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Abstract

AIM

To explore the pharmacokinetics and pharmacodynamics
of Da-Cheng-Qi decoction (DCQD) in the liver of rats
with severe acute pancreatitis (SAP) based on an herbal
recipe tissue pharmacology hypothesis.

METHODS

Healthy male Sprague-Dawley rats were randomly
divided into a sham operation group (SOG); a model
group (MG); and low-, median- and high-dose treat-
ment groups (LDG, MDG, and HDG, respectively).
Different dosages (6, 12 and 24 g/kg for the LDG, MDG,
and HDG, respectively) of DCQD were administered to
the rats with SAP. The tissue concentrations of aloe-
emodin, rhein, emodin, chrysophanol, honokiol, rheo
chrysophanol, magnolol, hesperidin, naringenin and
naringin in the liver of the treated rats were detected

February 28, 2017 | Volume 23 | Issue 8 |



Zhang YM et a/. PK-PD of Da-Cheng-Qi decoction in the liver

by high-performance liquid chromatography tandem
mass spectrometry. Alanine transaminase (ALT) and
aspartate transaminase (AST) in serum, inflammatory
mediators in the liver and pathological scores were
evaluated.

RESULTS

The major components of DCQD were detected in
the liver, and their concentrations increased dose-
dependently. The high dose of DCQD showed a maxi-
mal effect in ameliorating the pathological damages,
decreasing the pro-inflammatory mediators tumor
necrosis factor-a and interleukin (IL)-6 and increasing
anti-inflammatory mediators IL-4 and IL-10 in the liver.
The pathological scores in the pancreas for the MG
were significantly higher than those for the SOG (P <
0.05). DCQD could reduce the pathological scores in
the pancreas and liver of the rats with SAP, especially
in the HDG. Compared to the SOG, the ALT and AST
levels in serum were higher in the MG (P < 0.05), while
there was no statistical difference in the MG and HDG.

CONCLUSION

DCQD could alleviate liver damage by altering the
inflammatory response in rats with SAP based on the
liver distribution of its components.

Key words: Pharmacokinetics; Pharmacodynamics; Da-
Cheng-Qi decoction; Acute pancreatitis; Acute liver
injury

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study group had raised the herbal recipe
tissue pharmacology hypothesis, which assumed
that the effect of herb formula is related to its target
tissue distributions or concentrations of the effective
components in target tissues. This study was to
investigate the mechanism by which Da-Cheng-
Qi decoction (DCQD) ameliorates acute liver injury
complicated with severe acute pancreatitis in rats by
detecting the tissue distributions of the components
from DCQD in the liver and the inflammatory mediators
as well as the pathological scores.

Zhang YM, Ren HY, Zhao XL, Li J, Li JY, Wu FS, Su H, Tang
WF. Pharmacokinetics and pharmacodynamics of Da-Cheng-Qi
decoction in the liver of rats with severe acute pancreatitis. World
J Gastroenterol 2017; 23(8): 1367-1374 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i8/1367.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.i8.1367

INTRODUCTION

Acute pancreatitis (AP) is a sudden inflammation of
the pancreas and remote tissues. Approximately 20%
of AP patients develop a severe form with systemic
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inflammatory response syndrome (SIRS) and multiple
organ dysfunction syndrome (MODS), which can
affect the lung, kidney, intestine, liver and heart!*?.
One retrospective study showed that hepatic failure
associated with a high mortality rate was present
in 83% of patients with severe acute pancreatitis
(SAP) (among the 178 consecutive patients with SAP
admitted to the surgical department from 1994 to
1998, 113 treated in the general intensive care unit
were included in the study)™. The liver triggering
massive inflammatory response during AP was first
described in 1996, Inflammatory mediators from
the pancreas can directly injure liver cells via the
portal vein and can also stimulate Kupffer cells to
express tumor necrosis factor-o. (TNF-a), interleukin
1 (IL-1), interleukin 6 (IL-6) and other cytokines
that are involved in the development of local and
systemic inflammatory responses associated with
SAPP! Additionally, the activation of Kupffer cells
mediates lung injury in acute hemorrhagic necrotizing
pancreatitis'®”’, Inhibitors of Kupffer cell activation,
such as gadolinium chloride (GdCls3), can decrease
serum TNF-a levels and relieve remote organ injury
in AP, In the early stage of SAP, the liver stimulates
TNF-a. generation. However, with the progression of
the disease, excessive TNF-a was released into the
blood circulation, which led to remote organ damages;
this indicated that liver injury plays a central role in
the development of MODS in SAP®. Therefore, it
is important to improve therapies for liver injury to
decrease the severity of SAP.

