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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
armigera (Hubner) and Spodoptera litura (Fabricius) (Lepidoptera). 11.
Fine structure and function of simplex 2 (EJ2)
GAMALDOSS
Biology Department, Fu Jen University, Hsinchuang 24205, Taipei, Taiwan, Republic of
China
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Abstract. The mid region (EJ2) of common ejaculatory duct is characterised by secreting
intensity varying white viscous secretion together with a small segment of the milky white
viscous secretion. The milky white segment possesses as the optimum amount of activator,
high molecular weight protein between 30,000 and 60,000 capable of disaggregating
eupyrene sperm bundles besides possessing the activating substance.
Keywords. Viscous secretion; sperm disaggregation; activator.

1. Introduction
The spermatophore is not a mere repository or transport vehicle for spermatozoa
(Mann 1984) but a reactor for spermatozoan maturation (Katsuno 1977; Kasuga
et al 1985). Maturation precedes with the time of acquisition of a nucleated apyrene
spermatozoa and the breakdown of eupyrene bundles is due to the separation of
individual eupyrene spermatozoa that fertilize the eggs and their partial acquisition
of motility which is completed later in the spermatheca (Kasuga et al 1987). In this
paper the fine structure and role of EJ2 secretion in sperm activation, motility and
sperm disaggregation in vitro have been described.
2. Materials and methods
The animals were reared, dissected, embedded, sectioned and stained as described
by Amaldoss (1987). Preparation of sperm, activator and assay of sperm activation
are carried out as described previously by Shepherd (1972).
2.1 Purification and characterisation of sperm activating substances using gel
filtration technique employing Sephadex (G-50)

2.1a Preparation of buffer (pH 6'8): Ammonium bicarbonate, 250 rnl of 0·03 M
was added to 250 ml of 0·03 M acetic acid; to this mixture 500 ml of double distilled
water was added, and thus the buffer attained 0·03 M for each ingredient.
2.1bPreparation of column: Sephadex G-50 (fine beads) from Pharmacia Fine
Chemicals, Inc., Uppsala, Sweden was hydrated by heating the beads in the buffer
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for 1 h in a boiling water bath. The gel was washed until the absorption of the
eluent at 280 nm was < 0·005.
2.1c Preparation of the sample: The insects were dissected open in Weever's (1966)
lepidopteran saline and the common ducts of 5 insects of each species were pooled
and homogenized in 0·03 M ammonium bicarbonate/acetate buffer, centrifuged and
the supernatant was used for gel filtration.
2.ld Marker proteins: One of five pg/ml of solutions of various markers of known
molecular weights (M,) were applied to the column. These markers were bovine
serum albumin (M, 68,000), cytochrome c (M, 12,100), glucagon (M, 3485),
bacitracin (M, 1450) and leucine (M, 131).
2.1e Procedure: The common duct extract was applied to the equilibrated column,
and the eluents were collected at a flow rate of 0·2 ml per min. The eluents were
read at 280 nm. The fractions which showed same peaks at 280 nm were pooled and
lyophilised and tested for sperm activation.
After eluting the sample, the Sephadex G-50 column was washed with 0·3 M
ammonium bicarbonate/acetate buffer until the eluent read 0·005 absorbance at
280 nm. Then the marker substances were eluted at a flow rate of 0·2 rnl/min. The
elution volume of leucine was determined by ninhydrin test.
3.

