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Abstract

The effect of coenzyme Q10 (Co Q10) was examined on the survival time and lipid peroxida-
tion of adriamycin (ADM)-treated ICR mice. Co Q10 showed a protective effect against a subacute
toxicity in mice induced by two intraperitoneal administrations of ADM (15 mg/kg). The group
treated orally with 10 mg/kg of Co Q10 showed the longest survival time of all the groups studied
(16.81 +/- 10.29 days, mean +/- S.D.) and a significantly longer survival time (p less than 0.001)
than the ADM-alone group (7.48 +/- 1.99 days). The inhibitory effect of Co Q10 on the plasma and
tissue lipid peroxidation levels did not correlate with the effect of prolonging the survival time of
mice. Co Q10 tended to inhibit rises in plasma and liver lipid peroxidation levels induced by ADM
administration, but there was no statistically significant difference between treatments. There was
a statistically significant different inhibitory effect in the kidney lipid peroxidation levels, but was
not in those of the heart.
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Abstract.  The effect of coenzyme Q,; (Co Q,,) was examined on the survival time
and lipid peroxidation of adriamycin (ADM)-treated ICR mice. Co Q,, showed a
protective effect against a subacute toxicity in mice induced by two intraperitoneal
administrations of ADM (15 mg/kg). The group treated orally with 10 mg/kg of
Co Q,, showed the longest survival time of all the groups studied (16.81 + 10.29 days,
mean =+ S$.D.) and a significantly longer survival time (p<C 0.001) than the ADM-alone
group (7.48 + 1.99 days). The inhibitory effect of Co Q,, on the plasma and tissue
lipid peroxidation levels did not correlate with the effect of prolonging the survival
time of mice. Co Q,, tended to inhibit rises in plasma and liver lipid peroxidation
levels induced by ADM administration, but there was no statistically significant
difference between treatments. There was a statistically significant different inhibitory
effect in the kidney lipid peroxidation levels, but was not in those of the heart.

Key words : coenzyme Q,,, adriamycin, doxorubicin, lipid peroxidation, plasma
and tissues, toxicity.

Adriamycin (ADM), an anthracycline antibiotic, has shown marked activity
against a wide range of human neoplasms, but its clinical use has been limited
because of the risk of dose-dependent severe toxicity to the liver, kidney, bone
marrow and heart (1-3). ADM-induced toxicity has been considered to result
from biomembrane damage (4, 5). Therefore, in this paper we report the effect
of coenzyme Q,, (Co Q,,), which has membrane stabilizing and anti-oxidant
activities (6-8), on ADM-induced toxicity.

MATERIALS AND METHODS

Reagents. Adriamycin hydrochloride (Adriacin®, Lot No. 145 AJB) was kindly donated
by Kyowa Hakko Co., Ltd. (Tokyo, Japan). Udidecarenone (Co Q,, powder), injectable
Co Q,, (Co Q,, E-0216-019) and its solvent (placebo E-0216-119, which contains 1.8 mg
phospholipid, 30 mg polyglycol and 45 mg sorbitol/ml of citrate buffer, pH 7.4) were kindly
donated by Eisai Co., Ltd. (Tokyo, Japan).

In vive, survival experiment. Five-week-old male ICR mice (25-30 g body weight) were di-
vided into groups of 10-20 mice each and injected intraperitoneally with ADM solution (2 mg
ADM /ml of sterilized saline) at a dose of 15 mg/kg on days 0 and 4. For the Co Q,, solution
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groups, mice were administered a Co Q,, suspension (1 mg Co Q,,/5ml of 0.5 % carboxy-
methyl cellulose, CMC solution) orally (p.o.) at doses of 2, 10 and 50 mg/kg. Co Q,, E-
0216-019 was administered p.o. or injected subcutaneously (s.c.) at doses of 2, 10 and 50 mg/kg
into mice of the Co Q,, E-0216-019 groups. For the placebo groups (placebo E-0216-119
group) the mice were administered 10 mg/kg E-0216-119 p.o. or injected s.c. with the same
at doses of 10 and 50 mg/kg. Co Q,,, placebo and saline were all administered to mice from
day —3 to 6once a day, two h before ADM administration (day 0=day of first ADM
administration).

In vivo, lipid peroxidation experiments. The animals used and the dosage and method of ADM
administration were the same as those used in the survival experiments. Groups of six mice
each were administered ADM and saline p.o. (ADM group) or ADM and Co Q,, p.o. (Co
Q,, group) at a dose of 10mg/kg. From day —1 to day 6, two h after Co Q,, or ADM
administration, the cervical artery of each mouse was cut at definite intervals. Blood samples
were collected in heparinized tubes. Plasma samples were obtained by centrifugation at
2000 X g for 10 min, and the plasma and carcasses were stored at —20°C until measurement.
Subsequently, the liver, kidney, spleen and heart of each mouse was excised, washed with
a sterilized saline solution and cut into small pieces in a 1.15 % KCI solution. Lastly, the
pieces were homogenized with a Polytron homogenizer to make a 10 % homogenate.

