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The calcium antagonist verapamil, a P-glycoprotein inhibitor, affects the growth of  human 
tumor transplants under the capsule of  the animal kidney with an oscillating-type dose- 
effect dependence. The maximal positive effect of  verapamil is tumor regression and the 
maximal negative effect stimulation of  transplant growth. In 3 out of  6 cases (gastric ade- 
nocarcinoma) verapamil at 9 mg/kg injected 0.5 h prior to vincristine inhibited tumor re- 
sistance to the latter. These data offer promise for increasing the effectiveness of  chemo- 
therapy in patients with cancer of  the stomach by means of chemotherapy combined with 
P-glycoprotein blockers in doses determined for each individual. 
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It is shown that the resistance of  tumor cells /n vitro 
to such cytostatics as vincaalkaloids and anthracy- 
cline antibiotics may be due to their intensified trans- 
port from cells effected by P-glycoprotein (P-GP)  
localized in the plasma membrane [3]. Studies of P- 
GP-mediated multiple drug resistance performed on 
continuous cell lines have pinpointed ways of  over- 
coming this problem. Calcium channel blockers [6], 
calmodulin inhibitors [7], some antiestrogens [8], and 
an array of other substances have proved to be P-GP 
inhibitors [5]. While much has been written on the 
multiple drug resistance phenomenon, its role in hu- 
man carcinoma chemoresistance remains unclear. 

The aim of the present investigation was to study 
the effect of  the P -GP  antagonist verapamil (VP) on 
the growth and vincristine (VC) sensitivity of tumors 
of the human esophagus, stomach, and lung trans- 
planted under animal kidney capsules. 

MATERIALS AND METHODS 

Twenty human  carcinomas (10 adenocarc inomas  
of  the s tomach,  7 nonsmal l -ce l l  cancers  o f  the 
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lung, 3 cancers of  the esophagus) obtained from 
operat ing rooms o f  the P. A. Ger t sen  Moscow 
Resea rch  Cance r  Ins t i tu te  were  s tudied .  Male  
CBA mice weighing 18-24 g (Stolbovaya nursery,  
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Fig. 1. Effect of VP on the growth of human tumor transplants. 
0- -100% m e a n s  i n h i b i t i o n  of g rowth ,  >100% t e s t i f i e s  to 
regression, and <0 means the stimulation of transplant  growth. 
t --5)  5 carcinomas of the stomach; 6) averaged curve. 
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Fig.  2. Effect  of VP on  the  an t i tumor  ef fec t  of VC as re la ted  to 6 h u m a n  carc inomas .  /) e f fec t  of VP (9 m g / k g ) ;  I/) e f fec t  of VC (2 
m g / k g ) ;  111) actual  jo in t  ef fect  of VP and  VC. 

Russian Academy o f  Medical  Sciences) were used 
as tumor  recipients. The animals underwent  a one- 
trial total gamma-i r radia t ion  at 4.5 Gy one day 
prior to the opera t ion to depress the graft rejec- 
tion reaction. Fragments  of  each tumor  were im- 
p lanted  under  the renal capsule according to a 
descr ibed  m e t h o d  [41 in our  mod i f i ca t ion  [2]. 
Each control  and test group consisted of  7-9 mice. 
A total o f  700 mice were subjected to the proce-  
dure. Animals of  the test groups were injected in- 
traperi toneally with VP at 2.3-31.4 mg/kg and VC 
at 2.0 mg/kg every day starting from the 2nd day 
after t ransplantat ion.  At the same times control  
animals were injected with physiological saline. On 
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Fig.  3. Effec t  of VP on  VC sens i t i v i ty  of s t o m a c h  a n d  l u n g  
carc inomas .  /) effect  of VP; I1) e x p e c t e d  jo in t  effect  of VP and 
VC; IlI) actual  joint  effect  of VP and VC; IV) d i f ference  be t ween  
e x p e c t e d  and  actual  effects .  

the 7th d a y  of  the exper iment  the animals were 
sacrificed by  ether  and the mean increase in size 
of  the transplants was assessed in the control  and 
test groups according to an ear l ier-descr ibed met -  
hod [2]. The effects o f  the drugs were calculated 
in percent  o f  the growth  inhibition (or regression) 
of  the grafts in the test groups as compared  to the 
controls [ 1]. 

RESULTS 

On the first stage of  the investigation the effect of  
VP itself on the growth of  the 20 tumor transplants 
was studied. It was shown that VP substantially cha- 
nges the rate of  transplant growth in a dose-depend-  
ent manner  (Fig. 1). The curves obtained for the 
different human tumors differed from each other  
(Fig. 1, 1-5), although they showed some common 
features valid for the averaged curve (Fig. 1, 6). 
Thus, VP inhibited tumor growth to different degrees 
at  2.3-4.5 mg/kg. With elevation of  the doses, from 
4.5 to 13.5 mg/kg, its antiblastic effect diminished 
(Fig. 1) and in 2 of the 20 cases VP even stimulated 
tumor growth. In the dose range of  13.5-22.4 mg/kg 
its antiblastic effect again rose but then, with an in- 
crease of  the dose to 31.4 mg/kg, it dropped once 
more. Therefore, the dose-effect dependence for VP 
has an oscillating character with an individual am- 
plitude of oscillations for each tumor. 

The effect of  VP on the antiblastic effect of  VC 
was examined in the next stage of  the investigation. 
Six tumors were studied (5 stomach adenocarcino- 
mas and 1 nonsmall-cell lung cancer). Animals were 
injected VP 0.5 h prior to VC. In 3 of  the 6 cases 
(adenocarcinomas of  the stomach) VP abolished tu- 
mor VC resistance and the total effect of  VP and VC 
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exceeded the expected one (Fig. 2). One of these 
cases was analyzed for various VP concentrations 
(Fig. 3). The dependence of the effect on the VP 
concentration was oscillating (Fig. 3, 1). Since the 
effect of  VC proper comprised 20% of the tumor 
growth inhibition, the expected (for different VP 
doses) joint effect of  VP and VC added together 
should look like an oscillating curve (Fig. 3, 2). The 
actual effect in the range of VP doses of  9.0-13.5 
mg/kg was substantially higher than expected (Fig. 
3, 3). The difference between the actual and expect- 
ed effects of  the drugs is shown in Fig. 3, 4. A su- 
peradditivity was evident in the range of VP doses 
of 9.0-13.5 mg/kg, being maximal at 9.0 mg/kg. 

Thus, the calcium antagonist VP, a P-GP inhib- 
itor, is shown to affect the growth of  human tumor  
transplants under the animal renal capsule with a 
dose-effect dependence of  oscillating nature. The 
maximal positive effect of  VC is expressed in tumor 
regression, the maximal negative effect in the stimu- 

lation of transplant growth. In 3 out of  6 cases the 
use of  VP in therapeutic doses resulted in the abol- 
ishment of tumor resistance to VC. These findings 
enable us to hope for an increased effectiveness of  
chemotherapy in patients with carcinomas of  the 
stomach via an individualized regime of  chemother-  
apy combined with P -GP  blockers. 
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