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ABSTRACT

The efficiency of two insecticides, fenitrothion (Organophosphorus) and deltamethrin (Pyrethroid) against the 3™ instar
larvae of Culex pipiens were evaluated under the laboratory conditions. LC50 values for fenitrothion and deltamethrin were 0.089
and 0.0016 ppm, respectively. Also, the effect of the tested insecticides on some biochemical parameters was carried out through
evaluation the effect of sublethal concentration of the tested compounds on the activity of acetylcholinesterase, aspartate
aminotransferase (GOT), alanine aminotransferase (GPT) and protein content after treatment the 3" larval instar for 24 hr. The
results indicated that deltamethrin and fenitrothion reduced in the activity of acetylcholinesterase reached to 69.98, 68.0, 73.43
and 65.99% compared to the untreated check with moribund and alive larvae, respectively. As for the transaminases GOT,
fenitrothion showed great inhibition on GOT of moribund larvae compared with negligible reduction than the untreated value in
alive larvae, showing 97.34 and 16.15% reduction, respectively. On the contrary, deltamethrin caused stimulatory effects on
GOT activity in both moribund and alive larvae, reaching 41.15 and 30.21% increase than the normal value, respectively. As for
total protein, data clearly showed that both the tested insecticides caused slight alteration in such parameter
Keywords: fenitrothion, deltamethrin, Culex pipiens, ChE, GOT, GPT ,Transaminase, total protein.

INTRODUCTION

Mosquito's uptil now are playing an important
role in the transmission of several diseases especially in
the tropical countries. In Egypt, different mosquito
species are involved in the transmission of malaria,
filarial and rifit valley fever. Culex pipens is the main
vector of filariasis and RVF in Egypt.

Most Culex species are resting outdoors; expect
Cx. pipens which is a domestic mosquito, with over 50%
resting on non-sprayable surfaces in the house, such as
mosquito nets, clothing hangings and furnatures. For this
reason indoor residual house spraying is of limited use,
particularly when the insecticide involved does not have
volatile or fumigant properties. Furthermore, Cx. pipens
adults have developed high levels of resistance to
organochlorine and organophosphate insecticides in
many areas. Therefore, larviciding has become the
principal method of chemical control for most species of
Culex, especially in urban and semi-urban areas (Gratz,
(1991), WHO, (1995)

Environmental sanitation should be an integral
part of effective Cx. pipines control. Before
implementing chemical control, breeding sites should be
mosquito-proofed or destroyed wherever possible. This
may involve unblocking drains water flow, draining
areas of flooded land, filling in small collections of
polluted water and repairing chiped or cracked concrete
lids of septic tanks. In the special situation posted by pit
latrines which have a free water surface (i.e not covered
with scum) cesspits and septic tanks, all of which may
produce vast numbers of Cx. pipens, a layer of
expanded polystyrene beads, one cm deep can applied
to prevent breeding. However care should be taken on
investigate the likelihood of beads being scattered about
the environment as a result of treated sites flooding or
being emptied (Grant, et. al.1984).

The present investigation aims to determine the
effects of two insecticides; fenitrothion
(organophosphorus  compound) and  deltamethrin
(pyrethroid compound) on some biochemical parametres
includes, the activity of three key enzymes;
acetylcholinesterase, aspartate aminotransferase (GOT),

alanine aminotransferase (GPT) and protein content in the
immature stage, 3th instar larvae of Culex pipens under
laboratory conditions.

