CHAPTER II

BACKGROUND INFORMATION

Clinical Usage of DOX

The anthracycline ant

éo be one of the most active

classes of antineoplasti tha ee decades. One of them,

doxorubicin (DOX) or eatment of a variety of

malignancies. It has beej nt of several types of solid

. . N .
tumors affecting childreng® 2 ,\ ancer, soft tissue sarcomas,

endometrial cancer, osteos 2 ducts, esophagus and liver

and non-Hodgkin's lympho et al., 1973; Benjamin et al.,

1974; Blum et al., 1974). The s below in Fig. 1.
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Fig. 1. Structure of DOX




Clinical Cardiotoxicity Induced by DOX

The prolonged clinical use of DOX is usually limited by the occurrence of
cardiotoxicity in many patients with cancer, which has been recognized for more than 30
years (Lefrak et al, 1973). Three types of DOX-induced cardiotoxicity have been

V Ehemotherapy (Shan et al., 1996).
——

, oecuired tmmediately after a single dose or

described in patients undergoing doxor

Acute and suba

a course of DOX therap \ﬁsﬁ atment protocols. The clinical
manifestations predomi ‘ =7 ':\u"’-X~ bhic abnormalities such as
nonspecific ST-T wave ¢ v .\*\"a\n‘\ plex, prolongation of the
QT interval, sinus tachyca Syenti rhythmias (transient arrhythmias

re contraction, atrial flutter or
fibrillation) (Fulkerson et al., 1908; M Tow et 3 9/8, Mon et al., 1979; Von et al., 1982;
Friess et al., 1985; Steinberg et al. - 887--Sha al., 1996). Additionally, a pericarditis-
myocarditis syndrome, ar ‘ M

acute failure of left ventilel

iction ( Bristow et al., 1978),
-3 attributed to arrhythmias
induced by DOX (Wortttgn et al., 1979)"had also been mscribed. The incidence of
electrocardiograhic change associated with aéministration of DOX ranges from 0-41%

of patients receiﬂ u &lg’lqu&l m @%ﬂw’lajsm; Ali et al., 1979;

Praga et al,, 1979;qqfriess et al., 1985;4Steinberg et al,, 1987). Theseé.early effects are

usually trasiw%aﬂﬂaﬂ rﬁr&dagd MQQ ?/'IOE,I)?]@ Busion, rather

than rapid t%lus infusion.

Chronic Cardiotoxicity

DOX-induced chronic cardiotoxicity presents with the development of a
cumulative dose-related diffuse cardiomyopathy resulting in congestive heart failure or

even death. This is 2 more common form and is the major clinical problem ( Bristow et



al,, 1978; Friedman et al., 1978). Chronic cardiomyopathy characteristically presented
within 1 year after the completion of several doses of DOX therapy. Heart failure may
occur between 0 and 231 days after the last dose of DOX (Von et al., 1979). The clinical
presentation observed in these patients was similar to that seen with other diffuse

cardiomyopathy. Tachycardia is the first symptom, followed by fatigue, dyspnea,

nonproductive cough and peripharal ‘ede ssociated with biventricular failure
(28r1'stow et al.,, 1978). A numbeg; tal dose, schedule (Legha et al.,

1982), younger age (Pratt« ac disease (Von et al., 1979),

prior mediastinal radiotherap 1o \ \
drugs (Von et a., 1982) havg 3 e \\\

cardiomyopathy. The cum

ran, 1978) and other cytotoxic
Lpatient’s risk for DOX-induced
‘ f ost significant risk factor for
development of drug indliced ¢ P! rag . 1979; Von et al., 1979). In
aduft, Von et al. (1979) réporiedt i of €o \ e heart failure of 0.14% at
total doses of less than 400fmglim". eases to 7% - 10% at a dose of
g/m°. Other prospective reports

450 - 550 mg/m° and to 18% ,:f,.

