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Summary

Platelets play a primary role in thrombus formation after plaque
rupture, Platelets recognize the exposed colagen wia Von
Willebrand factor (VWF) and become activated. Saratin, an
inhibitor of theV'WF-dependent binding of platelets to collagen,
may reduce the thrombotic risk associared w acherosclerosis.
Our objective was to evaluate the antithrombotic effects of
local treatment with saratin on human atherosclerotic lesions.
Thrombus formation was assessed by the deposition of '''in-
plitelers on different human atherosclerotic lesions under
three local shear conditions (8001700 and 3400/s) with blood
derived from catheterized pigs. Human atherosderotic lesions

——————

Introduction

Platelets play a primary role on thrombus formation afier plague
ruplure and in the onset of the acute coronary syndromes (1-3),
Although the characterization of the initial miggers of thrombo-
sis would significantly improve the efficacy of platelet-mhibito-
ry drags, the contribution of the different plague components to
thrombisis is not completely understood. Aspinin is the gold
standard in clinical antithrombotic therapy but recently new
specific antiplatelet agents, such as GPIL/1La antagonists, ADP
recepior blockers and specific thrombin inhibitors have been
introduced (4, 5). On the other hand, inhibitors of platehet adhe-
sion are not yet in clinical trials, although some have been char-
acterized and tesied in punfied systems. Plaiclet adbesion is
mediaied by Von Willchrand factor (YWF) which acts as a
bridge between platelet receptors and collagen (6, 7). Under
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were locally treated with saratin (30 pg'ml) at 37°C for 5 min
and placed in the chamber. Under stenotic shear conditions of
B800/s, saratin significandly (p<0.05) reduced platelet deposition
triggered by human denuded vessel wall (44%), fatty streaks
(47%), severely damaged wvessel (30%) and atherosclerotic
plagque [37%). Thrombus characterizagon by immunchisto-
chemistry showed also a reduction in fibrin depaosition in treat-
ed vessels. These results suggest that the local site-specific
treatment with saratin inhibits atheroscleratic plaque throm-
bogenscity at haemodynamic conditions typical of moderately
SLENGUIC COronary arteries.
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high shear rate conditions VWF {domain A3) (8) binds to colla-
gen type | andior [11 undergoing a conformational change which
will allow its hinding to the platelet receptor GPIWINAY
(domain Alj (9). After the initial tethering, platelets wall
become irreversible adhered through the collagen receplors
(GPlaTla, GPVI, GPIV, pb3, TIIICBP) (10) resulting i platelct
activation, degranulation and aggregation (11). Activated plate-
lets will release romboxane A2, cytokines, mitogenic mediators
and vasoconstrctor substances (3) that will lead 10 3 reduction
of vascular lumen, thrombus formation and coatribute to reste-
notic complications {12). Therefore, prevention of the initial
platelet adhesion step might contribute to a more efficient inhi-
bition of the platelet response io imjury in the vessel wall,
However, there is not much information on the contnbution of
the V'WF-collagen pathway to thrombosis on human atheroscle-
rotic lesioms.
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Saratin (Merck, KGaA) is a 12000 Da recombinant protein
{103 amincacids with three disulfide bridges) isolated from the
saliva of the medicinal beech Himdo medicinales, that sie-spe-
cifically inhibits collagen (type [ and 11T) imeraction with VWF-
A3 domain (13), Sequential assignment and secondary struciure
of saratin has been described (14). Saratin has shown to reduce
platelet adhesion, hyperplasia (15), and lumen stenosis in canol-
i endarterectomized ris (16). Up to now saratin has shown
platelet inhibitory effects on thrombosis tnggensd by punficd
proteins and damaged healthy vessel wall. Therefore, we
hypathesized that saratin could also reduce platelet deposition
triggered by a highly thrombogenic surface as it is the sihero-
sclerndic plaque, Owr resulis indicate that the local treatment
with sartin (i.e. in drug-cluting stents) may reduce thrombosis
associated 1o exposure of differenl human atherosclerotic lesion
components, 31 shear rates compatible with dilated/stented ste-
0SS iN COMoNAry artcncs.

Materials and methods

Experimental model

Normal pigs (Large White x Landrace) obtained from a local
sigle farm (R=20; body weight = 38 kg) were individieally
caged in a light, temperature (23 £ 2°C), and humidity con-
trolled environment with free feeding (normal pig chow) and
access o water. Animals were housed for one week before any
experimental procoedure, to climinate the stress effects of trans-
poration. All procedurcs in this study were performed in
American Physiological Society guidelines for animal research

Experimental procedure

The pigs were sedated with an intramuscular injection of
& mg'kg of Azoperona (Stressnil™, Esteve, Spain), decply anes-
thetized by intravascular infusion of pentobarbital sodium solu-
tion (10 mgkg, B. Braum, Germany), and then intubated and
ventilated (Dog ventilatos, Ugo basile, taly). Through a neck
incision, the carotid artery and contralateral jugular vein were
cannulsted. Blood samples were collected for baseline determi-
nation of hematoerit (30.7 £ 0.62%), platelet number (459 £ 13
®10Pplujl), mean platelet volume (56 £ 0.4 p'), prothombin
time (PT, 124 £ 0.1 5), activated partial thromboplastin time
(aPTT; 61 £ 8.1 s), and fibrinogen (198 £ 3 mg/dl). Pigs were
intravenously hepaninized with a bolas (50 Uke) followed by
an infusion (50 U/kg'h) (Liquemine®™, Roche, Switzerland). The
catheterized carotid antery was connected by polyethylene tub-
ing 1o the input of the Badimon perfusion chamber (1 7) and the
output of the chamber was connected 1o a peristaltic pump
{Masterflex, Model 7518-10, USA), Blood that passed through
the chamber was recirculated back into the animal by the con-
tralateral jugular vein, Each pig was used for abow 10 perfi-
sions. The aona specimens (30 mm in length and 10 mm in

width) were placed in the perfusion chamber in a latcral posi-
tion, forming pant of the blood channel by whach the test surface
was directly exposad 1o the hlood. The substrates were perfissed
with PBS solution at 37°C for 60 5. Afier the preperfision peri-
oid blood entered the chamber (internal diameter 1.0 mm) a1 a
preselected flow rate of §, 10 or 20 ml'min for 5 min to obtain
a broad range of wall shear rates to encompass conditions in
mild stenotic cornary vessels (800/5) and at higher shear rates
{1700 and 3400Vs) == those described for VWF-dependent-
thrombosis in purified substrates or in the microcirculation.
Thise latest kigh shear rates are not common i the cofonanes
because of the compensatory distal vasodilation when vessel
diameter becomes reduced by high grade stenosis (18). At the
end of blood Mow, baller was again passed for 30 s through the
chamber under sdentical flow conditions. The number of depos-
ited platelets om each specimen was normalized from the plate-
let count, the "' [n-activity on the perfused area and in blood,
and the area of exposed surface (17).

