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Accepted:19/10/2020 insecticides was investigated for 20 successive generations. For multiple

Keywords: generations, the instar larvae of field parent strain were exposed to LCgzo of
Culex pipiens, the previous generation to that insecticide. Total protein and lipids content
Chemical as well as activities of detoxifying enzymes (i.e. acetylcholinesterase, hon-
insecticide, specific esterases and glutathione-S-transferase) were determined in each

generation. Bioassay tests showed that larval Cx. pipiens developed 144.31
and 761.85-fold resistance to chlorpyrifos and lambda-cyhalothrin,
respectively, after 20 successive generations of selected pressure. Total
protein content declined while total lipids increased gradually with
proceeded the generations. In general, the activities of detoxifying enzymes
increased gradually with raising generation numbers which indicate that the
increased resistance is likely to be associated with the increased activity of
target and metabolic enzyme systems.

Insecticides
resistance, Enzymes.

INTRODUCTION

Mosquitoes (Diptera: Culicidae) spread in different climatic environments to reach
every area where humans live and transmit to them many diseases. Mosquitoes are considered
to be the essential vector of many pathogens and parasites such as viruses, protozoans,
bacteria, and nematodes, which cause dangerous diseases, such as, malaria, yellow fever,
dengue, chikungunya fever, Zika fever, and filariasis. Culex, Aedes, and Anopheles are
considered the responsible vectors of these diseases (Jang et al., 2002 and Barbosa et al.,
2011). In Egypt, the common house mosquito is Culex pipiens, which causes infections and
disability in persons (Kady et al., 2008). It is the main vector of Bancroftian filariasis (Yadav,
2012). Filariasis is a widespread disease in many regions of Egypt with an incidence ranging
from 4 to 6% in Sharkia Governorate (Rashed, 1981).

Vector control is a very important part of the global strategy for the management of
mosquito associated diseases, and insecticide application is the most important component in
this effort (Liu, 2015). Chemical insecticides are used repeatedly in mosquito control
programs in Egypt leading to increase insect resistance accompanied by dangerous effects on
human, nontarget organisms, and the environment (Barbosa et al., 2011; Mahyoub et al.,
2016 and Merdan and Ghareeb, 2016).

The development of insecticide resistance in mosquitoes occurs mainly due to two
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major mechanisms i.e., target-site insensitivity and metabolic detoxification (Hemingway et
al., 2004). However, understanding the nature of resistance helps to create efficient strategies
for mosquito control (Zaim and Guillet, 2002). The major cause of resistance mechanism in
mosquitoes is the detoxification and degradation of insecticides by overproduction of various
metabolic enzymes (Viswan et al., 2018).

The aim of this study was to test the susceptibility of Cx. pipiens populations,
collected from Al-Asher of Ramadan, Sharkia Governorate, to the most commonly used
insecticides for mosquito control (chlorpyrifos and lambda-cyhalothrin) and to assess the
relative activities of detoxification and target enzymes in association with resistance.

MATERIALS AND METHODS

Toxicological Studies:
1- Test Mosquitoes Strains:

A susceptible reference strain of Cx. pipiens was obtained from the Research Institute
of Medical Entomology (Ministry of Health Populations, Giza, Egypt). The reference strain
was not exposed to any control agents since it was colonized in the insectary.

Cx. pipiens larvae were collected from 10" of Ramadan El-Sharkia Governorate and reared
to adults in the laboratories of Plant Protection Department, Faculty of Agriculture, Al-
Azher University, Cairo under controlled conditions of 26 + 2C°, 70+ 5% relative humidity
and 14:10 L.D photoperiod to Gzo to ensure the homogeneity of the colony.
2- Insecticides Used:

Lambda-cyhalothrin insecticide (10% EC) was purchased from Dotra chemicals Co.
While Chlorpyrifos insecticide (40% EC) was purchased from Kafr El Zayat Co.

