
Vol.:(0123456789)1 3

Digestive Diseases and Sciences 
https://doi.org/10.1007/s10620-020-06817-y

ORIGINAL ARTICLE

7,8‑Dihydroxyflavone Enhanced Colonic Cholinergic Contraction 
and Relieved Loperamide‑Induced Constipation in Rats

Li Ma1 · Zhiqiang Qu2 · Luo Xu3 · Lei Han1 · Qingfang Han4 · Juan He1 · Xiao Luan3 · Bingxiang Wang5 · Yongye Sun6 · 
Baoguo He7 

Received: 15 April 2020 / Accepted: 29 December 2020 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Background  Whether 7,8-dihydroxyflavone (7,8-DHF), a tyrosine kinase receptor B (TrkB) agonist, modulates colonic 
smooth muscle motility and/or alleviates constipation has not yet been studied.
Aims  Here, we aimed to determine how 7,8-DHF influences carbachol (CCh)-stimulated contraction of colonic strips and 
the in vivo effect of 7,8-DHF on constipation.
Methods  Muscle strips were isolated from rat colons for recording contractile tension and performing western blotting. 
Constipation was induced in rats with loperamide.
Results  Although it specifically activated TrkB, 7,8-DHF applied alone neither activated PLCγ1 in the colonic strips nor 
induced colonic strip contraction. However, 7,8-DHF enhanced CCh-stimulated PLCγ1 activation and strip contraction. 
The PLCγ1 antagonist U73122 suppressed both CCh-stimulated and 7,8-DHF-enhanced/CCh-stimulated contraction. While 
clarifying the underlying mechanism, we revealed that 7,8-DHF augmented muscarinic M3 receptor expression in the colonic 
strips. The M3-selective antagonist tarafenacin specifically inhibited the 7,8-DHF-enhanced/CCh-stimulated contraction of 
the colonic strips. Since 7,8-DHF increased Akt phosphorylation, and LY294002 (an antagonist of PI3K upstream of Akt) 
dramatically inhibited both 7,8-DHF-augmented M3 expression and 7,8-DHF-enhanced/CCh-stimulated contractions, we 
assumed that 7,8-DHF/TrkB/Akt was associated with the modulation of M3 expression in the colonic strips. ANA-12, a 
specific TrkB antagonist, not only inhibited TrkB activation by 7,8-DHF but also suppressed 7,8-DHF-enhanced cholinergic 
contraction, 7,8-DHF/CCh-mediated activation of PLCγ1/Akt, and M3 overexpression in colonic strips. In vivo 7,8-DHF, 
also by promoting intestinal motility and M3 expression, significantly alleviated loperamide-induced functional constipa-
tion in rats.
Conclusions  Our results suggest that 7,8-DHF regulates colonic motility possibly via a TrkB/Akt/M3 pathway and may be 
applicable for alleviating constipation.
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Introduction

Functional constipation is a common abnormality of 
humans caused by the dysfunction of colonic dynamics 
[1]. Low colonic dynamics usually constitute an initial 
step in the development of constipation. Therefore, medi-
cine that increases colonic motility is clinically beneficial 
for constipation treatment. However, therapeutics with 
satisfactory effects on the abnormalities remain limited.

Brain-derived neurotrophic factor (BDNF) is a natu-
ral agonist for tyrosine kinase receptor B (TrkB). BDNF 
was initially discovered in the nervous system, and when 
TrkB was activated by BDNF, three intracellular signaling 
factors were subsequently activated: PLC (phospholipase 
C), ERK1/2 (Ras/extracellular signal regulated kinase 1 
and 2), and PI3K (phosphatidylinositol-3-kinase)/Akt [2]. 
The signals cause a functional increase in the intracellular 
Ca2+ concentration and promote excitatory transduction at 
synapses and neuromuscular junctions [3]. Some studies 
have reported that TrkB and BDNF exist in the digestive 
system as well and that they enhance the gut motility of 
animals with slow transit constipation (STC) and peristal-
sis of the intestinal tract in humans [4,5]. In this study, we 
speculated that BDNF/TrkB in colonic tracts plays a role 
in promoting colonic motility.

A synthetic TrkB agonist, 7,8-dihydroxyflavone (7,8-
DHF) is a flavonoid that is widely distributed in many 
plants and plays various important roles in neuropro-
tection and antioxidation; has anti-diabetes, anticancer, 
anti-hypertension, pro-gastrointestinal dynamics, and 
anti-cardiotoxicity effects; and ameliorates intestinal 
ischemia–reperfusion injury, etc. [4–13]. It was the first 
drug found to have biological functions similar to those 
of BDNF [14,15]. Similarly, the interaction of 7,8-DHF 
with TrkB in the neural system activates PLCγ1, Akt, 
and ERK1/2 signaling pathways that function in neural 
protection and lead to behavioral changes [14,15]. Since 
TrkB was found in colonic tracts, it has been assumed 
that 7,8-DHF is probably able to activate TrkB in colonic 
smooth muscles, elevate intracellular Ca2+ concentration, 
and enhance colonic dynamics. It was reported that BDNF 
can promote cholinergic intestinal motility [4,5]. However, 
7,8-DHF and BDNF seemingly play conflicting roles in the 
intestine. Al-Qudah et al. stated that both BDNF and 7,8-
DHF increased the carbachol (CCh)-stimulated contrac-
tion of rabbit intestines, but the molecular mechanism was 
not identified [16]. In contrast, Chen et al. reported that 
exogenously applied BDNF did not alter the cholinergic 
contraction in murine intestines [17].

Based on the fact that 7,8-DHF specifically activates 
TrkB and its downstream targets PLCγ1, PI3K/Akt, and 
ERK1/2 [14,15], we recently revealed that 7,8-DHF 

enhances rat gastric cholinergic contraction [12]. Here, 
we hypothesized that 7,8-DHF might exhibit a similar 
enhancement effect in colonic cholinergic contraction and 
aimed to discover its alleviating effect in a rat constipa-
tion model. Through the use of selective antagonists of 
these signaling molecules and contractile tension measure-
ments of ex vivo rat colonic strips, we not only observed 
the effect of in vitro 7,8-DHF on rat colonic motility but 
also identified its underlying molecular mechanism and 
assessed the in vivo effect on the STC of a rat model.

Methods

Chemicals

Carbachol and loperamide were purchased from Sigma, St. 
Louis, MO, USA; 7,8-dihydroxyflavone was obtained from 
TCI laboratories, Tokyo, Japan; ANA-12 was acquired from 
Fisher Scientific, Hampton, NH, USA; PD98059, U73122, 
and LY294002 were obtained from Enzo Life Sciences, 
Farmingdale, NY, USA; anti-GAPDH, anti-TrkB, anti-
ERK1/2, anti-p-PLCγ1 (Y783), and anti-PLCγ1 antibodies 
were from Santa Cruz Biotechnology, Santa Cruz, CA, USA; 
anti-p-TrkB (Y516), anti-p-Akt (S473), anti-Akt, and anti-
p-ERK1/2 (T202/Y204) antibodies were obtained from Cell 
Signaling, Boston, USA; anti-M2 and anti-M3 antibodies 
were obtained from Abcam, Cambridge, UK. VU0255035 
and tarafenacin from APExBIO Technology, Boston, USA; 
3-quinuclidinyl benzilate from BOC Sciences, New York, 
USA.

