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ABSTRACT 

Chronic doxorubicin-induced cardiotoxicity is believed to be caused by 
the formation of oxygen free radicals. Thus O-(j~-hydroxyethyl)-rutosides, 
a standardized flavonoid mixture (Venoruton) with iron chelating and 
radical scavenging activity, might provide protection. Therefore, we in- 
vestigated the (cardio)protective effect of Venoruton (1.5 g/kg injected i.p. 
on days 1-5, 8-12, 15-19, and 22-26) in BALB/c mice treated with doxo- 
rubicin (4 mg/kg injected i.v. on days 1, 8, 15, and 22) compared with mice 
treated with doxorubicin alone. Saline-treated animals served as controls. 
No mortality was encountered in either of the groups; weight gain data 
suggest little general toxicity of this dose schedule. The basal frequency of 
the isolated right atria was increased in doxorubicin-pretreated animals as 
compared to control animals (468 + 22 and 366 _+ 20 beats/min, respec- 
tively). Venoruton coadministration diminished this increase (373 _+ 17 
beats/min). The -log of the concentration giving 50% effect of/-isoprena- 
line on the right atrium was changed after doxorubicin pretreatment (8.33 
-+ 0.04 v e r s u s  8.86 _+ 0.06 for control animals). Venoruton coadministration 
resulted in a smaller shift in the -log of the concentration giving 50% 
effect (8.51 +_ 0.10) than with doxorubicin alone. The extent of cardiotox- 
icity found in the functional studies was confirmed by histological scoring 
of heart ventricle damage. It can be concluded that Venoruton has the 
potential to protect against doxorubicin-induced cardiotoxicity. 

INTRODUCTION 

Doxorubicin, an anthracycline originally isolated from Streptomy-  

ces peuce t ius ,  has potent antitumor activity against a wide range of 
human malignancies. The major acute toxicity is bone marrow sup- 
pression, but the long-term clinical usefulness is limited by a cumu- 
lative dose-related cardiotoxicity, which manifests itself as congestive 
heart failure. 

It has been suggested that doxorubicin may have at least two 
mechanisms of action that cause tissue damage (1). One mechanism 
involves oxygen free radical damage which is inhibited by free radical 
scavengers. This pathway appears to play a major role in the devel- 
opment of cardiomyopathy (1). The other mechanism is mediated by 
the intercalation of doxorubicin to DNA and is unaffected by free 
radical scavengers. This appears to be the major determinant of doxo- 
rubicin cytotoxicity to tumor cells (2). 

Cardiac tissue appears to be particularly sensitive to free radical- 
induced toxicities because the enzymes which protect against oxida- 
tive damage are markedly reduced compared to other tissues in the 
body (1, 3, 4). Furthermore, doxorubicin and its iron complex have a 
high affinity for cardiolipin, a lipid present in cardiac mitochondria, 
and thus cumulate there (5, 6). Therefore, doxorubicin is specifically 
toxic to cardiac tissue. 

Doxorubicin generates oxygen radicals in several ways. During 
redox cycling of doxorubicin superoxide anion radical (02-) is formed 
which is then dismutated into HeOa and 02 by superoxide dismutase. 
Furthermore, doxorubicin is a very strong chelator of transition metal 
ions. The doxorubicin-iron complex is an even better radical generator 
than doxorubicin itself because doxorubicin potentiates the catalytic 
activity of ferrous ions in the production of HO radicals or other 
reactive oxygen species that are able to initiate lipid peroxidation 3 (7). 
Doxorubicin may even release bound nonheme iron, e.g., from ferritin 
by reduction of the iron (also through redox-cycling) (8). 

Iron chelators and free radical scavengers might therefore provide 
protection. In this respect ICRF-187, which is hydrolyzed in the cell 
into a strong iron chelator, has clinical success in anthracycline 
therapy. As a result of ICRF-187 coadministration, the maximum 
cumulative dose of doxorubicin can be raised 4-fold in rats (9) and at 
least 2-fold in humans (10). 

Flavonoids are a group of naturally occurring phenolic compounds 
with both excellent iron chelating and radical scavenging properties 
(11-13) and may therefore be of interest as possible modulators of 
doxorubicin-induced cardiotoxicity. 

