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Influence of formononetin on lung tissue damage in rats with acute pulmo-
nary embolism by regulating Nrf2/HO-1 signaling pathway

ZHAO Bo-tao' ,MAO Hong-yu',YAO Chun-xia’, WU Qing-hua'
(1. Department of Cardiology ,Cangzhou Central Hospital , Cangzhou 062450 ;2. Medical College , Hebei University of Engineering , Han-
dan 056000, Hebei , China)

[ Abstract] Objective:To investigate the influence of formononetin ( FN) on lung tissue damage in rats with acute pulmonary
embolism (APE) by regulating nuclear factor E2-related factor 2/heme oxygenase-1 ( Nrf2/HO-1) signaling pathway. Methods: SD
rats were randomly divided into control group, APE model group ( APE group) ,low molecular weight heparin calcium group ( LMWH
group) ,low-dose FN group (L-FN group) , high-dose FN group ( H-FN group) ,Nrf2 inhibitor Brusatol group ( BR group) , and high-
dose FN + Brusatol group ( H-FN + BR group) using a random number table method,12 cases in each group. APE model was construc-
ted by autothrombus transfusion. After 7 days of intervention with corresponding drugs or physiological saline, arterial partial pressure of
oxygen (Pa0,) ,oxygenation index (OI) and the serum levels of B-type natriuretic peptide ( BNP) ,troponin [ (Tn I ),ischemia-
modified albumin (IMA) were measured, lung tissue pathology was detected by HE staining, the levels of interleukin-6 (IL-6) and
tumor necrosis factor (TNF)-a in serum were determined by ELISA, kits were used to measure the levels of superoxide dismutase
(SOD) ,and malondialdehyde (MDA ) in lung tissue, Western blot was applied to detect the protein levels of Nrf2, HO-1,NF-kB, and
p-NF-kB in lung tissue. Results; Compared with the control group,the lung tissue structure of the APE group was disordered , the alveoli
were ruptured and fused,with exudate,the interstitial area was edema and a large number of inflammatory cells were infiltrated , the lev-

els of Pa0,,0I and SOD,Nrf2 ,HO-1 in lung tissue were decreased, the serum levels of BNP,Tn | ,IMA,IL-6,TNF-a,and MDA, p-
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NF-kB/NF-kB in lung tissue were increased ( P <0.05). Compared with the APE group, the lung tissue lesions of the LMWH group, L-
FN group and H-FN group were alleviated, the levels of PaO,, Ol and SOD,Nrf2, HO-1 in lung tissue were increased, and the L-FN
group was the lowest among the groups (P <0.05). The serum levels of BNP,Tn | ,IMA,IL-6 ,TNF-o,and MDA ,p-NF-kB/NF-kB in

lung tissue were decreased,and the L-FN group was the highest among the groups (P <0.05) ,the above indexes in BR group showed

reverse changes (P <0.05). Compared with the H-FN group,the pathological changes of the lung tissue of the H-FN + BR group were

aggravated , the inflammatory cells increased, the levels of PaO, ,0I and SOD,Nrf2 ,HO-1 in lung tissue were decreased, the serum levels

of BNP,Tn I ,IMA,IL-6,TNF-a,and MDA ,p-NF-kB/NF-kB in lung tissue were increased ( P <0.05). Conclusion: FN may alleviate

lung tissue damage in APE rats by activating the Nrf2/HO-1 pathway.
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BR 41k . 2h ik il PaO, Ol F&fK (P <0.05); 5 L-
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KRBkl PaO, OT REAR(P <0.05) , WK 1,

F1 SAKBRFEKM Pa0, Ol LEH (x £ )

2159 Pa0, (mm/Hg) ol
Control 41 (n =12) 94.17 £9.25 442.62 £43.86
APE 4 (n=12) 55.36 £4.77" 264.00 +£23.54 "

LMWH £ (n=12) 85.50 +8.12%~ 403.29 +37.65%2

L-FN #(n=12) 67.38 +7.04" 320.57 +29.78"
H-FN 4 (n=12) 82.94 +7.89%4 394.95 +41.52%~
BR 41 (n=12) 43.59 +4.46* 204.38 +24.17%
H-FN +BR #H(n =12) 58.61 £6.214 279.10 +28.034
F Al 82. 875 80. 149

