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Synergistic effect of probimane on anticancer cytotoxicity

of doxorubicin in vitro

ZHANG Yu, YE @i-Xia, LIU Jian, ZHANG Zheng-Yan, ZHANG Tan-Mu
(Department of Pharmacology Henan Institute of Medical Sciences, Zhengzhou 450052, China)

ABSTRACT Using 3-(4. S-dimethythiazole }-2. 5-

diphenyltetrazolium bromide (MTT) method, the ef-

fect of probimane (Pro) on doxorubicin {Dox) cytotox-
icity was studied. Pro 0. 313, 0.625, and 1.25
pg-ml™! potentiated cytotoxicity of Dox in Ehrlich as-
cites carcinoma (EAC) cells. TIncubation of EAC cells
with Dox 10 ug-ml™and Pro 116.5. 233. and 466
pg+ml ™! resulted in an increase in intracellular drug ac-
cumulation from 0. 69+ 0.06 to 1. 08 &+ 0. 10 pg/10”
cells. In Ss-bearing micés Pro 23.3, d6.6. and
116. 5 ug *ml™' enhanced the malondialdehyde (MDA)
formation in tumor and liver mitochondria aaa de-
creased MDA formation in liver mitochondria. These
results suggested that the increases of Dox accumula-
tion and MDA formatien in tumor cells by Pro might
be the reasons {or synergistic effect of Pro on Dox cy-
totoxicity. ’
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Formaticn of free radicals of doxorubicin
(Dox) ¢n vitro may play a significant role in
killing tumor cell™-?. Dexrazoxane (bisdiox-
opiperazine compounci) was CcytotoXic to cer-
tain tumor cells and potentiated antitumor ac-
tivity' of Dox in murine Ly,, S180. and
HL-60 célls’**. Probimane {Pro), [d{-bis
(4-morpholinmethyl 3, 5-dioxopiperazin-1-yl)
propane ] first synthesized in China, is also a
dioxopiperazine compound with antitumor ac-
tivity™, reduced the cardiovoxicity of Dox by
scavenging the Dox-semiquinone free radical
and increasing the contents of SOD and GSH-
Px in rat heart™. We also found that Pro
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potentiated the antitumor activity of Dox in
sarcoma S;;. but the mechanism is not clear.
The present siudy was carried out to investi-
gate the potentiating effect of Pro on the anti-
umor action of Dox in vitro.

o o}
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Frobimane

MATERIALS AND METHODS

Chemicals and drug Dox was purchased from
Farmitalia Carloerbra Lid, Italy. Pro was synthesized
by Shanghai Institure of Materia Medica, Chinese
Academy of Sciences. Thiobarbituric acid {TBA) was
purchased from the Second Chemical Reageru Faciory
of Shanghai. NADH and 3-(4,5-dimethythiazole)-2.5-
diphenylterrazoliuin bromide {MTT) were purchased
from the Sigma Chemical Co. Dox and Pro were dis-
solved in phosphate buffered saline {PBS, pH 7. 4] just
before use.

Microculture tetrazoliom mssay Ehrhich ascites
carcinoma (EAC) cells were harvested from ascites of
mice and incubated in RPMI-1640 medinom with 10%

“fetal calf serum. penicillin 100 TUJ «ml~" and strepto-
mycin 100 TU ~ml™!.  Cells were seeded in 96-well
plates with the final volume 200 pl containing 13 10°
The cells were treated with Dox and
Pro in quadruplicate tubes in 5% CQ; at 37 C for 24
h. After 100 ul of supernatant were removed, 10 pl
MTT {0.05 mg dissolved in PBS) were added into
each well. The plates were reincubated ar 37 C in
5% CO; for 4 h. The formazan crystals formed were
dissolved in 100 pl Me;$0 and the absorbance at 570
. nm “Uwith reference wave at §30 nin) was measured by
spectrophotometer. ,

cells per well.

Wells contaning no cell and no

diug were used as a blank. The inhibitory rate (R) of

drug was calculared.
'R =_[1— {ODso_p0 of dested sample /ODsz0-p50 of
control 1] X 100%
the synergistic effect was showed as followed™’.
q={Ro+p/Rp+Re— Rp*Ry)
when g >> 1 representing synergistic effect. Rp, Ry

were the jinhibitory rates on tumor cells of Dox or Pro

respectively.

{Zellular accumulation of Dox Effect of Pro on
the accumulation of Dox in EAC cells were quanufied
by measuring Dox fluorescence™’- Cells 53X 10° were
incubared wirth Pro 116. 5. 233. and 466 pg-ml™' for
30 min and then Dox 10 pg+ml~? was added- The test
After
centrifugarion at 300X g for 10 min. the supernatant

wbes were incubated for another 1 h at 37 'C.

was discarded. and the cell pellets were re-suspended
in 3 mt of 60% ethanol :t HCI 0.3 mol «+L~" mixture.
vortexed vigorously, scnicated for 90 s in a sonifier
CSF-1A and centrifuged ar 12 000X g for 30 min ar 4
'C". The Dox fluorescence was measured in Shimadzu
RF-540 spectroflucrophotometer (Japanl at A, = 475
nm and A= 575 nm with slit 10 nm.
Assay for lipld peroxidation
mice, %, weighing 20ts 2 g were supplied by Centre
of Laborotory Animals, He-nan Medical University,
Mice were implanted with S;; sarcoma cell {5 X 10°)
Liver and

Mitochondrial
[111

Kunming species

and killed by cervical dislocation on d 10-
tumor mitochondria were prepared”®.
protein was determined colormetrically'™ using bovine
serum albumin as the standard. |

Pro {23. 3, 45.6, and 116. 5 pg*ml~') was prein-
cubated with liver or rumor mitochondria protein 0. 5
mg+-ml~" at 37 'C for 30 min, followed by the addition
of Dox 27.2 pgem!™"' and NADH 2. 5 mmol-1.7%.  Af-
rer an incubation for an additional 1 h, the peroxida-
tion reaction was terminated by adding 0. 5 ml ice-cold
20% rrichloroacetic acid, the precipitated proteins
were removed by centrifugation, the supernatant was
used for the derermination of malondialdehyde (MDA}
by TBA method"'?.

