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Cytotoxicity and Apoptosis of Various Concentrations of Doxorubicin
in Methylcholanthrene-induced Rat Fibrosarcoma(MCA) Cells

Jin-Yong Jeong, M.D.*, Young-Pil Wang, M.D.** Suk-Joo Rha, M.D.**

Background: Although pulmonary resection is the standard approach for the management of
pulmonary metastases from soft tissue sarcoma, most of them are unresectable and
chemotherapy remains the only option. The effectiveness of the cytotoxic drugs may be
limited by the toxicities that occur before the therapeutic dose is reached. The regional
administration of doxorubicin using pulmonary arterial perfusion in a rodent model can
produce 10 to 25 times higher concentrations in the lung than systemic administration with
minimal systemic toxicities. However, it is unclear whether a high concentration of
doxorubicin has beneficial effects for killing cancer cells. Material and Method: We studied
this to evaluate the dose-dependent cytotoxic and apoptotic effects of doxorubicin on
methylcholanthrene-induced rat fibrosarcoma(MCA) cells. This study examined the cytotoxicity
and apoptosis-related gene expressions(Fas, FasL, Bax, caspase 1, caspase 2, caspase 38,
Bel-2, Bel-xL, Bcl-xS) in MCA cells after 24 hours exposure to various concentrations of
doxorubicin such as 1, 5, 10, 50, and 100 xM. Result: Dose-dependent cytotoxicity was
observed after 24 hours exposure to doxorubicin. However, peak apoptosis after 24 hours
exposure was observed at 5 M of doxorubicin. Above 5 xM, apoptotic activity was
decreased with dose-increment. All mRNA levels of apoptosis-related genes after 24 hours
exposure were up-regulated above the control level at 1 M of doxorubicin and then
decreased by doxorubicin dose-increment except caspase 8, which showed higher levels than
the control level at 5 xM. Apoptosis-related protein levels were highest at 1 1M of
doxorubicin and then decreased by doxorubicin dose-increment. However, Bax and Bcl-xL
proteins steadily showed higher levels than the control throughout the different concentrations
of doxorubicin. Conclusion: These results suggest that apoptosis is the main cytotoxic
mechanism in low concentrations of doxorubicin in MCA cells and apoptosis-related genes,
such as Bax, caspase 8, and Bcl-xL, are involved. At high concentrations, doxorubicin still
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can kill MCA cells, even when apoptosis is inhibited, and have its propriety for achieving

much cytotoxicity against MCA cells.

(Korean Thorac Cardiovasc Surg 2001;34:447-53)
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B Ao AMEE AEFE MCA AEEA C57BLKa X

C3H/MHe 1A|t] B0l methylcholanthrene s Fojsls] H-%
D FEAEF9 sl 1153Ln0] |l Ae)E w2 e
71e AFSEA Tl o] MCA AEE 10%(vjv) fetal
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Doxorubicin®] A Z542 colorimetric assayE ©]&-8+ Cell
Proliferation Kit II(XTT) (Bochringer Mannheim, Germany)X
ZRstgc}t 2, 1x1070¢ MCA A ZZE flat-bottomed 96-
wells culture plate®l] HAN(12A17H ¥kt 1, 5, 10, 50 2
100 £M=2] doxorubicinel} 244 7F 2&3Fle). wloFE 100 41
9] fresh media® BFY 50 ¢19] XTT labeling mixture
(Bochringer Mannheim, Germany)E %73}tk XTTEo =
2417 woF8k E microtiter plate reader(Dynex Technology,
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Shef AZAZ WEES Aeteich
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endogenous peroxidase® AFet3}7] 3}l A|Eof| methanolol]
48 03% H0E AeA 3087 AYsly, TdT-

— 448 —



g2 A
2001;34:447-53
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23t 80T filmol dried gels WA %3 %
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Fig. 1. Viability of MCA cells after 24 hours exposure to
doxorubicin.  Onex10* MCA cells were incubated with
doxorubicin(1, 5, 10, 50, 100 uM) and XTT assay was
performed. The viable cell percent ratio was calculated by
comparing the control with each value. Data are means=
SEM(N = 5).

