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ABSTRACT 

 

 On using 14C-pirimiphos-methyl insecticide on leaves of cultivated maize plant, the harvested mature seeds contained about 1.8 μg 

insecticide residues/g seeds. TLC and HPLC chromatographic analysis of maize seeds revealed the presence of pirimiphos-methyl in 
addition to three degradation products. The assessment of subchronic feeding of the obtained maize seeds on rats for 45 days and the 

remediation effect of extracts of natural plants, such as celery and dill were also investigated. The biochemical parameters used to evaluate 

the toxicity damage induced were cholinesterase activity, liver, kidney functions, and lipid profile as well as antioxidant enzymes. An 
inhibition over 25% cholinesterase activity was observed in plasma and erythrocyte. A significant elevation was shown in activity of liver 

enzymes (81% for ALT and 73% for AST), whereas a moderate decrease about (28 %) in levels of albumin and total protein was observed. 

An increase over 53% was also observed in blood urea nitrogen and creatinine concentration. Low-density lipoprotein-cholesterol 
represented the highest detection level of lipid (78%), while a decrease in antioxidant enzymes was over 31 %. Feeding the treated rats 

with celery or dill extracts significantly reduced the increase in the serum level of hepatic enzymes, kidney parameters and lipid profile as 

well as significantly prevented the decrease in albumin, total protein, cholinesterase activity and antioxidant enzymes.  
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INTRODUCTION 

 

 Food safety has become one of the most 

important issues that concerns people. As the 

pesticides were intensively and extensively used in 

agriculture, pesticide residues in food have posed a 

great threat to the consumers [31]. Maize seeds are 

natural protein storage organs and are thus an ideal 

vehicle for the stable accumulation of recombinant 

proteins such as antibodies [32]. They are also an 

ideal direct delivery system for oral vaccines because 

they can be used as a food or feed supplement, as 

long as dosage can be monitored. Their potential for 

use in veterinary applications was demonstrated by 

the protection provided against transmissible 

gastroenteritis virus (TGEV). 

  Organophosphorus insecticides represent one 

group of pesticides that is widely used and has been 

shown to have toxic effects in human and animals 

[7]. Pirimiphos-methyl (actellic) [O,O-dimethyl-O-

(2-diethyl-amino-6-methylpyrimidine-4-yl)] is a fast-

acting broad spectrum organophosphate insecticide 

and acaricide which is used for the control of public 

health pests. It shows activity against a wide variety 

of insects [10]. It has been reported to cause 

cholinesterase inhibition in human's liver and at high 

dose rates results in nausea, dizziness, confusion, 

respiratory paralysis and death. It is rapidly absorbed, 

metabolized and excreted in rats and dogs [28]. 

Recently, pirimiphos-methyl is used as larvicide.  

 Research in herbal medicine has increased in the 

world as an alternative solution to health problems. 

The use of herbs as medicines has played an 

important role in nearly every culture on earth, 

including Asia, Africa, Europe and the Americas 

[37].  

 Celery (Apium graveolens L., Apiaceae) is a 

medicinal herb used as a food, and also in traditional 

medicine. Recently, the phytochemical screening of 

celery showed the presence of various chemical 

constituents such as flavonoids, tannins, volatile oils, 

alkaloids, sterols and/or triterpenes. It contains an 

essential oil (d-limonene and selinene, santalol, 

eudesmol, apiol myristicin, etc) [8,2], which exhibits 

antifungal and antibacterial actions. It decreases 

blood pressure and regulates heart function and 

complications caused by diabetes [25]. 

 Anethum graveolens L. (Umbilliferae), known as 

dill, is an annual herb growing in the Mediterranean 

region, Europe, central, southern Asia. It contains 

flavonoids, phenolic compounds and essential oil 

[17,15]. Its oil can be extracted from leaves, stems 

and seeds of the plant. It is used both medicinally and 

as an aromatic herb and spice and cookery. Dill has 
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been used traditionally for gastrointestinal ailments 

such as flatulence, in digestion, stomach ache colic 

and to tract intestinal gas [14]. Recently, it is also 

used as antibacterial [11], antimicrobial [30], 

antispasmodic [9], anti-secretary and mucosal 

protective effects [14].  

