CHAPTER I

INTRODUCTION AND LITERATURE REVIEWS
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Diabetes mel]itu* lic syndrome characterized by

hyperglycemia, a relati insulin, and deranged metabolism

of carbohydrates, time, this chronic metabolic
abnormalities will léad to'thé developments of vari us chronic complications namely

macroangiopathy,

The existence of a di pathy was first suggested by Rubler et
al. in 1972 based 31 postmortem | : 'a?tic adults who suffered from
congestive hea.. | fgilure in ! rotic, valvular, congenital

{l

hypertensive, or Dalcoho ' discases. LJM] patients demonstrated

electrocardio évidence of left Gventricular rtrophy and at autopsy
Kimmelshelﬁuﬂ gm EL%] ilm &Lqﬁeﬁum with myocardial
enlarge rtrop and fibrosis. Th tes mellitus in the
devea d m u:m ;13 mgigacmswely in the
Framingham Heart Study. In 1974, this prospective study of 5000 individuals over
an 18-year follow-up period, diabetic men had more than twice the frequency of
congestive heart failure than nondiabetic cohorts,while diabetic women had a
fivefold increased risk. This excessive risk persisted after accounting for age,
hypertensive, obesity. hypercholesterolemia, and coronary artery disease, factors that

commoniy cocxist with iong- atam.mg diabetes. Diabetic women were especxally

vulnerable, having twice the fiequency of congestive heart failure as men




irrespective of coronary artery disease status. This excessive risk of heart failure
was confined to those with hyperglycemia severe enough to warrant insulin therapy,
whereas patients treated with diet or oral hyperglycemic agents had no increased
risk of congestive failure. Further support for the existence of a diabetic
cardiomyopathy was provided by Hamby et al., (1974) who noted an increased
incidence of diabetes in patien r’ opathic cardiomyopathy. Sixteen of 73
patients (22%) with b\l [é and sex-matched cohort *without

cardiomyopathy. Aum&gﬂﬁof Qenc subjects revealed patent

epicardial coronary art;

vasculopathy were notg

maintained, a resu 7‘ of h.lgher ]

hemodynamic derang:!'nents was noted after 1 year O suhn therapy.

The q am utilizing systolic time
intervals, phﬂl{é[ap ode and two tion echocardlography and
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dysfunction in diabetic individuals. Systolic time intervals have long been used to
assess left venticular contractility. A prolonged preejection period (PEP) and
shortened left venticular ejection time (LVET),which correlate with reduced resting
ejection fraction, were uniformly noted in the studie in both type I and type II
diabetic patients without evidence of cﬁniéal heart disease (Ahmed SS et al., 1975).

Shapiro et al. (1980,1981,1982) extended the evidence for increased

PEP/LVET ratios, impared isovolumic relaxation, and other diastolic and systohc




left ventricular abnormalities in a large number of diabetic patients in a series of
investigations. Asymptomatic diabetic subjects were consistently found to have
impaired left ventricular relaxation by digitized M-mode echocardiography as
compared with control subjects. These abnormalities correlated to a large degree
with the duration of diabetes and the extent of microvascular complication. Left
ventricular dysfunction occmkk U/ insulin-dependent and non-insulin-
dependent subjects, butwre Sreq e former. Interestingly, Shapiro et
al. also observed W - ~tri -

subjects with con

was noted only in diabetic
diabetic patients had a greater

incidence of clini

and profoundly absory I angwd‘ininished fractional shortening
A%%
Araksinen et al g (mean age 25 years) insulin

‘mode cchocardiograph ' _ lic function manifest primarily as a

serum triglyceride jon ration. - , sub Jeﬂ with severe microvascular
complications had thigker left ventncul ar walls and smaller end diastolic diameters
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Expenmental studies can d@ddress more.directly many ef;the issues involving
the 8 U1 hjpéibiybdnta dni bt debaiaprment]of bt lfabeld cardiomyopathy.
The mqajority of experimental work has been performed in animals with drug-
induced diabetes mellitus. Alloxan has been used primarily for this purpose, as low
doses produce a chronic diabetic state without other significant organ toxicity. In
thi.s experiment, the prevention or reversibity of myocardial dysfunction with
hypoglycemic treatment can be more fully investigated.

Regan et al.,(1974) utilized the alloxan diabetic dog mode! in pioneer study.

