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ABSTRACT

Atotal of 1+#2 healthy dogs with no indication of disease
were used for the experiment, out of them9 died during surgery

The renai ning 33 dogs were divided into 2 experimental groups.
In the 1st group of experiment the hearts of 11 dogs were

infarcted by ligating LAP after thoracotony for 1.0 hour and the
ligature was renoved to reperfuse the heart for 1 day; 4 dogs were

control with shans incision

In the 2nd experimental group the hearts of 16 dogs were
infarcted for 1.0 hour by ligating LAD after thoracotony and the
ligature was renoved to reperfuse the heart for 7 days, while
2 dogs were used as control and had shans incision. After
conpl eti on of reperfusion period, dogs were euthanized and
necropsy was perforned on each. QGossly, the heart was rounded
and flabby with scattered petecheal henorrhages in case of
reperfused hearts while control hearts were normal. Five sanpl es
were taken fromthe left ventricle of each reperfused and of
control hearts e

Heart tissue was sectioned with mnotome cryostat to obtain
5-6 nicron thick frozen sections. Sections were histochemcally
stained for MPO, and counter stained with hematoxylin and eosi on.

four different fields per slide were exam ned under |ight
m croscope and the het erogenous nyocyte injury, nunber of
| eukocytes and extracel | ular granul es were counted for each field
and the data were statistically anal ysed.

The nyocyte injury was evaluated in tissue sections and
scored as 0 to 3 depending upon the structural alterations in the
nyrocytes, score O as no alteration, score 1 as mld injury, score 2

as noderate and score 3 as nost severe nyocyte injury.



In dogs naintained for 1 day the score 1 nyocyte injury was
nost prevalent and the least was with score 3, while in contro
dogs score 0 was nost common. In dogs naintained for 7 days score
2 nyocyte injury was nost prevalent, while the [east was score 0.

In the control dogs there was no nyocyte injury.

There exists close rel ationshi p between het erogenous
nyocyte injury and the nunber of infiltrated | eukocytes around
the injured nyocytes with correspondi ng increased rel eased
extracel lular granules into the areas with heterogenous nyocyte
injury.

Finally, it is concluded that there is close relationship
bet ween the nunber of |eukocytes and extracel lul ar granul es
aggregation around nyocytes and the intensity of nyooytes injury.
Leukocytes and extracel lular granules release H0, which is a
substrate for MPO. The presence of HO was denonstrated by using
MPO speci fic histochemcal stain and it appears that this free
radical is responsible for nyocyte reperfusion injury.

The inplications of this investigation will be hel pful for
devel opi ng new drugs capabl e of depleting | eukocytes and their
extracel lular granules in treating and preventing cardiac
reperfusion injury. It can be used for diagnosis of death due
to cardiac reperfusion injury by dermonstrati on of MPO
hi stochemcally in frozen heart sections as MPO can not be
denonstrated usi ng ot her convensional staining nmethods. To
understand the rol e of |eukocytic HG in the pathogenesis of

reperfusion injury in the heart, which may be simlar to

reperfusion injury of kidney and intestine.
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This diagram shows the role of iron reactions in the production of hydroxyl
radical which is thought to be the most injurious of the oxygen based free radicals,

Both superoxide and peroxide are converted through iron catalyzed reactions
to hydroxy!, radical. [Myron, 1987)- - -
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Diagram of sources of oxygen free radicals during myocardial
reperfusion and intrinsic mechanisms of defense against free radical

injury within  myocardial cells. {Myron, 198 7).
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DNTRODUCTION

The heart is one of the most important organg in the body.
Varicus diseases of the heart are responsible for tke frequent
cases of death in apimals and man, The causes of heart disease
in animals and ran include eongenjtal lesions, toxins from
infectious procosses, bacteria,viruses, reflex ygmstimulation,
hypoxia, protozoa, drug induced heart block and myocardial
infaretion.

The incidence cf heart disease is well recorded in man,

In the United States, ischemic heart disease accounted for nearly
two thirds of the 980,000 annual deaths of cardiovascular origin
{Romson et al., 198L4). Circulatory disorders account for more than
half of the deaths in adults in Burope and disease of the coronary
arteries is the foremost cause of deaths in males, particularly

in the L0 to 60 year age group (Leathan, 1977).

Several thorough cardiovascular disease surveys have been
conduected in dogs. The incidence of myocardial disease was 3.4
percent (Detweiler et al., 1968), 2.5 percent (Kerstein, 1968) and
1.3 parcent (Taylor and Sittnikow, 1968), and,in each study, the incidence

of Myocardial disezse increased with advancing age.

Myocardial infarction is one of the common conditions
among tﬁe heart diseases. The usual causes of myocardial
infarction are atheroma, thrombesis, arteritis, embolism,
arteriosclerosis, stencsis and spasm of the blood vessels.
Pellawing infarction the body attempts to re-introduce oxygenated
blood into the infarcted region of the heart, a process known as
ro-perfusion. This processexacerbales gjggue necrosis if the
duration of ischemia is more than 30 minutes. The extent of
injury is proportiocnate to duration of ischemia, In clinical
gituations blocd is allowed to reperfuse into ischemic region by
surzical interventien such as coronary angioplasty or therapeutic

agents using thrombolytic therapy. Considerable cell injury occurs
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Avring these treatments. Varicue factors are implicated as the
causes of myocardial cellular injury on reperfusion. These:
include depletion of adenosine triphssphate (ATP), excess ca}cium
acoumalation, acidosis, increased intracellular sodium, E
malecular oxyzen and catacholamines oxidatien, To counterset
the harmful effects of these agents verious therapeutic means,
Aepending on aetiology, have bteen used. For instance to replenish
ATP, & solution of glucose in saline has been infused into the
hoart (Hearse and Humphrey, 19753 Altschuld et al., 19813 EHohl
et al., 1982). To prevent excess caloium, calcium antegonists
like Verapamdl, (Watte gt al., 198@; Wilson, 1982), Nifedipine
and Vevapanmil {uayler et al., 1980) and diltiagzem (Ashraf and
Yshamathulla, 1984) have been used. ALcidesis was prevented by
geing appropriate electrolyte therapy (Altschuld et al,, 1981).
But these proved of little value (Hess and Manson 1984). In view
of this inadequacy there is a feeling that factors other than
the above mentioned factors are involved in the causation of
reverfusion injury, | N

Recently there has been a determined effort to understand
the importance of oxygen free radicals in myocardial reperfusiom
injury, Much of {this work was stimulated by the important é
observation of fridovich {1978) and MeCord {1985) that the ?..
xanthine oxidase system may likely generate high concentrations
of free radicals at the moment of ?eperfusion following ischenmia.
Free radicals are gimple meleecules withvedd number of e¢lectrons.
They cause injury to cell membrane through ohain resction
peroxidation of 1lipids within the meﬁbrane strueture and bx_

anzyna inactivation,
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leukocytes mijrate into ischemic areas within hours of
reperfusion Injury initiating the aouts inflammatory response.
decent reports iliustrate that leukocytes are also a good
source of free radicals, anmd hydrogen peroxide is the most
important free radical. It is presumed that leukocytes generate
free radicals during reperfusien and causes cell injury.

This study was conducted te test this assumption,
Myeeardial ischemia was produced in canine hearts by ligation
of the left descending branch nf the circumflex coronary artery
/14D) and reperfusion injury was induced by removing this
ligation.

The hydrogen peroxide (3202) released by leukocytes is
a substrate for the enzyme myeloperoxidase (MPO). Hy0, is
involved in reperfusion injury. This was confirmed by
demonstrating the presence of MPO in the intracellular and
sxtrazellular lysosomal granules of the infiltrated leukocytes,
hy usinz MPO specific histochemieal stain on the frozen heart
sections.

Furthermore it is also reported that all myocytes in
infercted zones are not uniformly injured and this is refered to
as heterogenous cell injury., The study alse considered whether
infiltrated locukocytes have any role in the causation of the

Fatarogenous ccll injury in the reperfuaef tissue.



LITERATURE REVIEW

i
Myocardial infarction is an important disease in animals and

rumeng and is often the cause of death (Charles, 1968).

Definitinn:~
Myocardial infarction is defined in the medical dictionary as

a waedzgeshaped arca of dead tissue, with or without haemorrhaée,

prifuced by the obstruction of an end srtery (Critchley, 1978).

It is also defined as necrosis of heart muscle due to inadequate

blood supply (Charles, 1968; Julian, 1978). In dog, Charles {1968)

abserved the infercted area consigting of a heterogenous mixture

of necrctic, living and iﬁjured myccardial tissue. The presence

of viable tissue iz due to the entrance &f blocd into parts of the

infarcted arca through uncbstruected collateral circulation.

Myocardial inforection is also defined as necrosis of an

area of myocardium, almost invariably the result of gross reguction

of coronary blocd flow to the affected arca. Fresh coronary

artery platelet thrompl are found in at least half of human

post-mortem cases (Fleming and Braimbridge, 1974 ). i_

Causes of Myccardial Infarction:- . L

The most common cause is atheroma usually complicated by

gsuperimposed thrombosis. Other cauges are arceritides, embolisgm,

stasls following ostial stencsis, trauma, artericsclerosis and

experimental ligation of coronary vessel {Fleming and Braimbridge,

1974 ).

dAyogardial Reperfusion Injurys- |

Reperfusion injury or post=ischemic injury occurs when
ﬁolecular oxy.ern or calcium ions are reintroduced to the ischémic
or hypoxic tissve by restoration of blocd supply to the ischemic
heart (Haglund aad Iundgren, 1978),

Cauges of Heperfusion Injury:-

Several perplexing results are obtained on reperfusion of

previously ischemic hearts with blood or oxygenated mediume.



