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Research on the underlying mechanisms of electroacupuncture in improving colonic

dysmotility in ulcerative colitis mice based on cyclic nucleotide-gated cation channels
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University of Traditional Chinese Medicine, Chengdu 610075, China; *Institute of Acupuncture & Homeostasis, Chengdu
University of Traditional Chinese Medicine, Chengdu 610075)

[ABSTRACT) Objective To study the mechanism of electroacupuncture (EA) of “Shangjuxu” (ST37)
underlying improvement of colonic dysmotility in ulcerative colitis (UC) mice through regulating cyclic nucleotide-gated
cation channel 2 (HCN2). Methods Male C57BL/6J mice were randomized into control, model and EA groups, with
8 mice in each group. The UC model was established by giving 2.5% dextran sulfate sodium (DSS) to the mice. EA (2
Hz/100 Hz, 0.9 mA) was applied at bilateral ST37 for 20 min, once a day for 7 d. The body weight, stool appearance
and bloody stool conditions were recorded and the disease activity index (DAI) score was determined. The

morphological changes of the colonic tissue were observed after H.E. staining. The changes of colonic motility before
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and after EA intervention were assessed by using in vivo and in vitro electrophysiological methods. The colonic transit
time (glass bead method) and intestinal propulsion rate (ink mark method) were calculated. The immunofluorescence
intensity values of colonic hyperpolarization activated HCN2, 5-hydroxytryptamine (5-HT) , tryptophan hydroxylase 1
(TPH1), and serotonin transporter (SERT) were detected by immunofluorescence staining. The expression levels of
TPH1 and SERT mRNAs and proteins were detected using real-time quantitative PCR and Western blot separately. The
Vil{MerereMer mice were randomly divided into a control group and an induction group, with 8 mice in each group. The
ViltMeeeMe mice were specifically conditionally knocked out the HCN2 gene in the intestinal epithelium. The mice in the
induction group were injected with 5 mg/mL tamoxifen. ELISA was used to detect the contents of 5-HT and cyclic
nucleotides (cAMP) in the serum. The RIN-14B cells were divided into a normal group and a transfection group. The
transfection group knocked down the expression of HCN2 in the RIN-14B cells. ELISA was used to detect the contents
of 5-HT and cAMP in the cell supernatants. Real-time quantitative PCR was used to detect the mRNA expressions of
HCN2 and TPH1 in the RIN-14B cells. Results In contrast to the control group, the model group showed a significant
decrease in the body weight and a notable increase in the DAI score and histopathological score (all P<0.001). In vivo
and in vitro electrophysiology showed that DSS mice had significant colonic motility dysfunction, decreased frequency,
amplitude, and the area under the curve (AUC) of colonic pressure curves (all P<0.001). Colonic transit time was
strikingly prolonged while propulsion rate was significantly lower in DSS mice (all P<0.001). Expression of colonic
HCN2, co-localized with 5-HT, were markedly increased (P<0.001), along with elevated expression of 5-HT, TPH1
and SERT (all P<0.001). All the increase and decrease of the indexes mentioned above were reversed by EA ( P<
0.001, P<0.01, P<0.05). Conditional deletion of HCN2 in the intestinal epithelium markedly reduced the serum contents
of 5-HT and cAMP ( P<0.001). Knockdown of HCN2 in RIN-14B cells reduced the expression levels of HCN2 and TPH1
mRNAs (P<0.001), along with a significant decrease of the contents of 5-HT and cAMP in the cell supernatant (P<
0.001). Conclusion EA at ST37 can improve colonic dysmotility in UC mice by modulating the expression of HCN2 in
enterochromaffin cells and regulating the release of 5-HT.
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Fig.1 Comparison of body weight loss rate, occult blood status and DAI score of mice in the 3 groups
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Fig. 3 Comparison of the frequency, amplitude, and area under curves of in vivo distal colonic motility of mice in the 3

groups (r+s,, 6 mice/group)
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Fig.4 Comparison of the frequency, amplitude, and area under curves of in vitro distal colonic motility of mice in the 3

groups (r+s,, 8 mice/group)
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Fig. 6 Co-localization expression of HCN2 and 5-HT in the colonic tissue of mice in the 3 groups
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