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Effects of isotonic solutions of polyethylene (glycol) 1500 (PEG-1500) and sucrose on Ca2+ influx into 
ATP-depleted red blood cells were studied using the Ca2+-sensitive fluorescent dye fura-2AM. When incubated 
in isotonic low ionic strength media (containing 2 mM CaCl2 in addition to sucrose and PEG-1500), the initial 
rate of Ca2+ influx was higher than that for the cells in physiological (normal ionic strength) medium. After 20 
minutes of incubation in the PEG-1500-containing solution, a 10-fold increase of Ca2+ influx was observed, 
whereas in the sucrose medium the rate of Ca2+ influx decreased compared to that in physiological medium. 
1H-NMR data provided no evidence of direct interaction between PEG-1500 and the erythrocyte membrane. 
Moreover, PEG-1500 did not affect lipid peroxidation (LPO) induction in erythrocyte membranes. We propose 
that a change in the hydrogen environment of Ca2+-ATPase of the erythrocytes suspended in the PEG-1500 
solution is the primary cause of altered Ca2+ homeostasis in these cells. The activation of the Ca2+-ATP-ase in 
sucrose medium may result in an incomplete suppression of the Ca2+-pump activity in ATP-depleted cells, which 
is accelerated when calmodulin binds with the Ca2+-ATP-ase under the conditions of rapid Ca2+ accumula-
tion.
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Osmotically active compounds, such as su­
crose and low molecular weight polyethy­
lene (glycol), are widely used for cryop­

reservation of different cells and tissues [1]. Sucrose 
per se is a sufficient cryoprotective for erythrocytes 
[2]. As for PEG-1500, it was recently shown [3] that 
this substance is highly effective at protecting hu­
man red blood cells from damage during freezing-
thawing manipulations. However the action mech­
anism of these substances remains unknown, and 
the data in literature are controversial [4, 5]. It has 
been postulated that sucrose and PEG-1500 have 
the same effect on the activity of acetylcholineste­
rase enzyme, vesiculation and rapid hemolysis of 
human erythrocytes as the anion detergent SDS 
[5]. There was also no difference between the ef­
fect of sucrose and PEG-containing media on the 
Na+/K+/H+ exchanger in the human red blood cells 
(RBCs) (unpublished data of I. Bernhardt et al.). 

Nevertheless it is known that sucrose is added 
to the preserving solution primarily to keep the 
osmotic balance between the cells and extracellular 
media [1, 2]. At the same time PEG demonstrates 
cryoprotective properties even in the absence of 
other additives [1, 3]. At high concentration, how­

ever, PEG causes cells fusion [6–8], which is not 
apparent in sucrose media [9]. 

In this study, we have investigated the ef­
fects of sucrose and PEG on intracellular Ca2+. 
Calcium homeostasis is an important property of 
red blood cells, depending predominantly on the 
balance between a low passive Ca2+ permeability 
and a highly active plasma membrane Ca2+ pump. 
Free cytosolic Ca2+ concentration is maintained at 
a low level, about 100 nM. Many factors alter the 
function of the Ca2+ pump and hence free [Ca2+]. 
These may act by influencing protein composition, 
location and redistribution of the lipids within the 
membrane. For example, this is observed during 
the activation of LPO [10] and in certain patho­
logical diseases (such as malaria, thalassemia, sick 
cell anemia etc.) [11–13]. In addition, ageing of 
erythrocytes leads to the sharp increase of the cell 
membrane permeability for calcium, as postulated 
in [14, 15]. Ca2+-ATPase activity is depressed by 
some detergents (Triton X-100, Twin 80) at low 
concentrations, whilst both Ca2+-ATPase and 
Na+,K+-ATPase are inhibited by alcohol, glycerol 
and PEG [16–20]. However, the conditions used 
may distort the structure and composition of the 
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membranes [19–21], thus complicating the inter­
pretation of these findings.

Here, we have used cell permeable fluorescent 
dye (fura-2AM) to study the effect of the isotonic 
solutions of sucrose and PEG-1500 on calcium in­
fluxes in ATP-depleted RBCs.

