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ROSTELLAR DEVELOPMENT IN THE LARVA
OF MULTICEPS ENDOTHORACICUS
(KIRSCHENBLAT, 1948)
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Institute of Parasitology, Czechoslovak Academy of Sciences, Pragne, and Zoological Institute,
Kaz.8.8.R. Academy of Sciences, Alma-Ata

Abstract. The bladder of the larval M. endothoracicus bears eeveral scolex anlages which bulge
in the shape of cellular buds in to the bladder cavity. A canal is differentiated from the thickened
tegument which invaginates into these buds. The position of the togument covering the bottom
of the cellular anlago is more or less horizontal. Tho subtogumental layer is distinet. The rostellar
cone differentiates from an increasod number of cells situated below the tegument which covers the
bottom of the canal. The tegument of the cone is covered with fino hooklets which break off
gradually into the lumon of the canal. After tho divisison of the cone into o bulb and praebulb
we observed that the latter becomos overgrown by a lateral extension of the adjoining canal wall).
Larger hooklets with a differently staining base were found in the thickened [old separating
the praebulb from tho bulb. The blade of the definitivo hook differentintes from the modified
tegument of this area, and from the larger hooklets after the formation of the hook organ. The
lumen of the canal, and later also the spiral ecanal, harbour leukoeytes from the tissue of the host;
these atiack the superficial microtrix border seen with the electron miecrosecope, The tegument
of the canal consisis of a microtrix border (depth 6— -7 pm), of a thick zone of distal eytoplasm with
oval and rod-shaped eleciron dense bodics. The cytoplasm traverses the basal fibrillar mombrane
betwoen the subtegumental museles and joins the subtegumental cells.

A description is given of the rostellar development in the cestode Multiceps
endothoracicus. This larva is a special type of a polycephalic larva arranged generally
to the coenurus type. Fig. 1 shows a mature larva of M. endothoracicus; its scoleces
are attached to the reduced bladder by mecans of “attenuating stalks™ (Plate I,
Fig. 1). In its morphogenesis, this larva differs considerably from the coenurus
(Slais 1973, Hulinskd 1975). Dollfus (1956) arranged a polycephalic larva from
the thoracie cavity of Apodemus sylvaticus, named originally T'aenie rileyi Lowen,
1929, to the cestode Multiceps endothoracicus. Ilis decision was based on the number
of hooks (54—64), and on the size of the large hooks (300—378 pm) and the small
hooks (201—226 pym). The measnrements given by Kirshenblat (1948) for the larva
of M. endothoracicus were these: scoleces 0.830 — 0.840 mm in diameter, size of suckers
0.351 x0.518 to 0.444>0.481 mm. Rostellum, 0.590—0.600 mm in diameter, sur-
rounded by a double erown of hooks numbering 52—56. Length of large hooks
0.315—0.332 mm, of small hooks 0.203—0.218 mm. Large hooks with their modera-
tely deflected shaft slightly shorten than blade, but considerably longer than basal
extention. According to Agapova (1948), scoleces from the thoracic cavity of
Meriones tamariscinus measured 2.5—2.6 mm in diamecter, rostellum 0.660 mm, the
surrounding large hooks 0.30—0.318 mm, the small hooks 0.209—0.22 mm, number
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of hooks 56—G4. Dollfus (1956) found 28 large hooks (0.340 mm) and 28 small
hooks (0.221 mm) in the larva of M. endolhoracicus. Dubnicky (1952) gavo these
data for a maturing larva of M. endothoracicus from the intestine of Vulpes vulpes:
scolex length 1.2—1.6 mm, rostellum armed with 52—60 hooks; measurements of
large hooks 0.351—0.372 mm. of small hooks 0.224—0.241 mm. Gvozdev and
Agapova (1963) counted 56—64 hooks on the rostellum of a larval M. endothoracicus:
length of large hooks 0.290—0.297 mm, of small hooks 0.220 mm. In our larval
material, we found 59 hooks arranged in two concentric circlos on a completely
differentiated rostellum. The large hooks measured 0.33—0.33 mm, the small hooks
0.22 mm (Plate 1, ig. 2).

