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ABSTRACT: The ultrastructure of the tegument, glands and sensory organs of Pyramic-
ocephalus phocarum (Cestoda: Diphyllobothriidea) have been studied. Three types of the
microthriches are found, which have a specific distribution on the scolex and body. A well-
developed basal lamina contained radial anchoring fibrils; they are associated with the
microfibrills of the lamina reticularis and form regular cross-links. In the tegument, we
have found six types of sensory organs and also terminal pores of the frontal glands. It has
been shown that sensory endings and secretory pores are co-localized in the bothria
tegument: 30 pores and 50 sensory endings were found in one section. Frontal glands are
located in the parenchyma of the scolex and body; glands are well-developed and have
intensive eccrine secretion. Comparative ultrastructural analysis of four diphyllobothriide-
an species shows similarity in the ultrastructure of microtriches and frontal glands in the
plerocercoids of P. phocarum and Diphyllobothrium latum.
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PE3IOME: VibTpacTpyKTypa TEryMeHTa, (GpOHTAIBHBIX XKeJe3 U CCHCOPHBIX OpPraHOB
ObUTa W3ydeHa y rieporiepkouna Pyramicocephalus phocarum (Cestoda: Diphyllo-
bothriidea), mapaznTa MOPCKHX MIICKOTIUTAIOIINX M YEIOBEKA, H3BICUYCHHOTO U3 TICUCHH
6eoMOpCKOi TpeckH. B TerymeHTe BBIIEICHO TPH THUIA MUKPOTPUXHU, NMEIOMHNX (HUK-
CaTOpHYI0 U Tpo(huiecKyto crienuanu3anuio. Pactpenenenne MUKpOTpUXUil Ha CKOJIEKCE
1 TeJIe He paBHOMEpPHO: |- THM, KpyIHbIe (PUKCATOPHBIE MUPOTPUXHH C 3aKPYTJICHHBIM
KOHUYMKOM, 0OHApY’KEH TOJIBKO Ha OOTPHAX; 2-if THII, TOHKHE KOHNYECKHE (PUKCATOPHBIC
MHUKPOTPHUXHUU — Ha TeJI€; 3-1 THII, TpopHIECKe MUKPOTPHXHH PACTIONOKEHBI Ha CKOJIEK-
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ce 1 TesIe mieponepkonia. OpoHTATbHBIE KEe3bl 3AMOTHSIIOT IICHTPATBHYIO U KOPTHKAITb-
HYI0 4YacTh MapeHXHMMbI CKOJICKCa M MPOMODKAITCSA B Teno. JKenesucThiit KOMIUIEKC
00pa3yeT MHOTOSIZICPHBII CHHIIUTHH, TIepUpEepUICCKIEe OT/CbI B BUIC TOHKHX MPOTOKOB
HAMpPAaBJICHHBIX B TETYMEHT, YKpPEIUICHBI MHKPOTPyOOuYKaMu. TepMHUHANBHBIC OTICIbI
Kene3 o0pasyroT TMOpbl B TETYMEHTE, OKPYKCHHBIC CHCTEMOH CHEHaIn3UPOBAHHBIX
KOHTAaKTOB, 4Yepe3 KOTOphIC MPOHCXOMUT BHIOpOC cekpera. Ha omHOM cpese Gorpuu
o6HapyxeHO 30 ceKpeTOPHBIX MOP 1 50 CEHCOPHBIX PECHUYHBIX M O€3PECHHYHBIX HEPBHBIX
OKOHYaHHH, KOJAaKOJIN30BaHHBIX C TPOTOKaMHU jkene3. Beero B Terymente P. phocarum
BBIJICTICHO O THUTIOB CEHCOPHBIX OpraHoB. [1o cTeneHu pa3BuTusi GpoHTATBHBIX Kenes, P.
phocarum 6130k Kk twiepouepkouny Diphyllobothrium latum; ceHCOPHBIC OPTaHbI Y BCEX
W3YYCHHBIX JUDUILTOO0TPUU]T CXOIHBI IO YIBTPATOHKOMY CTPOCHHIO OKOHYAHHUI.
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Introduction

