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The present study elucidated the ultrastructural changes of Type III acini of the salivary
gland in the male cattle tick, Huemaphysalis  longicornis,  during feeding. Type III acini
comprised five kinds of cells: the c- and d-cells, both of which are granule-containing cells,
and the e-cell, the abluminal interstitial cell and adluminal interstitial cell, all of which are
agranular cells. Both the c-cell and the d-cell which appear to secrete attachment cement
precursors, exhibited a high secretory activity throughout the feeding period. This finding
accorded well with the fact that the male tick repeats attachment and feeding, and needs to
secrete attachment cement during the feeding cycle. The agranular cells changed their
structure after attachment to a considerable extent : both the transformed e-cell and the
abluminal interstitial cell had extensive infoldings of the basal plasma membrane character-
istic of fluid-transporting epithelia. In contrast to the above two kinds of cells in the female,
which requires a large volume of blood meal, these cells in the male did not increase much
in volume. Such poor development of the agranular cells in the male tick during feeding
paralleled the much lower fluid excretory activities of the male salivary gland.

INTRODUCTION

The importance of the ixodid tick salivary glands in the transmission of harmful
toxins and pathogens (e. g. Theileria  and Babesia protozoa) to livestock is well known.
Therefore, in many ticks, the histological, histochemical and ultrastructural studies of
the salivary gland have been extensive (Binnington and Kemp, 1980 ; Kemp et al.,
1982). However, the main object of these morphological studies has been concerned
with the female salivary gland, and the male salivary gland has been studied only in
passing. The salivary gland of male ticks has been examined histologically and/or
histochemically for Rhipicephulus  appendiculatus  (Till, 1959, 1961),  Haemaphysalis
spinigera  (Chinery, 1965),  Hyalomma asiaticum (Balashov, 1972),  and Boophilus  micro-
pZxs  (Binnington, 1978),  and ultrastructurally for Dermacentor variabilis  (Coons and
Roshdy, 1973) and R. a@endicuZutus  (Walker et al., 1985).

The knowledge on the functional morphology of the salivary gland in the female
cattle tick, Haemaphysalis Zongicornis  (Yanagawa et al., 1987) has revealed that the
Type III acini play an important role in secretion of attachment cement and in
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elimination of excess water and electrolytes. In the male cattle tick, however, there
has been no morphological study on the salivary gland. The feeding pattern of the
male tick differs conspicuously from that of female. Thus, the aim of this study is to
examine with the light and electron microscope the structure of Type III acini in unfed
and feeding males, and to discuss the functional morphology of the acini with special
emphasis on the difference between both sexes.

MATERIALS AND METHODS

Male ticks of H. Zongicornis were collected by the flagging method on the pastures
in the Kujti highland, Oita Prefecture. These males were fed together with some
females on the ears of rabbits under laboratory conditions.

Salivary glands were dissected from live ticks immersed in a cold 1.5% glutaralde-
hyde in 0.1 M cacodylate buffer (pH 7.4),  fixed with the same fixative, and subsequently
washed in the same buffer ; the tissues were post-fixed with 1% osmium tetroxide in
the same buffer, dehydrated with aceton  and embedded in epoxy resin. Thin sections
(ca. 60 nm) for electron microscopy were cut on a Porter-Blum MT-l microtome, and
doubly stained with ulanyl and lead citrate and examined in an Hitachi HS-9 electron
microscope (75 kV). Thick sections (ca. 1.5 pm) for light microscopy were stained with
toluidine blue.

Unfed stage
RESULTS

Type III acini of unfed male H. Zongicornis, measure ca. 50 x 60 pm in size. The
cells which comprise the acini can be broadly divided into two sorts, i. e. large
granule-containing cells and smaller agranular cells. At this stage, two kinds of
granule-containing cells (the c- and d-cells) occupy the major portion of the acinar
volume, and a group of agranular cells recognized only at the acinar fundus make up
a small portion of the acini (Fig. la).

