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Abstract. Ductus ejaculatorius duplex is the major sperm storage organ in male
reproductive tract of Noctuid species. Although seminal vesicles and duplex are
functionally sperm storage organs, duplex plays an important role in sperm functions on
its transport from male to female. At the zenith of the reproductive function, duplex
exhibits holocrine type-degeneration (secretion) concurrent with the height of secretory
activity wherein the duplex secretion facilitates the transport of the spermatozoa into the
female via spermatophore and contributes rich materials for spermatozoa maturity and
physiological activity.
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1. Introduction

Over the basic plan of the male reproductive tract in Lepidoptera, there exists 4 sets
of secretory tubules viz: vasa deferentia (VD), accessory reproductive glands (ARG),
ductus ejaculatorius duplex (Duplex) and ductus ejaculatorius simplex (Simplex or
ejaculatory duct). The varied terminology applied to duplex is very confusing,
Mehta (1933) called it a paired portion of ejaculatory duct, Omura (1938) called it
seminal vesicles in Bombyx mori (due to lack of seminal vesicles in VD), Musgrave
(1937) and Stitz (1901) called it paired glands. But by and large entomologists have
adhered to the term of Callahan (1958) as duplex. There has been general agreement
that the duplex is formed of secretory epithelium beneath a thin layer of muscle.
Apparently no one has found marked differences in the secretory cells from the
different regions of the duplex (Riemann and Thorson 1976a). Lai-Fook (1982) also
confirms the single cell type of duplex epithelium but he reported the occurrence of
asynchronous secretory activity in the adjacent areas within the duplex. Amaldoss
(1987) also confirmed a single cell type, but reports the presence of 3 layers of
muscles which is unique.
Musgrave (1937) mentions the occurrence of the apocrine secretion coupled with
epithelial proliferation in the duplex of Anagasta kuhniella. Callahan and Cascio
(1963) reported the process of degeneration in the duplex of Heliothis zea, leaving
only the basement membrane and muscle layers intact. Riemann and Thorson
(1976a) reported the same process in Anaqasta kuhniella and this occurred in both
the epithelium and the muscle layers in aged animals. Lai-Fook (1982) fail to
observe this process even in animals aged 14 and 17 days. Amaldoss (1987)
reported in Spodoptera litura and in Heliothis armigera (unpublished data) the
process of degeneration while describing their ultrastructure. In the light of their
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findings, it is intended to trace the phenomenon of degeneration and its
implications in the reproductive function of the two Noctuid species S. litura and
H. armigera.

2. Materials and methods
The rearing of animals was done as previously described (Amaldoss 1987), and 4-5
day old mated males were chosen for these experiments. The male reproductive
tract was dissected out in Weevers (1966) lepidopteran saline and duplex glands
were removed carefully and fixed in 2% glutaraldehyde-with 0·1 M phosphate buffer
(pH 7'4) for 3 h. The tissue were washed thoroughly in the same buffer and post
fixed in osmium tetroxide (Os04) for 1·5 h and washed again thoroughly in the same
buffer. Then the tissues were dehydrated in a graded alcohol series and embedded in
spur Epon 812. Thin sections were made in a C Reichert Austria OM3
Ultramicrotome. The thin sections were double stained in urayl acetate for 5 min
and lead acetate for 50 s and viewed under lEOL, lEM l00S transmission electron
microscope and micrographs were taken.
3. Results
Both H. armigera and S. litura like other Lepidoptera exhibit a single cell type but
with asynchronous secretory activity in the adjacent cell within the same duplex
glands (Amaldoss 1987 and personal communication). S. litura exhibits 3 layers of
muscle, two of which are inner circular muscle layers and H. armigera exhibit only
two layers of muscle one of which is an inner circular muscle layer (figure 6).
