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Abstract  Increasing toxicity has posed a serious threat
to the environment worldwide. Drainage of textile
effluents into the natural water sources has devastated
the existence and survival of aquatic life. Channa
punctata, an indigenous species has a profitable market
value in South Eastern countries, whose reproductive
viability gets hampered under the exposure of the textile
effluents. The fish was exposed to sub-lethal doses of
textile effluents. The toxicity level evaluated for LC

10
,

LC
50

, LC
90

and lethal concentration for 24 hours were
7.91  ±  0.02, 17.52  ±  0.15, 21.37 ± 0.03 and 440.87 ± 0.12
ppb; for 48 hours those were 8.12  ±  0.17, 11.31 ± 0.08,
21.37 ± 0.01, 585.52 ± 0.18 ppb; for 72 hours the values
were 3.46  ±  0.03, 6.93 ± 0.14, 15.58 ± 0.04 and
541.41 ± 0.05 ppb, and for 96 hours the mentioned
concentrations were 3.46 ± 0.09, 4.51 ± 0.06,
12.47 ± 0.09and 531.76 ± 0.06 ppb respectively.  The safe
concentration of the effluent was found to be
1.5412 ± 0.96 ppb. Being exposed for 49 days, the liver
functioning tests, kidney functioning tests, and the
serum protein levels showed significant changes, the
GSI had a steep deterioration with a percentile decrease
from 12.05% to the highest fall of 47.42% besides the
clinical parameters confirming excessive stress-induced
to them. The study aims to create awareness on
preserving indigenous fish diversity.

Key words  Channa punctata, Textile effluent, Stress

inductance, Reproductive viability
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Introduction

In India and similar fish cultivating countries, murrels
are the varieties least focused on; neither cultivated nor
prized. Though competing a bit low on the market value
compared to other more vibrant varieties, yet the sub-
specific varieties of Channa sp. hold enough attire to
dazzle the local ornamental market in many town-side or
village outskirt markets (Hazarika et al., 2000). Among
air-breathing fishes, murrels commonly called
snakeheads are widely preferred by consumers all over
Southeast Asia due to their taste, few intramuscular
spines, and medicinal value (Laxmappa and Babu, 2014).
In tropical countries like India, where availability of
waterlogged areas, derelict water bodies in which
dissolved oxygen concentration is low, air-breathing
fishes like murrels may have a significant advantage for
aquaculture as they can very well thrive in this
environment with a net profitable culture in tropical
shallow systems (Haniffa et al., 2004).

Channa punctata (Bloch 1793), the spotted snakehead,
is freshwater and bentho pelagic fish (Riede, 2004) with
a fair market value owing to their nutritional quality
(Bogard et al., 2015) and medicinal properties (Gam et
al., 2006). This robust snakehead fetches high prices in
the local market (Prasad et al., 2011) and can be culti-
vated in both mono- and polyculture (Datta et al., 2015),
being listed in the “Least Concern” category by IUCN
(Chaudhry et al., 2019).With a far-flung distribution in
the Indian subcontinent enveloping Afghanistan,
Bangladesh, India, Myanmar, Nepal, Pakistan, and Sri
Lanka, C. punctata usually breeds before and during
the monsoon season with variations in breeding peri-
odicity at different locations (Karnatak et al., 2018). The
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maturity reaches during the first year and the brooder
fish spawns usually at night in shallow waters with a
silty substrate (Breder and Rosen, 1966). It is a batch
spawner (Prasad et al., 2011) and lays floating eggs in
semi-circular nests between marginal weeds along the
banks of water bodies. Although the reproductive biol-
ogy of C. punctata has been studied by several re-
searchers (Mookerjee, 1945; Tandon, 1963; Reddy, 1979;
Bhuiyan and Rahman, 1984; Prasad et al. 2011; Hossain
et al., 2015), its reproductive viability with increasing
ecotoxicity level was hardly evaluated.

