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Fine structure of the regional differentiation of the ductus ejaculatorius
simplex (EJl, EJ2, EJ3) along with the role of their secretions in
sperm activation and motility in two Noctuid species, Heliothis
srmiger« (Huhner) and Spodoptere litur« (Fabricius) (Lepidoptera).
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Abstract. The common unpaired ejaculatory duct or simplex.of male reproductive tract
of Heliothis armigera and Spodoptera litura, on the basis of morphology and anatomy, are
broadly distinguished into Ell, EJ2 and EJ3 regions. The proximal region (Ell) of
common duct to the ductus ejaculatorius duplex characteristically contains transparent
elastic gelatinous secretion which is capable of sperm activation in vitro. The immotile
spermatozoa within the duplex are induced-in vitro activated by diluting the same to
0,15 M in HEPES-KOH buffer, maintaining pH at 7. The activation is facilitated by the
addition on 10 mgjml bovine serum albumin and activation is triggered by an addition
of a small fraction of activator substance taken from EJ2. Ell of both species exhibit only
a single layered epithelium. Merocrine and apocrine are the mode of secretion occurring in
Heliothis armigera while merocrine is the only mode of secretion occurring in EH of
Spodoptera litura.
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1.

Introduction

Basic histological studies of the internal male reproductive tract of Lepidoptera are
many while ultra studies of the same have been restricted to a few species (Riemann
and Thorson 1976a, b, 1979a, b; Lai-Fook 1982a~; Amaldoss 1987, 1988). The role
of secretions of common ejaculatory duct of Lepidoptera with regard to sperm
activation and motility has been studied scantily (Omura 1936, 1938; Shepherd
1974a, b, 1975). The present study is prompted by the above studies and attempts
to describe the fine structure with relation to their sections which is responsible for
activation of sperm during ejaculation in Heliothis armigera and Spodoptera litura.
2.
2.1

Materials and methods
Animals

Pupae of H. armigera and S. litura were obtained from Entomology Laboratories of
AVRDC Tainan, Taiwan and were maintained in Long Light Co., Growth
Chamber at 27-29°C and were entrained in a 12: 12 light and dark environment.
The RH was maintained at 60± 5% . The adult moths were fed with 10% honey
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solution. The moths in this experiment were 2-days old virgin males and 4-days old
mated males.
2.2

Light and electron microscopy

The ductus ejaculatorius simplex was dissected out from the male reproductive tract
in the Weevers (1966) lepidopteran saline and fixed in Zenker's solution for 3 hand
then dehydrated in alcohol series. The tissues then were embedded in paraplast,
5 mm sections were cut and stained in Meyers hematoxylin and counterstained with
eosin and observed under a phase contrast microscope. Then photographs were
taken in the microscope. Simplex of virgin and mated males were fixed using 2%
glutaraldehyde with 0.1 M phosphate buffer (pH 7.4) for 3 h at 4°C and then post
fixed in I % osmium tetraoxide (OS04) in the same condition. After dehydration in
acetone series tissues were embedded in Spur Epon 812. Ultrathin sections were cut
and stained with uranyl acetate and lead citrate and viewed under J EM 100 at
45 kV.
2.3

Preparation of sperm activator and sperm activation assay

Virgin male moths (3 or 4-days old) were cold anaesthetized for 2 min and were
dissected out in Weevers (1966) lepidopteran saline and the rest of the procedure
was as that of Shepherd (1974a) to prepare the semen. Activator secretion was
prepared from the common ejaculatory duct as that of Shepherd (1974a) and was
separated into 3 divisions viz. EJI, E12 and EJ3. Assays of sperm activating
capacity was done as that of Shepherd (1974a). Tissues other than common ejaculatory
duct of H. armiqera and S. litura were homogenized in 80 Jll as described by
Shepherd (1974a) and tested for the activating capacity.
3.