Animals

Male rats (300 ± 20 g, n = 238) were provided by the Center 
for Experimental Animals, Institute of Drug Examination, 
Qingdao, China. Typically, one rat was sacrificed to obtain 4 
colonic strips each day. At the end of the daily experiments, 
the strips were frozen in a − 80 °C freezer for use in western 
blotting. Eight to ten rats were used for each experimental 
group in all figures.

In the experiments, the animals were treated following 
the Guide for the Care and Use of Laboratory Animals 
(the National Institutes of Health, United States). The Eth-
ics Committee of the Affiliated Hospital, Qingdao Uni-
versity, approved the protocol for animal treatment in the 
experiments.

Isolation of Colonic Muscular Strips

Fasted 12 h before experiments but with water freely acces-
sible, the rats were anesthetized with 10% thiobutabarbi-
tal (100 mg/kg body weight, i.p.). An abdominal incision 
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was made through which a segment of colon (2 cm long 
and ~ 5 cm from the ileocecal junction) was rapidly removed 
and immersed in Krebs solution (in mM, 4.75 KCl, 118 
NaCl, 1.19 KH2PO4, 2.54 CaCl2, 1.2 MgSO4, 25 NaHCO3, 
0.5 EDTA-Na2, 11 glucose, pH 7.4) at 37 °C. A mix of 5% 
CO2/95% O2 was continuously bubbled through the solu-
tion. In solution, the colon segment was longitudinally cut, 
and the luminal content was cleared. Under a dissecting 
microscope, colonic mucosa and submucosa were removed 
gently. Longitudinal muscular strips (~ 10 mm ×  ~ 5 mm) 
were prepared with one end of surgery silk thread tied to 
the end of a strip and the other end tied to a chamber that 
contained Krebs solution (6 ml), where they remained hung 
at 37 °C and with mixed 5% CO2/95% O2 constantly bub-
bling through the solution. The strips were subjected to 0.5 g 
tension (basal tension) and rinsed twice with 37 °C Krebs 
for 15 min each time to stabilize spontaneous contraction of 
strips. Before the application or substitution of a drug, the 
strips were washed with Krebs three times for ~ 10 min each 
time [12,18].

Recording Colonic Strip Tension

The tension recording apparatus (Chengdu Instrument and 
Equipment Factory, Chengdu, China) consisted of a four-
chamber system for organ perfusion, multiple channels for 
physiological signal collection, and tension signal collecting 
software (RM6240 series). The strips were treated consecu-
tively with 10–2, 10–1, 1, 10, 20, 100, and 1000 μM CCh or 
with 10–1, 1, 10, 30, and 100 μM 7,8-DHF. The concen-
tration of these drugs was cumulatively increased. Gener-
ally, the strip contraction to reach maximum tension within 
3 min, recorded as raw data for analysis. The tension unit 
was in grams (g). Whenever the CCh drug concentrations 
were changed, the strips were washed with Krebs to ensure 
its return to the basal tension, which was used as the control 
for the CCh experiments. The control tension for the experi-
ments used to test the effects of 7,8-DHF or antagonists was 
the contraction obtained with 10 μM CCh stimulation  [12]. 
Each strip served as its own control when the contraction 
amplitudes were compared between treatment conditions 
and controls.

To confirm the appropriate length of 7,8-DHF treatment 
for modulating the strip contraction induced by CCh, we 
evaluated the lengths after various duration times of 7,8-
DHF incubation. Considering 7,8-DHF efficiency and the 
time need for a strip to recover to the basal tension level, 
we ultimately decided that a 30 min incubation was opti-
mal for allowing 7,8-DHF effects. Therefore, the following 
experimental procedure was used: CCh tension was used as 
a control when a strip was stabilized and stimulated by CCh 
(10 μM) for 3 min. After the CCh tension was recorded, the 
strip was rinsed until the basal tension was recovered, and 

then, the strip was incubated with serial concentrations of 
7,8-DHF. For each measurement, 7,8-DHF was applied for 
30 min prior to a 3 min treatment with CCh (10 μM). When 
contracting tension reached a plateau, the tension value was 
recorded as 7,8-DHF + CCh tension. All antagonists used in 
the study were added to chambers 15 min before the addition 
of 7,8-DHF. The contraction percentage was obtained based 
on the following calculation:

Induction of Rat Constipation with Loperamide

A rat model of functional constipation was treated with lop-
eramide [19]. The model was generated to replicate a type 
of STC. Prior to STC induction, the rats were allowed to 
adapt to the ambient environment for one week, and then, 
fecal pellets were collected, counted, and weighed from ten 
rats for seven consecutive days. The daily average weight of 
the feces was calculated and taken as the basal fecal weight 
(gram). The basal content (%) of water in the feces was 
obtained as follows by calculating the wet weight and the 
weight of dried feces:

To induce constipation, 20 rats were injected intraperito-
neally with loperamide (5 mg/kg body weight) twice a day 
(9:00 a.m. and 18:00 p.m.) for five days. Then, the basal fecal 
pellet output/90 min, fecal weight, and fecal water percentage 
for each rat were recorded for 3 days without stopping the lop-
eramide treatment. When the fecal pellet output was reduced 
from ~ 3.5 to ~ 1.5/90 min, the fecal weight was reduced from ~ 7 
to ~ 3 g, and the water content was reduced from ~ 50 to ~ 20% 
per rat, indicating that constipation was successfully induced 
with the loperamide treatment, which was then used for the sub-
sequent experiments. The model rats were randomly allocated 
to two groups: the dissolvent Dimethyl sulfoxide (DMSO)/
natural saline (NS) control and 7,8-DHF treatment. To observe 
whether 7,8-DHF alleviated STC, DMSO/NS or 7,8-DHF 
(1 mg/kg body weight [12,13]) was administered intragastri-
cally to model rats every day for 7 days. During the final 3 days 
of 7,8-DHF treatment, the fecal weight and water content were 
measured.

Rate of Intestinal Carbon Propulsion

STC model rats treated with DMSO/NS or 7,8-DHF as 
described above were fasted for 12 h but allowed ad libitum 
to drink water containing 1 mM 7,8-DHF or corresponding 

Contraction (%) = CCh
tension

or (DHF + CCh)tension
∕

CCh
tension

× 100%.

