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a b s t r a c t

Phenothrin, a synthetic pyrethroid compound, is widely used to control agricultural and household
insects, as well as to eliminate human louse infestation. Toxicity studies on the direct DNA-damaging
effect of phenothrin are lacking. We therefore investigated whether phenothrin exposure can lead to
increased DNA damage in vitro in human peripheral blood lymphocytes and in human hepatocytes.
Genotoxicity was evaluated by means of the comet assay modified with formamidopyrimidine DNA-
glycosylase post-treatment for the detection of oxidative base-damage in DNA. We also assessed the
cytotoxic potential of this compound by use of combined fluorescence viability staining. Our results
show that phenothrin induces statistically significant, dose-dependent DNA damage in the absence of
marked cytotoxicity at concentrations higher than 20 �M and 50 �M in human blood peripheral lym-
phocytes and hepatocytes, respectively. Oxidative DNA damage could also be detected in the two cell
types, although this did not reach statistical significance. These findings provide evidence of the DNA-
damaging potential of phenothrin and call for additional studies to reveal the genotoxic properties of this
pyrethroid. The observations also point at the importance of using caution when considering the use of
phenothrin.

© 2014 Elsevier B.V. All rights reserved.

22

1. Introduction23

Synthetic pyrethroids are among the most common pesticides24

currently in use worldwide for pest control and community anti-25

mosquito programmes, a significant part of the population may be26

exposed to these compounds. Pyrethroids are strongly lipophilic27

agents that paralyze the peripheral and central nervous system of28

insects by interacting with sodium channels on nerve membranes29

[1]. Since they play an effective, therefore extensive, role in out-30

break control and in protecting agricultural crops, it is essential to31

carefully study and analyze the hazards of pyrethroids to human32

Abbreviations: 7-AAD, 7-Aminoactinomycin D; ATSDR, Agency for Toxic Sub-
stances and Disease Registry; Calcein AM, acetomethoxy derivate of calcein;
Fpg, formamidopyrimidine DNA-glycosylase; HepG2, human hepatoblastoma-
derived cell line; IPCS, International Programme on Chemical Safety; LMA, low
melting-point agarose; NMA, normal melting-point agarose; trans-CDCA, trans-
chrysanthemumdicarboxylic acid; US EPA, United States Environmental Protection
Agency; WHO, World Health Organization.

∗ Corresponding author at: Institute of Public Health, College of Medicine and
Health Sciences, United Arab Emirates University, P.O. Box 17666, Al Ain, United
Arab Emirates. Tel.: +971 3 7137652.

E-mail address: badam@uaeu.ac.ae (B. Ádám).

health including their cytotoxic and genotoxic properties, in order 33

to take adequate measures that prevent humans from potential 34

mutagenic and carcinogenic effects. 35

Phenothrin (C23H26O3) is a synthetic type-I non-cyano 36

pyrethroid insecticide (Fig. 1). Phenothrin was first registered by 37

the US-EPA in 1976 [2]. Recent quantitative data on the production 38

and use of phenothrin are not publicly available; its worldwide pro- 39

duction level was estimated 70–80 tonnes per year in 1989 by the 40

World Health Organization [3]. It is widely used in pesticide prod- 41

ucts as a spray against agricultural and household insects, as well 42

as in the area of public health against insect vectors that can spread 43

communicable diseases among human populations. In addition, 44

phenothrin has therapeutic applications, particularly in the elimi- 45

nation of human louse infestation, in which case it is formulated as 46

a powder, shampoo, or lotion [2,4]. 47

The general population may be exposed to phenothrin through 48

multiple routes such as inhalation of household aerosol sprays, 49

ingestion of food containing residual material, or dermal contact 50

with pediculicides, i.e. medications used to treat lice and scabies 51

infestations. According to deterministic exposure assessments, sev- 52

eral residential scenarios could result in exposures of concern, 53

especially the incidental ingestion of residues by toddlers. Appli- 54

cation of pediculicides is considered to be a significant source of 55
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Fig. 1. Chemical structure of phenothrin.

