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Abstract

Platzlet and endothelial production of bioactive nitric oxide (NO) i keown 1o be impaired in acute coronary syndromes, thus compeounds
thal rebease NO are useful candidates 1o resore NO-vasoular functions. Objective: We have stodied whether donation of MO with a novel
platclei-selective S-nisrosothiol compound (LAZ10) @ & systemic level can inbabin thrombosis eliciied by damaged vessel wall jeroded and
disrupted vessel wall) at hemodynamic condstions rypical of patert and stenotic coronary anenies, Metheds: Thrombogenicity was mensured
in the parcine experimental model and assessed ps plaielei— thrombus formation in the ex vive Badimon perfusion chamber, Afler baseling
perfusions, fomale pigs (Large White « Landrace) were given intravenous infusion of LAR1D cr GSNO standand 5-mitroscthéol during 2 h
Changes in bood pressure, hean mie and in vitro ploicke aggregation were measuned. Resmbis: LARID significanity decressed thrombus
farmation af any degree of vascular damage and shear rate (p=<0.001) without hypotensive side-effocts or beart mbe variations. In contrast,
inhibition of thrmmbis formation by GSMO required high doses assoctased to hypotensive episodes. Platelet aggregation indoced by collagen
was inkubited afier nitosothiol infusion in whole blood (LAZ10) and platelet rich plasms (LAS 10 snd GENO), In sddition, there was & drug-
dependent rise in platciet puanosine ¥, §'-cyclic mosophosphate (cGMP) levels. Conclusions: This new anti-ischemic NO-domor (NOd)
LABID that mhibits platclet flmction without bypotensive side-effects seems o highly efficacious sirsiegy w0 reduce acule thrombosis

miggened by coronary stery disease.

© 2004 European Society of Cardiology. Published by Elsevier B.V. All rights reserved.

1. Intreduction

Thrombus formation within coropary vessels is the
precipitating event of myocardial infarction and unstable
angina, as documented by angiogrmphic and pathologic
studies [ 1], Fupture of the atherosclerotic plague is belisved
to be the responsible event for most of the coromary
syndromes in a process mainly medisted by platelet adbe-
sion, activation and aggregation [2]. Thrombus may partial-
ly or completely occlude the arterial lumen producing
ischemin or infarction [3]. Antithrombotic and antiischemic
agents are, therefore, employed in the treatment of acute
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is effective in reducing platelet aggregation but there is
evidence that platelet activation persists despite aspirin
treatment [4]). Glycoprotein [0l (GP IThITla) receptor
antagonists [5] have provided remarkable achievements in
the acute treatment of acute coronary artery discase; how-
ever, they still have some limitations [5].

Platelet and endothelial production of bicactive nitric
onide (NO) seems to be impaired in acute eoronary syn-
dromes [7]. Under physiological conditions, NO is released
from the endothelium, platelets, and beukocytes in response
to & number of circulating agonists and hemodynamic
factors [B]. Among its diverse fumctions, endothelial-derived
NO has been involved in neurotransmission [9), immune
regulation [ 10], vascular smooth muscle relaxation [11], and
inhibition of platelet adhesion and aggregation [12]. Plase-
let-derived MO modestly reduces primary aggregation re-
markedly inhibits platelet recruitment [13] snd thus limits
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progression of intra-artenal thrombosis. NO effects in plate-
let signalling in vitro sugpests that MO activates guarylate
cyclase leading to an increaze of cGMP [14] and suppresses
intracellular calcium flux reducing P-selectin and the active
conformation of GP 1Ivilla expression. In consideration 10
the physislogical regulations on MO and to the well-estab-
lished pathological implications of the decrease of NO
bioavailability, there is a great imterest in developing NO
donors able to restore MO levels,

S-nitrosothiols are pood camfidsies as new nitnc oxide
donor druegs. Indeed, although sufficient evidence shows
that EDRF is N0, the argument has been advanced thai
EDRF might be a more chemically stable adduct of MO,
such as an S-nitrosothiol [15]. In this sense, S-nitrosoglo-
thation ((GSMOY) has been detected in plasma at concentra-
tion of 0.1 pmold [15], and GSNO has been implicated in
the intracellular transfer of MO from MO synthase io the
guanylate cyclase. Morcover, some S-nitrosothiols have
demonstrated some cell selectivity [15].

GSNO is a S-nitrosothiol from which NO s released by
the action of enrymes associated with platelet membranes
[16]. GEND seems to have, therefore, platelet selectivity
and to inhibit platelet adhesion and aggregation o & greater
extent than s effects on vascular tone [16]. GENO has
shown to reduce asymptomatic embolizations after carotid
angioplasty without hypotensive episodes [17] and alse to
reduce markers of platelet activation such as P-selectin
(CDO2ZAEMP140) and fibrinogen GPITB/Ma receplor density
without altering hlood pressure in paticnts following percu-
tameous transbuminal coronary anghoplasty | 18]

Conssdering the antithrombotic activities of GSNO and
the effectiveness of antiplatelet therapy in preventing serious
vascular events [19], anerial occlusion [20], and venous
thromboembolism [21] among a wide range of patients ai
high risk of occlusive vascular events, Lacer (Barcelona,
Spain) has synthesised new S-nitrosothiols with antithrom-
botic activity [22].

It has been our objective to evaluate the antithrombotic!
antiplatelet effects of o new platelet selective S-nitrosothiol
compound [22] (LARIO, NN-y-L-gletamyl-2-amino-2-{-4-
{4-S-nitrosomercapto- | -methyl-piperidin)acetyl]glycine) in
conditions mimicking vessel wall injury and flow shear
rates typical of coronary arteries. We hypothesized that MO
donation with LASI0 would significantly inhibit thrombsosis
triggered by both superficial and deep vessel wall damage at
pressure of heart rate.

2. Methods
2.1, Experimenial condifions
Female pigs (Large White = Landrace) obtained from a

local single farm (0= 13; body weight: 39.5 + 2.5 kg; ape:
1.5 months old) were individually caged in light, tempera-

ture, &nd hamidity controlled emvironment with free access
to water and feeding. All procedures in this study were
performed in accordance with NIH guidelines and followed
the American Physiological Society guidelines for enimal
research.

