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TEOPETHMECKAHA THEORETICAL
HORCHNEPHMENHTAJIBHAR AND EXPERIMENTAL
RKPHOGHOJI0OIHRA CRYOBIOLOGY
UDC 57.043

Some Aspects of Osmotic Reaction of Cells.
I. Main Physic Events and Conditions for Existence
of the Point of Maximum Volume Excursion

Igor I. KATKOV
Semen and Embryo Preservation Laboratory of Universal Preservation Technologies, Inc.

HeKoTophl€ aCIIEKThl OCMOTHYECKHX PEAKIIMH KIETOK.
I. OcHOBHBIE PHIHYECKHE ABJICHHA H YCJIOBHA CYIIECTBOBAHHA
TOYKH MAKCHMAJIBHOTIO OTKJIOHEHHMA 00BpeMa

H. 1. KATKOB
Jlabopamopus COXpaHeHUsn cnepmbl U 3IMOPUOHO8, YHUBEPCANBLHBIE MEXHONOZULU COXpaHeHun, HHk.

During addition and dilution of permeable eryoprotective agents, cells may undergo substantial and possibly lethal volume
excursions. Prediction of conditions under which these excursion occurs is essential for developing of strategy of optimal addition
and dilution protocols. In this paper, we consider the main osmotic events that occur if the cell is placed in anisosmotic conditions.
A set of simple inequities allows predicling general pattern of the osmotic reaction. Some practical examples are illustrated. The
advantages of the use the two-parameter model vs Kedem~=Katchalsky approach for describing of osmotic events are also briefly
discussed.

Ilpw gobasnenum u pasbaBnesny NPORMEAONIMX KPHONPOTEXTOPOB, KIETKM MOTYT MOABEPra ThCA CYUIECTBEHHBIM M, BOSMOMHO,
JeTadbHbIM OTRIOHeHMAM ofbvemos. [lpeackazamwe yonoemit, npi XOTOPRIX NPOMCXOTMT 3TO OTKIOHEHME, RBIASTCH HeoDXOOHMMEIM
ona paspaboTEl cTpaTerni ONTHMAaNLHELIX DPOTOKONOB goDasnenwd M paszbasnenmi. B gannoi pabore Mul paccMaTpHBaeM OCHOBHLIE
OCMOTHYECKEHME ABAEHMA, MTDOMCXOOAITHE MPpH NOMeIeHHH KNeTEKH B AHM30CMOTHYECKME YCA0BMA. CﬂBﬂH}FﬂHBETI: HepaBeHCTE NMO3Bo-
NAeT Npexcxas’ats oy KapTHHY OocMorHYeckol peariy. [IpoMamoCTpUpOBaHE HEROTOPLIE NMpakTHYeCKMe npuMepsl. Taxxe
KpaTro obCYMIAIOTCA NMPEMMYILECTBE HCMIOML30BAHMA MOOENed ¢ ABYMA NapaMeTpaMu 110 CpasHeHio ¢ nogxogoM Hemem—Kavans-
CROTO,

[Ipu mobapnenni | posbaBnenH] NPOEMKANYMHX KPIONMPOTEKTOPIE KAITHMHM MOMYTh 3a3HABATH ICTOTHI i, MOMGIMBO, JETAJbHL
simxunenna ob'emin. [Ipornoz ymon, npy Aaxux sigfyeacTbeR He BIAXWIeHHA, € Heobximmum ang pospobrm cTpaTeril ONTHMANLHMX
nporokontis gobannenns i poabasnennd. Y gasif poboTi MM POITIAZAEMO OCHOBHI OCMOTHUYHI fBMIa, AKi BIADYBAIOTBECA NIPH poaMi-
MEHHI KMITHEA B aHI30CMOTHYHKX yMoBax. CyKYTHICTE HEPIBHOCTER TO3BONAE NepeabatM T 3araibHy KapTHHY OCMOTHYHOI peaKinil.
[IpoimocTpoBanl HeAki npaxTH4Hl npuraagy. Taxom KopoTRO OOroBOPHKTLCA NEePeBary BMKOPHMCTEHHA MOZeNeH 3 JBOMAa NapamMer-
pamu y nopisuasgi 3 miaxogom Kegem—Kawansesroro,

Introduction

The majority of currently used cryoprotectants are
permeable cryoprotective agents (CPA). The addition
of a CPA before freezing and subsequent removal it
after thawing may generate substantial osmotic vol-
ume changes. Such large and fast volume excursions
may cause lethal or sub-lethal damage in many types
of cells. Successful cryopreservation of cells therefore
requires that the procedures for addition and removal
of CPA be carefully developed [1, 5, 7, 11, 12, 14].
Conventional method to calculate osmotic response of
cells in the suspension of permeable and non-perme-
able solutes by the computer numeration of two cou-
pled differential equations is time consuming and not
always available for practical laboratories. That is
why, estimation of conditions for the pattern of os-
motic reaction without rigorous simulations, espe-
cially when permeability parameters are unknown or
data are contradictory, is an important task for deve-
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loping of practical cryopreservation procedures. In
this and in two subsequent companion papers ( Katkou.
Some aspects of osmotic reaction of cells. II. Water
Volume and Intracellular Concentration of Permeable
Cryoprotectants at Points of Maximum Volume Ex-
cursions (MVE) and IIl. Time Frame of Osmotic
Response of Cells: 1-Membrane vs 2-Membrane Mo-
dels) we will analyze the main conditions and describe
a basic phenomenoclogy of the MVE. All resulting
equations we develop and discuss in these papers, are
simple and allow to use a calculator or a spreadsheet
like Microsoft Excel, that are available in any scien-
tific as well as practical laboratory. Thus, despite of
seemingly theoretical approach, this work targets to
practical purposes. In two other companion papers, we
will practically use this theory to show examples of
1) developing of a new vitrification procedure (Katkov
et al. Some aspects of osmotic reaction of cells.
IV. Vitrification of Rat Embryos by the Use of Ultra-

Problems of cryobiology, 1999, No 2



Rapid Addition and Dilution (URAD) of Cryoprotec-
tive Media); and 2) optimizing method for addition
and dilution of glycerol for osmotically sensitive
mouse sperm (Katkov. Some aspects of osmotic reac-
tion of cells. V. Optimization of Addition and Dilu-
tion Protocols).

Main osmotic events at the point
of maximum volume excursion

“Addition” and “Dilution”: What Does That
Mean? We determine an osmotic process as addition
of permeable cryoprotectant if the final concentration
of the CPA inside the cell (¥;) is higher than its
initial concentration (Yy), i.e, {u /Yr<1. As we will
see later, under certain conditions, the total amount
of intracellular CPA at the end of the procedure
(Xy) may be lower than the initial value (X;) even-
though the final concentration is higher than the in-
itial one. From this point of view, the situation where
Yo /Yr<1, but Xy /X,> 1, would be more correct to
call as “saturation”,

Similarly, the process we refer as DILUTION
means that at the end of the procedure the intracel-
lular concentration of CPA is lower than at time zero
(Yo /Y= 1) eventhough, in some cases, the total
amount of intracellular CPA may increase comparison
with initial one (Xo/Xp<1). The terminology “dilu-
tion” thus, is more appropriate (universal) than “re-
moval”.

