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Abstract: Objectives: Severe acute pancreatitis (SAP) can lead to acute lung injury (ALI). The purpose of this paper
is to investigate the protective effect of clodronate-containing liposomes on ALl in rats with SAP. Methods: The thin film
method was used to prepare liposomes. Sprague-Dawley rats were randomly divided into three groups. After the SAP
model was established by injecting 5% (w/v) sodium taurocholate (2 ml/kg body weight) into the subcapsular space of
the pancreata, normal saline was administered to the control (C) group, phosphate buffer solution (PBS)-containing
liposome to the P group, and clodronate-containing liposome to the T group through tail veins. Blood samples were
obtained from the superior mesenteric vein at 2 and 6 h to measure the levels of amylase, interleukin-6 (IL-6), and
tumor necrosis factor-a (TNF-a). Morphological changes in the pancreata and lung were observed using hematoxylin
and eosin (H&E) staining, while cell apoptosis was detected using terminal deoxynucleotidyl transferase-mediated
dUTP nick end-labeling (TUNEL). In addition, the macrophage marker cluster of differentiation 68 (CD68) in lung tissue
was detected with immunohistochemistry. Results: Blood levels of amylase, IL-6, and TNF-a were significantly in-
creased in the P group compared to those in the T group (P<0.05). In the T group, large numbers of TUNEL-positive
cells were observed, but no or few in the C and P groups. Gross inspection and H&E staining of pancreata and lung
showed dramatic tissue damage, including inflammation and necrosis in the P group. Less remarkable changes were
noted in the T group, and the C group exhibited normal histology. The histological scores according to Kaiser’s criteria
were consistent with H&E findings. The number of CD68-positive macrophages decreased in the T group. Conclusions:
Clodronate-containing liposomes have a protective effect against ALI in rats with SAP. Blockade of macrophages may
represent a novel therapeutic strategy in SAP.
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1 Introduction SAP is still not clear, but activated enzyme-induced

ischemia-reperfusion of the pancreata, diverse pro-

Patients with severe acute pancreatitis (SAP)
may develop acute lung injury (ALI), leading to the
adult respiratory distress syndrome (ARDS) (Steer,
2001). The mechanism underlying ALI induced by
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inflammatory mediators generated in the pancreata,
and activated leukocytes are known to contribute to
the lung complication (Weinbroum, 2009). SAP
involves multiple inflammatory mediators initiating
and amplifying the systemic inflammatory response
syndrome (SIRS) and therefore leads to the multiple
organ dysfunction syndrome (MODS) (Singh et al.,
2009). Among the distant organ dysfunctions, both
ARDS and ALI represent serious complications and
are responsible for substantial mortality and morbidity
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(Chen et al., 2008; Pezzilli et al., 2009; Sha et al.,
2009).

We have previously reported that micro-
circulatory derangements play an important role in
the development process of ALI (Zhang and Dang,
2006). Recent research has revealed that alveolar
macrophages (AMSs) not only serve as phagocytes but
also play an important role as secretory cells in vari-
ous respiratory diseases (Serin et al., 2007; Bem et al.,
2008; Traeger et al., 2009). Activated AMs can re-
lease cytokines and inflammatory mediators which
finally result in MODS (Sugita et al., 1997; Viterbo et
al., 2008).

Itis speculated that depleting macrophages may
reduce alveolar tissue damage in SAP. One study
showed that systemic injection of liposomes con-
taining clodronate resulted in macrophage depletion
(van Rooijen and Sanders, 1994). Clodronate, a
bisphosphonate (BP), is a potent inhibitor of osteo-
clasts. As with other BPs, the cell membrane is not
readily permeable to clodronate (Roelofs et al.,
2006). However, liposomes can be readily phago-
cytized by the reticuloendothelial system, especially
macrophages. The liposome then kills the macro-
phages but is not toxic to non-phagocytic cells (Se-
lander et al., 1996).

In the present experiment, we investigated the
effect of clodronate delivered via liposomes on AMs
in a rat model of SAP.

2 Materials and methods
2.1 Materials and instruments

Sodium taurocholate (Sigma, USA) was used to
generate the SAP model. Clodronate was purchased
from Shanghai Wei Jing Technology Enterprise Co.,
Ltd., China. The cluster of differentiation 68 (CD68)
immunohistochemical kit was purchased from Fuzhou
Maxim Biosciences (China). We also used the Rotary
Evaporators R-200 (BUCHI Labortechnik AG,
Switzerland) and an automatic biochemistry analyzer
CL-7300 (Shimadzu, Japan).

2.2 Preparation and use of liposomes

Liposomes containing phosphate buffer solution
(PBS) or clodronate were synthesized using an im-
proved reverse phase evaporation method as previ-

ously described (van Rooijen and van Kesteren-
Hendrikx, 2003). The liposomal suspension was then
stored in a liquid nitrogen tank. It was thawed and
gently shaken prior to administration to the rats.

