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ACID

23
Z. Juranié', J. Joksimovi¢®”, I. Spuzi¢! and I. Juranic>

Unstitute of Oncology and Radiology; 2Institute for Biological Research; 3Faculty for Chemistry, University of
Belgrade, 11 000 Belgrade, Yugoslavia

Summary: The effects of indomethacin, aminophylline and ascorbic acid on epinephrine cytotoxicity to human
myelogenous leukemia K562 cells were studied. Both indomethacin and aminophylline applied in the concentrations
of 35 umol/L and 1.0 mmol/L, respectively, significantly intensified epinephrine-induced decrease of the cell survival
(N/Nc) and viability (V), while ascorbic acid (50 umol/L) acted as a strong inhibitor of this cytotoxic epinephrine action
during the 24 h of the treatment. In the cell cultures pretreated with indomethacin or aminophylline followed after 20
min by epinephrine, colour of the nutrient medium was changed into a yellowish-brown at the end of experiment. This
could mean that both indomethacin and aminophylline stimulated tyrosinase activity, thus giving the rise to coloured
epinephrine oxidation products expressing cytotoxic activity toward K562 cells. Protective role of ascorbic acid against
epinephrine-induced decrease of both cell survival and viability could be explained in terms of its strong reducing potency
and scavenging of toxic products evolved from epinephrine either by the action of amine oxidases present in fetal bovine
serum used as a constituent of culture medium and/or through the tyrosinase-catalyzed metabolic pathway.
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Introduction

Cytoxicity of biogenic amines or metabolically
related compounds to different cell lines including
tumour cells, has been repeatedly demonstrated under
in vitro conditions. Examinations of such a cytotoxic
action are of great significance not only for the better
understanding of the molecular events underlying the
mechanism of selective cytotoxicity to certain com-
pounds, but also for the design and synthesis of novel
anti-tumour drugs which could be applied in the the-
rapy of malignant diseases. It has been shown that
epinephrine (1-3), L-DOPA (4-6), cyclic amines (7)and
mercaptoamines (8) expressed growth inhibition of
tumour cells grown in vitro, while dopamine prolonged
the survival span of melanoma-bearing experimental
animals (9). Many of these compounds have a charac-
teristic catechol moiety which can be easily oxidized in
o-quinones and free radicals, semiquinones, well
known for their cytotoxic reactivity (10-12). In some
cases the observed cytotoxicity was supposed to be
mediated through the action of amine oxidases pre-

* Address of correspondence:
Dr Jelena Joksimovié
Inst. Biol. Res.
29 Novembra 142
11 060 Belgrade, Yugoslavia

sent in ruminant sera and thus in fetal bovine serum,
a common constituent of nutrient media used for in
vitro cell culture (3, 6, 8). It was also shown that
cytotoxic action of cyclic amines can be modulated by
theophylline, a known stimulator of tyrosinase, espe-
cially in melanin-rich cells (7). On the other hand, it
was observed that ascorbic acid selectively inhibits the
growth of a number of human and murine melanoma
cell lines in vitro (13). All these reports prompted us to
examine possible modulations of epinephrine cytoto-
xicity to human myelogenous leukemia K562 cells by
indomethacin (an inhibitor of prostaglandin synthesis),
aminophylline (a stimulator of tyrosinase activity) and
ascorbic acid (a very potent antioxidant and free radi-
cal scavenger).

Material and methods

Cell culture. Human myelogenous leukemia
K562 cells were grown as a suspension culture in RPM|
1640 medium (5x104 cells mL'l) supplemented with
L-glutamine (2 mmol/L), streptomycin and garamycin
(100 ug/mL, each) and 10% heat-inactivated fetal bo-
vine serum, at 37°C, in 5% CO, humidified air atmos-
phere. The cells were maintained by twice weekly
subculture.
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Treatment of K562 cells. Epinephrine was ap-
plied in final concentration of 180 ;lmol/L'l, which
reduced cell viability (V) to about 60%, upon the tran-
sfer of the cells into a fresh culture medium.

