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Protective effect and mechanism of norwogonin against
acute heart injury induced by hypobaric hypoxia
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'Department of Pharmacy, the 940th Hospital of Joint Logistics Support force of PLA, Lanzhou 730050, China;

2Department of Pharmacy, the First Affiliated Hospital of Xi'an Jiaotong University, Xi'an 710061, China

Abstract: To investigate the protective effects and mechanisms of norwogonin against acute hypobaric hypoxia
(HH) induced heart injury in mice, 78 male BALB/c mice were randomly divided into control group, model group,
rutin group, low, medium, and high-dose norwogonin groups. Except for the control group, the mice in other
groups were exposed to a simulated altitude of 8 000 m for 24 h. Then the mice were killed, and the serum and

heart were taken. The pathological changes of heart tissues were assessed by HE staining. Commercial kits were
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used to detect the levels of hydrogen peroxide (H20-), malondialdehyde (MDA), superoxide dismutase (SOD) and
glutathione (GSH) in heart tissues to assess the state of oxidative stress. The levels of interleukin-1 beta (IL-15),
tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) in serum and heart tissues was detected by ELISA for
assessing the inflammatory response. The expressions of related proteins were measured by Western blot.
Norwogonin significantly reduced HH induced histopathological changes in heart tissues, markedly increased the
levels of SOD and GSH, and decreased the levels of H2O2 and MDA, as well as the expressions of hypoxia related
proteins (HIF-loo and VEGF) in heart tissues. Moreover, norwogonin was also able to reduce the levels of
inflammatory factors (IL-15, TNF-a, and IL-6) in serum and heart tissues as well as the expression of
inflammation-related proteins [nuclear factor kappa-B (NF-x«B) and TNF-o] in heart tissues. In addition,
norwogonin modulated the expression of anti-oxidative stress related proteins [nuclear factor erythroid 2-related
factor 2 (Nrf2) and heme oxygenase-1 (HO-1)] and apoptosis related proteins [B-cell lymphoma 2 apoptosis
regulator (Bcl-2), Bcl-2 associated protein X apoptosis regulator (Bax), cleaved Caspase-3] in heart tissues. These
results suggest that norwogonin alleviates HH induced acute heart injury in mice by inhibiting oxidative stress,
inflammatory response and apoptosis via activation of Nrf2/HO-1 signaling pathway.
Key words: acute hypobaric hypoxia; norwogonin; myocardial injury; oxidative stress; inflammatory response;
apoptosis
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Fig. 1 The chemical structure of norwogonin



