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ABSTRACT 

      The present study describes the genotoxic effects of two 

synthetic pyrethroid insecticides, namely cypermethrin and 

deltamethrin on male albino white rats. Results showed that both 

cypermethrin (10.0& 25 mg a.i/kg b.w.) and deltamethrin (5.4& 

13.5mg a.i./kg b.w.) induced significant decrease in the mitotic 

activity; significant increase in both chromosomal aberration and 

micronucleated polychromatic erythrocytes in bone marrow cells 

of rats received daily doses of these insecticides for 90 days. Also, 

the tested insecticides caused significant increase in the percentage 

of total aberration in rat spermatocytes and significant increase in 

DNA of rat livers.  

INTRODUCTION 

Synthetic pyrethroids are extensively used in agriculture, forestry 

and household products because of their high activity against abroad 

spectrum of insect pests, their low acute toxicity to mammals and their lack 

of persistence in the environment (Perry et al., 1998). Data on Genotoxicity 

of cypermethrin, synthetic dichloro- and deltamethrin, synthetic dibromo-

pyrethroids are limited and controversial, depending on the genetic system 

or the assay used. Giray et al. (2001) suggested that cypermethrin could act 

as tumor promoter. However, Surralles et al. (1995) reported that 

cypermethrin has a weak genotoxic activity in vitro by using human 

lymphocyte cultures. Deltamethrin was not mutagentic in Salmonella 

typhinurium strains or in Chinese hamster cells (Bartsch et al., 1980& 

Pluijmen et al., 1984) on the other hand, Villarini et al. (1998) reported that 

deltamethrin is able to induce DNA damage in human peripheral leukocytes. 

Because of the controversial results and the association of genotoxicity with 
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increased cancer risk (Hagmar, 1995), this study aimed to further evaluate 

the potential genotoxic activity of cypermethrin and deltamethrin (technical 

and formulated forms) in a variety of in vivo tested using male white rats. 

 

MATERIALS AND METHODS 
Test animals: 

Albino white male rats (Rattus norvegicus var. albus), weighing 

100-120 g obtained from Animal Health Research Center (Cairo) were used 

as test animals. The animals were maintained under conventional laboratory 

conditions at room temperature of 20 ± 5.0 C
0
. Food and water were 

provided ad libitum. Healthy male rats were utilized for the experiments. 

Four animals were used per dose of each tested compound. 

Test chemicals and treatments:  

Cypermethrin (technical 90%; formulated 25% EC), (RS) - α- 

cyano- 3- phenoxybenzyl (1RS, 3RS; 1RS, 3RS) - 3- (2, 2- dichlorovinyl)- 

2,2- dimethyl cyclopropane carboxylate; deltamethrin (technical 98%; 

formulation 2.5% WP), (S) - α- cyano- 3- phenoxybenzyl (1R, 3R)- 3- (2, 2- 

dibromovinyl)- 2,2- dimethyl cyclopropane carboxylate were obtained from 

Sumitomo Chemical Co. (Japan), and the carcinogen compound, benzidine 

(98% a.i.), 1, 1' - biphenyl- 4, 4'- diamine, obtained from Fluka AG., Chem. 

Fabrik CH-9470 Buchs.. 

Two sub lethal doses, 0.04 and 0.1 LD50 according to Anonymous 

(2005), from each of cypermethrin (10.0 and 25.0 mg a.i. /kg b.w.); 

deltamethrin (5.4& 13.5 mg a.i. /kg b.w.) and the standard carcinogen, 

benzidine (12.36 and 30.9 mg a.i. /kg b.w.) were given daily via oral route 

to rats for 90 days. The control animals received equal volumes (0.5 ml / 

rat) of water or corn oil.  

Chromosomal abnormalities in rat bone-marrow cells: 

 In all experiments 2-3 hours before killing, rats were injected with 

0.6 mg/kg b.w. colcemid and animals were killed by decapitation after 24h. 

from last treatment. Bone marrow was taken in a centrifuged tube 

containing 0.075 M KCl. Chromosomes from bone-marrow cells were 

prepared following the method of Yosida and Amano (1965). Slides were 

stained with 10% Giemsa at pH 6.8 (Matter and Schmid, 1971 and Schmid, 
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1973). Hundred well spread metaphases were scored per dose and 

comparison with a negative control was also statistically tested. 

