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increasing concentrations of lead nitrate for a span of 96 hours, post which
anatomical and biochemical changes were monitored. External morphology
of adult fish and that of the liver and intestine were also qualitatively
examined. The liver of treated fish appeared enlarged and had more mass
compared with the control, whereas the intestine showed discolouration
indicating ingestion of lead. Enzymes indicating stress and cellular damage
were assayed in liver extracts prepared from exposed fish. The enzymes
studied were succinate dehydrogenase, alanine transaminase, aspartate
transaminase, acid phosphatase and alkaline phosphatase. A significant
increase was foundin the activity of all of the enzymes except succinate
dehydrogenase probably indicating hepatotoxicity. Succinate dehydrogenase
activity was seen to have decreased, possibly indicating oxidative stress.
Analysis of the neural marker enzyme acetylcholinesterase in brain extracts
from these fish also showed a significant decrease in its activity which could
lead to a misregulation in neurotransmission. These results directly reflect on
the toxicity caused by accumulation of lead in the adult fish.
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Introduction:-

Contamination of aquatic ecosystems as a result of anthropogenic factors with heavy metals has been receiving
increased worldwide attention due to its harmful effects on human health and other organisms in the environment. In
such ecosystems, metals may precipitate or adsorb on the surface of solids, remain soluble or suspended or may be
taken up by fauna and flora and accumulate in the tissues of organisms and exert toxic effects (Javed, 2012). One of
the heavy metals — lead— is an important contaminant of the industrial age. The main sources of lead contamination
are lead based paints, cars using unleaded gas, lead smelters, metal processing plants and incinerators. The main
source of lead in drinking water is old lead piping and lead-combining solders. The amount of lead that may dissolve
in water depends on acidity (pH), temperature, hardness and standing time of the water (Ruby et al., 1992).

Lead has no known biological benefit to humans. It is known to exert developmental and teratogenic effects in
mammalian embryos (Flora et al., 2012). Lead intoxication may result in anaemia and disorders of the gastro-
intestinal, renal and nervous systems (Gerber et al., 1980). It has been established that lead accelerates lipid
peroxidation in hepatocytes, thereby resulting in hepatotoxicity and severe liver damage in rats (Sandhir and Gill,
1995).
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The liver is the major site of elimination of toxins, and hence stress-induced alterations in intermediary metabolism
are bound to affect the activity of oxidative enzymes such as succinate dehydrogenase (SDH; EC 1.3.99.1), alanine
transaminase (ALT; EC: 2.6.1.2) and aspartate transaminase (AST; EC: 2.6.1.1). Cellular damage due to heavy
metals results in the release of ALT and AST in the blood stream and the levels of these enzymes have the potential
to indicate hepatocellular-toxicity. Alkaline phosphatase (ALP; EC: 3.1.3.1) and acid phosphatase (ACP; EC.
3.1.3.2) are present in almost all tissues primarily within the cell membrane and increase in activity during heavy
metal toxicity. Acetylcholinesterase (AchE; EC: 3.1.3.7) regulates neurotransmission at synapses. Changes in the
brain AchE activity help determine the impact of the xenobiotics on the nervous system and ascertain behavioural
changes (Patra et al., 2001).

Rivers are the primary recipients of chemical, industrial and agricultural waste in India. The main species of fish
found in the Indian rivers are the common edible carps. Cirrhina mrigala (Common Indian carp) is endemic to the
Indo-Gangetic riverine system (Jayaram, 1981) and is one of three main freshwater carp species of Southeast Asia.
To determine the extent of damage to the adult carps due to heavy metal pollution of the rivers, Cirrhina mrigala
was exposed to lead for 96 hours. Post exposure, the adult fish were assessed for morphological defects, biochemical
changes and oxidative stress.

Materials and methods:-

Collection and maintenance of Cirrhina mrigala:-

Cirrhina mrigala were procured from the Department of Fisheries based in Goregaon, Mumbai, India.
Approximately 200 fish were purchased at a time. The fish used for the study were then acclimatized in groups of
eight in 2 ft. tanks, for a span of seven days. Two batches of fish were used for conducting the experiment. All the
tanks were supplied with adequate aeration with aerators. The tanks were filled with dechlorinated water to a
predetermined level of 12 litres. The fish were fed freeze-dried Daphnia twice a day and one-fifth of the tank water
was changed every day.

