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CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefit of priority to U.S. Provisional Application Serial No.
61/267,640, filed December 8, 2010, the entire contents of which are hereby incorporated by
reference.
10
FIELD OF THE INVENTION
The invention relates generally to the fields of autologous vein, vein graft, vein
preservation, tissue preservation, intimal hyperplasia, vasospasm, pharmaceuticals, devices,
and vascular biology.
15
GOVERNMENT SUPPORT
The invention was made with government support under Grant No. 2R01 HL0O70715

from the National Institutes of Health. The government has certain rights in the invention.

20 BACKGROUND OF THE INVENTION

Human greater saphenous vein (HSV) remains the most commonly used conduit for
coronary and peripheral arterial bypass grafting. HSV is typically harvested from the leg with
direct surgical exposure or endoscopic vein harvest. The branches are ligated and the vein 1s

25 removed and placed on the “back table” prior to implantation. Most surgeons place the HSV
in heparinized saline solution at room temperature. The vein is cannulated at the distal end
and manually distended (with a syringe) with heparinized saline. This allows for
identification and ligation of side branches that have been missed during harvest. This
manual distension leads to injury to the vein. The veins are also marked with a surgical skin

30  marker to optimize orientation during implantation.

Of the more than 1 million coronary bypass procedures that are undertaken each year
worldwide, 10-15% of coronary vein grafts undergo early thrombotic occlusion; an additional
10-15% occlude in the next 1-5 years due to intimal hyperplasia, with a further 30-40%

occluding in the subsequent 5-7 years because of progressive atherosclerosis superimposed on
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inflammatory agent, an endothelial function preservative, a metabolic regulator, a hydrogel,
an inhibitor of heat shock protein 27 (HSP27), a regulator of HSP20, and/or an inhibitor of

20 MAPKAP kinase 2.
Further, the anti-contractile agent may be at least one of a phosphodiesterase inhibitor
(e.g., papaverine, sildenafil, tadalafil, vardenafil, udenafil, avanafil cilistizol, pentoxifylline,
dipyridamole or a combination thereof), a calcium channel blocker (e.g., amlodipine,
aranidipine, azelnidipine, barnidipine, cilnidipine, clevidipine, efonidipine, felodipine,
25 lacidipine, lercanidipine, mandipine, nicardipine, nifedipine, nilvadipine, nimodipine,
nisoldipine, netrendipine, prandipine or a combination thereof), a nitric oxide donor (e.g.,
sodium nitroprusside, nitroglycerin or a combination thereof), or a cyclic nucleotide analogue
(dibutyryl cAMP, dibutyryl cGMP or a combination thereof), or a combination thereof.
Further, the anti-oxidant agent may be e.g., N-acetylcysteine, allopurinol, glutathione,
30 mannitol, ascorbic acid, a tocopherol, a tocotrienol or a green tea phenol or a combination
thereof.

Further, the oligosaccharide may be e.g., lactobionic acid, raffinose, or trehalose or a

combination thereof.
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15 Additionally, the metabolic regulator may be, e.g., glucose, adenosine amylin,
calcitonin related gene peptide, insulin, or a combination thereof.

Additionally, the hydrogel may be composed of, for example, a natural polysaccharide
such as alginate, dextran, chitosan, and glycosaminoglycan, or a hydrophilic polymer such as
polyethylene glycol, methylcellulose, hydroxymethylceliulose, hydroxyethylcellulose,

20  polyhydroxbuterate, or poly(n-isopropylacrylamide).

Further, the inhibitor of HSP27 may be, for example, an siRNA or miRNA that
inhibits HSP27 expression, an anti-miRNA that enhances HSP20 expression, or a
combination thereof.

Further, the inhibitor of MAPKAP kinase 2 may be, for example, a peptide inhibitor.

25 The explant may be marked with a non-alcohol based marker, such as, without
limitation, erioglaucine/Blue Dye #1, indigotine, Allura Red AC, or brilliant blue G.

The method may further comprise flushing the lumen of the vein explant such that the
internal flushing pressure does not exceed 200 mm Hg, or does not exceed 150 mm Hg.

In another embodiment, there is provided a vein transplant kit comprising (a) a tissue

30  marking pen comprising a P2X; receptor antagonist; and (b) a physiologic buffered solution
or reagents for making such. Additionally, the kit may further comprise a container suitable
for bathing a vein explant. Additionally, the kit may further comprise one or more of hepérin,
an anti-contractile agent, an anti-oxidant agent, an oligosaccharide, a colloid agent, an anti-
inflammatory agent, an endothelial function preservative, a metabolic regulator, a hydrogel,

4
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Also provided is a device for flushing the lumen of a vein explant; said device is
designed to prevent flushing pressures inside the vein explant of greater than 200 mm Hg, or

15 greater than 150 mm Hg. The device may comprise a syringe and/or catheter and a pop-off
valve. The syringe or catheter may comprise a bullet-shaped tip comprising a lumen for
introduction into a distal end of said vein explant. Further, the device may further comprise a
bullet-shaped plug lacking a lumen for introduction into a proximal end of said vein explant.
Additionally, the device may further comprise a clamp designed to hold said vein explant.

20 Still yet another embodiment comprises a buffered solution of pH*7.0-7.6, wherein
said buffered solution further comprises heparin and a P2X7 receptor antagonist. The P2X;
receptor antagonist may be, for example, erioglaucine/Blue Dye #1 or brilliant blue G, or a
combination thereof. Additionally, the buffered solution may further comprise heparin, along
with one or more of erioglaucine/Blue Dye #1, brilliant blue G, or both. Further, the buffered

25 solution may comprise phosphate buffered saline, MOPS, Hepes, Pipes, acetate or Plasmalyte.
Further, the pH may be 7.35-7.45,0r 7.0, 7.1, 7.2, 7.3, 7.4, 7.5 or 7.6.

Additionally, the buffered solution may further comprise magnesium sulfate or Hanks’
Balanced Salt Solution.
Additionally, the buffered solution may further comprises one or more of an anti-

30  contractile agent, an anti-oxidant agent, an oligosaccharide, a colloid agent, an anti-
inflammatory agent, an endothelial function preservative, a metabolic regulator, a hydrogel,

an inhibitor of heat shock protein 27 (HSP27), a regulator of HSP20, an inhibitor of
MAPKAP kinase 2, and/or combinations thereof.
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enzyme inhibitor (e.g., enalapril, ramipril, quinapril, perindopril, lisinopril, benazepril,

monopril or a combination thereof), an angiotensin receptor inhibitor (e.g., losartan), a statin
(e.g., atorvastatin, cerivastatin, fluvastatin, lovastatin, mevastatin, pitavastatin, pravastatin,
25 rosuvastatin, simvastatin or a combination thereof), metformin, an estrogen (e.g., estriol,
estradiol, estrone, 178-estradiol or a combination thereof) or a combination thereof.
Further, the metabolic regulator may be e.g., glucose, adenosine amylin, calcitonin
related gene peptide, insulin or a combination thereof.
Additionally, the hydrogel may be composed of a natural polysaccharide such as
30  alginate, dextran, chitosan, and glycosaminoglycan, or a hydrophilic polymer such as
polyethylene glycol, methylcellulose, hydroxymethylcellulose, hydroxyethylcellulose,
polyhydroxbuterate, or poly(n-isopropylacrylamide).



WO 2011/ 072012PCT/ US2010/ 059459 Further, the anti-contractile agent
may be a phosphodi esterase inhibitor (e.g., papaverine, sildenafil,

t adal af i Iwovaridee@abi |, udenafil, avanafil cilistizol, pectrawsediplorisne,

di pyridanol e or a conbi nation thereof), a cal cium channel bl ocker (e.gqg.

am odi pi ne, ani di pi ne,.. azel pidipine, barni dipin i gk piLNe.,
cIevidipine,q%?%ﬁ?dﬁﬁﬂﬁ@Pﬁ]éPgéﬂgﬁhé?a%qFa.?%? ¥n3? ]%ngﬁédhgﬁﬁgsAthm
mandi pi Ngpibits CASPRPI ¥Prestiohedi i n@ti-nARNARINEE N@hanteFDHEPR0 ecxpiéssiohdiopi ae,

netrendi pine, prandipine), a nitric oxide donor (sodium nitroprusside,
ni t r ogl yoetination tkereddbi nati on thereof), or a cyclic nucl eotide anal ogue

(e.g. dibutyryl .c i ) comj 1100 1 eof ).

Further, the ’%}?tlf’}-ﬁg/g?raogr%\g g%)}lg{é%ﬂt kl(rfrl%\/é%blgl?y g?’ge 57 @@3@% tclzlg}g{r'ei ne,

al | opurinol , THud! eehé@gbsitid8edTht Presears imeicn havedbroad tuiseo ivdudihg use in
tocotrienol or a green tea _phenol, or a conbination thereof . The

ol i gosadeakhqasebypipvidingsterile megiqabaeasss and spdace stariizagaieand; degprdpgingtioy, 4
conmbi nati on t hereof. _ The coll oid agent may be, e.g.

hydr oxyet hyl starch, dextran, blood or al bumn or a 15conbi nation thereof.
The anti-inflamatory agent may be, e.g., a corticosteroid (e.qg.

dexanet hasone, hydrocortisone, cortisone, prednisone, prednisolone,

met hyl predni sol one or a conbi nati on thereof), a nonsteroidal
anti-inflamuatory (e.g. aspirin, ibuprophen, naproxen salicylic acid or a
conbi nati on thereof), a MAPKAP kinase 2 inhibitor, anti-TNF-a,
anti-1L-1-13, a Cox-2 20inhibitor or a conbination thereof. Furt her,
the endothelial function preservative may be an angi otensin converting
enzynme inhibitor (e.g., enalapril, rampril, quinapril, perindopril,
lisinopril, benazepril, nonopril or a conbination thereof), an angi otensin
receptor inhibitor (e.g., losartan), a statin (e.g., atorvastatin,
cerivastatin, fluvastatin, |ovastatin, nevastatin, pitavastatin,
pravastatin, 25rosuvastatin, sinvastatin or a conbination thereof),
metformn, an estrogen (e.g., estriol, estradiol, estrone, 17, 3-estradi ol
or a conbination thereof) or a conbination thereof. Further, the

nmet abolic regulator nay be e.g., glucose, adenosine anylin, calcitonin

rel ated gene peptide, insulin or a conbination thereof



Addi tionally, the hydrogel may be conposed of a natural polysaccharide such
as 30 al ginate, dextran, chitosan, and gl ycosam noglycan, or a hydrophilic
pol yrer guohoaﬂwpuhyethylene egcoI met hyl cel | ul ose,  PCT/US2010/059459

hydr oxynet hyl cel | ul ose, hydroxyethylcellulose pol yhydr oxbut erate, or

pol y(n-isopropyl acryl a 7 59459
Further, the inhibitorq%ﬂ%ﬁgagggﬁég%iéglég%ﬁggggp e, %§%§5|RNA or m RNA t hat

i nhibits HSP27 expression, an anti-m RNA that enhances HSP20 expression or

a combi nati Onl“ﬁekf%ﬁ@@f ﬁ%ﬂﬂﬁfﬂ? iph@of fHe VAR @e&'ﬁ@é’@&l ahdnBy ifeRuded +@ further

peptide inhibitor. t he conpositions t he present invention have
br oad usikesonsicite dexngn asEecisrof] hbeapltem gy epiiop rihe; 161’@1)@1033 ey beebatisavadarsteedi ces
urface_.sterilization an dec

d
015 b7 I TR TedD B UE O e R e b Biatiosl Rittthe et ggsgescription of

fO||OMAQge&ﬁg@ﬁ@g@hﬁhﬁ@ﬁéﬁh&@meﬁﬂﬁ present specification and are included
to further denonstrate certain aspects of the present invention. The

invention may be better understood 5by reference to one or nore of these

figur es in Cgﬁgﬁg ria ho 2 t\ﬁnet\gnta&% sqx?oo?ﬁ lnﬁgclgeﬁﬁgticﬂlta QBLbﬁ{ty sHi)ql(ﬁl.hfaincsaphenous

enbodi nent s
vein.

