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Effect of the juvenile hormone analogue (Admiral) on viability of eggs and
postembr yonic development of the soft tick Argas persicus (Oken)
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ABSTRACT

Treatment of one day old females (previtellogenic) of A. persicus with JHA
(Admiral) showed a significant effect on viability of deposited eggs and on total
mortality of post-embryonic stages. On the other hand, treatment of 3-days old
females (vitellogenic) and 7-days old females (post-vitellogenic and ovulation) of A.
persicus exhibited a highly significant effect on viability of eggs and on total
mortality of post-embryonic stages (especially larval and younger nymphal instars).

The topical application of JHA (Admiral) in different doses to newly laid eggs
(0-1 h POP) of A. persicus has a highly significant effect on the development of
treated eggs. This was also true in case of dipping of egg masses in solution
containing different doses of Admiral for 1 minute. This effect increased by
increasing the dose of the hormonal material.
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INTRODUCTION

The fowl tick, Argas (Persicargas) persicus, is a specific parasite of domestic
and certain wild birds in parts of Asia, Europe, Africaand Australia. Argas persicus,
as well as, other Argas species serve as vectors of several agents infectious to human
and birds (Hoogstraal, 1985).

Today, the problems in Argas persicus control are mortality among nontarget
organs, resistance among pest population and health hazard caused by acaricides,
miticides, insecticides and other chemicals. Therefore it seems urgent to search for
effective, selective and safe compounds to control these pests.

Evidence has accumulated that ecdysteroids and juvenile hormones (JHS),
known to regulate development in insects, are also present in ticks (Pound and Oliver,
1979). These hormones or their analogues have been suggested as agents for the
control of insect pests, and it is conceivable that a similar strategy might prove useful
for control of ticks.

Several investigations indicate that ticks are sensitive to juvenile hormone
analogues (JHAS). Low’s-mixture (transdihydrochloride of ethyl farnesoate) altered
egg development when applied to engorged female Ixodes persulactus Schulze
(Kantakova et al., 1976), and was toxic to unfed females (Loffe et al., 1977).

Hydroprene (Altozar) [ethyl- (2E, 4E) -3, 7, 11 - trimethyl - 2, 4-
dodecadienoate] delayed I. ricinus (L.) metamorphosis and caused high mortality of
treated eggs and newly emerging larvae (Loffe and Uspensky, 1979). Hatch of eggs
from Hyalomma (H.) dromedarii Koch and D. variabilis was reduced after topical
application on the first day of oviposition with three juvenile hormone analogues
(Bassal, 1974; McDaniel and Oliver, 1978).
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Egg hatch was also reduced after treating engorged female B. microplus with
hydroprene, kinoprene (ZR 777), farnesyl methyl ether, farnesynic acid and
methoprene (Mansingh and Rawlins, 1977).

Herein, we report the effect of juvenile hormone analogue (Admiral) on the
viability of eggs and postembryonic development of the fowl tick, Argas
(persicargas) persicus.

MATERIALSAND METHODS

Ticks:

The soft tick Argas persicus (Oken) was collected from a domestic chicken
house at Banisweif Governorate, Egypt. The ticks were colonized in the laboratory at
27°C+1 & 75% R.H. and 16 hrs. day light (as described by Kaiser, 1966).

Treatment:

The juvenile hormone analogue (Admiral, from Sumitomo company), was
provided by Prof. Reda Fadeel, Ain-Shams University, Faculty of Science.

Admiral 10% (technicals grade), common name: pyriproxyfen *“4-phenoxyphenol
(RS)-2-(2-pyridyloxy) propyl ether”.

Female treatment:

The hormonal material was administered topically with micro-syringe on the
ventral side of the posterior half of the femae body. Fifteen pg. of the hormonal
material was used per each female. The hormona material was applied to female
ticks at different periods of the reproductive cycle. Pairs of treated females and
normal males were kept separately at 27°C + 1 and 75% R.H. in an insectary. Eggs
were collected daily to follow their hatchability.

Egg treatment:

Newly laid eggs (0-1 h) postoviposition (POP) were treated topically by 1.5,
15, 150, & 1500 pg of the hormona material in 15 pl acetone / 30 eggs respectively.
The hormonal material was applied topically by micro-pipette directly on eggs.

In dipping technigue, newly laid eggs (0-1 h) POP were immersed in 100-200
I acetone solution containing one of four different doses (100, 150, 170, & 200 ug /
30 eggs) of Admiral. The experiment was repeated 5 times (30 x 5) and eggs were
dipped for 1 minute in each solution. Eggs used as control were treated with
appropriate amount of pure acetone.

