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AIM: To compare cycleanine (Cyc), insularine
{Insr}, insulancline (Insn) and verapamil { Ver) in
modulation of multidrug resistance {MDR) in vitro.
METHODS: The cytotoxic effect was determined by
3-[ 4, 5-dimethylthiazol-2-y1], 5-diphenyl tetarzolium
bromide (MTT) assay. The intracellular doxorubincin
(Dox ) accumulation was assayed by spectro-
floorometer, RESULTS: Cyc, Insr, Insn, and Ver
showed significant activities in modulating Dox and
vincristine resistances in acquired resistant MCF-7/Adr
and KBy cell lines in a dose-dependent manner.
Cyc, Insr, Insn, and Ver increased intracellular Dox
accumulation in MCF-7/Adr cells, Cyc and Insr had
greater activities than Ver in modulating MDR,, while
Insn  had similar activity to that of Ver.
CONCLUSION: MDR was modulated by Cyc, Insr,
and Insn, due to the increase of intracellular Dox
accumulation ,

The recognition of multidrug resistance (MDR} as
a major reason for failure of chemotherapy has
stimulated efforts to identify modulator and improve
existing chemotherapy. Recognition of the role of P-
glycoprotein (P-gp) as a drg efflux pump has
stimulated efforts to antagonize the function of this
membrane glycopmtein[l’ﬂ. Many compounds
enhanced drug accumulation in MDR cells in vitro'® .
It is well known that verapamil ( Ver), a calcium
channel blocker, possesses significant effect on
modulation of MDR!Y.  However, ifs potent
cardiovascular effect limited the clinical use of Ver to
modulate the MDR. It is therefore necessary to search
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for novel effective modulator with lower toxicity. We
have screened 11 principles in different structure with
weaker calcium channel blocking effect than Ver from
Chinese herbal medicine on their effect of modulation
of MDR. We found that tetrandrine and davricine, 2
bisbenzylisoquinoline { BBI) alkaloids, showed greater
activity in reversing MDR than Ver, a standard MDR
reversing agent'” . There are some reports about the
modulation of MDR by the other BBI alkaloids.
Cepharanthing was found to overcome MDR by binding
to P-gp as the structure similar to photoaffinity
substrates for P-gp'®7. Thaliblastine, a dimeric
aporphine benzylisoquinoline alkaloid, showed activity
of overcoming MDR in Dox-resistant rurine leukemic
P388/R-84 cells, enhancing Dox retention and
partially blocking the photolabeling of P-gp with
[®H}azidopine'®). Therefore we studied the effect of
cycleanine (Cyc), insularine (Insr), and insulanoline
(Insn), another 3 BBI alkaloids with minor difference
in structure all derived from Cvclea racemosa Olivl®,
on the modulation of MDR in comparison with Ver.
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Cycleanine; R=0CH;, R,=H, R; =CH3;0
Insularine;: R=0CH;, R, =CH,, R,=0
Insulanoline: R = OH, R,=CH,, R;=0
MATERIALS AND METHODS

Drugs and reagents Cyc. Insr, and Insn were kindly
supplied by Prof LAI Sheng, School of Pharmacy, West China
University of Medical Sciences'® . Ver was the gift from Ebewe
Pharmaceutical Lid, Austria. Vincristine { VCR) was made by
Guangzhou 10th Pharmaceuntical Factory.  3-[ 4, 5-dimethyl-
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thiazol-2-y1], 5-diphenyl tetarzoliun1 bromide {MTT} was made
by Jassen Chemica .

Cell lines and culture MCF-7 human breast cancer cell
line and its MDR subclone MCFE-7/Adr, selected by stepwise
exposure of parental cells to increasing concentration of
doxawubicin { Dox ), were maintained in DMEM supplemented
with 10 % fetal bovine serum in a humidified amnospbere of
5% Cx+95 % air. MCF-7/Adr cell line was approximately
100-fold meore resistant to Dox than the parental cell line and was
known to overeapress P-gp amd maintained a stable MDR
phenotype while grown in drug-free medium for a period of at
least 3 months'"”),  Both cell lines from NCI, USA, were the
gifis from Prof LIU Xu-Yi, Beijing Cancer Institute .

KBy cell line was selected by stepwise cxposure of
parental semsitive KB cell to increasing concentrations of { VCR)
and ethylmethane sulfonate mutagenesis. KBy, cell line was
approximately 100-fold more resistant to VCR than the parental
KR cell line amd was known to possess an increased rdr-1
mRMA  expression and a decreased intracellular VCR
accumulation('),  Both cell lines were kindly supplied by
Institute of Materia Medica, Chinese Academy of Medical
Sciences, Beijing.