10 FIGS. 2A-B show that the current surgical harvest techniques lead to decreased
smooth muscle functional viability.
FIG. 3 demonstrates that the current surgical harvest techniques lead to reduced
endothelial functional viability.
FIGS. 4A-B show that the current surgical harvest techniques reduce endothelial-
15 independent relaxation of human saphenous vein.
FIG. 5 demonstrates that human saphenous vein grafts with blue markings displayed
reduced smooth muscle functional viability.
FIG. 6 demonstrates that surgical skin marking reduced smooth muscle viability of
human saphenous vein.
20 FIG. 7 shows surgical skin marking pens reduce the viability of pig saphenous vein.
FIG. 8 shows functional response (contractile response to KCI) correlates with cell
viability in human saphenous veins.
FIGS. 9A-B demonstrate that erioglaucine restores functional viability after stretch
injury in porcine saphenous vein.
25 FIG. 10 shows that Allura Red did not restore stretch-induced injury in porcine
saphenous veins.
FIG. 11 demonstrates that erioglaucine restores smooth muscle viability in human
saphenous vein.
FIGS. 12A-C show that erioglaucine blocks BzATP-induced contraction in saphenous
30 vein.
FIG. 13 demonstrates that the erioglaucine reduces intimal thickness in human
saphenous vein in an organ culture model.
FIG. 14 shows erioglaucine reduces intimal layer thickening in distended porcine

saphenous vein.



FIG 1 shows the variable snmooth nuscle functional viability in human
saphenous vein. 10FIGS. 2A-B show that the current surgical harvest

t echni quewol2erd7e@2decr eased snoot h nuscl e functi onal vipabiuS2e19/059459 FI G
3 denonstrates that the current surgical harvest techniques |ead to reduced

endot helial fynctiqnal viability.. . . FlGS, 4A-B.. .

current sur gir}é@i H}g?‘}? ra{aééélflﬁxi i’%ﬁ?gg"lartbo&ﬁygng ﬁHE?E‘i%P’ECQF’Z%Eé‘P 2%%%2%%1 é’?\l%%al
rel axat ig@Pefdbnt R A GARNRAMMSaMRIBus vein. FIG 5 denpnstrates that human
saphenous vein grafts with blue markings displayed reduced snoboth muscle

functional viEGi [1i6t shows that aFpiessuge delepies{nortald vHNe lawityPEsFure Kt ¥Rk ng
reduced snooth s Ir(%nvrin%rtl)&alli(ﬁ ¥en% human saphenous vein. 20FIG 7 shows
surgi calSRIE R K| Plg %)ens Feduce the viabili ty of pig saphenous vein.

FI G5 8 shows FimCl7i godds th@Shenek diseasibn adth 4 prasaspocdsasetval Gipvanty loss af es
with cell viability in hunman saphenous veins. FI GS. 9A-B denonstrate
that er ieodotheledl fenciien ibpsine sARRENOWYCR:j abi | ity after stretch injury in
por ci ne saph us ek N : . : el ragtece
stretch-i nduggg" ﬁg}&ﬁf?ysqoﬁﬁglgfgf énlgc@ggﬁ% %Egbﬁvﬁgﬁé idfBi Eﬁtém%i AR
denonst riadesd thdtacdonoiglpardnderowsy artery. snoot h nuscl e viability in human

saphenous vel F1G. 19A-B show that preincubation with papaverine inhibits norepinephrine induced

10  contractions in human saphenous vein.

FIG. 20 shows the vein harvest device kit.



FI GS. 12A-C show that eriogl auci ne bl ocks BzATP-i nduced contraction in
saphenous 30vei n. FIG 13 denobnstrates that the erioglauci ne reduces
i ntimal twWOckn#ggoizn human saphenous vein in an organ c®CTarseonsksse

FIG 14 shows erioglaucine reduces intimal |ayer thickening in distended

por ci ne saphenous vein. 2 FIG 15

dermonstrates that mﬂ%ﬁ%%ﬁ@%ﬁ%%@gﬁjﬁg% I mpair

endot hel i al dependent rel axation in hunman saphenous vein. FIG 16

shows that a.ﬂhgstﬁéjhx%s&ﬁli ﬁﬁ%ﬁ gﬂ;@i&gfnéw‘f@étﬂ@dsldnﬁ‘réz?geﬁfs%ﬁ%ﬁich@o Ravved,

saphenous vein during nmanua IStention. 5FIG 17 shows that nanual

]gl st ensiteat, prdshrva apd eaasplant natodazpes valdnits pnéirditis intiozd hyperphsiot Hdkipdl of
unction in pagrcine saphenous._vein. . FI G. 18A-B sh that. . .

pr 61 i R FORNOR LREdD 4p APE FHEIGERHT BPkis OIS TR PariiP R PR il Tncludes

contr actl.ongtdy & ﬁg,'ig%\iﬁf?ﬁ Qgiﬁ_fc)’%)ﬁ 584.Y This acidic pH hasbden sh8%n Bo s6mise tthat

prei ncubat1t on w th papaverine inhibits norepinephrine induced

10cont r dotdtonalityof thenmndsiap Memewsr, ke wse HEis@gicad skinanakerh eomprising iopepy|

devi ce kit : o .
alcohol, to mark the autologous conduits, also reduces the functionality of the conduit.

~ Erioglaucine, otherwise known as FD&C blue dye #1, is not toxic to the vein and restores

10  functional integrity after injury. It also has been shown that common manual distension of the
vein can lead to intraluminal pressures greater than 300 mm Hg, which also has a deleterious

effect on conduit functionality. Placing a pop off valve on the syringe reduces the maximal

possible intraluminal pressure to 130-140 mm Hg, thereby protecting the vein conduit.

15 I. Harvest Solution
In one aspect, the present invention provides a buffered solution, pH 7.0-7.6, in which
to place the vein after harvest. In one embodiment the buffer is phosphate buffered saline;
however, MOPS, Hepes, Pipes, and acetate are alternative formulations. Magnesium sulfate
(5 mM) can also be added to the solution to stabilize membranes.

20 Another buffer option is Plasma-Lyte 56 Injection (Multiple Electrolytes Injection,
Type 1, USP) a sterile, nonpyrogenic, hypotonic solution in a single dose container for
intravenous administration. Each 100 mL contains 234 mg of Sodium Chloride, USP (NaCl);
128 mg of Potassium Acetate, USP (CoH3KO,); and 32 mg of Magnesium Acetate
Tetrahydrate (Mg(C,H30,)2+4H,0). It contains no antimicrobial agents. The pH is adjusted

25 with hydrochloric acid.

In another aspect of the invention, the harvest solution can be prepared as a highly
viscous solution such as that described in Seal & Panitch (2003). These authors described a
rapidly forming polymer matrix with affinity-based controlled release properties was
developed based upon interactions between heparin-binding peptides and heparin. Dynamic

30  mechanical testing of 10% (w/v) compositions consisting of a 3:1 molar ratio of poly(ethylene
glycol)-co-peptide (approximately 18,000 g/mol) to heparin (approximately 18,000 g/mol)
revealed a viscoelastic profile similar to that of concentrated, large molecular weight polymer
solutions and melts. In addition, the biopolymer mixtures recovered quickly following thermal

denaturation and mechanical insult. These gel-like materials were able to sequester exogenous

10
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Thus, the present invention provides new nethods and reagents with which to
har vest, woeat1/o7prieserve and transpl ant aut ol ogous condeCtraisand/os9he bi t
intimal hyperplasia. The pH of 5 the solution used to store autol ogous vein

condui t rior.to i .ant at.i on, i ch,includes heparinized l.in i
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has a del eterious effect on conduit functionality. Placing a pop off valve
on the syringe reduces the maxi mal possible intralum nal pressure to

130- 140 m H%upﬁﬁheﬁﬁ‘%ﬂél §le{igﬁﬂdﬁ?ﬁ\§é§e vein conduit. 15l.Harvest Sol ution

I n one aspect, resent 1nvention provides a buffered sol ution, pH
7.0-7.6, in hispbtheoagleace thbénveaiion,ahd soluth@arsweshe plesersneveatbn diaysrntaimhe
buffer is phosphate buffered saline; however es, Pipes, and

t , S, He
acet at e addiionpkaddiives {RaddsisHyPARYSIRLICCIEATRES LM BE VSRR 5 mV) can al so be

addegl to the ol ytion (i s%‘hﬁ{%_k lof Bne ARt APARY LAGRIPHagh (PADI t%ﬂg S
Pl asma-Lyte 56 Injection (Miltiple ectrolytes Injection, Type 1, USP) a

st eri | e,topeaveyt thopmmius, fotmygioho tepaso isut highlyisnlfaied ghgbsantioed yeamrihali ipaiddlyr

USP (a5 2 SEmis TR st R, st e 8RR foifle fins gl fRoH ! 0
Magnesi yppeRhekBleEalel B A8 bé MIECHRAR) #n AP hntiddagiant QirfiSe M@ various

antimcrobial agents. The pH is adjusted 25with hydrochloric acid. I n
anot her exppamentaf ante niediceht dayirest biwhhas viest tebasuiendnresah daysis epachiesas a

hi i | ut i h . t.h d i.bed,.i n_Seal A .
oL R B B 7 B0 AR BLAORS oD e fapy i R
af finityubRs @ﬁ@@i@Lin%%tiﬁ@bﬁ@&@nﬂc@ﬂ?[Mges was devel oped based. upon

i nteractions between heparin-bindi ng peptides and heparin. Dynam ¢ 30
mechani cal t eAlithawghased pyaqinglly) indaerheias forgmiiceasylation; Hig tere phivsiologisg] ggle
rati o of e > - €0 I 0% . L)t O
nepari n (a5EBETile ESy St RRehCRIRERRCL BB ALY s EaRIN BoFE by
sim | ar dndothbidl efl-doived htpatedylfitapgsesgiy@as Hepani ightsugbt yomd wishintthens

and nelts. In addition, the biopolymer nmxtures recovered.quickly fallow ng
t he?Oral SqeisiorvigEREs OARshesdinaRd eedfaspdy gwtlr.lwfﬁ%wcg’éw? i tal Bria g s o

able toyp %gygééneﬁrosé&qeﬂﬂgﬂ§ath¥§Qh%9 Jaﬁﬁ%%ﬁﬂaﬁﬁ’ﬁmg%ﬁﬁ%%%iﬁ heparin is in a

defensive mechanism at sites of tissue injury against invading bacteria and other foreign
materials. In addition, it is preserved across a number of widely different species, including
some invertebrates that do not have a similar blood coagulation system.

