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BACKGROUND: The debate is still going on about selec-
tion of several clamping patterns during hepatectomy. The
aim of this study was to assess the safety and preference of
normothermic intermittent or continuous hepatic pedicle
clamping and confirm the protective effect of reduced glu-
tathione ( GSH).

METHODS: Thirty-two adult male healthy Sprague-Daw-
ley (SD) rats were divided into groups of intermittent
clamping and GSH absent (IA), continuous clamping and
GSH absent (CA), intermittent clamping and GSH present
(IP) and continuous clamping and GSH present (CP).
The clamping manners were successively 40 minutes in con-
tinuous clamping groups and two cycles of 20 minutes with
an interval of 5 minutes in intermittent clamping groups,
and reperfusion periods were 60 minutes. Experimental pa-
rameters included levels of malonaldehyde ( MDA ) and
Cu/Zn superoxide dismutase ( SOD), pathological and ul-
trastructural changes in liver tissues, activities of alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) in sera.

RESULTS: In the same group, the activities of ALT and
AST were significantly higher in post-clamping rats than in
pre-clamping rats (P <0.05), but no significant differences
were noted in levels of MDA and Cu/Zn SOD (P >0.05).
The differences of all values between post-reperfusion rats
and pre-clamping rats were significant (P <0.05). Patho-
logical and ultrastructural changes could be observed, but
no irreversible injury was present. The comparison of the
groups showed that the values at relevant time points be-
tween the intermittent and continuous groups were not sig-
nificantly different (P >0.05). The values were significantly
different between the GSH absent and present groups after
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reperfusion (P <0.05). The morphological damages were
also obviously alleviated in the GSH present group.

CONCLUSIONS: Normothermic intermittent or conti-
nuous hepatic pedicle clamping could cause reversible liver
ischemia/reperfusion injury when the clamping time lasts
40 minutes. The injury extent seems to be similar. Conti-
nuous clamping should be regarded as a proper method in
liver surgery. GSH has been confirmed as an effective agent
in preventing post-clamping liver injury.

( Hepatobiliary Pancreat Dis Int 2004 ; 3. 209-213)
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Introduction

|

partial hepatectomy contributes to morbidity and morta-
lity.[*-?) Besides, subsequent blood transfusion facilitates
recurrence of hepatic malignancies, including both pri-
mary and secondary tumors, and decreases survival of the
patients.D’SJ Thus, control of intraoperative hemorrhage
appeared to be very important in hepatic resection.

ntraoperative bleeding is always one of the key
problems in liver surgery. It has been demonstrated
by some authors that massive hemorrhage during

Since Pringle!®! first reported temporary normothermic
occlusion of hepatic inflow by clamping the porta hepatis
in the early twentieth century, the technique named
Pringle maneuver has been used worldwide. But clam-
ping-caused hepatic ischemia/reperfusion (L/R) injury
has been increasingly recognized with controversy on in-
termittent or continuous clamping in hepatic surgery.
Each clamping was experimentally supported by some
animal models.!”!'} Intermittent clamping was reported
to alleviate liver injury in a long-period of ischemia in
contrast to continuous clamping.”/ In a short-period of
occlusion, however, liver injury was similar between in-
termittent and continuous clampings ['%) even lightened
liver injury was present in some animals with continuous
clamping "'} We still lack comparative data on liver in-
209
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jury in 40 minutes of hepatic pedicle clamping in rats up
to the present.

Reduced glutathione ( GSH) is an endogenous po-
tent antioxidant that plays an important role in protection
against I/R_ injury of many organs, such as the liver. 2]
Bilzer et al'™®! reported that continuous reperfusion of
cold preserved rat liver with GSH solution can prevent
hepatocellular damage and deterioration of hepatic circu-
lation. It was also verified that GSH ester ( GSHE) could
protect rat liver from reperfusion injury by providing in-
tra- and extracellular GSH.['*) But whether pulsating im-
port of GSH takes similar protective effect under normo-
thermic hepatic pedicle clamping remains unknown.

In view of the above-mentioned facts, the present
study aimed to clarify hepatic ischemia and postischemia
injury in 40 minutes of intermittent or continuous clam-
ping of the porta hepatis and explore the protective effect
of GSH against the injury under pulsating import.

Methods

Animal groups

Thirty-two male adult healthy Sprague-Dawley (SD)
rats, weighing 300-350 g, were used in experiments.
All rats fed with standard biscuit were divided into four
groups according to intermittent or continuous clamping
and GSH presence or absence, i. e., IA group (inter-
mittent clamping and GSH absent), CA group ( conti-
nuous clamping and GSH absent), I[P group (intermit-
tent clamping and GSH present), and CP group ( con-
tinuous clamping and GSH present). Fach group consis-
ted of 8 rats.