Results

Ductus ejaculatorius simplex 1 or EJI of H. armigera measures 4·3 cm in length
while the same in S. litura measures 3 cm. El I is the first non cuticular region of the
common ejaculatory duct which contains transparent gelly like secretion both in
H. armiqera and S. litura and is the longest of 3 subdivisions of the common ejaculatory duct. EJI commences at the union of ductus ejaculatorius duplex in both the
species. Ell consists of a single layered secretory epithelium with low columnar cells
in both the species (figures 25, 26). The nuclei are dark, rounded and located in the
median line. The epithelial cells do not close off the lumen as in the case of duplex
in S. litura (Amaldoss 1987). The lumen is filled with globules type of secretory
materials.
3.1

Fine structure

At the ultrastructural level, Ell of the common non cuticular ejaculatory duct
reveals a single secretory epithelial cell type. As the El I is non cuticular it lacks an
intima for the epithelium. The epithelium and the muscle layers are intimately
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associated with each other (figure 1). Ell of both species have the same manner of
muscle arrangements surrounding the epithelium and prominent basement
membrane. There.is an outer longitudinal muscle layer and an inner circular muscle
layer surrounding the basement membrane (figures 1, 6). The outer longitudinal
muscle layers are thick and robust while the inner circular muscle layers are thin and
scanty. The muscle layers are well supplied with tracheoles and nerve endings
containing synaptic and dense cored vesicles. The muscle layers also contain
elongated nuclei with dark and dense chromatin. The circular muscle layer of
S. litura is found to be thicker than that of H. armiqera while the basement
membrane of H. armiqera is more pronounced than that of S. litura (figures 1, 6, 20,
21). The distinguishing features of the epithelial cells are the occurrence of only
merocrine secretory cells in S. litura and the occurrence of both apocrine and
merocrine secretory cells in H. armiqera. Merocrine type of secretory cells in Ell of
S. litura secretes the gelly like substance to be accumulated at the free cell surface
and released into the lumen, without the cytoplasmic loss. Apocrine secretory cells
in EJl of H. armiqera secretes the gelly substance along with cytoplasmic loss
besides secreting merocrine secretion into the lumen.
The merocrine secretory cell appears to release its secretions by means of well
pronounced micro villate surface (figure 13). The apical regions of merocrine
secretory cell has numerous cell foldings for synthesis of materials and
accumulation of secretory materials only to be transported through microvilli
surface by means of exocytosis(figures 13, 14). The secretions are released into the
lumen presumably by exocytosis. Micro tubules in the microvilli are well
pronounced and resolved well in the electron microscopy (figure 13). The merocrine
cells have elongated oval nuclei which are apically located (figures 3, 15). The
cytoplasm of the merocrine cell is electron luscent. Rough endoplasmic reticulum is
distended. Mitochondria and Golgi complexes are evenly distributed throughout
the cell (figures 8, 9, 11). Microvilli are spatially arranged. Homogeneous electron
light materials and electron dense particles are also seen. There is a group of
secretory granules that are found in the merocrine cell; they are well defined, large,
oval shaped and are membrane bound (figures 7, 12, 14, 15). Most of them contain
electron dense materials at the centre of their body. The apocrine secretory cell
appears to release its apical section along with secretory materials (figures 2-4, 10).
This cell has an irregularly shaped nucleus located apically. The chromatin materials
within the nucleus are sparsely distributed. The cytoplasm of apocrine secretory cell
is denser than the cytoplasm of the merocrine type cell. There are numerous
mitochondria at the apical region. Microtubules, smooth endoplasmic reticulum,
electron dense secretory vesicles, electron light secretory vesicles and multivesicular
bodies are abundant. Rough endoplasmic reticulum is more flat and sparse. The
most conspicuous part of the apocrine cell is the free cell surface of apical region
which extends deep into the lumen in the form of thin tongue like structures (figures
4, 5, 10). Apical membrane is thrown into extensive tight folds. the elongate apical
projections (membranes) are typically fused in pairs like leaves and form complex
multi layered whorls. In mated insects, they become part of the ejaculate and may
take part in the form of the spermatophore (figures 4, 5, 10). The cytoplasm of
apocrine cell consists of electron light secretory vesicles and membrane bound
organelles particularly the mitochondria. The apocrine secretory materials occupy a
larger proportion of the lumen than the merocrine type of secretory granules. These
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cells are characterised by the presence of abundant rough endoplasmic reticulum,
free ribosomes and Golgi complexes associated with dense cored particles. The free
cell surface of the apocrine secretory cell exhibit irregularly shaped microvilli and
secretory materials are released through the microvilli.
The cross section topography of Ell in H. armigera reveals a thick outer
epithelial region, which presumably consists of muscle layers and basement
membrane (figures 16, 17, 19). The epithelium appears to be a single layer of cells
but with distinct basal and apical regions revealing thereby the merocrine and
apocrine secretory cell types respectively (figure 17). The topography of the
epithelium indicates that it consists of low columnar cells. The differing secretory
cell types exhibit the type of materials they secrete which are expelled into the
lumen.
The secretory granules that are produced by the merocrine type are hexagonal
with granular rough surfaces (figure 18). The secretory epithelium of Ell in S. litura
exhibits only merocrine secretory cell type. The secretory epithelium is characterised
by the presence of abundant rough endoplasmic reticulum (figures 20-24). The
secretory materials are accumulated at the free cell surface and are released into the
lumen by breaking open the plasma membrane (figures 22, 30). There is no clear
evidence of the occurrence of apocrine activity. The merocrine secretory cell has
oval shaped nucleus which is basally located (figures 24, 27, 28). Golgi bodies and
mitochondria are evenly distributed throughout the cytoplasm. Numerous free
ribosomes and microtubules occur abundantly. The conspicuous feature of merocrine
secretory cells is the presence of two groups of secretory granules or vesicles (figures
21,29,31-34). The secretory vesicles SV1, SV4, SV5 and SV6 comprise one distinct
group with minor differences; they are either membrane bound or free, oval or
spherical in shape. They are scattered in the cytoplasm. The membrane is curly in
SV4 and SV5 granules and contain dense materials within, SV4 type has tooth like
structures at the edges of the granules. The contents of this differ from those of SV4
and SV5-SVl and SV6 are not membrane bound. SVl also contains tooth like
structures. Secretory granule SV2 is unique in being a multigranular vesicle, while
SV3 is also unique in possessing double membrane and their contents are electron
dense and light cored particles.
A second group of spherical and cylindrical secretory granules are bounded by a
single membrane. They appear in clusters within the cytoplasm and are
compartmentalised. The cytoplasm contains rER in lamellar form. The double
nuclear membrane is well marked and the nucleus has more than 4 nucleoli. The
chromatin materials are sparse and scattered. Golgi bodies appear to crowd around
the nucleus. Tight junctions and desmosomes hold the neighbouring cell
membranes together.
3.2

