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Introduction: Paeoniflorin is a main active component in traditional Chinese medicine. 
Paeoniae alba radix is widely used as a spasmolytic and pain-relieving agent for abdominal 
spasmodic pain. Functional dyspepsia (FD) is characterized by pain or burning in the 
epigastrium, fullness, bloating and nausea. However, limited information is available about 
the effect of paeoniflorin on FD.
Materials and Methods: In this study, iodoacetamide or clonidine-induced FD rat models 
were established to investigate the impacts of paeoniflorin on FD induced by different 
pathophysiologic disturbances.
Results: We found the therapeutic effect of paeoniflorin through assessing the gastric 
emptying, gastric accommodation and visceral hypersensitivity. This function of paeoniflorin 
was related to the release of acetylcholine (ACh), which was accompanied by reduced 
acetylcholinesterase (AchE) activity in stomach and hypothalamus. Paeoniflorin administra-
tion inhibited the cyclo-oxygenase-2 (COX-2) expression and increased the level of ghrelin 
in the stomach. Besides, the levels of occludin and ZO-1 were elevated in the duodenum 
from paeoniflorin-treated rats, suggesting the impaired duodenal barrier was ameliorated.
Discussion: These results indicate that paeoniflorin possesses the ability to alleviate func-
tional dyspepsia.
Keywords: paeoniflorin, functional dyspepsia, acetylcholine, gastric function

Introduction
Functional dyspepsia (FD) is a highly prevalent gastrointestinal disorder character-
ized by a sensation of pain or burning in the epigastrium, fullness during or after 
meal, bloating, and nausea.1 The global prevalence of FD is about 20%.2 At 
present, therapies for FD, including pharmacotherapy, are not yet been fully 
effective.3 This condition adversely affects patients’ quality of life and working 
efficiency.4 Consequently, the identification of efficacious treatments (such as 
natural products) that do not involve prescription drugs may be beneficial. 
According to Rome Consensus definition, FD is categorized into postprandial 
distress syndrome (PDS, characterized by postprandial fullness and early satiation) 
and epigastric pain syndrome (EPS, characterized by epigastric pain and burning).5 

The above adverse symptoms can be caused by delayed gastric emptying (about 
20–50% of patients with FD), impaired gastric accommodation to a meal (about 
40% of patients with FD) and visceral hypersensitivity to gastric distension (34% of 
patients with FD).6
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Acetylcholine (ACh), an excitatory neurotransmitter, 
promotes contraction and peristalsis of gastrointestinal 
smooth muscle. Dopamine D2 receptors and 5-hydroxy-
tryptamine (5-HT4) receptors affect the release of ACh and 
thereby resulting in gastrointestinal motility disorder. 
Dopamine D2 receptor antagonists and 5-HT4 receptor 
agonists as prokinetic drugs are extensively used in the 
therapy of FD, because they can increase gastric 
contractility.7,8 Metoclopramide, domperidone, and ito-
pride hydrochloride (itopride) are dopamine D2 receptor 
antagonists, while mosapride citrate (mosapride), cisapride 
monohydrate (cisapride), and tegaserod are 5-HT4 receptor 
agonists. However, the therapeutic effects of these drugs 
are unsatisfactory in FD patients.9 Previous researches 
have confirmed that metoclopramide causes severe neuro-
logical adverse effects,10 and domperidone facilitate 
occurrence of arrhythmias.11 Cisapride contributed to the 
release of ACh from myenteric neurons via 5-HT4 receptor 
agonism, but was abandoned for QT interval prolongation 
and fatal arrhythmias.12 In the past few years, tegaserod 
was used to treat the irritable bowel syndrome with con-
stipation, but it had been withdrawn due to an increased 
incidence of cardiovascular ischemic events.12 Itopride 
and mosapride were efficacious in the treatment of FD, 
but the use of these drugs was clinically limited because of 
underlying adverse effects.2,13 Thus, safer therapies for 
FD, such as employing natural products, should be 
developed.

