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Abstract
AIM: To observe the apoptosis and oncosis of pancreatic 
acinar cells and secondary inflammatory reaction in 
pancreatic tissue from rats with acute pancreatitis (AP), 
and the influences of artemisinin on them. 

METHODS: AP was induced by 4 intraperitoneal 
injections of caerulein at 1 h intervals. To induce 
apoptosis, solution of artemisinin (50 mg/kg) was 
given intraperitoneally 1, 12, 24 and 36 h after the 
last caerulein injection. Histological examination of 
impairment of pancreatic tissue and detection of serum 
amylase were performed to evaluate the severity of 
acute pancreatitis. Apoptosis and oncosis were detected 
with acridine orange (AO) and ethylene dibromide 
(EB) staining. Caspase-3 and myeloperoxidase (MPO) 
activity were measured by colorimetric assay. Nuclear 
factor-kappa B (NF-κB) activation was detected by flow 
cytometry. Macrophage inflammatory protein-1α (MIP-
1α) protein was measured by Western blot. Interleukin-
1β (IL-1β) mRNA was detected by RT-PCR. 

RESULTS: Addition of artemisinin increased the number 
of apoptotic cells (11.7% ± 1.4% vs  6.3% ± 0.7%, P  <  
0.05), while reduced the number of oncotic cells (13.0% 
± 2.4% vs  17.5% ± 2.2%, P  < 0.05). The activity of 
caspase-3 speeded up (1.52 ± 0.21 vs  1.03 ± 0.08, P < 
0.05), the pancreas pathological impairment was relieved 
(3.0 ± 0.5 vs  4.0 ± 0.5, P  < 0.05) and the level of serum 
amylase decreased (5642 ± 721 U/dL vs  7821 ± 653  
U/dL, P  < 0.05). The activation of NF-kB (29% ± 4.1% 
vs  42% ± 5.8%), MIP-1α protein (3.7 ± 0.5 vs  5.8 ± 0.7), 

MPO (0.52 ± 0.06 U/g vs  0.68 ± 0.09 U/g), IL-1β mRNA 
(1.7 ± 0.3 vs  2.4 ± 0.4) in the apoptosis inducing group 
was obviously decreased (P  < 0.05). 

CONCLUSION: Induc ing apoptos is can re l ieve 
pathological impairment and inflammatory reaction in AP 
rats.

© 2007 WJG . All rights reserved.
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INTRODUCTION
Many factors lead to acute pancreatitis (AP). A series of  
cascade reactions of  inflammatory mediators and over-
activation of  leukocytes are the important causes for 
systemic inflammatory response syndrome (SIRS) and 
multiple organ dysfunction syndrome (MODS)[1]. Although 
anti-cytokine therapy is able to relieve the severity of  AP, 
it is difficult to block each pathway due to the complicated 
network of  cytokines[2]. Therefore, knowing how to inhibit 
the initial inflammatory reaction is the key to the treatment 
of  AP. It was reported that inflammatory reaction is 
correlated to the death modes of  pancreatic acinar cells[3]. 
If  death of  pancreatic acinar cells occurs in the mode 
of  apoptosis, the cell membrane is intact and there is 
no release of  inflammatory mediators and pancreatin, 
the inflammatory reaction may be mild[4]. However, if  
death of  pancreatic acinar cells occurs in the mode of  
oncosis, various pancreatin and inflammatory mediators 
may release, thus causing a variety of  inflammatory 
cell aggregations and inducing intense inflammatory 
reactions[5]. If  we can induce apoptosis and reduce oncosis, 
intense inflammatory reactions may be inhibited.

