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Since vernpa111il has been shown to increase cellu/C1r concentrations of anthracyclines in resistant tumor 
cel/s, this swdy was designed to investigate the e.Uect of verapamil on myocardial accu111ulation of radiolabeled 

doxombicin ( DOX) and iodo-doxorubicin ( JDOX) in rabbits, wul to esti111ate the risk C!f increasing anthra

cycline-related cardiotoxicity, After intravenous administration of either l-123 DOX or 1-123 IDOX alone, 

C111d in co111bi11C1tion with a single dose �f 0.3 mg or 3 mg verapamil/kg body weight scintigraphic imaging was 

pe1:fonned up to 100 min p.i. wul cardiac uptake �f the radiolabeled anthracyclines was calculated by ROl

technique in percent c!f to/C1! hody C1Ctivity. Cardiac uptake was decreasing in CI monoexponential manner for 

hoth DOX and IDOX, and there were no sign(ficant d(fferences due to verapa111il in either dosage. Howeve,; 

cardiac uptake c!f' DOX ivas near/y 2�fi1/d higher Ihan c!f' IDOX c:mifirming the lower cardiotoxic potentiC1! of 

IDOX. In conclusion, our re.rnlts in rabbits do not show a sign(ficant increase c!f myocanlial accwnulation of 

cmthracyclines .fi;//owing intravenous injection of verapamil suggesting no increased risk of cardiotoxicity 

.fc;r CI co111bined therapy of DOX or IDOX and verapC1mil. 
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Introduction 

Anthracyclines like the widely used doxorubicin 

(DOX) or the more lipophilic derivative iodo-doxo

rubicin (IDOX) are efficient and well-established 
anticancer drugs in various tumors, e.g. breast or 

lung cancer. 1-5 However, drug resi stance to anthra

cyclines is a well-known phenomenon limiting ef

fective anti-cancer treatment. Multidrug resistance 

related to an overexpression of transmembranous 

glycoprotein p 170 decreases the intracellular con

centration of severa! antineoplastic drugs including 

anthracyclines such as DOX or IDOX by actively 

enhancing their efllux out of the cells.'•-'' 
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Recently, the so-called chemosensitizers have been 

shown to modulate the effects of p 170 glycoprotein 

on drug eftlux; e.g. calcium channel-blockers like 

verapamil increase the intracellular concentration of 

anthracyclines in resistant tumor cells by reducing 

their efflux via p l70 glycoprotein, thus, enhancing 

cytotoxicity. io-13 Since clinical studies testing an

thracyclines in combination with verapamil also 

suggested an improved therapeutic efficacy of this 

antineoplastic regi men, 1�· 15 a potential increase of

toxic side effects of anthracyclines to normal tissue 

has special interest. 11 In particular, an increase of 

the well-known cardiotoxicity l"-1
" of anthracyclines

would bc of great clinical impact. 

The aim of this study, therefore, was to evaluate 

the impact of vcrapamil on in-vivo myocardial up

take of radiolabeled DOX and IDOX in rabbits in

order to estimate the potential risk of increasing 

cardiotoxicity. 
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Materials and methods 

The anthracycline antibiotics doxorubicin and its 
derivative 4' -deoxy-4' -iododoxorubicin (Farmitalia, 
ltaly) were radioiodinated with 1-123 (Amersham, 
Braunschweig, Germany) by electrophilic substitu
tion by the lodogen method as recently published in 
detail. 19

-
21 Radiochemical purtiy as confirmed by 

Sep-Pak RP-C 18 cartridges (Millipore, Eschborn, 
Germany) was more than 98 % in ali cases. 

Six 3-month old male New Zealand white rabbits 
weighing approximately 2.5-3 kg were investigated 
in two subsets of three animals each. One subset 
was treated with 1-123 labeled DOX, the other with 
1-123 labeled IDOX. In both subsets the animals
first recieved the radiolabeled anthracycline alone,
then in combination with low-dose verapamil after
one week, and thirdly in combination with high
dose verapamil after another week. In each animal
40 MBq of 1-123 labeled DOX or IDOX were ad
ministered via an intravenous buttertly catheter in a
central ear vein. Verapamil (Knoll, Ludwigshaten,
Germany) was administered slowly 5-10 min prior
to injection of the radiolabeled anthracycline.
Thereby, a dose of 0.3 mg verapamil per kg body
weight intravenously applied was considered as low
dose, 3 mg per kg body weight as high-dose injec
tion.

