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The role of intracellular Ca®" and H* concentrations 1n radiation-induced terphase death of rat thymocytes has been studied In response to

concanavalm A treatment 1n the Ca**-contaming medium. or to the CaCl, treatment m the Ca’"-free medium, the [Ca®*), rise 1n irradiated cells

was as 1n the non-treated cells No changes n the level of [Ca*"], and pH, were found within 1 h after wrradiation of thymocytes with a dose of

6 Gy. 15 M 5-(N-ethyl-N-1sopropylj-amiloride. an mhibitor of Na'/H" exchange, did not affect the DNA fragmentation The fragmentanion was

prevented by 2-4 uM (1-[bis(4-chlorophenyl)methyl]-3-[2-(2.4-dichlorophenyl)]-2-[(2,4-dichlorophenyl)-methoxy]-ethyl)-1- H-imidazoliumchloride,

an mhibitor of calmodulin. The above data indicate that triggering of interphase death 1n rrradiated thymocytes 1s not mediated by changes 1n erther
[Ca™*], or pH, Such changes seem to be involved 1n intermediate steps of the interphase death process.

[rradiation: Thymocyte death; Intracellular concentration of Ca*” and H* ions

1. INTRODUCTION

The change in intracellular concentration of calcium
([Ca™*],) and pH, is an essential event in the activation
of a variety of physiological processes such as secretion
of hormones and neurotransmitters, muscle contrac-
tion, cell proliferation, etc. [1-3]. Cell death, the apop-
totic death of thymocytes. in particular, induced by gly-
cocorticoids or ionizing radiation. is also a Ca®*-de-
pendent process [4-6]. Interphase death of irradiated
thymocytes depends on both Ca’ and pH in the me-
dium [7]. However, the role of intracellular concentra-
tion of these ions in thymocyte death remains obscure.
Two possible ways are discussed: the death triggering,
or the death realization (the development of damage) is
Ca™- and pH-dependent.

Radiation-induced death of thymocytes shows a lag
time of about 1 h [8.9]. Within this period cell death was
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not revealed. but different biochemical processes lead-
ing to the cell death are being activated. If the change
in [Ca?"}, or pH, triggered radiation-induced thymocyte
death, one should expect any changes in the concentra-
tion of these ions during the lag period. The scarce
literature data on the role of [Ca™] in initiating thy-
mocyte death are contradictory. McConcey et al. [10]
showed an increase in [Ca™*], 1 h after pretreatment of
thymocytes with methylprednisolone. However, similar
experiments of Kotelewskaya et al. [4] showed no [Ca™"],
rise, in contradiction to the supposed mediatory role of
[Ca**], rise in the triggering of the death of meth-
ylprednisolone-treated thymocytes. A twofold [Ca*"),
rise 30 min after irradiation of thymocytes was reported
in [11} but was not observed for irradiated lymphocytes
of peripheral human blood [12].

The present study is an attempt to elucidate whether
triggering of death in irradiated thymocytes is mediated
by Ca* and H* or whether the ions are involved in its
realization.

2. MATERIALS AND METHODS

Thymocytes were 1solated from male Wistar rats (140-160 g) by a
standard procedure The cells were suspended i Hank’s balanced salt
solution supplemented with 20 mM HEPES and then irradiated with
®Cp y-rays at a dose rate of 3 Gy/min at room temperature. The
post-irradiation mcubation was carried out at 37°C in 96-well flat-
bottomed plates at a concentration of 1-2 - 107 cells/ml.

Cell death was estimated as DNA fragmentation by the method
reported elsewhere [13] The cells (1.5 - 10°) harvested by centrifuga-
tion for 5 min at 700 x g were lysed 1 0.5% Triton X-100 containing
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S mM Tris-HCI (pH 8), 20 mM EDTA for 15 min on ice. The samples
were then centrifuged at 13,000 x g to separate high-molecular-weight
chromatin (pellet) from cleavage products (supernatant). Pellets were
resuspended in 1 mi of a buffer containing 10 mM Tris-HCl and 1 mM
EDTA, pH 8.0. Pellets and supernatants were assayed for DNA con-
tent using the diphenylamine reagent [14]. DNA staining with diphen-
ylamine was performed at 30°C during 17-20 h. DNA content was
evaluated from absorption at 600 nm. The percentage of fragmented
DNA was determined as the ratio of the optical density in the super-
natant to the sum of optical densities in the supernatant and the pellet.

To measure [Ca"],. the cells (1 - 10® m]™!) were incubated at 37°C
for 40 min in Hank’s solution containing 10 #M Quin-2 acetoxymethyl
ester [15]. For pH, measurements the cells were incubated at 37°C for
30 min with 4 uM BCECF acetoxymethyl ester [16]. The thymocytes
were then washed twice, placed in a medium free of the dyes and
irradiated with y-rays at room temperature. The fluorescence was
measured 1n the laboratory-made spectrofluorimeter [17] at 37°C ei-
ther immediately after irradiation (on the average after 8 min at room
temperature) or after 30 and 60 min incubation of cells at 37°C.
Control cells were incubated in a similar fashion. The excitation and
enmussion wavelengths were 337 and 495 nm for Quin-2 and 500 and
530 nm for BCECF, respectively. The [Ca®], and pH, values were
calculated as in [18.19].