Fecal water content(%) = (wet weight−dry weight)∕

wet weight × 100%.
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volume of DMSO/NS. Then, the rats were fed an active char-
coal suspension (10 mg/kg body weight) by gavage and housed 
in a single cage for 30 min. The active charcoal suspension (1 g/
ml) was prepared with a 10% charcoal suspension including 
5% gum arabic. Thirty minutes later, the rats were anesthe-
tized with thiobutabarbital (100 mg/kg, i.p.) and the entire small 
intestines were obtained by surgery. The length of the whole 
small intestine and the small intestine stained with charcoal was 
measured, and the propulsion rates of charcoal in the intestine 
were calculated as follows [13]:

Colonic strip tissues in SDS sample buffer (Beyotime, 
Haimen, China) were minced completely. The minced tis-
sues were homogenized on ice and then sonicated for 5 min. 
The fragmented tissue was subjected to 12,000×g centrifu-
gation for 30 min after 45 min of static incubation on ice. 
The supernatant (whole cellular proteins) was removed by 
pipetting to confirm the concentration of protein with a 
BCA protein assay kit (Pierce Biotechnology, USA). SDS-
PAGE was performed to separate the proteins in the gel. 
The gel-separated proteins (50 μg/lane) were electrophoreti-
cally transferred to PVDF membranes (0.45 μm) (Millipore, 
USA), which were incubated overnight with the primary 
antibodies at 4 °C. The primary antibodies were diluted 
to 1:500 (anti-p-TrkB), 1:300 (anti-TrkB), 1:500 (anti-p-
PLCγ1), 1:300 (anti-PLCγ1), 1:300 (anti-p-Akt), 1:300 
(anti-Akt), 1:500 (anti-p-ERK1/2), 1:300 (anti-ERK1/2), 
1:500 (anti-M3), or 1:1000 (anti-M1 or anti-M2). The anti-
body-stained membranes were washed and incubated with 
the secondary antibody, anti-GAPDH (1/10,000) conjugated 
to horseradish peroxidase, for 60 min at 25 °C.

The fluorescent signals emitted from the antibody-stained 
protein bands on the PVDF membrane were detected with 
a fusion-enhanced chemiluminescence imager (Vilber, 
France). The density of the protein bands was analyzed 
and measured by ImageJ software. The brightness values 
of the target protein bands were normalized to the values 
of GAPDH.

Statistical Analysis

A software package named concise statistics, CS10.34, was 
used for the data analysis. The analyzed data are presented as 
the means ± SD. To confirm the significance of the differences 
among groups, Student’s t test was used to compare a differ-
ence between two groups, while one-way ANOVA was used 
to assess the difference when more than two groups were com-
pared. The effect of 7,8-DHF on fecal pellet output, weight, and 
water content was analyzed by t test based on the dependent 

Propulsion rate of charcoal (%) = length of the small intestine with charcoal∕whole length of the small intestine × 100%.

variables with each animal serving as its own control. When 
the P value was less than 0.05, the difference was considered 
significant. Statistical data points were fitted to a logistic func-
tion for curves, EC50, and Emax.

Results

CCh Stimulated the Contraction of the Colonic Strips 
from the Rats in a Dose‑Dependent Manner

In this study, experiments were first performed with iso-
lated rat colonic muscle strips to find an optimal CCh con-
centration. Figure 1a shows the contractions of one strip 
after treatment with various concentrations of CCh. CCh 
stimulated strip contraction in a dose-dependent manner at 
concentrations that were increased from 10–2, 10–1, 1, 10, 20, 
102 to 103 μM. Figure 1b exhibits the statistically analyzed 
data based on the CCh-stimulated contractions with an EC50 
equal to 54.9 μM. We noticed that when CCh concentrations 
were ≥ 20 μM, the strip contraction did not recover to the 
baseline level after washing, indicating that the strips may 
have been damaged at high concentrations of CCh. There-
fore, we selected 10 µM as the optimal CCh concentration 
for use in the subsequent experiments.

7,8‑DHF Enhanced the CCh‑Stimulated Contraction 
of the Colonic Strips

To test whether 7,8-DHF exerted a direct influence on colonic 
muscle contraction, the colonic strips were exposed to only 
7,8-DHF at concentrations from 0.1, 1, 10, 30, to 100 µM. 
The results showed that 7,8-DHF alone did not significantly 
change the basal tension of the colonic strips (Fig. 1c).

Next, we tested whether CCh-stimulated colonic strip con-
traction may be influenced by 7,8-DHF. The muscular strips 
were treated with 7,8-DHF at 0.1, 1, 10, 30, and 100 μM fol-
lowed by treatment with CCh (10 μM) to stimulate contrac-
tion. The contractile tension recorded was compared to that 
of the CCh-alone-stimulated tension. The latter was consid-
ered to be 100%. As shown in Fig. 1d and e, 7,8-DHF clearly 
enhanced CCh-stimulated muscle contraction in a dose-
dependent manner with an EC50 equal to 0.976 μM. Since 
the CCh-stimulated contraction enhanced by 10 μM 7,8-DHF 
neared the maximal level and was easily returned to the base-
line level by washing, 10 μM 7,8-DHF was selected as the 
optimal concentration in the subsequent experiments. DMSO 
was used as a 7,8-DHF dissolvent, but when it was added to 
the muscular strips, the CCh-stimulated contraction was not 
significantly changed (data not shown).
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Treatment with 7,8‑DHF Enhanced the Defecation 
of the Rats with Loperamide‑Induced Constipation

These results led us to hypothesize that 7,8-DHF may 
be able to alleviate constipation. To test this hypothesis, 
we induced slow transit constipation (STC) in rats with 

loperamide [19]. When the model rats suffered consti-
pation, they showed an evident reduction in fecal pellet 
output, fecal weight, and fecal water content (Fig. 2a–c). 
Oral administration of 7,8-DHF (1 mg/kg body weight), 
however, significantly corrected the abnormalities in 
fecal pellet output, fecal weight, and fecal water content 

Fig. 1   Treatment with 7,8-DHF enhanced the carbachol (CCh)-stim-
ulated rat colonic strip contraction. Preparation of colonic strips is 
described in Methods section. a CCh-stimulated contractions of one 
colonic muscular strip. Contractile tension was recorded in grams (g) 
after one strip was stimulated with CCh (in µM) at 10–2 (a), 10–1 (b), 
1 (c), 10 (d), 20 (e), 102 (f), or 103 (g). Curves showing the contrac-
tions recorded. b Statistically analyzed data showing dose-dependent 
CCh-stimulated contractions. c Treatment with 7,8-DHF alone did 
not lead to strip contraction. Bars show the contraction of the strips 

treated with 7,8-DHF at the indicated concentrations (0.1, 1, 10, 30, 
or 100 µM). d Contractions of the colonic strips induced by 7,8-DHF-
enhanced CCh stimulation. Contraction curves are based on one strip 
that was treated for 30 min with 0.1 (a), 1 (b), 10 (c), 30 (d), or 100 
(e) µM 7,8-DHF followed by CCh (10 µM). e Statistically analyzed 
data of the 7,8-DHF-enhanced/CCh-stimulated contractions. For each 
group, n = 8 to 10 samples (B, C, and E). Curves were obtained by fit-
ting the points to the logistic function

Fig. 2   In vivo 7,8-DHF treatment alleviated slow transit constipation 
(STC) in rats. The rat STC model was induced with intraperitoneal 
injection of loperamide (see Methods section for details). Treatment 
with 7,8-DHF (1  mg/kg body weight) administered orally reduced 

the fecal pellet output (pellets/90 min) (a), weight (g) (b), and water 
content (%) (c) of the STC rats. ** Indicates P < 0.01 versus the NS 
control; $ P < 0.05 versus STC + DMSO. For each group, n = 8 to 20 
samples (A–C)
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(Fig.  2a–c). Apparently, 7,8-DHF has the potential to 
relieve constipation.

