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Abstract

Purpose: To investigate the effects of baicalin on inflammatory reaction, oxidative stress and 
protein kinase D1 (PKD1) and nuclear factor-kappa B (NF-κB) protein expressions in severe 
acute pancreatitis (SAP) rats. 
Methods: Sixty rats were divided into sham operation, model, and low-, medium- and high-
dose baicalin group. SAP model was established in later 4 groups. The later 3 groups were 
injected with 0.1, 0.2 and 0.4 ml/100 g 5% baicalin injection, respectively. At 12 h, the serum 
SAP related indexes and inflammatory factors, peripheral blood CD3 and γδT cell percentages, 
wet/dry ratio and pancreas ascites volume, oxidative stress indexes and PKD1 and NF-κB 
protein expressions in pancreatic tissue were determined. 
Results: Compared with model group, in high-dose baicalin group the wet/dry ratio and 
ascites volume, serum amylase level, phospholipase A2 activity, TNF-α, IL-1 and IL-6 levels, and 
pancreatic malondialdehyde level and PKD1 and NF-κB protein expression were significantly 
decreased (P < 0.05), and peripheral blood CD3 and γδT cell percentages and pancreatic 
superoxide dismutase and glutathione peroxidase levels were significantly increased (P < 
0.05).
Conclusion: Baicalin can resist the inflammatory reaction and oxidative stress, and down-
regulate protein kinase D1 and nuclear factor-kappa B protein expressions, thus exerting the 
protective effects on severe acute pancreatitis in rats. 
Key words: Pancreatitis. Oxidative Stress. Protein Kinases. NF-kappa B. Rats.
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Animal grouping and treatment

 Sixty SD rats (240±30 g; Zhejiang 
Experimental Animal Center, Hangzhou, China) 
were randomly divided into sham operation 
group, model group, and low-, middle- and 
high-dose baicalin group, 12 rats in each group. 
In the sham operation group, the abdomen 
was cut open, with mildly rubbing the pancreas 
and turning over the intestinal canal for 5 min, 
followed by abdominal closure. In other 4 
groups, the SAP model was established. After 
abdominal incision, 5% sodium taurocholate 
(Sigma-Aldrich Corp., MO, USA) was injected 
retrogradely into bile duct, with dose of 0.1 
ml/100 g body weight, followed by abdominal 
closure. In low-, middle- and high-dose baicalin 
groups, after 5 min from SAP modeling, 5% 
baicalin injection (Shaanxi Saide Science and 
Technology Development Co., Ltd., Xi’an, 
China) was injected through the tail vein (2 
ml/h), with dose of 0.1, 0.2 and 0.4 ml/100 g, 
respectively. The sham operation and model 
groups were injected with equal amount of 
physiological saline. 

Determination of SAP related indexes and 
inflammatory factors

 At the 12 h after surgery, 10 ml of 
abdominal artery blood was taken from the rats. 
The serum amylase level and phospholipase A2 
(PLA2) activity were determined using automatic 
blood biochemistry analyzer. The serum tumor 
necrosis factor-α (TNF-α), interleukin-1 (IL-1) 
and interleukin-6 (IL-6) levels were detected 
by enzyme linked immunosorbent assay. 
The procedures were in accordance to the 
instructions of kits (Sigma-Aldrich Corp., MO, 
USA).

Determination of peripheral blood CD3 and γδT 
cell percentages

 Two milliliter of whole blood was added 

 ■ Introduction

 Acute pancreatitis is an inflammatory 
disease of pancreatitis characterized by 
pancreatic edema, hemorrhagic necrosis and 
inflammatory cell infiltration. It is usually 
accompanied by systemic inflammatory 
response syndrome and multiple organ 
failure1. Severe acute pancreatitis (SAP) is a 
special type of acute pancreatitis, which has 
dangerous condition, serious complications 
and high mortality2. The treatment of SAP 
is always a difficult problem in the medical 
field, of which the main reason is that the 
pathogenesis of SAP is not clear enough, and 
there is no effective standard for treatment3. 
Radix Scutellariae is one of the commonly 
used Chinese medicinal herbs in Asia region, 
and has a long history of clinical application. 
Baicalin belongs to flavonoids. It is the 
main component extracted from the Radix 
Scutellariae4. It is found that baicalin has the 
functions of scavenging a variety of free radicals, 
antioxidation and anti-inflammation5,6. In 
addition, baicalin has protective effect on 
immune7, cardiovascular8, digestive9 and 
nervous system10. This study investigated the 
effects of baicalin on inflammatory reaction, 
oxidative stress and protein kinase D1 and 
nuclear factor-kappa B protein expressions 
in rats with SAP. The objective was to provide 
a theoretical basis for the development of 
baicalin related medicines for treatment of 
SAP. 

