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Abstract: Characterized by its acute onset, critical condition, poor prognosis, and high mortality 

rate, severe acute pancreatitis (SAP) can cause multiple organ failure at its early stage, particu-

larly acute lung injury (ALI). The pathogenesis of ALI is diffuse alveolar damage, including 

an increase in pulmonary microvascular permeability, a decrease in compliance, and invasion 

of many inflammatory cells. Corticosteroids are the main treatment method for ALI; however, 

the associated high toxicity and side effects induce pain in patients. Recent studies show that 

the effective components in many traditional Chinese medicines can effectively inhibit inflam-

mation with few side effects, which can decrease the complications caused by steroid consump-

tion. Based on these observations, the main objective of the current study is to investigate the 

effect of alpinetin, which is a flavonoid extracted from Alpinia katsumadai Hayata, on treating 

lung injury induced by SAP and to explore the mechanism underlying the alpinetin-mediated 

decrease in the extent of ALI. In this study, we have shown through in vitro experiments that 

a therapeutic dose of alpinetin can promote human pulmonary microvascular endothelial cell 

proliferation. We have also shown via in vitro and in vivo experiments that alpinetin upregulates 

aquaporin-1 and, thereby, inhibits tumor necrosis factor-α expression as well as reduces the 

degree of lung injury. Overall, our study shows that alpinetin alleviates SAP-induced ALI. The 

likely molecular mechanism includes upregulated aquaporin expression, which inhibits tumor 

necrosis factor-α and, thus, alleviates SAP-induced ALI.

Keywords: alpinetin, aquaporin-1, severe acute pancreatitis, acute lung injury, HPMVEC, 

tumor necrosis factor-α

Introduction
Severe acute pancreatitis (SAP) is characterized by a critical condition and high mortal-

ity rate; its pathogenesis remains debatable. Scholars believe that the key step includes 

pancreatic enzymes that induce autodigestion of the pancreas via a series of activation 

processes, which produces pancreatic cellular and interstitial edema, adiponecrosis, and 

hemorrhage and subsequently activates inflammatory cascade reactions throughout the 

entire body. In severe cases, SAP can result in systemic inflammatory response syn-

drome, which causes multiple organ dysfunction.1,2 Among such cases, the most com-

mon syndrome is acute lung injury (ALI),3 which features the characteristics of rapid 

disease progression and a high mortality rate. ALI remains a clinically treated disease. 

One of the main challenges of treating ALI is that the pathogenesis remains unknown. 

Therefore, it is imperative to explore the origin and development of SAP-induced lung 

injuries. Many studies show that the pathogenesis of pancreatitis-associated lung injury 

is related to many factors, such as an excess release of cytokine and inflammatory 

Correspondence: Bo Tang
Laboratory of Liver Injury and Repair 
Molecular Medicine, Guilin Medical 
University, Affiliated Hospital, 15 Lequn 
Road, Guilin 541001, Guangxi, People’s 
Republic of China
Tel +86 773 2809 503
Fax +86 773 2822 703
Email dytangbo@163.com

Zhiqing Liang
Department of Infectious Diseases, Guilin 
Medical University, Affiliated Hospital, 
15 Lequn Road, Guilin 541001, Guangxi, 
People’s Republic of China.
Email lzqliangzhi@163.com

Journal name: Drug Design, Development and Therapy
Article Designation: Original Research
Year: 2016
Volume: 10
Running head verso: Liang et al
Running head recto: Alpinetin alleviates SAP-induced ALI
DOI: http://dx.doi.org/10.2147/DDDT.S97614

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S97614
mailto:dytangbo@163.com
mailto:lzqliangzhi@163.com


Drug Design, Development and Therapy 2016:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

