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Abstract: The physico-chemical characteristics of the aqueous phase have direct influence on the metabolic
activity of aquatic biota, in general and fish in particular. In the present investigation, water samples from
selected water bodies, viz., Hebbal fish farm (control site), Vengaiah lake (receiving domestic sewage - Lake
A) and Yellamallapa Chetty lake (receiving industrial effluents and drainage water - Lake B) were assessed
for detection of their pollution status. Simultaneously, the muscle and gill tissue of fresh water fish, Labeo
rohita reared in these water bodies, were excised and biomolecules (protein, glycogen and cholesterol) and
dehydrogenases (succinic - , lactic- and malic —dehydrogenases) were subjected to analysis for their level
and activity. The results obtained showed reduction in the level of protein and glycogen and a correspond-
ing increase in cholesterol level in tissues of fish sampled from lake B when compared to those from lake
A and control ones. A significant increase in lactic dehydrogenase activity with a marginal decrease in the
activity of succinic and malic dehydrogenase was observed in both muscle and gill tissues of fish from lake
B and an insignificant variation in those from lake A in contrast with control ones. Such changes in the bio-
logical systems can be correlated with the water parameters with the help of chemical processes. Stress
response due to pollutant load in the mentioned water body in terms of fluctuations in biomolecule content
and dehydrogenases actvity in the test fish resulted in variation in its metabolic pathways.
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residue molecules (Singh and Mishra, 2009).
Several species of fish are susceptible to del-
Water is a limited resource which cannot be  eterious effects when exposed to heavy metals,
produced as and when required by the tech-  egticides and other environmental stressors
nological means. The quality of water depends  (Arechon and Plump, 1990). Among the various
on the concentration of its physico-chemical pollutants, heavy metals, in particular, are wide-

parameters such as pH, DO, TDS, alkalinity, . . .
: spread contaminants released into aquatic sys-
BOD, COD, temperature (natural), etc. With . . .
tems from numerous factories and industries.

recent development of industries and sudden .
Some metals are known to be toxic even at low

population growth, pollutants are constantly , _ _ : _
being discharged into fresh water bodies (lakes) ~ concentrations, including arsenic, cadmium,

adversely affect the flora and fauna of that par- @S copper and cobalt, are known to be essen-
ticular water ecosystem. The degree of toxicity ~ tial elements and play important roles in bio-
produced by the pollutants is dose independent logical metabolism at very low concentrations
upon environmental conditions such as tem- (Lee et al., 2009). The presence of heavy met-
perature, pH, oxygen content and presence of  als in fishes from the Coastal waters of Kapar
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and Mersing, Malaysia water was reported by
Bashir et al. (2013). The indestructible nature
and long term toxic effects of heavy metals
including lead (Pb), nickel (Ni), manganese
(Mn), zinc (Zn), cadmium (Cd) and chromium
(Cr) to man as a result of consumption of organ-
isms obtained from polluted rivers has raised
scientific and environmental concerns (Kumar
et al., 2012). Heavy metals are among the
most persistent pollutants in aquatic ecosystem
because of their resistance to decomposition in
natural conditions (Khan, 2011). The danger is
that heavy metals even at low concentrations
in fish and water have a particular significance
in ecotoxicology and their toxic effects have
been widely published for a number of water
bodies (Ekeanyanwu et al., 2011).