Materials and Methods

Reagents. Inorganic salts, sucrose and glu­
cose were of analytical grade. Inosine and iodoa­
cetate were obtained from «Sigma» (USA), Tris 
and EGTA from «Fluka» (Switzerland), MES from 
«SERVA» (Germany), PEG-1500 from «Merck/
Sigma» (Germany) and fura-2/AM from «Molecu­
lar Probes» (Netherlands).

Blood and solutions. Fresh human RBCs were 
collected from healthy donors and washed three 
times (1200 g, 5 min) at a room temperature in 
the high ionic strength (HIS) solution containing 
(mM): NaCl 145, glucose 10, morpholinoethanesul­
phonic acid/Tris-(hydroxymethyl)aminomethane 
(MES/Tris) 10, pH 7.4. Supernatant and buffy coat 
were removed by aspiration. Experiments were car­
ried out in the HIS solution or in solutions where 
145 mM NaCl was replaced by 200 mM sucrose 
(LIS) or 76 mM PEG-1500 (PEG-1500). In ad­
dition, all solutions contained 2 mM CaCl2. The 
osmolarity of the solutions was determined using 
an osmometer (Knauer, Germany) and found to 
be 295 ± 5 mOsm for HIS and 255 ± 5 mOsm for 
LIS and PEG solutions. Osmolarity of the LIS and 
PEG solutions was slightly reduced in comparison 
with the physiological one (HIS) to avoid an ini­
tial shrinkage of the cells, which is observed when 
250 mM sucrose used.

Measurement of the Ca2+ influx of ATP-depleted 
RBCs. Ca2+ uptake was measured in ATP-depleted 
RBCs that had been pre-treated by the method 
described in [22, 23]. RBCs at 1% hematocrit were 
incubated at 37 °C in a medium containing (mM) 
NaCl – 140, KCl – 5, iodoacetate – 6, inosine – 6, 
pH 7.4 (medium A). After at least 2 hours from the 
beginning of the incubation 0.5 µM fura-2 (taken 
from a 5 mM stock solution, in DMSO) was added 
to the medium (45 min loading procedure). The 
cells were then washed three times (15 s, 12,000 g) 
with the medium A to eliminate the excess of extra­
cellular fura-2, then diluted (also in medium A) 
to an hematocrit ~40% and stored for 15÷30 min. 
Aliquots of the RBCs suspension were diluted to 
~0.067% hematocrit in the Ca2+-containing solu­
tion studied and transferred into a quartz cuvette 
for fluorescence measurements (spectrophotometer 
FluoroMax-2, Jobin Yvon, France). Ca2+ influx 
was calculated from the changes of [Ca2+]i and exp­
ressed in µmol×L cells-1×h-1.

Intracellular free Ca2+ levels were determined 
using a two-wavelength method as described in [22, 
23]. [Ca2+]i was determined from the standard equa­
tion: [Ca2+]i = KD × Q × (R-Rmin)/(Rmax-R), where 
KD is the Ca2+ dissociation constant of fura‑2; R 
represents the ratio of the fluorescence intensities 
measured at 340 nm and 380 nm; Rmax and Rmin 

were found when fura-2 was saturated with Ca2+ 
and when completely free of Ca2+, respectively. Q is 
the ratio of the minimum/maximum fluorescence 
intensity at 380 nm, i.e. the fluorescence intensity 
measured when fura-2 is free of Ca2+, and saturated 
with Ca2+, respectively. Rmin and Rmax were esti­
mated under all experimental conditions separately 
(but see below). To determine Rmax 0.01% Triton 
was added to the cuvette with the fura-2 loaded 
RBCs. At the end of the experiment 10–20 mM 
EGTA was added to estimate Rmin.

KD values were determined after fura-2 loaded 
RBCs were lysed with Triton X-100 in HIS solu­
tion. The dissociation constant of Ca2+ for fura-2 
measured under our experimental condition was 
155 nM. This value is in good agreement with the 
KD = 140 nM estimated by Molecular Probes in 
MOPS buffer, pH 7.2 at 22 °C in the absence of 
Mg2+. 

