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AHS TRAL

Eighteen duqa were  experimentally  induced with acute
myocardial ischaemia or reperfdbinn ;njury, while seven dogs
with sham operation served as controlaw. Rectal temperature,
respxratéry and heart rates as well as total  and
ditterential leucocyte counts were examined 24 hnﬁqs betoare
and after surgery. Leucocytes harvested from blood samples
aobtained +from each dog 24 hours pre- and post-surgery were
eramined tor their capacity to induce haemolysis against
sensitised capring erythrocytes in the presence of phorbol
myristate acetate (FPMA). 5tat15tzca11y sagniticant (P<0,.05)
pust swurgical increase 1n rectal temperature, reupiratoary
rale and heart rate as well as neutrophilia were obtained in
the experimental dags. Sham aperation resul ted Ln
insigniticant increase in rectal  temperature, respiratary

rate, heart rate and 1n neutrophilia which might be due to

the efttect of anaesthesia, surgery and trauma. Highly
significant (P<C.01) increase an leucocyte-i1nduced
haemolyuils  was  obltained 1n experimental but .nui e sham
operated dogs, either with ar ;1thout PMA. Tachycardia,

tachypnoea and neutrophilia are compensatory mechanisms

atmed  at  restoring normal cardiovascular activity and,

consequently, myocardial oxygen and nutrient supply.
Leuc o ytegenvrated  oxygen-derived free radicals might  be
invalved 1 the leucocyte-i1nduced haemalysia. Thas

cytotoxic potential ot leucocytes may be an  additional

tac tor cuntraibuting to myoctardial rschaemia-reper tusioun

LNjury.
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CHAPTER 1
INTRODUCT ION

Coronary artery disease (CAD) manifested by myocardial
tschaemia-repertfuslion iNnjury and 1ts myrxad' man:iuaguthNa
1% aCQuUIring increasing significance in Nigeria, especially
among the wurban dwellers (Carlisle and lehelmson, 19723
Bwala, 1989).

It 1« the largest single cause of morbadity and
mortality af . the western world. For example, death rate
from ;bchaemic heart disease 1n the United States s
approximately 35 percent of all human deaths, a three—told
increase over death rates attributable to all forms of
cancer and about 535 percent ot all deathus. Ut the survivors,
50 percent will develap signiticsnt angina pectoris, tace a
ten-fold i1ncrease in risks of left ventricular failure, four
told  ancrease an raisk ot sudden death, iy percent annual
recurrence rate agna fourpercent annual mortality' (Kannel,
1976;;Burruw et al., 1978). Economic losses lncurfad due to
CAD 1i1n U.S.A. alone runs 1nto bi;liuni of dollars a year
(Lputean, 196Y).

Ase  early as 1698 betore mybcard:al infarction 1n  man
was recognised at autopsy by Weigert (188B0), experimental
curunary  artery ovcclusion was altempled 1o dogw Ly Gl ae .
The latter recorded the first pathologic descraption of
myocardial 1njury; 1t was noted that the heart stopped
beating immediately. Today, the 1ncreasing accuracy of the

diragnosis ot acute myocardial 1njury by 1nvasive and non-



invasive techniques, estimation of myocardial 1njury size in
experiméntal animals and man are acquiring increasing
dLLuFdE#..UldgnOhli ot myocardial injury ¢ﬁd ;OﬁlflCdtlun ot
1ts bazu'by a variety ot therapeutic measures have  become
major research efforts 1n cardiology throughuuk the waorld.
In domestic animals, myocardial lﬂjdry 15 often
assoclated with diseases of various aetiologic factors,
wnc ludang :
Ron bacterial infections such as caolibacillosis,
salmonellosis, pasteurellosis, leptospirosis and swine
erysipelas.

b viral diseases such as equine 1ntectious anaemia and

toot-and mouth disvaase.

3. parasitic diseases such as sarcocystosis.
q. canine leukaemia and
9. neurosa (Sudakov, 19495).

L]
.

Inflammation 1s a feature i1n these diseases, assocliated

L # R .
with increase 1n leucocytic accumulation. Leucocytic
intiltration 1n  a number of card%omyupathxeg 15 also
asaaclated with myocardial 1njury such as round cell disease

ot turkeys (Staley et al., 1981), inflammatory myocarditis
(Hastillo et al., 1982) and Chagas’'s di5éase (Sadigursky et
al., 19682) ., However, the mechanlsms linking leucocyte
accumulation 1n blood and 1nfiltration into LntegstxtLal
tissues to myocardial injury remain to be fully elucidated.

One ot the mechanisms proposed 15 that lysasomal

enzymes 1n the granules of these leucocytes reduce molecular



oxygen with release of oxygen-derived free radicals  and
metaholites such as  hydroxyl radical (OH7), superoxide
radical (Oé),.hydruxyl 10n (UH ), hydrogen pe:ux;de tH?UE),
and hypochlorous acid (HOC1) ;n;u the extracellular spaces.
These oxygen-derived free radicals and metabolites are
involved in cell and tissue injury (Babior et al., 1973;

Fong et al:, 1%73; Root and Metcalt, 19775 Fantone and Ward,

19825 Freeman and Crapo, 1982) associated with a variety o4

disease states, including 1schaemia-repertusion inJury,
enphysema, adult respiratory distress syndrome, 1mmune
complex-mediated vasculitis, and rheumatoid arthraitis

(Fantone and Werd, 1985).

Diagnostic tewtsw heve bwen developed bLDewed ot frwee
radical appfnach to the pathogenesis of some diseases of
varlious aetiologic tactors such as diabetes mellitus
(Kulikova et al., 1986), pasteurellosis (Kadoshnikov et al.,
1986), viral hepatitis (Mironov et al., 1986), ‘tuberculosis
(Shutskaya et al, 1986), echinctoccosis (Asanov et al., 1986
and cancer (Pavlyuk, 198&6) as well as avitaminosis E
(Smolinskaya et al., 1986).

Also, axidation 1s a major contributor @ to " the
degenerative processes that lead to ageing and cellular
breakdown (Dormandy, 196%9). This 1s particularly true ot
the erythrocyte which 1s at high risk due to exposure to
high oxygen concentrations and 1ts 1nability to replace
damaged components by re-synthesis. Consequently, the
erythrocyte devotes much of 1tse metabolic activaity to

reductive processes that combat oxidation threat. When



these reductive gprocesses are deficient or  averwhelaed,
uxidation ot erythrocyte constituents @111 occur  with
consequent ﬁaumnlysis. This 16 the -bdbls of o
characlteristic group ot dxseubéa. the oxidative haemolytic
anhaemlias, i1nduced by oxygen-derived free radicals (Gordon-
Smith and White, 19745 Carrel et al., 1975).

In view of the above, 1t 1s logical to investigate the

effect ot leucocyte-generated, oxygen—derived free radicals

in 1tro on a simple cell type like the erythrocyte. The

degree of haemolysis induced will serve as an indicator of

free radicals generated by the stimulated leucocytes, thus

mimicking the mechanisms underlying the destruction of

cardiac myocytes 1n viva by oxygen-derived free radicals.

It 15 conceivable that the evidence for central role of

oxygen—derived free radicals may Justify the {ollowing

objectives ot the research to:

ks investigate possible changes i1n some body physiologac
parameters  1n acute myoucardial 1schaemlia-reperfusion
anQFYi

2. investigate mechanisms involved iﬁ leucucyte = induced
haemolysis using erythrocytes (RBCs) as td;get cells
and phorbol myristate acetate (PMA) as a leucocyte
stimulator.

. elucidate the mechanism- of 'myncardia! damage by
leucocytes 1n  acute myocardial 1schaemia-reperfusion

iNjury.



investigate the
haemolytic anaemias
develop a rapid,

diragnostic test tor

role of leucocyte in oxidative

relatively simple and sensitive

1schaemia-repertusion 1njury.



CHAPTER 2

REVIEW OF L 1ITERATURE

2.1 Cardiac Circulation

2.1.1 Normal Coronary Blood Flow and 1ts Variations

The maln coronary arteries lie on the surface of the
heart, and small arteries penetréte into the cardiac muscle
mass. Apart from O0.Dmm, or less of the 1nner surtace of the
mass that can obtain nutrition directly from bloed in
cardiac chambers, the main coronary arteries are entirely
responsible +tor supply of nutritive blood to the myocardium
(Gregg and Fisher, 1963; Guyton, (981).

In the dog, the right coronary artery supplies mainly
the right ventricle, while the lett coronary artery supplies
mainly the le+t ventricle and a small part ot the right
ventricle. Eighty five percent of myocardium receives blood
from the lett coronary artery, thus the dog has a striking
preponderancé of left coronary arterial supply (Gregy and
Fisher, 1943; Keele et al., 1982).

Most of the venous blood flow which constitutes about
HO  percent  of total corunary blood {flow  from  Uhwe ettt
ventricle leaves by way of corondry sinus. Venous blood
from the raght ventracle flows méxnly through the small
anterlnr'cardzac veins, which empty directly into the raght
atrium and are not connected with the coronary sinus. 4
small  amount of coronary blood flows back 1nto the heart
through the thebesian veins, which empty d;rectly into all

the heart chambers (Berne, 1964; Katz, 1977).



Coronary blood flow varies from 0.4 to 1.é6ml per g. per
min., with an average of 1.0ml per g. per min. ftor the dog
(Nolting et al., 1958). In strenuocus exercise, the heart
increases 1ts cardliac output as much as four—- to six—fold,

and 1t pumps this blood against a  higher than naormal

arterial pressure., Thus, the cardiac work aqutput under
severe conditions may 1ncreass as much as Six— Lo e1ght-
fuld. Coronary blood tlow increasvs four— to tive-tuld to
supply  the egxtra nutrients needed bLy Lhe heart, lhis

increase 15 not quite as much as the increase 1n work load,
hence the ratio ot caoronary blood to energy expenditure by
Ll hear L decreases. I he "etticiency” wt tardiac
contraction, however, 1ncreases to make up tor this relative
deficiency of blood supply [Haddy; 1969; Sanders et al.,
 fe i A

Hlood tlow through the capillaries ot the lett
ventricle falls to a low value during systole, which 1s
oppogite to the flow 1n all other vascular beds of the body.
This.zs due to the strong compression of the cardiac muscle
around the 1ntramuscular vessels during systole. During
diastole, cardiac muscle relaxes completely and nao longer
obstructs blood flow through the left ventricular

capillaries, so that blood now flows rapidly during all of

diastole - (Sanders et. al., 1979),
Blood +flow through toronary capillaries of right
ventricle undergoes phasic changes similar to those 1n

coronary caplllaries of the left wventricle during the



cardiac cycle. Due to sharper fall 1n force ot contraction
ol the raght ventricle than that of the leftt veotracle,
thewe phesic changes are relatively mild coﬁpared with those
in left ventricle (Guyton, 1981).

Blood flow 1n the coronaries 1s regulated almost
exactly 1n proportion to the need ot cardiac musculature tfor
oxygen. in the normal resting state, about &5 percent of
arteri1al blood oxygen 1s removed as blood passes through the
heart and, because not much oxygen 1s left in  the blood,
little additional oxygen can be removed subsequently }rnm
blood unless the flow 1ncreases. Oxygen lack 1s, theretfore,
tollowed by coronary vasodilation, thus 1ncreasing blood
flow to the cardiac musculature 1n proportion to metaholic
need tor oxygen by the muscle ;Lbres (Haddy, 1%69).

When coronary blood tlow tails to 1NLredase
appropriately, myocardial strength dimxntbhes rapidly and
drastically, otten causing acute heart tailure. This
reldgive myocardial 1schaemia can cause severe pain called
anginal pain and injury (Favaloro et al., 1980; Reimer et

aly, 1983).

2:,1.2 The Cardiac Collateral Circulation

The extent of cardiac damage induced eirther by slowly
developing constriction of the caronary a;terxea or by
sudden occlusion 1s determined ;y the degree of collateral
circulation £hat 1s already developed or that can develop
within a short period of time after the occlusion (Schaper

and Wusten, 1979).



Al though ' in o narmal heart relatively tow
commuinicat tons exlsl among the larger COrimeary ar ber e,
there are many anastoumoses amonyg the smaller arteries ot
diameter 20 to 250 microns.

When a sudden occlusion occurs in one of the larger
coronary arteries, the s1zes of the minute anastomoses
increase  to  their maximum physical diameter within a few
seconds  but do not enlarge further for the next 22 hours
(Schaper and Wisten, 1979). Hlood flow via these wminute
collaterals 1% less than one-half that needed to keep alive
the cardiac muscle that they supply. However, collateral
blood f[ow begins to increase, doubling i1n amount 1n the
next one to two days, often rea&hiéa normal or almost normal
coronary , supply within about one month, It 1s “because of
these developing collateral channels that a patient may
recover from various types ot curunar} occlusion  (Schaper
and Wisten, 1979). '

It 1s when the coronary arteries are slowly occluded

over a period ot many years, rather then suddenly, that the

cullateral wvessels can develop. HBut when the occlusion
develops beyond the limits ot even the collateral blood
supply to provide the needed blood +tlow, the heart can no
mare pump even the narmally required amounts ot blooad +tlow.
This 1s the most common cause of cardiac fall;re (S5chaper et
al., 1971; Schaper and Pasyk, 1976; Schaper and Wisten,

19793 Parmley, 19895).



2.1.3: jRegulatinn of Coranary Blood Flow
The ability gf the heart to adjust its Bluud ﬁupply_to' the
widely wvarying ok?g&n needs without the nRelp of aerves and
hormones is called autorequlation. The mechaﬁiﬁm of regulation
of coronary blood flow is largely unknown. .Severnl aof the
hypotheses propased include metabolic avtoregulation, absence or
influence of the autonomous nervous system on Ithe caronary

vascul ar bed,.

Maetabinlic Autoregul ation

The oxygen supply to the heart 13 usually accurately
adiusted to its metabolic needs. Whenever cardiac activaty
increases or the arterial oxygen can%ent decreases, the coronary
vessels dilate tp accommodate the increased amount of flow. The
close cannuction between myocardial activity and coronary blood
flow suggests a link between myocardial mefabolism and coranary

artery tone (Schaper, 197%h).,

ﬁuluru:nu Lo L (Y84 y thas Lk s adwiusinea Irwlmuhwd
from the myocardial cell at a rate dictated by the cellular.
metabolism. Adenasine 1s a split product of the high~enerygy
adwnine nucleotides formed in increased amounts, when Uhhe
adenasine tri;ﬁaﬁphata {ATF)  turnover is increased or when

adenosine diﬁhasphate (ADP) cannot be ganverﬁed to ATF because of

lack at axygen. - Adenosine ie a potent vasodilator and  can
diffuse across the sarcolemma to reach the arterinles (Schaper,

197%b) . "
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(xygen as a Regulator of Coronary Blood Flow

Increased nxyqan damand and reduced Arﬁariai oxygen content
result in 1ncreased coronary blood flow, suggesting thét OX yQen
playes «a role in avtoregulation of the heart {(Schaper, 197708.)
Vasaconstriction and:vasndilatinn are believed to be reflection
of the sum of duty cycles of the pre-capillary sphincters,
Coronary system is finely tuned to the oxygen needs of the heart.
It is equipped with a feedback mechanism invalving pre~capillary
sphincters that sense the.oxygen hieed pf the tissues anﬁ- adiust

vascular tone accurdinqu {Schaper , i???b).

K

| 1£3:?Llakg“m1lipwn
w . . s i,
1‘ CARIA mi&éhc e

) Requlitii;:ln by Chemoreceptors

Regulation of coronary blood flow occurs by chembrgceptor;
5timu1atedl by chemical changes 1n  the hblood. _Chemareﬁeptnra
lacated in the carotid and aortic bodies continually manitar
alteration in partial pressure of axyggn and carbon dioxide, as
well as osmolality of the blood. Regulation of coraonary blood
flow aemploy exther of the faollowing two possible modes of action:

i. Transmitters ;hat are linked to the tran;ductinn of chemical
énargy. Chanuéé in cardiac activxty will produce changes
in the rate uf release of the hypothetical transmitter which
may etem from sarcomere sites, mitochondria or the
‘translaéatinﬁ'péthway batween mitochodrieé and sarcomer es.

2. Changes 1n cardiac activity that nec?ssitatas larger Iamnunts
of oxygen to transiently lower the tissue oxygen tension.
Arterial hypoxasmia will transiently interfere with wnergy
transductinn‘_dr translocation and increase in  cardiac

""l
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activity will decrease tissue pxygen tension (Schapér,

19790y, |

According to Boargers gt al. {1971), ;n oxygen-sensitive
chemoreceptor 1% present 1in the heart of man, dag and rat, This
chumuracapfor it 8 cell mccupying a pericyte—like location close
to the pre-capillary arteriaoles and capirllaries with long
pseudupod  or dandrite-like ENT@®NLL0NG. Thﬁ&e WX EENEL DN

penetrate déep into the extracellular space in between myocardial

cells. The checareceptor is equipped with a very active S-
nuclentidase: that is, the enzyme that converts adenosine
monocphosphate {(AMP) into adenosine, a potent vasodilator, The

long extensiuhs of the cell membrane sense the oxygen tension
along the myocardial cells. A drop in nxygén teﬁsiaﬁ may limit
canversion of AD?.tQIATP. transphﬁsphurylation and S-ﬁucleotidaae
will produce adennsine which is released directly at'the vascul ar
wall. Since these pericytes are often in direct gantact with
capillar1e§ whith are aoften squipped with one layer af snooth
muscie, a combination of the adenosine hypothesis with  the
sphincter hypnthgsis is possible {(Schaper, 197%9b). |

Role of .pH, Carbon Dioxide and Osmolarity in Regulation of

Coronary Blood Flow.

Ischaemia leads to both tissue acidosis and vasodilation.
Atidoaiﬁ 1% caused by the end—-product of glycoysis: that 1s,
lactic acid. At pH values below 7.4 vasadilation accurs. While
vasoconstriction occcurs at values abaya 7e8. Metabolic atidosis
produced by physical exercise would dauble coronary .bland and

Ox ygen througH increased coerdiac output. At pH 7.8, all known
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vasodilatars including adenosine are completely inactive. At pH
values bueluw 7.4, they are maxiﬁdlly active (Kraupp et a4)l.y 1%a7s
Schupwt" * 19?‘?[:'. ] " .

Increases in carbon dioxide tension. of the blocd .praduce

marked coronary vasodilatian. The rather powerful  vaesod: lator

S property of carbon dioxaide and 1ts moderator influence  on

pharmacolagic agents have praoampted Kraupp gg'g}. {1267) to Dt
regulation of @ cerenary bloogd flow on  tissue- carbbn dicgxide.
Carbon dioxide pradﬁ&ed by cardlac metabol i ey éu-a candidate
tor metabolic aQtaregulatiun {Schaper, 127%b).

Infusian of potassium ions at law cunceﬁtrﬁtiuns into  the
coranary systean capses only sdall increments in cardﬁary bl e
flow, whereas higher cnncentratinﬁs Cause vasoconstrictlon
(Bern&, 1764).  There is no clear—cut dose-respense relationship
and correlation between either work hyparaémia or. hypaxic
hyperaemia and potassium release. This indicates that  pataasihm
ies not & likely candidate far'the coupling betwaen oxygéhk deaand
and supply. Inorganic phosphate 1s dlﬁﬂlﬂ raqulafur of cﬁrunary
Ppicod fiow. PFhosphate may stemn trom the breakdawn ot Creatine
phosphate which wvary with cardiac work  load {Honigs, L19&8:
Schaper, 1279b). | |

Neurai Régulatinn af Eéronary Blood Filow

Coronary bloaod flow depends on the tane of coronary vessals
regulated by the autonomic nervous system. Stinulation of the
vagus nerve induces a decrease in coronary blood +low, due to

bradycardia, and decrease 1in bleood pressure in the aorta. These

(A 13



decrease the oxygen consumption of the heart. Stimulation of the

.

sywpathetic nerve L1ncreases coronary blood flow 1nduced by
increase 1n arterial blood pressure and oxygen utilisation
produced by adrenaline and noradrenaline.  Although these

catecholamines considerably i1ncrease myocardial oxygen demand,
the LICr gase in coronary blood that ensues ey - not
correspandingly be sufficient to meet the oxygen requirements of
the heart (Ishimova, 1980) . This may result 1n wmydcardial
ischaemlia.
Frostaglandins

FProstaglandins are neturally occurring polyunsaturated fatiLy
aclds of ubxquituuh distraibution. They exist naturally i1n E, F,
A and B series. E and A type prostaglandins are powdrful
vasodilators in many vascular beds aincluding the caronary

arteries  (Higgine et al., 1971). According to Alexander et aol.

