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ABSTRACT
Context Hepatic injury is considered one of
the critical complications associated with
acute pancreatitis. It was proposed that initial
insults to the liver in the early phase of the
attack have an important priming effect, and
the subsequent infectious attack (e.g.
infectious pancreatic necrosis, bacterial
translocation episode) constitutes a second
attack on the liver.
Objective To evaluate the role of priming by
induction of cerulein pancreatitis and a
following second attack by endotoxemia.
Main outcome measures Plasma clearance
and biliary excretion of indocyanine green (a
hepatophillic hydrophobic organic anion).
Design A model of acute pancreatitis in rats.
Setting Four groups of rats: untreated control,
cerulein pancreatitis, endotoxemia and
endotoxemia following the induction of
cerulein
pancreatitis
(pancreatitis
+
endotoxemia).
Results Biliary indocyanine green excretion
was significantly disturbed only in the
pancreatitis + endotoxemia group. Plasma
clearance (a reflection of hepatic uptake) of
indocyanine green from the blood was only
slightly affected in endotoxemia group.

Conclusion Biliary secretion is quite
sensitive to this hepatic injury model. Both
the preceding priming insult and the
following second attack are important in the
development of hepatic injury.
INTRODUCTION
Severe acute pancreatitis often leads to a poor
prognosis. In most cases, distant organ injury
is the cause of mortality in acute pancreatitis
patients. Hepatic injury is one of the critical
complications of acute pancreatitis. Although
the liver may be one of the neglected organsystems in acute pancreatitis, several
experimental reports have demonstrated the
occurrence of hepatic injury accompanying
acute pancreatitis. Distortion of the hepatic
microvasculature and decreased hepatic
mitochondrial function have also been
demonstrated in acute pancreatitis [1, 2, 3, 4].
Furthermore, Hori et al. reported impaired
vesicular transport of lipopolysaccharide
(LPS) in acute pancreatitis [5]. However,
although impaired hepatic circulation and
humoral toxic factors, such as cytokines, have
been suggested as a cause of hepatic injury [5,
6], the underlying mechanisms are poorly
understood.
Various inflammatory mediators including
cytokines are produced in acute pancreatitis
[7, 8, 9]. Initial insults in the early phase of
the attack result in the priming of
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inflammatory cells including neutrophils,
lymphocytes, and macrophages [10]. These
inflammatory cells are primed to respond to
further stimulation. Thus, subsequent
infectious complications (e.g. infected
pancreatic necrosis, bacterial translocation
episode) under these circumstances result in a
repeated induction of cytokines and the
primed inflammatory cells attack surrounding
tissues. As a result, organ function is further
impaired. Ogawa has described this type of
organ injury as a “second attack”
phenomenon [11, 12]. The “second attack”
theory is relevant to models of hepatic injury.
Okamura et al. reported hepatic injury by
LPS
injection
after
infection
with
Propionibacterium acnes (P. acnes/LPS
treatment) [13]. Galanos et al. reported that
administration of subtoxic doses of LPS to Dgalactosamine
(GalNAc)-primed
mice
resulted in hepatic injury (GalNAc/LPS
treatment) [14] and we also observed marked
hepatic injury upon administration of LPS to
rats with cerulein-induced pancreatitis
(pancreatitis/LPS treatment) [6]. In this
report, we sought to analyze the importance
of “priming” followed by a “second attack”
using induction of cerulein pancreatitis
followed by endotoxemia.

endotoxemia induced by LPS injection
(endotoxemia),
and
iv)
endotoxemia
following induction of cerulein pancreatitis
(pancreatitis + endotoxemia).

