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Abstract

AIM: To examine the effect of aqueous fructus aurantii
immaturus (FAI) extracts on the intestinal plexus of
cathartic colons.

METHODS: Cathartic colons were induced in rats
with dahuang, a laxative used in traditional Chinese
medicine. Once the model was established (after
approximately 12 wk), rats were administered mosa-
pride (1.54 mg/kg) or various doses of aqueous FAI
extracts (1-4 g/kg) for 14 d. Transit function was
assessed using an ink propulsion test. Rats were then
sacrificed, and the ultramicrostructure of colonic tissue
was examined using transmission electron microscopy.
The expression of the 5-hydroxytryptamine receptor
4 (5-HTR4) and neurofilament-H was assessed in
colon tissues using real-time PCR, Western blot, and
immunohistochemistry.

RESULTS: Mosapride and high dose (4 g/kg) of
aqueous FAI extracts significantly improved the bowel
movement in cathartic colons compared to untreated
model colons as measured by the intestinal transit rate
(70.06 £ 7.25 and 72.02 £ 8.74, respectively, vs 64.12
+ 5.19; P < 0.05 for both). Compared to controls, the
ultramicrostructure of cathartic colons showed signs
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of neural degeneration. Treatment with mosapride
and aqueous FAI extracts resulted in recovery of
ultrastructural pathology. Treatment with mosapride
alone upregulated the gene and protein expression
of 5-HTR4 compared to untreated controls (P < 0.05
for both). Treatment with aqueous FAI extracts (= 2
g/kg) increased 5-HTR4 mRNA levels (P < 0.05), but
no change in protein level was observed by Western
blot or immunohistochemistry. The mRNA and protein
levels of neurofilament-H were significantly increased
with mosapride and = 2 g/kg aqueous FAI extracts
compared to controls (P < 0.05 for all).

CONCLUSION: Aqueous FAI extracts and mosapride
strengthen bowel movement in cathartic colons
via increasing the expression of 5-HTR4 and neuro-
filament-H.

Key words: Fructus aurantii immaturus; Aqueous ex-
tracts; Cathartic colon; 5-HTR4; Neurofilament; My-
enteric plexus
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Core tip: Bowel movements in cathartic colon can be
strengthened with mosapride. However, recent studies
show that aqueous fructus aurantii immaturus (FAI)
extracts, a traditional Chinese medicine, can also
strengthen bowel movement, and are widely used to
treat gastrointestinal symptoms. The aim of this study
was to identify the mechanism by which aqueous
FAI extracts exert these effects. In a rat model of
cathartic colons, treatment with mosapride and aqueous
FAI extracts improved the intestinal transit rate, and
increased the expression of 5-hydroxytryptamine receptor
4 and neurofilament-H.
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INTRODUCTION

Slow transit constipation is a type of intractable
constipation of an unknown etiology. The slowed
colonic transmission results in functional constipation,
thus affecting an individual’s quality of life™. Chronic
use of anthraquinones or traditional Chinese laxatives,
such as dahuang and fanxieye, can result in laxative-
dependent defecation, also referred to as “cathartic
colon”. Long-term laxative use causes damage
to the intestinal myenteric plexus®®, resulting in
movement disability within the colon and aggravation
of constipation.
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Mosapride is an agonist of 5-hydroxytryptamine
receptor 4 (5-HTR4), and is widely used to treat
constipation. It activates cholinergic neurons in the
intestinal myenteric plexus to strengthen the movement
of the digestive tract’™. However, the traditional Chinese
medicine fructus aurantii immaturus (FAI) has also
been used to treat gastrointestinal diseases. Aqueous
extracts of FAI, obtained from Citrus aurantium L. or C.
sinensis Osbeck, have also been shown to strengthen
the movement of the gastrointestinal tract'®®. The
mechanism of action is not understood, but is thought
to involve stimulation of substance P secretion
from the nerve plexus', or activation of muscarinic
acetylcholine'® and histamine™® receptors. It is not
known whether aqueous FAI extracts also act on
5-HTR4.

