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Fine structure with regard to sperm functions of the ductus ejaculatoris
duplex of the male reproductive tract of Heliotbis srmigers (Hiibner)
(Lepidoptera: Noctuidae)
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Abstract. The'S' shaped duplex gland, the shortest among the male reproductive glands,
ultrastructurally exhibits only a single cell type, characterized by the presence of
multishaped rough endoplasmic reticulum, polymorphic Golgi bodies and vesicles. The
frequent mode of secretion appears apocrine, with occasional merocrine and holocrine.
Continuous with the height of secretory activity, the epithelia degenerates leaving only
basement membrane and muscle layers.
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1. Introduction

Numerous studies have been made on the structure of the reproductive tracts in
Lepidoptera (Norris 1932; Mehta 1933; Musgrave 1937; Williams 1940; Callahan
and Cascio 1963; Tedders and Calcote 1967; Davis 1968; Fatzinger 1970; Thibout
1971; La Chance et al 1977; Brits 1978; Buntin and Pedigo 1983; Davey 1985;
Scheepens 1986; Amaldoss 1987a,b). Ultrastructure studies of the Lepidopteran male
reproductive tract are restricted to a few (Riemann and Thorson 1976a, b, 1979a,b;
Lai-Fook 1982a,b,c,d,e; Amaldoss 1987a,b). There has been no ultrastructure
study made on the male tract of Heliothis armigera. Therefore the present paper
describes the fine structure of the duplex gland of H. armigera.
2. Materials and methods
Adult moths (1-2 day old) used in this experiment were reared in an artificial
medium at 25°-28°C; 12: 12 dark and light environment in a Long Light Company,
Taiwan, growth chamber; RH 60±5%. Artificial diet Biomix 9787 (USA), was in
usage. The male reproductive tract was dissected out in Weevers (1966),
lepidopteran saline and duplex glands were safely separated and fixed in 2%
glutaraldehyde, 0'1 M phosphate buffer (pH 7'4) for 3 h. After washing the tissue
thoroughly in the same buffer, it was post fixed in 1% osmium tetraoxide (OS04)
for 1·5 h. The tissue was washed again thoroughly in the same buffer and was
dehydrated through a graded alcohol series and embedded in Spur EPON 812.
Thin sections were cut in a Reichert, Austria, OM3 ultramicrotome. Thin sections
were double stained in uranyl acetate for 5 min and lead citrate for 40 s. They were
then viewed under JEOL JEM100S transmission electron microscope (TEM) and
micrographs were taken.
Duplex glands of two days old virgin and mated males were dissected out in
lepidopteran saline and were fixed in 2<;10 glutaraldehyde, 0·1 M phosphate buffer at
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4°C for 3 h. After thorough washing in the same buffer, the tissue was post fixed in
1% OS04 for 1·5 h, after which the tissue was washed again thoroughly in the same
buffer and dehydrated through a series of alcohol. Following critical point drying,
the tissue was coated with gold and examined with lEOL, lSMIS scanning electron
microscope (SEM).
3. Results
Duplex are the shortest in the male reproductive tract of H. armiqera and are
paired, white and opaque glandular ducts. Duplex continue anteriorly by a pair of
accessory reproductive glands (ARG) and continue posteriorly by an unpaired
ductus ejaculatoris simplex (ejaculatory duct or simplex). Mid way through these
glandular duplex arise a pair of thin extensible vasa deferentia (VD). At eclosion,
duplex appear white and transparent. As it gains more secretory materials and
receives sperm from the testes via VD, the glands appear full, white and opaque.
The empty duplex measures about 7 mm in length and 1 mm in diameter in
H. armiqera but becomes distended when filled with a mixture of many types of
secretion and spermatozoa. The region between the ARG and VD entrance at the
duplex is shorter in comparison with a longer region between the VD entrance and
simplex. Morphologically, duplex appear'S' shaped and is easily collapsible
resulting in the expulsion of spermatozoa and the seminal fluid. Histologically, the
duplex appear to have a robust muscle wall and has a tall columnar epithelium.
