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Abstract— Effect of cypermethrin (25%EC) on total protein and nucleic acid content in different tissues of Cirrhinus
mrigala was assessed by static renewal bioassay, using different sub-lethal concentrations (5, 10, 15 and 20% of 96h LCs)
for 5, 10 and 15 days duration. There was a gradual decrease in protein content in all the tissues under sub-lethal
concentrations at all exposure periods with maximum percentage of depletion (45.26%) in muscle and minimum (35.12%) in
kidney at 15 days and at 20% 96hLC50. DNA and RNA contents were not altered much by cypermethrin at 5™ day which
later gradually decreased with increased exposure period. Decrement in DNA content is less in muscle when compared to
the other tissues. Maximum percentage of depletion in DNA was (17.17%) in liver and minimum (13.94%) in muscle at 15
days and at 20% 96hLC50. RNA content decreased significantly in liver (29.90%), muscle (25.53%), brain (23.38%), kidney
(21.82%) and gill (20.34%). This decrease was comparatively higher at 15 days and at 20% 96hLC50. Influence of
cypermethrin was found to be time and exposure dependent for both the nucleic acids in the aquaculture practices used
edible fish.

Keywords— Cypermethrin, DNA, Protein, RNA, Synthetic pyrethroids, Toxicity.

l. INTRODUCTION

Contamination of aquatic ecosystems is the inevitable and burning issue of concern all over the world due to usage of
chemicals both in agri and aqua practices. Such usage as environmental pollutants can cause alterations in the biochemical
parameters of non-target organisms like fish and can react with each other as synergistic effect on aquatic biota [1]. Among
them, pesticides are one of the toxicants take the lion’s share known to affect fish and other aquatic fauna. Pesticides are the
class of toxic compounds designed to kill unwanted organisms, despite of their benefits but when applied on land, they may
be washed into the surface water and kill, or at least adversely influence, the life of aquatic organisms by producing wide
range of toxic effects and pose potential hazards to the environment [2, 3]. The contamination of aquatic bodies by pesticides
is mainly due to intensive agriculture combined with surface runoff and subsurface drainage, usually within a few weeks
after application [4]. The continuous presence of pesticides in aquatic ecosystems is the consequence of their use (timing,
rate, frequency) and the rainfall during the application period [5]. The use of pesticides in agriculture may also lead to
contamination of surface and ground waters by drift, runoff, drainage and leaching [6]. Omnipresence of pesticides in surface
waters due to application in disease management of aquaculture requires that sensitive biological tests be developed to study
relative occurrence and toxicity to the ambient organisms [7]. Aquatic invertebrates and fish thus become targets of toxic
substances at potentially hazardous concentrations and this is of special concern if sensitive larval and developmental stages
are affected [8].

Pyrethroids are among the most widely used pesticides, due to their low environmental persistence and low mammalian and
bird toxicity [9, 10], viable substitutes for organochlorine and organophosphate pesticides in pest-control programs. In fish
farms they are applied to control ectoparasites and biological vectors especially lice, as well as insects in nursery and grow-
out systems as alternatives for the more toxic organophosphates [11]. Fish are one of the most important aquatic organisms
and ideal sentinels for a wide range of toxicity bioassays of various stress factors and toxic chemicals such as pesticide
exposure due to their economic value of edibility and culturability, sensitivity to contaminants, ecological relevance in many
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natural systems [9, 12]. Pyrethroids insecticides present low water solubility, low residence time in water and high
absorbance into particulate matter [13, 14], which may decrease its toxicity in field conditions. However, these pesticides are
very toxic even at low concentrations, posing risks to non-target aquatic populations. Fish are very susceptible to pyrethroid
contamination [15] and the rate of toxicity to fishes is in a range of micrograms per liter [16]. The purpose of this study was
to evaluate the acute toxicity of cypermethrin using a non-target aquatic organism, Cirrhinus mrigala in order to assess its
sensitivity towards the toxicant with reference to total protein and nucleic acid content.

