.DESCRI PTI ON  SOLUTI ON FOR PRESERVI NG LI VER Techni cal Field The present
invention relates to a liver preservation 5 solution, wherein the toxicity
due to nitroglycerin is inproved. Background Art At present, University of
W sconsin solution (UW solution) is generally used for brain death liver 10
transplantati.on in the US and Eur opeDESERFRBICMt proc, vol.31, p.2069-2070,

1999). This is because UWs i e I ‘?ﬂag B m col d i schem c
preservation of the |iver agbﬂiﬁ%rg@tgﬁ%ﬁ% or;}r}kg eservation

sol utions. However, since UWsol urbéghnica®x#ier@®! y highly viscous, the
bl ood in blood 1s vessels needs to, be washed away wth Ringer's solution
etc. having | owTiesPFESERL pRVEBRtENt FRlates ttefa the/ah IRFSSeavatHieon
preservati the L} . ddiik Qns ., PSY; I 0N W sol:ytion is
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sol ution (emxavadite is equivalent 20 to intracellular conposition) and has
a high potassium concentration (125 nM. A high potassium concentration
causes contraction of blood vesseBackgReungyArEng time organ perfusion.
Wat is nore, UWNpgoldids@it NuhRgeksYey BEeRiSsiOndEn MGR SdPstyw uted with
Ringer's solution etc. inmmediately 25 before recanalizing the blood flow
af t er transyilarttiam)ord sofgenelralllyvesefdnforabpainedeatsolivet hi gh

trati t i AR t_ Ll into th d t.h tient..
Vor coveris SiARIFHRF LS o G DPnehd BHERPEal Tootrlatt &8 v indlen
scavenger (g axjgml2(Sa3vange)). ashas Cognedesise e SRl dd feabd@st hereof is

short even when preserved in a cold place, and the wunit price is very high.
To sol ve t hexgalidatymmodged schepipr psefervavionoes theellvRaDped ET- Kyoto

sol ution a@%>pé%égpggﬂgf%e§o%ggbgnprégéggation solutions. However, since

UW solution is extremely highly viscous, 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. 1In addition, perfusion with UW
solution is time-consuming. Further, 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 solution 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.

To 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 extracellular solutions having a conpletely different 35 conposition
fromthat of UWsolution and a | ow potassium 1 concentration, and
contai ning trehal ose which is a saccharide that stabilizes cellular

.menbrane and suppresses cell. injury ., (JP-B-3253131, .Yonsei Medi cal Jaurnal,
Vol .45, NoCENCENETas1001 1870 25T TRERS ErEelihasS dihiGron Shas SACEERFISPL | on

simlar s t@athata8h1E]aKYoL 01804 Bl O rdWd drig I%"e%@esf M ET KoL, 0
solution in that 1t contains dibutyryl cAWMP (db-c ), nitroglycérin and
N- acet yl cysid@r-Be3268183, désnsebeMedbarl Jeliindlon wfl -dib,c AR Gane-1107-

ni trogl yceri,n to reservatior ol uti-on.further enhances, past-transpl ant
or gan funcgﬂg#’agagg)Co 2 e [KV%%RI@R%%%%&& d"of F?gﬁgéﬁtﬁﬁaiééplgﬁgrnal,
vol . 45, sNaB.thptl1887Et1kdot8084) utibn hasual 1 eadhyr hoemtdarons prakgdtat t he
ani mal experinent |evel that ET-Kyoto solution exhibits an effect

equi val ent sdutdpat isf thrEsdtuEpohaineddiit vy ¢AEhelfR: G er vati on of
the 15 kid o S r | vVer, t all : o] as
docunented%gérfgﬂgggrgﬁfgé? gnaéégg}? éﬁgﬁﬁééeﬁgég%oﬁss%%lpﬁg Fhﬁg
preservati gidittienNew Bb-KpMPoasdl nitoogipossin ato ef fredseatyariicer to that of

UW sol ution, .and has already _been introduced into the clinical, application
and | ung 2($°clr’-’é'—_r9r§|5‘| §HF§PF6nePHaR§6§@%Fv%?%@%@la%ﬁga%efm%‘pﬁént of a
|1 ver PrgSeio@idan 20! wrlflorobelr Lo MPr&nsEPMARI cd N RLAGH, 010 45,
mai nt ai N orga unction, nd superior in safety, operability and chem cal
stability, Nwas,bgedlddsilieéd, 280&h.vi ew of the above-nentioned situation, it
is an object of the present .inventiqn to provide a |liver preservati.,on
Sol uti o, “whi ch % SeRLoPoRN BRCACOPBINE L ATa: Hf G M rAh e Heas
\tNﬁl ! as S?fleé\bél ea3itN @3S KQbt¥S8oa e i6heakRabi t Stabi df fact I welaguRR of

e Invention

that of UW solution used for cold ischemic preservation of the

15 kidney, lung, muscle or skin. However, no detailed 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

20 transplantation in Kyoto University.

Thus, the development of a liver preservation solution,
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 a

35 superior effect for the preservation of a lung graft and the

2



.The present inventors have conducted intensive studies in an attenpt to
achi eve the aforenentioned object. As a result, they have found a problemin
that when the liver preserved in a New ET-Kyoto solution confirmed to show

.a 35 superiqr effect for the preservation of a Jung graft and the . 2 like is
ranspl ant dd Ko 18 FECPSPLAPCSAI R 2w EHbGE et idih Wi %tRiH‘F(fe'{’]’%o_é‘o! uti on
etc. in theisymyimgeRes 881104 ohUBgc. t {RNEHe adimd IffhndMedPeded i Ci ty
absent in a recipient animal for lung transplantation is observed,” which

decr eases 3 namspdantiatabny atpespechedabdxitity talvsentanigplamestirgentThus,

t hey have fur.ther dnvestigated_the se of _the toxicity and . found that

ni trogl ycer‘-‘\nr‘im}‘:-’l nﬁgirngﬁnﬁn%fﬁesé%nﬁgé%t]os LAWY & Cg% q%ceretaﬁﬁsci ty,
and that st hend @dreiita1caatbeorr educefdibyl | #7es s ngrido aitaiiiordf Thus,
nitroglycerin to a level to below a certain value. Furthernore, they have
found t hat theddibeiven fertdesuipvertégafedothn EUsgRD B ittt idtichgl y

i nproves t hval _r t i I antation
under the (t%or%ﬁ :{—'(I)l\r% \?ﬁg%ggéﬁgg%g&i g??élg%ﬁédﬁ%%%%y%%?i#i not expressed,
and that thsleftfiest cafusks dhbutpkybitpMPandditaonthe ts@pecdiie dan thee
ET-Kyoto solution, which resulted in the conpletion of the present

i nventi on. TSRSEAIYgLPWeraBopegeRPNEAVENPT ofl F EP &R ¥R E N thRe @ fifvedwi ng.

