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Amifostine improves hemodynamic parameters
in doxorubicin-pretreated rabbits
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Abstract:

Amifostine reduces nephrotoxicity and myelotoxicity of alkylating agents. Little is known about its role in preventing cardiotoxicity.
We studied if amifostine could affect the hemodynamic parameters in doxorubicin-pretreated rabbits. The animals were divided into
six groups consisting of 6 rabbits each. Group 1 – doxorubicin iv 2 mg/kg of body weight 4 times every 14 days (cumulative dose
8 mg/kg); group 2 – a dose of doxorubicin was 3 mg/kg (cumulative dose 12 mg/kg); groups 3 and 4 – amifostine iv 30 mg/kg 15 min
prior to doxorubicin 2 and 3 mg/kg, respectively, groups 5 and 6 – amifostine- and physiological saline-treated controls. Two-three
weeks after the last dose the animals were anesthetized and cardiac index (CI) i.e. cardiac output/body weight, and total peripheral
resistance (TPR) were calculated using the method of human I��� albumin dilution. Mean CI was 71.4 ± 40.5 ml/min/kg in group 2,
135.8 ± 41.2 in group 5 (p < 0.001), and 116.4 ± 47.8 in group 6 (p < 0.001), TPR was 4.7 ± 3.3 kPa × s/l, 1.1 ± 1.2 (p < 0.001), and
1.9 ± 1.1 (p < 0.001), respectively. In group 4, CI was 135.4 ± 33.2, and TPR was 1.1 ± 0.6. The differences in CI and TPR between
groups 2 and 4 were statistically significant (p < 0.001). In conclusion, pretreatment with doxorubicin at the total dose of 12 mg/kg
significantly reduced CI and increased TPR. Amifostine improved CI and TPR in doxorubicin-pretreated rabbits.
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Introduction

Cardiotoxicity is one of the most important and clini-
cally significant adverse events of doxorubicin. Ex-
perimental data about heart damage were reported by

numerous studies conducted on mice, rats, rabbits and
guinea pigs [36]. However, the majority of the studies
assessing functional damages were conducted on rab-
bits and these animals are considered to be the best
experimental model of doxorubicin-induced cardiac
injury [42]. Jaenke showed for the first time that dam-
age of cardiomyocytes was correlated with the cumu-
lative dose of doxorubicin [19]. This observation was
also confirmed by Long et al. [24]. Arnolda et al.
showed that in rabbits receiving doxorubicin at a cu-
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mulative dose of 16 mg/kg, cardiac output was de-
creased whereas total peripheral resistance was in-
creased [2].

Amifostine (WR-2721) is one of a few cytoprotec-
tive compounds [38]. Its active metabolite free thiol
WR-1065 acts as a free radicals scavenger. Ami-
fostine is almost exclusively taken up by normal tis-
sues. In rats with experimental cancer, amifostine
concentration was 10–100-fold higher in normal cells
than in tumor cells [41]. Furthermore, amifostine may
potentiate doxorubicin efficiency in leukemia cells in

vitro [34]. In humans, amifostine prevents bone mar-
row and kidneys from toxicity of alkylating agents.
There are also data suggesting cytoprotection during
therapy with taxoids, vinca alkaloids and mitomycin
C [37]. Until now, only very few reports have been
published concerning prevention of cardiotoxicity by
amifostine. Dorr et al. showed that amifostine par-
tially prevented doxorubicin-induced damage of rat
cardiomyocytes in vitro [7]. Similar observations
were published by Nazeyrollas et al. and by
Dragojevic-Simic et al. [8, 27, 28]. Bhanumathi et al.
also reported that in mice WR-1065 decreased the
damage caused by doxorubicin in the heart, lungs and
liver and it was not interfering with the antineoplastic
activity of the drug [4]. Green and Schein observed
less degenerative changes in mouse hearts after doxo-
rubicin and amifostine administration when compared
to doxorubicin alone [11]. More recently, Bolaman et
al. have observed that amifostine decreased doxorubicin-
induced lipid peroxidation in the rat heart tissue [5].
However, some authors found that amifostine had lit-
tle or no effect on cardiotoxicity of doxorubicin [13,
16, 33].

The aim of the study was to determine if amifostine
could affect the hemodynamic parameters in
doxorubicin-pretreated rabbits.