. MATERIALS AND METHODS

Cirrhinus mrigala of both sexes, weighing 6.5 + 1.0 g and measuring 6.0 + 1.5 cm in length, were obtained from a local fish
farm. Fish were acclimated to laboratory conditions for 15 days in 200L plastic tubs before the experiments. They were kept
in continuously aerated water with a static system and under a natural photoperiod (12 h light and 12 h dark). During the
experimental period, under laboratory conditions, the average water parameters were as follows: temperature 24.0 + 2.0° C,
pH 7.8 £ 0.3, dissolved oxygen 8.5 £ 2.0 mg/L, chloride 35.5 mg/L and fluoride .6 mg/L. Fish were fed twice a day with rice
bran and oil cake during acclimation period. Feeding was stopped one day prior to the acute toxicity test. All the precautions
laid by committee on toxicity tests to aquatic organisms [17] were followed and such acclimatized fish only were used for the
bioassay experiment. If mortality exceeded 5% in any batch of fish during acclimatization, the entire batch of that fish was
discarded. Commercial grade cypermethrin (25%EC) was obtained from United Phosphorus Ltd., Bombay, India. After the
normal process of acclimatization, a group of ten fish each were transferred to polyethylene tubs (15L capacity) containing
10L of water. Fish were exposed to 4 sub-lethal concentrations i.e., 5, 10, 15 and 20 % of 96hLCs, (4.23pg/L) for 5, 10 and
15 days along with the control. Control and exposed fishes were sacrificed at end of each day. The vital tissues like muscle,
brain, liver, gill and kidney of the fish were taken for the estimation of total protein and nucleic acids (DNA & RNA).
Estimation of total protein was done by the method of Lowry et al. [18]. The nucleic acids DNA, RNA were estimated by
method of Searchy and Machnnis [19]. 5% homogenates of tissues were prepared in 5ml of 0.5N perchloric acid and heated
at 90°C for 20 minutes after cooling the tissues homogenates were centrifuged at 3000rpm for 10 minutes. The supernatant
was separated into two equal volumes and used for DNA and RNA analysis. The first half or one half of the homogenate was
mixed with 5ml Biphenyl amine reagent and kept aside for 20 hours and the colour developed was read at 595 nm. The
standard graph was plotted with standard DNA (Calf thymus) supplied by the sigma chemical company with the aforesaid
method. The other part of the homogenate was mixed with Dischi-Orcinol and heated at 90°C for 5 minutes. After cooling at
room temperature the colour developed was read at 655nm for RNA standard RNA [Baker yeast, sigma chemical] was
dissolved in 0.5N perchloric acid and plotted standard graph and used for the present analysis. Statistical tools were applied
to calculate the significance of the differences between control and experimental means. P values of 0.05 or less were
considered statistically significant [20].

I1.  RESULTS

Calculated values for total protein and nucleic acids (DNA and RNA) along with standard deviations are given in tables 1-3.
Percent change of total protein and nucleic acids in experimental fish over control is graphically represented as in figures 1-3.
The values were expressed as mg/g body weight of the tissue. A significant decreased in proteins was observed in all the
tissues under sub-lethal concentrations of cypermethrin (Table 1 & Figure 1). Total protein is comparatively low in the
kidney followed by brain and gill and more in muscle followed by liver in control fish. Significant decrease was observed in
protein content in all the five organs and all the test concentrations. However, the decrease was higher in 15 days exposed
fishes at highest concentration (20% 96hLCs). The reduction in protein content in cypermethrin exposed fishes is
comparatively less in kidney when compared to the other tissues studied. Maximum percentage of decrement was (45.83%)
in muscle and minimum was (34.48%) in kidney at the longest exposure period (15 days) and highest sublethal concentration
(20% 96hLCsp).
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TABLE 1
CHANGES IN THE TOTAL PROTEIN CONTENT (mg/g wet weight of the tissue) IN DIFFERENT TISSUES OF
CIRRHINUS MRIGALA EXPOSED TO SUBLETHAL CONCENTRATIONS OF CYPERMETHRIN (25% EC

