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DOXORUBICIN YE DAUNOBICININ ERITROSIT YE LOKOSITLER
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UZERINDEKI SITOTOKSIK ETKILERI
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azer

Doxorubicinin  ve daunorubicinin eritrosit ve
lokositler iizerindeki sitotoksik etkileri ultrasiitritktiirel
olarak incelendi. Her iki ajan eritrositlerin seklinde belirgin
degisiklikler olugturdu. Doxorubicin uygulanmasi ile
akantosiller bagta oclmak iizerc diskosit, ekinotip.
sitomatosit, sferostomatosit, sizosit ve keratositler izlendi.
Daunomicin il stomatositler izlendi. Her iki ajanla
eritrositlerin plazma membranlan bazen izlenmiyordu ve
bu alanlardan eritrositin elektron-yogun igeriginin digariya
tagtifn  gdzlendi. Likositierin  plazma membraninda
dizensizlik  mevcuttu.  Bu  hiicrelerin - plazma
membranlannda uzantlar izlendi.” Interselliiler alanlarda
hiicre artiklar gizlend:.

Mukadder Ayse SELIMOGLU MD.**

CYTOTOXIC EFFECTS OF
DOXORUBICIN AND DAUNORUBICIN
ON ERYTHROCYTES AND LEUKOCYTES

SUMMARY

Cytotoxic effects of doxorubicin and dauusriibicia
on erythrocytes and leukocytes in vitro were investigated
ultrastructorally. A remarkable effect induced by both
drugs on the shape of erythrocytes was detected. With
doxorubicin, predominance of acanthccytes and in addition
discocyte, echinotype, stomatocyte, spherostomatocyle,
schizocyte and keratocytz shapes were seen.  With
daunomycin stomatocytes were detected. With both agents,
in erythrocytes sometimes plasma membrane was not
observed and there electron dense material of erythrocyte
was protruded out. Lrregularity of plasma membranes of
Jeukccytes was observed. There was projections from
plasma membranes of these cells. Debns of cells were
observed in intercellular spaces.
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MATERIALS AND METHODS

INTRODUCTION

Doxorubicin and daunorubicin are closely
related anthracyclin antibiotics, and both are
highly toxic drugs. The use of daunombicin has
been largely restricted to the treatment of acute
leukaemia, in contrast doxorubicin  has
demonstrated one of the widest spectrums of
antitumor activity ever observed, including
lymphomas, leukemais, soft tissue sarcomas, and
a wide variety of carcinomas.! These drugs may
damage DNA by the formation of free radicals,
they may chelate important metal ions and may
be cytotoxic without entering cells by a direct
action on cell membranes.!2

In this study we planned to investigate the
probable morphological alterations in normal
erytrocytes and leukocytes following doxorubicin
and daunorubicin exposure in vitro.

Whole blood obtained from five healthy .
children aged 8-12 were exposed to 50 pM and

100 nM doxorubicin and daunorubicin for two
hours at 37¢C in vitro before processing for
transmission electron microscope. These samples
were centrifuged for five minutes at 5000 rpm.
Then fixed with % 2 gluteraldehyte, dehydrated
with acetone and postfixed with OsO4 and
embedded in araldide CY 212. Thin sections
were stained with lead citrate and uranyl acetate
and then examined with JEOL-100 SX electron
microscope.
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RESULTS

Our obse 1s: revealedi a memarkable
effect intluced by both drugs on the shape of
erytamytas With doxorubigin, predammmﬁr of

ocytes, irregularly spiculated ocytes
with 9{@;@@&&@% af varying length an pasmﬁﬂ,

was gbserved - 1n addition diseoyie, echinotype
gi@&%@@@)ﬁ% spherostomatogyie: %hlm an
keratocyte shapes were seen (Figure 1-4). With
daunomyet WEE% detected ﬁgms
%NL%% g&é@&d@éﬁ& S %’ﬂ R, S by AR