Quenching of the fura-2 fluorescence ratio in 
LIS and PEG media was observed after lysis of the 
RBCs [23]. Therefore, the values for Rmax and Rmin 
obtained in the experiments with RBCs in HIS 
solution were used for the experiments in LIS and 
PEG solutions. 

LPO analysis in the RBCs treated with 
PEG‑1500. Thiobarbituric acid (TBA) test was 
used for LPO analysis in the erythrocytes incubated 
with PEG-1500. Briefly equal volumes (0.1 ml) of 
PEG-1500 (HIS in the control samples) solution 
and washed packed cells (80% hematocrit) were 
mixed and incubated for 45 min. The reaction 
was stopped by addition of 0.1 ml of trichloroace­
tic acid (TCA) (100%). Then 1.7 ml of the HIS 
solution, 2 ml of 30% TCA, 0.2 ml 5n HCl and 
2 ml of 0.75% TBA were added. The mixtures were 
heated on the water bath at 100 °C for 1 h, cooled 
and centrifuged for 10 min at 1200 g. Concentra­
tion of malonodialdehyde (MDA) was found as the 
absorption data of the supernatants measured at 
535 nm (PYE UNICAM SP 8000, England).

PEG-1500 binding studies using 1H-NMR spec-
troscopy. To study PEG-1500 binding with eryth­
rocyte membrane we used 1H-NMR spectroscopy. 
It is known that 1H bands from CH-, CH2-, CH3- 
groups of absorbed polymer are wide and are not 
registered in 1H-NMR spectra of the dense cell 
suspension but only in the lysate obtained after the 
cells lysis with Triton X-100. 
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The experiments were performed with NMR 
spectrometer (TESLA BS 567A, Czechoslovakia) 
operated at 100 MHz for 1H.

Bromthymol blue (BTB) binding assay. BTB 
binding to erythrocytes suspended in physiological 
and PEG-1500 media was studied as described in 
[24]. Concentration of erythrocyte membrane pro­
tein was 40÷50⋅10-6 g. Sorption parameter for BTB 
binding (amount of binding sites, n) was calculated 
from the Scatchard’s plots.

Hematocrit measurements. Hematocrit (Ht, %) 
of the cell suspensions used in the study was deter­
mined by microhematocrit or cyanmethemoglobin 
methods, in common usage.

Statistical treatment of the results. Values are 
given as the result of at least 3 independent experi­
ments carried out on blood of different donors ± SD. 

Results

The rates of calcium influx, calculated from 
the records of time-dependent changes of intracel­
lular free calcium concentration for the ATP-de­
pleted cells incubated in HIS, LIS and PEG-1500 
solutions, are shown in Table.

The rate of calcium influx for the cells trans­
ferred from the ATP-depleted medium into HIS 
solution was 22.78 ± 7.61 mМ×L cells-1×h-1 over the 
first 10 min of incubation, and then slightly de­
creased to 19.31 ± 3.39 mМ×L cells-1×h-1 during the 
next 35 min of incubation.

The cells transferred into LIS solution de­
monstrated increased rate of calcium uptake over 
the initial 10–15 min. period than that in HIS 
solution (27.58 ± 8.96 mМ×L cells-1×h-1). However 
the rate significantly decreased to 9.13 ± 1.51 mМ× 
L cells‑1×h-1 during the last 35 min of incubation, 
which means that calcium uptake took less time to 
reach plateau in this solution.

The rate of calcium influx in the PEG‑1500 
solution also showed an increase during the first 
10–15 min of incubation. However, the rate 
of calcium uptake increased markedly (up to 
0.952 mМ×L cells-1×h-1) and reached a plateau only 
after 40 min of incubation.