Gill 63.91 +£0.160 55.08 = 0.082 51.72 £0.222 49.16 + 0.160 45.44 +0.160
Muscle 81.46 +£0.240 67.03 £0.162 60.90 £ 0.140 55.52 £ 0.200 50.28 £ 0.228
5 Brain 61.25+0.103 53.84 £ 0.226 50.43 £ 0.163 48.11+0.126 45,15+ 0.177
Liver 69.51 +£0.190 59.52 £ 0.103 56.72 £ 0.190 54.25 £ 0.240 49.43 £ 0.240
Kidney 56.42 £ 0.177 49.02 + 0.260 46.56 = 0.200 44.67 + 0.082 42.60+£0.112
Gill 65.48 + 0.225 54.54 +0.135 50.02 + 0.162 47.99 + 0.103 43.63 £ 0.103
Muscle 83.27 £ 0.140 66.18 £ 0.192 56.01 £ 0.193 52.62 £ 0.168 46.36 £ 0.190
10 Brain 60.33 + 0.252 50.67 £ 0.221 47.63 +0.200 44.54 + 0.226 42.74 +0.080
Liver 72.48 +0.150 60.52 + 0.140 55.77 £ 0.127 51.73+0.116 47.31+£0.130
Kidney 59.14 + 0.180 49.97 + 0.165 48.55 + 0.200 44.42 +0.126 42.34 +0.123
Gill 67.61 +0.270 51.63 + 0.081 49.21 +0.103 43.84 +0.200 41.07 £ 0.080
Muscle 86.05 £ 0.226 61.86 £ 0.120 56.40 + 0.173 51.57 £ 0.170 46.61 +0.120
15 Brain 58.46 + 0.140 45,62 + 0.103 42.84 +0.081 39.19+£0.192 36.36 £0.210
Liver 75.15 £ 0.260 55.66 + 0.266 52.48 £ 0.220 48.09 + 0.150 44,52 +0.240
Kidney 62.08 £ 0.084 49.78 + 0.090 45.43 +0.280 42.82 +0.081 40.67 £ 0.190
Meanz standard deviation, n=5, Values are significant at p < 0.05
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FIGURE 1: Per cent changes in the Total Protein content (mg/g wet weight of the tissue) in different tissues
of Cirrhinus mrigala exposed to sublethal concentrations of cypermethrin (25%EC) over control

Decreased tendency was observed in both DNA and RNA in the vital tissues of test fish exposed to cypermethrin over
control. Both the nucleic acids gradually decreased with increased exposure period and the decrease was observed to be
directly proportional to increased sublethal concentrations. The DNA content is comparatively low in the muscle followed by
brain and gill and more in liver followed by kidney in control fish. No significant changes were observed in DNA content in
all the five organs at 5% 96hLC50 at 5 day exposure period. In 10 days and 15 days exposed fishes the DNA content
decreased significantly in all the tissues studied at all the test concentrations. However, the decrease was higher in 15 days
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exposed fishes at highest concentration (20% 96hLCsxg). The reduction in the DNA content in cypermethrin exposed fishes is
comparatively less in muscle when compared to the other tissues studied. Maximum percentage of decrement in DNA was
18.75% in liver and minimum was 14.74% in muscle at the longest exposure period of 15 days and at highest sub-lethal
concentration of 20% in 96h LCs (Table 2 & Figure 2).

TABLE 2
CHANGES IN THE AMOUNT OF DEOXY RIBONUCLEIC ACID (DNA) (mg/g body weight of the tissue) IN THE
TISSUES OF CIRRHINUS MRIGALA ON EXPOSURE TO SUB LETHAL CONCENTRATIONS OF CYPERMETHRIN
25%EC

Gill 6.56 +1.12 6.45+ 1.38 6.23+1.21 6.04 + 1.54 5.86+1.13
Muscle 251+ 155 247+ 154 2.42 +1.48 2.35+1.20 228+ 1.64
5 Brain 5.32+1.18 5.24 +£1.22 5.10+1.15 4,94 +1.28 4,78+1.43
Kidney 7.71+1.29 7.52+1.37 7.30+1.24 7.07+£1.34 6.87 £ 1.57
Liver 9.52+1.44 9.28+1.52 9.01+1.33 8.71+1.59 843+ 161
Gill 6.54 + 1.61 6.18 +1.24 5.98 + 1.63 5.81+1.38 565+ 1.14
Muscle 252+ 1.25 2.41+1.88 2.33+1.42 225+ 1.11 221+151
10 Brain 533+1.14 5.05+1.18 4.89 +1.26 4.75+1.31 4.64+1.44
Kidney 7.68 £1.62 7.23+1.54 7.01+£1.37 6.80 £1.41 6.58 £ 1.49
Liver 9.51+£1.18 8.93+1.34 8.61+1.22 8.34+£1.48 8.08+1.15
Gill 6.53+1.42 6.04 +1.77 5.79 + 1.40 5.60 + 1.60 541+1.24
Muscle 251+1.21 2.34+161 2.26 £ 1.50 220+ 161 214+1.18
Brain 5.31+£1.52 492+1.29 4,76 £ 1.53 465+1.19 4,48 +1.61
15 Kidney 7.65 + 1.37 7.07 +1.33 6.72+1.25 6.47 +1.11 6.24 +1.40
Liver 9.49+1.19 8.66 +£1.21 8.27+£1.30 8.01+1.43 7.71+£1.29
Mean+ standard deviation, n=5, Values are significant at p < 0.05
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FIGURE 2: Percent change over control in the amount of DNA (mg/g body weight of the tissue) in the tissues
of Cirrhinus mrigala on exposure to sub lethal concentrations of cypermethrin (25%EC)
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The control values of RNA in different tissues of the fish was in the order of Gill > Kidney > Brain > Muscle > Liver (Table
3 & Figure 3). Under sublethal exposure of cypermethrin the RNA content was found to decrease in all the tissues of the
experimental fish. RNA content was not significantly altered by cypermethrin at 5 days exposure period at lowest test
concentration. However, at both 10 days and 15 days exposure periods in all the test organs RNA content declined
significantly. At 15 days exposure period the RNA content decreased significantly in liver 32.98%, muscle 30.22%, brain
29.35%, kidney 28.10% and gill 27.40%. The decrease was comparatively higher at 15 days exposure period at highest test

