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[Abstract] Objective To explore the reversal effect of (—)-5-N-acetylardeemin on adriamycin resistance in
multidrug-resistant cancer cells including human breast cancer cells MCF-7/Adr and human non-small cell lung
cancer cells A549/Adr in vitro. Methods The multidrug-resistant cancer cells MCF-7/Adr, A549/Adr and their
respective parental cells were treated with different concentrations of ( — )-5-N-acetylardeemin and adriamycin
individually or in combination. Cell death was detected based on the release of lactate dehydrogenase (LDH) using a
cytotoxicity detection kit. Intracellular accumulation of adriamycin was measured by the detection of fluorescence
intensity of cell lysates using microplate reader. The expression of P-glycoprotein (P-gp) was evaluated by Western
blot. Results (—)-5-N-acetylardeemin significantly reversed the adriamycin resistance in MCF-7/Adr and A549/
Adr in a dose-dependent manner, and the reversal folds were 10. 8 in MCF-7/Adr cells and 20. 1 in A549/Adr cells
with the treatment of 10 pmol/L (—)-5-N-acetylardeemin. (—)-5-N-acetylardeemin also enhanced the sensitivity of
parental MCF-7 and A549 cells to adriamycin. The fluorescence intensity in both MCF-7/Adr and A549/Adr cells,
which reflected the intracellular accumulation of adriamycin, were significantly enhanced by (— )-5-N-
acetylardeemin in a dose-dependent manner. The expressions of P-gp in MCF-7/Adr and A549/Adr cells were
significantly inhibited by ( — )-5-N-acetylardeemin. Conclusion ( — )-5-N-acetylardeemin could reverse the
multidrug resistance in cancer cells through inhibiting the expression of P-gp and enhancing the intracellular
accumulation of cytotoxic drug.
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Table 1 Cell death induced by increasing concentration of (—)-NAA,
Adr, and co-treatment in A549 and A549/Adr cells (n=4)

Cell death (%)

Group (‘onc_‘err
tration A549 A549/Adr
Control 3.4+0.4 9.8+2.3
AdrA 8.7+0.8¢ 10.3+0. 8¢
(—)-NAA 0.625 4.940.9® 10.040. 6
(pmol/L) 1.250  5.440.4¢ 9.3+0.0®
2.500  4.240.2¢ 9.4+1.0®
5.000 5.0+0.5% 10.7+1. 14
10.000  3.3+0.3¢ 8.7+0.2¢
20.000 3.54+0.5% 7.5+2.3¢
Adr2 4+ (—)-NAA  0.625 13.6+1,100 6.940.8
(pmol/L) 1.250 12.8+1.0 < 15.2+4.3
2.500 13.8+1.70C 13.74+0.1
5.000 19.9+2.80.-% 31.6+2.8% Ok

10.000 39.6+7,9% Ok 62,041, 5% * OO0 kK
20,000 66,946,150k 79,742, 4% %.Okk

/A Adr 0. 300 pmol/L in A549 cells, Adr 10. 000 pmol/L in A549/Adr
cells; @ P=>>0. 05, vs. control group; * P<C0.05, % % P<0.01, vs. Adr
group; & P << 0. 05, OOP <0, 01, vs. (—)-NAA alone in the same
concentration group; % P<C0. 01, % % P<C0. 001. vs. former co-treatment
group

2 Adr
(n=4)

MCF-7 ,MCF-7/Adr

Table 2 Cell death induced by increasing concentration of (—)-NAA,
Adr, and co-treatment in MCF-7 and MCF-7/Adr cells

(n=4)
. Concen— Cell death (%)
Group -
tration MCF-7 MCF-7/Adr
Control 11.1+1.4 9.4+1.2
Adr& 19.440. 2 14,442, 1
(—)-NAA 0.156 16.0+4.1¢ 8.3+1.5¢
(pmol/L) 0.625 14.2+3.2¢ 9.9%+1.0®
1.250 12.2+1.6% 4.2+0.8¢
2.500 15.0+0. 9% 6.3+1.6¢
5.000 16.8+2.6® 8.940.5¢
10.000 17.1+3.74 6.34+0.1¢
AdrA +(—)-NAA  0.156 31.84+0.6% 23.0+3.8
(pmol/L) 0.625 37.8+1.9% 26.34+7.2
1.250 39.9+1.6%-C 28.1+2.1%
2.500 40,242, 4%-O 32,941, 7%.00 %
5.000 70,244, 1%-Cokk 37,342 7%.00. %
10.000 86.9+4,2%.O. % 55,041, 2% x . OO Kk

/A Adr 0. 250 pmol/L in MCF-7 cells, Adr 5.000 pmol/L in MCF-7/Adr
cells; ¢ P>>0.05,vs. control group; * P<(0.05, vs. Adr group; & P<<
0. 05, OOP<C0.01, vs. (—)-NAA alone in the same concentration group;

