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ABSTRACT

This study was conducted to evaluate the toxic and biochemical effects of
multiple applications with Biofly (Beauveria bassiana) and SpinTor® (spinosad) on
nurse and field honey bee (Apis mellifera L.) workers under laboratory conditions. The
mortality percentages of workers treated with both biopesticides were determined
after Y¢ h of one, two and three daily applications. The lethal concentrations of
spinosad that caused ©:7Z mortality (LC..) were estimated. The effects of two
biopesticides on the acetylcholinesterase (AChE) activities in heads, thoraces, and
abdomens of surviving nurse and field workers were determined in vivo after Y¢ of
single, two and three daily applications. The results indicated that spinosad was
higher toxic than Biofly to both nurses and field worker. Also, the mortality
percentages after Y¢ h of three daily applications of Biofly and spinosad were higher
than that of two daily applications whatever worker type. In the same pattern, the
mortality percentages after two daily applications were higher than that of single
application. On the other hand, Biofly and spinosad were more toxic to foragers than
to nurses after Y¢ h of one application, or two or three daily applications. Furthermore,
our findings indicated that mean values of AChE activity in heads of nurse and field
workers fed sugar syrup with +, YAY,e Yvo vo. Ye.. gand Y:++ mg L™ of Biofly, and -,
Y,e, e, Y+ and Y+ mg L of spinosad were higher than those in both thoraces and
abdomens after Y¢ h of all treatments. Also, the average of AChE activities in heads
was significantly (p > +,+°) higher than that obtained in both thoraces and abdomens
whatever tested biopesticide, worker type or number of applications. In addition,
tested concentrations caused various degrees of inhibition and activation in AChE
activity in heads, thoraces and abdomens when compared with controls. Summed
data revealed that Biofly and spinosad increased AChE activity of both worker types
after Y¢ h of applications however it repeated or not.

Keywords: Honey bee, Apis mellifera L., field worker, nurse, biopesticides, Biofly®,
Beauveria bassiana, SpinTor®, spinosad, toxicity, acetylcholinesterase.

INTRODUCTION

Protecting honey bees, Apis mellifera L., from pesticides is vital and
importance for agro system (Krupke et al.,, Y+)Y). New generations of
pesticides, such as microbial biopesticides, are thought to be less harmful to
human and the environment than conventional insecticides (Koul and
Dhaliwal, Y++Y). Amounts of pesticide that considered ‘safe’ to use could
affect the health of entire bee colonies. Since Y::1, beekeepers in North
America and Europe have lost about one-third of their managed bee colonies
each year due to colony collapse disorder (CCD) which caused several billion
dollars of direct economic losses by reduction in crop-yields (Murray et al.,
Y.+4). While the exact cause is unknown, researchers believe pesticides
have contributed to this decline (Cox-Foster and VanEngelsdorp Y::9;
VanEngelsdorp et al., Y+ +%; VanEngelsdorp and Meixner Y+ +; Eiri and Nieh,
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Y+Y). Sub-lethal effects of pesticides may have significant impacts on bees
and pollination in addition to the more easily observable mortality, disrupting
foraging and causing decreased pollination and/or bee reproduction. Some
pesticides, even biopesticides, could affect bee learning and memory.
Biopesticides such as Biofly® [(Beauveria bassiana (Balsamo) Vuillemin
(Ascomycota: Hypocreales)] and SpinTor® (spinosad) are used in Egypt to
control various agricultural pests. Spinosad is currently being registered in
Egypt as a safer alternative to synthetic pesticides (Aboul-Enein et al., Y+ Y).
This stimulates interest in potential effects of them on honey bees.

The entomopathogenic fungus B. bassiana is a promising biological
control agent of several greenhouse pests as well as outdoor crop pests.
Also, a formulation containing its conidia has been considered promising
alternative to chemical miticides (Chandler et al. Y+++ and Y-+)) used for
Varroa mites control (Meikle et al., Y++A a, b) with no measurable negative
impact on colony health or survivorship (Meikle et al., Y++A a, b). But, the
fungus should be avoided as a pest control option where pollinators are
present (EPA, Y444) and has been listed in highly toxic category to honey bee
(Mader, Y- +14). Furthermore, recent study indicated that Biofly is non-toxic to
adult honey bee workers with LC.. of £3v11 mg L~ but with detectable
effects on the acetylcholinesterase (AChE) activity (Eid et al., Y+ Y)).

Spinosad is a selective fast-acting, somewhat broad-spectrum
biopesticide that acts on the insect through ingestion, or by direct contact with
a spray droplet or a newly treated surface (Larson, Y34V). It is a powerful
neurotoxin against certain arthropods, especially lepidopterans larvae,
coleopterans, some dipterans, Thysanoptera and Hymenoptera (Mayes et al.,
Y++Y¥; Musser and Shelton, Y+:Y). Also, it is an excellent natural, organic
alternative to conventional synthetic insecticides like Sevin in many garden
situations. Furthermore, spinosad does not significantly impact predatory
beneficial insects, predatory mites, and spiders while controlling target pests.
Surveys of non-target and beneficial insects showed no reduction of
beneficial insect populations, and no acute toxicity or hazards to honey bees
in citrus orchards receiving product sprays, containing a repellent to bees
(Thomas and Mangan Y::°; Mangani and Moreno, Y:+%). However, some
reports suggested that some formulation containing spinosad adversely
affected caged bees and other beneficial insects (Edwards et al., Y:-Y;
Mader, Y++%; Miles et al.,, Y+)). So, care must be taken when applying
spinosad while honey bees are foraging; after residues dry (few hours), it is
far less toxic to bees (Bret et al., Y44V). It must not be applied to blooming,
pollen-shedding or nectar-producing parts of plants if bees may forage on the
plants during this time period. Also, foragers may collect water, contaminated
with spinosad, in which very little breakdown (hydrolysis) occurs, and it can
be persistent. In addition, spinosad has the potential for bioaccumulation; it is
photolabile, but resistant to hydrolysis (WHO, Y::V). Furthermore, recent
reports indicated that spinosad is highly toxic to adult honey bee workers with
LC.. of V,¥¢ mg L (Rabea et al.,, Y+Y+) and Y),1+ mg L" with detectable
effects on the AChE activity (Eid et al., Y+))).

Little studies has been carried out on the toxic effects of multiple
application with biopesticides on honey bees and little information based on
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the enzymatic aspects of the host after exposure to biopesticides has been
given in literature. So, more studies in this area are needed to evaluate their
effects on the honey bee individuals. In a previous study, we investigated the
toxic and biochemical effects of multiple applications with Biofly and spinosad
on worker larvae. In order to further assess their effects, we conducted this
study to determine the acute toxicities and the potential side effects of them,
when applied multiply, on AChE activity of nurse and field honey bee
workers.

