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Introduction 

The increasing release of chemicals into the environment dictates 
attention to a better understanding of their toxicity in human. Many 
studies suggest that environmental contaminants disrupt male re-
productive function [1]. Since pyrethroids have been documented in 
1970s, their usage has been increasing to replace the organophos-
phorus insecticides for residential control [2]. Deltamethrin (DM) is 
an alpha-cyano type II pyrethroid that is worldwide used in pest 
control. It is considered as one of the most potent pyrethroids [3]. 
Although initially thought to be least toxic, a number of recent re-
ports showed its toxicity in mammalian and non-mammalian spe-
cies. Its toxicity depends on the vertebrate species, route of admin-
istration and substance in which the preparation was done. DM had 
various adverse effects in experimental animals including the repro-
ductive toxicity and endocrine disruption [4]. Toxicity of DM is medi-
ated by the reactive oxygen species (ROS) production [5]. Oda & El
-Maddawy [6] have reported that DM induced lipid peroxidation in 
testes of rats, decreased the antioxidant status [7] and induced 
oxidative stress and tissue damage [8,9]. 

Moreover, DM had a tumor initiating potential in Swiss albino mice 
[10]. Mutation in some regulatory genes is critical in the develop-
ment of neoplasia [11]. A number of lines of evidence support an 

interaction between TP53 and ras genes in the process of tumor-
igenesis [12].  

TP53 is one of tumor suppressor genes, encodes a 53KDa nuclear 
phosphoprotein (p53), acting predominantly as a transcription fac-
tor, promoting cell cycle arrest [13]. Ras oncogenes also are in-
volved in a wide range of human tumors. There are three closely 
related cellular RAS genes (K-ras, H-ras and N-ras) encode for a 21 
kDa protein (p21). It has intrinsic GTPasic activity and acts as a 

regulator of intracellular function [14]. 

The natural antioxidants may be helpful in preventing or reducing 
the harmful effects of ROS [15]. Zinc is an antioxidant factor as well 
as a core constituent of free scavenging enzymes such as copper/
zinc superoxide dismutase (SOD) [16]. Zinc plays an important role 
in transcription factor function and DNA repair [17]. Dietary zinc is 
generally considered to reduce the risk of cancer [18]. Moreover, 
zinc is important for reproduction due to its essential role in germ 
cell development [19]. Zinc supplementation might offset the dam-

aging effects in testes [20]. 

The present work aimed to evaluate the oxidative stress induced by 
DM and investigate the efficiency of zinc as an antioxidant against 

the adverse effects of the chronic DM exposure on rat testes. 

Material and Methods 

Animals 

Fourty male albino rats, weighing 150-170 g, were obtained from 
the breeding unit of Toxicology and forensic Medicine department, 
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Table 1- Primers Used for TP53 and H-Ras Mutation Analysis 

Faculty of Veterinary Medicine, Cairo University, and maintained 
under standard conditions (temperature 25 ± 1°C, humidity 55 ± 
5% and lights on from 06:00 to 18:00 h) with free access to food 
and water in accordance with the Ethical Principles for the Care and 

Use of Laboratory Animals [21]. 

Rats were randomly divided into four equal groups each consisting 

10 rats:  

The animals were grouped as follows: 

Deltamethrin (>99% pure) was obtained from KZ pesticide company 
(Egypt) and zinc sulfate was purchased from Sigma Chemical Co., 

USA. 

The selected dose of DM was based on previous studies in which 
1/10 LD50 (0.6 mg/kg body weight) induced biochemical alteration 
in rat without morbidity [6], while that of Zn was added according to 

previous report [22].  

Sampling 

At the end of experiment, the animals were sacrificed by decapita-
tion under ether anesthesia, the testes were removed and washed 
in physiological saline and divided into two portions: one for bio-
chemical analysis and the other for genomic DNA extraction. Sam-

ples were immediately stored at - 20°C. 

Biochemical Analysis 

Testes samples were homogenized in 0.1M phosphate buffer (pH 
7.4) using Teflon pestle. The homogenates were centrifuged at 

14,000xg for 15 min at 4°C. The supernatant was stored at -20°C 
until the TAC and NO were measured. 

Determination of Testicular TAC Level 

The TAC was measured colorimetrically according to Koracevic, et 

al [23] using kit supplied by Biodiagnostic, Egypt. 

Determination of Testicular NO Level 

NO level was assessed indirectly by measuring the nitrite level 

based on the modified method of Griess assay, described by Miran-

da, et al [24]. Briefly, the tissue homogenate was deproteinized with 

30% zinc sulphate then tissue nitrate was reduced to nitrite by va-

nadium (III) chloride. Total nitrite, an indicator of NO, was then de-

termined colorimetrically using Griess reagent by developing a pur-

ple color measured at 540 nm. 

