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Abstract: The effect of DNR and MIT on erythrocyte membrane structure was
examined using Electron Spin Resonance spectroscopy and the fluorimetric
technique. The results suggest that the in vivo interaction of the drugs with the
RBCs of AML patients led to a perturbation in the structure of plasma
membrane components. Differences between DNR and MIT were only noted in
the interaction of the drugs with deeper regions of the lipid bilayer.
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INTRODUCTION

The anthracycline daunorubicin (DNR) is one of the oldest drugs in leukemia
therapy and is dtill the preferred agent in the treatment of patients with acute
mydoid leukemia. DNR cytotoxicity is generally believed to be the result of
drug-induced DNA damage, the inhibition of topoisomerase Il activity and the
generation of reactive oxygen species [1].

Currently, a number of studies are utilizing aternative drugs that are more active
against AML. Among the anthracycline-rdated drugs, mitoxantrone (MIT) is
now recognized as a useful agent in first line therapy of acute mydoid leukemia

2.
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Abbreviations used: DNR — daunorubicin; MIT — mitoxantrone; RBCs — red blood cdlls;
AML - acute myeloid leukemia; ESR — Electron Spin Resonance; 5-DSA — 5-
doxylstearic acid; 16-DSA — 16-doxylstearic acid; Maleimide — 4-maleimido tempo;
TMA-DPH — 4'-trimethyl- ammonio-1,6-diphenyl-1,3,5-hexatriene; ROS — Reactive
Oxygen Species.
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MIT is an anthracenedione derivative with some structural and functional
similarities to DNR. Like daunorubicin, MIT is an intercalating agent that causes
DNA deavage via the inhibition of topoisomerase I, gives rise to chromatin
compaction and produces free radicals damaging [3, 4]. By contrast to
anthracycline drugs, MIT does not undergo metabolic reduction. The biological
activity of the drug is probably due to oxidative activation by the
peroxidase/H, 0, system [5].

Other toxic effect-inducing interactions of DNR and MIT with cdlular
components are much less known. As both DNR and MIT are intravenoudy
administered to AML patients and are easily absorbed into the circulation, these
drugs may aso interact with other blood components than leukemic cdls. This
study was designed to analyse red blood cells damage induced by intravenous
injection of DNR and MIT to AML patients. Using eectron spin resonance
spectroscopy and the spectrofluorimetry  technique, we investigated the
aterations in the protein conformation and the fluidity of human erythrocytes in
the period of 24 h after drug exposure.

MATERIALSAND METHODS

Patients and treatment protocols

Fourteen newly diagnosed AML patients were treated either with DNR
(45 mg/m’) or with MIT (12 mg/m?) only. The groups consisted of 7 patients
each, aged 47+13 and 636, respectivey. Blood samples were collected for each
patient before drug injection (to serve as controls) and at the indicated time after
the administration of the drugs: 0.5, 1, 2 and 24 h.

Preparation of samples

Human peripheral blood was centrifuged at 600" g for 10 minutes. After removal
of the plasma and buffy coat, the erythrocytes were washed three times in PBS,
(5 mM sodium phosphate buffer, containing 0.15 M NaCl, pH 7.4) and
suspended in the same medium. Erythrocyte membranes were obtained by
hypothonic lysis according to the procedure of Dodge et al. [6], performed at
4°C. Protein concentration was estimated using the method of Lowry et al. [7]
with bovine serum abumin as the standard.

Electron spin resonance (ESR) measurements

Erythrocytes suspended in PBS to a hematocrit of 50% (75  10° cell/ml) were
labeled with 5-DSA or 16-DSA and the membrane proteins were labeled with
maleimide as described previously [8].

Fluor escence measur ements

The cdl suspensions (H=0.004%) were incubated with a TMA-DPH
fluorescence probe (final concentration - 10°M) at room temperature for 10 min.
The measurements were taken a room temperature using a LS-5B Perkin Elmer
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Spectrofluorimeter. Fluorescence anisotropy was determined using the method
of Van der Meer [9]

Statistical analysis
Data were anayzed via the two-tailed Student’s t-test of paired data

RESULTS

As shown in Tab. 1, there were no significant differences in either the order
parameter or the anisotropy values for the control and for the erythrocyte
samples taken 0.5-24 h after DNR and MIT injection. These data suggest that the
two drugs, intravenously administered to AML patients, did not affect lipid
fluidity in the upper regions of erythrocyte membranes for up to 24 h.

Tab. 1. The effect of DNR and MIT on the fluidity of the cell membrane in the upper
regions of the lipid bilayer in the erythrocytes of patients with acute myeloid leukemia.
(n=7).

