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ABSTRACT 
Organophosphorus insecticides are widely used in 

industry, agriculture, horticulture, domestic, and for public 

health applications. The consumption of insecticides in the 

household has almost risen exponentially. Over this half 

century there has been a significant increase in 

developmental disorders observed in humans which are 

thought to have an association with the exposure to 

pesticides in home environment causing family stress. In 

addition, abamectin as biocide is recently used as an 

insecticide. Very little information is available with regard 

to the sub-lethal effects of abamectin; therefore, the 

purpose of this work is to compare the toxicity of 

abamectin as a biocide with malathion and dimethoate as 

organophosphorus insecticides using the earthworm 

(Lumbricus terrestirs) as a biomarker. The earthworm was 

exposed to the tested compound in artificial soil for 7 days. 

The LC50 of these insecticides was determined. The   effects 

of two concentrations (LC50 & LC25) of these insecticides 

were studied on the activity of acetylcholinesterase 

(AChE), glutathione-S-transferase (GST), acid and 

alkaline phosphatases (AcP & AlP), and the levels of the 

two neurotransmitters; gamma amino butyric acid 

(GABA) and L-glutamic acid. The data showed that the 

LC50   of abamectin, dimethoate and malathion was 2.99, 

13.7, and 39.69 mg/ kg, respectively. This means that 

abamectin was the most toxic, while malathion was the 

least toxic. Both LC50 & LC25 concentrations of dimethoate 

and malathion had significant  inhibitory effect on the 

AChE activity, while abamectin had significant excitatory 

effects. AcP and AlP activities were significantly increased 

with the LC50 and LC25 of all the tested insecticides. GST 

induction activity was significant by the treatment of 

dimethoate and malathion, while there was significant 

decrease after treatment with LC50 of abamectin.  But 

there was a non-significant difference with LC25 of 

abamectin. The lethal and sub-lethal concentrations of the 

tested insecticides caused a significant induction in GABA 

and L-glutamic acid concentrations. The data showed that 

abamectin has the highest effect on the concentration of 

GABA and L-glutamic acid while dimethoate had the 

lowest effect. From these results, it could be concluded that 

abamectin had toxic effect compared to the tested 

organophosphorus insecticides, also the earthworm can be  

considered a good sensitive biomarker to test the toxicity of 

different compounds. 
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glutathione-S-transferase; GABA, gamma amino butyric 

acid; AcP, acid phosphatases; AlP, alkaline phosphatases; 

LC50, lethal concentration; CNS, Central Nervous System. 

INTRODUCTION 

Several epidemiological studies have suggested that 

health concerns may arise from the chronic exposure of 

young children to pesticides in their home environment 

(Charlotte et al 2006). Bryan Ballantyne and Salem 

(2006) showed that organophosphate (OP)and 

carbamate(CM) anticholinesterases (anti-ChEs)have a 

wide spectrum of applications that include pesticides in 

agriculture and horticulture, insecticides in domestic and 

public health applications, use in general commerce, use 

in therapeutic medicine, and as chemical warfare and 

terrorist agents. It can be used safely with the 

appropriate recommended protective and precautionary 

measures. However, because of  their widespread and 

sometimes uncontrolled usage, but there is a potential 

for misuse. Although the principal mechanism of action 

that underlies the practical use of OPs is namely 

inhibition of the cholinesterase group of enzymes, it can  

also be  responsible for some of their known human 

toxicity, because of the wide range of chemical structure 

involved the potential for numerous and different toxic 

effects, that are mediated by other mechanisms that can 

exist e.g. inflammation, immunotoxicity, myopathy, 

genetic toxicity, ancogencity and developmental and 

reproductive toxicity.  

Unwise use of insecticides can cause human health 

hazards which place a stress on family budgets and 

reduce individual physical and mental capacity as well 

as efficiency in his work.  

Abamectin, a recently biocide used as a 

commercialized insecticide in the region , besides other 

mailto:mon_abdelgalil@hotmail.fr


ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL.29, No.3 JULY- SEPTEMBER 2008 124 

insecticides available in the market, thus, there is a need 

for tools to monitor the impact of such compound on 

non-target organisms.  

