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Abstract

Trematodes are parasitic flatworms, mainly have complex life cycles involving multiple
hosts, including mollusks, fish, vertebrates and occasionally invertebrates. Adult trema-
todes have a big morphological diversity and examination of the morphological structures
is important for species identification. Currently not all available tools for examination
of parasite’s morphology used for in depth characterization of trematode structure. Here,
the authors suggest benzanthrone luminophore 3-N-pyrrolidinylbenzanthrone for fast
and high-resolution imaging of morphological structures using confocal laser scanning
microscopy. In this study we focused on the amphibian parasite of Prosotocus genus.
Many species of amphibians worldwide are facing decline and have been often associated
with disease. Trematode infections of amphibians can cause numerous disorders, such as
grotesque limb malformations, kidney damage and debility. Applying an efficient tech-
nique for species identification and examination of morphological structures allows us to
deepen understanding of co-infections, multiparasitism, host-parasite relationships, and
biodiversity protection.
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INTRODUCTION

Interest in the examination of trematodes has
increased in the last decades and some chang-
es can also be ascribed to increased awareness
and detection. It might be also linked with an
increased number of amphibian studies due
to their rapid extinction. Certain trematode
infections are considered to be emerging dis-
eases of amphibians, and many can be lethal
with the probability of amphibian mortality
increasing with trematode load (Blaustein et
al. 2012, Jayawardena et al. 2017). However,
tools for trematode examination still require
improvements.

Investigators rarely assess the relative impor-
tance of the detailed examination of specific
morphological structures that could be consid-
ered as taxonomic keys and mainly are focused
on rapid species identification. We present a
novel benzanthrone luminophore for both
rapid species identification and examination
of morphological data. In this study, we used
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trematode P. confusus. Although there are re-
search studies on Prosotocus confusus Looss,
1894, only a limited number of those studies
examined the morphology and morphometry of
P. confusus (Bursey et al. 2015, Galaktionov
& Dobrovolskij 2013, Gherasim et al. 2016,
Miquel et al. 2013, Skrjabin 1970). Genus
Prosotocus contains a number of species, which
are endoparasites living in the intestine of rani-
id frogs. P. confusus is a parasite of frogs Rana
ridibunda and R. bedriagae (Saced et al. 2007),
Pelophylax lessonae (Swiderski et al. 2015).
Prosotocus flukes are one of those parasites
that have evolved a biohelminthic mode of life
cycle. Usually, parasite transmission can occur
by ingestion of water insects infected by me-
tacercaria (the second intermediate host), then
adult trematodes mainly in frogs (the definitive
host) produce eggs and in mollusks (the first
intermediate host) develop cercaria that infects
water insects (Gherasim et al. 2016, Poulin &
Cribb 2002, Skrjabin 1970) (Fig. 1).

Definitive host:
typically, Anura

All transformations occur
within the mollusc

Figure 1. The life cycle of Prosotocus confusus. Original. Image courtesy 1. Rubenina.
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Morphological examination of trematodes typi-
cally involves microscopic analysis, where var-
ious staining techniques are applied to highlight
different anatomical structures (Kirilova et al.
2018, Kremnev et al. 2023, Krupenko et al.
2023, Terenina et al. 2024). Techniques such
as scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM) or confo-
cal laser scanning microscopy (CLSM) are now
more often used to detail the surface morphol-
ogy of these parasites (Krupenko et al. 2020,
Rubenina et al. 2021, Smirnov & Krupenko
2023). One of the interesting research objects
are attachment organs, which could show us
quite specific species characteristics (Krupenko
& Dobrovolskij 2018). Here, we suggest a pos-
sible solution to obtain high-resolution images
of trematode morphological characteristics in
a short time using benzanthrone luminophore
and CLSM. Work from the last several decades
has identified the application of benzanthrone
luminophores in biological studies (Kirilova et
al. 2008, Kokina et al. 2017, Zhytniakivska et
al. 2014). However, several studies indicate that
benzanthrone luminophores are more appro-
priate for particular parasite groups and exam-
ination goals (Gavarane et al. 2019, Gavarane
et al. 2020, Kirilova et al. 2018, Rubenina et
al. 2021). In this work, we specifically used
3-N-pyrrolidinylbenzanthrone for fast and
high-resolution imaging of trematode morpho-
logical characteristics.