Solution
Time of incubation, min

initial 10–15 min next 30–40 min

physiological solution* 22.78 ± 7.61 19.31 ± 3.39

200 mM sucrose solution** 27.58 ± 8.96 9.13 ± 1.51

76 mM polyethylene (glycol) 1500 solution** 152.4 ± 50.57 952.3 ± 85.7
* The data of 4 independent experiments; ** The data of 3 independent experiments.

The rates of Ca2+ influx (mМ×L cells-1×h-1) in ATP-depleted human erythrocytes in isotonic physiological 
solution (HIS), sucrose (LIS) and polyethylene (glycol) 1500 (PEG-1500) solutions

A>2-fold decrease in turbidity (which indi­
cates cell aggregation) was observed spectrophoto­
metrically (at 650 nm band) in cells incubated in 
the PEG-1500 solution. No such aggregate forma­
tion was detected in the sucrose solution.

The data shown in Fig. 1 suggest that PEG’s 
peroxides induced no LPO in the cells treated with 
the PEG solution. The slight increase (1.3 times as 
compared to the controls) in MDA concentration 
was observed only for the aged cells which were 
stored for more than 2 weeks in the buffer which 
contained glucose and anticoagulant (sodium citrate).

A decrease in the BTB binding parameter (n) 
was found for the cells suspended in PEG-1500 
containing medium (n = 0.190 ± 0.022 for the 
controls and n = 0.098 ± 0.014 for the cells in the 
PEG-1500 medium). No difference in the values of 
n was observed when the cells pretreated with the 
PEG-1500 medium were washed twice with HIS 
medium to remove PEG-1500 (n = 0.190 ± 0.022 
and n = 0.205 ± 0.025, correspondingly).

Since 1H-NMR bands of carbohydrate groups 
of the polymer were not registered (Fig. 2) after the 
wash and destruction of the cells with 0.01% Triton 
X-100, we conclude that the effect of PEG-1500 on 
calcium influx was not due to the direct interac­
tion of PEG with the cell membrane.

Discussion

Calcium influx experiments require Ca2+-
pump inhibition because of the low passive permea­
bility of erythrocyte membranes and high func­
tional activity of Ca2+-ATPase. Calcium influx in 
1 mM orthovanadate treated cells is linear over ap­
proximately 5 hours [25, 26]. Instead of orthovana­
date, which directly and irreversibly inhibits the 
enzyme, metabolic inhibitors (e.g. inosine and io­
doacetate) cause Ca2+-ATP inhibition by decreas­
ing intracellular ATP levels ([ATP]i decreases from 
10-3 M to 10-6 M). Glucose presented in the solu­
tion and intracellular 2,3-DPG enables recovery of 
cellular ATP, thus the activity of the Ca2+-ATPase 
may be restored during long incubation of the cells 
in glucose containing solutions. 
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wash and destruction of the cells with 0.01% Triton 
X-100, we conclude that the effect of PEG-1500 on 
calcium influx was not due to the direct interac­
tion of PEG with the cell membrane.

Discussion

Calcium influx experiments require Ca2+-
pump inhibition because of the low passive permea­
bility of erythrocyte membranes and high func­
tional activity of Ca2+-ATPase. Calcium influx in 
1 mM orthovanadate treated cells is linear over ap­
proximately 5 hours [25, 26]. Instead of orthovana­
date, which directly and irreversibly inhibits the 
enzyme, metabolic inhibitors (e.g. inosine and io­
doacetate) cause Ca2+-ATP inhibition by decreas­
ing intracellular ATP levels ([ATP]i decreases from 
10-3 M to 10-6 M). Glucose presented in the solu­
tion and intracellular 2,3-DPG enables recovery of 
cellular ATP, thus the activity of the Ca2+-ATPase 
may be restored during long incubation of the cells 
in glucose containing solutions. 

Fig. 1. Effect of PEG-1500 on LPO in human 
erythrocytes. X-axis: 1 – the control (erythrocytes 
in HIS); 2 – erythrocytes treated with 76 mM 
PEG‑1500; 3 – “old” erythrocytes (stored more than 
14 days at 4 °C in glucose and citrate containing 
medium) treated with 76 mM PEG-1500. Y-axis: 
MDA concentration (MDA), 10-4 M/ml cells.

