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Preservation of cell viability and morphological integrity of placental explants is crucial for their subsequent use
in pharmacology and regenerative medicine. Of particular interest is the potential influence of fetal sex on the bio-
chemical profile of the placenta.

The aim of this study was to determine the efficiency of cryopreservation of human placental explants using 10%
dimethyl sulfoxide (DMSO) and to assess the effect of fetal sex on the content of biologically active substances in
placental extracts.

Placental explants were obtained from women after cesarean section and cryopreserved at a cooling rate of 1°C/
min to —70°C, followed by storage in liquid nitrogen. Cell viability was assessed using vital staining with neutral red
and trypan blue, while morphological analysis was performed after hematoxylin and eosin staining of histological
sections. Hormone and protein levels were determined using electrochemiluminescence and photometric methods.

After cryopreservation with DMSO, high cell viability and preservation of placental villous morphological integrity
were observed, with minimal transient signs of damage. No morphological differences were detected between sam-
ples obtained from fetuses of different sexes. Biochemical analysis revealed sex-specific differences: extracts derived
from placental tissue of female fetuses contained higher levels of alpha-fetoprotein, chorionic gonadotropin, lutein-
izing hormone, prolactin, and total protein, whereas samples from male fetuses were characterized by increased

levels of testosterone and unconjugated estriol.

Thus, cryopreservation with DMSO ensures effective preservation of the structural and functional integrity of
placental explants. At the same time, fetal sex determines the specific biochemical composition of the tissue, which
is important for the further development of placental-based preparations for medical use.

Key words: placenta, cryopreservation, sex-specific differences, placental explants, regenerative medicine.

Connection of the publication with planned
research work.

The study was conducted within the framework of
the SRW “Effects of cryopreservation on placental cells
and their impact on the reproductive system of females
with ovarian insufficiency” (state registration number
0119U100443), “Assessment of the efficacy of cryosub-
limated cord blood serum in mitigating the consequenc-
es of blast-induced concussive injury combined with
whole-body hypothermia”, state registration number
0123U105307, as well as the SRW under contract No.
2N/11-23 entitled “Preservation, and development of
the scientific facility - the low-temperature bank of bio-
logical specimens of the Institute for Problems of Cryo-
biology and Cryomedicine of the National Academy of
Sciences of Ukraine, which constitutes a national asset
of the State”.

Introduction.

The placenta is a unique temporary organ that in-
tegrates barrier, endocrine, and immunoregulatory
functions, ensuring fetal development throughout the
entire gestational period. Its biological uniqueness is
determined by a complex composition that includes
a wide range of biologically active substances, such as
hormones, growth factors, cytokines, chemokines, ex-
tracellular matrix components, enzymes, lipids, and nu-
cleic acids [1, 2, 3]. This complexity underlies the high
regenerative, immunomodulatory, and cytoprotective
potential of placenta-derived preparations, which in
turn explains the growing interest in such therapeutic
approaches in both fundamental and applied biomedi-
cal research [4, 5].

In recent years, increasing attention has been paid to
the study of sex-specific characteristics of the placenta

[6]. Accumulating evidence indicates that fetal sex may
influence gene expression, leading to differences in the
profile of biologically active substances, metabolic and
immune characteristics of the placenta, as well as fetal
adaptive responses to stress factors [7, 8, 9]. Such sexu-
al dimorphism may result in differences in the biological
activity of placenta-derived biopreparations depending
on their level of organization and may potentially affect
the efficacy of regenerative therapy.

In modern biomedicine, several main forms of pla-
cental derivatives have been described, including mes-
enchymal stromal cells, conditioned medium, cell-free
extracts, extracellular vesicles (including exosomes), and
tissue explants [4, 5]. Each of these forms represents
a different level of biological organization and, conse-
quently, a different degree of preservation of tissue in-
tegrity and functional complexity. While cell cultures and
cell-free fractions allow the investigation of individual
mechanisms of action, explants provide the most com-
prehensive reproduction of the natural properties of the
placenta due to the preservation of tissue architecture,
cellular heterogeneity, and the local microenvironment
[10, 11]. In this context, explants are considered a prom-
ising approach for studying the integrated morphofunc-
tional and biochemical characteristics of the placenta.

At the same time, the practical application of pla-
cental derivatives in scientific research and biomedical
development is inseparably associated with the need
to ensure their long-term storage without loss of key
biological properties, which is most effectively achieved
through cryopreservation [12]. This method enables
the establishment of biobanks of placental samples, en-
suring their availability and standardization. However,
low-temperature exposure may induce structural and
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biochemical alterations in the tissue, including disrup-
tion of cellular ultrastructure, intercellular contacts, and
modification of the composition of biologically active
components [10, 11, 12]. This necessitates a detailed
analysis of the morphological and biochemical charac-
teristics of placental derivatives both before and after
cryopreservation.

Thus, the available data indicate a clear need for
comprehensive investigation of the morphological and
biochemical characteristics of placental derivatives with
consideration of fetal sex, as well as for evaluation of
the effects of cryopreservation on these parameters.
Studying these differences opens opportunities for the
development of personalized biotherapeutic approach-
es based on placental components in regenerative med-
icine.

The aim of this study.

To determine the structural preservation of human
placental explants with regard to fetal sex after cryopres-
ervation and to assess the content of biologically active
substances in these explants.

Objects and research methods.

Human placentas obtained after cesarean section
from women who delivered newborns of different
sexes were washed with phosphate-buffered saline
and dissected into fragments up to 3 mm in size [10,
11]. This study was conducted in accordance with the
requirements of Good Clinical Practice (ICH E2(R6) GCP)
and the Declaration of Helsinki of the World Health
Organization. All women provided informed voluntary
consent prior to any procedures. The resulting villous
tissue was cryopreserved using 10% dimethyl sulfoxide
(DMSO) (Sigma, USA) prepared in high-glucose DMEM
supplemented with L-glutamine and 10% fetal bovine
serum (FBS) (PAA, Austria). Freezing was performed at
a cooling rate of 1°C/min to -70°C, followed by storage
in liquid nitrogen (-196°C) [10, 11]. Thawing was carried
out in a water bath at 37°C, after which the cryopro-
tectant was removed by sequential washing.

Cell viability within PE after cryopreservation was as-
sessed using vital staining with neutral red and trypan
blue.

PE were cultured in high-glucose DMEM supplement-
ed with L-glutamine and pyruvate (BioWest, France),
10% fetal bovine serum (PAA, Austria), antibiotics, and
antimycotics (PAA, Austria) at 37°C in an atmosphere of
5% CO,.

To assess structural changes in PE after cryopreserva-
tion, histological examination was performed using stan-
dard hematoxylin and eosin staining. Samples were fixed
in 10% neutral formalin for 24 h, dehydrated in ascend-
ing concentrations of ethanol, and embedded in paraf-
fin. Sections 5-7 um thick were prepared and stained
with Mayer’s hematoxylin followed by counterstaining
with eosin Y. Histological evaluation was performed
using a light microscope (PZO-Warszava, Poland).

PE samples of different fetal sex were analyzed to
determine the content of biomarkers potentially associ-
ated with their therapeutic potential. Explants obtained
during cultivation were homogenized and subjected to
cryotreatment by freezing to —40°C followed by thawing
at 37°C in a water bath. The samples were then centri-
fuged (1500 rpm, 10 min), and the supernatants were
collected for further analysis.

The concentrations of prolactin, progesterone, tes-
tosterone, and estriol were determined by electroche-
miluminescence immunoassay (ECLIA) using commercial
test kits on Elecsys 1070/2010 and Cobas E411 analyzers
(Hoffmann-La Roche, Switzerland). Levels of alpha-feto-
protein (AFP), human chorionic gonadotropin (hCG), lu-
teinizing hormone (LH), and follicle-stimulating hormone
(FSH) were measured using solid-phase chemilumines-
cent immunometric assays with appropriate reagent kits
on the IMMULITE 2000 platform (Siemens Healthineers,
USA). Total protein content was determined by a photo-
metric method based on the biuret reaction using the
BioSystems PROTEIN (TOTAL) reagent kit (BioSystems
S.A., Spain).

