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Abstract: [Objective] To explore the effects of electroacupuncture at governor vessel or Jiaji acupoints on the
activation of lumbar spinal cord neurons and the recovery of motor function in paralyzed hind limbs in rats with complete
transection of spinal cord injury.[ Methods] Twenty adult female SD rats were selected. Among them, 15 rats underwent the
complete transection of the 10th thoracic spinal cord and were randomly divided into the Control group, the
electroacupuncture at governor vessel acupoints (GV) group and the electroacupuncture at Jiaji acupoints (JJ) group, with
5 rats in each group. The other 5 rats served as the Normal group. Electroacupuncture treatment was initiated 3 days after
surgery in the GV and JJ groups and performed every other day. Basso—Beatti-Bresnahan (BBB) behavioral score was
evaluated weekly. Eight weeks after the operation, cortical motor evoked potential (CMEP) detection was performed,
followed by perfusion fixation, tissue harvest, frozen sectioning, and immunofluorescence staining experiments. [ Results]
(D Both electroacupuncture treatments activated the expression of the excitatory marker ¢c—Fos in L1 spinal cord neurons.
The c—Fos™ activated neurons were mainly distributed in lamina IV, V and VI of the L1 spinal cord, while no c—Fos
neuron was observed in the Normal group and the Control group. The percentages of c—Fos™ neurons activated by
electroacupuncture in the GV group and the JJ group were (10.23+0.15) % and (10.77+1.12) %, respectively, and there
was no significant difference between the two electroacupuncture groups. @ vGluT1® proprioceptive afferent nerve fibers
were mainly distributed in the dorsal horn and lamina VIl of intermediate zone of L1 spinal cord gray matter. In the dorsal
horn of L1 spinal cord, the relative fluorescence intensity of vGluT1" nerve fibers in the GV group and the JJ group were
greater than that in the Control group, and that in the JJ group was greater than that in the GV group. In the lamina VI in
intermediate zone of L1 spinal cord, where the central pattern generator (CPG) for hindlimb rhythmic movement is
located, the relative fluorescence intensity of vGluT1" nerve fibers in the GV group and the JJ group were significantly
higher than that in the Control group, and the JJ group was also higher than the GV group; The lamina VI neurons
innervated by vGluT1" axon terminals were activated to express the excitatory marker ¢c—=Fos in the GV group and the JJ
group. 3 The immunofluorescence staining results of acetylcholinesterase (ChAT) in the ventral horn of L4 spinal cord of
each group showed that the number of surviving ChAT" motor neurons in the GV group (19.1+3.4, P=0.000 2) and JJ
group (19.0+2.9, P=0.000 2) were higher than that in the Control group (9.9+1.9). @ The quantitative analysis of the
vGluT2" excitatory axonal terminals, vGAT" inhibitory axonal terminals, and the ratio of vGluT2"/vGAT" axonal terminals
[reﬂecting the excitation/inhibition (E/I) balance of motor neurons | innervating ChAT" motor neurons in the ventral horn
of the L4 spinal cord revealed that all three indices were significantly higher in the GV and JJ groups than in the Control
group. Moreover, the E/I ratio of motor neurons in the two electroacupuncture groups gradually reached the same level as
normal and showed no statistical difference from the Normal group. B The electrophysiological and behavioral detection
results showed that compared with the Control group, the latencies of CMEP in the GV group and the JJ group shortened,
while their amplitudes increased. The BBB score of paralyzed hindlimbs showed that after 8 weeks of treatment, the scores
of both the GV group (4.25+1.26, P=0.023 4) and the JJ group (4.75+0.96, P=0.000 2) were higher than those of the
Control group (1.80+1.30) , but there was no statistical difference between the two electroacupuncture groups.
[ Conclusion] Electroacupuncture at GV or JJ acupoints may promote the afferent of vGluT1" proprioceptive nerve fibers
into the spinal cord, indicating the possibility to activate CPG neurons in lamina VI of L1 spinal cord; facilitate the
survival of motor neurons in the L4 spinal cord and restore their excitatory/inhibitory balance , improving the motor function
of the paralyzed hindlimbs in rats.
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A: The schematic diagram of electroacupuncture at the GV acu-
points in the SCI rat; B: The schematic diagram of electroacupuncture
at the JJ acupoints in the SCI rat. GV: governor vessel; JJ: Jiaji.
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Fig.1 Schematic diagram of electroacupuncture at

