory
conditions for three weeks, during which period they
were fed a commercial fish food twice daily to satiety.
After preliminary trials, ten fish specimens were kept
in each of six aquaria and subjected to different
concentrations (70, 75, 80, 85, 90, 95 mg/L) of uranyl
acetate dihydrate [UO, (CH;COOQ), 2H,0] obtained
from Sigma-Aldrich, England, for 96 hours. The
normal commercial stocks of uranyl acetate prepared
from depleted uranium have a typical radioactivity of
0.37-0.51 microcuries/g. This is a very mild level and
is not sufficient to be harmful, while material remains
external to body (Wikipedia-en.wikipedia.org/wiki/
uranyl acetate). The necessary safety measures were
adopted during the experiment. A parallel control was
performed with uranium-free water. Mortality of fish
in each concentration was observed after every 24
hours and the number of dead fish was recorded. The
medium in the aquaria was renewed daily. The
experiment was run in triplicate. The LCs, value for
96 hours was deduced from the graph made between
probit of kill and log,, concentration of uranyl acetate
as suggested by Finney (1971). The mean temperature,
pH, dissolved oxygen, and hardness of water
determined weekly, were 22.5+0.5°C, 7.8+0.7,
7.2+0.6 mg/L and 230.5+5.23 mg/L, respectively.

In another set of experiment fish were exposed to
three different sub-lethal concentrations selected as
10%, 15% and 20 % of the LCs, (8, 12 and 16 mg/L)
of uranyl acetate for 3 weeks. At the end of every
week, 3 fish from each treatment and the control were
removed, and their blood samples were collected by
excising the caudal peduncle. This is an easy method
to collect the blood from small and medium sized
fishes. Heparinized vials were used for the collection
of blood samples. In case of insufficient quantity, the
blood of two or more fish was pooled. Cyano-
methemoglobin method (Blaxhall and Daisley, 1973)
was used to estimate the hemoglobin. Hematocrit
values were determined by using a micro-hematocrit
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Table 1 Effects of uranyl acetate on the hematological profile of Clarias gariepinus

Concentrations (mg/L)

Parameters Time (weeks)
Control 8 12 16 P<0.05

1 1.68+0.18 1.59+0.06 1.56+0.05 1.56+0.04
Erythrocytes (cellx10¢/mm?) 2 1.65+0.08 1.53+0.05 1.43£0.06 1.42+0.07 *
3 1.67+0.06 1.5240.06 1.45+0.04 1.42+0.05 *

1 34.31+0.51 32.25+0.45 32.21+0.61 31.21+0.85
Leucocytes (cellx10*/mm?) 2 35.524+0.43 31.83+0.67 30.65+0.56 29.12+0.52 *
3 34.91+0.65 30.21+0.53 29.3540.69 28.25+0.51 *

1 34.76+0.76 32.66+0.52 30.94+0.95 29.41£1.02
Hematocrit (%) 2 35.68+085 31.65+1210 30.41+0.85 29.21+1.01 *
3 33.95+0.95 30.75+0.86" 29.48+1.22 28.41+1.10 *
1 6.25+0.10 4.92+0.22 4.35+0.10 4.12+0.11 *
Hemoglobin (g/dl) 2 6.94+0.14 4.88+0.15 4.22+0.19 3.54+0.19 *
3 6.34+0.09 4.39+0.08 4.04+0.12 3.65+0.11 *
1 206.96+3.91 205.06+4.51 194.66+4.58 188.55+3.18 *

MCV (fl/cell) 2 216.25+4.35 206.74+3.26 212.47+4.21 205.47+4.21

3 203.90+4.35 202.27+4.55 203.13+£5.25 200.13+6.65

1 37.34+1.72 30.95+1.35 27.8942.21 26.49+2.01
MCH (Pg/cell) 2 42.03+2.52 31.36+2.05 29.57+1.45 24.87+1.35 *
3 37.85+2.42 28.74+1.55 27.79+2.25 25.90+2.25 *

1 17.98+1.15 15.09+1.26 14.09+1.05 14.29+1.35
MCHC (%) 2 19.40+1.25 15.44+1.36 13.47+1.05 12.17+0.81 *
3 18.48+1.25 14.27+1.25 13.94+1.55 12.44+1.45 *

Values are mean=tstandard error.

centrifuge. The WBC and RBC counts were made
using a Neubar hemocytometer after diluting the
blood with Turk’s solution and Dace’s solution,
respectively. The indices, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC)
were determined by methods used by Ahmad (2012).
The blood was centrifuged at 6 000 r/min for 10
minutes at 4°C and the collected plasma was stored at
-20°C until analyzed for different constituents.
Glucose, total protein, Mg, Ca, GOT and GPT were
analyzed using their respective kits (bioMérieux,
France).

