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Formononetin regulates the HIF-2a/EPO pathway to ameliorate excessive

erythrocytosis in rats with chronic mountain sickness
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(Abstract] Objective To investigate the effects of formononetin on excessive erythrocytosis in rats with chronic mountain
sickness (CMS) based on the hypoxia©inducible factor—2a (HIF-2a)/erythropoietin (EPO) signaling pathway. Methods Sixty male SD
rats were randomly divided into control group, model group, low—, medium—, and high-dose formononetin groups, as well as
formononetin high—-dose+HIF—2a stabilizer FG—-4592 group (FG-4592 group), with 10 rats in each group. Pulmonary arterial pressure

was measured in each group of rats. Red blood cell count (RBC), hemoglobin (Hb), and hematocrit (HCT) of the peripheral blood
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were determined. Serum levels of EPO, malondialdehyde (MDA), superoxide dismutase (SOD), interleukin—6 (IL-6), and tumor necrosis
factor-oe (INF-o) were measured. Western blot was performed to determine the protein expression of nuclear HIF-2a and EPO in
kidney tissues, as well as GATA-binding protein—1 (GATA-1) and phosphorylated erythropoietin receptor (p—EPOR) in bone marrow
tissues. Results Compared with the control group, the model group showed increases in pulmonary arterial pressure, RBC, Hb, HCT,
EPO, HIF-2a, GATA-1, p-EPOR, MDA, [L-6, and TNF-o (P<0.05), and a decreased SOD level (P<0.05). Compared with the model
group, the formononetin low—, medium—, and high—dose groups exhibited decreases in pulmonary arterial pressure, RBC, Hb, HCT,
EPO, HIF2a, GATA-1, p-EPOR, MDA, IL-6, and TNF-a (P<0.05), and an increase in SOD level (P<005). Compared with the
formononetin high—dose group, the FG-4592 group showed elevations in pulmonary arterial pressure, RBC, Hb, HCT, EPO, HIF-2a,
GATA-1, p-EPOR, MDA, IL-6, and TNF-a (P<0.05), and a decrease in SOD level (P<0.05). Conclusion Formononetin can inhibit
excessive erythrocyte production in rats with CMS and simultaneously alleviate the oxidative stress and inflammatory responses

mediated by abnormal erythrocyte proliferation. Its mechanism may be related to the inhibition of the HIF-2a/EPO signaling

pathway.

(Keywords] formononetin; chronic mountain sickness; HIF-2a/EPO signaling pathway; erythrocytosis; oxidative stress; in-

flammation
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Table 1 Comparison of pulmonary artery pressure

among different groups of rats (xxs, n=10)

2 BFHERRIIEBIARTHB OIEL THRE
B9 LB (55 ,n=10)
Table 2 Comparison of peripheral red blood cell
count, hemoglobin, and hematocrit among different

groups of rats (xxs, n=10)

415 AR 185l i £1 2 {4/ 2141 iy
(102 4~/L) (g/L) JEBY%
Xt HE 41 5714062  137.45:15.64  36.51+2.56
R 2H 9.64+1.07°  283.59+22.71°  72.45+4.89°
PR R 8.1340.73%  236.27+19.64  60.39+3.75"
ARG 6.9240.54%  193.52+15.83%  52.2622.50"
MR E A 5.9440.65"  157.06£12.74*  40.73+2.18"¢
FG-4592 # 7.58+0.81°  213.74x19.25*  56.19£3.06"

gl it 31 ik K/ (mmHg )
Xt B8 41 19.74+1.28
PR 21 37.58+2.49°
TR AL AR 2 32.69+2.13
TR AL Z P A 26.30+2.56"
AL R i 7 ek 21.43+1.89"
FG-4592 ¢ 29.81+1.56*
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A 2 w8 ) 2 A, P<0.05
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Table 3 Comparison of serum EPO levels among

different groups of rats (xxs, n=10)

21531 134 EPO/(pg/mlL.)
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A A6 2 R A L, <P<0.05
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0.05), FL P A A8 25 119 1 FH Ak SR 2 7] o A o e 4 (P<
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%5,



2026 455 46 £ W1 R TP s 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn 1093

a b c d e f

HIF-2a (£) o SR S S s s 110 kDa

Histone =~ N SN AN AN SN S 17 kDa
EPO s SR SN SN e S 21 Da

GAPDH M. S A S S - 57 <D

1 Western blot il & 48 X R ' AE AL & HIF-2«
(%) .EPO E B MFKIX
Fig.1 Western blot measurement of HIF-2a (nuclear)
and EPO protein expression in kidney tissues in each
group of rats
TE ca XS MR ZH b AR 2] 5 o 240 A6 22 AR R 4k 2 5 L e W 4E 2R Pl
T e AL R 2 LFG-4592 4
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Table 4 Comparison of HIF-2a (nuclear) and EPO

a b c d e f

GATA-1 | M S S S e R o (0o
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EPOR M A A A A - 55 (O
GAPDH W A A S 37 kD2

