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HISTOCHEMISTRY OF THE CYSTICERCOID
OF HYMENOLEPIS ERINACEI (GMELIN, 1789)

J. VALKOUNOVA and J. PROKOPIC

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague

Abstract. The contents of mucosubstances, proteins and lipids were studied for the first time in
a morphologically differentiated and invaginated larva of H. erinacei consisting of a tailed cyst
with invaginated neck and scolex. The outer limiting layer of the cyst, neck and scolex gives
a strongly positive reaction to PAA + AF and AB pH 0.2. The inner limiting layer of the cyst
and neck shows no stain by any of the methods employed. The fine connective tissue fibres
of the cyst tegument and subtegument of eyst, neck and scolex contain PAS-positive, ptyalin-
resistant neutral mucosubstances and give a strong positive reaction to PFA 4+ AB and
PAA + AF. The microtriches of neck and scolex tegument contain tyrosine and tryptophan
and show positive reaction to PFA + AB and PAA - AF. The amorphous substance in the
tegument of cyst, neck and scolex contains tryptophan and proteins with SS groups, the amorphous
substanece of scolex gives a strong PAS-positive reaction to ptyalin-resistant neutral mucosubstances.
The histochemical structure of the connective tissue fibres, muscle fibres and pyriform cells is
identical in the cyst, neck and scolex. The connective tissue fibres contain acid mucosubstances
and show a very weak reaction for proteins with SS groups and strong reaction with PAA 4 AF
method. The muscle fibres contain arginine, tryptophan, tyrosine and proteins with SH groups
and show a positive CT reaction. The pyriform cells contain glycogen, acid mucosubstances and
a small amount of arginine and proteins with SS groups. The inner portion of caleareous bodies gives
a positive reaction to AB pH 2.6 and Sudan black B. The inner zone of cyst shows a positive
reaction to CT, PAA -+ AF, Luxol blue and Sudan black B.

The present paper is a continuation of morphological studies on the cysticercoid
of Hymenolepis erinacei (Gmelin, 1789) (Valkounova and Prokopi¢ 1980) dealing
particularly with the histochemistry of cyst, neck and scolex tegument and subte-
gument.

MATERIAL AND METHODS

The cysticercoids were obtained from spontaneously infected beetles Geotrupes stercorarius L.,
Oeceoptoma thoracica (L.), Necrophorus humator Goeze, N. interruptus Steph. and N. vespilloides
Herbst. Isolated eysticercoids fixed in Baker’s formaldehyde (Pearse 1968) were processed. The
material for the detection of tryptophan was fixed for 24 h in Baker’s fluid the pH of which was
adjusted to 6.5 using 0.1N NaOH (Lojda 1965). Series of 5—7 um thick paraffin sections were
used for histochemical detection of mucosubstances, proteins and lipids. The methods were
described in the paper by Valkounova and Prokopié¢ (1979).

RESULTS

The cysticercoid consists of a tailed cyst enclosing a neck and scolex in its cavity
(scheme of invagination — Neradova-Valkounova 1971, Valkounova and
Prokopi¢ 1978).
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STRUCTURE OF THE CYSTICERCOID

Cyst — outer limiting layer
— tegument — outer part — circular and longitudinal fine connective tissue fibres
— inner part — amorphous substance
— basement layer
— subtegument — outer circular layer of connective tissue and musele tissue fibres
— outer longitudinal layer of connective tissue and muscle tissue fibres
— pyriform cells, caleareous bodies

— inner longitudinal layer of connective tissue and muscle tissue fibres
— inner zone

— inner limiting layer
Neck — outer limiting layer
— tegument — proximal part — outer part — microtriches
— inner part — amorphous substance
— distal part — amorphous substance
— basement layer

— subtegument — outer circular and longitudinal layer of connective tissue and muscle
tissue fibres
— pyriform cells, calcareous bodies
— parenchyma — only in proximal part of neck
— inner limiting layer
Scolex — outer limiting layer
— tegument — outer part — microtriches
— inner part — amorphous substance
— basement layer
— subtegument — same structuse as subtegument of neck
— parenchyma — same structure as parenchyma of adult cestodes

CYST Tables 1,2

The outer limiting layer, which was considerably damaged and partly cut off, gave
strongly positive reaction to PAA 4+ AF and AB pH 0.2 (Plate I, Fig. 3), whereas
the reaction to thioglycolic acid 4+ DDD was negative. A weak positivity of ptyalin-re-
sistant mucosubstances was observed after staining with Best’s carmine and the PAS
positivity was negligible. Numerous granules were situated on the surface of the
outer limiting layer and showed the same reactions.