Biomarkers are biological responses that can be 

related to the toxic effect of one or several pollutants 

(Peakall 1994). Therefore many biochemical markers of 

exposure in the earthworms have been recommended as 

useful sub-lethal criteria (Saint-Denis et al., 1998; 

Paoletti, 1999).  

Organophosphate and carbamate pesticides act by 

inhibiting cholinesterase’s (ChE), which are a group of 

enzymes in the central nervous system (Edwards and 

Fisher 1991). Glutathione-S-transferase (GST) is 

involved in the detoxification of various xenobiotic 

chemicals. It is a very important enzyme to earthworm 

because of their role as general scavengers for lipophilic 

xenobiotics or endogenous formed waste products in 

earthworms (Stenersen et al., 1979). 

Enzymes assay in earthworm are being developed to 

give a measure of pesticide exposure and as biomarkers 

of toxicity. Therefore, the aim of the present study is  (i) 

to   investigate the effect of the lethal and sub-lethal 

concentrations of the abamectin, malathion and 

dimethoate on some biochemical markers: 

acetylcholinesterase (AChE), Glutathione-S-transferase 

(GST),acid phosphatases (AcP) and alkaline 

phosphatases (AlP); (ii) to study the level of two 

neurotransmitters gamma amino butyric acid (GABA) 

and L-glutamic acid in the earthworm, and (iii) study the 

comparative toxicity of the abamectin which was used as 

safer alternative compounds with some conventional 

OP's insecticides available commercially for agriculture 

and home uses specially, malathion and dimethoate as 

insecticides, by using earthworms as a biomarker.  

MATERIALS AND METHODS 

2.1. Experimental animal 

Earthworms (Lumbricus terrestirs) were collected 

from the garden of the Agriculture Research Center, 

Sabahia, Alexandria. The worms were acclimatized at 

the laboratory conditions (at room temperature and 12 

hours light/12 hours dark) in the artificial soil (using an 

evenly blended dry weight mixture of 20% kaolin clay, 

70% silica sand, 10% sphagnum peat and 0.3% calcium 

carbonate according to OECD (1984) guideline 207, 

before testing. 

2.2. Insecticides  

Organophosphorus insecticides; malathion (egythion, 

57%EC) and dimethoate (egythoate, 40% EC) was 

obtained from the Egyptian Center for Agriculture 

Services, Biocide; abamectin (Cam-mec, 1.8% EC) was 

obtained from Trading Company for Agriculture 

Requirements. All other chemicals used in this study 

were obtained from Sigma, Aldrich and BDH companies 

with high purity. 

2.3. Experimental organism  

Earthworms were divided into two groups; the first 

group was used to determine the toxicity of the tested 

insecticides (lethal concentrations; LC50). The second 

one was to study the impact of the lethal and sub-lethal 

concentrations (LC50 and LC25) of these insecticides on 

the activity of some enzymes in tissues of earthworm. 

The experiments were performed with adult worms 

approximately 7.13 ± 1.5 cm in length and 0.523 ± 0.08 

gm in weight with clitellum's. 

2.4.Determination of the lethal pesticide 

concentrations 

The toxicity was evaluated according to OECD 

(1984) guideline 207 by the artificial soil test.The 

insecticide was mixed into artificial soil as an aqueous 

solution to give the desired working concentration (six 

concentrations for each insecticide) with three replicates 

each including control tests soil contained water without 

pesticide. Each concentration was prepared in 450 

grams of the artificial soil and was divided into three 

quantities in plastic cups.  

Five worms were added to each cup and covered 

with cloth netting secured with rubber band to prevent 

worms from escaping. Mortality was assessed after 7 

days and the LC50 values were calculated according to 

Finney, (1971) and expressed as mg/kg soil. 