Da-Cheng-Qi decoction (DCQD), a famous traditional
Chinese medicine (TCM) prescription, has been widely
used for the treatment of AP for over 30 years in
China™. DCQD is composed of Rheum palmatum L.
(Dahuang, dried marshmallow root or rhizome, bitter),
Magnolia henryi Dunn (Houpu, tree bark, bitter),
Citrus aurantium L. (Zhishi, dried immature fruit,
bitter), and Natrii Sulfas (Mangxiao, Na2S0s4-10H:0,
salty)®., It has been reported that DCQD can promote
gastrointestinal motility, inhibit cytokine activity and
inflammatory response, and relieve acute lung injury
in AP, Furthermore, our previous study confirmed
that the effects of DCQD on the pancreas, intestine and
lung were associated with the tissue distribution of its
potential target components™.

We hypothesized that the tissue pharmacology of
the herbal recipe is related to its target tissue distribution
or the concentration of its effective components in
target tissues!'?, This study aimed to explore the
relationship between the effects of DCQD and the
distribution/concentration of its absorbed components
in the liver of rats with SAP.

MATERIALS AND METHODS

Animals
Male Sprague-Dawley rats (n = 30) weighing 220 +
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15 g were purchased from the Experimental Animal
Center of West China Hospital (Chengdu, China). All
of the animals were fed and handled according to the
Guide for the Care and Use of Laboratory Animals of
Sichuan University (Chengdu, China) and the Animal
Ethics Committee Guidelines of the Animal Facility of
the West China Hospital (protocol number: 2016001A,
Chengdu, China). After one week of acclimation, the
rats were fasted for 24 h before the induction of SAP
and were kept under food-free conditions throughout
the experiment.

DCQD preparation

The Dahuang, Houpu, Zhishi and Mangxiao spray-dried
drug powders were purchased from Chengdu Green
Herbal Pharmaceutical Co. Ltd. (Chengdu, China). The
crude formula components were extracted twice by
refluxing with boiling distilled water (1:12, g/mL) for
1 h, and the obtained solution was concentrated and
spray-dried. The dry powder was stored at 4 "C until
use. DCQD comes from Shang-Han-Lun, a classic TCM
book in China, in which the described dosages are 12 g,
24 g, 12 g and 9 g, respectively, and 57 g of DCQD per
person (60 kg body weight) is suggested. According
to the Method of Pharmacology, the dosage for rats is
adjusted to 1/6-1/20 of the human dosage. We chose
1/6.3 to 1/18.9, meaning that the lowest dosage
was 6 g/kg body weight (0.6 g/100 g). As previously
described™, the spray-dried powders were mixed and
reconstituted with sterile distilled water according to a
standard ratio (12:24:12:9) at different concentrations
for the crude drug, giving 0.6 g/mL, 1.2 g/mL and 2.4
g/mL of DCQD.

Induction of AP and intervention

As previously described™], the rats were randomly
divided into a sham operation group (SOG), a model
group (MG), a low-dose treatment group (LDG, 6 g/
kg BW), a medium-dose treatment group (MDG, 12
g/kg BW) and a high-dose treatment group (HDG,
24 g/kg BW). After anesthetization with 10% chloral
hydrate injected into the abdominal cavity at 3 mL/kg
body weight, SAP in rats was induced by retrograde
injection of 3.5% sodium taurocholate (Sigma, St.
Louis, MO, United States) into the biliopancreatic
duct (1 mL/kg body weight) at a rate of 0.2 mL/min
with a micro-infusion pump!Y. The SOG received
a similar injection procedure but with saline. After
the rats recovered from the anesthesia, DCQD was
administered intragastrically to rats 2 h after operation
at the corresponding dosages. Rats in the SOG and MG
were given equal volumes of saline.

