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Abstract

The present study was designed to evaluate whether supplementation of dietary coenzyme
Q10 protects the ADR-induced cardiotoxicity in rats. Experiment was undertaken under the
condition of simultaneous adminstration of ADR and coenzyme Q10 for 4 weeks. Adriamycin
treatment significantly decreased grdw:h performance of rats.But this decrement was not modified
by dietary supplementation of conzyme Q10. In the plasma creatine phosphokinase activity,
there was no significant difference among experiméntal groups. Electron microscopic examination
revealed a progression of myocardial lesions were dependent upon the level of ADR injection.
The most frequently observed fine struciural alterations in rat myocardium were mitochondrial
swelling, dilation of the sarcoplasmic reticulum and the appearance of a perinuclear vacuolization.
But these structural changes were somewhat lesser in defree by dietary supplementation of

coenzyme Q10.

INTRODUCTION

Lipid peroxidation in vivo has been identified
as a basic deteriorative reaction in cellular
mechanisms of aging processes”; some phases
of atherosclerosis?; in chemicals and drugs to-
xicity®; in ethanol-induced injury”: in oxygen
toxicity”, The damaging effects of lipid peroxi-
dation are well documented for mitochondria,

microsomes and lysosomes®. Lipid peroxidation
damage to mitochondria can have profound
effects on the cell because lipidperoxidation
correlates well with swelling and finally with
lysis and disinteg ration of the mitochondria”’.

But cells and tissues are protected against

‘lipid peroxidation damage by a complexity of

antioxidant mechanism. Vitamin E may act by
scavenging free radicals or as ﬁart of membrane
structure and thus assist maintenance of the
structure and integrity of cell membrane®. The
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importance of vitamin E in preventing a possible
free radical attack on membrane phospholipids
has been widely stfessed.

Similar antioxidative properties were first
ascribed to coenzyme Q by Mellors and Tappel
9who found that light-induced peroxidation of
mitochondrial phospholipids was effectively pre-
vented by coenzyme Q6. In addition, several
studies have demonstrated that coenzyme Q
in the mitochondrial respiratory chainand the
sodium-potassium-activated ATPase of heart

microsomes™are both inhibited by antitumor

Table 1. Formula and chemical composition of
basal diet

Ingredient or chemical composition content( %)

Ingredient :

Casein 23.5
Corn' starch 40.4
Glucose 115
Sucrose 5.8
Butter 50,
Soubean oil 5.0
a-Cellulose 4.0
Mineral mixture” 3.5
Vitamin mixture® 1.0
DL.-Methionine 0.3
Total 100.0
Chemical composition;’
Crude protein . 20.3
9.3
Total carbohydrate 59.0

Metabolizable energy(keal /1008&)¥ 416.0

antibiotic, adriamycin(ADR), These effects have
been evaluated for its potential contribution
to the cardiomyopathy. Finally it was reported
that the drug appears to induce peroxidation
of cardiac lipids in mice by the formation of
free radicals, and this effect can apparently be
blocked by the concomitant administration of
tocopherol’?.

Based on the above background, myocardial
ultrastructural changes in rats were observed
to evaluate whether coenzyme Q supplementation
to animals can protect the ADR-induced car-

diotoxicity.

‘MATERIALS AND METHODS

Experimental animal and care

Animals used were male rats of Sprague-
Dawley strain, Weanling rats were fed a basal
diet for 4 weeks until they reached about 250
g body weight, Thereafter, they Were assigned
to 7 experimental groups of 10 rats and were
individually housed in hanging stainless steel
cages with wire-mesh bottoms, Rats were fed
the- experimental diets for 4 weeks, Room tem-
perature was maintained at 2042°C, with a
12-hour light (08:00-20:00)and 12-hour dark
cycle (20:00-08:00). Feed and tap water were
provided ad libitum, Except control rats, a dose
of 1 or 2mg/ ke of body weight of ADR was
injected to these animals intraperitoneally (i.

p.)on the same day every week, Control rats

Y The mineral mixture based on the pattern of Rogers and Harper(1965) contained the following
(& /100 8 mixture) : CaC0,29.29, CaHPO, - 2H,0 0.43, KH,PO, 34. 31, NaCl 25.06, MgSO, - 7TH.

[0 9.98, Fe(CH,0,) - 6H,0 0.623, CuSO; -
(NH,)sMo,0,, - 4H,0 0.0025, Na,SeO; -

5H,0 0.156, MnSO,H,0 0.121, ZnCl, 0.02, KI 0.005,
5H,0 0.0015.

