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Abstract  

Organophosphorus insecticides (OPIs) are a common type of pesticides that have been mostly studied in adult animals, but their effects on 

early life stages are not well understood. In this study, we aimed to evaluate the genotoxic effect of profenofos (PFF), an OPI, on weanling 

male rats. The protective effect of Artichoke leaves extract (ALE), a natural antioxidant, against PFF-induced genotoxicity was investigated. 

ALE contains high amounts of phenolic and flavonoid compounds, such as gallic acid and chlorogenic acid, as determined by HPLC analysis. 

The extract also showed strong antioxidant activity in vitro, as measured by reducing power, DPPH●, and ABTS●+ assays. Weanling male 

rats was exposed to PFF at a dose of 14.32 mg/kg b.wt (1/25 LD50) with or without ALE at doses of 100 mg/kg and 200 mg/kg in drinking 

water for 28 days. We assessed the genotoxic and cytotoxic effects of PFF on the bone marrow cells using chromosomal aberrations, 

micronucleus, and mitotic index assays. The results showed that PFF significantly increased the frequency of chromosomal aberrations and 

micronucleus formation in the bone marrow cells and decreased the mitotic index in the exposed rats. The ALE reduced the genotoxic and 

cytotoxic effects of PFF on the bone marrow cells by decreasing the chromosomal aberrations and micronucleus formation and increasing the 

mitotic index. These findings suggest that PFF is a potential clastogenic/genotoxic agent, especially on early life stages that are more 

susceptible to its toxicity. The ALE can be used as a natural antioxidant and a protective agent against PFF-induced genotoxicity.  
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1. Introduction 

In actuality, as people are constantly interacting with their surroundings, they are exposed to a wide range of synthetic 

chemicals that are present in their food, water, and environment. In both industrialized and developing nations, a broad variety 

of synthetic pesticides have been dispersed into rural areas through agricultural operations to control agricultural pests, insect 

pests, plant infections, and weeds [1]. In our previous work, commercial formulations of chlorpyrifos, cypermethrin, 

deltamethrin, fipronil, prallethrin, cyromazine and methomyl had higher adverse effects on biochemical and haematological 

markers in male rats [2], [3], [4], [5], [6]. Nevertheless, in addition to the active ingredient(s), pesticide formulations also 

contain a variety of other components, including a solvent, wetting and emulsifying agents, and additives [3], [4], [5], [7]. As 

a result, it is uncommon to be aware of the potential cumulative toxic consequences of such complex exposures. In order to 

assess the potential of adverse health consequences from pesticide exposure, toxicological information about active chemicals 

or formulations alone is not adequate [1], [7], [8], [9].  

Pesticides commonly have high reactivity and are capable of forming covalent connections with a variety of biological 

macromolecules' nucleophilic sites, including DNA [10], [11], [12]. The indiscriminate use of pesticides may have negative 

consequences on human health due to their biological activity. For instance, the production of DNA damage has the potential 

to cause cancer, poor reproductive results, and a variety of other chronic illnesses [13], [14], [15], [16], [17]. According to 

epidemiological studies, occupational exposure to various pesticides may increase the risk of leukemia and other cancers [13], 

[17], [18], [19], [20]. 

The genotoxic effect of pesticides in vitro and in vivo has been documented by several researchers. In rat bone marrow cells, 

chromosomal aberration (CA), micronucleus (MN), and mitotic index (MI) were evaluated [21], [22], [23], [24]. Many 

pesticides, including chlorpyrifos, cypermethrin, methomyl, deltamethrin, and prallethrin, elevated CAs and MNs while 

lowering MI in the rat bone marrow cells were reported in our experiments [25], [26], [27], [28]. The MN test was performed 

to evaluate the genotoxicity of nuvacron (Monocrotophos) on Chinese hamster ovary (CHO) cells both in vitro and in in vivo. 

Mice's bone marrow had more polychromatic erythrocytes with a micronucleus after receiving doses of nuvacron of 2.5 and 
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5.0 mg/kg intraperitoneally for 24 hours [29]. Additional pesticides including pirimiphos-methyl, dimethoate, lindane, 

endosulfan, chlorpyrifos, and monocrotophos have also been documented to cause CAs and MNs [30], [31], [32].  

The mechanism by which pesticides cause mutagenesis is complex and reactive oxygen species play a significant role in 

pesticide toxicity, mutagens and carcinogens [33], [34], [35]. Other studies reported that correlation between ROS, mutation, 

and carcinogenesis [36]. ROS may play a major role as endogenous initiators of degenerative processes, such as DNA damage 

and mutation, which may be related to cancer, heart disease, and aging [37].  

Natural extracts have been attracting a lot of attention recently because of their antioxidant, antimutagenic, and protective 

properties in both in vivo and in vitro studies [38].This is because chemical compounds that are used as drugs, food additives, 

or dietary supplements might have adverse effects on human health.For their possible use as drugs, food additives, dietary 

supplements, and antioxidants, natural compounds therefore serve as a respectable substitute for manufactured [38], [39], [40], 

[41]. 

