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(HWE) BE BB 2 RGBS i & 630 E A R A BelE 82 3% B F E2 48X B F 2(nuclear fac-
tor—erythroid 2 related factor 2, Nrf2)/1 4T % A BF 1(heme oxygenase—1, HO-1)/NADPH #; 4, . 3% L & 1 (NADPH quinone oxi-
doreductase 1, NQO1)f5 5@ ¥ M %, Fik I 50 R SPF % SD A R, ML HRFRA A A AR IO B RkdE 2 &
4 BRATHA,F410 R, REFAAN A4 AEHENREMRE A BHG RS, 2ATIHCREAARGES K
WS B IR AT AL I R AL B B ELISA A2l & 41 K B ot % 3K 18 F Jib 58 47 38  F—o(tumor necrosis factor—a, TNF-a) |
B 4 i/ £ (interleukin, IL)—-1B IL—6 VA & 4.1t B 3% H F 7 — B (malondialdehyde, MDA). #8 4.1t 4 % 1t B (superoxide dismutase,
SOD), A Bt H Ak 3t 2, 1t 47 B (glutathione peroxidase, GSH-Px) 7K-F ; Western blot 5 RT-PCR 4l & 41 & F 41| T A 2 41 2% Nef2 HO-
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T 40 F AR (P<0.05), 8518 5 Bk I 26 5% 7T A SR 3R 1 MR B R B 154, 5 KB % h B B A BOR A R R B4, L4
W8 5 B kR 7 S A 6w K M RORL R B, R E0E Nef2/HO-1/NQO1L 5 5 E AR X

(REBIR) Bk I8 25 5% AR IR % o ik & 6 30R B ) 445 s NefZHO-1/NQO1 15 5 # % ; 4l | 15 &

(FES K S IR245 (TEkFRAERD A (XELHE )doi:10.3969/j.issn.1674-070X.2024.08.007

Effects of Du meridian moxibustion on medicines combined with
multifunctional composite hydrogel dressing on Nrf2/HO-1/NQO1

signaling pathway in rats with pressure injury

LIU Hongna', FENG Shuihua'*, YI Kelan', CHEN Yiqing
1. The First Hospital of’Hunan University of Chinese Medicine, Changsha, Hunan 410007, China;
2. The Stomatological Hospital of Guilin Medical University, Guilin, Guangxi 541000, China

(Y5 B #9)2024-03-07
(BE£ B )WimaA 258 85 2R )5 B (B2024072,€2023038)
(EE1EE ) 2K, & i+, B ALY, E-mail ;: 2223693155@qq.com,



