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K' and Ca? 1ons play an important role in many physiological
processes of cells. Ca®* jons as secondary messengers also control such
central processes in lymphocytes as proliferation and differentiation and
activity of many mt.racellular enzymes too [1, 2]. There are many facts
about presence of Ca?* dependent K* channel, activated by increase of
intracellular Ca®* concentration [3, 4, 5, 6, 7, 8].These results are
obtained either by using fluorescent dycs, reacting to change the
membrane potential (a embranes are hyperpolarized by K* efflux from
the cells), or by using SRb* or patch-clamp technique.

It is known that B receptor blocker propranonol activates Ca®'
dependent K* channel in erythnocytes [9, 10], whereas the effect of
" propranolol on Ca’ -dependent K channel in lymphocytes is not
investigated. Transmembrane K'/H® exchange in lymphocytes is not
studied yet through the exchange of intracellular K* ions to extracellular
volume [11], affecting in this way many functions of lymphocytes. The
use of ionophore allows to model processes occurring on cell membranes
and to reveal the mechanism of ion transport.

There are no data in literature about direct registration and coupling
of Ca®*, K* and H' ions fluxes across the lymphocyte membrane.
Therefore we have tried to registrate Ca?’-dependent K* efflux from
lymphocytes, obtained from human peripheral blood and tonsils, by the
jon selective electrodes and using Ca 2* ionophore A23187 and B-blocker
propranolol. The influence of protonophore CICCP transmembrane pH
gradient on K efflux from the lymphocytes also was studied.

Material and methods

Lympht;cytes from donors peripheral blood and tonsils, obtained
immediately after tonsillectomy, were isolated by Ficoll-verographin
gradient centrifugation [12]. The RPMI-1640 medium was used as a
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standard buffer. The lymphocytes were twice washed in medium without a
buffer, containing 150 mM choline chloride and 0.1 mM KCl. pH of
medium was 5.8-6.0. In some cases lymphocytes were washed in the same
medium containing 1 mM Tris-HCIl, with pH, ranging from 6.8 to 7.9
(low-buffered medium). The pellet of lymphocytes was resuspended and
placed in incubation tube with 1 m/ of medium, which was the same as
the washing medium, the magnet mixer MM-3M was used to mix the
suspension. The final concentration of lymphocytes was approximately
40-50 10° lym/ml. When Ca’’-dependent K'-efflux was investigated Ca't
was added to the incubation medium. Thc changes of K* and H’
concentrations were registered with the help of K' and H™ selective
electrodes combined in the same tubes and joined to recorders by means
of pH-meters. The graduation of electrodes was performed by technique
of standard additions, i. e. by adding KCl and HCI] standard solutions. In
the experiments A23187, protonophore CICCP valinomycin
("Chemapol”), propranolol, Tris ("Serva"), choline chloride ("Sigma"),
RPMI - 1640 ("Flow") were used.

Results and discussion

After incubation of lymphocytes from peripheral blood and tonsils in
a tube with unbuffered choline chloride medium during 3-4 min medium
pH increases and then the process slows down. pH of suspension is
established in the range of 6.3-6.8. We suppose that the change of pH
depends on the OH™ efflux CH” influx from the cells. To determine pH
in the peripheral blood lymphocytes saponin was added into the tube with
final concentration 0.01%, which caused cell lysis and equalized the intra-
(pH;) and extracellular (pH,,) of lymphocyte suspension.

Since the lymphocytes were incubated in medium without buffer, pH
in the medium became the same as pH in the cell. According to the
results of 5 experiments, the intracellular pH was 7.0+0.5. So, after
incubation of the cells during 3-4 min transmembrane ApH ApH = pH.,, -
pH,; was negative and varied within the limits of 0.2-0.7 pH units. Thus,
the extracellular H' concentration exceeded the intracellular one.

It has been discovered that protonophore caused appearance of
K'/H" transmembrane redistribution in peripheral blood lymphocytes was
investigated. In this case the medium was unbuffered. As it is shown in
Fig. 1 crudial K" efflux and H' influx occur. The speed of K* efflux in
this experiment was 1.1 nmol K*/min.x 10° cells (the value of speed has
calculated as the average amount of K* flowing out of the cells during 15
min). Addition of K* transporter valinomycin after 15 min incubation of
lymphocytes with protonophore caused supplementary small K* efflux
and H' influx. According to the results of the experiments K'/H'
stoichiometry was 1.35-1.45 (n=5). Addition of saponin at the end of the
experiment showed, that pH; was equal to 6.7-6.9. This shows that H"
ions influx into cells changes intracellular pH.