In the present investigation, Labeo rohita, a
freshwater fish was sampled from the two pol-
luted lakes, Vengaiah lake and Yellamallapa
chetty lake (lake A and lake B respectively)
and from control fish farm, for analyses of bio-
chemical parameters and enzymatic activity of
its muscle and gill tissues. The fish reared in
lake A which received sewage and domestic
waste from surrounding habitation and lake B
which is adjacent to Cipla pharmaceutical com-
pany, were analysed. Fish from Hebbal fish
farm were taken as control. Biomolecules as
proteins, carbohydrates and lipids play a major
role as precursors in fish under stress condi-
tions. It is known that pollutants produce meta-
bolic changes by way of influencing enzyme
system. Decrease of protein level was reported
by Dhapte et al. (2006) in fish Nemacheilus
botia exposed to endosulfan. Decrease in gly-
cogen content was also reported by Sobha
et al. (2007) in the tissues of freshwater fish,
Catla catla exposed to the heavy metal toxicant
cadmium chloride. Cholesterol is required to
build and maintain membranes. The industrial
effluents from tannery, electroplating and tex-
tile mills caused marked depletion in biochemi-
cal composition (glycogen, protein and lipid) in
tissues such as qill, liver, muscle and kidney
of the fish, Labeo rohita (Muley et al., 2007).
Dehydrogenases are the redox enzymes.
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Succinic dehydrogenase (SDH) is a primary
enzyme in the oxidative catabolism of sugars.
Malate dehydrogenase (MDH) an enzyme in
citric acid cycle that helps in the conversion of
malate into oxaloacetate (using NAD+) as a
catalyst and vice versa where as lactate dehy-
drogenase (LDH) converts pyruvate to lactate
in absence or in short supply of oxygen. LDH is
widely used as a biomarker of lesions in organ
and tissue in toxicology. Ramakritinan et al.
(2005) studied impact of distillery effluent on
the activity of enzymes like LDH and SDH in the
muscle, liver and brain tissues fresh water fish,
Cyprinus carpio. The present study was aimed
to compare and correlate the variations in bio-
chemical constituents and enzymatic activity
of the tissues of fish with the physico-chemical
parameters of the selected water bodies to rec-
ognise changes in the metabolic pathways due
to the presence of xenobiotic substances.

Materials and Methods

Sampling of water was done in acid washed
(Nelson’s water sampler) bottles from control
site (Hebbal Fish farm), experimental sites of
Lake (A) and (B) located in Bangalore city.
Standard methods were used for determina-
tion of the physico-chemical parameters e.g.,
temperature, pH, BOD, COD, DO, TDS, phos-
phates, sulphates, nitrates and alkalinity etc.,
(APHA et al., 2005). DO was fixed on site as
per the standard method. Trace metals were
analysed by using Atomic Absorption Spectro-
photometer. The values of physico-chemical
parameters were compared with the Indian
standard values provided by BIS: 10500-1991
(Revised 2012). Test fish, Labeo rohita were
sampled with the help of dragnet - brought to
the lake bank alive from the three water bodies
simultaneously along with water samples. Fish
were anaesthetized using MS222 to retain the
characteristics of biochemical constituents and
enzymes of the tissues. The tissues such as
muscle and gill were carefully excised out of
the body of the fish at the site and transferred
to buffer solution for analysis of biochemical
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constituents and dehydrogenases’ activities.
Proteins were estimated by Lowry’s method
(Lowry et al., 1951), glycogen content by
Anthrone reagent (Seifer et al., 1950) by stand-
ard glucose solutions and cholesterol was
estimated by Zlatki’'s, method (Zlatkis et al.,
1953). Succinic, malic and lactic dehydroge-
nases were estimated by continuous Spectro-
photometric rate determination method (Berg-
meyer and Bernt, 1974). One way ANOVA was
applied to statistically evaluate the results and
to find significant differences (Tukey’s multiple
comparison test) within the physico-chemical
parameters of control fish farm, lake A and lake
B, and correlation with the biochemical and
dehydrogenases activity of tissues of fish.

Results and Discussion

Results: The physico-chemical characteristics
of water samples from Hebbal fish farm, lake
A and lake B were statistically analyzed and
the data represented in Table- 1 showed that
due to the presence of trace metals, low val-
ues of DO and pH and high values of all the
remaining parameters, lake B (Yellamallappa
chetty lake) was assessed to be industrially pol-
luted when compared to the lake A (Vengaiah
lake). Hebbal fish farm was taken as control
site. All water parameters of control site were
compared with lake A and lake B and inturn
with the standard BIS: 10500-1991(Revised
2012). Physico-chemical parameters of lake
A and B when compared to BIS standard
revealed presence of high levels of tempera-
ture, total suspended solids, chemical oxygen
demand, biological oxygen demand, conduc-
tivity, turbidity and alkalinity. Trace metals’
content such as, aluminium, cadmium, copper,
iron, lead and mercury in the present study
showed relatively high level in water samples
of lake B when compared to BIS values.