In this study, apoptosis of  pancreatic acinar cells was 
induced by the apoptosis inductor-artemisinin. Changes in 
apoptosis, oncosis and secondary inflammatory reaction 
were observed.
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MATERIALS AND METHODS
Experimental protocol
Twenty-four male Wistar rats (200 g ± 20 g) were 
provided by the Animal Research Center of  the First 
Clinical College of  Harbin Medical University (Harbin, 
China), and divided into 3 groups (8 rats in each group): 
control group, AP group, and artemisinin-treated group 
(apoptosis inducing group). AP was induced by 4 
intraperitoneal injections of  caerulein (20 μg/kg, Sigma, 
USA) at 1 h intervals. To induce apoptosis, solution of  
artemisinin (2 mg/kg, Huaxin, Sichuan, China) was given 
intraperitoneally 1, 12, 24 and 36 h after the last caerulein 
injection. The control rats were only given saline solution. 
Forty-eight hours after the final injection of  caerulein, rats 
were anaesthetized with sodium pentobarbital (40 mg/kg), 
and then a laparotomy was performed with the pancreas 
rapidly removed for further analyses. 

Histological examination of pancreatic tissue
Samples of  pancreatic tissue were fixed in 20% formal-
dehyde and processed for paraffin histology. After staining 
with hematoxylin and eosin (HE), histological grading of  
interlobular edema, inflammatory infiltration, parenchyma 
hemorrhage, parenchyma necrosis and vacuolization 
was valued as previously described[6], then a pathologic 
score was calculated based on these light microscopic  
examinations.

Measurement of serum amylase 
Serum was collected from the rats for amylase measurement. 
Amylase level was determined using a commercial chro-
matometric kit (Jiancheng, Nanjing, China).

Detection of apoptosis and oncosis with acridine orange 
(AO) and ethylene dibromide (EB) staining
Pancreatic acinar cells were isolated from Wistar rats by 
two-step collagenase digestion[7] and loaded onto slides with 
AO (10 µg/mL, Sigma, USA) and EB (10 µg/mL, Sigma, 
USA) for 10 min. The slides were scanned under confocal 
laser microscope (Zeiss, Germany) and 500 cells were 
counted under fluorescent microscope (Nikon, Japan).

Measurement of caspase-3 activity by colorimetric assay 
Caspase-3 activity was measured using a colorimetric 
assay kit (KeyGEN, Nanjing, China) according to the 
manufacturer's instructions. After isolation by two-step 
collagenase digestion, pancreatic acinar cells were mixed 
with 50 µL lysis buffer, the supernatant was mixed with 
5 µL caspase substrate and 50 µL reaction buffer, and 
incubated at 37℃ for 4 h in the dark. Fluorescence intensity 
of  the caspase substrate was measured photometrically at 
405 nm. 

Detection of NF-κB by flow cytometry 
Fresh pancreatic tissues were sheared into pieces of  1.0 
mm3 with scissors, and centrifuged at 200 × g for 5 min. 
Then 10 mL detergent solution containing 1% TritonX-100 
(Sigma,USA) was added, and stored in a refrigerator at 4℃ 

for 18 h, then filtered through 50 μm nylon meshes. For 
fluorescent labeling, 1 µL RNAase was added into 50 µL 
nucleus suspension and water-bath at 37℃ for 30 min, 
then 40 µL NF-κB p65 monoclonal antibody (Santa Cruz, 
USA) was added and incubated at room temperature for 
20 min. The samples were treated with 1 µL FITC-labeled 
second antibody (Jackson Immuno Research, USA) and 
incubated at room temperature for another 20 min. After 
treated with 20 µL propidium iodide (PI, Sigma, USA) for 
30 min in a dark room, the samples were analyzed using a 
FACScan flow cytometer (Becton Dicknson, USA).

Measurement of macrophage inflammatory protein-1α 
(MIP-1α) by Western blot
MIP-1α was detected by Western blot analysis, total 
protein extract was separated by 10% SDS/PAGE before 
it was transferred electrophoretically (100 V, 1 h) to 
hybond C membrane. The membranes were probed with 
10 μL anti-MIP-1α monoclonal antibody (Santa Cruz, 
USA) in TBS-T (1:500), and the immunocomplexed 
membranes were re-probed at room temperature for  
1 h with horseradish peroxidase-conjugated anti-rabbit 
secondary antibody (Jackson Immuno Research, USA) 
in TBS-T (1:500), with 5% blocking reagent. At last, the 
immunoreactive proteins were visualized using the ECL 
Western blot analysis system (Amersham, UK).

