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Abstract: Severe acute pancreatitis (SAP) contributes to multiple organ dysfunction and intestine is one of the most
susceptible targets. This study aims to explore the role of C3a/C3aR axis in SAP-induced intestinal barrier injury.
Adult male Sprague Dawley rats were randomly divided into control, SAP, C3aRA (0.06 mg/kg) and C3aRA (0.12
mg/kg) groups. SAP rat models were established by retrograde injection of 3.5% sodium taurocholate solutions into
pancreatic ducts. Histopathological changes and dysfunction in pancreatitis and intestine were measured by he-
matoxylin and eosin (H&E) staining and detection of amylase (AMY), lipase (LIPA), endotoxins and diamine oxidase
(DAO) levels in serum. Cell apoptosis was evaluated by TUNEL assay and western blot analysis. In addition, the ex-
pressions of caudin-1, caudin-2, occludin and ZO-1 were detected by western blot assay and immunohistochemical
staining. Inflammatory cytokines and oxidative stress levels in SAP rats were determined. The C3a/C3aR expres-
sion was increased in pancreatic and intestinal tissues of successfully established SAP rat models. C3a receptor
antagonist (C3aRA) alleviated pancreatic and intestinal pathological lesions and dysfunction induced by SAP. C3aRA
inhibited cell apoptosis and promoted the expressions of caudin-1, caudin-2, occludin and ZO-1 in intestinal tissues.
Moreover, C3aRA repressed inflammatory cytokines by reduction of TNF-a, IL-1j, IL-6 and MCP-1 levels, and ame-
liorated oxidative stress through regulation of ROS, MPO and SOD activity in rats with SAP-induced intestinal barrier
injury. Our findings suggested that inhibition of C3a/C3aR axis diminished pancreatic damage and SAP-induced
intestinal barrier injury in vivo, which may provide a new therapeutic strategy for SAP-induced intestinal injury.

Keywords: Complement system, C3a/C3Ar, C3a receptor antagonist, severe acute pancreatitis, intestinal barrier
injury

Introduction the underlying mechanisms by which intestinal
barrier injury is induced by SAP are still elusive.

Severe acute pancreatitis (SAP) is an acute

abdominal disease that is characterized by
pancreatic self-necrosis, contributing to sys-
temic inflammatory response syndrome (SIRS)
and multiple organ dysfunction syndrome
(MODS) [1]. Internal and external pathogenic
factors induce cell injury and disconnect the
intercellular junction, which provokes the gen-
eration of chemokines, pro-inflammatory cyto-
kines, and adhesion factors. Inflammatory
mediators can further result in multiple dam-
age of organs, including intestine, lung, and kid-
ney [2, 3]. It has been shown that intestine is
one of the target organs damaged in SAP-
triggered MODS and intestinal barrier damage
is intimately associated with the pathogenesis
and pathophysiology of SAP [4]. Nevertheless,

Complement system is an indispensable sup-
portive part of the innate immunity. It is widely
shared that C3 is the central complement com-
ponent that modulates cascade activation of
complement molecules. The reactions at the
point of C3 cleavage lead to generation of bio-
active fragments C3a and C3b [5]. C3a has
been indicated to be a type of anaphylatoxin
that gives rise to the extravasation of host
immune cells and the formation of epithelial
mesenchymal transition (EMT) by binding to its
receptor C3aR, a member of the rhodopsin
family [6, 7]. A previous study has revealed that
C3a and C3aR exert pathogenic effects on
aristolochic acid nephropathy (AAN), while an
inhibitor of C3aR (C3aRA) can suppress the
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development of AAN via preventing the cou-
pling of C3a to its receptor [8]. However, the
role of C3a and C3aR in SAP and SAP-induced
intestinal  barrier injury remains under-
explored.

