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The integument of Argas persicus was investigated using light, scanning and
transmission electron microscopy. The study revealed that two layers, viz. an
outer epicuticle and an inner procuticle, form the cuticle. The epicuticle includes
wax, cuticulin and protein epicuticular layers. The wax layer carries numerous
crater-like deposits, oval or circular discs and numerous infoldings. The pro-
cuticle contains an exo-, endo- and a subcuticle. Underlining the cuticle, flattened
epidermal cells are connected via desmosomes and contain rough endoplasmic
reticulum, free ribosomes and mitochondria. Scattered dermal glands are located
beneath the cuticle and are continuous with the outside through dermal ducts and
surface pores.
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1. Introduction

Of'the ca. 800 known species of ticks, nearly 100
are capable of transmitting bacterial, viral, and
protozoal agents to humans. Worldwide, ticks are
important vectors of systemic diseases (Steen et
al. 2004). Parasitism of hosts by ticks, and infec-
tion by tick-borne pathogens, constitute signifi-
cant medical and veterinary problems, and the as-
sociated economic losses are considerable. Dur-
ing the last decade, some 400 cases of tick-borne
rickettsioses have been reported both in humans
and in animals (Jensenius et al. 2004).

Due to their immense medical and economi-
cal importance, argasid ticks are the focus of this
report. These ticks transmit a great variety of mi-
crobial diseases both to domestic animals and hu-
mans. Argas species are also known to transmit

the rickettsial agent, Aegyptianella pullorum, to
chickens and geese in the tropics and subtropics
of'the old world, and the fowl spirochete, Borrelia
anserina, to domestic poultry, canaries, guinea
fowl and pigeons in South America (Saunders
1990). Infestation with A. persicus larvae has also
been documented to cause fatal flaccid paralysis
of chickens (Rosenstein 1976).

The integument of arthropods consists of a
single-layered hypodermis and a multi-layered
cuticle. These layers form the exoskeleton that of-
fers mechanical protection against the environ-
ment, determines the size and colour of the ani-
mal, and can only grow to a certain extent (Con-
doulis & Locke 1966). The cuticle also plays an
important role in regulating water balance and
providing support (Amosova 1983). The cuticle
itself is a fibre composite material in which the



chitin, in the form of microfibrils, is embedded in
a protein-lipid matrix (Barth 1973).

Integuments of soft and hard ticks, as those of
other arthropods, have been shown to consist of a
cuticle and an underlining layer of epidermal
cells that secrete the cuticle (Balashov 1972).
While most electron microscopy (EM) studies of
the tick integument have mainly focused on hard
ticks (Ixodidae) (Nathanson 1967, 1970, Beadles
etal. 1973, Beadle 1974, Filshie 1976, Amosova
1983, Walker et al. 1996a, b), little is known
about the ultrastructure of the integument of soft
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Fig. 1. Integument light
micrographs of an un-
fed female Argas persi-
cus. —a. Transverse
section showing the dif-
ferent layers of the cuti-
cle underlain by epider-
mal cells (EC). — b. Top
view of the integument
showing dense discs
(DD) and dense depos-
its (DP) separated by
extensive infoldings
(IN). — c. Transverse
section showing a
dense disc that is con-
tinuous with the epicu-
ticle. —d. Transverse
section showing a der-
mal gland (DG) with ca.
7 cells between the flat-
tened epidermal cells.
The gland is connected
to the outside through a
gland duct (GD). CL =
cuticulin; EN = endo-
cuticle; EP = epicuticle;
EX = exocuticle; PE =
protein epicuticle; PR =
procuticle; WL = wax
layer.

ticks. Therefore, the main goal of this study is to
shed light on the ultrastructure of the integument
of soft ticks to unravel targets for developing po-
tential anti-tick drugs and/or vaccines.

2. Materials and Methods

A. persicus was obtained from a colony main-
tained in the Biology Department laboratories,
Faculty of Science, UAE University, UAE
[grown at 28 (£3) °C and 75 (+5)% relative hu-
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Fig. 2. Integument scanning
electron micrographs of an
unfed female Argas persi-
cus. — a. Sector of the in-
tegument containing exter-
nal pores (arrows) of the
dermal glands. — b. Higher
magnification of dense
discs (DD) and deposits
(DP) separated by in-
foldings (IN). — c. Higher
magnification of the pore
(PO) surrounded with
numerous infoldings.

midity]. The domestic pigeon Columba livia do-
mestica was used as a host.

Unfed female ticks were fixed in 3% buffered
(pH 7.2) glutaraldehyde for scanning electron mi-
croscopy (SEM) and dehydrated in a graded se-
ries of ethanol. The prepared specimens were
desiccated and then sputtered with gold using a
sputter apparatus (BAL-TEC CPD 030). The sur-
face topography was examined using a SEM
(JOEL-ISM2).

