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Abstract. The present study on the fine structuro ol the rostellum and hooks of M. endothoracicus
during the ultimato phase of their formation diselosed a unique structure of the tegument and subte.-
gumental layors which has not been found in any othor pact of the larval body. Evidenoe has boon
obtained that the blade of the definitive hook originated [rom the eonieal hooklets in the tegumont
of the rostellar prebulb by a deposition of togumental protein on their surface. A groatly increased
number of pore canals emerging from the basal membrane and occupying two thirds of the distal
cytoplasm together with the presence of ribosomes inside and outside tho pore canal indicated that
the metabolism of the distal eytoplasm was increased during the synthesis of the hook protein. The
hook substance originated direetly in the pore canals positioned in the direction of tho growth of the
hooklets. Tnside the hypertrophie tegument of the hook organ, we observed the formation of hook
protein in the pore cannls which communicated with the baso of the hook blade for the time of dif-
ferentiation of the hook handle and blade. After completod differentiation of the hooks, empty poro
canals dilated and the tegument hecame vesicular in uppearanco,

The fine structure and hook formation have been described by Mount (1970) for
larvae of Taenia crassiceps, by Blitz and Smyth (1973) for larvae of Raillielina cesti-
cillus. The formation of the hook of various cestode species has been studied by a number
of authors. Young (1908), Gliscr (1909), Crusz (1940) elucidated various phases
in the process of hook formation, yet the process itself remained obscure until Mount
(1970) observed in his ultrastructural study on the histogenesis ol the rostellar hook of
Taenia crassiceps that it was being formed from the original hooklet. Conversely,
Baron (1971) and Bilques and Freeman (1969) suggested that the hooks formed de
novo in the hypertrophied tegument. The role played by the tegument and subtegu-
mental cells in the synthesis and transmission of hook protein is still obscure. Lumsden
(1966) maintained that hook protein was produced by subtegumental cells and
transferred to the tegument, Mount (1970) contradicted this concept in saying that the
principal importance in the synthesis of protein should be ascribed to ribosomes in the
distal cytoplasm. These disagreeing views instigated our study on the formation of the
hook on the rostellum of the polycephalic larva of M. endothoracicus.

MATERIALS AND METHODS

Our study wus performed on a more advanzed larva of M. endothoracicus obtained from tho
thoracie cavity of Rhombomys opimus (Lichtenstom, 1823) on day 45 of experimental infeetion whioch
had been performed st the Zoological Institute, Academy of Seiences, Kazakh SSR. The scoleces
of the polycephalie larva measured 1.8 -2 mm in length, at a width of 1—1.2 mm. The material was
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fixed with Millonig’s method in glutaraldehyde, postfixed in phosphate-buffered 1 9 0404, dehydrat-
ed and cmbedded in Epon and Vestopal. Several scoleces were fixed in 2 ¢ paraformaldehyde in a
phosphate buffer and postfixed in 1 9% 0.0 in phosphate buffer (Karnowsky's method). Sections
woro cut on & Reichert microtome and stained with uranyl acetate and lead-citrate. A series of semi-
thick sections were stainod with 1 9 toluidine blue in 1 9% borax earmine. Weo examined a total of
8 scolecea of the polycephalio larva and arranged these to Group IIT of our classification secheme
(Hulinskd 1975).

RESULTS

The differentiated rostellum of the larva of M. endothoracicus represents an area
closely communicating with the cells of the host passing through the spiral canal to the
basal part of the rostellum. The conical rostellar prebulb protrudes into this basal
part of the canal. The prebulb is overgrown by a bulb forming a flat rostellar pad. The
hypertrophic tegument of the lateral extensions of the canal wall encloses the definitive
hooks. The folded tegument of the prebulb measures from 8.1—9.8 pm in thickness.

Fig. 1. Rostellar tegument of a larval M. endo-
thoracicus reconstructed from a series of ultra-
sections. The distal eytoplasm contains seetions
through hooklets. These are surrounded by pore
canals, filled with an opaque substance, ribosom-
al aggregations and nuwmerous mitochondria.
Irregularly arranged microtriches and bleb-like
extrusions cover the surface of the distal eyto-
plasm; there is a section through a sensory
ending. Rod-shaped hodies and vesicles ncoupy
the anterior third of the oytoplasm, Pore canals
emergo from the basal membrane underlaid by
a layer of cireular museles, Extensions of sub-
togumental cells separate this layer from the
basal membrane. The nuclei of sublegumental
cells contam opaque granules,

EXPLANATIONS FOR BOTH FIGURES
AND PLATES:

A — microtriches, B rod.shaped bodies, C' -

pore canals, D — limiting plasma membrane,
E — bleb-ike extrusions, F — hooklets, G —
condensed, eleetron-opague substance, H — ho-
oks, 1 — vesicles, J - nuocleus, K — sensory
endings, L - ribosomes, M — mitochondria,
N — membranous furmations, O — circular mus.
cles, P — longitudinal museles, R — rostellar
cone, T — hypertrophied tegument.

