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Background. Our previous studies have shown a minor embryotoxic effect of poly-
meric poly(VEP-co-GMA)-graft-mPEG carrier on Missgurnus fossilis L. embryos and
prelarvae. At the same time, it was found that a 3-day exposure to 10"®* M polymer car-
rier slowed developing, which is characterized by a delayed hatching of larvae. However,
in the 10-day experiment on loach larvae exposed to polymeric carrier, anomalies and
defects of development have not been identified. The aim of this work was to analyze
the embryos and prelarvae survival, as well as determine the morphometric indicators
of the loach embryos under the action of a PEG-modified polymer carrier.

Materials and Methods. Ovulation in loach females (Misgurnus fossilis L.) was
stimulated by intramuscular injection of female chorionic gonadotropin (500 units), eggs
were obtained 36 h after stimulation, fertilized in Petri dishes with a suspension of sperm
according to A. A. Neifach. The stages of development were observed visually under
a binocular microscope MBS-9 with a photo camera in a real-time mode. The experimental
embryos were incubated in Goltfreter’s solution with the addition of PEG-containing car-
rier to a final concentration of 10 and 100 umol/L. The morphological development of the
embryo groups was evaluated according to the T. Fujimoto development tables (2004),
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and the morphological parameters (diameter and area of roes, blastomers, embryos,
embryo sac and blastodisk) were measured using ImageJ and Photoshop (CC 2014v15)
programs.

Results. Addition of the 10 pmol/L PEG-containing carrier to the medium initiated
significant positive changes in the survival of loach embryos and prelarvae, in contrast
to exposure to 100 uymol/L carrier. A significant increase in the area and diameter of
blastomers and the embryos themselves under the influence of 100 pmol/L PEG carrier
was established, which may indicate swelling of the embryos and a disruption of water-
salt exchange that causes the early death of embryos.

Conclusions. (1) Low embryotoxicity of the PEG-polymer was confirmed on the
studied model of the loach embryos. Based on the obtained data and the original data
of J. Maes et al. (2) PEG is an attractive polymeric carrier for the delivery of a variety
of compounds to both embryos and prelarvae as well as other model subjects. Despite
the fact that we investigated only two concentrations of the PEG-containing carrier, it
is quite likely that these concentrations of the carrier are (3) biologically active in them-
selves and, therefore, a thorough selection of the PEG-carrier concentration for each
objective of the model is needed.

Keywords: loach, embryo, prelarva, polyethylene glycol, polymeric carrier,
morphometric parameters

INTRODUCTION

The modern technological industry is a major global negative factor that affects
human health, especially through environmental pollution and the spread of many
chronic diseases such as metabolic, autoimmune ones (Moreira et al., 2023; Sears
& Genuis, 2012) and cancer (Alamro et al., 2021; Avramovi¢ et al., 2020; Fawzy &
Toghan, 2020; Lu et al., 2020). Unfortunately, some of these diseases are still difficult to
treat with traditional pharmacotherapy, which depends on many properties of the drugs,
such as solubility, bioavailability, biocompatibility, molecular weight, and intermolecular
(or hydrogen) bonds, which may hinder the desired positive therapeutic response.

Polymers play an important role in the traditional formulations; they are used as film
coating agents in tablets, binding agents in capsules and viscosity enhancers in emul-
sions (Dardeer et al., 2022). The main function of polymer carriers is to transfer drugs
to the active site and protect drugs from interactions with other molecules that cause
the loss of their pharmaceutical activity. Modern polymer carriers prevent interaction
between the drug and proteins, which leads to the prevention of its arrival at the site of
action. In addition, polymer carriers are used as controlled release systems aimed at
increasing the effectiveness of the drug therapy (Adepu & Ramakrishna, 2021; Ooya
et al., 2000).

