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ABSTRACT

The credits of pesticides include enhanced economic potential in terms of increased production of food and fiber, and
amelioration of vectorborne diseases; their debits have resulted in serious health implications to man and his
enwironment. Fishes major contributors in the field of aquaculture, an important concern today since pesticides hamper
the normal physiological processes of the organisms. The growth and the development of the fishes depend on the nucleic
acid content (DNA and RNA), which serve as biochemical indices. Cellular enlargement and active protein synthesis
are dependent on DNA and RNA content. DNA and RNA dynamics during conditions of stress corresponds to
degenerative changes in the tissues leading decreased protein synthesis and cellular proliferation activity since energy is
diverted for maintenance of metabolism during stress as evidenced by breakdown and utilization of stored
carbohydrates, depletion of protein and lipid. The damage inflicted on the DNA templates, unless repaired, may
interfere with replication and transcription resulting in lethal mutations. There has been a dramatic increase in the
recent years in the use of pyrethroid pesticides to control insect pests. Owing to the excessive use of synthetic pyrethroids
today, the environment and water resources are being rapidly polluted thus endangering aquatic life directly and human
life indirectly. Lambda-cyhalothrin is highly toxic to fishes and aquatic invertebrates. Howeuwer, little is known about
the toxicity of sediment associated pyrethroid tesidues to aquatic organisms despite the agricultural use of these
compounds for more than decades. Cat fishes which are extensively grown in rice paddy slurries provide additional
source of income to the farmers. In the present study an attempt was made to assess the effect of toxicity in nucleic
acid content at two different sublethal concentrations of lambda-cyhalothrin on freshwater catfish, Clarias batrachus.
The technical grade synthetic pyrethroid, lambda-cyhalothrin with 95% purity used for the study. Healthy Clarias
batrachus were chosen and sorted out into three groups Group I, Group 11 and Groupd I1I were exposed to the two
different sub-lethal concentrations of lambda-cyhalothrin for a period of 45 days. At the end of every of 15, 30 and 45
days blood was collected from five fishes each of the control and test groups. Extraction of total nucleic acids was done;
DNA and RNA were estimated. Assay of free radical induced DNA damage was studied and the values were expressed
as nanomoles of malondialdehyde formed,/hour/mg DNA.

Key words: Nucleic acid content (DNA&RNA), lambda-cyhalthorin, freshwater fish.

INTRODUCTION:

Development and growth of fishes depends upon the DNA and RNA content which serve as biochemical
indices.! Cellular enlargement and active protein synthesis are dependent on DNA and RNA content. A
decline in the DNA content of tissues of animals subjected to toxic stress may also be due to inhibition
of the enzymes involved in DNA synthesis. More recently, pollution impact is assessed by ‘genotoxicity
studies’ to evaluate the damage caused to fish at molecular level.? The synthesis rates of nucleic acids as
well as total nucleic acid content contribute to the overall toxicologic assessment. In the present study, the
damage was assayed in the control and experimental animals under DNA and RNA levels were estimated
and the free radical mediated DNA conditions of pyrethroid-induced stress. DNA and RNA dynamics
during conditions of stress corresponds to degenerative changes in the tissues leading to decreased protein
synthesis and cellular proliferation activity since energy is diverted for maintenance of metabolism during
stress as evidenced by breakdown and utilization of stored carbohydrates, depletion of protein and lipid
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reserves The damage inflicted on the DNA templates, unless repaired, may interfere with replication and
transcription resulting in lethal mutations.

The decrease in the DNA and RNA content of the liver, muscle, ovary, brain and heart tissues reported
in the present study could be attributed to the decreased activity of the HMP shunt key enzyme glucose-6-
phosphate dehydrogenase and the decline in the products formed from the non-oxidative phase of the
pathway which are required for the synthesis of DNA and RNA The decline in the nucleic acid levels may
also be due to the decrease in the ribose-5-phosphate levels which provide the sugar moieties for DNA and
RNA as evidenced in the present study by the decrease in the glucose-6-phosphate dehydrogenase activity
levels. Thus Lambda-cyhalothrin may interfere with the cell cycle events and this requires further
investigation at the molecular level.