Some Important Tonicities. In the main part of
the paper we will consider the total tonicity as the
sum of tonicities of the permeable CPA (Y) and im-
permeable “salts” (Z). In other words, M;=Y;+ Z,,
where subscript { means 0 for initial values, f for final
values, m for values at the moment of MVE, etc. For
actual values of osmotic variables we will use no sub-
scripts and italized font, ie. M=Y+Z,

We also introduce the “relative permeability addi-
tive” tonicity that we determine as T;=C +M,,
where subscript i means 0, f, m etc., and C, is the
ratio of the membrane CPA-permeability to the mem-
brane permeability to water, ie., C,=Pcpy AL, RT)
expressed in tonicity units. For example, a cell with
Pepa = 13.9 pm/min, and LP =2.0um/min/atm would
have the relative permeability term C,, (at T'= 300 K)
as of 282 mOsm. Consider for example the situation
when the cell described above is filled at the initial
moment with CPA, the intracellular concentration
Yy is 800 mOsm. Let us assume also that the cell water
volume at this moment is iso-tonic. It implies that the
initial concentration of intracellular impermeable solute
Z, equals 290 mOsm. The relative permeability additive
tonicity is Ty =282 + 800 + 290 = 1372 mOsm. If this
cell is placed then in iso-tonic impermeable buffer, it
means that the final relative permeability additive
tonicity will be '.1}= 282 + 0+ 290 =572 mOsm.

Special Water Volumes. In this work we will op-
erate with intracellular water volume normalized to

[MpoGaesel kpuobuonoruu, 1999, Ne 2

its iso-tonic value w;= W, /W, , where subscript i
means 0, f, m etc., and “none” for the actual value,

First, we will express relationship between the iso-
tonic water volume, and the volume occupied by water
at time zero. If the initial water cell volume is W,
and the initial concentration of the impermeable
“salts” is Z,, than the total amount of impermeable
salts X = WyZ, remains unchanged and equal to the
iso-tonic amount of “salts” W. C.. . Thus, we can
express that:

wy = Ciso/Zp (1)

where w, = W, /W, is normalized to isotonic initial
water volume.

At the equilibrium, the final concentration of the
“salts” inside the cell equalize external concentration
of the “salts” Z £ while the total amount of imperme-
able solutes remains equal to X, . Thus, we can express
the final (equilibrium) cell water volume in normal-
ized form as follows:

= qsﬂ‘/‘Z}'E Iﬂﬂ .Zﬂ /Zf, (2)

where w,= W, /W, and wp= W /W, are normal-
ized initial and final water volumes.

If we assume that the permeability to the CPA is
much lower than permeability to water, than we can
say that the final volume that the cell reaches at the
end of fast movement of water obeys the Boyle-van't
Hoff (BVH) relationship. Assuming that number of
solute {CPA + salt) almost has not been changed dur-
ing the process, we can then express the Boyle—vant
Hoff water volume as follows:

WRyH = W) Mﬂf’Mf% wﬂ{Fﬂ +ZG}//|:}}‘+ Zf}’ (3)

where wgyyy = Wy /W, is the normalized BVH-vol-
ume,

We also introduce the “absolutely permeable mem-
brane” volume w, as the volume that would be occu-
pied by water at the equilibrium if both intra- and
extra-cellular compartments contain a permeable com-
ponents only. That situation may be realized if
Y>> Z at any time in both sides of the membrane, or
if Ct.p >> Y, Z at any moment of time. The volume that
the cell can reach at these conditions can be found as

follows:
w, =1, Tﬂ/'l}iw{}(ﬂ'm+Mﬂ)/[cm+MfL (4)

where M, and Mare the initial and final total tonicity
respectively.

The volumes expressed by formulas (1)-(4) play
an important role in determination of the way and
pattern of osmotic reaction and conditions in which

MVE occur,

Main Physical Events at the Point of MVE

General picture. Briefly, any osmotic response of
the cell that is placed in anisosmotic with internal
conditions consists of two stages. The first stage is the
equilibration of total extra- and intra-cellular tonici-
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ties. The initial speed of this reaction is proportional
to driving forces for water F, . The driving forces are
proportional to the amplitude of initial gradient of
total tonicities across the membrane AM|;. The initial
speed of the equilibration of total tonicities is also
proportional to the membrane water permeability
LF RT, cell surface area A, and reciprocal to the initial
volume of intracellular water W,. We will operate
with conventional volume-to-surface ratio By/A. In
many cases (even though not all of them), the driving
forces for the CPA Fpp, that at time zero are propor-
tional to the gradient of the CPA-concentration
AYy=Ys-Y,, the CPA membrane permeability
Pcpp - These forces are reciprocal to By, and they
initially act in opposite to the F,'s direction. We will
consider the situation in which water and the CPA
have different pathways (see below for details) and no
friction between them occurs. Because for overwhelm-
ing part of real situation, the water membrane perme-
ability is substantialy higher than the permeability to
the CPA, the first stage of equaling of total tonicities
occurs very fast, Even though the total tonicities are
equalized at this moment, the gradient of concentra-
tion of the CPA is not eliminated, and permeable
solute continues to cross the membrane disturbing a
non-stable equilibrium. As the results, the driving
forces for water try to compensate this misbalance,
moving water cross the membrane, Additionally, the
driving forces water for impermeable solute F_, drift
whole picture toward the final (equilibrinm) water
volume that is determined by Eq. (2). The initial
speed of this stage is determined by the actual driving
forces for the CPA at that moment that are usually
much lower than at time zero. As the result, the CPA
and thesalts concentrations equilibrate much slower
than water equilibrated at the fast stage even for cases
when Ppp, is relatively high.

The exact picture of the osmotic response can be
calculated by numeration of the coupled equations
only, However, the basic conditions, general pattern
and the values of actual intracellular osmotic variables
w, Y, Z and M at the point of MVE can be calculated
very simply. To do so, we will consider four important
ratios and two important inequities that help us to
describe the osmotic response by much easier than
software simulations.

Four important ratios:

1. First, the ratio of initial and final concentration
of the CPA ¥ /Yf on definition given earlier deter-
mines whether the process leads to increase of concen-
tration (not the amount!) of intracellular CPA
(addition), or the intracellular concentration of CPA
initially higher than in the extracellular bath
(Yy/Yy>1, DILUTION). The distinction between
addition and dilution is based on only this criterion.
If Yy /Y= 1, the process is not determined.

