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ABSTRACT

KEY WORDS

Objective: Electroacupuncture can enhance autophagic flow, promote neuronal
regeneration, axonal and myelin remodeling to achieve the protection of spinal cord injury,
but its role in neurogenic urine retention is not completely clear. This study aims to
investigate whether the mechanism of electroacupuncture in the treatment of neurogenic
urine retention is through autophagy mediated by adenosine monophosphate activated
protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway.

Methods: A rat model of neurogenic urine retention after sacral spinal cord injury was
established. The rats with successful model were randomly divided into a model group, an
electroacupuncture group (electro-acupuncture for Ciliao, Zhongji, and Sanyinjiao by
electronic stimulation, once a day, 20 min each time for 7 days), and an electroacupuncture+
AMP-activated protein kinase (AMPK) inhibitor group (on the basis of the treatment of
electroacupuncture group, 100 pg of AMPK inhibitor compound C was injected
intramuscularly around the L, , intervertebral space on the lst and 4th day). The normal
group did not receive any treatment. The maximum bladder volume, bladder basal pressure,
leak point pressure, and bladder compliance were recorded by multi-channel physiological
recorder; the morphology of bladder tissue was observed by HE staining; autophagy was
observed under transmission electron microscope; the expressions of LC3II and Beclinl
protein were observed by immunofluorescence staining; the protein levels of AMPK,
phosphorylated-AMPK (p-AMPK), mTOR, phosphorylated-mTOR (p-mTOR), microtubule
associated protein 1 light chain 3 (LC3) II and Beclinl in bladder tissue were detected by
Western blotting.

Results: Compared with the normal group, the maximum bladder capacity, leak point
pressure, bladder compliance, p-AMPK, LC3II, Beclinl protein expressions in the bladder
tissue of the model group increased, and the p-mTOR protein expressions were decreased
(all P<0.05); compared with the model group, the maximum bladder capacity, bladder
compliance, p-mTOR protein expression in the bladder tissue of the electroacupuncture
group were decreased, and the p-AMPK, LC3II, and Beclinl protein expressions were
increased (all P<0.05); compared with the electroacupuncture group, the maximum bladder
capacity, bladder compliance, p-mTOR protein expression in the bladder tissue of the
electroacupuncture+tAMPK inhibitor group were increased, the p-AMPK, LC3II, and
Beclinl protein expressions were decreased (all P<0.05). In the model group, the bladder
became larger, with unclear and varying degrees of degeneration, severe tissue damage and
autophagosome appeared; the bladder of the electroacupuncture group was smaller than
that of the model group, and all levels were clearly visible with autophagy bodies; the
layers were slightly disordered and damaged in the electroacupuncture + AMPK inhibitor
group.

Conclusion: Electroacupuncture can activate autophagy through AMPK/mTOR pathway,
thereby reducing neurogenic urine retention caused by spinal cord injury.

electroacupuncture; adenine monophosphate activated protein kinase; mammalian target of

rapamycin; autophagy; neurogenic urine retention
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Table 1 Comparison of urodynamic parameters between groups (n=19, x+s)

205 JB e BLAH R 7 /cmH,0 JB5 e 5 K45 /mL T bR ST /om0 DI M/ (mL - emH,0™)
N 26.13+£3.13 1.13+0.11 37.46+3.98 0.086+0.003
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Figure 1 Bladder tissue morphology of rats in 4 groups (HE staining)

A: Normal group, rats without any treatment; B: Model group, rats of neurogenic urine retention after sacral spinal cord injury
without any other treatment; C: Electroacupuncture group, rats of neurogenic urine retention after sacral spinal cord injury with
electroacupuncture treatment; D: Electroacupuncture+tAMPK inhibitor group, rats of neurogenic urine retention after sacral spinal

cord injury with electroacupuncture and AMPK inhibitor treatment. Scale bar=200 pum.