25 Native heparin is a polymer with a molecular weight ranging from 3 kDa to 50 kDa,
although the average molecular weight of most commercial heparin preparations is in the
range of 12 kDa to 15 kDa. Heparin is a member of the glycosaminoglycan family of
carbohydrates (defined as an organic compound which has the empirical formula Cm(H2O)n;
that is, consists only of carbon, hydrogen and oxygen, with a hydrogen:oxygen atom ratio of

30 2:1). Glycosaminoglycans (GAGs) or mucopolysaccharides are long unbranched
polysaccharides consisting of a repeating disaccharide ﬁnit. The repeating unit consists of a
hexose (six-carbon sugar) or a hexuronic acid, linked to a hexosamine (six-carbon sugar

containing nitrogen).
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cel derlved eparan sul fate proteoglycans. Hepafin'is usually stored
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vascul ature at, sit of tissue in u een oposed r
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nmechani q‘{?&ﬁ; h?lict ‘p’§lyﬁﬂ(ersI P Uge 'cﬂisb'l'iM(eﬁgﬁlkd'h%h EdVeRat meddaaéiernk porndethylans

foreign térials. "In addition, it is preserved across a nunber of wdely

g: ffer ergly@kmomcryﬂmldg,dpﬂgﬁmei nolztY-siopeanyt acrviamide), (eét, PRGRY &k M‘ﬁl ar
t t
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of nost lﬁ@{m@ﬁ@y@,ﬁﬂaﬁ@aagﬁowa@ﬁmgﬁmws isin the range of 12 kDa to 15
kDa. Heparin is a nenber of the glycosam noglycan fam lchsOf car bo dF@%;es

(defined as dn avpthshpweeionfbe iy opiphe RreseidnwyPrR iRclrdes DRy oL
that i S’to Blﬂ%lfg t?e{&lt%nogndc %?%%’ofhﬁ%r 99%” AN RARE Ql’ltl \gf?ﬁSHlOﬁlC afents are

hydr ogen: oXygen a tomratio o ycosam nogl yc
mucopol wiesdipatel steﬁurﬁmﬁrdpemlden:hxtraglgzbﬁmegm5ylsaaxdwa;rarddmtyrghcsAMtPi @gnM. a
repeati ng disaccharide unit, The repeating unit. consists

(si % carbon dgaofhes raspeq el thsninyeniiony thy PraseRf WBC‘EI%%E’%‘? ﬁg{}?’gﬁ%ﬁ%a‘? bon
sugar C%E@énp'd%ﬂlaﬁ% r(ﬂ%@é ‘to the vein. N-acetylcysteine (10 mM), allopurinol (1 mM),

glutathione (3 mM), mannitol (30-60 mM), or green tea phenols (0.5-1.0 mg/ml) are particular
antioxidants of interest.
In another aspect, the present invention provides oligosaccharides in the harvest
25 - solution to prevent desiccation of the graft. Lactobionic acid (100 mM), raffinose (30 mM),
or trehalose (30 mM) are particular oligosaccharides. Lactobionic acid is a disaccharide that
provides osmotic support and prevents cell swelling. Raffinose is a trisaccharide that
provides hypertonicity. Trehalose is a disaccharide with water retention properties.
In another aspect, the present invention provides starch in the harvest solution to
30 support colloid osmotic pressure. Hydroxyethyl starch (30-50 mM), dextran (40 g/1), blood,
" or albumin, are particularly contemplated colloid agents.
In another aspect of the invention, the present invention includes anti-inflammatory
agents. Steroids such as dexamethasone (5-10 mg/l) or salicylic acid are examples of anti-

inflammatory agents.
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present revirsiblel peAmpatiliation os paswinizitiorn (Morwhnaw efstl. QO(DQ)t ion to 30support

colloid osnotic pressure. Hydroxyethyl starch (30-50 mM), dextran (40 g/1),

bl o4, or albunmin, are particularly contenplated colloid agents. In
anot her pe f &Q td" LB the present invention includes
anti-i nf f lezo}gyRag ntrs lﬂ% ergtrsds such as dexanet hasone (5-10 1)khor

salicylic acrIdJLmy tcadx snplobmged redense of AfTIPawnigh oay acityetet TP receptors
North, 2006). P2X receptors are a family of ligand-gated ion channels that bind extracellular
ATP. The P2X; receptor is responsible for the ATP-dependent lysis of macrophages and is
25 also found on human saphenous vein smooth muscle (Cario-Toumaniantz et al., 1998).
Activation of the P2X; receptor can form membrane pores permeable to large molecules in
human saphenous vein (Cario-Toumaniantz et al., 1998). This leads to increases in
intracellular Ca?" which can activate caspases, and ultimately lead to cell death due to
autolysis and apoptosis (Donnelly-Roberts et al., 2004). Activation of the P2X; receptor has
30  been associated with activation of p38 MAPK pathway and changes in the actin cytoskeleton
(Pfeiffer et al., 2004). Activation of P2X; receptor also leads to production and release of
interleukins and other cytokines which contributes to an inflammatory response (Donnelly-

Roberts et al., 2004). Recently, systemic administration of an antagonist of the P2X7 receptor

13



WO 2011/ 072012PCT/ US2010/ 059459 I n anot her aspect of the invention,

drugs will be included to prevent endothelial dysfunction. Angiotensin
converti nyoenmyareoiznhi bi tors, statins, nmetform n, Al CARPamaISe&mneyens are
exanpl es of such drugs. I n anot her aspect of the invention, the

pr esent ention includes netabolic r | at,or .
adenosi ﬁ’és BT WL IR PR FeRO e Bt U‘?ffeﬁy 88 irst“?f:g&l ar %d(sé%gl &Mi aved

met abol ipef il 2GS | n anot her aspect of the invention, the pr esent

invention includes a novel peptide inhibitor of NMAPKAP_Ki nase 2 (

and
rel ated pept iAlesjietyoofr B2 ecceptbr anizgenista, hase hapr descaipad 4t iths, liratirte Efbot h
nmuscl e, and prevent Sp t 2525
descri bé’"&‘&?}?ﬁ %}i‘ﬁﬁr% tlof ls r&O(ﬁ dg'?%gr%er{[ggr Stlsugg %gﬁéﬂr?%é@ R er%ﬂo&l;
I n_apot @@ﬁe@@p@ﬁﬁenDP2Xl}1$edepttE%t&ﬂnmtshﬂ“hpk@ﬁ@ﬂtndsﬂuﬁﬁl BlAmﬁelhuﬂelsd gioRNA or

m RNA to decrease the expression_of HSP27 tq prevent. inginal | asi a.
The sendermatioans Bilkgelaqthendissibytien of theABXnA @%K&%@m %lgéiﬁpms‘f\lo
1) and qx@g

sequencégs é%%ar W% Igﬁ%lggm AA %%%%%UUA ﬁt{% SEQ | D NG

3) and ZjgnifiGnbsle tdMBIGCACUEAGIRANICUEANH SEQ difzabid Cm)roll The. 62ﬂ09) rAvRY320
sequence i s: UCCGCCCUCUCAACCCA C\ngu Expr essi of t he St‘i‘ ta m RNA i s

pl asmi d dsEstchsmicy] senrsiaf potepband ekly s 1e‘fth"§ TGP AHREPTIES ol i go- dupl exes
can;be perfor | PNrFéreRdcs afdlosd RR KO Receplonahan
et }31 , 2009)mdf8ﬂ{’? Hg%?x?a%ggeﬁﬁgﬁ%i%%hﬁfns%r e I njury Iegds? 1?{2

pr ol ongeﬂtargehleas@ 00, 46DP6 Rhh2 2 P6 c7a7141a‘t9c3| Vﬂtlé 68T Fan|de7c3321aﬁ,?925 ThchiakpwgeNgSt h,

2006). P2X receptors are a fa a i 0

extr acelﬁatﬁnéeP E%ﬁatlo?ﬁe“ﬁ?‘??rarﬁgchgﬁe b?’srgfe g?é’isglf’%e ? 57 rﬁc%ﬁ&na%tggﬁgent
lysi s of)gTBepopitag961 @OEbI234, z?dioajz%@zsafon120410/0211dmsammiwmmuszmexmemot h
nmuscl e (Cario-Toumani antz et a Activation of the P2X7 rece

can f or rROTO/HOGIES, @61@@1Qﬁ)éfi?r;e%ﬁiloéolﬁﬁﬁ‘érzﬁé()/ﬁb@(ﬁgél %(%1Q/W4H§%%r¥0§9/@ﬁéﬁ
!t Facerf Pt BE, 2 o SogR 2olRRios, 0L G00ER4, A RSt %OFM&S?J el

deat h dugob@18v93! 2§®womwzapmmossi@moabn:nslaopmaasompsal 2002@0@,2849
Activation of the P2X7 receptor been associated with activati on of

p38 NAP@QQ&W%%@D%W& 30195/@9%6%4&4“5 200285%%89% t on (Pfeiffer et al.
2004) . Acti VaAs 1ScUS edD 900 %C%g[e& %fﬁvlsﬁﬁgl LRAE PHKEL Pt 3BFkalR |aerﬁ‘)%e of
i nterl euki ns "an olf er cy{:o I n contributes to an inflammtory

r espons eogioalys & hmﬂmﬂae/retrs &4l Blue 2‘00{&)10 glRedenf dryartifiyist fvidclyadpproved bat i on

of an ant agoni st of the P2X7 receptor
the %DA (E #133), also has not onlypbeen shown to be non-toxic, but protective of harvest

techniques that are injurious to saphenous veins and is a P2X; receptor antagonist. Brilliant
blue G, an analog erioglaucine, also is contemplated as a P2X; receptor antagonist.
Indigotine (E132) is another dark blue artificial dye approved by the FDA. Fast Green
(E143) is another bluish green artificial dye approved by the FDA. Natural dyes such as
25  curcurmin or betanin are other alternatives. Curcumin is the principal curcuminoid of the
spice tumeric and has antioxidant and anti-inflammatory properties. As a food additive, its E
number is E100. Betanin is a red glycosidic food dye obtained from beets and is a natural
food dye. Other possible dyes include genestein blue, evans blue, india ink, Allura Red AC,
Tartazine, and Erythrosine.
30
IV.  Devices

Preliminary studies, discussed below, demonstrate that currently used harvest

techniques are injurious to saphenous veins. These data pose a new paradigm for thinking

14



WO 2011/ 072012PCT/ US2010/ 059459 has been shown to inprove recovery. in a
rodent nodel of stretch induced spinal cord injury (Peng et al., 2009).

A vari et ywof20R2XZ01zecept or ant agoni sts have been descri [pea/uspomis9459
literature. For exanple, Alcaraz et al. (2003) describe the synthesis and

e, ConpBOREn A DI s, KR Haa AP Bt oA oo o el AhepaesgL st =

distri blg}é’fpﬁljlﬁfy‘ the P2X7 receptor in inflammatory cells, nobst notably the
macrophage, mast cell and |ynphocyte, sug%%sts that P2X7. antagonjists have a
significant ridue incanothey aspect RE they wyentions ther PresFnf apeateR JOdidsE f5POPRf 1 ol |
et al. (2009) review distinct chen ' aind s

sel ecti &@R[IEZ ¥ ‘éeélgﬁtv grlr algh:trﬂ glé%nél}gt s.%.ifoéﬁdée @gﬂb{)%efﬁgf%u%m P tsentlgr,essure

i NCO¥ pPoralierdr hanei (ahy: DERSENCE, ondi cxahpie B2 Xiothe egeotr oftiteaypymitixns the
7,709, 469, 6,812,226, 7,741,493 7,718, 69% nd 7,326, 792. The.f 0'438%”9 u. S
Pat ent PIESENICAYFISIe8, inGludasap Guletdiprrdr Beed %@aﬁ'léflé QegeuTg e YRy A Vice

recept or. i : : As di scussed above, an aspect of the

i nventi 6[%%%:%‘{%% gghz)frtr%ersﬁeg%' that contains a nontoxic dyepto mark the vein.
FD&C Bl ue #1 (erioglaucine), an artificial food dye approved by 20 the FDA
(E #133), alsg has not only been shown to be non-toxic, but protective of
har vest -echr{ﬂﬁ%es that are injurious to saphenous veins and is a P2X7

recgptor ant agoniStent BivehlibfRiaytliebGen®Bd@ital 90, &1ti BHLSIE Bénjudltisn Wwish
contenpl ated as a P2X7 receptof antagoni st. I ndlj%gtl ne 8E132)_ IS

anot her sdegidal bleire transpildnit giradedusee. aPpr oweundretackien ks, wilaeempsisein cEfably i s
anot her bl uish green artifici

i d b DA b
as 25 cUiPBBHIT nPERShetaHHh al’?)etrgrgflg@?rsg\réﬁ o zféége?‘&gr éﬁn n .Hfsla%wgéfﬁ‘f‘até ue

princi pghsiridfistior@éd of the spice tuneric and has antioxidant and
anti-inflammatory properties. As a food additive, its E nunber is E1Q0.
Betanin is a Inedrtajhymbeilidiants Swdkityd! esmpiisa darvestsalubions.or ssigents fof afing a

f dye. O ible d i ncl ' i ndi
| kES ) s A AR of 150e8R DY B HEPRES T BBl oD EBAGnIy Gitn e
Prel i m nandsidkd dore mixid Saids s@anp elapvest delminad.r afte khamay wiscendvantagseasly

harvest techniques are injurious to saphenous veifnf. These data pose a new
par adi gmofrmrisg Hi ﬁmm,!ger for bathing/storing transplant tissue following explant and prior fo

transplant. Various other supplemental additives described above may also be included.
Another element of the kit may be the inclusion of a surgical marking pen comprising
20 a non-toxin dye/marker, as described above. The pen may be “preloaded” with the
marker/dye, or may be provided empty, with the marker/dye in solution or in reagent form to
be loaded into the pen by the user.