For each group (female and male fetal sex), extracts
were obtained by pooling PE isolated from placentas of
five donors. Subsequent biochemical analyses were per-
formed on a single pooled sample for each group. Due
to prior pooling of placental material before analysis,
inferential statistical analysis was not performed, which
precluded assessment of interindividual variability. The
results are presented as absolute values and were used
for descriptive comparative analysis of parameters de-
pending on fetal sex. The authors used ChatGPT-5.2
(OpenAl) exclusively for language editing; all scientific
content, interpretations, and conclusions were generat-
ed by the authors.

Research results and their discussion.

One of the key criteria for the effectiveness of cryo-
preservation is the preservation of cell viability; there-
fore, a comparative analysis of control and cryopre-
served—thawed placental explants (PE) was performed
using the vital dyes neutral red and trypan blue. Vital
staining of native explants with neutral red demonstrat-
ed intense and uniform staining of cellular elements, in-
dicating high cell viability (fig. 1). It is well established
that neutral red selectively accumulates in the lyso-
somes of viable cells; therefore, this staining pattern re-
flects preserved cell membrane integrity and an active
metabolic state.

In samples frozen in liquid nitrogen without the use
of a cryoprotective medium (negative control), neutral
red staining revealed heterogeneous diffuse coloration
with the absence of distinct cellular boundaries (fig. 2A),
indicating disruption of membrane integrity as a result
of low-temperature exposure. Trypan blue staining of
these samples demonstrated staining of all cellular el-

Figure 1 — Microstructure of human placental villi (native sample)
following vital staining with neutral red. Scale bar: 100 um.
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Figure 2 — Microstructure of human placental explants after cryopreservation assessed by vital staining: A — negative control, neutral red
staining; B — negative control, trypan blue staining; C — sample after cryopreservation with DMSO, neutral red staining; D — sample after
cryopreservation with DMSO, trypan blue staining. Scale bar: 50 um.

ements, including both trophoblastic and stromal cells
(fig. 2B), which indicates a complete loss of cell viability
in this control group.

In contrast, after cryopreservation of PE using a DM-
SO-based cryoprotective solution, intense neutral red
staining was observed in the majority of cells (fig. 2C),
indicating preservation of cell viability. At the same time,
occasional trypan blue-positive cells and episodic dye
penetration into the stroma were noted (fig. 2D), sug-
gesting the presence of partial damage induced by freez-
ing and subsequent thawing processes; these changes
disappeared after 24 h of sample cultivation.

Thus, the results of vital staining demonstrate that
the use of DMSO provides a substantially higher level of
preservation of cell viability within PE compared with
the control, despite the presence of individual signs of
cryo-induced damage.

Morphological analysis of PE stained with hematox-
ylin and eosin revealed marked differences between
native, negative control, and cryopreserved-thawed
samples. In native PE maintained for 24 h under subnor-
mothermic conditions, the overall architecture of pla-
cental villi was preserved (fig. 3A). Moderate narrowing
of the villi and a reduction in the inter-villous distance
were observed, along with apparent thickening and fu-
sion of the trophoblastic layer without signs of its de-
tachment from the stroma. In some cells, increased cy-
toplasmic eosinophilia and nuclear heterochromia were
noted.

In contrast, samples of the negative control frozen di-
rectly in liquid nitrogen without the use of a cryoprotec-
tive solution exhibited pronounced destructive chang-
es (fig. 3B). The villi lost their characteristic shape and
structure; the trophoblast was fragmented and detached
from the stroma along the basement membrane. Dis-
ruptions were observed in the embryonic mesenchyme,
and terminal villi displayed a wrinkled appearance. Cell
nuclei were hyperchromatic, and the cells were reduced
in size. Capillaries in secondary and tertiary villi were de-
stroyed and lacked erythrocytes, indicating severe dis-
ruption of tissue integrity.

After cryopreservation using a cryoprotective me-
dium, the morphological structure of placental villi
was generally preserved (fig. 3C, D). In cryopreserved—
thawed samples, only occasional detachment of the tro-
phoblast from the villous stroma, moderate expansion
of intercellular spaces within the mesenchyme, and a
reduction in cell size with preservation of intercellular
contacts were observed. The architecture of capillaries
remained intact, and cell nuclei were normochromatic.
The described morphological changes were transient
and disappeared after 24 h of explant cultivation. Com-
parative analysis of cryopreserved-thawed PE samples
obtained from fetuses of different sexes revealed no
morphological differences between them, indicating a
similar degree of tissue preservation after cryopreser-
vation and the absence of an effect of fetal sex on the
morphological integrity of the explants.
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Figure 3 — Morphological features of human placental explants stained with hematoxylin and eosin: A — native PE after 24 h storage under
subnormothermic conditions; B — negative control; C — cryopreserved-thawed PE sample obtained from a male fetus;
D - cryopreserved-thawed PE sample obtained from a female fetus. Scale bar: 50 pm.

However, analysis of the biochemical profile of PE ex-
tracts obtained from female and male fetuses revealed
a number of differences in their composition (table).
Specifically, PE extracts from female fetuses exhibited
higher concentrations of AFP, hCG, LH, and prolactin. In
addition, a higher total protein content was observed in
this group. These differences may be attributed both to
more active hormone synthesis by placental cells and to
greater accumulation of these substances within the tis-
sue. Increased concentrations of AFP and prolactin may
reflect more active processes of tissue growth and dif-
ferentiation, whereas elevated levels of hCG and LH may
indicate specific pathways of maternal-placental interac-
tion that are more characteristic of pregnancies with fe-
male fetuses. Together with the increased total protein
content, these findings may reflect integrated activity of
the placental secretome, supporting fetal development
and potentially providing a more enriched hormonal
profile for pharmacological or regenerative applications.

The absence of marked differences in progesterone
levels indicates its fundamental role in the maintenance
of pregnancy, regardless of fetal sex.

In PE extracts derived from male fetuses, higher
concentrations of total testosterone and unconjugated
estriol were detected, which is likely associated with
sex-specific features of placental steroidogenesis and
the hormonal microenvironment of the fetus. Together

with the low levels of FSH observed in both groups, this
finding highlights differentiated hormonal activity of the
placenta depending on fetal sex and may represent an
important characteristic for evaluating the biological and
regenerative activity of placenta-derived preparations.
It should be noted that the obtained results are de-
scriptive in nature, as the extracts were generated from
a relatively small pooled amount of placental material.
Nevertheless, the presented data allow characterization

Table — Comparative biochemical profile of placen-
tal extracts depending on fetal sex

Parameter (units) PE extract
Female fetus| Male fetus
AFP (ng/ml) 1380 642
hCG (mlIU/ml) 4002 2988
LH (mIU/ml) 1.155 0.63
Progesterone (ng/ml) 256.8 268.8
Prolactin (mlU/ml) 702 485.1
Total testosterone (ng/dl) 352 543.3
FSH (mIU/ml) <0.3 <0.3
Unconjugated estriol (nmol/I) 359.1 492
Total protein (g/1) 19.47 14.58

Notes: AFP — alpha-fetoprotein; hCG —human chorionic gonadotropin;
LH — luteinizing hormone; FSH — follicle-stimulating hormone.
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of the integrated hormonal and biochemical features of
PE extracts depending on fetal sex and may serve as a
basis for further studies.

Conclusions.

Thus, the results of the study demonstrated that
the applied method of cryopreservation of placental ex-
plants using a DMSO-based cryoprotective solution en-
sures preservation of cell viability and tissue morpholog-
ical integrity, with minimal and predominantly transient
signs of cryo-induced damage. Comparative histological
analysis revealed no morphological differences between
cryopreserved—thawed samples obtained from fetuses
of different sexes.

At the same time, fetal sex was found to influence the
content of biologically active substances in PE extracts,
particularly hormone and protein levels. The identified
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differences may be important for further optimization
of approaches to the development of placental prepara-
tions in pharmacology and regenerative medicine, with
consideration of the potential need to account for the
sex of the donor material.

Prospects for further research.