The nuclei are basally located and very large. Cytoplasm appears very granular and
dense. The lumen exhibits discrete secretory globules.
Ultrastructurally, the secretory epithelium (figure 7) is surrounded by a
prominent basement membrane (BM), followed by a thick, robust circular inner
muscle layer (CM) and moderately thick robust outer longitudinal muscle layer
(LM). The muscle layers are profusely supplied with tracheae (Tr) and nerve endings
(Ne). The Tr reach beyond the muscle layers into the basement membrane-epithelia.
However, they do not penetrate deeply into the secretory epithelium. Axons
containing neurosecretory particles can be seen in the muscle layers. All along the
basement membrane into the basal epithelia, a number of invaginations (Biv) rise
and lead into the epithelia. The secretory epithelium is made up of only a single cell
type. However, it exhibits asynchronous secretory activity in the adjacent cells
within epithelia of duplex with clear demarcation of their cell boundaries by cell
membrane (CM) (figure 7). The cytoplasm is dense and granular. The presence of
multishaped rough endoplasmic reticulum (rER) is the characteristic of the
epithelium. rER may assume such forms as vesiculate (VER), flattened lamellae,
distended sacculus and finger like configuration (FC) (figures 7, 8, 13-15). The
presence of dense cored vesicles or particles is another common feature of the
epithelia. The presence of numerous mitochondria (M) particularly at the sites of
synthesis and of various other materials (figures 13-15, 18) are significant. Another
unique feature of the epithelia is polymorphism of Golgi bodies (GB). Depending
on the type of synthesis, site of their synthetic activity they are involved in and type
of synthesized materials (figures 10, 16, 18, 19), GB appear as flattened vesicles (figure
19), tubular structures (figure 18), platelets (figure 16) or large oval shaped vesicles
(figures 7, 9). Large oval shaped GB are involved at the site of the synthesis of pinocytotic secretory vesicles (figures 8-10). Flattened vesicles appear to be involved
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at the site of the synthesis of apical electron light vesicle (Elv) (figure 19). Platelet
type of GB appear to be involved at the site of the synthesis of secretory filled
vacuoles (figure 16) where merocrine secretion takes place. The nuclei of epithelial
cells are large, lobed and contain 4 or 5 nucleoli. The secretory epithelia exhibit
different types of secretory granules and vesicles. Prominent among them are a group
of dense secretory granules and vesicles (figure 9), phagosomes (figure 14), filled
vacuoles (figure 16) and numerous packets of secretory materials (figures 8, 10). In a
recently mated moth, the apical region exhibits numerous vacuoles which later get
filled with secretory materials (figure 19). GB are intimately associated with dense
cored particles. Eudocytosis of phagosomes are evident in the basal epithelia,
wherein hollow uptake of solid particles in a vesicle and into a cell (figure 14).
There are 4 stages of phagocytosis. Initially, the membrane appears to swell a little,
enclosing some secretory materials (1st stage-EC1), which then elongates in the
form of a tube (2nd stage-EC2). The third stage (EC3) involves the expansion of the
tube like structure to contain probably more secretory vesicles and finally (4th
stage-EC4) the enlarged part converges and closes the opening and constricts at
that part. Thus results the phagosome (EC5). The basal epithelia exhibit numerous cell
foldings as if to gain greater surface for synthetic activity. Dark and dense secretory
granules appear to be found in the apical region (figure 10). The site of synthesis of
this is granular, oval shaped and surrounded by rER. Numerous mitochondria are
located around the site. Holocrine type degeneration secretion appears as the
transport of these granules (figures 8, 10). But an apocrine mode of secretion occurs
most frequently. Apocrine secretion involves cytolysis of the contents of the apical
ends of the cell, pinching off the degenerate portion and rupturing the enclosing cell
membrane. The free cell surface of the apical region accumulates the secretory
material and break open the plasma membrane and empties the materials either in
blebs of the cell or pinched off (figures 17, 18). Merocrine secretion appears to have
small insignificant microvilli while the free cell surface of the secretory area have
large microvilli and the materials pass through them. Pinocytic activity is seen in
the apical region of secretory epithelia (figures 9, 12). Numerous pinocytic vesicles
are being transported to the apical region as evidenced in figure 9. The secretory
epithelia seemingly disintegrate continuously with the high secretory activity of the
cell (figures 8, 10, 11). Luminal contents: vary according to the copulatory cycle.
