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Effects of propofol on postoperative cognitive function and ¢cGAS/STING
signaling pathway in rats with tibial fractures undergoing open reduction

DI Yan, WANG Jin-bao,JIAO Shan-shan, LI Xiao-cong,.I Hong-xia, HAO Shu-hang
(Department of Anesthesiology »980th Hospital of Joint Logistic Sup port Force sShijiazhuang 050082 , Hebei , China )

[ Abstract] Objective: To explore the effect of propofol on cognitive dysfunction and ¢cGAS/STING signaling pathway in
rats with tibial fractures undergoing open reduction. Methods: 90 rats were randomly divided into control group,model group,2’
3'-cGAMP group, propofol group,and propofol+2'3'-cGAMP group,with 18 rats in each group. Except for the control group.,
all other groups underwent open reduction and internal fixation surgery for tibial fractures during anaesthesia. At 7 d postopera-
tively, the recognition and memory function were evaluated through the Y Maze and new object recognition tests, the neuronal
damage in CAl region of hippocampus was evaluated through the Nissl staining, the I1.-18,, TNF-« and IL.-18 levels in the hipp-
ocampal tissue were detected through the ELISA method,the choline acetyltransferase (ChAT) and y-aminobutyric acid recep-
tor Aal (GABAARal) mRNA level in hippocampal tissue were detected through the RT-qPCR method, the ¢cGAS (cyclic
GMP-AMP synthetase) , IRF (interferon regulatory factor) 3, p-IRF3,STING (stimulator of interferon genes) ,nuclear factor-
kB (NF-kB) p65 and p-NF-kB p65 protein level in hippocampal tissue were detected through the Western blot method. Results:
Compared with the control group,the model group rats exhibited decreased cognitive and memory abilities,along with a marked
reduction in the number of neurons in the CAl region of the hippocampal tissue,as well as decreased relative expression levels
of ChAT and GABAARal mRNA. Additionally, there were increased in the levels of 11.-18,1L-18, TNF-a,and 2'3'-cGAMP, the
relative expression levels of ¢cGAS and STING proteins, and the ratios of p-IRF3/IRF3 and p-NF-«kB p65/NF-«kB p65 (P <<
0.05). Compared with the model group,the 2'3'-cGAMP group rats also displayed decreased cognitive and memory abilities,a

marked reduction in the number of neurons in the CA1 region of the hippocampal tissue,and decreased relative expression levels
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of ChAT and GABAARal mRNA. Furthermore, there were increased in the levels of 1L.-18,1L-13, TNF-a,and 2'3'-cGAMP,
the relative expression levels of ¢cGAS and STING proteins,and the ratios of p-IRF3/IRF3 and p-NF-«kB p65/NF-kB p65 (P <

0.05). The above-mentioned indicators showed improvement in the propofol group, while 2'3'-cGAMP partially reversed the a-

meliorative effects of propofol. Conclusion: In rats after tibial fracture open reduction, propofol can improve cognitive function by

inhibiting the activation of ¢cGAS/STING signaling pathway for anti-inflammatory and nerve protection.

[Key words] Propofol; Tibial fractures undergoing open reduction; Postoperative cognitive function; Cyclic GMP-AMP syn-

thetase; Stimulator of interferon genes
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AMP synthetase, cGAS) /T ¥t & F£ [ #l #% A F
(stimulator of interferon genes, STING) {5 5 il %
W Z Bl R E R, b cGAS fiE b = B R 5 A
(GTP) M =8 2 it # (ATP) £ LA R GMP-AMP
(2'3"-cGAMP) , 1fif 2"3"-cGAMP 1§ Jy P U5t K 14 »
4545 R WE STING, J5 % i i NF-«B i #% /v &
TNF-a IL-6 55 5 AE 77 A, i) 28 E 5 fe J 2K
5, Yang % HF 58 £ %L cGAS/STING 15 5 i
AR 5 I /NS T 5 L Ube 5 /N BRUOR SR AR
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receptor, GABAAR) i — Ft 1E 72 # 8 715 51 , P& H: i
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1.1.1 Z%s4 SPF % SD K 90 Hig Tt

B= B} K2 (L5 Sh ) A LR 55 °F &, SCXK (3 2020-
001) Chft:, 3 R MR it 55~65 ). fi 37 F ikl

BB A WA BR S ®) SPE % sh ¥ b b (A k&,
KL IRIE 21~23 °C,12 h/12 h BIRE A2 8, 1% 50 %
~ 55%). B W o B & RSt ST S,
IACUC20230089,

