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Dai-Huang-Fu-Zi-Tang alleviates pulmonary
and intestinal injury with severe acute
pancreatitis via regulating aquaporins in
rats
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Abstract

Background: Dai-Huang-Fu-Zi-Tang (DHFZT) is a famous traditional Chinese prescription with intestinal obstruction,
acute pancreatitis and cholecystalgia for thousands of years. Our previous work found that DHFZT could act against
pulmonary and intestinal pathological injury in rats with severe acute pancreatitis (SAP). But the underlying mechanism
has not been fully elucidated. The aim of present study was to investigate whether DHFZT could relieve pulmonary
and intestinal injury by regulating aquaporins after SAP induced by sodium taurocholate in rats.

Methods: Forty of SD rats were used for dose dependant experiments of DHFZT.Accurate-mass Time-of-flight liquid
chromatography-mass spectrometry was used for qualitative screening of chemical compositions of DHFZT. Twenty-
four rats were randomly divided into 3 groups: sham group (n = 8), model group (SAP, n = 8), DHFZT group (SAP with
DHFZT treatment, n = 8). SAP models were established by retrograde injections of 5% sodium taurocholate solutions
into rat pancreaticobiliary ducts. Blood samples were taken at 0, 12, 24, 48 h post-operation for detecting serum amylase,
lipase, endotoxin, TNF-α, IL-6 and IL-10. Protein expression and location of aquaporin (AQP)1, 5, 8 and 9 were assessed by
immunohistochemistry, western blot and immunofluorescence respectively.

Results: The study showed that 27 kinds of chemical composition were identified, including 10 kinds in positive ion mode
and 17 kinds in negative ion mode. The results showed that AQP1, AQP5 of lung, and AQP1, AQP5, AQP8 of intestine in
model group were significantly lower than that of sham group (P < 0.05), and which were obviously reversed by treatment
with DHFZT. In addition, protein levels of pro-inflammatory cytokines such as TNF-α, IL-6 and endotoxin in peripheral blood
were significantly suppressed by DHFZT, and that anti-inflammatory cytokine like IL-10 was just opposite. Finally, we also
noted that DHFZT reduced serum levels of amylase, lipase and endotoxin, and also improved edema and pathological
scores of lung and intestine after SAP.

Conclusions: DHFZT ameliorated the pulmonary and intestinal edema and injury induced by SAP via the upregulation of
different AQPs in lung and intestine, and suppressed TNF-α, IL-6 expression and enhanced IL-10 expression.
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Background
Acute pancreatitis (AP) is an acute inflammatory disease
of pancreas caused by the release of digestive enzymes
into pancreatic interstitium and systemic circulation,
and by the production and release of various inflamma-
tory cytokines [1]. The annual incidence of AP ranges
from 13 to 45 per 100,000 people [2, 3]. Approximately
20% of patients with AP develop severe acute pancrea-
titis (SAP), which could lead to a systemic inflammatory
response syndrome (SIRS) and multiple organ dysfunc-
tion and failure, and has a mortality rate of 8% up to
39% [4–8]. The cause of death is closely related to single
or multiple organ complications like acute lung injury
(ALI), intestine barrier functional disturbance (IBFD),
acute kidney failure (AKI) and so on. Especially pulmon-
ary and intestinal complications are very important
death factor in the early stage of SAP [9, 10]. One of the
most critical and key pathophysiology changes after SAP
was water metabolic abnormalities with pulmonary and
intestinal injury. In spite of the recognized important
role of water metabolic abnormalities, there is no spe-
cific drug to treat edema of lung and intestine.
Aquaporins (AQPs) are a class of membrane water

channels, contain six membrane-spanning helical seg-
ments and two shorter helical segments that do not span
the entire membrane, whose primary function is to
facilitate the passive transport of water in various eu-
karyotes and prokaryotes, and widespread in distribution
in organs of mammals [11–13]. To date, there are 13
AQPs and at least 8 of these have been shown to trans-
port water in humans and rodents. The first member of
this family, AQP1 (originally known as CHIP28), was
identified in erythrocytes in 1991 [14]. Here are some
unravel keys link between AQPs and lung and intestine
disease. Towne JE demonstrated that the expression
levels of AQP-1 and AQP-5 decreased in lungs with pul-
monary edema (PE) following viral infection [15]. PE
usually occurs in the Traumatic Brain Injury (TBI)-in-
duced ALI patients, and aquaporins (AQPs), particularly
AQP1 and AQP4, maintain water balances between the
epithelial and microvascular domains of the lung [16].
Sakai et al. study reported that the genes of AQP4 and
AQP8 were mainly expressed in the murine colon [17].
It is widely thought that AQPs are involved in diseases
that are characterized by alterations in water transport.
The regulation of transepithelial fluid transport in the
gastrointestinal tract is based on ion transport and water
transport by AQPs [18]. AQPs play a crucial role in
maintaining water homeostasis of lung and intestine, but
specific treatment is quite scare. Thus, effective treat-
ments need to be developed.
Recently, the adjuvant use of herbal medicine amelio-

rated lung and intestinal injury and led to a marked re-
duction in morbidity and mortality in China [19, 20].

Dai-Huang-Fu-Zi-Tang (DHFZT), a prescription in trad-
itional Chinese medicine (TCM), composed of three
herbs including Radix et Rhizoma Rhei (DH), Radix
Aconiti Lateralis Praeparata (FZ) and Radix et Rhizoma
Asari (XX), was originally described in the Synopsis of
Golden Chamber (Jin Kui Yao Lue), a treatise on febrile
and miscellaneous diseases written by the outstanding
physician Zhong-Jing Zhang in Han Dynasty. DHFZT
has been used to cure AP, acute intestinal obstruction,
shock [21, 22]. Recent studies have shown that DHFZT
could promote gastrointestinal motility, reduce lung and
liver injury, and inhibit cytokine activity and inflamma-
tory responses in SAP [23, 24]. Xiao Liu et al. found that
talatisamine, rhein glucoside, rhein isomer methylation,
hypaconine, hydroxyl-chrysophanol, emodin glucuronide
conjugation, and chrysophanol glucuronide conjugation
were the main anti-acute pancreatitis components in
DHFZT by UHPLC-ESI-Q-TOF-MS technique [25]. Our
previous study also show that DHFZT could enhance
the intestinal peristalsis, protect the gastrointestinal bar-
rier function, reduce the bacteria and endotoxin trans-
location and improve the prognosis of patients with
SAP. However, more detailed insights into the molecular
mechanism of DHFZT relieving pulmonary and intes-
tinal injury are still not clear after SAP.
So, the study aimed to explore the effect of DHFZT on

SAP associated with the pulmonary and intestinal injury.
Moreover, to clarify the mechanism involved in AQPs,
inflammatory mediators, endotoxin and tissue edema of
changes in SAP rat model treated by DHFZT were
investigated.