Mild non-insulin-requiring diabetes was produced without fasting hvperglycemia in




mongrel dogs after low doses of alloxan were administered. Hemodynamic studies
after 11 months revealed diminished left venticular end diastolic volumes and stroke
volumes in diabetic dogs, despite similar end-diastolic pressures compared with
control animals. This diminished left ventricular compliance was attributed to the

accumulation of periodic acid-Shiff (PAS) positive material (presumably

glycoprotein) in the mterstm ilar findings were observed in dogs with

spontaneously acquired dmbe&\
Pogatsa et al., md‘n

compliance in chronical . be "\H“ 7 severe hyperglycemia. Although

irect myoca.rdlal effect of alloxan.

e of diminished left ventricular

microscopic interstitial ghanges y ot ed, | dlac structural proteins displayed
enhanced thermal stability Sugg 3 ',"" of e ed cross-lmkmg as the mechanism
for diminished left ventricular ¢ " ce. aaiT and hernodynarmc parameters

were prevented in pa ' nent in or oral hypoglycemic agents,

)
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larger infarcts in t,l!f dmbeuc eohort

&mpuad ﬂgﬂml animals , confirming the

entricular function.

apparent additive

Numerous s.udles have also beer carned
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performance. Additionally, acutely diabetic rats appear extremely sensitive to

in rats with experimentally

alterrations in afterload, with diminished systolic response to high levels of
afterload.

| Chronically diabetic rats show similar alteration in cardiac performance.
Relaxation as well as the velocity of circumferential shortening is impaired.

Similarly, cardiac output was reduced in diabetic rats utilizing isolated perfused




heart techniques. There was no evidence of myocardial ischemia by coronary flow
or lactate production measurements. Long-term insulin therapy, but not short-term
therapy, completely reversed these abnormalities.

Biochemical and pathologic correlates for altered myocardial mechanics were

also examined in dibetic rats. Myocardial adenosinetriphosphatase (ATPase) activity

is diminished and myosin is ith lower ATPase activity predominate.

Additionnally, calcium

diabetic rats. Thestw
function and diminM

reveals minimal p

coplasmic reticulum are reduced in

@count for the altered systolic
12 \@etw rats. However, MiCroscopy
compared with dog els. accumu of collagen and PAS-positive
material in the integ '
capillary basement me

In contrast, Gia ' in 1979 showed progressive damage to

myocytes, capillary basemept

el - ) :
genetically detp}imed diabetes. As m alterations developed initially,

myocardial damag ~Vascular abnormalities, Awhich

usually occur later. Subsequently, Factor et al.,(1981) demonstrated the effects of

combined PTWWEH% 45 w ErrTﬂujd marked myocytolysis,

perivascular §jand interstitial ﬁbrosm and numerous saccular and fusiform
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not appear to lead to structural heart disease in rats (except for genetically diabetic

-
&

mice), coexistent hypertention results in abnormalities of myocardial architecture
that may potentially culminate in systolic disfunction.

Paralleling hese experimental findings in animal models are numerous
studies in humans that explore the association of diabetes with histopathologic
abnormalities, possibly accounting for a myopathic state. Early postmortem studies

in diabetic subjects without overt congestive failure documented a higher incidence
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of intramural PAS-positive material and hyaline thickening with and without
endotherial cell proliferation in both intramural and extramural coronary arteries.,
(Blunmenthal.,1960, and ledet.,1968). Zoneraich et al.,(1980) also found evidence of
intramural involvement with significant proliferative changes and wall thickening in

young juvenile diabetic individuals. Small vessel disease was evident in 72% of

normotensive diabetic paﬁents,{\?‘s'f/}esent in only 12% of nondiabetic subjects
g\\ %
\\

in the latter study. et /ﬁ
o :n;':bcﬁ ' % K:l/ ilure without significant coronary
iabetic suw, con @ witho co

' Ap\ Rubler et al.,(1972) noted

their original series of four

L™

reviewed an extensive bg iterature conceming the role of small vessel disease

in diabetic cardiomyopathy. %ﬁm gl {iﬁ’: vessel disease may also be operant
o e .;l. L o ] ‘;;

in diabetic patiegﬁ' with angina pectoris wﬁmary angiograms, as two

vessel changes with right

ventricular endomy&€ardial biopsy

Mmmﬁ;w , ' MWﬂb‘Tﬂﬁ qualitatively similar to

those seen injother organs of d'i;betic patients. Such alterations include increased
TR TR AN T e =
autopsy specimens as well as in tissue analyzed at the time of coronary artery
bypass surgery. Basement membrane thickening was more severe in those with
overt diabetes compared with those wit.hr simple glucose intolerance. Such
microvascular damage within the myocardium way represent part of the spectrum of
vasculopathy typically found in diabetic patients.