residential phenothrin exposure, too, due to direct dermal contact.56

Furthermore, occupational scenarios may also pose increased risks57

of exposure to phenothrin if no protective equipment is supplied58

to or used adequately by the workers who mix, load and apply59

the pesticide product. Since the environmental persistence of phe-60

nothrin ranges from 1 to 2 days, the exposure from residues in61

food or drinking water is expected to be very low [2,4]. At present,62

reliable quantitative data on exposure are not available to permit63

characterization of a dose-response relationship.64

Phenothrin is metabolized rapidly by hydrolytic65

cleavage of the ester bond, followed by oxidation and glu-66

curonidation producing the common urinary metabolite67

trans-chrysanthemumdicarboxylic acid (trans-CDCA), the half-life68

of which for urinary excretion varies from 4 to 12 h after exposure.69

Trans-CDCA is used as a biomarker for internal dose assessment of70

certain pyrethroid insecticides [5].71

Phenothrin is an effective nerve stimulant that affects the con-72

duction of nerve impulses by forcing the sodium channels of insects73

to remain open; the ensuing excessive sodium discharge eventually74

leads to paralysis [6]. The sensitivity of human nerves to phenothrin75

is low, nevertheless studies have reported toxic effects of phe-76

nothrin generally observed in humans including symptoms such as77

dizziness, salivation, headache, fatigue, diarrhoea, and irritability to78

sound and touch [7].79

Although phenothrin was found to be non-mutagenic in80

Escherichia coli strains [8], data provided by mutagenicity and geno-81

toxicity studies with higher organisms are lacking. Its carcinogenic82

potential was investigated by in vivo animal studies, in two of which83

phenothrin increased the incidence of liver cancer; however, this84

effect did not reach statistical significance [9,10]. On the basis of85

these limited findings, phenothrin has been classified by the US-86

EPA as “not likely to be carcinogenic to humans” [2].87

The purpose of the present acute-exposure study was to update88

the knowledge about the genotoxic properties of phenothrin by89

use of highly sensitive in vitro genotoxicity tests with human90

peripheral blood lymphocytes and human hepatocytes. The infor-91

mation obtained in this study was then used to make a preliminary92

evaluation on the appropriateness of the present regulations for93

phenothrin use.94

2. Materials and methods95

2.1. Chemicals96

Analytical grade d-trans-phenothrin (purity 94.5%) was obtained from Dr.97

Ehrenstorfer GmbH (Augsburg, Germany). Histopaque-1077 and chemicals used for98

the alkaline comet assay were purchased from Sigma–Aldrich Chemie GmbH (Hei-99

delberg, Germany). The cell-culture medium and the supplements were provided by100

Gibco (Paisley, UK). The endonuclease formamidopyrimidine DNA-glycosylase (Fpg,101

FLARETM Module) was obtained from Trevigen (Gaithersburg, MD, USA). The ace-102

tomethoxy derivative of calcein (Calcein AM) and 7-Aminoactinomycin D (7-AAD)103

fluorescent dyes were purchased from Biotium (Hayward, CA, USA).104

2.2. Cell cultures105

The human hepatoblastoma-derived cell line HepG2 was purchased from ATCC106

(Manassas, VA, USA). It provides a frequently used in vitro cell system in human107

toxicological studies on liver cells. The cells were cultured in Dulbecco’s Modified108

