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Abstract
BACKGROUND
Acute pancreatitis (AP) is a pancreatic inflammatory disorder that is commonly
complicated by extrapancreatic organ dysfunction. Dachengqi decoction (DCQD)
has a potential role in protecting the extrapancreatic organs, but the optimal oral
administration time remains unclear.

AIM
To screen the appropriate oral administration time of DCQD for the protection of
extrapancreatic organs based on the pharmacokinetics and pharmacodynamics of
AP rats.

METHODS
This study consisted of two parts. In the first part, 24 rats were divided into a
sham-operated group and three model groups. The four groups were
intragastrically administered with DCQD (10 g/kg) at 4 h, 4 h, 12 h, and 24 h
postoperatively, respectively. Tail vein blood was taken at nine time points after
administration, and then the rats were euthanized and the extrapancreatic organ
tissues were immediately collected. Finally, the concentrations of the major
DCQD components in all samples were detected. In the second part, 84 rats were
divided into a sham-operated group, as well as 4 h, 12 h, and 24 h treatment
groups and corresponding control groups (4 h, 12 h, and 24 h control groups).
Rats in the treatment groups were intragastrically administered with DCQD (10
g/kg) at 4 h, 12 h, and 24 h postoperatively, respectively, and rats in the control
groups were administered with normal saline at the same time points. Then, six
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rats from each group were euthanized at 4 h and 24 h after administration. Serum
amylase and inflammatory mediators, and pathological scores of extrapancreatic
organ tissues were evaluated.

RESULTS
For part one, the pharmacokinetic parameters (C max, T max, T 1/2, and AUC 0
→ t) of the major DCQD components and the tissue distribution of most DCQD
components were better when administering DCQD at the later (12 h and 24 h)
time points. For part two, delayed administration of DCQD resulted in lower IL-6
and amylase levels and relatively higher IL-10 levels, and pathological injury of
extrapancreatic organ tissues was slightly less at 4 h after administration, while
the results were similar between the treatment and corresponding control groups
at 24 h after administration.

CONCLUSION
Delayed administration of DCQD might reduce pancreatic exocrine secretions
and ameliorate pathological injury in the extrapancreatic organs of AP rats,
demonstrating that the late time is the optimal dosing time.

Key words: Oral administration time; Dachengqi decoction; Pharmacokinetics;
Pharmacodynamics; Acute pancreatitis; Extrapancreatic organs

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study is the first to assess the optimal dosing time of Dachengqi decoction
for protecting the extrapancreatic organs of acute pancreatitis rats. Based on the
pharmacokinetic and pharmacodynamic experiments, we proved that delayed
administration may be more appropriate in alleviating damage to multiple
extrapancreatic organs in acute pancreatitis rats. In addition, this is the first time we have
tried to compare the efficacy at different times after administration, and we found that a
single-dose administration of the decoction leads to a rapid onset of relief but no steady-
state effect, suggesting that multiple-dose administration should be considered.

Citation: Yao JQ, Zhu L, Miao YF, Zhu L, Chen H, Yuan L, Hu J, Yi XL, Wu QT, Yang XJ,
Wan MH, Tang WF. Optimal dosing time of Dachengqi decoction for protection of
extrapancreatic organs in rats with experimental acute pancreatitis. World J Gastroenterol
2020; 26(22): 3056-3075
URL: https://www.wjgnet.com/1007-9327/full/v26/i22/3056.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i22.3056

INTRODUCTION
Acute  pancreatitis  (AP)  is  an  inflammatory  pancreatic  disorder  associated  with
substantial morbidity and mortality[1]. The overall mortality for AP can range from 1%
to  15%  but  can  reach  30%  to  50%  in  severe  cases[2-4].  The  severe  form  of  AP  is
commonly complicated by multiple extrapancreatic organ dysfunction, which can
impact the heart, liver, lungs, kidneys, and intestines, leading to a significant increase
in AP mortality[5,6]. Currently, the primary treatment for severe AP (SAP) is limited to
supportive care and treatment of complications[7], and the application of traditional
Chinese medicine (TCM) has a potential role in reducing AP mortality[8].

Dachengqi decoction (DCQD) was first recorded in “Shang-Han-Lun” and is one of
the  four  classics  of  TCM,  consisting  of  Dahuang  (Rheum  palmatum  L.),  Houpu
(Magnolia henryi Dunn.), Zhishi (Citrus aurantium L.), and Mangxiao (Natrii Sulfas).
DCQD has been widely used to alleviate AP for over 40 years in China[9].  Recent
clinical research has shown that DCQD could help to restore the recovery of intestinal
mucosal permeability, relieve intra-abdominal hypertension, decrease the incidence of
multiple  organ  dysfunction  syndrome  (MODS),  and  shorten  the  length  of
hospitalization in AP patients[10-12]. Some animal experiments have demonstrated that
DCQD could increase cell viability, promote the transformation of injured acinar cells
from necrosis  to  apoptosis,  and  protect  the  pancreas  from injury  in  vivo  and  in
vitro[13,14]. Our previous studies have shown that DCQD could protect multiple organs
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(pancreas,  lungs,  kidneys,  and  intestines)  from  injury  caused  by  excessive
inflammatory responses and confirmed that the anti-inflammatory effects of DCQD
on these organs were associated with its  tissue distribution[9,15,16].  Through these
studies, the therapeutic mechanism of DCQD has been further explored; however,
there are few studies on the impact of different administration times on prognosis.

The timing of oral administration of TCM in AP patients has been a subject of much
discussion. In China, DCQD is commonly used without food to relieve symptoms in
AP patients in the early stage of  AP[17].  Current AP guidelines recommend early
enteral nutrition but do not provide specific guidance on the optimal time to take
Chinese herbal medicine orally[18]. Our previous study proved that the oral dosing
time of DCQD plays a role in the absorption of its components and its pancreatic
tissue  distribution.  Further,  administering  DCQD  too  early  may  aggravate  the
pathological damage to the pancreas[19]. However, the effects of administration time
on multiple extrapancreatic organs in AP rats are still unclear. In the current study,
we evaluated the pharmacokinetics of the main components of DCQD and the related
pharmacodynamics  effects  in  heart,  liver,  lung,  kidney,  and  intestinal  tissues
following administration of DCQD at different time points in AP rats. Based on these
findings, we can suggest a better dosing time for the protection of extrapancreatic
organs during SAP.

MATERIALS AND METHODS

Animals
Specific-pathogen free male Sprague-Dawley rats weighing 280-300 g (aged 90 ± 5 d)
were purchased from Chengdu Dashuo Experimental Animal Co., Ltd. (Chengdu,
China). All the animals were raised under the same conditions, which are described in
our  previous  article[20].  All  experiments  were  reviewed  and  approved  by  the
Institution Animal Care and Use Committee of Sichuan University (Chengdu, China;
protocol number, 2019003A). After one week of adaptive feeding, the animals were
fasted for 12 h before induction of the model (Supplementary Material).