The present study on biochemical profile and
enzymatic activity in muscle and gill tissue of fish
were analysed statistically as shown in Table 2
and 3. An appreciable reduction was recorded in
the level of protein and glycogen content in the
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two tissues of fish from lake B (Protein - 13.10
0.89 and 8.26 £ 0.42 and glycogen - 2.20 + 0.18
and 1.63 + 0.08 respectively) when compared
to those of lake A (Protein - 17.03 + 0.57 and
16.22 + 0.45 and glycogen - 3.45 + 0.14 and
2.03 + 0.12 respectively) and control ones (Pro-
tein - 18.33 + 0.82 and 17.83 £ 1.17 and gly-
cogen - 4.08 = 0.25, 2.24 + 0.10 respectively).
Cholesterol content in the muscle and gill tissue
(3.2 £ 0.22 and 2.4 + 0.14) of fish from lake B
showed a significant increase when compared
to those of lake A (2.2 £ 0.09 and 1.6 £ 0.09) and
control ones (2.0 £ 0.09 and 1.4 £ 0.14).

With similar lines as biochemical profile the
succinic dehydrogenase activity in the muscle
and gill of control fish showed a higher level
(43.33 £ 0.50 and 20.58 + 0.55 respectively)
when compared to those of lake A (41.52 +
0.91and 18.9 £ 0.4 respectively) and Lake B
(33.38 = 0.78 and 12.8 £+ 0.72 respectively).
Inspite of the differences in the physico-chem-
ical parameters of two lakes and control site,
the muscle tissue showed a higher SDH activity
than qill tissue in general but a reducing trend
was observed from the fishes sampled from
control site to polluted lake A and B. A marked
reduction was also recorded in malate dehy-
drogenase activity of muscle and gill tissue
sampled from lake B (35.83 + 2.14 and 16.32
0.81) and also lake A when compared to those
of control ones (47.83 £ 1.17 and 22.75 + 1.17)
respectively. But the activity of lactic dehydro-
genase of the muscle tissue of lake B showed
a significant increase of 383.67 + 4.84 when
compared to control fish and of those observed
in the tissues from lake A (326.33 + 4.41). An
increase of LDH activity found in fish from lake
A and B was significant in the muscle tissues
when compared to those in the gill tissue. Thus,
out of the three dehydrogenases, the activity of
succinic and malic dehydrogenase was lower
but of lactic dehydrogenase was higher in the
muscle and gill tissue of the fish sampled from
lake B. An insignificant variation in biochemi-
cal levels and dehydrogenase activity in both
the tissues from Lake A were observed when
compared to those of control ones.
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Table 1 Physico-Chemical parameters of fish farm (Control), Vengaiah lake (A) and Yelemallappa Chetty lake (B).

Standards BIS:
Sl. no Parameters 10500-1991 Control (farm) Lake A Lake B
(Revised 2012)