demonstrated the hlgher inciden -’Fp- ,&. a of congestive heart failure at the

same cumulative dosesdAlexander et al 1979} The ramidinciease in clinical toxicity at
\ . .= AY |

doses greater than 550 g s@ € popular empiric limiting

dose for DOX-induced™ ardlomyopathy Mortallty directly related to DOX-induced

cardiac failure is \ﬁr ore than 20% (Praga
et al., 1979; Vonﬂjjra 1%5@1]% etzf(ﬂ%) reported up to 59% clinical
recovery ﬁ m n:ﬂ \ﬂIE]rrT ae E‘o are treated
with dlgoapwo.;]r\ﬁql ﬁ Q’ng

Late-onset Cardiotoxicity

Late-onset cardiotoxicity, which occurred more than 1 year after the completion
of DOX therapy particularly in children, was increasingly recognized (Leandro et al.,
1994; Speyer and Wasserheit, 1998). This last type of DOX-induced cardiomyopathy

caused late-onset ventricular dysfunction (Steinherz et al.,, 1991) and 'arrhythmias



(Lipshultz et al., 1991; Yeung et al., 1991). Late-onset ventricular dysfunction included
decrease of fractional shortening on resting echocardiograms, increase of.aftedoad or
decrease of contractility. These abnormalities appear to be progressive and reflect
future clinical decompensation (Shan et al., 1996). In survivors of childhood cancer who

received prior DOX therapy at doses as low as 228 mglm2 up to 15 years after treatment

as 65% (Lipshultz et al., 1994; Lipshultz et/ ). The less incidence of cardiac
dysfunction (18%) of patie er completion of DOX therapy

was found by Steinherz et al. P t ventricular arrhythmias and

sudden death have been deg L |shed DOX therapy for more
than 15 years (Steinh : a \\\\ , 1995). Simailar to the
cardiomyopathy that o 3 f‘*?\\ yopathy is correlated with
cumulative dose of DOX, Wighaf rs s --J J"v ~«o and mediastinal irradiation.
Studies have been perfor ‘ -rh Sr, \_\ “monitored for up to 20 years
(Steinherz et al., 1991), and NEGhItud e problem may even be greater with

increasing follow-up duration. :____, LB
Preclinical Animal Mo -!i}fi._‘ OX-ind  C X

Because of themlinical importé%e of DOX~indﬂed chronic cardiotoxicity,
several animal m ﬂ asm ﬂjﬁﬂ ~I1 at or pig or dog, for
example are de ﬂ disa :1 fthese animal models
differ acc ﬁ ] cﬁﬂ ﬂwﬁ ﬁl’j 2! iye studies of
anthracyclil :jgﬁ ly in limited
amounts, whlie larger animals can be used for investigations in which evaluations of
cardiac function are to be made (Herman and Ferrans, 1998).

The first development of rat model was observed by Mettler et al. (1977).
Congestive heart failure was observed in Fischer rats given weekly doses of 1 to 2

mg/kg DOX for 10 to 14 weeks. Histological exar_nination of these animals revealed



myocyte vacuolization and degeneration, interstital edema and mild fibrosis.
Nephropathy (glomerular vacuolization, tubular damage, deposition of proteinaceous
casts in the tubular lumina, and clinical and laboratory evidence of a nephrotic
syndrome with hypercholesterolemia and hypertriglyceridemia) also contributed a

frequent and important extracardiac effect of chronic DOX intoxication in rats. Many

compared the severity of chrepi HOX ale @y in adult male rats by DOX at three
pontaneously hypertensive rats

able than other strains of rats as a

(SHRs) were found to be m table

small animal model of a chronic rat model was used

continuously as a model l cardioprotective agent, i.e.

coenzyme Q,,, antioxants” of ; ico) eré induced cardiomyopathy,
decreased myocardial #Gluj dne; r : ~ and increased levels of
triglycerides, cholesterol, @id fiigh- 7"_ .,‘ts proteins by DOX at cumulative

dose of 15 mg/kg, given infSix Baual intrz eal'doses over a period of 2 weeks

(Siveski-lliskovic et al., 1995; ~ 997), probucol could prevented the

Lt

myocardial alterationg -"-;;:;;;;::,:::."-;:.:.;_._’_:;'.‘.::.:::.“i.z ...... 8 @nd cholesterol. Treatment

with ICRF-159 first -.~: 0 D&

X on the heart, kidney and

peripheral nerves (Hu et l 1983) Numerous mvestlgators have made extensive use of

the rat to eva rﬁpreventive drugs for
cardiotoxicity mﬂj;ﬂjﬁrﬂ ﬂvsewﬁeﬂxthn appropriate benefit of rat
model, ﬁ Wﬂ] Wﬁ &T ﬁﬂte cardiotoxic
effect o@ﬁﬁ a Q cﬁm EJ 935