(1975), the myocardium transtorms arachidonic atnd, @  precur sor
of prostaglandins into prostaglandin A under normoxaemic and
anoxaemic conditions. These potent dilatators of coronary
arteries have, therefore, been suggested as candidates far

medialors ot coronary blood flow regulation (t.it;hupa}r. L97%0) .
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2.2 Pathophysiology of Myocardial Ischaemia-Reperfusion
lnjury

lmudiately oftter an acute coronary  occlusion, bLlood
flow ceases 1n coronary vessels beyond the OCE!HEIDN except
for small amounts of collateral flow from surrounding
vessels. The muscle area that has either zero flow or so
little +flow that 1t cannot sustain cardiac muscle function
1 waid to be intarcted and the overall process is called
myocardial infarction (Schaper, 197%a).

Severe 1schaemlia 15 a reduction in  coronary arterial
blood flow to less than 15 percent of non—x?chaemic flow
(Jennings et al., 19759). In canine heart, this develops  an
subendocardial regron ot the myocardium when the circumtlex
artery supplyling this reglon 1s occluded near 1ts origin.
Myocytes will tolerate 15 minutes of ischaemia of this
severity; that 1s, they survive 1f flow 15 restored
immedliately atter this anterval. The injury induced by up
to 15 minutes of ischaemia 1s, therefore, ' reversible
(Jennings et al., 1960). Cenversely, 1f 1schaemia 1s

allowed to persist for 40 minutes before arterial tlow 1s

restored, many of the cells 1n  subendocardial regron  of
LV T itnthaemia die. Cells Lhat do  not SUrvive when
1schaemia 1s eliminated undergo phagocytosis and are

replaced by scar tissue; thus, the 1njury 18 1rreversible
(Reimer et al., 1983).
by 40 minutes ot is&haemla, cell death n

subendocardial region  extends to within one to two

millimetres aof the lateral edge at the i1schaemic vascular



bed; thus, i1n this region there 1s no lateral border zone of
myocardium salvageable by repertusion (Reiwmer and  Jennings,
1979), °

In contrast, myocytes ansubepxcardxal region, where
collateral bloed flow 1s greater, can be salvaged by
reperfusion at 40 minutes, but will undergo intfarction 14
the 1schaemia 1% allowed to persist. Thus, the. onaet. ot
irreversible 1schaemic cell 1injury does nat occur
simul taneously 1n all regions but develops as an  expanding
transmural wave front of cell death (Reimer et al 19775

—

Reimer and Jennings, 1979).

2.2.1 Events During the Reversible Phase ot lschaemic Ingury

The onset of i1schaemia 1s accompanied by rapid changes
in both myocardial metabolisam and tunction (Jennings et al.,
1981). Within the first 10 to 15 seconds after occlusion,
the tissue partial oxygen pressure decreases, mitochondrial
respirqtlnn 1s 1nhibited, and myocytes begin to use
anaernbi; glycolysis as the principal source of new high-
enerqy Iphusphate (HEP) . Consequently, cellular glycogen
levels decrease and lactate begins to acﬁu;uldte i the
1schaemic tissue (Reimer et al., 1981).

Contractile activity stops within ten to fitteen
seconds of the onset of severe i1schaemia. Tﬁus, ischaemilia
1nduges an almost i1mmediate eftect on contractile function
at a time when all myocytes still are viable and before much
adenosine triphosphate (ATP) depletion has occurred. Loss of

myucardial contractile function 15, theretore, noat
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necessarilly related to irreversibility of 1schaemic 1njury.
Severe 1sChaemia 1s assoclated with progressive loss of
cellular pool ot HEPs, even though utilisation ot HEP by
contractile activity 1s reduced or absent, far two reasans
First, anaerobic gyglycolysis can produce only three AlF
molecules per glucosyl wunit ot glycogen converted to
lactate, wversus the 38 molecules ot ATP produced wilh

complete, aerobic metabolism of glucose. Secondly, after a

brief burst of lactate productiom, the rate of anaeraobic
glycolysis 1s limited by end-product inhibition ;t enzymatic
steps. In part, the i1ncreasing lactate/pyruvale ratio slows
.

the conversion of pyruvate to lactete such that the ratio of
reduced nicotinamide adenine dinucleotide iNAUO

Lt nicotinamide  adenine dinucleotide (NAD) Nncreates and
glycolysais becomes 1nhibited at the glyceraldehyde-3-
phosphate dehydrogenase level (Neely and Magan, 1974) . In
addition, phosphofructokinase 1s inhibited by acidosis and
high lactate concentration (Gelet et al., 19695 Williamson
et o wl., 1976).

.

The metabolic consequences of severe lschaemia result
both trom the reduction 1n subwstrate and oxyygen del ivery and
from the farlure ta remave end products of metabal ism. ln
this regard, severe l1schaemia differs from hypoxia or mild
Lt hawmia. In  the latter two conditions, metabolites are
removed from the tissue by continued perfusion. Due to thas
difference, the rate of anaerobic glycolysis 1s much faster

1tn hypoxia with continued flow than 1t 18 1n  severe

ischaemia (Rovetto et al., 1973; Neely et ol., 1979).
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2.2.2 Events Associated with the Onset ot lrreversible
Myocytle lojury

Featurws of 1wchaemic myocardium that are not pProecaent
in reversibly 1njured myocytes, but which appear at about

the time of the onset of irreversible 1njury are:

¥ Mitochondria which are swollen = and caontain
amor phous matrix densities (Jennangs et al .,
1969) .

2 ATP, which 1s almost completely depleted (Jennings
t al., 1978).

_— —

3. Sarcolemmal damage: small breaks in the sarcolemma

are seen by electron microscopy (Jennings et o

1978). Membrane defects also can be demonstrated
in vitro by 1ncubating slices of 1njured
myocardium 1N an oxygenated Krebs-Ringer s

phosphate medium. In such slices, intracellular

components such ase creatine are lost and the

inulin-diffusion space expands, indicating
increased membrane permeability to i1inulin  and,
consequently, irreversible state of ischaemic

injury (Reimer et al., 1941),

Repertfusion of irreversible 16Jured cells 1n  wvivo
results ;n explosive swelling of cardiac myocytes assoclated
with massive influx aof calcium ions (CaZ") (Klbner et al.,
12/74; Whalen et al., 1974).

If the irreversibly injured myocardium 1s reper tused 1n

vivo or re-oxygenated in vitro, rapid changes occur which

18



are termed explosive cell swelling (Kloner et al., 1%/4) or
“

reperfusion injury (Rahamathulla and Ashrat, 1984).

The potential relationships between ATP depletion, ca®*

influx, and sdrcolemmal damage ftorm the basis of cellular
damage and death. The ATP ot 1schaemic myocytes decreases

because AP utilisation exceeds the capacity of anaerabiad

glycolysis to produce HEP. Intracellular Caz* (Calz+) may

increase elther because of increased membrane permeabllity

to Ca2+ or because of 1i1nadequate ATFP to support the

+
B extrusi1on from the cell or
g .

by the sarcoplasmic reticulum.

mechanlism responsible for Ca
. . ) - 2+
sequestration of Ca

Incgeased Cai2* also may accelerate ATP depletion

2+

through Ca activated AlPases. Sarcolemmal damage with

large subsarcolemmal blebs occurs at éTP levels of three to
ei1ght percent of control. The sarcolemma 1% severely
damaged, often with areas 1n which scattered vesicles are
the only sarcolemmal remnants still attached to the
glycocalyx. Thus, severe membrane damage has been shown to
torm the basis of events leading to sarcolemmal damage
(Jennings and Reimer, 1981; Reimer et al., 1983).

Numerous hypotheses, which often are i1nterrelated, have
Lueen  proposed Lo eaplain the transition t; irreversible
myocardial injury (Jennings, -1981). The most popular
hypothesis focuses on membrane damage. The lethal event 1is
considered. to be disruption of the sarcolemma and perhaps

other membrane systems of the cell; accordaingly, the

proximate cause ot irreversibility could be the sequence af
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events that lead to functional and structural disruption of
the membranes.

ihe two major consequences of sarcolemmal damage are
the ‘loss of craitical intracellular components such as
enzymes and co-factors through a le;klng membrane to the
extracellular space (Kaitenbach and Jennings, 1960), and

entry of excess Cdz*

into the myocyte from the extracel lular
space, with resultant disruption of much ot the internal
metabolic machinery of the cell (Jennings et al., 1975;
Nayler, 1981).

The causes ot membrane disruption have been proposed to
include activation of endogenous phosphollipases of the
ﬁarcolem$a as a cunsequencé elther ot increased
intracellular Ca?' or of depressed phospharylation of
membrane proteins by the reduced sarcaplasmic ATP of the
ischaemic cell (Jennings et al., 1978; Rahamathulla et al.,
1933; Ashrat and Rahamathulla 1984; Rahamathulla and Ashrat,
L9744 .

Alternatively, membranes could be damaged because of
tree radical effects such as liperoxida£ion (Recknagel ,
1967), the a;tion of phospholipases released from lysaosomes,
the detergent action of acyl-carnitine and acyl-coenzyme A,
which accumulate in a1schaemia (Neely and Feuvray, 1981), or
fallure to resynthesise membrane lost through pinocytosis or
other processes (Reimer et al., 19743).

Early therapeutic intervént;nn with beta-adrenerglc
blockers, such as propranolol (Rahamathulla et “al., 196433

Achrad and Rahamathulla, 19484), and timolol (Anonymous ,
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19684a), as well as calcium channel blockers such as
diltiazem (Antman et al., 1Y80; Rahamathulla et al., 19653

Ashra¥ and Rahamathulla, 1984), verapamil (Antman gt ].ay

192680; Anonymous, 1984b), and nifedipine (Pearle, 1944)

yielded little success.
In fect, n unhw study conduc Led 1n Labobns subjec Led Lo
two hours of left anterior descending curonary artery

occlusion with and without nifedipine administration, no

reduction i1n intarct si12e was observed (Geary et al.

1962) .

Intracoronary i1ntusion ot streptokinase as thrombalyt ic
therapy 1n acute myocardial i1nfarction has been observed to
be of little value. Streptokunase 1nfusion, apart from
being of little therapeutic etfect, 1s associateg with the

.

risk ot angiroraphy 1n the setting of acute wmyocardial
intarction, reocclusion and bleedingy and such secondary
interventions as angioplasty or bypass surgery must be

considered (Rentrop et al., 1984).

-
——

2.3 Leucocytes and Their Function

Leucocytes or the white blood cells are the ‘mobile
unites of the body’'s protective system. They, unlike the
erythrocytes, are complete (nucleated) cells of the blood
with an average life span of about 14 days. There are two
types ot leucocytes 1n  the body: granulocytes and
agranulocytes. The granulocytes or the polymorphonuclear
leucocytés have granular appearance and they are made up of
neutrophils, eoﬁinnphils'and basophils. The agranulocytes

COompr e o monocy tes, tymphocytes  and plasma  cells. I hie
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granulocytes, monocytes and a few lymphocytes are ftarmed 1n
the LONE Mmarrow, while the lymphocytest and plauwma cells  are
formed 1n the lymphogenous organs such as the lymph glands,
spleen, thymus and tonsils (Smirnov gt g%., 1991).

After formation, leucocytes are specitically
transported to areas o0f serious 1inflammation, fhereby
providing rapid and potent body detence mechanism agalnst
invading organisms by either 1ngesting them — that 1s, by
the process of phagocytosis, or attaching to specific
invading organisms and destroying them(Rossi éL al., 1989).

The concentration of the different types of leucocytes
in the blood wvaries from one species ot animals to the
ather. The adult dog, for example, has approximately 8-14 x
l'O:S leucocytes per cubic millimetre o+ blood. The normal
range, 1n percentages, of different types of leucocytes are
as follows: neutrophils, 43-71; baénphrls, 0-13; monacytes,
1-935 lymphocytes, 21-40 and eosinophils, 3I-9 (Smairnov et
al., 1981).

The life span of the granulocytes in the blood 1s  about
twelve hour;, while that of the monocytes 1s difficult to
At winee Lhey wander Dok oonnd for Ui e bween e L (¥
sind  blood. Monocytes, however, may live for weeks ar even
months, especilally 1n tissues unless they are destroyed
whi le cumbdiinq intections or inflammatory procesues. I e
averaye lite span Ot lymphocytes 15.100 to 500 days, or in

sume  Instances perhaps even years depending on Lissue o

need for them (Brecher et al., 1962; Smirnov et al., 1981) .



2.3k P;ggurt;gs at Lvucgoyltes:”

2.3.1.1 Diapedesis
This 1s the process whereby leucocytes squeeze through

the poures and even endothelial cells of the Llood vesasels.,

2.3.1.2 Amaeboid Motion

Once leucocytes have entered tissue spaces, they move
through the tissues by amoeboid motion, moving at least

three times their own length each minute.

2.3.1.3. Chemotaxis

This 1s the praoperty whereby leucocytes mave elther
towards or away from a chemical (Guyton, 1981). Chemotactic
sunatancgs are divided 1nto two groups: Cytotaxins and
cytotaxigens. Cytotaxins aré _;ubstances capable ot
attracting leucocytes directly into the site “of 1njury.
Cytotaxigens are an their own not chematactic but they
vinhanc e the conversion of non—thdﬁutuct\t agents, to
cytotaxins. For example, staphylococcal protein A has a
strong chemotactic attraction 1in vivo to rat leucocytes
(Onyia, 1988). Staphylococcal protein A reacts with the Fc
portion of immunoglobin molecule G (lglk) to produte the
split product CHa (Kranvall and Gewruz, 1979).

Cytotaxins for leucocytes include C3a and CSa components
ot the complement, kallikrein, denatured protein and
bacteria. Neutrophil cytotaxigens include try;bxn, plasmin,
collagenase, antigen-antibody cﬁmplexes and bacteria toxins.

The mechanism of leucotaxis i1nvalves the activatian aof
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physical and chemical processes which decrease the surface
tension of leucocytes. This leads to the d{ormation of
peeudopodila directed towards the stimulus and contraction ot
actomyosin filaments of the pﬁeudopodlumT Leucotaxis 1s
assoclated with increase 1n  oxygen uwtilisation by the
leucocytes. Neutrophils migrate to the site of 1nflammation
through the tissue between the endothelial c ul' s (Ado, 1YHO;
Savoysky, 1989). Granulocytes take from two to 12 minutes to
penetrate the wvascular wall and thereafter they may mave
through a clear space 1n the tissue ,{ about 20 microns 1in
one minute (Florey, 1970). Mononuclear leucocytes migrate by
penetrating through the endothelial cells 1nto the basal
membrane from where they move out into the inflamed tissue.
This emigration 1s much slower than that of the neutrophal.
By this active migration, leucocytes pass oul of the vessels
inta  the surrounding tissuye and cantnﬂue their movements
(Florey, 1970; Ado, 1980).

In acute inflammation, granulocytes migrate in  far
greater numbers than monocytes and lymphocytes (Flarey,
1970). With the passage of time, the granulocyte ceases to
be the commonest cell 1in an Euubate,land 15 replaced by the
monocy te or macrophage (Florey and Jennings, 1270) .
Monocytes and lymphocytes migrate to' site of inflammation
alter neutrophile because mononud lear leucol yles  are | LELPL

sensitive to chemotactic agents (Ado, 1Y80).
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2.35.1.74 Phaqocytosis

Metchnikoff (1888) demonstrated phagocytosis 1n  worms,
arthropods, molluscs, tuna, crustaceans, gnsects and
vurtebraéuﬁ. He considered 1n{iammatnry reaction to be a
defence mechanism 1n which phagocytosis ot the dJdeleterious
agent plays the principal role. Since . the initial
Metchnikotf' s observations 1n 1887, a large body ot
information has accumulated detining the roles of phagocytes
in acute and chronic inflammatory reactions. When a  host
Liveue 15 challenged by a pathologilc 1nsult ot erther an
tmunalogre ar oo tneunoloagie nature, oot Lammalore y reac Cran
may occur, with subsequent clearance of the pathologic
stimulus by the leucocytes. While performing this scavenging
rule, leutoulylew may fur ther damage Lhe wsurroundiog biusoe.
Tissue 1njury may, therefore, result from eirther the direct
ettects ot the pathologic agent ar as a consequence ot an
intlammatory cell intlux. Le'ucor:yt_es play a key role 1in
acute® amd/or chronic inflammatory responses (Fantone and
Ward, 1982; Marklund. 19BH).

When pathogenic agents are formeé ar depaosited 1n  haost
tissues, circulating leucocytes may be recruited from the
intravascular compartment to the site o+ 1nsult by local
generation ot soluble mediators. The procewss by which cells
migrate from the circulation to an inflammatory  eite
involves the mechanism ot directed cell wmigration and
chemotaxis (Ward, 1980).

Leucocytes, especially the neutrophals, trigger

membrane phospholipids to release arachidonic acid which 1s
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conver ted Ly specific lipoxygenases to. the potent
Chumotact e agents hydroxy-elrtosatetracvnore acaid (HETE ) and
leukotriene By (L1Bg) .  The chemo-attractant LiH,  promotes
further ;ecruitment of neutrophils as well as monocytes into
the acutel? inflamed region at the site of i1schaemic tilissue
LOaury . l"lqmy af the particulate and woluble phlogistaic
mediators generated at sites ot intlammation activate the
metabolic processes of phagocytes, a consequence of which 1s
an  Increase AN the capacity of these cells to 1nygest
pathogenic substances. This activation process may be
initiated by the binding of mediators to specific receptors
on the cell surface or by the process of 'phagncytusxs ot
particulate material (Nossal, 19H7).

When a foreign particle 1s depcsiﬁed in host tissue, 1t
may ar may not be coated with specific hast praiexns such as
immunoglobulins and/ar cnmplem;nt, depending on i1ts organic
make-up. These proteins, called .Dpsonlns, can enhance
recogn;tion of the particle by phagocytes through binding to
specirfic receptors on the phagocyte cell surtace such a; Fc
receptor  and C3, receptor. After recognition thE$; toreagn
particles are engulted by the phagocyte and 1nternalised
within cytoplasmic vacuoles, to which are fused lysosomal
granules, forming phagolysosomes - These {fused granules
discharge into the phagocytic vacuole potent enzymes capable
ot degrading a wide variety of bluldglc substances such as
cytomembranes, collagen, elastin and glycosaminoglycans.

The process of fusion of lysosomal granule with phagosome 1s
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called degranulation (Fantone and Ward, 19H2).

Glucose provides energy for phagocytosis. [t could be
used through glycolysis and the héxose monophosphate shunt,
cr the products of glycolysis can be further utilised
thraough t'hu Krebs cycle. All these bilrochemical pathnways
could yield ATH, which could then be a sOurce ot enerqgy for
phagocytosis. Studies with metabolic 1inhibitors suggest
that glycolysis 15 essential to phagocytosis. Thus,
addition of jodoacetate or sodium fluoride to the medium
prevents phagocytosis, whereas non-metabolic inhabltors such
as cCcyanide and dinitrophenol have no such ettect. Since
glycolysis 1s essential tor phagocytobis,. insulin  gaiven
together with glucose stimulates phagocytosis (Van Lancker,
197&6). -

Although glycolysis 1s essential for phagocytosis, when
phagocytosis occurs, other pathways are also stimulated.
The rate of respiration and oxidation of the carbon-1 of
glucose through the hexose munupﬁuuphatu shunt 19 also
5t1mulate? (Van Lancker, 1976). .

In wvitro studies have shown that during phagocytosis,
neutrophils, monocytes and tinsue ‘macrophayes relevaese
lysosomal enzymes such as lactoterrin, myelqperax;dase, and
nicotinamide adenine dinucleotide oxidase and oxygen-derived
free radicals into the external tissue environment (Roos,
1980) .

It 1s conceivable that an acute 1schaemic 1nsult may
trigger an  inflammatory response in which the leucocyte

release these lysosaomal enzymes extracellularly and which
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are capable of proteolytic destruction and liquetaction of

1njured tissue (Fantone and Ward, 1982).