MATERIALS AND METHODS

1- Rearing and Maintenance of Larvae

Larvae of Culex pipens were collected from El-
Qualyobeia Governorate from a locality sites which was
not previously treated or rarely exposed to insecticides
application. They were transferred to the breeding bawls
half filled with water and reared in the laboratory under
constant conditions of 28-30°C and 70-80% R.H.
Tetramine food substance (Protein 4810, Fats 27% and
Fiber 33%) was sprinkled twice a day on water surface.
Pupae were pipette, placed in groups into plastic
containers half-filled clean water and transferred to
emerging adult cages (33 x 33 x 33cm) with wire screen
roof an sides. Emerged adults were provided 18%
sucrose solution and pigeon blood. Suitable containers
for egg-laying were placed into the cages 36-48 hrs after
providing the blood meal.
2- Insecticides Used

Two insecticides were used in this study; i.e.
fenitrothione 50Ec (Sumithion®) ([(O, O- dimethyl O-
(3-methyl - 4- nitrophenyl) phosphorothioate)], and
deltamethrin 2.5 % Ec (Decis®) ([(S)-o-cyano-3-
phenoxybenzyl). The studied insecticides were obtained
from (Sumitomo chemicals company, Cairo, Egypt).
3- Laboratory Bioassay Procedure of tested insecticides

The selected insecticides were evaluated against
the 3rd instar larvae using the standard bioassay
technique (WHO, 1981) performed in single use cups
containing 100 ml aqueous media. Fenitrothion and
deltamethrin were tested at concentrations ranged from
0.2 to 0.00001 ppm in distilled water. Each bioassay was
conducted in triplicate, 20 starved larvae in each
replicate. After 24 h of exposure, both of the dead and
alive larvae were counted, the mortality percentages were
calculated and expressed in form of log/probit regression
lines and the LC50 values were calculated according to
the method of Finney (1971), using the computer
program Sigma Plot for Windows, Version 2.0, which
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calculated the corrected mortality percentage based on the
Abbott's formula (Abbott, 1925).
4- Biochemical studies:

C. pipiens larvaec were collected after 24hr of
treatment and homogenized in distilled water.
Homogenates were centrifuged at 5000 rpm for 15 min.
The supernantant was placed in tubes for analysis as
mentioned by (Assar2012).

5- Determination of Some Biochemical Parameters
Acetylcholinesterase activity: The activity of
acetylcholinesterase was determined in the total larval
homogenate accoding to the method described by
Ellman et al., (1961).

Transaminas activity: The activities of both aspartate
aminotransferase (GOT), alanine aminotransferase
(GPT) were determined in the larval homogenate
according to the method of Reitamn and Frankle (1957).
Total protein content: A standard and quantitative
assay for determination the total protein content in
larval homogenate has been carried out based on the
method of Bradford (1976).

6- Statistical Analysis: Statistical Analysis was
performed for all the estimated parameters by Student #-
test using Sigma Plot program Version 2.0 software.

RESULTS AND DISCUSSION

1- Efficiency of tested insecticides against 3" instar
mosquito larvae

Data concerning the insecticidal activites of the
two tested compounds, the organophosphate
fenitrothion and the synthetic pyrethroid deltamethrin,
against 3™ instar larvae of Culex pipens in laboratory are
illustrated graphically as toxicity regression lines in
(Figures 1) and the calculated values tabulated in Table
(1). The obtained data clearly indicated that
deltamethrin was more effective against the 3" instar
larvae of Culex pipiens than fenitrothion. The calculated
LC50 value of deltamethrin was 0.0016 ppm while this
value was 0.089 ppm. Thus it could be concluded that
deltamethrin was more toxic as larvicide than
fenitrothion at lab-evaluation by about 55 times or fold.

Also, the main criteria of the toxicity lines reveales
that the slope values of both lines were 2.31 and 1.68.
This means that the response of individual of tested strain
toward deltamethrin was more homogeneous than
towared fenitrothion, that the Ld-p line of this compound
was more steeper than that the other compound.

In this connection, many investigators reported
that field populations of Culex pipiens larvae were
varied in their responses to the tested insecticides. The
degree of susceptibility of mosquito's population was
differed from one location to another for each the tested

insecticides. The chemical structure and the back history
of usage insecticides in each location affecting the
toxicity of insecticides against investigated population
of Culex pipiens.

