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Abstract—For the first time, the process of encapsulation of acanthocephalans in a paratenic host has been
investigated experimentally. It was shown that the formation of a leukocytal capsule around the acanthoceph-
alan Corynosoma strumosum (Rudolphi, 1802) (Luhe, 1904) in Middendorffs eelpout Hadropareia midden-
dorffii (Schmidt, 1904) occurs in three stages. In the first days after the penetration of the acanthocephalan
into the body cavity of the host, a migration of leukocytes to the parasite, including macrophages, is observed.
Two weeks later, a few fibroblasts and collagen fibers are included in the capsule, the number of which further
increases. Fifty days after the start of encapsulation, a significant number of fibroblasts/fibrocytes and bun-
dles of collagen fibers are found in the composition of the capsule, together with leukocytes, and in its cellular
composition it does not differ from that described from Middendorff’s eelpout infected naturally. In response
to the host’s cellular response, the parasite forms a typical thick glycocalyx layer on its surface.
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INTRODUCTION

In the first communication, we presented the
results of a study of the histological and ultrafine orga-
nization of the capsules surrounding Corynosoma stru-
mosum in Middendorff’s eelpout, naturally invaded. It
was shown that these capsules belong to the leukocyte
type, which is characterized by the presence of a sig-
nificant or even predominant number of leukocytes.
In response, C. strumosum forms a thick layer of glyco-
calyx on its surface, the formation of which we con-
sider as protection against the host’s cellular response.
Both of these features, in our opinion, are signs of one
of the two currently known strategies for the relation-
ship of acanthocephalans with the paratenic hosts
(Nikishin and Skorobrekhova, 2018).

The possibility of infecting paratenic hosts with
acanthocephalans under experimental conditions has
been repeatedly demonstrated in the studies of
V.P. Sharpilo (1965, 1971); however, the process of
acanthocephalan encapsulation in such cases remained
unexplored. In order to study the process of capsule for-
mation around Corynosoma strumosum in natural
paratenic hosts, an experimental infection of Midden-
dorff’s eelpouts was carried out. Such experiments
were performed for the first time with marine fish.
This report provides preliminary results of this study.
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MATERIALS AND METHODS

The choice of Middendorftf’s eelpouts for experi-
ments was made for two reasons. Firstly, during low
tide, these fish often remain under stones and in litto-
ral baths, which made it possible to create conditions
close to natural in the aquarium. Secondly, in
Nagaevo Bay, a littoral area was found in which the
eelpouts had a low infestation: during the years 2011—
2013, in different periods from June to September, 146
fish of this species caught in this area were dissected,
and the extension of their natural invasion was less
than 5%, with the intensity varying from one to three
specimens.

The experimental fish were caught during low tide
under stones or in littoral baths. Some of the fish were
dissected immediately (control group), the rest were
used in the experiment (experimental group). The
experiments were carried out in laboratory conditions
in June and September—November 2012.

The experimental group of fish was kept in an
aquarium with seawater (volume 80 L). At the bottom
of the aquarium, coarse soil taken from the natural
biotope of experimental animals was placed. Heaps of
large stones were erected as shelters, and hollow
ceramics were installed. The water in the aquarium
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Table 1. Results of experimental infection of Middendorf’s eelpout with the acanthocephalan Corynosoma strumosum

Length (cm)| Number of fed Time from Localization and number of acanthocephalans found
Fish & moment
no andsex | acanthocephalans of invasion | intestinal | intestinal | abdominal . gonads/
: - liver
of fish (spec.) (days) lumen mesentery wall spleen
1 8.29 10 3 1 1
2 9.29 Total 22 3 1 1
3 9.4 3 1 1 1/
4 9.19 3 Not found
5 9.08 3 Not found
6 9.69 3 Not found
7 11.89 3 Not found
8 9.28 3 Not found
9 9.69 3 1 1
10 10.08 3 Not found
11 10.78 3 Not found
12 9.29 3 1
13 18.29 Each fish 14 6
15 18.09Q 30 11
16 13.39 30 6
17 9.98 50 3
18 9.0 50 1
19 6.9 50 1 /1
20 10.6Q 50 1
21 10.0 50 1 2
22 9.0 50 3 1
23 6.3 50 3

was constantly enriched with oxygen through an aerat-
ing filter. In order to maximize the imitation of natural
conditions, the aquarium was set up in an unheated
room. Before the experiments, the caught fish were
kept at rest for a week. Two to three days after capture
the fish began to eat. They were fed once a day with
frozen feed.

