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eV SPF 2% SD KRR 20 2, 3% BEHLET 7R M IE T X IRLL (7 H) A (7 2 SHESHRIGIT4 (6 K,
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HHKENAHL P PLAFRRSE 1 (MuRFL) FILAZES & F (MAFbx) 1Y mRNA RkK V-, &R HIEWXS
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S B IR (IL-18 (ng/L) : 150.21 +28.24 . 112.34+11.00, TNF- & (ng/L) : 47.10+10.73 H. 22.96 +4.18,
¥ P<0.05 ), LA ZH 41 FF MAFbx. MuRF1 mRNA M p-NF-xBp65 f45 FH % ik 7K S 35 1 5 71755 [ MAFbx mRNA
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[Abstract] Objective To investigate the effect and mechanism of Shenfu injection on intensive care unit-
acquired weakness (ICU-AW). Methods Twenty male specific pathogen free (SPF) Sprague-Dawley (SD) rats were
randomly divided into a normal control group (n = 7), a model group (n = 7), and a Shenfu injection treatment group (n = 6)
using a random number table method. The ICU-AW rat model was established by fixing the left hind limb for 7 days
combined with intraperitoneal injection of 2.5 mg/kg lipopolysaccharide (LPS) once daily for 3 consecutive days;
the normal control group received no intervention. At 4 days after modeling, the Shenfu injection treatment group
received Shenfu injection 5 mL/kg via tail vein injection, twice daily (8 hours apart) for 7 consecutive days; the normal
control group and the model group received an equal volume of normal saline. Before model establishment and on
days 3, 7, and 11 after modeling, grip strength test and digit abduction scoring (DAS) were performed in each group.
Serum levels of interleukin-13 (IL-1B) and tumor necrosis factor-a (TNF-«) were measured by enzyme-linked
immunosorbent assay (ELISA) on days 7, and 11 after modeling. Left hind limb muscle were collected for hematoxylin-

eosin (HE) staining and Masson staining to observe histopathological changes on days 11 after modeling. The protein
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expression level of phosphorylated nuclear factor-xB p65 (p-NF-xB p65) was detected by Western blotting. The mRNA
expression levels of muscle ring finger 1 (MuRF1) and muscle atrophy F-box gene (MAFbx) were detected by real-
time quantitative polymerase chain reaction (jPCR). Results Compared with the normal control group, the DAS in
the model group at 3 days and 11 days after modeling were both increased (2.71 £1.25, 3.50+0.84 vs. 0.00 £=0.00,
both P < 0.05); at 11 days after modeling, the grip strength of left hind limb in the model group was significantly
decreased (g: 12.22 +3.60 vs. 87.89 +27.96, P < 0.05), serum levels of IL-1f and TNF- o were significantly increased
[IL-1B (ng/L): 150.21 +28.24 vs. 112.34+11.00, TNF-a (ng/L): 47.10 £10.73 vs. 22.96 £4.18, both P < 0.05], the
mRNA expression levels of MAFbx and MuRF1 and the protein expression level of p-NF-kB p65 in muscle were all
increased [MAFbx mRNA (27*%%): 3.434+0.27 vs. 1.00+0.07, MuRFI mRNA (27**®): 1.53+£0.22 vs. 1.01+0.14,
protein expression of p-NF-kB p65 (p-NF-xB p65/Tublin): 0.78 +0.09 vs. 0.30+0.05, all P < 0.05]. Compared with
the model group, at 11 days after modeling in the Shenfu injection treatment group, the grip strength of left hind limb
(g: 32.06+10.92 vs. 12.224£3.60) and DAS (2.00 £ 1.10 vs. 3.5040.84) were both significantly decreased (both P <
0.05), the serum IL-1B level (ng/L: 111.19424.93 vs. 150.21 £28.24, P < 0.05) and the mRNA expression levels of
MAFbx and MuRF1 and the protein expression level of p-NF-kB p65 in muscle were all significantly decreased [MAFbx
mRNA (27 *™): 0.87+0.09 vs. 3.43+0.27, MuRF1 mRNA (27**“): 0.56 +0.14 vs. 1.53+0.22, protein expression of
p-NF-kB p65 (p-NF-xB p65/Tublin): 0.43 +0.06 vs. 0.78 +0.09, all P < 0.05]. HE and Masson staining showed that
severe fibrosis, nuclear internalization of myocytes, myocyte lysis and necrosis, and muscle fiber atrophy in the model
group; compared with the model group, the Shenfu injection treatment group showed improvements in myocyte injury,
muscle atrophy, and fibrosis. Conclusion Shenfu injection can inhibit the inflammatory response and alleviate