MATERIALS AND METHODS

Differently old lurvao of Multiceps endothoraricus were obtained from the thoraecie eavity of
Rhombomys opimus. The materisl was loaned from the colloction of the Zuulogical Institute,
Acadomy of Seionees, Knzakh 8.8.R. by courtesy of Professor Gvozdev. Fresh material was obtainod
from experimental mfection. The larvao wore fixod in 4 9 neutral formalin or in Buker's fixative,
and embodded in paralfin with standnrd methods. Sections (5—-7 pm) woro stained with Mallory's
triplo stain or picrie acid (Lillio 1965), Goldner’s blue tricliome, van Gieson's mothod, Gomori's
impregnation mothod, orango-eosin, tolmdine blue m the method suggested by Dominiet. Poly.
saccharides were demonstratod with Halle's nethod, with PAN in a modification by Mowry
(Mowry 1963). Tho surfaco of the hooks was inspoetod with the scanning oloctron microscope
JIOLL 100 after dohydration in liquid nitrogen. The sumple was fixed to the target with glue from
Scoleh tape. For electron mieroscopy the larvae were fixed for 4 hr in conl Milloning's phosphate
buffered with 6 Y%, glutoraldehyde, washed overnight in phosphate bulfler and postfixed 1 hr in 1 %
0=0y; after dehydration embedded in Epon. Scetions were eut on a Reichert mierotome and stained
with urnuyl acetate- lead citrate,

RESULTS
e

In the bladder of the larva of Multiceps endothoracicus, several scolex anlages
originate by means ol active cell proliferation. As the anlages develop, the bladder
togument invaginates into them (Plate IL, Fig. 1). The invaginating tegument is
thicker than that of the bladder wall; its distinet homogeneous layer is lined with
a low basophilic microtrix border. The cavity formed by the invaginating togument
harbours leukocytes from the tissue reaction of the host. The invaginating tegument
decpens in a canal which enlarges horizontally at the bottom. The tegument of the
canal hears a border of microtriches which attain a length of almost 1 um (Plate IT,
IMig. 2).

During the carly stage of development of the scolex anlage, the cells of the germinal
bud increase in number and push up the tegument covering the bottom of the canal
so that it forms a hemispherical formation (Plate 11, Fig. 3). This causes a thinning
of the tegument on the peak of the formation. Continued cell proliferation is
responsible for the differentiation of the hemispherical formation in a rostellar cone.
As soon as the tegument started to invaginate, we observed a subtegumental muscle
layer. This decrcased in depth towards the bottom of the canal and disappeared
completely under the tegument of the growing rostellar cone (Plate 11, Fig. 4).

The tegument of the differentiating rostellar cone bears fine hooklets (length
10—15 um) which stain a different colour to that of the microtriches present on the
tegnment of the invaginated canal. The hooklets stain an orange colour with
Mallory's PTAH, a blue colour with Masson’s trichrome (Plate III, Fig. 1). The
microtriches stain fecbly blue with Halle’s method and with the AB pH 2.6 method.
Parts of the broken off hooklets were found also in the granular substance of the
canal lumen above the rostellar cone. In more advanced stages the rostellar cone
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is bigger, and it is divided by a membrane in a hulh and praebulb (Plate II. Fig. 2).
The lateral wall of the invaginated canal bulges into the Tumen and forms a crown
around the praebulb. The tegument is thickened on the wall of these lateral
extensions and in the fold separating the praebulb from the bulb; it bears more
compact hooklets. With Masson's trichrome, the base of these hooklets stains blue,
the distal peak orange. Inspection of a very slanted gection in the electron mieroscope
disclosed mierotriches in the folded wall of the invaginated canal above its hottom.
The miecrolrix base was less eleetron dense and in that similar to the oval bodies
present in the distal eytoplasm (Plate 11, Fig. 3).