842

Liang et al

mediators,4,5 apoptosis,6 and an overaccumulation of neutro-

phils and macrophages.7 However, currently no mechanism 

can fully explain all of the problems related to pancreatitis-

associated lung injury. Scholars generally recognize that 

the excess release of cytokines and inflammatory mediators, 

which affects human pulmonary microvascular endothelial 

cell (HPMVEC) permeability and causes ALI with the 

pulmonary edema as the main pathological feature, plays a 

key role in the pathogenesis of pancreatitis-associated lung 

injury. In particular, tumor necrosis factor (TNF)-α is one 

of the important inflammatory mediators.8,9

The protein aquaporin (AQP) was discovered by Peter 

Agre through isolating and purifying polypeptides in red 

cell membranes, and it is a specific water channel protein in 

cells.10,11 Currently, 13 subtypes (AQP
0–12

) have been discov-

ered in mammals. The main AQPs distributed in lung tissues 

are AQP-1, AQP-3, AQP-4, and AQP-5, among which the 

AQP-1 content is relatively high in HPMVECs.12 AQP-1 is 

involved in the pathogenesis of many lung injuries.13,14 The 

role of AQP, particularly AQP-1, which is widely distributed 

in HPMVECs, in SAP-induced lung injury pathogenesis has 

recently been studied. Studies show that AQP-1 expression 

in SAP-induced lung injury is negatively correlated with the 

extent of pulmonary edema.15,16

Alpinetin is the main component of seeds from the 

Zingiberaceae plant, Alpinia katsumadai Hayata. The mole

cular structure of alpinetin is 7-hydroxy-5-methoxyflavanone. 

A. katsumadai Hayata is an aromatic drug used to resolve 

dampness; it dries dampness, strengthens the spleen, warms 

the stomach, and prevents vomiting. A. katsumadai Hayata 

has been used to treat internal retention of cold and wetness, 

epigastric pain, belching and hiccups, and poor appetite in 

traditional Chinese medicine. In recent years, studies on 

alpinetin, which is extracted from A. katsumadai Hayata, 

show that it exhibits antibacterial and anti-inflammatory 

effects.17,18 However, few studies have reported on SAP treat-

ment and, particularly, SAP-induced ALI. However, such 

treatments may have broad clinical implications.

In the present study, we investigated the role of alpinetin 

in treating SAP-induced ALI in both in vivo and in vitro cell 

culture. In addition, the detailed mechanism by which alpin-

etin regulates AQP-1 and TNF-α expression to alleviate ALI 

was examined to provide guidance for clinical treatment.

Materials and methods
Animals
We used adult male Sprague Dawley rats with weights between 

200 and 250 g (provided by Laboratory Animal Centre of Guilin 

Medical University, Guangxi, People’s Republic of China)  

and AQP-1 knockout male rats with weights between 

200 and 250 g (Cyagen Biosciences, Santa Clara, CA, USA). 

All rats were raised in specific-pathogen-free conditions. All 

experimental procedures were approved by the Animal Care 

and Use Committee of Guilin Medical University.

Antibody and reagents
We used ursodeoxycholic acid sodium salt and alpinetin 

(Mengry Bio-Technology Co., Ltd., Shanghai, People’s 

Republic of China); an AQP-1 primer (Invitrogen, Carlsbad, 

CA, USA); AQP-1 antibody and TNF-α (Santa Cruz Bio-

technology Inc., Dallas, TX, USA); lipopolysaccharide 

(LPS; Sigma-Aldrich Co., St Louis, MO, USA); 3-(4, 

5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

(MTT assay; Sigma-Aldrich); and the Apoptosis Detection 

Kit (BD Biosciences, San Jose, CA, USA).

Cell culture
We used HPMVECs (American Type Culture Collection, 

Manassas, VA, USA); Dulbecco’s Modified Eagle’s Medium 

(DMEM), high glucose, and fetal bovine serum (FBS; Gibco, 

Gaithersburg, MD, USA); and 0.25% pancreatin (Keygentec, 

Nanjing, People’s Republic of China).

Animal model and grouping
The rats were divided into a sham group, model group, AQP-1 

