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ABSTRACT

AIM: To study the mechanism and prevention of matrine (Mat) on cold ischemialreperfusion injury of sinusoida
endothdlia cells (SEC) in rat orthotopic liver transplantation (OLT). METHODS: One hundred and twenty-sx
syngeneic SD rats were randomly divided into four groups (»=18): untreated group, 40 mg/kg treated group, 80
mg/kg treated group, and pseudo-treated group. After 5 h of preservation in Ringer’ s (LR) solution, orthotopic
implantation of the donor liver was performed. At 1, 2, and 4 h after reperfuson of the porta vein, 6 ratswere
killed in each groupto collect the serum and the median lobeof liver for assay. RESULTS: Thelevel of hylluronic
acid (HA) and intercellular adhesion molecule-1 (ICAM-1) decreased significantly in both treated groupsat different
times pogt-transplantation, and their pathological changesof SEC were amdliorated, too. CONCLUSION: Matrine
can prevent SEC from ischemia and reperfusoninjury in rat orthotopic liver transplantation.

INTRODUCTION tion in anima®® and clinica'® studies. It iscurrently
hypothesized that SEC impai rment™ and/or liver mi-
crocirculatory disturbances™*?, mediated by oxygen
radical$™, activation of Kupffer cells™**, or sinusoi-
dal accumulation of leukocytes™, are the primary
causes of storage-related graft failure.

Matrine (Mat), an alkaoid found in kinds of
Sophora plantsin Leguminosae, shows pharmacologi-
cal effects such as anti-inflammation™, immuno-inhi-
bition™, anti-liver fibros$?, and anti-arrhythmia®,
and has been widdly used in treatment of chronic liver
diseasg®. Pharmacologica studies reved ed no obvi-
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Preservation injury conti nues to be amgjor clini-
ca problem in orthotopic liver trangplantation (OLT)
with a10 % incidence of primary nonfunction'™®. The
underlying mechanism of cold ischemia/reperfusionin-
jury that leads to primary nonfunction is<till unknown.
Thecold ischemiaand reperfusion injury typicdly causes
rounding and detachment of the g nusoidal endothelia
cdls (SEC)™, and the degree of SEC injury has been
shown to correlate with graft viability after transplanta
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Mat on SEC injury caused by preservation and
reperfusion using arat orthotopic liver transplantation
modd. Hylluronic acid (HA) eiminaion andintercdlu-
lar achesion molecule-1 (ICAM-1) expresson were used
to establish snusoidal endothelid cells function.

MATERIALSAND METHODS

Reagents Mat, aparentera solution (10 g/L),
was purchased from Mingxing Pharmaceutical Factory,
Guangzhou. HA RIA kit wasfrom Shanghai Ocean
Research Biomedical Technology Center, Shanghai.
Mouse-anti-rat CD54 (ICAM-1) monoclona antibody,
MCA773, waspurchased from Serotec Coin England.

Animals SDrats, &, weighing 200 g+10g, from
theMedical Center of Animal Experimentd Nanjing Unit
PLA (Grade I, Certification No97001). Prior tobeing
used in the sudy, ratswere faged for 12 h and were
all owed free access to water.

Experimental design Rat liver transplantation
was performed by the technique of Kamada and Calne
(3 under ether anesthesia, and the hepatic artery was
not reconstructed. Ringer’s (LR) solution was used
for the perfusion. Thegraft liver was preserved in
Ringer’s solution at 4 °C for 5 h, then transplanted
orthotopically. The explantation of the recipient liver
required <10 min and the rewarming time of the graft
(ie, clamping of the porta vein and the subhepatic vena
cava during implantation) did not exceed 20 min.

The animals were randomly assigned into 4 ex-
perimental groups (»=18 in each group) asfollows: 1)
a control group in which the recipients wereinjected ip
norma sdine(NS, 1 mL) 1.5 h before laparotomy. 2)
alow-dose treated group in which the recipients were
injected ip matrine (40 mg/kg) 1.5 h before surgery. 3)
a high-dosetreated group, i n which the transplantation
was performed following the injection of Matrine (80
mg/kg) asabove. 4) a sham-operated control group, in
which the liver was mobilized as the others without
hepatectomy to exclude the influence of surgery.

Assesment of HA plasma level Six samples of
blood were collected for assay via the subhepatic vena
cavaa 1, 2, and 4 h after reperfuson of theportd vein
in each group. The serum was separated immedi ately
and stored at -70 °C until analysis. HA plasmalevels
were determined in duplicate usng aHA RIA kit ac-
cording to the manuf acturer’ s protocols.

Histochemical analysis of ICAM-1 At1h, 2 h,
and 4 h after reperfusion of the portal vein, 6 rats were

killed in each group to coll ect the median lobe of liver
for assay. Embedded in OCT glue, they weresored in
liquidnitrogen until analyds. Cryodtat 6-mm frozen sec-
tions obtained from the col d-stored specimens were
fixed in cold acetone for 10 min and the immunohis-
tochemicd staining was paformed immediately accord-
ing to manufacturer’ protocols. Inbrief, primary
antibodies, anti-rat-1CAM-1 monodona antibody, were
incubated with RPMI-1640 medium including 10 % fe-
ta bovine serum for 1 h at room temperature. Each
primary antibody was diluted 1/50. Blocking for non-
specific protein binding was accomplished by applying
normal goat serum. Diami nobenzidine hydrogen per-
oxide was used as a chromagen and the sections were
countergtained with hematoxylin. Mouse IgG1 nega
tive control was used to verify specific reactions of
|CAM-1.