With toluidine blue we disclosed in the tegument yellow coloured sections through
conical hooklets measuring 5.2—6.2 pm in diamcter. Elongate cells underlying the
tegument contained spherical nuclei (2.4 X 2.5 pm). Granules (0.2—0.8 pm) of a similar
colour to that of the hooklet scctions were observed in the tegument (Plate I, Fig. 1).
A number of these granules were found algo in some nuclei of tegumental cells.

Our electron-microscopic examination disclosed organelles in the rostellar tegument
which could not be found anywhere else in the larval body (Fig. 1). There was also a dif-
ference in the make-up of microtriches of the loose mierothrix border lining the tegument
of the prebulb in that some had a thin base and a fibrous point, other had no point.
The confining, superficial, clectron-dense plasma membrane attained a thickness of up
* 0200 A by contrast to a standard thickness of 100—110 A of this membrane in the spiral
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canal. The superficial membrane was underlaid densely by rod-shaped bodies (Plate T,
Fig. 2). Mitochondria, rod-shaped bodies and vesicles confined by a membrane were pre-
sent in the proximal 1/3rd of the cytoplasm of the prebulbar tegument. Long mitochodria
with longitudinal cristae and numerous pore canals (Plate 11, Fig. 2), the latter being
differently long and differently arranged evaginations of the basal membrane, were ob-
served in the central and basal part of the distal cytoplasm. The diameter of the pore
canals was 380 A; sometimes, the diameter of their dilated ends was 460 A (measured in
cross-section). Ribosomes were distributed regularly on the inner side of the wall of
the pore canal. A communication was established between pore canals and mitochondria
(Plate I1I, Fig. 1). The heavy multiplication of evaginated pore canals cmerging from the
basal membrane, and the presence of ribosomes resembling an RES of nucleie cellsindica-
ted an increase in the metabolism of the distal eytoplasm. The pore canals joined into thick
tubular formations mainly in the vicinity of the hooklets. Spiral formations in the distal
cytoplasm (Plate I1I, Fig. 2) had apparently been formed from dystrophic changes in
the tissue. The distal cytoplasm enclosed primary hooklets (Plate IV, Fig. 1). The
highly clectron-opaque part of the hooklet measured 6.2 pm and more in diameter.
A cross-section through the basal part of the hooklet disclosed its irregular ovoid shape
and a membranc limiting it from the distal cytoplasm. Pore canals of the distal cyto-
plasm were lying in coneentric lines around the hooklet. Larger pore canals were filled
with an electron-opaque substance. Both hooklet and pore canals were surrounded by
numerous ribosomes. Smaller formations representing sections through the blade of the
hooklet were vacuolized (Plate IV, Fig. 2). The central vacuoles were empty, those
closer to the surface contained an electron-opaque substance. An undulate basal mem-
brane lined the distal cytoplasm which was traversed by pore canals. The fibrillar layer
was underlaid by circular muscles separated by extensions of subtecgumental cells.
A eoncentration of ribosomes, an endoplasmic reticulum and mitochondria were present
in the cells of the cytoplasm. The shape of the nuclei was ovoid. The number of pores in
the nuclear membrane of these cells was higher than that observed in cells of other parts

