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ABSTRACT

Cypermethrin is synthetic pesticide that has been in use for more than a decade. A study of a
low-dose exposure of this pesticide in rat administered, followed by determination of enzyme
rate constant will highlight early catalytic changes that generally accompanied a toxic response
in the animal. Even though, cypermethrin was used at 5 mM, for durations of 6, 12 and 24 h in
the different groups of rats, results of the study indicate that simultaneous with changes in
enzyme activity and rate constant of selected enzymes in selected tissues and serum. Tissue
specific changes in the enzyme rate constant were suggestive of the lack of tissue resistance to
pyrethroids.
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INTRODUCTION

A-cypermethrin is known to undergo metabolism through the cytochrome

P*Y microsomal

system resulting in oxidative stress. The acute LDsy value for a-cypermethrin in DMSO is
reported to be 145 mg/kg bwt. It was considered that the increase in protein content could be due
to an increase in the rate of translation of protein. Studies involving serum proteins have noted
decreased level of total protein in serum of young rabbit due to cypermethrin toxicity * there is
also claim that the cypermethrin had no significant effect on the total protein content?

The cypermethrin induced increase in specific activity of brain aspartate transaminase (AST) is
indicative of an augmented process of oxaloacetate formation from aspartate. Increase in alanine
transminase (ALT) and AST in rats treated with 520, 560, 600 mg/kg benomyl for seven days *
The low serum AST specific activity can be considered due to increased protein content in the
serum as enhanced protein content was noted during the study using cypermethrin. It is well
known the alkaline phosphatase (ALP) activity dephosphorylated, phosphorylated organic
substrates in the animal tissues. ALP is a hydrolase and a transphosphorylase in function
associated with cell membranes (Onikienko, 1963). Increase in the specific activity of this
enzyme therefore suggested the existence of a greater depohsphorylation potential within the
animal cell.

Cypermethrin was found to be ineffective initially in the various tissues with regard to ALP
specific activity. Decrease in ALP activity was taken as an index for parenchymal damage *.
Gamma-glutamyl transaminase (GGT) catalyzed the transfer of a glutamyl moiety between
peptide donors and amino acid/peptide acceptors °. GGT was also involved in the transfer of
amino acid across the cell membrane, Further, GGT had a role in glutathione metabolism
transferring the glutamyl moiety to various acceptor molecule including water, L-amino acids
and peptides. Such a process results in the retention of the cysteinyl glycine that was considered
to preserve intracellular homeostasis during oxidative stress. GGT is an enzyme activity that is
also implicated as a lymphoid cell surface marker and in blastogenesis and differentiation. It is
also implicated in the synthesis of glucotrine D’4. Shukla et al ® were reported that the increase
in serum GGT level of rat was determined.

Several inferences could be derived based on these observations. Where GGT specific activity
was found increased, all GGT related molecular processes would be enhanced in the rat, as well
as in their resulting metabolic consequences. It is possible that even though the rate of

transpeptidation would become enhanced, the more significant aspect of increased GGT activity
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would be borne by the leukotriene metabolism. Systemic changes due to this however remain
uninvestigated and are beyond the scope of this work. However, since the time dependent
observations using the pesticides were limited to 24 h. The current study is focused on the effect
of cypermethrin on selected enzyme rate constant at different time intervals following
administration.

MATERIALS AND METHODS

Materials

Alfa-cypermethrin (95.6% pure) was a gift from Gharda Chemicals Ltd., Mumbai, India. All
chemicals used in this study were of analytical grade. Double distilled water was used for the
preparation of all reagents. Male Wistar strain-albino rats weighing 150-200 g were used for the
investigation. The animals were housed under controlled temperature and hygiene conditions
with 12 h of light and dark cycle throughout the experimental period. All the procedure dealing
treatment and sacrifice of animal was carried out according to international ethical committee
regulations. Commercial rat chow with free access to drinking water ad libitum was provided for
the animals.

Methods

The experimental approach aimed to investigate the effect of the insecticide a-cypermentrhin on
the enzyme rate constant in selected tissues and serum of male albino wistar strain rats. Tissues
such as the brain, heart, liver, kidney and testis were selected due to each of their metabolic
importances. Control and treated groups of rats contained six animals each. Dose level of
compound used was 5 mM. The time intervals selected for investigation were 6, 12 and 24 h
following administration of cypermethrin. Blood was collected by cardiac puncture into a tube
and serum was prepared.