In this respect, Kawakami (1989) reported that
high resistance to fenitrothion and fenthion in Culex
pipiens, larvae may reflect the history of application of
these compopounds to the breeding site. Also Grant
et.al (1984) stated that, field collected population of
Culex pipiens from Sutter and Yuba counties,California
proved more susceptible to chloropyrifos than
malathion, they attributed this finding to the more wide
spread use of malathion for filed control.

In addition, Selim (1998) found that, the field
population larvae of Shobra EL-Khema collected from
Faculty of Agruculture revealed more susceptible to all
of pyriproxyfen, deltamethrin, cyphenothrin, malathion,
fenitrothion and diazinon than both of Shalakan, Fac.
and EL-Suff population of Culex pipiens .Also, the
same auther reported that deltamethrin proved to be the
most effective insecticides than other tested compounds
against the population of Shobra EL-Keima.
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Figure 1. Toxicity regression lines of fentrothion and
deltamethrin against 3" instar larvae of
Culex pipiens after 24 hr of treatment.

Table 1. Values of LCsy, slope and regressions values of the two tested insecticides, fenitrothione and
deltamethrin against 3" instar lave of Culex pipiens.

Tested Insecticide LCs) (ppm) Slope r (regression)
Fenitrothion 0.089 2.31 0.98
Deltamethrin 0.0016 1.68 0.97

2- Effect of tested insecticides on Biochemical Parameters
Data concerning the effects of sublethal
concentrations (LC50) of the organophosphate

fenitrothion and the synthetic pyrethroid deltamethrin
on the activity of the three vital enzymes AchE, GPT
and GOT as well as total protein content of the alive and
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dead 3" instar larvae of the mosquito Culex Pipiens
under laboratory conditions and after 24hrs exposure in
water are tabulated in Tables (2&3). Examination of the
obtained results indicated the role of insecticides
treatment on the activity and content of the studied
biochemical aspects. Insecticide type and status of
larvae after exposure (alive or moribund) showed
noticeable influences in this respect. Different trends of
responses were noticed between the studied enzymes
and total protein content.

In case of acetylcholinesterase enzyme (AchE),
data in Tables(2&3) indicate the inhibitoy effect of
deltamethrin pyrethroid onAChE enzyme activity even
it is not consider as the specific site of action for this
insecticide .The percent reduction in AChE activity than
the normal value reached 69.98 and 68.01%with
moribund and alive larvae, respectively. The
organophosphorus insecticides showed considerable
inhibition in AChE activity in both moribund and alive
larvae,i.e. 73.43 and 65.99% reduction than the
untreated check. Such finding is in agreement with that
obtained by many researchers,i.e. Marchi and
Addis(1990), Nance et.al.(1990), Bonning et.al.(1991),
Xu etal.(1994), Bourguet et.al.(1996), Mouches
et.al.(1990).

As for transaminase enzymes, data in the same
tables indicate that exposure of mosquito larvae to the
LC50’s of fenitrothion or deltamethrin resulted in slight
inhibition in GPT of moribund larvae than the normal
values, the reduction percent in GPT enzymes of
moribund larvae reached 37.81 and 19.40% with the
mentioned insecticides, respectively. The contrary was
recorded with the alive larvae, where insecticide
treatments resulted in GPT simulation, showing 91.54
and 47.26% increase than normal level. With
fenitrothion and deltamethrin, respectively. Such
finding is quite strange because it is contradicting with
the well known mode of action of insecticides on vital
enzymes in mammals and insects. (Sergieva and
Gracheva, 1992).

As for the transaminases GOT, data in the same
tables indicate different trend of the enzyme response
between the two  tested insecticides. The
organophosphate fenitrothion showed great inhibition
on GOT of moribund laravae compared with negligible
reduction than the untreated value in alive larvae,
showing 97.34 and 16.15% reduction, respectively. On
the contrary, the pyrethroid deltamethrin caused
stimulatory effects on GOT activity in both moribund
and alive larvae, reaching 41.15 and 30.21% increase
than the normal value, respectively.

The obtained resulted didn’t give a clear indicator
to the effect of the tested compounds on transaminase
activity but it could be concluded that the tested
insecticides gave an alteration in transaminase activity
as mentioned by many other investigators.