governor vessel (GV) acupoints and Jiaji (JJ) acupoints
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A: The expression of c—Fos (a marker of neuronal excitation) and NeuN in L1 spinal cord transverse sections of each group, scale=250 pm; B: The

percentage of c—Fos"NeuN" neurons of each group. n=3, F=343.2,
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P <0.000 1; C: The number of c—Fos"NeuN"cells in each lamina of L1 spinal

cord in the GV group and JJ group. n=3, 1=3.606, "P < 0.05; D: There are co—localization of vGluT1" axonal terminals (puncta) and SYN" synaptic

bouton surrounding the c—Fos” neurons of the VIl lamina in GV group and JJ group, scale=10 pm. Values are mean + SD. GV: governor vessel; JJ: Jiaji.
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Fig. 2 Electroacupuncture at GV or JJ acupoints may activate L.1 spinal cord neurons innervated

by vGluT1" axonal terminals
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A: The distribution of vGluT1" proprioceptive nerve fibers in the L1 spinal cord, scale=250 pum; B: High—magnification images from the solid box

of the distribution of vGluT1" nerve fibers and number of NeuN" neurons in lamina VI of L1 spinal cord, scale=20 pm; C: The statistical result of relative

fluorescence intensity(RFI) of vGluT1" in dorsal horn of L1 spinal cord, F=31.04; D: The statistical result of relative fluorescence intensity(RFI) of

vGluT1" in lamina VI of L1 spinal cord, F=63.10; E: The statistical analysis of the NeuN" neurons count in lamina VI, F=22.23. n=5, "P < 0.05, "P <
0.01, ""P < 0.001, P <0.000 1. Values are mean + SD. GV: governor vessel; JJ: Jiaji.
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Fig. 3 Electroacupuncture increases the density of vGluT1" nerve fibers in L1 spinal cord and the survival

of neurons in lamina VII
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A: The schematic diagram of the ChAT" motor neuron counting region in the ventral horn of the L4/L5 spinal cord; B: The statistical result of the

number of ChAT" motor neurons. n=5, F=25.84, *P < 0.05, ***P < 0.001, ****P < 0.000 1; C: The representative images of ChAT immunofluorescence

staining of motor neurons in L4/L5 spinal cord ventral horn in 4 groups, scale=250 wm. Values are mean + SD. GV: governor vessel; JJ: Jiaji.
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Fig.4 Electroacupuncture promotes the survival of motor neurons in the L4/L5 spinal cord of SCI rats
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A: The representative images of ChAT, vGluT2 and vGAT triple-labeling immunofluorescence staining in the L4 spinal cord ventral horn in 4

groups, scale=20 wm; B: The statistical result of the number of vGluT2" axonal terminals (puncta) surrounding the ChAT" neuronal soma, F=29.43; C:

The statistical result of the vVGAT" puncta surrounding the ChAT" neuronal soma, F=34.05; D: The statistical result of the E/I ratio (vGluT2" puncta /
vGAT" puncta), F=13.00. n=5, "P < 0.05, "P < 0.01, ""P < 0.001, "P < 0.000 1. Values are mean = SD. GV: governor vessel; JJ: Jiaji.
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Fig. 5 Electroacupuncture promotes the recovery of excitation/inhibition balance of motor neurons in the L4/LS5 spinal cord

of SCI rats
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A: The representative images of CMEP in the Control, GV and JJ groups at 8 weeks post SCI; B: The statistical result of latency of CMEP among
groups, n=3, F=15.62; C: The statistical result of amplitude of CMEP among groups, n=3, F=46.85. "P < 0.05, “P <0.01, ""P <0.001; D: The BBB

scores of hindlimbs locomotor during 8 weeks after SCL. *P < 0.05, GV group compared with control group. ‘P < 0.05, JJ group compared with control

group. n=5. Values are mean + SD. GV: governor vessel; JJ: Jiaji; BBB: Basso—Beattie—Bresnahan.
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Fig. 6 Electroacupuncture promotes the functional recovery of hindlimbs locomotor in rats with spinal cord injury

B R S — Bl BRI R B E R IR 4
RGBT i, B UE A B GV R ) X AT L
EEB R 132 sh DAk (R A FAILH] 6 A o8 4
BB . ABEITSS SR L B, AR GV Xk 1) 7O AR
I 4 R W7 SCL R B L1 B B d & oo 24y, I Bd
VGIuT U A AR JEBE foh 20 21 4 25 B A VIR 2 #f 22 o0 77
T B B0 5 [ s 79 b L 7 AR TF LA/LS B
iz g 4ot (42 35 UL RS 80 ) A7 B %
A ) AR A, DT A T R S R 1Y 38 B
g,

