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SUMMARY :

The relationships between hormones and sex pheromones
produced by ticks for communication during reproductive processes
are being irvestigated. Natural (tick-originated) ecdysteroids
and juvenile hormones are to be identified and characterized
chemically and biologically. Hormones of known identity are
being applied to different developmental stages of ticks to
determine whether these treatments disrupt sexual communication.
Insect hormones and natural tick hormones are to be tested
comparatively by the same biological parameters. The hormone-
producing organs and major biosynthetic steps is under
investigation.

When natural tick hormones are characterized and their
regulatory roles clarified, it may be possible to interrupt or
suppress hormone synthesis and production or to apply antagonists
to disrupt hormone action on sex pheromone activity. Biological
control, using natural tick hormones or proven bioactive analog-
ues, is especially attractive. These compounds may be used as
systemics in vertebrate hosts of ticks with little or no effect
on the mammals. This study will serve as a useful model for
developing pest control strategies employing innovative
biological

control mechanisms.

SPECIFIC AIMS:

The specific aims of the investigation are to:



1. Determine the nature of interactions between natural
tick hormones and sex pheromones, specifically the roles of
ecdysteroids and juvenile hormones (JH) in the development and
re,ulation of sex pheromone systems.

2. Identify the chemical nature of tick ecdysteroids,
especially those that stimulate the development and activity of
sex pheromone glands.

3. Investigate the source and biosynthesis of tick
ecdysteroids associated with sex pheromone system(s) as well as
compounds that may disrupt their production.

4. Investigate the role of juvenile hormones (JH), using
tick-originated JH and/or JH analogues, on the development and
activity of sex pheromone system(s).

5. Investigate the role of sex pheromone(s) other than 2,6~
dichlorophenol (DCP) and/or allomones in the ixodid tick mating
processes.

. Develop the knowledge of specific tick hormone-pheromone
interactions for use in biological control of important tick

species.

BENEFITS TO EGYPT:

This project will provide immediate and long lasting
benefits to Egypt. The basic research is at the forefront of
contemporary scientific investigation. Egyptian personnel will
be trained to use the most advanced biochemical and molecular

techniques, which they may use in turn to train colleagues at



local institutions. Specifically, Egyptian technical personnel
will acquire skills in High Performance Liquid Chromatography
(HPLC), Gas Chromatography, Radioimmunoassay (RIA) and Enzyme
Linked Immunosorbent Assay (ELISA). They will learn biological
techniques (e.g., tissue culture) and acquire an understanding of
current knowledge in major scientific disciplines related to this
project. This investigation, operating with Egyptian consultants
and graduate students, will also have a ripple effect, attracting
advanced students and faculty for graduate and postgraduate

training.

ARTHROPOD CONTROL::

In numerous developing nations. ticks are a major problem
affecting public health and livesto=~k production. This research,
directed toward tick control using the camel tick, Hyalomma
dromedarii, as the model species, combines basic research with
immediate application of new techniques to control these and

Oother pests.

NEW AND INNOVATIVE CONCEPTS:

This project proposes to control ticks by using hormones or
hormone analogues to disrupt the mat ing process, thereby
diminishing reproduction and limiting population growth. The use
of pheromones to control arthropod pest porulations to prevent
mating is not new; the use of hormones or hormone analogues to

pPrevent mating is unique. Hormones may also be adniinistered (as



systemics) to the host mammal to minimize tick feeding and
development. These molecules can be used without harming
livestock. Other innovative techniques include (1) controlled
release of tick sex pheromones, so that the sexes do not mate and

reproduce, and (2) natural tick repellents.

SCIENTI1FIC PROGRESS:

The effects of 20-hydroecdysone (20-HE)} on the lateral
segmental organs and on the neurochemal organs were observed in
the emerging unfed, semifed and fully engorged female Eyalomma

dromedarii and compared with those in untreated ticks. The

effect induced by 20-HE included (a) The lateral segmented organs
in each group of treated female were comparatively larger than
that in the untreated ones, and (b) the dorsal lobes of the
neurohemal organs were comparatively smaller. The results
suggest that the lateral segmented Oorgans play a role in ecdysone
production.

The effects of 20-~HE on neurosecretory cell activity in

adult female Hy. dromedarii was investigated. 1In emerging adult

femaies, some neurosecretory cells (NSC) in certain synganglion
centers exhibited changes in size and/or neurosecretory material
(NSM) shape, distribution and/or quantity. These changes were
compared with those normally occurring in untreated unfed,
semifed virgin and mated, and engorged females. 20-HE effects
included (a) accelerating the changes induced by mating and/or

feeding in certain NSC, (b) recucing, to various extents, NSC



response to mating and feeding, and (¢) inducing changes in some
NSC which do not normally exhibit any changes in untreated
females. The results suggest that (a) most femaie NSC respond
more or less similarly to indigenous 20-HE, (b) 20-HE may have a
role as a positive feedback regulator for NSM synthesis and/cr
release by certain NSC, (c) the response to 20-HE may be
primarily a function of NSC location in the synganglion, and/or
(d) NSC considered to be of One type may actually belong to
different cell types.

