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Exploring the effects of propofol on neural repair and gut microbiota in rats with spinal cord injury based
on the SOCS3/JAK2/STAT3 pathway

XIU Zhenhua, LIU Ying  (Department of Emergency, Shengjing Hospital of China Medical University ,
Shenyang s Liaoning 110166 ,China) *

Objective To investigate the effects of propofol on neural repair and gut microbiota in spinal cord injury
(SCD rats based on the suppressor of cytokine signaling 3 (SOCS3)/Janus kinase 2 (JAK2)/signal transducer and
activator of transcription 3 (STAT3) signaling pathway. Methods SCI rat models were constructed and stochastically
assigned into SCI group, propofol group, propofol + sh-NC group, and propofol + sh-SOCS3 group, with 12 rats in each
group. Another 12 rats were used as the Sham group. After grouping,the Basso Beattie Bresnahan (BBB) scale and slant
plate test were used to evaluate hind limb motor function on the 14th and 28th day after spinal cord injury, respectively.
HE staining was used to observe the pathological morphological changes of spinal cord tissue. TUNEL was performed to
detect neuronal cell apoptosis in spinal cord tissue. ELISA method was performed to detect the levels of TNF-q,1L.-6 ,and
IL-18 in spinal cord tissue. The 16S rDNA sequencing method was used to analyze the distribution of gut microbiota in
rats. Western blot was used to detect the expression of SOCS3/JAK2/STATS3 signaling pathway related proteins in spinal
cord tissue.  Results Compared with the Sham group, the BBB score, slant plate angle, Shannon, Chaol, Observed
species indexes, Bacteroidota , Firmicutes , Ruminococcaceae , Lactobacillaceae , and Lachnospiraceae abundances, SOCS3
protein level were lower in the SCI group, while the spinal cord tissue cell apoptosis rate, TNF-a,IL-6 ,and IL-18 contents,

Proteobacteria , Enterobacteriaeceae abundances, p-JAK2/JAK2,and p-STAT3/STATS3 ratios were higher (P <C0. 05).
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Compared with the SCI group,the BBB score,slant plate angle,Shannon, Chaol, Observed species indexes, Bacteroidota ,

Firmicutes , Ruminococcaceae s Lactobacillaceae sand Lachnospiraceae abundances,SOCS3 protein level were higher in the

propofol group, while the spinal cord tissue cell apoptosis rate, TNF-a, IL-6, and IL-18 contents, Proteobacteria ,

Enterobacteriaeceae abundances, p-JAK2/JAK2, p-STAT3/STAT3 ratios were lower (P <{0. 05). Knocking down

SOCS3 expression could greatly weaken the improvement effect of propofol on spinal cord tissue injury in SCI rats.

Conclusion

Propofol may improve gut microbiota disruption and promote neural repair in SCI rats by upregulating

SOCS3 expression,inhibiting the activation of JAK2/STAT3 pathway.
[Keywords]) Spinal cord injury; Neural repair; Gut microbiota; Suppressor of cytokine signaling 3; Janus kinase 2;

Signal transducer and activator of transcription 3
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FIHE 5% 3% 7% R 1 3 (signal transducer and activator of
transcription 3,STAT3) {5 5 i I & £ M K iE 40 g A
TAF e i I ] 2 — . 2 SCT B 52 2 1 Bl
Mo BEARE . M JAK2/STATS {5 5 i8 #% /9 805 7]
ik SCI 5 iy ph 2 Fi A 6 R s HAM il JAK2/
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cytokine signaling 3, SOCS3) J& JAK2/STATS3 ji %
(G 45 R L B R R JAK2 3 . i T
STATS3 [ #i% . f2 B B 0 5 & th g s .
PR YA B 9k 42 18 1T 38 o 344 5% SOCS3 ik, # #il JAK2/
STATS3 3 B% (9 B B2 Ak . 0 ) Th17 40 g 43 46 38 v]
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1 ##
1.1 4 60 HMidE Wistar KL (6~7 & SPF
R ARTE 200~220 O HTF I LIRS EF A R A

A (7 A E 5 : SCXK (£ 2022-0006 1 #241 ,  FF A K B
Tl FRAEAH ) 1 R85 p R 22~24 C 0B 60%0 ~
80% .12 hY6/BEIE¥) . A e kK.