Further devices including a syringe, catheter, and/or tubing equipped or including a
pop-off valve as described above. Also included may be a device for holding a vein in place,

25 such as a clamp, optionally provided with a stand or base, permitting “hands-free” positioning
of the graft for further treatment.

The container aspect of the kit will generally include means for holding at least one
vial, test tube, flask, bottle, packet, syringe, catheter or other container in a secure and
protected fashion, for example, in close confinement for commercialA sale. Such means may

30  include injection or blow-molded plastic containers into which the desired containers, devices

or reagents are retained.
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WO 2011/ 072012PCT/ US2010/ 059459 about vein graft failure and offer sinple
and strai ghtforward approaches to ameliorate vein graft injury. Thus,
i n anot hewoaspacroief the invention, the present inventi @oTiuseéwdessa " pop
Fff' val ve to prevent over distension of the vein during side branch

I gation. Qosina pressure 5 relief T valve (part # D002501) is one exanple.
In anot Ndr adP@@MPIeY the invention, the present invention includes a

"bullet tippeg, @Q@an‘ag LhalpldsSard SRGud @l &LEHehstBR prefchre@nghbddilfuits of tige
prevent stretch of the vein. V.Kits 10The present invention nmay_also_be

enbodi ménvention Kishotldibeuppreciateddny thagst afshillintthe ottt dg tegluriguas diseiqspdi it
procedures. The i n tection kits. wllk. conpri ' ' : [
means, \}]f%ﬁ ‘F’@Hﬁﬁ??o‘ﬁl?lﬁlil ﬁ(ﬂfogv | EPXWEE%C Sogls?oe‘ggeg LV gﬂgﬁfgk ItNI &é%g?%%w :'[ e

| NStg UCTHOPRCAQS ofUBE invetiGE lhdtius@ah 0dicaRAiGed theonstifutapreferedmmaedes oty vest

sol utions, or reagents for nmaking 15 such. The sol utions or reagents woul d
bedpr 1(:)vipgli@(ﬂlcq';]-n Bpweevire lﬂfmp mef gptli Bntel 3t eherds ik dight of JAg ATFRSFS a%ﬁgs?ﬁexi ng
and storin ryest solution Lt : ' a
chanber PBEHG HnGRET sHIRE Frulegidhin F R S AR A e
to transphasmll obf@ini HUke oF Rehilauppllewithbal daddidy frem the spiritbad stope of 1ty

al so be included. Another elenent of the kit may be the inclusion of a

sur gi calmymtiRilng pen conprising 20 a non-toxin dye/ marker, as descri bed
abOﬁg. The pen nmay be "preloaded” with the marker/dye, or may be provided
enpty, with the marker/dye in solution or in reagent formto be | oaded into
the pen by the usEkample 1 - Touicityerf Sdegicaledarkiog Renntp HeipyFissuge, cat heter, '
and/ or tubing equi pped or including a pop-off valve as described above.

Al so i ncl udedhTRknREeRIHEMEEE sdgitenttod CiniganBsapBEdbus Vefll #ek, collestad n #566G),
clanp, optionally provided with a stand or base, peimtting "hands-free"
posi t i oraftey informhd agnsdnt approvedrivhethe fushituional Review Board of the Vanderbilt

15 University (Nashville, TN), from patients undergoing coronary artery bypass or peripheral
vascular bypass surgery. The veins were stored in a saline solution until the end of the
surgical procedure at which time they were placed in cold transplant harvest buffer (100 mM
potassium lactobionate, 25 mM KH,PO,, 5 mM MgSO4, 30 mM raffinose, 5 mM adenosine,
3 mM glutathione, 1 mM allopurinol, 50 g/L hydroxyethyl starch, pH 7.4) and stored at

20  4°C. The vessels were tested within 24 hours of harvest. The presense of blue markings were
assessed for each HSV. Rings 1.0 mm in width were cut from segments of saphenous vein
dissected free of fat and connective tissue, stripped of the endothelium and were suspended in
a muscle bath containing a bicarbonate buffer (120 mM NaCl, 4.7 mM KCl, 1.0 mM MgSOs,
1.0 mM NaH,PO,, 10 mM glucose, 1.5 mM CaCl,, and 25 mM Na,HCOs, pH 7.4), gassed

25 with 95% O, / 5% CO, at 37°C. The rings were manually stretched to 4 g of tension, and was
maintained at a resting tension of 1g was obtained and equilibtrated for ~2 hr. Force

' measurements were obtained using a Radnoti Glass Technology (Monrovia, CA) force
transducer (159901A) interfaced with a Powerlab data acquisition system and Chart software
(AD Instruments, Colorado Springs, CO). To determine viability, the rings were contracted

30  with 110 mM KCl (with equimolar replacement of NaCl in bicarbonate buffer), and the force
generated was measured. Force was converted to stress ([Newtons (N)/m?] = force (g) x
0.0987/area, where area is equal to the wet weight [mg / length (mm at maximal length)]
divided by 1.055) 10° N/m?. There was variability in the functional viability of the veins (FIG.

1). Veins generating stress of <0.025 x 10° N/m? were considered non-viable (grey) and those
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The contai ner aspect of the kit will generally include neans for hol ding at
| east one vial, test tube, flask, bottle, packet, syringe, catheter or

ot her corwe@inawvo72c12a secure and protected fashion, for examsb@o/osnsel ose
confinement for commercial sale. Such neans may 30i ncl ude injection or

bl ow nol ded plastic ¢co n nto whi C

or ' eng & GatrES St af U2 I 2T Mo u i b o BT D ERek T RSt oS
The fol lyawing E@&@B&h%ep@és%nﬂsmcw@ﬁﬂt baxighe ARA 9h g gk affer nedt eﬂ&mﬁpﬁﬂm s of
the invention. It shoul'd be appreciated by those of skill in the art that

Ejhe techmgqg@m?]ha'spﬂmsbd in the exanpl es which follow represent techniques
i scovere yt e inwentor to func Mo
ﬂ€§ \Cfngmgg sa% eno %113 ?1% \geé(? Wér ?ll & p@{(ﬁ'gg) ﬁaa%ft iohtYE the

i nvention, e el @ ons es for its

pracs C&elﬂ'lﬂwetyzﬁl’éplaﬁtﬁ@&ﬁ 6 tBK bitdridl Rirthietiar (urﬁrlmmﬂlﬂb,ted r‘UMi)gaInﬂ afifer stugical
present disclosure, appreciate that many changes can be mad

speci f i orensBnHefes MaRpeltisneAN)s CP’Z?E%Y&“%THHW ePIIm’c’i‘dft'ﬂ‘]aFhﬁtegmlof‘I&éF tg‘? VEfni | ar

resul t t p f e n.

Eampl o Ry ARPESRAL ST IR phohlE (R 300, PhEut i esien. 1D

De- |dentdoﬁ1r@cd1leilrespaﬁsbed> SB@rmMI KObf(FI(&mﬁA) sagfhengeshrinei ¢ 07, eFlEo 2Bcwasl (n
= 66), after inforned consent approved, by the i.onal. Review Board of

(5]
t he Vandistasmined pgd dprcq gprgratgd pias SpRMCrtPS fo stagss (40 @[ﬁ’i‘lda#f[@ﬁ?gl TS YRy
\(,:\g; g@g{ {Pr g;%&ﬁ{o% RYR %ﬁcr%ﬁseﬁeédnﬂja&ﬂ@|re§f)%ﬁ§euioaKClP3éﬁ@§>ﬁe§}%lﬂﬁfrﬁé (]FTGS YRIE)S

In a sa ine solution until the end of the 'surgical procedure at
whi ch t iHaehtdoit represend aaieﬂemmt piedt andanms phenagath & es resporiseer! §tlewt fHvpe
pot assi um | act obi %Sate KH2PO4 5 MM MgSH, 30 mMraffinose, 5 nM
adenosi FEPACIREY f‘b‘?a}ﬂ“é’ﬁté 1 mM al | opurinol, 50 g/L hydroxyethyl starch,

pH 7.4) and sigahsfsfphertfhs 46ins Wike X186 §ﬁ'c§nt%[& WS bRshyWphihe (R Miofstiswed

harvest. The presense of blue markings were assessed for each HSV. Rings

1.0 nm ity matnhnt/\e‘rlth G@lﬂ?acfhod)rfﬁséglrﬁe todetsapenendotheliph dgpandent: dpptier of

80 GORRESH R RPN MR PR S5 A8, e e e
1 0 M Na&latatioh: &F iV Vi¥aHER @hnsplentBfié0nts seartctiab cﬁbﬂlﬁ&ﬁl@mn&almj)u%ed AUWL)
Na2HCO3, pH 7.4), gassed 25 with 95%02 /| 5% CO2 at 37C. The H@gqsnltwere

manual | yant after civegical orapagatesmn fasies |Immplaﬁwwa%1\®mﬁﬁp&$ HOEn §8Chy SeEILRNT YYPre
tension O];pel 89d nep m%?él%‘o%tﬁ ftchanl%rgtgwl 'éﬁ)toﬁgtefb? fef, 2nd Eontl':&’féaewﬂﬁ? apMHRENL S

ver e obtHMEd“usi ng a ass nol ogy Arovia, CA) force

t ransducec. ( 168804 additibedlf M(ﬁdnv@@hl‘t&atm Iaallucathbmtadxqﬁﬁesl Hngsnwekes pem and

\(,:|h g%qj[) | ,s?c;atn}:,\rlgc%gd g*ié?%g@n\kté;@ggﬁtﬁ;w& éﬁ 8 treateld nvgi%ﬁ 5)?%’7M1;:%rb%%}t1§l.r r%oqge was
measured and converted to stress 10° N/m?. Responses were expressed as % of maximum PE-
induced contraction. Typical manipulation during surgical preparation led to reduced
endothelial-dependent relaxation (FIG. 3). UM veins had 28.74 + 3.542% endothelial-
dependent relaxation whereas AM contracted in response to carbachol (-5.976 £0.9172%).

