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Introduction

The formation of cestode eggs has been
extensively investigated (Lethbridge, 1971,
1976; Ldéser, 1965a, 1963b, 1965c; Pence,
1974; Rybicka, 1966, 1972, 1973a, 1973b;
Smyth, 1951, 1954, 1969; Smyth and Clegg,
1959). The nature and mode of formation
of eggs reflected the structure of the fe-
male genitalia, the life history and nutrition
of the parasité, and the physico-chemical
characteristics of the environment,

The studies of the egg formation in
pseudophyllidea cestodes were concentrated
on the formation of eggshell and the bio-
chemistry of the processes involved {Bogomo-
pova and Chavpova, 1963; Ldser, 1965a;
Smyth, 1956).

The scanning electron microscope (SEM)
has recently come to be used in observing the
topographical morphelogy, and this proce-
dure was thought to be important in eluci-
dating the surface structure of eggshell stereo-
scopically: The possible phylogenetic and
taxonomic significance of the structure of
eggshell in diphyllobothriid cestodes was
discussed {Andersen and Halvorsen, 1978;
Coil, 1977; Hilliard, 1972; Lethbridge, 1976;
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Yamane ef al., 1976).

The present study was designed to observe
the mode of eggshell formation by means of
SEM and to analyze the chemical composi-
tion of the eggshell of Diphyliobothrium la-
tum by X-ray microanalysis,

Materials and Methods

An adult worm of Diphyliobothrium latum
was expelled spontanecusly from a man.
Some mature proglottids were cut off from
the strobila and were removed immediately
to be processed for scanning electron micro-
scopy. Specimens were washed in physio-
logical saline, fixed for 6hr at 4 C in 5%
glutaraldehyde in phosphate buffer (pH 7.4)
and post-fixed in 1% OsO; in 0.1 M phos-
phate buffer {pH 7.4) for 2 hr at 4 C. They
were dehydrated in an ascending series of
ethanol and embedded in styren for 48 hr
at 60 C (Tanaka et al., 1874). After poly-
merization the specimens were cracked un-
der a stereoscope to observe the process of
eggshell formation in cross fractures. After
the polymerized styren was dissolved with
propylene oxide, the specimens were soaked
in amylacetate for 30 minutes, dried by the
critical point dry method, coated with Pt-Pd
alloy, and observed by Hitachi HFS-2ST
scanning electron microscope,

The cracked specimens were mounted on
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stubs for analytical electron microscopy of
eggshells, and subsequently coated with car-
bon for X-ray microanalysis. Other speci-
mens of eggs were collected by pushing gently
around the uterine pores with filter papers.
The mature eggs which were released through
uterine pores of gravid proglottids were
washed ten times in distilled water, de-
hydrated in an ascending series of ethanol,
soaked in amylacetate for 30 minutes, dried
by the critical point dry method, and sub-
sequently coated with carbon for micro-
analysis, Five eggs from each of the proxi-
mal, middle, terminal parts of uterus and five
mature eggs collected through uterine pores
were analysed using Hitachi S5-430 with a
dispersive X-ray microanalysis system (Hori-
ba, EMAX-2200) at an accerelating voltage
20 kV.

Results

The formation of eggshells took place in
the initial part of the uterus. The yolk glands
beneath the tegumental layer exhibited an
aciniform structure which consisted of many
round vitelline cells, Numerous globules,
0.5-2.0 pm in diameter, and polygonal bodies
were packed around a large nucleus in the
cytoplasm of vitelline cells. The surface of
polygonal bodies was relatively smoothy (Fig.
1).

Mature vitelline cells were released from
the yolk glands to the vitelline reservoir,
where they were temporarily stored. The
wall of the vitelline reservoir was surrounded
with the honeycomb-like, interstitial tissue.
Many round vitelline cells were packed
densely in a vitelline reservoir which runs
to the ootype.

Round vitelline cells had wvarious sizes,
approximately 3—10 g in diameter, and con-
sisted of a conglomeration of numerous glo-
bules. As the vitelline cells were wrapped
with a thin capsule which had granular, un-
even surface, some of them were broken and
military globules burst into the vitelline
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reservoir (Fig. 2).

The fertilisation and the formation of egg-
shells took place in the ootype. Vitelline cells
were conglomerated each other in the cotype
and some of them hegan to form primitive
eggshells (Fig. 3). The thin, porous texture
of the primitive eggshell wrapped up the
ovum and attached globules of various size
(Fig. 4).

