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Protection of hepatocytes from ischemia-reperfusion injury is a clinically important issue. The
purpose of this study was to evaluate changes in acute liver damage and recovery after ischemia-
reperfusion in rats with asialoglycoprotein receptor (ASGP-R) ligand. Ischemia was induced by
clamping the hepatoduodenal ligament for 90 min. At 1, 3, 24, 48 hr, 1 and 2 wk after reperfusion,
[-125-GSA was injected. Five min after injection, blood samples were obtained and the liver was
removed. Several regions from each lobe were dissected, weighed and counted. Mean uptakes (%
dose/g) in the liver and blood samples were calculated. Histologic sections stained with hematoxy-
lin-eosin (H-E) stain showed ischemic damage at 1 and 3 hr, and focal hepatocyte necrosis at 24 hr.
Predominant massive necrosis was not seen. The mitotic index with H-E stain and proliferating cell
nuclear antigen (PCNA) labeling index were highest at 1 wk, indicating liver regeneration. At 1 and
3 hr, liver uptake was significantly decreased, and blood uptake was significantly increased,
indicating decreased tissue blood flow and ischemic damage. Liver uptake showed significant
increases at 48 hr and 1 wk, and was the highest at 1 wk, indicating liver regeneration during the
convalescence stage. ASGP-R binding may provide valuable information on ischemia-reperfusion
injury and recovery.

Key words: liver, asialoglycoprotein, ischemia and reperfusion injury, liver regeneration, ™Tc-
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INTRODUCTION

THE HEPATIC ASIALOGLYCOPROTEIN RECEPTOR (ASGP-R) is
responsible for rapid clearance of desialylated glyco-
proteins from the circulation by receptor-mediated
endocytosis.! The marked accumulation of asialoglyco-
proteins in the serum of patients with liver disease is
induced by a decrease in the amount of hepatic binding
protein in the liver.?
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Tc-99m-DTPA-galactosyl human serum albumin (Tc-
99m-GSA) is a ligand for ASGP-R, which is a hepatic cell
surface receptor specific to galactose-terminated glyco-
proteins.>* Hepatic receptor imaging with Tc-99m-GSA
is affected by hepatocyte function only, not by Kupffer
cell function. Tc-99m-GSA permits numerical evaluation
of the hepatic functional reserve by the receptor index,
providing a more objective diagnosis than before.>¢ In
Japan Tc-99m-GSA is already commercially available
(Nihon Medi-Physics Co., Nishinomiya, Japan). The clini-
cal significance of Tc-99m-GSA for hepatic functional
reserve evaluation in chronic liver damage, fulminant
hepatic failure and postoperative extended hepatic lobec-
tomy has been reported.t-3

Protection of hepatocytes from ischemia-reperfusion
injury is an important issue in the field of hepatic surgery
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Fig. 1 Sequential changes of serum GOT and GPT in 90 min of
hepatic ischemia and sham operated control.
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Fig. 2 Sequential changes of I-125-GSA liver uptake in 90 min
of hepatic ischemia and sham operated control.

including liver resection and transplantation, and circula-
tory shock with resuscitation. Advances in these tech-
niques have led to a steady increase in the number of such
interventions. Prompt quantitative assessment of hepatic
function and the patient’s subsequent morbidity and mor-
tality remain difficult despite the currently utilized his-
toric markers of hepatic parenchymal injury.>10

The purpose of this study was to evaluate the significance
of asialoglycoprotein receptor ligand in acute liver injury
and recovery after ischemia-reperfusion in rats.

MATERIALS AND METHODS

1. Hepatic ischemia-reperfusion model

Adult male Wistar rats weighting 270 to 330 g were used.
The rats were anesthetized with pentobarbital sodium
(Nembutal) (0.09 g/kg intraperitoneally) and placed in the
supine position. To induce hepatic ischemia, laparotomy
was performed, then the hepatic artery, portal vein and
bile duct at the hepatoduodenal ligament were exposed
and cross-clamped for 90 min with a noncrushing mi-
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Fig. 3 Sequential changes of I-125-GSA blood uptake in 90
min of hepatic ischemia and sham operated control.

crovascular clip. Reperfusion was started upon removal
of the clip.

Sham-operated control rats underwent identical proce-
dures, except that the cross-clamped clip was not applied.

2. Measurement of changes in I-125-GSA liver and blood
uptake

At 1, 3, 24, 48 hr, 1 and 2 wk after reperfusion (3 rats,
respectively), I-125-DTPA-galactosyl human serum al-
bumin (GSA) (specific activity; 78.3 MBq/mg) (10.5 ug/
kg body weight) was injected via the tail vein. The
injection dose of I-125-GSA was chosen as an appropriate
dose for getting sufficient counts in each liver specimen.
1-125-GSA was prepared and supplied by the Central
Research Laboratory of Nihon Medi-Physics Co., Chiba,
Japan. The radiochemical purity was 100%.