knockout pancreatitis-associated lung injury group (AQP-1-/- 

group), dexamethasone group, and alpinetin group (40, 80, 

160, and 320 μg/mL); each group included ten rats. We 

prepared the pancreatitis-associated lung injury models as 

follows. The rats fasted for 12 hours prior to surgery with free 

access to water. Chloral hydrate (20 g/L) was injected intra-

peritoneally for anesthesia. The rats’ hair was shaved at the 

abdomen, and the surgical skins were sterilized. Under asep-

tic conditions, a 1 mL small syringe needle was inserted into 

the sidewall from the duodenum papilla in the abdomen from 

the anterior medial incision; the needle entered the pancre-

atic duct from the opening of the pancreatic duct duodenum 

papilla. Simultaneously, the junction for the bile duct and 

liver was clamped using a small bulldog clamp, and 15 g/L 

ursodeoxycholic acid sodium salt (1 mL/kg) was injected 

in a retrograde manner for 30 seconds. After the model was 

constructed, 2 mg/kg dexamethasone was injected from the 

femoral vein for the dexamethasone group. Different doses 

of alpinetin (40, 80, 160, and 320 μg/mL) were intragastri-

cally administered in the alpinetin group after the model was 

constructed. The rats in each group were sacrificed at 6, 12, 
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and 24 hours to collect the bilateral lungs and blood from the 

inferior vena cava. The serum was obtained by centrifuging 

the venous blood and stored in a -80°C refrigerator.

Cell culture and grouping
HPMVECs were cultured in a DMEM high glucose growth 

medium with 10% FBS using American Type Culture Collec-

tion guidelines. Simultaneously, 100 U/mL of penicillin and 

100 U/mL of streptomycin were added to the growth medium. 

The cell culture dish was placed into a 5% CO
2
 and 95% air 

incubator at 37°C. The experiments were performed after the 

cells reached a logarithmic growth phase. The groups include 

the normal control group (control), LPS group (1.0 mg/mL), 

alpinetin group, and LPS + alpinetin group. Different concen-

trations of alpinetin were used (0.01, 0.1, 1.0, and 10.0 μg/mL) 

in each group; the application time was 24 hours.

Cell viability assays
At the logarithmic growth phase, HPMVECs from the LPS 

group were collected, digested with 0.25% pancreatin-ethylene-

diaminetetraacetic acid, and washed with phosphate-buffered 

saline. Next, the DMEM high glucose growth medium con-

taining 10% FBS was used to suspend single cells, which 

were then inoculated in a 96-well plate (1×104 cells/well) and 

incubated in a CO
2
 incubator overnight. The supernatant was 

assimilated and discarded. Thereafter, different concentrations 

of alpinetin (0.01, 0.1, 1.0, and 10.0 μg/mL) were added. 

Blank well plates (only growth medium was added) were 

prepared as a control. Each concentration group consisted of 

five repeating wells, which were incubated for 24, 48, and 

72 hours. At 4 hours prior to the measurements, the super-

natant was discarded. MTT assay (20 μL) (0.5 mg/mL) was 

added to each well, and the cells were incubated for 4 hours 

at 37°C in the incubator. After adding dimethyl sulfoxide at 

100 μL, a microplate reader was used to measure the optical 

density values at 490 nm for each well.

Pathologic lung tissue morphology
The right lung tissue was fixed with formaldehyde embed-

ded in paraffin and sectioned into 5 μm thick slices. The 

slices were then deparaffinized using xylene and washed 

with different grades of ethanol and water and incubated 

in xylene (I) for 5 minutes and then in xylene (II) for 

5  minutes (with I and II representing the different containers). 

Thereafter, the samples were sequentially incubated in 

100% ethanol for 2 minutes, 95% ethanol for 1 minute, 80% 

ethanol for 1 minute, and 75% ethanol for 1 minute; finally, 

the samples were rinsed with distilled water for 2 minutes. 

The slices were stained with hematoxylin for 5 minutes and 

washed with tap water. The slices were differentiated using 

hydrochloric ethanol for 30 seconds, incubated in tap water for 

15 minutes or warm water (~50°C) for 5 minutes, and placed in 

eosin solution for 2 minutes. The slices were then dehydrated, 

developed, sealed, and examined under a microscope.

Measuring lung water (lung wet-to-dry 
weight ratio)
The wet weight of the left lung from the sacrificed rats in each 

group was obtained, and the lung was dried in a 60°C oven 

for 24 hours to remove the water. Next, the dry weight was 

obtained to calculate the wet-to-dry weight ratio (W/D).