In the current study, we hypothesized that
C3a/C3aR axis was associated with the patho-
genesis and progress of SAP-induced intes-
tinal barrier injury. To test this hypothesis, we
established rat models of SAP-induced intesti-
nal barrier injury and detected the effects of
C3a/C3aR on pathological changes, biochemi-
cal index, cell apoptosis, inflammatory respons-
es, and oxidative stress levels, firstly revealing
the molecular mechanism of C3a/C3aR in
intestinal barrier injury.

Materials and methods
Animal care and experimental design

Adult male Sprague Dawley rats (weighing 250
+ 50 g) were purchased from the Laboratory
Animal Center of China. All animals were
individually caged in a temperature-controlled
environment (12 hours light-dark cycle) with
free access to food and water. All experimental
procedures were approved by the Animal
Care and Use Committee of Xinhua Hospital
Affiliated to Shanghai Jiao Tong University
School of Medicine, and all animal experiments
were performed according to the regulations of
the Chinese guidelines for the care and use of
laboratory animals.

After one-week acclimation, the rats were
randomly divided into four groups (n=15 per
group): control, SAP, C3a receptor antagonist
(C3aRA; 0.06 mg/kg) and C3aRA (0.12 mg/
kg). C3aRA [No. (M04496); Purity (99.45%);
Chemical formula (C,,H,,F,N,0/)] was pur-
chased from Beijing Baiolaibo Technology Co.
LTD. After fasting for 12 h before the sur-
gery, rats were anesthetized with 50 mg/kg
phenobarbital and were subjected to a midline
laparotomy. According to the previous study
[9], rats in the SAP group was induced by retro-
grade infusion of 3.5% sodium taurocholate
(0.1 mL/100 g body weight) into the pancrea-
tic duct. Rats in the control group underwent
retrograde infusion of normal saline of equiva-
lent volume. Rats in C3aRA group were admin-
istered with 0.06 mg/kg and 0.12 mg/kg
C3aRA intragastric 30 minutes before SAP
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induction. Simultaneously, rats in the control
and SAP groups were administered with normal
saline solution of equivalent volume intragas-
tric 30 minutes before SAP induction. Rats
were anesthetized and sacrificed 24 h after the
surgery, and the specimens including blood,
pancreas and gut tissues were harvested
promptly.

Histopathological examination

Pancreatic and intestinal tissues were fixed in
4% paraformaldehyde, embedded in paraffin,
and cut into 4 pm-thick sections. Then the
sections were stained with hematoxylin and
eosin (H&E), and the pathological changes in
the pancreas and intestine were checked by
using a light microscope (Olympus, Tokyo,
Japan). The pathological changes of the pan-
creatic and intestinal tissues were scored by
two experienced pathologists in a blinded man-
ner according to previous literatures [10, 11],
respectively. In brief, the pancreatic histopa-
thology changes were measured and classi-
fied according to a scale from O to 4 for the
degrees of edema (the extent of diffuse expan-
sion of interlobar septae), inflammatory infiltra-
tion (leukocyte infiltration quantity in intralo-
bular or perivascular), hemorrhage, and necro-
sis (number of foci involved). For intestinal tis-
sue: 0 indicates normal small intestine mucosa
villi; 1 indicates Gruenhagen’s space beneath
the intestinal mucosal epithelium at the apex
of the villus, which often accompanies capill-
ary hyperemia; 2 indicates intestinal mucosa
epithelial cells rising from the intrinsic mem-
brane and expansion of the spaces under the
intestinal epithelium; 3 indicates most of the
intestinal mucosa epithelium is raised, villi are
toppled over on both sides, and the top parts
of the villi have fallen off; 4 indicates scaling
and peeling of the intrinsic membrane, expan-
sion of bare capillaries, and intrinsic membrane
components increase; and 5 indicates diges-
tion or metamorphosis of the lamina propria,
bleeding, or ulceration.