MATERIALS AND METHODS

Chemicals

Biofly (Beauveria bassiana) containing ¥+x)+" conidia/cm’ was supplied
by El-Nasr Co. for Fertilizaers and Biopesticides, El-Sadat city, Egypt,
SpinTor® Y¢/ SC (spinosad) was supplied by Dow Agro Sciences Co.,
England. Acetylthiocholine iodide (ATChl), °, °- dithio-bis (Y-nitrobenzoic
acid) (DTNB) and Folin-Ciocalteu phenol reagent were purchased from
Sigma-Aldrich Chemical Co., USA.
Honey bees, Apis mellifera

Local hybrid (derived from Italian bee Apis mellifera ligustica and
Carniolan bee Apis mellifera carnica and other races existed in Egypt) honey
bee colony (free of obvious diseases) from an apiary located in Ezbet
Haggag at El-Beheira Governorate was used. Nurse and field honey bee
workers were collected from the colony on April. Nurse bees, which work
inside the hive tending brood, were caught by shacking open brood combs,
covered with bees, above an empty plastic container. Meanwhile field bees,
which collect food outside the hives, were caught by shacking honey combs,
covered with bees, from the super above another empty plastic container.
Then, they covered with a nylon mesh cover and transported to the
laboratory. The collected bees were stored without feeding at room
temperature in a dark, humid place for Y¢ h prior to application. The bees
were kept during experiment in experimental transparent plastic cups,
covered with a nylon mesh, each contain Y+ adult workers at Y + Y°C and 1°
+ o/ relative humidity. Three cups of nurse or field honey bee workers were
subjected to each concentration of each biopesticide (one, or two or three
daily applications) and control.
Acute Toxicity Bioassay

The acute toxicity of both biopesticides was evaluated on nurse and field
honey bee workers by feeding under laboratory conditions after Y¢ h of one,
two and three daily applications. A series of concentrations of each
biopesticide were prepared in sugar syrup :) (w/v). The application was
made through feeding on sugar syrup Y:' (w/v) containing different
concentrations of the tested biopesticides. Biofly was tested at concentrations
of YAY,e YVe Yo. Ye..agnd Y.+ mg L™, while spinosad was tested at Y,°, ©,
Yo, Y+and ¢+ mg L. Adult workers of each cup were fed, in the beginning of
application, through cotton bed attached to the nylon mesh and applied with
certain amount of sugar syrup. Three cups (Y+ worker /cup) were subjected to
sugar syrup V:) (w/v) containing one of tested concentrations of every
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biopesticide. All treated workers were fed after Y¢ and ¢A h of first feeding.
Other three cups were subjected to sugar syrup ‘:) (w/v) alone as controls.
Worker bees were considered dead if they were unable to move. The
numbers of dead bees were recorded after Y¢ of one application, or two or
three daily applications of both biopesticides to calculate mortality
percentages and the LC.. of spinosad according to Finney (Y3Y)).
Preparation of Bee Extract

The heads, thoraces and abdomens of three nurse or field workers (for
each replicate from every concentration of tested biopesticides) were
separated without anaesthetizing. Then, each group (containing ¥ heads,
thoraces, or abdomens) was immediately homogenized using hand glass
Homogenizer under cooling with +,Y M phosphate buffer (pH V,:). The
homogenates were then centrifuged at ©<+++ rpm for Y+ min. at :°C. The
supernatants were used as enzyme source for assay of AChE activity of
nurse and field bee workers.
Total Protein Assay

This assay was accomplished according to the method of Lowry et al.,
(Yaey).
Acetylcholinesterase (AChE) Activity Assay

The AChE activity assays (in vivo) of nurse and field bee workers were
conducted according to the method of Ellman et al. (Y41)) using the
spectrophotometric procedure. Biofly was tested at concentrations of YAY,o,
Yve ve. Yo..and ¥++» mg L, spinosad was tested at Y,°, ¢, Y+, Y+ and ¢-
mg L. Three cups of Y+ nurse or field honey bee workers were subjected to
each concentration of each biopesticide (one, two and three daily
applications) and control. The activity of AChE in head, thorax, and abdomen
of nurse or field honey bee workers was determined by using DTNB
(dithionitrobenzoic) after Y¢ h of one feeding, two and three daily feedings on
sugar syrup V:) (w/v) with one concentration of Biofly or spinosad. The
supernatants were used as enzyme source for assay of AChE activity.
Enzyme (Ye+ pL), Y++ yL DTNB (+,+) M), and ¥+ pyL ATChlI (+,+Y°e M) were
added to Y,A mL +,Y M phosphate buffer (pH A,+). The mixture was incubated
at Yv °C for Yo min. Absorbance measurements were conducted at a
wavelength of €YY nm using the Jenway 1Y:° spectrophotometer. The
specific activity of AChE was expressed as nmoles of acetylthiocholine iodide
hydrolyzed/mg protein/min. Inhibition or activation percentages of the
activities against control were considered in the enzymatic assay.
Statistical Analysis

The log dose-response curves allowed determination of the LC.. values,
after Y¢ of one, two and three daily applications of spinosad were determined
from the Ldp lines for the insect bioassay according to probit analysis (Finney
Y4VY). Data of the effects of multiple applications with Biofly or spinosad on
AChE acitivity experiment were subjected to two-way analysis of variance
(ANOVA). The experiment of AChE acitivity was conducted in factorial (¥x°).
The experimental design was the completely randomized design with three
replicates. Comparisons among means were made using the Least
Significant Difference test (L.S.D.) at 7 level of probability with the aid of the
SAS program (SAS Institute, Y+« +) version A, .
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RESULTS

Acute Toxicity of Tested Biopesticides to Nurse and Field Honey Bee
Workers

The results of acute toxicity assay of Biofly and spinosad on nurse and
field honey bee workers by feeding under laboratory conditions after Y¢ h of
one , two and three daily applications are summarized in Tables (Yand Y, in
respect). Spinosad caused higher mortality percentages of both nurse and
field honey bee workers when compared with Biofly. Also, three daily
applications of Biofly or spinosad caused mortality percentages higher than
that caused by two daily applications whatever worker type. In the same
pattern, the acute toxicity of two daily applications was higher than that of
single application. On the other hand, Biofly and spinosad were more toxic to
field workers than to nurses after Y¢ h of one, two and three daily
applications.

Table Y: Mortality percentages of nurse and field honey bee workers
after Y¢ h of one application (I), or two (ll) or three daily
applications (lll) of Biofly.

Worker type Concentr_qtion Mortality (%)
(mg L) | Il 1l
YAV, 0 Y.¥q o9 TVA
Yvo 0.+ TYA ALY
Nurse Vo Yoy 1Y AT V¥ o1
Yo Yo Yo Y1490 YA
Yoo \1.40 YY.vY YV Y
YAY,0 o049 TYA ALY
Yvo TVA AtV Yoy
Field You VYA AR A Yo Yo
Yo \1.40 Yoxe Yo ve
Yaouu AR Yo ¢y Y. o)

Impacts of Tested Biopesticides on AChE Activity of Nurse and Field
Honey Bee Workers after Y¢ h of Single Feeding

The in vivo specific activity and inhibition of AChE in different regions
(head, thorax, and abdomen) of surviving nurse and field honey bee workers
after Y¢ of single feeding on sugar syrup :' (w/v) with different
concentrations of biopesticides were calculated and presented in Tables ¥
(Biofly) and ¢ (spinosad).