(x) P<0.05 vs. the control.

o} 7} £330 W E ZA A= Student’s t-test= A5G 0
2. P<0.05% &gt}
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AA 1,5 10, 50 Z 100 M2 doxorubicing 3 7}8}e] 244
7} %=%3 % spectrophotometrical absorbance® &7 HIc)
doxorubicin® Fig. 1914 2= vfsl 7] MCA M)A &
ol| wlelgk AZEAE BAvk ATEAL 1~10 £ MB4~
36%)°ll A= Hl 3HaL, 100 pMGB3%)NA 7P we 54
€ ¥glon, TE doxorubicing-FolA uET-ol v]dle &
Ao fefgt 7"}°]7]' A 2 chP<0.05).
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Fig. 2A. In situ cell death detection (TUNEL) after 24 hours
doxorubicin exposure. 1 X 10® MCA cells were incubated with
doxorubicin (A: control, B: 1, C: 5, D: 10, E: 50, F: 100 pM)
for 24 hours. TUNEL reaction was performed. The slides
were counterstained with 2% methyl-green and observed
under a light microscope (X 400).
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Fig. 2B. Apoptosis after 24 hours doxorubicin exposure in
MCA cells. 1 X 10° MCA cells were cultured with doxorubicin
(control, 1, 5, 10, 50, 100 uM) for 24 hours. The percent of
apoptotic cells was calculated by TUNEL()/(-) ratio in high
power microscopic field. Data are meanstSEM(N=5).

(x) P<0.05 vs. the control.

9% o]z A ATHP<0.05).
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mRNA 28-S 1 M2 doxorubicin|l A dlz=ol vlgte] F
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Fig. 3A. mRNA expression of MCA Cells after 24 hours
exposure to doxorubicin. 5 X 10° MCA cells were incubated
with doxorubicin (control, 1, 5, 10, 50, 100 uM). The total RNA
extraction and BNase protection assay were performed.

B hFig. 3A & B). 3}A|%} FasL, caspase 1, 2, Bel-2, Bel-xS
°] mRNA = 5 gMo]Ael doxorubicino| A HhET o|8kE
A3 Zraste] v vl wEs Bk

e

4 RFH AR} oABt=l crulEof i gk Western blot 24
mRNAS] #3}7} o)} A= whAze] AAAAE
] ®7] 98t MCA MZZ 1, 5, 10, 50 ¥ 100 #M2|

doxorubicin®] 24A)7F x=%3F ¥ Bax, Fas, caspase 8, Bcl-xL
Qe AT, Fig 494 25 w9 ol mE o

AL 1 M2 doxorubicinoll Al Z7FEle] ZH7e] mRNAS] #
312 whgdstack 5 4M o]49) doxorubicinol| A 25 T
Ao] doxorubicin®] £3Fo] Z7}ge] webd zrastgou,
Bax9} BlxL TR L FE ad RolA] 43 YxidH
ZAY e 222 29ch E3 caspase § AL o]
mRNA7} Z71E AdeE 2 9gu|gds #2E deld

(Fig. 3B & 4).
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Fig. 3B. Apoptosis-related mRNA expressions after 24 hours
doxorubicin  exposure in MCA cells. The densitometric
analysis of each band was done. Each value of mRNA levels
was normalized by GAPDH expression levels.
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Fig. 4. Protein expressions after 24 hours exposure of
doxorubicin in MCA celis. 5 X 10° MCA cells were cultured
with doxorubicin (control, 1, 5, 10, 50, 100 uM) for 24 hours.
Bax, Fas, caspase 8, Bcl-xL, and actin proteins were
determined by western blotting.
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