After overnight fasting, blosd was withdrawn and
platelets were labeled with ""'In-oxine (''"In) (Amersham
Biosciences, London, UK) a3 previcwsly described [23]
An average of 8.7 = 10" + 0.1 = 10* '"'In-labeled platelets/
jal were injected in a final volume of 4 ml of sutologous
plasma. Efficiency was 93.0 £ 1.6% and the injected
activity was 250 % 12 #Ci. Twenty hours later, pigs were
seduted with an intramuscular imjection of 8 mgkg of
Azoperona (Stressnil ®, Esteve, Barcelona, Spain), deeply
anesthetized by intravascular infusion of pentobarbital
sodium solution (10 me'kg, B.Braum Medical, Barcelona,
Spain) and then intubated and ventilated (Dog ventilator,
Ugo basile, Italy). It has been previously deseribed that
barbiturates inhibit platelet activity of plasma levels of
10 * moll [24]. These levels are ofien achieved in
animals sdministered 30 mpkg of sodium pentobarbital
[24]. Therefore, to minimize the coculating plasma levels
of pentobarbital, we administered 10 mgkg intravenous
bolus of pentobarbital sodium (deep anesthesia) followed
by a contineous infusion of 10 mphkgh until all the ex-
periment had beem performed. This procedure produced a
consistent amesthetic stale with a minimal variation in
hemodynamic parsmeters. Through a neck incision the
common carotid anery (distal portion) and contralateral

jugular vein were cannulated. Then, pigs wens intravenous-

ly heparinized with a bolus (30 Ukg) followed by an
infusion (50 Ukgh) (Liquemine®, Roche, Basel, Switzer-
land). The caiheterized campiid artery was connected by
polyethylene tubing to the input of the Badimon perfusion
chamber and the output of the chamber was connecied to a
penistaltic pump (Masterflex, Model T518-10, Cole Parmer
Instrument, Yermon Hills, USA) Blood that passed through
the chamber was recirculated back imo the animal by the
contralateral jugular vein

Post-mortem ' In-biodistribution indicated a correct
platelet distribution with maximal accumulation in blood
(47 £ 4% in blood, 28 + 3% in liver, 14 £ 2% in spleen,
4.0+ 0.3% in lungs, 0.2 4+ 0.03% in kidneys, and 0.1]1 &
0,023 in heart tissue), Serum levels of creatinine, protein,
glocose, AST and ALT were measured in both treated
groups by routing enalytical chemistry assayvs,

2.2, Perfuxion chamber and substrate:

We have used the Badimon perfision chamber that
mimics the cylindrical shape of the blood vesscls o=
reporied [23,25]. Pig aoras were obtained fresh in a
local slaughterhouse, transpored in phosphate-buffered
saline (FBS) and immediately cleamed from adventitia,
cut in long picces and frozen at — 80 "C until needed.
Before the experiments, the aoras were thawed in PBS at
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4 "C, opened longitudinally, and cut into 30 < 10 mm
segments. Segments of pig aorta were denuded (model of
erosion) or mechanically disrupied (model of disruption)
by peeling off the intimal layer with a thin portion of
subjacent medin, starting from & comer of the arerial
sepment as previowsly described [25]. We have selected &
flow mie of 10 mimin in the small (0.1 om diameter)
and large (0.2 cm diameter) chamber. This flow pives
theoretically calculated average biood velociiies of 21.2
and 53 cmfs, respectively [22). Shesr conditions st the
vessel wall were calculated from the expression for shear
rate given for a Newlonian flusd in the twhe fow [26).
These shear mies comespond to values encountered in the
arterial circulstion (169%0/s and 212/%) [23]. The substrates
were mounted m the chamber and PBS solution at 37 °C
was perfised for 60 s After the preperfusion period,
blosd entered the chamber st & preselected flow rate of
10 mlimin for § min. At the end of blood fow, buffer
was again passed for 30 s through the chamber under
fixed in 4% pamformaldehyde in PBS and counied in a
gamma counter (Wizard Wallac, Boston, USA) for quan-
tization of deposited platclets. Values were nommalized by
blocd ""'In activity (counts), platelets counts in blood,
and area of exposed surface,

2.3, Drug adminiviration

After baseline perfusions (1 h), pigs were given an iv.
infision {mammary vein} either of LAS 10 (stable
of GSNO, Lacer®, Barcelona, Spain) [22] or GSNO (a
physiological platelet specific WOJ) at the same infusion
rate of 6.6 nmolkgmin during 2 b. Both compounds were
ddmdmﬂ}nﬂumn]mﬂum-vndmymhh
ﬂ'lll!l'lttlnﬂ effects. This dose regime was selecited from
previous dats oblained in humans treated with GSNO
[17]. Each animal served 25 its own control, No perfusions
1o allow blood distribution of the drug.

24, Whole bood and platelet rich plasma (PRFP) platelet
aggregation

Whole blood impedance platelet agpregation triggered
b]r collagen (3, 5, 10 pg/ml) (Chrono-Log model 530;

& previously described [27] in the same time periods as
whole blood. Collagen (3, 5, 10, 15 pg'ml) was used as
platelet agonist.

Additionally, following previously described procedures
[28], we evaluated the collagen (0.5-1 pg/ml)-induced
platelet aggregation effects of LARIO (0. 1pmolT) with or
without ODQ ([1H-[1,2,4)0nadiazole[4,3-a]quinoxalin-1-

on3]k o polent and selective inhibitor of mitric oxide-
sensitive guanylyl cyclase (1 pmoll) and Carboxy-PTIO
([2-(4-carboxyphenyl)-4,4,5,5-tetramethy limidazoline- | -
onyl-3-oxide], a nitric oxide radical scavenger (50 pmol/T).

25 Phy=siodogival and hematolopical parometers

Systemic blood pressure (systolic anerial pressure, dia-
stolic arenal pressure, and mean arierial pressare) and heart
rate were monitored via a pressure transducer (Letica,
Rochester, USA) attached 10 the cannulated femoml ariery
throughout all the experiments.

Determination of blood cells, hematocrit, platelet num-
ber, and size distribution were determined (System S000,
Serono-Baker Diagnostics, Allentown, USA) Levels of
prothrombin time (PT) and activaied pariial tromboplasting
tirne (aPTT) were monitored with an 5T4 automated clotier
(Disgnostica Stago, Asniéres, France) and the
corresponding specific kits (American Disgnostics, Stan-
ford, USA) sccording to the mamufseturer’s instructions.

2.6, Diedermination of plareled ofMP levels

Blood was withdrawn in EDTA at different time periods
(pre-treatment and 30-120 min during treatment), centri-
fuged at 250 = g 10 min st room lemperature (KT) and
incubsted with IBMX and PGI2 10 avoid phosphodies-
terases activity. Samples were centnfuged st 1400 = g 15
min RT o obtain platelet pellets which were stored deep
frozen ( — B0 *C) until measurements. To determine cGMP
levels a commercially available cGMP enryme immunoss-
say (EIA) kit (Amersham, Chicago, USA) was used with the
addition of an scetylaling step 1o increase sensativity,

LT Immunohisiochemisiry

Perfised arerial segments were fixed in 4%
mﬁr&wﬁmw-ﬂﬂ

body (pabBP19) produced in our sbomtory and previousty
descnbed [29] as primary antibodics. Secondary antibodies
were FITC-conjugated Flab')2 fragment of anti-rabbit
polyclonal (Sigma, FI262, New York, USA) and TRITC-
conjugated swine anti-rabbit immunoglobulins (DAKO
R156, Glosatrup, Denmark). Resolis were evalusied with
& Muorescence microscope (Vanox AHBTI, Olympus,
Melville, USA) The images were digitalized with a Sony
3CCD camera [30], Controls of primary and secondary
antibody  staining were always performed in parallel in
serial cuts on the same axial segment (central picce). To
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expressed i seconds, Valwes sre expressed i mean & standsnd error. Between brackess neemal values for | S-month-old pigs.
* p<00f,

Wihen experimental design consisted of repeated meatures
an analysis of variance for repeated measures {ANOVA) and
& Dranmett’s test were applisd. A Power Macintosh computer
equipped with Statview "~ software (Abacus) was used for

avoid interference of location in comparative analysis all
stnined sections were faken from the same central piece of
the specimens.

