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ABSTRACT

Freshwaters are highly vulnerable to pollution since they act as immediate sinks for the consequences
of human activity always associated with the danger of accidental discharges. Heavy metals constitute
a core group of aquatic pollutants and additional concentrations of these metals accumulate in the
aquatic ecosystems as a result of land-based activities. Fish mostly tend to bioaccumulate heavy
metals, and humans can be at great risk, sometimes even lethal, through contamination of the food
chain. An attempt has been made in the present investigation to determine the acute toxicity of lithium
and its toxicological effects on survival, physiological, haematological and biochemical parameters of
Haematological indices; the widely consumed spotted sneak head Channa punctatus and Nile Tilapia Oreochromis niloticus.
Biochemical profiles Short-term acute toxicity tests were performed by exposing the test species to different concentrations
\_ of lithium chloride. The results showed that the normal respiratory activity of the fish was significantly
affected and there was a depression in the metabolic rate at the end of 24, 48, 72 and 96h exposure.

Appreciable decline changes occur in haematological parameters and biochemical profiles of the fish.
This study reflects the extent of the toxic effects of lithium and the metal-induced cumulative deleterious
effects at various functional levels in the widely consumed freshwater fish, Channa punctatus and
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INTRODUCTION

Aquatic pollution has become a global problem in recent
years. Extensive industrialization has measurably influenced
the quality of water lakes, ponds and rivers all over the world.
Heavy metals are recognized as one of the most hazardous
environmental pollutants and toxic to many organisms. The
natural aquatic systems may extensively contaminate with
heavy metals released from domestic, industrial and other
man-made activities (Vutukuru 2003). Heavy metal contam-
ination may have devastating effects on the ecological bal-
ance of the recipient environment and a diversity of aquatic
organisms (Ashraj 2005). Among animal species, fishes are
inhabitants that cannot escape from the detrimental effects
of these pollutants. Heavy metals at high concentrations can
cause hazardous effects to metabolic, physiological and bio-
chemical systems of fishes (Heath 1987). Fishes are widely
used to evaluate the health of aquatic ecosystems because
the pollutants build up in the food chain and are responsible
for adverse effects and death in the aquatic ecosystems.
Fish respond sensitivity to an increased concentration of
contaminants (metals, organic pollutants) in water. The
accumulation levels of metals in organs and tissues of fish

depend upon taxonomic belonging of fish species, age pat-
terns, their physical-biochemical characteristics and chemical
status of the environment they live. Biochemical profiles in
fish and other aquatic organisms under heavy metal stress
serves as an important bio-indicators in the monitoring of
aquatic environment (Ambrose et al. 1994, Vutukuru et al.
2000, Sornaraj et al. 1995, Abbasi et al. 1995, Kszos et al.
2003 and Smithberg & Dixit 1982). Blood chemistry indices
including enzymes, nutrients, metabolites, waste products
and inorganic ions have been used to detect cellular damage
and measure the responses to metals (O’Neil et al. 1998
and Congleton & La Voie 2001). The present study aims to
investigate the responses of serum biochemical parameters,
including haematological indices, enzymes, ions (Na*, K*
and CI) and oxygen consumption in C. punctatus and O.
niloticus exposed to lithium metal. Lithium is the lightest
metal, in its elemental form, and is highly reactive as a pure
element. Because of its reactivity, Li does not occur naturally
as a pure element. It occurs instead in stable minerals and
salts. It is the 27" most abundant element in nature. Lithium
is widely used in ceramics, glass and aluminium production
and has some applications for synthetic rubber, pharmaceu-
ticals, chemical manufacturing, lubricants, batteries and
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nuclear reactor coolant and air treatment (Kszos et al. 2003).
Since 2007, the most important and the fastest growing area
of lithium consumption is the lithium-containing batteries.
These are extensively used in small electronic devices like
cellular phones, cameras, watches, signal devices as well
as laptops. Lithium batteries are increasingly substituting
other batteries, so their consumption is constantly expanding
(Lenntech 2007). Knowledge of acute toxicity of a xenobi-
otic often can be very helpful in predicting and preventing
acute damage to aquatic life in receiving waters as well as
in regulating aquatic toxic waste discharges (Scrosati &
Garche 2010). Because of this, short-term acute toxicity
tests were performed on Channa punctatus and Oreochromis
niloticusfor 96h to determine the LCs, value to elucidate the
acute effects of lithium on the survival, oxygen consumption,
haematological parameters (Hb, MCHC, MCV, WBC, HCT
and MCH), enzymes (SGOT, SGPT, ACP and ALP) and
some biochemical constituents (total protein, triglyceride,
cholesterol, phospholipid, free fatty acid and carbohydrate)
of the fishes.