MATERIALS AND METHODS:

Acquisition of Lambda-cyhalothrin, Synthetic pyrethroid; collection, grouping, and maintaining the fresh
water female catfish, Clarias batrachus for analysis was followed by the method Gulati et al., (2025).
Extraction of Total Nucleic Acids:

Nucleic acids were extracted from the various tissues following the method of Schneider, (1957).* The
purified DNA extract thus obtained was used for DNA break studies.

Estimation of DNA:

DNA was estimated by the method of Burton (1956). The DNA content was expressed as mg/g wet tissue.
Estimation of RNA:

RNA was estimated by the method of Schneider (1957).* The RNA content was expressed as mg/g wet
tissue.

Assay of 5nucleotidase:

5'nucleotidase was assayed by the method of Zekri et al. (1988) and the phosphorous in the supernatant
was estimated by the method of Fiske and Subbarow (1925).%" The enzyme activity was expressed as pmoles
of phosphorous liberated/min/mg protein.

Assay of free radical induced DNA damage:

DNA break was measured by following the method of Halliwell and Gutteridge (1981).° The values are
expressed as nanomoles of malondialdehyde formed,/hour/mg DNA.

RESULTS:

Effect of Lambda-cyhalothrin on Nucleic Acids:

Table 1a & b shows the changes in the DNA content of the various tissues of the fishes exposed to the
two different sub-lethal concentrations of the pyrethroid.

The liver tissue showed a decline of 40.33% and 27.01% in the DNA content after exposure to both the
sub-lethal concentrations of the pyrethroid for a period of 45 days. An overall significant decline of
(P<0.01) was witnessed in the DNA content of the hepatic tissue of the experimental animals of both
groups.

On comparison with the control group of animals, the muscle tissue of fishes exposed to the higher sub-
lethal concentration of the pyrethroid showed a significant (P < 0.05) and continuous decline in the DNA
content from the 15 to the 45" day of exposure. However, in fishes exposed to the lower sub-lethal
concentration a significant decline (P < 0.05) was witnessed only from the 30™ day of exposure to the
pyrethroid.

The cardiac tissue of fishes exposed to the higher sub-lethal concentration of lambda-cyhalothrin showed
a significant decline (P < 0.05) in the DNA content on all durations of exposure, while in fishes exposed
to the lower sub-lethal concentration of the pyrethroid, though a significant decline (P < 0.05) was noticed
in the DNA content on the 30" and 45th day of exposure, the 15th day did not show any significant
change.

In the brain tissue of fishes exposed to the higher sub-lethal concentration of 5.768 ppm of lambda-
cyhalothrin, a significant decline (P < 0.05) was witnessed in the DNA content throughout the period of
exposure in comparison to the DNA content in the control group of animals. However, a comparison of
the DNA content of the brain tissue, at different durations of exposure did not show significant variation
(P> 0.05). The fishes exposed to the lower sub-lethal concentration of the pyrethroid showed significant
decline (P < 0.05) in the DNA content only on the 45th day of exposure. However, both groups revealed
an overall significant change (P < 0.01) in the DNA content of the brain tissue.
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The ovarian tissue also showed an overall significant decline (P < 0.01) of 39.54% and 36.38% in the
DNA content of the fishes exposed to the higher and lower sub-lethal concentration of the pyrethroid
respectively. A comparison of the DNA content of the ovarian tissue at different durations of exposure
also revealed significant variation (P < 0.05) in both groups.

The alterations in the RNA content of the various tissues in the Pyrethroid-exposed fishes are tabulated
(Table 2a & 2b).

A significant decline (P < 0.05) of 50.35% was witnessed in the RNA content of the hepatic tissue of the
fishes after 45 days of exposure to the higher sub-lethal concentration of the pyrethroid. A comparison
with the control group of animals also showed significant variation (P < 0.05) in the RNA content of the
hepatic tissue on the 15™, 30™ and 45™ day of exposure. A similar trend was witnessed in fishes exposed
to the lower sub-lethal concentration of lambda-cyhalothrin with an overall decline of 36.38% in the RNA
content after 45 days of exposure.

