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Abstract
AIM
To investigate the effects of combined use of emodin 
and baicalein (CEB) at the cellular and organism levels 

35 January 7, 2018|Volume 24|Issue 1|WJG|www.wjgnet.com

ORIGINAL ARTICLE

Emodin and baicalein inhibit sodium taurocholate-induced 
vacuole formation in pancreatic acinar cells

Basic Study

Jun Li, Rui Zhou, Bei-Bei Bie, Na Huang, Ying Guo, Hai-Yan Chen, Meng-Jiao Shi, Jun Yang, Jian Zhang, 
Zong-Fang Li

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v24.i1.35

World J Gastroenterol  2018 January 7; 24(1): 35-45

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



in severe acute pancreatitis (SAP) and explore the 
underlying mechanism.

METHODS
SAP was induced by retrograde infusion of 5% 
sodium taurocholate into the pancreatic duct in 48 
male SD rats. Pancreatic histopathology score, serum 
amylase activity, and levels of tumour necrosis factor 
alpha (TNF-α), interleukin 6 (IL-6), and IL-10 were 
determined to assess the effects of CEB at 12 h after 
the surgery. The rat pancreatic acinar cells were 
isolated from healthy male SD rats using collagenase. 
The cell viability, cell ultrastructure, intracellular free 
Ca2+ concentration, and inositol (1,4,5)-trisphosphate 
receptor (IP3R) expression were investigated to assess 
the mechanism of CEB.

RESULTS
Pancreatic histopathology score (2.07 ± 1.20 vs  6.84 ± 
1.13, P  < 0.05) and serum amylase activity (2866.2 ± 
617.7 vs  5241.3 ± 1410.0, P  < 0.05) were significantly 
decreased in the CEB (three doses) treatment group 
compared with the SAP group (2.07 ± 1.20 vs  6.84 ± 
1.13, P  < 0.05). CEB dose-dependently reduced the 
levels of the pro-inflammatory cytokines IL-6 (466.82 ± 
48.55 vs  603.50 ± 75.53, P  < 0.05) and TNF-α (108.04 
± 16.10 vs  215.56 ± 74.67, P  < 0.05) and increased 
the level of the anti-inflammatory cytokine IL-10 (200.96 
± 50.76 vs  54.18 ± 6.07, P  < 0.05) compared with 
those in the SAP group. CEB increased cell viability, 
inhibited cytosolic Ca2+ concentration, and significantly 
ameliorated intracellular vacuoles and IP3 mRNA 
expression compared with those in the SAP group (P  
< 0.05). There was a trend towards decreased IP3R 
protein in the CEB treatment group; however, it did not 
reach statistical significance (P  > 0.05).

CONCLUSION
These results at the cellular and organism levels reflect 
a preliminary mechanism of CEB in SAP and indicate 
that CEB is a suitable approach for SAP treatment.

Key words: Inositol (1,4,5)-trisphosphate receptor; 
Severe acute pancreatitis; Calcium overload; Emodin; 
Baicalein; Pancreatic acinar cell

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Combined use of emodin and baicalein (CEB) 
was found to act on key aspects of severe acute 
pancreatitis (SAP) pathogenesis; it regulated inflam-
matory factors and inhibited calcium overload, which 
underlie this synergy. These results at the cellular and 
organism levels reflect a preliminary mechanism of CEB 
in SAP and indicate that the development of CEB is 
promising for the treatment of patients with SAP. 
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INTRODUCTION
Severe acute pancreatitis (SAP) is a debilitating disease 
that is characterized by an acute onset, serious com-
plications, and significant morbidity and mortality[1]. 
Currently, the somatostatin analogue octreotide is the 
most frequently used drug in SAP therapy[2,3]. However, 
not all patients are treated with octreotide due to its 
short half-life in vivo and high cost. Identifying other 
safe, effective, and inexpensive drugs for the treatment 
of SAP remains necessary.

Traditional Chinese medicines (TCMs) have shown 
efficacy in the management of many inflammatory 
diseases[4]. The most famous formula for the treatment 
of SAP is Qingyi decoction, which is composed of 
rheum, Chinese thorowax root, white peony root, 
baikal skullcap root, coptis chinensis, and other herbs 
and has been advocated for more than one hundred 
years in China[5,6]. Qingyi decoction has exhibited 
good therapeutic effects in individuals with SAP in 
many clinical and pre-clinical studies[7-9]. However, use 
of this decoction is limited because patients are not 
allowed access to food and water in the acute stage. 
Furthermore, the formulation of this TCM is difficult to 
standardize due to the large number of herbs in one 
decoction. Guided by the theories of TCM and modern 
medicine and the compatibility of herbs, we refined 
Qingyi decoction and combined emodin and baicalein 
into “Compound Emodin and Baicalein” (CEB, patent 
No. ZL200310105814.3). 

