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Background. The human umbilical cord is a promising source of biologically active substances with regenera-
tive properties. However, the potential of lyophilized cryoextract from the umbilical cord for regenerative
medicine, which could facilitate storage and transportation, remains unexplored. Therefore, it is important to
study the effect of such cryoextracts using a cellular model.

Objective. To evaluate the effect of Iyophilized and frozen umbilical cord cryoextracts on the 1929 cell line
to assess their therapeutic potential.

Methods. This study was conducted on 1.929 cell cultures. Cryoextracts from the human umbilical cord were
obtained through cryoextraction and lyophilized forms at —80 and —20 °C. These extracts were added to Dul-
becco's Modified Eagle Medium (DMEM) at three concentrations: 0.1, 0.5, and 1.0 mg/ml. The control
groups included cells cultured in DMEM with and without fetal bovine serum. Cell morphology and mono-
layer confluency were observed. To assess the impact of the cryoextracts, several assays were performed: cell
viability (adhesion), migration activity (scratch test), pinocytosis activity (neutral red uptake assay), metabol-
ic activity (MTT assay), and (proliferation) population doubling time.

Results. The addition of umbilical cord cryoextract and its lyophilized form at —80 °C was non-toxic to the
cells. The most effective concentration was 0.1 mg/ml, which significantly stimulated cell adhesion and pro-
liferation compared to the culture medium without fetal serum. The lyophilized cryoextract at —20 °C did
not enhance cell viability but did increase pinocytosis activity.

Conclusions. These findings suggest that umbilical cord cryoextract and its lyophilized form at —80 °C can be
used as growth factors in cell line cultivation. The lyophilized cryoextract shows promise for use in condi-
tions where specialized storage equipment is not available. However, the lyophilized form at —20 °C primarily
stimulates pinocytosis activity and inhibits proliferation.
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metabolic activity.

Introduction

The human umbilical cord is a crucial physio-
logical structure that connects the fetus to the pla-
centa throughout pregnancy, ensuring vital func-
tions that support fetal development. It comprises
three main vessels — two arteries and one vein —
encased in Wharton's jelly, a gelatinous substance
rich in hyaluronic acid, chondroitin sulfate, and
growth factors. This composition protects the ves-
sels from damage and maintains stable blood circu-
lation between the fetus and placenta [1, 2]. Fur-
thermore, the umbilical cord lacks innervation, en-
hancing its resistance to external influences, while
both umbilical cord blood and Wharton's jelly are
rich sources of mesenchymal stem cells (MSCs) [3].

Recent medical research has shown growing
interest in the umbilical cord as a source of biolog-
ically active substances and stem cells for therapeu-
tic applications. A key focus has been the effects of

umbilical cord cryoextracts and their components
on cells and tissues. Umbilical cord MSCs, in par-
ticular, have potent regenerative properties and im-
munomodulatory effects, positioning them as pro-
mising candidates for cell therapy [4, 5]. The use
of umbilical cord-derived biomaterials avoids the
ethical concerns associated with obtaining cells from
embryonic tissues [6].

Umbilical cord derivatives are actively used in
regenerative medicine for the treatment of con-
ditions such as diabetes, cardiovascular diseases,
nervous system disorders, bone regeneration, and
wound healing [7—9]. For instance, MSCs from
the umbilical cord have been shown to reduce in-
flammation and promote tissue regeneration via
paracrine signaling [10]. However, the potential of
umbilical cord cryoextract remains underexplored.

A key challenge is optimizing the storage and
processing of umbilical cord biological material.
Cryopreservation and lyophilization are promising
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methods in this regard. Lyophilization, a dehydra-
tion process, enables long-term storage of biologi-
cally active substances without significant loss of
their properties. This method is advantageous be-
cause lyophilized preparations can be stored with-
out specialized equipment and are easily transpor-
ted, making them highly applicable in regenerative
medicine [11, 12]. Lyophilized umbilical cord pro-
ducts maintain their therapeutic properties and are
applied in the treatment of wounds and tissue
damage [13].

