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ABSTRACT

AIM: To study the attenuation of multidrug resistance
(MDR) by R-dl-verapamil { R-Ver) and the acute
animal toxicity of R-Ver, and to compare these results
of R-Ver with the results of d&f-verapamil { Ver).
METHODS; Cytotoxicity was determined by
tetrazolium ( MTT) assay. Cellular accumulation of
doxorubicin ( Dox ) was measured by fluorescence
spectrophotometry.  Acute animal toxicity was tested
by ip dmug administration in BAIB/c mice.
RESULTS: R-Ver attenuated MDR of KBv200 cells
to vincristme ( VCR) and Dox. This attenuation
ability was dose-related, and was also dependent on
drug exposure time. R-Ver 1.25 ymol-L™" increased
the sensitivity of KBv200 cells to VCR ( P < 0.01)
with a 24-h period of drug exposure. R-Ver
downmodulated MDR and increased celiular Dox
accumulation of KBv200 cells as effectively as Ver, but
possessed lower acute toxicity in BALB/c mice.
While LDy, of Ver was 60 (49— 73) mg-kg™', LDy,
of R-Ver was 166 (137 — 202) mg-kg™'. CON-
CLUSION: R-Ver downmodulated the MDR to VCR
and Dox at 1.25 umol-L™!, and this effect on VCR
can be realized with drug exposure duration of 24 h.

INTRODUCTION

Chemotherapy of cancers is often hindered by
multidrug resistance { MDR) of tumer cells. A 170-
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kDa transmembrane glycoprotein { P170) enhances the
efflux of drugs out of cells and reduces the sensitivity of
tumor cells to a number of anticancer drugs, mncluding
vincristine (VCR) and doxorubicin (Dox) ., which was
described by the term of MDR. The effects of F170
on drug efflux can be downmodulated by calcium
charmel-blocking agents. However, the cardiovascular
effects of some calcium channel-blocking agents prevent
them from- reaching and maintaining in vive the
concentrations which are required to attenuate MDR in
vitro .

&l-Verapamil { Ver) is a racemic mixture of equal
amounts of two enantiomers. R-g/-Verapamil { R-
Ver) {ie. P-isomer of Ver} has one-tenth of
cardiovascular activity of the racemic mixmre!'', but
retains a MDR-modulating activity. However, some
previous reports showed contradictory results about
effectiveness of R-Ver and Ver on MDR
attenuationt®?) . In the present study, we observed the
attenuating effect of R-Ver on MDR, and acute toxicity
of R-Ver, which was prepared from a Chinese product
of Ver.

MATERIALS AND METHODS

Materials The MDR cell line KBv200 and the
parental sensitive cell line KB were generously provided
by Institute of Materia Medica, Chinese Academy of
Medical Sciences. Ver was a gift from Lianyungang
Pharmaceutical Factory. R-Ver was prepared from Ver
with a chemical dissolution method®) . VCR and Dox
were products of Chinese Pharmaceutical Factories.

Cell culture KB cells were cultured as adherent
monolayers on the flasks in RPMI-1640 medium with
10 % fetal bovine serum at 37 T in a humidified
atmosphere of 5 % COp, KBv200 cells were grown
well in RPMI-1640 medium containing fetal bovine
serum {10 % ) and VCR {200 nmol-L™")'®).  They
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were cultured in the absence of drug for 3 d before
experiments

Drug sensitivity assay Drug sensitivity was
determined by a tetrazolium-based chemosensitivity
assay as described previousl}'rﬁj. Briefly, cells were
plated out at a density of 3 x 10° per well in 9%6-well flat
bottomed plates and allowed to attach and grow for 2 d.
Drugs were added at the required concentration. After
a 3-d incubation in continuous drug exposure, MTT
(30 pL, 5 g+L™') was added to each well. Plates
were kept in the dark at 37 C for 4 h, medium and
MTT were removed. and MTT-formazan crystals were
dissolved in Me.SO (150 peL/well).  Glycine buffer
{25 pL/well pH 10.5) was added and the absorbance
was measured at 570 om in a mult-well plate reader
{Model DG3022A). Cytotoxicity curves were made
with percentage of cell growth obtained at 6 or 7 drug
concentrtions.  Percentage of cell growth =
(absorbance value at tested well/absorbance value at
control well) x 100 % . 1G5, value was the drug
concentration required to kill 50 % of cells. The
potentiation fold was the ratio of the 1Cy;, in the absence
and presence of R-Ver or Ver. To evaluate cell
growth and growth inhibition after drug exposure for a
variety of time, cells were exposed to drug for 6, 10,
24, 48. and 72 h, respectively. and then fed with fresh
medium and incubated until the end of 72 b. The
adding of MTT and measuring of absorbance were done
as mentioned above. Three wells were used for each
drug concentration .