Results

EJ2 is in the second or mid region of the non cuticular simplex containing varying
intensity from white, bright white and milky white secretions as it descends from
EH to El3 region of the common ejaculatory duct. The length of the milky white
segment is identical in both the species. Interestingly the milky white segment shows
copious sperm activity in both the species. The length of El2 in Heliothis armiqera
measures 2·6 cm while the same in Spodoptera litura measures 2·4 cm. The secretory
epithelium consists of low columnar cells in the El2 of H. armigera while the same
consists of tall columnar cells in the EJ2 of S. litura (figure 17). The secretory
activity appears to be quite different from that of Ell. The secretions appear to
accumulate. in vacuoles at the free cell surface where the vacuoles rupture and the
contents are emptied into the lumen (figures 27, 29).
Scanning electron micrographs (SEM) of the cross sectioned EJ2 of the simplex
reveal a thick outer epithelial layer which is smooth and appears to show secretory
cell surface of apocrine nature (figure 8). Though there is a single secretory cell type,
there appears topographic variations as if there are two types of secretory cells.
The basal region appears much larger than the apical region. The apical region
exhibits dark, dense secretory granules and they are seemingly released by
exocytosis. The lumen consists of homogenous moderately electron light secretory
materials besides dark, dense secretory granules (figures 9, 10). The cell appears
highly secretory phased. Dense cored secretory materials are at the centre around
which there is an electron luscent material enveloping the materials. Some granules
appear to be membrane bound while others are not so (figure 4). Under the light
microscope the section appears milky white and thus supplements the information
gathered and SEM. At the ultrastructural level, the epithelium of both the El2
species H. armigera and S. litura consists of a single cell type (figures 1, 2, 12-14).
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Apocrine appears to be the only mode of secretion in H. armiqera (figure 7) while
the epithelium of El2 in S. litura appears to have two secretory cell types. A larger
granule secreting basal epithelium with characteristic multivesicular bodies exhibit
apocrine mode of secretion while apical region appears to function holocrine type

Figures I and 2. For caption, see p. 37.
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of degeneration wherein all the cell contents are lysed and expelled into the lumen
to form the part of the ejaculate (figures 20-23).
The secretory epithelium of El2 both in H. armigera and S. iitura are like that of
Ell in having two muscle layers surrounding the basement membrane. An outer

Figures 3 and 4. For caption, see p. 37.
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thick longitudinal muscle layer and an inner thin circular muscle layer are the two
layers that surround the basement membrane and epithelium. The basement
membrane of EJ2 in H. armigera appears to be much thicker than the same of EJ2
in S. litura (figures 1, 2, 12, 13). The epithelium of EJ2 region of the simplex in
the case of H. armigera consists of only a single cell type, viz. apocrine. The
secretory epithelium consists of smooth endoplasmic reticulum and rough
endoplasmic reticulum. The cytoplasmic matrix is darker than that of E12
epithelium of S. litura (figures 2-4). The nuclei which are oval, are located basally
and each of them contains 3 or 4 nucleoli. Dark dense nuclear materials are evenly
distributed. The nuclear membrane does not appear conspicuously (figures 2, 4).
Golgi bodies and mitochondria are evenly distributed. The rough endoplasmic
reticulum is distended and vesiculate. The apical region is filled with abundant
electron light secretory vesicles (figures 3, 4). The apical region has a smooth surface
at its free cell surface (figures 6, 7). There is no sign of microvilli present. The
secretory materials are released at the free cell surface by breaking the cell
membrane with cytoplasmic loss. The lumen contains the granular secretory
materials (figure 7). The epithelium is characterised by the presence of secretory
vesicles peculiar to the cells (figure 5). Four types of secretory granules designated
Si, S2, S3 and S4 are recognised. The first type (Si) has tapering ends and its
contents are moderately electron dense. The outer surface of this secretory granule

Figures 5 and 6. For caption, see p. 37.
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Figures 7-10.