Pancreatic and hepatic histopathology

At 24 h after operation, the rats were sacrificed
and pancreas and liver samples were collected for
pathological analysis. These tissue samples were fixed
with 10% neutral formalin, embedded in paraffin,

Raishidenge ~ WJG | www.wjgnet.com

cut into sections and stained with hematoxylin and
eosin. All of the pathological sections were scored in a
blinded fashion by two independent pathologists using
a scoring system for the extent and severity of tissue
injury (0-4, representing edema, neutrophil infiltration,
necrosis, and hemorrhage)™***,

Measurement of inflammatory mediator levels in the
liver and ALT and AST levels in serum

The homogenate tissue levels of inflammatory me-
diators, including TNF-a, IL-6, IL-4 and IL-10, were
measured using a Milliplex MAP Rat Cytokine/Chemokine
magnetic bead immunoassay kit (Millipore Corporation,
Billerica, MA)™'". The values were read with a MAGPIX
Luminex XMAP instrument (Luminex Corp, Austin, TX)
and analyzed with the MILLIPLEX Analysis software
version 3 (Millipore Corporation, Billerica, MA)!*.. Blood
samples (5 mL) were collected for centrifugation at
3000 rpm for 7 min at low temperature, and then,
the supernatants were obtained for the alanine tran-
saminase (ALT) and aspartate transaminase (AST)
detection with an Automatic Biochemical Analyzer
(AU5400, SIEMENS, Munich, Germany).

Measurement of DCQD component concentrations in
the liver

The concentrations of the 10 major components of
DCQD (aloe-emodin, rhein, emodin, chrysophanol,
honokiol, rheo chrysophanol, magnolol, hesperidin,
naringenin and naringin) in liver tissue homogenates
(10%) were measured by high-performance liquid
chromatography tandem mass spectrometry (HPLC-
MS/MS) for the tissue distribution analysis*!!, The
HPLC-MS/MS system consists of an SIL-HTc auto-
sampler (Shimadzu, Kyoto, Japan), an LC-10ADvp
pump (Shimadzu, Kyoto, Japan), and an API3000
triple-quadrupole LC-MS system (Applied Biosystems,
Foster City, CA, United States). The conditions for this
system were described previously™**, The mean
contents of the components of DCQD, which were
detected three times in our previous study, were
as follows: rhein, 0.86 mg/g; emodin, 2.48 mg/g;
aloe-emodin, 1.73 mg/g; chrysophanol 0.55 mg/g;
rheochrysidin, 2.61 mg/g; naringin, 3.83 mg/g;
naringenin 4.16 mg/g; hesperidin, 11.06 mg/g;
honokiol, 1.26 mg/g; and magnolol, 1.11 mg/g™.

Preparation of standard and quality control samples

Our study group had detected the ten components in a
previous study by HPLC-MS/MS™., Quality control (QC)
samples were prepared to obtain the following plasma
concentrations for the examined components: (1)
3750, 625, 156.25 and 39.06 ng/mL for rhein; (2) 100,
25 and 6.25 ng/mL for emodin; (3) 600, 100, 25 and
6.25 ng/mL for aloe-emodin, chrysophanol, naringin,
naringenin, hesperidin, magnolol and honokiol; and
(4) 120, 20, 5 and 1.25 ng/mL for rheochrysidin. The
spiked plasma samples (standard and QC samples)
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Figure 1 Liver distribution of the ten major components of Da-Cheng-Qi
decoction in rats with severe acute pancreatitis. Rats (n = 6 per group) were
orally administered with different dosages of Da-Cheng-Qi decoction (DCQD)
(0.6 g/mL for the low-dose group, 1.2 g/mL for the medium-dose group, and 2.4
g/mL for the high-dose group) 2 h after operation. After 24 h, the livers were
collected to examine the DCQD component concentrations using a sensitive
HPLC-MS/MS method. The results are represented as the mean + SD.
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Figure 2 Effect of different dosages of Da-Cheng-Qi decoction on
inflammatory mediators in liver tissues from rats with severe acute
pancreatitis. Rats (n = 6 per group) were orally administered with different
doses of Da-Cheng-Qi decoction (DCQD) (6 g/kg for the LDG, 12 g/kg for the
MDG, and 24 g/kg for the HDG) 2 h after operation. After 24 h, the livers were
collected to examine pro-inflammatory cytokine (IL-6 and TNF-a.) and anti-
inflammatory cytokine (IL-4 and IL-10) levels. The inflammatory cytokines were
measured by ELISA. The results are represented as the mean + SD. °P < 0.05
vs SOG and °P < 0.05 vs MG. SOG: Sham operation group; MG: Model group;
LDG: Low-dose group; MDG: Medium-dose group; HDG: High-dose group.

were pretreated and detected in each analytical batch
along with the unknown samples**), The detected
DCQD samples were stored in the Public Experiment
Platform at West China Hospital (Chengdu, China).

