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Abstract

Background:Great advances have been made in the preventibmashbotic disorders by developments of new
pharmacological and surgical treatments. Animal ef®af arterial thrombosis have largely contributedhe
discovery and to the validation of original treattse The purpose of the present work was to develap
validate an original model of acute myocardial infen provoked in pig by thrombosis of the lefttenor
descending (LAD) coronary artery induced by topagaplication of ferric chloride solution.

Methods and resultdvlyocardial infarction, resulting from an occlusiaed adherent mixed thrombus formed in
the LAD coronary artery, was examined at macroscégiel using dual staining technique (Evans blye; d
triphenyltetrazolium chloride) and at microscopievdl using conventional histological analyses and
immunohistochemical detection of desmin. Biocheinimarkers (troponin Tand ATP), platelet reactivityda
standard hemodynamic parameters (such as strokeneolejection fraction, stroke work and cardiacpat)t
have also been evaluated. From these analyseasitlamonstrated that each pig developed a trankaraeaof
irreversible damage mainly located in the antertzdepegion of the left ventricle. The more progressi
development of coronary artery occlusion, as coegbaio an abrupt ligation, was accompanied by a
correspondingly progressive impairment in hemodyinam

Conclusion:We conclude that this original porcine model of wealial infarction is quite close to clinical
pathophysiological conditions, such as thrombusfdion occurring after atherosclerotic plaque regtThis
certainly constitutes a further argument in favofithis model to assess pharmaceutical or mecHasuggort
of an acutely ischemie heart.
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Introduction

Coronary artery thrombosis is widely accepted asagor cause of myocardial infarction (Ml) [1-3].deed,
rupture or injury of an atherosclerotic coronarieaal plaque which occurs spontaneously in pagievith an
acute coronary syndrome or as the result of a p@Emeous coronary intervention, serves as a niduplételet
aggregation and thrombus formation, which, in tumay cause MI. Since Ml was shown to be causednby a
acute intracoronary thrombotic occlusion, the primgoal of therapy is rapid, complete, and susthine
restoration of infarct-related artery blood flow.otB pharmacological (antiplatelet, anticoagulantd an
fibrinolytic) and mechanical (Percutaneous Tranghain Coronary Angioplasty) restoration of antegrade
coronary blood flow in patients with acute MI hdveen demonstrated to improve left ventricular fiomgtto
reduce infarct size, and to reduce mortality.

The choice of the animal model of thrombosis-induddt to evaluate the efficiency of antiplatelet,
antithrombotic or thrombolytic drugs in pre-clinictudies is crucial. Moreover, the use of experitabmodels
of arterial thrombosis in animals is an obligatatep for the understanding of mechanisms involved i
pathologies consecutive to thrombotic disorderanbitous animal models of thrombosis-induced MI Hasen
proposed in the last decades [4]. Among factorengiortance, there are animal species, coronaryrthosis
induction method, thrombus composition and sittoahation.

In this study, we have developed and validated aginal porcine model of acute myocardial infaratio
provoked by thrombosis of the left anterior desaegpdcoronary artery induced by topical ferric clider
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application. Parameters have been evaluated talatalithe model, among which the influence of the
concentration of ferric chloride solution applicedj the coronary and myocardial lesions by histogagical
and biochemical studies, the platelet reactivity dw vivo platelet aggregation evaluation, and siathd
hemodynamic parameters.

Materials and methods
Animals and surgical preparation

All experimental procedures and protocols usedis investigation were reviewed and approved byBtiecs
Committee of the Medical Faculty of the University Liege. All procedures conformed to the Guiding
Principles in the Care and Use of Animals of theefican Physiological Society and were performeaating

to the Guide for the Care and Use of Laboratorynfais, [NIH publication no. 85-23, revised 1996].
Experiments of thrombus induction were adapted ¢gpi left anterior descending (LAD) coronary ayteom

a method of ferric chloride-induced arterial thransis first described in rats by Kurz et al., artédapplied by
Tanaka et al. and Dogné et al. [5-7].

