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Abstract
AIM: To investigate the effect of Tetrandrine (Tet) on 
LPS-induced NF-κB activation and cell injury in pancre-
atic acinar cells and to explore the mechanism of Tetran-
drine preventing LPS-induced acinar cell injury.

METHODS: Male rat pancreatic acinar cells were iso-
lated by collagenase digestion, then exposed to LPS (10 
mg/L), Tet (50 µmol/L, 100 µmol/L) or normal media. At 
different time point (30 min, 1 h, 4 h, 10 h) after treat-
ment with the agents, cell viability was determined by 
MTT, the product and nuclear translocation of subunit 
p65 of NF-κB was visualized by immunofluorescence 
staining and nuclear protein was extracted to perform 
EMSA which was used to assay the NF-κB binding activity. 

RESULTS: LPS induced cell damage directly in a time 
dependent manner and Tet attenuated LPS-induced cell 
damage (50 µmol/L, P  < 0.05; 100 µmol/L, P  < 0.01). 
NF-κB p65 immunofluorescence staining in cytoplasm 
increased and began showing its nuclear translocation 
within 30 min and the peak was shown at 1 h of LPS 
10 mg/L treatment. NF-κB DNA binding activity showed 
the same alteration pattern as p65 immunofluorescence 
staining. In Tet group, the immunofluorescence staining 
in cytoplasm and nuclear translocation of NF-κB were in-
hibited significantly. 

CONCLUSION: NF-κB activation is an important early 
event that may contribute to inflammatory responses 
and cell injury in pancreatic acinar cells. Tet possesses 
the protective effect on LPS-induced acinar cell injury by 
inhibiting NF-κB activation.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Many animal and clinical studies have shown that once 
the progress of  acute pancreatitis is initiated, common 
inflammatory responses are involved. There is a local 
inflammatory reaction at the site of  injury; if  marked, this 
leads to a systematic inflammatory response syndrome 
(SIRS), and this systemic response is ultimately responsible 
for the majority of  the mortality[1,2]. Lipopolysaccharides 
(LPS) have been found in the plasma of  patients suffering 
from severe pancreatitis at an early stage of  the disease and 
inflammatory changes resembling acute pancreatitis were 
described after administration of  LPS to several animal 
species[3,4]. 
    The transcription factor nuclear factor-κB (NF-
κB) is a key regulator of  cytokine induction. NF-κB 
represents a family of  proteins sharing the Rel homology 
domain, which bind to DNA as homo- or heterodimers, 
and activate a multitude of  cellular early and stress-
related response genes, such as the genes for cytokines, 
adhesion molecules[5]. NF-κB exists in an inactive form 
in the cytoplasm of  most cells where it binds to an 
inhibiting protein, IκB. Many stimuli activate NF-κB, 
including cytokines, LPS and oxidative stress. Stimuli 
trigger the translocation of  NF-κB from cytosol to 
nucleus where NF-κB binds to its consensus sequence 
on the promoter-enhancer region of  different genes and 
regulates transcription of  specific genes[6]. Recently, some 
experimental results suggested that the cholecystokinin 
(CCK) analogue cerulein induced the rapid activation 
of  NF-κB both in vivo and in cultured acinar cells in 
vitr o and activation of  NF-κB preceded pancreatic 
injury and inflammation[7]. Early blockage of  NF-κB 
activation improved the survival of  rats with taurocholate 
pancreatitis[8]. 
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    In our previous study[9,10], we have found that LPS 
could directly induce the calcium overload, NF-κB 
activation and cell injury in isolated rat pancreatic acinar 
cell. Furthermore, NF-κB activation could be attenuated 
by EGTA, a calcium chelater. Based on these results, we 
speculate that calcium disorder might take part in the NF-
κB activation in isolated rat pancreatic acinar cell and 
calcium channel blocker (CCB) may be useful for the 
treatment of  acute pancreatitis by influencing NF-κB 
activation in pancreatic acinar cells.
    Tetrandrine (Tet), is a main component of  fourstamen 
stephania root which belongs to traditional Chinese drug 
and one of  natural non-specific CCBs. Tet possesses 
complicated pharmacological effects and has been 
used in the therapy of  many kinds of  disease, such 
as hypertension, arrhythmia, hepatic fibrosis, etc[11]. In 
former in vivo experiments[12,13], we have observed that 
Tet could improve the pathological alteration of  pancreas 
and lung and decrease the mortality of  rats with acute 
taurocholate pancreatitis. In an attempt to further explore 
the mechanism of  Tet in the treatment of  AP, we adopted 
isolated pancreatic acinar cells and examined whether Tet 
possesses the protective effect on LPS-induced acinar cell 
injury by inhibiting NF-κB activation.