The 1929 cell line is a well-established model
for studying cytotoxicity and regenerative processes.
It is commonly used to evaluate the effects of bio-
logically active substances on cell growth, diffe-
rentiation, and apoptosis. Examining the impact of
umbilical cord cryoextracts and lyophilized pro-
ducts on L929 cells is crucial for understanding
their potential applications in regenerative medi-
cine and therapy [14, 15]. In the future, this know-
ledge could contribute to developing novel treat-
ments for tissue damage and chronic conditions.

Thus, the the aim of the study was to examine
the effects of umbilical cord cryoextract and its
Iyophilized forms on L929 cells, which will help
determine their potential for use in medical re-
search and clinical practice.

Materials and Methods

The study was conducted using 1929 cell cul-
tures obtained from the low-temperature biological
object bank at the Institute for Problems of Cryo-
biology and Cryomedicine of the National Acade-
my of Sciences of Ukraine. The cryopreserved cul-
ture, stored in liquid nitrogen at —196 °C, was
thawed in a water bath at 37 °C until the ice com-
pletely melted, resuspended in Dulbecco's Modi-
fied Eagle Medium (DMEM) (Biowest, France),
centrifuged at 1500 rpm, and the supernatant was
removed. After thawing, the cells were seeded into
25 cm? culture flasks (SPL, Republic of Korea) and
cultured in a CO, incubator (Thermo Fisher Scien-
tific, USA). The medium was changed every 3 days
until 100% confluency was achieved, after which
the cells were used for experiments. They were cul-
tured in DMEM medium (Biowest, France) supple-
mented with 10% fetal bovine serum (FBS) (Lonza,
Germany) and 1% antibiotic-antimycotic solution
(BioWest, France) at 37 °C, 100% humidity, and
5% CO, in culture vessels (SPL, Republic of Korea).

The umbilical cord was obtained under condi-
tionally sterile conditions during delivery with infor-
med consent from the maternity. It was rinsed with
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sterile phosphate-buffered saline (PBS) (Biowest,
France) to remove erythrocytes. The umbilical cord
cryoextract (UCC) was prepared by minced the
washed cord with scalpel, washed again to remove
residual erythrocytes, and centrifuged at 1500 rpm
for 10 minutes in a laboratory centrifuge (LMSC-
P10-01-Elekon, Ukraine). The samples were
homogenized and diluted 1:2 with PBS, then stored
in a ultra-low temperature freezer DW-86W100J
(Haier, China) at —80 °C in 15 ml sterile polypro-
pylene Falcon-type tubes (SPL, Republic of Korea)
each containing 5 ml of the suspension. Before
use, the suspension was thawed at 37 °C in a water
bath WB-4 (Micromed, Ukraine), centrifuged for
10 minutes at 1500 rpm, and the supernatant trans-
ferred to sterile tubes.

To ensure the proper preservation of biologi-
cal objects such as bacteria, vaccines, serums, and
medical preparations, lyophilization (freeze-drying)
is typically used with pre-cooling to —60 to —80 °C.
This temperature ensures complete freezing of wa-
ter without leaving a liquid phase and allows for ef-
ficient "dry" sublimation of ice. However, it com-
plicates the biotechnological process due to the
need for complex refrigeration equipment. At the
same time, for storing protein-based biostimulants
such as FBS for cell culture work, higher tempera-
tures (up to —20 °C) are used, which significantly
simplifies storage. The question remains whether
cooling to -20 °C can be applied in sublimation
technologies for biostimulants.

Two lyophilized UCC samples were studied:
one was freeze-drying at —-80 °C (-80LUCC) and
another one at -20 °C (-20LUCC). For -80LUCC
obtaining, UCC was cooled to —80 °C and lyophili-
zed using a freeze-dryer Alpha 1-2 LDplus (Martin
Christ Gefriertrocknungsanlagen GmbH, Germany).
To obtain -20LUCC, the samples were frozen to
—20 °C and lyophilized in the freeze-dryer. The lyo-
philized material was stored in hermetically sealed
tubes at +8 °C for 3 months.