Paeoniae alba radix (also named White Paeony Root or 
Baishao in Chinese) is one of the Chinese traditional tonic 
crude drugs, which is the dried peeled root of Paeonia 
lactiflora Pall (family Paeoniaceae). It is widely used as 
a spasmolytic and pain-relieving agent to treat menstrual 
disorders and to relieve abdominal spasmodic pain.14 

Paeoniflorin is a monoterpene glycoside isolated from the 
aqueous extract of the dry root of P. lactiflora Pall and is 
identified as a main active component in Paeoniae alba 
radix. Paeoniflorin had been found to exert many pharma-
cological effects, including an increase of cognitive 
ability,15 a reduction of MPTP-induced toxicity,16 and anti- 
depressant effect.17 Recent studies suggested that paeoni-
florin down-regulated the activity of acetylcholinesterase 
(AchE) in the hippocampus of rats,18 and up-regulated the 
expression level of 5-HT.19 Thus, we postulate that paeo-
niflorin may be a novel natural drug for the treatment of 
FD. However, the gastroprokinetic and gastric emptying 
activities of paeoniflorin, including its underlying mechan-
isms, have yet to be fully elusive.

Gastric irritation with iodoacetamide (IA) in the neo-
natal period induces gastric hypersensitivity, motor dys-
function and damaged accommodation in adults.20 

Neonatal gastric irritation has been regarded as a typical 
approach to establish a FD animal model. It has been 
known that clonidine (CD) as a α2-adrenoceptor agonist 
can inhibit the release of ACh from cholinergic neurons 
and thereby lead to gastric motility dysfunction.21 In this 
study, IA or CD-induced FD rat models were established 
to assess the impacts of paeoniflorin on FD induced by 
different pathophysiologic disturbances. The effects of 
paeoniflorin on ACh, ghrelin, COX-2 and adhesion pro-
teins were further investigated.

Materials and Methods
Medicinal Materials
Paeoniflorin, the aqueous extract of the dry root of 
P. lactiflora Pall, was obtained from Meilun 
Biotechnology Co., Ltd. (MB2113, Dalian, China).

Animals
Male Sprague-Dawley (SD) rats aged at 10-day old and 
8-week old were purchased from Liaoning HFK 
BIOSCIENCE Co., Ltd. (Beijing, China). All rats were 
housed under the following environmental conditions: 22 
±1°C temperature, 45–55% humidity, 12 h light/dark cycle 
and freely access to food and water. All the procedures in 
animal experiments followed the guide for the care and 
use of laboratory animals and this study was approved by 
The First Affiliated Hospital of Dalian Medical University.

Neonatal Gastric Irritation Animal Model
Gastric hypersensitivity and gastric motor dysfunction in 
FD can be modeled in rat pups by gastric irritation as 
previously reported.22 Ten-day-old rat pups were randomly 
divided into the following group:

● Sham group (sucrose + normal saline; n=6);
● Control group (IA + normal saline; n=6);
● IA+paeoniflorin (15) group (IA + 15 mg/kg paeoni-

florin; n=6);
● IA+paeoniflorin (30) group (IA + 30 mg/kg paeoni-

florin; n=6).

Ten-day-old rat pups were given orally 0.2 mL of 0.1% 
IA (144–48-9, Aladdin, Shanghai, China; dissolved in 2% 
sucrose) for 6 consecutive days; sham pups received 
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0.2 mL of 2% sucrose alone. Subsequently, rat pups were 
returned to their cage. After 6 weeks, rats were intraper-
itoneally injected 15 or 30 mg/kg paeoniflorin for 2 con-
secutive weeks. Gastric function was detected 1 h after the 
last injection of paeoniflorin.

CD-Induced Motility Dysfunction Model
CD-induced FD rat model was established using the 
method of Kawachi et al.23 Eight-week old rats were 
randomly divided into the following group:

● Sham group (normal saline + normal saline; n=6);
● Control group (CD + normal saline; n=6);
● CD+paeoniflorin (15) group (CD + 15 mg/kg paeoni-

florin; n=6);
● CD+paeoniflorin (30) group (CD + 30 mg/kg paeoni-

florin; n=6).