1.2 #ab £ %X A NIAE T W E 2% F
H20030115 , puJI] [ g 245 Mk A FR 53423 7)) 5 SOCS3 )
i (sh-SOCS3) 18 45 8 M 25 # M (sh-NO) i [ | i I
TEA YR A R A A HE 2655050 & (E-IR-R117) |
TUNEL T4 I 28 71 & (E-CK-A320) . K B 38
BEH T o (TNF-o) (E-EL-R2856) | [ 41 i 4 % (11)-18
(E-EL-R0012) fil IL-6 (E-EL-R0015 ) g B G 52 W [ ]
IR F & H 527 Elabscience Biotechnology 7y 7l ;
Fast DNA Stool Mini i 7| & (51604) Iy [ &
Qiagen 2 #l; g P SOCS3 ( ab280884 ). JAK2
(ab108596) p-JAK2 (ab32101) , STAT3 (ab68153) . p-
STAT3(ab76315), pactin (ab8227) $i {4 g 17 B&
Abcam A7,

2 Fik

2.1 ##55m SMICH[14]07 2 SCT K R
BT, R 1% 8% B L 24 (40 mg/ke) BRI R, - 3 5
WRUIERARTE T9-10 KV %88 KRB #E. K5, HH#F
B vh i %5 (RWD, CAL, USA) ¥ — 4R 10 g 19 4 J&8 #: M
25 cm PR BE R TE B BB R L . RS 4
FEHRAEYIE RN HPUER. FARE,SCT K RA XK
2 T HER . B 205 e SO A . 2 3 K B 2 f
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B HE ) o B 3 B B B K B BE HL 43 A 4 4 43l
S SCI 2 N A T 41 . A B + sh-NC 41 F1 P9 IA By +
sh-SOCS3 @, 4l 12 H; il 12 H R A BT A
(Sham) 2 ({2 8 15 8 » A 805 . PIA 20 K B
FREPKAE 2 mL/ (kg « WD RIAB 4 W s AE -+
sh-NC 4 F P A + sh-SOCS3 4 K B 7 2 # bk 42 1
2 mL/(kg « WA 4 h 1 [7] 543 50 58 13 2 ik
118 99 B 25 K (sh-NC) SOCS3 R AL 12 9 75 2K (sh-
SOCS3) G B 1X10° TU/mL.10 pL. 4 & i 4t
1 ¥ ; Sham 2 Fl SCT 41 K B LA [R)AE J7 2030 o A R &k
KL HRsE 28 d,

2.2 BEFHIGEFE SR THEBEBRGES 14.28 d,



* 698 -

OE R OR A F A A
Journal of Pathogen Biology

20254F 6 H 520 5 6 4
Jun. 2025, Vol. 20,No. 6

{#i | Basso Beattie Bresnahan (BBB) & £& Fll ¥} Al 52 36
WAL S IBGZ sh o e . BBB 1E43 . SEE R B R BRUE
TI g, v R BA miE 3 5 min, SR )5 MR O
18 G AT MR R 0 23 52 s 2 21 73 GEHR
B8l R BBB 3R X K BUS G 2h b A7 A A .
PAPPAR 453403 J5 R BRUS B IR S TR

