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Structural changes of loach embryos during embryogeesis
under the influence of Flurenizyd

Zmiany strukturalne zarodkéw piskorza podczas evgemezy
przy dziataniu flurenizydy

Summary. With the aim of exposing the harmful influenceRdfirenizyd, the studies investigated
the ultrastructure and morphology of embryos oftloklisgurnus fossilis L. in early stages of
development and larval development on the firssd#yincubation environment, which contained
this antibiotic.. It was shown that the antibio&it the concentrations of 1) 5 MM, 15 nM
caused a high death rate of embryos of loach gireadthe first day of its application. It was
established that Flurenizyd caused structural disnces of the mitochondria and the cytoplasmic
net, in addition to causing an increase of the remalh lysosomes in the embryos of loach at the
stage of development of 2 blastomeres. The dedriese changes is dose dependent. Flurenizyd
at the concentrations of 0.09Mn 0.15 nM and 5 "M at the stage of development of 64 blasto-
meres leads to dystrophic changes. It was showh tthe antibiotic at the concentration
of 0.05 M and 0.15 v causes necrotic changes, while at the maximaktigeged concentra-
tion the influence of Flurenizyd on the structurhhnges of blastomeres is less visible.
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INTRODUCTION

Research of influence of various compounds on divanganisms, in particular on
development of embryos, is important, as it is kndhat ultrastructural changes, during
early embryogenesis and morphofunctional rejedtiodevelopment of larvae, result in
violation of functioning of adult organism, andgives an opportunity to reduce the de-
gree of harmfulness of this substance.

From 2000 in medical practice use the new claseetfications — derivatives of flu-
orene (tricyclic aromatic kernel). To them belorte tknown antiviral preparations
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Florenalum and Amiksyn [Petrukh 1997, 2008, 201ihalik 2013]. Florenalum is bisulfite
connection of 2-fluorenonilglioksal, that neutraizhe action of herpes simplex, virus herpes
zoster and is used in ophthalmology for the treatrokviral diseases of eyes. Amiksyn (Ty-
lorone dihydrochloride, 2,7-bis-[2-(diethylaminehaxy]-fluorene-9-on) is a low-molecular
inductor of endogenous interferon, antiviral meam& immunomodulator effective
against all causative agents of sharp respiratogf infections. A search among fluo-
renes, high-efficiency substances of the wide spacof action, resulted in creation of
Flurenizyd (N-9-fluoreniliden-N'-izonycotynohydrai#) — preparation of antimicrobial,
antiphthisic, antichlamydial, immunomodulated, axiilant, hepatoprotective, anti-
inflammatory, antiviral action [Petrukh 2003a, 2D0Bhe antiviral action of Flurenizyd
is studiedin vitro andin ovo in relation to the virus of flu of bird (VFB) apfut/34
(H7N1) and to the virus of illness of Njukasla. Thearest analog of Flurenizyd, after an
action and structure, Amiksyn is, that differs imapmacological properties. Indexes of
antiviral action of Flurenizyd on the reproductigiwvirus of flu of birds in the systems of
in vitro andin ovo exceed such for Amiksyn.

Flurenizyd is Ukrainian preparation (registraticgrtdfication Ne of P.10.00/02305
from 12.10.2000) — produced as powder, pills ampesitory vaginal [Petrukh 2003b,
2008].

Without regard to the attained successes in reldatiche application of Flurenizyd,
with a therapeutic aim, his operating remains umkmen healthy cells. Thus, research
on the influence of Flurenizyd on the morphofunatibstate of bioblasts of loach is an
important question.

MATERIALS AND METHODS

The object of our researches were embryos of frashwiish of loachMisgurnus
fossilisL. A loach is widely used for research of row oblplems of the modern biology
of development, including in embryology, biochenhickiophysical, cytological and
other researches [Tuppetrral. 1970, De Laatt al.1974, Kafiani and Malenkov 1976,
Kostyuk 1978, Belousowt al. 1990]. He belongs to the family of loach ©bbitidae,
row of carpsCypriniformes, the superorder of bonefishes Tfleostei [De Laatet al.
1974, Tuppeet al. 1970].