Instead of improving cardise function, reperfusion pregults in
eomtracture, cellular necrosis and intracellular calciwe overload.
This phenomenon has also been termed  oxygen paradox (Hearse et. al,
1973., Hearse et al., 19783  Rahamathulla and Ashraf, 198L).
Similar pathology ‘to that of the oxygen paradox has been described
when calcium free perfusion of the myocardium was fcllowed by
caloium replete perfusion (Zimmerman and Hutsmann, 1966).
Centracture, cellular necrosis and intracellular ealcium overload
devalop when the calcium free perfusion medium was replaced with
the calmjum containing medium. The phenomenon is termed calecium
paradox. Singe, the oxygen paradox and calcium paradox have the
same common pathology, it has been suggested that they may be
"facets" of the same problem (Hearse et al., 1978). Several authors
agres with this concept (Hess and Manson, 1984). In addition, it
is postulated that the wardiac oxygen paradox and ischemic/
reperfusion injury share similar pathology and have common etiology
i.e. raintroduction of molecular oxygen (Hess and Manson, 198L).
Currently there is a concentrated effort toc understand the

inportance of free radicals in cardiac reperfusion injury.
Fqually effort is being made to assess reduction of reperfusion
injury by free radical scavengers (Myron, 1987). Much of this
work has been stimulated by the important observations of McCord
and Fridovich (1968), Fridovich (1978) and McCord (1985) while
studying the xanthine oxidase system in which high concentrations
of free radicals were generated. Free radicals cause injury to
cell membrane through lipid peroxidation, enzyme inactivation and
1isruption of mitochondrial function resulting in cell death.
Free Kadicals:-

According to McCord (1985) and Myron (1987), a free radical
is a simple molecule containing an odd mumber of elsotyons or half

bond, rendering it chemically reactiVe.



I1ist of Free Radicals:=-

Weiss and Lobuglic (1982) havé listed the following free
radicals
1. 072 (Superoxide)

2. H,0, (Hydrogen peroxide)

3, OH  (Hydroxyl radical)

o Hydrogen =F eroxide - Feroxidase - Halide Derived Oxidants

€. Hypichlorous acid (HOC1l), Hypciodcus acid (HOL) and Hypobromous
acid (HCBr).

Release of Free ladicals:-

During myocardial ischemia, free radicals are recleased in
the following sequences

Conditions during myocardial ischeaia prime the xanthine oxidase
system for immediate production of oxygen free radicals at reflow.
During ischemia celcium activated proteases convert the enzyme
xanthine dehydrosenase to xanthine oxidase., FHypaxanthine,

a hyproduct of ATF degradation is the natural substrate for
xanthine oxidage. In the absence of oxygen during ischemia this
reaction does not go forward; but at the moment of reperfusion
with oxygen the reaction goes tc completion with formation of
uric acid and the oxygen free radicals, superoxide, hydroxyl
radical and hydrozen peroxide (Remsen et al.,1983).

Other possible mechanisms for superoxide free radical
production at the moment of reperfusion include: free radical
neaduction by the electron transport chain in part as a result
of injury occurring during ischemia from white cell activation
within the ischemic myocardium (Romson et al., 1983 # Engler
et al,, 1986)sand oxidation of catecholamines at the moment of
reparfusion (Myron, 1987).

Role of Leukocytes in Inflammations:-
Since the initial cbsesrvationa of Metchnikoff in the late

18008, describing the presence of phagocytic cells in tissues,
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a larpe body of information hes accumlated defining the pyle of

CoaTame

phagooytes in acute and chronic inflammatory reactions. YWhen a

' host tissuie is challenged by a pathologic insult of either en
irmrmanslogic nature or pathologic agent, an inflammatory'reaetion
may occur, with subsquent clearance of the pathologic stimlus

by phagocytic cells. Tissve injury may result from either the
diract effecte of the pathologlc agemt or ms a consequence of

an inflammatory cell influx. Three of the most extensively L
studied phagocytic cells are the polymorphonuclear 1eukocytei
(PMN). the tissue meorophage, and the circulating monocyte.;
Each of these cells plays a key role in acute and/or chronic
inflammatory responses. When pathogenic agents are formed or
deposited in host tissues, ciroulating neutrophils and/or monocytes
may be recruited from the intravascular wompartment te the gite
af inmlt by the local generation of soluble mediators. !

The process by which the cells migrate from the oirculation to

an inflammatory site is thought to invelve the mechanism of;
diraect cell migration, chemotaxia (ward et al., 1979; Waid
1980). In vitro studies have shown that when neutrophils and
monoeytes are exposed to a chemotactic agent, the cell orients
itself and migrates in the direction of increasing concentration
>f the shemical stimulus, In addition, many of the particulate
and soluble phlogistic medlators generated at the Bites of}
inflammation have been shown %o activate the metabolic proéessas
of phagooytic cells, a consequence of which is an increage in the
eapacity of these cells to ingest pathogenic substances (Josegph
and dard, 1982),

Source of IMree Radicalsi~

\ Superoxide
After the phagocyte has been exposed to the appropriaté
gtimulus a reducekd pyridine nucleotide oxidase capable of

utilizing NADE or NADPH is activated and begins to shuttle



|

" k4 R U |
grcdryons Mrom Nen “‘1\““0?"*“\% é&qév-w\ Aownoyr v Q‘.T—c:ﬂ!h

L&,&wq\ and Karnowsky 1980;  Roos, 1980}, Although the characteristios

(o)

(¢)

- maelantides can donate two electrons via the oxidase to two

and localization of the oxidase in the leukocytes are -
sontroversial, it appears that the enzyme is membrane bhound and
comprises a minielectron transport chain, with a flavoprotein,

a b-gytochrome, and perhaps a guinone. The reduced pyridine |

— 1 .
molecules «f oxygen to form two molecules of superoxide (¢ 2)ﬂg‘
(deiss and Lobuglio, 19382). - | fﬁ:
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Hydrogen Peroxide -

Stoichiometric analysis of Oé- and H,0, generation by human
neutrcphils ingesting opsonized bacteria revealed that aboutig_
80 per cent of the H202 generated arises from the dismutatiogl
of Oé- (Root and Metoalf, 1977)' N e ST L e

Llthouzh phagocytes may generate H202 via the dismteation of
oé“' the ability of cell's oxidase to release H,0, directly, -
remained undetermined. Certain enzymes (e.2. glucose oxidase)
ean apparently reduce oxygen to H202 by a two-clectron pathway
{Fridovich, 1576}, It is conceivable that under the appropriate
conditions phagocytes could generate H202 withiout & demongtrable

oa‘ intermediate., «

i
: LI L 4 !

Hrirogen Peroxide-Peroxidase-Derived Oxidants r’

N Beutrophils and monocytes from a variety of species contain

& heme-gnzyme, myeloperoxidase,in the primary lysosomal granules
(Klsbanoff and Clark, 1978; Roos, 1980 ;  Root and Cohen 1981),
Phagocytes exposed to & varlety of stimuli discharge granules
conteining myeloperoxidase into the phagocytiec vacuscle or into

the extracellular wmpaces In the presence of H202, myeloperoxidase
san catalyze the oxidation of the halides, like chloride (C1 ),

lodie (1) or bromide {Br~) tut not fluoride (F17). .

4
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In this reaction, myeloperoxidase effectively transfers two

electrons from the halide (the electron donor) to H,0, (the
electron acceptor) to generate an oxidized halide.

Myeloperoxidase }
H202 + X —— »—HJIUX + 320,

wherae. X is a halide = (C1, 1: 5"
The optimum pH for the myeloperoxidase system is approximately
Le5 to 5.0 but can be increased by both the H,0, and halide
concentrations (Weiss and Lobuglio, 1982).

Phagocytes ingesting particles or responding to soluble
stimuli relecase sufficient amounts of H:02 to catalyze the
halogenation of susceptible target molecules. In vitro, a model
system consisting of H,0,, purified myeloperoxidase, and C1” has
been identified to generate a powerful oxidant hypochlorous
acid (HOCLl) (Harrison and Schultz, 1976). Although products
of I~ and Br oxidations by myelo = or eosinoperoxidase have
n% been identified, hypoiodous (HOI) and hypobromous acid
(HOBr) seem likely candidates (Weiss and lobuglio, 1982).

‘a) Eydroxyl Radical

The OE~ is an extremely powerful oxidant capable of

interacting with a host of organic and inorganic molecules at
diffusion controlled rates (Willson, 1979). Beauchamp and

Fridovish (1970) have suggested that the two species 05‘ and

0, interacted via the Haber-Weiss reaction ta form o .

0" + Hy0, _? OE" + OH + 0, (Haber-Weiss reaction),

NA” is a hydroxyl anion (DelMaestro et al., 1980).
Pree adical Induced Celiular Injury:-

The structural and biochemical environment along with the
reactivity of the 02 derived free radieals generated, determine
the type of cellular injury sustained by a tissue.