 The aim of the present study was to determine 

the fate of 
14

C-pirimiphos-methyl in mature maize 

seeds and evaluate the induced biochemical 

perturbations in rats fed with these seeds.The 

possible modulatory effects of popular and cheap 

natural plants celery and dill extracts on pirimiphos-

methyl residues which induced toxicity in rats were 

also investigated. 

 

Materials and Methods 

 

Chemicals: 

 

Synthesis of pirimiphos-methyl (A): 

 

 A mixture of 0.05 mole of 2-diethylamino-4-

hydroxy-6-mehyl pyrimidine and 0.05 mole of 

anhydrous potassium carbonate in dry benzene was 

refluxed for three hours and the obtained water was 

removed by azeotropic distillation. The resulting 

potassium salt was dissolved in 100 ml of methyl 

ethyl ketone and stirred at 60˚C. O,O-Dimethyl 

chlorophosphorothioate (0.06 mole) was added 

dropwise to the pervious solution and the whole 

mixture was refluxed at 94-95˚C for two hours to 

give 0.18 mole of pirimiphos-methyl as colourless 

liquid (b.p= 128-132˚C, 0.04 mm) yield 85-90%, 

purity about 95 % [23] (Scheme 1). Its main 

degradation products were synthesized in our 

laboratory
 
for comparison studies as shown in Fig. 1 

[42,34]. 
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Fig. 1:

 
Pirimiphos-methyl and its main degradation products in maize seeds. 
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  14
C-Pirimiphos-methyl labelled at position 2 of 

the pyrimidine ring, was purchased from Izinta 

Isotope Trading Inerprise of the Institute of Isotopes, 

Budapest, Hungary. It had a specific activity 1.98 

MBq/mg, radiometric purity was over 97%.  

 

2- Cultivation: 

 

 Pesticide-free Zea-mays seeds (Var. Giza.1 

hybrid) were obtained from Agricultural Research 

Centre (Cairo). The seeds were cleaned from any 

dockage and impurities before cultivation. 

 

3-Field experiment: 

 

 Sound whole seeds of maize were cultivated 

under normal field conditions in controlled, isolated 

field area. Irrigation, fertilization and soil 

management were conducted as practiced in the field 

according to the guide lines of the Egyptian Ministry 

of Agriculture (2007).
 
Shortly at blooming stage, 

leaves of plants were treated twice, 23 days apart, 

with 
14

C-pirimiphos-methyl at dose of 6 mg/plant 

(equivalent to 1.0 µCi). At maturity, seeds were 

collected, dried and crushed for determination of 

their radioactivity. In parallel experiments, only the 

non-labeled pirimiphos-methyl insecticide was 

sprayed for preparing maize seeds for feeding rats. 

 

4- Celery and Dill Extracts: 

 

 Celery (Portulaca oleracea L) and dill (Anethum 

graveolens) were purchased from local market and 

the parts of the plants suitable for consumption were 

used, which consisted of the soft upper stems of the 

plant and leaves. These plants were cut and extracted 

with ethanol while stirring at room temperature from 

8-10 hours daily for one week, the ethanolic extract 

was evaporated under vacuum and freeze-drying by 

Dura-Top™ (Digital programmer, Bulk Tray Dryer 

FTS Systems™, Microprocessor Control, Corrosion 

Resistant Freeze-Dryer, U.S. Pat. 4,823,478) in 

Mycotoxin Central Laboratory, National Research 

Centre for future use.  

 

5- Thin Layer Chromatographic analysis (TLC): 

 

 Pirimiphos-methyl residues were characterized 

by TLC on silica gel plates (20×20 cm; 0.25 mm 

thickness) with fluorescent indicator (Kiesel gel 60 

F254, Merck, Germany) using three developing 

systems. Authentic samples were run alongside as 

references for identification and the plates were seen 

under UV-light at 254 nm and spots were made 

visible by spraying the plates with Hanes-Isherwood 

reagent, followed by heating at 110 ˚C for 5 minutes 

[12]. Pirimiphos-methyl and its metabolites gave 

blue spots.  

 

6- High Performance Liquid Chromatography 

analysis (HPLC): 

 

 Analysis by HPLC was afforded on a Perkin-

Elmer Model (601) variable wavelength UV detector 

operated at 235nm (Perkin-Elmer, Norwalk, Conn., 

U.S.A.) equipped with gradient system pumping, 

smooth-bore stainless-steel column (10cm × 4.6 mm 

I.D.) was packed with 5 μm SAS-Hypersil, flow rate 

1.5 ml/min.; temperature, 22˚C, gradient elution from 

0 to 100%, 55% (v/v) methanol-0.1 M phosphate 

buffer. 