2.4 Leucocyte and Free Radical Production

In response to activation by  particulate and for
specific’ soluble inflammatory , Mediators, leucocytes,

.

particularly neutrophils and monocytes undergo a respiratary
burst; This 1s associated with two- to twenty—féld INCcrease
1N Ooxygen consumption, increased glucq&e metabolism vaia the
hexose monophosphate shunt (Sbarra and Karnovsky, 19993
DeChatelet, 1975; Drath and Karnovsky, 1979; karnnv&ky et
al., 1979; Becker et al., 1979; Fantone and Ward, 1985) and
generation ot reactive oxygen-derived free radicals and
their metabolites (Rossir et al., 1985). Dur1n; this
respiratary burst which 1s due to activation of a membrane
bound NADPH oxidase, this enzyme and the lysosomal enymes in
leucocytic granules reduce molecular oxygen | to superoxide
radical (05), singlet oxygen (0, (}&g)1, and hydrogen

peraxide (H505) all of which are released into
extracaliular spaces. Other highly reactive oxygen-derived
free radical and metébnllte produced by stimulated
leucocytes are the hydroxyl radical (OH"), and hypochlorous
aci1d (HC10), respectively. Nhese oxygen-derived tree
radicals and metabolites praoduce axgnﬁéxcgnt cell and

tissue 1njury by altering cellular proteins, nuleic acids,
membrane lipids, cytosclic molecules and extracellular
matrix constituents (Halliwel, 1981; Fantome and Ward, 1982;

Freeman and Crapo, 1982; McCord, 1985; Rossi et al

—_—"

19683) .
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The first product of the oxidase 1s the free radical O,
which raeapidly dismutates to H202‘
- i Superoxide
202 +* 2H° T emmmmaa- - H202 + O~ G O
dismutase
The classical Haber-Weiss ' reaction, which 1s the

reaction between 0; and H,0, generates the strong oxidant

hydroxyl .radical (OH"):

H202 + 02 “““““““““““ > OH. + OH o+ 02 (2 ’

The rate constant of this reaction is ver; amall and it
could not bpccocur at the low concentration of 0; and  H,0,.
But since several transition metal 1ons, especially 1ron,
are present 1n significant amounts 1n living systems, the

Haber-Weliss reaction 1s likely to be catalysed by i1ron and

lactoferrin (Badwey and Karnovsky, 1980; Halliwel et al.,
1980) :
i e —— > Fe?* + o, (3)
Fe?' + Hy0, —=m-—m=-mm- > Fe ' + OH® + OH™ (4)

Other 4ree radicals may he.der}ved trom metal catalysed
reac trion of Oé with peroxide oOr other Organic hydroperoxide
to 4orm'a variety of oxidising radicals such as alkoxy and
acyloxy radical in addition to OH", which form a family of
OH -1ike oxidising species. Singlet oxygen L[O, (! gl 1is
formed by the metal-catalysed Haber-Weliss reaction or as a
product of reaction between H,0, and myelbpercxidase.

The myeloperoxidase-hydrogen peroxide-halide system
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generates other toxic molecules such as hypohalous acids
(HOX) ancluding hypochlorous acid (HOCLH), long lived oxidant

L., 19773

N-chloramine (KNHUL)  and aldehydes (Sbdarra et
Welws et al., 1Y4%). Superoxide anion (Ué} may 4l auw  an
oxidant or as a reducent, but the main effect 1s linked to
the strong oxidant OH®, HOCl and RNHC1, and to the action of
myeluperoxidase — hydrogen per ox 1de-hael 1de system. Al though
the 1nteractions of these oxidants with many molecular
targets cause a series of functional and harmful cellular
changes as well as extracellular structures, inflammatory
cells are equipped with efficient mechanisms for degradation
or inactivation of tree radicals and other toxic molecules.
The mechanlisms include scavengers such as'ﬁugar, unsaturated
fatty acids, sulphur-containing aming - acids, glutathione,
vitamins E and C, metals, ubiquinone, and enzymes including
superoxide dismutase, catalase and peraxidase (Rossi et al.,

19685; Arlimolayev, 1986).

2.5 Free—-Radicals
2.9.1 General Characteristics

A M"tree radicael” i1s  anv  atom, group of atoms ar
molecule 1n a particular state with one unpaired electron
occupying 1ts outer orbital. A "biradical" 1s a species
containing two unpaired electrans in its outer orbital; for
example, molecular oxygen (05). A “radical ngf-ﬁg a ftree
radical with a positive charge [for example, protonated
amine radical, H3N+1 or negative charge (+ar example,

superoxide anion radical, D;]. Whereas an i1on depends on
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the relationsbhip 0f the number of electronsg Lo the bumbaer ol

protons, a free radical 1s a species possessing an  unpalred

electron  1in 1ts outer orbital (Del Maestro, 19805 HMcCord,

1985 .
The one electron reduction of molecular oxygen (05)
resul ts Ln the formation af superoxide an Lan

radical, 0;. The two electron reduction product ot 0O, an
the fu119 protonated form 1s hydrogen peroxide, H,0,, while
the thrge electron reduction product of 02 is the hydroxyl
radical, UOH". Hydroperoxide Ls‘reprehuntud as  ROUH;  RUOC
represents peroxide, and RO®, alkoxy radical (Del Maestro,
1980) .

The lone electron present i1n the outer orbital of a
tree radical endows 1t with very unusual chemical reactivity
and physical characteristics. This reactavity 15 accounted
for by the strong tendency of the unpaired electron to
interact with other electrons to form an electron pair and
thus a chemical bond. Hadicals, however, vary greatly  an
reactivity; tor example, the UOH" 1s so energetic that 1t
reacts almost with the first molecule 1t collides with.
Radical reactions may be of three types:

ks Initiation reaction, in which free radicals are f{ormed

das a result of symmetric cleavage of two electron

chemical bond. For example,

RiR ==—es=aow > R* + R" » {9)
borww radiculs may be 1na1tiated Ly radiolysiu,
photolysis, homolysis and during oxidation— reduction
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reactions (Pryor, 1976).

2. Propagation reaction, involving a tree radical transter
in  which the site of free radical is altered,  but a
free radical always results.

S lermination reaction, which occurs in  radical system
resulting 1n  tree radical removal trom propagation
pool .

This forms the basis for ;electmve stavenging o4 iree
radical ‘species. To accomplish selective stavenging, oune

uLes  an appropriate reactant, A, which can react with a

radical, R, as shown 1n the reaction below:

A B e et I CéH)

Ilncrease i the concentration ot (-\. results 1n
scavenging of R*. Selective scavenging 1s very useful LN
the adentificabtion and characterisation of tree r;UItdt
1nteracglnn5-(Del Maestro, 1980).

The possession of parallel electron spin arrangement by
molecular oxygen prevents the direct addition ot a pair of
electrons; one parallel and one antiparallel electron spin,
necessitating an electron spin anversion must occur before a
bond could {form. Since spin 1NVersion process 1%  Slow
compared . to the life time of collisional complexes, the

result 1is that 02 in 1ts ground state 1s a relatively weak

oxi1dant. Therefore, 1f energetically poss;blé,' the oane
evlectron  reduction ot O, ©Or univalent pathway, would
predominate over the two electran reduction or divalent
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pathway. The cowplete reduction of O, by the univalent
pdthwqy results 1n  the tarmation hn&- superoxi1de anion
radical, 0?, hydrogen peroxide, H,0,, and hydroxyl radical,
OH", as intermediate products as shown 1n equation /:

e . e +2H" e + H' e + H
Oiy =~—===3 QO ==m=—=w==- > HpOs ==—=e==> OH® —-====3H,0 (7)
- - Ll

These intermediate metaboliteg are too reactive to be
tolerated in living tissues and their remaval and contraol
may have been dominant evolutionary pressure w;éh the first
dappearance nf'Oz in the atmosphere. These p(utectlve and
controlling mechanisms are divided 1nt9 enzymatic,

hydrophobic, hydraophilic and structural groups (Del Maestro,

1980) . :
fﬁﬁHmllBgAAMTtlBRqu
AR DU BELL g UMIVERSITS
1. Enzymatic Ngchanismes e -

A variety ot enzymatic mechanisms which can bypass the
electron spin restriction ot oxygen (05) to water {H20) has
evaolved. The majority at the 02 reduced by aerabic cells 1s
Carried out tetravalently by cytochrome oxidase (Antonini et
al., 1970) which prevents the release of 03, H,0, and OH-

into the cellular milieu (Equation 8):

y-—-Catalase, Peroxidasges H
'] L) ' "
L] 13 .
_____ . ! P o ez * i1l
{Super—- | .
oxi1de H
Dismutases
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The. 0; flux 1n aerobic cells appears to have
: ’

: '
‘necessitated the evolution of a wvariwty of superoxide

dismutases whnse function is  to catalytically scavenge

Oé. Superoxide dismutase, whase function was discovered by
L}

MeCord and fFridovich in 1969, catalyses the conversiopn of

05 to H,05 and O, (Equatian 1).

2. Hydrophobic Mechanism

Hydrophablc regions are those areas within calls 1n
which a set of thermodynamic factors are respansibie +or the
5uﬁuestratinn ot hydraphobic or non*polaf groups away from
Ho0. Lipid memhranes with their larje content of
palyunaaturatéd fatty acids {Rouser et al., 39&8} are the
only sustained hydrophobic regions associated with cells.

Theh lipid peroxidation due to hompolytilic mechanisms
(Fryor, 19741 may ocour gt’low rates in all serobic Fella;
but are narmally controlled by hydrophobic scavengers such
as alphaﬂtn:dbhernl (vitamin &) which is.présént in cellular
mgmbranes. Vitamin E' By prnvidiﬁq tvdrogen atoms  may
prevent chaim propagating reaction in lipid | membr anes
(Fryor, 1974). . | |

Alpha-tocopherols and beta-carotenes may aiﬁé quénch 0o
oo g andi:thus prevent lipard hydroﬁurqxide fﬁrmatlon.
Glutathione peroxidase, a asel@nimum auutdiniug-enzyme which
plays an impartant rale in reduciﬁg HoOn to H,0 (Halliwell,
1974, 1977) also reduces lipid hydroperoxides (Del Maestro,

1980) .
| y
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3. Hydrophilic Mechdanlism

Hydrophilic protective mechanisms are those chemical
substances 1nvolved 1n  the i1onic or water compartments
within the cell. Molecules which may have scavengiling
potential 1n 1onic environmgnts are compounds such  ao
ascorbic acid, cysteine and reduced glutathione (GSH)
(Kosower and Kaosower, 19763 Pryor, 19?6;-N15h1k1m1 and Yag:,
1977) . Plasma constituents such as ceruloplasmin and
transferrin may also have scavenging capability (Al-Timini

and Dormandy, 1977; Gutterbridge 1977; Dormandy, 1978).

4. Structural Mechanisms

The protective mechanisms appear to be i1ntimately
assaoclated with the structural fntegrity of living cells.
Disruption of this structural integrity leads very quickly
to rancidification — the free radical peraxadatxon of
polyunsaturated lipids (Dormandy, 1978).

Cholesterol, by 1ts structure and size, 1ntercalated
into biromembranes may protect fatty acid double bonds from
peroxidative injury (Demopoulos et al., 1972) . 1 he
localisation at certain reactions to peroxisomes and
mitochondria and thelr specilalised scavenging mechanisms may
also play a role in controlling radical reactions. Low
levels of catalase and superoxide dismutase have been found
in plasma, cerebrospinal and synovial fluids (McCord, 1974;
Salin and McCard, 1977) and by inference 1N the

extracellular space (Del Maestro, 1980).



and Metabolites, and their Characteraisticse

2.9.2.1." Superoxide Radical, Ué: "

A group of cellular enzymes such a5 xauthfne axidase
(Fr;doviéh, 192720) o pernixdases (Halliwell, 1977)  are
involved 1n catalysing oxidation reaqtions which result 1n
the univalent reduction of O, to u;. I he dutux}datxun vt  a
large group of compounds including farredﬁu;n (Misra and
Fridavich, 1972) catechaolamines (Cohen ;nd Heikkila, 1974)
and flavins (Michelson, 1977) also 1nvolves 0; rglease.
Mirtochonria may generate steady fluxes of 0; which may also
result from the irradiation of living tissues (Petkau et
al., 1975; Benon et al., 1977).

The maost i1mportant reaction that 0; may ®e 1nvolved 1in
1s 1ts dismutation (Equation. 1). In the presence of
superoxide dismutase, dismutation may be 1ncreased by a
factor of 107 (Fridovich, 1978a).

An énzyme, NADPH oxidase on the surtace of
polymcrphonuciear leucocytes, macrophages: and monocy tes
reduce O, to 0;. (Babior et al., 1973), when exposed to
appropriaﬁe stimull such as microbes and cell particles

using NADRPH as an electron donor:

20, + NADPH —======~- > 20, + NapP* ¢ H' )
Oxidase '

This 1s a component of a co-ordinated series of
metabolic events called the ‘“respiratory burst” (Babior

1978b) .
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A wmigniticant proportion ot the 0, guh&rdtud 1%
released iInto the extracellular space (Root anq Metcal f,
1977), where H,0, formation results from spontaneocus
dismutation,. The 1nteraction of 05 with 1ts dismutation
product, H50,, resulting in the generation of OH is known
as the classical Haber-Weiss reaction (Equation 12), while
the following equations 10 to 13 are collectively called

modified Haber—-Welss reaction or Fenton reaction:

FE2+ + H202 _______ > F?3+ + OH"  + OH (10)
) s +

OH*  + HyO0p=--=-- > Hy0 + 05, + H (11l

0p + HpOp——=—-—- > 0, + OH + OH- (12)

Fe?t + DH'-———==m=am > Fet 4 oW (13)

Extracellular hydroxyl radical (OH®) and possibly
singlet oxygen [0, (AN gl {o;matxon may result from an
interaction alezo? and 0; - Myeloperoxidase using H,0, and
Cl~ as substrates can generate hypochlorite (0Cl1 ) and
subsequently 0; (A g) (Del Maestrao, 1980).

Superoxide (0;) 1s an oxygen molecule that contains one
extra unpaired electron. This extra electron gives 0; a net
negative charge (12 protons, 13 electrons), while the fact
that the extra electron 1s unpalred characterises the
specles as a free radical. Superoxide togl can be protonated
to form the perhydroxyl radical £H02) (15 protons, 13

electrons), which 1s a much stronger oxidant than O;, and

may be found i1n substantial concentrations within the acidic
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environment of the phagocytic vaguole.
The ability of 0; to reduce or oxidise transition metal

ton complexes, o form ligands with melals, . to oxidiwe
organic substrates and to be protonated to HO, allows  thas

species to play an important role 1 leucocyté — mediated

cytotoxicity (Weiss and LoBuglio, 1982).

2.5.2.2 Hydrogen Peroxide (Hy05)
Hydrogen peroxide may be formed from two types of
reaction:
a) Divalent reduction o+t O, by a group ot enzymes
such as urate-—, D=amino acid-, and gyglycolate-
oxidase. The divalent oxidising enzymes ar e
usually contalned within speclalised organelles

called peroxisomes (de Duve, 1978).

b) : Univalent reduction ot 02 to 02 (Fridaovich, 1970)

ar autoxidation of wvarious compounds with

subsequent dismutation of O, to H,y0, (Equation 1)
Hydrogen peruxide 1w catalytically reduced to H,0

by catalase, a divalent oxidising enzyme (de Duve,

1978):

Catalase
2H202 _________ > 02 + 2H20 (14)

Other mechaniems reducing intracellular H,0,  flux
inc lude:

a)l Glutathione peroxidase (GPx) utilising a variety

ot intracellular electron donors:
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RH,  + H50, =mmmmm e > R + 2H,0 (15)

b)  Reduced glutathione (GSH) is oxidised by H,0, to
oxidised glutathione (GSSG):
GP x

2GSH + H,05 —===-=====3 GSSG + 2H,0 (14)
in consort with glutathione reductase, which regenerates GSH
fraom GSSG. This reaction 1s perhaps the major i1ntracellular
H202 decomposing system. Hydrogen peroxide by reacting with
metal chelates results 1n OH' farmation via the Fentaon-type

reaction (Equations 10-135).
Hydrogen peroxide 1s also the substrate for the
myeloperoxidase reaction which generates oxidative products

such as hypochlorite and possibly 02 1a g’ (Rosen and

Klebanotf, 1977). s

L]

Hydrogen peroxide can exist as an anion (HQE), but the
pKa 1is " high so that almost all of the mnlecula. exists as
H,0, under physiologic conditions., ﬁydroqen peroxide 1s a
strong oxidant, but 1ts reactions with organic substances
are slow (Fee and Valentine, 1977). Many hzoz*medlated
reactions may be dependent on the formation of reactive
oxygen i1ntermediates 1nitiated by homolytic cleavage ot the
0-0 bond by transition metals (Weiss and LoBuglio, t482}.

The oxidative species so formed may 1njure cells and

structural components of the extracellular space (Del

Maestro, 1980).
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2.9.2.3 Hydroxyl Radical, OH"

It 18 a very reactive and, therefore, very unstable
aoxidising species which reacts with a large variety ot
organic ‘ccmpaunde. The lifetime of OH® 1s very short and
1ts toxiclity may be madiatad through other OH- dependent
compounds such as the carbonate anion radical (Michelson,
1977) and/or by the products of OH’— induced 1i1nteractions
with cellular components. Hydroxyl radlc;l 15 generated 1n
vitro by polymarphonuclear leucocytes, monocytes and
macrophages (Habior, 1978a) suggesting that 1t may be
generated extracellularly at sites of inflammation.

The Haber-Weliss reaction (Equation 12)  and the 0;—

mediated reduction of metal chelates (Equation 3 and 4) have

been suggested as mechanisms for OH®  generation from O,

erauchamp_and Fridovich, 1970: Del Maestra, 1980). Since 0,
and H,0, are relatively non-toxic and mechanisms exist for
their ssavengxng, an assessment of the generation and role
ot oM an livang systems appears  essential Lo . the
understanding of tissue damage i1nitiated by uxyéen—derxved

free radicals (Del Maestro, 1980).

2.5.2.4 Singlet Oxygen, 0,('BDg).

The outer orbitals of the oxygen molecule possess two
unpaired electrons and 1s a tr;ple; in 1ts ground state
ﬁsz:g—d since the electron spins are parallel or unpaired.
Une state of oxygen molecule i1n which both electrons occupy

the same orbital and electron spins are paired, 1% 10 the
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wingle wtatw (‘o g)oan which 1€ 1w known as singlet  oxygen,
O, t‘lig}. By detinition, O, (1C>g), 1s not a free radical
but may'be considered a related species because it 1s very
reactive and some radical reactions result. 1N 1t
generation. A second exclted singlet state also exists  and

in this state the electron spins are also paired (!N g).

The oxygen molecule (05) generated as a result ot
spantaneous dismutation, Haber—-Weiss reaction, and as a
result of hypochlorite generated from myeloperoxidase

reaction with Hy0, 1s Oz(lbqi (Khaﬁ, 1970; Kellogg and
Fridovich, 1977; Rosen and Klebanoafft, 1977). Fhe generation
of 02(1£L g) during these ;eactinns has been based on the
concept of selective scavenging of Oztllb g) by wvarious
compounds and the stimulation of 02(1£> qg) dependent

oxidations 1n aqueous medium by deuterium (Del Maestro, 1980).

2.5.2.5 Hydrogen Peroxide-Feroxidase - Halide Derived Oxidants

Neutrophils and monocytes contain a héeme-enzyme called
myeloperoxidase in the primary lysosamal granules

(Klebanotf, 198B0; Roos, 1980). 0On exposure to a variety of

stimuli, these cells discharge granules containing
myeloperoxidase into the phayocytic vacuole ar tnnto
extracellular milieu. In the presence of H50,,

myeloperoxidase catalyses the oxidation aof halides-chloride
(Cl ), 1odide (1 ) or bromide (Br ) by transferring two
electrons +from the halide (the electron donor) to generate

an oxldised halide:
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Myeloperoxidasue
HpOp # X ==mecmmemeee—————— > HOX + H50 (17)

where X 1s Cl1, I or Br. Eosinophils also contain a granule-
assoclated peroxidase that tunctions Simtlar ly to
myeloperoxidase (Welss and Lubuglio, 1982).

The hypohalous acids, HOC1, HOl, and HOBr, are potent
oxidants and can react with a wide variety of Dbiologically
important molecules. For example, HOCl reacts rapidly with
amines, amino «acids, sulphydryl cumpuﬁndsf thioethers,
aromatics, and other unsaturated carbon groups (Held and
Hurst, 1978). Hypochlorous acid may also react with other
oxygen metabolites generated by phagocytes to produce new
reactive intermediates. 0Of potential interest is the
ability of O; to react with HOCl1 to +form an extremely
powertul oxidant, the hydroxyl radxéal (HO®) (Long and

Bielski, 1980):
0, + HOC) —=—=~=———————— > OH" + (I + 02 (16)

2.95.3. Role ot Leucocytes in Acute Myocardial lschaemia-
Repertusion Ingury.

Leucocytes have been i1ncriminated as pl¢y1ng'g crucial
role 1n the development ot acute myocardial 1nfarction.
Studies on pig nfarcts wnduced by ligating the left
anterior descending coronary artery {tor 40 minutes followed
by two hours of reperfusion revealed leucocytes greater 1n
number in the infarcts compared to non-infarcted myocardium
{(Hahamathulla and Ashrat+, 1984). These observations and

recent reports 1n the Jliterature i1ncraiminating leucocytes 1n
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the production of cytotoxic free radicals have suggested
that leucocytes may play a significant role 1in the causation
of cellular injury 1n anoxia or 1schaemia of lhe heart.