Preparation of DCQD and the reagents
The Chinese herbs used in this experiment were all drug powders obtained after
spray drying and were purchased from Chengdu Green Herbal Pharmaceutical Co.,
Ltd. (Chengdu, China). The four drug powders, i.e., Dahuang (No. 1806013), Houpu
(No. 1807029), Zhishi (No. 1810043), and Mangxiao (No. 1808009), were mixed in
standard proportions (12:24:12:9,  respectively) by weight and stirred with sterile
double-distilled water to a concentration of 1 g/mL. This DCQD solution was stored
in a 37 °C warm water bath for 30 min until use. The reagents and instruments used in
this experiment are described in further detail in Supplementary Material.

Animal models and DCQD treatment
This study consisted of two parts. In the first part, rats were divided into four groups
(n  =  6  per  group) randomly:  One sham-operated group (SOG1)  and three model
groups (MG1,  MG2,  and MG3).  After  the rats  were anesthetized with 2% sodium
pentobarbital (intraperitoneal injection, 40 mg/kg), the AP model was induced as
described previously[14]. Briefly, 3% sodium taurocholate (1 mL/kg) was retrogradely
poured into the biliopancreatic duct; the speed of administration was controlled by a
micro-infusion pump at 0.1 mL/min. SOG1 underwent the same procedure but with
saline. The rats were fasted and provided with water ad libitum after the operation.
The four groups were orally administered with DCQD (10 g/kg) at 4h, 4 h, 12 h, and
24 h postoperatively, respectively. After administration, 0.5 mL of tail vein blood was
taken  at  1/6  h,  1/3  h,  2/3  h,  1  h,  2  h,  4  h,  8  h,  12  h,  and  24  h,  followed  by
administration of high dose 2% sodium pentobarbital for euthanasia (intraperitoneal
injection, 200 mg/kg). After the last blood collection, heart, liver, lung, kidney, and
intestinal tissues of each rat were collected and homogenized. Finally, the plasma and
tissue samples were centrifuged (3000 r/min, 7 min) to obtain the supernatant and
then placed in a -80°C refrigerator for further testing.

In the second part, the rats were randomly divided into a sham-operated group
(SOG2), as well as three treatment groups (4 h-TG, 12 h-TG and 24 h-TG), and three
corresponding control groups (4 h-CG, 12 h-CG, and 24 h-CG), with 12 rats in each
group. The AP model and SOG2 were induced as described in part one. All rats were
fasted  and  provided  with  water  ad  libitum  after  the  operation.  The  rats  in  the
treatment groups were administered with DCQD (10 g/kg) at 4 h, 12 h, and 24 h
postoperatively, respectively. The rats in each control group were administered with
normal saline at the same point. After a single dose, six rats from each group were
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euthanized at 4 h and 24 h. Meanwhile, heart blood was collected and centrifuged
(3000  r/min,  7  min)  to  detect  the  IL-6,  IL-10,  and  amylase  concentrations,  and
extrapancreatic  organ  (heart,  liver,  lung,  kidney,  and  intestine)  sampling  was
performed for pathological damage assessment.

Measurement of concentrations of DCQD components
The concentrations of the ten main components of DCQD (emodin, aloe-emodin,
rhein, chrysophanol, rheochrysidin, hesperidin, naringenin, naringin, magnolol, and
honokiol)  in  serum samples  and visceral  organ tissues  were  measured by high-
performance liquid chromatography-tandem mass spectroscopy (HPLC-MS/MS) as
described previously[21].  All  system configurations  and operating conditions  are
described in Supplementary Material, and all operations were performed following
the manufacturer’s instructions. Briefly, serum or tissue homogenate samples were
extracted with ethyl acetate after adding the internal standard working fluid and
hydrochloric acid buffer. Then, the mixtures were vortexed, centrifuged (3000 rpm, 7
min), warm water bathed, and incubated with the double-solvents. Finally, 20 μL of
the treated supernatant was taken and tested with the HPLC-MS/MS system. The
chromatographic peak areas of the serum and tissue samples, as well as the internal
standard (ibuprofen), were analyzed with Analyst 1.4.2 software, and then standard
curves were plotted and the concentrations of our serum and tissue samples were
calculated based on the standard curves.

Pharmacokinetic parameter analysis
After obtaining the serum concentration data of each component of DCQD by HPLC-
MS/MS, the corresponding pharmacokinetic parameters were determined using DAS
2.0.1 (Drug and Statistics, China), a statistical software for pharmacokinetics compiled
by the Chinese Pharmacological Society. The following results were recorded and
compared: The peak concentration (C max), the time to reach the peak concentration
(T max), the elimination half-life (T 1/2), and the area under the concentration-time
curve (AUC 0 → t).

Measurement of inflammatory mediators and amylase levels in serum
Heart blood was collected and centrifuged (3000 r/min, 7 min) for amylase, IL-6, and
IL-10 detection. Amylase levels were measured via a HITACHI automatic biochemical
analyzer, as shown in Supplementary Material. IL-6 and IL-10 levels were determined
with enzyme-linked immunosorbent assay kits listed in Supplementary Material.

Histopathological analysis of heart, liver, lung, kidney, and small intestinal tissues
All tissue samples were fixed (10% neutral formalin), embedded (paraffin), and sliced
(5 μm) for hematoxylin and eosin staining. The stained sections were examined with
an upright microscope and scored for pathological damage in a blinded manner. The
degree of lung tissue damage was quantified based on a previously described scoring
system[22]  (0-4  points:  Thickness  of  the  alveolar  wall,  edema,  congestion,  and
neutrophil infiltration in the airspace);  intestinal histological damage was scored
according to Wirtz et al[23]; and a previously established scoring system[9,15,24] was used
to assess the severity of heart, liver, and kidney damage, including edema, neutrophil
infiltration, necrosis, and hemorrhage (scores ranging from 0 (absent) to 4 (extensive)).
The final  histopathology score was the average of  the composite  scores for  each
component.

Statistical analysis
Graph Pad Prism 7.0  (Supplementary  Material)  software  was  used  for  the  data
analyses. All data passed the normality test and are expressed as the mean ± standard
deviation. In the first part of the study, one-way analysis of variance (parametric or
non-parametric)  followed by pairwise comparisons was performed for statistical
analysis. In part two, the Student’s t-test was employed to measure the differences of
pharmacodynamic parameters between each treatment and corresponding control
group. The level of statistical significance was set at P < 0.05.