Various secretory materials as well as eupyrene sperm bundles and apyrene individual spermatozoa are found. There are numerous dense secretory granules
which appear closely associated with the spermatozoa (figures 6, 10, 11, 12). There
are copious glycogen materials along with electron dense and light vesicles. Broken
pieces of secretory epithelia are also found. Matrix like material appear to be
suspended in the whole of the lumen duplex gland.
Scanning of the cross section of the duplex gland reveals that the secretory
epithelium nearly fills the lumen (figure 5). The epithelial cells are tall, columnar.
The cytoplasm is quite granular, the topography of the free cell surface reveals
columnar epithelial cells having an even border (figure 1). The wall of the duplex
appears thick and robust in the SEM. The lumen of the duplex confirms the
presence of sperm bundles and individual apyrene. The sperm sheath that envelops
the sperm bundle appear smooth and robust (figures 2, 3). Besides containing sperm
bundles and individual sperm, the lumen also exhibit oil secretory granules (OSg) to
which the sperm attaches itself. Secretory globules (Sg) appears budded off from the
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Figures 1-3. 1. SEM of cross section of the du ctus ejacul at or is duple x (D uplex) of
H . armiq era showing the muscular wall. ep ithelial cell (Ee) a nd the lumen (L) cont ain ing
secreto ry globules (Sg]. 2. Section throu gh the epithelial laye r and lumen showing vividly
the sper m bundles (Sb), spe rm sheath (55) and the individua l sperma tozoa (S?) . No te the
lumen appea rs not co mpletely filled in. 3. A higher magnification of the lumen with well
filled oil secreto ry gra nules (OSg) to which the sperm often a ttaches itself. Seen a re a lso the
oth er secretory mater ials a nd some individ ua l sperma tozoa . No te the OSg has gra nular
surface.
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Figures 4-6. 4. SEM showing muscle layers (ML). tall columnar epithelial cells and the
secretory material (Sllil) filled lumen. 5. SEM showing tall columnar epithelial cells. Note
the apical degeneration of epithelium with oval shaped secretory granules filled
lumen. 6. TEM of lumen of the duplex of H. ariniqeru showing spermatozoa. electron
dense secretory granules (EdSg). electron light secretory granules (EISg). abundant
glycogen particles. epithelia and suspension of the matrix like materials. Note the close
association of spermatozoa and dense secretory granules.
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Figures 7-9.
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free cell surface of the apical region of the epithelia (figure 1). They appear as oval
shaped granules. At a higher secretory activity phase, degeneration of the secretory
epithelia appears along with the secretion (figures 4, 5). The lumen then copiously
filled with secretory materials and spermatozoa.

4. Discussion
Though duplex was named differently, entomologists generally stick to the term
'Duplex' (Callahan 1958). Ductus ejaculatoris duplex is also the principal storage
organ for sperm in the male reproductive tract of Lepidoptera (Amaldoss 1987a,
b). The duplex of H. armigera resembles that of most of the lepidoptera in general,
particularly in morphology and in their relationship to the other glands of the male
reproductive tract. Although duplex is the shortest part of the male reproductive
tract, it has been reported to possess an anterior part from the point of entry of VD
into the duplex (Musgrave 1937; Callahan and Chapin 1960; Callahan and Cascio
1963; Riemann and Thorson 1976b; Brits 1978; Lai-Fook 1982b). No attempt
has been made" to show the division, except to report an agreement with LaiFook (1982b) on Calpodes that the anterior part is shorter than the posterior
part of the duplex. Although there is no mention of muscle layers in duplex
wall either of Ephestia kuhniella by Musgrave (1937) or Phthorimaea operculella
by Brits (1978), Callahan and Cascio (1963) reported the presence of an inner
longitudinal muscle layer and an outer circular muscle layer. The opposite is
the situation in H. armigera, circular layer being inside and longitudinal layer
being outside. It is to be mentioned that the same condition has been reported by Lai-Fook (1982c) in Ca/podes ethlius and by Riemann and Thorson
(1976a, b) in Anagasta kuhniella but the condition of these layers are different
in H. armigera by having a moderately thick inner robust circular layer and a
thinner outer longitudinal layer. There is a thin but distinct basement membrane in
H. armigera. Callahan and Cascio (1963) and Brits (1978) have reported a well
developed basement membrane in Heliothis zea and P. operculella respectively.
