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HISTOCHEMISTRY OF THE CYSTICERCOID
OF RODENTOTAENIA CRASSISCOLEX (LINSTOW, 1890)

J.VALKOUNOVA and J. PROKOPIC

Institute of Parasitology, Czechoslovak Academy of Sciences, Prague

Abstract. The cysticercoid of R. crassiscolex is situated in a capsule consisting of muscles and con-
nective tissue. The outer and inner layers of fine connective tissue fibres of the capsule contain neutral
mucosubstances and proteins with 88 groups. Muscle fibres of the middle layer of the capsule contain
neutral mucosubstances and proteins with SH groups; connective tissue fibres of the same layer
contain acid mucosubstances, proteins with S8 groups. The inner limiting layer of the capsule and
outer limiting layer of the cyst, neck and scolex contain neutral mucosubstances. The inner limiting
layer of the cyst and neck did not stain by any of the methods used. The fine connective tissue
fibres of the tegument of cyst have the same character as the fibres of the outer and inner layers of
the capsule. Acid mucosubstances and proteins with arginine, tyrosine and SH groups were detected
in the microtriches of the neck and scolex. The amorphous substance of the tegument of cyst, neck
and scolex contains neutral mucosubstances, acid mucosubstances and proteins with SH groups.
The amorphous substance of the tegument of rostellum, where the hooks grow, contains arginine
and proteins with SS groups which were detected also in the hooks. The connective tissue fibres of
the subtegument of cyst, neck and scolex and the connective tissue fibres of the parenchyma exhibit
the same histochemical reactions as the connective tissue fibres of the middle layer of the capsule.
The muscle fibres of the subtegument of cyst, neck and scolex, and the muscle fibres of the parenchyma
contain glycogen and proteins with arginine and SH groups. Pyriform cells contain acid mucosub-

stances and proteins with SH groups. Glycogen was detected in bladder-like cells and in the cells of
parenchyma neck and scolex.

The histochemistry of the cysticercoid of R. crassiscolex was studied in section material
obtained from terrestrial snails, Deroceras agreste (Miiller, 1774) and Semzlimazx semilimax
(Férrusac, 1802). The present paper follows a morphological study of this cysticercoid
(Valkounové and Prokopi& 1978).

MATERIAL AND METHODS

Capsules with cysticercoids localized in the hepatopancreas, kidney and under the epithelium of
respiratory and body cavities of snails were fixed in Baker’s formaldehyde (Pearse 1968). The
material for the detection of tryptophan was fixed at most for 24 h using Baker’s fluid, the pH of
which was adjusted to 6.5 by 0.1N NaOH (Lojda 1965). Histochemical methods for the detection of
mucosubstances, proteins and lipids were applied on a series of 6 pm thick paraffin sections.

