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Reversal of doxorubicin resistance by tetrandrine

in Chinese hamster ovary cell line’

HE Qi-Yang’, JIANG Bing. ZHANG Hong—Qing, XUE Shao—Bai
{Department of Biology, Beijing Normal University, Beijing 100875, China)

ABSTRACT Tetrandrine (Tet) 0.5 pg - ml™' and 1
pg- ml”'  potentiated 2.83— and 4.3-fold
growth—inhibitory effects of doxorubicin (Dox) in
Chinese hamster ovary cell line (CHO), respec—
tively, while Tet 1 ug - ml™' and 2.5 pg- mi™'

potentiated 7.3— and 8.4—fold in its resistant cell line
(CHO / Dox)., respectively. The colony—forming ef-
ficiencies were reduced in CHO and CHO / Dox when
the cells were treated with noncytotoxic doses of Tet
25ug  ml™' and 5 ug- ml™' in combination with
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different concentration of Dox. Increase in accumula-
tion of Deox in CHO/Dox cells was shown by
fluorometry. The result indicated that Tet reversed
the resistance to Dox in CHO / Dox cells.

KEY WORDS tetrandrine; doxorubicin, drug re-
sistance. ovary: transformed cell line; cricetulus

Drug resistant tumor cells are refractory
to chemotherapy. Since the discovery of re-
versal of drug resistance in tumor cells by
calcium antagonists and calmodulin inhi—
bitors'"?, a promising avenue to overcome
drug resistance has been unfolded. Tetran—

drine (Tet), a bisbenzylisoquinoline aikaloid
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from Stephania tetrandra, antagonizes voll-
age—dependent calcium slow channel” and
inhibits calmodulin®?. Thus, it is likely to
potentiate the cytotoxicity of antitumor drugs
in resistant cell lines by Tet. 1n this report we
want to confirm whether Tet effectively re-
verses Dox resistance in Chinese hamster
ovary cell subline (CHO / Dox) and increases
Dox accumulation in CHO / Dox cells.

MATERIALS AND METHODS

Dox was purchased from Farmitalia Carlo Erba
Ltd (Italy). dissolved in phorsphate buffer solutions
(PBS). Tet, a gift of Prof CHEN Ning—Meng (in-
stitute of Industrial Hygiene and QOccupational Dis-
easss, Chinese Academy of Preventive Medicine),
was dissolved in 100 ul HCl 1 mol - L™ with pH ad-
justed to 6.7, The drugs were stored at 4 C,

Cell lines CHO.' Dox resistant cells were ob-
tained from CHO by successive exposures to as
cending gradient amounts of Dox. They were
routinely cultured in Dulbecco’s modified Eagle me-
dium (DMEM) supplemented with 10~12 % fetal calf
serum (Xiangiac Farm Factory, Beijing) at 37C in
an atmosphere of air+ 5% CO,.

Inhibition of cell growth by the drugs  Cells at
exponential growth stage were seeded into 24—well
plates. The final volume of the mixture per well was
1.1 ml with 2 10* cells. The cells were treated with
Dox and Tet in Quadruplicate for 72 h and then di-
gested with 0.2% EDTA. Cell viability was detected
by trypan blue exclusicn. The number of the cells
were counted by Coulter counter (England).

Cytotoxicity evaluation  Cells at exponential
growth stage were seeded about 100 cells/ well in a
24-well plate. The clumps of 4—8 cells, 3 d later,
were treated with the drugs for 1 h and washed 3 times
with Phosphate Balanced Solution { PBS, NaCl
137, KCl 2.7, Na,HPQ, 8.1, KH,PO, 1.3 mmol
- L7, pH 74). The cells were then continuously
cultured in an incubator till most of the colonies con-
sisted of more than 50 cells. The colonies were count-
ed under a stereomicroscope. The results were indi-
cated as the number of colonies treated / number of

control colonies X 100%.

Cellular accumulation of Dox  Effect on the ac-
cumulation of Dox in the cell by Tet was quantified by
measuring Dox flucrescence™. 5x 10% Cells were in-
cubated in Dox 10 ug - mI™' for 1 h. The cell pellet
was suspended in 3 ml mixture of 60 % EtOH and
HC10.3 mol - L' {1:1, vol/vol), sonicated for 1.5
min in a Sonifier B30 (Branso Sonic Power Co), and
then centrifuged at 12 000 x g for 30 min at 4C_ The
Dox fluorescence was measured in a Hitachi 850
fluorospectrophotometer (Japan) at A,, =475 nm and
A,=5750m.

The crude membrane fractions from cells were
preparéd ).
determind by colotimetric method™.
mental data were analyzed by ¢ test.

The content of membrane protein was
The exper-

RESULTS

Inhibition of cell growth CHO ./ Dox
and CHO cells were treated with Dox 0.5 ug
- ml™" for 72 h. The inhibition rate in CHO
cells was 72%, but only 10 % in CHO / Dox
cells. Thus, CHO / Dox cells were resistant
to Dox. Non—growth—inhibitory doses of Tet
effectively reversed the Dox—resistance in
CHO / Dox cells (Fig 1). Tet 1 ug- ml™
shifted 1Cy;, value of Dox from 2.78 to 0.38
ug - ml”'. When the dose of Tet was in-
creased to 2.5 ug - ml”', the IC,, value was
further reduced to 0.33 ug - mI™'. The indices

b CHO / Dox EL

Dox+Ter s
05 ug » ml™

107 % Celi humber - mi~

Do:|:+Tc‘;j' 2.5 4+ ml”
FOr 1o 1% To T 8 §or ST o0
Doaorubicm 7 pg - m1™!

