ﬁ5':iF._':'-r_r's-:.hen_

Transplantation Research Journal
Original Article Volume: 1.1 OIPEn ACCESS m—

Received date: 19 Oct 2045, Accepled date: 21
Dec 2015 Published date: 31 Dec X1E,

In vitro Evaluation of Porcine Livers Stored in
Movel Solution Somah

Haiyan Cao'*'% Samar K Lowalekar' % Arun Chaudhury'*?, Xiu-Gui Lu"*,
Patrick R Treanor' and Hemant 5 Thatte®

Cardothorache Swepery Diviion, Depordsnenr of Sargery, flaoverd Mediew! Sefoad, D54
“Brighaw anad Wowen s farpitn, Seaton, LE4

AP0 Braerar fealthoone Spasm, Saerow, Woaegmehegtis, TI54

“Foaual contribirion

*Cor nding awthior: Hemart S Thatte, et af Su - Wi Boston Healthcare S
respo a TQEry, ystem

1400 W F W Parkeay, \West Rocbury, MA 02132 USA, Tel: 857-203-5518; Fax: B57-203-5582,
E-mail; Hemant_Thattegh ms. hardand, edu

Citation: Caa H, Lowalekar 3K, Chaudhury A, Lu
X3, Treangr PR, at al. (20161 /v wiro Evaluaban
pf Parcine Livers Siored in Movel Zplulion
Somah. Transglant FRes J 1(1) doi bEpide dod
peg 10, 1 GEER, 100

Copyright: © 2016 Cao H, =l al This is an
opar-acoass arfick distibuied under e berms
of the Creaiive Commons Abtibulion License,
which permits unreslricted ues, distribulion, and
reprodwction in any medium, provided the anginail
authar and source are credited.

Abstract

Backgroand: Paucty of adallable orgars 5 & majer 5508 N Ivar mansplantation, Evan thaugh DD (denabon aftar cardoorculatony death)
livers can be a saurce, such livers are rarely used because of poberiial Bchemic njury that can lead bo graft failure. However, if preservation
condiiers can e optrmized for D0 bvar staraga that pravent injury, feclitate ecovery and prasans unclion, thareby faciitating increased high
qualty argan supply. This pilot shudy was designed to evaluaie our novel storage soluticn Somah in s abilty to maintain phosphate syrthesis of
livere and Fall progression of long-temn slatic slorsge-depandent mulliceliular damage.

Mathaods: Differant Bochemical and hislomorphokgical paramatars of porcing DCOD Iers storad in Somah sokiions at 4°0 wara axamingd at
0, 1, 8, 24 and 72 hows and comparsd with the curenlly used standard University of Wissarsin selutian (LWS).

Results; In WS stongd bygrs, ima-dependant attenuation of tobal phesphates and hepatocelular damage, reveaked by hishopathalogy and
cnzyme release, suggesicd marked loss of tisswue viability. In conirast, hepatocytes, endathelal oells and bile duchular epithelia appeanced inkact in
Somah-preseryed livers. Matabolism 1o maintain &x- wive phosphate eyrthesis was maintained and exiracelularn lvar enzymes reléase was low
In comparsan. Increass i albumin synthasis was apparent upen mparfssion of Somah-presarved lers,

Conclusion: Extraconporeal shorage of livers in novel Somah solution pravides a polential supenior avenue io praobect indegrily of he paiocytes,
andothalia and cholangiocytes, maintain microcirculatory patancy and sustain lar function during sxtanded argan stomge. Impkemantation of
Sopmah as a siorage medium may bzad to optimal graft function and may impact outcomes favorably after hopatic tnsplantation, a subject of

fubure invesligation.

