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Summary

Anthracycline cardiotoxicity represents a seriagk of anticancer chemotherapy. The aim of
the present pilot study was to explore and compaeootential of both the left ventricular
(LV) filling pattern evaluation and cardiac troponf (cTnT) plasma levels determination for
the early detection of daunorubicin-induced cawkatty in rabbits. The echocardiographic
measurements of transmitral LV inflow as well amn€Tdeterminations were performed
weekly for 10 weeks in daunorubicin (3 mg/kg wegkind control groups (n=5, each).
Surprisingly, no significant changes in LV-fillingattern were observed through the study,
most likely due to the xylazine-containing anaesidnenecessary for appropriate resolving of
the E and A waves. In contrast, to the echograpteasurement the dP/gtindex obtained
invasively at the end of the study revealed a figant impairment in LV relaxation, which
was further supported by observed disturbancesyimcardial collagen content and calcium
homeostasis. However, at the same time cTnT pldsweds were progressively rising in the
daunorubicin-treated animals from thd" Sveek (0.024+0.008 pg/l) until the end of
experiment (0.186+0.055 pg/l). Therefore, in costtta complicated non-invasive evaluation
of diastolic function, cTnT is shown to be earlyaensitive marker of anthracycline-induced

cardiotoxicity in the rabbit model.
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1. Introduction

Anthracycline antibiotics (e.g. doxorubicin, daumicin, epirubicin) are among the
most effective chemotherapeutic agents in the rtreat of both haematological and solid
malignancies (Yee 2008t al, Chabner 200@t al). Cardiotoxicity, however, represents a
serious adverse reaction that largely limits thie@rapeutic potential and threatens the cardiac
function of cancer survivors. All anthracycline igatives may induce cardiac damage that
can result even in life-threatening complicatiorcbémotherapy. The main risk is associated
with their chronic administration, when severe @ard/opathy and heart failure may develop
later in the course or any time after completionhef treatment (Von Ho#t al. 1979, Hrdina
et al 2000, Gharib and Burnett 2002).

As the anthracycline-induced cardiotoxicity is kg irreversible, it is crucial to
detect the myocardial injury at its earliest polesistage. Among the first approaches
employed for sensitive and reliable detection otheatycline cardiotoxicity was the
endocardial biopsy. However, its invasive naturedbrs and in fact nearly prevents its
routine use in seriously sick oncologic patientsctual recommendations for cardiac
monitoring of anthracycline-treated patients are stiyo based on the non-invasive
examination of the left ventricular (LV) systoliarfction, since its decline is a well-known
hallmark of anthracycline cardiotoxicity (Alexandaral. 1979, Shamet al 1996, Tjeerdsmat
al. 1999, Elblet al 2003, Elblet al. 2005). Both echocardiography and radioventrictdpby
are employed, however, relatively low sensitivifytimese approaches do not allow covering
the early phases of myocardial injury and therefi@ger more pronounced and distinct
cardiotoxicity can be revealed (Shan 1@9@l, Tjeerdsmaet al 1999, Suteet al. 2002).

While the effect of anthracyclines on the systdlinction and its prognostic value is
well established, the status of diastolic functimhjch actually may precede the impairment

in contractility, remains to be clarified. As theastolic function can be estimated non-



invasively by Doppler echocardiography, its seewluation is well feasible. Several clinical
studies dealing with the assessment of the diastatiction in anthracycline-treated patients
were carried out and resulted in rather variableiarsome cases also contradictive outcomes
(Marchandiseet al. 1989, Eweeet al 1994, Bu'Locket al 1999, Bosset al 2001, Clements
et al 2002, Nousiainert al. 2002, Elblet al 2003, Nakamaet al 2004). However, these
findings could potentially be affected by heteragjgnof patients (e.g. with respect to age,
sex and anamnesis), dosage scheme, combinatioheafiotherapeutics, presence of chest
irradiation, and the liquid load enhancing the ekon of metabolites. Interestingly, to our
knowledge, there is no available data on the changéhe diastolic function in time obtained
from a validated and well-reproducible experimentabdel of anthracycline-induced
cardiomyopathy.