To assess the effect of the studied substan-
ces, L929 cells were seeded into 24-well plates
(SPL, Republic of Korea) at a concentration of
2x10° cells/well and cultured in DMEM medium at
37 °C, 100% humidity, and 5% CO,. The study in-
cluded five groups differing in the content of bio-
logically active compounds: group 1 — DMEM,
used as a control to assess the impact of the ab-
sence of growth factors on cell development and
proliferation; group 2 — medium with fetal bovine
serum (DMEM + FBS), control with standard growth
conditions with FBS added at a conventional con-
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centration of 10%; group 3 — medium with added
UCC; group 4 — medium with added -80LUCC;
group 5 — medium with added -20LUCC. The
concentrations of the substances were standardized
by protein content, based on literature recommen-
dations (0.1, 0.5, and 1.0 mg/ml of protein in the
culture medium) [16].

Cell morphology and monolayer confluency
based on adhesive properties were evaluated after
24 hours of cultivation [17]. To assess cell migra-
tion and wound healing capacity, the scratch test
was used. A scratch was made in the monolayer cell
culture at the center of the well using a sterile 200 puL
pipette tip, and observations were made daily until
the wound area was completely closed [18].

To assess cell viability, the neutral red uptake
assay was used [19]. The population doubling time
was measured [20, 21], and the MTT test was con-
ducted to determine the functional state of mito-
chondria [22]. For the MTT assay, cells were see-
ded into 96-well plates (1x10* cells/well), incu-
bated for 24 hours with the tested substances, and
then treated with MTT solution (5 mg/ml) for
3 hours. After incubation, dimethyl sulfoxide with
sodium dodecyl sulfate was added, and absorbance
was measured at 570 nm using a microplate spec-
trophotometer "SM600" (Utrao, China). For the
NR assay, cells were seeded into 96-well plates
(1x10* cells/well), incubated for 24 hours with the
tested substances, and then treated with a solution
of 50% ethanol and 3% acetic acid. Absorbance
was measured at 540 nm using the same spectro-
photometer.

Images from microscopy were processed using
ToupView v3.7 (Hangzhou ToupTek Photonics Co.,
Ltd, Hangzhou, China) and ImagelJ v1.48 (NIH,

USA). The significance of the differences was deter-
mined using the Mann—Whitney U test. Statistical
analysis was performed using Past V. 3.15 software
(University of Oslo, Norway).

All experiments are consistent with the main
provisions of the Law of Ukraine 'On the Protection
of Animals Against Cruelty' (No. 3447-1V dated
21.02.2006), 'European Convention on the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes' (Strasbourg, 1986)
and discussed at the meeting of the Bioethics Com-
mittee of the Institute for Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine.

Results

Our conducted studies on the effects of um-
bilical cord cryoextracts revealed the following.
L929 cells cultured in DMEM medium (group 1)
had a heterogeneous morphology, with the mono-
layer confluency reaching approximately 100%,
However, the density of the cell layer was notably
lower compared to the group where FBS was ad-
ded to the culture medium (group 2). The majority
of cells in group 1 displayed irregular, amorphous,
or elongated shapes (Fig. 1a), which is likely in-
dicative of stress due to the absence of growth fac-
tors in the medium. In contrast, cells in group 2
(DMEM + FBS) had a more uniform morphology,
predominantly showing regular, rounded, or poly-
gonal shapes. These cells adhered closely to each
other, forming a confluent monolayer without visi-
ble gaps (Fig. 1b), a characteristic typical of cul-
tures grown under optimal conditions with ade-
quate growth support.
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Figure 1: Microphotographs of the 1929 cell monolayer after 24 hours of cultivation (a) in DMEM and (b) in DMEM + FBS.