Neutral mucosubstances were demonstrated by PAS method (periodic acid — Schiff) combined
with saliva test (Pearse 1968), Best’s carmine combined with saliva test (Pearse 1968), acetylation
(acetic acid anhydrine — pyridine 2 : 3, 48 h at 58 °C) and desacetylation (1 9%, KOH in 70 9%, ethyl
alcohol, 20 min at 22 °C) (Pearse 1968). Acid mucosubstances were detected by Alcian blue (Alcian-
blau 8GS, Fluka) pH 2.6 (Quintarelli and Dellovo 1963, Quintarelli et a.'l. }964 a, b, Scott
et al. 1964), Alcian blue pH 2.6 combined with methylation after Fischer and Lillie (1954) (methyl
alcohol — concentrated HCI 100 : 1, 24 h at 60 °C) and demethylation (Spicer and Lillie 1959)
(1 9% KOH in 80 9% ethyl alcohol, 30—45 min at 25 °C), Mowry’s modification of Hale’s rpeth'od
(Mowry 1958), coloidal Fe3+ after Miiller (1955) (in Mowry 1958, 1963). Methylene blue extinction
(MBE) after Pearse (1968) and critical electrolyte concentration (CEC) after Scott and Dorling
(1965), Scott and Willett (1966), Scott and Stockwell (1967), Quintarelli and Dellovo (1963)
were used for further differentiation of mucosubstances. Neutral and acid mucosubstances were
differentiated by AB + PAS and Hale -+ PAS reactions after Mowry (1963).
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Arginine in proteins was detected by Sakaguchi’s method modified by Baker (1947) (in Pearse
1968), tryptophan DMAB (dimethylaminobenzaldehyde) by the method of Adams (1957) (in Pearse
1968), tyrosine by Morel-Sisley’s diazotization method modified by Lillie (1957) (in Pearse 1968).
The coupled tetrazonium reaction (CT) after Miillar and Chytil (1962) was used for the group
test for tyrosine, histidine and tryptophan. SH groups were detected by the method with DDD
(2,2-dihydroxy-6,6-dinaphthyldisulphide) (Barrnett and Seligman 1954). N-.ethylmaleimide
(Pearse 1968) was used for the blockade of SH groups. SS groups were detected by the method
with DDD combined with thioglycolic acid (Pearse 1968), PFA + AB (performic acid 4 Alcian
blue) method after Pearse (1968),controlled with ABpH 0.2 (Pearse 1968) and PAA + AF (peracetic
acid + aldehyde fuchsin) (Pearse 1968).

Lipids were detected only in paraffin sections using Sudan black B, and Luxol blue (Luxol Fast
Blue) (Pearse 19G8).

RESULTS

The cysticercoid of R. crassiscolex consists of a cyst containing neck and scolex of
the cestode. The cyst is surrounded by a muscle and connective tissue capsule which is
formed from the host tissue of the snail. In some places the cyst adheres to the wall of .
the capsule, in other places the cyst is separated from the wall of the capsule by a space
with remainders of a dense fluid which surrounded the whole non-invaginated larva in
earlier stages of development.

STRUCTURE OF THE CAPSULE AND CYSTICERCOID

Capsule — outer layer — connective tissue fibres
— middle layer — muscle and connective tissue fibres
— inner layer -— connective tissue fibres
— inner limiting layer
Fluid filling the capsule cavity — granules, muscle and connective tissue fibres
Cyst — outer limiting layer
— tegument — outer part — circular and longitudinal connective tissue fibres
— inner part — amorphous substance
— basement layer
— subtegument — fibrous part — outer circular and inner longitudinal muscle and connective
tissue fibres
— cellular part — pyriform and bladder-like cells*)
Neck — outer limiting layer
— tegument — proximal part — outer part — microtriches
— inner part — amorphous substance
— distal part — amorphous substance
— basement layer
— subtegument — same structure as in cyst wall
— parenchyma — only in proximal part of neck
— inner limiting layer
Scolex — outer limiting layer
— tegument — outer part — microtriches
— inner part — amorphous substance — hooks
— basement layer
— subtegument — same structure as in cyst wall -
— parenchyma — same structure as parenchyma of adult cestodes

CAPSULE (Tables 1—3)

Connective tissue fibres of the outer and inner layers and inner limiting layer stained
most intensively by PAS method and Best’s carmine. Since no glycogen was demon-
strated in these layers by ptyalin digestion, all substances belonged to the group of

*) Pyriform and bladder-like cells are surrounded by muscle and connective tissue fibres project-
ing from the fibrous part of the tegument and subtegument
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ptyalin-resistant neutral mucosubstances. A reaction of medium intensity for ptyalin-
resistant neutral mucosubstances was found in muscle fibres of the middle layer. Acid
mucosubstances containing sulphogroups were present in connective tissue fibres of
the middle layer (Table 1, MBE and CEC methods). Arginine and tyrosine (feeble
reaction) were demonstrated in muscle fibres of the middle layer. Positive reaction to SH
groups was found in muscle fibres of the middle layer, to SS groups in connective tissue
fibres of outer, middle and inner layers. Lipids were detected in muscle and connective
tissue fibres of the middle layer using Sudan black B and in connective tissue fibres of
the outer, middle and inner layers using Luxol blue.