For caption, see p. 37.
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consists of thick, dark and electron dense materials. The second type (S2) of
secretory vesicle contains dense cored materials in the centre around which there is
an electron luscent space enveloping and forming a boundary. The third type (S3) is
the secretory vesicle which is membrane bound with an electron luscent space
which again encloses moderately electron dense material. The inner most part of
this secretory granule contains electron luscent materials with granular materials
scattered. The fourth type (S4) of the secretory granule is also membrane bound.
Beneath this membrane is an electron luscent space which, in turn, encloses a dark,
spherical electron dense material of a secretory nature. The apocrine secretion at
the free cell surface is expelled into the lumen ofEl2 with cytoplasm (figure 7). The
muscle layers of El2 in both the species are deeply penetrated by the nerve endings
and tracheae which however do not penetrate the epithelium. The nuclei of the
muscle layers are elongated. Both the muscle layers contain dense cored vesicles.
El2 of both species have basal invaginations which is not a characteristic feature of
Ell (figures 1, 2, 12, 13).
In the apocrine secretory cell type of S. litura, the epithelium consists of abundant
rough endoplasmic reticulum (figures 15, 16, 18, 19, 22, 23, 25). The rough endoplasmic reticulum is further arranged in whorls surrounding secretory vesicles and other
secretory materials. There are Golgi complexes as well (figures 15, 16, 18, 19). In
other areas of the cells where the endoplasmic reticulum .and secretory vesicles are
scanty, the Golgi bodies and the mitochondria are sparse and randomly distributed.
Numerous electron dense and light secretory vesicles are also present. The rough
endoplasmic reticulum is lamellate but sometimes distended. The unique feature of
this region is the formation of secretory granules. The nuclei are rounded and the
nuclear membrane clearly demarcated. The rough endoplasmic reticulum may also
become distended. A variety of secretory vesicles occur, and they consist of
homogeneous dense materials which are separated from the surrounding membrane
by means of an electron. luscent space (figure 11). Secretory materials appear to be
released by exocytosis at the bases of free cell surface. There is no clear evidence of
any microvilli at this region of the cell. The lumen contains electron dense-light
vesicles and multi-vesiculate bodies (figures 26, 28).
In the holocrine cell type the epithelium is distinct with cell boundaries (figure 23).
The plasma membrane is clearly demarcated and regularly arranged. The nucleus is
more or less oval in shape and the double layered nuclear membrane is partially
visible. The nuclear materials appear homogeneous and there are 4 or 5 nucleoli in
each nucleus. The cells have many electron luscent vesicles, both rough and smooth
endoplasmic reticulum, Golgi complexes with associated dense vesicles, a few
mitochondria and some irregularly shaped materials. The characteristic feature of
this region is the presence of multivesiculate granules, and crystalline structures
occurring in the electron luscent vesicles. The electron luscent vesicles are of
different sizes and shape and contain crystalline structures. At the outer region of
this unique secretory vesicle is a boundary of electron light region, followed by the
cytoplasmic inclusions of the cell. Another inclusion of this secretory granule is the
rod-like material (figure 22). The whole secretory epithelium undergoes drastic
changes during reproductive phase. Degenerating endoplasmic reticulum of both
smooth and rough types and other cell organelles are readily changed and
converted for transport into the lumen. The degenerating epithelia form
different layers of materials with intensity of low and high orders (figure 25). The
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Figure 11. Gel filtration of EJ2 extract of H. armiqera on Sephadex G·50.

region close to the apex and lumen appears moderately electron dense and contains
mitochondria, free ribosomes, pieces of endoplasmic reticulum and many types of
secretory vesicles. Prominent among these secretory vesicles are the electron light
and electron dense types. There are also dark, dense cored materials and
microtubules. The free cell surface of the apical region is clear and smooth and
presents an undulate outline along its entire length (figure 24). The next region is
highly electron dense, containing materials mostly like those of the previous region.
It has a clear boundary. The distal region is the electron luscent part which has less
materials. There are large empty spaces in this region. Secretory vesicles,
mitochondria and broken pieces of rough endoplasmic reticulum are scattered here
and there, and it appears that the holocrine secretion takes place in the sequential
space. The materials get gradually but steadily pushed towards the apical region
only to be expelled into the lumen subsequently.
3.1 In vitro purification and characterization of the sperm activator from Noctuid
moth
It has been observed that as long as the sperm are in the seminal vesicles, they are

practically immotile, but become highly motile on entering the female reproductive
tract upon copulation. Thus, during copulation secretions from the accessory
gland should play a major role in the initiation of sperm motility. In order to
understand which region of the male reproductive system secretes the activator
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Figures 12-14. For caption, see p. 38.

of the sperm, the homogenised contents from various regions of the male
reproductive tract, viz. duplex, accessory reproductive gland, vas deferens and the
simplex were mixed with the sperm dissected from the seminal vesicle and nature of
sperm activation was observed. Prior to this, dilution of the sperm with buffer
solution is essential to assay the effect of the secretions. Various buffers at different
pH in different ionic strengths were used as dilutants.
The results obtained on the effect of various molar concentrations of HEPES-KOH
buffer on sperm activation of S. litura indicate that there is no activity of sperm in
0·03 and 0·05 M HEPES buffer. Activation is noticed at 0·16 M buffer. Sperm
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Figures 15-17.