RIS < AR — R I I AR b R KBSk 1] i CE
TR AR b, 38 8 48 R A 5 7K - T 2Z [ 79 £
L HERREREME EAT LFE 5 s, il sk LBk i
RIS L . B RO B A B 3 IR (R,
2.3 HEREURAMARBEBIFEL T
EHE L DA B B 2 Bh (80 mg/ kg, [ 1 ) 2o B Ak
FER B RS O M REH A, DI 5 mm K
MG E . I 40 Z R W D [ 2 . &
WA K S5 A AL VIR 5 pm BT . VTR
TIAKG Y 4 W U 4 2 min, F 206 R (100 682 43 1k
Ja 0. SRR R e 2 1 min, BJE LR L)
FARKE T 70%.80%,90% 100 % £ i 2 FE % W h
oK W AEM S PR s . e BB R
WA B 2H 20 BB 52 1k .
2.4 TUNEL # i A #4022 ¥ AP 22 50 4a J 8 T 15 L
e e SR RN N AN S i
TUNEL Ze 5, 5657 W AUBE T WS 5% ¢ B 1 40 ) O 31
B AP T R, W (0 = TUNEL FHM: 4 0
B/ 20T BEO<100 %
2.5 ELISA k#m A 842 X4 EF TNFo, IL-6
Ao IL-18 4% BUARPEHEAL #4129 EEERH
Fm A A= LR K WS L ) 4% 100 AR5 0. 4 C
3 000 r/min .0 20 min J5 %8 FiE W . % ELISA
T 7 G G I 451 3 4H 2 A R GE 7 TNEF-o 11-1B
FIL-6 &,
2.6 16SDNA M A RAMERAFHLH  RE
FEEHEAT 16S rDNA M FF 73 . R R FEMERE A,
WS AE Bl B R EP A P, —80 CA#AF . B AR
/NTF 0.5 g, fifi il Fast DNA Stool Mini if 5] & 77 &
HAH LY 41 DNA, 433 ] NanoDrop ND-100
3060 BE TH AN B B R L UK DNA i) i o
W, i — &R 5% (V3-V4 & A X, 515F
806R) 4 i, 16S rDNA HRZ % , i [l Ampure XP % Bk
(Beckman) #1754tk , 3+ TruSeq DNA PCR-Free
Sample Preparation Kit #J %, 16S rDNA §5 28 JE 7E
NovaSeq6000 -5 1 i 79 B A 9 B 25 BHEA BR 2 7))
EWF. S5 Uparse v7. 0. 1001 8 (http: //
www. driveb, com/uparse/) #E 1T 8 1E 4 2% B JC
(OTU K53 M ABLEE BB 97 %0 4347 I i B A 2
FEPE R 22 5 .

2.7 Western blot 3 # M| # 5% 20 22 SOCS3/JAK2/
STAT3 5@ %Xk e kik BUERSHFHEALH
A HE RIPA Z4# 2 wgoh ¥ 0, b &4 140 & H
Tit 0l 2 il A0 7R . B4R 4 C 12 000 g B 15
min, WE G E AW LIE®K. 5. 4 BCA KXH &
WE EIE Wb iy B8 W R HRAE B Y R R (30
@) s 1026 1) SDS-5 15 Jis Ik Jic 388 Ji¢ HL ik 4 15 - I 5%
%] PVDF it I, 7E% T 5% BiAg 4= @3 hBEHLW: 1 h
JE RS LITN —difE 4 CRmE LK :H SOCS3(1 :
1000) .HT JAK2 (1 = 2000) . HT p-JAK2(1 : 1000) .4t
STAT3(1 : 1000) . $ p-STAT3(1 : 1000) ,H{ p-actin
(1:10000), #RJ5H —H (1 : 2000) Ei_MWH 2 h.
ECL %352 )5 i /] Tmage J 3% 54> 8 (1 254 58 i
AT A
3 Hitaw

i8R A « £ %% % GraphPad Prism 8.
O KM AT /M . B2 J7 22 70 #r F Bonferroni F 5
R 58 43 A ok Kr e 41 1) 22 5. P <<0. 05 N2 F A it

% R

1 EAXREHIEELLR

55 Sham 2 b #5 , SCI 40 K B BBB ¥ 43 (AR f B2
AR (P<C0. 05); 5 SCI 41 Ho 4. P9 A W 41 K R BBB
T4 R A BEFE 5 (P <<0. 05) 5 57910 M 41 . 78 I
+sh-NC 41 Fb %, 1A B + sh-SOCS3 4 Kk il BBB ¥
Iy R B RAR (P <<0.05), W 1,

