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Abstract To investigate the effect of Xuebijing injection (XBJ) on cGAS/STING pathway in alleviating sepsis-
induced acute lung injury (ALI), the mouse sepsis-induced ALI model was established by cecal ligation and
puncture (CLP), and the cell inflammation model was constructed by LPS stimulating RAW264.7 cells. The
effects of XBJ on lung tissue injury and cGAS/STING pathway-related protein expression in septic mice were
investigated by HE staining, ELISA, and Western blot. The results showed that XBJ intervention could alleviate
lung tissue injury, reduce serum IL-6, TNF-a, IFN-B, IL-1-f levels, and the expression of cGAS, STING, p-
TBK1, and p-IRF3 proteins in lung tissue in vivo, and reduce the mRNA level of related inflammatory factors in
RAW264.7 cells and the expression of cGAS/STING pathway proteins in vitro. The results showed that XBJ
could play a role in the prevention and treatment of sepsis-induced ALI by inhibiting the inflammatory response
via inhibition of the activation of cGAS/STING pathway. This study provides a new molecular mechanism for the
clinical prevention and treatment of sepsis-induced acute lung injury with XBJ.
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YT 2 M R DL s SRR 2 —, 1A R
R R A E . Y MEEE R
J , R A 48 40 it X 71 4 Y R, B 8
RAE . 208 E 00, H BT TEMREE B B It
KAEHR, 2 MRl 477 (acute lung injury, ALI) J2 5 H
A ™ B A, BRFEAE ALL S — Fh 4 5 2% i ) 5%
g, H HTAH SCIRYT 10 DGR DR A 3 b 4% i = a2
ok BE R

T3t & £ R I i3 [ F (stimulator of interferon
genes, STING) /& cGAS/STING i [ ) 5 2 iz i
BB RIR alll B E e 2 ) N 7R B 1 B e = N2
X5E DNA(dsDNA), MIiiJE L T BT 2 (IFN) 3f:
A ) S SN, TN g A R
e MBI, cGAS/STING B iy S5 48
FEA S 25 £ W, cGAS/STING 15 54 5
BT BE 55 5 MEEEAE ALL B & o ALl 25 AR 561,
Z 5iH4 NETs i F 1 ALI”, A t, T i cGAS/
STING i J% A5 1) S i S I 1T BB & VAT e B AE 15
S ALL BT3RS

1ML 25 5 1 5 W ( Xuebijing injection, XBJ) 42—
Rl 255 RS, LT A NE L JES L Y
VAR, LA I AR, W B 4, I IR
I T MR RIRYT o IGIRIFFR R, XBIIRYT
A AR e 50 3 28 d I B2, ok, t ]
3 L D 5 PR A0 T PR, % A I AN G B, e
Jili 5 SRR, Sy S ge SR, XBY Al i
GSDMD #H K i& 72k 0 il NETs T8 A%, o5 e 2 4F
B SR ALY, SR, XBJ J& 75 i T 1 cGAS/
STING il %t e 5 5 AL & #5458 47 1 FH i A ]
M, AWFIE F ARG XBI T 1 cGAS/STING jii %
XTI EEAE BT B ALL B 52 ) S 43 7ML, v XBT 1Y
i AR I AT AR

1 # #

1.1 & A
IR S (LT H 25\ e A BR S 7 )
B ZBE(LPS, [ Sigma A #l); /N IL-1B, IL-6,
TNF-a il IFN-B ELISA 5 & ([ ifgfa iz A= PRl 4
HIRAT]) ., cGAS F1 STING Hif4 (3£ [ Proteintech

Z3#l), p-TBK1, p-IRF3, TBK1, IRF3(ZE[E Abmart
N, B-actin HUIAR (HGERIE BEAE I H AR BRI A
), HAthialRI 34 Ry i B oA 4t

12 L %

NanoZoomer2.0RS FIE A ¥4 5L (H
7% Hamamatsu 2\ &) ) ; Infinite200Pro Fiff #5 1% ( Hi 1
Tecan 23 A ) ; 1645050 HI W5 3 B % AL | ¥ 1 A%
X (£ Bio-Rad A H] ).