A standardized mixture of flavonoids, Venoruton [O-(/3-hydroxy- 
ethyl)-rutosides], is used in the treatment of vascular diseases. The 
main constituents of Venoruton are 7-monoHER, 4 7,4'-diHER, 
7,3',4'-trillER, 5,7,3 ',4'-tetraHER, and 7,3',4'-trihydroxyethyl quer- 
cetin (Fig. 1). The mixture has a low toxicity, showing no signs of 
significant chronic toxicity when mice or rats are given doses of up to 
5 g/kg/day during 1 year (14, 15). Acute toxicity studies with doxo- 
rubicin in mice and rats have shown that coadministration of Venoru- 
ton increases life span significantly (16). It was also shown that 
treatment with Venoruton does not decrease the cytostatic effect of 
doxorubicin (16, 17). These observations make Venoruton an inter- 
esting compound to investigate its effects on doxorubicin-induced 
chronic cardiotoxicity. 

Functionality is commonly used as a fast screening method for 
determination of cardiotoxicity induced by anthracyclines and other 
antitumor agents such as mitoxantrone (18, 19). Usually, atria or 
papillary muscles of mouse (20, 21), rabbit (22), or guinea pig (18, 23) 
are incubated with the test compound and change in inotropy and/or 
chronotropy is used as a measure for cardiotoxicity. Several authors 
(20, 22) have determined that concentration effect curves of doxoru- 
bicin on functionality are sigmoidal. The theory behind these methods 
is that chronic and acute cardiotoxicity might be caused by the same 
mechanism (24). 

Less frequently, but with success, functional parameters have been 
used in chronic cardiotoxicity studies in both animals and humans. 
Functionality is tested either in v ivo (25, 26) or ex v ivo (27, 28). In the 
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Fig. 1. The main constituents of Venoruton. 

present  study, r emain ing  funct ional i ty is de te rmined  by measur ing  the 
effects of  the /3-agonis t  isoprenaline.  

The  a im of  this s tudy was  to de termine  whe ther  Venoruton has 
protect ive propert ies  against myocard ia l  damage  caused by doxoru-  

bicin. Because  ICRF-187  is until  now  the only drug with significant 

cardioprotect ion in clinical studies,  a compar i son  was made  with this 
compound .  

M A T E R I A L S  A N D  M E T H O D S  

Chemicals 

Venoruton [O-(lB-hydroxyethyl)-rutosides] was kindly donated by Zyma 
S.A., Nyon, Switzerland. Doxorubicin (Adriblastina) was obtained from Far- 
mitalia Carlo Erba (Milan, Italy). ICRF-187 (Cardioxane) was kindly donated 
by EuroCetus (Amsterdam, The Netherlands). Before injection the compounds 
were dissolved in 0.9% NaC1 solution. 

l-Isoprenaline hydrochloride, forskolin, and DB-cAMP were obtained from 
Sigma (St. Louis, MO). All other chemicals used were of analytical grade. 

In Vivo Treatment 

As approved by the ethics committee of the Free University, male BALB/c 
mice, 18-22 g, 6--8 weeks old (C. P. B. Harlan Olec, Zeist, The Netherlands), 
were randomly divided into 6 groups of 8 animals each. They were fed a 
standard laboratory diet (Hope Farms, Woerden, The Netherlands), allowed tap 
water ad libitum, and maintained in a controlled environment with a 12-h 
light/dark cycle. After arrival the animals were kept in quarantine for 1 week 
before starting treatment (day 1). At day 1 the mice were weighed, marked for 
identification, and treated according to the following dose schedule: group 1, 
0.2 ml 0.9% NaCI solution i.p., followed by 0.05 ml 0.9% NaC1 solution i.v. 
after 1 h; group 2, 0.2 ml 0.9% NaC1 solution i.p., followed by 4 mg/kg 
doxorubicin i.v. after 1 h; group 3, 1.5 g/kg Venoruton i.p., followed by 4 
mg/kg doxorubicin i.v. after 1 h; group 4, 50 mg/kg ICRF-187 i.p., followed by 
4 mg/kg doxorubicin i.v. after 1 h; group 5, 1.5 g/kg Venoruton i.p., followed 
by 0.05 ml 0.9% NaCI solution i.v. after 1 h; group 6, 50 mg/kg ICRF-187 i.p., 
followed by 0.05 ml 0.9% NaC1 solution i.v. after 1 h. 

Injections were administered i.v. in the tail vein. Mice were treated with 
weekly injections for 4 weeks. Groups 3 and 5 were given 1.5 mg/kg Venoru- 

ton i.p. on the first 5 days of every week according to the dose schedule 
described in the acute toxicity study by McGinness et al. (16). 