Tapeworms of the order Diphyllobothriidea
are widely distributed all around the world.
Some are agents of human diphyllobothriasis,
one of the most important fishborne zoonosis
caused by a cestode parasite. Our knowledge
about the ultrastructure and functional mor-
phology of the plerocercoids, which are the
infectious stage of mammalians and humans, is
extremely important. Pyramicocephalus pho-
carum (Fabricius, 1780) belongs to the order
Diphyllobothriidea (Kuchta et al., 2008). Adult
worms are parasites of seals (Delamure, 1955).
Cases of human infection have been described
(Rausch et al., 1967). Plerocercoids of P. pho-
carum are parasites of Gadus morhua (Linnae-
us, 1758) and others commercial species. Prior
to this study, only the biology and gross anato-
my of P. phocarum have been studied (Delya-
mure, 1955; Raush et al., 2010). The aim of this
study is to describe fine structure of the tegu-

ment, glands and sensory organs of the P. pho-
carum plerocercoid, and to compare with other
studied representatives of order Diphylloboth-
riidea.

Material and methods

Plerocercoids of P. phocarum were obtained
from the body cavity of Gadus morhua (White
Sea, the WSBS MSU, Russia), fixed in 2.5%
glutaraldehyde and post-fixed in 1% OsO, in
PBS, dehydrated and embedded in Araldite
resin at 60°C. Semi thin and ultrathin sections
were stained with methylene blue or with 4%
uranyle acetate and 0.4% lead citrate and exam-
ined under a Jeol JEM-1011 (TEM). For scan-
ning electron microscopy, specimens were fixed
and dehydrated as noted above and then critical-
point-dried, coated with gold and examined
under a scanning electron microscope JSM35S
JEOL (Biserova, 2013).

Abbreviations: a— apical part of the scolex; af — anchoring filaments; b — base; bt — bothria; ¢ — cap; p — baseplate,
s — scolex. Scale bar: A — 1000 pum; B— 300 ym; C — 1 um; D — I ym; E—2 pm; F— 1 pum; G — 0.5 pm; H —

0.5 pm.

Puc. 1. Pyramicocephalus phocarum: ynpTpacTpykTypa TerymMenTa. A, B— ckonekc miepouepkounaa; C —
MUKpOTpUXuH 1-ro tuna; D — mMukporpuxuu 2-ro tumna; E — carurranpHslil cpe3 MUKpOTpuxHii 1-ro u 3-
ro TumoB B 6otpun; F — mukporpuxun 2-ro tuna; G — MHUKPOTPUXHH 1-ro THIIA, GPOHTAIBHBIN cpes;
H —ynprpactpykrypa 6a3anbHON TUIACTHHKY C 3aSKOPUBAIOIIUMH (prTaMeHTaMHu.

Coxpamenus: a — anekc; af — 3asikopuBatonue GUIaAMEHTHI; b — 0a3anbHas YacTh MHKPOTPUXUH; bt — GoTpHaNbHASL
CKaJlKa; C — alluKaJIbHasl 4aCTb MUKPOTPUXUHU; P — OazabHas TUIACTHHKA MUKPOTPUXHUU; S — CKOJIEKC. Macmrab: A —
1000 pm; B—300 um; C — 1 um; D — 1 pm; E—2 um; F— 1 pm; G — 0,5 um; H — 0,5 pm.
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Fig. 1. Pyramicocephalus phocarum: tegument ultrastructure. A, B — scaning electron microscopy images
of the scolex with bothrial folds; C — microthriches (type 1) on the bothrial fold; D — microthriches (type
2) on the body; E — microthriches (type 1 and 3, sagital section); F — slim conical microthriches (type 2;
sagital section); G — microthriches (type 1; frontal section); H — ultrastructure of the basal lamina with the
anchoring fibrils.
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Results and discussion

The ultrastructure of the plerocercoid’s teg-
ument of the scolex and body has been studied
using scanning and transmission electron mi-
croscopy. The semitriangular scolex has dorsal
and ventral bothria with distinctly undulating
margins (Fig. 1A, B). Three types of micro-
thriches are found on the tegument surface.
Each type has a different shape and ultrastuc-
ture. . Spinithrix microthriches (according to
the classification of Chervy, 2009) have a round-
ed apical cap with retroversion (Fig. 1C) on the
scanning electron microscope view. In ultrathin
sections, spinithrix microthriches have a flat-
conical shaped electron dense apical cap and a
massive wide base (Fig. 1E). The baseis 1.6 um
in diameter and 0.3 um in height. The cytoplas-
mic core of the base contains light cytoplasm; an
electron-dense tunic is asymmetrical and is more
developed on the anterior side of the base.
These microthriches are distributed predomi-
nantly in the tegument of the bothrial folds. 2.
Slim conical microthriches with a pointed api-
cal cap (length of the apical part — 2.2 um) are
distributed across the body surface. The diame-
ter of the base is 0.3 pm, cytoplasmic core is
reinforced by an electron-dense tunic. (Fig. 1D,
F). 3. Cylindrical fillithriches have a long base
(1.1 um) and short apical cap. They are distrib-
uted on the scolex and body surface (Fig. 1E).