Interstitial infiltration witﬁ PAS-positive material and fibrosis however, may

be associated with systolic and diastolic abnormalities. In this context, Regan et al.,




(1977) noted minimal changes in intramural coronary arteries in nine diabetic
subjects without coronary atherosclerosis. Similar finding were noted in diabetic
patients with and without overt congestive heart failure. Perivascular and interstitial
fibrosis and accumulation of PAS-positive material were observed along with

degeneration and fragmentation of myocytes. Factor et al.,(1980) have emphasized

that the combination of di ? ypertention may lead to more severe

interstitial fibrosis and in diabetics or hypertension alone

, .8 ytolysis and scarring were also prominent in
these dilated, hyperiop . These -: ere much more prominent than

for mechanical dysfuncthrr all vessel disease’ which may be an

-

incidental findi

Conflicting“eyidence has | zgarding the relative role of .small

vessel disease, I terstitial fibrosis, microvascular changes, and metabolic

derangemeﬂ lutﬂ ﬂiﬂrﬂ%?ﬂmﬁﬁatby The relationship of

type, duratidh, and severeity of diabetes to myocardial abnorrnahtles s1rmlarly

RGN mwﬁﬁﬂmm B e st

the dégree and extent of other microvascular complications.

Role of coronary artery disease

Although a substantial amount of evidence supports the existence of a
diabetic cardiomyopathy in dependent of obstructive coronary disease, the role of
coronary artery disease needs to be addressed for several reasons. First, ischemic

heart disease is a leading cause of congestive heart failure. From the studies of




Garcia MJ.,1974, indicated that diabetes mellitus is clearly an independent risk
factor for atherosclerosis and is responsible for the higher incidence of cardiac
mortality and morbidity in diabetic subjects compared with nondiabetic individuals.
Dash et al.,(1977) have shown that diabetic patients with coronary artery disease

develop cardiomyopathy more commonly than nondiabetic individuals, probably due

to an increased risk of proxlma\‘c’ f ary artery disease and mutiple myocardial
infarctions. }//

Second, dlabetlm ha,y a idence of asymtomatic ischemia

\ \m with symptoms of congestive
o

QSN severe multivessel coronary
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‘the Joslin Clinic showed that angina

wﬁx acute myocardial infarction.

38 asymtoma aﬂ’s%ﬁﬂ [s) sm s ﬁﬁ cent of asymtomatic of
diabetic su bﬁj& !jtr hic' ¢hanhges and infarction or

ischemia aﬁtefﬁm%ﬂ g ﬂgﬁ ith only 7% of
controls. % f]d subjec re abnormal.

Nesto et al.,(1988) studied 50 consecutive diabetic patients and 50
consecutive nondiabetic subjects with ischemia with thallium excercise scintigraphy.
Although a similar proportion of patients_ complained of angina, only 28% of
diabetic patients compared with 68% of nondiabetic patients experienced angina
during exercise- induced myocardial ischemia. Omiy t_hc “presence of diabetes

accounted for the difference in asymptomatic ischemia between the two groups.as




they were similar with regard to demographic and clinical factors as well as the
extent of exercise induced ischemia. Murray et al.,(1988) found a similar degree of
painless ischemia with exercise in diabetic subjects compared with nondiabetic
subjects (76% versus 35%). Diabetic individuals with painless ischemia had a

greater than two fold increases in incidence of microvascular disease (74% versus

33%).

Not only is diab e ! ' developmcnt of atherosclerosis, but

it may be responsw rm progression of atherosclerosis.
Recent analyses (Vigg 50) te ez atients with juvinile and maturity

conset diabetes have signifi€adtly more coronary artery disease.than age-matched non

L
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Atherosclerosis in dlabeteym‘tu_s

The major-problem in diz s atherosclerosis, and this can affect the
| " 'y Investigations have interested
|

to clarify the mechamsms of atheroscleros1s in nori' 1abetes One attractive sequence
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certain aspeéls of this process °pre enchanced in diabetes. Accordmg to Ross’s
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adheréhce to the endothelium, presumably at an area of endothelial damage.

myocardium, brain-

Endothelium may be damaged by physical means such as trauma, by a variety of
biochemical  mechanisms includ.ing glucose, free fatty acids, and
hypercheo'esterolemia, as well as immune mechaisms and by drugs. Monocyte
adherence may occur, and subendothelial migration, with transformation into

macrophages, then follows. A fatty streak develops,representing lipid accumulation
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by monocyte derived macrophages. Macrophages may release growth factors that
stimulate smooth muscle cell proliferation and migration.