The aim of the present study was to investigate
the effects of aqueous FAI extracts in comparison to
mosapride, and to evaluate the mechanism of action.
To this end, a cathartic colon rat model was treated
with mosapride and various doses of aqueous FAI
extracts. The expression levels of 5-HTR4 and the
structural protein neurofilament-H (NF-H) were then
examined in the myenteric plexus of the intestinal
wall.

MATERIALS AND METHODS

Drugs

Mosapride (5 mg; batch No. 2757C) was purchased
from Dainippon Sumitomo Pharma Co., Ltd. (Chuo-
ku, Osaka, Japan). Dahuang (batch No. 20130302)
and FAI (batch No. 20131017) were produced by the
Zhejiang Chinese Medical University Medical Pieces Co.
Ltd. (Linan, Zhejiang, China). High-performance liquid
chromatography analysis of the FAI indicated that it
contained 0.79% hesperidin, 0.18% aloe emodin,
0.31% rheic acid, 0.28% rheum emodin, 0.35%
chrysophanic acid, and 1.17% physcion.

To prepare the aqueous extracts, FAI was soaked
for 30 min in water (8-10 x V), and then boiled for
30 min. Next, water was added (3-5 x V), and the
solution was boiled for an additional 25 min. The
decoction was concentrated to 1 g/mL crude drug
using rotary evaporators (SENCO R-201; Shanghai
Zhicheng Biological Technology Co., Ltd., Shanghai,
China) and sterilized.

Animal model of cathartic colon

Eighty-two specific pathogen-free male Sprague-
Dawley rats (200 £ 10 g) were purchased from
Shanghai Xipuer-bikai Experimental Animal Co., Ltd.
(Shanghai, China) and housed for 1 wk under a 12 h
light/dark cycle at 22-24 ‘C with 50%-60% humidity
and a noise level < 50 db. Prior to experimentation,
rats were allowed free access to food and tap water.
All the procedures involving animals were conducted
in accordance with the ethical principles adopted by
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the Animal Experimental Center of Zhejiang Chinese
Medical University and were approved by the Ethics
Committee on Animal Experiments at Zhejiang Chinese
Medical University.

The experimental group of rats (n = 70) received
daily oral administration of 15 mL dahuang at an initial
dose of 200 mg/kg (13.3 mg/mL). The dose increased
by 200 mg/kg each day until 50% of the rats exhibited
loose stools. This occurred when the dosage was about
2400 mg/kg per day, which was maintained until the
loose stools disappeared in 80% of the rats. In the next
stage, the dosage was again increased by 200 mg/kg
per day until 50% of the rats exhibited loose stools
again. The final dosage of dahuang was 3800 mg/kg
per day (at 253.3 mg/mL). The time to establish the
laxative-dependent slow transit constipation model
was 12 wk. Food and water were not limited during
the modeling procedure. Animals in the control group (n
= 12) received daily oral administration of 15 mL/kg
normal saline.

Drug treatment

Two animals died during establishment of the cathartic
colon model; thus, the remaining 68 rats were divided
into the following five treatment groups: model
(n = 12); mosapride (n = 14); low-dose (1 g/kg)
aqueous FAI extract (FAI-L; n = 14); medium-dose
(2 g/kg) aqueous FAI extract (FAI-M; n = 14); high-
dose (4 g/kg) aqueous FAI extract (FAI-H; n = 14).
The treatment consisted of daily oral administration
of 15 mL/kg per day for 2 wk; normal saline was
administrated to the control and model groups.

The dose of mosapride was 1.54 mg/kg according
to the surface area conversion!, which is equivalent
to 6.2 x the human adult dosage used in clinical work.
The doses of 1 g/kg, 2 g/kg, and 4 g/kg aqueous FAI
extract are equivalent to 6.2 x, 12.4 x, and 24.8 x
the human adult dosage, respectively, used in clinical
work.