MATERIALS AND METHODS
Animals and materials  
Male Sprague-Dawley rats (200-250 g) obtained from 
Experimental Animal Center of  Chinese Academy of  
Sciences (Grade SPF II Certificate No. SYXK 2002-0023) 
were fasted for 12 h. Escherichia coli LPS (WE coli 055:
B5) and MTT were purchased from Sigma Co, USA. 
Tetrandrine was provided by Pharmacology Department 
of  2nd Medical University of  PLA. NF-κB gel shift assay 
system kits were provided by Promega Co, USA. [γ-32P] ATP 
was purchased from Shanghai Isotope Company. Antibody 
against NF-κB p65 was obtained from Santa Cruz 
Biotechnology Co, CA. Fluorescein isothiocyanate (FITC)-
conjugated goat-anti-rabbit antibody was purchased from 
KPL Company, USA. All other chemicals were supplied 
from local source at the highest purity available. Hepes 
buffer salt solution (HBSS) (in mmol/L): NaCl 118, KCl 
4.7, CaCl2 2.5, MgCl2 1.13, NaH2PO4· 2H2O 1.0, D-glucose 
5.5, HEPES 10, bovine serum albumin 2 g/L, minimum 
essence medium 2%, L-glutamine 2.0, soybean trypsin 
inhibitor 0.1 g/L, pH adjusted to 7.4 with NaOH 4 mmol/L.

Preparation of isolated pancreatic acinar cells  
Pancreatic acinar cells were isolated from male SD 
rats by collagenase digestion[14]. In brief, after the rat 
was anesthetized, the pancreas was quickly removed 
and parenchyma was minced into small fragments and 
incubated in 10-mL standard buffer containing collagenase 
V (90 kU/L) at 37℃, and the pancreatic fragments were 
digested again by collagenase under a shaking condition 
for 20 min in an incubator. After collagenase digestion, 
tissue was gently pipetted. Dispersed acini were filtered 
through a 150-μm nylon mesh, centrifuged 3 times each 
for 3 min at 100 × g, resuspended with culture media (in 
HBSS, replacing bovine serum albumin 2 g/L with 10% 

heat-activated bovine serum) and incubated with 95% O2 , 
and 5% CO2.

Cell culture and treatment    
Pancreatic acinar cells were planted in 24 and 96 well plates 
at 37℃ in a CO2 (50 mL/L) incubator and cultured for 4 
h, then exposed to different content of  media (10 mg/L 
LPS, 50 µmol/L Tet and 100 µmol/L Tet or culture media 
as control ) for 30 min, 1 h, 4 h and 10 h respectively. 

MTT assay   
An MTT assay was employed to assess the viable cell 
number quantitatively. Briefly, 100 μL of  cell suspension 
(1 × 104 cells) was seeded into 96-well tissue-culture plates. 
Cells were treated with LPS (10 mg/L), or normal media. 
Cells in Tet group were treated with 50 µmol/L or 100 
µmol/L Tet for 15 min before stimulated by LPS. After 
treatment with these agents for indicated period, 10 μL 
MTT (terminal concentration 0.5 g/L) was added into each 
well, and incubated for 4 h. The formazan crystals were 
produced by viable cells and dissolved by Me2SO, and the 
optical density (OD) of  the solution was measured at 490 
nm of  wavelength. Cell viability was directly proportional 
to OD value. The viable cell number was expressed as a 
percentage relative to control cells, measured as 100% × 
OD490, treated/OD490, control (at 0 h timepoint).