® 100 & of Vitamin mixture contained the following : Vitamin A acetate 50,000 IU, Vitamin D
10,000 IU, Vitamin E ancetate 500mg, Vitamin K 500mg, Thiamin HCl 120_mg, Pyridoxine HCI
800mg, Cyanocobalamin 0.05mg, Ascorbic acid 3,000mg, PABA 500mg, Niacin 600mg, Inositol 600
mg, Chohne chloride 20,000mg, Niacin 600mg, Inositol 600mg Choline chloride 20,000mg, Riboflavin

400mg.
% Calculated value,
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received 0.9 % saline solution in the same manner
as a placebo, Body weight and feed ‘consuption
were recorded weekly, '

Experimental diets

The composition of basal “diet is shown in
Table 1. Two experimental diets (A1Q1, A2Q1
group) consisted of basal diet containing 0.18
. coenzyme Q10 per kg of diet. On the other hand,
other two experimental diets (A1Q2, A2Q2Z gr-
oup) contained 0.5g coenzyme Q10 per kg of
basal diet and the others(control, A1Q0, A2Q0
group) contained the basal diet without coen-
zyme Q0. Coenzyme Q10 was supplied by Eisat
Phamaceutical Company Ltd. {(Tokyo, Japan).
Fresh diet was prmﬁded to the rats daily.

Sample collection

At the end of experimental period, rats were
anesthetized with ethy! ether after 16 hour
fasting. Blood was collected from abdominal
aorta with a heparinized syringe and then cen-
trifuged at 1000 x g for 10 minutes to separate
plasma f/rom the -cells, The heart was promptly
removed, rinsed with (0.02M tris-buffer(pH 7.

4) and blotted in filter paper and weighed,

Determination of creatine phosphokinase ac-
tvity

The creatine phosphokinase (CPK)
vity of plasma was determined by spectrop-
hotometric{UV) method™using kits manufac-
tured by Wako Pure Chemical InQustries, Ltd.

acti'-

(Tokyo, Japan). Absorbance at 340 nm was.

read at timed intervals of 30 sec for 5 minutes.
The activity was then calculated as follows
m unit/ ml = AE/min X 5,000

-Electron microscopic studies
Morphological study : Tissue was removed from
the left lateral lobe of the heart while the animal
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was under ether anesthesia, Tissue samples were
minced into small cubes, fixed in one percent
osmiuxﬁ tetraoxide with caccodylate buffer for
1 hour at 4C and for 30 minutes at room tem-
And then the tissue was dehydrated
in a graded ethanol series and was embedded

perature,

in Epon 812, The blocked samples were cut
on a Porter-Blum MT-2 ultramicrotome with
glass knives and then were picked up on uncoated
gribs and stained with lead hydroxide. Finally,
the sections were examined in a Hitach H-600
electron microscope,

Morphometric study:The morphometric samp-
ling procedure was based on the techniques of
Weibel et al, For electron microscopic morp-
hometry, from each group 30 electron microg-
raphs were made at a magnification of 40,000
X, Each density estimation of mitochondria
was applied to point-counting method using
multipurpose test grid (84 line/ 90 x 90.9 mm).
The number of points counted by point-counting
method was applied to the formula given by
Weibel et al®,

Statistical analyses
In the statistical analysis, the treatment effects
were followed by one-way analysis of variance

and Duncan’s new multiple reange test'®

RESULTS AND DISCUSSION

Growth Performance

As shown in Table 2, there were significant
differences in body weight gain between control
and six ADR-treated groups. ADR-treated rats
were significantly decreased in the body ‘weight
gain compared with control rats, With increasing
the ADR-injected level, the weight gain was
greatly decreased among experimental groups. -
This phenomenon was not modified by the
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Table 2. Effect of dietary coenzyme Q10 on growth performance of ADR treated rat

Group Initial body wt. Figal body wt. Weight gain Feed intake FER
(g) (g) (g / day) (g / day)

C 246.11£439 39554+73.3° 3.9410.94? 22.924+2.73 0.1724:0.040%
AlQO 246.24-29.8 354.94-24.7%° 2.7940.53° 21.124:1.43° 0.13240.037%¢
AlQ1 246.2131.6 349.4+37.5° 2.55+0.60° 19.6541.83% 0:13040.019*
A1Q2 246.31+30.0 353.3437.7%° 2.75+40.28° 20.7940.98 0.13240.018*
A2Q0 24651270 324.2437.0" 1.99+0.62° 19.16+1.14¢ 0.1041:0.045"4
A2Q1 24624251 309.3+28.7° 1.59+0.37¢ 23.4141.07 0,068 £0.049°
A2Q2 246.24:23.8 3135437, 4° 1.734+0.50° 19.62+1.74 0.0884-0.018*