Chromatometric detection of myeloperoxidase (MPO) 
activity
The pancreatic tissue was frozen in liquid nitrogen 
and homogenated. MPO activity was detected with a 
chromatometric kit (Jianchen, Nanjing, China) following the 
manufacturer's instructions, and data were expressed as the 
change in absorbance at 460 nm.

Detection of interleukin-1β (IL-1β) mRNA by semi-quantitive 
RT-PCR
Total RNA was extracted from pancreatic tissue using 
Trizol reagent (Invitrogen, USA) and reversely transcriped 
into cDNA according to the instructions of  the kit 
(Promega, USA). The resulting cDNA was used as a 
template for subsequent polymerase chain reaction (PCR). 
The sequences of  rat-specific primers for IL-1β (519 bp) 
are as follows: 5'CCAGGATGAGGACCCAAGCA3' 
(sense), 5'TCCCGACCATTGCTGTTTCC3' (antisense). 
Housekeeping gene β-actin (348 bp) was used as a 
controller, 5'CATCACCATTGGCAATGAGCG3' (sense), 
5'CTAGAAGCATTTGCGGTCGGAC3' (antisense). 
The PCR products were resolved in 1.0% agarose gel 
for electrophoresis and photographed under ultraviolet 
transillumination and the intensity of  PCR products was 
measured using a video image analysis system.

Statistical analysis 
Data were expressed as mean ± SD. Differences between 
the groups were tested for significance by one-way analysis 
of  variance (ANOVA), and intergroup comparison was 
made by Student-Newman-Keuls test. P < 0.05 was 
considered statistically significant.



RESULTS
Histological changes after induction of apoptosis
Pancreatic tissue was normal in the control group with a 
low pathological score. In the AP group, pancreatic tissue 
displayed lobular mesenchymal rarefaction, edema and 
inflammatory cell infiltration. In contrast, in the artemisinin-
treated group, edema and inflammatory cell infiltration 
were significantly relieved compared with the AP group  
(Figure 1). The pathological score showed alleviated 
pathological impairment in pancreatic tissue after treated 
with artemisinin (P < 0.05 vs the AP group) (Table 1).

Effect of artemisinin on induction of apoptosis and
avoidance of oncosis 
As shown in Figure 2, the nuclei of  normal cells showed 
normal morphology of  green fluorescence, while apoptotic 
cells showed shrunk, condensed or splitted nuclei (green). 
EB could be resisted by the intact cytoplasmic membrane 
of  normal and apoptotic cells. EB could penetrate the 
cytoplasmic membrane of  oncotic cells, and stain the 
nuclei of  orange-stained cells. So, the apoptotic index 
or oncotic index, i.e., the number of  apoptotic cells or 
oncotic cells per 100 cells, could be calculated (Figure 
3). The results indicate that only sporadic apoptotic or 
oncotic cells were observed in the control group, but more 
in the AP and artemisinin-treated groups. In the AP group, 
there were less apoptotic cells and more oncotic cells. The 
number of  apoptotic cells increased and the number of  
oncotic cells decreased significantly in the artemisinin-
treated group (P < 0.05) (Table 1). 

Effect of artemisinin on caspase-3 activity
The activity of  caspase-3 in isolated pancreatic acinar 
cells was low in the control group, and high in the AP 

group, which was significantly elevated after apoptosis was 
induced by artemisinin (P < 0.05) (Table 1).

Influence of apoptosis on NF-κB activation
Activation of  NF-κB in normal pancreatic nuclei was 
significantly higher in the AP group than in the control 
group (P < 0.05) (Figure 4, Table 2). 

