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Abstract: Effects of gamma irradiation and Methomyl-, Actara-, Spinosad- and Malathion-containing baits

on acetylcholinesterase (AChE) activity were determined in male and female adults of peach fruit fly

(PFF), B. zonata. AChE activity levels were significantly higher in irradiated female (IR-F) than those of

irradiated male (IR-M) adult heads of B. zonata. AChE activity in one-day-old adults was generally higher

in IR-M flies with 10 Gy than those of UIR-M by about 3.90-, 2.38-, and 1.97-folds at exposure times

of 8-, 7- and 6-days-old pupae, respectively. AChE activity values were higher in IR-M as pupae at 8-

days-old than those irradiated at 7- and 6-days-old.x. Also, AChE activity values in IR-F with 10 Gy were

higher by about 5.1-, 3.61-and 1.28-fold than those of UIR-F, at 8-, 7- and 6-days-old, respectively. AChE

activity in heads of six-days-old male and female flies of B. zonata was 2.26-fold higher in heads of IR-F

than those of IR-M. AChE activity levels were higher by about 5.83-, 2.73-, and 1.35-folds in heads of

IR-M with 10 Gy and about 2.9-, 1.93-, and 1.49-folds in heads of IR-F at 8-, 7- and 6-days-old pupae,

respectively compared with those of untreated ones. AChE activity in heads of sixteen-days-old male and

female flies of B. zonata irradiated as pupae with 10 Gy at 8-days-old increased the AChE activity by

about 8.67 and 3.16-folds more than those of UIR-M and UIR-F, respectively. Such increase in AChE

activity was observed for both sexes when pupae were treated with the higher doses of 30 and 50 Gy of

gamma irradiation.The AChE activity in Methomyl-treated male (MET-M) and -female (MET-F) adults

was decreased with increasing the Methomyl concentration. The percentages of inhibition of AChE activity

in MET-M and MET-F were 80.55 and 88.33 % of control at a concentration of 10.0 ppm, respectively.

The percentages of inhibition of AChE activity in Actara-treated male and -female adults of B. zonata

were decreased to 78.70 and 89.99 % of control at a concentration of 40.0 ppm, respectively. AChE

activity in Spinosad-treated-male (SPT-M) and -female (SPT-F) adults of B. zonata was also determined.

AChE activity is increased with increasing the Spinosad concentrations. Percentages of activity of AChE

are 98.94, 105.3, 113.4, 121.1 and 154.8 % of the control at 10, 20, 30, 60 and 120 ppm of Spinosad

concentrations, respectively. Among SPT- F such values were 100.5, 102.8, 107.03, 113.8 and 114.2 %

of the control (44.66 %) at the same concentrations. The percentages of reduction in AChE activity in

Malathion-treated-male and -female adult heads of B. zonata were 42.50 % 66.77 % at a concentration

of 1000 ppm, respectively.
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INTRODUCTION

Fruit flies (Diptera; Tephritidae) rank among the

world the most serious pests of horticultural crops. In

additional to, causing direct losses in the yield and

marketability, they pose as significant threats to

quarantine security and thus to international trade in

fruits and fresh vegetables world-wide . Four hundred[15]

species belonging to the genus Bactrocera are widely

distributed in tropical Asia, South Pacific and Australia

regions, but very few species of such genus were

recorded in Africa .[3]

Peach fruit fly (PFF), Bactrocera zonata

(Saunders), is one of the most serious polyphagous

insect pests .  It attacks a large host range of fruit[12]

and vegetables hosts; such as mango, peach, fig, guava,

citrus, tomato and apple .[16 ,26]

PFF is a newly recorded species of fruit flies in

Egypt last decade . However, the presence of certain[11]

fruit  flies  in a country can pose a significant barrier
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to trade in fresh fruits and vegetables. Since this

species is gradually increases its host range, their
significant damage to Egyptian agriculture is increasing

year after year. The because newly fields are adding to
the orchards, overcropping operations, also the

difficulties to choose suitable methods of control in
view of the awareness of problems associated with the

use of insecticides as cover spray.Information about
using sterile insect technique (SIT) and bait application

technique (BAT) for controlling of PFF and their
effects on some biochemical systems, so far, are not

available. The present study aims to evaluate, in the
laboratory, the biochemical effects of gamma radiation

and some organophosphate and carbamate insecticides
as well as some bio-insecticides on acetylcholi-

nesterease activity in male and female adults of PFF.