Globe artichoke is a valuable crop that offers many health benefits due to its high content of nutrients and phenolic 

compounds [42]. These compounds have antioxidant, anti-inflammatory, and anticancer properties, among others. However, 

the majority of the globe artichoke plant is wasted after harvest, as only the immature flower heads are consumed. The leaves, 

stems, and roots, which account for nearly 85% of the plant's biomass, are usually discarded or used as animal feed. This 

represents a significant loss of potential resources and income for farmers and consumers [42], [43], [44]. Therefore, there is a 

need to explore alternative uses and applications for the globe artichoke by-products, such as extracting bioactive compounds, 

producing biofuels, or developing new food products. Therefore, one goal of this study was to extract the bioactive 

compounds from the leaves of Artichoke plant using aqueous ethanol as a solvent. However, antioxidant compounds have 

significant practical and therapeutic benefits. One of the main sources of these compounds are phenolic and flavonoids 

substances, which exhibit antioxidant, antimutagenic, anticancer and other biological effects [2], [26], [45], [46]. Plants that 

contain high amounts of these substances can be used as natural antimutagens in food and medicine to prevent mutations that 

may lead to cancer or other diseases caused by genotoxic agents [40], [47], [48], [49]. 

ALE and its protective effects were investigated in several studies using human and animal models. ALE reduced oxidative 

stress in human leukocytes, as measured by flow cytometry and dichlorofluorescin diacetate [38], [50]. It has also been shown 

to protect the liver from damage caused by free radicals, low-density lipoprotein oxidation, lipid peroxidation, and protein 

oxidation, as well as to enhance the activity of glutathione peroxidase, an enzyme that detoxifies hydrogen peroxide. These 

findings suggest that ALE has beneficial effects on oxidative stress and organ function in various settings [51], [52], [53]. 

Most studies on OPIs toxicity have only examined adult animals, leaving a gap in the knowledge of the consequences of 

exposure during early life stages. Previous research suggest that organophosphates and other pesticides can impair the 

biodiversity and health of living organisms, by causing cellular damage, mutations, genome degradation, population changes, 

diseases and cancer [24], [30], [54], [55]. Therefore, this study is the first of its kind to investigate the genotoxic effect of PFF, 

an organophosphorus pesticide commonly used in agriculture, on weanling male rats. We measured the phenolic and 

flavonoid content and the in vitro antioxidant activity of artichoke leaf extract. We also assessed the protective role of ALE 

against the genotoxicity induced by PFF in weanling male rats. 

 

2. Materials and methods 

2.1. Insecticides  

Profenofos (Deliron El-Nasr 72% EC) was obtained from National Agricultural Chemicals and Investment, Egypt.  

2.2. Chemicals and reagents  

Chemicals and reagents such as ethanol, methanol, glycerol, Giemsa, Fetal Calf Serum (FCS) and potassium chloride were 

obtained from the local scientific distributors in Egypt.  Giemsa were obtained from S.d. fine-chem. Ltd, Colchicine from 

BDH, England; May-Grόnwald's from S.D. Fine Chem Limited, Mumbai, India; Fetal Calf Serum (FCS) from BioSource 

International, USA and potassium chloride from HMRZEL laboratories Ltd., Netherlands. All other chemicals were of reagent 

grades and obtained from the local scientific distributors in Egypt. 

 

2.3. Plant materials and extraction 

The artichoke leaves (Cynara scolymus L.) were collected from the Experimental Farm of the Faculty of Agriculture, Cairo 

University, Giza, Egypt, in 2021. The leaves were rinsed with tap water and then dried. The extraction process involved 

powdered leaves that were macerated with 70% aqueous ethanol. 

 

2.4. Total phenolic content 

The Folin-Ciocalteu method was used to measure the total phenolic content of artichoke extract. The procedure was as 

follows: A diluted solution of the extract (100 µL) was mixed with 500 µL of Folin-Ciocalteu reagent (0.2 N) and left for 5 

min at room temperature. Then, 400 µL of sodium carbonate solution (75 g/L in water) was added to the mixture and the 

absorbance was measured at 765 nm after 1h, using water as a blank [56], [57]. A standard curve was constructed with gallic 

acid (0-300 mg/L) and the total phenolic content was calculated as mg of gallic acid equivalents (GAE) per g of dry weight 
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(DW) of the extract. 

2.5. Total flavonoid content 

The flavonoid content of artichoke extract was quantified by a spectrophotometric method. A solution of artichoke extract (0.5 

ml) was mixed with 0.5 ml of 2% methanolic aluminum trichloride (AlCl3) and left to stand for 15 minutes [56], [57]. The 

absorbance of the resulting complex was measured at 415 nm against a blank consisting of 0.5 ml of artichoke extract and 0.5 

ml of methanol without AlCl3. The flavonoid concentration was calculated from a standard curve of quercetin and expressed 

as mg of quercetin equivalents (QE)/g of dry weight (DW). 

 

2.6. In vitro antioxidant activity 

2.6.1. DPPH● (2,2´-diphenylpicrylhydrazyl) scavenging activity 

The aqueous ethanol extract of artichokes was tested for its ability to scavenge DPPH● radicals, using ascorbic acid as a 

standard. The procedure involved mixing 1.0 ml of the extract at various concentrations (5-100 µg/ml) with 1.0 ml of 0.1 mM 

DPPH● in methanol, and then adding MeOH to make the final volume 3.0 ml. The mixture was shaken well and left in the 

dark at room temperature for 30 min, after which the absorbance was read at 517 nm [56], [57]. Methanol was used as a blank 

and ascorbic acid (0.5-10 µg/ml) was used as a reference compound. The absorbance of solvent and DPPH● radical without 

extract was taken as a control. The percentage inhibition of DPPH● by the samples was calculated using the following 

formula: 

I (%) = [(AC-AS)/AC] x 100 

Where: AC and AS are the absorbance of the control and sample, respectively. The IC50 value represents the concentration of 

the extract, which caused 50% inhibition was calculated. 