The biochemical effects of 20-HE on embryogenesis were
examined in Hy. dromedarii. Tho- €xogenous ecdysteroid stimulated
significant increases (p < 0.85) in protein and RNA synthesié.
Glucose 6-phosphate dehydrogenase increased ang alkaline
phosphatase decreased significantly (p < 0.85) in activity in
eggs from 20-Oil~ecdysone treated ticks. Only a slight increase
(1-3%) in DNA synthesis occurred in these eggs. No Observable
differences were detected in total lipid and phospholipid
concentrations, malate dehydrogenase, lactic dehydrogenase, acid
phosphatase and acetylcholinesterase between eggs from treated
and control ticks. Stimulation of Protein and RNA synthesis in
eggs from treated ticks suggests possible exogenous ecdysteroid
conjugation and release during oogenesis and early embryogenesis,
respectively.

The effects of 20-HE on some isozymes were examined in Hy.
dromedarii. Eggs were ccllected 0-20 days postoviposition and

the changes in isoczyme patterns of acetylcholinesterase, lactic



acid dehydrogenase, malate acid dehydrogenase, acid phosphatase,
alkaline phosphatase and glucose 6-phosphate dehydrogenase were
studied in eggs deposited by 20-HE treated and control females.
There were no detectable differences in acetylocholinesterase,
lactic acid dehydrogenase, malate acid dehydrogenase, acid
phosphatase, and alkaline phosphatase isozyme patterns between
eggs from untreated and trezted females. Glucose 6-phosphate
dehydrogenase shows differences in isoenzyme mobility ratio. The
development of the 7 and 5 multiple forms of esterases and lactic
acid dehydrogenase respectively was evident during late embryo-
genesis. No change in malate acid dehydrogenase, glucose 6-
dehydrogenase, acid phosphatase and alkaline phosphate isozyme
patterns occurred during embryogenesis.

The biochemical effects on developing oviposited eggs from
juvenile hormone III (JH II1) trented mated females were studied

in Argas arboreus. The exogenous JH 111 caused a deciease in

total proteins (P<@.501) only during the first 2 days of embryo-
genesis. No significant difference (P>@.05) between RNA and DNA
contents from control and JH-eggs. No significant differences
(P>0.05) were observed between control and JH eggs in their lipid
or phospholipid contents throughout embryogenesis. A total of
14-17 protein bands and 6-8 glycocprotein bands was separated by
electrophoresis during embryogenesis of A. arboreus with some
differences in mobility ratio between bands from control and JH
eggs. Change in activity and isozyme patterns of esterases,

malate acid, lactic acid, glucose 6-phosphate dehydrogenase and



acid phosphatase, alkaline phosphatase were studied during
embryogenesis of control and JH treated A. arboreus. No differ-
ences were detected in either the activity nor the isozymes
studied between eggs from treated and control mated females A.

arboreus.
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Principal Investigator:
Dr. Andrew J. Mairn,

Medical Zoology Department, NAMRU-3, Cairo, Egypt

Co-Prinicipal Investigator:

(To be hired)

Consultants, On-site participants:
Dr. Ahmed I. Gadallah
Plant Protecticn Department, Faculty of Agriculture,

Al Azhar University, Cairo, Egypt

Dr. Aleya S. Marzouk
Zoology Department, Faculty of Science
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Dr. Mohamed A. Roshdy
Head, Zoology Department, Faculty of Science

Ain Shams University, Cairo, Egypt
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Consultants (unsalaried), Off-site:
Dr. Daniel E. Sonenshine
Department of Biological SCciences, 01d Dominion University

Norfolk, Virginia, Usa

Pr. Paul J. Homsher
Department of Biological Sciences, 0l1d Dominion University

Norfolk, Virginia, USA

Dr. James H. Oliver, Jr.
Department of Biology, Georgia Southern College
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Pr. Galila Khalil
Head, Zoology Department, Faculty of Science

Qatar University, Doha, Qatar
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Cairo University, Cairo, Egypt

Dr. Nadia Helmy
Entomology Department, Faculty of Science

Ain Shams University, Cairo, Egypt
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Ms. Saher Ibrahim
Zoology Department, Faculty of Science
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Ms. Zakia Ashmawy
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