MATERIALS AND METHODS

Laboratory Rearing Technique: The initial culture of
PFF, B. zonata, has been obtained from infested mango

fruits which were collected from a farm at Kom-
Hamada district (60 Km southward of Damanhour City)

in August 2004.The insect was reared in the laboratory
according  to the rearing method described by El-Aw

et al. . According to such method, the infested fruits[7]

were kept under the laboratory conditions (26.0 ±

2.0°C and 70.0 ± 5.0 % R.H.). Plastic jars were
furnished by sterilized sand and the infested fruits were

placed inside the jars until pupation. Pupae were
collected daily and transferred to adult rearing cages

(30 X 30 X 30 cm). The different sides of the adult
cages were coated with wire screen except one side

which has a sleeve opening, for daily examination, and
the cage floor was made of wooden sheet.

Mass Rearing Technique: The newly emerged flies

were provided with adult food consists of sugar mixed
with hydrolyzate protein (3:1w/w) and wet cotton as a

source of water. The adults of both sexes were mated
in  the cages. Cups of Guava juice covered with

muslin were placed in the cages as an oviposition site.
The deposited eggs were collected every 24 hours and

washed with tape water. The collected eggs were
placed on an artificial diet contains molasses (125 gm),

wheat bran (1500 gm), tap water (500 ml), sodium
benzoate (6 gm), citric acid (4 gm) and brewer yeast

(75 gm) as described by El-Aw et al. . The diet was[7]

kept in plastic jars and stored in refrigerator until use.

The eggs were placed on the surface of the diet
inside plastic cups (9 cm diameter and 5 cm height).

These cups were covered for the first three days with
pieces of thick cloth lid to safe the moisture in the

cups for egg hatching. During the larval growth the
thick cloth was replaced with muslin fabrics until larval

full-grown  then  the  muslin lids were removed and

the  cups  which  containing the grown larvae were

put  inside  large  plastic  jars furnished with sand.
The matured larvae were jumped out and pupated in

the sand.  After complete pupation the sand was sieved
and the pupae were collected, then placed in a petri

dish and transferred to the rearing cages to start a new
generation. 

Irradiation Effect on AChE Activity in Adult Heads

of PFF: For the determination of AChE activity, head
samples of the adult flies emerged from irradiated PFF

pupae for each dose (10, 30 and 50 Gy) were taken at
1-, 6- and 16-days-old adults. The head samples of

both sexes were isolated from the body on ice and
confirmed in Eppen Dolve and replicated three times.

The samples were kept under freezing conditions until
use. Samples of heads of unirradiated flies were used

as control group. Determination of enzyme activity was
achieved according to the method of Ellman et al.  .[9]

Effect of Insecticide-containing Baits on Adult Heads

AChE activity:a- The Tested Insecticides: The tested
in s e c t i c i d e s  b e l o n g s  to  d i f f e r e n t  c l a s s e s ;

Organophosphate (Malathion 57% EC), Neonicotinoid
(Actara, 25 % WS), Carbamate (Methomyl 90 % WP)

and biorational-insecticide (Spinosad 24% SC) and each
of the tested insecticides were mixed with the attractive

feeding material (buminal).

Procedure: Ten male and female flies of PFF (6-days-
old) were confined separately in plastic cup coated

with muslin, without food, for 12 hrs and provided
with water. Pieces of fiberboard (1 x 1 x 0.25 cm)

were immersed in a series of different concentrations
of the tested insecticide. After 5 minutes, the

fiberboards  were  placed on the lids of the cups.
Three replicates were used for each concentration.

Samples of the PFF adults of each tested concentration
of the above-mentioned insecticides were taken after 24

and 48 hours after treatment. These samples of both
sexes were confirmed in Eppen Dolve and replicated

three times then kept under freezing conditions. This
was achieved by coupled spectrophotometer assay,

according to Ellman et al. .[9]

Preparation of PFF Adult Head Homogenates:
AChE activity was determined in heads of irradiated

and  unirradiated  males and females of PFF adults.
The heads of both sexes were homogenized with 1.5

ml 0.1 M Phosphate buffer (pH 8.0) using an all glass
homogenizer surrounded with ice. The homogenates

were centrifuged at 6000 r.p.m. for 20 min. at 4 C.o

The supernatants were used for the determination of

AChE activity. Protein contents in the adult head
homogenates were determined by adoption of the

method of Lowry et al. .[18]
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Preparation of Reagents: The 5, 5-dithiobis-(2-

nitrobenzoic acid) (DTNB) 10  M: 39.6 mg DTNB and-3

15 mg sodium bicarbonate were dissolved in 100 ml

0.1 M phosphate buffer pH 7.0.Acetylthiocholine iodide

(ATChI) 10-3 M: 65 mg ATChI dissolved in 3 ml

glass double distilled water.      The reaction was

started by addition of 2.5 ml 0.1 M Phosphate buffer

pH 8.0, 0.5 ml of supernatant, 0.1 ml of DTNB and

0.02 ml ACThI solution. The reaction mixture was then

incubated for 15 minutes at room temperature. After

incubation, the rate of the color production as a

function of enzyme activity was measured by the

Jenuway 6305 UV/Vis spectrophotometer at 412 nm.