MATERIALS AND METHODS

Determination of LCs,: Laboratory bioassays were con-
ducted to determine the 24hr, 48hr, 72hr and 96hrs LCs,
values for C.punctatus and O.niloticus exposed to lithium
chloride. The experimental design and calculations for the
acute toxicity procedures were followed as given by Finney
(1971).

Acute toxicity tests: The freshwater healthy fish, Channa
punctatus and Oreochromis niloticus of the weight (2 +
0.84g and 1.5 = 0.53g) and length (15.67 + 3.14cm and
16 + 2cm) were selected for the toxicity tests and samples
were collected from Pothur (Thirumullaivoyal) Chennai.
Healthy fishes were then transferred to glass aquaria con-
taining unchlorinated groundwater before they were used for
experiments. The fishes were acclimated in the laboratory
condition for 30days. The feeding and maintenance of the
fish and the physico-chemical characteristics of the water
used for acclimation, controls and experiments are followed
as per the report given earlier (Lenntech 2007). Short-term
tests of acute toxicity for 96h were performed on the fish
following renewal bioassay. Only fishes which were healthy
and showed active movements were used for the tests.
The desired concentration of lithium chloride anhydrous
(SRL pure, Maharashtra, India) was prepared by adding
aliquots of 1% stock solution in double-distilled water. The
toxicant solution in the test chambers was replaced with
a fresh solution of the same concentration every 24hours.
Renewal bioassays were using following concentrations of
lithium chloride viz., 80mg/L, to 300mg/L which resulted
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in mortality of the fish within the range of 5 to 95%. Ten
fishes (both species) were tested at each concentration and
the loading was at the recommended level (Sastry & Sunitha
1984). Controls (both species) without toxicants were also
run simultaneously. The behaviour and condition of the fishes
were noted every 24h up to 96h. Between the experiments,
the test chambers (15-litre capacity) were carefully washed
to eliminate residual metal adsorption to the walls. No dif-
ferentiation was made between sexes.

Statistical analyses: The experiments were repeated thrice
and only the arithmetic mean of the three experiments at each
concentration was taken to express the results. Probit anal-
ysis a log dose against (mortality) was performed adopting
standard protocol (Finney 1953).

Oxygen consumption: Since respiratory distress is one of
the important manifestations of acute heavy metal toxicity
and is known to produce physiological imbalance, Channa
punctatus and Oreochromis niloticus were exposed to lith-
ium duration of the period 96hr. In the present study, the
respiration rate of the same fish was measured from 24h to
96h with a 24h interval. At the end of 24h exposure, each
fish was transferred from the test chamber (51 capacity) to
respiratory chamber of 1-litre capacity, which is also num-
bered in accordance with the test chamber. The fish were
allowed to stabilize for five minutes and then the experiment
was run for a period of 1h. Only one fish was introduced into
each aquarium and a thick layer of coconut oil was spread
on the surface (care was taken to avoid trapping air bubbles)
of the fish medium to prevent the contact of the medium to
the atmosphere and to prevent the fish from reaching the
atmospheric air. After the experiment, the fishes were re-
placed in their test chambers. The same procedure repeated
for 48h, 72h and 96h. Any dead fish during the experiment
was removed and the test repeated to get the response of at
least three fishes. Controls were also run simultaneously to
obtain information on the oxygen consumption of the fish
in the normal state. Respiratory measurements were made
by the method adopted by Fitch (APHA, AWWA, WPCP
1998) and the dissolved oxygen was estimated adopting
Winkler’s method. All the rate of oxygen consumption per
gram weight of the fish per hour was calculated and the
values were expressed as mL O,/gm/hour. The respiratory
measurements were made in diffused daylight and the time
of the experiment was kept constant (11.00am to 3.00pm) to
avoid the effect of time of day on the respiration of the fish.
The temperature and pH during experiments were 26.15°C
+0.59°C and 7.4 = 0.21, respectively.

Haematological studies: Twenty fishes (in both the species,
Channa punctatus and Oreochromis niloticus) were used in
this investigation. The fish were maintained in the aquaria
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Table 1: Standard methods for the haematological analysis.