MATERIAL AND METHODS
Synthesis

3-N-pyrrolidinylbenzanthrone was synthesized
according to the described method (Kirilova
et al. 2009).

Staining of trematodes

Adult P. confusus from frogs fixed in 96% eth-
anol (Sigma-Aldrich, Germany) were used for

staining. The parasite sample was placed in lu-
minophore 3-N-pyrrolidinylbenzanthrone for
10 min. Then the dye was washed out for three
times using 96% ethanol. After the sample
was placed in 96,6% ecthanol (Sigma-Aldrich,
Germany) — 100% xylene (VWR, United States
of America) solution (1:1) for 5 min and then in
100% xylene (VWR, United States of America)
for 30 seconds to obtain appropriate transparen-
cy controlled under stereomicroscope SMZ800
(Nikon, Japan). Finally, the specimens were
mounted in Canada balsam (Sigma-Aldrich,
United States of America) and covered with a
coverslip (24x 24mm, LLG, Germany). The very
last step was to dry and keep specimens in the
dark until further examination under confocal
laser scanning microscope. Here, we used 30
trematodes for the entire experiment.

Imaging

A confocal laser scanning microscope Eclipse
Ti-E microscope equipped with a digital sight
DS-U3 camera (Nikon, Japan); configured
with a high-speed multiphoton A1R MP con-
focal laser scanning system (Nikon, Japan) was
used. Images were processed by NIS Elements
Advanced Research 3.2 64-bit software (Nikon,
Japan). Two lasers 488 nm laser with FITC
(500-550 nm) filter and 638 nm laser with a
Cys5 filter (662-737 nm) were used. Slides were
observed at various magnifications, from x40
up to x600. Autofluorescence was measured
with 405 with filter 425-580 nm and 488 nm
with filter 500-655 nm wavelengths, and to
excite autofluorescence, equal intensities were
used. The registration of the fluorescence signal
was done by the internal spectral detector. The
start wavelength for registration was chosen at
20 nm higher than the excitation wavelength
until the edge of red visible spectra. In the op-
tical path we didn't use any passive cut filters.
Images were acquired as Z stacks with a 2.0
pum Z step size. The morphological measure-
ments were carried out with a computer pro-
gram NIS Elements AR Analysis 3.2 64-bit.
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3-N-pyrrolidinylbenzanthrone was used for
imaging of various organs including attachment
organs, musculature and various organ systems.
New staining protocols have been developed
based on previous experience with other lumi-
nophores used for biological objects (Gavarane
etal. 2019, Gavarane et al. 2020, Kirilova et al.
2018, Kokina et al. 2017, Rubenina et al. 2021).

Data analysis

All analyses were performed using commer-
cial software SPSS 24.0 for Windows (IBM
Statistics).

Totally 38 morphometric measurements were
carried out, 24 of which were new and not
found as the trematode identification key.
There is a very large number of measurements
and initially, we used the outlier exclusion cri-
teria - Dixon’s Q test for identification of out-
liers for each indicator (data) measured in 30
trematodes. The Dixon’s Q test at a confidence
level of 95% is used to only detect outliers and
not to remove those, it helps with the identifica-
tion of uncertainties in the data set or problems
in experimental procedures. Outliers found by
the test were remeasured. The indicator (data)
mostly followed a normal distribution, which
determined the choice of statistical analysis
methods.