Surgical procedures

The rats were initially anesthetized by intraperito-
neal injection of 3% pentobarbital sodium (40 mg/kg),
followed by middle incision. The hepatic pedicles inclu-
ding the portal vein, hepatic artery and bile duct were
clamped with a microvessel clip. The clamping lasted for
two cycles of 20 minutes with an interval of 5 minutes in
the IA and IP groups, and continued for 40 minutes in
the CA and CP groups. The reperfusion period was 60
minutes in all groups. Ruduced glutathione (50 mg/kg
Laboratorio Farmaceutico C. T., USA) was injected in-
to the portal vein in 5 minutes before clamping and at
the time point of immediate reperfusion in the IP and
CP groups. And the same amount of sterile normal sa-
line was injected at the same time point in the IA and
CA groups. The samples of liver tissue and blood in the
inferior vena cava were obtained at three time points of
pre-clamping, post-clamping and postreperfusion. Each
sample of liver tissue was divided instantly into three
portions and stored respectively in liquid nitrogen, 10%
formaldehyde solution, and 3% glutaraldehyde solution
for detection of malonaldehyde ( MDA) and Cu/Zn su-
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peroxide dismutase (SOD) contents, routine pathologi-
cal examination, and electron microscopy. Blood sam-
ples were directly separated into serum in order to detect
the activity of alanine aminotransferase ( ALT) and as-
partate aminotransferase { AST).

Preparation of liver tissue supernatant

The sample of liver tissue frozen in liquid nitrogen
was weighed and added sterile normal saline to a scale of
100 mg sample/ml saline. The mixture was ground into
homogeneous. After centrifugation at 3000 rpm/min,
the supernatant was taken and stored in a refrigerator set
at —20 “C.

Quantification of MDA and Cu/Zn SOD content in
liver tissue

The quantification of liver tissue MDA was carried
out according to Vardareli et al’s method.[">) The con-
tent of Cu/Zn SOD in liver tissue was detected with a
Cw'Zn SOD radioimmune assay kit (saturation me-
thod, Northern Institute of Biological Technology, Bei-
jing, China).

Biochemical assay of the serum activities of ALT
and AST

The serum activities of ALT and AST were all de-
tected with a Hitachi 7150 automatic biochemical analy-
zer ( Hitachi Co., Ltd., Tokyo, Japan).

Pathological examination with light microscope

One portion of liver tissue samples was fixed with
10% formaldehyde, embedded with paraftin, stained
with hematoxylin and eosin, and subsequently observed
under a light microscope.

Transmission electron microscopy of samples

The sample for transmission electron microscopy
(TEM) was washed and fixed with 3% glutaraldehyde
at once. The subsequent procedures included washing
with sucrose solution, gradient dehydration with ace-
tone, and infiltration and embedding with epoxy resin.
Finally the sample was observed under a transmission
electron microscope (JEM 1230, Japan).

Statistical analysis

The values at the relevant time points between the
groups were compared with the independent-samples ¢
test, and the differences in the values between various
time points in the same group were revealed by the
paired-samples f test. The analysis was all finished with a
SPSS 10. 0 software for windows. The P values less than
0.05 or 0.01 were considered significant or extremely
significant.

Results
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Table. Values of all quantitative parameters

Time/Point Pre-clamping  Post-clamping  Post-reperfusion
n 8 8 8
MDA (nmol/mg tissue)
CA group 0.50%0.07 0.55%0. 11 0.99+0.33 %
IA group 0.47%0.06 0.51£0.11 1.03x£0.22*
CP group 0.47%0.08 0.5210.12 0.66+0. 14 *#
IP group 0.47%0.08 0.48£0.10 0.59+0.15 *#
Cw/Zn SOD (ng/mg tissue)
CA group 0.9140.15 0.89%0.13 0.56+0.15*
IA group 0.92%0.25 0.77£0.11 0.50£0.11*
CP group 0.91£0.18 0.8510.16 0.74+0.16 *#
IP group 0.89%0.17 0.8010.16 0.77+0.19 *#
ALT(U/L)
CA group 51112 1642141 % 1882£159*
IA group 49£13 16911131 % 1844£138*
CP group 4917 1574£121 % 16141152 %
IP group 51£11 1515146 *# 15761187 *#
AST(U/L)
CA group 10214 15712118 1714£136 ¢
IA group 10317 1546151 % 1650£139 *
CP group 10315 14484135 % 1475%129 *#
IP group 10417 14274128 1491£153 *#

x; P<0.01 vs before clamping; # P<0.05 vs IA or CA group.

