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Abstract: Background and objective: It has been shown that macrophages play an important role in the development
of severe acute pancreatitis (SAP), and eventually lead to multiple organ failure (MOF). Clodronate-liposome selec-
tively depleted macrophages. This study was to investigate the role of renal macrophage infiltration in acute renal
injury in rats with SAP and to evaluate the potential of superparamagnetic iron oxide (SPIO)-enhanced magnetic
resonance imaging (MRI) for diagnosis. Methods: Superparamagnetic Fe3O4 nanoparticles were prepared by chemical
coprecipitation. SPIO-liposomes and SPIO-clodronate-liposomes were prepared by the thin film method. SAP models
were prepared by injection of sodium taurocholate into the subcapsular space of rat pancreas. Sprague-Dawley rats
were randomly divided into a control group, SAP plus SPIO-liposome (P) group, and SAP plus SPIO-clodronate-
containing liposome (T) group. Kidney injury was evaluated by T2-weighted MRI scan. The levels of serum amylase
(SAM), blood urea nitrogen (BUN), and serum creatinine (SCr) were measured by an automated enzymatic method.
Serum tumor necrosis factor-a (TNF-a) was measured by enzyme-linked immunosorbent assay (ELISA). Pathological
changes in the pancreas and kidney were observed using hematoxylin and eosin (H&E) staining, while cell apoptosis
was detected with terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining. In addition, the
macrophage markers (CD68) of the renal tissue were detected with immunohistochemistry. Results: The pathological
changes in the pancreas and kidneys of rats in the T group were milder than those in the P group. The MRI signal
intensity of the kidneys in the P and T groups was significantly lower than that in the control group. There were sig-
nificant changes in the two experimental groups (P<0.01). The levels of SAM, Bun, SCr, and TNF-a in rats in the P
group were higher than those in the control group (P<0.01) and in the T group (P<0.01). The apoptosis of the kidney in
the T group was higher than that in the P group at 2 and 6 h (P<0.01). Conclusions: Clodronate-containing liposomes
protected against renal injury in SAP rats, and SPIO can be used as a tracer for MRI examination to detect renal injury
in SAP rats. SPIO-aided MRI provided an efficient non-invasive way to monitor the migration of macrophages after
renal injury in rats with SAP.
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1 Introduction high morbidity. Recently, the SIRS has been widely
recognized as a disease state, which could lead to
Severe acute pancreatitis (SAP) can cause sys-  multiple organ failure (MOF) (Singh et al., 2009; Fry,
temic inflammatory response syndrome (SIRS) and  2012). SAP is often complicated by renal injury. The
acute kidney injury is a serious complication of SAP
and has a high mortality rate (Zhang et al., 2008; Li et
¥ Corresponding author al.,2010). It is not clear how renal injury is induced in
: P.roject supported by the National Natl.lral Science lj"oundat.ion of acute pancreatitis but increasing evidence implicates
China (No. 81070287) and the Natural Science Foundation of Jiangsu . . . . .
Province (Nos. BK2011484 and 2012704), China pro-inflammatory cytokines and oxidative stress in
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It was suggested that impaired clearance of in-
jured acini by macrophages is associated with an
altered cytokine reaction resulting in the progression
of acute pancreatitis. Macrophages play a central role
in the systemic generation of inflammation mediators
during acute pancreatitis (Shrivastava and Bhatia,
2010). Their accumulation and activation in the kid-
ney were correlated with the progression of SAP and
participated in the initiation, progression, and final
destruction of renal tissue (Ricardo et al., 2008).

Clodronate is a first-generation bisphosphonate
osteoporosis drug that is a potent osteoclast inhibitor,
and has poor cellular membrane permeability and a
short half-life in the systemic circulation (van Rooijen
and Sanders, 1994; Selander et al., 1996; Danenberg
et al., 2002; Hoshino and Yamazaki, 2005; Roelofs et
al., 2006). Clodronate-liposome selectively depleted
macrophages from tissue by competing with ATP
(van Rooijen and Sanders, 1994). When administered
intravenously, liposomes are delivered to phagocytic
cells of the mononuclear phagocyte system, and
clodronate is released intracellularly, which destroys
these phagocytic cells (Pennanen et al., 1995; Day et
al., 2005; Jo et al., 2006).

Due to their ability to produce proinflammatory
cytokines, macrophages have long been regarded as
classic mediators of innate immunity, glomerular
damage, tubular cell death, and the downstream fi-
brotic events leading to renal injury (Bonventre and
Zuk, 2004; Devarajan, 2006). Although it has been
reported that adenosine triphosphate (ATP) depletion,
reactive oxygen species (ROS), phospholipase acti-
vation, neutrophil infiltration, and vasoactive peptides
were involved in the pathogenesis of renal damage
(Williams et al., 2010; Zheng et al., 2011), the
mechanisms underlying the macrophage-mediated
renal injury have not been fully understood.

