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Temperature-dependent effects of thermal stimulation at “Zusanli” (ST36) on visceral

hyperalgesia and SRD neuronal electrical activity in rats with acute colonic mucosal injury

Li Yani, Zhang Zhiyun, Sun Xiaoyue, Wang Xiaoyu, Deng Liaoyuxian, Zheng Hao, Chen Junkang, Wang Lili, Su Yangshuai,

Li Liang, Jing Xianghong (Institute of Acupuncture and Moxibustion, China Academy of Chinese Medical Sciences, Beijing
100700, China)

[ABSTRACT] Objective To observe the effect and dose-response relationship of thermal stimulation at
“Zusanli” (ST36) with different temperatures on alleviating visceral hyperalgesia in rats with acute colonic mucosal
injury, so as to explore its underlying mechanism focusing on the electrical activity of the subnucleus reticularis dorsalis
(SRD) in the medulla. Methods (1) Eighteen SD rats were randomly divided into normal and model groups, with 9

rats in each group. The acute colonic mucosal injury model was established by mustard oil enema. The structural and
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pathological changes of colonic tissue were observed by colonoscopy and HE staining. The expressions of calcitonin
gene-related peptide (CGRP) and transient receptor potential vanilloid 1 (TRPV1) in rat colonic tissue were detected by
immunofluorescence staining. (2) Thirty SD rats were randomly divided into normal, model, 44 T, 48 C, and 52 C
thermal stimulation groups (n=6 in each group). After modeling, thermal stimulation with the corresponding temperature
was applied to “Zusanli” (ST36) in each stimulation group. Visceral pain was induced by colorectal distension. The area
under the curve (AUC) of rectus abdominis electromyogram (EMG) was evaluated by EMG recording, and the
inhibition rate of noxious EMG by thermal stimulation at different temperatures was calculated. (3) Pseudorabies virus
(PRV) retrograde tracing was employed in 3 normal rats to label SRD neurons receiving dual projections from both
ST36 and the colon. (4) Thirty-two model rats were randomly divided into a model group and 44 C, 48 C, and 52 C
thermal stimulation groups, with 8 rats in each group. Multi-channel in vivo electrophysiological technique was used to
record the electrical activity of SRD neurons. The changes in SRD neuronal firing within 1 h of acute mustard oil
perfusion and the inhibitory effect of thermal stimulation at different temperatures on their firing were observed. Results
After modeling and compared with the normal group, the rats’ colonic mucosa showed congestion, edema, structural
destruction, and obvious inflammatory cell infiltration, with significantly increased distribution of CGRP and TRPV1
positive nerve fibers (P<0.05) and a significantly increased AUC of rectus abdominis EMG (P<0.001). Compared with
the model group, After 48 T and 52 T thermal stimulation, the evoked rectus abdominis EMG was significantly reduced
(P<0.001) ; while there was no statistically significant difference in AUC after 44C thermal stimulation. The inhibition
rates at 48 C and 52 C were significantly higher than that at 44'C (P<0.05), with no significant difference between 48 T
and 52 C. Morphologically, PRV retrograde tracing revealed neurons in the medullary SRD region that were single-
labeled from the colon or ST36, as well as double-labeled neurons. Electrophysiologically, the firing frequency of SRD
neurons increased rapidly at 5 min after mustard oil instillation, and the increase persisted for 30 min ( P<0.05). During
this high-firing period, thermal stimulation at 48 C and 52 C significantly suppressed the firing frequency (P<0.01, P<
0.05), whereas 44 T stimulation had no such effect. Conclusion Noxious thermal stimulation at 48 C and 52 C can
effectively alleviate visceral hyperalgesia in rats with acute colonic mucosal injury, which may be related to inhibiting
nociceptive discharge of medullary SRD neurons. Considering both central inhibitory effect and local skin safety, 48 C
appears to be the optimal intervention temperature.
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Fig.1 Schematic diagram of the constant-temperature circulatory thermal stimulation device
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Fig.2 Example figure for identifying subnucleus reticularis dorsalis neurons
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Fig. 4 Inhibitory effects of thermal stimulation at “Zusanli” (ST36) with different temperatures on evoked rectus

abdominis electromyographic (EMG) activity in rats with acute colonic mucosal injury(Z+s,,6 rats/group)
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