Intestinal transit rate testing

To evaluate the intestinal transit rate (ITR), animals
received an oral administration of 2 mL carbonic ink.
After 40 min, the rats were anesthetized with 350
mg/kg chloral hydrate and the complete intestinal
tract, from the pylorus to the terminal rectum, was
removed. Without applying tension, the lengths of the
whole intestinal tract, small intestine, large intestine,
and ink propulsion were measured. The percentage of
blackened intestinal tracts was calculated: ITR (%) =
pushing length/total length x 100.

Specimen collection

Colonic tissue located 1 cm from the anus was
collected from one randomly selected rat in each
group, cut into 1 mm? portions, and fixed for 24 h in
2.5% buffered glutaraldehyde for transmission electron
microscopy (TEM). From all rats, colonic tissue (1 cm)
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dissected approximately 2 cm from the anus was fixed
in 4% buffered neutral formalin and stored at 4 °C for
subsequent immunohistochemical analyses. Colonic
tissue (2 cm) located approximately 4 cm from the
anus was rapidly frozen in liquid nitrogen for PCR and
Western blot analyses.

TEM

Following fixation in 2.5% buffered glutaraldehyde
solution, colonic tissue samples were washed with
phosphate buffered saline (PBS) for 30 min, fixed
for 1 h in 1% osmic acid, washed in PBS again,
and dehydrated through a graded ethanol series.
Specimens were embedded in epoxy resin (Epon 812)
and stained with methylene blue. Sections were cut
using an ultramicrotome (HM335E; Microm GmbH,
Waldrof, Germany), and stained with uranyl acetate
and lead citrate. Sections were imaged under a
transmission electron microscope (H-7650; Hitachi,
Ltd., Tokyo, Japan).

Real-time PCR

RNAiso Plus (9108; Takara Bio, Inc., Otsu, Shiga,
Japan) was used to extract RNA from frozen tissue
samples, and the concentration of RNA was measured
using a trace nucleic acid analyzer (Thermo Fisher
Scientific, Waltham, MA, United States). RNA (1 pg/ulL)
was reverse transcribed to cDNA using a PrimeScript
RT reverse transcription kit (RRO36A; Takara Bio
Inc.). Amplification reactions were as follows: 2 uL
cDNA, 10 uL SYBR Premix Ex Tag 1, 0.4 uL ROX
I, 0.8 uL forward and reverse primers (10 pmol/L),
and 6.0 uL dH20. The two-step amplification method
was performed on a real-time PCR system (7500;
Applied Biosystems of Thermo Fisher Scientific):
initial denaturation at 95 'C for 30 s, followed by 40
cycles of denaturation at 95 °C for 5 s and annealing
and extension at 60 C for 30 s. A final melting curve
protocol was performed to confirm the specificity of
the primers. Primers were designed and synthesized
by Shenggong Biology and Engineering Co., Ltd.
(Shanghai, China) (Table 1). GAPDH was used as the
normalization control, and the 2" method was used
to calculate the relative expression of target genes.

Western blot

Colon tissue samples (50 mg) were lysed and
homogenized in 200 plL lysis buffer and centrifuged
at 10000 g for 10 min at 4 'C. The concentration of
protein in the supernatant was determined using a BCA
protein assay kit (P0012; Beyotime Technology Co.,
Ltd., Jiangsu, China). Proteins were separated by SDS-
PAGE using an electrophoresis apparatus (PowerPac
3000; Bio-Rad Laboratories, Inc., Hercules, CA, United
States), and then transferred to PVDF membranes. The
membranes were blocked in skim milk for 2 h and then
incubated overnight with GAPDH (sc-365062; 1:500),
5-HTR4 (sc-32564; 1:200) (Santa Cruz Biotechnology,
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Table 1 Primer sequences and amplification length
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Gene Primer sequence Amplification length (bp)
NF-H Forward: 5'-GCCCTCACCAAACAGGAAT-3' 147
Reverse: 5'-GCGTTCAGCAATACATCACG-3'
5-HTR4 Forward: 5'-GCCTTCTACATCCCGTTTCTC-3' 180
Reverse: 5'-CTTGGCTGCTTTGGTCTCTG-3'
GAPDH Forward: 5-GGCACAGTCAAGGCTGAGAATG-3' 252

Reverse: 5'-"ATGGTGGTGAAGACGCCAGTA-3'

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; NF-H: Neurofilament-H; 5-HTR4: 5-hydroxytryptamine receptor 4.