Shlafer et al. (1982a) s;bjected isolated, pertused
rabbit hearts to two hours of global 1schaemia at 27°9C. The
presence of superoxide dismutase and catalase 1n the
perfusion fluld greatly enhanced lett ventricular functional
recovery upon reperfusion. The enzyme-treated hearts
deve laoped better left ventricular pressure, left ventricular
compliance, spontaneous heart rate, _corongry flow, and
calculated coronary vascular resx%tance than did untreated
controls. In these studies, the respiratory *un;tlﬁn ot
1solated mituchundr;a and the reledse ot lactate
dehydrogenase were not affected by treatment with superoxide
dismutase and catalase.

In & second study, Shlafer et al. (19820) employed
parabiotically perfused, 1so0 .ated cat hearts, which were

subjected to the same 1schaemic 1nsult as 1n the former

study. 0One group simply underwent hypothermia +or five

minutes betfore ischaemia and for five minutes after
ischaemic period. A second group received a crystalloid
cardiopleqgic solution. A thaird group receilved the

cardioplegic solution supplemented with superoxide dismutase
and catalase. The best retdrn of ventricular pressure
development, maximal left ventricular stroke work, rate-
pressure products, and coronary blood flow were seen LN
heart that received the cardioplegic solutions plus enzyme

treatment. Shlafter et al. (1982b), therefore, 1ndicated

-
————
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that 1schaemic myocardial 1njury may 1nvolve cytotoxicity
from oxygen—-derived free radicals and metabolites such as
superoxidé anion, hydrogen peroxide, or both, and that this
component ot 'damage can be reduced by enzyme supplements
such as superoxide dismutase or catalase.

Stewart et al (1982) studied hypothermic global
ischaemia 1N a canine model. A group of dogs undergoing
hypsrkalawmic cardiopleglia, with and wathout the addition of
wuperoxide dismutase and mannitol, were compared with «
group undergoing simple hypothermia. After 40 minutes of
Lschaemia aqd 45 minutes ot repertfusion, all 1ndicators of
left ventricular function were significantly better i1n the
enzyme—treated hearts. This group also had higher calcium
uptake by the sarcoplasmic reticulum.

A Langendorff perfused rabbit heart model has been
studied by Casale gt al., (1983). _'Haart'a were subjected to
3.5 hours of ischaemia at 20°C. Again, left ‘ventricular
functian was appreciably protected by the administration of
superoxide dismutase and catalase. Prulection was evident as
lang as the enzymes were present at . the' time that
reperfusion began; thelr presence during .ischaemia provided
no additional degree of protection. This study, which
included 1light — and electron-microscoscopical tardiac
examination, reported substantial gualitative preservation
of cellular and subcellular morphology 1n treated heart.

Romson et al. (1983%) demonstrated that neutrophal

depletion limits infarct si1ze and reduces the area at risk
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following 90 minutes ot caraonary artery ligation. They
postulated tﬁat this may be due to an 1nh1b1t:un ot oxygen-
derived free radical generation b? neutrophils 1n the
inflammatory response to myocardial infarction.

Hess et al. (1981) and Rowe et al. (1983) demonstrated
that dctxvatgd neutrophils were able to disrupt canine
cardiac sarcoplasmic reticulum function vx; a free radical
mechanism and suggested that th;ﬁ_ﬁechanahm might play an
impor tant role in acute myocardial failure.

Rowe et al. (1984) showed fhaf axygen—-derived free
radicals and/or their metabolites generated from neutrophils
activated by phorbol myristate acetate (FPMA) were able to
signiticantly disrupt cardiovascular function. The complete
inhibition of the effects of PMA 1nfusion by SUD  and
catalase indicated an 1nhabition of a free radical
mechanism. ‘The source of ﬂree radical generation was
suggested to be the circulating neutrophils. This was
demonstrated by protection from PMA challenge afforded by
administered rabbit anti-canine neutroﬁhil antibody, which
also resulted 1n the partial depletion of Eirculat;ng
neutrophils.

Anti-canine leucocyte antiserum was administered to
dogs, which resulted 1n 77 -+ 2 percent reduction 1n
circulating. neutrophils. Acute myocardial 1nfarction was
then 1induced, followed by six hours. of reperfusion. The
antl serum-treated group demonstrated a 43 percent reduction
in infarct size campared to nan-immune-serum-1njec ted

animals. Also histopathologic examination revealed that
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infarcted myocardium +from the central group demonstrated
substantial neutrophilic intiltration that was virtually
absent in the anti-werum-treated group (Romson gt al. 17405,

In 4 animal models with permanent coronary artery
occlusion, leucocytes migrated to regions of myocardial
injury within|24 hours, reaching a peak 1n four to five days
(Mallory et al., 1939). Sommers and Jen;ings (1964)
reported that reinstituting myocardial bloaa flow atter
temporary coronary occlusian accelerated the infiltration of
intlammatory cells i1nto injured myocardium. Romson et al.
(1982, 1983), wusing a model of myocardial Ltschaemia-
reperfusion injury 1n dogs resulting from a &0-minute
ucc)usxdn ot the circumtlex coronary artery +{ollowed by
reperfusion, abserved leucocyte accumulation in the
intarcted myocardium 24 hours later.

Neutrophil—generated oxygen-derived free radicals and
metabolites have been shown to contribute to the tissue
injury associated with acute , myacardial infarction. In
myaocardial 1schaemlia-reperfusion .injury L0 dogs, 1t was
Obwer vuﬂ.l. that neutrophil depletion resul Led 1 myOcar dial
infarcts that were approximately 40 percent smaller than
intarcts in control animals with no neutrophil depletion
(Romson et al., 1983). In addition, dogs freated with free
radical-scavengling agents such as SOD. catalase, or
mannitol, had reduced injury to the myocardium and increased

recovery of left ventricular function following reperfusion

(Gardner et al., 1983).
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Since neutrophil depletion limits myocardial infarct
s1ze 1n canine model of lschaemia-reperfusion 10Jjury, the
effects of ibuprofen pretreatment on inhibititon of wnfarct
size were studied by Hess et al. {1985)., Their studies
indicated that myocardial infarct size, as a percentage of
area at risk, was reduced in the i1buprofen-pretreated group.

The effects of ibuprofen pretreatment on the canine
heart 5ubjec£ed to temporary coronary artery occlusion
tollowed by 24 hours of reperfusion markedly reduced the
leucocyte accumulation ratio: only 76 percent i1ncrease was
noted compared to 397 percent for .myncerULal section
obtained +ram non-treated control animals (Hess et al.,
198%9). .

The ability of i1buprufen, an inhibitor of free radical
generation from the leucocytes, to 1nhibait myocardial
i1schaemia-reperfusion 1njury has also been correlated with
its abilltf to block the activation of carculating
granulocytes and inhibit thear ragfuatmunt into anoured
myocardial sites (Romson et al., 1982; Gardner et al., 1983;
Flynn et al., 1984). Thus, the mechanism under lying
myocardial destruction may be based on the ﬁrdductlnn of
oxygen—derived free radicals. It 1s concelvable that this
pathophysiologic cascade may Open up new avenues {or the

diagnosis of myocardial 1schaemia +~ reperfusion 1injury as

well as potential application of scavengers and/or
inhibitors of oxygen-derived free radicals as aNoLher
potential mechanism 1N myocardial protection during

1schaemia-reperfusion 1njury.

U7



2.6 The Roleg of Phorbol Myriotate Acetate as o Potent
Leucocyte Stimulator

e influence of phorbol myristate acetale (PMA), the
active ﬁrlncipla ot croton o©01l, on the structure and
function - of leucocytes have been 1nvestigate& by Repine et
al. (1974), DeChatelet et al. il??b), Shoyab and Todaro
(1980), Weiss (1980) and Lehren and Cohen (1981). PMA has
diverse effects on cellular growth, differentiation and
metaboliem. It 1% also a strong inflammatory agent (Hecker
and Smith, 1974) which induces superoxide production in
neutrophils (Repine gt al., 1974; DeChatelet et al., 19/76)
through activation ot NADPH oxidase (Suzukil and Lehren,

1940) ¢

o +

205, + NADPH —=---=-m > 205, + NADP' + H (19)

Driedger and Blumberg (1980) repofted that specific,
high affinity receptors for pherbol diesters, such as FPMA
exist 1n chick embryo fibrnblasts.. Shoyab and Tgdaro (1980)
extended'that observation to include a variety of normal and
transformed avian and mammalian cells.. [n an i1ndependent
pursulit of the interactions between phorbol ,diester and
human leucocytes, Lehren and Cohen (1981) developed
alternative methods to study PMA binding to cells and
reported that the rate and extent of occupancy of, these

receptors govern the activation of neutrophils’ respiratory

burst after exposure to PMA.
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The addition of PMA 1n microgram guantities to a
suspension of resting human polymorphonuclear leucocytes
(PMNL ) resulted 1n increased oxygen consumption, hexose
munophowphate whunt aectivity, and reduction ol mtrablue
tetrazolium dye, similar to tﬁat observed when the cells
were challenged with phagocytisable particles such as heat-
killed bacteria (Repine et al., 1974). PMA also caused
ultrastructural changes 1n cells resembling thowe observed
during phagdcytusls (White and Estensen, 1974). Detective
cells that were not capable of responding metabolically to a
phagocytic stimulus such as cells obtained ‘From patients
with chronic granulomatous dlsease.of childhood (Holmes et
al., 1967) showed no alterations 1n oxidative metaboliasm
when  exposed to PMA (Repine et al., ~ 1974). These
observations :1nd1cated that PMA enhances the generation of
tree radicals and metabalites by leucocytes. Thus, PMA may
serve as an important component of a model . system for
investigating biochemical alter.ations during phagocytosis.

The addition of O.lpg/ml ot PMA to a suspension of
resting human neutrophils caused a marked stimulation of all
aspects of cellular oxidative metabolism normally assoclilated
with phagocytosis. PMA 1nduced a greatly increased rate of
glucose oxidation via the hexose monophosphate shunt and
increased production of iuperouide anion. The time course
of hexose chemiluminescence were similar to those observed
following phagocytosis of opsonised zymosan; the levels of

activation achieved 1in all cases approximated those seen

-y
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following phagocytasis (DeChatelet et al., 1976).

Quman neutrophile stimulated with PMA are capable of
mediating erythrocyte (RBC) cytolysis. Target cell
destruction was directly related to the number ot PMNs and
PMA concentration employed. PMA.caused a marked stimulation
of all piramuters of leucocyte oxidative metabolism normally
essocliated with phagocytosis (DeChatelet et al., 19765 Weiss
et ﬂ.,‘ 1977; 1978). Thus, PMA stimulated PMN hexose
monophosphate shunt activity, chemiluminescence, protein
iodination, and the generation of 0;, H50, and OH*
(DeChatelet et al., 1976; Weiss et al., 1974). [t has Dbeen
used extensively as a potent soluble stimulus of leucocyte
oxldative metabolism (DeChatelet et al., 19746; Weirss et al.,
1978; Nathan et al.; 197%9a; 1979b).

The destruction ot erythrocyte targets by PMA-
stimulated heutraphils is completely inhibited by SOD or
catalase i1indicating that haemolysis requires both 0; and
Ho05,. Thus, neutrophils stimulated with PMA generate 0; and
H202 which play an integral role 1n a novel cytotoxic

mechanism (Welss and LoBuglio, 1980).

2.7 UOxygen Derived Free-Radicals gniygucocyte farget Cell
Intpractions. ;

The biologic reactivity of leucocyte—-generated oxygen-
derived +free radicals has been examiﬁed and in a number of
simple model systems wherein leucocytes are 1irncubated with
target cells 1n the presence of an appropriate stimulus.
Various substances have been used to stimulate leucocytes in

an undirected manner such that all adjacent targets are
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exposed to the released toxins. These NON~BpPeCc1flc
reactions are triggered by a variety of stimuli aincluding
opsonised zymosan particles, latex spherules, plant lectins,
the croton oil derivative phorbol myristate acetate (PMA),
the activat;d complement component CHa, and endotoxain
(Henney, 1977).

Leucocyte i1ncubated with either particulate or soluble
stimuli wi1ll discharge their lysosomal contents and generate
oxygen—derived free radicalses« tf a target cell lies
adja:ent' to the stimulated leucocyte, the target cell will
non—-specifically be exposed to all of those species that can
diffuse from the leucocytes. With*the wuse of stimull,
cytotoxic potential of leucocytes’ armameqtarium has been
examined . Target cells thus tested included erythrocytes
(Dallegri et al., 1983; Vercellotti et a)ay 19689),
lymphocytes (Kraut and Sagone, 1980), phagocytes (Baghner et
al., 1977), endothelial cells (Sachs et al., 1978; Weiss et

al., 1981) and tumour cells (Nathan et al., 197%a; 19/7/9b).

2.7.1 Superoxide N

Simchowitz and Schur (1976a, 1976b) first demonstrated
that neutrophils incubated with lectins, phytohaemagglutinin
(PHA) ﬁr concanavalin (Con A), rapidly destroy chicken
erythrocyte targets, In their system cytolysis required
cell-cell contact and was correlated with ggglutina£1cn, but
did not 1involve erythrophagocytosis; 1t was dependent on

anaerobic glycolysis and independent of oxidative

phosphorylation. Based on the ability of lectin to
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stimulate phagocyte to generate oxygen metabolites, a
potential rode for 0;. and/oar H202 in. cytolysis was
postulated. '

Further evidence tor 0; in leucocyte-mediated cytolysis
was provided by a series of studies by Ne155. (1980) and
Welss and LoBuglio (1980) . Human neutrophils were
stimulated with PMA and examined fué their ability to lyse
ErytthCQte targets. Neutrophils were able to mediate a
power ful cytotoxic effect, and under optimal _cundit;ons,
each neutrophil could destroy more than ten erythrocyte
targets. Other studies on mechanism ot haemolysis revealed
that superoxide dismutase i1nhibited haemolysis. Since the
anly role of superoxide dismutase 1= to catalyse Lhe
dismutation reaction of superoxlide anion to hydrogen
peroxide Ehcﬁprd and Fridovich, 19&95, its ability to almost
completely protect erythrocytes indicated that 0; played an
important role in cytolysis (Weiss, 1980).

Since all the data indicated that 0; was responsible
for cytotoxicity, a cooperative iInteraction between O; and
oxyhaemoglobin was considered a potential pre-requisite for
haemolysis. Superoxide (0;) cah react with oxyhaemoglobin
to form methaemaglobin and H,0, (Lynch

et al., 1976) which can then combine to form a peroxide-

£t al., 19763 Sutton

_— —

methaemoglobin complex with a strong oxidising potential.
Thus, the following reaction sequence 1s propased to occur

within the erythrocyte target:
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21t

0, + nb—FuQ*....oz~~~-—~> Ho-Fe ' + H,0, + 0, (20)
(Oxyhaemoglo- (Methae -
bain) moglobin)
3 _ S ! ) ’
Hzoz + Hb_F' ------ > Hb""". e onUz"“'") LY‘L‘ (21)
. (Peroxida-

tive complex).

This scheme was supported by:

L. tnability of PMA — stimulated neutrophils to
destroy erythrocytes atter the oxyhaemoglobin has
been derivatised to carbon ponoxyhaemnglobxn.

L
2. ability of neutrophils to destroy methaemoglobin-—
fich erythrocytes by a  mechaniwm inde pendent
of 02 but dependent on H,0,.

. {8 marked sensitivity atf methaemoglobin-rich
erythrocytes to haemalysis by H202 lwei;a, 1980 .

4, ability of 0; to traverse erythrocyte plasma
membrane wvia the anion channels to aoxidise

intracellular haemoglobin to methaemoglobin (Lynch

and Fridovich, 1978; Weiss, 198B2).

2.7.2 Hydrogen peraoxide, Hy0, )

Baehner et al. (1971) demonstrated the role of oxygen
metabolites in phagocyte-target cell interactions by
describlng-the ability of human polymorphonuclear leucocyte
to alter ‘glutathione levels in glucose-&6-phosphate
dehydrogenase ~ (G&6PD)—-deficient erythrocytes. Normal

erythrocytes are armed with two enzyme systems capable of

degrading H;0,, catalase and glutathione peroxidase-



reductase system. Catalase can directly degrade H,0,, which
1% both theelectron donor and acceptor, whereas glutathione
peroxidase catalyses the reduction of H,0, by. reduced
glutathione (GSH, X= glutamylcysteinylglycine) (Equations
14-16).

The oxidised glutathione tGSSQ) is again reduced to GSH
by reduced nicotinamide dinucleotide phosphate (NADPH)
generated from the hexose monophosphate shunt and catalysed

by glutathione reductase:
[ 4

Glutathione )
GSSG + NADPH + HY ———oemmee e > 2GSH + NADP (22)
reduc tase
Finally, NADPH 1s regenerated by the first two
enzymatic steps (glucose-4&-phosphate dehydrogenase, 0L&PD,
and 6~-phosphogluconate dehydrogenase, &6PGD) 1n  the hexose

monophogphata shuntz

G&PD
Llucose-&6-phasphate (LGL&P) + NADP-—- - 4-Hhwsphog luconate
(6-PG) + NADPH + W' (23)
6-PGD
'6~-PG + NADP ----- > Ribulose-S-phosphate + NADPH + H' (24)

Althnuqﬁ both catalase and the GSH reductase systems
are 1important i1n protecting erythrocytes from oxidant
stress, the GSH system seems to preferentially reduce low
concentration of H,0, (Jacob et al., 1965).

In G&PLD-deticient erythrocytes, insufticirent NALDPH 1%

available to reduce GSSG. Patients with this disorder may
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suffer trom haemolytic anaemia during infection, and Haetner
et al. (1971) hypothesized that H,0, generated by leucocytes
in the process uf phagocytosis might injure GOPD deticient
erythrocytes. GSH oxidation in G&PD-deficient erythrocytes
was accelerated in the presence of cyanide possibly due to
increeased  H,0, release from the leucocyte: Cyanide would
inhibit myeloperoxidase and catalase, and/or a turther
decline in the ability of the erythrocyte to degrade H,0, as
well as blocking catalase 1n the erythrocyte. Haehner et
al. .(19713 concluded that Hy0, coyld oxidise GSH in  G&6PD-
deficient erythrocytes and may uliur the cell such that in
vivo EU}VIVGI 1s shortened. Human neutrophils stimulated
with PMA, which 1 a stronger stimulus for oxkyguen-derived-
free radical generation than latex, can oxidise haemaglobain
to methaemoglobin 1n 1ntact, normal erythrocytes by a
mechanism dependent on H50, tWintarbnurn_gg al. 1981; Weiss,
1982) . These studies further lend support to the concept
that H202 can play an i1mportant role in oxidising
susceptible intracellular targets.

Greene et al. (1980) having examined the role of oxygen
in Con A-dependent neutrophil-mediated cytotoxicity against
chicken erythrocytes, demonstrated that at effector-to-
target cell ratio of 12.5:1, Con A-stimulated Buman
neutroph;ls could destroy appraoximately 25 to 75 percent of

the chicken erythrocytes. Neutrophils 1solated trom

patients with chronic granulomatous disevase (CGD) were

incapable of mediating lysis, whereas myeloperoxidase-
KASHIM 1
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deticient neutrophils could destray t he erythrocyte

comparable to control cells. Thus, destruction was mediated
by an ouygen;éepandint, myeloperoxidase-independent mecha-
nism. Either superoxide dismytase or catalase could
partially reduce haemolysis, whereas, i1n the presence of
both enzymes, their effects were additive.

Human - neutrophils incuvated with PMA oxi1dised
haemoglobin within the intact erythrocyte by a mechanism
dependent: on cell-cell contact but independent ot
phagncyt::ssis. Spectrophotometraic Bxamxnatian_ of “the
erythrocyte lysates revealed that the major component formed
was methaemoglobin. Also, methaemoglobin formation was
directly related to the neutrophil concentration and time of
incubation. The addaitaion of superoxide dismutase or
catalase modestly i1nhibited methaemoglobin formation, while
a combination of the enzymes provided the most dramatic
protection. Apparently, either 0; or H202 alone was capable
at mediating methaemoglobin tformation an the intact
erythrocyte (Weiss, 1982).

According to Weiss (1982), maintenance of the
intraerythrocytic haemoglobin 1n 1ts oxygenated state
markwedly  anhibited m-thanmuq]ubl.n format ion., Hlockade of
the anion channels 1n the 1ntact erythrocyte with
sulphonatiéd stilbenes 1inhibitedq 0; but not -H202 from
oxidising intracellular haemoglobin. weliss (1982),
therefore, suggested that neutrophil-derived 0; and H,0, can
cross the erythrocyte membrane through the ani;n channel or

diffused directly i1nto the intracellular space and react
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with oxyhaemoglobin or deoxyhaemoglobin to ftaorm a mixture of
haemoglobin oxidation products within the intact cell.