Methods
Animals
A total of 64 Sprague - Dawley male rats (age, 5–7 weeks;
weight, 250–300 g) were purchased from the Experi-
mental Animal Center of Dalian Medical University.
Cages were individually ventilated at 20 ± 2°C and 45–
65% relative humidity with a circadian rhythm of 12/
12 h. All rats were adaptively fed for 1 weeks before the
experiment. All procedures involving animals were con-
ducted in conformity with the National Institute of
Health Guide for the Care and Use of Laboratory
Animals and were approved by the Animal Research
Ethics Committee of affiliated Zhongshan Hospital of
Dalian University (2012–60). Anesthetic drugs and all
other necessary measures were used to reduce animal
suffering during experimental procedures.

Preparation and quality control of DHFZT
DHFZT is composed of 3 species of herbal plants, each
dried crude drug of which were purchased from Tong
Ren Tang Group Co., Ltd. (Beijing, China). The formula
of DHFZT is described in Table 1, and voucher specimen
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of Rheum palmatum Linn (No.00000022), Aconitum car-
michaeli Debeaux (No.01814237), and Asarum heterotro-
poides F.S chmidt var. mandshuricum (No.00916696) are
kept in Institute of Botany, the Chinese Academy of
Sciences. To keep the consistency of the herbal chemical
ingredients, all of the herbal components were originally
obtained from the standard native sources as stated above
with GAP grade and the drugs were extracted with stand-
ard methods according to Chinese Pharmacopeoia III
(edition 2010). According to the original prescription from
the〝Jin Kui Yao Lue〞, DH, FZ and XX were mixed in
the ration of 3:3:1 (w/w). First, FZ were soaked in water
(1:25) for 30 min, followed by extraction in boiling water
(100 °C) for 1 h. Then DH was added and boiled for
10 min. Finally, XX was added and boiled for 5 min. The
DHFZT was concentrated by rotary evaporator (Heidolph
Instruments, Germany) and lyophilized to obtain dry
extract through freeze-drying system (Labconco, United
States) at −80 °C, yielding final 3.72 g (extraction ratio
17.71%), and stored at 4 °C for use. The lyophilized
DHFZT extract was dissolved in an appropriate volume of
distilled water prior to administrating to rats. In addition,
part DHFZT solutions as sample were constant volume by
methanol producing a concentration of 5.0 mg/ml and
stored at 4 °C for TOF LC/MS analysis.

Qualitative screening of chemical compositions of DHFZT
using accurate-mass time-of-flight liquid chromatography-
mass spectrometry (TOF LC/MS)
Chromatographic conditions
Sample analyses were carried out on a 6224 TOF LC/MS
system (Agilent, CA, USA). Chromatographic separation
was carried out on a column of ZORBAX SB-C18 Rapid
Resolution HD (3.0 × 100 mm,1.8-Micron) (Agilent). The
mobile phase was delivered at a flow rate of 0.20 mL/min
consisting of 0.1% formic acid in water (A) and aceto-
nitrile (B) using a gradient program as follows: 3% ~ 20%B
(0-15 min), 20% ~ 35%B (15 ~ 25 min), 35% ~ 50%B
(25 ~ 30 min), 50% ~ 55% B (30 ~ 35 min),55% ~ 65%
(35 ~ 40 min),65% ~ 70% B (40 ~ 45 min),70% ~ 100% B
(45 ~ 50 min). The column oven temperature was set at
30 °C throughout the whole analytical procedure. The
photodiodearray detector (DAD) was set at 254 nm.

Mass spectrometer conditions
The TOF-MS (Agilent 6224 series ion trap mass spec-
trometer) operation parameters were set as follows:
negative ion and positive ion electrospray, nebulizing gas
(N2) pressure 40psig (1 psi = 6894.8 Pa), drying gas (N2)
flow rate 9 L/min and temperature 350 °C, applied probe
voltage 4000 V. Mass spectrometry was conducted in
the full scan and automatic multiple stage fragmentation
scan modes over an m/z range of 100 ~ 1500 for MS.
Reference ions′ M/z are 122.9856 and 1033.9881. All
ions produced were finally introduced into the TOF in-
strument for accurate mass determination. The data
recorded were processed by the Agilent MassHunter
Qualitative Analysis B.05.00.

Peak selections and data processing
It has been found that the peaks with intensity below
100,000 gave few fragments in the preliminary study;
therefore, only the peaks detected with intensity over
100,000 were selected for identifications. The chemical
formulas for all parent and fragment ions of the selected
peaks were calculated from the accurate mass using a
formula predictor by setting the parameters as follows:
C [0–60], H [0–120], O [0–30], N [0–10], double bond
equivalent (DBE) [0–20], and H/C ratio [0–3]. Other ele-
ments such as P, S, and Cl were not considered since
they are rarely present in herbal components. All rele-
vant data including peak number, retention time, accur-
ate mass, the predicted chemical formula, Theoretical or
Experimental m/z value and corresponding mass error
were recorded into an Excel file. The maximum toler-
ance of mass error was set at 5 ppm when searching for
common ions.

Dose dependant experiment of DHFZT
Forty of Sprague-Dawley rats were used for dose de-
pendant experiment of DHFZT. The lyophilized DHFZT
extract was dissolved in distilled water for DHFZT solu-
tion (concentration: 100 mg/ml). A dose of 1.0 ml of dis-
tilled water was set for the control group (n = 8). SAP
model rats (n = 8) were established by retrograde injec-
tions of 5% sodium taurocholate solutions into rat
pancreaticobiliary ducts. DHFZT solution were set at
31 mg/kg (low-dose group, n = 8), 62 mg/kg (medium-
dose group, n = 8) and 124 mg/kg (high-dose group,
n = 8) for the test groups. DHFZT solution was adminis-
tered through gavage 2 times a day for 2 days. Serum
amylase, C-reactive protein, mortalities of all rats were
observed.