Descriptive statistics were used to summarize
and describe continuous indicators. In this
study, we provide data not only on indicators,
which are usually used for species detection
and classification, but also data for other im-
portant species morphological characteristics
for the first time. Indicators are presented
with the means as well as standard deviations
in Appendix 1. We calculate 95% confidence
interval which contains the true mean of the
population for each indicator measured in 30
trematodes.
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RESULTS
Morphological identification

Adult, live flukes were removed from small
intestines of Pelophylax esculentus complex,
Rana temporaria (all study specimens were
sampled in Latvia) under stereomicroscope
SMZ800 (Nikon, Japan) and fixed in 96%
ethanol and stored at 4°C until use. The alco-
holic fixative used as it fixs tissue faster than
formaline-based fixatives (Rahman et al. 2022).
Ethanol 96 % is less used for long term storage
as it could cause tissue shrinkage and hardening
(Baker 1958, Hostein et al. 2011). The samples
were fixed in 96% ethanol for 3 months only as
our previous studies confirmed that long-term
storage can cause physical changes in a speci-
men (Rubenina et al. 2021).

Imaging

Autofluorescence image of the sample was tak-
en before starting dying of the samples. In the
autofluorescence image, no structures of the
P, confusus but uterus with loops and vitellaria
were observed. The dye used exhibits intense
green luminescence and has intensive red fluo-
rescence that allows their imaging in a spectral
window that avoids sample autofluorescence.
Additionally, schematic drawing based on ob-
tained morphological data of P. confusus fea-
tures were developed (Fig. 2).

Morphological characteristics

Measurements were based on 30 specimens
fixed with 96% ethanol and then stained with
3-N-pyrrolidinylbenzanthrone: 20 specimen
from P. esculentus complex and 10 specimen
from R. temporaria.

In this study, 3-N-pyrrolidinylbenzanthrone
was applied for the first time for staining of
P, confusus specimen to obtain general morpho-
logical data developing fast and rapid staining
protocol.



Fast and high-resolution imaging of trematode morphological characteristics

0.S
V.G.
PH
E > /,""_, L E
T ) T
7 74 J"‘“‘
74 AR pc
A ey . -
O == 2SN NN
X g
L.C 7 W iy R S.V.
/ {
{
7
/
S.R. C.P.
00
V.S
E.V. 8
_‘JI 7 N
N U.W.E.
7\ Ty
7 SN
E B \\“}"i‘{%ﬂ,
E.P.

Figure 2. Schematic drawing of P. confusus base
O.S. — oral sucker (acetubulum), V.G. — vitellaria
O — ovary, I.C. — intestinal caeca, S.R. — semina

d on obtained CLSM results. Original.
glands, PH - pharynx, E — esophagus, T — testis,
1 receptacle, OO — ootype, V.S. — ventral suck-

er, E.V. — excretory vesicula, E.B. — excretory bladder, E.P. — excretory pore, U.W.E. — uterine

filled with eggs, C.P. — copulatory organ pouch,

S.V. — seminal vesicula, P.G. — prostate gland,

M — metraterm, E - egg, G.A. — genital atrium, G.P. — genital pore, C — copulatory organ, E.D. —

ejaculation duct. Image courtesy 1. Rubenina.

Body, spikes and suckers. The body was
elongated in oval with blunt anterior end and a
broadly round posterior end. The average body
length (+ standard deviation) was 627.70 +
61.087 um and body width 445.95 + 47.968 pm
accordingly. The smallest length was 493.36
pum and the largest body was 662.51 um long.
The tegument was covered with regularly ar-
ranged flattened elongated triangle-like spikes
located in regular rows laying on each other
(Fig. 3). We observed the spikes in the anterior

part were a little wider and shorter than in the
posterior end. Moreover, spikes were distrib-
uted all over the body surface, however, they
were rarely distributed toward the posterior end
as previously described by Skrjabin (1970).
The obtained results confirmed that the surface
was more densely covered in the first half of
the body. The spikes were absent around the
excretory pore.