RESULTS

Part one: Pharmacokinetics of absorbed components of DCQD
In the current study, a total of ten components of DCQD were detected in tissue
samples, including five components (emodin, aloe-emodin, rhein, chrysophanol, and
rheochrysidin)  from  Dahuang,  three  components  (naringin,  naringenin,  and
hesperidin) from Zhishi, and two components (magnolol and honokiol) from Houpu.
We failed to determine the main ingredient of Mangxiao because it is not absorbed in
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the small intestine. Only eight of them were successfully detected in serum at all time
points after oral administration, so we only successfully fitted the concentration-time
curve of eight monomers.

Comparison of plasma pharmacokinetic parameters: Compared with the SOG1, the T
max of seven components (emodin, rhein, rheochrysidin, chrysophanol, naringin,
naringenin, and magnolol) in MG1 was delayed. The C max values of emodin, aloe-
emdin,  rhein,  chrysophanol,  and magnolol  in MG1  were lower,  while  the C max
values of rheochrysidin, naringin, and naringenin were higher (Figure 1). Meanwhile,
the AUC 0 → t values of chrysophanol, emodin, rhein, and magnolol in MG1 were
smaller than those in SOG1, while those of naringin and naringenin were larger (P <
0.05;  Table  1).  The  T  1/2  values  of  chrysophanol  and  naringin  in  MG1  were
significantly shorter than those in SOG1 (P < 0.05; Table 1).

In the three model groups, we found that the T max of emodin, aloe-emodin, rhein,
chrysophanol,  and naringenin  in  MG1  and emodin,  aloe-emodin,  rheochrysidin,
naringenin, and magnolol in MG2 were delayed compared with MG3 (Figure 1). The C
max values of emodin, aloe-emodin, rhein, chrysophanol, and magnoolol in MG1 were
lower compared with those in MG3, while the values of rheochrysidin were higher
(Figure 1). The AUC 0 → t values of chrysophanol, aloe-emodin, and rhein in MG1

were smaller than those in MG2 or MG3 (P < 0.05; Table 1), and the AUC 0 → t values
of aloe-emodin, chrysophanol, and rhein in MG3 were larger than those in MG1 or
MG2  (P  < 0.05;  Table 1).  On the contrary,  the AUC 0 → t  values of  naringin and
naringenin in MG1  were higher compared with those in MG3  (P  <  0.05;  Table 1).
Besides, the T 1/2 values of rhein, naringenin, and magnolol in MG1 were shorter than
those in MG2 or MG3 (P < 0.05; Table 1).

Comparison  of  drug  concentrations  in  tissues:  In  heart  tissue  samples,  the
concentrations of emodin, aloe-emodin, naringin, and honokiol in MG1 were lower
than  those  in  SOG1  (P  <  0.05;  Table  2).  Additionally,  in  MG1  and  MG2,  the
concentrations of emodin, aloe-emodin, honokiol, magnolol, naringin, naringenin,
and hesperidin were lower than those in MG3 (P < 0.05; Table 2).

In liver tissue samples, the concentrations of six major components (emodin, rhein,
rheochrysidin, naringin, naringenin, and hesperidin) of DCQD were obviously lower
in MG1 than in SOG1 (P < 0.05; Table 2). Compared with MG3, the concentrations of
emodin, aloe-emodin, naringin, magnolol, and hesperidin were lower in MG1 and
MG2 (P < 0.05; Table 2).

In  lung  tissue  samples,  the  concentrations  of  rheochrysidin,  naringin,  and
hesperidin were lower in MG1 than in SOG1 (P < 0.05; Table 2). Meanwhile, in MG1

and MG2, the concentrations of aloe-emodin, rhein, naringin, and hesperidin were
lower than those in MG3, while the concentration of honokiol was higher (P < 0.05;
Table 2).

In kidney tissue samples, the concentrations of seven major components (emodin,
rhein, chrysophanol, magnolol, honokiol, naringin, and hesperidin) of DCQD were
clearly lower in MG1  than in SOG1  (P  <  0.05;  Table  2).  Compared with MG3,  the
concentrations of aloe-emodin, rhein, chrysophanol, naringin, magnolol, and honokiol
were significantly lower in MG1 and MG2; however, that of naringenin was higher (P
< 0.05; Table 2).

In intestinal tissue samples, the concentrations of five major components (emodin,
rhein,  chrysophanol,  aloe-emodin,  rheochrysidin,  naringin,  naringenin,  and
hesperidin) of DCQD were significantly lower in MG1 than in SOG1 (P < 0.05; Table 2).
Additionally, the concentrations of all major components of DCQD, except rhein,
were significantly lower in the intestinal tissues in MG1 and MG2 than in MG3 (P <
0.05; Table 2).

Part two: Pharmacodynamics of DCQD targeting of extrapancreatic organs
Delayed oral administration time of DCQD reduces amylase levels: Compared with
SOG2,  the  amylase  levels  of  all  control  groups  were  higher  (P  <  0.05;  Figure  2),
indicating  that  we  successfully  induced  the  AP  model  in  rats.  When  rats  were
euthanized at 4 h after intragastric administration, the amylase levels in 4 h-TG were
obviously higher than those in 4 h-CG (P  < 0.05; Figure 2); however, the amylase
levels in the other two treatment groups (12 h-TG and 24 h-TG) were lower compared
with their respective control groups (12 h-CG and 24 h-CG, respectively) (P < 0.05;
Figure 2). When rats were euthanized at 24 h after intragastric administration, the
amylase levels in 12 h-TG were relatively lower than those in 12 h-CG (P  < 0.05;
Figure 2); however, none of the other treatment groups showed significant differences
in levels compared with their corresponding control groups.