Localisation of sperm activation substances using elimination method

By elimination method Ell and El2 were found to contain activating capacity. Sperm
from SV showed no activation while the same from duplex showed activation.
Besides simplex, no other tissue exhibited any activation.

4.

Discussion

The ductus ejaculatorius simplex is considered by most of the morphologists as the
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Figures 1-5.

For caption, see p. 16.
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entire duct leading from the endophaIIus to the union of the duplex gland (Callahan
1958). In Heliothis zea, CalIahan (1958) distinguishes the cephalad portion of the
simplex as the primary segment, and the caudal portion of the simplex as the

Figures 6-7.

For caption, see p. 16.
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Figures 8-10. For caption, see p. 16.

cuticular segment. In the present study, however, the simplex is considered as the
duct leading from the union of the duplex gland to the part of the cuticular region,
designated as EJ3. These divisions are made on the basis of morphological
distinctions as well as their functional role in the secretion of the sperm activator
substance. It is significant that El2 contains this activator substance in S. litura
whereas Ell and EJ2 are jointly responsible for the activator substance in
H. armiqera. The cuticular simplex of these two species corresponds to the tightly
looped caudal region of the simplex in H. zea (Callahan 1958), to the shoe-horn
shaped part in Pseudaletia unipuncta, and to the curved half-moon shaped swelling
in Peridroma margaritosa (Callahan and Chapin 1960). These differences are
attributed to the function of the cuticular simplex in the formation of the·frenum of
the spermatophore (Callahan and Chapin 1960; Buntin and Pedigo 1983). It is also
noteworthy that the width of the primary segment shows considerable variations
depending upon the quantity of their contents.
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Figures 11-12. For caption, see p. 16.
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Figures IJ-14.

For caption. see p. 16.
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Figures 15-19.

For caption, see p. 16.