2, Thfe ratio of initial and equilibrium total tonici-
ties My /M determines the direction of initial move-
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ment of water: if My /Mf < 1, the cell starts to shrink,
otherwise it swells initially. If the initial tonicities are
equal on both sides of the cell membrane, the process
is determined by the previously considered Y;/Y;
ratio,

3. The ratio of initial and equilibrium (extracellu-
lar) tonicities Z, /Z, determines the final water vol-
ume of the cell According to formula (2), if
Zy/Z¢>1, the final volume exceeds the initial one,
otherwise it will be lower than the initial value.

4, The ratio of “relative permeability additive”
tonicities T; /Ty multiplied by the initial volume e is
equal the “absolute permeability” volume w, in for-
mula (4). As we will see below, this value with good
accuracy determines the volume that is occupied by
intracellular water at the moment of the equilibration
of total tonicities. The further behavior of the cell in
slow stage depends on this ratio: if w, <wy, the cell
swells towards the final value during the slow stage,
otherwise it shrinks, Note that this estimation unlike
the three previous, is not exact, but approximate: if
w, /w,=09-1.1, additional calculations are required
(see gﬂlDW). The importance of this parameter is
shown in the example on vitrification of rat embryo
when behavior of the cells and whole strategy of
URAD-procedure of vitrification of rat embryos was
fully determined whether this ratic was less (at low
relative membrane permeability Crp) oOF higher (at
high C_, ) than the equilibrium volume (see Katkov
et al, “Vitrification of Rat Embryos by the Use of
Uhtra-Rapid Addition.”™).

Tweo important inequities:

1. The first inequity applies to relationship be-
tween wgyy and w,. If My /M, <1 that happens in
the majority (but not in all) of addition protocols,
than Tﬂfff ratio is hi_gh‘f:r than Mﬂfo- hl.“; is still
less that 1. In the majoritv (but again, not in all) of
dilution procedures, Mﬂf’Mf} 1. In that case, the
BVH-water volume exceeds the absolute relative per-
meability volume 1 < Ty /T;< M, /Mf. If we compare
these results with Eqs. (3) and (4), we can express the
inequity as two following alternative situations:

wgyy <w,<1or <1<w,<wgyy. (9)

This inequity reflects the fact that amplitude of
volume excursion in the case of non-permeable (or
very low relative permeable) membrane for which
&E’Bv” "—'1!1"»'1] - :FJE-\‘"H] 1S ﬂt“’ﬂ.yﬂ h]gher thﬂn :rﬂ'l' abso-
lutely permeable membrane for which Aw, =[wg - w,].

2. The other inequity will help us to simplify for-

mulas and constrains in further calculations. It says:
if Yo /Y <Zy/Zs— My/My<Zy/Z¢ (6)
and vise versa:
if Yo /Yr> 2y /2> My /My> 2, /2y (7)
X T{I}e prove of (6), (7) is simple: for any positive a,
o AL
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Table 1

Conditions for existence of mu:lmum volume excursion (w,_ ) at different initial and final conditions during
addition of permeable CPA (Y, < ?f}

Il_ Conditions for — l } i Pattern of osmotic reapﬂnslq-:
Case| Relative water Toricitics™ | Existence of wm | Osmotically Active Amount of Concentration of
volumes s Water Volume w Intracellular CPA X | Intracellular CPAY
I jw,<wgy, Sw, Z, ,/Ef <Y, /Y f | Wi does not exist | Shrinkage only Shghtly incrzases, | Increases, than 5Iigrh'r.~
than drops lower than|ly drops to the final
initial value X, value ':"_f
2 |wyyy =< w,<w, ¥, /Y. <Z /Z, | Dependson Cf‘? Depends on ﬂrP Depends on f.'.'m Depends on Crp
if Z; /Z,<1
3 |wpyy <wySw, Y, /Y, <Z,/Z,, | w_existsalways |Fast shrinkage tow,_,|Increases monotoni-|Rapidly increases to
i Z:/ Efal than slow re-swelling |cally Y _, than slow in-
to =r creases (equilibration)
to Yf
4 Wy S Wy M, XMJ, 21 w, _ does not exist | Swelling only Inereases monotoni-|Slightly drops, than
cally slow increases (equi-
libration) to E_"‘_
Notes., — Tonicity (osmolality) of the permeable cryoprotectant in the main part of the paper implies to be equal its molal

concentration;

ifa/b<c/d—a/b+c/b<c/d+c/b—
s(@+c)/b<clb+dy/bd—@+c)(b+d)<c/d. (8)

And taking to advantage that M =Y+ Z, we will
simply obtain (6).

Basic conditions for existence
of the point of MVE

Table 1 and 2 summarize all possible combinations
of initial and final conditions for realization of differ-
ent patterns of osmotic response. Table 1 illustrates
addition of CPA (Y, /Y r<1) and Table 2 represents
dilution {Yﬂ /Y= 1)

Case 1 in T{ ble 1 represents the situation when
the external impermeable solute is much more concen-
trated than  the  internal  “salts”  and

< Yy /Y,< 1. In this case according to inequity
{Tr') é ﬂ , and w r<twgyy - Because both
drmng f{:rces fnr the CPA and salts m:tmll:,r act in
the same direction, the cell loses water very fast. This

™ — For Cases 1-3 the total final tonicity implies to be higher than the total initial tonicity (Mo S Mp< 1)

lost of water occurs so rapidly that at the some mo-
ment, the internal concentration of the CPA exceeds
the equilibrium value, the effect we refer as “hyper
saturation”. The permeable solute starts leaving the
cell. The driving forces of impermeable salts continue
to move water out of the cell to compensate the lost
of the CPA, the CPA continue to efflux the cell, and
from some moment, the total amount of the CPA
became lower than the initial value (if
Yo/Yp> 2y /Zp, and w 0> @, thnnw“ Yu}wf}’f)le

the net ﬂux of the EPA is negative. As we mentioned
before, the most appropriate term for this situation is
“hyper-saturation” rather than addition that indicates
that the final amount of water is so small that allows
to maintain higher then initial concentration (Y) of

the CPA, while intracellular amount of the CPA may
be lower than initial one. This situation can be useful

during multi-step addition of the CPA when an exter-
nal solute maintains hyper osmotic. The other advan-
tage of this method is the fact that after replacing of

