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Abstract—The structure of Podocotyle atomon metacercariae cysts and their surrounding capsules in the sec-
ond intermediate hosts Locustogammarus locustoides (Brandt, 1851) and Spinulogammarus ochotensis
(Brandt, 1851) was assessed using light and transmission electron microscopy. A single, amorphous layer rep-
resents the cyst formed by the parasite. The capsules formed by the host consist of two layers: an electron-
light, loose inner layer, and an electron-dark, unstructured outer layer, including a small amount of intact and
fragmented host cells. The inner capsule layer may have been formed by the degeneration and transformation
of the muscle tissue of amphipods surrounding the larva. The outer layer of the capsule contained deposits of
pigment.
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INTRODUCTION

Trematodies Podocotyle atomon is a widespread
parasite of the intestines of marine fish. The second
intermediate hosts of these trematodes are various
crustaceans; in particular, their metacercariae were
revealed in amphipods of at least ten species in the
basin of the Sea of Okhotsk [1].

When describing the total preparations of P. atomon
metacercariae, it was noted that these parasites are
enclosed in two easily detachable envelopes in the
body of crustaceans: an inner transparent cyst (formed
by the parasite) and an outer-pigmented capsule
(formed by the host) [1]. There is no information
about the internal structure of the cyst, but there are
conflicting data on the capsule. According to
Uspenskaya [2], based on the data of light-micro-
scopic study, the capsule consists of several layers of
brown pigment and it does not contain cellular ele-
ments. In an experiment on infection of various
amphipod species, James [3] noted that encystic
metacercariae are covered with a thick fibrous enve-
lope. Køie [4] in an experiment with amphipods Gam-
marus sp., using the scanning electron microscopy
method, concluded that the capsule is modified mus-
cle tissue of a crustacean. The aim of this study was the
investigation of the structure of the cyst and capsule of
metacercariae of P. atomon using light and transmis-
sion electron microscopy.

MATERIALS AND METHODS

Metacercariae of P. atomon were sampled from
L. locustoides (Brandt, 1851) and S. ochotensis amphi-
pods (Brandt, 1851) collected in the coastal areas of
the Nagaev Bay, Sea of Okhotsk. The larvae sur-
rounded by a cyst and a capsule were fixed and embed-
ded in Araldite-Epon in accordance with the standard
electron microscopic technique. Semithin sections
(1–2 μm) were stained with a mixture of methylene
blue and crystal violet and examined in an Olympus
CX 41 light microscope. Ultrathin sections were
examined in a JEM-1400 PLUS transmission electron
microscope (JEOL, Japan).

RESULTS AND DISCUSSION

In total 2237 amphipods (853 S. ochotensis and
1384 L. locustoides) were studied, out of which 422 and
466, respectively, were infected. Metacercariae were
rarely located in the muscles of the extremities; they
were revealed more often in the hemocoel, from which
they were freely released during the dissection of the
crustacean (Fig. 1a).

Capsule morphology. The capsules with the
enclosed metacercariae had an elongated (less often
rounded) shape. The number of capsules found in one
crustacean varied from one to seventeen. Their color
varied from light brown to dark brown, sometimes
black (Fig. 1b), but the capsules were light in some
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Fig. 1. (a) Spinulogammarus ochotensis, through the integument of which the metacercariae of Podocotyle atomon, enclosed in pig-
mented capsules, are visible (indicated by arrows). (b, c) Encapsulated metacercariae isolated from the hemocoel of an amphi-
pod. Arrows show (b) larvae in transparent cysts extracted from capsules, (c) metacercaria, enclosed in a light capsule.
(d) Semithin section of the encapsulated metacercaria. The cyst adheres tightly to the larva; therefore, it is not visible in the pic-
ture. (e) Ultrathin section of the surface of the metacercaria and surrounding cysts and capsules. ILC—inner layer of the capsule;
Ca—capsule; M—metacercaria; OLC—outer layer of the capsule; Cy—cyst. Ruler: (b, c) 1 mm, (d) 50 μm, (e) 10 μm.
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cases (Fig. 1c). In one crustacean, capsules of the
same type and simultaneously light and colored cap-
sules were found. The length of the elongated capsules
was approximately 0.5‒1.0 mm, and the width was
0.2‒0.4 mm, the diameter of the rounded capsules
varied from 0.2 to 0.4 mm. In elongated capsules, hel-
minths were located both in the center and closer to
one of the edges (Fig. 1d). One capsule usually con-
tained one encysted metacercaria, but 2–4 larvae were
often revealed in a common capsule, each larva was
enclosed in its own cyst.