Apart from the examination of cardiac function, thedern advances in monitoring of
chemotherapy-induced cardiotoxicity have brougle #elective biochemical markers of
cardiac injury into the focus. This approach thaoadly might be of special value from the
standpoint of early cardiotoxicity detection, sineelow level release of myocardial
biomolecules might be detected using sensitiveyinal methods before any impairment of
the heart function occurs (Petricahal 2004). To date, probably the most interestingltes
have been described with cardiac troponins (Spaashal 2005, Adamcovat al 2005,
Lipshultz et al 2004, Hermaret al. 1998, Lipshultzt al. 1997) although other biochemical
markers - e.g. natriuretic peptides - are alsoistl@Horaceket al 2005, Kohet al 2004).
While both cardiac troponin T and | are at presefiugrly settled as biomarkers in the
diagnosis of myocardial infarction, their potentiale in the early diagnosis of chemotherapy-
induced cardiotoxicity and particularly in its gastages is not completely understood yet.

Several clinical as well as experimental studiesshaported rise of cardiac troponins

during or after the anthracycline treatment (Herrh@88, Adamcova 2005). Moreover, some



authors suggest that even subtle early elevatidngaodiac troponins in plasma of
anthracycline treated patients might predict o@ure of chronic or delayed cardiotoxicity
(Cardinale 2004). However, the exact value of dkxvaardiac troponins for diagnosis and
reliable prediction of chronic or late anthracyelioardiotoxicity is not well established yet
and it deserves further studies. So far, most studave used only few different selected time
points for troponin T determination, which offerlptimited information and does not allow
to fully understand the role of troponin T as anbéwker during the whole anthracycline
treatment. To date, there is a lack of systematngitudinal study examining troponin T
levels before and periodically through out the qeriof the development of chronic
anthracycline cardiotoxicity.

The aim of the present pilot study was thereforexXplore and compare the potential
of both the LV-filling pattern evaluation and plasrtroponin T determination for an early

detection of daunorubicin-induced cardiotoxicityratobits.

2. Material and methods

2.1. Experimental animals

Fifteen Chinchilla male rabbits (3.5-4.5 kg at theginning of the study) were used in
this study. They were housed under a 12h lightegyambnstant temperature and humidity. The
animals had free access to water and a standaothtaby pellet diet. The animal experiments
were performed in accordance with the “Guide fa tare and use of laboratory animals*
(1996) and under the supervision of the Ethical @ittee of the Medical Faculty in Hradec

Kralove.

2.2. Experimental design



In this study both the LV-filling pattern and plagmevels of troponin T were
examined weekly in the daunorubicin and controlugso(n=5, each) during 10 weeks. For
appropriate evaluation of all parameters of thefllNig the combined anaesthetic regimen
(ketamine+xylazine) used by others for this purp@®engwerthet al 2004; Naguetet al
2000; Litwin et al. 1994) had to be employed. However, since xylaziself may have
certain heamodynamic effects, another group of alsiraxamined under ketamine alone (the
ketamine group, n=5) was introduced to the studiye daunorubicin group was injected with
daunorubicin (3 mg/kg, once weekly for 10 weekspimalidated schedule for induction of
daunorubicin cardiomyopathy (Gersl and Hrdina 1994nuneket al 2004). Control and
ketamine groups were receiving saline (2 ml/kg,eoneekly, 10 weeks).

Blood for cardiac troponin T analysis was samplegekly immediately after the
Doppler measurements. The heart rate was deternfiaed ECG. Body weight gain at the
end of the study was determined. At the end ofetkigeriment (i.e. 4 — 5 days after the last
administration), invasive haemodynamic measuremesmt® performed. The animals had
been killed with pentobarbital overdose and thearts were excised. The removed hearts

underwent histological as well as biochemical exation.