NF-κB immunofluorescence studies  
The pancreatic acinar cells that were seeded onto 24-well 
plates and treated as described above respectively for 
indicated period were used for immunofluorescence 
staining. First, the glass slips were pretreated with 0.1% 
poly-lysine and cell suspensions were incubated at room 
temperature for 60 min. The cells were then fixed in 
freshly prepared 4% phosphate-buffered paraformaldehyde 
for 20 min at 4℃. Then they underwent permeabilization 
with the addition of  phosphate-buffered 0.1% Triton 
X-100 (wt/vol) for 5 min at room temperature and then 
incubated in PBS containing 1% bovine serum albumin 
(wt/vol, blocking solution) for 30 min, also at room 
temperature. Incubation of  the cells was done with either 
rabbit anti-rat NF-κB p65 polyclonal antibodies (1:100 
dilution in blocking solution) or with blocking solution 
alone as negative control for 1 h at room temperature. 
This was followed by incubation with goat anti-rabbit 
antibodies (1:100 dilution in blocking solution) conjugated 
to FITC for 45 min at room temperature. Finally, the slips 
were mounted and sealed for examination under a confocal 
microscope.

Electrophoret ic mobi l i ty sh i f t assay (EMSA) fo r 
determination of NF-κB activity
After treatment with stimuli for the above indicated peri-
od, pancreatic acinar cells were collected to extract nuclear 
protein for further examination of  the activity of  NF-κB 
by EMSA.
Nuclear protein extraction: Nuclear protein extracts 
were prepared according to Steinle et al[6] with the follow-
ing modifications. Pancreatic acinar cells (4 × 106) were 
collected, washed twice with cold phosphate-buffered sa-
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line (PBS), homogenized in 1.5% citrate, then centrifuged 
at 4000 g for 15 min at 4℃, at which point the supernatant 
was removed. Then 0.3 mL of  0.25 mol/L sucrose-citrate 
was added into the pellet and mixed to create a nucleic sus-
pension, which was pipetted and paved on the surface of  1.2 
mL 0.88 mol/L sucrose-citrate in a tube and centrifuged at 
2000 g for 10 min. The resulting pellet was washed twice 
in 0.05 mol/L Tris-HCl (pH 7.5)-0.15 mol/L NaCl and 
centrifuged at 2000 g for 10 min at 4℃. After removing 
the supernatant, an equal volume of  KMTD (0.3 mmol/L 
KCl, 1 mmol/L MgCl2, 10 mmol/L Tris-HCl (pH 8.0) and 
1 mmol/L DTT) was mixed into the pellet and incubated 
for 1 h. During the incubation, the samples were shaken 
drastically every 15 min. After incubation, the suspension 
was centrifuged at 15 000 g for 15 min at 4℃. Aliquots of  
the nuclear protein extracts from supernatant were stored 
at -70℃. Protein content of  the extracts was determined 
using Lowry method with bovine serum albumin as the 
standard. 
EMSA: Activity of  NF-κB was examined by EMSA[15]. 
The NF-κB oligonucleotide contains DNA binding sites 
for NF-κB transcription factors. The double-stranded 
DNA probe sequence is 5’AGT TGA GGG GAC TTT 
CCC AGG C 3’and antisense 3’TCA ACT CCC CTG 
AAA GGG TCC G 5’ (the binding site is underlined). The 
3.5 pmol of  the appropriate consensus oligonucleotide 
was end-labeled with [γ-32P] ATP using T4 polynucleotide 
kinase. The 32P-labeled double stranded oligonucleotide 
was used as a specific probe. For the competition assay, the 
unrelated oligonucleotide, AP2 consensus oligonucleotide 
which lackedκB binding site, was used as a non-specific 
probe. Nuclear proteins extracted from Hela cell were used 
as positive control. The nuclear extract equivalent to 5 µg 
protein was incubated with radiolabeled probe in reaction 
buffer, and then the mixture was subjected to electropho-
resis on 7% acrylamide (wt/vol) gel at 250 V in 0.5 × TBE 
buffer for 2 h. After being dried, the gel was exposed to X 
ray film at -70℃ for 48 h.  

Statistical analysis 
Each n refers to the number of  separated experiment. The 

quantitative data were expressed as mean ± SD and com-
pared using unpaired t-test. The significant differences of  
incidence of  nuclear translocation of  NF-κB p65 between 
LPS group and Tet-pretreated group were analyzed by Chi-
square test. P < 0.05 was considered significant.

RESULTS
Tet attenuated LPS-induced cell damage 
The viable cell number exposed to LPS 10 mg/L de-
creased with the increase of  stimulating time and the dif-
ference was significant (P < 0.05 ), compared with control 
at the same time point. Compared with LPS group, cell 
mortality in the group pretreated with Tet at 50 µmol/L 
or 100 µmol/L decreased significantly at each time point 
(50 µmol/L, P < 0.05, 100 µmol/L, P < 0.01, Figure 1). It 
suggests that LPS induced cell damage in a time-dependent 
manner and Tet could attenuate LPS-induced cell damage.