The unfed female ticks were dissected in
phosphate-buffered saline, pH 7.2. Dorsal integu-

YRR,

ment was fixed with 3% and 1% buffered (pH
7.2) glutaraldehyde and buffered (pH 7.2) OsO4
respectively. Samples were then washed in phos-
phate buffer, dehydrated in a graded series of eth-
anol and embedded in epoxy resin. Semi-thin sec-
tions (1 pm) were treated with methylene blue
and examined with a light microscope (LM;
LEITZ DMRB). Ultrathin sections were stained
with uranyl acetate and lead citrate (Venable &
Coggeshall 1965) and were finally examined us-
ing a Philips transmission electron microscopy
(TEM).



196

3. Results

Histological studies of the integument of unfed
A. persicus showed that it consists of an overlying
cuticle, underlain with epidermal cells. The cuti-
cle is divided into two distinct layers, a thin outer
epicuticle and a thicker inner procuticle.

The epicuticle is composed of wax, cuticulin
and protein epicuticle layers (Fig. 1a). Nomencla-
ture of these layers was according to Amosova
(1983) and Walker et al. (1996a). The outermost
wax layer is characteristically very thin (ca. 0.2
pum) (Fig. 1a). Numerous dense crater-like depos-
its (ca. 7.5 um in height) are shown in the
epicuticle (Figs. 1b, 2a—b, 3a). In addition to these
deposits, multiple circular, semi-circular and oval
discs (4-7 pmin height and 127-233 pm in diam-
eter) are separated by extensive infoldings (Figs.
1b, 2b—c). These discs appear in the upper border
of the procuticle and are traversed by small irreg-
ular canals (Fig. 3b). The cuticulin is a dense and
thin (ca. 0.045 um) layer followed by a less dense
and thick (0.45-0.6 um) protein layer (Fig. 4a).
Numerous narrow (0.03—0.045 um in diameter)
canals appear to traverse the epicuticular protein
layer (Fig. 4a).

The procuticle has a total thickness of ca. 3.7—
9.2 um that represents most of the integument
thickness (Figs. la, 4). It is differentiated into
three layers; an exo-, endo- and a subcuticular
layer (Amosova 1983, Walker et al. 1996a). The
exocuticle is traversed by fairly straight pore ca-
nals (Fig. 4a) and lacks any lamellae. The pore ca-
nals are 0.06—0.12 um in diameter, and their lat-
eral branches carry secretory materials probably
from epidermal cells (Fig. 4b—c). Unlike the
exocuticle, the endocuticle contains horizontal,
electron-dense lamellae that are traversed by pore
canals (Figs. 3b, 4c). A thin layer called the sub-
cuticle lies on the border between the cuticle and
epidermal cells (Fig. 4c). The subcuticle is mor-
phologically similar to the basement membrane.

The epidermis consists of a single layer of
flattened epidermal cells. They contain irregu-
larly shaped nuclei (ca. 1.53 pm in diameter),
some rough endoplasmic reticulum, free ribo-
somes and mitochondria (Fig. 5a—b). Desmo-
somes are often noticed between epidermal cells
(Fig. 4c).

SEM clearly demonstrated a fair distribution
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Fig. 3. Integument transmission electron micrographs
of an unfed female Argas persicus. — a. Dense de-
posit (DP) surrounded by the cuticulin layer (CL). —b.
Dense discs (DD) occurred in the exocuticle (EX). EC
= epidermal cell; EN = endocuticle; PE = protein
epicuticle; WC = Wax canal.

of pores over the integument surface (Fig. 2a).
These pores are guarded by the numerous
infoldings (Fig. 2c) and are continuous with the
dermal glands through dermal ducts (Fig. 1d).
These dermal ducts are ca. 2.5 pm in height and
ca. 1.7 pm in diameter. Each dermal gland con-
sists of 7-10 cells (Fig. 1d), which are polygonal
with oval or spherical nuclei of 1.1-1.48 pym in di-
ameter. TEM shows numerous secretory vesicles,
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Fig. 4. Integument trans-
mission electron micro-
graphs of an unfed female
Argas persicus. — a. Trans-
verse section showing
cuticulin (CL) and protein
epicuticle (PE) traversed by
wax canals (WC) and the
exocuticle (EX) that con-
tains some pore canals
(PC). — b. Higher magnifi-
cation of the pore canal
showing its branching and
enclosing secretory mate-
rial (arrow). — c. Transverse
section showing
endocuticle (EN) with hori-
zontal lamellae (arrows)
and pore canals (PC)
emerging from the epider-
mal cells (EC) that are con-
nected together with
desmosomes (D). The
subcuticle (SC) is located
between the endocuticle
and epidermal cells.

rough endoplasmic reticulum and ribosomes in
the cytoplasm ofthe dermal gland cells (Fig. Sc).