1402 L P NE =i http://hnzyydxxb.hnucm.edu.cn 2024 5 44 3

(Abstract] Objective To observe the effects of Du meridian moxibustion on medicines combined with multifunctional
composite hydrogel dressing on wound repair and nuclear factor-erythroid 2 related factor 2 (Nif2)/heme oxygenase-1 (HO—-1)/NADPH
quinone oxidoreductase 1 (NQO1) signaling pathway in rats with pressure injury. Methods A total of 50 SPF SD rats were randomly
divided into sham-operated group, model group, hydrogel dressing group, Du meridian moxibustion on medicines group, and
combined intervention group, with ten rats in each group. Except for the sham—operated group, pressure injury rat models were
established in the remaining four groups using pressure devices. The intervention was given to each group respectively, and the
repair of pressure injury and pathological changes of wound tissue of rats in each group were recorded. ELISA was used to
determine the levels of serum inflammatory factors including tumor necrosis factor-o (TNF-a), interleukin (IL)-1B, and IL-6, as well
as oxidative stress factors including malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione peroxidase (GSH-Px) in
each group. Western blot and RT-PCR were used to check the protein and mRNA expression levels of Nif2, HO-1, NQO1, and
matrix metalloproteinase—9 (MMP-9) in wound granulation tissue of rats in each group. Results The HE staining showed that the
skin structure of sham-operated group was not damaged; significant cell necrosis, degeneration, and inflammatory cell infiltration of
wound granulation tissue were observed in the model group; wound was repaired in all intervention groups, manifested as scattered
infiltration of inflammatory cells and a significant reduction in "balloon like" necrosis and degeneration. The Masson staining
showed that the collagen fibers in the wound skin tissue of the sham—operated group were relatively neat; large areas of collagen
fiber deposition and disorder in wound granulation tissue were observed in the model group; all intervention groups showed varying
degrees of wound repair. Compared with sham—-operated group, the serum levels of TNF-a, IL-1B, IL-6, and MDA, as well as the
protein and mRNA expression levels of Nrf2, HO-1, NQO1, MMP-9 in wound granulation tissue of the model group were higher
(P<0.05), while the wound repair rate, serum levels of SOD and GSH-Px were lower (P<0.05). Compared with model group, the serum
levels of TNF-a, IL-1p3, IL-6, and MDA in hydrogel dressing group, Du meridian moxibustion on medicines group, and combined
intervention group decreased (P<0.05), while the wound repair rate, the serum levels of SOD and GSH-Px, and the protein and
mRNA expression levels of Nirf2, HO-1, NQO1, and MMP-9 in wound granulation tissue increased (P<0.05), and the combined
intervention group showed better results than other intervention groups (P<0.05). Conclusion Du meridian moxibustion on medicines
can effectively promote wound repair in pressure injury and the effect is better when combined with multifunctional composite
hydrogel dressing. Its mechanism may be related to the inhibition of wound inflammatory reaction and oxidative stress, as well as
the activation of Nrf2/HO-1/NQO1 signaling pathway by Du meridian moxibustion on medicines.

(Keywords] Du meridian; moxibustion on medicines; multifunctional composite hydrogel dressing; pressure injury; Nrf2/

HO-1/NQO1 signaling pathway; wound repair
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1.1 SEIEzh¥

VEHL 50 L SPF 2% SD KB, i 4521 | o i
(200+20) g, T+ 1) e 4031 e S5 A S Bl A R )
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60%:+10% , 5 Jo i 1k W1 e v 15 24 2 sh ) S g s
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1.2 SEIRZEY

AR A (B EE 30 ¢, 4IH 15 ¢, AEE 10 g,
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PO LA R 0, JF 5 ¢ 2283 .50 mL B
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R RAE A F—a(tumor necrosis factor-o, TNF-
o) 404 2 (interleukin, IL)-1B .IL—6 PN [
(malondialdehyde, MDA) #8481k 9 15 L. B (super-
oxide dismutase, SOD) %+t H K ALY (glu-
tathione peroxidase, GSH-Px)ELISA 5] & , Nif2,
HO-1 ,NQO1 %)k 4 J& 5 H -9 (matrix metallopro-
teinase, MMP-9) —#i, 3T Bl HRP 4t (3EE Cell
Signaling Technology VR 1t45:20221017 ,20221105,
20221116 , 20221024 , 20221204 , 20221124 202211
0720230105 ,20221204 20230113 ,2022121) ; HE 4
3R (I ROUAE DR BRA | 45 £ 20220-
806 ,20220815 ) ; Masson 4 32 7] ( - ¥ Y A= 4y
BHEA A 5 :A20220907 ) ; BCA & H E &

R & RIPA ZH 2340 Jifd P 3 224 £ U L EL RNA $2
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JEREEZ) 1 em BYSEHRE T250F L B SEHSR i
LIRE G A TR VR IOk B 24 9 TR E U B 7E (38+
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Jie st i 15, 35 S LB R 4521 K R T P 2R 40
IR HE AR
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1.7.4  ELISA A & 2H I Ui T8 S8 AR A - B ¢
PR I8 ELISA 350 G Ui B 45 L i 2D 3R
JERE AR ARSI A A K B AY IV TNF -0 IL-1B |
1L-6 LIS EALR B F MDA SOD . GSH-Px 7K,
1.7.5 Western blot £l £ 2 K B Th] (A 2 41 21
Nrf2 . HO-1 NQO1 MMP-9 {4 (4 5K F  Frie
A KRB 244 100 mg, 5850 24 HRE LAY
T A 2120 1, BCA YRR PR 2Rl 4B B P ik
B, MUK G 7 B 5 U B R, A
Nrf2 . HO-1 NQO1 MMP-9 /i /A & 3% , TBST &
RN Y S , LA GAPDH /NS G
&5 Bl CC3.0 B AFHEFT 43 BT, 00 7 45 20 R B T A 2
ZHZ1 Nif2 (HO-1 NQO1 MMP-9 % 43k /KF-,
1.7.6 - RT-PCR #:illl £% 2H K BRLAY 1M A 2 ZH 21 Nif2 |

