2026 4F 1 H | 51 B2 @ ‘4’131‘1’?5%“:& Vol. 51, No.2 | January, 2026

CHINA JOURNAL OF CHINESE MATERIA MEDICA

T PTBP1/PKM2 38 F& ¥R A 41 il 75 .0 JUkr
B7 v A0 20 PR il 2 bk e s B9 A4 AL Tl

IS, EaP RRAC, R, AR, BEE, RAC, gAY
(1. HdHFPEHRF PHELLSFR, #d KV 410208;
2. mEAMFEHNEFT O A ELLRE, Hd K 410208;
3. METESKRY EFR FRARBMRE, Hd KV 410208;
4. HEHPEHRFH—WEER FRA, #d K 410021)

[(HWE] ETZRMEERERSEGEN 1(PTBPL) /PR ERIKES M2( PKM2 ) 8 #% , 3R HH M 450 8906 (JRBF ) XK Ui 3h
Jok s FE (HPH) /NI ITVE R B A AL . PR SB35 45, 45 60 H SPF Gt CS7BL/6 /N BRI B IE # 4 , BT, PG
AAEA  JRBF I b B A, B HATAYMES )G, 75 EGE 10%=0. 5% 8 h, 4k 4 J8, R4 OSBRI &
H/NRA D E MR E (RVSP) , /I sh ¥ B AILAS I i sf Jik i 8 st () ( PAAT) | i 5 1l B 18] ( PET) | = 2R 9 34 U 4 301 12 B8
(TAPSE) F4F I 147 O T REE BE (RVAWA) , HE 34 68 51 Masson Z% €56 0 Jifi /N 20 Jiss 30 038 O JUTL 200 i TR B R 058 B 0 AR I
., Western blot il /N fUfiZH 24 b PTBP1 PKM2 Fil PKM1 33Kk , e iE 58 YCA I PTBP1 At sh i 18 LRI ( PASMCs ) A1
1 o-SMA (35 v 35, LRI 27 EoAG I il 2 2R i 3 rh LR & /. RSP SEFR A, AIR%L (1% ,48 h) 1755 Al sh k-7
ULAHAEL (W PASMCs ) A7 AR | CCK-8 SEURTTHIE Y JRBF & 25 & fe A T K (10%) , i — 2538 58 EdU |, Transwell 4351800 41
M35 IFFLHE ST, Western blot ¥ill/N U ZHZA b PTBP1 PKM2 F1 PKM1 35, i H @A I FLIR 4 i, 45 54 487R , JRBF B3
3% HPH /MR RVSP . PAAT/PET  TAPSE , Jd it 1 45 75 998 0 JOLAH B A0S A % Jse IR £F 248 0B 5 JRBF T 9 fiti 41 2L 1 PASMCss
PTBP1 PKM2 K35, M FLER 5 ; 10% JRBY % 25 1ML i 7T 0 IR 015 2 09 hPASMCs H47H 1%, AR 40 Jf L R A= i % PTBP1
PKM2 %3k, % iR JRBF Rl AB@E 10| PTBP1/PKM2 {5 54, IS WEBE AR 45, NI 45 5T HPH K ZE LR

[RHER]  Blabilizs 0Mon:; RAMEI SIS & ; PTBP1L/PKM2 38 #%; i 2l kT8 LA 5 i 1 i

Junren Bufei Yixin Granules attenuates hypoxic pulmonary
hypertension via PTBP1/PKM2 signaling pathway

ZHENG Run-xiu'?, WANG Shi-zhong' , TAN Jun-lan®, CAO Xian-ya">, HUANG Wei'?, DAI Qing'?,
SONG Lan®, DAT Ai-guo"****
(1. School of Integrated Chinese and Western Medicine, Hunan University of Chinese Medicine, Changsha 410208, China;
2. Hunan Provincial Key Laboratory of Vascular Biology and Translational Medicine, Changsha 410208, China;
3. Department of Respiratory Diseases, Medical School, Hunan University of Chinese Medicine, Changsha 410208, China;
4. Department of Respiratory Medicine, the First Hospital of Hunan University of Chinese Medicine, Changsha 410021, China)