The fluid filling the space between the wall of capsule and the cyst was found to con-
tain glycogen in granules, PAS-positive ptyalin-resistant neutral mucosubstances in
muscle fibres. Acid mucosubstances containing carboxyl groups were identified in
granules, acid mucosubstances characterized by sulphate groups in connective tissue
fibres (Table 1). Granules were found to contain arginine (strong reaction), muscle
fibres contained arginine and tyrosine (fecble reaction). Proteins with SH groups were
detected in granules and muscle fibres, proteins with S8S groups in connective tisssue
fibres. Lipids were detected in muscle and connective tissue fibres using Sudan black B
and Luxol blue.

CYST (Tables 3—5)

Ptyalin-resistant neutral mucosubstances were detected in the outer limiting layer
using PAS method and Best’s carmine. The outer limiting layer stained only with these
two methods. Otherwise it was discernible by its refractility. The inner limiting layer
of the cyst did not stain by any of the methods used. PAS-positive ptyalin-resistant
neutral mucosubstances were also demonstrated in connective tissue fibres and in the
amorphous substance of the tegument and in pyriform cells (feeble reactions). Glycogen
was detected in muscle fibres of the subtegument and in bladder-like cells at ptyalin
digestion which preceded staining with PAS method and Best’s carmine. Acid muco-
substances were detected in the amorphous substance of the tegument, in connective
tissue fibres of the subtegument and in pyriform cells. The amorphous substance of the
tegument and pyriform cells contain acid mucosubstances with carboxyl groups, connec-

Table 5. Results of histochemical reactions for the detection of proteins in the wall of cyst

Tegument Subtegument
© 2] o
Reaction 2 2 § 2 g

8 &3 8 2 =

£33 S & g 58 28 =

525 | B3 | §85 | 23 54

os® @ os& =R A8
Sakaguchi — +[++ — 4 +
DMAB — L _ 4 T
Morel — Sisley - +/++ — + +/++
CT — - — ++ +
DDD —_— ++ + ++ ++
Thioglycollic acid 4+ DDD +4+ ++ ++ ++ rEE
N — ethylmaleimide + DDD — —_ - — —
AB pH 0.2 + 4 ++ e ++
PFA + AB * St ++ [ — s
PAA + Aldehyde. fuchsin _ et ++ +++ — ++

330"



sigoddesip 9°z Hd gv 03 £31ugje oy F[DSIY JO WOIIBIJUSOUOD SIY) IV

_, oniq je101A eniq
poa pa1 _ oniq pax B paa en[q 13 43 pax SVd + ereH
—_ — | —_— = — 1 — — —_— - [o13U00 + eI8H
_ _ eniq enq eniq
= ps m= 5 Qug = Y31y — eniq L Ch 3 nge +¢0 [8PIO[OD
_, eniq eniq eniq
= — | enq —— 181 = en|q Y31y Y3 s o[¥H
—_ — o —_ e+ + - o ++[+ —- usyong opAyeply
+ s | - + + — — o — ot SUIULIBO 8,950 + 1503 BAI[BY
g | ++++ — +++ 4 7 o o — ++ = ++++ OUIULIBO S 980
— | = | se | — | g9 = 88°¢ oL'9 9L'9 = Hd 8 FgW
il R D T i § «% ¥ — | «%al « ¥ | «%¥ — 108W + 9°z Hd gV) DAD
F | — _ +++ —_— ++ —_ ++4 ++ +4 —_— 9'z2 Hd gv + uonedyzewa(q
— — - — — — — — — = 9'z Hd gv + uoneldyle
T = 4+ — ++ — +++ ++ ++ - 9z Hd gV
on[q joro1A
pedt Pox euniq pol 3431 pal aniq 3 eniq pou 8Vd + 9v
++ +++ — ++ F ++ — ++/+ — +++ SV d -+ uoiym[deosse(]
e — — — = e — — — = SVd + uoneiijeoy
+ — B + + o - ++ — +++ SVd + 3893 BAIBY -
= = = — —_ — — —_ — = BYog
et ++++ “+ +++ + +++ e ++ —_ +++ Svd
= = = Jolle! g =W ) = B Q = g2 BFEO
£ | §F | g8 | 5% | &3 | ¥F | gES | E§F | EF | §B¢
w g e 2 m w m-.. =4 o S ® W = 9 W.. m v £ m
@ e 2] g @ e W..m w ! nm
o s 5 >4 -3 uo13080Y
< < o :
o o &
vwIAyouaI8 g jusum3elqng jueumIo],