The simplex of S. Iitura and H. armiqera, as stated earlier, is divided into 3
segments, viz. Ell, E12 and E13, on the basis of their functional morphology and
their secretions responsible for sperm activation and sperm motility. The first two
segments are non-cuticular while the third segment is cuticular in as much as it has
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Figures 20-24. For caption, see p. 17.

a lining of intima. The 3 segments also differ in their relationships with regard to
the secretory epithelium, basement membrane and muscle layer. Ell and El2 are
not lined by an intima and their muscle layers are intimately associated with the
epithelium as shown by the 'fusion' of their basement membranes, while in EB the
muscle layers are widely separated from the secretory epithelium, and this part
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Figures 25--28.

For caption, see p. 17.

corresponds to the 1st and 2nd portions of the ductus ejaculatorius simplex of
Calpodes ethlius reported by Lai-Fook (1982b), to the cuticular simplex of Callahan
and Cascio (1963), to the ejaculatory duct of Musgrave (1937), Brits (1978) and
Leclercq-Smekens (1974), and to the ejaculatory duct cum penis (Thibout 1971). The
most notable feature in the arrangement of the muscle layers in the 3 El regions of
S. litura and H. armiqera is the uniformity, in having a thin, scant inner circular
muscle layer, and a thick, robust outer longitudinal muscle layer, whereas in other
species of Lepidoptera studied, there are differences in the wall of the simplex in the
matter of the presence or absence of the muscle layers, and the relative thickness of
the layers, when muscle layers occur. For instance, Musgrave (1937) reported the
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Figures 29-30.
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For caption. see p. 17.

absence of muscle layers in the simplex in Ephestia kuhniella, except in the posterior
terminal region. Again, Callahan and Cascio (1963) reported the presence of an
inner longitudinal and an outer circular muscle layer in the anterior region of
H. zea. Brits (1978) did not find any muscle layers in Phthorimaea operculella, while
Riemann and Thorson (l979a) observed thin layers of muscles around atleast a
portion of the simplex. In the arrangement of the muscle layers, S. litura and
H. armiqera approach that of Calpodes ethlius reported by Lai-Fook (1982c) very
closely, with the circular layer of muscle always inner in position, thin and scant,
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Figures 31-34.

For caption, see p. 17.

while the longitudinal layer of muscle always outer in position and thick and
robust. Further, as in C. ethlius, the two species studied here show an abundance of
nerve endings and tracheae entering the muscle layers of the simplex throughout its
length. The modes of secretion are also noteworthy in the region of the simplex. Ell
of the simplex in H. armiqera exhibits two types of secretion, viz. apocrine and
merocrine, similar to the earlier reports of Riemann and Thorson (1979a) in
Ephestia sp., and Lai-Fook (1982c) in C. ethlius. Musgrave (1937) recognised both
apocrine and merocrine types of secretion in Ephestia. The Ell of S. litura, on the
other hand, exhibits only the merocrine cell type.
The conditions necessary for sustaining the motility of Noctuid sperm are not