Evaluation of hormonal effect:

The effect of the hormonal material on the viability of eggs was determined by
counting the number of unhatched eggs 192 h after their treatment (about 24 — hours
after the time they would normally hatch).

Late effect of the hormonal material on post-embyonic development was also
followed for the first generation. Hatched larvae were placed in rearing tubes to
determine percentage mortality of successive larval, nymphal and adult stages.
Statistical Analysis.

The obtained data were manipulated statistically with the help of Prov Anova
in SAS (SAS Institute 1996), in which the equation of the standard deviation, standard
errors, T-statistic values and probabilities (P) were used.
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RESULTS

1. Effect of a selected dose of JHA (Admiral) on viability of eggs laid by Argas
persicus femalestreated at different periods of thereproductive cycle:

In this experiment, females on the day of emergence, 3-days old females and
females just before egg laying (7 — days old), received a dose of 15 pg of the
hormonal material / female. The eggs from normal and treated femal es were examined
for their hatchability.

Data in Table (1) indicate that females treated on the day of emergence with
Admiral exhibit a significant effect (P < 0.05) on viability of eggs laid, where
percentage of unhatched eggs was 16.7 + 1.1 for treated females compared with 1.8 +
0.4 for control ones.

On the other hand treatment of 3 — days old females has a highly significant
effect (P < 0.01) on the viability of eggs laid, where the percentage of unhatched eggs
was 33.5 + 4.7 for treated compared with 3.1 + 0.5 for the control.

Treatment of 7 — days old females aso has a highly significant effect (P <
0.01) on the viability of eggs laid, where percentage of unhatched eggs was 27.2 + 3.1
for treated females compared with 2.3 + 0.3 for the control.

Table (1): Effect of selected dose (15 pg / female) of JHA (Admiral) on viability of eggslaid
by Argas persicus females treated at different periods of reproductive cycle.

Time of Control Treated

treatment of 1 2 3 4 1 2 3 4
females

Treatment at day 97.1 95.3 1.9 1.8 85.0 71.0 14.0 16.7
of emergence +4.1 +4.1 +0.4 +0.4 +2.7 +3.2 +0.6 +1.1
Treatment at 3 93.0 90.1 3.0 31 83.9 56.0 27.9 335
day of +3.7 +3.8 +0.5 +0.5 +2.1 +4.3 +3.8 +4.7
emergence

Treatment at 7" 80.0 78.2 1.8 2.3 77.1 56.0 20.9 27.2
day of +2.4 +2.5 +0.2 +0.3 +1.6 +2.7 +2.4 +3.1
emergence

(1) Average No. of eggslaid

(2) Average No. of hatched eggs
(3) Average No. of unhatched eggs
(4) % unhatched eggs

2. Late effect of JHA (Admiral) on postembryonic development of eggs obtained
from Argas persicus females treated at different periods of the reproductive
cycle:

From Fig. (1), it could be observed that the percentage of total mortality of
postembryonic stages was 16.4% for females treated on day of emergence compared
with 7.2% for the control, where there was a significant late effect (P < 0.05) on
mortality of postembryonic stages (larval and nymphal instars).

Treatment of females on 3 ™ day of emergence with Admiral has a highly
significant late effect (P < 0.01) on postembryonic stages, where percentage of total
mortality was 29.8% compared with 7.2% for the control. This effect was most
pronounced (P < 0.01) during larval instar and 1% nymphal instar, where percentage
mortality were 8.9 + 1.1 and 7.8 + 1.1 %, respectively compared with 1.9 + 0.3 and
1.7 + 0.3 for the control ticks.

Treatment of females on 7" day of emergence with admiral also has a highly
significant late effect (P < 0.01) on postembryonic stages, where percentage of total
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mortality was 21% compared with 7.2% for the control. This effect was most
pronounced on larval and nymphal instars (P < 0.01) especialy first and third
nymphal instars, where the percentage of mortality were5.3+ 1.1, 5.6 + 1.1 and 6.2 +
1.2 respectively compared with 1.9 + 0.3, 1.7 + 0.3 and 1.8+ 0.3 for the control ticks.