Table 2

Conditions for existence of maximum volume excursion (w, ) at different initial and final conditions during

dilution of permeable CPA (Y, < Yf}

Co n-:ﬂlﬂu ions for » - Pattern of osmotic response
Case| Relative water Tonicities™ Existence of wm | Ogmotically Active Amount of Concentration of
volumes Water Volume w | Intracellular CPA X | IntracellularCPAY
1 |w, SWgye< we Y,/ Y 1< Z, ,fEf w, does not exist | Swelling only Ehghtl}r drops, than D‘EFFEEEES, than slight-
increases higher than|ly increases to the
initial value X, final value ?f
2 |w,< We< Weyy Y, g}, ;é", ,-"E Depends on Crp Depends on E’rp Dependson C_| Depends on L‘m
3 wa Wy < W | Y, /ij- E /’E , | W existsalways |Fast swelling to w,, ,|Decreases monotoni-| Rapidly drops to Y,
1.[ Z, ;*? S 1 than slow re-shrin-|cally than slow decreases
kage to W, (equilibration) to 't"f
4 Woypy S Wy M, ,.-"i'n".l';rr <1 w_ does not exist | Shrinkage only Decreases monotoni-|Slightly increases,
cally than slow decreases
i [equilibration)to Y,

Notes. — Tonicity (osmolality) of the permeable cryoprotectant in the main part of the paper implies to be equal its molal

concentration;
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— For Cases 1-3 the total final tonicity implies to be higher than the total initial tonicity (Mg /My < 1)
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the shrunken cell to iso-osmotic environment, it swells
even less that it would be if the cell were transferred
to the dilution media before a “hyper-saturation” pro-
cedure (X, <X ).

Two other cases represent the situation in which
the buffer is moderate hypertonic or even iso-0s-
motic/hypo-osmotic. If the final concentration of im-
permeable salts is equa! or less than initial
intracellular value /Z:21), it means that

2wy. From deﬁmtmn of addition it means that
Yf/}' < 2',] —» WRVH "‘:Iﬂ If the initial total
tumclt:,r is still less than the total extracellular value
(My/Mg<1), it represents case 3 in Table 1. Initially,
water smrt leaving the cells, the cell starts shrinking
(in general, relatively fast) toward lesser than the
initial value, while the CPA is fluxing into the cell.
The outflow of water increases the concentration of
extracellular salts, and at the same time, the influx of
CPA increases its intracellular tonicity. Both proc-
esses drive in the same direction of increasing of in-
tracellular total tonicity. At the particular point of
time that we determine as ¢, , the intracellular and
extracellular tonicity are equilibrated and the water
volume reaches peak of volume w,, <w,. As we men-
tioned before, the equilibrium of tonicities is not sta-
ble at that moment. At this point, the tonicity of
intracellular *“salts” is higher than extracellular
(w,, < wy<w,) that means that concentration of the
CPA inside the cells is still lower than the final value.
As the result, the permeable CPA continues to perme-
ate into the cell, altering the osmotic balance. To
maintain the balance of the total tonicity, water starts
returning to the cell. From this point, the initial out-
flow of water is replaced by its influx until the cell
reaches the equilibrium volume w,z wy > wgyyy . For
this situation that represents Case 3 in the Table 1,
the local maximum volume excursion (minimum water
volume wm,, ) and bi-phasic response of water volume
always exists. This situation, especially in case of iso-
osmotic buffer is realized in many practical regimes,
including addition of CPA to mouse spermatozoa.

In one particular case of addition, the combination
of initial and final conditions does not give enough
information about osmotic response. This situation
when impermeable buffer is moderate hyper osmotic,
is presented as Case 2 in Table 1. We consider it after
Cases 1 and 2 because the response of this case is
either the way similar to the Case 1, or it may go by
way presented on Case 3. For this case, the ratio of
the concentrations CPA is less than that of the imper-

meable  components (Y, /Yy<2Zy/Z)  and
wpyy < ws. From the nther hand t'ur this case,
Zy/Z;<1, that leads to the conclusion that

WEvH -=: Wy <w,. As s00n wgyy < 1w, the cell starts
shnnkmg at the beginning of the procedure that ac-
companies by influx of the CPA inside the cell. As we
will see in the next chapters, the amount of CPA that
comes into the cell in exchange of amount of water
that effluxes the cell depends on their relative perme-
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ability that can be expressed in tonicity units as
C’ PEPH./EL RT). If the relative permeable term is
much lower than the iso-osmotic value (Crp<< Ciso )
the membrane permeability to the CPA is much lower
than to water. In this case, the cell shrinks very fast
to the value that is close to wgyyy . If this value at the
end of the fast shrinkage stage is lower than the final
value of the water volume @, and at the moment of
equilibrium of the total tonicities, the concentration
of internalsalts” exceeds the external value, As the
result, at this moment the situation becomes similar
to the Case 3, cells starts re-swelling, and the peak
point with minimum volume w,, exists. If the perme-
ability to the CPA is high {CI'P or > (i, ), than a
substantial amount of the CPA penetrates the mem-
brane during the first stage, and at the moment of the
equalizing of total tonicities, the intracellular volume
w,, will be higher than w,. That means that at that
moment, the intercellular concentration of thesalts is
less than its extracellular value, while the intracellular
concentration of CPA exceeds its external value. This
situation is essentially the same as for “hyper satu-
rated” Case 1 described above: the internal CPA starts
escapes the cell accompanY sub ing the efflux of water,
and the cell continues to shrink to the final volume,
In this case the pattern of water volume is monopha-
sic, while pattern of intracellular concentration and
amount of CPA is bi-phasic, as in the Case 2. The only
difference that for this situation, the total amount of
the CPA is higher at the final moment
(Yo Yi<Zy/Z—>wy Yy <weY,— Xy < Xg), while
for thﬂ Case 1 I:Im net flux of the CF'A IS negative,
This case and its practical application as will be de-
scribed in details in a companion paper (Katkov et al,
Some aspects of osmotic reaction of cells. IV. Vitrifi-
cation of Rat Embryos),

If at the start of addition (¥, < Y7), the extracel-
lular concentration of the impermeable buffer is so low
(Zy/Zs> 1) that the total intracellular tonicity does
not exceeds that of extracellular value (M, XMIE 1),
as it is presented in Case 4 of Table 1, thf'n the cell
start to swell immediately [In case of My=M;, the
first portion of permeated CPA disturbs unst.ab]e equi-
librium ant initializes swelling]. We call this process
as “hypo-osmotic buffering” during addition, that is
similar to “hyper osmotic buffering” of dilution that is
widely used in vitrification protocols. This influx of
water dilutes the intracellular CPA at the first mo-
ment, and cases to larger and faster influx of the CPA
as any other cases. The advantage of this method may
be in the cases when tolerable limit of the cell to
swelling is substantially higher than that of shrinkage.