HO-1 ,NQO1 MMP-9 /) mRNA F£ik/KF FRE 4
ZH K BN T P 2E 2047 100 mg, Trizol 42 BB Ifi P4 2
HEAUE RNA AT WS | B0 0K CBETUTE , #-47
RNA kil , Aol SR 22055 550 ¢cDNA, 371
Nrf2 HO-1 .NQO1 MMP-9, L GAPDH fE K2, L)
27420 IR IR 1 mRNA REKF 519
FEHITEILER 1,

&1 RT-PCR3I4F%)
Table 1 RT-PCR Primer Sequence

R SIHITH(5—37) K /bp
Nrf2 1E : CTGAAAGGCTGGTTTGAGAGA 36
JZ 18] : TGGTGATGGAAAGCAAGGTC
HO-1 1E[] ; ATGTCCCAGGATTTGTCCG 28
JZ I : GGTTCTGCTTGTTTCGCTCT
NQO1 1E ] : CTGAGAGGGAAATCGTGCGTGA 27
JZ 1] ;: AGGAAGAGGATGCGGCAGTGGC
MMP-9 1E[] ; CTAATTGACTAGGTTAGATGC 31
JZ I : TGGCTATTAGACTGCCTAGCT
GAPDH 1E] : CGGAGTCAAGACTTCCGATTCGA 27

JZ ] : AGCCTTCTCCATGGTTAGGAATAC

1.8 SitFENH

f& Bl Graphpad Prism 9.0 #4# 1748117347 .
THEGORER ] “xes " H53R , £7 G IR A A ] L
BERIT 225507 o #5707 2655, WER ISR R Jr 2243
Mr, LSD 1 $EAT P LU 5 45 5 22 8 5%, SR
Welch K53, Dunnet’s T3 VEHEATPIPIELEL, LA P<
0.05 HESAGITFE L,

2 R

21 BHEXROEESEII

FETH 1.2 .3 UG AR 4 A 1 i A R T
i TR (P<0.05) 5 K BEWBOBHH B Ik P 25 2 4.
G T T2 r B T 38 2 8 TR (P<0.05)
HpA TR S R R m T HAL T
(P<0.05), HEWLFE 2,
22 FBHAXREERERFR

HE Y25 5 o B TR 4L A 11 K Bk 45 ke oA
VB IR AR 2B 1T P 2 2H 40T UL I 8 A i 1 A5
5, ANMIIRFE A8 1 B 5 M 240 IR T 3 Lo [ el
PR AU | BT R A M 2 A R 2L, PT DR
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®2 BHRKRHEEEERIIL (%, x55)
Table 2 Comparison of wound repair rates among

different groups of rats (%, x=s)

27 n FHEE Fwi2HE T3 EE
BFEARL 10 67.21+3.65 92.84x1.75  98.140.56
HRIZH 10 18.75+2.244 35.45£3.15%  51.62+3.344
BhkREL 4 10 32.86+3.28* 55.73+3.86%  82.17+3.02%
IKEERHCRIE 10 37.85+3.27* 64.12+3.11%  86.28+1.95%

BATHLAL 10 54624402+ 82.31+3.64%*"  95.47+0.86%*"