Fig 1. Effect of Tet on growth—inhibitory action of
Dox in CHO / Dox cells and CHO cells.  Cell numbers
were counted after 72 h in culture. #=12, ¥ * s
" P< 041 vs Dox group.
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of potentiation were 7.3— and 8.4—folds,
respectively. In comparison with the 1Cy,
value (0.26 ug- ml'') of CHO cells,
CHO / Dox cells remained partially resistant.

The potentiation phenomenon occurred
in sensitive CHO cells when non—
growth—inhibitory concentrations of Tet 0.5 or
] ug - mI™' were added with Dox into the cul-
ture (Fig 1). Tet0.5and | ug - mI™ reduced
the 1C;, value of Dox from 0.26 ug - ml™' to
0.09 and 0.06 ug- ml™". The indices of
polentiation were 2.88— and 4.3—folds,
respectively.

Enhanced cytotoxicity of Dox In
CHO / Dox and CHO cells The enhancing ef-
fect was shown by colony formation method.
The colonies of CHO / Dox cells remained
unchanged in Dox 0.5 ug - ml™' for | h vs the
control. When the ceils were treated with
noncytotoxic dose of Tet 5§ ug - ml™' in addi-
tion to Dox 0.5 ug - mI™' for | h, the colony
efficiency was reduced to 10 % in comparison
with that of the control. Enhancing effect of
Tet on the cells was more obvious with in-
creasing concentrations of Dox. The colony
forming efficiency of CHO / Dox cells treated
with Dox 2.5 ug - mlI™' was 53 % in the ab-
sence of Tet, but was only 0.3 % in the pres-
ence of Tet 5 pg - ml™ (Fig2).

L0 CHO / Dex CHO

Dox alone

Dox\+Tet/ 25 g - nal™’

Cloning elTiciency

T 323 5 75 10 0 03 1 3
Donorubicin / xg * o’
Fig 2. Effect of Tet on Dox cytotoxicity of

CHO 7/ Dox cells and CHO cells. Colonles (over 50
cels s a clone) were comted umder a
stereomicroscope. 7=8, x * 5 "T'P<0.01 v Dox

groap.

Effect of Tet on Dox cytotoxicity to CHO
cells was in agreement with its growth
inhibitory effect. The colony forming effi-
ciency of CHO cells treated with Dox 0.25
ug - ml™' was 6] % in the absence of Tet,
but only 0.8 % in the presence of Tet 2.5
ug - ml™' vs Dox (Fig 2).

Effect on accumulation of Dox in cells
Reduced intake of Dox into the resistant cells
is one of the mechanisms for resistance Lo
Dox'®.  The groups of CHO cells Dox
alone, Dox + Tet (2.5 pg- ml™"), and
CHO / Dox cells Dox alone, Dox + Tet (5
ug - ml™") were tested with Dox 10 zg - ml™.
The Dox content of 070t 5 006 ug/
mg membrane protein (MP) in CHO / Dox
cells was lower than the Dox 0.87 £ 5 0.07 ug /
mg MP in CHO cells (P < 0.01). Tet increasd
the accumulation of Dox in CHO / Dox cells
from 0.70t 5 0.06 to 094+ 5 0.02 ug / mg MP
( P< 0.01). The result indicated that reversal
of resistance by Tet was due to increased ac-
cumulation of Dox in the CHO / Dox cells.
Tet caused slightly increased accumulation of
Dox in CHO cells (P> 0.05). The Dox
amount of 0941 5 0.02 g/ mg MP in the
CHO / Dox cells was close to that of 0.95t 5
0.08 ug / mg MP in the CHO cells treated by
Tet and Dox.

DISCUSSION

The results indicated that Tet effectively
reversed the resistance to Dox in CHO / Dox
cells and caused the accumulation of Dox in
the cells, which led to increased Dox
cytotoxicity. This is in agreement with the in-
creasing accumulation of [PH]Dox in
P388 / Dox”, CHO /Dox cells ¥ by cal—
modulin inhibitor trifluoperazine and calcium
antagonists  verapamil. Tet  increased
PH)vinblastin. in membrane vesicles of
KB / VI resistant cells"™®, 2—fold higher than
verapamil did, the latter is normally used for
overcoming drug resistance. Some bisbenzyl~
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isoglinoline  alkaloids,  extracted from
Stephania tetrandra S Moot may be selected to
overcome drug resistance in tumor cells
congenially.

The target affected by Tet in resistant cells
is likely to be a P—glycoprotein (PGP). The
overexpression of PGP in daunorubicin (a
Dox analogue)-resistant CHOQ cells was
reported'!”. It remains uncertain whether
PGP is overexpressed in our resistant cells.
There may be other mechanisms for the rever-
sal of drug resistance by Tet as suggested by
potentiation of Dox cytotoxicity to sensitive
CHO cells by Tet. The characteristics of
multidrug resistance in tumor cells is mediated
by PGP which pumps out antitumor drugs in
resistant cells. The relationship between Tet
and PGP will be investigated.
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