DESCRI PTI ON  SOLUTI ON FOR PRESERVI NG LI VER Techni cal Field The
present invention relates to a liver preservation s solution,
wherein the toxicity due to nitroglycerin is inproved. Background
Art At present, University of Wsconsin solution (UW solution) is
generally used for brain death Iiveriéggkég antation in the US and
Eur ope (Transpl ant proc, vol.31, p. =2070, 1999) . This is
because UW sol uti on enabl es sortronge FoRe PRESERVIING QII®ERC preservati on
of the liver as conpared to other organ preservation sol utions.
However, since UWsolution is extﬁ%ﬁgw?cﬁ?gﬂﬁﬁh%iscous, the blood in

bl ood 1s vessel s ngadsri-gche V@At way vt éd R A versprutéBmtace.
havi ng | ow viscosity, prior to the start of the cold i schemc,

preservat i dnsefutiiy iWhereinnthgdia3isH EYpahre us? ok SHOGH YORFIR ot it i on
is -tinme-congyftfHPeqg Further, UWsolution is an intracellular
preservation solution (electrolyte is equivalent 20 to intracellular
conposition) and has a hi gh pot assi Baskgesunshdeskt i on (125 mM. A high
pot assi um concentrat i ses._ . g 0f: .QO0 S ausi ng
| ong time organ p]ggr %S%%l.ﬂ’ %%ggfsglrﬁfté# WS%IEU% %r?\iﬁn%gtghe“lm;?ver
needs to be sohceisnbsits gehedald ¥ uRichder' sraoh uddadrh dtigeri nedi atel y

25 before recanali zi t.he blo flow after tra | antation _of the
Cover 1 nedb st pAnrRrt Tt o, AP Bfe D L EEF ek an TR E P Pe e Yl
flow into the,body-zi7d,ha gpal i ermthidVbsebyesuses iMCeolMEisnl aiddrs a
contains a chem cally-unstable act|ive ox %en scave %{ (,r.adi ca
scavenger) as°R9EbaporeMel% I’récgﬁlﬁjrcf B V%l?lﬁe‘?’gg? § $1¥R5r S even

when preser vegmbArad Ce hiiHedC 8rgafthidi rvaftii bnPsbTet ichaler Nold @, FE@nce
sol ve these di sadvantages, the present inventors have devel gped

ET-Kyot o sol ¥ 8AIRRHPNGYY EFIRBESLY st dtiYorris@RrEh the blood in blood

15 vessels needs to be washed away with Ringer’s solution etc.

having low viscosity, prior to the start of the cold ischemic
preservation of the liver. In addition, perfusion with UW
solution is time-consuming. PFurther, UW solution is an
intracellular preservation solution (electrolyte is equivalent

20 to intracellular composition) and has a high potassium
concentration {125 mM). A high potassium concentration causes
contraction of blood vessels, causing long time organ
perfusion. What is more, UW sclution in the liver needs to be
once substituted with Ringer’s solution etc. immediately

25 before recanalizing the blood flow after transplantation of
the liver into a patient, so that high concentration potassium
will not flow into the body of the patient. Moreover, since UW
solution contains a chemically-unstable active oxygen
scavenger (radical scavenger) as a component, the shelf life

30 thereof is short even when preserved in a cold place, and the
unit price is very high.

Toe solve these disadvantages, the present inventors have

developed ET-Kyoto solution and New ET-Kyoto solution, which
are extracellular solutions having a completely different

35 composition from that of UW solution and a low potassium
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are extracel lular solutions having a conpletely different 35
conposition fromthat of UWsolution and a | ow potassium 1
concentration, and containing trehal ose which is a saccharide that
stabilizes cellular nmenbrane and suppresses cell injury

(JP-B-325313 %%E%gki d!&ﬁﬂ c%%%%@ﬁin \%¥eﬁgins§pwﬁfcﬁtﬁ;gjkaaéﬂgr%de

2004). New ET-Kyoto solution has a conmposition simlar 5 to that o
ET- Kyot 0o solthdtostabdlizss didflerlent ménom T afosoppsedsas arelilninfaty

T, R e U I Ty, gy 1107

N-acet yl cyst eine. i'sTdescri be a én'0
nitroglycerililag &0presersat ETRKysDd WHdlortibur hhera erdanegsion similar

post -transpl ant_ orga ti,on as 10 _co red to ET-Kyoto sol ution
(Yonser “Neti EhiciRbuphart Gt stlupdof, B 3, R erarddf st et kigeo
al ready beensdlerminat iat edaatit hengaingl dExpsdyIesiMP| exelcAMTaLt,
ET-Kyoto sol ution _exhibits an effeci quiyalent to hatig uw

sol uti on usSFAFLYERILT sRHEM @SSrELEYVERIMTr of Tt MR ABPUIRREy Fpting,

nmuscl e or skidyitHAWever dohenMietaid adt FePDPFdeNas todacyr@id Bhta%nt 0 the
effect on the liver preservation. In the lung preservation, the New

ET- Kyot o sol ¢¥wWioshéusthen YacessaperToranse enat osgaViEsIticenons
and has aly e@&?ﬁal@%e!ao' BrlR %dlﬁﬁ:@oﬁhﬁ&{éé_}h%hi?ﬁflﬁ&@ﬁ an %Q.Aa?,

| ung 20 transplantation in Kyoto University. e devel opnment o
a liver presérvatipodlfdtuiiédn,200/fli.ch is nore superior in an action

to maintain organ.fu [ peri ' y p B .
chem cal stabili t)}tt ﬁgé %gjé?]a%gg%er%gdaéfﬂgﬁ?%&vﬁsegwggf tp%eﬂfnpél e&%e@?ﬁent
above- nment i ohexk Isitthadat EDAKyoto isolariohj exitibidfs HM¢eﬁfesErEquﬂu&m&htono

et | one o islatiob exhibifs e i
act1 on o maPKAGE SGRRLUPHLLIh, 6 GBH HeTeais: §rCaasiTiaed 5F che

use and chenktaey,stiabyl i iyscBO JI s&hasurmwefreirhend nyedila report has
documented as to the effect on the liver preservation.

In the lung preservation, the New ET-Kyoto solution shows
an effect superior to that of UW solution, and has already
been introduced into the clinical application and lung

2¢ transplantation in Kyoto University.

Thus, the development of a liver preservation soluticn,
which is more superior in an action to maintain organ function,
and superior in safety, operability and chemical stability,
has been desired.

25 In view of the above-mentioned situation, it is an object
of the present invention to provide a liver preservation
solution, which is superior in an action to maintain organ
function, as well as safety, easiness of use and chemical
stability.

30 Disclosure of the Invention

The present inventors have conducted intensive studies in
an attempt to achieve the aforementioned object.

As a result, they have found a problem in that when the
liver preserved in a New ET-Kyoto solution confirmed to show &

35 superior effect for the preservation of a lung graft and the
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The present inventors have conducted intensive studies in an attenpt
to achieve the aforenenti oned object. As a result, they have found a
problemin that when the liver preserved in a New ET-Kyoto sol ution
confirmed to show a 35 superior effect for the preservation of a

lung graft apgd he %r%air'%g%].ér?técf ansgl 2Bt g @ a@anﬁﬁlﬁhﬁi’:f@ﬂo@@i fusion

wi t hout perfusion w nger's solution etc. in the sane nner as
for lung trahgplRimgeri ensolineiqrested toxiltd tspmgbgenter nas fagcilphent

ani mal for | at.i S . [ ecreases 5.