The fine .connective tissue fibres of tegument contained PAS-positive, ptyalin-re-
sistant neutral mucosubstances and lipids (Plate 1I, Fig. 1) and gave a strong positive
reaction to PFA 4+ AB and PAA + AF. The reaction to thioglycolic acid + DDD
was again negative. The amorphous substance of tegument was found to contain
tryptophan and proteins with SS groups and gave positive CT reaction. The basement
layer was positive only to Sudan black B.

The connective tissue fibres of the subtegument contained acid mucosubstances
~ and gave very weak reaction for proteins with SS groups and stronger reaction for
lipids as determined by staining with Luxol blue. The connective tissue fibres showed
also positive reaction to PFA +4 AB and PAA 4 AF, though the reaction to thioglycolic
acid + DDD was very weak. The connective tissue fibres of the outer circular and
longitudinal connective tissue and muscle layer are regularly but rather sparsely
distributed, whereas the connective tissue fibres of the inner longitudinal connective
tissue and muscle layer are dense (Valkounova and Prokopi¢ 1980). For this
reason the latter layer stained more intensively with the above methods. The muscle
fibres contained PAS-positive, ptyalin-resistant neutral mucosubstances, arginine,
tryptophan, tyrosine and proteins with SH groups and showed a positive CT reaction.
The pyriform cells contained glycogen (Plate I, Figs. 1, 2) and acid mucosubstances,
gave a positive CT reaction and were weakly positive for arginine, proteins with SS
groups and lipids as detected by Sudan black B and Luxol blue staining.
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The inner portion of calcareous bodies showed a positive reaction for ptyalin-resistant
mucosubstances if stained by Best’s carmine, positive reaction to AB pH 2.6 and weak
reaction to Sudan black B. The surface portion of calcareous bodies occupied about
1/8 of the diameter and did not stain by any of the methods used. Only in some
sections the surface portion of calcareous bodies of cyst, neck and scolex stained very
slightly with AB pH 2.6, whereas the inner portion showed negative reaction. In some
cases the wall of cyst, neck and scolex contained calcareous bodies which did not stain
with Best’s carmine after ptyalin digestion.

All components of the cyst subtegument, i.e., the connective tissue and muscle
fibres, pyriform cells and in some sections also calcareous bodies, were densely covered
with fine fibres showing the same histochemical reactions as the fine connective tissue
fibres of the tegument. Different density of these fibres in the subtegument and the
resulting different intensity of stain, particularly with PAS following ptyalin digestion
or with Luxol blue, could lead to an erroneous assumption that there is a greater
amount of neutral mucosubstances and lipids in the fine connective tissue fibres
of the subtegument than in those of the tegument.

The inner zone contained a small amount of arginine and lipids (Plate II,
Figs. 3, 4) and was positive to CT reaction (Plate. II, Fig. 1) and PAA 4 AF. The
inner limiting layer showed no stain by any of the methods employed.

NECK AND SCOLEX Tables 3, 4

The outer limiting layer, like the outer limiting layer of the cyst, gave positive
reaction to AB,pH 0.2 and PAA + AF; the reaction for PAS-positive, ptyalin-resistant
mucosubstances was negligible. The outer limiting layer of the neck and scolex is usually
more damaged:than that of the cyst, so that in most sections the surface of the neck
and scolex is formed by microtriches. This phenomenon is quite common in larvae
of cysticercoid type, in which the neck and scolex are actively and intensively moving
inside the cyst. Numerous granules on the surface of the outer limiting layer and in the
cyst cavity showed the same reactions as the outer limiting layer (Plate I, Fig. 3) and
in addition to it they contained glycogen and a small amount of acid mucosubstances
(demonstrated only by AB pH 2.6).