O Larval instar

M 1st nymphal instar
0 2nd nymphal instar
W 3rd nymphal instar

%
Mortality

Control

3 day
Time of application

1 day 7 day

Fig. (1)

Fig. (1): Late effect of Admira on postembryonic development of eggslaid by Argas persicus
femalestreated at different periods of reproductive cycle.

3. Effect of direct application of JHA (Admiral) on viability of eggs:

3.1. Topical application:

The results from Table (2) indicated that there is a highly significant effect on
treated eggs (P < 0.01) and the effect is dose dependent, where the percentage of
unhatched eggs increase as dose increases. The effect is most pronounced in case of
using 150 and 1500 pg where percentage of unhatched eggs were 85.9 + 1.1 and 95.9
+ 0.5 respectively.

Table (2): Hatchability of Argas persicus eggs treated topically with different doses of JHA

(Admiral) at day of deposition.
Doseinpg/ No. of treated Av. No. of Av. No. of % unhatching

30 eggs eggs/ batch hatched eggs | unhatched eggs
15 30 27.8+0.1 220+0.1 7.2+0.6
15 30 25.2+0.1 48+0.1 159+0.5
150 30 4.2+0.3 25.8+0.3 85.9+11
1500 30 1.2+0.1 28.8+0.1 95.9+0.5
Control 30 29.0+0.1 1.0+01 3.3+0.1

3.2. Dipping technique:
Results from Table (3) showed that dipping the eggs in acetone solutions
containing 100, 150, 170 and 200 ug of the hormonal material has a highly significant
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effect on eggs, where percentage of unhatched eggs were 8.6 + 0.8, 20.6 + 1.4, 33.3 +
0.9 and 86.6 + 0.9 respectively compared with 6.6 + 0.9 for the control. This effect
was dose-dependent, where percentage of unhatched eggs increases with the increase
of dose.

Table (3): Hatchability of Argas persicus egg treated by dipping in solution with different
doses of JHA (Admiral) at day of deposition:

Doseinpug/egg | No. of treated eggs | Av. No. of hatched Av. No. of % unhatched
mass (30 eggs) per each replicate eggsfrom five unhatched eggs
(30x5) replicates
100 30 26.6 +0.2 34+02 8.6+0.8
150 30 23.8+04 6.2+04 206+14
170 30 20.0+0.3 10.0+0.3 33.3+0.9
200 30 4.0+0.2 26.0+0.2 86.6 + 0.9
Control 30 280+0.2 20+0.2 6.6+0.9
DISCUSSION

1. Effect of a selected dose of JHA (Admiral) on viability of eggs laid by females
treated at different periods of the reproductive cycle:

Since tick oogenesisis classified into three stages, previtellogenic, vitellogenic
stage (at 31 day after emergence), and ovulation stage (just before egg laying) (Diehl
et al., 1982); Therefore findings of the present study indicate that vitellogenic females
of Argas persicus are the most sensitive to effect of the hormonal material, followed
by postvitellogenic females during ovulation, while previtellogenic females are the
least sensitive.

Reduction of fertility of reproducing females by treatment with juvenile
hormone anal ogues was also reported in different species of blood sucking insects and
ticks, Cimex lectularuis (Shaarawi et al., 1981) after treatment with high doses of
JHA (ZR - 515), just before egg laying. This reduction may be due either to an effect
on some later steps in the differentiation and function of follicular cells (Gelbic and
Sehnal, 1973) or to derangement of humora control of oviposition (Matolin and
Gelbric, 1975), in Ctenocephalides felis after treatment with JHA (CGA — 255°728)
(Rosa et al., 2000), in Boophilus microplus after treatment with six JHAs (Mansingh
and Rawlins, 1977), Amblyomma americanum (Teel et al., 1996) and in Hyalomma
dromedarii after topical application on 1% day of oviposition with three JHASs (Bassel,
1974).

Similar to the condition of the fowl tick, Argas persicus, the maximal
sensitivity of females Musca domestica to ovicidal effect of JHA (Sumilarv) has been
observed during vitellogenesis and ovulation (Shambaky et al., 1993).

During the reproductive cycle, difference in the sensitivity of female Argas
persicus to Admiral could be correlated to the difference in the activity of
neurosecretory cells of the treated females and to the titer of the endogenous
gonadotropic hormone that are synthesized by synganglion and released into the
haemolymph of these females. The synganglion produce a gonadotropic hormone
which stimulate the onset of vitellogenesis in the ovaries of Argas hermanni
(Shanbaky et al., 1990 d).