Introduction

I'.Ir.':|'|ll.r.- advances in lrans.planl SHFFETY, |'||MI-|:p|:|-.|II'.r|: autcamies alter
solid organ transplantations. have shown only moderate improsements
1. This i related o ielosicn -:ll'lxrgmw [ranm ||1r|rgj||.a.] [ME0H Dapeation
atter Cardincirculatory Death) donors instead of BHIY (beting heart)
diomars [1-1]. I spite of precedural morbidity, lver transplantation
remains the treatment of cholce for emd stage liver failure, which
atherwise culminates i fatal outcomas [3], Maintaining organ viability
during extracorpered sorge prior o tansplantation is an imporiant
precequisite tor successful post-transplamt long-term cutcomes. This
s -:‘Iu|1n:|:<‘|u:nl am status af the harvested argan arul I:r.'n'||'u:-'r.|.'| 4:-1:|'.\Lan|:
slarage environment. '['I'ptlnnl F-rd-.:cn'.ltl,un camnditions Tor TRCDY lvers
coalid thus increase high quality organ supply

In most transplamt centers, livers are cald flushed and simple cold
stored, preferably forbess than 12howrs prior to irnsplantation. Howeier,
investigators are heading towards perfised somge at hypothesmic 1o
marenothermibs temperatires inan effort 1o improse quality of organs for
tr.lms.planl:-'l._.!-'nj. While loss nl'hlf_h ENErpyY phmph.u:n:: [HEP], #ndothelial
dysfunction, microcirculatory blockade and collapse of bile ductular
fusction are the mest significant parmeters that pertain 1o short and
Loing-term graft malfusctions becamise of which DCDY livers are ey
ueed [B-15]. sucoessful functional transplant rales in caree practice

Keywords: Hepalosyles, Endothelium, Cholangiosvles, Presenvation Solulion; Trarsplantation

fall significantly beyond 12 hour storage [16], This is due te initition of
multifactorial depeiwerative cascades madnly rsuliing from progeessive
lass af HEF during hypoxia [17]

Somah, an argan storage salution of unique composition, mtionally
designed based on principles of bivchemical synergism [18) (Tablel],
provides variows enengy substrates, metabolic modulators, Tree radical
scavengers aind anticsidais, ammeni chalators nitric oxide synthase
substrates and  imtracellular and  extracellular H* mindulators,  We
bypathesized  that these componemts would prevent edema, ionic
imbalance, and energy depletion and provide cellular support during ex
vivo storage of solid crgans [18-23]. Becemly completed preclinical
etiidies demonstrate that hearts can be stored at ambient temperatune
and for extended prnml in Samah in I:'ul]:.r functional state, unlike
in the dinical comparators [1820-23), We sought o extend the
evaduation of Somah in preservation of porcine abdominal [HCD
organs obtained post extraction of the hearts [21-23]. Based on our
preliminary stadies iy ral THCD abdeminal argans demonstrated
the structural and Bochemikcal pn::.r:n.u.ﬂnu al visceral DEANS W[
pralonged hypathermic stomge in Semah [19). Protection ex vive aof
structure and fwnction of cardicmyocytes, endothelinm [ 15,20-23] and
hepatocytes [19] abserved during shori-term and prolonged static storage
of BRI ard DRCTY dosor learts, livers and kidneys in Somah corraborats
this bypothesks | 18-23]
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W hypothesized that Somah becanse of the multifactorial ability
te madulate metabolism offers a supedior avenue for cytoprotection
and recovery in the liver |l1|:rl:|1i|_ stirage, a hghl:.r vascular OrRan al
eterogeneous coll popalaticns. The atm of this current pilot study was te
evaluate the comparative elficacy of Somah with the currently <lindcally
used University of Wisconsin salution {UW3) in their ability to preserve
and polentiate recovery of DCDY parcine livers fmeitre during a 72 hear
periisd ol hypothermic gorge. We also performed limited extraconporeal
hepatic reperfusion and functional evaliation of Somah-stored lvers te
tizst the feasibiliny for futare transplant studies o evaluate graff fuisction

Materials and Methods

Materials

CaoStorSal (UWS) (Preservation Salations Inc, Elkhornm, WD and
Samah (Somahlution, LLC, Jupiter. FIJ, Table 1, was compared for storge
progrerties, All sther chemicals wen: oblained from Signsa-Aldrich (50
Loaris, MOY. VetScan istal, Vetdcan VAL, COed+, LR+ Lange Amimal
Profile, Comprehensive DHagnostic Profile cartridges for mssasuring blood
gasas, electrolytes, lactate, ghacose, aspartate transaminase {ASTY, alanis:
transaminaze (ALTY ard creatine kinase {CK} engynws were purchasaed
fram Abaxls Inc {Unbon City, CA)L

Animal protocol

Liver dorage amd procapement of samples The study was comdinctad
I fowrteen female swines, each m:LEhInB_ 411-5) KF in accordance with