2.3. Echocardiography

Since the echographic examination is unfeasibt®mscious rabbits, the animals were
anaesthetized with injectable anaesthetics. Thankee group was anaesthetised with
ketamine alone (50 mg/kg, i.m.), while in the cohtand daunorubicin groups combined
anesthesia was used (ketamine 50 mg/kg + xylazingg/kg, i.m.). After the appropriate
depth of anaesthesia was reached (approx. 10 thenjabbits were placed on the table on the
left lateral decubitus. The echocardiograms werginbed using a GE Vingmed CFM 800

apparatus (GE Vingmed Ultrasound, Norway) equipywét a 7.5 MHz standard paediatric



probe. The apical four-chamber view was obtainedhegns of the left parasternal approach.
The HPRF (High Pulse Repetition Frequency) modeul$e-wave Doppler imagining was

used to study the LV- filling. The mitral inflow waecorded through a sample volume of 1.2
mm placed at the tips of the mitral valve leafl&galuated parameters (peak filling rates of E
and A wave, acceleration and deceleration timesg wletermined from 3-5 cardiac cycles,

while at least 3 different Doppler recordings web¢ained during each examination.

2.4. Invasive haemodynamic measur ements

In pentobarbital anaesthesia, the left carotidraneas prepared and a PE catheter
(length 300 mm, inner diameter 1.0 mm), filled-imthwheparinized (10 1U/ml) saline was
introduced into the left heart ventricle. After &-thinute equilibration period, the
measurement of the following parameters was peedrrthe heart rate (HR), maximal rate of
the pressure rise in the isovolumic phase of tiséosy (the maximum of the first derivative of
LV pressure - dP/dty) and the maximal rate of pressure decline in so@dlumic phase of
diastole (the minimum of the first derivative of Lpressure - dP/gdt). Arterial blood
pressure (BP) measurement was performed using enBth catheter inserted into the right
femoral artery. An ADI PowerLab 8SP apparatus (Atimments, Australia) with appropriate
transducers and the software CHART for Windows 13.4were used for pressure

measurements, their differentiation and recording.

2.5. Plasma levels of cardiac troponin T

Concentrations of cardiac troponin T (cTnT) weetedmined in heparinized plasma
samples using an Elecsys Troponin T STAT Immungaseaan Elecsys 2010 immunoassay
analyzer (Roche, Switzerland) according to the rfanturer’s instructions. This third-

generation assay is based on electrochemiluminesa@munoassay technology (ECLIA)



using two mouse monoclonal antibodies a sandwich format (two step assay). These
antibodies show no cross reactivity with skeletall Tfor concentrationsp to 1000 mg/ml
(0.005%). The detection limit for the cTnT deteration was 0.010 pg/l and values below

this detection limit were considered to be zero.

2.6. Biochemical analysis of LV samples

Samples taken from the identical parts of the L\thef excised hearts were dried and
after cooling period they were weighed and digestedicrowave digestion with nitric acid
and hydrogen peroxide. The total calcium contenthim prepared samples was measured
photometrically using flame photometry (Eppenddifox 5053, Germany). Results are
expressed gsg/g of dry tissue.

The collagenous proteins of the LV myocardium weeéermined as hydroxyproline
concentration with an adjustment by factor 7.4@@viouslydescribed (Peloucét al. 1995).
Hydroxyproline concentration was measured as fadlolmomogenates of myocardial tissue
(6.3%) were hydrolyzed with the equal volume of Mmal/l NaOH at 120°C for 20 min.
Oxidation of the hydrolyzate (0.1 ml) was startethwhe addition of chloramine-T reagent
(0.9 ml) at 25°C and was stopped after 50 min by adding Ehrlialdehyde reagent (1.0 ml).
After incubation of samples at 63C for 20 minutes the absorbance of developed

chromophore was read at 550 nm.