Tet abrogated LPS-induced NF-κB product and nuclear 
translocation in pancreatic acinar cells 
To monitor its activity at a cellular level, NF-κB p65 anti-
body was used to recognize the product and nuclear trans-
location signal of  the p65. Active p65 level in cytoplasm 
and its nuclear translocation in pancreatic acinar cells were 
monitored by immunofluorescence visualization. The cells 
untreated with LPS showed a slight exclusive cytoplasmic 
fluorescence pattern (Figure 2B). In contrast, cytoplasmic 
fluorescence in pancreatic acinar cells treated with LPS 10 
mg/L for 1 h and 4 h increased significantly (Figure 2C 
and 2D). P65 nuclear translocation was seen in > 60% of  
pancreatic acinar cells incubated with LPS for 30 min and 
nuclear staining further increased and reached the peak 
after 1 h of  treatment in the LPS group (nuclear transloca-
tion ratio > 90%). In the Tet-pretreated group, the pancre-
atic acinar cells were pretreated with Tet for 15 min and 
then stimulated with 10 mg/L LPS for 30 min, 1 h and 4 
h. Cytoplasmic fluorescence in pancreatic acinar cells was 
impaired (Figure 2E and 2F) and P65 nuclear translocation 
was little seen, compared with that in the LPS group (P < 
0.05 or P < 0.01, Table 1).

Figure 1   Protective effect of Tet on LPS-induced cell damage in pancreatic acinar cells. Pancreatic acinar cells were treated with LPS 10 mg/L, Tet 50 µmol/L or Tet 100 
µmol/L for 1, 4, and 10 h. Results are expressed as percentage of control values (without LPS treatment) at 0 h time-point (n = 3). Mean ± SD. aP < 0.05, bP < 0.01 vs LPS 
group at the same time-point. cP < 0.05, dP < 0.01 vs control group at the same time-point.
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Tet interfered with LPS-induced NF-κB activation: 
EMSA was performed to detect the binding activity of  
NF-κB in different group. Pancreatic acinar cells were 
incubated with LPS or Tet and nuclear extracts were 
prepared and incubated with a 32P-labeled DNA oligo-
nucleotide containing the recognition site of  NF-κB. The 
specificity of  the shift bands was verified by competition 
assays: The shift bands were suppressed by the incubation 
with cold NF-κB probe and not influenced by non-specific 
competition with labeled AP2 probe (Figure 3A). Very little 
NF-κB binding activity was detected under the unstimu-
lated condition and LPS induced NF-κB binding activity 
increased in a time dependent manner and NF-κB binding 
activity was maximal at 1 h after incubation of  LPS in 10 
mg/L (Figure 3B). 
    The effect of  Tet on LPS-induced NF-κB activation 
was assessed in pancreatic acinar cells. It was found that in 
the presence of  Tet 100 µmol/L, the optical density and 

volume of  NF-κB shift band markedly decreased than that 
of  LPS group at the same time (Figure 3C).

Table 1  Effect of Tet on LPS-induced nuclear translocation of 
NF-κB p65 in pancreatic acinar cells

       Group                         Ratio of nuclear translocation (%)
                                       30 min             1 h                4 h       

LPS 10 mg/L                               60.9                     90.5                   44.7            
Tet 50 μmol/L + LPS                 34.7a                    34.5b                  18.9b            
Tet 100 μmol/L+ LPS                28.6b                    32.1b                  17.3b            

Pancreatic acinar cells were pretreated with 50 µmol/L or 100 µmol/L Tet for 
15 min and then stimulated with 10 mg/L LPS for 30 min, 1 h and 4 h. In the 
Tet-pretreated group, cytoplasmic fluorescence in pancreatic acinar cells was 
impaired (Figure 2E and 2F) and P65 nuclear translocation was little seen, 
compared with that in the LPS group. aP < 0.05, bP < 0.01 vs LPS group at the 
same time-point.