Eagle Medium supplemented with 10% foetal bovine serum, 100 U/ml penicillin109

and 100 �g/ml streptomycin, and grown as a monolayer in T25 and T75 flasks110

(TPP, Trasadingen, Switzerland) at 37 ◦C in a humidified incubator with a 5% CO2 111

atmosphere. 112

Human peripheral blood samples were obtained by venipuncture and collected 113

into heparin-containing vacutainer tubes (BD Vacutainer Systems, Plymouth, UK) 114

from five non-smoking, healthy volunteers (males, aged 25–30 years) with no 115

known previous contact with high concentrations of pesticides. Mononuclear white 116

blood cells were separated from the erythrocytes by density-gradient centrifugation 117

on Histopaque-1077. The buffy-coat was aspirated and re-suspended in RPMI 1640 118

medium containing 10% foetal calf serum. 119

2.3. Cytotoxicity assay 120

Before and after phenothrin treatment, aliquots of cells were immediately sub- 121

jected to a cytotoxicity assay. Calcein AM and 7-AAD fluorescent dyes were used to 122

co-label the cells. Calcein AM is a non-polar compound that passively crosses the 123

plasma membrane of living cells, where it is cleaved by intracellular esterases to 124

release a very polar derivative of fluorescein (calcein) that remains trapped in the 125

cytoplasm. 7-AAD is a DNA-intercalating dye that is able to permeate membranes of 126

dead and dying cells, but cannot penetrate plasma membranes of live healthy cells. 127

Both fluorescent dyes were dissolved in PBS to a final concentration of 2 �M 128

each. Of this working solution, 200 �l were added to the cell pellets (1 × 105 cells), 129

and incubated for 30 min at 4 ◦C, protected from light. The labelled cells were washed 130

and re-suspended in ice-cold PBS buffer. Forty microliters of the cell suspension were 131

placed on a microscope slide for immediate microscopical examination. 132

2.4. In vitro treatment 133

Before treatment, HepG2 cells were seeded into six wells of a 12-well plate 134

(2 × 105 cells/well) and allowed to grow to 80–90% confluence. The human periph- 135

eral blood lymphocytes were also partitioned at a cell density of 2 × 105 cells/ml 136

medium into six wells of a 12-well-plate on the day of the experiment. 137

The cells were exposed to increasing doses of phenothrin (20, 50, 100, and 138

1000 �M) in the corresponding cell-culture medium. The stock solution and the 139

dilution series (100 �M, 10 �M, 1 �M) were made in methanol. Aliquots of different 140

concentrations of phenothrin solution or solvent control were added to the cell cul- 141

tures and incubated for 1 h at 37 ◦C. The methanol content in the cell culture fluid 142

was 10% (v/v) for each treatment, the concentration found to be non-genotoxic and 143

non-cytotoxic in our previous experiments (unpublished). 144

Following incubation, the HepG2 cells were washed and scraped from the wells 145

in order to avoid trypsin-induced DNA damage. All cultures were centrifuged and 146

the cells re-suspended in the corresponding serum-free medium at a density of 147

2000 cells/�l. 148

2.5. Genotoxicity test 149

The alkaline version of the single-cell gel-electrophoresis assay (comet assay) 150

was performed as described by Singh et al. [11] with slight modifications, i.e. the 151

use of restriction-endonuclease digestion immediately after induction of the DNA 152

damage [12]. 153

Degreased frosted slides were first covered with 1% normal melting-point 154

agarose (NMA), which was scraped off the slide before use. The slides were then 155

coated with three layers: 1% NMA covered with 0.75% low melting-point agarose 156

(LMA) containing the cells (∼2 × 105 per slide, 10 �l) and topped with a 0.75% LMA 157

layer (final volume 100 �l each). After solidification, the embedded cells were lysed 158

(2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris base pH 10, 1% sodium N-lauroyl sarcosi- 159

nate and 1% Triton X-100 added fresh) at 4 ◦C for at least 1 h, protected from light. 160

