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Effect of electroacupuncture on mitochondrial unfolded protein response-associated proteins

in the colon tissue of mice with functional constipation
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[ABSTRACT] Objective To observe the effect of electroacupuncture (EA) at “Tianshu” (ST26) and
“Shangjuxu” (ST37) acupoints on the expressions of mitochondrial unfolded protein response (UPR™) - related
proteins in the colon tissue of functional constipation (FC) model mice, so as to explore its potential mechanisms

underlying improvement of FC. Methods Eighteen male C57BL/6J mice were randomly divided into 3 groups: normal
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control (NC), FC model (M), and EA (n=6 per group). The FC model was established by gavage of loperamide
suspension (1 mg/mL, 0.1 mL/10 g), twice daily for 14 d. The EA group received alternating unilateral EA stimulation of
ST26 and ST37(3 Hz/15 Hz, an electric current intensity being able to induce slight tremor of the mouse’s limbs) for
20 min, once daily, 5 d a week for 2 weeks. The mice in the NC and M groups underwent equivalent restraint.
Gastrointestinal transit function was assessed by measuring the first blue stool discharge time, 6-hour fecal pellet
count, stool character score, rate of water content, and intestinal propulsion rate. Histopathological changes of the
colon tissue were examined by H. E. staining, and the mitochondrial ultrastructure of colonic smooth muscle cells
(SMCs) was observed by using a transmission electron microscopy (TEM). The mitochondrial function was
comprehensively evaluated by measuring the mitochondrial membrane potential (MMP) and the mitochondrial reactive
oxygen species (mtROS) levels were assayed using flow cytometry, and the mitochondrial ATP content in the colon
tissue was measured using colorimetric assay. The immunohistochemistry stain was employed to detect the expressions
of key UPR™ markers heat shock protein-60 (HSP60) and LON protease 1 (LONP1) in the colon tissue. Results
Compared with the NC group, the M group exhibited a significant increase in the first blue stool discharge time and
average immunofluorescence intensity of mtROS (P<0.01), and a considerable reduction in the 6-hour fecal pellet
count, stool character score, rate of water content, small intestine propulsion rate, MMP level, ATP content, and the
expressions of HSP60 and LONP1 proteins in the colon tissue (P<0.01, P<0.05). Following EA intervention, compared
to the M group, the EA group showed a marked decrease in the first blue stool discharge time and average
immunofluorescence intensity of mtROS (P<0.01) , and a notable increase in the 6-hour fecal pellet count, stool
character score, rate of water content, intestine propulsion rate, MMP, ATP content, and the expression of HSP60 and
LONP1 proteins in the colon tissue (P<0.01, P<0.05). The results of morphological structure showed that the
mitochondria in the colon tissue were significantly swollen, with membrane damage and severe cristae rupture in the
model group, while in the EA group, the mitochondrial swelling was mild, with significant improvement in the membrane
and cristae integrity of the SMCs. Conclusion EA at ST26 and ST37 can effectively ameliorate gastrointestinal
dysfunction and restore mitochondrial integrity in colonic SMCs of FC mice, which may be associated with its functions
in up-regulating the expressions of HSP60 and LONP1 proteins to activate UPR™.
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