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ABSTRACT

The present study was designed to evaluate the effects of dietary coenzyme Qip on mito-
chondrial coenzyme Qo and fatty acid composition in adriamycin (ADR)-treated rats.
Two experiments were conducted in rats. Experiment 1 was undertaken under the condition
of simultaneous administration of ADR and coenzyme Qo for 4 weeks. Experiment 2 was
undertaken under the same condition as experiment 1 after feeding the experimental diets
alone without administration of ADR for 4 weeks.

Heart mitochondrial coenzyme Qg level of rats was greatly decreased by ADR treatment,
but higher level of dietary coenzyme Qg elevated this decrease to control ranges. Pretreat-
ment with dietary supplementation of coenzyme Qyo showed a significant increase in myoca-
rdial coenzyme Qg level. With ADR treatment, polyunsaturated fatty acids such as arachido-
nic acid (20 : 4) and docosahexacnoic acid (22 : 6) were decreased. However, dietary supp-
lementation of coenzyme Qjo modified this decrement to some extent. In both experiment
1 and 2, the polyunsaturated fatty acids/saturated and monounsaturated fatty acids (P/S+ M)

ratio of ADR-treated rats tended to be lower than that of control rats.

KEY WORDS ! coenzyme Qjp * adriamycin - fatty acid composition.

Introduction

The peroxidation of lipids is commonly descri-
bed as an oxidative, oxygen-dependant deteriora-
tion of fats. notably the unsaturated fatty acids®.
Unsaturated fatty acids undergo peroxidation as

free acids, triacylglycerols or as components of
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phospholipid. Peroxidation of unsaturated fatty
acids is usually initiated by free radicals®. Free
radical attack on polyunsaturated fatty acids yie-
1ds lipid radicals with allylic double bond. An
allylic hydrogen atom is relatively easily removed
to produce a radical site subject to the addition
of an oxygen molecule. The addition of oxygen
vields a lipid peroxy radical, which is considered
a hallmark of peroxidizing lipids®. The significa-
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nce of lipid peroxidation and cross-linking is the
reduction in celullar integrity. Biomembranes and
subcelullar organeliles are major sites of lipid pe-
roxidation damage®.

Drug-induced structural and functional damage
to subcelullar organelles is believed to be respon-

sible for myocyte mortality?. It was suggested that

lipid peroxidation in vivo may play a major role
in the cardiotoxicity of adriamycin(ADR) and
other structurally similar anthracycline anticancer
drugs®"). But this effect is thought to be blocked
by the concomitant administration of a free radi-
cal scavenger.

Several investigators®!®) reported that coenz-
yme Q¢ has membrane stabilizing and protective
activities an ADR-induced toxicity. More recently,
Shinozawa et al'l) stated that coenzyme Q) ten-
ded to inhibit rises in plasma and liver lipid pero-
xidation fevels induced by ADR administration,
but there was no statistically significant differehce
between treatments. Besides, some workers sugge-
sted that dietary coenzyme Qo could affect the
blood and tissue coenzyme Q¢ concentrations.
Kamikawa et al'?) reported that the average coen-
zyme Qg plasma concentration increased after
coenzyme Qo treatment. Another point was de-
monstrated by Okamoto et al'>) who adressed that
it is still obscure how exogenous coenzyme Q af-
fects the biochemical functions and the metabo-
lism of endogenous coenzyme Q. But the interes-
ting thing is the finding that ADR inhibits the
biosynthesis of coenzyme Qi by one or more
mechanisms. This observation suggested that this
antibiotic might act as an antagonist of coenzyme
Q.

In this study we examined the effects of dietary
coenzyme Qo on mitochondrial coenzyme Qg

level and fatty acid composition in hearts of
ADR-treated rats.

Materials and Methods

To investigate the effects of dietary coenzyme
Q0 on mitochondrial coenzyme Qo level and
fatty acid composition in ADR-treated rats, two
experiments were conducted. Experimental de-
sign, experimental animal and diet were the same

as in the previous paper!.