2.5. Assessment of enzymes activity 

Earthworms were exposed to the estimated 

concentrations from the initial bioassay as the median 

lethal concentration (LC50) and sub-lethal concentration 

(LC25) of the three insecticides for 7 days. The survival 

worms were homogenized in saline solution (1:10 W/V) 

and centrifuged for 30 minutes at 8000 rpm. The 

supernatants were used as sources of enzymes. AChE 

assay was performed spectrophotometrically utilizing 

the method of Ellman et al. (1961); the activity was 

expressed as µ moles acetylthiocholine hydrolyzed/ mg 

protein/minute. GST activity was determined using 1-

chloro-2,4dinitrobrnzene (CDNB) as substrate 

according to Vessey and Boyer (1984). Acid and 

alkaline phosphatases were estimated by the method of 

Bessey et al. (1946). The GABA and glutamic acid 

contents were determined according to Maynert et al. 

(1962) and Pepeu et al. (1970). Samples were analyzed 

for protein content according to Lowry et al. (1951).  

2.6. Statistical analysis 

Regression lines of the different pesticides (LC50's) 

and confidence limits were calculated by probit analysis 

computer program according to Finney, (1971). Data of 

the toxicological study were analyzed by one-way 
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ANOVA to determine differences between treatments 

(Sokel and Rohlf, 1969). 

RESULTS AND DISCUSSIONS 

3.1. Toxicity Test 

Mortality has been the most frequently used 

parameter to evaluate the chemicals toxicity in 

earthworms (Liang and Zhou, 2003, Lydy and Linck, 

2003). The toxicity of the tested insecticides against 

Lumbricus terrestirs was illustrated in Table (1).  

Table1.The LC50 of the earthworm (Lumbricus 

terrestirs) after 7 days of artificial soil exposure to 

abamectin, dimethoate and malathion 

Insecticides 
LC50 

mg/kg 

95 % 

Confidence limits* 

Slope 

lower upper 

Abamectin 2.99 
2.54 

3.51 2.24 

Dimethoate 13.7 11.98 15.65 2.44 

Malathion 39.69 34.69 38.49 6.01 

*P<0.05. 

The tested insecticides could be arranged according 

to the LC50's values (mg/kg) and the toxicity index as 

follows: abamectin> dimethoate > malathion. The data 

showed that abamectin was the most toxic (LC50; 2.99 

mg/kg) while malathion was the least toxic (LC50; 39.69 

mg/kg) on the earthworm.  

      The data are parallel to Mosleh et al. (2003) who 

reported that earthworm; Aporrectodea caliginosa is a 

good biomarker for soil contamination by endosulfan 

and aldicarb. Also the results of Hallely et al. (1993) for 

abamectin were parallel to the present finding, although 

the worms were of different genus. Aly (2005) showed 

that the earthworm is quite sensitive, when introduced 

into the soil system and could be used as a biological 

marker (biomarkers) for soil system contaminated with 

the pesticides. 

3.2. The toxicological studies 

The earthworms exposed to the contaminated 

artificial soil with LC50 and LC25 of the tested 

insecticides for 7 days were used to measure the 

activities of acetylcholinesterase (AChE), Glutathione-

S-transferase (GST), Acid phosphatase (AcP), Alkaline 

phosphatase (AlP) and the neurotransmitters (gamma 

amino butyric acid; GABA and L-glutamic acid). 

Cholinesterase activity is routinely used in vertebrate 

animals to diagnose the exposure to organophosphates 

(Fairbrother et al., 1991; Edwards and Fisher 1991). In 

the present study, AChE activity of the treated and 

untreated earthworms is presented in Table (2). 

The data showed that both concentrations of 

dimethoate and malathion had significant inhibitory 

effect on the AChE activity. In contrast abamectin had 

significant excitatory effects at the lethal and sub lethal 

concentrations. These data are parallel to many 

investigators, who showed that malathion exposure 

reduced AChE activity in the cerebral cortex and 

hippocampus. Brocardo, et al (2005) reported that like 

other OP compounds; malathion is known to inhibit 

acetylcholinesterase (AChE) activity, an effect that is 

thought to express the neurotoxicity elicited by these  

Table 2: The Lethal effects of malation, abamectin and dimethoate on the activities of enzyme activities and 

neurotransmitters of the earthworm (Lumbricus terrestirs) after 7 days of artificial soil exposure 