Duplex of both measure 7 mm in length and 1 mm in diameter. Virgin duplex of 1
or 2 day after eclosion show very little secretory activity. The lumen contains a few
dense secretory granules and globules. The lumen is basically empty. The tall
columnar epithelial cells appear as if to close the lumen. On the fifth day after
eclosion, optimum secretion occurs with eupyrene sperm bundles and individual
apyrene sperm (figure 1). The muscle layers, distinct basement membrane and the
tall columnar epithelia make the wall of duplex appear thick and robust but as the
entry of spermatozoa make their way into the duplex via the VD from the testes
and the secretions accumulate, the wall of duplex is pulled and pushed to give more
space for the content of the lumen. Thus the wall of duplex becomes thin on the
fifth day or after mating. Spodoptera litura exhibit apocrine mode of secretion
frequently (figures 4-6) which involves cytolysis of the contents of apical ends of the
cell, pinching off of the degenerate portion and rupturing of the enclosing cell
membrane (Clvl), Occasionally merocrine means of secretion takes place. Certainly
this mode of secretion is infrequent. Holocrine type of degeneration of epithelia is
evident in the secretory epithelia. But this appears not to happen in virgin males
but only in mated males. Both in H. armiqera and S. litura, the apocrine secretion is
prominent with accumulation of pinocytotic vesicles and numerous phagosomes.
Phagosomes are endocytosized and pinocytic vesicles are exocytosized. The
polymorphic Golgi bodies (GB) and multishaped rough endoplasmic reticulum
(rER) concentrate around their site of synthesis and the type of secretory materials.
The high secretory activity is accompanied by degeneration of the apical region of
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Figures 1-3. I. Thick section on a cross section of ductus ejaculatorius duplex of S. litura
showing the external thick muscle layer (ML), basally located nuclei (N), the sperm (SP)
and seminal fluid filled lumen (L). Note the degenerating epithelia (dEP). 2. Thin section
from a cross section of degenerating epithelia (dEP) showing lysed cells (Lc), segregated
piece of epithelia (PEP), left over intact epithelia (fEP). 3. Lumen showing the
spermatozoa (SP) in cross and longitudinal angles, glycogen particles (gl), large unknown
granules.
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Figures 4 and 5. 4. Epithelia of duplex at the height of secretory activity showing numerous
Golgi bodies (GB), rough endoplasmic reticulum (rER), large number of microtubules (Mt),
well distributed mitochondria (M), dark dense secretory granules (DSg) and numerous
secretory vesicles. Note the cell foldings and the pinocytotic vesicles appear to be gathering
at the free cell surface (FCS) and released into the lumen breaking open the cell membrane
(CM) through the micro villi (MY) (at left hand corner). 5. This electron micrograph like
the preceding one, exhibit endocytosis of secretory material (EnC). Note the
multivesiculate body (MYb). At the right hand corner note the free cell surface with large
number of pinocytotic vesicles and the lumen containing few spermatozoa.
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secretory epithelia wherein the apocrine secretory materials and the degenerative
apical cells descend together (H. armigera).
The process of degeneration begins with apical proliferation of epithelia. During
the process of degeneration, cytoplasm, containing granules travels to the free cell
surface and expands the cell wall to form a bud. This bud constricts off at the neck
of the cell. The liberated bud is thus expelled into the lumen as a free entity
(H. armiqera and S. litura). This process appears as the result of frequent and heavy
apocrine secretion. Some areas of secretory cell show exocytosis of secretory
granules wherein lysis of cells takes place and the contents in a cell are washed
away into the lumen. It appears that this process accompanies the transport of
already produced dense secretory granules (H. armigera) into the lumen. During this
process the spermatozoa migrate deep into the lysed basal secretory epithelia (figure
6). Other areas where pinocytosis takes place, pinocytotic vesicles are endocytosized
