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ABSTRACT

The aim of the present study was to investigate the potential toxic effects of bioallethrin-based
Mosquito-Repellents (MR) in non-adult rats as well as to ascertain whether the antioxidant
substances such as Vitamin C and Vitamin E + Selenium have any roles in preventing such toxic
effects or not. 100 rat pups were divided into four study groups (each group consists of 25 rat
pups) as Group | (control), Group Il (bioallethrin), Group Il (Vit C+ bioallethrin) and Group IV
(Vit E+selenium+bioallethrin). The animals in Group 11, 111, IV were exposed to the vapor of
heated tablets including 4.2% bioallethrin 8 hours/day for a period of ninety days in a room with
a volume of 23 m®. Vit C was added at a concentration of 500 mg/L to the fresh drinking water
of animals in Group Ill. Vit E+Selenium combination was administered intraperitonally to the
animals in Group IV once weekly at a dose of 50 mg/kg. According to the results, it was
determined that antioxidants, particularly combination of Vitamin E+selenium administration,
may be beneficial at preventing toxic effects of bioalletrin in rat pups. As a conclusion, when
bioallethrin based- MR is used, Vit E+Selenium combination can be advised to prevent the
effects of bioallethrin.
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INTRODUCTION

Currently, pyrethroid-based mosquito repellents are commonly used against the mosquito in

home, because these products exhibit high efficiency and have a low risk of accumulation in
environment. It is well known that these insecticides, which are accepted as safe for human
health and environment; lead to some changes in organism as a consequence of long-term use. If
the indoor air is refreshed continuously, acute toxic effects are not observed. However, these
products have chronic toxic effects on nervous system, immune system, endocrine system,
reproductive system and liver, especially in children. According to the studies conducted with
pyrethroids, permanent changes linked with pyrethroids in behaviors and biochemical structure
comprising learning ability *, motor activity %, sexual behaviours 3, muscarinic receptor binding
density * and permeability of blood-brain barrier ® in infants were reported. Pyrethroids can
cause lesions in cholinergic system and deficiency in learning and memory abilities °. Lipid
peroxidation (LPO) has been reported to be among the intoxication mechanisms caused by
pesticide exposure .

In this study, we aimed to detect the minimum probable toxic effects of the mosquito-repellents
in non-adults by means of neuropharmacological, biochemical, hematological and
histopthological methods as well as to ascertain whether the antioxidant substances such as Vit C
and Vit E+Selenium combination have any roles in preventing this kind toxic effects or not.
MATERIALS AND METHOD

Material

Experimental animals used in this study were obtained from Laboratory Animal Unit at Faculty
of Medicine, University of Yuzuncu Yil /Turkey (Ethical approval number: 2006/004).
Bioallethrin-based mosquito-repellent mat (Spira Mat®, Sedat Tahir Ltd. Inc, Turkey) and
mosquito-repellent tablet heater device (Raid®, Turkey) was bought from a local hypermarket
(Turkey). Vit C (L-ascorbic acid, purity +99%) was obtained from Sigma Aldrich, Germany, Vit
E+selenium (Eselen®, 20 mL vial) was provided from Vetas, Turkey. The commercial kits for
SOD (Ransod kits®) and GPx (Ransel kits®) assay were from Randox Company, United
Kingdom, and catalase kits (Calbiochem®) were provided by Merck Millipore, Germany.
Methods

100 rat pups were divided into four groups (each group consists of 25 rats) as Group | (control),
Group Il (bioallethrin), Group Il (vitamin C + bioallethrin) and Group IV (vitamin E+selenium

+ bioallethrin). The animals in Group II, 11I, 1V were exposed to the vapor of heated tablets
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(including 4.2% bioallethrin) 8 hours/day for a period of ninety days in a room with a volume of
23 m®. Vitamin C was added at a concentration of 500 mg/It to the fresh drinking water of
animals in Group 111 8. Vitamin E+selenium combination was administered intraperitonally to the
animals in Group 1V once weekly at a dose of 50 mg/kg °. Initially, neuropharmacological tests
were performed on the rats on 30th, 45th, 60th, 75th and 90th days of the experiment. A day after
finishing these tests, 5 rats were randomly selected from each group and were anesthesized,
blood was drawn intracardiacally, and the biochemical and hematological examinations were
carried out. Moreover, the 90 days old rat pups were euthenasied following the obtain of blood
samples. After all the liver, spleen and brain samples were isolated and examined
histopatologically.

Analyses of mosquito repellent tablets

Gas chromatography (Schimadzu GC-17A, Japan) analysis of tablets were performed at Faculty
of Veterinary Medicine, University of Ondokuz Mayis, Turkey.