Phase contrast, scale bar 100 um
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The cells in group 3, cultured in the presence
of UCC at three different concentrations, exhibited
monolayer formation. Notably at a concentration of
0.5 mg/ml, the cells formed a denser monolayer with
regular morphology and well-defined nuclei (Fig. 2b).
In comparison, at concentrations of 0.1 mg/ml and
1.0 mg/ml, some heterogeneity in cell shape was
evident (Figs.2a, 2c). In groups 4 and 5, which
were cultured with -80LUCC and -20LUCC, nor-
mal monolayer morphology was maintained, par-
ticularly at the lowest concentration of the respec-
tive samples (Figs. 3a, 4a).

The study of L929 cell adhesion capacity re-
vealed that in the control group 2, where FBS was
added to the culture medium, the number of fully
adhered cells was significantly higher compared to
all the experimental groups. This result was antici-

pated, as FBS contains growth and adhesion fac-
tors that promote cell attachment in standard cell
cultivation protocols. When cultured with UCC at
a concentration of 0.1 mg/ml, adhesion and cell
spreading increased by 13% compared to cells cul-
tured in DMEM without growth factors. However,
the effect of UCC on cell adhesion was less pro-
nounced than that observed with FBS (group 2).
Increasing the UCC concentration to 0.5 mg/ml
did not further enhance adhesion, while a concen-
tration of 1.0 mg/ml led to a reduction in both
adhesion and cell spreading. For cells cultured with
-80LUCC, effects similar to those of UCC were
observed, with a 19% increase in adhesion and
spreading at 0.1 mg/ml, but suppression at 1.0 mg/ml.
No significant differences were found between
groups 4 (-80LUCC) and 3 (UCC). In contrast,

Figure 2: Microphotographs of the 1929 cell monolayer after 24 hours of cultivation in the presence of umbilical cord cryoextract at
concentrations of (a) 0.1 mg/ml, (b) 0.5 mg/ml, and (c) 1.0 mg/ml. Phase contrast, scale bar 100 um

Figure 3: Microphotographs of the L929 cell monolayer after 24 hours of cultivation in the presence of lyophilized umbilical cord
cryoextract (-80 °C) at concentrations of (a) 0.1 mg/ml, (b) 0.5 mg/ml, and (c) 1.0 mg/ml. Phase contrast, scale bar 100 pm

Figure 4: Microphotographs of the L929 cell monolayer after 24 hours of cultivation in the presence of lyophilized umbilical cord
cryoextract (-20 °C) at concentrations of (a) 0.1 mg/ml, (b) 0.5 mg/ml, and (c) 1.0 mg/ml. Phase contrast, scale bar 100 um
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cells cultured with -20LUCC at all tested con-
centrations showed no improvement in adhesion
compared to the medium without biologically ac-
tive substances (Fig. 5).

The analysis of the migration activity test re-
sults revealed that the wound closure rate, which
indicates the cell migration rate, was approximately
20% higher in group 2 (DMEM + FBS) compared
to group 1 (without growth factors). Groups 3 and
5 did not demonstrate a significant effect on 1.929
cell migration, showing no difference from the data
obtained for group 1. However, in group 4, where
Iyophilized at —-80 °C cryoextract (-80LUCC) was
added at a concentration of 0.1 mg/ml, the wound
closure rate matched that of Group 2 (Fig. 6).

100

The neutral red uptake assay demonstrated that
UCC and -80LUCC had no significant effect on
the pinocytotic activity of the cells at any tested
concentration. However, the addition of -20LUCC
to the culture medium notably stimulated the pino-
cytotic activity (Fig. 7).

The MTT assay showed no significant differ-
ence between groups 1 and 2, indicating the pres-
ence or absence of growth factors had no impact
on the metabolic activity of the cells. Similar re-
sults were observed for groups 3 and 4, where the
addition of UCC and -80LUCC to the culture
medium at all tested concentrations showed no
toxic effect on 1929 cells. However, a significant
increase in unreduced tetrazolium dye was detected
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in cultures treated with -20LUCC at concentra-
tions of 0.5 and 1.0 mg/ml, suggesting a decrease
in the functional activity of the cells (Fig. 8).