Emodin and baicalein are the active ingredients in 
rheum and baikal skullcap root and have an identified 
chemical constitution[10,11]. Emodin has been reported 
to block the development of SAP[12]. In our previous 
study, we were the first to show that baicalein pro-
tected against pancreatic injury in rats with SAP 
and exhibited inhibitory effects on pro-inflammatory 
cytokine production[11]. Furthermore, CEB had a be-
neficial effect on SAP in rats, which is similar to the 
effect of octreotide[13-15]. However, the underlying 
mechanisms remain unknown. We aimed to investigate 
the above problems, which are crucial for the study 
and development of CEB. Here, we report that CEB 
exhibited a good effect on SAP rats, decreased the 
serum levels of pro-inflammatory cytokines, and 
increased the levels of anti-inflammatory factors in 
vivo. CEB attenuated inositol (1,4,5)-trisphosphate 
receptor (IP3R) mRNA expression and inhibited 
calcium overload in pancreatic acinar cells. Therefore, 
we suggest that CEB might be a novel drug for SAP 
treatment in the future. 
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MATERIALS AND METHODS
Animals

Adult male Sprague-Dawley (SD) rats (weighing 220 
± 10 g) were obtained from the Experimental Animal 
Center of Xi’an Jiaotong University Health Science 
Center and were housed at 23 ± 2 ℃ under a 12-h 
light/dark cycle. The animals were fasted overnight 
before the start of the experiments with free access 
to water. All animal procedures were approved by 
the Institutional Animal Care and Use Committee of 
Xi’an Jiaotong University Health Science Center and 
performed according to the National Guide for the Care 
and Use of Laboratory Animals.

Induction of SAP

SAP was induced via a retrograde infusion of 5% 
sodium taurocholate into the pancreatic duct as 
previously described[16]. The animals were anaesthe-
tized with sodium pentobarbital (50 mg/kg, Sigma-
Aldrich), and the abdomen was opened via a midline 
incision. First, we identified the common bile duct and 
duodenum. The pancreatic bile duct was occluded 
with two microvascular clamps to prevent reflux. In 
total, 5% sodium taurocholate was injected into the 
pancreatic duct at a dose of 0.1 mL/100 g body weight 
(at an injection velocity of 0.1 mL/min). Then, the 
injection site was pressed for 3 min and the surgery 
was completed by abdominal stratified closing. Special 
attention was focused on the atraumatic surgical 
technique. The humane killing was performed 12 h 
after the operation to determine the severity of SAP.

Therapeutic effects of CEB

In total, SAP was induced in 48 SD rats via a 
retrograde injection of 5% sodium taurocholate into 
the common biliopancreatic duct. All SAP rats were 
randomly divided into four groups, including an SAP 
model group and three CEB groups (the low-dose 
group received a 1.6 mg/kg dose of emodin combined 

with a 3.5 mg/kg dose of baicalein; the middle-dose 
group received a 3.2 mg/kg dose of emodin combined 
with a 7 mg/kg dose of baicalein; and the high-dose 
group received a 6.4 mg/kg dose of emodin combined 
with a 14 mg/kg dose of baicalein). An additional 24 
normal SD rats were separated into two groups: a 
normal group and a sham operation (SO) group. The 
normal group did not undergo the procedure. In the 
SO group, the incisions were closed immediately after 
turning over the pancreas. CEB was injected via the 
tail vein to animals of the three CEB treatment groups 
immediately after surgical operation. SO and SAP 
rats were given the same amount of normal saline. 
Pancreatic histopathology score, serum amylase 
activity, and levels of tumour necrosis factor-alpha 
(TNF-α), interleukin (IL)-6, and IL-10 were determined 
12 h after the surgery. 

