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ABSTRACT 

Studies were made to evaluate in vivo effects of 
lambda-cyhalothrin (LCT, synthetic pyrethroid insecticide) 
on the compound motor action potential (CMAP), DNA 
methylation and ultrastructure of rat sciatic nerve fibers 
using electrophysiological, molecular and histological tech-
niques. LCT was administered to adult female albino Wis-
tar rats by gavage dose of 0.8, 3.06 and 6.12 mg/kg body 
weight (b.w.). The treatment was repeated at 48-h inter-
vals for 13 days. LCT altered CMAP as compared with 
control group. Although the high dose of LCT (6.12 mg/kg 
b.w.) lowered the amplitude significantly, the two lower 
doses (0.8 and 3.06 mg/kg b.w.) had no significant effect 
on this parameter. However, these three doses decreased 
significantly the conduction velocity (p<0.05). In contrast, 
DNA methylation status was not affected. Furthermore, 
histological studies indicate that these doses induced both 
axon or myelin degeneration, myelin sheath separation and 
vacuolization in nerve fibers. The results suggest that LCT 
had a neurotoxic potential.  
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INTRODUCTION 

Pesticides are substances widely used to control un-
wanted pests, such as insects, weeds, fungi and rodents. 
Most pesticides are not highly selective, and also toxic to 
non-target species [1-4]. Synthetic pyrethroids are widely 
used in both agricultural and urban environments for insect 
control. Pyrethroid insecticides modify the ionic permeabil-
ity of nerve membranes and produce a neuroexcitatory 
toxicity in all species thus far studied [5-7]. Especially, 
sodium channels are known to be one of the most impor-
tant target “sides” of pyrethroids [8-11]. Pyrethroids have 
been subdivided into two classes based on structural dif-
ferences as well as toxicological and neurophysiological 

actions [12]. In general, type I pyrethroids induce repetitive 
neuronal discharge and prolonged negative after-potential 
in isolated nerves, whereas type II pyrethroids produce 
even longer delay in sodium channel inactivation leading to 
a persistent depolarization of the nerve membrane without 
repetitive discharge [12-14]. In additon, several reports have 
shown that pyrethroid type II insecticide exposure inhib-
ited cell proliferation in rodent bone marrow [4, 15], and 
affected calcium channels [16]. 

Lambda-cyhalothrin (LCT) is a type II synthetic py-
rethroid insecticide with the trade name “KARATE-
ZEON 5 CS” (chemical name (R+S) α-cyano-3-(phenoxy-
phenyl) methyl-(1S+1R)-cis-3(2-2chloro-3,3,3-trifluoroprop- 
1-enyl)-2-2-dimethylcyclopropane carboxylate, CAS regis-
try number 91465-08-06). It impairs the normal function 
of the organism, destroying the nervous system of insects, 
and as a result, provoking paralysis or death [17]. It was 
found that LCT is moderately toxic for mammals [18-20] 
but highly toxic for fish, aquatic invertebrates and bees, 
and could cause death in these species at low concentra-
tions and contact with them [21, 22]. 

There is no study investigating the effects of LCT on 
the electrophysiological, histological parameters and DNA 
methylation in peripheral nerves. The aim of the present 
study was to investigate the effects of different doses of 
LCT on the action potential parameters, histopathologi-
cal parameters and DNA methylation in rat sciatic nerve. 
We also discussed possible relationships between these 
parameters.  

 
 
MATERIALS AND METHODS 

Materials 

A commercial formulation of LTC, named ‘‘KARA-
TEs’’ (ZENECA Agrochemicals, England) was used in this 
experiment.  