muscle atrophy in ICU-AW rats by regulating the NF-xB signaling pathway and the expression of MAFbx/MuRF1,
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thereby improving muscle strength.
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FAE W B 4R 1514 52 55 (intensive care unit-
acquired weakness, ICU-AW) BfEEBEA W AE
R 2 72 A (B8 LA S , P -S B  PEI R 3
ARG M K4 B JE SN e f 1CU-
AW RAEMEERE D P RIGHIRE Bor, 5
BE I S A ™ B e REAE HP A B I 8 ) o B R
. ARBFZE 0 IS 228 (lipopolysaccharide,,
LPS ) {5156 G I IR R 1Y J7 125 52 ) ICU-AW KBS
B, WS I TSR I35 R BUUL ) B JLZH 2
AL RIEN T BERRAAZ S SR [H T -xB p65
(phosphorylated nuclear factor-xB p65, p-NF-xB p65)
UV 4 R Ok B 10 3R 38 7KK BRI S B S O
ICU-AW FY R Wi B TR AE AL, ) B 2 B S v e e
THEPIE ICU-AW Bia B E
1 #R5FE
L1 SR s K BRR - s SPF 2% SD K
B, PR 5T B 220 ~ 240 g, 11 A b 5T A6 FL R AR MR
et A1 BR 2 ), 3 ¥ 7 W] IE 7 SCXK (52) 2019-
0008, LPS f13&[E MCE 23 Al 7™, 4 £ -18
(interleukin-1B , IL-1B ). JF 98 IR FE K F - o (tumor
necrosis factor-a , TNF-« ) Jif B¢ 90 2 W B i 56
(enzyme-linked immunosorbent assay, ELISA ) 17| &
H1 DU SR T e A= DR B A PR A W 4277, RNA
A2 IR & VL3R 20 A= IR LA A7 PR

N AV TR O B 1 (Tubulin) — 30 i € [ Affinity
N E TR, p-NF-kB p65 —#7T Hi 3¢ [# Proteintech 2
A) A2 7, R 2o 446 ) 8 (horseradish peroxidase,
HRP) Fric (112805 40 . A (Masson) — (a4
(B R BT ZE SR IR A IR A BR A T A7

1.2 WFFE04H e ICU-AW BRI & - $ B HLEL 7
FEIEHE 20 HAR A A IE B 6 RR A (7 H) AR 4
(7 H), S ESBOARIT 4L (6 K)o R I i i 5
LPS 2.5 mg/kg, BF H 1 WK, %L 3 d oA 22 Ja 1
7 A 5 A ICU-AW B4R 1F 4 %) I8 41
AHFF T HIBS 4 d, SHHESRGAITH T B
Tk S 2 1 5 mL/kg, B H 29K, 4RV ]S 8 h,
HEEE T d,

1.3 I ARWFFEATS S s P RS RO
H ST 5 VLIS T A AR BRA I B
BrosttiE (LS - LL=202402190001), 52561 F o
AL E T AT SR BRI

1.4 AR bR & 5k

141 JWIAHGURHZEE : FIRS 3 d, BEPLALSE
IE R R BRI RS 1 L B S5 LA A T
HARZE - 4 (hematoxylin-eosin, HE) 4% {4 M4 L
PR 2H 200 B A 2 A8 DL PPAS B AOR . HIBfS 11 d
AbBEAS A AR K BRI Ja RL AT H 2, 1647 HE A1
Masson Je €0, B LA 48U 4% 22 58 W I /K W
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[, A A, SRS N 5 pm JEY R, 208 Ui
i KALIG  FH HE Jeft, SEBOK AT G st i
et R o AU R IS KAL IS % 1 Masson — A3y
Ik EAE, —WIREVY R, P IE o 7R B
Bi N B 2H LA 2 B g B2 U, SR AR I 20 A
K.

