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Alteration in Protein Metabolic Profiles in Gastrocnemius
Muscle Tissue of Rats during Cypermethrin Toxicosis

Nagarjuna A, Rajendra Prasad S, Siraj Mohyuddin S,  Ravi Sekhar P, Jacob Doss P

ABSTRACT
Cypermethrin is the most widely used Type II pyrethroid
pesticide in India because of its high efficacy against
target species, and its reportedly low mammalian toxic-
ity.  It is a fast-acting neurotoxin and is known to cause
free radical-mediated tissue damage.

This paper is an attempt at estimating its toxicity in rats
at a molecular level.

Following exposure to oral, sublethal doses (41 mg/kg
bw) of cypermethrin as single dose, double dose, and
multiple dose with 48 h interval, the various profiles of
protein metabolism were studied in different groups of
rat muscle tissue. Total proteins showed decrement,
whereas free amino acids, and the activity of protease,
aspartate aminotransferase, alanine aminotransferase
and glutamate dehydrogenase as well as ammonia sig-
nificantly increased in cypermethrin-exposed rats. Urea
content increase at all doses of exposure was not statis-
tically significant. These effects on the protein metabo-
lism of rats exposed to cypermethrin, which cause im-
pairment of protein synthetic machinery, indicate its toxic
effects on cellular functioning.
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Introduction
Pesticides have made valuable contributions to human
health by increasing food and fibre production, and by

reducing the occurrence of vector-borne diseases.1 An
increase in global food demand has resulted in a signifi-
cant increase in the use of pesticides in agriculture.  This
has caused great concern among health and environmen-
tal scientists, since some of these chemicals induce mu-
tations (somatic as well as germ-line) in experimental
systems.2 In humans, exposure to pesticides has been
associated with cancer.3

Synthetic pyrethroid pesticides account for over 30% of
the global pesticide use.4 Two distinct classes of pyre-
throids have been identified based on different
behavioural, neuropsychological, and biochemical profiles.
Type I pyrethroids mainly cause hyper-excitation and fine
tremors, while Type II pyrethroids possess a cyano-group
and produce a more complex syndrome, including clonic
seizures.5 These compounds have gained popularity over
organochlorine and organophosphate pesticides due to
their high efficacy against target species,6 their relatively
low mammalian toxicity,7 and rapid biodegradability.8

Cypermethrin is a composite synthetic pyrethroid, a
broad spectrum, biodegradable insecticide, and a fast-
acting neurotoxin with good contact and stomach action.
It is used to control many pests, including moths, and
pests of cotton, fruit, and vegetable crops.  Consistent
with its lipophilic nature, cypermethrin has been found to
accumulate in body fat, skin, liver, kidneys, adrenal glands,
ovaries, and brain.9

The present study critically examines the magnitude and
relationships of the metabolites and enzymes involved in
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the metabolism of proteins in muscle tissue of rats treated
with sublethal doses of cypermethrin, since the farmers,
pesticide applicators, industrial workers and other pesti-
cide users will be exposed to the pesticides repeatedly.

Materials and Methods
Test Chemical
Technical grade cypermethrin (92% purity; cis:trans ra-
tio 40:60) was obtained from Tagros Chemicals India Lim-
ited, Chennai.

Experimental Animals
About 40 adult, healthy, wistar strain albino rats (70±5
days, 175±10 g) were obtained from the Indian Institute
of Science (Bangalore, India) breeding colony, and raised
on a commercial pellet diet (Sai Durga Feeds and Foods,
Bangalore, India), and water ad libitum. The animals were
housed at constant temperature (28±2 ºC) and relative
humidity (60±10%), with a 12 h light: 12 h dark cycle.

