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Effect of Combination of Anticancer Agents and Nitroimidazoles on the Survival of
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Purpose: In a previous study, we have shown that anticancer agents inhibiting topoisomerases improve survival
of tumor cells under hypoxic condition. In the present study, we evaluated whether and how cell survival effect
of the anticancer agents under hypoxic conditions could be eliminated by the addition of nitroimidazoles, a class
of bioreductive agents.

Methods: Human hepatocellular carcinoma cells (HepG2) were incubated with different combinations of pimonida-
zole (1~1,000 1g/ml) and doxorubicin (0.1 or 1 £g/ml) concentrations under different O, concentrations [I,
3, 5, 10 and 21 O,]. Then cell numbers, glucose concentrations and lactic acid concentrations in the medium
were measured, and DNA fragmentation assay was performed. Finally, different combinations of nitroimidazoles,
such as pimonidazole, misonidazole, etanidazole, tinidazole, metronidazole, ornidazole or dimetridazole, and
anticancer agents, such as doxorubicin, campothecin, epirubicin, dactinomycin, etoposide or mitomycin C was
added to the cell culture medium under hypoxic conditions (1% O).

Results: Pimonidazole at a concentration of 100 ££g/ml eliminated cell survival effect of doxorubicin at the concen-
trations of 0.1 and 1 #g/ml under hypoxic condition (1% O;) by promoting apoptosis. Almost all the cells died even
after 24 hours of incubation for all the oxygen concentrations at a combination of 100 ££g/ml pimonidazole and 1 ££g/ml
doxorubicin. Finally, pimonidazole at a concentration of 100 £g/ml, and misonidazole or etanidazole at a concentration
of 1,000 1zg/ml eliminated cell survival effect of all the anticancer agents tested under hypoxic condition.
Conclusion: Combination therapy of doxorubicin (adriamycin) with pimonidazole can maximize dororubicin effi-
cacy by eliminating cell survival effect of doxorubicin under hypoxic conditions in treating solid tumors, such
as breast cancer. (] Korean Surg Soc 2009;76:337-347)
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Aele] 7HFA|E5229] HepG2 (ATCC HB 8065)11].?_% +
ello} " A (fetal bovine serum, FBS)©] 10% A 715 FHAdS4
H] A (Minimum Essential Medium, MEM)(Gibco BRL, NY,
USA)oll A s e ek, T2 5571 1 gLyl wiAl = 2~3
Dol 1A A E shglon, vhg mH o] 70~80% = A
Astode W A2 vk HAZ FAFHA AN vk
Alstoict. debAlEo] Aata =704 Al AES
MAA = AL a3t ol Ag= At 60 mm wieF
Al 2.0x10°70¢] HepG2 AEE 10% FBS7} d7H=
MEM 7] el| 4] 29 £<} 37°C, 5% CO,, 95% 7] Ael(B
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IARE g F7] W] AL TEE 24T T de Atk
v k7] (Vision Scientific Co. LTD., Seoul, Korea)& ©]-&3}o]
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(1) A8 M2 Aol A as Al dAlRE F4F
H] 4] (doxorubicin) (L EH|2F, Korea), oll¥]FH] 4] (eporubicin)
(LA, Korea), ol 2 E Ao = (etoposide) (504 F, Ko-
rea), 7+l 4](camptothecin) (Sigma, USA), =rE]xnfo]Al
(dactinomycin) (Sh=olloll A, Korea)s Ah-3}ich sk
o] Enfo] Al C (mitomycin C) (ZF=--F-Lo] €] =42k, Ko-
rea)’= AHg3elch 28]l YERo|n|UE AP EE v|&
Ut} (misonidazole) (National Cancer Institute, USA), ¥ 5
Yt} (pimonidazole) (National Cancer Institute, USA), #|E
Z 1t} (metronidazole) (Z3HA|<F, Korea), 22t} (or-
nidazole) (L$HAI2F, Korea), ollE}1] v} (etanidazole) (Sigma,
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USA), ElYthtinidazole) (Sigma, USA), ]| E 2|t} (dimet-
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Pimonidazole effect under hypoxia (1% O,)