There was an attempt to determine the relation-
ship between the involvement of renal and perirenal
space and the severity of acute pancreatitis with
magnetic resonance imaging (MRI) (Li et al., 2012).
Superparamagnetic iron oxide (SPIO) nanoparticles
have been used as cell labeling agent in both pre-
clinical and clinical settings. The aim of this study
was to evaluate the ability of macrophage imaging
with SPIO-enhanced MRI to detect the infiltration of
macrophages into pancreas and kidney to elucidate
the role of macrophages in SAP-induced renal injury.

2 Materials and methods
2.1 Reagents

Clodronate (clodronic acid) was purchased from
the Wegene Technoloies Inc. (Shanghai, China).
Ferric hexahydrate, absolute ethanol, and cyclohexane
(analytical reagent), oleic acid (OA), and Fe(acac);
(chemical pure) were purchased from Sinopharm
Chemical Reagent Co. Ltd. (China). Apoptosis was
detected by terminal deoxynucleotidyl transferase
dUTP nick end labeling (TUNEL) assay with a de-
tection kit (Cat. No. 11684817910; Roche, Switzer-
land). The CD68 immunohistochemical kit was pur-
chased from the Fuzhou Maxim Biosciences (China),
and tumor necrosis factor-o. (TNF-a) was purchased
from Invitrogen Corp. (California, USA). All other
chemicals, unless otherwise stated, were purchased
from Sigma (St. Louis, MO, USA). Electric stirrer
(JJ-1) was purchased from the Jintan Medical In-
strument Factory (Jiangsu, China), automatic bio-
chemistry analyzer from Shimadzu (Japan), rotary
evaporators R-200 from BUCHI, and MR (3.0 T),
Bruker D500 Theta/2Theta X-Ray Diffraction (XRD)
from SIEMENS. Transmission electron microscopes
(TEM; FEI Tecnai-12) were obtained from Philips
(the Netherlands).

2.2 Preparation of SPIO, SPIO-liposomes, and
SPIO-clodronate-liposomes

Superparamagnetic Fe;O4 nanoparticles were
prepared by chemical coprecipitation method as pre-
viously described (Zhang et al., 2010). The black
precipitate was obtained and washed with anhydrous
alcohol thrice. Then the product was dispersed in
anhydrous alcohol. The surface structure and mor-
phology of the composite were characterized by XRD
using Cu Ko radiation (1=1.54 A), scanning electron
microscope (SEM), and TEM (voltage 120 kV). SPIO-
liposomes (empty liposomes) and SPIO-clodronate-
liposomes were prepared as the method previously
described with some modifications (van Rooijen and
van Kesteren-Hendrikx, 2003; Zhang et al., 2010).
Briefly, 0.14 g lecithin and 0.028 g cholesterol were
dissolved in 15 ml chloroform. The mixture was then
evaporated to remove chloroform by rotary distilla-
tion with 150 r/min at 37 °C. Finally, a layer of single-
molecule lipid membrane was formed on the flask
walls. The flask was dried in a 60 °C thermostatic
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oven. Disodium clodronate (0.1 g) and prepared SPIO
(2 drops) were added into 15 ml of phosphate buff-
ered saline (PBS), vigorous shaking followed by 1 h
continuous ultrasound to generate a phospholipid
bilayer from the single-molecule phospholipid mem-
branes. The resulting liposomes were washed with
saline and PBS to remove unincorporated phospho-
lipid molecules. Drug encapsulation efficiency was
calculated as (liposome encapsulated drug/total lip-
osomes)x100%. Calculated drug encapsulation effi-
ciency of prepared clodronate-SPIO liposomes was
26.3%.

2.3 Animal models and experimental grouping

Sprague-Dawley rats (weight 350-400 g) were
maintained in a temperature-controlled environment
with an ambient temperature of 21-23 °C and a 12-h
light/dark cycle. The rats were given food and water
ad libitum and fasted overnight before experiments.
Rat SAP models were prepared by the method of
Zhang et al. (2007). The SAP rats were slowly in-
jected 2 ml/kg body weight through the tail vein of
either SPIO-liposomes (P group), SPIO-clodronate-
liposomes (T group), or saline (C group). There were
eight rats in each group. All dosages had previously

been shown to be effective (Chamberlain ez al., 2011).

The suspension was shaken gently before administra-
tion. Rat kidneys were scanned by T2-weighted MRI
scans (in the same plane). Following the SAP model
for 2 and 6 h, rats were sacrificed and the left kidney
and pancreas were harvested. All institutional and
national guidelines for the care and use of laboratory
animals were followed.