In 25 ;xparimanti, 2 x 10° PMA-stimulated neutrophils
oxidised 81.7 + 6.9% of the haemoglobin to methaemoglobin in
107 erythrocytes (RBCs) during 40-min  1ncubation (Welus,
1982). Erythrocytes alone contained 0.8 + 0.4 percent
methaemoglobin and this level was not atfected by either PMA
or neutrophil alone. Stimulated neutrophils, therefore, can
rapidly oxidise almost all of the intracellular haemoglobin
to methaemoglobin within a 60-min qerind (Weiss, 1982).

.Nexss and LoBuglio (1980).investigated the cytotoxic
potential of leucocyte-generated oxygen—de;ived free
radicals and metabolites toward RBC tirgets and i1ncriminated
both 0; and H202 in the final mediator of target cell
destruction. The destruction of RBC targgts by PMA-
stimulated PMNs was almost completely inhibited by S0OD or
catalase, indicating that both 0; and H,0, were involved in
target cell destruction. Kellogg and Fridovich (1977) have
demonstrated that oxygen metabolites generated by the
acetaldehyde-xanthine oxidase system rapidly destroyed human
RHCs 1n a glucose-free medium. Cytolysis was inhibited by

SOD or catalase.

Nathan et al. (197%9a, 1979b) investigated the
interaction of murine peritoneal exudate granulocyte and BCG
or casein activated macrophages stimulated by PMA on a

variety of ‘murine tumour cells and erythrocytes and

concluded that target cell lysis was due to H,05. Nathan et
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al. (1979a, 1979b) demonstrated inhibition of cytolysis with
catalase, while azide had no adverse effect on cytolysis of
the target ::ells. This cytotoxic system provides novel

insight 1into- potential mechanisms of leucocyte-mediated

target cell injury.

2.7.3 Hydrogen Pergxide-Peroxidase-Halide System

Oxidants generated +frow 1in vatro mode 1 systems
consisting of H50,5, purified peroxidases and halides can
both modity cell function and mediate cytotoxicity (Clark
and Klebanaotf, 1975; Klebanot+t, 1980) . Ngutraphlls,
eosinophils, monocytes, and mast cells may utilise their
peroxidases, to modulate their own function, mediate
platelet or mast cell release and destroy neoplastic cells
(Fantone and Ward, 1982). |

During i1ingestion, neutrophils release myeloperoxidase
into both:the phagocyte vacuole and " extracellular milieu.
Thus, i1n the presence of H202 and a halide, the phagocyte 1s
exposed to myeloperoxidase-generated oxidants at wmultiple
si1tes.

The myeloperoxidase system 1s an important component in
the termination ot the respiratory buret, the 1nactivation
of lysosomal enzymes, and aututoizcxty (Weiss and LoBuglio,
1982) .

A kinetic study of 0; production by normal and
myeloperoxidase-deficient neutrophils revealed that 1nitial

rates of generation by the wtimulated cells were conpereble.

However, 0; production by normal cells ceased after
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approximately 60 minutes, whereses 1t continued tor at least
two hours with the myeloperoxidase-deticient neutrophils
(Weiss and L;Buglxa, 1982).

Jandl et al. (1978) examined the various factors
involved in the 0; forming activity in the 27,0009

particulate  fraction from neutrophils exposed to zymosan,

After a 60-minute 1ncubation period, the O; forming activity

almost completely ceased. However , 1n the presence  of
myeloperoxidase inhibitors, Og-furm;ng activity was
preserved for approximately ten minutes. These results

indicated that the resp;rato;y "burst was significantly
prolonged 1n the absence of myeloperoxidase and‘ Oé—formxng
activity af intact neutrophils declined after stimulation by
an early myeloperoxidase-dependent mechanism.

Enzyme release under aerobic conditions wa; apparently
increased in the presence of catalase, azide and a number of
scavengers, most of which react with HOCI (Skosey et al.,
1981) . HOCl can reversibly or 1irreversibly inaétlvate
myeloperoxidase, suggesting that the enzyme may sel f-
deactivate 1n the absence of the oxidisable substrates
(Harrison andgd Schultz, 197&4). _

Tsan and Denison (1980) examined the ability of PHA-
stimulated neutrophils to mediate autotoxicity. Injury was
blocked 'by catalase and histidine or methionine, compounds

known to react with HOCIL. However , azide did not tnhibint

autotoxicity.

Weiss and Lqu*La (1942) suggested that the H?O?—

myeloperoxidase-Cl  system 1s involved 1n autotoxicity, but
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in the presence of azide, the H,0, ‘concent;atxun reaches
touxic levels and destroys tﬁe neutrophil by o
myeloperoxidase-independent mechanism.

The addition of myeloperoxidase 1nhibitors such as
azide and cyanide to normal or myeloperoxidase — deficient
neutrophils i1ncubated with platelets and opsonised zymosan
significantly enhanced the release of adenine and serotonin
by a mechanism dependent on tﬁoz and a halide (Clark and
Klebanof+f, 1980). These results suggested that H202 alone
in the presence of haeme-enzyme inhibitors could enhance the
release reaction. Eilther reagent or enzymatically generated
H;0, could 1nitiate a release reaction that was stimulated
by the addition of azide, cyanide, or aminotriazole,
probably as a consequence of platelet’'s catalase inhibition.
Thus, 1n several in vitro models, H202 alone can mediate
effects similar to those observed with the intact
myeloperoxidase system, but only 1+ conditions allow high
concentrations of H,0, to accumulate. The ability ot the
peroxidase system to i1nitiate a release reaction (Eguation
17) 1s not limited to neutrophils and platelets.

Henderson et al. (1980a, 1980b) postulated that
activated eosinophils might alter mast cell activaity, In an
10 vitro model system, H,0,, eosinophil peroxidase, and a
halide ;ould eirther 1induce the specific secretion ot
granules - from intact mast cells or mediate muawt cell
destruction depending an the eosinophil peroxidase

concentration. Eosinophil peroxidase could also bind to the
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matrix ot mast cell granules in e munﬂar that potentiated
its secretory activity on mast cells. . The eosinophil
peroxidase has the opportunity to amplity 1ts own activity
by inducing mast cell granule exocytosis and binding to the
released matrix.,

Thus, myeloperoxidase, eosinophil peroxidase, and mast
cell peroxidase are all members of a specialised class of
peroxidases that may generate free hypohalous acids utilised
to either modulate cell function, enhance or-attenuate the
generation ot oxidants, or mediate cytotoxicity. These
oxidants” are self-contained and, 1ndependently acting

together, -capable of attacking target cells at multiple

sites (Weiss and LoBuglio, 1982).

2.8 Role ot Oxygen—-Derived Free Radicals 1n Methasemoglobin
Formation and Haemolysis '

The potential role of cell-derived nxygeﬁ free radicals
and metabolites 1n haemoglobin oxidation was 1nitially
investigated, by examining the ability of neutrophils
isolated frdm patients with chronic granulomatous diseases
(CGD) to mediate methaemoglobin formation. Such neutrophils
can discharge lysosomal enzymes, but cannot generate oxygen-—
derived free radicals and metabolites (Klebanoff, 1980).
After incubating 2 x 10 neutrcphils from CGD patient +or &0

7

minutes with 10" erythrocytes in the presence of PMA, there

was no. evidence of methaemoglobin formation. This
experiment demonstrated a critical requirement far axygen-—

derived free radicals and metabolites 1n methaemoglobin

tormation.
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Based on the ability of efther-og or H,0, to react with
cell-ftree solutions of oxyhaemuglobin to ftorm methavmoyglobin
{(Lynch et ;L., 1976; Sutton et al., 1976; Winterbourn et
al., 1?976; tynch et al., 1977), the role of these species 1in
methaemoglobin formation in neutrophil— erythrocyte system
has bDeen rﬁparted.

Weiss and LoBuglio (1982) incubated 2 x 10° neutrophils
with 2 x 107 erythrocytes i1in the presence of PMA and found
that the amount of methaemoglobin formed began to plateau
atter .45 minutes. Copper =— 2zinc (Cu-In) superoxide
diamutaae.nr catalase alone mediated a parfxally protective
effect; the simultaneous addition of both enzymes was very
effective +for i1nhibiting methaemaglobin +nr$atzun. When
ei1ther or both enzymes were added to ; mixture of
erythrocytea and PMA~-stimulated neutrophlls at the end of a
45-minute 1ncubation period, no protective effect was
observed. (Guantitative determination of the ability of the
enzymes to inhibit methaemoglobin formation showed that Cu-
n superoxide dismutase consistently inhibited
methaemoglobin formation, while neither heat nor H,0,-
inactivated superoxide dismutase had any protective effect.

Increasing the superoxide dismutase concentration
(100ug/ml.) did not enhance protective effect. Similar
results were obtained when an egual number of wunits of

purified iron-superoxide dismutase was used. Catalase alone

had a slightly greater effect than the superoxide dismutase

(Weiss and LoBuglio, 1982).
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Kellogg and Fridovich (1977) demonstrated that an
acetaldehyde-xanthine oxidase system was capable of lysing
human erythrocyte targets. Eilther superoxide dismutase or
catalase protected the erythrocyte from haemalysis. [n
addition, both OH" and 02(112593 scavangers inhibited
cytotgkicity, while treatment af target cells had no
protective. effect. In an in vitro model of cell-mediated
cytotaxicity, Nathan et al. (1979b) examined the interaction
between murine macrophages stimulated with PMA  and murine
erythrocytes and concluded that target cell lysis was due ta
H202.

Nexss (1980) also investigated the haemélytlc role of
superoxide in human neutrupgils, and observed that
haemolysis was prevented by conversion of hdemoglobin to
carbon monoxyhaemoglobin, but the conversion of haemoglobin
to methaemoglobin by nitrite treatment did not 1mpalr
neutrophil-mediated haemolysis. Nitrite-treated erythro-
Cytes were mbri sensitive to H,0, than control cells. This
haemolysis was completely prevented by catalase.

Hess et al. (1985) 1investigated the ability ot
dctivated leucocytes to generate reduced axygen intermediates
capable of disrupting calcium transport in cardiac
sarcoplasmic reticulum. They observed that in the presence
of catalase, there was a significant inhibition of the

disruptive effect of PMA-activated leucocytes. Neither
1]

boiled catalase nor boliled superoxide dismutase had any

-

eftects r*on PMA—activated leucocyte depression of cardiac

sarcoplasmic reticulum (SR). The addition of SOD ar
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catalase alone resulted 1n a smgl} huf si1gnificant
inhibition of PMA—activated leucocytes. In the presence of
S0D p!uQ’Cayalase, the PMA-activated leucocyte syﬁteh was
completely inhibited. Since SOD and catalase are known
scavengers of superoxide radical and hydrogen peroxide, such
tinding tncriminated both 0;, and HQOE in the disruplion or
damage of the SR.

Erythrocytes contain a ‘ariety of defence mechanism
designed to protect the cell from oxidant stress. The tirst
defence 'against oxygen reduction is the copper-containing
enzyme, superaxide dismutase ftormerly c:.al.led erythrocuprein,
Superoxide dismutase converts two molecules of ‘superoxlde
into oxygen and hydraogen peroxide (BEquation 1) (Fradovich,
1972). This first step 1n superoxide dxsﬁutatxon 1s crucilial
to the erythrocytes as 1t removes ah¥ree radical capable of
inieiating chaln reactians. The dismutation product ot
hydrogen peroxide 1s handled by two . mechanisms. Catalase
causes direct breakdown of hydrogen peroxide to oxygen and
water; but, probably, the more 1mportant mechanism 1s the
reduction of hydrogen peroxide by reduced glutathione (GSH),
catalysed by glutathione peroxidase (GPx) (Equation 1é4).
GSH 1s likely to be involved i1in superoxide and hydroxyl
radical .reduction and certainly ‘capable of reducing other
tree raalcals in the erythrocyte (Kosawer et al., 1969) .
The resulting oxidised glutath;a?e (GSS6) 1@ ;educed in turn
by NADPH from ;he pentose phosphate pathway (Equation 22).

The overall result 1s a linked metabolic pathway, in
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which increased turnover of methaemoglobin will result 1in
buth Lnurwﬁhud wClivity of the glycolyltic pathway and ot L
pentose phosphate shunt (Figure 1),

The relatively close package of haemoglobin within the
erythrocyte makes 1t a prime target for reaction with
oxygen—derived radicals and metabolites. 1t can be
considered as an additional buffer to the glutathione
system, in protecting sensitive components such as the cell
membrane against 1nternally released oxidants. The most
reactive site 1in bhaemoglobin 1s the haem group 1tseld. Both
hydroagen hurou;du and superoxidg wiltl react with haemoglobin
to give methaemoglobin (Carrel et gl., 1973).

The glutathione system and haemoglobin will act as

oxidant traps within the red cells but when they are
exhausted, or by-passed, in  the course of a steady
production of oxidants, then membrane coﬁponents are at
risk. Although peroxidative damage to cell lipids may
accur, protein structural components and enzymes will also
be susceptible, particularly 1f they contain sulphydryl
groups where the damage may involve splitting of essential
disulphide bonds as has been i1nferred 1n i1nduced paroxysmal
nocturnal haemoglobinuria (Goldstein, 1974), -

In view of these protective mechanisms contained in the
erythrncgteﬁ, exposure of normal erythrocytes to 0; or H50,
does nat result 1n haemoglobin oxidation unless the
experiments are performed 1n the presence ot azide or the
absence of élucose (Baehner et al., 1971; Kellog and

Fraiduvich, 19775 Miura et al., 1%2/H; Sullivan  and Stern,

——
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1980) . Azide i1s a potent inhibiltor of haem-enzymes, thus
rernfarcing the ettects ot luucocyta—qanuratud'fruu radicals
and markedly stimulating leucocyte-medirated cytotoxicity.
It could block cell catalase or 1nhibit wmitochondrial
metabolism and increase cell sensitivity to H,0, (Weiss et
al., 1981). In the presence of azide, intracellular
catalase 1s blocked, while under glucose-free conditions,
NADPH cannot be continuously supplied tP glutathione
reductase for reduced glutathipne generation (Equation 22)
(Weliss, 1982); thus, resulting 1n 1Increased susceptibility
ot RBCs to the attack of oxygen-derived free radicals and

therefore, Lncreased haemolysis.
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CHAPTER 3

MATERIALS AND ME THODS

5.1 Experimental Animals

A total of 25 adult mongrel dogs ot either sex, one to
threé years old, weighing 4 - 10 kg were used tor the
experiment.  Eleven of the 25 dogs were experimentally
induced with myocardial 1schaemia-reperfusion injury, while
four were sham-operated and served as controls. Seven others
were i1nduced with permanent myocardial 1schaemia, while
three dogs were sham-operated and served as cobntrols.

Betore surgery, all dogs were conditioned for 14 days
during phich they were screened for possible diseases and
dewormed with pyrantel pamoate (10mg/kg) (Pfizer Products,

Lagos).

5.2 Physical Examination

Twenty four hours pre- and past—aurgxcal induction of
myacardial 1schaemia-reper fusion i1njury (MiHII or Sham
operation, in each dog, rectal temperature was recorded by

i

inserting ' the thermometer (Terumo MCH S8, U.S.A.) into the
rectum  via .Lhu alus . The hedart rate was examined by
auscultation using the stethoscope (Medtekhnika, U.5.5.R.)
in the left lower third of the thorax in the fourth and
fifth 1ntercostal spaces.

The lungs were auscultated using the same stethoscope

in  the left thorax 1n the 1ntercostal space. During

auscultation af the heart and lungs, the heart and
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respiratory rates of each dog were taken, respectively.
Only healthy dogs were used for surgical induction of
myocardial i1schaemla-reperfusion 1njury or sham operation.

3.3 Surgical Induction of Acute Myocardial Iachdemlg—Heper]“_
sion !Injury.

Each. dog was anaesthetised by intravenous ‘1njection of a
three percent solution of sodium pentobarbital at 30 mg/kg
body weight. Intubation was performed using sterile
inflatable cuffed endotracheal tube (Portex Limited, Hythe,
Kent, England), connected via rubber tube to the
respirator (E & ™M Instrument Co. - Inc. Houston, Ilexas,
u.s.A.) [(Pate | (Appendix D)1.

Surgical procedures were condu;ted according - to
standard aseptic procedures. By left thoracotaomy 1n  the
t1tth 1ntercostal space, access was obtained to the heart.
The pericardium was 1nclised and a brgnch of the left
anterior descending coronary artery fLQDCA) was occ luded tfor
one hour by ligation using size No. 1 chromic catgut (Flate
11 aﬁd 111, Appendix D). After one hour, the ligature was
removed, thereby 1nducing reperfusion 1njury (HSlewart et
al., 1982; Hess et al., 1983).

Occlusion ot the left anterior descending coronary
artery was performed 1n eleven dogs, while i1n four dogs only
lett thoracotomy and perilcardial incaision were done; wathoot
the occlusion of the coronary dartery. These {four sham-
operatedldugs served as control animals.

Seveﬁ dogs were thereatter guperlmentally induced with

permanent l1schaemla by occlusion of a branch of the anterior
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descending coronary artery as above, but kahuut subsequent
removal of ligature (Sommers and Jennings, 1964). Three
sham-operated doygs served auw controls for this group.

During surgery, while the tﬁurac;c cavity was still
apen, respiration was sustained using the respirator (E & M
Instrument Co. Houston, Texas, U.5.A.). . After surgical
closure ot the chest, the respilrator was disconnected only
atter normal respiration was restored. The pracess of

surgical induction 1s shown 1n plates I1-111 (Appendix D).

3.4 Laboratory Analysis

%.4.1 Blood Sample Collection

Twenty—-four hours pre- and post-surgery, venous blood
samples were aseptically drawn from each dog with. 216 x &.h“
needles and disposable polyethylene syringes into two
separate€ citrated tubes. Leucocytes were harvested from one
sample, while the other sample was used for haematologic
examination. Twenty-four hcur; pre- and post-surgery, 15ml
ot wvenous blood sample was aseptically drawn from a goat,
one to two years old, using steraile 196G x 1.5“ needles and
polyethylene syringes, inta citrated tubes.

After collection, samples were 1mmediately transported

into the labaratory for analysis as follows:

5.4.2 Leucocyte Preparation

In the laboratory, leucocytes were harvested from
canine blood samples as follows:

Lach wample was transferred into a buaker, -and 10ml  of
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0.15M ot chl}led (4°C) ammonium chloride (NH4CL) solution
was added. The mixture was allowéd to ;tand until the
erythrocytes (RBCs) have been lysed as evidenced through the
change 1in colour from dark red to 1aked_culou}.

Blood was then transterred 1nto plastic tubes and
centrifuged ELourdes Instrument Corp.) at D900 x g tor seven
minutes, after which the supernatant fluid was decanted.
The separated leucocyte pellets were washed with phosphate-
buffered saline (PBS), pH 7.4, transferred 1nto tubes and
centrituged (Damon/lEC Division, Needhamts, Maws., U.S.A.0)
at 150 x g for five minutes.  The supernatant +fluld was
aspirated using Pasteur pilpette.. The washing with
subsequent centrifugation were repeated tour times,

Leucocyte concentration per mic;clitre ot PBS - was
determined according to normal routine laboratory procedure

using the method of Coles (1974),

5.4.3 Erythrocyte Preparation

Each blood sample was centrifuged (150 x g for five
minutes) after which the supernatant fluld was aspirated as

above.

Thereafter, the RBCs were treated with 2mM sodium azide
(NaN-) solution for five minutes. Leucocytes were washed
with chilled PBS, centrifuged (150 x g for five minutes) and
the supernatant fluid aspirated using Pasteur pipette. This
procedure was repeated five times.

Erythrocyte concentration per microlitre was determined

according to routine laboratory procedure usyng the method
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of Schalm et al. (1975),

3.4.4 Incuybation Mixture

As shown in table . 1, leucocytes harvested from
each canine blood sample were divided into four groups: i,
11, Vv, and VI. To twa groups (1 and V) were added lal  of
pharbal ﬁyristata acetate (PMAl - 200 ng/ml, (Sigma Chemical
Co., Mo.), while PMA was not added to the cther two groups
(Il and Gl); Prepared target RBCs were then added to groups
I and 1l. The ratio of WHBC to RHC mixture was -1:10. Tubes
in groups 11l and IV contained PMA-treated and -—untreat d

RHC, respectively. Each assay group was run in triplicate.