L2 M#KRYL HHEbkEW A EE Sigma
Aldrich A %] HIHE . 2'3-cGAMP It§ H £ F MCE
A s KRB IL-18 ,1L-18, TNF-a il 2'3"-cGAMP i
166 H 28 W B 52 36 (ELISA) 37 & LA & SYBR Green
One-Step RT-qPCR Kit I H Beyotime A7) ; GAP-
DH ¥k, cGAS i . STING ik, 3 K 3635 A
¥ 3(Interferon regulatory factor 3, IRF3)#i{& . p-
IRF3 #i /& . #% [H F kB (Nuclear factor-«B, NF-xB)
p65 PLIA AN p-NF-«B p65 Hi Al [ ¥ [ Abcam 24
Al Y 2K E (XR-XY1032) F3# 9 7R 551 & 48 (XR-
XX117) C [ ifg iR 8AE B R4 2\ s RT-qPCR X
(ABI7900HT, 2 E Thermo Fisher 2~ @) ; fiff #1554
(Infinite F50, #i + Tecan 2 &) ; % )6 B 4% (E-
CLIPSE C1, H A& Nikon A ],
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1.2.1 A REFFHMAEMLNEZ KR
WA E 90 H K BB ML 4> S X B AR
41.2'3"-cGAMP 41, N A B 41 #1 9 IA ) + 23'-
cGAMP 41, B4 4 18 H., S AT . X 4l
KRk A B K 3 h &5 2 h WA IE#
2233 h BN T A FRER K 5 AR ALK R bk
WA AR K 3 h &5 2 h S WA 1. 9% S5 9 6 R 1o
3h, BN T A K2 3 -cGAMP 4 K fE #
Jikig i A B ER K 3 ho S5 2 h JE A 1. 9% 5 b
JBEBE 3 h, BN 452 500 pg/kg 2'3-cGAMP 5 Y
VA 2H K B B kR 1 40 mg +kg 'oh ' TRIA W R
B3 ho 250 2 h JE WA 1. 9% SEE R 3 h, &4
YT R K TN B + 2" 3" -cGAMP 41 K Bl J2 #
ki 4 40 mg ekg 'eh ! NYABY 3 ho &5 2 h 5K
A 1 9% S IREIRREE 3 h, BN 4524 500 pg/kg 2'3'-
cGAMP, [BExf 4ok A2 2"3"-cGAMP 41 . N
TH R 20 A PIIA I 423 -cGAMP 2H K BB 1F 2 5 &
PR Z SN R R AT R B B T VI IE S AL N e R A
TR VI Rk, B )2 5 B LR 8RR
B T EBEE N IE AN WA (A 0.3 mm) I [#
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L7/ o7 e | | RS B N8 1 1 1 1 A S 0 N
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PG,

2.2 YRERFHERINELE REF7d.E£4
KRBT Y B YRR LR, Y 5 F S8
£ (S (I I 7 e P SR P e I E NS R G i N B
A BTSN 10 ming 0B - Y11 2k B3 R0 00 5 29 A
B 20 min, ¥7FF 5 5 B H il 468 R ok AL H B
W8 5 min, GETHAE & AN 450 B s ) L HERE R R
B AR AT 1 — D S R, AR R
= AR IR CB/ GEFREF BB — 2) X100 %6, 37 5 R 4
B R = S R R /B[R] X100 %6 . BT RS
SSERARAE T IR K A B R /MR AR
564 —BO 43 B T AR BE 10 cm &b, B 206 K RLE
TS FA T A EE L A 3 10 min JEIC SR ER
A B YRRy CY R BRI EBEE AL B #1{A<<1 cm
w4 24 h L C B R (BUR R
5 BWik—8 IR R BAH AR Bk B Yk, &
R R = A U S F N W i e M 5 N = W R R
5 min fFICKIRER ALC YR BT, B4 141 51
FeH = C YRR R BT H] / (C PR IRE B [H] -+ A YK
BRRWE])D X 100% ,

1.2.3 ARARE Y 2B HUBEY A B0 S50 K
SEJE R BUS W7 Sk RO L B 21 BEAILE £ 8 103 il
M, T 4002 R R W A 52 24 h DUAH T Nissl
Yuta,, FLx 10 £ i 41 2130 O 5 )5 WA T —80 CH
F ELISA . .RT-qPCR F1 Western blot &l ,

1.2.4 Nissl 26 B2 [ @ 2 B (0 Bl 21 2, 5
LB U8 5 pem) L JB 8 2 K 5 Nissl J i
Yty 5 min, MR AR BB T 5 s, &M
KO ZEB W] 10 min J5 HEER R E R T B
TR ST .

