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CRYOPRESERVATION OF L929 CELL CULTURE IN PROTECTIVE
SOLUTIONS CONTAINING HYALURONIC ACID

Recently, cryobiological studies have focused on the prospects of using hyaluronic acid (HA) as a component of protective
media during cryopreservation of various cell types. HA is a polysaccharide of natural origin and an integral component of
the extracellular matrix, which determines its high biocompatibility and potential protective properties for cells under stressful
conditions, in particular during freezing. The paper presents the results of cryopreservation of L929 cells using protective
solutions containing 0.5% HA of various molecular weights as well as 5% of the classical endocellular cryoprotectant DMSO.
Experimental protocols for the freezing of cells differed in the cryoprotective solution composition, the method of adding its
components to cells, and the duration of cell exposure. The effectiveness of the cryopreservation protocols used was assessed
by the viability of L929 cells and their adhesive properties. The results obtained showed that HA, regardless of its molecular
weight, did not affect the penetration of DMSO through the membranes of L929 cells. The use of a cryoprotective solution
containing only low-molecular-weight HA ensured cell survival at (72 + 4.2)%, which did not differ from the values for the
standard protocol. For high-molecular-weight HA, this index decreased to (42 + 4.8)%. Regardless of the cryopreservation
protocol, L929 cells retained the ability to attach to an adhesive surface. However, further growth and proliferation of cells
largely depended on the composition of the cryoprotective solution and the conditions of administration of its components.
Thus, it was shown that both low-molecular-weight HA and high-molecular-weight HA exhibited pronounced cryoprotective
properties and can be used either as components of protective media in combination with DMSO, or as an independent
impermeable cryoprotectant.
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One of the key issues related to low-temperatu-
re storage of cell suspensions is optimizing the
composition of cryoprotective solutions. Traditio-
nally, they include permeable low-molecular cryo-
protectants such as dimethyl sulfoxide (DMSO),
glycerol, propylene glycol, etc. These substances
prevent intracellular crystallization, but can have a
cytotoxic effect that depends on their concentration.
As a rule, to stabilize cell membranes, traditional
cryoprotective solutions contain serum or albu-

mins, which can cause additional contamination
[6, 7]. To eliminate these risks, high-molecular
impermeable impurities (sucrose, trehalose, poly-
ampholytes, polyvinyl alcohol, dextran, etc.) are
added to the composition of cryoprotective solu-
tions [8—10]. They allow the reduced concentrati-
on of permeable cryoprotectants, ensure effective
cell dehydration and extracellular protection, affec-
ting the course of ice crystallization and recrystal-
lization.
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Recently, a number of publications have appea-
red on the use of hyaluronic acid (HA) of various
molecular weights as a cryoprotectant, which is a
natural glycosaminoglycan and an integral com-
ponent of the extracellular matrix [5, 11, 15]. HA
molecules are involved in such biological pro-
cesses as cell signaling, regulation of cell adhesion
and proliferation, and regeneration [4, 5, 14]. The
listed properties determine the low cytotoxicity of
HA, and the high ability of its molecules to hydrate
allows us to consider this substance as a promising
extracellular cryoprotectant [3]. There are some
reports on the effectiveness of HA in protective so-
lutions for cryopreservation of various cell types [5,
11, 12] and on its stabilizing effect for plasma
membranes [15]. In future, such properties of HA
will contribute to the creation of serum-free media
for cryopreservation of cell suspensions [10]. Ho-
wever, it should be noted that the protective mecha-
nism of HA is not fully understood. In addition, the
question of determining the concentration of HA
in cryoprotective solutions and its dependence on
molecular weight remains unresolved.

The research aim was to study the effect of
hyaluronic acid solutions of different molecular
weights on the preservation of L929 cell cultures
during cryopreservation under different conditions
of adding hyaluronic acid and dimethyl sulfoxide
to the protective solution.