The biodegradable polymers (Sung & Kim, 2020) are currently used as drug deli-
very systems, most commonly in dosage forms, such as poly(N-vinylpyrrolidone) and
polyethylene glycol (PEG). PEGs, as polyrotaxanes, have been widely studied due to
their biocompatibility and the ease of synthesis (Higashi et al., 2019; Steiner & Saenger,
1996; Yui et al., 1998). However, contrary to the vast clinical experience, not only
advantages, but also side effects and complications of the PEG action have been estab-
lished (Knop et al., 2010). The dangerous and most common effects of the exposure to
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PEG include organism hypersensitivity, unexpected changes in pharmacokinetics, toxic
byproducts, and antagonism resulting from easy degradation of the polymer, its inability
to fully biodegrade, as well as possible accumulation in the body.

Nevertheless, after 30 years of research (Pasut et al., 2008), the advantages of
PEGylation (i.e., covalent linking of the PEG strands) have allowed for the introduction
of a necessary technology in the field of biopharmaceuticals, which is used to improve
the stability, solubility, bioavailability and immunological properties of bioactive proteins
and peptides, in particular, in cancer therapy.

The scientists have established a positive effect of PEG on the growth and deve-
lopment of plant species embryos that have low efficiency of somatic maturation of
embryos, germination and transformation into seedlings. The increased transcript levels
of these genes in immature PEG-treated embryos suggest that PEG may improve the
quality of spruce somatic embryos by promoting normal differentiation of the embryonic
shoot and root of white spruce (Picea glauca) (Jalali et al., 2017). Jalali M. and col-
leagues (2017) showed the ability of PEG-4000 to stimulate the somatic maturation
of the walnut embryo (Juglans regia L.). This stimulatory effect was dependent on the
carbohydrate source used. Different concentrations of PEG were effective on a number
of embryos with a shoot meristem. PEG-4000 (7.5%) and sucrose (3.0%) produced the
highest rate (50.0%) of the normal shooting embryos. However, PEG (4000, 6000) and
maltose caused an unfavorable effect and increased the frequency of abnormal shaped
somatic embryos (Jalali et al., 2017).

Polyethylene glycol is also used for cryoprotective treatment of the immature ani-
mal oocytes. For example, da Silva Santos et al. (2017) found that PEG did not improve
oocyte survival and embryo development, whereas another substance, Supercool
X-1000, improved the ability of surviving oocytes to cleave and divide, but not to develop
into blastocysts (Santos et al., 2017). T. Somfai et al. (2013) attempted to optimize the
cryoprotective treatment for vitrification of immature porcine cumulus-oocyte complexes
using 35% ethylene glycol (EG) and propylene glycol (PG), or a combination of 17.5%
EG and 17.5% PG. The mean survival rate of vitrified oocytes in 35% PG (73.9%) was
higher (P <0.05) than that in 35% EG (27.8%) (Somfai et al., 2013). Oocyte maturation
rates did not differ among vitrified and non-vitrified control groups. In conclusion, 35%
PG enabled a higher oocyte survival rate after vitrification compared with 35% EG.
However, PG was greatly toxic to oocytes (Somfai et al., 2013).

However, the studies on PEG and PEG-containing polymers effect on the embryo
and larvae of the aquatic organisms, and their development are few and insufficient.
Maes and co-authors (2012) determined the maximum tolerated concentration of sev-
eral commonly used solvents and carriers in zebrafish embryos and larvae at different
developmental stages. PEG-400, propylene glycol and methanol as solvents have been
found to be relatively well tolerated at various stages of zebrafish development. The
study results revealed that acetone was well tolerated by embryos, but not larvae, and
1% cyclodextrin (HPBCD) was well-tolerated by both embryos and larvae, indicating the
utility of this carrier for compound screening in zebrafish (Maes et al., 2012).

One of the ways to evaluate the effect of newly synthesized substances on embry-
onic development is to study their effect on the development of frog (Misgurnus fos-
silis L.) embryos, which, like FETAX (Frog Embryo Teratogenesis Assay — Xenopus
(FETAX)) and zebrafish (Danio rerio) (Chan et al., 2002), can be used as a screening
test for the identification of chemical teratogens (Bantle et al., 1999; Fort et al., 2000).
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It has been repeatedly confirmed by previous studies that loach embryos are an ade-
quate test system for studying the influence of chemical (Boiko et al., 2002; Goyda,
1993) and physical (Semochko et al., 2010) factors on the living organisms in our cli-
matic zone, and, due to the short period of embryogenesis, are a convenient object for
experimental research. Considering the limited data on the effect of PEG-containing
carriers on embryonic development, the aim of the work was to investigate the influence
of the polymer carrier on the survival and morphometric parameters of cold-blooded
embryos during early embryogenesis.