R24571 (Serva) and EIPA (Sigma), inhibitors of calmodulin and
Na*/H" exchange, respectively, were used to modify the death of
irradiated thymocytes.

3. RESULTS AND DISCUSSION

Fig. 1 shows absence of [Ca?"), rise in irradiated cells
during 1-h incubation at 37°C. By the end of this period
the fluorescence intensity tends to increase both in con-
trol and in irradiated cells, which is probably related to
the Quin-2 release during cell incubation. In some as-
says 6 QGy-irradiated thymocytes were incubated at
37°C in a fluorimeter chamber. Within 15 min after
irradiation, the level of [Ca*], was not significantly
changed, being on average 116 + 8§ nM (121 + 18 nM
in control cells). The addition of 1 mM CaCl, to the
Ca**-free medium brings about the response of [Ca®*],
in irradiated cells the same as in control ones (Fig. 2B).
In normal Ca?* medium, the response of [Ca?*], to Con
A (15 ug/ml) was the same in irradiated and unirradi-
ated cells (Fig. 2A). By and large these data imply that
during 1 h after irradiation, the systems of intracellular
Ca™ homeostasis provide a permanent [Ca>*], level.
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Fig. 1 [Ca®], level in control (@) and 6 Gy-irradiated (0) thymocytes
during post-irradiation incubation; the arrow indicates the onset of
icubation at 37°C.

It is known that the death of irradiated thymocytes
depends on the temperature and is effectively realized
only above 37°C. Lowering the temperature to 20°C
strongly reduces the [Ca®*], response to Con A, TPA
and monensin [20]. Therefore, a transient [Ca**], rise is
hardly possible during irradiation of cells at room tem-
perature (20°C). Nevertheless we performed the experi-
ments involving irradiation of thymocytes on ice (0°C).
The rise in [Ca®"], has not been really observed.

In contrast to these data, a slight increase in [Ca®'],
was shown in rat thymocytes 30 min after irradiation in
[11]. This discrepancy may be related to peculiarities of
the cells used. Indeed a low level of [Ca"], in control
cells (50 nM instead of 115 £ 5 nM [17,18]) and a more
rapid death of control and irradiated cells as compared
to literature values [21] suggest that the physiological
state of the cells used in this study differs from the norm.

Thus our experimental data show that triggering the
interphase death of irradiated thymocytes is not medi-
ated by a [Ca?*], rise.

As the radiation-induced death of thymocytes is a
Ca”*-dependent process it can be suggested that Ca**
act as a co-factor of enzymes such as Ca-Mg-dependent
endonuclease which brings about chromatin fragmenta-
tion, or phospholipase A, producing lysophosphatides
that destroy the cell membrane [22,23]. It is known also
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Fig. 2. (A) Change in [Ca®'], in irradiated rat thymocytes induced by the addition of Con A (15 ug/ml). (B) Change in [Ca®*], n irradiated (a) and

control (b) thymocytes induced by addition of 1 mM CaCl, to the Ca®*-free incubation medium. The thymocytes were loaded with Quin-2, washed

and irradiated at 20°C. After a 30-min incubation at 37°C the cells were placed in thermostated chamber of spectrofluorimeter (37°C) and changes
in the fluorescence intensity were monitored.
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Table I

The effect of calmodulin inhibitor R24571 and Na*/H" exchange in-
hibitor EIPA on DNA fragmentation of thymocytes (control and
irradiated (6 Gy)) after a 6-h incubation at 37°C

FEBS LETTERS

Inhibitor - R24571 EIPA

[39)
N
wn

Concentration (uM) -

% of fragmented

DNA in control 23+2 2021 266 204
% of fragmented

DNA after irradia-

tion (6 Gy) 52+4 3913 4+2 48+ 4

that the majority of enzymic reactions in the cell are
activated not by Ca’* ions themselves but by their com-
plex with calmodulin, an intracellular receptor for these
ions [24].

Thus, under calmodulin inhibition, death could also
be suppressed in the presence of Ca*". It is known that
antagonists of calmodulin can block DNA fragmenta-
tion in thymocytes under cold shock [13] and meth-
ylprednisolone treatment [10]. Table I shows that 24
MM R24571, an inhibitor of calmodulin, also prevents
DNA fragmentation in irradiated thymocytes after a
6-h incubation at 37°C.

