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ABSTRACT

\B‘I\c synganglion histology is female M.

dromedertl s described and compared with other
ticks. The sysgangiion, lying in & periganglionic
Mood sinus, is formed by s fused supra-esophageal
part (protocerehrums, cheliceral ganglia, pedipaipal
ganglis and stomodeal pons) and s subesophegeal
port (4 pairs of pedal ganglia and the compl

tick-pathogen associations andof being the center of
neuroendocrine activity, the structural and
functional organization of the nervous tissue of this
highly specialized arthropod group need to be studied
to und: d its b on the physiological
activities of the tick.

L g

The basic structural components of the fused

ot

oplsthosomatic ganglion). The syuganglion is
enciosed within a connective tissue shesth, the
seurilemma. The perinevriom underiles the
wewrilemme and ks followed by the cortical region,
which is scparated from the newoplle by the
subperineurium, Association, motor snd
neurosecretory cell fypes sre the neurons which
together with 4 of S gilal cell types, compose the
cortical 20ne of the synganglion. The fifth giial coll
type s only distributed in the perineurium. Five levels

INTRODUCTION ~ :~,-

v

The tick central nervous system is one of the
suitable sites for multiplication of pathogenic

r ganisms such as spiroch ickettsiac and
viruses (Burgdosfer, 1951; Aeschli 1958;
Roshdy, 1962; Reinhardt et al., 1972; Diab et al.,
1977, Zaher et al., 1977).

Because of the vital importance of this system in the

ganglionic mass, the synganglion, has beens tudied
histologically in the ixodids Boophilus
(Uroboophiiue) cal Birula (Tavileneva, 1965),
B.(U.) microphus C: ini (Binnington ad Tatcheil,
1973), Dermacentor (D.) andersonl Stiles (Douglas,
1943), D. (D.) pictus Hermann (ioffe, 1963), D. (D.)
varlabllis Say (Obenchain, 1974), Haemaphysalis
(H.) flava Neumann (Saito, 1960), Hyslomma (H.)
detritum Schulze, H. (H.) anatolicm Koch
(Tsvileneva, 1965), H. (Hyslommasts) segyptium
Sharif and Rhipicephalus (R.) saaguinews Latreille

(Satis et al, 1971) and the argasids Argas

(Perslcargns) arborems Kaiser, Hoogstraal and Kohis
(Roshdy and Marzouk, 1984), A. (P.) persicus Oken
(Robinson and Davidson, 1914; Satja et al., 1971;
Eisen et al, 1973), Ornithodoros (Alectorobius)
hetleyl Cooley & Kohls (Sonenshine, 1970), O. (0.)
moubata Murray (Eichenberger, 1970), O.
(Paviovakysila) parkeri (Pound and oliver, 1982)and
0. (0.) mvignyi (Christophers, 1906; Evans and
Solomon, 1977).

Recent i igati on Hysl (H.)
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dromedarii Koch have revealed hat this tick is
responsible for th transmission of several arboviruses
{Hoogstraal, 1975; Waod et al.. 1982).

Herein, we describe the synganglion histology of
the female H. & darll to provi ial
information for further investigations on

y cell distribution, and their possibk
ik inh diated events controlling
the vari iological activities of the tick.

PRy (4

MATERIAL and METHODS

Engorged female H. dromedarii coliected from
camels in the imbaba marker. Giza Governorate,
Egypt. were used to start a colony in the NAMRU-3
Medical Zoology lab y. The ticks were fed on
the rabbit Oryetolagus cuniculus using the method of
Berger et al., (1971) at 28 1£1°C and 75% relative
humidity. All animal care and manipulations were in
accordance with the Animal Welfare Act

This is an irregular layer of scattered glial cells which
lies beneath the neurilemma. The celis. 2.1-2.5 um
thick, have clongated nuclei, and ill-defined
boundaries (Figs. 14). The subperineuriom. This
layer of irregularly arranged glial cells. ca. 3-3.5 um
thick (Fig. 2), scparates the cortex from the neuropite.

The cortex. the cortex is composed primarily of
neuronal cells or perikarya, and a few scattered glial
cells (Fig. 1-6). Three major types of ncuronal celis
are observed: the association, motor and
neurosecretory cell types. These cells are classified
according to shape. size, cytoplasm staining
propertics and distribution. Associath -
Two cell types, A and B are included in this category.
Type A cells from the bulk of the cortical layer. They
are oval or rounded is shape, measuring 8.8-10 um in
diameter, each with a central rounded nucleus,

ing 5.5-6 um in di (Figs. 1,3.4). The cell
and nuclear boundaries are very distinct, the
ytopk is finely to coarsely granular. and the

Amendment of 1976 (PLP 14-279 with sub
amendments).

For histological observations, the dorsal and
sometimes the ventral integument were removed and
the synganglion was quickly fixed in modified
Bouin’s fluid (Humason, 1962) for 24 hours. The
synganglion, was then washed in 70% ecthanol,
dehydrated in anascending series of ethyl akcoholand
doubl bedded in celloidin-paraffin. Serial
sections, 5-7 um thick, were stained by Mallory triple
stain (MT) (Pantin, 1959), aldehydefuchsin (AF)
(Ewen, 1962) and the ch h ylin phloxi
{CHP) techniques (Gomori, 1941).