Functional Study 

Four weeks after the final drug administration, the animals were sacrificed 
by decapitation. Heart and kidneys were quickly removed. To arrest contrac- 
tion, the heart was put in Dulbecco's calcium-free phosphate buffer (pH 7.4) 
containing (mM) NaCI (136.9); KC1 (2.68); KH2PO4 (1.47); NaH2PO 4 (8.0). 
Left and right atria were isolated and placed in a 20-ml organ bath containing 
Krebs-buffer of the following composition (mM): NaC1 (117.5)-KC1 (5.6)- 
-MgSO4 (1.18)-CAC12 (2.5)-NaH2PO4 (1.28)-NaHCO3 (25)-glucose (11.1); 
this buffer was gassed with 5% CO2 in 02 (pH 7.4). The ventricles and the 
kidneys were stored in 5% formaldehyde and used for histology. 

Following a 30-min stabilization period to each preparation a preload ten- 
sion of 0.4 g was applied. The isolated left atria were stimulated to contract 
with square wave pulses of 3 ms duration and a voltage of 1.5 times the 
threshold value. The pulses were generated by a home built stimulator at a 
frequency of 4 Hz. The muscle contractions were recorded isometrically by 
means of a Grass FT.03 force transducer and a homemade polygraph. For the 
right atria the frequency (beats/min) and for the left atria the amplitude of the 
recorder signal was used as the effect parameter. 

lnotropy Measurements.  After an equilibration period of 30 min during 
which the buffer was replaced 3 times, two cumulative CRCs with isoprenaline 
were recorded. Stimulation of the /3-receptor by isoprenaline results in an 
increased contractile force (inotropy) and heart rate (chronotropy). Between 
the curves and thereafter a wash-out period of 30 min followed, during which 
the buffer was replaced 3 times. To stimulate directly the adenylyl cyclase and 
thereby mimicking the effect of isoprenaline, a CRC with forskolin was re- 
corded, after which DB-cAMP was administered to reach a bathconcentration 
of 1 mM. The pD2 values of l-isoprenaline and forskolin were evaluated using 
the method as described by Van Possum (29). In short, a cumulative concen- 
tration-response curve is measured with concentration steps of 0.5 log unit. The 
effect (inotropy or chronotropy) is plotted against the negative logarithm of the 
concentration. This renders a sigmoidal curve, from which the -log concen- 
tration which causes 50% effect is found by interpolation. 

Chronotropy Measurements. The same procedure was followed as with 
the left atria; however, instead of the CRC with forskolin a single concentration 
of 10 -5 u forskolin was tested. The pD2 of l-isoprenaline, basal frequency (after 
the first equilibration period), maximum frequency at the highest dose of 
isoprenaline, and the difference between those two frequencies (Afrequency) 
were evaluated. 

Histological Evaluation. Longitudinal sections of the heart were embed- 
ded in 2-hydroxyethyl metacrylate. One-/xm sections were prepared and 
stained with Giemsa for light microscopic evaluation. The hearts of the doxo- 
rubicin-, dox/Venoruton-, and dox/ICRF-187-treated groups and the control 
(saline) group were presented to the pathologist in a completely blinded fash- 
ion. The additional controls Venoruton and ICRF-187 were scored in a separate 
session and compared to the controls. Scoring was performed according to 
degree of severity and extension, using the method of Bertazolli et al. (30). The 
extension is scored from 0 (no lesions) to 5 (most cells damaged). 

For examination of the nephrotoxicity, longitudinal sections of the kidneys 
were embedded in paraffin. Four-t~m sections were prepared and stained with 
Giemsa and periodic-acid-Schiff for light microscopic evaluation using the 
method of Raji (31). In this method a minimum of 20 glomeruli were examined 
in which mesangial matrix expansion and glomerulosclerosis were graded from 
0 to 4+ (0% to 100% glomerular involvement). Also here the kidneys of the 
doxorubicin- and dox/Venoruton-treated groups and the control (saline) group 
were presented to the pathologist in a completely blinded fashion. The addi- 
tional control Venoruton was scored in a separate session and compared to the 
control group. 