For an experiment used the ovules of loMibgurnus fossilis L., that got and im-
pregnated after the method by Neyfah and Timof¢&9@8]. In the laboratory terms of
fishes retained in a refrigerator at 4€5For the receipt of caviar, a gonadotropin was
intramuscular entered females after 24—-48 hourthdorealization of the experiment.
Depending on a season and sizes of female, the afasermone presented from 250
international units (February—June) to 500 (begignfrom October) [Kostomarova
1975, Goida 1996, Yaremkevyeh al. 2009]. Ovulation came through 36—40 hours in
the temperature range from 19 to €0Male decapitated, testis had ground down and
inundated by the defended tapwater. The impregmatid caviar conducted in Petri dish
in vitro, adding the suspension of sperm. For the sat@fadtpregnation of caviar
a contact with sperm presented from 5 to 10 mirzf@ea and Chaylahyan 1977, Sana-
gurskiy 2008]. The then impregnated caviar was edsfiom sperm and incubation
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at 21-22€C in the solution of Holtfreter [Goida 1993]. Theagés of development con-
trolled by sight under the binocular microscop&iBS-9.

Researchers conducted on the embryos of loachatisatered: to the first division
of zygote (2 blastomeres); fourth (16 blastomerssith (64 blastomeres); eighth (256
blastomeres); tenth (1024 blastomeres). Througl® Brih after an impregnation zygote
is washed incubation in solution of Holtfreter (fr0 to 22€), that contained solution
of Flurenizyd (used new synthesis professor Petinkhe Lviv National Medical Uni-
versity of the name of Danylo Galychina substame&pncentrations 0.01; 0.05; 0.15; 1;
5; 15 nM. In obedience to the State Pharmacopeia of UkrBineenizyd at first dis-
solved dimethylsulfoxide, (as he in this substaeasily soluble) in correlation 1:2 (the
eventual concentration of dimethylsulfoxide in ¢mn did not exceed 0.9%), whereupon
led to the solution of Holtfreter to the correspimigd concentrations [Petrukh 2008].
Morphological and ultrastructural researchers giegimental and control objects con-
ducted after the generally accepted methods [Kcoastowa 1975, Goida 1996,
Yaremkevych 2009]. Watching embryos and larvaei@érout by means of binocular
microscope oMBS-9 with the photographic camera.

Experiments on a survival conducted with embryleat incubation in the control so-
lution (solution of Holtfreter) and in the solutiothat contained Flurenizyd, during five
twenty-four hours from the day of impregnation ém twenty-four hours after hatching.
The environment of incubation was changed eaabeififtminutes.

Ultrastructural researchers conducted on the stafjeevelopment of embryos of
2 blastomeres, 64 blastomeres and to a 10 dividio@4 blastomeres), for the actions
of Flurenizyd in concentrations 0.05; 0.15 andM.nThe investigated embryos of loach
were fixed by a 1.5% solution of glutar aldehydeaif.2 M cacodylat buffepd = 7.2)
at 4C, during 1 hour. Standards were washed by a caabdbyiffer and additionally
fixed 2% solutions of oxide osmium in the same duffuring 1 hour (4°). Preparations
washed from fixing and dehydrated in the growingaamtrations of ethyl spirit (50%,
70%, 90% and 100%). Additionally dehydrated in thve changes of the oxide propyl-
ene and placed in the epoxid resin of Epon 812gbling 1968].

For getting cuts, we used ultramicrotome of UMTPRath a diamond knife, con-
trasted 2% solutions of uranyl acetate, during v and additionally the lead citrate by
Reynolds [Golichenkov 1996].

Cuts were examined and took pictures by meanseafrehic transmission micro-
scope of EM-100.