TrkB Antagonist ANA‑12 Inhibited the Enhancing 
Effect of 7,8‑DHF on the Cholinergic Contraction 
of the Colonic Strips

The colonic strips were treated with ANA-12, an antago-
nist specific for TrkB, in an attempt to study the working 
mechanism for 7,8-DHF. As shown in Fig. 3a, ANA-12 
(10 μM) dramatically suppressed the CCh-stimulated con-
traction that had been enhanced by 7,8-DHF, while at 1 μM, 
it slightly suppressed this contraction, but not to a significant 
level. The combination of CCh (10 μM) with ANA-12 did 
not affect the CCh-stimulated contraction (Fig. 3a), imply-
ing that TrkB may not participate alone in CCh-stimulated 
contraction. ANA-12 (10 μM) alone did not influence the 
tension of the colonic strips (data not shown). The result 
indicates that 7,8-DHF plays an enhancing role by interact-
ing with TrkB in the colonic muscles.

The biological activity of a receptor is usually indicated 
by self-phosphorylation. Therefore, the extent of TrkB 

phosphorylation (p-TrkB) likely indicates the extent of its 
activation. According to the western blot analysis, while 
TrkB protein expression was not changed by CCh (10 μM) 
or 7,8-DHF (10 μM) (Fig. 3b, left), the intensity of p-TrkB 
was significantly increased upon treatment with 7,8-DHF or 
the 7,8-DHF + CCh combination, while ANA-12 (10 μM) 
almost completely inhibited the activating effect of 7,8-DHF 
on TrkB phosphorylation (Fig. 3b, right). CCh did not sig-
nificantly alter the level of p-TrkB, indicating that it did not 
participate in the TrkB activation. The results further sup-
ported the assumption that TrkB in the colonic strips was 
activated by 7,8-DHF.

7,8‑DHF‑Enhanced/CCh‑Stimulated Contraction 
of the Colonic Strips Was Mediated by Activated 
PLCγ1

Three cellular factors are usually induced downstream of 
activated TrkB. We first observed a change in PLCγ1 phos-
phorylation. PLCγ1 protein expression in the colonic strips 
was not significantly altered by CCh (10 μM), 7,8-DHF 
(10 μM) or the combined treatment (Fig. 4a, left). Treatment 

Fig. 3   Treatment with 7,8-DHF activated TrkB in the colonic strips. 
See Fig.  1 legend for the details of strip preparation. a Statistical 
analysis of the results of ANA-12 blocking the 7,8-DHF-enhanced/
CCh-stimulated contraction of colonic strips. Strips were incubated 
with CCh (10 µM) for the induction of contraction to serve as con-
trols; after washing, the same strips were treated with ANA-12 (1 or 
10  µM)and then 7,8-DHF (10  µM) before CCh stimulation. * Indi-
cates P < 0.05 versus CCh alone; $ P < 0.05 versus 7,8-DHF + CCh. 
b Treatment with 7,8-DHF further phosphorylated TrkB in the 
colonic strips. After the strips were treated with 7,8-DHF (10  µM), 

CCh (10  µM), or ANA-12 (10  µM), the proteins in the strips were 
extracted for use in western blotting (see Methods section for details). 
For immunoblotting, anti-TrkB (left) or anti-phosphorylated-TrkB 
(p-TrkB, right) antibodies were applied to stain the western blot 
membranes. The upper panel shows representative immunoblots. The 
lower panel shows the statistically analyzed relative expression (%) 
of the target bands with densities normalized to the corresponding 
GAPDH bands. **Indicates P < 0.01 versus the control; $$P < 0.01 
versus CCh alone. For each group, n = 8 to 10 samples (A and B)
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with 7,8-DHF alone did not significantly alter PLCγ1 phos-
phorylation in the strips (Fig. 4a, right). This indicated that 
TrkB activation did not trigger PLCγ1 phosphorylation in 
the colonic muscle strips, which explained why 7,8-DHF 
failed to stimulate their contraction (Fig. 1c). CCh activated 
PLCγ1 by increasing its phosphorylation, and interest-
ingly, the treatment of CCh combined with 7,8-DHF evi-
dently strengthened PLCγ1 phosphorylation, while ANA-12 
blocked the PLCγ1 phosphorylation (Fig. 4a, right). These 
data suggested that CCh activated PLCγ1 and that 7,8-DHF 
somehow promoted the CCh-mediated PLCγ1 activation via 
TrkB.

We found that U73122 (10 μM), a PLCγ1 antagonist, 
reduced the strip contraction stimulated by CCh or CCh 
combined with 7,8-DHF by ~ 25% and ~ 40%, respectively 
(Fig. 4b). These results suggested that PLCγ1 mediated both 
the CCh-stimulated and 7,8-DHF-enhanced/CCh-stimulated 
contraction of the colonic strips.

Muscarinic M3 Receptor Overexpression in Colonic 
Muscle Was Associated with 7,8‑DHF

Gq11 protein-coupled muscarinic receptors are cholinergic 
receptors in the gut, and their activation leads to PLCγ1 
activation [20]. Since PLCγ1 activation of the strips 
by CCh was strengthened after the CCh and 7,8-DHF 

cotreatment, we assumed that 7,8-DHF possibly indirectly 
acted on the Gq11 protein-coupled muscarinic receptor or 
PLCγ1.