679

Parameters Methods References

RBC count (106/mm3) Haemocytometrically with Neubauer chamber ~ Davidson et al. (1969)

Hb (g%) Cyanmethaemoglobin method Drabkins (2010)

WBC count (103%/mm?3) Neubauer counting chamber Donald & Bonford (1963)
HCT (%) Haematocrit method Schalm et al. (1975)

at room temperature 27+2°C. The fish were introduced into
10-litre capacity containers of water containing specific
heavy metal lithium. After the recovery period, all such treat-
ed fishes were separated from the experimental containers
and blood samples were collected from five experimental
individuals from each group at each time with an interval of
24hrs during the experiment. Fish was collected and gently
wiped with a dry cloth to remove water. Caudal peduncle
was cut with a sharp blade and the blood was collected in
small vials (anticoagulated with 0.02mL of 10% EDTA). All
the haematological analysis was performed using standard
techniques mentioned in Table 1.

Determination of mean corpuscular volume (MCV):
MCYV indicates the average size of the blood cell in a given
sample of blood. MCV was calculated by the following
formula and expressed as femtoliter (fL)

MCYV = Haematocrit (%) x 10/RBC count (D
Determination of mean corpuscular haemoglobin
(MCH): MCH represents the average content of the Hb in
each red blood cell. MCH is influenced by the Hb concen-

tration and the number of RBC. MCH was calculated by the
following formula and expressed in pictogram (pg).

MCH = Haemoglobin (g/dl) x 10/RBC count ...(2)

Determination of mean corpuscular haemoglobin concen-
tration (MCHC): MCHC reflects the average concentration
of the haemoglobin in the red blood cells in the blood. MCHC
was obtained by the following formula and expressed in terms
of gram percentage (g%).

MCHC = haemoglobin (g/dl) x 100/Hb(%) ...(3)

Table 2: Biochemical studies.

Collection of blood and tissues for the assay: Blood sam-
ples were collected in small vials by heart puncture using
plastic disposable syringes fitted with prechilled and hepa-
rinized 26gauge needle. The blood sample was centrifuged
at 10000 rpm for 20minutes to separate the serum. Simul-
taneously liver and tissue were excised and homogenized
in ice-cold 0.25M sucrose buffer, pH 7.4. The homogenate
was centrifuged at 5000rpm for 15minutes at 4°C. The tissue
supernatant, as well as serum, was further used for measure-
ment of following biochemical parameters.

Biochemical studies: The activities of SGPT (ALT), SGOT
(AST), ALP and ACP and the concentration of total protein,
phospholipid, free fatty acid, triglyceride, carbohydrate and
cholesterol, and ions (Na*, K*, Cl') in the serum and tissues
were calculated by using the methods shown in Table 2.

SGPT and SGOT activities were measured by using the
method of Bergmeyer et al (1985); King and Armstrong
method for ALP activity; Tenniswood et al. (1976), for
ACP activity; Tietz & Logan (1987), for the electrolytes
(Na*, K*, CI).

RESULTS AND DISCUSSION

Survival: The concentration of lithium chloride tested
(Channa punctatus and Oreochromis niloticus) in the pres-
ent study were 80mg/L (Li as 0.29mg/L and 0.22mg/L),
100mg/L (Li as 0.32mg/L and 0.42mg/L), 120mg/L (Li as
0.53mg/L and 0.44mg/L) and 150mg/L (Li as 0.61mg/L
and 0.13mg/L).The mortality ranged from 10% to 95% and
increased with a corresponding increase in the toxicant con-

Parameters

Methods

Estimation of carbohydrate
Estimation of cholesterol
Estimation of triglyceride
Estimation of free fatty acid

Estimation of protein

Estimation of phospholipid

GOD - POD method
Zak’s method

Foster & Dunn’s method
Hron & Menahan method
Lowry’s method

Folch method

Nature Environment and Pollution Technology ® Vol. 19, No. 2, 2020



680

S. Thanga Malathi and V. Anuradha

Table 3: Changes in the oxygen uptake of Channa punctatus and Oreochromis niloticus at following an exposure period of lithium (O, mL/g/hr).

Period of exposure Control X + SD Experiment X + SD
Channa punctatus Oreochromis niloticus Channa punctatus Oreochromis niloticus
24h 3.98+0.16 3.52+£0.36 331+0.14 2.48 £0.27
48h 2.50 +0.35 2.03 £0.08
72h 1.94 £ 0.08 1.41£0.29
96h 2.00 = 0.44 0.85+0.12

Values are mean + SD, — or + indicate percent decrease or increase over control.

centration and also duration of the exposure demonstrating
both time and concentration dependent responses.

