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Impact of butorphanol on nerve cell inflammation in rats with spinal cord injury
by regulating cGAS/STING signal pathway
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of Technology, Jingmen 448001, China

Abstract: Objective To investigate the impact of butorphanol on nerve cell inflammation in rats with spinal cord injury and its
mechanism. Methods Spinal cord injury rat models were duplicated and grouped into sham operation group, model group,
butorphanol (100 pg/kg) group, and butorphanol + 2',3'-cGAMP (100 pg/kg butorphanol + 500 pg/kg 2',3'-cGAMP) group, the rats
were scored for motor function, HE staining was applied to detect the pathological changes of spinal cord tissue, TUNEL staining was
applied to detect apoptosis, the levels of TNF-a, IL-1B, and IL-18 in spinal cord tissue were detected by ELISA, immunofluorescence
staining was applied to detect microglia, Western blotting was applied to detect the expression of cGAS, STING, NLRP3, Caspase-1,
and IL-1p proteins in spinal cord tissue. Results Compared with model group, the injury of spinal cord tissue, inflammatory cells and
necrotic cells were reduced in butorphanol group, BBB score was obviously higher, the apoptosis rate of spinal cord tissue, the levels
of microglia and TNF-a, IL-1f, IL-18, and the protein expression of cGAS, STING, NLRP3, Caspase-1, and IL-1 were obviously
decreased (P < 0.05). Compared with butorphanol group, the spinal cord tissue injury in butorphanol + 2',3'-cGAMP group
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was aggravated, the cell arrangement was loose, and inflammatory cells were increased, the BBB score was obviously lower, the
apoptosis rate of spinal cord tissue, the levels of microglia and TNF-a, IL-1p, IL-18, and the protein expression of cGAS, STING, NLRP3,
Caspase-1, and IL-1p were obviously higher (P < 0.05). Conclusion Butorphanol can improve spinal cord injury in rats by inhibiting

the activation of cGAS/STING signal pathway and inhibiting the activation of microglia and inflammatory reaction.

Key words: butorphanol; spinal cord injury; neuroinflammation; cGAS/STING signal pathway; TNF-a; NLRP3; Caspase-1
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Ja . SERA L, ffEHEG 4 BBB VP B T
(P<<0.05); 3. 7. 14d )5, SAfEME#4LtLi, 1
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*1 HHAARBBBITS ( x+s, n=10)
Table 1 BBB scores of rats in each group ( X s, n =10 )

m B ol BBB ¥4
AL A (ng-ke™) 1d 3d 7d 144
RFAR — 21 21 21 21
R — 1.1540.25" 465+092°  578+1.25" 6.76+1.26"
Ai ¥R 100 1.23+0.31 7.234+0.61%  9.54+1.78* 11.3442.51%
i FEHEE 42, 3'-cGAMP 100+500 1.1940.30 5154+0.74&  7.13+1.24% 8.21+1.62%

HEFRMALLE: "P<0.05 SHHEAALK: P<0.05; SAFLHHAEALE: %P<0.05,
P < 0.05 vs sham operation group; *P < 0.05 vs model group after treatment; &P < 0.05 vs butorphanol group.
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1 HE XENLREHALREFTHL (X200)
Fig. 1 HE staining observation of pathological changes in

i%+2'3-CGAMP

spinal cord tissue (>200)
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BFA !

2 FHEAREBEALMICETHER (TUNEL 36, X400)
Fig. 2 Apoptosis of spinal cord tissue cells in each group of rats (TUNEL staining, >400)

®2 BEAREWALAMBATRLLE ( x+s, n=5)
Table 2 Comparison of cell apoptosis rates in spinal cord
tissue of rats in each group ( X +s,n=5 )

151 FIE/(ugkg™)  AIIIHTRI%
BFER — 1.75+0.34
LAY — 32.21+5.21"
i FEHEH 100 15.34+3.58*

A BRI +2',3'-cGAMP 100+-500 24.38+4.62%

H5EFARMLLE: "P<0.05; AR *P<0.05; HAitE
HEpE 4L #P<<0.05,

P < 0.05 vs sham operation group; *P < 0.05 vs model group after
treatment; &P < 0.05 vs butorphanol group.
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BATFEMEE AN T A kg, DL 3.
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(P<<0.05); S, AFEME#%Z cGAS.
STING. NLRP3. Caspase-1. IL-1p & [k /KTy
BERE (P<0.05); S5AFCHEEA LR, itk
M +2',3'-cGAMP 4. ¢cGAS. STING. NLRP3.
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3 HIEMEEXT KR ABEEL TNF-o, IL-1 0 1L-18 SR ( X s, n=5)
Table 3 Effect of butorphanol on the levels of TNF-a, IL-1p, and IL-18 in rat spinal cord tissue ( x +s,n=5 )

ZH 51 FlE/ (pgkg™) TNF-o/(ng-mL %) IL-1B/(pg-mL™) IL-18/(pg mLY)
RFEAR — 6.45+1.24 104.21+12.37 63.56+10.95
it — 18.69+3.59" 181.55+23.67* 147.52420.73"
Hri FEE 100 9.37+1.35% 110.15+12.12# 98.24+15.69*
A FEHEVE 4-2',3'-cGAMP 100500 14.62+2.53& 145.46422.23% 126,72 +12.14%

SEFARMALE: "P<0.05: SHAALLE: *P<0.05: SHmIEHFHLA . 4P<0.05.
P < 0.05 vs sham operation group; *P < 0.05 vs model group after treatment; P < 0.05 vs butorphanol group.
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B3 SRERLRaNENRERMMEHE (X200
Fig. 3 Observation of activation of microglia by immunofluorescence staining (>200)
*4 BEAKXFLEDEAL cGAS, STING, NLRP3, Caspase-1, IL-1p BEAFIALLE ( x+s, n=5)
Table 4 Comparison of cGAS, STING, NLRP3, Caspase-1, IL-1p protein expression in spinal cord tissue of rats in each
group ( X=s,n=5)

4151 ST EAEkihIE 2
cGAS STING NLRP3 Caspase-1 IL-1B
BRFER — 0.21+0.04 0.37+0.05 0.15+0.03 0.33+0.04 0.24+0.04
FETY — 0.78+0.08" 0.904+0.09° 1.074+0.12* 1.21+0.14" 1.13+0.11"
AAFEETE 100 0.43+0.06* 0.51+0.06* 0.554+0.07 0.75+0.07* 0.3940.06*
A FEHE 4-2',3'-CGAMP 100+500 0.58+0.07%  0.72+0.07% 0.83+0.08% 0.98+0.10%  0.65+0.07%

S5/ FARALE: "P<0.05; SHEAIE: *P<0.05; SAA+EuH#HALILE: #P<0.05,
P < 0.05 vs sham operation group; *P < 0.05 vs model group after treatment; &P < 0.05 vs butorphanol group.
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Fig. 4 Western blotting detection of cGAS, STING,
NLRP3, Caspase-1, IL-1p protein expression
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