The textile industries mostly lined on the banks of major
rivers of a state influence the water parametric measure
of the river or water source. The textile industries use
large volumes of water in their operations and therefore
discharge a large volume of wastewater into the envi-
ronment, most of which is untreated. The wastewater
contains a variety of chemicals from the various stages
of process operations which include de-sizing, scour-
ing, bleaching, and dyeing (Gupta et al., 2004;
Kumaraswamy, 1999). The freshwater sources that are
being so-called polluted by the toxicity count of the
dumping of effluents have turned sheer lethal or sub-
lethal for many cultivable species of high market value.
The chemical pollutants distribute through the aquatic
environment may give an impact to aquatic organisms
and are found to interact with the vertebrate endocrine
system. Xenobiotics thought to act as endocrine dis-
rupters, characterized as pollutants as a result of an-
thropogenic impacts on the environment, which is cen-
tral to the study of research on ecotoxicology (Allner et
al., 2010). The ability of heavy metals to cause deleteri-
ous effects on fish reproduction and gamete develop-
ment have been reported (Kime, 1995). Delistraty and
Stone (2007) observed that a low concentration of lead
negatively impacted fish health and reproduction. Re-
lease of a complex mixture of contaminants into natural
habitats of the water used for culture has led to a wide
range of effects on natural biota including reduced re-
productive success in fish (Kime, 1995). Reproductive
impairment in fish by a variety of xenobiotics has been
well reported and may manifest in adults in form of de-
creasing quality and quantity of gametes, which in turn
may affect fertilization success, embryonic development,
larval viability, and subsequently species fitness and
survival. Some research also confirmed that heavy met-
als such as Cd, Pb, Zn, and Ni have carcinogenic or

toxic effects on humans and the environment
(Turkdogan et al., 2003). Frascasso et al, 2002, Medina
et al., 2007, and Frenzilli et al., 2009 have shown
genotoxic effects of heavy metals on aquatic organisms.
Gonadosomatic index (GSI) is one of the most essential
parameters in studying the reproductive biology of ev-
ery fish. GSI is a measure of reproductive effort in fishes
indicating the reproductive investment in fishes for the
spawning process. It is a well-established fact that stress
got severe impacts on physiology and thus affecting
the reproductive performance in fishes. The present
study evaluates the deterioration in the gonadosomatic
indices of the fishes exposed to textile effluents, thereby
resulting in a sheer fall in reproductive viability and
health scenario.

Material and methods

Brooders of Channa punctata weighing 54-61g,
collected from Naihati, North 24 Parganas, West Bengal
in March were stocked and acclimatized in FRC tanks
for 15 days before the experiment in 200L dechlorinated
water with temperature 25 ± 0.5 ºC. Fishes were fed with
a floating feed with 32% protein and 5% fat content and
observed. The laboratory populations attained zero
mortality during acclimatization. Post acclimatization,
fishes were grouped into tanks for the determination of
lethal concentrations and dose of the effluent.

The fishes were fed @7% of their body mass through-
out the exposure study and the leftover feed was dry
weighed to assess the feeding index.

The effluent of the textile industry along the bank of
Ganges in Halisahar, North 24 Parganas, West Bengal
(22°56’17” N, 88°24’54” E) was collected and physico-
chemical parameters were detected following APHA
2012. Gradual concentrations were prepared, i.e., 1%,
3%, and 5% following the dilution technique, and the
prepared concentrations were further diluted to 2 litres
of tap water. The target species, in a group of 10 each
were used in each test for each concentration and were
repeated for 5 times till the percentage of mortality in
each of the batches was constant. The pilot experiment
affirmed the optimum concentration for mortality. A to-
tal of three concentrations were used to assess the ef-
fect of toxicity. The exposure was continued in the suc-
cessive concentration for 49 days, with a successive
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sampling of the brooders on 3rd, 7th, 14th, 21st, 28th, 35th,
42nd, and 49th days of exposure. The LC

10
, LC

50
, LC

90
,

lethal concentration and safe concentrations were cal-
culated by bioassay test value using a weighted regres-
sion method of probit analysis for heterogeneity for safe
concentration standardized by Finney (1971) and Rob-
ert and Boyce (1972). The lethal dose and safe concen-
tration was calculated by the formula suggested by
Finney,
Lethal Dose (LD) = LC