Table 2 Intestinal transit rate

Group n Pushing length (cm) Total length (cm) ITR
Control 12 84.35 +10.27 107.82 +10.83 78.14 £4.26
Model 12 59.51 +11.08 9240 +13.14 64.12+519°
Mosapride 14 82.40 +£11.46 117.43 +11.48 70.06 + 7.25"
FAI-L 14 70.50 + 17.30 101.90 + 17.04 68.76 + 7.48°
FAI-M 13 75.74 +16.39 110.93 + 13.16 67.78 + 8.00°
FAI-H 14 84.71 £13.53 117.73 £ 13.60 72.02 + 8.74

P < 0.05, °P < 0.01 vs control; °P < 0.05, “P < 0.01 vs model. ITR: Intestinal transit rate; FAIL: Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1

g/kg); M: Medium dose (2 g/kg).

Inc., Dallas, TX, United States), and NF-H (#2836,
1:500; Cell Signaling Technology, Inc., Danvers,
MA, United States) primary antibodies. Then, the
membranes were incubated in horseradish peroxidase-
conjugated goat-anti-mouse (sc-2005) or donkey-anti-
goat (sc-2020) IgGs (Santa Cruz Biotechnology, Inc.)
for 2 h at room temperature. Proteins were visualized
with enhanced chemiluminescence (GE Healthcare,
Little Chalfont, United Kingdom) and quantified using
Quantity One 4.6.2 software (Bio-Rad Laboratories,
Inc.). Protein expression was normalized to GAPDH.

Immunohistochemistry

The formalin-fixed colon tissues were embedded
in paraffin and sectioned at a thickness of 4 um.
Sections were prepared for immunostaining using a
two-step Envision method involving high-pressure
antigen retrieval and quenching of endogenous
peroxidase activity with hydrogen peroxide. Sections
were incubated with primary antibodies (anti-NF-H,
1:80; anti-5-HTR4, 1:30), followed by horseradish
peroxidase-conjugated secondary antibodies, and
visualized with diaminobenzidine with hematoxylin
counterstaining. The slides were imaged using a Nikon
Eclipse 80i optical microscope (Nikon Corp., Tokyo,
Japan). Positive staining was defined by the presence
of brown-colored staining in the cytoplasm. IPP 6.0
color image analysis software (Media Cybernetics,
Rockville, MD, United States) was used to identify
the mean integrated optical density (IOD) from five
randomly selected positive areas using the formula:
IOD = X area (positive expression) x density (mean
IOD in this area).
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Statistical analysis

All analyses were performed using SPSS 17.0 sta-
tistical software (SPSS Inc., Chicago, IL, United
States). Comparisons between groups were conducted
using repeated measures analysis of variance followed
by a least significant difference test in the case of
equal variance, otherwise a Dunnett’s T3 method was
used. All data are expressed as the mean £ SD. P <
0.05 was considered statistically significant.

RESULTS

Rats’ general condition

Cathartic colons were successfully established in 68/70
animals administered dahuang; two animals died
during the 12-wk period. Model animals were thinner
than controls, with substantially less defecation and
hard stools.

Of the 68 animals with cathartic colons, one
rat from the FAI-M group died during the study. All
cathartic colon groups had significantly shorter ITR
than control animals (P < 0.05 for all) (Table 2).
Compared to the model group, mosapride treatment
and high-dose FAI significantly improved the ITR (P <
0.05 for both).