13 3 %

ICR /MR, HARQIETE (TT958) B 25 BHE A BRA
AL, SEE S A PRV TIE S S SCXK (F5)2020-
0009, HEtt:, 8 FEIWs, IR (18~22 ¢) . AT sh¥ L5
YIFFA shPIe PIZ: A Sohmife

1.4 #mje %
JINEEAAZ RAW264.7 4IRTET ATCC 40l .
2 F ik

2.1 HRAEE

2.1.1 oA 5HER & RN 6 4.
BF-A 4 (Sham) | # A2 (Model) . K (1 mL/kg)
t1(2 mL/kg) . 155 (4 mL/kg) 7& XBJI 41 B R
HFER AN (5 mg/kg) o 45 A1/ BT A A 25
12 h, /NRUIE ST 1% S 248 (60 mg/kg) AT
RIS, S BRI, 5, IR & 8T T4 1
em (50, FEBIH M, 1 5-0 48 52453 13 b H
W, 20 51953k FabHLun 2 fL, R8T th A/,
Y B 2R, SRI5 F 5-0 48 & 22 2R 1l ki 48 & 13
1, B e R 3 A= B K 50 mL/kg PLATAR e, B
FARAR/NREE T B mas LMl oh, HAaritts
HHIRI R . RS 24 h ARBE/ N, WO ik i A i
WHAREARBA T — 2L 3

212 HE#& WA LrtiZigl, H PBS &k,
4% Z R W [E E 24 h, AW, YA, Jeft ),
B ) 7 B, S RESCHR [13] % 4%
/N UG AT VE Sy, PR IE B R 0~4 43, P4
A ™

213 MALEE/FERMAMNT  BEMREID
JURTE, SR AE 80 °C MMLAR iR E 48 h [ FREE,
IRdh T, AR E T E A
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2.1.4 ELISA #&nld i+ XER-F4F B4/
BB VS REAS, SR F ELISA i3] &46 1 TNF-a. IL-
1B. IL-6. IFN-B % 2, # B & i B B A T2 .
2.1.5 Western blot 4 A 2B 22 % & &1k FREUM
ZH 41 100 mg, I A RIPA ZLf# % 100 uL ¥EF74H 20
WHEE, 4 °C L% 30 min, 4 °C, 12 000 r/min, 10 min
B T, R BCA M ITEAER. BA
7E 2 J5 K SDS-PAGE #E Jig #i ¥k 80 V, 30 min;
120 V, 1 h, 200 mA L5 100 min, HLUKFARSS
W5, 5% BSA iR E 4] 2 h, il A cGAS. STING,
p-TBK1, p-IRF3, TBKI1. IRF3 Fl B-actin —$i 4 C
SRR, [l —4, TBST ¥k 3 ¥R (4F¥K 5 min); I
AN HE IR E 2 h 5, TBST ¥k 3 Ik (%
5 min), ] ECL 52, i1 B i nl A8/ 3CHT1 i
2.1.6 SR safEAem A4 4% ¢cGAS. STING & &
Fik WS ANA LA Y] F, AR S 20 AR
SV, R AT HURAE A, B N IR A
Y, W E cGAS 1 STING Bk, 240 5 FH{n
W& )5, {# H Image J B TEE1T450H7
22 RIFEIE
221 i3 ¥ RAW264.7 40 il
10% FBS, DMEM #5375, & T %440 37 C . 5%
CO, KiF At h s 3%, Frdi i s BE 5] 80%~90% If, if
e RAW264.7 4HfI4Ah THEFRIL, 3557 12
h WBE 5, BEHL a8 (0 R ZH . BRI AT (LPS 4H) |
3 ANANTRIF R XBI41(2, 5, 10 pL/mL) . B4 &
HRLHAE, HAYANA 1 ng/mL LPS #ili# 24 h.
222 RT-qPCR 1 RAW264.7 41 Jitd 28 i 455 45 245
AP, SR A TRIzol EHRIUEL RNA, T/ e HE )2
Bl SR RN B UL A T30 2 SN 1
2.2.3  Western blot #- RAW264.7 8 j 48 % & &
Fik  REIRAMMRS, BEL RS IR 28 O R
XBJ(10 pL/mL) . LPS. LPS + XBJ(10 pL/mL) £,
W AN, i A RIPA 40 g 24 i i R B 1, R
BCA 7 B &, 7 “2.1.5" T Jy 1T Western
blot Al
23 sitF o

BT AT B 3 DL 3+ s R R 47 Rk, IF it
GraphPad Prism 9 A7 5 10 . PIZH AR 8]
A9 2 5kl i Student’s ¢ K90 FEATIEAN, 110 2485 M
24 LA, T 4 0 F SR 3R 7 22 317 (One-Way