into the lumen (figures 4, 5). This is also seemingly accompanied by a holocrine type
of degeneration in (H. armigera) and possibly play a role in transporting the
secretory materials into the lumen. Figures 6 and 7 depict the degeneration of the
entire epithelium-leaving only muscle layers and basement membrane intact. The
cells are getting lysed, part of the rER undergoing autolysis and the cell boundaries
are still recognizable (figure 6). Numerous lysosome and resultant vacuoles from the
cell lysis are also 'Seen. The degenerate nucleus still exhibits the intact double
nuclear membrane and the nuclear materials within the nucleus appear to have
been also affected (figure 7). The entire epithelia reveals left-over intact pieces of
epithelia, a number of mitochondria, lysosomes, dense cored particles or vesicles,
clusters of glycogen and scattered micro tubules. The spermatozoa appear to reach
out into the entire lysed materials within the degenerated epithelium (figure 6). This
has been the observation almost among all the holocrine type degenerative epithelia
of duplex both in H. armiqera and S. litura. There is still another area of holocrine
type degeneration which show the degeneration of the rER, (figure 8, 9). This process
of degeneration of rER involves the enlarging of rER making a bend and swelling
on one side. Inside the swelled part, there appears to be a kind of a enzymatic break
down of materials. This leads to the opening of the swollen part, and ribosomes are
liberated as free ribosomes or as accumulated ribosomes. The membranous or
tubular part of the rER then appears to dissolve. Now the resultant two materials
morphologically appear different. Free ribosomes (liberated and accumulated
ribosomes) appear as electron light little particles, while the dissolved tubular part
rER appears as electron dense large particles. All these particles appear to move to
the free cell surface and hang around the plasma membrane. The plasma membrane
then, at the free cell surface, in its turn appears to be distended. Materials or the
rER particles appear to pass through the plasma membrane by a kind of diffusion
(figures 10, 11, 12).

4. Discussion
Seminal vesicles and ductus ejaculatorius duplex are the two major sperm storage
organs in most of the male Lepidoptera except Bombyx mori. There are only a pair
of duplex which are termed seminal vesicles in Bornbyx mori (Omura 1938) because
they lack the typical enlarged portions of YD to form the seminal vesicles. It is
generally acknowledged that sperm periodically descend from the testes to YO, SY
and finally to duplex (Riemann and Thorson 1976b; La Chance et al 1977). The
quantity of sperm in the seminal vesicles is influenced by mating. The emptying of
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Figures 6 and 7. 6. Holocrine type degenerating epithelia or duplex showing the intact 3
muscle layers (LM, eM), the basement membrane (BM) and the trachea (Tr). Note the
spermatozoa appear to migrate very deep into the basal degenerated epithelia (dEP) . Also
seen are the dense secretory granules (05g), lipids (Li), lysed cell (Lc) and glycogen
particles (gl). 7. Holocrine type degenerated cell. Note the cell is completely lysed. Note
also the mitochondia (M), degenerating nucleus (dN) with intact nuclear membrane (NM)
and intact epithelial pieces (lEP) and lysed vesicles (LV).
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Figures 8 and 9. 8. Degenerating rough endoplasmic reticulum (rER) and the process of
liberating of ribosomes (LR) and the accumulated ribosomes (ARl. migration free
ribosomes to the free cell surface (FeS) and diffusion. 9. Through the apical region and
lumen of holocrine type degeneration cell showing degeneration (dEP) of rER and the
lumen with lysed and other materials. Note two large lipid droplets.
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Figures 10-12. 10 and 11. Lumen of holocrine type-degenerating epithelia with an
unknown large secretory granule (Lsg) which appears to be multi vesiculate body by having
numerous vesicles. Note the spermatozoa (SPj, degenerated epithelial pieces (dEP), and
lipid droplets. 12. Lumen of holocrine type degeneration cell with multivesiculate bodies,
large lipid droplets.