U vi val 1 at B ARt as A0k i et BHS EE EE  JRn ER B apaHT
further investingdt €drt hengatssenspflantietioxici topsamededf ovwnich hicreases
nitroglycerin contai.ned in,the w ET:Kypto., solution,causes the
toxicity, ANt Hat thet oXr Bi fy tcaena émgfr‘)eafutceerdtﬁﬁnfg%\%??%tgquﬁe Thus,
content of nthii¢wdlapeerfupther ailwwselighoebetiow caveer bli thyateieicity and
Furt her nore, ey have found that, addjitjon, of di bu&gryl CAMP to an

th
ET-Kyot o sol fR¥%h &% REREPYYSSHdroreB#Hed iy &l ¥t BT UORCaf t ed
rate) after kbMmedior cAlsPs At URGer atdecrzandinki epg; whef edihee
toxicity of nltr%gl ycerin is not expressed, and that the effect of
i s di butyryl TedwEEhiyi LPBRTIRg Sdecicrneerb thalEroryyeerssl kr jodevel

whi ch resy} tgehdh 4 ke eamp! e4i@n 0?&£ﬁ?eﬂo%§”%h&9\/lf§%\?% Ofhund treﬁ A

Accordingly, the present invention relates to the oW ng.
| i ver preser&@ddigens olfudiibut ianp rdfiPn ot arhEl dyvetandolRoich mitnikingly

Cont ent of || SHro a6, A1 ] F P e Sh e o BT ot 1),
havi ng a nit togisglemntaticonteder dfhengbndbt sontshamed@e0044 ki @5y 4}
i T S ATt
15 dibutyryl cAMP addition is specific te the ET-Kyoto solution,
which resulted in the completion of the present invention.
Accordingly, the present invention relates to the
following.
{1] A liver preservation solution comprising trehalose and
20 dibutyryl cAMP.
{2] The preservation solution of [1], having & nitroglycerin
content of lower than 0.44 mM,
[3] The preservation solution of [1], having a nitroglycerin
content of not more than 0.0044 mM.
25 [4] The preservation solution of [1l], which is substantially
free of nitroglycerin.
[5] The preservation solution of [1l], wherein the
concentration of dibutyryl c¢AMP is within the range of 0.005 -
10 mM.
30 [6] The preservation soclution of [1}, wherein the
concentration of trehalose is within the range of 50 - 240 mM.
[7] The preservation solution of [1], further comprising
hydroxyethylstarch.
[B] The preservation solution of [1], further comprising at

35 least the following components within the following range:
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concentration of dibutyryl cAMP is within the range of 0.005 - 10 mM
30 (6] The preservation solution of [1], wherein the concentration
of trehalose is within the range of 50 - 240 MM [7] The
preservation solution of [1], further conprising hydroxyethylstarch.
[8] The preservation solution of [1], furthf-d C;%I‘mﬁl ng at 35 | east
the foll ow conponent s V\nthlnthefollovmngr nge’ 3 Na' 10 - 140
MM K+ 4 - 1 0 n1\/| H2P04 or HPO4-- 12 - 65411\,4 a0 t@ast one kind

sel ected from

#—B --, organic ?g aargd rgani c acid
ani on 15 - [Ié A I |ver preservation-Sol utl conpri sing at
| east the fecﬁ Il@\anslngoﬁ@mpm&mt@em:bﬁiﬂrdnm fol l ow ng range:

di butyryl cAMP, Ou@85, -cdf- morkant tehad 0s@add0 - 240 v

hydr oxyet hyléith%rnclla %md@nﬂ{nl Na+ 10 - 140,4M K 4 140 nM H2PO4
or HPOQ 12 - 15 at Teast one kind selected fromd", HCO3
C33--, organ Ciy | [ T
preservatlonws:]o ut gg%!ﬂg;?ﬂf i at%é\@/)%ngoglmnﬁ%r%ﬁygéggﬁ%tonﬁ%ﬁg gﬁe

| ower than OfOMiOMWGZGOIELRQI}enRSkMdeyDptlegeidépwgngsodimeon conpri sing

trehal ose a bu yr CAMP. The liver pgeservation,solution of the
pr esent mve‘g gxgtﬂ%e foll owi ng advan ag(ggs f) n the liver

preservatmntﬁaﬂallds@n of the present 50 - 240 mM
hydroxyethylstarch i - 80 g/l
Na* 10 - 140 mM
K 4 - 140 mM
HoPO4” or HPO4 ™~ 12 - 65 mM

15 at least one kind selected from
Cl”, HCOs3, CO3, organic acid and
organic acid anion 15 - 150 mM.
[10] The preservation solution of [9], having a nitroglycerin
centent cf lower than 0.44 mM.

20 [11] A kidney preservation solution comprising trehalose and
dibutyryl cAMP.

The liver preservation solution of the present invention

has the following advantages.
(1) In the liver preservation solution of the present

25 invention, the toxicity due to nitroglycerin, which occurs
during preservation of the liver in New ET-Kyoto solution, has
been improved. Further, the liver preservation solution of the
present invention has a potassium concentration lower than
that of UW solution. Accordingly, the blcod can be reperfused

30 after preservation without substitution of the preservation
solution in the liver with Ringer’s solution and the like.
(2} Since the liver preservation sclution of the present
invention has low viscosity, the initial perfusion with
Ringer’s solution and the like is not necessary when the liver

35 cold ischemia is started.



25 invention, the toxicity due to nitroglycerin, which occurs during
preservation of the liver in New ET-Kyoto solution, has been

i nproved. Further, the liver preservation solution of the present

i nvention has a potassiumconcentration |ower than that of UW

sol ution. Acqafdsngly +Hehg 1hEoog:- &8 i bEPSs TSR 3¢ 8hkGresent
preservation w thout substitution of the preservation solution in

the liver wi thvehiber hossdlit Vepcesidyt Rad| Ire. Potapsigmngeneert145i6n
preservati on gl g&fﬂﬂqi‘%ﬂ‘n e PE £SO kqf{gﬁnfché)“li%% 8 dvi§819<§rhita%”is

the initial perfusion wth R nger's solution and the [ike Is no

necessary whemathed|iver 35 cold ischema is started. 4 (3) Since

the Iiver pr 3%?” YAL | f{LeSrpé%‘eEQPvé’{ i 4G RLESER or iﬂh‘ée%%‘g@n@?fn&e%ion
viscosity and I ow potassi m ConcCentration,  the perfasion tine is
short when t hesl avelientialad liyseheiia danpostaidedand dad) b&hetbre@rat room

preservation_sol ution of_.the present invention has a chemcally

stabl e conpodFEPSHEEHE J&T Bel8PPredSit room tenperature for a Iong
tinme. (5) Theshives preseprabeofaSiiitsc0ntdbnt e e pedbehiVEidraion
has | ow unit price. io0 (6) The preservation solution has clearly

superior |ivéfs bPesEaf dfCcapability as conpared to existing organ

preservatign ($9! ghé O SHGH 223 oWV SOl ildnORagNd1 éhvel  ide@erBpiefiver
Description of the awi ngs Fi 1 is a graph showi ng 7-day surviva

rate after |W@ﬁer1§tiqraﬁsa@a§ﬁg%woaﬁ Gergared &0 LHARISAGHA Mg t he

effect of a preseryali AN sc319k¥bhof,aD £26H S61LMJIH Qelerheal ; par ker
reflecting epatocyte injury or sinusoidal endothelial cell injury.

Fig. 3 is a graph show ng BréeffPeserigtignppfsthe Aawming80 sol ution
on the liver funCt%PQ: fqﬁ% a4gE§p@'§H5Nf%%rquaﬁrgH!Jﬁlaﬁh§a§éfgfﬁefﬁlf%er
15 transplantation,

Fig. 2 is a graph showing the effect of a preservatien
solution on each serxum biochemical marker reflecting
hepatocyte injury or sinusoidal endothelial cell injury.

Fig. 3 is a graph showing the effect of a preservation

20 solution on the liver function,

Fig. 4 is a photograph showing the effect of a
preservation solution on histological changes in a liver graft.
A and C: ET-Kyoto+db—-cAMP, B and D: UW. A vs B: congestion of
blood in sinusoid is marked in B than in A. C wvs D: wvacuolar

25 denaturation is marked in D than in C and A.