1. Biochemical analyses

At the end of each experimental period, rats
were anesthetized with ethyl ether after 16-hour
fasting. Heart were promptly removed, rinsed with
0.02 M tris-buffer (pH 74) and blotted in filer
paper and weighed. Heart homogenate and mito-
chondrial fraction of rats were prepared as descri-
bed previousty!®’. Coenzyme Qg of the heart mi-
tochondrial fraction was assayed by the method
of Tkenoya et all'®. All extraction steps for mito-
chondrial fraction were performed in the absence
of direct sunlight and incandescent light to mini-
mize the photochemical degradation of coenzyme
Q. The concentration of coenzyme Qo was deter-
mined by comparing the peak areas on HPLC
with those of the correspondig authentic coenz-
yme Qo treated in the same manner as the sam-
ple. Operating condition of HPLC was shown in
Table 1. Lipids in heart mitochondria were extra-
cted by the modified method of Folch et al'”.
Nonvolatile fatty acids in lipid extracts were tran-
sesterified to volatile methyl esters by heating with
BF;-methanol by the method of Delomore and
Lupien'®. The esters were extracted by adding
2 ml of heptane, shaking briefly, and centrifuging
until both layers were clear. Then the supernata-
nts, resulting methyl esters wers used for analysis
of fatty acid in mitochondrial lipid extracts by
gas chromatography. Instrument and operating
conditions for gas-liguid chromatography were
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Table 1. Operation condition for the determination
of coenzyme Qj, by high performance bi-
quid chromatography

+ Han, In Kyu

Table 2. Operation condition for the determination
of mitochondrial fatty acid in rat heart
by gas chromatography

Instrument HPLC, Waters Instrument G.C.(Hewlett Packard 5890A),
Column Cig reverse phase, 30cm Integrator( Hewlett Packard 3390A)
Mobile phase Mixed solution of Ethanol : Column PEG20M SCOT fused silica
Methanol : HCIO, capillary column(25m, 0.32mm)
(700 : 300 : 1) Temperature Injection : 250C
with 7.0g/1 NaClO; H,0 Detector( FID) . 250C
Flow rate 1.2ml/min Column oven : 160C to 210T,
Detector UV 275nm 4C/min
Sample injection 5ul Flow rate Carrier(He) © 3mé/min,
Temperature 25T split ratio 60 : 1
Attenuation 16 H, : 20m¢/min
Chart speed 2cm Air © 300m{/min

described in Table 2. Identificdtion of the esters
was performed by comparison of retention times
with those of the standard esters chromatogra-
phed under the same conditions. Peak areas of
each fraction were calculated as % of total arca.

2. Statistical analyses

In the statistical analysis, the treatment effects
on both experiment 1 and 2 were followed by
one-way analysis of variance and Duncan’s new
multiple range test. Linear-regression analysis be-
tween mitochondrial coenzyme Qo and lipid pe-
roxide levels was conducted by the methods desc-
ribed in Ot

Sample injection 3uf

Attenuation 2

Chart speed lem/min
Peak width 0.02
Threshold 2

Results and Discussion

1. Effects of dietary coenzyme Q¢ on mitochond-
rial coenzyme Qyq level of rat heart
Mitochondrial coenzyme Qqq level of rat heart
in both experiment 1 and 2 was determined by
HPLC. As shown in Table 3, dietary coenzyme
Qo significantly influenced on heart mitochond-

rial coenzyme Q). In general, heart mitochond-

Table 3. Effect of dietary coenzyme Qo on heart mitochondrial coenzyme Qo in ADR-treated rat

Coenzyme Qqo

Group Exp. 1 Exp. 2
ng/mg protein % ng/mg protein %
C 142,44 20.0° 0 132.7+ 25.82 0
A1Q0 76.2% 19.0° -46.5 84.0% 28.1P -38.8
AIQ) 4471 12.6° -68.6 64.21 28.1b¢ -53.2
AlQ2 110.1£16.7¢ 22.7 176.9% 50.6° 28.9
A2Q0 57.9% 16.7%¢ -59.3 89.6% 14.3¢ 711
A2Q1 77.6%23.9 -45.5 94.7+ 24.9b -31.0
A2Q2 112.6+17.8¢ -20.9 172.1%+ 38.72 -25.4

1) Values shown are the meant S. D.(n=5)

2) Values with a common superscript letter within the same column are not significandly different(p{0.05).
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rial coenzyme Qg level was apparently decreased
by ADR treatment but higher level of exogenous
coenzyme Qg elevated this decrease to control
ranges. Besides, prior supplementation of dietary
coenzyme Qg increased all the more myocardial
coenzyme Qg level. Although there appeared to
be a trend toward increasing heart mitochondrial
coenzyme Qo content as the supplementation le-
vel of dietary coenzyme Qo was increased, great
variation was noted.

