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REVERSAL OF MULTIDRUG RESISTANCE BY NEW DIHYDROPYRIDINES 

WITH LOW CALCIUM ANTAGONIST ACTIVITY 

LAURA CAPOLONGO, N A D I A  AMBOLDI. D A R I O  BALLINARI.  PAOLO Cozzr. GIULIA MELEGARO 
MARINA RIPAMONTI. FARR1710 VAGHI and M A R I A  GRAND1 

The clinical use of C a +  + antagonist agents as modulators of multidrug resistance is limited by their 
strong vasodilator activity. This study reports data obtained by testing a series of new 1,4 dihydropy- 
ridine derivatives (DHPs) for their in vitro resistance modulating activity and their Ca + + antagonist 
effect. All the tested DHPs are active to increase doxorubicin activity with dose modifying factor values 
ranging between 2 and 47 on P388/DX cells and 12 and 36 on LoVo/DX cells. Their resistance 
modulating action is exerted through an increase of DX intracellular level. The C a +  + antagonist 
activity of DHPs, evaluated as capacity to inhibit the KCI-induced contractions in isolated Guinea pig 
ileum strips, is not related to their resistance modulating activity. This finding makes it possible to 
select, for further in vivo evaluations, compounds IX, X and XI, which have strong ability to overcome 
multidrug resistance and low Ca + + antagonist effect. 

One approach to overcome multidrug resistance ( indr) 
in tumor cclls is the use of drugs such as anthracyclines or 
vinca alkaloids combined with resistance modulating 
agents ( r ims)  ( I .  2). These compounds, which possess 
different pharmacological activities, generally exert their 
modulating etrects through inhibition of drug efflux from 
mdr cclls mediated by high levels of a membrane glyco- 
protein ( p  170). The riiias include Ca + + channel blockers 
such as verapamil ( VRP) and dihydropyridine derivatives 
( DHPs) ( 3 - 5 ) :  calinodulin inhibitors (6. 7) ;  cyclosporines 
( 8) and othcrs. Among the Ca + * channel blockers. com- 
pounds which have strong ability to overcome indr but low 
Ca' + antagonist activity could be of value in  cancer 
chemotherapy since cardiovascular side-effects would be 
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avoided (9). For this purpose, a series of new DHPs have 
been evaluated in parallel for their ability to increase 
doxorubicin ( D X )  activity in mdr cells and to inhibit 
KC1-induced contraction in isolated Guinea pig ilcum 
strips. 

Material and Methods 

Dvirg.~. The DHP compounds were synthesized at the 
Pharmacia-Farmitalia Carlo Erba R&D Laboratories ( 10). 
Elemental analyses of the cotnpounds were performcd on a 
Carlo Erba 1106 Instrument and C. H and N results were 
within 0.4% of theoretical values. ' H  NMR spectra werc 
performed on a Varian VXR-200 instrument and spectral 
data were consistent with the reported formulas. Their 
chemical structures arc shown in Fig. I .  Compounds 1. 11. 
IV, and VI were dissolved in HCI 0.IN; compounds I l l ,  V, 
VIII ,  IX, X. XI and nifcdipine in ethanol, and compound 
Vl l l  in water. Verapamil (VRP) (Knoll AG, Knoll Farma- 
ceutici, Italy) and doxorubicin ( DX) ( Farniitalia Carlo 
Erba) were dissolved in water. All the solutions were 
prepared immediately before use. 

Cells cmd ciiltuvc. coriditiori.s. The wild-type and the DX- 
resistant murine leukemia cell lines, P388 and P388/DX 
( I I ) ,  were maintained in RPMI 1640 (Gibco. Grand 
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Fig. 1. Chemical structure of the tested DHPs. 

Island Biological Co, Grand Island, NY) supplemented 
with 10% foetal calf serum (Flow laboratories, U.K.), 1% 
L-glutamine 200 mM (Gibco) and 2% a-mercapto-ethanol 
solution ( 1  mM). The wild-type and the DX-resistant hu- 
man colon adenocarcinoma cell lines, LoVo and LoVo/DX 
(12), were maintained in Ham’s F12 (Gibco) supplemented 
with 10% foetal calf serum, 1%) vitamins (vitamins BME 
solution IOOx, Gibco) and 1”h L-glutamine 200 mM. 