It was confirmed for Cestoda that the mor-
phology and distribution of microthriches is
consistent at various taxonomic levels (Chervy
L., 2009). The distribution of microthriches on
the scolex and body surface of P. phocarum has
specific features and correlates with functional
specialization. The 1* and the 2™ types have a
reinforced base and, therefore, they have fixa-

tive-mechanical specializations. The wide base
of mitrotriches and their incline towards the
back of the body prevents the ejection of the
parasite and counteracts the reverse movement
of the tapeworms. These mitrotriches also func-
tion similar to a “hook and loop fastener”,
attaching the cestode’s tegument to the host’s
intestine. The 3" type — cylindrical fillithriches
—are specializied for membrane digestion, sim-
ilar to the intestine microvilli (Ugolev, 1972).
The membrane digestion surface is increased by
several times by membranes of the fillithrix
base (Biserova, 1987, 1991). In Diphylloboth-
rium latum (L). plerocercoids, claviform micro-
thriches have been found in the scolex tegument
(Kuperman, 1988). We have found similarly
shaped microtriches on cross sections on the
bothrial folds in P. phocarum (Fig. 1G). We
suppose that the claviform shape is a result of a
frontal section through type 1 spinithrix microt-
riches.

The tegumental syncytium of P. phocarum
is composed of an anucleate distal cytoplasm
and perinuclear cell bodies, which lie deep in
the tegument (tegumental cytons). The distal
cytoplasm contains electron-dense bodies, elec-
tron-lucent vesicles, and mitochondria, which
are associated with the basal membrane. The
basal lamina consists of an electron-dense ho-
mogeneous layer of lamina dense (up to 40 nm
in thickness), and a fibrillar layer, lamina retic-
ularis (varied in thickness from 0.5 to 3.4 um).
The basal lamina is adjacent to the tegument and
the muscles cells associated with it. Circular and
longitudinal muscles are localized beneath the
basal lamina. We found thin densities within the
lamina reticularis that are oriented orthogonal-
ly (or radially in respect to the longitudinal axis)
to the basal tegumental membrane (Fig. 1H).

Abbreviations: g — granules; Ip — lateral process; m — microtubules; n — nucleus; r — ribosome; rt — root; sd —
septate desmosome; sr — supporting ring; t — tegument. Scale bar: A — 2 um; B— 1 ym; C — 1 pm; D — | pm.

Puc. 2. CtpoeHue (QpOHTAIBHBIX XKeJle3 W pelenTopa. A — MEepPUKApHOH C SAPOM M CEKPETOPHBIMHU
rpaHyjaMu B 1uromiasme; B — nportok B Terymenrte; C — pesepByap ¢ CEKPETOPHBIMU IpaHyJaMHU U
nepudepuIecKUMU MUKpPOTpyOOoukamu; D — MeXaHO-TakTWIBHBIA penentop (6 THII) ¢ KOHHYECKHM

HMCYEPUYCHHBIM KOPEUIKOM U 2 ONMOPHBIMH KOJIbLIAMH I0J1 CEIITUPOBAHHON JIECMOCOMOM.
CoxpareHust: g — rpaHyJbl ceKkpera; Ip — G0KOBOI 0TPOCTOK; M — MHKPOTPYOOUKH; N — SAPO; I — pudocoma; rt —
KopemnIok; sd — cenTHpoBaHHAs JECMOCOMA; ST — OMOPHOE KOJBLO; t — TeryMeHT. MacmTab: A — 2 puM; B — 1 pm;

C—1pum;D—1 pm.
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Fig. 2. Ultrastructure of the frontal glands and sensory nerve ending (6™ type). A — perikaryon with nucleus
and secretory granules in the cytoplasm located in the central parenhyma; B — terminal duct in the tegument;
C — the reservoir with secretory granules reinforced by peripheral microtubules; D — mechano-tactile free
nerve ending in the bothrial tegument (type 6) with conical striated root and 2 supporting rings.
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According to Holy and Oaks (1987), these radi-
al densities are the anchoring fibrils. In P. pho-
carum, these radial anchoring fibrils are associ-
ated with the microfibrills of the lamina reticu-
laris and form cross-links. The apical end of
these anchoring fibrils is connected to the lam-
ina dense and the other end is directly linked to
the subtegumental muscle fibers. They form
electron-dense hemi-desmosomes at both ends.