 
Animals and treatment 

Healthy thirty-two adult female Swiss albino rats (Wis-
tar rat; 6–8 weeks of age and average b.w. 180–200 g) were 
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used in this study. Rats were obtained from the Experi-
mental Animal Center, University of Gaziantep, Turkey. 
The study was approved by the research and ethical com-
mittee at the University of Mersin. The rats were housed in 
polycarbonate boxes (3 or 4 rats per box) with steel wire 
tops and rice husk bedding. They were maintained in a 
controlled atmosphere of 12-h dark/light cycle, 22±2 °C 
and 50–70% humidity, with free access to pelleted feed 
and fresh tap water. The animals were randomly assigned 
into 4 groups, namely the control, low, medium and high-
dose groups, each of which consisted of 8 animals. The 
animals tolerated the highest dose with minimal toxic 
symptoms. The toxic symptoms were mostly neurological. 
However, for the animals recovered within 2-h treatment, it 
has been determined that the LCT LD50 dose was 612 mg/kg 
for mammals [23]. Therefore, the highest dose was deter-
mined to be 6.12 mg/kg b.w., 1% of the LD50. The lowest 
dose was determined as 0.8 mg/kg b.w. because this dose 
did not neurologically affect the rats. LCT was diluted with 
isotonic saline. The animals received gavage solutions 
of LCT with three different doses, 0.8 mg/kg (low dose), 
3.06 mg/kg (medium dose) and 6.12 mg/kg b.w. (high dose) 
per 48 h for 13 days. Therefore, the cumulative doses of 
LCT given to rats were 5.6 kg/mg b.w., 21.42 mg/kg b.w. 
and 42.84 mg/kg b.w.  

 
Electrophysiological techniques 

The electrophysiological experiments were carried out 
at the laboratory of biophysics in the Medical Faculty of 
the Mersin University. Twenty-four hours after the admini-
stration of the last dose of LCT to rats, compound motor 
action potentials (CMAPs) were recorded by using stan-
dardized nerve conduction study techniques [24].  

Data were collected by means of a BIOPAC MP 100 
acquisition system (Santa Barbara, USA). Bipolar surface 
electrodes (Medelec small bipolar nerve electrodes, 6894T, 
Oxford, UK) were used for recordings from the gastrocne-
mius muscle. The ground electrode was placed over the 
thigh on the side of stimulation. The sciatic nerve was stimu-
lated proximally and distally by bipolar electrode. The dis-
tance between the proximal and distal site of stimulation 
was 1 cm. The supramaximal stimulus consisted of single 
square pulse (intensity 10 V, duration 0.5 ms). CMAP re-
cords were raised on the amplifiers, and then transferred 
to the computer translating the numerical signals by a 16-
bit A/D converter for off-line analysis. The sampling rate 
was chosen as 20.000 sample/s. BIOPAC Acknowledge 
Analysis software (ACK 100W) was used to measure 
CMAP parameters, such as the amplitude and conduction 
velocity. The amplitude from the baseline to the positive 
peak was measured. Conduction velocity between the 
proximal and distal sites of stimulation was calculated 
by dividing the distance between these sites by the dif-
ference in latency of the responses. 

 
Histological preparations 

After recordings of CMAP, the rats were anaesthetized 
with Ketalar (Ketamine-HCl, Pfizer, Istanbul), sacrificed 

and their sciatic nerves were harvested. For the histologi-
cal preparation, nerve tissues were blindly performed. For 
electron microscopic examination, tissue samples were trans-
ferred and fixed in 2.5% glutaraldehyde, post-fixed in 1% 
osmium tetroxide, dehydrated in a series of increasing con-
centrations of ethanol solutions, cleared in propylene oxide, 
and embedded in a resin kit (Electron Microscopy Sciences, 
Cat No: 14300, USA) for all groups. 1 µm semi-thin sec-
tions and 70 nm ultra-thin sections were cut by an ultra-
microtome (Leica UCT-125). Semi-thin sections were 
stained with methylene blue-azur II; and ultra-thin sections 
were contrasted with uranyl acetate and lead citrate. Semi-
thin sections were examined and photographed by an Olym-
pus BX-50 light microscope, and ultra-thin sections were 
examined and photographed by a JEOL-JEM 1011 electron 
microscope. Diameter of axons and myelin sheath thickness 
were measured via an ocular micrometer under 1000X mag-
nification. For statistical significance, 30 myelinated nerve 
fibres were evaluated from distinct areas for each slide. 

 
DNA methylation   

Genomic DNA was extracted from sciatic nerve sam-
ples according to Konat et al. [25]. Analysis of the methy-
lation status of the promoter regions of the p15INK4B gene 
was performed by methylation-specific PCR which is sen-
sitive and specific for methylation of CpG sites in a CpG 
island, and non methylation-specific PCR which is specific 
for unmethylation. 