Preparation of tissue homogenate as crude enzyme source

Specific tissues of the rat were surgically removed, immediately rinsed in ice cold 1.15% KCL
solution, pre-cut into small pieces and taken for homogenization employing several strokes in a
potter-Elvejham homogenizer using a Teflon pestle, in the appropriate buffer, to obtain 10%
(w/v) tissue homogenate. Throughout the homogenization process, the tissue homogenates were
maintained on crushed ice in an ice bucket. The tissue homogenates were then centrifuged in a
refrigerated high-speed centrifuged at 4°C and at 10,000 x g for 20 minutes. The clear
supernatant obtained from each tissue homogenate was used an enzyme source for the

investigations. ALT, AST, ALP, ACP (acid phosphatase), GGT and Hexokinase enzyme activity
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were measured by standard methods " ® % ' The rate constant of these enzymes were
calculated by standard method. Protein concentration was estimated by the method of Lowry 2
with BSA as the standard protein.

Statistical analysis

All values expressed were as mean = SEM. Statistical analysis was done using SPSS 14
program. The statistical significance of differences between the two means was assessed by one
way ANOVA. P values < 0.05 were considered to be significant.

RESULT AND DISCUSSION

Determination of each rate constant as a ratio of molar concentration of product to substrate
yielded results in the millimolar range for ALT and AST catalytic activities whereas for ALP,
ACP, GGT and HK, the rate constant, were in the micromolar range both for control as well as in
the treated tissue samples. An order of magnitude difference was observed between the former
and the latter types of catalytic rates. The reported values were mean of three independent
determinations (Table 1-6).

ALT enzyme rate constant increased significantly at 6 h in liver (p<0.05), increased significantly
at 12 h in brain, liver and kidney (p<0.05, p<0.01) and increased significantly at 24 h in brain,
liver, kidney and testis (p<0.05, p<0.01) following 5 mM of cypermethrin administration (Table
1). AST enzyme rate constant increased significantly at 6 hr in brain, heart and testis (p<0.01,
p<0.001), increased significantly at 12 h in brain and kidney whereas reduced in testis (p<0.05,
p<0.001). At 24 h, AST enzyme rate constant increased in heart, testis and serum (p<0.05)
following 5 mM of cypermethrin administration (Table 2).

GGT enzyme rate constant significantly reduced in brain, heart, kidney and serum (p<0.05,
p<0.001) whereas increased in liver at 6 h following 5 mM of cypermethrin administration. GGT
enzyme rate constant significantly elevated in brain, heart, kidney and serum at 12 h (p<0.05,
p<0.001) whereas reduced in testis. GGT enzyme rate constant significantly increased in heart,
liver, kidney and serum at 24 h following dose administration (p<0.01, p<0.001) in male albino
rats (Table 3). ALP enzyme rate constant reduced in brain, heart, testis and serum (p<0.05,
p<0.001) at 6 h and increased in brain, liver and kidney at 12 h following cypermethrin
administration. GGT enzyme rate constant significantly increased in brain and reduced in heart,
liver and kidney (p<0.05, p<0.01, p<0.001) at 24 h following cypermethrin administration (Table
4).
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Table 1: Changes in rat ALT (x 10 mM/min) rate constant (k) at 6, 12 and 24 hr in brain,

heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in

male albino rat.

Sample 6 h 12 h 24 h
Brain control 2552 +2.1 36.44+2.7 3245+1.8
Brain treated 2227+ 1.7 5043 +3.1** 42.33+2.1*
Heart control  36.69+24 31.74%+15 28.83+1.2
Heart treated 29.39+20 337421 31.96 +2.3
Liver control 0.71+£0.02 1.02+0.03 0.74 +£0.03
Liver treated 0.93+0.03* 1.17+0.01* 0.88+0.02*
Kidney control 23.80+1.2 32.82+2.3 18.40 £ 0.9
Kidney treated 25.03+15 49.08 + 3.3** 36.26 £ 2.7**
Testis control 27.48+16 36.81+24 23.80+1.3
Testis treated 25.34+1.1 30.06+1.9 7.12 £ 0.08**
Serum control  0.94+0.03 2.15+0.04 1.00 £ 0.07
Serumtreated 0.97+0.01 2.15+0.02 1.18 £ 0.04
*p<0.05 and **p<0.01

Table 2: Changes in rat AST (x 10 mM/min) rate constant (k) at 6, 12 and 24 hr in brain,
heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in

male albino rat.