MATERIALS AND METHODS

Misqurnus husbandry, collection of the gametes, fertilization of eggs, collection
of embryos and maintenance was performed as previously described (Fujimoto et al.,
2004; Goyda, 1993). Embryotoxicity assays were standardly performed in Petri dishes
(wrapped with parafilm to limit solvent evaporation) using 100 embryos per dish in the
Holtfreter’s medium (110 mM NaCl, 1.4 mM KCI, 1.8 mM CaCl,, and 5 mM Tris-HCI,
pH 7,4). In the experiment, 3 females and 3 males were used (to repeat the experiment
in a series, 3 cups were placed per pair of the individuals (a total of 900 fertilized eggs)).

Under the experimental conditions, embryos were incubated in Holtfreter’s solution
with the addition of PEG-containing carriers to final concentrations of 10 and 100 umol/L.
Embryos and larvae of both control and experimental groups were observed for 12 days
using a MBS-9 binocular microscope with a photographic attachment in real time. The
morphological development of the control and experimental groups of embryos was
evaluated according to the development tables of T. Fujimoto (Fujimoto et al., 2004),
and the morphological parameters (number of analyzed photoi, Fig. 1, n = 7) were cal-
culated using computer programs Imaged and Photoshop (CC 2014v15).

¢
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Fig. 1. An example of determining the diameter and area of the oocyte on the microphoto using the ImageJ
program

The PEG-containing carrier poly(VEP-co-GMA)-graft-mPEG was synthesized at
the Department of Organic Chemistry of Lviv Polytechnic National University. The steps
of synthesis were described in detail in the previous publication (Mitina et al., 2020).
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Water dispersion of the polymeric carrier on the basis of poly(VEP-co-GMA)-graft-
mPEG was prepared by dissolving it in dimethyl sulfoxide (DMSO), and the solution
was subsequently transferred in water.

Statistical analysis of the obtained results was carried out using the MS Excel-
2016 and Statistica programs. All data are presented as mean (M) + standard devia-
tion (SD). To determine statistically significant differences between the means of inde-
pendent investigation groups, one-way analysis of variance (ANOVA) was used. The
Shapiro—-Wilk’s test was used to assess the type of distribution and survival curves were
assessed by calculating the Logrank test (Li & Ma, 2013). P values of <0.05 or lower
were interpreted as statistically significant.

Manipulations with animals were carried out under the principles of the “General
Ethical Principles of Experimentation on Animals” approved by the First National
Congress on Bioethics (Kyiv, Ukraine, 2001) and “European Convention for the
Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes”
(Strasbourg, France, 1985) as well as approved by the Ethics Committee of lvan Franko
National University of Lviv, Ukraine (Protocol No 39-09-2023 of 08.09.2023).

RESULTS AND DISCUSSION

According to our previously conducted studies (Bagday et al., 2014), on the first
day of the development in control group, the survival of embryos significantly decreased
by 19.1£1.9 % compared to the fertilization stage. On the second day of the experi-
ments (48 hours), insignificant decrease in the control embryo survivals was noted — by
2.4+2.0 %. However, at the following stages of the development, changes in survival of
the loach prelarvae compared to the first day of the development were significant. Such
data are consistent with the critical stages of the development of teleost fish (Fujimoto
et al., 2004).

Analysis of the survival of embryos and prelarvae under the influence of
PEG-containing polymer. It was found that 87.6 % of the embryos survived under
the influence of the 100 umol/L PEG-containing carrier on the first day after fertilization
(significant changes compared to the control, Fig. 2).

On days 3-5 of the study, the survival percentage of fish prelarvae (individuals that
did not switch to a mixed diet) did not change; on average it was 85.5 %. The prelarvae
death gradually decreased up to the 12th day of development after fertilization and the
survival percentage of individuals was 73.3 %. In the previous studies of morphological
development of the loach, a slowdown in the development was noted on the third day,
characterized by a delay in the larvae hatching in the presence of a polymer carrier
in the medium (Bagday et al., 2014). However, on the 12th day of the experiment, no
abnormalities and developmental defects were detected in the larvae loach exposed to
the polymer carrier.

