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Abstract: Objective
(DOX) sensitivity of K562/DOX and MCF-7/DOX cells. Methods The activity of Isotetrandrine to en-
hance doxorubicin cytotoxicity was tested using MTT [3-(4, 5-dimethylthiazol)-2,5-diphenyltetrazolium

To explore the effect and mechanism of Isotetrandrine to enhance doxorubicin

bromide] assay and evaluated by the reversal fold (RF) values. The level of P-glycoprotein (P-gp) ex-
pression and intracellular accumulation of doxorubicin and rhodamine123 (Rh123) were assessed by flow
cytometry (FCMD). Results The doxorubicin-induced cytotoxicity was significantly potentiated by isotet-
randrine with the concentration of 10 pg/ml. P-gp was expressed in both K562/DOX cells and MCF-7/
DOX cells, but the level of P-gp expression was not distinct difference at the absence or presence of iso-
tetrandrine. The intracellular accumulation of DOX and Rh123 was increased in the presence of isotetran-
drine, which indicated that the function of P-gp was effectively inhibited. Conclusion Isotetrandrine ex-
hibited potent effect in the reversal of tumor multidrug resistance (MDR) by inhibiting the function of P-
gp in vitro, suggesting that it may become a candidate of effective MDR reversing agents in cancer chem-
otherapy.
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0 Introduction

- EAtAR -

Cancer multidrug resistance (MDR) is one of
the major obstacles for the success of chemothera-
py. It is related to a 170 kDa plasma membrane
protein, P-glycoprotein (P-gp)'. P-gp functions

as an ATP-dependent drugs transporter which uni-
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laterally transports the intracellular drugs out of
the cells, thereby reducing drug cytotoxicity. So
chemotherapy drugs in conjunction with a P-gp in-
hibitor at the time of tumor treatment will be the
effective way to overcome MDR. Accordingly, a
variety of drugs have been reported as agents for o-
vercoming MDR. However, side effects of many
drugs make them incapable effectively applied in
the clinic. Therefore, development of safe and ef-
fective MDR reversing agents is eagerly required.

Isotetrandrine, a bisbenzylisoquinoline alkaloid ex-
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tracted from Traditional Chinese drug Mahonia, is
diastereoisomer of tetrandrine (TET)!. Previous
reports have shown that TET could exhibit rever-
sal effect on tumor MDR 2%,
were to investigate the reversal effect of Isotetran-

drine on MDR in K562/DOX and MCF-7/DOX

cells.

In this study, we

1 Materials and methods
1.1 Drugs and reagents

Isotetrandrine was extracted and prepared by
our project group; Doxorubicin (DOX) was pur-
chased from Jintairong Medicine Co. Ltd. , Guang-
dong, China; 3-(4, 5-dimethylthiazol)-2, 5-diphe-
nyltetrazolium bromide(MTT) and rhodamine 123
(Rh123) were purchased from Sigma Co., USA;
Anti-human-P-gp mouse mAb and FITC-marked
goat-anti-mouse IgG were purchased from Maixin
Biotechnology Co. Ltd. ,Fuzhou, China; Fetal calf
serum and RPMI-1640 medium were purchased
from Gibco, USA.
1.2 Cell lines and cell culture

Human leukemia (K562) cells and human
breast cancer (MCF-7) cells and their DOX-resist-
ant (K562/DOX and MCF-7/DOX) cells were pur-
chased from Institute of haematology, Chinese A-
cademy of Medical Sciences. They were cultured in
RPMI-1640 medium with 10% fetal calf serum at
37°C in a humidified 5% CO, atmosphere. K562/
DOX and MCF-7/DOX cells were maintained in
culture medium with 1. 0 pg/ml DOX and incuba-
ted in DOX-free medium for 2 weeks before the
planned experiment.
1.3 Drugs cytotoxicity assay

The intrinsic cytotoxicity of Isotetrandrine and
the ability of it to potentiate DOX cytotoxicity in all
kinds of cells were determined with MTT assay -,
Cells were seeded into 96-well plates at 2 X 10*/
well. Various concentrations of DOX and isotetran-
drine were subsequently added and incubated for 48
h. Then 5 pg/ml MTT was added and incubated for
4 h later, the culture fluid was eliminated and DMSO
was added. After formazan in the cells was dissolved
by DMSQO, the absorbance at 570 nm was detected
and inhibitor rates of cells were obtained. By regres-