The livers were immediately dissected out and
weighed. The white-muscle samples were excised
from a fixed location below the site of origin of dorsal
fin. Glycogen in the liver and muscle was extracted as
described by Ashman and Seed (1973) and determined
by the method of Montgomery (1957) on wet weight
basis. Protein contents were measured in dry, fat free
samples. The dry fat-free samples were prepared
using the technique of Webb and Levy (1955). The

method of Lowry et al. (1951) was followed for the
determination of protein.

One way analysis of variance (ANOVA) was
applied to test the significance of the differences
between the values. P values less than 0.05 were
considered statistically significant.

3 RESULT

It was observed that the uranyle acetate is moderately
toxic to fish and its 96-hour LCs, was recorded as
81.45 mg/L. The red blood cell count, hemoglobin
concentrations and hematocrit values declined in the
fish exposed to different concentrations of uranyl
acetate (Table 1). Reduction in the leucocyte count was
also evident in exposed fish. The fall was more distinct
in the fishes exposed to higher dose. Changes in the
values of different indices like MCV, MCH and MCHC
were apparent in uranium-exposed fish.

A significant (P<0.05) increase in glucose level
(Table2) was obtained in exposed fish.
Hypoproteinemia was also recorded in the plasma of
fish exposed to uranyl acetate (Table 2). The activity
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Table 2 Effects of uranyl acetate exposure on plasma biochemical composition of Clarias gariepinus
Concentrations (mg/L)
Parameters Time (weeks)
Control 8 12 16 P<0.05
1 30.65+1.78 27.38+1.37 26.15+2.12 24.15+1.42 *
Total protein (g/dI) 2 29.68+1.48 25.62+1.02 24.95+1.35 23.65+1.25 *
3 30.05+1.28 24.81+1.25 23.21+1.56 22.31%1.51 *
1 48.23+3.25 69.22+4.63 72.2144.57 79.15+5.56 *
Glucose (mg/dl) 2 50.65+4.68 70.61£5.25 76.51£5.75 85.44+4.25 *
3 47.52+5.88 73.25+5.54 92.28+6.25 98.25+6.85 *
1 185.45+11.3 165.25+12.2 150.45+10.2 148.45+10.2 *
Ca (mg/dl) 2 180.25+12.2 163.45+10.3 148.25+12.6 141.25+8.6 *
3 192.65+10.1 151.3549.6 146.65+8.9 133.65+6.9 *
1 39.25+4.11 37.03+2.55 36.98+4.65 37.35+4.05
Mg (mg/dl) 2 37.23+5.61 36.41+5.31 34.68+5.53 36.25+4.63
3 36.95+5.51 37.56+3.45 36.48+4.84 35.45+5.64
1 82.25+11.2 98.36+10.5 110.26+11.4 119.26+9.4 *
PGOT (IU/) 2 86.25+12.2 108.35+11.3 111.45£11.5 125.45+13.5 *
3 84.25+11.2 119.25+12.2 125.35+11.2 131.35£11.2 *
1 68.126.66 89.2245.11 95.215.84 108.216.64 *
PGPT (IU/I) 2 66.65+11.3 88.25+9.3 98.25+12.2 110.25+10.2 *
3 67.25+10.2 91.48+10.1 106.25+10.1 121.2549.1 *
Values are mean+tstandard error.
of GOT and GPT was significantly (P<0.05) increased . .
in all exposed groups of fish (Table 2). The level of Ca
was reduced in the plasma of exposed fish, whereas
the concentration of Mg was unchanged. 337
4 DISCUSSION % 501
el
The 96-hour LC, value for Clarias gariepinus I3
computed from the graph (Fig.1) was deduced as 437
81.45 mg/L in hard water (hardness 230 mg CaCOs).
The LCs, values documented in the present 4.0+
investigation are higher than the wvalues (0.37-
3.46 mg/L) reported by Bywater et al. (1991) for 35 : : : : :

different species of fish. Bywater et al. (1991) and
Hinck et al. (2010) have tabulated the 96-hour LC,of
uranium compounds for fish varying from 0.73—
135 mg/L. Parkhurst et al. (1984) have reported 96 h
LCy, of uranyl sulfate for brook trout as 5.5 mg/L in
soft water (35 mg/L hardness) and 23 mg/L in hard
water (208 mg/L hardness). Hamilton (1995) has
reported 96-hour LCs, of uranyl nitrate as 46 mg/L in
water of hardness of 197 mg CaCO;. These differences
can be attributed to multiple factors like age and size
of fish (Skidmore, 1965; Farmer et al., 1979; McKim,
1985) and hardness of water (Black et al., 1979). The
disparity in the toxic potential of uranyl acetate can