28 Rbod in platelets

[ Wod weusion |

Platclets were obtained from blood collected in acid :;
citrate dextrose gently dropped into plastic tubes. Plaselet ..;'m
number was adjusted to 4 « 10" platelets'm] and T30 -
pl bysis buffer (50 mmols] Tris™Cl pH 74, | mmols/ Elm
| EDTA, 1% Triton-X 100, | mmols1 PMSF) were added. =& 40
Samples were then mixed for 10 min, sonicated for 10 s £ 20
and centrifuged at 1600 = g for 15 min at 4 *C. Platelet 0
subfraccionation was performed as described [31], Total
protein concentration in platelet extracts was messured

~#-GENO
—s-LAB1O

0 0 10 A0 30 40 50 60 T B0 B0 100
TIME POST-INFUSION (minutes)

using the Pierce BCA (bicinchoninic acid) protein assay B

method (Pierce, Rockford, IL, USA) [32]. Equal amounts ‘i 1

of protein (25 ug) were subjected to SDSPAGE and w120 LRI
transferred onto nitrocellulose membranes (Bio-Rad, Cal- 2% w0 i 8 SR
ifomia, LISA) The membranes were then incubated with B0

an sppropriate dilution (1:250) of monoclonal antibody 5! &0

anti-Rho-A (Santa Cruz Biotechnology, California, USA). & oW % GSND
After incubation with peroxidase-labeled antimouse immu- 20 —a—-LASTD

moglobuling (110000} antibody visualization was per-
formed by the chemiluminiscent method SuperSignal®
{Pierce, New York, USA) and aworadiography was per-
formed at RT using AGFA CURIX-RPZ fibms.

L]
<10 O 10 20 M 40 50 &b 70 80 60 16H
TIME POST-INFUSION (minuies)

Fig. 1, Haemodynamic values deoughowm the cxperiments, (A] A mild and
rapidly reversible redsction of bood pressure that never resches valoes of

2.9 Swatistical analysis

Results are expresed as mean £ 5.EM. Statistical anal-
yeis was performed by the Student’s itest for paired data
when groups had equal vanances (F test) and by Mann-
Whitney [-test for groups with unequal variances { F test)

fall i mesn senial peedaune bigher thas 10 mas Hg is obiereed afier
LARIO drug infosen GSMNOGewied animals show o maisisined snd
sipnificant reduction im blod pretisss throeghout the experment | = 1%
rediaction v, basal value). (B} Mo changes in hear male see obderved afier
LARID or GENO infmion. {MANOVA + Dumsett’s fest; {p<0008 LARIO
vi. basal valoe; "p<005 (GSND va hesal valug), Dals are given &
ercentage of basal value {mesm value: 73 * 5 mm Hg, a=11).
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Fig. 1. Platelet aggregasion in vitro befors {control; ¢ =0) and after (=30 and 1= 120 min) LAEIO (A, C) and GENO (B, D) intravenous trestment. Collagen-
incduced platelsl sggregation was evalusied i whole blosd (A, B) ssd PRP (C, I8, (%p< 0005, significant v, r=10, and 'p< 004 va. previos messeed Gma),
B ¥ pgiml; -4 § pgiml; -8 10 ppimi; - &~ 15 ppiml

all amalysis. Statictical significance was considersd when

p=0.08, 0.5
e 045+ =

3. Results E G
3.1, Evolution of hematological levels and coagulation g.m.

Hematological and coagulation follow up parsmeters are 0,3
summarized in Table 1A, Mo significant differences were g
found in hematological parameters before and after LAR1D 0254
within the normal range for 1.5-month-old pigs. PT showed iy
a small but significant increase (13.6 £ 0.5 vs. 159+ 0.7 5; Eﬂ-.lﬁ-
p<005) after LARIO infusion, No significant differences
were found in aPTT before and afier any S-nitrosothiol 0,1 Por e
mmm.ﬂiwhmﬂulmhh&umdw "'EE:EE.‘EEEE
were always within the nommal pig range (Table 1B). Time postinfusion LAB1D

3.2, Blaod pressure and heart rate
Fig. }. Flatelet oGMIP concenirations befone (=) and afber (=13, 50, 120
Treatment with LARID caused only a mild and revers- min) dug ifusicn. The incroase in intraplaselet cGMP levels prached
ible reduction of blood pressure 10 min after initiation of significance 90 min afler continuoss LARID infimion (% 0.05)
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the infusion (Fig. 1A}, but no hypotensive epmodes de-
fined 2z a fall in mean amerial pressure of 10 mm Hg
were defecied. That small and short-lesting drop i hloosd
pressure upon iniation of the infision was detected in
only 60% of the animals. Contrarily, trestment with 6.6
amolkg/min GSNO resulted i a significant drop of mean
arerial pressure of 16 mm Hg 10 min after initiation of
the infusion (30% reduction vs. basal value; Fig. 1A
This reduction of blood pressure was already observed
after | min initisiion of the GSNO infusion, and was
maintzined throughout the experiment for & total of —~ %0
min. Either systolic or disstolic arerial pressure followed
the same patiern as mean arerial pressure in both treated
groups (data not shown). Mo significant vanations in hear
mte were detected after LAZID or GSMO treatment
(Fig. 1B}

A3 In vitro platelel agerepation

LARID significanily inhibited in a time dependent man-
ner collagen-mduced platebet aggregation in whole blood
{(Fiz. 2A). The time-cowrse was similar for the different
collagen concentrations (3, 5, 10 pg'ml). After 2 h of
continpows LARIO infusion, the reduction of platelet re-
sponse was 480 £ 3.0% and 398 1 1.2% when Induced
with 3 and § pg'ml of collagen, respectively (p = 0.001; Fig
AL Slope significantly decreased and kag tife increassd at
equal collzpen concentrations (p<0,05; data ot shownj,
Contrarily, GSNO did not show any inhibitory effect in
collagen-induced platelet aggregation in whole blood (Fig.
2R). Collagen-induced PRP-aggregation showed similar
inhibiiory tremds afier LABID (Fig. 200 or GSMO (Fig.
210) intravenous meatment | p<iS)