 
Bisulfite modification 

Bisulfite modifications of DNA samples were per-
formed with the modified method of Herman et al. [25]. 
Genomic DNA (40 µl) was denatured in 0.3 M NaOH at 
37 ºC for 10 min. Bisulfite reaction was carried out in 1.5 M 
sodium bisulfite and 10 mM hydroquinone at 50 ºC for 
16-18 h. DNA was purified with ammonium acetate pro-
cedure and denatured in 0.3 M NaOH at 37 ºC for 5 min, 
precipitated with 70% alcohol, dried and dissolved in 40 µl 
deionized water. After bisulfite method, all unmethylated 
cytosine residues were converted to uracil, whereas the me-
thylated ones remained unchanged.  

 
PCR amplification 

Bisulfite modified DNA was amplified with p15INK4B 
gene specific primers (forward 5'-GCGTTCGTATTTT-
GCGGTT-3' and reverse 5'-CGTACAATAACCGAAC-
GACCGA-3'). The PCR mixture contained 10X PCR Buffer 
(NH4), MgCl2 (25 mM), dNTP Mix (10 mM), Primer 1 
(Forward) (50 pmol/µl), Primer 2 (Reverse) (50 pmol/µl), 
1 U Taq DNA polymerase (Fermentas) and 5 µl bisulfite-
treated DNA. PCR conditions were as follows: 95ºC for 
6 min, 95ºC for 30 s, 60 ºC for 30 s and 72 ºC for 30 s. Fi-
nally, PCR mixture was extended at 72 ºC for 5 min [26]. 
All PCR contents and conditions were the same for un-
methylated DNA experiments, except the above primers 
(forward and reverse). The amplified product was ana-
lyzed on 2% agarose gel by electrophoresis and visualized 
under UV light after ethidium bromide staining. 
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Statistical analysis 

Statistical analysis was performed using SPSS for 
Windows 9.05. After documenting the normal distribution 
by Kolmogorov-Smirnov, data were presented as means± 
SD, analysed using ANOVA [27]. Multiple comparisons 
were performed by the least significant difference (LSD) 
test. P<0.05 was considered as level of significance. 

 
 
RESULTS 

Electrophysiological findings 

In this study, LCT was selected at that dose, which 
produced a significant response in 13 days (Table 1). LCT 
produced significant changes in action potential parame-
ters of rat sciatic nerves when compared with control group. 
For LCT, the statistical analysis revealed significant out-
comes. Although, the treatment of rats with a high dose 
(6.12 mg/kg b.w.) of LCT significantly resulted in de-
crease of the amplitude at about 31% (p = 0.016), low 
dose (0.8 mg/kg b.w.) and medium dose (3.06 mg/kg b.w.) 
reduced it between 13 and 18%, respectively, but these 
reduction rates by low and medium doses were not statisti-
cally significant (p>0.05). In contrast, in rats, the adminis-
tered three doses of LCT affected the conduction velocity 
significantly. While the administration of high dose low-
ered it by around 66% (p = 0.002), medium dose decreased 
it by about 37% (p = 0.038), and low dose was found to 
reduce conduction velocity by 39% (p = 0.032). The reduc-
tion of action potential parameters was increased with in-
creasing doses.  

 
TABLE 1 - The effects of LCT on the amplitude and conduction 
velocity of CMAP of rat sciatic nerve. 

Variables Control 0.8 mg/kg 3.06 mg/kg 6.12 mg/kg 
Amplitude (mV) 6.46±0.24 5.62±1.00 5.28±1.62 4.46±1.17* 
Conduction 
Velocity (m/s) 13.62±2.12 8.37±3.89* 8.68±1.18* 4.76±0.98* 

Values are given as means ±SD; the statistical comparisons conducted 
among dose groups were based on the control group, *p<0.05 

 
DNA methylation 

DNA methylation analysis was performed in promoter 
regions of the p15 gene by using methylation-specific and 
non-specific primers on rats treated with LCT. The me-
thylation-specific PCR gives 148 base pair DNA fragment 
when samples were methylated. However, if there is no 
methylation, then 152 base pair DNA fragment is obtained. 
In the present study, the administration of three different 
doses of LCT resulted in no detectable alterations in the 
GC-rich methylation patterns of treated rats (Fig. 1). On 
the contrary, we obtained unmethylated patterns in all 
groups (Fig. 2). 

 
Histological findings 

In the histological research, histopathological changes 
of nerve fibers diameter and their myelin thickness were 
measured under the light microscope under 1000X magni-

fication (Table 2). The treatment of rats with LCT re-
sulted in reduction of the myelin thickness as far as the 
diameter of axon. This reduction was only found between 
the high and low dose. Thus, the administration of low and 
high doses reduced significantly myelin thickness around 
20% (p = 0.010) and axon diameter at about 11 (p = 0.022) 
and 18% (p = 0.001) respectively, when compared to the 
control group. Decreases in myelin thickness and axon 
diameter by medium dose were between 12 (p = 0.100) 
and 7% (p=0.111), respectively, but not statistically signifi-
cant.  