2.7. Histological examination

After macroscopic examination, the heart was disseand the tissue blocks of the
transversely sectioned left and right cardiac veles and left atrium (incl. auricle) were
taken for histological examination. The material swéxed by immersion in 4 %

formaldehyde for 5 — 7 days. Paraffin sections if6 thick) were stained with haematoxylin-



eosin and Masson’s blue trichrome. Photomicrograpéie made with a Lucia G software
version 4.51 (Laboratory Imaging, Prague, CzechuBkg). A six-point scale (Score 0 - 5)
for the semiquantitative evaluation of histopatigadal changes in the myocardium was used

as previously described (Simunekal. 2004).

2.8. Statistical analysis

All results are expressed as mean + S.E.M. Thesttal software SigmaStat for
Windows 3.0 (Jandel, Germany) was used in thisystBanificances of the differences were
estimated using the One Way ANOVA unpaired tesinfgarison between groups) or the
Paired t-test (comparison with the initial valughin one group). The data without a normal
distribution were evaluated using the nonparamégsts: Kruskal-Wallis ANOVA on Ranks

and Wilcoxon Signed Rank Test.

3. Results

3.1. General toxicity

One premature death was observed in the daunomubioup (in the 7 week). All
animals in the control and ketamine groups surviuetll the end of the experiment. With
respect to the initial body weights (control greug.04 + 0.14 kg, daunorubicin group = 3.81
+ 0.11 kg, ketamine group = 4.04 + 0.24 kg), a ifiggnt increase of this parameter was
observed at the end of the study in the ketamidd. .Gl + 2.62 %, p<0.05) and control
(117.18 £ 2.06 %, p<0.05) groups, while in the daubicin group it remained unchanged
(98.97 £ 7.33 %, n.s.). The final body weights ke tdaunorubicin group were also
statistically lower than those determined in thetoa group (p<0.05).

3.2. LV-filling patter n assessed by echocar diography



The parameters of transmitral inflow were evaluaedally weekly, for 10 weeks, in
two groups of rabbits (daunorubicin and controlxesthetised with the combined ketamine —
xylazine regimen as well as in the ketamine grompere ketamine only anaesthesia was
employed. The results are summarised in Fig. 2 &ey A-wave, E/A) and Fig. 3
(acceleration time, deceleration time). No sig@aifitchanges in any parameter were observed
in the control group. Surprisingly, no significantnd in any parameter could be recognized
also in the daunorubicin group, either in a congmariwith the beginning of the experiment or
in a comparison with the control group. Only fegrsficant - however inconsistent - changes
were observed in the daunorubicin group in comparisith the control group and no clear
tendency could be distinguished. Unlike in conad daunorubicin groups, where typical
biphasic filling was observed (Fig. 1B), only a dngh peak was observed in ketamine group
(Fig. 1A) - despite the maximal horizontal sweettiisg. Therefore, here one could determine
only the maximal peak-filling rate (E) and its decation and deceleration times. In
comparison with both other groups, markedly différeralues were obtained in these
parameters during the whole experiment, while dely other significant changes were noted
(elevation of the maximal peak filling rate in th& week and a moderate decrease in

deceleration time in thé"7and &' weeks).

3.3. Invasive haemodynamic measur ements

At the end of the study, the invasive haemodynameéasurements were performed.
The parameters of the LV-relaxation (dR{gtand contractility (dP/dk, are shown in Fig.
4. A significantly lower dP/@f, was determined in the daunorubicin group in comspar
with the control group. However, an even more prant difference in dP/gt, was apparent
between the control and ketamine groups, which estgg significant impact of xylazine on

this parameter. Furthermore, Fig. 4 clearly denratss the significantly lower LV
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contractility (dP/dtay in the daunorubicin group as compared to therobmfroup. Other
haemodynamic parameters are summarised in TabfdtlHough the mean heart rate was
rather lower in the daunorubicin than in the cangmup, this did not reach statistical
significance, whereas the difference in blood pressvas more prominent and significant.
Importantly, both the latter parameters were sigaiftly lower in the control group
(combined anaesthesia) than in the ketamine grainich again points out the profound

haemodynamic effect of xylazine.