The microtriches contained tyrosine and tryptophan and were positive to CT
reaction (Plate 1I, Fig. 1), PFA + AB and PAA + AF, but the reaction to thioglycolic
acid 4+ DDD was negative. The amorphous substance of the tegument contained
ptyalin-resistant neutral mucosubstances which were strongly PAS-positive in the
scolex and weakly PAS-positive in the neck (Plate I, Fig. 2), protein with SS groups
and a small amount of tryptophan. It showed positive reaction to CT (Plate II,
Fig. 1). The basement layer stained by Sudan black B, like that of the cyst wall.

The connective tissue fibres in the subtegument showed a very weak reaction for
acid mucosubstances and proteins with SS groups, as determined by thioglycolic
acid -+ DDD method, and gave a strong reaction to PAA + AF. They stained inten-
sively with Luxol blue (Plate II, Fig. 4) and faintly with Sudan black B. The muscle
fibres contained arginine, tryptophan, tyrosine and proteins with SH groups and were
positive to CT reaction.

The pyriform cells contained glycogen (Plate I, Figs. 1, 2) and acid mucosubstances
and showed positive reaction to CT (Plate II, Fig. 1). In addition to it, small amounts
of arginine, tyrosine, proteins with SS groups and lipids were demonstrated. The
calcareous bodies gave the same reactions as those in the cyst wall. The connective
tissue and muscle fibres, pyriform cells and calcareous bodies were covered with fine
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connective tissue fibres giving the same histochemical reactions as the fine connective
tissue fibres in the tegument and subtegument of cyst.

In the parenchyma of neck and scolex, the connective tissue fibres and calcareous
bodies gave the same reactions for mucosubstances (Plate I, Figs. 1, 2), proteins
(Plate 1I, Fig. 2) and lipids (Plate II, Figs. 3, 4) as the corresponding components
of the subtegument. The muscle fibres in the parenchyma, in contrast to those in cyst,
neck and scolex subtegument, contained glycogen. The parenchymal cells contained gly-
cogen (Plate I, Figs. 1, 2), acid mucosubstances, arginine, proteins with SH groups
(Plate IT, Fig. 2) and lipids, and gave CT-positive reaction (Plate 1I, Fig. 1).

DISCUSSION

For better understanding of the histochemical reactions a scheme of the structure
of H. erinacei cysticercoid is given in the Results (Valkounova and Prokopi¢ 1980 —
detailed description).

The cysticercoid of H. erinacer, like adult specimens of this cestode, possesses
a rostellum without hooks. A comparison with species possessing rostellum with hooks
reveals a distinet difference in the structure of rostellum and in the contents of pro-
teins with SS groups in rostellar tegument. The circular and longitudinal connective
tissue and muscle fibres in the rostellum and rostellar sac of H. erinacei are sparse and
the connective tissue fibres are thinner than those in the cysticercoids with developed
rostellum, like in Rodentotaenia crassiscolex (Llnstow, 1890) (Valkounova and Pro-
kopi¢ 1978). The rostellar tegument in H. erinacer cysticercoid does not differ in the
contents of proteins with SS groups from the tegument of the remaining parts of
scolex and neck, whereas in, R. crassiscolex (Valkounova and Prokopi¢ 1979) the
rostellar tegument, like the hooks, is strongly positive for proteins with SS groups
(twice as much as in the remaining portions of getument of scolex and neck).
Differences in the morphology and histochemistry of rostellum were observed also
in larvae of cysticercus type with hookless rostellum (Cysticercus bovis) compared to
other cestodes of the family Taeniidae (Haldeman, 1851), the rostellum of which is
armed with hooks (Schaaf 1905, Rees 1951, Baron 1968, Bllquees and Freeman
1969, Mount 1970, Zdarska 1973)

Calcareous bodies were found in the subtegument of cyst and in the subtegument
and parenchyma of neck and scolex. They showed a different rate of positivity to some
histochemical reactions related with the age of larva. We have studied histochemical
reactions in fully developed larvae; younger larval stages will be the subject of
further studies. The inner portion of calcareous bodies in completely developed larvae
of various age was found to contain acid mucosubstances. In some cases, a negligible
amount of acid mucosubstances was detected also at the periphery of bodies, whereas
the inner portlon was negative for acid mucosubstances. The occurrence of acid muco-
substances in calcareous bodies was reported also by Nieland and von Brand (1969)
and Zdarské (1975). In contrast to Zdarska (1975), who stated that calcareous bodies
stained intensively with Luxol blue, we observed positive reaction inside calcareous
bodies stained by Sudan black B.