The first experiment was carried out in June 2012 to
investigate the initial stages of the encapsulation pro-
cess for the acanthocephalans, so all experimental fish
were dissected three days after infection. The experi-
mental group of fish consisted of 12 eelpouts with a
length of 8.2 to 11.8 cm (Table 1). Simultaneously with
the experimental group of fish, a control group of 14
fish was examined; autopsy results showed no natural
infestation with acanthocephalans. The air tempera-
ture in the room with the aquarium ranged from 12 to
18°C. Experimental fish were infected by the oral
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method with encapsulated acanthocephalans with
pieces of adjacent tissues extracted from other natural
paratenic hosts (viviparous blennies and Midden-
dorff’s eelpouts) caught in an area with a high fish
infestation with this acanthocephalan. A total of 32
acanthocephalans were fed.

The second experiment was carried out in Septem-
ber—November of the same year with the aim of study-
ing the later stages of the process of encapsulation of
worms. The experimental group of fish consisted of 11
individuals from 6.3 to 18.2 cm long. The control
group consisted of 26 fish; the autopsy showed that
they were all uninfected. The conditions of keeping
the experimental fish and the method of their infec-
tion were similar to those described above. In the
room where the aquarium was placed, the air tempera-
ture from the beginning of the experiment to its end
decreased from 12 to —3°C. As the fish preferred to
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stay in certain parts of the aquarium, each of them was
individually infected. Three fish were fed 11 acantho-
cephalans each, four fish were fed five acanthoceph-
alans, and the remaining four, from 5 to 11 acantho-
cephalans each (Table 1). In the latter case, both reg-
ular and larger capsules were used for infection, which
contained more than one acanthocephalan (we found
capsules containing from two to six acanthoceph-
alans). The autopsies were performed 14 (two fish), 30
(two fish), and 50 (seven fish) days after the infection.

Treatment of preparations and light microscopic
and electron microscopic studies were carried out
according to the methods described in the first com-
munication. A total of 58 acanthocephalans were
examined by light microscopic examination, and
seven by electron microscopic examination.

RESULTS

The results of experiments on infection of Midden-
dorff’s eelpouts with acanthocephalans are presented
in Table 1.

The infection period is three days. Five of the 12 dis-
sected fish were infected. All the acanthocephalans
that penetrated the body cavity of the host showed
signs of incipient encapsulation. The emerging capsule
was either represented by a discontinuous cell layer
(Figs. 1a, 1b), or small clusters of cells (Fig. 1c), or
almost completely surrounded the parasite (Fig. 1d).

Structural features of the tegument of the acantho-
cephalan. By light microscopy, a homogeneous light-
colored layer of glycocalyx was found on the surface of
the tegument of all three-day-old acanthocephalans.
Electron microscopy showed that the glycocalyx is
formed by fibrillar and granular material of low elec-
tron density and has a thickness of 1.5—2.1 um
(Figs. 2a—2d). Its outer border is uneven. Pseudopo-
dia of host cells are often introduced into it, however,
they do not reach the tegument surface (Fig. 2a). The
narrow inner part of the glycocalyx is characterized by
a denser organization of the material forming it and
has an increased electron density. In some areas at the base
of the glycocalyx, clusters of small vesicles, 18—23 nm in
diameter, surrounded by an envelope resembling a
membrane, were observed (Fig. 2¢). In the thickness
of the glycocalyx, formations were often found in the
form of tubules, 21—26 nm in diameter, oriented more
or less perpendicularly to the surface of the parasite;
the wall of these tubes was similar to the wall of the
vesicles, but its exact nature was not determined
(Fig. 2d). In some areas, the glycocalyx was separated
from the tegument, but at the same time retained its
continuity (Fig. 2b). In these cases, fragments of host
cells were often observed in the spaces formed between
it and the surface of the tegument.

The tegument of three-day-old acanthocephalans
is generally similar in structure to that of encapsulated
acanthocephalans from natural paratenic hosts (see
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Communication 1) (Figs. 3a—3c). On semithin sec-
tions, the striated, felt, and radial layers are clearly dis-
tinguished. Six acanthocephalans had a vesicular
layer, the elements of which were expanded to 0.5 pm
and contained unclear flocculent material or vesicular
formations similar to vesicles noted in the glycocalyx
(Fig. 2¢). In these cases, as shown by electron micros-
copy, the orifices of the channels of the striated layer
connecting these vesicles with the external environ-
ment were also expanded to 30—60 nm, which may
indicate an increased secretory activity of the tegu-
ment (Fig. 2d).