Fig. 5 is a photograph showing the effect of a
preservation solution on the super structures of hepatocyte
and sinusoidal endothelial cell. A and B: hepatocytes, C and
D: sinusoidal endothelial cells, A and C: UW group, B and D:

30 medified New ET-K group.

Fig. 6 is a graph showing the cumulative survival rate of
rat transplanted with the liver preserved in ET-K solution cor
ET-K solution containing db-cAMP (Kaplan-Meier method). The
solid line shows ET-K group, and the detted iine shows ET-

35 K+db-cAMP group. A white circle shows development cof ET-K
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preservation solution on histological changes in a liver graft. A
and C. ET-Kyoto+db-cAMP, B and D0 UW A vs B: congestion of Dblood in
sinusoid. is marked in B than in AL Cvs D: vacuol ar 25 denaturation
is mrked in Dthan in Cand A Fig. 5 is a photograph show ng the

effect of a gpsgsSemwati BNasR! MtiAR QRckHEISHNIPMEhE USE U RSK-Qfb-cAMP
hepat ocyte and 'sinusoi dal endothelial cell. A and B: hepatocytes, C

and D sinug®¥al endothelial cells, Aand C UWgroup, B and D 30

modi fied New ET-Kggroup. ; ki Qigxﬁaﬂhs sﬁpgﬁﬁ?hh:e}%q%ﬂga%bge Cmi%il\é%ate of

survival rate of rat transplanted wt iver preserved In -K

sol ution or rET-WangPdendad cvHthitdiendider @S eEKag! an- Wei 2elutdohody. UW
The solid_|] . - _@ﬂg 1 i ﬁp%ws 3 .
K+db- cAMP %r%ﬁ%’lﬁ %ﬁioggaél%ﬁle%shom ggg%%ﬁn%%fa&o?g -K 5%%;?0%%11(1
and a bl ack timelshcsizold devgbommehtihef d&ETtdGdineANRowgr Gifrib-faryP 7
is a graph showing the cumul.ati.ve survival .rate of _r transpl ant ed
with the |i v‘éfmﬁﬁ'es%’rv :Ht? ncjﬁ\ﬁ/ls?olsﬁ?‘f%n %vreweggs% u@l5 cﬁ%‘"oélgngglgn? ng
db- cAMP ( KaphbafieMeiigtcleetshods . dekhd opaknd of newsiowamMeVggoabp, and t he
dotted |ine shows UWdb- cAMP roup. A white circle shows devel opnent
of UWgroup and a bl adiesh MoFE SRbviar@loBRENtR S FIRYRRFICBAMVP

group. Besj Mde fofe GaeeyhfdifIntibe bhyeMdOn NevEbeppsesenition
I nventl on provi des a li ver preseryation sol uti on cont ai ni ng

trehal ose an8CHiBRTY CPRtEARPIY Thiaialose oY pElRded YL oFAhe

preservation sol utd,Qhz0bsbhes B 68QR FhBVERd i OdeRchides Sokitids oF the
a, a-trehal ose, a, R- trehal ose and R R-trehal ose, and

nat ur al | y- ocpueséniy imvantsonr shelwiss 3s kpnes erfalsl, p-isetdal kel atthe
range of the f. LI int i i of
o o oot “C LR 1 b 10, LUk S nental L an oLkl 0

the present “rhAvention I's icafl ar
liver funettoahaedsw disnpngfacahlon wied: héllprles dbeatrange sof utheogoptent

of trehalose in ithe preservation solution of the present
invention is not particularly limited as long as the liver
function meintaining action of the preservation solution of
the present invention is not impaired, it is, for example, 50

20 — 24C mM, preferably 100 - 210 mM, more preferably 100 - 140
mM, still more preferably 110 - 130 mM (e.g., 120 mM}.

While the range of the content of dibutyryl cAMP in the
preservation scolution of the present invention is not
particularly limited as long as the liver function maintaining

25 action of the preservation solution of the present invention
is not impaired, it is, for example, 0.005 - 10 mM, preferably
0.05 - 5 mM, more preferably 0.5 - 4 mM, still more preferably
1.5 -3 mM (e.g., 2 mM). Since the preservation solution of
the present inventicn contains dibutyryl cAMP, survival rate

30 {engrafted rate) after liver transplantation is strikingly
improved.

The nitroglycerin content of the preservation soclution of
the present invention is preferably below 0.44 mM. 1In
consideration of the toxicity due to nitroglycerin, a lower

35 nitroglycerin content is more preferable and, for exampie, it
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the present invention is not inpaired, it is, for exanple, 50 20 -
240 mM preferably 100 - 210 nM nore preferably 100 - 140 nM still
nore preferably 110 - 130 MM (e.g., 120 mM. Wi le the range of the
content of dibutyryl cAMP in the preservation solution of the

present inventigh i®B0thaRas {4 Gl a?&)éflak@%he%o%smEQQgtﬁént@% k¥ ko re
function maintaining 25 action of the preservation sol ution of t he

present inveRf¢Arably Ret pedmithed 0.2 MY, ForlleRanpl Brebepus.y. ned
™ preferably.e Ocr% 2 m/l (85 8 gh%fs%éﬁpia/n(g, 9wt (Wbs 8L 1a1M9r fot

preferably 1.5 m (e mvp. Since the preservatlon sol ution
of the pr esemtalmﬂémt m@hr@@m%ﬁm di-budaatiicud ANPY, sturvi g livaesigo

(engraft od, 1 aedodl LaY bk vaDoLrANIPIA0RLT A0 10 SLELKLBOL Yoy T oved.

The n|trog ycerin content reservation solutron o
present i nvenbkirmitys qmeeiter abitlyodﬂaﬁcmwm 44 mtdlyn exporassdeéraid dimeof

the toxicity_due t rogly a.lao 5 ni.trog cerin content
is more pref8fAHHE cﬁar‘]c(f_i‘LE g? g&%@%celplep%e ’?erg Y %ﬁéaf‘ﬁ% 7
preferably neghcregsd.han 0.3 mM nore preferably not nore than 0.2
mVv] still nore preferably not ., nore _than e.g., substantiall
0 mM (substanti al Ivené’tre‘?’%ﬁ?%}?ﬁ ngj’lr‘ﬁttlf)Bg?é ﬂjf\‘%l &’)r)eg“‘.enﬁa?'?‘i’% Jaﬂnl-?‘%a
ni troglycesi Bokt £0NIERALrokfye BBy S @ H haBr0i A% Mliss peeterabl® as

si nce tOXICIté due to nitroglycerin is hardly expressed and the
survival rat &Hg$"} He rcé’éﬁtﬁPén‘f’s%cfttJéTr BieFEerIe r%st@eaﬁﬂfgts%ﬁatlon

I ncreases. TRE)RE £SEr VALLESRAH 0B r0h hieidy %seegré@vgﬁtg%tmﬁué@
contai n hydroxyethyl starch (‘heréinafter also referifed to as "HES")

to control ow¥ikbbie Pregenge of §he prledepvdt BHRVEEJIG PFoAecular weight

dr oxyet hyl sta Vi e W ange
;y 0.4 - Oyngnggé;%&gve:ggggogrb%écu g{re\j\%?é%wU%%@gooogbbﬂggbobg )

mor e pref es ablrpf8EHO0 - WBDDOOthe |®n15nprei eratriceyethi L stateh donneht
of hydroxyeth%ré&@ﬂfﬁklfle%Eted as long as the liver function maintaining

action of the preservation solution of the present invention
is not impaired, it is, for exampie, 1 - 80 g/l, preferably 20
-~ 40 g/l, more preferably 25 - 35 g/l (e.g., 30 g/l).

20 The preservation solution of the present invention may
contain various electrolytes to contrel osmotic pressure and
pH of the preservation solution. Examples of the electrolyte
include sodium salt or potassium salt of organic acid, sodium
chloride, potassium chloride, magnesium chloride, calcium

25 chloride, sodium dihydrogen phosphate, potassium dihydrogen
phosphate, disodium hydrogen phosphate, dipotassium hydrogen
phosphate, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbonate and potassium carbonate. Examples
of the organic acid include gluccnic acid, lactic acid, acetic

30 acid, propionic acid, PB-hydroxybutyric acid and citric acid and
the like.