—e— Control

—a— Pimonidazole 1 ug/ml

1 —a— Pimonidazole 10 ug/ml
—¥— Pimonidazole 100 ug/ml
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Fig. 1. Effect of pimonidazole concentrations on the cell viability un-

der hypoxic conditions. Human hepatocellular carcinoma cells
(HepG2) were grown in 4 ml of MEM culture medium at
2.5x10° cells/60 mm culture dish under normoxic condition
for 48 hours before transferred to fresh culture medium with
different pimonidazole concentrations under hypoxic con-
ditions. Cell viability (A), glucose concentrations (B) and lac-
tic acid concentrations in the medium (C) were measured dur-
ing cell culture. The Y axis, Ratio, in (A) indicates the num-
ber of viable cells at a specific culture day divided by the
number of viable cells at day zero. Error bars represent the
standard deviation of at least three samples taken from a sin-
gle run. f, T and * represent P<0.001, P<0.01 and P<0.05,
respectively.
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Pimonidazole effect under normoxia (21% O,)
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2. Effect of pimonidazole concentrations on the cell viability un-
der normoxic conditions. Human hepatocellular carcinoma
cells (HepG2) were grown in 4 ml of MEM culture medium
at 2.5%10° cells/60 mm culture dish under normoxic condition
for 48 hours before transferred to fresh culture medium with
different pimonidazole concentrations under
conditions. Cell viability (A), glucose concentrations (B) and
lactic acid concentrations in the medium (C) were measured
during cell culture. The Y axis, Ratio, in (A) indicates the
number of viable cells at a specific culture day divided by
the number of viable cells at day zero. Error bars represent
the standard deviation of at least three samples taken from
a single run. T, T and * represent P<0.001, P<0.01 and P
<0.05, respectively.
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A Doxorubicin & Pimonidazole
combination under hypoxia (1% O)

(with DNA fragmentation)
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—a— Doxorubicin 0.1 ug/ml
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—o— Doxo 0.1+Pimo 100 ug/ml
—e— Doxo 1+Pimo 100 ug/mi

1.0

Re]
T
o
0.5
0 0 L T T T T vI ? 4?
0 12 24 30 36 48 72
Culture time (hours)
C Doxorubicin & Pimonidazole
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(with DNA fragmentation)
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o , 21% A EEollAE F4FuARE 0.1
pgml2 9 73S whEc wdh, S470)4 1 pg/miol
HBYLGES 100 ugmlZ 718 7Sl =
1%7H A& 3] BYTthEat 100 pgmlS 9 7S, s
27} 5% ol Aol HAFHAN 1 pgmlE B H
w2 ALEETE 3% AT B RUnE
22y w2 Yo AR AEE Fole &It o] 7
A, JBEYTES FehAIg 7 Fod A
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(with DNA fragmentation)
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Fig. 3. Effect of pimonidazole concentrations on the cell viability in

the presence of doxorubicin under hypoxic conditions. Human
hepatocellular carcinoma cells (HepG2) were grown in 4 ml
of MEM culture medium at 2.5%10° cells/60 mm culture dish
under normoxic condition for 48 hours before transferred to
fresh culture medium with different combinations of pimoni-
dazole and doxorubicin concentrations under hypoxic
conditions. Cell viability (A), glucose concentrations (B) and
lactic acid concentrations in the medium (C) were measured
during cell culture. The Y axis, Ratio, in (A) indicates the
number of viable cells at a specific culture day divided by
the number of viable cells at day zero. Error bars represent
the standard deviation of at least three samples taken from
a single run. T, T and * represent P<0.001, P<0.01 and P
<0.05, respectively.
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Fig. 4. Effect of pimonidazoe on the DNA fragmentation in the presence of doxorubicin under hypoxic conditions. Human hepatocellular
carcinoma cells (HepG2) were grown in 4 ml of MEM culture medium at 2.5x10° cells/60 mm culture dish under normoxic condition
for 48 hours before transferred to fresh culture medium with 100 /£ g/ml of pimonidazole in the presence of 0 (A), 0.1 (B) and
1 1£g/ml (C) doxorubicin concentrations under hypoxic conditions. At the indicated times, all the cells in the 60 mm dishes were
lysed, and chromosomal DNA was taken and loaded to 1.5% agarose gel. Lane M (100 bp DNA marker), Lane 1 (0), Lane 2
(12), Lane 3 (24), Lane 4 (30), Lane 5 (36), Lane 6 (48), Lane 7 (72) hours of culture under normoxic condition).

