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Authors studied the osmotic behaviour of murine bone marrow cells in the hypertonic solutions of permeating
cryoprotectants dimethy! sulfoxide (Me,SO), propylene glycol and glycerol. Using the Kedem Katchalsky formalism
the permeability parameters of plasma membrane for water and mentioned cryoprotectants were determined. The
results demonstrate an hydraulic conductivity, L, in the presence of cryoprotectant of 1.00 + 0.09, 1.07 + 0.12 and
1.19 + 0.15 (x10" m’/s/N) and cryoprotectant permeability coefficient, K, of 6.92 + 0.08. 11.83£0.11 and
0.94 + 0.13 (x10™ m/s) for Me,SO, propylene glycol and glycerol, respectively.
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Haemopoietic stem and progenitor cell transplantation has been used to successfully treat the broad
spectrum of malignant and non-malignant diseases. Sources of these cells include bone marrow, peripheral blood
and placental/umbilical cord blood. Now the low temperature storage is the main method in creating the banks of
this transplantation material.

Recently the elaboration of the methods for bone marrow cryopreservation was mainly based on empirical
approach. Insufficient attention was paid to theoretical substantiation of such an important stage as equilibration
of the cells in the solutions of cryoprotectant additive (CPA), meanwhile non-optimal procedures of CPA
addition can be the cause of the reduction in cell survival during and after their low temperature storage. An
important information about this stage can be obtained from the analysis of the kinetics of interaction of cells
with the solution of cryoprotectants.

Osmotic phenomenon, connected with transfer of various substances via selective permeable cell
membranes, brought significant contribution in cell membrane structures damage and its protection on various
cryopreservation stages.

Study of such biophysical parameters as cell membrane permeability for water and cryoprotectant
molecules is an important problem, since these characteristics (equally with cell’s geometric parameters)
determine optimal values of a number of regimen parameters of cell suspensions cryopreservation. It is known
that such biophysical parameters as cell membrane permeability for water and cryoprotectant molecules
determine the optimal values of a number of regimen parameters of cell suspensions cryopreservation.

Mentioned characteristics determine the cell osmotic behaviour during its contact with cryoprotectant
solutions. Experimental modelling of various cryobiological conditions allows to become the base cryobiological
parameters of cells and to study the influence of medium factors on these parameters, and from another side it
allows understanding the processes of mass-transfer between cell and surrounding solution. Such approach
makes the base of science forecasting the conditions of cryopreservation regimens optimisation.

The osmotically induced changes in cell volume associated with addition and removal of permeating
cryoprotectants can be obtained theoretically using the biophysical equations derived from the methods of
irreversible thermodynamics established by Kedem and Katchalsky [1]. This formalism can be used to describe
the changes in cell volume in relation to the fluxes of water and solutes, providing the cells act as ideal
osmometer, if the osmotically inactive volume (a) is known, and if three transport parameters are known: the
hydraulic conductivity (L,), the permeability coefficient of the cryoprotectant additive (K,), and the associated
reflection coefficient (o).

Using the procedure of fitting the equations to the experimental data we can determine the permeability
coefficients.

MATERIALS AND METHODS
Collection of bone marrow cells.
Bone marrow cells were obtained by washing the femur bones of (CBAxC57BI) F, line mice, aged 8-12
weeks. Following thorough resuspending the suspension was exposed for 5 min to precipitate the conglomerates,
and then it was subsequently used in the experiments.
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Measurement of cell osmotic response
Investigations were carried out with an inverted microscope MBI-13, basing on which at the Laboratory
of theoretical bases of low temperature preservation of IPC&C of the Natl. Acad. Sci. of Ukraine the model
assembly was developed, which includes the microscope and the camera, allowing the recording the processes
occurring in the studied sample. ‘

Using this assembly we have evaluated the osmotic response of murine bone marrow cells to variable
osmotic stresses. For determining the cell osmotic inactive volume, o, individual cellular volumes were
measured following an abrupt dilution to 285, 600, 1000 and 1200 mOsm/kg solutions of NaCl at 18°C by
analysing the images obtained with light microscopy. We studied the osmotic response of mononuclears with
diameter of 8-10 mcm, which include haemopoietic stem cells, lymphoid cells, basophylic, oxiphylic and
polychromatophylic normoblasts [2]. Equilibrated cell volumes were normalised to their respective isotonic
values and then plotted versus the reciprocal of normalised osmolality (Boyle van’t Hoff plot). Linear regression
was calculated to fit the Boyle van’t Hoff equation to the data. The Boyle van’t Hoff equation is defined by

_V_=ﬁ(1_£]+_°‘_, 0
Vo @ Vo
where V is the cell volume at osmolality m, V, is the cell volume in isotonic solution (), o is the osmotically

inactive volume. The o was determined by the y-intercept of the regression line, corresponding to _%_.
0

Determination of permeability parameters

The mentioned assembly was used to measure cell volumes as described above. Volume excursions were
measured following an abrupt (e.g., one-step) adding of cells to dimethyl sulfoxide (Me,SO) and propylene
glycol solutions in concentrations of 1M and glycerol solutions in concentration 0.75M. The solutions were
prepared on 0.15 M NaCl solution. The cell kinetic data were analysed using the non-linear equations first
introduced by Kedem and Katchalsky [1] to determine the permeability of cell membranes to the solution
consisting of permeable solute (cryoprotectant), an impermeable solute (NaCl), and water.