 
Mitotic activity (cell cycle): 

 Investigation the effects of the compounds used upon cell 

proliferation were carried out. Three thousand cells were counted and the 

mitotic activity was estimated according to Darbelley et al. (1989) and 

Driss-Ecole et al.( 1994).  

Micronucleus test of polychromatic erythrocytes: 

Bone marrow was flushed into a test tube containing calf serum 

(3ml) and then centrifuged at 1500 rpm. Smears were made on the slides, air 

dried and stained with May-Grunwald Giemsa method (Schmid, 1973; 1975 

&1976). Micronuclei were identified as dark-blue staining bodies in the 

cytoplasm of polychromatic erythrocytes. Four thousands polychromatic 

erythrocytes per animal were scored by using a special hand counter. The 

frequently of micronucleated cells was expressed as a percent of 

micronucleated cells based on the total polychromatic erythrocytes percent. 

The obtained data from this study were analyzed according to Hart and 

Pederson (1983). 

Analysis of primary spermatocytes: 

 After 24h. of the last 90 repetitive doses four males rats were killed 

by cervical dislocation. The testes were removed and meiotic chromosomal 

aberrations were made according to techniques of Evans et al. (1964); Oued 

et al. (1979) and Adler (1984). Hundred well spread metaphases were 

scored per dose and comparison with a negative control was also 

statistically tested. 

Liver DNA contents: 

After killing insecticides-treated rats, as well as untreated rats, livers 

were removed and kept in deep freezer. DNA was extracted from the liver 

of rats according to the method of Sambrook et al. (1989) with some 

modification as described by Abdel-Fattah (1995), and estimates the 

concentration of DNA by the method of Charles (1970).  
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Statistical analysis: 

The experimental design was a factorial CRD (Complete 

Randomized Design) with four replicates. Statistical analysis of data 

collected was carried out using a computer program (Cohort Software, 

1986). 

RESULTS  
Cell proliferation: 

Statistical analysis of the previous results in Table (1) and (2) 

revealed that all of the tested insecticides and benzidine decreased 

significantly the mitotic activity of rat bone marrow cells. Deltamethrin was 

most effective than cypermethrin. However, benzidine was more active in 

decreasing mitotic index than any of the tested insecticides. 

Analysis of chromosomal aberrations: 

Results in Table (2) revealed that the two pyrethroid insecticides 

caused significant increase in the percentages of total chromosomal 

aberration in rat bone marrow as compared with the untreated control rats. 

Also, formulated and technical forms of deltamethrin are more effective 

than cypermethrin.   

Micronucleus test:  

Results in Table (3) revealed that the micronucleated polychromatic 

erythrocytes (MN) in rat bone marrow cells were adversely affected by 

treatment of rats by both pyrethroids, manifested as an increase of MN 

percentages, in a dose dependent manner. The technical deltamethrin was 

the most potent insecticide.  

Analysis of rat primary spermatocytes: 

Results in Table (4) revealed that repetitive doses of cypermethrin 

and deltamethrin, as well as benzidine, caused significant increase in the 

percentage of total aberration in rat spermatocytes in a dose dependent 

manner. The highest increase was noticed with deltamethrin. 

 
Liver DNA content (µg/gm): 

 Data in Table (5) revealed that feeding of rats with repetitive doses 

of formulated, cypermethrin and deltamethrin for 90 days caused significant 
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increase of the DNA content in the liver in a dose-dependant manner. The 

highest increase was noticed with deltamethrin.  

 
Table1: In vivo effect of tested pyrethroids and benzidine on mitotic activity in bone 

marrow cells of male rats. 

 
 

Treatments 

0.04 LD50 0.10 LD50 

Total No. of 

examined 

cells 

No. of 

dividing 

cells 

Mitotic 

Index 

(MI %) 

Total No. of 

examined cells 

No. of 

dividing 

cells 

Mitotic 

Index 

(MI %) 

Control 3000 265 8.83 3000 265 8.83 

Cypermethrin (F) 3000 180 6.00* 3000 156 5.20** 

Cypermethrin (T) 3000 182 6.06* 3000 135 4.50** 

Deltamethrin (F) 3000 177 5.90** 3000 145 4.83** 

Deltamethrin (T) 3000 164 5.46** 3000 123 4.10** 

Benzidine 3000 132 4.40** 3000 120 4.00** 

 F, Formulated; T, Technical; statistical difference from the control: 

*significant at P ≤0.05&**highly significant at P ≤0.01. 
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Table 2: In vivo effect of tested pyrethroids insecticides and benzidine on chromosomal 

aberration in male rat bone marrow cells. 

