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SOME ASPECTS OF HISTOCHEMICAL STUDIES ON
THE PARASITE AND TISSUE REACTION IN BOVINE
CYSTICERCOSIS

J. SCHRAMLO VA and K. BLAZEK

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague

Abstract. Histochemical studies on the cysticercus and surrounding tissue reaction were performed
at various intervals after experimental infection. It was found that acid mucosubstances and proteins
with SH- and 88-groups appeared first in the granulation tissue around the oysticercus (on about day
14 p.i.) and only later (on day 28 p.i.) in the tegument of the oysticercus where they were localized
in the rim of microtriches. This envelope consisting of mucosubstances and proteins seems t0 be
identical with the electron-dense substance found on the surface of developing cysticercus during
electron-microscopical studies. It is considered to be a mimicry enabling the cysticerci to survive
even in an immunologically unfavourable environment. Phospholipides were found in activated
fibroblasts and in some cells of macrophage type on days 21 and 30 p.i. and in a large number in
subtegumental cells of cysticerous on days 28— 34 p.i. This phenomenon seers to be correlated with
the increased activity of subtegumental cells of the larva in this period. In morphologically fully
differentiated cysticerci, the reaction for phospholipides in subtegumental cells and distal eytoplasm
was only feebly positive. Phospholipides were not detected in the rim of microtriches at any time after

infection.

Some of our previous papers dealt with the pathogenicity of Taenia saginaia larva
during its development (BlazZek et al. 1981, 1982b, BlaZek and Schramlové 1981),
ultrastructure of its tegument (Sehramlové and BlaZek 1981), ultrastructure of
the tissue reaction (BlaZek and Schramlovéd 1980), and immune response of the
intermediate host (Blazek et al. 1980a, b). It was found that the cellular reaction
to the presence of cysticercus is very strong at the early stages of infection and gradual-
ly decreases with increasing morphological differentiation. Electron-microscopical
studies revealed electron-dense granules or droplets in the plasma of cells and an
electron-dense substance on the surface of some types of granulation tissue cells and
on the surface of cysticercus. This tissue was tentatively regarded as a product of
interaction between the parasite and host tissue, probably of immunocomplex cha-
racter. In this paper we present the results of histochemical studies aimed at the elu-
cidation of the character of processes and substances occurring in the cysticercus
and surrounding host tissue. The available histochemical studies of other authors deal
with the cysticercus and tissue reaction at the time when the cysticercus is already
morphologically differentiated (Zdsrské 1973, 1975) or with the detection of enzyma-
tic activity in the larva and tissue reaction (Zd4rské and Machnicka 1978, Zd4rx-
ské et al. 1981, Gustowska and Pawlowski 1981). This approach, however, does
not enable to evaluate the results with regard to the dynamics of the pathological
process and to their significance in the system of defence mechanisms.

MATERIAL AND METHODS

The material was recovered from calves perorally infected with Taenia saginata eggs at the age
of 4 days or 3—4 months. The method was described in detail in previous papers (BlaZek et al.
1980, 1982).
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Foci from skeletal muscles on days 14, 21, 23, 28, 34, 42, 55, 112, 168 and 250 after infection
were used for histochemical studies. The material was fixed with neutral formol and Baker’s fluid
aud embedded in paraffin.

The following tests ware used for the detection of mucosubstances and their distribution: PAS
resction combined with acetylation and desacetylation after Pearse (1968) for neutral mucosubstan-
ces; Alcian blue (Alcianblau 8GS, Fluka), pH 2.6, after Quintarelli et al. (1964) for acid muco-
substances; Alcian blue, pH 2.6, combined with methylation and demethylation after Fisher
and Lillie (1954) and Spicor and Lillie (1959) for a detailed differentiation of acid mucosubstances;
Mowry’s modification of AB—PAS reaction for a simultaneous demonstration of acid and neutral
mucosubstances; DDD (2,2-dihydroxy-6,8-dinaphthyldisulphide) for sulphydryl (SH) groups of
proteins; DDD reaction combined with thioglycolic acid after Miiller and Chytil (1962) for di-
sulphidic (88) groups; DMAB (dimethylaminobenzaldehyde) method after Adams (1959) for trypto-
phan; tetrazonium copulation reaction after Miiller and Chytil (1962) for a group of amino acids,
tyrosine, histidine and tryptophan; PFA—AB after Pearse (1968) for SS-groups and cystine. The
presence of lipides was detected by the method of Luxol blue staining after Vacek (1961).

