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INTRODUCTION
Discharge and presence of chemicals in the 
environment due to their multipurpose properties 
has given rise to contamination in several 
ecosystems. These chemicals and their derivatives 
have everlasting toxicological influence on the 
ecosystem.1-3 The presence of these chemicals/
metals results in irreversible damage in cells, 
which in-turn affects the whole organ or tissue.4 
The pattern of these chemicals to segregate in 
the aquatic environment, fish in precise, have 
remarkable deleterious influence on the food chain. 
Human beings, consume fish as source of food, 
are a chief participant in the food chain, thus a 
worrying issue in health of human population. The 
role of chemicals in the tissue of fish is based on 
numerous parameters like proximity of fish to the 
chemical effluents, metabolism, and climate and 
membrane transport capacity.5

Lithium nitrate is an alkali metal nitrate which is 
in organic in nature. The largest oxoanion in this 
compound is nitrate. It is an oxidizing molecule used 
in the fireworks industries. Toxicity of metals like 
mercury, lead, arsenic, cadmium and other metals 
in fish models are well known and established, very 
little is known about the acute toxicity of lithium 
and in particular lithium nitrate is available in the 
literature. With this interest we selected freshwater 
carp Catla catla for the assessment of acute toxicity 
of lithium nitrate.

 LC50 indicates of the level of resistance of a test 
model to xenobiotics.6 Biochemical understanding 
of treated fish demonstrates the degree of damage 
imposed by pollutants. Toxin/Chemical induced 
stress facilitates oxidative damage generating 

reactive oxygen species (ROS), accompanied by 
diminution of natural antioxidants. Measurement of 
antioxidant enzymes namely superoxide dismutase 
and catalase reflects the biochemical modifications 
on toxicity. Change in levels of glutamate, a 
neurotransmitter, is a reminder of neurons being 
vulnerable to free radicals, ensuing neurotransmitter 
changes leading to neurodegenerative disorders.7 

MATERIALS AND METHODS

Animals 
Indian freshwater juvenile carp, Catla catla were 
maintained in flow through system in dechlorinated 
water for 15 days. Water quality optimized to be 31.3 
± 2.8 CaCo3mg/L of hardness and pH of 7.2 ± 0.5, 
at 23 ± 1ºC. For assessment, fishes were separated 
into three groups of 50 each which were maintained 
in 90 L aquarium. All the fishes were maintained in 
accordance to ethical committee recommendations.

Lithium nitrate (LiNO3) sample 
optimization

20g/L of LiNO3 solution was prepared in double 
distilled water. The fish groups were treated with 
LiNO3 for short duration of 96 hr. Dose of 0.5mg/L 
depending on 1/10th of LC50concentration (5mg/L) 
was mixed in 90L aquariums housing 50 fishes each. 
Every 24 h the water was freshly added and solution 
of LiNO3 was. A group of 50 control fishes were 
also kept under the comparable physical conditions 
as of treated group. 24 h before sacrifice food was 
withdrawn; to facilitate postprandial changes. 
Nil mortality was reported during the whole 96 h 
exposure to lithium nitrate
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Collection of samples
Cardiac puncture was performed to take blood from the fishes. The 
samples for biochemical assessment were maintained in EDTA vials. The 
brain tissue for analysis of glutamate was quickly dissected and placed in 
ice for studies. The brain tissue during analysis was homogenized with 
cold Tris buffer saline (10mM Tris-HCl, 10mM sucrose, 0.7% NaCl, 
0.1mM EDTA of pH 7.2) at 4ºC. The sample was further centrifuged 
and the supernatant was selected for further investigation. 

Biochemical parameter measurement
Plasma glucose content was measured by reaction mixture of 0.1mL 
of plasma and 4ml of o-toluidine.8 and was than incubated for 10 min 
on a boiling water bath. The absorbance was read at 630nm in a UV 
spectrophotometer. The glucose levels were read as mg/dL. Plasma 
protein content was analyzed by lowry`s method.9 4ml of Lowry 
reagent, 100µl of plasma and 900µl of double distilled water was mixed 
well and incubated for 10 min at room temperature, to this mixture FC 
(0.5ml) reagent was mixed and incubated at room temperature for 20 
min. The sample was then measured at 720nm and read as µg/ml.

