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HISTOCHEMISTRY OF THE PARENCHYMA
OF CYSTICERCUS BOVIS

Z. ZDARSK A 5

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague

Abstract. The contonts of mucusubstunces, proteins and lipids, and the activity of sevoral enzymos
were studied in the parenchyma of the bladder wall and the invaginated poriion of Cysticercus bovis
aged 108 days. The parenchyma of both parts eontained a large amount of glyeogen and minute
bhodies with a high activivy of acid phosphatase and non-speeifie esterase, By eontrast Lo older larvae,
the young larva eontained a minuto amount of hydrophubie lipids, The rostellum was developed and
similar to tho suckers contauined glycogen.

The present paper is a continnation of our previous study on the tegument of . bovis
(Zddrskd 1973): both were performed during a complex investigation of muscle cyx-
ticercosis in hovine animals. The main concern of this study was the histochemistry
of the parenchymal components of the invaginated portion and the inner layers of the
bladder wall of €. bovis.

MATERIAL AND METHODS

Our material eonsisted mainly of developmental stages of C. boviz obtaimed from calves on day
83 and 108 of experimental infeotion. Infeetion of the calves was performed by Dr. 3. Machnicka,
Tnstitute of Parasitology, Polish Academy ol Sciences, Warsaw. The cysticerer wore fixed in Baker's
neutral formaldehyde and embedded in paraffin for the demonstration of proteins and mucosub-
stances, in gelatine for the demonstration of lipids; enzymes were demonstrated in scetions eut with
the freezing mierotome. The methods employed were essentially those deseribed in an earlier paper
(Zdarska 1973).

RESULTS

LMORPHOLOGY OF THE PARENCHYMAL COMPONENTS OF THE
INDIVIDUAL PARTS OF THE CYSTICERCUR

A. Invaginated portion

The parts distinguished in the parenchyma of this portion were these: Invaginated
scolex with rostellum and suckers (Plate 1, Figs. 1, 2), excretory system, nervous system,
parenchymal cells, calcareous corpuscles, muscle- and connective tissue fibres. That
part of the parenchyma of the invaginated portion facing the bladder cavity was not
bordered off distinctly cxcept for a greater density of parallelly arranged connective
tissue fibres and a lower incidence of calcarcous corpuscles (Plate IT, Fig. 1). The par-
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crichyma lacing the spiral canal was bounded by the tvgumn-nt deseribed in an carlier

paper (Zdarska 1973). The suckers measuring 315 x 250 2 in diameter were compaosed
of llensely arranged cireular and radial musele fibres (Plate 1, Yigs, 1, 2) with an occa-
sivnal myoblast and connective tissue fibres. A distinet, thin layer of connective tissue
formed a <harp border hetween the suckers and the remaining parts of the parenchyma.

The rostellum (Plate 1, Fig. 2; Plate 11, Fig. 1, 2) measured 130 p in width and 80 ¢
in length. It was formed by circular and longitudinal muscle fibres intermingled with
conmective tissue fibres. The rudimentary vostellum was swrrounded by civenlar
litres of the rostellar sae (Plate TT1, Tigs. 1), Its separation from the remaining parts
of the parcnchyma was less distinet than that of the suckers (Plate 1. Tig. 2).

The exeretory system consisted of two wide ventral exeretory canals with thin walls
extending from the rostellum, where they bent to form a wide arch, to the bladder wall
(Viate L, Fig. 2), and ol two narrow dorsal exerctory canals. The ventral exeretory

conals received the line canals terminated with a typical flame eell which was thickened
mits middle with a connective tissue ring. Along the excretory ennals we observed
bundles of longitudinal musele fibres. The arca around the canals contained spherical
te ovoid hodies measuring 0.4 x 0.4 — 0.75 x 0.75 poor 0.6x0.8 p.