RESULTS

‘On day 14 p.i., the cysticercus lesion appeared like a solid nodular focus with a larva
in its centre. The focus contained a small amount of acid mucosubstances among the
cells around the zone of necrosis surrounding the larva. The thin tegument of larva
contained neutral mucosubstances. The necrosis itself contained proteins with SH-
and SS-groups. Cells containing tryptophan, but not only eosinophiles, were found in
the granulation tissue at the periphery of necrosis.

-On days 21 and 23 p.i., the amount of acid mucosubstances in the zone of granulation
tissue in the node somewhat increased (Plate I, Fig. 2). The tegument of the parasite,
in which only mierovilli were formed at that time, contained neutral mucosubstances
(Plate I, Fig. 1). A small amount of proteins with SH- and SS-groups was detected in
macrophages in the vicinity of larva. Single cells with granules in the plasma, positive
for cystine, occmired at the periphery of the node. The tegument of cysticercus was
negative for cystine, but feebly positive for phospholipides (the rim of microvilli,
however, was negative). The granules in the plasma of cells of tissue reaction of the
type of activated fibroblasts were markedly positive for phospholipides.

On days 28 and 34 p.i., systicerci with scolex and sucker anlages were found in the
centre of the node. Microtriches were already formed on their tegument. The region
of microtriches was positive for acid mucosubstances (Plate IT, Fig. 1), whereas neutral
mucosubstances were demonstrated in the distal cytoplasm of tegument. The tegument
wzs fecbly positive for cystine. Acid mucosubstances were found among disintegrating
macrophages surrounding the larva (Plate IT, Fig. 2) and vacuoles with neutral muco-
substances were presont in macrophages. The granulation zone at the periphery con-
tained acid mucosubstances among the cells in droplets. The reactions for the detection
¢f 8H- and 8S-groups were more intensive than in the previous time period and were
localized in sigle cells of granulation tissue and near the surface of cysticercus. Trypto-
phan was again demonstrated in some cells dispersed in the granulation zone. A
strongly positive reaction for cystine was observed in fibroblasts and histiocytes in
the peripheral and intermedial zone of granulation tissue. At this period, there was
& strong positive reaction for phospholipides in subtegumental cells of cysticercus and
& more feeble reaction in distal cytoplasm; the rim of microtriches remained unstained.
A positive reaction was demonstrated also in the newly formed collagen in fibroplastic
granulation tissue and in granules in macrophages accumulated mainly in the region
near the opening of spiral canal on the bladder surface.

On days 42 and 55 p.i., accumulation of acid mucosubstances was observed in the
immediate vicinity of the parasite (Plate III, Fig. 1). They appeared like flowing from
the surrounding tissue towards the cysticercus (Plate III, Fig. 3). Acid mucosubstances
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were also demonstrated in the microtriches of bladder and spiral canal. Mast cells
positive for acid mucosubstances were dispersed in more distant parts of tissue reaction.
The reactions for the detection of proteins with SH- and SS-groups were much less
intensive than on days 28 and 34 and decreased proportionally to the disintegration of
cells which in the previous stages (14 and 28 days) were dispersed in the granulation
tissue and sometimes accumulated around the parasite. The reaction for cystine, ho-
wever, was strongly positive in the tegument of cysticercus, in cells of fibroblast type,
and in cells with spherical nuclei, which occurred mostly near the cysticercus and some
of them also at more distant sites. These cells were accumulated also in structures
resembling migratory canals near the focus with cysticercus. The tissue reaction con-
tained also single free granules positive for cystine. Cells containing tryptophan, mostly
eosinophiles, were found in front of the opening of spiral canal.