Experiments process
The experiment aimed to test whether DHFZT could al-
leviate pulmonary and intestinal injury via AQP1, AQP5,
AQP8 and AQP9. After 1 week of acclimation, a total of

Table 1 Herbal Compositions of DHFZT

Scientific name Herbal name Quantity
(dry, g)

Rheum palmatum Linn Radix et Rhizoma Rhei (DH) 9.0

Aconitum carmichaeli Debeaux Radix Aconiti Lateralis
Praeparata (FZ)

9.0

Asarum heterotropoides
F. Schmidt var. mandshuricum

Radix et Rhizoma Asari (XX) 3.0

Total 21.0

DHFZT Dai-Huang-Fu-Zi-Tang, DH Dai Huang, FZ Fu Zi, XX Xi Xin
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24 rats were randomly divided into three groups, which
included sham group (n = 8), model group (n = 8),
DHFZT groups (n = 8). The rats were fasted for 8 h,
with water deprivation for 4 h before operation. Sodium
taurocholate could cause damage of pancreatic acinar
cells, which leads to severe acute pancreatitis. Biliopan-
creatic duct underwent retrograde infusion with 5%
sodium taurocholate to induce SAP rat model [26]. Sub-
sequently, the rats were anesthetized by intraperitoneal
injection with 10% chloral hydrate (0.3 ml/100 g). An in-
cision was made into the ventral midline for entry into
the abdominal cavity, in order to expose biliopancreatic
duct. The biliopancreatic duct was occluded at the distal
duodenum using a vascular clip. For the model group
and DHFZT group, the canal was infused slowly with 5%
sodium taurocholate (0.1 ml/100 g) using a 1-ml syringe.
DHFZT (62 mg/kg) was administered through gavage at
0, 12, 24 and 36 h following the induction of SAP in the
DHFZT group. The rats were abstained from food except
water for 12 h post-operation. Blood samples were drawn
from the caudal artery for measuring serum amylase,
endotoxin, lipase, TNF-α, IL-6 and IL-10 concentrations
at 0, 12, 24 and 48 h post-operation. Rats were sacrificed
at 48 h, and the lung and ileum tissue were harvested to
determine W/D weight ratio and protein expressions of
AQP1, 5, 8, and 9 with immunohistochemistry, western
blot and immunofluorescence respectively. Right lobe was
used for calculating W/D weight ratio, and left lower lobe
was used for immunohistochemistry, western blot and im-
munofluorescence analysis. HE staining was used for as-
sessment of pathologic changes of lung and intestine. The
whole experiment protocol showed in Fig. 1.

Measurement of serum amylase, lipase, endotoxin and
cytokines
Blood samples were centrifuged at 15,000 rpm under 4 °C
and then stored at −80 °C. Serum amylase and lipase were

measured with a TBA-2000FR System (Toshiba, Tokyo,
Japan). The serum concentration of endotoxin was mea-
sured by EKT-5 M set dynamic Gram-negative bacteria
test kit (Jin Shanchuan technology development co., LTD,
Beijing, China) through kinetic turbidimetric assay. The
serum cytokines (TNF-α, IL-6 and IL-10) were detected
using a commercial enzyme-linked immunoabsorbent
assay kits (Boster Biological Technology co.ltd, Wuhan,
China) according to the manufacturers’ protocols.

Pulmonary and intestinal W/D ratio
To evaluate the severity of tissue edema, the pulmonary
and intestinal W/D ratio were calculated. After euthan-
asia of rats, the inferior lobe of right lung and a 10 cm
of intestinal segment were excised and measured imme-
diately to obtain the “wet weight value”, and then dried
in an oven to a constant temperature at 50 °C for 72 h
and weighed again to obtain the “dry weight value”.
Subsequently, the wet/dry weight ratio was calculated.

AQPs localization analysis of lung and intestine with
immunohistochemistry staining
The imunohistochemistry was carried out to elucidate
the tissue localization of AQPs in the lung and intestine.
All primary antibodies are anti-rat monoclonal anti-
bodes, and different dilution ratio (AQP1 1:200, AQP5
1:100, AQP8 1:200, and AQP9 1:100). The primary anti-
bodies and goat- anti -rat mouse IgG were purchased
from Hebei Bio-high Technology Deve CO., LTD, China.
Immunohistochemical staining was performed using the
DAB chromogenic detection kit (Hebei Bio-high Tech-
nology Deve CO., LTD, China). After washed with PBS,
the expression of protein was determined according to
the positive chromogenic markers, brown indicated posi-
tive expression. All specimens were observed with a
microscope (Olympus Corp, Japan) and recorded under

Fig. 1 Experimental protocols. All Rats were subjected to surgery operation in sham group, model group and DHFZT group. 5% sodium taurocholate
(0.1 ml/100 g) was injected retrogradely into biliopancreatic duct to induce SAP model in rats. 62 mg/kg of DHFZT extract dissolved in 2 ml of 0.9%
normal saline was administered to DHFZT group rat at 0, 12, 24, 36 h post-operation. DHFZT: Dai-Huang-Fu-Zi-Tang
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the identical optical conditions using ISCapture imaging
software after scanning.

Immunofluorescence analyses of lung and intestine samples
Immunofluorescence staining using specific antibodies
was used to quantify the deposition of AQP1, 5, 8 and
9(anti-rat monoclonal antibody). Tissue samples from
the right superior lung and intestine were taken, washed
in PBS. The tissue were sliced (0.5 cm × 0.5 cm × 1.0 cm)
and the slices were immersed in 4% paraformaldehyde
(0. 1MPBS, PH7.0 ~ 7.6 and 0.1%DEPC) overnight. The
slices were then placed in ethanol and processed imme-
diately. Paraffin-embedded tissue sections (5 μm) were
collected on the slide of poly lysine overnight at 60 °C.
Plus slides (VWR, Inc.) and the paraffin were removed
by dimethylbenzene and ethanol from the sections be-
fore performing for immunofluorescence microscopy.
The deparaffinized tissue sections were done antigen
retrieval solution by water-bath heating for 20 min at
90 °C. The tissue sections were cooled for 20 min at
room temperature. The pulmonary and intestinal biopsy
sections were incubated overnight with primary anti-
bodies including anti-AQP1 (1:300), anti-AQP5(1:200),
anti-AQP8 (1:100), and anti-AQP9 (1:100). These anti-
rat monoclonal antibodies were bought from Hebei Bio-
high Technology Deve CO., LTD, China. After washing
with PBS, the biopsy sections were incubated with goat
anti-mouse secondary antibodies (Hebei Bio-high Tech-
nology Deve CO., LTD, China) diluted in 2% BSA 1:
1000 in PBS for 1 h. After washing, the gut sections
were mounted on glass and photographed in a Zeiss
LSM510 confocal microscope (Oberkochen, Germany).
Endogenous peroxidase activity was quenched by incu-
bating the tissue sections in 3% hydrogen peroxide for
20 min at room temperature. The tissue sections were
blocked with 10% normal goat serum. After the tissue
sections were treated with the primary and secondary
antibodies (IgG), the tissue sections were coverslipped
by neutral resin for fluorescence (IX71 fluorescent
inverted microscope, Olympus Corp., Japan).