50
 value x Exposure time

Safe concentration = (48 hours LC
50

 X 0.3)/S2,
where S = 24 hours LC

50
/48 hours LC

50

The mean length and weight of the fish and their go-
nads were measured following Sartorius model. The
blood samples were subjected to haematological profil-
ing within 1 hour of collection. The blood samples were
diluted with RBC and WBC diluting fluids separately
and total erythrocyte and leukocyte numbers of each
pooled sample were counted using an improved
Neubauer haemocytometer. Sahli’s haemoglobinometer
was used to estimate the haemoglobin content (Hb %).
The blood samples were then allowed to clot, chilled in

the centrifuge for about an hour, centrifuged at 5000
rpm for 5mins at 12°C. The serum expressed was then
pipetted out and stored at -20°C before analyses.
Total protein in serum samples was measured by biuret
method (Flack and Woollen, 1984), and albumin with
BCG dye method (Doumas et al., 1972); serum albumin
was subtracted from total protein value to obtain
globulin level.  AST, ALT levels were measured by IFCC
method according to Bradley et al. (1972) and
Wolf et al. (1972) ALP was detected with tris-carbonate
buffer following Tietz N, 1976 and Bessey et al., 1945.
Creatinine was measured using Jaffe’s method
following Bowers (1980) and Bartel (1972) while urea
was estimated by GLDH-urease method (Tietz N, 1976).
The gonadosomatic index was calculated according to
Strum, 1978 as follows:
GSI = {(Weight of Gonad / Weight of Fish) X 100}

Results

Hematological and biochemical parameters are
significant notions in assessing the well-being of an
individual, disease prognosis, environmental quality,
toxicity, etc. The clinical values of a test subject are
compared with reference ranges of the healthy
population of the species for exposure to stress
parameters. Textile effluent was analyzed for the
bioassay testing as a toxicity determination in the re-
productive health of C. punctata. The limnological pa-
rameters are summarised in Table 1. The toxicity tests
were conducted for 24, 48, 72, and 96 h of LC

10
, LC

50,

LC
90

, Lethal concentrations, and safe concentration were
determined and summarized in Table 2.

Ethology and pathology

There was no change in feed intake by the control group
of fish, however, feed intake decreased with days of
effluent exposure in 1%, 3%, and 5% groups. On 21, 28,

Table 1 Limnological Parameters of Textile Effluents

Parameters Textile Effluent

Temperature 37 ± 1.5°C
pH 8.9 ± 0.5
CO

2
92 ± 0.12

Total Solids (TS) 2920 ± 2.5
Total Suspended Solids (TSS) 1270 ± 1.25
Total Dissolved Solids (TDS) 1530 ± 1.16
Chlorides 282 ± 2.14
Alkalinity 608 ± 1.05
Total Hardness 261 ± 0.75
BOD 92.73 ± 0.13
COD 870 ± 0.37
Cadmium (Cd) 1.31 ± 0.71
Copper (Cu) 0.87 ± 0.02
Nickel (Ni) 2.51 ± 0.50
Fluoride (F) 0.72 ± 0.06
Note: all the values except, pH and temperature are in ppm.

Table 2 Lethal concentrations and safe concentration values of the textile effluent

Textile Effluent Exposure LC
10

LC
50

LC
90

Lethal Safe
(1- 5%) Time (hr) (ppb) (ppb) (ppb) Concentration concentration

(ppb) (ppb)

24 7.91 ± 0.02 17.52 ± 0.15 21.37 ± 0.03 440.87 ± 0.12 1.5412 ± 0.96
48 8.12 ± 0.17 11.31 ± 0.08 21.37 ± 0.01 585.52 ± 0.18
72 3.46 ± 0.03 6.93 ± 0.14 15.58 ± 0.04 541.41 ± 0.05
96 3.46 ± 0.09 4.51 ± 0.06 12.47 ± 0.09 531.76 ± 0.06
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Fig. 1 Comparison of the total erythrocyte count of C. punctata against different concentrations of the effluent exposed

Fig. 2 Differences in the total leukocyte counts against different days of exposure
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Fig. 3 Changes in haemoglobin content of the exposed fishes with respect to the control

Fig. 4 Serum albumin level of the exposed fishes against different concentrations
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Fig. 5 Serum globulin concentration of C. punctata at various days of sampling

Fig. 6 Serum ALT activity depicting the liver functioning status of the exposed fishes
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Fig. 7 Serum AST level of C. punctata at different doses against various time span