Table Y: Mortality percentages of nurse and field honey bee workers
and acute toxicity after Y¢ h of one application (), or two (ll) or

three daily applications (lll) of spinosad.

Concentration | Mortality (%) |
Worker type (mg L) | I | T m |

[
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Y,o Y,¥Y £, Y4
° Yo,en VY, 1Y,0.
) YT,V €8, 0. ARTRS
Y VTRV EAE! 95,AY
Nurse - ATV R Yer, s
LC.. (mgL) Y¥,34 q,¢¢ YA
Slope * SE Y.Vt Y)Y ¥,a¥+., vV \BEEIR
X~ q,YY Yo,¥A Y,YA
Y,o T Yo, oe Y5,3V
° YRV £,V AY,AY
\ YY,¥¥ To,oe AN,
) Y ATV TV qy,3v
Field I T, ERIRNY Yoo, 0o
L[C.. (mgL) YY,3A v, 3 Y,va
Slope + SE Y, 10+, Y V,¥a+.,\0 Y, ¢+.,Y0
X YV, VY YA, YA YV, Ao

* Chi square

Data of Biofly (single feeding) are summarized and presented in Table Y.
Mean values of AChE activity in heads of nurse or field workers fed sugar
syrup V1) (w/v) treated with +, YAY,o, YYe vo. Ye..and Y+++ mg L of Biofly
were higher than those in thoraces and abdomens. Also, the averages of
AChE activities in heads of nurse and field workers (VY1,AYand Y)),YY¥
nmoles ATChI hydrolyzed/mg protein/min.) were significantly (p > +,+°)
higher than those in both thoraces (%,%Y and 4,Y4) and abdomens (YV.AA and
Ve,4Y), respectively. On the other hand, the activities of AChE in abdomens
were significantly higher than those obtained in thoraces. When data of
heads, thoraces and abdomens were summed to estimate the total effects of
pesticides significant increases in AChE activity of nurses (V+,¥Y and 1¥,%:
nmoles ATChl hydrolyzed/mg protein/min.) were obtained at concentrations
(YAY,e and ¥Yo mg L™, respectively ), while insignificant increase (£V,Y+) was
recorded at the concentration of Yo+ mg L. Beside, these concentrations
(YAY,e, ¥Yo and Yo mg L") caused significant increases in AChE activity of
field workers (%+,¥4, 3,91 and ¢A,YA nmoles ATChl hydrolyzed/mg
protein/min., respectively). On the contrary, the higher concentrations (Y° -+
and Y.+« mg L) caused significant decreases in AChE activity, YV.)% and
Y+.¥Y nmoles ATChl hydrolyzed/mg protein/min. in nurses, and YY,%: and
Y4,AY in foragers, respectively. In regard to the inhibition or activation of
AChE activity compared with control, different activation percentage averages
of Y,¢1, YA,YY and 1+,¢A were recorded in heads, thoraces and abdomens of
nurses compared with ¥,44, YY,+A and ©),7A in foragers, respectively.

The effect of spinosad (single feeding) on AchE activity in head, thorax,
and abdomen of surviving nurse and field honey bee workers are
summarized and presented in Table ¢. Mean values of AChE activity in
heads of nurse or field workers fed on sugar syrup :\ (w/v) mixed with +, ¥,o,
e, Y+, Y+ and ¢+ mg L™ of spinosad were larger than those in both thoraces
and abdomens. Also, the averages of AChE activities in heads of nurse and
field workers (Y)+.¥Yand Y:Y¥,¥A nmoles ATChI hydrolyzed/mg protein/min.)
were significantly (p > +,+¢) higher than those obtained in both thoraces
(Y+,Ye and ) +,°A) and abdomens (V,Y¥? and V,£Y), respectively. On the other
hand, the difference between AChE activity of thoraces and abdomens in
nurses was insignificant, while it was significant in foragers. Summed data
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revealed that all concentrations resulted in significant increases in AChE
activity whatever worker type. In regard to the inhibition or activation of AChE
activity compared with control, the averages of activations in heads of nurse
and field workers (A£.£A and AMYY %) were significantly higher than those in
thoraces (YA,AY and Y),+A %), while the averages of inhibitions in abdomens
were Y+,+1 and Y4,¥Y %, respectively.

Impacts of Tested Biopesticides on AChE Activity of Nurse and Field
Honey Bee Workers after Y¢ h of Two Daily Feedings

The in vivo specific activity and inhibition of AChE activity in different
regions (head, thorax, and abdomen) of surviving nurse and field honey bee
workers after Y¢ of two daily feedings on sugar syrup ):) (w/v) treated with
different concentrations of biopesticides were calculated and presented in
Tables ¢ (Biofly) and 1 (spinosad).

The biochemical effects of double feeding on sugar syrup treated with
Biofly on AChE activity is presented in Table °©. The data indicate that mean
values of AChE activity in heads of nurse or field workers fed on sugar syrup
Vi) (wiv) with +, YAY,0 YVe Ye. Ye.. gnd Y+ mg L" of Biofly were higher
than those in thoraces and abdomens. The averages of AChE activities in
heads of nurses and foragers (YYV,¥A and Y):,¢% nmoles ATChl
hydrolyzed/mg protein/min.) were significantly (p > +,+°) higher than those in
both thoraces (V.++ and 1,4A) and abdomens (Y Y.AY and YY,Y¢), respectively.
On the other hand, the activity of AChE in abdomens was significantly higher
than that in thoraces whatever worker type. Statistical analysis revealed that
there were significant differences among body regions of both worker types in
inhibition or activation of AChE activity compared with control. Furthermore,
the averages of activations in heads of nurses and foragers ():Y,%% and
1¢,20 %) were significantly higher than those in abdomens (*V,YY and Y.,%)
%), while the averages of inhibitions in thoraces were YA,1Y and Y¢,)Y 9%,
respectively.

The biochemical effects of double feeding on sugar syrup with spinosad
on AChE activity is presented in Table 1. The data indicate that mean values
of AChE activity in heads of nurse and field workers fed sugar syrup Y:) (w/v)
with +, Y,e, ¢, Y+ and Y- mg L of spinosad were higher than those in both
thoraces and abdomens. Also, the averages of AChE activities in heads of
nurses and foragers (Y4Y,eY and YoY¥,¥1 nmoles ATChl hydrolyzed/mg
protein/min.) significantly (p > +,+°) were higher than those recorded in both
thoraces (YV,A) and YV,A)) and abdomens (V£,YY and YY,°9), respectively,
which did not differ significantly. Summed data revealed that all
concentrations resulted in significant increases in AChE activity of both
worker types. Furthermore, the averages of activations in AChE activity in
heads of nurse and field workers (YeV,1) and YY1,£¢ %) were significantly
higher than those obtained in both thoraces ():%,%A and Y'4,Y¢ %) and
abdomens (Y4,¥A and YA,AA %), respectively.
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Impacts of Tested Biopesticides on AChE Activity of Nurse and Field
Honey Bee Workers after Y¢ h of Three Daily Feedings

The in vivo specific activity and inhibition of AChE activity in different
regions (head, thorax, and abdomen) of surviving nurse and field workers
after Y¢ of three daily feedings on sugar syrup Y:) (w/v) with treated different
concentrations of biopesticides were calculated and presented in Tables v
(Biofly) and A (spinosad).