RESULTS

The synganglion of female H. dromedarii, lying in
a periganglionic blood sinus, consists of a
supraesophageal part and subesophageal part, and in
enclosed within a welldefined connective tissue
sheath, the neurilemma (Figs. 1-6). The perineurium
underlies the neurilemms and is followed by the
cortical region, formed mainly of neuronal and non-
neuronal cells which is scparsted from the inner
fibrous core or neuropile by the subperineurium.

The mewllommn. This sheath, 3-3.3 um, is also
reflected into the esophagesl cans] inside the
synganglion to surround the esophagus as well (Fig.
7). In MT-stained preparation, it stains blue
suggesting a collagenous nature. The perinewrium.

nuciear chromatin is in the form of granular
inclusions. Type B cells, known as the globuli cells,
occur in lurge numbers associated with the first pedal
gangli and arc the smallest neuronal cells (Fig. 3).
They are. rounded in shape, measuring 6.0 um in
dimeter, with rounded relstively large nuclei,
measuring ca. 4.5 um in diameter. Cell and nuclear
boundaries are disti the cytopl: is coarsely
{ar and the leus is ch in-rich

Motor cells. These are only few cells which are
easily ized by their relatively large size (Figs. 3.
4). They are rounded (o oval in shape, mearuing ca.
16.5 um in di . The cytoplasm is finelygranul
and lated and the nucleus is ded in shape.
7-1.5 um in diameter, and contains loose thread-like
chromatin and one or two nucieoli.

Neurosecretory cells. These cells are distributed in
several mostly bilaterally symmetrical groups in the
corkéx (Fig. 5). The celis are oval, rounded or
irregular in shape and vary greatly in size. ranging
from 10X 11.5 to 85 X 23.5 um. Their nuclei arc oval

or spherical in shape. ing ca. 7.7 X 5.5 um to
13.2 X 6.7 wn.
These cells i y ial (NSM)

in the form of flocculant, very fine or coarse granules.
The staining affinity of this material differs according
to the stain used. The NSM may accumulsic at the
periphery of the cell or sround the nucleus and are
sometimes disteidused throughout the cytoplasm.

1

e b

e oo,

k.




T ions of the sy lion of semifed M.
dromedar showing the vascular sheath (V Sh)
enciosing the periganglionic sinus (P S). A, type A
iation cells; E, oesophagous; G C, glial celts; N,
cells; NL, i Np. pite; Pe,
periacurium; Spe, subperincurium (X 400)
(Fig. 3)
Transverse section of the synganglion of unfed
fermic H. dvossedaril in the region of the first pedal
mnglis (PG,) showing type B assaciation ceils (B)
and motor celis (M). Lettering as in Figs. 1, 2. (X

7291
(Fig. 4
Transverse section of the synganglion of sernifed

S BT e e AT P e

ferale H. dromedarii showing a motor ceil (M)
among type A association cells (A). c. d. glial cells
types ¢ and d; NI, neurilemma; Pe, perineuriam (X
400}

(Fig. )
Frontal section of the synganglion of unfed (emate
H. darll showing a y cell (NSC)
(X 725)

(Fig. §)
¥ section of -the. synganglion of uafed
femaic H. dromedaril thowing different types of
glial cels (s, b, ¢, d, ¢). E, oesophagous; NI
neurilemma (X 400).
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Glle! cells. These cells include S types differing in
location, shape, and size. Type “a": Fhese celis are
irregularly distributed in the neuropiie:and many of
them accumulate in the area adjacent to he
asophageal croming (Fig. 6). They are owal,
measuring ca. 7 X 3.5 um, and their oval nuclei
measure ca. 5.5 X 2.2 um. Type *b". These cet's occur
among the different ncuronsi cells (Fig. 6). They sre
more ot iess rounded in shape, musnnn; 6-6. (nnm in

e I

Ventrai glomeruli. These two glomerular pairs are

dial to the p bral neuropile ( Figs. 9,
12) and lateral 1o the stomodeal pons, and are
bosrdered laterally by the bases of the cheliceral and
pedipalpal acuropiles. The outer pair is latger (ca.
18.7 um in diameter) than the inner one (ca. 13.2 um
in diameter). Both pairs are closely associated with
the csophageal canal and stain darker than the
protocerebral  meuropile, indicating a  higher

diameter, and the large the maj

of the cell body. Type “c™. These cells are wmend in
the peripheral nerves among the nerve fibers (Figs. 4-
6). They are densely packed and best observed where
the nerves communicale with the corresponding

ile regions. They are d or oval in shape,
meuum.l Humxndnmﬂer Type“d¢™. These cells
form the peri jum just b h the il

(Figs. I, 2, 6). They measure ca. 6.6 um X 2.1 um.
Type “e”. These cells form the subperineurial lsyer
(Fig. 6). They are spindic to oval in shape, measuring
3. 99 um X 3.5 um.