3.4. Plasmalevelsof cardiac troponin T

Plasma cTnT levels in both the control and the rkéta groups were almost
completely below the detection limit (i.e. <0.01g/l). Only a slight elevation above this limit
was witnessed in few rare cases. In contrast, &edgprogressive rise of cTnT levels was
observed in the daunorubicin group commencing with 3-4" week and reaching the

statistical significance in thé"sveek (Fig. 5).

3.5. Biochemical analysisof LV samples

The myocardial content of total calcium in the L¥ngles was determined to be
10.25 £ 1.36, 10.60 + 0.67, and 15.79 * 2@ffg of dry tissue for ketamine, control, and
danunorubicin groups, respectively. While very elealues of total myocardial calcium were
observed in the ketamine and control groups, asstatly significant elevation of total
calcium concentration was found in the daunorubggcoup.

The total amount of collagen (i.e. both soluble armbluble) in the LV myocardium
was significantly higher in the daunorubicin grqdg.74 + 0.79 mg/g wet weight) than in the

control and ketamine groups (14.43 + 0.37 and 12.931 mg/g wet weight, respectively).
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3.6. Histological examination

In the LV myocardium obtained at the end of expenimfrom the ketamine and
control groups (Fig. 6 A,B), only weak signs of magadial changes were detected. Only
several scattered myocytes appeared to have imcreassinophilia of the cytoplasm,
disintegration of myofibrils or pyknotic nuclei €8re 1. These changes were also observed in
other parts of the heart wall without apparent latfierences. On the contrary, a massive
injury with the foci of necrotic cardiomyocytes,llwed by a conspicuous macrophagic
infiltrate (Score 3), and signs of progressiverstigal fibrosis (Score 4) were observed in the
LV myocardium of all animals treated with daunoaibi (Fig. 6C). The most intensive
morphological changes (particularly with respecfibvosis) were observed in the LV free
wall. Similar findings with somewhat lower incidenevere also witnessed in the cardiac
septum. The right ventricle wall was distinctlydesamaged in this way. In the left atrium
wall, the foci of scattered necrotic cardiomyocypesvailed but no granular or fibrotic tissue

was observed.

4. Discussion

Introduction of anthracycline antibiotics in thedd 960s represented one of the most
important breakthroughs in modern oncology. Unfoately, the risk of potentially fatal
cardiomyopathy and heart failure remains to reprteaemajor complication with potentially
severe consequences. The early detection of agtirae cardiomyopathy is therefore crucial
for patient’s prognosis, since timely interventi@hscontinuation of anthracycline treatment
or indication of the cardioprotective agent - dexseane) may allow preserving of both
myocardial integrity and function.