Cytoloxicity assay. P388 and P388/DX cells 
(50 000 cells/ml; 1 ml/well) were treated with graded con- 
centrations of DX in the absence or in the presence of 
DHPs or VRP at  37°C. After 48 h incubation, the number 
of cells was determined with a Coulter counter (Kontron 
mod. ZM). The concentration of D X  inhibiting cell growth 
by 50% ( IC5,) was determined from concentration-response 
curves. LoVo and LoVo/DX cells (200 cells/ml; 2 ml/well) 
were seeded 48 h before treatment. The cells were treated 
with graded concentrations of DX in the absence or pres- 
ence of DHPs or VRP for 4 h. Medium was replaced and 
colonies were counted after 8 days using an optical micro- 
scope. The concentration of DX inhibiting colony forma- 

tion by 50%) ( IC,,) was determined. Results are reported as 
dose modifying factor (DMF) : 

IC,, DX 
IC,, DX+rmas 

D M F =  

Treatment with nnas was carried out at concentra- 
tions which caused < 20% inhibition of cell growth (see 
Table I) .  

Cu + + antagonist activity. The Guinea pig terminal 
ileum was immediately removed, washed and mounted in 
a 20 ml organ bath containing Tyrode’s solutions (com- 
position in mM: NaCl 136.8, KCI 2.68, CaCI, 1.8, 
NaH,PO, 0.41, NaHCO, 11.9, MgC1, 1.03, glucosc 5.55) 
gassed with 95% 0, and 5% CO, and thermoregulatcd at 
37°C. The tissue was loaded with 1 g and contractions were 
recorded via a Basile isometric transducer on a Watanabe 
Mark V recorder. Contractions in response to 60 m M  KCI 
were obtained at 15 rnin intervals in the absence and 
presence of increasing concentrations of the compounds. 
The antagonist potency was expressed as IC,, values (the 
concentration of antagonist which inhibits KCI response by 
50%) by means of a computerized regression analysis. 

Intracellular content. LoVo and LoVo/DX cells were 
seeded into 6 well plates (2.5 x 105/ml; 2 ml/wells) in com- 
plete growth medium. After 24 h incubation cells were 
treated with DHPs, VRP and nifedipine at the doses 
reported in Results and after 5 rnin with DX 2.5 pg/ml. 
After 4 h incubation, cells were washed twice with saline, 
detached with trypsin-EDTA (0.05’%-0.02%) respectively) 
and centrifuged 10min (2000rpm).  The number of cells 
was evaluated with a Coulter counter (Kontron. Mod. ZM) 
and the pellet was processed for evaluating the content of 
DX. 

Kinetics ojuptake rind eflux. LoVo and LoVo/DX cells 
were seeded into 6 well plates (2.5 x 105/ml; 2 ml/wells) in 
complete growth medium. After 24 h incubation cells were 
treated with 20 pg/ml of DHPs or VRP and after 5 rnin with 
DX 2.5 pg.ml. At different times, cells were collected and 
processed to assess the D X  content. For evaluating the 
effect on the efflux, the medium was replaced with drug-free 
medium with or without the modulating agent; after 1 h the 
cells were processed as described. 

Drug exlraction and HPLC analysis. To the cell pellets 
250 p 1  of HCI (0.6 N) : EtoH 1 : 1 were added and samples 
vigorously shaken for 20 rnin at  4°C. Then samples were 
spun at 7 000 rpm for 10 rnin and 20 pl of the supernatants 
injected into HPLC. HPLC analysis was performed using 
the following instruments and conditions: 
Column: CI 8 p Bondapak (Waters) 
Precolumn: CI 8 Guardpak (Waters) 
Pump: SP 88 10 (Spectra-Physics) - 1.5 ml/min 
Mobile phase: KH,PO, (0.05 M)-CH,CN 70:30, p H  3 
Detectors: Spectrofluorimeter 650/40 ( Perkin-Elmer) 

Excitation wavelength 478 nm 
Emission wavelength 593 nm 
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Table 3 
DX intracellular levels into Lo Vo /OX cells with graded concentrations of DHPs, verupaniil nnd nlfedipine 

Conc.') DX intracellular content (ng/106 cells & SE)" 

DX + DX + DX + DX + DX + 
compound IX compound X compound XI  verapamil nifedipine 

m / m l  

0 12.32 k 2.02 12.32 f 2.02 12.32 k2.02 12.32 k2.02 12.32f2.02 
2.5 14.97 k 0.03 52.65 3.82 124.54 0.8 1 45.56 k 0.8 1 n.d. 
5 1 15.63 7.42 98.88 k 2.39 169.57k3.87 60.1 2 f 3.7 3 n.d. 