[ Abstract] This study is aimed to investigate the therapeutic effects of Junren Bufei Yixin Granules (JRBF) on hypoxic pulmonary
hypertension (HPH) and explore the therapeutic mechanism through the polypyrimidine tract-binding protein 1 ( PTBP1)/pyruvate
kinase isozyme type M2 (PKM2) signaling pathway. Sixty SPF-grade C57BL/6 male mice were randomized into normal, model,
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sildenafil, and low/medium/high-dose JRBF groups. HPH was induced by hypoxic exposure (10% O,, 8 h/day) for 4 weeks. The
right ventricular systolic pressure (RVSP) was measured by right cardiac catheterization. Echocardiography was employed record the
pulmonary artery acceleration time (PAAT) , pulmonary ejection time (PET), tricuspid annular plane systolic excursion ( TAPSE) ,
and right ventricular anterior wall thickness at diastole (RVAWd). The histopathological changes were observed by hematoxylin-eosin
(HE) and Masson staining. Western blot was employed to measure the expression levels of PTBP1, PKM2, and PKMI in the lung
tissue. The immunofluorescence assay was employed to detect the co-localization of PTBP1 with the marker alpha-smooth muscle actin
(a-SMA) of pulmonary arterial smooth muscle cells (PASMCs). The lactate assay kit was used to measure the lactate levels in the
serum and lung tissue. In the cell experiments, the hypoxia model was established by exposing human pulmonary artery smooth muscle
cells (hPASMCs) to 1% O, for 48 h. The optimal (10% ) JRBF concentration for intervention was determined by the cell-counting kit-
8 (CCK-8). The cell proliferation ( EAU) , migration ( Transwell) , PTBP1/PKM2/PKM1, and lactate production were analyzed. The
results showed that JRBF significantly reduced the RVSP, improved the PAAT/PET ratio and TAPSE, and attenuated pulmonary
arteriolar remodeling and myocardial fibrosis. Furthermore, JRBF suppressed PTBP1 and PKM2 expression and reduced the lactate
accumulation in the lung tissue and PASMCs. The cell experiment results showed that the 10% JRBF-containing serum inhibited the

proliferation and migration of hPASMCs, while decreasing the PTBP1/PKM2 expression and lactate production. In conclusion, JRBF

mitigates HPH progression by suppressing the PTBP1/PKM2 axis and restoring the glycolytic flux.
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Table 2 Effects of JRBF on echocardiographic indexes of the

mice in each group(x+s,n=4)
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Fig. 1 Effects of JRBF on pathological changes in the cardiac

tissue of the mice in each group
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A3 JRBE XA/ B LS R A RO (s, n=3)
Table 3  Effects of JRBF on pathological changes in the cardiac

tissue of the mice in each group(x+s,n=3)

4 JRBF XA ZH/INGUI ML R AR A AN (s ,n=3)
Table 4 Effects of JRBF on pathological alterations in the pul-

monary arterioles of the mice in each group (xxs,n=3)

25 51 A B/ mm? Fi D R4 %
IEH 168. 8+16. 12 2.2+0. 127
(el 295.2+28. 93" 4.120. 169"
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JRBF-L 262.3+20.43 3.920. 486
JRBF-M 198.0+17. 45 2. 8+0. 3962
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P<0.05), H. i JRBF-M #l JRBF-H 40 4F JH 2 54
TARFIEA (P<0.01) , H2 HZ R LB ELER,

B2 JRBE X452 /0N B /I it 8 9 2 ek 22 f) 52 0 (HE
Jetn)
Fig. 2 Effects of JRBF on pathological alterations in the pulmo-

nary arterioles of the mice in each group (HE staining)
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41 51 WT%/ %
EH 20. 06+0. 76
HBETRY 42.57+2.22"
P HbARE 25.25+2. 46%
JRBF-L 35.050. 54
JRBF-M 27.08+1. 88%
JRBF-H 24.62+0. 46”

