ANNALES
UNIVERSITATIS MARITAE CURIE-SKEODOWSKA

LUBLIN - POLONIA
VOL. XXIII, N 4, 16 SECTIO DDD 2010

Tndependent Medical Biology Unit, Department of Clinical Pathomorphology,
3Department of Human Anatomy Medical University of Lublin; “Department of Anaesthesiology
and Intensive Therapy, District Specialist Hospital of Stefan Cardinal Wyszynski in Lublin, Poland,
SLloyds Pharmacy, Sheffield, United Kingdom

JAROSLAW DUDKA', MAGDALENA IWAN!,
BEATA WALCZYNA?, LECH WRONECKI?>, BARBARA MADEJ,
MALGORZATA PIASECKA-TWAROG?,
KATARZYNA DAWIDEK-PIETRYKA?

The evaluation of rat peripheral blood morphology
after coadministration of doxorubicin and tirapazamine

Ocena rozmazu krwi u szczuréw otrzymujacych doksorubicyng z tirapazaming

INTRODUCTION

The results of conducted studies have shown that some of the cancer cells are typically characterized
by hypoxia compared to healthy cells [1, 8, 9, 22]. These cells remain more resistant to radiotherapy and
most common anticancer drugs [2, 15, 6]. Over a recent 10 years investigations regarding compounds
called hypoxic-cell-selective cytotoxins have been intensified [21]. Some chemotherapeutic drug-
candidates, e.g. tirapazamine, demonstrate a considerable higher cytotoxic effect against hypoxic tumor
cells than normoxic cells studied under the same conditions [18, 25]. Considering this, the next step of
study was to investigate their effectiveness against some cancer cell lines. Afterwards, benefits from
multiple treatments with classical anticancer drugs, for instance: cisplatinum (CP), 5-fluorouracilum
(5FU) and doxorubicin (DOX) together with tirazapmine (TPZ) were initiated and still continued [3].
Over the last decade treatment regimen based on CP given in combination with TPZ has been carried
out in phase I and phase II clinical trials [17]. Among the above mentioned classical chemotherapeutics,
DOX is the only one with similar mechanism of action a TPZ. Both DOX and TPZ are transformed
by NADPH linked enzyme to toxic radical forms. However TPZ’s radical is stable under hypoxic
condition and induces single- and double-strength breaks tumor’s cell DNA to stop cells growing and
divisions [4]. Under normoxic condition free radicals of both compounds are able to transfer previously
obtained electron to O,. As a result, produced superoxide and at the same time DOX and TPZ radicals
are transformed to the parent’s compound [16]. These reaction circles might repeat constantly. As
a consequence, superoxide production may be transformed to hydroxyl radical during Haber-Weiss
and Fenton reactions. Many other reactive oxygen species might appear (e.g H,0, and ONOO") and
react with DNA and proteins. Considering various DOX acute side effects appearing while treatment,
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changes in blood morphology seem to be the most serious [13]. However, there is no data available
regarding TPZ influence on the blood morphology parameters. In this study we evaluated peripheral
blood automatic smears in rats repeatedly treated with both DOX and TPZ.

MATERIAL AND METHOD

The experiment was approved by Local Bioethical Commission of Medical University in Lublin.
Male Wistar rats strain having a range in body weight of 160 to 195 were purchased from Breeding Rats
Brwinéw/Warsaw. The rats were maintained in stable life conditions at 22°C with a 12-h light/dark cycle and
given standardized granulated fodder LSM. The experiment was carried out at the Central Animals Unit of
Medical University in Lublin under supervision of Veterinary Inspectorate in Pulawy. The rats were treated
(i.p.) with tirapazamine (3-amino-1,2,4-benzotriazine 1,4-dioxide synthesised by ADVANCED TECH. &
IND. CO., LTD., China) in two doses (5 and 10 mg/kg b.w.), 2h before administration of 1.8 mg/kg b.w. of
doxorubicin (Ebewe Arzneimittel Ges. M.B.H., Austria). Both tested drugs were administered once a week
over a period of 6 weeks, and a week after the last dose the blood was taken for haematological study.
The animals were bled under terminal anesthesia with phenobarbital — 60 mg/kg m.c. (Morbital; Biowet
Pulawy). Blood for biochemical and haematological evaluation was taken from the left heart ventricule into
EDTAK, and clot activator containing tubes (VACUETTE®). Blood morphology test was performed using
Cell-Dyn 1700 (Abbott, USA).

The counting of blood cells was based on the volumetric impedance method. Direct measurement
hemoglobin (HGB; g/dl), white blood cells (WBC), lymphocytes, monocytes and granulocytes count, red
blood cells (RBC), mean corpuscular volume (MCV; ), and also automatic calculation ofhematocrit (HCT;
g/dl), mean corpuscular hemoglobin (MCH; pg), MCH concentration (MCHC; g/dl), RBC distribution
width (RDW; %) were assayed. Also, platelets parameters such as platelets count (PLT), plateletcrit (PCT),
and platelet distribution width (PDW) and mean platelet volume (MPV) were examined. The means of the
measured values of corpuscular hemoglobin — MCH and MCH concentration — MCHC were automatically
calculated from RBC, HCT and HGB values according to following formulas MCH = (HGB/RBC) x 10;
MCHC = (HGB/HCT) x 100.