Table 1 : Assay Broups and their Incubation Mixture.
Group Contents No. of Tubes

1 WBC + RHBC + PMA 3

11 WBC + RBC 3

111 RBC + PMA 5

v RBC _ 3

VAR WBC + PMA 3

»

VI wBC L.

5.4.5 C te~-Erythroc totoxicity Assay Incubation

Immediately after constituting the incubation mixture,
dussay contact was Inittiated by centrifugation at 350 x g ftor

five minutes,

Atter, the supernatant fluid was decanted and the
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pellets  thus oblained were incubated at 579C in water  bath
(Gallenkamp, England) foé one hour in a humidi fred
atmosphere of air.

Howt-ancubation, he KN WD s beer an Lo wats ar e b
by adding 10ml, or chilled PO tnto wach tube, tontunte  of
tubes were mixed and then centrifuged at 190 x g tor five

minutes. .

3.4.6. Methaemoglobin Determination

After centrifugation, the Eupernatant- fluad was
aspirated and the methaemoglobin contents measur o
spec trophotometrically wusing Spectronic 20 (Hausch and

Lomb) at the wavelength af 540nm (Saiddons and Mills, 19H1).

3.4.7 Haematologic Examination

3.4.7.1 Total Leucocyte Count was determined using routine

haemacytometre counting methad described by Coles (1974).

3.4.7.2 Differential Leucocyte Count wus performed using

routine laboratory methods of counting lymphocytes,
neutrophils, eosinophils, basophils, "monocytes and band

celle O UGlemed Starned than ulupu Lt r INTS B VISR AT} L b

immersion oil at the magnification of x 100. A total of 100

WBCs weréd counted (Schalm et al., 1979).

3.9 Statistical Evaluation

Pre- and post-surgical leucocyte cytutgxzcity for each
duy wes calculated based on the degree of haemolysis.

Leucocyte cytoutoxicity 1n the presence of PMA was calculated
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by deducting the mean absorbance obtained far the
supernatant fluid i1n test tube group 111 (RBC + PMA) trom
the mean absorbance obtained tor hupern;tunt flurd of test
tube group 1 (WBC + RBC + PMAX. 'Leucucyte cytotoxicaity
without PI:'IA was calculated by deducting the absorbance
obtained for supernatant fluid 1n test tube group [V (RBO)
from that +for test tube group 11 "(WBC + RBC). [ he
absorbance for supernatant fluid 1in groups V and VI was
zero.

All data obtained were subjected to statistical
analysis. Means and standard deviations were calculated and
values were subjected to Student’ s t-test. Values ot P<0,.05

were considered signiticant.
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CHAPTER 4

RESUL TS

4,1 Rectal Temperature:

Induction of doge with either MIRI or Ml resulted in a
rise 1n‘rectal temperature above the normal range (FP<0.01)
(Tables 2 and &6). Sham operation was associated with an
insignificant rise in rectal temperature (P> 0.05) (Tables 3

and 7). Mean rectal temperature 1ncreased {from 38.52

|+

0.45°C to 39.15 + 0.61°C and from 38.40 + 0.40°9C to 39.44

|+

0.22°C in dogs induced with MIRI and MI, respectively
(Tables 2, 3, &, 7 and Appendix A). The rectal temperaturos
ot dogs sefare inductiaon were within the normal temperature
range and did not differ from those obtained +for control
dogs before sham operation (P> 0.00) (Tablew 4 and ).
Post-induction, the rise in rectal temperature was slight
and not diftfterent from that of the sham-operated controls

(P> 0.09) (Tables 4, b, Y, 9 and Appendix A).

4.2 aggﬁxrdtorv Hate:

Either MIRI or Ml resulted in tachyphnea. Mean
resplratory rate ot douge induced with Ml T A LR brocnn
19.950 + 6.09 to 30.46 + 10.40 per minute €P<O.61) (Tables 2
and &). Following Ml 1nduction, mean respzrakory rate of
dogs increased from 16.29 + 5.40 to 28.14 + &6.18B per minute
(P<0.05) (Tables 2, 3, &, 7 and Appendix A). Induction ot
MIR] or MI resulted in increased respiratory rates, but did
not ditfer significantly from those of sham—operated

controls (P>0.05) (Tables 4, 5, B, 9 and Appendix A).
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Table 3: . Effect of sham operation on msan rectal
. temperature, heart rate and respiratory rate
e of dogs used as contral for myocardial
ischaemlia-reperfusion injury experiment.

Dog Graup Heart Rate/ Respi}atory Rectal
Minute Rate/Minute . Temperature, °c
+ (Mean + 1 &D) (Mean + 1 SD) (Mean + 1 5D)

Pre-Sham
Upgration
(No Surgery) 109.00 + 21,07 20.25

(n = 3%
 Post~Sham-
Operation

(Gurgery -—
Induction) 122.00%

+
in

.91 38.4 + 0.27

26.90 27.25¥

{+
s

12.26 38.75% + 0.33

in = 35

¥ = P>0.08 Y

oy
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lable 4:

Mean rectal temperature, heart rate and
respiratory rate of dogs before induction with
myocardial 1schawmia-repertusion injury (ML)
compared to sham—operated controls.

Dog Graoup Heart Rate/ Respiratory Rec tal

Minute Rate/Minute Temperature, qc

cAMean + | SD) (Mean + 1 SD) (Mean + 1 SD)
Fre-MIRI .
Induction 106.45 + 22.54 19.55 >+ 6&.09 38.52 + 0.45

(n = 11)
Pre-Sham '
Operation 109.00% + 21.07 20.25% + 5.91  38.40% + 0.27
(in = 4)
¥ = P>0.05
v
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oTable 5t Meaan rectal temperature, heart rate and

) respiratory rate of dags . induced with
myocardial ilschaemia-reperfusion injury (MIRI)
compared to sham—-operated controls.

N1

Dog Group Heart Rate/ Respiratary - Rectal .
Mimute Rate/Minute Temperature, °C
(Mean + 1 5D) {Megan + 1 SD) = (Mean + 1 SD)
Past-MIRI

Induction
(Surgeary + , e : _ .
Induction) 144.00 + 24,25 I0.46 + 10.40 3917

+
o

.61
in = 113

Post-Sham—

Operation

(Surgery- : S '

Induction) 122.00% T 26.90 27.25% + 12,60 38.75%

+
o

.33
(n = 4y - b

¥ = P>0.05 ;



Table &: Effect of myocardial ischaemia (M1) on mean
rectal temperature,heart rate and respiratory

rate .
Dog Group Heart Rate/ Respiratory Rectal
Minute Rate/Minute Temperature, °C

(Mean + 1 SD) (Mean + 1 SD) (Mean + 1 Sh)

Pre-MI .

Induction ?1.43 18.76 16.29 + 3.40 3B.40 + 0,40

I+

(n = 7)

Post—MI
Induction 137.29*% + 44.07 28.14%*

|+

6.18 39.44%%%, ¢ 22

(n = 7) %

P<0.05

X

]

LR S P<0.01
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Table 7:

il

Effect of sham operation on mean rectal
temperature, heart rate and recsplratory rate
ot dogs used as control for myocardial

1sechaemia experiment.

Dog Groupr

Heart Rate/ Respiratory Rectal
Minute Rate/Minute Temperature, “C
(Mean + 1t SD) (Mean + 1 SD) (Mean + 1 SD)
Pre-Sham
Operation

(No Surgery)
(n = 3)
Paost-Sham
Operation
(Surgery-

Induction)

(n = 3)

104.00 + 21.17 19.00 + 3.61 3H.20. + 0.30

* * %
125.00 13.23 28.33 + 7.51 139.10 +

|+

-+
o
ol
o

B = F0,0h

¥x = P<0O.05
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Table 8:

Mean rectal temperature, | hgart rate aid
respiratory rate  of dogs before induction
with myocardial dschaemie (M) compared Lo
cantrole before wsham operation. - -

Dag Group Heart Rate/ Respiratory HRectal
« Minute Rate/Minute Temperature, °C
iz (Mgan + 1| 5D} (Mean + t SD3} (Mean + 1 SD)
Pre—-mMI ' . -
Induction 91.43 + 1B.76& 16.29° + 3.40 38.40 + 0.40
(h = 7) : |
. B o . .
' S o : : . '
.. Pre-Sham PR : « :
Operation 104.00% + 21.27 19.00% + 3.41 38.20% + 0.30
(n = 3)
X = P>0.05
r o
S
i
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. Table 93

i

Mean rectal temperature, heart
resplratory rate of dogse
myacardial ischaemia (MI)
aperated controls.

rate and
induced wilth
compared to sham—

Dog Group Heart Rate/ Respiratory Rectal
~Minute Rate/Minute Temperature, °C
(Mgan + 1 SD) (Mean + 1 Sk} {(Mean + 1 G0
Post-MI iR

Induction
(Surgery +
Induction)

in = 79
Post-Sham
Operation

(Surgery -
Induction)

(n = 3)

v

L137.29 4 44.07 28.14 + &.18 39,44 4 0,22

125.13% + 13.23 2g.23%

i+

7.51  39.10% + 0.36

¥ = P20.05



4.3 Heart Hate:

Sham operation was not associated with signitficant
tachycardia ( Tables 3 and 7), but MIR! and Ml resulted 1in
tachycardia (Tables 2 and &). The mean heart rate was
5xgn1f1c;ntly increased from 10&6&.45 + Z22.54 bLeals, per minute
betore Lnd;ction of dogs with MIRL. to 144.00 * 24.%Z20 Dbeats
per minute post-MIRI induction (P<0,01) (Tables 2 and &).
The mean h;art rate of dogs induced with Ml was 91.45 +
18.76 beats pér minute before and 137.29 + 44.0/ beats per
minute after induction (P<0.05) (Tables 2, %, & and Appendix
A . Significant tachycardia observed 1n dogs induced with
MIRI or Ml was not different from their correspongding sham-

operated controls (P>0.0%) (Tables 4, S, B8 and 9 and

Appendix A).

4.4 Total Leucocyte (WBC) Count:

Induction of dogs with MIRI or Ml resulted in
leucocytosis (Tables 10 and 12), but when compared to sham-
operated daogs, the i1ncrease was not significant (P>0.09).
Mean legcocyte count 1n dogs ind'ced with MIRl rose from

L

10.81 + 3.78 x 10°/mm> to 16.04 + 4.66 x.10>/mm> and in dogs

induced with Ml from 12.29 + 3.83 x 10°/mm> to 17.76 + S.37

3

® 103/mm y but was unchanged 1in dogs used as controls tor

either MIRI or Ml experiment (Tables 10-13 and Appendix H).

P

4.9 Dafterential Leucocyte Count:

4.95.1 Bands:
Neither, MIRI, MI nor sham operation induced any

eignificant change 1n the number of band cells (F>0.05)
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{Tables 10 -

Table 10:
o ,

13 and Appendix B).

Effect of myocardial ischaemia-reperfusion
injury on mean total and differential
leucocyte counts.

. Pre-lnduction Post-Induction Difference

b (Meman + L SD) (Mean, + 1 SD}

Total Leucocyte .
Caunts, ' 10.81 + 3.78 16,04 + 4.566 PCO .03
*000/mm™
Bands 1,25 + 1.04 3.00 + 2.20 P>0.0%5
Neutrophils 6£6.38 + 9.18 B2.00 + 4.&0 P<0.01
Lymphocytes 29.463 4+ 9.60 13.50 + 5.138 P<0.01
Manocytes 1,625 + 1.847 0.25 + 0.707 P>0. 0%
Eosinophils 5.000 + 2,828 1.250 + 2.188 - P<O.0O1
Basophils % 0.00 + 0.00 0.00 + 0.00 PRO. 0%

V |
N = 11



Table 11:

Effect ot sham operation on mean total and
differential leucocyte counle of duygs used au
control tor myocardial 1schaemia-reperfusion
1NJury experiment.

Pre-Surgery Post-Surgery Difterence
(Mean + 1 SD) (Mean + 1 SD)
Total Leucocyte
Count, 10.63 + 5.86 10.93 + 4£.03 F20.05
000 /mm>
Bands 1.67 + 1.53 1.33 + 0.58 P70.05
'3
Neutrophils 71.33 + 3.06 79.00 *+ 1.00 P<0O.01
Lymphocytes 25.67 + 3.06 17.33 + 3.06 P<0.0!
Monocytes 0,33 + 0,58 0.00 + 0,00 P20.05
Eosinophils 1.00 + 1.00 2.33 + 4,04 P>»0.05
Basophils 0.00 + 0.00 0.00 + 0.00 P>»0.05




Table 123 Eftect of myocardial 1schaemia (M1) on mean
total and ditterential leucocyte counts.

Pre-burgery Fost Surgery Ditfarence
(Mean + 1 D) (Mean + 1 5D
; L]

Total Leucocyte '
Count, 3 12.29 + 3.83 17.76 + 85.37 P<0.05
" 000/ mm : 1
Hands 0.714 + 1.254 2.42% + 1.714 P<0 . 0%
Neutrophils bl1.71 + 9.79 d0.29 + 11.40 TOPC0.O
Lymphocytes 30.00 + B8.15 14.29 + 6.92 P<0.01
Monocytes 2.97 + 1.40 0.86 + 1.46 P>»0 .05
Eosinophils 5.00 + 4.47 2.14 + 4,49 P>0.05
Basophils 0.00 + 0.00 0.00 + 0.00 P>0.05
n = 7



Table 133

Effect of sham operation on mean total and
differential leucocyte counts of dags used as
control for myocardical i1schaemia experiment.

Pre-Surgery rost-Surgery Ditference
(Mean + 1 SD) (Mean + 1 SD)
Total Leucocyte ‘
Count 13:17 = 2.7} 12.13 +°2.00 '>0.05
“000/mm> :
Bands % 0.00 + 0.00 1.00 + 1.00 P>0.09
Neutrophils &67.00 + 2.646 77.33 + 4.16 P<0.05
Lymphocytes 26.33 + 2.517 20.00 + S5.00 P>0.05
Monocytes 1.00 + 1.73 1.00 + 1,00 F»0 .05
Eosinophils 3.33 » 2.08 4.00 + 1.73 P>0.0%
Basophils 0.00 + 0.00 0.00 + 0.00 P>0.0%
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4.9.2 Neutrophils:

Neutrophilia was 1nduced by MiIRLI and M™Mi, but the
increase 1n neutrophil counts was aot different fram that of

the corresponding sham-operated controls (MF>0.09) (Tables

10 - 13 and Appendix B).

4.5.3 Lymphocgtes. Manoacytes, Eus;noghxlé and Hasophils:
Induction of dogse with e:thér MfRI or Ml resulted 1in
decrease 1n eosinophil (P<0.05) and lymphocyte - (F<0.01)
counts. Neither MIRI nor ML resulted 1in significant
alteration 1n monocyte or basophil counts (P>0.09). Shiam
operation also 1nduced similar changes 1n  lymphocyte and

eosinophil]l counts (P>0,05) (Tables 10 - 13 and Appendix B).

4.6 Leucocyte Cytotoxicaitys:

Both MIRI ana MI i1nduction resulted 1n  i1ncreased
leucocyte cytotoxicity as demonstrated by tncreased
haemolysis (P<0.01) (Tables 14 and 18). Sham operation did
nat result in 1ncreased haemolysis (P>0.05) (Tgbles 15  and
19) . Thﬂ? post-induction increase in haemolysis occurred
either with or without PMA 1n the i1ncubation mixture and was
signiticantly different +rom those of sham-pperated controls
(P<O.09). (Tables 17 andg 21 and Appendix C).

Addition af PMA to incubation mixture before MIRL or MI
induction and sham operation dad not induce wncrease in
leucocyte cytotoxicity (P>0.09) (Tables 16 and 20 and
Appendix C). But 1n the presence of PMA, sham operation or

MIRI or Ml resulted i1n significant i1ncrease 1n leucocyte

cytotoxicity (P<0.05) (Tables 1& and 20 and Appendix C).
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Table 14: Effect of myorardial ischaemia-reperfusion injury
(MIR1} on mean leucocyte-induced haemolys.ls

Dog Group " Without PMA With PHMA Di++ea-
o ' (Mean + 1 8D (Maan + 1 ) -  rence

Pre-MIRI ' . '
Induction

(No surgery)  0,041&62

I+

Q.0273%2 0.0472%9 + 0,054%D Pro.ub
(n = 11}

Post-MIRI

Induction 0.0465846
{Surgery .

Induction)’

i+

Q.03047 0.1247 + 0.05328° P<0.01

n = 11

Pifference o P<0.01 PcO. 01

Values are expressed in absarbance

PMA = Phorbaol myristate acetate
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Taublee 101 Efderl of wham opwralion o owsin bawmo’] yw i
induced by leucoocytes harvested tranm dogs used
as contragl +for myocardial ischaemia-reperfusion
injury (MIRI) experiment.

; . ~
pPog Group  Withaut PMA With PMA : Diffee
{(Mgan + L SD) {(Mean + 1 SD) rence

Pre—-Sham
Operation 0.0292168 + 0.014549 U.Ubeb?q
(No Surgery) o

I+

0.022%681 P>»0.050
{n = 4) : : ) ’

FPost~Sham

Operation C.0304%99 + 0.00B7143 0.05399948 + 0.0140572 £<0.05
(Surgery - : ' ‘

MIRI Induc-—

tion)

(nn = 4)

Difference P>0.05 P>»0.05

Values are expressed in abhsorbance
¥

i
#fMAa = Phorbol myristate acetate
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Mean haemolysls lnduced by leucocyles of dogs before induction

Table 16z )
: with myocardial ischacmia=reperfusion injury (MIKI) compared
to controls before shan operation, :
Dog Group Without PMA With PMA Diftfe—
(Mean + 1 SD) (Mean + 1 5D) rence
Pre-MIRI ' -
Induction .0481682 + 0.027392 0.04729 + 0.03495 P=0.05
(n = 11) i
Pre—Sham -
Uperatiaq] 0.0292168 + 0.014549 0.045594675 + 0.0223468! P=x0.C3
" .
(n = 4)
Difference P>0.05 P>0.05

Values are expressed 1n absarbance

FMA =

Phorbal myristate acetate
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. Table 17: Mean haemolysis induced by leucocytes harvested
- from dogs 1nduced withh myocardial dischaemia-
Creperfusion  anjury  (MIRTD)  campared to % am--
aperated: controls.
b
. )
Dog Group Without FMA With PMA Di+fe—
v (Mean + 1 5D) {(Mean + 1 SD) " rence
Post-MIRI .
Induction 0.06384 + 0.03047 0.1247

(Surgery +
Inductian)

(n = 119%

Post—-Sham
Operatiaon
(Surgery -
Induction)

0.030499 + 0.0087143
4)

{n =

Difference % P<0.05
i

+ 0.05328 P<0.01

G.0599968 + 0.0140372 P<0.05

P<G.05

Values are ekpressed i absorbance

PMA = Phorbol Myristate Acetate
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Table 18:

- Effect of myocardial 1schaemia (MI) on mean
leucocyte—induced haemolysis.

Dag Group Without PMA { With PMA Diffc-
(Mean + 1 SD) (Mean &+ 1 SD) rence

Pre—-MI 3

Induc tion 0.0189053 + 0.0084615466 0.0250977 + 0.00H9YH0 Fx0.05H

(No Surgery)

(n = 7)

Past-Ml

Induction
(Surgery +
Inductiaon)

0.0451342 + 0.0197368 0.114466467 + 0.0400U49272 P00

(n = 7)

Difterence P<0.01

P<0.01

Values are expressed 1n absorbance

PMA = Phorbol myristate acetate



i

Table 19: Effect of sham operation on mean haemolysis induced
by leucocoytes of dogs used as control tor
myocardial ischaemia (Ml) experiment.

Dog Group Without PMA With PMA Ditfe—
: (Mean + 1 5D) (Mean + 1 8D} rence

FPFre—-Sham '

Operation 0.01950971 + 0.00300141 0.017110 + 0.0038921 FPe0,049
(No Surgery) :

{n = 3)

Post~-Sham

Operation 0,0769568 + 0.00263173  0.0479997 + 0.0158989 P<0.0S5
(Surgery -~ '

Ml (nduaction,)

(n = 3) R

Difference = Py0.05 i F>0 . 05

Values are expresged in abhsarhbance .