[1] A liyern,pr r i sqlLyt,Lon ﬁ?f‘%)ﬁ. j tr 0 reli_but yryl
CAMP. | 0 ﬁ]egogfgs\eé%vgg%{lgn é(u)Llhhtion 0 %lﬁ 1avi n gﬁﬁﬁe??ééﬁnécgﬁag cont ent
of |ower tleddikidh ol diBut¥rglpcaler vat annETokybitonseiufidn diavikinacy
nitroglycerin content of not re thz%n 0. 0044 M 250%?%&‘;35? reservation
sol ution of*PECYSMITE SYTIIHE aferEl (FRIFRERSAf T AT R ri1eI 5] The
preservati ofrSgitERRtaon] Lhdewhehei BohB®tions where the toxicity of

nitroglycerin is not expressed, and that the effect of

15 dibutyryl cAMP addition is specific to 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 a 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 [1], which is substantially
free of nitroglycerin.

[5] The preservation solution of [1], wherein the
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 comprising
hydroxyethylstarch.

[8] 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 nM 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], furthBR conprising at 3s |east the f ot9 owi {P(ﬂ?ﬁponents within the
followi ng gange: 3 Na' 10 - 140 mM K+ 4 - 440 1d\§ 4f2P04 or HPO4 12 - 65 nM
at | east one kind selected froms C-, HCO, CO3--, organic acid and organic
aci d ani onHiBO+ @BOHAMA [9] A |liver preserva®ion &olmfion conprising at

| east the _fo LN o} e 1t i e follow ng range: dibutyryl cAW
0. 005 - 10a£ h%g@%tg % gEQES fe%%%bégg%ﬂ droxyethyl starch-1 - 80 g/l Na

10 - 140° (G2 1005 v STHREE REHPGIAL2 - 65 mM 15 at | east one kind
sel ect ed f PEARTLC, aFdB3anBWB-, organi ¢ aci dland b?@amlc acid anion 15 - 150
mM [10] The preservation solution of [9], having a nitroglycerin content

of lower tHan A.1dvekl pROsé¢tiit okisineyt imme sempatiisamgs altuflieastcdhpr i si ng

trehal ose and. dibutyryl cAVP. The liver preservation solution of the
oot § i BLpHiRt EetprRerts | dhp rr e e FAre e T ver

preservati gapselpihopapp the present 0.005 - 10 mM
10 trehalose 50 - 240 mM
hydroxyethylstarch 1 -80 g/l

Na* 10 - 140 mM

K* 4 - 140 mM

H,PO4 or HPO, 12 - 65 mM

15 at least one kind selected from
Cl™, HCO3, CO3 , organic acid and
organic acid anion 15 - 150 mM.
[10] The preservation solution of [9], having a nitroglycerin
content of 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 blood 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 solution 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 inproved.
Further, the liver preservation solution of the present invention has a
Jpot assi um concentration |ower than that of LNVspIutﬁgn. Accordingly, the

Q
bl ood can be’)r @FuSEE 36VEFt BFEPFELRI VAR | I W 1AL SIS BTAHT6n of the
pr eser vat i Oyt i ®Rsl BokN@1kEYEE i i Rl BHE5SSa SOl | hhet 18 dr Ke.

(2) Since the liver preservation solution of the present 1nvention has |ow
vi scosi ty, thee peniftusdlonpédifresienshbrh wiRkmgehe sl s utdald amthars 4 iikse is not
necessary mﬂyn E%f liver 3s cold ischema is started. 4 (3) Since the liver
preservatidﬁéggi ‘ifon of the present invention has |ow viscosity and | ow

pot assi um concemd ative, preBerpatioai 6814t 18n i 6f st tpmhiihtt Herddntdoncol d
ischemia is started. s g%) The liver preservation solution of the present

i nvention s aa dhieadicedillyy ssebbPeceBRpdEE i PB MR EFaPD S R @tatr a%8om
tenperatureig réf%éqyggﬂgrng.lggé Igﬁe[iver preservation solution of the
Nl

present invention as Towu price. 10 (6) The preservation solution has
clearly supgs) arhd iMefer preservation sababibntyf ashe gpfegaatt timweditsitomng
organ preservation solution such as UWsolution and the like. Brief
Descri pti or®% 1t UdwiPigSerig. 1 is a graph showing 7-day survival rate

arter |1er (6l ord AnTANEALANsoThdi o hasacHEapty SIQUNG! e £l ect of a

preservation  solution on each serum bi ochem ca ecting
hepat ocyt e prgssrwadricsi magabdalitgndet heinpakredetd éxjstring Fxgar8 is a graph
showi ng the effect of a uLion on the Iiveﬁqgunction.

reservatio 20__ sol
Fig. 4 is PTRACHEAN StoWnG™ fucer pacPiopokution and the

Brief Description of the Drawings
Fig. 1 is a graph showing 7-day survival rate after liver
15 transplantation.

