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A B S T R A C T

Acute pancreatitis (AP) is a common acute abdominal disease with local or systemic inflammatory response,
caused by abnormal activation of digestive enzymes. Baicalein has been shown to exert anti-inflammatory effects
and to attenuate the pathological changes of AP. The aim of the research was to investigate the effects of
baicalein on caerulein induced pancreatitis, and to elucidate the putative underlying mechanism. In this study,
the therapeutic potential of baicalein and its mechanism were investigated in a caerulein-induced AP in vivo and
in vitromodel. The results indicate that baicalein treatment alleviates the caerulein-induced pathological damage
in the pancreas. Baicalein decreased the expression level of pro-inflammatory cytokines and chemokines of the
pancreas in caerulein treated mice and of isolated pancreatic acinar cells. Moreover, baicalein inhibited the
expression of NF-κB p65 and the phosphorylation of p38 MAPK, ERK (extracellular signal-regulated kinase) as
well as STAT 3, which indicates that baicalein exerts its anti-inflammatory effects via dampening the NF-κB,
MAPK and STAT 3 signaling pathways. Together, this study provides experimental evidence for the clinical
application of Scutellaria baicalensis Georgi or baicalein and indicates that baicalein may be a promising can-
didate for treatment of AP patients in the future.

1. Introduction

Acute pancreatitis (AP), a common clinical acute abdominal emer-
gency, is a reversible inflammatory process of the exocrine pancreas
mainly caused by over-activation of pancreatic digestive enzymes [1].
AP may lead to local destruction of acini or systemic inflammatory
syndromes. The annual incidence of AP is about 4.9 to 40 cases per year
per 100, 000 humans, with a mortality rate of 1%. Furthermore, about
30% of AP patients may develop a more severe form [2]. The current
clinical treatments of AP include conservative approaches (aggressive
fluids replacement, nutrition and antibiotics) and invasive methods
according to the severity of AP. However, there is still a need of a
specific therapy for clinical treatment of AP [3]. Traditional Chinese
medicinal herbs have been used for the treatment of AP in China for
many years [4]. Clinical observations have provided strong evidence

that TCM adjuvant treatment of AP has positive effects on multiple
organ failure, mortality and systemic infection [5].

Scutellaria baicalensis Georgi, listed in the Chinese Pharmacopoeia, is
a commonly-used traditional Chinese herb for treatment of pancreatitis
in China and other East Asian countries. Baicalein (5,6,7-trihydroxy-2-
phenyl-4H-1-benzopyran-4-one) (Fig. 1), a major active compound
isolated from the root of S. baicalensis Georgi, has been reported to
possess many pharmacological effects including anti-inflammatory,
anti-bacterial, anti-hypertension, and anti-tumor activities [6,7]. In-
flammation plays a critical role in the process of AP. Inflammatory
mediators such as TNFα or IL-6 and various pathways (including NF-κB
and STAT 3) play a key role in the initial pancreatic injury and the
subsequent immune response [8]. Baicalein exerts anti-inflammatory
effects in various diseases (including diabetes, cardiovascular diseases,
inflammatory bowel diseases, mastitis and pancreatitis) via multiple
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pathways [6]. Baicalein could alleviate experimental pancreatitis by
inhibiting the expression of pancreatic enzyme and cytokines in sodium
taurocholate induced severe acute pancreatitis (SAP) mice [9]. Al-
though many studies have confirmed that baicalein can improve pa-
thological changes of AP, the mode of action of baicalein still not fully
understood. The aim of the research was thus to investigate the effects
of baicalein on caerulein (cholecystokinin analogue) induced AP and to
elucidate the mechanism providing protective activity.

2. Materials and methods

2.1. Reagents

Baicalein (purity > 98%, endotoxin-free) was purchased from Top
High Bio Technology Co., Ltd. (Nanjing, China). Lipopolysaccharides
(LPS), collagenase IA, and trypsin inhibitor were purchased from
Sigma-Aldrich (St Louis, MO). Caerulein was purchased from Yeasen
Biotech Co., Ltd. (Shanghai, China). Ficoll and dimethylsulfoxide
(DMSO) were purchased from Beijing Solarbio Science & Technology
Co., Ltd. (Beijing, China). Primary antibodies against phosphorylated
IκBα (p-IκBα), IκBα, NF-κB p65, p38, p-p38, JNK, p-JNK, ERK, p-ERK,
STAT 3, p-STAT 3, and β-actin were purchased from CST Inc. (Danvers,
MA).