419 PTBP1 Al PKM2 25 1 A i & TH i (P<
0.01) ;7 B9 JRBF 4/NEUiigl41H PTBP1
FIPKM2 [ 3R A A BI AL 41 3 g R AR (P <
0.01,P<0.05), H 2 {8 Jo i % 22 5 ; 1fii JRBF-L
H/NEAT 4T PTBP1 Al PKM2 £ H £ 3k = 515
BRI o225, HubRIE, 4412 | PKM1 8 %k
WY IR ELER, A, AR/ R4
PKM2/PKM1 [ H A 2 B0 R . 5 1E H 4L/ BROA
e R T 5 S i 0 2 b PKM2/PKMI 1 He (8 8 3%
Fm (P<0.01) , H &R & % JRBF 1T A3 20 R AR AR
A0 PKM2/PKML B HefE & (P<0.01) , H 2
ZH R OR 0 B 25 25 5, T JRBF-L 41 H: (4%
PRI A T TR B 3 25 5, A, AR/
2 R 1) Ha % 9% R $27~ PTBP1 7E IR A5 5
LR/ R 41 28 0) 7 ) PASMCs R H A B B E
£ T A [ 9 B f JRBF AT AR HE e ik, LI 3,
%5,

3 JRBF X454/ BUZHZURT PASMCs th PTBP1 PKM2 I PKM1 35 (9 #200 ( Geie 9t )
Fig.3 Effects of JRBF on the expression of PTBP1, PKM2, and PKM1 in the lung tissue and PASMCs of the mice in each group

(immunofluorescence )

3.6 X/NEURAL MG A RS RAEE  S5IE
T R A L AR 2 /)N SRR i 2H 250 S R0 I v
A& B FE (P<0.01), T &K JRBF T
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50 AT B 5. R AR it 20 2RI Il TR FLER & (P<0.01)
SRR & JRBF ¥ n] A &0 /DMK 05 S 10/ B
Jili 20 2 LR 5 T 2 ( P<0. 01) BN IfIL Y85 PR Y
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%5 JRBF % &4H/NEUtiZH 2R PTBP1 PKM2 F PKM1 A B0 (x+s,n=3)

Table 5 Effects of JRBF on the expression of PTBP1, PKM2, and PKM1 in the lung tissue of the mice in each group(x+s,n=3)

4151 PTBP1/B-actin PKM2/B-actin PKM1/B-actin PKM2/PKM1
EH 0. 308+0. 097 0.303+0. 180 1. 108+0. 038 0.273+0. 146
T 1.163+0. 164" 1.1270. 132" 1. 082+0. 199 1.117£0. 229"
JRBF-L 1. 161+0. 801 1. 0400. 079 1.039=0. 201 0. 990+0. 200
JRBF-M 0. 782+0. 148% 0.694+0. 110¥ 1.050+0. 177 0.756x0. 219%
JRBF-H 0.736x0. 1777 0. 601x0. 126> 0. 80320. 157 0. 677x0. 152%

FLRR S R W, Wk 6,

F 6 JRBF X4 £H /s BUIW 2H 2R ifi i 2L AR & & 1 52 i
(xxs,n=3)
Table 6 Effects of JRBF on the lactate content in the lung tis-

sue and serum of the mice in each group (x+s, n=3)

# 7  JRBF ML hPASMCs 7715 R A (xts, n=3)
Table 7 Effect of JRBF-containing serum on the viability of

20 51 Jili 20 2L FL 2/ mmol 'gil 17 FLAR/ mmol - L™
IEH 0. 549+0. 071 3. 625+0. 056
LT 1.102+0. 021" 7.407+0. 243"
JRBF-L 0. 814x0. 078% 7.01620. 209
JRBF-M 0. 682+0. 0142 4.096+0. 084%
JRBF-H 0. 67620. 003 5.770+0. 099%

3.7 % hPASMCs A1
BEHS PASMCs W95l 1T fE

IS4
2

Wi BIFFEARAE , IR AT
o YT ToRE

W, AT 23 PASMCs Jii REFR AL Sl i —
HARST JRBF lad 3% PASMCs 1451 T RE 1 LA
PO AR 5 10 i 1 A5 =98, A Y 5% LA A it 3 ok - 1
WLAR M A58 0 G HEAT AR AN SE B0 36, B ad CCK8
R AN [6) e BE JRBE 5 24 1l 7 IR 42015 5 10
hPASMCs FEI%F 02, W3R 7, SR BxR, 5% A
HHML, 5% . 10% . 15% . 20% F1 25% /) %5 1 1L 1 %
M AF G R LR ELm, MAAT B EIES
hPASMCs 771 F T+ (P<0.001) ,5% . 10% . 15% .
20%1 JRBF 75 24 IfiL 3 P A [F) R 2 o A1 400 B 1 A7 0
R H 10% H1 15% JRBF 5 24 1M 17 410 ) 134 % 24 5%
A EFE(P<0.001), H —FZHTCEH 2R,
I, SRS e B 10% 750 JRBF % 25 1ML 35 9+
Tk B, X REZHAR L, AR A PT 2 255 hPASMCs
HFEAIER (P<0.01) , 1fil JRBF £ 245 L3 1 15 AT ik
S ART5 3 1 hPASMCs 3458 AT R BE 1308 (P<
0.05,P<0.01), WLIKl 4 8,