Fig. 2 is a graph showing the effect of a preservation
solution on each serum 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 vs D: vacuolar

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 modified 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 or
ET-K solution containing db-cAMP (Kaplan-Meier method). The
solid line shows ET-K group, and the dotted line shows ET-

35 K+db-cAMP group. A white circle shows development of ET-K
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.preservation solution on histological changes in a liver graft. A and C
ET- Kyot o+db-cAMP, B and D UW A vs B: congestion of blood in sinusoid. is
marked in B than in AL Cvs D vacuolar 25 denaturation is marked in D than

in Cand A_Fig. 5.is hot ogr aph showi ng t he effect of pres ation
Sol ut fon oATEHE gffer BRPGR: LT SHEpR TEYR PPIRT Qi ddortial SaNE: hel 1 al
cell. A an¢iBudhepatocytes, C and D:. sinusoidal endothelial cells, A and C

UW gr oup, and D: 30 nodified New ET-K group. Fig. 6 is a graph show ng
the cunul ative s#ig@i-vdl ipafedsaPhr ahoviagsthamwidtive wanvyvel gassepded

in ET-K sol uti I sglk uii o ' 'Eggs = ﬁn”F ILer hod) .
The solid Iiélltt-'n(call'q'Lé—11 g\%géﬁ‘éﬁ 8?ghp?ﬂgng%ﬁ%%ottg%#nl\% g‘ﬁg\%s IY?@ IgfggﬁﬂcAl\/P
group. Aswiidleitdionc kcenshdnd ndedblopMEN{ Kbl &I-Neidr greciimdnd @hkl ackigdircl e
shows devel gpnment of ET- K+db- cAMP gr oup. F%g is_a graph show ng the

T
cunul at i ve lsdieyiSPeM sy Ble 98PUPy o8Nl BRG pHakted it s W% ved in LW

sol ution or 5 g0 aly) i o 5 I I d). The
solid line gs O\Bs' uﬁxvég’jr’%%cgﬁ@ ?hgéﬂ% S;eéd\peﬁil%r%e S gv?s%n%ggpggelvl%ﬂeg%oup. A

whi t e cir clbdstiows rddeelsbpmentiewé 1 obenbupf dightdb-dAMIE lgmiurel e shows

devel opment of UWdb-cAMP group._Best Mdde far Carryi ng Qut the Invention 10
The present invention ?ﬁ%\"/'l&‘ég £95 AT LRGPk EBR” L8BeRELBR cont ai ni ng

trehal osg and di ey pHHeseAVPi nTERRALASErbPides Useli J&¥ grhesdiegaiomt i on
solution of the preSent invention includes 3 kinds of a,a-trehal ose, a, p-

trehal ose a@&wlyyipn condlkdsangahdehalasal apd odtetyrigl acfMEL5 trehal ose is
preferably used. t e of .t tent of trehal gse . i.n th

D servat | on sol (LB IGES: 118 BROBSRE PRvERt | B1eT L it S HartT GUTar v (R e
23 | Lflng nazfgﬂn?sédtvqrnvefnwi%l QRcTRERkaBNkNEdaCchf ), @it tdea s s eroy - on
trehalose and B,pP-trehalose, and naturally-occurring o, a-

15 trehalose is preferably used. While the range of the content
of trehalose in the preservation solution of the present
invention is not particularly limited as long as the liver
function maintaining action of the preservation solution of
the present invention is not impaired, it is, for example, 50

20 - 240 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 solution 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 invention contains dibutyryl cAMP, survival rate

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

The nitroglycerin content of the preservation solution 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 example, it
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.the present invention is not inpaired, it is, for exanple, 50 20 - 240 nM
preferably 100 - 210 mM nore preferably 100 - 140 nM still nore
preferably 110 - 130 mM (e.g., 120 mMM. Wile the range of the content of

di butyryl cAMP in the reservation solution of the present jnvention is not

particul ar 4 PPﬁiPQHeaERPBn - 4T hePFeLRF AR N ARG HE™hi%hG 8 aBPFEn of

the preseryaldraRag0hUhbeNmetet BRaRT €S2NEM) NWENT] Gibrd pridierdMai M@, It is,
for exanple, 0.005 - 10 nM preferably 0.05 - 5 mM nore preférably 0.5 - 4
nv still more phenefabl yM 1e59-, 3swwtantlally MM Jiswbes tamd igrldyeneat i on

col ot on oL opbTHESoRL LOYSEALGR) £onial s Ay v GAEecE ULl rate 50

roved. The

ni trogl ygerdonteamt efit net ibeeptBagr vaboon @0l 18 ipreffraglee giresent i nvention
is preferably below 0.44 nM In _consideration of the toxicity due to
ni trogl ycettigkicityole 85 Ritreglyeerin tomarily Lrmnasshikfaaibe and, for

le, it 6. ¢ e O
exanpl e, i 5%§§ff%1”95t505? Eg%nﬁgglﬁﬁ%%gf§f$é¥Eﬁ%é%ftgﬁﬂgﬁﬁ%#ﬂﬁ%%f%ﬁbre t han

nore preferably nof nore 't nore pr
0.1 MM (e. dncraadlsetsantially O nM (substantially not containing
nitroglycerin)). Particularly, a niiL? | ycerin 5 content of not, nore than

0.0044 nMis prefl@€aPrESSINaELIoPRP OHuet t YR RT T e e EN I Far@yy

expresseg QﬁgﬁﬁhﬁlTﬁMﬁ%&y@kh¥§E@a9Ehtmﬁeféfﬁ£$€%E A4S rdiMSled to as
transpl antation 1ncCreasés. The preservation solution of the present

inveptiop MHES“10 teowcaitmohy dsoryéthprssanch ¢hetlee rafeseretsion eferred to
o o or o A O TS REFRALn Sl T sheral kon sglutiohon o
- 0.8 and g aMef agR Fangeubar owai ght . g0hnd 099 08ve r SH0GRL e dIE- RIEffabl y
350000 - 800000, is 1s preferable. Wiile the content of hydroxyethylstarch
i s not of 200000 — 900000, more preferably 350000 - 800000, is
15 preferable. While the content of hydroxyethylstarch is not
particularly limited as long as the liver function maintaining
action of the preservation solution of the present invention
is not impaired, it is, for example, 1 - 80 g/l, preferably 20
- 40 g/1, more preferably 25 - 35 g/l (e.g., 30 g/l).
20 The preservation solution of the present invention may
contain various electrolytes to control 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 gluconic acid, lactic acid, acetic
30 acid, propionic acid, P-hydroxybutyric acid and citric acid and
~ the like.
The preservation solution 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/l (e.g., 30 g/l1l). 20 _The preservatjon solution of the present invention
may cont _aF“N'v PFSgEr@fﬁE?Pngggs"tﬁﬁdWr{ﬁ'%'s'nﬂtqoc_“ﬁ'ﬁe'ssure and pH of the
preservati @ $9| YihOPa1 Fxasmhesi g tdte £l-eatgmplm,e prieFelruga ysodi umsal fmor
potassium salt of organic acid, sodium chloride, potassiumchloride,