It has been demonstrated that a large group of reducing
agents degrade hyaluronie acid in vitro (Pigman et al., 1961;

Herp et al., 1971), in @ sgeries of reactions

rafarred to as oxidative - reduotive depolymerization (ORD
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reections) (Pigman et al, 1961). The exposure of hyaluronic acid
solutions to radiation alsc results in its degradation {Balazes
et al., 1967). Hyaluronic ac.d degradation can also be induced
by substrate-xanthine oxidase radical generating systems
(McCord, 19743 lialliwell, 19783 Del Maestro, 1979 ; Del
Maestro et al. 1979). The mechanism of hyaluronie acid desredation
may be related to a similar meehanism resulting in the generation
of OH (Balazes el al., 1967; Herp et al., 1971; McCords 1974 ;
Del Maestro et al., 1979), and this reaction is dependent on the
amount and chelaxing of metal catalysts present (Del Maestro,
1979). Exposure of collagen in vitro to a substrate-xanthine
oxidass system results in its structural alteration (Greenwald
and Moy, 1979). The degradation of extracellur space components,
such as hyaluronic acid and collagen, would alter significantly
both the permeability and structural characteristics of living
tissue.
Biomembranes:- (he membranes of mammalian cells contain large
amrunts of polyunsaturated fatty acids (Rouser et al., 1968) which
cen nndergo peroxidative injury (Mead, 1976). Lipid peroxidative
chain reactions with subsequent disrupticon of both lysosomsl and
cellular membranes may be induced by enzymatically generated free
radicals (Kellog: and Fridovich, 1975, 1977; Goldstein and
Weissman, 19773 Thomas et al., 1978). Hydroxyl radical and
possibly superoxide (Kellogg and Fridovich, 1977) may react with
the unsaturated lipids of biomembranes resulting in the
generation of 1lirid peroxide radicals (R00"), lipid
hydroperoxiles (R00H) and fragmentation products such as
marlondialdelyde.

Major conscouences to cellular integrity may result from the
initiatio>n of propagating radical chain reactions. If extensive
regions of plasmalemmal membranes underge peroxidative change,

the products of lipid peroxidation may be released into the
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extracellular space which may influence veseular permeablity

(Del Maestro et al.,, 1980). It has also been suggested that

a product of radical generation may alter phospholipase activity,
which would result in arachidonic acid release and subsequent
formaticn of stable rostaglandins and various endoperoxides

(Del Maestro, 1979). Ohmori et al. (1979) have considered that
hietarine may be released by Héoz generation by free radical
reactions, Thercfore, some of the vascular and permeability
changesseen during inflammatory processes may be related to the
products of free radical induced chain reactions on the
miorovasculature,

The role played by radicals in inducing intracellular
bicohemioal and orgenelle damage is much less clear. In yitro
experiments have demonstrated that lysosomal membranes can be
disrupted by a free radical flux (Fong et al., 1973)sand cells in
culture develop autophagocytio vacuoles (Del Maestro, 1980) which
may perticipate in cellular injury, DINA ean also be degraded
by a radical flux and this certainly plays a role in carcinogenesis
as may other products of lipid peroxidation (Morgan et al.,1976).
The mechanism of action of many chemotherapeutic antinecplastic
agents (Pridovich, 1978) and the toxicity of compounds such as
paraquat (Autor, 1974) and carbon tetrachloride (Rechnazel et al.,
1977) have been linked to their ability to alter the rate of
intracallular radical flux and/or the generation of new radicals.
T™he interaction of free »adicals with biomembranes and other
components of the intracellular milieu may determine to a degree
the type of injury sustained by a cell in certain discase
processes, An escential role played by mitochondria is the
detoxification of oxygen via its reduction to H20 by the
eytychrome oxidase system., This role appears to be intimately
liwked to the production of essential energy compounds such as

ATP. The ability of mitochondria to accomplish these tasks is
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dependent on ithc organized structural arrangement of its inner

membrane (Del Macstro, 1980). Boveris (1977) has demonstrated
that mitochondria renerate a steady flux of . *". The source

af this Oé- is not Imown. However, many of the compounds
1>calized in electron transport echain (NAD, FAD, Coenzyme Q) when

reduced may react with 02 tc release 02 and this may bve
considered the "univalent leak".

During inccmplete ischemia,however, the "univalent leak"
may increase and mitochondrial damage may occur depending on the
length of incomplete ischemia as well as the integrity of the
mitochondrial scavenging mechanisms. In the pericd immediately
after the initiation of reperfusion, cells may be exposed to
relatively large concentrations of 02 and’ these cells must
read just their metabolism to deal with high 02 tension.

This relatively high O, tension may further damage the

integrity of the mitochondria during complete or incomplete
ischemic periocd and decrease the s®avenging mechanisms which may
result in a high free radical lcad culminating in further
membrane damage and cellular death (Del Maestro, 1980).

The Action of Leukocytic Free Radicals on Myocardial Tissue:

Neutrophil infiltration of the myocardium is an important
co>mponent of such diverse disease entities as myocarditis,
ischemie, and ischemic reperfusion injury. Activated
neutrophils are capable of iyl myocardial function via
an oxygen free-radical mechanism. Human neutrophils activated
with phorbol myristate acetate gygmypted calcium transport by
canine eardiec sarcoplasmic reticulum. This process of disruption
was inhibited by a combination of superoxide dismutase and
catalase. In eddition, the activated neutrophil system was also
inhibited by the combination of cyclosxygenase inhibitors
(1uprofen and indomethacin) and catalase and accelerated by

ME-LLT7. These results incriminate both hydrogen peroxide and the



13

hydroxyl redical as mediators of neutrophil-inducedqmyoéardigl
dysfunction. Following 6 hours of reperfusion, there was a
L3 percent veduction in infargt silze compared to non-Iinmune
sara~injaeted aﬁimals. Oxygen free radicals generated by
nautrophils arc capuble of inducing significant myocardial
injury and play an important role in the pathophysiclogy of
igohemia-reperfusion injury (Hess et al., 1985).

In recognition of the effect of oxygen on the extent of

igchenia - induced myocardial injury, efforts to reduce

experimental myocardial infarct size have been concentrated on

refucing oxygen consumption or increasing oxygen delivery via

collateral coronary vessels, More recently, new cardicprotective

componnds have cmerged that do not appear to alter myocardiasl
| oxygen supply or demand. The efficacy of these compounds have

prompted reassessment of the pathologic processes in ischemiL

rmycoardial injury and has led to consideration of the rcle of

leukocytes in myccardial infarction (Romson et al., 198L).

To assess the ability of ibuprofen, a free radical
scaven zer to inhibi% the extent of platelet aggresation and
leukocyte infiltration during acute myocardial infarciion,

111In) - labelled platelets or leukocytes

autologous indium=111 {
ware injecbed before 60 minutes of left circumflex coronary
artery ocplu310n, followed by 244 hours of reperfusion in the
canine heart. Ipocardial infarct size, was reduced in the
jhuprofen~treated sreup by LO percent compared to control animals-
Leukocyte accumliation in infarcted tissue was reduced
sigificantly. In tissue sample® with O0.41 - 0.60 gram infarct,
the infarcted/normal ratio of lewkocyte radicactivity wae 12 + 2
in control dogs and 4 + 1 in ibuprofen=-treated dogs, which

represents a 67 percent yeduction in leukocyte accumlation in

improfen~treated compered with control degs. Although both

pletelets and leukceytes accumulate in infareted canine

mvaoeardium, ibuprofen may exert its beneficial effect on ischemie
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myocerdium by suppressing the inflammatory response associa%ed
with myocardial ischemia and infarction (Romson gt al., 1982).
Accumulation of neutrophils during the acute inflammatﬂry
Tespomas may exacerbate tissue injury through the reloase of
activgted oxysen products or proteclytic enzymes or both. |
To assess the role of neutrophils in acute myocardial infarcticn,
circulating neutrophil levels in dogs were reduced by 77 + 2
percent {mean + ST} by administering rabbit antiserum to dogs.
icute nmyocardial infarctjon was induced in theee dogs by 90 minutes
of left circumflex coronary artery occlusion followed by & hours
of reperfusion. Dlogs treated with neutrophil antiscrum developed
myocardial infarcts that were an average of L3 percent amaller
than infarcts in doss treated with non-immune rabbit se:rum.1
I1 a saline-treated control group infarct size was hB.O‘i h.%
percent of the area at risk, a value not significantly different
from that of the non-imnune serum but significantly greater than
that in the neutrophil antiserum dogs. Histopathologic examinatien
revealed that infarcted myocardium from dogs given saline or treated
with non-iwmune scrun had a substantial neutrophilic infiltrate,
which was virtually absent in infareted tigsue {rom dogs treated
 with neuirophil antiserum. These observatiqns suggest that |
neutrephil accumtlatiorn in response to myocardial ischemin ma:.y bhe
responsible for o substantial portion of the irreversible
nyocardial injury rcsulting from temporary coronary artery
occlueion (Homson gt al., 1983).