Further studies should be directed toward a compre-
hensive analysis of the composition of PE extracts with
consideration of fetal sex, with a focus on the concentra-
tions of cytokines, pro- and anti-inflammatory factors,
growth factors, enzymes, angiogenic agents, and metab-
olites. Such an approach will allow a more detailed as-
sessment of the potential impact of these components
on the regenerative properties of PE and help to elu-
cidate their role in ensuring the biological activity and
pharmacological efficacy of finished biopreparations.

NOPIBHANbHUIA AHANI3 BIOXIMIYHOIO NPO®I/H0 KPIOKOHCEPBOBAHUX

EKCNJIAHTIB NAAUEHTU NIOAUHU 3ANEXHO BI4 CTATI N1OAA
IHCTUTYT Nnpo6bnem Kpiobionorii i KpiomeguunHu HAH YKpaiHu (m. Xapkis, YkpaiHa)
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eKcrnaaHmie naayeHmu €

BU3HQAYAbHUM 0718 iX N00GA6WO20 BUKOPUCMAHHA Yy hapmMaKonozii ma pezeHepamugHili meouyuHi. Ocobausuli
iHmepec 8uKknuKae moxcausull enaus cmami naoda Ha bioximiyHul npogine naayeHmu.

Memotr Hawoz2o 0ocnidieHHA 6ysn10 8U3HAYUMU eheKMUBHICMb KPIOKOHCep8y8aHHA eKCrnaaHmis naaueHmu
MOOUHU 3 8uKopucmaHHAM 10% Jdumemuscynsgpokcudy (AMCO) ma ouiHumu enaue cmami na00a HA emicm
6i0/102iYHO AKMUBHUX PEYOBUH Y NAAUEHMAPHUX EKCMPAKMAX.

EkcnnagHmu naguyeHmMu ompumysanu 8i0 MIHOK nicaa Kecapesozo po3muHy ma KpiOKoOHcepsysanu 3i

weudkicmio 1°C/xe 0o —70°C i3 nodanswium 36epi2aHHAM y pidkomy azomi. Mdumme3zdamHicmb KaimuH oyiH0eanu
30 0onomo2oto 8imasnbHo20 3a6apeaeHHA HelimpaabHUM YepP8OHUM | MPUNAHOBUM CUHIM, MOpgooiyHuUl aHani3
nposodunu nicna ¢apbysaHHA 2icmoso2iyHUX 3pa3Kie 2eMamoKCUniHOM ma eo3uHoM. Bmicm 2opmoHis i binka
8U3HQAYA/U efleKmMpPoxeMintoMiHecyeHmMHUM ma ¢hpomomempuyHuUM memooamul.

Micna kpiokoHcepsysaHHA 3 IMCO 36epizanacs 8UCOKA HUMME3IOAMHICMb KAIMUH i MOPgo102iYHa yinicHicme
BOPCUH NAAUEHMU 3 MiHIMAAbHUMU MPAH3UMOPHUMU 03HAKAMU YWKoOMeHb. MopgonoziuHux giomiHHocmel mixc
3pa3skamu 8i0 na00dig pizHoi cmami He suasneHo. bioximiyHuli aHaniz nokasae cmamesocrneyugiyHi 8iOMiHHOCMI:
eKCmpaKkmu 3 naayeHmapHo20 mamepiasy 8i0 na00i8 xiHo4oi cmami manau suwuli emicm anegpagemonpomeity,
XOPiOHIYHO20 20HAOOMPOMIHY, OMEIHI3YH4Y020 20PMOHY, MPOAAKMUHY MA 3a2as1bH020 binlKa, a 3pa3Ku 8id rsaodis
40s108i40i cmami xapakmepu3sysasuce Nid8UUEHUM piBHeM mecmocmepoHy ma HEKOH 10208aH020 ecmpiony.

Takum YuHoM, KpioKoHcepsysaHHA 3 [JIMCO 3abe3nedyye egekmusHe 36epexeHHA cmpykmypHoi ma
(DYHKUiOHANbHOI yinicHocmi naayeHmapHux ekcnaaHmis. [lpu ybomy cmame 1000 BU3HAYAE crieyucghiky
6ioxiMiYHO20 CKMa0y MKAHUHU, WO MA€E 3HaYeHHA 014 Mo0asb6wo20 8U20MOB/AEHHA NAAUEHMAPHUX npernapamis

018 MeOUYHO20 3aCMOCYBAHHS.

Knw4oei caoea: naayeHma, KpiokoHcepay8aHHsA, cmamesocneyugiyHi 8i0MiHHOCMI, eKcrnaaHmu naayeHmu,

pe2eHepamueHa MeouyuHd.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAiA-
HUMU poboTamu.

JocnifreHHA BUKOHaHO B pamkax HAP «Bnaus Kpio-
KOHCepBYBaHHA Ha KNITUHM NAALLEHTW Ta iX 4iAa Ha penpo-
OYKTUBHY CUCTEMY CaMWUb 3 OBapia/ibHOK HepocCTaT-
HiCTIO», HOMep AeprKaBHOi peecTpauii 0119U100443,
«Bu3HaueHHs edeKTMBHOCTI Aii  KpiocybnimoBaHol
CMPOBATKN KOPAO0BOI KPOBi y MOAONAHHI HACNiaKiB BU-
6yx0BOi KOHTY3iliHOI TpaBMM, NOEAHAHOI 3 NEPEOX0so-
O)XXEHHAM OpraHisamy», HOMep JAepXaBHOI peecTpauii
0123U105307 Ta HAP 3a gorosopom Ne 2H/11-23 «36e-
peXKEeHHs Ta PO3BMTOK HAaYKOBOro 06’€KTa — HU3bKOTEM-
nepaTtypHun 6aHK 6ionoriyHMx 06’ekTiB IHCTUTYTY npo-

6nem Kpiobionorii i kpiomegmumHm HAH YKpaiHu, wo
CTQHOBWTb HaLjoHaNbHe HagbaHHA JepKasu».

Bcryn.

MnaueHTa € 0COBAMBMM TMMYACOBMM OPraHOM,
AKUIN noeaHye dyHKUii 6ap’epa, eHOOKPUHHOI 3an03u1
Ta iMyHOperynaTopHoi naatdopmm, 3abesneyyroum pos-
BUTOK MNJ04a NPOTArOM YCbOro rectaliiiHoOro nepiogy.
Ti 6ionoriyHa yHiKanbHICTb 3ymOBNEeHa Pi3HOMaHITHUM
CKNAZOoM, WO BK/OYAE LUMPOKMI cnekTp bionoriyHo
aKTUBHUX PEYOBUH, TaKUX AAIK FOPMOHM, GaKTOpU POCTY,
LIUTOKIHM, XEMOKiIHM, MO3aKNITUHHI MATPUKCHI KOMMNO-
HEHTU, bepMeHTH, Niniam Ta HyKneiHosi Kucnotu [1, 2,
3]. Came Usi KOMMNEKCHICTb BU3HAYaEe BUCOKUI pereHe-
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PaTUBHUNA, iIMYHOMOZYIOUYNIM Ta LUTONPOTEKTOPHUN
noTeHujan npenapatiB, po3pobaeHnx Ha OCHOBI Nia-
LLeHTH, WO B CBOIO Yepry 3yMOBJ/IHOE 3pOCTatoumii iHTepec
[0 TaKMX TepaneBTUYHMX Niaxoais y GyHAAMEHTANbHUX i
NPUKNagHUX 6iomeanyHmx gocniaskeHHsax [4, 5].

OcTaHHIMK pOKaMK y HayKOBili NiTepaTypi 3pocTae
iHTepec A0 BMBYEHHSA cTaTeBocneundiuyHnx ocobamsoc-
Tel nnaueHTM [6]. HakonuyeHi aaHi ceigyaTb, WO cTaTb
nao4a MoxKe BNAMBATU HA EKCNPECIto TeHiB, Lo NPU3BO-
OMTb A0 BiAMiHHOCTEN y npodini 6ioNoriYHO aKTUBHMUX
peyoBUH, MeTaboniYHMX Ta IMYHHUX XapaKTepPUCTUK
NaaLeHTH, a TaKOXK afanTaLiiHMX peakuii nnoaa y Big-
nosigb Ha cTtpecosi dakTopwu [7, 8, 9]. Taki cratesi au-
MOP®iI3MM MOXKYTb 3yMOB/IOBATU Pi3HY 6iosiorivyHy aK-
TMBHIiCTb bionpenapaTiB Ha OCHOBI NOXiAHUX MAALEHTH
3a/1eXKHO Bif, piBHA X opraHisauii i NoTeHLiMHO BNAMBaTK
Ha epeKTMBHICTb BigHOBOBaNbLHOI Tepanii.