Fig. 2. 1H-NMR spectra: a – 76 mM PEG-1500 
solution; b – erythrocytes suspension (Ht=80%), 
treated with 76 mM PEG-1500 (1:1); c – the same 
cell suspension after the wash (3 times, 1200 g, 
5 min, 22 °C) in HIS solution. The carbohydrate 
proton signal of PEG-1500 molecules is marked with 
the arrows. The signal from tetramethylsilan (TMS) 
was used as an internal standard. 
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The Ca2+ uptake in the ATP-depleted cells 
observed in the study may be characterised as 2 
phase process, which includes: (I) rapid calcium 
accumulation in the cells (fully inhibited Ca2+-
pump); 2) slower accumulation with the pla­
teau phase (Ca2+-pump activity is partly recove­
red). Our data of initial rate of calcium uptake 
in the ATP-depleted cells incubated in the HIS 
(Table) are in a good agreement with published 
reports [27] for substrate-depleted cells loaded 
with another fluorescent calcium dye – quin-2 
(16.2 ± 2.0 mМ× L cells‑1×h-1), but higher than that 
given in [28], which were obtained using ATP-de­
pleted cells as well as the cells treated with vanada­
te (6.85 ± 0.38 mМ× L cells-1×h‑1). The effect ob­
served may be due to the increase in Ca2+ buffering 
capacity of cells loaded with intracellular calcium 
chelators such as fura-2, quin-2, BAPTA etc.

Our results suggest that calcium uptake in 
ATP-depleted cells transferred to the isotonic LIS 
solution increases during the first minutes of incu­
bation in LIS. We assume that the effect may be 
caused by a change in passive permeability of the 
membrane for calcium following membrane depo­
larisation in low ionic strength media [29]. The 
increase in negative surface potential on the outer 
membrane leaflet increases the cation concentra­
tion nearby the membrane facilitating calcium dif­
fusion in the cells.

By contrast, during the second phase of Ca2+ 
entry, Ca2+ influx decreased in cells incubated in 
the LIS (Tabl.). A possible explanation is activation 

of Ca2+-ATPase during incubation of the cells in 
the sucrose medium. The mechanism may involve 
increased interaction of Ca2+-ATPase with cal­
modulin – Ca2+ complex when incomplete inhibi­
tion of the enzyme takes place. The rapid increase 
in calcium uptake during the first period, observed 
for the cells suspended in the LIS solution, elevates 
[Ca2+]i and may accelerate calcium binding by cal­
modulin, the main intracellular calcium buffer 
[30]. 

The situation is more complicated in the case 
of cells treated with the PEG-1500. The data (tab­
le) suggests that, despite the sucrose, PEG‑1500 
perturbs the membrane increasing membrane per­
meability for calcium and inhibits Ca2+-ATPase.

Recently it was shown [10] that induction of 
LPO in sarcoplasmatic reticulum membranes led 
to abnormal Ca2+ transport. Two types of channels 
were induced by LPO: (i) the “passive” channels 
located in lipid bilayer of the membranes; (ii) the 
“active” ones which were found within lipoprotein 
complex of Ca2+-pump.
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Nevertheless there was found no induction of 
LPO by the peroxides of PEG-1500 (Fig. 1). 

The experiments with the anion dye (BTB) 
demonstrated a significant fall in the dye sorption 
by the cells suspended in PEG-1500 containing 
medium as compared with the cells in physiologi­
cal saline. Assuming that BTB binds to the cells 
proteins hydrophobically at physiological pH and its 
binding site involves a hydrophobic surface at the 
close distance to positively charged protein groups 
we concluded that PEG-1500 molecules might in­
teract with the cells and/or screen some binding 
sites on the cell surface. Taking into account the 
existence of nonpolar groups of PEG‑1500 mole­
cule, intercalation of the molecules in the mem­
brane bilayer was possibel. A subsequent local re­
distribution of the membrane proteins and lipids 
might alter the activity of Ca2+-ATPase.