RESULTS AND DISCUSSION

Effect of Gamma Radiation on AChE Activity in the

PFF,   B. zonata, Adult Heads: AChE activity was

determined in unirradiated and irradiated-adult males

and females of the PFF, B. zonata. The adults of both

sexes were irradiated at pupal stage at different ages

(6-, 7- and 8-days-old-pupae) with three doses of

gamma rays; 10, 30 and 50 Gy. The AChE activity

was determined in adult flu heads at one, six and

sixteen days old.

Table (1) present the specific activity of AChE, on

the basis of µ moles of acetythiocholine iodide

(ATChI) hydrolysed per mg protein per min, by head

homogenates of one-day-old adults of B. zonata.

Statistical analysis revealed that, in general, significant

differences in the AChE activities in the adult head

homogenates are obtained between unirradiated and

irradiated adults. Also, significant differences in the

AChE activities are obtained between both irradiated

male and irradiated female adults of B. zonata. When

the general mean of the activity of AChE of both sexes

are considered, significant differences in AChE

activities are obtained between all the tested exposure

times of all the three tested gamma radiation doses.

Table (1) illustrated the changes in AChE activity

levels in head homogenates of unirradiated flies and in

one-day-old male flies irradiated as pupae with

different doses of gamma rays at different exposure

times before adult emergence. It is observed that the

activity values of AChE are generally higher in the

irradiated male flies than those of unirradiated ones.

Such activity values are higher in male flies irradiated

with 10 Gy than those of unirradiated flies by about

3.90-, 2.38-, and 1.97-folds at exposure times of 8-, 7-

and 6-days-old-pupae, respectively. The Table

illustrated also that AChE activity values are higher in

male flies irradiated as pupae at 8-days-old (1-day

before adult emergence)than those irradiated at 7-and

6-days-old-pupae (2-and 3-days before  adult

emergence). When pupae of B. zonata were exposed to

a higher dose of gamma rays e.g. 30 Gy, the activity

values of AChE in heads of male flies are higher by

about 4.03-, 2.75-, and 2.65-folds than those of

unirradiated flies, at 8-, 7-and 6-days-old-pupae,

respectively. It is observed also that AChE activity

values were higher by about 3.06-, 0.98- , and 0.95-

folds than those of unirradiated males when the pupae

were exposed to 50 Gy of gamma rays at the same

previous times e.g. 8-, 7-and 6-days-old-pupae,

respectively.

Table (1) shows the activity values of AChE in

heads of unirradiated females and in female flies

irradiated as pupae at 8-, 7-and 6-days-old-pupae with

three different doses of gamma rays. It is found that

AChE activity levels are generally higher in irradiated

females than those of male ones. The AChE activity

values in irradiated females with 10 Gy are higher by

about 5.1-, 3.61-and 1.28-folds than those of

unirradiated ones, at 8-, 7-and 6-days-old-pupae,

respectively. Such AChE activity values decreased by

increasing the radiation doses; 4.15-, 2.84-, and 1.97-

folds and 3.65-, 1.44- and 1.17-folds when pupae of

PFF were treated with 30 and 50 Gy, compared with

those of unirradiated females at 8-, 7- and 6-days-old-

pupae, respectively.

On the other hand, the results in Table (2) present

the specific activity of AChE in head homogenates of

six-days-old male and female flies of  B. zonata

treated as pupae with the three doses of gamma rays

(10, 30 and 50 Gy) at 8-, 7-and 6-days-old-pupae. It is

observed that AChE activity level is 2.26-folds higher

in heads of unirradiated females than those of males.

The obtained data in Table (2) show that AChE

activity levels are higher by about 5.83-, 2.35-, and

1.35-folds in heads of irradiated males than unirradiated

ones and about 2.9-, 1.93-, and 1.49-folds in heads of

irradiated females as pupae at 8-, 7-and 6-days-old-

pupae, respectively, using 10 Gy of gamma rays. At a

dose of 30 Gy, such activity values are 4.00, 3.11, and

3.02-folds for irradiated males than unirradiated ones

and 4.15-, 3.51-, and 2.35-folds higher for irradiated

females as pupae at 8-, 7-and 6-days-old-pupae,

respectively, compared with those of unirradiated ones.