After lysis, the DNA was allowed to unwind for 20 min in alkaline electrophoresis 161

buffer (300 mM NaOH, 1 mM Na2EDTA, pH 13) and subjected to electrophoresis in 162

the same buffer for 20 min at 0.8 V/cm and 300 mA in a horizontal electrophoresis 163

chamber (Bio-Rad, Richmond, CA, USA) connected to an EPS 600 electrophoresis 164

power supply (Pharmacia Biotech, Uppsala, Sweden). The buffer level was adjusted 165

to maintain a constant current. Finally, the slides were rinsed gently three times 166

with neutralization buffer (0.4 M Tris base–HCl, pH 7.5) to remove excess alkali and 167

detergent. After drying, each slide was stained with ethidium bromide (20 �g/ml) 168

and stored in a humidified container at 4 ◦C until analysis. 169

For the detection of oxidative DNA damage, formamidopyrimidine DNA- 170

glycosylase (Fpg), a lesion-specific restriction endonuclease that recognizes oxidized 171

purines and pyrimidines, was used [13]. After lysis, two additional steps were 172

included in the comet assay: slides were washed three times in FLARE buffer (1 mM 173

HEPES-KOH, pH 7.4, 100 mM KCl) over a 30-min period at room temperature, and 174

then incubated for 45 min at 37 ◦C with Fpg diluted in enzyme-reaction buffer 175

(FLARE buffer plus BSA). Concentrations of the enzyme were adjusted according 176

to the protocol provided by the manufacturer [14], applying 0.2 �l of enzyme in 177

75 �l enzyme-reaction buffer per slide. Slides treated with buffer alone were used 178

as negative control. The slides were then processed as described above. 179

2.6. Image and data analysis 180

The fluorescence signal was detected at 400× magnification with a Zeiss Axio- 181

plan epi-fluorescence microscope equipped with a CCD camera connected to an 182

image-analysis system. 183
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Fig. 2. Effect of phenothrin on cell viability. The data points represent the means ± SEM of repeated experiments. Statistically significant difference (p < 0.05) with the
corresponding untreated control was determined by Student’s t-test and is indicated by the open symbol.

To determine cytotoxicity, an FITC filter for Calcein AM and a TRITC filter for184

7-AAD were used to excite the co-labelled cells. The survival rate was determined185

by visual examination of 10 randomly selected non-overlapping fields per slide.186

Each field contained 10–30 images. Cell viability was expressed as the mean of the187

percentages of living cells from repeated experiments. The proportions of living cells188

observed in technical replicates were subjected to statistical analysis.189

For the assessment of genotoxicity, the Comet Imager v.2.2.1. Software (Meta-190

Systems GmbH, Germany) was used to analyze 2 × 50 randomly captured comets191

from duplicate slides, and to compute the DNA-damage parameters. The percent-192

age of DNA in the tail (%, tail DNA), tail length (�m) and tail moment (a combined193

descriptor considering both tail length and the fraction of DNA migrated in the tail)194

were measured to quantify the DNA damage. The results are presented as mean195

of the median values of DNA-damage parameters from repeated experiments. The196

medians of technical replicates were subjected to statistical analysis.197

Experiments were independently performed three times with the HepG2 cells198

and five times with human peripheral blood lymphocytes from five different donors.199

Simple linear regression analysis was used to assess the association between DNA-200

damage levels and doses of phenothrin. The cell viability and the central values201

of DNA damage induced by various doses of phenothrin in repeated experiments202

were statistically compared with that of untreated cells by use of Student’s t-test. A203