. 5IFARL LI, AP<0.05; SHEAIZ HLER , #P<0.05 ; 57 Ikb&
IRALLLER ,*P<0.05 ; 5 /KBRS BRI b8, #P<0.05,

TR MAE WA IR KB BORH 2 B kb 25 7 4
Fyn] WA [F) R E A G M A2, m] DL ECrE R PR 4R iR
{8, N ZF L Z LA AT i 20 S A Dy E B AE, AT WL
ARG AR OEREE AR s, HLIBA T
P A e AR W A, PR 1,

23 BAXRHERRTEMBIER
PSR R BT AR BT B k4R
JE IR LT AR HAE ST, SR> SRR 58
Ly sitiRoleERdikar aiv)if ikl dapni N
KRR I BT HEDURR ZE L 5 /K BEIRBORHAL B ik
B2 J 2 JBc T T2 B ThT B Sk 4 SUR I 2T i HES
W] AR B 5T, Hibes TR A, TRILIAT 2,

Masson

24 FHAKXRMESWNHEEFREERERFKE
Eb %

TG, ST AR H, A2 K R il
TNF-a IL-1B . IL-6 MDA 7KF-F+ 5 (P<0.05) , 1 il
1 SOD GSH-Px K-V~ F [ (P<0.05) ; SAAIZ [L#K,
IKEE RS ORI B KR 2 2 41 R T T4 1Y il i
TNF— IL-1B.IL-6 MDA 7KF FR# (P<0.05) , 1fif IfiL 7
SOD ,GSH-Px JKF-J1755 (P<0.05) , Herp i T i
HAbF L E ) (P<0.05), TEULE 3,

2.5 Nif2/HO-1/NQO1 {5 5B XEEA K mRNA
RIBKFLLE

TG, SIEFARLNS L, A2 K R AT A 2F
ZH 40 Nrf2 HO-1 .NQO1 MMP-9 & 1 &2 mRNA ¢
TR T (P<0.05) s SR A, K e L
BHE B DKBR 2GR BRA T 4 09 B T A 220 21
Nrf2 (HO-1 ,NQO1 MMP-9 & 4 &% mRNA AY#ik7K
BT R (P<0.05) , HEH A T T2 A A T 92
T (P<0.05), HULIE 3 .3 4—5,

3 itig

WK s 0N R VRE Y X (R Y e 7 ol A
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K, I [ 37 TARIRFE e %f 1 7 P45 3 ) e s it

B ‘ VEES e, ':’- 3 GRS NP Td g fvl., -fo P. 7, 2 RN T
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s s R sids \ L )
; - e e ROl ) B SN
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A% z : " M aoas ﬂ"":f‘i oy ‘ ‘\ S, 3 I“‘r"’ ‘d" - 6 ‘“.,'.\}\ g
s ’ -~ Y . S i
' ,"”' e o it . ."? %.Jf’ > A l\‘\‘;_ ’ .;t" 4
T e < .y AL N - L) [ : ¥ ) .~
S . e X -’w. . e l“ 7 7/ e K it FEE | [} :
i fems s (T gyt mady S T BT et | e
RTFARL HERILH B K2 g KBRS BORHE IR T

B EFAAREREFR(HE,*x200)
Fig.1 Pathological conditions of wounds in each group of rats (HE, x200)

BRTFARH

B kbR 2 A
B2 HEAXREERESHERKTEIR(Masson,x200)

Fig.2 Formation of collagen fibers in wounds of rats in each group (Masson, x200)
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®3 BEMBEFMSHEFRKEEEFKFE LR (pg/mL, xs)

Table 3 Comparison of serum levels of oxidative stress factors and inflammatory factors among different groups (pg/mL, x=s)

