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The effect of preconditioning on liver regeneration after
hepatic resection in cirrhotic rats
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Background/Aims: Ischemic preconditioning (IP) decreases severity of liver necrosis and has anti-apoptotic effects in previous
studies using liver regeneration in normal rats. This study assessed the effect of IP on liver regeneration after hepatic resection
in cirrhotic rats. Methods: To induce liver cirrhosis, thioacetamide (300 mg/kg) was injected intraperitoneally into Sprague-Dawley
rats twice per week for 16 weeks. Animals were divided into four groups: non-clamping (NC), total clamping (TC), IP, and
intermittent clamping (IC). Ischemic injury was induced by clamping the left portal pedicle including the portal vein and hepatic
artery. Liver enzymes alanine transaminase (ALT) and aspartate aminotransferase (AST) were measured to assess liver
damage. Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) staining for
apoptosis and proliferating cell nuclear antigen (PCNA) staining for cell replication were also performed. Results: Day-1 ALT and
AST were highest in IP, however, levels in NC and IC were comparably low on days 1-7. There was no significant correlation of
AST or ALT with experimental groups (P=0.615 and P=0.186). On TUNEL, numbers of apoptotic cells at 100x magnification
(cellsffield) were 31.8424.2 in NC, 69.0+72.3 in TC, 80.24+63.1 in IP, and 21.2+20.8 in IC (P<0.05). When regeneration capacity
was assessed by PCNA staining, PCNA-positive cells (cells/field) at 400x were 3.4+6.0 in NC, 16.9169in TC, 17.0+7.8 in IP and
7.417.6 in IC (P<0.05). Conclusions: Although regeneration capacity in IP is higher than IC, the liver is vulnerable to
ischemic damage in cirrhotic rats. Careful consideration is needed in applying IP in the clinical setting. (Korean J Hepatol
2011;17:139-147)
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INTRODUCTION

Hepatic dysfunction due to ischemic injury by hemorrhage or
prolonged interruptions of blood supply during liver resection
and liver transplantation have been continuing problems in the
past few years.' Particularly, blocking of hepatic blood flow that
is occasionally applied to prevent massive hemorrhage in liver
surgery artificially induces hepatic ischemic injury. Oxidative
stress and cell damage, which are induced by the excess
production of oxygen radicals due to activation of Kupffer cells,

occur within a few minutes during reperfusion.” In addition, the

respiratory chain involved in ATP synthesis in mitochondria of
hepatocytes and sinusoidal endothelial cells is markedly reduced
due to the re-influx of oxygen.* Although several agents have
been introduced to prevent ischemic injury, their beneficial
effects have not been proven.® With the increase in hepatectomy
and liver transplant, various methods have been investigated to
reduce ischemic injury of liver tissue at the time of reperfusion
after blocking blood flow.”®

One method reported to reduce injury is ischemic pre-
conditioning (IP), in which blood flow is blocked for a short time
initially with recovery of blood flow by reperfusion, subsequently
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allowing blood flow to be blocked for a relatively long period.’
In IP, nitrogen oxide synthesis produces enzymes that inactivate
caspases.'” The suppression of caspases prevents apoptosis of

. 11,12
liver cells.

Ischemia during the short period of IP directly
prevents damage to the hepatic parenchyma. While ischemic
damage is progressing, diverse cytokines are secreted,"” and the
development of oxidative stress is reduced.* By exposing to the
ischemic environment for a short period, IP generates a
protective environment. IP also promotes liver regeneration via
the adenosine A2 receptor pathway in Kupffer cells.lSAlthough
studies of liver regeneration in normal rats after IP have been
already performed, results on liver cirrhosis patients encountered
in the clinical setting are not abundant.

Therefore, this study examined the difference in liver
regeneration capacity after ischemic injury using the liver cirrhosis
animal model established previously.l(’ In addition, since most
patients with indication for surgical treatments are associated
with liver cirrhosis, the possibility of the clinical application of
IP for liver regeneration was examined in liver cirrhosis animal

models.