The calcareous bodies were PAS-negative and again only their inner portion was
stained by Best’s carmine or Best’s carmine combined with saliva test. In some
sections were calcareous bodies which did not stain by Best’s carmine after saliva test.
Chowdhury et al. (1962) and von Brand et al. (1960) detected glycogen-like
polysaccharides in the calcareous bodies, but Zdarska (1975) does not agree with
this finding. Complementary studies on the reaction for neutral mucosubstances in
calcareous bodies in differentiating and differentiated larva before invagination (see
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Neradova-Valkounova 1971 for individual phases of larval development) are
necessary for a definitive solution of these problems. However, the histological and
histochemical studies of larvae of cysticercoid type and their younger developmental
stages are very laborious due to the small size and subtleness of the material. Also
collecting and compiling of the necessary quantity of material, as well as processing
isolated cysticercoids, is difficult.

Baron (1971) in his histochemical study of the cysticercoid of Raillielina cesticillus
(Molin, 1858) found a strong PAS-positive reaction for ptyalin-resistant mucosubstan-
ces in the outer limiting layer of the cyst (“hyaline coat”) and in the scolex tegument.
In our material we have detected PAS-positive, ptyalin-resistant mucosubstances not
only in the outer limiting layer of cyst, but also in the outer limiting layer of neck
and scolex, in different quantity in individual species. The cysticercoid of R. crassiscolex
(Valkounova and Prokopit¢ 1979) showed a strong positivity, whereas in H. erinacer
a small amount of PAS-positive mucosubstances occurred only in the outer limiting
layer of cyst, neck and scolex. In agreement with Baron (1971), we have demonstrated
PAS-positive and ptyalin resistant mucosubstances in the scolex tegument and, in
addition to it, also in the tegument of cyst and neck. Baron (1971) did not give
a more exact localization of positive reaction in the scolex tegument. In our material
of R. crassiscolex cysticercoids (Valkounova and Prokopit 1979) the positive reaction
was found in the amorphous substance of tegument of cyst, neck and scolex and in
fine connective tissue fibres in the outer portion of cyst tegument. Baron (1971) did
not describe fine connective tissue fibres in the cyst tegument. In the cysticercoids
of H. erinacei, the ptyalin-resistant mucosubstances gave a very weak PAS-reaction
in the amorphous substance of cyst tegument and a stronger PAS-positive reaction
in the amorphous substance of neck and scolex tegument and in fine connective tissue
fibres of cyst tegument. No ptyalin-resistant neutral mucosubstances were detected
in microtriches of tegument of neck and scolex.

FHCTOJOTUA HUCTHHUEPKOUNAA HECTOAbl HYMENOLEPIS
ERINACEI (GMELIN, 1789)