magnesi um oidrer pdefecabéiyudP25 bl MM e, gsodt 4mili hydr ogen phosphat e,

pot assi um di hydr oge osphat e, _disodi um hydr n .phos di pot assi,um
hydr ogen g%gébhggengggiﬁ%1%§%$B%L%yégwggﬁéFgfgﬁbﬁggsiEﬁﬁhghrgﬁggeraghy
car bonat ¢, 2g90di g &Al, bmaataepaeﬂeﬁ@ba?swmcmb@ma(cee..g.lsxaﬂ)lm. of the

organi ¢ acid include gluconic acid, lactic acid, acetic_30 acid, propionic
acid, R-hydtodypstyene &énd apdeetedi £re®iGl andiCOshe GQske. omga@ndcedcidat i on

sol uti on of nt .Lpveption. .p ins gtz t the
Fol low ng SBihoReRrat ae B B bl e LBy o e R R T ol 15
range. 35 Ia'efiexapdyeral Fyl2oniM| nedrat pidferddDy ") priefemabl (e.2Q,- 1020 7
mv nore preferably 90 - 110 nM (e.g., 100 mM. K+ is generally contained at
4 - 140 nNP”Breferably 20 - 130 MM nore preferably 40 - 50 MM (e.g., 44

mv). H2PO4- or HRO4snk r akl i = - 0 f s 20
™ hafowor o pr i SRR SaRSOR" B Yy EPOLAIEd,Blogi g SR Mt it

sel ect ed fredmcflrolytHeE83whiCiBrcanobganontatned amdtiher garesermctd canion i s

generally contai.ned at 15 - 150 referably 20_-.120 mM nore preferably
90 - 110 m¥dq f%j?? %Ot ﬁw??efﬁngraﬁﬁgPﬁé??oﬁso?sp#%%igﬂﬂﬂ e concentration
ranges of tNx electrolytes which can he conygifged in the preservation

solution of the present invention is as foll ows:
K 4 - 140 mM

15 H,PO,” or HPO4 ~ 12 - 65 mM
at least one kind selected from Cl°, HCOs;, CO; , organic acid
and organic acid anion 15 - 150 mM
A combination of more preferable concentration ranges of
the electrolytes which can be contained in the preservation

20 solution of the present invention is as follows:

Na* 20 - 120 mM
K* 20 - 130 mM
H,PO,~ or HPO4 20 - 60 mM

at least one kind selected from Cl°, HCO3;, 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, HCOs;, CO3, organic acid
and organic acid anion 90 - 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 H2P04 or HPO4-- 12 - 65 nM at | east one
kind selected fromd -, HC03-, C03--, organic acid and organic acid anion
15 - 150 nm A conbi nation of nore preferable concentration ranges of the

el ectrolytes which can be contained in the preservation 20 solution of the
present i nV&YERGACRs 58S BFMBHAC PRESrS‘?‘{)e-lgz@r‘?ﬁﬁli@blZO witpd® e F2Pes- or
HPO4 20 - at. Leas Ki 130 HERS3, ~FOIHG@NLC
acid 25 a%g gygani éggc%{lgggz%bnﬁgﬁé%ﬁg%@gnﬁi&?&%bglnnati on r(?fg% iolff) zggr e

pr ef er abl e 3BOno@stv/at.i cfio prengst gfcidie elesmmpolsittéonwisifclreddn bbecpHt asned
in the preseryvat ib(in sol tioghof t he prgSﬁir\\/Tt invention is as follows: Na+
90 - 110 mAEdEge! ¥o&lﬁﬁin3 k T3p9< 9 (%.9., 44 M) H2PO4- or HPO4 20
- 30 nMge.g., 23 pMerakabeastorpeskt ieh sef eche bidsuid tioH@Aut i6Bof
organic acid and organic acid anion 90 - 110 mM (e.g., 100 mM To prevent
swel | i ng orths¢hpirgisieng édnveatiosrisiaguEolleWhy 35 preservation in the
preservati |yt j,0 the present 8ji nti oR, the osnotic pressure is

pr ef er abl y%lwq%%#%lhg}\?lfgnge of 270 - 25gﬁrgrfbnip,mﬁnore preferably within the
range of 2Mrehald®@enmosm |. To prevent &0i di 240epMnposition of cell, the pH
i's preferablcgqﬂwithin the range of 7 - B. s A ﬁreferable conposition of the
preser vat i SWESESYstarche present invefPi 8Alis as fol l ows: dibutyryl

CAVP 0. 005 jy5+10 "M trehal ose 50 - 240.gM. hygrgyyethyl starch 1 - 80 g/l
K* 4 - 140 mM
H,PO4 or HPO4 12 - 65 mM
at least one kind selected from C17, HCO{} CO3™7, 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 0.05 - 5 mM
trehalose 100 - 210 mM
hydroxyethylstarch 20 - 40 g/1
20 Na' 20 - 120 mM
K 20 - 130 mM
H,PO,~ or HPO4 - 20 - 60 mM

at least one kind selected from Cl°, HCO5;, CO3  , 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 follows:

dibutyryl cAMP 1.5 -3 mM (e.g., 2 mM)
trehalose 110 - 130 mM (e.g., 120 mM)
hydroxyethylstarch 25 - 35 g/1 (e.g., 30 g/1)
30 Na* 90 - 110 mM (e.g., 100 mM)
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 Cl7, HCO3;, CO3 , organic acid
and organic acid anion 90 - 110 mM (e.g., 100 mM)
35 The preservation solution of the present invention can

9



.to Na+ 10 - 140 MM K+ 4 - 140 nM H2P04 or HPO4 12 - 65 nmM at | east one
kind selected fromd -, HC03, C03--, organic acid or organic acid anion 15
- 150 "M 1s A nore preferable corrposition of the preservation sol ution of