Detection of serum amylase (AMY), lipase
(LIPA), endotoxins and diamine oxidase (DAO)
levels

Rat blood samples were harvested and cen-
trifuged at 3500 rpm for 5 min at room tem-
perature. The supernatant was collected and
stored at -80°C. Serum AMY and LIPA activity
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were detected with an automatic biochemical
analyzer (Vitros V5600, Johnson, USA). En-
dotoxin levels and DAO activity were measured
by using corresponding ELISA kits (Nanjing
Jiancheng Co. Ltd., Nanjing, China).

Analysis of tissue wet/dry weight ratio

The pancreatic and intestinal tissues were
weighed to assess the wet weight. After that,
these tissues were dried at 60°C for 48 h and
weighed to gain the dry weight. Finally, the wet/
dry weight ratios of the pancreas and intestine
were calculated.

TUNEL assay

Cell apoptosis was estimated by terminal
deoxynucleotidyl transferasemediated dUTP
nick end-labeling (TUNEL) assay. In brief, pan-
creatic, and intestinal tissue sections were
fixed with 4% paraformaldehyde and incubated
with proteinase K for 15 min in 37°C. After
being placed in 3% H,0, for 5 min at room
temperature, the sections were treated by
TUNEL detection kit. The cell nuclei were
stained with hematoxylin with staining with 4,
6-diamidino-2-phenylindole (DAPI; Sigma) as
the staining agent. TUNEL-positive cells were
observed under a fluorescence microscopy and
an average of five areas from each section were
analyzed.

Examination of the intestinal permeability

The intestinal permeability was assessed
according to the method described in Yasuda
et al. [12]. Briefly, rats subjected to the induc-
tion of SAP were anesthetized and the mid-
line laparotomy was performed. About 5 cm-
length jejunal tissue was dissected and rinsed
with normal saline gently. One end of the jeju-
num was ligated while the other end was inject-
ed with 200 mL 40 mg/mL FITC-Dextran and
subsequently ligated. Thereafter, the jejunal
segment was immersed in 0.9% saline solu-
tion for 1 h in agitation. The concentration of
FITC-Dextran was detected to identify the intes-
tinal permeability.

Immunohistochemical staining

Intestinal tissue slides were deparaffinized
and incubated with 3% hydrogen peroxide for
10 min. The slides were treated with citrate
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buffer (0.01 M, pH 6.0) for antigen retrieval.
After incubation for 15 min, anti-occludin anti-
bodies (ab216327, 1:200) were added to the
sections overnight at 4°C. After washing twice
with PBS, slides were incubated with Alexa
Fluor conjugated secondary antibodies for 1 h
at room temperature. Then the tissues were
stained with DAB and counterstained with
hematoxylin. Five fields were randomly select-
ed in each sample and captured with a light
microscope (Olympus, Tokyo, Japan).

Western blot analysis

Total proteins from pancreatic and intestinal
tissues were extracted by RIPA lysis buffer and
the concentration of the proteins were detect-
ed by BCA protein assay kit. Then proteins
from each sample were separated using SDS-
PAGE gels and transferred onto a polyvinyli-
dene fluoride (PVDF) membrane (Millipore,
USA). After blockage with 5% fat-free milk at
37°C for 1 h, the membrane was incubated
with primary antibodies (C3a, C3aR, Bcl-2, Bax,
cleaved caspase3, cleaved caspase7’, caudin-
1, caudin-2, occludin, ZO-1 and GAPDH) at 4°C
overnight. The membrane was washed three
times with PBS and incubated in HRP-
conjugated secondary antibody. Finally, the
bands were visualized by an enhanced chemilu-
minescence kit (Bio-Rad, USA) and analyzed
using Image J software.

Measurements of inflammatory cytokines and
oxidative stress levels

The levels of TNF-a, IL-1B3, IL-6 and MCP-1 in
serum of rats were detected by enzyme-linked
immunosorbent assay (ELISA) kits (Lengton
Company, Shanghai, China) according to the
manufacturer. In addition, the ROS level, MPO
level and SOD activity were evaluated by corre-
sponding commercially available kit (R&D,
Systems Minneapolis, MN, USA) in accordance
with manufacturer’s instructions. Each group
was replicated for six times.