2.6.2. ABTS•+ (2, 2’azinobis- (3-ethylbenzthiazoline -6-sulphonic acid)) scavenging activity 

The antioxidant activity of aqueous ethanol extract of artichokes and ascorbic acid was studied using ABTS•+ radical 

scavenging activity. The ABTS•+ cation radical was produced by the reaction between 7 mM ABTS in water and 2.45 mM 

potassium persulfate, stored in the dark at room temperature for 12 h. Because ABTS and potassium persulfate react 

stoichiometrically at a ratio of 1:0.5, this will result in incomplete oxidation of the ABTS [56], [57] . Oxidation of the ABTS 

commenced immediately, but the absorbance was not maximal. The radical was stable in this form for more than two days 

when stored in the dark at room temperature. Before use, the ABTS•+ solution was diluted with phosphate buffer (0.1 M, pH 

7.4) to get an absorbance of 0.70 ± 0.02 at 734 nm. Then, 1 ml of ABTS•+ solution was added to 1 ml of extract solution in 

distilled water at different concentrations (5-80 µg/ml). After 30 min, the percentage inhibition at 734 nm was calculated for 

each concentration relative to a blank absorbance. Ascorbic acid (0.5-10 µg/ml) was used as the reference compound. The 

scavenging capability of ABTS•+ radical was calculated using the following equation: 

ABTS•+ Scavenging effect (%) = [(AControl –ASample)/AControl)] x 100 

Where AControl is the absorbance of the control and ASample is the absorbance of the sample. The IC50 value represents the 

concentration of the extract, which caused 50% inhibition was calculated 

 

2.6.3. Reducing power 

To measure the total reducing power of the artichoke's aqueous ethanol extract and ascorbic acid was applied. A mixture of 

one ml of extract (5-60 µg/ml), 2.5 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1% K3 Fe (CN)6 was prepared and 

incubated at 50°C for 20 minutes. Then, 2.5 ml of 10% TCA was added and the mixture was centrifuged [56], [57]. The 

absorbance of the supernatant (2.5 ml) mixed with 2.5 ml of water and 0.5 ml of 0.1% FeCl3 was read at 700 nm for 

concentrations ranging from 5 to 15 µg/ml. 

 

2.7. HPLC analysis 

An Agilent 1260 series high-performance liquid chromatography (HPLC) system was used to perform the chromatographic 

analysis. The Eclipse C18 column (4.6 mm x 250 mm i.d., 5 μm) was employed for the separation of the analyses. The mobile 

phase was composed of water (A) and 0.05% trifluoroacetic acid in acetonitrile (B) and delivered at a flow rate of 1 ml/min. A 

linear gradient elution was applied as follows: 0 min (82% A); 0–5 min (80% A); 5-8 min (60% A); 8-12 min (60% A); 12-15 

min (82% A) and 15-16 min (82% A). The detection wavelength was set at 280 nm using a multi-wavelength detector. The 

sample solutions were injected with a volume of 10 μL each. The temperature of the column oven was controlled at 35 °C. 

In this study, sixteen phenolic compounds as standards, covering different classes and subclasses of phenolics was used. These 

compounds are Gallic acid, Chlorogenic acid, Catechin, Methyl gallate, Coffeic acid, Syringic acid, Pyro catechol, Rutin, 

Ellagic acid, Coumaric acid, Vanillin, Ferulic acid, Naringenin, Taxifolin, Cinnamic acid and Kaempferol.  

 

2.8. In vitro studies  

2.8.1. Animals and treatments 

The experiment involved weanling male Wistar rats (average body weight of 55±5 g) that were procured from the Animal 

Breeding House of the National Research Centre (NRC), Dokki, Cairo, Egypt. The rats were kept in clean plastic cages and 
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had free access to food (standard pellet diet) and tap water ad-libitum. The rats were maintained under standardized housing 

conditions (12 h light/dark cycles, the temperature was 22±4 oC and a minimum relative humidity of 46%) in the laboratory 

animal room. The animals were treated humanely, following the guidelines in the “Guide for the Care and Use of Laboratory 

Animals"[58]. 

 

2.8.2. Experimental design 

The experimental design was as follows: Five groups of rats (n=5 per group) were acclimatized to the laboratory environment 

for a week before the treatment. Group 1 was the control group and received corn oil (1ml/kg b.wt) daily by oral 

administration. Group 2 was exposed to  PFF at a dose of 14.32 mg/kg b.wt (1/25 LD50), based on the reported LD50 value of 

358 mg/kg b.wt [59]. Groups 3 and 4 received the same dose of PFF as group 2, along with Artichokes extract, a natural 

antioxidant, at doses of 100 mg/kg and 200 mg/kg in water, respectively. The dose of 200 mg/kg was chosen as the highest 

safe dose, based on a previous study that showed no toxicity at 2000 mg/kg (1/10th of this dose was used), and the lower dose 

was half of the higher dose. Group 5 received only Artichokes extract at 200 mg/kg daily. The treatment lasted for 28 days 

and the doses were adjusted weekly according to the body weight changes of the rats. 