The effect of Nafazatrom on leukoeyte function jn vitro

and in vivo werc related to ite ability tc salvage igschemic

myocardiunm in an occlusion-reperfusien model of myocardial injury
in the anaesthetized dog. Nafazatrow (0.4 - 75 micro mole)
produced a dose = related inhibition ef neutrophil aggregation,
sypercxide anion gencration, arachidonic acid metabolism, and‘gp

e lasser cxtent, ihe release of B-glusoronidase in yitro.

e |
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In contragt, Halazctrow (Cuhy = 37.5 BICro pose) gid not
substantially influence platelet aggregation or the platelet

metabilism of arachidonic zcid. In vivo Nafazatrom (10mg/xg, )

raduced infarct size from 58 + 3 percent of the risk area |
:(méﬁh.i SEM) in control dogs to 23 + 2 percent of the risk area.
Kafazatrom also reduced the incidence of accompanyihg arrhythmias,
Ngfazatrom = induced myocardial salvage wae not associated with
dny.hémbdynamic changess mofeovér, it was independent of platelets
since thrombocytopenia did not prevent Nafazatrom from axerfing

a protective effect. Measurement of the neutrophil—specific!

_ _ !
myeloperoxidase enzyme in ischemic myocardjum indisetes that |

|
tha smaller infarct size in deee treated with Nafazatrom is |

aoocompenied by diminished leukooyte infiltration, Thus, thej

ability of Nafazatrom to inhiﬁit neutrophil function iﬂ‘iiﬁzé

and cell infiltration in vivo may be responsible for its
myocardial-protective effects (Bednar et 2l., 1985). :

“ Recent evidence indicates that leukocytes are 1arge; stiff,

viscous cells that naturally adhere to vascular endothelium (Engler et al.s
1986). Their broad role in the:early myocardial microvascular response to
acute ischemia was suggested-ﬁy 1) the role of leukocyte capillary
plugging in the no reflew phenomenon, 2) microvascular resistance
increase in skeletal muscle with leukocytic infusions, and 3)

P
salvage .of ischemic nyocardium by anti-leukocytic agents,
Coronary circulation was perfused under matched, controlled

econaitions with whele blood or granulocyte-gepleted whole blood.

During 1 hour of ischemia (left anterior descending occlusion)

circumflex parfusion pressure was servocontrolled to a constant

value. In whole blood=-perfused hearts, flow measured by thei
radio-labelied microsphere method decreased in endocardium féom

0,12 + 0.05 at 5 minutes of ischemia to 0.09 + 0.0k ml min~ 1 g

at 60 min of ischemia and in epicardium from 0.27 + 0.17 ?of

0.21 + 0,16 ml, min™, ¢ 1, doth p{Q.05, In granulocyte-depleted
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blood = perfused hecrts, endocardium blood flow irereased owam

the same period from 0,18 4 0.15 to 0,29 + 0.18 ml min 1, g?ﬁ in

endocardium (p@.ogj and did not change significantly in

eplcardium (0.36 i 0.22 to O.hi1 4 0.24 ml min 1. g 1),

The levkocyte depleted blood perfusate contained less than 33

' gfénulocyteséul, whereas control perfusate contained h,265{plj

Reperfusion at nermal pressures with carbon suspension allowaq

for higt-logic evaluation of the no reflow phenomenon. ; 'E
With whole blood perfision the no=reflew phenomenen in tﬁe

endocardium was present with 27 percent of capillaries ocecluded, -

n~npared with nearly ccmplete reperfusion in leukocyte dgpleted

animals (1 percent of capillaries occluded, nggos}. Purthermore,

leukocyte deplotion prevented the increases in tissue water E

content seen in control hearts and decreased the incidence of -

ventricular arrythmias., These experiments demonstrate the _

gimificant participation of granulocyteélin the unfavorable;.

respenses of flow, edeme formation, and arrhythmias to the 1st

hour of myocardial ischemia and further document their role in

the no=reflow phenomenon {Engler et al., 1986).

Biochemical FProperties of Myeloperoxidages=

Myeloperoxidase was originally named verdoperoxidase ty
agner (1941) who purified it in 1941 and was later renamed |

]
myeloperoxidase, Agner (1941) purified myeloperoxidase from |
human pus, crystallized it after isolation from dog empyema.

The iren content is_0.0?b percent, molecular weight is 149,000 = -
and there are 2 haeme groups per molesule. Acids or heavy metals

ovuld not relcase the haeme group, but when the enzyme was ;eft

for 48 hours at room temperature or for 1 hour at 70°C, in 50

sercent pyridine some changes occurred so that one haeme group could be
Trecipitated by methonol and other group remained in solution,

Tha 2 fractions showed the same absorption spectrum in 50 percent

yridine. On reduction of myeloperoxidaserthe soret band moved
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trom 430 ko 480 i woa \ie other };rand from 570 {with faint
maximim at 630 2nd 690 mu) to 637 ma (shoulder at 590 wu).
Myeloperoxidase as crystallized from ammoniacal ammonium sulfate

solution, is hemogencus in solubility %Yests, electropnoretic i
within pH 4.3 to 10.5 (Threnberg and Agner, 1958). MPO is
carbohyireate~-free, is highly basie and has an iscelectrie point
af gpproximatsly 10,2, The amine acid composition is unknown.{
MPO in a seriesn of percxidases with purpurogallin number rangi;g
from 10 to 500, has purpurogallin number 75 which can be E
obtained under the standeré conditions for purpurogallin test,

R% (A soret/A protein; 0,82 (Agner, 1958; Ehrenbers and

Amer,1958) and nitrogen 16.6percent (Paul ¢t al., 1960,1963).

Yeutrophils and monocytes from a variety of species contain

a heme-enzyme in the primary lysosomal granules known as J
myeloperoxidase {{lebanoff and Clark, 19783 Klebanoff,1980; Roos,
198Gy Root and Cohen, 1981). Phagooytes exposed to a variety
of stimili discharpge granules containing myeloperoxidase into the
phagoeytic vacuole or into the extracellular milieu., In 'thei
presence of H202 jgyeloperoxidase can catalyse the oxidation of
chlorides {17 ) iodide (I7) or bromide (Br ) but mot fluoride
(F1). 1In this reaction myeloperoxidase effectively transfer; 2
plsctrens from the halide (the elesctron domor} to H,0, {the

alactron acceptor) to generate an oxidized halide (Weiss and

Lwuglio, 1982),

: - Myeloperoxidase *
ol + ¥ —————hox + B,
(¢l 1, Br )
waere X is a halide = (€1, I, Br ).
The optimum pH of the myeloperoxidase system is approximately

Oy

,.5 to 5.0 but can be resulated by both the B,0, and halide |

eonoentrations. Thus, under the appropriate experimental conditions
the enzyme may function over a much wider pH range (Weiss and

Lobuglio, 1982). o - _ . . ‘



Inhibitors of lMyelopercxidaset- 18
The enzymatic activity of MPO was inhibited by cyanide, azide,

flusride end hydroxylamine, but not by carbon-monoxide (CO).
Azide and fluoride gave no spectroscopically observable compound
with ferric M20, ut reduction in the presence of azide gave

a iistinct spectrum and this is quite different from what is
usually found for haemoproteins (Agner, 1941).

Lysosomal Cranules and 1M'0:-

Ultrastractural cytochemical observations have revealed
reroxzidase reactivity in primary (azurophil) granules, but not in
seciniary granules of rabbit and human polymorphonuclear
laukocytes. Peroxidase reactivity.was also observed in the
rough endoplasmic reticulum and granules of rabbit ecsinophils

end in granules of human monocytes (Dunn et al., 1968).

Staining Characteristics of Myeloperoxidase:-

The demonstration of leukocyte peroxidase activity has been
of practical value to haematologists since the begining of the
present century. Jany techniques have been described on the
use of benzidine as an indicator. This compound when oxidized
yrecipitates as brown blue inscluble crystals or granules,

Tn the oytoplasm of granulocytes and monocytes, peroxidase activity
is represented by discrete blue granules. In ecsinophils MPO
stains more intenscly and appears tinged brown~black or green-black
granules. All other formed elements of blood and bone marrow,
including basophils de not stain for MPO. Satisfectory staining
of tissue granulocytes can be obtained using fresh frozen

saections (Kaplow, 1965),

Bereditary Deficiency of Myeloperoxidase:~

Hereditary MPO deficiency has been described as an
eutosomal recessive leukocyte disorder, associated with the
defective candidicidal activity in leukocytes and apparently with

enhanced susceptiiility to systemic candida infection.
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In genetically determined leukocyte myeloperexidase deficiency,
either the enzyme is completely lacking or it is structurally
altered in its enzymatic,haeme-binding and antigenic sites
(Sydney et al., 1970).

Lippi et al., (1984) studied myeloperoxidase and eosinophil
peroxidase activity in healthy subjects and in L totally
myeloperoxidase deficient subjects using cytochemical and
bischemical methods,.

Other clinical findings (Lippi et al., 1983) indicated that
myeloperoxidase deficiency, perhaps the commonest of all
identifiahle polymorphonuclear neutrophil defects, rarely alters
host susceptibility to severe infections since alternative

systems to the }(PO-H202-C1- system exist.

Sourc3s of Error in Demonstrating MPOi~ These include:

1) Inaccurate measurement of volumes or weighing of reagents and
chemicals.
2) Omission of H,0, or benzidine

3) Use of expired chemical reagents

L) Inaccurate ]_)E and temperature
5) Improper fixing and incubation of material
6) Use of specimen that is not fresh (Kaplow, 1965).

