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Xiaoyu Pill alleviates post tibial fracture stasis injury in mice by regulating the MAPK/NF - k B signaling
pathway :a study on gut microbiota based on 16S rDNA sequencing technology

NIU Chicheng', ZENG Ping’, LIU Jinfu’, WANG Weiwei', XU Qingyuan', LI Hao', TAO
Hongcheng', L1 Jialv', DING Qiang', GUO Liang' (1. Guangxi University of Chinese Medicine
Nanning 530200, China; 2. The second Department of Orthopaedics, the First Affiliated Hospital of Guangxi
University of Chinese Medicine) ™™

Objective Exploring the mechanism of Xiaoyu Pill on the injury of blood stasis and swelling after tibial
fracture in mice. Methods Randomly divide the mice into a sham surgery group.a model group,a low-dose group of
Xiaoyu Pill (XYW) [2.0 g/kg * d)].a high-dose group of Xiaoyu Pill (XYW) [4.0 g/kg * d)].and a positive drug group
[Sangi Shang Yao Pian, National Medical Standard Z61020090,0. 33 g,0. 4 g/kg * d)J]. The sham group of mice made
wounds and stitched them up,while the other four groups were used to create models of tibial fractures in mice. From 7

days before modeling to 5 days after modeling,each treatment group was given gastric gavage. The sham surgery group
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and model group were given equal doses of distilled water by gastric gavage, while the Xiaoyu Pill group was given
“Xiaoyu Pill Water Solution” by gastric gavage. The positive drug group was given Sanqgi Shangyao Tablet Water Solution
by gastric gavage. Hematoxylin-eosin (HE) staining was used to detect pathological damage and measure stasis injury
after tibial fracture. The enzyme-linked immunosorbent assay (ELISA) kit was used to detect the levels of chemotactic
factor (MCP-1) ,interleukin-18 (IL-1B) , tumor necrosis factor-a (TNF-a) ,superoxide dismutase (SOD) , malondialdehyde
(malondialdehyde) . and superoxide dismutase (superoxide dismutase) (SOD) in various groups of mice. a (TNF-a)
levels,as well as superoxide dismutase (SOD) , malondialdehyde (MDA) ,and reduced glutathione (GSH). Western blot
(WB) technique was used to detect heme oxygenase 1 (HO-1), quinone oxidoreductase NADH 1 [NAD(P) H quinone
oxidoreductase 1,NQO1].nuclear transcription factor E2-related factor 2 (Nrf2) , nuclear factor-«B-p65(NF-kBp65) and
p38 mitogen-activated protein kinase (p38-MAPK) protein expression levels in mouse muscle tissue. By using 16S rDNA
sequencing to detect changes in mouse gut microbiota, potential mechanisms of stasis and swelling damage caused by
XYW treatment of mouse fractures were explored. Results Compared with the model group, XYW significantly
improved the degree of contusion and swelling injuries in mice, reduced the levels of serum inflammatory factors, and
alleviated oxidative stress damage. HE staining results indicated that the inflammatory infiltration in the muscle tissue of
contusion and swelling injuries was significantly improved in the XYW group. Western blot results showed that,compared
with the model group, XYW significantly increased the expression of HO-1,NQO1,and Nrf2 proteins,and significantly
decreased the expression of NF-kBp65 and p38 MAPK proteins in the muscle tissue of contusion and swelling injuries. 16S
rDNA sequencing results indicated that XYW improved the gut microbiota dysbiosis in mice after tibial fractures.

Conclusion The above results indicate that XYW can protect against contusion and swelling injuries caused by fractures
in mice. This protective effect may be achieved by regulating the MAPK/NF-kB signaling pathway., reducing the

expression levels of inflammation and oxidative stress-related factors in the serum, decreasing muscle oxidative damage,

improving the pathological damage in contused muscles,and ameliorating gut microbiota dysbiosis.

[Keywords])

microbiota

BT I A I 2 T 5405 S O B A5 R I S 0
2SS R W R E AN ER . B Tl ALk R
A ARG K R LR 7 0 A UL R Sl BT S B
PR A RIRAW T = 280 P W B ik K
T LA % Ty R e 0 458 Jrp 0 2 B ™ o T g R R AL A
W R TEE A G R R AR R RN B 2
— HOR AR BT O R T R LR B T R R R R A
BE I 18, 700, BB T AN A A 4 5 )
JR s AR B 328 o B T e ok A LT TR R T LI
PR BUAT /1N R J53 8 e K W 1B 1) A8 L2 LA K Bl S
8o BT IREEA IR T R D A | [ R A ) RE R
ZHEF RN Y S IR 9T RE R R R
M TN AR B BE A A 8 S 0 I i L AT AT 58
IE 7 B I Fe A R T R SR LA L R A R L A
e, B FARIRIF A ET Y £y TRz
XTI BB TR T Y G R PR K AT AR TR K L
HAMXTLIIRE . H AT IR L6 7 BB P e r kA
SN B SE AR AR5 DL KA 82 45, TR AL EE T
ARBA RENE A R LB P i L m] HEAT 056 18] %E A P 3
AR F B HWRE DL R R R E R
WAFAE— TE AL AT e B R D) G856 1Y fi
B 55— R I SAE e R R G R I fE . I
Uner A7 28 RS AR S IR R B AR R BERR AR