 

2.8.3. Chromosome aberrations (CA) assay 

The direct method of rinsing marrow of long bones, as described by Adler [60], to perform cytogenetic analysis was used. We 

injected colchicine (4 mg/kg) intraperitoneally to experimental animals 1.5h before euthanasia. We removed and cleaned both 

femurs from any muscle tissue. We flushed bone marrow cells from both femurs in KCl (0.075M, at 37ºC) and incubated 

them at 37ºC for 25min. We spun the cells at 2000 rpm for 10 min using Hereaeus Labofuge 400R, Kendro Laboratory 

Products GmbH, Germany, and fixed them in acetone-methanol (acetic acid: methanol, 1:3 v/v). We repeated centrifugation 

and fixation five times with a 20 min interval. We re-suspended the cells in a small volume of fixative, dropped them onto 

chilled slides, and let them dry. We stained them the next day with freshly prepared 2% Giemsa stain for 3-5 min, and washed 

them in distilled water to remove excess stain. We screened 100 metaphases per animal for treatments and control using 

OPTIKA Microscopes. We identified CA based on the OECD Guideline 475 criteria, updated and adopted on Adopted:  29 

July 2016 [61]. We calculated the percentage reduction of chromosomal aberrations as follows: 

Reduction (%) = 100 - [(percent of frequency of aberrant cell in PFF + Artichokes extract / percent of frequency of aberrant 

cell in PFF) x 100] 

 

2.8.4. Mitotic index determination 

To measure the mitotic index, we used the same slides that we prepared for the chromosomal aberration assay. We counted 

the number of cells in mitosis and the total number of cells for each animal in the control and treatment groups, using a Nikon 

microscope. We divided the number of mitotic cells by the total number of cells and multiplied by 100 to get the mitotic index 

for each animal. 

 

2.8.5. The micronucleus assay 

The protocol of Schmid [62] was used to measure the micronuclei (MN) frequency in polychromatic erythrocytes (PCEs) 

from rat bone marrow. We euthanized the rats, extracted the femurs and collected the bone marrow in 2 ml of Fetal Calf 

Serum. We centrifuged the cell suspension and prepared a thin smear of the cell pellet on the slides, which we air-dried and 

fixed in pure methanol. We made at least four slides per animal, dried them overnight and stained them with May-

Grunwald/Giemsa [63]. We blinded the slides for microscopic examination. We counted 2000 PCEs per animal from four 

randomly chosen slides and recorded the MN occurrence at 1000× magnification with a light microscope. The study complied 

with OECD Guideline 474, revised and adopted on Adopted:  29 July 2016 [64]. 

 

2.9. Statistical analysis  

One-way ANOVA analysis with post hoc multiple comparisons were used to perform the statistical analysis of the data. The 

data analysis was done using SPSS version 18.0 for Windows (SPSS Inc. 233 South Wacker Drive, 11th Floor, Chicago, IL 

60606-6412), a software for statistical computing and graphics. 

 

3. Results : 

 
3.1. Total phenolic and flavonoid contents 

As shown in Figure 1, the artichoke aqueous ethanol extract exhibited high levels of total phenolic (TPC) and flavonoid (TFC) 

compounds. The TPC and FC were measured using the polyphenol calibration curve and found to be 34.74 ± 1.88 mg GAE/g 

DW and 21.32 ± 1.28 mg QE/g DW, respectively, in the artichoke extract. 
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A                                                                                           B

Figure 1. Standard curve of gallic acid “polyphenol calibration curve” (A) and total phenolic (TPC) and flavonoid (TFC) 

contents in artichokes leaves extract (B). The value represents mean ± SE of five determinations. 

 
3.2. DPPH● and ABTS•+ scavenging activity 

The artichoke aqueous ethanol was tested for its ability to neutralize free radicals using DPPH and ABTS assays. The extract 

showed a dose-dependent increase in radical scavenging activity in both assays. Figure 2 illustrates that the artichoke extract 

had an IC50 of 45.32 µg/ml for DPPH and 27.31 µg/ml for ABTS, while the reference compound, ascorbic acid, had an IC50  

of 6.48 µg/ml for DPPH and 4.67 µg/ml for ABTS, respectively. These results indicate that the ALE has a high potential as a 

natural antioxidant. 

 
3.2.1. Reducing power 

The test solution's yellow color shifts to different shades of green and blue depending on the extract's reducing power in the 

reducing power assay. Thus, a higher absorbance of the sample with concentrations implies a higher reducing potential of the 

samples. The reducing power of artichoke's aqueous ethanol extract was measured at concentrations ranging from 5 to 60 

µg/ml (Figure 3) in this study. The reduction power increased as the concentration increased. This result suggested that ALE 

had a high reducing power. However, the reducing powers of ascorbic acid only increased from 5- 15 µg/ml as the 

concentration increased. 

 

Figure 2. DPPH and ABTS radical scavenging activity of aqueous ethanolic extract of artichoke. The value represents mean ± SE of five 

determinations. IC50 values represent the concentration of the extract, which caused 50% inhibition in DPPH● or ABTS•+. 