However the values of n for BTB binding 
to the cells pre-treated and then washed from 
PEG‑1500 did not significantly differ from those 
in the physiological saline. Moreover we failed to 
detect membrane-bound PEG-1500. As shown in 
Fig. 2, there was no evidence for absorption of 1H 
bands of carbohydrate groups of the polymer onto 
the cell surface following treatment with the PEG 
solution and lysis with Triton X-100. This result 
is in a good agreement with the published data 
[7], in which EPR spectra found no perturbation 
of tempamin-labelled sialic acid residues of the 
erythrocytes ghosts after polyethylene(glycol) re­
moval. Thus an effect of PEG-1500 on calcium 
influx via direct interaction with the membrane 
was discounted. However, it remains possible that 
of the change physical and chemical properties of 
water environment by PEG might lead to aggrega­
tion and destabilisation of the membranes, which 
in their turn would change the membrane structure 
and osmotic pressure on the cells [6, 7, 18].

Since the osmolarities of the sucrose and 
PEG-1500 solutions used in the study were the 
same, an osmotic effect of PEG-1500 effect was 
also discounted. Moreover, it seems unlikely that 
the change in dielectric constant (e = 70.5 for the 
PEG-1500 solution in comparison with e = 76.5 
for 150 mM NaCl saline [31] could play a sig­
nificant role in destabilisation of the membrane 
structure and result in cation permeable pores. In 
this regard, it should be noted that the dielectric 
constant of the LIS solution was e = 74.8, and no 
increase in [Ca2+]i was observed in this medium. 

Thus we assume that the effect of the 
PEG‑1500 solution on Ca2+ influx is caused by the 
high dehydrative ability of the polymer. 1H‑NMR 
data [32] showed that there were 3 to 4 water mole­
cules bound to each PEG unit. The amount of 

water was increased with the increase in PEG 
concentration (up to 16 water molecules per PEG 
monomer were structured in the 13% solution and 
nearly all water was bounded in the 38÷45% solu­
tion). It is well known that amphipathic molecules 
are able to regulate the activity of Ca2+-ATPase by 
changing the access of the enzyme to water [1, 30]. 
Degradation of the hydrate environment of the en­
zyme leads to its inactivation. On the other hand, 
aggregation of the cells in the PEG-1500 solution 
and the change in hydrate surrounding of the pro­
tein-lipid complexes may vary membrane perme­
ability for cations, thereby increasing [Ca2+]i.

Additionally, the involvement of Gardos 
channels in the increase of [Ca2+]i after 20 min of 
incubation in the PEG-1500 cannot be completely 
discounted [9, 33, 34]. It has been shown that an 
increase in [Ca2+]i from 1 to 100 μM (5 to 10 μM 
[33]) leads to significant membrane hyperpolarisa­
tion following increased K+ permeability (Gardos 
channels activation) [34].

Thus the results of our study show that Ca2+ 
uptake by ATP-depleted human red blood cells 
depends on the composition of the incubation me­
dium. In isotonic media where NaCl was com­
pletely substituted by impermeable for the cells 
sucrose or PEG-1500, a faster increase in [Ca2+]i 