The nervous zystem was [ormed by two cerebral ganglia situated at the ba~e of the
restellum (Plate 1, Fig. 2). They contained large bodies of neuroeytes, Two thick nevve
tranks extending from these ganglia continued in longitudinal direetion through the
ertire invaginaled portion of the evsticerens. Numerous minute branches extended
frem the nevve trnnks to the tegument (Plate 1V, Tigs, 1, 2).

B. Bladder

The parenchyma of the bladder wall consisted of several distinet components, i.e.
a well visible exeretory systom, parenchymal cells, glveogen pouches, connective tissne
filres and muscle fibres. The parenchyma ol the bladder was not delimited lrom the
cavity by a s spee aal layer. Its onter side was covered with the tegument deseribed in an
carlier paper (Zdar sk 1973). The exc retory system of the Iladder wali was ver y com-
plicated. In light microscopy wo distinguished two systems of cannls, The first c-umpn.-od
of wide, mashwork-like connected canals (Plate VI, Fig. 1) was situated below the te-
gument. The second system with its considerably narrower canals was deposited deeper
dewn in the bladder wall and contained three types of canals. The lame cell was follow-
ek by eanals of the first order appearing as eytoplasmic stripes in the light microscope.
Gonerally. four of these canals opened together in one canal ol the second order. The
lattor was formed by an clongate cell with a nucleus pressed towards the periphery.
Canals of the gecond order opened into the lnmen of a canal of the third order (Plate VI,
Fig. 1, 2). the wall of which was thickened with fine ribs. A nervous system could not
be demonstrated in the bladder. Elements of connective- and muscle tissue formed
a continnous layver below the teguuent compesed of two systems of libres mrranged
it perpendicular direction to one anothey, Inside the parenchyma we observed separate
fibre bundles extending parallelly with. and not perpendicular to, the surface. Bodies
of tegumental cells and myoblasts were sitnated in the parenchyma below the layer
of connective- and muscle tissue. Also an oceasional myoblast was found in the deeper
layers o[ the bladder parenchyma. In addition to occasional cell elements, the paren-
chyma contained a number of spherieal to avoid bodies (0.4x04 —0.75x0.75 u
or 05 x 08 u) — (Plate V, Tig. 3), various granules and drops of lipids distinguish-
able by means of histochemical metheds only.
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ILIISTOCHEMISTRY OF THE PARENCHYMA OF THE INDIVIDUAL PARTS
OF THE CYRTICERCUS

A. Invaginated portion

The parenchyma of this portion contained mainly glycegen (Plate 111, Figs. 2. 3).
Muscle fibres of the suckers gave a positive reaction for arginine, tyrosine (Plate 11,
Fig. 1), tryptophan and proteins with S groups (Table 2): they contained hytdvophilie
lipids (Table 2) and a lavge amount of glyeogen (Table 1). The walls of the ventral exere-
tory cannls gave a positive reaction for arginine, tyrosine, tryptophan and proteins
with SH groups (Table 2), and contained hydrophilic lipids (Table 2). The walls of the
exeretory canals were surrounded by pouches with glveogen (Plate V, Tig. 1) and mi-
nute bodies with a high activity of acid phosphatose and non-specific esterase (T'able 1).
The bodies were positive for proteins with SH groups, gave a positive coupled tetraz.
reaction and contained hydrophilic lipids. The flame colls were faintly positive for tyro-
sine and tryptephan, more strongly positive for proteins with SH groups (Table 2), and
contained hydrophilie lipids (‘Table 2). Activity of alkaline phosphatase and cholin-
esterase was canfirmed in the nervous system (Plate 1V, Fig. 1. 2, Table 1). Histochemical
methods for the detection ol mucosubstances (Table 1) confirmed in the surface of older
calearcous corpuscles a feebly positive reaction for AB pH 2.6, and a highly positive
reaction in Best’s carmine even after the saliva test (Plate 111, Fig. 3). Older calearcous
corpuseles gave an intensive staining with Luxol blue on the surface. and sometimes,
in the centre. Yonng ealearcous corpuseles stained throughout. The surface of an ocea-
sional culearcous corpuscle gave a positive reaction for hydrophabie and hydrophilie

lipids (Table 2).