Genomic DNA Extraction 

Genomic DNA was extracted from testicular tissue using DNeasy 

Blood and Tissue Kit (Qiagen GmbH; Hilden, Germany). DNA quali-

ty and quantity were estimated at 260 nm and 280 nm using a UNI-

CAM spectrophotometer. 

Mutation Analysis of TP53 and H-RAS Genes 

Polymerase Chain Reaction (PCR) 

PCR amplification of the target TP53 and H-Ras gene sequences 

was carried out in 25 µl reactions containing 0.25 U Taq Polymer-

ase, 2.5 µl 10X PCR reaction buffer, 1mM MgCl2, 2 mM of each 

dNTP, (Jena Bioscience, Germany), about 100 ng of extracted DNA 

as template and 10 pmol of each specific primer [Table-1]. The 

thermal profile consisted of 5 min at 95°C, 35 cycles of 94°C for 1 

min, 59°C for 1 min and 72°C for 1 min, with a final extension of 10 

min at 72°C. Obtained products were electrophoresed through 2% 

agarose gel with ethidium bromide. 

Single Strand Conformation Polymorphism (SSCP) 

For SSCP analysis, aliquot of each PCR product (6ml) was mixed 

with equal volume of denaturing buffer (Bromophenol Blue 0.025% / 

Xylene Cyanole 0.025% / Formamide 98%). The mixture was heat-

ed at 98°C for 10 minutes, and immediately chilled on ice for 10 

min. The total volume was applied to a 15% polyacrylamide gel in 

1x TBE buffer (Tris 100 mM, Boric Acid 9mM, EDTA 1mM) and 

electophoresed at 100V [27]. Gels were stained with ethidium bro-

mide for 2 min and then destained by washing in deionized water. 

Gels were visualized under a UV transilluminator and photographed 

using a digital camera. 
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Groups Treatment* Dose  Period 

Group-I Control  Corn oil    Weight based  

3 month  
Group-II DM-treated Deltamethrin  0.6 mg/kg/day 

Group-III  1st: Zn sulfate 200mg /kg/day 

(DM + Zn treated)   2nd: Deltamethrin (30 min later per) 0.6 mg /kg/day 

Group-IV (Zn-treated) Zn sulfate  200mg /kg/day  

*Treatment: 

- All doses were given via stomach tube once daily for three months. 

- Deltamethrin was prepared by dissolving in corn oil. While Zn sulpfate was dis-
solved in distilled water. 

Gene  Location  Direction Primer sequence Product Size Reference 

TP53 Exon 7 
Forword GTG GTA CCG TAT GAG CCA CC 

157 bp [25] 
Reverse  CAA CCT GGC ACA CAG CTT CC 

H-RAS Exon 11 
Forword GGAGACCCTGTAGGAGGACCC  

72 bp [26] 
Reverse TCTATAGTGGGGTCGTATTCGTCC  

Statistical Analysis 

The obtained data were reported as means ± standard error of 
means (SEM). Assessment of the results was performed using one-
way analysis of variance (ANOVA). Fisher’s exact test used to cal-
culate the probability of the mutation frequency for both the studied 
genes. Statistical analysis was performed using SPSS 16.0 soft-
ware package (SPSS Inc., Chicago, IL, USA). The 0.05 level of 
probability was used as criterion for significance.  

Results 

PCR-SSCP analysis of TP53 exon 7 on a 15% PAGE showed a 
relevant alteration in bands mobility. The band pattern reveals 
the mutation exists in group (II) and (III) with the presence of an 
additional band. C= control group, D= DM group (II), DZ= DM+ Zn 

group (III) and Z= zinc group (IV). 

PCR-SSCP analysis of H-RAS exon 11 showed a relevant altera-

tion in bands mobility on a 15% PAGE. The band pattern reveals  
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Fig. 1- Effect of deltamethrin and zinc on TP53 gene mutation in testicular tissue of rats. 

Fig. 2- Effect of deltamethrin and zinc on H-RAS gene mutation rat's testicular tissue. 

whether a mutation exists in group (II) and (III) with decreasing in 
bands number while group (I) and (IV) had no mutation. C= control 

group, D= DM group (II), DZ= DM+ ZN group (III) and Z= zinc group 

(IV). 

Table 2- Effect of deltamethrin and zinc on testicular TAC and NO 
concentration in rats.  

**Significant effect within groups. 
A= Significant difference of every group to the control one at p<0.05  
NS = not significant. 

Table 3- The frequency of TP53 mutation after DM intoxication and 

the protective effect of zinc in rat's testis. 

M = mutant %, N = total number of rats 

Table 4- The frequency of H-RAS gene mutation after DM intoxica-

tion and the protective effect of zinc in rat's testis.  

M = mutant % N = total number of rats. 

Discussion 

With the extensive use of DM pesticide in agriculture and domestic 

life, it becomes important to clarify the effect of DM on the reproduc-

tive function and to understand the mechanism which contributes to 

its reproductive toxicity. 