RESULTS AND DISCUSION

Conducting a test of the survival of embryos of lthech for incubations in an envi-
ronment from Flurenizyd, we are set the dose-degmindecreasing of their viability,
comparatively with control (Table 1). Was shownttba the first stage of development
the percent of survival of embryos of the loachrdased approximately in two times at
the action of Flurenizyd in the concentration d#0mM, 0.05 nM, 0.15 nM (Table 1).
Insignificant decreasing of survival of embryonibjexts of the loach, at the influence
of the investigated factor, it is reduced to theosel time of experience (0.01Mnand
0.05 nM - in 3 times, 0.15 M — in 5 times, comparatively with control). At inéince
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of Flurenizyd of low concentrations percent of $ung pre-larvae decreased on the
third day of his action in 6 times (in the concatitn of 0.01 M and 0.15 iv) and in
12 times — under the action of antibiotic in a cmtcation 0.05 M. Percent of survival
of pre-larvae falls in 16 times under the actiohamtibiotic in the most lowest investi-
gated concentration (0.01M) on a 4th day, and already the pre-larvae of leadtied
on the 5th day. The investigated embryos died ieranronment with Flurenizyd in the
concentration of 0.05 M and 0.15 ¥ already after the third day of development. It
was noticed, that an antibiotic in the concentratd 1 nM, on the first day of develop-
ment, led to lowering of the percent of living imidiuals in 13 times, while on a 2nd day
— in 62 times. After the second day the alive emabrpot found at the influence of
Flurenizyd in the concentration of 1Mn It followed to mark that the embryos of loach
did not live out to the second day of developmenttlfie actions of antibiotic in the con-
centrations of 5 ™ and 15 M. Test on a survival in the control group of emisryo
comports with data of literature [Zyet al. 2014]. It is needed to mark that in control
larvae lived so long to the 10th day of developmefter that, without corresponding
additional forage, they perished.

Thus, we concluded that Flurenizyd in the concéiomaof 1 nM, 5 nM, 15 nM
predetermines the high death rate of embryos ahl@ready on the first day of its ac-
tion that testifies to considerable harmful inflaenon germinal cells. It is known that
Flurenizyd is able to penetrate through cellulamieanes, pass to the nucleus and act
on the processes of vital functions through infaeeon DNA [Bodnarchulet al. 2016],
that explains the negative dose-dependent acioftitibiotic on the viability of embry-
onic objects.

Table 1. Influence of solution of Flurenizyd is the survival of embryos of loach
Tabela 1. Dziatanie roztworu flurenizydy na prpealnas¢ zarodkow piskorza

Living individuals/ Przeywalnas¢ (%)
Days/ Dni if(;’n“tmg 0.01nM | 0.05mM | 0.15nM | 1mM | 5mM | 15mM
1 75 38 46 35 6 0 0
2 62 21 20 12 1 0 0
3 62 10 5 10 0 0 0
4 48 3 0 0 0 0 0

A morphological analysis showed that Flurenizydhia concentration of 0.01vh
0.05 nM and 0.15 v conduces to deceleration of development of embrybs un-
clear contours of blastomeres were found on a diflsion stage of embryos develop-
ment, that testified to a violation of structure agfllular membranes. Flurenizyd in the
concentration of 0.15 K in rare cases determined the excessive divisiocetl§, re-
vealed on the tenth division stage. It confirmsabdity of the investigated antibiotic to
influence on DNA in embryos. It is known that ore thtage of a 10 division of blasto-
meres a mitotic index falls and grows morphogenttviy of nucleus. There is a desyn-
chronization of the division of blastomers [Zyn 2D1Such unlimited increasing the
number of cells for the actions of Flurenizyd ie ttoncentration of 5 M and 15 nv,
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already the stage of eighth division (Fig. 1) wes K is needed to mark that Flurenizyd
in the concentration of 1 Mi, 5 nM, 15 nM leads to more expressed deceleration of
processes of development of embryos, comparatvithyan antibiotic in lower investi-
gated concentrations.

Fig. 1. The embryos of loach on the stage of thhthidivision at the influence of Flurenizyd
in the concentration of 5§ (a) and in control (b)
Rys. 1. Zarodki piskorza w etapie 6smego podziey gtzeniu flurenizydy 5 mM (a) i kontroli (b)

The analysis of control electrogram showed thathenstage of two blastomeres in
the embryos of loach prevail the wrong form of @iéint size of mitochondria, with well
noticeable cristae located in parallel, that cortppanith data of literature [Zyn 2014].
A matrix is electronic dense. It was found the stharytoplasmic net (SCPN) that testi-
fies to the low level of biosynthetic processesvails in the hyaloplasm of the cell. It
was found lysosomes, vitelline granules, peroxisomi¢h sharp-edged membranes. The
matrix of peroxisomes had dense content electrdini needed to mark that on the stage
of 2 blastomeres we found single peroxisomes inceike In the hyaloplasm of the ger-
minal cells, in a greater degree, there are prirhamysomes (shallow membrane blisters
are filled by an anhistous substance that contagtive sour phosphatase) and less —
secondary (Fig. d).