MATERIALS AND METHODS

The animal model

Experimental animals were maintained in a pyogen-free
(SPF) animal facility at the Clinical Research Center, Yonsei
University College of Medicine, under constant room
temperature (22°C) and humidity (55%), with a supply of sterile
drinking water and sterile animal feed according to the standards
of the Association of Assessment and Accreditation of
Laboratory Animal Care International. In addition, animal
experiments were conducted after approval of the experiment
procedures by the ethical animal experiment guideline
established by the Department of Experimental Animals,
Clinical Medical Research Center, Yonsei University College of
Medicine.

Induction of liver cirrhosis

Liver cirrhosis was induced by injecting 300 mg/kg
thioacetamide (Sigma, St. Louis, USA) intraperitoneally into 8
week-old Sprague-Dawley (SD) white rats, twice a week, for 16

16
weeks.

Determination of the ischemic period

To compare the extent of liver damage according to the

ischemic period, the left portal pedicle including hepatic artery
and portal vein was clamped for 30, 60, 90, or 120 min, and liver
tissue was obtained from the ischemic area. The degree of
apoptosis was assessed by the ApopTag Peroxidase in situ
apoptosis detection kit (S7100; Chemicon International, Temecula,
CA, USA). Briefly, the tissues were deparaffinized with xylene,
followed by 100%, 75%, and 50% ethanol sequentially, and
washed one time with phosphate buffered saline (PBS) for 5 min.
The samples were treated with Proteinase K (20 ug/mL, DAKO
proteinase K Cat NO. S3020) for 15 min at room temperature,
and rinsed with distilled water twice prior to incubation with 3%
hydrogen peroxidase for 5 min at room temperature and washing
with PBS. After removing moisture from around the tissue,
equilibration buffer was sprayed to the tissues, and incubated for
10 min at room temperature. Working strength TdT enzyme (40
uL) was added and the samples incubated at 37°C for 1 hour.
They were then treated with STOP/WASH buffer, shaken for 15
seconds, and incubated at room temperature for 10 min. After
washing with PBS, anti-digoxigenin conjugate was added to the
slides, and incubated at room temperature for 30 min. After
washing with PBS, the samples were treated with the peroxidase
substrate diethyl aminobenzidine. After washing three times
with sterile water for 1 min each, the sample was incubated in
sterile distilled water for 5 min at room temperature. Counter
staining was performed by adding hematoxylin for 5 min,
process washing, and then treating with 1% EtOH+HCI twice,

followed by washing with ammonia solution 10 times.

Study design

Experiment groups

Liver cirrhosis-induced Sprague-Dawley white rats (N=12)
were equally (N=3) divided into the non-clamping (NC), total
clamping (TC), IP, and the intermittent clamping (IC) groups
(Fig. 1).

Induction of ischemia and hepatectomy

Zoletil (30 mg/kg, Virbac, Carros, France) was intraperitoneally
injected and after the animal was fully sedated, the abdomen was
opened through a midline skin incision and the liver hilum was
exposed. The left portal pedicle was identified and ischemia was
induced by blocking blood flow through clipping the portal vein
and hepatic artery running into the left hepatic lobe using
aneurysmal clips. Immediately after the induction of ischemic

injury or 90 min after laparotomy in the NC group, the total
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Figure 1. Experimental protocols. Eachcolumn is 5 min. Blue columns indicate ischemic clamping time. Data in all panels are
representative of at least three independent experiments (N=3 rats per group).

injured liver, approximately 75% of the area of the total liver was

resected.

Liver function test

Immediately prior to ischemic injury (day 0) as well as 1, 3, 5,
and 7 days after injury, rats were anesthetized and blood was
collected from the tail vein. The blood was centrifuged at 3,000
rpm for 15 min, and using the supernatant, serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
were measured using a biochemical analyzer at the Korean

Animal Clinical Research Center.

Evaluation of liver cirrhosis

In each experimental group, the presence or absence of liver
cirrhosis was evaluated by trichrome staining (HT15 Trichrome
Stain [Masson] Kit, Sigma, St. Louis, USA) as follows. The
deparaffinized slides were hydrated, incubated with heated
Bouin’s solution (56 C) for 15 min, and cooled by immersing in
water. They were washed until the yellow color disappeared
from the tissues, and stained with Weigert’s Iron Hematoxylin
solution for 5 min. Slides were washed with running water for 5
min and immersed in distilled water for a while followed by
staining with Biebrich Scalet-Acid fuchsin for 5 min, and
incubation in phosphotungstic/phosphomolibdic acid solution
for 5 min. They we then incubated in aniline blue solution for 5
min, incubated with 1% acetic acid for 2 min, washed, and
dehydrated with alcohol, and then collagen fibrosis was

examined.