4, Discussion

The present study showed three layers, viz. wax,
cuticulin and protein epicuticle layers, to make up
the epicuticle of 4. persicus. The light micro-
scopic investigation of Balashov (1972) also
showed three layers, designated as the cement,
wax and cuticulin layers, for this same species.
The present ultrastructural description replaces
the cement layer that characterizes the integu-
ment of soft ticks only (Balashov 1972), with the

deposits and discs superficial to wax layer. The
present study also replaces the cuticulin layer of
Balashov (1972) with two layers, namely the
dense cuticulin and the less dense protein epi-
cuticle. These conclusions are supported by simi-
lar ultrastructural cuticle studies on the hard ticks

Haemaphysalis  leporispalustris ~ (Nathanson
1967, 1970), Boophilus decoloratus and B.
microplus (Beadle 1974, Filshie 1976), Hya-
lomma asciaticum (Amosova 1983) and Rhipi-
cephalus appendiculatus (Walker et al. 1996a).
Unlike the external openings of the dermal
gland ducts, those for wax canals in the protein
layer of the epicuticle of 4. persicus are not visi-
ble in SEM. This is probably due to the termina-
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tion of wax canals with the cuticulin and wax lay-
ers. No wax canal openings have previously been
reported for hard ticks (Amosova 1983, Walker et
al. 1996a), but they have been noticed on the sur-
face of the scorpion Hadrurus arizonensis (Had-
ley & Filshie 1979). Wax canals and pore canals
are believed to have an important role in the trans-
portation of lipids from the epidermis to the cutic-
ular surface (Bruck & Stockem 1972).

The procuticle of the studied ticks represents
the thickest part of the cuticle. Its endocuticle
contains horizontal lamellae. These lamellae
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Fig. 5. Integument trans-
mission electron micro-
graphs of an unfed female
Argas persicus. — a. Trans-
verse section showing epi-
dermal cell with an irregular
shaped nucleus (N), few
cisternae of rough endo-
plasmic reticulum (ER) and
ribosomes (R). EN =
endocuticle. —b. Asin (a)
but showing mitochondria
(M) and endoplasmic retic-
ulum (ER). — c. Transverse
section of a secretory cell of
the dermal gland showing
numerous secretory vesi-
cles (V), rough endo-
plasmic reticulum (RER)
and ribosomes (R); the in-
set shows higher magnifi-
cation of rough endo-
plasmic reticulum (RER).

have previously been reported for B. microplus
nymphs (Hackman & Filshie 1982). The la-
mellated procuticle may provide the cuticle of the
studied species with a significant capacity to ex-
pand and stretch while engorging during a blood
meal. Villarino et al. (2001) have characterized
the localization of esterases in the procuticle, and
particularly within the endocuticle of B. micro-
plus females. They have also reported that the
procuticle represents a considerable physical bar-
rier for organophosphate compounds.

Pore canals of the procuticle of A. persicus
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contain secretory materials. Using HPLC analy-
sis, the secretory material of epidermal cells of
Ornithodoros parkeri has been identified as
ecdyson (Zhu et al. 1991). Procuticle pore canals
may branch into narrower and numerous wax ca-
nals in the epicuticle in order to pass the secre-
tions of epidermal cells into the cuticulin layer
and external structures. Hackman (1982) and
Amosova (1983) have earlier reported some con-
tinuity between these canals.

The light microscope examinations of Bala-
shov (1972) and the present study showed numer-
ous scattered amorphous dense discs and deposits
in the A. persicus integument. The present TEM
study showed the inclusion of these discs in the
upper parts of the procuticle. Accordingly, these
structures may bear a resemblance to the scuta of
hard ticks or the sclerites of other arachnids, and
might provide partial sclerotization to the leath-
ery integument of argasid ticks.

Therefore, these structures probably support
the underlying layers, decrease transpiration rates
and/or protect against drought in soft ticks. The
exoskeleton of hard ticks mainly functions in sup-
porting and protecting these ticks and has an im-
portant role in regulation of water balance
(Amosova 1983).

The dermal glands of the studied tick contain
secretory materials, and the pores on the integu-
ment are probably homologous to type 1 or 2
glands in the integument of the hard ticks H.
asiaticum (Amosova 1983) or R. appendiculatus
(Walker et al. 1996b), respectively. Dermal
glands have been implicated in the production of
pheromones in Amblyomma ticks (Diehl et al.
1991), and an allomone used by Dermacentor
and Amblyomma as a defense against ants (Yoder
et al. 1993, Pavis et al. 1994). In R. appendi-
culatus, these glands might also secrete semio-
chemicals (Walker et al. 1996b).

The complex construction of the cuticle of
Argas persicus underpins the highly specialized
parasitic lifestyle of this species and illustrates the
importance of the cuticular skeleton for the enor-
mous evolutionary success of arthropods. Further
molecular and biochemical studies are underway
to isolate and characterize components of the in-
tegument of the soft tick. If successful, these fur-
ther studies might identify potential anti-tick drug
targets.
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