Treatment of adult fish with lead nitrate:-

Fish in the control group were maintained on the same diet and in dechlorinated water without treatment with lead
nitrate. Other batches of fish were exposed to 60ppm, 75ppm and 90ppm of lead nitrate for 96 hours. The 96 hour
LCs, for lead nitrate in Cirrhina mrigala is 300ppm (Senthilkumaar et al., 2012).

Morphometric analysis of fish:-

Fish from the control batch and the 60ppm, 75ppm and 90ppm lead nitrate-treated fish were killed by cold necrosis
post 96 hours of exposure and were then weighed and the length of the fish measured. Lead treated and untreated
fish were dissected and changes in internal morphology were qualitatively observed.

Protein estimation by Folin-Lowry method:-
Liver homogenates of fish were prepared in phosphate buffer and were used to estimate the amount of protein by the
method devised by Lowry et al. (Lowry et al., 1951).

Enzyme assays:-

Post 96 hours of treatment with lead nitrate, liver and brain homogenates were prepared from adult Cirrhina
mrigalafor enzyme assays. Liver homogenates were used to assay for AST, ALT, ACP, ALP and SDH, whereas
brain homogenates were used to assay for AchE. A 1% liver homogenate was prepared in 0.1M phosphate buffer
(pH 7.7) in an ice bath. The homogenate was centrifuged at 4000 rpm for 10 minutes at 4°C. The supernatant was
used for the assays. A 1% brain homogenate was similarly prepared in phosphate buffer (pH 8.0).

Succinate dehydrogenase assay:-
The activity of SDH (an enzyme found in the inner mitochondrial membrane) was estimated by a method devised by
Nachlas et al. (Nachlas et al., 1960). Activity of SDH was expressed as nmol/minute/mg of protein.

Acid phosphatase and alkaline phosphatase assays:-

The activity of ACP (a lysosomal enzyme) and ALP (a plasma membrane-tethered enzyme) was estimated by
Bessay’s method (Bessay et al., 1946). Activity of ACP and ALP was expressed as nmol/minute/mg of protein.
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Aspartate transaminase and alanine transaminase assays:-

The activity of AST and ALT (both enzymes found in the mitochondria as well as the cytosol) was estimated by
Reitman and Frankel’s method (Reitmen and Frankel, 1957). Activity of AST and ALT was expressed as
nmol/minute/mg of protein.

Acetylcholinesterase assay:-
The activity of AchE (a post-synaptic membrane bound enzyme) was estimated by Ellman’s method (Ellman et al.,
1961). Activity of AchE was expressed as umol/minute/mg of protein.

Results:-

Morphological changes: The fish in the control batch and the 60ppm, 75ppm and 90ppm lead nitrate treated
batches were starved during the 96 hour exposure period. Length measurements showed no significant difference in
the fish exposed to lead nitrate versus the control. On dissecting the fish, marked differences in the colour of the
intestine of the control and lead-treated fish were visible. The fish in the control set displayed dark colouration in the
intestine (Fig. 1A), which was not observed in fish treated with 60ppm (Fig. 1B), 75ppm (Fig. 1C) and 90ppm (Fig.
1D) lead. This change in colour could be attributed to the accumulation of lead nitrate in the intestine of the fish.

Fig. 1:- Accumulation of lead nitrate in the intestines of Cirrhina mrigala. (A) Untreated fish [control] displaying
dark colouration in the intestines; (B) Fish treated with 60ppm lead displaying loss of colouration in the intestine;
(C) Fish treated with 75ppm lead displaying loss of colouration in the intestine; (D) Fish treated with 90ppm lead
displaying loss of colouration in the intestine.

Fish exposed to 60ppmand 75ppm lead displayed a definite visible enlargement in the size of the liver compared to
that of the untreated fish (Fig. 2A) and showed a well defined structure (Fig. 2B and 2C). The 90ppm lead treated
fish, however, showed an enlargement of the liver and a distorted structure (Fig. 2D). These results indicate that lead
probably causes necrosis of the liver. Microscopy could be used in future to assess cellular damage in the liver due
to lead.
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Fig. 2: Visible changes in liver morphology of Cirrhina mirgala post lead treatment. (A) Liver of untreated fish
displaying normal morphology; (B, C) Liver of fish treated with 60ppm and 75ppm lead visibly enlarged; (D) Liver

of fish treated with 90ppm lead enlarged with an irregular structure.