 ■ Methods

 This study was carried out in strict 
accordance with the recommendations in 
the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health. 
The animal use protocol has been reviewed 
and approved by the Institutional Animal Care 
and Use Committee of Zhejiang University.
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to the anticoagulant tube containing 30 μL 
10% EDTA and 30 μL aprotinin (Sigma-Aldrich 
Corp., MO, USA). Four dedicated test tubes 
were taken, and 100 μL of anticoagulant whole 
blood was added to each tube. Then, 30 μL of 
CD3-FITC antibody and γδT-PE antibody and the 
same-type control antibodies (Fuzhou Maixin 
Biotechnology Development Co., Ltd., Fuzhou, 
China) were added to 4 tubes, respectively, 
followed by fully mixing and standing avoiding 
light for 20 min at room temperature. Each 
tube was added with 2 ml of red cell lysate 
(Fuzhou Maixin Biotechnology Development 
Co., Ltd., Fuzhou, China), followed by gently 
mixing standing avoiding light for 5 min. 
After the liquid in the tube was transparent, 
the mixture was centrifuged at 1500 r/min 
for 5 min. The supernatant was discarded. 
The precipitate was washed with 2 ml of PBS 
(Sigma-Aldrich Corp., MO, USA) for 2 times, and 
then was suspended with 0.5 ml of PBS. The 
CD3 and γδT cell percentages were detected 
by FACSCantoTM II flow cytometry (Becton, 
Dickinson and Company, NJ, USA).

Determination of wet/dry ratio and ascites 
volume of pancreas

 The rats were executed. The pancreatic 
tail tissue was taken and the wet weight was 
measured with electronic balance. Then, the 
pancreatic tail tissue was dried in 80°C baking 
oven for 24 h, followed by measurement of 
dry weight. The wet/dry ratio of pancreas was 
calculated.

Determination of superoxide dismutase, 
glutathione peroxidase and malondialdehyde 
levels in pancreatic tissue

 Pancreatic tissue was homogenized 
using 4°C physiological saline. After centrifuging 
at 2000 r/min and 4°C for 15 min, the 
supernatant was obtained for further use. The 
superoxide dismutase (SOD) level was detected 

by xanthine oxidase method11. The glutathione 
peroxidase (GSH-Px) level was measured by 
reduced glutathione depletion method12. 
The content of malondialdehyde (MDA) was 
analyzed by thiobarbituric acid colorimetric 
assay13. The reagents were provided by Sigma-
Aldrich Corp. (MO, USA). 

Determination of protein kinase D1 and 
nuclear factor-kappa B protein expressions in 
pancreatic tissue

 Expressions of protein kinase D1 
(PKD1) and nuclear factor-kappa B (NF-κB) 
protein in pancreatic tissue were determined 
using western blot assay. The pancreatic 
tissue was homogenized. The protein was 
extracted using RIPA lysis buffer (Sigma-Aldrich 
Corp., MO, USA). The protein concentration 
was determined by Coomassie brilliant blue 
method. 60 μg protein was used for the SDS-
PAGE (Sigma-Aldrich Corp., MO, USA), then the 
protein was transferred to the PVDF membrane 
(Sigma-Aldrich Corp., MO, USA). After blocking 
using l% BSA (Sigma-Aldrich Corp., MO, USA), 
the PVDF membranes were incubated with 
primary antibody overnight at 4°C, followed 
by washing with PBS. The horseradish 
peroxidase-labeled second antibody was 
added, followed by incubation at 37°C for 
1 h. Visualization was accomplished by the 
enhanced chemiluminescence. The intensity 
of bands was calculated using IPP6.0 imaging 
analysis software (Media Cybernetics Inc., MA, 
USA). The primary and secondary antibodies 
were provided by Shanghai Sangon Biological 
Engineering Technology And Service Co., Ltd. 
(Shanghai, China). β-actin (Sigma-Aldrich Corp., 
MO, USA) was used as the internal reference.

Statistical analysis

 All statistical analysis was carried out 
using SPSS 19.0 software (SPSS Inc., Chicago, 
IL, USA). The data were presented as mean±SD. 
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The difference between two groups was 
analyzed using one-way ANOVA with LSD post 
hoc test. P < 0.05 was considered as statistically 
significant.