The structure of the capsule wall from both studied
amphipod species was similar. In its composition, two
distinct layers were visible on semithin sections:
(1) the inner layer was loose, light-colored and (2) the
outer one was destructed, dark (Figs. 1d, 2). The basis
of the inner layer of the capsule was composed by
large, elongated strands, from either structure-less,
sometimes-fine fibrillar material with low electron
density, separated by lighter narrow areas (Fig. 3a). In
the structure of this layer, small membrane-like for-
mations and electron-dense bodies resembling lipid
droplets were rarely found. The outer layer of the cap-
sule consists of an electron-dense amorphic mass,
resembling deposits of pigment (melanin) (Fig. 3b).
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On some preparations, this layer was thin and weakly
expressed (Fig. 1d), while it comprised more than half
of the capsule’s wall thickness on others (Fig. 2). It can
be assumed that the thickness of the outer layer of the
capsule is related to the duration of its formation. If
this assumption is correct, then the light capsule with
metacercaria is probably at an early stage of the forma-
tion of its outer layer, and the pigment is just beginning
to be deposited. Fragments of cells were found in the
pigment accumulations of the outer layer (Fig. 3b). In
some capsules, a small amount of pigment was found
inside the contents of the inner layer of the capsule.
Small groups of cells with expressed signs of destruc-
tion were occasionally found on the periphery of the
capsule (Fig. 3d). In these cells, nuclei with large
accumulations of heterochromatin along the inner
membrane, as well as dense phagolysosomes and
membrane bodies, were identified.

Capsule formation is considered the most import-
ant adaptation of tissue parasites to the immune
response of the host. Unlike other species of opecoelid
metacercariae, for example, P. reflexa [5] and Allo-
podocotyle lepomis [6, 7], whose capsule consists of
several layers of host cells, metacercariae of P. atomon
are surrounded by a capsule mainly of noncellular
ETIN  Vol. 75  No. 4  2020



244 SKOROBREKHOVA

Fig. 2. Semithin section of the encapsulated metacercaria
of P. atomon. ILC—inner layer of the capsule; M—meta-
cercaria; OLC—outer layer of the capsule; Cy—cyst.
Ruler: 20 μm.
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material. An electron-light, fine-fibrous material
forms the inner layer of the capsule, and the outer one
consists of an electron-dense substance resembling
melanin, with the inclusion of host cells and/or their
fragments. According to Køie [4], metacercariae of
P. atomon are localized in the muscles of the dorsal
part of amphipods and are encapsulated by material
formed by degeneration and transformation of the
muscle tissue of the invertebrate adjacent to the para-
site. In the future, this area of muscle tissue, together
with the larva inside it, is released into the hemocoel.
Other species of parasites can cause structural
changes, including degenerative changes, in inverte-
brate muscle cells. For example, in the muscle cells of
Aedes aegypti mosquitoes infected with the larvae of
the nematodes Brugia pahangi, the nuclei and mito-
chondria increase in size, and the myofibrils adjacent
to the parasites become denser as they grow [8]. A
dense layer of dissociated sarcoplasm, including a
large number of cell membranes and vesicles [9], sur-
rounds the larvae of the same nematode species in
Anopheles quadrimaculatus mosquitoes. More exten-
sive changes in muscle fibers, such as their complete
destruction, associated mainly with the migration of
mature filaria into the hemocoel of mosquitoes were
also described [8]. It was noted that the nuclei and
mitochondria of degenerating muscle fibers are
destroyed, after which they are removed by macro-
phages, and myofibrils disintegrate into fragments that
fuse and form an amorphous mass. In the composition
of the studied capsules of P. atomon, we did not find
structural components of muscle tissue, since the
material from which they were formed was degener-
ated. At the same time, the comparison of the ultraf-
ine structure of the destroyed muscle fibers of insects
exposed to the invasive action of the aforementioned
nematode microfilariae, and the inner layer of the
capsule of P. atomon, revealed their similarity. This
similarity consisted in the general low electron density
and loose organization of the substance forming them.
However, additional experimental studies with a
phased study of histological sections are needed for
the conformation of the hypothesis about the muscu-
lar nature of this layer.