142 USpEAL - THIBLaTAdIR S 3.7, 11 d R
FHIT WA 12045 2 R B A I I g, O kA ik
8 J&& 2743 (digit abduction scoring, DAS), 773k
DAS Hi [l — 445256 RS8R, DAS 43k 5 %%
XERETME N 0~ 4 J3, 0 53 09~F 1 (B3P, 1E % 5
JRERIRE 5 173 J9-F A2, 2 ALl sl , AN RESMEE 5 2 73
N BITAT BDAE R 3 A AT Al i, AN BE S S, Th g
WS ZS B 5 3 43 0 A2, 5 A JEIBE fk i, AN BE A1 R Bk
R (), 4 S RERREE; 4 23 TR, 54
FERAL fh il s AR e 22

1.4.3  RH] ELISA Rl 4% 25 1l 3 7 IL-18 . TNF- «
A TS 7 d 11 d s 4Lk U KR I,
1000 X g &> 20 min, B _F 35, R H ELISA £ ]
AL T IL-18 . TNF- o #5507 A ik
RV AT

1.4.4 R F S22 8 1 3R A i SV (real-time
quantitative polymerase chain reaction, qPCR) Kl £%
HRBRNNHA P PLAFIRFE 1 (muscle ring finger
1,MuRF1) MILINZE46 & F (muscular atrophy F-box,
MAFbx) # mRNA ik« iR 11 d ASERTA KR
AR BN 2L, 5800 BB L >R ] RNA R 40 52
R & $2 L mRNA, 2BV R G A R A F &
R A5 31, i 3 RNA 336 5 S 590 0 Al . 4
DNA, LB kb DNA Jg AR , #F— 2 S0 47 38 52,
FE qPCR A _EAGI , 55 A 272 2% 351154 MuRF1 Al
MAFbx ) mRNA Fi57KF-,

1.4.5 SR A5 R BN 55 (Western blotting)
K ) 4% 21 UL PR 41 21 p-NF-xB p65 19 2 1 R ik -
RS 11 d Ab S84 2H Fir A R BUBCZE I T ) JLPY 4H
U ISR, FEIEEE . 12 000 r/min (ES.L242
6.26 cm) 4 °C & 0 10 min, B [ 3 W 2K B & 2
M. FH ek J % (bicinchoninic acid, BCA ) 1
FEA W, AR TEE BRE, A ke B R B
(sodium dodecyl sulfate, SDS) #¢ & B, 3K 1.5 h, {7k
e 5 80 min, FH 5% AR W34 78 S48 T B M) 1 h,
Jn A p-NF-xB p65 — it #i B W 4 C ¢ & & %,
TR R 0 ZHU R E 2 h, AL RO

(electrochemiluminescentimm unoassay, ECL) B
FR R — I LA L, TR e R A R G
BAGTHEE . Image lab 4507 8% 4126 457
F R BEARL, LA H A9 2 15 N 2 B Tubulin JKBE(ELY
FefE2es B AHE RO AR R RIA K-

L5 GEitasr b« A SPSS 29.0 et AR5 ikl
o THEBORHYFT A IER 0, IR + b2
(x +5) Rz, Z2H RS LCECR HITT 22 00, I L
BRI LSD- 455, P<<0.05 WS A GITFR L,
2 & R