Cellular Dox accumulation KB cells and
KBv200 cells were each seeded in 5 mL of mediom at a
density of 1.3 x 10" cells-L~'. Dox 10 umol-L™*
was added in the absence or presence of 5 umol-L~! of
R-Ver or Ver. Cells were incubated at 37 T for 3 h.
After centrifugation the cellular suspension was washed
3 times with cold PBS. The cells were resuspended in
HCl 0.3 mol - L™' in 60 % ethanol, Following
centrifugation, the supernatant was removed and
assayed spectrofluorometrically at A, 470 om and ).
585 nmt™# . Ver did not affect the absorbance or
emission spectra of Dox. The accumulation fold of
Dox was calculated by dividing the value in the
presence of Ver or R-Ver by that in controt wells.

Mouse toxicity test A dose-tanging experi-
ment was carried out in BALB/c mice ( 3 & ¥.
weighing 18 - 22 g} for R-Ver and Ver. The mice

were supplied by Experimental Animal Centre of
Nanjing Military Unit. PLA {(Grade [I . Certificate No
05047). Drugs were administered ip and mice were
observed for 7 d. The doses ranged from 102 to 250
mg-kg ! for R-Ver and from 38.4 10 93.8 mg-kg !
for Ver. Ratio of dose interval was (0.8. LD, values
were derived from Bliss’ weighted probit analysis.

Statistical analysis Results were expressed in
terms of inhibitory rate (%) of cell proliferation:
inhibitory rate { % ) = (1 — percentage of cell growth)
»* 100 %. Controls were provided by cells plus
culture medium,  Comparisons of the results were
made with #-test.

RESULTS

Cytotoxicity of R-Ver and Ver alone
Percentage of cell growth after exposure to R-Ver or
Ver alone was more than % %, compared with 100 %
of the control. R-Ver of Ver at 5 and 10 pamel- L™!
had no significant inhibitory effect on the growth of
both KB and KBv200) cells. There was also no
significant difference between the values of R-Ver and
of Ver (P>0.05) (Tab 1).

Tab 1. Percentage of cell growth after exposure to
R-Ver or Ver for 3 d. n =3 experiments. =x x 5.
P> 0.05 vs control.

Drug/ pemol 17! KB KB+200
Conrol O 1000 100
R-Ver 5 100 £ 4* 097 £ &°

10 M+ 6° o+ 57

Ver ) 93+ 6" Y7+ 5%

10 95+ 7" 95+ 6

Attenuation of MDR by R-Ver and Ver
The resistance fold of KBv200 cells to VCR was 174.7
times as much as that for KB cells, and 0 Dox was 9.1
times as much as that for KB cells, R-Ver and Ver
increased the sensitivity of KBv200 cells to VCR and
Dox, but pot for KB cells. At equimolar concentra-
tion. R-Ver had the same attermating effect as Ver
{Tab 2, 3).

Dox accumulation After incubation with Dox
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Tab 2. Potentiaon by R-Ver and Ver of VCR
cytotoxicity to KB cells and KBv200 cells as determined
by MTT assay. n=3 experiments. X+ s. “P>0.05,
‘P<0.01 vs control. %P >0.05 vs Ver.

ICy, of VCR/omol-L"7  Potentiation fold

1L
Drug/ pumol - T KB KBw00 KB KBv200
Control 0 6.2x06 1083x16
RVer 135 6.520.3" 127+11° 095 8.5

25  59zx0.4¢ 7o+ 106  14.3

5 6.7 0.8 2t 093 258
Ver 5 0.3+0.6" dl+6° 097 6.4
Tab 3. Potentiation by R-Ver and Ver of Dox

cytotoxicity to KB cells and KBv200 cells as determined

by MTIT assay. n=3 experiments. X+ s. *P>0.05,
‘P<0.01 vs contral. %P> 0.05 vs Ver.

ICy, of Dox/nmol-L*'  Potentiation fold

Drug/pamol-L™1 g KBv200 KB KBv200

Contrel 0 6.7+0.7 61+38

R-Ver 1.35 72+0.80 233 0.9 2.7
2,5 6.1+0.8 18+ 2¢ 1.1 3.4
3 6.6+0.5 13124 1.0 4.7

Ver 5 6.7+0.%  12+F 1.0 5.1

10 pmol- L', cellular Dox accumulation in KB cells
was 4.2 times as much as that in KBv200 cells.
R-Ver and Ver were equally effective in increasing Dox
accumulation in KBv200 cells. but not in KB cells
(Tab 4).

Tab 4. Effect of R-Ver and Ver on Dox accumulation.
n=3 experiments. ¥ t 5. P>0.05, P<0.01 vs
control. %P> 0.05 vs Ver.