Table Y presents data of triple feeding on sugar syrup treated with Biofly.
As mentioned above, mean values of AChE activity in heads of nurses and
field workers fed on sugar syrup Y:) (w/v) mixed with +, YAY,e YVe Yo. Yo..
and ¥+++ mg L~ of Biofly were higher than those recorded in both thoraces
and abdomens. Also, the averages of AChE activities in heads of nurses and
foragers (YA+,Y1 and Y14,YA nmoles ATChl hydrolyzed/mg protein/min.) were
significantly (p > +,+°) higher than those found in both thoraces (Y°,Y1 and
V£€,1Y) and abdomens (%,:° and A,Y¢), respectively. On the other hand, the
activity of AChE in thoraces did not differ significantly from that in abdomens
of nurses, and was significantly higher in foragers. In addition, the averages
of activations in AChE activity in thoraces of nurse and field workers (Ae,31
and AA,Y. %) were significantly higher than those in heads (e,¥Y and ©4,¢4
%), while the averages of inhibitions in abdomens were Y4,+% and YY,V+ %,
respectively.

Table A presents data of triple feeding on sugar syrup treated with
spinosad. Mean values of AChE activity in heads of nurses and foragers fed
sugar syrup Y:) (w/v) with +, Y., ¢ V+ and Y+ mg L™ of spinosad were larger
than those in both thoraces and abdomens. Also, the averages of AChE
activities in heads of nurses and foragers (¥ +.Ye and YA:.14 nmoles ATChl
hydrolyzed/mg protein/min.) significantly (p > -+,+°) higher than those
obtained in both thoraces (V. ¢) and Y1.AY) and abdomens (3.)Y and A,11),
respectively. In addition, the averages of activations in AChE activity in heads
of nurse and field workers (Yve.4% and Y1Y.1A %) were significantly higher
than those recorded in thoraces (M Y.Y¢ and YV.oA %), while the averages of
inhibitions in abdomens were YA.YY and V3.7 %, respectively.
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DISCUSSION

Attention has been given recently to develop biopesticides as an
alternative to traditional pesticides in controlling of various agricultural pests.
The rather recent phenomenon of colony collapse disorder (CCD) involving
the sudden and massive disappearance of bee colonies around the world is
worrisome (Stokstad, Y- V). The explanation of CCD may be that honey bee
workers collecting pollen and nectar in the field become unable to navigate
back home. The severe loss of bee products and agricultural products
caused by CCD (Swinton et al., Y:+V)is of great concern to academics as
well as to farmers. Exposure to new forms of pesticide that target insect
acetylcholine receptors (AChRSs) is emerging as a major contributing factor in
bee population decline (Le Conte et al.,, Y+)+; Maxim and van der Sluijs,
Y+ +). Worker bees typically recruit their nestmates to good food with waggle
dances, and it was discovered that the pesticide-treated honey bees danced
less: honey bees that prefer only very sweet foods can dramatically reduce
the amount of resources brought back to the colony (Eiri and Nieh, Y« Y).
Accumulated stress in response to disease, combined with exposure to such
toxins, could precipitate the rapid decline of the honey bee (Hawthorne and
Dively, Y+)); Wu et al.,, Y:Y). In addition, sub-lethal doses of neurotoxic
pesticides that target cholinergic signaling can alter the behavior of insects
such honey bees in subtle ways; their influence may not be readily apparent
in simple mortality studies. Foragers may be exposed continuously along the
flowering time of the crop/plant. Moreover, in the hive, pollen and honey
stocks are likely to be contaminated too. As a consequence, food stocks
consumption may lead to a prolonged and continuous contamination. The
detection and uptake of nectar and pollen involves sophisticated nervous
system activity which can be perturbed by the presence of pesticides,
whether that behavior took place in the hive or outside (Desneux et al., Y+ V).
Khoury et al. (Y+))) showed that a decrease in workers lifespan may conduct
to the collapse of the colony. Thus, investigating of the potential negative
effects of biopesticides on honey bees is interest search area.

Our results indicated that the mortality percentage increases as the
concentration increases whatever tested biopesticide, worker type or number
of applications. So that, the acute toxicity increases as the application is
repeated in the case of spinosad. Therefore, there was lethal cumulative
effect of Biofly or spinosad on both nurses and foragers. Tested biopesticides
were more toxic to foragers than to nurses. Our findings confirmed the highly
toxic effect of spinosad showed to honey bee workers in acute oral and
contact toxicity studies (Mayes et al., Y++¥; Miles, Y:+Y; Rabea et al., Y+V+;
Eidetal., YY),

According to Shapira et al. (Y:+)), biochemical aspects of the AChE
protein were similar in foragers and nurses. However, catalytic
acetylcholinesterase (AChE) activity was significantly lower in foragers. The
forager-related decrease in AChE activity was associated with decreased
AChE mRNA levels. This can contribute to facilitated learning capabilities in
forager bees. Also, AChE activity decreases in brains of adult workers with
age (Loucif-Ayad et al., Y:+A). Honey bees have two active forms of the
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AChE (Belzunces et al., Y4AA; Badiou et al., Y:+V); one form, AChEm), is
expressed at a much higher level in the bee’s head than the other, AChEmY,
(Belzunces et al., Y4AA). The inhibition of AChE leads to an excess of the
ACh that results in prolonged activation of cholinergic receptors, followed by
their desensitization (Pohanka, Y+«)'). An interesting finding was that the
AChE inhibiting activities of some pesticides were more potent on extracts
from gut tissue than brain tissue (Wiliamson et al.,, Y:'Y). It may be
suggested that levels of the different AChE enzymes differ between tissues.
In addition, the AChE inhibitors had different ways of binding to the enzyme:
some act at the active site of the enzyme, but the others bind at a peripheral
anion site (Pohanka, Y+))). Furthermore, the inhibition of AChE by some
pesticides is readily reversible (Seltzer, Y-+°), while that by others is
irreversible (Pohanka, Y+)'). On the other hand, acute exposure to AChE
inhibitors improves learning and memory by enhancing cholinergic
transmission in honey bees (Shapira et al., Y+:); Guez et al., Y+ +;
Williamson et al., Y+)Y). Also Wu et al. (YY) related between the heavy
infestations with the probable causative factor of CCD, gut parasite Nosema
ceranae, of honey bees, reared in combs containing high levels of acaricides
which disrupts AChE in bee gut. So, we searched for changes in AChE
activity in heads, thoraces and abdomens of nurses and foragers after oral
multiple applications with tested biopesticides.