concentrations (Table 3 & Figure 3).

TABLE 3
CHANGES IN THE AMOUNT OF RIBONUCLEIC ACID (RNA) (mg/g body weight of the tissue) IN THE TISSUES
OF CIRRHINUS MRIGALA ON EXPOSURE TO SUB LETHAL CONCENTRATIONS OF CYPERMETHRIN (25%EC

Gill 4.09+0.120 4.00+0.129 3.81+0.229 3.61+0.218 | 3.46+0.182
Muscle 7.45+0.232 7.15+0.150 6.78 £0.131 6.41 +0.186 6.01 +£0.148
5 Brain 6.01 + 0.015 5.77 £ 0.137 541+0.164 | 521+£0.157 | 497+0.191
Liver 8.55+0.224 8.17 £0.212 7.66 +0.317 7.22 £0.253 6.67 + 0.257
Kidney 5.26 £ 0.115 5.08+0.170 | 4.80+0.229 460+0.128 | 4.41+0.172
Gill 4.06 £ 0.157 3.78+£0.221 3.65+0.218 3.41+0.152 | 3.22+0.154
Muscle 7.42 +0.136 6.53 £ 0.155 6.18 +0.135 5.93+0.144 | 5.56 £0.140
10 Brain 6.02 £0.131 5.37 £0.142 5.16+0.154 | 4.90+0.163 | 4.59+0.161
Liver 8.53+0.214 7.45 +0.165 7.01+0.218 6.67 £ 0.217 6.30 £ 0.108
Kidney 5.24 +0.179 471+0.219 | 4.50+0.140 432+0.130 | 4.08+0.172
Gill 4.05+0.148 3.58+£0.215 3.37+£0.156 | 3.18 £0.174 | 2.94+0.211
Muscle 7.41 +0.237 6.22 +0.108 5.88 £ 0.182 5.47+0.140 | 5.17+0.160
15 Brain 6.03 + 0.160 5.21+0.154 | 4.86+0.128 450+0.188 | 4.26£0.104
Liver 8.55 +0.251 7.12+0.178 6.68 + 0.149 6.24+0.274 | 5.73+0.188
Kidney 5.23+0.154 460+0.127 | 4.32+0.115 4.04+0.162 | 3.76 £0.184
Meanz standard deviation, n=5, Values are significant at p < 0.05
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FIGURE 3: Percent change over control in the amount of RNA (mg/g body weight of the tissue) in the tissues
of Cirrhinus mrigala on exposure to sub lethal concentrations of cypermethrin (25%EC)
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V. DISCUSSION

Proteins are indeed of primary and paramount importance in the living world not only because of their peculiars but also
because of the fact that they appear to confer their biological specificity among various type of cells [21]. The quantity of
protein is dependent on the rate of protein synthesis, or on rate of its degradation. The quantity of protein may also be
affected due to impaired incorporation of amino acids into polypeptide chains [22]. The decreased tendency of the protein
content as observed in the present study in the fish tissues may be due to metabolic utilization of the ketoacids to
gluconeogenesis pathway for the synthesis of glucose; or due to the directing of free amino acids for the synthesis of
necessary proteins, or for the maintenance of osmotic and ionic regulation [23].

