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R Dy HeAE A, IR G0 5 W BRE 0 A2 7 (BLISA ) A6 ifit 7 N A< ity B 8 1 4% BK 77 & (N T-proBNP) % £, 3 K - 21 (HE ) % 5 8K K
SR ZH 2 O LR SUR A, 3R 9% B3 7 (Western blot) £ I K5I 26 41 AVP LAQP1 . AQP4 Al ILZH 21 AQP1 . AQP4 AQP7
A RN, SO 2 B A B4 X B (Real-time PCR) K 2121 AVP LAQP1,AQP4 mRNA 235 7K T, A6 .0 Il 41 21
AQP1.AQP4 . AQP7 mRNA FKik/KF . &R : 5T AH WE  BBRH KR A0 ENR(LVID) 31 (P<0.01) 55 1l 43 %X
(EF) & i 47 /5 3 (FS) B3 i 4 (P<0.01) (/o0 % 25 BEJEL B (LVS \LVPW ) i 35 14 J5L (P<0.01) ; 1ML i% NT-proBNP & it i 2 14 i
(P<0.01) 5 K B 2 2t 28 40 B K b 23 A A8, R B oo JLASE 6 DX o0 WL AT L IR K 20 L7 248 7 284 5 i 41 21 AVP LAQP1.AQP4
mRNA J 8 1235 8 3 77 (P<0.01) , .0 LA LT AQP1 . AQP4 . AQP7 mRNA J £ 1235 i 7 (P<0.01) . 5HAIAILE,
FE A 31 41 AN T 14K BUZS 0 3 N AR (LVID) i 43 30 (EF) A il 47 5 22 (FS) g0 %8 & BEJRLE (LVS \LVPW) ¥ 4 A i
T P 3% (P<0.05,P<0.01) ; Ifil 7 NT-proBNP & i I 5 i 2 (P<0.05) ; /Il 26 £ 4 25 200 Jf /K i i 6%, o0 JOL T 4 HE 20 80 5, 3B 4 0
WU HIIRBE ; B 4181 AVP LAQP1  AQP4 mRNA J i (1 ik B F AL (P<0.01) , L ILAIZI AQPT . AQP4,AQP7 mRNA J ik 1K i
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[Abstract]  Objective: To explore the effects of Bushen Huoxue prescription on the expression of