No significant decline was witnessed in the RNA content of the muscle tissue of fishes from both
experimental groups on the 15" day of exposure. However, on 30" and 45" day a significant decline (P <
0.05) was witnessed in the RNA content of the muscle tissue of fishes exposed to both the sub-lethal
concentration of the pyrethroid.

The ovarian tissue showed an overall significant decline (P < 0.01) in the RNA content of the fishes of
both experimental groups. While the fishes exposed to the higher sub-lethal concentration of the pesticide
showed a decline of 39.65% after 45 days of exposure, the fishes exposed to the lower sub-lethal
concentration showed an overall decline of 23.50% in the ovarian RNA content.

The cardiac tissue showed a significant decline (P < 0.05) in the RNA content only on the 45th day of
exposure in both groups of pyrethroid-exposed fishes. A decline of 42.68% and 27.27% was witnessed in
the RNA content of the cardiac tissue of fishes exposed to the higher and lower sub-lethal concentration
of the pyrethroid respectively.

The brain also showed an overall significant decline (P<0.01) in the RNA levels in fishes of both
experimental groups. However, a comparison of the brain RNA content of the pyrethroid-exposed fishes
of both groups at different durations of exposure did not reveal any significant variation (P > 0.05).

The changes in the 5' nucleotidase activity of the ovary, muscle, liver, heart and brain tissues of the fishes
exposed to the sub-lethal concentrations of the pyrethroid are tabulated (Table 3a & 3b).

The hepatic tissue of fishes exposed to the two different sub-lethal concentrations of lambda-cyhalothrin
showed a significant decline (P < 0.05) in the 5' nucleotidase activity on the 15%, 30", and 45" day of
exposure in comparison to the control group of fishes. A comparison of the enzyme activity at different
durations of exposure also showed significant variation (P < 0.05) in both groups. A similar trend of
significant decline (P < 0.05) was witnessed in the 5' nucleotidase activity of the cardiac tissue of both
experimental groups.

In the muscle tissue, though fishes exposed to the higher sub-lethal concentration of the pyrethroid
showed a significant decline (P < 0.05) in the enzyme activity at all durations of exposure, the fishes
exposed to the lower sub-lethal concentration showed a significant change (P < 0.05) only on the 30™ and
45" day of exposure, while no significant decline was witnessed on the 15" day of exposure to the
pyrethroid.

The ovarian tissue of fishes of both experimental groups also showed an overall significant decline (P <
0.01) in the 5' nucleotidase activity. A decline of 36.88% and 30.75% was found in the enzyme activity
after 45 days of exposure to the higher and lower sub-lethal concentration of the pyrethroid respectively.
In comparison to the control group of fishes, the brain tissue of the pyrethroid-exposed fishes of both
groups also showed a significant decline (P < 0.05) in the enzyme activity.

The changes in the levels of free radical mediated DNA damage in the ovary, muscle, liver, heart and brain
tissues of the fishes exposed to the sub-lethal concentrations of the pyrethroid are tabulated (Table 4a &
4b).

There was no significant increase witnessed on the 15th day of exposure in the level of free radical
mediated DNA damage in the ovary, muscle, liver and heart tissues of fishes exposed to the two different
sub-lethal concentrations of the pyrethroid. However, the 30th and 45th day of exposure showed
significant elevation (P < 0.05) in the DNA damage in these tissues. However, the brain tissue showed a
different trend. A significant elevation (P < 0.05) was witnessed in the level of free radical mediated DNA
damage of the tissue at all durations of exposure to the pyrethroid. All the tissues of the fishes of both
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experimental groups showed an overall significant increase (P < 0.01) in the level of free radical mediated

DNA damage.