Five min after injection, a blood sample of approxi-
mately 0.5 m/ was obtained by puncture of the inferior
vena cava. Immediately after blood sampling, the inferior
vena cava, abdominal aorta and left ventricle of the heart
were cut. Then the liver was removed from the abdominal
cavity.

Several regions from each lobe were dissected (6
samples in each rat except for the visually interpreted
necrotic region), weighed and counted. Each sample was
02t003g.

The amount in 100 !/ of blood (2 samples in each rat)
obtained via the inferior vena cava was counted.

The mean uptakes (% dose/g) in 4 samples from the
liver excluding the maximum and minimum count re-
gions and blood samples were calculated at each time
point.

The sham-operated control rats (3 rats, respectively)
were measured by the same procedure at the same time
points.

3. Measurement of serum GOT and GPT

In plasma samples obtained from the inferior vena cava as
described above, serum GOT and GPT levels were mea-
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Fig. 4 At 3 hr after reperfusion in 90 min of hepatic ischemia,
severe sinusoidal congestion (arrowheads) and hepatocellular
pyknosis (arrows) from the periportal to midzonal areas are
evident. (H-E; original magnification: x 200)

Fig. 5 At 24 hr, focal hepatocellular necrosis (arrows) is
demonstrated in peripheral area. (H-E; original magnification:
x 200)

sured in the ischemia-reperfusion model and sham-oper-
ated control rats.

4. Histologic studies

In the surviving animals, at 1, 3, 24, 48 hr, 1 and 2 wk after
reperfusion (3 rats, respectively), sections (5-10 mm) of
the liver were fixed in 10% buffered formalin and then
embedded in paraffin. Thin sections (5-10 um) were
prepared and stained with hematoxylin-eosin (H-E) stain
for histologic assessment of ischemic damage and regen-
eration. Inmunocytochemical staining was also performed
with proliferating cell nuclear antigen (PCNA) for mor-
phologic determination of liver regeneration.

PCNA positive cells were quantitated from 20 random
400x fields from 3 independent rats at each time point.
The labeling index was expressed as the mean + S.D.
positive nuclei per 100 nuclei (%). Mitosis of the nuclei
was measured in 20 random 400x fields from 3 indepen-
dent rats in the H-E stained sections. The mitotic index
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Fig. 6 At 1 wkafter reperfusion in 90 min of hepatic ischemia,
metaphase is shown (arrow). (H-E; original magnification:
x 400)

Fig. 7 At wk after reperfusion in 90 min of hepatic ischemia,
PCNA-positive cells are shown (arrows). (PCNA; original
magnification: x 400)

was represented as the mean £ S.D. number of metaphases
per 100 cells (%).

5. Survival study

The rats were allowed to take food and water after recov-
ering from anesthesia, and were followed up for survival
for 2 wk.

6. Statistical analysis

The significance of any differences in statistical analyses,
I-125-GSA uptakes and histologic studies was evaluated
by Student’s t-test. P values less than 0.05 were consid-
ered to be statistically significant.

RESULTS
1. Survival rate

Out of 36 rats, 12 (33.3%) died during occlusion or
immediately after reperfusion, and 8 (22.2%) died within
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Fig. 8 Time course of the hepatic mitotic index (right) and PCNA labeling index (left) in 90 min of

hepatic ischemia.

24 hr. Sixteen rats (44.4%) survived for 2 wk. No control
rats had died at 2 wk.

2. Changes in serum GOT and GPT

The sham-operated control rats showed no increase in
serum GOT or GPT at each time point (Fig. 1). At 3 hr
after reperfusion, serum GOT and GPT showed a signifi-
cant increase in comparison with the control values. Both
GOT and GPT showed the highest increase at 3 hr.

3. Changes in I-125-GSA liver and blood uptake

The liver uptake of I-125-GSA was significantly de-
creased at 1 and 3 hr after reperfusion in comparison with
the control values (Fig. 2). Liver uptake was lowest at 1 hr.
Conversely, significantly increased liver uptake was seen
in comparison with the control value at 48 hr and 1 wk.
Liver uptake was the highest at 1 wk. The blood uptake of
I-125-GSA was significantly higher at 1 and 3 hr than the
control values (Fig. 3). Blood uptake was the highest at 1
hr.

4. Histopathologic changes
After 90 min of ischemia and 1 hr of reperfusion, sinusoi-
dal congestion and hepatocellular pyknosis from the peri-
portal to midzonal areas were evident. These changes
were much more prominent at 3 hr after reperfusion (Fig.
4). There was no apparent focal hepatocellular necrosis at
1 or 3 hr after reperfusion. At 24 hr, focal hepatocellular
necroses appeared in the midzonal and peripheral areas
(Fig. 5).

Both the mitotic index and PCNA labeling index were
the highest at 1 wk after reperfusion (Figs. 6-8).