Neuropharmacological tests

These tests were performed using Motor Activity Cage Device (LSI Letica LE 8811, Comelia,
Spain) and Rotarod Device (Degisim, Turkey). The duration of tests for each rat was determined
to be 5 minutes. The number of rapid and slow movements and total number of movements were
recorded. Defecation number was also counted. To avoid the probable variations of rats’
movements, after each measurement the cage was wiped off with 10% ethyl alcohol and was
dried with a cotton towel. The factors that may have an negative impact on the motions of the
rats such as sound, movement and light was tried to be minimalized as possible. Experimental
animals were transferred to the rotarod test, after the open field test. In rotarod test, the rotational
speed was settled to 20 rpm/200 sec. In order to habitate the rats to the test, all rats were run on
the rotarod before the precise measurements and the device was operated for 200 seconds until
the animals can run without falling down. To evaluate the rotarod function performance after
administration of bioallethrin and antioxidant, the rats were placed onto the rotarod apparatus
and rotation process was initiated. The time from start to the moment of falling down was
automatically recorded by the device. This assessment was performed twice in one hour
intervals. According to the results of two rotarod tests, the phenomenons, in which the rats that
were not able to maintain balance for 200 seconds and thus fell down, were considered as an
indicator of damage of locomotor system.

Biochemical tests
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MDA measurements were performed according to the method based TBA reaction described by
Akkus 1°, intra-erythrocyte GSH levels were measured according to the method by Beutler et al.
11 GPx enzyme activity measurements were performed according to the method by Paglia and
Valentine *, SOD enzyme activity measurements were performed according to the method by
Woolliams et al. *3, and CAT enzyme activity measurements were performed according to the
method developed by Wheeler et al. ** by using UV spectrophotometer (Schimadzu UV-mini
1240, Japan).

Hematological tests

The analysis of the 5 parameters in the blood panel was performed in Physiology Department
Laboratory at Faculty of Veterinary Medicine with an automatic blood count device operating
based on impedance method (Beckman Coulter AcT 5diff AL, USA).

Histopathological tests

The animals were euthanized on the 90th day. Liver, spleen and brain specimens were taken and
placed in 10% formaldehyde and fixed in paraffin; then 4 um sections were stained with
hematoxylin and eosin, and evaluated under an Olympus optical microscope.

Statistical analyses

Statistical evaluations were carried out utilizing MEANS and GLM (General Linear Model)
procedures of SAS (1998) statistical software. One-way variance analysis (ANOVA) method
was used for statistical analysis. The data was shown as mean + standard deviation. Post-hoc
Duncan’s was further applied in order to detect significant differences in groups with statistical

significance. P<0.05 value was considered as statistically significant.
RESULTS AND DISCUSSION

Each tablet was containing 4.2% bioalletrin according to the results of analysis of mosquito
repellent tablets.

As shown in Table 1, inhalation of bioalletrin caused a statistically significant increase in
locomotor and general movement activity on the 75th and 90th days in Group Il and Group I,
according to the open field test. In Group Il and Group 1ll, a statistically significant increase in
defecation rate was observed on the 60th day (p <0.05). According to results of Rotarod test, the
difference was significant between Group Il and the other groups on 30th, 45th, 75th, and 90th
days, however; on the 60th day, only the difference between Group Il and Group | was
significant (p <0.05). In the Rotarod data of Group Il, there was a significant decrease compared

with Group | and the other groups.
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Table 1: Neuropharmacological findings

Tests Groups 30thday 45thday  60th day 75th day 90th day
Group | 2946476  1937#256  3582+840  2309+453 2866620
Locomotor Group Il 2540+279 25164550 41764604 4611+366 48474552
movement Group Il 22614252 18144307 39664451  °4162+333 43481795
Group IV 2879+519 2013577  3489+647  "°2650+487 3848+369
Groupl  903+61 633+72 818+120  570%58 529453
Rearing Group Il 795+67 584450 901460 4879+97 %893+72
Movement Group Il 968491  611+116 99681 %865+79 %908+115
Group IV 864+171 5774122  804+69 512498  °813+58
Group | 3849+130 2571#325  4400+904 28784507 3395657
General Group Il 3335+307 3100+£568 50774657  5490+453 57404584
Movement Group Il 32294334 2425+405 4963468  °5028+408 5256+876
Group IV 3743+656 2591+683 42924697  °3162+575 4661+379
Group |  1.54%0.33 1.64+0.28 1.72+0.33  1.15%0.15  2.0630.37
Defecation Group Il 1.78+0.33 2.17+0.15 %2.65+0.22 1.75+0.19  2.37+0.38
frequency Group Il 1.73+0.32 2.16+0.37 %2.73+0.36 1.88+0.41  2.30+0.16
Group IV 1.48+0.23 2.03+0.35 ™1.25+0.25 1.49+0.30 1.78+0.33
Group |  200£0 194+6.50 176%15.4  189+6.74 2000
Rotarod Group Il ®125#23.2 %58+27.51 °%92436.6  122+31.9 2154+22.6
findings Group Il 1954530 °167+20.03 149+24.1  °190+10 °194+6
Group IV "186+8.84 °182+18.2 162+24.1  °193+75  °192+7.6