To corroborate this assumption, we first focused on the 
muscarinic receptors M1, M2, and M3 because these three 
types of receptors are predominant in colonic tissues [21–23]. 
Since CCh is a nonselective agonist for muscarinic receptors 
[23], in the following experiments, we used selective antago-
nists of muscarinic receptors to determine which type of mus-
carinic receptors might be associated with the effect of 7,8-
DHF. VU0255035 is an antagonist specific to the M1 receptor, 
which at 10 μM slightly inhibited both CCh-stimulated and 
7,8-DHF-enhanced/CCh-stimulated contractions, but the dif-
ference was not statistical significance (Fig. 5a), indicating that 
the M1 receptor may not be among the dominant muscarinic 
receptors in colonic smooth muscle or may not participate in 
7,8-DHF-enhanced/CCh-stimulated contraction. While 3-qui-
nuclidinyl-benzilate (QNB, an M2 antagonist) at 10 μM inhib-
ited CCh-stimulated contraction by ~ 30%, it inhibited 7,8-DHF-
enhanced/CCh-stimulated contraction by only ~ 20%, implying 
that M2 was probably not involved in the 7,8-DHF effect. How-
ever, tarafenacin (an M3 antagonist) at 10 μM inhibited CCh-
stimulated contraction by ~ 70% inhibition, while it inhibited 
7,8-DHF-enhanced/CCh-stimulated contraction by ~ 80%. This 
result strongly suggested that the M3 receptor was probably a 

Fig. 4   PLCγ1 was activated in the colonic strips treated with 7,8-
DHF/CCh. See Fig.  1 legend for the details of strip preparation. 
a CCh but not 7,8-DHF activated PLCγ1 in the colonic strips. See 
Fig.  3B legend for western blotting details. For immunoblotting, 
anti-PLCγ1 (left) or anti-phosphorylated-PLCγ1 (p-PLCγ1, right) 
antibodies were applied to stain the western blot membranes. ** 
Indicates P < 0.01 versus the control; $ P < 0.05 versus CCh alone; 

# P < 0.05 versus 7,8-DHF + CCh. b U73122 (10  µM) blocked 
7,8-DHF-enhanced/CCh-stimulated contraction of the colonic strips. 
See Fig.  3a legend for details of antagonist application. * Indicates 
P < 0.05 versus CCh alone; **P < 0.01 versus CCh alone; $P < 0.05 
versus 7,8-DHF + CCh. For each group, n = 8 to 10 samples (A and 
B)
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factor critical for the enhancing role of 7,8-DHF in cholinergic 
contraction.

Then, we performed western blotting to determine whether 
the M1, M2, and/or M3 receptor expression was altered by the 
7,8-DHF treatment. The results showed that neither M1 nor 
M2 expression was significantly changed by 7,8-DHF (10 μM) 
(Fig. 5b). However, 7,8-DHF treatment dramatically augmented 
the expression of the M3 receptor in the colonic strips (Fig. 5b). 
The combination treatment of 7,8-DHF and CCh (10 μM) led to 
a similar result, which led us to hypothesize that 7,8-DHF was 
able to activate some intermediating signaling factor of TrkB 
and that the role of this unknown factor augmented M3 expres-
sion. However, in some cases, 7,8-DHF exerted its effect via a 
non-TrkB pathway [11]. To confirm that 7,8-DHF played a role 
specifically through TrkB activation in the colonic strips, Akt 
was subsequently examined because Akt is also a downstream 
factor specifically activated by TrkB.

Akt Activation Was Correlated with M3 Expression 
in the Colonic Strips

The correlation between the augmentation of M3 expres-
sion and 7,8-DHF was tested with LY294002, an antago-
nist of PI3K (a signaling factor upstream of Akt) and west-
ern blotting. The results showed that LY294002 (10 μM) 
significantly blocked M3 expression in the colonic strips 
augmented by 7,8-DHF treatment (10 μM) (Fig. 6a). ANA-
12 blocked the 7,8-DHF-augmented M3 expression to the 

extent similar to LY294002. These further suggest that the 
7,8-DHF-augmented M3 expression was probably mediated 
by TrkB/PI3K/Akt.

In the experiment used to measure the contraction of the 
colonic strips, LY294002 almost completely suppressed the 
cholinergic contraction enhanced by 7,8-DHF, while it neg-
ligibly suppressed the CCh-stimulated contraction (Fig. 6b). 
Treatment with 7,8-DHF or CCh did not affect Akt pro-
tein expression (Fig. 6c, left), while 7,8-DHF increased Akt 
phosphorylation (p-Akt) by more than 100% (Fig. 6c, right). 
Additionally, CCh alone did not increase p-Akt levels, while 
the combined treatment of 7,8-DHF and CCh increased the 
amount of p-Akt as much as 7,8-DHF did alone, and ANA-12 
significantly blocked 7,8-DHF-stimulated Akt phosphorylation 
(Fig. 6c, right). Based on these results, we concluded that the 
activation of TrkB/Akt was correlated with M3 expression in 
the colonic strips.

ERK1/2 Signaling Did Not Participate in the 7,8‑DHF 
Enhancement of Cholinergic Contraction 
of the Colonic Strips

ERK1/2 were activated by TrkB [2]. The ERK1/2 antago-
nist PD98059 was used to determine whether ERK1/2 had 
a role in 7,8-DHF-enhanced cholinergic contraction. How-
ever, no effect was produced by PD98059 (10 μM) in the 
CCh-stimulated or 7,8-DHF-enhanced/CCh-stimulated con-
traction of the colonic strips (Fig. 7a). Treatment with CCh 

Fig. 5   M3 expression in the colonic strips was augmented by 7,8-
DHF. See Fig.  1 legend for details of strip preparation. a Effect of 
muscarinic receptor antagonists on the 7,8-DHF-enhanced/CCh-
stimulated contraction of the colonic strips. See Fig.  3a legend for 
details of the antagonist treatments. b 7,8-DHF augmented M3 recep-

tor expression in the colonic strips. See Fig. 3b legend for the west-
ern blotting details. Anti-M3 antibody was used for immunoblotting. 
**Indicates P < 0.01 versus the control; $$P < 0.01 versus CCh alone. 
For each group, n = 8 to 10 samples (A and B)



Digestive Diseases and Sciences	

1 3

Fig. 6   Akt activation was correlated with 7,8-DHF-augmented M3 
expression in the colonic strips. Refer to Fig. 3 legend for details of 
western blotting and antagonist application. a Antagonist LY294002 
(10  µM) suppressed the M3 expression augmented by 7,8-DHF. 
**Indicates P < 0.01 versus the control; $$ P < 0.01 versus 7,8-
DHF. b LY294002 (10  µM) suppressed the 7,8-DHF-enhanced/
CCh-stimulated contraction of the colonic strips. *Indicates P < 0.05 

versus CCh; $P < 0.05 versus 7,8-DHF + CCh. c Treatment with 
7,8-DHF activated Akt in the colonic strips. For immunoblotting, 
anti-Akt (left) or anti-phosphorylated-Akt (p-Akt, right) antibodies 
were applied for western membrane staining. **Indicates P < 0.01 
versus the control; $$P < 0.01 versus CCh alone; ##P < 0.01 versus 
DHF + CCh. Each group has n = 8 to 10 samples (A–C)

Fig. 7   ERK1/2 was not activated in the 7,8-DHF-enhanced/CCh-
stimulated contraction of the colonic strips. a Antagonist PD98059 
(10  µM) for ERK1/2 did not affect the 7,8-DHF/CCh-stimulated 
contraction of the colonic strips. See Fig.  3a legend for details on 
the antagonist treatment. *Indicates P < 0.05 versus CCh alone. b 

CCh and 7,8-DHF did not phosphorylate ERK1/2 in the colonic 
strips. See Fig. 3b legend for details of the western blot protocol. For 
immunoblotting, anti-ERK1/2 (left) or anti-phosphorylated-ERK1/2 
(p-ERK1/2, right) antibodies were applied to stain the western mem-
branes. Each group has n = 8 to 10 samples (A and B)
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(10 μM) alone or in combination with 7,8-DHF (10 μM) did 
not change the expression or phosphorylation of ERK1/2 in 
the colonic strips (Fig. 7B), implying that ERK1/2 did not 
participate in 7,8-DHF to enhance the cholinergic contrac-
tion of the colonic strips.