The c-cells situate adjacent to the opening of the acinus, whose granules stain deep
blue with toluidine blue (Fig. la) ; these granules are of a turtleback structure consist-
ing ultrastructurally of large electron-lucent subunits which occasionally contain an
electron dense core (Fig. 2a). The large d-cells occupy an intermediate position
between the c-cells and the agranular cells. The cytoplasm of the d-cell is filled with
large spherical or ovoid granules that stain less intensely with toluidine blue than those
of the c-cell (Fig. la) ; the electron-opaque granules are composed of closely packed
fine honeycomb subunits (Fig. 2b). The c- and d-cells are abundant in well-developed
rough endoplasmic reticulum (rER)  and mitochondria, and have already exhibited a
high secretory activity (Fig. 2a, b).

By electron microscopy, a group of agranular cells comprise three kinds of cells,
i. e. the e-cell, the adluminal interstitial cell and the abluminal interstitial cell (Fig. 2~).
The e-cells alternate with the adluminal interstitial cells around the lumen and are
firmly attached to them by juxtaluminal zonulae  adherentes and extensive septate
desmosomes. The apical plasma membranes of these cells have short microvilli. The
e-cell is relatively large among the three kinds of agranular cells and possesses a large
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Fig. 1. Light micrographs showing Type III acini of the salivary gland in the male
H. longicomis.  The granules of the c- and d-cells stain deep blue and light blue with
toluidine blue respectively. a) Unfed stage. Some small agranular cells are confined in
the most basal region of the acinar fundus. b) Feeding stage (five-day phase after
attachment). The agranular cells develop considerably, and come to occupy the major
portion of the acinar fundus. The following abbreviation are used in Figs. 1-3 : Abi,
abluminal interstitial cell ; Adi,  adluminal interstitial cell ; Ag, agranular cell ; Al,
acinar lumen ; Bm, basement membrane ; C, c-cell ; Cg, c-cell granule ; D, d-cell ; Dg,
d-cell granule ; E, e-cell ; G, granule ; H, haemolymph ; M, mitochondrion; Mt, mi-
crotubule ; Mv, microvilli ; N, nucleus ; R, rough endoplasmic reticulum ; Sd, septate
desmosome ; V, vacuole ; Za, zonula adherense.

nucleus, some mitochondria, a little rER, a few small vacuoles and occasionally a few
small granules with a high electron-density. The adluminal interstitial cell whose
cytoplasm is sparse contains a few mitochondria and some microtubles. The ab-
luminal interstitial cell found in the most peripheral region of the acinar fundus,
possesses a relatively large nucleus and scanty cytoplasm with only a few mitochon-
dria (Fig. Zc).

Feeding stage

Type III acini expand their acinar lumina and somewhat enlarge to ca. 70 x 80 pm

in size ; the c- and d-cells maintain many granules and exhibit a high secretory activity
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throughout the feeding period ; the e-cell and two types of interstitial cells increase
considerably in their volume and occupy the major portion of the acinar fundus (Fig.
lb).

Electron microscopically, at the basal region of the acinus, the e-cell and the
abluminal interstitial cell exhibit an elaborate system of membraneous infoldings, and
the abluminal interstitial cell in particular has undergone dramatic changes in struc-
ture and volume ; the cytoplasm of these basal labyrinth is filled up with numerous
elongated mitochondria and free ribosomes (Fig. 3a). On the other hand, at the central
region of the acinus, the e-cell possesses a number of vacuoles and some mitochondria ;
the adluminal interstitial cell is rich in bundles of parallel microtubles (Fig. 3b).

Most of the agranular cells are active throughout the feeding period, but some of
the e-cells show more vacuolated and degenerated appearance at the late stage of
feeding (e. g. ten-day phase after attachment) (Fig. 3~).

DISCUSSION

The female cattle tick H. Zongicornis  requires a single attachment and feeding in
order to obtain a large volume of blood. The male cattle tick, however, does not need
the large quantity of blood meal, and repeats the attachment and feeding for copula-
tion. From the results of the previous paper (Yanagawa et al., 1987) it has been
suggested that the functions of Type III acini in the female cattle tick are secretion of
attachment cement precursors, excess water elimination and ionic regulation. Type III
acini of the male consisting of the same kinds of cells as those of the female, are
discussed separately according to the following two categories from the viewpoint of
the functional morphology.