a: p<0.05 ( Comparison with Group 1)

b: p<0.05 (Comparison with Group I1)

C: p<0.05 (Comparison with Group I11)

According to the results obtained from biochemical exams, there was a statistically significant
increase in MDA, SOD and catalase activity of Group Il and Group Il compared with Group |
and Group 1V on the 90th days. As GSH levels reduced on 45th, 60th, 75 and 90th days in the
Group 11, it reduced on the 75th and 90th days in the Group Ill. The GPx enzyme activity of
Group IV was higher than the other groups. Furthermore, there was no statistically significant
decrease in the GPx enzyme activity of Group I, compared with the control group (Table 2).

Table 2: Biochemical findings

Data Groups  30th day 45th day 60th day 75th day 90th day
Group|  1.68+0.004 1.67+0.008  1.69£0.003  1.71+0.010  1.72%0.008
MDA Group Il ®1.87+0.02  1.88+0.013 21.89+0.03  21.93+0.03  1.91+0.02
(nmol/ml) Group Il #*1.79+0.01 *1.78+0.02 %1.80+0.012 *1.83+0.05 *1.80+0.02
Group IV "1.7240.02 *1.74+0.02 "1.73+0.01 P1.75+0.012 °1.74+0.012
Group |  54+1.92 52+2.90 50+1.98  60+1.17 58+2.01
GSH Group Il 45+2.22 242+3.30 237+2.00 %44+1.63 %42+2.43
(nmol/ml)  Group Il 49+2.47 45+2.49 ®46+3.08 %51+3.56 ®52+2.46
Group IV °56+4.31 °54+3.51 °51+1.64 °58+3.23 P°50+1.43
GPx Group |  4.49+0.90  6.06+0.37 5.45%0.32  6.49+0.92  6.330.27
enzyme  Group Il 3.39+0.22  4.54+0.81 4524059  4.95x0.57  5.02+0.63
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activity
(U/ml)
SOD
enzyme
activity
(U/ml)
CAT
enzyme
activity
(U/ml)

Group Il 4.87+0.22
Group IV °5.50+0.34
Group | 219.8+0.22
Group Il %242.0+0.73
Group Il #229.1+2.01
Group IV "°219.9+0.25
Group | 1.68+0.13
Group Il ?3.34+0.25
Group Il %°2.24+0.19
Group IV °1.86+0.09

4.84+0.48
P°6.90+0.40
220.9+0.89
3245.7+1.22
228.2+1.63
P219.7+0.61
1.70+0.16
%4.40+0.22
#3.56+0.51
ey 62+0.17

5.69+0.45
ac7 95+0.51
219.3+1.04
344.4+1.14
®227.9+1.44
P°219.5+0.71
2.1840.19
23.92+0.14
a3 22+0.19
b¢2 44+0.19

5.96+0.88
bcg 22+0.39
221.8+0.58
9244.6+1.22
731.8+1.85
P220.1+0.53
2.48+0.22
93.92+0.21
23.84+0.34
3.12+0.43

6.29+0.16
©7.44+0.78
221.9+0.67
9243.2+2.42
228.6+2.03
P220.3+0.38
2.22+0.18
%3.64+0.38
2 88+0.26
®2.42+0.15

a: p<0.05 ( Comparison with Group 1)

b: p<0.05 (Comparison with Group II)

C: p<0.05 (Comparison with Group I1I)

As shown in Table 3, the erythrocytes, leukocytes, haemoglobin and hematocrit data of Group 11

and Group Il were higher than that of Group I. However, there was a decrease in the platelet

number, and also an increase was detected in leukocyte levels in these groups, particularly in