Fine structure, functions of simplex 1 secretions

15

stringent as reported in Saturniid sperm (Shepherd 1974a) provided the total
osmolarity is between 80 and 190 milliosmolar, pH between 5·8 and 7·8. Even buffer
prepared from ripened coconut can sustain the motility of spermatozoa which goes
to say that the nature of solution used to dilute the sperm appears to make no
difference. Initial low levels of motility is enhanced by the addition of bovine serum
albumin (BSA). In Ephestia (Norris 1932), Bombyx mori (Omura 1938) and Galleria
(Khalifa 1950), the secretion is said to form the wall of the spermatophore while in
Cecropia and Pernyi, these regions show no activity, region 2 (equivalent to EJ2)
alone brings about the activity. Besides the common duct, no other part of the adult
or developing moth contained the activator. As regards to the location of activity
only EH of S. litura and EH and EJ2 of H. armigera regions of the common paired
duct secretions exhibit sperm activity.
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Figures 1-19. H. armigera. 1. Distal part of the ejaculatory duct (Ell or simplex) in
cross section exhibiting the muscle layer outer longitudinal (LM) and inner circular muscle
(CM) layers, trachea (Tr), basement membrane (BM) and part of basal epithelium (EP)
containing rough endoplasmic reticulum (rER). 2. Apical region in EH showing
numerous mitochondria (M). 3. Secretory epithelium in cross section of EH exhibit
elongated nuclei (N), highly active Golgi bodies (GB) and distended rough endoplasmic
reticulum (rER). 4. EH in cross section exhibiting apocrine secretory cell at the free cell
surface, cell foldings (CF) extend deep into the lumen in the form of tongue like structures
and apical membrane is thrown into extensive tight folds. 5. EH in cross section
exhibiting apocrine secretory cellvat the free cell surface with intact epithelium (IEP)
degenerating nucleus (dN) lumen (L). 6. Cross section in EH showing the longitudinal
muscle (LM) layer, circular muscle (CM), thick and prominent basement membrane. Note
the nerve endings (NE) and trachea penetrate deep into the muscle layer nucleolus (NU)
vacuole (V). 7. Ell merocrine secretory cell in cross section showing group of secretory
vesicles (SV) and secretory granules (Sg). Note the granules are well defined, large, oval
shaped and membrane bound contairiing electron dense materials (Edm) and matrix
(MX~ 8. Apical region in Ell showing lysed vesicles (Ly). 9. Cross section of Ell
secretory epithelium exhibit rough endoplasmic reticulum actively involved in synthesizing
materials. 10. Ell in cross section exhibiting apocrine secretory cell at the free cell
surface accumulated materials (AM) and degenerating epithelium (EP). 11. Apical region
in Ell showing apocrine secretory materials released into the lumen. 12. Cross section in
Ell secretion granule formation (SF) point (SgP) rough endoplasmic reticulum (rER). 13Cross section in EH exhibiting apical region with numerous cell foldings (CF) and
merocrine secretory materials are released. Note the pocketing (PC) secretions and the well
pronounced microvilli (MY) with visible microtubules (Mt). 14. Cross section in Ell
showing accumulation of granules light vesicles (LY). 15. Secretory epithelium in cross
section revealing degenerating epithelium (dEP), degenerating rER and degenerating
nucleus (dN). Note the granular secretory granules (GSg). 16. EH revealing the
topography of external muscle layers (ML) epithelium (EP). 17. Ell revealing formation
of secretion (FS). (L, Lumen). 18. Topography of the lumen of Ell with its secretory
granules (Sg). Note the hexagonal secretory granules accumulated in the lumen. 19. Ell
revealing free cell surface (FCS) and epithelium (EP) are distinct.
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Figures 20-34. S. litura. 20. Cross section of.E11 showing the muscle layers viz. outer
longitudinal (LM) and inner circular (CM) layers. Note the thin, partially visible basement
membrane (BM). Also note the secretory epithelium (SEP) with abundant rough
endoplasmic reticulum (rER), occurring of apocrine secretion (AS) (* indicate the presence
of special secretory granules). 21. Cross section of E11 showing Golgi body (GB) and
nucleus (N). 22. E11 apical region in cross section exhibiting abundant rough endoplasmic
reticulum. Note the merocrine secretion (MS) occurring and the accumulation of
secretionts) at the free cell surface (FCS) and released into lumen. 23. Cross section
showing highly secretory epithelium with rER and electron light vesicles (ELS) and
concentric arrangement of rER and the distinct cell boundary. 24. E11 exhibiting
scattered mitochondria (M) and large nucleus (N) with distinct nuclear membrane (NM)
and Golgi bodies (GB). 25. Light micrographs from thick section exhibiting thick muscle
layers (ML), epithelium (EP) and empty lumen (L), tall columnar cells with centrally
located nucleus (N). 26. Light micrographs from thick section lumen contains already
some secretion. 27. E11 showing large oval shaped nucleus (N) rER and apocrine
secretion (AS). 28. E11 showing numerous Golgi bodies (GB). 29. E11, showing special
secretory granules (Sg) of different sizes which are compartmentalised and located in the
midst of highly secretory epithelium (SEP) rough endoplasmic reticulum (rER). 30. E11
in cross section exhibiting apical region showing merocrine secretion (MS) at the free cell
surface (FCS) with full of secretory material (SM) released from the accumulated secretory
vesicles (SV). (L, Lumen). E11 in cross section exhibiting 6 different types of SV-l (31),
SV-2 (32), SV-3 (33), SV-4, SV-5, SV-6 (34). Note the membrane bound as well as
membraneless and the differential content in them.