However, the obtained results are in agreement
with that obtained by other investigators which studied
the effect of deltamethrin on the 3™ in star larvae of the
cotton leafworm, spodoptera litterolis (boised) (El-
malla et. al., 1983; Ahmed et. al., 1987). In this
respect, Assar et al (2012).said that the effect of

cyromazine on the activity of aspartate aminotransferase
(GOT) and alanine aminotransferase (GPT) of 4th instar
larvae of C. pipiens treated as 2nd instar larvae. The
obtained results revealed that cryomazine induced
inhibitory effect on the GOT and GPT at 0.1 ppm and
induced. A significant stimulatory effect on total GOT
and GPT at 1 ppm. The inhibitory effect of some IGR'S
on theacitivity of AST and ALT on C. pipiens larvae
was in accordance with those obtained by Saha et al.
(1986) using JHA against Chrysocoris stollii; Abdel-
Hafez et al. (1988) using diflubenzuron and riflumuron
against S. littoralis ; Ahmed et al. (1990) using
chlorofluazuron against S. Littoralis ; Sokar (1995)
using hexaflumuron against S.littoralis ; Abdel —Aal
(2002) using chlorfluazuron ,flufenoxuron and
pyriproxyfen against S. [littoralis. EL-sheikh (2002)
using pyriproxyfen against A. ipsilon and Assar et
al.(2010) using consult and match against M. domestica.
The stimuatory effect induced on the total AST and
ALT by cryomazine agree with the results obtained by
JHA against Chrysicoris stollii (Saha et al, 1986);
pyroproxyfen against P. gossypiella and E. insulana
(Anan et al., 1993); pyriproxyfen, flufenoxuron and
chlorfluazuron against S. litforalis (Abdel- Aal, 2002),
hexaflumuron against S. littoralis (Sokar, 1995); and
mimic,Applaud and admiral against M. domestica
(Assar et al., 2010).

In case of the role of transaminase enzymes in the
insect , it was reported that transaminase enzymes were
considered as key enzymes in the formation of non
essential amino acids, which if formed inside the body
not taken from outside in metabolism of nitrogen waste
and gluconeogensis (Mordue and Goldworthy,
1973).The same authors stated that the change in
transaminase levels have been correlated with
anabolism or catabolism of protein. Maintainance of the
balanced " amino acid pool " in insects is the result of
various biochemical reactions carried out by a group of
enzymes called amino- transferases (Meister, 1957).In
addition, Glbert (1967) reported that the level of ALT
varies with the amount of synthesized protein.The
amino transaminase alanine is one of the components of
oxidative metabolism of proline, which is utilized
during the initial periods of flights; it acts as a catalytic
agent in the carbohydrate metabolism. Azmi et al.
(1998) stated that the ransaminases (ALT and AST)
enzymes help in the production of energy and serve as a
strategic link between the carbohydrates and protein
metabolism and Are known to be altered during var ious
physiological and pathological conditions.

However, the obtained data related to the effect
of the two tested insecticides on the activity of the two
tested transaminase, may be due to the effect on the role
of the transamination process which affect in turn the
determined activity of such two enzymes.

As for total protein, data in the same table
indicated that deltamethrin pyrethroid caused slight
inhibitory effect in amount of the vital biochemical
aspect of mosquito larvae, showing 34.23 and 6.3%
reduction than untreated larvae, respectively. The
organophosphate  fenitrothion  showed  different
influence on total protein content due to the status of the
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exposed larvae. A great inhibition was recorded in
moribund larvae (77.23%) compared with slight
simulation in alive larvae (+ 30% than the untreated).
Similar changes of protein content were also reported by
other investigators when they tested the effect of two
organophosphorus pesticides on the 4" instar larvae of
S. littoralis (El-Herrawie et al., 1985).