Preparation of vessel segments and
local drug treatment

Pig aorta substrates
A senies of expenments were designed to gain information
about the dose of saratin required to locally inhibit mural plate-
let deposition triggered by porcine damaged vessel wall. Pig
aortas were obtained fresh, immediately cleaned from adventi-
tia, cut in long peces, and frocen at ~80°C until needed. Befone
starting the expenmenis, the aorias were thawed in PBS ot
4°C, opened longitodinally, and cut into 30610 mm segments.
Scgments of pig sora were denuded (model of erasion) or
severely damaped (model of disnuption) by peeling off the inti-
mal layer with a thin portion of sabjacent media (19, 20).
Substrates (M 210 for cach condition) were mcubated at
IPC wuth saratin & different concentrations (0, 3, 30 and
00 pg'ml saratm) for 5 min. The solven for saratin was PBS
which was also used 1o incubate controd tissues. Blood was per-
fused through the chamber at high shear rate conditions (800
and 1 TO0s).

Human atherceclerotic substrates

Human sorta specimens were oblained from autopsy cases
within 13 to 15 b of death (un-used tissues from an on-going
study on sudden death), transported in PBS and immediatcly
cleaned from adventitia, cut in long picces and frozen at —80°C
undtl neaded. Before the expenments, the aortas were thawed
in PBS a1 4°C, opened longitudinally, and cut into 3010 mm
segments, The specimens were composed of denuded vessels
(croded, N=46), fatty streaks (N=60), severcly damaged sub-
strafes (disrupted vessel; N=93), and atherosclerotic plagues
{W=28). Human specimens devoid of endothelivm were classi-
ficd as denuded/eroded vessels and scvercly damaged lesions
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were obtained by stripping of the intima (model of disruption)
a5 described for the porcine aorta (18, 19). Special care was
taken to avoid gross imegularities on the surface. Lesions mac-
rascopically characterized by raised yellow streaks were classi-
hied as fatny streaks, while lesions macroscopically character-
ized by rassed white or vellow-white plagques were classified as
atherosclerotic plagues. Substrates for each experiment were
wserd in a randomized fashion. Human specimens were incubat-
ed in PBS solution with or without saratin {30 pg/ml) at 37°C
for 5 min, Blood was perfused at different shear rate conditions
(B0, 1700 and 3400/5),

Platelet interaction with collagen under
elevated shear

We performed additional flow chamber perfision studies using
collagen-coated plasic slides, following previowsly published
methods (21), to assess the inhibitory effect of sarstin on plate-
let-collagen interaction under high shear mic conditions. For
this purpose, Permanox™ plastic shides (3010 mm) wene coat-
ed with fibllar collagen from bovine Achilles tendon (at a con-
centration of 16 pg/mi). The plastic slides were kept in 2 humid
atmiosphere overmght, then washed, and blocked with 3% BSA
for 2h. PBS solution {with or withowt saratin 30 pg/ml) was
added for 5 min 31 37°C. Collagen-coated surfaces were placed
in the perfusion chamber and perfused a5 described above at
shear rates of 800 and 3400Vs. Commassie blue stam (protein)
showed a uniform coverage of collagen in the plastic slides.
Furthcrmore, staining of the collagen-coated slides afier blood
perfusion showed that the collagen matrix had not been dis-
lodged or pecled off by the Aow.

Radioactive labeling of platelets

Approximately 24 hours before the perfusion expeniment,
autologous platelets were labelled with "Inoxine ("ln)
{Amcrsham, Germany) as previously described (20). In brief,
43 ml of blood were withdrawn in T ml ACD solution (0.8% cit-
ri¢ acid, 2.2% trisodium citrate, 2.45% dextrose, pH 5). Platclets
were isolated by low speed centrifugation (400g, 10 min), resus-
pended in ACD-saline (14.4% ACD solution in saline, pH 6.50)
and '"[n-labeled with "'In. An average of 7.3x10° £ 0.12 x10¢
per il of '""In-labeded platelets was reinjected in a final volume
of 4 ml of smtologous plasma, Efficiency was 96 + 1.2% and
the injected activity was 249 + 9 uCi. The labeling procedure
was performed approximately within 2 hours.

Biodistribution of indium-'""-labeled platelets
and biochemical analysis

At the end of the perfusion experiment post-moriem "'[n-bio-
distnbution indicated a correct platelet distribution with maxi-
mal accumulation in blood (47 + 4% m blood, 28 £ 3% in liver,
14 £ 2% in spleen, 4.0 £ 0.5% in hungs, 0.20 + 0.03% in kid-
neys, and 0,11 £ 0.02% in heart tissue). Serum levels of creati-

nine { 1,00 + 0.04 mg/dl), chobesterol {730 £ 4.0 mg/dl), protein
(491 £0.05 g/dl), glucose (100.0 £ 7.5 mg/dl), AST (22.0£ 7.0
UfMyand ALT (33.0 £ 2.4 L) were measured by routine analyt-
ical chemistry assays and all values were within normal range
for pig blood. Indium release from platelets was analyzed
throughowi the experimental perfusion penod and it was always
<%,

Conventional histology and
immunohistochemistry in human
atherosclerotic substrates

Perfuscd substrates were fixed in 4% paraformaldehyde, cryo-
prodecied with 2.3 M sucrose and fromen over dry ice in OCT
(Tissue-Tek OCT Compound 4583, Leica, Germany). Serially
cut 4- to 5 pim sections were obtzined from the centerline of the
vessel, longitudinal 1o the blood flow direction (Lung CM 300
Cryostal, Leica, Germany), Sections were mounted on gela-
tinized slides for immunohistochemistry or conventional stxining
and stored at ~20°C until tested. Masson's Trichromic staining
allowed visualization of the different atherosclerotic lesions.
For immunohistochemical analysis, antifibrinogen polyelonal
antibody (DAKO code Mo A=080, Denmark) and an anti-plate-
let polyclonal antibody (pabBP19) produced in our lsboratory
(20} were wsed a3 primary antibodies. Secondary antibodies
were FITC-conjugated F (ab') 2 fragment of anti-rabbit polyelo-
nal (Sigma, code No.FI262, USA) and TRITC-conjugated
swing anti-rabbit immunoglobulins (DAKO No.R156, Den-
mark). Images were caplured with an Olympus Vanox AHBT3
microscope and digitalized by a Sony 3CCD camera. Controls
of primary and sccondary antibody staining were always. per-
Tormed. Control and treated vessels were analyzed from the
same axial segment to avoid interference of location in compar-
ative analysis.

Hematological measurements

After cach sequence of perfusions, blood samples were collect-
ed from cach animal and evaluated for platcict count, hemato-
e, red Blood cells count, fibrmogen kevels, prothrombin tme,
activated partial romboplastin ame, and indium-release from
Matelets,

Statistical analysis
Resulis are cxpressed as mean £ S3EM unless otherwise stated.