51 n TNF-a IL-1B8 1L-6 SOD MDA GSH-Px
RFARE 10 0.18+0.04 0.14+0.03 0.18+0.05 82.52+5.42 10.15+1.62 46.87+5.63
TR 10 93.4628.87° 61.25+7.52" 43.97+5.02° 15.633.11° 35.25+3.47° 11.63£1.85%
Bk zh g 20 10 40.15+4.38* 35.82+4.65* 28.53+4.11% 115.57+8.42% 30.05+3.24% 62.82+5.47*
TREE RO 10 38.82+4.96* 38.47+4.82% 26.43+3.86* 121.52+7.15% 28.5323.08* 66.23%6.10%
e T 10 28.51x4.28%4%  30,03x£2.76%4% 18.533.06%4% 164.25£8.43%4% 224223 26%4%  86.95+7.35%A%

S IRFARALE, “P<0.05; 5B LLEL, *P<0.05; 578 WKIR 25 7 41 L3R , 4P<0.05 ; 5K BERCHORIH LL#E, *P<0.05,

TS E B g O — P P I 8] 552 TR 7

D @ ® @ 6 S
DD o S0 1 BRI G55 . OB B SR L
GUANMIIRAE | 0T 3 B M 8 S A

Slbel & A8 R B B R AR RS I B 2 e
NQOI FR——— SR {05 5300 e B S 1 RS R A
e [ 3 B a5 10e AR 7 A A4 35 T 3557 e X 300 2 B0 oy 7
SV M) AT AR 2 AR GRAY 0

3 &HKXR Nf2/HO-1/NQO1 15 SiE < gt

WFFE RN I PR A4 A 5 S8 5 RIS 8] A
L AR RO B R T LA KB IR R A5 T R U

RAREER WIS LR T EE TR L s R, —

Fig.3 Expression of key proteins in the Nrf2/HO-1/

H sz v, Hotis 1 g a ol Bps A2 1500

NQO1 signaling pathway in each group of rats

T OBFARA ; QR RIA ; QF Wk 2h e 4 ; @K B Bkt
H,OWBATHiH,

0y VR, BT X 262 5 5 6 7 e 5
W, ARSI R SRR Bt 3R

T4 FHKR Nf2/HO-1/NQO1 5 S B XEBE LI RIAKFLLE (x+s)

Table 4 Comparison of key protein expression levels in the Nrf2/HO-1/NQO1 signaling pathway

among different groups of rats (x=s)

415 n Nrf2/GADPH HO-1/GADPH NQO1/GADPH MMP-9/GADPH
RFARE 10 0.27+0.08 0.21+0.03 0.07+0.02 0.25+0.02
HRIZH 10 0.41+0.07% 0.29+0.03% 0.13+0.04° 0.31+0.04°
BB 7 10 0.89+0.11°% 0.8420.11%* 0.48+0.06* 0.47£0.05%
K EE ok 10 0.93+0.09* 0.75+0.12%* 0.50+0.05% 0.42:+0.04*
e e 10 1.320.14%4% 1.08£0.11%4% 0.82+0.07+A% 0.63+0.06%A*

T SEFARA L, 2P<0.05; ST HAEL *P<0.05; 5B Hkbazi 4

ZH HHR , AP<0.05 5 5 /KBERS R LB, P<0.05,

F 5 £H4HNif2/HO-1/NQO1 fESEEEXEER mRNA FikKFLLE (3+s)
Table 5 Comparison of mRNA expression levels of key proteins in the Nrf2/HO-1/NQO1

signaling pathway among different groups (x+s)

45 n IL-6/GADPH JAK2/GADPH STAT3/GADPH Caspase-9/GADPH
RFARE 10 0.22:+0.04 0.18+0.03 0.15+0.04 0.13+0.03
BEAL 10 0.56+0.11% 0.300.07% 0.32+0.10° 0.4320.05°
BB 7 10 0.78+0.08* 0.72+0.08* 0.72+0.08%* 0.6320.07*
K EE Ok 10 0.82+0.09* 0.68+0.08* 0.68+0.06* 0.610.04*
I S TE 10 1.1720.12% 4% 1.2720.13%4% 0.920.09% 4% 0.9520.11#4%

0 SR TR LEL, “P<0.05; SHRIZH AT, #P<0.05;

5B KB 25 4 AR, AP<0.05 5 S/KBEIRBURIZH HL AL, P<0.05,
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