Histology

The pancreatic tissue was fixed in 4% paraformalde-
hyde for 24 h, dehydrated, and embedded in paraffin 
using a routine protocol as previously described[11]. 
The embedded tissue was sliced at a 4-μm thickness 
and stained using haematoxylin and eosin (H&E). The 
histology scores of the sections were independently 
evaluated by two experienced investigators who were 
blinded to the group assignment. Ten random fields 
per slide were examined in the histopathological 
analysis of each pancreas. The grading criteria were as 
follows: oedema, acinar necrosis, haemorrhage, and 
inflammatory cell infiltration (Table 1). The final score 
of each section was the summation of each pathological 
parameter[17]. Finally, the mean ± SD was calculated (2 
slides/rat, ≥ 6 rats/group). 

Enzyme activity and cytokine level measurement

Serum amylase activity was measured using an 
automatic biochemistry analyser (Roche, Basel, 
Switzerland). Serum IL-6, TNF-α, and IL-10 levels 
were determined using enzyme-linked immunosorbent 
assay kits (Neobioscience Biotech, Shenzhen, China 
and eBioscience, San Diego, USA) according to the 
manufacturers’ protocols. The absorbance was read at 
450 nm (620 nm as the reference wavelength) using 
a microplate reader (BioTek Inc., Winooski, VT, United 
States).

Isolation of pancreatic acinar cells from healthy rats

Pancreatic acinar cells were isolated as described 
by Williams et al[18] with slight modifications. Briefly, 
the pancreas was incubated with 5 mL of diges-
tion solution, consisting of collagenase (NB8 Broad 
Range, 0.1 g/L, Serva) and a trypsin inhibitor (0.1 
g/L, Sigma). The digestion solution was injected (at 
multiple loci) into the pancreatic parenchyma until it 
was well distended. After 10 min, the pancreas was cut 
into 2-4-mm pieces, followed by shaking for 15 min 
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Table 1  Criteria for microscopic assessment

Histological pattern Assessment Score

Edema Mild 1
Moderate 2

Severe 3
Inflammatory infiltration Mild 1

Moderate 2
Severe 3

Fat necrosis < 2/section 3
3-5/section 5
> 5/section 7

Parenchymal necrosis Focal (< 5%) 3
And/or sublobular (< 20%) 5

And/or lobular (> 20%) 7
Hemorrhage Mild 3

Moderate 5
Severe 7

Li J et al . Emodin and baicalein inhibit vacuole formation
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10 min. The cell suspension was washed once with PBS 
and incubated with fluo-3 AM (5 μmol/L, Invitrogen) 
for 30 min in the dark, followed by three washes 
with PBS. Then, 2 mL of PBS were added to the 
cells and incubated for an additional 30 min. Sodium 
taurocholate (1 mmol/L) was added to the cells as a 
stimulus. The cells were imaged on a live cell imaging 
system to assess the cytosolic Ca2+ concentration using 
fluo-3 AM (488 nm) immediately after the stimulus 
was applied, and the recording time was maintained 
at 60 s. The fluorescence intensity represented the 
relative intracellular Ca2+ concentration.

Detection of IP3R expression

The cells were stimulated with sodium taurocholate 
as described above, immediately followed by washing 
with PBS and pelleting by centrifugation at 200 g 
for 1 min. Total RNA and protein were purified from 
the acinar cells according to the manufacturer’s 
instructions (Ambion, Pierce). The protein and mRNA 
levels of IP3R were quantified by RT-PCR and Western 
blot, respectively, as previously described[20]. 

Statistical analysis

The assays were performed in triplicate. All data are 
expressed as mean ± SD. Statistical comparisons 
were performed using t-tests or analysis of variance 
with SPSS 19.0 (SPSS Inc.). A P-value < 0.05 was 
considered statistically significant. 

RESULTS
CEB protects against pancreatic injury in SAP rats

The SO group showed an entirely normal acinar archi-
tecture. The SAP group demonstrated pancreatic injury 
characterized by gross tissue oedema, sublobular 
haemorrhage, cell lysis associated with obvious 
neutrophil infiltration, and parenchymal necrosis. 
Treatment with CEB ameliorated pancreatic injury and 
decreased the histopathology score (Figure 1A and B, P 
< 0.05).

CEB alleviates amylase activity and inflammatory 
response in SAP rats

Serum amylase activity and levels of IL-6, TNF-α, and 
IL-10 in the SAP group were significantly increased 
compared to those in the SO group. Treatment with 
CEB decreased serum amylase activity and TNF-α 
level but increased the level of IL-10 at all the three 
doses (Figure 1C and D, P < 0.05). CEB decreased 
serum IL-6 level in SAP rats at high and middle doses 
(Figure 1D, P < 0.05). There was also a trend towards 
decreased IL-6 level at low dose; however, it did not 
reach statistical significance.