2.2. Cell culture and preparation of conditioned medium (CM)

RAW264.7 murine macrophages cells, obtained from the Cell
Culture Center of the Chinese Academy of Medical Sciences (Beijing,
China), were cultured in Dulbecco's Modified Eagle Medium supple-
mented with 10% FBS as the manufacturer's suggested. To prepare the
macrophage conditioned medium (CM), RAW264.7 cells were plated in
24-well plates (2.5× 105 cells/mL) for 24 h and then treated with or
without LPS (0.5 μg/mL) for 18 h. The supernatant was centrifuged and
collected as the CM. 40 inflammatory mediators (cytokines, chemo-
kines, and more) in CM were analyzed by Mouse Cytokine Antibody
Array (R&D Systems, Minneapolis, USA).

2.3. Animals and treatment

C57BL/6 mice (about 20 ± 2 g) were purchased from Vital River
Laboratory Animal Technology Co., Ltd. (Beijing, China), and cultured
with free access to food and water for 2 weeks. All procedures of animal
experiments were approved by animal ethics committee of Tianjin
University of Traditional Chinese Medicine (No. TCM-LAEC2018022)
and performed according to the National Institutes of Health Guidelines
on Laboratory Research and Guide for the Care and Use of Laboratory
Animals. The pancreatitis model was established by intraperitoneally
injecting caerulein (50 μg/kg) every hour for 5 consecutive hours a day
for three days. Baicalein was administered intravenously (20mg/kg per
day) 1 h after the last caerulein injection for baicalein group. The mice
were randomly divided to three experimental groups (n= 6). Control:
intraperitoneally injecting equal volume of normal saline instead of
caerulein; Model (Cae group): intraperitoneally injecting caerulein for
AP induction; Baicalein group (Bai group): intraperitoneally injected

with 20mg/kg baicalein 1 h after caerulein administration. After 24 h
all mice were anesthetized, sacrificed and their serum was collected for
further analysis. The pancreas of every animal was also collected and
separated into two parts, one for pathological analysis and another for
biochemical analysis.

2.4. Histological examination and immunohistochemical staining

For histological examination, pancreas samples were fixed in 4%
paraformaldehyde for H&E staining. After dehydration in graded al-
cohol, the tissues were cut into slices of 3 to 4 μm and stained with H&E
solution. The tissues were examined under an optical microscope. The
histopathological changes were graded as previously described: edema
(0–3), inflammatory infiltration (0–3), necrosis (0–7) and hemorrhage
(0–7) [10]. The pathological changes were evaluated and scored by two
pathologists in blinded manner.

For immunohistochemical staining, pancreas samples were cut as
above, deparaffinized and rehydrated according to standard histolo-
gical protocols. These sections were then rinsed in 3% hydrogen per-
oxide to inactivate endogenous peroxidase, followed by antigen re-
trieval with sodium citrate buffer at 95 °C for 20min. After blocking
with 3% BSA serum, the sections were incubated with either anti-F4/80
antibody (macrophages) or anti-Ly6G antibody (neutrophils) at a di-
lution of 1:200 each. After subsequent incubation with biotinylated
secondary antibody, horseradish peroxidase conjugated streptavidin
and 2, 4-diaminobenzidine substrates, the sections were counterstained
with hematoxylin. The F4/80 or Ly6G positive cells were observed by
optical microscope. Positive cells in five high power fields were counted
in each section (magnification 400×). The quantitative analysis was
determined by the proportion of positive cells of total cells in each
section.

2.5. Enzymatic activity of α-amylase

The enzymatic activities of amylase in blood samples were de-
termined by α-amylase assay kit from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China) according to the instructions
of the manufacturer. Briefly, amylase activity was normalized to the
activity required to hydrolyze 10mg starch in 30min at 37 °C. Each
assay was performed in duplicates.

2.6. Isolation and culture of mouse pancreatic acinar cells

Pancreases from C57 mice were quickly washing in ice-cold Hanks'
buffered saline solution (HBSS) and diced into small pieces (approx.
1–2mm). For digestion, the pancreatic pieces were shaken by hand in
collagenase IA solution (HBSS 1× containing 10mM HEPES, 0.2mg/
mL of collagenase IA, and 0.25mg/mL of trypsin inhibitor). The di-
gestion period was variable until the tissue suspension appeared
homogeneous to the eye. The enzymatic reaction was stopped by
adding ice-cold buffered washing solution (HBSS 1× containing 5%
FBS and 10mM HEPES). The cell pellet was then resuspended in 10mL
F12K medium (containing 20% FBS and 0.25mg/mL of trypsin in-
hibitor) and the cell suspension was filtrated through a 70 μm filter to
retain the non-digested fragments. The isolated acini were seeded in
25 cm2 culture flasks to eliminate contaminant cells (i.e. fibroblasts)
and cellular remnants that had adhered. After 4 h acini were carefully
transferred and layered on 40% Ficoll for further purification by gra-
dient centrifugation. Cell viability was tested with the trypan blue
method immediately after preparation of acini. Preparations were ac-
cepted for study only if> 95% of the cells excluded the dye.