Drog/ Dox (nmol/ 107 cells}
pmol- L™ KB KBy200

Accomulation fold
KB KBv200

Control O 3.13£0.19
R-Ver 5 3.15+0.26°
Yer 5 3.1610.247

1.22+0.07 1.0 1.0
2.79+0.12¢ 1.0 23
283018 1.0 23

Effect of drug exposure time Exposed to
VCR and R-Ver at three concentrations for 6 and 10 h,
KBv200 cells changed into round shape and stoped from
division . After removal of drug. most cells Tetumed
to spindle shape and began to proliferate. Cells were
not killed by cooperation of R-Ver and VCR for 6 and

10h. However, R-Ver at 1.25 pmol*L™! for 24 h
had an effect on drug sensitivily. resulting in 58 %
inhibitory rate, which was different from that of control
wells ( P <0.01). While most of cells were dead and
swollen, some of cells kept alive and possessed the
ability to proliferate after exposed 1o VCR and R-Ver at
1.25 pmol+L~! for 72 h. Cells were totally killed at
the wells containing VCR and R-Ver at 3 pmol+L ™" for
72 h (Tab 5).

Tab 5. Inhibitory rate (%) of cell proliferation after
exposure t0 R-Ver and VCR. 7n =3 experiments. The
final concentration of VCR was 200 numol-L~! each well.

X+ 5. *P>0.05 "P<0.05, P<0.01 ws control
{0%).
Time of R-Ver exposure/pumol- L~
exposure/h 3 2.5 1.25
o Tré 5+5 1+4°
10 16+ 7 B+ 5 dxgt
24 AR 8l+2" LR
48 W=+ Mzl 69+ 3
72 100+ 0 97 x1° 832

Toxicity R-Ver had a lower toxicity than Ver
(P < 0.05). For R-Ver and Ver deaths were
observed on the first day after administration of drugs.
LDy, (95 9% confidence limits) of R-Ver and Ver in
Balb/C mice were 166 (137 —202) mg kg~ ! and 60
(49 - 73) mg kg ™' respectively.

DISCUSSION

Ver is able to restore the sensitivity of MDR cell
lines to Vinca alkaloids and anthracyclines in vitro . but
its clinical application is limited by cardiovascular side-
effects. R-Ver is a candidate for the clinical
downmodulation of MDR,, for it has less effects on the
cardiovascular system'", and can be safely maintained
in vivo at concentrations of 2 - 3 pmol + L%,
However, one prior report implied that R-Ver was less
effective in MDR attenuation than Ver'®). Another
paper indicated that they were equally effective' .
Our experimental results showed that R-Ver and Ver
were equally potent.in attenuating MDR to VCR and
Dox. This effect was dose-related. R-Ver 1.25
pmol* L™ increased the sensitivity of KBv200 cells to



http://www.cqvip.com

ISSM 0233-Y736  Acta Pharmacol Sin  F B &2 4 1999 Jul: 20 (7)

+ 650 - E-mail aps @ server. shcn . ac.on

Phn/Fax 86-21-6174-2629

VCR. and Dox.

Attenuation ability of R-Ver was also dependent
on the time of dmg exposure. Cells were not killed
after exposed o VCR and R-Ver for 10 h. The
inhibitory rate { % ) of cell proliferation was increased
to 58 % by cooperation of VCR and R-Ver (1.25
umol-L™') for 24 h. This phenomenon implied that
the attenuating effect of R-Ver was realized by
increasing intracellular concentration of cytotoxics and
maintaining the higher concentration for a certain period
of tme. The duration of dmg exposure in previous
studies was always several days, even 7 d(-,
Obviously, it is rather difficult (0 maintain R-Ver in
blood plasm at concentration of 2 umol - L™* for a
longer duration. Our data indicate that R-Ver can be
used for the clinical downmodulation of MDR o VCR
and Dox. and R-Ver has an atienuating effect on MDR
with 24 h of dmg exposure time. which would facilitate
the clinical use of R-Ver as a potential chemosensitizer .
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R-dI- M iR R1E KBv200 BB
XK BB S R BB BRI

'/

5ol maK SAE, KA RIEE, 2

(MR AFEZER, M 210003, FHE)

RERE EROAK: KEHM ZERE;
ZRHLLME: KB Al FiEuls

B&Y: W5 R-BIAEH 0 K3 £ 25 T 25 () R AR 4
REANZDEE, FS5HEERNHE KK BRE
FiFLLE. & HRFHENEER MIT®, @A
MHEZ R EFREANEREA T LAE .
AHFHRE A BALB/c MEEETHE. &R,
R-FU 4 H7 94 K 57 A5 KBv200 4 iR AT < R
MEZW RN, HRILEW 5EHREN
fERIRTEA %, 1.25 pmol-L™1A9 R-BYHEHIMA K
HSREHBAOAMBEN 24 h, gEHE T E 88
KBv200 MBI K EF B SURE, g
MM E T ERBI W, R-EIMELI ARG
REMERIMACK SR —#F, B R-BA R KK RIS
MEEA R T HIEERIW K. ik, R-EI4L
K 1.25 umol- L™ 582 5 i 25 B 96 20 B 2ot 45 B 6T
MEZLERFERE, B KEHBE BN
TR ZL Y {E AR AT 4658 2 24 h.

(R1EHE A RHR)
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