X0[008 PUB }J3U JO [[BM oY} Ul S90UBISGNSOINUI JO UOIJ0930P O3 I0J SUOIJOBAI [BIIWLYO0ISIY JO S3[NSeY ‘9 9[qu],

331



M0I3 §}00Y oY} oIoYM WIN[[93S0I JO

quewunSaj Jo couwysqns snoydIowv Ul UOIJOBAI = JOJBUILOUS(] 'XO[00§ PUB }0oU jo juewnde) Jo eousisqns snoydiowe Ul UOIJ00BI = IOJBIGWMN 4

-+
4t —_ — ++4+ -+ —e 4+ ++ o +Ht+t utsyong epAyeply + Vvd
e
+++ —_ — +++ ++ —_ +++ ++ — qgv + vidd
- s — ++ +4 — 4 it — ¢z0oHIgV
- — — — — — — — s aqaq -+ eprumeewidyie — N
-+
+++ — ++ ++ ++ +H[+ ++ oy ++ aaa + pre oroofdoryy,
—_ — 4+ — ++ ++ - ++ — aaa
e +++ 4+ - + ++ — + T+t 10
—_ — + — ++/+ + — ++[+ ++4 Kors1g — [edopy
il
— + = s 5 + — T o« + dVRd
G
— +++ +4+ - + ++ — [+ +++++ yongdexey
3 e | s |2ge| 87 | 28 | Bge| b g B
3 = 2B gEE e 38 3 @ o &8
W.. @ 9, @ 05 = ® & ® 05 Sl @ ©
- a -] o) md w !
<. 3 > g g u014080%
< < @
@ @ &
swAyouersj qusumeiqng Juawundae,

XQ[008 PUR Y00U JO [[@4 oY) ur sutejold Jo U01100)6p oY} JOJ SUOIJOBAI [BOIUISYO0)ISIY JO SIMSaY ‘L 9IqW],

332



tive tissue fibres contain acid mucosubstances with sulphate groups (Table 4). Arginine
and tyrosine were demonstrated in the amorphous substance of the tegument, in muscle
fibres of the subtegument and in pyriform cells. Proteins with SH groups were identified
in the amorphous substance of the tegument, in muscle fibres of the subtegument and
in pyriform cells. Proteins with 8S groups were detected in connective tissue fibres of
the tegument and subtegument. Lipids were found in connective tissue fibres of the
tegument using Sudan black B, in bladder-like cells, in muscle and connective tissue
fibres of the subtegument and parenchyma using Sudan black B and Luxol blue.

NECK,SCOLEX (Tables 3, 6, 7)