 

7-Radiometric measurements: 

 

 The obtained mature maize seeds were crushed 

and assayed for their radioactivity by combusting a 

definite weight (100 mg) in Harvey Biological 

Oxidizer (Model OX-600) followed by Liquid 

Scintillation Counting (LSC) (Packard Model RI-

CARB 2300 TR) in vials using a dioxane-based 

scintillation cocktail [21]. The internal standard (
14

C 

n-hexadecane 74 KBq/ml) technique was used for 

quench correction. For radioscanning of TLC, plates 

were scraped at 1 cm increments into vials mixed 

with scintillation cocktail and counted by LSC.  

 

8-Toxicological Studies: 

 

 In order to study the toxicological potential of 

pirimiphos-methyl residues in maize seeds, a 

subchronic feeding study on rat for 45 days was 

carried out. Diet was prepared by mixing 1g plant 

extract (celery or dill) in 1kg maize manually at least 

30 minutes to ensure good distribution. Fifty male 

albino rats weighting 80-100 g were obtained from 

the Animal House colony (National Research Centre, 

Cairo, Egypt). The rats were housed in stainless steel 

cages with a maximum of four rats per cage provided 

with a free supply of feed and water. These were 

randomly divided into six groups as follow: 

Group I: Control rats fed on crushed maize seeds 

free from any pesticides or plant extract (10g 

maize/rat/day). 

Group II: Rats fed on crushed maize seeds free from 

any pesticides containing plant extract (celery) 

(0.01g extract/10g maize /rat/day). 

Group III: Rats fed on crushed maize seeds free 

from any pesticides containing plant extract (dill) 

(0.01g extract/10g maize /rat/day). 

Group IV: Rats fed on crushed maize seeds treated 

with pirimiphos-methyl (18μg insecticide/10g maize/ 

rat/day). 

Group V: Rats fed on crushed maize seeds treated 

with pirimiphos-methyl mixed with celery extract 

(18μg insecticide/0.01g extract/10g maize/rat/day). 

Group VI: Rats fed on crushed maize seeds treated 

with pirimiphos-methyl mixed with dill extract (18μg 

insecticide/0.01g extract/10g maize/rat/day). 
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 At the end of the experimental period, animals 

were sacrificed by cervical decapitation, blood was 

collected from arbitral plexus and divided into two 

parts, the first part was collected in a dry test tube, 

left at room temperature to clot and then centrifuged 

at 3000 rpm for 10 minutes to separate the serum that 

was used for the assay of biochemical parameters. 

The other part was collected in heparinized tubes for 

the assay of cholinesterase activity in both plasma 

and red blood cells (RBCs). Cholinesterase activities 

were determined according known methods. Serum 

was separated for biochemical markers of liver 

damage like serum Alanine aminotransferase (ALT) 

and serum aspartate aminotransferase (AST), Serum 

alkaline phosphatase (ALP), albumin, total protein 

(TP) cholesterol and triglycerides. The kidney 

damage was evaluated by measuring the blood urea 

nitrogen
 
and creatinine level, as well as high density 

lipoprotein (HDL), low density lipoprotein (LDL) 

and antioxidant parameters catalase (CAT) and 

glutathione S-transferases (GST). All blood 

parameters were carried out by using kits from 

Biodiagonostic Company in Egypt.  

 Statistical analysis were based on comparing the 

values between untreated control group with the 

treated group. The statistical analysis significance of 

the data has been determined using Student's "t" test. 

 

Results: 

 

 The radiometric measurements indicated that the 

concentration of the insecticide and its main residues 

in harvested maize seeds was 1.8 μg insecticide 

residues/g seeds. Table 1 showed the 

chromatographic analyses by TLC and HPLC which 

exhibit Rf and Rt of pirimiphos-methyl (A) and its 

main degradation products (compounds B, C and D) 

in the obtained mature maize seeds after cultivation 

(Fig. 1). Data represented in Table 2 showed that, 

feeding rats with pirimiphos-methyl residues in 

maize seeds caused a significant decrease in the 

activity of acetyl cholinesterase in both plasma and 

erythrocyte about 26% (group IV) as compared with 

control (group I). On treatment rats with celery 

and/or dill extracts only (group II, III) no change in 

the enzyme activities was observed. While, the 

previous extracts in combination with pirimiphos-

methyl (group V, VI) alleviated the negative effects 

of the insecticide on the activities of the above 

measured enzymes.  