Behavioural Manifestations

The behaviour and condition of the fishes in both the control
and test solution were noted every 24h up to 96h. The fishes
showed a marked change in their behaviour when exposed
to different concentrations of the test solution. Behavioural
manifestations of acute toxicity like copious secretion of
mucus, loss of scales, discolouration, surfacing and dart-
ing movements were observed in Channa punctatus and
Oreochromis niloticus exposed to higher concentrations
of lithium chloride viz., 80mg/L to 150mg/L from 24h to
96h. The reaction and survival of aquatic animals depend
on not only the biological state of the animals and physi-
co-chemical characteristics of water, but also on kind, tox-
icity, type and time of exposure to the toxicant. Behavioural
manifestations of acute toxicity of chromium in Labeo
rohita was more or less similar to those reported in other
fishes (Mukherjee 1988). Fishes may be attributed to the
fact that metal-induced changes in physiology and survival
of aquatic organisms under metallic stress are complicated
because such changes differ from metal to metal, species
to species and from one experimental condition to another.
The exact causes of death due to heavy metal poisoning
are multiple and depend mainly on time-concentration
combinations. However, there is no clear-cut explanation
on the exact mode of action of different metals causing the
mortality in aquatic animals.

Oxygen consumption: The mean metabolic rates of the
control and exposed fishes at the end of 24h, 48h, 72h and
96h along with the percent decrease from control are given
(Table 3). It is clear from the results that the metabolic rate
of Channa punctatus and Oreochromis niloticus exposed
to lithium decreased from control with the exposure period
24h to 96h. The action of heavy metals on the respiratory
function of fishes appears to be diversified. Alterations in the
cellular components isa cause of depression in the respiratory
activity of fishes exposed to acute metallic stress has been
suggested (Pondey et al. 1963). Inhibition of the respiratory

enzymes in fishes exposed to heavy metals was also reported
(Lowry et al. 1951).

A perusal of the available information reveals that heavy
metal-induced alterations in the respiratory function of fish-
es differ not only from metal to metal but also the sites of
action. The decrease in the oxygen consumption of Channa
punctatus and Oreochromis niloticus exposed to lithium
indicates the onset of acute hypoxia under metallic stress.
Further, the fact that the drop in metabolic rate of the fish as
a protective measure to ensure that there is a low intake of
the toxic substance also cannot be ruled out. Gills are vital
respiratory and osmoregulatory organs and cellular damage
induced by the metal might impair the respiratory function
of the fish by reducing the respiratory surface area (Taylor
et al. 1985). These findings suggest decreased respiratory
surface area can also account for the drop in the metabolic
rate of the fish.

Haematological studies: The present study reveals that the
Channa punctatus and Oreochromis niloticus exposed to
lithium exhibited a significant increase in their RBC, Hb,
HCT, MCH, MCV, MCHC and WBC compared to control
are given in Table 4 and Table 5. The reason for increased
haematological values indicates macrocytic type of anae-
mia. The previous study shows that high level of RBC was
recorded in L. calcarifer followed by C. chanes. The high
erythrocyte number was associated with fast movement,
predaceous nature and high activity (Rambhaskar & Srinvasa
Rao 1986). The elevated RBC counts and Hb concentra-
tions were recorded in lithium exposed C. punctatus and
O. niloticus. This elevated level is responsible for the high
metabolic demand. The increased level of RBC indicates
oxygen demand in the tropical region to meet the higher
oxygen requirement at high metabolic rates (Engel & Davis
1964). Hb value in the present study shows that 19.25+0.30
(96hr, C. punctatus) and 19.52 + 0.32 (96hr, O. niloticus)
respectively. RBC & Hb concentrations tend to increase with
length and age of the fishes (Das 1965). Blaxhall & Daisley
(1973), have reported the possibility of using HCT as a tool
in the aquaculture and fishery management for checking
the anaemic condition. HCT value in the present study was

Vol. 19, No. 2, 2020 ® Nature Environment and Pollution Technology
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within the range 35.33 + 3.05 (96hr, C. punctatus) and 22.34
+ 1.53 (72hr, O. niloticus) respectively; fish HCT values
were usually between 20% and35% and rarely attain greater
than 50% (Clark et al. 1976). Besides, high leukocyte values
depend on stress factors resulted in regulatory effects of toxic
substances on the immune system. High RBC count perhaps
lessens the requirement for a large number of WBC (Xiaoyun
et al. 2009). From the results (Table 4 & 5) shows that the
increased amount of MCV, MCH and MCHC observed in C.
punctatus and O. niloticus indicates the microcytic anaemia.
This study indicates that changes in haematological parame-
ters in fish serves as an effective tool in the diagnosis of the
extent of environmental pollution and also the abiotic fish
diseases. Increased in total WBC count in the present study
was aresult of direct stimulation for its defence from diseases
due to the presence of heavy metals. Increase in WBC count
as in the present study was also reported by Murugesen &
Haniffa (1985), in heavy metal treated fish blood, suggesting
induction of some pathology and also might be due to the
effect of metal toxicants on bone marrow. Leucocytosis has
been considered to be an adaptation to meet stressful condi-
tions by aquatic species.

