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A well-known consequence of treating malignant 
diseases with anthracycline antibiotics (AA), and 
the first to be noted  by clinicians, is their car- 
diotropy,  result ing in cardiomyopathy,  in some 
cases with progressive heart  failure and even a 
lethal ou tcome.  Due to the high affinity of AA 
to membranes  and their ability to intercalate be- 
tween D N A  bases, the immedia te  and delayed 
effects of anthracycline therapy are manifested in 
inhibition of  nucleic acid and protein synthesis, 
reduced activity of the mitochondrial  respiratory 
enzymes, and  disturbances of ion homeostasis .  
This results in an energy deficit, an overload 
with metabol ica l ly  inactive calcium, and LPO 
activation in the cells, as well as impaired con-  
tractile funct ion,  and enhanced diastolic rigidity 
of the myoca rd ium [5,7]. Bearing in mind  that  
there are no  effective means  for protect ing the 
myoca rd ium under  condi t ions  of anthracycline 
cardiomyopathy, we proposed a peptide prepara- 
t ion f rom the heart  (HP) which is known to 
s t imula te  c a r d i o m y o c y t e  repai r  af ter  damage  
caused by industrial toxins [2] and to possess an 
antiischemic effect [6]. 

In the present study we tested the possibility 
of correcting daunomycin-induced cardiomyopathy 
with the heart-derived peptide preparation. 
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MATERIALS AND METHODS 

White outbred male rats weighing 200-250 g were 
used for the experiments (Each group comprised no 
less then 10 animals.) Different schemes of intra- 
peritoneal administration of daunomycin (Dm) were 
applied. In the first experiment, Dm was admin- 
istered daily in a dose of 2 m g / m l  over 7 days 
(total dose 14 mg/kg). Another group received HP 
in a dose of 0.5 mg/kg intraperitoneally during 10 
days together with Din. The animals were sacri- 
ficed on days 2 and 4 after the last injection. The 
second group were administered D m  once a week 
in a dose of 5 mg/kg overall four times (total dose 
20 mg/kg). Another group received HP in a dose 
of 0.5 mg/kg 2-3 times per week (in all 22 in- 
jections) together with and following Dm adminis- 
tration. Both groups initially comprised 20 animals, 
which were killed on days 2 and 36 after the last 
Dm injection. A special group was administered 
only HP, and the animals were examined accord- 
ing to the same protocol. In the third experiment 
animals received four injections of 2 mg/kg Dm 
once a week (total dose 8 mg/kg). The HP treat- 
ment  was the same as in the second experiment 
but more  prolonged (30 injections). The animals 
were sacrificed on days 2, 35, and 56 after the last 
Dm injection. In the fourth experiment Dm (2 
mg/kg per injection) was administered according to 
a more prolonged scheme: the 1st week, 4 injec- 
tions; the 2rid week, no injections; the 3rd week, 
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TABLE 1. Biochemical Parameters in Rat Heart Induced by Different Doses of Dm and after Treatment with HP 

1053 

Experimental  
c o n d i t i o n s  

N o r m a l  
E x p e r i m e n t  1 : 

Dm 
D m + H P  

E x p e r i m e n t  2: 
Dirt 
D m +  HP 

Dm 
D m +  HP 
HP 

E x p e r i m e n t  3: 
Dm 
D m  + HP 

Day after 
cessat ion o f  

adminis trat ion  

2nd  
2nd  

2nd  
2nd  
36 th  
36 th  

2nd  
5 

Number  o f  
animals 

13 

t0 
10 

DC,  
nmol/g tissue 

67---14 

8244421 
1 16---26"* 

t23___41 *~ 
1 19---29"* 

MDA,  
n m o l / g  tissue 

10644416 

156---8"* 
143--12"" 