Group II.
Table 3:Hematological test results
Data Groups 30thday  45th day 60thday  75th day 90th day
Erythrocyte Groupl 5.03+0.21 6.43+0.09 6.99+0.27 7.24+0.28  6.55+0.10
count (10° Group Il %5.93+0.22 28.10+0.25 28.20+0.22 28.82+0.35  28.43+0.18
/uL) Group IIl  5.74+0.29 *6.95+0.10 °7.00+0.18 28.71+0.34  27.70+0.38
Group IV 5.40+0.26 "6.78+0.15 7.51+0.22 %°6.22+0.15 °7.34+0.39
Hemoglobin ~ Group|  9.94+0.34 12.42+0.31 13.70+0.44 13.99+0.39 13.36+0.14
count (g/dL)  Group Il 11.23+0.64 %13.83+0.48 14.46+0.40 15.25+0.54 14.95+0.31
Group Il 11.26+0.46 13.08+0.23 13.36+0.24 °16.19+0.62 215.26+0.67
Group IV 11.15+0.64 °12.73+0.23 13.43+0.66 "°12.68+0.30 °°13.43+0.57
Group|  30.6+1.2  37.1+0.9 41+1.4 422412 36.4+1
Hematocrit Group Il 34.9+2 2.3+1.1  43.6+1.3  46.3+1.7 44.5+1.1
count (%) Group Il 34.3x1.4  °39.3+0.6  "39.6+0.8 %48.3%1.9 %44.3+2
Group IV 32.3x1.6  °38.6+0.7 40.3x1.6  %°365+1.1 "39.6+1.9
Platelet count Groupl  681+36 648+23 722+42 550+39 756+41
(10*/uL) Group Il 684+30 634+42 660+26 %663+17 %640+37
Group Il 568+95 834452 604461 %637+34 %609+39
Group IV 5154124  °575+#102  587+125  632+18 %587+27
Group |  2.52+0.24 3.42+0.16  4.24+0.42  4.03+0.50  1.86+0.66
Leukocyte Group Il 23.7240.10 5.47+3.60 7.22+0.72 29.43+1.32  %6.40+1.72
count (10%uL) Group Il °2.84+0.19 5.45+0.57 5.63+1.00 °5.44+0.67 95.24+0.52
Group IV °2.43+0.29 4.74+0.29  7.53+355 °4.14+0.38  "3.41+0.47

a: p<0.05 ( Comparison with Group 1)

b: p<0.05 (Comparison with Group I1)

c: p<0.05 (Comparison with Group I11)
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Histopathological evaluation revealed some changes and degenerations in brain tissues (Figure 1,
2, 3 and 4) and liver tissues (Figure 5 and 6)

Figure 2: Thalamus, nuclear swelling (arrow), H&E, x800 (Group I1)
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Figure 3: Thalamus, nuclear swelling (arrow), H&E, x800 (Group 111)
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Figure 5: Increased Kuppfer cell count in portal space and degeneration, H&E, x400
(Group I1)
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Figure 6: Degenerative alterations, H&E, x200 (Group 1V)
According to a study conducted by Nasuti et al. *°, an increase in the locomotor activity of the
neonatal rats exposed to low-dose pyrethroid on 30th day after the birth was observed. There was
an observed increase in the rearing activity at the rats which were exposed to cypermethrine, as
well. The impacts of deltamethrine on physical, reflex and behavioral development were
examined in a study by Lazarini et al., and an increase in the frequency of rearing movements
and in stratial DOPAC levels were detected in male rat pups on the 21th day.
Hussain et al.'® have reported that deltamethrine caused a significant increase in locomotor
activity. The increase in motor movements determined on 75th and 90th days in Bioallethrin
Group and Vit C + Bioallethrin Group could be caused by the brain damage and oxidative stress
induced by bioallethrin which was also histopathologically detected. The alterations in locomotor
movements show a resemblance to the movement alterations reported in other studies.
In the bioallethrin group, open field test of animals has shown a hyperactivity, the case of the
restlessness on the rotarod device indicates a lack of attention. Also a reduced motor
coordination has occured in these animals. The hyperactivity detected by the open field tests and
the attention deficit detected by the rotarod test were similar to the symptoms of the
hyperactivity/attention deficit disorder (ADHD) seen in children. Elevated dopamine metabolism
has been suggested in ADHD ". In USA, a research was carried out with pyrethroids as a risk
factor for ADHD in children between 6 and 15 ages.
In this study, the international health and nutritional committee was consulted for parent’s
opinions on ADHD, whose children suffer from ADHD. The level of 3-pheoxybenzoic acid,
which is a metabolite of pyrethroid pesticides, in urine was investigated as a measure of
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exposure. The parents with detectable levels of pyrethroid metabolite in their urine, have noticed
that their children exhibit signs of ADHD. This number was twice more than those, whose
children were diagnosed with ADHD by an expert ®. Manna et al. * have reported that
deltamethrine does decrease the motor coordination. Moreover, the rats that were exposed to
deltamethrine ?°, and to alpha cypermethrine %, has shown a decrease in their motor coordination
in the rotarod test.