Ganglionic structure of the syngangiion

The supracsophages) part. This part is formed asa
result of the fusion of lht pro(ooenbrum. the
heliceral ganglia, the p pal ganglia and the
stomodesl pons (Figs. 7-l2) NM-.
protocercbrum appears as a single, mednn mass
which ds in the do 1 dil

P Y

The cheliceral mb This pair of ungha

pies the dorsolateral part of the supracsophag
part (Figs. 8-10). Amerionly. the nenropllclppelrsas
2 sphenul | y with
the boarder of the pedipalp 'pn;ln (Fig.

8). Ventrally, the cheliceral neuropiles are interrupted
across the midline by the protocerebrum.

The pedipaips) pnﬂh Thu pair of ganglia is

[ ior to the cheli g . Anteriorly, they
extend obllquely upnds (ans 8, 9) and are
rly by a p phageal

commlswre (Fll 9) The posterior aspect of both

paipel g are adj to the anterior margin
of the first pair of pedal ganglia (Figs. 10-12).

The stormodeal poms. This is the most ventral
wpon of the supraesophageal pan (Figs. 79).

the bases of the cheliceral and pedipalpal il
and dorsal to the stomodeal pom(Flp 8-!2) The
protocerebrum the optic gangl
bilaterally-arranged glomeruli of higher neuropilar
density and & number of interconnecting mcu(ﬁp
7, 9-12). The g li include the d
posterodorsal and ventral glomeruli (Figs. 9-12).
Optic gangla. This pair of ganglia occurs in the most

d i part of the p brum (Fig. 7) as
small, rounded neuropiles with their bases comcndmg
with the ior boarder of the cheliceral

The ceullular cortex surrounds the lateral und vcuml
aspects of this ganglia. Aaterodorsal glomeruli.
These are two glomerular pairs in the middorsal
region of the protocerebral ncuropile (Fig. 10). They
are spherical in shape, the outer pair (ca. 20.9um and
ca. 14.3 um in diameter, respectively) is larger than
the inner one. A very thin dorsl cortical layer
scparates these glomeruli from the perineurium.
Posterodorsal glomerull. This pair of glomeruli,
measuring 17.6 um in diameter, is situated
posterolateral to the anterodorssl glomeruli (Fig. t1).

d ly and ally, the deal
pons neuropile is boardered by a cortex formed
mainly of type A association cells and ncurosccretory
cells (Fig. 7). Posteriorly. the stomodeal pons is
boardered | lly by the pedipalpal neuropiles
(Figs. 8, 9).

The subesophageal part. This part includes the
ncuroplles of the four purs of pedal ganglia and the
plex op ganglion (Figs. 12, 13).

The pedal ganghia. These 4 pairs of ganglia are
metamerically arranged. the first being anterolateral.
the second and third occupying the midlateral region
and the fourth oriented posterolateral in a dorsal
direction (Fig. 12).

The anterolateral margin of the first pedal ganglia
caincides with the posterior aspect of the pedipaipal
ganglia (Figs. 10-12), while the anterolateral margins
of the second., third and fourth pedal ganglia coincide
with theposterior aspect of the precceding pedal
ganglia (Fig. 12). The posterior margin of the first
three pedai ganglia coincides with the iof aspect
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of the foliowing pedal ganglia and the posicromedial
aspect of the fourth pedal ganglia coincides with the
anterolateral margin of the opisthosomaetic ganglion
(Fig. 12). Small dense glomerular lobes, the olfactory
kaots, and anterior subspherical masses formed of
type B association cells are aseaciated with the first
pedal ganglia (Figs. 9, 10).

The comples oplsthosomatic ganglion. This
complex ganglion is located between the
posteromedial borders of the fourth pedal ganglia in
the most posterior region of subesophageal pan (Fig.
12). The compiex nature of this ganglion is mdumd

~v Y% T

shaped commitsure occiirs directty postetior to the
csophagus and extends between the pedipsipal
ganglia. The third, fourth and (ifth commissures are
straight and conmect the second, third and fourth
pedal ganglia, respectively. The extremities of the
sixth commissure sre directed slightly toward the
posterior region of the synganglion. the scventh
commissure the opisth i 1i
anteriorly.

P L ol 4

The second level contists of 2 moderately-densc
bilaterally symmetrical connectives which extend
from the region behind the esoplll‘us 10 terminate

bynuluphdor-lmdvemnl pile proj

The =l layer the pile is

nhmdy mck in the munl region and is
aginated into the pile dorsaily giving it a

trilobed appearance (Fig. 13).

Consectives snd commissures. The horizontal
connectives and vertical commissures of the europilke
occur in five levels. The first level is the most dorsal
one at which 7 distinguished commissures occur (Fig.
14). The anteriormost, asc-shaped commissure
occurs in the sup phageal part and ds the
esophagus anteriorly. The other six commissures are
present in the subesophageal part. The second arc-

_lulln d iorly by a p

1o the opisth lion (Fig. 15).

These connectives give off fibers to the pedal uuha

commissure which gives off fibers anterolaterally to

the pedipaipal ganglie.

The third fevel includes a dense, fibrous, median
ring from which radiate one pair of connectives to the
pedipaipst ganglia and one pair 10 each of the four
puairs of pedal gangtia (Fig. 16).