1 Values shown are the meano+S.D.(n=10)

2 Values with a common superscript letter within the sme column are not significantly different

coenzyme Q10 supplementation, Feed intake
was significantly decreased for the experimental
groups in comparison with that of control group,
However, feed intake of A2Ql group was not
different from that of control group. Feed ef-
ficiency ratio was significantly decreased in the
groups injected higher dose of ADR, and A2Q1

group showed the lowest value but it was not |

also influenced by dietary coenzyme Q10,
Present results revealed that ADR treatment

had influence on growth performance of rats,

The rats injecled at higher level of ADR had

rapid weight loss compared to control rats. On-

the other hand, present data indicated that
dietary coenzyme Q10 affected slightly the grow-
th rate of rats, Similarly Jaénke”’reported that
rabbits receiving ADR attained less weight gain
compared to controls, Fujita et al'™®, also presen-
ted that by the repeated treatment of ADR,
the body weight of guinea pigs gradually dec-
reased. And he found that ascorbate administ-
ration inhibited this decrease in body weight,
but did not protect against weight loss by pro-
longed ADR treatment. The study with human
subjects by Ishikawa et al™®, demonstrated that
body weight in patients with congestive heart

failure was not changed by coenzyme Q10 sup-
plementation, These results were partially con-

sistent with those of present study.

Effects of dietary coenzyme Q10 on creatine
phosphokinase activity in ADR treated rat

Plasma CPK activity was determined as
possible biochemical parameter of myocardial
damage with the presumption that elevation
of CPK reflects myocardial muscle damage®,
As 'éhown in Table 3, there was no significant
difference among experimental groups.

21),

Olson and Capen®reported that significant
increases of serum CPK in association with
myocardial damage after ADR injection were
found to precede the onset of highest morta_lﬂit'y

"showed that serum CPK was;ele-

rate, Jaenke
vated early in the treatment period of all groups
of rabbits receiving ADR and continued to rise
as treatment continued. However, he stated that
in the posttreatment period, CPK values declined
rapidly and by the end of the experiment retur-
ned to control ranges, This finding would support
the report by Preston et al®who claimed that
the chief weakness in the response of serum

CPK in association with myocardial function
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Table 3. Creatine phosphoekinase activily in plasma
of rats as influenced by ADR treatment and

dietary coenzyme Q10
Group CPK(mUnit / m! plasma)
C 57.984+6.51%
Al1QOD 71.294:10.89%
AlQ1 69.18+19.90*
A1Q2 60.37+£9.02%
A2Q0 70.894-8.43%
A2Q1 60.42 +5.44*
A2Q2 63.484:13.41*

Y Vaues shown are the mean+SD.(n=10)

? Values with a common superscript letter
within the same column are not significantly
different  (p<0.05).

was the fact that elevations following dysfunction
were relatively short-lived.

Compared with these reports, the present result
was considered to have no differehce among
experimental groups due to the different expe-

rimental condition,

Myocardial ultrastructural changes in rats as
influenced by ADR treatment and dietary coe-
nyme Q10

The microscopic features of the myocaridal

cellular alteration in ADR and dietay coenzyme

J. Korean Soc.-Food Nutr,

Q10-administered rat are presented in Fig. 1.
The control rats fed the basal diet showed the
well preserved subcellular structure (Fig. 1A).
The most frequently observed myocardial al-
terations in rat which received- lower level of
ADR alone were dilation of the sarcoplasmic
reticulum and the appearance of a perinuclear
vacuolization (Fig-1Ba). In some fields.of the
cardiac tissues, the characteristic ultrastructural
features were obtained: separation of the in-

tercalated discs and mitochondrial swelling:
dilation of capillary endothelium (Fig. 1Bb).
In the heart tissues from A1Q2 rat which received
exogenous coenzyme Q10 , these characteristic
alterations seen in ADR-treated animals were
not observed. Although there was intracellular
edema with mitochondrial proliferation, this
change showed the preservation of the myocyte
from ADR-induced toxicity (Fig. 1C). The
administration of higher dose of ADR resulted
in the presence of myelin figures characterized
by the ADR-damaged myocytes (Fig, 1D). In
the cardiac ultrastructural changes of A2Q2 rats,
mitochondria showed condensation of cristae
and matrix. Also, occasional vacuoles in the
myocyte were seen(Fig, 1E).

The present study established that rat develops
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Fig. 1. Transmission electron micrographs of myocardiym from simultaneous adminsistation of ADR
and coenzyme Q10 (x 12:000).

A. Control group ; Myofibers contain straplike myofibrils with prominent Z bands at regular intervals,
Mitochondria (M) are interspersed in regular rows between the fibrils. N ;: Nucleus, Z ; Z-
band, SR : Sarcoplasmic reticulum, T ; t-tuble, C ; Capillary, En : Endothelium,

B. A1QO0 group : (a). Prominent vacuolation(Va) is present around nucleus and slight dilation
of sarcoplasmic reticulum (SR) is seen.