2.4 Analyses of serum amylase (SAM), blood urea
nitrogen (BUN), serum creatinine (SCr), and tu-
mor necrosis factor-o (TNF-a) levels

At the end of the scans, 2 ml of blood samples
were drawn from the superior mesenteric vein and
placed on ice for 15 min before being centrifuged at
3000 r/min for 5 min, and kept at =70 °C until the
analyses for SAM, BUN, SCr, and TNF-a. SAM,
BUN, and SCr were measured by an automated en-
zymatic method (Shimadzu, Japan). Serum TNF-a
was measured by enzyme-linked immunosorbent
assays (ELISA) (Invitrogen, USA) according to the
manufacturer’s protocol.

2.5 MRI scan of kidney

MRI was performed using a 3.0 MRI system
(Magnetom Trio Tim, SIEMENS). The MR images
were acquired using a T2-weighted image scan with
the parameters as Zhang et al. (2010) reported. A
breast coil, self-made fixation tool for rats, water
model, and image post-processing workstation (Le-
onardo) were utilized. The rats were put through the
center of the coil along the vertical direction (that is,
the long axes of the rat and the coil were mutually
perpendicular). Physiological saline solution was
placed below the coil for MRI. All rats were placed in
the supine position. After rats were fixed using the
self-made fixation tool, they were wrapped through
the coil and put on the scanning bed. The MR images
were acquired using coronal SE-T2WI (T2-weighted
image) scans.

2.6 Perls Prussian blue staining

Perls Prussian blue staining of formalin-fixed,
paraffin-embedded renal tissue sections (5 pwm thick)
used the method described by Tseng et al. (2009).

2.7 TUNEL assay

Tissue apoptotic cells were detected with TUNEL
using a commercial kit (No. 11684817910; Roche,
Switzerland) according to the manufacturer’s protocol.
TUNEL assay was performed for paraffin sections
fixed with 4% paraformaldehyde and processed ac-
cording to the method previously described by
Kitamoto et al. (2009).

2.8 Immunohistochemistry staining of renal
macrophages

Kidney infiltrating macrophages were evaluated
by immunostaining of CD68" as described previously
(Dang et al., 2010). Briefly, formalin-fixed, paraffin-
embedded tissue sections (4 um) were blocked with
10% normal rabbit serum in Tris-buffered saline for
20 min followed by 15 min incubation with avidin
and then biotin using an avidin-biotin blocking kit
(Vector Laboratories). Endogenous peroxidase activ-
ity was inhibited by 20-min incubation with methanol
containing 0.3% H,0,. Sections were incubated with
a monoclonal antibody (mAb) against rat CD68" for
12 h at 4 °C, and then incubated with biotin-labeled



Dang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2014 15(6):556-565 559

goat anti-mouse IgG for 30 min followed by a 30-min
incubation with avidin at room temperature. Biotinyl-
ated horseradish peroxidase was applied for 30 min.
Slides were washed with Tris-buffered saline with
Tween 20 (TBST) thrice after each incubation. Peroxi-
dase activity was developed in 3,3-diaminobenzidine
and counterstained with Mayer’s hematoxylin.

2.9 Histological examination

Paraffin-embedded pancreas and kidneys were
sectioned (5 um), then stained with hematoxylin and
eosin (H&E). Experienced histologists checked and
scored each specimen blindly. This pathological as-
sessment of pancreatic tissue was performed accord-
ing to the scoring criteria proposed by Kaiser et al.
(1995). Histopathologic analysis of the renal injury
was performed according to the previously described
scoring system (Zhang et al., 2006): 0: normal
finding; I: no cellular proliferation or fibrosis in
renal glomerulus, no capillary congestion or micro-
thrombus, swelling and blurry boundary of renal
tubular epithelial cell, stegnosis or atresia of lumens,
protein cast and renal interstitial edema; II: glomer-
ular capillary congestion, scattered necrosis in renal
tubular epithelial cell, interstitial edema, and in-
flammatory cell infiltration; III: all the indications in
II plus lamellar necrosis of renal tubular epithelial
cell.
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2.10 Statistical analysis

All the data were expressed as meantstandard
deviation (SD) and analyzed with SPSS statistical
software (18.0). If equal variances were assumed,
one-way analysis of variance (ANOVA) was employed,
otherwise, the Kruskal-Wallis test was used. A P
value <0.05 was considered statistically significant.