The fourth level ists of 2 pairs of ivesin
the center of the synganglion (Fig. 17). One pair is
dorsal, medial ad siraight. and the other pair is more

—

-F

(Fig. 19) o
Transverse section of the opisthosomatic ganglion (Ops G) in semiled femaie H. dromedarii (X 250

Fig. 14) A
Frontal section of the synganglion of semifed H. dromedarii at the first level ol ¢ ives and Ty
commissures (Mr 1-7). Ops G. opisthasomatic ganglion: Pg,-,. first to fourth pedal ganglia: Sp P. supmoemphnplpnn s{
X tow) i

(Fig. 1%)
Frontal scction of the synganglion of unfed H. darii at the second level of ¢ i d i howing two " l
(V) and onc & {Mr). Ops. G. opisthosomati ganglion: Pg,-,. first to fourth pedal gangiia: Sb P,

b hageal part: Sp P, sup hageal part (X' 1)

Fig. 16) :
Frontal section of the synganglion of unfed H. dromedarii a1 the third level of ¢ ives and i showing a -
median ring (1) from which radiates connectives (V) to the pedipaipal ganglia and to cach ot the lour pedal ganglia (V,)
(X 1)

Fig. 17
Fromtal section of the synganglion of unfed female H. deowmedarii at the fourth kevel of connectives and commissures
howing two pairs of ives (V,. V) (X 1K)

{Fg 19)
Fromal section of the synganglion of unfed female H. dromedarfi at the fifth kevel ol ivesand i h
three pairs of connectives (V 1-3) and three commissures (Mr [-3). Ot K. olfaciory knots (X 100)
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ventral and is formed of widely separated
which gives off dorsoventral fibers 10 each of the four

pairs of pedal ganglia.

The fifth level consists of three pairs of connectives
and 3 commmum (Fig. 18). The median pair of
ds b the olfactory knots and
the opmhowmuuc ganglion. The other two are
laterally situated, adjacent to cach other and join the
second. third and fourth pedal ganglia of each side.
The 3 i extend b second, third and
fourth pedal ganglia. respectively.

DISCUSSION

The synganglion structure in female H. dromedarii
shows the main evolutionary characteristics of the
nervous system in the other acarines and in the
chelicerata in generai (loffe, 1963, 1964; Tsvileneva,
1964, 1965; Satija et al.. 1971; Binnington and
Tatchell, {973; Obenchain. (974). The cheliceral and

pedipalpal glia | laterad to the
protounbmm in the anterior region of the

supraecsophageal part and the anteroventral position
of the stomodeal pons in this part are common

jeropls (Binnington and Tatchell. 1973). D.
sndersoni (Douglas, 1943), D. pictus (loffc. 1963), D.
variabills (Obenchain, 1974). Hacmaphysalis flava
(Saito, 1960). Hyalomme detritum, H. snatolicum
(Tsvileneva, 1965), H. segyptium, R. sanguineus
(Satija et al, 1971) and the argasids A. arboreus
(Roshdy and Marzouk, 1984), A. persicus(Robinson
and Davidson, 1914; Satija et al., 1971; Eisen et al..
1973), O. kelleyi (Sonenshine, 1970). 0. moubat

(Eichenberger. 1970). O. parkeri (Pound and Oliver.
1982) and O. savignyl(Christophers, 1906; Evans and
Solomon, 1977).

The peripheral nerve trunks and esophagus in H.
derll synganglion «re surrounded by a
periganglionic blood sinus, thus simulating other
ixodid and argasid ticks and most arachnids ( Builock
and Horridge, 1965; Babu, 1965; Marzouk, 1974;
Roshdy and M k, 1984; M k et al,
published data). H . this sinus is lacking in
the mesostigmatid mite, Macrocheles
--uom (Coons and Axtell, 1971) and lhe
igmatid mite, Blankaartia 1]
(Mndlell 1964).

The neurilemma in H. dromedarii is a well-difined,

ive tissue sheath closely

fi in the 1opography of the tick syngangli

(lofTe, 1963, 1964; Tsvileneva, 1965; Eichenberger.
1970: Obenchain, 1974; Pound and Oliver, 1982;
Roshdy and Marzouk, 1984). As in other ticks, the
optic centers in H. dromedaril protocerebrum are

mpresenled by small glomerular formations, and the

emhalhm. the nervous tissue and extending into the
esophageal canal inside the synganglion to sursround
the esophagus. Transmission electron microscopy of
the neural lamella in D. variabilis, Amblyommsa
americanum and Argas arboreus (Coons et al., 1974)

is d by donal
and poslerpdorul glomeruli, lacking glomerular cells
(Hiinstrom, 1928; loffe, 1963; Tsvileneva, 1964;
Obenchain, (974; Roshdy and Marzouk, 1984).

The subesophageal part of H. dromedarii
synganglion is formed as a result of the consolidation
of four pairs of pedal ganglia and the complex
opisthosomatic ganglion. The first pedal ganglia are
situated along the sides of the esophagus. due to the
forward movement of the pedipalpal ganglia into the
supracsophageal part (loffe, (963). Olfactory knots,
amociated with the {irst pedal neuropile, may havea

ible sensory relati to Haller's organ
(Tmlentva. 1964; Obenchain, 1974).