Saatistical significance of overall differences between groups
was analyzed by analysis of vanance (ANOVA) and by Mann-
Whitney U test. A Power Macintosh computer equipped with
Statview™ software (Ahacus, Inc) was used for all analysis.
Values of p<0.05 were regarded as statistically significant.



Wilahur, et al: Sarstin dedreases thrombosls on atherosclencsis

¥
=

FLATELET DEPOSITION

{ x10F plarelens Feerd )
2 = h W A& WD
FLATELET DEPDSITION

i xl0® platelets /omt )
== B B & B8 B

111

pe/ml

C) DENUIMED VESSEL

1l

SEVERELY DAMAGED
VESSEL

M RlM's 1 TiMNs

0 ppml. 37x0.2 4.8 £0.2

3 pg/ml 12 31208 6207
30 pg/mi 11

i gl 10

2T 204" 46+ 1.3

212 0.3 4 8x 1.5

BMN5 175
wall (§ p<00l v
undreated).

C) Table of results.
Results are expressed
as meean values of
platelet deposition
{x|0* platelets J om®)
+ SEM. (Open bars,
B0/s; hatched bars,

30x40 B2 269

Fro6x 16 6.0+ 2.4
173235 422£120

204 = 3.4" 246261

Results

Efficacy of saratin on thrombus formation:
dose-finding studies

The antithrombotic effects of saratin were tested under well
defined shear conditions and surface thrombogenicity.

Denuded pig vessel wall (model of erosion)

Platelet deposition triggened by denuded vessel wall was signif-
pcantly mhibited at B0 with local saratin treatment (30 pg'ml
and 300 pg/ml) afier 3 min incubation at 37°C (p<0.05) (Fig.
LAY Platelet deposition was reduced from 3.7 £ 0.2 x10° plate-
leta/em® (non-treated) 1o 2.7 £ 0.4x10° platelets/'cm?® (30 pg/ml
saratin; =27% reduction vs. non-treated) or 1o 2.2 + 03x]10°
plateletslem?® (300 pg/ml saratin; =40% reduction vs. non-treat-
ed). No significant differences were observed at higher shear
rabe,

Severely damaged pig vessel wall

{model of disruption)

Flatelet depositson tnggered by severely damaged vessel wall
was significantly reduced at shear rate of 800Vs with saratin at
concentrations of 30 and 3 pg/ml {p=0.01) (Fig. IB). At a
local saratin dreatment of 30 pg/ml the maximal inhibitory effec

1700/3).

was reached, with a reduction of =32% (310 £ 40wvs 173 £
3.9 xI(®platelets’cm’). There were no significant cffccts o
1705,

Thrombus formation on human
atherosclerotic substrates

The pattern of thrombus formation on human atherosclerotic
lestons was directly regulated by local rheological conditions
and tissue characteristics (Fig. 2). Human denuded vessel or
fatty streaks showed less platelet deposition than severcly dam-
apged or atherosclerotic plaque substrates. Platelet deposition on
human denuded vessel, fatty streaks, severely damaped or athe-
rosclerodic plague increased with imencasing shear rates, Two
factor ANOVA (A, shear rate; B, substrate) (Table 1) showed
significant effects of subsirate on platelet deposition, except for
similar platelel deposition in denuded vessel and fably streak
and in severely damaged vessel and atherosclerotic plague
Effcets of shear rate range (800 to 3400'5) were significant in
each case. Figure 3 shows the Mason's Tnchrome stan of
human denuded’eroded vessel (Fig. 3A), fatty sireak (Fig 3B
and 3E), severely damaped disropted vessel (Fig. 3C), and
atherosclerotic plague (Fig. 3D).
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Effects of saratin on human atherosclerotic
plaque

Human atherosclerotic tissues were locally treated with saratin
{30 pg/ml) for 5 min at 37 C, and the vessels were mounted in
the chamber. Under stenotic shear conditions of B0/s, saratin
significanily reduced platelet deposition in all conditions.
Reductions with respect to control vessels were 4% on denud-
ed vessel wall, 47 on faity streaks, 51% on severely damaged
vessels, and 57% on atherosclerotic plague (Table 2) (p<0.05)
Al hear rate comditions of 1700Vs saratin treated heman sub-
strates only showed a significant platebet reduction in fatty
streaks (p<0.05). Mo change in platelet deposition was observed
at the higher shear rate (3400/5) at any degree of vascular dam-
apc.
Immunchistochemical saiming (fibrin: Fig. 4 platcleis:
Fig. 5} was performed on denuded vessel (thrombotee respomse
similar to that on fatty streaks) and severely damaged vessel
wall {thrombotic response similar to that on atherosclerotic
plagues). The selecied human perfused subsirates (A, B; denwd-
od vessel; C, D: severely damaged vessel) showed a mild
reduction of fibrin deposition after local treatment with sartin
(30 pg/ml) for 5 min in both denuded (Fig. 4B) and severely
damaped vessels (Fig. 4D} with respect 1o confrol substrates
{Fig. 4A and 4C). Demuded human vessels demonstrated mini-
mal platelet deposition (Fig. SA) while severely damaged ves-
sels induced thrombus formation (Fig. 5C). Platelet deposition
afier saratin treatment followed the pattern of inhibition alrcady
scen in the radioisotopic quantitative analysis (denuded vessel
Fig. 5B; severely damaged vessel Fig. SD).

Effects of saratin on collagen-induced

thrombus formation under high shear

Saratin significantly reduced platelet adhesion to collagen-coat-
ed slides at high shear rates (800's, p=0.048; 340075, p =0.02)
(Fig. 6). Intcrestingly, saratin induced a 4-fold reduction on
thrombus formation at shear rate of B00/s (163 £ 9 vs 4 £3
=10 plascletsiem® Fig. 6A) while a 16-fold reduction was
achicved at a higher shear rate (3400¢s: 83 £ 30 vs. 52 1 5x 10*

1400 -

s

PLATELET DEPOSITION
{x10* placeletsicm?)
i

LG, SHEAR RATE ( 14s)

Figure 1: Shear and lesion dependence of platelet depo-
sition on human atherosclerotie lesbons, Human derud-
edieroded wessel (M= 13] or farry streakis (N=31) shewed less
platelet deposition than wiversly damaged disrupted srerss
{M=46) or atheroscherotic plague (M= 14) substrates, and in gen-
eral platelet deposition intrexsed with mcreasing shear rates.

platelcts'em®; Fig. 6B). According to these results, saratin-
induced inhibition of platelet deposition (% inhibition vs. non-
treated) was in agreement with 3 VWF-dependent effect,
increasing with increasing shear rate. It was approximately 75%
at 500's and 54% at 3400/s (Fig. 6C).