The preservation soluticon of the present invention
preferably further contains at least the following components
as electrolytes, preferably within the following range.

35 Na' is generally contained at 10 - 140 mM, preferably 20 - 120
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particularly limted as long as the liver function maintaining
action of the preservation solution of the present invention is not
inpaired, it is, for exanple, 1 - 80 g/l, preferably 20 - 40 g/l,
nore preferably 25 - 35 g/1 (e.g., 30 g/1). 20 The preservation
sol ution of fihe PrespptrdANSnt ig@n-Nayy RPNEAiN , vanhous) el ectrol ytes
to control osmotic pressure and, pH of the preservation sol ution.
Exanpl es of ¥ héSef@eeFdtipt €ontaenedersddiurhi8ai, opreltepddivuPsal 3G M,
organi ¢ aci duo20drdie Bl Prigle. spokassé um chiogise, magnesi um '
chloride, calcium25 chloride, sodium dihydrogen phosphate, potassium
di hydrogen pResplat BPOd| sotlidgmerpdt pgerntstiosphat el dr pot adki gweferably
hydr ogen Rh&lye S Ogl cak bo t assi dr ogen
car bonate,yms.'%(%i u%tocar bgﬁ%}t:%en ar?gre%%tsg s?%m (@ﬁ@gnggég Exiagrrp €s of the
or gani ¢ aci At Nnelasde ocgk ukomd csed@icded| ficem Claci COAcedPL 3@mande acid
propionic acid, R-hydroxybutyric acid and citric, acid.and he Lk
e’ breser vatTb T garar: Srrer e BPedait e verProns 5t efferkibry 150 &,
further contgigferablliyeast-tigd fl,| anragpocafmenagt SO asi Bl et r(el. gt es100
preferably within the followi ng range. 3s Na' is generally contained
at 10 - 14OIWNV preferably 20 - 120 7 mM nore preferably 90 - 110
mv (e.g., 10100 M) A KombSngeite! 4 %ré@@iﬁil@%o&beﬁtraﬂﬂ&a Mnges of the
preferably 20 - 130 mM npre pre erabI%/ 40 - 50 nM (e.g., 44 mMV).
H2PO4- or HPBRStHdv§eRe ¢ GonPsi Aedtatned in shenprempetaddapl y s
20 - 60 nM M&i@heBQr@@é%p:?@se‘nt?’gn{}%ﬁﬁrg-i’s 23 AM oM | east one
kind selected from OF, HCO3-, CO3--, organic acid and organic acid
anion is ger&ally contained at 15 - 188 mM40 geferably 20 - 120 nM
more preferaply 90 - 110 nmM (e.g., 100, MM 4 1@ A conbi nation of
preferable concentration ranges of the electrolytes which can be
cont ai nedid nH#fRe pre8BPyvati on sol uti oAZ2of &hevpresent invention is
as follows: at least one kind selected from Cl7, HCOs; ", C03, organic acid
and organic acid aniaon 15 - 150 oM

A combination of more preferable concentration ranges of
the electrolytes which can be contained in the preservation

20 scolution of the present invention is as follows:

Na‘* 20 - 120 oM
K* 20 - 130 mM
H,PO,” or HPO, ~ 20 - 60 mM

at least one kind selected from Cl1°, HCO;", CO3 , organic acid
25 and organic acid anion 20 - 120 mM
A combination of still more preferable concentration
ranges of the electrolytes which can be contained in the

preservation solution of the present invention is as follows:

Na* 90 - 110 mM (e.g., 100 mM)
30 K 40 - 50 mM (e.g., 44 mM)
H.PO,” or HPO., 20 - 30 mM (e.g., 25 mM)

at least one kind selected from Cl17, HCO;, COs”, organic acid
and organic acid anion 80 - 110 mM (e.g., 100 mM)
To prevent swelling or shrinking of cell or tissue during

35 preservation in the preservation solution of the present
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Na+ 10 - 140 mM K+ 4 - 140 nM 1s H2204- or HPO4-- 12 - 65 nmM at

| east one kind selected fromOF, HCO3, C03 , organic acid and
organic acid anion 15 - 150 nM A conbi nation of nore preferable
concentration ranges of the electrolytes which can be contained in
the preservajinn2Q SO%H&'&é}n&Jmt g?egéﬁﬁ.ﬁﬁt 6& %@Eéﬂg%'ﬁéﬁﬁ RhLOYS)ge
Na' 20 - 120 M K~ 20 - or : 'east
one kind seletted f“réﬁOGhOS,mHGOEDreCDBeferadirlg’aMlch'ani‘cihe 25rged of 270 -
organi ¢ aci dygn c t j r re
concentrati on rangZ ofﬂtf%e Irebfgtér‘)o : rla&e% m@%sg%# edygg% gl nfcegé%leis
t he preservgmaﬁmra9¢yu91bnhmﬁﬁmheapgeseﬁt7rﬂdEntlon is as follows:

Na+ 90 - 110 mv ( 44 H2POA-
or HPOI- - 20 30 Pnip S Dt qiRp i fPa et e ok eRar e et S o o
OF, HCO3-, (}}Be-pre@eganinvamrbn amdaerg@mcmsam d anion 90 - 110 mM
(e.g., 100 rev swel l'ing or shrjpki of cell or tissue
during 35 pf y i 6/ n t he preservatbh E&%%n of the present 8
invention, tyeesmeki c pressure is pregerabpy;wim hin the range of
270 - 450 mOsn |, nore_preferably within the range of 270 - 380
mosm | . To pReEsHYSibvdPEaBeRonpositi of of B8e¥{1 the pH is

preferably, wghin the range of 7 - 8. 3pA- pg@@e,ﬁ@bl e conposition of
the preservation solution of the present invention is as foll ows:

di butyryl cAKP 0.005 - 10 nM trehal osd 50140280 miv

hydroxyet hyl gty eh, 1 po80 of | 12 - 65 mM
at least one kind selected from Cl17, HCO; , CO3  , organic acid
or organic acid anion 15 - 150 mM
15 A more preferable composition of the preservation

solution of the present invention is as follows:

dibutyryl cAMP 0,00 - 5 mM
trehalose 100 - 210 mM
hydroxyethylstarch 20 - 40 g/1
20 Na* 20 - 120 mM
K* 20 - 130 mM
H:PC4 or HPO, ™ 20 - 60 mM

at least one kind selected from Cl17, HCO;, CQO; , organic acid
and organic acid anion 20 - 120 mM
25 A still more preferable composition of the preservation

solution of the present invention is as feollows:

dibutyryl cAMP 1.5 - 3 mM {e.g., 2 mM)
trehalose 110 - 30 o (e.g., 120 mM)
hydroxyethylstarch 25 - 35 g/1 (e.g., 30 g/l)
30 Na' 90 - 110 mM (e.g., 100 mM)
K* 40 - 50 mM (e.g., 44 mM)
HzPO4  or HPO4 " 20 - 30 mM (e.g., 25 mM)
at least one kind selected from C17, HCO;, CO; , organic acid
and organic acid anion 80 - 110 mM (e.g., 100 mM)
35 The preservation solution of the present invention can
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lo Na+ 10 - 140 MM K+ 4 - 140 nM H2P04 or HPJ 12 - 65 nM at | east
one kind selected fromd -, HCO03-1 C03-, organic acid or organic
acid anion 15 - 150 nM 15 A nore preferable conposition of the
preservation solution of the present invention is as foll ows:

di butyryl cAMR2Qi09 fob &M grl@bah{@s%aih@%r &0 Mniky dnexyehdy st ar ch
20 - 40 g/l 20 Na+ 20 - M K+ 20 - 130 nM H2PO4 or HPO4 20 -