 The serum ALT, AST and Alkaline phosphates 

markers of hepatocellular functions were 

significantly increased (81%, 73%, 23.5%), 

respectively, in the treated animals (group IV) (Table 

3). Among the other markers of hepatic function, TP 

and albumin showed a significantly decrease (over 

28%) in the exposed animals. While, the groups (V, 

VI) fed on celery and dill extracts in combination 

with pirimiphos-methyl minimized its toxic effects 

and reduced the elevation in serum liver enzymes to 

15%, 10% and 5% respectively, and decreased the 

total protein and albumin concentration from 28% to 

7% (Table 3). 

 The present results also revealed that 

pirimiphos-methyl residues treated rats showed a 

significant increase in the activity of kidney 

functions as blood urea and serum creatinine (over 

53%) when compared with the control rats (group I). 

Supplementation with extracted plants significantly 

decreased this effect to one-sixth in case of celery 

and to quarter in case of dill (Table 4). 

 A significant increase was observed in the serum 

cholesterol, triglycerides and LDL (51.5%, 29.5% 

and 78% respectively) in comparison with the normal 

rats while on addition of either celery or dill extracts 

to treated seeds a significant decrease was detected in 

these parameters especially in cholesterol and LDL 

(Tables 5 and 6).  

 It was clearly demonstrated that serum CAT and 

GST (group IV) inhibited significantly (31 %, 35%) 

when compared with the controls. Administration of 

dill and celery extracts along with pirimiphos-methyl 

residues (group V, VI) caused a significant increase 

in CAT and GST activities (Table 7). 

 
Table 1: Rf and Rt of pirimiphos-methyl and its main degradation products. 

Compound Rf values Rt values** 

Sys.* 1 Sys. 2 Sys. 3 

Pirimiphos-methyl [A] 0.95 0.96 0.90 23.5 

2-Diethylamino-4-hydroxy-6-methylpyrimidine [B] 0.80 0.72 0.12 5.6 

2-Ethylamino-4-hydroxy-6-methylpyrimidine [C] 0.61 0.45 0.0 2.5 

2-Amino-4-hydroxy-6-methylpyrimidine [D] 0.30 0.21 0.0 1.16 

*System 1= Chloroform: Methanol (17:3).  System 2= Diethyl ether: Hexane: Methanol: Ammonia (16:4:4:1). 
System 3= Cyclohexane: Ethylacetate (1:1).       (**) UV detector at 235 nm, mobile phase: 55% (v/v) methanol: 0.1M phosphate buffer. 
Coloring reagent: Hanes-Isherwood Reagent. 
 
Table 2: Effect of ethanolic extract of celery or dill on cholinesterase activities of rats fed with pirimiphos-methyl residues in maize seeds 

for 45 days. 

Group Plasma-Cholinesterase level (μ mole/ml) RBC-Cholinesterase level (μ mole/ml) 

Means a ± SD % Means a ± SD % 

Group I 1.92 0.09 --- 3.96 0.11 --- 

Group II 1.98 0.11 --- 4.05 0.13 --- 

Group III 2.00 0.05 --- 4.00 0.12 --- 

Group IV 1.40 0.06*** 27 2.94 0.06*** 25.8 

Group V 1.84 0.07 4.2 3.84 0.07 3 

Group VI 1.77 0.07 7.8 3.83 0.08 3.3 

a: Results are expressed as mean ± SD for four samples                  *** Significance at P< 0.001 
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Table 3: Effect of ethanolic extract of celery or dill on liver function of rats fed with pirimiphos-methyl residues in maize seeds for 45 days. 