Influence of apoptosis on MIP-1α
MIP-1α level was low in the control group and high in the 
AP group. It was obviously lower in the artemisinin-treated 
group than in the AP group (P < 0.05) (Figure 5, Table 2). 

Influence of apoptosis on IL-1β mRNA expression
The expression of  IL-1β mRNA was low in the control 
group and high in the AP group. It was lower in the 
artemisinin-treated group than in the AP group (P < 0.05) 
(Figure 5, Table 2).

Changes in MPO contents after induction of apoptosis
Since each neutrophil granulocyte contains a certain 
quantity of  MPO, detection of  MPO in pancreatic tissue 
reflects the degree of  neutrophil infiltration of  the tissue. 
In our study, the MPO concentration was low in the 
control group and high in the AP group. However, it was 
down-regulated after induction of  apoptosis (P < 0.05) 
(Table 2).

DISCUSSION
AP characterized not only by pancreas impairment, but 
also by inflammatory cell infiltration and release of  various 
kinds of  inflammatory mediators, can develop into SIRS 
and MODS in some cases and endanger their life[8,9]. 
Initiation of  inflammatory reaction is related to the death 
pathway of  impaired pancreatic acinar cells[10]. Since the 
conception of  apoptosis was proposed by Kerr in 1972[11], 
apoptosis has been extensively studied. In recent years, 
attention has been paid to another cell death pathway-
oncosis, and it was gradually realized that oncosis makes 
no less sense than apoptosis[12]. Oncosis has a feature of  
cell swelling, and cell membrane integrity is destroyed and 
DNA is split into non-specific fragments. Finally the cells 
are dissolved accompanying inflammatory reaction. In 
some physiological and pathological processes, these two 
kinds of  death pathways exist simultaneously, and may 

Figure 1  Representative HE-stained pancreatic tissue from the rats (original magnification × 40) in the control group (A), AP group (B) and artemisinin-treated group (C).

CBA

Table 1  Detection of cell death pathway and pathologic 
changes in different groups (mean ± SD, n  = 8)

Pathological  Amylase Apoptosis Oncosis Caspase-3 
score (U/dL) index (%) index (%) activity

Control 0.25 ± 0.03 2887 ± 298   1.5 ± 0.3   2.1 ± 0.3 0.35 ± 0.04
AP   4.0 ± 0.5a 7821 ± 653a   6.3 ± 0.7a 1.03 ± 0.08a 17.5 ± 2.2a

Artemisinin   3.0 ± 0.5c  5642 ± 721c 11.7 ± 1.4c 13.0 ± 2.4c 1.52 ± 0.21c

AP: Acute pancreatitis. aP < 0.05 vs control group; cP < 0.05 vs AP group.
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Figure 5  MIP-1α measured by Western blot and IL-1β mRNA detected by RT-PCR in the control group (A), AP group (B), and artemisinin -treated group (C).

Figure 2  Isolated pancreatic acinar cells stained with AO and EB, and scanned under confocal laser microscope (original magnification × 100) in the control group (A), AP 
group (B), and artemisinin-treated group (C). Fine arrows indicate oncotic cells, and thick arrows indicate apoptotic cells.
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Figure 3  Isolated pancreatic acinar cells stained with AO and EB, and observed under fluorescent microscope (original magnification × 40) in the control group (A), AP 
group (B), and artemisinin-treated group (C). Fine arrows indicate oncotic cells, and thick arrows indicate apoptotic cells.
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Figure 4  Flow cytometric analysis of NF-κB activation in the control group (A), AP group (B), and artemisinin-treated group (C).
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was relieved. Based on this understanding, we observed 
the degree of  inflammatory reaction after induction of  
apoptosis.

