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HYDROXYUREA HAS THE CAPACITY TO INDUCE DAMAGE TO HUMAN
ERYTHROCYTES WHICH CAN BE M™MODIFIED BY RADICAL SCAVENGERS
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The treatment of human erythrocytes with hydroxyurea /HU/
results in the azide~dependent chamges in osmotic fragility and
in increased methemoglobin formatiom, Similar changes uere
induced by H,0. treatment, However when H,0., in the presence
of azide sti&uiatad‘malondialdehyde produgtgon, in the HU-treated
cells no malondialdehyde was detectable. When subjected to an
oxidant stress /sodium ascorbats/ HU~treated erythrocytes uere
more fragile and revealed changes in the absorption spectrum
of the TBA~reactive material in comparison with the cells
treated with ascorbate alone. Partiel protection by radical
scavengers against certain HU~induced changes can be achieved,
The results indicate that HU can damage erythrocytes and suggest
the radical origin of these effects:,

It has recently been proposed that HU, a recognized inhibitor
of ribonucleotide reductase, may exert its side toxic action
through free radical reactions /1,2/. Since the generation of
free radicals following irradiation and other pathological
conditions is knoun to be extremely noxious to the cell membranes
it seems to be important to investigate the HU-~induced toxiec
effects, particularly in respect te the cell membranes, not only
in the proliferating target cells, but also in the non-
proliferating non-target cells, It has been found in our labora-
tory that HUu~treatment of human granulocytses in vitre induced
a marked suppression of their phagocytic activity which could
be ameliorated by various antioxidants /Szczepariska et al,, to
be published/. Erythrocytes were chosen as the model for ths
present study.

The purpose of this communication is to report some
preliminary results which indicate that HU-treatment can induce
several physico-chemical RBC alterations, Some of the observed

Abbreviationss HU, hydroxyurea; RBC, erythrocyte; MDA, malon-
dialdehyde; Hb, hemoglobin; MetHb, methemoglobinj TBA,
thiobarbituric acid,
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changes could be partially prevented by the radical scavengers,
H202—treatment of the same RBCs induced several analogous

alterations,

MATERIALS AND METHUDS

Normal human blood was freshly withdrawn by venepunkture,
As an anticoagulant heparin was added,

Hydroxyurea was obtaipned from Z.F,. Polfa, ascorbic acid
and sodium benzoate from POCH and human coeruloplasmin from
Biomed /Poland/. All the reagents were of the highest purity
comercially available., {-tocopherol was prepared as an
emulsion, 1 part tween to 4 parts tocopherol. Control systems
contained tween in the same concentration, All of the solutions
added to erythrocytes were prepared just before use in saline-
phosphate buffer and were maintained at pH 7.4 taking cars to
maintain isotonisity.

Osmotic fragility was determined as described in /3/.
The degree of haemolysis in hypotonic buffered NaCl solution
/ 1 hour, 37°¢C / was expressed as the percentage of total
hemolysis of the same volume of erythrocytes in water.
MDA level and the absorption spectra of the TBA-reactive
material were estimated as in /4/,
Erythrocyte ghosts were prepared as in /5/,
MetHb measurement was performed according to /6/%
The oxidant sensitivity /7/ was determined as the effect of
sodium ascorbate on the hemolysis of HU-treated and untreated
erythroecytes after 3 hours of incubation at 37°C in isotonic
NaCl solution. The degree of hemolysis was expressed as the
percentage of total hemolysis of the same volume of serythrocytes
in water.

RESULTS AND DISCUSSION

Osmotic hemolysis, Erythrocytes in a blood sample /normal/

are hemolyzed over a range of hypotonic salt concentrations,
The alterations in the osmotic fragility are thought to be
connected with the changes in the physico~chemical properties
of the erythrocyte membrane /8/. Thus ue compared at first

the degree of osmotic hemolysis in HU=treated and untreated
RBCs, The effect was determined after incubation of the cells
in hypotonic Hu-supplemented solutions /Fig. 1/ or in Hu-
supplemented isotonic solutions followed by hypotoniec shock

in HU-free solution /Table 1/, It can be seen that HU-treatment
induced marked alterations in the osmotic fragility. Houever
the character of these alterations was variable in different
conditions, Treatment of the erythrocytes by H202 induced
similar change, Addition of o{~tocopherol at suitable concentration
/60 pg/ml/ afforded partial protection /p(0.05/ against Hu=-
induced damage. The addition of another radical scavenger -

sodium benzoate - was ineffective, at lsast at concentrations
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fige 1. Lysis of erythrocytes induced by _various HU concentrations
after 1 hour of incubation at 37°C in hypotonic NaCl solutions.
percent lysis of HU-tr, RBCs
percent Iysis of unftreated RACs
Each value represents an average from 3 donors /in duplicate/.