2.1 ZHHESHE T I S HE 5 X IR
FA, WIS 3 d, BEARYZH | 2 B SRR 7 24 DAS
TR BB (5% 1 ¥ P<0.05) ; HE 448 R
(1) < R B LA R SS MBS WLET 4E
LEMEUR BRI WLN SN A RE L4 4 R
SiE 20 LR 0 | PR, WLET 4 22 46 0T H B i IR
St UESEHIBYR 3 d R HBEEA R AY ICU-AW R3],
PRI 2 IR SRR T2 T RIS 4 d JF IR R ki
2SI

*1 BAXBRAERERZER DAS SR (x +5)

g5 AL DASP-4 (43)
(H) THIALHT HilEfE 3 d
AE X R 7 0.00+0.00 0.00+0.00
HEFIZH 7 0.00+0.00 271+1.25
SIHESTREAITAL 6 0.00+0.00 2.50+0.55
g5 BILYE DASP4 (47)
(R) HilfE)5 7 d IR 11 d
AR R 7 0.00+0.00 0.000.00
B 7 3.67+0.82% 3.50+0.84
SHHESTEAITAL 6 3.17+0.41% 2.00+1.10°"

0 SARH BB LB, 2P<0.05 ; 5 1F % % B8 2H [7) 39 LA,
bp<0.05 ; HEIRLIRW LA, P<0.05

- : ot g TR T L
i o L

1 SEETFMEE RN A (Z2) FAId () KR
FHRIESURESRE HERE  PERK

2.2 2 MU SR ICU-AW R BLUIWL ) B9 52
(F1~2) : FIBHTA R BUAL 5 N g 22 7 6
GiiteFE L (38 P>0.05), DAS PF43¥°h 0. S5AR4]
TR He g, IS 3 d B2 AN S A SHRGA T
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20 DAS W44 S R0, RIS 7 d B2 A St
HESHRIGTT 41 DAS P14 343k i g 5 A2 5 R g 5
FH TR (¥ P<0.05), FIBE 11 d B A2 1
SRR YT A R IR BN HI BT K ($) P<
0.05), SIEH XTI e, HilB)E 7 d. 11 d B
e S BT s TR, HiIAS 3.7, 11 d DAS 433
B T (33 P<0.05). SERAL AR, HilA S 7 d
AL d, ZHHESHRIGY T AR B BN 2480 5
A, A S 11 d DAS PEAMRL (2 P<<0.05).

®2 BAXBRAEMREZRRIMALLE (x+5)

O FEIRI (8)
- (F) HiIERT Hil)E 7d HIBUE 11d
EWAIRA 7 4544+13.05 54.78+23.20 87.89+27.96
%2 7 4548+1222 367+ L64® 1222+ 360%
SIHESR o abe
. 6 5094+11.16 600+ 1.88°" 32.06+10.92°"
berigl

V5 AR B RRT LS, “P<0.05 5 15 1F 3% oF B 21 R 391 Lo 4%,
bp<0.05 ; HHIBAFDIE, ©P<0.05

23 %4 ICU-AW K BUIMLIE o TL-18 . TNF-o &
BEPOE (3 3) « SIE R HRAL U, FIBER 7. 11 d
BERIAH I35 P IL-18 . TNF- o & 830 8 7H s (3
P<0.05) ; AV AL, IR IS 7 d ZRHERNRR
JEALINTE H IL-1B L TNF- o 3410 B R R (2 P<
0.05), IS 11 d SHESHRGAITAL 1L-18 S
SEFEAE (P<0.05), 1 TNF- o 22 % RGi ¢
X (P>0.05),

#*3 [BHAAXRAREE ST IL-18 .

TNF-o 82l (x +5)

a5 ] LS IL-18 TNF-
(H) (ng/L) (ng/L)
IEE XTI HIBYE 7 d 6 120.06+22.13 22.05+ 3.44
FEJS 11d 6 11234+11.00 2296+ 4.18
AL HEE7d 6 26532+82.18% 3561+ 6.10%
WIS 11d 6 150212824 47.10+10.732
SIS IS 7 d 6  125.72+32.02° 2432+ 4.11°
WY HEUE 11d 6 111.19+24.93° 4196+ 2542