Data collection, peak integration, and calibration
were all calculated with the Analyst 1.4.2 software.
Calibration curves were plotted according to the
peak ratios of the analytes to the internal standards
(ibuprofen), and the linear regression between the
tissue concentration and the peak area ratio was
determined by 1/7°. The concentrations of QC and
unknown samples were measured by interpolation
from the calibration curves!*.

Statistical analysis

All of the data were processed with statistical software
PEMS 3.1. All of the values are expressed as the
mean £ SD. One-way repeated-measure ANOVA,
followed by multiple pair-wise comparisons using
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the Student-Neuman-Keuls procedure, was used to
detect differences among the groups. P < 0.05 was
considered significantly different.

RESULTS

Major components of DCQD distributed in liver tissues
The ten major components of DCQD were measured in
liver tissues. Chrysophanol, emodin, magnolol, rhein,
aloe-emodin and rheo chrysophanol increased dose-
dependently with the DCQD dosage. The concentration
of naringenin was the highest (Figure 1).

In hepatic tissue, the pro-inflammatory cytokines
(IL-6 and TNF-a) and anti-inflammatory cytokines
(IL-4 and IL-10) displayed a significant increase in the
MG compared with the SOG (P < 0.05). Compared to
the MG, the expression of pro-inflammatory cytokines
in the liver tissues decreased in the DCQD-treated
groups with the lowest levels (P < 0.05), while the
levels of anti-inflammatory cytokines were significantly
increased and their levels were the highest in the HDG
(P < 0.05) (Figure 2).

DCQD alleviates the pathological damage in the
pancreas and liver of rats with AP

The pancreas of rats in the SOG was slightly edematous
without obvious acinar tissue hemorrhage and necrosis
and the liver had no obvious changes. However, the
pancreas of rats in the MG showed distinct necrosis,
interstitial edema, infiltration of neutrophil and
mononuclear cells, and hemorrhage in the tissues. The
liver tissues of rats in the MG showed mainly edema
and infiltration of neutrophil without necrosis. After
treatment with DCQD, we found a significant reduction
in inflammatory cell infiltration, hemorrhage, necrosis
and interstitial edema in the tissues, and the effects
were the best in the HDG. DCQD could reduce the
pathological scores in the pancreas and liver of rats with
SAP, especially in the HDG (Figure 3).

DCQD has no obvious influence on the ALT and AST
levels in serum

Based on the highest distribution in the liver tissues
of the major components of DCQD in the HDG, the
ALT and AST levels were detected in the SOG, MG and
HDG. Compared to the SOG, the ALT and AST levels in
serum were higher in the MG (P < 0.05), while there
was no statistical difference between the MG and HDG
(Figure 4).

DISCUSSION

In our study, we found that the components of DCQD
in liver tissues were similar to those in plasma and
pancreas or intestine tissues as detected by HPLC-
MS/MSH 4 As shown above, the concentration of
naringenin in the liver was the highest of the com-
ponents, which was also true in the intestine™. How-
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Figure 3 Da-Cheng-Qi decoction alleviates pancreas and liver damages in rats with severe acute pancreatitis. Rats (n = 6 per group) were orally administered
with different doses of Da-Cheng-Qi decoction (DCQD) (6 g/kg for the LDG, 12 g/kg for the MDG, and 24 g/kg for the HDG) 2 h after operation. At 24 h after operation,
pancreas and liver samples were collected for pathological analysis and stained with hematoxylin and eosin (HE); A: Pathological pictures of the pancreas (the left)
and liver tissues (the right, HE, x 200); B: Pathological scores for the pancreas and liver damages. The results are represented as the mean + SD. °P < 0.05 vs SOG
and °P < 0.05 vs MG. SOG: Sham operation group; MG: Model group; LDG: Low-dose group; MDG: Medium-dose group; HDG: High-dose group.

