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Abstract 26 

In the present study, we evaluated the antioxidant potential of Artemisia campestris essential 27 

oil (ACEO) and the possible protective effects against deltamethrin induced hepatic toxic 28 

effects. The ACEO showed radical scavengers activity with IC50=47.66±2.51µg/ml, ferric 29 

reducing antioxidant power (FRAP) potential (EC50=5.36±0.77µg/ml), superoxide 30 

scavenging activity (IC50=0.175±0.007µg/ml) and .OH scavenging activity 31 

((IC50=0.034±0.007µg/ml). The obtained results of phenolic profile demonstrated that 32 

phenolic compounds are the major contributor to the antioxidant activity of ACEO. GC–MS 33 

analysis revealed the presence of 61 components in which monoterpene hydrocarbons 34 

constitute the major fraction (38.85%). In in vivo study, deltamethrin exposure caused an 35 

increase of serum AST, ALT and ALP activities, hepatic malondialdehyde (MDA) (measured 36 

as TBARS) and conjugated dienes markers of lipid peroxidation (LPO), while antioxidant 37 

enzyme activities such as superoxide dismutase (SOD), catalase (CAT) and glutathione 38 

peroxidase (GPx) decreased significantly. Furthermore, it induces DNA damage as indicated 39 

by DNA fragmentation accompanied with severe histological changes in the liver tissues. The 40 

treatment with vitamin E or ACEO significantly improved the hepatic toxicity induced by 41 

deltamethrin. It can be concluded that vitamin E and ACEO are able to improve the hepatic 42 

oxidative damage induced by deltamethrin. Therefore, ACEO is an important product in 43 

reducing the toxic effects of deltamethrin. 44 

Key-words: deltamethrin, oxidative damage, Artemisia campestris, essential oil, vitamin E 45 

 46 
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Introduction 51 

Deltamethrin (D) is a synthetic pyrethroid (type II), used as an insecticidal and anti-52 

parasitic agent (Mazmanci et al. 2011). The advantages of their use are their photostability, 53 

high efficacy at low concentrations, easy disintegration, and low toxicity to birds and 54 

mammals (Rehman et al. 2006). However, pyrethroids have potential toxic effects on human 55 

health via inhalation, dermal contact and on the environment through contaminated food and 56 

water (Magendira Mani et al. 2014). Several studies have shown that pyrethroid caused 57 

alterations in hematology, biochemistry, reproduction, hepatic, renal, and nervous functions 58 

(Yousef et al. 2006 ; Saoudi et al. 2011). The main mechanism of deltamethrin as acaricidal 59 

and insecticidal effects is believed to result from its binding to a distinct receptor site on 60 

voltage-gated sodium channels and prolonging the open state by inhibiting channel 61 

deactivation and inactivation. However, deltamethrin could exert other effects on biological 62 

membranes at sites other than the voltage dependent sodium channel because of its high 63 

hydrophobic profile. Reports showed that liver was found to accumulate a greater 64 

concentration of metabolites since it is the major site of deltamethrin metabolism (Abdel-65 

Daim et al. 2013 ; Gunduz et al. 2015). However, deltamethrin was shown to induce oxidative 66 

damage in liver by enhancing the production of reactive oxygen species (ROS), including 67 

superoxide radicals (O2.−), hydrogen peroxide (H2O2) and hydroxyl radicals (OH).  68 

Naturally, the body has an established antioxidant mechanism to neutralise the 69 

produced ROS (Shivanoor and David, 2014). Neutralisation can be achieved by the enzymes 70 

including superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) and 71 

glutathione peroxidase (GPx). ROS overproduction can directly attack and induce oxidative 72 

damage to proteins, lipids, mitochondria, lipoproteins , DNA, and change cell metabolism, 73 

accelerate aging, neurodegeneration and development of atherosclerosis, hypertension, type II 74 

diabetes as well as cancer (Nieradko-Iwanicka and Borzecki 2015). Though, in the extreme  75 
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oxidative challenge, such as that observed in pesticide poisoning, the body’s antioxidant 76 

machineries are overwhelmed. Vitamin E is considered as the most important lipid-soluble 77 

antioxidant that protects the brain against oxidative hazard (Galal et al. 2014). Vitamin E acts 78 

upon cell membranes and has the ability to neutralize compounds which may potentially 79 

disrupt membrane stability.  80 

The use of natural antioxidants for curing pesticide induced toxicity is being studied 81 

extensively and with interest (Abd El-Rahman Refaie et al., 2014). Moreover, many plants 82 

used for medicine and food have been reported to  be a rich source of antioxidants that inhibit 83 

or delay the oxidative degradation induced by ROS. The genus Artemisia, widespread over 84 

the world, growing wild over the Northern Hemisphere belongs to the Asteraceae family. A. 85 

campestris L., known in Tunisia as “dgouft” grows wild on the steppe and desert. In 86 

traditional medicine, A. campestris has been used as febrifuge and vermifuge against digestive 87 

troubles, gastric ulcer, and menstrual pain. The essential oil of A. campestris was more active 88 

than the extracts of many medicinal plants (Artemisia campestris L., Anthemis arvensis L., 89 