Reverse transcription polymerase chain 
reaction measurement
The total RNA was extracted from the right lung and from the 

corresponding cells. Reverse transcription was performed in 

accordance with the manufacturer’s instructions and based on 

the AQP-1 primers, including the upstream primer sequence 

5′-GAAGCTCTTCTGGAGGGCTG-3′ and the downstream 

sequence 5′-GGCTTCATCTCCACCCTGGAG-3′. β-Actin 

was used as an internal reference to measure the expression 

level of AQP-1 mRNA with the upstream primer sequence 

5′-GATATCGCTGCGCTCGTCGTC-3′ and the downstream 

sequence 5′-CATGAGGTAGTCTGTCAGGTC-3′. The 

amplification conditions were as follows: initial denaturation for 

5 minutes at 94°C, denaturation for 30 seconds at 98°C, anneal-

ing for 30 seconds at 55°C, extension for 1 minute at 72°C, 

recycling 30 times, extension for 5 minutes at 72°C, and, finally, 

a decrease to 4°C to terminate the reaction. The polymerase 

chain reaction reactants were recorded and analyzed using 

agarose gel electrophoresis and a gel documentation system.

Western blot
The right lung cells were collected to extract the total pro-

tein. The bicinchoninic acid assay was used to determine the 

protein concentration. The protein was subjected to sodium 

dodecyl sulfate polyacrylamide gel electrophoresis, and 

then semi-dry transferred to polyvinylidene difluoride film 

and treated with skim milk for 1 hour. The film was washed 

three times using mixture of Tris-buffered saline and Tween 

20, incubated in the first antibody (AQP-1 antibody dilution 

factor: 1:1,000, TNF-α antibody dilution factor: 1:1,000) at 

4°C overnight, washed with mixture of Tris-buffered saline 

and Tween 20, and incubated with a horseradish oxidase-

labeled second antibody at 37°C for 1 hour. The results were 

filmed and developed.
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Statistical analysis
All data are shown as the mean ± standard deviation. All 

analyses were evaluated using the SPSS 18.0 software (SPSS 

Inc., Chicago, IL, USA). Analysis of variance was used to 

analyze the mean value for each group. P,0.05 was consid-

ered a significant difference.

Results
The effect of SAP on lung injury
The rats were divided into a sham group and model group and 

were sacrificed at 6, 12, and 24 hours. Immunohistochemical 

staining was used to observe pathomorphological changes 

in the lung tissues. The lung W/D was used to measure the 

effect of SAP on the lung tissue. Using immunohistochemi-

cal staining, we observed injury to the lungs in the model 

group compared with the sham group. The lung structure 

in the sham group was clear, no edema fluid and no blood 

congestion were observed in the interstitial veins, and no 

invasion neutrophils were observed inside an alveolar cav-

ity. However, we found that the model group of rats with 

pulmonary interstitial inflammatory cell infiltration was 

observed to have congestion and hemorrhage, and a little 

pale red edema fluid was seen in some of the alveolar cavity 

(Figure 1A). The W/D in the model group was significantly 

greater compared with that of the sham group (P,0.05), as 

shown in Figure 1B.

Pancreatitis-associated lung injury can 
decrease AQP-1 expression
We used reverse transcription polymerase chain reaction and 

Western blot to measure lung AQP-1 expression in the sham 

group, model group, and AQP-1-/- group as well as AQP-1 

expression in the HPMVEC and LPS-HPMVEC groups. The 

level of AQP-1 expression was significantly lower in the 

Figure 1 The effect of SAP on lung tissue.
Notes: (A) Twelve hours after establishing the SAP model using ursodeoxycholic acid sodium, the lung tissues from each group were stained by HE for microscopic 
observation (×200 magnification). (B) The change in the lung W/D. The W/D in the model group was significantly greater compared with the sham group (*P,0.05); each 
experiment was repeated three times.
Abbreviations: HE, hematoxylin and eosin; SAP, severe acute pancreatitis; W/D, wet-to-dry weight ratio.
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model group compared with the sham group, but the AQP-1 

was almost unexpressed in the AQP-1-/- group (Figure 2). 

In the cell experiments, the level of AQP-1 expression was 

significantly lower in the LPS-HPMVECs compared with the 

HPMVEC group. These results led us to conclude that AQP-1 

expression decreases in pancreatitis-associated lung injury.

Alpinetin can reduce SAP-induced ALI
To confirm whether alpinetin can reduce SAP-induced ALI, 

we divided the rats into a sham group, model group, alpinetin 

group (40, 80, 160, and 320 μg/mL), dexamethasone group, and 

AQP-1-/- group, and raised the rats under the same conditions. 