AST levels in serum

60 - ALT levels in serum 400 -
a
_ 300
5 40 5
s s
% g 200
— =
O 20+ 1)
< < 100
0 0

SOG MG HDG

SOG MG HDG

Figure 4 Da-Cheng-Qi decoction has no obvious effect on the alanine transaminase and aspartate transaminase levels in serum in rats with severe acute
pancreatitis. Rats (n = 6 per group) were orally administered with different doses of Da-Cheng-Qi decoction (DCQD) (24 g/kg for the HDG) 2 h after operation. At
24 h after administration, blood samples were collected for detection. The results are represented as the mean + SD. °P < 0.05 vs SOG. SOG: The sham operation
group; MG: Model group; HDG: High-dose group; ALT: Alanine transaminase; AST: Aspartate transaminase.

ever, there were still differences in the distribution of
these components in the liver. In the pancreas, the
concentration of rhein was the highest in the HDG!"",
while naringenin had the highest concentration in the
liver, followed by aloe-emodin at 24 h after induction
of AP (Figure 1), indicating that naringenin and aloe-
emodin might be the major target components of
DCQD associated with liver damage in SAP. As des-
cribed previously, the target tissues of aloe-emodin
might be the liver and kidney!®. In combination
with our studies™ ¥, the distribution of these DCQD
components includes different target tissues, which
is consistent with the hypothesis regarding the tissue
pharmacology in the herb recipe™. For example, the
concentration of rhein was highest in the pancreas, the
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1371

concentration of emodin was highest in the lung, and
that of naringenin was highest in the intestine and liver
at 24 h after induction of AP™", Blood-tissue barriers
may contribute to these phenomena™. To date, most
studies mainly focused on the blood-brain barrier and
gut barrier, with research on the blood-pancreas juice
barrier (BPJB) and the liver barrier being rare. It has
been reported that the BPIB might lead to the selective
excretion of some antibiotics, such as chloramphenicol
in dogs with chronic pancreatic fistula™” and anti-tumor
drugs including 5-fluorouracil and mitomycin (MMC)
during pancreatic adenocarcinoma chemotherapy™®.
We know that the liver barrier consists of a cell-cell
barrier, a hepatic cell-blood barrier (the liver sinusoidal
cell populations (LSECs) of the reticulo-endothelial
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system) and a blood-gall barrier. The LSECs of the
reticulo-endothelial system could clear the pro-
inflammatory molecules derived from the gut, such as
lipopolysaccharide (LPS), in the absence of any signs
of inflammation'®*®". Future research could pay more
attention to the BPIB and liver barrier, which may play
important roles in the treatment of AP with herbal
medicine!®.,

AP is a potentially lethal acute inflammatory
disease mediated by pro- and anti-inflammatory
mediators released from the pancreas and other
sources®"??, During SAP, the pro- and anti-infla-
mmatory responses occurred early and persisted
in the systemic circulation for several days'*. Their
main sources are tissue macrophages, and they
attract neutrophils and additional macrophages and
induce the production of proteases, elastases, and
phospholipases, which can cause tissue damage'*.
The pro-inflammatory serum mediator IL-6 increased
early and sensitively predicts severity in patients with
AP, The release of IL-6 in inflamed pancreatic tissue
is associated with the development of remote organ
dysfunction™®. Furthermore, the induction of the
hepatic production of acute phase proteins contributes
to the pathophysiological roles of IL-6 in the acute
phase response™®’. TNF-q. is the most important factor
involved in inflammatory response and shock, not only
inducing apoptosis and necrosis but also entering blood
circulation to induce the expression of interleukins,
such as IL-6, which can cause inflammatory response
waterfall cascades and lead to SIRS™®. However, the
anti-inflammatory cytokines IL-4 and IL-10 can inhibit
macrophage function. IL-10 is a marker of Th2
lymphocyte activity™ and shows a positive effect on
the proliferation and differentiation of B lymphocytes,
which promote the production of immunoglobulins®®.
IL-10 can reduce the free oxygen radicals affecting
macrophages and T-helper lymphocytes®®! and lower
necrosis and mortality in AP, IL-10 can also inhibit
the secretion of pro-inflammatory cytokines, including
TNF-a, IL-1B, IL-6, and IL-8"°.. It appears that balancing
pro-inflammatory and anti-inflammatory cytokines is
crucial in the progression of inflammation in AP,