Immediately after tracer application, simultane
ous planar whole body images from anterior and 
posterior views with a zoom factor of 1.2 were 
acquired initially in five 1-min intervals and then in 
S-min interval s up to 100 min p.i. using a double
head gamma camera system (Bodyscan, Siemens 
Gammasonics) equipped with high resolution paral
lel bole collimators for low energy. In order to 
avoid artefacts due to movements the animals were 
anesthesized with thiopental (TrapanaIR; Byk Gul
den, Konstanz, Germany) during scintigraphy. Car
diac uptake of radiolabeled DOX and IDOX in per
cent of total body activity was calculated for each 
tirne interval by conventional ROl-technique. 

Quantitative data are given as mean ± one stand
ard deviation. Two-tailed students t-test was used to 
evaluate differences, with p < O.OS considered to be 
statistically significant. 

Results 

Time-to-uptake curves of cardiac uptake of 1-123 
labeled DOX, DOX in combination with low-dose 

verapamil (DOX/LD) and DOX in combination with 
high-dose verapamil (DOX/HD) are shown in Fi
gure 1. The corresponding curves of IDOX, IDOX 
in combination with low-dose verapamil (IDOX/LD) 
and IDOX in combination with high-dose verapamil 
(IDOX/HD) are depicted in Figure 2. 
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Figure l. Cardiac up take in percent of to tal body activity of 
1-123 DOX (filled squares). 1-123 DOX in combination
with low-dose verapamil (open circles) and 1-123 DOX in 
combination with high-dose verapamil (open diamonds) in
rabbits up to 100 min p.i .. Symbols represent means, stand
ard deviation bars are omitted for clearness. 
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Figure 2. Cardiac up take in percent of to tal body activity of 
1-123 IDOX (filled squares), 1-123 IDOX in combination
with low-dose verapamil (open circles) and 1-123 IDOX in
combination with high-dose verapamil (open diamonds) in 
rabbits up to 100 min p.i .. Symbols represent means. stand
ard deviation bars are omitted for clearness.

Cardiac tracer uptake was decreasing in a roughly 
mono-exponential manner during measurement 
from 0-100 min p.i. for both iodine-123 labeled 
DOX and IDOX. Verapamil in either low-dose or 
high-dose administration did neither significantly 
affect the myocardial time-to-uptake curves of DOX 
(Figure 1) nor of IDOX (Figure 2). Although both 
DOX/LD and DOX/HD values were slightly higher 
than DOX values, there were no significant differ-
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ences between these curves (p > 0.05). Further
more, there were no significant differences between 
DOX/LD and DOX/HD and between IDOX/LD and 

IDOX/HD (p > 0.05). 

However, myocardial uptake of DOX was signi

ficantly higher (p < 0.05) as compared to IDOX. 

DOX values were nearly lwice as high as the corre
sponding values of IDOX during the whole tirne 
period. Similiar results were obtained for DOX/LD 

and IDOX/LD as well as for DOX/HD and IDOX/HD 

confirming the higher cardiac accumulation of DOX. 

Discussion 

Since an effective anti-cancer treatment with cyto

toxic agents like lhe widely used anthracyclines is 

often hampered by mullidrug resistance, drug com

binations with chemosensitizers have been investi

gated in order to restore drug sensitivity in resistant 

cancer cells. Recently, calcium channel-blocking 

agents like verapamil have been shown to effec

tively improve the cellular uptake of anthracyclines 

by reducing their efflux in p 170 glycoprotein-asso

ciated multidrug resistanl cancer cells both in ex

perimental animals and in first clinical studies. 10-15

Howcvcr. since a severe and dose-rclated 

cardiotoxicity is a well-known and treatment-limit

ing side clTect of anthracyclines, 1<,-ix it is necessary

to evaluate whether verapamil would also increase 

the toxicity of anthracyclines in normal tissues. 