3 Results
3.1 Characterization of SPIO and liposomes

SPIO nanoparticles were aggregated together
with an average diameter of approximately 20—50 nm,
which is consistent with TEM results. The homemade
SPIO colloid solution exhibited nanometer particle
diameter, excellent stability, and magnetic response,
and was superparamagnetic. Transmission electron
micrographs measurements revealed that SPIO-
liposomes were spherical with a uniform size around
100-200 nm in diameter (Fig. 1).

3.2 Changes in the levels of SAM, BUN, SCr, and
TNF-a

Levels of SAM, BUN, SCr, and TNF-a of the P
group rats were significantly higher than those of the
C group rats at each time point (P<0.01), while they
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Fig. 1 Characterization of SPI1O and liposomes
(a, b) Morphology and size of the particles were measured by SEM and TEM, respectively; (¢c) SPIO-clodronate-containing
liposomes were similar in size, and iron particles were distributed uniformly (Zhang et al., 2010); (d) XRD spectrum of
Fe;04 shows the typical pattern whose peaks can be indexed to the standard XRD pattern of Fe;04 (JCPDS: 19-0627);
(e) Hysteresis loop of the Fe;0, nanoparticles at 300 K and insets show the digital images of the resultant Fe;O4 sample,

which was magnetically harvested in 5 s
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were markedly decreased in the T group rats com-
pared to those in the P group rats at all time points
(P<0.01; Fig. 2).

3.3 Pathological changes in the pancreas

Pancreases of the C group rats did not show
significant changes. In the opened abdominal cavity of
rats, an amount of bloody ascites was obvious in the P
group rats. At different time points, we could see
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different degrees of edema, hemorrhage, and necrosis
of the pancreas in the P group. The pancreatic patho-
logical changes in the T group were significantly
reduced compared with those in the P group. Pancreatic
histological scores of the P and T groups were sig-
nificantly higher than that of the C group. Our results
revealed that there was a significant and dramatic
histological improvement in the T group compared to
the P group (P<0.01; Fig. 3).
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Fig. 2 Levels of SAM (a), BUN (b), SCr (c),* and TNF-a (d) in the three groups at2 and 6 h
The figures of (a) and (d) are from Zhang et al. (2010). ~ P<0.01, vs. the C group; * P<0.01, vs. the P group. Data are

expressed as mean+SD (n=8)
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Fig. 3 Pathological changes in the pancreas

(a, d) In the C group, the pancreata of rats showed no morphological or structural abnormalities. (b, ¢) In the P group, there
were varying degrees of focal interlobular edema, necrotic areas without structure, and red blood cells in the tissue space, as
well as massive inflammatory cell infiltration. (c, f) In the T group, pancreatic edema, hemorrhage, and necrosis, as well as
inflammatory cell infiltration were milder than those in the P group. Magnification is 200x. (g) Pancreatic histological scores
showed significant differences between the P and T groups and the C group (" P<0.01); pathological changes in the T group
were less severe than those in the P group (* P<0.01) (Zhang et al., 2010). Data are expressed as mean+SD (n=8) (Note: for
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article)
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3.4 Gross changes and light microscopic changes
of kidney

The kidneys of the C group rats showed normal
morphology without swelling and bleeding points.
Varying degrees of congestion and swelling were seen
in the P group rats at all time points, the kidney became
darker in color, and scattered necrotic foci were visible.
In the T group, the above-mentioned changes were
milder than those in the P group at all time points.

The kidneys of the C group rats showed no ob-
vious renal morphological or structural abnormalities
in most rats. In the P group, there were capillary
congestion of renal glomerulus, swelling, scattered
necrotic foci, and blurry boundary of the renal tubule
epithelial cell, stenosis or atresia of lumens, visible
protein cast, interstitial edema and inflammatory cell
infiltration at 2 h, interstitial edema and inflammatory
cell infiltration at 6 h. The floss and red cell with
eosinophilic staining were found in the renal
glomerulus and homogenous or red cell cast with
eosinophilic staining in the renal tubule. There was
necrosis of the lamellar epithelial cell in a few rats.

The T group rats had those changes to a milder degree.

Renal histological scores showed significant differ-
ences between the P and T groups and the C group;
pathological changes in the T group were less severe
than those in the P group (Fig. 4).

3.5 Changes in MRI T2-weighted image

The kidney MRI T2-weighted image signal in-
tensity of the P and T group rats was significantly
lower than that of the C group rats at 2 and 6 h (Fig. 5).

3.6 Perls Prussian blue staining

The Prussian blue staining did not have any
positive staining in renal tissues of the C group rats
but showed numerous blue stained cells in the kidney
of the P group rats and the number of stain-positive
kidney cells was greatly diminished in the T group
rats (Fig. 6).