No predominant massive hepatocellular necrosis was
seen at 1 or 2 wk after reperfusion.
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DISCUSSION

Several studies have reported two phases of liver injury
after hepatic ischemia-reperfusion: an early phase that
develops over the course of the first 1 to 3 hr after
reperfusion, and a second, later phase that develops at 6 to
24 hr.>!! The first hepatocellular injury that occurs during
the first 1 to 3 hr postreperfusion is manifested by a rise in
serum liver GOT levels. This early phase of injury is
mediated through an oxygen-free radical mechanism,
which is correlated with Kupffer cell activation. The later
phase of injury that occurs between 6 and 24 hr post-
reperfusion is associated with a further rise in serum liver
GOT. This later phase of hepatic reperfusion injury is
associated with hepatic neutrophils. Liu et al. reported
that in the case of reversible liver damage, GPT tran-
siently increased and glycohydrolase activity levels de-
creased progressively, whereas GPT and glycohydrolase
activity levels remained high and increased continuously
when the liver injury was irreversible.!°

Our results in surviving rats which showed transient
serum GOT and GPT increase, early ischemic change and
no expansion of hepatocellular necrosis indicated early
phase and reversible liver damage. In the early phase at 1
and 3 hr after reperfusion, significantly decreased liver
uptake of I-125-GSA indicating decreased ASGP-R bind-
ing, and significantly increased blood uptake indicating
decreased blood clearance, were seen. The usefulness of
Tc-99m-GSA in the estimation of liver injury immedi-
ately after ischemia-reperfusion has previously been
reported in a rat model.!?!3 These results indicate an
absolute decrease in the total ASGP-R number due to hep-
atocellular necrosis and early synaptic damage.

Wakabayashi et al.!# reported that with a 30 min
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ischemia and reperfusion model in rat liver, the tissue
blood flow as monitored by a laser Doppler blood flow
meter showed a gradual recovery until 120 min after
reperfusion. To obtain an optimum plasma disappearance
curve of Tc-99m-GS A, which was independent of changes
in hepatic blood flow,!> Kouda et al.'6 chose a higher dose
(1665 pg/kg body weight) of Tc-99m-GSA. On the other
hand, a much smaller dose (10.5 ug/kg body weight) was
injected in our study to get reliable measurements, be-
cause of the higher count rate in the liver as opposed to the
blood. The liver uptake of I-125-GSA at 1 hr was lower
than the uptake at 3 hr, and the blood uptake of I-125-GSA
at 1 hr was higher than the uptake at 3 hr. Decreased tissue
blood flow in the early phase after reperfusion could also
exaggerate the decrease in liver uptake and increase in
blood uptake.

To evaluate the potential response to liver regeneration
of ASGP-R in the liver after ischemia-reperfusion, we
tried to correlate the levels of PCNA labeling index and
mitotic index. After two-third hepatectomy in rats,!” the
liver weight returned to normal by day 6.!3 Rossi et al.
reported with the same procedures that DNA synthesis
reached its first peak at 22 hr, followed by a lower one at
45 hr. The mitotic index was the highest at 31 hr after the
operation.!? Schlossberg et al. demonstrated with a lobar
ischemia-reperfusion model in mouse liver that PCNA
expression was high at 1 to 6 hr after liver reperfusion and
returned to baseline levels by 20 hr in both ischemic and
nonischemic lobes.!! The transient significant increase in
liver uptake of I-125-GSA seen in our experiments, which
correlated well with the peaks of the PCNA labeling index
and mitotic index, would be consistent with liver regen-
eration. A transient significant increase in liver uptake of
I-125-GSA could also indicate a relative increase in
surface ASGP-R (so-called ‘upregulation’). On the other
hand, however, previous in vitro studies'®?0 as well as an
in vivo study?! with an ASGP-R targeted hepatic magnetic
resonance imaging agent showed a decrease in the surface
ASGP-R number during hepatic regeneration after 70%
partial hepatectomy in rats. Surface ASGP receptor bind-
ing in rats after partial hepatectomy showed an 80%
decrease at 48 hr, and returned to normal by day 4.20 This
decrease was presumed to indicate the receptor-mediated
endocytosis of desialylated glycoproteins. Recently, how-
ever, Kouda et al. reported that in the convalescent stage
after hepatic injury and during recombinant human HGF
stimulation, there was an associated increase in Tc-99m-
GSA uptake per hepatocyte in an in vivo rat model.!® They
speculated that augumented GSA uptake per hepatocyte
during the convalescent stage after hepatic injury sug-
gests a cellular compensation for the decreased number of
hepatocytes. In our experiments, sequential changes in
percent GSA uptakes per hepatic weight, actually per
tissue, were also measured. Our results, which showed a
transient increase in ASGP-R binding at 1 wk in the
hepatic regeneration process, could be consistent with
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their results. In human clinical studies, a transient in-
crease in liver uptake of Tc-99m-GSA after transarterial
embolization therapy (TAE)?? and hepatic resection®?3
showing regeneration of hepatocytes have been reported.
Further sequential GSA as well as histologic studies from
the early to later phase are warranted in the future.

In conclusion, the determination of ASGP-R binding
with a specific tracer may provide a valuable measure of
hepatic injury and recovery.
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