Statistical analysis

Values were analyzed by SPSS 18.0 software
(SPSS Inc., USA) and were depicted as the
mean * standard deviation (SD). Student’s
t-test was used to determine the significance
of two group differences and one-way analysis
of variance (ANOVA) was performed for multiple
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Figure 1. The levels of C3a and C3aR in SAP rat model were enhanced. A. Western blot analysis showed that the
protein levels of C3a and C3aR were upregulated in pancreatic and intestinal tissues. B. Histological changes of
pancreatic tissues of SAP-induced rats were observed by H&E staining. Magnification, x200. Data are expressed as

mean + SD. “P < 0.05, *P < 0.01 versus control.

comparisons. The significance of differences in
histopathological scores was assessed using
the Kruskal-Wallis test. P < 0.05 was consid-
ered to be statistically significant.

Results

The expressions of C3a and C3aR were in-
creased in rats with SAP-induced intestinal
barrier injury

To ascertain the role of C3a/C3aR in SAP-
induced intestinal barrier injury, SAP rat mo-
dels were constructed. As shown in Figure 1A,
the protein expressions of C3a and C3aR in
pancreatic and intestinal tissues were both
significantly increased. In addition, neutrophil
infiltration, edema, hemorrhage, and acinar cell
necrosis on pancreas mucosa were observed
in the pancreas of rats with SAP, compared with
the control group (Figure 1B), which indicated
that SAP rat models were established
successfully.

C3aRA ameliorated SAP-induced pathological
and functional damage in pancreas

Next, we examined the effects of C3aRA on

pancreatic pathological and functional injuries
induced by SAP. As shown in Figure 2A, SAP
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treatment induced neutrophil infiltration,
edema, and hemorrhage of pancreatic tissues,
whereas, C3aRA groups significantly reversed
the histological changes of pancreatic tissues
in SAP group. In C3aRA (0.12 mg/kg) group, the
pancreatic lobule structures were clear with
only a small amount of edema, hemorrhage,
and inflammatory cell invasion, and necrotic
areas were the smallest, compared to the
SAP group. The mean histopathologic scores
of pancreases in C3aRA groups were notice-
ably decreased in comparison with the SAP
group (Figure 2B). Additionally, serum AMY and
LIPA levels in the SAP group were significantly
elevated relative to the control group and
C3aRA reduced AMY and LIPA levels induced
by SAP (Figure 2C and 2D). Furthermore,
treatment with 0.06 mg/kg and 0.12 mg/kg
C3aRA remarkably reduced the pancreas wet/
dry ratio reaching the highest level in SAP group
(Figure 2E). These data suggested that C3aRA
exerted therapeutic effect on SAP-induced pan-
creatic pathological and functional injuries.

C3aRA alleviated cell apoptosis in SAP-induced
pancreatic tissues

To investigate the effect of C3aRA on pancre-
atic tissues with induction of SAP, TUNEL assay
and western blot analysis were performed to
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Figure 2. C3aRA alleviated SAP-induced pathological and functional injuries in pancreas. Mice were divided into four
groups: control, SAP, C3a receptor antagonist (C3aRA; 0.06 mg/kg) and C3aRA (0.12 mg/kg). Pancreatic tissues
and serum were collected at 24 h after the surgery. A. Hematoxylin and eosin (H&E) staining. Magnification, x200.
B. Pathological score of pancreases. C. Serum amylase (AMY) levels. D. Serum lipase (LIPA) levels. E. Pancreas wet/
dry ratios. Data are expressed as mean + SD. "P < 0.05, “"P < 0.01, *"*P < 0.001 versus control; #P < 0.01, ##P <

0.001 versus SAP groups.

assess the cell apoptosis in rats with different
treatments. As exhibited in Figure 3A, cell
apoptosis rate in the SAP group was extre-
mely higher than that in the control group.
Addition of 0.06 mg/kg and 0.12 mg/kg
C3aRA markedly reduced the increased apop-
tosis rate in SAP-induced rats. Moreover, the
results from western blot assay revealed that
decreased Bcl-2 level and increased levels of
Bax, cleaved caspase3 and cleaved caspase’
were observed in the SAP group comparing to
the control group. However, C3aRA treatment
enhanced the Bcl-2 level and reduced the lev-
els of Bax, cleaved caspase3 and cleaved
caspase? changed by SAP (Figure 3B). The
results indicated that C3aRA inhibited cell
apoptosis during SAP-induced injury of pancre-
atic tissues.

