CELLULAR & MOLECULAR BIOLOGY LETTERS
Volume 8, (2003) pp 243 — 247
http://www.cmbl.org.pl

Received 1 December 2002
Accepted 27 February 2003

Short Communication

INDUCTION AND DECAY OF THERMOTOLERANCE IN HUMAN
ERYTHROCYTESDETERMINED BY HEMOLYSIS
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Abstract: Hemolysiswas used as an endpoint for the measurement of damage to
the plasma membrane in human erythrocytes after a single or a double heat
shock. The thermotolerance of erythrocytes is a transitional phenomenon,
reaching its maximum at a 3-hour incubation at 37°C between the heat shocks.
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INTRODUCTION

Hyperthermia, heat treatment of cells or tissue above physiological temperature,
has been used in cancer therapy [1-4]. There are many reports that using
hyperthermia combined with ionizing radiation or chemica agents is an
effective method applied in anticancer therapy [1, 5-8]. During the course of the
therapy the patients undergo several repeated treatments with the above-
mentioned agents, thus development of drug-resistance or their thermotolerance
are often observed [1, 4, 8-10]. Thermotolerance is usually defined as the
transient ability of the cells subjected to high temperature to survive subsequent
lethal exposure to elevated temperature [1, 4, 11-13]. The mechanism of
thermotolerance is not yet understood. Thermotolerance of nuclear cells appears
at its maximum between 4-10 hours [1, 9, 11, 14, 15]. Our earlier experiments
showed that enucleated erythrocytes subjected to a double heat shock become
resistant to the second heat shock [16-21]. This was confirmed by studies on
autohemolysis, osmotic fragility [17], interna microviscosity of cells [18],
transport of anions [19], and vesiculation [20]. It is therefore possible that the
plasma membrane is a target, probably an important one, in heat-induced
damage cells, and that it plays some role in thermotol erance.

The aim of this work was to examine the change in the percent of
thermotolerance depending on the incubation time at 37°C between two heat
shocks.


http://www.cmbl.org.pl

244 CELL. MOL. BIOL. LETT. Val. 8. No. 1. 2003
MATERIALSAND METHODS

Blood was obtained from healthy donors and an anticoagulant solution
(0.06 M trisodium citrate and 0.14 M glucose) was used. Erythrocytes were
washed with phosphate-buffered saline at pH 7.4. They were suspended in the
incubation medium (140 mM NaCl, 10 mM KCI, 1.5 mM MqgCl,,
10 mM glucose, 10 mM Hepes, 1 pg/ml antibiotic (penicillin), 0.005 M
phosphate buffered at pH 7.4) at the heamatocrit of 2%.
To examine the effect of hemolysis of erythrocytes induced by two consecutive
heat shocks the foll owing treatments were introduced:
A. Erythrocytes were incubated at 37°C for X hours;
B. Erythrocytes were incubated at 44°C for 15 minutes and at 37°C for
X hours;
C. Erythrocytes were incubated at 44°C for 15 minutes and at 37°C for
X hours and at 48.5°C for 30 minutes;
D. Erythrocytes were incubated at 37°C for X hours and at 48.5°C for
30 minutes.
In each experiment erythrocyte samples A, B, C, D were taken from the same
individual. Several independent experiments were performed on the blood
derived from different donors.
The measurements of erythrocyte hemolysis in isotonic solution were carried out
following a single and a double heat shock with different incubation time at
37°C between the two heat shocks.
Absorbance of hemoglobin released from erythrocytes was measured at
540 nm.
The percentage of hemolysiswas determined as[17]:

H ="M a00%
00

where:
Ac — the absorbance of supernatant for erythrocytes after a single or a double
heat shock, Ajpp — the absorbance of supernatant for erythrocytes in distilled
water, A, — the absorbance of supernatant for erythrocytes incubated all the time
at 37°C.
The percentage of thermotolerance was calculated as follows [17]:

% thermotol erance = g[ C- A9><100%=85D - C.—(:j><100%
e D-Ag eD- Ag

where:

A — the values of the degree of hemolysis for erythrocytes kept all the time at
37°C, C —treated with asingle heat shock, D — treated with a double heat shock.
We used the Student’s test for paired data and the results were statistically
significant.
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RESULTS AND DISCUSSION

Figure 1 shows changes in hemolysis depending on the incubation time at 37°C.
After incubation at 44°C the percent of hemolysis is very small. After a double
heat shock the hemolysisis lower when the time between the shocks is 3 hours,
and higher when the time between the heat shocksis 16 hours.
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Fig. 1. Erythrocyte hemolysis depending on the incubation time at 37°C between the two
heat shocks (N - 44°C —37°C, p - 44°C—-37°C—-485°C, p - 37°C-48.5°C).
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Fig. 2. Percentage of thermotolerance depending on the incubation time at 37°C between
the two heat shocks.
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Figure 2 shows the percent of thermotolerance depending on the incubation time
between the two shocks. This phenomenon increases with the incubation time
reaching its maximum at 3 hours, then it vanishes.

The results may indicate that the resistance of erythrocytes to heat is transitiona
smilarly to that of nuclear cells [1, 9, 11, 14, 15]. This could confirm an
essentid role of the plasma membrane in heat induced damage of cdlls [1, 11,
12, 16, 22] and in thermotolerance[1, 11, 12, 16, 22].
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