Xiaoyu Pill; stasis and swelling injury after tibial fracture; inflammation; oxidative stress; intestinal

SR D RENR S R A e AR 18 U1 O VA ) A R Y A5

TSI )P R B 2 A 5 — B I B e i —RHA
I7 IR EE T B RO D7, B S AR L AT kR R 2D
R FE T 1 A 5T AT A I AL /DS UL B B 3
Je AR A 4 £ TP L 45 R AR A0

WS 7%

1 h¥pFa{L=E

1.1 %% Zhyf@hE 2 Ak C57BL/6 /NVEL 50
HO R (2042) g, W 0 R 0T 3 5 e ik L s A
B F L B8RS SCXK ) 2019-0004, 157 F )74
T 2 KR 2ESL I hO s W B B8 10 HLaE Rt
IR 1JE ., ABIRA PP EARARIE G SH A
IS5 . DW-20220726-174) ,

1.2 KAEME 0. 900 A BT W, B AT IE KRR
s 41 24 7 BRZA 5 77 s T U ( MDAD ELISA i &
W JE A B H K (GSH) ELISA 7 & 8 A1k W 4k
fiti (SOD) ELISA i 5 & . b 98 3K 38 N - (TNF-a)
ELISA {50 & . F1 40 jf2 /- R-18 (IL-18) ELISA K5l
& R E B 1 (MCP-1) , |- i B 5 A By Rl 4
B IR FE s 40 F A B 1( heme oxygenasel ,
HO-DF AR (525 43934S) | it % 1k 38 J5 B NADH1
[NAD(P)H quinone oxidoreductase 1, NQO1 ] #i {4



P E R R A M F A&

Journal of Pathogen Biology

2024 4F 10 H
Oct. 2024,

9519 B 10
Vol. 19,No. 10

* 1149 -

B 5 62273S) ., MR R T E2 M SC I T 2
( nucleartranscription factor E2-related factor 2,
NriDFi R (525 12746S) . #% H T-«B[ (nuclear factor-
kappa B)-p65,NF-kB p65 BTk (185 64921S) ,p38 £
28 515 AL 2 H P B8 (mitogen-activated protein kinase,
p38MAPK) HL {4 (155 544708) , 3% [ Cell Signaling
Technology 73 7l 7% i s HRP #ric (240 — i . HRP
FrRid thE 3t B 90 BCA 85 vk B i i 7 & L 70 K
FLHE R E WS &, Bl = RAEYHEARA
(RN

KPR, 22 [F Thermo Fisher Scientific 4=
775 3 LWL YK B BN R 48, 3¢ IE Bio-Rad 2 AR 7
Excelsior ES # 4 H g il /K #l.. 3¢ [ Thermo Fisher
Scientific 42 7= ; Histocentre 3 %7 i 4 3 L, Finesse
325 B EEX ] F ML, Varistain Gemini ES 14> [
e AL X71 B A St A AEY B M, HA
Olympus A ] A 7= ; Leica EM FC6 ¥ % #8 H Y A #1 .
k= Leica 2 B 4 7%; Hermo Scientific LTQ-
Oribitrap & 4 BB HE 6 X Vanquish # = 808 @
A% , 3 [ ThermoFisher 2 ) 4E 7=,
2 HiE
2.1 FhihomAksEst F/NEBEYL IR T ARY A
TILH HAL XY WO IR [ 2. 0 g/ (kg + D L IHE
XYW L[4, 0 g/ (kg « D IMPATEZG 1L =
EHigh A EH 2 261020090,0. 33 g.0.4 g/ (kg -
A o BT AR 2 3 S LA A A O A B A
FHA 4 AT /D RIR B B TR, T RET 7 d
BG5S d XS LAHS TR E G2 T R
RYZH 25 7 5550 i 2 TR E B L TR AL ZH I R LK R
WHEE AVEH M = L0 hoKIS eSS . IRE i
P/ B B T5 vk R 106 U L 2 A /D B AT IR
Jo 3 SRR L R H BB 1 mL/ kg RS A5 B2 KD B
A TG IEEE, TARBKRY TAETIITZ 0.5 cm,
M AR Ab A A 4.5 SRS AR A Sk TR b B 1/3 b
PEWLA AN B L 11 5 R J1 B VIR g f
0.9 Y045 FER 7K i g e B AR T B BT Sk A AR LR AT
BEAE IR . BIREES YO, ) s A A P A
2.2 PRAREFRACRFE R E S GERHT 1 d
FIERE 1.3.5 &)/ B
2.3 HE Z&#n /NEURBNLAH U0 B2 P 245
WG 5 d BREF S AL BT /N B, UL P4 2L, o K
A Y] O HE e D sk,
2.4 ELISA #&al /NS TR AE K P i S
5 d R /I BRURR B, 3T T B S R DK B i E 30
min J5,3 000 r/min(G.02E42 10 em) B0 10 min, 47