We detected transcription factor-NF-kB which 
regulates synthesis of  many inflammatory mediators 
and cytokines[22]. NF-kB is a protein that regulates gene 
transcription, participates in regulating many inflammatory 
factors, and evokes immune and inflammatory reactions[23]. 
NF-kB plays a key role in the development of  AP[24]. In 
our study, activation of  NF-kB in the apoptosis inducing 
group was obviously decreased, compared with the 
AP group, indicating that activation of  NF-kB can be 
decreased by inducing apoptosis and reducing oncosis. 
The conserved sequence of  MIP-1α combined with NF-
kB exists in its promoter region[25], suggests that MIP-1α 
may be one of  the downstream targets regulated by NF-
kB. MIP-1α was detected by Western blot assay in this 
study, proving that if  apoptosis is induced, MIP-1α can 
be inhibited. MIP-1α is a CC-type chemotatic factor and 
plays an important role in recruiting mononuclear cells and 
lymphocytes[26]. Just as the "over-activation of  leucocyte 
theory" proposed by Rindernech et al[27], AP aggravates 
because inflammatory cells are over-activated, and these 
activated cells such as granulocytes and macrophages, play 
a great role in the development of  AP. Therefore, MPO 
(the marker of  neutrophils) and IL-1β (the inflammatory 
factors generated mainly by mononuclear macrophages)[28] 
were detected in this study, indicating that MPO is 
obviously decreased in pancreas tissue after induction of  
apoptosis, reducing neutrophil recruition and infiltration 
to pancreas tissue. IL-1β is a kind of  proinflammatory 
cytokines mainly generated by macrophages in pancreas 
when AP occurs. IL-1β can activate neutrophils, up-
regulate the expression of  surface adhesion molecules of  
lymphocyte and endotheliocytes[29]. Fink et al[30] reported 
that release of  pancreatic amylase and necrosis of  pancreas 
tissue are obviously decreased by blocking IL-1 receptor, 
demonstrating that IL-1 is essential to inflammation and 
development of  AP. Our study proved that after induction 
of  apoptosis, the level of  IL-1β mRNA in pancreas tissue 
was low, indicating that infiltration and activation of  
macrophages are decreased and inflammatory reaction is 
inhibited after induction of  apoptosis.

In conclusion, infiltration of  inflammatory cells and 
generation of  inflammatory cytokines can be decreased 
by inducing apoptosis and reducing oncosis of  pancreatic 
acinar cells. 

 COMMENTS
Background
One of the greatest findings in AP is the initiation of cytokine network in AP 
patients that promotes occurrence of SIRS and MODS. Efforts have been made 
to alleviate pathological changes in AP by inhibiting the cytokine network. Since 
cytokine network is so complex that it is impossible to block all the pathways, 
it may pave a new way for the treatment of AP to obstruct the cytokine chain 
reactions. It was reported that the cytokine network can be obstructed by inducing 
apoptosis, decreasing oncosis and release of endocellular enzyme, suggesting 
that any drugs regulating apoptosis may be used in the treatment of AP.

Research frontiers
It has been verified that AP worsens when apoptosis of pancreatic acinar cells is 

interconvert to each other under certain conditions[13]. 
Oncotic cells may release much more entocytes (including 
digestive enzyme and inflammatory active medium). 
It not only destroys the local tissue, but also activates 
mononuclear cells, leading to SIRS. However, apoptosis 
may not cause secondary inflammation. During AP, the 
patient has his or her own self-regulating mechanism. 
Under certain conditions, the apoptotic signal conduction 
pathway can be initiated, and more apoptosis will be 
induced and harmful effects of  oncosis may be relieved. 
However, if  AP develops quickly or the patients' self-
regulation is in disorder, the apoptosis signal conduction 
pathway cannot be initiated in time, causing predominant 
oncosis, leading to aggravation of  the disease. This has 
been proved by Kaiser et al [14], who found that when 
apoptosis is inhibited by cycloheximide, AP obviously 
aggravates. However, Bhatia et al[15] induced apoptosis 
during their experiment, resulting in the relief  of  AP. It 
was reported that one of  the therapeutic mechanisms of  
somatostatin analogue, the most effective drug for AP, is 
to induce apoptosis of  impaired pancreatic acinar cells[16]. 
Whether AP can be controlled by inducing apoptosis of  
pancreatic acinar cells has been extensively studied.