of the larval body. There was a remarkable concentration of chromatin near the nuclear
membrane (Plate V, I'ig. 1). The electron-opaque substance inside the nuclei was
condensed in spherical formations of different size (Plate V, Fig. 2). Cells with this
substance in their nuclei occurred mainly in the central part of the rostellar prebulb.
The rostellar tegument was the site of a frequent incidence of sensory endings. In sec-
tions, the sensory organelle was shaped as a sensory sac attached to the superficial
plasma membrane. It contained microvesicles and long mitochondria. The ciliary
cxtension, of similar length to that of the microthrix but thicker (0.35 pm), consisted of
microtubules (Plate V, Fig. 3). The hypertrophied tegument on the lateral extensions of
the rostellum in the basal part of the canal enclosed the definitive hooks. An electron-
opaque substance (hook protein) produced in the pore canals, could be seen to be
deposited on the lateral margin of the hooks (Plate VI, Fig. 1). Typical of the remaining
part of the hypertrophicd tegument was the presence of ribosomal aggregations,
mitochondria and thickened pore canals positioned in the direction of growth of the
hook base. The base of the hook was thickened by the deposition of hook protein along
the bagal plate, then followed the development of the guard and handle of the hook. It
appeared that at least a portion of the protein utilized in handle and guard formation
have becen synthesized in pore canals joined to the basal plate. Rostellar cells and riboso-
mal aggregations were active in the synthesis of the remaining portion of protein (Plate I,
Fig. 2). The pore canals dilated after the completion of hook differentiation. While
the distal cytoplasm contained dilated and mostly empty vesicles, the narrow strip of
cytoplasm surrounding the hook still contained rod-shaped bodies, and the remaining
pore canals wera filled with an electron opaque substance.

349



DISCUSSION

The rostellum of a larval M. endothoracicus is the site of contact with the tissue of the
host, and there is evidence of a host-parasite relationship on its surface. The contractile
surface of the rostellum has most unique properties not to be found in any other part
of the larval body. Blitz and Smyth (1973) observed that the tegument of the rostellum
was much thinner (around 1 pm) than that of the strobila and therefore capable of
contraction. Similar differences have been found by Sakamoto and Sugimura (1969)
in Echinococcus multilocularis. Featherstone (1972) reported for the rostellar tegument
of T'. hydatigena a thickness of 6—8 pm which is similar to that found in the larva of
M. endothoracicus. Our evidence of a sensory function of the rostellum due to the presence
of sensory endings in its tegument has been supported by Jha and Smyth (1971)
and Sakamoto and Sugimura (1969). Blitz and Smyth (1973) ascribed a sensory
function even to pore canals deseribed by Threadgold (1962) for Dipylidium caninum
and by Morseth (1966) for T'. pisiformis. We found in the rostellar tegument of a Jarval
M. endolhoracicus both sensory endings of a standard type with a distal ciliary extension
and an increased number ol tubules known as “pore canals” in the literature which
emerged from the base of the distal cytoplasm.

Pore canals originate from an evagination of the basal membrane and, hence, are not
sensory endings as suggested by Threadgold (1962) and other authors. The vehement
development of these canals which are filled with an electron-opaque substance and
locatod in the dista leytoplasm of the rostellum along the hooklets, and in the hypertroph-
ied tegument covering the base of the hooks indicates that they participate in the
differcntiation of the hooks. Hook protein synthetized by the nuclei of subtegumental
cells and ribosomes is transported throngh the pore canals to the surface of the growing
hook. Tegumental protein recorded by Lumsden (1966) for Hymenolepis diminula is
synthcetized in subtegumental cells and transferred to the tegument. Mount (1970)
reported that the hypertrophied tegument of the hook organ contained an electron-
opaque substance (protein) in vesicles, and ribosomal aggregations. He suggosted
that ribosomal aggregations in the tegument may participate, to a certain extent,
in the synthesis of hook protein. He maintained that the secondary thickening of the
hook base was caused by the electron-opaque substance inside the vesicles. In our
material, the electron-opaqne substance was concentrated in pore canals of which
several communicated with the hook surface. In the vicinity of the definitive hook
complele with a handle and a guard, the pore canals were dilated into empty
vesicles.,