was observed during the first 10 min of incubation 
in the media, when compared with physiological 
saline. Long-term incubation (for 45 min) of the 
substrate-depleted cells in the low ionic strength 
solutions decreased the calcium uptake in the LIS 
solution and significantly increased it in the case 
of the PEG-1500 solution. Taking into account 
the data obtained here and those in the literature, 
the following mechanism of PEG-1500 effect on 
the cells is suggested: (i) membrane depolarisation 
and increase in C2+ influx; (ii) change in hydrate 
surrounding of Ca2+-ATPase and its inactivation; 
(iii) aggregation of the cells with the pores per­
meable for cations formation; (iiii) dehydration of 
the cells due to the Gardos channels activation. 
Sucrose which has no ability to structure water 
molecules like that for PEG demonstrated no ef­
fect on the hydrate surrounding of Ca2+-ATPase. 
The enzyme activation in the LIS solution may 
be due to incomplete reversible suppressing of the 
Ca2+-pump activity in the substrate-depleted cells, 
which may be recovered and accelerated under the 
fast calcium uptake by the cells upon calmodulin 
binding with Ca2+-ATPase.
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За допомогою флуоресцентного кальцієво­
го індикатору фура-2АМ досліджували вплив 
ізотонічних розчинів сахарози і ПЕГ-1500 на 
потоки кальцію до АТР-виснажених еритро­
цитів людини. Показано, що початкова швид­
кість потоку кальцію до еритроцитів, інкубо­
ваних у середовищах з низькою іонною силою, 
що вміщували 2 мМ CaCl2, була вищою, ніж 
до клітин у фізіологічному середовищі. Піс­
ля 20-хвилинної інкубації клітин у розчині 
ПЕГ-1500 спостерігалося 10-кратне посилення 
потоку кальцію до АТР-виснажених клітин, у 
той час як у сахарозному середовищі поміче­
но зменшення швидкості потоку порівняно з 
клітинами у фізіологічному середовищі. Дані 
1Н‑ЯМР спектроскопії свідчать про відсутність 
прямої взаємодії молекул ПЕГ-1500 з мембра­
ною еритроцита. Не виявлено також індукції 
пероксидного окислення ліпідів (ПОЛ) у мем­
бранах еритроцитів під впливом ПЕГ-1500. 
Висловлено припущення, що зміна гідратного 
оточення Са2+-АТР-ази під впливом ПЕГ‑1500 
є первинною ланкою в ланцюзі порушень 
Са2+-транспортувальної функції клітин. Акти­
вація Са2+-АТР-ази в сахарозному середовищі, 
можливо, є наслідком неповного пригнічення 
активності Са2+-насоса в субстрат-виснаже­
них клітинах і прискорення його роботи у разі 
зв’язування кальмодуліну з Са2+-АТР-азою в 
умовах швидкого накопичення кальцію кліти­
нами.
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еритроцити, поток кальцію, сахароза, поліети­
ленгліколь 1500, фура-2.
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С помощью флуоресцентного кальци­
евого индикатора фура-2АМ исследовали 
влияние изотонических растворов сахарозы 
и ПЭГ‑1500 на потоки кальция к АТР-исто­
щенным эритроцитам человека. Показано, что 
начальная скорость потока кальция к эрит­
роцитам, инкубированных в средах с низкой 
ионной силой, которые содержали 2 мМ CaCl2, 
была выше, чем к клеткам в физиологической 
среде. После 20-минутной инкубации клеток 
в растворе ПЭГ-1500 наблюдалось 10-кратное 
усиление потока кальция к АТР-истощенным 
клеткам, в то время как в сахарозной среде от­
мечено уменьшение скорости потока по срав­
нению с клетками в физиологической среде. 
Данные 1Н‑ЯМР-спектроскопии указывают на 
отсутствие прямого взаимодействия молекул 
ПЭГ‑1500 с мембраной эритроцита. Не уста­
новлена также индукция пероксидного окис­
ления липидов в мембранах эритроцитов при 
действии на них ПЭГ-1500. Высказано пред­
положение, что изменение гидратного окру­
жения Са2+-АТР-азы под влиянием ПЭГ-1500 
является первичным звеном в цепи наруше­
ний Са2+-транспортирующей функции клеток. 
Активация Са2+-АТР-азы в сахарозной среде, 
возможно, является следствием неполного уг­
нетения активности Са2+-насоса в субстрат-ис­
тощенных клетках и ускорение его работы при 
связывании кальмодулина с Са2+-АТР-азой в 
условиях быстрого накопления клетками каль­
ция.

К л ю ч е в ы е  с л о в а: ATР-истощенные 
эритроциты, поток кальция, сахароза, поли­
этиленгликоль 1500, фура-2.
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