Histochemical reactions for the detection of mucosubstances revealed neutral
ptyalin-resistant mucosubstances in the outer limiting layer, in the amorphous sub-
stance of the tegument and in pyriform cells (feeble reactions) of the scolex and neck,
using PAS method and Best’s carmine. Glycogen was demonstrated at ptyalin digestion
combined with PAS method and Best’s carmine in muscle fibres of the subtegument,
in bladder-like cells, in muscle fibres and in the cells of parenchyma. Acid mucosub-
stances were detected in microtriches, in amorphous substance of tegument, in connec-
tive tissue fibres of subtegument, in pyriform cells and in connective tissue fibres of
parenchyma. Microtriches, amorphous substance of tegument and pyriform cells contain
acid mucosubstances with carboxyl groups, connective tissue fibres contain acid muco-
substances with sulphate groups. Arginine, tryptophan and tyrosine were detected
in microtriches, and in muscle fibres of the subtegument, arginine and tryptophan in the
cells of parenchyma. Arginine and tyrosine were detected in the amorphous substance
of tegument, in pyriform cells and in muscle fibres of parenchyma. Proteins with SH
groups were demonstrated in the amorphous substance of tegument, in muscle fibres
of subtegument, in pyriform cells and in muscle fibres of parenchyma. Proteins with SS
groups were detected in microtriches, in amorphous substance of tegument of rostellum
where the hooks grow, in hooks, in connective tissue fibres of subtegument and in
parenchyma. Lipids were found in muscle and connective tissue fibres of subtegument
and parenchyma and in bladder-like cells using Sudan black B and Luxol blue.

DISCUSSION

The almost identical morphology and structure of the tegument of cyst, neck and
scolex, as well as the identical morphology and structure of the subtegument of all
parts of the cysticercoid, result from the mode of development of larvae when the
younger stages are not invaginated and the tegument of cyst, neck and scolex forms
a confluent layer. It is therefore necessary to regard the tegument of the cyst, neck and
scolex as a single layer. By invagination of the neck and scolex into the cyst cavity this
layer is shifted in such a way that it seemingly forms three layers (on the surface of
cyst, neck and scolex). The same concerns also the subtegument.

The differentiation of the outer part of tegument occurs on the basis of various
functions. In our light microscopical studies the cyst was found to contain circular and
longitudinal connective tissue fibres making the cysticercoid firm, and the proximal part
of neck and scolex contained microtriches serving for nutrition. Ubelaker et al. (1970)
in their electron microscopical studies of cysticercoid of Hymenolepis diminuta (Rudolphi,
1819) described fine projections termed “microvilli”” in the outer part of cyst tegument
and microtriches on the whole surface of the outer part of neck tegument. Similar
projections on the surface of cyst tegument were observed also by Baron (1971) in the
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cysticercoid of Raillietina cesticillus (Molin, 1858). The author named them “iicro-
trix-like projection”. We shall be able to differentiate the surface of tegument of
cysticercoid of R. crassiscolex only after further studies by means of electron microscope.

Histochemical reactions in the amorphous substance of tegument and in pyriform
cells of subtegument support the opinion of the authors (Valkounovéa and Prokopié&
1978) that the pyriform cells participate in the formation of the tegument. Both the
amorphous substance and the pyriform cells contain neutral mucosubstances, acid
mucosubstances, arginine, tyrosine and proteins with SH groups. In a non-invaginated
cysticercoid, the PAS reaction on the ptyalin-resistant mucosubstances is feeble in the
tegument and strong in pyriform cells. In the invaginated cysticercoid this reaction is
contrary and the pyriform cells gradually degenerate.

Histochemical studies of other authors gave similar results, though larvae or adult
cestodes of different species were described. For instance, Baron (1971) studied the
histochemistry of the cysticercoid of R. cesticillus, Heyneman and Voge (1957) de-
scribed glycogen distribution in eysticercoids of Hymenolepis citells McLeod, 1933, H. di-
manute and H.nana (Siebold, 1852). Mayberry and Tibbitts (1972) studied the loca-
lization of glycogen and neutral lipids in H. diminuta using histochemical methods.
Hendrich and Daugherty (1957) reported the occurrence of glycogen in H. diminuta
and KA. cesticillus, Howells and Erasmus (1969) described histochemical structure
of tegument and interproglottidal glands in Moniezia expansa (Rudolphi, 1805).
Acknowledgement. Our thanks are due to RNDr. Z. Zdarskd, C.Sc. of the Institute of Parasitology,

Czechoslovak Academy of Sciences, for her advice and comments during the studies and evaluation
of the results.