The structure of the capsule. Six acanthocephalans
were found on the intestinal mesentery; all of them
had invaginated probosces. Around two of them, the
capsule was completely absent, and only a few host cell
clusters were observed at the surface of the helminths.
Around the rest of the acanthocephalans, the capsules
were of an intermittent nature and uneven thickness
(Figs. 1a, 1b). In the areas in which the acanthoceph-
alans were in contact with the mesentery, the thickness
of the capsule reached the greatest values; with dis-
tance from them, its thickness decreased, it became
intermittent and was interspersed with areas free of
cells. The cells in the capsule were located loosely with
noticeable intercellular spaces. In the inner part of the
capsule, they were characterized by numerous pseu-
dopodia directed toward the parasite and often sub-
merged in the upper part of the glycocalyx layer on its
surface (Fig. 2a).

Four acanthocephalans were attached to the wall of
the abdominal cavity with an evaginated proboscis.
Moreover, three of them lacked a capsule, and on their
surface there were only small clusters of cells (Fig. 1c).
Near the posterior part of one of these acanthoceph-
alans, a large cellular infiltrate was observed, consist-
ing of several dozen (on one section) erythrocytes.
Signs of encapsulation of this acanthocephalan were
observed only in the area of its contact with the infil-
trate; there were no host cells above the rest of the par-
asite surface. In the fourth acanthocephalan, the cap-
sule was intermittent, but some parts of its surface were
not covered with host cells. The capsule consisted of
two or three layers of cells, and its thickness varied
from 20 to 60 um (Fig. 3b). Some of the innermost
cells formed fingerlike processes directed toward the
surface of the acanthocephalan.

Two acanthocephalans were found on the surface
of the fish liver. Both helminths contained an invagi-
nated proboscis, and most of their body was sur-
rounded by a capsule (Figs. 1d, 3c); in other areas it
was completely absent. The thickness of the capsule
varied from 16 to 35 um and reached the highest values
at the points of contact between the acanthocephalans
and the liver, as well as in the bends of the helminth
bodies.

One partially encapsulated acanthocephalan with a
retracted proboscis was found on the gonads. The cap-
BIOLOGY BULLETIN  Vol. 48
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Fig. 1. General view of Corynosoma strumosum on (a, b) the intestinal mesentery, (¢) the abdominal wall, and (d) the liver of Mid-
dendorff’s eelpout Hadropareia middendorffii three days after infection. (a) Longitudinal and (b) transverse sections of the worm,
partially surrounded by a thin forming capsule (arrows); (c) the evaginated proboscis of the parasite has penetrated into the mus-
cles of the abdominal wall, the capsule is not formed, only separate clusters of host cells are visible (arrows); (d) the acanthoceph-
alan is almost completely surrounded by a capsule, which is the thickest in the area adjacent to the liver, and in the fold of the
helminth. (IM) intestinal mesentery, (IW) intestinal wall, (T) tegument, and (P) proboscis. Scale: 200 um.

sule, 35 to 129 um thick, covered the anterior part of accumulations of cells observed. In the capsule, the
the acanthocephalan, while its posterior end was free, cells were located loosely, with wide intercellular
and only in some places on its surface were single spaces (Fig. 3a).

BIOLOGY BULLETIN Vol.48 No.5 2021
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Fig. 2. Ultrastructure of the surface of the tegument and glycocalyx of Corynosoma strumosum on the intestinal mesentery of
Hadropareia middendorffii three days after infection. (a) Processes of the host macrophage (*) are immersed in the glycocalyx
layer; the cleared cytoplasm and swollen mitochondria indicate the destruction of the macrophage; (b) detachment of the glyco-
calyx layer from the tegument of the ridge; (¢) accumulations of small vesicles in the inner part of the glycocalyx; the submerged
parts of the “canals” (*) of the tegument forming its vesicular layer are expanded; (d) the inner part of the glycocalyx includes
numerous tubular formations. The mouths of the “channels” (arrows) of the tegument are widened. (G) Glycocalyx, (M) mac-
rophage, (Mt) mitochondria, (N) neutrophils, (T) tegument, and (Nu) macrophage nucleus.