 

Figure 3. Reducing power of aqueous ethanolic extract of artichokes. The value represents mean ± SD of five determinations. 
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3.2.2. HPLC analysis 

The phenolic profile of artichoke extract using sixteen phenolic standards from different classes and subclasses of phenolic 

compounds were analyzed. Table 1 and Figure 4 show the concentrations (µg/g) of various phenolic compounds in artichoke 

extract. Gallic acid (4072.48 µg/g) and chlorogenic acid (3348.80 µg/g) were the most abundant compounds, while catechin, 

pyro catechol, rutin, ferulic acid and kaempferol were not detected. Other phenolic compounds in artichoke extract included 

methyl gallate (52.98 µg/g), coffeic acid (55.89 µg/g), syringic acid (163.81 µg/g), fllagic acid (135.67 µg/g), coumaric 

acid (4.49 µg/g), vanillin (534.85 µg/g), naringenin (1552.15 µg/g) and taxifolin (31.56 µg/g).  

 

  

 
Figure 4. HPLC analysis of standard phenolic acid and the aqueous ethanolic extract of artichokes. 

 
Table 1. HPLC analysis of phenolic compound in aqueous ethanolic extract of artichokes. 

 
  Phenolic compound  Area Conc.(µg/g extract) 

Gallic acid 1190.97 4072.48 

Chlorogenic acid 1152.06 3348.80 

Catechin 0.00 0.00 

Methyl gallate 100.30 52.98 

Coffeic acid 33.61 55.89 

Syringic acid 96.20 163.81 

Pyro catechol 0.00 0.00 

Rutin 0.00 0.00 

Ellagic acid 52.11 135.67 

Coumaric acid 6.79 4.49 

Vanillin 611.56 534.85 

Ferulic acid 0.00 0.00 

Naringenin 721.68 1552.15 

Taxifolin 11.16 31.56 

Cinnamic acid 6.72 2.64 

Kaempferol 0.00 0.00 

3.3. In vivo studies  

3.3.1. Mitotic index  

The rate of cell division was measured by the mitotic index, which is the percentage of cells undergoing mitosis. The control 

group of rats had a mitotic index of 8.28 ±0.32, and the group treated with Artichoke extract had a similar value of 8.31±0.84. 

However, the group exposed to PFF, a pesticide, showed a significant decrease in the mitotic index (5.33 ±0.24 P< 0.05), 

indicating that PFF has a cytotoxic effect on the cells. The group that received both PFF and Artichoke extract had a higher 

mitotic index than the PFF-only group, suggesting that Artichoke extract can protect the cells from PFF-induced cytotoxicity. 

The protective effect was more pronounced at the higher dose of Artichoke extract (200 mg/kg) than at the lower dose (100 

mg/kg). The mitotic index of this group was 7.89 ±0.46, which was not significantly different from the control group (Figure 
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5). This result demonstrates the anti-cytotoxic potential of Artichoke extract against PFF exposure. 

 

Figure 5. Mitotic Index (MI %) of treated rats and the protective effect of Artichokes extract. Values are mean ± SE, Control 

(G1), profenofos (G2), profenofos + artichokes at 100 mg/kg (G3), profenofos + artichokes at 200 mg/kg (G4) and 

artichokes at 200 mg/kg (G5).  

 
3.3.2. Chromosomal aberrations in rat bone marrow 

The effects of PFF and Artichokes extract on the chromosomal integrity of rat bone marrow cells are shown in Table 2. It was 

observed that PFF at a dose of 14.32 mg/kg. b.wt. caused a significant increase in the frequency of chromosomal aberrations 

(CA) in bone marrow cells, excluding gaps, compared to the control group (1.50 ±0.002 vs 11.06±0.013). Artichokes extract 

alone did not induce any significant CA (1.45±0.007). However, when Artichokes extract was administered to PFF-treated 

rats, it reduced the mutagenic damage caused by PFF. The percentage of CA, excluding gaps, decreased by 80.01% and 

27.49% when rats were treated with Artichokes extract at doses of 200 mg/kg. b.wt and 100 mg/kg. b.wt, respectively, along 

with PFF. The types of CA induced by PFF, such as gaps, breaks, fragments, deletions and multiple aberrations, were also 

reduced by Artichokes extract treatment, especially at the high dose (200 mg/kg. b.wt). The number of aberrations per cell 

also decreased by Artichokes extracts administration (Table 2). 

 

3.3.3. Induction of micronuclei in rat bone marrow PCE 

Data in Table 3 show that the tested insecticide  PFF induced a potential clastogenic effect in the bone marrow of treated rats 

as evidenced by the significant increase (23.24±1.32) in the total number of bone-marrow micronucleated polychromatic 

erythrocytes (MnPCE), when compared with control rats (5.95± 0.11). The simultaneous administration of Artichokes at 100 

mg/kg. b. wt. with PFF significantly decreased (11.68±0.44) and decreased to 7.09±0.43after administration Artichokes at 200 

mg/kg. b. wt. respectively. Artichokes reduce micronucleated polychromatic erythrocytes (MnPCE) in rat bone marrow by 

49.74% and 69.49 at doses 100 and 200 mg/kg. b.wt, respectively. The obtained data revealed that the treatment with PFF at 

tested dose caused a significant increase in the frequencies of micronucleated polychromatic erythrocytes (PCEM). 
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Table 2. Effect of profenofos on chromosomal aberrations in rat bone marrow cells and the protective role of Artichokes 

extract. 

Group 

Percent chromosome aberrations 

(Mean ± S.E.) 
Total aberrant cell (%) (Mean ± S.E.) 

No. of aberrations 

per cell (Mean ± 

S.E.) 

