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Influence of divalent cations Ca®" and Zn’
on the activation of posthypertonic hemolysis

of human erythrocytes
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Human erythrocytes (RBC) were incubated for various time at 37 °C in hypertonic solutions of NaCl
(1.5 M) or sucrose (1.2 M) and then rehydratea’ in isotonic NaCl or sucrose media in the presence or

absence of divalent cations Ca””

and Zn".

After equilibration in hypertonic sucrose both cations

significantly increased the extent of hemolysis at concentration dependent manm'r. but shaw more complex

response after equilibration in hypertonic NaCl media In this case both Ca
activation ability during rehydration in isotonic NaCl media,

and Zn** ions lose their

and Ca”" did so in zsotonc sucrose.

Dehydration of cells in hypertonic sucrose solutions in the presence of 100 mM of cations Na', X' and
Mg leads to decrease the extent of lysis after rehydration but does not influence activation ability of cd*

and Zn*, whereas addition of cd

to hypertonic sucrose solution completely abolishes activation e'ffect of

both ions. The model of posthypertonic lysis is presented according to which action of cations Cu” * and
zZn** may be explained by their specific binding to activatory and inhibitory membrane sites, regulating
membrane permeability during reswelling from hypertonic salines.

Introdueciion. It is well known that an attempt to
transfer red blood cells from hypertonic media to
1sotonic one bring about RBC membrane damage and
hemolysis which is called posthypertonic hemolysis
[1} Data, obtained by several authors [1—4 ] suggest
a significant role of composition of hypertonic solu-
tion, time of exposure, tonicity of the solution after
dilution, cell volume and initial tonicity after which
RBC were subjected to hypertonic treatment by
dialysis [§] or freezing and subsequent rehydration
or thawing [2]. It is still remain unclear why RBC can
not restore their initial volume after dehydration
without membrane damage.

Divalent cation such as Ca’" and Zn> are effe-
ctive protectors against membrane damage inflicted by
variety of hemolytic agents, including viruses, bacte-
rial and animal toxins, and detergents [3, 6—9[ as
well as hypotonic conditions [10]. We have shown
that this is also true for posthypertonic hemolysis
[11]. These common features suggest an universality
of the mechanism of pore formation in RBC mem-
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brane, which is partially independent on hemolytic
stimuli. In this study we show that divalent cations
Ca* and Zn* together with their inhibiting effect
[11] exhibit additional property to activate post-
hypertonic hemolysis under conditions where cells
were rehydrated in the cation contained media. This
property cdemonstrates distinction between posthy-
pertonic membranc pores and those initiated by
action of cther lysins thus suggesting differences in
the mechanism of their formation and molecular
structure.

Materials and Methods. Human RBC werz ob-
tained from a clinical blood bank. They werc washed
3 times in a 10-fold excess of tris-buffered saline
(TBS =150 mM NaCl, 20 mM tris-HCl, pH 7.4)
using 2.000 g for 3 min on each occasion. (.1 ml of
RBC were incubated in 0.90 ml of 1.2 M sucrcse or
1.5 M NaC(l both with § mM phosphate buffer at pH
7.4 at 37 °C and then 10 ul of erythrocyte suspension
were transierred into 1 ml of isotonic media of various
composition at room temperature. After § min in-
cubation the cell suspension was centrifuged (2.000 g,
3 min) and hemoglobin content in the supernatant
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was determined by absorption at 415 nm. The per-
centage hemolysis was calculated from a comparison
with the optical density of a fully lysed sample.

The distribution of cell volumes in the samples
was measured using a Coulter-type apparatus with an
orifice 50 um long X § um in diameter [12, 13] using
a current < 0,3 mA. 2-10'® cells were sampled in each
measurement and the mean linear velocity through
the orifice was <1 m/sec: the cells were not sig-
nificantly deformed [12].

Results. Fig. 1 shows the time dependence of
posthypertonic hemolysis of RBC, dehydrated in
hypertonic NaCl and sucrose media, and rehydrated
in isotonic electrolyte (NaCl) and non-electrolyte
(sucrose) media in the presence or absence of divalent
cations. Prolonged cell incubation under hypertonic
conditions results in a gradual increase in the extent
of hemolysis.