Laboratory data
Mo significant differences were found in hematological param-
cters before and after starting perfusions of saratin-treated ves-

Table I:((M author: please provide a
legend))

plague

CTHEP A RIS SIHEAR HATE  oURSTRATE
Denuded vessel ws fuity stresk LLTiE] NS
Drenuded vessel vs severely damaged vesasl LT 02
Denuded vessel vs atherosclerolic plaque 2 [Tt
Fatty sireak ws weverely damaged vesse| ik LTI
Faity sireak vs atherceckerolic plague 00072 L
Sewvercly damaped vewsel va atberoschorols 100 N3
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sels (platelet count: 420.0 £ 10,5 vs. 437.0 £ 129 x10%/mm’; red
blood cells: 5.40 + 0,08 vs. 5.60 = 011 x10%'mm’ ; hematoerit:
30.70 £ 0.30 vs, 30.80 £ |.00%). Basal coagulation parameters
were neither changed afier samatin (fibrinogen levels:

(Bl

2001.0+£4,] vs. 205.0 £ 3.4 mg/dl; prothrombin time: 12.7 £ 0.2
ve, 125402 5 activated partial thromboplastin time: 2274 35
vs, 2320 £ 21 5).

Figure 3: Masson’s Trichrome stain of
human denuded vesiel (without endo-
theliumn) (A), fatty streak (B), severely
damaged (disrupted exposure of the
medial-layer) vesel (C), and sthero-
sclerotic plague (D) (x100). E, Facry
streak histolagical photomicragraph at higher
resobution (x200). Lipid comtent (B, O, E) has
been lost due 0o the Stalning

(L, bumery; I, intirna; M, media: FS, By sreak;
AP atherodchoros: plgise),

Table I: Platelet interaction with human atherosclerotic components as determined by the radiolsotopie
("' In-labeled platelets) method under different shear rate conditions. Results are expredsed a1 mean values of platelet
deposition (x10* platelets | cm?) £ SEML {* p<0.05 vs. control).

DENLITHED FATTY SEVERELY ATHERDSCLEROTIC
YESSEL STREAES DAMAGED PLANIE
(N=ts) (Nt [N=93) M= 25)
Control  saratns ~ Costrel  ssreilss Conbrsd wArElinG Coantrol s ruiEns
N=2dp  (N=23) (M=l N=1¥) i) T=dT) (M=) (N ld)
SHEAR B0d 4306 23509 51=07 1heltr 14528 T el e 158227 Bled 2
HATE
L)
I AR08 40 eEhd E=lD Tl ®E JRAN0 ALY IR N A4
XN 2RI 300 1E2:40 200853 252 2:204 3301332 el L] B Fu T
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Figure 4: Representative immuno-
photemicrographs of fibrin deposition
under shear rate conditions of B00/s.
Mon-created (controd] human substrates
(A C) or wreated with waratin (B, D). Saratin
recuced fibrin dopotition. A, B: denud-
edleroded veusel; C, O: severely damaped
disrupited veisel. (Magnification =200).

Figure 5: Representative immunopho-
tomicrographs of platelet deposition at
shear conditions of B00/x. MNonstreated
(eontred) human substrates (A, C) or treated
with saratin 30ug'ml (B, D). Saratin reduced
thrormbin formation. A, B denusdedieroded
vessel; C, O severely damaged disrupted ves-
sl (Mapnification x200()

A B
c D

A B
c D
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Figure &: Bar graph of platelet Interaction with collagen-
coated slides under high shear rate conditions, Resuls

are expressed as mean values of Plagelest Deposiion (x106 plate-
lets [ em®) £ 5EM, Collugen-coxted slides were incubated i PBS
with [M=16) or withouth (M=16) saratin (30 pgiml; § min; 377C)

Discussion

Under high shear conditions (>650s) (22) Von Willebrand
Factor-A3 domain (VWF) plays an important role in mediating
patelet adbesion to purified collagen preparations (8). VWF-A3
binding to collagen is followed by a conformational change
which will enable VWF-Al domain'GPIBIX platchet receptor
interaction leading to platclet activation (9). Activated plasclets
provide a surface for the assembly of the coagulation protein
complexes that generate thrombin, and also serve as a nidus for
fibrin cloas (23). Interestingly, there are no studics on the impact
of this hemastatic pathway in arterial thrombosis triggered by
atherosclerobic plagues.

Up 1o now, only a few fn vive studics i animal models have
reported that inhibition of platclet-VWF intcraction is effective
in reducing thrombogenesis tnggered by injurced arteries. These
swdics include the wse of anti-GPIb moeooclonal antibodies
{MoAb) (24, 25), anti-VWF MoAb (26), a recombinant Von
Willebrand factor GPIb binding domain (VCL) (27), and other
leech-derived substances as calin (28) or leech antiplaselet pro-
tein (LAPP) (29). Although poteatially efficacious they have
shown some secondary unwanted cffects in the animal modcls

ar B0 and 340005 Sarstin-treated collagen slides showed a sig-

nificant decrease on platelet deposition with respect 1o controb
both at 800/ (A) and 34005 [B). Treatment-induced inhibiton

of phoelor deposition ay 3400¢s than B0/ (),

and cxperimental designs studied: as such, anti-GP1 MoAbs
soem 10 induce severe thrombocytopenia (23, 30), VCL pro-
longs bleeding time (31), and local treatment with LAPP has
shown no effect on thrombus formation in baboons (29). We
show here that local treatment of atheroaclerotic human plagues
with sarafin, seems 10 reduce their thrombogenicity under cer-
tain flow conditions. Saratin, a recombinant protein isolated
from the saliva of the leech HMinido medicinalis, had previously
shown a polenl mbibiiory cffect on VWF-dependent platelet
adhesion to punfied collagen @1 high 1o very high shear raes
{13k

Additionally, Cruz et al (16) demonstrated that topical appli-
cation of sarating in a normal rat carotid endarterectomy model
reduced thrombus formation (low shear raie), In our study, we
demonstrate that local treatment of haghly thrombogenic athe-
rosclerotic vessels with saratin reduces thrombus formation
[ndeed, all damaged human substrates incubsted with saratin
(30 pg'ml) and perfused at shear rates of S00's showed a signif-
icant reduction on platelet deposition. However, no significant
reduction on platebet deposition was observed at higher shear
raie conditions {1700 and 3400/5). Interestingly, our data show-
ing saratin inhibatory effects on platelet deposition induced by
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collagen-coated surfaces under high shear rates (200 and
}400's) sugpest that saratin remains bound 1o collagen as
abready discribed (13). Therefore, our results with human athe-
rosclerotic and damaged porcine vessels suggest that thrombo-
sis at high shear rates is not as dependent on VWFE as it may be
the case for purified collagen. Indeed, we have previously
ghown that on highly thrombogenic surfaces such as atheroscle-
rotic plaque the blockade of the thrombin pathway seems to be
highly effective (32).