3.8 X hPASMCs 1 PTBP1.PKM2 PKM1 323k (%)
i KA 5 S hPASMCs H PTBP1 PKM2 %3k
BETHE (P<0.01) , 1%} PKM1 A9 3350 i &5

hPASMCs (x%s, n=3) %
R RS
JRBF & 245 1.7 e il
0 100. 003. 000 137. 4+3.286"
5 95. 60+2. 302 129. 6+2.793%
10 96. 80+2. 280 117.2+3. 564%
15 95.60+1. 140 120. 2+0. 837
20 96. 80+3. 633 128.0+1. 4147
25 98.80+1. 643 131. 8+2. 754
T SR AAS ML P<0.001 ; 51K 25 1 Mg 4 > P<
0. 001,
FRR 50 pum,

4 JRBF & 25 113 X hPASMCs 3458 iTF% 1 20
Fig. 4  Effects of JRBF-containing serum on the proliferation

and migration of hPASMCs

# 8 JRBF &2 M5 X hPASMCs 3458 i 8% (1 5 (s,
n=3)

Table 8 Effects of JRBF-containing serum on the proliferation
and migration of hPASMCs (x+s, n=3)

21 5 EdU FHYEZ/ % TR 4 A A
Xof R 0. 087+0. 017 64. 67+10. 69
A 0.243+0. 032" 119. 00 10. 00"
10% JRBF 0.1710. 015 76.00+12. 53%

T S A RA LY P<0.01 ; SH A LY P<0.01,> P<0.05
(F£9~10[),
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M ; 45 7 10% JRBF % 24 Il 3% T #i J5 , hPASMCs
PTBP1 Fll PKM2 3Rk i (K (P<0.01,P<0.05) ,
H PKM1 iR ToAE , HAh, B8 nT 755 hPASMCs
th PKM2/PKM1 JH5 (P<0.01) , 1fif JRBF i o] &K
AR AR S BB PKM2/PKM1 THE (P<0.01) , i,
K539,

3.9 X} hPASMCs FLFRE B2 X hPASMCs
FLIRAE RTINS , W26 10, 5% BELHAH 1L, (R4
7 S MO LR A= S N (P<0. 01) , 1] 10% JRBF &
25135 T UG AR E S5 00 FLER AR 3 in n] g 4y
THER (P<0.01)

F15 JRBF & 25 [fL35 XF hPASMCs 1 PTBP1, PKM2  PKMI1
FIKHYFE

Fig.5 Effects of JRBF-containing serum on the expression of
PTBP1, PKM2, and PKM1 in hPASMCs

29 JRBF F241M1E X hPASMCs #' PTBP1 PKM2 A1 PKM1 kM52 (x+s,n=3)
Table 9  Effects of JRBF-containing serum on the expression of PTBP1, PKM2, and PKM1 in hPASMCs (x+s, n=3)

4151 PTBP1/B-actin PKM2/B-actin PKM1/B-actin PKM2/PKM1
Xof HR 0.314+0. 155 0. 481+0. 174 0.9910. 155 0.495+0. 179
A 1.175+0. 089" 1.2010. 236" 0. 9090. 097 1.388+0.297"
10% JRBF 0.397+0. 1662 0.829+0. 116V 0.870+0. 111 0.964+0. 157%

210 JRBF &2 % hPASMCs FLRRA: U (s, n=3)
Table 10  Effect of JRBF-containing serum on the lactate pro-
duction in hPASMCs (x+s, n=3)