The first recognizable eggs, appearing in
the proximal part of uterus near the ootype,
showed coarse, fibrous textures, which were
presumed to he the precursor of eggshells.
Numerous round globules surrounded densely
the eggshell. Some globules were observed
burying themselves in the pores of eggshell
surface (Fig. 5).

The porous, coarse texture of the eggsheil
was ultimately filled up with globules in the
vitelline cells and showed an uneven, granu-
lar surface pattern. The eggshell in this
stage did not exhibit surface specialization
such as operculum, opercular suture or sur-
face pits (Fig. 6). As the egg moved to the
terminal part in the uterus, the porous tex-
ture was filled up with globules to complete
a thicker and smooth eggshell, The surface
of the eggshell showed a geometrical pattern
as if pentagonal plates were arranged (Fig.
7).

In the cross section of the middle part of
uterus, eggs with a characteristic operculum
were observed in the numerous vitelline cells
(Fig. 8). The surface of the eggshell ex-
hibited fine furrows and shallow, small pits
which were sporadically distributed on the
whole surface. Some globules in the vitelline
cells entered into the opercular suture to seal
the operculum (Fig.9). When the eggshell
has been fully formed, the mature eggs
showed operculum, opercular suture and sur-
face pits. Pits were minute, widely separated
and shallow (Fig. 10}, Some globules at-
tached to the surface of eggshell, and fused
to form the homogeneous constituent of egg-
shell (Fig. 11},

The pits in fully developed eggs were
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Fig. 14 Energy dispersive X-ray scan of eggshell.
2) eggs in the middle part of the uterus, 3) eggs in the terminal part of the uterus, and 4) eggs

released from the uterine pore.

showed as shallow excavations, approximate-
ly 0.1 um in diameter, and did not penetrate
the wall of eggshells. Higher magnification
revealed that small patches were attached to
the entire surface of eggs {Figs. 12 and 13).

The composition of the eggshell was deter-
mined by the X-ray analysis, comparing the
eggs at an proximal, middle and terminal
parts of the uterus with the completely devel-
oped eggs which were released by pushing
around the uterine pores of gravid proglot-
tids. Phosphorus and sulphur were common-
Iy described as prominent peaks in all the
eggshells, Besides, magnesium, calcium and
potassium peaks were slightly detectable
(Fig. 14).

Discussion

Smyth (1956, 1969) described that ova
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1} eggs in the proximal part of the uterus,

Accelerating voltage 20 kV and counting time 200 seconds.

are released periodicaily from the ovary and
pass down the oviduct to the ootype where
fertilization takes place; mature vitelline celis,
which contamn both shell and yolk precursor,
pass from the vitelline glands to the vitelline
reservolr, and temporarily stored there.
Vitelline cells were then passed from the re-
servoir to the ootype where globules of shell
precursor were released and coalesced to
form an eggshell.

The fractographs of vitelline celis revealed
a large nucleus and numerous globules in the
cytoplasm, showing a mulberry-like Inner
structure. The atypical ellipsoidal and poly-
gonal bodies were often mixed among glo-
bules. Swiderski and Mokhtar-Maamouri
(1974}, and Mokhtar-Maamouri and Swi-
derski (1976) described that mature vitelline
cells were filled with shell globules, glycogen
and lipid droplets in their cytoplasm. The
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shell globules which contained protein sub-
stance were considered as a shell precursor
and glycogen was considered as a food store
for the developing embryo.

In an early stage of the eggshell forma-
tion, the globules coalesced in a coarse,
fibrous texture to form primitive eggshell.
These globules attached to the surface of the
primitive eggshell had the same morpho-
logical feature as the globules which were
found in the vitelline cells. 1t was supposed
that the globules in the viteliine cells played
an active role in forming the coarse texture
of primitive eggshells.

The fibrous network which often wrapped
an ovum in ootype may be protocollagenous.
Bogomopova and Chavpova (1963) de-
scribed that globules in the vitelline cells of
Diphyllobothrium latum exhibited a positive
reaction to e-aminocacids, proteins of acid
nature and phenol. They suggested that the
globules contained protein of the protocol-
lagenous type. After the protocollagenous
protein of vitelline cells wrapped ova in net-
work, some globules in the vitelline cells
sealed the meshes of the network to form
coarse texture of the primitive eggshell. The
globules sealed subsequently crevices on the
primitive eggshell and ultimately formed
the mature eggshell. Some of the remaining
globules were enclosed Into the eggs and
served as true “yolk” for the nowrishment of
eggs during the development of coracidia.
The rest of the globules gathered around the
eggs, filling up the uterine loops.