It was set, that the Flurenizyd in the concentratib0.05 nM on the stage of 2 blas-
tomeres predetermines the swelled mitochondriatra#®n of their cristae (Fig. 2b).
The matrix of mitochondria became light opticatlyat testified to the change of content
of his components, and also about violation of poprecesses in a cell. As well as in
a norm, prevailed sCPN, and content of free pobgilmes increases in a hyaloplasm.
Already on this stage of development the Flurenizgdhe concentration of 0.05Nh
here and there led to violation the structures efmirane round vitelline granules. The
incubation of embryos in the conditions of preseotée Flurenizyd, in the concentra-
tion of 0.15 nM, led to more expressed violations of the strucbfrenitochondria, on
the stage of development of 2 blastomeres (Fig. 2c)

The cristae were destroyed in the considerable giartitochondria’s. Their matrix
characterized lowering of electronic density andhassult appeared transparent zones.
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The loosening of external membranes was foundparsée areas of mitochondria. Such
changes led to the destruction of mitochondriaellfite granules lost the clearness
of membranes that testifies to a violation of s of lipid layer. The cytoplasmic net
of blastomeres was not visible as result destrocfidve number of lysosomes increased
in a hyaloplasm, that testifies to an increasegmigtic activity of cells.

a) b)

Fig. 2. An ultrastructure of the loach embryo oe $tiage of development of 2 blastomeres in
control @), at the influence of Flurenizyd in the concentnatof 0.05 ™ (b), 0.15 nM (c),
5 mM (d). Magnification 1 : 10 000Mch — mitochondria; SER — smooth endoplasmaticuletio,
L — lysosome, P — peroxisome, DV — digestive vaeudlG — vitelline granule

Rys. 2. Ultrastruktura zarodka piskorza w stadiubta&tomeréw w kontroli (a) przyeseniu
flurenizydy 0,05 mM (b), 0,15 mM (c), 5 mM (d). Pkszenie 1 : 10000Mch — mitochondria;
sER — gtadkie retikulum endoplazmatyczne, L — lizoapP — peroksysoma, DV — wakuola
pokarmowa, VG — granulkaditkowa
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Flurenizyd in the concentration of SMincaused considerable vacuolization, the de-
generation of cisterns of the endoplasmic reticuliifig. 2d). In a hyaloplasm, thus,
prevails smooth endoplasmatic reticulum (sER), tkatifies to the weak biosynthetic
processes of cells. The electronic density of rhibodria’s matrix was decreased, how-
ever internal (cristae) and external membrane @bchbndria looked well. There was
also many of mitochondria with an increased eleitralensities and lost cristae. On
electrograms was found digestive vacuoles and ased number of lysosomes. We also
found areas with the irreversible degenerative ghamf hyaloplasm. There were present
peroxisomes. It is known from the sources of sdienliterature the vacuolization of
germinal cells shows the late result of necrosisaiif It is the consequence of the viola-
tion of stream of Ng K* and molecules of water inside/outside of the ¢bk, exit of
ions of Ca?* and blocking of its transport in the cellular depof blastomeres [Man-
dzynetset al. 2011].

Thus, Flurenizyd predetermines structural violatiaf mitochondria and endoplas-
mic reticulum, causes the increasing of a numbdysafsomes at the loach embryos on
the stage of development 2 blastomeres, and a el@frexpressed of these changes is
dose dependent. The amount of violations of thecgire of organoids correlates with a
test on a survival, where was set that Flurenizy¢he concentration of 5 ¥h causes
100% death of embryos of loach on the first daglefelopment.

In control blastomeres on the 10th division of miitondria acquired an oval form
with clearly expressed cristae located in parattedt correspond with data of literature
[Zyn et al. 2014]. The membrane surrounds vitelline granudabsdorrect outlines. It was
found digestive vacuoles, peroxisomes, prevailesbsimendoplasmatic reticulum (Fig. 3).