The results obtained for population doubling
time were as expected for the control groups. In
group 2, where cells were cultured with the addi-
tion of FBS, the doubling time was twice as fast as
in cells cultured in DMEM alone. The tested sam-
ples showed fairly heterogeneous results.

The most comparable results to standard cul-
tivation conditions (group 2) were observed in cell
cultured with the addition of UCC at concent-

rations of 0.1 and 0.5 mg/ml, as well as with
-80LUCC at 0.1 mg/ml. These concentrations
could potentially be used as substitutes for fetal bo-
vine serum. It is important to note that a high
concentration of UCC in the culture medium ne-
gatively affected the population doubling time,
which was also observed when using -80LUCC at
a concentration of 1.0 mg/ml. Analysis of the re-
sults obtained for group 5, with different concen-
trations of -20LUCC, L929 cell proliferation was
accelerated compared to group 1, but significantly
slower than in group 2 (Fig. 9).
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Discussion

The umbilical cord represents a promising sour-
ce of cells, tissues and biological substances that
could meet the needs of regenerative medicine [4—
10]. The cryoextract and lyophilized umbilical cord
sample is the most straightforward for further utili-
zation [11—15]. The objective of this study was to
investigate the properties of UCC and two forms of
LUCC in an in vitro system, comparing their effects
with a medium without biostimulants and with a
medium containing a standard FBS stimulant. The
standard cell line 1929, which is commonly em-
ployed in pharmacological studies, was selected as
the test culture. To comprehensively assess the ef-
fect of UCC and LUCC, a series of screening tests
were selected to comprehensively assess the state of
cells. These included a morphological assessment
of cells and monolayer, an assessment of cell ad-
hesion, an MTT test to assess metabolic activity, a
neutral red absorbance test to assess lysosomal func-
tion, a scratch test to assess migration activity, and
a population doubling test to assess proliferative
activity [17—22].

The results of our study demonstrated that
UCC and its lyophilized forms at —80 and -20 °C
have a significant impact on L929 cells, highlight-
ing their potential for application in regenerative
medicine. At a concentration of 0.1 mg/ml, the UCC
effectively promoted the formation of a confluent
monolayer of cells, comparable to the effect of FBS,
which is commonly used as a growth stimulant for

cultivating of different cells. Similar outcomes have
been observed when using lyophilized umbilical cord
as an allograft for healing chronic wounds, sup-
porting the notion that biologically active compo-
nents — such as proteins, growth factors, cytokines,
inflammation modulators, proteases, adhesion mo-
lecules and other regulators — remain preserved af-
ter lyophilization [13].

The umbilical cord is a known source of
MSCs and growth factors, which play a key role in
stimulating cell adhesion and proliferation. This is
confirmed by our results, where the best effect on
cell adhesion was achieved with a concentration of
0.1 mg/ml of the cryoextract and —80 °C lyophilized
form. However higher concentrations (1.0 mg/ml)
had a negative effect on adhesion and proliferation,
likely due to cytotoxic effects caused by an exces-
sive amount of proteins or other cryoextract com-
ponents. Similar results have been reported in stu-
dies investigating the use of umbilical cord MSCs
for wound healing and other tissue damage treat-
ments [6, 23].