AHFGE KB, GV 5 1T 3 2 Filfe PR H F A B
EHIRYT A REKT SCL RIS T 300G L1 A Bl 280 2%
A7 223K c—Fos , I HL X Lo 9 F00E 1 #2800 2 7
T LIBBERKREIV .V VIHRJZ, FE vGluT1 AR
A IR o 22 2T 4 3 i R VIR 2 o 28 JC A 358 B 84

e EEIV AR )Z BT b B R AR B AT %
Z AR ARG R SE IR EAE L R AR
KT BRI ARG NG5 5 VIRZ B A5 K
FERR LR TS B A e 2 B s i A TEA RS
R TR B AR 5 5 BRI rh R H R E 5 28 VI
M 2 ) i 48 50 T B Ry S E LA/LS i s 3 R 48 0T
b (%) HR )RR 20T o 2 VIR )2 Hh g R 43 DX ek 1
2B 5ER G HIET K T shill It A
B s sh A 200, 3 o 5 20 VIR JZ 9 Hh )
Pl 28 0 ST R B 2 sh e & ot i AR B
Ti4h, CPG RN T 1 3 7= JE U P iz sl
K E P2 4%, FEAFAE TR RS R A KF
BE K VLAV Z , Hod LI~L3 B8/ CPG #i 4t
A3 2o VA A5 LA/LS 5 RE T A 12 ) R 2 o0 1Y
WA S5 B s s A S . A



654 HlR AR 2 (R A2 ) 5 47%

i I , 0 e I BB S CPG AT 3 ™= 2k
R 2 B0, A R O SCT R 3 iz 3h D R K
AU ARG R O B 20 B LA T L
BREEV . VAVIERZ, 5 CPG R 2oty £ 2
Sy AR R A S, H s X PR L EA YT T RE
TR LA AR R E B AL IS L1
8 VAR 2 CPG #h280T , U T IR 45 L4/LS H i iz shpf
2670 (H 4 S JE B LA S 3h) 47300 B g A il
S, DA T B v 4 T SCI R BURE 8 I % Y 38 30
k.

AR AL A B AKX T SCT i 3532 3 D) RE K
S IE T EL) AN RIEGE 1R & B E A
BB ARG A AR B B B 28 2T e AR IC
vGluT1 Y Bk 80, 2 B e EH iR 7 S T 38 in L1
BE N vCluT U AARIRSE A5 B, IF H JJ 41 vGluT1 1 £8
FYER R T GV 4L, 7R JJ 20 e 55 A AR Ak
W AE BT AR T GV, LR RS )
AT LT R L B S GV AL 2 4% FL L
SR A 1 B A R R R v A G I Ah T AR S R
B 1) 7 AT BB R L, 51 & ARz
U 24 AT s 0 2 A R 15 B A B8R

BRI 5 BOK U B 12 sh i 2 2R T
B IRATIA T & B, FE SCLE , KRB L4/LS B3
N SZ L2 2R 28 T8 0 %A M R o P B 28 4R B
AR, I HLHS A A CE/D -t 57 208 IR
E/ AR REAR , X BAERE T S K UG Bz 3h i s
ZRIRPRUTER . (H 23 GV B8 JJ /AL B B4 YT 8 JA
Jo 4 B0 2 B B R YT Y TR E LA/LS IS 3
PR TCAENG KN T LS B 2 T I 24 R
il 14l 28 2R B, 0 B K . E T
FRKF , X 8878 HLBF IR YT W] R T I8 3l iR 48 T I 2%
B AN 1 5 Ml vl VB M R /P (A5 TR Y
12 B P 28 B IS B BT, 3t B CMEP A1 BBB 1Y

S 3k

[1] Xu J, Yang Y, Chen Z, et al. RTMS-induced motor cortex
activation drives neural network tissueoid mediated spinal
motor neural pathway reconstruction [J]. Theranostics, 2026,
16(2): 915-935.