2.3 Animal models and experimental grouping

A total of 48 healthy Sprague-Dawley rats,
weighing between 350 and 400 g each, were provided
by the Laboratory Animal Center of the School of
Medicine of Jiangsu University (China). The rats
were housed in an environmentally controlled room at
21-23 °C with a light-dark cycle of 12 h:12 h. The
rats were fed the standard laboratory diet, given water
ad libitum, and fasted overnight before each experi-
ment. The experiment was performed according to the
Institutional Animal Care and Use Committee of
Jiangsu University, China. The rats were randomly
divided into three groups with equal size: SAP in-
jected with normal saline group (controls; C group),
SAP injected with PBS-liposome group (P group),
and SAP injected with clodronate-containing lipo-
some group (T group). Each of these groups was
further divided into two subgroups with eight rats in
each group at 2 and 6 h. The abdominal cavities of the
rats were opened after receiving anesthesia. SAP
models were generated by injecting 5% (w/v) sodium
taurocholate (2 ml/kg body weight) into the subcap-
sular space of the pancreata (Zhang et al., 2006).
PBS-liposome (2 ml/kg body weight), clodronate-
containing liposome (2 ml/kg body weight), and nor-
mal saline (2 ml/kg body weight) were then slowly
injected into the tail veins of SAP rats in the P, T, and
C groups, respectively. The dose of clodronate, in
previous study (Zhang et al., 2010), was shown to be
effective. At 2 and 6 h after injection, the animals
were sacrificed, and then the pancreata and lungs
were harvested.

2.4 Analysis of serum amylase, tumor necrosis
factor-a (TNF-a), and interleukin-6 (IL-6) levels

The analysis methods are similar as previously
described by Zhang et al. (2010). To assess serum
amylase, TNF-a, and IL-6 levels, blood was ob-
tained from the superior mesenteric vein, and cen-
trifuged for 10 min at 3000 r/min. The supernatant
was preserved at —20 °C. Serum amylase was meas-
ured with an automatic biochemical analyzer. Serum
concentrations of TNF-a and IL-6 were measured by
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enzyme-linked immunosorbent assay (ELISA; In-
vitrogen, USA) according to the manufacturer’s
protocol.

2.5 Terminal deoxynucleotidyl transferase-mediated
dUTP nick end-labeling (TUNEL) assay of lung

The TUNEL assay (in situ Apoptosis Detection
Kit; Cat. No. 11684817910; Roche, Switzerland) was
performed according to the manufacturer’s protocol.

2.6 ldentification of macrophages in lung tissue
with immunohistochemistry

A commercially acquired monoclonal CD68
antibody (Maxim Corp, Fuzhou, China) was used
to detect macrophages in formalin-fixed, paraffin-
embedded tissues from all the rats.

2.7 Pathological examination

Paraffin-embedded pancreata and lungs were
sectioned at 5 um, and then stained sequentially with
hematoxylin and eosin (H&E). Experienced his-

tologists blind to the treatment scored each specimen.

This pathological grading of the pancreatic tissue
was performed using the scoring systems proposed
by Kaiser et al. (1995). ALI was quantified by his-
tologic examination as previously described (Lee et
al., 2008).

2.8 Statistical analysis

SPSS Version 18.0 was used. Statistical esti-
mates of meanzstandard deviation (SD) were used. If
equal variances were assumed, one-way analysis of
variance (ANOVA) was applied; otherwise a non-
parametric test (Kruskal-Wallis) was used. The
Mann-Whitney U test was used to assess the differ-
ences in grading of pancreata and lung injury. A sig-
nificance level P<0.05 was applied.

3 Results

3.1 Changes in serum amylase, TNF-a, and IL-6
levels

As shown in Table 1, blood levels of serum
amylase at 2 and 6 h among rats in the P group were
significantly higher than those in the C group
(P<0.05). In contrast, the levels of serum amylase at
both time points in the T group were significantly
lower than those in the P group (P<0.05). The amy-
lase levels in the T group were not significantly dif-
ferent from those in the C group.

At both time points, higher levels of TNF-a and
IL-6 were obtained in the P group than in either the C
or T group (P<0.05).

3.2 Apoptosis ratio of lung tissue by TUNEL

In the T group, large numbers of TUNEL-positive
cells were observed, but no or few in the C and P
groups (Fig. 1).