A B
14 WnEFGRE Lk a0 ikl TRT 125 WEEFORE LA §00 TREATMENT
id EIAFTER LA §18 TRLATHINT - EIAFTER LA 510 TREATHERT
.‘E I: . E TS -
E: ] : 50
L i
s S
o o
C D
L i BEFOSE 0SND TREATUENT
g 12 g 100 B AFTER GSHO TREATHERT
m
5l 15
Ew 8 E: 50
BE 4 mE -
i @ e
o - » o -
1600 &' FaF g 1650 & 212
E F
100 FILA 810 BHIBITORY EFFECT L[ [ILA BEG INHIBSTORY EFFECT
gE" 5 HOSHD HHBETORY EITECT EE = EOAMN0 I BITORY EFFECT
6 £
ii: i -
= 4
32" g%i ”
E B A

=

16ad " Hiw'

Fid

1680 5

Fig. 4. Bar graph of plaichel — vessel wall imfersction as determned by the radinisigope (' |a-labelsd plaseler] method. Results are expressed as mean valoes of
Pimeler Deposition (FIH = 10%em™) + 5.E. (A = B) Effect of LABLO on PD. (- 1¥ Effect of (SN on PO, Plachet deposition trigpered by mildly (A, C)ex

severely (B, (4 damaged vessel wall at low {21255 and bigh {1690%) whea rate (*p<0.000). (E-F) Parcentage of treatment-induced inbibition on D
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The inlabitory effect of LARI0 was mone pronounced 2
h after intravenous dmg administration than st only 30 min
of mifusion {p< 0002}

In & farther set of experiments we observed that collagen-
induced platclet aggregation was not inhibited by LAZIO
when platelets had been incubated {10 min) with (D and
Carboxy PTIO {data not shown).

A4 Platelers ¢GMP lavels

The ume-coarse of LARID effects in intraplatelet cGMP
levels is shown im Fig. 3. Platelet cGMP levels were mised
the whole infusion period. The increase reached statistical
significance afier ) min of drug infusion (basal vs. treated:
0,25 = 0,04 v, 0,39 + 0,10 fmol cGMP/ug platelet protein,
p<0.05)

3.5, Plaselet deposition

251 Mildly demaged vestel wall

Platelet deposition (FD} on eroded wvessel wall was
significantly decreased (p<0.001) after LARID 6.6 nmol/
kg/min infission, both, at low (4.5 + 0.9 vg, 2.5 £ 0.4 = 10"
pit'em?) and high (10.3 3.4 vs. 6.0+ 0.9 = 10° plticm®)
local shear rabe conditions (Fig. 4A). In contrast, although
inhibitory effects of GSNO were not significant at low
(3.0+0.2 va. 2.4 + 0.4 = 10° pltiem®) shear rate conditions
{Fig. 4C), they were significant at high shear mte conditions
(74410 ve 3.7 4 1.0« 10° pltiem®). According to these
results, trestment-induced mhibition of PD (% inhibition vs.
pre-treatenent) was approximately S0% with bob aitrose-
thiod compounds &t high shear rate conditions while at low
shear rate conditions, LARID caused a reduction of shoat
5% and GSNO only reduced a 20% (Fig. 4E)

3.5.2. Severely damaged vessel wall

FD on severely damaged vessel wall was significantly
recuced at low and high shear rates after LARIO (496 £ 7.9
vi, 3224 4.0 < 10" pltiem?; 86.2 4 19.0 vs. 46.1 £
7.4 = 10° pluem®, respectively) (Fig. 4B) andior GSNO
(43.9 £ 4.0 vs. 258 + 4.4 « 10° pliem®; 59.2 £ 1.9 vs.
118 + 5.3 = 10° pltiem®, respectively) intravenous infusion
(Fig. 41 (p=0.001). GSNO or LAEID caused & similar
inhibition of PD, of about 50%, at both local shear rate
conditions (Fig. 4F).

A6, Tmmuenohistochemical analyis

Immunchistochemical staiming of perfused substrates
showed different amoumts of fibrin and FD according 1o
the vascular wall damage, Eroded wvessels demonstrated
fibrin formation depending on shear conditions while se-
verely damaged vessel wall induced significantly higher
amounts of fibrin deposition (mildly damaged vessel wall,
Fig. 5; severely damaged vessel wall, Fig. 6). Interestingly,
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Fig. 7. RhoA protein expeession in plaielets. [A) Represemasive
immamoblot showing RboA expression in atracts of whale platelets
okaainged from pon-wreaied () of tresied (LAEID and GENO) arderals. Pig
plaiebets shire & dosbleshand projos evpression when moshated widh antis
Rhod antitcdy showisg the cyloplasmasic (isaceive] prosecis. (1)
Represeniative imemnoblot showing Rhad distnbution in the cytoplaos
{Cyt) or memsbrang (Mb) relative b betall pevsein o preiason in LAR10- g
GisNOeaed plackes.

LARIO significandly reduced fibrin deposition suppesting
effects on the tissue factor-thrombin (TF-thrombin) path-
way. PD was highly reduced and followed the pattem
already seen in the radioksotopic quantitative analysis (data
ot ghowm),

Platelet inhibitory effects were independent of shear and
depree of vessel damage. We observed that in both vascular
lesions, treatment with LARID reduces iibsin and FD,

3.7, Rhod profein expression

By Western blot analysis extracts of whole platelets from
treated pigs showed a double-band Rhoh protein expression
(Fig. TA). After subcellular platelet fractionation (Fig. TB),
cytoplasmatic RhoA expression (inactive form) come-
sponded 1o the higher molecular weight (MW) band while
membrane RhoA expression (active form) comesponded fo
the lower MW band. Interestingly, LARSI0 and GSMNO
treatment increased expression of the inactive cytoplasmatic
form of Rhod.

4, Discussion

The potential therapeutic benefit of NO agents, in par-
ticular S-nitrosothiols, especially s antiischemiic agents in
their own right and as anti-hypertensive agents has been the
focus of exiensive research [33]. Our objective was to stady
whether a novel S-nitrosothiol (LARID) could hawve an
inhibitory effect on platelet deposition and thrombus for-
mation on mildly and severely damaged vessel wall at wall
shear rates typical of coronary amenies with no hypotensive
episodes. Here, we demonstrate that mural thrombesis is
significantly reduced when animals are treated with LAS 1D
without hypotensive side effects. We have uwsed a physio-
logical MO-donar with described platelet specificity, GENO,
a5 positive control for the potential antiplatelet effect of
LASID, GSMNO given at equimolar dose showed inhibition
in platelet mural thrombosis; howewver, the concomitant drop
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in bleod pressure maintained during GSNO infusion Hmits
its therapeutic use.