When pupae of B. zonata were exposed to a dose of

50 Gy of gamma rays, AChE activity values recorded

3.85-, 1.14-, and 1.01-folds higher in irradiated males

than unirradiated ones and 1.71-, 0.92-, and 0.71-folds

higher in irradiated females than unirradiated females

at 8-, 7-and 6-days-old-pupae, respectively.

Similarly, the obtained data in Table (3) show the

specific activity of AChE in head (brain) homogenates

of PFF at sixteen-days-old male and female flies

treated  as  pupae  with  three  doses  of  gamma

rays; 10, 30 and 50 Gy at 8-, 7-and 6-days-old-pupae.

Data indicate that treatment of male and female pupae
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Table 1: AChE activity levels in heads in µ M   ATCh/mg protein/m in of 1-day-old male and female adults of the PFF, B .zonata, irradiated

as pupae 8-, 7-and 6-days-old with three doses of gamma radiation.

AChE activity ( µ M   ATChI/mg protein/min) M ean ± S.D.

----------------------------------------------------------------------------------------------------------------------------------------

Radiation dose (Gy)

----------------------------------------------------------------------------------------------------------------------------------------

control 10 30 50

Sex --------------- --------------------------------- -------------------------------- ----------------------------------

M ean ± S.D. Radiation time of Radiation time of Radiation time of

pupal stage (days) pupal stage (days) pupal stage ( days)

--------------- --------------------------------- --------------------------------- ----------------------------------

- 8 7 6 8 7 6 8 7 6

M ale 36.96 ± 52.51 ± 86.25 ± 22.10 ± 21.01 ± 21.66 ± 67.71 ± 58.51 ± 60.72 ± 89.12 ± 51.70 ±

0.704 1.110 6.7 0.76 1.80 0.73 1.04 1.74 1.54 0.58 23.46g f b h h h c e d a b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female

46.425± 130.79 ± 184.87 ± 36.25 ± 42.30 ± 52.30 ± 132.32 ± 71.49 ± 102.96 ± 150.48 ± 95.70 ±

1.52 0.99 9.2 0.29 4.48 0.67  2.75  0.76 7.76 0.34 51.92h d a j i g c f e b a

M ean ± S.D. 41.69 ± 91.66 ± 135.5 ± 29.17 ± 31.95 ± 36.93 ± 100.01 ± 65.00 ± 81.84 ± 119.8 ± 73.36±

5.29 42.88 54.5 5.78 18.44 11.37 23.3 15.47 25.6 6.22 45.01g d a i i h c f e b

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

Values are means of three determinations ± S.D.

0 .05 0 .05 0 .05 0 .05L.S.D . for male = 2.03      L.S.D . for female = 1.42     L.S.D . for sexes = 1.41       L.S.D  for treatment = 3.27

Table 2: AChE activity levels, in µ M   ATCh/m g protein/min, in heads of 6-day-old male and female adults of the PFF, B .zonata, irradiated

as pupae 8-, 7-and 6-days-old with three doses of gamma radiation.

AChE activity ( µ M   ATChI/mg protein/min) M ean ± S.D.

----------------------------------------------------------------------------------------------------------------------------------------------

Radiation dose ( Gy)

----------------------------------------------------------------------------------------------------------------------------------------------

control 10 30 50

Sex ----------------- --------------------------------- ----------------------------------- -------------------------------------

M ean ±  S.D. Radiation time of Radiation time of Radiation time of 

pupal stage (days) pupal stage (days) pupal stage (days)

---------------- --------------------------------- ----------------------------------- -------------------------------------

- 8 7 6 8 7 6 8 7 6

M ale 26.43 ± 154.1 ± 62.00 ± 35.620 ± 105.73 ± 82.17 ± 79.810 ± 101.73 ± 30.000 ± 27.620 ± 63.070±

2.04 40.21 0.89 0.95 04.56  00.57 00.43 02.49 0.73 01.80 23.460i a f g b d e c h b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female 59.73 ± 173.36 ± 115.42 ± 88.73 ± 109.87 ± 92.79 ± 61.990 ± 102.36 ± 54.83 ± 42.32 ± 85.070 ±

00.90 13.17 00.22 00.82 04.32 02.05 2.25 0.735   00.67 4.483 51.920h a b f c e g d i j a

M ean 43.08 ± 163.7 ± 88.71 ± 62.17 ± 107.80 ± 87.48 ± 70.90 ± 101.75 ± 38.19 ± 38.22 ± 73.675 ±

±S.D. 20.47 28.76 29.09 29.16 04.57 01.39 11.149 07.30 11.37 18.44 45.010g a d f b d e c h h

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

Values are means of three determinations ± S.D.