Delayed oral administration of DCQD inhibits IL-6 expression and increased IL-10
expression: When rats were euthanized at 4 h after intragastric administration, the IL-
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Table 1  Pharmacokinetic parameters of the eight components of Dachengqi decoction in serum
(n = 6)

Parameter SOG1 MG1 MG2 MG3

Emodin

AUC 0-t 1605.0 ± 1029.5 359.3 ± 187.1a 362.5 ± 67.4 427.5 ± 299.3

T 1/2z 5.2 ± 1.4 18.9 ± 12.5a 9.0 ± 3.2 22.6 ± 9.0

T max 0.6 ± 0.3 3.5 ± 1.6a 3.5 ± 1.6 0.3 ± 0dc

C max 620.733 ± 477.0 34.1 ± 22.5a 29.8 ± 8.8 125.2 ± 90.9dc

Aloe-emodin

AUC 0-t 19206.1 ± 7275.8 11860.0 ± 4393.20 20181.9 ± 7660.2 37303.2 ± 13970.9d

T 1/2z 7.0 ± 1.9 5.4 ± 2.1 6.4 ± 0.8 8.1 ± 5.4

T max 1.6 ± 1.6 1.4 ± 0.7 3 ± 1.2 0.7 ± 0.3c

C max 3797.0 ± 727.7 2203.9 ± 1156.1 2398.4 ± 708.9 8349.5 ± 3969.4dc

Rhein

AUC 0-t 31571.7 ± 8961.8 13308.8 ± 8524.4a 61966.5 ± 18335.3b 38030.3 ± 22227.7dc

T 1/2z 4.1 ± 1.5 6.5 ± 2.3 4.8 ± 0.8 20.8 ± 10.0dc

T max 0.8 ± 0.2 6.5 ± 2.3a 1.7 ± 0.7b 1.6 ± 1.6d

C max 11807.5 ± 2771.1 2204.3 ± 353.4a 9245.7 ± 1284.0b 11113.2 ± 5342.5d

Chrysophanol

AUC 0-t 29977.3 ± 7570.0 15682.3 ± 5428.0a 28337.7 ± 8880.5b 26358.6 ± 4312.1d

T 1/2z 5.7 ± 1.5 4.8 ± 1.0a 4.7 ± 10.0 6.9 ± 4.5

T max 1.4 ± 0.7 3.3 ± 3.2a 1.5 ± 0.6b 1.8 ± 1.7

C max 7766.1 ± 2796.1 2018.9 ± 1227.5a 4153.7 ± 2621.4 4318.1 ± 2458.9

Rheochrysidin

AUC 0-t 867.505 ± 867.5 3665.5 ± 1693.3a 3032.0 ± 1011.6 1510.264 ± 727.3d

T 1/2z 6.1 ± 1.0 4.3 ± 1.2 4.3 ± 1.6 9.4 ± 1.5dc

T max 1 ± 0.7 1.9 ± 1.5 2.2 ± 1.4 1.5 ± 0.6

C max 197.5 ± 64.0 728.8 ± 387.4a 489.8 ± 176.2 172.9 ± 110.7d

Naringin

AUC 0-t 353.0 ± 261.0 6296.0 ± 1271.2a 5449.1 ± 2183.0 2188.5 ± 752.5dc

T 1/2z 6.4 ± 0.8 4.1 ± 0.7a 5.4 ± 1.3 5.8 ± 5.8

T max 0.8 ± 0.2 1.8 ± 1.7 2.3 ± 1.3 2.5 ± 1

C max 125.6 ± 121.0 806.2 ± 730.9a 682.4 ± 380.4 257.6 ± 26.4d

Naringenin

AUC 0-t 3064.2 ± 829.9 6344.8 ± 1199.2a 3051.6 ± 932.6b 3926.0 ± 1014.2d

T 1/2z 7.368 ± 1.5 4.5 ± 1.7 10.9 ± 3.4b 7.8 ± 1.4

T max 0.9 ± 0.7 2.3 ± 1.0 1.6 ± 1.6 0.6 ± 0.1d

C max 634.2 ± 228.6 805.3 ± 113.8 488.9 ± 316.7 581.1 ± 161.7

Magnolol

AUC 0-t 143.8 ± 35.0 34.8 ± 8.0a 69.4 ± 14.8 64.2 ± 10.8

T 1/2z 9.0 ± 6.2 10.6 ± 1.4 13.9 ± 2.5 24.5 ± 9.1d

T max 0.7 ± 0.3 0.8 ± 0.8 3.5 ± 1b 0.5 ± 0.3c

C max 30.6 ± 19.8 5.3 ± 1.7a 5.5 ± 0.9 12.8 ± 3.1

Rats were randomly divided into SOG1 and three model groups (MG1, MG2, and MG3), and orally dosed with
Dachengqi decoction (DCQD) (10 g/kg). Blood samples were collected via the tail vein at 10 min, 20 min, 40
min,  1 h,  2 h,  4 h,  8 h,  12 h,  and 24 h after a single dose of  DCQD to detect  its  main components.  The
pharmacokinetic parameters were calculated with pharmacokinetic statistic software DAS2.0.1. SOG1: Sham-
operated group with the dosing time at 4 h after operation; MG1, MG2, and MG3: Rats were dosed orally with
DCQD at 4 h, 12 h, and 24 h after acute pancreatitis induction, respectively. Data are presented as the mean ±
SD (n = 6). MG1 vs SOG1.
aP < 0.05; MG2 vs MG1.
bP < 0.05; MG3 vs MG2.
cP < 0.05; MG3 vs MG1.
dP < 0.05. DCQD: Dachengqi decoction.
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Figure 1

Figure 1  Estimated concentration-time curves of eight components of Dachengqi decoction in the four groups. Twenty-four male Sprague-Dawley rats were
randomly divided into SOG1 and three model groups (MG1, MG2, and MG3), and orally dosed with Dachengqi decoction (DCQD) (10 g/kg). Blood samples were
collected via the tail vein at 10 min, 20 min, 40 min, 1 h, 2 h, 4 h, 8 h, 12 h, and 24 h after a single dose of DCQD to detect its main components. SOG1: Sham-
operated group with the dosing time at 4 h after operation. MG1, MG2, and MG3: rats were dosed orally with DCQD at 4 h, 12 h, and 24 h after AP induction,
respectively.

6 and IL-10 levels in 4 h-TG were similar to those in 4 h-CG (Figure 3), but the IL-6
levels  in  12  h-TG and 24 h-TG were both significantly  lower than those  in  their
corresponding  control  groups  (12  h-CG  and  24  h-CG)  (P  <  0.05;  Figure  3A).
Meanwhile,  the  IL-10  levels  were  higher  (P  <  0.05,  Figure  3B).  When  rats  were
euthanized at 24 h after intragastric administration, the IL-6 levels in each treatment
group were significantly lower than those in their corresponding control group (P <
0.05; Figure 3A), and the IL-10 levels in 12 h-TG and 24 h-TG were higher than those
in their respective control groups (12 h-CG and 24 h-CG) (P < 0.05; Figure 3B).

Early oral administration of DCQD aggravates the pathological damage of extr-
apancreatic  tissues:  When  rats  were  euthanized  at  4  h  after  intragastric
administration, the pathological injury exhibited in the lung, kidney, and intestinal
tissue samples of 4 h-TG was greater than that in 4 h-CG (Figure 4A, 5A, and 6A). No
obvious differences in the degree of pathological injury were found between the 12 h-
TG and 12 h-CG. Furthermore, the pathological injury exhibited in the heart of 12 h-
TG was less than that in 12 h-CG (Figure 7A), and the pathological injury exhibited in
the lung, kidney, intestinal, and liver tissue samples of 24 h-TG was less than that in
24 h-CG (Figure 4A, 5A, 6A, and 8A).

