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= ABSTRACT =

The present study was designed to evaluate the effect of pretreatment with coenzyme Qo

on adriamycin-induced myocardial ultrastnictural changes in rats. Except control group, 6 treat-

ments included three levels of dietary cocnzyme Q10€0, 0.1 or 0.5g/kg diet) and two levels
of ADR(1.0 or 2.0mg/kg B:-W/week). Adriamycin treatment significantly decreased growth perfo-
rmance of rats. But this decrement was not modified by dietary supplementation of coenzyme

Qio. Electron microscopic examination revealed a progression of myocardial lesions were depen-

dent upon the level of ADR injection. The most frequently observed fine structural 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

reduced by dietary supplementation of coenzyme Q.
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Introduction

Adriamycin(ADR) is an antitumor antibiotic of
anthracycline group with a broad spectrum of the-
rapeutic activity‘), but the use of ADR in chemothe-
rapy is limited by its cardiotoxicity? . Although the
precise mcchanism of ADR-induced cardiotoxicity
is unexplained, it is suggested that one probable
pathway may be the induction of peroxidation in
cardiac lipids. It is also considered that the ultrast-
ructural alteration of myocardial cell may represent
an important aspect of ADR toxicity. Revis and
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Marusic? have suggested that the functional conse-
quences of cardiac toxicity by ADR, namely. altera-
tions in the control of both myocardial calcium
transport and the mitochondrial electron transport
chain are a reflection of the histologic feature of
this cardiomyopathy.

This cardiotoxicity of ADR were found to be re-
duced by pretreatment of the animals with the free
radical scavenger, tocopherol”®. In addition, the
combined use of coenzyme Qo with ADR has been
recommended for reduction of the cardiotoxicity
that occurs during cancer chemotherapy”. Coenz-
yme Q is essential to life, but the coenzyme Qo
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required by the human body can be produced from
other coenzyme Qs in the diet. However, the body
does not have the ability to synthesize it from indi-
vidual chemical building blocks that are bonded
together to form coenzyme Q¥. From this perspec-
tive the original sources of coenzyme Q are only
available through nutrition, even though it might
not be considered a true vitamin. Takeshige et al”
have demonstrated that reduced form of coenzyme
Qo functions as a potent antioxidant against mem-
brane lipid peroxidation in submitochondrial parti-
cles. Ultrastructurally, coenzyme Q)0 has been
shown to prevent mitochondrial deformity during
episodes of ischemia!®. The present study, therefore,
was undertaken to examine the effect of pretreat-
ment with coenzyme Qi9 on myocardial ultrastruc-
tural changes in ADR-treated rats.

Materials and Methods

1. 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 250g body weight.
Thereafter, they were assigned to 7 experimental
groups of 10 rats on the basis of their body weight
and were individually housed in hanging stainless

Table 1. Experimental design

Group Diet composition Treamnent
C Basal diet Saline®
AlQ0  Basal diet ADR 19
AlQ] Basal diet+Co Qg 1V ADR 1
A1Q2 Basal diet+Co Qo 2% ADR 1
A2Q0  Basal diet ADR 29
A2Q)] Basal diet+Co Qo 1 ADR 2
A2Q2  Basal diet+Co Qo 2 ADR 2

1Y 0.1g of coenzyme Q)¢kg of diet

D 0.5g of coenzyme Qio/kg of diet

%) 1.0mg of saline/kg of body weight/week

9 1.0mg of ADR in saline/kg of body weight/week
5 2.0mg of ADR in saline/kg of body weight/week

steel cages with wirc-mesh bottoms. Rats were fed
the experimental dicts with ADR administration
for 4 weeks after feeding experimental diets without
administration of ADR for 4 weeks. Experimental
design was described in Table 1. Experimental ani-
mal and diet were the same as in the previous paper
1D Namely, two experimental diets(AIQ1, A2Q1
group) consisted of basal diet containing 0.1g coen-
zyme Qo per kg of diet. Other two experimental
diets(A1Q2, A2Q2 group) contained 0.5g coenzyme
Qo per kg of diet and the others(control, A1QO,
A2Q0 group) contained the basal diet without coe-
nzyme Qig. Coenzyme Q19 was supplied by Eisai
pharmaceutical Company Ltd.(Tokyo, Japan). Ex-
cept control rats, a dose of 1(A1Q0, A1Q1, A1Q2)
or 2 mg ADR(A2Q0, A2Q1, A2Q2)/kg of body wei-
ght was injected to these animals intraperitoncally
on the same day every week. Body weight and feed
consumption were recorded weekly. Feed efficiency
ratio(FER) was calculated by dividing body weight
gain with feed intake.