PMA = Phorbol myristate acetate .
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Table 20: . Mean haemolysis i1nduced by leucocytes of dogs betore
thductian with myoacardial i1schaemia Compared
to controly betore sham operatiaon.,

Dog Group Without PMA With PMaA Ditte-
(Mean + 1 SD) (Mean + 1 SD) rence

Pre—-mMl
Induc t1on
(No LSurgery) 0,018%053

I+

tn = 7)

Pre-Sham
Operation

(No Surgery) .0.01550971 + 0.00300141 0.017110 + 0.0038921 P>0.

in = %)
Difference P»0.059 P<0.05

Values are expressed 1n absorbance

PMA = Hhorbol myristate acetate

95
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Table 213 Mean haemolysis nduced by leucocytes of dogs
induced with MyLCardial 1schaemia  (ME)
compared to sham-operated controls

o
Dog Group Without FPMA with PMA
(Mean + 1 SD) (Mean + 1 SD)
Fouwt Ml

Povidue 4o
(Surygery
Induc tion)

Fost—-Sham
Oper at 1on
(Luryery

Induction)

(n = &)

Ditference

D.0ABL4L + O 0127 460 V. L1666/

0.0169296H + 0.00263173

P<0.05 P<0.05

Values are expressed 1n absorbance

PMA -

Hhurbol

myriastate acetate

96

OO 7

0.0479997 -+ 0,015HH9HY

i
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CHAPITER O

DISEUSS TON

9.1 Hectal lemperature

Elevated body temperature i1s a frequent finding 1n
myocardial infarction. lemperature values tollowing
induction  aof mycacardial infarction were above normal range
in  the dog. (Sokolow and Mcllvroy, 19775 lshimova, 1980) .
The slight rise in rectal temperature observed was due to
the effect of surgery. FProducts ot necrotised or dying
myocardium activate leucocytes wh:gh in turn release
endogenous pyrogens. Ihese pyrogens are transported through
the systemic circulation into the thermoregulatory’ centres
in the hypnthaiamus, where they decreeée the sensitivity ot
these centres to heat stimuli, but Increase . thewr
sensitivity to cold stimuly (Yerzina, 1980; Keele €t al.,
1962) .

Thermoreceptors sensitive to heat 1n the preoptaic
nuc lei ot the anterior hypathalamus ar e selectively
responsive to leucocyte endogenous pyrogens as demonstrated
by Lhiear direct ntroductaion to anterior hypouthalamuas O
cerebrospinal tluird (Yerzina, 1960) . Increased body
temperature results 1n a decrease in cardiac output and
bload pressure. It is accaompanied by heightened
sympathetic tone and direct stimulation of 5;no-atr1al naode .
Thus, elevated body temperature results 1N tachycardia

1
(Lyutinsky et al., 1985) which 15 one ot the physiologic

campensatory ,mechanisms i myocardial 1schaemia’ and
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reperfusian injury aimed at restoring normal cardiovasoular
tunction including coronary blood flow and, consequently,

myocardial supply of oxygen and nutraients.

9.2 Hewpilratoury Hatw

r I .
lac hypigha  was abser ved 0 dogs toduced with MEE o
W
Mi. it UCCU&& ver9 often i1n cardiovascular lesion - induced

L., 1981).

by hypoxaemia and hypercapnaemia (Smirnov et
Tachypnoea 1s a direct result ot reflex stimulation ot
respiratory centre by hypercapnaemia and hypoxaemia OCCuUpreirn
following lett anter Lor descending corunary ar tery
occ lusion.

According to Zhuravel et al. (1985), this hyperfunction
of the respiratory system 1s a4 compensatory mechanism
enhancaing thermal loss and enriching the tissue with oxygen

a5 well as eliminating accumulated metabolitews 1n the blood.

9.3 Heart Rate

Tachycardia was observed i1n dogs irnduced with either
MIRI or Ml. This result 1s 1n agreemené with the findings
ot Hegan et ﬂi- (1970) ’ Becker and Pitt (1971) and
Jally gL al. (1984). Sustained 1ncreased heart rate

"

cccurred inwall dogs with onset of occlusion. )

Hetlexr staimulation ot beta-adrenergic receplors  an
heart resulting i1in tachycardia plays an important role 1n
compensatory cardiovascular regulation. lTachycardia by
iNncreasinyg cardiac output augments cardidac work load and

-
oxygen metabolism, which enhance greater coronary blood flow

and myocardial oxygen supply. 1t 1s aimed at returning mean
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systolic arterial pressure and cardiac output to normal

values (Jose and Stitt, 19469).,
1]

Thus, intrinsic heart rate 1w conulslently i
Quantitativély related to tunctional  myocardial T raatige,
occurring 1n diseased heart, particularly to measures ot the
overall functional myocardial capuczt; a% haemodynamic
estimates of ventricular tunction. Heart rate, 'thereiurv,
1€ the final independent myocardial property governing
ventricular pertormance.

Development of tachycardia 1s linked with retlex
regqulationh of cardiovascular {function. Initial decrease 1n
force of ventricular contraction due to necrotised or dying
myocardium decreases stroke volume which 1n turn 1nduces

.

stimulation ot baroreceptors in aortic arch and carotid
s1nus; hypoxaemla and acidosis stimulating chemoreceptors in
these refieungen1c zones; venous congestion and hyperaemia
1N venae cavae inducing Bainbridge reflex by stimulating
receptors 1n these veins. From these zones, ampulses are
transmitted and summed 1n cardiovascular centres located n
myelencephalon which regulate frequency and {force af cardiac
contractions. Continuous stimulation ot these -Yeilekugunlt
zones results 1n positive chronotropism.

Although * tachycardia 15 usually a compensatory
mechanism  enhancang the pumping of blood, 1f prolonged, it
may decompensate due to 1ncreasing myocardial tatigue

(Savoysky, 1985) . Tachycardia also 1ncreases myocardial

oxygen cansumption and intensities i1schaemia resulting in
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complete reduction in left ventriculgr contractility. This
depression of left ventricular function may be compensated
tar by véntriculdr dilatation which in .turn results 10
turther increased oxygen consumption that exacerbates
1schaemia and depresses myocardial function further. Thus,
perpetuating this wvicious cycle (Maroko and HBraunwald,

1973).

9.4 fotal and Differential leucocyte Counts

Une ot ‘tNE major tindings ot Lthis study 1% that
leacue ytes  play  an wmportant  role  an ‘cu{u. Myt ardial
Lhchuumxa-rupér!Uhlun injury. Ihe observed neutrophilia  in
sham-operated dogs was due to etfects of surgery. Leucocyte
role 1n acute myocardial intarction as a reaction tP tissue
necrosis has bsen well established (Sommers and  Jennings,
19645 Sokolow and Mcllroy, 197735 lshimova, 19805 Ibrabam,
1988) . At 12-24 hours after coronary artery occlusion,
leuc e ytew migrate trom the margloated and aedul lary poole,
and accumulate at the margin and i1nward of necrotic area.
Leucocyte aintiltration covers the entire 1schaemic area,
where they pdrt1E1pate 1n removing the necrotic debris and
allowinyg revascularilisation as well as connective tissue
tormation (Engler, 198&).

It 1% hypothesised that at the aite ot insult,
necrotised and dying myocytes release 'chemotactic tactors
which attract'leucucytes, mainly neutrophils. These release
lysosomal enzymes and generate oxygen-derived free radicals

wivd  metabolrlew nvolved an sCavenging onecr obasedd or ty viwg
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myocytes, they are also involved 1in myacard;él_ damage 1n

acute myocardial 1schaemia-repertusion injury {(Hess et Loy

o

LYUS; Adtmulayev, 1YU&G; Markland, 1Y44) .

5.9 Leucoucyte Cytotoxacity

5.5.1 Free Radical Production and Haemolysis

This study demonstrated the ability of -‘leucocytes
har vested trom blood samples oblaioed  trom dogs waith
experimentally induced myocardial 1sChaemira-reper fusion
inJury to mediate significant cytolysis (P<0.01) against
sensitised caprine erythrocyte targets within a &O0-minute
incubation period.

The activatian ot eftfector cells by phorbol: myristate
acetate (PMA) 1s necessary for target cell lysis since
reating leucocytes do not exert any significant gytotoxic
eftect (Dallegri et al., 1983). Significant haemolysis
demonstrated by PMA untreated leucocytes post-induction of
MIRI or ™Ml might be due to their activation by the
nectrotised myocardium. The low dose ot PMA (200ng/ml) used
might be responsible for insignificant leucocyte
cytotoxicity (P>0.03) occurring betare surqer;. Vercellotti
et al. (1985) used 10ug/ml. of PMA to stimulate ieuﬁccyte&
to mediate significant haemolysis.

Hesults obtained using chronic granuiomatnus disease
(CGD)Y neutrophils had been shown by Dallegri-et al. (1983)
that ox erythrocyte destruction by PMA-activated neutrophils
required oxygen-derived +ree radical production. Unlike

L)

normal neut;ophils, CGD neutrophile failed to exert any
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cytotoxicity.

9.9.2 Lbrythrocyte Protective Mechanmsm

Erythrocytes contain a variety ot defence mechanisms
desi1gned tﬁ protect the cell from oxidant stress, 1nc luding
superoxide dismutase, catalase and the glutathione
peraoxidase-reductase sysatem. - Exposure of normal

erythrocytes to 05 or H,0, does not result in  haemoglobin
oxidation unless 1n the presence of azide, an 1ntraceliular
catalase blocker, or under Qlucose—free conditions, when
NADPH, could not be continuously supplied to glutathione
reduc tase fo; glutathione generation. Increased haemolysis
occurs in  .patients deticient in glucuaé—b;phosphate
dehydrogenase (Gé?D); an enzyme 1invalved in conversion of
glucose-b6-phosphate (G&P) to &-phosphoglucuronic acid in the
firet step of hexose monophosphate shunt that yxelds NQDPH2
(Equation 25).?rhu generaeted NADPH, 1s 1nvolved in reduction
ot glutathiune trom the oxidised to reduced torm  (Lgualion
22). Reduced NADP 1n the presence of NADPH oxidase 1%
involved tn tree radical generation (Egquation 9). Superoxide
radical di smutates 1n the presence Ot superoxide dismulblase
and two protons to generate hydrogen peroxide and oxygen
(Equation 1), Reduced glutathione 1s 1nvolved 1n H,0.,
scavenging {(Equation 1&).

Thus, glucaose oxidation through the HMPS i1s invaolved 1in
NADPH., production for the oxidase a?d HpO-, degradation. B
1s proposed that haemolytic anaemias such as occur in  G&FPD,

.
reduced glutathione deficlenciles and excessive production ot
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oxygen-derived free radicals as well as metabolites occur
when antioxidant defence mechanisms of the erythrocytes are
exhausted and/or overwhelmed as 1n the 1in vitro model system-
Weiss (1980), however, demonstrated that neutrophlls
can medt;t% methaemoglobin formation in normal erythrocytes.
Dallegri et al. (198B3) prepared erythrocyte—leucpcyte assay
mixture tor periods ranging fram 3-18 hours betore
significant haemniys;s could be obtained using unsensitised
erythrocytes. 1t appears, theréfure, that prolonged
interaction ot erythrocyte with oxygen—-deraived free radicals
and metabolites increases the deqree of haemolysis. In view
of the prolonged period required for haemolysis to oaccur,
assay mixture 1n this study comprised leucocyteg and
erythrocytes pre-treated with 2mM of sodium azide, a
power ful inhibirtor of erythrocyte ant}q:ldang detense
mechanism, particularly catalase (Eq@atzon 14). Azide
pretreatment ot erythrocytes enabled statistically
significant haemolysis (P<0.05) to occur within a &0-minute
incubation period, thus reducing the duration ot assay

period.

9.9.3 Mechanism of Cytotoxicity of Leucocyte-Generated Free
Hadicals and Metabolites

Une 1mportant mechanism by which oxygen-derived free
radicals and metabolites exert their cytotoxic effects 15
their ablility to react with unsaturated liplag and 1nitiate
lipi1d peroxidation reactions 1n  target cell membranegs
(Kellogy and Fridovich, 1977). Peroxidation ot

polyunsaturated lipids has been shown to alter physiologic
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state of cytomembranes, causing i1ncregased permeability of
cell membranes (Maridonneau gt al., (9643) . Additional
studies have shown that axygen—derived tree radicals and
metabolites are Capable Of Ox1d1s10g and reducing reactive
groups  such as sdulphydryl groups on amino  acids aiig
proteins, thereby potentially altering the physical  and
birological properties of specitic proteins such as alpha;
antiprotease and mucopolysaccharides 1ncluding hyaluronic
acid (Matheson et al., 1%/9).

Leucocytes generate 05 and H,0, ipto the extracellular
environment and 02 lla.q) as well as OH" which are highly
reactive compounds reacting with nearest target ‘molecule.
Although the c¢ell membrane i1s UEILQJEG to be the primary
si1te of 1njury by leucocyte-generated +ree radicals and
metabolites, 0; and HZOZ are capable of permeating target
cell wmembranes® via anion channels and diftusing through
cytomemhranes, respectively. Nhus, 0;, H,05, oOr their
subsequent metabolites may 1nitiate cell 1njury via reaction
with intracellular molecules 1n target cells (Fanton and
Ward, 19485).

In this model system, whereby harvested leucocytes
1ncubated Wwith sensitised caprine erythrocytes showed
tytotoxitaity, leucocyte-generated oxygen-der ived free
radicals and metabolites oxidised the haemoglobin within
tntact  erythrocyte with subsequent hd&ﬂ?lY%lb on cell-cell

contact basls. Spectrophotometric analysis ot the oxidised

haemoglobins ‘revealed that the major constituent ot the
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mixture waw methaemoglobin (Welss, 19825 Dallegrie et al.,
1985) .

Oxyhaemoglobin  which 1s usually represented as a
terrohaeme-0, complex 1s reduced by U; to methaemoglobin and
H505 (Equatian 20).

Hydrogen peroxide 1n turn can reduce fbrrnhuemE*UQ

complex to methaemoglobin, water and oxygen:

TR &
2H A

HoU, + Hb-Fe®' —=-= 0, -====> Hu-Fe ' 2H,0 ¢ O, (29)

<

Metheemoglobin  1n torm of ferrihaeme-0, complex can then
react with Hzoz torming a methaemoglobln-Hzoz complex that
finally mediates the haemolysis (Equation 21) (Weiss, 1982).
This torms the basis for oxidative haemolytic aneemias.
Romson et al. (19835) demonstrated that neutrophil
depletion limits infarct size and -educes the area at risk
tollowing 90 minutes of coronary artery’ ligation. They,
therefore, postulated that this was due to inhibition ot
Oaygen der tved tree radical generation by neotrophals o e

tntlammatory response to myocardial intarction. This - wark

demonstrated that activated leucocytes were capable of

destroying sensitised caprine erythrocytes via a tree
radical mechanism that may play a4 crucial role Lin
pathogenesls of acute myocardial 1sChaemia-repertusian

tnjury and dystfunction,
Thus, 2 14, 4 appeared that myoacardial leucocyte
infiltration and free radical generation were an  mportant

component  of 1 haemia-reperfusi1on 1njury, and Lthat Lhe
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mechanisem underlying myocardial destruction was based an
production ot reduced oxygen 1ntermediates. Further support
for tree radical-mediated mechanisms of myocardial
1sChaemla-reperfusion 1nJury has been derived from studies
dumUNerdtxng Increased  quentities ol Jipid  peroxide L
1schaemic myocardium. This was associated with ; decrease

L
1N antioxident protective mechanisms (buarnieri et al.,

1980) .

This report further provided basic evidence that toxic
Qxygen species derived from invading inflammatory cells
constituted a major mechanism whereby 1schaemic myocardial
tissue that was perfused, but otherwise viable ant
salvageable became L1rreversibly i1njured.

1t 1w, theretore, proposed thal drug ntervention may
reduce the generation ot toxic oxygen speclies 1n a region of
myocardial tissue that has been made 1schaemic and
subsequently reperfused. A potential clinical applicatian
ot these observations would be the uwse of appropriate
Scavenygers ot oxygen radicals and metﬁbclltes, leucocyte-

dupleting egente, 1tnhibitore 0f leucocyte respiratory  burslt

4 L
4% well as migration to site of i1nsult. Administration ot

sucrh  agents may be beneticlal 1N patients with acute
.
Curunary dartery oo lusion, especlally 1t they are Lo undergo

emergency  reperfusion. Such anterventions may enhance  the

amount ot myocardium that 1s salvageable thrdugh blood flow

regstaration. It repertusion 1s an 1mpartant component to
the overall development of ultimate intarct  saize, proper
attention to the diagnosis of myocardial 1sChaegmia—
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reper fusion injury, manner in which oxygen 1s reintroduced
and/or proper timing of anterventiron ftor the prevention ot
fipid peroxidation of cardiac myocyte membranes via reat bave
oxyguen Lpuec ks could further enhance the exteont "to whiroh e

salvage of myoccardium might be achieved.

The 1n vitro madel system employed by co=incubating
leucocytes harvested +irom canine blood samples with
sensitised caprine erythrocytes allowed the latter ta
interact with . generated oxygen trec radicals ana

metabolites, a non-specific reaction knaown as "leucacyte by

stander 1nteraction’ . IThis reaction may be ot value 1 the
development ot a sultable 1n vitro test for detectiron and
gquantitication of myocardial 1schaemia-reper tusion LI LR y o
the routinely used tests are 1nvasive and some  Of therr

other limitations are briefly as follows:

1. Serum Creatine Phosphokinase (LCPK) Measurements:
This 1% sensitive to wvariables such g Lk

fraction released from necrotic tissue, body water
traction 1in  which the enzyme 15 daistr.obuted and the

amount ot CPK cleared from plasma.

. Hadianuc lide Technigues:

f'he most commonly used 1s i1njection of 201 thallium
or 99m  technetium pyrophosphate for spotting ol
intarcted tissue. Although the two radionuclides gave
an  approximation of ntarcted area, they lack the

resolution required to define small infarcts and

107



require mathematical mDﬂé]llﬂé to determine
contiguration of the margin (Badd et al., 1979).

The 1n vitro model system ot this work, however,
served as 40 1nexpensive, handy, non-invasive amethod to
be used 1n animals, It 15 proposed that co-i1ncubation
ot stimulated circulating leucocytes with sensitised
erythrocytes will serve as 4 method ot detection ol

myocardial 1schaemia-reperfusion injury.
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SUMMARY AND CONCLUSTON

Eighteen healthy dogs were experimentally 1nduced with
acute myocardlial 1schaemia-reperfusion 1njury (MLl andl

myocardial i1schaemia (MIl) by occlusion of the left anterior

descending branch ot the coronary artery; seven sham
opegrated doygs served das controls. lwenty tour  hours pre
and post-surgery, rectal temperature, heart rate and

respirataory rate ot each dog were recorded; citrated blood
samplee were abtained ftor total and differential leucocyte
counts as well as leucocyte cytotoxicity assay. Leucocytew
were examined for their capacity to mediate cytotoxicity
against sensitised caprine erythrocytes in the‘presence ot
phorbal myristate acetate (PMA), a system widely employed as
1in vitro model of tissue damage by stimulated leucocytes.

Occlusion of the left anterior descending b}anch o+t
coronary artery either with tﬁlRI) or without (M)
reper fusiaon resul ted in elevated hady temperature,
tachycardia .and tachypnoed. Both MIRI © and ™Ml 1nduc ed
neutrophilia and significant haemolysis. The ubserveﬁ
increased body temperature, tachypnoea and tachycardia as
well as neutrophilia were physiologic compensatory mechaniams
in myocardial 1schaemia and reperfusinn injury aimed at
restoring normal coronary blood +tlow  and, consequently,
myocardial oxygen and nutrient supply.

In response to acute myocardial 1schaemlc and/or
repertusion 1njury, leucocytes migrated from marginated and

medul lary pools to accumulate at the margin and INnward o
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necrotic myocdrdium, where they removed necrotic debris  and
allowed  revascularisation  as  weell Wi Lo bive Lo
formation. While pertorming this scavenging role, leucocytow
generated cytatoxic oxygen—-derived free radicals and
matabnlxteb;whlch might be an additional factor contrabut g
to myocardial 1schaemic and/or reper fusion Injury.

In conclusion, the 1n vitro mgdel systen employuu Li

this study which established the potential role ot

.

leucucytes 1n oxidative havmolytic anaemias might  be ot
value 1n non—invasive ante-mor tem diragnosis of ischaemac
and/or reperfusion 1njury, preventable by administering
leucocyte-depleting agents, tree radical scavengers and

inhibitors ot leucocyte respliratory bursts.
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APPENDIX A

lable 13 Effect of myocardial 1schaemird-reperfusion injury on rectal tesperature,
huff rate and respiratory rate,
r b oy N uaber
Body Parameter 7 2 3 A 1 g8 10 12 13 14 15 ib

Rectal Teaperature Fa. 39.0 39.0 38,5 37.8¢ 38.0 38.2 38.3 8.8 J8.6 3B.3 139.2
)
b, 39.4 39.5 39.4 37.9 39.6 38.9 39.4 39.5 39.5 38.5. 39.4

Heart Hate/Min. L. g0 120 115 124 120 120 120 tl6 120 o4 1

b 130 180 152 127 140 98 165 170 162 124 13

Respiratory Rate/ %a. 14 26 20 20 16 M4 12 20 25 52 16
Min.
b, 30 % 31 10 36 16 25 5 4 32 s

Fl = Pre-induction
= Post-induction



Table 21

Hectal Tempera
{2

Heart Rate/Min

Hespiratory Ra
Minute

a. = Pre-
bh. = Post

Effect of sham operation @n rectal
tenperature, heart rate and respiratory rate  of
doge used an control tor myocardiael 1wchavmia
repertusion injury experiment.