Light microscopy Six hepatic pecimenswere
collected at 4 h after reperfusion of the porta veinin
each group. Hepatic specimensfor light microscopy
were fixed with 10 % formalin and then embedded in
paraffin. Sections were stained with hematoxylin and
eosn for histologic examination.

Transmission electron microscopy For trans
misson electron microscopy, liver fragments of ap-
proximately 1 mm*were fixedin 2.5 % glutaraldenyde
containing 0.1 mol/L phosphate buffer for 3 h. After
washing in phosphate buffer, specimenswere postfixed
with osmium tetroxide, dehydrated in graded acohols,
and embedded in Epon 812. Ultrathin sectionswere
stained with uranyl acetate and lead citrate and exam-
ined under an electron microscope (JEM-1200EX).

Statistical analysis Results are expressed as
meantSD. Datawereanayzed with Statistical Analy-
sis Sygem (SAS). One-way analyss of variance
(ANOVA) wasused for multiple comparionswith Stu-
dent-Newman-Keul s (snk) test. P value of <0.05 was
congdered satigticaly sgnificant.

RESULTS

Changes in HA plasma levels Compared with
the sham-operated control group, a sgnificant eleva
tion of serum HA wasobserved in the other 3 groups at
different time points, with the peak of HA level a 2 h
post-surgery. HA levelsat dif ferent time points were
ameliorated markedly by Mat treatment, and double-
dose Mat treatment 80 mg/kg induced a s gnificant
devationinHA a 1 h and 2h vs Mat 40 mgkg (Tab1).
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Changes in hepatic ICAM-1 expression In
sham-oper ated control group, the higological findings
indicated that the degree of liver cel injury and inflam-
matory cell infiltration in portad areasand snusoidswere
mild, and there was dmost no expresson of ICAM-1.
The obvious expression of ICAM-1 wasrecognized in
snuida endathelia cdlsin control group, and itcould
a0 be observed in some hepatocytes and snusoida
gpace, with the strongest expresson in dmogt al 1ob-
ulesa 4 h pos transplantation (Fig 1A). In both treated
groups, the expresson of | CAM-1 was markedly de-
creased in the s milar space as control, and no S gnifi-
cant diff erence was noted between these two groups
(Fig1B).

Light microscopy In sham-operated control
group, the higological findings indicated that the de-
gree of liver cell injury, Kupffer cell hyperplas a, and
inflammatory cell infiltration in portal areas and sinuso-
ids were mild. In the control group, as shownin Fig
2A, higological examination revealed some focal ne-
crosisof hepaocytes, extensve congegtion, and inflam-
matory cellsaggregating in hepatic sinusid lumen, and
the obviousKupffer cdl hyperplasa and rounding and
detachment of SEC were observed, too. These were
ameliorated markedly in both treated groups, and no
sgnificant difference was observed between the 2
treated groups(Fig 2B).

Transmission electron microscopy The hepa
tocytes and SEC of the sham-operated control livers
showed normal appearance after harvest. Samplestaken
from the control group showed some typica injury to
the endothdid cells, including rounding, swelling, de-
tachment from the hepatocyte plate, loss of cytopl as-
mic processes, swollen mitochondria, and loss of fen-
edration in some areas (Fig 3A). The treated groups
showed a reduction of the severity of the ultrastruc-
turd changes of SEC in the samples examined com-
pared with the control. Thiswasreflected by areduc-
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Fig 1. Immunohistochemical expression of ICAM-1 in rat
liver 4 h after reperfusion. A: control group; B: a low-dose
treated group. The obvious expression of ICAM-1 was rec-
ognized in sinusoidal endothelial cells in almost all lob-
ules in A, and it could also be observed in some hepatocytes
and sinusoidal space. Its expression was markedly decreased
in the similar space as control in B. (Cryosections: 6 mm
thick. Original magnifications: x200).

tion inthe amount of cellular debrisseen in the sinusoi-
dal space, and the mitochondria were not swollen so
severdy (Fig 3B). No sgnificant differenceswere noted
between the two treated groups.

DISCUSSION

With donor shortage becoming worse, preserva
tioninjury continuesto beamajor clinical problemwith

Tab 1. Effect of matrine (Mat) on HA plasma level (mg/L). n=6. Mean+SD. °P<0.01 vs control. “P>0.05, P<0.05,P<0.01 vs Mat

40 mg/kg group.