DISCUSSION:

More recently, pollution impact is assessed by ‘genotoxicity studies’ to evaluate the damage caused to fish
at molecular level.” Toxic effect of synthetic pyrethroid lambda-cyhalothrin on the functioning of
endocrine glands in freshwater catfish, Clarias batrachus was also studied.’ The synthesis rates of nucleic
acids as well as total nucleic acid content contribute to the overall toxicologic assessment. Shea (1987) had
also observed disturbances in progression of cell cycle after pesticide intoxication.™

Pesticides induce deoxyribonucleic acid damage and structural chromosomal changes Pesticides induce
deoxyribonucleic acid damage.™" The intactness of the DNA is the important part of eventual loss of cell
structure, proliferation and formation of new tissues and giving rise to mutation and cell death. The
DNA:RNA ratio change results in tissue degeneration with a total loss of cellular control mechanisms."
Inhibition of the above events is evident from the decrease in the weight of the animal and other organs
of the body in the process. Alterations in the DNA structure may be irreversible present study. A decline
in the DNA, RNA and DNA/RNA content of the brain, muscle and liver tissues of Clarias batrachus was
also reported when the animals were subjected to starvation stress.'* Altered nucleic acid metabolism was
observed in the ovary of arsenic exposed Colisa fasciatus, a fresh water fish."

Inhibition of enzymes that replicate or repair DNA might predispose DNA to damage.'® Similar
mechanisms would have attributed to the nucleic acid damage as witnessed by the increase in the levels of
free radical mediated DNA damage assayed in the tissues of pyrethroid-exposed fishes in the present study.
The results of this study suggest that the pyrethroid, lambda-cyhalothrin is a potent inhibitor of DNA
synthesis even at sub-lethal concentrations, which in turn results in the reduction of RNA level. Anti-
AChE compounds attack many enzymes responsible for normal metabolic pathway. Thus, it is possible
that in the present study the pyrethroid might have inhibited the enzymes necessary for DNA synthesis.
Gupta et al. (1983) also reported a significant Notopterus notopterus exposed to sub-lethal concentrations
of phenolic decline in the 5' nucleotidase activity in the brain and liver tissues of compounds and
suggested that the inhibition of this enzyme in the tissues probably represents the uncoupling of oxidative
phosphorylation.” Similarly, in the present study, exposure of the animals to both the sub-lethal
concentrations of the Pyrethroid, lead to a significant decline in the 5' nucleotidase activity of the liver,
muscle, ovary, heart and brain tissues.
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TABLES: Table 1a: Effect of lambda-cyhalothrin at higher sub-lethal concentration (5.768 ppm) on
DNA levels in various tissues of Clarias batrachus

F Experimental Days
Tissue Valu P value Control
ae 15 30 45 Recovery
8.76 * =
11449 + 1348 ¢ + |9.41°+0.16 )
Ovary 70612 |0.000" | ©! 050697 103509 030  ( [13.07°%0.29
39.54)
Muscl 030 looogr 330 = 6320116 égg ' (i 141°£026 | ) 0y o3
uscle : : 0.23 (-20.30) ' ©1¢57.27) =Y
36.66)
1135 ° =+
, o lett + [1335 ¢+ 8.12°+0.27 )
Liver 678.24 (0.000" | 0 oot tion 920 € 0 12.63° £ 0.19
16.60)
. 203 " o« \ 1.00 * =
Heart 52.86  [0.000** ?)372 * 1010 ¢ (1;6192)0'24 022 ( |1.89+0.18
: 17.81) 0. 59.51)
) 086 ® =+ ) 054 * =+
Brain 1494 |0.000** é'gg * 1016 ¢ ?’65525)0'14 028 (- [0.936" +0.24
: 42.66) 0 64.00)

Table 1b: Effect of lambda-cyhalothrin at lower sub-lethal concentration (2.884 ppm) on DNA levels in
various tissues of Clarias batrachus

F Experimental Days
Tissue Valu P value |Control
ate 15 30 45 Recovery
13.90¢ +
ee 14324+ 11.09° +0.33  [9.11* + 0.33 .
Ovary  [300.29 ]0.000 026 0.32 (22.55) (36.38) 13.09° £ 0.28
(-2.93)
e 357+ 3.261Y+£031 [2.67°+0.28 211 +0.28 he
Muscle [24.52 0.000 0.24 (8.68) (25.21) (40.89) 2.92*+0.26
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13.38° +