In the composition of all capsules detected, several
types of cells were identified, among which macro-
phages, neutrophils, and erythrocytes predominate,
eosinophils and lymphocytes were less numerous.
Many cells are characterized by signs of destruction,
most clearly manifested in the clarification of the
peripheral cytoplasm and swelling of mitochondria
(Fig. 2a). In terms of their characteristics, the cells as
a whole do not differ from those described in capsules
from fish infested naturally. Fibroblasts were not
found in the three-day-old capsules.

The diameter of macrophages varies from 8 to
14 um (Figs. 2a, 3a). Their nuclei are light, round or
bean-shaped, and located eccentrically. The cyto-
plasm includes short tubules of the granular endoplas-
mic reticulum, small dark phagosomes, light vacuoles,
and lipid droplets.

Neutrophils are rounded cells, 6—9 um in diame-
ter, characterized by an eccentrically located nucleus
(Fig. 3a); cells with rounded and rod-shaped nuclei
predominate, and less often nuclei consist of 2—3 seg-
ments. The nuclei are characterized by coarse accu-
No. 5
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Fig. 3. Microstructure of the tegument and capsule of Corynosoma strumosum on (a) the gonads, (b) the abdominal wall, and
(¢) the liver of Middendorff’s eelpout Hadropareia middendorffii three days after infection. (a) Eosinophils, macrophages, eryth-
rocytes, neutrophil, and large lipid drops are observed in the capsule; (b) the forming capsule is represented by two or three layers
of host cells; (c) in the composition of the capsule in the intercellular spaces, a dense homogeneous material of unknown origin
is visible (arrows). (L) Lipid drops, (M) macrophages, (N) neutrophil, (T) tegument of the acanthocephalan, (E) eosinophils,

and (Er) erythrocytes. Scale: 20 um.

mulations of heterochromatin along the membrane,
and small specific granules of a rounded, less often
elongated shape are visible in the cytoplasm. The
peripheral part of the granules contains dense homo-
geneous contents, and their central part appears to be
“empty.”

Eosinophils more often have an elongated shape,
their width is 6—7 um, and their length is 12—15 um
(Fig. 3a, 3b); their nuclei are located eccentrically.
Unlike neutrophils, eosinophils are characterized by
larger specific granules with dark, homogeneous con-
tents.

No. 5
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Lymphocytes differ from other cells by their small
size (~5 um) and a dense nucleus that occupies most
of their body.

A dense homogeneous material was observed in the
intercellular spaces; on semi-thin sections, it was
stained in dark blue (Fig. 3c), and on histological sec-
tions stained by Mallory’s trichrome method it is an
intense red color. By electron microscopy, this mate-
rial consists of chaotically oriented thin fibrils without
transverse striation. In addition, in the capsules of
most of the worms studied, large lipid droplets with a
diameter of 4—5 um, in some cases up to 20 um in diam-
eter, were present in the intercellular spaces (Fig. 3a).



594

The period of infection is 14 days. Two fish were
opened 14 days after the start of the experiment. In the
first of them (no. 13), six acanthocephalans were
found; in the second (no. 14), 5. All parasites were
located on the mesentery of the hosts’ intestines;
acanthocephalans were not found in the intestinal
lumen. In the first fish, two parasites were almost
completely devoid of capsules, and rare groups of cells
were observed near their surface. The rest of the hel-
minths were covered with a thin intermittent capsule.
In the second fish, one acanthocephalan was also free
of the capsule; three parasites were surrounded by a
thin intermittent capsule. The last acanthocephalan
was enclosed in an almost continuous multilayer cap-
sule, interrupted only in separate short sections
(Figs. 4a—4c).

Structural features of the tegument. On the light-
microscopic and electron-microscopic preparations,
three acanthocephalans showed dilated elements of
the vesicular layer of the tegument similar to those
described in some acanthocephalans at the age of
three days (Fig. 4a); the mouths of the channels con-
necting these vesicles with the external environment
were also expanded to 40—60 nm (Figs. 4d, 4e). In
other acanthocephalans, the vesicular layer had a
“normal” appearance (Figs. 4b, 4c). On the surface of
the tegument, in all cases, a loose layer of glycocalyx
formed by a feltlike material was clearly visible
(Figs. 4d, 4e). In some areas, tubules were observed in
this material, morphologically similar to those
observed in the glycocalyx of three-day-old parasites,
but in a significantly smaller amount (Fig. 4¢).