CEB increases the viability of sodium taurocholate-

stimulated acinar cells 

Different concentrations of sodium taurocholate induced 

in a 37 ℃ water bath (120 cycles per minute). Next, 
5 mL of fresh digestion solution was added to the 
pancreas. The digestion period was repeated 3 times, 
and the liquids were then collected and combined. The 
tissue was then gently pipetted through the pipette 
tip. After the filtration and centrifugation, the resultant 
cell pellet was resuspended in the culture medium and 
preincubated at 37 ℃ for 30 min for the subsequent 
experiments. All obtained pancreatic acinar cells were 
identified under a transmission electron microscope.

Cell viability assay

The cells were incubated with various concentrations of 
sodium taurocholate (final concentrations of 1, 2, 4, 6, 
8, and 10 mmol/L) for 10, 20, 30, 40, and 50 min. The 
cell viability was determined using an MTT assay[19] 
to identify an appropriate concentration of sodium 
taurocholate for subsequent cell experiments.

The pancreatic acinar cells were divided into 
three groups, including a control group, an SAP model 
group, and a CEB group. The effects of CEB on the 
cell viability were determined using an MTT assay. 
The cells were preincubated with or without CEB 
(final concentration of 3.3 μmol/L) for 10 min prior 
to sodium taurocholate (final concentration of 8 mM) 
irritation. After an additional 30 min incubation with 
sodium taurocholate, the cell viability was measured 
using an MTT assay. The normal cells were treated 
with different concentrations of CEB (1.65, 3.3, 6.6, 
13.2, 26.4, 52.8, and 105.6 μmol/L), and an MTT 
assay was performed. All experiments were performed 
in triplicate and repeated at least three times.

The cells were preincubated with various con-
centrations of CEB (final concentrations of 1.65, 3.3, 
6.6, 13.2, 26.4, 52.8, and 105.6 μmol/L) for 30 min. 
The optical density value was detected using an MTT 
assay to assess the reliability of CEB at the cellular 
level.

Cell ultrastructural observation

The cells were pre-treated with or without CEB (final 
concentration of 3.3 μmol/L) for 10 min. Sodium tau-
rocholate (1 mmol/L) was added to the cells as a 
stimulus for 1 min, immediately followed by washing 
with the PBS buffer, pelleting by centrifugation at 
200 g for 1 min, and fixing using 2.5% prechilled 
glutaraldehyde at 4 ℃ for 24 h. The samples were then 
immersed in 1% osmium tetroxide at room temperature 
for 2 h and then uranyl acetate for the same period. 
The cells were dehydrated in serial solutions of ethanol 
and acetone before being embedded in epoxy resins. 
Then, 50-nm ultrathin sections were stained with lead 
citrate and mounted on 200-mesh copper grids. The 
cell ultrastructure was observed under a Hitachi H-7650 
(Tokyo) transmission electron microscope.

Intracellular free Ca
2+

 measurement

Isolated pancreatic acinar cells were pre-treated with 
or without CEB (final concentration of 3.3 μmol/L) for 
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a decrease in cell viability (Figure 2A, P < 0.05). Cell 
viability decreased in a dose- and time- dependent 
manner after sodium taurocholate treatment. Compared 
to the control group, cell viability was decreased in 
the SAP group. Pretreatment with CEB could increase 
the viability of cells treated with 8 mmol/L sodium 
taurocholate and showed dose-dependent protective 
effects at 1.65-3.3 μmol/L (Figure 2B, P < 0.05). 
Moreover, CEB alone had no adverse effect on the 
normal cells at either low or high concentration (Figure 
2C, P > 0.05).

CEB alleviates sodium taurocholate-induced 

intracellular vacuole formation

The normal cells showed characteristics that are 
typical of secretory polarized cells, including slick 
plasmalemma and a roundish nucleus in the basal 
region of the cell. The rough endoplasmic reticulum 
(ER) was abundant and arranged in the parallel 
cisternae in the basal region, and numerous ribosomes 
were present on the membrane of the ER. Many 
zymogen granules (ZGs) were observed in the 
apical region of the cell. The mitochondria exhibited 
a spherical shape, and well-developed cristae were 
observed in the basal region of the cell (Figure 2D, a 
and d). In the SAP group, after the 1-min stimulation 

with 1 mmol/L sodium taurocholate, major changes 
were observed in the cellular ultrastructure, including 
the rupture of the plasmalemma, formation of 
abnormal vacuoles in the cytoplasm, dilatation and 
degranulation of the ER, lysis of the membranes of 
the rough ER, and a marked reduction in the density 
of the normal ZGs (Figure 2D, b and e). In cells that 
were preincubated with 3.3 μmol/L CEB for 10 min, 
the vacuolization, cytolysis, and degranulation of the 
ER were significantly alleviated (Figure 2D, c and f).