1.82

1.85 1.88

1.91 1.94 1.97
Log,,concentration of uranyl acetate (mg/L)

Fig.1 Relationship between probit of kill and Log,,
concentration of uranyl acetate

also be related to the differences in susceptibility and
tolerancerelatedtoitsaccumulation, biotransformation
and excretion. Discrepancies in metabolic pathways
among species may result in varied patterns of
biotransformation, leading to more or less toxic
metabolites (Johnson and Toledo, 1993). The
magnitude of toxic effects of pollutants also depends
on length and weight, corporal surface/body weight
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ratio and breathing rate (Murty, 1986). Cheng et al.
(2010) suggested that the uranium toxicity appears to
be a function of exposure water quality and feeding
regime.

The hematological parameters play an important
role in evaluating the effects of pollutants (Roche and
Bogé, 1996). Exposure of toxic chemicals adversely
affects the internal and external environment of
animals and causes reduction in different blood
constituents. Conforming to aforesaid view a decrease
in the number of RBC count, hemoglobin
concentration and hematocrit values in toxicant
exposed fish was reported by Banaee et al. (2011);
Ahmad (2012). These authors have ascribed this
reduction to the destruction of cells and/or decrease in
size of cells induced by pollutants. Similar results
have been presented by Zaki et al. (2009). Lead nitrate
exposure has reduced the hemoglobin level, RBC
count and hematocrit values in C. gariepinus
(Adeyemo, 2007). In contrast to this Gilman et al.
(1998) have reported an elevated level of hemoglobin
and RBC count in fish exposed to uranyl nitrate.
Undoubtedly, pollutants would exert adverse effects
on the hematopoietic system of fish, thus, affecting
the production or subsequent rapid destruction of
blood constituents. The above mentioned factors may
be responsible for the reduced level of the
hematological parameters recorded in the present
investigation.

The dwindled leukocyte count (Table 2) recorded
in the present investigation can be attributed to
malfunctioning of the hematopoietic organs caused
by uranyl acetate. The fall in the leucocyte count may
be due to fall in the delivery of these cells to the blood
stream because of reduced production or alternatively
more rapid destruction of cells. This line of reasoning
was presented by Alkahemal-Balawi et al. (2011).
Changes in the leukocyte system manifest in the form
of leukocytosis with heterophilia and lymphopenia,
which are characteristics of leukocytic response in
animals under stress. Al-Kahem (1995) reported a
significant decline in the WBC count in fish exposed
to chromium and has ascribed it to the reduction in
the number of lymphocytes and thrombocytes. Jaffer
Ali and Rani (2009) have reported decreased
leukocyte count in carp exposed to toxicant.

The indices, Mean corpuscular volume (MCV),
Mean corpuscular hemoglobin (MCH) and Mean
corpuscular hemoglobin concentration (MCHC), are
sensitive to changes in environmental conditions
especially alterations caused by the addition of

chemical pollutants. Alterations in the values of MCV,
MCH and MCHC reflect the variations in the RBC
counts, hemoglobin concentrations and hematocrit
values. Rao (2010) reported an increase in these
indices in common carp exposed to acute toxic level
of pesticide. A decrease in MCH value was reported
by Gilman et al. (1998) in fish exposed to uranyl
nitrate and extends support to the present findings.

The significant (P<0.05) elevation of glucose level
(Table 2) in exposed fish may be due to the
mobilization of glycogen into glucose to meet the
increased demand of energy. The rapid secretion of
the hormones including glucocorticoids and
catecholamines, from adrenal tissue due to stress
stimuli (Schaedler, 1981) are known to produce
hyperglycemia. Enhanced gluconeogenesis response
of stressed fish in their attempt to satisfy their
increased energy demands may be other reason for
hyperglycemia (Winkaler et al., 2007). The elevated
level of glucose observed in the present study may
also be attributed to increased production of these
hormones, thus causing glycolysis in the fish exposed
to uranium salts. The present result agrees with the
findings of Gilman et al. (1998), Alkahemal-Balawi et
al. (2011) and Ahmad (2012). The toxicants may
change the functioning of vital organs including the
liver and the kidney, disrupting the homeostatic
condition of the body, which may in turn alter the
concentrations of metals. Alterations in the metal
concentration in the carp, Cyprinus carpio, have been
reported by Al-Akel et al. (2010) after exposure to
dietary copper, and give support to the present
investigation.