Sample 6 h 12 h 24 h

Brain control ~ 7.55 +0.09 7.18+£0.13 9.08 £0.31
Brain treated 18.77 £ 0.12*** 17.24 +1.1*** 8.83 +0.22
Heart control 6.46 + 0.08 5.05+0.14 2.06 £0.15
Heart treated 3.31 £ 0.05** 5.64 +0.27 2.61 +£0.18*
Liver control 3.95 +0.07 3.44 +£0.07 4.63 +0.23
Liver treated 3.81 +£0.05 3.26 + 0.06* 4.56 +0.27
Kidney control 4.61 +0.08 4.10+0.12 4.37 £0.25
Kidney treated 4.99 £0.12 6.39 £ 0.19* 4.44 +0.22
Testis control  105.40 + 3.8 107.85+6.1 74.48 + 3.6
Testis treated  73.44 + 2.4** 77.06 + 3.7* 58.22 + 3.3*
Serum control  2.07 + 0.03 3.19+0.21 214 +£0. 19
Serum treated  2.79 + 0.05 3.46 £0.13 2.71+£0.11*

*p<0.05, **p<0.01 and ***p<0.001
Table 3: Changes in rat GGT (x 10 pM/min) rate constant (k) at 6, 12 and 24 hr in brain,

heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in

male albino rat.

Sample 6hr 12hr 24hr

Brain control ~ 12.38 £0.52 9.80+0.6 9.16 £ 0.42
Brain treated 7.14 £ 0.08* 12.32 £ 0.7* 9.80 £ 0.45
Heart control 7.00 £ 0.07 7.28 £0.32 4.48 + 0.091
Heart treated 5.83 £ 0.08* 10.08 +0.56* 33.33 £ 1.3***
Liver control 1.12+0.01 1.68 +£0.07 1.62 +0.009
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Liver treated  1.40 +0.03* 1.90 £ 0.09 4.40 = 0.03***
Kidney control 235.29 £ 8.5 462.18 £ 12.7 336.13 +£10.2
Kidney treated 369.75 £ 7.4*** 75751 + 14.1*** 845.94 + 16.2***

Testis control  49.02 +2.3 81.23+35 68.35+ 2.6
Testis treated  45.10 + 3.1 63.03 + 2.6* 62.75 + 3.4
Serum control  0.39 + 0.007 0.45 + 0.006 0.37 £ 0.005

Serum treated  0.20 £0.009* 0.60 + 0.007* 0.52 + 0.002**
*p<0.05, **p<0.01 and ***p<0.001

Table 4: Changes in rat ALP (x 10 pM/min) rate constant (k) at 6, 12 and 24 hr in brain,

heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in
male albino rat.

Sample 6 h 12 h 24 h
Brain control  4.76 £0.12 2.93 +£0.03 2.80 £ 0.05
Brain treated 3.19 £ 0.15* 3.21 £0.04* 3.27 £0.07*
Heart control ~ 7.61 +0.22 5.86 + 0.04 6.78 £ 0.04
Heart treated 3.56 + 0.11*** 552 + 0.07 3.97 £ 0.05***
Liver control 1.40 +£0.04 1.14 +0.03 3.02 £0.03
Liver treated 1.17 +0. 02 0.88 +0.009* 1.86 *+ 0.008**
Kidney control 6.22 +0.15 6.30 £ 0.06 3.21+0.03
Kidney treated 6.93 +0.13 8.99 + 0.07** 2.45 £ 0.03*
Testis control  23.10+ 1.2 24.89+1.2 12.68 + 0.06
Testis treated  19.14 +0.92* 2298+ 15 12.38 + 0.05
Serum control  0.74 +0. 01 1.13 +0.08 0.82+0.02
Serum treated  0.49 + 0. 02* 1.23 +0.06 0.97 £0.01
*p<0.05, **p<0.01 and ***p<0.001

Table 5: Changes in rat ACP (x 10° pM/min) rate constant (k) at 6, 12 and 24 hr in brain,

heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in

male albino rat.

Sample 6 h 12 h 24 h

Brain control ~ 3.54 £ 0.05 485+0.1 5.84 +

Brain treated 6.28 £ 0.12***  10.56 £ 0.14*** 9.01 + 0.11**
Heart control 3.77£0.19 2.92 +£0.04 3.98 £ 0.06
Heart treated 3.65+0.13 11.22 + 0.11*** 4,58 £ 0.07*
Liver control 7.19+£0.15 6.26 £ 0.09 6.38 £ 0.05
Liver treated 10.73 £ 0.21* 11.19 £ 0.13*** 2.38 + 0.06***
Kidney control 4.47 £0. 22 5.02 £0.05 6.47 £ 0.09
Kidney treated 13.66 + 0.35*** 15.42 + 0.08*** 4.25 + 0.04*
Testis control ~ 7.51 +0.27 7.83£0.09 8.36 £ 0.06
Testis treated  4.55+0. 16**  5.16 + 0.06* 4.70 £ 0.08**
Serum control 2.1 £ 0.07 2.8+0.05 3.3+0.03
Serum treated 3.4 + 0.06* 3.3 +0.04* 3.9+0.02