T« 5 ot AL R HeAss , 2P < 0.05 5 SASHHRIRES 7 d ok,
bp<0.05 ; HHIELLFIWI AL, P<0.05

24 £ 4 1CU-AW K R & 8 Il MAFbx . MuRF1
mRNA FRiEAKF R (R 4) - 5 I1E & XTI TR AR,
TR 2 UL A 2H 28 b MAFbx . MuRF1 ) mRNA /K-
W (3 P<0.05) 5 SRV LS, SRR
JRY7 20 MAFbx . MuRF1 () mRNA 3k /K0 & F
[ (¥ P<0.05),

*4 VAKXRAALAELS MAFbx. MuRF1 i

mRNA RIiEKFELE (x +5)

g S MAFbx mRNA MuRF1 mRNA

v (R) (2439
1E R R 2 6 1.00+0.07 1.01+0.14
PRI ZH 6 34340272 1.53+0.22%
SHHESHRIRITH 6 0.87+0.09" 0.56+0.14 "

VE  SIE R IR AR, P<0.05 5 SRR, PP<0.05

2.5 K4 ICU-AW Kl p-NF-xB p65 [ 85 (H # ik&
AKOF L (2 55 B 2) « 5 IE# X B4 L, AR 2]
K EUILA 4 2 p-NF-xB p65 (175 11 335K V-0
FhE (P<0.05) ; SHAIA LS, 2 SHE Y74l
p-NF-kB p65 {4 FIZRIE B WL (P<0.05),

x5 BAXRSHAINAL S p-NF-kB p65

EAREKFELE (x£5)

5 BSILY/EAS p-NF-«B p65 H KA
(H) (p-NF-kB p65/Tubulin)
TR X R 6 0.30+0.05
FRAIZH 6 0.78+0.09°
SHHES AT A 6 0.43+0.06 "

T GIE AL s, "P< 0.05 3 SHIEIZE A, PP<0.05

Mol EEAERAL g R

WY Emem  ems—

2 Western blotting Rl &4 K BB B LA
p-NF-xB p65 I HFREKF

Tubulin

2.6 K ICU-AW K B8 WL S 2 e KF
e (£ 65 B 3) : HE et iR, HIAE 11 d, 1IEH
Xof FECZEL JUL R £ A 8 O 1 22 22 AR OE , AR A, T HILEF
AE SRR, WUSACHES RN, ASCE 1048 T R A A D e D
e NG R o g i B NP R Ry vl /A 1§
245, AN MIAZ S 2 | RS R sk ), 34 LA g
A R IRSE (SR Fk ) SEsfe (i sk ), 47 4
M (s k) s SEORIA A, S MHE S RIE
TN | LAE S IR AT | WL 40 2 440
TEUL ISR M 3% . Masson e {0 B /1, 1E H % BRZH 4
P L5 8 LA /D e g S A 4 5 480 2 FILET Ak 25 4
AR 1] S IR AT AR DT B B 22 | £F Rk ™ (A
ik ) s SRR AL, S ShRR T AL AT 4k Ak
B W70 . Masson YetamAb /b B , B AR 2 i iR
BB I O IR B TS (P<<0.05), S
SHRARYT R A R B A R 2] 2 Bt 34, 1
W i 22 RG24 L (P>0.05),
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xo6 BFAXREBRNALRFEBTRAYILE (x £5)

215 S (H) AT AT
TE X AR AL 6 0.29+0.12
i mikel 6 266+141%
S SE YT 6 1.49+0.69°

T SIEHE X RA LA, “P<0.05

TE IR TEAIZH
TN

ZUHESHRIGT T4

T O ORI 2 N, SR O S AR LA i
AL, i O AR NAM PRSI, 10 O SR LT 4 1™ 5

3 OB TS HKR B RIHLURE AR
HECR

3 3t i

ST SRR IR AMESY ICU-AW 2 CHE
2. BT ICU-AW PRy 3= L4045 Mk BRAE A |
TR - PRI | PR R PR | ICU BT AE X
ST AR (1Y) 545 A DL A (B S SR B UL )
I AR 25 B s BIAR A P e — 0 P92 R, SD
KERIEAT Z P F B A T 1Y ICU-AW 31
PR BB L PRI R A, BRI RsE . Mk,
A S FESCHR R IR B RE I & B R 1 T B ol 4
SRR 255 R 1w % B A R B LT 4R
BIEH BN LerZIs 2 | NB , AT 42240 0T
HBR IR A0, LA 2 24T il 7™ T R 98 AE 4l
JHOIE 5 5 1E X B b A, R A R R ) R R
2 HLARFEE R ), SR n B R ] 28 i 2 o