In our previous experiments, we have demonstrateat trepeated 10-week

daunorubicin administration (3 mg/kg weekly) iseabd induce marked cardiomyopathy and
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impairment of systolic function in rabbits. Howeyére decline in the LV ejection fraction
was significant only by the end of the 10-week expent (Simuneket al 2004). These
findings correspond with rather lower sensitivitl tbe echographically-estimated ejection
fraction (Shanet al. 1996). Therefore, the present study was desidonesgystematically
investigate and compare the feasibility and utilitf two independent approaches
(echographically examined LV filling pattern andagina levels of troponin T) for early
determination of anthracycline-induced cardiotayién rabbits. In this study, we show that
relatively high heart rate (though physiologicaltis species) makes Doppler evaluation of
the LV-filling troublesome. As we also attemptedptrform the Doppler measurements using
other anaesthetics (e.g. a benzodiazepine mida}olastead of ketamine without any
improvement, wrong anesthesia cannot be blamed filasn complication (unpublished
results). In contrast, combinational anaesthetiginnen containing xylazine improved
significantly the quality of Doppler recordings wansmitral inflow and the typical biphasic
pattern has been reached (Fig. 1B). This improwedity of the recordings was obtained only
at the expense of profound changes in the heastastwell as other key cardiovascular
variables (Table 1). Interestingly, this combinataf injectable anaesthetics is, indeed, quite
frequently used in experimental research and it d¢sn also found in numerous
echocardiographic studies performed on rabbits,aatl mice (Rungwertst al. 2004; Bullet
al. 2003; Derumeaurt al 2002; Chavest al 2001; Teraokat al. 2000; Tokudomet al
2000; Naguetlet al 2000; Pennockt al. 1997; Hoitet al 1995; Litwinet al 1994; Younget
al. 1990).

In this study, we followed for the first time th&/-filling pattern in animals treated
with daunorubicin in a standard schedule used foe tnduction of anthracycline
cardiomyopathy. Surprisingly, no significant comesig changes in any parameter evaluated

(E, A, E/A, acceleration time, deceleration timeyld be observed during the whole study.
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With few rare exceptions, these values were sintidathose in the control group. These
results are also comparable to those referreddiotral groups in the literature (Rungwegh

al. 2004; Naguelet al. 2000). Despite of the negative findings of theaggaphic part of this
study, the diastolic dysfunction was clearly provsdmore sensitive invasive measurement
performed at the end of the study - the dR{dhdex (maximal rate of pressure decline in the
isovolumic phase of diastole) was significantly ueeld (Fig. 4). The invasiveness of this
approach, however, markedly complicates the pracwmployment of this method and
therefore its potential repeated use in clinicdtirsg is, indeed, virtually unfeasible. The
discrepancy observed between the non-invasive mrasive evaluation of the LV diastolic
function in the present experiment is supposecketbkiely related to the lower sensitivity and
specificity of the Doppler measurement of the LNiffg together with the confounding
effects of xylazine-containing anaesthesia, whignicantly altered the heamodynamic
parameters.

Our previous findings (Simuneit al 2004) as well as other indices from this study
strongly support the validity of the results of aswe measurements pointing out the
significant abnormality in the diastolic functiomhe impairment in lusitropic properties of
LV is known to be dependent on both myocyte compoifeepresented mainly by calcium
handling abnormality) and non-myocyte componenhieative tissue proliferation creating
the basis for myocardial fibrosis) (Katz 2001).the present study, the biochemical analysis
of LV samples obtained from daunorubicin treatedmats revealed both significant
impairment of total myocardial calcium content amdrked elevation of the amount of
collagenous proteins, which was also documentddlbgically (Fig. 6). Other morphological
findings well documented typical left ventricularyatardial injury induced by chronic
anthracycline treatment and are well in line witleypous reports (Herman 1985, Simunek

2004).
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In contrast to numerous complications experiencied serial evaluations of the LV-
filling pattern, the troponin T plasma level detaration is shown to be easy to obtain and a
very sensitive marker of daunorubicin-induced aatakicity. These experiments were first to
systematically study the elevations of troponimTplasma through out the whole course of
development of anthracycline cardiotoxicity. We @agxperienced detectable elevations
above the detection limit already since the™akek (i.e. at cumulative dose of daunorubicin
= 100-150 mg/rf), while commencing with the"Sweek, the rise of this marker became
statistically significant (cumulative dose of dauasuicin = 200 mg/n3). The progressive
increase in cTnT levels well corresponds with thecessive nature of chronic anthracycline
cardiotoxicity, where the cardiac risk dependsl@dumulative dose (von Hofé&t al. 1979).
Our results thus suggest that - at least in ouex@ntal conditions - troponin T is the
earliest and very useful marker of cardiac toxiamgluced by daunorubicin. Moreover,
troponin T is a marker which may find applicability other laboratory animal species (e.g.
mouse, rat) employed for the modelling of anthréingccardiotoxicity and evaluation of
potential cardioprotectants (Wallaetal 2004, Adamcovat al. 2005) and, indeed, it can be
also used in the clinical practice.