2.7. Cell viability assay

Cell viability of pancreatic acinar cells treated with baicalein was
measured by MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl

Fig. 1. Chemical structure of baicalein.
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tetrazolium bromide) assay. After treatment with baicalein (5–80 μM),
cells were incubated with MTT reagent (at a final concentration of
0.5 mg/mL) at 37 °C for 4 h. After rinsing of the wells, DMSO was used
to dissolve the dark blue crystals. Plates were read out on a Microplate
Reader (Molecular Devices, Sunnyvale, CA) at 570 nm wavelength and
a reference wavelength of 630 nm.

2.8. Determine of cytokines and chemokines in pancreas

The concentrations of six cytokines and chemokines (TNFα, IL-1β,
IL-6, IP-10, MCP-1, MIP-1α) in acinar cells or pancreatic tissues lysates
were measured by Milliplex mouse cytokines/chemokines magnetic
bead panel kit (Millipore, USA) according to the manufacturer's in-
structions. In brief, samples were diluted 1:2 with analyte dilution
buffer and assayed in duplicate.

2.9. Statistical analysis

All data are presented as mean ± SD values. Data were analyzed by
one-way analysis of variance and t-test was used for comparison be-
tween any two groups. p values of< 0.05 were considered as statisti-
cally significantly different.

3. Results

3.1. Baicalein alleviated the severity of pancreatic injury

To explore the effect of baicalein on caerulein treated mice, the
pathological changes of pancreas and level of amylase were in-
vestigated. There were no obvious changes in the pancreas of control
group (Fig. 2A). The pancreatic lobular structure was clear and there
were no obvious interstitial edema and necrosis. In the model group
(Cae), there were common acini edema and disruption of lobular
structure, and sporadic necrotic areas. The score of the model group
was significantly higher than that of the controls (p < 0.01). In the
baicalein co-treated group, the lobular structure was clear and a few
acini edema. Necrosis was rarely observed. The pathological score de-
creased markedly compared to Cae group (p < 0.01). The activity of
amylase was increased about 2.5 times in caerulein group compared
with that of control group (Fig. 2B), suggesting that administration of

baicalein significantly suppressed the caerulein induced pancreatitis in
mice.

3.2. Baicalein inhibited the infiltration of macrophages and neutrophils

As the infiltration of macrophages is a major manifestation in AP
onset, paraffin sections of pancreatic tissue were stained using a
monoclonal anti-F4/80-antibody. As Few F4/80 positive cells (macro-
phages) were observed in the pancreas (Fig. 3A). In the caerulein
treated group (Cae), macrophages were observed at the edge of the
tissue and interlobular ducts, with occasional infiltration of the par-
enchyma. The number of macrophages in the pancreas was decreased in
baicalein treated group (Cae+Bai). Neutrophils are another essential
factor in the progress of AP and the infiltration of neutrophils (Ly6G) in
pancreas. Caerulein increased the amount of neutrophils in pancreas
and the effect was inhibited by baicalein, which was similar with the
filtration of macrophages (Fig. 3B), strengthening the protective effects
of baicalein on caerulein-induced pancreatic injury and inflammatory
response.

3.3. Baicalein inhibited the expression of pancreatic cytokines in vivo and in
vitro

Cytokines play a key role in the progress of AP. The research in-
vestigated six vital cytokines or chemokines using the caerulein-in-
duced mice model and CM-induced acinar cells. The concentration of
cytokines and chemokines were all increased in caerulein group, in-
dicating the inflammatory response of pancreas (Fig. 4A). MTT analyses
provided evidence that the treatment with increasing concentrations
(5–80 μM) of baicalein resulted not in a measurable difference in the
viability of isolated pancreatic cells compared to control samples
(Fig. 4B). Furthermore, baicalein treatment decreased the expression
level of TNFα, IL-1β and MIP-1α within the pancreas (Fig. 4A), but had
no effects on IL-6, MCP-1 and IP-10. Similar effects were found in CM
induced pancreatic acinar cells in vitro. CM comparably induced the
over-expression of cytokines (TNFα, IL-1β, IL-6) in acinar cells
(Fig. 4C), which could be reduced by baicalein. All these results in-
dicate that baicalein attenuates the inflammatory response of pan-
creatic injury.