MATERIALS AND METHODS

The plasma clearance (3 rats per group) and
biliary excretion of indocyanine green (ICG)
(5 rats per group), a hepatophillic
hydrophobic organic anion, were analyzed.
Nine hours after LPS injection or 15 hours
after the first cerulein administration, a bile
drainage tube was inserted into the
extrahepatic bile duct by laparotomy in the
pancreatitis group, endotoxemia group and
pancreatitis + endotoxemia group. In the
untreated control group, animals were
subjected to experimentation without
receiving cerulein or LPS. After 30 min,
when the bile flow became stable, ICG (2.4
µmole/kg) was administered via the femoral
vein, and blood samples were collected for 15
minutes. Bile samples were collected every
10 minutes for 3 hours after ICG injection.
The plasma and bile samples containing ICG
were diluted with 0.1N NaOH after

Animals and Chemicals
Fifty-two male Wistar rats (230-260 g)
(Kyudo Experimental Animal Center,
Kumamoto, Japan) were used in this study.
The animals were provided with rodent chow
and water ad libitum. Cerulein and LPS
(Escherichia coli 0111: B4) were purchased
from the Sigma Chemical Co. (St. Louis,
USA). All other reagents used were of
analytic grade.
Experimental Protocol
The animals were divided into four
experimental groups: i) untreated controls, ii)
mild pancreatitis induced by cerulein
injection
(pancreatitis),
iii)
simple

Induction of Pancreatitis and Endotoxemia
Cerulein pancreatitis was induced by the
administration
of
four
intramuscular
injections of cerulein (50 µg/kg) at 1-hour
intervals [6, 7, 8, 9]. The resultant pancreatitis
was mild and edematous. Endotoxemia was
provoked by intraperitoneal injections of LPS
(30 mg/kg). LPS was administered 6 hours
after the first cerulein injection in the
pancreatitis + endotoxemia group.
Measurement of ALT Activity
Plasma samples for ALT measurement were
collected from 5 rats in each group via the
femoral vein at 9 hours after LPS injection or
15 hours after the first cerulein
administration, and stored at –80 °C until
used. An assay kit for ALT activity was used
for measurement (Wako, Osaka, Japan).
Plasma Clearance and Biliary Excretion of
Indocyanine Green
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significantly increased as compared to the
control group after the injection of LPS
(endotoxemia group; P=0.001) as well as in
the pancreatitis + endotoxemia group
(P<0.001). Elevation of plasma ALT activity
was significantly (P<0.001) much higher in
the pancreatitis + endotoxemia group than in
the simple endotoxemia group (Figure 1).
Plasma Clearance of ICG
Figure 1. Plasma ALT activity.

centrifugation, and the absorbance at 805 nm
was measured.
ETHICS
All animals were maintained under standard
conditions according to National Institutes of
Health (NIH) animal care guidelines [15].

ICG transport ability was examined to assess
hepatic function. Nine hours after LPS
administration, the plasma clearance of
injected ICG was compared among the four
experimental groups. However, no significant
differences were observed among the four
groups, suggesting that the uptake of ICG into
hepatocytes did not deteriorate in any group
(Figure 2). The disappearance rate (K-value)
of indocyanine green from the blood was only
slightly (P=0.046) affected in endotoxemia
group (Table 1).

STATISTICAL ANALYSIS
Data are reported as mean±SD. Statistically
significant differences in the data were
assigned according to the Student t test and
distribution. A two-tailed P value less than
0.05 was regarded as significant. Statistical
analyses were performed by running the
SPSS/PC+ package.
RESULTS
Plasma ALT Activity
Plasma ALT activity was measured 9 hrs after
LPS administration. The ALT levels

Biliary Excretion of ICG and Bile Volume
The kinetics of ICG excretion into the bile
was monitored for three hours after an
intravenous injection of ICG. The excretion
of ICG into the bile and the volume of the
bile decreased significantly only in the
pancreatitis + endotoxemia group when
compared to the controls (Figures 3 and 4),
while the pancreatitis and the endotoxemia
groups did not show any significant
difference vs. the controls. In all groups, the
reduction in ICG excretion appeared to
parallel the decrease in bile flow. While 70 to
80% of the ICG administered is normally

Table 1. Comparison of the hepatic function in the various experimental groups (Data are reported as percentages with
the control group regarded as 100%).
Pancreatitis
Endotoxemia
Pancreatitis+
Endotoxemia
Plasma clearance of ICG (K-value)
(n=3 each group)

103±15
(P=0.762)

74±10
(P=0.046)

116±16
(P=0.225)

Bile volume
(n=5 each group)

111±3
(P=0.001)

110±25
(P=0.422)

63±16
(P=0.007)

Biliary excretion of ICG in the first hour
(n=5 each group)
P values vs. control group (i.e. 100%).