Experiments were performed on 10 healthy pure piepims of either sex weighing from 20 to 30 kg.
The animals were premedicated with intramuscularimigtration of ketamine (20 mg Ky and diazepam

(1 mg kg"). Anesthesia was then induced and maintaineddmntinuous infusion of sufentanil (0.5 pgk?)

and pentobarbital (3 mg Kgh®). Spontaneous movements were prevented by paricorobromide
(0.2 mg kg"). After endotracheal intubation through a cervitracheostomy, the pigs were connected to a
volume-cycled ventilator (Evita 2, Drager, Lubecler@any) set to deliver a tidal volume of 15 mi*kgith a
FiO, of 0.4 and at a respiratory rate of 20 breaths’mitnd-tidal CQ (ET CO,)) measurements (Capnomac,
Datex, Helsinki, Finland) were used to monitor daequacy of ventilation. Respiratory settings veatjgisted to
maintain ET CQ between 30 and 35 mm Hg. Arterial oxygen satunati@as closely monitored and maintained
above 95% by adjusting the Fi@s necessary. Central temperature was measurbdawiéctal probe and
maintained at 37 °C by means of a heating blankestandard lead electrocardiogram was used for the
monitoring of heart rate (HR).

The chest was entered through median sternotomypetieardium was incised and sutured to the chafitter
form a cradle for the heart, and the root of thesawas dissected clear of adherent fat and comeetissue. A
combined conductance-micromanometer catheter (Cirdm, Zoetermeer, The Netherlands) was inserted
through the right carotid artery and advanced theleft ventricle. A micromanometer-tipped cathg&entron
pressure measuring catheter, Cordis, Miami, FL, U8A}F inserted through the right femoral artery and
advanced into ascending aorta. A 14-mm diametévasaular flow-probe (Transonic Systems Inc., [thadY,
USA) was closely adjusted around the aorta 2 cmndtn@am to the aortic valve. The micromanometeretipp
catheter was manipulated so that the pressure rsesopositioned just distal to the flow probe. Rigtrial
pressure was measured with a micromanometer-tipgigter inserted into the cavity through the sopeena
cava. A 6F Fogarty balloon catheter (Baxter HealtecCorp., Oakland, CA, USA) was advanced into the
inferior vena cava through a right femoral venotoinflation of this balloon produced a titrabletieérd shift in
pressure-volume loops by reducing venous reture. jligular vein and the left femoral artery wererzdated

for eventual drug administration and for blood skws@nalysis, respectively.

A segment of the LAD coronary artery was isolatestadito the first diagonal branch for later topiéadric
chloride application. An electromagnetic flow profgansonic Systems Inc., Ithaca, NY; USA) was place
around the LAD coronary artery 3 cm distal to tite sf FeC} application, to measure coronary artery blood
flow.

Ferric chloride-induced pig LAD coronary artery thrbwsis

After a 30-min stabilisation period, a blood samphs drawn (time 0) and a tissue strip (3 mm widtturated
with ferric chloride solution (20% or 50% wi/v) wedled around the surface of the LAD coronary artfier 45
min and then removed. Animals were kept alive duBrh following removal of the tissue strip satachtvith
ferric chloride solution. The blood flow in the LAD®nary artery was monitored throughout the expeninto
evaluate the time to occlusion and eventual repenfuevents. At the end of the experiment, araéshitof the
left ventricle was determined, ferric chloride-imed thrombosis of the LAD coronary was examined] an
myocardial infarction quantified.

Ex vivo platelet aggregation study and platelet ¢coun

Ex vivo platelet aggregation and platelet count weeasured just before ferric chloride applicatibmé 0) and
three times (every 2 h) after tissue strip remoB&od sample (2.5 ml) was drawn from the cathi&tserted in
the left femoral artery into a tube containing tBof trisodium citrate (3.2% w/v) as an anticoagul Platelet-
rich plasma (PRP) was prepared by centrifugatiat8at»g for 10 min (15 °C). Platelet-poor plasma (PPP) was
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obtained by centrifugation of remaining blood a022) for 10 min (15 °C). The platelet concentratidrPRP
was measured and adjusted to 3adlls mi* by dilution with PPP. Aggregation tests were perfed according