The role of pH, in triggering thymocyte death was
assessed by blocking Na*/H* exchange. The cell re-
sponse to the stimulus should be reduced if the increase
in pH, is an essential event in this reaction. Table I
summarizes the data indicating that EIPA, an inhibitor
of the Na'/H" exchange, has no effect on the DNA
fragmentation in irradiated thymocytes. Hence. inter-
phase death of thymocytes cannot be mediated by pH,
either. This conclusion was supported by direct pH,
measurements in irradiated thymocytes. It can be seen
from Table Il that pH, does not change within 30 min
after exposure of thymocytes to 6 Gy. The known de-
pendence of thymocyte death on the medium pH prob-
ably accounts for the activation of the enzymes involved
in cell damage development (e.g. phospholipase A.,),
since the change in the medium pH is accompanied by
a change in pH,, though to a lesser extent [25].

Thus. the presented data show no change in the
[Ca™*], and pH, levels during the lag period after irradi-
ation of thymocytes. These ions probably mediate death
realization rather than death triggering.

REFERENCES

[1] Kaplan, J.G.. Quastel. M.P. and Dornard.J (1976) n: Biogenesis
and Turnover of Membrane Macromolecules (Cook. J.S Ed.) p
207, Raven Press. New York

[2] Rasmussen, H., Clauberg, C. and Gustin, M. (1979) in. Secretory
Mechanisms, p. 161, Cambridge

276

June 1993

Table 11

pH, of control and irradiated (6 Gy) thymocytes after a 30-min incu-
bation at 37°C (results of 2 experiments)

Time after irradiation (min)

0 30
Control 7.22 (7.23) 7.18 (721)
6 Gy 7.20 (7.19) 7.19 (7 20)

[3] Rasmussen, H. and Goodman, D.B (1977) Physiol Rev. 57.
421-426.

[4] Kotelewskaya, S.M . Zinchenko, VP, Petrunjaka, V.V., Ko-
rystov, YuN.., Shaposhnikova, V.V., Kruman, I.I. and
Gukovskaya, A S. (1991) Cytology 33, 116-121 (in Russian).

[5] Ohyama, H., Hor1, Y and Yamada, T. (1983) J. Rad. Res. 24,
131-135.

[6] Shaposhnikova, VV.. Korystov, Yu.N.. Dobrovinskaya. O.R.
and Eidus, L.Kh. (1989) Radiobiology 29, 83-88 (1in Russian).

{7] Khanson, K.P. and Komar, V.E (1985) in: Molecular Mecha-
nisms of Radiation-Induced Cell Death. M. Energoatomizdat (in
Russian)

[8] Whitfield, J.F., Youdale, T. and Pernis, A.D. (1967) Exp. Cell.
Res. 48, 461-472

[9] Sellins, K.S. and Cohen, J.J (1987) J. Immunol. 139, 3199-3206.

[10] McConkey. D.J., Nicotera, P, Hartzell, P., Bellomo, G., Wyllee,
A and Orrenius. S (1989) Arch. Biochem Biophys. 269, 365-
370

[11] Gabai, VL.. Mosin, A.F and Poverennyi, A.M. (1990) Radiobi-
ology 30, 837-839 (in Russian).

{12] Sprelberg, H.. June, C H. and Blair, O.C. (1991) Exp. Hematol.
19, 742 748

[13] Perottu, M., Todde1, F., Mirabelli, F., Vairetts, M , Bellomo, G.,
McConkey, D.J and Orrenius, S (1990) FEBS Lett. 259, 331-
334.

[14] Burton. K (1956) Biochem J. 62, 315-323.

[15] Tsien, R.Y., Pozzan, T. and Rink, T.J. (1982) Nature 295, 68-71.

[16] Rink, T.J., Tsien. R Y. and Pozzan, T. (1982) J. Cell. Biol. 95,
189--196.

[17] Gukovskaya, A S. and Zinchenko, VP (1985) Biochim Biophys.
Acta 815, 433-440

[18] Gukovskaya. A.S. and Zinchenko, V.P (1986) Biol. Membr 3,
920-930 (1n Russian).

[19] Gukovskaya. A.S. and Zinchenko, VP (1988) Ukr. Biochem. J.
60, 40-46 (1n Russian).

[20] Gukovskaya, A.S.. Zinchenko, V.P, Khodorov. B.I. and Cragoe.
E J. (1990) Biochim. Biophys. Acta 1051, 242-249

[21] Eidus, L.Kh., Korystov. Yu N . Dobrovinskaya. O.R. and Sha-
poshnikova, V.V. (1990) Radiat Res. 123, 17-21.

[22] Bergers, H , Verhagen, A.R., Jongeries, M. and Mier, P.D (1986)
Biochim. Biophys Acta 876, 327-332.

[23] Weltzien, H.U. (1979) Biochim Biophys. Acta 559, 259-287.

[24] Scharff, O and Foder, B. (1982) Biochim Biophys. Acta 691,
133-143

[25] Roos, A. and Boron, W.F. (1981) Physiol. Rev. 61, 296-434.