(b). There is marked separation of the interclaated disc(I.D.) between myocytés. A convoluted
memtochondria (M) are severely swollen and vacuolated. The capilary is lined by swollen
endothelium (Em). R : RBC,

C. A1Q2 group ;: Mitochondrial proliferation is evident. Intercalated dsc(ID) appears intact. Inset
x 30,000.

Mitochondria are condensed with numerous cristas (arrow) and matrix.

D. A2Q0 g.oup : Myelin figures characterized the ADR-damaged myocytes are seen.

E. A2Q2 group : Mitochondria show condensation of cristae and matrix. Occasional vacuoles in
the myocyte are seen.

cardiomyopathy even after lower dose level of induced myocardiopathy®was observed in the
ADR administration, The sarcoplasmic vacuoli-  heart tissues from A1Q0 rats (Fig. 1Ba), but

zation considered as a prominent sign of ADR-  was not present in those of coenzyme Q10-ad-
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Table 4. Characteristic morphometric indi& of rat heart mitochondria in Exp. 1
e )
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Group

Vv ISv OSv Nv
(pm®) (pm®) (pm?)

Cc 0.427+0.072° 114 +2.37%¢ 2.1640.272 0.5694:0,145*
Al1QQ 0.397+0.1248¢ 11.08+2.85 2.13+0.332 0.633+0.3332
AlQ1 0.425-+0.0972 11.8942.41%¢ 2.1540.48% 058940.108%
Al1Q2 0.4194:0.074* 13.431+2.79° 2.2640.54° 0.4861-0.169*
A2Q0 0.34940.071% 951 +41.53% 1.5540.23° 0.503+40.1502
A2Q1 0.3401-0.067° 9.25+1.82°¢ 1.684-0.32° 0.490+0.157"
A2Q2 0.3764:0.077% 12.6442.30" 2.254+0.382 0.557+0.184*

" Vv; Volume density of mitochodria (mitochondrial volume per 1pm® tissue)
ISv: Surface density of mitochondrial innermembrane (mitochondrial innermembrane surface

per lpm?itissue)

OSv; Surface density of mitochondrial outermembrane (mitochondrial outermembrane surface

per 1zan® tissue)

Nv; Numerical density of mitochodria{mitochondrial number per 1sm’tissue)

? Values shown are mean-S.D.(n==30)

# Values with a common supercript letter within the same column are not significantly different

(p<0.05).

ministered rats,

The present work was undertaken based on
the assumption that, since one possible mec-
hanism of ADR cardiac toxicity may be asso-
ciated with peroxidation of cardiac lipids, the
cardiac toxicity may be reduced by treatment
of the animals with coenzyme Q10. In this regard,
Myers et al®®, also reported that prior treatment
with tocophero] significantly decreased the ADR-
induced cardiomyopathy, and confirmed it by
means of electron microscopy. In conclusion,
the drug appears to induce peroxidation of
cardiac lipids by the formation of free radicals
and this effect can apparently be reduced by
the concomitant administration of coenzyme
Q10.

The tissue contains large numbers of similar
bodies, e.g. numerous mitochondria. These bodies
take up a characteristic proportion of the cellular

volume”, The volume density as well as

the surface and numerical density of mitochon-
dria were assessed by electron microscope mor-
phometrics as shown in Table 4. Myocardial
mitochondria were not generally affected by
administration of lower dosage of ADR and
dietary coenzyme Q10. With higher dose level
of ADR treatment, the numerical density of
mitochondria was not much decreased, whereas
volume and surface density of mitochondria were
greatly decreased, Especially, the surface density
of mitochondrial innermembrane considered as
an index of oxidative phosphorylation was sig-
nificantly decreased in higher dose groups of
ADR in comparison with that of control group.
However, dietary supplementation with higher
dosage of coenzyme Q10 restored this decrease,
These results indicated _that supplementa.tion
of coenzyme Q10, a constituent of mitochondrial
respiratory chain, increased the volume and
surface density of mitochondria, 'and-‘ thereby
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preserved the mitochondrial function,
2 o

2 Age Ao)Eo) ¥ coenzyme Q109)
adriamycin (ADR)& §oi3 379 A2 vl4)
Fzd vlAE %S FHE st AAH
gt APFE ¥ ADR 24%(10mg/ kg B.
W./ week, 2.0mg/ kg B.W./ week)} coenzyme
QL0 35Z(FA7}E, 018 /kg diet 2 058/
kg diet)ol 21+ 6742} YT} basal dieth&
s dxTe AAsch AFETEE
ADRS| $ei5zo] 248 fodoz A
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