to Born's turbidimetric method [8] by means of talmannel aggregometer (Chrono-log, Kordia, Leiderg Th
Netherlands). PPP was used to adjust the photametgasurement to the minimum optical density.
PRP (225 pL) was added in a silanised cuvette &imeds (1100 rpm). Platelet aggregation was irgtiaby
addition of arachidonic acid (600 pM final) and AQP pM final). U-46619 was purchased from Cayman
Chemicals Company (Ann Arbor, MI, USA). Arachidoricid and ADP were supplied by Kordia (Leiden, The
Netherlands). To evaluate platelet aggregationgitaemum increase in light transmission was deteedhiinom
the aggregation curve 6 min after addition of tiduicer.

Hemodynamic measures

In order to provide similar states of vasculaiirfigl, the animals were continuously infused with geinlactate

(5 ml kg* h*), and, when necessary, with hydroxyethylstarchté%crease central venous pressure up to 6-7
mm Hg over 30 min. Baseline hemodynamic recordiag wbtained thereafter from simultaneous measurtsmen
of aortic pressure and flow waves. A first diagramLV pressure-volume relationship was generateanfr
volume and pressure measurements at baseline &rdstdpwise decreases in preload by reducing wenou
return. The occlusion was limited to a few secomusduration in order to avoid reflex responses. All
measurements were taken immediately after the amims briefly disconnected from the ventilator testin
end-expiration. After deflation of the inferior \eercava balloon, the animals were allowed to restaio
additional 30 min.

Data collection

The conductance catheter was connected to a Sigsigrial-conditioner processor (CD Leycom, Zoetermeer,
The Netherlands). The ultrasonic flow probe was ected to a flow-meter (HT 207, Transonic Systems, Inc.
Ithaca, NY, USA), and each micromanometer-tippethatar to the appropriate monitor (Sentron pressure
monitoring, Cordis, Miami, FL, USA). All analog sigls and ventricular pressure-volume loops werelaspl

on screen for continuous monitoring. The analog agmere continuously converted to digital form hwit
appropriate software (Codas, DataQ Instruments Algon, OH, USA) at a sampling frequency of 20Q Hz

Data analysis

Left ventricular volumes were inferred using theldiedd conductance catheter technique (5). Cafibreof the
conductance signal to obtain absolute volume wa®imeed by the hypertonic saline method (5). Thamefa
small volume (1-2 ml) of 10% NacCl solution was ttgd into the pulmonary artery during continuoutada
acquisition. LV contractile function was assessgdhe end-systolic pressure-volume relation (ESP\4RY, the
stroke work (SW).

The instantaneous pressure-volume relationship wasidered in terms of a time-varying elastaig),
defined by the following relationship:

E(t) = PO/[V(1)-Vd]

whereP(t) andV/(t) are respectively the instantaneous ventricularspiresand volume, and; a correction term.
End-systole (es) was defined as the instant of itintlee ejection phase at whiélft) reaches its maximung,.x
It has been demonstrated tHEt) and Vy are insensitive to preload, at least within physjadal ranges (6).
Preload was acutely reduced by inflating the infeviena cava balloon catheter.

Stroke work (SW) was the integrated area of eactoB.

Effective arterial elastanc&y) was calculated, in the pressure-volume plang¢hasatio between end-systolic
pressure and stroke volume.

Area at risk and infarct size quantifications

Risk area and infarct area were delineated by & shaining technique [9-12]. After 6 h of ischenaad
immediately before the end of the experiment, 2@hvans blue dye solution (0.1 g hih 50 mM phosphate
buffered saline, pH 7.4) were injected into theujag vein, to stain the non-ischemic area blue. figevas then
sacrificed with an intravenous injection of pentddiial (100 mg kg). The heart was then rapidly harvested and
sectioned in five transverse slices (0.6 cm thit&n apex to base (S1 to S5). The LV risk area, tuis
anatomical dependence on the LAD coronary arterplimod flow, was identified by lack of Evans blurethis
region.