The heneficial mles ascnbed o NO-donors in the wvas-
culature are numerous [14], but they also exhibit some
candiovascular side effects including bypotensive episodes
[34] and nepstive inotropic effects [315]. Several studies
bave been done in animals, healthy volunteers, and in
patients studving the antithrombotic sctivity and platelet
sebectivity of GSNO. In healibhy volunteers [36] and in some
clinical conditions [37] GSMNO has proven to inbibin platelet
activation and/or aggregation with no concomitant effect on
blood pressure, However, proper dose dependent studies 1o
fully study the degree and selectiveness of the antithrom-
botic activity of GSMO have not been done in patienis due
i the apprebension of the unwanted end dangerous poten-
tial hypotension. Moreover, in some clinical conditions no
significant platelet inhibition by GSMNO has been observed
[3%]. This may represent that in these clinical conditions &
greater stimulus for platelet activation wes present and
probably no inhibition could be obtaimed without affecting
blood pressure. In this regard, it would be convenient to
have in vivo models able t0 mimic clinical situations to
siudy the antithrombaotic activity of new NO=donors, Cmly
m such way, we could emter clinical development with
highly efficient and safer compounds,

The Badimon's chamber seems to be an optimal exper-
imental set up for this since it allows controlling the
different vanables that regulate thrombus formation, degree
of besion, and bocal hemodynamics. Thus, i has been neeful
in this study to differentiate the relative anti-thrombsotic and
hacmdynamic effects of two platelet selective S-nitroso-
thiols (GSNO and LARI0) given at equimolar doses.

In our study, LAEID significantly decreased thrombus
formation at any degree of vascular damage and shear mie
without hypotensive side-effects or heart rate variation, In
contrast, as described by Vodovotz ef al, [39] in & study in
swing following balloon injury, GEND decreased thrombus
formation (except in mildly damaged vessel wall under low
shear mte conditions) but with hypotensive side-effects,

Antiplatelet sctivity of LASID was also defected in the
study of ex vivo platebet agpregation. Platelet aggregation
induced by collagen in whole blood was significantly
inhibited by LARID that showed a positive time dependent
effect. From these results, we can conclude that the plaselet
inhibitory propertics of LARID were resistant io the scav-
enging of NO by haemoglobin in blood, which limits the
thermpeutic application of most S-nitrosothio] compounds as
antiplstelet agents, including GSNO [40].

The carly and sustsined increase on intraplateber cGMP
by LARID is compatible with the release of NO from
LARID, the sctivation of guanylyl cyclase, and subsequently
eGMP formation [14]. On the other hand, it has been
previowsly reported that LAEIO at 0.1 pmol] completely
inhibits collagen (0.5-1 pg'ml)-induced human platelet
appregation (washed platelet suspension) [41]. In the pres-
ent study, this LARID inhibitory effect was completely

prevented by both, a selective inhibitor of NO-sensitive
guanylyl cvclase and a NO radical scavenger. These results
strongly support that the antiplatelet effect of LARID is
mediated by MO donstion,

Additionally, we have abo obtained information on the
effect of LARI0 and GSMNO on Rhod. RhoA s 2 small
GTPuse involved in many cell functions including cell shape
changes [42]. Interestingly, we demonstrated that LAKIO
nnd GSNO incressed RhoA expression in its mactive form
{cytoplasmatic) sugpesting that N0 regulates RhoA activa-
tion, subsequent cyviosquelcton organization and platelet
passivation. Therefiore, RhoA could be an important target
for the NOVCGMP inhibitory signalling pathway tumed on
by NOd and deserves further investigation. The inkibitory
effect of the NOVCGMP pathway on BhoA in endothelial cell
cultures has also been proposed [43]),

We have also shown by immunohistochemical analysis
that LARID decresses not only platelet deposition but the
deposition of fibrin that typically forms on injured vessel
wall. Although there is mol vet a clear explanation for this
new finding, it has been described that NO regulates trans-
glutaminases [44], among them FXII. Because FXIN ca-
tlvses cross-linking of fibrin monomers during blood
coagulation and stabilizes the blood clot, its inhibition could
reduce thrombosis. On the other hand, an effect on the TF-
cascade cannot be overlooked because of the imponance of
the TF-pathway in thrombosis triggered by severely injured
vessels [45]. Owr results strongly suppont the view that
LARID not only acts in the heemostatic system inhibiting
platelet aggregation and sdhesion but also reducing blood
coagulation. Indeed, the elongation in prothrombin time in
LASIO tested animals may reflect the suppression of TF
expression by WO described by others [46],

More experimental studies are needed to further charsc-
terize the effects of LARIO on RhoA activity and on TF-
pathway since from our results the effects of LARIOD on
these signal pathways could explain in part its pharmaco-
Iogical activity.

In conclusion, thrombosis is important in the pathogen-
esis of unstable anging and acute myocandial infarction and
here we show that donation of NO by 2 new S-nitrosothiols
(LASID) is a good mechanism to reduce mursl thrombosis
triggered by damaged vessel wall (superficial and deep
damage) with effects that are shear-rte independent without
hypotensive side effects.
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Abstract

Background: Aspirin (ASA) plus dopidogrel is becoming standard antithrombotic
treatment in coronary disease. However, novel approaches such as the use of platelet
selective nitric oxide (NO)-donors may also provide additional protection against
thrombosis. We evaluated the antithrombotic properties of a novel platelet selective
NO-donor (LAB16) when administered alone and in combination with ASA, dopidogrel
or ASA+clopidogrel.

Methods and Results: Thrombogenicity was measured in the porcine experimental
model and assessed as platelet-thrombus formation in the ex vivo Badimon perfusion
chamber. Pigs were randomly divided into 4 groups: 1) placebo-control; II) clopidogrel;
IIT) ASA; IV) ASA+clopidogrel (ASA and dopidogrel were given orally, 10 mg/kg day, 3
days). Animals were anesthetized, heparinized, catheterized and the Badimon
perfusion chamber was placed in an extracorporeal shunt. After baseline perfusions, all
group of animals received the intravenous infusion of LAB16 during 2 hours. Platelet
aggregation, blood pressure and heart rate were also evaluated throughout the
experiments. Either LAB16, clopidogrel, and/or ASA+clopidogrel produced a reduction
of about 45% on thrombus mass vs placebo-control perfusions (A<0.05). Combined
treatment of oral ASA+cdopidogrel and intravenous LAB16 produced a significant
further reduction of 25% in platelet deposition (70% from placebo-controls;
P<0,0001). LAB16 intravenous treatment did not modify blood pressure nor heart rate.
Conclusions: Acute NO donation with LAB16, without modifying hemodynamic
parameters, provides the same inhibitory effect to that obtained with chronic treatment
with clopidogrel+ASA. Moreover, LAB16 provides additional platelet inhibitory effects to
those of the combined blockade of cyclooxygenase and P2Y (12) receptor.