R 1 HAKXEBBBITFSFRIRAELE (x£s,n=12)
Table 1 Comparison of BBB scores and oblique plate angles
among different groups of rats

s BBB #4 (4) B A ()
B14d #28d %14 d %284
Sham 20.5040.52  20.67+£0.49  63.67+3.58  64.75+3.72
Scl 5.424£0.79°  6.0040,74% 33,2543 14°  34,33+4,05°
730 Bt 14.3340.89"  15.2540.97°  48,9243.42°  51.7543.82"
FHE+shNC  14,674£0.98"  15.8340.94"  50.6742.81°  52,4243.70"

FIAE +sh-SOCS3 7.2540.97%¢  7.8340.58<  38.2543.86% 40,8342, 98

V5 Sham 41" P<<0.05; 5 SCIALILE." P<0. 05, 5FMEmALILE . P<0.05;
T8+ sh-NC 41 18,4 P<0. 05,

2 BHEAREHBALFRERLSETHER

Sham 20 K FLUE i 41 21 25 #4) 5¢ B . JC A 4 i
W1 ;s 5 Sham 41 HA . SCT 41K BUE B8 41 U7 76 B 2 1)
P09 25 ¥ ZE AL 7K iR H ot B A T S L 4
P20 i 35 0 8 s 5 SCT 2 He 4. 793 B 28 R R IA
~+sh-NC 215 58 21 2145475 W3 Sl 0 2% o A 20K i o o,
25 W T G A B 4 1 440 b3 il B Sk /b s SN B AL N
I+ sh-NC 21 b4, WA M + sh-SOCS3 41 K B
T8 L 245 0 B L o] L B A L 0% M 0 IR T 4
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1 SHEHAXREBARRERSEEL(HE £E,200X)
Fig.1 Pathological and morphological changes of spinal cord tissue
in each group of rats (HE staining,200 X )

3 ZAXREBALMBATILE

Y5 Sham £ b2, SCI 41 K R 56 21 2040 i 9 1=
I (P<<0.05) 35 SCI 41 Ho A . 79 1A B 26 F0 73 A
+sh-NC 414 3641 2040 i 98 TR FE AR (P <<0. 05)3 5
YA B 4L, N A B+ sh-NC 2 Fe &, N A B+ sh-
SOCS3 21 K FUA B 41 21 40 M 98 T8 i/ (P <<0. 05)
W 2.5 2,

%2 SEAAREBARBMATELE (xts,n=12)
Table 2 Comparison of apoptosis rates of spinal cord tissue cells
among different groups of rats

IL-6 Al IL-1B8 & & Fhm (P<<0. 05) ;5 SCI 41 He %% . N
TH B 4L R I B+ sh-NC 41 #3641 40 TNF-o, IL-6 I
IL-18 & S FEAR (P <C0. 05) 5 5 N IA MY 2H . N TH ) + sh-
NC 20 b %, 79 1A M+ sh-SOCS3 20 K B3 46 20 41
TNF-o IL-6 1 1L-1B8 & & F} 5 (P<0.05) ., L3 3.

*3 ZAAREHAL TNF-o IL-6 1 IL-1p S E L
(x£s,n=12)
Table 3 Comparison of TNF - a,1L-6,and IL-1§ levels
in spinal cord tissues of rats in each group

21 5 FTROD

Sham 4.1620. 59

SCI 32.5242.10°

[SR(ERL S 14.3041. 68"

P +sh—NC 13.85+ 1. 54"
PIIM B + sh-SOCS3 26. 74+1. 83

.5 Sham 4 % ," P<<0.05;5 SCI41H#." P<<0.05; 5/
2 H %8 .© P<<0. 055 5P +sh-NC 4l L3, ¢ P<<0. 05,

PR +sh-SOCS3

VI +sh-NC

2 BAXREHALKMEATHER(TUNEL £ &,200X)
Fig.2 Apoptosis of spinal cord tissue cells in each group of rats
(TUNEL staining,200 X )