25 Human saphenous veins were also precontracted with phenylephrine (10° M)
followed by treatment with sodium nitroprusside (10'"M) to determine endothelial
independent relaxation. Segments of saphenous vein (n = 6) were collected prior to harvest
preparation (unmanipulated, UM) or after harvest preparation (after manipulation, AM).
Rings from each segment were suspended in a muscle bath, equilibrated in a bicarbonate

30  buffer, and contracted with 110 mM KCl. After an additional 30 min equilibration in a
bicarbonate buffer, rings were pre-contracted with 10"M phenylephrine (PE) and treated with
10'M sodium nitroprusside. Typical manipulation during surgical preparation reduced

endothelial-independent relaxation of human saphenous vein (FIGS. 4A-B). Representative

force tracings of the UM and AM segments collected from the same patient in response to PE
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30 with 110 MM KC1 (wi th equi nol ar replacenment of NaCl in bicarbonate
buffer), and the force generated was neasured. Force was converted to
stress ([Woewvorg2qib) / n2] = force (g) x 0.0987/area, whePeTArSe@o0i0s946qual to
the wet weight [ng / Iength (mMm at nexi rral Iengt h)] divided by 1.055)
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prepar at1 G or after harvest preparation (after
mani pul adtiewhed &M g oRtangionf mehweackristepee at a wetieg tusipe oflég apd equilibisaediopat h,

| i brated bi b te 30 buff t th 1 m\/IKC].
i]g ;J Ier | a??agﬂl !t?%g%llrﬁ%g{rﬁﬁ%g’gté YF HP?EEJWGS(;‘{SF% e gcgq Bﬂﬁséfgec%?lf)a{ Jaglroflﬁoa o wer e
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ni tropruss Typi cal nmani pul ati on during surgical preparation reduced
endd$ hel Cladrt $ofttepe (AR dbstrushens Coboradd Sm;qC%pﬁbﬁ tngs veierropirpetsl wah 1)
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was converted to stress 10°N/m?. The three marked groups were significantly different from

the control unmarked group (p <0.05) (FIG. 6). The rings that did not have markings had an
average stress of 0.110 +0.014 10°N/m?, the rings that were marked with the surgical skin
30  marker had an average stress of 0.003 * 0.00110° N/m?, rings marked with 50% isopropyl
alcohol had an average stress of 0.005 + 0.003 10°N/m?, and rings marked with methylene

blue had an average stress of 0.014 £ 0.01 10°N/m’.
Freshly isolated porcine saphenous veins were used to test the effect of different

marking methods. The veins were collected and placed in cold transplant harvest buffer [100
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and SNP (FIG 4A). The endothelial independent relaxation displayed by the
two groups, expressed as % of maxi num PE-i nduced contraction, were

si gni fi cawmol2g1di7edier ent. UM vei ns di spl ayed an 86. 62 +/ PCH/USBB@Y0smbaxati on,
whereas AM veins displayed a 4.292 +/- 1.397%rel axation (FIG 4B). 50 the

38 veins collected from at| ts r tary 28550
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KC1, 1.0 nM MgSOA, 1. H2 0 m\.gl v
3t it o BB RHRD s RARLAESRS e SR o
manual | ;{h?&f&}o@gﬁqa&gdé Qb .68 (@G, 7pnd were maintained at a resting

t ensi on g and equi rat ed for -2 hr. Force neasurenents were obtained
using a Radnoti d ass Technol ogy (Monrovia, CA) force transducer (159901A)

(ADT et umont o, EeBMIGo 145s VACC A roreiRe PR gRRGADal PRI L 001 1110

n1\/| KC1 (wth equinolar replacenent of NaCd in b| ca{1 Iﬁ%e buffg@%f, and the
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were si gl fdefaRtd Xlsgelr{i]%dtege%ﬂffn gﬂﬁloﬁg REMOh y@?ﬁ{vléﬁzdccgre@ﬂéa 4fRer_infori&d

(FIG 6)- erings t ve markings had an average stress of
0.110 +Qofdeht iﬂﬁrwmﬂby ttlnehrstm;gmnalri%nvmm Beandmmwv\mddrbltlm@mg@rsgyéHlashs'ldlen 30

rrar ker ha n average stress of 0.003 001105 N rked with 50%
63 oy FaBRO ATl a0 YRy ey oD TR geab TR PR SR g
rar ked WHeN RO §fodth UaRds A AMETAAR SHdI0PSI%e BifgiBalGhdcedredit WHIENIHE.

Freshly |soI at ed porci ne saphenous veins were used to test the effect of
di f f er ertheyrevete plgcadeintotts tramspéany darysstvartisr €H0 @M patagsiemgpeielignate, Tomiy!

bot asai (hHEL oAV ESOhs R PR 2 VGBI PG i et gmM,
adenosi rh@log&)’m’fﬂw Bt iyReeyettyl EMret, | QHU r1.40| ThéOgestls hyete axored Iilykraﬁslpw’nﬂ:h

pH 7. 4] e vessel S were stored in transpl'ant harvest buffer at 4C and
t es2ed vartesh bpffematu#C ahdhigsted syitin R4 treprs exftharyest.yi Bash| Yy WS L mm

in width,were cut from ggfr@ S..@f o4l of
fat and pé‘é’ﬂﬁg) G VAESue X%ﬁgﬁéﬁsg’\%ﬁ{% ‘Ffé?@& l?gtglgigéf?@? ?%He‘?g
= 6), rrmﬂceéﬂrammn bhemBle(HITBl BKidt ﬂﬁr\kﬂjlll(ynnﬁgﬁl 0 mm Howhith sepr opgytom
al cohol (the solvent used |n the sur gl cal mark 3) and incubated .for

15 min Segmemof sapbencusyics divsested;fFrgo \f%traé‘dtcﬁ%‘i"?cé‘éiﬁ F‘Fsiuﬁr SRIVETS SERRE Of o
(105" v By R bl Kb i e R s (PR
30  NaCl, 4.7 mM KCl, 1.0 mM MgSO,, 1.0 mM NaH,PO4, 10 mM glucose, 1.5 mM CaCl,, and
25 mM Na,HCOs, pH 7.4), gassed with 95% 0,/5% CO, at 37°C. The rings were manually
stretched to 4 g of tension, and was maintained at a resting tension of 1g was obtained and
equilibtrated for ~2 hr. Force measurements were obtained using a Radnoti Glass Technology

(Monrovia, CA) force transducer (159901A) interfaced with a Powerlab data acquisition
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10 0.263 0.039 NnR2, the rings that were marked with the surgical skin

mar ker had an average stress of 0.114 0.017 NnR, and rings marked with
50% i soprwpybliali7eabol had an average stress of 0.00005 prOTAGR@B/0BY45®. The
two mar ked groups wer e significantly different fromthe control unmarked
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buffered saline, pH 7.4). For negative control, one ring was placed in 20
nM & water and nicrowaved for 10 nmin to inactivate any enzymatic activity

before placing in theE)Qari]lg/PeMr—TVéHﬁ %Soﬁﬁi‘ox{s a'ﬁﬁsl’ﬂ%&ﬁlﬂe@wbat ed at 37C
for 1 hr. The reaction stoppe ypaC|ngt erings in distilled vvater
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hours at 37Ct'5 i pigiven e co cantration of the

pi gnent \oe nMgsdsefinAlacRbOnarm s lnliM [aHSHES tsraph M) 80 nfBeakimge, ConiM er ) .
The absor bance of the negatl ve control was subtracted from each saﬂ?gﬁﬁ The

Vi ?155 : i tadenordesx IvadM eiypietbiosedl s ebbemomel/ A9 &/lrhdraxsting sterdy flé%c%
cal cul at eg%efls \9”%6 t?ﬁec{ Qﬁﬁ% 54 1?&?%09- Haq'vgs\( gﬁ@%r 11‘13' ﬁ‘ﬁns?)@%g)'t(lgﬁgst H’u‘?ﬁ}r%g@’glg ta

vei n was ed agains e average viability

depi ct aTts @in fvla@ aiRtecsddope dHavindgohhadtive hissue axvdsu‘amm Dpor Ibhgsegments. The
relationship (R2 = 0. 7262¥f)ebetvveen mtochongrl al b| i y and t he ﬁtrgss
vi abi | i t%‘?g@é‘tﬂér"h@rﬁéHetB?eq twiige) thaty 1ee4ns gt rg‘@ ?ﬂ:t‘ i OnPt(pqtanagpulate

Represe %?rﬂio\{e HSYZ)( 'Zgﬂér Qferdiadg, (thebd gmad sbhOBoth rgr&ﬁ)ts)wé&b %ﬁhﬁért dHvideglex are

shown inthe ins _
30 solution of enoglaucine (FCF, 2.6 mM, in 5% propylene glycol and water) or vehicle was
then applied with a cotton swab in a longitudinal line to the untreated (FCF; n = 8) or the
stretched (Stretched+FCF; n = 3) vein segments. The segments were incubated at room

temperature for 15 min in Plasmalyte and then cut into rings. The rings were suspended in a

muscle bath containing a bicarbonate buffer (120 mM NaCl, 4.7 mM KCl, 1.0 mM MgSOy,
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Exanpl e 3 -Vein Harvest Sol utions and Procedures Freshly isol ated
porci ne saphenous vein was collected in cold transplant harvest buffer (100
nmM pot asswormizoe@abi onate, 25 mM KH2PO4, 5 mM MgSO4, 30Paiiusadbiopase, 5 v
25 adenosine, 3 nMglutathione, 1 mMallopurinol, 50 g/L hydroxyet hyl

starch, p 4 e vessels were te d-w t hi f eflndd
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aver age stetched witho@t. &5ieglauoing€de (Flep?).-and 10 rings stretched had an average

stress of 0.367 0.042 N and the str I 4 i I LRgrdye
had?in aver aé’io‘g?vre&stgeagfle"g.ﬂ“?% ancﬁ}.’qld% ehﬁﬁl‘ﬁﬂe##é dg(? ?%tgse Et? roereﬁlth e I%%j ?iéltg glﬁgd
vei n vas;rel ghéth GaEREY) ¥f poRie Aphdoudivee(f@Gt 10), oRviche waphéncok vweist(net éhed
veins and the stretched vein wth eriogl auci ne dye was Si g(g’iﬁgi cant | ﬁ“%#p <
0.05) diwdredefhuntgnéad Compabed streiched o PHesdhal CAYHE 1@%%%5‘?% et {R TP G
9). 15Ho, VS ntdrf?ﬁ H%%ic%g 12 BoklEh éj}{ﬁlscl?‘lblaﬂlr. a ek fdidstRedhell @8EMERs
function VPRDI T y after stretch injury of porcine saphenous vein (FIG

10), PorgiéBeithaahenats wieh BS ufvh Aflud) Ree(Rddpbt Sou¥irefatiegdlagGoa(+19CY) for 30
stretched to twice their resting | ength, into ri

no dye), cut and
susp@ndedin. n Fhiseribgse avasoribere aBowed o | %ual(bﬁﬂ% cl%e%a‘?lﬁ?fbﬁlﬁa sb“rf%g Snﬁ"é &EE‘F €hed

segnment s re. either, . inc d w | R 0N/ 134 of
eri ogl au&?\l{\lﬁ%&tn-gFﬁgﬁ ]fl(())rm%?;@. m%&gﬁggeréﬁeﬁgl\déﬁmgﬁv%ﬁgﬁo al | o%ed to y

equi |'i brapesdnd rélheydxdontabiiioasspomnsftd €onfrol ritefwhieh san setast0AY. ITltestrsOfomV
KCl. Force generated was converted tQ stress 05 ., Dat a .r.epresent

rel at i vethe sheiched VP Vas B@n%‘éﬂlﬁﬁa@n&ﬂgﬁnﬁfﬁ’@é ]tb\%'?\&ﬁc VIR WK g‘iﬁlﬁ%ﬁe‘i’he
stress f@po! ' Al SN bdpamiei 16l et cih@mons
stretche X éﬁﬁo%&fﬁkiﬁ%g}ﬁg%%%?%rs . 0Eri ogl ausgi ne 1si gni fei cant fly (?Iﬁenst or gd
conps actwhe doagfesse thasttdichedtvent wite dllvesi Red. #p 25when conpared to the
stretched vein with Allura Red. ffect of eri,qgl aucine J
saphenous vei Fis# O ggeglahthe 0wy %BE‘?D(?EE'LV P R G%g%rélp eHSlgggﬁﬁgﬁé@%gg
human s F&P&HS ldhed 6PRURAL &Bhendue ARSI Gid PREERS AlndeRiohiRy Yoloypes sitay
peri phe?&al vascﬁ%&ﬁygass sur ggry (n =4). Thrga vei ns wg%ergstor ed in a

sal i ne sipipass onpenglicralt tescuamibyfass lwergsur (i caf)- plbe e@msevere sipred Hntd pAlinehey
were pl a&?lgtiolnnur(l:tﬁl t?le end of the surgical procedure at which time they were placed in cold

30 transplant harvest buffer (100 mM potassium lactobionate, 25 mM KHyPOs, 5 mM MgSO,,

