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Vasocontractile action of daunorubicin

© 1989 J. Pharm. Pharmacol.

ICHIRO WAKABAYASHI, KATSUHIKO HATAKE®*, EIZO KAKISHITA, Second Department of Internal Medicine and *Department of Legal

Medicine, Hyogo College of Medicine, Hyogo 663, Japan

Abstract—Daunorubicin (35-5-142 umol L~!) induced in rat aortic
strips a contraction with slow onset and a gradual development of
tension on which neither phentolamine nor bromophenacyl bromide
pretreatment had an effect. The contraction was not altered by
removal of the endothelium but it was suppressed in calcium-free
solution or by preincubation with nifedipine. These results suggest
that daunorubicin directly stimulates vascular smooth muscle and
induces a contractile response which is mainly dependent upon
extracellular calcium.

Daunorubicin (daunomycin) is a potent antineoplastic
anthracycline derivative, but its cytotoxicity to cardiac muscle
limits its use in antineoplastic therapy (Tan et al 1967). It
generally displays chronic depressive action on cardiac muscle,
but in some species, it has an acute positive inotropic effect
(Gibbs 1985), the precise mechanism of which, like its effect on
the vascular system, remains unknown. We have investigated the
acute effect of the drug on rat aortic strips and found it to have a
vasocontractile action.

Materials and methods

Contraction study. Thoracic aortas were excised from male
Wistar rats (400-450 g) and placed in Krebs-Ringer bicarbonate
solution (mM: NaCl 118, KCl 4-7, CaCl, 2-5, KH,PO4 1-2,
MgSO;, 12, NaHCO; 25 and glucose 10). After removal of the
connective tissue, helical strips (2 mm wide x 15 mm long) were
prepared and suspended vertically in 10 mL organ chambers
filled with the above solution (37°C, pH 7-4) through which 95%
0,-5% CO, was bubbled. After 1 h of equilibrium with a resting
tension of 1 g, changes in isometric force were recorded. In some
preparations, the endothelium was removed by gentle abrasion
of the intimal surface with sandpaper. Denudation of the
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endothelium was confirmed functionally by the disappearance
of the 1075 M acetylcholine-induced relaxing response of the
10~7 M noradrenaline-precontracted vessel (Wakabayashi et al
1987). Contractile responses to daunorubicin were expressed in
terms of the percentage of contraction by 60 mM KCl in each
strip. The concentration of each drug was expressed as the final
concentration in the organ bath.

Substances. Nifedipine (Sigma) was dissolved in ethanol to give a
stock solution of 10~? M. The final concentration of ethanol in
10~% M nifedipine was 0-1%, which did not affect the contractile
response to daunorubicin. All experiments with nifedipine were
conducted in the dark. Daunorubicin (Daunomycin, Meiji
Seika) and phentolamine (Ciba-Geigy) were dissolved in 0-9%
saline. Bromophenacyl bromide (Wako) was dissolved in etha-
nol. The concentration of ethanol in 3 x 10~% M bromophenacyl
bromide was 0-:3%, which did not affect the contraction by
daunorubicin.

Statistical analysis. All the values represent mean +s.e.m. The
data were analysed by Student’s -test and P <0-05 was defined
as significant.

Results

Daunorubicin induced a contractile response of the rat aorta
which showed a slow onset and a gradual increase in tension.
About 1 h was required for this contraction to reach a plateau.
Incubation of the aortic strip with 0-9% saline, a solvent of
daunorubicin, for 60 min did not affect the basal vascular tone
(Fig. 1A). The vasocontractile action of daunorubicin was
initiated at a concentration of 35-5 uM and the maximal
contraction was attained at 142 um (Fig. 1B). Figure 1C shows
the effects of several inhibitors and conditions on the daunorubi-
cin-induced contractile response of the rat aorta. This response
was suppressed by pretreatment of the aorta with nifedipine and
also in calcium-free solution. Pretreatment with either phentola-
mine or bromophenacyl bromide did not affect the contractile
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FiG. 1. A. Typical contractile response curve by daunorubicin (106-5
uM) in rat aortas. B. Dose-response relationship of contractile
response to daunorubicin added cumulatively to the organ
chambers. Data are expressed as mean +s.e.m. (n=>5). C. Effect of
several conditions and inhibitors upon daunorubicin-induced con-
tractile response. Experiments in calcium-free solution (Ca(-)) were
performed as follows: the vessels were rinsed quickly 3 times with
calcium-free Krebs-Ringer solution containing 0-1 mM ethylenegly-
col-bis-(f-aminoethylether)-N,N'-tetraacetic acid (EGTA) and
allowed to equilibrate in this solution for an additional 15 min. The
vessels were then stimulated with 106-5 M daunorubicin. E(-)
indicates experiments using vessels without the endothelium. Experi-
ments using inhibitors were performed as follows: the vessels were
pretreated with each inhibitor [10~%M nifedipine for 60 min (Nif),
2 x 10~%M phentolamine for 60 min (Phe.) or 3 x 10~ M bromophen-
acyl bromide for 60 min (BPB)] and contraction was induced by
daunorubicin (106-5 uM). Data are expressed as mean+s.e.m.
(n=5-7) and asterisks indicate statistically significant differences
(P <0-05) from the controls (Cont).

response to daunorubicin. The response to daunorubicin was
not altered by removal of endothelium. Neither phenotolamine
nor bromophenacyl bromide pretreatment altered the dose-
response relationship for daunorubicin nor did removal of the
endothelium (data not shown).

Discussion

Daunorubicin induced a gradual contraction in rat aorta which
was not affected by pretreatment with phentolamine, an a-
adrenergic receptor antagonist, or removal of the endothelium.
Therefore, neither endogenous noradrenaline nor endothelial
metabolites are involved in the contractile response to daunoru-
bicin. Also, this response was not mediated by a-adrenergic
receptor stimulation of vascular smooth muscle. Bromophen-
acyl bromide, a known phospholipase A; inhibitor, did not
affect the contraction induced by daunorubicin. This means that
metabolites of arachidonic acid from aorta are not involved in
the contraction. Daunorubicin-induced vasoconstriction was
inhibited by pretreatment of the aorta with nifedipine, a calcium
channel blocker, and also in calcium-free solution. This implies
that calcium influx across the calcium channel is mainly involved
in this contraction. About 30% of the daunorubicin-induced
contraction remained in tissue in calcium-free solution and after
pretreatment with nifedipine. Thus, calcium from intracellular
storage is partially involved in this contraction.

The peak blood concentration of daunorubicin during anti-
leukaemic chemotherapy was reported to be about 8 uM (Burns
& Dow 1980). The concentration of daunorubicin for inducing
the vasocontractile action in-vitro is about 4-5 times its peak
blood concentration under chemotherapy.
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