Fig. 8 Serum ALP activity of the fishes against different doses of effluents
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Fig. 9 Blood (serum) creatinine levels suggesting kidney dysfunction in the exposed fishes with respect to the control ones

Fig. 10 Differences in blood (serum) urea level against different concentrations of effluents

190 Stress of textile effluent in C. Punctata
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Fig. 11 Variation in gonadosomatic indices of the fishes at different effluent doses

Fig. 12 Percentage of decline in GSI with increase in dose and days of exposure (Note: The X axis can also be considered as the control
level with respect to which the percentage decrease in GSI at 1%, 3% and 5% are plotted)

Das et al. 191
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35, 42 and 49th day feed intake was 60% in 1% and 3%,
and 52% in 5% groups respectively. The rate of growth
promotion was normal till the 14th day, after that it slowed
down, concerning feeding intake. No macroscopic and
significant pathological changes in external surface and
eye were significant. The gills were comparatively darker
in colour in the 5% concentration on 21st and 35th days,
probably due to excess ammonia concentration often
resulting in gasping behaviour of the fishes. A post-
mortem examination also revealed no marked change in
shape, size, colouration, consistency, or any lesion in
the internal organs other than in the liver which was a
little darker and softer inconsistency.

Haematogram

Erythrocyte and leukocyte counts showed distinct pat-
terns in response to the effluent concentrations exposed.
There was a progressive decrease in the number of
erythrocytes from an average of 7.51 ± 0.177 X106 per
cu.mm at beginning of the experiment to the lowest level
of 3.82 ± 1.33 X106 in the 5% group on the 49th day (Fig.
1). However, leukocyte count increased in treated fish,
significantly in 3% dose, in first 21 days which then
gradually decreased to near-control values (Fig. 2).
There was an insignificant increase in haemoglobin level
from 9.12±0.47 g dL-1 on 3rd day in treatment groups of
fish with the highest increase in the 5% group on the
49th day (Fig. 3).

Serum protein

Serum albumin level showed significant alterations in
the experiment, a good decrease in albumin level from
1.517±0.06 g dL-1to 0.489±0.12 g dL-1with the increase in
concentration and continuation of days (Fig.4). The
serum globulin level also shows many alterations and
changes for the control fishes but the changes were
inconsistent and it had shown a surge from the 42nd day
of the experiment, in the fishes treated to 3% and 5%
effluents (Fig. 5).

Liver functioning tests

ALT is present in high concentration in the liver and to
a lesser concentration in kidneys, heart, skeletal muscles,
pancreas and spleen, and even lungs. Increased level
of ALT however is generally a result of liver disease

associated with some degree of hepatic necrosis such
as cirrhosis, viral or toxic hepatitis, and obstructive
jaundice in the case of humans. In the 49 days
experiment the alanine aminotransferase level increased
significantly to 82.54 ± 0.12 IU L-1, as compared to the
control, i.e., 34.51 ± 0.51 IU L-1, probably suggesting
acute toxicity due to prolonged exposure to the
effluents (Fig.6). AST is widely distributed with high
concentrations in the heart, liver, skeletal muscle,
kidney, and erythrocytes. Damage or disease to any of
these tissues such as myocardial infarction, viral
hepatitis, liver necrosis, cirrhosis, and muscular
dystrophy may result in raised levels of AST. AST level
increased continuously as the experiment continued but
the difference between controls and treated is as not as
much, compared to ALP level (Fig.7). ALP consists of a
group of enzymes, which hydrolyses phosphates at an
alkaline pH. Low levels of ALP may be observed in
conditions that cause arrested bone growth or in
hypophosphatasia. Serum alkaline phosphatase level
showed no changes until the 21st day of the experiment,
but after that, the levels decreased drastically to
3.08 ± 0.02 IU L-1 from 10.01 ± 0.13 IU L-1 at control,
suggestive of nutritional deficiency (Fig. 8). ALT, AST
and ALP are good indicators of liver health: an increase
in serum ALT or AST is suggestive of hepatic damage.