Daunorubicin Mitoxantrone
time[h] S r S r
0 0.742+0.009 0.346x+0.024 0.733+0.015 0.320+0.015
0.5 0.743£0.010 0.339+0.021 0.736+0.008 0.320+0.013
1 0.742+0.010 0.336+0.033 0.733+0.010 0.318+0.010
2 0.743+0.008 0.338+0.030 0.729+0.010 0.322+0.008
24 0.743+0.011 0.332+0.012 0.728+0.012 0.316+0.015

S — the order parameter derived from the ESR spectrum of 5-DSA, r — anisotropy vaues
derived from the TMA-DPH fluorescent probe.
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Fig. 1. The effect of DNR (-m-) and MIT (- A-) on the hy/h; parameter of membrane
bound 16-DSA in the erythrocytes of patients with acute leukemia. Means + SD of seven
experiments. (*) Statistically significant differences (p<0.01).
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Fig. 1 shows the results obtained by ESR study using 16-DSA. The analysis of
these findings showed that DNR and MIT induced significant changes in the
ho/h.; ratio. DNR caused a progressive increase in the hy/h; ratio, while MIT
induced a gradual and statistically significant diminution of this parameter with
increasing post-treatment time.

Alterations in the conformation and organization of erythrocyte membrane
proteins were determined in the presence of maleimide spin labd. The W/S ratio
used to characterize the spectrum of maleimide bound to the membrane proteins
ispresentedin Tab. 2.

Tab. 2. The effect of DNR and MIT on the erythrocyte membrane proteins as monitored
by the WIS ratio of maleimide spin labdl. (n=7) (*) Statistically significant differences
(p<0.01).

time[h] Daunorubicin Mitoxantrone

0 4.51+0.22 3.01+0.32

05 4.34+0.25* 2.52+0.35*
1 4.29+0.33* 2.40+0.27*
2 4.28+0.23* 2.48+0.17*
24 4.11+0.25* 2.49+0.19*

We revealed that DNR and MIT caused a marked decrease in the W/S ratio of
maleimide bound to erythrocyte membrane proteins. Both drugs induced similar
aterations in the conformation and organi zation of membrane skeletal proteins.

DISCUSSION

These studies were conducted in order to determine whether intravenoudy
injected anticancer drugs to AML patients might induce perturbations in the
structure of RBCs. Using ESR and fluorescent spectroscopy, we showed that
both the examined drugs, DNR and MIT, significantly altered the lipid fluidity
and protein conformation of the RBC plasma membrane.

Studies performed by Garnier-Suillerot and Gattegno [10] suggested that the
interaction of anthracyclines with RBCs is eectrostatic and occurs primarily at
the level of the ionized phosphate groups. Anthracycline drugs, including DNR,
bind to RBCs, inducing a number of the morphologica and ultrastructura
dterations [8, 11, 12]. The interaction of MIT with human erythrocyte
membranes remains unclear. It has been found that the drug rapidly leaves the
plasma compartment after intravenous administration [13]. Both in vitro and in
vivo studies have shown that MIT accumulates in leukemic cdls. Mitoxantrone
concentration in leukemic cells is about 10 times higher than in the plasma, and
it remained stable for up to 24 h [14]. In vitro studies suggested that MIT, like
anthracyclines, induced conformational changes of plasma membrane proteins in
human erythrocytes and caused disturbances of the lipid fluidity at hydrophobic
parts of bilayer [15]. Another study demonstrated the dectrostatic interaction of
MIT with cellular membranes [4].
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In this study, the new findings are related to the in vivo interactions of DNR and
MIT with the RBCs of AML patients. Using ESR and fluorescent spectroscopy,
we showed that the interactions between erythrocytes and drugs led to a
perturbation in the structure of membrane lipids and proteins. Both drugs caused
stetistically significant aterations in the conformation of proteins and marked
differences in membrane fluidity. Human red blood cells are anucleated, do not
contain organdles and cannot synthesize DNA. Thus, drug-induced changes of
RBCs could be generally explained by the generation of reactive oxygen species
and their interaction with the plasma membrane. DNR and MIT produce free
radicals by different mechanisms. Anthracyclines generate ROS by a reaction of
one-dectron reduction of a quinone moiety [1, 16]. By contrast to
anthracyclines, mitoxantrone produces damaging radicals during oxidation of
hydroquinone group [5].

Our results suggest that differences in the interaction of these drugs with RBCs
may result not only from their ability to produce ROS, but a so from changes in
the binding capacity of membrane phospholipids [17, 18]. The different effect of
DNR and MIT on the lipid fluidity in the upper region compared with the deeper
regions of the erythrocyte membrane indicates that both drugs are predominantly
intercalated into the hydrophobic core of the lipid bilayer. Anthracycline drugs,
including DNR, bind to negatively charged phospholipids [14]. Specific
affinities of MIT to membrane components are not well known. The opposed
aterations in membrane fluidity induced by the two drugs in human erythrocytes
suggest that MIT may interact with another group of phospholipids or with the
negatively charged lipids by different processes than DNR.

In summary, our data confirmed that cancer chemotherapy remains largdy
nonspecific. Both DNR and the alternative drug, MIT, intravenously injected to
AML patients, may interact also with RBCs producing significant perturbations
in the organization of the plasma membrane.
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