C3aRA attenuated intestinal pathological in-
jury induced by SAP

We further identified the intestinal damage
caused by SAP and the effects of C3aRA on
SAP-induced intestinal injury. As presented in
Figure 4A, the intestinal tissues in the SAP
group showed inflammatory infiltration in intes-
tinal mucosa, irregular villi, mucosal necrosis,
and intestinal epithelium shedding and necro-
sis. C3aRA treatment alleviated these intesti-
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nal pathological changes under SAP induction.
C3aRA (0.12 mg/kg) group exhibited intestinal
mucosal epithelial cell swelling, and generally
normal morphology when compared with the
SAP group. Compared with the SAP group, the
scores of intestinal pathological damages
were significantly lower in two C3aRA groups
(Figure 4B). In addition, the levels of endo-
toxins and the activity of DAO were greatly
decreased in C3aRA groups compared with
those in the SAP group (Figure 4C and 4D).
And the wet/dry ratios in intestinal tissues with
C3aRA treatment were significantly reduced
compared with the SAP group (Figure 4E).
Besides, SAP distinctly increased intestinal
permeability, which was rescued by C3aRA
(Figure 4F). These data demonstrated that
C3aRA relieved SAP-induced intestinal patho-
logical injury.

Effects of C3aRA on tight junctions in SAP-
induced intestinal tissues

To explore the influence of C3aRA on intes-
tinal tissues of SAP-induced rats, tight junc-
tions were detected by western blot analysis
and immunohistochemistry. As displayed in
Figure 5A, the protein levels of caudin-1, cau-
din-2, occludin and Z0O-1 in the SAP group were
obviously reduced compared with the control
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Figure 3. C3aRA inhibited cell apoptosis in pancreatic tissues of SAP-induced rats. A. TUNEL assay was performed
to evaluate cell apoptosis rate. Magnification, x400. B. The levels of Bcl-2, Bax, cleaved caspase3 and cleaved
caspase? were detected by western blot assay. Data are expressed as mean + SD. "*P < 0.001 versus control; #P

< 0.01, #P < 0.001 versus SAP groups.

group, but C3aRA abolished the inhibitory
effect of SAP on these proteins. In agreement
with these results, immunohistochemical stain-
ing discovered that SAP-decreased occluding
level in intestinal tissues was significantly
enhanced by C3aRA treatment (Figure 5B). All
the results suggested that the levels of tight
junctions in SAP-induced intestinal tissues
could be affected by C3aRA.

C3aRA inactivated cell apoptosis in SAP-
induced intestinal tissues

Next, we studied the effect of C3aRA on the
apoptosis of intestinal tissues induced by SAP.
TUNEL assay was implemented to measure the
cell apoptosis, the results of which revealed
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that the number of apoptotic cells was greatly
increased during the induction of SAP while
the rate of cell apoptosis was largely reduced
after treatment of C3aRA (Figure 6A). Fur-
thermore, western blot results unveiled that
C3aRAincreased the level of Bcl-2 and reduced
the levels of Bax, cleaved caspase3 and
cleaved caspase7? caused by SAP (Figure 6B).
These results demonstrated that C3aRA played
an inhibitory role in intestinal cell apoptosis
induced by SAP.

C3aRA suppressed inflammatory response
and oxidative stress in rats with SAP

Finally, we examined the effects of C3aRA on
inflammation and oxidative stress in SAP rats.