Antitumor Effects of DOX

A number of different mechanisms have been proposed for the cytostatic and
Cytotoxic actions of these agents (Gewirtz, 1999). These include intercalation into DNA
and/or inhibition of DNA polymerase activity (Tanaka et al., 1980; Glazer et al., 1982)

with consequent inhibition of macromolecular biosynthesis (Wasserman et al.,, 1986;



Fritzsche and Wahnert, 1987; Munger et al., 1988), free radical formation (Sinha, 1989;
Feinstein et al., 1993) with consequent induction of DNA damage (Eliot et al., 1984) or
lipid peroxidation (Fukuda et al., 1992), DNA binding and alkylation (Sinha et al., 1984;
Cummings et al, 1992), DNA cross-linking (Skladanowski and Konopa, 1994),

interference with DNA unwinding or DNA strand separation and helicase activity

s A

topoisomerase Il (Glissor Bt 99 Raw et al., 1993). Finally, the

anthracyclines have been popto ’*\- death (Skladanowski and
Konopa, 1993), although thj cellular response to upstream events

such as inhibition of topoisasfier,

It appears that thé multi 7 ; 3 2 that have been ascribed to
the anthracyclines may be ofidifferent drug concentrations
under varied experimental co '-‘ EWhen ¢ € €Xposed to drug concentrations in
iation (with prolonged exposure) and

interference with DNA b

abd DNA helicase may be

evident. At drug con afrations that reflect -'2‘ o oncentration after bolus

administration, the primapyf mechanism of dri g action is lilm/ to be through interaction
with topoisomerase II, a cénBlusion that is défoed in a_reyie y Cummings et al.
(1991); it is poss@,mahnﬂﬁi ﬂﬂi‘lﬁﬁ critical role in drug
effectiveness.r Thequnteraction with the ()NA—topoisowase Il complékfis likely to be a
primary tagwg’Q/a ﬁ ﬂ\ﬁ Mtudm a@nmaa aiéjling pathway
leading to gpoptosis, at least in leukemic cells and thymocytes. At drug concentrations

exceeding approximately 2-4 pM, free radical mediated toxicity and DNA cross-linking

may become evident.
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Mechanism of DOX Induced Cardiomyopathy

Because chronic cardiomyopathy is the most important clinical problem of
DOX administration, numerous investigators try to study its mechanisms. Several
mechanisms have been proposed to account for the anthracycline-induced cardiotoxic

side effects. Hypotheses which are intefesting and have been discussed including free

7, Doroshow, 1983; Rajagopalan et

ey’
1995), release of vasoactive

\\\bq\h ites of DOX (Boucek et al.,

myocardial beta-adrene : r ? and Giri, 18986; Fujita et al., 1991; Tong

overload (Singal and Pierce,
1986; Holmberg and Wilii
amines (Bristow et al,,
1987), disturbances and downregulation of
okines, which have been
consistently identified in ot Ve ular dysfunction, may be directly relevant
al., 1995, Shan et al.,, 1996).
Additionally, anthracyclines caus e —the e inhibition of cardiac muscle gene
expression for alpha-ad o il and he M isoform of creatine
kinase in vivo (Ito et \[ o "Ilar loss associated with

anthracycline-induced cmiiomyopa P —

Role of Free Radice

The cause of anthracyclinefinduced cargiotoxicity seem8./to be probably
multlfactaaligw’])faﬁﬂ ni rm um q"a m,;:']:angdlated myocyte
damage. BOX causes free radical formation (Olson and Mushlin, 1990) via both
enzymatic and non-enzymatic mechanisms which have the potential to initiate damage
to various intracellular components, including nucleic acids, lipids and proteins
(Cheeseman and Slater, 1993). There is no question that under the appropriate
conditions the chemistry of the anthracyclines lends itself to the generation of reactive