Concerning the impacts of tested biopesticides on AChE activity of
nurses and foragers after Y¢ h of single feeding, summed data revealed that
the three lower concentrations of Biofly caused increases in AChE activity of
both nurse and field workers. On the contrary, the higher concentrations
caused decreases. However, all concentrations of spinosad resulted in
significant increases in AChE activity whatever worker type. In regard to the
inhibition or activation of AChE activity compared with control, tested
concentrations of Biofly caused various degrees of inhibition and activation in
heads, thoraces and abdomens. Tested concentrations of spinosad caused
various degrees of activation in AChE activity in heads and thoraces, except
in cases of the highest concentration in thoraces of nurses and the two higher
concentrations in thoraces of foragers, while they caused various degrees of
inhibition in abdomens. In addition, statistical analysis revealed that there
were significant differences among body regions of both nurse and field
workers in activation in AChE activity as a result of application with Biofly. But
in the case of spinosad, the averages of activations in heads of nurse and
field workers were significantly higher than those in thoraces, while in
abdomens inhibition averages were recorded, in respect. Thus, the activator
impact of spinosad on AChE activity isolated from heads or thoraces was
clear compared with that of Biofly. Furthermore, summed data showed that
the three lower concentrations of Biofly resulted in various degrees of
significant activation in AChE activity whatever worker type, but the two
higher concentrations caused insignificant and significant inhibitions in
nurses, whereas the two degrees of inhibitions were significant in foragers.
But, summed data of spinosad showed that all concentrations resulted in
various degrees of significant activation in AChE activity, except the highest
concentration which caused insignificant activation in nurses and inhibition in
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foragers. Therefore, in general Biofly when found in sugar syrup at
concentrations of YAY,o, Yve Ye. Yoe.. and ¥+++ mg L, and spinosad when
found in sugar syrup at concentrations of Y., ¢, Y+ Y. and ¢+ mg L have
activator impacts on AChE activity after Y¢ h of single feeding whatever
worker type. AChE is an important enzyme responsible for the rapid
hydrolyses of acetylcholine, a major neurotransmitter at the cholinergic
synapses (Fahmy and Dahi, Y:+%), associated with learning in the insect
brain. Our results confirmed the large distribution of it in the bee brain as
stated by Belzunces et al. (Y4AA), Kreissl and Bicker ()4A4), Huang and
Knowles (Y44+), and Abdallah et al. (Y 34Y).

Concerning the impacts of tested biopesticides on AChE activity of nurses
and foragers after Y¢ h of double feeding, mean values of AChE activity in
heads of both worker types were larger than those in thoraces and abdomens
as found after single feeding, but the values in heads were much higher.
Summed data revealed that all concentrations of Biofly resulted in significant
increases, except the highest concentration which caused insignificant
increase, in AChE activity of both nurse and field workers, but all
concentrations of spinosad resulted in significant increases. In regard to the
inhibition or activation of AChE activity in nurses and foragers compared with
control, all concentrations of Biofly caused various degrees of activations in
heads, whereas the two lower concentrations caused various degrees of
activations in thoraces, while the higher concentrations caused inhibitions.
Also, the three lower concentrations caused activations in AChE activity in
abdomens, while the higher concentrations caused inhibitions. But, all
concentrations of spinosad caused various degrees of activation in AChE
activity in heads, thoraces and abdomens, except '+ mg L" concentration in
thoraces which caused inhibitions whatever worker type. As found after single
feeding, there were significant differences among body regions of both
worker types. Furthermore, the averages of activations in heads of nurse and
field workers were significantly higher than those in abdomens, while
averages of inhibitions in thoraces were obtained as a result of Biofly
application. But, spinosad caused activation averages in all regions: in heads
of nurses and foragers were significantly higher than those obtained in both
thoraces and abdomens. Thus, the activator impact of spinosad on AChE
activity isolated from any region was clear compared with that of Biofly. On
the other hand, the double feeding caused much higher degrees of activation
in heads and thoraces than single feeding. Furthermore, summed data
indicated that the three lower concentrations of Biofly resulted in various
degrees of significant activation in AChE activity whatever worker type, but
the concentration of Ye++ mg L caused insignificant inhibition in nurses and
activation in foragers, and the concentration of ¥+++ mg L caused significant
inhibition in both worker types. But, summed data of spinosad illustrated that
all concentrations resulted in various degrees of significant activation in AChE
activity of both worker types. So, in general when found in sugar syrup at
tested concentrations spinosad has an activator impact on AChE activity after
Y¢ h of two daily feedings whatever worker type as obtained after single
feeding. In general Biofly or spinosad when found in sugar syrup at tested
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concentrations has an activator impact on AChE activity after Y¢ h of two
daily feedings whatever worker type as obtained after single feeding, but with
higher values especially in case of spinosad.

The results of triple application emphasized the above mentioned results
of single and double applications. Summed data of Biofly illustrated that all
concentrations resulted in significant increases, except Y¢++ and ¥+++ mg L
concentrations which caused insignificant increase and decrease,
respectively, in AChE activity of nurse workers. Similar result was obtained in
field workers. Summed data of spinosad illustrated that all concentrations
resulted in significant increases in AChE activity of both worker types. On the
other hand, the activity of AChE in thoraces did not differ significantly from
that in abdomens of nurses, and was significantly higher in foragers after
triple application with spinosad as found with Biofly. In regard to the inhibition
or activation of AChE activity compared with control, all concentrations of
Biofly in heads and thoraces caused various degrees of activations, except
the highest concentration in thoraces, while in abdomens only the lowest
concentration caused activation whatever worker type. Whereas, all
concentrations of spinosad caused various degrees of activation in AChE
activity in heads and thoraces whatever worker type. On contrary, various
degrees of inhibition were obtained in abdomens as a result of spinosad
application. In addition, the averages of activations in AChE activity caused
by Biofly in thoraces of nurses and foragers were significantly higher than
those in heads. Whereas, much higher activation averages in AChE activity
had been caused by spinosad in heads of nurse and field workers which were
significantly higher than those recorded in thoraces. But, inhibition averages
were found in abdomens of nurses and foragers. Summed data indicated that
only the highest concentration of Biofly caused significant inhibition in AChE
activity of nurse workers, while the lower concentrations caused different
degrees of significant activation. Whereas, summed data of spinosad
indicated that all tested concentrations caused various degrees of significant
activation in AChE activity of both worker types. So, in general spinosad as
well as Biofly when found in sugar syrup at tested concentrations has an
activator impact on AChE activity after Y¢ h of three daily feedings whatever
worker type as obtained after single feeding or two daily feedings.