The oral sucker was almost terminally located
on the fore-end of the body and it was circular.
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The outer surface of the oral sucker formed
a fold. The average oral sucker length was
126.14 + 14.554 pm and oral sucker width was
153.87 = 10.689 um. The smallest oral sucker
length was 120.46 pm and maximum length

was 155.36 pm. Ventral sucker was located
post-equatorial and the smallest of those were
110.10 um long while the largest sucker was
123.38 um long.

Figure 3. CLSM image of P. confusus surface. S — spines, O.S. — oral sucker, V.S. — ventral sucker,
E.P. — excretory pore. Image courtesy L. Mezaraupe.

Musculature. The use of novel luminophore
revealed all the most characteristic muscle
types of Platyhelminthes such as longitudinal,
diagonal and circular muscle fibers. General
body muscles are made of those muscle fibers,
which are located beneath the tegument. The
outer circular muscle layer was identified as a
thin layer of muscles running around the body
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of P. confusus. The inner longitudinal muscle
layer located beneath the circular muscle and
runs lengthwise along the body. Moreover, cir-
cular and longitudinal muscle fibers are closely
arranged, however, circular fibers appear thick-
er than longitudinal muscle fibers. Transverse
tegumental muscle fibers were observed. As
attachment, locomotion and feeding organs are
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important for internal parasites, both suckers
are highly muscular. Here radial musculature
predominates, however, still including circular
and longitudinal muscle fibers. Looking closer
into suckers it was noticed that they are more
developed as there are more muscle groups to
distinguish per their location — muscles cov-
ering the buccal cavity, rim and outer surface
of the sucker. Muscle filaments are rarely ob-
served as well in various parts of the digestive
system, such as the intestine. Circular, longi-
tudinal and diagonal muscle elements were

observed in various parts of reproductive and
excretory systems.

Digestive system. Prepharynx was observed
with short length. The pharynx was globular
and followed by a short esophagus. The av-
erage pharynx length was 43.99 + 3.896 um
and width 43.79 £ 4.219 pm. The esophagus
was split into two short straight digestive caeca
terminated at the level of the ventral sucker in
the middle third of the body. The left intesti-
nal branch in length was shorter than intestinal
right branch. Intestinal bifurcation in forebody.

Figure 4. CLSM image of P. confusus digestive system and male reproductive system. PH —
pharynx, E — esophagus, INT — intestine, E.B. — excretory bladder, C — cirrus, S.V. — seminal

vesicle. Image courtesy L. Mezaraupe.
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Reproductive system. Two large, spherical,
and symmetrical testes were observed in the
anterior third of the body, precaecal. The small-
est testes were observed in 46.59 um length and
in 71.01 pm width while the largest in 62.22
um length and in 84.49 pm width. Cirrus was

located at left side of body. Cirrus pouch was

in elongated oval form. The pouch was opening

to the outside from the left side and extends an-
teriorly from ventral sucker zone (postequatori-
al). Cirrus sac contained coiled semical vesicle,
pars prostatica and cirrus (Fig. 4).

Figure 5. CLSM image of P. confusus female and male reproductive system. V.G. — vitellaria
glands, O — ovary, Y.R. — yolk reservoir, S.R. — seminal receptacle, U.W.E. — uterus filled with

eggs, T — testis. Image courtesy L. Mezaraupe.

Genital pore opened on the lateral margin of
body from level of precaeca to near level of
pharynx. Ovary posterior to testes and located
between intestinal branches or closer to right
intestinal branch. The maximum ovary length
was 182.21 um and 177.73 pum width. Uterus
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was long, filled most of hindbody and also
may extends into forebody. It has occasional
loops from the level of testes to a level of ex-
ecratory pore. Metraterm was present. Uterus
was filled with numerous spherical eggs. Eggs
were biconcave in shape similar to erythrocyte.
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The eggs have small cap called operculum.
It was observed that in the level of ventral
sucker coiled uterus contained eggs with four
brightly visualized points (Fig. 5). Vitellaria
was located in anterior part of body, bilateral
extending from the mid part of oral sucker to
anterior border of testes. Ootype protrude from
the uterus to the right and extends to the left
side of the body forming loops aimed at atrium.