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duplex during copulation results in most of the sperm being released from the SV
(Riemann and Thorson 1976b). Seminal vesicles exhibit a physiologically inactive
condition while duplex exhibits a physiologically active condition for sperm
activation (Amaldoss 1987). The duplex of virgin males show less secretory activity
both in S. litura and H. armigera and the lumen contain few discrete secretory
granules. At the height of reproductive activity, the duplex demonstrates
asynchronous activity in the adjacent cells within it. As is the case in A. kuhniella
(Riemann and Thorson 1976a, b), duplex of S. litura and H. armigera secrete
profusely after mating. Apocrine was the most frequent mode of secretion. Various
forms of rER, polymorphic Golgi apparatus, many lysosomes, cored vesicles,
numerous dense granules, microtubules were all in abundance in the process of
secretion. Pinocytotic vesicles and phagosomes are numerous. Endocytosis of
phagosomes and exocytosis of pinocytic vesicles are evident. Similar conditions
were reported in A. kuhniella (Riemann and Thorson 1976a). All these indicated
high secretory activity in the duplex of 4-5 days old males after mating. Musgrave
(1937) reported occurrence of apocrine secretion with epithelial proliferation as also
Callahan and Cascio (1963) and Riemann and Thorson (1976b). Callahan and
Cascio (1963) reported exclusive occurrence of apocrine while Riemann and
Thorson (1976b) reported frequently apocrine, occasionally merocrine. Duplex of
S. litura and H. armigera also exhibit apocrine frequently or even dominantly while
merocrine is rare. Lai-Fook (1982) reports the occurrence; of merocrine and
infrequent apocrine. For Brits (1978) it was entirely merocrine.
Yung-Tai (1929) and Henson (1930) contended that the process of disintegration
occurs following active periods of secretion in the ventricular epithelium. Callahan
and Cascio (1963) reported that the degeneration of the cells of duplex in H. zea is
very similar to the degeneration of the digestive cells as described by Snodgrass
(1935), Folsom and Welles (1906), Needham (1897) and Yung-Tai (1929) except that
there are no regenerative cells present. Snodgrass also reported that there has been
a general view that this process was considered as a method for rapid discharge of
secretory products. Although Yung-Tai (1929) challenged this view, Snodgrass
asserted that conclusions must be justified only by studying the physiological stand
point of this process. It has become apparent that .the seminal environment of the
ejaculated sperm cells represents a specialised chemical medium which has no
counterpart among the other secretions elaborated by the male organism (Murray
et al 1962).
Secretions elaborate throughout the reproductive life of the male. At the zenith of
the reproductive life when there are chances to copulate and transfer semen
successfully to the female, holocrine type of degeneration occurs. Lai-Fook (1982)
not only could not spot this type of degeneration but also failed completely to
observe this phenomenon in 14 and 17 day old animals. Callahan and Cascio (1963)
reported in H. zea that as the secretion elaborated throughout the reproductive life
of the male, degeneration also takes place which continues till old age, only
retaining basement membrane and muscle layers. This is significantly different in
H. armigera and S. litura 4 or 5 day old mated males which exhibited holocrine type
degeneration with only basement membrane and muscle layers intact. It appears
this occurrence has more to do with the height of the reproductive activity and
function than with aging. What occurred at the height of the reproductive function
cannot be merely on aging process, but could be a culmination point of the
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reproductive function. Since mating empties the content of the lumen of duplex
(Riemann and Thorson 1976b), the holocrine type-degeneration appears to prepare
the duplex for subsequent matings. So this type of degeneration plays a functional
role in the further reproductive functions of the mated males which is vital for
reproductive success. Under this evaluation, holocrine type-degeneration may show
some evolutionary significance. Callahan and Cascio (1963) reported that
disintegration is continuous with the secretory activities of the cells. Our
observation is the concurrent occurrence of holocrine type degeneration at the
height of secretory activities of the cells as observed in the duplex of both S. litura
and H. armigera. The resultant degenerated cellular substances appear to show
affinity with the spermatozoa, since the spermatozoa appear to enter into Ithe basal
region of the holocrine type-degenerative cell in search of those materials. In other
places the degeneration also appears to join the transport of the dark dense
secretory granules along with the lysed materials into the lumen. This could
possibly contribute to the functional anatomical aspect of the duplex. by changing
the condition of duplex physiologically ideal for sperm reproductive function.
Sperm suspension.' distribution, nutrition, and transport are possibly contributed
from the holocrine type-degenerative materials. Since holocrine type degeneration
takes place in the reproductive life of the male after mating, the resultant
accumulation of secretory materials plays a functional role for the spermatozoa of
duplex to remain physiologically active for further reproductive functions when
remating takes place.
The holocrine type degeneration and its implications within the sperm storage
organ duplex awaits further biochemical analysis of the content of the same.
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