Evaluation of hepatocyte injury caused by liver ischemia
To evaluate the level of hepatocyte injury caused by liver
ischemia in the experimental groups, hematoxylin and eosin
(H&E) staining and terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick-end labeling (TUNEL)

assay were performed as follows.

H&E staining

Liver tissues were fixed with 10% formaldehyde and prepared
as paraffin slides. After the deparaffinization procedure of
treating sequentially with xylene, and then 100%, 75%, and 50%
ethanol; hematoxylin staining, washing, eosin staining, washing,
dehydration with lower concentration of alcohol up to high
concentration, and xylene treatment were performed sequentially,

and the injury level of liver tissues was assessed by hyalinization.

Comparison of the level of liver injury by TUNEL assay

The level of liver injury in the groups was compared by
extracting the liver immediately after ischemic injury induction
and performing TUNEL assay. In brief, after sequential
deparaffinization and washing with PBS, the slides were
incubated with proteinase K for 15 min, treated with 3%
hydrogen peroxide for 15 min, and washed with PBS. The slides
were pretreated with the equilibration buffer (19054; QIAGEN,
USA) for 20 min and reacted with the TdT mixture for 1 hour in
a 37°C humidified chamber. Samples were then treated with the
stop/wash buffer for 10 min, and washed with PBS. Antidi-
goxigenin conjugated solution at room temperature was added
for 30 min, washed with PBS, followed by reaction with diethyl
aminobenzidine (00-2014; Invitrogen, San Francisco, CA, USA)

for 5 min. Subsequently, apoptosis was examined.

Comparison of regeneration capacity of the liver after

ischemic injury

To evaluate the cell division capacity, proliferating cell
nuclear antigen (PCNA) staining was performed as follows:
Liver extracted at the time of sacrifice of cirrhosis rat model was

added to 10% formalin solution, and embedded in paraffin by
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conventional methods. After the hydration procedure with
Xylene and alcohol, the slides were incubated with anti-PCNA
antibody diluted to 1:50 at 4°C for 24 hours, washed with PBS,
and then incubated with anti-mouse immunoglobulin G antibody
(Sigma M9902) diluted to 1:100 at room temperature for 40 min.
They were then incubated with the PAP Complex (Sigma P2416,
in mouse) diluted to 1:100 at room temperature for 40 min, and
stained with 0.025% 3,3-diaminobenzidine in PBS and 0.045 %
hydrogen peroxide at room temperature for 3 min, and
counterstained with hematoxylin. PCNA showing immune
response was extracted by the hydrogen peroxide method, and
examined under a light microscope. After counting 25 fields, the
averages were obtained, and statistical analysis was performed.
After PCNA staining, PCNA-positive cells were counted in a 10-
pum x 10-pm area. At 400x magnification, 25 areas were selected

randomly, and the number of stained cells according to each

staining method was counted (cells/field).

Statistics

Using the statistics program, SPSS 15.0 (SPSS, Chicago, IL,
USA), differences in apoptosis and cell division capacity among
the experimental groups were assessed by analysis of variance.
The results were presented as mean+tstandard error of the mean,

and cases with P<0.05 were considered statistically significant.

RESULTS

Determination of ischemic injury period by the
comparison of the level of apoptosis

After 60 min of ischemia, the degree of injury was not
significant as evaluated by assessing for apoptotic cells in areas
of Zone 1. After 90 min, the extent of the injured area in Zone I
had expanded; and after 120 min, most areas of the liver tissue
were severely injured (Fig. 2). Hence, 90 min was selected as the

ischemic period for the experimental groups since this induced

Figure 2. Degree of apoptosis of the liver tussue from the rats after ischemic injury assessed by ApopTag peroxidase in situ apoptosis
detection kit (x40). The brownish spots indicated by arrows represent apoptotic cells. (A) 60-min ischemic injury, (B) 90-min ischemic

injury, and (C) 120-min ischemic injury.
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Figure 3. Level of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) at 0, 1, 3, 5, and 7 days after ischemic

injury (N=3 rats per group).