For caption. see p. 38.

activation is reduced when the buffer concentration is increased above 0·16 M,
while complete inhibition of activity is observed at 0·5 M concentration. The assay
of sperm activation in different pH in HEPES buffer further reveals that the activity
is maximal at pH 7. In view of this, HEPES buffer (0'16 M) at pH 7 was used as
dilutant. The same buffer at pH 7 at 0·16 M was found to be suitable for the
activation of the sperm of H. armigera as well.
3.2

Distribution .of activator in male accessory gland secretions

The results obtained on the effect of the secretions of the seminal vesicle and Ell to
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Figures 18 and 19. For caption. see p. 38.

EJ2 are presented in table 1. It is found that in the presence of HEPES buffer, the
seminal vesicle has no effect on the activation of sperm. However, extracts from
different regions of the common duct or simplex activate the sperm to varying
degrees while El2 extract activates the sperm maximally.
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Figures 20 and 21. For caption, see p. 38.

3.3

Chemical properties of the sperm activator

To understand the nature of the chemical composition of the secretion that
activates the sperm in both the insects under study, the secretions were subjected to
UV spectrum analysis. The secretion of the common ejaculatory duct or simplex
was diluted with HEPES-KOH buffer at pH 7 and centrifuged at 1000 9 for I h.
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Figures 22 and 23. For caption, see p. 38.

The supernatant was measured with a spectrophotometer. The results obtained on
the absorption spectrum of the secretion of S. litura and H. armiqera show the
maximum absorption of the secretion at 270-280 nm suggests the presence of
tyrosyl groups of the protein of the secretion that are responsible for sperm
activation and motility.
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Figures 24 and 25. For caption, see p. 38.

3.4

Susceptibility of activators to proteolytic and hydrolytic enzymes

The results obtained on the susceptibility of the activator to proteolytic and
hydrolytic enzymes are presented in table 2. It is observed that the sperm activation
capacity of the secretions from the simplex gland of S. litura and H. armiqera are
inhibited by proteolytic enzymes such as trypsin, subtilisin and pepsin.
There is no inhibition of the activator when the secretions were incubated in heatdenatured proteolytic enzymes. Incubation of the activator with non-proteolytic
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For caption, see p, 38,

enzymes such as hyaluronidase and ribonuclease does not alter the property of the
activator. The susceptibility of the activator to proteases and non-susceptibility of
the same to non-protease enzymes further suggest that the activator is a protein or
peptide. The spectral property adduces further evidence to this conclusion.
To understand whether the activator is a high M; protein or a low M r peptide,
gel filtration study was conducted. The results as presented in figures 11 and 30 reveal
that only two fractions were separated in Sephadex G-50 in both the insect species
studied. The first fraction was separated in the void 'volume (fraction No. 12-20)
and this suggests that M, higher than 30,000 are excluded at this region. The second
small peak was observed between the fraction No. 35-45. In this region, vitamin
B12 was excluded, suggesting the polypeptide responsible for activation having a
M, lower than 5000 (dalton). In S. litura, though the first fraction was separated in
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Table 1. Sperm activation in various media.

Sperm

x
x
x

Saline

Seminal vesicle
extract

Ell

E12

HEPES-KOH

Result
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+++
++++

x
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x
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x

x

x

x

x

+++
++++
+++

-, No activity; + + +, intense activity; + + + +, very intensive activity; + + + 0, intense activity only
in H. armiqera and not in S. litura.

Table 2. Susceptibility of sperm to proteolytic and
hydrolytic enzymes.
Proteolytic enzyme
Trypsin
Substilisin
Pepsin

+
+
+

Non-proteolytic, hydrolytic enzymes
Hyaluronidase
Lysozyme
Ribonuclease

+++
+++

+, Very less active; + + +, very active; .-, no activity.

void volume, the second peak was separated between the fraction No. 45-50,
suggesting the M, of the sperm activator being slightly less than that of H. armiqera.
4. Discussion

The simplex of S. litura and H. armigera, as stated earlier, is divided into 3
segments, viz. Ell, El2 and EB, 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
a lining of intima. The 3 segments also differ in their relationships with regard to
the secretory epithelium, basement membrane and muscle layer. El2 are not lined
by an intima and their muscle layers are intimately associated with the epithelium
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Figure 30. Gel filtration of En extract of S. litura on Sephadex G-50.