 
 

Treatments 

0.04 LD50 0.10 LD50 

D F RCF S 

(1)Total 

aberration 
D F RCF S 

Total 

aberration 

Control 2 2 1 2 7 2 2 1 2 7 

Cypermethrin (F) 1 16 13 3 33** 12 18 2 16 48** 

Cypermethrin (T) 8 13 1 15 37** 5 10 6 19 40** 

Deltamethrin (F) 3 18 16 1 38** 10 13 4 25 52** 

Deltamethrin (T) 10 18 2 10 40** 6 13 7 19 45** 

Benzidine 9 10 1 20 40** 9 16 6 15 46** 

F, Formulated; T, Technical; D, Deletion; F, Fragment; S, Stickiness & RCF, Robertsonian centric fusion. 

 (1)A number of 100  metaphases were counted; statistical difference from the control: 

*significant at P ≤0.05&**highly significant at P ≤0.01. 
 

 

Table 3: In vivo effect of tested pyrethroids and benzidine on micronucleated 

polychromatic erythrocytes in male rat bone marrow cells. 

 

Treatments 
0.04 LD50 0.10 LD50 

Total examined 

cells 

Micronucleated 

polychromatic 
(1)MN% 

Total 

examined 

cells 

Micronucleated 

polychromatic 
MN% 

Control 4000 25 0.62 4000 25 0.62 

Cypermethrin (F) 4000 108 2.7* 4000 144 3.6* 

Cypermethrin (T) 4000 102 2.55* 4000 112 2.8* 

Deltamethrin (F) 4000 170 4.25** 4000 220 5.5** 

Deltamethrin (T) 4000 306 7.65** 4000 382 9.55** 

Benzidine 4000 238 5.95** 4000 306 7.65** 

   F, Formulated; T, Technical. 

   (1)MN = Micronucleus; statistical difference from the control: 

   *significant at P ≤0.05& **highly significant at P ≤0.01. 
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Table (4): In vivo effect of tested pyrethroid insecticides and benzidine on primary 

spermatocytes of treated male rat. 

 
 

Treatments  

0.04 LD50 0.10 LD50 

D F E S I 
(1)

Total D F E S I  Total 

Control 0 1 0 1 0 2 0 1 0 1 0 2 

Cypermethrin (F) 9 7 8 9 0 33
** 

8 8 8 7 8 41
** 

Cypermethrin (T) 9 10 9 10 0 38
** 

11 13 10 12 3 48
** 

Deltamethrin (F) 10 10 9 11 0 40
** 

13 15 8 9 9 54
** 

Deltamethrin (T) 10 13 9 11 1 44
** 

7 7 18 10 9 51
** 

Benzidine 9 7 6 15 5 42
**

 7 15 2 9 13 46
**

 
 F, Formulated; T, Technical; D, Dilution; F, Fragment; E, Exchange; S, Stickiness and I, Inversion; (1) A number of 

100 metaphases were counted; statistical difference from the control. 

*significant at P ≤0.05& **highly significant at P ≤0.01. 
 

Table (5): In vivo effect of formulated pyrethroid insecticides on liver DNA content  

             (µg/g liver) of treated male rats. 

 
Treatments 0.04LD50 0.10LD50 

Control 0.63±0.07 0.63±0.02 

Cypermethrin  1.16±0.02
*
 1.21±0.02

*
 

Deltamethrin  1.33±0.06
**

 1.45±0.02
**

 
        Each value is a mean of four replicates ± S.E; statistical difference from the control 

       *significant at P ≤0.05& **highly significant at P ≤0.01. 

 

Discussion  

Cypermethrin and deltamethrin are very active pyrethroid 

insecticides and are used to control pests of variety crops. Although 

considered to be safe for mammals (Perry et al., 1998), literature on in vivo 

genotoxicity of cypermethrin and deltamethrin are limited and rather 

controversial, depending on the genetic system or the assay used. 

