Transpl Int (1993) 6: 281-284

Transplant —

International |

1

O Spnnger-Verkag 1993

Protective effects of the lazaroid U74500A and lidoflazine on liver

preservation with UW solution

J.Jacobsson. R.Sundberg, H. L. R. Rilo. A. Gasbarrini. T. E. Starzl, D. Van Thiel

' Department of Surgery. University of Pittsburgh, 3601 Fifth Avenuc. Pittsburgh, PA 15213, USA

Receved: 23 September 1992/Recerved alter revision: S January 1993/ Accepted: 14 January 1993

Abstract. The cffect of adding a 2l-aminosteroid.
U74500A. and a Ca” " antagonist. lidoflazine. alone and
together to UW solution was assesscd in a rat liver preser-
vation model. Following preservation. the livers were
repertused using a closed circuit. and the release othepato-
cellularenzvmes (ASAT. ALAT.and LDH)into the perfu-
sate was determined with increasing time. Both drugs re-
duced the amount of enzvmes lost from the liver. The com-
binaton of the twodrugs was better than eitherdrugalone.
Thesc data suggest that both agents may be of value in
organ preservation for clinical liver transplantation.
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Introduction

Lazaroids are a new group of 2l -aminosteroid compounds
that have recently auracted interest because of their
membrane-stabilizing properties [3. 10. 12]. In particular.
thev have been shown to reduce iron-dependent lipid per-
oxidation. which 1s an important mechanism for oxvgen
free. radical induced hepatic injurv occurring as a conse-
quence of ischemia and reperfusion. These data suggest
that these agents may be of value in organ preservation. In
the present study. the effect of adding the lazaroid
U74500A to University of Wisconsin (UW) solution on
the hepatic injury experienced as a result of organ preser-
vation was evaluated using the isolated. perfused liver.
The magnitude of the improvement achieved with
U74500A was compared to that achieved witha Ca* " an-
tagonist. lidotlazine. which is known to reduce the hepatic
injurv incurred as a consequence of hepatic preservation
using the same model [13]. In addition. the effect of adding
both of these drugs to the UW solution was determined.
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Materials and methods

Male Lewis rates (Harlan, Indianapohs. Ind.) weighing 240-340 ¢
were used tor the expenments. U74500A (Upjoin. Kalamazoo.
Mich.). 21.0 met. or lidoflazine (Kabi Pharmacia, La Jolla, Calily.
S mg/l. ora combination of both were dissoived in UW solution (Du-
Pont Critical Care. Wilmington. Dcl.). No insuhin. methvipredniso-
lone. or antibiotics were added. The hepatectomy and rat-isolated
perfusion techmque used were adentical 1o those previousiv de-
scribed [13]. Thirty milliliters of the preservaton medium was used
to tlush the portal vein, and the livers were stored in 100 mi of the
same solution. Control livers were flushed and stored with UW soly-
tion without additives. The livers were stored at 0°C for 72 h before
repertusion was started using a closed circuit. with Krebs-Henseleit
bicarbonatc solution contamning 2% albumin and 5 mM glucose as
the pertusate. At 30 and o min alter repertusion. samples of the
pertusate were taken for anaivsis ot aspartate amnotransterase
(ASAT). alaminc aminotransicrase (ALAT). and lactate dehvdroge-
nasc (LDH). The amount of hepatocellular enzvmes present in the
pertusate was determined using a Technicon RA-300 analvzer.

Results were calculated as means # standard deviations (SD).
Statisucal compansons were pertormed using the Wilcoxon rank-
sum test. A p value less then 0.05 was considered staustcally sig-
mticant.

Results

All livers lost weight during cold storage with no detect-
able difference between groups [12.8% £2.0% (lidofla-
zine + lazaroid) vs 10.7% £3.7% (lidoflazinc) vs 11.3%
+£4.9% (lazaroid)]. The amount of ASAT. ALAT. and
LDH released into the pertusate during the perfusion
period is shown graphically in Figs. 1-3. The leveis of all
three enzvmes increased with increasing time of the reper-
fusion. The addition of U74500A to UW solution was as-
sociated with a significant reduction in the release of
ASAT and LDH at 30 and 60 min. The reduction in
ALAT release was not significant. The addition of both
agents to the UW solution resulted in a significantly re-
duced initial release of ASAT. ALAT. and LDH into the
perfusate medium compared to what was scen with either
drug aione. After 60 min of reperfusion. however. the lev-
els of all three enzymes in the pertusate had increased to
the level achieved with the addition of either agent alone.
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Fig. LA B, The amount of ASAT relcased into the pertusate was
sienthicanty reduced atter A 30 and B 60 min. when U74500A -
dotlazine. or both drugs were added to the preservation medium. At
Wnnn the drug combimnation was more ctfective than crther drug
done (£ = 0016 lor both compansonsy, whereis there was no sig-
mhcant ditterence at o muin. [l UW solution. 4 lazarowd. § lido-
Hazine. i lazarod « hidoflazine. «f P =000 27 <0001 3 =
VOO 47 =00280 P =0007

Fig. 2.\ B, Theamountot ALAT released into the pertusate was not
sieniticantly altered A atter 30 min, when U74500A or idotlazine
was added to the preservaton medium. B Alter o0 min a reduction
was seen i the idotlazine group, but not with U74S00A. The drug
combmation was tound to reduce the release ot enzvme at 30 and
ot ann. A 30 min the combinaton was more etfective than lidofla-
Aneatone (7 - 0031, ] UW soluuon. 24 lazarod. § lidotlazine.
S lazarod « hdotlazine. <1 P =004 20 =008 <5 P = 0016