The effect of cations depends on the type of both
debiydrative and rehydrative media. Zn” and Ca
cations increased lysis by 2- and 3-fold, respectively,
relative 1o control value after dehydration in sucrose
hypertonic medium, independently of the type of
rehydrative medium. However after dehydration in
NaCl hypertonic medium Zn”" cations fail to produce
activation of hemolysis during rehydration in elec-
trolyte medium, whereas Ca®* ions inhibit it (Fig. 1,

A). There was no appreciable effect of Ca® i non-
electrolyte rehydrative medium though it slightl)/
activated hemolysis at short-term exposure, and Zn™
ions stimulated lysis (Fig. 1, C). Stimulation of
posthypertonic lysis by divalent cations was a function
of cation concentration.

Fig. 2 and 3 show the dependence of post-
hypertonic hemolysis on the concentration of Ca’™ and
Zn” jons during rehydration in NaCl and sucrose
isotonic media. In both type of rehydrative medium
Ca® ions activated posthypertonic hemolysis of cells,
dehydrated in hypertonic sucrose, while poorly af-
fected hemolysis of RBC, dehydrated in hypertonic
NaCl and rehydrated in isotonic sucrose. The extent
of posthypertonic hemolysis of these RBCs was con-
siderably reduced during rehydration in sucrose-
containing media (Fig. 2, B). In contrast to Ca”, Zn™
ions lose their stimulatory ability only subsequent
rehydration in NaCl medium (Fig. 3, A). Moreover,
the concentration of Zn® ions which is required for
activating lysis, has shown to be three order of
magnitude lower then the corresponding concentration
of Ca”” ions (compare Fig. 2 and 3). These data show
that treatment of cells in hypertonic NaCl solution
followed by rehydration in isotonic NaCl solution
eliminates the effect of posthypertonic hemolysis
activation caused by both Ca** and Zn* ions. Hence,

Fig. 1. Effect of divalent cations on post-
hypertonic hemolysis. RBC were incubated
selected time in hypertonic media of 1.5 M
NaCl (4, C) or 1.2 M sucrose (B, D) at
37 °C following by dehydration in isotonic
NaCl (4, B) or sucrose (C, D) solutions in
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Fig. 2. Effects of Ca” ijons on
posthypertonic hemolysis. RBC were
incubated 15 min in hypertonic soluilons of
1.5 M NaCi (/) and 1.2 M sucrose (2) and

0 20
Concentration, mM

the alteration occuring in the membrane and cyto-
plasm of cells, dehydrated in saline medium, differ
from those in non-electrolyte medium (sucrose). This
may be due to different changes in transmembrane
potential and effluxes of cations and anions, resulting
in various alterations in the intracellular content and
pH.

Hypertonic non-electrolyte medium causes a dec-
rease in the content of K™ and CI ions in cytoplasm,
accompanied by an increase in pH [12]. In hypertonic
electrolyte medium leakage of K' cations will not
result in the corresponding loss of CI” anions due to
inward CI” gradient. Hence, hypertonic treatment
leads to significantly altered Cl” contents in cells
trcated by non-electrolyte solutions. To assess the
role of electrolytes in the mechanism of posthyper-
tonic hemolysis activation by Ca* and Zn®>" cations,
RBC were dehydrated in 1.2 M sucrose in the
presence of 100 mM Na“, K*, Mg* and Ca™ salts.
The data represented in Fig. 4 show that dehydration

Fig. 3. Effects of Zn"' ions on
posthypertonic hemolysis.