The results of the present study, show that the two doses of both 

cypermethrin (10 and 25 a.i. mg/kg b.w.) and deltamethrin (5.40 and 13.50 

a. i. mg/kg b.w.) induce significant decrease in mitotic activity in rat bone 

marrow cells in a dose dependent manner and caused significant increase of 

micronucleated polychromatic erythrocytes (MN) in rat bone marrow cells. 

Also, these insecticides caused significant increase in the percentage of 

chromosomal aberration (CA) in rat bone marrow cells. Hagmar et al. 

(1995) reported that an increased level of chromosomal breakage appears to 
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be relevant biomarker of future cancer risk.  In addition to these effects, 

these insecticides induce significant increase in the percentage of total 

aberration of rat spermatocytes and increased the DNA content of the liver 

of treated rats. 

Results of our work revealed that deltamethrin was more genotoxic 

than cypermethrin. A structure-activity relationship for synthetic pyrethroids 

plays an important role their physiological and behavioral effects on rats. It 

is well established that the two pyrethroids contain the same alcohol moiety 

(α-cyano-3-phenoxybenzyl), but substitution of 3(2, 2- dichlorvinyl) - 2, 2- 

dimethyl cyclopropane carboxylic acid in structure of cypermethrin by 3-(2, 

2- dibromoviny) -2, 2- dimethyl cyclopropane carboxylic acid gives 

deltamethrin which was more genotoxic than cypermethrin. The above 

mentioned substitution may affect the intrinsic toxicity; genotoxicity and/or 

induced sensitivity of the structure to the metabolic systems in the treated 

rats. 

These results in agreement and disagreement in some cases with 

those obtained by many authors. Cypermethrin has been reported to induce 

gene mutation in male germ cells of mice (Bhunya and Pati, 1988). Puig et 

al. (1989) reported that although cypermethrin affected the cell cycle 

causing a decrease in the proliferative rate index (PRI) at concentration 

>10μg/ml, it did not induce chromosome aberration or sister chromatid 

exchanges (SCEs) in cultured human peripheral blood lymphocytes. Nehez 

et al. (1998) reported that cypermethrin caused no significant increase in the 

chromosomal aberrations after rat treatments. Abdel Wahab (2002) reported 

that cypermethrin caused significant changes in mitotic activity of mice 

bone marrow cells. Nehez et al. (2000) showed that treatment of rats with 

cypermethrin caused an increase in the number of aberration cells.  

Deltamethrin was not mutagenic in Salmonella typhimurium strains 

TA98 and TA100 with or without metabolic activation, or in V79 Chinese 

hamster cells in the presence of a metabolic activation system constituted of 

freshly isolated rat liver cells (Bartsch et al., 1980& Pluijmen et al., 1984). 

Dose (1997) reported that deltamethrin induced chromosomal aberration in 

root meristerm cells of Allium cepa. Also, he reported that no chromosomal 

aberration was observed in mouse bone marrow cells in vivo but 
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morphological sperm abnormalities were induced in mice. Villarini et al. 

(1998) found that in the presence of metabolic activation (+S9 mix), 

deltamethrin is able to induce DNA damage.  

The partial differences of the genotoxic effects obtained with pure 

and commercial deltamethrin and cypermethrin indicate that commercial 

formulations may contain additional hazardous compounds. Therefore, it is 

important in assessing the real human hazard from pesticides to investigate 

not only the active principle but also the commercial formulations used in 

agriculture. 

The importance of these genotoxic effects is their association with 

increased cancer risk. Hagmar et al, (1995) states that an increased level of 

chromosome breakage appears to be relevant biomarker of future cancer 

risk.  

 

REFERENCES 

Abdel-Fattah, M.G. (1995). Micro and macro DNA lesions induced by 

some drugs, Ph.D.Thesis, Genetics Dep., Fac. of Agric., Alex. Univ. 

Abed-El-Wahab, N. S. (2002). In vivo induction of and damage by 

insecticides, M. Sc. Thesis. Faculty of Agric. Daman. Alex. Univ. 

Dep. of Genetics. 