Processes of mass transfer via cellular membranes in the presence of one penetrating through the membrane
substance and (n-1) non-penetrating substances are described with the equation system:

%zSLp(clAnl + Y Am, —Ap) (2)
t k=2
d in )
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dt dt |y-«
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where o, - reflection coefficient for penetrating through membrane substance: An,=n,"-n;”", 7,"" and n," -
osmotic pressure of penetrating substance outside and inside the cell, correspondingly: Am, — (k=2,..., n)-
transmembrane differential of osmotic pressure of the k-th non-penetrating via membrane substance;
, — > -surface-volume ratio of a cell; V, - initial cell volume; K, - permeability coefficient of cell membrane
i

for penetrating substance; m," (0) - initial value of osmotic pressure of the k-th non-penetrating intracellular

substance: o - cell osmotic inactive volume; _ V. _relative cell volume.

Vo

The differential of pressure on membrane Ap can be neglected due to the fact that when reducing the cell
volume for plasmatic membrane there is an energetic benefit to be deformed by bending, but not extending or
shrinking. For such a type of deformation the area of membrane surface remains unchanged, and the pressure
differential on it is insignificantly low when compared with that, appearing during membrane extending.

Let’s introduce the parameters:

1 1

— T, =
L yng Ky
where 7, — 7.8 atm. — osmotic pressure of isotonic solution.
Equations (2-4) will be as follows:

T0=
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It should be considered that the coefficients L, and K, can depend themselves on cryoprotectant’s
concentrations, that was demonstrated for different types of cells.

These equations were solved by the method of Runge - Kutt using the software elaborated at the
Department of Low Temperature Preservation of the Institute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of the Ukraine. A fixed value of o, determined from the Boyle van’t Hoff
plot, was used in the fitting calculation. The value of ¢ we considered as 0.95. Varying the 1) and T, parameters
was used to fit the equations to the experimental data and determine the values of L; and K.

The fitting was performed separately for each experiment and then the obtained results were statistically
processed with standard Student method.

RESULTS AND DISCUSSION
Bone marrow cells responded as ideal osmometers over a
discrete range of osmolalities. The construction of a Boyle 2

van't Hoff plot (Fig.1) for murine bone marrow cells allows
determination of the osmotically inactive volume of bone

marrow cells. Its value is (0.34xV;) and is within the range & 15
observed for a variety of cell types (0.2-0.36xV,) [3-5]. %
Permeability is generally defined as the function relating =
chemical flux to chemical potential gradient. In the case of '8 1
multiple chemical species flux, there is not only a permeability
function for each species but also a set of functions E
representing the interactions of the different fluxes. In the 2 0.5
present study, two fluxes are of primary interest: water and % ‘

cryoprotectant. As most cells are highly permeable to water as
well as the cryoprotectant under investigation, a coupled flow
of both occurs. The dynamics of this coupled transport dictates 0 025 05 075 1 125 15
cell volume and intracellular concentrations of cryoprotectant
during the addition portion of the cryopreservation process and
thus has a fundamental role in the success of the

Ty

Fig.1. Boyle van't Hoff plot for murine

cryopreservation procedure used [6]. bone marrow cells with diameter of 8-10
Fig2 shows representative “results of curve fﬂmg © mem. Open squares represent mean cell

procedure of experimental and theoretlcaily derived data fol;l,.- . volume, included in the regression line to

IM Me,SO, IM propylene glycq.l and 0.75M glycerol Flg3 determine the osmotically inactive volume

shows the photographs descnbmg“ucll volume changes in 1M . 5

Me,SO.

It is seen, that when transferring cells from isotonic solution to the permeating cryoprotectant hypertonic
solution its volume at first fast decreases up to some value, and then quite enough slowly recovers. Such
behaviour of cell is interpreted as follows: to achieve the thermodynamic equilibrium the concentrations of
permeating substances out of cell and in it should be equal. The getting equal of these concentrations may occur
in two ways: a) because of the outflux of part of water from the cell; b) on account of penetrating of part of
cryoprotectant from surrounding solution into cell. Since the water molecules penetrate via cell membrane faster
than cryoprotectant molecules the equalising process of outer and inner concentrations on first stage occurs on
account of cell’s dehydration and its volume decrease down to some minimum value. On the next stage the
cryoprotectant molecules slowly penetrate into cell. In the same time some amount of water entrances into cell,
that provides the osmotic equilibrium of outer- and intracellular solutions. Cell volume continually decreases
here. The maximum volume value on this stage is determined by out-of-cell concentration of impermeable
substance (usually NaCl). In case of NaCl isotonic concentration the maximum cell volume must not exceed the
initial volume. .
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11 < Fig.2. Representative curve fit for determination of
hydraulic conductivity (L) in the presence of
1 cryoprotectant and the cryoprotectant permeability