1. Temperature (C°) 22-28 26 £ 0.63 26 £ 0.63 28+1.26

2. pH Value 06.50 - 08.50 7.87 £0.08 7.65+0.16 6.85+0.74

3. Color (Pt-Co scale) 5-25 3.1+0.63 4.3+0.63 6.1+£0.49

4, Odor uoB uoB UoB Fishy

5. Turbidity, NTU 05-20 78+0.15 21+£0.89 342 +2.14°

6. Conductivity mmho /cm 300 483 + 9.54 837 £42.802 1207 + 35.15°

7. TOtCa;é'(';j"r’:g”as 200 - 600 202+ 1.38 290 + 1.60° 544 + 11.07°

g | Dissn‘]’g;led solids, | 500- 2000 420 +7.69 750 + 1412 985 + 2,93

9 Tm:(')%fﬁﬁgﬁed 100 92 +0.82 150 + 0,827 260 £ 4.73¢
10. D.O, mg/l 40-6.0 3.7+£0.05 3.7+0.05 1.2+0.08
1. B.0.D, mg/l 2-6 6+0.76 24 £1.21 113 £ 1.333
12. C.0.D, mgl/l 200 76+£1.72 126 £2.25° 374.7 +2.88¢2
13. Total Phosphorus, mg/l 0.35+0.01 1.02 +0.01 2.42 +0.01
14, Nitrates as NO,,mg/l 45-100 2.13+0.28 2.25+0.20 3.87+£0.10
15. Sulphates as SO,, mg/l 200 - 400 62 £0.52 103 £1.21° 210 £0.52°
16. Aluminium as mg/l 0.03-0.2 0 0.067 + 0.002 3.7£0.089
17. Arsenic as mgl/l 0.05 0 0 0.003 +0.001
18. Cadmium as mg/l 0.01 0.001 0.04 £ 0.01 0.124
19. Copper as mgl/l 0.05-15 0.013 0.03 0.32 £ 0.01
20. Iron as mg/l 0.3-1 0.04 +0.008 0.13+0.022 3.68 + 0.004
21. Lead mgll 0.05 0.004 £ 0.001 0.04 £0.012 0.37 £0.020
22. Zinc as mg/l 5-15 0.54 +0.02 1.88 £ 0.01 2.68 £0.01
23. Mercury, mg/l 0.001 0 0 0.028

UOB: Unobjectionable, BDL: Below Detectable Limits

The superscripts a and b indicate statistical mean differences at p < 0.001 and 0.01 respectively.

Discussion: Physico-chemical and toxicological
bioassay is the basic tool for evaluation of a
complex industrial waste (Webner et al., 1989).
Conductivity, alkalinity, total dissolved solids,
total suspended solids, nitrates, sulphates, bio-
logical oxygen demand and chemical oxygen
demand of lake B showed significant variation
in its level when compared to those of control
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site resulting in its algal growth, eutrophic and
anaerobic condition. Murdoch et al. (2001) also
reported that phosphate and nitrate are respon-
sible nutrients for increase in algae growth and
other toxic blooms which leads to eutrophication
of lakes causing decrease in dissolved oxygen
and a simultaneous increase in BOD. High lev-
els of TDS, TSS, total phosphorus etc and trace
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Table 2 Levels of protein, glycogen and cholesterol in the different tissues of L. rohita from fish farm (Control),
Vengaiah lake (A) and Yelemallapa Chetty lake (B).

BIOCh.e mical Tissue Control Lake A Lake B
constituents
Protei Muscle 18.33 £ 0.82 17.03 £ 0.57 13.10 £ 0.89
rotein
Gill 17.83 +1.17 16.22 £ 0.45 8.26 +0.42
Muscle 4.08+0.25 345+0.14 2.20+0.18
Glycogen -
Gill 224 +0.10 2.03+0.12 1.63+0.08
Muscle 2.0+0.09 2.2+0.09 32+0.22
Cholesterol -
Gill 14+0.14 1.6 +£0.09 24 +0.14

Values expressed mg/g wet weight of tissues. Values are expressed as Mean * S.D; sample size (n) = 6

Statistically significant mean difference at p < 0.0001.

Table 3: Succinic-, Malic- and Lactic dehydrogenase activity in muscle and gill tissues of L. rohita from fish- farm
(Control), Vengaiah lake (A) and Yelemallappa Chetty lake (B).

Dehydrogenases’activity Tissue Control Lake A Lake B

. Muscle 43.33 £0.50 4152 £ 0.91 33.38+0.78
Succinic dehydrogenase (SDH) .

Gill 20.58 £0.55 18.9+0.4 12.8+0.72

, Muscle 4783 £1.17 43.83 +1.47 35.83 +2.14
Malic dehydrogenase (MDH) ,

Gill 2275117 20.53 + 0.86 16.32 £ 0.81

, Muscle 300.83 +4.45 326.33 £ 4.41 383.67 £ 4.84
Lactic dehydrogenase (LDH) :

Gill 124.67 £4.50 152.33+4.18 212.67 £5.16

Values expressed as U/ml enzyme. Values are expressed as Mean + S.D; sample size (n) =6

Statistically significant mean difference at p < 0.0001.

metals like cadmium, lead and mercury more
than the permissible BIS standard values caused
degradation of water quality of lake B. Similar
results were recorded by Adeyemo (2003) in
his work on consequences of pollution and deg-
radation on Nigerian aquatic environment on
fisheries resources and Murdoch et al. (2001)
during his work on watershed inventory and
stream monitoring methods. Heavy metals are
natural trace components of the aquatic environ-
ment, but their levels have increased due to con-
tamination of lake water with domestic, industrial
and agricultural wastes causing greatest threat
to the health of aquatic ecosystem (Joshi et al.,
2002). This problem of environmental pollution
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and its deleterious effects on aquatic biota,
including fish is receiving focus during the last
few decades (Jagadeesan et al., 2001). AlImost
all the trace metals that contaminate the system
get readily absorbed by plants and then animals
reported to be relatively toxic at levels slightly
above than those required for maintaining normal
metabolic activities of the body (Chakraborthy
et al., 2004).