Py <0.001 <0.001

% P <0.05,%5 Control 2B b%5;#P <0.05,5 APE 40t ; AP <
0.05,5 L-FN 41t4 ; AP <0.05,5 H-FN 42 b4,
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(P<0.05),BR 4 BNP Tn 1 .IMA /K¥EFFE5 (P <
0.05) ;5 L-FN 41 %, LMWH 41 f1 H-FN 41 Kk §
BNP . Tn I IMA 7KFEREME(P <0.05) ;5 H-FN 41 [+
% H-FN + BR 41 K B BNP.Tn [ . IMA /K FF 5
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20 ) BNP(U/mL) Tn (ng/mL)  IMA(ng/mL)
Control 4] (n =12) 42.33 £6.08 0.18 £0.02 0.50 +0.06
APE 4] (n=12) 86.17£9.05" 0.86+0.09"  2.48+0.27"

LMWH #(n=12) 53.20 £5.19%*4  0.25 £0.04*2 0.67 20.09%4

L-FN 4l (n=12) 72.46 +6.97*  0.54+0.06"  1.34+0.15"

H-FN 41 (n=12) 56.18 £6.84"4  0.29 £0.03"2 0.71 +0.082

BR 4 (n=12) 110.35 £10.26*  1.1320.08*  2.96 +0.25*
H-FN +BR 4 (n=12) 78.25£7.01%  0.56£0.05% 1.43+0.224
F 1l 112.938 433,089 337.615
P <0.001 <0.001 <0.001

# P <0.05,% Control 213t 4 ;#P <0.05,%5 APE 2114 ; AP <
0.05,%5 L-FN ¢ 3t45; AP <0.05,15 H-FN 28064 ,
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5 Control 4 H %%, APE 21 ¢ BUIMLTE % A 7
IL-6 \TNF-a 7KFEFF 55 (P <0.05) ;5 APE 41 k%%,
LMWH 4 . L-FN 41 fl H-FN 4 & B i 2% ¥ 8 7
IL-6 \TNF-a 7K (P <0.05) , BR 4k BT 48
PR F IL-6 \ TNF-a /KFEF+ i (P <0.05) ; 5 L-FN
Y b # , LMWH 241 f1 H-FN 41 7 B 28 MR 7 IL-
6 TNF-a /K FEFEAL (P <0.05) ;55 H-FN 4 b %5, H-
FN + BR 41 K BRI & M B F 1L-6 \ TNF-a /K F- T
B (P<0.05), W#%3,

%3 SEKRMELEET 1L-6.TNF-o KFHE (1 +5,n8/L)

45 1L-6 TNF-«
Control 44 (n =12) 54.13 £5.73 42.47 +6.38
APE # (n =12) 132.94 £14.07 " 156.31 £15.21 "
LMWH 2 (n=12) 66.75 8. 124 70.64 £8.05"2
L-FN 4 (n=12) 114.28 +11.96" 107.39 +11.42%
H-FN #H(n =12) 71.52 +6.88%% 74.54 £7.25%
BR #l(n=12) 180.30 =15.27* 212.09 +14.46*
H-FN + BR #i(n =12) 118.36 +12.354 113.62 +10. 874
FA{i 190. 647 329. 667
P& <0.001 <0.001

* P <0.05,5 Control 1145 ;#P <0.05,5 APE Z11b4; AP <
0.05,5 L-FN 28}k 4:; AP <0.05,%5 H-FN 201k

2.5 FAHAKRBEHAZL SOD MDA KL%

5§ Control #H [ %5, APE 4H K Bl 44 41 SOD 7k
F-BEAR, MDA 7KF-FH i (P <0.05) ; 5 APE 20 L4,
LMWH #H \L-FN 25 #1 H-FN 41 Bl 20 21 SOD 7k °F-
Tk , MDA JKFREAIR (P <0.05) , BR 20 K Bl 4 241
SOD /KPR , MDA 7K Ft 5 (P <0.05) ; 5 L-FN

L "
H-FN+BR 41
1 BFHKXKBRMALRREZTLHE £ €,200x,0=12)

2 e, LMWH 20 f1 H-FN 41k R 4141 SOD 7K 3
Fhis , MDA JKFFEAR (P <0.05) 5 5 H-FN 4 b 4%,
H-FN + BR 24 K R 4121 SOD 7K F- A% , MDA 7K -
Jhm (P <0.05), W4,

x4 BHAKRBAALR SOD MDA KFLLE (x £5)