Protein estimation by Folin-Lowry Method:-

The total protein content of the liver and the brain did not vary significantly between the control and the treated fish.
The liver and brain extracts were then further used for enzyme assays.

Biochemical enzyme markers:-

The biochemical marker enzymes assayed in the study were SDH, ACP, ALP, AST, ALT and AchE. Dose
dependent changes were observed in the activity of each of the enzymes in the lead-treated and untreated fish (Fig.
3). A 50% decrease in the activity of SDH was seen in fish exposed to 75 ppm and 90 ppm lead (Fig. 3A). In
contrast, about two-fold increase was noted in the activity of ACP, ALP and ALT in fish exposed to 75ppm lead
(Fig. 3B, 3C and 3E). Large increase in AST activity (eight-fold) was observed in fish treated with 75ppm lead (Fig.
3D). An increase in ACP, ALP, AST and ALT activities are indicative of cellular damage and hence, the
enlargement of the liver. There was a significant 40% decrease in the activity of AchE in the brain extracts of fish
exposed to 90 ppm lead (Fig. 3F). This may lead to disturbances in neural activity, affecting movement. These
findings are summarized in Table 1.

Table 1:Activities of enzymes before and after treatment with increasing concentrations of lead nitrate.

Activity of enzymes expressed as nmol/minute/mg of protein

Group / SDH ACP ALP AST ALT AchE
Enzyme (umol/minute/
mg of protein)
Control 2.560 +0.144 | 0.340+0.001 | 0.027 +0.0004 | 0.800 + 0.048 5.07+0.067 | 14.950 +0.078
60ppm 2.099+£0.040 | 0.512+0.007 | 0.063+0.003 | 4.042+0.367 | 4.911+0.096 | 12.211 +0.258
lead
75ppm 1.241£0.040 | 0.699+0.013 | 0.043+0.002 | 6.387+0.450 | 5.891+0.135 | 13.261 + 0.363
lead
90ppm 1.664+£0.056 | 0.527 £0.004 | 0.020+0.001 | 1.365+0.122 | 4.986+0.135 | 8.395+0.375
lead
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Fig. 3: Changes in the activity of stress biomarker enzymes in liver (SDH, ACP, ALP, AST and ALT ) and brain
extracts (AchE) post treatment with 60, 75, and 90 ppm lead nitrate. (A) SDH, (B)ACP, (C) ALP, (D) AST, (E)
ALT, and (F) AchE. Control fish were not exposed to lead nitrate.

Discussion:-

The accumulation of lead nitrate in the intestine of adult fish, as opposed to that of the control fish, was clearly
visible. The unexposed fish showed a black colouration in the intestine, indicative of normal morphology. The fish
treated with increasing concentrations of lead nitrate showed varying accumulation of lead as was evident by the
whitening of the intestine. Discolouration of the intestine has also been observed in fresh water fish Leuciscus
cephalus exposed to cadmium (Sures and Siddall, 1999). However, to determine the extent of accumulation of lead
nitrate in the body of the adult fish, estimation of lead in dry weight ash needs to be carried out.

It has been established that succinate dehydrogenase is sensitive to many toxicants, including heavy metals (Sastry
and Sharma, 1980; Natarajan, 1984). Studies have revealed a steady decrease in succinate dehydrogenase activity in
the liver of freshwater fish on exposure to copper, cadmium and other heavy metals (Sastry and Subhadra, 1982;
James et al., 1992; Radhakrishnaiah et al., 1992). In the present study the activity of succinate dehydrogenase
decreased in liver extracts of adult Cirrhina mrigalaexposed to sublethal concentrations of lead suggesting that
inhibition of mitochondrial oxidation of succinate may result in a decreased energy production. The suppression of
succinate dehydrogenase activity indicates impairment of the oxidative metabolic cycle and hence an increase in
anaerobic glycolysis to meet the energy demands of the organism (Rajeswari et al., 1989).