Haloxylon scoparium Pomel, Juniperus phoenicea L., Arbutus unedo L., Cytisus 90 

monspessulanus L., Thymus algeriensis and Zizyphus lotus L.) for scavenging peroxyl 91 

radicals and for inhibiting lipoxygenase (Boulanouar et al. 2013). Nevertheless, very few 92 

reports have investigated the hepatoprotective role induced by the essential oil of this 93 

medicinal plant A. campestris under oxidative stress situations. Therefore, the present study 94 

was aimed to investigate the protective effect of essential oil obtained from A. campestris on 95 

hepatic biomarkers of oxidative damage induced by deltamethrin in adult male rats. 96 

 97 

 98 

 99 
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Material and Methods 100 

1. Chemicals 101 

Deltamethrin is a synthetic pyrethroid insecticide (C22H19Br2NO3) (Figure 1). The 102 

CAS chemical name is (a-cyano-3-phenoxybenzyl (1R, 3R)-3-(2,2-dibromovinyl)-2,2 103 

dimethyl cyclopropanecarboxylate). It is available and used in experimentation in Tunisia. 104 

The name ‘‘decamethrin’’ was originally proposed for this compound and was used in the 105 

literature, but it was rejected because of a conflict with a trade mark. All other chemical 106 

products used in this study were purchased from Sigma Chemicals (Aldrich Chemical 107 

Company). 108 

2. Plant material and extraction of essential oil 109 

The aerial parts (stem and leaves) of A. campestris were collected from kasserine 110 

region, Tunisia. 500 g of fresh samples were cut into small pieces and subjected to hydro 111 

distillation using Clevenger-type apparatus for 2 h. The essential oil was dried over anhydrous 112 

sodium sulphate and the purified essential oil was stored at 4 °C until further use. 113 

3. Determination of antioxidant activity 114 

3.1. DPPH radical scavenging activity  115 

DPPH• (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity of A. campestris 116 

aerial parts essential oil was determined in terms of hydrogen donating or radical scavenging 117 

ability, using the stable radical 1.1-diphenyl-2-picrylhydrazyl (DPPH), according to the 118 

method described by Kirby and Schmidt (1997). Briefly, 1ml of various concentrations (0.06-119 

1.0 mg.ml-1) of the extracts in methanol was added to 1mL of DPPH radical solution in 120 

methanol 4% (w/v).  121 

The mixture was shaken vigorously and kept at room temperature in the dark for 30 122 

minutes. The antiradical activity was expressed as IC50 (µg/ml). The absorbance of the 123 
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samples and control solutions were measured at 517 nm against a b lank containing methanol 124 

and DPPH and inhibition of free radical DPPH in percent (I %) was calculated as follows: 125 

Free radical DPPH in percent (I%) = 100 × (Acontrol-Asample)/Acontrol 126 

Where Acontrol is the absorbance of the control reaction (containing all reagents except the test 127 

compound), Asample is the absorbance of the test compound. Ascorbic acid was used as a 128 

control. 129 

 130 

1.1. Reducing power 131 

The reducing power was determined according to the method of Oyaizu (1986). A. 132 

campestris essential oil (0.06-1.0 mg ml-1) was mixed with 1 ml of 200 mM sodium 133 

phosphate buffer (pH 6.6) and 1 ml of 1% potassium ferricyanide [K3Fe(CN)6] and the 134 

mixture was incubated at 50°C for 20 min. Then 1ml of 10% Trichloroacetic acid was added, 135 

and the mixture was centrifuged at 650 x g for 10 min. The upper layer (1.5 ml) was mixed 136 

with 1.5 ml of deionized water and 0.1 ml of 0.1% ferric chloride (FeCl3). Finally, the 137 

absorbance was measured at 700 nm against a blank. Increased absorbance of the reaction 138 

mixture indicated the increased reducing power. EC50 value (mg ml−1) is the effective 139 

concentration giving an absorbance of 0.5 for reducing power and was obtained from linear 140 

regression analysis. Ascorbic acid was used as standard. 141 

1.2. Scavenging of superoxide radical (NBT test) 142 

The scavenging activity towards the superoxide radical (O2
.−) was measured according 143 

to the method of Yagi et al. (2002). The nitroblue tetrazolium (NBT) reacts with the 144 

superoxide anion to give the oxidized NBT (tetrazolyl) which becomes water insoluble and 145 

purple formazan. The reaction mixture consisted of 100 µl of samples, phosphate buffer (1M), 146 

riboflavin (0.12mM), EDTA (0.1M) and NBT (1.5mM). The absorbance was read at 580 nm 147 
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after illumination under UV lamp for 10 min against blank. The blank contained all the 148 

components except NBT.  149 

The percentage of inhibition was calculated using the  following formula: IP% = [1 -  150 