Fig. 3. An ultrastructure of the embryo of loachtba stage of a 10 division. Control.
Magnification 1 : 10 000Mch — mitochondria; SER — smooth endoplasmatic reticu
L — lysosome, P — peroxisome, DV — digestive vaeudIG — vitelline granule
Rys. 3. Ultrastruktura zarodka piskorza w stadiunp@@zialu. Kontrola. Powkszenie
1:10 000Mch — mitochondria; SER — gtadkie retikulum endoplaizczne, L — lizosoma,
P — peroksysoma, DV — wakuola pokarmowa, VG — dkanibttkowa
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Fig. 4. Ultrastructure of embryo of loach on thagst of 64 blastomeres at influence of Flurenizyd
in concentration 0.05 M (a), 0.15 ™M (b), 5 nM (c). Magnification 1 : 10 000.
Mch — mitochondria; sER — smooth endoplasmaticuteti, L — lysosome, P — peroxisome,
DV - digestive vacuole, VG - vitelline granule
Rys. 4. Ultrastruktura zarodka piskorza w stadiurtywp 64 blastomeréw przy gteniu

flurenizydy 0,05 mM (a), 0,15 mM (b), 5 mM (c). Piekszenie 1 : 10 00Mch — mitochondria;

sER — gtadkie retikulum endoplazmatyczne, L — lizoapP — peroksysoma, DV — wakuola

pokarmowa, VG — granulkaditkowa

On the stage of development of 64 blastomeresghizyd in the concentration of
0.05 MM caused the violation of structure of membranestefline granules, that are the
source of feed for an embryo (Figa)4A number of digestive vacuoles, lysosomes and
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peroxisomes grew in a hyaloplasm. The content ofietes had a low electronic density
that testified to the active process of lysis [Maymktset al.2011]. The structure of ER
was violated, that was expressed through the diffyse of hyaloplasm. Under actions
of such low concentration of antibiotic, mitocholadacquired a spherical form that
testifies to their considerable swelling and Ids parallel location of cristae, and some-
times even and their disappearance. The swellimgitothondria testifies about violation of
water-salt exchange, power processes in cells. tdestch cells there were blastomeres with
the external membrane of mitochondria that formsgmations, and had unclear outlines,
their matrix was optically transparent, that spesifon structural-functional changes. The
cisterns of sER broaden. In the sight prevailed afdRfree polyribosomes.

On the stage of 64 blastomeres in an environmetht Rurenizyd of the higher in-
vestigated concentration (0.15Mi the membrane around the vitelline granules loos-
ened, mitochondria acquired an angular form cri¢kag. 4b) was badly looked. A ma-
trix was optically dense. We met mitochondria vatlight matrix. The structure of CPN
remained destroyed.

Flurenizyd in the concentration of 5Mnled to the analogical structural changes as
the action of Flurenizyd in the concentration dE®mM. However, in this case, it was
found considerable vacuolization of cytoplasm aastiiction of membranes of cellular
organoids appeared on the stage of developmend dilgstomeres that testified to the
great degenerative changes (Fig. 4c).

Fig. 5. Ultrastructure of embryo of loach on thagst of a 10 division at influence of Flurenizyd
in concentration 0.15 M (a), 5 mM (b). Magnification 1 : 1000QMch — mitochondria,
sER — smooth endoplasmatic reticulum, L — lysosdMe peroxisome, DV — digestive vacuole,
VG - vitelline granule
Rys. 5. Ultrastruktura zarodka piskorza w stadiunp@@ziatu przy stzeniu flurenizydy 0,15 mM
(A), 5 mM (b). Powgkszenie 1 : 10 000Mch — mitochondria; SER — gtadkie retikulum
endoplazmatyczne, L — lizosoma, P — peroksysoma;--Bkuola pokarmowa,
VG — granulkazottkowa

To the 10th division, Flurenizyd in the concentratdf 0.05 M predetermined the
damage of mitochondria, the matrix of that wasagity opaque (turbid), cristae disor-
ganized. It was found the mitochondrias with thgnsiof swelling. The membranes of
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organoids were loosened, that testified to theatioh of processes of lipoperoxidation
in cells. On this stage of development, the antiibio the higher investigated concentra-
tion (0.15 nM) led to the considerable damages of all organelfebe cell (Fig. 5).
The large digestive vacuoles appeared vitellinegjes collapsed, mitochondria difficult
found, ER and vehicle of Golgi apparatus were tratsired. It is known that the changes of
intracellular organoids with a very high electrodénsity can testify to the processes of dena-
turation of intracellular proteins and contractafrcolloids, that go out outside a physiology
norm (that and is characteristic for necrosis) [#gschynet al. 2007].