 ■ Results

Effect of baicalin on mortality of SAP rats

 In sham operation, middle- and high-
dose baicalin groups, no rat died within 12 h 
after surgery. In model and low-dose baicalin 
groups, there were 2 and 1 mortalities of rats, 
respectively.  

Effect of baicalin on wet/dry ratio and ascites 
volume of pancreas in SAP rats

 Compared with sham operation group, 
the wet/dry ratio of pancreas in rats in model 
group was significantly increased (P < 0.05). 
Compared with model group, the wet/dry ratio 
in middle- and high-dose baicalin groups was 
significantly decreased, respectively (P < 0.05). 
Compared with sham operation group, the 
ascites volume of pancreas in model group was 
significantly increased (P < 0.05). Compared 
with model group, the ascites volume in high-
dose baicalin group was significantly decreased, 
respectively (P < 0.05) (Table 1).

Table 1 - Effect of baicalin on wet/dry ratio and ascites volume of pancreas in rats.
Group Wet/dry ratio Ascites volume (ml)
Sham operation 3.21±0.65 0.63±0.11

Model 8.45±1.12a 11.23±2.51a

Low-dose baicalin 7.21±0.66a 10.37±1.94a

Middle-dose baicalin 6.38±0.72ab 9.16±1.82a

High-dose baicalin 5.52±0.57ab 6.29±1.19abc

aP<0.05 compared with sham operation group; bP<0.05 compared with model group; cP<0.05 compared with low-dose baicalin group. 
SAP, severe acute pancreatitis.

Effect of baicalin on serum amylase level and 
PLA2 activity in SAP rats

 Table 2 showed that, compared with 
sham operation group, the serum amylase 
level and PLA2 activity in rats in model group 

were significantly increased, respectively (P < 
0.05). Compared with model group, the serum 
amylase level and PLA2 activity in middle- and 
high-dose baicalin groups were significantly 
decreased, respectively (P < 0.05).

Table 2 - Effect of baicalin on serum amylase level and PLA2 activity in rats.
Group Amylase (U/L) PLA2 activity (nmol/min·ml)
Sham operation 456.45±67.18 14.56±3.02
Model 1131.17±112.43a 72.28±14.23 a

Low-dose baicalin 1067.36±115.18a 65.38±10.5 a

Middle-dose baicalin 834.18±93.83ab 34.78±6.38ab

High-dose baicalin 573.59±101.08bc 19.31±4.61bc

aP<0.05 compared with sham operation group; bP<0.05 compared with model group; cP<0.05 compared with low-dose baicalin group. 
SAP, severe acute pancreatitis; PLA2, phospholipase A2.
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Effect of baicalin on serum TNF-α, IL-1 and IL-6 
levels in SAP rats

 As shown in Table 3, compared with 
sham operation group, the serum TNF-α, IL-1 
and IL-6 levels in rats in model group were 
significantly increased, respectively (P < 0.05). 

Compared with model group, the serum TNF-α 
level in high-dose baicalin group, IL-1 level 
in middle- and high-dose baicalin groups, 
and IL-6 level in low-, middle- and high-dose 
baicalin groups were significantly decreased, 
respectively (P < 0.05).

Table 3 - Effect of baicalin on serum TNF-α, IL-1 and IL-6 levels in rats.
Group TNF-α (pg/ml) IL-1 (pg/ml) IL-6 (pg/ml)
Sham operation 16.36±2.28 53.11±11.01 40.42±8.31
Model 128.16±23.03a 166.83±29.16a 298.94±45.27a

Low-dose baicalin 112.48±20.21a 135.47±24.27a 202.32±31.83ab

Middle-dose baicalin 92.71±13.58a 103.62±18.61ab 196.17±29.72ab

High-dose baicalin 68.94±9.17ab 92.38±15.32ab 173.05±26.62ab

aP<0.05 compared with sham operation group; bP<0.05 compared with model group. SAP, severe acute pancreatitis. TNF-α, tumor 
necrosis factor-α; IL-1, interleukin-1; IL-6, interleukin-6.

Effect of baicalin on peripheral blood CD3 and 
γδT cell percentages in SAP rats

 Table 4 showed that, compared 
with sham operation group, the peripheral 
blood CD3 and γδT cell percentages in rats in 

model group were significantly decreased, 
respectively (P < 0.05). Compared with model 
group, the peripheral blood CD3 and γδT 
cell percentages in high-dose baicalin group 
were significantly increased, respectively (P < 
0.05).