To better illustrate the cytokines of CM, we monitored the relative

Fig. 2. Effects of baicalein on pancreatic injury induced by caerulein. (A) Pathological changes and the histology score of the pancreas; (B) activity of serum α-
amylase. #p < 0.05 vs. control, ###p < 0.001 vs. control; *p < 0.05 vs. Cae, **p < 0.01 vs. Cae.
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levels of 40 inflammatory mediators in CM. LPS induced changes in
secretion of 11 inflammatory mediators of macrophage, and baicalein
could inhibit the secretion of IL-6, IL-10, IL-27 and TNFα (Fig. 5).

3.4. Baicalein inhibited the activation of MAPK, NF-κB and STAT 3
signaling pathways

To further explore the mechanism of baicalein during the pancreatic
inflammatory response, we examined the protein expression of three
important signal pathways that often correlate with inflammation.
Caerulein increased the degradation of IκBα and phosphorylation of
NF-κB subunit p65 in the NF-κB signal pathway, the levels of p38, ERK
and JNK phosphorylation in the MAPK signal pathway, and JAK and

STAT 3 phosphorylation in the STAT 3 signal pathway compared to
control samples (Fig. 6A), indicating that the tested three signaling
pathways were activated. In contrast, baicalein co-treatment inhibited
the degradation of IκBα and up-regulation of phosphorylation of p65,
p38, ERK, JAK, STAT 3 induced by caerulein. The similar results were
observed in vitro (Fig. 6B). Briefly, CM induced the activation of NF-κB,
MAPK, and STAT 3 signaling pathway of pancreatic acinar cells which
was inhibited by baicalein.

4. Discussion

AP is a common acute disease caused by abnormal activation of
pancreatic enzymes and the subsequent local or systemic inflammatory

Fig. 3. Effects of baicalein on infiltration of immune cells by immunohistochemical staining. (A) The infiltration of macrophages (F4/80 positive) and the quan-
titative analysis; (B) The infiltration of macrophages (Ly6G positive) and the quantitative analysis. ##p < 0.05 vs. control; **p < 0.01 vs. Cae.
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response [11]. The severity of AP is largely attributed to the immune
cells and a variety of inflammatory mediators. Macrophages play a vital
role in the progression of pancreatitis by enhancing local damage or
inducing systemic complications. In the early stage of pancreatic injury,
several enzymes and inflammatory mediators are released from the
damaged acinar cells; these activate immune cells, especially the
monocyte-macrophage system, which in turn produces a series of cy-
tokines and chemokines to induce the inflammatory cascade [12–14].
Clinical and experimental research has demonstrated that the severity

of AP correlates to the number of macrophages mobilized to the
bloodstream and the activation state of macrophages [15–17]. Fur-
thermore, depletion of macrophages was reported to attenuate pan-
creatic inflammation and associated damage in C57BL/6 mice [18]. The
damaged pancreatic cells and the activated macrophages secrete a
variety of inflammatory mediators. Accumulating research has de-
monstrated that the release of endogenous inflammatory mediators
(mainly TNFα, IL-1β, IL-8, and IL-6) from the damaged pancreas is an
early event of AP, and pro-inflammatory cytokines and oxidative stress

Fig. 4. Baicalein inhibited the cytokines expression of pancreas. (A) Expression levels of pro-inflammatory cytokines and chemokines in pancreas; (B) cell viability of
isolated pancreatic acinar cells treated with different concentrations of baicalein; (C) expression levels of pro-inflammatory cytokines in isolated pancreatic acinar
cells. ##p < 0.01 vs. control; *p < 0.05 vs. Cae, **p < 0.01 vs. Cae.

