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Effect of Jiaji electroacupuncture on spinal cord injury repair based on the GFAP/STAT3 pathway
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Abstract Objective To investigate the mechanism underlying the Jiaji electroacupuncture (EA) -induced improvement in neuronal
apoptosis among rats with spinal cord injury (SCI) . Methods ~Sprague-Dawley rats were randomly divided into sham,SCI,EA,and
EA+colivelin groups (n = 10 each) . Allen’s modified heavy-fall method was used to prepare the animal model of SCI. The clamped-spine
EA group was treated with EA at the paraspinal clamped spine points at the vertebral bodies of T, at the upper and lower ends of the
spinal cord injury on the backs of the rats. The Basso-Beattie-Bresnahan score and slope test were used to evaluate the rats’ locomotor
abilities ; TUNEL staining was used to detect changes in neuronal apoptosis in the spinal cord ;immunofluorescence was used to detect
changes in glial fibrillary acidic protein (GFAP) expression in the rats’ spinal cord tissues;and Western blotting was used to detect the
relative expressions of GFAP, phospho-signal transducer and activator of transcription 3 (p-STAT3),STAT3,and cleaved caspase-3 pro-
tein expression in spinal cord tissues. Results The mean Basso-Beattie-Bresnahan score was higher in the EA compared with SCI
group (P < 0.01) . The mean angle on the slant plate test was smaller in the EA compared with sham group (P < 0.001) . The mean angle
was slightly larger in the EA compared with SCI group (P < 0.01) . GFAP-positive, p-STAT3, cleaved caspase-3 protein , and inflammatory
cytokine expressions were significantly increased (P < 0.05) and the number of neuronal apoptotic cells was increased (P < 0.01) in the
SCI compared with sham group. However, the opposite trend was observed in the EA group. In addition, the therapeutic effect of spinal EA
on spinal cord injury was reversed after colivelin administration (P < 0.05) . Conclusion EA reduces neuronal apoptosis and improves
motor and balance functions in the spinal cord tissues of rats with SCI, possibly via GFAP/STAT3 pathway inhibition.
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Time/d
C

A ,BBB score; B, quantification of BBB scores on 28 d of each group;C,inclined plate test; D, quantification of the angle of the inclined plate test on 28
d of each group. BBB, Basso-Beattie-Bresnahan; EA , Jiaji electroacupuncture; SCI, spinal cord injury. *P < 0.05,**P < 0.01,***P < 0.001 vs. sham
group; #P < 0.05,##P < 0.01,###P < 0.001 vs. SCI group.
E1 EAXISCIZzhIhRERIEN
Fig.1 Effect of EA on SCI motor function
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A, TUNEL staining of rat spinal cord tissue ( x 20) ; B, number of positive TUNEL-stained cells in each group. DAPI, 4’ ,6-diamidino-2-phenylindole ;
SCI, spinal cord injury; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling. *P < 0.05,%*P < 0.01.
E2 SCIAfr3ISCIHETAT M
Fig.2 Effect of SCI treatment on SCI neuron apoptosis
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E

GAPDH | . 36 < 10’ .

50
2.6 ELISAKGIN A% 20 K B A 1 21 A R - A 7Kk oF-
ELISAZE R, SCI4L K A BG4 2L iY1L-6,
IL-1B8, TNF-oFMIL-18 25t fsishamH i &34 i1 (P < 0.001)
EAJR YT J5 , 5SCIAL X e, EAZLIL-6 1L-1B8. TNF-affl
IL-187 5 B i T I (P < 0.01) . 25 TSTAT3HL I 71
TG, 25 s A 7 1) & i 5 SCILL TC I W25 5+
(P>0.05), WIK6,

A B

A, cleaved caspase-3 protein expression in the rat spinal cord tissues in each group; B, quantitative analysis of cleaved caspase-3 relative expression. EA,

Jiaji electroacupuncture ; GAPDH,

glyceraldehyde-3-phosphate dehydrogenase. **P < 0.01, ***P < 0.001.
B3 Western blotting#& il & 2 A R & S5H A

Hicleaved caspase-3%& B &Rk K F L

Fig.3 Comparison of cleaved caspase-3 protein expression levels detected by Western blotting in spinal cord tissues of rats in each

group

Sham group SCI group EA group

EA+agonists group

- ....

h ....
h ....

Number of positive cells

B

A, immunofluorescence staining x 20 (red, GFAP;blue,nuclei) ; B, quantification of GFAP expression. DAPI, 4’ , 6-diamidino-2-phenylindole ; EA , Jiaji

electroacupuncture ; GFAP,

glial fibrillary acidic protein;SCI, spinal cord injury.

*P <0.05,*%*P < 0.01.

E4 St &HARREEALPGFAPIERIA

Fig.4

Immunofluorescence detection of positive GFAP expression in spinal cord tissues of rats in each group
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E
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[=H
()
P-STATS | - - — -l 100 x 10° £
<
o
GFAP |- — —-l 50 x 10°
GAPDH | S e =5 - | 36x 10°
| A B

A,GFAP and p-STATS3 protein expression in rat spinal cord tissues; B, statistical graph of protein expression data in rat spinal cord tissues in each group.

EA, Jiaji electroacupuncture; GFAP, glial fibrillary acidic protein;p-STAT3, phospho-signal transducer and activator of transcription 3;SCI, spinal cord

injury. ¥*P < 0.01,*#%%P < 0.001.

E5 HAXREWEHLAPGFAPFIp-STATIERRIE
Fig.5 GFAP and p-STAT3 protein expression in spinal cord tissues of rats in each group

1

IL-6 content/pg*mlL~

TNF-a content/pg* mL~

IL-1B content/pg*mL™"

IL-18 content/pg*mL™

A, statistical graph of IL-6 inflammatory cytokines; B, statistical graph of IL-1B inflammatory cytokine;C,statistical graph of TNF-a inflammatory cy-

tokine; D, statistical graph of IL-18 inflammatory cytokine. IL, interleukin; TNF, tumor necrosis factor. **P < 0.01,***P < 0.001.
E6 JHKXREMEARSHEMMEFIL-6. IL-1B. TNF-oFAIL-18HI7K F
Fig.6 Level of inflammatory cytokines IL-6, IL-1B, TNF-, and IL-18 in spinal cord tissues of rats in each group
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