CEB decreases cytosolic Ca
2+

 concentration and down-

regulates expression of IP3R

In the control group, there was no change in the cell 
fluorescence intensity over time (Figure 3A and B, 
a). In the SAP group, the cell fluorescence intensity 
immediately increased within 2 s of adding the irritant 
sodium taurocholate to the cells compared with that 
before the stimulation. The cell fluorescence intensity 
lasted for 30 s at a high Ca2+ concentration and then 
began to decline (Figure 3A and B, b). In the CEB 
group, the cell fluorescence intensity increased within 
the first 2 s after the sodium taurocholate suscitation 
and was sustained by the high calcium concentration 
for 5 s before beginning to decline (Figure 3A and B, c). 
Thus, the duration during which the cells survived in a 
high Ca2+ plateau decreased in the CEB preincubated 
cells compared to that in the cells that were not 
preincubated with CEB (Table 2, P < 0.05). 

Compared with the control group, the three isoforms 
of IP3R mRNA and IP3R protein were increased in the 
SAP group. CEB preincubation caused a significant 
decrease in the mRNA expression of the three IP3R 
isoforms (Figure 4A, P < 0.05). In the presence of CEB, 
there was also a trend towards decreased IP3R protein; 
however, it did not reach statistical significance (Figure 
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Figure 1  Therapeutic effects of combined use of emodin and baicalein on severe acute pancreatitis rats. Animals received CEB or an equal amount of saline 
injection after the SAP induction. CEB at high, middle, and low doses was administered immediately after the SAP induction. Animals were sacrificed 12 h after the 
SAP induction and were assessed for (A) representative images of pancreatic histopathology in all groups (H&E, ×100). (a) Control group; (b) SO group; (c) SAP 
group; (d) CEB high-dose group; (e) CEB middle-dose group; (f) CEB low-dose group. B: Histopathology score evaluation; C: Serum amylase; D: Serum cytokines. 
The data represent the mean ± SD. aP < 0.05 vs the control group; cP < 0.05 vs the SAP group.

Table 2  The duration of cells sustained at high calcium 

concentration

Group Duration of cells sustained at high calcium concentration (s)

Control 0 ± 0.03
SAP 30 ± 1.77a

CEB 5 ± 1.80c

aP < 0.05 vs control group; cP < 0.05 vs SAP group. SAP: Severe acute 
pancreatitis; CEB: Combined use of emodin and baicalein.
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4B and C, P > 0.05).

DISCUSSION
The famous TCM Qingyi decoction has been shown 
to have clinical benefits in the treatment of SAP[5,7]. 
However, the challenges associated with its oral ad-
ministration, complex components, and difficult-to-
control quality limit its application and formulation. 
We refined Qingyi decoction and devised a compound 
formula with independent intellectual property rights, 

comprising emodin and baicalein, which we call 
CEB[13,14]. The components of CEB are the monomers 
emodin and baicalein, and the properties of CEB 
include clear configuration, controllable quality, and 
therapeutic effects following an intravenous injection 
in SAP rats; thus, CEB could be further developed 
for the treatment of patients with SAP and is worth 
further investigation. Our previous study has shown 
that the combination of emodin and baicalein exhibits 
good efficacy in SAP rats[13,15]. However, the specific 
mechanism remains unknown. 
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Figure 2  CEB alleviates cell injury in pancreatic acinar cells. A: The cell viability decreased in a concentration- and time-dependent manner after sodium 
taurocholate treatment. B: CEB pretreatment increased the viability of cells treated with 8 mM sodium taurocholate and showed dose-dependent protective effects at 
1.65-3.3 μmol/L. C: CEB alone had no adverse effect on normal pancreatic acinar cells at either low or high concentration, which suggested its reliability at the cellular 
level. D: Ultrastructure of pancreatic acinar cells. (a and d) Normal acinar cells showed ZGs concentrated in the apical pole of the cell, slick plasmalemma, and a 
roundish nucleus in the basal region of the cell. The rough ER was abundant and arranged in the parallel cisternae in the basal region, and numerous ribosomes were 
present on the membrane of the ER. (b and e) Acinar cells after a 1-min stimulation with sodium taurocholate. Plasmalemma was ruptured, and vacuoles accumulated 
in the cytoplasm. The ER was dilated and degranulated with lytic membranes. The ZG density also showed a marked reduction. (c and f) Acinar cells preincubated 
with CEB for 10 min. Vacuolization, cytolysis, and degranulation of ER were significantly alleviated (a-c, ×5000; d-f, ×30000).
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The pathogenesis of SAP remains poorly under-
stood[21]. One hypothesis posits that inflammatory 
reactions are crucial for the pathogenesis of SAP[22]. 
Local inflammatory reactions in the pancreas lead to 