The histopathological scores of the lung, kidney, and intestinal tissue samples of 4
h-TG were significantly higher than those of 4 h-CG (P < 0.05; Figure 4B, 5B and 6B),
while the scores of the heart tissue samples of 12 h-TG were significantly lower than
those of 12 h-CG (P < 0.05; Figure 7B), and the scores of the lung, kidney, intestinal,
and liver tissue samples of 24 h-TG were significantly lower than those of 24 h-CG (P
< 0.05; Figure 4B, 5B, 6B, and 8B).

When rats were euthanized at 24 h after intragastric administration, no obvious
differences were found between the treatment groups and their respective control
groups, and pathological scores also showed no significant differences (Figure 4A-8A
and Figure 4B-8B).
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Table 2  Concentrations of the ten major components of Dachengqi decoction in tissue samples
(n = 6)

Parameter SOG1 MG1 MG2 MG3

Heart

Emodin 3.21 ± 0.13 1.25 ± 0.09ad 2.24 ± 0.14c 2.45 ± 0.21

Aloe-emodin 56.72 ± 5.67 21.96 ±7.21ad 28.45 ± 8.47 31.53 ± 1.34

Rhein 0 0 0 0

Chrysophanol 15.57 ± 4.63 6.43 ± 1.2a 5.65 ± 2.4 7.59 ± 1.98

Rheochrysidin 1.93 ± 0.89 0 0 2.41 ± 3.67

Naringin 40.36 ± 1.38 0.85 ± 0.02ad 9.62 ± 0.37c 10.49 ± 0.21

Naringenin 420.68 ± 67.81 160.09 ± 12.61a 924.79 ± 34.67c 270.25 ± 48.51

Hesperidin 12.22 ± 0.94 5.05 ± 1.2a 10.33 ± 4.3 c 5.24 ± 1.98

Magnolol 0.21 ± 0.04 0.18 ± 0.02 0.02 ± 0.01 c 0.21 ± 0.10

Honokiol 0.59 ± 0.07 0.24 ± 0.04ad 0.9 0 ± 0.07 c 0.73 ± 0.09

Liver

Emodin 14.24 ± 6.21 7.27 ± 2.37a 3.97 ± 1.67 c 8.36 ± 4.23

Aloe-emodin 506.09 ± 32.78 438.4 ± 123.47 122.87 ± 79.23 c 383.40 ± 101.31

Rhein 45.58 ± 63.23 0 0 0

Chrysophanol 132.65 ± 7.43 40.38 ± 20.81ad 17.10 ± 3.24 c 18.47 ± 0.8

Rheochrysidin 20.27 ± 0.98 1.42 ± 0.14ad 3.39 ± 0.29 c 0.18 ± 0.23

Naringin 148.20 ± 8.94 13.19 ± 10.23a 27.07 ± 9.81 23.49 ± 8.67

Naringenin 1707.40 ± 99.46 1459.04 ± 98.67ad 692.88 ± 102.43c 1855.76 ± 79.23

Hesperidin 60.03 ± 18.87 6.53 ± 1.23ad 2.27 ± 0.94c 13.65 ± 0.23

Magnolol 2.88 ± 0.41 3.34 ± 1.64 1.62 ± 0.72 c 2.42 ± 0.23

Honokiol 3.00 ± 0.78 2.02 ± 0.78 1.64 ± 0.24 3.03 ± 0.31

Lung

Emodin 3.87 ± 1.43 2.08 ± 0.98 2.99 ± 0.43 3.1 ± 1.02

Aloe-emodin 66.98 ± 33.62 56.88 ± 20.45d 34.94 ± 13.67 c 88.12 ± 23.21

Rhein 143.74 ± 73.64 164.27 ± 64.81 72.59 ± 42.31 c 171.52 ± 57.84

Chrysophanol 19.05 ± 6.39 13.51 ± 9.43 15.1 ± 3.57 16.42 ± 4.81

Rheochrysidin 1.06 ± 0.17 0.18 ± 0.23a 0.42 ± 0.02c 0.23 ± 0.01

Naringin 12.55 ± 1.67 6.00 ± 3.2ad 8.37 ± 2.37c 24.46 ± 4.17

Naringenin 422.09 ± 203.92 601.12 ± 176.64 567.53 ± 123.67 427.36 ± 204.81

Hesperidin 58.67 ± 15.81 22.74 ± 10.13ad 33.74 ± 10.32c 77.35 ± 34.61

Magnolol 0.34 ± 0.19 0.35 ± 0.23 0.35 ± 0.04 0.46 ± 0.17

Honokiol 1.43 ± 0.19 1.42 ± 0.16a 0.95 ± 0.02 c 0.82 ± 0.04

Kidney

Emodin 21.15 ± 10.28 27.75 ± 14.21 11.98 ± 5.67 c 26.31 ± 13.42

Aloe-emodin 1328.18 ± 159.73 279.04 ± 100.04ad 133.62 ± 92.43c 720.74 ± 143.67

Rhein 154.59 ± 12.34 2.49 ± 0.98ad 37.72 ± 1.34c 101.55 ± 2.78

Chrysophanol 108.89 ± 7.64 101.18 ± 7.84ad 46.84 ± 6.23c 124.76 ± 4.32

Rheochrysidin 16.25 ± 2.79 15.23 ± 3.54 6.13 ± 0.98c 13.57 ± 1.43

Naringin 208.08 ± 8.94 18.44 ± 3.64ad 0.94 ± 0.17c 59.9 ± 7.63

Naringenin 2144.99 ± 147.81 2506.95 ± 100.07ad 2360.21 ± 143.64c 1939.2 ± 127.68

Hesperidin 48.87 ± 4.81 9.13 ± 1.67a 8.67 ± 1.32 9.90 ± 0.89

Magnolol 0.81 ± 0.2 0.52 ± 0.12ad 0.30 ± 0.03 c 1.14 ± 0.14

Honokiol 2.76 ± 0.31 1.56 ± 0.44ad 1.35 ± 0.23c 2.63 ± 0.67

Intestine

Emodin 94.43 ± 37.23 19.73 ± 6.72ad 88.3 ± 24.23 122.66 ± 72.61

Aloe-emodin 4515.56 ± 342.67 1447.33 ± 109.73ad 975.33 ± 152.62c 2202.32 ± 143.76