A second series of events may be initiated by platelet adherence to a site of
endothelial injury. Platelet aggregation results in the release of thromboxane, a
_potent vasoconstricting arachidonic acid metabolite. Like macrophages, platelets may
release growth factor that su ’ muscle cell migration and proliferation.

Low densnty (LDL), mteK den ‘ ery low density lipoprotien (VLIDL)
S —

e ac‘% '
: in Wular complications

“system pMa central role in the regulation
d fluid balance, and blood volume

may dehver choleste
Renin angiotensin s

In general,

(Cushman.,1982). Its/physio u!hi 1vi ;'*-\mcdiated primarily through an
effector peptide, angigte ’H Ang X iotensin, a glycoprotein (molecular
weight 55 to 65 kDa) _"" 71 liver, is transformed by renin into

the blologlcally inactive dech al I(AngI) In tum,Ang I is converted

Lo
by anglotensm yme (2 o the physiologically active octapeptide
Angll. . Angll 1s_.| subsequently 1y b y—- aminopeptidase to another
physm'!oglca]ly act1ve through less potent pepude, angiotensinlIl (AngIII) .
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AngllYis one of the mos‘; potent vasoactwe substances known. It directly
1oy GRAEEE) S|4 | S P LS o s of
aldostérone. The vasoconstricting properties of Angll are mediated by two receptors,
AT, and AT, The former is a G-protien-coupled membrane protein for which the
amino acid sequence has been characterized. Little information conceming the AT,
receptor is available(Griendling.,1993). ACE is a zinc-containing exopeptidase
similar in structure to carboxypeptidase A and identical to kinase II, a component of
the kallikrein-kinnin system. Its main action is to cleave dipeptidases from the

carboxy-terminal end of peptide substrates. Kininase II is protease that catalyzes the
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breakdown of the vasodilator bradykinin. Kallikreins are proteases involved in the
transfomation of kininogens into bradykinin(Kastis JB, and Waeber B., 1988).

Local renin angiotensin systems

Recent discoveries are the traditional belief that the renin-

ounting evidence that most if not

ced 1«%—&1& both circulating and locally

system are active. Angl may be

angiotensin system is solely sys
. X ——
all of its component@u

produced components
produced intracellul \. -—.@ .to Angll on the cell surface.

Angll may be synth iftfacelluls \%ted or it may be  absorbed

within tissues from p . [The ©Bbs rve . . are likely a composite of each

angiotensinogen, and both A_@nd i in the brain, adrenal glands, kidneys,

..-.-ﬂ__,-r" a: Ad :"r' L -3' -
blood vessels (ep.g)thelmm and smoo&mlp: testes, uterus, sympathetic
ganglia, submandiba! lymphane grar ; dition, the genes for renin

and angiotensin aJ expresscd: m several of th organ systems(Dzau.,1987).
Louden et al g ﬂ i ‘ ’ ﬁ by blood vessels.
Rogegmcﬂ1 J | igh m receptors for Angll in
spon;qwbh ca )-Taj ﬂrﬂ ﬁ’ 83) was able to
isolate ¢two distin qﬂﬁ m in the myocar"l cells of rabbits. These

cells demonstrated chronotropic stimulation by Angll, suggesting strongly that the

receptors were functional. In addition, stimulation of these receptors have been
shown to enhance myocardial contractility: this positive inotropic effect occurred
through direct and indirect mechanisms and often was masked in intact animals by

increase in afterload after Angll administration(Baker.,1984). Angll receptors are
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saturable and specific, and act independently of B-adrenergic stimulation and cyclic
adenine monophosphate.