Histopathological Peatures of Myecardial Injuriesi-
Proportion of necrotic and living myocardial fibers vary from

animal to animal (Jennings et al,, 1957).

Bouchary and Manjo (1974) observed cell heterogeneity in human
infarcts. They termed non-necrotic myofibrils in infarcts as
wavy fibers, The histopathology of human myocardial infarcts was

reviewed in a series of L6 cases ranging from sudden death to
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a clinical age of 3 days. A set of histopathcologic features was

+
described whereby the diagnosis of acute myocardial infarctien

could be made, even in cases of sudden death, on routine sections
and even after considerable autolysis. This was primarily based
on a stretching and waviness of the myocardial fibers, especially
at the border of the infarcted area., The mechanism of stretching
and waviness of the myocardial fibers is probably 2 foldss |

the rhythymical pull exerted by the normal myocardium against

the Infarcted paralysed arca and the eutward buldging of this
area. at every systole., On the basis of human material alone,

it may be inferred that this pattern develops very rapidly*
gurely less than 1 hour and perhaps a few minutes after thtle loecal
oirculation has failed. : -

There are hints of the presence of wavy myofibrils in the
work of Mallory EE.§$'3(1939) on myecardial infarction, especiallyl
when they studied 96-hours infarct., Sommers and Jennings {196L)
reported excellent wavy fibers in their publication, and commented
on the stretching but didn't mention the waviness. Waves also
appeared in a figure published by Jorgensen et al. {(1967) |
showing a lLi~-hour experimental infarct, and in the text hook . “ie

illustrations such as those of Hudson (1965), Hort (1965) and

Gould (1968),




Heteroieneous cell injury and increased ftissue calcium levels
were observed Ly Nahamathulla and Ashraf (198L) in the isolated rat
hearts perfused with anoxie medium for 5, 10, 15, 20, 25 and 30

minutes., Theose chansen were intemmified after reoxygenafion of
|

the anoxic hearts. The cell injury was gquantitated wsing a score

ef Q, 1, 2 or 3 (U being normal and 3 being severe injury).

j
I
411 L classes of cells were presemt even after 5 minutes of
anoxia. Heduction in %he percentage of injured cells was observed
on reoxygenation of nearts perfuwsed with anoxic medium for 5 to 20

minutes. However, reoxweenation of hesrts initizlly perfusedf

with anoxic medium for 25 to 30 minutes resulted in a hisdter
percentage of injured myocytes. Beneficial effects of
recxygenation were obscrved in the anoxic hearts when the
percentage of cells with an injury score of 1 and glycogen depogit
were high, coupled with low caleium levels. i

[

Ranamathulls ct 21.(1985) had again shown heterogenous cell
iniurv in the heart after perfusion with Krebs-Henseleit medium
for 2L hours. Tuey demonstrated this in their experiment oni
prevention of laciate preduction and myccyte injury in isolated rat
hearts perfused, wvith perfluworochemical emlsion,. J

The objective of this work is to study myocardial infarction
in vivo and post ischenic reperfusion injury using dogs as {
exparirental model with a view to understanding the role of ;
leukocytes and myeloperoxidase (MPQ) with relationship to degree
of injury to myccytes.,. Thig is aimed at providing information
cn how heart attack being a very important cause of death ini

animalg and humans can be diagnosed from heart section at poste

mortem and possible prevention.
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MATIRIALS AND METHODS

Source of Experimental inimalsg-

Dows used in the experiments were obtained from the Health
Office, sabon~Cari listrict, Zaria. The dogs were rested for
3 days, and on the fourth day blood, urine and feces were examined
to detect presence of any disease. They were screened using
eleetrocardiogran (F.J.C. - 711 Fukuda Denshi) to eliminate
presence of pre-existing cardiac diseases. The dogs were given

tick=bath with 10 percent solution of Chlorfenvinphose (Pfizona(R)
Pfizer products Ltd, Ikeja, Nigeria) and dewormed with

Pyrantel-pamoatq (cOmbantrin(R). Pfizer Products Ltd, Ikeja).
Their temperature, pulaé and respiratory rates were taken.
Experimental Designs

A total of L2 healthy dogs with no indication of disease
were used. Out of the L2 dogs used, 9 of the dogs died during
surgery. The remaining 33 doge were divided into 2 experimental
. groups,

In the {irst experiment the hearts of 11 dogs were infarcted
for 1.0 hour apd reperfused for 1 day. Four dogs were used as
eontrol with shams incision and their pericardium was incised.
Five random samples were taken from the heart of each of the 19
dogs from the reperfused areas at risk ef the left ventricle.
Five random samples were also taken from the left ventricle of
each control dog (Chart 3).

The 2nd experimental group consisted of 18 dogs; the hearts
of 16 of these dogs were infarcted for 1.0 hour and reperfused
for 7 days. The remaining 2 dogs were used as control with shams
incision and the perjcardium of their hearts was incised. Five
random samples were taken from reperfused arcas of the left
ventricle of the 16 infarcted dogs (page 29). Five random samples
were also taken from the left ventricle of each control dog %

(Chart 3).



CHART 3.

NON-ISCHEMIC
AREA
RIGHT VENTRICLE NFARCTED ZONE
SITE OF RISK AREA

OCCLUSION OF LAD

Schemetic diagram indicating
‘the method for producing
TN p myocardial infarction in

IW».P%#M&“- anaesthetized dogs, The LAD

LEFT - T/ coronary artery is occluded

VENTRGE 3 below the first major diagno!
branch. At the end of 1-0 hour
the ligature was removed to
reperfuse the infarcted zone
The heart was removed and
samples taken from different
infarcted zones.

BLOOD FLOW




23

The samples were used for determination of histochemical
alterations and histcpathology. All the dogs were fed with rice,
met, vegetable oil and salt throughout the experiments, and water
was supplied ad-libituam,

Preparation of the Animals for Surgery:-

The expcrimental dogs were clipped on the left lateral
thorax from the scapula to the 13th rib extending from the spinal
vertebrae dorsally and to the sternum ventrally. The dogs were
premedicated with 1 percemt atropine, and anesthesia was induced
to effect with sodium pentabarbitone Nemhutal(n) (Ceva Limited
3 Rhodes Way, Wartford, UK; 37 Avenue V-~75008 Paris, France)
at 25,43 mg/kg body weight injected intravenously, All dogs were
routinely intubated with endotrachael tube for artificial
respiration. 7The surgical site was aseptically prepared with
Chlorhexidine Scrub solution (Nolvaaantn). Fort Dodge Labs., Ind,,
Fort Dodge, Iowa 50501), and finally 70 péxcent alcohol was applied.
The Surgical Procedure g-

The dogs were aseptically draped witw either linen or stick
on drapes (Barrier(“), Fohusm and Fuhuson Co. Ney Brumswick, New
Jersey). A curvelinear skin incision was made at the )th
interocostal cface from the dorsum to a point midway belwespn the

costochondzral junction and the sternum (Ellison, 1980).

Myotomice of cutaneous trunci, lattissimus dorsi, serratus
and sceleneous muscles were done to reach the rectus abdominus and
intercostal muscles. Hemostasis was obtained by ligation of vessels.

The incision wa3g extended through the rectus abdominus and
intercostal musceles to reach the thorax. Exposure of the thorax was

ingreased with the use of rib retractors.
The dogs were commected to a respirator (E and M Instrument

%0, 14C., Houston, Texas, U.S.A.) immediately on opening the thorax,
the ras»iratory rate was regulated at 10 to 20 per minute with an
inspiratory ratic of 1t3.
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The collapsed lungs were retrascted to exteriorize the
heart. The pericardium was incised and the btmanch of left
descending circumflex coronary artery (LiD) of the left wentricle
as shown in (Chart 3) was isolated and targeted for ligation.
The LAD, was lirated with 1/0 chromic catgut for one hour and
released to reperfuse the myocardium. The thorax was then closed,
negative pleural pressure was achieved by maximally inflating the
lunge prior to the last stitch of rib approximation followed by
aspiration after final skin closure. The respirator was removed
after rib closure and spontaneous breathing was allowed to resume.
Extubation was done following the return of swallowing reflexes,
The dogs were transfered to a clean disinfected kennel. The same
surgical procedure was followed in the control dogs except that
ligation of (LAD) was not done.

Post-Surgical Cares=—

The temperature, pulse and respiration rates of the dogs were
roritored daily, In all the operated dogs the temperature range
was within 38.2°C to 38.8°C, pulse rate between 120 te 140 per
minute and respiration, 20 to 28 per minute, and these parameters
were within the normal range.
decropsy Procedurcs-

After 1 day in the 18t group and T days in the 2nd group,
according to the experimental schedule, the dogs were euthanized
and necropsied.

Collection of Materials:-

The thoracic cavity was opened, the heart was exteriorized
and removed., The yross pathological lesicns were noted and
samples were taken from the infarcted zone (area at risk),

Semples were taken at the same points in the control dogs
(Chart 3),
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The samples vere immediately cut to a size of 0.5 by 0.5 em
and were fized in 10 percent buffered formalin (pf 7.4) for
2 = 3 minutes.