Acid phosphatase is a marker enzyme of lysosomes and exists in a latent form. Stimulation or inhibition of this
enzyme can result in disturbances in metabolism. Change in the activity of acid phosphatase, due to oxidative stress,
is a characteristic of tissue damage (Biber et al., 1981). In the present study, an increase in acid phosphatase activity
was observed. This finding is in agreement with various studies carried out on heavy metal toxicity on freshwater
fish in the liver and kidneys (Sastry and Subhadra, 1985; Sastry and Gupta, 1979). The rise in the activity of acid
phosphatase due to lead toxicity suggests putative hepatocellular damage in the organism (Sharma, 1999). It has
been suggested that hyperactivity of acid phosphatase indicates proliferation of lysosomes in an attempt to sequester
the toxic xenobiotic (Gill et al., 1992).

Increased activity of alkaline phosphatase has been found in pathological processes such as liver impairment, kidney
dysfunction and bone diseases, and has been attributed to significant liver damage (Kendall et al., 1970). Alkaline
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phosphatase is a membrane-bound enzyme found at the bile pole of hepatoctyes (Garnero and Delmas, 1993).
Various studies have established changes in the activity of alkaline phosphatase as an important indicator of
oxidative stress. Lead nitrate is considered as an activator of alkaline phosphatase as is also evident in the present
study. Toxicity studies performed on freshwater fish using heavy metals such as hexavalent chromium and mercuric
chloride, and organic chemicals such as diethyl phthalate and endosulfan, have revealed an increase in the activity of
alkaline phosphatase in the treated fish (Ghorpade et al., 2002; Agarwal and Sastry, 1979; Gill and Pant, 1981). A
similar increase in ALP was observed in lead exposed Cirrhina mrigala in the present study. Thus, it can be
concluded that short term, acute exposure to lead results in significant hepatocellular damage in Cirrhina mrigala.

Aspartate transaminase and alanine transaminase link amino acids to intermediates of pathways involved in energy
generation, particularly the tricarboxylic acid cycle. It is, hence, expected that increased energy demand, as a result
of oxidative stress, will result in mobilization of existing energy sources, including amino acids, resulting in the
activation of enzymes of amino acid metabolism (Masola et al., 2008). Aspartate transaminase and alanine
transaminase are frequently used in diagnosis of tissue damage, as markers of necrosis caused by pollutants, in
various tissues (de la Torre et al., 2000). In the present study, the activity of aspartate transaminase and alanine
transaminase increased in Cirrhina mrigala exposed to sublethal concentrations of lead for 96 hours as seen in the
levels in liver extracts. This may be due to necrosis of hepatocytes leading to increased permeability of the cell
membrane resulting in damage to tissues. This suggests an increased participation of amino acids in energy
metabolism in response to an increased energy demand to cope with the metabolic stress caused by lead nitrate.

Acetylcholinesterase is primarily localized at pre-synaptic axonal membranes within synapses in the central nervous
system, while in synapses of the peripheral nervous system and at neuromuscular junctions, it is localized on the
post-synaptic dendrites. On excitation of the post-synaptic neuron by acetylcholine, acetylcholinesterase hydrolyzes
acetylcholine into acetate and choline, thereby regulating the critical window for neurotransmission (Sussman et al.,
1991). In the present study, a significant decrease in acetylcholinesterase activity was observed in brain extracts of
the lead-treated adult fish as compared with those of untreated fish. Decrease in activity of acetylcholinesterase
maybe indicative of damage to the nervous system. This decrease in activity maybe due to inhibition of
acetylcholinesterase by direct binding of lead with the enzyme (Passowet al., 1961) or the toxic effects produced by
them on tissues (Blackwood et al., 1961) leading to decreased synthesis of enzymes (Hirth, 1964). Significant
decreases in acetylcholinesterase activity have been reported in various studies conducted using a number of
xenobiotics thus indicating that decrease in the activity of acetylcholinesterase can be considered as a biological
indicator of stress in freshwater fish.

In conclusion, the heavy metal lead seems to accumulate in the body of the fish and causes changes in the metabolic
enzyme activities in the liver and the brain. This study reveals the hazards associated with the accumulation of heavy
metals in the environment and their modus operandi for toxigenesis within fauna.
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