STATISTICA 5.0 was used to analysed the data. The statistical differences between the control group
and the assessed group were compared using a U Mann-Whitney’s test or t-Student’s test. ANOVA was
used to compare the means between particular tested groups. The post-hoc test NIR was used to verify null
hypothesis according to the thesis that evaluated parameters in rats receiving DOX are influenced by TPZ.
All data are expressed as mean = SD. The value of p<0.05 was considered statistically significant.

RESULTS

The major finding of the presented study is that antitumor agent TPZ significantly changed the
relative amount of lymphocytes in rats where DOX was administered (tab. 1). There were no changes
versus control in all white blood parameters tested in rats treated with a higher dose of TPZ in spite
of a lower dose of TPZ declined number of granulocytes. The only interaction between DOX and
TPZ among red cells blood parameters was demonstrated exclusively referring to the MCV (tab. 2).
Significant increment of RDW in every tested group except 10TPZ comparing to the control was
observed. Platelets parameter changes were found exclusively in the group receiving DOX combined
with lower dose of TPZ (tab. 3).
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DISCUSSION

Changes in peripheral blood count are well documented as a side effect during DOX therapy [13].
However, according to our best knowledge the effect of TPZ on these changes has not been published
yet. Toxicological screening is a very useful tool which can eliminate the concept of improved therapy
planned with DOX and TPZ administered together. These findings raised the unanswered question
about evaluation of interactions between DOX and TPZ. Our investigation is only a part of a broader
project aimed to evaluate the organs toxicity in that therapy schedule.

TPZ has shown anticancer activity through its ability to selective DNA damage in the hypoxic
cells which are found inside solid tumors [18, 25]. It has also undergone clinical trials as well as
cisplatine and/or radiotherapy referring to the lung, cervical, head and neck cancers [17, 19]. However,
up to now there has been no apparent clinical evidence indicating improvement of the classical therapy
efficacy in phase III of clinical trials. TPZ is a potentially non-toxic compound that is activated via
one electron reduction to a reactive-drug free radical, oxygen-sensitive [11] with cytotoxic properties
causing double-strand DNA breaks and consequently chromosome aberration and then cell killing
under hypoxic conditions. The one-electron enzymatic reduction is catalysed by NADPH dependent:
cytochrome P450 reductase, and is thought to be responsible for in vivo activation of TPZ [23]. Also
xanthine/xanthine oxidase has been used successfully for the activation of TPZ in a variety of in vitro
studies [7]. Similarly, this one-electron reduction process is also a well known mechanism occurring
during turn-over of DOX — DNA intercalating agent [14]. Every suppressor of mitogenic activity is
able to cause damage to a high proliferating tissues, specially to a various blood cells (erythrocytes,
granulocytes, platelets) each produced at a rate of approximately 1-3 million per second in a healthy
adult [12]. Consequently, an early and most common side effect is myelosuppression associated
with the administration of antimitotic agents. The current literature data has shown that during DOX
treatment leucocytes count may drop and this is an indication of the dose reduction or therapy cessation
when the level of leucocytes is below 1500. At the same time, the red blood count and platelets count
may seriously diminish. The therapy should be stopped when platelets reach 30-50 x 10%1.

Interestingly, there are no changes in WBC, RBC and PLT count in the group of rats treated
with TPZ. Based on this evidence we found that TPZ did not show myelotoxic activity. However,
Holden and al. [1992] described the cytotoxic effect on bone marrow cells isolated from C3H/
FeJ mice bearing the FSalIC fibrosarcoma. Moreover, Spiegel and al. [1993] found bone marrow
suppression after repeated 6 weaks’ (5 times a weak) administration of TPZ. Results of another
hematological study [24] demonstrated that TPZ was well tolerated while this compound was given
for 5 days every 6 weeks and blood was taken for the analysis after 3-weeks recovery period. The
authors stated that bone marrow was a major targeted organ. In our study, despite no changes in
WBC, RBC and PLT we noticed a statistically significant increase in RDW value and a significant
diminishment in granulocytes and an increase in LYM% in rats treated with TPZ only. It seems that
the observed changes in WBC parameters tested are not clinically important because the obtained
levels of lymphocytes and granulocytes are within the reference range for 7-14 weeks’ Wistar rats
[5]. Interestingly, administration of TPZ only in a lower dose results in some white blood cells