While on punfied collagen monolsyers VWF-dependent
cffccts were evident at shear rates typical of the microcircula-
tion (>1000 /) (29, 33), in pig arterial substrates we have pre-
viously shown that VWF cffects were also evident a1 low shear
rates typical of larger vesscls (200 to 4040's) (34). Thercfore,
our data perfusing atherosclerotic human vessels support the
concepl that saratin effecis are significant at those shear raics
typical of coronary circulation. Indeed, the highest prevalence
of thrombus-dependent acute coronary syndromes occur in
comonanes that are moderately stenotic (35). Moreover, saratin
was more efficacious in diminishing thrombosis indwced by
highly thrombogenic surfaces (scvere plagues and scvencly
damaged disrupted vessels), conditions that are mainly associal-

ed 1o the prescntation of the acwle coronary syndromes.
Immunsohistochemical analysis supporied the decnease in plate-
let deposition already seen in the radioisotopic quantitative
analysis and additionally showed a decrease in fibrin deposition
on denuded and severely damaged vessels.

In conclusion, this study demonsiraics that local saratin
treatment significantly decreascs platelet deposition and mural
thrombus formation tiggered by human atherosclenotic lesions
at hemodynamic conditions typical of moderately stenotic cor-
omary arlerics. Saralin treatment may become & successful
approach in the local treatment of revasculanized vesschs with
drug-cluting stents because interventional procedures usually
cxposc highly thrombogenic surfaces to circulating blood.
Additionally, saratin has previously shown anti-restenotic prop-
ertigs { 13)that, in addition to its antithrombotic profile, may be
of benefit in revasculanzation steml-mediated procedunes.
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Cell Signaling and Vessel Remodeling I

A novel anti-ischemic nitric oxide donor inhibits thrombosis
without modifying haemodynamic parameters

Gemma Vilahur, Estefania Segalés, Laura Casani, Lina Badimon
Cardigwascular Rosearch Centes, CSICMOCC, Hospial of Santa Crew | Sant Pau-UAB, Barcedona, Spain

Summary

Platelets are involved in the clnical presentations of ischemic
heart disease. Our objective was to study the antithrombotic
effects of 3 new nitric oxide donor [LA419), a neutral sugar
organe nitrate with a protected thiol group in is molecular
structure, Animals were randomly distributed in three groups:
1) oral administration of LA419 (0.9-1.8-3.6-5 mg/kg/d. |0 daysk
I} oral administration of standard 15-5-MMN (0.9-1.8 mg'kg'd. 10
daysk ) non-treated group (comtrod). In catheterized pigs,
thrombosss was swdied under controlled rheological conds-
tions by radioisotopic evaluation of deposited platelets on
damaged wvessel wall, placed in an extracorporeal perfusion
chamber. Changes in blood pressure, heart rate, and platelet

Keywords
Platelets, thrombeosis, nitric oxide, blood pressure, pigs

Introduction

Atherosclerotic narrowing of one or more coronary artery is
responsible for myocardial ischemia and angina in most patients
with stable amgina pecionis (SAP), The coronary arferies of
patients with SAP also contam many non-obstructive plagues,
which are prone 1o fissures or rupture resulting in presentation
of scute coronary syndromes (1), Al the sie of endothelal
injury, there is decreased production of the endogenous inhibi-
tors of platelet aggregation and vasoconstriction, hence creating
a local prothrombotic environment. Therefore, in addition to
symptomatic relief the emphasis of treatment has been to redoce
atherothrombosis, Combination therapy of anti-ischemdc agents
amil aspirin, in addition 10 a rechection in risk factors, provides

aggregation were evaluated. Results have shown that LA419
significantly decreased thrombus formation according to the
degres of vascubir dumage, and shear rate conditions in 3 dose-
dependent manner (p<0.005), without significant modifications
on blood pressure andior elevation of liver enzymes. In
contrast, [5-5-MM only showed a significant reduction on plate-
let deposition at the high dose, that was assochated to hypoten-
sion and elevation of liver enzymes. Therefore, we conclude
that this pew anti-ischemic NO-donor (NOd) LA419 that
be a highly efficacious strategy to passivate platelet activation
induced by 3 damaged vessel wall,

Thromb Hacmost 2004; %1: 103543

optimal management in patients with ischemic hean discase
(2).

Under physiological conditions, nitric oxide (NO) relessed
from platelets and endotheliom is involved in many vascular
processes such as vascular smooth muscle cell (VSMC) relaxa-
tion and inhibition of platelet adhesion and aggregation (3). The
term “nitrovasodilator” has come (o be utilized o designate a
chemcally heterogeneous growp of agents thal are linked by the
fact that they contain at least one biologically active NO moie-
ty, and that their pharmacological effect include dilatation of
VEMC. Mitrovasodilators such as nitroglycenn, isosorbide-5-
monoaitrate (15-5-MN) and other nitrates belong o the most
widely prescribed drog category in ischemic heart disease (4).
The vasodilator and antiplatelet effects of nitrovasodilators are
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mediated mainly by an increase in guanosine 3, 5'-cyclic
monophosphate (©GMP) level through activation of guanylate
cyechase (GC) (5). In patients with SAP, oxidative stress has been
reporied 10 induce clearance of platelet and endothelial NO and
inactivation of soluble GC (5, 6). Therefore, in patients with
SAF, exogenous donation of NO by nitrovasodilators is the
sirategy nowadays used to restore NO-functions.

Treatment with conventional nitrate preparations is limibed
by potential hemodynamic effects (hypotension) (7), poor anti-
thrombatic properties (8), and drug tolerance (9). To overcome
these limitations, development of novel NO donors with anti-
thromboticfanii-ischemic properiies and negligible hemody-
namic effects has been a challenge for the comect treatment of
patients with ischemic heart discase.

In this study, we investigated whether donation of NO with
a neutral sugar organic mitrate with a probecied thiol group in its
molecular structure (LA419) (10) inhibits thrombosis triggered
by eroded and severely damaged vessel wall at shear rates typ-
ical of patent stenotic coronary arienies in the experimental por-
cine model. This study indicates that the new nitnic oxsde donor
LA4I9 in addition to its previously described anti-ischemic
properties) (10), has a high efficacy in reducing the risk of
thrombotic complications in damaged vessels withoat modify-
ing blood pressure,

Methods

Experimental procedure and perfusion

system

Stoudies were performed in normal pigs (Large White x
Landrace;, = 36 kg) housed for a week: before any expenmental
procedure. Pigs (n=31) were sedated by intramuscular injection
of 8 mg/kg of Azoperona (Stressnil®, Esteve, Barcelona, Spain),
aneahetized by intravascular infusion of pentobarbital sodium
sodution {10 mgfkg, B.Braum, Barcelons, Spainj, and then intu-
bated and ventilated (Dog ventilator, Ugo basile, Italy). To
minimize the circulating plasma levels of pentobarbital and
avoid barbiturates plateler inhibitory effect, (11) we adminis-
tered 10 mghkg iv. bolus of pentobarbital sodium (deep
anesthesia) followed by a continuous infasion of 10 mgkgh
until the experiment had been completed. This procedure also
produced a consislent anesthetic state with a minimal variation
in hemodynamic parameters, Through a neck incision the canot-
i antery (distal portion) and contralateral jugular vein were can-
nulated. Then, pigs were intravenously hepaninized with a bolus
(50 [U/kg) followed by an infusion (50 [Ukgh) (Liquemine®,
Roche, Switzerland). All animals received this low-dose antico-
agulation with heparin (aPTT ratio = 1.5-2.5) io prevent occle-
gion in the extracorporeal system. The catheterized carotid
artery was connecied by polyethylene tubing o the input of the
Badimon's perfusion chamber and the output of the chamber
was connected 1o a peristaltic pamp (Masterflex, Model 7518-10,

Cole Parmer Instrument Company, USA). Blood that passed
through the chamber was recirculated back into the animal by
the contralateral jugular vein.