(OD sample/OD 100%)] x 100. Where IP is the inhibition percentage, OD sample is the 151 

absorbance of the test compound and OD 100% is the absorbance of the control reaction. The 152 

tested compound concentration, which provided 50% inhibition (IC50, expressed in µg/ml), 153 

was calculated from the graph plotted the inhibition percentage against the extract 154 

concentration. 155 

 156 

1.3. Hydroxyl radical (.OH) scavenging assay  157 

The hydroxyl radical scavenging activity was determined by the method of Chung et 158 

al. (1997). The incubation mixture in a total volume of 1 ml contained 0.1 ml of phosphate 159 

buffer, varying volumes of essential oil, 0.2 ml of 500 µM ferric chloride, 0.1 ml of 1 mM 160 

ascorbic acid, 0.1 ml of 1 M EDTA, 0.1 ml of 10 mM H2O2 and 0.2 ml of 2-deoxyribose.  161 

The contents were mixed thoroughly and incubated at room temperature for 60 min. 1 162 

ml of 1% thiobarbituric acid (TBA) (1 g in 100 ml of 0.05 N NaOH) and 1 ml of 2.8% TCA 163 

were then added. All the tubes were kept in a boiling water bath for 30 min. After cooling, the 164 

absorbance was measured at 532 nm against the b lank containing water instead of essential 165 

oil. The percentage scavenging potential was calculated by using the formula, % scavenging  166 

of .OH = [(A0 − A1)/A0] × 100, where A0 is the absorbance of the control reaction and A1 is 167 

the absorbance in the presence of the sample. 168 

2. Determination of the total polyphenols 169 

The total phenolic contents of the ACEO were measured using a modified colorimetric 170 

Folin-Ciocalteu method (Wolfe et al. 2003). The total phenolic content was expressed as mg 171 
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of gallic acid equivalents (GAE) per gram of dry weight through the calibration curve of 172 

gallic acid. The sample was analyzed in three replicates. 173 

3. Total tannins content 174 

The total tannins content in the plant essential oil were determined according to the 175 

method of Broadhurst et al. (1978). 50 µl of the essential oil was added to 3 ml 176 

vanillin/methanol (4%). After stirring, 1.5 ml concentrated HCl was added. The absorbance 177 

was read at 500 nm after 15 min. The total tannin contents were expressed as mg catechin 178 

equivalent (C)/g of essential oil. 179 

 180 

4. GC and GC–MS analysis 181 

The chemical analysis of A. campestris essential oil was carried out with a GC–MS 182 

HP model 5975B inert MSD (Agilent Technologies, J&W Scientific Products, Palo Alto, CA, 183 

USA), outfitted with an Agilent Technologies capillary DB-5MS column (30 m length; 0.25 184 

mm i.d.; 0.25 µm film thickness), and coupled to a mass selective detector (MSD5975B, 185 

ionization voltage 70 eV; all Agilent, Santa Clara, CA). Helium was used as carrier gas at 186 

1ml/min flow rate. 187 

 The oven temperature program was as follows: 1 min at 100°C ramped from 100 to 188 

260°C at 4°C min-1 and 10 min at 260°C. The chromatograph was equipped with a 189 

split/splitless injector used in the split mode. The split ratio was 1:100. Identification of 190 

components was assigned by matching their mass spectra with Wiley and NIST library data, 191 

standards of the main components and comparing their Kovats Retention Indices (KRI) with 192 

reference libraries and from the literature (Gomez and Ledbetter 1994; Ruther 2000; Zoghbi 193 

et al. 2002; Adams 1995, 2007; Marongiu et al. 2006; Morais 2009). The component 194 

concentration was obtained using semi-quantification by peak area integration from GC peaks 195 

and by applying the correction factors. 196 



9 
 

5. Animals 197 

5.1. Rats farming  198 

Male albino wistar rats weighing 200 - 215 g were used for the experiment. The 199 

animals were purchased from the Central Pharmacy of Tunisia (SIPHAT, Tunisia). They were 200 

housed at 22 ± 3 °C with 12h light / dark periods and minimum relative humidity of 40%. The 201 

rats were fed with a commercial balanced diet (SICO, Sfax, Tunisia) and drinking water was 202 

offered ad libitum. All animal experiments were conducted according to the Ethical 203 

Committee Guidelines for the care and use of laboratory animals of our institution. 204 

 205 

5.2. Experimental protocols 206 

After 2 weeks of acclimatization, rats were randomly divided into six experimental 207 

groups of six animals each (Figure 2). The substances were administered in the morning 208 

(between 09:00 and 10:00 h) to non-fasted rats. 209 

Group I (C): Control rats received distilled water, standard dry pellet diet ad libitum and corn 210 

oil by intraperitoneal (IP) treatment for two weeks. 211 

Group II (ACEO): The rats were treated with A. campestris essential oil by IP at the dose 212 

level of 200mg/kg b.wt during two weeks of treatment (Radulovic et al. 2013). 213 