Materials and Methods

Animals

Thirty six outbred rabbits weighting 2.4–4.0 kg of
both sexes, divided into 6 groups consisting of 6 ani-
mals each were used (Tab. 1). The animals were
housed in standard single cages, under 12 h dark-
ness/12 h light, and were fed on standard feed and wa-

ter ad libitum. The experiment was approved by the
Local Bioethics Committee (Medical University of
£ódŸ, Poland), and both the international guidelines
for the welfare of the animals and the compatible lo-
cal regulations for experimenting with laboratory ani-
mals were fully respected during the study. All ani-
mals were sacrificed immediately after the hemody-
namic experiment (while still remaining under
general anesthesia).

Drugs and chemicals

Doxorubicin (Adriblastin R.D., Pharmacia, Italy),
amifostine (Ethyol�, Schering-Plough), urethane
(Urethanum, Xenon, Poland), chloralose (�-Chlora-
lose, The British Drug Houses Ltd., B.D.H. Labora-
tory Chemicals Division, the United Kingdom), 0.9%
solution of sodium chloride (Polfa, Poland), epineph-
rine (Adrenalinum, Polfa, Poland), human albumin la-
beled with radioactive iodine 125I (Research and De-
velopment Center, Œwierk, Poland), heparine (Hepari-
num, Polfa, Poland).

Experimental cardiotoxicity

The subacute damage of cardiovascular system was
induced by the treatment with doxorubicin during
a period of 42 days. Doxorubicin was injected into
a peripheral vein 4 times every 2 weeks (cumulative
dose was 8 mg/kg in groups 1, 3 and 12 mg/kg in
groups 2, 4). Amifostine was injected iv 15 min prior
to doxorubicin.

Assessment of hemodynamic parameters: experi-
ments were conducted 14–21 days after the last doses
of the drugs. Animals were anesthetized with iv ure-
thane (400 mg/kg) and chloralose (40 mg/kg). A gen-
eral anesthesia with urethane and chloralose was cho-
sen because of its long-lasting duration and the lack of
significant influence on hemodynamics in rabbits
[23]. A heparinized caniula connected to a pressure
converter Viggo-Spectramed DTX/PLUS and a meter
Press 8041 S and W (Medico Teknik, Denmark) was
inserted into the carotid artery. Radioactive albumin
was injected into the jugular vein and blood samples
were taken from the femoral artery. Due to a deep
general anesthesia all animals had also a tra-
cheostomy. In 75th minute of the experiment, epi-
nephrine was injected iv at a dose of 0.1 mg/kg. He-
modynamic parameters were measured as previously
described [21, 40]. Systolic, diastolic and mean arte-
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rial pressures were recorded by a meter Press 8041
(Medico Teknik, Denmark) in 0, 15, 30, 45, 60, 75,
90, 105, 120 and 135 min of the experiment. Heart
rate was assessed by an electrocardiogram recorded
by a Trendscope 8031 S and W (Medico Teknik A/S,
Denmark). Cardiac output (CO) was assessed by the
method of radioiodine labeled human albumin dilu-
tion. Radioactivity of the heart was measured by
a collimated, spectrometric scintillation meter con-
nected to the linear integrator of a set ZM-703 M3
(Polon, Poland) designed for the use in vivo. The ra-
dioisotope was injected in a volume of 1 ml at 0, 15,
30, 45, 60, 75, 90, 105, 120 and 135 min of the experi-
ment. Ten minutes later, after each injection of radioi-
sotope, blood samples of 1 ml were taken. Radioactiv-
ity of samples was measured in a Gamma Counter
Wallac 1470 Wizard.

Cardiac index (CI) and total peripheral resistance
(TPR) were calculated according to the formulas:

CI [ml/min × kg] = CO/BW

TPR [kPa × s/l] = (MAP × 8)/CO

CO – cardiac output [ml/min], BW – body weight
[kg], MAP – mean arterial pressure [mmHg].

Cardiac output was measured according to the for-
mula:

CO [ml/min] = (S × 200)/B × E/A × 60

S – activity of a standard [impulses/min/ml], B – ac-
tivity of 1 ml of blood sample [impulses/min/ml], E –

difference between background activity and heart ac-
tivity [cm], A – area under radicardiographic curve of
the first pass of the labeled albumin [cm2], 60 – speed
of a registration paper [cm/min], 200 – quotient of di-
lution of a model radioidine labeled albumin.