On days 112, 168 and 250 p.i., the histochemical character of the tissue reaction
and parasite did not change in substance. Acid mucosubstances were demonstrated
in the microtriches of tegument and around the bladder. The tissue (fine connective
tissue walls of the cyst) around the bladder contained only a small amount of acid
mucosubstances. A greater amount of them was demonstrated only near the opening
of the spiral canal where the accumulation of histiocytes persisted. The tegument of
cysticercus (probably the rim of microtriches) was strongly positive for cystine.
The connective tissue wall of cyst was only feebly positive, but it contained single
spindle-shaped cells, fibroblasts, with strongly positive granules in the plasma; they
were more numerous near the opening of the spiral canal. A feeble positive reaction
for phospholipides was demonstrated in subtegumental cells and distal cytoplasm
(zone of microtriches remained unstained), but a strong positivity was found in the
connective tissue of the cyst and in granules of large cells of tissue reaction near the
opening of spiral canal. At that time (112 days p.i. and later) some of the cysts contai-
ned again a greater number of cells positive for tryptophan (Plate IV, Fig. 1). Thege
were activated fibroblasts and eosinophiles the granules of which were positive for
tryptophan. Such cysts contained dying cysticerci. Also the reactions for SH- and
SS-groups were more intensive here,

DISCUSSION

A comparison of the results of histochemical studies at various intervals after
infection revealed that the tegument of larva at an early stage of development (14
days and about 20 days p.i.) provided with microvilli contains neutral mucosubstances.
Four weeks after infection, the tegument of bladder, as well as the tegument of the
scolex, which is already formed at that time, possess microtriches containing acid
mucosubstances with HSOj; groups, whereas the distal cytoplasm of tegument contains
only neutral mucosubstances. The same was observed in morphologically differentiated
cysticercl in our own material and it was also described by other authors in C. bovis
(Zdarsks 1973) and larva of Multiceps endothoracicus (Hulinsks et al. 1978).
A question arises, however, how these acid mucosubstances get into the layer of micro-
triches. It is supposed that in adult cestodes, acid mucopolysaccharides in the rim of
microtriches may be a product of cells of interproglottidal glands or that they can be
derived from neutral mucosubstances of the tegument (Howells and Erasmus
1969). Lumsden (1966) even assumed that the presence of mucopolysaccharides
in the layer of microtriches might be related with pinocytosis. In C. bovis (and in any
of cestode larvae in general), however, the first hypothesis cannot be considered, since
there are no glands or solitary gland cells in the bladder wall. Not even pinocytosis is
probable. If it occurs at all, then particularly in basal parts of microtriches, as it is
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indicated by electron-microscopical studies. Consequently (according to the hypothesis
by Howells and Erasmus 1969), the neutral mucosubstances of distal cytoplasm
of tegument might have been changed to acid ones and pressed into microtriches, but
we exclude even this possibility. The amount of neutral mucosubstances in the distal
cytoplasm of tegument (if their amount can be measured by the intensity of the respec-
tive histochemical reactions) does not suggest that such a large amount of acid muco-
substances could appear in the rim of microtriches without any substantial effect
on the amount of “mother” neutral mucosubstances. In our opinion, it is of importance
that acid mucosubstances in the granulation tissue around a young cysticercus can
be detected earlier than on the surface of tegument and that these substances, probably
also in the complex with proteins (as indicated by reactions for SS-groups of proteins
and cystine), are released from the cells of inflammatory reaction towards the surface
of larva. This relation escapes attention while evaluating the histochemical reactions
in larvae isolated from the host tissue. The extrusion of a part of cytoplasm of large
macrophages accumulating around the larva at an early stage of infection was de-
monstrated also in an electron microscope (Blazek and Schramlovs 1980). On
about 30th day p.i., the cysticercus is already enveloped with substances of the nature
of acid mucopolysaccharides (mucosubstances) and the rim of microtriches is positive
for acid mucosubstances (as well as for cystine) even in fully differentiated cysticerci
at the late stage of infection, despite the fact that the bladder surface is not fully
metabolically active at that time (Zd4rsks et al. 1981). The formation of acid muco-
substances, proteins with 8S-groups and cystine around the larva is marked in the
cellular reaction not only in the period around 30 days after infection, but also on day
42 and partly also on day 55 p.i. At the late stage of infection it is only weak and is
limited to the region of the cellulizate near the opening of spiral canal on the bladder
surface, with which the metabolic activity (although only low) is associated even at
that time (Zdarsks et al. 1981). An increased amount of mucosubstances was detected
also in the tissue around the dying cysticercus, which agrees with the release of a great
amount of antigens from the dystrophically changed or disintegrating cysticercus
(Walther 1978, Walther and Grosskalus 1979).