B. Bladder

The entire parenchymal part of the bladder wall contained bodies with a high acti-
vity ol acid phosphatase and non-specifie exterase (Table 3: Plate V, Fig. 3). These bodies
similar to these in the invaginated portion gave a positive reaction for proteins with
SH groups, and a positive coupled tetrazonium reaction. In addition, a large amount
of glveogen and occasional fine drops of hydrophobic lipids were (lt‘i)ﬂhlt(‘(l in the paren-
chymal portion. The walls of the wide exeretory canals contained arginine, tyrosine,
tr\'ptnplmn and proteins with SH groups (Table 4). The walls of these canals were sur-
rounded by pouches filled with glycogen (Plate V, Fig. 2: Plate VI, ¥ig. 3; Table 3)
and bodies with an activ ity of acid phosphatase and non-specifie esterase referred Lo
earlier in the text. The walls of the wide excretory canals gave a highly positive reaction
for hydrophilic lipids (Table 4). The walls of the canals of the first, second and third
(rib-supported) order conlained arginine, tyrosine and tryptophan (Table 4, Plate VI,
Fig. 1), stained faintly in methods for the detection of hydrophilie lipids (Table 4)
and were negative in methods for the detection of mucosubstances (Table 3). The
conueetive tissne fibres and the muscle fibres of the bladder contained arginine, tyrosine
and tryptophan and proteins with SIH groups (Table 4). neutral mucosubstances
(Table 3) and hydrophilic lipids (Table 4).

DISCUSSION

[n order to facilitate an understanding of histochemical finds in the parenchyma of
C". bovis, u brief deseription is given of the morphology of its individual components
with references to detailed descriptions in papers by Slais (1970). and Slais ot al. (1971,
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1972). The morphology of those parts only for which detailed descriptions are not avail-
able in the cited papers (rostellum and several bodies), will be dealt with comprehensi-
vely in the text,

The rostellom of Taeniarkynchus saginatus has cscaped the attention of numerous
authors in view of its minute size and the absence of hooks. However, its presence in the
adult costode is undoubtable. Abuladze (1964) remarked on its rudimentary form
and maintained that it was located apically in the form of a fifth sucker. Schaaf
(1905) inferred that the anlage of the rostellum was formed already in carly develop-
mental stages of C. pisiformis and C. cellulosae together with the suckers and that its
sizer was almost final. Further growth of the seolex occurred mainly in that connective
tissue was layered on its surface. Although the rostellum of the adult cestode 7', saginalus
is minube in comparizon with the suckers, it attains a full third of their size in a C. bovis
aged 108 days. In spite of the [act that the rostéllum of T'. saginatus is not armed with
hooks and, hence, not an attachment crgan as it is in the remaining cestodes of the
lamily Taeniidae, it is developed in a larva aged 108 days. However, its structure differs
greally from that of a rostellum armed with hooks and used for attachment in the host
(Schaaf 1905, Baron 1968, Rees 1951, Bilgecs and Freeman 1969, Mount 1970).
I this paper. however, only the parenchyma of C. bovis is dealt with and therefore we
deseribed only the parenchymal part of the rostellar region. The changes of {egument
in this region will be dealt with in another paper.

We have as yet been nnable to determine which of the canal systems of the bladder
receives the ventral exeretory canal of the invaginated portion, and which reccives the
dorsal excretory canal. 1t might be derived from the location, histochemical reactions
and the width of the canal system that the system of wide canals situated below the
tegument passes into the ventral excretory canal of the scolex, and that the system of
rib-supported canals deposited in the deeper layers of the bladder parenchyma is re-
ceived by the dorsal excretory canal of the scolex as this was recorded for C. fasciolaris
by Rees (1951). Similar to Pintner (1896), we did not find communications between
the first and second canal system. These were found hy Slais (1970), but his text did
not indicate elearly enough whether this finding referred to €. cellulosae or C. bovis.
The arrangement of the exeretory system in the seolex portion of €. bovis was found
to be similar to that in adult cestodes (Howels 1962).