Gross slices were photographed with a digital caneujifilm FinePix 2400 Zoom). Morphological chasge
size, shape and transmural distribution of myoedidfarction were measured using 2,3,5-triphensdolium
chloride (TTC) staining (Sigma-Aldrich Chemical C8t. Louis, MO). Tissue slices were rinsed with a cold
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isotonic saline solution and then incubated at@8ct 15-20 min in a phosphate-buffered solutiom ot (1%

in 0.1 M, pH 7.4) [13]. This produced a brick redazation in the presence of dehydrogenase enzymadact
myocardium whereas infarcted regions remained umestadue to the collapse of enzyme activity. After
photography with a digital camera (Fujifilm FineF2400 Zoom), slices of myocardium were placed i#610
neutral-buffered formaldehyde to enhance the centratween stained and unstained regions. Aftemy3 of
fixation in formalin and just before paraffin precing, myocardial sections were again photograptitid a
video camera (3CCD color video, DXC-390P ExwaveHADYfarct size was measured from the tracings of
these photographed myocardial slices to a cleaatcsheet and the area of each zone was thentegigrhe
ratio between the two zones (ischemic area andisabremic area) was determined for each slice. dhfsize
measured from the tracings of myocardial slices eedsulated by planimetry as a percentage of LVanas

Histopathogical examination of ferric chloride-inckd coronary artery thrombosis

At the end of the experiment and immediately befF€ staining of the myocardium, the LAD coronaryeayt
was isolated and fixed with 10% neutral-bufferedrfaldehyde. After 3 days, serial sections of thergrwere
done and embedded in paraffin. The blocks of agerfions were cut at 6 pm and stained with hergétoand
eosin. The stained sections were examined at megtniins of x25, x100, x200 and x400 to study thos
formation and vascular wall structure. Photomicapiys were taken using a Zeiss photomicroscope (fojEs
2 plus-Sony 3CCD camera, 1024-768 pixels definjtion

Histopathogical examination of myocardium

After 3 days, three or four tissue-blocks were tak®m each slice at standardised locations andinely
processed for paraffin histology. The tissue blofthen myocardium were cut at 6 um and each seatias
stained with hematoxylin and eosin, Masson's taoie and luxol fast blue. The stained sections wesensed
at magnifications of x25, x100, x200 and x400 tedgtthe distribution of infarction. Photomicrograptvere
taken using a Zeiss photomicroscope (Axioscope 2-ghny 3CCD camera, 1024-768 pixels definition).
addition, all tissue-blocks of slice S3 were preeesfor immunohistochemical staining of desminmteestigate
cardiac muscle's lesions. Monoclonal antibodiegetemin (clone D33, Biomeda) were diluted 1 /20.

n

Biochemical markers dosages (cardiac myocytes ATRsthatic troponine T levels)

The myocardial ATP content was measured by an ad@aptaf the ATP bioluminescent assay kit (Sigma-
Aldrich diagnostic kit). There is a linear relatibifs between the relative light intensity generdtgduciferin-
luciferase reaction and the ATP concentration. Saspf cardiac tissue taken from anteroseptal astepor
regions of slice S2 were sequentially frozen imitignitrogen and then conserved at -80 °C till Adésage.
Sample was mechanically disrupted, reduced in powdd then suspended in 700 ul of somatic cell ATP
releasing reagent. The suspension was then honsaglewith a Dounce (10 times), diluted with ultragowater
and 10 pl added to 100 pl of ATP assay mix (lucderduciferin, MgS@ EDTA, DTTand BSA in a Tricine
buffer). For each sample, luminescence in RLU (RedaLight Unit) was determined with a luminometer
(LUMAC Biocounter M2010). Bradford's protein dosagas performed, and results expressed in nmol ATP g
of protein. Plasma troponine T (TnT) concentration massured from arterial blood samples taken atabd36

h after inducing LAD occlusion with ferric chlorid€ollected samples were centrifuged at 226%ax 10 min

at 15 °C. The supernatant was removed and plasmeeptration of TnT measured [14]. The area under the
curve (AUC) is expressed in pughi h'.