-t he present |nvent| n IS as ; hﬁv\a: gi but%fry 2 0,05 - 5 nmM fhal ose
100 - 210 RARHRydr oX§E RYREPAFCHIBG angdoy fa oy RainoEnS 12R0fP 130
MM HZPOA- 1@y i} 0%e39des68n8VABSvE SRSt Dhee kit 8fied f%@gb ‘EE@3 :
C03"-, organic acid and organic acid anion 20 - 120 nmM 25 A sti If nor e

pr ef er abl epcrmsnafm@n ébluhéom eSethatporsenblinvantish dea m%@@nm

i nvention i f di yLY e. Iose
110 - 130 r%%‘nh(e%r S8 P4 ?8% éroxﬁf\%ﬂ: Fetige bildd 3%5“’/&1%9?@ suld %gll)
30 Na+ 96 N—bk@t@Wb@%tglnelﬁﬂdnﬁhe Kikd0D cebD adMiwatpr sAdhds AHEP&ﬁd or

HP04-- 20 - 30 mV) at | east, one kind selected fromd -, HC03-1
03, organlt@eaél&eraﬁ&tépéﬁﬁilé aefldthei bhk®o - 110 mM (e.g., 100 mV) 35 The

preser vat i on Sol y0n, 8betlecPoroest ut MEILE Ok Ak odhfONRIdh: ool st e,

My++ and/or Ca++ wt |n the range o ove- ment i oned
conponent s pridaueederastihg apcesdingt tona sproeduoniai mMdtehqut esferd | nventi on

can contain _other .additives, for exanple, active oxygen scavenger such as 5
N-acet yl cyStE&@nTe USHO™ KBOWNKBEICEFt activator such as ATP and the Iike,

anti bi otjpc and t R ihiek€he method of use of the preservation solution of
the present invention is not particularly limited, for example,
the blood in a liver tissue isolated from a living organism is
substituted with the preservation solution of the présent
invention, and the liver tissue is immersed in the
15 preservation solution of the present 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.
Examples
[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
a,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 nethod of a transfusion known per se. 10 Wile

t he net hod of use of the preservation sol ution of the present invention is
-not partic ly |i ted for ex bl l.i ver,.tissye .isolated
froma |i vhl’rYgerHSBnP ﬁFPgatguﬁgtfﬁt%d ]véthinﬂr??g \Fé’ﬁnoﬁhs%lliﬁﬁgn of the
present i R¢eRll QRs afdelhenbiry¥es £6SsUeot Sl Ia{mfr&ed;ﬂ nogte s Pressrvation
solution of the present invention and directly preserved at a |ow

t enper at ur golatgon @as mmedpaéﬁéyaﬁwtdre%au:d fiwhied ineapgésesrt behtéati on
)5 Sxplal nafd BoRAE wd8!ALLnk ! 0810k SN WL TRISIN AL G P00 g8 L he

20 present ivention 16°n6 I~ any ma Shown “bel ow.

Exanpl ess B@*&mpbelﬁklbﬁ] NateinafSeﬁHMTﬂmtdehtiﬂh /Nuvﬂﬂ@ dﬁ eimotsek- ol d
i nbred nmal e Lewi s rat 2 housed in_ a chi p- bedded cage at room
t enper at ur ®LGFEE S 02 ﬁﬁ mp?@ £/ aBf kPR VRS e/ afrt gi ven free access to a

standard chow di g, 380, WBYELnDRE 06 ReRPBEA G030 RIASLTAMIL RSOk ON) |

In 800 mM of distill wat er out 50C were dissolve a, a-treha

g, 120 nnDIamnhuﬂtmmyedhpysDanmhhiBBhgrmaeaunIQﬁﬂrﬁﬁfﬁnﬂﬁd )wei ght: 429000,
degree of suybstitutio

od| Iucon (21,81 100 mml,)
potaSS|un1§§i&FW}dF8§éH 5ﬂ6§B%ﬁFEuf9 g%g Eﬁ??ﬂﬁﬂghﬁﬁﬁ% &?gﬂﬁﬁ
hydrOdef}op@ﬁpfmaiaee@légatgmé&é mé)me@r@rikg%wlﬁlddﬁd wat er was added
thereto to a total anmount of . This solution was immedi ately
filtered andhendinedtien Heyl E’s"steoiue.lon)

Furthermore, to the above-mentioned ET-K solution was
added db-cAMP (manufactured by Daiichi 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,o-Trehalose (mM) 120 120 120
Hydroxyethylstarch (g/1) 30 29 30
Na® (mM) 100 107 100
K" (mM) 44 42 44
H,PO,” or HPO,  (mM) 25 24 25
Gluconic acid (mM) 100 97 100
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
nOsm | and pH of 7.35. To the above-nentioned ET-K sol ution were added

-db- cAMP  (manuf act u_r8§d bi Daﬁ\chi Phar maceut.i c qugf). Lt q%‘ .nitrogl ycerin
(manuf act urEBPYR, WPdubi $RF %?ﬁaw%%rpp%ersaeﬁvo%f SInFoREC8: yPcyaFEi ne to
gi ve New EbLAQsir&a%qlodt isenutibar €bpapt enr Nen & Tt ifers 0d yderi®ic Auridier nore, to
t he above-nmentioned ET-K solution was added db-cAMP (rmanufactured by

Dai i chi Phadrireplaintatics was pgriorsed: v Rahidiared REROFEYK@RSEd 9868HutPon
(hereinafter, %n j fied New ET-K sol ution). The UWsol ution was purchased
from Fuj i sawa armaceutical Co., Ltd. The conpositions of the ET-K

sol uti ons NewanbK asdlattiionn pranddopd) fi ed New ET-K solution are as foll ows.
20 Tabl e 1 Component ET-K New ET-K Modified, New EJ-K ,a-Trehal ose (nV
120 120 120 Hydr%ﬁé‘teth%PBRr(é‘%)bgﬁo‘ggl%oth%‘lo?wﬂll‘(ﬁf RPF L0 VP

() 44 42 14k HRRQ 105,58PR EEME o252 284 261 3 U5 O CoRGk thddiMs 100 97 100
22 N () 0 0.44 0 N

db- cAMP ( 0 i troglycerin Acetyl cysteine (mM 0 10

0 (Experi neritwiiqr,oemd Ghemp the biwedl uessal gvasipp¢ntgyed Gridup 10 mINet ET- K
LUt on Srgp LS O G g T SN 11 500l Pl el 20y =)