We should like to remark on the histochemistry ol the calearveous corpuscles that
the degree of intensity of their reaction depends on the age of these corpuscles. For
vounger calearcous corpuseles we obtained a strong positive reaction with AB for the
demonstration of acid mucosubstances particularly in the centre of these corpuscles.
This finding ix in agrecment with that of Nieland and von Brand (1969). Young cal-
careous corpuscles give also a strongly positive reaction with Luxol blue. In the reaction
with Best’s earmine combined with the saliva test, the staining remained on their surface,
After the saliva test, glycogen deposited in the eytoplasm around the calcareous corpus-
cles disappeared, but the surface of the corpuscles remained stained. In calcareous
corpuscles of €. bovis, the PAS reaction was negalive. For these reasons we cannot
agree with Chowdhury et al. (1955) and von Brand et al. (1960) in that the calcareous
corpuscles contain a glycogen-like polysaccharide.

The observation of very faint reactions for proteins in calcareous corpuscles is in
agreement with the finding by von Brand et al. (1960), but not with that by Chowd-
hury et al. (1955) who obtained a more distinet reaction. Oceasional hydrophobic
and hydrophilic lipids were present in cither the periphery or the centre of some calea-
reous corpuseles. In several instances it was difficult to decide whether these lipids
belonged to the calearcous corpuscles or to the surrounding eytoplasm.

The organic material of calcareous corpuscles is made up of mueosubstances, proteins
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and lipids. These interchange with irregular, differently bent layers of inorganic mate-
rial — ealcium (Kossa-positive) as observed also by Scott et al. (1962) und Slais (1966).

In azoeoupling methods for alkaline phosphatase, mainly with Fast Red TR, the
surface of the calcareous corpuscles stained unspecifically (both controls, i.e., denatu-
ration al 100 °C and control without substrate, were positive). Similar results were
obtained by Erasmus (1957) for the adult cestode T'aenia pisiformis. Chowdhury
et al. (1962) ascribed it to the activity of alkaline phosphatase, but failed to indicate
clearly that a control test was performed.

Minute bodies displaying an activity of acid phosphatase and non-specific esteraso
were found in tho parenchyma of the bladder wall and in that of the invaginated portion.
We are uncertain as yet about their classification and function. They were concentrated
mainly around the walls of the wide canals both in the bladder and in the invaginated
portion. The elucidation of their structure necessitates further electron optic and histo.
chemical studies.

It has been suggested by our study that the parenchyma of both the bladder and
the invaginated portion ol larvac of 7'. saginatus contain a large amount of glycogen
up to day 108 of infection. The site of its deposition in the bladder is in accord with the
electron optic finding by Baron (1968) and Slais ct al. (1971). In the invaginated por-
tion, glycogen occupies all spaces among the calcareous corpuscles, and is present also
in a large quantity in the suckers and rostellum. In these young larvac, the amount
of hydrophobie lipids is minute in comparison with that present in older cysticerei.

FHCTOXNUMITA HAPEHNXUMBI CYST/ICERCUS BOVIS
A, Hpapcera

Peatove. Buiiio nayueno copepssaunce MysocyOerasipnt, GeIKoB n J0nmio8 o aKTHBHOCTD
HCROTOPLIX (ICPMCHTOR B LHAPEHNUME NY3LIPS W HUBarHHApoBaHROI waern Cysticercus bovis
108 gmeir nocie sapwkenun. [lapenxima ofenx uacreit copepsatnt GoJbmoe KOJHTHCTRO
IJTHKOPEHA ) MEJTRITX TCJICH ¢ BLCOKOH AKTHBROCTHLIO Kueoil docdarasn n necnenmpuyceiion
screpasut. B otamune ot Goiee BRPOCTNX JIHUNIOR, 9T MOJOAA JHIMHHKA CONePHHT TOJILKO