The activity levels of GOT and GPT are also used
as important diagnostic indices of the toxic potential
of various toxicants (Nelson and Cox, 2000). The
activity of these enzymes increases after the exposure
of various concentrations of metals (McKim et al.,
1970). Jeney et al. (1991) reported elevated levels of
both the enzymes, GOT and GPT, in the serum of
ammonia-exposed fish. Their conception was that
serum glutamopyruvate transferase (SGPT) is
extremely sensitive to changes in the environment.
Zaki et al. (2009) have documented an elevated level
of ALT activity in the fish exposed to malathion and
extract of Porkia biglosa pods. The increased activity
of this enzyme in the exposed fish is suggestive of
damages to hepatic tissues leading to their leakage
into circulation (Mousa et al., 2008) and /or increased
synthesis of enzyme in the liver. A significant increase
in alkaline phosphatase (ALP), alanine transaminase
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Table 3 Changes in protein (dry W.) and glycogen (wet W.) concentrations in the liver and white muscle of Clarias gariepinus

after the exposure to uranyl acetate

Exposure time (weeks)

Parameters Concentrations (mg/L) Liver Muscle

1 2 3 1 2 3
Control 69.23+1.31 68.69+1.89  66.57+1.72  57.37+1.05  55.41«£1.13 56.21+1.09
8 56.13+1.19  55.13+1.03  56.29+1.26  48.23+1.03  47.71£1.03  45.25+1.21
Protein (mg/100 mg) 12 54.36+1.29  53.51x1.15  52.42+1.04  47.26+1.02  46.71£0.69  45.05+1.08
16 54.26+£1.39  53.24+1.25  52.42+1.04  44.26+1.07 45.36+1.09  43.05+1.13

P<0.05 *% sk *% k% sk k%
Control 10.22+0.22 9.98+0.20 9.50+0.19 3.85+0.11 3.95+0.26 4.05+0.16
8 6.15+0.19 6.05+0.17 6.28+0.27 2.45+0.08 2.32+0.09 2.30+0.06
Glycogen (mg/g) 12 5.86+0.19 5.75+0.18 5.45+0.19 2.04+0.05 2.02+0.08 2.02+0.06
16 5.16+0.25 5.01£0.18 5.15+0.15 1.95+0.06 1.76+0.08 1.46+0.09

P<005 ok k% ok k% kK k%

Values are mean+tstandard error.

(ALT) and aspartate transaminase (AST) levels in
mice after treatment by uranyl acetate was reported
by Ozmen and Yurekli (1998). Agrahari et al. (2007)
have reported an elevated activity level of serum
glutamic oxaloacetic transaminase (SGOT) and
serum glutamic-pyruvic transaminase (SGPT) in C.
punctatus after the exposure to monocrotophos.
Palanivelu et al. (2005) opined that liver is rich in
SGOT and SGPT, and damage caused by toxicants to
hepatic tissues could result in liberation of large
quantities of these enzymes into the circulation.
Hence, an increase in the activity of these enzymes
(PGOT and PGPT) is a sensitive indicator of cellular
damage (Palanivelu et al., 2005; Alkahemal-Balawi et
al., 2011). Therefore, the increase in the activity of
these enzymes in the present investigation may be
ascribed to damage caused to liver by uranyl acetate.

The exposure of C. gariepinus to uranyl acetate
affected the metabolic processes and altered the
concentrations of protein and glycogen in different
tissues of fish (Table 3). Possibly, protein biosynthesis
pathway was disrupted, especially by inhibiting the
activities of enzymes, checking the epigenetic origin
of this macromolecule, or it can stimulate catabolism
of the pre-synthesized quantities. Previous studies by
Mazeaud et al. (1977) and Strange et al. (1977) have
demonstrated that the output of adrenocorticotrophic
hormone (ACTH) is increased due to the stresses
imposed on animals by toxicants. ACTH stimulates
the adrenal gland to increase the production of
corticosteroids, augmenting the enzymatic conversion
of glycogen, protein and fat to glucose.

Hypoproteinemia was recorded in fish exposed to
different pollutants (Omoniyi et al., 2002). The
reduction in the protein level may be attributed to cell
destruction or necrosis, with subsequent impairment
of protein synthesis machinery (Bradbury et al., 1987)
or to excessive loss of proteins due to pathological
changes in kidney (Salah El-Deen et al., 1996). This
result has demonstrated the toxicity of uranyl acetate
in C. gariepinus in terms of its effects on the primary
biochemical machinery. Briefly, adverse effects
caused by uranyl acetate imposed high stresses on
fish, resulting in retarded growth and impaired
function of the liver, kidney and other organs. The
bio-kinetics of uranium have been extensively
studied, and the kidney has been identified as the most
affected organ (FPTCDW, 2001). Cooley et al. (2000)
suggested that long-term exposure causes both kidney
and liver damage in white fish, Coregonus
clupeaformis. At cellular level, toxicity may cause
from the binding of uranium to enzymes (Khangarot,
1991), which would subsequently disrupt or inactivate
enzyme function. More comprehensive assessments
of the physiological effects of pollutants on fish are
required.