*p<0.05, **p<0.01 and ***p<0.001
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Table 6: Changes in rat HK (x 10 pM/min) rate constant (k) at 6, 12 and 24 hr in brain,
heart, liver, kidney, testis and serum following 5 mM alpha-cypermethrin administration in

male albino rat.

Sample 6h 12 h 24 h

Brain control 3.81 +£0.07 4,32 +0.06 4.03 +£0.07
Brain treated 9.82 +0. 21*** 11.68 + 0.13*** 9.18 + 0.14***
Heart control 2.28 £0.04 2.96 +£0.02 2.51 +£0.03
Heart treated 3.58 + 0.05* 4.58 £ 0.08* 4.03 £ 0.06**
Liver control 4,99 +0.09 6.24 +£0.13 5.82 £0.08
Liver treated 9.76 £ 0.15*** 11.10 £ 0.17*** 9.47 £ 0.12**
Kidney control 3.87 +0.08 4.67 +0.05 4.10 £ 0.05
Kidney treated 8.26 £ 0.17*** 9.79 £ 0.13***  8.70 = 0.14***
Testis control  4.90 + 0.06 5.28 £ 0.07 4,74 +0.06
Testis treated  6.34 +£0.24** 752 +0.11* 6.37 £ 0.11*
Serum control  11.3+0.14 11.7 £0.22 11.1 +£0.21
Serum treated 13.5+0.19* 14.4 £ 0.16* 15.5+0.22*

*p<0.05, **p<0.01 and ***p<0.001

ACP enzyme rate constant increased significantly in brain, liver, kidney and serum (p<0.05,
p<0.001) whereas reduced in testis at 6 h following dose administration. ACP enzyme rate
constant increased significantly increased in brain, heart, liver, kidney and serum (p<0.05,
p<0.001) whereas reduced in testis at 12 h and increased in brain, heart whereas reduced in liver,
kidney and testis (p<0.01, p<0.01, p<0.001) at 24 h following 5 mM cypermehtrin administration
(Table 5). Hexokinase enzyme rate constant increased significantly in brain, heart, liver, kidney,
testis and serum (p<0.05, p<0.01, p<0.001) at 6 h following dose administration. Hexokinase
enzyme rate constant increased in brain, heart, liver kidney, testis and serum (p<0.05, p<0.01,
p<0.001) at 12 and 24 h following cypermethrin administration in male albino rats (Table 6).

The order of magnitude difference in the enzyme rate constants suggested that transamination
process occurred on a quantitatively greater scale than of dephosphorylation, transpeptidation or
even phosphorylation. Just as much as differences in enzyme activities and enzyme specific
activities were noted between control and a-cypermethrin (5 mM) treated samples, the enzyme
rate constant between control and pesticide treated rat tissues samples (Table 1-6) registered
significant differences in several instances. Since 5SmM a-cypermethrin displayed the observed
variations in rate constant of each catalytic activity studied of the K value for other concentration
of a-cypermethrin or carbendazim is not reported. This was indicative of the fact that catalytic
processes within the animal cell were significantly influenced through elevation or depression of
specific catalytic activities, and consequently the metabolic pathways under their regulatory

control. Such perturbation of cellular metabolism resulted in inimical cellular homeostasis,
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causing degenerative disorders as a cumulative effect. It is also noticeable that though
considerable difference between control and treated enzyme activities were recognized at 6 h,
such differences tend to multiply over 24 h duration suggestive of active detoxifying mechanism
at play within the host tissue. However, initiation of tissue destruction has been noted that seem
to establish an irreversible phenotypical change in the cells of the various and in specific
locations. Tissue specific change in the rate constant of the marker enzymes was suggestive of
the lack of tissue resistance to pyrethroids. The 5 mM of cypermethrin administration produced

significant changes at different time intervals on selected enzyme rate constant.
CONCLUSION

Experimental results indicated that simultaneous with changes in enzyme activity and rate
constant of selected enzymes in selected tissues and serum. Tissue specific changes in the
enzyme rate constant were suggestive of the lack of tissue resistance to pyrethroids.
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