Histological examination of the female H.
dromedaril synganglion revealed basic structural
components similar to those previously described in
the ixodids, B. calearstus (Taviieneve, 1965), B.

has d d d layers of homogeneous,
finely granular, dnsorumzed material. showing
axons which i Yy icles. A
feltwork of collag fibrils showing periodic
cross-banding and embedded in an phis matrix

is found between these layers. This composite
structure of the tick neurilemma is structurally
similar to insect neural lamellar sheath, which allows
relative permeability to nutrients and ionic exchange
(Hess, 1958; Gray, 1956; Baccetti, 1961; Asshurst and
Chapman, 1961; Smith and Treherne, 1963;
Asshurst, 1965, 1968; Asshurst and Costin, 1971;
Teeherne and Pichon, 1972). The tick neurilemma
acts primarily as a protective sheath providing
structural support for the aeural architecture, and
may have a functional similarity 1o that of insects.

The perinevrium in H. 4 §is a
thin hyetof glial cells that lies below the uunlunm,
thus resembling other ticks (Eichenberger, 1970;

e
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tracts in the subesophageal part of H. dromedari
ganglion is similar to that described in D. pictus

perincurium forms a complex serics of

(lofle. 1963). H. detritum and H. anetolicum
(Obenchain, 1974) and A. arboreus (Roshdy snd
M k. 1984). Pound and Oliver (1982) suggest

N ions of glial c:llwhnch
large i Ml ks with narrow
interceltular spaces b dj cell boundari

(Coons et al., 1974). A notabie difference between
ixodids and argasids occurs in the structural
organization of the perineurial glia! cells (Coons et
al., 1974 ). In the ixodids Amblyomma americanum,
B. microplws and D. variabllis (Conns et al., 1974,
Binnington and Lane, 1980) these cells inck
mmeellulnr spaces and contain large glycogen

The i ltular spaces are thought by
tho.e authors to reflect a difference in the trophic
requirements in the two families of ticks. Binnington
and Lane (1980) suggested that the increase in the
glycogen level in B. microplus perineurial cells may
provide an important store of enesgy for the central
nervous systom as in the cockroach, Periplanets
smericans (Wigglesworth, 1960). The
subperineurium layer of glial cells separating the

that this system not only provides linkage of ganglial
elements occurring within each of the two major
gangliai parts, but also integ; ge of impul
between them.

The present anatomical data on the cellular
of the synganglion cortex provides base
line data to clarify the hanism of i
and h production in H. d dartl. Work in
this direction is underway.
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cortical zone from the pile in H. dromedarii
synganglion is similar to that described in the mite,
Macrocheles muscadomestica (Coons and Axiell,
1971), and the ixodid tick D. vasiabilis (Obenchain,
1974). It is not found in other ticks (Tsvilencva, 1964;
Eichenberger, 1970).

The distribution of the 'eelltypesinlhe
cortical zone of H. 4, darii
taht described in other ticks (Ethenberger 1970;
Coons et al., 1974; Obenchain, 1974; Obenchain and
oliver, 1975, Roshdy and Marzouk, 1984).
Associstion, motor and ncurosecretory neurons in H.
dromedarii usually occur in bilateratly symmetrical
groupl Axm olher ticks. the first pedal ganglia in H.
smail pact masses of type B
forming globuli cells.

Four of five types of glial ceils occurring in lhe
cortex and pile of H. dromedarii
are similar to those described in A, M(Rahdy
and Marzouk, [984), D. pictus (loffe, 1963). H.
segyptium and R. sanguineus (Satijs et al.. 1971)and
0. moubats (Eichenberger, 1970). However, the fifth
type (“c” cells) is only distributed in the
subperineurial tayer of H. dromedarii and also in D.
variabilis (Obenchain, 1974; Obenchain and Oliver,
1975).

The basic izati of ives and

commissures in a fivedevel system of nerve fiber

criticaily reading the manuscript. Thanks are also due
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REFERENCES

I. Aeschlimann, A. (1958): Developpement
embryonnaire d4'Ornithodoros moubats
(Murray) et transmission transovarenne de
Bocrelis duttonl. Acta Trop. 15: 15-64.

2. Ashhurst, D.E. (1965): The connective tissuc
sheath of the locust nervous system: s
development in the embryo. Q. FJ. Microsc. Sci
168: 61-73.

3. Ashhunt, D.E. (1968): The connective tissue ot
insects. Ann. Rev. Ent. 13: 45-74.

4. Ashh D.E. sad Chep JA. (1961 The
connective-tissue sheath of the nerssus system of
Locusta migratoria: an eleciron microscope
study. Q. FJ. Microsc. Sci. 102: 463467,

5. Ashhurst, D.E. and Costin, N.M. (1971): Insect
mucosubstances. 1. The mucosubstance of the
central nervous system. Histochem. J. 3:297-310.

6. Babu, K.S. (19651 Anatomy of the central
nervous system of arachnids. Ph.D. Thesis. Sri
Venkatesivara Univ. Tirupati. Andhra, Pradesh.
India Zdol. Jb. (Anat.). Bd. 82, 5: |-154.