Statistics

Results are expressed as the mean * standard arrire mean (SEM) and statistical significance was
determined by Student's t-test and chi-square Brsbability values of less than 0.05 were considdp be
significant.

Furthermore, time evolution of hemodynamic paranseteas investigated by means of a longitudinal ohixe
effects model. Basic fitted models are of the form

Y = o+ B+ oyt + b + Iyt + bt® + g

whereY; is response parameter measured at tirna subject (pig}, a, p andy are fixed effects for the mean
parameter evolution; ) by and k, are subject-specific random effects; afig is the measurement error.
Estimation about both fixed and random effects wendormed using SAS software (SAS Institute In@anG
NC, USA). Approximate F-tests (at 5% significanegdl) were used to assess potential mean evolofidme
response with time. Therefoqgyalue <0.05 refers to significant non-constanetitmend of parameter values.
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Results
Effect of the concentration of ferric chloride sadut application on the LAD coronary artery bloodvilo

Two concentrations of ferric chloride solutions hiveen used to saturate the tissue strip (3 mm Wit was
rolled around the surface of the LAD coronary art@0% and 50% (w/v). The blood flow in the LAD coemy
artery was monitored throughout the experiment. 208 ferric chloride solution failed to lead to arclusion

of the LAD coronary artery in all animals within 4&n. In contrast, the 50% ferric chloride solutioduced a
complete occlusion of the LAD coronary artery ihaalimals within that same period of time (Fig. The mean
LAD coronary artery blood flow measured at baseliras 42.3+1.6 ml mih and the average occlusion time
23.2+1.2 min. In 6 of 10 pigs, the LAD coronary aytblood flow linearly decreased to zero, whiletlie four
other animals reperfusion episodes occurred begaehing a complete occlusion within 30 min. Theugsstrip
saturated with the 50% ferric chloride solution wamoved from the artery after 45 min and no resoh
events occurred within the next 6 h.

Figure 1 - Light micrographs of serial sections of LAD coropartery showing ferric chloride-induced thrombi (i)
pictures (c), (d) and (e). Thrombus is indicatedpicture by letter T and arrows indicate ferric ctitte contact. Sections
represented in pictures (a) and (b) showing intamiooary artery were taken just above applicatiorfexfic chloride. All
sections were stained with hematoxylin and eosdB)(x

Histopathological examination of ferric chloridefimed LAD coronary artery

Topical application of tissue strip saturated with4 ferric chloride solution to the LAD coronary ayte
provoked vascular injury responsible for occlusimixed thrombi. All three layers which constitutéhe@althy
vessel wall (intima, media and adventice) were dpdaat the site of tissue strip application (Fig.The mixed
thrombi, composed of both fibrin and platelets, evadherent to the vessel wall at the site of feshiloride
contact as revealed by light micrographs of akbgrsections stained with hematoxylin-eosin.
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Figure2 Sructure of normal vessel wall (a) compared taregl vessel wall due to ferric chloride contact (Hgmatoxylin
and eosin, x200).
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Macroscopy and infarct size

All animals enrolled in this study of coronary aytehrombosis induced by topical ferric chloridephpation
developed a transmural area of irreversible damaggnly located in the anteroseptal region of thé |
ventricle, within 6-h following tissue strip remdvahe infarct zone was delineated for each hearTbg
staining which revealed a collapse of the dehydiage system (Fig. 3). The calculated infarct sizes w
expressed as the percentage of LV mass and wasatattby planimetry from heart slices (S1 to S5 Tiean
infarct size was 35.3+2.1% reported to the LV ma$e risk area revealed by Evans blue dye was 36.9¢2f
the LV mass. For each pig, risk area revealed by &bare was superimposed to the necrotic zone regddn/
TTC staining.

Figure 3 - Photograph of gross slices (S1— S5) of porcinethafter TTC staining from animals with an occlusikieombus
in the LAD coronary artery induced by ferric chidei. Distinct delineation of anteroseptal infarctimvisible by lack of
staining.