Statistics

All results are presented as the mean values ± stan-
dard deviation. Multiple comparisons of independent
groups were performed by using Kruskall-Wallis
analyses with the Dwass-Steel-Critchlow-Fligner pro-
cedure. Differences were considered significant when
p value was less than 0.05.

Results

Analysis of the results evidenced big intra-group vari-
ability of hemodynamic parameters. It was particu-
larly clear in respect to total peripheral resistance. In
control groups, TPR was lower in rabbits receiving
amifostine when compared to animals receiving
physiological saline. CI was similar in both controls.

Values of CI in animals receiving doxorubicin or
doxorubicin and amifostine are shown in Table 2.
There was a clear difference in CI between animals
receiving different doses of doxorubicin. In rabbits re-
ceiving doxorubicin alone at a dose of 3 mg/kg, CI
was significantly lower when compared to the con-
trols. In the second part of the experiment, after epi-
nephrine administration, this difference was less evi-
dent. No change in CI was observed in a group receiv-
ing 2 mg/kg of doxorubicin. Amifostine highly
significantly improved CI in animals treated with
doxorubicin at 3 mg/kg. This influence was clear in
both parts of the experiment. Animals receiving the
higher dose of doxorubicin and amifostine had CI val-
ues similar to the controls.

TPR values are shown in Table 3. Doxorubicin at
a dose of 3 mg/kg highly significantly increased TPR
in both parts of the experiment. Amifostine decreased
TPR in rabbits receiving the higher dose of doxorubi-
cin. In this group of animals, TPR was similar to
amifostine-treated controls and was lower than in sa-
line controls.
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Group number Drugs used Doses Total dose
of doxorubicin

1 Doxorubicin 2 mg/kg 8 mg/kg

2 Doxorubicin 3 mg/kg 12 mg/kg

3 Doxorubicin
Amifostine

2 mg/kg
30 mg/kg

8 mg/kg

4 Doxorubicin
Amifostine

3 mg/kg
30 mg/kg

12 mg/kg

5 Amifostine 30 mg/kg 0 mg/kg

6 0.9% solution
of sodium chloride

10 ml 0 mg/kg



Discussion

There are different opinions about dosing of doxoru-
bicin in rabbits, intervals between injections and the
duration of treatment. The majority of authors have
administered doxorubicin at a dose of 1 mg/kg twice
a week, 12–18 times [2]. Usually, the cumulative
doses did not exceed 12–16 mg/kg. Others used doxo-
rubicin at a dose of 2 mg/kg weekly for 7 weeks [42].

In this study, we gave a total dose of doxorubicin
equal 8 or 12 mg/kg in a period of 6 weeks. We used
higher than usually administered single doses but in-
tervals between doses were longer i.e. every 2 weeks.
Solcia et al. suggested that in mice, rabbits, rats and
dogs anthracycline-induced cardiomyopathy was more
evident when drug was given at higher doses in
a shorter period of time [36]. We confirmed this ob-
servation as hemodynamics of rabbits receiving doxo-
rubicin at 12 mg/kg was significantly impaired. Such
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Tab. 2. ������� ����2 ������

Group Mean ± SD
[ml/min � kg]

Measurements
during 135 min

Significant
differences

(p)

Mean ± SD
[ml/min � kg]

Measurements
during the first 60 min

Significant
differences

(p)

Mean ± SD
[ml/min � kg]

Measurements
during the last 60 min

Significant
differences

(p)

1 109.7 ± 49.8 1 vs. 2 (0.012) 127.6 ± 51.0 1 vs. 2 (0.001) 91.9 ± 42.6 1 vs. 4 (0.036)

2 71.4 ± 40.5 2 vs. 4 (< 0.001)� 66.4 ± 44.1 2 vs. 3 (0.045) 77.0 ± 36.5 2 vs. 4 (0.008)�

3 98.5 ± 52.6 2 vs. 5 (< 0.001) 108.4 ± 50.4 2 vs. 4 (< 0.001)� 87.4 ± 53.6 2 vs. 5 (0.033)