Cytotoxicity #n vitro: MIT assay Cells were seeded
in 95-well plates at the depsity of 10 x 10° MCE-7/Adr cells per
well, 5x 10°F MCFE-T cells/well, 7 % 10° KBy, and KB cells/
well, and incubated in a humidified atmosphere of 5 % COy +
95 % air for overnight, then drugs were added. For the control
the mediam was added instead of the drug solution. Afier a 72-
h iricubation, MTT 20 pL (5 g-L-"' in PBS) was added for an
additional 4-h incubation. 1Cy was the concentration of drug
that reduced the absorbance to 50 % of controls. Resistance
roodulating factor (RMF) = 1Cy, drug/ Ky drug + modulator,

Intracellular accmmilation of Dox Drug
accumulation stadies were performed as previously described(®?,
The presence of the 3 BB alkaloids were shown not o affect the
absorbance or emission spectra of Dox.

Tab 1.

RESULTS

Modulation of Dox resistance in vitre in
MCF-7/Adr cells Cyc, Insr, and Insn increased
the cytotoxicity of Dox to P-gp positive MCF-7/Adr
cell in a dose-dependent manner, but not to its parental
MCF-7 cells, which do not overexpress P-gp. RMF
of Cyc and Insr 5 pmol- L™ ! ( noncytotoxic dose) was
21.2 and 11.8 respectively, while that of Insn and Ver
5 fJ.l'DDl‘L-l was 5.3 and 6.5, respectively. Thus,
Cyc and Insr were 3.3-fold and 1.8-fold more potent
than Ver, while the potency of Insn was similar to that
from Ver (Tab 1) .

About Cyc 1.3 pmol-L~!, Insr 3.7 pmol-L"!,
Insn 6.3 pmol - L~1, and Ver 9.1 pmol-L~! were
necessary to cause 10-fold sensitization of cytotoxicity
(Fig 1).

Modulation of VCR resistance # vitro in
KB,y cells Cyc, Insr, and Insn increased the
cytotoxicity of VCR to P-gp positive KBay cell in a
dose-dependent manner, but not to its parental KB
cells, which do not overexpress P-gp (Tab 2, Fig 2).
As shown in the curve of dose-effect relationship ( Fig
3), about Cyc 4.5 pmol +L~!, Insr 5.5 pmol - L.~}
were necessary to cause a complete {100-fold) reversal
of VCR resistance while dose of Insn and Ver needed
were more than 10 pmol-L™'(Tab 2).

Intracellular accumudation of Dox MCF-7/
Adr cells accumulated 6.6-fold less Dox than sensitive
MCFE-7 cells. The addition of 10 pmol-L™! of Cyc,
Inst, Insn, and Ver caused 4.6-fold, 4.7-fold, 4.4-
fold, and 4.2-fold (P <0.01, compared with control

Effect of Cyc, Insr, Insn, and Ver on modulation of Dox resistance in MCF-7/Adr cells in vitro.

Resistance modulating factor = ICy, drug/IC5 drug + modulator; The modulator itself was at relative cytotoxic
concentration { The inhibitory rate was more than 10 %}. 95 % confidence limits in parentheses.
n =3 experiments (each § wells). "P>0.05, %P <0.05, P <0.01 vs control.

Modulator”

L1 1 2.5 5 10
1Cy, of Dox . 1G5, of Dox ICy, of Dox 1Cy, of Dox
-1 -1 -1 RM:F Cﬂ) - RMF
pemol - L umol-L pmol 'L pmol-L-!
Contol 11.02 (6,04 -20.08)
Cye 3.28(1.86-5.79)" 3.4 0.62 (0.37-2.68)° 17.7 0.52(0.30-0.90)° 21.2 0.40{0.26-0.62)* 27.5
Insr 3.57(1.78-7.14)" 3.1 1.41(0.80-2.49)° 7.8 0.%4(0.57-1.54)° 11.8 0.38(0.26-0.5)° 28.9
Insn 4.62(2.35-9.04)* 24 2.49(1.52-4.07)° 4.4 206(1.14-3.72)° 53 0.65(0.41-1.04 16.9
Ver 4.54(2.29-9.01)* 2.4 3.40(1.99-5381)" 3.2 1.70(0.97-2.97)° 6.5 1.02(0.58—-1.79) 10.8
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Tab 2. Effects of Cyc, Insr, Insn, and Ver on modulation of VCR resistance in KB,y cells in vitro. " Resistance
modulating factor = ICs, drug/ICs, drug + modulator; The modulator itself was at relative cytotoxic concentration
{ The inhibitory rate was more than 10 %). 95 % confidence limits in parentheses.