7. Bactettl, B. (1961): Indagini comparative sulla
ultrastrutiurs della fibrilla collagene nci diversi
ordimi degli insetti. Redia 46: 1-7.




s

8. Berger, RS Dukes, J.C.and Chow, Y.5.(1971)
Demonstration of 8 sex pheromone in three
species of hard ticks. J. Med. Ent. 8: 84-86.

9. Bianingten, K.C. and Tutchell, R.J. (1973 The
nervous sysiem and neutosecretory cells of
Soophilus microples (Acarina: Ixodid: Z.
Wiss. Zool.. S.A. 188: 193-206.

10. Bianington, K.C. and Llame, NJ. (1990
Perineurial and glial cells in the tick Boophilus

icrophs (A . Ixodidac) frecze-fi

and tracer studies. J. Neurocytology %: 343-362.

11, Dullock, T.H. and Horridge, G.A. (1965
Structure and Function in the Nervous System of
In b San Francisco and London: W.H.
Freeman and Company, 2 vols., 2517 pp.

12. Burgdorfer, W. (1951): Anslyse des
infekti laufes bei Omnithod: b
{Murray) und der lichen Ubertragung Von
spirochseta duttoni. Acta Trop. §: 193-262.

13. Christophers, S.R. (1986): The anatomy and
histology of ticks. Sci. Mem. Offrs. Med. Sanit.
Dep. India, n.s., (23) 58 p~.

14. Cooms, L.B. and AxteB, R.C. (1971) Cellular
organization in the synganglion of the mite
Macrocheles muscsedomestica (Acarina:
Macrochelidac): An ck microscopic study.
Z. Zeitforsch. 119: 309-320.

1S. Cooms, L.B.; Roshdy, M.A, and Axted, R.C.

(1974x Fine structure of the central nervous
y of D variabilis (Say),
Ambly b (L.) and Argas
arborus Kaiser, Hoogstraal and Kohis
(Ixodoidea). J. Parusit. 68: 687-698.

16. Diab, F.M. and Solimesa, Z.R. (1977k An
experimental study of Borvella anstrina in 4
species of Argasticks. Spirochete localization and
denaities. Z. Parasitenk. 8% 201-212.

17. Douglas, J.R. (1943% The internal anatomy of
Dermacentor andersond (Stiles). Univ. Calif.
Dubl. Eat. 7: 207-272.

18. Eichenberger, G. (1970) Das Zentralnerven-
system on Omithod shats Murray
Ixodoidea: Argasidac, und seine postembryonal
Emwicklung. Acta Trop. I7: 15-53.

19. Elsam, Y.; Warbwrg, M.R. and Gelun, R. (1973
Neurosecretory activity as related to feeding and
oogenesis in the fow] tick Argas persicus (Oken).
Gen. Comp. Endocrinol. 21: 331-340.

20. Evans, A.A. snd Solomon, K.R. (1977

etion in Ornithod savigayl
{Audovin) Ixodoidea: Argasidse. The

distribution of neurosccretory cells in the brain.
Onderstepoort. J. Vet. Res. 44: 127-130.

21. Ewen, A.B. (1%2): An improved aldchyde
fuchsin staining techniyue for ncurosecretory
products in insecs. Am. Microscopal. Soc.
Trans. 81: 94-96.

22. Gray, E.G. (1989 Electron microscopy of

collagen-like connective tissue fibrils of an insect.

Proc. R. Soc. B. 158: 233.239.

Gomori, G. (1941): '10bservations with

differential stains on human islets of Langerhans.

Am. J. Pathol. 17: 395-402.

24. Haontrlem, B. (1928% Vergieichende Anatomic
des Ner der wirbell Tiere unter
besonderer Beriicksichtigung seiner Funktion.
Berlin Springer Veriag. pp. 1-628.

25. Hewm, A. (1958} The finc structure of nerve cells
and fibres, glia and sheaths of the gangli
chain in the cock h (Periph T )
J. Biophys. Biochemcytol. 4: 731-742.

26. Hoogstraat, H. (1978); Book review (The ixodid
ticks of Kenys). J. Parasit. 61: 4.

27. Humason, G.L. (1962): Animal tissue technigues.
W.H. Freeman and Co.. San Francisco. 468 pp.

28. nloffe, 1.D. (1963): The structure of the brain of
Dermacentor pictus Herm. (Chelicerata,
Acarina). Zool. Zh. (Moscow). 42: 1472-1484.(In
Russian).

29. loffe, 1.D. (1964): Nervz apparatus in
Dermecentor pictus Herm. (Chelicerata,
Acarina) and its y function (in relation to
diapause). Avioref. Diss. Saisk, Uchen. Step.
Kand. Biol. Nauk (Moskov. Ord. Lenina Trud.
Krasn. Znam. Gos. Univ. im M.V. Lemonosov.
Biol. — Pochven. Fak) Moskva. 16 pp.

30. Marzouk, A.S. (1974): Anatomical and
histological studies of the nervous system in some
terrestrial arthropods. M.Sc. Thesis. Ain Shamy
Univ., Egypt.