N. Baaxkoyuwosa u fl. Ilpokonuw

Pesiome. I3 nepsutii pa3 usyueso cojepmanune Myrocybetanumii, 61808 n Jinunjl08 y Mopgo:iora-
vecku JIMpepeHIMpOBAHHON U HHBAIMHUPOBAHHOI JIMUMHKY H. erinacei, cocTosnneld 3 XBOCTa-
TOi LIMCTHI, B IOJOCTH KOTOPOIl MHBAIrMHHPOBAHLL IHeiiKa M cKoJeKe nectojint. HapyskHbiit mpe-
Jied bHLL c210id IMCTBI, IMICHKH M CKOJEKca jlaeT OYeHL CHJLHYIO HOJOMHTEILHYI0 peakiuio
Ha PAA + AF u AB pH 0,2, BayTpenHuii npejie/iLHbIH ¢J0l IUCTLL M HICHKH He OKpallunBaics
HH OJHUM U3 ITPUMEHsEMLIX MeTojl0B. ToHKuE BOJIOKHA COC/IMHMTEILHOH TKaHH B Ter'yMeHTe
IHCETH U cyOTerymMeHnTe IHMcThl, HICHKH H cKoJdeKca [cojepmar PAS—mnoioxure nHbie,) pe3uc-
TCHTHBIC K NTHAJMHY HeliTpaJbHble MyKOCYOCTAHIIMA U JIAI0T ¢ HABLHYIO TI0JI03KATEILHYIO DAk
npn ucnodb3oBagun merojoB PFA + AB u PAA + AF. Muxporpuxm TeryMeHTa INCHKH
M CKOJCKCA CO/iepsKaT THPO3HH H TPHUTO(AH M JIAIOT MOJ0KNTe/ILHYI0 peakiuio npy PFA + AB
in PAA + AF. AMopdHroe BemecTBO TeryMeHTa IMCThL, IICHKH 1 CKOJICKCA COAePHUT TpunTopad
n 6eaxku ¢ SS-rpynnamm, amopdHOe BellecTBO cKoJieKca noJjomurte/ibHo K PAS npobam ma
pe3ncTeHTHLIe K NTHAJIMHY HeliTpajpHble MyKocyOcTaHimu. I'meToXxnMuueckast cTPyKTypa coe-
JAMHUTE/IbHO-TKAHEBLIX M MBIUIEYHLIX BOJOKOH M I'PYHIEBH/IHBIX KJICTOK OJMHAKOBA B IMcTe,
uieiike n ckoJexce. B coeluHUTE/ILHO-TKAHEBLI X BOJIOKHAX BRIAIBJICHLL KHC/IRE MYKOCYOCTAHIIMY,
oueHb cjabas peakiusa Ha Oeslkn ¢ SS-rpynnaMu u cuibHas peakiusa Kk PAA + AF. Muuneunsie
BOJIOKHA COjlepKaT apruHuH, Tpuntodan, Thposun u Geqakn ¢ SH-rpymnamu u JIOT HOJI03HTeJIb-
Hy10 peakmnio k CT. I‘pymwu UHBIC KIITKH COJeDIKAT I\THKOICH, KHC.be MYKOCYOCTaHIMH 1 He-
60:|bmoe KO/IMYeCTBO apruHmnHa n 6eakoB ¢ SS-rpynnamu. Bo BHyTpeHHel 4acTH M3BECTKOBBIX

eziell oOHapyKeHa Mo./10MKuTe/IbHAsA peakuns npu metojy AB pH 2,6 u cyjpana wepnoro B.
BHyTpeHHﬂH 3oHa mucethl noaoxkuteapHa kK CT, PAA + AF, aiykcosioBomy cnHeMy n cyJlaHy
uepHOMy B.
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Fig. 1. Glycogen contents in pyriform cells of cyst (a), pyriform and parenchymal cells of neck
and scolex (b). PAS reaction (x 240). Fig. 2. PAS-positive, ptyalin-resistant neutral mucosub-
stances in amorphous substance of scolex tegument (a). Saliva test 4 PAS (x 190). Fig. 3. Strong
positivity to AB ph 0.2 in outer limiting layer of eyst (a), in granules in cyst cavity (b). Outer
limiting layer of scolex and neck (¢) very damaged due to their active movement, so that the
positivity to AB pH 0.2 is not distinet (x 240).
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Fig. 1. Strong positivity to CT-reaction in neck and scolex (a) present in microtriches, amorphous
substance of tegument, muscle fibres, pyriform and parenchymal cells. Inner zone of cyst (b)
also gives positive reaction. (X 240). Fig. 2. Proteins with SH groups in muscle fibres and
parenchymal cells of scolex and neck. DDD (X 303). Fig. 3. Fine connective tissue fibres in cyst
tegument (a) stained by Sudan black B. Stronger reaction was found in inner zone of cyst (b),
in neck and scolex (X 240). Fig. 4. Intensive Luxol blue staining in inner zone of cyst (a),
connective tissue fibres, and pyriform and parenchymal cells of neck and scolex (X 240).