0 .05 0 .05 0 .05 0 .05L.S.D . for male =1.20           L.S.D . for female = 0.93      L.S.D . for sexes = 5.04    L.S.D  for treatment = 2.41

Table 3: AChE activity levels, in µ M  ATChI/m g protein/min, in heads of 16-day-old male and female adults of the PFF, B .zonata, irradiated

as pupae 8-, 7-and 6-days-old with three doses of gamma radiation.

Sex AChE activity ( µ M   ATCh/mg protein/min) M eans ± S.D.

----------------------------------------------------------------------------------------------------------------------------------------

Radiation dose ( Gy)

----------------------------------------------------------------------------------------------------------------------------------------

control 10 30 50

---------------- ----------------------------- ------------------------------ ---------------------------------

M ean ± S.D. Radiation time of Radiation time of Radiation time of

pupal stage (days) pupal stage (days) pupal stage (days)

---------------- ----------------------------- ------------------------------ ---------------------------------

- 8 7 6 8 7 6 8 7 6

M ale 20.730 ± 179.80 ± 133.95 ± 20.770 ± 100.44 ± 67.33 ± 51.770 ± 94.117 ± 85.95 ± 23.38 ± 68.30 ±

0.200 04.35 07.09 00.43 06.32 02.20 02.35 01.00 01.61 1.03 54.65i a b i c f g d e h a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Female 44.66 ± 141.25 ± 37.170 ± 33.120 ± 139.57 ± 70.120 ± 53.410 ± 88.120 ± 84.48 ± 24.60 ± 67.16 ±

± S.D. 10.17 00.88 01.25 01.08 01.06 00.41 02.71 04.97 17.92 01.35 44.66g a h i b e f c d j b

M ean 32.69 ± 160.52 ± 85.21 ± 26.95 ± 120.00 ± 68.73 ± 52.59 ± 91.11 ± 85.21 ± 23.99 ± 67.73 ±

13.67 21.22 21.61 08.98 21.81 07.75 10.31 03.59 11.40 01.08 44.64g a d h b e f c d i

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

Values are means of three determinations ± SD.

0 .05 0 .05L.S.D . for male = 0.54    L.S.D . for female = 0.30

0 .05 0 .05L.S.D . for sexes = 0.09     L.S.D  for treatment= 2.63
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of B. zonata with 10 Gy at 8-days-old-pupae increased

the AChE activity by about 8.67 and 3.16-folds more
than those of unirradiated male and female flies,

respectively. Such increase in AChE activity was
observed also for both sexes when pupae were treated

with higher doses; 30 and 50 Gy.
So far, no data are available on the determination

of AChE activity or even the other esterasaes in
irradiated and unirradiated adults of peach fruit fly, B.

zonata. However, present results are in full agreement
with Hashem et al.  who mentioned that esterases[14]

activity in the whitefly, Bemisia tabaci adults were
significantly increased due to UV-treatment. El-

Meniawi  found also that UV-sterilization of the[10]

whitefly, B. tabaci, male and female adults varyingly

increased their ChE relative activities. Present results
show also, that AChE activity levels are generally

higher in unirradiated (normal) females than in
unirradiated males. This is in a good agreement with

the significant differences existed in AChE activity
levels between the females and males of the western

corn rootworm, Diabrotica virgifera LeConte   as well[1]

as between the female and male adults of the cotton

leafworm, S. littoralis .[8]

In contrast to results of Hashem et al.  that the[14]

total esterases (Total-E) activity hydrolyzing a-NA in
the homogenates of B. tabaci adult males exceeded

those of female ones, the present results proved that
AChE activity was higher in head homogenates of the

female flies than in those of the male ones. AChE
activity determinations in the present study were

entirely performed in the heads of both sexes of B.
zonata adult flies. However, several researches gave

evidence that the specific activity of AChE in insect
head is higher than in thoracic or abdominal

homogenates .[21 ,29 ,27]

AChE is an important regulatory enzyme

responsible for controlling the transmission of nerve
impulses across cholinergic synapses where it acts to

hydrolyze the excitatory neuro-transmitter ACh. AChE
in insects has important toxicological significance

because it is readily inhibited by OP and Carbamate
insecticides commonly used as chemical control agents.

A major threat to the continues efficacy of OP and
Carbamate insecticides is the development of resistant

via AChEs . Three different mechanisms of OP-[13]

resistance, all involving esterases, have been proposed.

One of such mechanisms concerns AChE, which is the
target site for the lethal action of OPs . [13]

The  present  results demonstrate that AChE
activity levels in B. zonata adult head homogenates

were  significantly  higher  in  the irradiated adults
than those of unirradiated ones. On the other hand,

several  authors  found  that  AChE activity levels
were  significantly higher in the resistant strains than

in  the  susceptible strains of different insect species.