then transferred to isotonic NaCl (4) and
sucrose (B) media contained various amount
cf Ca**

in sucrose medium in the presence of Na". K" and
Mg” reduces the level of posthypertonic hemolysis by
2—3-fold, and does not influcnce the ability of Ca*
and Zn* ions to activate posthypertonic hemolysis as
they do in the case when dehydration was performed
in pure non-electrolyte medium. In contrast, Ca*" ions
when present in dehydrative medium, completely
eliminate the posthypertonic hemolysis activation,
effect is not due to simple rise in ionic strength. This
is also supported by the analysis of volume listri-
bution of rehydrated RBC, obtained after dehydration
in electrolyte and non-electrolyte media (Fig. S).
Activation of posthypertonic hemolysis by Zn*
ions after cell dehydration in hypertonic sucrose is
accompanied by an increased in amount of cells and
ghosts in the swollen subpopulation indicating that
under these conditions a larger number of cells
undergo hemolysis. This finding differs from corres-
ponding volume distributions, obtained for Ca” ions,
where reduced modal volume of swollen subpopulation

Conditions and definitions of
symbols are the same as for Fig.
2
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Fig. 4. Effects of preincubation of RBC i.
hypertonic sucrose media in the presence of
mono and divalent cations in the concen-
tration 100 mM on the exient of posthyper-
tonic hemolysis. RBC were incubated for 30

sucrose solutions which contain no cations

_’ min at 37 °C and then rehydrated in isotonic

was found. The later supports the view that Ca®” ions
facilitate formation of large membrane pores which
restrict colloidal-osmotic swelling of cells, resulting in
the formation of ghost without cells acquiring critical
hemolytic volume. Zn” ions do not affect volume
distributions (Fig. §, A) as well as hemolysis of
rehydrated RBC after dehydration in NaCl medium
(Fig. 3). On the other hand, the inhibiting action of
Ca® ions in this case resulted in a reduced swelling
of the cells which also correlated with their influence
on hemolysis. The revealed peculiarities in the Ca™
and Zn” ions action on posthypertonic hemolysis
activation and volume distributions after cell rehyd-
ration demonslrate critical role of shrinking in the
development of cell injury during rehydration. At this
stage a prerequisites for irreversible changes in ceils
are formed. They are subsequently manifested at the
stage of rehydration and may be modulated by
divalent cations. Hemolysis activation is due to the
interaction between catiors and membrane sites,
regulating membrane permeability [11]. Though the
nature of these site remains unknown the data
obtained permit to conclude on some of their pro-
perties.

Activating sites are formed in cells under hyper-
ionic conditions, since Ca®* cations are incapable of
activating hypotonic lysis of RBC, which, alike post-
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(I or 0,1 mM Zn** (2), or 100 mM Ca®
3)

hypertonic hemolysis, results in the swelling of cells.
Ca* is known to inhibit hypotonic hemolysis [10]
Sites are cation specific. This is supported by the fact
that posthypertonic hemolysis is activated by only
Ca® and Zn” cations. Other cations such as Mg”,
Na®, K', Ch" are capable of inhibiting but not
activating posthypertonic hemolysis [11]. This may
be due to electrostatic screening of charges in the
mouth of a hemolytic pore [8]. Despite the con-
centration of Ca* ions which is required for activation
is high enough (>20 mM), their action is no
accounted for by the screening effect, because only
incubation of RBC in hypertonic medium in the
presence of 100 mM Ca® completely eliminates the
activating effect of Ca®* and Zn* on posthypertoni
hemolysis. A similar incubation in the presence of the
other ions, though reducing the level of posikiyper
tonic hemolysis, nevertheless, does not affect thc
activating properties of Ca®" and Zn* (Fig. 4). Fi-
nally, the concentration of Zn*" ions (~ 30 uM)
required for hemolysis activation is by three order of
magnitude lower than that of Ca® (50 mM). Ob-
viously, the effect of Zn* ions in such low con-
centrations may be due solely to specific binding with
membrane components. Whether or not one and the
same structure of lipid or protein nature with differing
ionic specifity and affinity to Ca”" and Zn*" cations is
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Fig. 5. Volume distributions of RBC
after 15 min dehydration in hy-
pertonic NaCl (A) and sucrose (B)
media followed by rehydration in
isotonic NaCl solution in the apsence
and presence of 0.1 mM Zu™* and
100 mM Ca™. Contr-volume distri-
bution of control erythrocytes in iso-