These insecticides were recommended by the World Health Organization’s Pesticide
Evaluation Scheme (WHOPES) for use against mosquito (WHO, 2006).
Larval Bioassays:
Resistance Development in Cx. pipiens to Chemical:

Bioassays according to the WHO protocol were undertaken (WHO, 2005). The 4%
instar larvae of the field parents strain were exposed every generation to LCszo of the
previous generation to that insecticide for 20 successive generations. The LCso value for
each generation was determined. Based on the LCso values of the selected strains compared
with that of the susceptible strain, the resistance ratios were estimated as follows:

Lethal concentrations for 50% and 90% mortality levels, with 95% confidence limit
(CL) and line parameters of log dose-probit response lines (Ld-p Lines) were determined
using a probit analysis computer program (Karaagac, 2012). The rates of development of
resistance were studied through the pattern and slope of the mortality regression lines.

ResistanceRatio (RR) = LCso of theselected strain

LCso of the susceptable strain

Biochemical Assay:
1- Preparation of Samples for Biochemical Studies:

Samples were collected from the 4™ instar larvae of susceptible strain, parent strain,
and a selected strain of each generation after selection with the tested insecticides. Batches
of 50 early 4™ instar larvae were homogenized in glass homogenizer at 4°C in 1 ml of 0.1
M ice-cold phosphate buffer pH 8.0 was prepared from the stock solutions of NaH2PO4 and
Na2HPOa. The homogenate was centrifuged at 10,000 r.p.m. at 4°C for 30 min., solid
debris and cellular matrix were discarded. The supernatant was collected and stored at -
20°C. The supernatant fraction was used for determining the total protein, lipids, and
activities of o and B-esterases, glutathione S-transferase (GST), and acetylcholinesterase
(AChE).
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2- Determination of Total Protein Content:

Total protein was determined using a diagnostic kit produced by Diamond
Company according to the method described by (Young, 2001).

3- Determination of Total Lipids Content:

Total lipids were determined using a diagnostic kit produced by Diamond Company
according to the method described by (Zollner and Kirsch, 1962).

4- Determination of a- and B-Esterases Activities:

The activities of a- and B-esterases were determined according to the method
described by (Van Asperen, 1962) using a-naphthyl acetate and B-naphthyl acetate as
substrates. Alpha- and beta-esterases activities were determined using the extinction
coefficient of (Grant et al., 1989). The specific esterase activity was determined by
dividing esterase activity by total protein (mg/ml) in each sample to get nMole/min/mg
protein.

5- Determination of Acetylcholinesterase Activity:

Acetylcholinesterase (AChE) activity was measured using acetylthiocholine iodide

(ATCh) as a substrate according to (Ellman et al., 1961).

The change in absorbance was measured against blank at wavelength 412 nm using Jenway
6105 spectrophotometer for at least 10 minutes. Following enzyme assay. Specific AChE
activity was determined in pMole/min/mg protein

6- Determination of the Glutathione S-transferase Activity:

Glutathione s-transferase activity was measured according to the procedure of
(Grant et al., 1989) which is based upon catalysing the reaction of 1-chloro-2,4-
dinitrobenzene (CDNB) with reduced glutathione (GSH) through the thiol group to form
S-(2,4-dinitrophenyl) glutathione which absorbs light at 340 nm.Following enzyme assay.
Specific GST activity was calculated as nMole/min/mg protein using the extinction
coefficient for CDNB at 340 nm (9.6 mM/ml).

Statistical Analysis:

LCso and LCoo values were estimated using log-probit software program LdpLine®
model "Ehab soft" (Bakr, 2000). The number of dead larvae was counted 24 hours post-
exposure. Percent mortality was calculated for each test. Mortality data from bioassays
were corrected by natural control mortality using Abbott’s formula (1925).

Data for biochemical analysis were performed to one-way analysis of variance
(ANOVA) by using Costat program (1988) and significant differences among the means
values were determined according to (Duncan, 1955) multiple range test at probability
levels of P = 0.05.