MDA content in liver tissue

In the same group, the MDA values were extremely
higher after reperfusion than before clamping ( P<0.01).
No significant differences were observed in the values
before and after clamping { P>0.05). Differences were
seen at the time point of postreperfusion between the IP
and IA groups ( P<0.01), and extremely significant or
significant differences between the CP and CA groups
(P<0.05). But the values at other time points were
not significantly different ( P>0.05, Table).

Cu/Zn SOD content in liver tissue

The contents of Cu/Zn SOD after reperfusion re-
duced more significantly than those before clamping in
the relevant group (P<0.01). But the values after
clamping were not varied significantly in spite of their
decreasing ( P>0.05). The values after reperfusion in
the GSH present (1P and CP) groups were significantly
higher than those in the GSH absent (IA and CA)
groups ( P<0.05). Such differences were not observed
at other time points ( P>0.05, Table).

Serum ALT activity

The activity of serum ALT elevated markedly after
clamping and continued to increase after reperfusion in
each group (P <0.01). At the time point after reperfu-
sion, extremely significant differences were noted be-
tween the IP and TA groups and between the CP and
CA groups ( P<0.01). And the value after clamping in
the IP group was significantly lower than that in the 1A

Hepatobiliary Pancreat Dis Int, Vol 3, No 2

group (P<0.05); but at other time points, the diffe-
rence was not significant ( P>0.05, Table).

Serum AST activity

Extremely significant differences existed in the ac-
tivity of serum AST between time points after clamping,
after reperfusion, and before clamping in the same group
(P<0.01). Comparison of the groups showed that the
value at the time point after reperfusion in the IP group
was significantly lower than that in the IA group
(P<0.05), and that the differences between the values
in the CP and CA groups at the same time point were
extremely significant ( P<0.01). Such difference was

not found at other time points between the groups ( P>
0.05, Table).

Morphological changes under light microscopy

The appearance, size and structure of hepatocytes
seemed to be normal before clamping. Their distribution
was cord-like. Dilation, stasis and edema of hepatic si-
nusoids were not present. At the time point after clam-
ping, patchy ballooning degeneration and disturbance in
arrangement of liver cells were obviously observed in the
IA and CA groups with distinct stasis of hepatic sinu-
soids. The hepatocytes in the IP and CP groups showed
marked vacuolar degeneration and arrangement distur-
bance, accompanied by a certain degree of stasis of hepa-
tic sinusoids. But no obvious evidence of patchy necrosis
of liver cells was present. After reperfusion, the relative-
ly severe vacuolar degeneration and arrangement distur-
bance of hepatocytes remained in the [A and CA
groups, but hepatic sinusoid stasis improved remarkably.
The figure, size, structure and distribution of liver cells
in the IP and CP groups returned to near normal, but a
little bit of blood was detained in hepatic sinusoids.

Ultrastructural changes under electron microscopy

Before clamping the porta hepatis, karyomorphism
and organelle structure of hepatocytes were all normal,
nuclear membrane was smooth, and chromatin was ho-
mogeneous. After clamping, irregular karyomorphism
(nuclear shrinkage ), increased heterochromatin and se-
condary lysosomes, retrogressed and decreased rough
surfaced endoplasmic reticulum, and vacuolized organel-
les ( mitochondria) and cytoplasm were observed in all
four groups. But no evidence of severe irreversible chan-
ges (nuclear pyknosis, etc.) was found. At the time
point after reperfusion, the nuclear figure and organelle
structure of hepatocytes were basically normalized in the
IA and CA groups, but the amount of cell organs re-
mained low. Mitochondria and rough surfaced endoplas-
mic reticulum adjacent to the nucleus were aggregated
obviously in the IA group. The ultrastructure of liver
cells almost recovered to normal in the IP and CP
groups, without evidence of injury.
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Discussion

Because massive intraoperative hemorrhage causes high

risk of morbidity and mortality in hepatic resection!!?]
and tumor progression is associated with subsequent
blood transfusion..3*) Advances in skill of limiting intra-
operative bleeding have run through the whole history

of liver surgery in the 20th century. Despite Heaney! 6]