Group ALT (U/L)) AST (U/L) Alk. Phosphatase 

(U/L) 

Albumin (g/dL) T. Protein (g/dL) 

Means a ± 

SD 

% Means a ± 

SD 

% Means a ± SD % Means a ± SD % Means a ± SD % 

Group I 38.5 2.88 --- 95.2 5.85 --- 224.5 5.68 --- 3.05 0.24 --- 5.15 0.21 --- 

Group II 39.5 2.64 --- 99.2 5.12 --- 233.5 6.60 --- 3.02 0.21 --- 5.30 0.34 --- 

Group 

III 

39.0 2.94 --- 96.2 5.56 --- 233.0 5.20 --- 2.95 0.13 --- 5.30 0.18 --- 

Group 

IV 

69.8 

4.11*** 

81.3 165.0 5.8*** 73.2 277.2 

6.40*** 

23.5 2.17 0.10*** 28.8 3.7 0.26*** 28.1 

Group V 44.0 3.74 14.3 103.7 4.03 8.9 234.7 5.25 4.6 2.84 0.15 6.9 4.78 0.17 7.2 

Group 

VI 

45.0 2.58 16.9 106.5 3.70 11.8 239.7 3.30 6.8 2.85 0.06 6.5 4.84 0.18 6.0 

a: Results are expressed as mean ± SD for four samples                   *** Significance at P< 0.001 
 

Table 4: Effect of ethanolic extract of celery or dill on kidney function of rats fed with pirimiphos-methyl residues in maize seeds for 45 

days. 

Group Urea 
(mg %) 

Creatinine 
(mg %) 

Means a ± SD % Means a ± SD % 

Group I 48.50 2.08 --- 0.74 0.04 --- 

Group II 47.25 2.20 --- 0.74 0.03 --- 

Group III 50.50 2.64 --- 0.76 0.03 --- 

Group IV 74.50 5.00*** 53.6 1.15 0.05*** 55.4 

Group V 52.75 3.86 8.7 0.81 0.02 9.4 

Group VI 55.00 2.94 13.4 0.85 0.02 14.8 

a: Results are expressed as mean ± SD for four samples                             *** Significance at P< 0.001 
 

Table 5: Effect of ethanolic extract of celery or dill on lipid profile of rats fed with pirimiphos-methyl residues in maize seeds for 45 days. 

Group Cholesterol 

(mg %) 

Triglycerides 

(mg %) 

Means a ± SD % Means a ± SD % 

Group I 93.5 9.14 --- 80.0 2.94 --- 

Group II 92.7 6.40 --- 78.5 2.60 --- 

Group III 90.2 3.50 --- 78.0 3.16 --- 

Group IV 141.7 7.90*** 51.5 103.7 5.00 *** 29.6 

Group V 99.25 4.57 6.1 86.5 3.40 8.1 

Group VI 103.5 5.00 10.7 88.2 3.86 10.25 

 a: Results are expressed as mean ± SD for four samples                                   *** Significance at P< 0.001 

 

Table 6: Effect of ethanolic extract of celery or dill on HDL and LDL of rats fed with pirimiphos-methyl residues in maize seeds for 45 
days. 

Group HDL (mg %) LDL (mg %) 

Means a ± SD % Means a ± SD % 

Group I 21.2 2.2 --- 56.3 7.6 --- 

Group II 21.7 1.7 --- 55.3 5.1 --- 

Group III 24.0 1.8 --- 50.6 3.7 --- 

Group IV 20.7 1.7 2.3 100.3 8.2*** 78.1 

Group V 22.2 2.2 --- 59.7 3.3 6.0 

Group VI 22.5 2.6 --- 63.4 2.4 12.6 

 a: Results are expressed as mean ± SD for four samples                           *** Significance at P< 0.001 
 

Table 7: Effect of ethanolic extract of celery or dill on CAT and GST of rats fed with pirimiphos-methyl residues in maize seeds for 45 

days. 

Group CAT   (U/L) GST (U/L) 

Means a ± SD % Means a ± SD % 

Group I 510 20 --- 3768 141 --- 

Group II 630 40 --- 4274 84 --- 

Group III 600 30 --- 4162 112.5 --- 

Group IV 350 40*** 31.4 2446 112 *** 35 

Group V 490 20 3.9 3515 169 6.7 

Group VI 460 10 9.8 3431 115 8.9 

 a: Results are expressed as mean ± SD for four samples                         *** Significance at P< 0.001 

 

Disscussion: 

 

 On using 
14

C-pirimiphos-methyl insecticide 

labelled at position 2 of pyrimidine ring on leaves of 

cultivated maize plant, the radiometric measurements 

revealed that the harvested mature seeds contained 

about 1.8 μg insecticide residues/g seeds. TLC and 

HPLC analysis of extracts of mature maize seeds 

revealed the presence of pirimiphos-methyl (A) as a 

main product in addition to three compounds. These 

main metabolites suggested that pirimiphos-methyl is 

mainly degraded via hydrolysis of the P-O-C bond to 
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give diethyl amino-4-hydroxy-6-methylpyrimidin [B] 

in addition to via cleavage of the N-alkyl groups to 

give ethyl amino-4-hydroxy-6-methyl pyrimidine [C] 

and amino-4-hydroxy-6-mehyl pyrimidine [D]. 