Functional morphology of the granule-containing cells

All ixodid ticks, with the exception of some Prostriata (the genus Ixodes with a
relatively long hypostome, e. g. I. holocyclus,  I. pseudorasus and I. trianguliceps),  utilize
attachment cement so as to feed smoothly. In the Brevirostrata (the genus Derma-
centor,  Rhipicephulus,  Boophilus  and Haemaphysalis) of the Metastriata, the mouth-
parts are short and barely penetrate the host epidermis ; therefore, an external support-
ing cement cone is produced to secure tick attachment (Kemp et al., 1982). His-
tological and histochemical studies on the salivary gland in Haemaphysalis  spinigera
(Chinery, 1965),  Boophilus  microplus  (Binnington, 1978) and RhipicephaZus appendic-
ukztus  (Walker et al., 1985) have revealed that the granule-containing cells of Type III
acini contribute to secretion of attachment cement precursors. Furthermore, Chinery
(1973) has indicated that attachment cement of H. spinigera  is derived from precursors
in the a-cell of Type II acini and the c-cell of Type III acini (external cement), and in

Fig. 2. Electron micrographs of Type III acini in the unfed male H. longicornis. a)

The c-cell granules with a turtleback structure. b) The d-cell granule consisting of
fine honeycomb subunits. c) A group of inactive cells at the acinar fundus.  The
relatively large e-cells alternate with the small adluminal interstitial cells around the
acinar lumen. A small abluminal interstitial cell with a relatively large nucleus and
scanty cytoplasm is recognized at the most peripheral region. Abbreviations : see the
legend to Fig. 1.
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the d-cell of Type III acini (internal cement).
The structure of the c- and d-cells of Type III acini in the male H. Zongicornis, bore

a close parallel to their sister cells in other ixodids, which are most likely candidates
for secretion of attachment cement precursors ; histologically, the c- and d-cells in H.
Zongicornis correspond to the c- and d-cells in both R. appendicuhtus  (Till, 1959, 1961)
and H. spinigera (Chinery, 1965, 1973),  and the d- and e-cells in B. microplus  (Binning-
ton, 1978),  respectively ; ultrastructurally, each granule of the c- and d-cell in H.
Zongicornis is composed of large and fine subunits, as well as the above sister cells in
B. mic~ophs  (Megaw and Beadle, 1979) and R. appendiculatus  (Fawcett et al., 1981a  ;
Walker et al., 1985). Thus, it is assumed that the c- and d-cells of Type III acini in the
male H. Zongicornis are closely related to secretion of attachment cement precursors.

Also in the female H. Zongicornis, the c- and d-cells of Type III acini are thought
to secrete the cement (Yanagawa et al., 1987). There were no structural differences in
the c- and d-cells between both sexes. However, the sequential changes of the c- and
d-cells in the male tick during feeding were different considerably from those in the
female. In the female tick, the c- and d-cells of Type III acini exhibit a conspicuous
secretory activity just after attachment, and then begin to shrivel at the early stage of
feeding (Yanagawa et al., 1987) : in the male tick, to the contrary, the c- and d-cells
retained many granules and showed a constant high secretory activity during feeding,
even in the five- or ten-day phase after attachment. This difference of cellular changes
is probably due to the disparity of the feeding pattern between the male and female,
as mentioned above. The male tick repeats the attachment and feeding frequently, in
contrast to the female which requires only one attachment and feeding. Therefore, the
male tick needs to secrete attachment cement repeatedly, and to continue the high
secretory activity of the c- and d-cells of Type III acini throughout the feeding period.