Haematological parameters are very important param-
eters for the evaluation of fish physiological status under
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metabolic stress. From the results, (Table 4 & Table 5)
clearly shows that the changes in blood indices and their
peculiarities depend on the concentration of heavy metals
and duration of exposure of fish to them. In the present study,
the anaemia could be probably due to structural alterations
of heme leading to disturbed haemoglobin synthesis and also
the inhibitory effect of lithium on the enzyme system in the
synthesis of haemoglobin cannot be ruled out as suggested
in earlier studies (Vincent et al. 1996).

Biochemical studies: The carbohydrate, phospholipid, total
protein, cholesterol, triglyceride and free fatty acid levels in
liver, muscle and blood of control fish and exposed fish of
Channa punctatus and Oreochromis niloticus to the 96hr
concentration of Lithium are represented in Table 6. It is clear
from the results that there is an appropriate decline in differ-
ent biochemical constituents of the fish under lithium stress.

The ranges of biochemical parameters vary from species
to species and can be influenced by many biotic and abiotic
factors such as water, temperature, seasonal pattern, food
age and sex of the fish (Jawad et al. 2004). In the present
investigation increased level of biochemical profiles (Car-
bohydrate, Protein, Phospholipid, Triglyceride, Free fatty
acid and Cholesterol) increased in the liver and muscle
tissues compared to the blood sample in C.Punctatus and

Table 4: Haematological parameters of Channa punctatus on exposure to Lithium.

Parameters Normal 24 48 72 96

RBC (10%mm3) 4.08 = 0.49 8.82+0.27 8.54+0.21 9.10x0.11 8.99+0.24
Hb (g%) 10.78+0.54 14.62 +1.02 16.71 +1.18 18.93 £0.25 19.25 +0.30
WBC (10%mm3) 5.18+0.17 5.09 +0.09 5.56 +0.51 6.23 +0.66 728 +0.51
HCT (%) 19.2+1.66 26+2 30.33 +3.05 32.67 +£3.00 3533 +3.05
MCV (fL) 168.66+0.98 183.28 +4.86 184.04 + 1.85 189.57 +0.99 193.66 +5.48
MCH (pg) 46.3+1.97 66.03 +1.92 63.42+4.11 70.28 + 1.06 71.29 +0.86
MCHC (g%) 7.14£0.59 9.99 +0.10 11.2+0.25 12.67 +0.49 14.83 +0.38

Values are mean + SD, — or + indicate percent decrease or increase over control.

Table 5: Haematological parameters of Oreochromis niloticus on exposure to Lithium.

Parameters Normal 24 48 72 96

RBC (10%mm?) 4.84+0.13 6.78 £0.22 7.98 £0.14 8.52+0.35 8.39+0.27
Hb (g%) 10.3+0.17 18.59 £ 0.54 18.29 £ 0.58 19.09 = 0.10 19.52 £0.32
WBC (10%mm?3) 6.13+0.25 6.49 £ 0.45 7.51£0.30 7.68 £0.50 8.45 +0.05
HCT (%) 15.23+0.49 21.67+1.53 19.67 = 2.08 22.34+1.53 21.00 = 1.00
MCV (fL) 195.29+4.09 200.67 = 0.48 210.43 +£0.58 216.73 £ 2.34 222.34 £2.30
MCH (pg) 33.11+0.96 63.91 =2.18 68.7 £2.08 70.25 = 0.98 76.11 £3.15
MCHC (g%) 19.10+2.03 21.78 = 1.44 25.42+0.93 27.33 +1.08 25.55+3.10

Values are mean + SD, — or + indicate percent decrease or increase over control.