% P<C0.05, Y% P<C0.01,# P<C0.001,vs. former co-treatment group

2.2 Adr
3 ° 10 mel/L
Adr ’
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3 10 pmol/L

A549 [A549/Adr MCF-7

MCF-7/Adr Adr (n=4)

Table 3 Reversal of resistance to Adr in A549, A549/Adr, MCF-7, and MCF-7/Adr cells by 10 pmol/L (—)-NAA and verapamil (n=4)

1Cs0 (umol/L) Resistance
. Reversal
Cell Ad (—)-NAA (10 pmol/L)+ Verapamil+ fold of fold
dr group Adr group Adr group Adr group
A549 1.750%0. 305 0.35840.051* 69. 7 4.8
A549/Adr 121.936+2.875 6.06040, 255** 20.1
A549/Adr 121.936+2.875 9.15440,482** 13.3
MCF-7 1.412+0. 202 0.27940,022** 69.9 5.1
MCF-7/Adr 98.63941. 781 9.114+0.469** 10. 8
MCF-7/Adr 98.6394+1.781 21.36140. 345** 4.6
* P<C0.05, % % P<C0.001, vs. Adr group
., A549 MCF-7 4.8.5.1, 2.4 P-gp
A549/Adr ,MCF-7/Adr 20. 1, 5, A s
10. 8, 10 pmol/L A549/Adr ,A549/Adr  MCF-7/Adr
MCF-7/Adr 10 pmol/L P-gp . 24 h
s A549/Adr MCF-7/Adr ,A549/Adr  MCF-7/Adr P-gp
13.3.4. 6, 10 pmol/L , »P-gp
A549/Adr . MCF-7/Adr , B C,
1Cs 5 ,
10 pmol/L A549/Adr.
MCF-7/Adr .
2.3 Adr
( 4), Adr R
10 pmol/L
Adr , Adr
30 pmol/L Adr A549/Adr, MCF-7/Adr
, . , Western blot P-gp (A)
, (B.C) MCF-7 MCF-7/Adr ,A549  A549/Adr
(P<<0.05),
Fig The expression of P-gp protein in MCF-7, MCF-7/Adr, A549,
4 Adr A549/Adr MCF-7/Adr
and A549/Adr cells detected by Western blot before (A) and
Adr (xxs, n=4)

Table 4 Increase of Adr fluorescence intensity in (—)-NAA and Adr

co-treated A549/Adr and MCF-7/Adr cells (x*+s, n=4)

Increasing rate (%)

Group
A549/Adr MCF-7/Adr
(—)-NAAA + Adr (5 pmol/L) 72.7£0.4%* 41.240. 2% *
(—)-NAAA + Adr (10 pmol/L)  117.9£0.9% % 62,00, 6% % k*k

1
(—)-NAAA + Adr (20 pmol/L)  120.5£0.9% % 84,240, 9% * K%k
(—)-NAAA +Adr (30 pmol/L) 123, 4= 1. 1% k% 111,60, 9% * %k
(—)-NAAL +Adr (40 pmol/L) 127,440, 9% * -k 131,342, 1% * KXk
(—)-NAA (2.5 pmol/L) +Adr# 48.3%1.0% 42.34+0.5%*
(—)-NAA (5 pmol/L) + Adr# 65.8+0.6* %k 66,3E1, 1% %
(—)-NAA (10 pmol/L) +Adr#  106.6£1. 1% % 117,241, 6% * kK
(—)-NAA (20 pmol/L) +Adr# 145.9£1.2% %%k 145 445 6% * -k
(—)-NAA (40 pmol/L) +Adr#  236.4H0.9% %% 179.441.6** X

A (—)-NAA (10 pmol/L) s # : Adr (30 pmol/L); * P<C0.05, * %
P<C0.01, vs. Adr alone in the same concentration group; % P<C0. 05, % %

P<C0.01. vs. former co-treatment group

after (—)-NAA treatment (B: A459/Adr cells; C: MCF-7/Adr
cells)
5 A549/Adr ,MCF-7/Adr
P-gp (n=3)
Table 5 The relative expression of P-gp protein in A549/Adr, MCF-
7/Adr cells induced by (—)-NAA (n=3)

(—)-NAA The relative expression of P-gp
(pmol/L) A549/Adr MCF-7/ Adr
0 1.000 1.000
2.5 0.6337+0.083* 0.656+0,037*
5.0 0.314£0.058* *** (., 53840, 012% **
10.0 0.312£0.013* 0.448£0.025**
20. 0 0.2860.065* 0.426+0.019*
40.0 0. 1800, 074% X% 0,397+0, 027*

* P<C0.001, vs. 0 pmol/L (—)-NAA group; % P<C0. 05,
K%k P<<0.01, %% % P<C0.001, vs. former co-treatment group
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