10 group, the blood in the donor liver portal vein blood vessel
was directly replaced 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 solution 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 inferior
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). 1In all

25 transplantation operations, 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

12



.preservation solution for 24 hr, and then syngeneic liver transplantation
was perfornmed. Rats were randonly assigned to each group. s

(Transpl antati on procedure) In the UWgroup, the blood in the donor Iliver
.portal vein  blood vessel s first replaced with 1 . of Ringer's |,

Dol Ut on. - 2d% HEA)! Ha edoq OFeddar Tdd Shorus SRR 1B InFEOR TBFSSPE f on.
In the NewrElaK19r oupazfdyhBepapaifé@dy Nevp&Elrdd ke iGl Qi4ba tia@ebbgodoi n the
donor liver portal vein blood vessel was directly replaced with 20 m of
each presemldmionwishutPoml of nRangeytdupslutinn pebpasivangi £art hhe

[ | Wt . Ih i
preser vat | g Jahut0n, "8 BELLETHES, SLog &1 ESAM €. TRGTHRG WJRN o i ver

grafts weré preserved Irn respective pr on So Ions for 15 24

hr. In thenddMogr aug4sbeflateral asspiiani@iaprsollieidmsi daeorethewpsrtal vein
bl ood vessel of the grafts was finally rinsed with 10 ml of R nger's

sol ution, WHEEEEed A8 UOFsépurpbdelde arg| erAdeth iTheaa§ ™ KaFroup and
the nodifi T- g Y i gt fi:nal
rinsing. 2 ﬁggg%gpygggr%gpﬁgﬁﬁgg #vgéugfgﬁtﬁ%éé¥§§¥¥%ﬁ(ﬁ§%£§ %3%1%1%%'
transpl ant @&M nias petrdorpedntforaiknaBeshs seipechatgesnd i fter i or  hepatic vena
cavae were anastonpsed with a surgical suture. The portal vein was
connect ed BAHtFaSERUCAYESRati c anastonotic method using a pol yet hyl ene cuf f
(mcro tybe)p IHasAks25 transplantation operations, the anesthesia time was
| ess than 14 mnutes and the vena cave clanping tine was | ess than 25

m nut es. ( RdBtroperdt inegeadval uation) At 4 hours after the transpl antation,

Lne rectplent, [ohedd SUSELSgLp ook AP LA AR5 S ageaklet 2o
m nutes to JRasdRy karkika10vhpyt wadt @68NM7 P8 €1 WHE M1 £ Bl adws FmRiKes
were taken frominferior vena cave for neasurenents of serum ammoni a, AST,
ALT, LDH (&nousr @ngbgd% (2/8) in the UW group. The survival rate was
15 significantly better in the modified New ET-K group (Fisher’s
exact test: P<0.05; Fig. 1). 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 solution
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 LDH 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/1, p<0.01; AST,
681+90/16521+292 IU/1, p<0.01; LDH, 1105+352/4796+1059 1IU/1,

35 p<0.01; Figs. 2A, B and C). HA level reflected the injury of

13



.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 m/mn with 20 mMl of R nger's

.solution. Specinens _for the _transn ssion electrgn m_croscope (TEM were
perf used wistRus@iday) ephothalipl) aebt al Hehlyde HAGLAY S48 HEFEN. The rest was
| mer sed T sy pafph geiyder and enbefsier 18y AR K Wbup S8CIcARA LI ©
subj ected toroutine hematoxylin eosin staining. TEM was performnmed fo

anal ysi s oftcchitueg8¥ giouhe (18881281 /2808 €83 ridy/rjl2] mReésWIss FigSudP)val rat e)
After transplantation, of 24 hr-preserved,|liver grafts, _.the 7-da rvival
rate was 86% (7/ %)rof“n Bﬁea}%ﬁ?ffﬁauﬁéﬁv Bt ’f;l)%ﬂad‘ a%rf‘j{ébe(jzlt%’f%!% he UW
group. The priazervalk jbat @f‘ﬁ@étléfstﬂélﬁbcgﬁf'iéd[ m ter-K sdihe imdiifsi ed New
ET-K group (Fisher's exact test: P<O0.05; Fi In the New ET-K group,
the 7-day sipeviigal inahepaascuee(and)simwert P@W@q@w @eldn B&iled to
i ncrease the 7 d r al.r m t he above results, it has been
clarified t1at %\é 0¥b\éebgf g%ﬁgt% ified New ET-K solution greatly
enhances th(esldijdr \ammhltaataﬁdabﬁeé prueuctiamspl antation as conpared to the

use of the UWsolution or the New ET-K solution. Mreover, it has been
clarified that tREMSRigi ¢RF PALe AFERYLF|yRFe 353RSFRMMAStineH gt he

| ncr easeg bileeezd n’?:QﬂoRe 2R E‘hé&g&'ﬁ’ﬁeefé NP HL Y Vn\hf%%nFEr 8%"1‘%?1?11%8

sol ution, since surV|va rate is extrenely lo en the New E

sol ution cnnﬂtaamrmmga mxeu:weghytthm nwosguseps 4{Sethuis bt ihepnisttr y) Serum AST
(Garn), ALT (GPT), nmeasured at_4 30 hours after the

t ranspl ant aﬂftﬁﬁ%égt—@@yﬂé/iiﬁy UP?O 83 BiZes3hy BL1Q PULRYE H%F LDH | evel s,
was significaplilsh d889y Righer in the modified New ET-K group (modified

New ET-K/UW: 702+125/489%+108 pl/kg/min, p<0.05; Fig. 3B).