Concentration (mbl)

Components

Dietilizd water 1.00L
Calcium 1.30
Ghicride i T.00
_ Potassium phasphata (menshasc) i D44
 Magnesium chionde (haxahyorade) | D:0
 Magnasium sulfate [heprahydran) 1 D0
 Sodium chiands 135,00
~ Spdium bicarbonate 500
' Sodium phosphate(dibasic; hepfahydratel | 018
' Deghucose | 11.00
Glutathione {reduced) 150
Ascorbic scid 1.00
L-argirine .00
L-sitrulline malale 1.00
Ademaging 200
Crealing oralate 050
 Crealine manahydrata 200
- L-cams| ne 1000
_ L-camiting 1000
Dichkroacetaba 1 DE0
resaulin {10 mg/mil) 1 1.00 milL
Camposition of University of Wisconsin Selutien (UWS), (pH 78)
Laslobionic Acid | 105
Fetassium Diydrogen Phosphate | i
 Fodassium Hydroxice (555%) 1 100
 Scediumn Hyd rosids (A0} 1 i
Magnasum Sullate (haptatydrata) | 5
Ratfinese {perfahydraie) )
Adenasing | 5
Glutathiane | 3
Allapuringl 1
Hydrowyeihyl Starch (Pentafracion) S0 gL
Ireulin 4.00mgil

Table 1: Composilion of Somah Organ Preservation soludion (pH 7.5)

protecal approved by our Animal Studies Subcommittes (IACUC), VA
Basten Healthcare System. The animals were divided into bwe groaps
of seven animals each, Whole livers were dissected our 600+ 10 minutes
abver cardiae death and extraction of heart |21-23). The livers werne stoned
in LIS TLWE Divers) or Sonsah selution (Somakh livers) fer 72 hours an
0, Thee solutions were ned replaced during storage, Liver biogsies were
abtained at (&, 24 and 72 Bours for imaging and Biecheimical assessnsent
af -.'I..l.'hl.lll.:.'. WS amd Sommah soludions wers snmplcd at 0,4, 2 and T2
haurs for metabalic mendaring and for ather assays and compaunds
relevant ta liver function.

Surgical procedure

Gieneral anesthesla was induced with L injections of telagzod 4-5 mg!
]-cB_ and avlazine X '“F"'J‘F-' A fter infubation. animals were mainiained with
i propatel (10 mg'kgthour), remifentany (40-60 pg/hr) and nimbex
{cisatracuriam] 10200 mg, and mechanically ventilated. Aorta was cross
clamped, heart arvested, and bear-lang Block was estrocted fior other
experinmenls as described [20-23], Afler median lapanstomy, suprahepatic
warta wis cannlbated, and abdeaninal crgans lushed with 2 L oof jce cold
LIWS or Soinakb solution at o pressire aimd low ate of 100 min g ancd 300
il min respectively 1ill the perfusate retarning theough the supeahepatic
inferiar vena cava [1%C} was clear The harvest was concluded with a
total hepatectonny: Livers were transferred 1o plastic bags contalning
preservative solutions mainiaimed af 42C in an fcebax., and tr.l.nsp-:lnn.'d
within 30minutes to the kb for further analysis. Livers were transterred
1o slorege box confaining preservative selutions and stored at 420 for
anather T2 hours.

ATP and creatine phosphate assay

ATPFand creatine phasphate (CF) were measured in liver tissue extracts
as described [19). In brief, 20 mg af hepatic tissue was suspended in 400
ul ol 04 M we-cald perchloric acid and homogenized twice for 30sec,
Homogenate wis centrifuged ot 1970 g for 10mins ab 0C, An alique of
auperistant was nevtralized with equal valuime of e-cald b b EHCDS
acfution and contrifuged as mentiomed above, The supserpatant wos stoped
at -8 for ATF and CF measnsensentz The pellet was dissalved in equal
vidumee of 0,1 M MaldH and centrifuged and used for protein assap. ATP
and CF were measured nsing a boluminescent assay kit (Sigma- Aldrich
and Glodaz-Multi+ Dretection Spstem, Promega)l according 1o the
protecal provided by manufacturer