Since fish have a very little amount of carbohydrates, the next alternative source of energy to meet the increased energy
demand is protein only. The decrease in protein level in tissues may be a result of a physiological mechanism trying to meet
higher energy demands for metabolic purposes providing energy to cope with the stress situation caused by cypermethrin
intoxication. Under stress condition fish will mobilize proteins as an energy source via the oxidation of amino acids. The
decrease in total protein content in tissues of test fish indicates active degradation of proteins under cypermethrin stress.
Decreased protein level may be attributed to stress mediated immobilization of these compounds to fulfill an increased
element of energy by the fish to cope with environmental condition exposed by toxicant [24]. The depletion of total protein
content is may be due to augmented proteolysis and possible utilization of degraded products for metabolic purposes as
reported by Begum [25]. Depletion might also be attributed to the destruction or necrosis of cellular function and consequent
impairment in protein synthetic machinery [26, 27]. Decrement of proteins might be due to the blocking of protein synthesis,
protein denaturation, or interruption in the amino acid synthesis. Neff [28]explained the depletion in protein content may be
related to impaired food intake, increased energy cost of homeostasis, tissue repair and detoxification mechanism during
toxic stress.

The depletion of protein content observed in this investigation can be correlated with the earlier report of David et al. [27]
who reported similar situation in Cyprinus carpio and Labeo rohita exposed to cypermethrin. Depletion of tissue protein in
fish exposed to cypermethrin has been reported by several workers [29-39] and revealed that the toxic stress influences the
conversion of tissue protein into soluble protein fraction reaching in the blood for its utilization. The decrease in proteins
quantity may be due to increased energy demand during stress or it could be due to altered enzymatic activities. In long term
exposure to cypermethrin much of the energy must have been used up to compensate the stress, hence the depleted levels of
protein were observed.

Channa punctatus exposed to sub lethal concentration, 0.04 mg/L (1/10" of LCs,=0.4 mg/L) of cypermethrin for a period of
15, 30 and 45 days showed a significant (p<0.05) decrease in protein content in gill, liver and kidney when compared to
control with the increase in the period of exposure to the toxicant [29]. Jipsa et al. [30] also reported sublethal concentration
of cypermethrin in Tilapia mossambica decreased the protein in the tissues at 24, 48, 72 and 96h. Kannan et al. [40]
investigated the effects of cypermethrin (10% EC) in the concentration of 0.0006ml/L to Catla catla for 24h and reported a
significant (P<0.01) decrease. Olalekan [41] reported biochemical responses of Clarias gariepinus exposed to cypermethrin
(20pug/L) for 5 days and the total protein decreased in liver and muscle. Shruti and Tantarpale [42] observed at sub-lethal
concentration of 0.0007ug/L of cypermethrin caused decrement in protein level in muscle and liver of Ophiocephalus
orientalis. Veeraiah et al. [43] reported Cirrhinus mrigala exposed to lethal and sublethal concentration of 96hLCs, as
2.28ppm and 1/10™ of 96hLCs, of cypermethrin (10% EC) for 96h also reported similarly. Patil and Patole [44] reported
significant fluctuation in protein over the control in Lepidocephalichthys guntea exposed to sublethal concentrations, i.e 1/4"
and 3/4"™ of LCs, of cypermethrin for 96h. Laboratory evaluation of cypermethrin toxicity made by Tiwari et al. [32] revealed
sublethal doses of cypermethrin, 0.129ug/L, 0.258ug/L for 24h and 0.082ug/L, 0.164ug/L for 96h exposure period caused
significant (P<0.05) change in protein of Labeo rohita in both liver and muscle tissues. Vasantharaja et al. [45] studied acute
toxicity of cypermethrin (30pg/L) and its impact on biochemical alteration in Cirrhinus mrigala for 24, 48, 72, 96 and 120h
and dose dependent alterations in the level of total protein were observed. Firat et al. [12] reported the effect of cypermethrin
(0.05ug/L) in Oreochromis niloticus which showed decreased total protein levels at 21 days. Tantarpale [46] observed
sublethal concentration of cypermethrin, at 0.00078ul/L for 24, 48, 72, and 96h reported a decrease in total protein level in
Channa striata. Total protein was found to decrease 58.99, 41.12, 38.11, 21.81mg/L in muscle and 23.62, 20.77, 19.17,
12.67mg/L in liver tissues at different exposure periods. In common carp, cypermethrin resulted in a significant (P<0.01)
decrease in total protein compared to controls [33]. Several other investigations also revealed a decrease in protein with
cypermethrin exposure [47-50]. All these investigations support the present study of decreasing trend of proteins in the
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tissues of the fish Cirrhinus mrigala exposed to sublethal concentrations of cypermethrin (25%EC). Toxicity response
generally depends on the toxicant concentration and the duration of exposure in the tissue [51]. The time dependent and
tissue specific response in the present study could be attributed to the concentration of cypermethrin in the tissue and also
due to its distribution and elimination.