As development proceeds, the bnlh hecomes overgrown by the pracbulh. The
bulb covered with a thin tegument. remains in connection with the eavity of the
invaginated canal by means of a central slit, Suckers start to form in the lateral wall
of the canal above the lateral extensions, and the invaginated canal differentiates
in a spiral canal which proliferates from the sncekers. Al this stage. the tegument of the
prnehnll)m Dase and that of the lateral extensions attaing a thickness of up to 28 wm,
and is finely granulated. The larger hooklets on the hase of the praehulb <tain diffe-
rently on their base and surface (Plate 11, Fig. 4). The blade of the definitive hook
originates from these hooklets in that a substance is deposited on them from the
modified tegument, which fakes on the Tunction of the hook organ as demonstrated
by a number of authors for different cestode larvae. In o later stage of development
of the rostellum, the bulb flattens out to form a rostellar pad and the thinoed tegument
on thie peak of the rostellar pad changes into a membranous sheath, As the prachulbar
tegument thickens and changes into a hook organ. the hooks assume a more vacuolate
and striated appearance. The vacuoles contain granules which stain blue with
Masson’s trichrome, and are similar to those in the hook organ. This organ enlarges
and also harbours large, orange-staining granules. 'The hook blade having completed its
development separates from the hook organs and remains connecled with it at the
hase only (Plate 1V, Fig. 1). The hook organ extends in direction towards the wall
of the lateral extensions. In the lateral wall, we obzerved the disappearance of the
subtegumental muscle layer which had previonsly separated the tegument from the
subtegumental cells. This ¢nabled the contact of the hook organ with these cells.
The rostellar pad becomes flattened into a transverse lens-shaped formation inter-
woven with numerous vertical and radial fibers (Plate L'V, Fig. 2). The expansion of the
rostellar pad continues below the fused prachulb.

The staining properties of the tegument covering the spiral eanal differ from those
of the tegument lining the original invaginated canal. With Giemsa and Mallory’s
method, the homogencous layer of the tegument of the proliferating canal stains
dark blue by contrast to the violet coloration of the same layer in the tegument of the
invaginated canal. Electron microscopy disclosed a wide, distal cytoplasm containing
rod-shaped bodies and dense membranc-bounded oval bodies in the tegument of the
spiral canal (Lee 1966, Braten 1968) (Plate V, Fig. 1). Also sensory endings tending
to concentrate in the rostellar area of the spiral canal, were observed. Most important
was the appearance of a distal ciliary proeess. Protoplasmic projections containing
bodies and an occasional mitochondrion extend from the distal cytoplasm, traverse
the basal membrane and join the subtegumental cells after passing a layer of
subtegumental muscles (Plate V, Fig. 2). The superficial microtrix border is
composed of microtriches measuring 6—7 pm in length. Their sharply pointed,
electron dense distal half is slightly curved and lies at an oblique angle to the less
electron dense basal region. The plasma membrane has a densification on its inner
surface which continues into the basal part of the microtrix. The distal part of the
microtrix is partly separated from the wider proximal part by a membranous cap
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which is not continuous with the plasma membranc (Plate VI, Fig. 1). Threadgold
(1965) obtained similar results. The lumen of the spiral canal, similar to that of the
invaginated canal, harbours eosinophilie formations which, upon electron microscopie
inspection, appear to be leukocytes (Plate VI, Fig. 2). Their visibly bisegmented
nucleus and the plasma of the leukocyte contain mitochondria and cisternae of
endoplasmic reticulum. Among the microtriches on the surface of the tegument we
observed large, bulbous extrusion situated close to the leukocytes, with a lower
clectron density to that of the basal microtrix part. They extend from the distal
cytoplasm and their plasma membrane carries the distal parts of the microtriches
(Plate VI, Tig. 3). The plasma of the leukocytes contains vacuoles with phagoeytized
granules (Plate VI, Fig. 4). Plasmic processes extend from the leukocytes to the
surface of the tegument (Plate VI, Fig. 5).

During the final stage of rostéllar development, i.e., at the time of shaft formation,
the hook organ folds to form pockels. These are arranged in concentrie circles
each enclosing the handle of the hook. Orange coloured granules stained with
trichrome are no longer present in the hook organ which contains only feebly blue
colonred granules. The rostellar pad is surrounded by a thick layer of fibers and cells
which form the rostellar sac. Its shape is that of a biconvex lens, and it is traversed
by a network of muscles. Hooks were observed on the mulberry-shaped, elongate
praebulb the inside of which contained nuclei and several muscle fibers.