 

 

FIGURE 1 - DNA methylation analysis in promoter regions of the 
p15 gene by using methylation specific primers (M:100 bp DNA 
ladder (Fermentas); C: control)  
 

 
FIGURE 2 - DNA methylation analysis in promoter regions of the 
p15 gene by using methylation non-specific primers (M:100 bp DNA 
ladder plus (Fermentas); C: control; the methylation specific PCR 
give 148 base pair DNA fragment when samples are methylated. 
However, if there is no methylation, then 152 base pair DNA frag-
ment is obtained). 

 
Furthermore, electron microscopic studies show trans-

verse sections of the structure of the nerve fibers. Normal 
peripheral nerve ultrastructure was observed in the control  
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TABLE 2 - The effects of LCT on fibre diameter and myelin thick-
ness of rat sciatic nerve. 

Variables Control 0.8 mg/kg 3.06 mg/kg 6.12 mg/kg 
Fiber diameter (µm) 63.5±2.9 52.4±3.2* 59.2±4.8 57.2±5.2* 
Myelin Thickness 
(µm) 19.8±1.6 15.9±2.2* 17.6±1.3 16.0±1.7* 

Values are given as means ±SD; the statistical comparisons conducted 
among dose groups were based on the control group, *p<0.05 

group (Fig. 3). The administered doses of LCT suggest 
histopathological changes in sciatic nerve of rats. These 
changes are separation of myelin lamella, myelin degen-
erations, myelin ovoids and vacuolar changes in axonal 
cytoplasm for all dose groups (Figs. 4-6). Thus, the treat-
ment of LCT at all 3 doses could cause myelin and axon 
degenerations.

 
 
 

 
FIGURE 3 - Electron microscopic view of control group (Normal  
peripheral nerve ultra-structure was observed in control group). 

 
 
 

 
FIGURE 4 - Electron microscopic view of low-dose group. Separation of myeline lamellae (arrows) in Figs. 4A, B and C.  
Vacuolar changes in axoplasma (arrowheads) in 4A, B and D. Myeline ovoid in 4A (Uranyl acetate-Lead citrate). 
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FIGURE 5 - Electron microscopic view of medium-dose group. Separation of myeline lamellae (arrows) in  

Figs. 5A, B and C. Vacuolar changes in axoplasma (arrowheads) in 5D. Myeline ovoid in 5A (Uranyl acetate-Lead citrate). 
 
 

 
FIGURE 6 - Electron microscopic view of high-dose group. Separation of myeline lamellae (arrows) in Figs. 6A, B, C and D.  

Vacuolar changes in axoplasma (arrowheads) in 6B and C. Myeline ovoid in 6B. Degenerated axoplasma in 6D (Uranyl acetate-Lead citrate). 
 
 
 
DISCUSSION 

In our study, the results present that the treatment of 
rats with LCT generally produced dose-dependent decrease 
in action potential parameters, but only 6.12 mg/kg b.w. 
dose reduced the amplitude. Thus, 6.12 mg/kg b.w. dose 
of LCT significantly resulted in the decrease of the ampli-
tude at about 31%, while the effects of 0.8 and 3.06 mg/kg 
b.w. doses were not significant. In contrast, all the 3 doses 

of LCT examined in rats affected the conduction velocity 
significantly. So, the treatments with 3.06 and 6.12 mg/kg 
b.w doses lowered it around 37 and 66%, respectively, 
while 0.8 mg/kg b.w. dose reduced the conduction veloc-
ity by 39%. These results are in agreement with those in a 
previous study of Comelekoglu et al. [28]. Further studies 
of Theophilidis et al. [29] support the findings that pyre-
throids, such as deltamethrin and fenvalerate, had neuro-
toxic actions on isolated frog sciatic nerves. These effects 
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of pyrethroid insecticides are a consequence of the decrease 
in the amplitude and conduction velocity of action poten-
tial. The decrease in action potential parameters is probable 
dependent on modification of sodium ion channels on the 
nerve membrane. In fact, it is well-established that pyre-
throid insecticides act by prolonging the opening duration 
of voltage-dependent sodium channels and lead to a persis-
tent depolarization of the nerve membrane without repeti-
tive discharge [13, 14, 30]. All pyrethroids act by slowing 
the closing and inactivation of open sodium channels, but 
type II pyrethroids slow down these processes much more 
effectively than type I pyrethroids (i.e. tetramethrin). So, 
type I pyrethroids produce repetitive firing of nerve fibers, 
whereas type II pyrethroids cause gradual depolarization of 
the nerve membrane leading to inactivation of the nerve 
fibers [31, 32]. 