Sectioning Procecures-

The heart tigsues were placed on metal discs in minotome

eryostat (IEC Modlel Minotome Cryostat. International Equipment
Co, 300 Sgeond Aivenue Needham Heighte. Mass. 02194) and frozen
to = 20°C, The § to 6 micron thick frozen tissue were cut at

- 20°C and mounted on plass slide in a drop of phosphate buffer
(pH 7.4). The ,et elides were allowed to dxy at roow temperature
£ir 1.0 minmte and fixed in fixer (formal=ethanol 10 percent)
for 2-3 minutes. "The slides were gently rinsed with running tap
water for 15 seconde and the wet slides were held at room
tenperatyre for 1.0 minute. These sections were dipped in
freshly prepared incubation mixture (pH 5.8 to 6.5) for 1.0
miqvte at yrom temperature. The slides were washed in running
tap water for 15 seconds and allowed to dry at room temperature.
They were counter stained with hematoxylin and eosin stain and
iried in the cven.

Four different fields per slide were examined under the
microscope, The heterogenous myocyte injury, the number of
leukocyte and extracellular granules were counted for each field.
The number of obscrvations were statistically analysed using
student's t - test (Lospekhov, 198L); the mean, standard error
and standard deviation per field for the infarcted and control
4599 were determined,

Reagents for 170 Histcchemical Stainingi~

The reagents vere prepared according to the procedure
of (Kaplow, 1965 .
Pixatives 10 percent formal-ethancl (10 ml of 37 percent

formaldehyde and 90 ml of absolute ethyl alecohol).
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The Incubation Mixtuce Was Prepared From the Following Reagentsi~

1) 30 percent ethyl alcohol,

2) Benzidine dihydrochloride (Sigma Chemical Co. P.O. Box 14508
3t, Iouis. MO, 63178, U.S.A.).

3) 0.132M zinc sulphate (3.8 percent W/V Zn S04.7H,0).

L) Sodium acetate (NaC, H,0, . 3H20).

5) 3 percent hydregen peroxide.
6) 1.0N sodium hydroxide,

The Quantities of These Reagents Used Were As Follows:~-
1) 30 percent ethyl alcohol: 33.3ml

2) Beazidine dihydrochlorides O.1gm
3) 0.132M zinc sulphate (3.8 percent W/V) Zn 50),+TH,0: 0.33ml.
L) Sodium acetate (NaC,H,0,. 3;120) : 0.33gm

5) 3 percent hydrogen peraxide: 0.23ml
6) 1.0N sodium hydroxides: 0,5ml
The final pH was 6.0 + 05. The reagents were added in the listed

order, mixing well with each additien. The ability of the
incubation mixture to demonstrate MPO was tested after its
preparation by using fresh canine citrated peripheral blood smear,
A fresh incubation mixture was prepared for every staining.
Stain Procedures-
The staining mrocedure was carried out according to

(¥aplow, 1965) at room temperature.
1. FPresh citrated peripheral blood smear er frezen tissue

section were used.
2. The blood smears were fixed fer 1.0 minute and tissue
sections far 2 to 3 minutes using 10 percent formal-ethanol.
The slides were washed gently for 15 to 30 seconds with tap water.

Excess water was srske off,

3. Wwet slides vere placed in.a couplin jar econtaining

incubation mixture for 1.0 minute.
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4o The slides were washed gently for 15 seconds in running
tap water, dried and examined under the microscope.

5. Frozen tissue seo%ions were counter stained with hematoxylin
and eosinstain,

Criteria for .ivaluation of Myocytes Injury in heart Sectionsi-
"forphological studies: The criteria used by Hahamathulla

and ishraf (1984) were followed to evaluate the tissue sections.
The following score was used for classifying the degree of
injury 4m the umyocytes.
Injury Segeore
0 Cogpact fibers, presence of striations, uniform staining
of* nuclear material.
1 We¢ak striations, slight clumping and margination of

dhromatin, and presence of inter-fiber spaces. Minor
injury.
2. Loss of structural details, homogenous cytoplasm ,

presence of few contracted myofibrils and remmants of
nucleus, loderate injury.

3 Marked change in structure, presence of contraction bands
and loss of nuclei, Cell separation and rupture with loss
of nuclei, Severe injury.

Method of Statistical Analysisi=

Student's t teast.
According to Comez and Gomez (1984), the t-test if the
error degrees of freedom in the two groups differ, with ni

de f. for the i th group and nj d.f. fer the j th group, the

tabular ¢ yaluye is copputed as: ¢ = Si i+ 32! tj where
82 + 5
3 J

ti and tj are the tabular values obtained from Distribution

of ¢ probability given by Fisher and Yates (1963) with ni
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and nj degrees of freedom, respectively.

Calewlated t = ¥i = X3  where

SEi + SEj
X1 - %j 18 the difference ir mean between iand j groups divided
by SEL-+ SRj, where 3Ki 4 SEj is the sum of the standara errors of 1

and j groups,

Method of Istimating leukocytes Count in Heart Tissue:-

Leukocytes vere estimated by direct count in four different
fields per tissue section of the hearts under the microscope
(X L4LO) and expressed as mean leukocytic count per microscopic
field.

Hamd of Estimtm Extracellular Granules in Heart Tissue:-

Extracellular granules were estimated by direct cocunt in

four different fields per tissue section of the hearts under the
microscope { X LC) and expressed as mean extracellular granules

count per microscopi¢ field.

Identification of Granules:-
The granules are stiined brown-yellow in fresh frozen
3ection stained with M'C specific histochemical stain described

by (Kaplow, 1965).
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LIST OF EXPERIMENTAL ANIMALS

Animal Zxperiment 1

Heperfused dogs Contrel dogs
9

11

-~ P ow =

17

10
i2
13
1l
15
16
Animel xperiment 2
Reperfused dogs Control dogs
1 1C

2C
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RESULTS

Gross Appearance of the Heart After Ligation of Left Descending

Branch of Circumflex Coronary Artery (1AD).

On lization of 1AD, the lateral and posterior surfaces ef
the left ventricle at the areas at risk became markedly cyanotic
extending from the point of ligation to the apex of the left
ventricle. 7There were scattered petecheal hemorrhages on the
gurface of the areas at risk. The heart on the whole appeared
mcAderately dilated especially at the time when the ligature was
about to be removed, i.e. at the end of 1.0 hour. The 9 dogs
which died during surgery showed severe ventricular fibrillation

before death.

Gross Appearance of Heperfused Kearts at Bnd of Study.
The hearts of the dogs maintained for 1 day and 7 days after

surgery revealed the same gross appearange. There were large
lisht-tan reperfused zones in the areas %hat appeared cyanotic
during surgery. The reperfused hearts were severely dilated,
flabby and rounded (Figure 1). The walls of the ventricles were
thickened. The reperfused area involved the entire thickeness

of the left ventricle, myocardium including the posterior papillary
muscle, No such observations were noticed in the hearts of the
control animals where LAD was not ligated (Figure 2),

Microscopic Appearances-

Microscopic examination ef the H & E sections from the
reperfused area of the left ventricle from a dog maintained for
7 days after surgery showed heterogenous degenerative changes
in the subepicardial zone and uniform necrosis in the subendocardial
zone. In all the cases of LAD ligation, the posterior papillary

misele was entirely necrotic except for a very thin layer of non



Figure 1. r08s pictur f the heart of a d maintaine for
1 day after surgery. haowing a dilated, {labby end

f the heart of a contrcl dog with

for 1 day after surgery.



32
neorotic;mWOAa¥dium beneath the.endbcardium. Leukocytic
infil{ration consisting of neutrophils, lymphocytes, plasma
cells was observed (Figure.j). There was haemvrrhage in the
necrotized areas (Figure L). Evidence of_similarfﬁﬁtopathOIOgical
change was present i the left wentricle of the hearts outside
.the riek area. |

Similaxr histopathological lesiens ueie observed.in.the
roperfused arca of hearts eof dogs maintained for 1 day.

In sections of hearts reﬁerfused for 1 day, there was edems
of some myocytes which were wider than nermal. There were
necrotic myocardial fibres. Tﬁg infiltrated inflammstory cells
" were mainly neutrophils with few lymphocytes. |

In sections of hearts repeffused for 7 days, there were
more necrotic myocardial fibres ﬁith lost of muclei and striations.
The infiltrated inflammatory cells were neutrophils, and mere
lymphooytes than in sections of hearts reperfused for 1 day.
In addition, therg[?gﬂgcytes and ﬁew plaema cells which were
not séen in sections of hearts repérfussd for 1 day. Hovever,
the control dogs of both groups didlnot show any significant
nistopathological change (Figure 5);

Ixtracellular Gramilegi—

These are lysosomal granules reieased frem the stimﬁlated
neutrophils and monocytes inte the e#tracellular space. MPO was
detected on histochemical staining of the granules. The myoeytes
cloge to these granmiles revealed various degrees of cell injury
in the reperfused area in dogs maintained 1 and 7 days post

surgery (Figure 6).
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Figure 3. Photomicrograrh of a section ef the heart cshowing
neutrophil (n), lymphocyte (1m) and plasma cell (p),
H and E X 100.