Despite the fact that we are not able to explain the exact reason of how combination of Vit E +
selenium application prevents behavioral changes caused by bioallethrin, it can be thought that
the strong antioxidant properties of these combination is associated with the prevention of
damage in the brain tissue induced by free radicals. Pecticides exhibit their toxic effects via
oxidative stress mediated mechanism which leads to cell damage 2. In this study, the high MDA
levels detected in bioallethrin group is an indicator of oxidative stress inducing effect of
bioallethrin. While Vit C partly prevented the oxidative stress induced by bioallethrin, it was
almost completely prevented by Vit E+ selenium. In recent years, many structural changes and
biochemical disorders were detected in erythrocytes following the exposure of pyrethroids such
as cypermethrin %, fenvalerate 2%, In this study, the increase in MDA levels in erythrocytes as a
result of bioallethrine application were in conformity with those reported by Nasuti et al. 25 and
Prasanthi et al. ® who detected the oxidative damage induced by pyrethroids that can easily pass
through the cell membrane due to the properties like high lipid solubility and the lack of a-cyano
group.

In this research, the reason of decrease in the GPx activity in bioallethrin group might have
elevated the levels of superoxide radicals and decreased GSH amount. Because the excessive
increase of superoxide radicals causes a decrease in GPx enzyme activity. Moreover, the reason
of increased GPx activity in the group treated with Vit E + selenium combination; may be the
addition of selenium which forms an important part of GPx enzyme. The addition of selenium is
known to increase the radical scavanger GPx enzyme activity, significantly 2’. The increased
GPx activity detected in the group treated with Vit E + selenium combination; can provide a
better protection of cells against H,O,

It has been reported that cypermethrin and fenvalerate causes an increase in LPO, and this
elevation induces an increase in the activity of antioxidant enzymes such as SOD and CAT.
Moreover, a decrease in the GSH levels in erythrocytes was determined *%. Maiti et al. *° have
reported increased levels of free radicals and increased activity of SOD and CAT enzymes in

mices treated with fenvalerate. Gabinelli et al. * have reported increased levels of LPO and
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decreased activity of GPx enzyme in mices treated with cypermethrine. Manna et al. 19
examined the short-term toxicity of deltamethrin in rats and as a consequence, they have detected
a reduction in the activity of CAT and SOD enzymes and a decrease in GSH levels. High-dose
cypermethrin and permethrin has been reported to cause a significant increase in activity of LPO,
CAT and SOD enzymes; however caused a decrease in activity of GPx enzyme %. In a study by

Gupta et al. &

, rat pups were exposed to the allethrin containing mosquito-repelling vapor 18
hours a day for 8 days and they have reported decreased GSH levels in brain tissue and increased
LPO levels in brain, liver and kidney tissue. In this research, the obtained results from
biochemical tests are in agreement with the results reported in the studies by Kale et al. %, Maiti

et al. %°, Gabbianelli et al. *°, Nasuti et al. %, Prasanthi et al. % .3,

,and Gupta et a
In this study, erythrocytes, hemoglobin and hematocrit levels were higher in the group treated
with Vit C + bioallethrin combination than the control group. These results exhibit compliance
with those obtained by Haratym-Maj *2, Garba et al. **. Al-Damegh 3* has reported an increase
in the levels of total RBC, WBC, lymphocytes and hemoglobin in rat blood exposed to the
electric mosquito-repellent liquid (prallethrin 1.6 %)

The case of elevation of erythrocytes, hemoglobin and hematocritin levels might be due to the
release of an excess amount of erythrocytes in the blood circulation as a result of stimulating
erythrocyte formation by hematopoietic system induced by bioallethrin. The decreased platelet
amount is similar to the results obtained in a research carried out by Sayim et al. % An elevated
level of leukocytes was detected in the group treated with Vit C and bioallethrin combination;
the increase was more significant in the group treated with bioallethrin. The elevated leukocyte
levels were attributed to physiological response occurred in the body of living-being to toxic
substances °. Therefore, increased leukocyte amounts can be associated with an immune
mechanism evolved by the living-being in order to defense against bioallethrine toxicity.
According to the histopathological examination of the brains of the rats especially in bioallethrin
group, basophilic neurons, hydropic nuclear swelling and nuclear margination were determined.
Furthermore, an increase of the number of Kupffer cells was detected along with mononuclear
cell infiltration and formation of splenic germinal centers. It was observed that these lesions
formed in brain, liver and spleen were decreased with the selenium application. According to the
literature survey, we did not encounter so many studies carried out to examine the
histopathological effects of bioallethrin or pyrethroids on the brain except for one study.
Srivastava et al. ¥ have reported that allethrin-based liquid MR had no significant pathological