sion analysis, ICs, which was the concentration of

the drug causing 50% inhibition of cells growth was
obtained. The reversal fold (RF), the ratio of ICs,
of cytotoxic drug (DOX) alone and that of cytotoxic
drug (DOX) in the presence of modulator (isotet-
randrine) , embodied the effect of Isotetrandrine to
enhance doxorubicin cytotoxicity and reversal poten-
cy of Isotetrandrine.
1.4 Detection of expression level of P-gp
Anti-human-P-gp mouse mAb was added in all
kinds of cells in logarithmic phase at the absence or
presence of Isotetrandrine and incubated for 30) min
at 4°C, then added FITC-marked goat-anti-mouse
IgG and incubated for 30 min at 4°C again, the ex-
pression of P-gp was determined by FCM.
1.5 Accumulation and efflux of Rh123 assay
Rh123 is the favorable and specific substrate
of P-gp, so the accumulation and efflux of Rh123
assay is classical method of determining P-gp func-
tion. At the accumulation assay, cells (1 X 10°/
ml) in logarithmic phase were incubated with me-
dium containing 2 pg/ml Rh123 in the presence or
absence of 10 pg/ml Isotetrandrine at 37°C for 45
min. After two washes with ice-cold PBS, the in-
tracellular Rh123-associated fluorecence intensity
(FI) was measured with FCM. At the efflux as-
say, cells (1 X 10°/ml) in logarithmic phase were
first incubated with medium containing 6 pg/ml
Rh123 at 37°C for 45 min, washed three times with
serum-free RPMI-1640 medium, and then incuba-
ted in the presence or absence of 10 pg/ml Isotet-
randrine at 37°C for 45 min. After two washes
with ice-cold PBS, the intracellular Rh123-associ-
ated FI was measured with FCM.
1.6 Detection of intracellular DOX concentration
The K562/DOX and MCF-7/DOX cells (1 X
10°/ml) in logarithmic phase were exposed to 10
pg/ml DOX in the presence or absence of 10 pg/ml
Isotetrandrine for 90 min at 37°C. After two wa-
shes with ice-cold PBS, intracellular DOX-associat-
ed FI was measured with FCM.
1.7 Data analysis
All data were presented as x * s and analyzed

using SPSS statistic software.

2 Results
2.1 Resistance of K562/DOX and MCF-7/DOX
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cells to DOX

By MTT assay and regression analysis, ICs,
of DOX to inhibit the reproduction of MCF-7 cells
was 0. 22 pg/ml and ICs, of DOX to MCF-7/DOX
cells was 45.25 pg/ml, thereby the resistant fold
was 205. 68; ICs, of DOX to inhibit the reproduc-
tion of K562 cells was 1. 48 ug/ml and ICs, of DOX
to K562/DOX cells was 75. 25 pg/ml, thereby the
resistant fold was 50. 84. Their resistant folds
were over 20, so the K562/DOX and MCF-7/DOX
cells had phenotype of MDR.
2.2 Intrinsic cytotoxicity of Isotetrandrine

As shown in Tab1, inhibitory rate of Isotet-
randrine to cells growth took on dependence of
concentrations. Along with the rise of Isotetran-
drine concentration, inhibitory rates of cells were
gradually increased. When concentration of Isotet-
randrine was 20 pg/ml, Inhibitory rate of cells
growth were about 10%. So the concentrations un-
der 20 pg/ml were its noncytotoxic dose. We chose
10 pg/ml dose of Isotetrandrine to study the effect
of it enhancing DOX sensitivity.

Tab 1 Inhibitory rate of Isotetrandrine on au

kinds of cells(z * s)
1 RUMCHEHIMESMARAMEEGEL

Inhibitory rate of cells (%5)

K562 K562/ MCF-7
cells DOX cells cells

Isotetrandrine

MCF-7/
DOX cells

concentration

10 pg/ml 9.79+0.05 5.82£0.03 8.38+0.07 6.45%0.03
20 pg/ml 12.00+0.16 11.59£0.08 10.08+0.06 9.98%0.05
50 pg/ml 47.2110.12 38.29£0.06 28.85%0.12 17.75%0. 06
100 pg/ml 57.07£0.11 51.39£0.08 45.78 0. 11 24.45%0. 08

2.3 Effect of Isotetrandrine on DOX cytotoxicity
The activity of Isotetrandrine to enhance
doxorubicin cytotoxicity in K562/DOX and MCF-
7/DOX cells was shown in Tab 2. Isotetrandrine
exhibited a distinct reversal effect at 10 ug/ml con-
centration. No such activity was found in K562 and
MCF-7 cells.
2.4 Effect of Isotetrandrine on expression level of
P-gp
In Isotetrandrine-untreated group, positive
expression rates of P-gp in K562/DOX and MCF-
7/DOX cells were (75.28 £4.36) % and (73.25 +

3.15 ) % respectively . In Isotetrandrine - treated

Tab 2 Effect of isotetrandrine on DOX
cytotoxicity in two kinds of cells(z £ )
x2 RXMCHEHMERAMIZERZIE L
IG5 (pg/mb)