Am J Transl Res 2020;12(10):6290-6301
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Figure 4. Effects of C3aRA on intestinal pathological injury induced by SAP. A. Hematoxylin and eosin (H&E) staining.
Magnification, x200. B. Pathological score of intestines. C. Endotoxins levels. D. Diamine oxidase (DAO) levels. E.
Intestine wet/dry ratios. F. Intestinal permeability. Data are expressed as mean + SD. *"P < 0.01, "*P < 0.001 versus

control; ¥P < 0.05, ##P < 0.01, ##P < 0.001 versus SAP groups.

As shown in Figure 7A, the secretion of TNF-q,
IL-1B, IL-6 and MCP-1 in serum was obviously
increased in the SAP group whereas the
increase was reversed after C3aRA treat-
ment. In addition, the elevated levels of ROS
and MDA by SAP were significantly reduced and
the inhibited SOD activity by SAP was notice-
ably enhanced in the C3aRA groups (Figure
7B). The results indicated that C3aRA amelio-
rated SAP-induced inflammatory response and
oxidative stress.

Discussion

SAP is a severe and emergent disease with
high-mortality, which are capable of inducing
and exacerbating systemic inflammatory
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response syndrome, even MODS [13, 14]. It is
well established that SAP contributes to intesti-
nal mucosal barrier injury and leads to a series
of bowel diseases [15-17]. The intestinal muco-
sal barrier, composed of mechanical, immune,
chemical, and biological parts, plays a crucial
part in preventing toxins, bacteria and inflam-
matory factors in the enteric cavity entering the
blood circulation. The SAP altered intestinal
permeability may be the primary cause for the
infection complications of the gastrointestinal
tract [18, 19].

In the present study, the administration of
3.5% sodium taurocholate was implemented to
establish the model of SAP with analogous
clinical pathological changes [9]. According to
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Figure 5. C3aRA rescued the tight junctions in intestinal tissues induced by SAP. A. The protein levels of tight junc-
tions were measured by western blot analysis. B. Immunohistochemical staining was employed to determine the
occluding level in intestinal tissues. Magnification, x200. Data are expressed as mean + SD. “P < 0.05, P < 0.01,
P < 0.001 versus control; #P < 0.05, #P < 0.01 versus SAP groups.

the results of H&E staining, the rats treated
with sodium taurocholate showed the typical
features of pancreatic injury, such as edema,
hemorrhage, and inflammatory infiltration,
which provided a precondition for the inves-
tigation of C3aRA effect on SAP. Thereafter, we
found the levels of C3a and C3aR in SAP rats
were upregulated and blockade of C3a/C3aR
altered pathological and functional damages,
cell apoptosis, inflammatory response, and oxi-
dative stress not only in pancreas tissues
but also in intestine tissues. These findings
innovatively found that C3a/C3aR could be
applied as a new intervention target for SAP,
providing a new idea for the treatment of SAP-
caused diseases.

Previous studies showed that the levels of cen-
tral complement components of the classical
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(e.g. Cl1q, C4) and the alternative (e.g. C3) path-
ways in plasma of patients with a severe course
are obviously decreased, while complement
fragments (C3a, C5a) are elevated, indicating
that activation of the complement cascade in
pancreas may exert detrimental effects [20-
23]. For instance, C3a and Cba can induce
inflammatory mediators and aggravate renal
ischemia-reperfusion injury, deficiency of which
attenuates renal ischemia-reperfusion injury
[24]. Besides, complement activation has
been affirmed to occur in patients with acute
pancreatitis [25, 26]. Gloor et al. reported that
both C3a and sC5hb-9 are significantly upregu-
lated in plasma of patients with SAP, which may
serve as predictive highly specific parameters
for severe acute pancreatitis [27]. In this study,
we observed the excessive expressions of C3a
and C3aR in both pancreatic and intestinal tis-
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Figure 6. Effects of C3aRA on cell apoptosis in intestinal tissues of SAP-induced rats. A. TUNEL assay was carried
out to elucidate cell apoptosis rate. Magnification, x400. B. The levels of apoptosis-related proteins were evaluated
by western blot analysis. Data are expressed as mean + SD. “P < 0.01, P < 0.001 versus control; *P < 0.05, #P

< 0.01, ##P < 0.001 versus SAP groups.

sues of rats with SAP, consistent with previous
reports.