changes in liver, brain, kidney and gonads.
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In this study, chronic toxic effects of bioallethrin which has been considered as safe for
mammals; was determined according to neuropharmacological, biochemical, hematological and
histopathological evaluations obtained from the rats exposed to bioallethrin inhalation for 3
months; and also applications of Vit E+selenium combinations and Vit C were determined to
demonstrate protective effects against the toxicity of bioallethrin. The effect of Vit C was found
to be weaker than Vit E and selenium combination. Vit E is the only fat-soluble and chain-
braking antioxidant which is present in plasma and erytrocytes of humans ®. As for Vit C, it is
water-soluble and is slower in scavenging peroxyl radicals than Vit E **. Vit E, which inhibits
formation of free radicals *°, can effectively minimize the LPO in biological systems *'.

Song and Narahashi ** determined that Vit E selectively blocks the sodium channels modified by
pyrethroids in a dose dependent manner without effecting the normal sodium channels. It has
been reported that in pyrethroid intoxication, the effect of the Vit E may proceed an antioxidant
effect and cell membrane stabilising effect of this substance. Selenium is also necessary for

activity of Vit E. Selenium and Vit E behave in a way that supporting each other *.
CONCLUSION

As a result, the bioallethrin containing mosquito-repellents, which are commonly used because
of being considered as safe to protect from mosquitos; have toxic effects in non-adults. Vit
E+Selenium combination can play an important role in alleviating these toxic effects. It can be
concluded that this study may provide a fundamental basis for the future studies and might
provide a significant contribution to the practice.

ACKNOWLEDGEMENTS

This work was supported by Scientific Research Projects Chieftaincy in University of Yuzuncu
Yil (Project number: 2006SBE103). The authors are grateful to Professor M.Y. Gulbahar for

histopathological evaluations.
REFERENCES

1. Moniz AC, Bernardi MM, Souza-Spinosa HS, Palermo-Neto J. Effects of exposure to a
pyrethroid insecticide during lactation on the behavior of infant and adult rats. Braz J
Med Biol Res 1990; 23: 45-48.

2. Ahlbom J, Fredriksson A, Eriksson P. Neonatal exposure to a type-l1 pyrethroid
(bioallethrin) induces dose-response changes in brain muscarinic receptors and behaviour
in neonatal and adult mice. Brain Res 1994; 645: 318-24.

www.ajphr.com


http://www.ajphr.com/

|Orhan et al., Am. J. Pharm Health Res 2016:4(10) ISSN: 2321-3647|

3.

10.

11.

12.

13.

14.

15.

Lazarini CA, Florio JC, Lemonica IP, Bernardi MM. Effects of prenatal exposure to
deltamethrin on forced swimming behavior, motor activity, and striatal dopamine levels
in male and female rats. Neurotoxicol Teratol 2001; 23: 665-673.

Malaviya M, Husain R, Seth PK, Husain R. Perinatal effects of two pyrethroid
insecticides on brain neurotransmitter function in the neonatal rat. Vet Hum Toxicol
1993; 35: 119-122.

Gupta A, Agarwal R, Shukla GS. Functional impairment of blood-brain barrier following
pesticide exposure during early development in rats. Hum Exp Toxicol 1990; 18: 174-
179.

Talts U, Fredriksson A, Eriksson P. Changes in behavior and muscarinic receptor density
after neonatal and adult exposure to bioallethrin. Neurobiol Aging 1998; 19: 545-552.
Abdollahi M, Ranjbar A, Shadnia S, Nikfar S, Reza A. Pesticides and oxidative stres: a
review. Med Sci Monit 2004; 10: 141-147.

Hsu P-C, Liu M-Y, Hsu C-C, Chen L-Y, Guo YL. Effects of vitamin E and/or C on
reactive oxygen species-related lead toxicity in the rat sperm. Toxicol 1998; 128: 169-
179.

Meier-Bratschi A, Lutz WK, Schlatter C. Methylation of liver DNA of rat and mouse by
N-nitrosodimethylamine formed in vivo from dimethylamine and nitrite. Food Chem
Toxicol 1983; 21: 285-2809.

Akkus 1. Serbest Radikaller ve Fizyopatolojik Etkileri. Konya: Mimoza Yayinlari, 1995:
35-39.

