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ABSTRACT

Numerous pollutants found in the environment are known to have neurotoxic effects. In fish and animals, these

neurotoxins have been shown to alter neurotransmitter levels and cause brain dysfunction. Lambda-cyhalothrin is a widely
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used agricultural pyrethroid that is extremely hazardous to fish and aquatic invertebrates due to its strong adsorption to soil

sediments. As a result, it is shown to be persistent in the soil environment. Catfish, which are widely cultivated in rice-
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paddy slurries, give farmers an extra revenue stream. However, both commercially raised fish and fish raised in paddy

Accepted on: fields run the risk of being directly exposed to toxicants used for field pest control. The fishes exhibited notable inhibition

05-08-2025 of the AChE enzyme after being exposed to a sub-lethal quantity of the pyrethroids for an extended period of time.

Inhibition of AChE activity was also observed in the brain, liver, muscle and plasma of fingerling channel catfish when

Published on: exposed to synthetic pyrethroids.

13-09-2025

INTRODUCTION

Pesticides have positive effects on the economy by increasing
food and fiber output and reducing vector-borne diseases, but
they can have negative effects on human and environmental
health. There is now ample proof that many agricultural
chemicals do have the potential to harm people and other living
things, as well as to have unintended negative environmental
impacts (Igbedioh, 1991; Forget, 1993; Jeyaratnam, 1985). Due
to extensive research on dosage response relationships that
have produced safe and cost-effective pesticide application
levels, the impacts of pesticides on aquatic ecosystems are
comparatively well-known (Muirhead-Thomson, 1971). Because
they are a great source of protein for human diets, fish play a
significant role in aquaculture. The impact of pesticides on
growth, survival and fertility of fishes is an important concern
today since pesticides hamper the normal physiological
processes of the organisms.

A pesticide should ideally kill the intended pests but not
humans or other non-target species. Pesticides have a tendency
to reduce soil fertility, and in recent years, their concentration
in food items has increased significantly (Tsumuki et al., 1970).
Additionally, pesticides can have either an agonistic or
antagonistic effect, changing the expression of certain genes
(Kavlock et al., 1996). The indirect or secondary impacts of
pesticides are a further topic of concern in addition to these
direct consequences. The ecological consequences of hazardous
chemicals that arise from a decrease in the activity and/or

density of species susceptible to the toxic material are known
as indirect impacts.

Synthetic pyrethroids have a high affinity to bind to the soil
sediments. Lambda-cyhalothin, a commonly used agricultural
pyrethroid, has strong adsorption to soil sediments; thus found
to be persistent in the soil environment. The offsite movement
of these compounds into surface waters is of major concern
today (Walters et al., 2002; Weston et al., 2004; Bacey et al.,
2005).

Even at sub-lethal level, the synthetic pyrethroid Lambda-
cyhalothrin demonstrated a notable suppression of the malate
dehydrogenase activity of the different Clarias batrachus tissues
(Suman Gulati et al., 2025). Catfish, which are widely
cultivated in rice-paddy slurries, give farmers an extra revenue
stream (Teugels, 1984). Saravanan et al. (2009) investigated
changes caused by lambda-cyhalothrin in freshwater fish.
However, fish raised in rice fields run the risk of being directly
exposed to the toxicants used to control pests in the crops. Fish
kept in commercial ponds, however, may also be at risk of being
exposed to other pesticides from the surrounding farms, which
frequently contaminate the pond (Nettleton et al., 1990).
Studies in biochemistry, physiology, and pharmacology have
shown that biogenic amines play a role in controlling a number
of central nervous system functions, including blood pressure
regulation, motor coordination, and body temperature. Any
deviation from the amines’ usual concentration causes a
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disruption in the central nervous system's functions, which in
turn causes convulsive seizures (Chase and Murphy, 1973).
Acetylcholine esterase (AChE), an enzyme found in synaptic
areas, catalyzes the conversion of acetylcholine into choline
and acetic acid, which mediates impulse transmission. Thus,
when the enzyme acetyicholine esterase is blocked,
acetylcholine is bound to accumulate at neuro-motor junctions,
which ultimately results in hyper excitability (Kabeer Ahammad
and Rao, 1980). A long term exposure to a sub-lethal
concentration of a combination of two pyrethroids on the fishes
showed significant inhibition of the AChE enzyme. Inhibition of
AChE activity was also observed in the brain, liver, muscle and
plasma of fingerling channel catfish when exposed to synthetic
pyrethroids (Straus and Chambers, 1995).