102±10
(P=0.678)

112±38
(P=0.519)

39±22
(P=0.003)
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Figure 2. Plasma ICG clearance.
Inverted triangles: control group; squares: pancreatitis
group; triangles: endotoxemia group; closed circles:
pancreatitis + endotoxemia group.
Data represent the mean values ± SD.
* P<0.05 vs. control group.

Figure 4. Bile volume.
Inverted triangles: control group; squares: pancreatitis
group; triangles: endotoxemia group; closed circles:
pancreatitis + endotoxemia group.
Data represent the mean values ± SD.
* P<0.05 vs. control group.

excreted into bile within one hour, the
excretory level of ICG in the pancreatitis +
endotoxemia group fell markedly to 28%
(Figure 5).
Data of the kinetics of ICG excretion into
bile, expressed as percentage values vs.
control groups, are reported in Table 1. These
results demonstrated that both the excretion
of ICG into bile canaliculi and the bile
volume itself decreased in the pancreatitis +
endotoxemia group vs. the controls (P=0.003

Figure 3. Biliary excretion of ICG.
Inverted triangles: control group; squares: pancreatitis
group; triangles: endotoxemia group; closed circles:
pancreatitis + endotoxemia group.
Data represent the mean values ± SD.
* P<0.05 vs. control group.

Figure 5. Biliary excretion of ICG during the first hour
(Data are reported as % of the administered doses).
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and P=0.007, respectively). In addition, an
increase of the bile volume (P=0.001) should
be noted in the pancreatitis group.
DISCUSSION
We demonstrated that, in addition to the
elevation of plasma ALT levels, biliary ICG
excretion was significantly affected in the
pancreatitis + endotoxemia group. However,
plasma clearance (reflecting hepatic uptake)
of ICG from the blood was not affected.
These results suggest that: i) biliary secretion
might be the most sensitive function affected
by hepatic insults, and ii) both the preceding
priming effect and the following second
attack are important in the development of
hepatic injury.
We have emphasized the importance of a
second infectious attack following the primed
condition, as an exaggerating factor [11, 12].
In cerulein pancreatitis, the mRNA induction
of cytokines occurred locally in the pancreas
[16, 17], although systemic cytokinemia was
not provoked. Simple endotoxemia induced
moderate systemic cytokinemia. On the other
hand, plasma cytokine concentrations
dramatically increased in the pancreatitis +
endotoxemia group [8, 9, 18]. These results
suggest that, when primed by the induction of
cerulein pancreatitis, the stimulation of
cytokine
production
by
subsequent
endotoxemia as a second attack might be
augmented. Under such conditions, the
second attack episode induces primed
neutrophils to attack distant organs in which
the neutrophils have accumulated [10].
Ogawa has described this type of organ injury
as a second attack phenomenon [11, 12].
Ogawa considers the term “second attack” to
be very important for the prevention of organ
dysfunction, because physicians and surgeons
can do nothing about the first attack or initial
insult, but they can prevent or reduce the
second attack. Concerning the first attack,
acute pancreatitis is already present before the
patient visits a medical institution. However,
the second attack can be avoided or reduced.
Therefore, the important procedure against
organ dysfunction is to pay close attention to

any second attack, thus avoiding or reducing
it [11, 12].
Hepatic transport of organic anions including
ICG may depend on microcirculation in the
liver. However, no significant decrease in the
hepatic blood flow was observed in our
experimental system (data not shown).
Furthermore, the plasma clearance of ICG,
which is also dependent on the hepatic blood
flow, was not disturbed in any of the
experimental groups, suggesting that the
hepatic blood flow was normal. Alternatively,
humoral mediators such as cytokines may
directly or indirectly impair the hepatic
transport of organic anions. As mentioned
above, we have reported an increased
production of several cytokines in the
pancreatitis + endotoxemia model [8, 9, 18].
Histologically, findings of cholestasis were
not observed in the pancreatitis +
endotoxemia group (data not shown).
Together, these results suggest a possible role
for humoral mediators in hepatic functional
disturbance in this model.
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