The peculiarity of the structure of the outer layer of
the P. atomon capsule is the presence of electron-dense
substance similar to melanin. It is known that
melanization in arthropods is the most important
defense mechanism leading to the formation and
accumulation of melanin on the surface of pathogenic
organisms. In the process of melanogenesis, a number
of toxic compounds are formed, which, in some cases,
negatively affect the vital activity of parasites/parasit-
oids [10, 11]. Among invertebrates, the mechanisms of
defense against various pathogenic organisms have
been studied most fully in insects. Thus, in the hemo-
coel of A. quadrimaculatus mosquitoes, a layer of mel-
anin is first deposited on the surface of the microfilar-
iae of the nematodes B. pahangi and B. malayi, and
MOSCOW UNIVERSITY BIOLOG
then hemocytes, forming several layers, start to pre-
cipitate on top of it [12]. Some of these nematodes
show signs of destruction. A similar cell-mediated
melanization reaction and subsequent encapsulation
have been described around degenerated eggs of Aso-
bara tabida and Asobara citri wasps in several Dro-
sophila species [13] as well as around the larvae of Lep-
topilina heterotoma wasps that died in Drosophila
suzukii [14]. Among crustaceans, in particular, amphi-
pods, melanized larvae of various acanthocephalans
and trematodes species were found [15–17]. Thus, in
Spinulogammarus ochotensis amphipods, the cysta-
canths of Corynosoma strumosum were surrounded by
a solid rim of dark brown matter, presumably melanin,
tightly adhering to the surface of the parasite, while the
larvae surrounded by the melanotic capsule were dead
[17]. In the case of melanization of metacercariae of
trematodes, the pigment was often deposited on the
surface of the cyst, synthesized by the tegument of the
parasite. For example, in Gammarus insensibilis
amphipods, four species of microphallid trematodes
with different intensities of melanization were found.
The authors suggested that the highest pigmentation
was characteristic for the species that either was poorly
adapted to the host or was the most pathogenic for the
latter [16]. However, the study does not indicate the
viability of these trematodes. In the investigated para-
sites, the layer of the putative pigment was located not
on the surface or the surrounding cysts but on the sur-
face of the inner layer of the capsule, e.g., it was the
outer layer of the capsule.

According to the literature data, completely
melanized parasites do not die in all cases, in other
words, melanization does not always lead to their
ICAL SCIENCES BULLETIN  Vol. 75  No. 4  2020
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Fig. 3. (a) Ultra-thin section of the inner layer of the capsule formed by the degenerated material. (b–d) Ultrastructure of the outer layer
of the capsule. OLC—outer layer of the capsule; N—nuclei. Asterisks indicate cell fragments. Ruler: (a–c) 2 μm, (d) 5 μm.
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death [18]. Moreover, dead parasites are often found

without signs of melanization [19] or the pigment can

be deposited later on the surface of already dead para-

sites [20, 21], e.g., already dead tissue undergoes pig-

mentation. In the latter case, an example is the study

of Dedkhad et al. [22], which demonstrated under

experimental conditions that degenerated B. malayi
nematodes were found 3 h after the infection of mos-

quitoes in the hemocoel of Anopheles paraliae and in

Anopheles lesteri after 4 h. Melanized species of these

worms were observed in both mosquito species after

1 h, e.g., 4 and 5 h after infection, respectively. As we

showed above, in the studied Podocotyle atomon, the

inner layer of the capsule was formed by destroyed tis-

sue. Thus, it can be assumed that the deposition of

pigment on the surface of the capsule of Podocotyle
atomon in a certain way was associated with the death

and degeneration of the material of its inner layer.

Cyst morphology. The cyst structure in Podocotyle
atomon from both studied amphipod species was also

similar. At the light-microscopic level, the cyst in all

cases was characterized by a relatively constant thick-

ness (approximately 8–10 μm) and was intensely

stained with histological dyes (Fig. 2). At higher mag-

nification, it appears as a single layer of homogeneous,

amorphous material (Fig. 1e). The surrounding cap-

sule sometimes adhered tightly to the cyst, but they

were more often separated by “free” space.
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The structure and formation of cysts of metacer-
cariae have been studied in a large number of trema-
tode species infecting both vertebrates [23] and inver-
tebrates [24, 25] as a second intermediate host.
Depending on the taxonomic affiliation of the trema-
todes and their hosts, the cysts of metacercariae differ
in the number of layers: the latter can vary in structure,
thickness, and chemical composition. In the consid-
ered P. atomon, as well as in P. reflexa, studied at the
histological level [5], the cyst was presented by a single
layer formed by a homogeneous substance.

Thus, the results obtained indicate that the capsule
surrounding the studied metacercariae of the Podocot-
yle atomon consists of two layers. In this case, the outer
layer was presumably pigmented, while the inner one
was formed by degenerated host tissue (possibly mus-
cle tissue). The cyst of the studied metacercariae did
not differ in structure from that described for P. refl-
exa. Further studies are required for the clarification
of the structure of the inner layer of the capsule and
verification of the hypothesis of melanization of the
outer layer of the capsule.
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