There is no mention of invaginations and this could possibly help in holding
together the entire cell at the height of secretory activity continuous with apical
degeneration (figures 8, 10, 11). The possession of a single cell type in the duplex of
Lepidoptera appears to be a common feature (Riemann and Thorson 1976a, b; LaiFigures 7-9. 7. TEM of the duplex of H. armiqera showing LM, GM, BM and basal
epithelia. Note the Tr and Ne. Obvious basal invaginations biv are numerous all along the
basal epithelia followed by basement membrane. Note the numerous large oval shaped GB
in the basal epithelia, rER, numerous mitochondria, dense cored particles. The clear
demarcation of the cell boundaries by eM enable the asynchronous activity of the cell
clearly. 8. A section through the mid and apical epithelia of duplex shows extended
sacculus rER, secretory granule formation SgF stages, scattered around numerous
mitochondria and large V. Note the released dark secretory granules and the awaiting
spermatozoa for some sort of exchange and there it appears the degeneration of apical
epithelia continuous with high secretory activity of the cell. 9. A section through the
apical region of epithelia of duplex exhibit exocytosis of pinocytic vesicles into the lumen.
Note occurrence of pinocytosis. The large GB are actively synthesizing materials for
pinocytic secretory materials (PSM). Note the pinocytic vesicles lining up along the free
cell surface and being expelled into the lumen, are clearly seen. Endoplasmic reticulum
demonstrate richly studded with ribosomes. The lumen is filled with pinocytic vesicles(SV).
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Figures 10-12. 10. TEM resembles a bit that of figure 8. A section through the apical
epithelia exhibit the secretory process of dense secretory granules and transport of the
same with concurrent occurrence of holocrine means of secretion (HS). Note the intact rER
with the secretory process and degeneration epithelia with lysed cells . Spermatozoa closely
associate with dense secretory granules. Lumen contains pieces of secretory epithelia .
11 and 12. TEM of apical lumen regions of duplex exhibit holocrine secretion (HS) (II)
and pinocytosis (12) with arrow marks. Note the lumen contain spermatozoa. dense
secretory granules. Note thc exocyrosis of pinocytic vesicles (12) with arrow mark s.
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Fook 1982e}. There are clear evidences of asynchronous activity of the adjacent cells
within the duplex of H. armigera (figure 7) as also evidenced by Lai-Fook (1982e) on
Calpodes. It is unique to see the various secretory activities, apocrine being most
frequent, occasional merocrine and holocrine occurring. Both pinocytosis and
phagocytosis occur. Pinocytic vesicles are exocytosized while phagosomes are
endocytosized (figures 9, 14). Riemann and Thorson (1976a, b) reported the release of
the secretions either through apocrine or merocrine means while Lai-Fook (1982e)
reports of infrequent occurring of apocrine secretion in Calpodes. For Brits (1978) it
is entirely merocrine, for Callahan and Cascio (1963) it is entirely apocrine and for
Musgrave (1937) it is apocrine secretion coupled with epithelial proliferation. The
degeneration in H. armigera resembles that of H. zea (Callahan and Cascio 1963). The
disintegration of the cell is continuous with the high secretory activities of the cell.