Eight-week-old rats were intraperitoneally injected 15 
or 30 mg/kg paeoniflorin for 2 consecutive weeks. Sham 
rats received normal saline alone. At 30 min after the last 
injection of paeoniflorin, CD at a dose of 100 μg/kg (20,-
283–92-5, Sigma, St. Louis, Missouri, USA) or normal 
saline was subcutaneously administered. Gastric function 
was detected 30 min after CD treatment.

Measurement of Gastric Emptying
Gastric emptying in rats was detected with the phenol red 
method as previously described.21 Rats were fasted for 18 
h and free access to water. Rats were then administered intra-
gastrically 1.5% carboxymethylcellulose sodium salt supple-
mented with 0.05% phenol red (0.5 mL/rat). Twenty minutes 
later, rats were euthanized and stomach was collected. After 
treatment with 10 mL of 0.1 M NaHCO3, gastric content 
harvested and centrifuged at 8000 g for 15 min (H1650-W, 
Xiangyi, Changsha, China). The amount of phenol red in the 
supernatant was measured at the absorbance at 558 nm using 
a microplate reader (ELX-800, BioTek, Vermont, USA). For 
the IA-FD model, phenol red was intragastrically administered 
to rats 30 min after the last injection of paeoniflorin. For the 
CD-FD model, rats were intragastrically administered phenol 
red at 5 min before the administration of clonidine.

Gastric Accommodation and Gastric 
Sensitivity Tests
Gastric accommodation and gastric sensitivity were 
detected using barostat and electrophysiological recorder 

as described previously.24,25 Rats were anesthetized and 
then a balloon with a maximum volume of 20mL was 
connected to a polyethylene tube. The tube was introduced 
from the mouth to the stomach. A pair of electrodes was 
fixed into the trapezius muscle. After rats regained con-
sciousness, the tubes were connected to a barostat (C&J 
Technology, Toronto, Canada) and electrophysiological 
recorder (AD instrument, New South Wales, Australia). 
Rats receipted a series of 30 s balloon distensions: 20, 
40, 60 and 80 mmHg at an interval of 3 min between 
distensions. The volume of the balloon and electromyo-
graphic (EMG) was recorded. Gastric accommodation was 
calculated based on the changes in balloon volume (mL) 
per mmHg during the distension, while gastric sensitivity 
is defined as the rate of change root mean square of EMG.

AchE Activity Assay
AchE activity assay was performed as previously 
reported.23 The stomach was harvested from fasted rats 
and mixed with a 10-fold volume of 0.1 mM sodium 
phosphate buffer (pH 6.9) containing 10 mM EDTA. The 
mixture was centrifuged for 1 h and sediment was washed 
twice with buffer. After treatment with buffer containing 
1% Triton X-100 at 4°C for 1 h, supernatant was collected 
by centrifugation (8000 g, 4°C, 10 min) and was regarded 
as a stomach-derived fraction with AChE. Protein concen-
tration was detected using a BCA Assay Kit (PC0020, 
Solarbio, Beijing, China) according to the manufacturer’s 
instructions. AChE activity was determined using an 
Assay Kit (BC2020, Solarbio) according to the manufac-
turer’s protocol. The absorbance at 412 nm was detected 
using a spectrophotometer (UV752N, Youke, Shanghai, 
China). Inhibition rate (%) was calculated as the ratio of 
ACh activity in the presence of a test compound and sham 
activity in the absence of the test compound.

Western Blot
The duodenum was lysed on ice for 5 min in cell lysis 
buffer (P0013, Beyotime, Shanghai, China) containing 1 
mM PMSF (ST506, Beyotime). Supernatants were centri-
fugation at 10,000 g for 5 min at 4°C and collected. The 
protein concentration was detected by the BCA Assay Kit 
(P0011, Solarbio). Equal number of supernatants (20 μL/ 
lane) was separated on sodium dodecyl sulfate- 
polyacrylamide gel and transferred into PVDF membrane 
(IPVH00010, Millipore, Billerica, USA). After blocking in 
5% (m/v) skim milk (Q/NYLB 0039S, Yili, Huhehaote, 
China), membrane was incubated overnight at 4°C with 
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the following primary antibodies: E-cadherin (1:500, 
20,874-1-AP, Proteintech, Beijing, China), occludin 
(1:1000, 27,260-1-AP, Proteintech), zona occludens-1 
(ZO-1, 1:1000, 21,773-1-AP, Proteintech), and β-actin 
(1:1000, sc-47,778, Santa Cruz, California, USA). After 
four 5-min washing with TBST buffer, membrane was 
incubated with HRP-conjugated goat anti-rabbit or anti- 
mouse (both 1:5000, A0208/A0216, Beyotime) secondary 
antibody for 45 min at 37°C. The protein bands on the 
membrane were visualized using ECL chemiluminescence 
substrate (PE0010, Solarbio) and the protein levels were 
quantified with Gel-Pro-Analyzer software.