The rats were sacrificed at 6, 12, and 24 hours. We observed 

the pathomorphological changes and changes in the lung tissue 

W/D. Compared with the model group, the lung conditions 

significantly improved in the alpinetin group through adding 

160 μg/mL alpinetin, which showed no significant difference 

compared with lung tissue in the dexamethasone group. 

In contrast, compared with the alpinetin group, the lung injury 

did not improve in the AQP-1-/- group (Figure 3). As demon-

strated by the change in the lung W/D data, the W/D for the 

alpinetin group was more decreased than in the model group 

(P,0.05), but did not differ significantly in the sham group 

and dexamethasone group; however, the W/D was significantly 

higher in the AQP-1-/- group than the sham group, as shown 

in Table 1. Therefore, alpinetin alleviates SAP-induced ALI, 

which might be related to AQP-1 expression.

Alpinetin can promote LPS-HPMVEC 
proliferation
Different alpinetin doses (0.01, 0.1, 1.0, and 10.0 μg/mL) 

were applied to the LPS-HPMVECs for 24, 48, and 72 hours; 

the MTT assay was used to measure cell viability. In the range 

of 0, 0.01, 0.1, and 1.0 µg/mL, alpinetin promoted HPMVEC 

Figure 2 The level of AQP-1 expression in the pancreatitis-associated lung injuries measured in the animal models and at the cellular level.
Notes: (A, B) The level of AQP-1 protein expressed in each group was analyzed using Western blot. (C): The level of AQP-1 mRNA expressed in lungs from each group 
was analyzed using RT-PCR. The results were compared with the control group; *P,0.05. Each experiment was repeated three times.
Abbreviations: AQP-1, aquaporin-1; HPMVEC, human pulmonary microvascular endothelial cell; LPS, lipopolysaccharide; RT-PCR, reverse transcription polymerase chain 
reaction.
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proliferation in a time- and dose-dependent manner (Figure 4). 

With an increase in alpinetin concentration from 0.01 to 10.0 

μg/mL, the A490 value in the HPMVECs gradually increased 

and was most pronounced at 1.0 μg/mL.

Alpinetin can alleviate SAP-induced ALI 
by upregulating AQP-1 expression
We used reverse transcription polymerase chain reaction 

and Western blot to measure lung AQP-1 expression in the 

sham group, model group, alpinetin group (160 μg/mL), 

dexamethasone group, and AQP-1-/- group as well as AQP-1 

expression in the HPMVEC, LPS-HPMVEC, and LPS-

HPMVEC cells treated with alpinetin groups. In the animal 

experiments, the level of AQP-1 expression was significantly 

lower in the model group compared with the sham group; in 

contrast, the level of AQP-1 expression increased after the 

model group was treated with therapeutic doses of alpinetin. 

However, this effect was not observed in the dexamethasone 

and AQP-1-/- groups (Figure 5). In the cell experiments, the 

level of AQP-1 expression was significantly greater in 

the LPS-HPMVECs treated with alpinetin compared with 

the HPMVEC group without treatment. These results indicate 

that alpinetin can mitigate pancreatitis-associated lung injury 

by restoring the level of AQP-1 expressed.

Alpinetin can reduce SAP-induced ALI by 
decreasing the TNF-α expression
We extracted the total protein from the lung tissue in the 

sham group, model group, alpinetin group (160 μg/mL), 

Table 1 The change in the lung W/D (x ± s)

Group 6 hours 12 hours 24 hours

Sham group 2.96±0.35 3.16±0.17 3.34±0.38
Model group 4.12±0.24* 5.51±0.20* 8.08±0.23*
Alpinetin group 3.08±0.20** 3.22±0.19** 3.57±0.21**
AQP-1-/- group 4.15±0.18 5.62±0.14 8.49±0.20
Dexamethasone group 3.03±0.35** 3.09±0.47** 3.34±0.18**

Notes: Lung W/D measurement. The groups were compared with the sham group, 
and *P,0.05. The groups were also compared with the model group, and **P,0.05. 
Each experiment was repeated three times.
Abbreviations: AQP-1-/-, AQP-1 knockout pancreatitis-associated lung injury 
group; W/D, wet-to-dry weight ratio.