With respect to histological research, histopathologi-
cal changes in diameter of sciatic nerve fibers and in their 
myelin thickness in rats were measured by means of light 
and electron microscopy. Widespread and advanced mye-
lin degenerations, accompanied by axonal damages were 
observed with increased doses. The administration of LCT 
(6.12 and 0.8 mg/kg b.w. doses) significantly reduced 
nerve fiber diameters (about 18 and 11%, respectively), 
while the reduction of myelin thickness was around 20%. 
But, the administration of 3.06 mg/kg b.w. dose had no 
statistically significant effect. The present study indicates 
that only two doses of LCT had a depressing effect on 
these parameters. In contrast, with respect to light micro-
scopic studies, peripheral structure alterations of nerve 
fibers were observed in presence of all the three doses of 
LCT. Namely, the treatment of LCT at all three doses 
could cause axon or myelin degenerations with regard to 
control group. In addition, this insecticide was also shown 
to produce vacuolizations and myelin sheat separations in 
nerve fibers with increased doses. Numerous axonal or 
myelin degenerations were observed in the nerve fibers. 
However, there are limited studies about the axonal de-
generations and demyelinating lesions of peripheral nerves. 
But, the findings of some authors suggest that pyrethroids, 
such as deltamethrin, cypermethrin and fenvalerate, caused 
structure alterations in nerve fibers [33] or in other organs 
of mice (liver, kidney, heart and spleen) [34, 35]. 

Normal function of myelinated nerve fibers depends 
on the integrity of both the axon and its myelin sheath 
[36]. Myelin provides the electrical insulation of neuronal 
processes and its absence leads to slowing of conduction 
[37]. The smaller is the diameter of the axon, the higher is 
the axoplasmic resistance to the flow of longitudinal cur-
rent because of the lower number of intracellular charge 
carriers (ions) per unit length of axon. According to Ohm’s 
law, the larger is axoplasmic resistance, the smaller is the 
current flow around the loop (I = V/R) and the longer it 
takes to change the charge on the membrane of the adja-
cent segment [38]. Decreased myelin thickness increases 
membrane capacitance. The larger the membrane capaci-
tance, the more charge must be deposited on the membrane 

to change the potential across the membrane, so the cur-
rent must flow for a longer time to produce a given depo-
larization, and conduction velocity must be slowed. It has 
been shown that the reductions of action potentials or 
alterations of histological parameters may present neuro-
pathological changes in the rat sciatic nerves.   

One mechanism, generating considerable interest, is the 
epigenetic modification of DNA by the addition of methyl 
groups to specific bases, particularly those located in the 
promoter region of genes. DNA methylation is the cova-
lent addition of methyl groups to the 5-position of cytosi-
nes that are 5-prime to guanine nucleotides in the DNA 
sequence. Throughout the genome, CpG dinucleotides are 
found at approximately 10% of their expected frequency, 
except in regions known as CpG islands, where they are at 
or above the predicted values [39, 40]. CpG islands are 
normally protected from DNA methylation; exceptions in-
clude various imprinted genes, X-chromosome inactivation, 
and cancer, where this protective effect is lost [41]. Altera-
tions in methylation profiles have been linked to changes in 
chromatin structure and subsequent gene expression. Many 
of the differentially methylated genes produce critical 
factors in cell cycle progression, growth regulation, and 
tumor suppression. The result can be a subsequent break-
down in homeostasis [42]. According to our results, we 
did not observe any changes in the methylation of the rat 
sciatic nerve exposed to LCT.  

 
 
CONCLUSION 

The present results indicate that LCT changed the his-
tological and electrophysiological properties of the sciatic 
nerve. However, no changes in the methylation status of 
specific regions of the genome were observed. Alterations 
in electrophysiological and ultra-structural properties of 
the sciatic nerve demonstrated that LCT had a neurotoxic 
potential. 
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