responsible for posthypertonic hemolysis activating
effect of both Ca” and Zn*. Such an ability demon-
strates the specific action of Ca® on the membrane
and/or cvtoplasmic structures which are responsible
for activation remains unclear. Parallelism was shown
in the activating action of Ca** and Zn* for cell
incubated in hypertonic sucrose (Fig 1, B, D). A
failure to detect a corresponding parallelism following
RBC incubation in hypertonic NaCl, after which
posthypertonic hemolysis is not longer affected by
Ca* ions during rehydration in both isotonic solutions
(Fig. 1, A, C), as well as the maintenance of Zn>*
activating properties following rehydration in non-
electrolyte isotonic medium (Fig. 3, B), suggest that
sites for Ca” and Zn® ions may be different.

The notion that modes of Ca® and Zn*" activation
action are different is additionally supported by the
data on the volume distributions of the mixed popu-
lation of cells and ghosts, obtained after rehydration
in media in the presence of these ions (Fig. 5). The
volumes of ghosts in the presence of Ca®* (right pick
of distribution) are considerably lower than those in
the presence of Zn*, which testifies to larger dimen-
sions of pores. Earlier we have shown that both
monovalent and divalent ions, as well as EDTA and
sucrose, inhibit posthypertonic hemolysis after addi-
tion into the medium a short while after onset of
hemolysis [11]. Since such an influence was also
ion-specific and could not be accounted for by the
screening effect, it has been suppose that cations

tonic NaCl medium

specifically bind to blocking sites on the exlernal
membrane surface, and close hemolvtic pores in
mcmbranes. Here we observe the activating effect of
the same Zn”* and Ca®" cations (but not Mg*) when
the ions are originally prcsent in the rehydrative
medium. The data reported elsewhere [3, 6—9]
demonstrate that divalent and monovalent cations
inhibit membrane defects, produced by the action of
hemolytic agents of various origin. Their activating
influence has also been shown for RBC lysis induced
by melittin [14].

However, phenomenon of lysis activation by di-
valent cations were not observed on model lipid
systems (liposomes), with composition close to RBC
membranes, [14]. Hence, activation seems 10 require
some protein components of RBC membrane, The
latter is also supported by the fact that inhibition of
lysis in lipid vesicles systems requires Zn* con-
centrations to be by 10—100-fold higher than those
for RBC [14, 15]. Hence, one may conclude that
reswelling of RBC from hypertonic media leads to
formation of composite pores in their membranes. The
structure of the pores involves at least two activating
ion-specific and one blocking site for divalent cations.
It is probably that membrane proteins participate in
pore formation, while the exact structure of the pore
and the ability of sites to interact with divalent
cations depends on electrolyte and non-elecirolyte
composition of dehydrative and rehydrative media.
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C. B. Hamenapoc