Relative lysis is calculated as

Table 1

Osmotic hemolysis of erythrocytes after various conditions
of HU treatment

Conc. of HU Incubation Temp. of Relative
/on/ time with HU incybation  Scavenger hemolysis
/hr/ C /contrel
= 1.0 i S.Do/
1 24 37 - 1,76 + 0.24
1 24 4 - 0.77 + 0.04
10 1 37 - 1,49 # 0.05
10 24 4 - 0.71 + 0.08
10 1 37 - 1,65 + 0,04
tocopherol
10 1 37 60 rg/ml 1,20 + 0,10
10 1 37 90 pg/ml 1.80 + 0.14
sodium’ benzoate
10 1 37 2 mM 1.70 + 0.08
10 1 37 3 mM 1.74 + 0.02
Hydrogen peroxids
10 1 37 - 1,56 + 0.18

WJashed srythrocytes were treated with HU or H,0, alone or with
HU in the presence of radical scavenging agen% Zn isotonic NaCl
solutjon followed by hypotonic /60 mM NaCl/ solution for 1 hour
at 37°C, Each value reprasents an average from 3 denors /in
duplicate/,
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Fig. 2. Lysis_of erythrocytes after treatment with 1 mMm HU for 1 hour

at 37°C in isotonic NaCl solution in the presence or absence
of 0,25 mM sodium azide /Az/ followed by incubation for 1 hour
in hypotonic /64 mM/ MU-frege solution, Cslls lysed by uater
equalled 100 % lysis. Each point represents an average of
duplicate measurements of individual donors.

Fig., 3. Absorbance spectrum of TBA-reactive materia% from erythrocytes
or their ghosts incubated fer 3 hours at 37 C in 10 mM HU or
10 mmM H202 in the presence of 0,25 mM sodium azide,

effective in granulocyte protection /Szczepadska et al,, to be
published/. Because the responss of RBCs from different
individuals to HU-treatment revealed marked variability, the
osmotic hemolysis of cells treated with HU in the presence or
absence of azide was compared, Figes 2 indicates much smaller
individual variability in azide~pretreated cells, Such an effect
of azide was similar to that in H,0,~-treated cells /4,9/ and
suggested that an snzymatic defsnse mechanism against oxygen
radicals is involved in HU-induced effects,

Based on the hypothetized analogy with radiation- or HZUZ-
induced RBCs damage we assumed that in HU=-induced damage
peroxidation of the membrane lipids is involved. Thus we next
investigated lipid peroxide formation measured as TBA-reactive
material,

Lipid peroxidation., It is now well established that free

radicals can peroxidate unsaturated phospholipids of the
membranes /10/. The process used to be estimated by measuring
one of the products of the reaction: MDA, which in TBA-complexes
gives maximal light absorption at 532 nm /4/. Houever, as Fig, 3
showa, while in intact erythrocytes or membrane ghostg, treated
with H,0, in the presence of sodium azide, a significant
quantity of MDA was produced, in TBA-reactive material from
HU=treated intact erythrocytes or ghosts no light absorption
at 532 nm was detectable. Moreaver, in TBA=-complexes from Hy0o-

569



Vol. 120, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

T
14

1 10 mM HU
12 //A

) 10 mM Hy09
104

x1mMHU
0ImMHU

PERCENT METHEMOGLOBIN

PRI - I

W

TIME (hours)

Fige &. MetHb level in erythrocytes incubated for indicated periods
of time at 37°C in HU~- or Hzﬁz— supplemented solutions,

treated cells the second peak at 460 nm, considered to be a
function of Hb /11/, was visiblew From HU=-treated cells such
peak was also absent,

Another manifestation of the intracellular generation of
free radicals can be the production of MetHb /12/. Thus we
estimated MetHb level in HU- and H202—treated;RBEs in the
presence or absence of radical scavengers.,

Methemoglobin production, Fig. 4 shows that similarly to H

0,
HU stimulated MetHb production even at such a low concentrgtion
as 0wl mM if the time of exposure was sufficiently long., This
toxic effect could be partially prevented by antioxidants
/Table 2/,

In view of the reports that the age-related changes in the
erythrocyte fragility, supposed to be connected with the increase
in lipid peroxidation, correlated with the changes in the oxidant
sensitivity /7/, in the next series of experiments we compared
the degree of lysis of HU~treated and untreated RBCs, subjected
to an oxidant stress /sodium ascorbate/. The experiments wers
based on the assumption that HU=~induced membrane alteration can
render the cells more susceptible to lysis and less resistant
to peroxidation,

Oxidant stress, In the preliminary experiments RBCs were

incubated in an isotonic NaCl solution with seodium ascorbate

at concentrations 1, 2, 5, 10, 20 and 50 mg/ml, After 3 hours
of incubation increasing, concentration-dependent hemolysis was
observed, In the absence of the oxidant no lysis was noted,
When HU-treated and untreated RBCs were compared under the same
conditions of oxidant stress an increasing lysis of HU-treated

cells was observed, The effect was however limited to ascorbate
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Table 2