p-value ≤ 0.05 was considered to correspond with statistical significance.204

3. Results205

3.1. Phenothrin-induced cytotoxicity206

Both human peripheral blood lymphocytes and human hepa-207

tocytes showed high initial viability (>90%) in all experiments.208

Exposure to phenothrin during 1 h induced limited cell death in209

both cell types in a concentration-dependent manner (Fig. 2).210

Although the dose–response curves follow a similar pattern for211

both cell types, a statistically significant decrease in cell viability212

could only be observed in lymphocytes at concentrations ≥50 �M.213

All samples showed a relatively high viability (>77%) after the treat-214

ment. Therefore, the genotoxic effects of phenothrin observed in215

the dose range used are unlikely to be caused by apoptotic pro-216

cesses.217

3.2. Phenothrin-induced genotoxicity218

Exposure to phenothrin induced a dose-dependent increase of219

DNA damage in both cell types measured as tail DNA and tail220

length. This finding clearly indicates the genotoxic potential of this221

pyrethroid pesticide (Fig. 3).222

A moderate increase of DNA-damage values was observed in the223

0–50-�M concentration range, followed by a considerable increase224

up to 1000 �M. Human peripheral blood lymphocytes had signif-225

icantly higher absolute values of both DNA-damage parameters226

than hepatocytes in the higher concentration range (50–1000 �M). 227

There was a statistically significant positive correlation between 228

DNA damage and phenothrin concentration in the lymphocytes 229

(tail DNA: r = 0.982, p < 0.001 and tail length: r = 0.957, p < 0.01) as 230

well as in the hepatocytes (tail DNA: r = 0.912, p < 0.05 and tail 231

length: r = 0.848, p < 0.05). The slope of the linear regression line for 232

both indicators was found to be steeper for the lymphocytes (tail 233

DNA: ˇ = 0.066 and tail length: ˇ = 0.005) than for the liver cells (tail 234

DNA: ˇ = 0.02 and tail length: ˇ = 0.001). 235

The lowest concentration of phenothrin that produced a statis- 236

tically significant increase in DNA damage was 50 �M for both cell 237

types when the damage was measured as % tail DNA. When the DNA 238

damage was measured as tail length, the lowest effective concen- 239

tration of phenothrin was 20 �M for the lymphocytes, and 100 �M 240

for the hepatocytes. 241

The nature of phenothrin-induced DNA damage was further 242

investigated with the modified comet assay, which included lesion- 243

specific restriction endonuclease Fpg, which allows detection of 244

oxidative DNA damage [13]. Fpg-dependent oxidative DNA damage 245

in the two cell types was expressed as the difference between tail- 246

moment values detected with or without Fpg digestion in the comet 247

assay (Fig. 4). Treatment with phenothrin apparently increased 248

the level of oxidized DNA bases in both cell types, although 249

no statistically significant difference in DNA-damage level was 250

observed between the control and Fpg-incubated cells. The extent 251

of Fpg-detected DNA damage showed a clear dose-dependence. A 252

significant linear correlation was observed between the oxidative 253

DNA damage and phenothrin concentrations in human peripheral 254

blood lymphocytes (tail moment: r = 0.959, p < 0.01) as well as in 255

liver cells (tail moment: r = 0.924, p < 0.01). The slope of the lin- 256

ear regression line was found to be steeper in the lymphocytes 257

(tail moment: ˇ = 0.0011) than in the hepatocytes (tail moment: 258

ˇ = 0.0005) in the concentration range tested. The results show a 259

lower level of oxidative DNA in the liver cells than in the lympho- 260

cytes. 261

4. Discussion 262

Phenothrin is a synthetic pyrethroid commonly used for con- 263

trolling various insects in households and agriculture, among other 264

applications, but its genotoxic/mutagenic activity is poorly investi- 265

gated. In the present study, we utilized the comet assay to examine 266

the possible DNA-damaging effect of phenothrin and determined 267

the dose-response characteristics of phenothrin-mediated DNA 268
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Fig. 3. DNA damage induced by phenothrin in human peripheral blood lymphocytes and cultured hepatocytes measured as % tail DNA (A) and tail length (B) in the comet
assay. Data are means of median values of repeated experiments (± SEM indicated by error bars). Statistically significant increase (*p < 0.05, **p < 0.01, ***p < 0.001) was
determined by comparing the values of DNA damage induced by various doses of phenothrin with the background level in untreated cells by Student’s t-test.