Functional evaluation of somah livers

Preparation of Blesl fr Exowive studies: Spstemically  heparinkzed
hlgad was collected L11I:r.mp|:~r.1lll.r|:l1.'. 1|:-1|]-:|'u‘|e-pluh:~|l and stored @t 470,
Prior 1o the commencement of experinsents, the hematocdt was
adjusted 10 20% l.mlﬁz Somaly salation (now perfusatel. The perfosate,
pH. glicose, K, Ca®  amd HCOS waere adjnsted for swine blood bevels
(05 0 mghdl 370 138, and 32 moeeld pespectivelyd, using 10%
demtrose, KL CaCl and MaHCO , respectivady: gases ware adjusted
required. ) '

Ex vivo perfusion: Livers were stored in Somah for 72 hoars at 4°C
{n=3h Hepatic artery amd portal vein were identified and canmilated,
The Livers were kept inoa polypropyles: perfusion chamber attacked 1o
aur custam budlt Somah Device that se nse for ex wee reanimation of
hearts [20-23]. An csygenator, heal exchanger, clinical decumentation
improvement (S0 moniter and data acguisition device with costom
written software [Camdel Inc, Wahpeton, M) nurei.rl.cnrpnml.ed inko the
aystern for peal-tinss neenitoring of changess in peefasate pH. temperatane,
Py POy K and HEO, ™, pressure and low rates. Somals device
reservodr was flled with 2 L perfusate. Livers were gently Hushed through
the purl.a| vein with 2 L of cold Samah, and then connected o Samah
device via the bepatic artery (HAY and portal vein {PVE The reservaoir
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outlet was diverted into two circuits: in the hrst ciccoit, the perfusale
drained by gravity into the PY at a pressure of - 10 mmHg {adjusted by
Clrarging the height of the resecvair), In the second circuin, perfosiie was
disverted throngh o pumg te the HA (ol pressures. of BO-100 mmblgh vi
thse coygenater and heat exchanger, Temperature of perfnsate was raised
b 370 cver a0 20 mnin period and the perfizate was circulated throagh the
liver for wext 2 lsoags, The liver perfusate dradived finte o claimber though
hiepatic veirs (HY} and was returned to the reserveir by ancther pump
Perfusate dr.:l:lnlng_ Frovmy Bl HY was |.-|!"I!|1|'||!¢I'.I"'r' :.-I.ﬂ!]'ﬂ.r.‘d far albmiln.,
liver enzymes and ather metabolites as mentioned below, Because of
damage 1o the DL livers stored in WS, this functional assessment was
pedermed only in Somah-livers.

Analysis of metabolites and liver enzymes: Blosd parameters were
assessed in perfusate inflow (HAY and outflosws (HY) CIOH mwmitor,
WetSoam iSmat and ¥YetScom VW82 were employed e determine biochemical
parameders, Blosd gas, albumin syathesie ad liver smevmes nclading
alkalits: plosphatase CALFL Alanine amiisotransforase (ALTY Aspartate
aminctransberase CAST, y-glutamy] transpepatidase (GGT) and creatine
kimase (K.

Histapatholagy: Tissue biopsies of livers stored either In Somah or
LIS were taken af 0, &, 24 and T2 hour storage Hime pnl:nL:. fimed in 107
formalin and processed for histopatholegy (10 psections; Hematoxylin
and Easin stain). The images were acquired and analyzed using Olympas
microscope and image analyzer system (RCSTTRE Olympas Aamericy
Inc, UsA) Images were assessed Blindly for histopathalogy by three
indeprendent observers,

Statistical analbyses: The measurements and data exiraction were
pedrrmed ina blinded fshion. Comparisan within the two groaps (UWs
w5, Somah, =7 In each graupy stakic :tnr.'lg,u:] wis conducted o evaluate
thee affect of the two soliions on organ fuscticn, The quantified initial
sirbues of waarious assays were comapared Do subseguent timse paints within
each group vsing ane-way analysis-of-varlance (ANOWVA]L fellowed by
Drinmnitt’s pnualtiple comparison test and i-1e9t for conparative analysis
between paired groups. Stnistical significance was accepied al 95%
condidence lewel (P<005). All values used were mean + SEM unless
otherwise indicated, All analyses were performssd using GraphPad Prism
& {version 6.1, using a 005 3ig||.i|'.'u.11|:r.-:' Leswec].