coefficient (K,) after abrupt dilution of 1 M Me,SO (a),
propylene glycol (b), and glycerol (c) at 18°C. The
open circles represent the experimental data. and the
solid line indicates the theoretical curve fit.
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Fig.3. Volume excursions of murine bone marrow cells following an abrupt dilution with 1M Me,SO solution at 18°C,
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Table shows the mean values of

Table. Plasma membrane permeability characteristics ol

determined plasma membrane permeability murine bone marrow cells. hydraulic conductivity. L,. and
coefficients of bone marrow cells in permeability coefficient for cryoprotectant. K,. measured
cryoprotectant solutions. It is seen that the following abrupt dilution with hypertonic cryoprotectant

hydraulic comductivity does not significantly solution at 18°C (meantSD)
changed when varving the cryoprotectant type.

The permeability coefficients for cryoprotectants g P
determined in present study are within the ranges Cryoprotectant | Ly, 107" m'/s/N | Ky, 107 m’s

observed for other cell types in which
permeability for these cryoprotectant was Me,SO 1,00 £0.09 6.92+ 0,08

measured. So, permeability of bull sperm

membrane for Me,SO, propylene glycol and Prolp yleln " 1,07 +£0.12 11.83 £0.11
glycerol makes 1.65x107, 232x107 and ELYED .
6.49x10" m's, correspondingly [7]. Permeability Glycerol 1.1940.15 0,94 +0.13
of human platelets for propylene glycol and
Me,SO is 268x107 and 1.12x107 m/s,
correspondingly [8].
REFERENCES
1.  Kedem O. Katchalsky A. // Biochem. Biophys. Acta. 1997. 27. P. 229-246.
»

"Meditsma™. 1985 288 p.

Gawvnilov OK . Kozinets G.I. Chernyak N.B. Cells of the bone marrow and the peripheral blood. Moscow.

3 Blinks J. R # J. Physiol. 1965. 177. P. 42-57.

4.  Hepling HG.. Thompson D. and Dupre A. // J. Cell Physiol. 1977. P. 293-302.

5. Liu).Zeger M AJ. Lakey J.R.T. etal. / Cryobiology. 1997. P. 1-13.

6.  McGrath J_ J Cryobiology. 1997. P. 315-334

7. Chaveiro AEN_ LiuJ., Woelders H. and Critser J.K. // Proceedings of the 38" Meeting of the Society of Cryobiology.
University of Edinburgh, 2001. P. 170

8. Woods EJ. L J_ Gilmore ].A. et al // Cryobiology. 1999. 38. P. 200-208.

BHUMIPHOBAHHSA MPOHUKHOCTI IVIA3MATHYHOI MEMBPAHHM KJIITUH KICTKOBOTI'O

MO3KY MULUI JJIS BOAU [ KPIOIIPOTEKTOPIB
B.C. Xoaoauwmii, JI.®. Po3zaHnoB

Iiemumym mpofisem spiobioroeil i kpiomeduyunu Hayionanenoi akademil nayk Vipainu, eva. Ilepeacniscora, 23, Xapkie,

61015, Vikpaina, e-mail: cryo@online.kharkov.ua.

ABTODE BMSSATH OCMOTHYHY NMOBEAIHKY KJITHH KICTKOBOTO MO3KY MHILI B FNEPTOHIYHHX PO3UMHAN [IPOHMKAOUHMX
kpionporesTopis OMCO. 1.2 — nponanaiony Ta rraiuepuHy. 3 sukopucranHam mozeni Kedem Katchalsky Gyno
BHIHAYCHD ROCHUICHTH MPOHMKHOCTI NIa3MaTHYHOI MEMODaHH 1S MOJIEKYN BOAM i 03HAYEHUX KPIONPOTEKTOPIB.
KoedimesTs nposmxsocTi A1 Boau L, B npucyTHocTi kpionpoTextopis aopismorote 1.00 £ 0.09, 1.07 + 0.12 i
1.19 £ 0.15 (x107% »’/c/H), Koeqﬁuiemn NpoHUKHOCTI ans kpionporexropis K, - 6,92 + 0.08. 11.83 £ 0.11 i
0.94 = 013 (»10™ sa'c) ans IMCO, 1,2 - nponanaiony Ta riilepuny. BianosiaHo.

KJAKOYOBI CAOBA: xiitvHH KICTKOBOrO MO3KY MHILUI, OCMOTM4HA noBediHka, mozens Kedem Katchalsky.
koehimesTe nposmxsocti, JIMCO, 1,2 — nponanniosn, raiuepu.