Statistical Analysis. The data were recorded as mean ___ SEM for n obser- 
vations. All parameters were evaluated using analysis of variance with Fisher's 
LSD test for multiple comparisons when analysis of variance indicated sig- 
nificant differences between groups. The program used for this analysis was 
Statview 512+, which was run on an Apple Macintosh computer. The level of 
significance chosen was 95% (P < 0.05). For statistical evaluation group 1 was 
taken as control treatment for groups 2, 5, and 6 and group 2 was taken as 
control treatment for groups 3 and 4. 
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RESULTS 

General Toxicity. The weight gain of the mice during the 8 weeks 
of treatment is shown in Fig. 2. General toxicity is not very large, even 
in the doxorubicin-treated group. There is still considerable weight 
gain, although significantly less than in control animals (P < 0.002 
for all values). ICRF-187 coadministration did not result in significant 
protection against impaired weight gain, whereas Venoruton coadmin- 
istration did significantly protect against impaired weight gain (P < 
0.01), except on days 25 (after 4 weeks) and 48 (end of study). During 
treatment all animals appeared lively and no mortality was encoun- 
tered in either of the groups. 

Chronotropy Measurements. As shown in Table 1, the right atria 
of doxorubicin-treated animals had a decreased responsiveness to 
isoprenaline, as can be seen from the pD2 shift from 8.6 _+ 0.06 
(control) to 8.33 _+ 0.04 (doxorubicin). Both Venoruton and ICRF-187 
significantly protected the atria against doxorubicin. Another param- 
eter which changed due to chronic cardiotoxicity is the basal fre- 
quency of the right atria. The atria of doxorubicin-treated animals had 
a significantly increased basal frequency as compared to the control 
animals (468 _+ 22 v e r s u s  366 +_ 20). Venoruton and ICRF-187 
coadministration completely prevented this increase in basal fre- 
quency. 

The maximum frequency obtained in response to isoprenaline was 
not significantly changed in doxorubicin-treated animals as compared 
to controls. ICRF-187 or Venoruton coadministration resulted in a 
significant decrease of the maximal frequency compared to doxoru- 
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Fig. 2. Growth curves of mice during and after treatment. When appropriate, doxo- 
rubicin (4 mg/kg) and/or ICRF-187 (50 mg/kg) is administered on days 1, 8, 15, and 22, 
and Venoruton (1.5 g/kg) is administered on days 1-5, 8-12, 15-19, and 22-26. 

Table 2 Functional parameters determined on the left atria by measuring a 
concentration-response curve of isoprenaline and of forskolin 

Treatment pD2 iso • SEM P pD2 fors -+ SEM P 

Control 8.08 • 0.10 6.40 --- 0.07 
Doxorubicin 8.00 --- 0.04 NS a, b 6.50 • 0.03 NS b 
Dox/Venoruton 8.15 --- 0.11 NS c 6.61 • 0.06 <0.02 c 
Dox/ICRF-187 8.27 -.+ 0.14 NS c 6.65 • 0.05 <0.02 c 
Venoruton 8.13 +- 0.10 NS b 6.45 +_ 0.06 NS b 
ICRF-187 8.08 • 0.11 NS b 6.43 • 0.08 NS b 

'I NS, not significant; iso, isoprenaline; fors, forskolin. 
b Compared to control. 
c Compared to doxorubicin. 

bicin treatment alone. Afrequency, the difference between maximal 
and basal frequency, did not differ significantly among the experi- 

mental groups. 
lnotropy Measurements. The pD2 values of isoprenaline and for- 

skolin did not differ significantly among the experimental groups 
(Table 2). Only doxorubicin/Venoruton- and doxorubicin/ICRF-187- 
treated animals (groups 2 and 4, respectively) showed a significantly 
higher pD2 value of forskolin compared to the control value. ICRF- 
187 or Venoruton alone did not have this effect. 

Histology. The scores of the myocardial lesions resulting from 
doxorubicin administration are presented in Table 3. ICRF-187 and 
Venoruton coadministration appear to protect against doxorubicin- 
induced cardiotoxicity, but there is only mild damage. There are no 
statistically significant differences between groups. Because these 
ventricles were scored in a completely blinded fashion, the scores 
were not corrected for the background histological damage, e .g . ,  due 
to preparation and handling of the ventricles. Therefore, some back- 
ground histological damage is also detected in the control group. The 
groups which were given protector only were not significantly differ- 

ent from the control group. 
No major signs of nephrotoxicity, as determined by mesangial 

matrix expansion and glomerulosclerosis, were found in any of the 
groups (Table 4). The scores found here represent very low nephro- 
toxicity (<20),  but Venoruton seems to protect against this low tox- 
icity. Nephrotoxicity in rats usually scores >100 (31). Also the kid- 
neys of the doxorubicin- and dox/Venoruton-treated groups and the 
control (saline) group were presented to the pathologist in a com- 
pletely blinded fashion. The additional control Venoruton was scored 
in a separate session and was not significantly different from the 

control group. 