4 135.4 ± 33.2 2 vs. 6 (< 0.001)� 138.2 ± 26.7 2 vs. 5 (< 0.001) 132.6 ± 39.4

5 135.8 ± 41.2 3 vs. 4 (0.012) 144.7 ± 34.3 2 vs. 6 (0.001)� 124.7 ± 47.3

6 116.4 ± 47.8 3 vs. 5 (0.013)� 129.3 ± 46.7 103.5 ± 46.1

1���� ���3��� �� ����� �� 4�30 - � 5 ���������� �� ������ �2����� ���	 �� ��2���3���� ���� ��� ������� ����� �2����� �� ��	���������� ��#
����� � 5 ���������� �� ������ �2����� �� ��2���3���� ���� ���������� ���� ��� ������� ����� �2����� �� ����������� � 5 ���������� �� ������
�2����� ���	 �� ��2���3���� ���� ������ �2����� �� ��2���3���� ���� ����������

Tab. 3. 4���� ���������� ���������� ������

Group Mean ± SD
[kPa � s/l]

Measurements
during 135 min

Significant
differences

(p)

Mean ± SD
[kPa � s/l]

Measurements
during the first 60 min

Significant
differences

(p)

Mean ± SD
[kPa � s/l]

Measurements
during the last 60 min

Significant
differences

(p)

1
2.7 ± 3.3

1 vs. 2 (< 0.001) 2.6 ± 3.5 1 vs. 2 (0.001) 2.8 ± 3.1 2 vs. 4 (< 0.001)�

1 vs. 4 (0.048) 1 vs. 5 (0.015) 2 vs. 5 (< 0.001)

2
4.7 ± 3.3

1 vs. 5 (0.001) 5.5 ± 3.7 2 vs. 3 (0.001) 3.8 ± 2.6 2 vs. 6 (0.044)�

2 vs. 3 (< 0.001) 2 vs. 4 (< 0.001)� 3 vs. 5 (0.025)�

3
2.3 ± 2.1

2 vs. 4 (< 0.001)� 2.1 ± 2.1 2 vs. 5 (< 0.001) 2.6 ± 2.0 5 vs. 6 (0.020)

2 vs. 5 (< 0.001) 2 vs. 6 (< 0.001)�

4
1.1 ± 0.6

2 vs. 6 (< 0.001)� 1.0 ± 0.6 3 vs. 4 (0.012) 1.3 ± 0.5

3 vs. 4 (0.002) 3 vs. 5 (0.013)�

5
1.1 ± 1.2

3 vs. 5 (< 0.001)� 1.0 ± 0.5 5 vs. 6 (0.017) 1.3 ± 1.7

4 vs. 6 (0.008)

6 1.9 ± 1.1 5 vs. 6 (< 0.001) 1.6 ± 0.8 2.1 ± 1.3

1���� ���3��� �� ����� �� 4�30 - � 5 ���������� �� ������ �2����� ���	 �� ��2���3���� ���� ��� ������� ����� �2����� �� ��	���������� ��#
����� � 5 ���������� �� ������ �2����� �� ��2���3���� ���� ���������� ���� ��� ������� ����� �2����� �� ����������� � 5 ���������� �� ������
�2����� ���	 �� ��2���3���� ���� ������ �2����� �� ��2���3���� ���� ����������



dose administered during the period of 6 weeks
caused significant damage to the cardiovascular sys-
tem. CI was significantly lower while TPR was higher
when compared to the controls. Similar observations
were made by others [2, 39]. A total dose of doxorubi-
cin of 8 mg/kg was too low to cause significant dam-
age to the cardiovascular system. Only slight ten-
dency towards the decrease in CI and increase in TPR
was observed.

To eliminate the possible influence of the acute toxic-
ity of doxorubicin on the cardiovascular system, the he-
modynamic study was performed 2–3 weeks after the
last dose of doxorubicin [39]. This seems to be impor-
tant, as the acute effects of doxorubicin can be opposed
to the subacute or chronic damage. Bristow et al. ob-
served the release of histamine and other vasoactive
substances after doxorubicin [6]. This can influence pe-
ripheral resistance and other hemodynamic parameters.