3.3 Morphological and pathological changes
3.3.1 Pancreata

Gross observation: In the C group, the pancreata
of rats showed no significant change. In the P group,
hemorrhagic ascites were noted in the cavum ab-
dominis, as well as pancreatic hyperemia, edema,
hemorrhage, and necrosis. In the T group, patho-
logical changes were obviously milder than those in
the P group. Light microscopy: In the C group, ani-
mals showed normal pancreatic tissue. In the P group,
mild edema and inflammatory cell infiltration ac-
companied by extensive exudation were observed at
the 2 h; additionally, necrosis of adjacent adipose
tissue, moderate hemorrhage, and acinar cell necrosis
were observed at 6 h. The rats in the T group showed

Table 1 Levels of serum amylase, TNF-a, and IL-6 at 2 and 6 h in each group

Group Amylase (U/L) TNF-o0. (pmol/L) IL-6 (pmol/L)
2h 6h 6h 2h 6h
C 810.89+79.43 813.91+79.77 23.20+2.03 30.28+6.07 23.75+3.78 26.69+5.73
P 3370.71+332.53"  5030.59+471.29°  129.98+13.50° 234.05#17.09" 152.39+4.63°  218.02+4.68"
T 2069.28+227.89" 2842.75x236.37  80.92#29.90% 163.18+19.12°%  70.73+7.90"  112.29+8.00"

“P<0.05 as compared with the C group, * P<0.05 as compared with the P group. Data are expressed as mean+SD (n=8)
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Fig. 1 TUNEL in situ detection of apoptosis of lung tissue cells

(a, d) C group at 2 and 6 h, respectively; (b, ) P group at 2 and 6 h, respectively; (c, f) T group at 2 and 6 h, respectively (all
original magnification x400). Note the presence of multiple AMs without apoptosis in the C and P groups and with

apoptosis in the T group

mild interstitial edema of the pancreata, as well as
infiltration by inflammatory cells; however, no pan-
creatic parenchymal hemorrhage or necrosis was
evident. These histological changes in the T group
were less marked than those in the P group. Accord-
ing to Kaiser’s criteria, the histological scores dif-
fered significantly in the P and T groups compared
with the score in the C group. Less dramatic patho-
logical changes were observed in the T group than in
the P group (P<0.05) (Fig. 2).

3.3.2 Lung

Gross observation: In the C group, the rats’ lungs
showed normal morphology. In the P group, varying
degrees of congestion and swelling were seen at both
time points. In the T group, congestion and swelling
at both time points were milder than those in the P
group. Light microscopy: In the C group, the rats’
lungs showed no obvious morphological or structural
abnormalities. In the P group, obvious inflammatory
cell infiltration was noted, predominantly distributed
in the portal and necrotic areas. In the T group, the
pathological changes in pulmonary tissue were sig-
nificantly less severe. A quantitative score standard
for severity was made based on pathological changes
of the lung tissue in the various groups. The patho-
logical severity score was significantly higher in the
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Fig. 2 Pathological changes in the pancreata
Histological scores showed that both the P and T groups
differed significantly from the C group; however, patho-
logical changes in the T group were less severe than those
in the P group. ~ P<0.05 as compared with the C group,
#P<0.05 as compared with the P group. Data are expressed
as mean+SD (n=8)

P and T groups than in the C group at 2 and 6 h
(P<0.05), and it was significantly lower in the T group
than in the P group at 2 and 6 h (P<0.05) (Fig. 3).

3.4 Pulmonary tissue macrophages stained by
immunohistochemistry for CD68

Rat pulmonary tissue sections were immu-
nostained and examined for the macrophage-specific
marker CD68 under different conditions in each

group (Fig. 4).
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Fig. 3 Morphological and pathological changes in the lung
) (a—f) Morphologic changes of the lung injury. Representative
T H&E-stained sections of lung were examined by light microscopy.
(a, d) C group at 2 and 6 h, respectively (original magnification
%400 (a) and x200 (d)). No histological alterations were observed;
(b, €) P group at 2 and 6 h, respectively (original magnification
x200). Alveolar septum thickening and inflammatory cells pene-
trating into the alveolar spaces were noted; (c, f) T group at 2 and
6 h, respectively (original magnification x400). Lung injury was
attenuated to a great extent. (g) Acute lung injury score. Histopa-
thological scores were higher in the P and T groups than in the C
n—.I— [ . group, and lower in the T group than in the P group at 2 and 6 h.
2 6 " P<0.05 as compared with the C group, ¥ P<0.05 as compared with

Time (h) the P group. Data are expressed as mean+SD (n=8)

Score

C group

Fig. 4 Immunostaining for CD68 in rat pulmonary tissues
(a, d) C group at 2 and 6 h, respectively (original magnification x200). At steady state, most macrophages are located in the
interstitial and alveolar spaces during SAP; (b, €) P group at 2 and 6 h, respectively (original magnification x400). The
tissue architecture is massively distorted, and numerous macrophages (brown) are dispersed in the interstitial and alveolar
spaces of lung segments; (c, f) T group at 2 and 6 h, respectively (original magnification x200 (c) and x400 (f)). Macro-
phages are decreased in lung tissue sections
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4 Discussion