Of  such  authors; El-Abidin Salam and Pinsker  who[4 ]

reported that in Drosiphilla melanogaster R-strain
AChE  activity became higher; Yu  who demonstrated[8]

that  AChE  and  general  esterase  were higher in
their activities in Spodoptera frugipedra F-strains than

in S-strain.

In vivo Inhibition of the PFF, B. zonata, AChE  by
Various Selected Insecticides: Present investigation

was dedicated to detect the possibility of occurrence of
inhibition in AChE activity in heads of insecticide-

treated male and female adults of PFF, B. zonata after
feeding on insecticide-containing baits. 

Male and female adults of the PFF, B. zonata were
fed on fly baits consisting of a series of insecticide

concentrations, in ppm, mixed with Buminal as an
attractive feeding material. Four different insecticides

were used. AChE activities were determined in the
head homogenates of following groups: untreated males

(UTM) and untreatd-females (UTF), Methomyl treated
males (METM), Methomyl treated females (METF),

Actara treated males (ACTM), Actara treated females
(ACTF), Spinosad treated males (SPTM), Spinosad

treated females (SPTF), Malathion treated males
(MATM) and Malathion treated females (MATF).

Activities of AChE activity in the above-mentioned
different treatments were determined 24 hrs after

exposure to different concentrations of each tested
insecticide.

Tables (4-7) presented the specific activity of
AChE, on the basis of µ moles ATChI hydrolysed per

mg protein in the homogenate per min. The results
showed in Table (4) show the in vivo inhibition of

AChE activity by Methomyl, in heads of male and
female adults. The insects were treated with Methomyl

at the concentrations; 10, 5, 0.5 and 0.1 ppm. 
Data presented in Table (4) show that AChE

activity either in male or female adults was decreased
with increasing the Methomyl concentration. The

activity of AChE in UTM was 20.73 µM ATCh/mg
protein/min, which decreased to 11.53 µM ATChI/mg

protein/min in METM. W hen the insecticide
concentrations increased to 0.5, 5, and 10 ppm, the

corresponding values of AChE activity decreased to
10.56, 8.05, and 4.03 µM ATChI/mg protein/min,

respectively. Data show also that the percentages of
inhibition of AChE activity were; 44.38, 49.05, 61.16

and 80.55 % when Methomyl tested at concentrations
0.1, 0.5, 5 and 10 ppm, respectively. Among METF,

AChE activity decreased from 44.66 µM ATChI/mg
protein/min in UTF to 13.2, 11.09, 9.30, and 5.21 µM

ATCh/mg protein/min in METF when the tested
insecticide concentrations were 0.1, 0.5, 5, and 10ppm,

respectively. The corresponding percentages of
inhibition were 70.44, 75.16, 79.17, and 88.33 %,

respectively. 
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Table 4: Specific  activities and percentages of inhibition of m ale and female adult heads AChE of PFF, B. zonata, treated with the

M ethomyl-bait.

Adult Sex

-----------------------------------------------------------------------------------------------------------------------------------------------------

M ales Females

Concentration (ppm) --------------------------------------------------------------- --------------------------------------------------------------------

    SA* Inhibition (%)      SA* Inhibition (%)

control 20.73 ± 1.00a 0 44.66 ± 1.00a 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.1 11.53 ± 1.00b 44.38 13.20 ±  0.70 b 70.44

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.5 10.56 ± 2.01b 49.05 11.09 ± 1.00c 75.16

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 08.05 ± 1.01c 61.16 09.30 ± 1.30c 79.17

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 04.03 ± 1.02d 80.55 05.21 ± 1.01d 83.33

.0 .05 -L.S.D 2.03 1.85

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

SA*: Specific Activity; µM  ATChI/mg protein/min

Table 5: Specific activities and percentages of inhibition of m ale and female adult heads AChE of PFF, B. zonata, treated with the Actara-bait.