Blood drawn into perfusson flow chambers perfused the
porcine vessels that were deendothelialized (model of erosion or
mildly damaged) or mechanically disrupted by peeling off the
intimal layer with a thin portion of subjacent media (model of
disruption or severely damaged) as previously described (12).
We have selected a flow rate of 10 mlimin in the small (0.1 cm
diameter) and large (0.2 cm diameter) chamber. This flow gives
theoretically calculated average Mood velocities of 21.2 cmfs
and 5.3 cmys respectively (13). These shear rates comespond io
values ranging from those of Large, healthy (unobstracted) arter-
ies (21255) 10 values typical of areas of the atherosclerotic ves-
sels (168005) (14), Al these shear rates, blood can be considered
a Newtonian fluid with constant viscosity (15). Sewveral S-min-
ute perfusions (= 30 perfusions per pig) with varying hemody-
namic conditions and triggering substrale were performed in
each animal (12, 13). The perfused sepments were fixed in 4%
paraformaldebyde in PBS, and labeled platelets were counied in
a gamma counter (Wizard, Wallac, USA) for quantization of
deposited platclets. Values were nomalized by blood "'In
activity (counts), platelet counts in blood, and area exposed sur-
face (13). All proceduares in this stody were performed in accoe-
dance with institutional guidelines and followed the American
Physiological Society guidelines for animal research.

Radioactive labeling of platelets

After overnight fasting. 43 ml of blood was withdrawn in 7 ml
of anticoagulamt citrate dextrose (ACD) solution by femoral
venipuncture. Platelets were isolated by differential centrifuga-
tions and labeled with "In-oxine ("In) (Amersham Bio-
sciences, London, UK), as previously described (12). An aver-
age of B.4x10° £ 0L1x10° per pL of "“'In-labeled platelets were
suspended in a final volume of 4 ml of sutologous plasma, and
were reinjected intravenously into the pig within 2 hours of
starting the labeling procedure. Efficiency of labeling was 95 £
27% and the injected activity was 230 £ 10 pCi.

Post-moriem ' In-biodistribution indicated a comect plate-
let distibwtion with maximal accumulaton in blood (blood:
62 + 4%, liver: 21 £ X%, spleen: 8.8 £ 1. 4%, lungs: 3.2 +0.5%,
kidneys: 0.27 £ 0.05%, hean tissue: 0,08 £ 0.01%).

Drug administration

Pigs were andomly distributed in three groups: one nitrate-con-
trol (standard [5-5-MN), one treated with LA419, and one con-
irol (nom-tresied). Pigs were given a dosage of nitrate twice
daily (9 am.-18 p.m.) over a period of 10 days. The non-treat-
ed group was kept under the same conditions for 10 days. In
order 10 evaluate a poasible dose-dependent effect and establish
relations between compounds, 15-5-MN and LA419 were given
al increasing dosages until unwanted side effects appeared. As
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starting dose, we selected the maximal recommended therapeu-
tic dose of 15-5-MN for humans. Therefore, 15-5-MN was given
4t a therapeutic dose of 0.9 (7, 16) and at 1.8 mg/kg, whereas
LA419 was given at doses of 0.9, 1.8, 3.6, and 5 mg/kg.

Platelet aggregation

Whole blood (WE)

WB impedance platelet aggregation triggered by collagen (3, §,
10 pg/mL) (Chrono-Log model 530; ChronoLog, Yzasa SL,
Havertown, USA) was measured as previously reported (17).
Platelet aggregation was messured the day before clarting
mitrate administration and on the experimental day (day 11).

Platelet-Rich Plasma (PRF)

Optical plaselet aggregation was measured in PRF as previous-
ly described (17) with a platelet aggregometer (Aggrecorder 11,
model PAJZN), Menarini Diagnostic, Firenze, akia) a1 the
same periods as in WB. ADP(3, 5, 10, 15 pmols/) and collagen
(3, 5, 10, 15 pg/ml) were used as agonists.

Hematological, coagulation, biochemical and
physiological parameters
Blood cell counts, hematocrit, platelet number, and size distri-
bution were performed with a System 9000 cell anmalyzer
(Serono-Baker Diagnostic Allentown, USA). Levels of PT (pro-
thrombin time), aFTT (activated partial tromboplastina time)
and plasma fibrinogen were monitored with an ST4 automated
clotier (Diagnostica Stago, Asnidres, France). To assess any
adverse effects of continuous oral drug administration, blood
samples were taken for the measurement of blood urea nitrogen
{BLN), creatining, aspartate aminotransaminase (AST) and ala-
nin¢ aminotransaminase (ALT) by routine analytical chemistry
assays before and afier nitrate treatment (15-5-MN and LA 419).
Systemic blood pressure and hean rate were monitored by a
pressure fransduocer (Letica SA, Rochester, USA), attached to

¥ilahur, et al- NO donors, thrombesis and hemaodynamic parameters

the cannulated femoral artery. Measurements were taken
throughout the experiments 1o determine nitrate hemodynamic
effects.

Determination of platelet and plasma ¢GMP
levels

To determine cGMP platebet and plasma levels we performed a
new serics of experiments. Pigs (n=3) were given an itrave-
nous infusion of LA419 2 doses that caused thrombosis reduc-
tion (2.5 mgkg) (data not shown). Blood was withdrawn in
EDTA &t different periods (pre-treatment and 30-120 min dug-
ing intravenous treatment), centrifuged at 250xg 10 min at room
tempersture (RT) and IBMX (1 mmolid) was added w0 PRP to
avoid phosphodsesterases activity, Samples were centrifuged at
|.400xg 15 min KT to obtain platelet pellets which were stored
deep-frozen (-80°C) until measurement. cGMP levels were
evalusted by a commercially available cGMP enzyme imma-
noassay (EIA) kit (Amersham, Life Science, Chicago, USA)
with the addition of an acetylating step to increase sensitivity,

Immunochistochemistry

Perfused pig arterial segments were fixed in 4% paraformalde-
hyde, cryoprotected with 2.3 mol/] sucrose and stored in OCT
(Tissue-Tek OCT Compound 4583, Germany). Serial cut sec-
tions (4-5 um) in the blood flow direction were analyzed. A
double immunobistochemical analysis was performed with an
antifibrinogen  rabbil-polyclonal antibody (DAKO code
No.A=(80, Glosatrup, Demmark ) and an anti-platelet polyclonal
antibody (pabBP19) produced in our laboratory and previeusly
described (18). Secondary amtibodies were FITC-conjugated
F(ab’)2 fragment of anti-rabbit polyclonal (Sigma, code
No.F1262, New York, USA) and TRITC-conjugated swine anti-
rabbit immunoglobaling (DAKOQ No.RI156, Glosatrup,
Denmark), respectively. Results were evalusted with & Msores-
cence microscope (Vanox AHBT3, Olympus, Melville, USA).
The images were digitalized by a Soay J0CD camera. Controls
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of primary and secondary antibody staining were always per-
formed. Control and tresied vessels were analyred from the
same axial segment (centre psece) to avosd interference of loca-

ton in comparabive analysis {19

Statistical analysis

All valees are expressed a5 mean £ SEM. Overall differences
hetween groups were analyzed by Analysis of Variance meas-
ores (ANOVA)L When significant, multiple companisons were
performed by Scheffé’s fest. Mann-Whitney U-test was applied
when growps had unequal variances. A p value less than 0.05
was considered significant.