30 mM raffinose, 5 mM adenosine, 3 mM glutathione, 1 mM allopurinol, 50 g/L
hydroxyethyl starch, pH 7.4). The vessels were tested within 24 hrs of harvest storage in
transplant harvest buffer at 4°C. To test the viability, rings 1.0 mm in width were cut from

segments of saphenous vein dissected free of fat and connective tissue, treated with either a
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30 transpl ant harvest buffer (100 nM potassi um | actobi onate, 25 mv KH2PO4,
5 MM MgSH, 30 mMraffinose, 5 nM adenosine, 3 nM gl utathione, 1 nM
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Was2expresss € /a5%96 05 andKCraTh&Ghge vate meniadly. stRighed Je rk aof yansfoss eed Pagci ng
of hunan saphenous vein c ntract with BzATP aft er eat t.wW
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Pretreatnment wth eriogl auci ne but not the vehicle (Control)

si gni f i ceamsdlycef ﬁﬂﬁ%ﬁt@)ﬁ@f@&i IWHI@LR: et datrcrqqpipiifonstepsynd Ehart sofpygre
(AD Instruments, Colorado Springs, CO). Rings were contracted with 110 mM KCI. After

30  an additional 30 min equilibration; rings were treated with either a solution of erioglaucine
(FCF, 50-200 uM for 30 minutes) or vehicle for 30 min and then contracted with 100 uM
BzATP. Force was measured and converted to stress. Response was expressed as % of
maximal KCI contraction. Representative force tracing of human saphenous vein contracted
with BzATP after pretreatment with vehicle (control) or 50 pM erioglaucine (FCF
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Segnents of human saphenous vein were collected prior to preparation of the
vein for transplantation into the arterial circulation (unmani pul ated, UM
and af t erweunyiwadi2preparation 5 (after nmanipul ation, ARCTUSeMMOOMESESaNe
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Board of wbeoMztedeebi |t University (Nashville, TN), fromrCpaS2entosI4s9
undergoi ng coronary artery bypass or peripheral vascul ar bypass surgery.

The veins werge stored in saline solution unti he _e i gi cal
procedure at RzWizsc?ltr ﬁ'l“ﬁ%n %%Ei}l%%?le%’inﬁf@é% a}qﬁrycg.[[g[ ’r%ﬁsg%d%%{ S%@?@éﬁs&téﬁg{iﬁgf er
(100 mMMyot 3s@indedpride 1@ BicpRatibn of the Mkt REMhsplantalibdiithe afertiMciradlitionose,
5 mM adenosine, 3 nMglutathione, 1 nMallopurinol, 50 g/L hydroxyet hyl
st ar ch, (pIHnmiIdl}lateft,h@\’gelﬁél) gnduafter swgicaldpraparplion Gdieh BpPuitioRafMEst =ald
st orage 4.n_transpl ant : : ted
to a sy Pi%secug'?r O(%}lgleen %é%%ﬁthggrégl{ﬁsﬁﬁ%tg g‘d@&%ﬁs@%%yl\ég@éﬁaﬁmﬁ Hgﬁ) ther. 25
The gi st@pargiigbdadalibd HS pDbeRiEdRsmalase GlR)cordrpanitiatdcBlasmal ytocnetingtg t 0 a
pressure transducer. Pressure was nonitored while .the vein E%nst'hstended

with a REnaMdrehaless (YD #ort 4 hinat TRk SRRPEARETSyr r BOICefH f VEDSTHe

. _ _ e °

i e oPulRALAPD ML Sho RS RRGESH SSuBIRYE 906, (T i ot e,

pr essur eomfridiedowith 00 M aharsyldpifine wnd thew fiewted withrfox hOX Mprabachobtadeterrtinout
-of f | ve (Max w t hout val . T i t hat . had -of f | d

ean pr SGUPEIBHEReeR iR B drra r T g B draep g sl dePgiEnlnt

Hg, mMa ' ggla%lnﬁ%ﬁ%@ﬁzgﬁe%%s%m PR3 POY. qmnigaﬂat{@n Radn@ siidalpBpRF65E U6E 16

300 . The average and maxi num pressure in the veins
wi t h t helepepsedfdnduthblia depemlesi glivationtFIG: Ih)f feereae i heparinived\seling [Wpthout

Saphonot e APHES R, BEATEUR) EE0R5 ( Bhch retfiod Rdd but B P BEAEARS on
and st Orﬁﬂﬂamgghmﬁ&?ﬁgg F&;l)llﬁﬂféalglm‘%nr K/g%t tréflidser o HABspIvit PRArasss i doMtion led to

| act obi onat e, . SO, 30 nM Raffinose, 5 nM Adenosine, 3
mM @ ut aletricased, entlothiliall densudnt grlaxgPng(HIGHE)-o)ade hy Ipreseried s ‘pHelexalion The

vessels were u within 24 h.of 5 harv I: (n = 4) were manual ly

di s Sgndé‘c‘iow*}rﬁggd@?/maﬁﬁgalipﬁe?ﬂ%p%lgérﬁ%ué&?%‘frg\égirll%éd) or presence of an in

| i ne pressur d-rlep@s®l datared pymadis )f hizami sghes@gnesih $n we bk weed cdicstednded

(ND). After distension, rings were cut_fromthe_segnents an? sus\f)%gdgﬂ in a
&by aRdeRHY

nuscl e Wéen infpreed icapseniveprroyed dont igc fstituponyl ReVIEWNVBERENY

then treat.ed w 1 1 t i nt
r el axat ﬁ%ﬁ@&ﬂ @?@Vglreése t?gﬁgé&?‘%%o b}c}&legg(g% giﬂag%ll nﬁﬁgﬁ%@%ég?rt%&@ﬁgﬁ?
maxi mal vabaily igplass negéryduThe vemntwaetsiand in Nbsaliat sdlusibe nsitid thevend od thand

hel d [ led t 1gnifi t d <. 0.0005) .i dot hel i al
epthd o RTENG BEAG 2h NG HSSCUr PGP LR SRR Y Q0BT T LY of
endot heldoplssilfPEBBihat © LA ARECE] SmM NiesGRIS0! AR £RAARAT Y niNllBEARMAICT €

freshly“ I'so rom eut hani zed pigs and placed 15 directly into cold
t r anspl @ntnVh ghweglsibnd uf hdf all G@@inoiVIsp oy la bginonydthdtstdsclo wdt 8.4).2FhervesgplepPeie 5

mv MySO4, 3 i 5 M Ad i 3 d ut at hione, 4o
AT opar e Wi ey E R e A srpenh tmsniag nartist BEO R 47 Kinon,off o
di ssect gafeog @hnfd@td &satieent bhé ahd hiEeULEanatdtddRpRadas hekiay the/@Ber.

renoved. Transverse rings (1.0 mmthickness) were cut and suspended in
nus2i e BEtehdistal @nd i dfkthe- @ph¢neike dveino Wasr deo cremdaied apd qorBegtedd0 ScPERTNS i c,
CT) interfaced w,th a Data Trans] ation A-D boar . I . )
Data wedBRGFT oBroAER o nsUReR ot Dt Vota SO it il BRah g ey
artery njifgandalenhcul She pi@durenrefeabdisalve. bThd pregucpiohitr aboell not Kreahse

Ri nger bi carbonate buffer for 2 h. The rings were stretched and the |ength
progr es giressigs abg\esI Wumindis. | Thimsieptsr threp Sraims wad theyt wersdhe fotloling: ReP-Ghér e
contracte it .t D: [ g j

b1 car borrais hoBriD: i Bhoske Vi bRt BvE A SRR, BEME pleturs 14
strass [vNewdu® psp-ol) vared (Mak evitheu( gdlve). Th 98ins aha ehadvehpopeofinedyei lsadeqyoebn t 0
the wet weight [ng/length (mmat maxinmal | ength i yi b 055.., Ri ngs
wer e wadhesgusgf léngeh 120} e Her ahd MrstmeEm @@Sﬁﬁenéglﬁ'%ﬁg%ﬁéﬂ’tﬁ%ﬂ%@ﬁ%t h 5

'LIM hi ar | j f 10
I Sy ‘ﬁg/oé]t%: ?%) ﬁlf%\{agﬂnei @ g?ﬂﬁ%‘(xﬁ{mdnggregﬁég Jof ﬁOM.D@Mﬂ%gﬂG. 06).

m n fol | owed paverine for 10 min 30 followed
by 110 riMeKGEramphnionednyenereasied imdse meias witddthe prog-afd molee tveate tsignsfiqandy .

Represent.gtive force tracings of rings treat ith 5 jiMhistamne (Hist),
110 M KEEeeRTgm the Wsp‘gﬁg‘g’érﬂ?%(’p(?gﬁﬂv eip r@l%sy‘paveri ne for 10 min A
followed by 5 1..tM hi stam ne (Pap+Hi 52)4 or 1 mM papaverine for 10 mn

foll owed by 110 mM KC1 (Pap+KCl) were depicted in FIG 18A. Decrease in
stress was converted to a percentage of the maximal initial



WO 2011/ 072012PCT/ US2010/ 059459 KC1 contracti on which was set as 100%
Papaverine treatnment reduced basal tension in the rings (-15.0 3.135%
(FI G 18Byo 2priat7e@at nent of rings with papaveri ne conpl eCe&lus2émiosdase ed
hi stami ne (-12.0 4.163 conpared to 98.613 11.049) and KCl (-20.0 10.00

conpared to 3,33 2.40499 induced cqntracti.on_ (Fl 8 - 4fied
di scar ded seézoﬁﬁsht ROTGHNC L FRA Oélﬁﬁlﬁghgﬁgq\?geﬁ{%flnby:a © \%eur%1 @gﬁhf’gtl::zﬁlgggg{a%h!é;r

i nf or Meq £ ARSANinPRBFAREoRY trikkplahh BlrvEd thudleal 1 0Bemive potassuid ladtobibeate, 25
Vanderbilt University (Nashville, from patients undergoi ng coronary

™N),
artery myaKER(Ds, fanMoMeS ek, M%MQ@W& Adepasipe, TraM\@utehioRs. d BMor ed

in a saljpe solutlio til the.e f S i 8 - Wh) i me
they wertlprBel Dot dmdrorih Rt ptt JS07 VB, FRecR B E M Ay Rl 0ot

| actpbi gaalst. VRRsTIV=KEPRERE, mmual, Mixtaded 3Qthndvbyrag iin tdseabsBnaeNDastenizd) me, 3
mM gl utat hione, 1 mM allopurinol, 50 g/L hyfgr oxyet{1 | starch, pH.7, 4ﬁ'd The
vessel s pigserce efsanda ligetrpssuaelense WV @epwd trg Bts; Viere mioh distentle
harvest f - - Ve e. gl t o fn tih tl Ahsdlé pates
and the %b&%ﬁ?ﬁ%ﬁﬁgg’ bg%%% C#rﬁ@{% gégnre?j%g%ﬁ( %s m‘natdﬁiacknséss)7 wer e
cut and Biespepdecteipresongatted ldthh] 0% iV phérykepBrife landKleeh treatédmitd § maHEdMEer s
15 (Kent Scientific, CT) interfaced with Powerlab _data acquisitiop system
and Charcerbaghel e detempng nadofhielink dePsagryr KiRkagpri npete éO)p?e%PH nassﬁ’ﬁhé?slous
veiyri i ife AAdcRAdntrhdtiony e dnhalkdislssibi nger
bi cgtor boggltﬁ)é Sﬁﬁﬁﬁgﬁ%ﬁaﬁ}rﬁ?ﬁﬁg&%%re st?et chéd _angl thél_laenlgt hSl

pr ogr essyitte b \haadljhekit eringaidéd tonsgiiffednt tdershssa (s 06092 inesndothgbalr Japgadeper e

contracted with mM KC1 (with.equinolar.replace t .. of ' .

bi car bord&fF¥ad a“é&ﬁ‘? S af%‘éalY%Prfge‘&%h]ésr g)gse %qgﬁlﬁléglsdﬁggl% E{n laxalionr t ed
to stres(ﬁl(ﬁ.l\ie;w ons (N)/nm2] = force (g) x 0.0987/area, where area is equal
to the wet weight [nmg/length (mmat mexinmal |ength)] divided by 1.055.