Amslioration of HU-induced methemoglobin formation by scavengers

No of Percent of methemoglobin

Scavenger
donor Control KU HU with scavenger
Tocopherol
1 30 pg/ml 0.58 2.88 /loo/ 2.48 /86.1/
2 30 pq/ml 0,33 2,82 /100/ 2,62 /92,9/
45 pg/ml 2,53 /89,7/
3 90 pg/ml 0,35 2,11 /io0/ 1.56 /74.6/
180 pg/ml 1,73 /81.9/
4 60 pg/ml 0,81 2.72 /lo0/ 2,21 /81.2/
90 pg/ml 2,42 /89,3/
Sodium benzoate
5 1 mM 0,35 2.23 /ioo/ l.60 /71.7/
2 mM 1,58 /70.8/
3 mM 1,37 /61.4/
A mM 1.80 /80,7/
6 3 mM 0.76 2,65 /100/ 1.84 /69.4/
Coeruloplasmin
7 500 po/ml 1.36 2,30 /100/ 1.35 /58,7
H202 Hzﬂzuith scavenger
Tocopherol
1 30 pg/ml 0,58 2,08 /1o00/ 1.72 /82.%/
2 45 pg/ml 0.33 3.23 /1o0/ 1.55 /48.0/
3 180 Pg/ml 0.35 1.60 /1l00/ 1.24 /77.5/

Washed erythrocytes were treated with 10 mM HU or 10 mf HZUQ;
Where indicated a radical acagenging agent was added,

After 1 hour incubation at 37°C the level of Methb was measured,
Each value represents the average from two samples of the same
donor., Data in parentheses express the percentage value.

concentration in the range 1 -~ 5 mg/ml /data not shoun/., Fige S
indicates that in this narrow range of ascorbate concentration
HU=treatment render the RBC more fragile,
One factor which may contribute to the increased tendency

of HU~treated erythrocytes to lyse under oxidant stress is an
oxidant-induced acceleration of the lipid peroxidation initiated
by the HU=-derived free radicals, To check this possibility the
absorbance spectrum of TBA-reactive material from ascorbate~ or
ascorbate + HU~-treated RBCs was compared. Fig. 6 /A/ shous that

571



Vol. 120, No. 2, 1984 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A — Control and HU -treated
06
05:\ ::‘;) ascorbate -treated ((‘2 :@l/ﬂi
04
3
§ 0.3+
QQZ
. 2 011
*-o HU (-) 004ttt ey
" . e e Bt e
260 00 HU (4) 400 450 500 550 600
g 50 >ﬁ B HU + ascorbate
g 144 ascorbate
$40 .
- 81}
&30 812
820 RH
i g
10 g10
0 +—+ +—> 0¥ ~——— T
10 15 20 40 50 400 450 500 550 600
CONC.OF ASCORBATE (mg/ml) O) A(nm)

Fige, 5, Lysis of HU—treatgd,and untreated erythrocytes incubated

T~ for 3 hours at 37°C in isotonic NaCl solution supplemented
with various concentrations of sodium ascorbate, Cells lysed
by water squalled 100 % lysis,

Fige 6, A. Absorbance spectrum of TBA-reactive msterial from
erythrocytes incubated for 3 hours at 37°C in isotonic
solution supplemented with HU /10 mM/ or sodium ascorbate
/1 or 2 mg/ml/.

By Absorbance spectrum of TBA-reactive mgterial from
erythrocytes incubated for 3 hours at 37°C in isotonic
solution supplemented with scdium ascorbate /2 mg/ml/
in the presencs or absencs of HU /10 mM/, Data are
ascorbate + HU
ascorbate

expressed as relative absorbance A

while control and HU-treated cells revealed essentially no TBA-
reactive material, the ascorbate-treated cells revealed certain
absorbance., When the absorbance spectrum of ascorbate + HU-treated
and ascorbate alone-treated RBCs was compared /Fig, 6 B/ the data,
/expressed as the ratio A ascorbate + HU J/ revealed that Hu-

ascorbate
treatment generates additional peak of light absorption at

450 ~ 460 nm and very low, if any, in the region of 530 - 540 nm.,

In the last series of experiments with several lectins it
was found that serological properties of HuU-treated erythrocytes
remained unaffected,

In conclusion, the presented data indicate that HU-treatment
of RBC in vitro can induce changes in osmotic fragility, MetHb
formation and sensitivity to oxidant stress. Such an effect is
difficult to explain unless radical side toxicity of this drug
is considered. Further confirmation of this suggestion is

partial protection afforded by radical scavengers,
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More work is obviously necessary for the establishment of the
nature of HU-induced RBC damage, However regardless of how far
this effect can bs understood, ths possibility that some RBC
damage may occur after HU admipistration in vivo seems to be
of clinical importance. Such conclusion as well as the recent
report on the production of hydroxyl radicals by adriamycin .
in red blood cells /13/ turn the attention to the erythrocyte
as one of the target sites for side toxicity of radical
generating antineoplastic drugs,
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