NC, non-clamp; TC, total clamp; IP, ischemic precondition; IC, intermittent clamp.
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the most appropriate level of liver injury.

Levels of serologic enzymes (AST, ALT) for hepatic
function

On day 1, ALT and AST were markedly increased in the TC
and IP groups with the highest level of both AST and ALT in the

IP group on day 1, and returned to basal levels on day 3 and 5
after ischemic liver injury (Fig. 3). In the NC and IC groups, AST
and ALT were comparably low for 7 days. There was no
significant correlation of AST or ALT level with experimental
groups (P=0.615 and P=0.186, respectively).

Figure 4. H&E (A-D), trichrome (E-H), and TUNEL (I-L) stains of the liver after various ischemic injuries (x40). The arrow identifies
the thick blue bundles of separating collagen (A, E, and I: non-clamp [NC]; B, F, and J: total clamp [TC]; C, G, and K: ischemic
precondition [IP]; D, H, and L: intermittent clamp [IC]).
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Comparison of the degree of hepatocyte injury

Following the induction of ischemia according to the various
methods, liver tissue obtained from the ischemic injury area was
stained with H&E, and the degree of tissue injury was examined
(Fig. 4A-D). The level of liver fibrosis was compared through

trichrome staining (Fig. 4E-H) and the level of apoptosis was
compared using the TUNEL assay (Fig. 4I-L). In the TUNEL
assay performed to evaluate the ischemic injury of liver, the
numbers of apoptotic cells at 100x magnification were
31.8+24.2 cells/field in NC group, 69.0+72.3 in the TC group,
80.2+63.1 in the IP group, and 21.2+20.8 cells/field in the IC

Figure 5. H&E (A-D), trichrome (E-H), and proliferating cell nuclear antigen (PCNA) stains (I-L), (x100) at 7 days after various
kinds of ischemic injury (A, E, and I: non clamp [NC]; B, F, and J: total clamp [TC]; C, G, and K: ischemic preconditioning [IP];

D, H, and L: intermittent clamp [IC]).
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group. Compared to the control, significant ischemic injury of
the liver was detected in the TC and IP groups (P<0.05). In the
NC group, liver cirrhosis had progressed and associated with
liver fibrosis (Fig. 4A and E). In the rest of the experimental

groups, liver fibrosis was severe compared to the NC group (Fig.

4F-H).

Comparison of the liver regeneration capacity

To assess the effect of ischemia on liver generation capacity in
each group, rats were sacrificed 7 days after hepatectomy, and
the residual liver was stained with H&E (Fig. 5A-D), trichrome
(Fig. 5E-H), and PCNA (Fig. 5I-L). Liver regeneration capacity
was better in the IP group (Fig. 5C, G, and K) than the TC (Fig.
5B, F, and J) or IC groups (Fig. 5D, H, and L) and was even
comparable to the NC group (Fig. 5A, E, and I). When liver
regeneration capacity was assessed by PCNA staining, the
number of PCNA stained cells at 400x magnification was
3.446.0 cells/field in the NC group, 16.9+69 in the TC group,
17.0£7.8 in the IP group, and 7.4+7.6 cells/field in the IC group.
Compared to the control group, the regeneration capacity of the
residual liver in the TC and IP groups was higher (P<0.05, Fig. 6)

DISCUSSION

With accumulated experience with hepatectomy and liver
transplantation, as well as the development of new techniques,
indications for the procedures have been increasing. However,
apoptosis of liver cells occurring during hepatectomy and liver
transplant may be detrimental for patients, thus prompting recent
active studies on the apoptosis occurring during liver ischemia

"7 Several methods have been suggested to

and reperfusion.
decrease apoptosis. However, prior to clinical application of the
methods, their effectiveness needs be proven in experimental
animal models first."