Ri ngs were wdRohede metbneruiatteesatiste fisshlsniselated BomnFyhanizgd,gigswaide Placedit ed

with 0.5.i.tMnorepinephrine 1 v.er 0]
papaver idﬁrgct:l% potq 6°elﬁitﬁn$pg?rftg\%% SNE%}I% r gfﬂ[q thgﬁg{ﬁ? éa&@%% e ?gt eg s O
measur eds /I MESD.LBD eV Raffinb&s 5. mRBAdBRGIeas eninGhitateiose WamM criloputiad, t 0 a

percentage of the maximal initial KCLl contraction which was Eet IQ%S 100%
Repr eserfOagily Hyflixyethyk sierchg®Hof 4. ngzorenasy asigricy 150 dissediiduEee igg) fat §n

828?!?;&'&?%&@@(155118&&%@\4 BRRAEI"Gad Himch@d M Tad QEls@WREs BY.0Gnm thidénbls) ver e

créase I n stress was converted to a percentage of
t he maxiwet dudidntaduspétied ont masdlé dathahiie fsiliva3-0skitkedstol @896 transducers (Kent

6.13 rine t t t d db |t [ ' 3 ' -9. .0
5 bbp Scpmbiie GE e At LSy RaHBAG A ekt vk et &ty
I nhi bi t %shﬁ:ﬂéfr%l %%_18%‘(}56 PdReC %1?%6%@«&&&%%&5?0&?}@3&4%&@ NEHeeedings were

contractio ) - Vei n harvest” device is shown in FIG 20. The
di stal emnsbenfled hrea weiscle batheandeiquilitsated e Ksehd Ringasenrodnaieabuiéss fon2 hhdhgei n)

is cannulated with bul l et ti | asti.c .cathete . .

2011/ 072888 PWU%@%WOB 58° JRER RadSieelfei R i“PF\{\Pé%a_tXil%ﬁl Bl ed
to the GathelEThirils desdEdditcle@adan 1 AaVPK CThwith ahigio4r replacdrh@p@d Nal o
the base. An additional bullet tipped catheter with no lunen is attached to

t he2pr oxinntikarboukte fouffed), vasidnthel fosere geheraisdt Was apgrediot eansh gowferted lopsEess The
qochr O t i ) HRE . | _ oo IS
oo noe (NPABIRRE) 2O BT kbRt Pl ol L RSB R e

at t achequi® at AxBhatiadgtieNdi@led be 1085 NRing&vereiashed and equilibrated for another
30 mins. Rings were treated with 5 pM histamine, 110 mM KCl, 1 mM papaverine (PAP), 1

mM papaverine for 10 min followed by 5 pM histamine or 1 mM papaverine for 10 min
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Representative force tracings of rings treated with 5 pM histamine (Hist), 110 mM KCI
(KC1), 1 mM papaverine (PAP), 1 mM papaverine for 10 min followed by 5 uM histamine
(Pap+Hist) or 1 mM papaverine for 10 min followed by 110 mM KCI (Pap+KCl) were

depicted in FIG. 18A. Decrease in stress was converted to a percentage of the maximal initial
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can now be di stended and side branches |igated. Exanple 4 - Prophetic
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W t hout departing fromthe concept, spirit and scoge of the invention. Mre
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che cal a si Ql.0 I r S
S L B EREYa°8 PLRT B I S by geats,
such 5' r(‘AIﬁIns&Hﬁ%ﬁﬂst @bl@ﬁad@f%)rﬂigﬁll(fﬂ))} aHumas sgieasenteil ﬁngé/@ere suspended ina
2011/ 072012PCT/ US2010/ 059459 t hose skilled in the art are. de d.to be

wi t hi n trhescigpbath tand sespibragerd i Baehspringer bisarbppaje ffleh i Ber ilhednsy He

appendedstr%lcﬁecfrgnd the length progressively adjusted until maximal tension was obtained. The rings

were contracted with 110 mM KCl (with equimolar replacement of NaCl in bicarbonate
20  buffer), and the force generated was measured and converted to stress [Newtons N)/m?*] =
force (g) x 0.0987/area, where area is equal to the wet weight [mg/length (mm at maximal
length)] divided by 1.055. Rings were washed and equilibrated for another 30 mins. Rings
were treated with 0.5 uM norepinephrine (NE), 1 mM papaverine (Pap), or 1 mM papaverine
for 10 min followed by 0.5 uM NE and force generated was measured and converted to stress.
25 Decrease in stress was converted to a percentage of the maximal initial KC1 contraction which
was set as 100%. Representative force tracings of rings treated with 0.5 uM NE (NE), 1
mM papaverine (Pap), or 1 mM papaverine for 10 min followed by 0.5 uM NE were depicted
in FIG. 19A. Decrease in stress was converted to a percentage of the maximal initial KCl
contraction which was set as 100%. n = 6._Papaverine treatment reduced basal tension in the
30  rings (-9.772.0 £ 3.226%). Pretreatment of human saphenous vein with papaverine
completely inhibited NE (-3.210 + 5.119 compared to 89.935 = 18.344%) induced contraction

(FIG. 19B).
Vein harvest device is shown in FIG. 20. The distal end of the vein (the vein is

reversed because of valves in the vein) is cannulated with a bullet tipped plastic catheter
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Circulation 68: 11117-124. Kent KC, Liu B (2004) Intimal hyperplasia--still
here after all these yearEtamplm4aBeophetig ClBrical Protb83l Mann M, Wi ttenore
AD, Donal dson MC, Belkin M Conte M5, et al. (1999) Ex-vivo gene therapy of

human vascul ar bypass grafts with E2F decoy: the PREVENT single-centre
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cannula with a 10 or 20 cc syringe attached to the other end of the valve. In some cases,
extension tubing will be placed between the syringe and the valve. The vein will be distended
15 with the vein harvest solution and tributaries identified and ligated with either silk ties or
clips. The vein will be marked with the marker in the kit along one long surface to maintain
orientation of the vein. In some cases, the vein may be marked prior to removal from the
patient. The vein will then be placed in the harvest solution until implanted into the arterial
circulation. In one embodiment, the dye from the pen will contain a P2X; receptor antagoniét,
20 and the harvest solution will not contain a P2X7 receptor antagonist. In another embodiment,

the dye from the pen will not contain a P2X; receptor antagonist, but the solution will. Ina

third embodiment, both the pen dye and the solution will contain a P2X7 receptor antagonist.
% % sk ok ok sk sk sk sk sk ook ok sk sk sk ok sk sk sk sk sk ok ok ok

25 All of the compositions and/or methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compositions and/or methods and in the steps or in the sequence of steps of the method

30  described herein without departing from the concept, spirit and scope of the invention. More
specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or

similar results would be achieved. All such similar substitutes and modifications apparent to
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nore of an anti-contractile agent, an anti-oxidant agent, an

ol i gosaccharide, a colloid agent, an anti-inflammtory agent, an

endot hel &b 2burmoeiien preservative, a netabolic regul at oPCTAISEYIdNYSY , an

i nhi bitor of heat shock protein 27 (HSP27), a regulator of HSP20, and/or an

i nhi bit MABKAPR ki n 7. The nmethod of claim6, wherein said
anti - coﬁ$ggé\t‘7qt?<@@‘@ﬂf’ ?@ﬁggb%%gghodi esterase inhibitor, a cal cium channel
bl ocker 7.4 Pitddt iPebReekigs 200010160384 a cyclic nucl eotide anal og. 8. The net hod
of claim®6, wherein said anti-oxidant agent is N acetylcysteine,

al | opur |UnS>IPatg1tllj’ubhmtloné()l@fﬁlﬁmﬁél ascorbic acid, a tocopherol, a
tocotri 259. The net hod of claim6, V\/nerei n said
. gﬁﬁagq?%%flgfqaggggg?oﬁpf&% )
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14. The method of claim®6, wherein said hydrogel is conposed of a natural
pol ysaccharde such as al gi nate, dextran, chitosan, and gl ycosam nogl ycan,
or a hydrwphoig2@el yner such as pol yet hyl ene gl ycol, meChmguse@blosd46se,
hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, pol yhydroxbuterate, or

pol y(n-i r cr i.de). 15 15. The nethod of claim®6, wherein said
inhibité&ﬁ@ﬂpﬁékgfu¥&€§3gsiRNA or m RNA that inhibits HSP27 expression.

16. The method of claim®6, wherein said regulator of HSP20 is an anti-n RNA
t hat enhances HSP20 expression. 17. The nethod of claim®6, wherein said

i nhi bi t dr of Avmptap of freaing 2vein explye prio o DOIARNTYHIISING 8. The net hod of
claim1, wherein said explant is marked with a non-al cohol based narker.

19. The neth of b . i.n said P2X7 receptor antagonist is
74 oo pE BT & deinBli 0 b

eriogl auci ne _ I‘ant blue G 25 20. The nethod according to
claim19, wherein the nethod restores functional viability of a vein
expl ant t hat (bbef arabildmbihk ivzinngkpddng m 6 b)iffeved ssohion\doatpiieing a2 X7 receptor

2011/ 072012PCT/ US2010/ 0 . The nethod..of claim.1,  wherein the
stabi | ized veneseRpAAP é&?&r‘%ﬁé? P@ﬁ&?ea%f%‘?‘ih%%ddv%%e’ﬂ?&i’lﬁgm&‘gpabl e of
generating a contractile force greater than a control bl ood vessel when

contracted wihh KelesbRing fuhtional #dbiliffief tRetblized veih@kpled, Wwherein the
stabilized vei'n explant 1s further characterized as 5 being capabl e of
wi t hstandi ng i nside flushing pressures of |ess than 200 nan? WQF% )
di st end@d.  The method of claim 1, wherein the method restores functional viability of the vein

explant that, before step (b), was not viable.
10 3. The method of claim 1, wherein said buffered solution further comprises heparin.

4. The method of claim 2, wherein said buffered solution comprises (i) heparin and (ii)

erioglaucine/Blue Dye #1 and/or brilliant blue G.

5. The method of claim 1, wherein said buffered solution comprises phosphate buffered

saline, MOPS, Hepes, Pipes, acetate or Plasmalyte.

15 6. The method of claims 1-5, wherein said buffered solution further comprises one or
more of an anti-contractile agent, an anti-oxidant agent, an oligosaccharide, a colloid agent, an
anti-inflammatory agent, an endothelial function preservative, a metabolic regulator, a
hydrogel, an inhibitor of heat shock protein 27 (HSP27), a regulator of HSP20, and/or an
inhibitor of MAPKAP kinase 2.

20 7. The method of claim 6, wherein said anti-contractile agent is a phosphodiesterase

inhibitor, a calcium channel blocker, a nitric oxide donor, or a cyclic nucleotide analog.

8. The method of claim 6, wherein said anti-oxidant agent is N-acetylcysteine,
allopurinol, glutathione, mannitol, ascorbic acid, a tocopherol, a tocotrienol or a green tea

phenol.