Nature Environment and Pollution Technology ® Vol. 19, No. 2, 2020
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O.Niloticus. An increased level of carbohydrate and protein
level was recorded in C.punctatus and O.niloticus, this may
be caused due to an increased depletion of liver glycogen
(Ojolick et al. 1995). The increased protein concentration
can be caused by structural liver alterations (Kavadias et al.
2004). Carbohydrate concentration increased significantly
in Li exposed fish when compared to control group (Table
6). Alterations in the glucose level might be related to renal
injury, liver damage, and lack of nutrition (Canli 1995).
Increased level of total protein concentration in Channa
punctatus and Oreochromis niloticus indicates liver dam-
age, reduced absorption and protein loss. Increased level
of triglyceride recorded (muscle>liver>blood) in both the

S. Thanga Malathi and V. Anuradha

species compared to control. Canli (1995), showed that serum
triglyceride levels in C.carpio exposed to Ga increased con-
siderably compared to the control. Triglyceride concentration
is important to evaluate lipid metabolism and higher levels
may occur with nephritic syndrome and glycogen storage
impairment. Triglyceride functions primarily in providing
cellular energy and can be used as an indicator of nutritional
status. Increased level of cholesterol concentration in metal
exposed fish compared to control fish. The concentration of
cholesterol, an essential structural component of membranes
and the precursor of all steroid hormones, may increase due to
the liver and kidney failure causing the release of cholesterol
into the blood. Elevation of phospholipid and free fatty acid

Table 6: Levels of biochemical parameters in blood, liver and tissue of Channa punctatus and Oreochromis niloticus on exposed to Lithium (mg/dL).

Parameters Channa punctatus Oreochromis niloticus
Blood Liver Tissue Blood Liver Tissue
Total Protein Normal 7.78 £ 0.55 7.35+0.54 8.73 £ 0.55 9.59 +0.41 10.35+0.36 11.32+0.51
Treated 13.52+0.53 19.08 £ 0.51 20.70 = 1.20 28.76 £ 0.81 27.73 +0.86 27.88 +1.43
Carbohydrate Normal 66.81 +0.99 71.31+2.58 7424 +423 84.18 = 1.74 89.05 = 1.00 94.12 +5.20
Treated 97.39 £3.10 125.88 £2.75 134.1 £6.76 142.17+3.09  159.18 +6.43  153.93 +5.36
Phospholipids ~ Normal 3.07x£0.25 273 +£0.21 2.03 £0.05 7.27 +0.47 8.10 £ 0.56 7.24 +0.60
Treated 3.5+0.36 4.13 +£0.65 5.16 £1.10 9+0.7 11.56 £ 0.58 122 +1.25
Free Fatty Normal 52.19+0.93 51.57 £0.54 49.08 +0.92 62.76 £ 0.52 65.88 +0.77 68.75 +0.57
Acids Treated 49.05 +0.96 60.33 = 0.66 61.35+1.65 56.86 = 1.74 64 £2.01 70.99 + 1.05
Triglycerides Normal 16.34 =+ 1.46 18.69 = 0.46 1991 +0.13 27.39 £2.05 3221 +1.59 33.80+2.53
Treated 30.54 +£0.78 30.76 = 1.07 31.64 = 1.59 41.51 +0.62 47.21 +0.55 56.05+4.73
Cholesterol Normal 213.07 £3.52 229.76 £ 1049  211.62+9.44 182.66 = 1.84  179.38 +1.44  189.10 £9.55
Treated 154.96 + 4.51 159.88 £10.10  167.31 £5.10 219.30+599 222,18 +3.38  266.10 +37.38

Values are mean + SD, — or + indicate percent decrease or increase over control.

Table 7: Levels of enzyme parameters in blood, liver and tissue of Channa punctatus and Oreochromis niloticus exposed to Lithium (IU/L).

Parameters Channa punctatus Oreochromis niloticus
Blood Liver Tissue Blood Liver Tissue
SGPT Normal 30.17 = 1.01 29.57+1.13 28.65 = 1.00 28.67 £ 0.59 294 +04 30.33 £0.76
Treated 29.93 +0.07 36.55 +£5.64 21.09 +0.92 36.03 £0.38 48.66 +0.72 40.04 +1.24
SGOT Normal 18.04 +0.91 19.11 +0.13 18.74 + 0.86 15.46 £ 0.58 1643+ 1.11 16.12 +0.91
Treated 11.86 +1.40 10.54 +1.02 10.12+1.13 18.43 +1.04 21.85+1.74 22 +1.69
ACP Normal 31.21 £ 0.60 31.67 £0.67 30.67 + 1.45 36.09 = 0.55 34.50 = 1.53 33.38 £0.62
Treated 52.55+1.05 549 +1.78 66.88 + 0.95 4545+ 1.37 58.90 + 1.01 53.46 +3.43
ALP Normal 99.14 + 1.00 106.14 +5.32 98.43 + 1.44 113.13 £2.79 117.70 £5.01 106.74 = 5.03
Treated 145.16 £ 12.26 14224 +12.35 148.73 + 13.60 165.83 = 6.84 155.75 £2.57 131.51 £3.02