(2] BIAIL, o8k, R A, 55 AN E R R 5T 7067 I &
BRI LJOL]. RilgdtRI%E, (2025-12-29) [2026-04-

R YE— AR, WL AR B CMEP A6 25 5 F11 BBB
TRV W, 2 P IR 7 25 1T 4 /&7 SCT K R
WEWE S5 2 sh T BE . R MAT 2% BBB 314324
RERE JNHSCVAHARAER E2S Hh /LR
CMEP %4 7R 1T LT HE GV B EH AT RUR RS AL
XA RES JJ A HL BT I O B GV 2 Y 245
HC H A R A Y R S e R O g fR R 2 R AT
P 2 £ 2 B A R A0S X T A 4 i TR £ B AT
B S e JE R iE 8

25 LT ARSI SE HLEE GV BT 7O AT R
T AR AR AR B A S L1 RE VAR =
) CPG #1280, IR 5 LA/LS 65 sh A 2 T iy 2%
o AT ST A A B, oA A BT SCIT R BRI 5 e
Mz YIfe . X2 &I N I R EE FH GV AT 289X
HLEHIRYT SCLAYVE FHBL I B2 B 5006 S 7 , ok Je 22
REIRIT ARG B8 T He LRt . H ATl RS R =
e R 22 X BE A (0B ik B e B e e =
HLCAE) UERARYY SCLERE . B—JAYF 3R T4
AR BEAIRIT BN SCIIF ST B s e B4
WFoE R, A B BD PSR BRI 2 | 28 i g i
S5 55 R S R A AR T A U s N 4 2L 2
MK A N A, 34 B8 42 B SCI Y 32 3l T RE Kk
e ARk WEE N TR e R R &R bl
FIVE A SCTIRYT I ZE B PE A, AT (i o B 2 A5 5
PR 47 X, B S A L sl S B i s Bl 5
Ab, IAILEE 11 55 5 RE ) BE 1 F I AS A T+ g b oA
ARG, Beat 2 P 4 0E iR AL B s s
R ATIAE R AR S BN, 20 b 5 o SR8 T
e B AL 1 b 25 o Ao M, st b 2200 17 47 g
2] SEBU B AILEE O RS v Y ST, R
R A LRI S AL RS I L A A
i P 253 % o A S O B SCILUTER iz gl pf
ZLIR BB BERT I, B R T SCLAE R AR .

02]. https : //doi.org/10.13460/j.issn.1005-0957.2025.14.0032.
Min YJ, Lu W, Shi SH, et al. Expert consensus on
acupuncture treatment plan for incomplete spinal cord injury
[J/oL]. Shanghai J Acupunct Moxibustion, (2025-12-29)
[2026-04-02]. https://doi. org/10.13460/j. issn. 1005—
0957.2025.14.0032.



o5 434

BAGHR, 45 . AL BHE BRI AT RS M 22T iR B A R U Iz 3l D g

655

(3]

(4

[

—
~
(I

—
=)
(il

[10]

[11]

Xiao X, Deng Q, Zeng X, et al. Transcription profiling of a
revealed the potential molecular mechanism of governor vessel
cord rats [J].

electroacupuncture for spinal

Neurospine, 2022, 19(3): 757-769.

injury in

Zhang R, Wang J, Deng Q, et al. Mesenchymal stem cells
combined with electroacupuncture treatment regulate the
subpopulation of macrophages and astrocytes to facilitate
axonal regeneration in transected spinal cord [J]. Neurospine,
2023, 20(4): 1358-1379.

Xu H, Yang Y, Deng QW, et al. Governor vessel electro—
acupuncture promotes the intrinsic growth ability of spinal
neurons through activating calcitonin gene-related peptide/
alpha-calcium/calmodulin—dependent protein kinase/
neurotrophin—3 pathway after spinal cord injury [J]. J
Neurotrauma, 2021, 38(6): 734-745.

Chen B, Hu R, Wu X, et al. Electroacupuncture modulation
of chondroitin sulfate glycosaminoglycan promotes the repair of
damaged spinal cord in rats[J]. J Integr Neurosci, 2026, 25
(1): 46448.

A TR B, BN 45 ST JAK2/STATS S BRI e
AR A REBL K R & C T EIALEI () ). B
HIBFFE 2025, 50(6) :633-640.

Jiang HY, Zhang DX, Sun ZR, et al. [Exploration of the
(EX-B2) in
treating neuronal apoptosis in rats with spinal cord injury based
on the JAK2/STAT3 pathway| [J]. Acupunct res, 2025, 50
(6): 633-640.