We assume that the envelope consisting of acid mucosubstances and proteins re-
presents a certain antigenic mimicry which makes it possible that a morphologically
differentiated cysticercus survives even in an immunologically unfavourable environ-
ment. It seems to be identical with the electron-dense substance detectable on the
surface of cells of inflammatory reaction alrcady about 20 days p.i. and on the surface
of cysticercus somewhat later (Bla%ek and Schramlové 1980).

While evaluating the whole process it should be also noted that the positive reaction
for proteins with SH- and, particularly, SS-groups was demonstrated in tissue reaction
(except necrosis) in fibroblasts and cells of macrophage type already on day 20 p.i.
and that this reaction was most strong on days 28 and 34 p.i. It was also confirmed that
the activation of fibroblasts detected by us in the electron microscope at the early
stage of infection is the result of a live proteosynthesis (Bla%ek and Schramlovi
1980). Also the reactions for phospholipides were strongest at that period (28 —34 days
p-i.), particularly in subtegumental cells of larva, tissue reaction around cysticercus,
newly formed collagen and granules in plasma of macrophages accumulating in scolex
region. The strong positivity of this reaction in the subtegumental cells is undoubtedly
associated with their increased secretory activity at the time when the scolex is formed
and differentiated (Schramlova and Blajek 1981) and gives evidence that their
secretion contains & lipoid complex.
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TUCTOXUMUYECKOE M3B3VYYEHUE ITAPA3BUTA 1 TKAHEBOH
PEAKUHMN IPH HUCTUUOEPKO3E KPYIIHOTO POTATOIr'O CKOTA

fI. Mipamanosa m K. Baaxex

Pegrome. Vaywann rucTOXUMHMIO LHMCTHIEPKA H OKDPYMHAWOWEH TKAHOBOM pearmum B Pa3HHX
IPOMERYTKAX BPEMEHM MOCJEe SKCUCPUMEHTAJIBHOTO 3apaskeHua. Buulo o6HapymeHo, dro
KECTHe MykocyOcTannmy o Genxu ¢ SH- u SS-rpynmamu Berpesalores cHawama (Ha 14-# nems
nocJjle 3apamenya) B IPRHYIANMORHOR TKAHM BOKDPYI IVICTHNEPKA M TOILKO noske (Ha 28-#
AeHb JIOCJIe 33PaKeRUA) B TeryMente UMCTHIEPKA, INE OHU JIOKAINBOBAHH B KaiMe MUKpo-
TPUXOB. JTa 0DOJOYKA, COCTOAAA M3 MYKOCYOCTAHNMM U GeJIKOB, IO-BEMMOMY CXORHA C BJIeK-
TPOHHU-IUIOTHBIM BEECTBOM, HAaXOJANAMCH HA MOBEPXHOCTY DPA3BHBAIONIErOCH IMCTHIEpKA
H BUJMMBIM [P IIOMOLIM SJIGKTPOHHOIO MEKpOcKoma. I[o Hamremy MEeHHI0 5Ta 0G0I0UKa
IPEJiCTABIIALT COGOH MHMMKPHIO, KOTOpPAs HeNaeT BO3MOMHMIM I[ePe/KMBAHME NUCTHIEPKE
BazKe 11 B MIMMYHOJNOTUYECKH HenoAXoiAumei cpene. Mocdomumuusr Gbun 0GHAPYIKEH B aKTH-
BHPOBaHHBIX uBpoONacTax M HEKOTOPHX KIETKAX THHA Marpodaros Ha 21-it u 30-i KHM mocJe
3apaxceRns. boxemoe KomMuecTBO PocPHoIMIANOB BCTPEIAIOCH B CYOTETyMEHTAIBHRIX KJIeTRaX
nUCTHICPKA OT 28-r0 0 34-r0 MHEA nocle 3apareHnsa. KajKercs, 9TO 9TO CBA3AHO ¢ MOBLIIEHHOK
AKTHBHOCTBIO CYGTeryMeHTANLHBIX KJIOTOK JAMYMHKA B 5TOM Hepuope. ¥ Mopdonormueckrn
BOOJHE HuiepeHurPOBAHEEIX IIACTHIIEPKOB PeaKiuA Ha $oconunnnnl B CyOTeryMeHTaIBHE X
KJIeTKAX H AMCTAbHON OHTOMIa3Me OpIa TOMBLKO ¢1a00 MOJIOMKHTENbEA. B nafiMe MAKPOTpAXOB