Figure 3 The effect of alpinetin on lung tissue in pancreatitis-associated lung injury.
Notes: (A) The lung tissues from sham group were stained by HE for microscopic observation. (B) The lung tissues from alpinetin group (160 μg/mL) were stained by HE 
for microscopic observation. (C) Sham group was observed in the AQP-1 expression in lung tissue by immunohistochemistry. (D) Alpinetin group (160 μg/mL) was observed 
in the AQP-1 expression in lung tissue by immunohistochemistry. The lung tissue was examined using immunohistochemical staining (×100 magnification).
Abbreviations: AQP-1, aquaporin-1; HE, hematoxylin and eosin.
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Figure 4 Alpinetin can promote the HPMVEC proliferation.
Notes: Different alpinetin doses (0.01, 0.1, 1.0, and 10.0 μg/mL) were applied to the 
LPS-HPMVECs for 24, 48, and 72 hours; the MTT assay was used to measure cell 
viability. Each experiment was repeated three times. *P,0.05.
Abbreviations: HPMVEC, human pulmonary microvascular endothelial cell; LPS,  
lipopolysaccharide; MTT assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli
umbromide; OD, optical density.

Figure 5 The level of AQP-1 expressed in pancreatitis-associated lung injury was measured in the animal models and at the cellular level.
Notes: (A) The level of AQP-1 protein expressed in the lung tissues of animal experiments was analyzed using Western blot. (B) The level of AQP-1 protein expressed in 
the lung at the cellular level was analyzed using Western blot. The results were compared with the control group, *P,0.05 and compared with the model group, **P,0.05. 
Each experiment was repeated three times.
Abbreviations: AQP-1, aquaporin-1; DXM, dextromethorphan; HPMVEC, human pulmonary microvascular endothelial cell; LPS, lipopolysaccharide.

dexamethasone group, and AQP-1-/- group as well as from 

the HPMVECs, LPS-HPMVECs, and alpinetin-treated 

LPS-HPMVECs. Western blot was then used to measure the 

TNF-α factor expression levels. In the animal experiments, 

the level of TNF-α expressed was significantly greater than in 

the model group compared with the sham group; in contrast, 

the level of TNF-α expressed was lower in the model group 

treated with therapeutic doses of alpinetin and dexamethasone. 

However, this effect was not observed in the AQP-1-/- group 

(Figure 6A). In the cell experiments, the level of TNF-α 

expressed was significantly lower in the alpinetin-treated LPS-

HPMVECs compared with the HPMVECs without treatment 

(Figure 6B). These results indicate that alpinetin can mitigate 

pancreatitis-associated lung injury through decreasing the 

level of TNF-α expressed and may be related to the level of 

AQP-1 expressed.

Discussion
SAP is characterized by its acute onset, critical condition, 

poor prognosis, and high mortality rate; it can cause multiple 

organ failure in early stages, particularly ALI,19 which can 

further develop into acute respiratory distress syndrome and 

result in patient death. The pathogenesis of SAP-induced ALI 

is complicated and can be caused by many factors. Scholars 

generally recognize that the excess release of cytokine and 

inflammatory mediators, which induces changes in HPMVEC 

permeability and produces ALI with pulmonary edema as 

the main pathological feature, plays a key role. Among the 
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α α

α α

Figure 6 The level of TNF-α expressed in pancreatitis-associated lung injury was measured in the animal models and at the cellular level.
Notes: (A) The level of TNF-α protein expressed for each group in the in vivo experiment was analyzed using Western blot. (B) The level of TNF-α protein expressed 
for each group at the cellular level was analyzed using Western blot. The results were compared with the control group, *P,0.05 and compared with the model group, 
**P,0.05. Each experiment was repeated three times.
Abbreviations: AQP-1, aquaporin-1; DXM, dextromethorphan; HPMVEC, human pulmonary microvascular endothelial cell; LPS, lipopolysaccharide; TNF, tumor necrosis factor.

inflammatory factors involved in this process, TNF-α is a 

crucial factor that appears in the early stage of SAP and can be 

used as an early indicator to determine the extent of SAP and 

prognosis.8 TNF-α can induce a series of cascade reactions 

in the cell nucleus and at the subcellular level, which induces 

the secretion of other inflammatory mediators and cytokines, 

induces inflammation, and exacerbates pancreatitis-associated 

lung injury. We also found that TNF-α exhibited high levels 

of expression in lungs with pancreatitis-associated lung 

injury and was positively correlated with the extent of lung 

injury.20 We also found that TNF-α expression is greater in 

pancreatitis-associated lung injury compared with normal 

lung tissue. Inhibiting TNF-α expression might reduce the 

extent of pancreatitis-associated lung injury.