Group III (D): Deltamethrin at the dose of 7.2 mg/kg b.w. (Catinot et al. 1989) in corn oil was 214 

applied to rats by IP treatment for two weeks. 215 

Group IV (ACEO+D): Before deltamethrin (D) treatment, rats were pre-treated with A. 216 

campestris essential oil during two weeks of treatment and then deltamethrin was applied 217 

along with A. campestris essential oil for the second week. 218 

Group V (Vit E): Vitamin E at the dose of 150 mg/kg b.w (Seren et al. 2013) in olive oil was 219 

applied to rats by IP during two weeks.  220 
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Group VI (VitE+D): Before deltamethrin (D) administration, rats were pre-treated with 221 

vitamin E, at the dose of 150 mg/kg b.w in olive oil, which was applied to rats by IP during 222 

two weeks and then deltamethrin was applied along with vitamin E for the second week. 223 

 224 

5.3. Collection and preparation of tissue 225 

At the end of the treatments, the animals were killed on day 15 by decapitation. Blood 226 

samples were collected, allowed to clot at room temperature and serum separated by 227 

centrifuging at 2700 g for 15 min for various biochemical parameters. The liver was quickly 228 

excised, minced with ice cold saline, and blotted on filter paper. Homogenates were 229 

centrifuged at 10000 g for 15 min at 4°C (Ultra Turrax T25, Germany) (1:2, w/v) in 50 mM/l 230 

phosphate buffer (pH 7.4). The supernatant and serum were frozen at -30°C in aliquots until 231 

analysis. The protein content of the supernatant was determined using the method of Lowry et 232 

al. (1951).  233 

 234 

5.4. Hepatic serum markers 235 

Serum samples were obtained by the centrifugation of blood at 2700 g for 15 min at 236 

4°C, and were then divided into eppendorf tubes. Isolated sera were stored at -30°C until they 237 

were used for the determination of hepatic serum markers. The activities of serum alanine 238 

aminotransferase (ALT) (ALT/TGP A 03020), aspartate aminotransferase (AST) (AST/TGO 239 

A03010), and alkaline phosphatase (ALP) (ALP A03000) were measured using commercial 240 

reagents kits purchased from Elitrol and Biotrol (France).   241 

 Oxidative stress analysis 242 

5.4.1. Thiobarbituric acid reactive substances (TBARS) measurements  243 



11 
 

Lipid peroxidation in the tissue homogenate was estimated by measuring 244 

thiobarbituric acid reactive substances (TBARS) and was expressed in terms of 245 

malondialdehyde (MDA) content which is the final product of lipid peroxidation, as described 246 

by Buege and Aust (1972). In short, 125 μl of supernatants were homogenized by sonication247 

with 50 μ l of TBS (Tris-buffered saline) and 125 μ l of TCA-BHT (Butylated hydroxytoluene) 248 

in order to precipitate proteins and centrifuged (1000 g, 10 min, 4°C). 200 μl of obtained 249 

supernatant were mixed with 40 μl of HCl (0.6 M) and 160 μ l of TBA dissolved in Tris and 250 

the mixture was heated at 80°C for 10 min. The absorbance of the resultant supernatant was 251 

read at 530 nm. The amount of TBARS was calculated by using an extinction coefficient of 252 

156.105 mM-1 cm-1 of MDA-TBA adduct. 253 

5.4.2. Determination of conjugated dienes 254 

The conjugated dienes in hepatic tissue were determined according to the method of 255 

Slater (1984). The hepatic tissues were homogenized separately in ice-cold phosphate buffer 256 

(pH 7.4) at a tissue concentration of 50 mg/ml. The hepatic tissues were also homogenized in 257 

the same buffer at a concentration of 5 mg/ml. A 0.5-ml aliquot and a chloroform–methanol 258 

mixture (2:1) were taken in a centrifuge tube. This mixture was centrifuged at 1000×g for 5 259 

min. Chloroform was evaporated after steaming at 50°C. The lipid residue was dissolved in 260 

1.5 ml methanol. Readings were taken at 233 nm. 261 

After obtaining the absorbances, the levels of conjugated dienes were calculated using the 262 

following formula: 263 

Conjugated dienes (nmol/mg proteins) = OD / ε x l x X 264 

OD: Optical density 265 

ε = 2.7 x 104  x 10-6 nM/cm/ml (the extinction coeffecient of conjugated dienes) 266 

l : path of the cell 267 

X : the concentration of proteins 268 
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5.4.3. Antioxidant enzyme studies 269 

In liver tissues, SOD activity was determined according to the colorimetric method of 270 

Beyer and Fridovich (1987) using the oxidizing reaction of nitroblue tetrazolium (NBT); CAT 271 

activity was measured by the UV colorimetric method of Aebi (1974) using H2O2 as 272 

substrate; glutathione peroxidase (GPx) activity was measured by a modification of the 273 

colorimetric method of Flohe and Günzler (1984) using H2O2 as substrate and the reduced 274 

GSH. 275 

5.5. Histopathological studies 276 

Pieces of liver tissues were excised, washed with normal saline and processed 277 

separately for histopathological observation. The liver and kidney tissues were fixed in bouin 278 

solution, dehydrated in graded (50-100%) alcohol and embedded in paraffin. Thin sections (4-279 