7,8‑DHF Increased the Rate of Intestinal Charcoal 
Propulsion and Intestinal M3 Expression in STC Rats

To further test the in vivo effect of 7,8-DHF on the intestinal 
motility of STC rats, the propulsion rate of the contents of their 
small intestines was examined, although fecal pellet output 
indicated that intestinal motility was improved to some extent 
by 7,8-DHF (Fig. 2a). 7,8-DHF-treated STC model rats were 
fed carbon powder and observed to determine the intestinal 
propulsion rate indicated by the position of the carbon powder 
(see Methods). Compared to that of the control (NS) rats, the 
rate of intestinal carbon propulsion of the STC rats was dra-
matically decreased, while 7,8-DHF (1 mg/kg body weight) 
feeding elevated the rate by ~ 70% (Fig. 8a, STC + DHF). The 
rate was slightly but significantly increased in the normal rats 
fed 7,8-DHF compared with the DMSO control rats.

Consistent with the in vitro results, 7,8-DHF feeding 
significantly stimulated M3 expression in the intestinal 
and colonic smooth muscles of STC rats (STC + DHF) and 
normal rats (DHF), as detected by western blotting while 
loperamide treatment (STC) did not appear to influence M3 
expression (Fig. 8b, c).

Discussion

Here, we studied the role of 7,8-DHF in relieving the constipa-
tion of an STC rat model and showed that 7,8-DHF enhanced 
the CCh-stimulated contraction of colonic strips. We found that 

7,8-DHF specifically activated TrkB and Akt in the muscular 
strips and it somehow augmented M3 receptor expression in 
the jejunal and gastric strips [12,13]. We think that when M3 
expression was augmented by 7,8-DHF, the efficiency of CCh-
stimulating colonic contraction was subsequently increased, 
such that the same dose of CCh stimulated a greater degree of 
contraction. Importantly, in vivo 7,8-DHF alleviated the STC 
in the loperamide-induced rat model.

Potential Mechanisms by Which 7,8‑DHF Enhanced 
the Cholinergic Contraction of the Colonic Strips

The evaluation of TrkB roles in gastrointestinal cholinergic con-
traction through the use of agonists has led to conflicting results 
[16,17]. Here, we found that 7,8-DHF treatment alone neither 
changed PLCγ1 phosphorylation nor stimulated the contraction 
of the muscular rat colon strips, but it specifically activated TrkB 
and augmented M3 expression, thereby enhancing CCh-stimu-
lated strip contraction. Our results showed that Akt was corre-
lated with an increase in M3 expression following 7,8-DHF treat-
ment in the colonic strips, but the mechanism remains elusive.

We believe that the regulation of M3 expression by 7,8-DHF 
must involve more factors than Akt alone. Expression of mem-
brane proteins such as M3 receptors includes biological syn-
theses from DNA to mRNA to protein, i.e., gene transcription, 
mRNA translation, protein trafficking, and membrane protein 
turnover. Our experimental duration with the colonic strips was 
approximately one hour. Therefore, the experiment was too 
short to presume that augmentation of M3 receptor expression 
by 7,8-DHF could be due to changes in its gene transcription 
or mRNA translation. We presume that the regulation of M3 
protein trafficking and membrane localization could be involved. 
However, although trafficking and recycling of M receptors from 
M1 to M5 in neurons, cardiac and smooth muscle, and glands 
have been studied for more than three decades, much about 

Fig. 8   Effect of in vivo 7,8-DHF on rate of intestinal carbon propul-
sion and M3 expression of STC rats. a Rate of carbon propulsion. 
See details for carbon administration and calculation for rate of intes-
tinal carbon propulsion in Methods. **Indicates P < 0.01 versus the 
NS control; $ P < 0.05 versus the DMSO control; ## P < 0.01 versus 

STC. b, c Intestinal M3 expression. See Fig. 3B legend for the west-
ern blotting details. Anti-M3 antibody was used for immunoblotting. 
@indicates P > 0.05 versus the NS control; **P < 0.01 versus the 
DMSO control; ##P < 0.01 versus STC. For each group, n = 8 to 10 
samples (A–C)
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these processes remains elusive [24]. Therefore, knowledge of 
the mechanism responsible for regulating the trafficking and 
recycling of intestinal M3 receptors is limited. Currently, it is 
difficult for us to interpret how 7,8-DHF/Akt selectively aug-
ments the expression of M3 receptors in intestines. Because of 
the mechanistic uncertainty, we therefore cannot exclude the 
possibility that the relationship between 7,8-DHF and colonic 
motility is unrelated and casual rather than the molecular mecha-
nism, as suggested above. Nonetheless, this is a subject of fur-
ther research interest for our group.

It is thought that extracellular Ca2+ influx via voltage-
dependent Ca2+ channels (VDCCs) is the predominant fac-
tor in the contraction of gastrointestinal smooth muscle [20]. 
Muscarinic receptors in gastrointestinal tracts are Gq11-cou-
pled proteins [21]. Activation of M receptors by ACh leads to 
the activation of the PLC/IP3/ Ca2+ pathway to release Ca2+ 
from the endoplasmic reticulum. Intracellular Ca2+ opens 
Ca2+-dependent cation channels and Ca2+-dependent Cl− chan-
nels, e.g., TRP and ANO1 [20,25], which depolarize the sarco-
plasmic membrane and open VDCCs, causing Ca2+ influx and 
muscle contractions.

ANA-12, a specific TrkB antagonist, not only suppressed 
TrkB activation by 7,8-DHF but also blocked 7,8-DHF-
enhanced cholinergic contraction, 7,8-DHF/CCh-mediated 
activation of PLCγ1/Akt, and M3 overexpression in colonic 
strips. These results imply that 7,8-DHF-induced M3 augmen-
tation was triggered by TrkB activation.

The high selectivity of the M1, M2, and M3 receptor antago-
nists found to date [26] made our experiments in this study pos-
sible. Since the three M receptors are predominant in colonic 
tissues [21–23], VU0255035 [27], QNB [28,29], and tarafenacin 
[30] were selected for blocking the M1, M2, and M3 recep-
tors, respectively, in the colonic contraction experiments. We 
found that only tarafenacin significantly inhibited the colonic 
strip contraction induced by CCh or 7,8-DHF/CCh. Tarafenacin 
inhibited CCh-stimulated contraction by ~ 70%, while it inhib-
ited 7,8-DHF-enhanced/CCh-stimulated contraction by ~ 80%. 
This result supported the assumption that M3 receptor expres-
sion was augmented by 7,8-DHF.