Experimental Design
The study design comprised four groups consisting of
ten rats each. Toxicity evaluation was conducted by static
bioassay method,10 and the LD50 for 48 h value of
cypermethrin to rats was found to be 205 mg/kg bw.   1/
5 LD50 value (41 mg/kg bw) was selected as sublethal
dose and administered as single, double, and multiple dose
with one day interval in between. The first group of ani-
mals was treated as vehicle controls, and administered
corn oil. To the second group of animals, single dose of
cypermethrin (i.e., on 1st day) was administered orally
(41 mg/kg bw). Double doses (82 mg/kg bw) were given
with 48 h interval to the third group of animals on 1st and
3rd day.  To the fourth group of animals, multiple doses
(164 mg/kg bw) were given with 48 h interval i.e., on
1st, 3rd, 5th and 7th day.  After 48 h, both control and
experimental animals were sacrificed and gastrocnemius
muscle tissues isolated and stored at -80 ºC for biochemi-
cal analysis.

Estimation of Organic Constituents
One percent homogenate of the muscle tissue was pre-
pared in 0.25M ice-cold sucrose solution, using a motor-
driven Teflon-coated pestle control homogenizer for the
estimation of total proteins (TP) with Folin phenol re-
agent,11 using bovine albumin serum as standard.  This
homogenate was precipitated with 10% trichloroacetic
acid, and the protein-free supernatant was processed for
free amino acids (FAA) estimation by the addition of
ninhydrin reagent.12 Tyrosine was used as standard.

Analysis of Nitrogenous end Products
Five percent homogenate of the tissues was prepared in
distilled water for ammonia, and in 15% perchloric acid
for urea. Levels of ammonia were deduced using am-
monium chloride as standard, and urea by diacetyl
monoxime method.13

Assay of Enzymes
Five percent homogenate of the tissues was prepared in
0.25M ice-cold sucrose solution for aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) and
glutamate dehydrogenase (GDH); in ice-cold distilled for
protease, and these were centrifuged at 2500 rpm for 10
min in a refrigerated centrifuge at 4ºC to remove cell
debris, and clear cell-free extracts were used as enzyme
source. Protease activity was measured with the reac-
tion mixture containing 100 µm of phosphate buffer (pH
7.0) and 12 mg of denatured protein.12 AST (E.C.2.6.1.1)
and ALT (E.C.2.6.1.2) activities were assayed follow-
ing the method of Reitman & Frankel.14 The incubation
mixture for AST contained 100 µm of phosphate buffer
(pH 7.4), 2 µm of ketoglutarate, and 50 µm of L-aspartic
acid (pH 7.4).  For ALT, incubation steps followed were
the same as described for AST, except that the substrate
used was D-alanine (50 µm). The standard graph was
prepared with sodium pyruvate. GDH activity was mea-
sured by the method of Lee & Lardy.15  Incubation mix-
ture contained 100 µm of phosphate buffer (pH 7.4), 40
µm of sodium glutamate, 0.1 µm of NAD, 4 µm of 2,4-
iodophenyl-3-(nitrophenyl)-5-phenyltetrazolium chloride
(INT), and the enzyme source. This was incubated for
30 min at 37ºC, and stopped with 5.0 ml of glacial acetic
acid.  The colour was extracted by shaking with 5.0 ml
of toluene. After keeping the tubes overnight at 4ºC, the
colour extract was measured. All spectrophotometric
measurements were determined using Hitachi U-2800
model spectrophotometer.

Evaluation of Results
An average of six individual estimations were taken af-
ter pooling them, and the mean values of control and
experimental albino rats were subjected to statistical
analysis using Duncan test for multiple  comparison.  The
values were considered significant at 5% level.

Results
The results of protein metabolic profiles of the control
and experimental rats under cypermethrin are mentioned
in Table 1 . The experimental rats exposed to
cypermethrin showed statistically significant (p<0.05)
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decrease of total protein content; whereas FAA, the ac-
tivities of protease, ALT, AST and GDH and ammonia
significantly (p < 0.05) increased. Urea content increase
was not statistically significant. Alteration in protein meta-
bolic profiles was in the form of a dose- and time-depen-
dent manner in treated rats.