From cytological and physiological evidence, Shanbaky et al. (1990 a),
concluded that number of neurosecretory cells laden with secretion in newly emerged
previtellogenic females (within 24 h) and females during early vitellogenesis (1-2
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days) is relatively high and decrease in late vitellogenic (3 — 4 days) and in
postvitellogenic females (4- 7 days) where gonadotropic hormone reaches a
maximum level in the female hemolymph.

Administration of Admira to the females during periods of high
neurosecretory cells releasing activity would be expected to add to the effect of
endogenous JH and hence lowers or inhibits the releasing activity of neurosecretory
cells of the treated females. However, application of exogenous JHA (Admiral) to
females during periods of maximum titer of endogenous JH would be expected to
induce an augmented effect on the developing ova inside the females which upset the
normal embryonic development in the deposited eggs (Shanbaky et al., 1993). This
argument may explain the relatively low effect of Admiral on the viability of the
deposited eggs when applied to female tick on the day of emergence and its high
effect when applied on 3" and 7" day of emergence respectively.

However, the effect was more pronounced when hormonal material was
applied to female during vitellogenesis (3 days) and before chorion formation and
ovulation (7 days). Apparently, chorion act as a barrier that interferes with penetration
of the hormonal material into egg.

2. Lateeffect of JHA (Admiral) on postembryonic development of eggs obtained
from femalestreated at different periods of the reproductive cycle:

In the present study Admiral caused a delayed effect on the postembryonic
stages of the eggs laid by the treated females of the tick Argas persicus. Hatched
eggs give rise to larvae which suffered from a high mortality rate. This rate was aso
high at second nymphal instar followed by third nymphal instar.

The first observation of latent effect on postembryonic development was
demonstrated by Riddiford and Williams (1967) in silk worm. They suggested that
the late effect of juvenile hormone and juvenile hormone analogues on
postembryonic development may indicate the ability of the hormonal material to
interfere with the programming or latent storage of information for postembryonic
development.

Application of JHAs to oocytes in the female ovaries may show latent effect
on postembryonic development of severa insect species such as Cimex lectularius
(Radwan et al., 1984) and Musca domestica (Shanbaky et al., 1993).

The plant extract of neem seed oil Azadirachta indica induce a significant
increase in mortality rates of newly hatched larvae of Hyalomma anatolicum
excavatum after application on adult females (Abdel-Shafy and Zayed 2002). Melia
azedarach extract caused mortality of Boophilus microplus larvae, 168 h after adult
treatment (Borges et al., 2003).

The possibility of the persistence of the hormonal material in the insect
throughout larval life was disproved by Riddiford (1970, 1971), rather, the applied
JHA must have a direct effect on the embryo, or on the programming of the cells or
on the programming of the corpora alata of the developing larva (Riddiford and
Williams, 1967; Riddiford, 1970).

3. Effect of direct application of JHA (Admiral) on viability of eggs by topical
and dipping techniques:

Topica application of different doses of Admiral, has a significant effect on
the development of Argas persicus eggs treated at day of deposition.

Application of JHA (ZR - 515) to freshly laid eggs of Cimex lectularius
blocked embryonic development during or after blastokinesis;, and it prevents egg
hatching when applied in higher doses, during the first three hours of deposition
(Shaarawi et al., 1982). Topica application of adult females Boophilus microplus
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with Melia azedarach extract did not kill the adult females, but inhibit partialy or
totally egg productions and embryogenesis (Borges et al. 2003). Similar observation
occurred, with Adham and Shoukry (1984), and Benskin and Vinson (1973).

On the other hand, topical application of JHI or JHA to newly laid eggs of
Musca domestica has no effect on viability of treated eggs (Shanbaky et al., 1993),
and application of fenoxycarb to Ixodes dammini eggs has no ovicidal effect on
treated eggs (Slusser and Sonenshine, 1992).

In the present study, immersion of newly deposited eggs of Argas persicus in
Admiral solution of different concentrations for 1 min have a highly significant effect
in reducing egg viability. Dipping technique proved aso to be effective in treatment
of Acheta domestica eggs with dimataf and diflubenzuron that show a good ovicidal
effect on treated eggs (Matolin and Chwakova, 1983), and the same was observed in
treatment of Coleopteran eggs with JHA for 3 seconds (Walker and Bowas, 1970).
Dipping of Phytoseiulus persimilis eggs in 100 ppm of kenoprene, methoprene and
hydroprene inhibit egg hatching by 100% (Mandanalar and Kismali, 1994).
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