31. Mischell, R. (1964) The anatomy of an adult
chigger mite Blanksartis acwscutellaris (Walch).
J. Morph. $14: 373-392,

32. Obenchain, F.D. (1974): Structure and

ical relationships of the synganglion in the
American dog tick, Dermecentor variabilis
(Acari: Ixodidae). J. Morph. 142: 205-223.

33. Obenchain, F.D. and Oliver, J.H. (1975)
Neurosecretory system of the American dog tick,
Dermacentor variablils (Acari: Ixodidae). 11
Distribution of secretory cell types. axonal
pathways and puiative neurohemal.

2

-




TN M T T T

neuroendocrine associstions, compantive
histological and anatomical implication. J.
Morph. 145: 269-293.

319

Argas persicus Oken (Acarina: Arachnida). Zool.
Pol. 21: 197-221.

42 Smith, D.S. and Treherne, J.E. (1963):

F | asp of the of the

: 34. Pentia, C.F.A. (199) Notks on microscopical
3 hniques for zoologists. Cambridge University insect nervous system. In: Advances in Insect
- Press, New York and London, 77 pp. Physiology. Vol. 1. J.W.L. Beament, J.E.
N 35. Pound, J.M. aad Qliver, J.H.(1962): Synganglia! Treherne and V.B. Wigglesworth ods. Academic
. and neurosecretory morphology of female Press, London and New York. pp. 401-484. {
; Omithodoros parkeri Cooley (Acari: Argasidae). 43. Sonenshine, D.E. (1970k A contribution to the
J. Morphology 173: 159-177. internal anatomy and histologgy of the bat tick
. 36. Reinhardt, C., Aeschiimann, A, and Hecker, H. Omithodoros kelleyi Cooley and Kohls, 1941, 11,
. (1972): Distribution of Rickettsia-lke The reproductive, muscular respiratory,
; microorganisms in various organs of excretory, and nervous system. J. Med. Ent. 7:
i Ornithod b lab y strain 289-312.
“ (Ixodoidea, Argasidae) as led by electron 44, Treherne, J.E. and Pichon, Y. (1972) Insect
B microscopy. Z. Parasitenk. 39: 201-209. blood barrier. Adv. Insect Physiol. 9: 257-313. o
37. Robi L.E. and Davidsos, J.D. (1914} The 45. Tavileneva, V.A. (1964): The nervous system ol 1
y of Argas persicus (Oken), 1818. Part 3. the ixodid ganglion. Zoologische Jahrbucher
Parasitology 6: 217-256. Anatomic und Antogenie der Tiere 81: 576-602.
38. Roshdy, M.A. (1962): The structure of the 46. Tavileneva, V.A. (1965): The nervous structure ol 1
[ lular rickettsia-like mi gani in the ixodid synganglion (Acarina. ixodoides). 4
ticks. and the relationship of the micro-orgs Entomol. Rev. 44: 135-142.
; to the acarines and their tissues. Ph.D. Thesis. 47. Wigglesworth, V.B. (1960): The nutrition of the 1
. London University. central nervous system of the cockroach,
39. Rashdy, M.A. and Marzouk, A.S. (1984) The Periplaneta americana. The mobilization ot
. subgenus Persicargas (ixodoides: Argasidac: reserves. J. Exp. Biol. 37: 500-512.
' Asgasi: A. {P.) arboreus central nervous sysiem 48. Wood, 0.1.; Mousaa, M.1.; Hoogstraal, H. and
anatomy and histology. J. Parasit. 70: 774-787. Bittiker, W, (1982): Kadam virus (Togaviridae,
40. Saito, Y. (1968): Studies on ixodid ticks. Part 1) Flavivirus) infecting camel-parasitizing 1
The internal anatomy in each stage of Hyalomma dromedarii ticks (Acari: Ixodidae)in
haemaphysatis flava Neumann, 1897. Acta Med. Saudi Arabia. J. Med. Entomol. 19: 207-208.
Biol.. Niigata 8: 189-239. 49. Zaher, M.A.; Soliman, Z.R. and Diab, F.M.
4). Satija, R.C.: Sharms, S.P. and Kbanns, S. (1977} An experimental study of Borrelia
R (1971); Histologicul studies of the neural anserina in four species of Argas ticks. 2.
. structures of three ticks, Hyslomme segyptium Transstadial survival and transovarisl \{
% Sharif. Rhipicephalus sanguineus Latreile and ission. Z. Parasitenk. $3: 213-223.
i
X A
i
§
{
!
!
1
]
t
i
‘ i
|
f
l
' |
I
i
1
|
- . " P AJ