15 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)
Histologically, liver grafts preserved in the UW solution

20 were more susceptible to reperfusion injury than those in the
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 of 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 (pyknosis, energy metabolism-
related mitochondrial edema and vacuolar denaturation), was
more frequently observed than in the modified New ET-K group

35 (Figs. 5A, B). Moreover, in the UW group, some SECs showed the

14



.the nodified New ET-K group than in the UWgroup (nodified New ET-K/ UW
ALT, 52788/1728380 | U 1, p<0.01; AST, 68190/1652292 |1U 1, p<0.01; LDH,
1105352/ 47961059 11U 1, 35 p<0.01; Figs. 2A, Band C. HA level reflected the
injury of 13 sinusoidal endothelial cell (SEC). HA levels were

si gni fi cantfeptrEREr Ofn2PARLABYF f | BACINGRP EIE IR GIRIY- ra S IcERRdrEd 1 the PhREPUW
group (198 67 , ~RS .+ Flg. ) it Vg iesults, it
has been c%&%ﬁr{? i%gggf hg}tle%gjs %B%Q%Ig%?%g?r?oanr?dejﬁpedgtq{g‘l{E}e&%d@ iggd%E%v'v ET-K
sol ution i ¥n shpeptberi hahdpasockt kimddo§icheuakalwanddtliteliimaltheel |, as
conpared to the, UWsolutjop. (Blood a La and bile production) Amonia and
bile outpuﬁ?dwgﬁgdagggsgiaﬂag ?HBIC%%QE$E ?nyeﬁﬁ)q%Rﬁﬁ)W%ﬁ%ﬂﬂﬁﬁ#@rﬂggﬁough

t here wag qqi§Lg@bchant difference in ammoni a between the two groups at
this tinme point (25520/25222 g/dl, p>0.05; Fig. 3A), bile output was
significantly higmem thet abovedréeselt Mew EThas drasup qlsdiffiiesd thRewtEEs- K/ UW
702125/ 489108, .I/.kg/ i .n, .p<0.05;. Fig. 3B).. 15 Fromt above results, it has
been ol ar i 00 TAgk NERe=E R, 8P PERED £ ST Ty 1S GRCIF e mod 11 eq
New ET-K sRlititia@n ithehuighrasteqopares 60 lidisatdywad WidsEQ.HE st ai ni ng)

H stologically, lLiver grafts preserved in the UWsolution 20 were nore
suscept i bl dE5@mPdgelflusi on injury than those in the ET-K solution. There
were le vagu r t t] si nusoi dal congestion and henorrhage in

t he rmdis@i e@(ﬁNgv?/%E‘#E%g?ééphgghggrrpar ed to the UWgroup (Fig. 4). Fromthe
above results, itnhatebesamechannéredst atEtdmple sl muhrfgead dNavwviel K sol uti on
nore strongly protects the liver fron1rq£erfusion inLﬁ%%:as caonpared to the

UW sol utio ranspledtaghoni ¥A§sPEPLeITEAIPRoS )R 91F t e Bads LW 16t
nor phol ogi Galr £hane§s QhdSERS survival rate after transplantation of the

liver preserved in preservation solutions containing various
15 concentrations of nitroglycerin (NTG) was evaluated.

The preservation solutions used for the experiment were
as follows:
*ET-K + db-cAMP
*ET-K + db-cAMP

2 mM) + 1/4 NTG (0.11 mM)

2 mM) + 1/8 NTG (0.055 mM)

mM) + 1/100 NTG (0.0044 mM)

mM) (control: modified New ET-K solution)

20 *ET-K + db-cAMP

(
(
(
*ET-K + db-cAMP (

2
2
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 perfornmed to anal yze 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 (pyknosis, energy
et abolism related mtochondrial edema and vacuol ar denaturation), was
nore frequently observed than in the nb@P¥®edl New ET-K group 35 (Figs. SA
B) . Moreoioug N t h@ohW¥ gr oppesspre peclpshovwedvehe l4rveat ungsbet of
apoptosi s, such as dgiaghimeniyaidicgconti puity, bleeRe fOpgBLEON, UG QY
condensati on and apop icb ‘i\f R g. ée%htm & gogth rsﬁggd, s%ag,é(i nd of
changes was mld int nmodi £l e ﬁew - grouB arS Sﬁgﬁé{}ere often wel |
preserved 5 (Fig. 5D). From {Hhbove r'&ults, Fhas clarified that
the nodificetiiew ET- K680l uti dd7ids supedildr in tA8 actiod3to mainfain the
ultrastructures qf hepatocyte SEC. | npl e 10 [1L,Mwaterial s and

met hod I n t97& gﬁ’e ma%ﬁ r as i1?1lré anpl eﬁ?éasynge%%c Iive%8 transpl gnt ation
was perfor mahtad18- wegkool d i nlragd mal el3gawi s  raws (SLCpy and t he7survi val
rate after transplantation of the |iver preserved in preservation_ solutions
cont ai ni ng ¥ i ous 3% oncenty>0 ons off1fi trogl yeerin (RFQ was elal uat ed.
The preser I on sol utkEns us fzor the peri meptz: were ,gs follows: ET-K +
db- cAMP (Z\ﬁm + 1/ 4 (0. 1?%%3) ET- lg%i@ db- CAMP (2 al\/f§+ 1/8 NTG (0.055
mV) 20 ET- K /4 db-cAMP368 m\) HA3088100 NTGgE). 004418M) ET- B0+ db-cAMP (2 mM)
(control: nodified New ET-K salution) The conditions for |iver

transpl ant &/4%n were PRE same 4% in Exa¥f e 1 eddept théP the kind of the

preservatiofygol utionzggas di ffeigent. 234,2] Resylgt s 27 2
1/8 328 1407 330 le6 29 1
1/8 342 1438 370 le 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
nitroglycerin is hardly expressed when the nitroglycerin
15 content is not more than 0.0044 mM, and the survival rate of
the recipient 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 8-week-old inbred male Lewis
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-The results are shown in Table 2. 15 Table 2 group donor preser- recipi-
liver- |VC nunber of weight vation ent free reper- survived (g) period
wei ght period fusion days (nin) (g) (mMn) (mMn) control 368 1474 410 13 23
-7 control 364 1434 376 16 28 control 340 1440 364 16 27 7 1/4_398 1500
410 15 26 Fatg 4A556k:1399 ‘é%%tfl%rz@rz‘wtl/ad‘ IFCILFSS 366 Lhe SYTYLvels 396

1479 396 14528 2¢ték8139er 18¢8nSoPardadilor dud & 34%hel 4BA133Qn16 2851 1/8
342 1438 370 16 27 1 ~1/100 338 1449 350 15 26 2 1/100 350 1443 380 15 26 7