The high percentage of mortality on the first day after fertilization can be explained
by the natural selection and critical stages of the development. Not all embryos survive
this period, the appearance of genetic abnormalities and the development of pathologies
is possible (Fujimoto et al., 2004). Also, not all eggs are fertilized by healthy sperm, so
this factor must also be taken into account. The lowest mortality rate under the influence
of 10 ymol/L PEG-containing carrier was detected on the first day of the development
(10.8 %), and the highest level of the mortality — under the 100 umol/L PEG-carrier influ-
ence (25.5 %). On the 12th day of the experiment, the prelarvae survival did not change.
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Fig. 2. Survival curves of the loach embryos and prelarvae under the influence of the PEG-containing poly-
mer for 12 days of development (all changes are statistically significant compared to the control under
both concentrations of PEG-polymer: *** — P <0.001; statistically significant changes compared to the
first day after fertilization; # — P <0.01, ## — P <0.001)

The Longran criterion (Li & Ma, 2013) was used to analyze the survival data, which
allows us to state that the differences between the curves of 10 and 100 ymol/L PEG are
statistically significant (see Table 1, P <0.001 and P <0.05, respectively).

Table 1. Survival analysis and survival coefficient of the loach under the action of PEG-
containing carrier

Logrank test Statistic x> B Ks (%) Conclusion

10 PEG 21.43 P <0.001 80.8+1.77
Functions vary
100 PEG 4.08 P =0.05 70.4+0.68

J. Maes et al. (Maes et al., 2012) analyzed the effects of a 24-hour exposure to
11 solvents (acetone, acetonitrile, butanone, dimethyl formamide, DMSO, ethanol,
glycerol, isopropanol, methanol, polyethylene glycol (PEG-400), propylene glycol, and
solketal) and two carriers on zebrafish embryos and larvae during seven days’ post-
fertilization. No post-exposure effects until seven days’ post-fertilization were detected
at the MTCs. Phenotypic effects were recorded at the lowest concentration for each
solvent, and at each developmental time point, in those cases where at least 50 % of
embryos or larvae were affected (Maes et al., 2012).

Under the 10 pmol/L PEG-carrier influence, a better survival of the loach embryos
and prelarvae was noted. Thus, an addition of the 10 ymol/L PEG-containing carrier to
the incubation medium during the experimental period of the development did not cause
significant changes in the morphological parameters, namely the area and diameter of
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blastomers and embryos as a whole (data not shown). Examining the tolerance and
preservation of biocompatibility is a crucial aspect in the study of properties of newly
synthesized carriers. Therefore, the article presents and analyzes the morphometric
parameters of the embryo objects under the influence of PEG-carrier in the concentra-
tion of 100 ymol/L, addition of which to the incubation medium leads to pronounced and
reliable changes in the studied developmental parameters.

Morphometric parameters of loach embryos under the influence of polymer
carrier. As experimental animals, representatives of the Misgurnus spp. are very interes-
ting from the point of view of chromosome manipulations to induce cyanogenesis, andro-
genesis and various polyploidies (Fujimoto et al., 2004), biotechnologies to produce of
chimeric fish (Nakagawa & Ueno, 2003) and nuclear transgenics (Nam et al., 2001).

Therefore, during the period of blastomer division (Fig. 3), no significant differences
were found in the development of the embryos that were exposed to the polymer carrier
at the concentration of 100 pmol/L compared to the control samples (Bagday et al., 2014).

Fig. 3. Morphological development of loach embryos after fertilization (40 min, A), at the stages of the
first (B), fourth (C) and tenth divisions (D) under the influence of a PEG-containing polymer carrier at
the concentration of 100 ymol/L. Photograph x7
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The cleavage scheme in the loach, as in other teleosts, is typical meroblastic clea-
vage (cell divisions are synchronous, and each division occurs about every 27—-30 min on
average (Fujimoto et al., 2004)). The morphometric parameters of fertilized eggs under
the action of 100 ymol/L PEG did not change significantly compared to oocytes (data
not shown in the Table 2). However, there was a significant increase in the diameter and
the area of the embryo and blastomer; in addition, a decrease in the area of the yolk sac
(see Fig. 3A and Table 2) was noted within an hour after fertilization. Such changes are
associated with the intensive use of maternal reserves from the yolk sac.