Freshly prepared solutions of ascorbic acid (50
mmol/L), aminophylline (1.0 gmol/L) or indomethacin
(35 umol/L) were added to the cell culture and their
effects on survival (N/Nc) and V were examined 24 h
later. When combined action of either of these agents
and epinephrine was studied, epinephrine was intro-
duced into the cell cultures 20 min upon pretreatment
of the cells with ascorbic acid, indomethacin or ami-
nophylline, applied in afore-mentioned concentra-
tions. Experiments were done in five replicates.

Counting of viable K562 cells. Cell viability was
assessed by trypan blue dye exclusion test. Number of
viable and dead cells was counted using Fuchs-Rosen-
thal chambers and a Carl Zeiss, Jena, microscope.
Viability (V) was expressed as the number of viable cells
per 100 cells of either treated or control culture. Cell
survival (N/Nc) was given as the number of survived
cells exposed either to the individual agents or to their
combinations with epinephrine in 1.0 mL of cell su-
spension per number of survivors in 1.0 mL of control
culture x 100.

Cell line, medium and chemicals. K562 human
myelogenous leukemia cell line without Ph chromoso-
me originates from American Type Culture Collection
(Rockville, MD, d.S.A.).

RPMI 1640 cell culture medium and fetal bovine
serum were Gibco products. Epinephrine (4-/1-hydro-
xy-2-(methylamino)ethyl/-1,2-benzenediol) hydrochlo-
ride (2.67x1 0'2 stock in 154 mmol/L NaCl, stabilized
with acetone sodium hydrogensulphite) was supplied
by "Jugoremedija”, Zrenjanin, Yugoslavia. Ascorbic
acid was a Merck product. Indomethacin (/1-p-chloro-
benzoyl/-5-metoxy-2-methylindole-3-acetic acid) and
aminophylline (/theophylline/2-ethylenediamine) were
obtained from "Lek”, Ljubljana, Slovenia.

Data analysis. For statistical evaluation of the
data Student’s t test was used. A p value of less than
0.05 was considered statistically significant.

Results and discussion

The data on K562 celi survival and viability upon
treatment with ascorbic acid, indomethacin and ami-
nophylline, alone or in combination with the epinephri-
ne are listed in Table |.

Table I: The effect of ascorbic acid, aminophylline
and indomethacin on epinephrine cytotoxicity to
K562 human myelogenous leukemia cells

Treatment N/Nc-100 V(%)
Control 10014 99+1
Ascorbic acid 88%3 98+2
Aminophylline 736 1000
Indomethacin 6015 98x2
Epinephrine 51x13 67+6
Ascorbic acid + epinephrine 76+18" 99+1"
Aminophylline + epinephrine 33+18" 48212
Indomethacin + epinephrine 31219’ 4712

Epinephrine (final conc. 180 gmol/L) was introduced upon the
transfer of the cells into a fresh FBS-supplemented RPMI 1640
medium. Cell survival and viability were determined 24 h later.
Ascorbic acid (50 xmol/L), aminophylline (1.0 mmol/L) or
indomethacin (35 xmol/L) were applied 20 min before the addition
of epinephrine and their combined effects were examined after 24
h. In the latter case the culture exposed to epinephrine served as
the control. The results are means * S.D. from five repetitions.
*p<0,05.