MATERIALS AND METHODS

The object of the study was the L929 cell culture,
which was stored at Low-Temperature Bank of the
Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine (Kharkiv). The samples for the study were
previously thawed in a water bath at 37 °C, washed
from the cryopreservation medium and cultured
in DMEM/F12 (BIOWEST, France) with the ad-
dition of antibiotics (200 U/ml benzylpenicillin,
200 pg/ml streptomycin and 5 pg/ml amphoteri-
cin B) and 10% fetal calf serum (FCS) (BIOWEST)
in plastic culture bottles (Bioswesstec, Switzerland)
under conditions of 37 °C with a CO, content in
the atmosphere of 5%. The cell line was maintained
for three passages. For experiments, the cell mono-
layer was detached from the surface of the flask by
sequential treatment for 2 min with Versene solu-
tion (Vetline, Ukraine) and 0.25% trypsin solution
(BIOWEST) for 10 min. Then, the cells were wa-
shed from the enzymatic solution by 3-min centri-
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fugation in DMEM/F12 with the addition of 10%
FCS at 800 g and used in further experiments.
DMSO (Sigma-Aldrich, USA) was added to the
protective solutions as a permeable cryoprotectant.
In addition, the experimental solutions contained
0.5% HA (Bang&Bonsomer, Finland): low mole-
cular weight (LMW HA) (10—100 kDa) or high
molecular weight (HMW HA) (> 2000 kDa).

L929 cells were cryopreserved according to
standard protocol 1 : exposure of cells in a solution
of 10% DMSO with the addition of 10% FCS and
subsequent freezing [1]. The study comprised
experimental protocols (2—10), which differed
from the standard freezing regimen in the compo-
sition of the cryoprotective solution, duration of
incubation and the way of adding its components
to the cells: 2—10-min exposure in a solution of
0.5% LMW HA, subsequent freezing; 3—10-min
exposure in a solution of 0.5% HMW HA, subsequ-
ent freezing; 4—10-minute exposure in a solution
of 5% DMSO, subsequent freezing; 5—10-min
exposure in a solution of 0.5% LMW HA and 5%
DMSO, subsequent freezing; 6—10-min exposure
in a solution of 0.5% HMW HA and 5% DMSO,
sub-sequent freezing; 7—5-min exposure in a
solution of 5% DMSO, addition of 0.5% solution of
LMW HA, 5-min exposure, subsequent freezing;
8—5-min exposure in a solution of 5% DMSO,
addition of 0.5% solution of HMW HA, 5-min
exposure, sub-sequent freezing; 9—5-min exposure
in a solution of 0.5% LMW HA, addition of 5%
solution of DMSO, 5-min exposure, subsequent
freezing; 10—5-min exposure in a 0.5% HMW HA
solution, addition of 5% DMSO solution, 5-min
exposure, subsequent freezing.

The use of protocols 5—10, which investigated
the effect of simultaneous or alternate addition of
solution components to cells, was due to the need
to clarify the question of the effect of HA molecules
of various molecular weights on the permeability
of L929 cell membranes for DMSO as an endo-
cellular cryoprotectant.

After incubation in experimental solutions at room
temperature, the cells (concentration 10° cells/ml)
were placed in cryoampoules (Nunc, USA) with a
capacity of 1.8 ml and frozen at a rate of 1 degree/
min to -80 °C with subsequent immersion in liquid
nitrogen. Cryoampoules were stored in liquid ni-
trogen for 3 days.

The samples were thawed in a water bath at 37 °C
until the solid phase disappeared, washed from
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the cryoprotectant solution by centrifugation in
DMEM/F12 with the addition of 10% FCS and
transferred to 24-well culture plates for further cul-
tivation under conditions of 37 °C, 5% CO, and
100% humidity. The seeding concentration of cells
per well was 10* cells/ml, the number of replicates
for each sample was at least three.

The survival of cells in suspension immediately
after thawing was assessed by the standard staining
with 0.4% trypan blue solution, which was added
to the cell suspension in a1 : 1 ratio.

Cell development in culture was observed for 5
days, after which the samples were fixed in ethanol
solutions and stained with hematoxylin solution.
Monolayer confluency was assessed in percent
according to the method of E.M. Plaksina et al.
[13]. The monolayer area was determined using the
"AxioVision Rel. 4.8" software(Carl Zeiss, Germa-
ny). The relative monolayer area was calculated by
the formula:

S =X8i/Sn x 100%,

where Si is the area of the region with stained cells;
Sn is the plate well area.