Table 2. The morphometric parameters of loach embryos under the effect of 100 umol/L
PEG polymer (number of analyzed photoi, n = 7)

Control PEG-carrier
Stages (min)  Description Area (mim?) Diameter / Area (mim?) Diameter /
height (mm) height (mm)
Roe 168+0.04%  139+0.01  11.9940.03"  1.42:0.07
Fertilization Embryo 0.660.03  091:0.01*  068:008  0.90%0.05
(40£3 min) _blastodisk  0.224¢0.003  0.19+0.002  0.260.02  0.200.02
- yolk sac 0.66:0.03  0.91:0.01*  0.68:0.02  0.90+0.05
o Roe 1.92:0.06  1.41:0.04  1.99:0.04 1.43+0.06
; g:‘;‘sst'grrr‘lers Embryo 0.75:0.008  0.96+0.01  10.78£0.006™  0.97+0.03
(60+3 min) - blastomer ~ 0.08+0.004 0.19+0.01 10.17£0.01™  10.29+0.02"
. - yolk sac 0.63:0.02  096:0.02  0.66+0.02  0.98+0.03
- Roe 2.2840.03"%  153:0.03*  2.27+0.03%  1.54+0.05
‘1‘ é’g’l':;‘t’gmers Embryo 0.89:0.03*  0.97+0.02  11.1830.04“#* 11.07£0.03"*
(150<3min) - blastomer  0.12:0.02  0.11:001%  10.190.02"  10.16£0.01°%
. _yolksac ~ 0.77+0.03*  097+0.02  0.77:0.03*  0.97:0.02
- Roe 2.36£0.01%  1.66£0.01%*  2.38£0.03%  1.55:0.05
182‘2";:2::2mer8 Embryo 0.95:0.02%  1.02:0.02* 11.23:0.04™#* 11.11£0.03*
(330£3min) - blastomer 0.22:0.04"  0.05:0.01%  10.3420.02™% 10.10£0.01"
. _yolksac ~ 0.74t0.02%  099+0.02*  0.69:0.02*  0.99:0.02

Comments: changes are valid relative to the control (1*) and the first division stage of the corresponding
sample of dates (*) (* — P <0.05; ** — P <0.01; *** — P < 0.001)

At the 16 blastomers stage, significant changes in the diameter and area of the roe,
yolk, embryo and blastomers were found; compared to the control and 2 blastomers
stage (see Fig. 3C and Table 2). The diameter and area of blastomers significantly
increased compared to the control under the influence of 100 umol/L PEG, which indi-
cates the swelling of embryo cells and the embryo as a whole. Such changes are pro-
bably caused by a change in the membrane permeability for sodium and potassium ions
in the embryo plasma membranes, and, accordingly, by a change in the water transport.
This is partly confirmed by the general decrease in the size of the roe at this stage of
development.
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The 10th blastomer division (1024 cells in the blastodisk) is transitional between
synchronous and asynchronous divisions of loach. At this stage of the development,
under the influence of 100 uymol/L PEG, significant changes in the area of the roes,
the area and the diameter of the blastomers compared to the control were detected.
Besides, the diameter of the roe significantly decreased compared to the control (see
Fig. 3D and Table 2).

Numerous PEGs of varying molecular weights are used as solvents and excipients
for the delivery of a broad range of drugs. As is known, polymeric carriers improve
the delivery of chemical compounds to the cell. Earlier, it was shown that a 2-amino-
5-benzylthiazole derivative in a complex with a PEG-containing carrier (Popovych
et al.,, 2021) did not impair the effect of antineoplastic compounds on lymphoma cells,
but caused the lymphoma cells death through apoptotic changes. As C. Yang, H.-Z. Liu
and Z.-X. Fu (2012) showed, an antitumor compound oxaliplatin in conjugation with
PEG-liposome complex induced a stronger apoptotic response than free oxaliplatin
(Yang et al., 2012).