RESULTS AND DISCUSSION

When field strain was exposed to chlorpyrifos continually in each generation, its
resistance ratio increased to reach 144.31 folds in generation 20 (Table 1). The same pattern
was observed with mosquitos exposed to lambda-cyhalothrin to reach 761.85 folds
resistance in generation 20 (Table 2). The same results were obtained by Merdan and
Ghareeb (2016) and Tageldin et al. (2018) who reported that continuous exposure to
insecticides leading to increase mosquito resistance. Moreover, El- Sheikh (2011) found
that larval Cx. pipiens collected from Diarb Negm location, Sharkia Governorate developed
99- and 1900-folds resistance to Malathion and lambda-cyhalothrin, respectively. The high
level of resistance to lambda-cyhalothrin than chlorpyrifos may be due to frequent exposure
in nature to pyrethroids either directly for mosquito control or through drift (EI- Sheikh,
2011). In contrast, Nikookar et al. (2019) found that the resistance level of field Cx. pipiens
collected from Iran were lower to pyrethroids compared to organophosphate insecticides.
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Tables (1&2) show that the slope of Ld-p Lines increased with proceeding the
selection, which indicates increasing homogenisty of individuals.

Table 1: Rate of development of resistance of field strain to chlorpyrifos in 4" instar larvae

of the Cx. pipiens during selection for 20 successive generations.

ELE]

Generations LCao (ppm} LCso (ppm) L Cso (ppm) Slope= 5.E.” E.R.  (fold)
Susceptible Strain (ﬂ.ﬂgﬁ.%[lﬁﬂ?ﬂm} m.nngf.lg.hlajj (0.043'??::%.21434} 1.7932£0.1312 —
P-strain fu_uz%{ll?tﬁgazsq f{l.lil-lgf-iligﬁiﬁ'] fﬂ.ﬁl%%?tﬁ?djj L7739 £0.1811 4383
G {I].DSDE;?[‘:’.;HH m_nﬂgfﬁ 127) (D.B%SEE §1) 1735802086 7462
G: 0ogs 008D | (0114601542) fn.ii'z?-guﬂ} 16994+ 0.205 10.308
G .:u.us%ﬁgi:sn m.lﬁ%ﬂﬂmn {0.49%2-2;3914 p | 238300253 14000
G4 0120101588 | (020460247 | (0543800866 | 2631703048 1723
L. 50 !
Gs {u_llgigr.jlsaqj (-:124?-';-'5_2151) {0_7?15;-35.25343 20714+0.3633 1138
G . 14%5-“[3.3,419) (-:133%?&1421) {u_gjlizﬂ,-lﬂs—m 1y 210507£0.4336 18462
197 5 72

G- {0.23%;-3[:;2343 m.45%ﬂi 791) .:1_4:319'3.33;3 gegy | 211802352 38769
G {D.Sé?ﬁﬂﬂj m.sfi?if??s) (1.4;«'5?-2.33 19) 2EITE044T 33769
Gs 05640696 | (08601 0265) Quisagsey | 3068803184 238
Gu (063 gér'-‘gr.gszssuj (L0 11;{-_??12_%323) {1_151335_]?19 13 3-200620.3823 84000
Gu .:u_ﬁs%ss.lﬁ.;nsa (1_0113';.513_5434) {1_31?5:;??1953 3.393420.4300 £9.338
G .;.]_;fjg_ﬁ[ff;m] fl.lSIB;-llg;.gﬂlE]‘] Qimonteny | 34860204518 73769
G {0.19%3,113.30093 (1.20?55?13.33933) (2.5%5{];-11?153} 34372204333 79613
Gu 0sT108 | o7isieen gl | 360060 | 10469
Gis {0.3553-115.912243 (1.3231'?4-%?5104) [E.ISSSTEEZED?} 3950105212 109383
G (0_9114'3-5 f?ﬁl@ (1_371?53?1% 763) (2_73%5%% 573) 36641205250 113308
G Q00713349 | (asitatosn | osgsoen | 5105269 121615
G .:u.sgls'é-lﬁmj (1.4%?&?931) {3.&433';-333 .iﬂljj FA412040.3873 122338
Gu .:1.111:'55-T 15.2391) (1.5411';?;1.;69?) (3.:335??2-?295} 38363403953 134.231
Gu ansileme | aie120m Gosiesasry | 3806017 144308

* Field parental strain before chlorpyrifos selection.
*S. E., Standard Error
"R.R., Resistance ratio = LCs for chlorpyrifos -resistant strain / LCso for susceptible strain
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Table 2: Rate of development of resistance of field strain to lambda-cyhalothrin in 4"
instar larvae of the Cx. pipiens during selection for 20 successive generations.