The majority of experimental studies with ami-
fostine were conducted on rats, mice and dogs. In
dogs, Attie et al. administered a single dose of 15
mg/kg while Herrera et al. of 150 mg/kg [3, 14].
A few authors used amifostine in rabbits. There are no
data about the optimal dose of the drug. When ami-
fostine was given as a single injection before irradia-
tion, usually the dose was as high as 200–300 mg/kg.
However, Pedrotti et al. gave amifostine at a dose of
75 mg/kg [30]. There is also a suggestion that high
doses of amifostine (100–200 mg/kg) may increase
doxorubicin-induced mortality in infant rats [20]. In
the present study, we decided to use repeated doses
similar to doses given to humans i.e. 30 mg/kg.

Heart failure, especially its subclinical stage, can
become evident during exercise or after a pharmacol-
ogical stimulus. Epinephrine at a dose of 0.3 mg/kg
can cause acute heart failure in rabbits [17]. However,
there are no reports about using epinephrine at so high
doses in the experimental, anthracycline-induced car-
diomyopathy. Some authors investigated effects of epi-
nephrine on plasma lipids in doxorubicin-pretreated
rabbits [26]. In the present study, epinephrine was
used at a single dose of 0.1 mg/kg after the first hour
of hemodynamics monitoring.

High standard deviation of CI and TPR values in
particular groups have been observed also by others
[31]. It can be explained by different sensitivity to
anthracycline-induced cardiomyopathy between indi-
vidual animals within relatively small groups.

In amifostine-pretreated rabbits TPR was signifi-
cantly lower when compared to saline controls. TPR

is dependent on both mean arterial pressure and car-
diac output. Intermittent hypotension is one of the
best known adverse effects of amifostine [37]. Its
mechanism is not clear. Ryan et al. observed that ami-
fostine metabolite WR-1065 was a potent vasodilata-
tor and this action was independent of alpha-
adrenergic receptors, adenosine monophosphate and
guanosine monophosphate [35]. However, it is diffi-
cult to explain why this effect lasts for 2–3 weeks
since the last dose of amifostine.

In animals receiving 3 mg/kg of doxorubicin, ami-
fostine significantly decreased TPR and increased CI,
improving and normalizing these hemodynamic pa-
rameters. As mentioned earlier, a dose of 2 mg was
too low to cause significant changes in hemodynamic
parameters. Thus, an addition of amifostine to the
doxorubicin at a total dose of 8 mg/kg could not affect
hemodynamics.

Doxorubicin causes mutations in mitochondrial
DNA and binds to cardiolipine, a phospholipid lo-
cated in the internal mitochondrial membrane [1, 10].
This can cause disturbances in the oxidative phospho-
rylation and depletion of adenosine triphosphate in
cardiomyocytes that leads to the impairment of the
heart contraction. The complex of doxorubicin and
cardiolipine promotes reaction of reductive equiva-
lents with doxorubicin. After reaction with oxygen
superoxide anions, hydroxyl anions and hydrogen
peroxide are generated [10]. Both free hydroxyl ani-
ons and hydrogen peroxide damage membrane lipids
and cause disturbances in citric acid cycle and oxida-
tive phosphorylation [32].

The most important mechanisms that eliminate free
radicals include enzymatic activity of glutathione per-
oxidase and catalase. In cardiomyocytes, the activity
of catalase is insufficient [22]. Doxorubicin also in-
hibits activity of glutathione peroxidase [12]. In mice,
concentration of lipid peroxidation products caused
by doxorubicin is higher in the heart than in lungs or
liver [29]. Free radicals play an important role in the
mechanism of cardiovascular damage after doxorubi-
cin administration. It may explain the protective role
of amifostine. Amifostine and its active metabolite
WR-1065 decrease concentration of oxygen in cells
[9]. This action may inhibit generation of doxorubicin-
induced free radicals.

Isoda et al. observed that amifostine acted as a free
radical scavenger independently of its influence on
oxygen concentration [18]. Amifostine has also the
antimutagenic effect that may decrease damage of mi-
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tochondrial DNA caused by doxorubicin [15]. Ami-
fostine increases the concentration of adenosine tri-
phosphate whereas WR-1065 acts as a free radical
scavenger in mitochondria [25]. Our results are sup-
ported by these observations.

In conclusion, regardless of the underlying mecha-
nism, our study demonstrated that amifostine in ex-
perimental model in vivo prevented subacute cardio-
toxicity of doxorubicin.
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