Immunofluorescence
Stomach and duodenum tissues were cut into 6 μm thickness. 
Sections were incubated at 4°C overnight with the following 
primary antibodies: ghrelin (1:200, #31,865, CST, Boston, 
USA), occludin (1:200, 66,378-1-Ig, Proteintech), and cyclo- 
oxygenase-2 (COX-2, 1:200, A1253, ABclonal, Wuhan, 
China). After three 5-min washing, the sections were culti-
vated with Cy3-conjugated goat anti-rabbit or anti-mouse 
antibody (1:400, A0516/A0521, Beyotime) at room 
temperature for 1 h. The slides were stained with 4ʹ,6-diami-
dino-2-phenylindole (DAPI, C1002, Beyotime) and immu-
nofluorescence was observed using light microscopy (BX53, 
Olympus, Tokyo, Japan) at original magnification × 600.

Statistical Analysis
All data were shown as mean ± SD. Student’s t-test (two 
tailed) and one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc test were used to assess the 
difference among the groups. P < 0.05 was defined as 
statistically significant. GraphPad Prism 8.0 was used for 
statistical analysis of all data.

Results
Paeoniflorin Promotes Gastric Emptying, 
Gastric Accommodation and Gastric 
Sensitivity in FD Rats
The effect of paeoniflorin on IA-induced or CD-induced 
delayed gastric emptying was investigated by the phenol 
red method. It could be seen from Figure 1A, the gastric 
emptying of the control group administered IA or CD 
revealed an obvious decrease compared with the sham 
group (p < 0.5). Paeoniflorin at a dose of 30 mg/kg markedly 
enhanced gastric emptying compared with the control group 
(p < 0.5). We also assessed the effect of paeoniflorin on 

gastric accommodation and gastric sensitivity. It could be 
seen from Figure 1B that enhanced balloon pressure of the 
sham group led to an increase in balloon volume. Compared 
with the sham group, balloon volume of the control rats 
induced by IA or CD was significantly decreased under 
distention pressures of 40 mmHg, 60 mmHg and 80 
mmHg (p < 0.5), but not at 20 mmHg. Paeoniflorin treat-
ment markedly improved gastric accommodation in FD rats 
(p < 0.5). On the other hand, EMS testing results displayed 
that FD rats of the control group extremely increased in 
EMG at distension pressures of 40 mmHg, 60 mmHg and 
80 mmHg compared with the sham rats (p < 0.5, Figure 1C). 
Administration of paeoniflorin (15 and 30 mg/kg/daily) 
greatly repressed the EMG activity of FD rats to gastric 
distension (p < 0.5). Our results suggested that paeoniflorin 
greatly ameliorated delayed gastric emptying, impaired gas-
tric accommodation and gastric sensitivity in FD rats.

Paeoniflorin Stimulates the Release of 
ACh in FD Rats
To evaluate whether paeoniflorin stimulated the release of 
the neurotransmitter ACh, we examined the AChE activity 
in paeoniflorin-treated FD rats. Figure 2A and B showed that 
stomach-derived and hypothalamus-derived AChE activities 
of the control group were significantly increased by CD 
administration in comparison to the sham group (p < 0.5), 
but the effect induced by IA did not reach statistically 
significant. Moreover, paeoniflorin at doses of 15 mg/kg 
and 30 mg/kg efficiently suppressed AChE activity in sto-
mach and hypothalamus of CD-induced rats (p < 0.5). The 
serum level of ACh in the control group was greatly down- 
regulated by IA or CD administration compared with the 
sham group, but the use of paeoniflorin restored ACh level 
(p < 0.5, Figure 2C). Our results suggested that paeoniflorin 
treatment stimulated the release of ACh in FD rats.