Ischemic injury was induced by clipping the portal vein and
hepatic artery entering the left lobe of the liver. In the total
ischemic model, severe injury to the liver tissue and hepatocyte
apoptosis was observed. During ischemia, leukocytes increase,
macrophages are activated, and the injury of liver tissues and
hepatocytes is mediated by the interaction of the inflammatory
reaction, free radical production, and apoptosis. These mechanisms
lead to injury at the time of reperfusion following ischemia, and
the disruption mitochondrial ion homeostasis by hepatocyte

ischemia causes cellular calcium influx resulting in protein and
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Figure 6. The numbers of proliferating cells were measured by
proliferating cell nuclear antigen (PCNA) stain (x100) on
cirrhotic liver 7 days after various kinds of liver ischemic injury
(P<0.05).

NC, non-clamp; TC, total clamp; IP, ischemic precondition; IC,
intermittent clamp.

DNA damage. Xanthine oxidase synthesis, which generates free
radicals, is also accelerated.””” In addition to free radical
overproduction through xanthine oxidase synthesis, local
vascular constriction is induced by the inflammatory reaction
exacerbating cellular ischemia and edema.”’ The apoptosis of
hepatocytes during reperfusion is characterized by cell and
organelle edema,” with resultant expulsion of cellular contents
and kalryolysis.23 Because of the deterioration of the respiratory
chain in mitochondria due to oxygen influx during reperfusion,
ATP synthesis is disturbed, and apoptosis occurs due to oxidative
stress. The increase in reactive oxygen species during reperfusion
induces the disruption of the hepatocyte membranes and the
signal transduction system as well as destruction of red blood
cells. This consequently induces deterioration of hepatic
function and liver damages.”

It has been reported that IP can be applied to prevent liver
injury, and that the activation of Kupffer cells was lower than TC,
with the major effect of protecting hepatocytes and sinusoidal
cells from apoptosis.” It is considered that the IP procedure
protects liver tissues and liver cells by exposing them to the
ischemic environment for a short period. Ischemic treatment
methods are as follows: 1) total ischemic treatment where
ischemia occurs only during liver surgery; 2) IP treatment that
induces ischemia after ischemia/reperfusion; and 3) the intermittent
ischemic treatment that repeats ischemia and reperfusion.

In total ischemic treatment that blocks blood flow completely,
the level of liver injury is severe, and liver regeneration is

difficult after surgical treatments. In intermittent treatment,
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repeated ischemia and reperfusion is burdensome, and during
reperfusion, hemorrhage may be induced at the resected surface.
In comparison, IP treatment induces relatively less liver injury,
and may result in more effective liver regeneration after surgery.
Ischemic treatment during liver transplant or liver resection may
cause fatal injury to liver tissue, and thus when surgical
treatments are performed, more effective methods should be
developed to minimize liver damage, and promote regeneration.

Cytokines and growth factors expressed during liver rege-
neration are associated with expression of their receptors. It has
been reported that during liver resection or injury, epithelial-cell
growth factor receptor and the hepatocyte growth factor receptor
c-Met are activated.””” Among these, the endogenous factor,
heat-shock protein-70 has been shown to have the function of
protecting cells and tissues during injury. Based on previous
reports, heat-shock protein-70 is overexpressed during IP
treatment and thus activates various signal transduction systems
pertinent to regeneration.28

Our study performed the IP procedure that has been used to
reduce ischemic injury, and the level of liver injury and
regeneration capacity were compared to other procedures
blocking blood flow. Particularly, since most liver transplants are
associated with liver cirrhosis, animal models should also have
similar clinical features. Generally, for the induction of liver
cirrhosis in rats, thioacetamide, carbon tetrachloride, dimethy-
Initrosamine, and other drugs are used. Carbon tetrachloride
needs to be diluted in oil, and thus intraperitoneal administration
is difficult. In addition, it may induce pain in rats, and thus is not
efficient.'® The survival rate of rats treated with dimethy-
Initrosamine is very low, and thus this method is also not suitable.
However, thioacetamide has advantages: it could be administered
into the peritoneal cavity, and it induces liver cirrhosis that is
closest to human liver cirrhosis.'® Therefore, in our study, liver
cirrhosis was induced in Sprague-Dawley rats using intraperitoneal
administration of thioacetamide.