Reviewing the aforementioned results, it could be
concluded the important role of insecticide type and
larvae status on the response of the vivo enzyme
systems of mosquito larvae. No clear trend was noticed
with cholinesterase as well as transminase enzymes
activities in relation to insecticide treatment and larval
conditions. Fluctuated influences were also recorded
with total protein content of insecticide treated larvae.

Table 2. Effect of exposure of 3" instar larvae of C. pipiens to fenitrothion and deltamethrin on the relative

enzymes activities and total protein content

(Amount of enzymes and total protein content) in treated and untreated larvae.

Fenitrothion Deltamethrin
Biochemical aspects  Untreated check moribund alive moribund alive
ChE ( U/L) 3908+0.111 1.038+73.44 1329+0.275 1173+0.371 1250+0.101
GPT(unit/ml) 0.201+0.121 0.125+0.191 0.385+0.095 0.162+0.111 0.296+0.172
GoT(unit/ml) 0.192+40.121 0.05140.181 0.161£0.211 0.271+0.311 0.250+0.111
Total protein (g/dL) 1.335+0.101 0.304+0.161 1.740+0.185 0.878+0.081 1.250+0.121
Table 3. Relative changes (-, +) in the amounts of Anan, A.R.; Mona, IM. and Nagwa, M.H.

enzymes of treated mosquito larvae
compared with normal levels
Activity of enzymes (%) comparing
with untreated larvae.

Fenitrothion Deltamethrin
Biochemical aspects moribund  alive moribund alive
ChE (U/L) (-73.43) (-65.99) (-69.98) (-68.01)
GPT (unit/ml) (-37.81) (+91.54) (-19.40) (+47.26)
GoT (unit/ml) (-97.34) (-16.15) (+41.15) (+30.21)
Total protein( g/dL)  (-77.23) (+30.34) (-34.23) (-6.37)

REFERENCES

Abbot,W.S.(1925). A method of computing the

effectiveness of an insecticides.J. Econ.Ent. 18:65-67

Abel-Aal, AE. (2002): Effect of some insect growth
regulators on certain, biological, biochemical and
histopathological aspects of the cotton leafworm,
Spodoptera littoralis  (Boisd)  (Lepidoptera:
Noctudidae) Ph.D.Thesis, Fac. of Sci., Cairo.Univ.

Abde-Hafez, M.M.; Shaaban, M.M.; EL-Malla, M.A.;
Farag M. and Abdel- Kawy, A.M. (1988 ):
Effect of insect growth regulators on the activity
of transaminases with reference to protein and
amino acids in Egyptian cotton leafworm
Spodoptera littoralis ( Boisd ) .Minia J.Agric.
Res. Dev., 10:1357-1372.

Ahmed, Y.M.; Mostafa, AM. and Shoukry, A. (1990):
Effect of chlorfluzuron on transaminases activities
in the larvae and pupae of Spodoptera littoralis.
Rijksuniversiteit Gent., 55 (2b): 621-627.

Addiss DG, Shaffer N, Fowler BS, Tauxe RV
(1990).The epidemiology of appendicitis and
appendectomy in the United States... Am J
Epidemiol. Nov; 132(5):910-25.

Ahmed, M.T. (1987). The efeect of some benzoylphenyl
urea compounds on sperm transfer, sterility,
mortality and egg viability of Spodoptera littoralis.
Mededlinden van de faculteit Landbouw-
wetenschhappen, rijksuniversteit. Gent. 52(2):485-
494.

(1993):Biochemical effect of pyriproxyfen on
fat and haemolymph proteins of pink bollworm ,
Pectinophora gossypiella (Saund.) and Spiny
bollworm, FEaris insulana (Boisd). Ann.Agric.
Sci, Ain Shams Univ., Egypt. 38; 761-772.

Assar, A.A.; Abo EL-Mahasen, M.M.; Khalil, M.E. and
Mahmoud, S.H. (2010): Biochemical effects of
some insect growth regulators on the houses fly,
Musca domestica (Diptera: Muscidae), (Egypt.
Acad. J.Biolo. Sci., 2 (2): 33-44.