DISCUSSION

Parasite species identification is crucial for life
cycle description, determination of prevalence
and intensity, biogeographical distribution and
for interaction among species (Bajanov 1975,
EL-Shabasy et al. 2024). Nowadays, CLSM is
widely used for the investigation of muscular
arrangement (Krupenko 2014, Marques et al.
2016, Terenina et al. 2022), parasite’s internal
and external structure (Kirilova et al. 2018,
Kreshchenko et al. 2024) or to examine gener-
al morphology of parasite’s specific attachment
organs such as oral suckers (Krupenko 2019).

The general parasite morphology was visual-
ized using the luminophore 3-N-pyrrolidinyl-
benzanthrone and the morphological pa-
rameters were measured. Our obtained
morphometric parameters of the species P.
confusus differed from Gherasim et al. (2016)
morphometric parameters. Please refer to the
Appendix 1. Length and width of body and ven-
tral sucker parameters were similar. However,
morphometric parameters for male and female
reproductive systems were quite different. The
root cause of differences is based when mea-
surements have been taken. In current study,
measurements done while samples were ob-
served under confocal laser scanning micros-
copy. Previously Popovi¢ and Mikes (1989)
reported the parasite’s surface was covered
with tiny pricks. Gherasim et al. (2016) ob-
served that spikes were located in regular rows
laying on each other and were more densely
arranged toward the anterior end. In the study

it was observed that left intestinal branch in
length was shorter than intestinal right branch,
also previously confirmed by Gherasim et al.
(2016). The present study results confirmed the
same — left branch is shorten than right one.
The study results confirmed the same arrange-
ment of reproductive system as was described
by Lotz & Font (2008). Although, Skrjabin
(1970) described that ovary was located ante-
rior to ventral sucker or in ventral sucker zone,
in our trematode samples ovary located in level
of caeca in second part of body, entire or ir-
regular. We suggested that the bright points in
eggs were germinal cells based on Janardanan
& Prasadan (1991) described life cycle of other
trematodes where they described that miracidia
has four large, uninucleated germinal cells in
the posterior half of body. Excretory vesicle
V-shaped and it extended to ventral sucker
zone as previously described by Lotz & Font
(2008) and Skrjabin (1970). The present form
a little differed from those described by oth-
er authors (Lotz & Font 2008, Mashaii et al.
2000, Popovi¢ & Mikes 1989, Skrjabin 1970):
(1) spikes are absent in region around excreto-
ry pore; (ii) ovary located in level of caeca in
middle third of body. Krupenko (2014, 2019)
studies showed that muscle arrangements in
trematode might be very complex, therefore,
various fluorescent dyes, histological sections,
light and confocal laser scanning microscopy
are required to visualized general morphology
of the parasites. The current study and studies
in literature (EL-Shabasy et al. 2024, Glagoleva
etal. 2019, Kremnev et al. 2021, Kreshchenko
et al. 2024, Krupenko & Dobrovolskij 2018,
Terenina et al. 2022) have confirmed that trem-
atode muscular system is quite complex and
more developed in attachment organs.

CONCLUSIONS

However, during our previous studies
(Gavarane et al. 2018, Gavarane et al. 2019,
Kirilova et al. 2018) performing several
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experiments, it was observed that luminescent
properties of the same benzanthrone dye may
differ for the variable samples. Thus, not all
benzanthrone luminophores are equal for sim-
ple and rapid imagining due to specific inter-
molecular interactiosn between the applied dye
molecules and the stained object. The present
study revealed that usage of CLSM and lumiph-
ore 3-N-pyrrolidinylbenzanthrone is applicable
for detailed imagining of morphological char-
acteristics of P. confusus.
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