5 µm) were cut and stained with routine hematoxylin-eosin (H&E). The sections were 280 

examined microscopically for histopathology changes, including cell necrosis, fatty change, 281 

and ballooning degeneration (Gabe 1968). 282 

5.6. Qualitative assay of DNA fragmentation by agarose gel electrophoresis  283 

The DNA was extracted from rat liver using Wizard Ge-180 nomic DNA Purification 284 

Kit (Quick-gDNA TM MiniPrep Catalog Nos. D3006, D3007, D3024, and D3025) (Zymo 285 

Research Corp, Irvine, 17062 Murphy Ave. Irvine, CA 92614, U.S.A.). DNA was then 286 

loaded onto agarose gel (0.3μg/lane). DNA laddering was determined by constant voltage 287 

mode electrophoresis (in a large submarine at 80 V, for 60 min) on a 1.7% agarose gel 288 

containing 0.5 μg/ml ethidium bromide (Miller et al. 1988). Gels were illuminated with 300 289 

nm UV light and a photographic record was made. 290 

 291 

 292 
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6. Statistical analysis 293 

All values are expressed as mean ± S.E.M. The results were analyzed by one-way 294 

analysis of variance (ANOVA) followed by Tukey test for multiple comparisons using SPSS 295 

for Windows (vers. 18). Differences were considered significant at p<0.05. 296 

Results 297 

1. Antioxidant capacities of A. campestris essential oil 298 

The antioxidant capacities of A. campestris essential oil were studied with different 299 

assays such as: free radical scavenging (DPPH), reducing power (FRAP), scavenging of 300 

superoxide radical (NBT) and hydroxyl radical (.OH) scavenging assays. The results are 301 

summarized in Table 1. The essential oil exhibited a radical scavenging potential 302 

(IC50=47.66±2.51µg/ml) as compared to vitamin C  (IC50=28.5±2.64µg/ml) which is used as 303 

positive control. The reducing power of ACEO revealed an EC50=5.36±0.77µg/ml lower than 304 

the EC50 of vitamin C (EC50=0.117±0.002µg/ml). The ferric reducing antioxidant power 305 

(FRAP) is used to evaluate the ability of an antioxidant to donate an electron. The reducing 306 

power of ACEO is important to reduce the Fe3+/ferricyanide complex to the ferrous form.  307 

The antioxidant activity was also determined by the inhibition of the oxidation of NBT (by 308 

scavenging the superoxide anion (O2
.−)). The ACEO has shown lower superoxide anion 309 

scavenging activity (IC50=0.175±0.007µg/ml) as compared to vitamin C 310 

(IC50=0.117±0.002µg/ml). .OH is a highly reactive free radical formed in biological systems. 311 

ACEO revealed that hydroxyl radical (.OH) assay is important (IC50=0.034±0.007µg/ml) as 312 

compared to vitamin C (IC50=0.0155±0.002µg/ml). 313 

 314 

 315 

 316 
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2. Polyphenolic contents of A. campestris essential oil 317 

The results of total phenols and tannins of ACEO are summarized in Table 2. Obviously, total 318 

phenolic content could be regarded as an important indication of antioxidant properties of 319 

plant extracts. The determination of total phenolic content of ACEO was measured by Folin 320 

Ciocalteau reagent in terms of gallic acid equivalents (GAEs). ACEO revealed important 321 

contents in polyphenols (131.64±17.47 µg GAE/mg extract) and tannins (189.55±34.58 µg Eq 322 

catechin/mg extract). 323 

 324 

3. Chemical composition of A. campestris essential oil 325 

Essential oil obtained from fresh leaves of A. campestris showed a yield of 0.16 %. Its 326 

chemical composition is presented with the retention indices in Table 3. The GC–MS analysis 327 

of the oil samples revealed the presence of a total of 61 components. The main compounds 328 

were β-pinene (11.63%) and β-eudesmol (6.54%) followed by α-pinene (5.92%), γ-terpinene 329 

(5.44%), terpinene-4-ol (4.5%), β-myrcene (4.21%), trans-β-ocimene (3.1%) and α-terpineol 330 

(2.52%). Monoterpene hydrocarbons constitute the major fraction of the oil (38.85%) while 331 

sesquiterpene hydrocarbons accounted for 5.62%. Oxygenated monoterpenes and oxygenated 332 

sesquiterpenes amounted to 11.39 % and 11.57%, respectively. This oil is relatively more 333 

concentrated on α-pinene, β-eudesmol, terpinene-4-ol and α-terpineol and less rich in β-334 

pinene than that reported by Akrout et al. (2011). 335 

 336 

4. Serum hepatic biochemical parameters 337 

The changes in AST, ALT and ALP activities in adult male rats exposed to 338 

deltamethrin, A. campestris essential oil, vitamin E and their combination for two weeks are 339 

shown in Table 4. Activities of AST, ALT and ALP in deltamethrin-exposed rats significantly 340 