Analysis of serum transaminases 
Serum L aspartate aminotransferase (L-AST) and L-alanine 
aminotransferase (L-ALT) activities were reported by colorimetric 
method10 and enzyme activity was represented as IU/L. Lactate 
dehydrogenase (LDH) was analyzed by Anon (1984) and activity was 
represented as IU/L. 

Oxidative stress markers and glutamate analysis
Superoxide dismutase (SOD) was measured11 by superoxide led 
nitrite formation inhibition from hydroxylamine hydrochloride and 
the absorbance was measured at 540nm and activity was represented 
as U/mg of protein. Catalase activity was analyzed depending on the 
generation of stable hydrogen peroxide and ammonium molybdate 
complex. The absorbance was read at 405nm and represented as U/
mg.12 Lipid peroxidation was investigated with malondialdehyde 
(MDA) as standard.13 The sample was quantified at 535nm and read as 
nmol/mg. Glutamate content was analyzed by multiple development of 
paper chromatography.14 The absorbance was measured at 515 nm. The 
concentration is represented as µmol/g of glutamate.

Statistical analysis
The data were statistically evaluated and expressed as Mean ± SE. In 
experiments, the pattern of statistical significance was set as P<0.05. 
The significance was determined by Student`s t-test using MS-Excel.

RESULTS AND DISCUSSION
This investigation reports the impact of LiNO3 exposure on the 
biochemistry of freshwater fish C catla. The fish were separated into 
treated (0.5ppm of LiNO3) and non-treated groups and observed for 
24, 48, 72 and 96 h. The plasma assessment of LiNO3 treated C. catla 
shows remarkable rise in glucose levels (Table 1) ton all 4 days of 
exposure, however main observation of 4.23 ± 0.29/28.11 ± 0.16 was 
found on the 4th day. This can be associated to stress culminating in 
hyperglycemia. Similar findings were made and related to the changes 
in glucose metabolism, because of glycogenolysis in fish. Elevation 
in glucose levels upon chemical exposure have been reported due 
to glucose synthesis from amino acids of extra hepatic tissue. Many 
studies correlated elevation in plasma glucose levels to generation of 
catecholamines and glucocorticoids from fish adrenal glands during 
stress.15

Decline in plasma protein level (Table 1) was seen in treated groups 
on the 4th day (15.32 ± 0.38/11.68 ± 0.12). The reduced protein levels 
are interrelated to binding of chemicals to blood and tissue proteins, 
causing tissue injury from oxidative stress arising from free radicals. 

This may also cause modification in physicochemical properties which 
is evident in conformational change of protein structure, thus causing 
decline in protein levels in the current study. Toxicity due to chemicals 
can also be attributed for decline in protein levels, also inhibiting 
transcription and translational mechanism.16

The detection of clinically significant enzymes such as alanine 
transaminase (ALT/GPT) and aspartate transaminase (AST/GOT) are 
evaluated for any tissue damage. Identification of these biomarkers is 
coupled with enzyme inhibition in metabolic mechanisms due exertion 
of stress. In this investigation, a noted elevation in AST and ALT level 
was seen in treated groups in comparison to control. This is due to tissue 
and organ damage by exposure to LiNO3 and similar xenobiotics.17 This 
stresses the role of transaminases as chief biomarkers during exposure to 
chemicals leading to metabolic stress. AST and ALT are chief indicators 
in liver function tests, as AST is synthesized by liver hepatocyte and 
mostly found in liver and heart, while ALT primarily found in liver and 
kidney.18 Lactate dehydrogenase (LDH), an iso-enzyme important in 
glycolysis, is a principle indicator of organ and tissue damage. Table 
1 presents the elevated activity of lactate dehydrogenase on exposure 
of catla fish to lithium nitrate. The rise in LDH can be ascribed to 
augmented glycolysis during metabolic stress. Onset of anoxia is also a 
important parameter for elevated LDH activity. Incidence of anaerobic 
condition due to chemical toxicity is also reported during rise of LDH 
activity.19