320

S B A il gl lyicdl A1
Sl g ;3 (Wdla) aylla 543 o0
SN A gt mat AU s el iy i 0 e
oW Oyl ol 05 g a3 s 4 o g A ) ISy ]l Ll )
«T3 00 AL S, AW & ondl Gl Egndl iy,
ot Wl ay (S i 5Ty sk ple 5 ) Wresd & S el AT M1 G2
.Sy
I Y1 s bl ity LSS ill o 9 59 S il e 0 cstadl o] 09y
Sl i) ol T g T e (595 a0 SV 03 O g s it st U el s
A G il o, VY 0!
o P 5% Gy g Sy B2 3 SN rDN EFVH 1) IV S0 (- S S | S
A A a3l bk Loy daae WS 0 86xSe Lilaie ¢ dneas b WD 0 2d ol Pl
Al Shmgll o by 3l S s o L 09 ez S
Umge 3055 ) W Sl 510 ] S 230y et LY o bt gy
LA U r el T o ot ST ST & 510 Ut 30 WSy o ey Juts

PV PR 1AAN (1) A el ol iy el

\uof

PRI AT ok T Wt 4

e iincy -

e . - . v A o Y

S -

LI T T = ¥ Pr——

| S L L ™




S'E]ED
C

SECUR) s CSCATION OF 1 +15 PAGE

REPORT DOCUMENTATION PAGE

la REPORT Si  IRITY CLASSIFICATION b RESTRICTIVE MARKINGS
UNCLASSIFIiD
2a. SECURITY CLASSIFICATION » UTHORITY 3 ODISTRIBUTION/ AVAILABILITY OF REPORT

Approved for public release;
Distribution is urllimited

b DECLASSIFIC ATION/ DOWNGRADING SCHEDULE

, -
4 PERFORMING DRGANIZATION ASPCAT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
13/88
6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a NAME OF MONITORING QRGANIZATION ] ]
U.S. Naval Medical Research ‘If 2 Iicablﬁ) The Office of Naval Research, Microbiology
Unit No.3 !';:REE # Program, Naval Biology Projects
6¢. ADDRESS (City, State, and 2. Code) 7b. ADDRESS (City, State, and ZIP Code) 4
FPO New York 09527-16C0 Arlington, Virginia-
Ba NAME OF F _vowclspi)wéogwc L 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENT!FICATION NUMBER
ORGANIZAT: N Nava edica (If applicable)
R RO41-26-01, NR205-040
Research ar 1 Development Command gg\b/;MEDRSCHDEV !
8c. ADDRESS (Cit:, Stte, and ZIP Codle) 10. SOURCE OF FUNDING NUMBE™S
‘ mand tional Capital Region | PROGRAM PROJECT TASK WORK UNIT
Naval Medi al Command, National Cap El ELEMENT NO. | NO.3M1611~ | nO ACCESSION NO

Bethesda, O 20814-5044 61102a 02BS10 AD DA301560

1 TITLE (Include Security Classificition)
Synganglion Histology of the Camel Tick Hyalomma dromedarii (Acari:Ixodoidea:Ixcdidae).

|_(NCIASSIEIEDY ,

12 PERSONAL AUTHDR(S) = ‘
Marzouk, Aleya S.*, - alil, Galila M.+, Mohamed, Fatma S.A.* and Abdel-Kawy, Soheir*
13a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day}) |15 PAGP COUNT

FROM 10 N 1986, December 12

16 SUPPLEN.  'RY NOTATION
Published in: Eqypt. J. Histol., 9(2):309-320, 1986; Acc. No. 1499.

17 COSATI CODES 18. SUBJECT TERMS (Corntinue on reverse if necessary and ider:ify by block number)

£ ROUP B-GRC .+" . . . . .
ELO GROU SUB-G - Ticks; Hyalom.a dromedarii; Histology; Synganglion.

19 ABSTRACT (Continue on reverse if necessary and 1dentify by block number)

The synganglion histology in female H. dcromedarii is described and compared with o:=r ticks.
The synganglion, lving in a perigancglionic blood sinus, is formed by a fused supra-: sophageal
part (protocerebrum, cheliceral ganglia, pedipalpal ganglia and stomodeal pons) anc¢ = sub-
esophageal nart (4 pairs of pedal ganglia and the complex opisthosomatic ganglion). tThe syn-
ganglion is enclosed within a connective tissue sheath, the neurilemma. The perineu: ium
underlies the neurilemma and is followed by the cortical region, which is separatec Irom the
neuropile by the subperineurium. Association, motur and neurosecretory cell types a:¢ the
neurons which together with 4 of 5 glial cell types, compose the cortical zone of t' : syn-
ganglion. The fifth glial cell type is only distributed in the perineurium. Five le :ls of
fibrous horizontal connectives and vertical commissures occur in the neuropile.

*Zoolow: Departmeht_, Faculty of Science, Ain Shams University, Cairc, Egypt.
+Zooloc v Department, Faculty of Sclence, Qatar University, Qatar.

20 DISTR. . TION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
80 unceassrieoNUMITED [ SAME AS RPT  [] OTIC USERS UNCLASSIFIED
723 NAM. OF RESPLCSIRLE INDIVIDUAL 22b TELEPHONE (inciude Area Code) | 22¢ QFFICE SYMBOL
Regearch Publiic:cions Branch 011-202-820727 R.P.B.
DD FOR:-: 1473, 8 VAR 83 AP edition may be used until exhaustec

SECURITY CLASSIFICATION OF THIS P&
. B US Qovernment Printing Office. 11 ks 1]

UNCLASSIFIED

All other editions are obsolete

7

AN