60 MM at | east H%ebEFh‘éle%é}bé‘claé’d’vferB}%ﬁl@DnelqOGQmp@B% S. ofgaRPEeEcitde
and organi ¢ @i, 3Rk98n 20 ruthe? ¥ @ﬁe Ay St denle Hﬁ{rt@n‘@i&{ abl8ntain

conposition of the preservation solution of the present invention is
as fol l ows: il pagitevem £oF exgmpde( @qfive2onipen ts@inegss saph-as

%gONamf' gg 9 13105%%%%%@% %eemt\t/’ml ﬁ%cmeﬁ ac§§ géégr fs%l& %\s/fﬁTgl ard

H2PO4_ or HPOZ -1i2@, - aB0ikiviYis. gnd ZBe aneat Ieast one kind sel ected
fromd -, HCO3-, ‘f%é hre£L AR, G2 o?utf‘&f‘ & 9a0l f,% ?%érqt ai’}lv%’%[t?gn'céq%ooe
e presen

mnv (e.g., 100 m\) e preserva Iron solution o
i nvention caprodiceantasnly farceexidnpl e Mpreodmadion @athaod tdfi @ t he

range of 1 - 10 .besj des the above-nenti oned conponents. Mboreover,
the preser VEIGH S6P0t KR DHPHhESr esent i nvention can contain

other addigives, fipilexenplmatrel breudsygereCarepgerasit tSulion of
N—acetylcystelne and the like, ce|]l activator such as, ATP and the
li ke, antlbIEﬁ?(P%ﬁﬁ?thénV?REion 1s not particularly limited, for example,

the bleood in a liver tissue isolated from a living ocrganism is
substituted with the preservation solution of the présent
invention, and the liver tissue i1s immersed in the

15 preservation solution of the preéent invention and directly
preserved at a low temperature (e.g., 0 - 10°C, preferably 1 -
6°C) .

While the present invention is explained in more

detail in the following by referring to Examples, the
20 present invention is not limited in any way by the Examples
shown below.
Exampleas
[Example 1]}
[1] Materials and method
25 (Animal)

Eight-week-o0ld inbred male Lewis rat (SLC) was housed in
a chip-bedded cage at room temperature under a 12 hr
light/dark cycle and given free access to a standard chow diet
and water before operation.

30 (Preservation solution)

In 800 ml of distilled water at about 50°C were dissolved
o,a~trehalose (41 g, 120 mmol}, hydroxyethylstarch (30 g,
average molecular weight: 429000, degree of substitution:
0.55), sodium gluconate (21.81 g, 100 mmol), potassium

35 dihydrogen phosphate (0.885 g, 6.5 mmol) and dipotassium

10



The preservation solution of the present invention can be produced
easily according to a production nmethod of a transfusion known per
se. 10 Wiile the nethod of use of the preservation solution of the
present invention is not particularly limted, for exanple, the

bl ood in a 'ﬂayﬂogfeinsaslssf;ﬁ&&@t@.zfzw?} a1d 19/ iR 101 08RE SPRdrS distilled
substituted with the preservation solution of the present invention,
and the |ivefatassigsé pddedndiareda fot fetalprBSERY aPT oh?¥bIMt-i o bt

the present §mMeNlIORa8NdmMésLst ]é/ MR eseLyeshdtsra 1l iherpenakyr Sottle.
(e.g., 0 - 10C, preferably 1 - 6-C). Wiile the present_invention is
expl ai ned i nThprhettdet daf tiohiHy BeRledi i BRPeSreERT b %5 BPafprestT-

the 20 presepy,i Logni il eBr i RAVEWRYK) D2ty BXARES
shown bel obsv. ﬁ%&ﬂa%ﬁggw %xghné)%dﬁfqﬁfﬂrlvateri alt\s&@agld Erlre%}ﬁ%d 25 e
(Ani mal ) Ei ghtessewle- olfd3phbmeain/talaadl pii &f rat35(-SLC) was housed in a
chi p- bedded cage Logm )€ r 18 ar L ght y

and given free ac?&sgggoaagg%eﬁgggggﬁgﬁﬁﬁ Zst"%%éﬁanmg%gg cjbéejcfegér(éjg 2
operation. 3(mdRrfesenvati oy Baliuthiofhatma@O(imalofod} stidlled water at

about 50C were di ssolved ,a,a-trehal gse (4 120 I .
hydr oxyet hyl St YE5615, Ryfindcdt |%%EPFJ?§&\F;&F it %?ﬁ%dﬁ?rp%&?é@
of substi tat hem:N-02e59)cysoeinumigl ycovaner (FL-btg, sd00t el ),

pot assi um 35 di hydr ggen ﬁho;é)hate (10.885 g, 6.5 mmol) and di potassi um
10 hydr ogen proHHREESr3New 2T K S915tsAB] )| and then distilled water

was added thereto gi@tfctRbad, a®uMe abodO0RrHionEll BT-BOsMIUILANGS s
imediately filtered and filled in a glass bottle. )
added db-cAMP {(manufactured by DallChl Pharmaceutical Co.,
Ltd.} to give modified New ET-Kyoto solution (hereinafter
15 modified New ET-K solution).
The UW solution was purchased from Fujisawa
Pharmaceutical Co., Ltd.
The compositions of the ET-K solution, New ET-K solution

and modified New ET-K solution are as follows.

20 Table 1
Component ET-K New ET-K Modified
New ET-K
o,a~Trehalose (mM) 120 120 120
Hydroxyethylstarch (g/1) 30 295 30
Na® (mM) 100 107 100
K' (mM) 44 42 44
HpPO,” or HPO4 (mM) 25 24 25
Gluconic acid (mM) 100 87 100
db-cAMP (mM) 0 2 2
Nitroglycerin (mM) 0 0.44 0
N-Acetylcysteine (mM) 0 10 0

(Experimental group)
Group I: UW solution group (n=8), Group II: New ET-K
solution group (n=6), Group III: modified New ET-K solution

11



The bottle was tightly seal ed and vapor-sterilized to give ET 5 Kyoto
solution (hereinafter ET-K solution) having an osnotic pressure of
366 nOsni| and pH of 7.35. To the above-nentioned ET-K sol ution were
added db-cAMP (nmanufactured by Daiichi Pharmaceutical Co., Ltd.),

ni trogl ycerigrdupanutagt ureg bvatxsad)i;ﬁ&adseEhaﬁ nendsor pokdtingnini @adnd

N-acetyl cyst ei ne lve w ET- Kyo | utiaon her ei naft.er .New ET-K
sol uti on). I‘fﬂﬁe{sﬁél”ﬁﬁan ¥ ‘itﬁéma5§6 '| GREd ERED KX TG 6n l\?vé{\évr

added db- cAMR-dpspnuhast ubedsdy pleairbekiéd Phaagacestd calndomly abbdgged @o
gi ve nodified New ET-Kyoto solution (hereinafter is nodified New

ET- K sol uti d¥9S? BREUPW sol uti on was purchased from Fuj i sawa

Phar maceuty calre@plahtdeidhe @@k i ons of the ET-K solution, New
ET-K solution and nodified New ET-K solution are as fol] ows. 20

Tabl e 1 Conponent IETEReNdy ERUR M5HRET PEePd NEWwtET- RONQL ol ffadh pogEel vein

120 12 A Wi 100 107
(181(\)/9 K (m%%%%4gé§%59ﬁ%§%zﬁlo§ta gglggé&) ?t% 3% gg Ofc\sllaflljlcrgdr;gl% acid

(mV) 100 97 9@ tig- cAVE i) toxezbzoomu W%ﬁﬁly@@usu netfinged wo.t4y 1¢ ml of

ety B0, 29, S BT A DU e M

I11: nodifé eglrdgw EﬁeKbﬁob@tim)ri:helﬁogooubi‘(&t:8>)o.rt$hevtiwévlm vessel

preserved unggr é¥¥§c€%§ Egpfaced with 20 ml of each preservation solution.
In all groups, the perfusion with the preservation solution
was performed at a pressure of 15 cmH;0. Then, liver grafts
were preserved in respective preservation solutions at 4°C for

15 24 hr. In the UW group, before transplantation, the inside of
the portal vein blood vessel of the grafts was finally rinsed
with 10 ml of Ringer’s solution, whereby the UW sclution was
replaced. In the New ET-K group and the modified New ET-K
group, the liver was implanted without the final rinsing.