BT L H B ELISA 320500 & Ui B 5 A I /s BRU it v rh
MCP-1,1L-18 &% TNF-a /K,
2.5 ELISA #&al /R H 840 0 8 R K O
Bl b e B ELTSA 320500 & vl B A3 5% /0y BRU i 3 o e 4
W AL (SOD) N i (MDA) LR34 Ji B 25 e T
K (GSH) %5 S0 Ab N 3AH G R 2K SF 047 R
2.6 &G %05 PPk ik (Western blot) 4 /N
AL A 41 21 HO-1. NQO1. Nrf2, NF-«Bp65.
p38MAPK 5 11 Y 3 35 OB LA 21 21, 59 )5 %6 A
EP &, 30 A GG & 2% W, 30 min 5,10 000 r/min
(B4R 10 em) B0 5 min, B E 2 . &M
BCA 250 & 31 45, 45 Ll i A 5 X SDS # F FFE 2%
PRV, Bt RS AT 8% B OF Tk K & 10 min, HL
G IR R 5 IR WA B 2 hy A
AHRL A —dE 4 CER L5 2 d BB HRP
PRICH PR 2 h, i ECL &G . SR EE I &
B W ZGEXF Western blot 2 2 38 45l #EATHI 4
K ChemiScope Capture B4 R4 & &t K &£ KF 1%, IF
i Tmage] #4530 B 455 K BE1H .
2.7 16S rDNA 3 R#&nl /N IE B #E AL 58 TR
WONRZEME, T T W A7 8 N R A . iR E. Z.
N. A. ®Stool DNA Kit {7 £ 1 1 43 $2 B 4% 48 /) B 2%
fi 5 DNAL X BEE ) V3~ V4 Al A28 K gE AT 3 .
NS5 .98 CHUARME 30 s A8 10 5,54 ‘CiB k 30 s,
72 CHEJR 45 s FZIESE 10 min.4 “CHE &, FEAFIR 35
K. R AMPure XP R Ek 4li b3 3 7= W I i SC
{#i F} Illumina Novaseq | FF 3 4 # 47 16S rDNA V3
~V4 K,
3 Fiam

TH o R L B BOM AR M 25 (2 £ ) Fow, 4l 1A [
BAFAES/S MR ¢ K, &Nk HES RS,
I H] SPSS 22. 0 8 TS i 2# Ab B, P<<0. 05 Ry 2
SHEGIFE X,

& R

1 SHANMR—MEER

SN RS SR R R R R B R
HLRE BBk DO 06 B 52 KR H AL ZH /N B R R
A A T R B SRR (P <20, 05) (IR 1), 171 T 38 L
(XY WO I 551 3 4 AN 9 8 AL (XY W) = il s 4L 11 5 d
Jo HE BRI ORE PR TR BRAR DL B A 1R B
=1E

= o

2 MREENAEALRERGER

g BR G R o , BTF AR AL/ BUR UL 4141 ] L
Dt S A AR R T 5 AR AU 4 /)N BROTT D K B R IE 2 A
T TR IL (XY WHOIR A s 4 TH R AL (XY W) 5 57 = 4



+ 1150 -

T E B R AE M F EE
Journal of Pathogen Biology

2024 410 H 55 19 %5 10 )
Oct. 2024, Vol.19,No. 10

A BH A 25 20 /)N B8 BN P 20 40 b 50 4 i A T D 2
(I 2) o W AL BE A% B35 I B A A8 2R/ Bl A
JULPA 2 4 o PR A

30+
. x4
5 ittt T 1
W o1
I
10+
0 T T T T T 1
0 1 2 3 4 5 6
RH(day)
BFEARE - BEE - ERREARE
~ BEABARE -~ s

1 BHNMREEZW

Fig. 1 Changes in body weight of mice in each group
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