Y cyyacHin biomeanUMHI ONMCAHO KilbKa OCHOBHMX
bopm nnaueHTapHUX NOXiLHMX, 30KpPeMa Me3eHxXiMaslb-
Hi CTPOMA/IbHI KNITMHW, KOHAMLIOHOBaHE cepesoBuLE,
BOe3KNITUHHI eKCTPaKTU, NO3aKNITUHHI BE3UKYAU (Y TOMY
Ync/i eK30COMM), a TaKOXK TKaHWMHHI eKkcnnaHtu [4, 5].
KokHa 3 umx ¢dopm Bigobparkae pisHMIA piBeHb OpraHi-
3auii 6ionoriyHoro maTepiany Ta, BiAMNOBIAHO, Pi3HWUI
CTyNiHb 36epeXKeHHs TKAaHUHHOI uinicHocTi 1 QyHKUi-
OHANbHOI KOMMNEKCHOCTI. AKWO KAITUHHI KyabTypu Ta
6e3KNITUHHI dpaKLii L03BOAAOTb 4OCNIAKYBATU OKPEMI
MEeXaHi3mu Aii, To eKcniaHTV 3abesneyyoTb HalbiNbLL
NoBHe BiATBOPEHHA NMPUPOAHUX BNACTUBOCTEN NAaLeH-
TU 3aBAAKM 36epeXeHHI0 CTPYKTYPY TKaHWHU, KAITUHHOT
reTeporeHHOCTi Ta I0Ka/IbHOro MikpooToyeHHs [10, 11].
Y 3B’A3KY 3 MM €KCNNAHTWU PO3rNAAAI0TLCA AK Nepcrek-
TUBHUM NiAXia ANA BUBYEHHA iHTerpasbHUX MopdodyHK-
LioOHaNbHMX Ta BiOXiMIYHMX XapPaKTEPUCTMK NNALEHTH.

BofHOYac npaKkTUUYHe 3acTOCYBaHHA MAaLEeHTapHMX
NOXigHUX Yy HAyKOBMX OOCAIAMKEHHAX Ta BiomeanyHMx
po3pobKax HePO3pPMBHO NOB’A3aHe 3 HeobxigHicTio 3a-
6e3neyeHHA ix AoBroTpmBanoro 36epiraHHsa 6e3 BTpaTK
KN0YOBMX BioNOriYHUX BNACTMBOCTEM, WO HaMKpalle
MOXHa peanizyBaTu 3a JOMNOMOrO KPiOKOHCEPBYBaHHSA
[12]. Lein meTop po3Bonse ctBoptoBaT BiobaHKKM nna-
LEeHTapHUX 3paskiB, 3abe3nedytoumn ix AOCTYMHICTb Ta
cTaHAapTM3auito. OgHaK, HU3bKOTEMMepaTypHUIA BNAUB
MOKE CMPUYMHATU CTPYKTYPHi Ta BioXiMiyHi 3MiHM TKa-
HWUHW, 30KPEeMa NOPYLUEHHSA KNITUHHOT yNbTPaCTPYKTYPH,
MIXKKAITUHHUX KOHTaKTIB Ta mogmdiKauito cknaay biono-
riYHO aKTMBHMX KoMmnoHeHTiB [10, 11, 12]. Lle 3ymoBsntoe
HeobXiAHICTb AeTasbHOro aHasnizy mopdonoriyHmx i bio-
XIMIYHMX XapaKTEPUCTUK NAaLEHTAaPHUX NOXigHUX AK A0,
TaK i Nicnsa KPioKOHCepBYBaAHHS.

TakKMM YMHOM, CYKYMHICTb HaBeAEeHWX AaHWUX CBiA-
YUTb NPO Te, LLLO Ha CbOrOAHI iCHYE oueBUAHa NoTpeba y
KOMM/IEKCHOMY BUBYEHHI MOPdON0TiIYHUX Ta BioXiMiuHMX
XapaKTEPUCTUK NAALEHTAPHMUX NMOXIAHUX 3 ypaxyBaHHAM
CTaTi 1043, @ TAKOXK OL,iHL BNAMBY KPiIOKOHCEPBYBaAHHA
Ha Ui NOKasHWMKK. JocnigKeHHs unx BigMiHHOCTel Big-
KPUBAE MOM/IMBOCTI ANA PO3POOKM nepcoHanisoBaHMx
bioTepaneBTUYHMX MiAXOAIB Ha OCHOBI MaaLEHTapPHUX
KOMMOHEHTIB Yy pereHepaTuBHili MeguumHi.

Merta gocnigKeHHs.

Bu3HaueHHA CTPYKTYPHOI 36epeXKeHOCTi eKCniaHTiB
NAALEHTU OANHM 3 YPaXyBaHHAM CTaTEBOI HAZIEXKHOCTI
nicna ix KPioKOHcepBYBAHHA Ta BUBYEHHA B HUX BMICTY
6i0N10rYHO aKTUBHUX PEYOBUH.

O6’eKT i meTOaU AOCNiAXKEHHA.

MnaueHTy NOAWMHM, OTPUMaAHY MiCNA KecapeBoro
PO3TUHY Bif, »KIHOK i3 HOBOHAPOAKEHMMM Pi3HOI cTaTi,
npommeann ¢ocdaTtHo-conboBum bydpepom i noapib-
HloBanu Ha pparmeHTn Ao 3 mm [10, 11]. Mig yac npo-
BEeAleHHA AaHOro AOCNiAKeHHA 6yN0 AOTPMMAHO BUMOT
Good Clinical Practice (ICH E2(R6) GCP) Ta lefibCiHCbKOI
[eknapauy,ii BcecsiTHbOT megmyHOI opraHisauii. [lo no-
YyaTKy OyAb-SKMX npoueayp yCi *KiHKK Haganun iHpopmo-
BaHy A06pOBiNbHY 3rogy Ha y4acTb. OTpMMaHi BOPCUHM
KPiOKOHCEpPBYBAN 3 BUKOPUCTAHHAM 10% aumeTtun-
cynbookenay (AMCO) («Sigma», CLUA), npurotoBaHoro
Ha ocHoBi cepenosuwa DMEM 3 BUCOKMM BMiCTOM Ft0-
KO3W, A0MNOBHEHOro L-rytamiHom i 10% ¢deTanbHOi 6u-
yayoi cupoBaTku (PPA, ABcTpia). 3amopoKyBaHHS 3Mil-
cHIoBanu 3i wemnakictio 1°C/xs8 go —70°C 3 noganbwinm
36epiraHHAM y pigkomy asori (-196°C) [10, 11]. Po3mo-
POXKYBaHHA NPOBOAUAN Y BOAAHIN 6aHi npu 37°C, nicna
YOro KpionpoTeKkTop BWMAANANU LUAAXOM MNOCAILOBHUX
BiAMWBAHb.

MuTTe3pgaTHICTb KNiTUH y cknagi EM nicna KpioKow-
CepByBaHHA OLiHIOBA/IM 33 [0MNOMOrOK  BiTa/IbHOTO
3abapBieHHA HEeWTPaZbHUM YEpPBOHUM i TPMMAHOBUM
CUHIM.