Western blot analysis of AQPs
Pulmonary and intestinal tissue were lysed on ice and
the cellular plasma proteins were extracted with a pro-
tein extraction kit (Pierce Biotechnology, Inc., Rockford,
IL, USA), according to the manufacturer’s instructions.
Protein concentrations were determined by a Coomassie
Brilliant Blue dye-binding assay. Samples were analyzed
by SDS-PAGE and electrotransferred to a polyvinylidene
diflouride (PVDF) membrane (Millipore Corporation,
Billerica, MA, USA). The membrane was blocked for 1 h
at room temperature with 5% skimmed milk in Tris-
buffered saline with Tween-20 [TBST; 50 mM Tris-HCl
(pH 7.4), 150 mM NaCl and 0.1% Tween-20]. The

membrane was incubated overnight at 4 °C with anti-rat
monoclonal antibody against AQP-1, 5, 8 and 9 re-
spectively in TBST. Washed with TBST, the PVDF
membrane was incubated with a biotin-conjugated
anti-rabbit antibody (GE Healthcare, Tokyo, Japan),
and diluted to 1:3000 in TBST at room temperature
for 1 h. Bands of interest were visualized using ECL
reagents (PerkinElmer, Waltham, MA, USA) and quanti-
fied using the UVP BioImaging system (Biospectrum AC
Imaging System, CA, USA) and ImageJ software (National
Institutes of Health, USA). β-actin was served as an
internal control.

Histopathological assessment of lung and intestine by HE
staining
The left lung and small intestine tissue were fixed with
4% paraformaldehyde overnight, dehydrated in ascend-
ing grades of alcohols, embedded in paraffin, and sliced
into 5 μm sections. Pulmonary and intestinal tissues
were processed with hematoxylin and eosin staining (HE
staining). The pathologic changes of pulmonary and in-
testinal tissue were observed under a light microscope
(BX51T-PHD-J11,0 lympus, Tokyo, Japan). Semiquanti-
tative analysis of pulmonary histopathology was per-
formed by scoring the tissues based on pulmonary
edema (PE), infiltration of inflammatory cells, alveolar
hemorrhage, hyaline membrane, and atelectasis: no le-
sion, 0; injured area ≤ 25%, 1; injured area 26–50%, 2; in-
jured area 51–70%, 3; injured area 71–90%, 4; injured
area > 90%, 5. A total of three fields were randomly se-
lected for each slide and the average was used as the
histopathology score. The improved Chiu score method
[27] was used for evaluating intestinal injury, the higher
scores are, the more severe damage. Criteria of Chiu
grading system consist of 5 subdivisions according to the
changes of villus and gland of intestinal mucosa: grade
0, normal mucosa; grade 1, development of subepithelial
Gruenhagen’s space at the tip of villus; grade 2, exten-
sion of the space with moderate epithelial lifting; grade
3, massive epithelial lifting with a few denuded villi;
grade 4, denuded villi with exposed capillaries; and grade
5, disintegration of the lamina propria, ulceration, and
hemorrhage.

Statistical analysis
Data are presented as mean ± SEM. Statistical compari-
son among multiple groups was performed by analysis
of variance (ANOVA) followed by Tukey’s Multiple
Comparison Test and Bonferroni post tests using the
GraphPad Prism 5.0 software (GraphPad Software Inc.,
San Diego, CA, USA). A value of P < 0.05 was consid-
ered statistically significant.
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Results
Information on bioactive compounds of DHFZT
TIC chromatogram and VU chromatogram of the ex-
tract of DHFZT in negative ion mode and positive ion
mode were shown in Figs. 2 and 3. A total of 27 kinds of
chemical composition were identified, among which 10
kinds in positive ion mode, and 17 kinds in negative ion
mode. In positive ion mode, alkaloid including five kinds
of C-19 diterpenoid alkaloids (aconitine, mesaconitine,
karakoline, benzoylmes-conitine, benzoylhypaconitine)
and 2 kinds C-20 diterpenoid alkaloids (songorine and
songoramine) are main constituents of DHFZT. In nega-
tive mode, anthraquinones constituents such as Gallic
acid, Rhein, emodin and ethers compounds (safrole, α-
Asarone and methyleugenol) are main ingredients. The
results were shown in Tables 2 and 3.

Result of dose dependant experiments of DHFZT
Serum amylase, C-reactive protein and mortality were
used for observation of DHFZT dose dependent experi-
ment. During the observation period, Serum amylase

and C-reactive protein in medium-dose group were
lower than those of low-dose group and high-dose
group. In addition, medium-dose DHFZT could decrese
the motrality of rats compared to low-dose group and
high-dose group. Result of dose dependant experiments
of DHFZT showed that medium-dose (62 mg/kg) was
appropriate therapeutic dose for subsequent experimen-
tal process. The results showed in Table 4.

DHFZT reduced the level of serum amylase, lipase and
endotoxin after SAP
To identify a SAP rat model was established successfully,
serum amylase and lipase were determined by ELISA. The
serum amylase and lipase in model group were significantly
higher than those of sham group at 12, 24 and 48 h
(P<0.001). After administration of DHFZT, the serum amyl-
ase and lipase were reduced in different degree (P<0.05 or
P<0.001) at 12, 24 and 48 h after SAP. In addition, the
serum endotoxin was analysed for assessing severity of in-
testine injury. The presence of endotoxin in the blood
would significantly exacerbate systemic inflammation in the

Fig. 2 TIC chromatogram and VU chromatogram of the extract of DHFZT in negative ion mode. (a) total ion current chromatogram, X-axis repre-
sents the retention time (min), Y-axis represents ion intensity; (b) ultraviolet chromatogram, X-axis represents the retention time, Y-axis represents
mAU. TIC total ion current, VU ultraviolet
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Fig. 3 TIC chromatogram and VU chromatogram of the extract of DHFZT in positive ion mode. (a) total ion current chromatogram, X-axis repre-
sents the retention time (min),Y-axis represents ion intensity; (b) ultraviolet chromatogram, X-axis represents the retention time (min), Y-axis
represents mAU

Table 2 Detection of Dai-Huang-Fu-Zi-Tang in positive ion mode

Peak. No tR (min) Identity Formula Selected ion m/z Error
(ppm)Theoretical Experimental

1 7.275 salsolinol C10H13NO2 [M + H]+ 180.1019 180.1027 2.02

2 18.136 songorine C22H31NO3 [M + H]+ 358.2377 358.2383 1.87

3 18.653 karakoline C22H35NO4 [M + H]+ 378.2639 378.2642 1.66

4 22.173 fuziline C24H39NO7 [M + H]+ 454.2799 454.2798 −0.19

5 27.312 myristicin C11H12O3 [M + H]+ 193.0859 193.0857 −0.41

6 30.748 songoramine C22H29NO3 [M + H]+ 356.2220 356.2221 0.08

7 35.203 benzoylmesaconitine C32H45NO10 [M + H]+ 604.3116 604.3119 −0.85

8 36.871 aconitine C34H47NO11 [M + H]+ 646.3222 646.3224 −1.03

9 38.022 mesaconitine C33H45NO11 [M + H]+ 632.3065 632.3065 −0.61

10 39.741 benzoylhypaconitine C32H43NO10 [M + H]+ 602.2960 602.2950 1.23
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SAP animals. The serum endotoxin levels in SAP model
group were increased at 24 and 48 h in 5% sodium
taurocholate-treated rats in comparison with the level of
sham group (P<0.001). By contrast, the levels of serum
endotoxin in DHFZTgroup had a very significant reduction
at 24, 48 h in DHFZT group compared to model group
(both P < 0.001). The results were showed in Table 5.