Rhein 214.49 ± 56.72 830.8 ± 48.63ad 130.67 ± 65.67 209.09 ± 100.3

Chrysophanol 714.88 ± 300.68 290.97 ± 110.37ad 410.67 ± 203.3c 736.46 ± 45.67

Rheochrysidin 161.78 ± 80.93 37.9 ± 2.34ad 27.59 ± 17.61c 191.14 ± 59.67

Naringin 2771.61 ± 67.81 604.19 ± 134.6ad 678.67 ± 57.63c 1442.36 ± 100.75

Naringenin 1804.34 ± 307.16 1365.3 ± 153.62ad 1077.59 ± 174.63 c 3695.62 ± 483.54
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Hesperidin 1156.54 ± 154.63 241.58 ± 72.61ad 265.59 ± 100.32 c 581.04 ± 201.63

Magnolol 17.13 ± 7.34 18.78 ± 6.43d 18.15 ± 7.81c 35.5 ± 5.67

Honokiol 18.7 ± 2.71 24.27 ± 2.43ad 17.14 ± 3.1c 45.48 ± 4.58

Rats were randomly divided into SOG1 and three model groups (MG1, MG2, and MG3), and orally dosed with
Dachengqi decoction (DCQD) (10 g/kg). Tissue samples were collected 24 h after a single dose to detect its
main components. SOG1: Sham-operated group with the dosing time at 4 h after operation; MG1, MG2, and
MG3: Rats were dosed orally with DCQD at 4 h, 12 h, and 24 h after AP induction, respectively. Data are
presented as the mean ± SD (n = 6). MG1 vs SOG1.
aP < 0.05; MG2 vs MG1. 

bP < 0.05; MG3 vs MG2.
cP < 0.05; MG3 vs MG1.
dP < 0.05.

DISCUSSION
This study is the first to assess the optimal oral administration time of DCQD for
protecting the extrapancreatic organs of AP rats. Based on the pharmacokinetic and
pharmacodynamics experiments,  we proved that delayed administration may be
more appropriate for the protection of extrapancreatic organs in AP rats. In addition,
this is the first time that we have tried to compare the efficacy at different times after
administration, and we found that a single-dose administration of the decoction leads
to a rapid onset of relief but no steady-state effect, suggesting that multiple-dose
administration should be considered.

Studies have shown that AP could affect the pharmacokinetic process of DCQD in
rats[25], which may be related to insufficient effective blood volume and an excessive
inflammatory response to organ damage[26]. In the early stage of AP, gastrointestinal
dysfunction, including duodenal edema, paralytic ileus, increased intestinal mucosal
permeability, and imbalanced intestinal flora, may inhibit the absorption of DCQD[27].
In our study, the T max and C max values of most components were lower in the AP
model groups, and almost all the components from Dahuang had lower AUC and C
max values in these groups. Similar results were observed in our previous study,
which demonstrated that  AP inhibits  the absorption of  herbal  components  from
DCQD after oral administration in rats, resulting in lower C max and AUC values[28].
Additionally, the later (12 h and 24 h) time points of oral dosing with DCQD resulted
in higher C max values, larger AUC 0 → t values, and longer t1/2 values for these
monomers;  thus,  we  could  deduce  that  the  inhibition  caused  by  AP  can  be
ameliorated by delayed administration. In contrast, the pharmacokinetic parameters
of the components from Zhishi in the three model groups were better than those in
the sham-operated group, indicating that the pharmacokinetics of the herbs were
affected by many other factors.

First,  functional  homeostasis  of  the  liver  and kidney  plays  a  role  in  the  pha-
rmacokinetics of herbs. To our knowledge, many drugs, including herbal monomers,
are metabolized by the liver and kidney, and the pharmacokinetic process will change
if the liver and kidney are damaged[29]. Second, the physicochemical properties of the
DCQD components may also influence absorption. For example, chrysophanol is
almost insoluble in water, but has high tissue permeability[30]; magnolol belongs to a
first-pass metabolic model with low absorbability[31]; and naringin dissolves in water
moderately and is easily decomposed into aglycon naringenin by intestinal flora
during absorption[32]. Third, the molecular diameter, lipid solubility, charge amount,
protein binding rate, and mode of administration may all affect drug absorption[33].
Furthermore, Gong et al[33] put forward that the compatibility of Chinese medicine
could change the pharmacokinetic process of multiple ingredients in DCQD, and the
effects on each ingredient are not exactly the same. Consistent with their results, our
experiments showed that AP inhibited the pharmacokinetic process of Dahuang, the
principal drug, while promoting the absorption of naringin and naringenin from
Zhishi.  Additionally,  Xu  et  al[34]  reported  that  there  may  be  some  drug-drug
interactions between Dahuang and the other three constitutional raw materials in
DCQD in the decoction procedure, which could also affect the plasma concentration
of  the  DCQD  components.  These  phenomena  may  help  to  clarify  why  the
pharmacokinetic changes of the components from Zhishi were different from those of
Dahuang.

Previous  studies  have  shown  that  HPLC  can  be  used  to  identify  the  main
components of DCQD and their serum concentrations[21,27,35]; however, the targeting of
these components to specific tissues such as heart, liver, lung, kidney and intestine
tissues is still unclear. The factors affecting the distribution of drug in tissues include
blood circulation, vascular permeability, physicochemical properties of drugs, affinity
between drugs and tissues, and drug interactions[36]. One study demonstrated that AP
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Figure 2

Figure 2  Serum amylase levels in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group and SOG2 were orally administered with normal saline. SOG2:
Sham-operated group with the dosing time at 4 h after operation; 4-4, 12-4, and 24-4: Rats were dosed with DCQD at
4 h, 12 h, and 24 h, respectively, after AP induction and were euthanized at 4 h after dosing; 4-24, 12-24, and 24-24:
Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively, after AP induction and were euthanized at 24 h after
dosing. Heart blood samples were collected to detect the amylase levels. Data are expressed as the mean ± SD (n =
6). eP < 0.05 vs SOG2, fP < 0.05 vs control group.

could affect the pharmacokinetics of herbal components in serum and then affect their
distribution  in  tissues[37];  therefore,  it  can  be  speculated  that  changes  in  serum
pharmacokinetics  can  further  influence  the  concentration  of  drug monomers  in
tissues.