HeHOILINOC ROMAMTCCTBO PuAPOPotuLIX .unmnoB. NXoBGOTOR Pasnnt i, Kilki UPUCOCKH, COMEPIKMT
ITTHKOTCH.
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Z. Zddrska, Histochemistry ... Plate T

Fig. 1. Transverse section through the scolex of €. bovis at the level of the opening of the rostellum
(b) into the spiral canal. a — sucker, ¢ - spiral eanal, d - ventral exeretory ranal; arrows — core-
bral gangliun. Mallory’s pl'ump]ml-uugﬂl ic haematoxylin (140 x ).

Fig. 2. Trunsverse section through the seolex of C. bovis at the level of the rostellum haso (b). Arrows
point to the two clearly visible cerebral ganglia; d — the Lwo bending ventral excretory eanuls. Hae-
matoxylin — cosin (140).



Z. 7dérska, Histochemistry,.. Plate II

Fig. 1. Longitudinal section through the invaginated portion of a 108 day-old C'. bovis with a clearly
visible rostellum (b) at the end of the spiral canal (¢) and an increased density of connoctive tissue
fibres (arrow) at the surface facing the bladder cavity (0). o — sucker, d — ventral exeretory canal.
Morel Sisley's diazotization method (120 x ).

Fig. 2. Analogous to fig. 1 except for a higher magniﬁcatiun of the rostollar region. b — rostellam,
¢ — spiral canal, arrow — hooks, d — fibres of the rostellar sae (850 ).



Z. Zdérska, Histochemistry. .. Plate I1I,

Fig. 1. Oblique section through the rostellar region of C. horis showing elearly the fibres of the rostellar
sac () in the parenchyma, and a hook (arrow) in the tegument of the rostellar region (b).
Mallory’s phosphotungstic hasmatoxylin (1,200« ).

Fig. 2. In the parenchyma of the invaginated portion, a large amount of glycogen is deposited among
the calearcous corpuseles. s — spiral eanal. Best's carmine (160 x ).

Fig. 3. Control section for fig. 2. After the saliva test, ealeareous corpuscles only were stained, Saliva
test .| Best's carmine (160 x ).



Z. 7alirska, Histochemistry . .. Plate IV

Fig. 1. In longitudinal section through the invaginatod portion of . horis, the main nerve trunk
(8) and a sensory nervo eell (b) with its eclinlipetal process and sensory endings (arrow) in the tegu-
ment of the spiral canal (¢) show a high activity of alkaline phosphatase, a-naphthylphosphate 4
Fast blue BB (310 ).

Fig. 2, The main nerve Lrunk (a) in transvere geetion sending off nerve fibres (b) and the bodies of two
nerve cells (arrows) with their processes displaying a high activity of alkaline phosphatase. a-naphthyl-
phosphate + Fast blue BB (410< ).
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Fig. 1. The amount of glycogen is larger around the ventral excretory eanals (arrows) than in the
remaining parenchyma of the invaginated portion of . bovis. a — calcarcous corpuscles, b — spiral
canal. AB-PAS (570> ).

Fig. 2. Also in the bladder, a large amount of glyecogen is deposited in pouches around the wido
excretory canals. Best’s enrmine — haematoxylin (410 ).

Fig. 3. Minute bodics (arrows) in the parenchyma of the bladder wall display a high activity of non-
specific esterase. a-naphthylacetate + HIPR (1,800 ).
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Fig. 1. Tangential section through the bladder wall with the well visible canals of the third order-
ribbed (a), which stain intensively in the coupled tetrazonium rcaetion. b — wide exerclory canals,
¢ — bladder cavity (520 % ).

Fig. 2. Detailed view of a canul of the third order (rib-supported). Mallory’s phosphotungstic hae-
matoxylin (1,000 <),

Fig. 8. Tangential section through the bladder wall at the level of tho wide oxeretory canals, around
which a large amount of glycogen is concentrated. I'AS (520 x ).