Gaps Breaks 

and/ 

or 

Fragme

nt 

 

Deletio

ns 

 

Multiple 

aberratio

ns 

 

Includin

g gaps 

Reducti

on (%) 

Excludin

g gaps 

Reducti

on (%) 

Includi

ng gaps 

 

Excludin

g gaps 

 

           

G1 1.14±0.

05 

1.18±0.1 0.17±0.0

02 

0.15±0.00

2 

2.64±0.03

9d 

- 1.50±0.00

2c 
- 

0.026±0.00

1 

0.015± 

0.0001 

G2 3.45±0.

08 

4.99±0.0

9 

0.86±0.0

03 

5.21±0.00

6 

14.51±0.0

45a 

- 11.06±0.0

13a 
- 

0.145± 

0.002 

0.111± 

0.001 

G3  2.25±0.

06 

3.84±0.0

7 

0.54±0.0

04 

3.64±0.00

3 

10.27±0.0

43b 

29.22 8.02±0.05b 

27.49 
0.103± 

0.001 

0.080±0.00

03 

G4 1.63±0.

02 

1.42±0.0

3 

0.23±0.0

04 

0.34±0.02 3.62± 

0.019c 

75.05 1.99±0.00

6c 
80.01 

0.036±0.00

1 

0.020± 

0.0001 

G5 1.11±0.

001 

1.13±0.0

2 

0.18±0.0

01 

0.14±0.00

1 

2.56±0.01

1d 

- 1.45±0.00

7c 

- 0.026± 

0.001 

0.015± 

0.0001 

Value is mean ± S.E.; n = 5 rats/group. Values are shared the same superscript letters not differ significantly at p < 0.05. 

Values are mean ± SE, Control (G1), profenofos (G2), profenofos + artichokes at 100 mg/kg (G3), profenofos + artichokes at 

200 mg/kg (G4) and artichokes at 200 mg/kg (G5). 

Reduction (%) = 100 - [(percent of frequency of aberrant cell in profenofos + Artichokes extract / percent of frequency of 

aberrant cell in profenofos) x 100] 

 

Table 3. Effect of profenofos on micronuclei in rat bone marrow cells and the protective role of Artichokes extract. 

Group 

No. of micronucleated polychromatic erythrocytes (MnPCE) (Mean ± S.E.) 

Reduction 

(%) 
PCE with one Mn PCE with two Mn PCE with more than 

two Mn 
Total MnPCE 

G1  5.30±0.035 0.50±0.001 0.15±0.001 5.95± 0.11d - 

G2 14.4±0.76 6.49±0.21 2.35±0.08 23.24±1.32a - 

G3 7.43±0.98 2.85±0.011 1.40±0.05 11.68±0.44b 49.74 

G4 5.55±0.26 1.22±0.11 0.32±0.01 7.09±0.43c 69.49 

G5 5.28±0.45 0.46±0.001 0.14±0.001 5.88±0.31d  

Value is mean ± S.E.; n = 5 rats/group. The number of the scored cells was 2000 cells/ animal. Values are shared the same 

superscripts letters not differ significantly at p < 0.05. Control (G1), profenofos (G2), profenofos + Artichokes at 100 mg/kg 

(G3), profenofos + Artichokes at 200 mg/kg (G4) and Artichokes at 100 mg/kg (G5). Mn: micronucleus, MnPCE: 

micronucleated polychromatic erythrocytes, PCE: polychromatic erythrocytes.  

Reduction (%) = 100 - [(total MnPCE in profenofos + Artichokes extract /total MnPCE in profenofos) x 100] 

 

4. Discussion  

Synthetic pesticides are applied to crops and public health settings to control or manage pests. They are considered effective 

tools for increasing agricultural productivity and preventing diseases transmitted by insects and rodents [65]. However, they 

also pose risks to human health, animal welfare and ecosystem. One of the mechanisms by which pesticides cause damage is 

by inducing oxidative stress in various biological systems. Oxidative stress is a condition where the levels of reactive oxygen 

species (ROS) and reactive nitrogen species (RNS) exceed the capacity of the antioxidant defense system, leading to cellular 

damage and dysfunction [3], [4], [5], [6], [12], [27], [28]. Oxidative stress has been implicated in many chronic diseases, such 

as cancer, inflammation, cardiovascular and neurodegenerative disorders. ROS and RNS can also trigger apoptotic pathways 

that result in programmed cell death [66], [67]. Some studies have suggested that antioxidants from natural or synthetic 

sources can counteract or mitigate the oxidative stress induced by pesticides. 

The artichoke plant is a source of secondary metabolites of the phenolic type, such as flavonoids and phenolic acids [38], [43], 

[51]. These metabolites have antioxidant activity and can be applied in traditional medicine to prevent or treat various 

disorders. We quantified the total phenolic (TPC) and flavonoid (FC) content of an aqueous ethanol extract of artichoke and 

obtained 34.74 ± 1.88 mg GAE/g DW and 21.32 ± 1.28 mg QE/g DW, respectively. These results suggest a high presence of 
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phenolic compounds in the extract. We evaluate the antioxidant potential of artichoke extract using established in vitro 

methods, such as reducing power, DPPH●, and ABTS●+, assays. The results indicated that the radical scavenging activity of 

the extract increased proportionally to the concentration in both assays. The IC50 values of the extract were 45.32 µg/ml for 