2. Electron microscopic studies

1) Morphological study

Tissue was removed from the lelt lateral lobe of
the heart while the animal was under ether anesthe-
sia, Tissue samples were minced into small cubes,
fixed in 1% osmium tetraoxide with caccodylate
buffer for 1 hour at 4C and for 30 minutes at room
temperature. And then the tissue was dehydrated
in a graded ethanol series and was embedded in
Epon 812. The blocked samples were out on a Por-
ter-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 micros-
cope.

2) Morphometric study
The morphometric sampling procedure was ba-
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sed on the technique of Weibel at al'?. For electron
microscopic morphometry, from each group 30(5
rats X 6) electron micrographs were made at a mag-
nification of 40,000 X. Each density estimation of
mitochondria was applied to point-counting method
using multipurpose test grid(84 line/90X90.9 mm).
The number of points counted by point-counting
method was applied to the formula given by Weibel
et al'?.

3. Statistical analyses

In the statisical analysis, the treatment effects were
followed by one-way analysis of variance and Dun-
can’s new multiple range test'¥.

Results and Discussion

1. Growth performance

As shown in Table 2, there were significant diffe-
rences in body weight gain between control and
six ADR-treated groups. Adramycin-treated rats
were significantly decreased in the body weight gain
compared with control rats. But the difference bet-
ween rats injected lower and higher dose of ADR(A
1Q0 vs A2Q0) was less profound than that in the
simultaneous use of ADR and coenzyme Qqq such

1)

as experiment 1 of the previous paper' . Body wei-

ght gain of groups treated higher dose of ADR was

significantly smaller in comparison with that of A;Q
> group. However, there was no significant differe-
nece in body weight gain between A>Q group and
A, groups. These findings indicated that pretreat-
ment with dietary coenzyme Qg even if a little,
has an effect on weight gain of rats,

Feed intake greatly depressed in ADR-treated
rats, especially at higher level. But these decreases
were reduced by dietary supplementation of coenz-
yme Qyo. Feed efficiency ratio(FER) was decreased
with increasing level of ADR treatment, but the
effect of dietary coenzyme Q)p on FER within the
same ADR levels was negligible.

Present results revealed that ADR treatment had
influence on growth performance of rats. Rats injec-
ted higher level of ADR had less weight gain com-
pared to control rats. On the other hand, dietary
supplementation of coenzyme Q1o affected slightly
the growth rate of rats. According to the report by
Olson and Capen'®, ADR-treated rats developed
initial weight loss followed by gradual increment
of body weight. Kim et al'® and Mettler et al'”
also reported a similar relationship between ADR
treatment and growth performance. But Ishikawa
et al'® presented that coenzyme Qo treatment did
not change the body weights of patients with conge-
stive heart failure. These results were partially consi-
stent with those of present study.

Table 2. Effect of dietary coenzyme Q) on growth performance of ADR treated rar

Inital body wt. Final body wt. Weight gain Feed intake
Group : : FER
(g) (&) (g/day) (g/day)

C 246.4£ 158 455.6% 37.42 .17+ 0.452 22.30% 1.452 0.142%0.0172
AIQO 246.4% 15.3 409.1+ 20.9% 2.46:+ 0.23b4 20.70% 1.25% 0.119+ 0.012%
AlQ] 246.5% 14.6 410.6% 29.0° 2.46+ 0.43% 20.22% 1.6984 0.122:+ 0.028°
AlQQ 243.3% 16.2 406.8£ 34.1° 2.604; 0.28P 21.84% 1.45% 0.122% 0.011°
AIQO 946,51 16.7 384.6% 39.1° 2.09+ 0.45¢ 18.96% 1.30% 0.110% 0.0175*
A2Q] 246.4% 15.8 374.7+ 32.1° 1.98+ 0.37¢ 18.98+ 2.12¢ 0.108+ 0.021¢
A2002 246 4% 192 3859+ 24.0° 2.15+ 0.26¢ 19.96+ 1.52% 0.108+ 0,011

1) Values shown are the meant 8.D.(n=10)