The 7-day saMPi tal that ETaKt ecbllllti/@n ¢arartsq)lcm1i@mecm iwaothes% (2/3) in the

control (nodified hbo | g%tgo up, g@ the .s nitroglycerin content was
reduced t oPEFESIVE}4°7058 o fﬂ MY R4 of the New ET-K sol ution, the

7-day sugvival rahe prasePtatidd sélwesoddaiiDrosugeesee ittt here
toxicity due to nitroglycerin was not sufficiently reduced within this

concent r at @6n fradAgE¥S:On the ot her hand, when the nitroglycerin io content
was reduced go 1/ 100 (0.0044 mV) of that of the New ET-K solution, the

7- day survi Val Srate was 50% (1/2), which was al nost the sane as that of the
control groeumg. Accordingly, it has been denonstrated that the toxicity due

to nitroglycerin is hardly expressed when the nitroglycerin is content is
not nore thEA-8. 6042-adWP and e &urddfiad MNevwe EF-K siedutdenpi ent after |iver

transpl%ntabwon 889E£ﬁ§e§2 M)

The conditions for liver transplantation were the same as
in Example 1 except that the kind of the preservation solution
was different.

[2] Results
15 The 7-day survival rate after liver transplantation was
86% (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
addition 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, it has been suggested that the

30 above-mentioned 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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[Exanple 3] [1] Materials and nethod In the sanme manner as in Exanple 1,
syngenic liver 20 transplantation was perforned on 8-week-old inbred nmale
Lews 16 rats (SLC), and whether or not an increase in the survival rate
-after liver transplantation due to the addition of db- cAWP to the ET-K

sol ution céﬁebéléE@e@ﬁeﬁrﬁ?ﬁE%?RﬁaE#QﬁnﬂQQﬂQ%ﬂ¢-solutions was exanined. s The
preservation solutions used for the experinent were as follows: ET-K UW
ET-K + db-cAWP (2 mVM (nodified New ET-K solution) 10 UW+ db-cAMP (2 mV)
The condi tions f®Bhiki eppliicahsphansabasedweneat patsame appliicatboanploe 1

except tha e, ki of.1he preservati sol ution, s differen ]

Resul ts 15t2?hg_%5%§€4 s‘ltﬁiﬁ?e/afn reARATLf t%rnljrr?gle‘ﬁaft‘? an@%%}ﬁ?ﬁt fgn %\%gg g86%
(7/8) instheeEroktdbtcAN? ¢hakd aded iQ%cPokdtdd itthe B l- e 19Uy U d 0
the addition of db-cAMP, the survival rate remarkably increased (Fig. 6).
On t he ot heeflegedcet-he rate was 38% (3/8) in the UMdb- 20 cAWVP group, and
25% (2/8) in the UWgroup. 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 addition of db-cAMP is an effect specific to the ET-K sol ution.

Mor eover, since the superior organ preservation effect of the ET-K solution
cont ai ni ng db-cAMP has been confirned in the
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litver as well as the kidney, it has been suggested that the 30
above-nenti oned 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 |iver
preservati 6ha&#®Pability, and is useful in 17 the field of transplantation
medi cine. This application is based on a patent application No. 2005-299314
filed in Japan (filing date: COctober 13, 2005), 5 the contents of which are
i ncor porat éd Anlivétr peeservdyidrhisolutdfosr eonpris8ngl arebaldseahdver
preservatign _solutio nprising trehal ose and dibutyryl cAMP. s 2. The
preservat i ﬁb§5¥ﬁ¥#oamﬁg‘clain1l, having a nitroglycerin content of |ower
than 0.44 mM 3. The preservation solution of claim1, having a 10
nitroglycerin content of not nore than 0.0044 mM 4. The preservation

sol ution oR.cThenPiesenvahion seusiemtafaldlypifr de dAVANRDr8gl ycerin. is 5.
The preservation.solution of claim.1l,  wherein.t ncentration of

di butyryl gﬁkﬁp9%yﬁ?fﬁ?nc ?Efqéuﬁﬁ?%)wﬁf.%égn-OlginwﬁQG. The preservation
solution of claim11, wherein the 20 concentration of trehalose is within the
range of 50 - 240 mM 7. The preservation solution of claim1, further
conpri si ng3-hJEeoRyeSAYYRE HR SO ipn Tife GJrdFedvahP¥angoPut i on of claim 1,
further SORRELSLIG-aEin! Eaftedtiof HdO WAL FHTMOBBOR 2 MM N Lhe fol loving

range:

4. The preservation solution of claim 1, which is

substantially free of nitroglycerin.

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

6. The preservation solution of claim 1, wherein the

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

7. The preservation solution of claim 1, further comprising

hydroxyethylstarch.

25 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
H2P04_ or HPO4-— 12 - 65 mM

30 at least one kind selected from
Cl”, HCO37, CO3, organic acid and
organic acid anion 15 - 150 mM.

9. A liver preservation solution comprising at least the

35 following components within the following range:
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K4 - 140 M H2PO4or HP0412 - 65 mM 30 at | east one kind selected from
-, HCO3, CC8, -organic acid and organic acid anion 15 - 150 mM 9. A liver
preservation solution conprising at |least the 35 follow ng conponents
wthin the follow ng range: 19 di butyryl cAWP 0.005 - 10 mM trehal ose 50 -
240 mM  hy@i&arerm SR¥Pch 1 - 80 g/1  Na+ 10 -01885ym 504 - 140 nM
H2P04 or HR hag%sé 65 nM at |east one kind sel eghed 540 , HCO03-, CO03--,
organic acid and organic acid anion 15 - 150 nM 10 10. The preservation
sol uti on ofhydraxye®hyhstamgha nitroglycerin conteht-o80lgiker than 0.44 nM
giNPé ;bdn%%+preservat|on sol ution conpri sing tre98I95§48q%M is dibutyryl

5 K 4 - 140 mM
H2P04- or HPO4-_ 12 - 65 mM

at least one kind selected from
Cl™, HCO5;, CO3 , organic acid and
organic acid anion 15 - 150 mM.

10
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

15 dibutyryl cAMP.
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