Dilution. Essentially the same approach can be sY
sub mmetrically applied to the dilution of the CPA
(Yy> d,} as it is done in Table 2. To do so, we re-
placad with “<”, where it's implied. We also sub-
stituted terms of pattern (shrinkage, increasing, etc)
with their antonY sub ms. We would like, however,
to emphasize that relative practical application of the
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Cases are listed in Tables and 2 are not symmetrical:
because the use of hypo osmotic impermeable buffer
is relatively rare both for addition and dilution, the
practical importance of “hyper saturation” (Table 1,
Case 1) for addition and “hyper osmotic” buffer sup-
pression (Table 2, Case 4) for dilution are much more
important, especially for variety of vitrification proce-
dures, than “hyper dilution” (Table 2, Case 1) or
hypo-osmotic buffering of shrinkage during addition
(Table 1, Case 4). Nevertheless, one may fund useful
this systematization during developing of new
methods.

Cell parameters and model chosen for stimula-
tions. The size of the cell, iso-osmotic water volume
and the membrane water permeability are chosen to
be close to those for mnuse sperm at 300 K [4, 10, 15],
namely: Vi, =55 o 0y =0.61, Wq,=335 s,
A=120 p LF = 2.0 um/min/atm.

We have chosen the 2-parameter model of osmotic
response for reasons explained in Appendix. The
model describes the flux of water as pure osmotic
response accordingly to the Osmotic Pressure Law,
and the flux of the permeable solute according to the
Fick’s diffusion law [2]. No interaction between water
and the CPA membrane is implied (independent path-
ways). This model operates with two membrane per-
meability parameters, namely, the water permeability
L, RT, and the CPA-permeability Pep, , [the way to
use the original Kedem- Katchalsky S m fc:r the CPA-
permeability has introduced a lot of misunderstanding
and misuse|. We refer this model as “the 2-p[arameter]
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model” accordingly to [3]. Then, the coupled differen-
tial equation can be expressed as follows:
for cellular water volume:

dW/dt = -L, RTA (Y= V) + (Z;- Cigo Wi /W] ; (9)

for intracellular amount of CPA:
dX/dt= W dY/dt + YdW/dt = Popp (Y- Y), (10)

where W is the absolute actual value of volume water,
X is the amount of moles of intracellular CPA, YV is
the molal concentration of intracellular CPA, and A
is the surface area.

The initial conditions for Egqs (9), (10) are:
Y=Y, and W= W, at time zero. If Z is given, than
Wo = Ciso Wiso /-

Example (addition). We will consider a hypo-
thetical cell with initial iso-osmotic volume (w, =1,
Zy=C, =300 mOsm) that at time zero has been
loaded with Y = 200 mOsm of the CPA. Even though
in the majority of cryobiological procedures concen-
tration of extracellular CPA is the most commonly
altered parameter, , the final concentration of the CPA
in our examples is also being fixed at value
¥,=400 mOsm for demonstration purposes. The al-
tering parameter will be the impermeable buffer. We
consider four cases when the extracellular tonicity of
the buffer is altered as Z,= 650, 450, 250 or 50 mOsm.
According to the Table 1, they represent Cases 1, 2, 3
and 4, respectively,

We will consider two cases: a highly permeable to
the CPA membrane (Pcpa =35 um/min,

LTFP:'J’{J’EI mOsm), and the case for a low-permeable

b 44
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Fig. 1. Kineties of change of intercellular water volume during addition of CPA in different concentrations of extracellular buffer Z;,
mOsm: 50 (1), 250 (2), 450 (3), 650 (4). Initial concentration of CPA Yy= 200 mOsm, concentration of CPA in the medium
?f:- 400 mOsm. The cell initially was pre-equilibrated in iso-tonic medium (Zo =300 mOsm). The water volume is normalized to
iso-tonic value. The lowest t:unre represents Case 1 i m Table 1, the next — Case 2, ete. Cell parameters chosen for simulation are close

to mouse sperm: Vis

= 55 |.1 vp=061, Wi,=330 y. , A=120 |.4.1 Ly =20 um/min/atm. Figure a represents the situation when the

relative membrane permeability is high {Cep= 700 mOsm), in b it is low (Cq = 70 mOsm).
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membrane (Pgpp =35 um/min, C_ =70 mOsm).
Figure 1, @, b represent simulation of osmotic re-
sponse for both cases assuming there is no interaction
between solute and solvent [6], and the 2-parameter
model for the coupled osmotic differential equations
is to be used [3]. Non-applicability of the Kedem-
Katchalsky 3-parameter model to the independent
pathway assumption will be discussed below and in
Appendix. Because of low concentration of CPA, the
Scatchard’s coefficients for activity and molality are
assumed to be equal 1. Possible relatively high con-
centrations of the impermeable carrier would not
change the general pattern. Another obstacle is that
permeable and non-permeable component may inter-
act with each other affecting their chemical potentials,
but this question is not a topic of the present paper.

As we can see for the Fig. 1, @, b, the lowest curves
that are presented Case 1 in Table 1 implies to the
“hyper saturation” pattern: initially the driving forces
both for the CPA and the “salts” acts in the same
direction, and the cell shrinks very fast. The kinetic
of and time-frame of this shrinkage depends mostly on
the membrane permeability to water, and pattern
curves in Figs. 1, @ and 1, b is similar,

For the upper curves that represent the Case 4
(hypo osmotic swelling only), the driving forces for
the CPA and the salt are in opposite direction, and
the cell does not swell so fast as it shrinks in Case 1.
The main process that determines time-frame of this
addition is the diffusion of initially diluted CPA that
occurs relatively slower than any shrinkage for other
cases even for a highly permeative to the CPA mem-
brane (Fig. 1, a). In this case, processes of swelling

a 2.0
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occurs much faster than in case of upper curve shown
on Fig 1, b because of much higher cell membrane
permeability to CPA for former. The final value
wf=ﬁ.{] is not shown, however initial slope of the
upper curve in Fig. 1, a is approximately 10 times
higher than for the upper curve in Fig. 1, b.

The pattern of the second upper curve in
Figs. 1, a, b represents Case 3 (slightly hyper osmotic
buffer), and this is a “classic” bi-phasic response. The
amplitude of volume excursion and the time frame of
the reaction, however, are different: the highly perme-
able membrane allows to permeate the CPA very fast,
the equilibration of total tonicity occurs quickly, and
the level of peak volume w, are substantially lower
than for low-permeable case.

The difference in permeability affects the pattern
of the second lower curve in the Figures 1 that repre-
sents the intermediate Case 2 and intermediate hyper
osmolarity 450 Osmol. For the highly permeable
mernbrane, (the second lower curve in Fig. 1, a) the
“hyper saturation” of intracellular CPA resembles this
case with the lowest curve on Fig. 1, 4, the cell shrinks
initially fast than slower to the lowest final value wi,
The low-permeable model (the second lower curve in
Fig. 1, ) represents “guasi-impermeable” response,
and the cell follows ~BVH-shrinkage to the level that
is lower than the final value. The peak of maximum
volume excursion exists, and generically is the same
curve as in the Case 3 (the next upper curve in this
ligure), even though the amplitude of the excursions
and its kinetics is different.