Resulis
Lfnr['.lhu]usinl and hi:l:nlngic.ﬂ ch:ns«:x e u{:la:ll.:d]:h'm
Lipnss appearanos |..3|'u:-n slarage I LW af 470, the FTOSE Appedrane
of lvers was mpidly altered te a discolored stale within the first hour
of stomge and subsequently continued fo temporally deteriorate (not
chown). In contrast, livers stored in Somah maimained their colar similar
Lix fmqh]:.' entmcted Hvers feontool), even after extemnded 72 haar shorage Al
A2 (Figure 1), Furthermore, then: was no weight gain by the Somah Livers
during storage {not shown),

Hepatacytes: Muclear cliromatin condensation and pyknotic changes
of hepatacytes in mumeerous low power lields were seen in livers stored
iy LI'WS but not i Semah. Binucleate and pohypledd hepatacytic nuclel
wiere consistently seen in sections obtained from both UWE and Somah-
preserved livers. Furthermore, in Somah livers, cellular bowndaries
bietween adiacent hepatocytes were visibly intact, and no cholestasis or
bile canalicular dilatations were apparent apon careil scan of maliples
fields. In sections obtained from USWS livers af 72 s, degeneration of
hiepatocytes asseciated with extensive wacuolation was evident, but nat in
Savmah livers | Figure 2).

Biliary ducts and ductules: Muclei lining both bile ductules and larger
bile ducts in the portal thad appearcd intensely pyknotic, suggesting

apopdasis or necrosis of cholangiocytes in UWS livers In conlrast,
the hile ducts an<d ductules were uniform in appearance with regularhy
plsced muclei and well preserved maclear heterogensity in Sonsah livers
alber 72 hrs of storage {Figure 2). Furthermore, in UWS livers, there was
denudation of bile ductular epithelinm and sloughing of the mucasa alang
with disorganization of the basally placed nocled of the ductales as carly
s 6 b vime proint {Figare 2 Do contrast, sioch denudation of bile ductuber
eplthelinm was not visible in Scmah livers even afler T2 hours of storage

{Figmres 2 and 3],
Metabolism in stored livers

While the starting pH for freshly sconstituied UWS and Somah was
alkaline (LWS pH being higher than Somah), it s mone acidie (6.5-
T4y im Soamah compared o UWS {7.3-78) during all stomge time paoints,
There was a greater increase in lactate in U'WS despile a lesser decrease in
pH. Prouction of lactate did not correspand with sharp drap in selutian
pH. perhaps due to high buffering capacity of both the sehitions. There
was |.5-Fold inerease in loctate levels in the USWS in comparison o Somah
seluticn, which was significantly different al 24 and 72 howrs, respectively
(et 050 (Figures 48 andd 4B),

As shown in Figon: 4 (lavwier }ml:u.']:l. there was a l.l.1|r||tﬂru|.:-]-|.' A rease
in glicose concentration in both U'WE and Somah solution. Ghacose
concentrdion in U'WS increased from O mgldl to as high as 140 mg!
dl @t the end of 72 hoar storage. Similarly, the glucose levels in Somah
increased by 1,72 Fold 10 320 mg/dl ever baseline levels of 180 mg/dl
-:‘|I.IE'|I'|B_ the same time FH!!'.Il!-c‘l.. :n-:‘l:rr.lﬂ:mﬂ greater Bl‘gﬂ:n[mn breakdown than
glucios peuptoke

Crldative phospherydation s aftennated by hypathermia, Since In an
apen spstem as wsed i our u:-:pn.'rlrm.'nu. the s::hlhllll:,' al .ill'l.'ll'ﬁP]h.':I'h.'
QEVEEN I waler Islm'emcl:.r relaied to b peraduire, bkl Samah amd TJWS
were supersaturated with cavgen s 470, with aptd, of 200 + 13 mmHg at
the start of storage. Therefore, utilmtion of caygen by the livers during
extended temporal hypothermic sterage cannet be charly demenstrated,
as cuygen consumplion, ilany, follews gere onder Kinetics.