free radicals (Bachur et al., 1978; Sinha, 1989). The quinine structure permits DOX to act
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as electron acceptors in reactions mediated by oxoreductive enzymes including
cytochrome P450 reductase, NADH dehydrogenase, and xanthine oxidase (Goodman
and Hochstein, 1977; Pan et al., 1980; Doroshow, 1983; Graham et al., 1987). The
addition of the free electron converts the quinines to semiquinone free radicals (Bachur
et al., 1977; Bates and Winterbourn, 1982) which may induce free-radical injury to DNA
(Eliot et al., 1984; Feinstein et ™ \ ; If as well as after interaction with
molecular oxygen to form su \‘\ &ls and peroxides (Feinstein et

al., 1993). Increased oxygen radicakactivily geneia ied {hrough the semiquinone moiety

of the DOX molecule can cz ¢ &0 «'l._. on(pi of the cell membrane) and
cell injury (Rajagopalan et 2 ¢ ./ ‘ roxidation would not indicate
whether free radicals weregbej allyor extracellularly. There is
further evidence for free-g@digalffe ated through the formation of

complexes between DOX*and al., 1985).

The heart is particulafly s SCE e e radical injury because it contains

less free radical detoxifying substar

oxide dismutase, glutathione and

Ison et al., 1981; Olson

and Mushlin, 1990). o 377.',‘ affinity for cardiolipin, a
[ [I'
l onent of the mitochondrial memne in heart cells, resulting

SO ie) 1) (oL
AR IO Y I B o

DOX-induced toxicity. Among them are dexrazoxane and flavonoids. Dexrazoxane

catalase) than do metabp

major phospholipids co

(ICRF-187) is currently the only cardioprotective agent in clinical use. It has been
reported to ameliorate the cardiotoxicity associated with DOX in both preclinical (Imondi
et al.,, 1996) and clinical studies (Swain et al., 1997). Its mechanism of action appears to
be the prevention of free radical formation by DOX, probably through binding of iron
(Hasinoff, 1994). Flavonoids have been found to protect the heart from DOX-induced

cardiotoxicity when co-administered with DOX in mice (Van Acker et al., 1996) because
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of their action as both scavengers of reactive oxygen species and iron chelators (Van
Acker et al., 1996). Other antioxidants, such as probucol (Siveski et al., 1994), vitamin E
and N-acetylcysteine (Olson et al., 1981) have been reported to protect partially against
DOX-induced cardiomyopathy. However, the situation is more complicated because of

the existence of non-free radical damaging pathways, and the main toxic effect of DOX

is the development of a cardiomyops ",‘ giter ending of the treatment. Further the

point of the free radical hypothe: ,q_;.“: DOX-induced cardiotoxicity and

Role of Calcium on DO ) Cardiomyor i\\

Another popular ghs SWHICT ias “heens studied in both acute and

chronic cardiotoxicity s O s (De Beer et al., 2001). In
chronic treatment with®* DQX, fa:, substan la ion of Ca” in ventricular
myocardium and Ca”" incldSiofls 2 of rabbit were demonstrated (Olson et

al., 1974). DOX caused excess' llular Ca”* known as Ca”' overload

hypothesis (Combs et al., 1988)-DOX-induc

-

ent of-the Ca”" accumulation in

mitochondria was \}———:"‘- by oxidative

phosphorylation, thereb esu 9 -evﬁgy phosphates (Ohhara et

al., 1981). ¢

=3 L7
Many lﬂnuﬂgaﬂﬂm ;ﬂlﬁdganrjsport abnormalities in
cardiac tissue. D?)lX has been ,reportgd, to alter t -sarcole a " influx by
affectingﬂw wa+ﬁ-ﬂ@e‘§/moulnﬂ5;ﬁﬂvﬁ g}-ﬁwg; Boucek

et al., 199’) and on the Na'/Ca”" exchanger (Caroni et al., 1981). Other studies have

reported that DOX caused Ca”" influx into the myocytes (Kusuoka et al., 1991: Wang
and Korth, 1995).