Paeoniflorin Regulates the Levels of 
Ghrelin and COX-2 in the Stomach of FD 
Rats
Ghrelin was expressed as granular neuropeptides in the 
stratum basale of the stomach, as revealed by immunofluor-
escence (Figure 3A). Compared with the sham group, the 
expression of ghrelin was decreased in the stomach of FD 
rats (p < 0.5, Figure 3A and C). Paeoniflorin treatment 
enhanced the ghrelin expression of FD rats. Furthermore, 
the expression of COX-2 was observed in the stratum basale 
of the stomach in comparison to the sham group (Figure 
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3B). However, the administration of paeoniflorin exhibited 
a reduction of COX-2 level in stomach of FD rats and 
thereby alleviating micro-inflammation (p < 0.5, Figure 
3B and D).

Paeoniflorin Ameliorates the Impaired 
Duodenal Barrier in FD Rats
A previous study has shown that duodenal barrier function 
is compromised in FD.26 Thus, we assessed whether adhe-
sion proteins were altered in IA or CD-induced FD rats, 
and determined the effect of paeoniflorin on the expression 
of cell-to-cell adhesion proteins. The tight junction pro-
teins (occludin and ZO-1) and the adherens junction pro-
teins (E-cadherin) were detected by Western blotting and 
immunofluorescence. It could be seen from Figure 4A that 
the expression of occludin and ZO-1 at the tight junction 
in the control group was greatly decreased in FD rats than 
those in the sham group (p < 0.5). Paeoniflorin at a dose of 
30 mg/kg obviously up-regulated occludin and ZO-1 
levels in the duodenum of FD rats (p < 0.5, Figure 4A). 
In addition, no difference in protein expression of 
E-cadherin was observed in FD rats compared with the 
sham group. Paeoniflorin treatment had no effect on the 

adherens junction protein E-cadherin in the duodenum of 
FD rats (Figure 4A). The results of immunofluorescence 
revealed the reduced staining of occludin at the tight 
junction in control rats, and treatment with paeoniflorin 
effectively increased the occludin level (Figure 4B). Our 
results suggested that paeoniflorin ameliorated the 
impaired duodenal barrier in FD rats.

Discussion
Paeoniflorin, a glucoside, is one of the principal bioactive 
components of the P. lactiflora Pall and has many pharma-
cological functions, such as anti-inflammatory, antiallergic 
and antioxidant effects.15 Previous studies have found that 
paeoniflorin inhibits the AChE activity and promotes the 
5-HT expression.19,21 AChE antagonist and 5-HT4 recep-
tor agonists are commonly used in the treatment of FD due 
to the improvement of gastrointestinal motility. Therefore, 
this study examined the role and mechanism of paeoni-
florin in rats with FD-like phenotype. Our results showed 
that paeoniflorin treatment accelerated gastric emptying 
and enhanced gastric accommodation as well as gastric 
sensitivity in IA or CD-induced FD rat models. 
Paeoniflorin stimulated the release of ACh in FD rats, 

Figure 1 Paeoniflorin promotes gastric emptying, gastric accommodation and gastric sensitivity in FD rats. Rats were fasted for 18 h and then orally administered 0.2mL of 
0.1% iodoacetamide (IA) or subcutaneously administered clonidine (CD) at a dose of 100 μg/kg. Effects of 15 or 30 mg/kg of paeoniflorin on (A) delayed gastric emptying, 
(B) gastric accommodation, and (C) gastric sensibility were assessed (n = 6/group). Values are mean ± SD. #p < 0.05 vs sham group; *p < 0.05 vs control group. 
Abbreviation: EMG, electromyography
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accompanied with increased ghrelin and reduced COX-2. 
Besides, paeoniflorin administration ameliorated the 
impaired duodenal barrier in FD rats. These findings indi-
cate the therapeutic effect of paeoniflorin in FD rats.