In this study, we examined the levels of IL-4,
IL-6, IL-10 and TNF-a as predictors of inflammatory
changes in AP. Our results showed that IL-6 levels
were higher than those of other inflammatory me-
diators, while TNF-a levels were lowest in the liver.
The role of pro-inflammatory IL-6 in the prediction of
AP severity seems more valuable than TNF-a, which
is in line with other studies™'**!. We found that the
pro-inflammatory cytokines IL-6 and TNF-o and the
anti-inflammatory cytokines IL-4 and IL-10 displayed
a relative balance (Figure 2). DCQD treatment could
increase the expression of IL-4 and IL-10 and inhibit
the expression of TNF-a. and IL-6, which ameliorated
SAP-associated liver damages; better effects were
observed at higher DCQD dosages (Figure 2). These
data provided evidence for the regulatory effect of
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DCQD on the balance of pro-inflammatory and anti-
inflammatory mediators to ameliorate liver damages
and reduce AP severity. This effect was similar to
the effects of DCQD on lung, pancreas and intestine
damages''!. Similar results can be found in other
studies. It has been reported that DCQD could
alleviate liver injury by decreasing the levels of TNF-q,
IL-6 and NO™!, DCQD might promote the synthesis
of hepatic cell RNA to maintain the structure and
function of hepatic cells*. Purgative therapy with
DCQD improved hepatocyte apoptosis in rats with
acute hepatic injury induced by LPS/D-galactosamine
by down-regulating the caspase-2 and BAX protein
expression, up-regulating BCL-2 expression and
adjusting the BCL-2/BAX balance™*’. As mentioned
above, naringenin might be the major DCQD target
component in the liver of rats with SAP. It has been
reported that naringenin increases resistance to
oxidative stress and inflammation and protects against
multiple organ injury in various animal models™®.
Furthermore, naringenin reduces macrophage in-
filtration by significantly decreasing hepatic pro-
inflammatory mediators and the expression of relevant
genes including TNF-a, IL-6, IL-1B, inducible nitric
oxide synthase, matrix metalloproteinases (MMP-2
and -9), and EGF-like module-containing mucin-
like hormone receptor-like 1°. Our study found
that aloe-emodin might be another effective target
component of DCQD in the liver. Hu et ai**”’ showed
that aloe-emodin conferred anti-inflammatory effects
through a likely mechanism involving a decrease in
pro-inflammatory cytokine production via inhibition
of the nuclear factor «B (NF-xB), MAPK, and PI3K
pathways. Of course, other components could also
cause anti-inflammatory effects. For example,
rhein could inhibit NF-xB activation and sequentially
suppress its downstream targets, including inducible
nitric oxide synthase, IL-6, and TNF-a, by inhibiting
IKKB in LPS-activated macrophages™®. Emodin could
enhance peritoneal macrophage (pM®) phagocytosis
and apoptotic cell clearance by altering intercellular
adhesion molecule-3 expression in SAP or SIRSP?.
Based on the close relationship between DCQD or
its components and inflammatory mediators, future
studies should focus on the molecular mechanism of
the components and their target tissues.

According to our results, the effect of DCDD on
the liver damages was mainly dose-dependently im-
proving the inflammatory injuries™". As early as 1998,
Zhao et al™*” had determined that the inhibitory effect
of DCQD on acute phase protein levels was dose-
dependent in MODS. It was recently reported that
DCQD improved the pathological scores and decreased
serum amylase and lipase dose-dependently in a
study showing that DCQD attenuates inflammatory
responses by inhibiting the high mobility group box
1 -mediated NF-x03BA, B and P38 MAPK signaling
pathways in SAP!!, Additionally, the concentrations
of nine major components of DCQD, all except for
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naringenin, were increased in a dose-dependent
manner (Figure 1). The concentrations of the ten major
components of DCQD increased dose-dependently in
the intestine!'". Therefore, a DCQD dose-concentration
effect may exist for the treatment of AP, which would
support the tissue pharmacology herbal recipe. How-
ever, studies substantiating these results remain
rare. In this study, DCDD showed no obvious effect in
ameliorating the ALT and AST levels. We considered that
the action time of the single dose of DCQD might be too
short or the dosage of DCQD and the concentrations
of the components in the tissues was not enough to
reduce the ALT and AST levels. This issue needs to
clarify in further studies.

In conclusion, most of the DCQD components could
be absorbed into the liver of rats with SAP. Additionally,
DCQD may ameliorate histopathological damages and
inflammatory responses by increasing the expression
of anti-inflammatory cytokines and inhibiting the
expression of pro-inflammatory cytokines, which may
be associated with the DCQD intake dosages.
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