Histopathological examination of infarcted myocaii

Hearts were examined by light microscopy. The msghémic changes were observed in the LV anteridly wa
corresponding to the area supplied by the LAD cargrartery. Pyknosis of nuclei from muscle fibresdema
and beginning leucodiapedesis from the capillasieggested that these cells reached the stage afsiedf
histological diagnosis could be established witmamxylin and eosin staining, delineation betwesmhémic
and non-ischemic region was unclear. For this mas@esmin immunohistochemical staining was used to
microscopically detect the necrotic zone [15]. Lokstaining with antibodies to desmin was deteatatkecrotic
myocardium and closely related to the affected aegaaled by TTC staining. In healthy myocardial oegi
positive immunohistological staining of desmin raleel the Z bands of cardiac muscle cells givingpaca}
striated appearance (Fig. 4). The pattern and loligton of infarction identified histologically waselated to the
results obtained by TTC staining.
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Figure 4 Distinct delineation (arrow) between healthy myatiak muscle with typical striated appearance (a) aretrotic
myocardial muscle (b) from heart suffering of 6 dthiemia after immunohistochemical detection of desRositive
detection of desmin corresponds to healthy reglmown) (a) while negative detection corresponds ¢aratic region
(x400). (For interpretation of the references tdotw in this figure legend, the reader is referredthe web version of this
article.)

Cardiac myocytes ATP and plasmatic troponine T levels

ATP depletion is one of the main biochemical cogussce of myocardial ischemia [16]. For this reagorP
concentration was measured in myocardium from rthals. Two samples were judiciously taken fromeslic
n°2 (S2) of each heart: one in the anterosept@meand one in the posterior region stained by TTi@.(®). In
all animals, a significantR®<0.01) myocardial ATP decrease was observed in #ueotic region (76.6+43.6
nmol g* vs 11630+3410 nmoltpf protein).

Figure 5 - ATP contents (nanomoled gf protein) of anteroseptal and posterior samgtesn heart slice n° 2 (S2) from 6
animals. Results are expressed as meantS.E.M.; Bk
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Plasmatic levels of troponine T were measured geeeific biochemical marker of acute myo-cardiabittion
[17]. In healthy pigs, TnT averaged concentratiors wderior to 0.1 pugl. In our experiments, TnT level was
0.071+ 0.031 pglat time 0. A significant elevation of TnT concetia was observed after topical application
of ferric chloride to the coronary artery and thgbaut the 6 h of ischemia to reach 0.997+0.106 U§ig. 6).
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Figure 6 - Troponine T concentration (ud) throughout the experiment. Measures were donel&#00and 360 min after
topical application of ferric chloride to the LADmnary artery. Results are expressed as meantS.E.M
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Ex vivo platelet aggregation study and platelet ¢coun

Blood samples were collected and platelet-rich piagprepared. A mild drop in platelet count of PR&sw
observed in all animals throughout the experimésging light transmission aggregometry, the exteht o
aggregation induced by platelet agonists (araclidacid and ADP) was determined on PRP adjustedi 16
cells.mi* by dilution with PPP. Ex vivo platelet aggregatioreasured just before ferric chloride application
(time 0) and three times (every 2 h) after tissi@ semoval remained maximum with the two inducesed

(Fig. 7).

Figure 7 - Ex vivo platelet aggregation induced by arachigo600 uM) and ADP (5 uM) measured just beforeider
chloride application (TO) and three times (everi:21120, T240 and T360) after removal of tissug toaked with 50%(
wi/v) ferric chloride solution.

90 A
80 A
70 A
60 -
50 A
40 -
30
20 A
10

HAA
O ADP

Platelet aggregation amplitude

0 - —

TO T120 T240 T360
Time

Hemodynamic measures

LAD coronary artery occlusion induced a significateicrease in aortic blood flow, from 57.8+5.9 ril at
baseline to 47.3+4.9 mi*sat T180 p<0.05), while aortic pressure remained statisycatichanged (Fig. 8). As
illustrated in Fig. 9, the decrease in cardiac outpas due to a major drop in stroke volume SVN(ff86.9+2.1
ml at baseline to 22.9+2.9 ml at T188;0.001), while heart rate significantly increas&dri 107+6 beats mih
at baseline to 142+11 beats miat T180,0<0.001).