- 4, 2+
AKTMBYIOUMIA BILIUB AUBAJIGHTHUX kaTioHiB Ca™ i Zn

Ha MOCTTITICPTOHIYHUMA Ai3UC EPUTPOUMTIB JIIOLHHM

Pesiome

Epumpoyumu modunu inkybyeanu 8 pi3ni cmpoxu npu memnepa-
mypi 37 °C y zinepmouiunux posuurax 1,5 M NaCl i 1,2 M
caxepo3u ma pecidpamyaaru @ isomouiunux cepedosuuwjax NaCl i
caxuposu #pucymnocmi ma gidcymuocmi uéaneHmuux Kamionia
Ca i Zn Bcmanoéneno, wo ocmawni 3damui axkmugysamu
nocmeinepmonivnut risuc (I1J1) epumpoyumis, sakuwo nowamxkoeéa
decidpamayin 3diticnioemecs 6 caxaposHomy cepedosuwyi. Taxoi
akmueéayii He cnocmepizacmocs y eunadky aisucy, iHOYKO8aHOZ0
NIBHUMU cemoimuMHumMu azenmamie (meximun, mpumor X-100 i
2. 1), 0¢ yi kamionu NPOAGALIOMb AuUe NPUSHIYYIOUUE egexm.
Honepedns inkybayis waimun y ezinepmounivnomy posuuni NaCl
Jeadanuii egpexm yeyeae. 206p06:ca dezidpamosanux epumpoyumis
camionamu Na , K, Mg~ npuszsodums do npuzniuennil ee.uoﬁisy,
00HUK He snauéae Ha akxmugywouy idamuicms ionie Ca +,i Zn .V
sunadky deziOpameayii xaimun y npucymuocmi ionié Ca’ xamionu
ampavaroms 30amuicme akmugysamu I1J1. pu nepenoci epumpo-
umia i3 zinepmonivHux 6 isomouiuni cepedosuuya 8i0b6ysacmsci
DPOPMYBAHHA MeMOPAHKHUX 2eMORIMUMHUX nOp, 00 cMpyKmypu
sKux éxodamb 0 axmueéyrouux ionocneyiivnux i odur 610Ky0-
Huld caimu Oas dueaneHmHux kantioHis. Bkaszarni caiimu 30ammi
pezynosamu d)op.uyea?_:m MeMOPAHHUX NOWKOOXEeHb NpU 83dc-
Mot 3 xamionamu Ca i Zn
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2+
AKTMBUPYIOLIEE BJIUSHUE AUBANEHTHBIX KaTHowoB Ca” W Zn~ Ha
NOCTTUNEPTOHUYECKUIA TM3UC SPUTPOLIMTOB YEDBEKA

Pesrome

pumpoyumer ueioéexa uHKYbuposiau @ pasnoe apemsa npu mem-
nepemype 37 °C @ zunepmonuueckux pacmeopax 1,5 M NaCl u 1,2
M caxapo3el u pezudpamuposéanu é udomoHuveckux cpedax NaCl u
CaXapo3bl - MPUCYICMGUN URU OMCYMCmaue dusanenmuelx Kxamu-
onoe Ca u Zn Ycemanoeneno, umo nociednue cnocobuol
akmusuposame nocmeunepmonuneckull ausue (IJ) spumpoyu-
M08, ecru Hayanvian Oezudpamayus npoucxoum 6 caxapo3Hoil
cpede. [Jdannoi akmusayuu He Habuodaemcs 6 Caywae au3uca,
UHOYUUPOGAHHOZO DAIHLIMU 2EMONUMUHECKUMU aZeHmamu ( Me-
Aaummur, mpumon X-100 u m. 0.), ede amu KaMuUOHbL 0KA3bLIBAIOM
Monsko uneubupyrouwuil apgexm. Ilpedsapurieavhan unkybayus
Kaemok 8 eunepmonuyeckom pacmaope NaCl ykasanHbiii agpghexm
VCIPAHAEN. 06pa60m.;cﬁ JezudpamupoBanHblx IPUMpPOYLMoe Ka-
muornamu Na , K . Mg~ npusodum k unzubuposanuwio cemoaysa,
75/ GKO HE GAUACH HA QKMUBUDYIOUYIO chocobrocms uonng Ca - u
Zn" . B cayuae dezugpamayuu KAeriox 6 npucymcemaeuu uonos Ca

aMuoOHbL ympauusarom chocobnocms axkmuguposams I1JI. ilpu
NepeHoce SPUMPOUUMNE U3 CUNEDINOHUMECKUY. @ U30MOHUUECKUE
cpedol PoUCX00um GOPMUDOBAHILC MEMOPAHHIX 2EMONMUMUYECKUX
nop, 8 cmpykmypy Komopwix 6xo0sim 06a akmueupyowux UoHOC-
neyu@uueckux u 0Oun Oroxupyrw.uuti catimel i OuBANEHNMMHbIX
KamMiuOHO6. YKa3auHble caiinbi CNOCOOHbL pecyaupodams (hopmupo-
saHLE Me:zﬁpauuﬁzx noa@pexdenuii npu 83aumodeticmeun ¢ Kamuo-

b3
Hamie Ca u Zn
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