Fishes are sensitive to contamination and the
pollutants may disrupt some physiological and
biochemical processes when they enter the
organs of fishes (Tulasi et al., 1992) as also
observed in the present study on Labeo rohita
from lake B. Fish at a higher level of food chain
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accumulate a significant amount of pollutants
and this accumulation depends on the intake
and elimination from the body (Karadede
et al., 2004). Exposure of aquatic organisms to
metal pollution is a major concern today. The
present study showed alteration in the physi-
ological condition and metabolic activities of
test fish, Labeo. rohita sampled from lake B
when compared to those observed in lake A
and control site. This can be attributed to the
exposure of fish to the significant variation in
levels of physico-chemical parameters includ-
ing trace metals. Since metals act as muta-
genic/genotoxic compounds, interfering with
xenbiotic metabolic pathways affecting glyco-
lysis, the Krebs cycle, oxidative phosphoryla-
tion, protein, amino acid metabolism as well as
carbohydrate and lipid metabolism as reported
by Drastichova et al. (2005) in his cytochemical
studies of carp neutrophil after acute exposure
to cadmium.

Fish are an important source of protein to man;
muscles and gills are the vital organs which
have direct contact with the medium through
which pollutants enter into their body. In the
present study, since high levels of nutrient and
trace metals were recorded from water of lake
B and subsequently variation in the levels of
biomolecules and dehydrogenase activity in
the muscle and gill tissue of test fish from the
same lake was observed. Therefore, enzymes,
could be used (as biomarkers) to identify pos-
sible environmental contaminations before the
health of aquatic organisms is seriously affected
(Barnhoorn, 1996) and to develop water qual-
ity indices (Mekkawy et al., 2009). Biochemical
approaches can be used to provide an early
warning of potentially damaging changes in
stressed fish. Reduction in protein and glyco-
gen content in both the tissues of fish in the pre-
sent study proves that protein has undergone
hydrolysis and oxidation whereas glycogen
has been utilised rapidly to meet the increasing
demand for energy for the survival of fish which
is stressed due to the degraded water quality
of lake B. De Smet and Blust (2001) also sup-
ported this observation by stating that exposure
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to cadmium caused an increase in the role of
proteins for the energy production to combat
stress and also due to excessive proteolysis
to overcome the metabolic stress, as depos-
ited protein in the cytoplasm may be used to
replace the loss of proteins during physiological
stress (Patil et al., 2011).

According to Cicik and Engin (2005), cadmium
stress caused alteration in the glycogen con-
tent through glycolysis or hexose monophos-
phate pathway in muscle and liver tissue of
Cyprinous carpio and by Paraquat in African
Catfish (Kori- Siakpere et al., 2007). These
results are in agreement with the present work
on muscle and gill tissue of Labeo rohita from
lake B which was contaminated with signifi-
cantly high level of trace metals (Al, Cd, Fe,
Pb, Zn and traces of Hg). Depletion in glycogen
content may be due to rapid glycogenolysis and
inhibition of glycogenesis through activation of
glycogen phosphorylase and depression of
transferase (Jha and Jha,1995).The decline in
glycogen might be partly due to its utilization in
the formation of glycoprotein and glycolipids,
which are the essential constituents of various
cells and other membranes (Vutukuru, 2005).