#=3 experiments [cach 8 wells). P >0.05, “P <0.01 vs control.

Modulator/ 1 2.5 5 10

pemool < L1 of VCR IC;, of VCR

I i
Koy of VCR “RMF 1C,, of VCR RMF Cey < RMF Can b RMF
I-1.-! nmol* L~} nmol - L ol - L
Contol 2938 (1671 -3 l64)
Cye 279 (157-495)°  10.5 101 (61-168)° 29.1 20 (l1-36)° M6.9 13 (7-24)° 226.0
Inse o84 (160-501)  10.3 92 (52-163)° 3L9 20 (11-36)° 6.9 18 (10-32)° 163.2
Insn 947 (524-1709)* 3.1 336 (188-601)° 8.7 198(108-363)° 148 31(18-55F¢ 4.8
Ver 1204 (667-2177)° 2.4 422(237-751)° 123 71 (39-13¢° 4.3 37(17-70)° 794
30
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Fig 1. Potency of modulating activities for Cye, Insr,

Insn, and Ver in MCF-7/Adr cells.

group) increases in Dox accumulation in MCF-7/Adr
cells, and slight increase of Dox accumulation in the
sensitive MCF-7 cell line { P > 0.05, compared with
control group} (Tab 3).

DISCUSSION

In this study, we first find that Cyc, Insr, and
Insn significantly enhanced the cytoloxic effect of Dox
or VCR (o P-gp positive MCF- 7/Adr cell and KBy
cell in a dose-dependent manner, but not to their
parental sensitive MCF-7 cells and KB cells, which do
not overexpress P-gp, and caused the increased
intracellular Dox accurmmlation in MCF- 7/Adr cells,
but not in their parental sensitive MCF- 7 cells. The
activities of Cyc and Insr on modulation of MDR. were

Fig 2. Potency of modulating activities for Cyc, Insr,
Insn, amd Ver in KBy, cells.

Tab 3. Effect of Cyc, Insr, Insn, and Ver on
intracellular Dox accumulation in MCF-7/ Adr and MCF-
7 cells. ‘vs control; 'es intracellular Dox accianula-
tion in MCF-7/Adr cells. n =3 experiments (each 8

wells), *+s. P>0.05, P<0.01 vs control.
Cellular Dox Fold
Drug/ { omol/10° cells) increased
.7 -1

sl LT iR A MCR? 1"‘?&7/ MCF-7
Control 160£23  1060£145 1.0 1.0(6.67)
Cyc 10 7451365 1078+71° 4.6 1.0
Insr 10 752+23° 1210+108* 4.7 1.1
Insn 10 705+53° 1095+95° 4.4 1.0
Ver 10 670x44° 11571307 1.2 1.1
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greater than Ver, and that of Insn was similar to that of
Wer. These suggest that the 3 BBI alkaloids may at
least block the function of drug efflux of P-gp, and
result in modulation of MDR .

Between 2 benzylisoquinoline units of these
alkaloids, there are two diphenyl ether linkages with
head to tail coupling. But in the cases of Insr and
Insn, there is another one phenyl-benzyl ether linkage.
The number of ether linkage seems to have no relation
to activity of these BBI alkaloids on modulation of
MDR. Insn differs from Instr and Cyc in nature of
oxygenated substituents ( OH substimtion instead of
OCH;) in position C;. This minor difference confers
water solubility as well as appreciable difference in
activity of enhancing Dox or VCR cytotoxicities from
Insr and Cyc. Similar structure-activity relationship
are also seen between tetrandrine and berbamine,
dauricine and daurisoline. The data will be published
elsewhere .

As the effect of the BBI alkaloids on Dox
accurmmlation in MCF-7/Adr cells was not paralleled
with that on cytotoxicity , the modulating mechanism of
MDR by these compounds remains to be investigated
further.
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BHeY: LRI (Cyc), ¥ 5 R ¥ ¥ (Insr)
g 5 35 06 M W (Insn) 5 2R H7 0A 2K ( Ver) R 51
YEHFHAHE(MDR)MER. Fk. ApERR
R MIT &, KPR X (Dox)HRBRREAFX
AN ENE. 4R: Cyc, Insr, Insn Fl Ver 1£
MDR #0) i & MCF-7/Adr $l KB o BE 8 ¥ 8% Dox
REEFROEHE, BHEREFEMRBIH.
Cyc, Insr, Insn R Ver S REI¥ AT MCF-7/Adr S0/ R
Dox BB, Cyc #l Insr i MDR EHAZ LT
Ver, il Insn BIFEAERIF Ver. &t Cyc, Insr
Fl Insn ABE 11 1 IM MDR 40821 Dox B R WA
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