As seen, aminophylline and indomethacin did
not affect cell viability and only slightly affected the cell
survival, when compared with the control grown in
culture medium. However, when applied with epine-
phrine, both these agents significantly increased cyto-
toxic epinephrine action during the 24 hour-period in
relation to N/Nc and V recorded in the cultures treated
with epinephrine alone. It should be mentioned that
epinephrine in final concentration of 180 #umol/L. led
to the death of some 40% cells. However, in our
previous work (3) no survivors were recorded upon the
application of the same epinephrine concentrations.
This discrepancy can be explained by different source
of this compound and the presence of a stabilizer in
the preparation used throughout the present study.
Also, the change of the nutrient medium colour to
yellowish-brown was observed in the cultures exposed
to the combination of epinephrine and indomethacin
or aminophylline. Since theophylline acts as a stimu-
lator of tyrosinase activity (7), it could be supposed that
the enhanced epinephrine cytotoxicity in the presence
of aminophylline is based on tyrosinase-catalyzed epi-
nephrine oxidation into toxic intermediate products of
melanin biosynthesis. Indomethacin-induced aug-
mentation of epinephrine cytotoxic action to K562
cells could be partly explained by the same mecha-
nism, since in the cultures treated with epinephrine
and indomethacin the change of the nutrient medium
colour into yellowish-brown was also seen, although
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the mechanism of possible tyrosinase stimulation by
this compound is not clear at present and there are no
relevant data in the available literature. Our results on
indomethacin-related increase of epinephrine cytoto-
xicity toward K562 cells could be connected with re-
cent report of Maca (14) who showed that indometha-
cin acted enhancing cytotoxicity of a potent anticancer
drug etopoxide (VP-17) to several murine and human
tumour cell lines by a mechanism independent on
indomethacin effect on prostaglandin biosynthesis.

Ascorbic acid, a potent antioxidant, greatly sup-
pressed epinephrine cytotoxicity to K562 cells during
the first 24 h of treatment. This finding, together with
our previous results (3) showing that reduced form of
glutathione (a non-specific reducing agent) suppres-
sed epinephrine cytotoxicity to K562 cells and that
aminoguanidine, an inhibitor of copper-dependent
amine oxidases did not affect cytotoxic epinephrine

action, strongly support the suggestions reported ear-
lier (10, 11, 12, 15) that Cytotoxicity of catecholamines
is based on their oxidation into o-quinones and semi-
quinones, free radicals which could express cytotoxi-
city through the reaction with enzymes containing -SH
groups, such as DNA-dependent DNA polymerase
and topoisomerase Il. The results given in the present
work demonstrate modulations of epinephrine cytoto-
xicity to K562 human myelogenous leukemia cells by
several agents from different chemical categories. The
details on the mechanism(s) and the molecular events
underlying aminophylline- and indomethacin-related
increase of epinephrine cytotoxic action to K562 cells
remain to be elucidated. Further examinations along
this line are in progress.
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Kratak sadrZaj: Prou€avani su efekti indometacina, aminofilina i askorbinske kiseline na citotoksi¢no delovanje
epinefrina prema K562 celijama mijelogene leukemije ¢oveka. Indometacin (35 #mol/L) i aminofilin (1,0 mmol/L) su
znacajno pojacavali smanjenje preZivljavanja (N/Nc) i vijabilnosti (V) Celija izazvano epinefrinom, dok je askorbinska
kiselina (50 umol) delovala kao snazan inhibitor ovog citotoksi¢nog delovanja epinefrina tokom prva 24 h tretiranja. U
kulturama ¢elija izlaganih najpre delovanju indometacina ili aminofilina, a posle 20 min tretiranih epinefrinom, primecena
Je promena boje hranljivog medijuma u Zu¢kasto-smedu koja se pojacavala tokom eksperimenta. To bi moglo da znaci
da su i indometacin i aminofilin stimulisali aktivnost tirozinaze i da su kao rezultat delovanja ovog enzima na epinefrin
nastali obojeni proizvodi, citotoksi¢ni prema K562 delijama. Protektivna uloga askorbinske kiseline i ublaZavanje
citotoksicnog efekta epinefrina, moze se objasniti njenim visokim redukcionim potencijalom i redukcijom oksidacionih
proizvoda nastalih delovanjem amino-oksidaza prisutnim u fetalnom govedem serumu kori§éenom kao dodatak
hranljivom medijumu ¥ili dejstvom na metabolicki put koji katalizuje tirozinaza.

Kljucne reci: K562 éelije, citotoksi¢nost, epinefrin, indometacin, aminofilin, askorbinska kiselina.
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