3.7 Immunohistochemistry for macrophage
markers (CD68) in renal tissue

Macrophage infiltration of renal tissue was as-
sessed by immunostaining for the macrophage-
specific marker CD68. Clusters of CD68-positive
cells with structural damages were seen in the kidney
of the P group rats while fewer CD68-positive cells
were detected in the T group rat kidney (Fig. 7).

3.8 Ratio of apoptosis of renal tissues by TUNEL

Large numbers of TUNEL-positive cells were
observed in the T group, but no or minimal
TUNEL-positive cells were observed in the C and P

groups (Fig. 8).
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Fig. 4 Pathological changes and histological scores in the kidney

(a, d) The C group showed no obvious abnormality. (b, ¢) In the P group, basically no abnormal changes were shown in 2 h
tubular epithelial cell structure, glomerular structure was slightly fuzzy, and interstitial boundaries were unclear; 6 h tubular
high degree of swelling of the epithelial cells was shown. The epithelial cells showed varying degrees of necrosis, renal
tubular red tube, some of the specimens in protein casts, fuzzy glomerular structure, and ill-defined interstitium, and a large
number of red blood cells were aggregated. (c, f) In the T group, tubular epithelial degeneration, compared with the P
group, improved markedly. Magnification is 200x. (g) Renal histological scores showed significant differences between the
P and T groups and the C group (* P<0.01); pathological changes in the T group were less severe than those in the P group
(" P<0.01). Data are expressed as mean+SD (n=8) (Note: for interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article)
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Fig. 5 Signal intensity of the kidney on T2-weighted image (T2WI) in the C (a, d), P (b, e), and T (c, f) groups and
significantly lower signal intensity in the P and T groups than that in the C group (g)
* P<0.01, vs. the C group; * P<0.01, vs. the P group. Data are expressed as mean+SD (1n=8)
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Fig. 6 Perls Prussian blue staining in
renal tissues

(a, d) Perls Prussian blue staining showed
that no extracellular iron deposits were
observed in the C group at 2 and 6 h;
(b, ¢) Numerous blue iron-positive cells are
located in the glomerulus, which reflects
intense SPIO uptake by renal macrophages
in the P group at 2 and 6 h; (c, f) Poor
staining reflects the presence of only a few
iron-loaded renal macrophages in the T
group. Magnification is 200x (Note: for
interpretation of the references to color in
this figure legend, the reader is referred to
the web version of this article)

Fig. 7 Immunohistochemical staining
for CD68 in rat kidney tissue sections

(a, d) CD68-positive cells were seldom seen
in the control rats; (b, ¢) Numerous CD68-
positive cells clusters were observed in the
P group rat kidney with tissue architecture
being massively disrupted; (c, f) Fewer
CD68-positive cells were observed in kid-
ney tissue sections from the T group.
Magnification is 200x

Fig. 8
apoptosis
The apoptosis of kidney cells in the C (a,
d), P (b, ¢), and T (c, f) group rats was
assessed by TUNEL assay at 2 and 6 h.
Magnification is 200%

TUNEL in situ detection of
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4 Discussion

SAP is a complex inflammatory syndrome
which could cause high mortality. The morbidity and
incidence of serious complications of SAP remain
high due to the lack of efficient treatment. SAP is
often complicated by acute kidney injury, either iso-
lated or part of MOF (Peride et al., 2011). Patients
with SAP complicated with acute kidney injury are
associated with a higher mortality than patients with
acute pancreatitis alone (Lin et al., 2011; Bishehsari
et al., 2012). Multiple studies have demonstrated that
sepsis is the leading cause of acute renal failure
among risk factors like polytrauma, burns, pancreati-
tis, cardiopulmonary bypass, and others. During acute
pancreatitis, especially SAP, massive pro-inflammatory
cytokines are released from pancreatic tissues, which
in turn influence the whole process of pancreatitis.

Macrophage infiltration in the kidney, especially
in the tubulointerstitium, is closely related to renal
tissue damage (such as interstitial fibrosis and cres-
cent formation), proteinuria, and nephritic dysfunc-
tion. Kidney injuries usually have visible renal mac-
rophage infiltration. Macrophage infiltration is not
only a secondary response to injury, but also is ac-
tively involved throughout the process of kidney
injury. Thus, targeting selected macrophage pathways
is a potential therapeutic strategy for suppressing
macrophage-mediated renal injury.