The J. Maes et al. (2012) study focused on PEG-400, which was tolerated well by
both embryos and larvae. All developmental stages exhibited no adverse effects up to at
least 2.5%. Although embryotoxicity studies of PEG-400 and other polyethylene glycols
have previously not been reported for zebrafish, mammalian studies have been carried
out. For example, rats injected intraperitoneally for a total of three times during the ges-
tation period with polyethylene glycol (PEG-400) at doses equivalent to 50% of the LD,
exhibited no increase in pre-implantation mortality. However, mild signs of embryotoxic-
ity and generally retarded development were observed (Smyth et al., 1950), which is
partially consistent with our previously obtained data on the morphological development
of loach embryos under the influence of PEG-carrier.

Based on our data and the original data by J. Maes and coleagues (2012) (solvents
such as PEG-400, propylene glycol, and methanol were studied), PEG is an attractive
polymeric carrier for the delivery of various compounds to both embryos and larvae, as
well as other model objects. Although we investigated only two concentrations of the
PEG-containing carrier, it is likely that these concentrations are biologically active in
themselves and therefore could potentially influence the pharmacological or toxicologi-
cal characteristics of the transported substances. In general, given the relatively small
differences between concentrations that are apparently safe, further studies should be
conducted to determine which cellular processes and signaling pathways are affected
by newly synthesized carriers.

CONCLUSIONS

Based on the obtained data, PEG appears to be an attractive carrier to deliver
compounds to both embryos and prelarvae. Low embryotoxicity of the PEG-containing
carrier was confirmed on the studied model of loach embryos and prelarvae. Despite
the fact that we investigated only two concentrations of the PEG-containing carrier, it is
quite likely that these concentrations of the carrier are biologically active in themselves
and, therefore, a thorough selection of the PEG-carrier concentration for each model-
objective is needed.
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AHANI3 BUKUBAHHA TA MOP®OMETPWUYHI MAPAMETPU EMBPIOHIB
| NEPEQNTIMYNHOK B’OHA 3A [ii MONIMEPHOIO HAHOHOCIA NOXIAHOIroO
NONIETUNEHINIKONO

Mapma Bypa', Onez lNozons', SipuHa Wanad', Jlinis Bamiok?,

CeimnaHa MaHd3uHeuyb®, OnekcaHop 3aiyeHko*

" Jlbeiscbkuli HauioHanbHUl yHisepcumem imeHi lsaHa @paHka

syn. lpywescbkoeo, 4, Jlbeie 79005, YkpaiHa

2 Xapkiecbkull HauioHanbHuUl medu4Hull yHisepcumem, npocr. Hayku, 4, Xapkie 61022, Ykpai+a
3 MpusamHuli nidnpuemeybs MaHd3uHeus CeimnaHa MuxalinieHa

8yn. Yxxeopodceka, 14, Jlbeie 79034, YkpaiHa

4 HaujoHanbHutll yHisepcumem “flbsiecbka nonimexHika”, rnn. Cesmoeo FOpa, 9, Jibeie 79013, YkpaiHa

AktyanbHicTb. [lonepeaHi Hawi JoOCnigXeHHs MNPOAEMOHCTPYBanu He3HayHy
emMbpioTtokcuyHy gito poly(VEP-co-GMA)-graft-mPEG Hocisi Ha eMOpioHN Ta NNYUHKK
Missgurnus fossilis L. BogHo4ac 3'sicoBaHo, Wwo 3-AeHHa ekcnoauuis 107" M nonimep-
HOrO HOCIs1 CMOBIMNbHIOE PO3BUTOK, i Lie CYNMPOBOMKYETHLCS YNOBINIbHEHHAM BUMYMNIEHHS
nuyuHok. MNMpote B 10-4eHHOMY focnifi y NMMYMHOK B'tOHA, SKi 3a3Hanu Aii noniMepHoro
HOCisl, aHOManin i Ba po3BUTKY He BUsiBNeHo. MeTa poboTn — 3pobutn aHania BMxXu-
BaHHS 3apofkiB i NepeasIMYNHOK Ta BU3HAYNTU MOPEOMETPUYHI NOKA3HUKN eMOpPIoHIB
B’toHa 3a Bnnuey NEMM-moaungikoBaHOro noniMepHoro Hocis.