Adverse events in early life are one of risk factors for 
developing FD in adulthood.27 Using a previously described 
model of FD rats where 10-day-old rat pups got gastric 
irritation within a few days, we find that IA treatment 
results in the delayed gastric emptying, impaired gastric 
accommodation and visceral hypersensitivity in adult rats, 
which is in conformity to a previous study.22 The adminis-
tration of paeoniflorin restores gastric motility in IA- 
induced adult rats. Besides, a model of adult rats with CD 
treatment is established to induce FD-like phenotype. CD, 
a α2-adrenoceptor agonist, induces gastrointestinal dysfunc-
tion through suppressing the release of ACh from choliner-
gic nerve terminals. Gastrointestinal dysfunction models 
induced by α2-adrenoceptor agonists have been widely 
applied to assess the influence of gastroprokinetic drugs in 
animals.28 Sninsky et al have confirmed that gastrointestinal 
dysfunction is induced by an α2-adrenoceptor agonist in 
humans.29 We find that CD treatment leads to delayed 
gastric emptying, impaired gastric accommodation and visc-
eral hypersensitivity in adult rats. These results with CD 
treatment are in line with a previous study.30 Similarly, 
administration of paeoniflorin alleviates delayed gastric 
emptying, impaired gastric accommodation and sensitivity 
in a concentration-dependent manner. Therefore, we deter-
mine that paeoniflorin can efficiently ameliorate the gastro-
intestinal dysfunction induced by a different cause.

As we all know, the central nervous system affects 
gastrointestinal function. In the central nervous system, 
vagal efferent nerve fibers project to the stomach, which 
play a vital role in gastric motility, and thereby stimulating 

ACh release from cholinergic nerve terminals in the myen-
teric plexus of the stomach.31 A study has reported that 
itopride promotes ACh release from cholinergic nerves 
through antagonizing dopamine D2 receptors with anti- 
AChE activity.32 Another study has also found that mosa-
pride induces ACh release from cholinergic nerves and 
facilitates gastric motility via the stimulation of 5-HT4 

receptors.33 Consequently, the release of ACh at the cho-
linergic receptor sites plays an important in gastric moti-
lity. In the present study, we find that treatment with CD 
significantly increases the rat stomach and hypothalamus- 
derived AChE activities, but a weak effect is observed on 
AChE activity in IA-induced rats. Administration of paeo-
niflorin stimulates the release of Ach in IA or CD-induced 
FD rats. Therefore, we determine that paeoniflorin contri-
butes to gastric motility and the release of ACh by inhibit-
ing AChE activity in Cd-induced FD rats. Gastric irritation 
with IA in the neonatal period induces superficial slough-
ing of the gastric epithelium and mild gastritis, conse-
quently leading to impaired gastric sensory and motor 
function.20 The therapeutic effect of paeoniflorin in IA- 
induced FD rats may be due to paeoniflorin up-regulates 
the cAMP and 5-HT expression, thereby promoting the 
release of ACh.19,34,35 Our researches determine that paeo-
niflorin contributes to the release of ACh, and further 
relieves abnormalities in rats with FD.

Treatment with IA leads to the production of ghrelin 
in the stomach, and then ghrelin is released into the 
circulation.36 Ghrelin can directly affect the activity of 
the arcuate nucleus neurons. The hypothalamus modu-
lates energy expenditure after receiving both hormonal 
signals and peripheral neurons.37 Therefore, the release 
of circulating hormones, such as ghrelin, modulates the 
brain-gut axis through hormonal signals.16 Ghrelin has 

Figure 2 Paeoniflorin stimulates the release of acetylcholine (ACh) in FD rats. (A) Stomach-derived and (B) hypothalamus-derived acetylcholinesterase (AchE) activities 
were measured by paeoniflorin administration at dose of 15 or 30 mg/kg (n = 6/group). (C) The serum level of acetylcholine (ACh) was investigated (n = 6/group). Values are 
mean ± SD. #p < 0.05 vs sham group; *p < 0.05 vs control group.
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been reported to efficiently increase gastric peristalsis.25 