Table 4 - Effect of baicalin on peripheral blood CD3 and γδT cells in rats.
Group CD3 (%) γδT (%)
Sham operation 71.41±6.16 6.33±1.02
Model 57.62±5.25a 3.04±0.63a

Low-dose baicalin 58.37±6.73a 3.35±0.72a

Middle-dose baicalin 59.25±4.43a 4.17±0.53a

High-dose baicalin 63.52±6.26abc 5.01±0.95abc

aP<0.05 compared with sham operation group; bP<0.05 compared with model group; cP<0.05 compared with low-dose baicalin group. 
SAP, severe acute pancreatitis.

Effect of baicalin on SOD, GSH-Px and MDA 
levels in pancreatic tissue of SAP rats

 Compared with the sham operation 
group, the SOD and GSH-Px levels in pancreatic 
tissue in model group were significantly 
decreased, respectively (P < 0.05), and the 
MDA level was significantly increased (P < 

0.05). Compared the model group, the SOD 
and GSH-Px levels in middle- and high-dose 
baicalin groups were significantly increased, 
respectively (P < 0.05), and the MDA levels in 
middle- and high-dose baicalin groups were 
significantly decreased, respectively (P < 0.05) 
(Table 5).
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Table 5 - Effects of baicalin on SOD, GSH-Px and MDA levels in pancreatic tissue of rats.
Group SOD (U/mgprot) GSH-Px (U/mgprot) MDA (mmol/mgprot)
Sham operation 174.45±19.73 131.12±14.56 1.39±0.67
Model 126.12±18.01a 76.57±11.03a 7.31±1.23a

Low-dose baicalin 131.47±14.36a 86.32±10.12a 6.34±0.98a

Middle-dose baicalin 147.73±15.12ab 104.17±12.93abc 4.56±0.72ab

High-dose baicalin 162.19±17.02abc 117.95±13.08bc 3.35±0.39abc

aP<0.05 compared with sham operation group; bP<0.05 compared with model group; cP<0.05 compared with low-dose baicalin group. 
SAP, severe acute pancreatitis; SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; MDA, malondialdehyde. 

Effect of baicalin on PKD1 and NF-κB protein 
expressions in pancreatic tissue of SAP rats

 Compared with sham operation group, 
the PKD1 and NF-κB protein expression 
levels in pancreatic tissue of rats in model 

group were significantly increased (P < 0.05). 
Compared with model group, the PKD1 and 
NF-κB protein expression levels in middle- and 
high-dose baicalin group were significantly 
decreased, respectively (P < 0.05) (Table 6, 
Figure 1).

Table 6 - Effects of baicalin on PKD1 and NF-κB protein expression in pancreatic tissue of rats. 
Group PKD1/β-actin NF-κB/β-actin
Sham operation 0.04±0.01 0.25±0.04
Model 0.56±0.07a 0.93±0.08a

Low-dose baicalin 0.48±0.06a 0.87±0.09a

Middle-dose baicalin 0.23±0.04abc 0.57±0.07ab

High-dose baicalin 0.12±0.02abc 0.42±0.05bc

aP<0.05 compared with sham operation group; bP<0.05 compared with model group; cP<0.05 compared with low-dose baicalin group. 
PKD1, protein kinase D1; NF-κB, nuclear factor-kappa B. 

Figure 1 - Effects of baicalin on PKD1 and NF-κB 
protein expression in pancreatic tissue of rats. 1. 
Sham operation; 2. Model; 3. Low-dose baicalin; 4. 
Middle-dose baicalin; 5. High-dose baicalin. PKD1, 
protein kinase D1; NF-κB, nuclear factor-kappa B.