Hu Y, Tang X, Li S, et al. Electroacupuncture improves the

mechanism of electroacupuncture at "jiaji"

motor function in rats with spinal cord injury by regulating
UCN2-mediated ¢AMP-PKA signaling in the spinal cord
microenvironment| J |. Cell Mol Neurobiol, 2025, 45(1): 28.
Asboth L, Friedli L, Beauparlant J, et al. Cortico-reticulo—
spinal circuit reorganization enables functional recovery after
severe spinal cord contusion[J]. Nat Neurosci, 2018, 21(4) :
576-588.

Bai YR, Lai BQ, Han WT, et al. Decellularized optic nerve
functional scaffold transplant facilitates directional axon
regeneration and remyelination in the injured white matter of
the rat spinal cord [J]. Neural Regen Res, 2021, 16 (11) :
2276-2283.

Chen Y, Wu L, Shi M, et al. Electroacupuncture inhibits
NLRP3 activation by regulating CMPK2 after spinal cord
injury[J]. Front Immunol, 2022, 13: 788556.

Basso DM, Beattie MS, Bresnahan JC. A sensitive and
reliable locomotor rating scale for open field testing in rats[J].
J Neurotrauma, 1995, 12(1): 1-21.

Liu JL, Chen ZH, Wu RJ, et al. Effects of tail nerve
electrical stimulation on the activation and plasticity of the
lumbar locomotor circuits and the prevention of skeletal

muscle atrophy after spinal cord transection in rats [J]. CNS

[16

[17

(20

[

[

]

[

]

i

s

Neurosci Ther, 2024, 30(3): e14445.

TRERE, sk B e, REMEAS | S5 L T o ) O P R U
AR AORESR T BOCTT s S R R L], AR R T
F2f e, 2025, 42(6):1131-1138.

Shen XY, Zhang XL, Lou XJ, et al. Closed-loop regulation
system for paralyzed lower limb joint movement based on
electrical stimulation of spinal central pattern generator[J]. J
Biomed Eng, 2025, 42(6): 1131-1138.

Formento E, Minassian K, Wagner F, et al. Electrical spinal
cord stimulation must preserve proprioception to enable
locomotion in humans with spinal cord injury [J]. Nat
Neurosci, 2018, 21(12): 1728-1741.

Zeb A, Mehmood B, Shah A, et al. Effects of body—weight
supported treadmill training and electrical stimulation on
functional ambulation and strength in patients with incomplete
traumatic spinal cord injury: a randomized controlled trial[ J].
Pak J Med Sci, 2026, 42(1): 213-220.

Borah R, O’sullivan J, Spurling D, et al. Harnessing wireless
electrical stimulation and silk—based conductive hydrogels to
boost 1PSC—derived astrocytes neuroprotection and guide
macrophage polarisation in vitro for spinal cord repair [J].
Biomaterials, 2026, 330: 124079.

Du H, Yang X, Qi Z, et al. Conductive hydrogel combined
with electrical stimulation remodels the microenvironment for
nerve regeneration to promote spinal cord injury repair[J]. J
Nanobiotechnol , 2025, 24(1): 76.

He F, Zhang R, Sha F, et al. Neuromuscular electrical
stimulation combined with rehabilitation training improves
rehabilitation after spinal cord injury [J]. Ann Ital Chir,
2025, 96(12): 1654-1660.

Lai BQ, Wu RJ, Han WT, et al. Tail nerve electrical
stimulation promoted the efficiency of transplanted spinal
cord-like tissue as a neuronal relay to repair the motor

function of rats with transected spinal cord injury [J].
Biomaterials, 2023, 297: 122103.

AW, RAEGE, T30, 55 . RS VN ZRE AL A B0
KR Bz sh e B ()], st SO ne s,
2026, 21(4): 206-212.

Gao YM, Wu YY, Su WN, et al. The effect of rehabilitation
training timing on the recovery of lower limb motor function in
rats with spinal cord injury [J]. Neural Inj Funct Recontruct,
2026,21(4) :206-212.

Wang Z, Du Y, Guo D, et al. Brain—computer interface and
functional electrical stimulation: a novel approach to motor
rehabilitation in CNS injury patients [J]. Int J Surg, 2026,
112: 7925-7935.

Alawieh H, Liu D, Madera J, et al. Electrical spinal cord
sensorimotor activation that

stimulation promotes focal

accelerates brain—computer interface skill learning [J]. Proc

Natl Acad Sci USA, 2025, 122(24) : €2418920122.
(¥ G2