Several investigators suggested that dietary coe-
nzyme Qg could affect the blood and tissue coen-
zyme Qo concentrations!?!3. On the other hand,
Folkers et al'® reported that ADR inhibited the
mitochondrial biosynthesis of coenzyme Q.
They also suggested that ADR could inhibit the
biosynthesis of coenzyme Qg either by direct co-
mpetition at one or more of the sites of three
quinone precursors or by indirect depression of
the biosynthesis through damage of the mitocho-

ndria. Particularly, it was found that supplemen-
tary coenzyme Qo prevented the in vitro inhibi-
ton by ADR of coenzyme Qjg-enzymes. It is nee-
ded to note that, although the antioxidant func-
tion of coenzyme Qpo has not yet been clarified,
it may antagonize the deteriorative reaction of
membrane lipid caused by ADR because of their
structural similarity. Therefore, it may be specula-
ted that the supplementation of coenzyme Qg
to ADR-treated cancer patients might circumvent
the depressed biosynthesis and the inhibited fun-
ctionality of coenzyme Qg-enzymes to improve
bioenergetics and, in turn, reduce the cardiotoxi-
city.

Correlations of lipid peroxide value shown in
the previous paper'® with coenzyme Qo in rat
heart mitochondrial fraction of both experiments
are presented in Fig. 1 and 2. Lipid peroxide value.
of heart mitochondrial fraction was negatively as-
sociated with cardiac coenzyme Qyq level in both
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Fig. 1. Correlation of lipid peroxide value with coenzyme Qo in rat heart mitochondrial fraction of rats

in Exp. 1.
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Fig. 2 Correlation of lipid peroxide value with coenzyme Qo in rat heart mitochondrial fraction of rats

in Exp. 2.

experiments. This finding supports the report by
Marubayashi et al?® that preservation of mito-
chondrial function by coenzyme Qpq resulted
from its action as an antioxidant on lipid peroxi-
dation.

2. Effects of dietary coenzyme Qo mitochondrial
fatty acid composition of rat heart

Table 4 and 5 presented the fatty acid composi-
tion of heart mitochondrial fractions of rats as
influenced by ADR treatment and dietary coenz-
yme Qyo. Palmitic (16 : 0), stearic (18 : 0), lino-
leic (18 : 2) and arachidonic (20 . 4) acids were
the major fatty acids in the heart mitochondrial
fraction. With ADR treatment, polyunsaturated
fatty acids such as arachidonic acid (20 : 4) and
docosahexaenoic acid (22 :6) were decreased.
But exogenous coenzyme Qg modified this decre-
ment to some extent.

The polyunsaturated fatty acid/saturated and
monounsaturated fatty acids (P/S+M) ratio in

membrane lipid seemed to be an important deter-
minant of membrane fluidity?". Various memb-
rane functions such as selective permeability, en-
Zyme activity, receptor availability, and ion trans-
port have been shown to be influenced by memb-
rane fluidity. The changes in the fatty acids of
membranes occurring with lipid peroxidation
could lead to membrane dysfunction through
changes in fluidity??. Therefore, the P/S+M ratio
in heart mitochondria was calculated and tabula-
ted in Table 4 and 5. In both experiment 1 and
2, the P/S+ M ratio of ADR-treated groups tended
to be lower than that of control group. Also, pre-
sent results showed that exogenous coenzyme Qg
increased P/S+M ratio. This phenomenon indi-
cated that ADR treatment and dietary coenzyme
Qo seems to have influenced on the composition
of fatty acid of mitochondrial membrane and thus
the membrane fluidity.

At present, though the relationship between
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Table 4. Fauy acid composition of the heart mitochondria of rats as influenced by ADR treatment and
dietary coenzyme Qo in Exp. 1

(%)
. JS o ¢ A1Q0 A1Q1 A1Q2 A2Q0 - A2Q1 A2Q2
12:0 2.01 7.41 0.67 1.36 0.62 7.64 1.58
14:0 2.20 191 1.72 2.83 1.14 2.06 1.69
15:0 — _— 0.28 1.36 — —_— —
16 0 20.58 21.34 21.47 23.69 23.30 17.60 19.10
18:0 33.66 85.76 35.89 40.58 41.61 29.49 37.14
i18:1 5.46 4.56 6.69 1.49 4.49 6.08 5.14
18:.2 11.43 12.88 12.55 8.35 13.70 12.74 9.60
20:.0 — — — — —_ 0.38 —
20:1 —_ — 1.00 1.24 0.69 0.71 —
202 —_ — — 2.19 —_ — —
20: 4 18.58 15.09 16.81 12.84 12.30 17.38 21.11
20:3 — — — — — 1.01 —
205 — —_ — 0.57 — 1.2% —
22:6 6.09 1.06 3.12 3.700 2.16 3.68 4.66
Total 100.01 100.01 100.00 100.00 100.01 100.00 100.02
P/S+M 0.565 0.409 0.477 0.382 0.392 0.56% 0.547

1)Fatty acids of Cjz3:3, Ciz:4, and Cyg:o were not detected.
2) P/S+M; Polyunsaturated fatty acids/ Saturated and Monounsaturated fatty acids.