MILD LESION
Pl

LAS19 g 155K (b

Results

Hemodynamic effects of LA41? and 15-5-MN
Mo significant differences v, the non-treated group were
detected in mean anerial pressure after 3 10 day treatment with
any of the doses tested for LA419 (Fig. 1A). On the contrary,
1.8 mgfkg of 15-5-MN (standard controf) induced a significant
drop in mean arterial pressure of 13 mm Hg (= 30% reduction
vz, basal valee). No significant changes in heari rate were
detected with either LA419, or 15-5-MN within the dose range
{ested (Fig. 1B)L
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Antiplatelet effects of LA419 and 1S-5-MN
Low local shear rate conditions (212/s)

Pigs, orally treated with 0.9 mg/kg 15-5-MN, did not inhibat pla-
tedet deposition triggered by mildly (deendothelialized) (Fig. 2A)
or severely (mechanically disrupied) (Fig. 2B) damaged vessel
wall. Pigs treated with an oral dose of 1.8 mg'kg I5-5-MN

showed inhibition on mural thrombosis both in mildly (Fig. 2A)
(p<.005) and severely (Fig. 2B) (p<0.05) injured vessel wall,
In contrast, pigs treated with oral doses of 0.9 mpke LASID
showed 2 significant reduction on platelet deposition on bath,
mildly and severely (Fig. 2A-B) (p<(.05) damaged vessel wall,
An oral dose of LA419 of 1.8 mg/kg showed a maximal and sig-
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nificant reduction of about 50% (p<(.005) in platelet deposition
on mibdly (Fig. 2A) and severely (Fig. 2B) damaged vessel wall
(hagher oral doses of LA419 showed the same inhibitory effect).

High local shear rate conditions (| 680/s)
When inhibitory effects of 15-5-MN were wesied at the more
thrombogenic condition of high shear rate (1680), plaelet
deposition was not reduced afier 10-day oral trestment with 0.9
mgfkg 15-5-MN at any degree of vascular damage (Fig. 2C-D).
Although 1.8 mg/kg 15-5-MN showed a significant reduction in
mildly damaged wall (Fig. 2C) it did not reach significance in
severely damaged vessels (Fig. 2D). On the contrary, LA419
inhibited platclet deposition starting at 3.6 mphkg LA419 in
both mildly and severely damaged vessel wall (Fig. 2C-D)
{p<.005).

Becawse all animals treated with 1.8 mghkg I5-5-MN
showed liver enzyme toxicity, amtiplatelet effects a1 higher
doses of 15-5-MN were nod tested.

Platelet aggregation studies

Collagen-induced platelet aggregation in WEB was significantly
inhibited by both LA419 (Fig. 3A) and IS-5-MN (Fig. 38) at
any dose of agoaist (3, 5, 10 pgiml) (p<0.05) in comparison o
the control group (non-treated pigs). PRP apgregation chal-
lenged by collagen (3, 5 pg/mL) was also significantly inhibit-
i by both nitrates, LA419 (Fig. 3C: p<0.01) and 15-5-MN (Fig.
30y p=0.05), Besides, LA419 and I5-5-MN also reduced ADP
(3, 5 pmolsLyinduced PRP aggregation (Fig. 3E: Fig. 3F
respectively; p<0L01).

cGMP levels in platelets and plasma

An increase in intraplaselet cGMP was observed just after initi-
ation of LASTY infusion amnd remained over haseline levels dur-

058

020

Flgure 4: cGMP levels. eGMP concentrations

ing the whole infusion period (Fig. 4A). No variation was
detecied in cGMP plasma levels compared to baseling bevels
{Fig. 4B).

Iimmunohistochemical analysis
Immunchistochemical staining (fibrin: Fig. 5A-D; platebets:
Fig. SE-H) of selected perfused substraies (disrupted vessels
perfused at 1680V5) showed no differences on fibrin deposition
after oral treatment with LA 419 (C: 1.8 mgikg; D: 5 mgfkg) or
treated with 15-5-MN (B: 0.9 mgfkg) vi. the non-treated group
(A) Platelet deposition after oral treatment with 15-5-MN was
not inhibited while LA419 significantly reduced platelet mural
thrombus following the pattern of inhibition already scen in the
radioisotopic quantitative analysis (E: control; F: 0.9 mgfkg
15-5-MN; G: LA419 1.5 mghkg, H: LA419 5 mpfkgh

Evolution of hematological, coagulation and
biochemical levels

Hematological parameters (Table 1A) were similar among the
different groups, and they were within normal intervals for
1.5 monath old pigs. In all animal groups, aPTT mean ratio was
within the normal range for low level of anticoagulation (mean
aFTT ratio: 1.5-2.5 with 50 [Ufkg heparin). Fibrinogen levels
remained within normal range, but showed a decrease with
increasing dose of both nitrates.

Hepatic and renal eneymes were measuned before and at the
day 10 of oral nitrate treaiment. As shown in Table 1B, plasma
AST and ALT were significantly increased (exceeding physio-
logical values) in animals treasted with 1.8 mgfkg 15-5-MN and
5 mp'kg LA419 indicating hepatic toxicity.

e

i 040+

0.35 1

fix

2s

0 M &) 80 130
MINUTES posi-infusion

mg protein cGMP) were determined (n=4) in (A) platelews and (B) plasma

[l
befere (r=0) and afrer (t=30, 20, ard | 30 min) LA 19 infusion. Mete the trend to higher valees of intraplaceles cGMP afeer 30 minutes
starting LAY infusion (1.5 mp'kg) which remained over baseline levels during the whole infusion period,

1040



Figure 5 Fepresen
tative immuncphoto.
micragraphs. Fibrin
(green) (&-LF) and
platebat (red) (E-H)
depoiiticn on dis
fupted weisel at
shrar conditions of

| &80V in: control sub-
strates (A, E), oralby
treated with 1558
0.9 mgikg (B. F).
LAA41S at |.B mgkg
[, G) and 5 mgig
(D, H). Mo significant
differences were
obzerved on fibrin
depasition while
platedet depasition
followed the pattern
aiready seen in cha
radioiotopic quant-
tative anafytis