Effect of 7,8‑DHF on Loperamide‑Induced 
Functional Constipation

Loperamide suppresses intestinal motility through the opioid 
receptors of myenteric neurons, diminishing the release of 
ACh and prostaglandin and disinhibiting the inhibited myen-
teric neurons [31]. The application of 7,8-DHF to the animal 
model somehow increased M3 receptor expression in intestinal 
smooth muscle through TrkB activation, increasing the respon-
siveness of smooth muscle to muscarinic agonists. In addition, 
we think that 7,8-DHF activating TrkB on myenteric neurons 
may have stimulated the release of ACh or prostaglandin from 
neurons via downstream PLC, Akt, or ERK1/2 signaling or 

reversed the inhibition of myenteric neurons, which eventu-
ally enhanced enteric smooth muscle contraction. Nonetheless, 
other 7,8-DHF-mediated mechanisms (e.g., non-TrkB pathway) 
may have also contributed to the increased motility. Since our 
research interest is focused on 7,8-DHF, we are currently look-
ing into the mediating mechanisms.

Based on the alleviation of functional constipation in the 
STC rat model, 7,8-DHF may be a good candidate for treating 
colonic disorders. BDNF has been demonstrated to enhance 
gastrointestinal dynamics via the increased transportation of 
stool removal [4,16,32]. 7,8-DHF was able to simulate the 
roles of BDNF in the nervous system [33]. Here, we found 
that 7,8-DHF applied to the colon exerted effects similar to 
those of BDNF. Our experiments provided preclinical evidence 
supporting the use of 7,8-DHF to treat disorders derived from 
abnormal colonic motility. Additionally, instead of assessing 
colonic propulsive motility, the fecal pellet weight and water 
content were measurements that reflect the prosecretory/anti-
absorptive action of the colon. Nonetheless, prosecretory/anti-
absorptive and procontractile actions are probably synergistic 
in the alleviation of constipation.

Constipation is a very complex pathological process 
with a complex etiology and mechanism involving abnor-
mal intestinal motility, abnormal secretion/absorption, and 
other processes [1]. Therefore, the conclusion that 7,8-DHF 
improves constipation requires further in-depth research 
work with various constipation models and rigorous clinical 
observation. These are our future research interests.

In summary, experimental evidence in this study demon-
strated some of the molecular mechanisms of 7,8-DHF action 
in contractile enhancement. The application of 7,8-DHF acti-
vated the TrkB/Akt pathway and augmented M3 expression. 
When CCh was bound with increasingly expressed M3, more 
p-PLCγ1 was produced, and the extent of the CCh-stimulated 
colonic contractions was increased. Since 7,8-DHF alleviated 
rat constipation, we suggest the possibility of 7,8-DHF develop-
ment and use for correcting constipation in the future.

Acknowledgments  This study was supported by the National Natural Sci-
ence Foundation of China (NSFC 31371152 to ZQ, 81500414 to LX, and 
81500363 to BW) and the Qingdao University Award for the Excellence 
of Young Physicians to BH. We would like to thank American Journal 
Experts (www.aje.com) for English language editing.

Compliance with Ethical Standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Bharucha AE and Wald A. Chronic Constipation. Mayo Clin Proc. 
2019. pii: S0025–6196-30123–5.

http://www.aje.com


	 Digestive Diseases and Sciences

1 3

	 2.	 Tejeda GS and Díaz-Guerra M. Integral Characterization of 
Defective BDNF/TrkB Signaling in Neurological and Psychiat-
ric Disorders Leads the Way to New Therapies. Int J Mol Sci. 
2017;18: E268.

	 3.	 Waterhouse EG, Xu B. New insights into the role of brain-derived 
neurotrophic factor in synaptic plasticity. Mol Cell Neurosci. 
2009;42:81–89

	 4.	 Chen F, Yu Y, Wang P, Dong Y, Wang T, Zuo X, Li Y. Brain-
derived neurotrophic factor accelerates gut motility in slow-transit 
constipation. Acta Physiologica 2014;212:226–238

	 5.	 Chai NL, Dong L, Li ZF, Du KX, Wang JH, Yan LK, Dong XL. 
Effects of neurotrophins on gastrointestinal myoelectric activities 
of rats. World J Gastroenterol. 2003;9:1874–1877

	 6.	 Liu C, Chan CB, Ye K. 7,8-dihydroxyflavone, a small molecu-
lar TrkB agonist, is useful for treating various BDNF-implicated 
human disorders. Transl Neurodegener. 2016;6:2

	 7.	 Sim DY, Sohng JK, Jung HJ. Anticancer activity of 7,8-dihydroxy-
flavone in melanoma cells via downregulation of α-MSH/cAMP/
MITF pathway. Oncol Rep. 2016;36:528–534

	 8.	 Chan CB, Tse MC, Liu X, Zhang S, Schmidt R, Otten R, Liu L, 
Ye K. Activation of muscular TrkB by its small molecular agonist 
7,8-dihydroxyflavone sex-dependently regulates energy metabo-
lism in diet-induced obese mice. Chem Biol. 2015;22:355–368

	 9.	 Cho SJ, Kang KA, Piao MJ et al. 7,8-Dihydroxyflavone Protects 
High Glucose-Damaged Neuronal Cells against Oxidative Stress. 
Biomol Ther (Seoul). 2019;27:85–91

	10.	 Zhao J, Du J, Pan Y et al. Activation of cardiac TrkB receptor by 
its small molecular agonist 7,8-dihydroxyflavone inhibits doxoru-
bicin-induced cardiotoxicity via enhancing mitochondrial oxida-
tive phosphorylation. Free Radic Biol Med. 2019;130:557–567

	11.	 Huai R, Han X, Wang B, Li C, Niu Y, Li R, Qu Z. Vasorelax-
ing and Antihypertensive Effects of 7,8-Dihydroxyflavone. Am J 
Hypert. 2014;27:750–760

	12.	 He B, Qu Z, Tian Z et al. 7,8-dihydroxyflavone enhanced cho-
linergic contraction of rat gastric smooth muscle via augmenting 
muscarinic M3 receptor expression. Clin Exp Pharmacol Physiol. 
2018;45:1170–1180

	13.	 Ma L, Qu Z, Luan X, et al. Effects of 7,8-Dihydroxyflavone on 
Rat Jejunal Dynamics Subjected to Ischemia-Reperfusion Injury 
Clin Exp Pharmacol Physiol. 2020; 47:67–75.