To reveal the role of pH in K efflux incubation lymphocytes were
washed and incubated in a low buffered medium with pH 7.5-7.9. The
experiments showed, that in these cases also when the intracellular
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concentration of H' ions exceeded extracellular one, protonophore
induced K* efflux. But the speed of K efflux was significantly lower. The
change of medium pH was practlcally not observed (Fig 1.).

Apparently in this case K" ions flow out together with some anions.
Additions of saponin after the experiment had been completed showed,
that pH was 7.2-7.3 and 7.3-7.5 correspondingly. The same results of
K'H* exchange were obtained when we studied the  influence of
protonophore CICCP on tonsillar lymphocytes.

Thus the increase of proton permeability of lymphocytes from
peripheral blood and from tonsils causes also activation of K
permeability and K' efflux according to concentration gradient. If
negative transmembrane ApH takes place, K" mainly changes with H*,
whereas at positive pH symport of K* and anions, most probably Cl

(main cytoplasmic anion) occurs.
VAL L

Fig. 1. Protonophore induced K* efflux and H® influx in peripheral blood lymphocytes.
Incubation medium contains 150 mM of choline chloride and 0.1 mM of KCI. pH of
suspension is 6.7. 18 uM of CICCP and 1.2 of valinomycin are added. The touch line
shows the influence of protonophore on K" efflux from lymphocytes, mcubated in low-
buffered suspension with pH 7.9 The final concentration of lymphocytes is 4x10 /mI

We have investigated Ca’'-dependent K* efflux at diﬁ'erent pH,
established in a tube after the lymphocytes addition. The experiments
performed at suspension pH 6.3 (lymphocytes were added to unbuffered
medium, containing lmM of CaCl,) showed that addition of ionophore
A23187 did not cause K* efflux from lymphocytes either from peripheral
blood, or from tonsils. Consequent addition of protonophore CICCP
caused expressed efflux and H" influx. -
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Fig. 2. The influence of A23187 on conjugated K* and H* ‘efflux in blood lymphocytes.
Unbuflered medium contains 1 mM of CaCL2 5 uM of A23187 is added. pH of suspension is
6.8. Concentration of lymphocytes 4x10 /ml

In Fig. 2 it is shown the action of A23187 on redistribution of the
ions in the blood lymphocytes at suspension pH 6.8 (in that case also the
lymphocytes were brought into unbuffered medlum) Fig. 2 illustrates that
A23187 causes K" efflux condltloned by Ca?* entermg into the cells and
activating Ca’’-dependent K* channel. In this case H* ions efflux from
lymphocyte also takes place.

It is interesting to note that in blood lymphocytes, incubated in
conditions when suspension pH is 7.2 to 7.4 (the lymphocytes were
brought into low buffered medium, H' ions efflux is less expressed
although K" ions efflux is the same as at pH 6.8. The efflux of H" with
K" ions, observed during the incubation of blood lymphocytes in
unbuffered medium, may be caused by -influx of Ca®'. Besides, it is
known that jonophore A23187 is a Ca?*/H* antiporter [13] The decrease
of H' ions efflux from the lymphocytes, washed and incubated in low
buffered medium, can be explained by the fact that pH; was higher, than
pH; of "unbuffered”. lymphocytes. Besides, presence of buffer obviously
plays a definite role. The absence of K* ions efflux, observed at
lymphocyte suspension pH; 6 3 may be caused by sharp decrease at low
pH of A23187-mediated Ca **/H" change from water to organic phases,
which results in reduction of Ca*" influx [13].

The experiments performed with the tonsillar lymphocytes showed
that A23187 did not lead to the significant efflux of K ions from the
cells, even when suspension pH was 6.8 to 7.3. However the consequent
addition of CICCP caused K* ions'efflux and crucial H' ions influx
(Fig. 3).
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Fig 3. The influence of A23187 and CICCP on redistribution of ions in tonsillar lymphocytes.
Unbuffered medium contains 1 mM of CaCl,. 5 uM of A23187 and 18 uM of CICCP are
added. The touch line shows the influence of protono?hore in absence of A213187. pH of
suspension is 6.8. Concentration of lymphocytes is 5x10" ml.