Ceenerations LCs (ppm) LCso (ppm) LCo (ppm) Slope=S.E."" | RR™" (fold)
) 0.0036 0.0052 0.0512
Susceptble 328 | 1007 0.0068) | (000600137 | (0.0304-0o0sdmy | SHII=01642 —
~. 0.0118 0.0153 0.0649 - -
Pstrain (0.0095-0.0136) | (0.0173-0.0213) | (00512-00g4qy | 434702968 | 2063
0.014% 0.0235 0.0788 e a
G ©O012-0.0161) | (0.0212-00262) | (0.0601-01218 | 2H343=03024 2300
0.0151 0.0517 0.1088 -
G- (0.0141-0.0224) | (0.0286-0.0357) | (.0775-p220m | SPEE04389 3478
0.034 0.0506 0.1339 . o
G (00252-0.0397) | (0.0426-0065) | (0.1144-02014) | 0343203231 5343
0.044 00753 02819 o oo -
G. (0.0318- 0.0533) | (0.0652-0.0842) |  (0.2135- p4s0g | 250 = 03297 8132
0.0887 01522 03654 N — -
G (O0575-0.107) | (0.1352-01704) | (03813- 15234 | 22369=04803 16322
02166 03546 11823 - ,‘ i
G (01706-02468) | (0322-04033) | (08295 245gg) | TH0E04436 | 38587
0.4318 06455 1.7608 - -
G (0.3585-0.4851) | (0.5987-0.7084) | (1378327371 | —oekx04463 ) 70.43
1.1508 16331 38417 S -
Gs (LOD67- 12526) | (15236 17849) | (10588 5g17gy | S-H497=0.3238 17720
1785 15454 60915 - -
G (1268-20195) | (23718-27916) | (44915 150283y |3-57/=03636 | 277.07
1.8036 28574 37977 s
Gu (12344-20948) | (26102-3224%) | (5.9962-25.102% | 644106281 104
12633 32073 752 ] s
Gu (18351-25031) | (29977-3512%) | (57595 1387gyy | 2463307053 [ 34839
18242 40285 9 3968 ) ,
G (24305- 10847 | (37566-43063) | (7625 14613 | Soexl3A39 | 43T
19563 41949 9 3644 s -
G (24411-32838) | (39052-45125) | (78882153166 | S-01iH038M 43398
33254 49348 116228 o ;
Gu (291953 8853) | (46601-54356) | (9.0332- 19076y | >-+378=06399 1 33130
34748 18376 112516 ” N
Gs (21395-3947) | (4.5615-5.4454) | (30773429508 |0 lOMT 4LES
36621 5.0149 108128 —
G (19431-4.078) | (46659-5336) | (37953 lggaayy | HO9E072E8 1 S4nll
3.0391 5.0733 17.7438 o -
Gr (13578-3.7657) | (44201-56798) | (111244111045 | 2270407181 314
24532 6012 125196 -
G (3.7375-48528) | (5.6717-64M3) | (99843 208374 | HO430=0.3013 2348
51089 675 133338 - _ ,
G (44126-54964) | (63875-73537) | (068221074 | F34E=08768 [ 3T
53044 70088 13.8478 - -
G (43049-5.7691) | (6.6395-75421) | (11102323 soogy | 33603412 [ TELES

* Field parental strain befor lambda-cyhalothrin selection.
“*S. E., Standard Error

"R.R., Resistance ratio = LCs, for lambda-cyhalothrin resistant strain / LCs, for susceptible strain