SPIO is a new type of magnetic material used in
MRI, which can be developed as a reticuloendothelial
system. MRI contrasts agents with markedly short-
ened T2 and moderately affected T1 relaxation rates
(Bulte and Kraitchman, 2004). Intravenously admin-
istrated SPIO particles can be specifically taken up by
macrophages (Siglienti et al., 2006; Hauger et al.,
2007; Bierry et al., 2008; 2009). The signal intensity
of T2-weighted image of kidney decreased more
significantly in the P group than in the C group. As a
non-specific extracellular contrast material, SPIO has
been widely used in MRI of parenchymatous organs.
Dynamic SPIO-enhanced MRI can provide useful
information about the blood supply to lesions and thus
greatly improve the accuracy of diagnosis of focal
renal lesions. MRI detection of macrophages homing
to an injured kidney may facilitate early detection and
investigation of the pathogenesis of acute kidney
injury and be a strategy for determining the treatment

of acute renal failure (Cai et al., 2012).

Macrophages are key pro-inflammatory and anti-
inflammatory cells, which accumulate in the damaged
organ in SAP. By using the property of SPIO, SAP
complicated by multiple organ injury can use nonin-
vasive molecular MRI for evaluation. We employed
liposomes as carriers to deliver clodronate into mac-
rophages to induce apoptosis, reduce the release of
inflammatory mediators, and deliver SPIO for MRI
examination of renal injury. In our model, we used
immunohistochemistry to study the expression of
CD68 in the kidney of SAP rats at different time
points. We can find that CD68 expression in renal
tissue increased significantly in the P group. SAM
and TNF-a levels increased more significantly in the
P group than in the C group, and were significantly
lower in the T group than in the P group. Coinci-
dentally, pancreas and renal injuries in the T group
were milder than those in the P group.

In conclusion, clodronate-liposomes could pre-
vent the progression of SAP-caused renal injury by
modulating the inflammation process. We found a
new method for making SPIO-liposomes to label the
macrophage and MRI. The results may provide in-
sights and new possibilities for the MRI evaluation
and treatment of renal injury with SAP.

Acknowledgements
The authors thank Drs. Li-rong DUAN and De-li JIANG
of Jiangsu University, China, for excellent technical assistance.

Compliance with ethics guidelines
Sheng-chun DANG, Yan-hua ZENG, Ping-jiang WANG,
Bao-ding CHEN, Rong-fang CHEN, Arun KUMAR SINGH,
Pankaj KUMAR, Shu FENG, Lei CUI, Hao WANG, and
Jian-xin ZHANG declare that they have no conflict of interest.
All institutional and national guidelines for the care and
use of laboratory animals were followed.

References

Bierry, G., Jehl, F., Boehm, N., et al., 2008. Macrophage
activity in infected areas of an experimental vertebral
osteomyelitis model: uspio-enhanced MR imaging—
feasibility study. Radiology, 248(1):114-123. [doi:10.
1148/radiol.2481071260]

Bierry, G., Jehl, F., Boehm, N., et al., 2009. Macrophage
imaging by uspio-enhanced MR for the differentiation of
infectious osteomyelitis and aseptic vertebral inflamma-
tion. Eur. Radiol., 19(7):1604-1611. [doi:10.1007/s00330-
009-1319-4]

Bishehsari, F., Sharma, A., Stello, K., et al., 2012. TNF-a gene
(TNFA) variants increase risk for multi-organ dysfunction



564 Dang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2014 15(6):556-565

syndrome (MODS) in acute pancreatitis. Pancreatology,
12(2):113-118. [doi:10.1016/j.pan.2012.02.014]

Bonventre, J.V., Zuk, A., 2004. Ischemic acute renal failure:
an inflammatory disease? Kidney Int., 66(2):480-485.
[doi:10.1111/j.1523-1755.2004.761 2.x]

Bulte, J.W., Kraitchman, D.L., 2004. Iron oxide MR contrast
agents for molecular and cellular imaging. NMR Biomed.,
17(7):484-499. [doi:10.1002/nbm.924]

Cai, Q.Y., Lee, H,, Kim, E.J., et al., 2012. Magnetic resonance
imaging of superparamagnetic iron oxide-labeled macrophage
infiltrates in acute-phase renal ischemia-reperfusion mouse

model. Nanomedicine, 8(3):365-373. [doi:10.1016/j.nano.

2011.06.019]

Chamberlain, C.S., Leiferman, E.M., Frisch, K.E., et al., 2011.
The influence of macrophage depletion on ligament
healing. Connect. Tissue Res., 52(3):203-211. [doi:10.
3109/03008207.2010.511355]

Danenberg, H.D., Fishbein, L., Gao, J., et al., 2002. Macro-
phage depletion by clodronate-containing liposomes
reduces neointimal formation after balloon injury in rats
and rabbits. Circulation, 106(5):599-605. [doi:10.1161/
01.CIR.0000023532.98469.48]

Dang, S.C., Jiang, D.L., Chen, M., et al., 2010. Clodronate-
containing liposomes attenuate lung injury in rats with
severe acute pancreatitis. J. Zhejiang Univ.-Sci. B
(Biomed. & Biotechnol.), 11(11):828-835. [doi:10.1631/
jzus.B1000044]

Day, Y.J., Huang, L., Ye, H., et al., 2005. Renal ischemia-
reperfusion injury and adenosine 2A receptor-mediated
tissue protection: role of macrophages. Am. J. Physiol.