Artemisinin is an important active component of  tra-
ditional Chinese medicine which can induce apoptosis[17,18]. 
Hahm et al[19] found that apoptotic index is elevated but 
pathological changes in AP rats treated with DA-9610 (an 
extract from Artemisia Asiatica). In this study, artemisinin 
was used as an apoptosis inductor. After artemisinin was 
added into pancreatic acinar cells stimulated by caerulein, 
apoptosis and oncosis were detected with AO and EB 
staining, the number of  apoptotic cells increased, but 
the number of  oncotic cells decreased. Caspase-3 is a 
key molecule in the process of  apoptosis. Generally, the 
precursor of  caspase-3 in cells is incompetent. However, 
if  it is activated, it can cleave important structural and 
functional proteins inside the cells and cause chromosome 
condensation, DNA fragmentation, nuclear membrane 
rupture, etc, finally resulting in apoptosis. The presence 
of  activated caspase-3 indicates that apoptosis is at the 
irreversible stage[20]. Nam et al[21] found that artemisinin can 
induce apoptosis by up-regulating caspase-3. Our study 
also showed that the activity of  caspase-3 in pancreatic 
acinar cells was obviously elevated after artemisinin was 
added, indicating that artemisinin may promote apoptosis. 
We examined the pancreatic tissue with HE staining and 
found that after induction of  apoptosis, infiltration of  
inflammatory cells decreased and the pancreas impairment 

NF-κB MIP-1α protein MPO IL-1β mRNA
activation (%) (U/g)

Control 4.7 ± 0.6 0.9 ± 0.1 0.19 ± 0.03 0.5 ± 0.1
AP   42 ± 5.8a  5.8 ± 0.7a  0.68 ± 0.09a  2.4 ± 0.4a

Artemisinin   29 ± 4.1c  3.7 ± 0.5c  0.52 ± 0.06c      1.7 ± 0.3c

Table 2  Inflammatory response of pancreatic tissue in different 
groups (mean ± SD, n  = 8)

MIP: macrophage inflammatory protein; MPO: myeloperoxidase. aP < 0.05 vs 
control group; cP < 0.05 vs AP group.
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inhibited by cycloheximide, and that AP is alleviated when apoptosis is induced. It 
was reported that the severity of AP is associated with the degree of oncosis. Hahm 
et al found that there is an elevated apoptotic index but extenuated pathological 
changes in AP rats after treated with DA-9610 (an extract from Artemisia Asiatica), 
suggesting that artemisinin can regulate cell death and can be used in the treatment 
of AP.

Innovations and breakthroughs
When the concept of apoptosis was first put forward by Kerr in 1972, a lot of 
studies have been performed with it. In recent years, more and more attention 
has been paid to oncosis, showing that the importance of oncosis is no less than 
that of apoptosis. In traditional Chinese medicine, some important prescriptions 
have been successfully applied in AP treatment, and one of the mechanisms is to 
suppress inflammatory response and induce apoptosis. Artemisinin is an important 
active component of traditional Chinese medicine which can induce apoptosis. 
In this study, we observed the regulatory effect of artemisinin on apoptosis and 
oncosis of pancreatic acinar cells and its therapeutic effect on AP. 

Applications 
Artemisinin can induce apoptosis and reduce oncosis of pancreatic acinar cells at 
the onset of AP, thus repressing the intense inflammatory reactions, such as SIRS 
and MODS. Therefore, there is a bright prospect for artemisinin in the treatment of 
AP.

Terminology
Oncosis, or cellular swelling, is a pathological process of cell death, in which the 
completeness of cell membrane is destructed and DNA is split to non-specific 
fragments, ultimately leading to cell lysis complicated by inflammatory reactions. 

Peer review
The effect of artemisinin on acute pancreatitis was analyzed. The data presented 
are interesting. 
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