KynbTneyBaHHA EM 34ilicHIOBaAM Yy NOXMBHOMY ce-
peposuili DMEM 3 BUCOKMM BMICTOM FHOKO3M, L-rnyTa-
MiHOM i nipyBaTom (BioWest, ®paHuisa), LonoBHeHOMY
10% c¢eTanbHOi bmnyayoi cuposaTkm (PPA, ABcTpisi), aH-
TMBIOTMKOM Ta aHTMMIKoTUKOM (PPA, AscTpin) npu 37°C
Ta 5% COz

[OnA OUiHKK CTPYKTYpHMX 3MiH B ElM micna KpioKoH-
cepByBaHHA MPOBOAMAWN TiCTONOTIYHE [AOCHIAKEHHA
3 BWMKOPMUCTAHHAM CTaHAApPTHOro ¢apbyBaHHA rema-
TOKCMNIHOM Ta €03MHOM. 3pasku dikcyBanu y 10% Helt-
TpanbHomy dpopmaniHi npotarom 24 roa, AerigpaTysa-
N Yy CNUPTAX 3POCTAOYOI KOHLEHTpaUii Ta 3aanBann y
napadiH, 3 AKOro rotyBanu 3pisu TOBLLMHOK 5-7 MKM.
OTpumaHi 3pis3u papbyBanun rematokcuaiHom Meliepa 3
noAanbLIMM KOHTPACTYBAaHHAM e03UHOM Y. TicTonorivyHy
OLiHKY NPOBOAMAN 32 AONOMOTOH CBIT/IOBOrO MiKPOCKO-
na (PZO-Warszava, MonbLua).

3pasku EM pi3HOi cTaTeBOi HaNeXHOCTi A0CANiAXKY-
Ba/IN 3 METO BM3HAYEHHS BMICTYy BiomapKepis, NoTeH-
LiHO MOB’A3aHMX 3 iX TepaneBTUYHMM MNOTEHLaNOM.
OTpumaHi B nNpoueci KynbTUBYBaHHA €KCMJIaHTU TOMO-
reHisyBasnm Ta niggaBann Kpioobpobui Wasxom 3amo-
porKyBaHHA A0 —40°C 3 NogaNbWMM PO3MOPONKYBAHHAM
npu 37°Cy BoAsAHIM 6aHi. MNicna uporo 3pasku LeHTpuody-
rysanm (1500 06/x8, 10 xB), a HaaoCaA0BY PiANHY BiA6U-
panu ana noganblworo aHanisy.

BMIiCT npoOnakTWUHy, NpOrectepoHy, TeCTOCTEPOHY
Ta €ecTpioNly BWM3HAYaM METOLOM €/1eKTPOXEMITIOMI-
HEeCUEeHTHOro imyHoaHanisy (ECLIA) 3 BMKOpUCTaAHHAM
KOMEPLLIMHUX TecT-cMCTeM Ha aHanisatopax Elecsys
1070/2010 Ta Cobas E411 («Hoffmann-La Rochev,
Weenuapisa). Ons ouiHkM BMicTy anbdadetonpoTeiHy
(A®r), xopioHiuHoro roHagotponiny (XI/1), nwoTeiHisy-
toyoro (/11) Ta donikynoctumyniotouoro (PCr) ropmoHis
3acTocoByBann TBEPAOODA3HUI XEMINOMIHECLLEHTHUIM
iMyHOMETPUYHMI aHani3 3 BUMKOPUCTAHHAM BignoBig-
HUX HabopiB peareHTiB Ha naatdopmi IMMULITE 2000
(Siemens Healthineers, CLLUA). BmicT 3aranbHoro 6iska
BM3Ha4yann ¢GOTOMETPUYHMM MmeTodom 3a bBiypeTo-
BOI peakLield 3 BUKOPUCTaHHAM Habopy peareHTis
BioSystems PROTEIN (TOTAL) (BioSystems S.A., IcnaHis).
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Ons KoXHOi rpynu (KiHoya Ta 4onoBsivya cTaTb
Nnao4a) eKCTpakTm Oyan OoTpMMaHi  WAAXoM nynto-
BaHHA Ell, i3onboBaHmx Big nnaueHT 5 goHopis. lo-
Oanblue BM3HayeHHA 6ioxiMiuHMX MOKa3HMKIB npo-
BOAW/IM B OAHOMY 0b6’€AHAHOMY 3pasKy A1 KOXHOI
rpynu. Y 3B’A3Ky 3 nonepeaHim MNyntOBaHHAM nna-
LEeHTApHOro MaTtepiasy nepes BW3HAYEHHAM MOKas-
HWKIB, CTAaTUCTUUHY OOPOOKY pesynbTatiB y BUMNAAI
iHpepeHTHOro aHanisy He NPOBOAMM, LLO YHEMOXKIN-
B/IOBANIO OLHKY MiXKiHAMBIAYanbHOI BapiabenbHOCTI.
PesynbTat HaBegeHo y BUMNAAI aBCONOTHUX 3HAYEHb
Ta BMKOPWUCTAHO A/1A OMMCOBOrO MOPIBHANBHOIO aHa-
Ni3y NOKA3HWUKIB 3aneXHO BiA cTaTi nnoga. ABTopu Bu-
KopucToByBanu ChatGPT-5.2 (OpenAl) BUKAOYHO Ann
MOBHOFO pefaryBaHHsA; HayKOBMUI 3MiCT, iHTeprpeTaLin
Ta BUCHOBKM Ha/ieXaTb aBTOpPaMm.

Pe3ynbTati focniaKeHHs Ta ix 06roBopeHHs.

OfHMM i3 KNIOYOBUX KpuTepiiB epeKTUBHOCTI Kpio-
KOHCEpPBYBaHHA € 30epeXKeHHs HKUTTE3AATHOCTI KAITUH,
y 38’A3Ky 3 Ynm By/s10 NpoBeaeHO NOPIBHANIBHUI aHani3
EM 3 BUKOPUCTAHHAM BiTanbHMX 6apBHMKIB. Mpn 3abaps.-
NIeHHI HaTMBHUX EKCMNAHTIB HEWTPa/SibHUM YEepPBOHUM
cnocrtepiranocb iHTEHCMBHe piBHOMIpHe ¢apbyBaHHA
KNITUHHUX @1eMEHTIB, WO CBiAYUTb NPO iX BUCOKY XKUTTE-
34aTHicTb (puc. 1). Bigomo, Wwo HelTpanbHUIN YepBOHUIA
BMOIPKOBO HAKOMWUYETLCA B NII30COMAX KUBUX KAITUH,
TOMY TaKMI XxapaKTep 3abapsBneHHA BifLobpakae 36epe-
YKEHY LiNICHICTb KAITUHHUX MeMbpaH i aKTUBHUI meTa-
60NIUHNIA CTaH KNITUH.

* i)

PUCYHOK 1 — MiKpOCTPYKTypa BOPCMH NAALEHTN NI0AVHMN (HaTUBHUI
npenapar) npu BiTaAibHOMY 3ab6apBaeHHi HEWTPaSIbHUM YePBOHUM.
Macwrab: 100 mkm.

Y 3pasKax, 3aMOpPOXKEeHUX Yy pigkomy asoTi bes 3a-
CTOCYBaHHA KpPiO3axMCHOTO cepenoBulLa (HEraTUBHUIMA
KOHTPO/Ib), NpWU 3abapBAEHHI HEWTPANbHUM YEPBOHUM
Bil3Ha4Yanocb HeoaHopiaHe audysHe dapbysaHHA 3a
BiACYTHOCTI YiTKMX KNITUHHUX Mex (puc. 2A), WO BKa-
3y€E Ha NOpYyLIEHHA mMeMbpaHHOI LinicCHOCTI BHaCNiAOK
Aii HU3bKMX Temnepatyp. MNpu 3abapBieHHi uux 3paskKis
TPUMNAHOBMM CMHIM cnocTepiranocb ¢apbyBaHHA yCix
KNITUHHWUX eNleMeHTiB, K TPoG0o6AaCTUYHMX, TaK i KNITUH

PucyHoK 2 — MikpoctpyKTypa EMNM noguHm nicnsa KpiokoHcepByBaHHA Npy BiTabHOMY 3a6apBneHHi: A — HeraTUBHMIA KOHTPONb, 3a6apBaeH-
HA HEUTPAZIbHUM YePBOHUM; B — HEraTUBHUIA KOHTPOJIb, 3a6apPBNEHHA TPMNAHOBUM CUHIM; B — 3pa3oK nicna KpiokoHcepByBaHHA 3 MCO,
3a6apBieHHA HeNTPaNbHUM YepBOHUM; I — 3pa3oK nicaa KpiokoHcepByBaHHA 3 IMCO, 3a6apBneHHA TPMNAHOBUM CUHIM.
Macwrab: 50 mkm.
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PucyHok 3 — MopdonoriuHa xapakrepuctuka EM ntoguHu npu 3a6apeneHHi remaTokcuniHom Ta eo3uHom: A — HaTueHi EN nicna 36epiraHHA
npotarom 24 roa 3a cy6HopmoTepMi4HUX YMOB; b — HeraTUBHUIA KOHTPOAb; B — fleKoHCcepBOBaHMIA 3pa3ok ElN, oTpumaHux Big nnopa 4onosi-
yoi crari; [ — sekoHcepBoBaHuii 3pa3ok ElN, otpumaHux Big nnoga xiHouoi crati. Macwrab: 50 mkm.

cTpomu (puc. 2B), WO CBiAYMTb NPO MNOBHY BTPATY KUTTE-
34aTHOCTI KNITUH Y AaHilA KOHTPOAbHIN rpyni.