The structure of the capsule. Macrophages and neu-
trophilic leukocytes formed the basis of capsules in the
worms studied; eosinophils, lymphocytes, and eryth-
rocytes were present in smaller amounts (Fig. 4a). In
addition, a few fibroblasts were noted, distinguished
by their large size, round or elongated shape, relatively
high nuclear-plasma ratio, and a light nucleus with a
distinct nucleolus. The intercellular material of the
capsule was represented by two fiber modifications.
The fibers of the first modification form rather large
clusters, which are stained by the Mallory’s trichrome
method in a bright red color (Fig. 4c). The material of
the second modification, in contrast to the first, is
represented by a network of collagen fibers, as evi-
denced by their blue coloration by the Mallory method
(Fig. 4b).

The period of infection is 30 days. On the thirtieth
day of the experiment, two fish were opened: in the
first (no. 15), 11 acanthocephalans were found, in the
second (no. 16), 6. All acanthocephalans found were
located on the intestinal mesentery and were sur-
rounded by a continuous multilayer capsule, from 32
to 160 um thick. As in the previous stages of the exper-
iment, an increase in the thickness of the capsule was
observed in the areas in which the acanthocephalans
were most closely located to the mesentery (Fig. 5a).
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Structural features of the tegument. The light-micro-
scopic tegument of the investigated acanthocephalans
did not differ in structure from that of the acanthoceph-
alans from naturally infested fish (Fig. 5b). The glycoc-
alyx layer on the tegument surface was clearly observed
in cases when there was a lumen between the acantho-
cephalan and the capsule (Fig. 5b).

Electron microscopic examination was carried out
on two acanthocephalans. In both, the elements of the
vesicular layer were expanded (Fig. 5c). The glycoca-
lyx of the acanthocephalans reached 1.5—2.0 um in
thickness and was formed by fine fibrillar material
(Fig. 5c) with the inclusion of microtubules in some
areas (Fig. 5d). In these areas, the mouths of the
“canals” of the striated layer appear to be widened, in
other areas they have a “normal” appearance.

The structure of the capsule. Numerous macro-
phages, neutrophils, and fibroblasts were found in the
capsules; eosinophils, lymphocytes, and erythrocytes
were observed in a much smaller amount. The density
of the cells in the capsule varies from dense in its inner
part to loose in the middle and surface layers (Fig. 5b).
The structure of cellular elements is similar to that
described in the previous stages of the experiment.
Fibroblasts are large (17.7—24.0 X 3.3—6.6 um) clon-
gated cells with an oval nucleus including 1—2 nucle-
oli. The intercellular material in these capsules is rep-
resented only by collagen fibers organized in the form
of bundles that are thicker than in 14-day-old cap-
sules, which are detected clearly on histological prepa-
rations. Their number increases markedly in areas in
which the capsule is adjacent to the host’s mesentery.

The infection period is 50 days. Fifty days after
infection, seven eelpouts were opened. In two of them,
one acanthocephalan was found; in three, three; in
one, two; and in one, four. Most of the acanthoceph-
alans were located on the mesentery of the intestine,
one acanthocephalan was found on the liver (no. 22)
and spleen (no. 19) and five acanthocephalans, on the
abdominal wall. In one case (no. 21), one capsule con-
tained two acanthocephalans and the other (no. 23),
three.

Structural features of the tegument. Microscopically
and electron microscopically, two acanthocephalans
were studied. No noticeable differences in the struc-
ture of the tegument of these acanthocephalans were
found in comparison with worms from naturally
infested eelpouts. However, differences were observed
in the structure of the glycocalyx. In the worm from
fish no. 17, the glycocalyx had a thickness of at least
2 um and was formed by delicate intertwining fila-
ments with the inclusion of clusters of small bubbles
up to 50 nm in diameter (Fig. 6d). At the base of the
glycocalyx layer, at a distance of no more than 0.1 um
from the tegument surface, a continuous strip of mod-
erately dense material was observed (Fig. 6d). The
shape of the strip was wavy, probably repeating the
outline of the tegument surface. Its maximum thick-
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Fig. 4. The acanthocephalan Corynosoma strumosum on the intestinal mesentery of Middendorff’s eelpout Hadropareia midden-
dorffii 14 days after infection. (a) Tegument of the worm with expanded elements of the vesicular layer (arrows); the surrounding
capsule is multi-layered and formed by leukocytes and macrophages; (b) collagen fibers in the capsule (arrows), stained blue
according to Mallory; (c) intercellular material in the capsule (arrows), stained red according to Mallory; (d, ) tegument of the
worm with expanded elements of the vesicular layer (*) and the orifices of the “canals” (arrows) of the striated layer; the glycoc-
alyx layer on the tegument surface is formed by an amorphous material (d) and includes microtubules (e). (G) Glycocalyx,
(C) capsule, (T) tegument, and (N) tegument nuclei.