The cytoplasm containing granules and clear globules move to the free cell surface
and expands the cell membrane to form a bud. By rupturing the enclosing cell
membrane, the bud pinches off into the lumen. Degeneration is complete leaving
only basement membrane and muscle layers intact. Riemann and Thorson
(1976a,b) reported the occurrence of degeneration in aged animals. Lai-Fook
(1982e) observed no occurrence of degeneration in Calpodes. It is important to
stress that in H. armiqera the degeneration is accompanied by high secretory
activity which appears to be holocrine secretion (figures 8, 10, 11). These insects
were just 5-6 days old, mated and there is accumulation of optimum secretion. The
basic contents of the lumen very much resemble that of other Lepidoptera. The
physiologically active condition of the duplex and physiologically inactive condition
of the seminal vesicles (SY) (Amaldoss 1987a, b) require the difference of the content

Figures 13-16. 13. A section through epithelia of duplex which show ER studded with
ribosomes and large mitochondria M. Note a group of 5 secretory gran ules, rER shows
sacculus vesiclesand with many secretory materials filled vesicles are seen. 14. TEM of a
section of secretory epithelia of duplex showing large nucleus (N) with 4 or 5 nucleolus
(NU). many electron light vesicles Elv, a large vacuole Y, elongated mitochondria, flattened
vesiculate rER and microtubules. Note the stages of endocytosis (Eq by phagocytic activity.
The final product is a phagosome (PhS). The 5 stages of phagocytic activity (ECI, Ee2.
EC3, EC4 and EC5) are clearly evident. 15. A section through epithelia exhibit rER in
the form of finger like configuration (FC), numerous cell foldings, numerous mitochondria.
16. TEM of an apical region of duplex showing numerous vacuoles, platelet GB. Note the
secretion filled vesicles are merocrine means of secretion (MS) expelled into the lumen.
Note the secretory vesicles are accumulated at the free cell surface and the plasma
membrane breaks open to expel the secretion into the lumen. 17-20. 17. TEM of free
cell surface of duplex showing the apical means of secretion (AP) taking place. The secretory globules accumulate at the free cell surface and pinched 01T at the lumen. The lumen
contains globules. spermatozoa and matrix materials. 18. A section through the apical
region exhibits two very large tubular GB actively synthesizing materials. Note the close
association of GB with dense cored particles and numerous mitochondria. Apical secretory materials collect at the free cell surface and are expelled into the lumen. Note the
secretion filled numerous electron light vesicles. 19. A section through the apical region
and lumen showing numerous cell foldings. The epithelia exhibit cell foldings, rER. numerous Elv and GB. The lumen contains SP and dense secretory granules. This appears non
secretory area and the microvilli are small in size. 20. TEM of apical region-lumen of
duplex showing long irregular microvilli. Note the numerous Elv at the free cell surface.
Secretory globules accumulate at the free cell surface. The lumen contains matrix.
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of seminal fluid in duplex as well as in SV. The present findings go along with Brits
(1978) that the duplex receives secretions from VD and ARG. Duplex is highly
secretory and there appears a rich contribution from various secretory types.
Though SV and duplex are functionally sperm storage organs, it is the seminal fluid
of duplex that will accompany the spermatozoa and may influence the physiological
condition within the duplex (figures 10, 11). As in Spodoptera litura (Amaldoss
1987a,b), the duplex of H. armigera provides conditions for physiological activity
for sperm activation and motility while seminal vesicles do not. Duplex are free of
sperm bundles on most of their parts. As in A. kuhniella (Riemann and Thorson
1976a,b) and in Calpodes (Lai-Fook 1982d), the eupyrene sperm bundles are
positioned posteriorly while Musgrave (1937) and Callahan and Cascio (1963)
describe them as positioned anteriorly. The polymorphic GB in association with
mitochondria, cored particles and rER appear to be specific with respect to site of
synthesis and their type of secretory materials.
Werner (1986) studying the ultrastructural changes in Golgi apparatus in the
backswimmer, Notonecta glauca has reported 3 functional major phases of GB
recognizable from their morphological characteristics. Are polymorphic GB also
involved during spermiogenesis within the duplex? Whether polymorphic GB in the
duplex of H. armigera are also functional major phases (manifesting from their
morphological characteristics) requires further evidence to determine.
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