Based on the hypothesis that the efficacy of TCM is related to the targeting of
ingredients to specific tissues, our previous experiments have confirmed that DCQD
can  reduce  inflammatory  damage  when  its  components  target  specific  tissues
(pancreas,  lung,  kidney,  and  liver)  in  rats  with  AP[9,15,16].  An  experiment  on
tetrahydropalmatine  showed that  the  increased  plasma concentration  and lung
distribution of tetrahydropalmatine after acupoint application could exert a reinforced
preventative effect on asthma[38]. Consistently, some antibiotics have been shown to
have good pancreatic tissue affinity and can be used to control pancreatic infections[39].
In  this  study,  the  concentration  of  each  component  of  DCQD  varied  greatly  in
different tissues. In general, compared to rats in the sham-operated group, the serum
concentrations  of  the  major  components  of  DCQD were  lower  in  the  AP model
groups,  proving that  AP reduces  the  distribution of  these  components  to  target
extrapancreatic  organ  tissues.  By  comparing  the  concentrations  of  the  DCQD
components in the three model groups, our research showed that the later DCQD
administration time points (12 h and 24 h) were associated with higher concentrations
of many of the components, indicating that late dosing may promote the distribution
of the monomer throughout targeted organ tissues. Based on the previous hypothesis,
combined with our results, we speculate that late administration with DCQD may
result  in  a  better  pharmacodynamics  effect.  Herein,  we  designed  subsequent
pharmacodynamics experiments to verify our hypothesis.

AP is a common and potentially fatal acute inflammatory disease characterized by
an imbalance of  pro-inflammatory and anti-inflammatory mediators[40].  Systemic
inflammation is considered to be a key component of MODS in SAP[41]. TNF-α and IL-
6 are known to be the major pro-inflammatory mediators that are associated with the
onset and progression of SAP and mediate multiple types of organ damage associated
with pancreatitis[42]. IL-10 is one of the most common anti-inflammatory mediators
and is closely associated with the prognosis of AP; thus, the imbalance between pro-
inflammatory  and  anti-inflammatory  mediators  may  result  in  an  inflammatory
cascade that exacerbates the progression of AP[40,43]. We have proved that DCQD could
balance the pro-inflammatory and anti-inflammatory mediators  in  our  previous
studies[9,15]. Therefore, in this research, we examined the value of IL-6 and IL-10 as
predictors of inflammation in AP. Our results showed that a later time of DCQD
administration (at least 12 h after AP onset) was associated with lower IL-6 levels and
higher IL-10 levels in the treatment groups than those observed in the respective
control groups. These results confirmed that DCQD could reduce the inflammatory
response in AP rats, and we can deduce that delayed administration of DCQD may
exert a better anti-inflammatory effect.

Amylase activity is an enzyme index, and serum amylase detection is a routine
method  for  clinical  diagnosis  of  AP.  Microcirculation  obstruction  is  a  systemic
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Figure 3

Figure 3  Serum inflammatory cytokine levels in rats. Rats in each treatment group were orally administered with Dachengqi decoction (DCQD), and rats in each
control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively, after AP induction and
were euthanized at 4 h after dosing; 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively, after AP induction and were euthanized
at 24 h after dosing. Heart blood samples were collected to detect the inflammatory cytokine levels. The results are presented as the mean ± SD (n = 6). fP < 0.05 vs
control group.

reaction to pancreatic injury throughout the development of AP and is closely related
to  MODS[44].  Microcirculation  hypoperfusion  leads  to  Ca2+  influx  and even  Ca2+

overload in pancreatic cells, and Ca2+ influx activates the phospholipid cell system,
leading to disruption of the lysosomal membrane, which in turn releases enzymes
(including amylase) and a large number of cytotoxic substances[45,46]. In our study, the
serum amylase levels in the 4-h treatment group showed an upward trend, which
may be related to  the  microcirculation obstruction and the  increased pancreatic
exocrine stimulation caused by early administration with DCQD.

DCQD has cathartic functions and has been widely adopted to ameliorate diseases
with symptoms of abdominal distension and constipation. It can also remove internal
heat and toxins from the gastrointestinal tract[35]. A recent study demonstrated that
DCQD can further reduce the risk of SIRS via decreasing the secretion of HMGB1 in
SAP[47].  DCQD could also induce the pancreas to be more resistant  to stress  and
microcirculation disorders by clearing away excessive reactive oxygen species and
regulating the apoptosis/necrosis switch in pancreatic acinar cells[14,48].  Moreover,
emodin, one of the most active compounds from the Chinese herb Dahuang, has been
used for many years in China to treat acute severe diseases, including AP[49]. It has
been reported that emodin inhibits NF-κB activation and endoplasmic reticulum
stress to protect the pancreas from injury[50,51]. Naringenin is another component of
DCQD that  has antibacterial,  antifungal,  and anti-oxidative effects,  and exerts  a
cytoprotective effect on the gastric mucosa[52].  Ge et al[53]  showed that rhein could
attenuate inflammation via the NF-κB/NLRP3 inflammasome pathways. In this study,
delayed oral administration of DCQD could better reduce the inflammatory reaction,
inhibit the excessive secretions of the pancreas, and thus reduce the pathological
damage of multiple extrapancreatic organs (lung, liver, kidney, and intestine) in the
early stage of AP, while early oral administration aggravated the pathological injury
in  lung,  kidney,  and  intestinal  tissues,  further  confirming  that  delayed  oral
administration is more appropriate for the protection of extrapancreatic organs.

However, there are some limitations to this study. The purpose of this study was
primarily to explore the effects of different administration times on extrapancreatic
organ tissues in AP and to further infer the association between tissue concentration
distribution and the pharmacodynamics effects. However, a single dose of DCQD did
not show obvious effects on the long-term protection of the extrapancreatic organ
tissues. Therefore, multiple-dose administration should be considered in follow-up
experiments.  More  importantly,  to  better  validate  our  hypothesis,  we  should
determine  tissue  drug  distributions  at  more  time  points  and  assess  the
pharmacological effect simultaneously, and it may be better to examine inflammatory
cytokines  in  each  tissue  sample.  Thus,  relevant  pharmacokinetics  and
pharmacodynamics analysis could be further conducted.

In conclusion, AP could inhibit the pharmacokinetic process of the major DCQD
components in serum and multiple extrapancreatic  organ tissues,  while delayed
administration may ameliorate the inhibition. Importantly, early administration may
aggravate the injury to the extrapancreatic organs in the early stage of AP, while
delayed administration  (at  least  12  h  after  AP induction)  of  DCQD may reduce
pancreatic exocrine secretion, balance the expression of pro- and anti-inflammatory
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Figure 4

Figure 4  Pathological images and histopathological scores of lung tissues in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24
h, respectively, after AP induction and were euthanized at 4 h after dosing. 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively,
after AP induction and were euthanized at 24 h after dosing. The lung tissues were collected for pathological examination by hematoxylin and eosin (HE) staining. A:
Pathological images of the lung (HE, × 200). B: Histopathological scores of lung injury. Data are presented as the mean ± SD (n = 6). fP < 0.05 vs control group.
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Figure 5