Condensed abstract
Antithrombotic properties of a novel NO-donor (LAB16) administered alone or in
combination with ASA, clopidogrel or ASA+clopidogrel were evaluated. Acute treatment

with the NO-donor (LAB16), without modifying blood pressure, provided the same
platelet inhibitory effects to those of chronic treatment with ASA and clopidogrel,

Key words. Platelets, thrombosis, nitric oxdde.
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Thrombosis plays an important role in the pathogenesis of acute coronary syndromes.
Rupture of the atherosclerotic plaque is the initiating event, occurring spontaneously or
induced by percutaneous coronary intervention (PCI)." Vessel wall injury leads to the
adherence of platelets and subsequent platelet activation. Once activated, platelets
further stimulate thrombus formation and recruit additional platelets by releasing
thromboxane A; (TXA;), ADP , cytokines, produding and promoting surface thrombin
generation and releasing vasoconstrictor substances.” The effect of all these platelet-
active substances is magnified under certain pathological conditions (CAD, diabetes,
hiperlipidemia, etc) characterized by endothelial dysfunction leading to reduced
synthesis of vasodilatory and antiaggregant factors (NO and prostacydin). Therefore,
blockade of platelet aggregation in addition to anti-ischemic properties may have
beneficial effects on coronary vascular function. Among antiplatelet drugs, ASA remains
as the standard therapy with a dear dclinical benefit.’ ASA ireversibly acetylates
platelet COX and thereby blocks the formation of TXA, (a potent vasoconstrictor and
platelet aggregant).' However, despite its use, recurrent events remain high.’
Therefore, there has been considerable recent progress in the development of new
strategies involving drugs acting on ADP receptors, fibrinogen receptor (the GPIIb/IIIa
complex), specific thrombin inhibitors and NO-donors.® Clopidogrel, a thienopyridine,
covalently binds to the P2Y(12)° platelet-ADP receptor and inhibits ADP-induced
platelet aggregation. The CAPRIE trial’ showed overall a modest difference in
effectiveness between ASA and clopidogrel (a RR reduction of 8.7%; P=0.043). This
suggests that the two drugs have a comparable dinical efficacy. Furthermore, recently
the CURE trial® concluded that combination of ASA and clopidogre! dramatically reduces
platelet activation compared with ASA alone.

Although NO-donors are not specifically antiplatelet agents,” they do possess
antiplatelet™ and vasodilator properties.'’ However, the antiplatelet effects of organic
nitrates remain controversial because of the suprapharmacological doses required to
inhibit platelet aggregation and the subsequent hypotensive side-effects'? of the
available formulations. Contrarily, S-nitrosothiols (S-nitroso-glutathione; GSNO) have
significant antiplatelet actions at doses that causes less hemodynamic effects.' It has
been previously reported that GSNO releases NO by the action of enzymes associated
with platelet membranes,'” therefore, it seems to have platelet selectivity and to inhibit
platelet adhesion and aggregation to a greater extent than its effects on vascular tone.
In patients with ACS, endothelial and platelet™® derived NO are impaired probably due
to a decreased synthesis of S-Nitrosothiols.' Considering the antithrombotic activities
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of GSNO and the effectiveness of antiplatelet therapy in preventing serious vascular
events,” in the inhibition of platelets activity in patients undergoing PCI," and in the
inhibition of vasospasm in coronary arteries,'” a new S-nitrosothiol with antithrombotic
activity has been synthesized by Lacer S.A. (Barcelona, Spain).'® Such encouraging
progress to find new and improved drugs for anti-platelet therapy also incites efforts to
test new associations between anti-platelet drugs. The present study was designed to:
a) assess the antithrombotic/antiplatelet efficacy of a new platelet selective NO-donor
(LAB16, a2 non-natural aminoacid S-nitrosilated)™; b) to compare its antithrombotic
effects to those achieved by the administration of conventional antiplatelet and
antithrombotic agents, ASA and clopidogrel; and c) evaluate a possible synergistic
effect of LAB16 with the former antiplatelet agents. All of three in conditions mimicking
vessel wall injury and flow conditions typical of patent and stenosed coronary arteries
in a porcine arteriovenous shunt model. We hypothesized that NO donation with LAB16
will mot only exhibit antithrombotic properties but also provide additional benefits in
platelet passivation and inhibition of thrombosis to the combined blockade of COX and
P2¥(12), without modifying blood pressure.,

Animal Model

Normal pigs (Large White x Landrace; body weight =36 kg) were individually caged in
a light, temperature (22£2°C), and humidity-controlled environment with free feeding
and access to water, All procedures in this study were performed in accordance with
NIH guidelines and followed the American Physiological Society guidelines for animal
resgarch.

Experimental Design

Radioactive Labelling of Platel

After overnight fasting, blood was withdrawn and platelets were labelled with ''In-
oxine ('"'In) (Amersham Biosclences) as previously described.”® Efficiency was
94.0+1.0% and the injected activity was 252+10 pCi. Post-mortem '''In-biedistribution
indicated a correct platelet distribution with maximal accumulation in blood. Serum
levels of creatinine, protein, glucose, AST and ALT were measured in both treated
groups by routine analytical chemistry assays. Values were within the normal pig range
(data not shown).
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Ex Vivo Thrombasis

Thrombic risk was assessed by exposure of blood from studied animals, to a thrombus
triggering damaged artery in the previously validated and standardized Badimon
perfusion chamber. After an overnight fasting, animals were sedated with azoperona (8
ma/kq IM, Stressnil®), anesthetized (10 mg'kg Pentobarbital®, B.Braum) and a
carotid artery-jugular vein shunt established to place the Badimon perfusion chamber.
Blood was perfused through the chamber for 5 minutes and at two different shear
rates of 2125-1 and 1690s-1 typical of patent or mildly stenotic coronary arteries.
Homologous porcine vessel wall with two types of damage, severe (ruptured vessel
wall) and mild (eroded vessel wall) were used as substrate.

Drug Therapy

This study was performed in 16 pigs (average of 30 perfusions/pig) which were
randomly distributed in 4 groups; I) placebo-control (non-treated) group; II) oral
administration of clopidogrel (Sanofi-BMS) (10 may/kg); I11) oral administration of ASA
(Bayer) (10 mag/kg); IV) combined oral administration of ASA+clopiogrel (10 mag/kg
each). A scheme of the experimental protocol is shown in Figure 1 (Pagina 121 de la
Tesis). Briefly, a daily dosage of platelet inhibitors (ASA, dopidogrel or
ASA+clopidogrel) was administered starting 2 days before and on the day of the
experiment. The last oral dose of drug (3™ day) was given 1 hour before starting the
perfusions. The non-treated group was kept 3 days under the same conditions. After
baseline perfusions (1 h), the four groups of animals were given an intravenous
infusion (mammary vein) of LABL6 (Lacer®)™ at an infusion rate of 6.6 nmols/kg/min
during 2 hours.

The dose regime of LAB16 was selected from previous data obtained in humans
treated with GSNO" while ASA and clopidogrel dose was based on previous work by
other investigators.” LAB16 was diluted in physiological serum saline and kept
refrigerated (4°C) until administration. No chamber perfusions were performed during
the first 30 minutes of the NOd infusion to allow blood biodistribution of the drug
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Whole Blood (WB) and Platelet Rich Plasma (PRP) Platelet Aggregation.