Functional morphology of the agranular cells

The feeding of bloodsucking arthropods is accompanied by the elimination of
excess water and electrolytes resulted from the concentration of the blood meal. The
water and ions may be rapidly eliminated during, or after feeding, by the Malpighian
tubules in bloodsucking insects, or by the coxal organ in argasid ticks. Since physiolog-
ical studies on B. micr0pZu.s (Tatchell, 1967,1969),  it has been suggested that the excess
water and electrolytes are returned to the host by means of salivary secretion, and in
H. Zongicornis also, the salivary gland plays physiologically important roles in osmotic
and ionic regulation (Kitaoka and Morii, 1970 ; Kitaoka, 1971).

Many histological studies on the salivary gland in ixodids have demonstrated that
the agranular cells of Type III acini undergo remarkable changes during feeding (Till,
1961 for R. appendicukztus  ; Chinery, 1965 for H. spinigera  ; Balashov, 1972 for Ixodes
ricinus  and H. asiaticum ; Binnington, 1978 for B. microplus  ; Binnington and Stone,
1981 for I. holocyclus,  etc.). Moreover, an addition to the recent ultrastructural

Fig. 3. Electron micrographs of Type III acini in the feeding male H. longicornis. a)
An active abluminal interstitial cell with extensive infoldings of the basal plasma
membrane (five-day phase after attachment). b) The transformed e-cells containing
some vacuoles and the adluminal interstitial cells with many microtubules (five-day
phase after attachment). c) A degenerating e-cell (ten-day phase after attachment).
Abbreviations: see the legend to Fig. 1.
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knowledge has indicated that one or two kinds of the agranular cells, which show
extensive infoldings of the basal plasma membrane, play a significant role in the
elimination of the excess water and electrolytes (Kaufman and Sauer, 1982).

In feeding D. andersoni (Meredith and Kaufman, 1973) and B. microplzts  (Megaw
and Beadle, 1979),  three types of agranular cells, i. e. the vacuolar cell, water cell and
cap cell (corresponding to the e-cell, abluminal interstitial cell and adluminal inter-
stitial cell in H. Zongicornis, respectively) have been observed ; the water cell which
has an elaborate system of membranous infoldings is thought to have a fluid excretory
role. Similarly, three types of the agranular cells, i. e. the transformed f-cell (the e-cell
in H. Zongicornis), abluminal interstitial cell and adluminal interstitial cell have been
found in Type III acini of feeding R. appendiculatzcs  (Fawcett et al., 1981a,  b) ; in R.
appendicukztus,  both the transformed f-cell and the abluminal interstitial cell have
borne a basal labyrinth characteristic of fluid-transporting epithelia. Moreover,
Balashov (1983) has described the epithelial cell in Type III acini of H. asiaticum, which
seems to take the same role as the water cell in D. andersoni (Meredith and Kaufmann,
1973).

In the male H. Zongicornis also, there were three types of the agranular cells in
Type III acini ; both the e-cell and the abluminal interstitial cell exhibiting an elabo-
rate system of membranous infoldings, are thought to function in maintaining osmotic
and ionic balance ; and the remaining pillar-like adluminal interstitial cell, which had
no obvious structural specialization except for numerous microtubules, appears to play
a role in supporting the former two kinds of cells.

During feeding, Type III acini in the female H. Zongicornis enlarge from ca. 50 x
50 pm to ca. 90 X 110 pm, cheifly owing to expansion of the transformed e-cells and
abluminal interstitial cells (Yanagawa et al., 1987). In contrast to the female H .
Zongicornis, however, the e-cell and abluminal interstitial cell in the male increased
slightly in volume. Therefore, Type III acini of the male did not much develop (ca. 70 X
80 Jim in size). The poor development of the agranular cells in male Type III acini has
been observed also in several other ixodid ticks, i. e. H. spinigera (Chinery, 1965),  H.
asiaticurn (Balashov, 1972),  Amblyomma hebraeum (Sauer, 1977),  B. microplus  (Binning-
ton, 1978),  R. appendicukztus  (Walker et al., 1985),  etc. Such phenomena adduce
evidence for the much lower fluid secretory activities of the male salivary gland. Thus,
it is concluded that the difference in the developmental degree of the agranular cells
between the male and the female is attributed to the difference of the blood meal
requirements between both sexes from the standpoint of the functional morphology.
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