DISCUSSION

Various authors, e.g., Clapham (1942) distinguished larvac of the genus Multiceps
by these diagnostic signs: mode of development, shape, number and size of hooks.
Until the present, there has been little understanding of the histogenesis and
morphogenesis of the larva of Multiceps endothoracicus and, consoquently, of the
development of its rostellum. Although considerable differences were found in the
morphogenesis of the larva of M. endothoracicus and in that of larvae of M. serialis,
M. multiceps and others (Hulinsk 4 1975) the development of the rostellum and hooks
is very similar in polycephalic and other cestode larvae. The origin and development
of rostellar hooks of Cysticercus crassiceps was described in detail by Bilquees and
Freeman (1969) in their evaluation of the finding by Crusz (1948). Leuckart
(1886) and Crusz (1948) suggested that the hook substance was deposited inside
the hooks. Gliser (1909) believed that the substance was deposited on the surface,
and that the blade was formed by the activity of the changed cuticle. Bilquees
and Freeman (1969) demonstrated that the hook substance originated from the
activiby of the tegument. This has been confirmed by Race et al. (1965) in their
clectron microscopic study on M. serialis. The accelerated rate of cell production in
association with the formation of the rostellar cone influences the division of the cone
in a bulb and praebulb, and the disappearance of subtegumental muscle fibers which
enables a communication between the tegnment and the tegumental nuclei.
A structure, the so-called hook organ, originates from the hypertrophied praebulbar
tegument which extends to the wall of the lateral extensions of the invaginated canal.
This part of the lateral wall bulges noticeably into the canal lumen and, apparently,
shapes the blade. By contrast to other cysticerci, the lateral extensions of the larva
of M. endothoracicus originate at the time of rostellar development. The tegument
of the spiral canal of a larval M. endothoracicus, viewed in the electron microscope,
is similar in appearance to that of the remaining cyclophyloidean cestodes. In the
distal cytoplasm of the tegument of M. endothoracicus we obscrved “dense bodies”
similar to those found by Lumsden (1966) in the tegument of . diminuta, and
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by Braten (1968) in the plerocercoid of Diphyllobothrium latum (L.). The appearance
of the distal eytoplasm of the tegument. of M. endothoracicus is not vacuolated as that
described by Race et al. (1965) for the tegu cnt of M. serialis, and by Slais et al.
(1971) for the bladder tegument ol C. bovis. it is delineated by a plasma membrane
as this has been described by Lumsden (1966) for the tegument of H. diminula.
Sensory endings have been observed in the tegument of the spiral canal of 3. endo-
thoracicus. Jha and Smyth (1971) found similar sensory endings with a distal process
in the rostellum of K. granulosus as have Sakamoto and Sugimura (1969) in the
rostellum of E. multilocularis. Blitz and Smyth (1973) observed two types of
sensory endings in the tegument of Railliclina cesticillus. By contrast to Lumsden
(1966) who described an evagination in the strobilar tegument, the extrusion
between the microtriches of the tegument of the canal observed in our material has,
evidently, nothing in common with sensory endings. Similar in type appears to be
the extrusion caused most probably by leukocytes which bear on their surface
remnants of microtriches. These extrusion are similar to bleb-like structures on the
strobilar tegument of Taenia hydaligena deseribed by Featherston (1971). They
appeared to be exudates issuing from the distal evtoplasm,

PABBIUTHE XOBOTKA JAWMHHEN MULTICEPS ENDOTHORACICUS
(KIRSCHENBLAT, 1948)