5 CONCLUSION

The results of this study demonstrate the chemical
toxicity of uranyl acetate in fish. Although, its toxicity
to fish is relatively low, uranyl acetate has sufficient
toxic potential to alter the biochemical composition
of liver and muscle tissue and hematological
parameters in fish. It is hypothesized that the toxicant
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either suppresses the activity of the enzymes
responsible for the synthesis of these macromolecules
or enhances the catabolism of the compounds. The
presence of uranium salt (Uranyle acetate) in the
environment is dangerous and poses a health hazard
both to the animals inhabiting the environment and,
of course, to humans.

5 ACKNOWLEDGEMENT

The authors would like to extend their sincere
appreciation to the Deanship of Scientific Research at
King Saud University for funding this research
through the Research Group Project No. PRG-1436-
011.

References

[CCME] Canadian Council of Ministers of the Environment.
2011. Scientific Criteria Document for the Development
of the Canadian Water Quality Guidelines for the
Protection of Aquatic Life (Uranium). PN 1451, ISBN
978-1-896997-97-1 PDF. Pp-xiv+106.

[FPTCDW] Federal-Provincial-Territorial Committee on
Drinking Water. 2001. Guidelines for Canadian Drinking
Water Quality: Supporting Document for Uranium.
Health Canada, Ottawa (ON).

[WWSA] World Wide Science Alliance. 2011. Uranyl Acetate:
Topics by World Wide Science. Org. http://
worldwidescience.org/topicpages/u/uranyl+acetate.html.

Abou-Donia M B, Dechkovskaia A M, Goldstein L B et al.
2002. Uranyl acetate-induced sensorimotor deficit and
increased nitric oxide generation in the central nervous
system in rats. Pharmacol. Biochem. Behav., 72(4): 881-
890.

Adeyemo O K. 2007. Haematological profile of Clarias
gariepinus (Burchell, 1822) exposed to lead. Turk. J. Fish
Aquat. Sci., 7(2): 163-169.

Agrahari S, Pandey K C, Gopal K. 2007. Biochemical
alteration induced by monocrotophos in the blood plasma
of fish, Channa punctatus (Bloch). Pest. Biochem.
Physiol., 88(3): 268-272.

Ahmad Z. 2012. Toxicity bioassay and effects of sub-lethal
exposure of malathion on biochemical composition and
haematological parameters of Clarias gariepinus. Afr. J.
Biotech., 11(34): 8 578-8 585.

Ahmad Z. 2014. Biochemical and haematological changes
induced by low-radiotoxicity uranium salt (Uranyl
acetate) in Heteropneustes fossilis. J. Pure Appl. Micr., 8:
593-603.

Al-Akel A S, Alkahem-Al-Balawi H F, Al-Misned F et al.
2010. Effects of dietary copper exposure on accumulation,
growth, and hematological parameters in Cyprinus carpio.
Toxicol. Environ. Chem., 92(10): 1 865-1 878.

Al-Kahem H F. 1995. Behavioural responses and changes in
some haematological parameters of the cichlid fish,
Oreochromis niloticus, exposed to trivalent chromium. J.

King Abdul. Aziz Univ. Sci., 7(1): 5-13.

Alkahemal-Balawi H F, Ahmad Z, Al-Akel A S et al. 2011.
Toxicity bioassay of lead acetate and effects of its sub-
lethal exposure on growth, haematological parameters
and reproduction in Clarias gariepinus. Afr. J. Biotech.,
10(53): 11 039-11 047.

Amer N, Alwachi S N. 2012. Histological changes on the liver
of the mothers treated with uranyl acetate in albino rats.
Tikrit J. Pure Sci., 17(4): 49-54.

Ashman P U, Seed J R. 1973. Biochemical studies in the vole,
Micritous montamus. 1. The daily variation of hepatic-6-
phosphatase and liver glycogen. Comp. Biochem. Physiol.,
45: 365-378.

Banaee M, Sureda A, Mirvaghefi AR, Ahmadi K. 2011. Effects
of diazinon on biochemical parameters of blood in
rainbow trout (Oncorhynchus mykiss). Pest. Biochem.
Physiol., 99(1): 1-6.