Effect of DHFZT on water metabolism of lung and intestine
after SAP
Tissue wet/dry (W/D) weight ratio is one of the import-
ant indexes to evaluate the water content of the tissue.
To detect the effect of DHFZT on water metabolism of
lung and intestine, we evaluated the W/D weight ratio.
Lung W/D weight ratio was shown in Fig. 4a (F = 30.49,
P < 0.0001, One-way ANOVA). 5% sodium taurocholate
caused a significant increase of lung W/D weight ratio
in model group compared with that of sham group
(sham group 3.97 ± 0.19 vs model group 6.43 ± 0.22,
P < 0.001). Whereas the lung W/D weight ratio in
DHFZT group was markedly lowered comparison with
SAP model group (DHFZT group 4.97 ± 0.26 vs

model group 6.43 ± 0.22, P < 0.001). W/D weight
ratio of intestine was also analysed in Fig. 4b
(F = 43.25, P < 0.0001, One-way ANOVA). Compared
with sham group, the W/D weight ratio of intestine
in model group was significantly increased after retro-
graded injection of 5% odium taurocholate into bilio-
pancreatic duct (sham group 3.04 ± 0.16 vs model
group 5.39 ± 0.20, P < 0.001). This increase was re-
versed by administration of DHFZT (model group
5.39 ± 0.20 vs DHFZT group 3.75 ± 0.19, P < 0.001).
The result showed that DHFZT could evaluate the
water content of lung and intestine, and which means
a reduction in pulmonary edema.

DHFZT alleviated histology injury of lung and intestine
after SAP
To assess the effect of pathologic histology of DHFZT
on 5% sodium taurocholate-induced SAP in rats, the
histologic changes in lungs and intestine were examined.
Hematoxylin and eosin (HE) staining of the lung tissues
showed that tissues from sham group exerted normal
structures without histopathologic changes (Fig. 4c). The

Table 3 Detection of Dai-Huang-Fu-Zi-Tang in negative ion mode

Peak.No tR (min) Identity Formula Selected ion m/z Error
(ppm)Theoretical Experimental

1 7.735 Gallic acid C7H6O5 [M − H]− 169.0142 169.0144 −1.13

2 13.308 Hypaconine C24H39NO8 [M − H]− 468.2603 468.2598 −0.61

3 29.390 Kakuol C10H10O4 [M − H]− 193.0506 193.0503 1.66

4 31.643 Rhein-8-O-β-D-glucopyranoside C21H18O11 [M − H]− 445.0776 445.0778 −0.84

5 31.809 Safrole C10H10O2 [M − H]− 161.0608 161.0614 −0.01

6 32.076 Benzoylmesaconine C31H43NO10 [M − H]− 588.2824 588.2825 −0.85

7 32.744 Kaempferol 3-glucoside C21H20O11 [M − H]− 447.0933 447.0938 −0.95

8 34.012 Sesamin C20H18O6 [M − H]− 353.1031 353.1038 1.6

9 35.180 α-Asarone C12H16O3 [M − H]− 207.1027 207.1026 0.08

10 35.396 Benzoylaconitine C32H45NO10 [M − H]− 602.2971 602.2973 −0.8

11 38.783 Ehrysophanol-8-O-β-D-glueopyranoside C21H20O9 [M − H]− 415.1035 415.1038 −0.67

12 38.950 Aloeemodin-ω-β-D-glucopyranoside C21H20O10 [M − H]− 431.0984 431.0985 −0.38

13 40.985 Kaempferol C15H10O6 [M − H]− 285.0405 285.0409 −1.49

14 42.737 Rhein C15H8O6 [M − H]− 283.0248 283.0252 −1.87

15 43.588 Methyleugenol C11H14O2 [M − H]− 177.0921 177.0918 4.28

16 45.907 Emodin C15H10O5 [M − H]− 269.0455 269.0459 −1.25

17 49.060 Chrysophanic acid C15H10O4 [M − H]− 253.0506 253.0501 0.06

Table 4 Change of Serum amylase, C-reactive protein and mortality at different dose group of DHFZT

Index Control group
(n = 8)

SAP group
(n = 8)

Low-dose group
(31 mg/kg, n = 8)

Medium-dose group
(62 mg/kg, n = 8)

High-dose group
(124 mg/kg, n = 8)

Serum amylase (U/L) 1048 ± 44.43 3338 ± 187.6a 3087 ± 116.9a 2280 ± 168.6abc 3178 ± 124.7af

C-reactive protein (ng/ml) 17.86 ± 1.11 55.68 ± 2.55a 17.30 ± 1.28b 39.81 ± 2.71bd 47.74 ± 2.58

Mortality (%) 0.0 37.50 25.00 12.5c 25e

Versus control group, aP < 0.001; Versus SAP group, bP < 0.001; Versus low-dose group, cP < 0.01, dP < 0.001; Versus medium-dose group, eP < 0.05, fP < 0.001
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lung injury score was analysed by one-way ANOVA
(F = 277.0, P < 0.0001, Fig. 4d). In comparison with
sham group, lung tissues from the model group showed
a severe pathologic abnormality, including pulmonary
interstitial hyperemia, edema and hemorrhage, infiltra-
tion of inflammatory cells into alveolar space, and alveo-
lar collapse (lung injury score: sham group 1.20 ± 0.05
vs model group 3.76 ± 0.07, P < 0.001, Fig. 4d). How-
ever, those pathologic changes were significantly amelio-
rated by administration of DHFZT (lung injury score:
DHFZT group 2.65 ± 0.10 vs model group 3.76 ± 0.07,
P < 0.001, Fig. 4d). Histopathological assessment and in-
jury severity of small intestines were also performed
(Fig. 4e and f). The Chiu′s score was analysed by one--
way ANOVA (F = 496.6, P < 0.0001, Fig. 4f ). Compared
with sham group, the rat of model group showed edema
in the villi, inflammatory cells infiltration, and damaged
areas interspersed with hemorrhage (Chiu′s score: sham
group 0.58 ± 0.03 vs model group 4.04 ± 0.07,
P < 0.001). In addition, the gap between epithelial cells
significantly increased and capillaries and lymph vessels
were markedly dilated. In comparison with model group,
DHFZT significantly attenuated the histological intestine
injury (DHFZT group 2.67 ± 0.11 vs model group
4.04 ± 0.07, P < 0.001).