1.2.5 ELISA &l  W#HAR 10 B KR E D
A K LIRS 50 B 3 0y BCHE rh— 3 i i 4 4L
W B VE i B R) & UL B T 450 nm ARG
F ARG S SUh R 4 18 (IL-
18), IL-1B3. M 98 38 %€ I F o ( TNF-o) F1 2" 3'-
¢cGAMP K,

1.2.6 RT-qPCR Al TR W5 4y oy B — 15 ¥
HALHELS RNALPCR %&/F:50 ‘C 15~30 min, X
85395 °C 2 min, il A8 %595 °C 15 s 42, 60 °C
15~30 s 1Bk /ZEf ALAE IR 40 . IR & 0k
95 °C 15 s,60 °C 15 5,95 °C 15 s, BI¥FEHI(5'-3);
fEH% £ Bk %% %% B (choline acetyltransferase, ChAT ) ;
TCTGCCTGGTATGCCTGGATGG (F) ,CCAGCGAT

TGGCTCCGTTCAG(R) ; GABAARaL : AGTGCGAC-
CATAGAACCGAAAG (F), TCCAAATAGCAGCG-
GAAAGG (R); GAPDH: GACATGCCGCCTG-
GAGAAAC (F), AGCCCAGGATGCCCTTTAGT
(R, Ph2 27 dhiH S AR ek i,
1.2.7 Western blot # M B4y — 1 iF S 2H 2L,
e IO L I TR R SR AT E R 48 B L UK
P13 85, T 5 25 B 5 Yo R Rs W #n 3 H), F 4 CIE s
—#i GAPDH. ¢GAS. STING. cGAMP, IRF3, p-
IRF3,NF-kB p65 fil p-NF-xB p65 (4 1:1 000 Fi
PO g2 T 37 CMEE ZHi(1:10 000 Fi FE)
1 h, &6 Wt )5 T 8E e AR A F0 B, i B B0
Image J 5347
1.3 SHitZE4aHm

R SPSS 21. 0 B4 ) £ 408 #E 47 4 35 43 By
TR BRI A ESS A E I 255, (e £5) %
N 22 AL A) LRRAT B R 3R 25 40 B AL 6] PR R L AT
SNK-q #:5:, P<0.05 W2ZEREHGI¥E XL,

2 #HR

2.1 BHAXBRARFIAMINEELLER

550 B P AL R U S R CH &
SE 2 NOR AR U3 i BRI (P <<0. 05) 5 H Y
A HH,2'3" -cGAMP K R R FH R AL
B AT YR TR ] F B AR (P <<0. 05) , PN IA B 40
KBTS 457 B 3 L B R S R U W A TR 4 K
FHE (P <0, 05); SNIAM 41 L, MiA i +2'3'-
cGAMP 4 K EUB 7B F B2 A RS ERMGY
IR HE B AR (P<<0. 05), WL 1,

F1 SARBARBNMINEELLE (2 £5)

i FREERED  ARZEE BRI
WS (n=18) 40.26+10.09  0.6640.15  0.61+0,08

A (n=18) 16.3445.670 04140210 03240117
2'3"-cGAMP 4 (n=18) 7.7543.09%  0.19£0.13%  0.2040.13%
P4 (1 =18) 33.7848.15%  0.5740.16%  0.61+0.17%
PE+23-GAMP A (n=18)  14.4945.23Y  0.34%0.18% 0,360,157

DOP<<0.05, 53 mam 4 ; QP <0.05, 5 A AL ; QP <<
0.05,5 AmiABrarbi,

2.2 BAXBRARBREIHETHRGERILE

5T R LA, A 20 K BRI 2 21 CAL X A
2B /D (P <70, 05); 5 R 4 [ %5, 2 3'-
cGAMP 4K B S5 41 41 CAT X 4 28 o0 %50 i ik />
(P<0.05) , NTAE 4 CA1 XM & oo R in (P <
0.05); 5 P IA By 41 L 2, TRIA B + 2" 3"-cGAMP 41
KDL CAT XM 2 o8& /> (P <<0. 05),
WL 1,
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B1 FHARARFEDSWETHRGER LR 0=9)
1. AFEEZ0;2. A3, 23 -cGAMP 4034, AT ;5. R il B +2'3"-cGAMP 1, (DP<0.05, 5 * 18 21 W 4 5