25 9. The method of claim 6, wherein said oligosaccharide is lactobionic acid, raffinose, or

trehalose.
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23. The nethod of claim 22, wherein the |unmen of the stabilized vein
explants is flushed with the buffered solution at flushing pressures of

| ess t harw@@Oi1waTedHg. 24. A vein transplant kit conpri sPOE/USIA0AFHSY i ssue
mar ki ng pen conprising a P2X7 receptor antagonist; and (b)a physiol ogic

buf f |yt i ts f maki Jch 5. ' '
furt her 18onpri Hgned BoAtarer BrE apl oy B Bai r gy Furhit Tasel foitag
The kit ppfoddraigimdd. further conprising one or nore of heparin, an

anti-contractile agent, an anti-oxidant agent, an oligosaccharide, a
col | oi d agen an anti-inflamuatory agent, 15an endothelial function

t i :
pL eser vt ve Thy methadof ickipe@yvheren, said agtirindlsammatary agRt 1Y # SPTHEPSIEIoL A
shock pratein; 1eS4 t . Lt D 2 YABKAR L 2.
27. The nﬁ?‘cﬁerg%dagl% gﬁ?ﬁ%\%\%&% ﬁlaglg#%l%sfe%rlﬁe}gg@gl %ﬁgﬁﬁ: conpri ?‘elsi %ﬁoggaphat e
buf f r edtoxal inhéhitoMOPS, Hepes, Pipes, acetate or Plasmalyte. 28. The kit of
claim 24, wherein said buffered solution is pH 7.0-7.6. 20 29. The kit of

claim 24, wherein said P2X7 receptor. antagonist .c ri ses eriogl.auci ne/ Bl
Dye #1 d2- br (e Ehhog) gb QIS THECKIY o EPOaThelEh, RCHAM GrseORErs SFnif &

devi ce faﬁéigtsehgﬁryoﬂ‘ger{iﬁ'%?e nftihitdr, Uk iaﬂ%i_gféﬁéiﬁ%oep%ii&iﬂﬁiﬂ £&afi® HQf@ned to

pr event I ng press I'nside the vein explant of greater than 200 mm
Hg. or an estrogen.
13. The method of claim 6, wherein said metabolic regulator is glucose, adenosine amylin,

10 calcitonin related gene peptide, or insulin.

14.  The method of claim 6, wherein said hydrogel is composed of a natural polysaccharde
such as alginate, dextran, chitosan, and glycosaminoglycan, or a hydrophilic polymer such as
polyethylene glycol, methylcellulose, hydroxymethylcellulose, hydroxyethylcellulose,
polyhydroxbuterate, or poly(n-isopropylacrylamide).

15 15. The method of claim 6, wherein said inhibitor of HSP27 is an siRNA or miRNA that
inhibits HSP27 expression.

16.  The method of claim 6, wherein said regulator of HSP20 is an anti-miRNA that

enhances HSP20 expression.

17.  The method of claim 6, wherein said inhibitor of MAPKAP kinase 2 is a peptide
20  inhibitor.

18.  The method of claim 1, wherein said explant is marked with a non-alcohol based
marker.
19.  The method of claim 18, wherein said P2X; receptor antagonist is erioglaucine/Blue

Dye #1 or brilliant blue G.

25 20.  The method according to claim 19, wherein the method restores functional viability of

a vein explant that, before stabilizing step (b), was not viable.
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2531. The kit of claim 30, wherein said device for flushing the lumen of a
vein explant is designed to prevent flushing pressures inside the vein
expl ant ovognsat7eri2t han 150 mm Hg. WO 2011/ 072012PCT/ UBROAGLQ598ESY 32.
The kit of claim 30, wherein the device conprises a syringe and/or a

cat het er,_and pop- of f . val ve. 33.. The Kkjt. of clai , r el i nge
or cat hgfllgar : Frﬂi‘?‘%%%jfs(’fac\iﬁlm f’e‘f’g%rﬁ%gﬁ S‘iato 8% elPieé}g%a?% fflﬁgneg nC%? %F Lhge¥ | N9
| ntroduglin@NcdpBbie & SnerahifBla 8berRtileS firét YRlater ak@l andontrdBalobdevéssdl whercl ai m
24, further conprising a clanp designed to hold said vein explant. 35. A

devi ce fontréckadshitn§ Gl revilrenen of a vein explant, said device is designed to
prevent flushing pressures inside the vein explant of greater than 200 mm

Hg. 36.,,The.devi al A J i {d

andr o 2 netds e OraatL I Tiar bR SRR AT AR RIS Rhahe RVELTAT,
the syrivemg @pablat betethstandipg iifdse dlubhihf eireshaped tesp teamnP60 shmgHg Wheren
for introduction into a distal end of said vein explant. 38. The device of
cl ai m 3@istgnded-her conprising a bullet-shaped plug | acking a | umen for

introduction into a proximal end of said vein explant. 39. The device of
claim 35 f u%@‘?ﬁ?tﬁ&{mf L1SinD 92 Ay hbrRIPNE S5 h NS Ciht QtdbalAd SRirtexp@ints RXRIsBaL -
claim 35, wh dd

1540. The device o erein sai evice is designed to prevent
f | ushi ngvifir the buffersd solution at flushing pressures of less than 200 mm Hg.

24. A vein transplant kit comprising:
10 (a) a tissue marking pen comprising a P2X; receptor antagonist; and
(b) a physiologic buffered solution or reagents for making such.
25.  The kit of claim 24, further comprising a container suitable for bathing a vein explant.

26.  The kit of claim 24, further comprising one or more of heparin, an anti-contractile
agent, an anti-oxidant agent, an oligosaccharide, a colloid agent, an anti-inflammatory agent,
15  an endothelial function preservative, a metabolic regulator, a hydrogel, an inhibitor of a heat

shock protein, magnesium sulfate, and/or an inhibitor of MAPKAP kinase 2.

27.  The kit of claim 24, wherein said buffered solution comprises phosphate buffered
saline, MOPS, Hepes, Pipes, acetate or Plasmalyte.

28.  The kit of claim 24, wherein said buffered solution is pH 7.0-7.6.

20 29. The kit of claim 24, wherein said P2X; receptor antagonist comprises

erioglaucine/Blue Dye #1 or brilliant blue G.

30.  The kit of claim 24, further comprising a device for flushing the lumen of a vein
explant, said device is designed to prevent flushing pressures inside the vein explant of greater

than 200 mm Hg.

25 31. The kit of claim 30, wherein said device for flushing the lumen of a vein explant is

designed to prevent flushing pressures inside the vein explant of greater than 150 mm Hg.
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inside the vein explant of greater than 150 nmHg. 41. A buffered solution
of pH 7.0-7.6, wherein said buffered solution conprises heparin and a P2X7
recept or wovagarmeae. 42, The sol ution of claim4l, whepeTuss@HsHRZK?

receptor ant agonl st conprises 20eriogl auci ne/Blue Dye #1 or brilliant blue

G 43. _The s i on_ of aimi4l, erein sai.d buffered t rlses
phosphaf# buff 8@ f.rsj‘:é‘"l‘l?nng(g Whgsgn' tllﬁ‘emgs%we FPTHRYSES LB dee af)l?/% Ilg{aclsaﬁn%l‘[é%Qﬁ8

The sol #Dé_gﬁ‘givegl aim 41, wherein said buffered solution further conpri ses
one or e of an anti-contractile agent, an anti-oxidant agent, an

ol i gosaccharide, a colloid agent, an 25 anti-i nf | anmat ory ](5;
endot heBBal fThaddt @‘nclpmél vehereia, the syapgoel Fath ﬁ’t@gﬁﬂ"&?%"‘fes ‘ﬁ{}&ﬁ%‘ﬁ’gﬁ tipan

i nhi bitor of .hea HSP20 and/or an
i nhi b t SpmBis ik mron ok Bl Eoh ot BB 5B R SRS 3 5800 a5 The
solution of claim44, wherein said anti-contractile agent is a

phosphodisest ghake df Bhiti2tofurthar @mbyising céianp desiphaickdold sidvdeiniesplaxti de
donor, or a cyclic nucleotide anal og. 46. The solution of claim44,

whereln said anti-oxidant. agent is acetyl t [ 1.
gl ut at h|3éne Arfigiee tor fl ué%@&%%‘?iﬂ’ ' ageelfl)ééc e s E%eﬁ%%%g%sﬁl gno Pggvest

green t % ?gf&géure fidide IS RPEMPIARBE glfeafék ﬁiaHQGGmﬂMHE’ ein said

ollgosacc e1s actoblonlc acid, raffinose, or trehal ose. 48. The
solution of claim44, wherein said col | oi d agent is hydroxyethy| starch,
dext r an36bl odthealeviat biintarm 350wberpieths slevice epMBFises|2a3yinga (AR FENFCLHIA |

anti-infla r
popmfrpv?vé/ agent is a corticosteroid, a

10 37.  The device of claim 36, wherein the syringe or catheter comprises a bullet-shaped tip

comprising a lumen for introduction into a distal end of said vein explant.

38.  The device of claim 36, further comprising a bullet-shaped plug lacking a lumen for

introduction into a proximal end of said vein explant.
39.  The device of claim 35, further comprising a clamp designed to hold said vein explant.

15 40. The device of claim 35, wherein said device is designed to prevent flushing pressures

inside the vein explant of greater than 150 mm Hg.

41. A buffered solution of pH 7.0-7.6, wherein said buffered solution comprises heparin

and a P2X; receptor antagonist.

42. The solution of claim 41, wherein said P2X; receptor antagonist comprises

20 erioglaucine/Blue Dye #1 or brilliant blue G.

43.  The solution of claim 41, wherein said buffered solution comprises phosphate buffered

saline, MOPS, Hepes, Pipes, acetate or Plasmalyte.

44.  The solution of claim 41, wherein said buffered solution further comprises one or
more of an anti-contractile agent, an anti-oxidant agent, an oligosaccharide, a colloid agent, an

25  anti-inflammatory agent, an endothelial function preservative, a metabolic regulator, a
hydrogel, an inhibitor of heat shock protein 27 (HSP27), a regulatory of HSP20 and/or an
inhibitor of MAPKAP kinase 2.
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nonst eroi dal anti-inflamuatory, a mapkap kinase 2 inhibitor, anti-TNF-a,
anti-1L-1-13, or a Cox-2 inhibitor. 50. The sol ution of claim 44,
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i nhi bi t $hbiwP27 expression 54. The solution of claim44, wherein said
regul at or of HSP20 is an anti-m RNA that 25 enhances HSP20 expression. 55.

The sol ution m rei n .said inhibitor, of 2 1s a
popt | de Wi BepRoRe it A7kt Per AT HESE Suleb PRIl Padingse.
clalnl4%@hmg§{e|n said pHis 7.35-7.45. 57. The solution of claim 41,
wherein said pHis 7.0, 7.1, 7.2, 7.3, 7.4, 7.5 or 7.6.

48. The solution of claim 44, wherein said colloid agent is hydroxyethyl starch, dextran,

blood or albumin.

10 49. The solution of claim 44, wherein said anti-inflammatory agent is a corticosteroid, a
nonsteroidal anti-inflammatory, a mapkap kinase 2 inhibitor, anti-TNF-o., anti-IL-1-3, or a

Cox-2 inhibitor.

50. The solution of claim 44, wherein said endothelial function preservative is an
angiotensin converting enzyme inhibitor, an angiotensin receptor inhibitor, a statin, metformin

15  oran estrogen.

51. The solution of claim 44, wherein said metabolic regulator is glucose, adenosine

amylin, calcitonin related gene peptide, or insulin.

52. The solution of claim 44, wherein said hydrogel is composed of a natural

polysaccharde such as alginate, dextran, chitosan, and glycosaminoglycan, or a hydrophilic
20 polymer such as polyethylene glycol, methylcellulose, hydroxymethylcellulose,

hydroxyethylcellulose, polyhydroxbuterate, or poly(n-isopropylacrylamide).

53. The solution of claim 44, wherein said inhibitor of HSP27 is an siRNA or miRNA that
inhibits HSP27 expression

54. The solution of claim 44, wherein said regulator of HSP20 is an anti-miRNA that
25  enhances HSP20 expression.

55.  The solution of claim 44, wherein said inhibitor of MAPKAP kinase 2 is a peptide
inhibitor.
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56.  The solution of claim 41, wherein said pH is 7.35-7.45.

57. The solution of claim 41, wherein said pH is 7.0, 7.1, 7.2, 7.3, 7.4, 7.5 or 7.6.
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