DISCUSSION 

In this study evidence is presented that the standardized flavonoid 
mixture Venoruton protects the heart against doxorubicin-induced in- 
crease in basal frequency and decreased responsiveness to isoprena- 
line. This last parameter showed a shift of pD2 with 0.6 log unit in the 
right atria after chronic administration of doxorubicin. A pD2-shift of 
this size is considered to be rather large and physiologically relevant 

Table 1 Functional parameters determined on the right atria by measuring a CRC of isoprenaline. Basal and maximal frequency are the beating frequencies before and after the 
isoprenaline CRC 

Basal frequency Maximum frequency 
Treatment pD2 • SEM P • SEM P • SEM P 

Control 8.86 • 0.06 366 --- 20 584 --- 32 
Doxorubicin 8.33 --- 0.04 <0.01 a 468 --- 22 <0.01 a 650 --- 8 NS b 
DoxNenoruton 8.51 --. 0.10 <0.02 c 373 --- 17 <0.01 c 569 • 24 <0.05 c 
DordlCRF-187 8.58 __- 0.04 <0.02 r 379 • 20 <0.01 c 574 • 19 <0.01 c 
Venoruton 8.73 • 0.04 NS 377 • 18 NS 603 - 27 NS 
ICRF-187 8.71 • 0.06 NS 380 • 20 NS 591 • 27 NS 

a Compared to control. 
b NS, not significant. 
r Compared to doxorubicin. 
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Table 3 Myocardial lesions of the ventricles as scored according to the method of 
Bertazolli et aL (30) 

Cardiomyopathy score 

Treatment Mean score 0 0.5 1 2 P 

Control  0.81 1 3 3 1 
Doxorubicin 1.19 2 1 1 4 NS a, b 
Dox/Venoruton 0.63 3 2 2 1 NS r 
Dox/ICRF-187 0.50 4 2 1 1 NS ~. 

a NS, not significant. 
b Compared to control. 
c Compared to doxorubicin. 

Table 4 Nephrotoxicity of  the left and right kidneys as scored according to the method 
of Raji et al. (3I) 

Mean score +_ SEM a 

Mesangial 
Treatment matrix expansion P Glomerulosclerosis 

Control 3.6 _+ 1.6 0 
Doxorubicin 13.5 _ 5.1 NS b 0 
Dox/Venoruton 2.6 - 1.2 0.04 c 0 

'~ Scores < 20 are considered normal to very mild nephrotoxicity (31). NS, not 
significant. 

b Compared to control. 
c Compared to doxorubicin. 

(32). Cotreatment with Venoruton reduced this shift significantly. The 
basal frequency also seems to be a good parameter for estimating 
damage. 

There are indications that the increase in basal frequency (heart 
rate) might also occur in vivo. Bocherens-Gadient et al. (25) described 
a significant increase in heart rate after chronic doxorubicin admin- 
istration in their cannulated rabbit heart model. Whether this also 
occurs in freely moving mice is presently under investigation in our 
laboratory. 

Furthermore, a decrease in cardiac lesions (mean score) was ob- 
served when Venoruton was coadministered. Similar effects were seen 
when ICRF-187 was used instead of Venoruton, although protection 
was not significant in either case. This is in agreement with well 
established cardioprotective effects of ICRF-187 in animal and clini- 
cal studies (9, 10). Because the ventricles were scored in a completely 
blinded fashion, the scores were not corrected for the background 
histological damage. Therefore some background histological damage 
is also detected in the control group. 

Considering these four parameters (pD2, histology, basal, and maxi- 
mum frequency) it seems evident that Venoruton protects against 
doxorubicin-induced cardiotoxicity and to an extent comparable to 
ICRF-187. An important advantage of Venoruton is that it has been 
safely used over a long period of time in patients with vascular 
diseases (33). There is no indication of toxic side effects, whereas 
ICRF-187 is hematotoxic and limited information is available on the 
toxic effects after prolonged exposure. Furthermore, there are indica- 
tions that Venoruton protects against other toxic effects of doxorubi- 
cin, whereas ICRF-187 does not have an effect on noncardiac toxici- 
ties (9). 