In case when protonophore was added without A23187, the efflux of
K' ions was weak and change of pH was less expressed. This shows, that
A23187 ionophore causes increase of K* permeabmty and as a result
CICCP inducted exchange of K* to H* ions mcreases

It is interesting to note that whereas K' transporter valmomycm
caused in blood lymphocytes significant efflux of K* ions, this effect in
tonsillar lymphocytes was weakly expressed. On. the analogy of the
" experiments with A23187, CICCP addxtmn to tonsillar lymphocytes,
incubated with valmomycm, caused K* efflux activation and doubled the
changes of pH in comparison with only protonophore addition.

It is known that in tonsillar lymphocytes population the amount of
actlvated cells is much more than in blood lymphocytes [2]. It is possible
that Ca’ *_dependent K cha.nnels in tonsillar lymphocytes are initially
activated, therefore Ca ** ions transport mto cells by A23187 ionophore
causes only small additional activation of K* channel. Thus the action of
A23187 1onophore and valinomycin in blood lymphocytes is expressed
stronger, than in tonsillar lymphocytes.

Since, as we have noted above, propranolol activates Ca* -dependent
K* channel in erythrocytes, we had decided to examine its action on K"
permeability of lymphocytes. In result of our experiments, it was revealed
that propranolol in concentration 0.4 uM activates Ca’-dependent K°
efflux from blood lymphocytes, incubated in low-buffered choline
chloride medium (Fig. 4).
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Fig. 4. The eflect of propranolol on ca** -dependent K* efflux from lymphocytes of peripheral
blood, incubated in low buffered medium with pH 7.9. Medium contains 1 mM of CaClz
0.4 uM of propranolol is added. Lymphocytes concentration is 4x10/ml.

pH of medium after addition of lymphocytes was 8.0. It is necessary
to note that at suspension pH 7.3-7.4 the effect of propranolol was less
expressed. The same results were obtained during the study of the
influence of propranolol on Ca® dependent K' channels of human
tonsillar lymphocytes. This dependence of propranolol actions on pH may
be explained by the fact that at the alkaline pH the quantity of
nondissociating forms of propranolol is hlgher and this form permeates
better through the membrane. Therefore Ca” influx should increase.
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Fig 5A. Synergism of action of CICCP and propranolol on Ca**- dependent K* efflux from
tonsillar lymphocytes, incubated in low buffered medium with pH 7.2. Medium contains
1 mM of CaCl,. 18 uM of CICCP and 0.4 uM of propranolol are added. Concentration of

lvmphocytes is 10”ml.
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As it was noted above, at pH,, approximately 5.8 the influence of
CICCP results in sharp K*/H" exchange (Fig. 1). At pH,, about 7.5 and
higher, CICCP induced weak K" efflux from lymphocytes, whereas H”
ions influx was practically not observed. At pH,, within the limits of 7.1-
7.3 K* ‘efflux was moderate and H' ions influx was not practically
observed. Consequent addition of propranolol in this case visibly
increased K* efflux (Fig. 5A) and resulted in sharp H" influx.

When we changed the sequence of addition of substances,
propranolol induced weak K' Permeability, whereas addition of CICCP
caused sharp K' ‘efflux and H™ influx (Fig. 5B). The same results were
obtained with the blood lymphocytes. It is necessary to note that the
concomitant effect of propranolol and CICCP (or vice versa) is stronger
than the total sum of effects of these substances, i. e. in this case
synergism of their action is revealed.
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Fig. 5B. Synergism of actions of propranolol and protonophore CICCP. Conditions as in Fig.
5A.

How could be explained the effect of CICCP and also the
concomitant effect of propranolol and protonophore CICCP. It is known
that protonophore CICCP uncouples mitochondria and decreases their
membrane potential. This must'cause Ca’ efflux from mitochondria in
direction of concentration gradient and the increase of intracellular Ca®’
concentration. By this Ca2+-dependent K' channel may be activated. On
the other hand, propranolol also may promote Ca’ influx into the
lymphocytes. The additional increase of Ca’' in the cell, caused by
propranolol, obviously results in sharp K’ efflux and H' influx in
lymphocytes. ;

Note that consequent addition of A23187 and CICCP (or vice versa)
has synergical effect too, which however is less expressed.
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It is known that the mobilization of Ca®" and increase of pH into
cells may serve as a signal for the cell nucleus for the process of following
regulation of cell proliferation [14].