Nucleic acids which serve as biochemical indices play a major role in all biological activities including growth and
development and regulate biosynthesis of proteins [52, 53]. RNA/DNA ratio indicates the degree of metabolic (protein)
synthesis and is an index of fish growth [54, 55]. Such an indices is based on the fact that the DNA content per cell is
constant within the same species, and the RNA is mainly ribosomic and varies with the rate of protein synthesis. It has been
traditionally used as a growth check in ecological studies, in aquaculture and as a biomarker in long-term exposure
experiments in ecotoxicology [56]. The maintenance of DNA integrity is vital to the protection of genetic diversity in natural
populations [57]. The detection of structural/functional disturbances in the DNA enables the assessment of organism’s health
and can assist in the prevention of DNA damage [58].

The amount of DNA, the carrier of genetic information, remains stable under changing environmental situations and has been
used as an indicator of biomass. It is also known that the DNA functions as primer in DNA and RNA polymerase reactions
and the inhibition in the DNA content caused inhibition their synthesis. The inhibition of DNA synthesis affects protein
content by decreasing the content of RNA. Therefore, it is possible that the enzyme necessary for DNA synthesis might have
been inhibited by pesticide, cypermethrin toxic stress. As RNA synthesis plays an important role in protein synthesis and its
inhibition at transcription level may affect the protein content [34]. Significant decrease in RNA content observed in different
organs of test fish in the present study might have caused protein depletion in the organs too and because, the fish requires
more energy to overcome the stress upon exposure to the toxicant.

Decrease in the nucleic acid content observed in the present study in all the tissues exposed to cypermethrin were in
accordance with the previous studies [29, 59-65]. Channa punctatus exposed to sub lethal concentration, 0.04mg/L (1/10™ of
LCsp=0.4mg/L) of cypermethrin for a period of 15, 30 and 45 days showed a significant (p<0.05) increase in DNA content
in gill and liver tissues, but in the kidney, it was found to be in a decreased trend. Whereas, the RNA content of all the tissues
(gill, liver and kidney) have decreased significantly (p<0.05) when compared to control with the increase in the period of
exposure [29]. Cyprinus carpio exposed to sub lethal concentration (0.6mg/L) of cypermethrin for 7, 14 and 21 days showed
decrease in DNA and RNA content in brain, gills and liver with diminished RNA/DNA ratio which was fund to be exposure
period dependent. The reduction is comparatively less in liver when compared to the brain and gills [60]. Cypermethrin
induced reduction in DNA and RNA content was observed in gill and liver and kidney of Cirrhinus mrigala [59]. Sublethal
doses of cypermethrin (0.129ug/L, 0.258ug/L for 24h and 0.082ug/L, 0.164ug/L for 96h) caused significant (P<0.05)
reduction in DNA and RNA contents in fingerlings of Labeo rohita in both liver and muscle tissues [32]. Sublethal
concentration of cypermethrin resulted in a significant decline in DNA at 96h exposure to 40 and 60% of 24h LCx, resulted
in a decrease of DNA level in gonadal tissue to value of 54 and 31% at 16°C and 58 and 36% of the controls at 28°C water
temperature respectively. For RNA the decrease noted to 55 and 31% at 16°C and 58 and 35% of the level of control at 28°C
water temperature respectively [34].

Our findings differ with that of Das and Mukherjee [63] who reported an increase in DNA and RNA content of liver, brain,
kidney of the fish Labeo rohita response to sublethal concentration of 0.014ppm cypermethrin for 96h. Similar trend was
also noticed in DNA and RNA profile of gill, brain, liver and kidney of Channa punctatus treated with 40-60ug/L
cypermethrin by Kumar et al. [36]. Lepidocephalicthys thermalis exposed to cypermethrin also showed a decline in the RNA
content of the liver and muscle tissues [64]. Ansari and Kumar [65] reported a significant decline in the DNA and RNA
content of the liver tissue of Brachydanio rerio exposed to cypermethrin.

V. CONCLUSION

Based on the results obtained from the present investigation, it is concluded that cypermethrin causes deleterious effects on
fishes and much alters the DNA and RNA contents of certain fish tissues. Significant decrease in both protein and nucleic
acids levels would suggest that cypermethrin impairs the process of protein synthesis in the tissues of the test fish. Therefore
it is recommended that care must be taken to prevent its entrance into aquatic ecosystems as the sub-lethals are real lethals in
the long run.
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