Bl 2 Western blot #il] & H KRB BEALR P GATA-
1.p-EPOR EH M &%

Fig.2 Western blot measurement of GATA-1 and p-

EPOR protein expression in bone marrow tissues in

each group of rats
T a0 HEZH s AR 2] 5 o 1A 4B R AR 4 21 5 LS W AE 2R AP
B e PN AL B A A L FG-4592 41

x5 BHEXREBWAHLAS GATA-1,p-EPOR BEAFK X
B LE 82 (s ,n=3)
Table 5 Comparison of GATA-1 and p—EPOR protein
expression in bone marrow tissues among different

groups of rats (vxs, n=3)

protein expression in kidney tissues among different 25 GATA—-1/GAPDH p-EPOR/EPOR
groups of rats (x+s, n=3) Xof IR 4 0.22+0.03 0.21+0.02
415 HIF-2a/Histone EPO/GAPDH B 0.93£0.07* 0.86+0.07*
4L 0.16:0.01 0.18+0.02 P AR 2R AR 4 0.71+0.06" 0.73+0.06"
- 0.9620.1 1" L4Ss0.10 WAL % rh R R A 0.53+0.04% 0.560.05"
AL 2 v A 0.24+0.02" 0.27+0.02
A AL Z AR AR 2 0.52+0.04" 0.87+0.07*
FG-4592 ¢ 0.790.08* 0.690.05"
TERRAE R P e 2 0.44+0.03™ 0.53+0.04
N—— » » TE 5% R AT H#E,°P<0.05 5 5 LAV L3R ,"P<0.05 5 5 15 AW AE %
M 2 7 0 k4 0.190.02 0.290.02 N N
" e {690 L4 Lo, P<0.05 5 15 1 45 2% o) BET Ho e, 'P<0.05 5 55 1
FG-4592 ¢4 0.400.03" 0.68+0.06"

A 2 w8 ) B4 A, P<0.05

50 2 3R, °P<0.05 5 5 A B4 A, PP<0.05 5 S PE Al AE R
R 2 P A, P<0.05 5 5 tE Al AL 2 b i R 41 L 42, °P<0.05 5 5 1
46 2 8 )k 4] HL A, 9P<0.05

RUZH #4550 i TE WAL R 4L 1) MDA IL-6 \TNF-a
TK - FEAR (P<0.05) ,SOD 7K T+ (P<0.05) , HL. ¥ 4K

26 AEAFEEMERNSARRMBHREMUE LR OFEHSOREHR BAKEUE P (P<0.05) ; 5

B R AE 18 2K FE AR Y R M

T E mF A #, FG-4592 2H K B H MDA |

AH HC T BB 2 AR 2 (Y 1fiL 7 MDA 1L-6 TNF- I1.—6 .TNF-a 7K F F} 75 (P<0.05) , 1 SOD 7K “F- F& 1%
o KT (P<0.05) ,SOD 7K - B (P<0.05 ) 5 5 4% (P<0.05), TEWLFE 6.

&6 FBHKXRMFEH MDA.SOD. IL-6.TNF-a 7K F HI L (x+5,n=10)
Table 6 Comparison of MDA, SOD, IL-6, and TNF-a levels in the serum among different groups of rats (xxs, n=10)

415 MDA/ (nmol/mL) SOD/(U/mL) IL-6/(pg/mL) TNF-o/ (pg/mL)
X B 2 3.19+0.51 49.32+3.58 8.67+1.07 21.89+1.96
15275 241 14.57+1.29° 12.16+0.94° 45.73%3.59" 94.26+6.45"
TEAR AL F AR 4 11.26+1.73" 24.19+1.92" 32.54+2.71% 73.14+7.39*
AL R P e 7.54+0.92 32.78+2.05% 20.31+2.39% 50.96+3.28
TR 2 ) A 3.49+0.56" 45.69+3.17" 12.19+1.04 31.75+2.61%
FG-4592 41 8.24+0.74* 32.53+2.56" 27.98+1.92* 62.83+4.58"
T 50 AL H AR, °P<0.05 5 ST AL H 48, PP<0.05 5 5 1 46 AR 4k 41 FL AR, P<0.05 ;5 A7 46 28 7P i ik 401 L 450, 4P<0.05 5 5 14 44 28 1 )

HA L, P<0.05,
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