TEM assessment of neurodegeneration in cathartic
colons

In the control group, neurons in the colonic tissue had
a normal morphology and contained abundant rough
endoplasmic reticulum, free ribosomes, mitochondria,
and neurofilaments (Figure 1A and B). Cathartic colons
in model animals showed signs of neurodegeneration,
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Figure 1 Transmission electron microscopy of cathartic colons. In the colons of control animals, normal A: Nerve fibers (Nf, magnification x 40000); and B:
Interstitial cells of Cajal (ICC; magnification x 2500) can be seen. In contrast, cathartic colons in model animals showed C: Vacuole formation in ‘mit' and sparse
neurofilament (magnification x 11500); D: Eosinophil (EOS) infiltration (magnification x 1750); E (magnification x 5900) and F (magnification x 5900) each for

mosapride and FAI showing recovery of damage.

with eosinophil infiltration, fractured collagenous
fibers with disordered arrangement, vacuoles in
swollen mitochondria, and autophagic vacuoles in
the cytoplasm (Figure 1C and D). In addition, sparse
neurofilaments and debris of eosinophils, which
contained a large amount of lipofuscin, could be seen
in the muscular layer and myenteric plexus. Interstitial
cells of Cajal appeared shrunken. In contrast, these
changes were not observed in animals receiving
mosapride treatment or FAI (Figure 1E and F).

Upregulation of 5-HTR4 and NF-H mRNA with FAIl and
mosapride

Expression of 5-HTR4 and NF-H mRNAs was signi-
ficantly reduced in cathartic colons compared to
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normal controls (both P < 0.01) (Figure 2). However,
treatment with mosapride or = 2 g/kg aqueous FAI
extracts (medium- and high-dose groups) significantly
upregulated the expression compared to the model
group (P < 0.05 for all).

Upregulation of 5-HTR4 and NF-H protein with FAl and
mosapride

Expression of 5-HTR4 and NF-H proteins was signi-
ficantly reduced in cathartic colons compared to
normal controls, as assessed by Western blot (P <
0.05 for both) (Figure 3). Treatment with mosapride
significantly upregulated 5-HTR4 and NF-H (P <
0.01 for both); however, only NF-H expression was
increased significantly in the FAI-M and FAI-H groups (P
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Table 3 Semi-quantitative analysis of 5-hydroxytryptamine receptor 4 and neurofilament-H protein expression intensity in rat colon tissue

Protein Control Model Mosapride FAI-L FAI-M FAI-H
5-HTR4 161.73 + 67.56 7.85 +4.44° 75.13 + 92.17"¢ 19.31 +22.41° 26.89 +19.04° 23.89 + 32.09°
NF-H 1064.45 + 358.96 166.22 +230.38" 649.13 + 306.48™ 219.42 +177.20° 420.89 + 476.75" 631.78 + 456.29™

°P < 0.05, "P < 0.01 vs control; °P < 0.05 vs model. FAL Fructus aurantii immaturus; H: High dose (4 g/kg); L: Low dose (1 g/kg); M: Medium dose (2 g/kg);

NF-H: Neurofilament-H; 5-HTR4: 5-hydroxytryptamine receptor 4.

< 0.05).

Immunohistochemical analysis of 5-HTR4 and NF-H
expression

5-HTR4-positive cells were observed within the
mucous layer, submucosal plexus, muscular layer, and
myenteric plexus (Figure 4). Semi-quantitative analysis
of expression revealed that 5-HTR4 expression was
significantly reduced in cathartic colons compared to
control animals (P < 0.01 for all) (Table 3). However,
only mosapride treatment resulted in a significant
increase in expression compared to the model group (P
< 0.05).
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NF-H-positive cells were found primarily within
the myenteric plexus (Figure 5). Compared with the
control group, semi-quantitative analysis showed
significantly decreased NF-H protein expression in the
cathartic colons (P < 0.05 for all) (Table 3). Treatment
with mosapride and high-dose FAI significantly
increased NF-H expression compared to model animals
(P < 0.05 for both).