Recent studies show that a decrease in AQP in lung tis-

sue also exacerbates the extent of pancreatitis-associated 

lung injury. AQP proteins are membrane proteins that are 

closely related to the rapid transport of water10,11 and play 

an important role in maintaining water equilibrium in the 

body, particularly during glycerol metabolism. Four types 

of AQPs (1, 3, 4, and 5) are distributed throughout the lung 

tissue, mainly in the membranes of lung capillary endothelial 

cells, alveolar type I epithelial cells, and airway epithelial 

cells, and they are involved in the occurrence of many 

pulmonary edema-related diseases. Among the AQPs, the 

AQP-1 content was relatively high in the HPMVECs. The 

molecular biological mechanism of AQP in the transmem-

brane transport of water and other molecules is the basis 

for its involvement in regulating water in the lung. Studies 

show that, compared with normal cellular genotypes, those 

lacking the AQP-1 gene or AQP-5 gene were associated 

with a tenfold decrease in the ability to sense a permeating 

concentration of water transport and bypass the blood–

air barrier. Further, a knockout of both genes produced a 

30-fold decrease in water permeability,21,22 which suggests 

that AQP-1 plays an important role in regulating pulmo-

nary edema. We also show low levels of AQP-1 expression 

in SAP-induced ALI both at the protein and gene levels. 

This result further confirms that AQP-1 can maintain water 

equilibrium in the body through the cell membranes, which 

reduces pulmonary edema and thus mitigates the extent of 

lung injury. Inflammatory factors play an important role 

in the pathogenesis of SAP-induced ALI. In particular, the 

inflammatory factor TNF-α, which appears at the early stage 

of SAP, exacerbates damage to lung cells. Studies suggest 

that AQP-1 can decrease the extent of injury in lung cells 

by downregulating TNF-α; however, further investigation 

is necessary for a detailed mechanism.

In recent years, compared with nonspecific, immunity-

inhibiting steroids, several traditional Chinese medicines 
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have attracted the attention of anti-inflammation and 

antioxidation clinics due to fewer side effects and lower tox-

icities. Alpinetin is a flavonoid extracted from A. katsumadai 

Hayata. It exhibits antibacterial,17,18 antioxidant, anticancer, 

antithrombotic, antiemetic, and analgesic effects; it also 

lowers blood pressure, blood lipids, and blood sugar. In 

addition, alpinetin has an inhibitory effect on LPS-induced 

inflammation23 and can inhibit the excretion of the inflam-

matory mediators TNF-α, IL-6, and IL-1β. Many studies 

show that extracts from traditional Chinese medicines have 

an inhibitory effect on lung injury-induced inflammation, 

including through recruiting neutrophils and excreting 

inflammatory mediators,6,8,16,20 but the specific mechanism 

is not described in detail. In this study, we also found that 

alpinetin can inhibit inflammation caused by SAP-induced 

ALI and simultaneously alleviate the extent of SAP-induced 

ALI; however, the detailed mechanisms remain unknown. 

Further, AQP-1 was correlated with ALI to a certain extent; 

AQP-1 expression decreased in the injured lung tissues but 

increased in the alpinetin model group; and TNF-α expres-

sion as well as pulmonary edema decreased. These results 

suggest that alpinetin can increase water permeability in 

the cell membrane by upregulating AQP-1 and reducing 

pulmonary edema by decreasing the expression of inflam-

matory mediators.

SAP is a common disease with a complicated pathogenesis 

and many complications, but ALI is only one of the main rea-

sons for mortality. We treated SAP using alpinetin, which is 

an extract from traditional Chinese medicine. An exploration 

of the underlying mechanisms may provide guidance for clini-

cal treatment. Alpinetin has a broad application potential.
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