In regard to Biofly, it is considered safe to honey bees but had adverse
biochemical impacts on AChE activities of both nurses and foragers
according to our results of toxicity, which confirmed that of our previous
studies on adult workers (Eid et al., Y+1"). Spinosad is both a nerve poison
and a stomach poison. It has a novel mode of action: it does not interact with
known binding sites for other nicotinic or GABAergic insecticides such as
neonicotinoids, fiproles, avermectins and cyclodienes (Salgado, '4%A; Dow
AgroSciences, Y:+); Miles, Y:+Y), and could act on y-aminobutyric acid
(GABA) receptor and increase neural activity of pest in excess and
subsequently make the pest fall into a decline and be dead eventually
(Watson, Y+ V). Spinosad over stimulates nerve cells by prolonging electrical
impulses across synapses by acting like acetylcholine (but attaching at some
novel action site). Thus, AChE does not stop the impulse and nerve
stimulation (Boucher, Y444). Spinosad seems to work via mimicking ACh,
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thus it enhances the overproduction of AChE but it doesn't combat Ach
responsible causing symptoms due to its toxicity (Fahmy and Dahi, Y+ :9).
Our findings confirmed the biochemical effect of spinosad on AChE activity of
honey bees (Fahmy and Dahi, Y:+4; Rabea et al.,, Y+ )+; Eid et al., Y*))).
Finally, although spinosad was more toxic than Biofly to both worker types,
two biopesticides had adverse effects on AChE activities in different body
regions of them. So, “when applications are to be made to crops in bloom
these should be made at times which avoid the direct exposure of honey
bees i.e. applications after sunset and before bees start to forage the
following day” (Miles et al., Y+)Y).

CONCLUSIONS

The current study was conducted to evaluate the toxic and biochemical
effects of multiple applications with Biofly (Beauveria bassiana) and SpinTor®
(spinosad) on nurse and field honey bee (Apis mellifera L.) workers under
laboratory conditions. Caged groups of nurse and field workers were fed
once, twice or three times at ‘-day intervals on sugar syrup containing
different concentrations of the two biopesticides. Mortality percentages of
workers treated with both biopesticides and the lethal concentration of
spinosad that caused °-7 mortality (LC..) were estimated to investigate the
toxic effects, and the acetylcholinesterase (AChE) activities in heads,
thoraces, and abdomens of surviving workers were determined in vivo to
investigate the biochemical effects. Results indicated that spinosad was
higher toxic than Biofly to both nurse and field workers. Also, the mortality
percentages after three daily applications of Biofly and spinosad were higher
than that of two daily applications whatever worker type. In the same pattern,
the mortality percentages after two daily applications were higher than that of
single application. Therefore, there was lethal cumulative effect of Biofly or
spinosad on both worker types. On the other hand, Biofly and spinosad were
more toxic to foragers than to nurses whatever number of applications.
Furthermore, findings revealed that mean values of AChE activity in heads
were larger than those in both of thoraces and abdomens, and the average of
AChE activities in heads was significantly (p > +,+°) higher than that obtained
in both of thoraces and abdomens whatever tested biopesticide, worker type
or number of applications. In addition, tested concentrations caused various
degrees of inhibition and activation in AChE activity in heads, thoraces and
abdomens when compared with controls. But, in general summed data
revealed that Biofly and spinosad showed activating effects on AChE activity
of both worker types after Y ¢ h of application however it repeated or not.

This study illustrates that safe biopesticides such as Biofly, in simple
toxicity studies, have biochemical effects on AchE activity of honey bee
workers as well as toxic ones such as spinosad. So, we confirmed our
previous studies and suggested that repetitive exposure of field worker bees
(in the field) or/ and nurse bees (inside hives) to sub lethal concentrations of
safe or toxic biopesticide residues may adversely affect their olfactory and
behavior. Our results may explain the failure of workers in returning to their
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hives which may participate in the multifactorial syndrome Colony Collapse
Disorder (CCD) in stressed honey bee colonies. Further studies are needed
to investigate the biochemical effects of chronic exposure to such compounds
on foraging and navigation of honey bees especially in stressed colonies with
other probable causative factors of CCD.
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Table ¥: In vivo effects of Biofly on AChE activity in different regions of nurse and field honey bee workers after Y¢

hours of single feeding on treated sugar syrup.

Nurse Field
Concentr_@tlon nmoles ATChI'hydfolyzed Inhibition (%) nmoles ATChI_hydrplyzed Inhibition (%)
(mgL") /mg protein/min. /mg protein/min.
Mean+SD Average Mean+SD Average Mean+SD Average Mean+SD Average
Head
VY e, EY Y ek, VoA, oY, 8 TN
YAV, e Y4, VAEY AT SEAAYEYVE,VA Veo, AotV 0¥ _¥e, o%1,40
¥ve EEAD 1YUAY 8 EFNTF N YFRLYEEY A NYRTN YU ERY A
vo. VYo, 0k 0,4Y ] L AYEYE, Y -Y,¢1 g I AR ’ SV, evET, VN -¥,44 3
Yo A ANEY YA Y4, 0%),Y) AY,YEY 90 Y&, VARY, Y
Yoo VA, CAEY, ¥V, 0 kAN Vo,neY Ve Y4,4%Y,00
Thorax
e V,Vo+\,¢A DY, T AV, DAY, TR
YAV, e [IRITIRT SVRY,0AEYY N4 VALYAEY, Y NV E,89EV Y, AS
¥ve EREFTRA _£o,Vi4, Ve VY, 6k, VA WYY
4,4V ¢ YANY D 4,va ¢ AY, A D
Vo V,Yek Y T,004Y,0¥ TLAVEGY YV, AEEY,YE
Yo AAVEY, VY Ve, YEYY, ¢ V,4h+. 4. A Aoty ¥
Yoo £,V k0,88 £ €, 6 AN, YA 0,8 vk, VY YA Y ekE,Y1
Abdomen
e AR EZ A Y] DORE: VY e,00%0 A DAY, TR
YAV, e Yo AYEVY SATLAYER €A \V, Vo), £V ETENFITY)
¥ve YRLENEY 6 LYYV, Ya£)\ Y 0V YV, A EAY Y Y AFEY,VA
\Y,AA b ML tAg Ve,4v b eV, MA ¢
ve. VA, ¥VEY A VY Yo\ ¥, Y. \V,oVEY V¢ UV, YokY . Ve
Yo q,Va%.,0. VY, AE,0. 4,004 ,TA q,07£1,¢Y
Yoo q,Vek., 0V VY,0940,10 A TY ERTTIRE
Total Mean Mean Mean Mean
) £¢,Y e p £Y,¢\ ¢ e C
YAV, e Vo, ¥Y a -44,¢A g 1., V4 a ¥, Y e
¥ve WA b T -44,0Y ( o 04,14 g . EYREE; YY.p
ve. £V,Y. c YYedac tAYA D VAAAd
You ¥v.iad AVY b ¥Y,a. d Ve, 60 b
Yoo Yovyd Y40 g Y4,AY e Y4,Y. a

* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at .+ ¢ level of probability.
(-) before mean indicate that there is activation in AChE activity.
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Tablet: In vivo effects of spinosad on AChE activity in different regions of nurse and field honey bee workers after
Y¢ hours of single feeding on treated sugar syrup.