4 ZBHAKBREEHLR TNF-o.1L-6 71 IL-1p S 2L
5 Sham 21 [t %5, SCI 4 K B 46 41 41 TNF-o.

415 TNF-o(pg/mg) 1L-6(pg/mg) IL-18(pg/mg)
Sham 45, 62£5. 30 13.80+2.37 25.32+4.48
SCI 121. 7549, 44° 65.43+4.28° 91,4748, 25°
SR 69.31+7.58" 30.65+3. 14" 40.53+5. 69"

PN IH -+ sh-NC 64,9047 37" 28.9243. 06" 37,7845, 46"
I +sh-SOCS3 103, 45+8. 85 51.4043.78¢  80.3347.95¢

U5 Sham 41H 8¢ P<C0.05; 5 SCI4LH . P<0.05; 5 M4 H
B,¢ P<C0.05; 5 +sh-NC 41 H 4. P<0.05,

5 BREXRRHERMNZSHEEILER
Y5 Sham #H It %, SCI %4 Shannon, Chaol,
Observed species 385 FEAL (P <<0. 05) (P<C0. 05); 5
SCT 4 FLH - P3P 5 2 A1 9 1 8+ sh-NC 2 Shannon,
Chaol.Observed species 1§50 T} & (P<C0. 05) s 5N H
By 2 N TA B+ sh-NC 41 FE g INIA B + sh-SOCS3 41
Shannon.Chaol .Observed species 3§ %{ (P <C0. 05) ;5
#H Goods coverage #5403 >>0. 99, £ WA B 58 19 I
Jr i s L SRR TR T A Y R, WL 4,
% 4 %X R Shannon,Chaol ,Observed species 7
Goods coverage 358 H 8 (x 5 ,n=12)

Table 4 Comparison of Shannon,Chaol ,Observed species,
and Goods coverage indices among different groups of rats

A5 Shannon Chaol Observed species  Goods coverage
Sham 5.4540.56  406.12433.79  313.69227.26  0,99940.000
SCI 4,0640.47%  311.58426.40* 208.30%21.57* 0.99720.000
LRl 5.2340.54%  380.77430.62" 292.41425.83"  0.998%0.000
WA TshNC 5294052 384,20431.15% 297.02426,11°  0.996£0. 000

FEIHE +sh-SOCS3  4.38+0. 490 32751428, 67<¢ 226.35+23.28%¢  0.997+0.000
W5 Sham I8 " P<0. 0534 SCLAILE," P<0.05; 5B L. P<0.05;
5P+ sh-NC 41 k.4 P<0.05,

6 BREXRRBERFNYFE DR

P Rh s oy o3 A s . AETT K P B 5 Sham 41 [
%5 ,SCI LA A5 L I 1] (Proteobacteria) B & , UAF H
"1 (Bacteroidota) \ JEBE T | ] (Firmicutes) AL (P <<
0.05) ;45 SCI £ L4, A By 41 AT A By + sh-NC 44
BIE B 1] (Proteobacteria ) F- FE [ AR, 8 FF 16 1]
(Bacteroidota) JEBER ] (Firmicutes) Ft 5 (P <<0.
05): 5 N IA By 41 . N 90 8 + sh-NC 41 F %, 9 B +
sh-SOCS3 44 25 1 ] ( Proteobacteria) £ J& T+ & » U
FFH 1] (Bacteroidota ) . JEBE W ] (Firmicutes) A%
(P<C0.05), WS,
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®5 SAXRITKFHERBENERLR (xE£s,n=12)
Table 5 Comparison of relative abundance of gut microbiota
at the phylum level among different groups of rats

W] JE B (1]

BHHET]

A5 (Proteobacteria) (Bacteroidota) (Firmicutes)