DPPH and 27.31 µg/ml for ABTS, while the IC50 values of the reference compound, ascorbic acid, were 6.48 µg/ml for DPPH 

and 4.67 µg/ml for ABTS, respectively. DPPH● is a stable free radical with a high absorbance at 517 nm, which decreases 

when it reacts with an antioxidant to form 1,1-diphenyl-2-picrylhydrazine [68]. The absorbance change reflects the 

scavenging capacity of the antioxidant extract. The ABTS•+ assay is a powerful technique for measuring the antioxidant 

activity of substances that can donate hydrogen atoms (quenching radicals in the aqueous phase) and of substances that can 

interrupt the chain reaction of lipid oxidation (quenching lipid peroxyl radicals) [69]. The assay relies on the generation of a 

stable radical cation (ABTS•+) that can be reduced by antioxidants. The reduction of the radical cation is monitored by the 

decrease in its absorbance at 734 nm. In this study, we evaluated the reduction power of artichoke's aqueous ethanol extract at 

different concentrations from 5 to 60 µg/ml. We observed that the reduction power increased proportionally to the 

concentration.  

The phenolic profile of artichoke extract was analyzed by high-performance liquid chromatography (HPLC) to identify and 

quantify the main compounds present in the sample. The results showed that gallic acid and chlorogenic acid were the most 

abundant phenolic compounds, with concentrations of 4072.48 and 3348.80 µg/g, respectively. Other phenolic compounds 

that were detected in the artichoke extract included methyl gallate (52.98 µg/g), coffeic acid (55.89 µg/g), syringic acid 

(163.81 µg/g), fllagic acid (135.67 µg/g), coumaric acid (4.49 µg/g), vanillin (534.85 µg/g), naringenin (1552.15 µg/g) and 

taxifolin (31.56 µg/g). The high content of phenolic and flavonoid compounds in artichoke extract may explain its scavenging 

and high antioxidant activity observed in the present study [70], [71], [72]. Gallic acid and chlorogenic acid, which are 

abundant in the extract, have been shown to exhibit high antioxidant activity. For example, gallic acid, or 3,4,5-

trihydroxybenzoic acid, is a common trihydroxybenzoic acid that can be found in various plants [73]. It has a benzene ring 

with three hydroxyl groups and one carboxylic acid group attached to it. The hydroxyl groups are in an ortho position, which 

means they are adjacent to each other on the benzene ring. This gives gallic acid a flat and bent shape, which enhances its 

ability to act as an antioxidant [73], [74]. Chlorogenic acids (CGAs) are a group of plant polyphenols with a distinctive 

chemical structure. They are formed by the esterification of quinic acid with cinnamic acids, such as caffeic, ferulic, and p-

coumaric acids. These cinnamic acids have hydroxyl groups on adjacent carbon atoms of the aromatic ring [75], [76].  

In addition, other phenolic acids are widely distributed in plants and have various antioxidant and biological activities. 

Protecting children from xenobiotics, which are substances that are foreign to the body, is a major concern for researchers and 

social workers. Children have higher vulnerability to these substances, which can come from various sources of pollution 

[77], [78]. Children's exposure to xenobiotics can affect their health and development in many ways, such as causing brain 

disorders, cancer, hormone problems, and kidney issues. These effects may not be apparent until later in life, so children have 

longer latency periods than adults. Therefore, it is important to develop better methods to assess and reduce the risks that 

children face from xenobiotics at different stages of their life cycle, from prenatal to youth [78], [79], [80]. In addition, 

children's bodies and organs are still growing and developing, and they can be more affected by pollutants from different 

sources. They may also get more exposure than adults because of their size and behavior may. Furthermore, early exposure to 

these exposures can interfere with the normal development and growth of children in important periods of their lives [81]. 

Children also have a longer lifespan than adults, which means they have more chances to develop diseases with long periods 

of time between exposure and symptoms, such as neurological disorders, cancer, endocrine disorders, and kidney problems 

[82], [83], [84]. 

Pesticides are also have harmful effects on human health, especially for children who are more vulnerable to their toxicity. A 

number of scientific studies have found associations between pesticide exposure and various types of childhood cancer, such 

as leukemia, lymphoma, brain tumors, and neuroblastoma [85], [86], [87]. These cancers affect the blood, the immune system, 

the nervous system, and other organs of the body. Childhood cancer is a serious public health problem that has been 

increasing in prevalence over the past decades. Pesticides may be one of the factors that contribute to this trend [88], [89], 

[90]. However, the majority of research on the toxic effects of organophosphates has been conducted on adult animals, leaving 

a gap in the knowledge of the consequences of exposure during lactation and weaning periods. These critical developmental 

stages may be more vulnerable to organophosphate-induced neurotoxicity and behavioral impairments [91], [92], [93].  

One of the essential processes of cellular growth is cellular division. In this process, cells duplicate their DNA in S phase and 

then enter mitosis, which results in the formation of two daughter cells under normal circumstances. Furthermore, the level of 

mitotic activity reflects the level of cellular growth activity. The most basic and traditional way to measure mitotic activity 

(mitotic index (MI)) is to manually count the number of cells undergoing mitosis in a specific cell population of interest [94], 

[95]. The effect of PFF on cell division in weanling rats was assessed by measuring the mitotic index, or the percentage of 

cells in mitosis. The results showed that PFF-treated rats had significantly lower mitotic indices than control rats, suggesting 

that PFF caused cell damage. However, when the rats were co-administered with Artichoke extract, their mitotic indices 

increased, indicating that Artichoke extract could protect the cells from PFF-induced damage. The protective effect was more 

pronounced at the higher dose of Artichoke extract (200 mg/kg) than at the lower dose (100 mg/kg). The process of cell 

division and the mitotic index studies are important indicators of the health and viability of cells. However, some pesticides, 
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such as dimethoate, determination, and prallethrin, can have toxic effects on these processes and cause cellular damage. 