Parameter Control 

Experimental group 

Malathion Abamectin Dimethoate 

LC50 LC25 LC50 LC25 LC50 LC25 

AChE 
0.018 ± 

0.0005c 

0.013 ± 

0.0013b 

0.01 ± 

0.0014b 

0.035 ± 

0.004d 

0.029 ± 

0.0014d 

0.006 ± 

0.0008a 

0.017 ± 

0.0c 

AcP 
0.107 ± 

0.002a 

0.853 ± 

0.006g 

0.622 ± 

0.002f 

0.272 ± 

0.006c 

0.213 ± 

0.003b 

0.478 ± 

0.0011d 

0.604 ± 

0.019e 

AlP 
0.08 ± 

0.011a 
0.564 ± 0.38f 0.407 ± 0.01e 

0.256 ± 

0.0c 

0.211 ± 

0.003b 

o.334 ± 

0.016c 

0.333 ± 

0.008d 

GST 
0.063 ± 

0.003b 
0.07 ±0.002c 

0.072 ± 

0.005c 

0.064 ± 

0.001b 
0.053 ±004a 

0.105 ± 

0.001e 

0.084 ± 

0.004d 

GABA 
0.468 ± 

0.007a 

0.743 ± 

0.006b 

o.640 ± 

0.025ab 

0.93 ± 

0.015c 

0.72 ± 

0.006b 

0.649 ± 

0.203b 

0.552 ± 

0.009a 

L-glutamic 
0.365 ± 

0.006a 
0.633 ±0.02d 0.51 ±0.003c 

0.849 

±0.01e 

0.630 ± 

0.008d 

0.492 ± 

0.005b 

0.483 ± 

0.006b 

Values are expressed as means ± SE; n=5 for each treatment group Means values within a row not sharing a common superscript letter (a-g) 

were significantly different, p<0.05. 

AChE ; µ mol /mg protein/ min , AcP; µ moles Ρ-nitro-phenol/mg protein/min, 

AlP (µ moles Ρ-nitro-phenol/mg protein/min, GST OD/mg protein/min, GABA and L-glutamic acid 

 (µ g /mg wet tissue.) 
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compounds (Kwong, 2002). Dongren et al. (2002) found 

that the activity of AChE was significantly inhibited in a 

dose and time-dependent manner when cells were 

exposed to dimethoate for 2 h. AChE activity was 

significantly inhibited 14 and 24 h after application of 

dimethoate (Augustyniak, 2007). Oxidative stress due to 

dimethoate may be ascribed to the inhibition of AChE 

(Yukti Sharma, et al 2005). Also a research by NIH 

(2005) showed that farmers who used agricultural 

insecticides including OP’s experienced increased 

neurological symptoms, even when they were no longer 

using the products (e.g. headaches, fatigue, insomnia, 

dizziness, nausea, hand tremors, numbness and other 

neurological symptoms). 

GST is a very important enzyme to the earthworm 

because of its role as general scavenger for lipophilic 

xenobiotics or endogenous formed waste products in 

earthworms. Therefore it can be postulated that this 

enzyme activity can reduce the hazard of pollutants 

around the earthworm (Stenersen et al., 1979). The 

effect of the lethal and sub-lethal concentrations of the 

tested insecticides on GST activity of earthworms after 7 

days was summarized in Table (2). The data showed that 

there was a significant increase's in the activity of GST 

after the treatment of dimethoate and malathion. On the 

other hand, there was a significant decrease at the LC50 

of abamectin but there was a non-significant difference 

with LC25 of abamectin. GST activity was significantly 

decreased 24 h after application of dimethoate 

(Augustyniak, 2007). Oxidative stress due to dimethoate 

may be ascribed to the disturbance in activities of GST 

enzymes (Yukti Sharma, 2005). Also, malathion 

exposure reduced the activity of GST (Brocardo, et al. 

2005). Hazarika et al (2003) found that GST activity 

was decreased in the liver with malathion and its 

combination with anilofos. 

Effects of the LC50 and LC25 of the tested 

insecticides on AcP activity of the earthworm after 7 

days are summarized in Table (2). AcP activity was 

significantly increased with the LC50 and LC25 of all the 

tested insecticides. The data showed that malathion had 

the highest effect on AcP activity while abamectin had 

the least effect. Many pesticides and metals increase the 

level of acid phosphatases (Abou-Donia et al. 1986, El-

Gendy et al. 1990) 

The alteration in the activity of AlPase in whole 

body of the earthworm exposed for 7 days to LC50 and 

LC25 of the tested pesticides is presented in Table 2.  

The obtained results revealed that insecticides 

(malathion, abamectin and dimethoate) significantly 

increased the activity of AlPase of earthworms. The 

highest activity of earthworm alkaline phosphatases was 

noticed by malathion. 

3.3. L-glutamic acid and GABA concentrations 

On the bases of neurophysiological studies, amino 

acids have been separated into general classes: 

excitatory amino acids (glutamic, aspartic, cysteic and 

homocysteic), which depolarize neurons in mammalian 

CNS and the inhibitory amino acids (GABA, glycine, 

taurine and β-alanine), which hyperpolarize mammalian 

neurons. Strictly from a quantitative standpoint, 

acetylcholine and the amino acids dopamine and 5-

hydroxytryptamine are probably the major transmitters 

and probably account for transmission at only a small 

percentage of synaptic sites (Cooper et al., 1978). The 

results indicated that the lethal and sub-lethal 

concentrations of tested insecticides caused a significant 

(P<0.05) induction in GABA and L-glutamic acid 

concentrations. The data showed that abamectin had the 

highest effect on the concentration of GABA and L-

glutamic acid while dimethoate had the lowest effect. 

These results are parallel to those by El-Sayed (2004) 

who reported that there was an increase in the 

concentration of GABA and L-glutamic acid. Yamazaki 

et al. (1989) found that ivermectin is an agonist for the 

GABA concentration. Abamectin acts on gamma amino 

butyric acid (GABA) and glutamate-gated chloride 

channels, leading to activation of the chloride ion 

channel at higher concentrations and paralysis of pests 

(Putter, 1981, Bloomquist, (2001). 

CONCLUSION 

The present results showed that earthworm is quite 

sensitive to the toxicity and, could be used as 

biomarkers for the different groups of insecticides which 

are introduced into the soil system. . Also, the abamectin 

is more toxic than dimethoate and malathion. 

Accordingly, care must be taken into account to avoid 

the farmers and housewives’ exposure to these 

insecticides and attention should be paid to traces of it at 

home environment. Also some precautions must be 

considered against the toxicity of these insecticides. 

However, although actual exposure of residents were not 

determined, additional studies which better estimate the 

residents’ knowledge ,attitudes and practice as well as 

the potential for spray and surface contamination by 

insecticides.  
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 امللخص العريب

 دراسة مقارنه بني مدى مسية بعض مبيدات الفوسفور العضوية واألابمكتني ابستخدام
 كمؤشرحيوى sterrestirs Lumbricuدودة األرض 

 عنرت قناوى، مىن شرف           
استتدفت ه هتتلد است استتن مأتا  تتن مبتت  االتتن م التتت  ا  م دتت    تتت 

 تتتترم د  وهتتتتم ة اعتتتتن متتتتة انند تتتتا  اند  تتتتر  متتتتة ا تتتتراو ة اعتتتتن اأ
ستتةسن ا سرتودامالستتالر   تترمالدال الر متتة  دتتاا بي الأتتتا  اس الاب ناستتا م 

واستتتلى ا داتتتر استتتد تام  ع تتتم -احلتيثتتتن و  تتتت بتتتا  ان التتتتا  احلالايتتتن
اسنيتتاا اسد تتا ى د  التتت  التتاى  تتتي  ومأتا  دتت  ونتتاع  متتة ان التتتا  

ين ومهتتتتا استتتتتاملثايه وانةبالتتتتا  اسدأت التيتتتتن متتتتة ة اعتتتتن اس ستتتت ا  اس  تتتتا 
. وذستتتس  ستتتد تان ويتتتتا  ا  و د تشتتتر الا  سدأتالتتتال  االتتتن ان التتتتا 
 7 ال  مت ب تري  ويتتا  ا  و سرتوتن بتناعالن م ام تن  ن التتا  نتت  

ودتلسس . متة ا  تراو ان ام تن %05ااين سدأتتير قال ن اسرتدالز استةمن سأتدت 
و تتت  استتتنز  ا  زملالتتتن   و استتتن  بتتت  هتتتلا اسرتدالتتتز و   تتت   ع تتتم  اتتتا 

اند ث تتت  ال ا ستتتالدال  دتتتاس  استتتتد يز واس استتت ابالز احل  تتتم واسأتاعتتتتتى 
برابستت  يز   فتتا ن اد بأتتتتير بردالتتز مستتداى ابنتت   - س-واجل ا بالتتا 

  ا مالتس   Lمة اسناقة  اس  ت الن مهتا اجلامتا امالناوالابريتس استالت وا  
 . اسالت

 :   ظفر  اسندائج ا 
   متتتة ويتتتا  ا  و س تتت  متتة ا  م دتتت   %05اسرتدالتتز استتتةمن سأتدتت

/ ةتتت 2992. -7.97 - 9922واستتتتاى مالثايتتته وانةبالتتتا  هتتتا
د تتت  ع تتتم اسرتبالتتت  نتتتا يافتتتن    ا  م دتتت  دتتتا  ادثتتتره  اال تتتن 

 . ع م ويتا  ا  و

   تتتتتتوي بث تتتتتالش م نتتتتتااي سناتتتتتا  ا تتتتتز  ا ستتتتتالدال  دتتتتتاس  استتتتتد يز ال 
سرتدالتتتتتتزا  ان الدتتتتتت  والتتتتتته ان الدتتتتتت  س تتتتتتة متتتتتتة استيتتتتتتتا  ان ام تتتتتت   

استتتتتاملثايه وانةبالتتتتا  والن تتتتا  تتتتتي مايو  م نايتتتتن ال  اتتتتا  هتتتتلا 
 .ا  ز  ال استيتا  ان ام    أ م د 

   مايو  م نايتتتتتتن ال  اتتتتتتا  ا زملتتتتتتم اس استتتتتت ابالز احل  تتتتتتم واسأتاعتتتتتتتى
 . سرتدالزا  انسد تم  س   ان التا 

   برا ستتتتت  يز مايو  م نايتتتتتن ال  -اس -مايو   اتتتتتا  ا تتتتتز  اجل ا بالتتتتتا
استيتا  ان ام    ستاملثايه وانةبالا  والن ا  تي اخن افتا م نتااي 

 .ال استيتا  ان ام      م د  مأتا  ن  س النن اس اوين

   تتتتتتوي مايو  وافتتتتتان س  امتتتتتا امالنتتتتتا والابريتتتتتس استتتتتالت و ا L  
 .  ا مالس اسالت ال استيتا  ان ام   و   ان التا 

هتتلد اسندتتائج يد تتن    اأ م دتت  د   التتت  التتاى دتتا  ادثتتر  ومتتة
 .االن مة ان التا  اسدأت التين مة ة اعن اس اس ا  اس  اين

ع  التتن شتتراس واستتدفةع اسستت ك ا ستتدفةدالن ود تتا هتتا م تتروف    
ب دتتأ  هتت  عامتت  متتتبر ع تتم بتتان   تتراو اأستتر  واستتلى يتتن  ر وتتتو د 

ا داتتر استتد تان  ان التتتا   وبزايتتت  ع تتم اسدن التتن اس اتترين ا،د  التتن، وقتتت
وظفتتر ست  رتتاير بتتاالن ال اس أتتت ا ريتت  متة اسأتتتر  انافتم و تت  اسالتان 

ع م ا  سا  نا يروس مالزا الن اأسر  ال اس ةا ودلسس يأت   مة قتت   
 .  اس رو اجلس ال  واس أت الن ود اسب  ال اس   

 
 

 

 

 

 

 

 