Positioning analysis of AQPs in lung and intestine
As DHFZT treatment improved the edema and injury of
lung, we supposed that the activation of AQPs is neces-
sary for water mechanism of lung. To verify our hypoth-
esis and further explore the mechanism of water
metabolism of lung, Immunohistochemistry (IHC) and
immunofluorescence (IF) were used for positioning ana-
lysis ofAQP1, AQP5, AQP8 and AQP9 protein. IHC and
IF showed that AQP1 is expressed in all vascular endo-
thelial cells, AQP5 in the alveolar type I cells, AQP8and
AQP9 in the bronchial epithelial cells in lung. The fluor-
escence intensity of AQP9 expression was much less
than that of AQP1, AQP5 and AQP8 in lung. In

intestine, the distribution of AQP1 appeared to be local-
ized to the submucosa layer of vessel, and AQP8 are
expressed in microvillus, AQP5 and AQP9 in the epi-
thelial cells of the intestine. The results were showed
in Fig. 5a and d.

DHFZT regulated the expression of AQPs in lung and
intestine
To further observe the effect of DHFZT on AQPs pul-
monary and intestinal AQP1, AQP5, AQP8 and AQP9
protein, western blot and immunofluorescence were for
estimation of the protein expression levels of all four
AQPs in each groups. Western blot showed a dramatic
reduction in the levels of pulmonary AQP1, AQP5 (both
P < 0.001) at 48 h after SAP model. There is little differ-
ence in AQP8 and AQP9 between model group and
sham group (P > 0.05, two-way ANOVA, in Fig. 5c).
Compared with model group, DHFZT observably in-
creased the levels of AQP1 (P < 0.001), AQP5
(P < 0.001), not including AQP8 (P > 0.05) and AQP9
(P > 0.05) in lung. Immunofluorescence results also
demonstrated the change trend. The results were
showed in Fig. 5b and c.
Strong expression of intestinal AQP1, AQP5 and

AQP8 in sham group was also observed by western blot,
and AQP9’s expression was significantly lower than
other three AQPs in model group. Expression of intes-
tinal AQP1, AQP5 and AQP8 in model group had an
obvious reduce compared to that of sham group (all
P < 0.01, two-way ANOVA). AQP9 expression in intes-
tine was just the opposite, but there is no obvious differ-
ence between sham group and model group. After the
treatment with DHFZT, the expression of AQP1, AQP5
and AQP8 in DHFZT group was increased compared to
that of model group respectively (P < 0.001, P < 0.001
and P < 0.05). There was no change in AQP9 expression
after the treatment of DHFZT. The results were showed
in Fig. 5d, e and f.

Table 5. DHFZT reduced the levels of serum amylase, lipase and endotoxin after SAP in rats

Groups 0 h 12 h 24 h 48 h

Serum amylase
(U/L)

Sham 1146.49 ± 56.16 1087.95 ± 36.74 1095.03 ± 63.42 1155.41 ± 41.51

Model 1125.95 ± 48.69 2337.60 ± 75.113a 3777.14 ± 68.42a 3452.73 ± 146.13a

DHFZT 1186.06 ± 49.84 1929.61 ± 90.90c 1969.47 ± 87.85b 2353.09 ± 103.10b

Serum lipase
(U/L)

Sham 549.52 ± 20.15 566.48 ± 19.77 581.18 ± 25.85 559.62 ± 20.70

Model 532.45 ± 36.43 2556.80 ± 191.80a 2602.21 ± 185.79a 2845.85 ± 114.03a

DHFZT 505.68 ± 52.58 1470.75 ± 82.76b 1605.25 ± 66.33b 1648.74 ± 70.22b

Serum endotoxin
(pg/mL)

Sham 12.84 ± 0.55 12.81 ± 0.81 12.60 ± 0.44 13.04 ± 0.96

Model 12.02 ± 0.78 15.87 ± 0.56 28.14 ± 0.77a 52.25 ± 1.82a

DHFZT 12.12 ± 0.59 14.19 ± 0.87 18.13 ± 0.96b 30.43 ± 1.46b

Versus sham group, aP < 0.001; Versus Model group, bP < 0.001, cP < 0.05
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Changes of serum level of TNF-α, IL-10, and IL-6
The level of serum TNF-α and IL-6 in the model group
was significantly higher than that in sham group at 12,
24, 48 h after SAP (all P < 0.001). There were no signifi-
cant statistical changes in spite of the level of IL-10 re-
duced lightly in the model group compared to that of
sham group (P > 0.005 except 24 h post-operation 0.05).
Treatment with DHFZT significantly reduced TNF-α
and IL-6 levels and increased IL-10 levels. DHFZT
markedly decreased pro-inflammatory factor release and

increased the anti-inflammatory factor. The results
showed in Fig. 6 (TNF-α, F = 21.66, P < 0.001; IL-6,
F = 67.47, P < 0.001; IL-10:F = 33.17,P < 0.001, two-way
ANOVA).

Discussion
The principal goal of this study was to assess whether
DHFZT relieved the pulmonary and intestinal injury by
regulating the expression of AQP1, AQP5, AQP8 and
AQP9 after SAP. We have identified SAP induced by 5%

Fig. 4 DHFZT attenuates edema and pathological damage of lung and intestine associated with SAP. a and b:W/D ratio of lung and intestine
changes at 48 h in sham group, model group and DHFZT group. c and d: pathological damage and injury score of lung changes at 48 h in each
group. e and f: pathological damage and injury score of intestine changes at 48 h in each group. Histologic change of lung and intestine were
observed under light microscopy (hematoxylin and eosin, ×200 and ×400 respectively). W/D ratio, wet weight value/dry weight value ratio, DHFZT:
Dai-Huang-Fu-Zi-Tang group. The results are mean ± SEM. ***P < 0.001