Renal Physiol., 288(4):F722-F731. [doi:10.1152/ajprenal.

00378.2004]

Devarajan, P., 2006. Update on mechanisms of ischemic acute
kidney injury. J. Am. Soc. Nephrol., 17(6):1503-1520.
[doi:10.1681/ASN.2006010017]

Fry, D.E., 2012. Sepsis, systemic inflammatory response, and
multiple organ dysfunction: the mystery continues. 4m.
Surg., 78(1):1-8.

Hauger, O., Grenier, N., Deminere, C., et al., 2007. Uspio-
enhanced MR imaging of macrophage infiltration in
native and transplanted kidneys: initial results in humans.
Eur. Radiol., 17(11):2898-2907. [doi:10.1007/s00330-
007-0660-8]

Hoshino, H., Yamazaki, K., 2005. Mechanisms of action in
bisphosphonates. Clin. Calcium., 15(7):88-92.

Jo, S.K., Sung, S.A., Cho, W.Y., et al., 2006. Macrophages
contribute to the initiation of ischaemic acute renal failure
in rats. Nephrol. Dial. Transplant., 21(5):1231-1239.
[doi:10.1093/ndt/gfk047]

Kaiser, A.M., Saluja, A.K., Sengupta, A., et al., 1995.
Relationship between severity, necrosis, and apoptosis in
five models of experimental acute pancreatitis. Am. J.
Physiol., 269(5 Pt 1):C1295-C1304.

Kitamoto, K., Machida, Y., Uchida, J., et al., 2009. Effects of
liposome clodronate on renal leukocyte populations and
renal fibrosis in murine obstructive nephropathy. J.

Pharmacol. Sci.,
09227FP]

Li, H., Qian, Z., Liu, Z., et al., 2010. Risk factors and outcome
of acute renal failure in patients with severe acute
pancreatitis. J. Crit. Care, 25(2):225-229. [doi:10.1016/j.
jere.2009.07.009]

Li, X.H., Zhang, X.M., Ji, Y.F., et al.,, 2012. Renal and
perirenal space involvement in acute pancreatitis: an MRI
study. Eur. J. Radiol., 81(8):¢880-e887. [doi:10.1016/].
ejrad.2012.04.032]

Lin, HY., Lai, J.I,, Lai, Y.C,, et al., 2011. Acute renal failure
in severe pancreatitis: a population-based study. Ups. J.
Med. Sci., 116(2):155-159. [d0i:10.3109/03009734.2010.
547636]

Pennanen, N., Lapinjoki, S., Urtti, A., ef al., 1995. Effect of
liposomal and free bisphosphonates on the IL-1p, IL-6
and TNFa secretion from raw 264 cells in vitro. Pharm.
Res., 12(6):916-922. [doi:10.1023/A:1016281608773]

Peride, 1., Checherita, I.A., Ciocalteu, A., et al., 2011. Acute-
on-chronic renal disease caused by pancreatitis—impact
of renal replacement therapy. Chirurgia (Bucur), 106(1):
83-89 (in Romanian).

Ricardo, S.D., van Goor, H., Eddy, A.A., 2008. Macrophage
diversity in renal injury and repair. J. Clin. Invest.,
118(11):3522-3530. [doi:10.1172/JCI36150]

Roelofs, A.J., Thompson, K., Gordon, S., et al., 2006.
Molecular mechanisms of action of bisphosphonates:
current status. Clin. Cancer Res., 12(20 Pt 2):6222s-6230s.
[doi:10.1158/1078-0432.CCR-06-0843]

Selander, K.S., Monkkonen, J., Karhukorpi, E.K., et al., 1996.
Characteristics of clodronate-induced apoptosis in
osteoclasts and macrophages. Mol. Pharmacol., 50(5):
1127-1138.