Well-developed frontal glands were found
in the scolex and body of the P. phocarum
plerocercoid. Frontal glands form a multinucle-
ar secretory apparatus with many perikarya,
reservoirs with secretory granules, and secreto-
ry ducts, which extend to the bothrial margines
and the apex. Perikarya have large nuclei and
rich GER in the cytoplasm and also oval elec-
tron-dense secretory granules 850 nm in size
(Fig. 2A). In the peripheral parts of the glandu-
lar syncytium, secretory ducts are reinforced by
a system of longitudinally oriented microtu-
bules (Fig. 2C). Reservoirs with great numbers
of secretory granules are located in the medullar
and cortical layers of parenchyma. The glandu-
lar syncytium gives rise to ducts that penetrate
the distal tegument. These terminal parts of
secretory ducts possess pores in the distal cyto-
plasm. Like in Diphyllobothrium ditremum
(Creplin, 1825) (Biserova, Kemaeva, 2012), in
P. phocarum the pores are surrounded with
specialized contacts such as circular septate
desmosomes and one electron-dense support-
ing ring (Fig. 2B). The ducts discharge their
secretion into the host by an eccrine secretion
mechanism, the same as in other plerocercoids
(Kuperman, 1988; Moreno et al., 2001). The
glandular complex fills the scolex parenchyma
from the anterior to the posterior end and con-
tinued into the body. In comparison with other
diphyllobothridean plerocercoids, the structure
and development of the frontal glands in ple-
rocercoid P. phocarum is close to D. latum
(Kuperman, Davydov, 1981). In the apical part
of the bothria fold we found 30 secretory ducts
penetrating the tegument and excreting secreto-
ry material into the host. Apical pores of the
secretory ducts are usually associated with free
sensory endings (Davydov, Biserova, 1985). In

P. phocarum we calculated 50 receptors in the
same section of the bothria fold in which 30
secretory ducts have been found. Six types of
sensory organs were detected in the tegument of
the bothrial fold (Fig. 2D, 3A-F). A similar
“sensory-glandular” complex has been found in
plerocercoids of D. ditremum (Biserova, Ke-
maeva, 2012), Diphyllobothrium dendriticum
(Nitzsch, 1824) (Kutyrev et al., 2017) and Gril-
lotia erinaceus (Beneden, 1858) (Davydov,
Biserova, 1985). Also, it is significant that fron-
tal glands function under the control of the
central nervous system, which was shown for D.
ditremum, G. erinaceus and Echinobothrium
typus (Beneden, 1849). In the D. ditremum,
neurons of the median brain commissure pos-
sess electrical synapses with glandular cells
membranes (Biserova, Kemaeva, 2012). Ter-
minal part of the ducts of D. dendriticum has
anti-PG E,immunoreaction (Kutyrev etal.,2017)
and demonstrates strong impact on the host-
parasites interactions, which is implemented by
the frontal glands of diphyllobothriidean plero-
cercoids. Our ultrastructural investigation of
the P. phocarum plerocercoids detected a num-
ber of similar features with the Diphyllobothri-
um species and particularly with D. latum plero-
cercoids. Comparative ultrastructural analysis
of 4 diphyllobothriidean species showed simi-
larity in the ultrastructure of microtriches and
frontal glands of P. phocarum and D. latum.
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Fig. 3. Schematic drawing of the free nerve endings in the bothrial tegument. A, B, C — ciliated receptors;
D, E, F — unciliated receptors. Scale bar 1 um.

Puc. 3. CxemMa TOHKOTrO CTpPOCHHsI CBOOOJHBIX HEPBHBIX OKOHYAHHMH B Terymente Oorpuu. A, B, C —
pecuununble penentopsl; D, E, F — 6e3pecununsie penentopsl. Maciurab 1 pm.
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