10 174.89 + 6.06 154.43 * 5.79 221.65 1.84 106.00k 13.34 n.d. 
20 254.92 f 1.01 230.75+ 10.73 283.12k2.87 163.43 k 4.96 12.90+ 1.25 

' DHPs, verapamil and nifedipine concentrations. 
Intracellular content of DX into LoVolDX cells after treatment with 2.5 pg/ml DX alone or in association with the compounds. 

activity meet the positivity criteria set in our study, and 
they have therefore been selected for further studies. The 
methyl group in position R5 (compounds IX and XI) and 
the imidazolyl moiety in position 4 of the phenyl ring 
(compounds X and XI) (Fig. 1) have already been re- 
ported to  decrease the Ca  + + antagonist effect ( 13, 14). 

Doxorubicin in t~ac~~lu lar  level into Lo Vo/DX cells. 
Table 3 presents the intracellular levels of DX in LoVo/ 
DX cells after 4 h of treatment with 2.5 pg/ml of DX in 
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Fig. 2. Kinetics of DX accumulation and efflux in LoVo/DX cells 
at different times after treatment with 2.5 pg/ml DX alone or plus 
20pg/ml of compounds IX. X, XI and VRP. Bars: f standard 
error of the mean. 0 DX alone; DX plus VRP: V D X  plus 
compound IX; V DX plus compound X; 0 DX plus compound 
XI. 

the absence and in the presence of graded concentrations 
of compounds IX, X, XI and VRP (from 2.5 to 20 pg/ml) 
and of 20 pg/ml of nifedipine. A dose related increase of 
DX intracellular levels was observed with the tested DHPs 
and with VRP. The combined treatment of DX plus 
20pg/ml of these compounds caused an increase of DX 
intracellular level of at least 13-foId in respect to  the 
treatment with DX alone. No effect on DX content was 
observed in cells treated with nifedipine, even at 20 pg/ml. 
Fig. 2 presents the kinetics of DX accumulation and 
efRux in LoVo/DX cells at different times after treatment 
with 2.5 pg/ml DX alone or plus 20 pg/ml of compounds 
IX, X. XI and VRP. DX levels were similar at all tested 
times with the three DHPs and slightly lower with VRP. 
DX efflux 1 h after withdrawal of the drug from the 
culture medium was fast when the rmas were absent (dot- 
ted line) and significantly slower when the rmas were 
present (continuous lines) in the medium. DHPs, vera- 
pamil and nifedipine were not significantly effective in 
potentiating the cytotoxicity and the intracellular accumu- 
lation of DX for the parent lines P388 and LoVo (data not 
shown). 

Discussion 

The present paper reports results obtained during a 
program aimed at  identifying DHPs able t o  modulate mdr 
and devoid of C a +  + antagonist activity. As already re- 
ported for other agents of the same pharmacological class, 
the Ca' + antagonist effect of the tested DHPs is not 
related with their resistance modulating activity (4, 7). 
This finding made it possible to select compounds IX, X 
and XI which have shown strong ability to  overcome mdr 
and, like other DHPs (3, 4, 15, 16), a significantly lower 
C a +  + antagonist effect in respect to nifedipine and VRP. 
The increase of DX activity after treatment in combination 
with DHPs is exerted, as for VRP, through an increase of 
DX intracellular level. This effect is prcsumably due to an 
interaction with PI70 as reported for VRP and other 



DHPs ( 15. 17. 18). Nifedipine, which failed to increasc DX 
intraccllular Icvel, is not  active to improve  DX cytotoxic  
effect. As reported in the  results, the  DX intracellular level 
in LoVo/DX cells is DHPs dose-dependent  a n d  strictly 
related to thc  presence o f  DHPs in cell medium. 

This  observat ion suggests the  need to reach and main- 
ta in  high plasma levcls in an imals  a n d  in  pat ients .  Com- 
p o u n d s  1X. X a n d  XI, showing similar modula t ing  activity 
b u t  significantly lower ( a t  least 250-fold) Ca + + antagonis t  
effect vs V R P .  could meet this requirement  a n d  bc used a s  
active chemosensitizer agents  without  scvcrc side-effects 
related t o  Ca' + antagonis t  effect. 
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