O the comtrary, while the pO0, an indicator of disselved CO, does
nal change in Somal or UWS solution in the absence of orgams (o
shown), our studies dempnstrated a significant increase in P, in Somak
with stared liver dunug the 72 hour slarage pr:rlnd. Indlunllng_ o ldative
mtabolic turnever in Somals-sored DCD Lvers, [n conteast, ©O, levels
warre significamly lower and remained usaltered in UWS with stored liver
-:‘|I.II'|I'|B_ the 72 haur ]:q::rImL In LIS, ]:IZII:'.I_. measured al 30 minmtes (5,30
£ mmHgh after the immwersion of the liver and transfer 1o the lab
increased insignificantly te only 723 + 048 mmHg over 24 hours and
9.17 + 0.89 mmHg at 72 hears storage. In contrast in Scaah, the pO0,
increased significantly froms 108+ 1,13 mumHg within minuies after
inilze] immsersden of the liver te 15 + 1A% mm Hg ot Thour, o 27 + 114
mm g al the end of 72 hours, indicating temporal increase in metabolism.
The B_:rr:uh:rrd.‘.li'l__ I St hy Eham LWS at 20 manntes ks indicative ol active
melabalism From the star of storage, Probability of bicarbonates present
in Samah contribating to this increase in PrO, was megated by the fact
that HOOS comceniration remained :m::::l]:,' wraltered (423 mM/L)
during the 72 hour storage, Conversely, HOO3 concentration decreased
froms 730 o 533 mbUL in U'WS during the 72 hour storage, which may
have contribated to the non-significant increase in peO that e ohsered
in LSS diriing the storage peried CFigure 55 Asotlser possibility te be
comsidered is that anserchic glwalysis, through lactate production, may
have camtributed to the rise -:|IE'p'I'_"IZ.‘-'E in Somah {ax well as the mild rise in
LIWS stored liversh, These data indicate that at least cellular nsdabaolizm
was kepl intact Further studies are needed 1o delineate the specific mle of
agbbative metabaolisim during ex - stoeage,
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U'WS — 1 Hour

Somah — 24 Hours Somah — 72 Hours

Somah — 1 Hour

Figure 1: Gross appearance of livers slonsd in UWS or Somah solutions. Marphology of DCD livers, Liver stored in WS showed aignificant
discodoration within 1 hour of storage. In contrasd, lvars stored In Samah martaned thair color and mompbalogy throsghout the 72-haur
slorage  period. Al livens were progressively biopsied for furdber analysis. Repressmative images: UWS n= 7, Somahn = &

Livers stored in University of Wisconsin (UwW) solution

Livers stored in Somah solution

Flgure 2: Histopathalogy of livars &t 6, 24 and 72 hrs shored in Univarsity of 'Wiscensin (UWS] and Somah sokiions. Nabe that bile duchules
show mucosal ulceration and disorganeed, heaped, condensed nuclkei in Ivers stored 0 UWS. These changes were seen as carly as & hrs,

In contrast, lvers slored in Somah for 72 hre shovwed normal appeaing bile duciules in the portal region with clear, rounded unifarm |umen
ard infact mucosa with regular basal mickal. Alse note that in the upper panels, some periponal hepatocybes show ballooning deganarabon
ard apopiotic nuckei (peliow arows), while peripotal hepatocytes showed normal celluar boundarices and heterochramatic, open-faced nucie
with nuckeodi in livens slored in Somah (orange armows). Red astersks indicate bie ducls and duciules of different calibers (all mages, «200).
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Control

Figure 3: High power view (xd00) of bile duciules cbiained from livers cold-slored in UWWS and Somah al 8 b, Habe the reguiary armanged
basal ruckl and clear lumen in a medium sized ble ductule sean at O br (arew, ki panel), In contrast, note the palychromatic appearance
af fhe duchular nuckzi, including some condensed nuclel and reactive (probferative) nuclear changes it the 3 o'clock position of Iser stored
n UWS. Mote the sloughed material obsirucling the duciular umen and non-unifarmly stained and ragged appearance of the mucasa. In
corirast, umina of bile duciules were regular appearing with intact musosa in Somah sloned livers. Theese changes wene uniformly sean in
hile ducts of different diameters (red astariaks). Green asharsks Indicate portal walnsSssanules (x400)
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*Significant changa rem basaline lavel n Somah

Measurement of phosphates in stored livers

ATE CP and total phosphate concentmtions decreased signihcantly
(peids) in UWS  livers during the Trhour stomage {Figure &) The
tedal phosphate decreased temporally im UWS livers during storage,
resulling in 32% drop in the et 6 hours, followed by a 50% decrease
by the end of 72 hours In contrast, ATE CF and tatal phasphate
lewels did ned clsaige appreciably  in Seamh livers during the entine
confse af preservation. We observed an inceease in tetal phosphate
concenteation # T2 loars in Semah livers (Figare 63 analogoos with
metabadic production nI'I:ZCI-J.