Monoamine oxidase (MAO) is an important catabolic enzyme
that plays important role in the degradation of biogenic amines
into their corresponding aldehydes and acids. Monoamine
oxidase is a flavoprotein. Increase in the concentration of
biogenic amines produces a stimulation of the cerebral activity
while a decrease produces a depressant effect. Thus to
maintain a stable balance in the concentration of these
biogenic amines, normal functioning of the enzymes such as
monoamine oxidase is required. Various studies have revealed
an alteration in the biogenic amine concentration due to the
influence of various organophosphorous and organochloride
pesticides.

Thus, this study evaluates the toxicity effect of synthetic
pyrethroid lambda-cyhalothrin on neurotransmitter substance of
the freshwater catfish Clarias batrachus.

MATERIALS AND METHODS:

Assay of Specific Activity of Neurotransmitter Substances:
Specific activity of Acetylcholine esterase (AChE):
Acetylcholine esterase activity was assayed in the tissues and
serum following the method of Ellman et al. (1961). The
specific activity of AChE was determined as nanomoles of
substrate hydrolysed/minute/mg protein. The activity of serum
AChE was expressed as 1U/L

Specific activity of Monoamine Oxidase (MAO):

Activity of monoamine oxidase was determined by following the
method of Srivastava et al. (1979). The specific enzyme activity
was expressed as pmoles of benzaldehyde liberated/min/mg
protein.

RESULTS:

The changes in the levels of the enzyme acetyl-choline esterase
(AChE) in the ovary, muscle, liver, heart and brain tissues of the
pyrethroid-exposed fishes are tabulated (Table 1a & 1b).

The ovarian and muscle tissue of the fishes exposed to the
higher sub-lethal concentration of the pyrethroid showed a
significant decline (P<0.05) in the AChE content from the 15th
day of exposure in comparison to the AChE content of the
control group of fishes. However in fishes exposed to the lower
sub-lethal concentration of the pyrethroid, a significant decline
(P<0.05) was witnessed in the AChE content on the 30th and
45th day of exposure, while the 15th day did not show any
significant change in the AChE content of these tissues.

In the brain tissue, a significant decline (P<0.05) was witnessed
in the AChE content on the 15th day of exposure in fishes of
both experimental groups. This was followed by an elevation in
the AChE content on the 30th day. However, the 45th day of
exposure to the pyrethroid showed a significant decline
(P<0.05) in the AChE content when compared to the control
group of fishes. A decline of 60.23% and 53.18% was witnessed
in the brain AChE content of the fishes exposed to the higher
and lower sub-lethal concentration of the pyrethroid
respectively after 45 days of exposure.

In the hepatic tissue of fishes of both experimental groups, the
15th, 30th and 45th day of exposure showed significant decline
(P<0.05) in the AChE content when compared to the control
group of fishes.

In the cardiac tissue of fishes exposed to the higher sub-lethal
concentration of the pyrethroid, a significant decline (P<0.05)
was witnessed in the AChE content only on the 45th day of
exposure, while no significant change was recorded on the 15th

and 30th day of exposure to the pyrethroid. On the other hand,
in comparison to the control group of fishes, the fishes exposed
to the lower sub-lethal concentration of the pyrethroid showed
no significant variation in the AChE content of the cardiac tissue
throughout the exposure period.