ness was 0.3 um. Another investigated acanthoceph- The structure of the capsule. All acanthocephalans
alan, taken from fish no. 22, was not covered with a examined had an invaginated proboscis and were sur-
thick layer of glycocalyx, and the capsule cells were in  rounded by a solid thick capsule, the cellular compo-
direct contact with the surface of its tegument (Fig. 6¢). sition of which was generally similar to that of 30-day-

BIOLOGY BULLETIN Vol.48 No.5 2021
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Fig. 5. The acanthocephalan Corynosoma strumosum on the intestinal mesentery of Middendorff’s eelpout Hadropareia midden-
dorffii 30 days after infection. (a) General view of the worm in the capsule, which is the thickest in the area facing the mesentery
tissue; (b) a fragment of a capsule formed not only by leukocytes and macrophages, but also by fibroblasts; a glycocalyx layer is
visible on the tegument surface (arrow); (c) glycocalyx formed by fine fibrous material; elements of the vesicular layer of the teg-
ument are expanded (*); (d) tubules in the glycocalyx. (G) Glycocalyx, (C) capsule, (M) macrophages, (T) tegument, (MT) mes-

enteric tissue, and (F) fibroblasts.

old capsules and differed visually in a slightly larger
number of collagen fibers (Figs. 6a—6c). The thick-
ness of the capsule on different organs was approxi-
mately the same and amounted to 87—116 um. The
cells in the capsules are either tightly packed, or small
intercellular spaces are visible between them (Fig. 6b).
Like 30-day-old capsules, 50-day-old capsules are
formed predominantly by macrophages, leukocytes,
and fibroblasts (Fig. 6¢); the intercellular substance is
represented only by collagen fibers.

DISCUSSION

We have previously shown that the tegument of
Corynosoma strumosum in natural paratenic hosts of

many species is covered with a thick layer of glycocalyx
(Nikishin and Skorobrekhova, 2007; Skorobrechova
and Nikishin, 2011, 2013). The acanthocephalans
from eelpouts studied in the first report are no excep-
tion and are also characterized by the presence of the
same glycocalyx layer. The results obtained in the
experiment described in this paper indicate that this
glycocalyx is formed already during the first three days
of invasion. If we take into account the time required
for the penetration of the parasite from the intestine
into the body cavity of the paratenic host, the period of
formation of this glycocalyx on the surface of the hel-
minth should be even shorter.

The fact of glycocalyx reforming in the discussed
experiment seems to be the most likely. It is known
BIOLOGY BULLETIN  Vol. 48
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Fig. 6. The acanthocephalan Corynosoma strumosum on the intestinal mesentery of Middendorff’s eelpout Hadropareia midden-
dorffii 50 days after infection. (a) General view of the worm in the capsule; (b) a fragment of a capsule in which leukocytes pre-
dominate; (c) a parasite on the surface of which the typical glycocalyx layer is absent, and the cells of the capsule are in contact
with the surface of the tegument; (d) a typical thick layer of glycocalyx on the surface of the acanthocephalan, which also includes
accumulations of bubbles; at the base of the glycocalyx there is a strip of electron-dense material (arrows). (G) Glycocalyx,

(C) capsule, and (T) tegument.

that it contains mainly acidic and neutral mucopoly-
saccharides, as well as glycoproteins (Bennett, 1963;
Ito, 1969, 1974). Therefore, when the worm enters the
paratenic host, the glycocalyx covering the acantho-
cephalan in the previous host must be destroyed under
the influence of digestive enzymes. Consequently, in
our experiment, a thick layer of glycocalyx on the sur-
face of the parasite is most likely formed anew, rather
than being preserved from the previous stage of devel-
opment. This assumption is also supported by the facts
of the absence of glycocalyx in the acantocephalans

BIOLOGY BULLETIN  Vol. 48
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during their migration through the intestinal wall of
the paratenic host (Skorobrechova et al., 2012), as well
as its partial loss during sequential modeling of the
media of the stomach and duodenum in cases with
cysticercoids of cestodes (our unpublished data). A
more detailed discussion of the fact of the neoplasm of
the glycocalyx was carried out by us earlier (Nikishin,
2018).