FHCTOXMMUA HUCTULEPKONTA IECTONB RODENTOTAENIA
CRASSISCOLE X (LINSTOW, 1890)

1. Banrkoyuosa u fI. IIpoxkonuy

Pesiove. [luctuneprony necroint R. crassiscolex HAXOAUTCS B KANCyJie COCTOAIIEH M3 MBbIIIL
M COCHHNTCABHOM TKaHM. HapyKHBIN M BHYTpeHHMH CJIOH TOHKMX BOJIOKOH COeIHHNATE;ILHOU
TKaHH KaNCyJILl COACPAT HEHTPaJIbHBIe MyKocyOcTanunu u Genku ¢ SS rpynnamu. B Muimeynerx
BOJIOKHAX CPEHEero cJI0sA KancyJssl o0HapysKeHsl HeliTpannHsie MyKocyOcTannnn u Geaku ¢ SH-
rpynnamMi. B BOJIOKHaX COeJMHATEILHON TKAHM CPCIHEro cJIOs KancyJLl BBIABICHBI KHCJILIE
mykocyOcTagnuy, Gemxur ¢ SS rpynmamu. BHyTpeHHME JTUMATHDPYIOMIMI CJI0H KAancyJsl M Ha-
PYHHBIT JIAMHTHPYIONMEA CJI0I IMCTHI, MIEHKH H CKOJICKCA COJEep:KaT HedTpajibHbie MyKocyO-
cTaHOuH. BHYTpeHHUI TAMUTHDPYIOINA CJI0H IMCTH M IeHKN Helb3sA OBIJI0 OKPAaCHTh HU OJHAM
U3 NpPHMEHEeHHHIX MeTofoB. TOHKHe BOJIOKHA COCMHHTEILHOH THAaHM TeIryMeHTAa IMCTHI OKa3bl-
BAIOT OJJMHAKOBEI XapaKTep KaK BOJIOKHA HapYyKHOI'O M BHYTPeHHero ¢jI0eB Kancyinl. B Maxpo-
TpuXax MeilKH ¥ cKoJeKkca 0OHAPYHeHkLl KUCJble MyKocyOcTaHIMK, OeJIKH ¢ aprUHIHOM H THPO-
suHOM M SH rpynmamn. OcHOBHOe BelIeCTBO TeryMeHTa IHCTEI, IIeHKH M CKOJEKCa COJNepHKAT
HelTpaJibHbie MyKOoCcyOcTaHIINN, KHCIIbie MyKocyOcTanmun u 6enxu ¢ SH rpynnamun. B ocrHOBHOM
. BelllecTBe TeryMeHTa Xo0OTKa, IJié pacTyT Kpiouhs, 0OHapy#eHs apruHuH u 6enkn ¢ SS rpyn-
DaMH, KOTOpeie OblIM HalijileHbl TaKiKe B KpPIOUbAX. BoslokHA coeMHHTeILHOH TKaHH cyOTery-
MEHTA UMCTHI, UICHKYU M CKOJEeKCa ¥ BOJIOKHA COG/MHATEILHOU TKAHM IAPEHXMMBI IPOSABIAIT
OMHAKOBHEI® THCTOXAMHYECKHE peaKIHuM KaK BOJOKHA COeJIHHHUTE]LHOM TKAHH CPEJHero cjosd
KancyJn. B MLIIeYHBIX BOJIOKHAX cyOTerymMeHTa IHMCTSHI, MEHKH M CKOJeKca ¥ B MBIIICYHBIX
BOJIOKHAX NapeHXuMsl oOHapy:;xeH rimkoreH, Oeaku ¢ apruEmHOM n SH rpgrmamn. I'pyme-

BHJTHBIE KJIETKH COJep:KaT Kucane MyKocybcrannun n 6enxn ¢ SH rpynnamu. B nyasipoBuEbIX

KJeTKaX H B KJIeTKAX HapeHXHUMBbI, IIeHKH 1 CKoJleKca 00BapysKeH TIIHKOTeH.
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