A Fyanwcka un II. A, I'yGalaynnn

Pesiowe. I nyswipe awusuin M, endothoracicus 3aki)iniBacTesT HECKOJALEO OCHOBAHMI CKO-
JIEKCY, BLINAUMBAIONIIXCH B BH/E KIETOYHRIX YIJOIMENNH B n010¢Th nysspa. B ot yumiowenun
HHBOIHHIPYCTCH YTOAIEHHLA TerioMenT, AnfpepeHinpyonmiict B nHBArHENPOBAHEBIE TPO-
X0 TerioMenT noKpLBaIoNmii U0 KIACTOYHOIO OCHOBANNA (0ACe AN MERCE TOPUAOHTATILRAH.
CyOrerymenraananit cnoi sameren. Komnye xoborka judpepennupyeren 13 yBeimanBaouerocs
YHCHR KACTOR MOX TeIWMCHTOM JHA HPOXO. BB TOryMeHTC KONYyca HORHBIC KPIOYKH, KOTOpLIe
HNOCTENCHHO OTIAMLIBAIOTCH B JoMen npoxoya. bBpjo obmapykeno, wre noc.ie juddepenim-
pPoBKI RoRyca B Oyandye w npedyanbye, nocaeguui nepepactaer waj Gyanoye. Hpnieraoman
CTCHA NPUXOLH BBIPUCTUCT B JUTCPA/ALHBIR OTPOCTOK M MeagLy witd 1t upedyanlycoM po3nKaer
cKaagra. B oyrosumenHoM TermoMente CRAAZRM oTigcpuomelt npedyanbyc or aartepannmoro
OTPOCTKA PACTYT HORLIE KPIOUKH RENPARIILHON TPeyro LbHOi OPMET ¢ H30HYTHIM 380CTPeHHbIM
MArKUM Jgeasiesm. 13 mopudimposarkoro  ruueprpodiudeckoro  TerMeHTa  JaTCpasbHOro
OTPOCTKA M K3 TerioMenTa upelyasbyca yrawissaercs cyGetamgn B paje GeTKOBLIX PPARYT
HA NOBEPYHOCTH MAUKOrO JI03BAs KPIOUKOB, KOTOPLI® YBeIMUnBAOTCA Jleapne D0annx Kpoyses
dopsMupyerca coriarHo QOPMe JATePAILHOr0 OTPocTRA. B J0MCeHe UpoXoMn, KOTOPME B Cie-
AyIomei crajgun pudsntian GOpMBPYCTCR B CUBPAILILI DPOXOA, HAXOITCA JICHKONUMTHL W3
TRAHN XO3TRIA, DINAIONNIC BA NOBCPXTOCTULI CJI0H TErIOMEHTA M MCHKIY MUKDOTPHXAMH BO3-
HUKZT KPYIJihie BBATIHATING W3 JACTAJILHON MHTOIIASMEl, KaK OLJIO HOKAJAHY B DJICKTPOBUMOM
MBEpocKoue. TerioMent npoxo/ig cocTONT M3 Kpas MIKPOTPHXOD (DLCOTOH 5—7 MK), TONCTOW
BOALI ANCTANLUONH HATOLINAMY € OBAABULIMN, L IOUKORIIHIIMIL HeNPOXOJANMEIMIT TTA ANIeKTPO-
HOB Teahiami. llutonzasMa mpoHWkaer wepes Gazaanuyilo Gubpuuanpuylo memOpany Mexay
CYOTCIrIOMCHTAILEOM MYCKYJZATYPOR I COSANHARTCH ¢ CYOTOIYMeHTAMLULIMA KICTKAME,
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D. Hulin=ka, N. XL Gubavdaling Rostellns developaent ... Plate T

Fig. 1. Polyecphmlic larva of M. endothoracecus. Sprral ennal with seolex organs submerged completely
in the rugaie mount eovered with a modified bladder wall (B). Communiention of untrue outer
scoleces with the reduecd bladder by means of attenvating stalks (IF) which are eovered with the
modified bladder wall and filled with eonnective tissue. (Frosh matenal, = 10.6.)

Fig. 2. Rostellum (R) of & mature larva of M. endothoracices with 59 hooks in two concentrie cireles.
Secanniny copnpment of cleetron mieroseape J1SOL 100 [« 20,000).



D. Hulinska, N. A, Gubaydulin: Rostellar development . ., Plate 11

Fig. 1. "Tangenbal section throngh the seolex promordinm (S17) with mvagimnting bladder legimnoent,
Leukoeytes from the host's Lissue in the cavity of the invagination (IC). (Hacmatoxvlin eosin, » 29).
Fig. 2. Tangential seetion through the canal eavity with a horizontally widened bottom filled with
lenkoeytes (KLY, Tegument covered with a low, basophilic microteix bordoer, ('I'richrome blue, % 72.)
Fig. 3. Bottom of the ennal reised by amitotically dividing germinative cells (o form a hemispherical
formation. Transverse section. (Galloeyanine eosin, > 29.)