Figures 1&2 show the content of total protein (mg/ml) and total lipids (mg/ml) in
4™ instar larvae of susceptible, parent field, and resistant strains. The content of total protein
which normally contains both soluble and insoluble fractions declined gradually with
raising the generation number (i.e. increase the resistance pattern, Fig.1). The reduction in
total protein has been subjected to wide speculations by many investigators. Ramdev and
Rao (1986) reported that haemolymph volume changes under insecticide stress resulting in
an alteration in protein concentration. Wilkins et al. (1998) found high intracellular
protease activities in the Malathion resistant strain of Musca domestica which responsible
for protein digestion. El- Barky et al. (2008) postulated that the total protein in 4" instar
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larvae of S. littoralis was significantly decreased when treated with the insecticide due to
inhibition of DNA and RNA synthesis.

On the other hand, lipid content increased gradually with raising generation
number (Fig 2). This piece of result is in accordance with that obtained by Kalra (1970)
who found that larval of Culex pipiens fatigans containing a high amount of lipids were
able to resist better the toxic effect of DDT. Canavoso et al. (2001) documented that the
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.

The result shown in Fig 1&2 are in agreement with those obtained by Bouaziz et al. (2011)
and Shaurub and EI- Aziz (2015).
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Fig. 1: The total protein (mg/ml) in 4" instar larvae of susceptible, field parent and insecticide
resistant strains during 20 generations of selection pressure.
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Fig. 2: The total lipids (mg/ml) in 4" instar larvae of susceptible, field parent and insecticide
resistant strains during 20 generations of selection pressure.

The elevated level of studied enzymes in different insect species and mosquitoes
have been known to enhance the resistance to insecticides. The enzymes involved in
insecticides detoxification may be qualitatively and /or quantitatively changed to give
resistance.

Hemingway et al. (2004) reported that the development of insecticide resistance in
mosquitoes occurs mainly due to two major mechanisms i.e., target-site insensitivity and
metabolic detoxification. The former inhibits the binding of the insecticides in the target
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site and the latter results in increased or modified activities of some detoxifying enzymes.
The authors mentioned that pyrethroids resistance is target- site insensitivity of the voltage-
gated sodium channel. Mutation in the voltage-gated sodium channel gene termed as
knockdown resistance (Kdr) mutation leads to the development of resistance to synthetic
pyrethroids. The Kdr mutation has been reported in association with resistance to lambda-
cyhalothrin from Cx. pipiens in Morocco region (Alout et al., 2016).

Figure (3) shows that GST activity increased progressively as mosquito generations
proceeded. GSTs are a major family of detoxification enzymes. They catalyze the
conjugation of the tripeptide glutathione to electrophilic centers of lipophilic compounds,
thereby increasing their solubility and aiding excretion from the cell (Brown, 1986). Thus,
GSTs play a vital role in protecting tissues against oxidative damage and oxidative stress.
The GSTs in insects are primarily of interest because of their role in insecticides resistance.
They are involved in the O-dealkylation or O-dearylation of organophosphorous
insecticides (Hayes and Wolf, 1988) and as a secondary mechanism in the detoxification of
organophosphate metabolites (Hemingway et al., 1991). Although GSTs have not been
implicated directly in pyrethroids resistance, there are reports of elevated GSTs in
pyrethroids resistance (Grant and Matsumura, 1988 and Wu et al., 2004). For example,
Brooke et al. (2001) found that GSTs play a minor role as a detoxifying enzyme in
pyrethroids resistant to An. funestus.
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Fig.3: Specific activity of Glutathione S-transferase (GST) in 4" instar larvae of
susceptible, field parent, and insecticide-resistant strains during 20 generations of
selection pressure.

Figure (4) shows that AChE activity increased with raising generation number.
Measuring AChE activity in susceptible and resistant strains is an important factor in
measuring resistance level (Yang et al., 2011). AChE is a key enzyme in the nervous
system, hydrolyzing acetylcholine neurotransmitter and terminating neural impulses, and
are the target for both organophosphates and carbamate insecticides. Alterations in AChE
in resistant insects result in a decreased sensitivity to inhibition by insecticides. El- Sheikh
(2011) found a positive correlation between AChE activity and the level of insecticide
resistance in Cx. pipiens. Liu (2015) reported that high insensitivity of AChE can be mainly
due to mutations in the ace- | gene. Karunaratne et al. (2018) reported that increase AChE
activity in resistant insects results in decreasing its sensitivity to be inhibited by the
insecticides.
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Fig. 4: Specific activity of acetylcholinesterase (AChE) in 4" instar larvae of susceptible,
field parent and insecticide-resistant strains during 20 generations of selection
pressure.