 It is worthy to mention that, the behaviour of rats 

towards water and food intake (appetite) and body 

weight gain was normal during the feeding 

experiments. Generally, it is also observed that 

feeding rats with celery or dill plant extract alone 

cause no change in the enzyme activities as shown in 

groups II and III in all biochemical parameters. The 

present study revealed that pirimiphos-methyl 

intoxication induced the classical inhibitory effect of 

organophosphorus insecticides. The significant 

inhibition of acetylcholinesterase in plasma and 

erythrocyte is due to the hydrolysis of body choline 

esters including acetylcholine at cholinergic synapses 

[20,35]. These data are in line with results obtained 

by previous studies of feeding rats with faba and 

soybeans treated with pirimiphos-methyl [33,24].  

 The detection of a significant increase of the 

important indicators of liver damage ALT and AST 

in treated rats (group IV) is due to hepatocellular 

injury [18]. Adding of celery and dill extracts led to 

decrease the toxicity effects and hepatic injury 

(group V and VI Table 3). Recently, the different 

extracts of celery leaves mixed with chicory leaves 

and barley grains effectively lower the elevated 

serum levels of AST, ALT and ALP enzymes 

[38,27].  

 A significant increase in creatinine and urea 

levels is the evidence of functional renal damages 

induced by pirimiphos-methyl exposure of rats 

(group IV). The results obtained after addition of 

celery and dill extracts reduce the total urea and 

creatinine levels as shown in groups V and VI if 

compared with group IV; Table 3. The observed 

significant increase in serum cholesterol levels 

(group IV) can be attributed to the effect of pesticide 

on the permeability of liver cell membrane [18] and 

may be also attributed to the partial blockage of liver 

bile ducts causing cessation of its excretion to the 

duodenum [43]. The administration of celery and dill 

extracts to treated rats significantly reduced total 

cholesterol, triglyceride and low density lipoprotein 

cholesterol (group V, VI).These finding are in 

agreement with different studies on the effect of 

celery [36,19,27] and dill [39,40] extracts in 

hypercholesterolemic rats. It is reported that 

hyperlipidaemia (increased level of TG, TC and 

LDL-C) is an important risk factor for development 

and progression of congenital heart disease (CHD) 

[22].  

 The activities of catalase (CAT), glutation-S-

trasferase (GST), and acetylcholinesterase enzymes 

were significantly decreased in plasma and RBCs of 

rats treated with pirimiphos-methyl residues in maize 

seeds (group IV) if compared with the controls 

(group I). In general, pesticide intoxication produces 

oxidative stress by the generation of free radicals and 

induced tissue lipid peroxidation in mammals and 

other organisms [29,13,4]. Jayakumar et al., [16] 

reported that, pesticides are important indicators for 

the toxicity of antioxidant enzymes. The combination 

of the used extracts with pirimiphos-methyl residues 

alleviated the negative effects of the insecticide and 

caused a significant increase in both enzymes 

activity. The same result has been obtained upon 

feeding the dill extract to rats which were treated 

with deltamethrin insecticide [6]. The ethanolic 

extract of celery significantly protects the gastric 

mucosa and suppresses the basal gastric secretion in 

rats, possibly through its antioxidant potential [1]. 

Supplementation with antioxidants effectively 

suppressed the oxidative damage induced by 

organophosphorus insecticides [3,5]. These data 

suggest that the remediation rate of tissue damage in 

treated experimental animals is more obvious and 

effective on adding celery extract than dill extract.  

 

Conclusion: 

 

 It can be concluded that feeding experimental 

animals with pirimiphos-methyl insecticide residues 

in maize seeds causes tissue damages, as indicated by 

elevated biochemical parameters. The use of celery 

or dill extracts along with pirimiphos-methyl was 

ascertained to remediate and reduce its harmful 

effects in the mentioned parameters. It is also 

observed that the remediation effect of adding celery 

extract is more obvious than dill extract. These 

extracts supply a putative protector against such 

effects, and should prevent farmers, agriculture 

workers and consumers intoxication.  
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