Adult Sex

-------------------------------------------------------------------------------------------------------------------------------------------------

M ales Females

Concentration (ppm) ---------------------------------------------------------------- -------------------------------------------------------------------

     SA* Inhibition (%)     SA* Inhibition (%)

Control 20.73 ± 1.00a 0 44.66 ± 1.00a 0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 10.42 ± 1.42b 49.73 12.00 ± 1.00b 73.13

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 07.29 ± 1.02c 64.83 11.23 ± 1.23b 74.85

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 05.49 ± 1.00d 73.48 06.03 ± 1.03c 86.49

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

40 04.41 ± 1.01d 78.7 04.42 ± 0.58d 89.99

0 .05 -L.S.D. 2 1.61

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

SA*: Specific Activity; µM  ATChI/mg protein/min

It is concluded that Methomyl reduced activity of
AChE in male and female adult heads of B. zonata and

percentages of reduction are concentration dependent.
The higher concentration of Methomyl the higher

percentage of reduction in the enzyme activity. Anti-
ChE resistance is in many cases caused by modified

AChE (MACE) in 21 field populations and nine
laboratory strains of houseflies, M. domestica, on the

organophosphates Azamethiphos and Dimethoate and
the Methomyl . However, purified AChE from the[19]

heads of field strain of S.  frugiperda was less
sensitive to inhibition by carbamates (Carbaryl, Eserine,

Methomyl, and Endocarp) and OPs (Methyl paraoxon
and Paraoxon) . Our results strongly confirm the[23]

results of Khedr  who found that activity of AChE in[17]

the larval heads of S. littoralis is 54.5 and 44.3 % as

a percent of control when the enzyme was incubated
with Methomyl for 5 and 10 min, respectively.

Data in Table (5) show that AChE activity in male
and female adults of B. zonata are decreased with

increasing concentrations of Actara. The activity of
AChE in UTM was 20.73 µM ATChI/mg protein/min.

In ACTM, such AChE activity was decreased to 10.42,
7.29, 5.49, and 4.41 µM ATCh/mg protein/min at the

tested concentrations 5.0, 10.0, 20.0, and 40.0 ppm of

Actara, respectively. The corresponding percentages of
reduction were 49.73, 64.83, 73.48, and 78.70 %,

respectively. Among ACTF, the same trend was
observed since the activity of AChE was 44.66 µM

ATChI/mg protein/min. Such activity value was
decreased to be 12.0, 11.23, 6.03, and 4.42 µM

ATCh/mg protein/min at concentrations of 5, 10, 20,
and 40 ppm, respectively. The corresponding

percentages of reduction in AChE activity in the adult
females were, 73.13, 74.84, 86.49, and 89.99 %,

respectively. Actara active ingredient, thiamethoxam, is
a second-generation neonicotinoid insecticide belonging

to  the  thianico tinyl subclass of  chem istry.
Thiamethoxam interferes with a unique receptor site in

the insect nervous system, the nicotinic acetylcholine
receptor . This compound is registered for the control[24]

of many chewing and sucking insects such as aphids,
leafminers, leafhoppers, mullein bug, plum curculio,

European apple sawfly, and pear psylla. Actara offers
new choice for fast-acting, broad spectrum insecticide

that is compatible with integrated pest management
programs . [24]

Table (6) shows that in vivo of AChE activity in
male and female adults of B. zonata after treatment

with  different  concentrations  of  Spinosad.  AChE
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Table 6: Specific activities and percentages of activation of male and female adult heads AChE of the PFF, B. zonata, treated with the

Spinosad-bait.

Adult Sex

---------------------------------------------------------------------------------------------------------------------------------------------------

M ales Females

Concentration (ppm) ------------------------------------------------------------ --------------------------------------------------------------------

     SA* % control     SA* % control

Control 20.73  ± 1.00d 100 44.66 ± 1.00c 100

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 20.51± 2.01d 98.94 44.91 ± 0.99c 100.5

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 21.83 ± 1.20d 105.3 45.92 ± 1.03c 102.8

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

30 23.51  ± 1.10c 113.4 47.91 ± 0.99b 107.3

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

60 25.10  ± 1.12b 121.1 49.73 ±  1.01a 113.4

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

120 32.10  ± 1.10a 154.8 51.01 ± 0.20a 114.2

0 .05 -L.S.D. 1.45 1.45

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

SA*: Specific Activity; µM  ATChI/mg protein/min

activity in UTM was 20.73 µM ATChI/mg protein/min.
It is observed that AChE increased with increasing the
Spinosad concentrations. Activity of AChE is 98.94,
105.3, 113.4, 121, 1 and 154.8 % of that of the control
at 10, 20, 30, 60 and 120 ppm Spinosad
concentrations, respectively. Among SPTM, the same
trend was achieved among SPTF; 100.5, 102.8, 107.03,
113.8 and 114.2 % of the control (100 %) at the same
previous concentrations.