Because SR plays an important role in regulating the intracellular Ca°
concentration and Ca’" homeostasis, a number of evidences have shown that DOX

altered the function of cardiac SR (Boucek et al., 1987; Olson and Mushlin, 1990;
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Ondrias et al., 1990; Boucek et al., 1993; Dodd et al., 1993). DOX has been reported to
alter the Ca”" release function of the SR by effects on the Ca’ -ATPase and the Ca”’
release channel. The previous studies demonstrated effects of DOX on SR such as
binding of photoaffinity labelled DOX to the Ca’" release channel in fractions enriched
terminal cisternae (Zorzato et al., 1986), increasing of the open probability of ca”

release channel reconstituted in lipi mberg and Williams, 1990), induction

of Ca” release from SR vesicle sah et al., 1990). Wang and Korth

(1995) showed that the pr f action -‘-:u ration due to the inhibition of I,

and the activation of SR : & /Ichannel est led.in positive inotropic effect of
doxorubicin in ventriculag#Pregaidil - o\~\.~\,‘ inea pig hearts. The Ca’
overload hypothesis was rede o . tibn that DOX induces down-
regulation of the SR Ca ATHE Ara € }“ The authors also provided

evidence that this dowf-regulat - digted b ydrogen peroxide, thereby

interconnecting the free radicale
L -
Previous report of Haga 5;

depression of myocardis ' ed onileft atrial muscle preparations

gtermined the direct action of DOX on

of male guinea pigs. B veloped tension and ."}" at 10-minute intervals
were examined after amition of DOX throughout 180—rrmjte exposure to DOX. The
stimulator was turned off'ffdlSO seconds, h t contraction observed after
resumed electrigal Suﬂoamgmgw EFS] ﬁr p of guinea pigs was
injected intraveno?sly with DOX at a dése of 2.5 mglkg each on the fifsf and the seventh

day. Afa w’}anbﬂ nﬁwm, uomgs] ’lmzigln’]aa EJ’ce-frequency
relationshia were examined. Direct action of DOX (100 or 200 pM) caused negative
inotropic effect, prolonged time to peak twitch tension and decreased the rate of
relaxation. Post-rest contraction of DOX-treated group was depressed. In atrial muscle
preparations obtained from guinea pigs treated for 10 days with DOX, similar results as
above were observed. These results indicated that cardiodepressant action in acute or

subacute exposure to DOX was influenced with impairing the function of the cardiac SR.
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However, it has been suggested that Ca” accumulation may be a
manifestation rather than a cause of anthracycline cardiomyopathy. Rabkin et al. (1983)
noted that the negative inotropic effects of DOX could be antagonized by increasing the
Ca”" concentration of the perfusate. These observations suggest that the pathogenesis

of anthracycline-induced cardiotoxicity is initially associated with depletion of

myocardial Ca’ rather than wit increase of the intracellular Ca”"

concentration. The decreased ntration may eventually result in

“
the development of conge faildfe. Wnsequences of heart failure

may be accumulation of Cazs ~- ing the increased Ca’ levels

Role of Sympathetic Innengtiogfog O *mm G LL‘ C

observed after chronic D@ nce, rather than a cause of

anthracycline-induced cardi

Adrenergic dysfun€tio suqlf.ﬂ%.ﬂ - uI lon f myocardial beta-adrenergic
receptors (Robison and Giri, *?r eta ; Tong et al., 1991) and nonspecific
blocking interaction on_atria minergic receptors (Politi et al.,
1985) may occur du ;’# function. Similar results

were obtained in other reﬂrts al., Aig onﬁt al., 1992).

The pos ﬁ? gic mechanism was
studied by Politi éfan %ﬁ ﬁmﬁlﬂiolated right and left
guinea pig atria. leferent concentratin of DOX (10° dded to the
medium a) ﬁlﬂ)ﬁ:m tﬁ mourm qr;lmegj ﬁﬁ(gomdrenaline
(10 -10° g/ml) were developed. Atrial rate and inotropy of isolated right and left atria,
respectively were recorded. Reserpine pretreatment was carried out by administration of
5 mg/kg of the drug 24 hours before the experiments. Only DOX at 10* M significantly
reduced spontaneous atrial rate. Reserpine pretreatment did not modify the negative
chronotropic activity of 10° M DOX. Thirty-minute [ncubation with DOX (104 M)