Discussion

A major principle in organ preservation is the use ot hy-
pothermua. Hypothermia reduces the rate ot cellular me-
tabolism and thereby the number ol vanous metabolic
cvents that oceur dunng ischemia that lead to cell injurv
and death. Hypothermia is not without side ettects. how-
cver. that inciude cell swelling. This etfect can be counter-
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acted with the use of a tlush solution that contain cell im-
permeants, such as those present in the UW solution (3.
19]. Organ preseration can be improved further with the
use ot pharmacological agents that intertere with key pro-
cesses in the pathogenesis of cell injury occurring as a re-
sult ot ischemia and repertusion. Examples of such agents
are membrane stabilizers including chlorpromazine [17.
18]. glucocorticoids {17], oxygen-tree radical scavengers
[15]. vasodilators [11], and calcium antagonists [2. 13].
Glucocorticoids have been used extensively in ex-
perimental studies to reduce injury experienced with trau-
ma. espectally neurotrauma | 8. ischemia [ 16| and. insome
studies. the mjury associated with organ preservation |7,
17]. The putative mechanism behind the protective etfects
of glucocorucotds in these situations 1s believed to be their
membrane stabilization etfects that imit the development
and progression ol iron-dependent lipid peroxidation
[15]. Recently. 21-aminosteronds or lazarowds. a novel
group ol steroids that lack glucocorticoid or mineralocor-
ticoid cifects, have been shown to be potent inhibitors ol
iron-tnduced lipid peroxidation |[[]. Moreover. thesc
agents have been shown to be scavangers of lipid peroxvi
and and phenoxy radicals [16]. In both clinical and ex-
perimental studies. these agents have been shown to re-
duce the severity ol brain and spinai cord ischemia [9. 20].
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Fig.3A.B. 'he amount ot LDH released into the pertusate was sig-
amncantly reduced alter A 30 and B 60 min. when UT4500A . lido-
Tdazine. or both drugs were added to the preservation medium. At
smin the drug combination was more citfective than U74500A
aone tF - 0.016). whereas there was no signiticant difference in this
comparison al o min. At 60 min, hdotlazine was associated with
adesser release of LDH than UT4500A alone (£ =0.037). il UW
swotution, - Zlazarod. § lidotlazine. 77 lazarowd + lidoflazine.
PP -00 2P 20009 3P =0.0020 -4 P =0016: 3 P = 0.004:
o 0003

In the present study. the effect of adding the 21-aminoste-
roid U74500A to UW solution on the hepatic injury occur-
ring as a result of cold ischemia was assessed using the 1s0-
lated. pertused rat liver. The isolated. pertused liver has
heen shown to be a valuable tool for screening various
preservation technigues. and it has recently been used ex-
tensively by us, as well as by other groups of investigators
20130 U 17-19). In some of these studies a signiticant
correlation between pertormance in the isolated. per-
tused liver and in vivo assessment ot liver preservation has
heen tound [12-14). The dose of U74500A c¢mpioved
0 umolid or 21.0 mgl) was within the dose range found
to be etlecuve in reducing ischemic injury to the central
nervous svstem (9], The magnitude of the cvtoprotection
achieved with U74500A was compared to that achieved
with & caletum channel blocker. hidoflazine. This latter
agent has previously been shown to be beneticial in this
model ata dose ot 5 mgrl [13]. as well as in an orthotopic
Iver transplant model in the rat {12]. UT4500A reduced
the amount of hepatocellular enzvmes released into the
pertusate upon repertusion atter 72 hol cold storage. The
nmprovement observed was similar to that obtained by ad-
Jding hdotlazine to the UW solution.

[he ettect ot combining a lazarowd and a caicium chan-
nel blocker was also studied. After 30 min ot repertusion.,
the enzyvme release into the pertusate with both agents
added 1o the UW solution was reduced. as compared to
that observed when cither drug was used alone
(£ =0.016). This indicates that the two agents may have
an additive eitect at reducing the cell injury that occurs
Jduning ischemia, cold storage. and carly reperfusion.
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Since using doses greater than 3 mg of lidotlazine does
not result in a greater reduction in enzvme loss with this
model [13]. the finding of an additional ctfect with
1J74500A and lidoflazine together suggests that the two
agents work by different mechanisms to prevent cell in-
jury. From prior studies with the lazarods it appears as il
the major action of such agents is to inhibit lipid peroxi-
dation [4]. Another mechanism that mav contribute to
the cell membrane injury experienced during ischemia is
the activation of phospholipases that occurs as a result of
increased cvtosolic Ca®* levels [6]. Thus. calcium entry
blockers. like lidoflazine, have been used and have been
shown to reduce the cell injury associated with organ cold
storage and repertusion by limiting the entry of calcium
into the cytosol.

In conclusion. in the present study the 21-aminosteroid
U74500A was {ound to reduce the liver injury experi-
enced during cold storage and repertusion ol rat liver in
vitro. The magnitude ol improvement was similar to that
found witha Ca- antagomst. lidotlazine. Importantly. the
clfect of both agents. when used in combination, was
greater than thatachieved with either agent alone. at least
during the carly (30-min) repertusion period.
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