Dzau and Re in 1987, identified reninlike activity and renin messenger
ribonucleic acid (mRNA) in isolated mouse cardiac myocytes. The reninlike activity

in these cells was neutralized by a specific antimouse renin antibody. Ludwig et al.,

(1985) also found evidence of mice and found Angl, Angll, AnglIII,

including the brain, left atrium, right
e —

T" '
Vascular renin- angiotensin systen u
| I

After ligating the coronary artenes in rats, Hirsch et al.,(1991) obsearved an

e G 5 PE PN 35 s ot e

concentrations " of pulmonary, reraal and aomc ACE remmn&&} unchanged. These
ﬁ“"“ﬂ el e B4 B 4kl b posocms of
renin- glotensm system. Renin like activity also has been detected in the venous
circulartory system (Rosenthal.,1984) by infusing Angl and Angll into human
vascular beds, Schalekamp et al.,(1989) showed that circulating renin levels were
not adequate to explain the concentration of the peptide must have been synthesized
locally. Experiments with binephrectomized rats have shown that Angll and plasma

renin activity persist for many hours after plasma renin is no longer detectable.
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Further support of this hypothesis was provided by the isolation of angiotensin
mRNA from blood vessels.

The physiologic and potential pathologic roles of the local renin-angiotensin
system are wunder intense investigation. Several functions have been
proposed,including(1) regulation of regional vascular tone and blood flow;(2)
development of vascular hypertrophy;(3) contribution to the vascular response to

inflammation and injury; and(4) \%»#fipharmacologlc inhibitors of the renin-

angiotensin system. The @cardla ons include (1) development of

cardiac hypertrophy;(2 . 9 - w:onsmcnon (3) increased
contractility;and (4) ‘towards ventricu ythmias during myocardial

ischemia and repe W
y " '-I - -' \ '.‘ .
Locally produ iotgnsins may in ¢ vascular tone through paracrine
or autocrine effects ' o] u vasoconstriction by directly

affecting smooth-musc Gy jAap e vasoconstriction included by

the sympathetic nervous ys.fcmf -Symg

blood vessel wall) or in. ’gbg*_'ben?’%us system,where locally produced
n of sympathetic outflow to

ivation can occur directly(in the

angiotensins can gén

the peripheral vascul a . an.ﬁ the release of prostaglandins

or endothehum-denve%, relaxing factor, they can cause wvascular smooth-muscle

relaxation a:ﬂ {abdid 63 1/ rhe %@w £ ’é}ﬂ@ends on the relative

contributions 31' these opposing mechanisms; £owever, experimental data suggest
that vespolsiioie e prhary 4 & Ao} ol i Fedphera vescutature
(Unger..1987 and Mizuno.,1988).

ACE inhibitors (ACE-I) directly influence the vascular response to AnglI.
Kawasaki et al.,(1984) and Nakamura et al.,(1986) concluded that B-adrenergic
stimulation increased catecholamine release. The resulting vasoconstriction could be
blocked by ACE inhibition, or alternatively, by AnglI-blocking agents. Simon et al.,

(1984) demonstrated an increased compliance within brachial and carotid arterises of
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humans treated with captopril. The ability of ACE inhibitors to increase vascular
compliance has two important implications: first, the response to vascular injury
may be buffered, and second, the development of left ventricular hypertrophy may
be attenuated.
The recent study demonstrated that ACE-I prevent the development of LVH
lw humans and animals with established
o

in animal models of hyperten o‘
hypertension, ACE-I indur@ - (Pfeffer et al.,1988). Interestingly,
ACE-I was experim@ ~ @oprotective effects, such as, it

§i 1, o e left ventricular dilatation and

appeared to limit myocz 7.;.« :

N of ACE-I are very well

), 470 oy
documented in the re ' corer ' ,‘%resistance, and increasing of
myocardial blood flow : : : Angll formation. By contrast,

Finasas -, ?
supression mechanism couldf:{s@l‘ in preventing smooth muscle cell hypertrophy,

-,
Ly

proliferation and matrix protien 8
1985). ;

‘including inc ‘ﬁ ility W e C proliferation, the idea
is that Aﬁﬂﬂ: sﬁﬁﬂe ento gmﬁmﬂm complications in
O L ML N IA R0 IR 1I13
stud:He changes otﬁfa?rlac mjons and‘jfects?:[yCE-I on the changes during

the cause of experiment, 8,20 weeks.

Therefore, the major purpose of this study are:

I) To study the changes of cardiac functions related to morphological
examinations in 8, 20 weeks STZ-rats.

2) To evaluate what is the major mechanisms of angiotensin converting

enzyme inhibitor (ACE-I) that can prevent the cardiovascular changes in diabetes,
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due to the decrease of arterial blood pressure or the direct inhibition of trophic of
Angll.

AuIneninens
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