20 After preservation, a liver graft was orthotopically
transplanted into a recipient rat. Both superior and inferiorx
hepatic vena cavae were anastomosed with a surgical suture.
The portal vein was connected by a semi-automatic anastomotic
method using a polyethylene cuff (micro tube). In all

25 transplantation cperations, the anesthesia time was less than
14 minutes and the vena cave clamping time was less than 25
minutes.

(Postoperative evaluation)
At 4 hours after the transplantation, the recipient rat

30 subjected to the transplantation was re-anesthetized by
intraperitoneal injection of ketamine. Bile was collected for
15 minutes to measure the bile output rate and bile contents.
Blood samples were taken from inferior vena cave for

measurements of serum ammonia, AST, ALT, LDH (all are most

35 general evaluation indices for liver function) and hyaluronic
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preservation solution for 24 hr, and then syngeneic liver
transpl antation was perforned. Rats were randomy assigned to each
group. s (Transplantation procedure) In the UWgroup, the blood in

t he donor I|iyer; postal,.vei |.o sse| s firs epl.aced with 10 .
nM of Ri ngera(“gLd SO dti(&#?iea%n t%g%‘%/e%es‘ﬁ 50 a\J/:es?sné#Ot\%\l/ae@lB r 8 dl%\‘ﬁ]f:ﬁwn) -
10 mM of UWisalityi,ongratfh whe NewfhfeX gtauporisl theinodd f4 edtews 10
ET-K i o group,, the blgag in,the donor |iver Eortal vei n bl ood vessel

was direct | Y rEa¥dd W On300M RAPIRECH PPESerSat i GRESIMERS0ROT Fhe

all groups, thsREEEISHORIWEERCHhNG1REESEENAL (PR SAldid R MBS ed with 20
performed at a pressure of 15 cnH2O. Then, liver grafts were

preservedsi My efpdctiidde gpréssptdehydeséFld] opslat iG f Ghe 15s24whe.

In the UWgr fare a 1,90, _t he i.nside.of the t al

vei n bl ood f%%%gﬁggfqﬁh%b%rgéggg&ggﬁ?ﬁga??§ ?T?Eéé%dvﬁQPP hofrax-

Ri nger's sol3ddtdmnswherebypublectddsabutbabina@shem&pdagkih ddsitthestNewing,
ET-K group and the nodified New ET-K_ group, the liver_was inplanted

wi t hout the ¥i*haias PRETRGmedo TAFt BPapreser vat Foanses IFherhgraft was

or t hot opi cal | rddransel.aated into a recipient rat. Both superior and
inferior hepatic vena cavae were anastonpbsed with a surgical suture.
The portédb viEin Resstléennect ed by a semi -autonmatic anastonotic net hod

using a poly . f.(mcro tube). In all 25 transplantation
oper ati ons, ﬁ%gxéﬁggt%%gfg time was less than 14 mnutes and the

vena cave cl anpi ngfitiere twasisbéastbhann2bf il nkit-esretdosddperalin rafts,
eval uation) At % hours after _the transplantation, the recipjent
t 15?5

r at
30 subj ect ed % F1H8Y FRFIFVAM ABT6n RS BRE- AhER T hiski Le RALL1ed New ET-K

i ntraperitongalud RinkCctisan (9f/gketiamcpe. ull heowes o@ld aql/R Al ral? was
mnutes to neasure the bile output rate and bile contents. Bl ood
sanpl es Wer eS¥HKEI cRnGhY Beditiesr inefihecrodifoed Newstf efregtenf (Biehem' s

anmont a, Aﬁﬂéxﬁﬂfntéggj @%OtO%Eequgtl). In the New ET-K group, the 7-day

survival rate was 0% (0/6), and the New ET-K solution failed
to increase the 7 day survival rate.
From the above results, it has been clarified that the
20 use of the modified New ET-K solution greatly enhances the
survival rate after liver transplantation as compared to the
use of the UW solution or the New ET-K solution. Moreover, it
has been clarified that the survival rate after liver
transplantation greatly increases by reducing the
25 nitroglycerin content of the preservation solution, since the
survival rate is extremely low when the New ET-K sclutiocn
containing nitroglycerin is used.
(Serum biochemistry)
Serum AST (GOT), ALT (GPT), LDH and HA were measured at 4
30 hours after the transplantation. Hepatocyte injury, as
assessed by ALT, AST and LDE levels, was significantly less in
the modified New ET-K group than in the UW group (modified New
ET-K/UW: ALT, 527+88/1728+380 IU/1l, p<0.01; AST,
£81£90/1652+292 IU/1, p<0.01; LDH, 1105+352/47926+1059 IU/1,
35 p<0.01; Figs. 2A, B and C). HA level reflected the injury of
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35 general evaluation indices for liver function) and hyaluronic 12
acid (HA) (index for liver vascular endothelial cell function)
Finally, graft was perfused via portal vein at a rate of 10 ml/mn

wth 20 m of; Ragey &Tsﬁ})%%ia%az §fi ”F@éci]or ﬁhﬁﬁv%ﬁg,“%% si on

el ectron nlcroscope were perfused wt %
gl ut ar al dehydgni@ispnsdlyutliogar Thethestodbsied nver SE-H yrilfh as compared

f or mal dehyd dded i ect i ect

o ot e s I Grekel N1 9BE2 hol D0 SR RS LD o

anal ysi s of changescaf thaeabubérgéguygéprﬁﬁ hd® f&dn ResdiliS ed that the
(Survival rate) After transplantation of 24 hr-preserved liver

grafts, fh@rﬁS@éyfaé;mO% earEerht efwhle gB0A17I®Y Yo t e ot fitdPrNaw
ET-K group apd 23% (I Bep 'a@oEgﬁ?UXXéal\gH@%erl%& fuéﬁ{a %l S]hlaat 1© W8S | S

significantl'y better gr oup er' s eXact
test: P<0.05pm@a;edﬂﬁo fchet B BbﬁuEIeK.group, the 7-day surviva

rate was 0% (Q/ 6 and t.he ailed to increase the
7 day survivéﬁ‘¥%ﬁ mﬁQ”&ﬁl?H@ lﬁepFQQ %éon{t has been clarified

that the 20 use @fuddte amagdidf bedeNewtEltK Sotatlofe QA Y BMIRRGESE the
the survival rate after liver transplantation as conpared to the

use of tHe UWEd JdIrGiHion -t hel heekET-Keet Havmo Mg fdcanitt difigrence
ar oat [y | nergadRteny s essc s the ouS FrbEEe ekrtnid apEr AR Lo
preservatlcn1zﬂﬂﬁﬁ0ﬂ352£92n@g/ﬁme pSUtUBVaFlgatEA)s exl¢ eydipat awamvhen
bi ochon ot 1yY SBATASTH GRPEAls FepTodt b d S edifier Srmmnpified
4 3o hours I\ﬁsfx,; %!TJK}QJWr@@@l@@?@%@ﬁ!%"ﬁ@@k&%&ﬁ' @”0/5 a8 g. 3B).
assessed by ALT, AST and LDH | evels, was significantly l'ess in
From the above results, it has been clarified that the
liver function maintaining effect of the modified New ET-K
solution is high as compared to the UW solution.
(HE staining)
Histoleogically, liver grafts preserved in the UW soclution
20 were more susceptible to reperfusion injury than those in the
modified New ET-K solution. There were less vacuolar denaturation,
sinusoidal congestion and hemorrhage in the modified New ET-K
group as compared to the UW group (Fig. 4).
From the above results, it has been clarified that the
25 modified New ET-K solution more strongly protects the liver
from reperfusion injury as compared to the UW solution.
(Electron microscopic findings)
For further evaluation cof morphological changes of SECs
and hepatocytes, TEM was performed to analyze the
30 ultrastructure of the 24-hour preserved liver grafts at 4
hours after transplantation. In the UW group, hepatocyte cell
death, i.e., apoptotic changes (pvknosis, energy metabolism-
related mitochondrial edema and vacuolar denaturation), was

more frequently observed than in the modified New ET-K group

35 (Figs. 5A, B). Morecver, in the UW group, some SECs showed the
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the nodified New ET-K group than in the UWgroup (nodified New
ET-K/UW ALT, 52788/1728380 | U I, p<0.01; AST, 68190/1652292 |U/ 1,
p<0.01; LDH, 1105352/47961059 IU 1, 35 p<O. 01; Figs. 2A, Band C). HA
| evel reflected the injury of 13 sinusoidal endothelial cell (SEC).