The present study was conducted to throw light not only on the 

oxidative damaging effect of DM but also on the genotoxic and mu-

tagenic effect on testes of rats as a result of chronic intoxication 

with DM. 

During the past few years, estimation of free radical generation and 

antioxidants defense has become an important aspect for investiga-

tion of the mammalian cell action against oxidative damage induced 

by pesticides.  

The results obtained in the present study revealed that DM induced 

significant decrease in TAC [Table-2]. This finding came in accord-

ance with previous studies which reported that DM significantly 

decreased the antioxidant defense [9,15,28,29]. Also DM intoxica-

tion caused significant increase in NO concentration [Table-2]. This 

result was agreed with [30-32]. Possible reasons for reduction of 

TAC and increases of NO might be the utilization antioxidant en-

zymes to challenge the prevailing oxidative stress under the influ-

ence of free radicals generated from DM and/or inhibition of en-

zyme synthesis by DM [28,33-35]. 

Minerals like Mn, Cu and Zn are involved in governing successful 

reproductive process [36]. In our study we showed that, Zn coun-
tered the oxidative stress produced by DM. A significant increase in 

TAC and decreases in NO was observed in group III in comparing 
to group II. This result came in the same line with [37-39] in testicu-

lar tissue. The protective effect of Zn through its action on the free 
radical production was reported by several studies [40-42]. The 

TAC not directly affected by dietary Zn as observed in group IV 

[Table-2]. This observation quite agreed with Song, et al [43]. Alt-
hough Zn may not regulate antioxidant defenses directly, several 

other mechanisms could be involved in its action: (1) It protects 
sulfhydryl groups in proteins from oxidation, (2) It prevents the dele-

terious free-radical reactions stimulated by iron and copper, (3) It is 
a component of metallothioneins that are part of classic antioxidant 

defenses [43-45,], (4) and finally, it is an essential component of 
Cu/Zn SOD [40]. 

Like the other insecticides, DM affects non target organisms in addi-
tion to target one. It causes genotoxic, immunotoxic and tu-

morogenic effects [35,46-48]. Genotoxicity of a compound usually 
expressed as its ability to induce DNA damage, which is often es-

sential for mutagenesis and cancer transformation [49]. In the pre-
sent study DM appears to induce mutation in TP53 and H-RAS 

genes [Fig-1], [Fig-2], [Table-3] and [Table-4] in all exposed rats. A 

number of studies demonstrated the mutagenic effect of DM on 
testicular tissue [29,50-52]. It increased the expression of p53 and 

decreased expression of Bcl-2 genes in brain [53]. DM displays 
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Parameters  Group (I) Group (II) Group (III) Group (IV) P value 

TAC (mmol/L) 0.395±0.08 0.202±0.10A 0.235±0.07A 0.251±0.06A 0.00*** 

NO (µ mole/L) 2.28±0.1 8.44±1.01A 2.92±1.00NS 0.977±0.06A 0.00*** 

Duration of 
Exposure  

Group (I)   Group (II)  Group (III)  Group (IV)  
P value  

N  %(M) N  % (M) N % (M) N  % (M) 

3 months  10 0 10 100 10 50 10 0 0.0053*  

Duration of 
Exposure  

Group (I)   Group (II)  Group (III)  Group (IV)  
P value  

N  %(M) N  % (M) N % (M) N  % (M) 

3 months  10 0 10 100 10 40 10 0 0.0029*  
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hepatic, renal toxicity and DNA damages in puberscent female rats 

[48]. The possible mechanism of DM genotoxicity is either to its 
reaction with DNA or by the generation of ROS which caused DNA 

damage [54-56]. The higher level of NO produced through DM in-
toxication inhibits cellular respiration and triggers apoptosis causing 

DNA damage [30]. Such oxidative DNA damage, if not repaired 
before replication, eventually result in mutations and initiate carcino-

genesis. Our study denoted that Zn administration have a negative 
effect on the percentage of mutation induced by DM for both genes 

[Table-3] and [Table-4]. This protective effect of Zn against DM 
intoxication was reported by several studies [22,37-39]. Zinc seems 

to have a special significance in maintaining DNA integrity, by its 
interaction with some of the responsible proteins, including those of 

the cell cycle, apoptosis, transcription and DNA damage response 
and repair [57, 58] Also Zn may prevent apoptosis through inhibiting 

the Ca2+/ Mg2+-dependant endonuclease [59]. Such actions of Zn 

can play an important role in anticancer therapy. 

Conclusion 

The testicular toxicity of DM is at least partially due to the exacerba-

tion of oxidative stress and its mutagenic effect. Supplementary zinc 
had an important modulator/protector effect may be due to its anti-

oxidant activity. 

Conflicts of Interest: None declared. 
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