Figure 5  Pathological images and histopathological scores of kidney tissues in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24
h, respectively, after AP induction and were euthanized at 4 h after dosing. 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively,
after AP induction and were euthanized at 24 h after dosing. The kidney tissues were collected for pathological examination by hematoxylin and eosin (HE) staining.
A: Pathological images of the kidney (HE, × 200). B: Histopathological scores of heart injury. Data are presented as the mean ± SD (n = 6). fP < 0.05 vs control group.
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Figure 6

Figure 6  Pathological images and histopathological scores of intestinal tissues in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24
h, respectively, after AP induction and were euthanized at 4 h after dosing. 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively,
after AP induction and were euthanized at 24 h after dosing. The intestine tissues were collected for pathological examination by hematoxylin and eosin (HE) staining.
A: Pathological images of the intestine (HE, × 100). B: Histopathological scores of intestinal injury. Data are presented as the mean ± SD (n = 6). fP < 0.05 vs control
group.
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Figure 7

Figure 7  Pathological images and histopathological scores of heart tissues in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24
h, respectively, after AP induction and were euthanized at 4 h after dosing. 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively,
after AP induction and were euthanized at 24 h after dosing. The heart tissues were collected for pathological examination by hematoxylin and eosin (HE) staining. A:
Pathological images of the heart (HE, × 100). B: Histopathological scores of heart injury. Data are presented as the mean ± SD (n = 6). fP < 0.05 vs control group.
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Figure 8

Figure 8  Pathological images and histopathological scores of liver tissues in rats. Rats in each treatment group were orally administered with Dachengqi
decoction (DCQD), and rats in each control group were orally administered with normal saline. 4-4, 12-4, and 24-4: Rats were dosed with DCQD at 4 h, 12 h, and 24
h, respectively, after AP induction and were euthanized at 4 h after dosing. 4-24, 12-24, and 24-24: Rats were dosed with DCQD at 4 h, 12 h, and 24 h, respectively,
after AP induction and were euthanized at 24 h after dosing. The liver tissues were collected for pathological examination by hematoxylin and eosin (HE) staining. A:
Pathological images of the liver (HE, × 200). B: Histopathological scores of liver injury. Data are presented as the mean ± SD (n = 6). fP < 0.05 vs control group.
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cytokines to a greater extent, and ultimately better ameliorate the pathological injury
of the extrapancreatic organs, thereby demonstrating that the late time is the optimal
dosing time of DCQD for the protection of extrapancreatic organs.

ARTICLE HIGHLIGHTS
Research background
Acute pancreatitis  (AP) is an inflammatory pancreatic disorder associated with substantial
morbidity and mortality,  and the severe form of AP is commonly complicated by multiple
extrapancreatic organ dysfunction. Dachengqi decoction (DCQD) is an effective prescription for
the treatment of AP, however, current AP guidelines do not provide specific guidance on the
optimal  time to take this  Chinese herbal  medicine orally.  Our previous study proved that
administering DCQD too early may aggravate the pathological damage to the pancreas, while
the effect of administration time on multiple extrapancreatic organs in AP rats is still unclear.
Therefore, investigations of the optimal administration time of DCQD for the protection of
multiple extrapancreatic organs are urgently required.

Research motivation
DCQD  has  been  shown  to  protect  multiple  organs  from  injury  caused  by  an  excessive
inflammatory  response  in  AP,  and  we  confirmed  that  the  anti-inflammatory  effect  was
associated  with  its  tissue  distribution.  This  study  aimed  to  screen  the  appropriate  oral
administration time of DCQD for the protection of extrapancreatic organs in AP rats based on
the pharmacokinetic and pharmacodynamic evidence, and to provide an experimental basis for
future clinical application of DCQD.

Research objectives
To identify the optimal administration time of DCQD for the protection of extrapancreatic
organs in experimental AP rats and observe the anti-inflammatory efficacy at different times
after administration.

Research methods
The current experiment was divided into pharmacokinetic and pharmacodynamic parts. The AP
model  was established with 3.5% sodium taurocholate.  In  the  pharmacokinetic  study,  the
concentrations of the DCQD components in serum and organ tissues were measured by HPLC-
MS/MS, which is a sensitive, accurate, and reproducible method, and the pharmacokinetic
parameters (C max, T max,  T 1/2,  and AUC 0 → t)  were calculated with DAS 2.0.1.  In the
pharmacodynamic study, the levels of serum inflammatory cytokines (IL-6 and IL-10) were
measured by enzyme-linked immunosorbent assay, and amylase levels were measured via a
HITACHI automatic biochemical analyzer. All histopathological sections were observed and
scored by two independent blinded pathologists using different scoring systems specific to
different tissues. Additionally, Graph Pad Prism 7.0 software was used for the data analyses of
both parts of the study.

Research results
In the pharmacokinetic study, the T max and C max values of most components were lower in
the AP model groups, and the major components of DCQD had lower AUC and C max values in
these groups. The later (12 h and 24 h) time points of oral dosing with DCQD resulted in higher
C  max  values,  larger  AUC  0  →  t  values,  and  longer  t1/2  values  for  these  monomers,
accompanied by higher concentrations of most components in the target extrapancreatic organ
tissues. In the pharmacodynamic study, delayed administration of DCQD resulted in lower IL-6
and amylase levels and higher IL-10 levels, and pathological injury of multiple extrapancreatic
organ (liver, lung, kidney, and intestine) tissues was slightly less at 4 h after administration,
while the results were similar between the treatment and corresponding control groups at 24 h
after administration.

This study provides some information on the effect of administration time on extrapancreatic
organs in AP rats,  but elucidation of the specific mechanism needs further study. Relevant
pharmacokinetics  and pharmacodynamics  analysis  should be  considered to  provide more
systematic  and comprehensive evidence for  the  clinical  application of  this  Chinese  herbal
formula.

Research conclusions
This study suggests that early administration of DCQD may inhibit the pharmacokinetic process
of  the major DCQD components in serum and multiple extrapancreatic  organ tissues,  and
delayed administration time may be more helpful for alleviating the inflammatory reaction and
pathological  injury  in  multiple  extrapancreatic  organs.  Importantly,  multiple-dose
administration of DCQD is well worth considering for the steady-state effect in future animal
experiments or clinical applications.

Research perspectives
Although we have found some of the potential components of DCQD in alleviating AP, and the
therapeutic effect of DCQD on AP has been confirmed in a large number of in vivo and in vitro
experiments,  the  underlying  molecular  mechanisms  are  not  well  established.  Further
investigation combing the identification of more active components, potential targets, and/or
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signal  pathway analysis  is  urgently  required  to  make  a  deeper  and  more  comprehensive
understanding of the therapeutic mechanism of DCQD in the treatment of AP.
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