_It is possible, that conjugated fluxes of univalent cations together with
Ca”’ ions and also the alteration of intracellular pH can play a definite
role in the regulation of immune cell activation processes.
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Ca’, K' 64 H' PAVLELR LUUTUSY UD SPUVUMNLSE
UULONR LAUDNSESVELORT

U.U. Qudpwpny, U . Qyn lnuwlyub, G .U.Uwuplnujud,
U. Q. Guwhwylipjuwd, U.U. mpnfgpt/lmﬁjmﬁ, U L wlynpjud,
MU Pwlivpyul, S.G. Ruypub

{wjmGwptipjwd t, np CICCP wpnuinGnpnpp dwpnne wpjwl Gt wnGghyywp
(hiPpnghmGlipmd wrwewglnd £ K'-h puhwlgbihmpyjul dtowgmd: Gpp dh-
9lUlllu_][ll1+pH-E gwon k GlippeowjhG pH-hg, K'-h Gipp mtinh £ mGEGmd dhowdw-
uwdp H™-h htiw thojuwGuwlpdwG hwpyhG, huy Gpp dhewywjph pH-p pwpdp &
GtppoowyhG pH-hg, wujwu wmbtnh L mgyﬁnui K-h tn wGpnGGbph updwnpw:
A23187 hnGn$npp wimpjwuglmy t Ca**-hg Yuwiujwd K tn H wlgmnhGtpp,
npG nitiigynud £ H' hnGGtph Shwdwdwiwljw tpny: b mmpphpng_)mﬁ owyj-
nudwuughl wpywG (hddnghnbtph, mnGqhpwp thipnghmGlipmy Ca™ -hg Yuwtu-
Jwd K' whgmnhGtph wijmhympymGp pmyp & wpnwhwymyud:

8nyyg L wpjwo,np dwpnnt Olu_muuiumm_]hg wpjwl W ﬁzmgliqéhph thdn-
ghwGtipmd wpnwpwlnmp wymhjwgGmd £ Ca™-hg jujwd K™ wlgnnhlb-
np: NpnymuGninih i CICCP hwiwlgywo wqntigmpyniip K™ hnGGtph Giph ypw
pGmpwqpynid k uhGtpghquiny:

COIPSAXXEHHBIMA TPAHCIIOPT MOHOB Ca’*, K" U H' B
JIAM®OILIUTAX YEJIOBEKA

C.C.lambapoe, A.B.lwonvxanoansn, K.M.MapkocsH,
- K.IHazanemsn, C.C.Apymrwonsn, A.B.Axonsn,
II.M.Tanawsan, T.K . Jlasmsn

YBe/MyeHHe TIPOTOHHOM ITPOHMIIAEMOCTHM JIMM(OILIMTOB, BBHUICJIEH-
HBIX M3 IepudepUyecKoil KpOBM M M3 MMHOAIMH, IPUBOOMUT K BBIXOLY
K'- u3 kierok, nMpudyeM IPU HAJIMYMM OTPMLIATEIBHOIO TpaHCMeMOpaH-
Horo pH mpoucxomur K'/H'- obMeH. IIpyu yBesmueHuu pH cpemsl BBI-
Lile BHYTPUKIIETOYHOro Habmonaerca cumopt K anmonoB. MHKyGaims
JMMGbOLIUTOB KpOBH C noHodopom A23187 mpMBOIMT K akTMBaiu Ca’*
3aBucuMoro K'-kaHama, compoBoOXHalolIeics OXHOBPEMEHHBIM BBIXO-
mom K" 1 H'. B ToH3WULIpHBIX JMMpoLMTaX aKTMBHOCT Ca’’-3aBUCH-
moro K'-kaHana, uHayimMpyeMoro MoHodopoM A23187, MeHee BEIpaxke-
Ha ITO CpaBHEHMIO C JIMdoLMTaMH neprdepudecKkoi KpoBu. IlokasaHo,
YTO TIPONPaHOJION MHAYLMPYET aKTHMBHOCTh Ca’'- 3aBucuMebix K'-kaHa-
JIoB B JIMMdolmTax nepudepudeckoil KpOBU M HEOHBIX MUHAQIMH “€JI0-
Beka. CoBMecTHoe HeiicTBMe mpornpaHoinona u CICCP Ha Bexon K us
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JMMMQOLIMTOB HE3aBUCHMO OT NNCIICAOBATENBHOCTH MX NobaBIEHMA Xa-
PaKTepU3yeTCs CUHEPIrU3MOM.
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