Discussion
Since proteins are involved in the architecture and physi-
ology of the cell, they appear to occupy a key role in cell
metabolism.16 Catabolism of proteins and amino acids
make a major contribution to the total energy production

in rats. The depletion of total protein content observed in
this investigation can be correlated with this fact. These
results are in agreement with the earlier report of David
et al (2004), 17 who demonstrated a similar situation in
Cyprinus carpio exposed to cypermethrin.  Bradbury et
al (1987)18 pointed out that the decreased protein con-
tent might also be attributed to the destruction or necro-
sis of cellular function, and consequent impairment in
protein synthetic machinery. Protein depletion in tissues
may constitute a physiological mechanism, and may play
a role of compensatory mechanism under cypermethrin
stress, to provide intermediates to the Krebs cycle. It
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Table 1 Biochemical and Enzymological Changes in Gastrocnemius Muscle Tissue of Control and Cypermethrin-treated

Rats

Gastrocnemius muscle Control Single dose Double dose Multiple dose

Total proteins 127.9300d 116.8417c 109.3192b 101.7072a

(mg/g wet ±1.2665 ±1.2647 ±0.9687 ±1.5333

weight of the tissue) (-8.67) (-14.55) (-20.50)

Free amino acids 65.8195a 69.6527b 74.1390c 79.4723d

(  moles of tyrosine/g ±0.5282 ±0.4065 ±0.6072 ±0.5289

wet weight of the tissue) (5.82) (12.64) (20.74)

Protease 0.5297a 0.5535a 0.6008a 0.6718b

(  moles of tyrosine ±0.0699 ±0.0387 ±0.0389 ±0.0697

/mg protein/h) (4.49) (13.42) (26.83)

AST 0.4917a 0.5287b 0.5663c 0.6097d

(  moles of pyruvate ±0.0058 ±0.0070 ±0.0050 ±0.0209

/mg protein/h) (7.52) (15.17) (24.00)

ALT 0.7758a 0.8170b 0.8770c 0.9505d

(  moles of pyruvate ±0.0102 ±0.0109 ±0.0152 ±0.0114

/mg protein/h) (5.31) (13.04) (22.52)

GDH 0.2463a 0.2752b 0.3072c 0.3477d

(  moles of formazone ±0.0098 ±0.0111 ±0.0122 ±0.0100

/mg protein/h) (11.73) (24.73) (41.17)

Ammonia 7.8710a 8.4483b 8.8932c 9.3965d

(  moles of ammonia ±0.1094 ±0.1036 ±0.0959 ±0.1172

/g wet weight of the tissue) (7.33) (12.99) (19.38)

Urea 0.1232a 0.1335a 0.1437a 0.1540a

(  moles of urea/g ±0.0390 ±0.0464 ±0.0318 ±0.0337

wet weight of the tissue) (8.36) (16.64) (25.00)

Values are means ± SD (n=6).  Values with different superscripts are significantly different (p<0.05), and those without, are not

significantly different, as determined by Duncan’s Multiple Range test.  Values in parentheses indicate percent change over control.
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has also been reported that this trend of proteins may be
to enhance osmolality, to compensate for osmoregula-
tory problems encountered due to the leakage of ions
and other essential molecules during pyrethroid toxicity.19

The increase in protease activity observed at different
doses of cypermethrin was clearly reflected in the break-
down of proteins. Under proteolysis, enhanced break-
down dominates over synthesis, while in the case of ana-
bolic processes, increased synthesis dominates the pro-
tein breakdown.16 Moreover, histopathological damage
and hydromineral imbalance during pesticide stress has
been reported to account for the elevated protease ac-
tivity.20

Enhanced protease activity and decreased protein level
resulted in a marked elevation of FAA content in the
muscle tissues at different doses of cypermethrin-ex-
posed rats.  Presumably, the degradation of proteins led
to FAA accumulation. This higher level of FAA can also
be attributed to the decreased utilization of amino acids,
and is also suggestive of its involvement in the mainte-
nance of osmotic and acid base balance.20