¢docdonmnas He 00HAPYIKUBATACE.
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On the occasion of 150 years of its existence
(see Folia parasit. (Preha) 29: 278, 1082) the
Zoological Institute of the USSR Academy of
Sciences issued a volume devoted to the history
of this research centre and of its different la-
boratories and biological stations since the very
beginning of its activities until the present day.
In five comprehensive chapters the reader will
find a wealth of information on the scientific
activities of the Institute’s departments and
its specialists, on the results achieved and on the
most important work published to date. The
parasitologist’s interest will be primarily at-
tracted to the chapter entitled “‘Parasitological
and protozoological studies”, including sub-
chapters Parasitological laboratory (Yu. S.
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Balashov), Group for helminth investigations
(A. V. Gussev) and Protozoologicel laboratory
(M. V. Krylov). There is a supplement, contain-
ing brief biographies of academicians and cor-
regponding members of the USSR Academy of
Sciences who have been active at the Zoological
Institute, and a list of monographs published
in the series Fauna of the USSR (154 titles)
and Keys to the fauna of the USSR (133 titles)
based mainly on the Institute’s collections or
published by the Institute. At the end of the
volume there is a list of most important biblio-
graphy referring to the history of the Institute.
This is & very useful book which provides many
valuable data to anyone interested in the
advances of the Russian and Soviet science.

Dr. V. Cerny, C.Se.
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z . . ; ; i Fig. 1. Acid mucosubstances in region of microtriches (arrows) and among cells of tissue reaction
Fig. 1. Acid mucosubstances (arrows) in a node with Cysticercus bovis (C) on day 21 p.i. AB |+ PAS ) i : , :
: : s at th iphery of node on day 21 p.i. AB + (arrows) on day 28 p.i. AB + PAS (125 ). Fig. 2. Accumulation of acid mucosubstances in the host

(300 < ). Fig. 2. Acid mucosubstances (arrows) in cells at the periphery s i tissue around the eysticercus on day 28 p.i. AB 4 PAS (115).

PAS (600 x ).



Plate TV

Fig. 1. Acid mucosubstances in mierotriches of €. bovds and in tissue reaction (arrows) on day 42 p.i. L ar - 3 - ‘

8C — scolex part of €. bovis. AB |- PAS (125 < ). Fig. 2. Acid mucosubstances in plasma of some cells " 2
and among them (detail from Fig. 1). (700 ). Fig. 3. Acid mucosubstances in tissue reaction aceu-
mulated in a close vicinity of the parasite on day 42 p.i. AB + PAS (125).

Fig. 1. Cells containing tryptophan. DMAB (400 x ). Fig. 2. Acid mucosubstances in a dystrophic
focus in the eyst wall (arrow). Section through the wall of cysticercus bladder (C) on day 112 p.i.
AB -+ PAS (200 < ).
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