Adler, I. D. (1984). Cytogenetic tests in mammals. In: Mutagenicity testing, 

a practical approach (Venitt, S. Parry, J. M., Eds.) IRL Press, Oxford. 

Anonymous (2005). The e-Pesticide Manual. (B.C.P.C.) The British Crop 

Protection Council Software developed by Wise & Loveys 

Information Services Ltd. 
Bartsch, H; C. Malaveille and A. M. Camus (1980). Validation and 

comparative studies on 180 chemicals with S. typhimurium strains and 

V79 Chinese hamster cells in the presence of various metabolizing 

systems. Mutat Res., 76:1-50. 

Bhunya, S.P.; P. C. Pati (1990). Genotoxic effect of a synthetic pyrethroid 

insecticide cypermethrin in mice in vivo. Toxicol. Lett., 41: 223-230. 

Charles, P. (1970). Isolation of deoxyribonucliec acid: uptake of 

informative molecules by living cells. Ledoux, l. (Ed.). North- 

Holland publishing Company. Amsterdam- London pp.16-23. 



 

 

 

 

 

 

J.Agric.&Env.Sci.Alex.Univ.,Egypt                                 Vol.3 (2)2004 

 

03 

  

Cohot Software (1986), Costat user's manual virgin 3.03. Berkley. 

California, U.S.A. 

Darbelley, N.; D. Driss-Ecole and G. Perbal (1989). Elongation and 

mitotic activity of cortical cells in lentil roots grown in microgravity. 

Plant Physiological Biochemistry. 27: 341-347. 

Dose, (1997). Dictionary of substances and their effects (CD-Rom).Vet. 

Hum. Toxicol. 33:238-243. 

Driss-Ecole, D.; D. Schoevaert; M. Noin and G. Perbal (1994). 

Densitometric analysis of nuclear DNA content in lentil root grown in 

space. The cell. 81: 59-64. 

Evans, E. P.; G. Breckon and C. E. Ford (1964). An air-drying method 

for meiotic preparations for mammalian testes. Cytogenetics. 3: 289-

292. 

Giray, B.; A. Gurbay and F. Hincal (2001). Cypermethrin induced 

oxidative stress in rat brain and liver is prevented by vitamin E or 

allopurinol. Toxicol., lett., 118: 139-146. 

Hagmar, L.; A. Brogger and I. L. Hansteen (1995). Cancer risk predicted 

by increased level of chromosomal aberrations in lymphocytes: 

Nordic Study Group on the health risk of chromosome damage. 

Cancer. Res., 54: 2919-2922. 

Hart, J. W.; and H. E. Pedersen. (1983). Statistics of the mouse bone 

marrow micronucleus test: counting distribution and evaluation of 

results. Mutat. Res.,111:195-207. 

Matter, B. and W. Schmid. (1971). Trenimon-induced chromosomal 

damage in bone–marrow cells of six mammalian species, evaluated by 

the Micronucleus tests. J. Mutat. Res., 12: 417-425. 

Nehez, M.; R. Lorencz and I. Desi. (1998). Simultaneous action of 

Cypermethrin and tow environmental pollutant metals, cadmium and 

Lead on bone marrow cell chromosomes of rats in Sub-chronic 

administration.  Egeszsegtudomany . 42 (3): 230-237. 

Nehez, M.; R. Lorencz and I. Desi. (2000). Simultaneous action of 

Cypermethrin and tow environmental pollutant metals, cadmium and 

lead on bone marrow cell chromosomes of rats in sub chronic 

administration. Ecotoxicology and Environmental Safety. Section B 

45(1):55-60. 

Oued, J. L.; J. H. de Jong and D. G. de Rooiz. (1979). A sequential 

analysis of meiosis in the male mouse using a restricted spermatocyte 



 

 

 

 

 

 

J.Agric.&Env.Sci.Alex.Univ.,Egypt                                 Vol.3 (2)2004 

 

02 

  

population obtained by a hydroxy urea / triaziqunone treatment. J. 

Chromosoma, 71: 237-248. 

Perry, A. S.; I. Yamamoto; I. Ishaaya and R. Y. Perry (1998). 
Insecticides in Agriculture and Environment: Retrospects and 

Prospects. Springer-Verlag, Berlin, Germany. 