increased as compared to control group. The pre and co-administration of vitamin E or ACEO 341 
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in deltamethrin rats reversed and alleviated considerably the activities of AST, ALT and ALP 342 

as compared to deltamethrin and control group. There were no significant changes in ACEO 343 

or vitamin E groups compared to control for AST, ALT and ALP. 344 

 345 

5. Oxidative stress analysis 346 

In this study, MDA and conjugated dienes (Figures 3 and 4) were used as markers of 347 

oxidative damage to liver in deltamethrin-exposed rats. Current findings showed that MDA 348 

and conjugated dienes levels were increased (37% and 46% respectively) significantly in 349 

deltamethrin-exposed group compared to control. The pre and co-treatment with ACEO or 350 

vitamin E protected against the lipid peroxidation as confirmed by suppression of conjugated 351 

dienes and MDA levels induced by deltamethrin treatment. Vitamin E or ACEO alone had no 352 

effects on lipid peroxidation. 353 

Results illustrated that deltamethrin exposure (2 weeks) induced a significant decrease 354 

in antioxidant responses (CAT, SOD and GPx) in liver (Table 5), while ACEO or vitamin E 355 

notably influenced and improved enzymatic activities involved in antioxidant responses. 356 

 357 

 358 

6. Histopathological findings 359 

Figure 5 shows the histology of untreated and treated groups of liver tissues. Normal 360 

liver histoarchitecture showed normal hepatocytes and sinusoidal architectures which were 361 

observed in the control (A), A. campestris essential oil (B) and vitamin E (E) groups, while 362 

deltamethrin treated group illustrated severe liver damage including vacuolisation, 363 

inflammatory cell infiltration and vascular congestion. ACEO or vitamin E treatments clearly 364 

reduced the lesions caused by deltamethrin treatment. 365 

 366 
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7. DNA fragmentation by agarose gel electrophoresis 367 

Figure 6 shows the qualitative changes in the integrity of the liver genomic DNA. No 368 

specific DNA fragments were observed in control, ACEO and vitamin E groups. However, 369 

the treatment with deltamethrin (7.2 mg/kg b.w.) induced a marked DNA fragmentation in 370 

liver tissue as compared to control group. The pre and co-administration of rats treated with 371 

deltamethrin and ACEO or vitamin E showed a significant restoration of DNA as compared to 372 

control and deltamethrin group alone. 373 

 374 

Discussion 375 

The antioxidant potential of ACEO investigated in the present study revealed 376 

significant prevention of deltamethrin- induced hepatotoxicity and oxidative damage in male 377 

adult wistar rats. The antioxidant activity of plants is mainly contributed by the active 378 

compounds of essential oil and phenolic fraction present in them. In order to achieve this 379 

purpose, the antioxidant activity and chemical composition of the ACEO were investigated. 380 

The data presented in this study demonstrated that ACEO had antioxidant and free radical 381 

scavenging activities. According to the results obtained, the DPPH• radical scavenging 382 

potential of ACEO was lower than that of the standard, vitamin C. The results of the present 383 

paper are comparable with the previous study made by Radulovic et al. (2013) which reported 384 

the DPPH• radical scavenging potential of Artemisia annua L. The radical scavenging activity 385 

of essential oil can be attributed to the presence of its major phenolic compounds, 386 

particularly monoterpene hydrocarbons and their recognized impact on lipid oxidation 387 

(Coutinho de Oliveira et al. 2012).  388 

The obtained results are in accordance with the findings of several studies which 389 

reported that the efficiency of an antioxidant component to reduce DPPH essentially depends 390 

on its hydrogen donating ability, which is directly related to the presence of polyphenolic 391 
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compounds (Kasagana et al. 2015). The reducing power assay is often used to demonstrate the 392 

ability of natural antioxidant to donate an electron or hydrogen (Senthil Kumar et al. 2012). 393 

As shown in our results, the reducing capacity of the essential oil from A. campestris 394 

remained lower than that of vitamin C. This difference may be explained by lower content of 395 

electron donor compounds in the chemical composition of this oil which was characterized by 396 

the abundance of monoterpene hydrocarbons. The O2•− scavenging activity of ACEO was 397 

compared with vitamin C used as standard. The result of the present study is in agreement 398 

with the previous study which revealed that antioxidant properties of some essential oil are 399 

effective via scavenging of O2•− radical (Okoh et al. 2014). The monoterpenes constituted 400 

50.24 % and the sesquiterpenes 17.19 %, of which the monoterpene hydrocarbons had the 401 

most important contributions (38.85 %). α-pinene, β-pinene, β-myrcene, R(+)- limonen, 402 