Biochemical
variables

Exposure duration (in h) 0.5ppm
24 48 72 96

C E C E C E C E
Glucose

(mmol/L)
3.34

±0.35
7.25

±0.16*
4.06

±0.18
22.51

±2.44*
4.12

±0.66
27.45

±0.34*
4.23

±0.29
28.11

±0.16*
Protein

(g/L)
15.18
±0.53

20.19
±1.64*

15.66
±0.46

19.51
±0.52*

15.71
±0.06

15.43
±0.17*

15.32
±0.38

11.68
±0.12*

LDH
(IU/L)

4.77
±0.14

6.15
±0.47*

4.35
±0.13

6.46
±0.18*

 4.38
±0.27

6.86
±0.08*

4.53
±0.02

6.74
±0.27*

AST
(IU/L)

17.39
±0.14

21.02
±0.48*

17.44
±0.65

22.47
±0.53*

17.87
±0.33

25.29
±1.65*

17.36
±0.78

27.19
±1.63*

ALT
(IU/L)

21.58
±0.14

25.69
±0.73*

21.07
±0.56

26.12
±0.22*

19.95
±0.48

29.05
±0.77*

28.94±
0.91

29.85
±0.44*

All values are expressed as mean± SE of three individual samples, *P < 0.05 is significant.

Table 1: Alterations in the biochemical variables of C catla exposed to Lithium nitrate (0.5ppm).
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Figure 1 shows rise in glutamate levels in lithium nitrate exposed fish 
(14.07 ± 0.13) in comparison to the un-treated groups (12.3 ± 0.22) on 
4th day. This observation can be linked to exotoxicity and unwarranted 
generation of glutamate, which leads to nerve cell damage and death. 
The elevated glutamate levels changes brain physicochemical milieu 
following activation of the glutamate receptors by allow soaring 
concentration of calcium ions to permeate the cell.20

Formation of reactive oxygen species (ROS) leads to oxidative stress 
and disturbs the biological pathways by disturbing homeostasis, 
consequently disturbing the equilibrium of detoxification process of 
reactive oxygen species.21 To scavenge the disproportionate production 
of free radicals, cells provide the enzymatic and non-enzymatic system 
responses. The pro-oxidant properties of chemicals are the basis of 
free radical formation during mitochondrial respiration and therefore 
triggering NADPH-like enzymes. Superoxide dismutase (SOD) and 
catalase (CAT) are chief antioxidant enzymes which scavenge free 
radicals generated through metabolism and physiological processes. 
Superoxide dismutase is reported to be the major and instantaneous 
response to oxidative stress in living system.22 In this study the data in 
Table 2 exhibit declining SOD and CAT parameters in treated groups 
in comparison to the un-treated groups. This is because, the formation 
O2 and its conversion to H2O2, which further bring about oxidation 
of cysteine in the antioxidant enzyme structure, thus underlining the 
toxicity of lithium nitrate.

Lipid peroxidation (LPO) is the chief reason for disruption of cell 
structure and function by free radicals.23 The lipid peroxidation process 
is usually determined by the measurement of malondialdehyde (MDA) 
levels, which is one among the end products of breakdown of lipids 
owing to peroxidation.22 The present results in C. catla, recommend that 
liver is probably one of the most affected organ, as there is noticeable 
rise in MDA content in exposed fish compared to the non exposed fish 
(Table 2). 

The result indicates that the existing cellular defense mechanism failed 
to ward off the oxidative damage.23,24

The above mentioned reports imply bioaccumulation of lithium 
nitrate. The study for the first time, reports that the release of lithium 
nitrate to the aquatic ecosystem cause harmful effects on fish and 
human population 
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