1 HR5E
1.1 188
DYC-3070 RAUREAR A ELRAL (BIMINENEEMARAF) 5 Microfuge22R &
AU EA R E 0L (32 E Beckman Coulter AR AF]) 5 SpectraMax i3 Fbril (35E Molecular
Devices A ] ) ; Tissuelyse-24 AW EEA ( FHFIFERHEAR AR ) 5 ChemiDoc MP {b%
RGEI AR R (AR i (Rl HRAFD .
1.2 AR 57
1.2.1 834
6~8 fii, 202 g MEYE SPF ¢ BALB/c /MR 78 H, thi UiAs (Jb50D AEMEARFRA
ARt IRV RE S . SCXK () 2019-0010, SEREHYIMEHVFTIES: SYXK
(%) 2014-0029. TAFRHKAHy: WL 252 °C, FHRHESE 40%-60%, HINEACE 12h, i
HHREYOK, &M SR 3 d JEIF SRS . AT H W58 7 S48 v BN B B0 106 0 DR P
BAEE SLDY O BR Bt 22 P o ¥ A% ikt (2021KYLL170)
1.2.2 53X 7]
FH PO I RS AL AT IR E R 72 A U0 (HPLC>98%) 5 71" (HPLC>98%)
g B B B AV HEARAR AR TE A (hydrogen peroxide, H,02) (175: A064-1-1).
P 1% (malondialdehyde, MDA) (185 : A003-1-2) . AL (superoxide dismutase,
SOD) (#8%5: A003-3-2) . At HK (glutathione, GSH) (&5 : A006-2-1) il & iR
& (R @2 REY) TRV AT s /MR B4 3R 6 interleukin-6, IL-6) (575 : RX203049M).
H4ii/ % 18 (Interleukin-1 beta, IL-18) (575: RX203063M) FIffIR A SEH Fa (tumor
necrosis factor-a, TNF-a) ($i%5: RX202412M) ELISA M7 & CRM T BE LR
HIRAED » BCAVREAERAME (F15: PC0020) F1 SDS-PAGE B Hl & bl & (Bt
T P1200) (LR ZEFERARAF) ; p-actin (T85: ab8227) . HRAFHFH T-1a
(hypoxia-inducible factor-lalpha, HIF-1a) ($%%5: ab179483) . I M B A K FF (vascular
endothelial growth factor, VEGF) (1%%5: ab46154) . #%[A1-E2 #H5CAF 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) (f%'5: ab62352) . ML ZE %A HF-1 (heme oxygenase-1,
HO-1) (1%%5: abl13243) . #[A FxB (nuclear factor kappa-B, NF-xB) (I%%5: ab16502).
TNF-a ($8%5: ab215188) . B itkEE4HfigfRd-2 (B-cell lymphoma 2 apoptosis regulator, Bcl-2)
125 : ab196495) . Bel-2 KHL X 25 (Bcl-2 associated protein X apoptosis regulator, Bax)
(575 : ab182733 ) FNZLR Y - It 2R - R & 2R £ 111 i3 (cleaved Caspase-3) (175 : ab214430)
—hi CHEPL (R AGARAFD » =9t CGERAEYREARLAD .
1.3 753%
1.3.1 Ko HE R4 %
¥ 78 HUNRBENL > A IEH ST E] (control, Con) ZH. #i%! (model, Mod) 41, 200 mg/kg

3


https://www.solarbio.com/goods-1016.html

FT (rutin, Rut) 4, EHMNEESRMLAE (Now-L, 50 mgkg) « F5f/&E (Now-M, 100
mg/kg) . EFE (Now-H, 200 mg/kg) #H, #4113 R, B4 240/NRIE IS4 T AN
254, Con 4H1 Mod 25 TR EE /K. 4525 1 h J5, Con 4/ E THAS GiER 1400
m), FABZE /N BUBCE T R B AR SR B ) st o, A 10 my/s FHZR AR 8 000 m,
fRFE 24 h, SRJE LA 10 m/s H B B R BLRLEHR 3 500 m /)N Uk A7 4 3 DL /b SR B A A543
J e S KB S R /N B, IRBERRML, 25,0 513 BT, BEJEAZE/NER, BLOE, TEBkE,
T 5 8555

1.3.2 S UZE 22 5% B2 Aa )

FEHBEALE I 3 N A OE, TN 4% 2 S Pl E W € 24 h, T 4% 2 R
[5E 24 hy ARSI, YIRS um R 5, AT IRKE -4 (hematoxylin eosin, HE) Heff,
BB NS D A SR AR L
1.3.3 "SR F B AL S AG ATAR )

HUNRGO NI, FREE I 9 5 A B EhK AR I 4 2R i B A b b AT H A 5 %,
5 4 °C, 2 500 r/min, B5010 min 75 3] FiE WK . 8 H BCA WA &I E & K. %8
R U B P A O LA 2R b () S AL SO AR A7, B4 MDA SOD. H,O, il GSH.