The mechanism of glycocalyx formation was previ-
ously studied using radioautography on the rat intesti-
nal epithelium (Bennett, 1970; Bennett and Leblond,
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1970). In particular, these authors have shown that
after an injection of tritium-Ilabeled carbohydrates into
an animal, after some time they accumulate in the
Golgi complex, from which they enter the apical cell
membrane in the form of vesicles, and are then
observed among microvilli in the glycocalyx layer. We
observed a similar process of movement of vesicles
along the cytoplasmic bridges from the cytons of the
tegument to its distal part and then to the surface of the
parasite in the cyst wall of cysticcercoids of some ces-
todes (Krasnoshchekov and Nikishin, 1979). Similar
small vesicles were found in the present study on the
third day of the experiment in the glycocalyx layer on
the surface of the parasite, as well as in the terminal
extensions of the “channels” of the striated layer of the
tegument. These facts, as well as the nature of the
arrangement of these vesicles in the form of relatively
small clusters, indicate their probable formation in the
tegument of the acantocephalan and release onto its
surface through the “channels” of the striated layer.
Indirect confirmation of these assumptions is the
noticeable widening of the mouths of the “canals” of
the surface layer of the tegument. By analogy with the
above assumption (Bennett, 1970; Bennett and Leb-
lond, 1970), it can be assumed that these vesicles, both
in the case of the acanthocephalans and in the case of
cysticercoids, may be associated with the formation of
a glycocalyx layer on the surface of the parasite.

Unusual is the fact of detection of extensive accu-
mulations of tubules in the glycocalyx of the same
acanthocephalans. The data are clearly insufficient for
its interpretation at present. It can be noted, however,
that, firstly, these tubules hardly differ in their diame-
ter from typical microtubules present in the cytoplasm
of many cells (Chentsov, 2005), and secondly, the
diameters of microtubules and the above-mentioned
vesicles are almost identical, which suggests their
genetic similarity. We assume that these tubules, like
vesicles, are isolated from the “channels” of the stri-
ated layer of the tegument and are somehow related to
the formation of a thick layer of the glycocalyx.

The interpretation of three other features in the
organization of the glycocalyx in the worms studied is
even more difficult. First, the aforementioned accu-
mulations of tubules were found not only at the very
beginning of the experiment (in three-day-old acan-
thocephalans), but also at all other stages studied. If
we take into account the supposed participation of
tubules in the formation of a thick layer of glycocalyx
on the surface of the tegument (and it is very likely),
the discussed feature suggests the continuation of the
process of glycocalyx formation throughout the entire
period of the experiment.

The second difficult to interpret feature of the gly-
cocalyx is its partial separation from the tegument sur-
face in some three- and fourteen-day-old acantho-
cephalans; at the same time, its layer retained its con-
tinuity. This process could be considered as an
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expression of some pathology, especially since one of
the studied fifty-day-old acanthocephalans had a
thick layer of glycocalyx with the tegument surface
completely absent. However, since one of the most
likely putative functions of the glycocalyx is the pro-
tective one (Nikishin, 2016, 2018), in our opinion, it is
more acceptable to assume a periodic change (partial
or complete) of the glycocalyx at the initial stage of
invasion of the paratenic host. This assumption is in
good agreement with the possible participation of the
aforementioned vesicles and tubules in the formation
of this glycocalyx, which were observed in worms at all
periods of the experiment. In addition, in this way the
parasite can get rid of the negative material accumu-
lated in the glycocalyx as a result of counteracting the
host’s immune response to the invasion.

Finally, the third feature of the glycocalyx, noted
for the first time, is a wavy strip of material with
increased electron density, found at its base near the
surface of the tegument in fifty-day-old worms. In
appearance, it slightly resembles the inner layer of the
cyst, secreted one time by late acanthellae from the
“canals” of the striated layer of the tegument
(Nikishin, 1992), or it can be a detached inner layer of
the glycocalyx, which usually adjoins the tegument
closely (Nikishin, 2016, 2018) and which is clearly vis-
ible in Fig. 3a in the first message. Further research is
needed to verify these versions.