The two common esterases (o and ) are involved separatory or in combination in
Cx. pipiens resistance. These esterases act by rapidly binding and slowly turning over the
insecticide (Hemingway and Karunaratne, 1998). Previous investigators showed an
association between elevated levels of esterases activities and organophosphate resistance
in mosquito larvae (Hemingway and Ranson (2000), Zayed et al. (2006), Vézilier et al.
(2013) and Liu, 2015).

Results of Table (3) and Figures (5&6) show a significant increase in activity of a
and [ esterases in selected strain than susceptible strain which agreed with that obtained by
(Macoris et al., 2003) who observed a higher level of a.and  — esterases activity in the field
populations of Ae. aegypti which is accompanied by higher resistance ratios. The present
results proved that these enzymes are good biomarkers in detecting resistance to
organophosphates.

The result of Table (3) indicated that the ratio of activity to o esterases between
selected and susceptible strains was 7.13& 4.63 in the case of chlorpyrifos and lambda-
cyhalothrin, respectively. The same trend was observed with B - esterases. This indicates
that: - (1) regardless of the examined insecticide, a- esterases have higher activity for
detoxification than 3 esterases. The same result was obtained by Nikookar et al. (2019). (2)
Both esterases are more efficient in detoxifying organophosphate than pyrethroids
insecticides. Gordon and Ottea (2012) reported that there was no correlation between
elevated esterase level and pyrethroids resistance in Cx. quinquefasciatus

The elevated activities of detoxifying enzymes obtained from the present study (Fig
3,4, 5 and 6) are in accordance with that obtained by Akiner and Eksi (2015).

The findings obtained from this research provide valuable information on the
involvement of metabolic mechanisms in insecticide resistance in the field population of
Cx. pipiens collected from 10" of Ramadan, Sharkia Governorate. This information is
pivotal in implementing a successful control program for this important vector.
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Table 3: Specific activity of Alpha and Beta-esterases in 4" instar larvae of the parent -
(p) strain, chlorpyrifos (R+) and lambda-cyhalothrin (R++) resistant strains of
Culex pipiens during 20 generations of selection pressure.

Generations Specific activity of total Alpha-esterases (nMole/min/mg protein) Specific activity of total Beta-esterase (nMole/min/mg protein)
R- - strain R/P* Re+» - strain R/P* R- - strain R/P* R+ - strain R/P*