H3VUEHNE YJAbBTPACTPYKTYPbl XOBOTKOBBIX KPIOULED
MULTICEPS ENDOTHORACICUS B NNIO3JHEI ®ASE
NX OBPASOBAHHNHA

JI. F'yanuexa w B, M, Mejoceenio

Peaswwe. Heclegopana yaptpacTpyrrypa xob6orka n xo0oTrkoBslX Kpiouses M. endothoracicus
» nos;wcii gase ux pasontoa. Obmapy:xeno meoGuikuoBennoe cTpoemiue TeryvMenta n cydrery-
MEHTAJTLHIIX CJIOeB, JIO CIIX TTOp He 00HAPVREHHOe B APYIAX TacTAX Teu qnunnkn, Jokasano,
TTO NCABNA NeGAHNTHBALIX KPIOTHeB 00PASOBAHK N3 KONMTECKUEX KPIOMOYKOB B TCIYMCHTC XO-
OoTkosoro upedyasOyca nyreM JCHOMHMPODAHHH UPOTCHHA TEFYMCHTA [Ia MX JIOBePXHOCTIL
YBeanucHuC wiCJa RATAJOB BEIXOAANAX H3 5a3asibLnoil MeMOpaun n pumonanalomwx 2/3 an-
CTANLHON TIATONITARMLI, TAKAKE Kak N mpueyTeTBne pnGocOM BEYTPH H CHAPYKI KaHAJIOB,
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HOKAIBBUOT, MTO MOTH00. 13V IHCTATILNON IINTONIASME] ¥ BCJANYIICH BO RPEMIT CHATE3d POTCHIa
npounes. Kpoanesoe BeneetT3o o0pasyercit IPIMo B Kanaaax, KOTOPLe OPNOHTHPOBAHLL D 1A~
NPABICHIN PocTa KPIovoyKkoy, BEVTPU roneptpo@iniec Koro TeryMesTa oprana Kpouser odpa-
SYCTUst NIPOTenH KPIOYLeR B KANAJIAN COLINTCHHRX ¢ OCHOBOII JIe3BNs TONLKO B Teuenue judde-

PCHUNPORKI UX pyRoaTKN 1 ge3sun. llocie oxonvaina n

POHILIPOBKH KPHYLCB HYCTHE

RAOHAILM POCIIn piioresl o TeryMedT upiuimnMacT BealRYJIAPHBIN BIL
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Fig. 1. Semithick section through part of the rostellum of a larval M. eadothoracicus. SBeetions
through hooklets in the tegument of the eomienl prebulb. Granules of differonl sizes present in
subtegumental cclls (< 650, toluidine blue). Fig. 2. Tangential seetion through the tegument of
the apical prebulbar portion. An oceasional fibrous mierothrix can be seen in the folded surface.
The distal eytoplasm econtains rod shaped hodies, vesicles, pore eanals and mitochondria
( % 12,000). Insert: The surface of the (istal eytoplasm with an vpague thickening of the plasma
membrane and an eleetron opague formation. Rod-shaped bodiea lying perpendicular to the sur-
face {x 25,0000,
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Fig. 1. Proximal portion of the distal eytoplasm of the prebulb. The undulate smfacc is limited

by a thick membrane. This portion of the eytoplasm contains rod-gshaped bodies, membranebound

vesieles and mitochondria (% 26,600). Fig. 2. Tn tho central part of the distal eytoplasm there are

pore canals, ribosames and mitochon dria in the finely granular eytoplasm with rodshaped bodies
© (% 26,500),
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Fig. 1. The central and basal parts of the distal eytoplasm are traversed by numerous pore
canals, vesicles filled with an opaque substanes and large mitochondria. Ribosomal aggregations
ure present around tho pore eanals (< 18,500). Fig. 2. Membranous, spiral f(ormations in the
distal eytoplasm of the prebulb are surrounded by ribosomes, mitochondria and rod-shaped
bodies ( x 23,600).
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Fig. 1. Tangenlml section through the tegument of the lateral part of the prebulb. S:etions
through hooklets are visible in tho distal extoplasm. An election-opague snhstanee isule vesicles
and pore canals causes a secondary thickening of the hooklet (% 12,100). Fig. 2. Transverse section
through a vacuolized pomt of a hooklet. An electron-opaque substance is present in the poro
eanals and on the surfuce of the hooklet, Ribosomal aggrogations oceur aromnd the pore canals
( % 22,600).
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Fig. 1. The spherical nueleus of subtegumental cells of the prebulb contains an opague substance.
Mitochondria, ribosomes and rod-shaped bodies are present in the eytoplasm of tho cells
(x 13,000). Fig. 2. Part of a subtegumental eell with an electron-opaque substance in tho
plasma. Pores are seen in the nucloar membrane (x18,300). Fig. 3. Sensory endings in the
roatellar tegument with a distal eillary extension. The sensory sae contains o large mitochondrion.
The sae communieates with the plasma membrane ( % 18,300).
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Fig. 1. The micrograph shows an accumulation of an opaque substance in the hypertrophied
tegument, and ribosomes in the vieinity of the basal plate of the hook. The guard of the hook
18 being formed by a deposition of the opaque substance (x12,800). Fig. 2. The hypertrophied
togument containsg vesicles and pore eanals filled with an opaque substanee, and asggrogations
of mbosomes. On the lefl, purt of the opaque guard of the hook (3 13,500),