DISCUSSION

Pathologic changes in the enteric nervous system are
responsible for slow transit constipation'?. Together,
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Figure 4 Immunohistochemical staining for 5-hydroxytryptamine receptor 4 in rat colon tissue. A: Control group; B: Model group; C: Mosapride group; D: Low
dose (1 g/kg) aqueous fructus aurantii immaturus (FAI) group; E: Medium dose (2 g/kg) aqueous FAI group; F: High dose (4 g/kg) aqueous FAI group (magnification x

200).

Figure 5 Immunohistochemical staining for neurofilament-H in rat colon tissue. A: Control group; B: Model group; C: Mosapride group; D: Low dose (1 g/kg)
aqueous fructus aurantii immaturus (FAI) group; E: Medium dose (2 g/kg) aqueous FAI group; F: High dose (4 g/kg) aqueous FAI group (magnification x 200).

the myenteric plexus, innervating the smooth muscle,
and the submucosal plexus, innervating the intestinal
mucosa, regulate gastrointestinal function**!. Clinical
evidence indicates that degeneration of the myenteric
plexus is the primary pathologic finding®**, possibly
due to increased neuronal apoptosis. Thus, slow transit
constipation is not simply a functional disease, but
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may also represent an enteric neuropathy™***,

In the present study, a rat model of slow transit
constipation was induced by chronic administration
of dahuang, demonstrated by the reduced ITR in ink
propulsion tests. Ultrastructural examination revealed
that a possible mechanism for this effect was loss of
ganglion in the myenteric plexus and a decrease in
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neurofilaments, which is consistent with our previous
research!™® and reports of others™”), Indeed, a previous
study showed that the expression of the neurotrophin
receptor p75 is increased in the intestinal wall of
cathartic colon™®!, which is known to mediate neuronal
apoptosis™®, Furthermore, the presence of eosinophil
infiltration suggests that an additional inflammatory
component may contribute to the observed reduction
in intestinal function.

Gastrointestinal motility is enhanced with mosa-
pride treatment, as shown in clinical studies®*
and in animal modelst®?”l, The findings of the
present study are consistent with this, as mosapride
treatment significantly increased the ITR in animals
with cathartic colons. Moreover, this recovery of
function was accompanied by increased expression of
5-HTR4 and NF-H, which is consistent with previous
studies®?®!, This study shows that functional recovery
with aqueous FAI extracts may occur via a similar
mechanism, as treatment with a high dose significantly
increased transcription of both 5-HTR4 and NF-H. The
upregulation of NF-H expression by mosapride and
aqueous FAI extracts is indicative of neuronal repair
within the intestinal wall of cathartic colons. However,
whereas mosapride increased both 5-HTR4 and NF-H
protein expression, FAI led to upregulation of only
NF-H protein. As aqueous FAI extracts increased the
transcription of 5-HTR4, it is also possible that they
affected related functional RNAs, such as microRNAs or
long noncoding RNAs, to regulate 5-HTR4 at the post-
transcriptional level™,

It has been demonstrated that 5-HTR4 agonists
play an important role in the development and survival
of intestinal neurons®* %, Therefore, these agonists
may represent a new therapeutic tool to treat enteric
nervous system-deficiency diseases™. The results
presented here indicate that aqueous FAI extracts
could also be therapeutic in these cases. However,
further studies are needed to establish an exact
mechanism for the observed recovery of intestinal
function. Importantly, the composition of the aqueous
FAI extracts is complex™*, Therefore, the active
component(s) have yet to be identified.

CONCLUSION

Slow transit constipation can be alleviated by
treatment with mosapride and aqueous FAI extracts;
both of which promote repair of the myenteric
plexus and upregulate transcription of 5-HTR4 and
NF-H. Therefore, patients with laxative-dependent
constipation may benefit from administration of either
mosapride or aqueous FAI extracts.
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