SRR 202 | [T PR 25 ) 20 L v
2y, ARG B 3R W], HoA 2D 2 B2 A
o ShWSess os , 2 B S RE R AR S A2 &
BT TNF- o 1 IL-6 7K, 8 15 42 R / $1 5 P+ 19
O WA I RS R, A S M S
LTI 52 95 ] B Gl k3 1 4 3h 2, ek o
FEIE WIE , 48 e K e B i HLAGE

SFNICU AR >0 P e R /e R
PEORTEIAT AR TS (2014))" " optt T-2 BHaE S A e
BT R BIRIT RIS T T . AR EIR,
B X Ml 5 i R PR ] 2 375 Y ICU-AW K B
Y, S B R P el R L B B LR 3 IR BE L LS 4
FAVA L Hefb, i R et AL

17 % % % MuRF1 Al MAFbx /292 % - E H
At A ZR A LAY B 1A 7K S A S B 1 313 TR 7
WA g 7E LD 2545 ke e s/ E T BIRSE AR S,
ICU-AW B P U LA iz RE AR R S
AH &I PR ) mRNA T LA 85 iz RAEFTHLA
BB UK s Sh BRI SE R, MuRF1
I MAFbx ) mRNA ik KF 4712, s 540
FEMZE R — B, 2 M SR T RE AR ICU-AW K ER
WL 221 MuRF1 F1 MAFbx AY mRNA #ik7K .,
G B R IV 2 T R I R B E R B
R BeT B EE AL WA 8 40 DA e s
ICU-AW & AE A 56, Horh TNF- o AT TL-1 X0 85 AL
SERRFSE )2 . NF-xB {E 41 it P 7 B2 1 s 7%
T 8% 5 AT B TNF- o IL-1B 33K, TNF- o
348 25 1 [ INF s 2341 3 NF-xB 3% 4k, #F— 25 hn & 48
E S o TL-1 Al it Z AL 2 1cu-Aw 2,
BHLT AL 0 05 5 1 A R, L i S Rl — AL A A
fiff (inducible nitric oxide synthase, iNOS) Z ik, fi£
AL, LR RIEFRK, A TR ILE FK
fift, AR (A R 38 H IR TNF- o 2 38 ok 9 A
HUHIEHELTC 7 « £2 2 L IR 28 45 RN S 48 T e P
50 TNF- o 34 38006 NF-xB Hl p38 2224 2% 4L,
1 I % (p38 mitogen-activated protein kinase, p38
MAPK), {2 MuRF1 1 MAFbx B3k , S84
NF-xB 1] B 1. TNF-o %S HNLAE A £ 52,
TE/ NI SIS 07 NF-«B %% 5 ] [ MuRF1
I MAFbx fY 26352, NF-xB B3 32 RES 4 8L
SIAEIR P 23k, BELASE B LfL t ifes 2
AL R B, SHHE SR T FRAC ICU-AW KR
MAFEH TNF- o IL-18 &5, DL E#% UL NF-xB
(R 23R B R 2 B SR T I R S, -3
LB AR 28 20 B R i S ) L) R R A UL A
K AR HLT S ICU-AW,

B H N Z B RO ICU-AW B B iR
P ESRAL T HS RS , (A I8 A7 7E — 2 SR PRk
IR ZAL < BR T MEREAE L flsh41, ICU-AW [ 3222
KUK R 2 A AR 22, L B AR FALAR 58 2% , i 75 AT
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