Quantitative experimental data were presen-
ted in the form of M + m, where M is the mean
value, m is the standard deviation. Statistical sig-
nificance was assessed using one-way analysis of
variance, with differences considered significant
at p < 0.05.

RESULTS AND DISCUSSION

Fig. 1 shows the data on the survival of L929 cells
by trypan blue staining immediately after thawing.
The survival of cells cryopreserved according to
standard protocol 1 was (68 * 3.1)%. Reducing the
concentration of DMSO in the cryoprotective so-
lution to 5% (protocol 4) almost threefold reduced
the survival rate (22 + 2.9)%. Adding HA to the
cryoprotective solution containing 5% DMSO
significantly increased the survival rate of cells
regardless of its molecular weight and the way of
the protective agent introduction (protocols 5—
10). It can be assumed that the presence of HA
molecules, which is a natural polymer, regardless
of its molecular weight does not affect the per-
meability of DMSO molecules through the mem-
branes of 1929 cells. This assumption is consistent
with the data of S. Garantziotis et al. [2], where the
authors showed that HA, due to its molecular
structure and ability to bind a significant amount
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Fig. 1. Survival of 1929 cells after freeze-thawing by try-
pan blue staining according to cryopreservation proto-
cols: * — significant differences compared to the indices
of protocol 4, p < 0.05; # — significant differences com-
pared to the indices of protocol 1, p < 0.05

of free water, formed a viscoelastic shell around the
cell, which allowed low-molecular substances such
as electrolytes and nutrients to diffuse.

Regarding the results of cryopreservation of
1929 cells in a protective solution containing only
LMW HA (protocol 2), the cell survival (72 + 4.2) %
did not differ from that using the standard protocol
1, while for solutions containing HMW HA (pro-
tocol 3) it was significantly lower (42 + 4.8) %. The
findings are consistent with the literature data and
indicate a possible stabilizing effect of HA on cell
membranes. This fact has also been proven for other
cell types [11, 15]. In addition, a pronounced cryo-
protective effect of LMW HA was shown in murine
fibroblasts [15] and encapsulated stem cells [5].

The survival of L929 cells after cryopreservation
according to protocols 5 and 6 (simultaneous ad-
dition of HA and DMSO) did not differ significantly,
but was lower after using the standard protocol and
almost twice as high compared to protocol 4.

The alternate addition of DMSO and LMW HA
(protocols 7 and 9) affected cell survival. No sig-
nificant differences in cell survival were found
under the conditions of alternate addition of DMSO
and HMW HA (protocols 8 and 10). The results of
observation of the development of 1929 cells in
culture for 5 days showed that using all expe-
rimental protocols, the cells demonstrated the abi-
lity to attach to the adhesive surface. However, the
further growth of the cell culture depended on the
composition of the cryoprotective solution and the
conditions of adding its components. On the 5t
day of cultivation, the confluency of the monolayer
in samples cryopreserved according to protocols 2
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Fig. 2. 1929 cell culture on day 5 of cultivation after cryo-
preservation according to protocol 2 (0.5% solution of
LMW HA) (a) and protocol 3 (0.5% solution of HMW
HA) (b)

(Fig. 2, a) and 3 (Fig. 2, b) was 58 and 51%,
respectively. These indicators differed slightly from
those for protocol 1 (65%). The lowest monolayer
confluency values (14%) were observed in samples
cryopreserved according to protocol 4. The obtained
data confirm the results described above regarding
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KPIOKOHCEPBYBAHHS KYJIBTYPU KJIITUH 1929
Y 3AXVICHUX PO3UMHAX I3 BMICTOM TTAJTYPOHOBOI KMCJIOTU