Table 5. Fatty acid composition of the heart mitochondria of rats as influenced by ADR treatment and
dietary ccenzyme Qjo in Exp. 2

(%)

. meup C A1Q0 A1Q1 A1Q2 A2Q0 A2Q1 A2Q2
12:0 0.68 1.68 1.49 0.60 1.78 0.61 1.01
14:0 1.71 2.39 1.24 1.10 0.83 1.80 1.32
15:0 0.44 —_ — 0.29 —_ 0.48 0.36
160 23.86 25.06 17.26 15.96 21.67 19.94 16.51
18:0 33.22 44.95 29.59 30.27 38.97 36.11 31.69
18:1 2.51 1.89 7.25 7.05 3.19 5.92 5.88
18:2 11.29 18.50 15.07 13.26 11.78 11.11 13.46
18: 4 _ 0.47 — — 0.48 — —
20 4 16.90 13.71 23.19 22.55 19.31 18.39 20.38
22:.6 9.39 1.35 4.91 8.92 2.04 5.66 9.39
Total 100.00 100.00 100.00 100.00 100.00 100.02 100.00
P/S+M 0.602 0.316 0.760 0.809 0.506 0.542 0.761

1) Fatty acids of Cis:s, Cig:o, Co0:0, Cop:1, Cag:2, Coo:s,s and Cyg : 5 were not detected.
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specific lipid composition and membrane func-
tion is not well understood. it is generally conside-
red that the fatty acid composition of membrane
phospholipids may affect the permeability of me-
mbranes and therefore the function of the memb-
rane?>?®. It is well known that polyunsaturated
fatty acids are casily oxidized and form hydrope-
roxides both in vivo and in vitro. Recently, Mouri
et al™® reported that feeding of the marine oil
changed the composition of fatty acids in rat liver
phospholipids, especially comprising reduction of
arachidonic acid. They also demonstrated that
the levels of TBA-reacting substances in the 100%
cod liver oil group were raised four times higher
than those in the corn oil group and interpreted
these phenomena to be associated with lipid pero-
xidation. Similar data were reported by several
investigators. Kameda et al?®) suggested that once
erythrocytes from vitamin E deficient rats were
exposed to H,Os, the erythrocyte membrane flui-
dity was significantly reduced, which was presu-
med fo be accompanied by an increase in the
hemolysis and lipid peroxide formation. And they
showed in the same study that large decreases
in arachidonic acid and phospholipid were also
observed. The decrease in arachidonic acid. cau-
sed by lipid peroxide formation, was also shown
in liver microsomes by May and McCay?”. They
reported that the polyunsaturated fatty acids (pri-
marily arachidonic acid) in phosphatidylethano-
lamine and phosphatidylcholine were consumed
by the NADPH oxidase-catalized lipid peroxide
formation. They also showed that most of the fatty
acid loss could be accounted for by the decrease
in arachidonic acid in the B-position. The loss
of the phospholipids from the membranes might
have resulted in disorganization of the lipid bila-
yer matrix, and could have caused damage to the
cellular function.

On the other hand, Ohki et al?® observed that

NADPH-dependent lipid peroxidation decreased
the content of polyunsaturated fatty acids, arachi-
donic acid (20 : 4) and docosahexaenoic acid (22

1 6). But it was reported that addition of a-toco-
pherol after peroxidation resulted in a slight inhi-
bition of peroxide and small alteration in fatty
acid composition. These reports were consistent
with the present data that ADR-induced lipid pe-
roxidation reduced the levels of polyunsaturated
fatty acids. There was a tendency of higher polyu-
nsaturated fatty acid levels in coenzyme Qyo-sup-
plemented groups.

In conclusion, pretreatment of dietary coenz-
yme Qpg increased more myocardial coenzyme
Qo level. With ADR treatment, polyunsaturated
fatty acids such as arachidonic acid and docosa-
hexaenoic acid were decreased. However, dietary
coenzyme Qj¢ modified this decrement to some
extent.
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