Discussion

Vitahur, et 3l - MO donors, thrombosis and hemaodynamic parameters

-

tion on exposed damaged vessel wall at flow conditions typacal
of mildly sienobic coronary arteries withowt modifying blood
In thas study, we repoet that oral treatment with a new NO-donor  pressure, These antiplatelet effects were not observed afier
(LA419, a neutral sugar organic nitrate with & protected thiol  treatment with 15-5-MN,

groaip 1m its molecular structure) (107 wath tested ant-ischemic The FeCOEmsed ride of |1|:|‘.|_':!_'I-. ifi the thrombotic pricesses

propertics, decreases platelet apgregation and platelet deposs- associaied to the coronary syndromes indicates thai the inhibi-
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A e e e Table I: Hematalogi-
coagulation (A}
HORMAL LA 418
AVERAGE IS-5-MN (mg/kg) (mg/kg) and biochemical (B)
X 1.8 [X] 1.8 1] ] parafmEters in fon-
RBC jitfiily 45+003 | 512008 452005 | 524004 S2+003 S0+003 50£004 weated and nitrate
-] wreaned Red
HCT s 270401 | XMO0+02 270202 | X402 INE202 4202 F2zdd bload cells (RBC):
ey hernateerit
PLT mets) 3560 | ADED 432130 | 39440 25270 35470 402W0 | Lo IH{'I;'CIL
{2s0-A%0) { pro-
PT i) 126404 | 120401 122005 | 12701 128:01 127401 1a7s02 | thrombin teme (FT);
activatesd partial trom-
| aPTT frwsey 252004 | 202006 152007 | 265:005 1.7+003 17004 162005 bu-purmutnuhl"l'?.
(L5 fbrinagen (Fibrinog,
' mghiL) 1682 [ R 1m0tz 1954 18823 1863 1ze Walues are expretoed
{rraim as mean & sandard
efrad "pa(0s,
B
1S-5-MN (mgikg) LA419 (mgfkg)
Balore Afer 10 days Badgng Alver 10 days
trarmsen Aneadmant Trosatrrspent Bhsament
] 1.8 0.8 1.8 38 g
| AST pui) 2147 161 ) |y k] 2a+B dEm Jiz 6 64 120"
[16.3-56.30
| ALT puny 28 2 +a A" 343 340 g2 L Fad AEEE
-3}
BUN gLy & 0.3 T£0.8 114 0.3 10£ 0.3 Baidd THLS 0.5 LR
=3
Crea 12401 [ 1.26007 114002 | 126008 | 13005 1.9£005 12005 11202
fouE-2 1)

tion of platelets by nitrates may offer an additional mechanism
by which these compounds could improve perfusion to ischemic
myocardium. Conflictive results have been found with i.v. and oral
use of nitrates in vitre and in vive, some reports showing inhibi-
tion (20-22) and others reponting no effect (23-25) on plaselet
apgregation and thrombosis, We have used 3 conventional and
recognised oral nitrate, 15-5-MN, as positive control for the
potential antiplatelet effect of LA419. A dose of 0.9 mgfkg of
15-5-MN, as described in the literature (26), showed inhibition
of in vitrn platebet aggregation but had no effect in in vive plate-
let mural thrombosis, These differences seem 1o be due to the
methodology used in platelet aggregation. Indeed, i vitro aggre-
gation requires blood collection in citrate that depletes Ca™
from ihe sample and analyzes platelet response (0 & single agonist,
In contrast, plaielet deposition in the perfusion system is trigger-
ed by vascular wall, in flow conditions that mimic the circula-
tion, and there is no Ca** depletion, therefore Ca-dependent en-
aymes are fully available. These factors relevant in im vive throm-
Tosis are ol accountable for m i witro platclet aggregation,

A higher dose of 15-5-MN inhibited platelet deposition in
vivey, however, the concomitant hepatic injury and drop in blood
pressure abolishes its therapeutic use, Indeed, the therapeutic
window for [5-5-MN seems nof to include a platelet inhibitory
effect of relevance in vascular leston-triggered thrombosis.
Interestingly Wallen et al. in a study in healthy subjects showed
that isosorbide dinitrate only had platelet effects in individuals
showing significant hemodynamic responses b the drog (22), In

contrast, 0.9 mg'kg LA419 showed a persistent decrease in
platebet-thrombus formation at low shear rate conditions, with-
out hemodynamic effects. Thrombus inhibition at higher shear
rapes (a higher thrombogenic samulus) requined higher doses of
LA&19, but doses that did not produce a blood pressure drop.,

An important limitation in nitrate therapy resides in their
hemodynamic side effects (7). It should be noted that the anti-
thrombotic effect of 15-5-MN wis observed o doses that signif-
icantly decreased blood pressure. However, antithrombotic
properties of LA419 were observed at doses without hypoten-
sive episodes. Therefore, LA419 seems 1o have antiplatelet ther-
apeutic efficacy at doses without hemodynamic side effects.
These results suggest that LA419 has higher platelet specificity,
probably due to the presence of a thiol group in LA419 struc-
ture, which facilitates mitrate conversion 1o NO. Thus, the hypo-
tensive effects induced by LA419 would probably be observed,
but at doses much higher than those required to achieve an anti-
thrombaotic effect. A potential deleterious effect of nitric oxide
on hepatic function (27) was evidenced by higher ALT, AST
serum levels after treatment with 1.8 mg/kg 15-5-MN and the
higher dose of LA419 (5 mgfkg). Taken together, our findings
indicate that LA419 could be a potentially useful and safe agent
in the treatment of ischermic hean diseate,

The proposal that Nitroglycerin may exert ils activity inde-
pendently of s NO-releasing properties has been done by
Kleschyov et al. (28). However, this study was done in virro and
& proper in vive study must be done before this theory can be
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approved. Moreover, since the pharmacodynamic and pharma-
cokinetic-metabolism properties of the different NO-donors dif-
fer so much, then what could be proven for Nitroglycerin should
be also proven for other NO-donors. To this negard, since we
have demonsirated the maintained increase in cGMP levels afier
LA419 administration, and that iis anti-platelet activity is
avoided by a NO-scavenger (carboxy-FTIO) (data not shown),
we should conclude that the anti-thrombotic activity of LA 419
should be mediated by the release of NO from that molecule,
A significant reduction on fibrinogen levels by NO has been
previously reported (29) and it may be considered that if the
reduction does not reach the level of hypofibrogenemia, it
woukd diminish risk of ischemic heart discase associated 1o high

In conclusion, this study provides evidence of the in vive
effects of the novel compoand LA419 in comparison with
[5-5-MX, Oral admimistration of 1his novel NO-donor inhibdts
platelet mural thrombosis withoul modifying blood pressure,
The antiplatelet effects of LA419 increase the potential benefit
of this anti-ischemic molecule in patients with ischemic heart
disre.
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