ATollA olm] Wl FEE slglom, 747t FAFHAL
0.1 pg/ml, ZEEEH AL 1 pg/ml, 2] FH] A 0.5 2g/ml, =HE]
Lulo] AL 0.1 ug/ml, A EZAO] =& 1 ug/ml, vfo] Enlo]
Al CE 0.1 pgimlo] et o] BYctE ST A1 o}
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Fig. 5. Effect of pimonidazole concentrations on the cell viability in

the presence of doxorubicin under normoxic conditions.
Human hepatocellular carcinoma cells (HepG2) were grown
in 4 ml of MEM culture medium at 2.5%10° cells/60 mm cul-
ture dish under normoxic condition for 48 hours before trans-
ferred to fresh culture medium with different combinations of
pimonidazole and doxorubicin concentrations under normoxic
conditions. Cell viability (A), glucose concentrations (B) and
lactic acid concentrations in the medium (C) were measured
during cell culture. The Y axis, Ratio, in (A) indicates the
number of viable cells at a specific culture day divided by
the number of viable cells at day zero. Error bars represent
the standard deviation of at least three samples taken from
a single run. T, T and * represent P<0.001, P<0.01 and P
<0.05, respectively.
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Fig. 6. Effect of pimonidazole on the DNA fragmentation in the presence of doxorubicin under normoxic conditions. Human hepatocellular
carcinoma cells (HepG2) were grown in 4 ml of MEM culture medium at 2.5%10° cells/60 mm culture dish under normoxic con-
dition for 48 hours before transferred to fresh culture medium with 100 /zg/ml of pimonidazole in the presence of 0 (A), 0.1 (B)
and 1 ¢g/ml (C) doxorubicin concentrations under normoxic conditions. At the indicated times, all the cells in the 60 mm dishes
were lysed, and chromosomal DNA was taken and loaded to 1.5% agarose gel. Lane M (100 bp DNA marker), Lane 1 (0), Lane
2 (12), Lane 3 (24), Lane 4 (30), Lane 5 (36), Lane 6 (48), Lane 7 (72) hours of culture under normoxic condition.

Table 1. Effect of oxygen concentrations on the cell viability in the presence of different combinations of pimonidazole and doxorubicin

concentrations
Oxygen concentrations 1% 3% 5% 10% 21%
Incubation time (Days) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Control vV x x @ @ v O O A 0 O A O O O
Doxorubicin 0.1 zzg/ml e A & 60 O O0OAr ee A o0 A
Doxorubicin 1 zg/ml AN VOOV Vo ox AV o x A Y Almost x AV Almost x
Pimonidazole 100 rg/ml x x x AV x @ A A A A A O O @)
Doxorubicin 0.1 1£g/ml+Pimonidazole 100 zg/ml x x X VANEEA VAP ® A A A A AN [ I ) AN
Doxorubicin 1 zzg/ml+Pimonidazole 100 pzg/ml x x X x x o x AV o x AV X VANV X
Qualitative conditions of cell viability are represented in the order of ©, O, @, A, V and x, where © and x are the best and the

worst, respectively.

Table 2. Effect of nitroimidazoles on the cell viability in the presence of different anticancer agents

Anticancer agents Doxorubicin®*  Camptothecin ~ Epirubicin Dactinomycin D Etoposide Mitomycin C

(0.1 £g/ml) (1 £g/ml) (0.5 g/ml) (0.1 p£g/ml) (1 s£g/ml) (0.1 pg/ml)
Nitroimidazole ( zg/ml)
Pimonidazole 100" (24 hrT) 100 (24 hr) 100 (24 hr) 100 100 (24 hr) 100 (24 hr)
Misonidazole 1,000 24 hr) 1,000 (24 hr) 1,000 (24 hr) 1,000 (24 hr) 1,000 24 hr) 1,000 (24 hr)
10~100 (72 hr)
Etanidazole 1,000 24 hr) 1,000 (24 hr) 1,000 (24 hr) 1,000 (24 hr) 1,000 (24 hr) 1,000 (24 hr)
10 (48~72 hr)

Tinidazole No effect No effect No effect 10~1,000 (48~72 hr) No experiment No effect

Metronidazole No effect No effect No effect 100 (24 hr) No experiment No effect

Ornidazole 1,000 (72 hr) 1/2 1,000 (72 hr) No effect 100~1,000 (48~72 hr) No experiment No effect

Dimetridazole No effect No effect No effect 100~1,000 (48~72 hr) No experiment No effect

*concentrations («g/ml) of anticancer agents where the agents showed improvement of cell viability the most under hypoxic conditions
(1% oxygen concentration); ' concentrations ( «g/ml) of nitroimidazole where improvement of cell viability by the respective anticancer
agents was eliminated; T humbers in the parenthesis of each column represent incubation time (hours) where the nitroimidazole effect occurs.
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