HA | evel s n il 0 n d u
conpar ed Weft é&lﬁ\g/\/ 8?0%%61%16’98818791 E}éo%%r%geer%ﬁmghg %@%\%&EF%U%g PoEeh

From t he abofermegdaht shu¢tedmsapdensat son fansd apnat:Ot:h@ bagy Flg 5C)
preservation,effec t Jne T u S ior in
b 8CheRE L el dd%l{] g f }léng;‘éts LNy S s f&ﬁ% OW

hepat ocyt e and S|nu50|d elia npare

sol uti on. (BkuhdiadnﬂawaE%HKiQndug,pandu@mdsnmenénnﬁnea.w&&ﬁlﬁdaserved
out put s mere(ﬁsse%ﬁsd as indices of the 10 liver function. Although
t here was “ho ¢ant difference in amonia between the two
groups at this timeopotné alkAbb2@s2D222 P das be@n05laf*iﬂ3.ec8/%hatbth@
out put was significantly higher in the nodified New ET-K

(nmodi fi ed e R g“é 2 23S PHT B FURFTHOT, lB<‘6h%5aC%c§1 t§B) 15

From the aboygiftesul ke hithaschrenrebast figthtokatet Bea diyer
function maintaining effect of the nodified New ET-K solution is

hi gh as conpHF&dFRIE £he UW sol ution. (HE staining) Histologically,

liver graffs; pfg§§%¥gglgnaﬁ@qmgyﬂﬁplutlon 20 were nore susceptible
to reperfu5|on injury than those in the nodified New ET-K sol ution.

There were | ess vdausharsgepatants 6/, 1nshyukdiedadl 6ynge’is o vaerd
h h
emorrhage '%—é&%ﬁ%@b&% Dew LS §1°§&{P e%b‘?cm%%e?nﬂ cﬁgﬁ té\é\iew1s

group (Fig. om t he above ‘resu een clari i
the 25 nDd|faEﬁi0&@@)ETaKﬁstMQuauﬁv1Naﬁerst¢(ﬁﬁﬁaw preneptantdicidn wér the

from r eperfusl otk LIGK, 28, SOTPALEGLL0  bhes WSO iR ( LECHLARe

m croscopic or furt er eval ua ogi cal changes
of SECs 15 concentrations of nitroglycerin (NTG) was evaluated

The preservation solutions used for the experiment were
as follows:
*ET-K + db-cAMP { ) + 1/4 NTG (0.11 mM)
‘ET-K + db-cAMP (2 mM) + 1/8 NTG {0.055 mM)
20 "ET-K 4+ db-cAMP ( ) + 1/100 NTG (0.0044 mM)
*ET-K + db-cAMP (2 mM) (control: modified New ET~K solution)
The conditions for liver transplantation were the same as
in Example 1 except that the kind of the preservation solution
was different.
25 [2] Reéults

The results are shown in Table 2.
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and hepatocytes, TEM was performed to anal yze the 30 ultrastructure
of the 24-hour preserved |liver grafts at 4 hours after
transplantation. In the UWgroup, hepatocyte cell death, i.e.,
apoptoti c changes (pyknosis, energy netabolism related m tochondri al
edema and vacuol ar denaturation), was Jre frequently observed than
in the nodified New ET-K group 35 (Figs. 5A, B) Mreover, in the UV
group, some BEEP shov®RNYhe PIESEEat uFESIBI~ apbiptedsi s, S{fch a@umber of
det achnent, di sconti WGLEHL bl'edtidor mat BBA, nudi®@fs cErRBEHSat iSeWVaKed
apoptotic body (Fig. 5@) Obetieodt herelitd, mdveki Adsdbnchangess
was mld in the nodified New ERiK) gr oup,(gand SE@snher e{rgfrtlen wel |

preserved Sddur@l 5D)3es From 4 abovesngsults,13t haszheen 7
clarified that the nodified New ET-K solution is superior in the

action to mAHERIIn t hedt4dl trastdifct ures3df hepat’eyte arll SEC. L

[ Exanmpl e 2] JdO,dy4 Mate4d al s ajuygret hodzkl the sgyre manner as in 4
Exanpl e 1, syngenic liver transplantation was perforned on

8-week-ol d ibbted, mal&%ewis 13t s (SLEEC and t¥e survifal ratel
after transp|aptation gfsthe jl'-y5er presgpved in preservagtion

sol utions containing various concentrations of nitroglycerin
(NTGQ was evhifdated. TheBpresei¥2fion saleéti ons Used folB0t he 1
experi ment as follows: ET;K + db- (2 + 1/ 4 _NTG (0.

m)  ET-K + B canp (25% + 118" \TG (o.%ggg m\/p% ETK2f db- CAMP (2
mV) + 1/100 NI& (0. 00434mM) ETiXre+ db- CAMR (2 mMe (contreal : nodi f2ed

New ET-K sol ution) Th ondi t] for Ljyer tr pl ant ati on were. the
same as in @%npl el %({gept tlﬂwg&st he ki*id of tﬁj;gprese ation T

solution was/gli ffereng4225 [2]aResults 3o 16 27 1
1/100 338 1449 350 15 26 2
1/100 350 1443 380 15 26 7

The 7-day survival rate after liver transplantation was
66% (2/3) in the control (modified New ET-K) group. When the
5 nitroglycerin content was reduced to 1/8 - 1/4 {0.055 - 0.11
mM) of that of the New ET-K solution, the 7-day survival rate
was 0%, and it was therefore suggested that the toxicity due
to nitroglycerin was not sufficiently reduced within this
concentration range. On the other hand, when the nitroglycerin
10 content was reduced to 1/100 (0.0044 mM) of that of the New
ET-K solution, the 7-day survival rate was 50% (1/2), which
was almost the same as that of the control group. Accordingly,
it has been demonstrated that the toxicity due to
nitreglycerin is hardly expressed when the nitroglycerin
i5 content is not more than 0.0044 mM, and the survival rate of
the recipilent after liver transplantation increases.
[Example 3]
[1] Materials and method
In the same manner as in Example 1, syngenic liver

20 transplantation was performed on B-week-old inbred male Lewis
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The results are shown in Table 2. 15 Table 2 group donor preser-
recipi- liver- 1VC nunber of weight vation ent free reper- survived
(g) period weight period fusion days (mn) (g) (mn) (mn) control

368 1474 410-gkd 231L) CORL ohe3B4rld34n3Y 6a 6i 8rdasL OM rale 3404440
364 16 27 7 1/4 398 1500 410 15 26 1 1/4 356 1375 360 15 29 2 1/4

358 1398 366a® IFteEr 1Aigezobranyplagbatyongipe 19 gtlzyaddiigigs i) gib-

27 2 1/8 3 7 L8 3 1438 J 00 338
1449 350 15%%1% ojﬂgsgg f%ﬂr?%égB Ailénz%g?oﬁ%%r‘%%%n g?ﬁ%%%al rate
after |iver preeaplcarniicat isodusdens66¥s( 2k3pinedt he control (nodified