	14.	 Jang SW, Liu X, Yepes M, Shepherd KR, Miller GW, Liu Y, Wil-
son WD, Xiao G, Blanchi B, Sun YE, Ye K. A selective TrkB ago-
nist with potent neurotrophic activities by 7,8-dihydroxyflavone. 
Proc Natl Acad Sci USA 2010;107:2687–2692

	15.	 Du X, Hill RA. 7,8-Dihydroxyflavone as a proneurotrophic treat-
ment for neurodevelopmental disorders. Neurochemistry Interna-
tional. 2015;89:170–180

	16.	 Al-Qudah M, Anderson CD, Mahavadi S, Bradley ZL, Akbarali HI, 
Murthy KS, Grider JR. Brain-derived neurotrophic factor enhances 
cholinergic contraction of longitudinal muscle of rabbit intestine 
via activation of phospholipase C. Am J Physiol Gastrointest Liver 
Physiol 2014;306:G328–G337

	17.	 Chen F, Yu Y, Yuan X, Zuo L and Li Y. Brain-derived neuro-
trophic factor enhances the contraction of intestinal muscle strips 
induced by SP and CGRP in mice. Regul Pept. 2012;178:86–94.

	18.	 Luan X, Sun X, Guo F, Zhang D, Wang C, Ma L, Xu L. Lat-
eral hypothalamic Orexin-A-ergic projections to the arcu-
ate nucleus modulate gastric function in vivo. J Neurochem. 
2017;143:697–707.

	19.	 Wintola OA, Sunmonu TO and Afolayan AJ. The effect of Aloe 
ferox Mill. in the treatment of loperamide-induced constipation 
in Wistar rats. BMC Gastroenterol. 2010; 10:95.

	20.	 Zholos AV. Regulation of TRP-like muscarinic cation cur-
rent in gastrointestinal smooth muscle with special reference 
to PLC/InsP3/Ca2+ system. Acta Pharmacologica Sinica 
2006;27:833–842

	21.	 Tobin G, Giglio D, Lundgren O. Muscarinic receptor subtypes in 
the alimentary tract. J Physiol Pharmacol. 2009;60:3–21

	22.	 Harrington AM, Peck CJ, Liu L, Burcher E, Hutson JM and South-
well BR. Localization of muscarinic receptors M1R, M2R and 
M3R in the human  colon. Neurogastroenterol Motil.  2010; 
22:999–1008, e262–3.

	23.	 Bhattacharya S, Mahavadi S, Al-Shboul O, Rajagopal S, Grider 
JR, Murthy KS. Differential regulation of muscarinic M2 and M3 
receptor signaling in gastrointestinal smooth muscle by caveo-
lin-1. Am J Physiol Cell Physiol 2013;305:C334–C347

	24.	 Zenko D, Hislop JN. Regulation and trafficking of muscarinic 
acetylcholine receptors. Neuropharmacology. 2018;136:374–382

	25.	 Wang B, Li C, Huai R, Qu Z. Overexpression of ANO1/
TMEM16A, an arterial Ca2+-activated Cl- channel, contributes 
to spontaneous hypertension. J Mol Cell Cardiol 2015;82:22–32

	26.	 Ehlert FJ, Pak KJ, Griffin MT. Muscarinic agonists and antago-
nists: effects on gastrointestinal function. Handb Exp Pharmacol 
2012;208:343–374

	27.	 Sheffler DJ, Williams R, Bridges TM, Xiang Z, Kane AS, Byun 
NE, Jadhav S, Mock MM, Zheng F, Lewis LM, Jones CK, 
Niswender CM, Weaver CD, Lindsley CW, Conn PJ. A novel 
selective muscarinic acetylcholine receptor subtype 1 antago-
nist reduced seizures without impairing hippocampus-dependent 
learning. Mol Pharmacol. 2009;76:356–368

	28.	 Gitler MS, Boulay SF, Sood VK, McPherson DW, Knap FF Jr, 
Zeeberg BR, Reba RC. Characterization of in vivo brain mus-
carinic acetylcholine receptor subtype selectivity by competition 
studies against (R, S)-[125I]IQNB. Brain Res. 1995;687:71–78

	29.	 Haga K, Kruse AC, Asada H, Yurugi-Kobayashi T, Shiroishi M, 
Zhang C, Weis WI, Okada T, Kobilka BK, Haga T, Kobayashi 
T. Structure of the human M2 muscarinic acetylcholine receptor 
bound to an antagonist. Nature. 2012;482:547–551

	30.	 Salcedo C, Davalillo S, Cabellos J, Lagunas C, Balsa D, Pérez-
Del-Pulgar S, Ballarín M, Fernández A. In vivo and in vitro phar-
macological characterization of SVT-40776, a novel M3 mus-
carinic receptor antagonist, for the treatment of overactive bladder. 
Br J Pharmacol. 2009;156:807–817

	31.	 Hanauer SB. The role of loperamide in gastrointestinal disorders. 
Rev Gastroenterol Disord. 2008;8:15–20

	32.	 Coulie B, Szarka LA, Camilleri M, Burton DD, McKinzie S, 
Stambler N, Cedarbaum JM. Recombinant human neurotrophic 
factors accelerate colonic transit and relieve constipation in 
humans. Gastroenterology 2000;119:41–50

	33.	 Liu X, Obianyo O, Chan CB, Huang J, Xue S, Yang JJ, Zeng F, 
Goodman M, Ye K. Biochemical and Biophysical Investigation of 
the Brain-derived Neurotrophic Factor Mimetic 7,8-Dihydroxy-
flavone in the Binding and Activation of the TrkB Receptor. J Bio 
Chem 2014;289:27571–27584

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	7,8-Dihydroxyflavone Enhanced Colonic Cholinergic Contraction and Relieved Loperamide-Induced Constipation in Rats
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Chemicals
	Animals
	Isolation of Colonic Muscular Strips
	Recording Colonic Strip Tension
	Induction of Rat Constipation with Loperamide
	Rate of Intestinal Carbon Propulsion
	Statistical Analysis

	Results
	CCh Stimulated the Contraction of the Colonic Strips from the Rats in a Dose-Dependent Manner
	7,8-DHF Enhanced the CCh-Stimulated Contraction of the Colonic Strips
	Treatment with 7,8-DHF Enhanced the Defecation of the Rats with Loperamide-Induced Constipation
	TrkB Antagonist ANA-12 Inhibited the Enhancing Effect of 7,8-DHF on the Cholinergic Contraction of the Colonic Strips
	7,8-DHF-EnhancedCCh-Stimulated Contraction of the Colonic Strips Was Mediated by Activated PLCγ1
	Muscarinic M3 Receptor Overexpression in Colonic Muscle Was Associated with 7,8-DHF
	Akt Activation Was Correlated with M3 Expression in the Colonic Strips
	ERK12 Signaling Did Not Participate in the 7,8-DHF Enhancement of Cholinergic Contraction of the Colonic Strips
	7,8-DHF Increased the Rate of Intestinal Charcoal Propulsion and Intestinal M3 Expression in STC Rats

	Discussion
	Potential Mechanisms by Which 7,8-DHF Enhanced the Cholinergic Contraction of the Colonic Strips
	Effect of 7,8-DHF on Loperamide-Induced Functional Constipation

	Acknowledgments 
	References