Kidney functioning tests

The amount of creatinine produced tends to be fairly
constant and is primarily a function of muscle mass.
Blood creatinine level was significantly increased with
days of the experiment. The creatinine level in exposed
fish was insignificantly higher, than in control fish,
suggestive of moderately higher creatinine production
and/or low kidney clearance in textile effluent exposed
fish suggestive of mild kidney damage (Fig. 9). Blood
urea level, in general, was also high, 7.87 ± 0.09 mg dL-

1in exposed fish till 49th day compared to 1.52 ± 0.13 mg
dL-1that in the control group of fish suggestive of inef-
ficient kidney function (Fig. 10).

Reproductive viability

Gonadosomatic index was steadily decreasing with days
of exposure time in textile effluent showing a steep fall
in fecundity rate. C. punctata shows a varied range of
gonadal maturity based on the river habitat throughout
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the country, but reports along West Bengal suggested
a peak of maturity during the month of April. Our study
performed in the months of March-April shows a gradual
and steep rise in the percentage of the decrease in GSI
with the increase in the concentration of the effluent. In
the case of 1% concentration, the maximum decrease in
GSI is by 20.59% whereas the same got increased to
35.08% in 5% concentration and the highest fall of
47.42% at 5% concentration at a span of 49 days (Fig.
11, 12)

Discussion

Organisms have a tendency of altering their body
mechanism to combat the effect of pollutants under
stressed conditions to stabilize themselves as reported
by Siva (1980). Likewise, fishes under stress have been
reported to showcase behavioural abnormalities as a
result of blockage of nervous transmission between the
nervous systems and various effectors’ sites, enzyme
dysfunctions that may induce paralysis of respiratory
muscles and/ or depressions of the respiratory centre
and disturbances in energy or metabolic pathways
which result in depletion of energy (Alkahem et al., 1998).
The stressful and erratic behaviour of the fish in this
investigation gives a signal to respiratory impairment
and maybe as a result of the effect of the effluents on
the gills. This is in agreement with works of Adewoye et
al. (2005) and Ayoola (2008) and Ogundiran et al. (2009),
Esenowo and Ugwumba (2010) of respiratory impair-
ment of fish exposed to detergent. Besides this lethar-
gic behaviour and rare loss of equilibrium observed in
this study may be due to the exhaustion of energy of
the exposed fishes. Also, lethargies and loss of equilib-
rium as recorded could indicate impairment of normal
carbohydrate metabolism which is a possible result of
enzymatic impairment. The rate of mortality significantly
increased with the increase in the concentration of the
effluent; which is in accordance with the report of Fryer,
(1977) as regards all categories of toxicants.

Presence of non-plasma proteins like ALP, AST, and ALT
in the blood of the exposed organisms may quote for
specific information about the dysfunction of organs,
thereby impacting the health of the organism (Gabriel
and George, 2005). The decrease in ALP level in the liver
of effluent exposed fish significantly post 28th day till
the end of the trial could be attributed to a fall in the

synthesis of glycogen caused by lowered metabolic
demands.  Our observation coincides with the reports
of Shaffi et al., (1975) claiming the effects of starvation
on tissues and serum ALP of Heteropneustes auriculata.
The decreased activity of ALP may also be an indica-
tion of the presence of toxicants in the effluent that may
act as a competitive inhibitor thereby reducing the ac-
tivity of ALP. Gradual and insignificant increase in se-
rum AST level in effluent-exposed fish observed in this
study could be a reason for a decreased energy de-
mand, metabolic pathway, and amino acids. The increase
in the activities of ALT and AST in the effluent-exposed
fish in our study contradicts the findings of Luskova et
al. (2002) in Cyprinus carpio exposed to diazinone but
substantiates with that of Tiwari and Singh (2004) in
Chana punctata treated with sub-lethal levels of alco-
holic extracts of Nerium indium. In clinical pathology,
higher ALT and AST levels are considered as an indica-
tor of hepatic insufficiency, or musculoskeletal disorder
Plasma proteins like albumin and globulin protein make
up of an organism is of important diagnostic signifi-
cance because of proteins involvement in enzymes,
hormones, and antibiotics as well as osmotic pressure
balance and in maintaining acid-base balance (Hadi et
al., 2009). In this study, the effluent exposed fish showed
no significant trend in globulin levels but a significant
decrease in albumin was noted when compared with the
control. This could be attributed to concentrations used
and probably exposure period. Generally, increased lev-
els of globulin in fish are thought to be associated with
a stronger innate immune response (Sastry and Gupta,
1980). This study shows a decrease in the serum globu-
lin level of fish exposed to effluent indicating a declin-
ing trend of the immune response of the fish in combat-
ing the toxicant. Creatinine acts as a biomarker of muscle
purine metabolism, liver damage and kidney acid. In this
study, creatinine levels, however, showed a tremendous
increase highly denting the dysfunction of the kidney
due to excessive load of effluent tormenting the regular
metabolism of the fish. Hadi et al. (2009) reported an
increase in creatinine level of Tilapia zillii exposed to
Aluminium. It was also reported that an increase in crea-
tinine level might be induced by glomerular insuffi-
ciency, increased muscle tissue catabolism or the im-
pairment of carbohydrate metabolism.