Example (dilution). Figures 2, a, b depict the
relative volume changes of the cell with initial iso--
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Fig- 2. Kinetics of change of intercellular water volume during dilution of CPA in different concentrations of extracellular buffer Zy,
mOsm: 100 (I), 240 (2), 380 (3), 520 (4). Initial concentration of CPA Yy=400 mOsm, concentration of CPA in the medium
Yy=200 mOsm. The cell initially was pre-equilibrated in iso-tonic medium {Zo= 300 mOsm}. The water volume is normalized to
iso-tonic value, The lowest curve represents Case 1 in Table 2, the next — Case 2, ete. Cell parameters chosen for simulation are close
to mouse sperm: Viso=55 p’, ty=061, Wis =335 pa. A=1204% Lp=20 um/min/atm. Figure a represents the situation when the
relative membrane permeability is high (Cep= 1 400 mOsm), in b it is low (Cep= 70 mOsm).
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osmotic volume (@ =1, Z; =300 mOsm) initial con-
centration of glycerol ¥, = 400 Osm; we consider that
during a multi step dilution procedure the cell is
placed into the bath with extracellular concentration
of glycerol Y= 200 Osm. The altering parameter in
the simulation is the external concentration of imper-
meable carrier.

The first top curves in Figs. 2, a, b represent the
osmotic response when extracellular concentration of
the “salts” Z = 100 mOsm corresponding to Case 1 in
Table 2. For the second top curves, Zf-——Efi{} mOsm,
for the second lower curves, Z,= 380 mOsm, for the
lowest curves, Z,= 520 mOsm, representing Cases 2,
3 and 4, respectively

The curves on Fig. 2, a represents the case when
the permeability to the CPA is high and equals
70 um/min (C_, =1 400 mOsm), and for Fig. 2, b the
CPA-permeability as low as 35 um/min
(C..=70 mOsm).

Trhe first top curves in the Figs. 2, g, b is the case
of “hyper dilution” (Case 1 in Table 2) when initially
rapid influx of water leads to dilution of the intracel-
lular CPA lower than the extracellular, and permeable
solute begins returning to the cell accompanying to
continuing flow of water into the cell. At the equilib-
rium, the cell undergo very large swelling, that even
though, the final concentration of the intracellular
CPA is lower than the initial one, the total amount of
the CPA is higher than it was at time zero. That is
why in this case the term “dilution” is more appropri-
ate for final results than “removal”.

As in the Case 3 for the addition, for the dilution,
Case 3 (the second lower curves in the figures) repre-
sents situation when the osmotic response is always
bi-phasic regardless permeability, and maximum peak
volume wm always exists.

The second top curve in Figs. 2, a and 2, b show
the different pattern depending on the value of rela-
tive permeability. In case of high permeability (the
curve in Fig. 2, a), the cell swells initially fast, how-
ever, the CPA penetrates the cell also very fast. At the
moment when the total intercellular tonicity reaches
unstable equilibrium with the total extracellular coun-
terpart, the water volume is lower than the final vol-
ume. At this point, the situation is similar to the
“hyper dilution” for Case 1, and the CPA starts re-
turning back to the cell. It leads to responding influx
of water to maintain the osmotic balance, and cells
continue to swell to its final volume. As the results,
the pattern of osmotic response for Case 2 in Fig. 2, a
as in the Case 1 is monophonic swelling The difference
between Case 1 and this situation is that the total
amount of the intracellular CPA at the equilibrium is
lower than the initial value X, while for the Case 1
for dilution, the reverse influx of the CPA is so large
that the final amount of CPA exceeds the initial value.
For the situation when the permeability is low (the
curve on Fig. 2, b), the Case 2 represents a classical
bi-phasic response with initial rapid swelling and slow
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re-shrinkage. That resembling this situation with the
Case 3, however, time frame and amplitude of the cell
volume excursion is substantial different.

The lowest curves in both Figures represent the
case of “hyper osmotic” suppressing of swelling
(Case 4): high concentration of external impermeable
solute produces monophasic swelling without
shrinkage.

Summarizing both dilution and addition, we would
like to emphasize the fact that if under a particular
conditions, the pattern of change of water volume is
bi-phasic (Case 1 and Case 2 for low relative low-per-
meability), than pattern of change of intercellular
CPA is monotonic increase (addition) or decrease
(dilution). In Cases 1, 4 and 2 (high relative perme-
ability), the pattern of change of water volume is
monotonic, while the intercellular concentration of
CPA changes with minimum or maximum peak value.
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Appendix
KK-formalism or the 2-p model:

which is appropriate?

There are two possible approaches for analyzing of
osmotic response in presence of a permeable solute.

1. The one way is to describe the flux of water as
pure osmotic response accordingly to the osmotic
pressure Law [2], and the flux of the permeable solute
according to the Fick's diffusion law [13]. No interac-
tion between water and the CPA when they cross
membrane is implied (independent pathways). Then
coupled differential equation can be expressed as fol-
lows:
for cellular water volume:

Iy=dW/dt=-L, RTA[(Y;-¥)+

+fzf—“C;g, Wio /W (A1)
for the intracellular amount CPA:
Cp=dX/dt=WdY/dt+YdW/dt=
=Pcpp A(Yy- 1), (A2)

where W is the absolute actual value of volume water,
and A is the surface area. Note that
dVepp /dt =T pucpy , is the derivative of the volume
occupied by intracellular CPA, where vep, is the
partial molar volume of the CPA.

The initial conditions for Eqs. (A1) and (A2) are
Y=Y, and W= W, at time zero. If Z; is given, than
Wo = Ciso Wiso /% -

This model operates with two membrane perme-
ability parameters (if consider “volume” permeabili-
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ties), namely the water permeability L, RT, and the
CPA-permeability Pcp, . We will call this model as
“the 2-p[arameter] model” as it was referred in [3].
2. The Kedem—Katchalsky model implies interac-
tion (friction, dragging, etc) between water and the
CPA. The third membrane parameter, namely unit less
coefficient of reflection o is implied as the charac-
teristic of this interaction. For diluted solutions
(Yvepp << 1), the KK-equations are expressed as fol-
lows:
for the total cell volume:

I,=dV/dt=T,+T,; (A3)

for the amount of intracellular CPA:

epa =dX/dg=WdY/dt+ YdW/dt=Tp+T,, (A4)

where V is the absolute actual value of volume water,
[1=dVep /dit=(1-06) L, RTA(Y;- ) and
[y=-(1-0) (Y- In(Y,/Y) is the friction term
that reflects the “dragging” effect during interaction
between the CPA and water inside the pathways. Note
that dVipp /dt=Tpp Vepy is the derivative of the
volume occupied by intracellular CPA.