WB and PRP impedance platelet aggregation triggered by collagen (3, 5, 10 pa/mL)
(Chrono-Log) was measured as previously reported.” ASA, clopidogrel, or
ASA+clopidogrel effects on platelet aggregation were evaluated before the perfusion
experiment started. LAB16 effects on platelet aggregation were evaluated during the
intravenous infusion.Optical platelet aggregation induced by ADP (3, 5, 10 pmols/L)
was measured in PRP (Menarini) as previously described.”

In a different series of experiments, the anti-aggregatory actions of the NO-donor drug
were examined in the presence or absence of a selective guanylate cyclase inhibitor
0DQ ([1 H-[1,2,4]0xadiazole[4,3-a]quinoxalin-1-on3]) (1 pmol/L) and Carboxy-PTIO
([2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide], a nitric oxide
radical scavenger (50 pmols/L). Platelets were incubated with ODQ and Carboxy-PTIO
for 10 min at 37°C prior to addition of LAB16 (0.1 pmols/L). Maximal platelet
aggregation was measured for 5 min following agonist addition (collagen 3 pg/mL),
and expressed as a percentage of control aggregation.

Hemodynamic and Hematological Parameters
Systemic blood pressure and heart rate were monitored via a pressure transducer

(Letica) attached to the cannulated femoral artery throughout all the experiments.
Determination of blood cells, hematocrit, platelet number, and size distribution were
performed with as System 9000 Sercno cell analyzer. Levels of PT and aPTT were
monitored with an ST4 automated clotter (Diagnostica Stago) and the corresponding
specific kits (American Diagnostica) according to the manufacturer’s instructions.

Rho-A Protein Expression in Platelets

Platelets were obtained from blood collected in acid ditrate dextrose gently dropped
into plastic tubes. Platelet number was adjusted to 4x10° platelets/mL and 750 pL lysis
buffer (50 mmols/L Tris/HC pH 7.4, 1 mmols/L EDTA, 1% Triton-X 100, 1 mmols/L
PMSF) were added. Platelet subfraccionation was performed as described.” Protein
concentration was measured using the bidnchoninic acid method (BCA-Pierce). Equal
amounts of protein (25 pg) were subjected to SDS/PAGE and transferred onto
nitrocellulose membranes, The membranes were then incubated with an appropriate
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dilution (1:250) of monoclonal antibody anti-Rho-A (Santa Cruz Biotechnology). After
incubation with peroxidase-labelled antimouse immunoglobulin (1:10.000) antibody
visualization was performed by the chemiluminiscent method SuperSignal® (Pierce)
and evaluated by densitometry.

Statistical Analysis

Results are reported as means £ SEM. The statistical significance of the difference
between group means was evaluated by an analysis of variance, and when significant,
Student’s ¢ test was used to assess intergroup differences. Statview software (Abacus
Concepts) was used for all statistical tests. P<0.05 was considered significant.

Results

I. Effects of the Antiplatelet Therapies on Thrombus Formation in the Flow
Chamber

2) Denudeg vessel wall (model of erosion): Effects of the different antiplatelet
therapies on thrombus formation are shown in Figure 2 (Pagina 123 de la Tesis).
Under low shear rate conditions (low thrombotic risk) (Figure 2A) platelet depaosition
(PD) is very mild (see control in Fig 2A-B) and none of the studied agents showed any
inhibitory effect on PD. In contrast, when increasing the thrombeatic risk by increasing
shear rate (1690/s) (Figure 2C), PD was significantly increased (see placebo-control in
Figure 2C) and a significant reduction was obtained after a three-day orally pre-
treatment with ASA (40% reduction vs the placebo-control group), clopidogrel (599%),
or after intravenous infusion of LAB16 (52%) (P<0.05 vs control). Similar changes
were observed with the possible combinations between ASA/dopidogrel/LAB16 (Figure
2D) indicating that the mechanism of deposition in these conditions (platelet adhesion)
is not further reduced by simultaneously blocking the different pathways targeted by
the drug treatments at the doses used.

b) Disrupted vessel walt Under high thrombotic risk and shear rate typical of patent
coronary arteries (low shear rate; 212/s) (Figure 3A) (Pdgina 125 de la Tesis) the
ASA-treated group showed non-significant changes in PD (43:5 vs 45:10 x10°
pit/em?). In contrast, either LAB16 or clopidogrel produced a significant reduction on
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mural thrombus formation of about 45% and 58%, respectively (Figure 3A) vs the
placebo-control group. Combination of clopidogrel or LAB16 with ASA did not further
decrease platelet deposition. The combined treatment of oral ASA+clopidogrel and
intravenous LAB16 produced a non-significant further reduction of 12% in PD (70%
from placebo-controls; £<0.0001) (Figure 3B). When analyzing the most thrombogenic
situation (severely damaged vessel wall and high shear rate) (Figure 3C-D), ASA again
produced minimal inhibition on mural thrombus formation (62+10 vs 4744 x10°
pitfem®; P>0.05). However, LABL1G and clopidogrel showed significant inhibitory effect
(45 and 58% vs placebo-control, respectively; P<0.0001) (Figure 3C). Combination of
ASA with either of these two antiplatelet compounds did not produce an inhibitory
synergistic effect (Figure 3D). However, interestingly, the combined treatment of both
ASA+clopidogrel and clopidogrel alone with intravenous LABLG6 produced a significant
further reduction of 20% (P<0.05) in platelet deposition (70% from placebo-controls;
P<0.0001), indicating a synergistic antithrombotic effect and a more powerful platelet
passivation (Figure 3D).

ADP-induced PRP-aggregation was significantly inhibited by clopidogrel ex vivo at any
dose of agonist (percentage of inhibition, =30% vs non-treated platelet aggregation;
P<0.05) (Figure 4A-B) (Pagina 127 de la Tesis). Combined oral treatment of
ASA-+cdopidogrel produced a much higher inhibitory effect (A<0.001). LABL6 and ASA
alone did not inhibit platelet aggregation challenged by ADP either in individual or
combined treatment (Figure 44-B). All effects seemed to be due to clopidogrel, an

ADP-receptor antagonist.

Collagen-induced platelet aggregation in PRP was significantly inhibited by all
treatment regimens when challenged by low doses of agonist (3 pa/mL) (Figure 4C-D).
Moreover, combined oral treatment of ASA plus clopidogrel produced a much higher
inhibitory effect that was also observed at doses of 10 pg/mL collagen.

Collagen-induced platelet aggregation in WB was not reduced by clopidogrel, LAB16,
and ASA (Figure 4E). However, when combining ASA and clopidogrel, inhibitory results
were significant. Furthermore, administration of the intravenous infusion of LAB16 to
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ASA+clopidogrel treated animals further potentiated the reduction on collagen (10
pg/ml }-induced platelet aggregation (Fgure 4F).