Fig. 5. Cytokines array of the culture medium of LPS treated RAW 264.7 cells with or without baicalein.
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contribute to pathogenesis of pancreatitis and the subsequent in-
flammatory response [19]. In a previous study, four proinflammatory
cytokines (IL-6, IL-8, IL-18, and TNFα) were monitored in AP patients
with organ failures. It was found that all of the cytokines were parti-
cularly elevated and that IL-6 and IL-8 could be markers for organ
failures in AP [20]. The results obtained in this study are in accordance
with previous reports indicating that baicalein could attenuate the
caerulein-induced pancreatic damage, inhibit the infiltration of mac-
rophage and the secretion of inflammatory mediators in vivo and in vitro
[9]. Furthermore, baicalein could decrease the level of MIP-1α in vivo in
addition to decreased levels of TNFα and IL-1β secretion, which con-
firmed that baicalein could inhibit the infiltration of macrophages as
MIP-1α is a relevant chemokine for this process. The contradictory
results regarding the effects of baicalein on IL-6 expression in vivo and in
vitro need further investigations.

During AP, the abnormal activation of pancreatic enzymes leads to
auto digestion, causing the activation of inflammatory signaling path-
ways and transcription factors, including NF-κB, STAT 3, and activator
protein 1 (AP-1). NF-κB, a common early transcription factor which
regulates immune responses, is activated rapidly during AP and induces
the expression of cytokines (such as TNF, IL-6, IL-1β) and chemokines
(including MCP-1 and MIP-1α). Accumulating evidence suggests that
NF-κB activation is an early and central event in the progression of AP
[21]. The activation of AP-1 is mainly related to mitogen-activated
protein kinases (MAPKs), a family of signal transduction proteins in-
cluding extracellular signal-regulated kinase (ERK), c-Jun N-terminal
kinases (JNK), and p38. Pro-inflammatory cytokines and other stimuli
during progress of AP induce the MAPK signaling cascades and regulate
immune response [22]. Clinical research demonstrated that the phos-
phorylation levels of p38 MAPK are significantly increased in periph-
eral blood mononuclear cells (PBMCs) from patients with acute pan-
creatitis and are related to the severity of AP [23]. Meanwhile, the p38
MAPK signaling pathway is involved in the NF-κB activation by phos-
phorylating MK2 (a downstream protein kinase of p38) in the pro-
gression of AP [24]. The Janus kinase/signal transducers and activators
of transcription 3 (JAK/STAT 3) is a critical inflammatory signaling
pathway that mediates inflammatory responses in AP progress. JAK2/
STAT 3 can be activated by many inflammatory factors including IL-6
and trypsinogen activation peptide (TAP), which leads to aggravated
AP [25,26]. In agreement with these findings, our studies provide
evidence that the NF-κB, MAPK and STAT 3 pathways are activated in
the pancreatic tissues of caerulein induced AP mice and in isolated
pancreatic acinar cells treated with conditional medium of classically
activated macrophages.

Baicalein is one of the active components of Scutellaria baicalensis
Georgi, a common herb used in treatment of pancreatitis in Chinese
medicine practice. Baicalein has been reported to be effective against

various inflammatory diseases including pancreatitis, diabetes, cardio-
vascular diseases, and inflammatory bowel diseases with almost no
toxicity [6]. Xi-ping Zhang, Jun Li and colleagues investigated the ef-
fects of baicalein in a severe acute pancreatitis (SAP) rat model (in-
duced by 5% sodium taurocholate) and in isolated pancreatic acinar
cells in vitro. Their results demonstrated that baicalein could attenuate
pancreatic injury and improved survival by inhibiting the expression of
pro-inflammatory cytokines (IL-6 and TNFα) [9,27,28]. Furthermore,
our previous research indicated that baicalein can also inhibit the ex-
pression of various inflammatory mediators in LPS induced macro-
phages (unpublished) and in inflammatory acinar-to-ductal metaplasia
of pancreatic acinar cells through improving the inflammatory micro-
environment [29]. In this study, baicalein also attenuated caerulein-
induced pancreatic injury and macrophage infiltration through in-
hibiting the phosphorylation of NF-κB p65, JAK2, STAT 3, p38 and
ERK1/2 in vivo and in vitro, suggesting that the underlying mechanism
of the baicalein anti-inflammatory activities includes the inhibition of
the production of key inflammatory mediators through NF-κB, JAK2/
STAT 3 and MAPK signaling pathways.

In conclusion, these data indicate that baicalein significantly in-
hibits the inflammatory response of the pancreas and attenuates the
caerulein-induced pancreatitis in mice by dampening the various in-
flammatory signaling pathways. However, the specific molecular me-
chanisms of baicalein on pancreatitis need to be further elucidated. This
study provides experimental evidence on the clinical application of
Scutellaria baicalensis Georgi or baicalein and indicates that baicalein
may be a candidate for treatment of AP patients in the future.
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