1.3.4 s FAnS U LR K P 35 AR A

BN BRIMIE MO AL ZY, 42 B ELISA 127 & il B 5400 IL-18. IL-6 Al TNF-a7K~F-.
1.3.5 & & RI& EF I 5K 3
BN ROHLAZFRE, TN 9 455 RIPA B H R, KR 41 2L B AT B b3S, 4 °C
12000 r/min &> 10 min, HU_EJ, BCA WEINE & EWE G N A LR 100 °Chb PR
10 min {25 2. SR/5HEAT SDS-PAGE #E/I HL Uk 70 B Jf# HE A %% 2 PVDF JE L, 5%t fis
Ay =iE s 1 h J5, SO HIF-1a (1210000 « VEGF (1:2000) . NF-«B (1 :1500) ,
TNF-a (1:1000) « Nrf2 (1:1000) « HO-1 (1:1000) . Bax (I :2000) « Bel-2 (1:2
000) . cleaved Casepase-3 (1 :1000) . p-actin (1:3000) E—HHMBEM, 4 °CREKRER
M. B2 TBST &P )5, AP (1110000 HIEPEKME 1~2h, TBST E¥k)5, ECL
KA ERES, Dlp-actin NN Z, A Image J FAF#EAT 047
13.6 %t 57k

K F GraphPad Prism 8.0 % {EX HHEEAT Beit 207, B0 PP (ELhriE % ( x£5)
Fon, 2B B B R 2 T7 2250, W HLBCR RIS AR A ¢ A 50 B Dunnett £
5, P<0.05 INAERHEAS¥E L.

2 ERE55Hh
2.1 ERNESZZMEERE N ROAALRRBREZ RSN

NGO IHZ HE Yt B 2 fioR, Con /N RO NHL G 5e %8, O LT 4EHES

5% Mod /NG WGP K, LR 4EHESI 3R L, WIAF4E A BB, 45T Rut Al Now

4



Y RS PR, AR AR D, WLATHEHES BN B 55

- P b o el i)
2 ERWERFRNMEEMRED ROVNHALZRE 2PN (HE 8, x400)
Fig. 2 Effect of norwogonin on pathological change of heart tissue in mice exposed to acute hypobaric hypoxia

(HE staining, x400)
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Fig. 3 Effect of norwogonin on the expressions of HIF-1a and VEGF in the heart tissue of mice exposed to
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hypobaric hypoxia ( x % s, n=6)
M 5 Con 4AHEL, #P<0.01: 5 Mod 4L, "P<0.05, “"P<0.01, FIH.
Note: #P < 0.01 vs Con group, "P < 0.05, P < 0.01 vs Mod group, the same below.

23 ERNEZTZMMEERE N ROCANELR P E R KFRIE N

N T SIS MK AR A 52U RO S R, RATAN T Ha024 MDA
SOD. GSH MU WAL R bR . SEBR 45 R W& 4 s, 5 Con ZHAHEL, Mod /N
O Z Ho00 F1 MDA /K B2 TR (P<0.01) , SOD fi#iE /1 F1 GSH /K7 &3 F4{% (P
<0.01) ; 5 Mod AL, £ Rut AlEFIEA Now &bH 5, OIS+ H.0. I MDA &
BERMK (P<0.058( P<0.01) , ifi GSH 7K-FHI SOD gif /BT 5 (P<0.05) . X4t
25 SRR W v B Now 1] DU 25 2 AR AR AR AU 251 /N B LA R 1 AL SR T«

A B
6—
2.0
2 3
(=] £ (o]
=3 ol * % 8 1.5=
5 g e = ot
E E 10— = -
o 2= <
ON Q 0 5—
XI = W
0 T T T T T 0.0 T T T T
> & s
CPQ & R qu\/ qx'é\ ‘2‘ @0 S p & @ ‘2‘
\'A %Q %0 .e ,%0 %0



D
40— * . 4J
= | # L L 2
'% 30= l l 5
£ £ T *
] =9
= z L
£ 20- 2 2 kil
= £
2 3
? 10+ Z
S Ly
¢ | B E— . , L
& & & N > Q> > 5
¢ ¥ ¥ ¢ & & & & » S &
%0 %o Y\C) C/ \b % %o-a‘ %0 %0

B 4 EFPESRIMEERED RONARPEA SRR (x5, n=6)
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Fig.8 Effect of norwogonin on the expressions of apoptosis related proteins in the heart tissue of mice exposed to

hypobaric hypoxia ( x+s, n=23)
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