Interaction or independent pathways? 1f we as-
sume that is no interaction between solute and solvent
(T'y=0), than it can be shown, that systems A1 and
A2 become identical (I'y =T'pucp, ) if we substitute
1 — o=k, where k is the relative volume permeability
coefficient Pepavepa /Ly RT. Note that

Thus, the “mathematical” criterion of distinction
between the independent pathways (system A1) and
the KK-interaction model (system A2) is not the ab-
solute value of o or &, but the relationship between
these two values.

The “golden rule” for fitting experimental curves.
If 1 - o is substantially higher than &, the interaction
is reasonable at least “mathematically”. If 1 - o is close
to k, the pathways are predominantly independent;
I, MUST BE assumed as 0. If { <k <1 —g, the inde-
pendent pathways are self-evident (negative value of
oconfirmsit). f l-e<k<lori<1-a<k, it does
not make any physical sense, or the experimental
curve does not fit both models.

There are, however some other reasons we prefer
the two-parameter model:

1. Kedem and Katchalsky originally implied the
3-parameter “interaction” model for “macro mem-
branes” where solute and solvent both come through
big size “coarse capillary membranes”, while inde-
pendent pathways are more likely applicable to “mo-
saic” [presumably cell.] membranes [8].

2. KK-model is applicable to diluted suspensions
only (the friction term I'; is derived from this assump-
tion). The 2-p model is applicable for concentrated
solutes if, e.g., Scatchard’s corrections are made [3].

3. The reflection coefficient o is less sensitive to
alterations of experimental data than L and P

2 L P. PA

(F. W. Kleinhans, personal communications), that

may bias the real values of water and solute perme-
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abilities and even lead to the physical non-sense de-
scribed above.

4. The 2-p model is simpler. Unless strict evidences
in favor of interaction are presented, there is no reason
to “create additional properties” (the “Ockham’s
blade” rule).

In practice, very often both model are non-distine-
tive in the majority cases if the same L, and P.p, are
used [the reasonable difference occurs it Yvep, is not
substantially less than 1, results of simulations will be
published somewhere]. However, the use the third
parameter o may introduce a bias in determination of
the other two parameters if simultaneous fitting of
three parameters to experimental data is performed.
That is why, we believe that using of the K-K model
is only reasonable if the strict independent biophysical
evidence of the fact that solute and solvent passes the
membrane through the same channels is presented.
Discovery of specific aqueous channels (aquaporines)
as well solute-specific membrane structures makes the
assumption of interacting (mistakenly referred as
“coupled” in some literature) pathways in many cases
quite questionable.
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Tpancdopmausa 3pUTPOLMTOB YEJI0OBEKA B PAaCTBOPAX
HE3JIEKTPOJIHTOB pAJa H-CITHPTOB.
YacTts 2. IlepepacnpeaeieHHe HEIEKTPOJIHTOB B CHCTEME
“Kaerka-cpega”

JI. I KVYJIELIIOBA, 10. B. KYHEPEHKO
Hucmumym npobaem kpuobuonoeuu u kpuomeduyunst HAH Ykpaunst, 2. Xapoukos

Transformation of Human Erythrocytes in the Solutions
of Non-electrolytes of n-Alcohols Series.
Part 2. Redistribution of Non-electrolytes in the “Cell-Medium” System

L. G. KULESHOVA, Yu. V. KUCHERENKO

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkov

MeTogamu ceTosoli Muxpockomus i ' H-fAMP CIEKTPOCKONMM MCCIeI0BAHO BAMAHME DACTBOPOB HE3JEKTPOIMTOB DALA H-CIMp-
TOB Ha MOPHONOTMIO BPUTPONMTOR Yen0Beka M oneHen xoodduperT pacnpeneneHMa @ MemIy KASTROH M cpefoit YcTanoBaeso,

YT0 B CTALMOHAPHOM COCTOAHMM MeXAy (popmoll SPpHTPOOMTOE M XapPaKTepoM NepepacnpeieelMdA HEINEeNTPOIMTOR B CHCTEME
“rEaeTRa-cpesa’ CYmMECTBYeT BIAMMOCBARS,

MeTtogamm ceiTroBol Mikpockonii i H-AIMP cnexrpocxonii Zocaigyeso BILTMB HeeTeKTPONTIE PARY H-CIMPTIE Ha Mopdotorin
epPMTPOIMTIE JBOMMEM TA OMiHeRD KoedimienT posnominy @ M KIiTHHOWO | cepefoBuined. YCTaHORNEHD, N0 B CTALIOHAPHOMY CTaHI
Mixt (hopMOI0 EPUTPOUMTIE | XaparTepoM Nepeposnoainy HeeJerTpOJiTis y cucTeMl “KIITHHA-cepegoBMie” iCHYE BIAaEMO3IB' A30K.

The effect of non-electrolytes solutions of n-alcohols series on morphology of human erythrocytes was studied by the methods
of light microscopy and 'H-NMR spectroscopy and the coefficient of distribution between a cell and medium was estimated. It

has been established that there is a correlation in a stationary state between a shape of erythrocytes and character of redistrnibution
of non-electrolytes in the “ecell-medium” system.

Mepoit nepepacnpejienerius He3NEKTPOJMTOB B The measure of redistribution of non-electrolytes
cucTeme “KieTka—cpena” caysxun koadbduiment pac-  in the “cell-medium” system was the coefficient of
npepeneHus Q, paBHuI oTHOWeHMI0 KoHuenrtpauuu  distribution Q, equal to the ratio of the substance
BellleCTBA B KJI€TKe K €ro KOHLEHTpallHM BO BHeKme-  concentration in a cell to its concentration in extracel-
tounoit cpeae. Uccaenosanu chenywoume neanextpo-  lular medium. The following non-electrolytes were