——— T ———— ——— ——————— i —— o o o o e e

Dog Number
1 9 10 L7

ture, ta. S8.6 $8.5  S8.5%  SH.U

*b. 39.0 $9.0 SU.7  su.s
ute %o 116 130 80 110

*b. 123 136 . 84 145
tes L 26 24 13 18

*b. 20 40 14 5
surgery
~surgery.



Tdble 3: Eftect of myocardial 1scheemia on rectal teaperature, beart
rate and respiratory rate.

--------------------------------------------------------------------------------

llog Nuaber
Body Paraseter = sdtemeesscrccccccecsnanesiescccssnnenerectacaaees
| 3 5 & 7 8 9
Rectal lemperature, ¥ L 8.7 38.2  38.0 38.5 5.1 6.3 8.0
0
w

b.ge 9.7 39.0 19.5 3R.5 395 395 39

Heart Rate/Minute o  'a. 0 112 B4 15 80 Mo 109

b. 6 152 w0 14 1287 82 189

Respiratory Rate/Minute “a. 12 20 18 13 20 12 17

b. 20 W 0N L} % 35

PR Pre-induction
b = Post- induction

—

W
-~

-



Table 4: Effect of sham operation on

rectal

s temperature, heart and respilratory *rates ot

dogs used as control tor myocardial
experiment.

Dog Numbor
Buuy Harame ter o - i v

4 1O
Hectal Temperature, ‘a. 4.5 3579
(] :
& "
*b. 39.5 39.0
Heart Rate/Minute ¥a. - 120 HO
i
b. 135 110
Respiratory Rate/Minute *a. 20 15
*b. 26 21
. o  messenmimes | TS
. Hre-wurgury
b Host-surgery.

1oc aemia

L1



APPENDLY B

lable 1: Etfect of myacardial ischaemia-reperfusion injury on total and differential
leucocyte counts. '

.......................... i e e e e e e e
Uog lotal
Nuaber Lw:ncyie Bands Neutrophils Lysphocytes Honocytes Eosinophils Basophils
“000/am .
' L
7. %, a5 2 " (6 ' 3 i
B w9 X m 8 2 0 0
8. ‘4. 156 ! 7 u 0 3 0
YW, 18.8 7 m 9 0 0 0
w0 Y 6.8 0 1 1 0 y 0
b, 134 | 85 13 0 | 0
12 :4. g 3 61 3 0 3 0
b, 14.2 I 80 19 0 0 0
3 Y%, s 2 o4 23 2 9 o
W 239 I 7 23 0 3 0
m oY s | 9 3 0 B 0
b, 2.8 5 a2 13 0 0 0
s Y% 9 0 62 3 4 3 0
' 13.9 ? 19 13 0 b 0
16 :a 8.0 | i 21 3 3 0
b, 13.4 3 a7 10 0 0
'a = Pre-Induction
'h z Post-Induction.
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lable 2: Etfect uf sham Operation on total and differential leucocytle counts of  dogs
used as control for myocardial ischaemia-referfusion injury experisent.

..........................................................................................

lug fotal
Wusber  Leucocyle  Bands Neutrophils Lysphocytes Monocytes Eosinophils  Basophils
000/ an
9. Y 12 3 68 9 0 0 0
) 1.5 1 8 1 0 7 0
TR Wt N 2 7 23 0 i 0
%, 1.8 2 40 18 0 0 0
! 4
't L TURR 1 0 17 25 i 7 0
b, 1.4 | 9 20 0 0 0
e

a = Pre-surgery
= Post-surgery,

157



lable 3: Effect of myocardial "ischaemia on total and differential leucocyte counts.

Dog Total
Number l'“‘-"”ﬁ' Hands Neutropbils Lyaphocytes Monocytes Eosinophils  Basophals
| 000/ mn
oY 0.2 0 b1 30 . 5 0
. 2.6 5 73 2 t 0 0
J ba, 10.5 0 49 42 4 b ]
th, 12.4 4 49 ! 0 ] ]
Y 10.8 3 6! 2 2 0 0
W, .2 2 B 12 0 0 0
b N, 9.6 2 60 L} l 1 0
b, 12.68 i 18 15 1 3 a
[ P v 0 15 20 1 3 Q9
. 14,6 1 92 b 0 0 0
g ta. 19.0 0 10 20 K b 0
th. 9.1 L 85 1 0 0 0
U TR TR 0 50 3 1 14 0
Ih. 2.4 ] 5% Y Bl 12 0
1a Pre-induction

W = Post-induction.
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——————— = = =

Table 4: Etfect of sham operation on total and differential leucocyte counts of
dogs used as controls for myocardical ischaemia experiment,

oy Total
Nusber  Leud m.yiu Bands Neutruphils Lysphocyles Monocytes Losinophils  Basephils
000/ an '

LI P B.6 0 10 26 2 2 0
ib, 9.4 1 16 20 0 ] 0

10 ta, 14.0 0 ; 3 i) 2 L] 0
LI'H 15.2 2 62 15 0 1 0

I ta, 10.9 0 bb 29 2 3 0
ib. 11.8 [ 71 25 . 1 0

la = Pre-surgery

I = Post-surgery.



APPENDLX C

Table 1: Effect of myocardial ischaemia-reperfusion tnjury on
leucocyte-induced haemolysis (Absorbance)

Pre-Induction Post-lnduc Laon

-----------------------------------------------------------------------------------------------

2 lal 0,354 0.2%2 0.3%8 0.301 0.155 0.092 0.222 0.11%
ib) 0.3 0.301 0.358 0.301 0.171 0.123 0,252 0.131
tc) 0.3 0.284 0.444 0.301 0.208 0.125 0.252 0.131

Mean + SD 0.34933+ 0.29233+ 0.41333¢  0.301¢  0.178 ¢  O0.104 + 0242+ 0,127+
0.01079  0.00851  0,02656  0.000  0,02719  0.01905  0.01732  0,00693

ot 0.108 0.081 0.119 0.097 0.102 0,066 0.143 0,031
(o) 0,119 0.081 0.108 0.081 0.061 0.038 0.143 0.066
(el 0.187  0.102 0.1%7 0.097 0.114 0.061 0.155 0.061

Mean ¢ 5D 0.136 + 0,088 + 0.12033+ 0.091667+  0.09233+  0.05433+ 0147 + 0.05933¢
0.04279  0.01212  0.01464  0.00924 0.0278 0.016073  0.00693 0,00764

4 lal 0,125 0.081 0.155 0.097 . 0.7 0.066 0.301 0.031
ib) 0.102 0.081 0.097 0.081 0.161 0.036 0.301 0.068
) 0.137 0,102 0.133 0.0%7 0.174 0.05! 0.319 - 0.081

- Mean + S0 0.12133¢  0.088 + 0.13567+ 0.09167+  0.16867+ 0.05433+  0.307 + 0.05933+
0.01779  0.01212  0.03549  0.00924  0.00681  0.16073  0.01039 0.00764

1 lal 0.237 0.168 0,244 0.1468 0.201 0,108 0.31% 0.135
(b} 0.237 0.135 0.237 0,168 0.174 0,108 0,328 0.161
() 0.237 0.155 0.234 0.222 0.222 0,155 0.345 0.15%

Mean + S0 0.237+40. 0.15933+ 0.23833+ 0.186 + 0,199 + 0.12367+  0,33067+ 0.157 +
0.00  0.00751  0,00513 0.03118  0.0241  0.02714  0.01320 0.00346

b tal 0.2135 0.108 0.171 0.10d 0.232 0.149 0.328 0.174
(l 0,195 0.114 0.268 0.10d8 0.301 0.111 0.571 0. 1494
el 0.17/4 0.102 0. 166 0.097 0.252 0.1/4 0.510 0.187

Mean + 50 0.18133¢ 0,108 + 0,20233¢ 0,104333+ 0,26833¢ 0.16467+  0.33833¢ 0.165 ¢
0.03066 0.006  0.05669 0.00635  0,02629  0.01365  0.03487 0.01015

10 (al 0.215 0.lo8 0.171 0.108 0.252 0.174 0.337 0.174
(bl 0.1%% O.114 0.221 0.108 0.501 0.171 0.3%7 U194
! 0.201 0.102 0. 164 0.0/ 0.2%2 0.149 0.361 0.1

Mean + S0 0,19033+ 0.108 + 0.187 + 0.10433+  0.26833+ »0.16467+  0.347 + 0.185 +
0.03139  0.006 0.03035  0.00635 0,026829 . 0.01365 0.01732  0.01015

[
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lable | -

Cont " d.

12 (a)
(b)
lc)

Mean + SD

0.032
0.03
0.0??

0.03 +
0.00721

0.022
0.027
0.022

0.02367+
0.00289

0.046
0.046
0,041

0,04433¢
0.00289

0.036
0.036
0.021

0.033 +
0.,00520

0.114
0.0%2
0.15%

0.12033+
0.03197

0.081
0.081
0.081

0.081 +
0.00

0,1
0.174
0.194

0179674+
0.01250

0.0%7
0.114
0.102

0.10433+
0.00874

Hean ¢ 50

14 (a)
th)
fc)

Mean + 50
15 ta)
(b)
cl
Medn ¢ 50
16 fa)
(b}

(c)

Kean + 50

0.11533¢

0.00635

0.108
0.114
0.114

0.112 +
0.00346

0.0%7
0.114
0.0%7

0.10267¢
0.00981

0.097
0.102
0.076

0.09167¢
0.01380

0.0%7
0.097
0,07

0.097 ¢
0.000

0.086
0.086
0.031

0.07433+
0.02021

0.086
0.086
0.051

0.07433+
0.02021

0.125 ¢

0.000

0.14%
0.143
0.149

0.147 +
0.00346

0.137
0.174
0,143

0.15133¢
0.01986

0.106 ¢
0.0034b6

0.108
0,108
0.102

0.106 +
0.00346

0.114
0.137
0.125

0.12533+
0.01150

0.114
0.137
0.123

0.12533+
0.00939

0.149
0.131
0.125

0,135 +
0.01249

0.131
0,114
0.174

0.1397¢
0.030%2

0.119
0.143
0.137

0,133 +
0.0123

0.0%167+
0.00924

0.097
0.097
0.081

0.09147+
0.00924

0.071
0.071
0.086

6,07 +
0.00864

0.086
0.071
0.0

0,076 +
0.00866

0.155
0.187
0.222

0.184 +
0,05551

0.208
0,143
0.194

0.18167+
0.03421

0,201
0,194
0.208

0,201 +
0.007

0.268
0.260
0.252

0,260 +
0.008

0.102
0.119
6.102

0.10761¢
0.00981

0.114
0.11%
0.102

0. 11167+
0.00874

0.11%
0.143
0.119

0,127 +
0.01386

0.143
0.119
0.11%

0.127 ¢
0.01384

Leucocytes + erythrocytes without phorbol ayristate acetate
Leucocytes + erythrocytes with phorbol myristate acetate

Erythrocytes without phorbal myristate acetate
Erythrocytes with
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Tatle 7: Effect of shas operation on haemolysis-induced by leucocyles dogs
used as controls for mayocardial i1schaemia-reperiusion injury (Absorbancel,

...............................................................................................

Pre-Sham Uperation Post-Sham Operation
Dog No Wi ] wi' i Wi f wit! 'y
1 la) 0.310 0,292 0.310 0.301 0.137 0.125 0.168  0.11%
(b} 0.310 0.284 0.387 0.301 0.14% 0.125 0.201 0.131
(c) 0.310 0.301 0.387 0.301 0.14% 0.125 0.201 0.131

Mean + SO 0.310 + 0.29233+ 0.36133¢ 0.301 + 0.145 & 0.125 + 0.19 + 0.127 +
0.00 0.00851 0.04446 0,00 0.00693 0.00 0.01905  0.00693

|-

T (a) 0.201 0.149 0,155 0.104 0,208 0.174 ¢.319  0.215
(b} 0.194 0,149 0.155 0.108 0,208 0.1 0.301 0.257
() 0.168 0.114 0.284 0.111 0.208 0.1535 0.301 0.237

Mean + S0 0.18766+ 0.13733+ 0.198 + 0,129 + 0.208 + Q.67 + 0,307 + 0,229 +
0.01739  0.02021 0.07448  0.03637 0.00  0.00021 0.00039 10,0127

T

Il 0.040 07022 0.041 0.02/ 0.11% 0.081 0,15  0.0%/
(b) 0.046 0.027 0.06b 0.036 0.108 0.081 0,155 0,114

(c) 0.04b6 0.022 0.0686 0,036 0.108 0.081 0.143  0.102

Mean + S0 0,046 + 0.02367+ 0.05767¢ 0,033 + 0.11167¢ 0,081 + 0.151 + 0.10433+
0.00 0.00289 0.01443  0.00520 0.00635 0.00 0.00692  0.00873

17 (a) 0.108 0,092 0,161 0.155 0.153 0.125 0.155  0.102
(b 0,108 0.086 0.16l 0.125 0.159 0.11% 0.161  0.119
c) 0.161 0.119 0.168 0.125 0.14% 0.125 0.161  0.119

Mean ¢ 50 0.12967¢ 0.09 ¢ 0,1638 + 0,139 ¢ G035 ¢ 0,073 ¢ G.05F ¢ G.033N

0.0806  0.0173%  0.00404 0.017352 0.00546 0.00265 0.00%46  0.0044!

-----------------------------------------------------------------------------------------------

Wt = Leucocytes + erythrocytes without phorbol myristate acetate
W= Leucacytes + erytnrocytes with  pnorbol ayristate acetate
H: - Leucocyles + erythrocyles withoul phorbol myristate acetate
R = Leucutyles + erylhrocytes wilh phorbol ayristele dcetate
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Tatle 3: Effect of syocardial ischaemid on leucocyle-medicated haesolysis (Absorbance)

Pre-Sham Operation Post-Shae Operation
Dog Nu. Wi W wi' ) Wi R W' K’
1 f(a) 0.027 0.00% 0.036 0.034 0.071 0.027 0.092 0.041
(bl 0.027 0.009 0.092 0.041 0.04b 0.027  0.0%2 0.046
(c) 0.036 0.013 0.061 0.034 0.038 0.018 0,114 0.036

Mean + S0 0.030 + 0.01033+ 0.063 + 0.03766+ 0.051 + 0,0240 + 0.09933+ 0.0410
0.00520 0.00231 0.0281  0.00289  0.0(B03 0.00520 0.01270  0.005

|-

3da) 0.027  0.009  0.061  0.036  0.071  0.027 0,208  0.041
(b) 0,027 0,009  0.061 0,041  0.051  0.027 0.208  0.046
() 0.022  0.013  0.076 0,036  0.061  0.018 0,208  0.03
Mean + S0 0.027+0.00 0.01033+ 0.066 + 0,03766¢ 0,061 + 0.024 + 0.208 + 0.041 +
0.00231  0.00866 0.00289  0.01  0.00520 0.00 0.005

5 (al 0.076, 0.046  0.086 0,061  0.482  0.398  0.602  0.45
(b) 0.070  0.061  0.086  0.066  0.469°  0.387  0.602  0.444
() 0.066  0.061  0.086  0.076 0,49  0.377  0.402  0.444

Mean + 60 0.071 + 0.05 + 0,086 + 0.06766¢+ 0.4733+ 038733+ 0.602 + 0.448 +
0.005 y 0.00866 0.00 0.00764  0.00751 0.0105 0.000 0,00693

6 la) 0.071 0.045 0.097 0.076 0.432 0.398  0.402 0.444
() 0.071 0.06t 0.057 0,066 0.432 0.387  0.602 0.444
(c) 0.0m 0.061 0.071 0.061 0.444 0.377  0.449 0.444

Mean + S0 0.071 + 0,05 ¢+ 0.08633¢ 006766+ 0.4360 + 0.3673 + 0.55766+ 0.444 +
0.00  0,00866 0.0150  0.00764  0.00695 0.1050 0.0768  0.00

1 () 0.027 0.027 0.046 0,036 0.061 0.032  0.102 0.058
(b} 0.027 0.022 0.046 0.036 0.061 0,018  0.1%4 0.04¢6
) 0.036 0.022 0.061 0.046 0.061 0.027 0,201 0.036

Nean + 50  0.030 + 0,02366¢ 0.051 + 0,03933+ 0,061 + 0,02566+ 0.20333+ 0.0466 +
0.0052  0.00289 0.0066  0.00577 0.00  0.00795 0.0107  0.0110

g fa) 0.061 0.027 0.071 0.036 0.092 0.027 0.137 0.056
(b) 0.044 0.022 0.071 0.036 0.056 0.032 0.141 0.046
191 0.044 0.022 0.086 0,046 0.076 0.018 0.1%7 0.056

Mean + S0 0.051 + 0,02368¢ 0.076 + 0.03933+ 0.0746b¢ 0.02566+ 0.138331  0.0460 ¢
0.00866  0.00289 0.00866 0.00577  0.01804 0.00795 0.00251  0.0110

¥ lal 0,056 0.027 0.061 0.03&6 0.041 0.01B  0.102 0.032
(b 0.061 0,022 0.076 0.045 0,056 0.004 0,102 0.036
lc) 0,056 0.027 0.081 0.032 0.046 0,0222 0,092 0.046

Mean + S0 0.03764+ 0.02333+ 0.07266¢ 0.038 + 0.04766¢ 0.0[4?{}1 0.09866¢ 0.038 +
"0.00289  0.00289 0.01041  0.00721  0.00764 0.00953 0.057741 0.00721



e Leucocytes + erythrocyles without phorbol myristete acetate
W' o= Leutucyles + erythrocytes with phortol syristate acetale
N Leucucyles * erythrocytes without phorbol syristele acetale
f' = leucocyles + erythrocytes with  phorbol myristute acetate

lTable 4: Effect of sham operation on hnuulysis'mduudjeu:ncytui 0f dugs used =% controis
for ayocardial 1schaemia experiment (Absorbance)

Pre-surgery Post-Surgery
Dog No Wi R R’ it Wi K W' R
o
4 (al 0.071 0,046 0.076 0.066 0.409 0.3% 0.509 0.456
(h) 0.0 0.061 0.0%2 0.078 0.40% 0.387 0.323 0.45
(c) 0.066 0.061 0.074 0.061 0.387 0.317 0.523 0.444

Mean + S50 0.06933¢ 0.05 + 0.08133¢ 0.0676 + 0.40166+ 0,38733¢ 0,51833+ 0.452 +
0.00289 0.0066  0.00924 0.00764 0.1270  0,01050 0.0081  0,00493

10 (al 0.041 0.027 0.061 0.032 0.032 0,018 0,071 0.032
(o) 0,032 4.0222  0.061 0.036 0.027 0.,0222  0.074 0.038
(ct 0.044 0.027 0.041 0.044 0,036 0,004 0.04l 0.048

Mean + 50 0.03986¢ 0.0254 + 0.05433+ 0.038 + 0.0J166t 0.014733¢ 0.0760 + 0.038 +
0.00709 0.00277 0.0115  0.00721 0.00451 0,00933 0.00% 0.00721

L (al 0.041 6.427 0.061 0,032 0.03 4.004 0.1 4,032
(bl 0.041 0.0222  0.066 0.036 0,036 0.018 0.076 0,046
tcl 0,051 0.027 4.031 0.046 0,036 0.0222  0.0Bb 0.056

Mean + S0 0,0445 + 0.0254 + 0,05933¢ 0.038 + 0.3433 + 0.014733¢ 0.0776 + 0,038 +
0.00577  0.00217  0.00764 0.007211 0.002867 0.00953 0.00764  0.00721

lﬂ; = Leucocytes * erythrocyles without phorbol myristate,
NE - Leutecytes + erylhrocyles with  phorbel syristate
R B Leucocyles + erythrocytes withoul phorbol syristate

B = Leutocyles ¢ erythrocytes with  phorbol syristate,

'
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APPENULX D

PLATE X: Left thoracotomy

PLATE I1: Left anterior descending
bran:h of the coronary asriery



PLATE I11: Occlusion o

descending‘branch of the
coronary artery

f left anterior
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. AFPENDIX E |
Figure 1:The generation of oxygen -derived free radicals and
metabolites linked to the glycolytic and pentose phosphate

pCiways.
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