Beutler E, Duron O, Kelly BM. Improved Method for the Determination of Blood
Glutathione. J Lab Clin Med 1963; 61: 882-885.

Paglia DE and Valentina WN. Glutathione peroxidase. J Lab Cli Med 1967; 70: 158.
Woolliams JA, Wiener G, Anderson PH, McMurray CH. Variation in the activities of
glutathione peroxidase and superoxide dismutase and in the concentration of copper in
the blood in various breed crosses of sheep. Res Vet Sci 1983; 34: 253-256.

Wheeler CR, Salzman JA, Elsayed NM, Omaye ST, Korte DW. Automated assays for
superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase activity.
Anal Biochem 1990: 184: 193-199.

Nasuti C, Gabbianelli R, Falcioni ML, Di Stefano A, Sozio P, Cantalamessa F.
Dopaminergic system modulation, behavioral changes, and oxidative stress after neonatal
administration of pyrethroids. Toxicology 2007; 229 : 194-205.

www.ajphr.com


http://www.ajphr.com/
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nasuti%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gabbianelli%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Falcioni%20ML%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Di%20Stefano%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sozio%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cantalamessa%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.sciencedirect.com/science/journal/0300483X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235175%232007%23997709996%23639817%23FLA%23&_cdi=5175&_pubType=J&view=c&_auth=y&_acct=C000040898&_version=1&_urlVersion=0&_userid=736695&md5=9c4b802ed6884fc818dbee987c6788d2

|Orhan et al., Am. J. Pharm Health Res 2016:4(10) ISSN: 2321-3647|

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Husain R, Malaviya M, Seth PK, Husain R. Effect of deltamethrin on regional brain
polyamines and behaviour in young rats. Pharmacol Toxicol 1994; 74: 211-215.

Oades RD. Dopamine may be ‘hyper’ with respect to noradrenaline metabolism, but
‘hypo’ with respect to serotonin metabolism in children with attention-deficit
hyperactivity disorder. Behav Brain Res 2002; 130: 97-102.

Richardson JR, Taylor MM, Cory-Slechta DA, Shalat SL. Developmental pesticide
exposure: a new risk factor for adhd. Environmental Etiologies of Neurological
Disorders. Twenty-fourth International Neurotoxicology Conference, San Antonio,
Texas, 2007.

Manna S, Bhattacharyya D, Mandal TK, Dey S. Neuropharmacological effects of
deltamethrin in rats. J Vet Sci 2006: 7: 133-136.

Chanh PH, Navarro-Delmasure C, Chanh APH , Cheav S L, Ziade F and Samaha F.
Pharmacological effects of deltamethrin on the central nervous system. Arzneim-Forsch
1984; 34: 175-181.

Manna S, Bhattacharyya D, Mandal TK, Dey S. Neuropharmacological effects of alfa-
cypermethrin in rats. Indian J Pharmacol 2005; 37: 18-20.

Bagchi D, Bagchi M, Hassoun EA and Stohs SJ. In vitro and in vivo generation of
reactive oxygen species, DNA damage and lactate dehydrogenase leakage by selected
pesticides. Toxicology 1995; 104: 129-140.

Giray B, Gurbay A, Hincal F. Cypermethrin-induced oxidative stress in rat brain and
liver is prevented by vitamin E or allopurinol. Toxicol Letter 2001; 118: 139-146.
Prasanthi K, Muralidhara and Rajini PS. Morphological and biochemical perturbations in
rat erythrocytes following in vitro exposure to fenvalerate and its metabolite. Toxicology
in Vitro 2005; 19: 449-456.

Nasuti C, Cantalamessa F, Falcioni G, Gabbianelli R. Different effects of type | and type
Il pyrethroids on erythrocyte plasma membrane properties and enzymatic activity in rats.
Toxicology 2003; 191: 233-244.

Prasanthi K, Muralidhara and Rajini PS. Fenvalerate-induced oxidative damage in rat
tissues and its attenuation by dietary sesame oil. Food Chem Toxicol 2005; 43: 299-306.
LeBoeuf RA, Zentner KL, Hoekstra WG. Effect of dietary selenium concentration and
duration of selenium feeding on hepatic glutathione concentrations in rats. Proc Soc Exp
Biol Med 1985; 180: 348-352.

www.ajphr.com


http://www.ajphr.com/
http://www.sciencedirect.com/science/journal/02786915
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235036%232005%23999569997%23549764%23FLA%23&_cdi=5036&_pubType=J&view=c&_auth=y&_acct=C000040898&_version=1&_urlVersion=0&_userid=736695&md5=cc7a965aef756a142efd6632a90554d1

|Orhan et al., Am. J. Pharm Health Res 2016:4(10) ISSN: 2321-3647|

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kale M, Rathore N, John S, Bhatnager D. Lipid peroxidative damage on pyrethroid
exposure and alteration in antioxidant status in rat erythrocytes: a possible involvement of
reactive oxygen species. Toxicol Letter 1999; 105: 197-205.