Interestingly, the lyophilized at -20°C cord
extract had a significantly lower effect on the cells
compared to the —80 °C lyophilized form and cryo-
extract. This may be due to partial degradation of
biologically active substances, such as proteins and
growth factors, at higher freezing temperatures, which
could diminish the product's effectiveness. Lyophili-
zation, as a technique for preserving biological acti-
vity, plays a critical role for maintaining the functio-
nal properties of such biological materials [11, 12].
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The cell migration test (scratch test) showed
that the UCC and -80 °C lyophilized form did not
significantly affect cell migration compared to the
control. However, the stimulation of adhesion at
low concentrations of the cryoextract and lyophi-
lized cord suggests their potential for use in rege-
nerative processes, particularly in tissue repair fol-
lowing injury or surgery. For instance, cryopre-
served human umbilical cord patches have been ef-
fectively used for chronic wounds of the foot and
ankle [11, 24], diabetic foot ulcers [24, 25], and dia-
betic ulcers with osteomyelitis [14, 15, 24, 26—30].
The ability of umbilical cord cryoextract to retain
its properties after lyophilization increases its clin-
ical appeal, as it simplifies storage and transporta-
tion by eliminating the need for extremely low tem-
peratures [11, 13].

Furthermore, our MTT assay results showed
no toxic effects from either the cryoextract or the
—80 °C lyophilized form on 1929 cells, which is an
important consideration for potential clinical use,
as toxicity is a key factor limiting the application of
biomaterials in therapy. In contrast, the lyophilized
cord stored at —20 °C stimulated pinocytotic activi-
ty, which may indicate reduced efficacy due to po-
tential protein denaturation at higher freezing tem-
peratures.

Despite the positive results, a limitation of this
study is the lack of comparison with other cell lines,
which would provide a broader understanding of
the versatility of umbilical cord cryoextract and
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lyophilized products. Future research should focus
on investigating the effects of these samples on dif-
ferent cell types to better assess their potential in
various therapeutic applications.

Conclusions

The results of this study demonstrated that um-
bilical cord cryoextract possesses biostimulant pro-
perties, enhancing the adhesive and proliferative ac-
tivity of 1929 cells, leading to the formation of a
monolayer comparable to that achieved with FBS.
The cryoextract did not significantly affect cell mi-
gration or metabolic activity, with its most pronoun-
ced effects observed at a concentration of 0.1 mg/ml.
Similar properties were noted with -80LUCC, while
-20LUCC lost these biostimulant properties, instead
stimulating pinocytotic activity and inhibiting cell
proliferation.

Based on these findings, the optimal concentra-
tion for further studies is 0.1 mg/ml for both UCC
and -80LUCC. The data suggest that -80LUCC is a
feasible alternative to umbilical cord cryoextract,
with the added advantage of easier storage and
transport due to its lyophilized form.
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"lHcTUTYT Npo6nem kpioGiororii i kpiomeanumMHM HAH Ykpainu, Xapkis, YkpaiHa
“CyMmchkunin nepxaBHUi yHisepcuTteT, Cymu, Ykpaina
XapKiBCbKUI HaLjoHanbHUA MEAVYHUI yHIBEpCUTET, XapkiB, YKkpaiHa

BMNMB JNNIOPITIBOBAHOIO TA 3AMOPOXEHOIO KPIOEKCTPAKTY NMYNMOBUHU HA KYJIbTYPY KIITUH L929

Mpobnemartuka. [ynoerHa MOAVHN € NEPCNEKTUBHUM [Xepernom GionoriyHo akTUBHMX PEYOBMWH, SiKi MAlOTb pereHepaTuBHi BracTu-
BoCTi. OjHaK HEBMBYEHOI € MOXIMBICTb BUKOPUCTaHHS Niodini3oBaHOro KpioekCcTpakTy NynoBUHU ANS 3aCTOCYBaHHSI B pereHepaTuBHii
MeAMUMHI, WO nonerwmnTb 36epiraHHs Ta TPaHCNOPTYBaHHS KpioekcTpakTy. [ns uboro HeobXigHMM € [OCHiOXEHHST BNMUBY TakUX Kpio-
EKCTPaKTiB Ha KMiTUHHI Mogeni.

Meta. OuiHnti BNnMB niodinisoBaHOro Ta 3aMOPOXXEHOTrO KPIOEKCTPaKTy MYMOBUHU Ha KynbTypy KMiTWH NiHii L929 ana Bu3HaveHHs
IXHBOro TepaneBTUYHOro NoTeHujiany.