20 51 SOD(U/mg) MDA ( nmol/mg)
Control 41 (n =12) 120.71 £10.48 4.16 £0.57
APE 4 (n =12) 57.64 +6.32" 16.25 £1.38"*
LMWH 4{(n =12) 98.32 +10.41%4 6.08 +0.65*4
L-FN 44 (n=12) 71.56 £7.26" 11.83 £1.527
H-FN #H(n =12) 92.05 £9.61%4 6.29 +0.71%
BR #H(n=12) 35.08 +5.23" 29.60 =1.82*%
H-FN + BR 44 (n=12) 65.38 £7.094 11.31 £1.344
F{f 142. 320 605. 202
PH <0.001 <0.001

# P <0.05,% Control 21345 ;#P <0.05,% APE £1yt4; AP <
0.05,5 L-FN Z1b4:; AP <0.05,%5 H-FN 211k,

2.6 HHEARMALR Nef2,HO-1  NF-kB, p-NF-kB
BEAKFELLE

5 Control #H %%, APE 2H K B Nif2 \HO-1 /K
A%, p-NF-kB/NF-kB J} & (P <0.05) ;5 APE 4]
Ho3 , LMWH 41 \L-FN 24 f1 H-FN 21 K i Nrf2 ‘HO-1
K- TH 5, p-NF-kB/NF-B 4% (P <0.05) ,BR 4
KB N2, HO-1 7K °F B ik, p-NF-kB/NF-kB F} &
(P<0.05);%5 L-FN 4] lt. %, LMWH 41 fil H-FN 44
KB Nrf2, HO-1 7K *F Ft & , p-NF-kB/NF-xB [ 1§
(P<0.05);5 H-FN 4 [t #, H-FN + BR 41 kK i
Nrf2 \HO-1 7K °F- [ X, p-NF-kB/NF-kB F} &5 (P <
0.05), WLIE2 K#ES,
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A B C D E F G
2 HHEKXKBATHLR Nrf2 HO-1 NF-kB.p-NF-kB EB %
K& E
A. Control 28 ;B. APE 28;C. LMWH £8;D. L-FN £1;E. H-FN 48
F. BR 41;G. H-FN+BR 41,

®5 BAKRRIALR Nif2 HO-1,p-NF-xB BEKFLLB (» =5)

ikl Nif2 HO-1 p-NF-kB/NF-«kB
Control 4 (n=12) 0.91 +0.10 0.95 +0.09 0.12 +0.02
APE # (n =12) 0.24+0.03*  0.21£0.02°  0.68+0.07"
LMWH 4 (n=12) 0.83 £0.07*4 0.67 £0.07*%  0.25+0.04%~
L-FN 4 (n=12) 0.45+0.06"  0.36£0.05%  0.5420.06"
H-FN 4 (n=12) 0.79 +0.09%4  0.65£0.08%% 0.27 £0.04%4
BR #l(n=12) 0.13 £0.02*  0.11£0.02*  0.8520.09%
H-FN +BR 4l (n =12) 0.50 £0.06%  0.33£0.05%4  0.50£0.064
F Y 244.711 295.381 237.815
PAf <0.001 <0.001 <0.001

% P <0.05,% Control 434 ;#P <0.05,15 APE £A0b45; AP <
0.05,%5 L-FN 21345 ; AP <0.05,5 H-FN 21004,

3 it

APE ‘5 5| i i A5 2E | S 850 S 0 g i | Y ol A
RAIRFEN, BNP #Il Tn [ 21 K | APE % JH 012
W AT , B A% A A% TN Al A G S U R e L e
S APE f % % S 5 IMA JKF Fh s S iAo,
XT i fE APE BB R U, A PN IR 4R I 25 B B I,
i3l bk TR 200 84 5, I 3 B BNP g K F B3 Tt
w0 IMA AT FAETEAG APE R R A4 I PR AR
Wi RISV BRI LB, 7E APE B P IMA K OF
BERKFRE . ARG T, APE K FU 4141 0] I
i V60 T T A, A 5 YL, D R XK B LK 48 4 40
1211 ,Pa0, 01, SOD 7K F-FE A%, BNP Tn [ [IMA |IL-
6 TNF-o MDA /KF 7+ . i 7] 41, APE AL 4
SLEAMLA BNP T [ (IMA F &, & A 75 5 R0 K0
TSRS 34, 48 3 i 4L 480

WFgE " F W, PN RE 6% 1 53 805 Nif2/HO-1 5
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