The results obtained indicate that the process of
encapsulation of Corynosoma strumosum in Midden-
dorff’s eelpout begins with intensive migration of leu-
kocytes and macrophages to the parasite. This result is
similar to most of the previously obtained data on the
encapsulation of helminths in second intermediate
hosts. Thus, the basis of the young capsules surround-
ing the plerocercoids of the cestodes Ligula intestinalis
in the fry of naturally invaded roach were inflamma-
tory cells (Hoole and Arme, 1982, 1983a). Fibroblasts
and bundles of collagen fibers were also not observed
during implantation, including crossover, of plerocer-
coids of this species into roach or minnows (Hoole and
Arme, 1983b). In experimentally infected goldfish,
metacercariae of the trematodes Ribeiroia marini at an
early stage of encapsulation were surrounded by mac-
rophages, granulocytes, and lymphocytes, and fibro-
blasts were included in the capsule only on the third
day of the experiment (Huizinga and Nadakavukaren,
1997).

At the same time, the encapsulation of Post-
hodiplostomum cuticola metacercariae, parasitizing in
the vobla, begins with the deposition of one or two lay-
ers of fibroblasts (Berezantsev and Dobrovol’skii,
1968), while the presence of leukocytes in the capsule
composition was not noted. This difference can be
explained by the fact that the capsule surrounding
these flukes is possibly fibroblastic, the formation pro-
cess of which may differ from that of the leukocyte
capsule. In our study, a few fibroblasts were first

BIOLOGY BULLETIN  Vol. 48

No.5 2021



STRUCTURE AND FORMATION OF A CAPSULE AROUND THE ACANTHOCEPHALAN...

observed in the capsule only on the fourteenth day of
the experiment, and then their number increased. The
number of collagen fibrils also increased, and most of
them were observed in the distal half of the capsule,
which corresponds to the pattern of collagen arrange-
ment in capsules from naturally infected eelpouts.

Thus, the results obtained suggest the following
scheme for the encapsulation of acanthocephalans in
Middendorff’s eelpout. During the first three days of
infection, the parasite penetrates the intestinal wall of
the host, localizes on any of its organs, and becomes
covered with a layer of glycocalyx. At the same time,
macrophages and leukocytes migrate from the host
tissues surrounding the acantocephalan and come into
contact with the glycocalyx layer on the surface of the
worm. In the future, some of them, obviously, die as a
result of this interaction, and their remnants form an
inner layer found in older capsules. Two weeks after
the infection, fibroblasts migrate into the forming cap-
sule, but the migration of leukocytes also continues.
By the 50th day of the experiment, the migration of
leukocytes and fibroblasts into the capsule continues,
but the cells in the thickness of the capsule are denser,
and the remaining intercellular spaces are filled with
collagen fibrils synthesized by fibroblasts.

No noticeable differences in the nature of the for-
mation of capsules localized on different host organs
were found. At the same time, the areas of the worms,
which are closer to the adjacent tissue of the host, are
covered with its cells faster than the distant ones, and the
capsule in these areas, as a rule, has a greater thickness.

CONCLUSIONS

Experimental study of the process of encapsulation
of acanthocephalan in marine fish—natural paratenic
hosts of the worm Corynosoma strumosum—was car-
ried out for the first time. It was found that, already on
the third day, a typical thick layer of glycocalyx forms
on the surface of the acantocephalan. This process is
most likely associated with small vesicles and microtu-
bules found in the glycocalyx and, probably, secreted
through the dilated orifices of the “channels” of the
striated layer of the tegument. The phenomenon of
detachment of glycocalyx regions from the surface of
the tegument is possibly a consequence of its interac-
tion with the host macrophages.

In the process of encapsulating the parasite, three
stages can be distinguished. At the first stage, macro-
phages and leukocytes migrate to the acantocephalan,
some of which die, apparently as a result of interaction
with the worm’s glycocalyx. Two weeks later, fibro-
blasts are added to the migrating macrophages and
leukocytes and the first bundles of collagen fibers
appear. After fifty days of invasion, the number of col-
lagen fibers in the composition of the capsule
increases significantly, the organization of the cellular
elements in it becomes denser, and in its structure it
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approaches the capsules from the naturally invaded
eelpouts.
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