Determination of lipid peroxidation in plasma and tissues. Determination of lipid peroxidation
in plasma was carried out by measuring the formation of 2-thiobarbituric acid (TBA)-reacting
substances, supposedly malondialdehyde, using tetraethoxypropan as the standard material
in a fluorophotometric assay (excitation wavelength at 515 nm, emission at 553 nm) described
by Yagi (9). The lipid peroxidation in the plasma was expressed as n moles malondialdehyde/
ml of plasma. Determination of lipid peroxidation in the tissues was carried out with a photo-
metric assay at 534 nm described by Ohkawa et al (10), and the lipid peroxidation was
expressed as n moles malondialdehyde/g-wet wt.  The significance of the mean was determined
with Student’s unpaired tests in all experiments.

RESULTS

Effect of Co Q,, on the Survival of ADM-Treated Mice. ~After an intraperitoneal
injection of ADM at a dose of 15 mg/kg on days 0 and 4, the control mice treated
with saline alone (ADM group) survived 7.48 + 1.99 days (n=54, mean & S.D.).
In this group no mice survived more than 30days. Mice of the group treated
with 10 mg/kg of Co Q,, CMC solution (p.o.) survived the longest of all the mice
studied (16.81 & 10.29 days) and survived significantly longer than the mice of
the ADM group (p< 0.001). Six of the twenty-two mice in the group survived
more than 30 days. Most of the groups treated with Co Q,, E-0216-019 (except
the 2 mg/kg treatment) showed a significantly longer survival time than the ADM
group, but not significantly longer than the placebo E-0216-119 groups whose
dosage corresponded to each. The placebo E-0216-119 groups showed a signifi-
cantly longer survival time than the ADM group, as did p.o. group number 11
(p< 0.05) and s.c. group number 12 (p< 0.001), as shown in Table 1.

Effect of Co Q,, on Lipid Peroxidation in Plasma and Tissues. The plasma lipid
peroxidation in the ADM group was most reactive and showed peak levels on days
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Tase 1. Errecr oF Co Q,, ON THE SURVIVAL TIME OF ADM-TREATED ICR MiCE®

Co Q,, Survival time No. of mice No. of Significance
Group Dose Route (mean + S.D.) surviving experi- against
(mg/kg) 30 days ments (group No.)
1 ADM + Saline 0 p.o. 7.48+1.99 0 54
2 ADM + Co Q,, sol.? 2 p-o. 15.40+ 10.66 6 22 p<0.001(1)
3 2 10 p.o. 16.81+ 10.29 6 22 p< 0.001(1)
4 ’ 50  po.  9.45+3.95 0 11 p<0.021)
5 ADM + Co Q,, E-0216-019° 2 po.  7.90+3.14 0 10 N.S.a(1),(11)
p< 0.001(1)
6 z 10 .0. 14.814+9.68 10
p-0 * 2 NS.(11)
p< 0.001(1)
7 Z 50 .0. 11.30+ 6.66 0 10
’ p-o * NS.(11)
p< 0.02(1)
8 z .C. 10.00+6.12 0 10
2 se * N.S.(12)
p< 0.01(1)
9 s 1 .C. 11.6048.28 1 10
0 s +82 N.S.(12)
p< 0.001(1)
10 s 50 .C. 12.314+9.67 2
5 £ o Ns.(13)
11 ADM + Placebo E-0216-119¢ 0 p.o.* 9.40+ 4.88 0 10 p<0.05(1)
12 7y 0 s.c.f 11.70+7.76 1 10 p< 0.001(1)
13 o 0 s.c.h 7.70+ 1.05 0 10 N.S.(1)

¢ The mice were injected with ADM (15 mg/kg) i.p. on days 0 and 4 with 10 times of the
administration of saline, Co Q,, or its placebo (once a day, from day -3 to 6).

b Co Q,, sol.: Ubidecarenone powder in 0.5 % carboxymethyl cellulose sol.

¢ Co Q,, E-0216-019: Injectable Co Q,,-

d Not significantly different.

¢ Placebo E-0216-119: Placebo of Co Q,, E-0216-019 (contains phospholipid 1.8 mg, poly-
glycol 30 mg and sorbitol 45 mg/ml of citrate buffer, pH 7.4).

f&h Administered 10 mg/kg placebo E-0216-019 p.o.(f), s.c.(g) and 50 mg/kg s.c. ().

0, 4 and 6. The Co Q,, group showed inhibition of these rises, but did not show
a statistically significant difference. In the heart, the peak levels in the ADM
group were observed on days 0, 2 and 5. The Co Q,, group showed a statistically
significant inhibition of peroxidation on day 0, but not on day 5. In the liver,
the peak levels in the ADM group were observed on days 2 and 6. The Co
Q,, group showed same, but not statistically significant inhibition of peroxidation.
In the kidney, a delayed response in lipid peroxidation levels was observed, with
a shoulder on day 2 and a peak on day 4. The Co Q,, group showed a statis-
tically significant inhibitory effect against peroxidation on days 2 and 4. In the
spleen, response of the lipid peroxidation levels was slow, and an inhibitory effect
of Co Q,, was not observed (Table 2).