Reversal Fold

Cells DOX DOX + ‘ (RF)
Isotetrandrine
K562 cells 1.63£0. 05 1.60£0.07
K562/DOX cells 79.50+0. 11 18.12%£0.37 4.38
MCF-7 cells 0.22£0.08 0.20%0.03
MCF-7/DOX cells  51.08£0.17 13.12£0. 48 3.89

group, positive expression rates of P-gp in K562/
DOX and MCF-7/DOX cells were (72.48 +
3.45)% and (71.55 * 3.37)% respectively, no
distinctive difference with Isotetrandrine-untreated
group (P>>0.05). The results indicated that Iso-
tetrandrine hardly affected expression level of P-
gp.
2.5 Effect of Isotetrandrine on P-gp function

No matter at Rh123 accumulation experiment
or at Rh123 efflux experiment, intracellular Rh123
concentration (Rh123-associated FI) of DOX-re-
sistant cells in Isotetrandrine-treated group was
significantly higher than that in Isotetrandrine-un-
treated group(P<C0. 05), although it did not reach
the level of Rh123 concentration in DOX-sensitive
cells, suggesting that Isotetrandrine could promote
Rh123 accumulation and inhibit Rh123 efflux and
therefore inhibiting P-gp function of “drug efflux

bump”, as shown in Tab 3.

Tab 3 Effect of Isotetrandrine on intracellular Rh123
concentration (Rh123-associated FI) (z £ s)

R3 RINHCHEITMEAMAA Rh123 RKEHZIE (£

Rh123-associated FI

Groups Accumulation Efflux
experiment experiment
K562 cells 98.45+1.08 98.15%£1.03
K562/DOX cells (ITD-untreated) 28.21%£2.49 27.09%2,20
K562/DOX cells(ITD-treated) 81.73+2.17* 80.85%2.07*
MCF-7 cells 99.41+0.45 98.65%0.72
MCF-7/DOX cells(ITD-untreated) ~ 26.09+0.71 25.42+(. 82
MCF-7/DOX cells(ITD-treated) 86. 03 +£0.72" 66.58=£0. 34"

a: significantly different from Isotetrandrine-untreated

group (P<<0.05)

2.6 Effect of Isotetrandrine on intracellular accu-
mulation of DOX

At the absence of Isotetrandrine, intracellular
DOX-associated FI in K562/DOX and MCF-7/DOX
cells was (30.47 £0.25) and (33.25 £ 0.12) re-
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spectively. At the presence of 10 pg/ml Isotetran-
drine, intracellular DOX-associated FI in K562/
DOX and MCF-7/DOX cells was rised to (65. 48 £
0.47) and ( 65.38 £ 0. 35) respectively. This also
explained why Isotetrandrine enhanced DOX cyto-

toxicity in DOX-resistant cells.

3 Discussion

MDR is a common problem in cancer chemothera-
py. It is a phenomenon that tumor cells resistant to a
kind of anticancer drug were also resistant to a variety
of in functionally and(or) structurally unrelated anti-
cancer agents. MDR is related to the actions of one or
more membrane transport proteins. Among them, P-
gp that promote the expulsion of anticancer drugs is
classical MDR mechanism. A number of studies have
tried to find MDR modulators which increase antican-
cer drug accumulation in cancer cells ', But so far,
the modulators have not been successfully applied in
the clinic because of their toxicity and side effects. So
the search for new drugs with low toxicity is in pro-
gress to satisfy an urgent need for clinical applications.

In this study, the ability of Isotetrandrine to
enhance DOX cytotoxicity in DOX-resistant cells
was discussed. The present results showed that
Isotetrandrine of 10pg/ml (noncytotoxic dose)
concentration could make ICs;, of DOX to K562/
DOX and MCF-7/DOX cells distinctly decreased.
The intracellular DOX-associated F1 was signifi-
cantly increased in the presence of Isotetrandrine of
10 pg/ml concentration. The results suggested
that Isotetrandrine could enhance DOX cytotoxici-
ty, therefore effectively reversing MDR of K562/
DOX and MCF-7/DOX cells.

In the present report, we further investigated
the mechanism of Isotetrandrine. By FCM assay,
Isotetrandrine hardly affected the expression level
of P-gp in K562/DOX and MCF-7/DOX cells. So
we further investigated the inhibitory effects of
Isotetrandrine on P-gp function. The accumulation
and efflux experiment of Rh123 is an important
method of determining P-gp function in drug-re-

(21 hecause the

sistant cell lines expressing P-gp
efflux of fluorescent dye Rh123 is P-gp-dependent.

In this study, after cells were incubated with

Rh123, the intracellular Rh123-associated FI in
DOX-resistant cells was lower than that in DOX-
sensitive cells and intracellular Rh123-associated FI
in DOX-resistant cells was distinctly increased by
Isotetrandrine. So Isotetrandrine could inhibit P-
gp efflux function and therefore reversing MDR of
DOX-resistant cells.

In a word, Isotetrandrine possessed potent re-
versal effect on tumor MDR. It may become a can-

didate of tumor MDR reversing agents.
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