Release of Liver Enzymes during Storage

W measured time dependent release of ALT, AST and CK enzymes
in starage salutions as markers of liver tissue I:|1_||.|:r:,'. Helease of all thres
enrymes was significantly elevated (P<005%) when livers were stared In
LW, in nmsp.::rlmn Lo livers stared im Samak I:]:lg;urq:- 7.

Functional evaluation of somah livers

Somah stared livers (72 haurs) were reperfused with hlaod {perfusate)
for Thowrs st 370 far functbonal evaluation, Oxygen consumpdion by
the reperused livers increased  signiicantly by 38% and 64% (p<0005)
at 3 and 120 min, respectively. Concomitanthe lactate concentration
released in the perfusate decreased by 11% and 41% at 3 min and at the
end aof E hours, indicating ameerohic 1o aerabic metabolic swilch.

There was no significant difference in wmporal release of liver
EnEYmes l]u.ri.ug nl.']:-nl'usiuu. I:]:igun.' B Baoth ALPF {1532 & 0.95) and
wAAT (175 = Los ULy were within physiological concenteations at the
end of 2 hours, However, AST (2151 + 81) ALT {228 + 32) ad CK
(1422 + 05 LILY concentrations were elevated in the perfusate @ the
end af reperfusion. There was a signihcant increase in syndhesis and
release of alhumin by the Somah livers within 30min after reperfusion
(p=iudil, which increased temporally over the Zhour peried (p<0il)
[Figure 95, Synthesis and release of bide was alse increased temporally
in |.1t'rf'|.|.:-m:| Swmah livers {data not shown).

Tirmae |Hours)

Tieree [Hbrad

T = ay
B uws
W Somah
24 2
1
4 rr

B uws

B Sormah

Figure § Osygen consumption and 20, production in Stored Livers, Graphs show the extert of oxygen consumptien (&) and C0., production
{8} dunng exfraconporeal starage of lvers in UWS and Somah solutions at 0, &, 24 and 72 hour fime ponis.

Discussion

The abjective of this pilot sudy was o compare “Seosah”™ and UWS
soluticn for extended tempora] extracorponal preservation of porcine
CECEF livers. In this stady, e provide evidence of efficient storage
propertiss with of Sommah over LWSto fusationally salvage DOCD ivers, We
hypothesized that the wnigue fermulation of Somaly tenporally madintaiis
andiar augmends energy state al an Qrgan -:‘|I.II'|I'|B t'clrnunsrp-:lru.:l storage,
n:-:uILI.ng; In emhanced cellular homeastasis and stroctural Inh:-:gm}'.
thereky, effectively improving the averall repalr and recovery of excised
argan during the storage period.

The results of the present study explicitly reveal that frank progressive
histedogical injury of DCIF livers are potentilly preventable, depending
aponn the composition of storage solution. The karvopyknaosis in
hepatocytes and reactive changes of biliary epithelial cells sane visible
as warly as & hes in UWS-livers, bl mot in Sonsdh-livers @l 72 hour time
ik, Farthermore, tis stady provides detailed findigs of diferent kinds
of biliary injury, earlier cnly scamily seported [12,05,20020 ] DO livers
stared in LWE shinved degenerative changss in bath small and large kile
ducts. a pnh.-nll.:l. canse af man-anastamotic h-:lll.l.r:.r stricture amnd 'I1I.'II.:|:r:.'
dysfunctian,

This has been reported o result in poor postctransplant gralk
functioning |12] and grester morbadity [14]. Possibly, the higher K levels
and ischemia may have augmented cellalar damage in UWS-livers [22).
Furthermire, while acidic pH is reported 1o be constitutively bemeficil
o hepatooytes and sinnsaidal epathelial cells [23], the pH of Somah,
camparned Lo UWs remained relatively acidic throaghout the preservation
period, The enzvine assay sindies showed  significamly  diminished
hepatocellular injury of livers stored in Saomah i contrast 1o LS,