Sham 0.1040. 020 0.50240.051  0.34340.037
SCI 0.51540.041°  0.20740.036"  0.18240. 025"
P 0.180£0.025"  0.4344:0.048>  0.305+0. 034"
A+ sh-NC 0.17440.023"  0.44040.050"  0.31140.033"
PIAE +sh-SOCS3  0.420420. 037 0.263420, 041 0. 21940, 028

¥ .5 Sham 41 W8 ,* P<<0.05; 5 SCI4lH.4," P<0.05; 510 B 4l 1t
B, P<C0.05; 5T +sh-NC 41 4,4 P<C0.05,

HEFRK F .5 Sham 41 b #, SCI 4 B #F 1 B
(Enterobacteriaeceae ) F & T} 5. ¥ H Bk B B
(Ruminococcaceae) \FL#F & BF (Lactobacillaceae) . B
WEHBL (Lachnospiraceae) &K (P <C0. 05); 5 SCI 44
FeAE, PYYA By 41 R N A B+ sh-NC 41 i A 3R
(Enterobacteriaeceae ) F JF [ %, 7B B B3R & B
(Ruminococcaceae) \FLFF & Bt (Lactobacillaceae) T
W RHBL (Lachnospiraceae) FF 5 (P <<0. 05) ; 5 N 14 B
H NIA I+ sh-NC 4 He B, N IA B+ sh-SOCS3 4
T E R (Enterobacteriaeceae) B F& 5 . 8 B Bk & B
(Ruminococcaceae) . FL¥F W B} (Lactobacillaceae) . &
B (Lachnospiraceae) fFEAK (P <<0.05), L3 6,

®6 SEAXRMKEHERBANEFLR (x£5,% ,0=12)
Table 6 Comparison of relative abundance of gut microbiota
at the family level among different groups of rats

N 22 380 S T SO 2 2L TR AR R 2L R O TR
PR 5 B S 2 1 BLAk e M40 A0 SR A VA 0 T
SEAL DL R 20 R A AR L i A R BOR 414
BB S D RE R 45 B E MO KRR TE KM
S SR L H R B Z W 0 TR R

xT HHEKXKREFEMALR SOCS3 . p-JAK2/JAK2 ,p-STAT3/STAT3

BEAREKLEB (x+s,n=12)
Table 7 Comparison of SOCS3,p-JAK2/JAK2,and p-STAT 3/STAT3
protein expression in spinal cord tissues of rats in each group

415 SOCS3 p-JAK2/JAK2  p-STAT 3/STAT 3
Sham 0.5840.07 0.2340. 04 0.18%0.03
SCI 0.2140.04" 0.6440.08" 0.75+0.07"
REL 0.4530.05" 0.3840.05" 0.40%£0. 05"
P B+ sh-NC 0.42%0.05" 0.3620. 04" 0.3740. 04"
P +sh-SOCS3  0.29+0. 04 0.5140. 06 0.62+0.07<

Eit] T sk EH FUFER TEmEH
Sham 0.13040.021  0.19540.018  0.24140,026  0.2160.022
Sl 0.54740.037% 0.07340.012*  0.11240.019*  0.089%0.013°
R 0.25840.029" 0.16520.015°  0.22740,024>  0.185£0,019"

FiifE+sh-NC  0.25140.028" 0.16940.016"  0.23140.024" 0.18840.020"
A B +sh-SOCS3 0,42340.032%¢ 0. 10840013 0. 14640.020% 0.12740.016<

V5 Sham 4L I8, * P<C0.053 5 SCLALILEE." P<0.05: 5B L H.© P<0.05;
S8 sh-NC 41 8 .¢ P<0. 05,

7 ZBHEKRREUEHLE SOCS3/JAK2/STAT3 (5B K
HEXEBARIEEE

55 Sham 41t SCT 41 K BB #4141 SOCS3 &
7K BEAK . pJAK2/JAK2, p-STAT3/STATS H{H
Fhi (P<C0.05) 5 5 SCI 41 %5 73 TH By 41 F0 P 0 1+
sh-NC 414 #6 41 21 SOCS3 % [ /K FFF & . pJAK2/
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