Alterations in the levels of the enzyme monoamine oxidase in
the ovary, muscle, liver, heart and brain tissues of the
experimental animals is tabulated (Table 2a & 2b).

The brain tissue of fishes of both experimental groups showed a
significant (P<0.05) and gradual increase in the monoamine
oxidase levels on the 15th, 30th and 45th day of exposure to
the pyrethroid. An elevation of 202.22% and 137.88% was
witnessed in the monoamine oxidase levels of the brain tissue
of fishes exposed to the higher and lower sub-lethal
concentration of the pyrethroid respectively.

In the hepatic tissue, a significant elevation (P<0.05) was
witnessed in the monoamine oxidase levels on the 30th and
45th day of exposure, while the 15th day did not show any
significant change in the enzyme levels in fishes of both
experimental groups in comparison to the control group of
fishes. A similar trend was also witnessed in the monoamine
oxidase levels of the cardiac tissue in experimental fishes of
both groups. However, both the tissues showed an overall
significant (P<0.01) change in the enzyme levels in fishes of
both experimental groups.

A different trend was witnessed in the muscle tissue. An initial
significant decline (P<0.05) was witnessed in the monoamine
oxidase levels on the 15th and 30th day of exposure to the two
different sub-lethal concentrations of the pyrethroid. However,
on the 45th day, a significant elevation (P<0.05) was witnessed
in the enzyme level of the muscle tissue in fishes of both
experimental groups in comparison to the control group of
fishes.

DISCUSSION

In a study similar to this one, Reddy and Philip (1994) found a
significant decrease in AChE activity in a variety of Cyprinus
carpio tissues exposed to the toxic effects of cypermethin.
Under malathion toxicity, Labeo rohita and Tilapia mossambica
brain tissue likewise showed a considerable decrease in AChE
activity (Mathivanan and Bhaskaran, 2002). The brain tissue of
Clarias batrachus treated to endosulfan and cypermethin also
demonstrated a notable inhibition of acetylcholine esterase,
according to Anand Kumar and Reddy (1997).

The present study findings are in line with the earlier findings
of Mathivanan and Bhaskaran (2002) who reported a significant
decline in the Ache activity of brain tissues of Labeo rohita and
Tilapia mossambica.

Channa punctatus, when exposed to organophosphorous
pesticide showed injury in the ventricular myocardium and
inhibition of AChE (Gaur and Kumar, 1993). Biochemical studies
have suggested that insecticides inhibit AChE because they
mimic the substrate acetylecholine, bind to the specific
receptors and react with the esterase enzyme in the same way
as the normal substrate and thus inhibit its further activity with
normal substrate molecules interfering with normal nervous
functioning (Rathore and Singh, 2000).

The current study also discovered that the different tissues of
fish exposed to lambda-cyhalothrin had significantly higher
levels of monoamine oxidase (MAO), an enzyme that breaks
down monoamines in the biogenic amine pathway. Under
phosalone activity, Devaraj et al. (1991) similarly reported
elevated MAO activity in the Oreochromis mossambicus brain.
Additionally, Shaffi (1995) documented elevated MAO levels in
several brain tissue regions of Labeo rohita, Clarias batrachus,
and Channa punctatus that were exposed to sub-lethal doses of
lead and mercury.

Increased levels of monoamine oxidase in the brain tissue could
be one of the major reasons for the damage witnessed in the
tissues of animals subjected to sub-lethal concentrations of
lambda-cyhalothrin in the present study.
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TABLES:

Table 1a: Effect of Lambda-cyhalothrin at higher sub-lethal concentration (5.768 ppm) on AChE content in various tissues of Clarias

batrachus
Tissue F Value P value Control 15 Experimental |30 Experimental 45 Experimental Days Recovery
Days Days
- 0.09° + 0.07* + 0.02 (- 0.062 + 0.02 0.042 + 0.02 ab
Ovary 6.281 0.001 0.02 22.22) (-33.33) (-55.55) 0.06% £ 0.01
" 0.25¢ + 0.21°+ 0.02 0.14* + 0.02 0.15% + 0.01 b
Muscle 48.48 0.000 0.02 (16.00) (-44.00) (-40.00) 0.23+ 0.01
. " 0.229+ 0.16° £ 0.02 0.13% + 0.02 0.112 £ 0.02 be
Liver 34.32 0.000 0.02 (-27.27) (~40.90) (-50.00) 0.15" + 0.01
0.24° + 0.23°+0.02 0.23°+ 0.02 0.182 + 0.02 b
Heart 11.34 0.000 0.02 (-4.16) (-4.16) (-25.00) 0.23+ 0.02
. " 1.719 + 0.93° + 0.07 1.21¢+0.19 0.68* + 0.03 c
Brain 71.936 0.000 0.31 (-45.61) (-29.24) (-60.23) 1.44° + 0.21
Table 1b: Effect of Lambda-cyhalothrin at lower sub-lethal concentration (2.884 ppm) on AChE content in various tissues of Clarias
batrachus
Tissue F P Control 15 Experimental 30 Experimental 45 Experimental Recovery
Value value Days Days Days
. 0.095° + 0.05% + 0.02 0.05% + 0.02 0.05* + 0.02 0.06% +
Ovary  |5.5411 10.002 0.02 (-44.44) (-44.44) (-44.44) 0.01
0.24° + 0.02 0.172 + 0.02 0.15% + 0.02 0.23°+
*% b
IMuscle 35.57 0.000 0.25° + 0.02 (-4.00) (-32.00) (-40.00) 0.01
. o c 0.16° + 0.01 0.15%° + 0.01 0.122 £ 0.02 0.16° +
Liver 24.52 0.000 0.22¢+0.03 (-27.27) (-31.81) (-45.45) 0.01
0.24% + 0.02 0.212 £ 0.02 0.232
NS a a
Heart 2.62 0.058 0.24* + 0.02 0.24* + 0.02 (0.00) (0.00) (-12.50) 0.02
. " 1.735° + 0.99° + 0.08 1.332 £ 0.16 0.81¢ + 0.09 1.579 +
Brain |144.66  10.000 0.27 (-42.77) (:23.12) (-53.18) 0.23
Table 2a: Effect of lambda cyhalothrin at higher sub-lethal concentration (5.768 ppm)
. F P Experimental Days Experimental Days Experimental Days
Tissue Value value Control (15) (30) (45) Recovery
" 2.522¢ + 1.477°£ 0.270 2.022° + 0.157 3.0259 £ 0.212 .
IMuscle 50.92 0.000 0.229 (-42.62) (-19.82) (+19.94) 2.560° + 0.105
. . 8.435% + 8.5032 + 0.235 9.872¢+ 0.188 11.3939 + 0.243 b
Liver 179.56  |0.000 0.249 (+0.84) (+17.03) (+83.48) 9.413°+ 0.182
" 2.488%+ 2.517% + 0.212 3.125° + 0.248 3.883¢ £ 0.307 b
Heart 35.87 0.000 0.236 (+1.165) (+25.60) (+56.06) 3.073 + 0.121
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Brain

31.40

0.000**

0.540° +
0.171

0.957° + 0.189
(+77.22)

1.432° + 0.248
(+165.18)

1.632° £ 0.174
(+202.22)

0.925° + 0.156

Table 2b: Effect of lambda cyhalothrin at lower sub-lethal concentration (2.884 ppm)

Tissue F Value P value Control Experins;a;;: al Days Experin(];eg)tal Days Experin;jg)tal Days Recovery
R I e S A A o L I
Heart 25.39 0.000* 204813(;32: 2.60(5:;.3 2).172 2.9(231"7%8%)168 3.4(83;;4(2.)281 2;5088“; +

794