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

The results from the ultrastructural studies using
transmission electron microscopy are presented in
Fig. 1. The control rats fed the basal diet showed
the well-preserved subcellular structure(Fig. 2A). In
rats receiving lower dose of ADR, the fine structural
detail revealed mild seperation of intercalated discs
and vacuolization in relation to mitochondria(Fig.
2Ba). In another lesion, although there was focal
myofiber degeneration, intercalated discs appeared
intact(Fig. 2Bb). Myocardical lesion observed in
rats receiving higher dose of coenzyme Qo prior
to ADR treatment showed preservation of the sub-
cellular organelles compared to that in A1Q0 group.
In addition, there were the relaxed myofibrils and
a swollen endothelium of capillary, but this change
was in a normal range(Fig. 2C). Mitochondria ob-
served in the group treated with ADR alone were
swollen and their inner cristae network was partially
disrupted. Sarcolemma was blistered like protrusion
as well as occasional loss of myofibrils(Fig. 2D).
The myocyte was well preserved in A2Q2 group,
but partially relaxed myofibrils were apparcnt. Swo-
llen endothelium of capillary was observed(Fig 2
E).

Although the prevention of ADR-induced heart
damage was remarkable in coenzyme Q-fed
groups, some alterations such as swollen endothe-
lium of capillary were still present. Supplementation
with coenzyme Qi prior to ADR administration
prevented 10 some extent the occurrence of mor-
phologic changes observed in ADR-treated animals.
Similarly, in order to prevent the occurrence of car-
diomyopathy during the therapy with ADR, several
methods using antioxidants have been investigated
D). Dimitrove et al” indicated that ADR-induced
cardiotoxicity could be prevented by selenium. They
expected a possible interaction between these two
agents. And they reported that no information is

available regarding formation of ADR-selenium co-
njugates, but such a possibility should be conside-
red. Myers et al® also reported that prior treatment
with tocopherol significantly decreased the ADR-
induced cardiomyopathy, and confirmed it by
means of electron microscopy. On the other hand.,
failure to alter the incidence of scverity of cardiac
damage in rabbits and dogs was reported'?.

It is considered that ultrastructural alierations of
myocardial cell nuclei may represent an important
aspect of ADR toxicity. Merski et al?® reported
that ultrastructural studies of the effect of ADR on
liver and cardiac cell nucleoli of the rat showed
the nucleolar segregation. And they suggested that
the cffects of ADR on the ultrastructure of cardiac
cell nucleoli of the rat correlate well with its known
inhibition of RNA synthesis. But nuclear alterations
were not observed in this study. Therefore these
nuclear changes appear to be related mainly to se-
vere ADR toxicity. These findings support the
theory that the histologic changes observed in the
present study are a result of free radicals released
after administration of ADR.

The volume density as well as the surface and
numerical density of mitochondria was assessed by
electron microscope morphometrics as shown in
Table 3. Myocardial mitochondria were not genera-
Ily affected by lower dosage of ADR administration.
However, rats treated with higher dose of ADR
exhibited distinct quantitative decrease in mitocho-
ndria. An extensive destruction of mitochondrial
membranes appeared to lead to the disappearance
of mitochondria. Volume density of mitochondria
was also significantly decrcased, while surface den-
sity of mitochondrial innermembrane was not grea-
tly decreased under this condition. But surface den-
sity of mitochondrial outermembrane was significa-
ntly lowered in higher dose groups of ADR. This
decrease was modified by higher level of coenzyme
Qo supplementation. In A2Q2 group, volume and
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Table 3. Characterisic morphometric indices of rai heart mitochondria

Group Vv 1Sv QSv Nv
(um?®) (um?) (um?)

C 0.444+ 0.066° 11.52+ 1.552 1.94+ 0.272 0.45740.0852
A1QO 0.415% 0.048% 11461 1.082 1.824 0.35% 0.425% 0.082%¢
AlQ] 0.415% 0.046% 11.65% 2.052 1.99+ 0.23* 0.439+ 0.076%
A1Q2 0.4461% 0.0452 11.38% 1.58° 1.95+0.522 0.443% 0.045%
A2Q0 0858 0.090° 10,62+ 2.922 1.524 0.45° 0.828+ 0.091P
A201 0.391+0.067" 10.62+ 1.76* 1.65% 0.56" 0.339+ 0.0765
A20Q2 0.450+ 0.0942 11.90+ 2.792 1.824 0.35% 0.400% 0.158¢

1) W ; Volume density of mitochodria(mitochondrial volume per lum® tssue)

ISv ; Surface density of mitochondrial innermembrane(mitochondrial innermembrane surface per 1um?

tissue)

OSv; Surface density of mitochondrial outermembrane(mitochondrial outermembrane surface per 1um?®

tissue)

Nv ; Numerical density of mitochondria(mitochondnal number per luym

2) Values shown are the meant 5.D.(n=30)

3 dssue)

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

surface density of mitochondria were largely resto-
red to control range.