Marepianu i metogu. OBynsuito y camok B'toHa (Misgurnus fossilis L.) ctumy-
noBanu BHYTPILUHBOM'A30BUM BBEAEHHSIM CaMKaM XOPIiOrOHIYHOMo roHagoTporniHy
(500 og.), ikpy ogepxyBanu yepe3 36 rog nicnsg cTUMynsuii, 3annigHoBany B Yalukax
MeTpi cycneHnsieto cnepmiiB 3a A. A. Hendpaxom. CTagii po3BUTKYy KOHTPOMOBanu Bi3y-
anbHo nig 6iHoKynsipHUM Mikpockornom MBC-9 3 choTorpadiyHO NPUCTABKOK B PEXNUMI
peanbHoro yacy. ExcnepvmMeHTanbHi eMOpioHn iHKyOyBanu B po3uumHi Fonbtdhpetepa
3 popaBaHHsAM [MEM-BMicHOro Hocis go KiHUeBoi koHueHTpauii 10 i 100 mkmonb/n.
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MopdonoriyHuin po3BUTOK Tpyn emMOpiOHIB OLUiHIOBanu 3a TabnuusaMu po3BUTKY
T. Fujimoto (2004), a mopdponoriyHi napameTpu (giameTp i nnowly ikpu, rnactomepis,
3apoakiB, 3apoAKOBOro Millika Ta 3apOAKOBOro ropbuka) BUMIptOBanu 3a OOMOMOroH
Komm’toTepHux nporpam Imaged ta Photoshop (CC 2014v15).

Pesynbratn. JogaBaHHa go cepeposuwa 10 mkmornb/n MNEM-BmMicHOro Hocis iHi-
LitoBarno no3vTMBHI JOCTOBIPHI 3MiHM BWXMBAHHA 3apoAkiB i nepeasiMinHOK B'loHA, Ha
BigMiHy Big BnnmBy 100 MKMonb/N Hocisi. BcTaHOBNEHO 4OCTOBIpHE 36iNbLUEHHS NIOLL
Ta giameTpa bnactomepiB i cammnx embpioHiB 3a Bnnuey 100 mkmonb/n ME-Hocis. Lle
MOXe€ CBIigUYMTV NPO HabpPsIK 3apoaKiB i NOPYLLUEHHS BOOAHO-CONMbOBOro 0OMiHy, LLIO CTae
NPUYMHOK paHHbLOI 3arnberi 3apoakis.

BucHoBKK. Ha gocnigkyBaHii mogeni 3apoakiB B'toHa (1) niaTBepa)KeHO HU3bKY
eMOpioToKcHYHICTb gocnigkyBaHoro NEM-nonimepy. Buxoasum 3 oTpuMaHux AaHuX
i BUXigHUX gaHux J. Maes Ta cniBaBT. (2), NEl € npuBabnueMM NoNiMEPHUM HOCIEM
AN OCTaBKU Pi3HOMAaHITUX CMOSYK K 40 eMOPIOHIB i IMYMHOK, TaK i 4O iHWKX MoAenb-
HuX 00’ekTiB. Hesaxatoum Ha Te, Wo M1 OOCHiaKyBanu TinbKn ABi KOHUeHTpauii MNErN-
BMICHOIO HOCIsl, LiJIKOM iMOBIPHO, LLIO TaKi KOHUEeHTpaUil uiei pe4oBuHM € BionoriyHo
aKTUBHMMM cami no cobi (3), ToMy BMHMKaE noTpeda B geTanbHOMY Nigbopi KOHLEeHTpa-
uii MEM-Hocis ansa Ko)XHOro MoaenbHoro ob’ekTa.

Knroyoei cnnoea: B'lOH, 3apoaku, nepeasindmMHKa, MosieTUNeHrnikonb, norimep-
HWI HOCI, MOPOMETPUYHI NapameTpu
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