Assar, A.A., Abo-El-Mahasen, M.M., Harba, N.M2 and
Rady, A. A.(2012) Biochemical Effects of
Cyromazine on Culex Pipiens Larvae (Diptera:
Culicidae). Journal of American Science, 2012;
8(5):443-450

Azmi, M.A.; Sayed,N.H. and Khan, N.F. (1998):
Comparative topological studies of RB-a (Neem
Extract) and Coopex (Permethrin + Bioallethrin)
against Sitophilus oryzae with reference to their
effects on ogxygen consumption and GOT and
GPT activity. J. Zool., 22:307-310.

Bonning ,B.,Hemingway, G.,Romi, R.,and Majori, G.
(1991). Interaction of insecticides resistance
genes in field population of Culex pipiens from
Italy in response to changing insecticides
selection pressure . Bulletin of Entomological
Research, 81:1, 5-10.

Bourgut, D.,Capela, R., and Raymond, M.(1996). An
insensitive acetylcholinesterase in  Cules pipiens
(Diptera: Culicidae) from Portugal. Journal of
Economic Entomology. 89:5, 1060-1066.

El-Herrawie, M.A.; D.A Shebl,, And H.M Salim,
(1985). Biochemical studies of haemolymph of
Helithis zea. Agric. Res. Rev., 59(1): 107-113.

El-malla, M.A.; M.M. Abdel-Hafez; M. Abd EL-satar.
And i.e.m.salem, (1983). Biochemical studies on
the pink bollworm. III- changes in aspartate and
alanine = aminotransferase = enzymes  after
insecticides treatment. Proc. 5™ arab pesticide
conf., tanta univ., II: 85-91.

138



J. Plant Prot. and Path., Mansoura Univ., Vol.8 (3), March, 2017

Ellman, G, K. Diane Courtney, Valentino Anders, JR.and
Robert M. Featherstone (1961).A new and rapid
colorimetric  determination of activity
acetylcholinestrase activity Biochemical
pharmacology, Vol.7, pp 88-95.

EL-Sheikh, T.A. (2002): Effects of application of selected
insect growth regulators and plant extracts on some
physiological aspects of the black cutworm, Agrotis
ipsilon (Huf). Ph. D. Thesis, Fac. Sci., Ain Shams
Univ.

Finney, D. J., 1971. Probit analysis.Cambridge University
Press.Cambridge. pp.333.

Gilbert, L.I. (1967): Lipid metabolism and function of

insects. Adv. Insect Physiol., 4: 69-211.

D.E., KaUFFMAN, R, Coykendall,
Woshino,D.,Case,(1984).Annual conference of the
California Mosquito.11-18.
Gratz,N.G.(1991).Emergency control of Aedes aegypti as a

disease vector in urban I areas., Journal of the
American Mosquito Control Association. Volu. E7.
pp 353-365.

Kawakami, Y. (1989).Insecticides resistance of culex pipiens
molestus Forskal collected in shinjuku-ku, Tokyo.
Japanese, Journal of Santory zoology. 40:3,217-220

Meister, A. (1957): Transamination advanced Enzymol.,
19:185-246.

Mouches, C.,Y.,Pauplin, M.,Agarwal,L.,Lemieux,
M., Herzog,M.,Abadom, A.V.Beyssat,Q.,Hyrien,
S.V.B., Robert, de G.PGeorghiou, N.Pasteur,
V.Saint, BR, de V.B.de S.and Arnaouty,
V.B.(1990).Characterization ~ of amplification core
and esterase Bl gene responsiple for insecticide
resistance in Culex. Proceedings of the National
Academy of Sciences of the United States of
America. 87:7,2574-2578.

Mordue, W and Goldsworthy, G.J. (1973): Transaminase
levels and uric acid production in adult locusts.
Insect Biochem., 3: 419-427.