First, to determine the ischemic period, the level of apoptosis
according to various periods were compared. If the injury is too
small, it would be difficult to distinguish the level of injury from
the regeneration capacity. On the other hand, if injury is too
severe, the regeneration capacity would noticeably deteriorate.
Hence, in our study, 90 min was selected as the optimal ischemic
period. After ischemia, the level of liver-cell damage was most
severe in TC group. The IP group also developed injury;
nonetheless, comparison of the regeneration of hepatocytes

shows that the regeneration capacity of IP group was good. This

could be explained by the fact that in liver damage, cell
proliferation is an indicator of liver regeneration, and in IP
treatment, increased resistance by the suppression of c-fos gene
during ischemia and reperfusion could contribute to reduced
injury.”* In addition, it is thought that IP is also associated with
the above-mentioned heat-shock protein-70 mechanism improving
the regeneration capacity of cells.” In other words, it is thought
that in hepatectomy for cases associated with liver cirrhosis, the
application of IP procedure may improve the regeneration
capacity of liver after surgical treatments.”® This study confirms
that the liver regeneration capacity in the IP group is high.
Nonetheless, during the treatment, the level of ischemic injury
was very severe almost to the level of the TC group, and thus it
appears that for application of IP procedure to cases associated

with liver cirrhosis, more comprehensive attention is required.

Acknowledgements

This study was supported by a grant of the Korea Healthcare
technology R&D Project, Ministry for Health, Welfare & Family
Affairs, Republic of Korea (A084120).

REFERENCES

1. Jaeschke H. Molecular mechanisms of hepatic ischemia-reperfusion
injury and preconditioning. Am J Physiol Gastrointest Liver Physiol
2003;284:G15-G26.

2. Adkison D, Hollwarth ME, Benoit JN, Parks DA, McCord JM, Granger
DN. Role of free radicals in ischemia-reperfusion injury to the liver.
Acta Physiol Scand Suppl 1986;548:101-107.

3. Jaeschke H, Farhood A. Neutrophil and Kupffer cell-induced oxidant
stress and ischemia-reperfusion injury in rat liver. Am J Physiol
1991;260:G355- G362.

4. Gonzalez-Flecha B, Cutrin JC, Boveris A. Time course and mechanism
of oxidative stress and tissue damage in rat liver subjected to in vivo
ischemia-reperfusion. J Clin Invest 1993;91:456-464.

5. Cutrin JC, Llesuy S, Boveris A. Primary role of Kupffer cell-hepatocyte
communication in the expression of oxidative stress in the post-
ischaemic liver. Cell Biochem Funct 1998;16:65-72.

6. Selzner N, Rudiger H, Graf R, Clavien PA. Protective strategies against
ischemic injury of the liver. Gastroenterology 2003;125:917-936.

7. Riidiger HA, Clavien PA. A cytotoxic drug against reperfusion injury?
Hepatology 2000;31:533-535.

8. Peralta C, Fernandez L, Panés J, Prats N, Sans M, Piqué JM, et al.
Preconditioning protects against systemic disorders associated with
hepatic ischemia-reperfusion through blockade of tumor necrosis
factor-induced P-selectin up-regulation in the rat. Hepatology 2001;
33:100-113.

9. Sindram D, Riidiger HA, Upadhya AG, Strasberg SM, Clavien PA.
Ischemic preconditioning protects against cold ischemic injury through
an oxidative stress dependent mechanism. J Hepatol 2002;36:78-84.

10. Mannick JB, Hausladen A, Liu L, Hess DT, Zeng M, Miao QX et al.
Fas-induced caspase denitrosylation. Science 1999;284:651-654.



20.

Seon Ok Min, et al. Preconditioning on liver regeneration after hepatic resection 147

. Natori S, Selzner M, Valentino KL, Fritz LC, Srinivasan A, Clavien PA,

et al. Apoptosis of sinusoidal endothelial cells occurs during liver
preservation injury by a caspase-dependent mechanism. Transplantation
1999;68:89-96.

. Cursio R, Gugenheim J, Ricci JE, Crenesse D, Rostagno P, Maulon L, et

al. A caspase inhibitor fully protects rats against lethal normothermic
liver ischemia by inhibition of liver apoptosis. FASEB J 1999;
13:253-261.

. Wanner GA, Miiller PE, Ertel W, Bauer M, Menger MD, Messmer K.