NATEE 3Ta’os, 1,2-nponasamon, rauuepus Mapk XY,  studied: ethanol, 1,2-propane diol, chemically pure
a TaKKe MONMITHIEHIJIMKOAH MosekyaspHblx Macc  glycerol, as well as polyethylene glycols of molecular
400, 600, 1500 dupmu “Merck” (OPT). Pacteops  masses of 400, 600, 1500 (Merck, Germany). The so-
HCCNEIYEMbIX BEIIECTB B HNEpTOHMYecKoil konment-  lutions of investigated substances were prepared
paiuu rotoBuaM, Mmcnosnayas 15 MM docdartumii | under hypertonic concentration, using 15 mM phos-
bydep, conepxammuii 150 MM NaCl (pH 7,4). phate buffer, containing 150 mM NaCl (pH 7.4).
Metomuka npuroTosiaenus obpasuos maa | H- Preparation of samples for 'H-NMR studies was as
AMP wnccaenopanui caeayioman: 30%-i pacrsop uc-  follows: 30% solution of studied non-electrolytes by
cleyeMOro HesJekTposuTa mno  kKamasm  (npw drops (during non-stop stirring) was added to
NOCTOSHHOM TlepeMeInnBaHuK ) fobasnsnu k orMetolt washed-out suspension of erythrocytes (1:1, v/v). To
CYCNeH3HH 3PHTPOMHTOB B cooTHomenmy 1:1 (mo  separate cells from intercellular liquid the mixture was
obbemy). [na otpenenusa xietok or Mexkierounoil  thermostated within 20-30 min at 25°C and then
AUIKOCTH CMech BhAepKHBanu B Tepmocrate  centrifuged (1 200g, 10 min).
20-30 mun npu 25°C, a sareMm nueHtpudyruposanu NMR studies were carried out using a “Tesla BS
(1200g, 10 mun). 597 A" spectrometer with an operating frequency of
AMP nccnenoanua nposonnin Ha cnekrpomerpe 100 MHz for protons. Resolution in spectra under
“Tesla BS 597 A” ¢ paboueii sactotoit 100 MI'uy nra  rotation (20 RPM) of a sample containing tube was
nporonos. Paspemenue B cnexktpax nagocagousoit  2-3 Hz (for supernatant liquid) 2-6 Hz (for dense
KHIKOCTH [PH BpallleHHW aMnyJisl ¢ o0pasioM B gaT-  suspension).
ynke (20 06/c) cocrasnano 2-3 'y, B cnekrpax nior- Since integral intensity of a substance signal in
HOM cycneHsuu knetok — 2-6 Iu. NMR spectrum is proportional to the number of reso-
nating nuclei, this allows to use it as the measure for
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[MockonbKy MHTErpasibHAS HHTEHCHBHOCTD CHIHATIA
semectsa B cnekrpe AMP nponopusonansra yncny
PE3OHHPYOUIHX AAED, 3TO MO3BOJAET UCIO/IBL3OBATH €
KaK Mepy KOHLEHTPalMH BeniecTea B pacteope [4, 5).
Koadduument pacnpenesenus ( BLIMHCIAMH M3 CO-
OTHOINEHMSA [UJIOWANeH CUCHAJIOB YIJI€BOJOPOIHBIX
Ipynn HeaJleKTpoauTa S, M CHI'Hala THAPOKCHIIb-

BENT
HBIX Tpynn S, , 06pasoBaHHOrO MPOTOHAMH BOAB! M

I'MIJQHCHJ]]:HHMH NPpOTOHaAMH HEJIEKTPOJHTA.
Meton onpegenenus 3HaueHuit () crenywomuii: u3
'H-SIMP criexTpoB IIOTHOI CYCTIEH3HH 3PHTPOLIMTOR
M HALOCA/IKA IIPM NMOMOIIH BCTPOEHHOTO B CIIEKTPO-
METP MHTErPaTopa BRIMHC/IAH MJIOMIAIN MOA CHIHANA-
MH YTAEBOJIOPOAHBIX TPYII HCCHAEAYEMOTO BENIECTBa
(ommbka BeiuMcnenus He mpeseimana 10%). [Ias
yuera Biiaga OH™ rpynn Heanextponuta u3 obuiero
curdana soasl ¥ OH™ rpynn BeMHTANH BEIWIHHY A:

S Saon—A "1='5‘;|:m/k'

BoA ~ YBOI
rne k — KOHCTAaHTa, paBHAsA A araHosa 5, 1,2-npo-
nauawona — 3, muepusa — 5/3, 113T-400 — 18,
[19I-600 — 24, I12I-1500 — 68.
HMceruHnas KOHIEHTpAlMA BeUleCTBA BHYTPH MHJIM
BHE KJIETKH

S

“Bent

=5 _  +A.

BELL
Bemwuuny K onpepensnyu us dbopMmyisl
K= Snttinf;‘srﬂun ' (1)

a UCKOMBIN Ko3DDHUUMEHT pacnpeleseHus — W3 CooT-
HOIIEHHS

Q=Kyp/Kyas. 2

rae Ky, — anauenue Beaninist K B MIOTHOI cycricH-
3MM SpHUTpouMTOB; K . — 3HaYeHHe Benuuuuw K B
Ha0CAaKeE.

ITockonmbKy NAOTHAA CYCHEH3UA SPHUTPOLMTOB, NO-
JyueHHas Nocsie HSKBHAMbpaumnn KIeTOK C HeaNeKTpo-
JIUTOM, BKJOYana, KPOME 3PUTPOLMTOB, HEKOTOpOEe
KOJTMYECTBO BHEKJIETOTHOH uaxocTu, Obina BHeceHa
NONpaBKa Ha OCTaTOYHBIH 06beM BHEKIETOYHON XKM-
KOCTH B pacueTHY0 hopmyay (2). Ocratounsiil obbem
MEXKNeTOYHOH MXHAKOCTH OLEHHMBAJIM H3IMepeHHeM
PeMATOKPUTHOIO YHCJIA B OCAJKe KIETOK, MOJIY4eHHOM
oche UeHTPHYITHPOBAaHUA 3DUTPOLIMTOB, CYCNEHIM-
POBaHHEIX B pacTBOpe KpHonpoTekTopa. I'eMaTokpHT-
HOE YHCJIO M3IMEPANHM 10 CTaHAapPTHOH METOAMKe
neHTpHGYrHpoBaHus 00pasiOB B TOHKOM KalWispe
Ha yenatpudyre Tuna MILL-8.

Taxum obpasom, senuunuy K B apurpomacce orn-
penensau no dopmyie
- 100 {Kﬁ;ﬁ‘” -

cY_
ap

Hdll

Voer KE34 /100)
100- V. |

(3)

rje K‘;‘“ — BKCNEPHMEHTAIBHOE 3HAYEHHE BEJIHYHHLI
KEP; “a"f — 3KCIepHMEeHTANbHOEe 3HAYeHHE BeJIHYH-
Hel K B Hagocajo4HOH KAIKOCTH, er — MOINpaBKa Ha

DCTATOYHKI 0ObeM BHEKNTETOYHOM KHIIKOCTH.
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the susbtance concentration in a solution [2, 5]. The
distribution coefficient Q was calculated from the cor-
relation of the areas of signals of carbohydrate groups
of non-electrolyte 53, and the signal of hyrdoxyl
groups Sy, formed by water protons and non-elec-
trolyte hydroxyl protons.
The method of determination of Q values was as
follows: the areas under the signals of carbohydrate
roups of the substance studied were calculated from
H-NMR spectra of a dense suspension of erythro-
cytes and a supernatant using by means spectrometer
integrator (calculation error was less than 10%). To
register the contribution of OH™ groups of non-elec-
trolytes from the total signal of water and OH ™ groups
the A value was subtracted:

S a i —A,

walt — “'wat

A=S4n/k,

where k& — constant, equal to 5 for ethanol, 1,2-
propanediol — 3, glycerol — 5/3, PEG-400 — 18,
PEG-60