as shown by the 'fusion' of their basement membranes. The most notable feature in
the arrangement of the muscle layers in the 3 segments 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 (l937) reported the absence of muscle
layers in the simplex in Ephestia kuhniella. Brits (1978) did not find any muscle
layers in Phthorimaea operculella, while Riemann and Thorson (1979) observed thin
layers of muscles around atleast a portion of the simplex. In the arrangement of the
muscle layers, S. litura and H. armigera approach that of Calpodes ethlius reported
by Lai-Fook (1982) very closely, with the circular layer of muscle always inner in
position and thin and scant, 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.
In the EJ2 of S. litura both apocrine and holocrine types of secretion are noticed,
while in H. armigera this region of the simplex shows only apocrine cell type. E12
exhibits special types of secretory granules only in S. litura, and they are concerned
with spermatophore formation, sperm activation and sperm motility. E12 of both
the species studied here is characterised by the presence of secretory vesicles
peculiar to the cells.
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Sperm motility and activity

The available evidence on vertebrates (Mann 1964; Salisbury 1962; Nelson 1967)
and sea urchins (Rothschild 1956; Rothschild and Cleland 1952) indicates that the
sperm are primarily activated during ejaculation. The reason for this is that the
sperm are provided with metabolic substrates during ejaculation. The sperm
removed from the storage organs (SY and duplex) S. litura and H. armigera could
be activated neither by the substrates nor by exposure to oxygen as the sperm of
saturniid (Shepherd 1972). Although other factors like change in ion concentration
and pH are reported to have some impact on the activation of sperm in some
insects, S. litura and H. armigera sperm have no impact from these factors. The
present investigation clearly showed the presence of activator substance in the
unpaired gland in both the species of Noctuidae. This observation is in agreement
with that of Shepherd (1972) who found similar results in Lepidopteran and
Orthopteran species. Purification and characterisation of the activator substances
using gel filtration showed that the activator has two components with high and
low M,. In vitro studies of sperm activity using the two components of activator
showed that the high M, component seemed to disaggregate the sperm bundles
while the low M, component seemed to concern only about sperm activity and
motility.
The two components of activating substance seem to be protein in nature. The
component that disaggregates the sperm bundles is estimated to have the M,
ranging between 30,000 and 50,000 on Sephadex columns for S. litura and
H. armigera. The low M, component is estimated to have less than 50,000 dalton in
respect of S. litura while the same appears to be further slightly lower in the case of
H. armigera. Further chemical analysis of the two components of both species can
reveal their structure and even the mechanism. The protein nature of the substance
(say a polypeptide) can also be sequenced which again will reveal the structure.
In EJ2 of S. litura both apocrine and holocrine types of secretion are noticed,
while in H. armigera this region of the simplex shows only apocrine type. EJ3 of
both S. litura and H. armigera is secretory in nature through microviIIate surfaces,
and by exo and endocytosis the materials are expelled into the lumen, and the
secretion is only of the apocrine type. EJ2 exhibits special types of secretory
granules only in S. litura, and they are concerned with spermatophore formation,
sperm activation and sperm motility. EJ2 of both the species studied here is
characterised by the presence of secretory vesicles peculiar to the cells.
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Figures 1-10. H. armiqera. 1. EJ2 in cross section exhibiting outer longitudinal muscle
(LM) layer, inner circular muscle (CM) layer and a thick prominent basement membrane
(BM). Note the trachea (Tr) and nerve endings into the muscle layer. Also note
characteristic basal invaginations (Biv) and dense basal epithelium (BEp). 2. EJ2 in cross
section exhibiting oval nucleus, 3 or 4 nucleoli (Nu), Golgi body (GB) and clearly
demarked cell boundaries. (NU, Nucleolus; SEP, smooth endoplasmic reticulum). 3. EJ2
in cross section showing actively synthesizing secretory epithelium. Note numerous Golgi
body (GB), dilated tubular rough endoplasmic reticulum and secretion accumulating
vacuoles (SV). 4. El2 secretory epithelium exhibiting ER with richly studded ribosomes.