Values are mean + SD, — or + indicate percent decrease or increase over control; SGPT — Serum glutamate pyruvate transaminase; SGOT — Serum gluta-

mate oxaloacetate transaminase; ALP — Alkaline phosphatase; ACP — Acid phosphatase
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Table 8: Levels of biochemical parameters in blood, liver and tissue of Channa punctatus and Oreochromis niloticus exposed to lithium (mmol/L).

Parameters Channa punctatus Oreochromis niloticus
Blood Liver Tissue Blood Liver Tissue
Na Normal 7477 £ 4.17 4571 +2.13 22.07 = 1.65 81.01 = 1.89 56.66 +3.39 45.07 £2.74
Treated 60.79 = 1.45 110.23 £ 1.95 41.39 +2.17 94.78 £ 4.49 63.78 £ 1.52 103.01 £2.32
K Normal 6.4 +0.48 5.63+0.73 4.64 +047 2.46 +£0.52 1.72 £ 0.56 0.74 +0.51
Treated 8.86 £ 0.08 7.54 +£0.62 6.73 £ 0.45 3.72+0.24 3.28+0.16 2.65+0.42
Cl Normal 92.28 £ 6.01 82.46 +2.50 64.47 +£2.09 103.60 + 3.38 94.64 £ 4.61 98.11 = 1.80
Treated 105.53 +2.08 80.79 + 1.40 87.67 £ 1.40 103.01 £2.32 116.59 £5.29 117.58 £2.16

Values are mean + SD, — or + indicate percent decrease or increase over control.

(96hr-both species) in the present study may be attributed
to the prevention of tissue damages in the fish. Similarly,
Swelium (2006), also reported an increased level of phos-
pholipids in Oreochromis niloticus exposed to the pesticide.
In the present study, the elevated level of phospholipid and
free fatty acid shows that utilization of lipid for meeting the
energy demand under the metal stress.

Transaminases like SGOT and SGPT play a significant
role in protein and amino acid metabolism and they may
release into the plasma following tissue damage and dys-
function. Increased level of SGOT and SGPT amount shows
that damage of tissues and impairment of fish metabolism.
Zikic et al. (2001), showed the increased level of AST &
ALT in Cd-exposed fish Carassius auratusgibelio; the au-
thor indicated that liberation of these transaminases into the
circulation might occur due to damage of the liver, kidney,
heart and other tissues in the state of stress influenced by
metals. Acid phosphatases are enzymes concerned with the
biosynthesis of fibrous proteins and mucopolysaccharides
or they may serve as regulators of intracellular phosphatase
concentration (Gutman 1959). They are also hydrolytic
enzymes which play an active part in the dissolution of the
body’s dead cells; stimulation or inhibition of these enzymes
will thus result in metabolic disturbances (Sanisa et al. 1982).
In the present investigation Table 7 shows that the increased
level of acid phosphatase level in all the tissues show in both
C. punctatus and O. niloticus species. The elevated level in
the acid phosphatase activity in the tissues of metal exposed
fish indicates that, disruption of the lysosomal membrane,
cytotoxic action and alteration in the membrane stability.
Alkaline phosphatase exposed in treated fish compared
to control (Table 7). In the previous study, increased ALP
activity in the serum and gill in Cyprinus carpio exposed to
Cu (Singh & Reddy, 1990). Increased level ALP observed
in both (C. punctatus and O. niloticus) species compared
to control fish. The elevated level of metal exposure causes
structural changes in the fish.

Table 8, shows that alteration of ion levels occurred in Li-
exposed fish when compared to the control group. Increased
level in the order of C. punctatus (liver>blood>tissue) and
O. niloticus (tissue>blood>liver) in sodium. Increased level
of potassium in the order of C. punctatus (blood>liver>tis-
sue) and O.niloticus (blood>liver>tissue). Increased level of
chlorine in the order of C. punctatus (blood>tissue>liver) and
O. niloticus (tissue>liver>blood). Cerqueira & Fernandas
(2002) also showed that there was a significant decrease in
plasma Na and ClI levels and an increase in K level in the
serum of Prochilodus scrofa following acute Cu exposure,
indicating gill tissue damage of fish. Alterations in ion levels
reflected with an inhibition in the activity of bronchial Na,
K and disruption of ionoregulatory systems. Due to expo-
sure of lithium, it leads to failure of Na and CI regulatory
mechanisms. Electrolyte levels are one of the significant bio-
markers in ecotoxicology because their levels can be altered
sensitively due to reduced bronchial ion extrusion, reduced
intestinal fluid absorption and changes in the morphological
structure of cells.