The impairment in left ventricular function was eagsed by a significant decrease in both ejectactitm EF
(from 61+£8% at baseline to 49+4% at T18€0.001), and stroke work (from 3069+ 141 mm Hg tribaseline
to 1774+268 mm Hg ml at T18p<0.001), at unchanged end-diastolic volume. Howewed-systolic elastance
E.sremained statistically unchanged, while effectivierial elastancg, raised throughout the experiment, from
2.620.4 mm Hg mt at baseline to 4.3+0.7 mm Hg frét T180 p<0.01) (Fig. 9).
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Figure 8 - Evolution of mean aortic pressure ((R), mean aortic flow (Q..y), heart rate (HR), and effective arterial
elastance (B throughout the experiment. The tissue strip sagd with FeG was placed around the LAD coronary artery
immediately after baseline measurements (TO) anbved after 45 min.
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Figure 9 - Evolution of stroke volume (SV), ejection fract{&f), stroke work (SW), end-diastolic volume (EDAR end-
systolic elastance (§ throughout the experiment. The tissue strip ssed with Fed was placed around the LAD
coronary artery immediately after baseline measuaets (TO) and removed after 45 min.
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Discussion

Many animal models of myocardial infarction induceg coronary artery injury have been reported ia th
literature but few have been fully validated. Iisthtudy, we aimed to describe an original modehodmbosis-
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induced MI in the pig. We chose to induce an aatewall lesion by topical application of ferric chide
solution. Indeed, this technique has already beparted to induce arterial thrombosis in the rat appeared of
great interest. Thus, Kurtz et al. first produceshall animal model of arterial thrombosis for stuafynovel
antithrombotic agents [5]. The rat carotid artergsvinjured by topical application of a ferric clid solution.
The results demonstrated that Fedise-dependently provoked endothelial damagerahetéd formation of an
occlusive thrombus composed of activated platefddgn strands and entrapped erythrocytes [5]sTdriginal
technique was also applied recently by other rebeas to induce arterial or venous thrombosis ialkamimals
such as the mouse [18 19]. This offers the podssibib work on genetically modified animals [20-23].
Moreover, the small size of mice also offers anami&ge to investigators studying the in vivo eHeof
compounds that are expensive or difficult to pradirclarge quantities. However, the small size afaralso
poses considerable technical difficulties to thattempting to model human vascular disorders.

To our knowledge, the use of ferric chloride to ioglicoronary thrombosis in the dog or pig has néeen
reported and validated. Frequently used arteridl lgaion models to induce coronary thrombosis hese
species are parietal injury with a needle assatiafigh arterial stenosis (Folts' model) [24-26] agldctrolytic
injury [27,28]. All these models are consideredregresentative of the thrombotic reaction occurraftgr
atherosclerotic plaque rupture leading in mostsésenyocardial infarction [29].

In this study, we demonstrated that the originatcim@ model of myocardial infarction where thrombus
formation is induced by ferric chloride topical &ipation to the LAD coronary artery, is a suitabedel. First,
we tested two concentrations of ferric chlorideuioh used to soak the tissue strip (3 mm widthj #as rolled
around the surface of the LAD coronary artery. Bdjen previous studies performed on the rat abdahaiorta
and on the mouse carotid artery, several concénigabf ferric chloride solution (10-50%) were déised to
trigger thrombus formation. While, in our studyeth0% ferric chloride solution did not lead to alasion of
the LAD coronary artery, the 50% ferric chloridew@min induced a complete occlusion within 45 minughas
already observed on arteries of small animals, evditned that the rate of thrombus formation deeon the
concentration of ferric chloride. Embolization odrisiently occlusive thrombi can occur, producinglicyflow
variation in the LAD coronary artery. However, iristmodel, the time to occlusion with a 50% solutivas
reproducible (23.2£1.2 min). This "outside-insideSrrh of injury produced transmural cell necrosis and
disrupted the integrity of the vascular endothelilimdeed, histopathological examination of the LA@ronary
artery showed that ferric chloride was responsibtedisturbing vessel wall integrity leading to anclusive
mixed thrombus enriched in platelets and fibrin. Tgrecise mechanism by which ferric chloride trigger
thrombosis is not well defined, since simple endléh denudation does not necessarily trigger tetu
thrombosis [30].