arginine vasopressin (AVP) and aquaporins (AQP)1 and AQP4 in the brain and AQP1, AQP4, and AQP7 in the
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myocardial tissue of the rat model of heart failure after myocardial infarction. Method: Sixty healthy male SD
rats were selected and randomized into sham surgery, model, Bushen Huoxue prescription, and tolvaptan
groups. The rats in the sham surgery group only had their coronary arteries exposed without ligation, while those
in the other groups were subjected to ligation of the left coronary artery combined with exhaustive swimming and
starvation for the modeling of heart failure after myocardial infarction. After the successful modeling, the rats in
the tolvaptan (1.35 mg-kg') and Bushen Huoxue prescription (15.75 g-kg') groups were treated with
corresponding drugs, and those in the sham surgery and model groups were treated with an equal volume of
normal saline for 4 weeks. Color doppler echocardiography was employed to measure changes of the left
ventricular structure and function in rats. Enzyme-linked immunosorbent assay (ELISA) was employed to
measure the serum level of N-terminal pro-B-type natriuretic peptide (NT-proBNP). Hematoxylin-eosin (HE)
staining was conducted to reveal the pathological changes in the myocardial tissue. Western blotting was
employed to measure the protein levels of AVP, AQP1, and AQP4 in the brain tissue and AQP1, AQP4, and
AQP7 in the myocardial tissue. Real-time fluorescence quantitative PCR was conducted to determine the mRNA
levels of AVP, AQP1, and AQP4 in the brain tissue and AQP1, AQP4, and AQP7 in the myocardial tissue.
Result: Compared with the sham surgery group, the model group showed increased left ventricular internal
diameter (LVID) (P<0.01), decreased ejection fraction (EF) and short axis fractional shortening rate (FS) (P<
0.01) , increased left ventricular septal and posterior wall thicknesses (LVS and LVPW) (P<0.01) , elevated
serum NT-proBNP level (P<0.01), edema and vacuolar degeneration of nerve cells in the brain tissue, necrosis
of myocardial cells and rupture of myocardial fibers in the infarcted area, and upregulated mRNA and protein
levels of AVP, AQP1, and AQP4 in the brain tissue (P<0.01) and AQP1, AQP4, and AQP7 in the myocardial
tissue (P<0.01). Compared with the model group, tolvaptan and Bushen Huoxue prescription restored LVID,
EF, FS, LVS, and LVPW (P<0.05, P<0.01), lowered the serum NT-proBNP level (P<0.05) , alleviated the
edema of nerve cells in the brain tissue, improved the arrangement of myocardial fibers, mitigated the necrosis
of myocardial cells, and downregulated the mRNA and protein levels of AVP, AQP1, and AQP4 in the brain
tissue (P<0.01) and AQP1, AQP4, and AQP7 in the myocardial tissue (P<0.05, P<0.01). Conclusion:
Bushen Huoxue prescription can regulate cardiovascular and cerebrovascular fluid metabolism disorders, delay
ventricular remodeling, and improve the cardiac function by downregulating the expression of AVP, AQP1, and
AQP4 in the brain tissue and AQP1, AQP4, and AQP7 in the myocardial tissue in the rat model of heart failure
after myocardial infarction.
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P 45 A G, BRI Ut A B2 AR 4% 38 2ok S 50 A 5 ok W ify L
P A A5, 5 PRI AOMAR B
1 ##
1.1 Zh¥  fEREAETE SD KB 60 H, 1K it & (200+
20) g, TIL T R 2 K 2 3 ) S 3 v 3 P A 3R
1, % i 20~25 °C, A XF 12 B (50420)%, 12 h/12 h
FHT G JE 0T 30 ) LR £, B B AR IE S SCXK (L)
2020-0001 , A 5256 2830 7 v s 245 KA AR L 28 D 25
i, 45 21000042022076 .
1.2 Z¥ B EIn T4 EE40g NS 10 g,
B 20 g g BEHL 20 g HOKE 20 g A MRURE 15 g 21
W1s5g & 10g. =-LHr s g, W HIL TP EZKF#
B Jm s Be , Ok R HR i BE 3 AT b 24 0 2E S Rk 5T AR 4
SE B N R K E 1,575 ¢ mL 259 . FE1R
T3 WL R K 25 A BR A w45 2111078, i
il Sk ST HE B 0.135 g LI
1.3 5 N B &R 40 KT /& (NT-proBNP ) fiff
I B 28 W B I 2 1 (ELISA )R 7 & (L it Wi 16 2R )
3 AL 5 ml003243-C) , 9 A FE-JHEL (HE) e 43
R (A m RAEMBEARAIRAF L H#S C0105) ,RNA
FEUL (TransZol) i 57 & 2 56 s 50 & S 28 e
H B AT 6% =0 52 7 (Real-time PCR) X5 & (db 5t 4
KB EWHARA A, 555 ET111,AU341,
AQ211) , AVP Hi ik . B-WL 3l & 1 (B-actin) 47T 4 ( 3 &
Affinity 24 ®) , 5% 5 43 5| Jy DF14629 . AF7018) ,
AQPI LK AQPAHLIA (T [H Abacm 24w, 535 43 Jil]
N ab168387. ab259318) , AQP7 #T & ( 1 [
Servicebio 24 7], 525 GB113079-100) , “F-H1 it (1gG)
(b P B 2R A | L 485 SP-0023) .
1.4 ¥4 Vivid 7 Dimension B 3% {t £ 3 & #8 =
HL (3 [ 38 1 HL A2 W) ), Roche 78 52 2¢ ) 5 1 R
4 W 5% X & B (Real-time PCR) 47 3% 4% ( 7% [®
Rouche Diagnostics Gmbh 2\ F] ) , Multiskan MK 3 %I
ifti 7 {1 (3% | Thermo 23 A1) ,JY300C %I 2K [ HL UK AX .
1704150 #%% B A (56 [¥] Bio-Rad A ] ) o
2 HiE
2.0 EEFEMY SR BUEAT 1R IE N SR
LR H B IRK 45 5 6 L AT BE B 4320 i
FARLANS H), FARY (45 H) . RAuj12 h2Ea K%k
IRAL B 3% I 28 (50 mg - kg™ ) 1 i 0 5 PR e
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FLAHR . SEFL G X R UL T X T B R A S
IFEEPURG A BT ARE HHEEL AL, R
WBEARAS o WA 5 R B B2k, Y ST Brdh >
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SR JE BRI R E R A — R IR R R
HEARGGE, & H #1708 X0k 1~2 W2k
28 do 79 =i Uk 4 AR IS X A7 T KRR AT 0 IE R
RGN, SRR o A 22 0 2 S L 50 X (BF ) <45% .