In conclusion, ADR-treated rats revealed myoca-
rdial ultrastructural alterations such as mitochond-
rial swelling and dilation of the sarcoplasmic reticu-
lum. But these structural changes were somewhat
reduced by dietary supplementation of coenzyme
Qo
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LEGENDS

Fig. 1. Transmission electron micrographs of myocardium from coenzyme Qi adminis-
tration prior to ADR treatment(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. ID : Intercalated disc. Sar ; Sarcolemma, N ; Nuc-

leus.

B. A1QO group 5 (a) Mild separation of the intercalated disc is secen. There
is separation of the fasciated adherences of the intercalated discs, but gap
junction appears intact. Occasional vacuoles are prominent in relation to
the mitochondria(arrow),

(b) The degenerative myocyte contains disrupted cellular remnants(arrow)
and vacuoles in relation to the mitochondria. Parallel arrays of Z bands

are lost, but intercalated disc appears intact.

C. AlQ2 group : The myocytes are within the limits of normal. But capillary

is still lined by swollen endothelium,

D. A2Q0 group : Mitochondria are swollen and their inner cristae are partially
- disrupted. Occasional loss of myofibrils is seen. Sarcolemma is blistered like

protrusion{arrow).

E. A2Q2 group ; The myocyte is well prescrved, but partially relaxed myofibrils

(arrow) and swollen endothelium of capillary are seen.

- 507 —



Coenzyme Qjo and Myocardial Ultrastructure

DA—iI-IA . %}0|.|—+ :.:_'?_ A|.I| =IE @D

i
)&m)z “Ym 3

o - L S AR T 0 e B g e DTS 5T 5 .
H:«‘I‘ g xﬂ I‘m”“x‘»»‘m w;x i%‘! »h‘ Y jm ,M: !ﬁ:y{ ww k(N “Vm"d‘tg:g W' [N B [}M\ T’}( i v )m i ’I‘wu !Hh ‘X}Mﬁ s WW ‘;«“ e »-% i o §
JRRIF i I w\ RATAN \vp )0 ) Dby ¢ i >‘( £t (,q »N,nvn ”m oy 1 T bl 3,
Ty MW s ) By s M mx & B el P o AR ) '
0, 4 b b ﬂ 3 Lo Q"&at" ¢? %ﬂgmt% " %Aw s e 2
o ux«\ A . a - m»m\ BRI (,wx W bty i i
w A . d 3 oty RS ,W“” @{‘;H i el By ' "U "w e,
i m EER Vb “) » w «’ I‘Iﬁ* ;" = t;> ﬁ‘«\!g;w&; ;w “‘“‘x\W*W“ w‘ MM,“\(‘ D P
“ . Bt o i b ‘U‘ u \
AR w\‘ ’ pel w, B EAT M iyt “NL‘"“‘ I”:N ‘XM ¢ g
b ' R Yr A ~’f§‘\x\ o i »m
fraegtt : Vowow 3 ety ifhigy 4y N
Ce e B fm A A 1 M?u» ﬂuwm . «“x”“‘w N
PR T E . Qo >\“<H o A e
LA b o «x\ A TR AR \xﬁ“ AN x:( [y ‘w F‘*QL o
T Sl '“w-v e myv((“ : wn. e ;
A ( Ve w tn B ol et B &
R \»Z ‘R % w(“xiw‘ I u?\ A o i Ut ’“ ;' (c 4 o
} a Mﬁm { x’r 3 m,; , M ‘ ,Y iy
e b xu“‘» vy S TR IR AP Ll 'y wmf ey 2
e ” V Y o m QW‘ t
} S u?\%mm« B P Nmrﬂtpwé‘w‘”n” Wm (;
} i b T SRR o il
£l IAPRT o r Y ’W“ b :
L u m R :\' T R T
Iy *w . ik
[y P B i R
. o i e b e TR AT B
i, RN Wl SRR TN SN g o -
oy w’“‘y bR » W‘ \néi&( ‘ ‘:“ REEIRI . b
i L B LN AT TN L
i Ok ] e e b
AT N et i e 1 xfw
DA ¢