Maiti PK, Kar A, Gupta P, Chaurasia SS. Loss of membrane integrity and inhibition of
type-1 iodothyronine 5’-monodeiodinase activity by fenvalerate in female mouse.
Biochem Biophys Res Commun 1995; 214: 905-909.

Gabbianelli R, Falcioni G, Nasuti C and Cantalamessa F. Cypermethrin-induced plasma
membrane perturbation on erythrocytes from rats: reduction of fluidity in the
hydrophobic core and in glutathione peroxidase activity. Toxicology 2002; 175: 91-101.
Gupta A, Nigam D, Gupta A, Shukla GS, Agrawal AK. Effect of pyrethroid based liquid
mosquito repellent inhalation on the blood—brain barrier function and oxidative damage
in selected organs of developing rats. J Appl Toxicol 1999; 19: 67-72.

Haratym-Maj A. Hematological alteration after pyrethroids in mice. Annual Agric
Environ Med 2002; 9: 199-206.

Garba SH, Shehu MM, Adelaiye AB. Toxicological ffects of inhaled mosquito coil
smoke on the rat spleen: A haematological and histological study. J Med Sci 2007; 7: 94-
99.

Al-Damegh M. Toxicological impact of inhaled electric mosquito-repellent liquid on the
rat: a hematological, cytokine indications, oxidative stress and tumor markers. Inhal
Toxicol 2013; 25: 292-297.

Sayim F, Karabay NU, Uyanikgil Y, Aktug H, Yavasoglu A, Turgut M. Neurotoxic
effects of cypermethrin in Wistar rats: a haematological, biochemical and
histopathological study. J Health Sci 2005; 51: 300-307.

Ulukoy GS. Stizostedion lucioperca L. baliklarinda farkli konsantrasyondaki bazi
pestisitlerin olusturabilecegi hematolojik ve histopatolojik degisimlerin incelenmesi
uzerine bir arastirma. Ege J 1992; 10: 1-9.

Srivastava A, Srivastava MK, Raizada RB. Ninety-day toxicity an one-generation
reproduction study in rats exposed to allethrin-based liquid mosquito repellent. J Toxicol
Sci 2006; 31: 1-7.

Burton GW, Joyce A, Ingold KV. Is vitamin E the only lipid soluble, chain breaking
antioxidant in human blood plasma and erythrocyte membranes? Arch Biochem Biophys
1983; 221: 285-90.

www.ajphr.com


http://www.ajphr.com/
http://www.sciencedirect.com/science/journal/0300483X
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235175%232002%23998249998%23319226%23FLA%23&_cdi=5175&_pubType=J&view=c&_auth=y&_acct=C000040898&_version=1&_urlVersion=0&_userid=736695&md5=8f934c3a4a5ed6423117b97485c50293

|Orhan et al., Am. J. Pharm Health Res 2016:4(10)

ISSN: 2321-3647|

39. Busaua FIS. Biochemical aspects of free radicals. Biochem Cell Biol 1990; 68: 989-98.

40. Numan IT, Hassan MQ, Stohs SJ. Protective effects of antioxidants against endrin-

induced lipid peroxidation, glutathione depletion and lethality in rats. Arch Environ

Contam Toxicol 1990: 19: 302—-306.

40. Packer L, Landvik S. Vitamin E: introduction to biochemistry and health benefits.

Annual NY Aca Sc 1989; 570: 1-6.

41. Song JH, Narahashi T. Selective block of tetramethrin-modified sodium channels by (+/-

)-alpha-tocopherol (vitamin E). J Pharmacol Exp Ther 1995; 275: 1402-11.

42. Erisir M, Beytut E, Aksakal M, Seyran A. Effects of Oral Vitamin E and/or Selenium on
Alkaline Phosphatase Activity in the Liver, Kidneys and Heart of Prednisolone-Injected
Rats. Kafkas Univ Vet Fak Derg 2010; 16: 21-25.

-

AJPHR is
Peer-reviewed
monthly

Rapid publication

Submit your next manuscript at

Qﬂitor@aiphr.com / editor.aiphr@qmail.com/

www.ajphr.com


http://www.ajphr.com/