128-4-20 
13244414* 

G - 6 - P ,  
~ m o l / g  tissue 

1.034440.12 

0 . 8 7 - 0 . 1 4  
0.664440.27* 

0.91 4440.25 
0.934440.18 

5 
2nd 

96"-+-19" 
97•  
8244427 

6044424 
7444423 

1 5 5 - 2 1 " "  
102-----9 

11044417 

86-----27 
8044424 

1.53----0.43 *~ 
0.874440.24 
0.914440.30 

0.97-----0.29 
1.034-0.44 

Note. Here and  in TabIe 2: " -- p<0.05, "* - p<0,01 

2 injections; the 4th week, no injections; the 5th 
and 6th weeks, one injection each, in all 15 mg/  
kg cytostatic per animal. In the group treated with 
HP the preparation was injected in a dose of 0.5 
mg/kg daily together with Dm and then during 
about one month after its withdrawal (a total of 
40 injections). The animals were sacrificed 3-4 
months after the start of the experiment and the 
contactility of the heart was evaluated. The con-  
tent of diene conjugates (DC) [8] and malonic 
dialdehyde (MDA) [1] was determined in myocar- 
dial specimens preliminarily frozen in liquid ni- 
trogen (lst and 3rd experiments). The content of 
ATP and glucose-6-phosphate (G-6-P) was mea- 
sured with Boehringer kits according to the mann- 
facturer's manual [4]. In the 4th experiment con- 
tractile capacity and the rhythmo-inotropic charac- 
teristics of  left ventricle trabeculae were evaluated 
under near-isometric conditions and 1 Hz stimu- 
lation with superthreshold stimuli at 33~ in a 
perfusion chamber containing Krebs-Henseleit so- 
lution of the fol lowing composit ion (in raM): 
NaC1 120, KC1 4.8, CaC12 2.0, M g S O  4 1.2, 
KH:PO 4 1-2, NaHCO s 20.0, glucose 10.0, pH 
7.4. Recordings were performed with a 6MKh5S 
mechanotron. The data were processed statistically 
using the Student t test. 

RESULTS 

In the second through the fourth experiments vir- 
tually all rats treated with Dm had more or less 
pronounced signs of cardiomyopathy: dilated and 
flaccid hearts; in the 2rid experiment round mar- 
gins of the liver, ascites, and hydrothorax. The 
gain of body weight in rats treated with the cyto- 
static was delayed in comparison with normal an_i- 

ATP,  
p-mol /g  tissue 

2.634440.18 

3.21 4-0, 18"* 
3, 10-----0.15"* 

2.64-----0,27 
2.20---0.29 
2.704440.25 

2.844440.19 
2,614440.I4 

2.73-----0.36 
2 . 6 3 •  

m comparison with the norm. 

mals, especially in the 2nd experiment. Mortality 
was not observed among rats in the 1st, 3rd, and 
4th experiment, while in the 2nd experiment it 
was considerable. 

In the 2nd experiment animals started to die 
after cessation of the Dm treatment. Some animals 
started to lose weight, which culminated in their 
death some days later. By the 36th day overall 
67N amimals had died in the control group and 
70% in the HP-treated group. Both the single and 
total doses of Dm turn out to be too high and the 
damaging effect of the cytostatic was considerable. 
However, on the 36th day from termination of the 
Dm treatment suvivors in the control differed from 
those in the HP-treated group in body weight, 
appearance, and state of internal organs. The vol- 
ume of ascitic fluid was 2-3-fold less and the liver 
was in better condition in treated than in non-  
treated animals. Moreover, unlike the treated ani- 
mals, in the controls oxidative stress was observed, 
which manifested itself in an elevated content of 
MDA, the end-product of  lipid peroxidation, in 
the heart (Table 1). 

Activation of LPO was also noted at earlier 
time points in the 2nd experiment as well as in 
the 1st experiment, and the HP injections did not 
prevent it. Nevertheless, the normalization of the 
MDA content in the HP-treated vs. control survi- 
vors suggests that HP can improve repair and cor- 
rect the disorders caused by anthracyclme therapy. 
In the 3rd experiment, where the injected doses 
were lowered 2.5 times in comparison with the 
2nd experiment, no increase of LPO products in 
the heart was observed (Table 1). 