Kang et al. BMC Complementary and Alternative Medicine  (2017) 17:288 Page 10 of 15



sodium taurocholate could cause abnormal metabolic
disorder of water and injury of lung and intestine, and
significantly down-regulated expression of AQP1 and
AQP5 in lung, and AQP1, AQP5 and AQP8 in intestine,
and increase release of inflammatory factors. Further-
more, the results of immunohistochemistry, immuno-
fluorescence and western bot showed that DHFZT
promoted the expression of AQP1, AQP5 or AQP8 in
lung and intestine after SAP in rats. DHFZT alleviated
W/D weight ratio and histology injury of lung and intes-
tine caused by SAP. In addition, DHFZT also significantly
reduced the inflammatory reaction by lowering the ex-
pression of inflammatory mediators such as TNF-α, IL-6
and increasing IL-10 level at 24 h, 48 h after SAP. Based
on this study and previous work, DHFZT could alleviate
edema and injury of lung and intestine induced by SAP
via regulating AQP1, AQP5 and/or AQP8 in lung and in-
testinal tissue.
Acute lung injury (ALI) is a clinical syndrome charac-

terized by highly permeable lung edema. Pulmonary
edema is an imbalance of lung tissue fluid formation and
reflux. A great deal of tissue fluid could not be absorbed
in lung lymph and pulmonary venous system and accu-
mulate in the alveoli and 22 bronchioles, which result in
pulmonary ventilation and ventilation dysfunction. So

far, despite years of research in ALI, the mechanism in-
volved in the disease pathogenesis of ALI has not been
completely elucidated. The pathological characteristics
of pulmonary edema include fluid accumulation in the
alveolar and interstitial lung. Alveolar water transport
was believed to be associated with the active transport of
sodium, because of the lack of awareness of the function
of aquaporins (AQPs) in lung tissues. AQPs are ubiquitous
in nearly all organisms, mediating selective and rapid flux
of water across biological membranes. Singha et al. studies
have shown that AQP is involved in the pathogenesis of
lung edema [28]. Bai et al. also found a 10-fold decrease in
the water permeability of the alveolar capillary membrane
barrier following an AQP-1 gene knockout [29]. Mean-
while, the water permeability was decreased 14 to 16 times
after AQP-1 and AQP-4 knockout in mice. These indicated
that AQPs selectively allowed the passage of water mole-
cules and mediated the transmembrane transport of free
water molecules. Therefore, these proteins are believed to
closely influence the lung water balance and the occurrence
of lung edema. The expression of AQP-1 was significantly
decreased after subjecting them to 4–12 h of ALI induced
by SAP [30]. In this study, western blot revealed that lung
tissue mainly expressed the AQP1, AQP5, and AQP5, but
AQP9 expressed very little. The immunohistochemistry

a
b c

d
e f

Fig. 5 DHFZT regulated the expression of AQPs in lung and intestine after SAP in rats. a: distribution and expression of AQPs in lung and intestine at 48 h
post-operation by immunohistochemistry (IHC). b and c: AQPs expression levels in lung by western blot analysis. d: expression of AQPs in lung and intestine
at 48 h post-operation by immunofluorescence (IF). e and f: AQPs expression levels in intestine by western blot analysis. *P < 0.05, **P < 0.01, ***P < 0.001
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and immunofluorescence assessed the distribution and in-
tensity of protein expression of these AQPs. AQP-1 was
mainly expressed in the endothelial cells of capillary around
the bronchi and alveolar type II epithelial cells. Pulmonary
AQP5 is expressed in the apical membrane of type I alveo-
lar epithelial cells and in apical membrane of acinar epithe-
lial cells in submucosal glands, and AQP8, 9 in the
bronchial epithelial cells.
One of severe complication of SAP is often intestinal

barrier damage. A few studies emphasized that the major

damage occurring in SAP patients is not necrosis of the
pancreas, but intestinal bacterial translocation, entero-
genic endotoxemia and secondary pancreatic infection
[31, 32]. The small intestine may become injured during
SAP due to alterations in microcirculation associated
with fluid loss, hypovolemia, splanchnic vasoconstriction
and ischemia-reperfusion injury, and failure of the small
intestine tends to aggravate the course of SAP [33].
In this study, we found that intestinal W/D weight
ratio and pathological score were significantly in-
creased at 48 h after SAP, which indicated that intes-
tinal edema and injury appeared after the onset of
pancreatitis. Our results showed that AQP1, AQP5
and AQP8 in model group were down-regulated post-
SAP compared with sham group, while AQP9 was no
difference between them. Although AQP9 was still
expressed in intestinal submucosa cells or glands, ex-
pression level of that was far less than other AQPs.
Yuan-Hung Wang found that 6 AQP genes (AQP1, 3, 5,
7, 8, and 11) was identified in the rat intestine [34]. AQP1
was mainly expressed in endothelium of capillaries, small
vessels, and central lacteal of the intestine by immunohis-
tochemistry analysis [35, 36]. In this study, AQP-1 expres-
sion was markedly reduced compared to the sham group
at different time points, with the lowest level detected at
48 h after SAP induction.
The AQPs in mammals are divided into three sub-

groups: AQPs with water-specific channels (AQP0,
AQP1, AQP2, AQP4, AQP5, AQP6, AQP8), aquaglyc-
eroporins that conduct small neutral solutes like glycerol
and urea in addition to polar water molecules channels
(AQP3, AQP7, AQP9), and a new subfamily, the super-
aquaporins (AQP11, AQP12). AQPs play a pivotal role
in maintaining water homeostasis and glycerol metabol-
ism in the respiratory system and intestinal tract [37–
39]. In this study, we chose three water-specific channels
(AQP1, AQP5, AQP8) and one water-specific channels
(AQP9) as targets of this study, which was for observing
whether these AQPs were associated with edema and in-
jury of in lung and intestine, and regulated by DHFZT.
The present study revealed that there were different lo-
cation and expression level of AQP1, AQP5, AQP8 and
AQP9 both in lung and intestine. Whether in lung or in
intestine, the expression of AQP1, AQP5, AQP8 were
significantly higher than AQP9 in sham group. SAP in-
duced aggravated pulmonary and intestinal edema. The
protein expression of AQP1 and AQP5 both in lung and
intestine, and AQP8 only in intestine were significantly
downregulated after SAP, when compared with the sham
group in rats. AQPs facilitated the secretion of water
into acini of glands following the creation of an osmotic
gradient by the active secretion of solutes. In this study,
the low expression of AQP1 and AQP5 don’t success-
fully eliminate alveoli and interstitial water after SAP,