£s8 5!%5&8@ -dense from. ofhers E 8 % § !B Figure 3. Erytrocytes exposed to 100 m M doxorubicin/#:
&g&@ 80 Q? acanthecyte,, Srschizoeyte.: Debris of ‘cells ‘are-seenin the
n ! intercellular space. Lead citrate ané tranyl acetate X 8000,

|
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Figure ‘5. Erytrocytes exposed o 100 mM dexerubicin.
] L Plasma membrane is absent ‘and ‘there ‘electron ‘dense
Figure 2! Efytfmﬁ% expeseé 1o 50 mM doxerubicin. , K materical of erytrocyte is ggglwﬁgi out: {arrow)..  This
kefatﬁeytﬁk 5: 5@%120&?@» Nete the less electron-dense eyrtrmy[eis less electron-dense Fromiiisineig oG
eyrzmcgte 1 ead citrate and ﬁfﬁﬁyl acetate X 8000, citrate and umny] ‘acetate X BoDO.
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Figure 6. Lymptiocyte exposed: 1o 50! m M dounorubicin. B;
projections: from: ‘plasma membirane.: Plasma 'membrane: is
irregulariiand i electron-dense:’ imaterial i is i 'seen’ini the
cytoplasmiarrew).  Lead oitrate’and uranyliacetate X '8000,

DISCUSSION

There has beer 'great interest initrying to
establishi ithe 'mechanisms: by ‘which doxerubicin
and ' daunorubicin | damage ' cells. | Several
hytopheses: have been proposed 1o expiam the
deveiwmwﬁ 0§ cardiac mxmty mc udmg ifree

_ lipid famage: The

of acamhmm m our domrubmin

exposed sample supports these hypothesis
because acanthecytes: are generated! from normal

redi ‘blood cells under conditions that alter their
membmm lipid  icontent.  The 'mechanisen  of
ocyte . formation | jis  un . once
pwdumﬁ me shape is irreversibile !
Environmental' stressi cause’ by Enw pH
excess! albumsin, or cationic’iipl
derivatives' witl transformthe dascmcyte mw an
intermediate form with deeper biconcavities and
then into a cupped shaped cell with only a single
concavity, 'a: stomatocyte.! Thus far the changes
are’ ‘readily reversible, but /if ! the! single deep
depressiom - on' i the ! 'stomatocyte ' surface | is
obliterated by membrane loss, the tmnsfmrmaﬁran
become: irreversible and a spherostoriatocy
the result, in addition to pH and albumm c‘:hange&
there exists 'a widle array of pharmacological
agents ' i that  ‘effect ' 'stomatocytic-echinocytic
changes in red cell shape. These are thought to
act by preferentially expanding the outer half of
the phospholipid bilayer {echinocytogenic) or the
inner Half {stomatocytogenic). This exlanation'is
sometﬁmm referred to i as the bilayer-couple
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A phospholipid dilution in doxerubicin
treatedt erythrocyte was reported. Arancia et al *
observed discoid’ tostomatocyte’ transition in
doxorubicin ' treated  erythrocytes and they
attributed these alterations to the lipid bilayer
changes. They also: observed transformed
discocytic cells to stomatocytes: only at the higher
concentration 'of daunomibicin, in contrast iwe
obiserved | stomatocytes ' & low land  high
concentration. ' 0" K&efe et a¥F also reported
significant  poikile jis  after doxorubicin
administration. Qum' et al’ revealed that
only the inductien by doxorubigin causes
membrane  phenotypical changes whieh are
erythroid differentiation specific,

One of 'the earliest events following linjury
tos:omany . cell | types s the @ appearence of
protrusions’ at’ ! the | 'surface | lof the  plasma
membrane: termed "blebs”. Blebbing of the cell
surfaee: 'occurs 'before any change in mmembrane
permeability s observed and initially s
reversible; At some’ point the injury becomes
irreversible, although' the specific biochemical
event that ' converts ' reversible linjury to
irreversible injury is not known. In some
circumstance, 'the  rupture 'of large mvembrane
blebs, with loss of cellular contents, is believed to
be the ‘event that finaly capses the' death of the
injured cell® Doxorubicin binds with | high
affinity to cellular membranes inflicting multiple
lesions which' are believed to be important in
doxorubicin-mediated neoplastic cell death.® We
also observed protrusions in some erythrocytes.
intercellular:: spaces ' contained @ debris  of
fragmented ' cells. ' Schizocytes, the fragmented
erythirocytes, were observed predominantly/inour
study.

Inthe 'study of el-Mofty et all¥
doxorubicin 'abnormalities /in the cytoplasm of
erythrocytes ' was = reported.  The  less
electron-lucent erythrocytes we obiserved may be
due to these cytoplasmic alterations.

We: conclutled that the administration of
particularly doxorsbicin rey causeiamsmis dHiue o
fragmentation. 'of erytrocytes vas:va | result iof
alterations in plasma membrane and cytoplasm.
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