New ET-K) group. Wen the s ni,trogl ﬁceri n CO”%”% was reduced to 1/8

- 1/4 (0.655 - 0. EPSSSETVRALCB1 SPHET ARG 12§ sbPhit o, S¥Bfer 1Ry Were
survival ratg; masi%%. and it was therefore suggested that the

toxicity due to nitroglycerin was not sufficiently reduced within

this concentHTa& on range. On the other hand, when the nitroglycerin

i 0 content V\(gﬁq?reduced to 1/100 (0.0044 mV) of that of the New ET-K
solution, th -day survival rate was 50% (1/2), which was al npst

the same as etk of ddheas@ntLohMyr QMpdi ACEQNWROEY-K sé1esoeen
denonstrated that the toxicity due to nitroglycerin is hardly
expr essedowhélfl themic® gl (¢cBn is content is not nore than 0.0044

m\/langgfiatn Pgtlsg;] v: \r':%ee;ci%?i%fiontsh%JIGQHQle%nEréﬁEEiaﬁi:é(@ion were the same as
in Example 1 except that the kind of the preservation solution
was different.
[2] Results
i5 The 7-day survival rate after liver transplantation was
88% (7/8) in the ET-K+db-cAMP group, and 0% (0/10) in the ET-K
group. Due to the addition of db-cAMP, the survival rate
remarkably increased {(Fig. 6).
On the other hand, the rate was 38% (3/8) in the UW+db-
20 CAMP group, and 25% (2/8) in the UW group. The survival rate
slightly increased due to the addition of db-cAMP, but a
remarkable effect as that observed using the ET-K solution was
not found (Fig. 7).
Accordingly, it has been suggested that the remarkable
25 increase in the post-transplant survival rate due to the
additiocn of db-cAMP is an effect specific to the ET-K solution.
Moreover, since the superior organ preservation effect of
the ET-K solution containing db-cAMP has been confirmed in the
liver as well as the kidney, 1t has been suggested that the
30 above-mentiocned preservation solution of the present invention

is also useful for the preservation of kidney.

Industrial Applicability
The liver preservation solution of the present invention

35 has superior liver preservation capability, and is useful in
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[ Exanpl e 3] [1] Materials and nmethod In the sane manner as in Exanple
1, syngenic liver 20 transplantation was perfornmed on 8-week-old
inbred male Lewis 16 rats (SLC), and whether or not an increase in
the survival rate after liver transplantation due to the addition of
db- cAMP to e El1 K HH%E%%lEﬁEaPﬁnPQ&Eﬁ%EH in other preservation
sol uti ons was exam ne s The preservation solutions used for the
experinent were as folloms , ET-K  UW ET-K + db-cAMP (2 m\)

(rmodi fied New ET- I Céll\/P(

for liver transplgg?at HBQ%?gigthigﬁgQ%s é%g@%g'EQ§lg§gg&§hﬁg

t he ki nd of 2006-pPe3lel \fatliednisolapamn( fﬂvﬂasngdldhtereﬁttopéi RE,SLQQCBS 15

The 7-day ;s rV|vaI .Late aft l.i ver trans |on 88%.(7

the ET- K+dbucc,§M5 gr ou%,S O%dﬁbbfb( (ﬁrfO)lncor Kl grLbL%rp helii:’eg"t B}é S
addi ti on of mHfeecANPe.the survival rate rerrar kably increased (Fig.

6). On the other hand, the rate was 38% (3/8) in the UMdb- 20 cAWP
group, and 25% (2/8) in the UWgroup. The survival rate slightly

i ncreased due to the addition of db-cAMP, but a renmarkable effect as
t hat observed using the ET-K solution was not found (Fig. 7).
Accordingly, it has been suggested that the remarkable 25 increase
in the post-transplant survival rate due to the addition of db-cAWP
is an effect specific to the ET-K solution. Moreover, since the
superior organ preservation effect of the ET-K solution containing
db- cAMP has been confirmed in the
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liver as well as the kidney, it has been suggested that the 30
above- nenti oned preservation solution of the present invention 1is
al so useful for the preservation of kidney. Industrial Applicability
The liver preservation solution of the present invention 35 has
superior liver preservation capability, and is useful in 17 the
field of transplantation medicine. This application is based on a
patent applatasi on No. 2005-299314 filed in Japan (filing date:

Cct ober 13, 2005), the contents of which are incorporated in ful
herein by this reference. 18 Clains 1. A liver preservation

sol ution éenpr#slhges retrisatamh seilbGipny Fompips inndthalvé hes@ and
ni trogl ycaibﬂtpﬁﬁl em®f dreefadihan a Qlﬁéomcgrlﬁhéoﬂf@ﬁt?w@ti%r than
solutlon 8f ﬁ%n11 furt her conpri sing at east one of -

or in’af unt of 15-150 mM 3. The preservation sol ution of
clain11 having a nitroglycerin content of not nore than 0.0044 mM

4. The prgserV@EécégéggfﬂdéﬁbﬁﬁséﬁdﬁlghlDFm@ﬂggm &%@ﬂ%g“%éﬁéﬁggfﬂaeat

of n|trogl%cer|n he preservation_solution o a|m
the concefitfat9eh OF ©ff bullGPyt SANELS sllwf’krhléﬁn@t% ©4nd6 -3600mYe5 -
10 MM 6. The preservatlon sol ution of cIa|n11 wherein the

concentragion pf_t se . s wthin the 50 - 240 nM 7.
The prese%vatl on slg]f |Ign‘51 Onclsélllrlrl]tfonf ggl%oinp
hydr oxyet RyF5e@keterin CHﬂ?%ﬂﬂaﬂér@@tlmnrgothanoﬂ @®4¢I®Mn1l further
conprising at |least the follow ng conponents within the foll ow ng
range: hb' 10 - 140 mM

The preservation solution of e¢laim 1, which is

substantially free of nitroglycerin.

5. The preservation solution of claim 1, wherein the
concentration of dibutyryl ¢AMP is within the range of 0.005 -
10 mM.

6. The preservation solution of claim 1, wherein the

concentration of trehalose is within the range of 50 - 240 mM.

7. The preservation solution of claim 1, further comprising
hydroxyethylstarch.
8. The preservation solution of claim 1, further comprising at

least the following components within the following range:

+

Na 10 - 140 mM

K' 4 - 140 mM

H,PO,” or HPO,” 12 - 65 mM

at least one kind selected from

Cl’, HCO,, CO, , organic acid and

organic acid anion 15 - 150 mM.

9, 3 liver preservation solution comprising at least the

following components within the following range:
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K 4 - 140 nM H2PO, or HPO 12 - 65 nM at |east one kind sel ected
fromd , HCO' CO , organic acid and organic acid anion 15 - 150 mM
9. Aliver preservation solution conprising at |east the follow ng
conponents within the follow ng range: 19 di butyryl cAWMP 0.005 - 10
mm trehal ose 50 - 240 mm hydroxyethylstarch 1 - 80 g/I Na+ 10 -
140 MM Kt 4 - 140 MM H2PO, or HPO4 12 - 65 mM at |east one kind
sel ected filborGry] &G , and CJ 15 - 150 nM  1@. gdBe-pigsgrvati on
sol ution im9, having a nitroglycerin content of r_than
0.44 nM %?ﬁé\%%ne preservation sol ution conpri siL’Plg“t%gﬁEarf‘%se and
di but yryl hrdnrxyapdyhavaregh a nitrogl ycerin content of Fo@@rgthan

0.44 mM R@" 10 - 140 mM
K* 4 - 140 mM
H,PC,” or HPO,™ 12 - 65 mM
at least one kind selected from
€17, HCO,”, and CO,” 15 - 150 mM.

10. The preservation solution of claim 9, having a

nitroglycerin content of lower than 0.44 mM.

11. A kidney preservation solution comprising trehalose and
dibutyryl c¢AMP, and having a nitroglycerin content of lower than
0.44 mM.
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