systemic inflammatory response syndrome (SIRS) 
and multiorgan failure (MOF), which is believed to 
be the primary cause of mortality[23]. TNF-α and IL-6 
are known principal pro-inflammatory cytokines that 
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Figure 3  CEB inhibits sodium taurocholate-induced Ca2+ overload in isolated pancreatic acinar cells. Cell fluorescence intensity represents the cell calcium 
concentration. A: Dynamic change in the calcium concentration induced by sodium taurocholate was inhibited by CEB: (a) Unaltered fluorescence intensity over 
time in the control group. (b) Cell fluorescence intensity was strengthened immediately within 2 s of the sodium taurocholate irritation and lasted at a high calcium 
concentration for 30 s, followed by a decrease in the SAP group. (c) Cell fluorescence intensity was increased within the first 2 s after the sodium taurocholate 
suscitation, was sustained at a high calcium concentration for 5 s, and then began to decrease in the CEB group. B: Cell images at representative time points. (a) 
Control group. (b) SAP group. (c) CEB group.
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participate in the initiation and progression of SAP 
and have been identified as the key cytokines media-
ting pancreatitis-associated lung injury[11]. IL-10 has 
important anti-inflammatory activities and is strongly 
associated with the severity of SAP[24]. IL-10 is believed 
to play a protective role in SAP. In our study, we 
similarly found that serum levels of IL-6, TNF-α, and 
IL-10 were considerably higher in the SAP group than 
in the SO group. CEB reduced the pro-inflammatory 
cytokines IL-6 and TNF-α and increased the anti-
inflammatory cytokine IL-10 after the induction of SAP.

The pathological diagnosis is a significant index 
for evaluating the severity of SAP. Amylase activity is 
an enzymatic marker, and the serum amylase test is 
routinely performed for the clinical diagnosis of SAP. 
In this study, CEB significantly alleviated pancreatic 
injury and decreased pancreatic histopathology score 
in the SAP model. Therefore, we conclude that CEB 
can down-regulate the pro-inflammatory cytokines 
IL-6 and TNF-α, up-regulate the anti-inflammatory 
cytokine, and decrease the serum amylase activity, 
thus reducing the pathologic score and ameliorating 
pancreatic injury. Therefore, the therapeutic effect of 
CEB on SAP warrants further study.

Ca2+ overload is the earliest crucial event in the 
pathogenesis of many diseases[25]. In pancreatic 
acinar cells, pathological Ca2+ overload is a critical 
trigger that initiates cell injury due to sustained 
global Ca2+ elevations, resulting in enzyme activation, 

vacuolization, and necrosis, all of which are crucial for 
the development of pancreatitis[26]. Emodin can inhibit 
pancreatic enzyme levels and calcium channels[27]. 
Baicalein has been reported to have antibacterial, 
antiviral, anti-inflammatory, and calcium blocker pro-
perties in cardiomyocytes[11,28]. However, whether 
CEB can inhibit Ca2+ overload during the development 
of SAP remains unclear. We used pancreatic acinar 
cells prepared from healthy rats that were induced by 
sodium taurocholate as an SAP model at the cellular 
level and observed the effect of CEB. In our study, 
sodium taurocholate exerted a cellular Ca2+ overload, 
leading to decreased cell viability, intracellular vacuole 
formation, and cellular injury. However, CEB inverted 
this impairment and did not show a cytotoxic effect in 
normal acinar cells, revealing its safety and hinting at 
the mechanism of CEB action. 