Fig. 6 DHFZT affected the changes of serum concentrations of TNF-α,
IL-6 and IL-10 after SAP. Sham: sham group; Model: Severe acute pan-
creatitis group; DHFZT: DHFZT group. Serum concentrations of TNF-α,
IL-10, and IL-6 were determined using enzyme linked immunosorbent
assay. TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; IL-10:
interleukin-10. Data are expressed as means ± SEM. *P < 0.05,
**P < 0.01, ***P < 0.001
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therefore, which leads to the pulmonary edema and in-
jury. The lower expression levels of AQP1, AQP5 and
AQP8 with the exception of AQP9 in the lung and intes-
tine may be the important pathogenic factors of pul-
monary and intestinal edema and injury induced by
SAP.
DHFZT is an effective traditional prescription used for

the treatment of SAP and its complications, which has
advantages of a low cost and a high therapeutic effect
[23]. The active components and the spectrum-effect re-
lationships of DHFZT in rat were identified by using
UHPLC–ESI–Q–TOF–MS method after oral adminis-
tration of DHFZT [25]. This study showed that 27 kinds
of chemical composition were identified, including 10
kinds in positive ion mode and 17 kinds in negative ion
mode. In positive ion mode, aconitine, mesaconitine,
karakoline, benzoylmes-conitine, benzoylhypaconitine,
songorine and songoramine were main constituents of
DHFZT. In negative mode, Gallic acid, Rhein, emodin,
safrole, α-Asarone and methyleugenol were main ingre-
dients. Modern clinical and experimental studies showed
that the mechanisms of alleviating SAP by DHFZT in-
clude improving pulmonary and intestinal function, pro-
moting the excretion of endotoxins and inhibiting the
release of inflammatory mediums and cytokines, in order
to prevent organ damage. The current study confirmed
that DHFZT alleviated the pathological damage of lung
and intestine induced by SAP. Furthermore, DHFZT
was shown to improve pulmonary and intestinal edema,
excessive accumulation of interstitial fluid and overflow
of the alveolar lumen fluid, by regulating the protein ex-
pression of AQP1 and AQP5, rather than AQP9. In
addition, DHFZT could also upregulate the level of
AQP8 in intestine for reducing intestinal water meta-
bolic disorder. These data would suggest that adminis-
tration of DHFZT may reduce the extent of edema and
injury of lung and intestine by upregulating the water-
specific channels, AQP1, AQP5 in lung and AQP1,
AQP5, AQP8 in intestine without aquaglyceroporin
channel (AQP9).
Excessive systemic inflammatory response in SAP

leads to distant organ damage and multiple organ dys-
function syndromes (MODS), which is the primary cause
of morbidity and mortality [40]. Local recruitment and
activation of inflammatory cells in injured pancreas may
lead to the production of pro-inflammatory cytokines,
such as IL-6 and TNF-α, as well as anti-inflammatory
IL-4 and IL-10.The imbalance of pro-inflammatory and
anti-inflammatory cytokines could lead to the inflamma-
tory cascade and injure intestine and lung tissue [10, 41].
Xue D et al. [42, 43] demonstrated that TNF-α is an im-
portant index for the severity of SAP. A study by Gao Z
revealed that marked negative linear association was ob-
served between the expression levels of AQP1 and TNF-α

in the present study [44]. DHFZT possesses various
pharmacological effects, such as anti-inflammatory and
anti-oxidative effects [45–48]. As a famous traditional
Chinese prescription, it has been widely used to treat vari-
ous inflammatory diseases, including SAP. The action of
DHFZT on SAP could be attributed to its effects on the
intestinal peristalsis, the bacteria and endotoxin transloca-
tion, and the anti-inflammatory activity. In this study, we
examined the value of TNF-α, IL-6, and IL-10 as predic-
tors of inflammation in SAP rats. Our result showed that
the level of serum TNF-α and IL-6 in SAP model group
was markedly higher than that of sham group at 12, 24,
48 h. DHFZT could increase the expression of anti-
inflammatory cytokines (IL-10) and inhibit the expression
of pro-inflammatory cytokines (TNF-α and IL-6) to ameli-
orate the histopathological damage of lung and intestine
after SAP. These data support a DHFZT regulated sys-
temic pro-inflammatory media/anti-inflammatory media
balance in rats. Similar results can be found in other stud-
ies. A study by Lu et al. also demonstrated that DHFZT
could effectively reduce serum TNF-α, IL-6 expression
and improve the prognosis of patients with SAP in Inten-
sive Care Unit [23]. These protective effects of DHFZT
could be closely related to the pharmacological effects of
DHFZT and its component herbs. DHFZT is composed of
three different medicinal herbs, and the major phyto-
chemical components of DHFZT include emodin, aloe
emodin, rhein, physcion, chrysophanol, benzoylmesaco-
nine, benzoylaconine, benzoylhypaconine, gallic acid, and
asarinin. In particular, Rheum officinale Baill showed pro-
tective effects against experimental SAP [49, 50], and em-
odin is one of the most active ingredients in Rheum
officinale Baill., which was considered to be a major pro-
tective agent in the pancreas and liver [51]. Treatment
with DHFZT could significantly reduce the mRNA expres-
sion of IL-6 caused by SAP, and attenuated the up-
regulated mRNA expression level of TNF-α at the dose of
48 mg/kg [24]. DHFZT inhibited increase in the serum
plasma concentrations of TNF-α and IL-1β after SAP
and elevated that of IL-10, suggesting that the anti-
inflammatory effects of DHFZT might be responsible
for the prevention of pulmonary and intestinal com-
plication induced by SAP in rats. Gram-negative in-
fections may be an important predisposing factor for
ALI or ARDS in acute pancreatitis [52]. Bacterial
endotoxin, as shown by experimental and clinic evi-
dence, is an important trigger factor of SAP resulting
in remote organ and multiple organ dysfunction syn-
drome (MODS). Without a doubt, it is known that
pulmonary edema partly is mediated by inflammation.
Circulating endotoxin induces the release of cytokines
such as TNF-α and IL-1β, which can increase perme-
ability of the endothelium and the alveolar epithelium
[53, 54]. We found that serum endotoxin level at
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24 h, 48 h in model group was dramatically increased
than that of sham group, which was reversed by
treatment with DHFZT.

Conclusions
This is the first study that 27 kinds of chemical compos-
ition including 10 kinds in positive ion mode and 17
kinds in negative ion mode were identified by accurate-
mass time-of-flight liquid chromatography-mass spec-
trometry (TOF LC/MS). We have identified the distribu-
tion feature and change of AQP 1, 5, 8 and 9 in lung
and intestine in rats. Subsequently this study show that
DHFZT could reduce the pulmonary and intestinal
edema and injury induced by SAP through regulating
the expression of AQP1, AQP5, AQP8 instead of AQP9.
In addition, our experimental data revealed that DHFZT
had anti-inflammatory responses in rats with SAP, which
further demonstrate the advantage of traditional Chinese
medicine decoction. Even though this study is just an
animal experiment,the findings should be appreciated as
limited and preliminary. The study will help us under-
stand the mechanism of DHFZT in the treatment of pa-
tients with SAP in clinical practice. Further research
could build on the current study.
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