As the antagonists of complement anaphyla-
toxin receptors, C3aRA has therapeutic poten-
tial in several animal disease models, such as
Alzheimer, obesity and metabolic dysfunction
[28, 29]. In our study, C3aRA reversed SAP-
induced pathological and functional damages
in pancreas by alleviating histological injury,
reducing the excessive release of AMY and
LIPA, and relieving pancreatic edema. In addi-
tion, intestinal pathological injury resulted
from SAP was also ameliorated, which was vali-
dated by suppression of endotoxins and DAO
level as well as reduction of intestinal permea-
bility after the treatment of C3aRA. Tight junc-
tions, the primary apical structures in epitheli-
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um and endothelium, take part in barrier func-
tion by forming cell-to-cell contacts and block-
ing paracellular pathway [11]. It was reported
that disruption of tight junctions leads to the
leakage of amylase and lipase in acute pancre-
atitis and the increase generations of pro-
inflammatory factors [30]. In the present study,
in SAP-induced intestinal tissues, tight junc-
tions including caudin-1, caudin-2, occludin and
Z0-1 showed an obvious reduction in protein
level but C3aRA rescued the disordered
tendency.

Oxidative stress, inflammatory response and
cell apoptosis have been proved to play fatal
roles in the development of SAP [31-33].
Excessive production of inflammatory cyto-
kines caused by SAP contributes to the patho-
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Figure 7. Effects of C3aRA on inflammatory response and oxidative stress in SAP-induced rats. A. The secretions of
TNF-a, IL-1B, IL-6 and MCP-1 in serum from SAP-induced rats were detected by ELISA kits. B. The levels of ROS, MDA
and SOD were measured after treatment of C3aRA. Data are expressed as mean + SD. “P < 0.05, P < 0.01, P
< 0.001 versus control; *P < 0.05, #P < 0.01, ##P < 0.001 versus SAP groups.

genesis of the pancreatic and intestinal barrier
dysfunction, further increasing permeability
and promoting apoptosis of intestinal mucosal
cells [34-36]. Hence, inhibition of the inflam-
matory cytokines and oxidative stress in SAP
may ameliorate gut barrier dysfunction and
block the progress of SAP [37, 38]. In this
study, SAP significantly induced cell apoptosis
of pancreatic and intestinal tissues, promoted
inflammatory response and oxidative stress.
However, C3aRA treatment repressed cell
apoptosis in pancreas and intestine, reduced
the release of inflammatory factors and allevi-
ated oxidative stress triggered by SAP. These
results indicated that C3aRA attenuated SAP-
induced pathological and functional injuries in
pancreas and intestine and suppressed further
damage from inflammatory cytokines and oxi-
dative stress via blocking C3a/C3aR axis.

However the precise mechanism by which
C3a/C3aR axis protects against intestinal
damage is yet to be comprehensively elucidat-
ed. The limitation of the present study, i) Lack
of C3a/C3aR knockout or overexpression
experiments in vivo, which can intuitively show
the role of C3a/C3aR in SAP; ii) Lack of evi-
dence that C3aRA improves other tissue dam-
ages in pancreatitis due to SAP, for example
lung. These are exactly the direction of our
future research.

6299

Conclusions

In conclusion, the present study revealed for
the first time that C3aRA protected pancreas
and intestine from SAP-induced damage in
rats. C3aRA also exerted strong anti-inflamma-
tory, anti-oxidative and anti-apoptosis effects
on SAP-induced intestinal injury. These findings
suggest that blockage of C3a/C3aR axis may
be a novel therapeutic target for pancreatic
and intestinal damages induced by SAP.
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