Barillet S, Adam C, Palluel O, Devaux A. 2007.
Bioaccumulation, oxidative stress, and neurotoxicity in
Danio rerio exposed to different isotopic compositions of
uranium. Environ. Toxicol. Chem., 26(3): 497-505.

Black J A, Roberts R F, Johnson D M et al. 1973. The
significance of physicochemical variables in aquatic
bioassays of heavy metals. /n: Glass G E ed. Bioassay
Techniques and Environmental Chemistry. Ann Arbor
Science Publishers Inc., Ann Arbor, MI.

Blaxhall P C, Daisley K W. 1973. Routine haematological
methods for use with fish blood. J. Fish Biol., 5(6): 771-
781.

Bradbury S P, Symonic D M, Coats J R, Atchison G J. 1987.
Toxicity of fenvalerate and its constituent isomers to the
fathead minnow, Pimephales promelas, and bluegill,
Lepomis macrochirus. Bull. Environ. Cont. Toxicol.,
38(5): 727-735.

Bywater J F, Banaczykowski R, Baily M. 1991. Sensitivity to
uranium of six species of tropical freshwater fishes and
four species of cladocerans from northern Australia.
Environ. Toxicol. Chem., 10(11): 1 449-1 458.

Cambray R S, Bakins J D. 1980. Studies of Environmental
Radioactivity in Cumbria: Part I. Concentration of
Plutonium and Caesium®’ in Environmental Samples
from West Cumbria and A Possible Maritime Effect. UK
Atomic Energy Res. Establ. Harwell Rept. 15p.

Cheng K L, Hogan A C, Parry D L et al. 2010. Uranium toxicity
and speciation during chronic exposure to the tropical
freshwater fish, Mogurnda mogurnda. Chemosphere,
79(5): 547-554.

Cooley HM, Evans R E, Klaverkamp J F. 2000. Toxicology of
dietary uranium in lake whitefish (Coregonus
clupeaformis). Aquat. Toxicol., 48(4): 495-515.

D’llio S, Violante N, Senofonte O, Petrucci F. 2007.
Determination of depleted uranium in fish: validation of a
confirmatory method by dynamic reaction cell inductively
coupled plasma mass spectrometry (DRC-ICP-MS). 4nal.
Chem. Acta, 597(2): 195-202.

Daraie B, Pourahmad J, Hamidi-Pour N et al. 2012. Uranyl
acetate induces oxidative stress and mitochondrial



116 CHIN. J. OCEANOL. LIMNOL., 34(1), 2016

membrane potential collapse in the human dermal
fibroblast primary cells. /ran. J. Pharm. Res., 11(2): 495-
501.

Darolles C, Broggio D, Feugier A et al. 2010. Different
genotoxic profiles between depleted and enriched
uranium. 7oxicol. Lett., 192(3): 337-348.

Domingo J L. 2001. Reproductive and developmental toxicity
of natural and depleted uranium: a review. Repr. Toxicol.,
15(6): 603-609.

Farmer G J, Ashfield D, Samont H S. 1979. Effects of zinc on
juvenile Atlantic salmon Salmo Salar: acute toxicity, food
intake, growth and bioaccumulation. Environ. Pollut.,
19(2): 103-117.

Finney D J. 1971. Probit Analysis. 3" edn. Cambridge Press,
New York.

Gagnaire B, Bado-Nilles A, Sanchez W. 2014. Depleted
uranium disturbs immune parameters in zebra fish, Danio
rerio: an ex vivo/ in vivo experiment. Arch. Environ.
Contam. Toxicol., 67(3): 426-435.

Gilman A P, Villeneuve D C, Secours V E et al. 1998. Uranyl
nitrate: 28 day and 91-day toxicity studies in the Sprague-
Dawley rat. Toxicol. Sci., 41(1): 117-128.

Goldman M, Yaari A, Doshnitzki Z et al. 2006. Nephrotoxicity
of uranyl acetate: effect on rat kidney brush border
membrane vesicles. Arch. Toxicol., 80(7): 387-393.

Goulet R R, Fortin C, Spry D J. 2011. Uranium. /n: Wood C M,
Farrell A P, Brauner C J eds. Fish Physiology (Homeostasis
and Toxicology of Non-Essential Metals). Elsevier Inc.
31, p.391-428.

Guéguen Y, Souidi M, Baudelin C et al. 2006. Short-term
hepatic effects of depleted uranium on xenobiotic and bile
acid metabolizing cytochrome P450 enzymes in the rat.
Arch. Toxicol., 80(4): 187-195.

Hamilton E 1. 1980. Concentration and distribution of Uranium
in Mytilus edulis and associated materials. Mar. Ecol.
Prog. Ser.,2: 61-73.