TMaure L. Photomicrograph of the section of the heart showing

wamorrhase in the necrotized are:

ilg LCH “tA o

H and E £ 40,

Figure 5. Photomicrosraph of the seetion of the heart of
’ a control dog with shams operation maintained for
7 days after surgery. No significant histopathologigal.

chanre. H and E X [0,
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Figure 6. Pnotomicrograph of frozen seoctien of the heart from
a dog maintajned fer 7 days after surgery showing
leukocytes (1) extracellular granules (e) myocytes with
scors O, 1, 2 and 3. Histochemical stain X 40,



35

Figu!‘& 6-

Pnotomicrograph of frozen sectiom of the heart from

a dog maintained fer 7 dayes after surgery showing
leukocytes (1) extracellular granules (e) myocytes with

score O, 1, 2 and 3. Histochemical stain X 40.
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In tae peripheral blegd sniga,.rs of nori-operated as well as

operated dogs, MPO was observed in the intracellular gramules

of nsutrophils on histochemical staining (Figure 7), while on
staining with Giemsa no such reaction was seen (FPigure 8). L
Fosinophils alsc reacted for MPD whereas lymphocytes and.platelets
did4 not react on histochemical staining.

The myocytes of sections of heérts re?erfused for 1 day
revealed heterogenous injury. As summarised in Table 14, thosze
ﬁwndytas with an injury score #f 4 predominated, followed by those
with injury score of 2 (Figure 9). In the control dogs, only
& negligible number of myccytes had an injury gcore of 1.

Compared to control dogs, the injury score recordsd for myocytes
from reperfused area of the heart were étatistically significant
(P‘p.05) in cage of O score, and (P(p.01) in case of injury scores
1, 2amd 3. |

i :
The myocytes of sections @f hearts reperfused for T days

'“x_ revaaled hetercogencus injury. s summarised in Table 1B, those

- myecytes with an injury score of 2 predominated, followed by those
with injury score of 3 (Figure 10). In the control dogs, there
were ne myocytes with injury i.e. score O. Cgmpared to control |
dogs, the injury scores recorded for myocyteg from reperfused darea
of the heart wers statistieally highly significant (P(o.m) in

:

socores Gy 1, 2 and 3.
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Figure 7. Photomicrograph of the canine peripheral blood smear
showing MPO in intracellular granules (i) of the
neutrophils (n). Histochemical stain X 100,



38

TLBLE 1

Table 14t Mean Myocyte Injury Score in the Heart Sections
from Dogs Maintained 1 Day Post Surgery.

- Injury score] ' Reperfused dogs(11)| Control dogs (L)
Mean SE Mean SE
0 1.2 0.62 65 71 3.01
1 u7.82" 5.9 0.87 0.86
2 27.11" 3.03 0 0
k3
3 0.45 0.45 0 0

SE = Standard Error,* = P40.05, ** = p{0,01

Table 1B: Mean Myocyte Injury Sgore in the Heart Sections
from Dogs Maintained 7 Days-Post Surgery.

»

Injury scorel Reperfused dogs(16) P Control dogs (2)

Mean SE Mean SE _
0 134 2,17 116,53  3.79
1 13.53" 1.86 | 0
2 Slo1ly 2.63

15.3"" 2.15 0 0

SE = Standard Error, ** = P{p.o1



Table 14:
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TLBLE 1

Mean Myocyte Injury Score in the Heart Sections

from Dogs Maintained 1 Day Post Surgery.

. - ——

W m = O

SE = Standard Error,* = P40.05, % = p{g,01

Injury score] ' Reperfused dogs(ﬁ)i Control dogs (L)

Mean SE Mean SE

1.2 0.62 65 .71 3,01
47.82"  5.96 0.87 0.86
27,417 3.03 0 0

o.hS“ 0.45 0 0

Table 1Bs Mean Myocyte Injury Sgore in the Heart Sections

from Dogs Maintained 7 Days-Post Surgery.

4

T

Injury score

Reperfused dogs(16) k Control dogs (2)

SE = Standard Error, ** = p{o.m

Mean SE Mean SE

11357 2.17  |116.53 3.79
- )

13.53 1.86 | 0

51,14 2.63 0

15,3 2.15 0



Fiqure

Photomicrograph of the canine peripheral blood smear
showing no M0 in the neutrcphil (') as observed in

Figure 7. Giemsa stain X 100Q.

Figure

Photomicrograph of frozen section of a heart from a dog
maintained 1 day after surgery showing myscytes of scoree
0, 1, 2 and 3; leukocytes (1) extracellular granule (e)

Fistochemical stain X LO.
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M gure

0N
iy

Phatomicrograph of frozen sectign of the heart from
a dog maintained for 7 days after surgery showing
myocytes of scores 0, Ty 2 and 3; leukocytes (1)
extracellular granules (e).

Histochemical stain X [0,
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43 sumarised in Table 24, the leukocytes count in sections
of hearts reperfused for 1 day was highest in areas where there were
myocytes with injury score 2, followed by areas where there were
myocytes with injury score 1 (Fimsre 11), In the control dogs
leukocytes were rarely seen. Compared 1o ~sgtrol dogs, the
levkoeytes count from reperfused area of the heart were
statistically significant (P{p.éB) in case of O score, and

(P‘9.01) in case of injury scores 1, 2 and 3.

As stmmazised in Table 2B, the leukecytes count in
sections of hearis reperfused for 7 days was highest in areas .
vhere there were myocytes with injury score 3, followed by areas
where there were myocytes with injury scove 2.{Figure 12).

In the control dogs, very few leukocytes were seen. Compared to
control dogs the leukocytes count from reperfused area of the
heart were statistically not significant (E}0.05) in case of

score O, and (P(p.O?) in case cof injury scores 1, 2 and 3.



Table 24:

Table 2B:

y2

TAB

2

Mean Leukocytic Count per Microscopic Field with

Relationship to Myocyte Injury in the Heart Sections

from Dogs Maintained 1 Day Post Surgery.

In score !

| Reperfused dogs (111‘ Control dogs (4)

0
1
2
3

Mean SE Mean SE
».02" 0.02 1417 0.18
3.76"" 0.63 0
6.82" 0.84 0
0.25"" 0.26 0

SE = Standard Error, # = P(0.05, = P(0.0‘!

Mean leukocytic Count per Microscapic Field with

Itcl%%g}lig to l‘_‘llocxt-c Inl'lurx in the Heart Sections
Lrom Dogs Maintained 7 Days Post Surgery.

T
Injury score{ Reperfused degs (16)% Control dogs (2)
Mean SE Mean SE
0 007> 0.03 0.12 0.05
1 1.0, 0.16 0 0
2 9.9 0.81 0 0
b S 3
3 22.54 1.00 0 0
SE = Standard Error, NS = Net significant at P)0.0S
- =

P<p.01
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Figure 11, Photomicrograph of frozen section of the heart of
a dog maintained fer 1 day after surgery showing
myocytes with saeres 0, 1, 2 and 3; leukocytes (1).
Histochemical stain X LO,



figure 12, Photomicrograph ef frozen sectian of the heart ef
a dog maintained fer 7 days after surgery showing
myocytes with seore 2, 33 aggregated leukocytes (1).

Histochemical stain X LO.



Figure 12, Photomicrograph ef frozen seotian of the heart ef
a dog maintained fer 7 days after surgery showing
myocytes with score 2, 3; aggregated leukocytes (1).

Histochemical stain X LO.
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The extracellular granules in sections of hearts reperfused
for 1 day were more in areas where there were myocytes with
injury score 2, followed by areas where there were myocytes
with injury score 1 as summarised in Table 3A (Figure 13).
In the control dogs, there were very negligible extracellular
granules in arcas with score 1, and there were no[ggi%ﬁ?él%u
areas with O score. Compared to control dogs, the extracellular
granules count from reperfused area of the heart were statistically

not significant G%(J.05) in case of scores O and 1, and (P{P.O1)

in casa of injury scores 2 and 3.

As sumpaxised in Table 3B, the extracellular granules in
sections of hezarts reperfused for 7 days were mostly seen in
areas where there were myocytes with injury score 3, followed
by areas where there were myooytes with injury score 2 (Figure 6).
Ir the control dogs, there were no extracellular granules,
Compared to control dogs, the extracellular granules count from
reperfused aree of the heart were statistically not significant
(g’0.0S) in case of score 0, and (P<b.01) in case of injury

scores 1, 2 and 3.



Table 34: Mean Eact}'ac_pllilular Granules Count per Microscopic

Figld with fAelationship to Myooyte Injury in the

Heart Sections from Dogs Maintained 1 Day Post Surzery.