HatomicTb nicna KpiokoHcepByBaHHA ENM 3 BuKopuc-
TaHHAM KpPio3aXMCHOro po34vmHy Ha ocHosi AMCO cno-
cTepiranoca iHTeHcMBHe papbyBaHHA BiNbLWIOCTI KAITUH
HeWTpanbHUM YepBoHMM (puc. 2B), WO BKa3ye Ha 36e-
peXeHHA iX }uTresgatHocTi. Mpu ubomy Big3HaYaAnUCb
NOOAMHOKI KNITUHU, NO3UTUBHI 32 TPMNAHOBUM CUHIM, A
TAKOX eni3ofMyHe 3aTikaHHA 6apBHMKa B cTpomy (puc.
2l), Wwo CBigYMTb NPO HAABHICTb YaCTKOBUX YLLIKOAMKEHD,
CNPUYMHEHMX MPOLLECaMM 3aMOPOXKYBAHHA Ta NoAanb-
LLIOrO PO3MOPOXKYBaAHHSA, AKi 3HUKANN NPU Ky/IbTUBYBAH-
Hi 3pa3kKiB npoTArom go6Mu.

TakMM YMHOM, pe3ynbTaT! BiTa/ibHOro 3abapBAeHHA
AEMOHCTPYIOTb, WO 3acTocyBaHHA AMCO 3abesnedyye
CYTTEBO BULLMI piBEHb 306€peKeHHA }KUTTE3LATHOCTI KAi-
TUH y cknagai EM nopiBHAHO 3 KOHTPOAEM, HE3BAXKAOUM
Ha HaABHICTb OKPEMMX O3HaK KPiOiHAYKOBAHOrO YLUKO-
OYKEHHA.

MopdonoriyHuii aHaniz ElN, 3abapeneHux rema-
TOKCUMNIHOM Ta €03MHOM, MOKa3aB CYTTEBI BiAMIHHOCTI
Mi* HAaTMBHMMM, KOHTPOJIbBHUMM Ta LEKOHCEPBOBAHMMMU
3paskamu. Tak, y HatueHux EM, wo 36epirannca npota-
rom 24 rog, 3a cybHOpMOTEPMIYHNX YMOB, 3ara/ibHa apxi-
TEKTOHIKa BOPCUH N/aLeHT byna 36epekeHa (puc. 3A).
CnocTtepiranocb NOMipHe 3BYXeHHA BOPCUH, 3MEHLUEH-
HA BiACTaHi MK HUMMW, @ TaKOXK Bi3yasibHe MOTOBLLEHHA

Ta 3AUTTA Wapy Tpodobnacty 6e3 o3HaK loro Bigwa-
pyBaHHA Bif CTpoMMU. B OKpemmx KNiTMHAX Big3Hayanm
niaBULWEHY €03MHO®INIO LMTOMNNA3MM Ta FeTEPOXPOMItO
anep.

HaTomicTb y 3pa3kax HEraTUBHOrO KOHTPOJIO, 3aMO-
poxeHux 6e3nocepeaHbo y pigKomMy a3oTi 6es3 3acTocy-
BaHHA KPi03aXMCHOIO PO34YMHY, Masn MiCLe BUPANKEHI
[eCTPYKTUBHI 3MiHM (puc. 3B). BopcuHM BTpavanm xapak-
TepHy dopmy Ta CTpyKTypy, Tpodobnact 6yB dparmeH-
TOBaHUI i BiglwapoByBaBcA Big, cTpoMKn no 6asasnbHil
membpaHi. B embpioHanbHili Me3eHximi cnocTepirannco
pO3puBM, TEPMiHANIbHI BOPCUHU Mann 3MOPLLEHUIA BU-
mnag. Aapa KnituH 6yan rinepXpomMHUMU, KAITUHU Manmn
3MeHLUEeHMM po3mip. Kaninapu y BTOPUHHUX | TPETUHHMUX
BOpCHHax Bynun 3pynMHOBaHI Ta HE MICTU/IM EPUTPOLLUTIB,
Lo CBiAYMTb Npo rpybe nopyweHHA TKAHWHHOI LificHO-
CTi.

Micna KpioKOHCepBYBaHHA 3 BUKOPUCTAHHAM Kpio3a-
XMCHOTO cepeaoBuLLa mopdonoriyHa CTPYKTypa BOPCUH
naaueHTn 3aranom 36epiranacb (puc. 3B, ). Y aekoH-
CepBOBaHMX 3pasKax Bif3HAYa/NUCb JiMLIEe MNOOAMHOKI
BigLapyBaHHA TpodobaacTy Big CTPOMM BOPCUH, NOMIp-
He PO3LWMNPEHHA MiIXKKJITUHHUX NPOCTOPIB Y Me3eHXimi
Ta 3MEHLIEHHA PO3MIipiB KITUH 3a 36epeXKeHHs MiXKKNi-
TUHHUX KOHTAKTIB. APXiTEKTOHIKa Kanifapis 3a/Mwanacb
iHTAKTHOIO, AApPa KNITUH By HOPMOXPOMHMMMK. Onuca-
Hi MopdosoriYyHi 3MiHM Mann TPAH3UTOPHUI XapaKkTep
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Tabnuusa — NopiBHANbHA XapaKTepPUCTUKA
6ioximiuHoro npodinto eKCTPaKTiB NNALEHTH
3a/1e}KHo Big, cTaTi nnoga

EkcTpaKT EMN
MoKa3sHMK (0ANHMLI BUMIPIOBAHHA) \wilioua cratsl YosoBiua
naoga  [cTatb Nao4a

A®M (Hr/mn) 1380 642
XTI (mlU/mn) 4002 2988
AT (mlU/mn) 1.155 0.63
MporectepoH (Hr/mn) 256.8 268.8
MponakTtuH (mlU/mn) 702 485.1
TecToCTepOH 3aranbHuii (Hr/an) 352 543.3
®CT (mlU/mn) <0.3 <0.3
EcTpion HekoHtoroBaHui (HMonb/n) 359.1 492
3aranbHuit 6inok (r/n) 19.47 14.58

Npumitkn: APT — anbdadetonpotein; XI/1 — XxopioHiYHMIA rOHAZ0TPO-
niH ntoauHu; NI — ntoTeinisytoumnii ropmoH; ®CI — donikynoctumynto-
04U TOPMOH.

i 3HMKANW NicnA KyAbTUBYBAHHA EKCMAHTIB NMPOTArom
006u. TMopiBHANBHWUIA aHaNi3 AeKOHCepBOBAHMX 3pas-
KiB El, oTpumaHux Big, nnoais pisHoi cTaTi, He BMABMB
MOPOOrYHUX BiAMIHHOCTEM MiXK HUMMU, WO CBiAYNTb
Npo OAHAKOBUI CTYNiHb 36epeXKeHOCTi TKAHMH NicA Kpi-
OKOHCepBYBaHHA Ta BiACYTHICTb BNAMBY CTaTi N1oAa Ha
MOP®OOriYHY LiNiCHICTb eKCnAaHTIB.