 ■ Discussion

 In this study, the SAP model of rats 
was successfully established, and the effects 
of baicalin on SAP were investigated. Results 
showed that, baicalin could decrease the 
mortality, wet/dry ratio and ascites volume of 
pancreas of SAP rats. In addition, baicalin could 
decrease the serum amylase level and PLA2 
activity in SAP rats. This indicates that, baicalin 
has obvious protective effects on SAP rats. 
 Excessive activation of inflammatory 
cytokines has a significant causal relationship 
with the development of systemic inflammatory 
response syndrome and multiple organ 
dysfunetion syndrome14. TNF-α is an important 
regulator of physiological and pathological 
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changes in the body during infection15. 
It is mainly produced by mononuclear 
macrophage. It is found that, TNF-α is the first 
factor which level is firstly increased in SAP, 
and plays a key role in the pathogenesis of SAP. 
Excessive TNF-α can promote the production 
of other cytokines, leading to the linkage and 
amplification effects16. IL-1 and IL-6 are the 
main cytokines in acute phase response of 
SAP. It is reported that, IL-1 is the important 
factor for continuous pancreatic necrosis and 
aggravation of the systemic illness.  IL-6 in 
is not expressed in normal physiological. It is 
released by a variety of cells under condition 
of inflammatory stimuli. The level of IL-6 is 
positively correlated with the SAP severity and 
incidence of related complications17. Therefore, 
the level and duration of serum IL-1 and IL-6 
are reliable indicators for early predicting the 
prognosis of SAP and evaluating the degree of 
inflammatory response. Results of this study 
showed that, after 24 h from surgery, compared 
with model group, the serum TNF-α level in 
high-dose baicalin group, IL-1 level in middle- 
and high-dose baicalin groups, and IL-6 level 
in low-, middle- and high-dose baicalin groups 
were significantly decreased, respectively (P < 
0.05). This indicates that, baicalin can decrease 
the serum TNF-α, IL-1 and IL-6 levels, thus 
alleviating the SAP in rats.
 T lymphocytes play an important role 
in the human immune system, which execute 
the specific cellular immunity and regulatory 
functions. CD3 is a common differentiation 
antigen of all mature T cells, and is expressed 
on the surface of mature T cells. CD3 is an 
important marker for the identification of T 
cells. The CD3 molecule is also linked to the T 
cell antigen receptor and participates in the 
signal transduction of T cells18. γδT cells are 
a special subgroup of T cells. It is found that, 
γδT cells can regulate the immune response, 
and play an important role in the production 
and maintenance of anti-infectious immunity, 

autoimmune diseases and immune tolerance 
of organ transplantation19. In the present 
study, compared with model group, the 
peripheral blood CD3 and γδT cell percentages 
in high-dose baicalin group were significantly 
increased, respectively (P < 0.05). This suggests 
that, baicalin can improve the cellular immune 
response of the body, thus exerting anti-
inflammatory effects.
 Oxidative stress is involved in many 
pathophysiological processes of the body. 
SOD is an important antioxidant enzyme in 
the body. It can catalyze the transformation 
of oxygen free radicals to hydrogen peroxide, 
thus avoiding the damage to cells20. GSH-
Px is a kind of antioxidant enzyme which can 
scavenge the free radicals and inhibit the free 
radical reaction21. MDA is one of the final 
products of cell membrane lipid peroxidation. It 
indirectly reflects the degree of cell membrane 
peroxidation22. Results of this study showed 
that, compared the model group, the SOD 
and GSH-Px levels in middle- and high-dose 
baicalin groups were significantly increased, 
respectively (P < 0.05), and the MDA levels 
in middle- and high-dose baicalin groups 
were significantly decreased, respectively (P 
< 0.05). This indicates that, baicalin has the 
ability of scavenging radical and reducing lipid 
peroxidation, thus playing a role in pancreatic 
protection in SAP rats.
 PKD is a novel serine/threonine protein 
containing 3 subtypes including PKD1, PKD2 and 
PKD3, in which PKD1 and PKD2 play an important 
role in the body natural immune response. 
PKD1 can be used as a downstream protein of 
NF-kappa B, and is involved in inflammatory 
reaction23. NF-kB is an important factor in cell 
signal transduction. It is a participation factor 
of immune response, inflammation, stress, 
epidemic prevention, tissue injury, apoptosis 
and so on24. In stimulation by infection and 
injury, the upstream signals induce the 
activation of NF-kB, and the activated NF-kB 
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initiates the transcription of many genes. For 
example, NF-kB initiates the transcription of 
inflammatory factor genes, which accelerates 
the expression of inflammatory cytokines, and 
the inflammatory cytokines can also further 
stimulate NF-kB activation. This causes the 
explosive chain reaction, finally inducing the 
local tissue inflammation and resulting in tissue 
necrosis25. In this study, compared with model 
group, the PKD1 and NF-κB protein expression 
levels in middle- and high-dose baicalin group 
were significantly decreased, respectively (P < 
0.05). This indicates that, baicalin can down-
regulate the expression of PKD1 and NF-κB 
protein expressions, thus preventing the SAP in 
rats.

 ■ Conclusion

 Baicalin can resist the inflammatory 
reaction and oxidative stress, and down-
regulate protein kinase D1 and nuclear factor-
kappa B protein expressions, thus exerting the 
protective effects on severe acute pancreatitis 
in rats.  
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