The spawning and maturity of Channa species have
been widely investigated, including its reproductive
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biology being thoroughly described by Parameswaran
and Murugesan (1976). In the majority fish species, the
reproductive event is cyclic in nature and the cycle ex-

hibits distinct phases related to gamete formation, de-
velopment, maturation and its culmination through
spawning and fertilization. According to Saikia (2016)

and Yadav et al. (2016), the gonadosomatic ratio of C.
punctata is found to be maximum during April and mini-
mum during December. Similarly, again, gonads have

started developing from August to October and being
peak during September. The present study showed a
steep decrease of 47.42% in GSI in April suggesting a

detrimental effect on the future reproductive viability of
the exposed individuals of the effluents discharged. This
in turn aggravates the concern that if the discharge of

effluents on natural water source continues unabated,
not only the sustaining aquatic lives will be stressed;
moreover it paves a dark alley for the race to get threat-

ened in near future. This study will also provide the
baseline information regarding further management of
the species in the region.

In the textile industry chemicals such as sodium car-
bonate, sodium hydroxide, sodium chloride, sodium

peroxide, sodium sulphite, sodium nitrite, sodium sili-
cate, sodium oxychloride, sodium sulphide, sulphuric
acid, hydrogen peroxide, bleaching powder, acetic acid,

tannic acid, detergents, malt or enzymes, dyes, mordants,
starch, gum, etc. are used (Gupta and Jain, 1992).
Physico-chemical parameters analysis of the effluent in

the present study has shown that maximum parameters
were found well above the normal concentration limits
and only some are near to their standard limits. The

BOD, COD, hardness, total solids, suspended solids,
dissolved solids, chlorides, alkalinity, Cd, Cu, Ni and
alkalinity are found above standard limits. Acute toxic-

ity test of the textile effluent proves that it is toxic to
aquatic life and fishes. Similar findings were reported
by Mishra et al., 2005 on the sublethal exposure of car-

baryl and cartap on C. punctata.  The loss in reproduc-
tive viability of the fishes, with sheer loss in GSI and in
turn hampering the fecundity and normal breeding cycle,

can be attributable to several influencing factors which
resulted from association and recombination of toxi-
cants present in the effluent thereby thwarting

sustainability of the candidate species.

Conclusion

The exposure of C. punctata to even sub-lethal
concentrations of textile effluents induces various
toxicological effects in the form of enzymatic
degradation. Moreover, the sheer decline in GSI gives a
clarion impact of a sustainable threat to the target
species holding a handsome market worldwide. It can
be assumed that the presence of various toxicants
discharged by the textile effluents running along the
riverbank, in the aquatic environment can induce
enzymatic and organ damages, which might make all the
living entities in a polluted environment vulnerable to
disease, and eventually cease to death. Therefore,
enzymatic activities can be suitably used to determine
and diagnose the effect of toxic effluents on the
physiology of fish under sub-lethal condition before
the sudden death of the fish. General environmental
quality monitoring should be compulsory and the
monitoring of the quality of water be done regularly and
as a result, any abnormal changes in the physiology of
the aquatic organisms can easily be detected and
appropriate action taken before the outbreak of
epidemics. The study also provides fundamental
information on the reproductive pattern of C. punctata
to assist in understanding useful biological processes
that may be responsible for maintaining the underlying
stock structure for proper conservation and
management in its natural habitat. The effluents
discharged directly to the natural water systems must
be stringently checked and awareness needs to be built
to curb the lacuna in the mindset of people to conserve
the aquatic diversity of the region.
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