OpgHak, npu aHanisi GioximiyHoro npodinto eKkcrp-
akTiB El, oTpmaHuMx Big, naogis XKiHOYOI Ta YON0BIYOI
CTaTi, BUABNEHO HU3KY BiAMIHHOCTEM Yy iXHbOMY CKNaai
(tabn.). Tak, B eKcTpakTax EM Big nnoais kiHovoi cTaTi
BiA3Hayanu BuwWi KoHueHTpauii APM, X[/, Il Ta npo-
NaKTMHY. TakoX y Wil rpyni cnoctepirany BULWLNI BMICT
3aranbHoro 6inka. Taki BigMiHHOCTI MOXyTb ByTU 3ymoB-
NeHi AK 6inblW aKTUBHUM CUHTE30M FOPMOHIB KNiTUHaMM
NAaUEHTH, TaK i iX BiNbLUMM HAKOMUYEHHAM Y TKaHUHI.
Mpu uboMy 36inbleHa KoHueHTpauis AP i nponaKTUHy
MOKe BYTU pe3ynbTaToM aKTUBHILLMX NPOLECIB POCTY Ta
andepeHuiaLii TKAaHMH, Toai AK NiaBuwWweHun piseHb X1
Ta /Il MmorKe BKa3yBaTh Ha cneumndiyvHi WAAXM MaTepuH-
CbKO-N/1alLeHTapHoI B3aemoaii, 6inbll xapaKTepHi ans
BariTHoCTen i3 naogamm »KiHoyvoi cTtaTi. Pasom i3 nigsu-
LLLeHMM BMICTOM 3aranbHoOro 6inka ue moxe Bigobpaka-
TW iHTErpoBaHy aKTUBHICTb NAALEHTApPHOro CeKpeTomy,
O NiATPMMYE PO3BMTOK MJIOAA TA CTBOPHOE NMOTEHLIMHO
6inbll HaCMYEHUI FOPMOHaNbHNI Npodinb Ana Gpapma-
KOJIOTiYHMX abO pereHepaTMBHMX 3aCTOCYBaHb.

BigcyTHICTb NOMITHMX BigMiHHOCTEN Y piBHAX npore-
CTePOHY CBiAYUTbL NPo Moro 6a3oBy Posb y NiATPUMAHHI
BariTHOCTI, He3aN1eXKHO BiA CTaTi Nnoaa.

Y ekctpakTax EM Big nnoais yonosivoi cTati BuaABne-
HO BMLLi KOHLLEHTPALii 3araJibHOro TeCTOCTEPOHY Ta He-
KOH’tOroBaHoOro ectpiony, W0, MMOBIPHO, NOB’A3aHO 3i
CTaTeBMMM 0COBANBOCTAMM NAALLEHTAPHOrO cTepoigore-
He3y Ta rOPMOHA/IbHOTO MiKPOOTOYEHHA naoga. Pasom
i3 HM3bKUM piBHem DCI y 060x rpynax ue niakpecntoe
AndepeHLiioBaHy rOpMOHabHY aKTUBHICTb MIALEHTU
3aneXkHo Big, cTaTi Nao4a | MoXe ByTW BaXK/IMBOKO Xapak-
TEPUCTMKOIO A/1A OLiHKK BioNoriYyHoi Ta pereHepaTUBHOI
AKTMBHOCTI MpenapartiB, BUrOTOB/NIEHMUX Ha OCHOBI Naa-
LEeHTU.

Cnig, 3a3HaunTH, WO OTPMMaAHiI pes3ynbTaTu MatoTb
OMUCOBUIN XapaKTep, OCKIIbKK eKCTPaKTU popmyBaimca
3 BifHOCHO HEBEe/NMKOro Myny naaLeHTapHOro matepia-
ny. Pasom i3 TMM, HaBedeHi AaHi A03BONAOTb OXapakK-
Tepu3yBaTH iHTerpanbHi 0co6MBOCTi FOPMOHAIBHOIO Ta
bioximiuyHoro cknaay ekctpaktis EM 3anexHo Big cTaTi
naoga Ta MOXyTb ByTW BMKOPUCTaHI AK NiArpyHTA AnA
noAaNblNX AOCNIAKEHD.

BucHoBKM.

TaKMM YMHOM, pe3ynbTaTy AOCAIOKEHHA NOKasanu,
L0 3aCTOCOBAHWUM MeTof KpiokoHcepsyBaHHA ElN 3 Bu-
KOPUCTAHHAM KPio3aXMCHOro pPO34mMHy Ha ocHosi AMCO
3abe3neuvye 36epexKeHHsA KUTTE3AATHOCTI KNITUH | MOp-
$ONOriYyHOI LiNICHOCTI TKAHWUH 3@ HAABHOCTI MiHiManb-
HUX, NEePEBAXKHO TPAH3UTOPHMX 03HAK KPiOYLIKOAKEHb.
MopiBHANBHWIA FiCTONOTIYHWUI aHANi3 He BUABUB MOPdO-
JIOTIYHUX BiAMIHHOCTEM MiXK AEKOHCepBOBAHMMM 3pas-
Kamu, OTPMMAHMMMU Bif, NAOAIB Pi3HOI CTaTi.

BogHo4yac BCTAHOB/MEHO, WO CTaTb M/oAa BM/AMBAE
Ha BMICT 6i0NIOMNYHO aKTUBHMX PEYOBMH Y EKCTPaKTax 3
EM, 30Kpema Ha piBeHb rOpMoOHiB i 6inKka. BuseneHi Big-
MIHHOCTI MOXYTb MaTK 3HAYEHHA 4N1A NOAANbLIOT ONTU-
mi3auii nigxoais 4O BUrOTOB/AEHHA NMALLEHTApPHUX npe-
napartiB y ¢dapmakoorii Ta pereHepaTUBHI MeauLMHI 3
ornAAy Ha MOX/IMBY HEODOXiAHICTb YpaxyBaHHA CTaTeBoOl
HANeXXHOCTiI JOHOPCbKOro MaTepiany.

MepcnekTMBM NOAANBLUNX [OCNIAXKEHD.

Mopanbwi [OCNIAXKEHHA AOUIIbHO CMpAMYBaTU Ha
KOMMJIEKCHUI aHani3 cknasy ekcTpakTis EMN 3 ypaxyBaH-
HAM CTaTi N104a 3 GOKYCOM Ha KOHLLEHTpPaL,i LLUTOKIHIB,
npo3ananbHKX Ta NPOTU3ananbHUX dakTopis, GpakTopis
pocTy, GepMeHTiB, aHFOreHHWUX areHTiB Ta meTaboniTis.
Takuii nigxiga 0o03BOAUTb Bifbll AeTasibHO OLHMTKU MNo-
TEHUiMHWI BNAMB LMX KOMMOHEHTIB Ha pereHepaTuBHi
BnactmeocTi ENM i BU3HAUMTK iXHIO posb y 3ab6e3neyeHHi
6ionoriyHOI aKTMBHOCTI Ta papmaKkonoriyHoi edpeKTus-
HoCTi roToBux Bionpenaparti..
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MOPIBHANBHUA AHANI3 BIOXIMIYHOIO MPO®INIO0 KPIOKOHCEPBOBAHUX EKCMIAHTIB MNJIALLEHTU NtO-
OWUHU 3ANEXHO BIA CTATI N/1I0OAA

Muxanbuyk T. B., Mpokontok O. C.

Pe3stome. Y npeactaBnieHoOMy AOCAIAKEHHI OLiHIOBaN eDEKTUBHICTb KPIOKOHCEPBYBAHHS €KCMNAHTIB NJaLEeHTU
(EM) ntogmHM Ta BNAMB cTaTi NoAa Ha iX BioxiMiuHWI cknaa.

MnaueHTapHUIM MaTepian OTPUMYBAM MICAA KECApPEeBOro PO3TUHY, NOApPibHIOBanM A0 ¢parmeHTiB 3 Mm i 3amo-
poxysanu y 10% po3sunHi gumetuncynbdokemay (4MCO) Ha ocHoBi cepegosuia DMEM. 3amMoporKyBaHHA Npo-
Boaunn 3i wemakictio 1°C/xs ao —70°C i3 noganbwmm 36epiraHHAM y piakomy asoTi (—196°C). PoamopokyBaHHSA
3A4iMcHIOBaNN y BoAAHIM 6aHi npu 37°C. UTTE3AATHICTb KNITMH OLiHIOBA/IM 3@ LOMOMOTOH0 BiTabHOro 3abapBieHHsA
HENTPaNbHUM YEPBOHMUM i TPMNAHOBMM CMHIM. MopdooriYHy LifiCHICTb OLiHIOBaAM 332 LOMNOMOrOH FiCTO/IONYHOro
aHani3y 3paskis, 3a6apBAEHUX FTEMATOKCUNIHOM Ta €03UHOM. BMicT 6i010riYHO aKTUBHUX PEYOBUH BU3HaYann ¢oTo-
METPUYHUM METOLOM, @ TAaKOXK METOZO0M €/1eKTPO- Ta XeMiIFOMIHECLLEHTHOIo iIMyHOMETPUYHOTO aHai3y.