@P<0.05, 5 £ A 20 1k 332, QP<0.05, 15 7 8 @ 40 b 4

2.3 BHABRRFHERIELLER

50 B P AR 2 K BRI 41 4 TL-18
IL-18 Fil TNF-o 7K F F+ 5 (P <C0. 05) ; 5 HI A4 [
#,2'3"-cGAMP 4 K fUifg S 4 T1L-18 \ 1L-18 Al
TNF-a KT (P<<0. 05) , P9 A B 20 K B TL-18
IL-18 Fl TNF-a /K- FEAIL (P <C0. 05) 5 5 79 1A By 41
B TNIAE +2'3"-cGAMP 2 K B &40 41 T11L-
18 IL-18 Al TNF-a /K- FH1& (P<<0.05) , W3 2,

R2 BSHARREMEBRELLE (2 £5,pg/mL)

ik IL-18 113 TNF-u
ARAL(n=10) 93.46+11.05  49.85+7.16 31944433
BRA(=10) 298.55+40. 187 160,11£13. 427 89.89+6. 627

2'3"-cGAMP 4l (1 =10) 371.68+43.09%  218.35+15.17% 103.85+9.01%

W (1 =10) 124.62+18.91% 83,2949, 44%  50.40+4.75%

PR +2'3-GAMP AL (n=10) 303, 71423.64% 178.53+14.25% 86, 2745.09%

DOP<0.05, 5B ks; QP <0.05, 5 A& ; QP <
0.05,5 miamrati,

2.4 BHABRREHERRRIEFERILR

55 PR L, B A R B S 20 4L ChAT
il GABAARal mRNA A %t % ik /K F B (P <
0.05); SR L #, 2" 3 -cGAMP 4 Kk Rl 41
#ih ChAT F1 GABAARal mRNA # X} £ ik K F
FEAR (P << 0. 05), WA M 4 KB ChAT
GABAARal mRNA #f X} £ ik K F F+ & (P <
0.05); 5 IA M 4 e, iAW +2'3"-cGAMP 41
KB ChAT #l GABAARal mRNA #8 % % ik /K F

FEAK (P <<0.05) ., L% 3.,
%£3 BAXRAEHMEBEERFREBRILE (2 +s)

413 ChAT mRNA  GABAAR«l mRNA
Xt R4l (n=10) 1.09=+0. 07 1.0640. 09
BRA (n=10) 0.3740. 079 0.3940.,06%
2'3"-cGAMP 41(n =10) 0.2440.06% 0,280,082
WA (n=10) 0.9040.11% 0. 9740, 082
FIIAM +2'3"-cGAMP 4L(n=10)  0.42+0.10 0. 460,099

DP<0.05, 53R 4;@QP<0.05, 5 ALK ; QP <
0.05,5 AmABrarbi,

2.5 VBAXBRAREX cGAS/STING EEEHH
4 F BE B

50 PR LA R A R BRI S 21 h cGAS,
STING & A X} & ik & & p-IRF3/IRF3, p-NF-«B
p65/NF-«B p65 [ fH. 2" 3'-cGAMP & & ¥ 7 &
(P<C0.05); 5HEAIA L #5, 23" -cGAMP 41 K B
g 41 STING 25 [ M X % 18 & & p-IRF3/
IRF3.p-NF-«B p65/NF-«kB p65 [t{f.2" 3 -cGAMP
SR TEE (P <70, 05), NI B 4 K B cGAS.
STING & A X} & ik & & p-IRF3/IRF3, p-NF-«B
p65/NF-kB p65 L {H. 2" 3'-cGAMP & & ¥ [%& %
(P<C0.05); 5 N B 41 g, IR By + 2" 3'-
cGAMP 21K FUifg 5 20 21 rh STING £ H AH X & ik
# M p-IRF3/IRF3.p-NF-«kB p65/NF-kB p65 {8 .
2'3'-cGAMP & & ¥ 78 (P<<0.05) ., WA 2.