Sussebible | 1 10x10%+2 42x10°% 1.00 | 1.10x10"+2.42x10% 1.00 | 102%x10%+7.86x10° 1.00 | 1.02x10%+7.86x10% 1.00
P-strain 1.60x10%£2.50x 10 "ef 145 | 1.60%10°+2.50x10%j 1.45 | 1.05%10%+1.62x10% 1.05 | 1.05x10°+1.62x10™f 1.05
G 1.72x10%£2.78%10%ef 156 | 1.64x10°+1.11x10 % 1.50 | 1.42x10%+1.49%10° ce 1.42 | 1.07x10°+1.22x10% 1.07
Ga 2.10%10+2.90%10f 191 | 1.94x10°+2.88%10 ik 1.76 | 1.63x10%42.19x10” cde | 1.63 | 1.04x10%+1.97x107% 1.04
Gs 2.25%x10™+2.36%10°def 2.04 | 1.39%10%+1.32%10 %k 1.26 | 1.84%1074+1.96X107 bede | 1.84 | 1.15%107%42.25%107efg 1.15
Gy 2.53%10%43.49%10%cdef | 2.30 | 2.06%107+3.10%10 e 1.87 | 1.97x10%+1.45%X10%bcde | 1.97 | 1.18x10%+1.25%107fg 1.18
Gs 2.63%10%+2.92x10%cdef | 2-39 | 2.13%10°+8.84% 10 gnik 1.93 | 2.23x10°+3.04%10 % abcde | 2.23 | 1.27x10*+5.66x10 %efg 1.27
Gs 2.85%10%+5.40% 10 def | 2.59 | 2.35%10*+4.11%10%hk | 2.13 | 2.34x10%+3.28%10  ancde | 2.34 | 1.32x10%+1.62x10 efe 1.32
Gy 3.08x10%+4.26%10%cdef | 2-80 | 2.51%10*#2.16%10 ik | 228 | 2.63x10%+4.12%10  abcde | 2.63 | 1.38x10%+1.14x10"erg 1.38
Gs 3.30%10*+4.54%10 bedef | 3.00 | 2.64%10°+1.69%10%crehi | 240 | 2.53%10742.64%10  ancee | 2.53 | 1.42x10+3.84x10 sz 1.42
Gs 3.97x10°+6.18%10 %apcdef | 3.60 | 2.79%x10°+1.73%x10 detehij | 2.54 | 2.90X10%+1.07X10” abcde | 2.90 | 1.58x107+3.05%10 " defg 1.58
G 3.95x10°+7.29%10 %apcdef | 3.59 | 2.70%10°+4.07%10 detehij | 2.46 | 3.09X10%+4.40X10 abcde | 3.09 | 1.67x10°+3.36x10  cdefe 1.67
G 4.22x10%41.23%10%abccer | 3.84 | 2.97x10°+2.79%105eseni | 2.70 | 3.41x10°46.83%x10 " abcde | 3.41 | 1.76x10%+3.02x10  cdesg 1.76
G 4.56%107+8.99% 10 abcdef | 4.14 | 3.20%10°+3.59% 10 cgefgh | 2.91 | 3.64X1046.92X107 abed | 3.64 | 1.58x10*+2.44x10 derz 1.58
G13 4.96%107+6.14% 10 abcder | 4.51 | 3.44%107+2.42%10 bcdefg | 3.13 | 3.79%10%4+4.28X107 abed | 3.79 | 1.95%10™*+1.14x10 et 1.95
Gu 5.43x10+1.38%x10%0cde | 4.94 | 3.63%107#1.02%10%0caer | 3.30 | 3.89x10%42.43x10% a0ca | 3.89 | 2.19x1045.65x10%s0cder | 2.19
Gis 5.82%10%£1.59%10%bcde | 529 | 3.85%107%£6.68%10%a0cdef | 3.50 | 4.03%10%41.11%10% abe 4.03 | 2.28x10%+4.02x10 %abcde 2.28
G1s 6.38%109£1.81%10%bced | 580 | 4.18%107%£7.57%10 % a0cde 3.80 | 4.21x10%+1.26x10% a6 4.21 | 2.57x10%+5.09x10 %abcde 2.57
Gy 6.61%10%+3.19%10%bc | 6-01 | 4.11x10*+2.43%10%abcde | 3.73 | 4.09%x10%+1.95x10*sbc | 409 | 2.66x10%+6.40x10 "abed 2.66
Gas 7.36%107+2.49%x10%3b 6.69 | 4.56%10™+6.63x10abc 4.15 | 4.31%10%41.22%10"%ap 431 | 2.72%10746.48x10sbc 2.72
Gas 7.56x10%+1.11x10% 6.87 | 4.79x10°+7.69x10ab 4.35 | 4.53%10%41.50%10™% 4.53 | 3.02x10"+3.51x10%a6 3.02
Gao 7.84%10°+2.06%10% 7.13 | 5.09x10°+8.08x10°a 4.63 | 4.66x10+3.32x10°5 4.66 | 3.08x10™+2.41x10% 5 3.08

“R/P, Ratios of Alpha or Beta-esterases activity between selected strain and susceptible strain.
-Each value represents the mean of three replicates.
-Means in the same column followed by the same letter are not significantly different at the 5%
level of probability (Duncan's test).
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