In experimental studies, a 30 % increase of DOX 

concenlrations in normal rat myocardial cells per

fused with verapamil has been reported, as well as a 
higher incidencc and scverity of degenerative 

changes in cardiac tissue of mice treated with 

verapamil and doxorubicin."·" 

Our results in rabbits, however, did not confirm 

significant differences of cardiac accumulation of 

1-123 labeled DOX as compared to either DOX in

combination with low-dosc (0.3 mg/kg body weight)

or with high-dose (3 mg/kg body weight) vera

pamil. Moreover, there were no significant differ

ences bctween radiolabeled IDOX and IDOX in
combination with low-dosc or high-dose verapamil.

This may probably bc due to thc dosagc and thc 

diffcrent ways of administration of verapamil. In 

cxperimcntal studies perfusion of isolatcd myocar

dial tissue with verapamil in a constant concentra

tion will reach continuously highcr and more effec

tive plasma lcvels as compared to single intrave-

nous bolus injections or oral application of vera
pamil as used in clinical scttings.25 Thercfore, plas
ma concentrations of verapamil as achieved in this 

study - cven using a high-dose regimen of 3 mg 

verapamil per kg body weight - may be too low to 

effectively modu late p 170 glycoprotcin function of 

myocardial cells resulting only in a small increasc 
of intraccllular anthracyclinc concentration. Simi
lar observations with no incrcase in both tumor 

cytotoxicity and toxic sidc effects have becn re
ported from a clinical phase II study.25 The major 
problem thereby is most probably the dose-limita

tion of verapamil bccausc of its severe acute cardio
vascular toxicity when plasma concentrations reach 
those required for succcssful rcversal of multidrug 

resistance in vitro.21'· 27 

Furthennore, in normal cells without overexpres

sion of p 170 glycoprotein, e.g. cardiomyocytes, vera
pamil may dccrease thc clllux of anthracyclines only 
slightly so it could not be detectable by scintigraphic 

means. Similar results are reported for normal human 
bone marrow cells in which myelotoxicity of anthra

cyclines was not increased by verapamil.28 

Another important modifying factor to be consid
cred is the labeling of DOX and IDOX with 1-123. 
Adding iodine by the lodogen method,'"-21 physico

chemical and, thus, biological properties of the mo
lecule may be altered resulting in different pharma

cokinctics of the labeled drugs as compared to non
labeled derivatives. Therefore, further investigations 

are necessary to dcline changes in biokinetics of 
iodinated DOX and IDOX as compared to the unla
beled drugs. 

Tota! cardiac activity measured by scintigraphic 
means, i.e. ROl-technique, includes both myocar
dial uptake and cardiac blood pool activity. There

fore, our results of cardiac accumulation, as pre
sented in this study, do not exclusively depend on 

myocardial uptakc. Howevcr, it has been shown that 

less than 0.4 % of the injected dose of either DOX 
or IDOX is detcctable in the plasma within a few 
minutes after administration.2'' This is in accord
ance to a fast blood clearance of DOX and IDOX as 

shown by a rapidly clearing activity from the largc 

vessels and the lungs. The decreasing bloodpool 
activity has been demonstrated by a quick decrcase 
of cardiac uptakc in thc first two minutes, too. 
Therefore, cardiac activity appears to be mainly 

related to myocardial uptakc aftcr two minutes, thus, 
confirming our results that single-dose verapamil 

has no major impact on myocardial uptake of both 

DOX and IDOX. 
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DOX showed a nearly 2-fold higher cardiac accu

mulation as compared to IDOX This holds true 

either alone or in combination with verapamil. Al

though IDOX is the most lipophilic derivative of 

common anthracyclines/0 cardiac accumulation in 
our study was significantly lower suggesting a less 

cardiotoxic potential of IDOX This is consistent 

with severa! preclinical and clinical studies report

ing a reduced cardiotoxicity of IDOX as compared 

to DOX_,o-,2 Thus, this scintigraphic finding con

firms the reliability of the experimental setup cho

sen and suggests no major differences in pharma

cokinetics of the labeled drugs as compared to non

labeled derivatives. 

Conclnsion 

The results in rabbits did not confirm a significant 

increase of in vivo cardiac accumulation of anthra

cyclines following a single bolus injection of vera

pamil. Therefore, no increased risk of cardiotoxic

ity for treatment of DOX or IDOX in combination 

with verapamil is suggested so far. The lower car

diac accumulation of lDOX confinned its lower 

cardiotoxic potential as compared to DOX. 
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