Stimulation of cholesterol observed in both the
tissues of fish may be due to their exposure to
pollutants, lipophilic in nature present in lake B.
Meenakumari et al. (2010) reported that cho-
lesterogenesis increases on the interference
of xenobiotics with feedback mechanism. In
similar lines with the present study, Muley et
al. (2007) reported that an increase in choles-
terol level can be attributed to the inhibition of
steroidogenesis. Under stress conditions, liver
undergoes metabolic changes which disturb the
excretory mechanism leading to an increase
in cholesterol content (Goksyr et al., 1994).
The exposure of common carp to heavy met-
als significantly elevated the concentrations of
red blood cells, blood glucose and total cho-
lesterol level (Vinodhini and Narayanan, 2009).
A decreasing trend in all the biochemical con-
stituents (total proteins, carbohydrates and
lipids) in the tissues of Channa orientalis was
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reported by Hymavathi and Rao (2001) from
the habitat polluted by slaughterhouse wastes
when compared to the fishes of unpolluted
habitat of Mudasarlova stream of Visakhapat-
nam. The changes exhibited by the biochemi-
cal constituents in muscle and gill tissues in the
present study due to degradation in the water
quality of the lakes can be attributed to proteoly-
sis, glycogenolysis with activation of glycogen
phosphorylase and non utilisation of choles-
terol to overcome metabolic stress for their sur-
vival in non conducive environment of lake B.
Degraded condition of the water quality of lake
B required surplus oxygen intake by the fish
causing an increase in respiratory activity. This
resulted in excess utilisation of glycogen and
protein in gill when compared to muscle tissue.

Activity of dehydrogenases can be considered
as marker of mitochondrial abundance indicat-
ing state of fish health and its physiological
condition. Inhibition of mitochondrial oxida-
tion of succinate may lead to drop in energy
production resulting in suppression of SDH
activity which indicates impairment of oxidative
metabolic cycle. In similar lines MDH is also
dependent on the TCA products and inhibition
in its activity is a result of reduction in oxida-
tive metabolism. In the present study, the pol-
lutants in lake B induced a marked decrease
in SDH and MDH activity in fishes causing
disturbances in oxidative process in the mus-
cle and gill tissue of fish of the lake. These
observations tally with reports by Almeida et
al. (2002) in muscle of Oreochromis mossam-
bicus exposed to cadmium and by Rajaman-
nar and Manohar (2000) in different tissues
(gill, liver, muscle and brain) of adult or finger-
ling of L. rohita exposed to lethal or sublethal
concentrations of lead and copper or organo-
chlorine (DDT and BHC) and organophospho-
rous (Dichlorvos and Monocrotophos) com-
pounds resulting in a gradual decrease in SDH
activity. The significant elevation of LDH in the
present study in both muscle and gill tissue
regardless of the water bodies suggested that
pyruvate; the end product of glycolysis is not
routed to Kreb’s cycle but to the lactic acid cycle.

185

Thisis in agreement with the reports of cadmium
stress on the metabolic response of Nile Tilapia
by Almeida et al. (2001). Decline in SDH and
MDH activity and concurrent increase in LDH
activity in the tissues of fish from lake B due
to the degradation of water quality indicated
that fishes were unable to bear the pollutant
stress which resulted in fall of oxidative metab-
olism in TCA cycle and which inturn resulted
in shift towards anaerobiosis at organ level.
Similar results were reported by Ramkritinan et
al. (2005). The statistical correlation between
water parameters and dehydrogenases activity
as well as biomolecule constituents revealed
that fish is surviving in hypoxic condition with
high levels of BOD and COD and variation in
the nutrient level and other parameters in lake
B. The changes in enzymes may be induced
secondarily as a result of damaged cells or
these effects may be due to accumulation of
trace metals and fluctuation in metabolism of
biomolecules in muscle and gill tissues.

The above results indicate that the respiratory
activity of fish under stress was affected and
it tried to bear the toxic effects by undertak-
ing an anaerobic metabolism due to adverse
environmental conditions. Thus, under anaero-
bic (stressful) conditions the elevated activity
of LDH and reduced activity of SDH and MDH
reflects the metabolic capacity of tissues after
long term exposure to pollutants in water bod-
ies. The effects of these enzymes probably are
only a part of general metabolic response to
stressful conditions due to significant varia-
tion in physico chemical parameters of lakes
and may not be specific for trace metals. Fish
flesh provides an excellent source of nutrition
for human diet and it has relatively high digest-
ibility, biological and growth promoting value
but the nutritive value of the fish in question
has reduced due to its exposure to various
pollutants and is assumed to be unhealthy for
human consumption. Therefore, management,
conservation and periodic monitoring of these
lakes are suggested for the survival of its flora
and fauna.
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