251 W FLIR/ mmol - L™
popitst 1. 842+0. 006
[ 3.107+0. 028"
10% JRBF 2.023+0.011%

4 it

HPH J&—F 1 T B A BT 5| K 19 38 3 i /s 8
O AP A 2 1 7 i I 5 , I DR 2 30 g I i
RIXE 1% B e NEE , = 7, W9, K i 45 s it Je ]
A D ERELEIET:, HPH /E R — R e 7 PR
HA R R B BOER TS 22 05 sk
B= 2 HORy 7 i R B AR IR T IR B
LREIRIT TP GRSy o TP EE AR I R AR A
FERG VA 3 Wi Jamd . CRAX - K18 ) B Hm
BLR < M T Mg ™, kg W 55 O il <O R R
JE T D) PR SIC 2R s il 4% il A< AN ), A
TN AR, B Wiz, IO 7 R A RS A R
J7 HPH 25577, i I R o2 45 R FLnT A 3%
e R I AORER | VBRSPS ) SE IR 1 5%
S 38 0 o) e I A | i i 2l ik e R A4
PG5 AR AT R G2 i HPH R TR0 LA A 0 28 B i
MAFEEE " A AN 2RO UL LA L 7 S FE T
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RIONE kTG Rl v o S SR B a3
BFE R 2 i, FH 25 T I0ORG 7, 25 M0 S SR i R YA
J7 HPH U8 RIFRCR . i AS AR, 2L
LSRN W SR S E2TRY =0 s AN N 5 6 R IN I T
JhkE g , DABH 5, WO S5, S e 52 05 1 A,
TR, FF S5 R K A il A=l B, KA T 0] g 1%
S AT e T O B2 AR LA AR AR
TREEBIRAFNG | 5 H 5 B0 KOTTHEE NG 25 <, KA H IR
G2 Sy AR A IE , 22 4h 2500 il
KA Z sk, BARZY BEERE ST R A T TR R 25 A
S FEN T NS BT Rg, WA AN P B 40 1)
Vi) o5t 240 B2t A A 5 i, ol et 8 1 OB AR Y I
SRS i 1T A P B T g B, AT S K AR5 3 1
Filish ki 22 Ak, O RS A R U 4
PSR, $ESC T HPH ifi 3 ik 8 98 HA 5 P/
FH, HATRE 2T WL S A i) K B PASMCs 19 R AiE
FNE VK AR S R A, DA TG 2 44 LX) 4 i ) 412 9
T I AR

it 1M A5 9 02 HPH (9 DG S BURRIE , AR 5%
KHEH 8 h gk 28 d H A& =M 8/ i
HPH #5588 JFXEE JRBF 1 b7 4 FH 24 X6 /I B0 il iy
TLsh Jr2f WA FA O = IR, 5% R
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BEJELRE FH T Mtz v/ NS K ( AR 50~ 100 pm ) 457 5E
6 L= N SIINE 1| 2 i o NN = S R
TNBTRA AT AT AN ) 550 v BE B JRBF T B
TG , &4/ BURIUOR R R B 4541 HPH F R4
FH. 78 JRBF X HPH #5580 /N BLEA % 0 59 B ¥4
RO, T B I A 0N Bl ) A % i i i A YA A
Ge AT U D RERRE A, I v e R R i AR = 4 9T R
ERFACH A, B S A T8O Y
PASMCs [ 575 3958 RS 7F HPH ()9 HLAE {b
TR SCHEEH  ARWF ST aE R JRBF 1T 5 2
MIREES T ) hPASMCs 345 i, #% JRBF 1]
AETM I3 A M % PASMCs 1 51 A0 ) AT & 445 BH
T il 14 A B4R . HPH AR 3895 B2 PASMCs
B SRET A, T B0 R PR,
S BT A0 ) RE A AR A TR SR, 4R AT
7T 2 A ook & A AR, 1942 4R Otto War-
burg $2& H ICIE E K Q0] , 82 4 AT A6 17+ 1)
20 0 1 A 2 ATPS X R B R N
CPUURERRLN” . J5 B N AN 9T 3 0E 52 T 3K ol 1)
P ik 2 R AR =3 3 S R PASMCs 14 2 Al
MAEE, 5 PH A LA RIBHEVIME S, PK fi#
FEBEmE R 5 — AN Tl (925 98, 7E g 3L s o
B 2 A i 4 i) TG, Horf PKM 2 A 5 A
HHEF AN B e PR PE BT 2 4 A% PKM1 FI PKM2,
AN PKML A A AL BER 1k, PKM2 A 34
PR iff , P2 1) %35 T i 6 A 40 o 3 ) 23K
DA b G 7 P o 3 AR 0 AN (R EE SR R E Y
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