produced a competitive beta blocking effect, shifting to the right the concentration
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response curve to noradrenaline without altering the maximal chronotropic response.
Concentr:_ations of DOX less than 10™ M failed to modify the chronotropic responses to
noradrenaline. The result of left atria exposed 10 M DOX for 30 minutes was similar to
the right atria. However, after 60 minutes of incubation with 10° and 10 M DOX
produced a shift to the right of the concentration response to noradrenaline. They also

to noradrenaline. These results

reduced the maximal
demonstrated that a nonspe X with cardiac beta-adrenergic
receptor could be involved anism produced by DOX. This
study suggested that since \ ithout entering the cell (Triton
and Yee, 1982), interactio id possibly play a role in DOX

cardiotoxic mechanism.

Rasmussen et a e DOX on the cardiac beta-

adrenergic function in vitro

been investigated in the rat. T, : :H!“

isoprenaline on isolated atria in @@ .w

leyed cardiotoxicity in vivo has
Iocked the chronotropic effect of

aer. Treatment with a single dose of

-

DOX 5 mg/kg intrave OUs 5hugeks after the medication.
At this time no beta-b F— 2 ‘.‘. . The results indicate
that the delayed cardlotmmty induced by DOX is not memted by an interference with

the cardiac beta—adrenocegtdﬁunct

AEANENINYINS

De Jongiét al. (1990) tested the effect of DOX using |solated mouse heart
muscle a W’T%WE'J]ﬂ Erotroplc and
chronotroppﬁect m@mmmf incubation with 10-100 pM DOX in the organ
bath and determined the remaining beta-adrenergic response to I-isoprenaline after the
incubation period. l-isoprenaline was used to measure the beta-adrenergic responses of
spontaneously beating right and paced left atria. Both variables turned out to be equally
affected. For paced left atria an IC50 (causing 50% depression of contractile force) of

35 uM was determined. Right atria stopped beating at concentrations above 50 pM. The
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results indicate that DOX exert an effect not related to receptor integrity, but directly to

the functionality of heart muscle.

Role of Parasympathetic Innervation on DOX-induced Cardiotoxicity

Not only adrenergic dysfunction but also cholinergic abnormality has been
reported to involve in DOX—mduce ( i ic ity X had been determined to act as a
competitive antagonist on muscaRAIC ¢ DOX had been shown to inhibit

negative inotropic effect of acetylche Nif e concentration response curves

for acetylcholine to the rightsit el i ea\pig heart(Te mma et al., 1992; Temma et
al., 1993). Additionally, adgiff 2 opi 10 2 solution in the organ bath
incubated with right atria 4% ab ‘ gative chronotropic activity

induced by DOX (Politi et df. g5y | i glione et al. (1992), atropine

..Mf‘-'

Chugun et al. (2001) € .rr:- iISms responsible for DOX-induced

pretreatment did not affect th gali ; \ \1 induced by DOX.

reduction in the maximal negative g? ",# of carbachol in isolated left atrial
muscle preparations of plg‘heart. The concentration respons geurves for carbachol were
generated after 4-hour vw b uﬁﬁo resence of 30, 100 or 200

aused biphasicT)ositive inotropl effects observed at 10 and
120 minutes. Th i 0 or 200 uM DOX.
However, with 1 qﬂo& nmmﬂj:ﬂ jdurmg 4-hour period
after the W ﬂ{ se-response
curves foﬁ"ﬁﬁlﬁnﬁrﬁ iﬁiﬂeﬁﬁr iﬂ\:IA E[oncentration

of carbachol which caused a half maximal negative inotropic effect, was increased by

UM DOX. The 30 uM DO

DOX in a concentration-dependent manner. Moreover, the maximal negative inotropic
effect observed with high concentrations of carbachol was significantly attenuated by
DOX. In atrial muscle preparations exposed to 100 UM DOX for 1 hour, increase of the
ED,, value for carbachol was similar to that observed with a 4-hour exposure, but the

attenuation of the maximal negative inotropic effect of carbachol was not observed after
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1-hour incubation. The effects of DOX on the muscarinic agonist were compared to
those of an adenosine A, receptor agonist. DOX also attenuated the maximum negative
inotropic effect of adenosine A, receptor agonist. Because muscarinic and adenosine A,
receptor share a common signal transduction pathway in the atrial muscle, both
receptors cause activation of a GTP-binding protein (Gi) to modulate ligand-regulated