Pluijmen, M.; C. Drevon and R. Montesano (1984). Lack of mutagenicity 

of synthetic pyrethroids in Salmonella typhimurium strains and in V79 

Chinese hamster cells. Mutat. Res., 137:7-15. 

Puig, M.; E.  Carbonell; N.  Xamena; A. Creus and R. Marcos (1989). 
Analysis of cytogenetic damage induced in cultured human 

lymphocytes by the pyrethroid insecticides cypermethrin and 

fenvalerate. Mutagenesis, 4: 72–74. 

Sambrook, J.; E. F. Fritsch and M. Maniaties (1989). Molecular cloning: 

Alaboratory. 2
nd

 Ed. Cold spring Harber Laboratory. Cold spring 

Harber. New York. 

Schmid W. (1975). The Micronucleus test. J. Mutat. Res., 31:9-15. 

Schmid, W. (1973). Chemical mutagen testing on in vivo somatic 

mammalian cells. Agents and Actions, 312:77-85. 

Schmid, W. (1976). The micronucleus test for cytogenetic analysis. 

Chemical Mutagens, Principles and Methods for their Detection. Vol. 

4 Hollaender A, (Ed. A ed. (New York and London: Plenum Press, pp. 

31-53. 

Surralles, J.; N. Xamena; A. Creus; J. Catalan; H. Norppa and R. 

Marcoo (1995). Induction of micronuclei by five pyrethroid 

insecticides in whole blood and isolated human lymphocyte cultures. 

Mutat. Res., 341: 169-184. 

Villarini, M.; M. Moretti; R. pasquini; S. Scassell; C. Fatigoni; M. 

Marcarelli; S. Monarca and A. Rodriguez (1998). In vitro  

genotoxic effects of the insecticide deltamethrin in human peripheral 

blood leukocytes: DNA damage (`comet` assay) in relation to the 

induction of sister-chromatid exchanges and micronuclei. J. Occup. 

Environ. Med., 40(1): 954-957. 

Yosida, T. H. and K. Amano (1965). Autosmal polymorphism in 

laboratory bred wild norway rats, Rattus norvegicus. Misima 

Chromosoma, 16: 658-667. 

 

 

 



 

 

 

 

 

 

J.Agric.&Env.Sci.Alex.Univ.,Egypt                                 Vol.3 (2)2004 

 

02 

  

 

 

 الملخص العربي
 

تاثيرات السمية الجينية داخليا الثنان من المبيدات البيرثرودية هما السيبرمثرين و 
 الدلتاميثرين علي ذكور الفئران البيضاء

 
 , عبدالسالم بالل*, دمحم الصيحي**, عبد التواب موسي***مصطفي عباسي*

 
 جامعة االسكندرٌة . -كلٌة الزراعة دمنهور -*قسم مكافحة االفات وحماٌة البٌئة

 جامعة االسكندرٌة. -كلٌة الزراعة )الشاطبً( -**قسم الوراثة                     
 القاهرة.  -الدقً -المركزالقومً للبحوث -***قسم كٌمٌاء مبٌدات االفات                     

توضح الدراسة الحالٌة تاثٌرات السمٌة الجٌنٌة الثنان من المبٌدات 
البٌرثرودٌة هما السٌبرمٌثرٌن و الدلتامٌثرٌن علً ذكور الفئران البٌضاء.وتظهر النتائج 

 &5.4)و الدلتامٌثرٌن  (.mg a.i./kg b. w 25 &10.0)ان كال من السٌبرمٌثرٌن 

13.5 mg a.i./kg b. w.)  احدثت خفضا معنوٌا فً معدل االنقسام الخلوي, وزٌادة

معنوٌة فً كال من الشذوذات الكروموسومٌة و االنوٌة الصغٌرة فً خالٌا نخاع العظام 
ٌوم متتالٌة. كذلك فان  09للفئران التى عوملت بجرعات ٌومٌة من هذة المبٌدات لمدة 

زٌادة معنوٌة فً النسبة المئوٌة لمجموع الشذوذات الكلٌة المبٌدات المختبرة قد احدثت 
فً الخالٌا االولٌة المكونة للحٌوانات المنوٌة فً الخصٌة و زٌادة معنوٌة فً محتوي 

 الكبد من ال د.ن.ا.   

 