22 G ey RS BRH E ALY K RSt
26 H R HIBERL /3 2%, 7 4o B AL 4 9 H FE AR
WA H A BF M 9 R, T RA KR
12 H ol ad A RS R0R) i 4 3 G ARt 4 45
TAEARE SH I W 1.35 mg-kg ' W H 4 E S I 4H 4
T kb B LT 2 W 15.75 g-ke ! HE B (Rl B 5% HIE
SO A AR AR B L SO X A R T
) BT A L AABE AR 2 AT S A R A PR K
B, 328 d.

2.3 A2 L0 3 I K RS O G5
Diae st B S WG R 3% I 24l
(50 mg-kg") & JF 13 56 04 J7 2R e R B, o I DX MG
B KA, BEAT 0 B R, L2 45 K RS
L% IS4 R N 42 (ESD) (& 5k K W 4% (EDD) \EF .
i 4 0 R (FS) M A8 4k, UL A 0 4 /47 T R 11
2 [A) B R B (LVSs/LVSd) M 45 /4T 5K R 1 I B JEL
(LVPWs/LVPWd) 1754k .

2.4 ELISA ¥ il % NT-proBNP & & i 3= 3 ik
UL 5 4 °C .3 000 remin” & 0> 5 min ( B 0 2 4%
2.5 cm, N[AED)LAAESIME  $% ELISA 57 & #/E
FE IML75 NT-proBNP & & .

2.5 HEZ @AM REMAL OCIALREE B
KEMAR G0 NEHHE T 4% 2 5 R 7
FE A BRIEAT K A B P R JHE 3y, %t
i 21 275 0 ILZH 80955 3E 25 A28 A6 E A7 % EEL SR
2.6 Real-time PCR i ll i 2 41 AVP. AQPI,
AQP4 mRNA K 0> L 41 21 AQP1. AQP4. AQP7
mRNA F KK B4 21 Ko LA 2145 100 mg,
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0 RNA $2 B ) & il 2 8 RNA ; B 43 66
THN 5 L2 B Kook B 5 N R % SR &L DL RNA
Shy B A B L B AR R A5 A R 45 °C i 20 min,
85 °CHNIN 5 s, JL % 5t cDNA; L cDNA A A5 A,
B-actin J N Z 5| Y H#EAT PCR Y14, 4184 4142 94 °C
AR P 30 s, 2 B A 34 (94 °CAE P 5 s, 60 °CiR &
155,72 °CHEAfI 10 s) , 45 DG IR, 4% Bl 2k 47
BT, PCREIY t 4 T TR (i) A BRA H
WItG L 51T s LR 1.