, e |13.55° & 12.36" +0.30  [9.89" £ 0.18 )
Liver  |120.81 {0000 |22 0.32 (5.78) (27.00) 12.27" + 0.44
(-1.25)
e 12597 & [2279:0.8 |1.72°£0.24  [1.08':0.16 o
Heare 4421 {0000 |07 (1235 (33.59) (58.39) 2.02 +0.22
. .o 096" £ 097" £ 019 [0.57°+0.26 |0.43*£0.15 i
Brain  9.12 {0000 |1 100 .31 (55.20) 0.63" £ 0.24

Table 2a: Effect of lambda-cyhalothrin at higher sub-lethal concentration (5.768 ppm) on RNA levels
in various tissues of Clarias batrachus

Experimental Days
Tissue FValue |Pvalue |Control
15 30 45 Recovery
. 10.49¢ 9.23°+0.34 [8.40°+0.34 [6.33*+0.30 .
Ovary 149.01 0.000 £0.32 (12.01) (19.92) (39.65) 9.26°+0.23
v 10179+ (10200 £ [534°+0.29  |6.19" £0.27 .
Muscle [352.98  ]0.000 0.34 032 (+029) | (47.49) (39.13) 8.75°£0.24
. e [9.99% £ [8.28°+£0.30 [6.27°£0.26 |4.96" +0.20 .
Liver 307.69  ]0.000 0.33 (17.11) (37.23) (50.35) 8.10° £ 0.25
v |L64° £ [150°+0.19  |1.47°+0.25  |0.94* +0.24 .
Heart 11.30 0.000 028 (8.53) (10.36) (42.68) 1.02* £ 0.16
) - 1.00° + [0.70"+0.18 [0.65"+0.18 [0.46" + 0.18 .
Brain 6.226 0.001 0.24 (:30.00) (:35.00) (:54.00) 0.64" £ 0.18

Table 2b: Effect of lambda-cyhalothrin at lower sub-lethal concentration (2.884 ppm) on RNA levels in
various tissues of Clarias batrachus

Experimental Days
Tissue F Value [Pvalue |Control
15 30 45 Recovery
e 10.68¢ 9.86°+0.29 (9.32°+0.26 8.17" £ 0.15 .
Ovary 85.35 0.000 4031 (7.67) (12.73) (23.50) 9.98°+0.19
o [10194% 1035+ [7.34°+0.24  |5.38+0.18 . ,
Muscle  [471.35  |0.000 o 0.28 (+1.57) | (27.96) (47.20) 8.63°+0.2
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, e 1984 £ 9.17°£030 [8.06"+0.22  6.26"+0.23 . -
Liver 182.12  [0.000 02 (6.50) (15.08) (36.39) 8.82¢+0.2
. 154" &+ |1.40%£0.19 [1390+0.20 [1.12°+0.23 .
Heart  [4.87 0.004 00 9.09) ©.74) (2127 112" +0.20
0.83" =+ . . .
, i 0.94" + 0.72%+0.12  [0.61°+0.08 |0.72®
Brain 13.15 0.03 0.24 %ff 20) (-23.40) (-35.10) 0.20

Table 3a: Effect of lambda-cyhalothrin at higher sub-lethal concentration (5.768 ppm) on activity of 5'

nucleotidase enzyme in various tissues of Clarias batrachus

Experimental Days
Tissue F Value [P value Control
15 30 45 Recovery
.. [8.08 + [621"+032 533021 [510°+0.25 |6.46" A
Ovary |106.6210.000 0.29 (-:23.14) (-:34.03) (-:36.88) 0.32
. 5831+ [527°:026 [3.96"+0.23 [2.24°+0.26 |5.24° A
Muscle 1169.57 0.000™ 1535~ | 560 (32.07) (61.57) 0.26
, . 1039 716023 [635°+030  [5.52°+0.25 [8.50¢ A
Liver 28842 10.000 +0.29  |(-31.08) (-:38.88) (-46.87) 0.30
o |728 + 623030 [5.33°+0.29 |4.49°+023 |6.72¢
Heart - 1108.85 100007 1550 = | 14 49 (26.78) (38.32) 0.22
. . 257+ p11P:024  |138°:0.13  [1.14°+024 209" A
Brain 15232 10000 45 (17.89) (46.30) (:55.64) 0.20