Occlusive thrombi formed due to ferric chloride tamt and observed in all coronary artery photongicaphs,
were responsible for the installation of a majoroogrdial infarction located in the anteroseptalioregof
myocardium. To be quantified, Ml was examined onnosaopical, microscopical and biochemical levels.

Thus, MI was macroscopically delineated by TTC stagjnitich coloured in brick red healthy regions du¢hie
reaction with intact dehydrogenase enzymes whifaréted region appeared uncoloured. In all animals,
occlusion of the LAD coronary artery provoked byriiechloride at the same anatomical site inducethtarct

of 35.1+2.1% of LV mass. Area at risk evidenced barfdvblue dye was similar and could be superpostteto
infarct zone revealed by TTC staining. These resatsbe explained by the pig coronary collateralesydess
developed than in humans, in whom necrosis progmessccurs only after 6-12 h. Histopathological
examination of myocardium suffering 6 h of ischerafwed evidence of the effect of anoxia with saver
alterations consisting of interstitial oedema, gtarity, small leukocytes infiltrates, anisonuclspsand
caryolysis. Myocardial infarction was clearly delated by the lack of TTC staining and there was aeclo
correspondence between gross and histological maasuts of necrosis area in each slice. Moreovear c
delineation between healthy and ischemic myocardienealed on gross slices was clearly seen in desmi
stained sections and could be superimposed.

Several biochemical markers were also studied. Dybpnyocardial ATP content is an indicator of tissue
necrosis [12,31]. In the anteroseptal region, ai@ant ATP depletion was measured. Plasma dosagdeT, a
sensitive and specific biological marker of nespsevealed a marked and significant rising of thisrker
throughout 6 h of ischemia.

We also evaluated the impact of the thrombus fdomain the LAD coronary artery by ferric chloride
application on circulating platelets and hemodyrapairameters. Thus aggregometry studies were pextbam
PRP obtained from systemic blood. Two inducers wesed, arachidonic acid which triggers platelet
aggregation by the release of thromboxaneaAd ADP which activates platelets after bindingtpurinergic
receptor present at their surface. Ex vivo platetggregation measured just before ferric chloriglieation
(time 0) and three times (every 2 h) after tisstip semoval remained maximum with the two inducesgd.
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This result and the observation that only a mildpdiro the blood platelet count was observed througttioe
experiment indicated that the thrombus formatiomaimed located in the LAD coronary artery and that
circulating platelets can still be stimulated.

The significant decrease in hemodynamic parametacs) as stroke volume, ejection fraction, strokekvemd
cardiac output, was in accordance with the devedpmof an acute myocardial infarction. Further, there
progressive development of coronary artery occlysas compared to an abrupt ligation, was accoreddy a
correspondingly progressive impairment in hemodyinamThis certainly constitutes a further argumenmt i
favour of this model, for example to assess phaeniizal or mechanical support of an acutely iscledmeiart.

From these experiments, we conclude that this malgporcine model of myocardial infarction inducleg
topical application of ferric chloride to the LAD rmmary artery is quite close to clinical pathopbiagical
conditions, such as thrombus formation occurringgraftherosclerotic plaque rupture. This model tiaes
advantage that no specialized equipment is negetsanduce thrombosis. However, some limitatiofighis
model should be pointed out. First, we are awar¢heffact that the maintenance of pigs is expenaive
difficult, and requires special facilities that deyond the capabilities of most laboratories. 8dlyo the pig
presents a high myocardial sensitivity to hypoxiaute reduction of coronary blood flow can easitguce
paroxystic ventricular fibrillation which may theequires the use of prophylactic antiarrythmic agen
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