SAP is associated complications including SIRS,
MODS, ALLI, and local complications within the pan-
creata (Ammori, 2003; Lankisch and Lerch, 2006).
Among the extrapancreatic complications of SAP,
ALl is most frequently associated with death. The
incidence of ALI approaches 70%, and when con-
comitant with SAP, ALI evolves into ARDS. ALI and
ARDS are well-known as common causes of mor-
bidity after SAP, with an overall mortality rate of 30%
to 40%. The cellular and molecular mechanisms that
contribute to ALI in SAP are not well understood
(Matsuda et al., 2006). Oxygen free radicals and
various inflammatory mediators are acknowledged as
the principal mediators in the transformation of SAP
from a local inflammatory process into a systemic
illness. Cytokines and inflammatory mediators such
as TNF-a, IL-1, and IL-6 have been shown to increase
in a “cytokine storm” that resulted in an uncontrolled
inflammatory process (Makhija and Kingsnorth,
2002). Activation of numerous inflammatory effector
cells, such as polymorphonuclear leukocytes and
macrophages, has also been found to trigger excessive
release of inflammatory mediators and cytokines in
ALI (Zhao et al., 2006).

However, the pathogenesis has yet to be fully
clarified. In recent years, in-depth studies have re-
vealed that macrophages play a major role in a course
of SAP (Folch-Puy, 2007). Closa et al. (1999) have
found that infiltration and activation of macrophages
are initial factors and the most important patho-
physiological process, eventually resulting in MODS.
AMs are activated as a consequence of SAP; Cheng et
al. (2002) determined that lung damage induced by
experimental SAP is associated with AM activation.
Inhibiting the activation of macrophages or counter-
acting the release of inflammatory mediators during
SAP would ameliorate the degree of ALI resulting
from SAP.

At present, the cellular level therapy aimed at
macrophages is a field of intense activity, and finding
ways to adjust the function of macrophages is a new
research direction in treating SAP. Macrophage in-
filtration and activation are not only the trigger for the
development of initial events in SAP but also an im-
portant pathophysiological step in MODS (Gutierrez
et al., 2008). This central role in regulating inflam-

mation makes macrophages interesting targets for
designing therapeutic strategies focused on control-
ling the systemic effects of acute pancreatitis. These
proinflammatory cytokines promote the spread of
inflammation and also augment levels of neutrophil
elastase to produce free radicals that damage the en-
dothelial cells, causing endothelial swelling and cir-
culatory stasis. In SAP, increased levels of proin-
flammatory cytokines and decreased levels of anti-
inflammatory cytokines are crucial factors in its pro-
gression. The bisphosphonate clodronate is known to
deplete monocytic cells. van Rooijen et al. (1996)
found that intravenous injection of clodronate-
containing liposomes could selectively clear macro-
phages in vivo. Clodronate is speculated to function
mainly during induction of apoptosis, in which clo-
dronate might compete with ATP and act as a sub-
strate for intracellular ATPase. Free clodronate has
poor permeability and a short half-life in the systemic
circulation. Delivery of clodronate incorporated into
liposomes can greatly enhance its uptake by phago-
cytes, leading to selectively targeted macrophage
killing (Frith et al., 1997). Despite inhibiting the
growth of cultured macrophages, liposomal clodro-
nate had no effect on endothelial or smooth muscle
cells (Danenberg et al., 2002).

Our results showed that clodronate-containing
liposome could inhibit ALI by repressing IL-6 and
TNF-a. Serum TNF-a and IL-6 levels were notably
increased in the P group, and levels of these cytokines
were lower in the T group. Less damage in the lung
tissue was observed in the T group than in the P group.
In the T group, large numbers of positive cells were
found by TUNEL, but few or no positive cells were
detected in the C and P groups. These findings sug-
gest that administrating clodronate-containing lipo-
some might therefore modulate the process of pul-
monary injury by regulating the apoptosis of AMs and
the production of inflammatory mediators. In our
model of ALI, results on a standard microscopic
pathological scale of lung tissue injury were nearly
paralleled by CD68 expression.

5 Conclusions

The current data indicate that AMs contribute to
the process of ALI associated with SAP. Liposomes
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containing clodronate can induce macrophage apop-
tosis in a rat model of SAP to inhibit excessive release
of cytokines and inflammatory mediators, thereby
improving the prognosis of SAP. This study shows
that systemic administration of clodronate-containing
liposomes can inhibit AMs in rats with SAP. We have
proved our hypothesis regarding the role of AMs in
the pathogenesis of ALI. The results suggest a useful
therapeutic strategy to alleviate the clinical course of
ALl related to SAP.
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