PesynbTaT NoKasanu, wo KpiokoHcepByBaHHA 3 [IMCO 3abe3neuye BUCOKUIA PiBEHb XKUTTE3AATHOCTI KAITUH i
36eperkeHHA MopPdONOriYHOT CTPYKTYPU BOPCUH NNaLLEeHTU. HeraTUBHWUIN KOHTPO/Ib, 3aMOPOXKeHUI 6e3 KpionpoTek-
TOpa, A&MOHCTPYBAB rpybi AeCTPYKTUBHI 3MiHM, B TOM Yac AK TPAH3UTOPHI 0O3HAKM YLWKOAKEHb Y IEKOHCEPBOBAHMX
3pasKax 3HMKaAu nicna KynbtueyBaHHsA EM npotarom 24 roguH. MopdonoriyHnit aHanis He BUSIBUB BigMiHHOCTEN
MiX 3pa3KkamMmn, OTPMMAHMMMU Bif, NIOAIB Pi3HOI CTaTi.

Ha BiamiHy Big, uboro, 6ioximiuHuWIA aHaNi3 NoKasaBs CyTTEBI CTaTeBi BiAMiHHOCTI. EKcTpaKTu ENN Big nioais KiHouyoi
cTaTi MicTuAM BULWi piBHI anbdacdeTonpoTeiHy, XOPiOHIYHOTO rOHAA0TPOMIHY, OTEIHI3YOYOro rOPMOHY, NMPONAKTUHY
Ta 3arasbHoro 6inKa, To4i AK y 3pa3Kax Bif NA0A4iB Y00BIYOI CTaTi cnocTepiranoch NiABMLLEHHA TECTOCTEPOHY Ta
HEKOH’toroBaHoro ectpiony. PiseHb nporectepoHy Ta ®CI 3anunwwaBca HU3bKMM i NoAibHum y obox rpynax. Li aaHi
CBigYaTb NPO cneundiyHnit BNAMB CTaTi N1oAa Ha rOPMOHaNAbHUI Ta BiNKOBMI NPOdiNb NAALEHTH, LLO MOXKe byTH
BaXX/IMBO 418 ONTUMI3aL,ii papmaKonoriYHUX i pereHepaTMBHUX 3aCTOCYBaHb NIALEHTAPHUX NPenaparTis.

TakMM YMHOM, 3aNPOMNOHOBAHUIN METOZ, KPIOKOHCEPBYBaAHHA € ePeKTUBHUM A/1A 36eperKeHHA KUTTE3[ATHOCTI
KNiTUH Ta mopdodonorii EMM, a BuABNEHI cTaTeBi BiAMIHHOCTI y BioXiMiYHOMY CKIaAi MOXKYTb CAYXUTU MiACTaBOK ANA
noAanbloi NepcoHanisauii NigxoAisB A0 BUKOPUCTAHHA NAALLEHTAapHOro martepiany.

KntouoBi cnoBa: nnaueHTa, KPiOKOHCepBYBaHHA, cTaTeBocneumivHi BigMIHHOCTI, eKCNAAHTU NAALEHTK, pere-
HepaTMBHA MeanUMHa.

COMPARATIVE ANALYSIS OF BIOCHEMICAL PROFILES OF HUMAN PLACENTAL EXPLANTS BY FETAL SEX AFTER
CRYOPRESERVATION

Mykhalchuk T. V., Prokopyuk O. S.

Abstract. This study evaluated the effectiveness of cryopreservation of human placental explants (PEs) and the
influence of fetal sex on their biochemical composition.

Placental tissue was obtained after cesarean section, minced into 3 mm fragments, and frozen in 10% dimethyl
sulfoxide (DMSO) in DMEM medium. Freezing was performed at a rate of 1°C/min down to —70°C, followed by stor-
age in liquid nitrogen (-196°C). Thawing was conducted in a water bath at 37°C. Cell viability was assessed using vital
staining with neutral red and trypan blue. Morphological integrity was evaluated by histological analysis of hema-
toxylin and eosin-stained sections. The content of biologically active substances was determined using photometric
methods as well as electrochemiluminescent and chemiluminescent immunometric assays.

The results demonstrated that cryopreservation with DMSO preserved high cell viability and maintained the
morphological structure of placental villi. The negative control, frozen without a cryoprotectant, exhibited severe
destructive changes, whereas transient damage in thawed explants disappeared after 24 hours of cultivation. Mor-
phological analysis revealed no differences between explants from male and female fetuses.

In contrast, biochemical analysis revealed significant sex-related differences. Extracts from female fetuses con-
tained higher levels of alpha-fetoprotein, human chorionic gonadotropin, luteinizing hormone, prolactin, and total
protein, whereas explants from male fetuses showed elevated levels of testosterone and unconjugated estriol. Pro-
gesterone and follicle-stimulating hormone (FSH) levels remained low and similar in both groups. These findings in-
dicate a specific influence of fetal sex on the hormonal and protein profile of the placenta, which may be important
for optimizing pharmacological and regenerative applications of placental-derived preparations.

In conclusion, the proposed cryopreservation method effectively preserves cell viability and morphology of PEs,
and the observed sex-dependent differences in biochemical composition can inform personalized approaches to the
use of placental material.

Key words: placenta, cryopreservation, sex-specific differences, placental explants, regenerative medicine.
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The pandemic caused by coronavirus disease (COVID-19) is currently one of the most serious and influential
problems in modern medicine. It has presented the medical community with a number of important challenges,
including studying the dynamics of the disease and developing new approaches to diagnosis and treatment. Bio-
chemical markers have proven to be one of the most convenient tools in such studies, as tracking their dynam-
ics allows for rapid assessment of the patient's condition, prediction of changes, and adjustment of therapeutic
strategies to achieve optimal results. The aim of this study was to analyze the dynamics of biochemical markers
in the blood of patients with COVID-19 and to establish possible links between their changes and the severity of
the disease. Hemostasis system indicators (D-dimer, fibrinogen, activated partial thromboplastin time), as well as
C-reactive protein (CRP), procalcitonin, and ferritin were studied. The results showed that CRP levels varied across
all age groups regardless of gender, with significantly higher values observed in elderly patients: men — 88.94+49.13,
women — 76.49+7.51. In younger patients, CRP levels were lower: men —41.63+8.95, women — 39.70+5.43, indicat-
ing @ more pronounced inflammatory response in older age groups. Procalcitonin levels exceeded the norm by 6-7
times. Coagulogram indicators showed an upward trend: D-dimer concentration in elderly and senile patients was
as follows: men: 1.750+0.500, women: 1.940+0.300 for the elderly; men: 1.890+0.240, women: 1.910+1.200 for the
senile age group, which is almost three times higher than the values in younger groups and indicates an increased
risk of thrombosis. Fibrinogen levels were elevated (7.60+0.80 g/L) and accompanied by a slowdown in prothrombin,
thrombin, and activated partial thromboplastin times, as well as a significant increase in D-dimer. These changes
indicate the activation of hypercoagulable syndrome, which contributes to the formation of blood clots. Studying the
characteristics of SARS-CoV-2 in patients with chronic diseases requires taking into account the significant variability
of these indicators, therefore, their analysis should be individual and take into account the clinical picture of each
patient. This approach allows for a more accurate assessment of the dynamics of the disease and the development
of personalized treatment strategies.

Key words: COVID-19, biochemical markers, C-reactive protein, procalcitonin, D-dimer, coagulopathy/hemosta-
sis, disease severity/clinical prognosis.
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