Rats 1h 2h 4h
Control 1109+110 2380+£225 1821+240
Mat 40 mg/kg 278+29° 1041+167° 538+59°
Mat 80 mg/kg 407+95°% 1 419496 688453
Sham-operated 7419 13615 172+7
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Fig 2. Histological appearance of the rat liver at 4 h after
reperfusion. A: control group; B: Mat 40 mg/kg treated group.
Some focal necrosis of hepatocytes, inflammatory cells ag-
gregating in hepatic sinusoid lumen, and the obvious
Kup ffer cell hyperplasia and rounding and detachment of
SEC were observed in A. These were ameliorated markedly
in B. (HE staining paraffin-embedded 5-mm thick sections.
x200).

a10 % incidence of primary nonfunction'*®. The s-
nusoida endothelia cells of the liver are susceptible to
extended cold preservation. It hasbeen proposed that
the preservation-reperfusion injury is mainly due to
changesin the SEC surfacé*®. SEC damage causes
mar ked microcircul atory disturbances, leukocyte and
platel et adheson, diminished blood flow, and continua-
tion of the ischemic process leading to massive hepatic
necrosis®?, It ssemsthat SEC injury after preservar
tionislinked to graft failure.

In the present investigation, rat livers were kept
for 5 hincold Ringer’ ssolution (4 ©C), exceeding the
safety limit of 4 ). Under these preservation and
transpl antation conditions (ie, aportal veinclamping time
of less than 20 min), apogoperative surviva rate of
about 40 % was obtained. Thus, 5hin cold Ringer’s
solution, athough aseverely compromising condition,
should alow an adequate assessment of the mechanisms
of coldischemiareperfuson injury that ledto primary

Fig 3. Electron microscopic pictures of rat liver 4 h after
reperfusion. A: control group; B: Mat 40 mg/kg treated group.
Some typical injuries to the endothelial cells were shown
in A, and these were ameliorated markedly in B. (Original
magnifications: Ax12 000, Bx6000).

nonfunction. Usudly, rats without Mat treatment re-
covered well from anesthesa; however, their clinica
status began to deteriorate within 4 to 6 h, and
nonsurvivors died within 24 h, mostly between 10 to
20 h.

Lossof SEC function and viability led to an in-
crease of HA concentration. HA levelsat different time
points post transplantation were ameliorated markedly
by Mat treatment, and double-dose Mat treatment re-
aulted in adgnificant elevation in HA compared with
low-dose treated group. It seemsthat increasing Mat
dosage did not result in better therapeutic effect, which
isin accordance with the result'™”, and no obvious side
eff ect was noted in our study. Zhang et a/ indicated
that high dose of Mat treatment resulted in better
antifibrotic effects®, and it may be caused by a differ-
ent pharmacological mechanism of Mat. Accordingly,
the severity of the ultrastructura changes of SEC was
reduced markedly by Mat treatment.

The precise protective mechanism of Mat is still



Zhu XH et al/ ActaPharmacol Sin 2003 Feb; 24 (2): 169-174 -173-

unknown. It hasbeen recently sressed that a “no-
reflow phenomenon”, which is a microcirculatory in-
jury caused by the formation of intracapillary thrombi
due to the infiltration of inflammatory cells, may be an
important factor in the pathogenesis of reperfuson in-
jury™@* Therefore, in this work, we focused on mi-
crocirculatory injury to investigate the protective effect
of Ma. After hepaticischemiaand reperfusion, Kupffer
cell srelease inflammatory cytokines (tumor necrotiz-
ing factor a, and others)®**". |nflammatory cytokines
activate the snusoidal endothelia cellsand hepatocytes
to express ICAM-1 on their membrane surf aces and
rel ease |eukocyte-activating factors such as interleukin-
1 or platelet-activating factor in the blood™, which in-
duceslymphocyte-function- associated antigen-1 (L FA-
1) on the surface of neutrophils, thus resulting in the
adhesion of ICAM-1 and LFA-1. Thrombi of neutro-
phils may then be formed in hepatic Snusoids, causng
periphera microcirculatory failure a the inflammatory
dtes. On the other hand, increasesin intrace lular free
calcium are associated with biochemical and histologi-
cal evidenceof cell death likely due to the activation of
phospholipases and protein kinases®. Duringthe pres-
ervation period, adenosine triphosphate (ATP) stores
become depl eted and intracellular acidos's increases,
thereby preventing or reducing the amount of calcium
that can be extruded®®. In thisstudy, our results sug-
ged that Mat treatment decrease the expression of
| CAM-1 and the adhesion of inflammatory cells to SEC,
resulting in suppresson of microcirculation injury
caused by hepatic reperfuson. And no significant dif-
ference was noted between the two treated groups.

Mat has been shown to inhibit the activation of
Kupffer cellsand thereleaseof TNF-a, IL-1, and IL-6
in vitro and in vivol™®*_ And the results in this study
indicated that Mat treatment inhibited the expression of
ICAM-1 by SEC and the snusoida accumulation of
inflammatory cells. These may provide a possible
mechanism for Mat protective effect on SEC during
the cold ischemia and reperfus on injury.

In condusion, theresult of this sudy demondrated
the protective effect of Mat againgt the cold ischemia
and reperfusion injury of SEC in liver transpl antation.
It was mediated by inhibition of the ectivaion of Kupffer
cels, the release of inflammatory cytokines, and sinu-
soidal accumulation of leukocytes, etc.
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