. Nurse Field
Cor}fne;}_@)tlon nmoles ATChI hydrolyzed Inhibition (%) nmoles ATChI hydrolyzed Inhibition (%)
/mg protein/min. /mg protein/min.
Mean£SD Average Mean+SD Average Mean+SD Average Mean+SD Average
Head
e VYE, . Y Y IR IR ANE R
Y,o YEY,V1£4,90 VY, EALVY YY¥o,Vex) ., Vn VA, YARS, AR
° YYY,anE), V¢ MIURTIN VY EAEY, A YV, VY, Y. T Vo, FEF,. 0
Ve YYV,AVEY, €. ’ AN VEY, WY BRI YV, AN, T ’ 906,4A%0, V4 SAALYY ¢
Y. YR4,60£YY,V, AP YREY A YRY,Yo£4,A) VeV AVES, 4
[ YA AETLVT ~oV,AVEA,on YAY,YYET, ) . UV, A %0,%0
Thorax
e V,Vot),¢A ook e AVYEY, R I
Y,o YU,EvE.,VE VYV, A%, 04 Vo,Aok.,0¢ AY,E07 V¢
° V¥, k., 00 ARV, Ve VY, ek, €N _Eo,Yexo,vY
o Y, P00 AARAAY 55, VAZY, €0 -FAAY D Y, %.,78 Ye.oAb Ye,av%t,0- STheAD
Y. AYYE. oY CE,99%%,V. V,Vax., ") Yo AYER A€
[ VAFE 6N V,aVEe,¥o V,¥at., ¥4 Yo, t.kt,0V
Abdomen
e VY,V E4Y,40 TR Yo,00%0,0A voeade, e
Y,o A, VE., YA YV, 0V%Y, 0. V,ARE.,E% Yo\ NxE, VA
° IBEETRE] YR, 0%%,. 0 A VEYY YY,oVEF,\ Y
D V,ViE NS v.vib Y., FAZY, 0¥ Fola V,ohE,VE V.ive YV, AVEV, % Y4.¥va
Y. BAETRE WYY TN o, Nok., .V ARIETAE
[ o YE. YV £4,00%Y,¢) £AYE., V¢ oY, YAZY, YR
Total Mean Mean Mean Mean
e te,Yv e e g ¢V, 6V T wee g
Y,o A%, Y ab e Vi e AV, EA D NYWEN:)
s AE,£Y DC EANAd AVY C €Y, YV
e M VEC Vi, YA ETRLTS AT viVe d vr.va V.Y b T
Y. 9¢,0. g ¥1,t4p 9,4, g YA b
[ TE,YAd Ve a RE,0) e Yt a

* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at +,+ ¢ level of probability.
£YY
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(-) before mean indicate that there is activation in AChE activity.
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Table ¢: In vivo effects of Biofly on AChE activity in different regions of nurse and field honey bee workers after Y¢

hours of two daily feedings on treated sugar syrup.

Nurse Field
Concentration nmoles ATChl hydrolyzed . nmoles ATChI hydrolyzed .
(mg L™ /mg protein)//min.y Inhibition (%) /mg protein)//min.y Inhibition (%)
Mean£SD Average Mean+SD Average Mean+SD Average Mean+SD Average
Head
VY., 04Y,V4 et e YA, Yo4),V4 v,
YAV,o YAY,3040,YY -YoV,aAtE,A¢ VER,AVEVT SYYY, V£,
Vo YA, AVE1 1,4 YYF.PA g VEY, R £V0, ¥R Yoq,4.+)),00 MPPIN e k) A
Vo YET,£641A,00 ’ YYY,304) 1, A0 VeY,ad ¢ YYY,FY£VA, -V ’ YV, J4¢,80 ¢
Yo . Y3aT,¥Y+0,01 YA, £.40,.0 Y3Y,374Y,3A YV, YY+Y,TA
Yoo YY1,0040,Y Yo, e +E,VY YYY,094Y,¢¢ SYYLPYAY, Y
Thorax
AT A TR AT+, 7Y e,
YAV, 0 YE,N0H) VA VO YRV YLV YE, Y £ AT RARAFANET
Vo q,9Y++,9A Vo,FVHY ), vo Yo,Yit.,00 Y, O +T,AE
Vo S, iV, A Vire C FVTE.,AY AT a 5,0k, Ve Lihe ¥o,Y Y. 44 Vv a
Yo . Y,YV£.,7Y VY, T, AT Y,oV+.,0v TA,YAET,0)
Yoo V,Y04.,Y1 AT, Y, 9A V,¥Y+.,Y0 AV, VY+E,YV
Abdomen
Ye,4440,0¢ ek, Ve,0844,V4 ek,
YAY,0 \ABAEIBA AY,A%+),4Y YV, ¥ 4.,V VY, AYES,YY
Yve Yo,¥4)Y,0. SYLAYEYY, Y Ye,Vet.,0A -EY,VY10,EA
Voo AT TV YY,AY b L oYaY,IAT AV b T ATE oY \Y,Ye b R rservees) Yo, 4 b
Yo EREETAL 0,qV+1,1Y Yo, ¥eke,00 Y,Y1+0,v¢
Yoou V,év44,0) YY,l0+¢,1Y V,0044,YYY YA AY+T,44
Total Mean Mean Mean Mean
Y,V e b iY,¥. e ' Db
YAY,0 YIV,Y. a BETRAN YYA,00 g AYE,Y. e
Yvo V,iY b Ro,aY d 95, p 19,90 d
Voo AT AV, oA e J¥YLAY ATV C va,VE REwIe _YY,vo
Yo, Tq,7¢ d o YiDb TAYAd XYY Db
Yoo {o0,v¢ @ Yé¢, Vo q (Y, eV e Y¥,¢v a

£Yo

* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at +,+ ¢ level of probability.
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(-) before mean indicate that there is activation in AChE activity.
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Table 1: In vivo effects of spinosad on AChE activity in different regions of nurse and field honey bee workers after
Y¢ hours of two daily feedings on treated sugar syrup.

: Nurse Field
Cor(];(—:;}ntge})tlon nmoles ATChI hydrolyzed Inhibition (%) nmoles ATChI hydrolyzed Inhibition (%)
/mg protein/min. /mg protein/min.
MeanzSD Average Mean+SD Average MeantSD Average MeantSD Average

Head
VY., e04¥,V4 Vvt e YA, Yo4),V4 R
Y,o AT, EVHET, VA FEY, V£EY,0) £¥Y,1940,1. NAA A0, A
° OYY,AAEAY, AN Yay,ov a -YVe,Ve+Ve, Yo Yoy, ¢ £€Y),004) ., Y)Y YoyY,¥1 a SYaV,aY 44,4 YN, Ef o
Yo EAY,AVERY,TA FYA,VA£0T,V. E¥Y,004YY,0. Y4971+ Y.,V4
Y. T70,87470,14 XYY, &7V, Y YoY,VELYA, VT XYo,AT£YR,0V

Thorax
ATOVEY, VA IR AT+, T ek,
Y,o Y, 0047, ) CEaN,0V4VE,4¢ £E,004Y,) ¢ CEEY,VV£YO,AV
° YA, EY£), VY YVY,AY b VV£,0Y+)0,40 NeL3A b YAYAEY VA YVY,AY b Y, Y £V £, 8V V4,Y¢ p
D V¥ ik, vy YE,VIET, Y EAETRA IWSESAE
Y. YN VEY, ) YA, E4VE,EA YV V£, A YLV A LEY