Several studies have documented the adverse effects of these pesticides on the cell cycle [22], [26], [96]. 

Chromosome aberrations refer to changes in the number or structure of chromosomes. These changes can impair the normal 

development and function of cells, tissues, and organs. Chromosome number aberrations involve having extra or missing 

chromosomes, which can lead to spontaneous abortions or serious congenital anomalies in newborns. Chromosome structure 

aberrations involve deletions, inversions, or exchanges of chromosome segments, which can result in birth defects, cancer, or 

other diseases that manifest later in life [97], [98], [99], [100]. Our results indicated that PFF had an impact on the 

chromosomal integrity of weanling rat bone marrow cells.  PFF caused a significant increase in the frequency of chromosomal 

aberrations (CA) in bone marrow cells, excluding gaps, relative to the control group. Artichokes extract, on the other hand, 

mitigated the mutagenic damage induced by PFF in PFF-treated rats. The types of CA caused by PFF, such as gaps, breaks, 

fragments, deletions and multiple aberrations, were also reduced by Artichokes extract treatment, especially at the high dose 

(200 mg/kg. b.wt). The number of aberrations per cell also decreased by Artichokes extracts administration. Other studies 

have found significant differences in the frequency of CAs between individuals who were exposed to pesticides and those 

who were not [15], [101], [102]. 

The in vivo mammalian erythrocyte micronucleus test is a cytogenetic assay that can detect the potential of a test item to cause 

chromosomal damage and/or damage to the mitotic apparatus. This test is relatively simple and fast, and it involves the 

analysis of micronuclei in erythrocytes from peripheral blood or bone marrow of treated animals [103]. The results of this 

study indicate that PFF has a clastogenic effect on the bone marrow cells of weanling rats, as shown by the increased number 

of micronucleated polychromatic erythrocytes (MnPCE) in the treated rats compared to the controls. However, artichokes, a 

vegetable with antioxidant properties, can reduce the genotoxic damage caused by PFF, as evidenced by the decreased number 

of MnPCE in the bone marrow of weanling rats treated with artichokes and PFF. The data suggest that artichokes may have a 

protective effect against the chromosomal aberrations induced by PFF in rat bone marrow cells. However, micronucleus is a 

small fragment of chromosomal material that is separated from the main nucleus during cell division. Therefore, it is 

important to monitor the occurrence of micronucleus in exposed populations and to identify the pesticides that are responsible 

for this effect [104], [105], [106], [107], [108]. . 

The mechanism of PFF induced cytotoxicity and genotoxicity could be due to the oxidative stress and DNA damage caused 

by its metabolites.   PFF is an organophosphorus pesticide that inhibits acetylcholinesterase activity and disrupts the nervous 

system. It can also induce oxidative stress by generating reactive oxygen species (ROS) and depleting antioxidant enzymes. 

ROS can damage cellular macromolecules such as lipids, proteins and DNA, leading to cell death and mutagenesis. Moreover, 

cytochrome P450 enzymes to form more toxic compounds, such as PFF-oxon and PFF-sulfone, which can interact with DNA, 

can metabolize PFF and cause strand breaks, cross-links and adducts. These DNA lesions can impair the fidelity of DNA 

replication and transcription, resulting in genomic instability and carcinogenesis [109], [110], [111], [112], [113]. Artichoke 

may have a protective effect on cellular health by preventing or reducing the oxidative stress and genotoxicity caused by PFF. 

This is because artichoke contains phenolic compounds, which are antioxidants that can capture and neutralize ROS and free 

radicals. This can prevent or repair the oxidative damage and restore the cell function. These phenolic compounds can also act 

as electron donors to free radicals, making them less reactive and stopping the radical chain reaction [69], [114], [115], [116], 

[117]. 

 

5. Conclusion  

The phenolic profile of ALE was determined by HPLC and revealed that gallic acid and chlorogenic acid were the 

predominant compounds, with concentrations of 4072.48 and 3348.80 µg/g, respectively. The antioxidant capacity of ALE 

was evaluated by different methods, such as reducing power, DPPH●, and ABTS●+, and showed high activity. The genotoxic 

and cytotoxic effects of PFF, an organophosphorus pesticide, were assessed in the bone marrow cells of weanling rats using 

chromosomal aberrations, micronucleus, and mitotic index assays. The results indicated that PFF induced significant 

chromosomal aberrations and micronucleus formation in the bone marrow cells and decreased the mitotic index in the 

exposed rats. The ALE exhibited anti-mutagenic and anti-cytotoxic properties and attenuated the damaging effects of PFF on 

the bone marrow cells. Therefore, PFF can be considered as a potential a clastogenic/genotoxic agent, especially for children 

who are more vulnerable to its toxicity. The present study suggests that ALE can be used as a natural source of antioxidants 

and as a protective agent against the genotoxicity and cytotoxicity of pesticides in agricultural and pesticide workers. 
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