Produced by The Berkeley Electronic Press, 1984



Acta Medica Okayama, Vol. 38 [1984], Iss. 1, Art. 8

S. SHINOZAWA ¢t al.

60

(1oo>d:9 ‘200 >d:p) WAV + %0 0D ymm poreant dnoiS 9yi yam paurelqo anfea 3yl woyj JuRp Apuedngudiy 4P
(€00 >d:2 ‘goo >d: q)suoe WAV Y pareany dnoid oyl yim paurelqo anjea 9yl wolj JURBINP Apuedyudlg 2%
‘o1t ajeredas g uo suopeurwidlep edrdnp jo ‘('S F ULSW Iyl dIe SIAN[BA Y], P

¢y F90¥ I'¢ F60¢ 01 F5€C 16FIL8 69 F6'LE 'L ¥6'6¥ scF6eh 9¢ FGhe 0 oo+ nav

11 F#9% 89 F1'6% 6 Fogg 86 FL9¥ LsFLIE 601 FOLy STFVER 7€ F6CE suore WAV
uaaydg

6l F1'201  €€TFO00IT -666 FOT0I OSIF890I %ol FS¥6  F91F¢0L GLIFEE8 001 F+08 D o0+ Wav

LETF0O66 €L1FH801 ¢SZFECLPl S03FLBIT 06 F9IIT  +HSF+T8  0¥cFH08 4T F¢T8 suore INAV
Aoupry

VICFEYl C€CTFLILT -5GC F6'8IC 61FF88El  ZIC FGH61 »5°81 FHelc <08 F581¢ ¢l1s Fosl  "'O oD+ Wav

€€l F6LST 615F689¢ 061 F089T LGIFILST 6% FEEIZ #20FSH81 913 FELSE €96 FI6¥1 suofe NV
11esy

86h FHILI SOPFOIST 665 FHobl SL8FL661 O%h F8LL5 68 F966 91 F816 6L F9681 O o0+ Wav

9ICFEC61 619FESHl  ¥¥P Fa €9l 99 FL 196 §631 F82¢¢ ¢ol F16L  SveF0301 981 F6GI1 suore AV
I9A1T]

€T FeII zo0FzL 61FGL Z1F89 L'0F8S LOF9L 80F68 01 F€L "0 o0+ Wav

e Frol S1F¢L STFL6 T1FLL 90 F6'G 80 F¥L 87 F00l 1'2F9L suore WAV
MEmN_.m

9 g 2 € Z I 0 1—

uonensiuipe WAV 1o 'O o) mwye sdeq

S$9NSSI) 10 vWSE[d

WIN YO TLLVIIL-]A([V 4O SANSSLL ANV VIASVId NI ,NOLLVAIXO¥WAd dldrT NO °'(H 00 40 IDoEddy g d1v],

http://escholarship.lib.okayama-u.ac.jp/amo/vol 38/iss1/8



Shinozawa et a.: Effect of coenzyme Q10 on the survival time and lipid

Effect of Co Q,, on ADM-Toxicity 61

DISCUSSION

Co Q,, showed a protective effect against subacute toxicity induced in mice
with an intraperitoneal administration of ADM. Possible mechanisms of the
ADMe-induced toxicity have been reported to be interference with DNA directed
DNA or RNA synthesis (11), inhibition of mitochondrial oxidative phosphorylation
(12), inhibition of membrane Na*-K*-ATPase (13), calcium accumulation in the
myocardium (14) and so forth. ADM, an amphophilic compound, interacts
electrostatically with negatively charged lipids, especially cardiolipin (15, 16).
ADM has been shown to be distributed in tissues rich in membrane phospholipids,
namely, the liver, kidney and heart (17-19), then, to accumulate in these organs
(20) and destabilize the cell membrane {(21). Therefore, production of lipid per-
oxidation (22) due to membrane damage was considered to induce toxicity.
Co Q,, and a-tocopherol, having free radical scavenger (22, 23) and membrane
stabilizing effects (6-8, 24) were expected to have a protective effect against ADM-
induced toxicity. The effectiveness of a-tocopherol against ADM-induced toxicity
has been found in terms of cardiac function (25), survival (22, 26), and biochemistry
(27), but experiments showing no effect also have been reported (8, 28). Several
reports have been made on the protective effect of Co Q,, against ADM-induced
toxicity (12, 29-33). Yamanaka et al. (32) reported that the plasma levels of lipid
peroxidation correlated negatively with the survival time of mice. In our experi--
ments, Co Q,, markedly prologed the survival time of mice, but did not inhibit
lipid peroxidation. Kishi ez al. (33) reported that Co Q,, prevented the ADM-
induced inhibition of succinoxidase and NADH-oridase enzymes in the mito-
chondria. Our findings concerning survival agree with those reported by Kishi
et al. from in vitro experiments. Although we examined lipid peroxidation at the
tissue homogenate level, further investigation should be done at the mitochondrial
and microsomal levels.

Acknowledgement. We thank Dr. T. Fukuda for providing facilities for this work.
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