parameters changes but it was not observed in rats treated with twice a higher dose.
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Similarly, referring to the group treated with DOX only, we fund that DOX and a lower TPZ
dose given together resulted in a several-fold increase in the PDW value and at the same time, no
difference between DOX+10TPZ versus DOX was observed. Occasionally, an increase in the PDW
value can be caused by platelets agglutination and erroneously interpreted as anisocitosis. However,
the analytical error is excluded because no differences of MPV value were shown in DOX+5TPZ
group comparing to the control and we have to eliminate this hypothesis. Platelets anisocytosis may
result from insufficiency of iron as well. That seems to be a reasonable explanation because iron
deficiency may also cause an increase in RDW and platelets count, which simultaneously appeared
in DOX+5TPZ group. We can expect that platelets anisocytosis observed in that group may result
in hemostasis disorders. Also, a stronger and significant decrease in LYM% was observed in
DOX+5TPZ group versus DOX with no difference between DOX+10TPZ versus DOX. The current
literature data on tirapazamine leaves unanswered questions about mechanisms of biological activity

of TPZ and hence we cannot explain this phenomenon.
CONCLUSIONS
Collectively, these findings suggest interactions between TPZ and DOX in relation to some red
cells, white cells and platelets parameters, but clinical relevance of this phenomenon seems to be

acceptable during chemotherapy. However, future studies are needed to assess the importance of
anisocytosis as a result of DOX-TPZ interaction.
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SUMMARY

Some cancer cells are typically characterized by hypoxia which is more resistant to radiotherapy
and most common anticancer drugs. These specific phenomena encouraged researchers to the
investigate new hypoxic-cell-selective cytotoxins. Tirapazamine (TPZ) is a representative of the

drug-candidates group which demonstrates a considerable higher cytotoxic effect against hypoxic
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and then normoxic tumor cells studied under the same conditions. Taking into account that solid
tumor does not only consist of hypoxic but also normoxic cells, a rational therapy should combine
administration of classical anticancer therapy and TPZ. Results of some studies conducted under
laboratory conditions indicated some benefits of such a schedule. Because doxorubicin (DOX),
a widely used chemotherapeutic drug, has a similar mechanism of action as TPZ, we tested the
hypothesis assuming interaction of both compounds in rats referring to blood toxicity. In this study
we evaluated peripheral blood automatic smear in rats repeatedly treated with both DOX and
TPZ. The major findings are that TPZ may statistically significantly change the relative amount of
lymphocytes, MPV MCV and RDW in rats treated with DOX. Collectively, these findings suggest
interactions between TPZ and DOX in relation to some red cells, white cells and platelets parameters,
but the clinical risk of this phenomenon seems to be acceptable during chemotherapy. However,
future studies are needed to assess the importance of anisocytosis as a result DOX-TPZ interaction.
Keywords: doxorubicin, tirapazamine, blood toxicity

STRESZCZENIE

Komérki wielu nowotworéw charakteryzuje niska preznos¢ tlenu, ktorej towarzyszy opornosé
na radioterapi¢ i klasyczna chemioterapi¢. Takie specyficzne zjawisko zachgcito do badan nad
zwiazkami grupy cytotoksyn hipoksyjnych. Przedstawicielem tej grupy zwiazkow jest tirapazamina
(TPZ), wykazujaca znacznie wyzsza toksyczno$¢ w stosunku do komoérek nowotworowych
w warunkach hipoksji niz w normoksji. Biorac pod uwagg, ze w guzach litych oprocz komorek
z normoksja obserwuje si¢ takze strefy z hipoksja, wydaje si¢ uzasadnione, aby podczas klasycznej
terapii przeciwnowotworowej stosowac¢ rowniez zwiazki o specyficznym powinowactwie do
komorek z niska preznoscia tlenu. Wyniki dotychczasowych badan przeprowadzonych w warunkach
laboratoryjnych wskazuja na korzysci z takiego postgpowania. Ze wzgledu na to, ze doksorubicyna
— klasyczny lek przeciwnowotworowy — wykazuje podobny mechanizm dziatania jak TPZ,
w przeprowadzonych badaniach testowano hipotezg, zgodnie z ktéra podawanie jednoczesne
DOX i TPZ wywoluje toksyczng interakcji w odniesieniu do komorek krwi. W badaniu oceniono
automatyczny rozmaz krwi u szczuréw otrzymujacych wielokrotng dawke DOX z TPZ. Stwierdzono,
ze TPZ moze w statystycznie istotny sposob zmienia¢ wzgledna liczbg limfocytow, MPV, MCV
i RDW u szczuréw otrzymujacych DOX. Uzyskane wyniki sugeruja, ze TPZ wywoluje interakcje
z DOX w stosunku do niektdrych parametréw panelu bialokrwinkowego, czerwonokrwinkowego
i ptytek krwi, ale kliniczne ryzyko tego zjawiska wydaje si¢ mozliwe do zaakceptowania podczas
chemioterapii. Bardziej szczegétowego wyjasnienia wymaga jednak znaczenie anizocytozy
obserwowanej jako wynik interakcji DOX z TPZ.

Stowa kluczowe: doksorubicyna, tirapazamina, toksyczna interakcja