Differential effect of anti-TNF-alpha antibody on proinflammatory
cytokine release by Kupffer cells following liver ischemia and
reperfusion. Shock 1999;11:391-395.

. Peralta C, Bartrons R, Riera L, Manzano A, Xaus C, Gelpi E, et al.

Hepatic preconditioning preserves energy metabolism during sustained
ischemia. Am J Physiol Gastrointest Liver Physiol 2000;279:G163-
G171.

. Arai M, Tejima K, Tkeda H, Tomiya T, Yanase M, Inoue Y, et al.

Ischemic preconditioning in liver pathophysiology. J Gastroenterol
Hepatol 2007;22 Suppl 1:S65-67.

. Cui FJ, Choi SB, Cho JA, Lee JY, Kim KS, Cho CH, et al. The

development of an efficient rat hepatic cirrhosis model. Korean J
Hepatobiliary Pancreat Surg 2007;11:46-52.

. Sindram D, Porte RJ, Hoffman MR, Bentley RC, Clavien PA. Platelets

induce sinusoidal endothelial cell apoptosis upon reperfusion of the
cold ischemic rat liver. Gastroenterology 2000;118:183-191.

. Horiuchi T, Muraoka R, Tabo T, Uchinami M, Kimura N, Tanigawa N.

Optimal cycles of hepatic ischemia and reperfusion for intermittent
pedicle clamping during liver surgery. Arch Surg 1995;130:754-758.

. Bishop A, Cashman NR. Induced adaptive resistance to oxidative stress

in the CNS: a discussion on possible mechanisms and their therapeutic
potential. Curr Drug Metab 2003;4:171-184.

Bishop A, Anderson JE. NO signaling in the CNS: from the
physiological to the pathological. Toxicology 2005;208:193-205.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Walker K, Perkins M, Dray A. Kinins and kinin receptors in the nervous
system. Neurochem Int 1995;26:1-16.

Jawan B, Goto S, Pan TL, Lai CY, Luk HN, Eng HL, et al. The
protective mechanism of magnolol, a Chinese herb drug, against warm
ischemia-reperfusion injury of rat liver. J Surg Res 2003;110:378-382.

Gujral JS, Bucci TJ, Farhood A, Jaeschke H. Mechanism of cell death
during warm hepatic ischemia-reperfusion in rats: apoptosis or
necrosis? Hepatology 2001;33:397-405.

Jaeschke H, Bautista AP, Spolarics Z, Spitzer JJ. Superoxide generation
by Kupffer cells and priming of neutrophils during reperfusion after
hepatic ischemia. Free Radic Res Commun 1991;15:277-284.

Clavien PA, Selzner M, Riidiger HA, Graf R, Kadry Z, Rousson V, et al.
A prospective randomized study in 100 consecutive patients undergoing
major liver resection with versus without ischemic preconditioning.
Ann Surg 2003;238:843-850.

Stolz DB, Mars WM, Petersen BE, Kim TH, Michalopoulos GK.
Growth factor signal transduction immediately after two-thirds partial
hepatectomy in the rat. Cancer Res 1999;59:3954-3960.

Skarpen E, Oksvold MP, Gresvik H, Widnes C, Huitfeldt HS. Altered
regulation of EGF receptor signaling following a partial hepatectomy. J
Cell Physiol 2005;202:707-716.

Shen SQ, Zhang Y, Xiang JJ, Xiong CL. Protective effect of curcumin
against liver warm ischemia/reperfusion injury in rat model is
associated with regulation of heat shock protein and antioxidant
enzymes. World J Gastroenterol 2007;13:1953-1961.

Ishii S, Abe T, Saito T, Tsuchiya T, Kanno H, Miyazawa M, et al. Effects
of preconditioning on ischemia/reperfusion injury of hepatocytes
determined by immediate early gene transcription. J Hepatobiliary
Pancreat Surg 2001;8:461-468.

Xiao JS, Cai FG, Niu Y, Zhang Y, Xu XL, Ye QF. Preconditioning
effects on expression of proto-oncogenes c-fos and c-jun after hepatic
ischemia/reperfusion in rats. Hepatobiliary Pancreat Dis Int 2005;4:
197-202.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