ANOVA), BfJ5 S TAHRN A S . P < 0.05 B, A%
PEEFEG T F E £

3 & R

3.1 XBJ & E MR AL D R 5569 W28 2 B

i 2f CLP #4 /N BRUMe 35 iE ALLBE AR, 2% %2
XBJ Xf CLP /)Nl 2 8345 3 0 52 ) . HE 4 i 45
F s, BT AR /IS BRI 20 21 45 #4 7 0, J6 A G 46
15, AEAR IR ZH /)N B il 2 2 b, WL 21 I 3 ) 44
SR, 2 Sk A T A, Y B o 4 i ) 12 B
%, B R P A s, SRS Bl A T
Je 35T UL B S K B, SR 45 T R A SR R XBI( 1, 2,
4 mL/kg) T V0L, Jili 3505 483 473 e A 750 20 39 5 AN [) A
B B (P 1-A) o il 4 400 B 2FPE 40 5 3R B,
S F AR L, A5 2 (05 PR AR 0 0 43 B 3 T
(P <0.001), i & 77 XBI 2H AE 1% . 2 Fa A% Ho 43t
itk (K 1-B, P < 0.001) . Hnf& 1-C iR, 5%
FARYL L, AR /)N BRI T/ (R 3 T
(P<0.001), 57, ¥ & XBJ J5 /) B 5/
T o B E PR (P <0.001, P<0.001) . 40A 1-
D It 7, A5 A 2] /N BRI 4 4050 30 b s o E AL
fitf (MPO) {if /1 i H58 (P < 0.001) , H = 71 4
XBJ A & 2 3 #1 H MPO % 11 (P < 0.001) . W
XBJ FE Dk 5 AT el R 20 /N BRI ZH 2435 0
3.2 XBJ BARIKFE ALL /s R ik b K B FKF

K FH ELISA 5 /I Bt 375 v 4 0 PR 7 e ik AR
tbo SERFARL L, BRG]/ R IL-1B. IL-
6. TNF-o Al IFN-B /K-35 1 2 75 (P < 0.001) , 11
AN XBI JAYT)E, TNF-a Fl IEN-B K450 &
W B R [, IL-1B 1 IL-6 K EAET , B
i XBJ i 5 1 8 E REAL (&l 2 A-D, P < 0.001) .
S5 IR XBJ Al HGE MREERE /N B 42 B SR AE RV o
3.3 XBJ #p#l kAR ALL s RAZL4 cGAS/STING
B EAL

T VEAE XBI X} STING i #% 1Y 52 i, % Fi
Western blot Fl 4 32 20 £k £ I CLP /N 5 fili 2 21
cGAS HI STING 3Rik. FIEFAMFMT, 647
XBJ AN£:5] i STING il cGAS % ik 7254k, CLP /s
FUIMiZH 4 b ¢cGAS i1 STING 7K3F EiR (P < 0.001),
M%7 XBI TG /NRAGZHZIH cGAS(P <0.001)
F1 STING(P < 0.05) 7K F-B1 e T (&l 3-A, K1 3-B) .
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Figure 1

Dex: Dexamethasone. **P < 0.001 vs sham group; *P < 0.05, **P < 0.01, ***P < 0.001 vs model group
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Xuebijing injection (XBJ) alleviates lung tissue injury caused by sepsis-induced acute lung injury(ALI) mice

A: Histopathological changes in the lung measured by HE staining (200 x); B: Comparison of lung injury scores (X = s, n = 3); C: Lung
wet/dry (W/D) ratio was determined at 24 h after cecal ligation and puncture (CLP) (X £ s, n = 8); D: Myeloperoxidase (MPO) activity in
lung tissue were determined at 24 h after CLP (x £ s, n = 8)
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Figure 2 XBJ reduced the level of inflammatory factors in serum of sepsis-induced ALI mice (X £ s, n =6)
A-D: Levels of IL-1B (A), IL-6 (B), TNF-a (C) and IFN-B (D) of serum in CLP-induced mice were determined by ELISA
P < 0.001 vs sham group; *P < 0.05, **P < 0.01, ***P < 0.001 vs model group
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Figure 3 XBJ (4 mL/kg) inhibits cGAS/STING pathway activation in lung tissue of sepsis ALI mice

A-B: Western blot of cGAS (A), STING (B)(x s, n = 6); C: cGAS and STING level in immunohistochemical staining (200 x); D-E:
Percentage contribution of positive of cGAS (D) and STING (E) was quantified by Image J (x £ s, n = 3); F-G: Western blot of p-TBK1 (F)
and p-IRF3 (G) (x £ s, n = 6)

P < 0.001 vs sham group; *P < 0.05, **P < 0.01, ***P < 0.001 vs model group

cGAS/STING il 75 1k uL/mL) 25 A] g AR IL-1p mRNA /K (14 4-A, P
3.4 XBJ #p4] LPS %% RAW264.7 zafie = £ £ 5% <0.01, P<0.001); HH XBI(5, 10 pL/mL) & E
BF fI% TL-6 mRNA /K (& 4-B, P < 0.001); 1fif A

i T ARSI IE XBI % LPS #ill3# RAW264.7  XBJ( 10 pL/mL) fiE & 3 [% fk TNF-o mRNA 7K %
20 S AE BRI, oK F RT-qPCR M@ e shA>E (181 4-C, P < 0.001); [A] B XBJ A i 3 &I IFN-B
SN T 1 K . LPS B RAW264.7 48 mRNA /K3, IS a1 (& 4-D, P < 0.001) .
24 h Ji7, BERUZH IL-1P. IL-6, TNF-a F1 IFN-B mRNA 3% B 7E /K 4 XBJ B8 4% #1l il B Wi 41 f 48 5 A+
K ETHE (P <0.001), ARIFE XBI(2,5,10  Fesk.
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Figure 4 XBJ inhibits LPS-induced production of inflammatory cytokines in RAW264.7 cells (X £ s, n = 6)