Abdomen

Y e,q44),7¢ Vet e Ye,0640,V4 v,
Y,o VY, V+.,0% YA ¥a+E,VE VY, 4V %+, VA XY, EALY, £V
° VY, ¥ o), 0 Y VE,YY b Y AYEY .00 -Y4,¥A a YY,YA%+,Y1 Y¥,04 p ¥, YEY,E% YAM a
Yo YU,V £),A0 oY, AVEY T, AN YU A%, VA OV, EVEY, EA
Y. Y4, 94,07 VY,VYEYY, . YV, Y£Y,01 Y, EY+V £,VA

Total Mean Mean Mean Mean
e ¢Y,YY ¢ e a ¢Y,Yo d e a
Y,o YAY, Y a NXoo,qt d YIY,A a Xot,ind
° YAE, Y. a FARY NTE, Y ¢ ST, TY YoV, Y ab VYA, Yo ViV, ¢ BN
Yo YTA,AY g AYe,YY b YoY,.o p Yi,Vo p
Y. YYY,AA D IV ,3Y b YY%,90 ¢ A Db

* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at .+ ¢ level of probability.
(-) before mean indicate that there is activation in AChE activity.
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Table V: In vivo effects of Biofly on AChE activity in different regions of nurse and field honey bee workers after Y¢
hours of three daily feedings on treated sugar syrup.

Nurse Field
Concentration nmoles ATChl hydrolyzed . nmoles ATChI hydrolyzed .
(mg L™ /mg protein)//min.y Inhibition (%) /mg protein)lmin.y Inhibition (%)
Mean+SD Average Mean+SD Average Mean+SD Average Mean+SD Average
Head
e VoA, AVEE 8 O Ve, 604Y,Y. R
YAV, You, R EYN, 4. YYV,YoxY¢ 14 FYRLAYEVY, Y E BARWAF TENL
¥Ve Yeq,7A£0,9A VAt a Y4, V6,24 YYo,Nex\o, VY V14VA & VY, 4%V ¢,VA
Veo. RENEEAAY ’ YVLVVEY, Y -1e,¥Y b YRR, T, ’ YY,VVEL, Y. -04,¢4 p
Yo YVE, YRV, EY CE,AFER, A YOV, 00EE, A Y, ExE,0)
Yoo YYY,00%A,0% _¥,YAZV,A0 YYY,09%Y,49A CE,AYEV, 0.
Thorax
e ALY E Ay TR V,Vox.,¥¢ TR
YAV o YR YEY, . AN, ENEV Y, YY Yo,0¢%.,47 BN AFIREE
Vo YY¥,Yex), 0 NAY Y EY ., Ve YV, eVEY, VY AVR,AYEYE 0.
Vo. ¥ VYEY, o7 1o.¥ b VoV, N kAN E -he,dc YO, ARE, €Y VeI b Ve, EAET, Vs -ANYee
Yo .. YV, a%E), YA VA AVEVTAE YW,F o EY, A XYY VEVY,AY
Yooo RIS ¥o,6044,AV o, Atk Y Ye,N4%V,4¢
Abdomen
e (AR AR voeede, e Yo,VPE. S0 ook,
YAV,® Yo, kY, Y ¥t,.0%4,0V YF,AYEY, YA Y4, Vox Y,Af
YVe T,oFE A £V, NVEV, VY TAAE N E Y, 66N, 00
Vo. ANV %., 07 $eeb YY,Y¥xe,n0 V4%a A VES YR Artc Ye,VaxY, (A fneea
Yo L AE N E Y4,V Axe, Vo AR E TN EY,39%A,0)
¥oos TAVE LAY 6,V NV, (Y o NYE AL oY, FYEV, £V
Total Mean Mean Mean Mean
tY,va d EEN) ty,n0 g EEN)
YAV,o YY49,Y¢ g V4, ve f YYY, 4 a3 NVe,oY f
Ve I¥e p q.,.Yte NE,EY D A Ve e
Voo STV G AN YT StV ST AT G 1¢,Y0 VAV -£Y,41
Yo e, d AN ¢ YRy d X NYC
¥oos €Y,YY d Yo, At g t,A0 Y¢, Va

* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at .+ ¢ level of probability.
(-) before mean indicate that there is activation in AChE activity
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Table A: In vivo effects of spinosad on AChE activity in different regions of nurse and field honey bee workers after
Y¢ hours of three daily feedings on treated sugar syrup.

(-) before mean indicate that there is activation in AChE activity.

. Nurse Field
Corzgnegn}_@)tlon nmoles ATChI hydrolyzed Inhibition (%) nmoles ATChI hydrolyzed Inhibition (%)
/mg protein/min. /mg protein/min.
Mean+SD Average Mean+SD Average Mean+SD Average Mean+SD Average
Head
YA AVEE, 4 R TR I EEAAE Y T
Y,o YVa,aY £V, Y Ao AV EVY, € YRY,AYEV Y, VY e,V EY ., oF
° YaT,4Y £1,0A Yoo,¥eq [ VY, EAEY €0 YAS, V£, 41 YA M4 g ARV, VERE, AN
Ve FVE,YAEYY,AY YEY EVEY .,V SWesdc YE1,YFEVF, Yo YY., 00%VY, 00 BRI
Y. TEV, NEEE0,0A KOV VEEY LAY TN EYY,VE YAY,FVEYR, R
Thorax
e AY ek ,QY DAY TR V,Vot. V¢ I
Y,o YR, oVE.,04 YTV, YEEV, V) Ye,098), ), BALAF AL DA
3 V4, £k 00 VW, E\p VY, €xV,AV AY,Ye D IENEE T V1L,AV b N ER VERANY NV, 0A D
Ve Yo,AF £+,9A AY,AAEY Y40 YN, AES, ) VOV, EVEY Y, VR
Y. YV, 6V £Y,Y¢ Y\Y,q0%V0,. 1 YN,V AE, 00 AR R WL}
Abdomen
e AR AR ook e Yo,VPE. S0 TR
Y,o LAVE.,YY YV,VVEY, Y. LASETY Yo,AYEY,q¢
° V, AE., Vo 4,0 b FLVYEY Y YAL¥Y g IR TR At e YA, 0t£), AL V4,¥ g
Ve ,AYE. a0 YY,\VEA, 0V AR ETRT Yo, 0VET, A
Y. Yo,Nede, Y o, Y+ ,AY Yoe,eY4.,¥8 AT
Total Mean Mean Mean Mean
e ¢Y,Va d e g ¢V,ed v,ee g
Y,o Yo£,tV ¢ Meec AV G N4,AC
3 Y VA C Yed. ALYV D -A4,40 Y ¥, eAC VY, 4V,4A b SAV,YY
Ve YFY,YY b N AN C YYY,\Y b Nt Ve ¢
Y. YoV,Y¢ g AYAYV ] VEE,4¢ g Y. 0t d
* Means in the same column followed by the same letter(s) are not significantly different according to L.S.D test at +,+ ¢ level of probability.