Fig. 4. Tangential =ection through rostellar come (IRC). The thinned tegument on itg surface ecovered
with a microtrix border, Subtegumenral musele layer attenunting in direction of tho eano, (Trichrome

blue, < 72.)



DL Hulinska, No AL Gobayduling Rostellar development . .. Plate 111

Fig. 1. Ohligue soetion theough rostellar cone CKCL Toonddmon 1o maerotriches (M), it tegument,

comtams= differentiy <tummming hooklets (PHDY: these heeals ot mto the conal omen, (Madlory ™« 1YI'AH,
65.)

Fig. 2. Tungentml seetion theeugh the cone divided mto o bulh {BU} and pracbulb (1'B). The fold

separating the prachulb contmns larger hooklots (PH) with a differently <taining base, (Ma=son's

Lrchrome, = BR).

Fig. 3. Very slanted scetiom through a fold i the tegument of the invaginated canal, The electron

Il\i.t‘l'nl_'rﬂph shows a mierotrix border with eloctron dense distal peaks, and a narrow zone of vacunlated

distal eytoplasm (). This s separated from the subtegumental muscle fibers (CM) by a thin

busal membrane, (Uranyl acetate, 2 10,262),

Fig. 4. Oblique seetion through the bases of Jarger hooklets in the fold of the tegmnent (T)

separating the prachulb. (Goldner's trichrome, = 68),
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Fig. 1. Tangental xection through the bases of hooks (1) enclosed in the hook organ (HOJ After
staining with Goldner's trichrome, orange and blue coloured granules could be seen in this organ.,

{ » 100},
Fig. 2. Tangential seetion through the rostellar pad surrounded by w rostellar sue (BN). The
clongate pracbulb filled with nucler and several mosele (ibers, Note sections through hooks< (11) in

the hook organ, (Goldner's trichrome, 2 25.)
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Fig. 1. The cleetron micrograph shows the upper seetion of the distnl eytaplasm (D) in the tegument
of the spiral canal, with sensory endings (SV'). The surfaeo of the eytoplusm s delineated by a plasmn
membrane (PM) covering also the tips of the sensory endings. The eytoplasim contaims rod shaped
bodies (RB) and dense, membrane bounded oval bodies (ORB). (Uranyl acetatolead citrate stain,
% 50,980.)

Fig. 2. Electron nuerograph of the tegument of the spiral eanal of M. endothorivieus showing the
microlrix border (Mi) with electron dense distal peaks, the wide zoue of distal eytoplasm (DC)
and its proecesses traversing the basal mombrane (BL) and proeceding between longitudinal (1.M)
and circular (M) subtegumental muscle fibers. (Uranyl acetatclowd citrato stain, » 10,060.)
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Fig. 1. Electron waerograph showing the superficial icrorrix border. The distal hall of the
microtriches i8 elociron donse, the basal region less electron dense. Densification on the surface
of the plasma membrane (IPM). The distal part of the microtriches 1= partly separatod from the
proximal parl by a membranous cup. Among the miceolriches 1s a bulbounl oxtrusion (BE) filled
with less electron dense mnterial and bordered by a plasma membrane (PM). ( x 15,190.)

Fig. 2. olymorphonucleate leukoeyte in the lumen of the spiral canal. Note its bisegmented nucleus
(N) and the granular substance m the vieinity of the togumental microtriches (Mi)., (x 3,375.)
Fig. 8. Cytoplasmic extrosion in the microbrix border of the spiral canal in the vicinity of the
leukoeyto. The surface of the extrusion carries the distal parts of the microtriches. (% 4,800.)
Fig. 4. Detailod view on part of the leukoeyte with its nueleus (N). Vucuoles (V) with phagoeyti.
zed remnanls present in the plasma between the endoplasmie reticulum and tho mitochun-
dria (M). (x 16.875.)

Fig. 5. Hosi cell in the lumen of the spiral eanal between microtriches, Note part of the multi-
segmented nucleus, vaenoles and numerous plasma processes oxtending towards Lhe microtriches,
in the host eoll. A coralloid segmentation on the distal peak of a microtrix. (% 15,190.)