It is needed to mark, that ultrastructural changfdslastomeres were less expressed
on the stage of 10 division (Fig. 5b) under actiarenizyd in the concentration of
5 mM. The hyaloplasm of the cell contained sER withtligxtended cisterns. Mitochon-
dria’s were oval form, but their an external memigravas deformed, although had well-
expressed contours. The mitochondria were withtthesparent content. There were
single lysosomes and digestive vacuoles. It is knthat beginning from a ninth division
there is a desynchronization process in the nu@adamitotic index falls, RNK is inten-
sively synthesized and activated morphogenic fonctif the nucleus. Probably, on this
stage of development of embryos of loach, Flurahimya high concentration activates
the protective processes in cells, while the lowocemtrations lead to their oppression.
These results correlate with intensity of processe$ipoperoxydation, where it was
shown by us, that at influence of Flurenizyd incaa@entration 5 Ml content ofTBK-
active products decrease in relation to controlngaratively with the action of
Flurenizyd in the concentration of 0.08vimand 0.15 M where content of secondary
products of lipoperoxydation increasecomparativégtih control [Bodnarchuk 2016].

Thus, Flurenizyd of the investigated concentratiamsthe stage of development of
64 blastomeres, lead to the dystrophic changesbiatit in the concentration of 0.05
mM and 0.15 M causes necrotic changes, comparatively with Fimydnof the maxi-
mal investigated concentrations, under its inflgen€ that structural changes of blasto-
meres are less expressed.

CONCLUSIONS

1. Flurenizyd in the concentration IMrand higher predetermines high death rate of
embryos of loach already on the first day of hituence, comparatively with the action
of antibiotic in a concentrations 0.01; 0.05; Omidl.

2. Antibiotic causes structural violations of mibeaidria and endoplasmatic reticu-
lum, the increase of an amount of lysosomes akthbryos of loach, on the stage of
development of 2 blastomeres, and a degree of ssgdeof these changes is dose-
dependent.

3. Development of embryos, at the presence irethéronment of Flurenizyd, on
the stage of 64 blastomeres, characterized byapst pathology, the degree of expres-
sion increases with the concentration from 0.08 ta 5 mM.

4. Flurenizyd in low concentrations predeterminesratic changes in the cells of
loach embryos on the stage of 10th division.
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Streszczenie.W celu udowodnienia szkodliwego wplywu flurenizydypadano ultrastruktury
i morfologie zarodkdéw piskorzaMisgurnus fossilis L. w pocatkowych stadiach embriogenezy
i larw w pierwszych dniach inkubacji w ppwce, ktéra zawierata roztwor tego antybiotyku. Wy-
kazanoze flurenizyda w szeniu 1 mM, 5 mM, 15 mM powoduje wzrashiertelndgci zarodkow
piskorza w pierwszym dniu jej stosowania. Stwiertzaze flurenizyda prowadzi do zaburze
strukturalnych w mitochondriachgtadkiej siateczcérédplazmatycznejpowoduje wzrost liczby
lizosoméw w zarodkach piskorza w stadium 2 blastdme Stopi@ tych zmian zaley od dawki
preparatu. Flurenizyda wegeniach 0,05 mM, 0,15 mM i 5 mM na etapie 64 blasi@w prowa-
dzi do zmian degeneracyjnych. Wykazane,w stzeniu 0,05 mM i 0,15 mM powoduje zmiany
martwicze, natomiast w maksymalnynezgniu powoduje mniej wytame zmiany strukturalne
blastomerdow.

Stowa kluczowe zarodki piskorza, embriogeneza, flurenizydaasitruktura