Trans-β-ocimene, γ-terpinene, Terpinene-4-ol, α –terpineol, Geranyl acetate, (+) spathulenol 403 

and β-eudesmol are the major compounds in ACEO. ACEO is rich in polyphenols and has 404 

significant antioxidant activity in vitro. In addition, this antioxidant capacity is eventually 405 

related to a richness of monoterpenes which are aromatic plant essences. The in vitro 406 

antioxidant activity of each compound of ACEO has not been studied in this work. ACEO has 407 

a high antioxidant activity evaluated by the in vitro and in vivo tests. This antioxidant activity 408 

concerns all ACEO compounds that act together to neutralize free radicals and reduce 409 

oxidative damage.  410 

The essential oil showed lower scavenging potential of .OH. The ability of essential oils to 411 

reduce .OH seems to be directly related to the prevention of propagation of lipid peroxidation 412 

process and they seem to be good scavengers of active oxygen species, thus reducing the rate 413 

of reaction (Sahreen et al. 2010). The antioxidant activity of plant essential oil is usually 414 

linked to their phenolic content. Many studies have evaluated the relationships between the 415 

antioxidant activity of plant products and their phenolic content (Birasuren et al. 2013). It 416 
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seems that polyphenolic compounds in plant essential oils scavenged and reduced free 417 

radicals (Al-Jaber et al. 2011). ACEO presented a large number of different groups of 418 

chemical compounds; it is likely that the antioxidant properties of ACEO cannot be 419 

attributable to one or the major components but the whole constituents. However, some 420 

components such as carvacrol are able to cause beneficial properties as described by Coutinho 421 

de Oliveira et al. (2012) who demonstrated that thymol and carvacrol as the major 422 

components of Satureja montana L. essential oil are able to disintegrate the outer membrane 423 

of Gram-negative bacteria. In addition, α-terpineol major components presented in essential 424 

oil of Artemisia rupestris aerial parts exhibited insecticidal effects (Liu et al., 2013). ACEO 425 

has been shown to have higher phenolic and tannins contents as compared to the extract of A. 426 

campestris (Akrout et al. 2011). The phytochemical study of ACEO by GC-MS analysis 427 

revealed that monoterpene hydrocarbons constitute the major fraction of the oil. 428 

Our results are in accordance to the reports of Akrout et al. (2011) with some 429 

modifications. However, the substances that scavenge reactive species in vitro cannot 430 

necessarily act as antioxidants in vivo (Forman et al., 2014). On the other hand, compounds 431 

lacking electron donor groups (e.g. aldehydes such as cinnamaldehyde) can act as 432 

antioxidants in vivo. In this regard, the paradoxical oxidative activation of antioxidant 433 

signalling pathways maintaining protective oxidoreductases and their nucleophilic substrates 434 

was suggested as a major mechanism action for polyphenolic antioxidants in vivo.  435 

The in vivo study revealed that deltamethrin administration increased significantly 436 

AST, ALT and ALP activities in serum of treated rats as compared to controls. The increase 437 

in serum AST, ALT and ALP is in agreement with the findings of Yousef et al. (2006). These 438 

enzymes increased significantly indicating liver damage and thus cause alteration in liver 439 

function (Giannini et al. 2005). In this case, deltamethrin caused cellular damage which is 440 

eventually accompanied by increasing cell membrane permeability (Amin and Hashem 2012). 441 
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These results clearly indicated that deltamethrin have stressful effects on the hepatic tissues 442 

consistent with those reported in the literature (Abdel-Daim et al. 2013).  443 

Plants are considered as unique sources of useful metabolites. The increasing attention on 444 

plants used as a source of bionutrients or bio-active phytochemical have been regarded as 445 

possible antioxidants in food industry and in the chemoprevention of diseases resulting from 446 

oxidative stress (Sharoba et al. 2015). In the current study, ACEO normalized the disturbance 447 

of serum biochemical parameters (AST, ALT and ALP) in rats treated by deltamethrin. In 448 

addition, the co-treatment of rats by vitamin E, used as standard antioxidant molecule, in 449 

combination with deltamethrin returned significantly the hepatic enzyme markers to normal 450 

values as compared to controls and deltamethrin alone. Deltamethrin exposure produced an 451 

accumulation of oxidative damage confirmed by an increase in lipid peroxidation levels 452 

(LPO) in hepatic tissue. Conjugated dienes and MDA have been extensively used as markers 453 

of oxidative stress indicating membrane damage due to LPO (Slaninova et al. 2009). The 454 

increase in the concentration of MDA (measured as TBARS) and conjugated dienes is an 455 

indicator of deltamethrin- induced LPO leading to tissue injury. Although pesticides were 456 

shown to interact with membranes directly (thus altering their fluidity), it is probably not the 457 

interaction of D with membranes that causes LPO, but rather ROS generated during 458 

deltamethrin metabolism that cause membrane lipids oxidation contributing to membrane 459 

disintegration and fluidity changes. Regardless, mitochondrial membrane fluidity alterations 460 

could indeed contribute to ROS generation (Singh et al. 2010). However, antioxidant enzymes 461 

are considered to be the first line of cellular defense against oxidative damage. Among them, 462 

SOD and CAT are responsible for the elimination of reactive oxygen species. In the present 463 

study, deltamethrin treatment induced a significant decrease of antioxidant enzymes such as 464 