In cyclophyllid cestodes, Coil (1977) ob-
served with SEM that the early outer enve-
lope surface of Shipleya inermis was covered
with secretory granules, 0.1-0.6 ym in diam-
eter. Lethbridge (1976) also described that
the surface of the eggshell of Hymenolepis
diminuta was covered with spherical masses,
0.14-0.98 ym in diameter, which often at-
tached to the underlying shell material.
These ‘secretory bodies’ and ‘spherical masses’
are probably identical with the globules in
the vitelline cells.

The developed mature eggs showed numer-
ous pits on the eggshell, and many patches
which were found in the bottom of the pits
and on the eggshell surface at the higher
magnification of SEM. The function of the
pits has not been elucidated, but Hilliard
(1972) suggested that the embryos in the
eggs may have metabolic activity or ion
exchange through these numerous pits, The
pattern and arrangement of the pits on the
eggs had some taxonomic value. Eggs in
marine species had much thicker shells with
deeper, more numerous pits. The superficial
pits on thin eggshells in such freshwater
species as D. latum may be vestiges of struc-
tures that have undergone evolutionary alter-
ations or adaptaiton to development in the
habitat of freshwater, The differentiation be-
tween cestodes whose intermediate hosts are
of freshwater origin or of sea origin is
certainly possible by observing the surface
pattern and the pits on their eggshells
through SEM (Hilliard, 1960; Ishi, 1972;
Yamane ¢ al., 1976).

Jones (1979) revealed a high sulphur con-
tent in the infective eggs of Hydatigera
taeniaformis by means of X-ray microanaly-
sis. The present study showed a high phos-
phorus, high sulphur and low magnesium
content in the eggshell of premature eggs
at the proximal part of the uterus. In the
eggshell of mature eggs at the middle and
the terminal part of the uterus a high phos-
phorus and sulphur, and a low calcium and
magnesium contents were confirmed. The
high content of phosphorus and sulphur in
the eggshell seems to support that the egg-
shells consisted of precursor protein of egg-
shell in the globules of the vitelline cells.

Summary

The microtopographical details of eggshell
formation of Diphyllobothrium latum as seen
with the scanning electron microscope were
described, The observations revealed the
process of eggshell formation, the relationship




between eggshells and globules in the vitel-
line cells, the inner structure of the vitelline
cells, and pits on the eggshell surface.

At an early stage of the eggshell formation,

the

surface structure of the eggshell showed

fibrous, porous texture. The globules in the
vitelline cells buried themselves into crevices
on the fibrous texture of primitive eggshells.
The X.ray microanalysis revealed a high
phosphorus, a high sulphur peak and low
peaks of magnesium, calcium and potassium
in the eggshell.
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Fig. 1
Fig. 2
TFig. 3
Fig. 4
Tig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10
Fig. 11
Figs. 12,

Explanation of Figures

The round globules {G) and polygonal globules (arrows) were densely packed
around the nucleus (N) in the cytoplasm of the vitelline cells, { x 16,000)

The cross fracture of the vitelline reservoir (VR) in which many vitelline celis
(arrows) were stored. Note the numerous military globules were densely packed and
a part of them burst into the vitelline reservoir, ( % 3,000)

The primitive cggshells (ES) were formed around the ova {OV) with the egushell
precursers of globules at an ootype. { x 1,000)

The fine porous network (arrowhead) wrapped an ovum (OV) and many globules
(G}, showing the beginning of eggshell formation. ({ % 8,800}

The primitive eggshell reveaied the coarse, fbrous texture (ES), showing the globules
(G} which burried themselves into the crevices on the eggshell {arrows). ( x24,000)
Th pores on the eggshell {ES) surface were almost filled up with globules ({G) of the
vitelline cells, showing uneven, granular surface pattern {arrows). (% 13,600)

The eggshell (ES) which completed a thicker shell, showing polygonal geometrical
surface pattern (arrowheads). { x 15,000}

An egg (E) in the uterus (U) which were burried in the numercus vitelline ceils
(VC). (%3,000}

The surface pattern of an egg (I}, showing shallow, small pits {arrowheads) and
lurrows. Some granules (arrow) in the vitelline cells (VC) sealed the operculum
(O) and the opereular suture (O8). { X 8,000)

The surface pattern of a developed egg, showing the operculum (O}, the opercular
suture {O8) and the surface pits (arrows). {x 6,000}

The fracture of an cggshell {ES), showing pores (arrows) in the cggshell wall,
patched globules on the surface (arrowheads) and globules of vitelline cells (V)
inside of the egashell. { % 6,600)

13 Higher magnification of the pits {arrow) and eggshell surface of the developed
eggs, showing numerous patches (arrowheads) on the eggshell surface. (%42,000;
% 80,000)
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