The elevation of AST and ALT activities observed in this
study offers an excellent corroboration of the above
trend. This is a clear indication of shunting of amino ac-
ids into TCA cycle through oxidative deamination and
active transamination. Such a phenomenon is necessary
to cope up with the energy crisis during pyrethroid stress.
It has also been suggested that stress conditions in gen-
eral induce elevation in the transamination pathway.21

Involvement of alternate pathways such as aminotrans-
ferase reactions are also possible due to inhibition of
oxidative enzymes like succinate dehydrogenase, malate
dehydrogenase, isocitrate dehydrogenase and cyto-
chrome-c-oxidase, a situation also demonstrated by
Ghosh (1989)22 in Labeo rohita under cypermethrin tox-
icity.

The elevation observed in the GDH activity indicates its
contribution to enhanced ammonia levels and glutamate
oxidation during cypermethrin toxicity.  Increased free
amino acid levels and their subsequent transamination
results in greater production of glutamate, thus increas-
ing the intracellular availability of substrate glutamate,
for consequent oxidative deamination reaction through
GDH. Besides, the elevation in transaminases and GDH
helps in supplying keto acids to the TCA cycle, in order
to compensate for the energy crisis in muscle tissues
during cypermethrin toxicity.

In the present study, ammonia content increased in
muscle tissues of rats exposed to sublethal doses of
cypermethrin. Elevated activities of proteases, transami-
nase reactions, and increased deamination reaction
(GDH) support the augmented ammonia levels during
cypermethrin toxicosis. The enhanced ammonia levels
in muscle tissues of cypermethrin-treated rats may lead
to ammonotoxaemia, and shows deleterious effects on
the animal metabolism.  Though ammonia is essential for
the synthesis of important compounds such as purines,
pyrimidines, and non-essential amino acids, and also func-
tions as a key factor in acid-base regulation, it is toxic in
non-physiological concentrations, and excess ammonia
therefore has to be disposed off.16  Ammonia, a toxic
nitrogenous end product, is released exogenously into the
digestive tract, and endogenously into the tissues through
catabolism of amino acids, pyrimidines, and purines.23

Ammonia cannot be stored for long periods of time in
the body as it leads to endogenous ammonoto-xicity. The
reduction in ammonia content suggests that the ammo-
nia might have been converted into non-toxic compounds,
glutamine and urea in cypermethrin-exposed Cyprinus
carpio.17

The presence of urea in gastrocnemius muscle tissue
might be due to the vascular mobilization and transloca-
tion from liver. The elevation in urea levels is in conso-
nance with increased proteolytic activity, enhanced tran-
samination, and elevated ammonia levels during
cypermethrin toxicosis.  Thus, an increase in urea enun-
ciates the role being played by muscle tissues of exposed
rats in the elevation of ammonia toxicity, besides their
pivotal role in replenishing the protein nitrogen to synthe-
size useful precursors for the maintenance of homeosta-
sis and dynamic equilibrium. Increased levels of urea under
cypermethrin stress reveal that the rats might have
adapted to the biosynthesis of urea as a major pathway
of detoxification of ammonia. Probably this pathway may
be beneficial to animals in detoxification and physiologi-
cal compensation, or adjustment to various exogenous
and endogenous toxicants.

David et al. (2004)17 have reported that decreased Na+,
K+ and Ca2+ ions in the tissues of Cyprinus carpio un-
der cypermethrin exposure might also account for the
elevation in urea and glutamine. Sambasiva Rao (1983)24

demonstrated that both urea and glutamine compensate
for the loss of osmolarity of the internal milieu under stress
conditions. The status of protein metabolic profiles
changes in muscle tissues in the present study corrobo-
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rates the findings of Begum et al (2007).25 At repeated
dose levels of cypermethrin administered orally, a dam-
aging effect on the cell metabolism occurs, thereby lead-
ing to impaired protein synthetic machinery.
In conclusion, it can be stated that long term exposure to
sublethal doses of pyrethroid pesticides can result in cell
metabolism toxicosis.
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