In regard to the energetic impacts of Dm 
therapy, the ATP content was virtually unchanged 
in all experiments except the 1st experiment,  
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TABLE 2. Contractile Function of Left Ventricle Trabecula 2 - 2 .5  Months after Withdrawal of Dm (Total Dose 16 mg/kg) and 
after Treatment with HP 

Treatment 

Norm 
Dm 
D m + H P  

Number 
of animals 

8 
6 
5 

After 1 h of adaptation in chamber 

magnitude of 
contraction, 

mg 

rate of 
contraction, 

In.lTl/S ec 

3244-97 
188---99" 
2464-76 

rate of 
relaxation, 

Inin/sec  

146--44 
724-35" 
944-29" 

Rhythm-inotropic dependence of 
contraction at 2 Hz stimulation, 

(in % of initial amplitud e at t Hz) 

after 1 h of 
adaptation in 

chamber 

3164-71 
160-*-95 *~ 
2864-48 

91--9 
78---20 
734-15 * 

after action of 
epinephrine with 

subsequent washout 
for 30 re.in 

97• 
108• 
69"- 20"" 

where even some increase over the normal level 
was noted. The data on a certain stability of the 
ATP content are in conformity with well-known 
results indicating a 45% drop from the initial level 
of creatine phosphate without any fundamental 
changes in the ATP content [3]. Even though the 
ATP content is unchanged, this does not imply 
that the cardiomyocytes are supplied with energy, 
because the con ten t  of  the  main  carr ier  of 
macroergic phosphate, phosphocreatine, is reduced 
[10]. A decreased content of G-6-P, an alterna- 
tive energetic substrate, may attest to the activation 
of reserve pathways of energy metabolism and may 
be considered as a compensatory reaction (lst ex- 
periment). In contrast, the marked elevation of G- 
6-P in rats in the terminal state on day 36 (2nd 
experiment) indicates an inhibition of one of the 
alternative pathways for the maintenance of ener- 
getic homeostasis in the heart [9]. 

The study of the contractile function per- 
formed on trabeculae of the left ventricle in the 
4th experiment demonstrated an impaired contrac- 
tility, the strength of contractions being 2-fold 
lower. The treatment with heart peptides consid- 
erably improved this parameter (Table 2). Contrac- 
tion and relaxation rates were also reduced in HP- 
treated animals but to a lesser extent than in 
nontreated rats (Table 2). The response to an in- 
crease of the stimulation frequency was somewhat 
lower in damaged than in normal muscle. The 
difference between the control and HP-treated 
groups was revealed after the action of epineph- 
rine on the muscle. In rats treated with Dm 
alone, a strong stimulatory effect on contrac- 
tions under high-frequency stimulation persisted 
after epinephrine was washed out, and the Bou- 
dich staircase became positive, which suggests ei- 
ther an elevated Ca 2+ concentration in the cyto- 
plasm or an increased sensitivity of myofibrils to 
Ca 2+, as was assumed previously [5]. However, in 
HP-treated rats the reaction was found to be in- 
verse (Table 2). 

Thus, HP administration to rats treated with 
Dm resulted in improved contractility of the heart 
trabeculae and reduced reaction to a Ca 2+ excess in 
response to epinephrine stimulation in comparison 
with the control rats. HP affects the Ca ~+ distri- 
bution between cell pools and modulates the re- 
sponse of the contractile apparatus to changes in 
the Ca 2+ concentration. The effect of HP is prob- 
ably related to improvement of the repair processes 
in the myocardium and its structural restoration. 

The effect depends not only on the total but 
also on the single dose of Dm, as well as on the 
interval between injections. Therefore, the preven- 
tion of cytostatic overdosage is still a crucial fac- 
tor in anthracycline therapy. The peptide prepara- 
tion from the heart appears not to prevent the 
intercalation of Dm molecules into membranes and 
between DNA bases. Nevertheless, it may improve 
the structural and functional properties of t h e  
myocardium at a later stage following the with- 
drawal of the drug. 
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