In conclusion, using the standard echocardiogramjuypment, Doppler evaluation of
the LV-filling pattern in rabbits seems to be coiogled within the physiological heart rate.
Xylazine-containing anaesthesia enables high quahltaluation of diastolic filling in this
species; this approach, however, does not haveedictive value for the development of
myocardial damage induced by daunorubicin. In @mttto the Doppler assessment of
diastolic function, cardiac troponin T was shown e a sensitive marker of early
daunorubicin cardiotoxicity, which may be used iffedlent animal species as well as in
clinical practice. Therefore, cTnT deserves furtegperimental as well as clinical research as

a biomarker of anthracycline-induced cardiotoxicity
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Table 1 Heart rate and blood pressure at the etfteaftudy

HR (min®) | BP (mmHg)

ketamine 208 + 8 96 + 6

control 206+14k | 75+8k

daunorubicin 178 + 23 51+2c¢C

HR = heart rate, BP = mean arterial blood pressataistical significance (ANOVA,40.05)

in comparison with the control group - “c” and #etamine group — “k”.
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Figurelegends
Fig. 1. Left ventricular transmitral inflow in rabbits — anaesthetized with a) ketamine 50
mg/kg or b) a combination of ketamine 50 mg/kg ayldzine 2 mg/kg. “E” — early (passive)

and “A” — latter (active) component of the left wecular filling.

Fig. 2. Peak filling rates of the passive and active components of the left ventricular

filling and their ratio during the experiment. “E — wave” - early, passive component, “A —
wave” - latter, active component, and E/A - ratib bwth peak filling rates. Statistical
significance — “*” in comparison with the initialalues within each group (paired t-test,

p<0.05) and “c” with the control group (ANOVA<0.05).

Fig. 3: Acceleration and deceleration times during the experiment. Statistical significance
— “*”in comparison with the initial values withieach group (paired t-tests@.05) and “c”

with the control group (ANOVA, £0.05).

Fig. 4. Maximal rate of pressure decline in the isovolumic phase of diastole (dP/dtnin)
and maximal rate of the pressure rise in the isovolumic phase of the systole (dP/dtmax)
determined invasively at the end of the stuByatistical significance (ANOVA, €0.05),

“n.s.” — not significant.

Fig. 5. Cardiac troponin T plasma concentrations in the time-course of the study.
Statistical significance — “*” in comparison withd initial values within each group (paired t-
test, i<0.05) and “c”, “k” with the control group and ketara group (ANOVA, 0.05),

respectively.
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Fig. 6: Histological examination of the left ventricular myocardium.

In both saline-receiving groups: ketamine (Fig Ail@ontrol (Fig B), increased eosinophilia
of cytoplasm (E — homogenously eosinophilic ceXls;: eosinophilic strips in the cytoplasm
of myocytes), woven myocytes (W) and some scattpyddotic nuclei (arrows) are the only
present changes (score 1). C — normal cardiomyscyite a sharp contrastepeated
administration of daunorubicin (Fig C) causes aswasinjury of the myocardium (score 4).
The number of intensely eosinophilic cells (E) @ases whereas the foci of necrotic (N)
cardiomyocytes, followed by a conspicuous macrohiadltrate (M), markedly increase in
size and number. Healing process, i.e. the progeegsterstitial fibrosis subsequently
develops in this group. At first, the granulatiosstie appears that mature to fibrotic tissue
(marked by bundles of collagen fibers — F1). Findibrotic scars of different size may also

develop (F2)Masson'’s blue trichrome. Bar 3(n.
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Fig.
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Fig. 3
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Fig. 4
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Fig. 5
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