Figure 2  Tet prevented LPS-induced nuclear 
translocation of p65 in isolated pancreatic 
acinar cells. P65 was visualized by indirect 
immunofluorescence staining using rabbit 
anti-p65 polyclonal antibodies (1:100) which 
only recognized NF-κB p65. Goat anti-rabbit 
antibodies (1:100) conjugated to FITC was 
performed, and visualized under a confocal 
microscope. Nuclear p65 was observed at 1 h 
(C), 4 h (D) after treatment with LPS (10 mg/L) 
but not in saline-treated controls at 1 h (B), nor 
in negative control (A). Nuclear localization of 
p65 and the fluorescence in cytoplasm were 
markedly reduced by Tet 100 µmol/L at 1 (E), 
4 h (F), compared with that of LPS group at the 
same time (Original magnification × 400).
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Figure 3  A: Effect of LPS on NF-κB activity in pancreatic acinar cell. Lane 1: control; Lane 2: treated with LPS 10 mg/L for 1 h; Lane 3: treated with LPS 10 mg/L for 1 h + 
cold NF-κB probe; Lane 4: treated with LPS 10 mg/L for 1 h + labeled AP2 probe; B: The time course of LPS-induced NF-κB activity in pancreatic acinar cell. NF-κB activity 
in pancreatic acinar cell stimulated by LPS 10 mg/L for indicated periods of time. Lane 1: 0 min; Lane 2: 30 min; Lane 3: 1 h; Lane 4: 4 h; Lane 5: 10 h; C: Effect of Tet on 
LPS-induced NF-κB activity in pancreatic acinar cell. Lane 1: control; Lane 2: treated with Tet 100 µmol/L for 1 h; Lane 3: treated with LPS 10 mg/L for 1 h; Lane 4: treated 
with LPS 10 mg/L + Tet 100 µmol/L for 1 h; Lane 5: treated with LPS 10 mg/L for 4 h; Lane 6: treated with LPS 10 mg/L + Tet 100 µmol/L for 4 h. 
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DISCUSSION 
Lipopolysaccharide (LPS, endotoxin) of  the gram 
negative bacteria outer wall plays a central role in 
the pathophysiology of  the sepsis syndrome[3]. Many 
experiments demonstrated it is related to the pathogenesis 
of  acute pancreatitis[4,15,16]. 
    LPS induces NF-κB activation in many cells, such as 
canine tracheal smooth muscle cells, primary rat microglia 
or monocyte of  humans[17-19]. In our previous study[9], 
we have found that LPS induced the increase of  NF-κB 
binding activity by EMSA and p65 subunit of  NF-κB 
translocation to nuclei by immunofluoresence. However, 
it is unknown whether there is a more primary factor 
which precedes the LPS-induced NF-κB activation. Our 
other study[10] revealed that the first alteration measured 
after exposing pancreatic acinar cells to LPS system was 
an increase in the [Ca2+]i which appeared within several 
hundreds of  second. The increase in [Ca2+]i preceded all 
the other pathological events in the progress of  LPS-
induced pancreatic acinar cells damage. Intracellular 
calcium overload exerted an important effect on LPS-
induced pancreatic acinar cells damage and egtazic acid, a 
Ca2+ chelate could attenuate the damage by inhibiting Ca2+ 

influx. The result suggested that the disorder of  calcium 
homeostasis in pancreatic acinar cells was an important 
mediator of  LPS-induced cell damage. Tando et al 
observed that caerulein-induced NF-κB/Rel activation 
requires both Ca2+ and protein kinase C as messenger[5]. 
We adopted calcium channel blocker (CCB) to observe its 
effects on the NF-κB activation and viability of  isolated 
rat pancreatic acinar cell.
    In our present study, we found that LPS was able 
to induce the damage in intact pancreatic acinar cells 
directly at 1 h and the mortality of  cell increased with the 
increase of  concentration and stimulating time of  LPS. 
The increase of  NF-κB activity preceded the pathological 
alteration in the progress of  LPS-induced pancreatic acinar 
cells damage. Moreover, a typical CCB, Tet could abrogate 
LPS-induced NF-κB nuclear translocation, interfere with 
the DNA binding activity of  NF-κB and attenuate cell 
damage of  pancreatic acinar cells. The results show that 
NF-κB activation is an important early event that may 
contribute to inflammatory response and cell injury in 
pancreatic acinar cells and Tet possesses the protective 
effect on LPS-induced acinar cell injury by inhibiting NF-
κB activation. These findings will be helpful to explain the 
mechanism of  Tet in the treatment of  AP at the biological 
level.
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