MeTopuka peanisauii. [locnigkeHHs NpoBoAMIOCh Ha KynbTypi KNiTH L929. OTpumaHuin KpioeKCTpaKT NynoBMHW MOAUHK | NOTO fio-
dpinizoBaHi hopmu 3a Temnepatyp —80 i —20 °C gogasanu Ao cepefosuLla KynbTuByBaHHs [Jynbbekko (DMEM) y TpbOX KOHLEHTpaLisix —
0,1, 0,5 Ta 1,0 mr/mn. KoHTponem 6ynu kniTnHu, siki KynbTuByBanu B cepegosuwi DMEM 6e3 i 3 fogaBaHHAM 6ruyayoi heTanbHoi cupo-
BaTtku. Jocnigkysanu Mopdonorito KNiTUH i KOHPAEHTHICTL MOHoLWwapy. [ns JOCNiAKEeHHS BMMMBY KPIOEKCTPaKTiB NPOBOAUIMN OLHKY
XKUTTE3OATHOCTI KNiTUH 3a NOKa3HMKaMu agresii, MirpauinHoOi akTUBHOCTI 32 JOMOMOrOK CKpeTY-TeCTy, NiIHOLMTO3HOI akTUBHOCTI 3a Tec-
TOM MOIMNMHAHHSA HEWTPanbHOro YepBOHOTO, PiBHA MeTabonivyHOi akTMBHOCTI — 3a gonomoroto MTT-TecTy, nponidepadii — BUBYaro4umn yac
NoABOEHHSA Monynsvii.

Pe3ynbTaTtn. BusiBneHo, o OoAaBaHHA KpPiOEKCTpaKTy MyMoBMHWM Ta moro niodinizoBaHoi 3a —80 °C ¢hopMu He € TOKCUYHMM A4S
OocnimxyBaHux knituH. Hanbinbl edekTMBHOW BusiBUNacs koHueHTpauis 0,1 mr/Mn, sika cyTTeBO CTUMynioBana agresito Ta nponidge-
pauito KNMiTUH NOPIBHSIHO 3 cepefoBMLLEM KynbTUBYBaHHS 6e3 fopgaBaHHs deTanbHoi cupoBaTku. JliodinioBanun 3a —20 °C kpio-
€KCTpaKT NyNnoBMHU He NPOSIBISB CTVMYMIOBANbHOIO BNAVBY Ha MNOKa3HWKM XWUTTE3AATHOCTI KNITUH, ane CTUMYIOBaB iXHIO MIHOLMUTO3HY
aKTUBHICTb.

BucHoBku. OTpumaHi pesynbTaTi WOAO KPiOEKCTPaKTy MynoBMHM Ta noro niodinizoBaHoi 3a —80 °C copmu BKasyloTb Ha Te, L0 BOHU
MOXYTb ByTN BUKOPUCTaHI SIK hakTopy POCTy ANS KyNbTUBYBaHHSA KNITUHHUX MiHiN. [MNpu Lubomy came niodinizoBaHuii 3pa3ok 3abesnevye
CBOI epeKTUBHICTb 3a BiACYTHOCTI HeobxiaHoro Ansa 36epiraHHA Ta TpaHcnopTyBaHHA obnagHaHHs. JliodinisoBaHa 3a —20 °C dopma
KPIOEKCTPaKTy CYTTEBO CTUMYSIIOE NIHOLMTO3HY aKTUBHICTb JOCHIAKYBaHWUX KNITUH Ta NPUrHivye ixHIo nponidepalito.

KntoyoBi crnoBa: KpioekcTpakT; KpiokoHcepBauis; NiHia knituH L929; niodinisauia; nynoBuHa; KNiTMHHa KynbTypa; XUTTE3QATHICTb;
MeTabonivyHa akTUBHICTb