Injury score | Reperfused dogs (11)} Control dogs (L)
Mean - Sk Mean SB
o 0 XS 0 0 )
1 0,120 vk 10.06 0.06
2 0.61™ 0.1 0 0
.
-3 0.02 0.02 Ze} o

SE = Standard lrror, NS = Not significant at B)0.05,
*¥ = P(§.01

Table 3B: Mean Extracellular Granules Count per Microscopic
Iield with Relaticonship to Myocyte Imjury in the
Heart Sections from Dogs Maintained 7 Deys Post Surgery

Injury scoref Reperfused degs{16)] Control dogs{2)
R Mean SE Mean SE
G 0 N8 0 0 -0
1 0.11** 0f03 0 e O
2 1t 0.097 | © 0.
3 1.88™" 0.27 o 0
SE = Standard Error, NS = Not significant at P}0.0S,
¥

P(p.o1
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Figure 13. Photomicrograph of frozen section of the heart

from a dog maintained for 1 day after surgery

showing leukocytes (1) extracellular granules (e),
Histochemical stain X L0,
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In sections of hearts reperfused for 1 day, the

myocytes with injory score 1 were mest prevelent, followed by
myoceytes with injury score 2. In sections ef hearts reperfused
for 7 days, myocytes with injury score 2 predominated. followed
by myoeytes with injury score 3 as summarised in Table C. -

In sections of hearts reperfused for 1 day compared to sections -
of hearts reperfused for T daye, the recorded myocytes injury
scores were gtatistically mot significant (B)0.05) in case of

0 Bcore; and (P<9.01) in case qf injury scores 1, 2 and 3.

The leukocytes in sectlions of heartyg reperfused for 1 day
were mostly seen in areas where there were myocoytes with injury
acore 1, followed by areas where there were uyocytes with injury
store 2, In sections of hearts reperfused for 7 days, leukocgytes
were predominanily seen in areas where there were myccytes with
injury score 3, followed by areas where there were myocytes with
injury score Z as summarised in Table D. In sections of hearts
reperfused for 1 day compared to sections of hearts reperfused
for 7 days, leukocytes count was gtatistically nof significant
(P0.08) in case of O score, and (P<0.01) in cage of injury score

1, 2 and 3.
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TARLE € ¢ WMean Nyocytes Injury per Microsscopic field (X LO)
Nelative! ' 1 Day reperfused hearts{11)F 7 Days reperfused hearts(icd
acore of
myocytes
injury
Meaq; SE Mean SE -
0 B.hSBHS 14198 (n=Li2) 1.368 0.346 (n=383)
L2 atT™ 24785 (n=5391) 3.436 0,749 (n=960)
2 12,133 2,128 (n=1553) | 39.689  1.643 (n=11113)
3 0,961 O.2lt (n=123) 5.739 0,501 (n=1607)

St = Standard lrror, n= numbar of myecaytes counted,
NS = Wot significant at g’0.0S, * = P(Q.OT.

Moan Leukooytic Count per Microscopic Field (X L0O) in

TABRLF D3
— selation to Myooytes Injury. -
Reletive
score of| 1 Day reperfused hearts {11)] 7 Days reperfused hearts{16}
myneyte ' .
Anjury
Mean sk Mean SE
0 NS _ 0 {n=0) 0 0 {n=o)
1 7.039" 0.849 (n=901) | 0.911 0.233 {n=255)
2 5,938 0.999 (n=760) | 21.982 1,022 (n=6155)
3 3,695 0.905 (n=473) | 27.736 3917 (n=7766)
SE = Standard Error, n

RS

= number of leukocytes counted,

Not significant at E}0.0S, o= P<9.01.
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In.séctiona of hearts reperfused for 1 day, extracellular
geanules were mostly seen in arcas where there were nmyoocytes
sith injury score 3, followed by areas where there were
myocytes with injory gcore 2. In sectiong of hearts reperfused
for 7 days, extracellular granmules were predominantly seen in
arcas where there were myccytee with injury score 3, followed
- by areas where there were myocytes with injury score 2 as
summarised in Table BE. In sections of hearts reperfused for
1 day compaved to sections of hearts reperfused for 7 days,
the extracellular granules count was statistieally not
significant (£)0.05) in case of scores O, 1 and 2, and

(P(P.O1) in case of injury score 3.
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TABLE E

Mean Extracellular Granules Count per Microscepic Field (X 40)

in Relatlon to Myoeytes Injury.
Relative scorg 1Day reperfused hearts {11)| 7 Days reperfused hearts
of myocyte r ; (16)
injury
Mean SE Mean SE
0 Sl 0. (n=0) 1o 0 (n=0)
1 0.086NS 0.067 (n=11) | 0.096 0.036 (n=27)
2 lo..g(fai‘TS 0,527 (n=123) | 2.35 0.248 (n=658)
3 pee® 0.473 (n=169) | 3,953 0,535(n=1118)

88 = Standard Error, n = rumber of extracellular granules eoupted,

NS = Not significant at J)0,05, ** = P(o.m .
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_& DISCUSSION

The results of this study showed that in ischemia/reperfusioﬁ
injury the myocytes of gections of dog heart undergo heterogenous
injury that was classified into L identifiable types depending en
¢ellular alterations. They varied from normal to extremely damaged
myocytes. This finding confirme previous reperis by Jennings gt al.
(1957}, Rahamathulla and gshraf (198l )}, and Rahamathulla et al, (1985)-

According to several investigaters, the infiltration of
neutrophiles into ischaemic myocardium exacerbates myocardial damage
upon Teperfusion, Lomsom et al., 1982, 1983, 198L; Bednar et al.,
1985; Hess et al., 1985; Mullane gt al., 1985; Engler et al., 19863},
vhile drugs that inhibits neutrophil activity er function reduce
infarct size. In this study, there was increased severity of
myooyte injury with corresponding aggregation of leukocytes in
reperfused areas,

Demonstration of MPO using MPO specific histochemical stain
confirmed the pregence and actual involvement of hydrogen peroxide
in causing reperfusion injury and myocardial dysfumnction.

Mallane et al., (1985) and Bedner et al. (1985) assayed
myeloperoxidase activity in reperfused hearts of dogs and emphamized
that the activity of myelopercxidese ocan be used as an index of
neutrophil infiltration into post-ischaemic¢ reperfused heart,

This study also confirmed that the activity »f myeloperoxidase can
gerve ag an index of infiltration by neutrophil inte post ischaemis
raperfused heart (Tables G and H), This was confirmed by

histoqhemically localizing MPO in the post-ischaemic reperfused

heart sysing Mpo specific histochemical ptain,



Sk

The results of this study showed that post-ischemic
reperfusion injury is a dynamic process that requires close
relationship between the myocytes, aggregation of leukocytes
and extracellular granules released by the infiltrated leukocytes.
3uch a relationship is required for reperfusion injury to occour.
This c¢loge relationship was not highlighted in the review of
ischemia /reperfusion injury published by (Hess and Manson, 198l)
ard in the Investimation conducted by Myron (1987) on reperfusien
and repeefusion injury.

Myron (1987} reported that following coronary artery occlusion
the extent of myocardial necrosis is determined by both duration
of ischemia and the severity of ischemia, However, with limited
duration and severity of ischemia, substanijal myocardial injury
may occur upon reperfugion. This study has shown that there was
leass myoeardial necrosis in sections of hearts reperfused for 1 day,
and there was nore myocardial necrosis In sections of hearts
reperfused for 7 days. The edema and cellswelling observedlin the

myocytes in thiz stuly was reported by other investigators (Englem
et al., 1986; iyron, 1987).. ' . |

Neutrophils accumulation during acute inflammatory response
wae reported carlier (Homson gt al., 1983; Hess gt al., 1985) in
canine myocardial ischemia/reperfusion injury. In this study,
neutrophils were the main inflammatory cells present in sections
of bhearts reperfused for 1 day. In sections of hearts reperfused
for 7 days neutrophils were the most predominant inflammatory cells

followed by lymphocytea, monocytes and plasme cells. This result
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is supported by reported findings implicating role of leukocytes
in acute and or chronic inflammatory responses (Ward et al.,
19793 Ward, 1980). It is alse supported by the reported

findings of Mess et al., (1985) that polymorphonuclear leukocytes
migeate into the ischemic area within hours of the initial
insult, initiating acute inflammatory response to tissue
necrosis.

Stimulated neutrophils transform molecular oxygen into
highly reactive and cytotoxic free radicals superoxide; hydroxyl
radical and hydrogen peroxide. When not limited to phagocytic
vacuoles, these oxygen radicals degrade extracellular macromolecules,
attack membrane phospholipids and promote cell injury or death
(Del Maestro et al., 1980). In addition, release of the enzymatic
contents of neutrophil granules into extracellular space may
result in proteolytic attack en viable tissue (Weissman et al.,
1980), This study, revealed that in sections of hearts
reperfused for 1 day and sections of hearts reperfused for 7 days
there were more infiltrated leukocytes and extracellular granules
with corresponding increase in severity of myocytes injury from
ni.nl‘r to severe injury in sections af hearts reperfused for
7 t‘a.‘ye. than in sections of hearts reperfused for 1 day (Tables
C, D, Eand 7)., These findings are supported by the reported
cases above (Uel Maestro et al., 1980; Weissman et al. 1980),

The findings from the present study are supported by
rarorted findings of the investigations by Weiss and Lobuglio

(1982) and romson et al., (1983) that during the early acute
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e © TABIE F

Relationship of Yumber of leukocytes and Extracellular Granules

in 1 Day and 7 Days Keperfuged Heart Sections to the Degree of

Myooyte Injury Scores.

————— -~
Relative | 1 Day reperfused hearts 7 Days reperfused hearts
Soore of | {11 S (16)
nyooyte
Anjury
Number of Number af Number of l umber of
lenkocytes|extracellular levkocytes | extracellular
granules ' granules
G 0 D 0 o
q 901 11 255 27
2 760 123 6155 658
3 L73 169 7766 1118
i




inflammatory response, polymorphonucleai' neutrophils undergo

a complex serics of functional and biochemiczl alterations that
promote tissue lysis. It includes generation of cytotoxic
hypochlorous acid via MPO - H202 - halide systiem.

2lthough thesc events are important to the repair process,
they may also result in the destructien .pf potentially viable

tissue elements (Nomson ¢t al., 1983).

M
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