A-D: Level of IL-1B (A), IL-6 (B), TNF-a (C) and IFN-B (D) were determined by RT-gPCR

#P < 0.001 vs control group; **P < 0.01, ***P < 0.001 vs model group
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Figure 5 XBJ (10 pL/mL) inhibited LPS-stimulated cGAS/STING pathway activation in RAW264.7 cells (X + s, n = 6)

A: cGAS; B:STING; C: p-TBK1; D:p-IRF3
P < 0.001 vs control group, *P < 0.05,***P < 0.001 vs LPS group

4 it

IS #5842 1 22 I R e s (B35 ALD (1)
W UL B AR R AR ALL AY 3 B AR 2 R AE
DR~ 1 o B 7 A, DRt 3 R o 1% 8 41 il V=
JEU HHp IL-6 F TNF-o J2& 5 A 30 48 9% R 1,
A | ALK 4 B A0E ) M, kA, TFN-
B 7E 2 M AIE R AE Y & Je e 5 B AR Y,
T M FEAE 1 5L B B, A 4 2 7 1 s i AR
) B B2 B 43, MPO 33 P 4 FH A o e 4 3%

R FE bR, ARWEFE 45 T A R XBY T T
Jei, WRER 3] /0N BRUNT 2 5/ 3 EU (R I T e, 3% B i
K I BLAS B G S A . R, il 2 2045 44 B
TR HE, AR M A R R Ik T 48 A ) 322 v R R a2,
Jits 26 2 Hh MPO 1% 1 s B S ARG . ARG 00 o 97+ 1
SAE PR -0 A, 45 5 s LA o AR, X IR S
T XBI 1EVRYT MeFEAE ALL 9 B . BT
T XBJ BEt . 3 2 i It i Jie , 1D . A A S g 42
P, A S ALT /N BUA 9 42 6 40 it TR 1
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(Y RE T, DT FE VA T e HE A ALL Jy [0 JR R R 4
T34

XBI ARSI R W, Borh S AIE
RS RS . BRSS!, Hoh i &
TR SRR . AALATEG T MMERR . 115 R T
FPHBER B s HPUBE MG PE" . 7)1 s 1
REMLIH Y MAPK F1 NF-kB il %%, Wi/ NET I i
el MeFEIE 1A S 19 ALIPY, XBJ M HA R85 I
JLZSTR AN T R C Rl A% 3 o 410 ) Je 40 i 6 M 4
SR B AR LA ERY, {H STING 38 R AE XBI 677 Mk
BEAE H A FH, o0 oA DL SCHR S . PR, AR S
BT T XBIi# i cGAS/STING 18 % & 15 HIA T7 Ik
FHIE ALI IR

AR SO FE 45 9 K L, 7E CLP i 5 1/ Bl ALT
PR il 2 216 cGAS, STING & 1 £k % I
¥, TBK1 5 IRF3 B ALK&, B iy &
JiE T IL-6., TFN-B 45 119 R Al 52 0 I 34 Jn 1)
I, BRI, 48 XBI TG, LRSI A3] 17 o] &
B . AT HRARIT XBI 5l id T 1 cGAS/
STING 3 f#% o U 5 40 ffg 9 i , 9 107 24 35 Jie 25
ALL RIS FE T RAW264.7 i, FH0F5E
T XBI %f LPS i 5 (1) RAW264.7 21 il 5 i (1) 5% i)
K HAE P . 455 W%, XBI B & 17 404
R KA, IR T cGAS/STING it J#%AH 5 2 1 Y
FiRIKFELI K TL-6, TL-1B, TNF-o A1 TFN-B #5& [H
K, X 53 SR s A A o ABFSY R
B, #F LPS 75 3 1Y 5 440 e il 41 21, mtDNA
HI STING (23K W3 1, ] STING n] A &l
il ALL B & R, 25 ik, XBI nl GE i o #1) il
cGAS/STING i T Ak, I i #0025 R 45 s I, 2K
FMERIE ALLAEIR

FRMF R R FEE T XBI PR M AE
ALL PE I . SR, AR50 cGAS/STING
i HEAT TR0, X STING il i b i L K o
TR 11 52 ) #1118 A 52 4 B BH, Eb 2 STING #Y F%
fift o ILA, XBIAE R E iR, o2 2%, 25580
i N P S | AN L B B i A R e IR RN
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