Shrivastava, P., Bhatia, M., 2010. Essential role of monocytes
and macrophages in the progression of acute pancreatitis.
World J. Gastroenterol., 16(32):3995-4002. [doi:10.
3748/wjg.v16.i32.3995]

Siglienti, 1., Bendszus, M., Kleinschnitz, C., et al., 2006.
Cytokine profile of iron-laden macrophages: implications
for cellular magnetic resonance imaging. J. Neuroim-
munol., 173(1-2):166-173. [doi:10.1016/j.jneuroim.2005.
11.011]

Singh, V.K., Wu, B.U., Bollen, T.L., et al., 2009. Early
systemic inflammatory response syndrome is associated
with severe acute pancreatitis. Clin. Gastroenterol. Hepatol.,
7(11):1247-1251. [doi:10.1016/j.cgh.2009.08.012]

Tseng, H.H., Chang, J.G.,, Hwang, Y.H., et al., 2009.
Expression of hepcidin and other iron-regulatory genes in
human hepatocellular carcinoma and its clinical implica-
tions. J. Cancer Res. Clin. Oncol., 135(10):1413-1420.
[doi:10.1007/s00432-009-0585-5]

van Rooijen, N., Sanders, A., 1994. Liposome mediated
depletion of macrophages: mechanism of action,
preparation of liposomes and applications. J. Immunol.
Methods, 174(1-2):83-93. [doi:10.1016/0022-1759(94)
90012-4]

111(3):285-292. [doi:10.1254/jphs.



Dang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2014 15(6):556-565 565

van Rooijen, N., van Kesteren-Hendrikx, E., 2003. “In vivo”
depletion of macrophages by liposome-mediated
“suicide”. Methods Enzymol., 373:3-16. [doi:10.1016/
S0076-6879(03)73001-8]

Williams, T.M., Little, M.H., Ricardo, S.D., 2010. Macro-
phages in renal development, injury, and repair. Semin.
Nephrol., 30(3):255-267. [doi:10.1016/j.semnephrol.2010.
03.011]

Zhang, J.X., Dang, S.C., Qu, J.G., et al., 2006. Ligustrazine
alleviates acute renal injury in a rat model of acute
necrotizing pancreatitis. World J. Gastroenterol., 12(47):
7705-7709.

Zhang, J.X., Dang, S.C., Zhang, Y., et al., 2010. MRI shows
clodronate-liposomes attenuating liver injury in rats with

%Zﬂgi

severe acute pancreatitis. Hepatobiliary Pancreat. Dis.
Int., 9(2):192-200.

Zhang, X.P., Zhang, L., He, J.X., et al., 2007. Experimental
study of therapeutic efficacy of baicalin in rats with
severe acute pancreatitis. World J. Gastroenterol., 13(5):
717-724.

Zhang, X.P., Wang, L., Zhou, Y.F., 2008. The pathogenic
mechanism of severe acute pancreatitis complicated with
renal injury: a review of current knowledge. Dig. Dis. Sci.,
53(2):297-306. [doi:10.1007/s10620-007-9866-5]

Zheng, D., Wang, Y., Cao, Q., et al., 2011. Transfused mac-
rophages ameliorate pancreatic and renal injury in murine
diabetes mellitus. Nephron. Exp. Nephrol., 118(4):e87-e99.
[doi:10.1159/000321034]

AR - U BER - Rk S AL R R R B SRR AR A B B

Clodronate-superparamagnetic iron oxide-containing liposomes attenuate renal injury in

rats with severe acute pancreatitis

FRR &9 PRI SUR BEIR —BA-E IR E AR (SPIO) JlR i fA s B SRR ¢ (SAP) B A (117

FER.

B & 5[5 SAP IR Z WEHGX %0 RS, BEREWRANAE SAP K fe /e m, AN
KR R s SR R — 8 &% SPIO, VAR B 7R E Mg XS SAP I £ 38 B a7 04 i LR
1ra A DA SR K R DB ISR T, L FREE IR AR (MRD %t SAP FR £ 38 B 45 AT
FIS W . g5 A0 A SR B 8y, (I BRI AU T, IR A Sk R 4 R e
A JCREN R, BELIE A B JRE I S PR, AT SEEUN 2 2% B iR A AR AR
K TR I T S 50 5 5% BB AN I /E SAP B, SD KR 48 K, BENL AXTIRAL (C
#1) . =[ SPIO Rk (P4 FIGUR BERR —#+SPIO HgJsi 2l (T4 . PAHM T K
BRUIME SAP AR, IR 2 h A1 6 h J5 BUW ZR I Sk iagg, A % 4K BRI h e A . TR
A MY AR SR SE R 7-a (1 B, WS R % B 4H 2R ) 0 2 A Ak B g AT 9 BEVR 47
T A I 2231 TUNEL B J2 CD68 3R IA W 71 50U IR — M-8 MU 14 8L Ak Bk i o A xi EF
L E AT T AR 34T MRS W .

s G IR AN -AB IR R A Ak I A AT R R R R R E R AT, kD SO A PR,
SAP K BRRMR K& EHU5H (R EF . SPIO Al E N MRI 7~ Ex
SURBERR 8 BB Ak BV, FOE SRR BB