While evidence of gheogenolysis (indicated by increased ghacose
levels) and glyeolysis {indicated by increased lactate levels) was present in
hath USWS amd Somah stored livers, the axidative metabolizsm nl'ﬂll.n.'nm
prabably ooourred in Somah-stared livers. Wath sulbicient O 1o meet the
melabalic needs of an explanted liver, the process of respimtion many be
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Figure &: Total phosphates in Stored Livers. Graphs show bme-dependent changes in AT, CP and total phasphate levels in liver issue during
long-ierm extracarpareal starage of DD livers in UWS (upper) and Samah (lavwer).
*p <0005 , Compared with 1 Hour.

pegulated such that ATP is resyiihesized as rapidly as it is atilized [24],
Mitochandria peed anly minute amounts of axygen (.05 mmHg: 10-7
meal/L} for an operational axidative phosphorylation [ 25-27] which is nat
entirely attermated at hypothermic starage (28],

While during hypethermic perfused organ storage, glycelysis appears
te be the primary eergy source af a pO, of 150 mmg [5]. the
dichloroacetate (DCAY in Svmah likely diverts the pyrovate generated
by plycalysis into Krebs oyde, thus forther enhancing ATF synthesis
and mEvintenance of phuiﬂiﬂu& I:F'qgurt' Bl Furthermore, the DA, I:-]-'
enlsaicing oxidative metabolisn of proovate, also prevents build-up of
lactate in Somaly stoped livers, Moseower, insalin, which enhances the
entry of glucose inte cels, is o hepatotrophic factor and s essential for
maintenance of hepatlc ultrastructure and regenerative ability | 30]. Somah
salution explaits this ability of insulin by providing it in a concentration
of 100 UYL, 2.5 felds higher than that in UWS. Thus, the greater lactate
accumulation above threshald levels in the absence of DA and the kewer
insulin concemtration in UWS-livers are likely to have contributed to the
comparative changes in this groug [31].

Hixwever, wie extend caution in our observtions that the higher p(.."ﬂz
in Somah gored lvers may alse hase resalied from sustained anerobic
mrtabaelism, This shows ability 1o generate emergy- providing phosphates
even % wen, but pequires additiosal experinsents te compare the
contributions of ansrabic versus oxidative metabalism to tese processes,

Lass in phosphatas in the explanted organs daring sterage leads e
irreversible degenerative changes in the argan ﬂ Despite an equivalent

increase in glywogenolysis-dependent glocose comentration in botl
LWS and Soimah solutien livers daring storage, ther was o depletion
af phosphate gores in UWS, in contmst 1o enlasoement in Somakb, This
suggests that LS livers are in fact in a catabolic state, resalting in loss
af phosphates, In contrazt, by promaoting oxidative phosphorylation
of glacase in Somab-livers, a 15 folds greater amount of phosphates
are generated (for equivalent glucose molecales) than by anaerobic
glveolysis alone |32]. Furthermare, during hypothermic perfusion, livers
having greater ATP levels demonsirate Jower oxidative stress upan re-
warming IEL

Static organ preservation has always been recognlzed as critical
component in nsaintaining Lver explonis prior to transplantation [34],
Limnited stundics have addressed the dedeterions effiact of sormge of lvers
in LW solution (35, 36). However, this does not appear e occur in
CHELF livers presecved in Somah, Prelimisary functional sodies indicate
that there = a r.||:|l|:|. swiichivver to aerobic from anaerobic metabolism,
supported by similar observations in the heart [11-22]. Similady, there
was a significant increase in synthesis of albumin, and release af bile in
the reperfused Somah livers, indicating that metabodism and fnction are
[u'mr\'ed after mlnn.sad shivrage. We did nat evaluate UWS-stored livers
far functienal recovery because of gross damage te these argans.

The billary system in Somab livers remains patent and  intact,
demonstrating lack of frnk damage. It 35 well known that hepatacytes
can repair ar regenerate, especially if the energy state of the organ can be

preserved, I is the filure of bilsary system that bewds 1o PNF and [HGF
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