and Fortner[ 17

introduced normothermic and hypother-
mic total hepatic vascular isolation respectively, the in-
terruption method used most widely is still the Pringle
maneuver (%] i. e. normothermic temporary occlusion of
hepatic inflow by clamping of the porta hepatis. Within
nearly one century’s history of the technique, a contro-
versy has persisted on intermittent and continuous clamp-
ings. Comparison of experimental data showed that the
two maneuvers lead to similar liver injury!'% (even ligh-
tened injury in continuous clamping!''1) in a short-pe-
riod, but intermittent clamping reduces hepatocellular
damage in a long period of ischemia.l7®] Besides, it is
worthy of notice that definition of long- or short-term
clamping varies in different species. However, the study
of hepatic injury caused by the two occlusion maneuvers
under 40 minutes of clamping remains inadequate, be-
cause most hepatectomies can be finished within this in-
terruption term according to our experience.[m Using
hepatic ischemia/reperfusion model in rats, we com-
pared the extent of liver damage by markers of MDA,
Cuw'Zn SOD, ALT, AST, routine histology and ultra-
structural morphology in the present study. It was de-
monstrated that oxygen derived free radical (ODFR)
played a crucial role in liver ischemia/reperfusion injury
as a main mechanism of hepatic injury after clamping'®
Previously, the oxygen free radical was thought to be
the initiator of a cascade reaction that led to damage of
the cell membrane by lipid peroxidation, mainly oc-
curred in unsaturated fatty acids.[2-2') MDA as the sta-
ble final product of lipid peroxidation reaction, its tissue
level could be used as a good marker of extent of lipid
peroxidation-induced cellular injury.DZJ Thus, it is also
an indirect index for production of ODFR. The process
of ODFR development during ischemia and reperfusion
is always followed by a drain of its scavengers and reduc-
tion of Cu/Zn SOD indicates damage of the free radical
scavenging system due to ODFR.[2] Thus, ODFR
production and subsequent hepatic damage could be eva-
luated by the decreased extent of Cu/Zn SOD. The
activities of ALT and AST are regularly tested for liver
injury. To get direct proof, we studied morphologically
with light or electron microscopy. In our study, mark-
ers of liver injury changed more significantly after reper-
fusion than before clamping in the same group, and
histologically tissue or cellular damage but irreversible le-
sion was not present. These results indicated that clamp-
ing the porta hepatis for 40 minutes could induce reversi-
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ble hepatic injury in rat. Others?*%] reported that liver

damage due to occlusion of hepatic inflow 40 minutes
was reversible in rats and humans, respectively. This
finding was consistent with ours. Moreover, no signifi-
cant differences were found in values at all three time
points between the intermittent (IA and IP) clamping
groups and continuous ( CA and CP) groups, and mor-
phological findings also suggested analogous degree of in-
jury. Hence the present study showed that the two styles
of clamping, intermittent and continuous, lead to similar
extent of postischemic liver injury after 40-minute clamp-
ing of the porta hepatis.

GSH has been clarified as a low molecule weight
tripeptide compound with abundant thiol consisting of
cysteine, glycine and glutamic acid. [} Its protective
effect against I/’R is chiefly ivoked by neutralizing free
radicals directly or indirectly[%} and resisting lipid pero-
xidation.l?’} The current study has confirmed that other
antioxidants fail to suppress lipid peroxidation when
GSH level is reduced [28 suggesting its central effect in
antioxidation. Because the liver is the most capable or-
gan for synthesizing GSH!'?! and transporting large
amounts of it into blood ?! the antioxidant is of even
more importance in hepatic I’R. The importance of
GSH is also verified by the phenomenon described by
Stein et all*®! that I/R_ injury merely occurs in GSH-de-
ficient rat liver. The in vitro experiment!'*! has demon-
strated the role of GSH in preventing I/R. Liu et al'*!!
also reported that continuous infusion of GSH from the
portal vein attenuated hepatic reperfusion injury by 55%,
and that exogenous GSH had protective effect. In the
present study, the values of MDA, ALT and AST were
significantly lower but the values of Cu/Zn SOD were
higher after reperfusion in the GSH present groups than
in the GSH absent groups. Histological damage was also
alleviated. These results indicated that pulsating import
of GSH solution from the portal vein could also protect
the liver from I/R injury. Because its main mechanism
is scavenging of ODFR., the first target certainly is
reperfusion injury. With a low molecule weight, GSH
easily enters cell and could play its antioxidation role
more effectively. Because of its effectiveness and con-
venience, pulsating import in the portal vein should be a
very good route for GSH administration during hepatic
surgery.

We conclude that 40-minute hepatic pedicle clam-
ping causes reversible liver injury in rats, but no marked
difference is seen in injury extent between intermittent
and continuous clampings. In addition, humans have
well developed portosystemic collaterals 132330 and hu-
man tolerance to I/R is thought to be better compatible
to that of rats. Continuous clamping for 40 minutes
should be regarded as a suitable occlusion in clinical prac-
tice because of its superiorities in manipulation and less
bleeding. GSH is a potent protectant against /R injury

- www.hbpdint.com



Liver injury after intermittent or continuous hepatic pedicle clamping and its protection by reduced GSH

caused by clamping and pulsating import of GSH from
the portal vein is of clinical significance.
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