OcraHHIM 9acoM y KpiOOiOTOTriYHMX [JOCTIMKEHHAX IPUAUIAETbCSA yBara MepPCIeKTUBHOCTI BUKOPMCTAHHS Tiamy-
poHosoi kucnotn (I'K) Sk KOMIIOHEHTa 3aXMCHUX CepefoBUIY IIiJ Yac KpioKoHcepByBaHHA pisHoro tumy xiirtus. ['K
€ TIOJTiCaXapuAoOM MIPUPOIZHOTO IMOXOPKEHH i HeBiff EMHOIO0 CK/IAJJOBOI0 MO3aK/TITUHHOIO MAaTPUKCY, 110 06YMOBIIIOE
ii BUCOKY 610CyMiCHICTh Ta IOTEHILIIHI 3aXMCHI BIACTUBOCTI IOJO KITHH YV CTPECOBUX YMOBAX, 30KpeMa IIif Jac
3aMOpPOXXYBaHH:A. Y po6OTi HaBefjleHO pe3yNbTaTU KPiOKOHCEPBYBAaHHS KIITMH L1929 3 BUKOPUCTaHHAM 3aXMCHMX
posuuHis 3 BMicToM 0,5 % 'K pisHOi MonexynapHOi Macy Ta 5 % KIacMYHOT0 eH0LeNoIsApHoro kpionporexkropa JIMCO.
EkcriepuMeHTaIbHi MPOTOKOMN 3aMOPO>KYBaHH:A KITUH BifIpi3HAMNICA CKIaZoM KPiO3aXMCHOTO PO3UNMHY, CIOCOO0M
IOfaBaHHs JIOTO CKIQ[{OBMX [0 KITMH Ta TPUBATICTIO eKCro3uii knituH. EdeKkTUBHICTD 3aCTOCOBAaHMX IPOTOKOJIB
KPiOKOHCEpBYBAaHHA OI[iHIOBa/IM 3a MOKAa3HMKAMM >KUTTE3NATHOCTI KIiTMH 1929 Ta iX afire3sMBHUX BIaCTUBOCTEI.
Otpumasi pesynpratu mokasany, mo I'K HezanexHo Bif i MomeKy1ApHOI Macy He BIUIMBA€ Ha NpoHUKHeHHA [JMCO
Kpisb MeMOpanu KimitiH L929. BuKopyucTaHHsI KPi03aXxMCHOTO PO3YMHY, SIKMII MICTUB JIMIie HI3bKOMOMEKy/sIpHy K,
3abesnedyBaso 30epeXxeHicTb KIiTHH Ha piBHI (72 + 4,2) %, 1110 He BiAPIi3HAIOC Bifj IIOKA3HUKIB /I CTAHAAPTHOTO
nportokony. [ls Bucokomonekymsaproi 'K 1jeit mokasHuk sHmpKyBaBcs o (42 + 4,8) %. HesanexxHo Bif mpoTokomry
KpioKoHcepByBaHHs KTy L929 36epirany 3naTHICTD O IPUKPIIUIEHHS [0 aAre3uBHOI oBepxHi. [IpoTe mogampumit
picT Ta npomideparliis KIITHH 3HAYHOI MIpOI0 3a/IeXa Biff CKIafy Kpio3axMCHOTO PO34YIMHY Ta YMOB BBEIEHHS JIOT0
KOMIIOHEHTiB. TakyM 4MHOM, II0Ka3aHo, 1[0 AK HusbkoMonekynsapHa I'K, Tak i Bucoxkomonekynapna ['K mposasnaoTs
BUPaKEHI KPi03aXMCHi BIACTUBOCTI i MOXXYTb BUKOPUCTOBYBATUCA AK CK/IAZOB1 3aXMCHUX CepeloBUL Y IIOEHAHHI 3
JOMCO a0 Ax caMOCTIITHNIT HEIPOHMKHUIT KPIOIPOTEKTOP.

Kntouoei cnoea: KpiokoHCepBYBaHHA, KpiOIPOTeKTOpH, KyIbTypa KIiTuH L929, numernicynbdoxcuy, riarypoHoBa
KUCJIOTA, afire3is KIiTuH.

ISSN 2307-6143. Problems of Cryobiology and Cryomedicine. 2026. Vol. 36, No. 1 31