Our results of Spinosad show that the activation of
the enzyme AChE was a concentration dependent.
Present results are in a good agreement and support the
findings of Khedr  who found that Spinosad increased[17]

the AChE activity in the larval heads of S. littoralis
both in vivo and in vitro. However, results of Khedr[17]

showed also distinct differences in protein patterns in
head capsules of S. littoralis larvae treated with
different concentrations of Spinosad when compared to
the untreated control larvae. Choe et al.  reported that[2]

1ATP acts via P2Y  receptors (localized at the junction,
proposed by Choe et al. , to mediate a trophic role for[2]

synaptic ATP).  Khedr  found also that spinosad[1 7 ]

inhibit total ATPases and H /K -ATPase. The author+ +

concluded that this will lead to accumulation of ATP
which may lead to stimulation of AChE expression,
according to its function. The in vivo effect of spinosad
on the Glutathione S-transferases (GST) from mid-gut
of 4  instar larvae of S. littorals showed that spinosadth

inhibit the GST activity and the inhibition is
concentration dependent. The author concluded that
GST in lepidopterous larvae may be a target to
spinosad. On the other hand, the activity in vitro of
microsomal-O-demethylase and GST in the resistant
strain was 5.2- and 1.0-fold of the susceptible strain,
respectively. The results implied that microsomal-O-
demethylase might be important in conferring spinosad
resistance in the S. exigua population . Recently, the[25]

in vivo studies on the AChE activity of S. littoralis
showed that spinosad increases significantly the larval
head AChE activity .[8]

Data in Table (7) show the in vivo inhibition of
AChE activity in male and female adults of B. zonata
treated with different concentrations of Malathion.
AChE activity was 20.73 µM ATChI/mg protein/min in
UTM.  Such value was decreased to be 16.8, 15.55,
14.01, 12.12, and 11.92 µM  ATCh/mg protein/min at
the tested concentrations 50, 100, 250, 500, and 1000
ppm of Malathion, respectively. The corresponding
percentages of inhibition were 18.96, 24.90, 32.42,
41.50 and 42.50 %, respectively. Among MATF, the
same trend was observed since the activity of AChE
was  44.66  µM  ATChI/mg  protein/min.  Such
activity value was decreased to be 19.03 18.021, 17.01,
16.70 and 14.84 µM ATCh/mg protein/min at
concentrations 50, 100, 250, 500, and 1000 ppm,
respectively. The corresponding percentages of
inhibition in AChE activity in the adult females were,
57.38, 59.22, 61.91, 62.60 and 66.77 %, respectively.
It is observed that there was a negative relationship
between AChE activity values and the insecticide
concentrations. Such values were decreased with
increasing the concentrations of the insecticide.
However, O'Brain  mentioned that Malathion is a[20]

contact neurotoxin that inhibits esterases, particularly
AChE in the insect nervous system.

However, AChE is an important regulatory enzyme
responsible for controlling the transmission of nerve
impulses across cholinergic synapses where it acts to
hydrolyze the excitatory neurotransmitter, acetylcholine.
AChE in insects has important toxicological
significance because it is readily inhibited by OP and
carbamate insecticides commonly used as chemical
control agents. A major threat to the continued efficacy
of OP and carbamate insecticides is the development of
resistance via modified AChEs. Such modification of
AChE has been implicated in the resistance
mechanisms of a number of important medical,
veterinary, and agriculture insect and acarine pest
species for which OP and carbamate insecticides
commonly used for control .[22]
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Table 7: Specific activities and percentages of inhibition of m ale and female adult heads AChE of the PFF, B. zonata, treated with M alathion-

containing bait.

Adult Sex

---------------------------------------------------------------------------------------------------------------------------------------------------

M ales Females

Concentration (ppm) ----------------------------------------------------------------- -------------------------------------------------------------------

     SA* Inhibition (%)      SA* Inhibition (%)

Control 20.73 ± 1.00a 0 44.66 ± 1.00a 0

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

50 16.80 ± 1.02b 18.96 19.03 ± 1.03b 57.38

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 15.55 ± 1.01bc 24.9 18.21 ± 1.21bc 59.22

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

250 14.01 ± 0.99c 32.42 17.01 ± 1.01 c 61.91

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

500 12.12 ± 1.12d 41.5 16.70 ± 0.95c 62.6

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1000 11.92 ± 1.02d 42.5 14.84  ± 1.01d 66.77

0 .05 -L.S.D. 1.66 1.69

0 .05M eans followed by the sam e letter(s) are not significantly different according to L.S.D. .

SA*: Specific Activity; µM  ATChI/mg protein/min.

In our study, we aimed to elucidate more the

insecticidical activities of some compounds including

Spinosad, the compatibility of this naturally product

insecticides from different groups for controlling B.

zonata, and the interaction of such tested insecticides

with one of the most important biochemical systems,

AChE, to clearly some aspects about the mode of

action and, accordingly, the possibility of resistance

evolution. 
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