Table 3b: Effect of lambda-cyhalothrin at lower sub-lethal concentration (2.884 ppm) on activity of 5'

nucleotidase enzyme in various tissues of Clarias batrachus

Experimental Days
Tissue F Value |P value Control
15 30 45 Recovery
o 67.94 0.000** 8.00¢ + [6.88°+0.34 [6.12°+0.22 5.54*+0.27 |7.07° A
vary : 0.31 (-14.00) (-23.50) (-30.75) 0.26
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Musde 18390 |o.000% 571 + 15254040 [4.00°+023 [2.88°+026 |4.61°
sce : 0.30 (-8.05) (-:29.94) (-49.56) 0.27

L 12003 |} 1o 10.40°  [9.52°+024 [8.30°+0.26 [7.27°+0.29  [9.10°
tver : +0.29  |(-8.46) (-:20.19) (-:30.09) 0.25
Heart 2907 |3 ggore 1967 £ [659°£0.22 6.11°+0.27 408 +0.16 |7.07¢
ca : 0.28 (-12.83) (-19.17) (46.03) 0.14

Brain 16.17 0000r 266" 1.95°+0.14 [1.88°+0.31  |1.38°+0.41 [2.18™
rat : 0.31 (-26.69) (29.32) (-48.12) 0.14

Table 4a: Free radical mediated DNA damage in various tissues of Clarias batrachus exposed to lambda-
cyhalothrin at higher sub-lethal concentration (5.768 ppm)

Experimental Days
Tissue F Value |P value Control
15 30 45 Recovery
23.15 250.67 238.33* + [304.33° + [351.33¢ + [286.17™ ;
Ovary 0.000** +25.03 20.35 26.79 24.66 16.29
(-4.92) (-21.40) (+40.15)
59.96 198.67° 212.67* + [299.67° + |347.67Y = [260.67" 4
Muscle 0.000** +11.40 19.01 21.47 21.07 22.44
(+7.04) (+50.83) (+74.99)
97.56 464.17° 47550 + 1549.83> + [632.17° + |457.00" 4
Liver 0.000** + 10.82 15.11 20.69 22.27 21.36
(+2.44) (+18.45) (+36.19)
93.23 321.67° 327.00° + [439.83" + [516.33° + [441.83" ;
Heart 0.000** +21.41 16.24 20.00 23.94 23.44
(+1.65) (+36.73) (+60.51)
121.24 571.50° 619.67° + [732.00° + [843.50Y + |643.67" 4
Brain 0.000* + 16.81 14.18 19.41 37.00 23.35
(+7.30) (+26.75) (+46.06)

Table 4b: Free radical mediated DNA damage in various tissues of Clarias batrachus exposed to lambda-
cyhalothrin at lower sub-lethal concentration (2.884 ppm)

Tissue

P value

Control

Experimental Days
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F
Value 15 30 45 Recovery|
6.79 246.67° 240.67°  + |285.00° + [292.83" £ [269.67™ -
Ovary 0.000** +22.13 23.07 - |21.34 18.76 22.27
2.43) (+15.53) (+18.71)
25.43 216.33¢ 216.67° + [266.83" +  [328.50° & [247.33" 4
Muscle 0.000** + 2732 24.20 16.24 22.26 20.85
(+0.15) (+23.34) (+51.85)
21.46 464.33" 47117+ |484.17" +  |545.17¢ +  [504.50" 1
Liver 0.000** +21.05 16.41 13.44 (+4.27) |23.79 25.67
(+1.47) (+17.41)
48.15 324.00° 339.83* + [371.67° +  |464.335° + |335.83" 4
Heart 0.000** +21.53 22.07 19.52 17.86 19.56
(+4.88) (+14.71) (+43.31)
74.30 563.67° 615.50° + |658.17° +  [743.677  + |631.83"™ ;
Brain 0.000* +18.25 18.75 16.09 19.61 21.03
(+9.19) (+16.76) (+31.93)
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