K" current. The results of this s

that DOX competitively antagonized

binding to the muscarinic rece }pway common to muscarinic and

adenosine-induced signal tFaF nin ata%
=0

The molecular ons of DOX were examined

by electrophysiologica ISolated from guinea pig heart

(Hara et al., 2000). B luced shortening of action

potential duration in atri 6trode method. DOX (10-100
UM) inhibited the carbac hortening in a concentration
dependent manner. Howev GXd tagonize the shortening elicited by

adenosine. These results indicate!

s

duced a direct anticholinergic effect

through the muscarinic fiec
177 Y |
The Direct Effect of DO u n Cardi @

Another_i sEf % - cardiomyopathy is
direct interactio ﬁ ﬁﬁw ﬁiﬁfﬁ/\ﬁ contraction-related
studies concemlng the inotropic eﬂfct of Iiﬁ»f or cardiac
preparata wh’]raoﬂlnit ’iﬁjﬁm ﬂs preparations

makes it lmposszble to separate direct effects of DOX on the actin- -myosin contractile

system from effects mediated by interaction with other cellular components. Few studies
focus on contractile alterations that are directly caused by interaction of DOX with the
contractile apparatus. It has been reported that DOX has a high affinity for cardiac actin
in vitro, probably the result of the high affinity of the daunosamine moiety in the

anthracycline molecule for macromolecules (Lewis et al., 1982). Contractile changes
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caused by DOX can be studied by using preparations in which both inner and outer
membranes of the preparation have_ been permeabilized. It was shown that DOX exerts
a positive inotropic effect when added to permeabilized skeletal muscle preparations of
rabbits (De Beer et al., 1992). Because all membranes were permeabilized in these

preparations, the contractile effect could only be caused by a direct interaction with the

contractile system.

Bergson and Inchi s of chronic DOX treatment on
cardiac actomyosin ATP u_s bbits with DOX (4 mg/kg) at
weekly intervals for 1- W -‘ attenuated in the treated

animals; heart weight/b ‘é d. Cellular damage was detected

AN
ANNN

\ * 9% increase in actomyosion

histologically after one fter 4-5 weeks of treatment.
ATPase activity as compar ' 7- S ditffetene was highly significant (p <
0.001). Prolonged treatment ‘_, rest i ogressive decrease of ATPase
activity.

Watanabe afgziSishikawa—+558 ""“" ¥ necrosis and fibrosis of

Ii.

myocardium were obse

%ter (AKW). The activities of

myosin AT Pase, actomyosm ATPase and creatme kinase of rats given AKW at 15 weeks-

g i) IR TG ocvs o mose

ATPase and actoqyosm ATPase in the AKW group mcreased companng with those in

the TPW m;tmﬂ ﬂm ﬁﬂ of myosin in
the AKWiup confi ed with the pattern of myosin. On the other hand, the

activity of CK in the AKW group was lower than that in the TPW group. These results
indicate that increases in actomyosin ATPase activity and myosin ATPase activities, with

the decrease in CK activity caused myocardial necrosis and fibrosis in rats given AKW.

A few studies had been shown the effect of DOX on CK activity. DOX had been

indicated to inhibit cardiac muscle gene expression for creatine kinase. Moreover, the
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enzyme CK in serum had been used to investigate skeletal muscle diseases (Ebashi et
al., 1959), the detection of carriers of muscular dystrophy (Aebi et al., 1962), and the

diagnosis of suspected myocardial infarction (Rosalki, 1967).

Hypothesis

After the background informati dS feyiewed, a few hypotheses which seem
to have a relation to the objective:

—

1.  An impairment o Z“EZndling in n by DOX results in a
decrease in rate and force.e ;e f.isol iat-atrial muscle preparations in
acute and subacute treatg

2. Acute and subg
muscarinic receptor respg g dsof ol and ace choline, respectively in
isolated rat atrial muscle prep

3. Subacute treatme yocardiac injury, which can be

detected with changes of myocardia %
LT3

..i r
i i¥

AULINENINYINg
ARIANTAUNNIING A Y
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