Hamilton S J. 1995. Hazard assessment of inorganics to three
endangered fish in the Green River, Utah. Ecotoxicol.
Environ. Safety, 30(2): 134-142.

Hartsock W J, Cohen J D, Segal D J. 2007. Uranyl acetate as a
direct inhibitor of DNA-binding proteins. Chem. Res.
Toxicol., 20(5): 784-789.

Hinck J E, Linder G, Finger S et al. 2010. Biological pathways
of exposure and ecotoxicity values for uranium and
associated radionuclides. /n: Alpine E A ed. Hydrological,
Geological and Biological Site Characterization of
Breccia Pipe Uranium Deposits in Northern Arizona. U.
S. Geological Survey, Scientific Investigations Report
2010-5025. 354p.

Jaffer Ali H A, Rani V J. 2009. Effect of phosalone on
haematological indices in the tilapia, Oreochromis
mossambicus. Turk. J. Vet. Anim. Sci., 33(5): 407-411.

Jeney G, Nemcsok J, Jeney Z S, Olah J. 1991. Acute effect of
sublethal ammonia concentrations on common carp
(Cyprinus carpio L.). 1I. Effect of ammonia on blood
plasma transaminases (GOT, GPT), G1DH enzyme
activity, and ATP value. Aquaculture, 104(1-2): 149-156.

Vol.34

Johnson C M, Toledo M CF. 1993. Acute toxicity of endosulfan
to the fish Hyphessobrycon bifasciatus and Brachydanio
rerio. Archiv. Environ. Conta. Toxicol., 24(2): 151-155.

Khangarot B S. 1991. Toxicity of metals to a freshwater
tubificid worm, Tubifex tubifex (Muller). Bull. Environ.
Contam. Toxicol., 46(6): 906-912.

Lowry O H, Rosebrough N J, Farr A L, Randall R J. 1951.
Protein measurement with the Folin phenol reagent. J.
Biol. Chem., 193: 265-275.

Mazeaud M M, Mazeaud F, Donaldson E M. 1977. Primary
and secondary effects of stress in fish: some new data with
a general review. Trans. Am. Fish. Soc., 106(3): 201-212.

McKim J M, Christensen G M, Hunt E P. 1970. Changes in the
blood of brook Trout (Salvelinus fontinalis) after short-
term and long-term exposure to copper. Can. J. Fish. Res.
Board, 27(10): 1 883-1 889.

McKim J M. 1985. Early life stage toxicity tests. /n: Rand G
M, Petrocelli S R eds. Fundamentals of Aquatic
Toxicology. Hemisphere Publishing, Washington DC.
p-58-86.

Montgomery R. 1957. Determination of glycogen. Arch.
Biochem. Biophys., 67(2): 378-386.

Mousa M M A, El-Ashram A M M, Hamed M. 2008. Effects of
Neem leaf extract on freshwater fishes and zooplankton
community. /n: 8" International Symposium on Tilapia in
Aquaculture. The Central Laboratory for Aquaculture
Research, Cairo, Egypt. Oct. p.12-14.

Mulcahy M F. 1975. Fish blood changes associated with
disease: a hematological study of pike lymphoma and
salmon ulcerative dermal necrosis. /n: Ribelin W E,
Migaki Madison K eds. The Pathology of Fishes.
University of Wisconsin Press, Madison. p.925-944.

Murty A S. 1986. Toxicity of Pesticides to Fish. CRC Press Inc
Boca Raton, FL. 143p.

Nelson D L, Cox M M. 2000. Lehninger Principles of
Biochemistry. 3" edn. Worth Publishers, New York.

Nikolsky G V. 1963. The Ecology of Fishes. Academic Press,
London, New York.

Omoniyi I, Agbon A O, Sodunke S A. 2002. Effect of lethal
and sub-lethal concentrations of Tobacco (Nicotiana
tobaccum) leaf dust extract on weight and hematological
changes in Clarias gariepinus (Burchell). J. Appl. Sci.
Environ. Manag., 6(2): 37-42.

Ozmen M, Yurekli M. 1998. Subacute toxicity of uranyl
acetate in Swiss-Albino mice.
Pharmacol., 6(2): 111-115.

Palanivelu P, Vijayavel K, Balasubramanian S E,
Balasubramanian M P. 2005. Influence of insecticidal
derivative (cartap hydrochloride) from the marine
polycheate on certain enzyme systems of the fresh water
fish Oreochromis mossambicus. J. Environ. Biol., 26(2):
191-195.

Parkhurst B R, Elder R G, Meyer J S et al. 1984. An
environmental hazard evaluation of uranium in a rocky
mountain stream. Environ. Toxicol. Chem., 3(1): 113-124.