RESULTS

Cytotoxicity The IC,, values following a
24-h exposure was 44. 93 and its 95% confi-

.dence limits was 32.65 — 61.87 ng -ml™" for

Dox; the IC;, values of Pro 'was 33. 86 pg-ml™
and its 95% confidence limits was 29.94 —
38.30 pgeml™'. When the cell§ were treated
with Dox plus Pro 0. 313, 0. 625, and 1. 25 pg
«ml™!, the IC;, of Dox were 13. 52 (95 con-
fidence limits 9. 25—19.74), 8.84 (95% con-
fidence limits 4. 33—18. 04) and 6- 27 ng+ml™
(95% confidence limits 3. 59—10.59), respec-
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tively. The combination of Dox and Pro chondria Dox 27. 2 ug-ml™' produced an in-
showed a synergistical cytotoxic effect crease of MDA contents in liver and tumor mi-
{(Tab 1). tochondria systems (P<C0.05). The addition
of Pro to the liver mitochondria in the presence
Tab 1. ; :ereit;:;m:l. Pro. [:- th;‘: combination on of NADH 2. 5 mmol+L ! lessened the enhance-
cytotoxicit elis. =&, X% . .
" Yo ¢ " * ment of MDA induced by Dox in a concentra-
Dosage gg>ml~" Inhibitory tion-dependent manner. But in tumor mito-
Doxorubicin - Probimane  rates 4 g value chondria system, only 116.5 pg-ml™" of Pro
increased the Dox-enchancement of MDA
0. 00§ — 10. 48 (Tab 3).
0.013 — 33. 33
0. 05 _ 45. 83 Tabh 3. Effects of probimane on MDA formation in
- 0. 313 8. 33 liver and tumor mitochondria of mice. n=4, ¥1s.
— 0. 625 14. 58 P=P.05, "P<C0.05. "P<{. 01 vs Dox-
- 1. 250 16. 67
0- 008 0. 313 £9. 17 1. ‘?7 Dosage/pgsml~' MDA {nmol<min~'/mg protein)
0. 013 0. 313 64. 58 1. 66 Dox Probimane Liver Tumor
0. 05 0. 313 oA 08 1.03 .
0- 008 - 625 g 160 - -~ 1 6040.26  1.9940.57
o s g o 27.2 ~ 4.2340.69  3.2540.30
0. 006 . 250 - g 27.2 233 3.2240.41°  3.31k0.a8
o 013 e o e 27.2 466  3.06+0.37°  3.38+0.3%"
" ‘e " = [ 1) b
0. 05 L. 260 66, 67 L 27.2  116.5 2- 454 0. 50 1. 84+0. 82
DISCUSSION

Effect on the accumulation of Dox in cells
The EAC cells with Dox 10 pg+-ml™! alone.
Dox 10 pg-ml™'4+Pro 116. 5, 233, and 466 ug
*ml™! treatments were determined for Dox
contents. The Dox content in the Dox alone
group was 0. 69+ 0. 06 pg/10" cells, Pro in-
creased the Dox content in EAC cells concen-
tration-dependently up to 1. 084 0. 10 pg/107
cells {Tab 2).

Tab 2. Effect of probimane on Dox (10 pg*ml™'} ac-
complation in EAC cells. r=6. 15 ‘P<0.01 vr
control. )
»
Pro/pgeml ! Intracellular Dox (pg/107 cells)
- 0.6910.06  (100%)

116. 5 0. 794+ 02° (115. 5%

233.0 0. 9310, 04° {136. 2%

466.0Q 1- 0840, 10° {158. 1%

Effect on MDA in liver and tumor mito-

In the present studies, the combination of
probimane with Dox showed markedly syner-
gistic effect against the EAC cell in wvitre.
Walder*®’ and Monti" indicated that dexrazox-
ane interacts synergisticelly with Dox in killing
the murine sarcoma 8180 and Human leukemia
HL.-60 cells.

Our swudy indicated that probimane en-
hanced MDA formation from Dox in tumor mi-
tochondria. Monti'* also found that dexra-
zoxane significantly enhance. OH formation
by Dox as detected by DNMPO ‘spin trapping.
They suggested that in certain tumor cells, the
interaction of dexrazoxane and Dox-dependent
cell kill may be independent of metal irons'.
In addition, MnS8SOD and GSH-Px activities
were lower in tumor tissues than that in the
Perhaps this may be the reason of
increase content of MDA in tumor mitochon-

liver''®'.
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dria by probimane.

Hy means of spectrofluorophotometry, we
found that probimane can increase cellular Dox
accumulation in EAC cells. Tt is different
that of
cation. such as calciom and iron, may modua-
late the antitumor effects of Dox by a variety
of mechanisms such as alteration in intracellu-
lar disposition of Dox. Agents which alter in-
tracellullar cation concentration may either
augment or block the cytotoxic effects of the
Probimane. a derivative of EDTA and
a potent chelating agent, could alter the intra-
cellular cation millieu and disposition of Dox.

from

dexrazoxane. Intracellular

drug,
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