Fig. 4. Oxidative DNA damage induced by phenothrin in human peripheral blood lymphocytes and cultured hepatocytes measured as tail moment in the comet assay. The
bars represent additional damage detected by incubation with restriction endonuclease Fpg. Data are means of differences of corresponding median values detected with
and without Fpg modification of the comet assay (±SEM indicated by error bars).
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strand-breaks in human peripheral blood lymphocytes and cul-269

tured human hepatocytes.270

Our findings point at the potential of this pesticide to induce271

genotoxic insult. Acute exposure to phenothrin led to a signif-272

icant, concentration-dependent increase in DNA damage in the273

absence of marked cytotoxicity in the cell types examined, under274

the conditions applied. The lowest concentrations of phenothrin275

that resulted in a statistically significant DNA-damage induction276

were 20 �M in human peripheral blood lymphocytes and 50 �M277

in hepatocytes. Hepatocytes proved to be less sensitive towards278

the genotoxic action of phenothrin than lymphocytes, a finding279

that may be explained by the abundant detoxification systems280

of HepG2 cells [14]. The oxidative potential of phenothrin could281

be shown in both cell types, although the effect did not reach282

statistical significance. Detailed information on the genotoxic prop-283

erties of phenothrin is provided by this study for the first time,284

and it may have important consequences, since significant DNA-285

damaging effects were observed at relatively low (micromolar)286

doses.287

The general population is exposed to phenothrin primarily from288

incidental ingestion of residues after residential pest control or use289

of commercial pediculicides, but significant exposure may occur290

in certain occupational settings as well [2]. Measurements of uri-291

nary metabolites provide useful biomarkers of exposure, but there292

is insufficient information at this time to allow for correlation of293

the amount of metabolites measured in the urine with the body294

burden or with the level of environmental exposure to phenothrin.295

Results of a single study in humans following inhalation exposure to296

pyrethroid sprays containing phenothrin as one of the components297

indicate that the mean concentration of the pyrethroid metabolite298

trans-CDCA in urine was 1.1 �g/l urine, despite the fact that the pro-299

portion of phenothrin in the pyrethrum mixture was unknown [5].300

It would be speculative to estimate the amount of urinary metabo-301

lites produced by the doses applied in our experimental system302

in the absence of applicable toxicokinetic models of phenothrin303

metabolism in humans. Data exist only for some other pyrethroid304

pesticides, the residues of which have been measured in the urine305

and blood plasma of industrial workers. Concentrations of fenvaler-306

ate and cypermethrin were reported to reach 0.044 �M in urine307

and 1.08 �M in plasma, respectively [16,17]. However, the toxi-308

cokinetic properties of these pesticides may differ from those of309

phenothrin.310

Toxicity studies on the direct DNA-damaging effect of311

phenothrin are lacking. The mutagenicity of commonly used insec-312

ticides containing 0.2% phenothrin was previously investigated313

with the Ames spot forward mutation assay and yielded nega-314

tive results [8]. Based on animal studies, exposure to phenothrin315

has been associated with the development of liver cancer in mice316

and rats, although the increase in cancer incidence was statisti-317

cally non-significantly different between the control and exposed318

groups [9,10]. Another investigation has linked phenothrin with319

breast cancer. Phenothrin has been shown to mimic estrogenic320

activity in MCF-7 human breast-carcinoma cells by increasing the321

level of WNT10B proto-oncogene expression [18]. Other studies do322

not support the cancer-causing ability of this insecticide [4,19].323

In conclusion, our findings provide the first evidence that324

the pyrethroid insecticide phenothrin has pronounced genotoxic325

potential. The effective doses observed in this study are in the low326

micromolar range, which is close to, although higher than the inter-327

nal dose of phenothrin estimated by extrapolation from the limited328

data on endogenous concentrations of other synthetic pyrethroids.329

Nevertheless, due to the stochastic nature of a genotoxic effect330

without a threshold of safety, the DNA-damaging potential cannot331

be ruled out at lower concentrations. The limited data available on332

the toxic effects of phenothrin and the positive results reported333

here, with the agent used on primary and secondary cell cultures,334

call for further studies to characterize the genotoxic properties of 335

this pesticide. In the light of our findings, it is advisable to recon- 336

sider the health hazards of phenothrin, especially in regard to its 337

DNA-damaging potential. First and foremost, in order to minimize 338

the risk of exposure and related health effects, cautious use of 339

phenothrin-containing products can be recommended, in partic- 340

ular the avoidance of direct human applications. 341
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