In our experiments it was not possible to differentiate between 
doxorubicin-treated and control groups using the left atrium, either 
with isoprenaline or with forskolin. However, differentiation was very 
well possible with the right atrium; pD2 of isoprenaline and basal 
frequency may be used as parameters. 

Venoruton is an interesting compound to investigate its effects on 
doxorubicin-induced toxicity because flavonoids are good radical 
scavengers and iron chelators. This in contrast to the limited success 
of compounds such as vitamin C and E, glutathione, and Ebselen 

(34-37), which are antioxidants only. Acute toxicity studies by Mc- 
Ginness et al. (38) showed that coadministration of Venoruton pro- 
longed the life of doxorubicin-treated animals. In a subacute toxicity 
study by Gulati et al. (39) in rats, Venoruton ameliorated doxorubicin- 
induced weight loss, hypothermia, and decreased general vitality. 
Moreover, Venoruton did not impair the antitumor effect of doxoru- 
bicin (17). In addition, McGinness et aL (16) found that in murine 
L1210 leukemia the antitumor activity of doxorubicin plus Venoruton 
was even higher than that of doxorubicin alone. 

It can be concluded from the pDz-shift of the response to isoprena- 
line that doxorubicin-treated animals are less sensitive to/3-receptor 
stimulation. The question then arises whether the /3-receptor is in- 
volved in doxorubicin-induced cardiotoxicity. Several contradicting 
theories exist in the literature about the involvement of the/3-receptor 
system in this type of cardiotoxicity (20, 21, 25, 28, 40). There is 
evidence that doxorubicin induces a selective down-regulation of the 
/31-receptor population in the right ventricle (25). Furthermore, the 
coupling between G-protein and adenylyl cyclase might be less ef- 
fective due to decreased membrane fluidity, or the adenylyl cyclase 
itself might be damaged (28). Some authors state that there is no 
involvement at all (20, 40). Our results indicate that a maximum effect 
may still be obtained by stimulation with forskolin. The observation 
that forskolin, an adenylyl cyclase stimulator, on top of the maximum 
dose of isoprenaline did not show an increase in chronotropy is in 
agreement with this (data not shown). The maximal response of for- 
skolin on the left atria did not result in an increase in inotropy as 
compared to the maximal response to isoprenaline (data not shown). 
Addition of DB-cAMP resulted in the same increase in inotropy as the 
maximal dose of isoprenaline. The pD2 of forskolin on the left atrium 
did not change upon treatment with doxorubicin, although the atria of 
animals treated with doxorubicin and one of the protectors appear to 
have become somewhat more sensitive to forskolin. 

Our suggestion is that only part of the cells is still capable of 
contracting whereas other cells are too severely damaged to contract. 
Another explanation could be that the receptor reserve has decreased. 
The pD2 shift of isoprenaline observed here also occurs under oxida- 
tive stress induced by hydrogen peroxide or cumene hydroperoxide as 
was described by Bast and Haenen (41) and Haenen et aL (42). With 
mild oxidative stress there is little damage, which results in a de- 
creased receptor reserve and thus a decreased responsiveness to iso- 
prenaline. This can be explained by defective coupling of the receptor 
with the G-protein (due to decreased membrane fluidity caused by 
lipid peroxidation) or damage of adenylyl cyclase. With severe oxi- 
dative stress, the receptor reserve is decreased to such an extent that 
the maximal effect cannot be reached (43). This phenomenon can also 
be seen in acute toxicity studies with doxorubicin in vitro (20). Our 
experiments therefore suggest that we induced little damage as iso- 
prenaline could still reach its maximal effect. This theory is confirmed 
by the histological scores, which show mild damage. 

Decreased responsiveness due to oxidative stress would not be 
expected to be receptor specific but could possibly occur in other 
receptor systems as well. In this light, the reported decreased hista- 
minergic response in guinea pig right atria after chronic doxorubicin 
administration by Perkins et al. (27) might also be interpreted as 
caused by radical damage. 

The results of the present investigation, in combination with the 
above-reported observations, lead to the conclusion that the flavonoid 
mixture Venoruton is an interesting compound for further investiga- 
tion as a cardioprotector in doxorubicin-induced chronic cardiotoxic- 
ity. Also, alternative (pure) flavonoids may be worth investigating as 
potential cardioprotectors. 
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