Blood was collected from control animals and in vitro added with LAB16, with or
without the guanylate cyclase inhibitor and the NO radical scavenger as described in
methods. The inhibition of quanylate cyclase or the scavenging of NO radicals,
abolished the platelet inhibitory effects of LAB16 (Figure 5) (Pdgina 129 de la Tesis).

We analyzed the effect of LAB16 on the level of expression of membrane Rho-A
following previously published procedures.” We compared Rho-A protein expression
levels before and after LAB16 intravenous administration in the controls animals
(Figure 6) (Pdgina 131 de la Tesis). Interestingly, LABL6 treatment significantly
decreased membrane Rho-A protein expression (P<0.05).

IIL Follow up Hematological, Hemostatic and Physiological Parameters

Hematological parameters (Table 1) (Pdgina 120 de la Tesis) were similar among
the different groups and they were within pig normal intervals. In all animal groups
aPTT mean ratio was within the normal range for low level of anticoagulation (mean
aPTT ratio: 1.5-2 with 50 Ufkg heparin). PT was mildly prolonged in animals treated
with LAB16 either alone, or combined with ASA and/or dlopidogrel.

b) Blood Pressure and Heart rate

Treatment with LAB16 only produced a mild, reversible and non-significant reduction of
blood pressure of & mm Hg (=9% reduction vs basal value) (Figure 7A) (Pdgina 133
de la Tesis) but no hypotensive episodes were detected defined as a fall in mean



arterial pressure of 10 mm Hg. No significant effects were noted on heart rate with
after the intravenous treatment with the NOd compound (Figure 78). Combining LAB16
with any oral antithrombotic regimen did not produce any change in mean blood
pressure and heart rate, Additionally, the most efficacious antithrombaotic regime tested
(ASA+clopidogrel+LAB16) also showed a constant blood pressure (Figure 7C) and
heart rate (Figure 7D) throughout all the experiments.

Discussion

This study uses the Badimon perfusion chamber to differentiate the relative anti-
thrombotic properties of a new platelet selective NOd (LAB16), in comparison to ASA,
clopidogrel and combined therapy on mural thrombosis. We have demonstrated that
acute administration of LAB16, a platelet selective NO-donor drug, has antithrombotic
properties that are similar to those of clopidogrel when given chronically. In addition,
we have shown that the combined treatment of dopidogrel and LAB16 is more
effective than either agent alone under high thrombaotic risk conditions.

In the presence of denuded vessels and under low shear rate conditions, the
thrombotic stimulus Is very mild and induces mainly platelet adhesion (less than
5x10%/cm?), a platelet monolayer without growth to mural thrombosis.™ Consequently,
these deposition levels were not affected by the antiaggregatory drugs used in this
study as we and others have previously shown.”™ When increasing the shear rate
producing @ more thrombogenic situation, the antithrombotic effects of LAB16 on
denuded vessel wall were similar to those of dlopidogrel and ASA. Antithrombotic
properties of either LAB16 or clopidogrel on mural thrombesis induced by disrupted
substrates were far superior to ASA in this model. In agreement with our results,
several studies have demonstrated that the incidence of mural thrombosis was
unchanged with ASA;” although, also in agreement with previous reports, ASA
markedly reduced platelet aggregation /i witro in Ca’* depleted conditions
(aggregometer).™

Under the highest thrombogenic stimulus (disrupted vessel and high shear rate) typical
of high cardiovascular risk situations, combined treatment of clopidogrel and LAB16
was far superior to clopidogrel alone suggesting that LAB16 and clopidogrel have
synergistic effects in inhibiting thrombus formation. The synergy between these two
antiplatelet agents may have been originated from the complementation of the
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different platelet activation pathways inhibited by these drugs. Interestingly the
blocking of Cox-1 did not change the beneficial antithrombotic profile.

As previously reported,” clopidogrel (10 mg/kg) had no anticoagulant effects, as
assessed by activated dotting time, which was essentially unchanged.” Besides, LAB16
caused a significant elongation in prothrombin time suggesting that LAB16 not only
acts in the haemostatic system inhibiting platelets but also reducing blood coagulation,
It was reported that the NO precursor L-arginine inhibits the activation of hemostasis
and thereby stabilizes coagulation and platelet function.™ Furthermore, the elongation
in prothrombin time in LAB16 tested animals may also reflect the suppression of TF
expression by NO described by others.™

We have also obtained information on the effect of LAB16 on Rho-A. Rho-A is a small
GTPase involved in many cell functions including cell shape changes.” In accordance
with our previous report,™ NO-donation with nitrosothiols decreased Rho-A expression
in its active form (membrane) confirming that NO reguiates Rho A activation,
subsequent cytosqueleton organization and GPIIb/IIla activation. More experimental
studies are needed to further characterize the effects of LAB16 on Rho-A activity and
on TF-pathway since from our results the effects of LAB16 on these signal pathways
could explain in part its pharmacological activity.

In addition, NO also synergizes with thrombolytic agents improving outcomes.™ ASA
has demonstrated inhibition of vessel wall NO and prostacyclin synthesis resulting in
vasoconstriction, platelet aggregation and a reduction on thrombolysis;* therefore,
providing an exogenous source of NO could abrogate these adverse effects improving
the environmental milieu of the atherothrombeotic process.

Hypotension is probably the most important cardiovascular side effect of NO-donars,™
In a previous study™ we observed that GSNO given at equimolar doses caused a
significant reduction of mean arterial pressure of 14 mm Hg (=30% reduction vs basal
value) during all the perfusion period. In contrast, LAB16 intravenous treatment did not
cause any significant variation of blood pressure throughout all the experiment,
indicating no concomitant negative hemodynamic effect. Thus, we observe that
combining LAB16 plus clopidogrel and LAB16 plus clopidogrel plus aspirin highly
reduces mural thrombus formation, which correlates with inhibition on platelet
aggregation, without significant hemostatic or hemodynamic side effects.

According to PCI-CURE and the CREDO trial, in patients with unstable angina and non-
ST-segment elevation myocardial infarction (NSTEMI) who are given ASA and are
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undergoing percutaneous coronary intervention (PCI), a strategy of clopidogrel pre-
treatment is beneficial in reducing major cardiovascular events. Since, in this paper we
communicate that acute administration of LAB16 provides the same anti-thrombotic
protection than 3 days treatment with clopidogrel, acute administration of LA816 could
be as beneficial as pre-treatment with dopidogrel in reducing major cardiovascular
events.

Because clopidogrel, when added to ASA, increases the risk of bleeding during major
surgery in patients who are scheduled for coronary bypass grafting (CABG), clopidogrel
should be withheld for at least 5 days and preferably for 7 days before surgery. The
acute and intravenous administration of LAB16 should be free of this disadvantage.

In summary, our data provides evidence of the antithrombotic properties of this new
platelet selective NO-donor and indicates its potential beneficial effects in combination
therapy with ADP antagonists and aspirin, treatments of indication against the
thrombotic events causing ischemic syndromes.
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