JE YT . 45

PRI B3 ot Ja8 B 3T U O A2 6 K RO S A R 2 g

cGAS/STING 15 53l [ ) 5 i 1501

1.5%

cGAS

STING

cGAS/GAPDH

IRF3
p-IRF3
NF-kB p65

p-NF-kB p65

p-IRF3/IRF3

GAPDH

4

STING/GAPDH

@

0.0 =
)
0 4200
9 [
24 .57 %
3 <
P 100
] O
21 ?
g o
g o 0
0.5+
m
¥
(a8
Z.0.0-
5 &, 1.2 3 4 5

B2 FAXBAREI cGAS/STING {5 S B B # $1 1€ A (n=10)
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BRAR 2 3 19 K R4 v T AT AT 8 4 A AN AL
BN AR A5 S U B 2 1 . A 4 A O Y 9 4 i
B2 % T O 3 ™ B R R O 1 IR T B
BT, RIERATRF A RS EEIA S Er
KRR 1. 66% . WEIF R E 65w AR
FAEVITFE AL EAR , BIRIZAR K A7 8 HAR
J& BB By BN N Ty RE A, HE KA [ B [, ) B 5
Wi A 3% i fE . Ramos 28 BF9Y R, 1 S % T 4 0E
S A RO, T AR A0 T S TR e R A
AP E G HE A 46 M B Rk, TL-18. 116,
IL-18 Al TNF-a %, KM F 0 #1E NF-«B, i
A 32 40 i PR R 9% RE i 1Y) 7 AR R I 9 E A JT R
A5 W) T AT B A ot 5 B R e 2 ot 4k 5 | R A
YUK b P2 40 A 405 R PR i 4 R G D) e AR
ENYENEE SRS EX R = /TR DI =R DAVNE W NV =RN
HIFNCAZ B T B 055 1 B A1 20 R M KR
PAN=RE L EZPIve & Rk EZS e R Y = 2 |
FEIZ AL 128 AR 235 | B 28 R

PR P53 2 5 o JORR 5] PRI G A% b, AN R
/b i S TG B B SRR, A I R S B b i R T
2. HAT, KEWET S T I XA 0 BE AR Y
AR, B 25 PR RAE AR 208 BT [ WA 2
R fih %45 5%, Sahinovic Z BF5Y R, N IA B AT
VAT TR JIEL B R % SR 5 DA T 7 A B R IR A
Mahajan 25 5% % 8L, 9 IA B 7 filk % GABAAR
al s FEAM T AECAR L U8 L PN S I 7 U8R A L R A G
B , el Zeohr (A A, DT el 38 T R B 43 A i i
HEESI ANV BERERY ., ARG RBER, &
PRV 5 T 8 i B A VDT A2 A KBRS A R R IE
T2 fe 1ok 3, i A 40 1L-18  1L-1R Al TNF-a /K

F B AR, £ Bk AR OBR A9 B K 48 A8 ChAT AN
GABAARal M. AL THMH B2, &
Pk A B 2 5 2 20 FNAC A U8 T A 32 S 4 22 0 I i
GABAARal J7IZ 43 A T 0 3L 3 9 19 Mg v, 9815
HRHR 1 25 2R 8 B P A 80 T . MR A R
i, ChAT 1 GABAARal 3k F V'S $2R 14
T EY S 5 Bl 26 SR RE A4 2836 3 10 9 05 5 DTG D 20 T
L u LR BB INARE T .

cGAS/STING {55 i # & — Fh 4k F R <F 1Y
B AL . 765 WEE DNA 45455 . cGAS &7 4 2/
3'-cGAMP [ = %% {5 i, DL ¥ 0 H T i 88 45
STING, STING 3£ TANK % & WM 1 454
IRF3. {2 #F IRF3 Hl NF-«B 45 4 LR ikt 2 48 4 Jfd A1
FH ., Elzinga %5 #f 95 238 . 06 cGAS £ ik wl
U8/t B T R /N B/ G 5 40 L 3% A AR AR E  BHL
1EINENRE T . SN IR B X R B S T F 2
LR BUAR 5 A0 T BE Bl AR O R T S O
cGAS/STING {55538 A & AW 5k I T 1238 %
AR AR B, 458 BR NIAm A, KR
1A LI cGAS il STING 1 H Xt # 3k 1/ & p-
IRF3/IRF3 fil p-NF-«kB p65/NF-«B p65 A ¥ i
WA, #1278 T i cGAS/STING {5 5 3l % 7] g 2 N
T B A VE FHALE . A58 78 R 1A B T 390 ik - 45
T cGAS/STING 15 = il B B0E 7], 45 R 3, N id
T3 XoF 18 B A VI 52 A0 K BRAR 5 A R 2 i 1) 1 1
FHAE — o BB b gl i, i — 20 IR 58 T M cGAS/
STING {55538 % v] 68 /2 P90 M i) /R F AL

g5 bR T U I AR T R B I
A ST cGAS/STING {5 53 % 1% 1k LAt 4 Fil
PR pi g, DT B AR T e .
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