IP3R is a principal Ca2+-releasing channel that is 
concentrated in the ER membrane, and the opening 
of this channel is coordinated by the binding of IP3 
and the activation of gated Ca2+ channels that release 
intracellularly stored Ca2+ from the ER to regulate the 
cellular Ca2+ environment[29]. In our study, at the cellular 
level, CEB decreased the sodium taurocholate-induced 
intracellular Ca2+ and IP3R mRNA expression in isolated 
rat pancreatic acinar cells. Thus, CEB exerts effects 
on the inhibition of the acinar cell calcium overload, 
possibly representing its underlying mechanism in 
SAP cells. The protein expression changes required a 
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Figure 4  CEB decreases the expression of IP3R in pancreatic acinar cells. A: Effects of CEB on the mRNA expression of three isoforms of IP3R (P < 0.05). B and 
C: CEB caused a reduced trend of IP3R protein expression but showed no significant difference (P > 0.05). aP < 0.05 vs the control group; cP < 0.05 vs the SAP group.
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certain amount of time. To detect the calcium changes, 
we performed the observations 60 s after the sodium 
taurocholate stimulation, which may explain why the 
IP3R protein expression showed a slight decline and no 
statistical significance in the CEB group compared with 
that in the SAP group. 

In summary, CEB was found to act on the key 
aspects of SAP pathogenesis and resulted in the 
regulation of inflammatory factors and the inhibition of 
calcium overload, which underlie this synergy. These 
results at the cellular and organism levels reflect a 
preliminary mechanism of CEB in SAP and suggest 
potential clinical benefits. Although research on CEB 
remains at the preclinical level, and data on its use in 
humans are lacking, CEB may be a potential future 
treatment for SAP, suggesting that further studies are 
needed. 

ARTICLE HIgHLIgHTS
Research background

Severe acute pancreatitis (SAP) is a debilitating disease with significant 
morbidity and mortality. Somatostatin analogue octreotide is the most frequently 
used drug but not all patients can afford its high cost and short half-life in vivo. 
Guided by the theories of TCM and modern medicine and the compatibility 
of herbs, we refined the classic prescription Qingyi decoction and combined 
emodin and baicalein into “Compound Emodin and Baicalein” (CEB, patent No. 
ZL200310105814.3). This research may provide a novel, safe, effective, and 
inexpensive drug for SAP treatment in the future.

Research motivation

The aim of this study was to explicate the effect and mechanism of CEB in SAP 
therapy and provides potential clinical benefits for the future treatment of SAP.

Research objectives

The SAP rats and the isolated pancreatic acinar cells were the main objectives 
in this study. Meanwhile, they also served as the main objectives of research on 
SAP at the cellular and organism levels.

Research methods

Retrograde infusion of 5% sodium taurocholate into the pancreatic duct is the 
frequently used method for SAP model induction. Serum cytokine levels were 
determined using enzyme-linked immunosorbent assay. Tissue section were 
stained using haematoxylin and eosin (H&E) for histopathologic detection. 
Pancreatic acinar cells were isolated using collagenase digestion and the cell 
viability was determined using an MTT assay. Cell ultrastructure was observed 
using a transmission electron microscope. Intracellular Ca2+ concentration was 
determined using a live cell imaging system. The protein and mRNA levels of 
IP3R were quantified by RT-PCR and Western blot, respectively.

Research results

The results showed that CEB can regulate inflammatory factors, increase cell 
viability, and inhibit calcium overload, which underlie a preliminary mechanism 
of CEB in SAP. Although research on CEB remains at the preclinical level, and 
data on its use in humans are lacking, CEB may be a potential future treatment 
for SAP, suggesting that further studies are needed.

Research conclusions

Emodin and baicalein display synergistic effects on SAP rats. CEB acts on 
the key aspects of SAP pathogenesis and regulates of inflammatory factors in 
SAP rats. CEB suppresses IP3R-mediated pancreatic acinar Ca2+ overload 
via inhibiting IP3R mRNA expression in pancreatic acinar cells. As a non-toxic 
natural product, CEB is the first to show a therapeutic effect at the cellular and 

organism levels in SAP. CEB is promising for the treatment of patients with 
SAP.

Research perspectives

From this study, the characteristics of abundance, low cost, and safety of 
traditional Chinese medicine in SAP therapy should catch our attention. We 
think that the potential of traditional Chinese medicine in SAP therapy will be 
the direction of the future research. In our opinion, the SAP animal model and 
the isolated pancreatic acinar cells will always be the main avenues in this 
study.
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