e gl o
o o M (‘:‘ﬂ wm. %w,{g, ; ‘;
o }1,‘ Wﬂz
" i

mrz w 4« iy M)Q» ’“v;\»ﬁ

Yy i

ol ‘F‘ M

T ISEREAAT g
" N» “‘1 q‘ﬂm OB i w g .
A **%‘%“"’”N - i );»iw J’g B

R LA

g

o

s 4 1A h e

v ”&Iﬂw g ,‘JIW R ‘w
[ERAT «»wwy;z«:»

ol
iy

|
*}M »*M «;gm

L \.uw

m 4 »)‘( i
: : M‘" iz Fv‘ g ok H il g o L
o : T N T AT Tk % im«é, s ,ﬁ‘“ o i ‘o"“ it A ‘;) T S W e
RN u z‘ ST A T i ot i SRR el m} ﬁ&*@;g M &K* g w‘wm,{wﬂw g L
PRI S P B P g v‘w(w »«’x»( ‘\\( »S (» > G ,}j‘,’,‘ﬁﬂ“‘ e ot .« il . »\-‘h\w‘ m i) 7*(”'(‘”\3\.0"” N '
. A O N o ol St gl AA e e R b : e
) ?wu “z H‘ nmw Mmhw Jx »x)uw‘w wa Py »x ’*f’ w) \’ e :mmw f ‘,\” AT 5 R
RERENNE 1 SR s [ w‘“ ;i»ul‘xy\,w x I 5 «& fiy i«' ‘ Pord o o e a0
MO«)) . A ’)sw;’“m wh J‘“’”“n”‘ﬂw i J‘W)J, o PJ i il & | M i , - T b
T ek e i @it ’{ e L] ’W B ”w SN e x”‘ ot FRE \&M TR AR R o
D Vo mI mww N IR R R N e ) M T g e TR e T
! NN Vo bl ‘Yxp% i ;M)X O Lo | i & A «»‘v»w S, i

vyt IR wh(o,,,‘g o b ¥ ;;‘(

W
g ’ﬁ»‘ ; T
) \"f Jg e 5 ‘ S >‘M“5M;’” “> e M;é

o it o M il R ! "‘“ ' )y i b o py Ve o
4 xur»»&\ (RIS 3; wm b f\ux*u»;m: Lt b | P gt i TR A
Y " ‘A»N ! :n g“ i “\; :“ﬁ ‘?pﬁ?’x i ‘ﬁ»‘(‘% R e
ol L vy, ETEEI o
ol gt r‘u U ooy
o) W | 2 M‘f’ SRR YR o
R g R ke >>o\~’~¢t11§“ o ”‘*‘”*:ﬂ*”‘ e N w )

( b o ' Rt wm A{Q S 7 gk oo ¢

e W el Ak g A P
e ) G T T

1y o s Pl b A e JL i
ny “X:K i g (M: 4 mw;«mg iy o ,}mxw v
i g o )"" . ‘\g‘t vi“ H“\»“* i 1 2 “iw ) !
yt b zu\ PETI & LT ‘
“l“\«yx\‘it N »&{MM‘ 4 ” %’%«X 4M % by, Né“m \x i i ' ‘1« ,:; . - K]
Ly \W N 14 () K‘m il A i i “ vt T

¥ 3 I @ b n( o g M 4 Rl i 2 A RN y [ -
w I ! I : x"‘( '5‘1 ]“ uiwﬂ« 5 \’ M ‘J)» ’ (i“%“‘é‘ﬁ:mﬁ‘“ TR T el }:» 4"‘\>w> ks «W‘)‘m)} ““W B, »% M} it ”w) " ’!F i (M V “““ k" *’%H g 4 TR
i 1 b P ey : Al x‘“« BTG - «; BT T | ”*,!EAM,J““P g ARl PRI LA NI ] i

P

- e it " o T i (
H w)lm‘\ﬁﬂ‘ i Xﬁ T i “ y AR b o ; 3 i B tm KR xx
' MN ;“I‘(XX!XW i mu" “ X i : K(i I ! ‘ : k1 ' T 2 4 ”’Mk ‘(

wMMﬁ

T,
e %‘ Wi
(m,3:1“““‘)}\5)“ ¥ y ‘(
i { xg)

i e,
IR NS
it x)‘.

b S




Seo, Jung Sook * Han, In Kyu

i

gl
I i
b

)
i

:
-

K,

i

ENN
Y
il
e

i

S
{1

"y ¢ v ; . : 3 = p . v
p ST A . - :

i




Coenzyme Qo and Myocardial Ultrastructure
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