El2 BHEER
Figure 2 Autophagy in bladder tissues of rats in 4 groups under transmission electron microscope

A: Normal group, rats without any treatment; B: Model group, rats of neurogenic urine retention after sacral spinal cord injury
without any other treatment; C: Electroacupuncture group, rats of neurogenic urine retention after sacral spinal cord injury with

electroacupuncture treatment; D: Electroacupuncture+tAMPK inhibitor group, rats of neurogenic urine retention after sacral spinal

cord injury with electroacupuncture and AMPK inhibitor treatment. Red arrow indicates autophagy. Scale bar=1 um.
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Figure 3 Protein expression of LC3 II (A) and Beclinl (B) in bladder tissues of rats in each group shown by fluorescence

staining

N: Normal group, rats without any treatment; M: Model group, rats of neurogenic urine retention after sacral spinal cord injury
without any other treatment; E: Electroacupuncture group, rats of neurogenic urine retention after sacral spinal cord injury with
electroacupuncture treatment; E+Al: Electroacupuncture+AMPK inhibitor group, rats of neurogenic urine retention after sacral

spinal cord injury with electroacupuncture and AMPK inhibitor treatment. Scale bar=50 um.

x2 HAKBRBEMALAD LC3IL, Beclinl EARFRIAKTE N M E E+Al
HIELER (n=6, xts) AMPK 4SSN SN S S 3 KD

Table 2 Comparison of protein expression of LC3 II and

Beclinl in bladder tissues of rats between groups (n=6, x+s) P-AMPK s - - - oD
415 LC31I Beclinl

N4 16.21£2.18 8.45+1.26 mTOR (S SR S S ;o (D
M2 103.16+12.27* 136.48+14.16*
E4l 168.48+17.42%+ 189.46:20.18%+ p-mTOR * C - 50 KD
E+AI4] 26.4843.45%1 26.47+3.15%1
LC3IL: WUSHICREE LRhE3IL N4L: (EWH, KIHT LO3II [ A S S (5 <D

FEATALBRAY B MZH . HERIZH , BREE 115 i 22 P bR
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PP PRI B BAL R B8 T HLEHAYT s B+ALZL: Hifh+
AMPK SIVHIFIZL, HERGHUGF MR R BRI GarDH A :; i
T HLET IR YT I AMPK 10 1) compound C 4B, S5 N4 .
Be, #P<005; SMALHEE, 1P<005; SEAlE, tpe ot HABMARERATRIN

Figure 4 Detection of protein levels in bladder tissues of 4

0.05,
groups

AMPK:  AMP-activated  protein  kinase;  p-AMPK:
Phosphorylated AMP-activated protein kinase; mTOR:
Mammalian target of rapamycin; p-mTOR: Phosphorylated
mammalian target of rapamycin; LC3II: Microtubule
associated protein 1 light chain 3II. N: Normal group; M:
Model group; E: Electroacupuncture group; E+AL
Electroacupuncture + AMPK inhibitor group.
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R3 BAKREMALDP AMPK, p-AMPK, mTOR, p-mTOR, LC3II, Beclinl EHFKFERILLE (n=8, xts)
Table 3 Comparison of protein expression of AMPK, p-AMPK, mTOR, p-mTOR, LC3II, and Beclinl in bladder tissues of

rats between groups (n=8, x+s)

5 AMPK p-AMPK mTOR p-mTOR LC3II Beclinl
N4 1.09+0.12 0.09+0.02 0.86+0.08 2.23+0.27 0.184+0.02 0.26+0.03
M4 1.11+0.09 0.59+0.06* 0.89+0.09 0.57+0.02* 0.53+0.06* 1.06+0.05%*
E4 1.13+0.14 0.96+0.08*F 0.95+0.07 0.03£0.01*F 0.79+0.05*F 1.73+0.09*+
E+AI14] 1.12+0.09 0.36+0.03*7% 0.87+0.09 0.53+0.04*} 0.42+0.06* 0.68+0.07*1%
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compound CAEHE, 5N, *P<0.05; S5MALHE, 1P<0.05; SEHE, $P<0.05,
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