Bradford, M.M. (1976).A Rapid and Sensitive Method
for the Quantitation of Microgram Quantities of
Protein Utilizing the Principle of Protein- Dye
Binding A nalatical Biochemistery 72, 248-254

Grant,

Nance, E.,Heyse, D.,Britton, D.J.,Pasteur, N. and Davidian
,J.,Britton(1990).Chromosomal  organization of the
amplified esterase B1 gene in organophosphate
resistant Cules pipiens quinquefasciatus Say
(Diptera: Culicidae). Genome. 33:1,148-152.

Reitman, S. and S. Frankel. (1957). A colorimetric
method for the determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminases.
Am. J. Clin. Pathol. 28, 56-63.

Saha, L.M.; Mandal, S. and Choudhuri, D.K. (1986):
The effect of juvenile hormone analogue and
ecdysterone on the fat body of female
Chrysocoris  stollii  Wolf.  (Pentatomidae,
Heteroptera: Hemiptera)  Zoologische
Jahrbucher Abteilung Fur Allgemeine Zoologie
und Physiologic der Tiere., 90 :( 1) 85-100.

Selim,M.T.(2001).Development of mechanism of
resistance to some insecticides in  insect
transmitting diseases. M.Sc. Thesis. Fac. of
Agric.Ain.Shams Univ.pp150.

Sergieva,V. and Gracheva ,G.(1992). Age dependent
changes in the resistance of mosquitoes to
insecticides and  their connection  with
detoxication mechanisms. Meditsinskaya
Parazitologiya I Parazitarny Bolezni .1, 11-15.

Sokar, L.A. (1995): Possible alternatives to classical

insecticides in management  program of

Spodoptera littoralis ( Boisd.) Ph. D. Thesis ,

Zagazig Univ., Egypt.

(1981).Instruction ~ for  determining the
susceptibility or resistance of mosquito larvae to
insecticides WHO/VBC/81.684.

World Health Organization (1995).Vector control for
malaria and other mosquito- borne diseases.
Technical Report Series, N.857.

Xu,J.,F.,QU, W., Liu, J. Xu, F. Qu, and w. Liu, (1994).
Biochemical mechanisms of organophosphate
resistance in culex pipiens complex mosquitoes
from china-Acta parasitological et medica
entomologica sinica. 1:1, 39-44.

WHO.

S oasl gl il pd Al gl unilBall Gamy Ao Gy Saalilal) 5 ¢ g g Akl gasaa Bl

Cha gy daal) 1 Akl

saa b Al — dadl) judi - uad cpe Aaaly A ) AlS _cildl) A48 g acd

pis D 0SS ( pad G aall 8 5y aim G Sialilall g () 55 il Las ¢ (e BelS a1 sl 1 gy

2 ¢320.0016 50.089 Cnsisalils 555 il (LCS0) (sboail) Cosaall 38 il ad i€y Alanall g lall Cuni anil
Copaall Sl il s A (e Ay al) Aibasl) Galiall Giany e 4 pdal) cilapall S sl LS Il e slal)
S 5 sl 5 ((ALT&AST) s 55 sinal (e 331 ¢ 3 il o il 330 Lol e 3 il cilS jall duail)
Ll 8 pal 5 (5 sina Lalidil Do 38 () 5 5 5 5 0 yalily o ) il @ )Lal delu 24 3ad Callill yaadl 8 5y Alalae 22y
23 Al Ll el il 0 Al (sl e 4,845 765.99 573.43 568.0 569.98 (S duas 5a it S i
O Jia GaRlealy 405 el dcay yall QU8 JSTALT 3l Bl (Slo S Jan i (5285 it jedal ¢ ALT Daisel i) A
ot @l o eSall e 5 sl e ¢ 716,15 597.34 L (addl) A Caly Al ¢(Baad) il ) Aldadl) e 80
Oe 8355 73021 541.15 cuadyilaan joall s dlabeall Sl (e JS (3 ALT @ 33Y dpapdii <l 0 Slaal (4 o il
e ) Do 38 (0 il il (e OIS () 7 i gy gl < el ¢ U g ) Ay Ll g e ¢ Ayl Al

0 Jhonall 13 (3 L sixa

139