Note oval shaped nuclei with dense chromatin materials. Note also double nuclear
membrane (NM) with nuclear pores (NP). 5. EJ2 in cross section shows distinct and
characteristic secretory vesicles SI, S2, S3 and S4 with differential material content and
thereby signifying their functional roles. 6. EJ2 apical region in cross section showing the
rich apical region supplied with packaging and transporting secretory material and
secretory vesicles (SV). Note the rough endoplasmic reticulum (rER) are vesicle shaped.
Note also the lumen (L) with granular secretory (gs) materials and free cell surface
containing viscous secretion (VS). 7. EJ2 in cross section exhibiting the apical region
already noted in figure 6, the packaging and transporting of viscous secretion and
expelling them into the lumen (L). Note the Golgi body (GB) involved in synthesis, the
vesiculate rER and numerous secretory vesicles (SV). Also note the accumulation of
secretion containing vesicles (SV) at the free cell surface (FCS) and clearly demarked
plasma membrane (PM). It is noteworthy to see secretory granule formation
(SgF). 8. EJ2 exhibiting topography of muscle layer (ML), secretory epithelium (SEP),
apical region (AR) and secretion filed lumen (L). 9. EJ2 lumen showing characteristic
granular and viscous secretory material (SM). 10. El2 lumen exhibiting granular viscous
secretion in the form of secretory granules.
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Figures 12-29. S. litura. 12. E12 in cross section exhibiting longitudinal muscle layer
(LM). inner circular muscle layer (CM) and thin prominent basement membrane. Note the
muscle nucleus (MN) and nerve endings (NE). Also note the basally located oval shaped
nuclei with fewer nucleoli (Nu). 13. El2 in cross section exhibiting rich rER as well as
finger like configuration (EC) or concentric whorl rER. Note the characteristic basal
invagination (Biv), (GB, Golgi body). 14. El2 in cross section showing abundant rER,
Golgi body (GB) and mitochondrial complex (Mq at the free cell surface (FCS). Note
numerous dense cored particles. IS. El2 in cross section exhibiting actively synthesizing
secretory epithelium centering around large nucleus. Note numerous Golgi body (GB)
encircling jhe nucleus and finger like configuration (Fq of rER and numerous secretory
materials (SM). 16. El2 apical region in cross section showing apocrine secretion (AS)
accumulated at the free cell surface and being released by breaking open plasma
membrane at the free cell surface. Note prominent Golgi bodies (GB) surrounding the
nucleus. 17. Light micrograph from thick section of E12 exhibiting distinct muscle layers
(ML) and secretory material (SM) filled lumen (L). (EP, Epithelium). 18. E12 secretory
epithelium in cross section, characteristically exhibits concentric whorl or finger like
configuration of rER surrounded by Golgi body (GB). 19. El2 secretory epithelium in
cross section showing the formation of secretory vesicles (SV) and packaging of secretory
materials. 20. E12 epithelium in cross section showing characteristic multivesicular body
(MVb). 21. El2 epithelium in cross section showing numerous mitochondria (M), Golgi
body (GB) and dense cored vesicles and abundant rER. (Ly, Lysed vesicles). 22. El2
exhibiting apocrine secretory cell and holocrine secretory cell. 23. El2 exhibiting the
holocrine secretory cell containing multivesicular body. Note the apocrine secretory cells
are distinctly marked and holocrine degenerating epithelium (HdEp) containing completely
lysed materials. 24. El2 apical region in cross section showing well defined microvilli
(MV), free cell surface containing accumulated apocrine secretory materials, the lumen
contains secretory granules (Sg) and electron light and dense vesicles. (NM, Nuclear
membrane). 25. E12 in cross section showing part of apocrine secretory cell, full of
holocrine secretory cell and part of the lumen. Note the holocrine secretory cell containing
degenerating epithelium (dEp), lysosomes, electron dense and light vesicles, mitochondria.
(SM. Secretory material). 26. El2 lumen in cross section exhibits electron dense vesicles
(EDV), medium electron dense vesicles (MEDV) in figure 28. 27. Light micrograph from
thick sections distinctly showing the muscle layer, secretory materials, light vesicles (LV)
and holocrine degenerating epithelium (HdEp) in figure 29.. 28. El2 lumen in cross
section exhibits multivesicular bodies (MVb) with electron dense material (Edm)
surrounding it while numerous electron light vesicles centering it. Note the granular
secretions (gs) in the lumen. 29. Light micrograph from thick section distinctly showing
two different secretory cell types.