Periyakaruppan A, Kumar F, Sarkar S et al. 2007. Uranium
induces oxidative stress in lung epithelial cells. Arch.

Environ. Toxicol.



No.1 AL-GHANIM et al.: Effects of a low-radiotoxicity uranium salt on C. gariepinus 117

Toxicol., 81(6): 389-395.

Priyamvada P, Khan S A, Khan M W et al. 2010. Studies on the
protective effect of dietary fish oil on uranyl-nitrate-
induced nephrotoxicity and oxidative damage in rat
kidney. Prostagl. Leukotr. Essent. Fatty Acids, 82(1): 35-
44.

Rao D S. 2010. Carbaryl Induced Changes in the
Haematological, Serum Biochemical and Immunological
Responses of Common Carp, Cyprinus carpio, (L.) with
Special ~ Emphasis on  Herbal  Extracts as
Immunomodulators. Ph. D. Thesis, Andhra University,
India. 235p.

Rice T R, Baptist J P, Price T J. 1965. Accumulation of mixed
fission products by marine organisms. /n: Pearson E A ed.
Advances in Water Pollution Research. Pergamon Press,
New York, Frankfurt-am-Main.

Roche H, Bogé G. 1996. Fish blood parameters as a potential
tool for identification of stress caused by environmental
factors and chemical intoxication. Mar. Environ. Res.,
41(1): 27-43.

Salah El-Deen M A, Sharada H I, Abu-El-Ella S M. 1996.
Some  metabolic  alteration in  grass  carp
(Ctenopharyngodon idella) induced by exposure to
cadmium. J. Egypt. Ger. Soc. Zool., 21: 441-457.

Schaedler C B. 1981. Stress and compensation in teleostean
fishes: response to social and physical factors. In:
Pickering A D ed. Stress and Fish. Academic Press, New
York, USA. p.295-322.

Shekhanova I A. 1980. Radiological aspects of surface water
protection under condition of peaceful uses of nuclear
energy. In: Enko A I ed. Problems of Animal Ecology.
Nauka Publication, USSR.

Simon O, Floc’h E, Geffroy B, Frelon S. 2014. Exploring
ecotoxicological fish bioassay for the evaluation of
uranium reprotoxicity. Environ. Toxicol. Chem., 33(8):
1 817-1 824.

Skidmore J F. 1965. Resistance to zinc sulphate of the zebra

fish (Brachydanio rerio, Hamilton- Buchanan) at different
phases of its life history. Ann. Appl. Biol., 56(1): 47-53.

Stearns D M, Yazzie M, Bradley A S et al. 2005. Uranyl acetate
induces hprt mutations and uranium-DNA adducts in
Chinese hamster ovary EM9 cells. Mutagenesis, 20(6):
417-423.

Strange R J, Schreck C B, Golden J T. 1977. Corticoid stress
responses to handling and temperature in salmonids.
Trans. Am. Fish. Soc., 106(3): 213-218.

Van Vuren J H J. 1986. The effects of toxicants on the
haematology of Labeo umbratus (Teleostei: Cyprinidae).
Comp. Biochem. Physiol. C: Comp. Pharm., 83(1): 155-
159.

Vicente-Vicente L, Quiros Y, Pérez-Barriocanal F et al. 2010.
Nephrotoxicity  of pathophysiological,
diagnostic and therapeutic perspectives. Toxicol. Sci.,
118(2): 324-347.

Webb J N, Levy H B. 1955. A sensitive method for the
determination of deoxyribonucleic acid in tissues and
microorganisms. J. Biol. Chem., 213(1): 107-117.

Winkaler E U, Santosh T R M, Machdo-Neto J G et al. 2007.
Acute lethal and sub-lethal effects of neem leaf extract on
the neotropical freshwater fish Prochilodus lineatus.
Comp. Biochem. Physiol. C: Toxicol. Pharm., 145(2):
236-244.

Yazzie M, Gamble S L, Civitello E R, Stearn D M. 2003.
Uranyl acetate causes DNA single strand breaks in vitro in
the presence of ascorbate (vitamin C). Chem. Res.
Toxicol., 16(4): 524-530.

Zaki M S, Mostafa S O, Nasr S et al. 2009. Biochemical,
clinicophathlogical and microbial changes in Clarias
gariepinus exposed to pesticide malathion and climate
changes. Rep. Opn., 6-11.

Zymmerman K L, Barber D S, Ehrich M F et al. 2007.
Temporal clinical chemistry and microscopic renal effects
following acute uranyl acetate exposure. Toxicol. Path.,
35(7): 1 000-1 009.

uranium:



