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Abstract 
The present study aimed to compare between the action of the pyrethroid insecticide lambda-cyhalothrin 
and the benzoylphenylurea lufenuron on total protein, carbohydrate and lipid content, and on digestive 
enzymes, transaminases, phosphatases and chitinase activity of Culex pipiens L. late third-instar larvae 
compared to the control. Both lambda-cyhalothrin and lufenuron significantly reduced total carbohydrate 
content, and carbohydrases, glutamic oxaloacetic acid transaminase and phosphatases activity. Lambda-
cyhalothrin significantly decreased total protein content, and protease and glutamic pyruvic acid 
transaminase activity, whereas it significantly increased chitinase activity. Lufenuron significantly 
decreased total lipid content, and lipase activity. It can be concluded that lambda-cyhalothrin and 
lufenuron induced significant metabolic alterations in Cx. pipiens late third-instar larvae by acting on 
different secondary targets. 
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1. Introduction 
In Egypt, Culex pipiens L. is the primary vector for bancroftian filariasis [1] and Rift Valley 
fever [2]. Conventional insecticides such as organophosphates and pyrethroids have been the 
most favorite mosquito control method throughout the world [3]. However, their indiscriminate 
usage has led to the development of insecticide resistance in several mosquito species [4], in 
addition to negative impacts on environment, human health and non-target organisms. These 
problems forced to search for safe and selective compounds as an alternative control measure; 
among these measures is the class benzoylphenylureas (BPUs); a class of insect growth 
regulators [5].  
The classical mode of action of the pyrethroid insecticide lambda-cyhalothrin and the BPU 
lufenuron is well known. Lambda-cyhalothrin is a member of the type II pyrethroids that cause 
slow depolarization of nerve membrane, which reduces the amplitude of the action potential 
leading to a loss of electrical excitability [6]. While, lufenuron, as other BPUs, acting as a chitin 
synthesis inhibitor; leading to abortive larval molt [6]. The present study aimed at elucidating 
the non-conventional mode of action of lambda-cyhalothrin and lufenuron against Cx. pipiens 
late third-instar larvae. This may be achieved by studying their effects on total protein, 
carbohydrate and lipid content, and on digestive enzymes, transaminases, phosphatases and 
chitinase activity compared to the control. 
  
2. Materials and Methods 
2.1 Insect rearing 
The stock culture of Cx. pipiens was started from larvae obtained from a colony maintained in 
Entomology Department, Faculty of Science, Cairo University, Egypt, for several generations 
without exposure to insecticides. The culture was maintained in the laboratory at 25–27 °C and 
14 L: 10 D photoperiod according to Djeghader et al. [7]. Larvae were reared in dechlorinated 
water and fed on a mixture of biscuit and dry yeast (3: 1) (w/w). Adults were offered 10% 
sucrose solution for a period of 3–4 days after emergence. The females were then allowed to 
take a blood meal from a pigeon for 2–3 h for egg production. 
 
2.2 Lambda-cyhalothrin and lufenuron 
Technical grade lambda-cyhalothrin (2.5% EC): (RS)-α-Cyano-3-phenoxybenzyl 3-(2-chloro-3, 
3, 3-trifluropropenyl)-2, 2-dimethylcyclopropanecarboxylate, and lufenuron (5% EC): (RS)-1- 
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[2, 5-dichloro-4-(1, 1, 2, 3, 3, 3-hexafluropropoxy) Phenyl]-3-
(2, 6-diflurobenzoyl] Urea, used in this study was obtained 
from Sumitomo Chemical Co. 
 
2.3 Bioassay 
Larvicidal bioassay was performed essentially following the 
standard World Health Organization protocol [8]. One ml of 
each desired concentration of lambda-cyhalothrin in acetone 
solution (0.005, 0.01, 0.02, 0.04, 0.08 and 0.16 ppm) was 
infiltrated to 249 ml dechlorinated water in 300 ml plastic cup, 
while lufenuron was diluted directly in the rearing water up to 
250 ml (v/v) to give the final desired concentrations (0.005, 0. 
01, 0.02, 0.04 and 0.08 ppm). Twenty five Cx. pipiens late 
third-instar larvae were released into each concentration and 
were fed as described above. Two control experiments were 
run concurrently. The first control experiment included 1 ml 
acetone in 249 ml dechlorinated water for the bioassay of 
lambda-cyhalothrin, while the second control experiment 
contained 250 ml dechlorinated water for the bioassay of 
lufenuron. Each concentration was repeated four times. All the 
experiments were incubated at 25 °C. The number of dead and 
alive larvae was recorded 24 h post-treatment. 
 
2.4 Biochemical analyses 
After 24 h of treatment Cx. pipiens late third-instar larvae with 
the LC50 of lambda-cyhalothrin (0.045 ppm) and lufenuron 
(0.025 ppm), as determined in this study, surviving larvae 
were homogenized separately in distilled water (50 mg/ml) 
using a chilled glass–Teflon tissue homogenizer. Each 
homogenate was centrifuged at 8000 rpm for 15 min at 4 °C. 
A parallel control was also run. The supernatant was stored at -
20 °C for further biochemical analyses. Total protein, 
carbohydrate and lipid were determined according to Singh 
and Sinha [9], using Folin–phenol, anthrone and 
phosphovanillin reagents, respectively. Also, the supernatant 
was analyzed for the estimation of carbohydrases (trehalase, 
invertase and amylase) activity according to Ishaaya and 
Swirisk [10], using 3, 5-dinitrosalicylic acid reagent. Protease 
activity was determined based on the methods of Tatchell et al. 
[11], and the increase in free amino acids split was measured 
following the procedures of Lee and Takabashi [12], using 
ninhydrin reagent. Lipase activity was determined according to 
Tahoun and Abdel-Ghaffar [13], with slight modifications, 
using triolein substrate. Glutamic oxaloacetic acid 
transaminase (GOT) and glutamic pyruvic acid transaminase 
(GPT) activity was quantified according to Reitman and 
Frankel [14], using α-ketoglutarate-dl-aspartate and α-
ketoglutarate-dl-alanine substrates, respectively. Alkaline and 
acid phosphatases activity was estimated according to Laufer 
and Schin [15], using p-nitrophenol phosphate substrate, with 
alkaline buffer (pH 10.5) and acid buffer (pH 4.8), 
respectively. Colloidal chitin was prepared according to Bade 
and Stinson [16], and the reaction mixture was prepared 
according to Ishaaya and Casida [17]. Each assay was replicated 
five times. 
 
2.5 Statistical analyses 
The percentage mortality was corrected using Abbott’s 
formula [18]. The LC50 was determined with POLO-PC 
software [19], based on the Probit analysis [20]. Data obtained 
were analyzed using one-way analysis of variance (ANOVA). 
When ANOVA statistics were significant (P < 0.05), the 
means were compared by Duncan’s multiple range test [21]. 
  

3. Results  
3.1 Total protein, carbohydrate and lipid 
The results obtained indicated that total protein was 
significantly decreased (P < 0.05) due to treatment with 
lambda-cyhalothrin, whereas it was insignificantly affected 
post-treatment with lufenuron compared to the control. On the 
other hand, both lambda-cyhalothrin and lufenuron 
significantly decreased (P < 0.05) total carbohydrate. Total 
lipid was significantly decreased (P < 0.05) in lufenuron-
treated larvae, whereas it was insignificantly changed 
following treatment with lambda-cyhalothrin (Fig. 1). 
 

 
 

Fig 1: Total protein, carbohydrate and lipid content of Cx. pipiens 
late third-instar larvae 24 h post-treatment with the LC50 of lambda-
cyhalothrin (0.045 ppm) and lufenuron (0.025 ppm). Different letters 
above the bars (SE) indicate significant differences (P < 0.05); using 
Duncan’s multiple range test. 
 
3.2 Digestive enzymes activity 
Both lambda-cyhalothrin and lufenuron significantly decreased 
(P < 0.05) carbohydrases (trehalase, invertase and amylase) 
activity compared to the control (Fig. 2). Protease activity was 
significantly reduced (P < 0.05) in larvae treated with lambda-
cyhalothrin (Fig. 3). 

 

 
 

Fig 2: Trehalase, invertase and amylase activity of Cx. pipiens late 
third-instar larvae 24 h post-treatment with the LC50 of lambda-
cyhalothrin (0.045 ppm) and lufenuron (0.025 ppm). Different letters 
above the bars (SE) indicate significant differences (P < 0.05); using 
Duncan’s multiple range test. 
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Fig 3: Protease activity of Cx. pipiens late third-instar larvae 24 h 
post-treatment with the LC50 of lambda-cyhalothrin (0.045 ppm) and 
lufenuron (0.025 ppm). Different letters above the bars (SE) indicate 
significant differences (P < 0.05); using Duncan’s multiple range test. 
 
On the contrary, protease activity was insignificantly changed 
after larval exposure to lufenuron compared to the control 
(Fig. 3). Unlike to the pattern of protease activity, treatment 
with lambda-cyhalothrin insignificantly changed lipase 
activity, whereas lufenuron significantly declined (P < 0.05) 
lipase activity (Fig. 4). 
 

 
 

Fig 4: Lipase activity of Cx. pipiens late third-instar larvae 24 h post-
treatment with the LC50 of lambda-cyhalothrin (0.045 ppm) and 
lufenuron (0.025 ppm). Different letters above the bars (SE) indicate 
significant differences (P < 0.05); using Duncan’s multiple range test. 
 
3.3 Transaminases activity  
Lambda-cyhalothrin significantly depleted (P < 0.05) the 
activity of both GOT and GPT compared to the control. On the 
other hand, lufenuron significantly reduced (P < 0.05) GOT 
activity, while it was insignificantly affected GPT activity 
(Fig. 5).  
 

 
 

Fig 5: Glutamic oxaloacetic acid transaminase (GOT) and glutamic 
pyruvic acid transaminase (GPT) activity of Cx. pipiens late third-
instar larvae 24 h post-treatment with the LC50 of lambda-cyhalothrin 
(0.045 ppm) and lufenuron (0.025 ppm). Different letters above the 
bars (SE) indicate significant differences (P < 0.05); using Duncan’s 
multiple range test; IU: international unit. 

3.4 Phosphatases activity 
The activity of both alkaline and acid phosphatases was 
significantly suppressed (P < 0.05) after larval treatment with 
either lambda-cyhalothrin or lufenuron compared to the 
control (Fig. 6).  
 

 
 

Fig 6: Alkaline phosphatase (AkP) and acid phosphatase (AcP) 
activity of Cx. pipiens late third-instar larvae 24 h post-treatment with 
the LC50 of lambda-cyhalothrin (0.045 ppm) and lufenuron (0.025 
ppm). Different letters above the bars (SE) indicate significant 
differences (P < 0.05); using Duncan’s multiple range test; IU: 
international unit. 
 
3.5 Chitinase activity 
Lambda–cyhalothrin significantly enhanced chitinase activity 
compared to the control. In contrast, this activity was 
insignificantly increased after treatment with lufenuron (Fig 7). 
 

 
 

Fig 7: Chitinase activity of Cx. pipiens late third-instar larvae 24 h 
post-treatment with the LC50 of lambda-cyhalothrin (0.045 ppm) and 
lufenuron (0.025 ppm). Different letters above the bars (SE) indicate 
significant differences (P < 0.05); using Duncan’s multiple range test; 
NAGA: N-acetyl glucosamine. 

 
4. Discussion 
The exposure of an organism to a xenobiotic can modify the 
synthesis of certain metabolites and disturb the functionality of 
the organism [22]. In this context, total main metabolites 
(protein, carbohydrate and lipid) in the whole body of Cx. 
pipiens late third-instar larvae in the present study decreased 
under the stress of lambda-cyhalothrin and lufenuron. In 
agreement with our results, the BPU novaluron significantly 
decreased total protein content of Culiseta longiareolata 
(Macquart) larvae [23], whereas it significantly increased total 
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carbohydrate and lipid content of the same mosquito species 
[23] and of Cx. pipiens larvae [7]. Ali et al. [24, 25] demonstrated 
that breakdown of protein into free amino acids as well as the 
decrease in RNA, due to the insecticidal stress, could result in 
the decrease in total protein. Moreover, insecticidal stress 
reduces the hemolymph volume; thereby total protein content 
decreases [26]. Protein depletion may constitute a physiological 
mechanism and might play a role in the compensatory 
mechanisms under the insecticidal stress [27]. There is an 
adverse correlation between the amount of protein and uric 
acid in hemolymph, i.e., larvae with lowered protein would 
have higher uric acid where the use of protein for the recovery 
of the damaged tissues would result in the production of uric 
acid as a side product of protein catabolism [28]. 
Carbohydrates as energy elements play a crucial role in the 
physiology of the insects; the rate of glycogen in tissues are 
closely related to several physiological events such as the 
reproduction, the molt and the flight [29]. Accordingly, under 
stress conditions, more sugars might be metabolized to meet 
the energy expenses; and this may account for the decrease in 
total carbohydrate of Cx. pipiens larvae treated with both 
lambda-cyhalothrin and lufenuron. Shakoori et al. [30] 
suggested that disturbance in carbohydrate metabolism may be 
the result of a long chain effect originating primarily from the 
inhibition of chitin synthesis. Canavoso et al. [31] documented 
that quantity of lipids available for the energy reserve seems to 
be the result of a balance between the catch of food and the 
request for reserve by processes such as reproduction, 
maintenance and growth, and this balance is disturbed by any 
toxicant. Therefore, reduction of total lipid in the present study 
may be due to the effect of lambda-cyhalothrin and lufenuron 
on lipid metabolism, in addition to the utilization of lipid 
reserve for energy generation. 
Suzuki et al. [32] reported that carbohydrases activity was under 
the control of ecdysone. This finding may explain the 
depletion of carbohydrases activity in the present study post-
treatment with lufenuron, where BPUs might affect the insect 
hormonal site; thereby resulting in alteration in carbohydrases 
activity [33, 34]. Acid phosphatase is a lysosomal enzyme [35]; 
thus the ingestion of any toxic xenobiotic which can affect the 
lysosomes might affect its activity as evident in this study. 
According to Shakoori et al. [36], the reduction in alkaline 
phosphatase could be attributed to the reduced enzyme 
synthesis and/or binding of insecticide at the active site of 
enzyme. Ali et al. [24, 25] showed that decline in GOT and GPT 
activity was concomitant with decreased protein biosynthesis. 
This finding extends to the results obtained in this study, 
where GOT and GPT activity, as well as total protein content 
decreased after exposure of Cx. pipiens late third-instar larvae 
to lambda-cyhalothrin and lufenuron. Reduction in GOT and 
GPT activity can be related to reduction in transamination, 
which in turn can be related to increased soluble protein and 
free amino acids [24]. 
Similar to our results, Osman [37] reported that lufenuron 
significantly increased chitinase activity of Spodoptera 
littoralis (Boisduval) larvae. Abdel-Aziz et al. [38] attributed 
the increase in chitinase activity post-treatment with BPUs to a 
secondary effect for the reduced activity of β-ecdysone 
metabolizing enzymes, followed by β-ecdysone accumulation 
which results in hyperchitinase activity [39]. Chitin synthetase 
is not the primary biochemical site for the reduced level of 
chitin since BPUs do not inhibit their activity in cell-free 
systems [40, 41]. 
 

5. Conclusion 
It can be concluded that both lambda-cyhalothrin and 
lufenuron can affect Cx. pipiens late third-instar larvae by 
targeting different biochemical and regulatory molecules in 
different metabolic pathways.  
 
6. References 
1. Southgate BA. Bancroftian filariasis in Egypt. Tropical 

Disease Bulletin 1979; 76:1045-1063.  
2. Meegan JM, Khalil GM, Hoogstraal H, Adham FK. 

Experimental transmission and field isolation studies 
implicating Culex pipiens as a vector of Rift Valley fever 
virus in Egypt. American Journal of Tropical Medicine 
and Hygiene 1980; 29:1405-1410. 

3. Gautam K, Kumar P, Poonia S. Larvicidal and GC – MS 
analysis of flavonoids of Vitex negundo and Andrographis 
paniculata against two vector mosquitoes Anopheles 
stephensi and Aedes aegypti. Journal of Vector Borne 
Diseases 2013; 50:171-178. 

4. Cui F, Raymond M, Qiao CL. Insecticide resistance in 
vector mosquitoes in China. Pesticide Management 
Science 2006; 62:1013-1022. 

5. Mulla MS. Insect growth regulators for the control of 
mosquito pests and disease vectors. Chinese Journal of 
Entomology 1991; 6:81-91. 

6. Simon JY. The Toxicology and Biochemistry of 
Insecticides. CRC Press, Boca Raton, London, New York, 
2008, 276. 

7. Djeghader N, Boudjelida H, Bouaziz A, Soltani N. 
Biological effects of a benzoylphenyl urea derivative 
(Nouvaluron) on larvae of Culex pipiens (Diptera: 
Culicidae). Advances in Applied Scientific Research 
2013; 4:449-456. 

8. WHO (World Health Organization). Guidelines for 
Laboratory and Field Testing of Mosquito Larvicides. 
WHO/CDS /WHOPES /GCDPP, Geneva, Switzerland, 
2005, 13. 

9. Singh NB, Sinha RN. Carbohydrates, lipids and proteins 
in the developmental stages of Sitophilus oryzae and S. 
granarius (Coleoptera: Curculionidae). Annals of the 
Entomological Society of America 1977; 70:107-111. 

10. Ishaaya I, Swirisk E. Trehalase, invertase and amylase 
activities in the black scale, Saissetia oleae and their 
relation to host adaptability. Journal of Insect Physiology 
1976; 22:1025-1029. 

11. Tatchell RJ, Araman SF, Boctor FN. Biochemical and 
physiological studies of certain ticks (Ixodidae). 
Zeitschrift für Parasitenkunde 1972; 39:345-350. 

12. Lee YP, Takabashi T. An improved colorimetric 
determination of amino acids with the use of ninhydrin. 
Analytical Biochemistry 1966; 14:71-77. 

13. Tahoun MK, Abdel-Ghaffar M. A modified colorimetric 
method for assay of lipase activity. Alexandria Science 
Exchange 1986; 7:235-244. 

14. Reitman S, Frankel S. Colorimetric method for aspartate 
and alanine transaminases. American Journal of Clinical 
Pathology 1957; 28:56-63. 

15. Laufer H, Schin KS. Quantitative studies of hydrolytic 
enzymes activity in the salivary gland of Chironomus 
tentans (Diptera: Chironomidae) during metamorphosis. 
Canadian Entomologist 1971; 103:454-457. 

16. Bade ML, Stinson A. Biochemistry of insect 
differentiation. A system for studying the mechanism of 
chitinase activity in vitro. Archive of Biochemistry and 



 

~ 126 ~ 

 International Journal of Mosquito Research  

Biophysics 1981; 206:213-221. 
17. Ishaaya I, Casida JE. Dietary TH-6040 alters composition 

and enzyme activity of housefly larval cuticle. Pesticide 
Biochemistry and Physiology 1974; 4:484-490. 

18. Abbott WS. A method of computing the effectiveness of 
an insecticide. Journal of Economic Entomology 1925; 
18:265-267. 

19. LeOra Software. POLO – PC: A User’s Guideline to 
Probit or Logit 786 Analysis. LeOra Software, 1987. 

20. Finney DJ. Probit Analysis, third ed. Cambridge 
University Press, Cambridge, 1971, 333. 

21. SAS Institute. SAS / STAT® 9.2 User’s Guide. SAS 
Institute Inc., Cary, NC, 2008. 

22. Rodriguez-Ortega MJ, Grovisk BE, Rodriguez-Ariza A, 
Goksoyr A, Lopez-Barea J. Changes in protein expression 
benefits in bivalve molluscs (Chamaelea gallina) exposed 
to four model environmental pollutants. Proteomics 2003; 
3:1535-1543. 

23. Bouaziz A, Boudjelida H, Soltani N. Toxicity and 
perturbation of the metabolite contents by a chitin 
synthesis inhibitor in the mosquito larvae of Culiseta 
longiareolata. Annals of Biological Research 2011; 
2:134-142. 

24. Ali NS, Ali SS, Shakoori AR. Effects of sublethal doses 
of Talstar on biochemical components of malathion–
resistant and –susceptible adults of Rhyzopertha dominica. 
Pakistan Journal of Zoology 2011; 43:879-887. 

25. Ali NS, Ali SS, Shakoori AR. Biochemical response of 
malathion – resistant and – susceptible adults of 
Rhyzopertha dominica to the sublethal doses of 
deltamethrin. Pakistan Journal of Zoology 2014; 46:853-
861. 

26. Sugumaran M. Chemistry of cuticular sclerotization. 
Advances in Insect Physiology 2010; 39:151-209. 

27. Khosravi R, Sendi JJ. Effect of new pesticides (Achook) 
on midgut enzymatic activities and selected biochemical 
compounds in the hemolymph of lesser mulberry pyralid 
Glyphodes pyloalis Walker (Lepidoptera: Pyralidae). 
Journal of Plant Protection Research 2013; 53: 238-247. 

28. Zibaee A, Zibaee I, Sendi JJ. A juvenile hormone 
analogue, pyriproxyfen, affects some biochemical 
components in the hemolymph and fat bodies of 
Eurygaster integriceps Puton (Hemiptera: Scutelleridae). 
Pesticide Biochemistry and Physiology 2011; 100:289-
298. 

29. Kaufmann C, Brown MR. Regulation of carbohydrate 
metabolism and flight performance by a 
hypertrehalosemic hormone in the mosquito Anopheles 
gambiae. Journal of Insect Physiology 2008; 54:367-377. 

30. Shakoori AR, Salem MA, Mantle D. Some 
macromolecular abnormalities induced by a sub-lethal 
dose of Cymbush 10EC in adult beetles of Tribolium 
castaneum. Pakistan Journal of Zoology 1998; 30:83-90. 

31. Canavoso LE, Jouni ZE, Karans KJ, Pennington JE. Wells 
MA. Fat metabolism in insects. Annual Review of 
Nutrition 2001; 21:23-46. 

32. Suzuki T, Sakurai S, Iwami M. Steroidal regulation of 
hydrolyzing activity of the dietary carbohydrates in the 
silkworm, Bombyx mori. Journal of Insect Physiology 
2011; 57:1282-1289. 

33. Ishaaya I, Casida JE. Phenyltin compounds inhibit 
digestive enzymes of Tribolium confusum larvae. 
Pesticide Biochemistry and Physiology 1975; 5:350-358. 

34. Ishaaya I, Ascher KRS. Effect of diflubenzuron on growth 

and carbohydrate hydrolases of Tribolium castaneum. 
Phytoparasitica 1977; 5:149-158. 

35. Van Pelt-Verkuil E. Hormone mediated induction of acid 
phosphatase activity of the fat body of Calliphora 
erythrocephala prior to metamorphosis. Journal of Insect 
Physiology 1979; 55:965-973. 

36. Shakoori AR, Tufail N, Saleem MA. Response of 
Malathion resistant and susceptible strains of Tribolium 
castaneum (Herbst) to bifenthrin toxicity. Pakistan Journal 
of Zoology 1994; 26:169-178. 

37. Osman HH. Comparison of efficiency of some 
compounds and their biochemical effects against the 
cotton leafworm, Spodoptera littoralis (Boisd.) in the 
field. Journal of Biological Chemistry Research 2014; 
31:260-274. 

38. Abdel-Aziz HS, Osman H, Sayed SZ, El-Gohary EE. 
Effect of certain plant oils on some biological and 
biochemical aspects on the cotton leafworm Spodoptera 
littoralis. Egyptian Academic Journals of Biological 
Sciences 2013; 6:69-80. 

39. Yu SJ, Terriere LC. Ecdysone metabolism by soluble 
enzymes from three species of Diptera and its inhibition 
by the insect growth regulator TH–6040. Pesticide 
Biochemistry and Physiology 1977; 7:48-55.  

40. Mayer RT, Chen AC, DeLoach JR. Chitin synthesis 
inhibiting insect growth regulators do not inhibit chitin 
synthetase. Experientia 1981; 37:337-38. 

41. Cohen E. Chitin synthetase activity and inhibition in 
different insect microsomal preparations. Experientia 
1985; 41:470-72. 

 