SOD, CAT and GPx activities as compared to controls. The disturbance in biologic 465 

antioxidant enzymes is responsible for the cytotoxic effects of deltamethrin. This decrease 466 
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could be a consequence of the high production of superoxide anion following the pyrethroid 467 

treatment. The histopathological observations in deltamethrin-treated rats showed severe liver 468 

damage including vacuolisation, inflammatory cell infiltration and vascular congestion. 469 

Similar findings of liver damage during deltamethrin toxicity have been observed (Amin and 470 

Hashem 2011). In addition to oxidative stress, the present paper suggests that deltamethrin 471 

exposure induced liver DNA fragmentation in treated rats as compared to controls.  472 

Several in vitro and in vivo studies have reported toxic effects of deltamethrin in a 473 

variety of cell types. ROS are involved in apoptosis as well as in cell proliferation. Kumar et 474 

al. (2016) revealed that deltamethrin induces apoptosis in murine splenocytes in a 475 

concentration-dependent manner by an increase of p38 MAP kinase and Bax (proapoptotic) 476 

expression. Our study is in accordance with previous findings which demonstrated that rats 477 

exposed to lambda cyhalothrin induced hepatic DNA fragmentation (Madkour 2012). 478 

Recently, deltamethrin exposure to rainbow trout muscles to acute and long-term 479 

administration significantly increased the expression of cytochrome P450 1A in a time 480 

dependent manner (Erdogan et al., 2011). In addition, CYP 450 1A can enhance the 481 

generation of ROS, such as superoxide radical, hydroxyl radical, and hydrogen peroxide. Park 482 

et al. (1996) demonstrated that induction of CYP 1 A by 2,3,7,8-tetrachloro dibenzo-p-dioxin 483 

(TCDD) can generate sufficient levels of ROS to cause oxidative DNA damage in hepatoma 484 

cells.  485 

ACEO, a phenolic compound, exhibits protective effects against oxidative damage and 486 

cellular toxicity (Figure 7) as shown by Akrout et al. (2011). Rats received ACEO along with 487 

deltamethrin showed a decrease in hepatic MDA (measured as TBARS) and conjugated 488 

dienes as compared to deltamethrin alone treated rats which indicate that essential oil 489 

scavenged free radicals produced hepatic membrane damage. More importantly, it was shown 490 

in the present study that administration of ACEO reversed the hepatic oxidative damage as 491 
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confirmed by suppression of its markers, MDA (measured as TBARS) and conjugated dienes  492 

in deltamethrin treatment group. These results are similar to the observation of another study 493 

where leave extract of Ocimum basilicum was shown to decrease LPO levels in deltamethrin 494 

induced nephrotoxicity damage in rats (Sakr and Al-Amoudi 2012). In addition, ACEO 495 

administration to deltamethrin treated rats significantly increased the SOD, CAT and GPx 496 

activities. It could be due to the free radical scavenging and antioxidant property of ACEO. 497 

Moreover, our results showed that ACEO supplementation ameliorates the histological 498 

alterations induced by deltamethrin suggesting the antioxidant and antiradical efficacy of 499 

ACEO. A protective effect of ACEO has also been reported in earlier studies that postulated 500 

the beneficial role of Artemisia campestris on the histopathological changes in rats (Barkat et 501 

al. 2015). Furthermore, the co-administration of ACEO moderately decreased the liver DNA 502 

fragmentation. On the other hand, this study demonstrates that vitamin E administration had 503 

the ability to reduce the hepatic oxidative damage of deltamethrin, as indicated by the 504 

significant reduction of hepatic MDA (measured as TBARS) and conjugated dienes. Our 505 

results are consistent with those of Yousef et al. (2006) who demonstrated that rats given the 506 

deltamethrin and vitamin E showed amelioration and protective effect on biochemical 507 

parameters, which did not differ significantly from control values in comparison with 508 

corresponding values in rats given only deltamethrin. Our results are also in line with those 509 

mentioned previously (Bansal et al. 2005) concerning the antioxidant effect of vitamin E on 510 

the anti/pro-oxidant status in rats exposed to N-nitrosodiethylamine. Rats received vitamin E 511 

ameliorated hepatic histoarchitecture and DNA fragmentation induced by de ltamethrin. 512 

Reports of Salah et al. (2010) showed that vitamin E is present in the membranes of cells and 513 

cellular organelles where it plays an important role in the suppression of oxidative damage. 514 

The administration of vitamin E in olive oil reduced the hepatic oxidative damage caused by 515 

deltamethrin in treated rats. In addition, the use of olive oil as a solvent for the vitamin E has 516 
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also beneficial effects against toxicity induced by deltamethrin. Olive oil presents various 517 

components such as monounsaturated fatty acids that may have nutritional benefits. It is also 518 

a good source of phytochemicals, including polyphenolic compounds (Lavelli, 2002). 519 

In conclusion, data of the present study clearly suggest the antioxidant potential of ACEO 520 

which revealed a beneficial effect in combating the hepatic oxidative damage induced by 521 

deltamethrin. 522 

 523 
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