Ghrelin levels are markedly lower in patients with FD 
compared to that in healthy volunteers.38 A previous 
study has shown the reduced expression of ghrelin in 
the brain and stomach of FD rats induced by IA.39 

Consistent with this finding, our study finds that gastric 
irritation in the neonatal rat can lead to a reduction of 
ghrelin compared with the sham rats. Moreover, we are 
the first to confirm that the expression of ghrelin is 
reduced in the stomach of FD rats induced by CD. 
The administration of paeoniflorin markedly enhanced 

ghrelin expression, especially at a dose of 30 mg/kg. In 
addition, it has been shown that micro-inflammation 
exists in gastrointestine of FD patients.40 COX-2 is the 
inducible enzyme that is less expressed in normal tissues 
but highly expressed when stimulated by 
inflammation.41 A previous study found that COX-2 
was highly expressed in the stomach of FD rats.42 

Besides, COX-2 inhibitors significantly reduced the 
risk of gastrointestinal adverse effects in patients.43 

Another study has shown the protective effects of paeo-
niflorin on rheumatoid arthritis by reducing the COX-2 

Figure 3 Paeoniflorin regulates the levels of ghrelin and cyclo-oxygenase-2 (COX-2) in the stomach of FD rats. (A) Immunofluorescence images for ghrelin in the stomach 
were shown and (C) corresponding immunofluorescence intensity was quantified (n = 6/group). (B) Immunofluorescence images for COX-2 in the stomach was shown and 
(D) corresponding immunofluorescence intensity was quantified (n = 6/group). Red cells were positive for ghrelin and COX-2. Bars = 200 μm.
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protein expression level.44 In agreement with this report, 
our study determines that paeoniflorin treatment effi-
ciently down-regulates the level of COX-2 and thereby 
alleviates abnormalities in rats with FD.

The intestinal barrier plays an important in preventing 
the translocation of harmful substances from gut lumen to 
submucosa. Previous study has confirmed that duodenal 
barrier is implicated in the pathomechanism of FD.45 

Figure 4 Paeoniflorin ameliorates the impaired gastrointestinal mucosa in FD rats. (A) Effects of paeoniflorin on adhesion proteins, including occluding, Zona Occludens-1 
(ZO-1) and E-cadherin, in the duodenal mucosa were assessed by Western blotting (n = 6/group). (B) Quantitative immunofluorescence analysis was used to detect the 
expression of occludin. Bars = 33 μm. Values are mean ± SD. #p < 0.05 vs sham group; *p < 0.05 vs control group.
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Adhesion proteins are significant components of the intest-
inal barrier, including the tight junction proteins (occludin 
and ZO-1) and the adherens junction proteins 
(E-cadherin).46 The dysregulation of adhesion proteins 
associates with impaired duodenal integrity and micro- 
inflammation. Downregulation of occludin leads to an 
increase of permeability, thereby triggering intestinal 
diseases.47 A study finds that tail clamping-associated 
stress leads to a decrease in occludin expression in the 
duodenum, thereby damaging duodenal integrity of FD 
rats.48 Another study has also reported the impaired duo-
denal mucosal barrier function in patients with FD, exhib-
ited by a reduction of ZO-1 and E-cadherin levels.26 In the 
present study, the decrease in occludin and ZO-1 expres-
sion in the duodenum of FD rats is induced by IA or CD- 
associated stress. Administration of paeoniflorin causes the 
upregulation of tight junction proteins (occludin and ZO- 
1) in the duodenum. Therefore, we postulate that paeoni-
florin up-regulates the expression of occludin and ZO-1 
expression in the duodenum by changes of neurotransmit-
ter ACh in FD rats.

Conclusion
In summary, paeoniflorin possesses the ability to relieve 
the symptoms of FD, with attenuated inflammatory reac-
tion. Paeoniflorin inhibits the AChE activity and increases 
the levels of ACh and ghrelin. Furthermore, paeoniflorin 
ameliorates the impaired duodenal barrier by up-regulating 
the expression of adhesion proteins (occludin and ZO-1). 
These findings suggest that paeoniflorin is a potential ther-
apeutic compound for FD.
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