SUMMARY

Blood glucose or carbohydrate is a sensitive tool and reliable
indicator of pollutants causing environmental stress in fish.
Lithium toxicity possibly associated with changes in liver
carbohydrate metabolism which causes activation of liver
glycogenolysis and glycolysis as well as increased levels of
plasma glucose and lactate. Increased level of total protein,
triglyceride, phospholipid, cholesterol (increased in lithium
exposed Channa punctatus and decreased in lithium exposed
Oreochromis niloticus) and free fatty acid in C.Punctatus and
O. niloticus exposed to lithium. Lipids are an important fuel
reserve of aquatic organisms during stress. The depletion in
tissue proteins of C. punctatus and O. niloticus may be due
to impaired protein synthesis under metallic stress or due to
their utilization in the formation of mucoproteins, which are
eliminated in the form of mucous. Further, direct or indirect
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utilization of proteins and lipids for energy needs was also
reported (Janardhana Reddy et al. 1998). Also, the utilization
of proteins in cell repair and organization as causes of their
depletion in the tissues cannot be ruled out. Cholesterol and
phospholipids are generally considered to be structural or
functional lipid being incorporated to a large extent in the
membrane structure of the cell and subcellular organelles.
Cholesterol concentrations in the serum of metal - exposed
fish generally increased when compared to that of the control
fish in Channa punctatus. The concentration of cholesterol,
an essential structural component of membranes and the
precursor of all steroid hormones, may increase due to the
liver and kidney failure causing the release of cholesterol into
the blood. Heavy metals are known to have hazardous effects
on cell structure, especially on the membranes. Therefore,
increases in cholesterol may be a good indication of envi-
ronmental stress. Triglyceride concentration is important to
evaluate lipid metabolism and higher levels may occur with
nephritic syndrome and glycogen storage impairment. Tri-
glyceride functions primarily in providing cellular energy and
can be used as an indicator of nutritional status. Enzymes are
sensitive tools to analyse the environmental stress indicator.
Transaminases like SGOT and SGPT play a significant role
in protein and amino acid metabolism and they may release
into the plasma following tissue damage and dysfunction.
Alkaline phosphatase is a polyfunctional enzyme that acts
as transphosphorylase at alkaline pH and plays an important
role in the mineralisation of the skeleton of aquatic animals
and in membrane transport activities. ACP is a lysosomal
enzyme that hydrolysis organic phosphates at an acid pH.
Changes in ALP and ACP activity also could be as a result
of physiological and functional alterations in metal exposed
fish. Lithium assumed as an ion regulatory toxicant. Water
ions K and Na play a protective role against Li. Serum ion
levels are one of the significant biomarkers in eco-toxicology
because their levels can be altered sensitively due to reduced
bronchial ion extrusion, reduced intestinal fluid absorption,
and changes in the morphological structure of cells. The
present study showed that lithium-induced alterations at the
biochemical level, more pronounced changes occurring at
the end of 96h and thus it is time-dependent.

CONCLUSION

Acute exposure of lithium proved to be highly toxic to
Channa punctatus and Oreochromis niloticus and induced
cumulative deleterious effects at various vital functional
sites like metabolic rate, haematological indices and bio-
chemical profiles. Though significant changes are observed
both at the end of 24h and 96h exposure periods, these
changes are more pronounced at the end of 96h suggestive
of time-dependent toxicity. The metal-induced decrease in

S. Thanga Malathi and V. Anuradha

the total protein content could affect the enzyme-mediated
bio-defence mechanisms of the fish, which pose a serious
threat to human beings by secondary poisoning through the
food chain. Haematological and biochemical parameters are
valuable tools for monitoring fish health, confirming mat-
uration and monitoring any changes in the quality of water
and related soil. The ranges of normal values of the key bio-
chemical parameters are still undefined for different species
in different aquaculture conditions. The results of this present
investigation indicate the knowledge about lithium toxicity
in aquatic ecosystems and also show that haematological
and biochemical profiles are sensitive tools to analyse the
toxicity studies and significant to show the awareness of the
pollution in pisciculture and aquatic environments.
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