®1 317

Table 1 Primer sequences

L) JF3(5-3") K /bp
AVP - CATGATGCTCAACACTACGCTCTC 24
T CCTCCTCTTGGGCAGTTCTGG 21
AQPI  L¥f ATTGGCTTGTCTGTGGCTCTTGG 23
I TGGTTTGAGAAGTTGCGGGTGAG 23
AQP4  Lif GAAGGCGGTCACAGCAGAGTTC 22

Fi# AGTCCAAAGCAGAGGGAGATGAGG 24
AQP7  I'J# GCAGGTGGAGAACTGTTGGTGAC 23
T AACTTGTCCGTGATGGCGAAGATAC 25
i CCTGGCACCCAGCACAAT 18

B-actin

Fi# GGGCCGGACTCGTCATAC 18

2.7 3B R B (Western blot) 6 i i 2H 2
AVP AQP1.AQP4 K. JILZ4HZ! AQP1 . AQP4 . AQP7
HHRBKE O WUR R 2 2 T2 e L
W, 23 5 4 °C .12 000 r-min™ & .0> 15 min, B -
T, RO AR R SR AR RS T i i R
Vo S I L G RS BEAT AR AR 8 il 2H 8RN
O LA A RE & Marker Jin A HE 3k A8 A0 EL Yk 1~1.5 he

x2 HEEOAMKRECELEMRINETLNIZIE (F+s,n=8)

K B B H Uk B I BRI % B & PYDF I L, ifE 4T
L %% 60~90 min, ¥ PVDF B8 i & T 5% Mt A5 05 43
£ A2 h, H TBST % B UEJE , B h = | 1
(B-actin 1: 5 000) &% H 1 & H (AQP1 1:2 000,
AQP4 1:1 000.AQP7 1:500.AVP 1:1 000) 53 5] 4%
EL B 30E 47 #%5 B K PVDF & T ik 4 °Cii & i
o WH, BYLHLAEIG , ¥ PVDF ] TBST i Bk
Ve, ¥ PVDF B A 3 (1:5 000) h = I8 F
1 ho PEAR, I I b €65 9 B8 O i f% , ] Image J1.8.0 4k
PR 4 A7 45y I BE A, LB 41 41 5 0 LA 41
AVP | AQPs I AHXT K ik i .

2.8 Siil2¢J7ik R SPSS 26.0 it #4471 43
Bro EWBIEUS £ sRRm. WFEIEERH, 21
FE AR S5 880 Ll 35 R FH B TR 28 07 22 43 A, T B R
TN M 25 U (LSD) e A 56, A AL 8]y 252 R 5%,
fdi Ffl Dunnett 73 #5536 , DL P<0.05 £ m 4 0] 22 54 48
ES-9'8

3 #7

3.1 X RRZEOESW &I Em 51k
F AR e, B 24 K B 220> % ESD \EDD i % 3
Jn(P<0.01) , 22 0> & EF . FS & % bk 2> (P<0.01) ,
LVSs.LVSd .LVPWs . LVPWd i & 5 (P<0.01) ; 5
S A 20 LA, FE AR 3 41 /2 0 % ESD ik 3 s /b (P<
0.01), 7.0 % EDD B 8.3 > (P<0.05) , EF & 3 55
(P<0.01) , 7c 0> % FS W] & 3% Jmn (P<0.05) , LVSs.,
LVSd.LVPWs . LVPWd J& & B i T B (P<0.05) ; 5
BT 20 Lb A, 4 BT O 2H A2 00 % ESD i 25 8 /> (P<
0.01), /20> % EDD BH & 3 /> (P<0.05) , EF .FS & 3
FFF(P<0.01) ,LVPWs . LVPWd B & Jif /> (P<0.05) .
W2 1.

Table 2 Effect of Bushen Huoxue prescription on changes in left ventricular structure and function in rats (x+s,n=8)

41531 /g ke ESD/mm EDD/mm EF/% FS/%
B F A4l 3.6+0.02 4.7+0.03 68.26+1.94 39.71+5.25
TR 4] 5.8+0.03" 6.5+0.05" 37.77+2.04" 21.17+4.10"
otk H 4 1.35%x10° 4.1£0.02% 5.0+0.02% 61.64+1.39% 35.88+1.64%
AN I 4L 15.75 4.0+0.03% 4.8+0.08% 59.31+3.40% 36.68+3.51%

21 51 /g kg LVSs/mm LVSd/mm LVPWs/mm LVPWd/mm
e F A4 2.63+0.21 1.90+0.10 2.57+0.45 2.23+0.15
R4 3.37+0.15" 2.57+0.06" 3.70+0.10" 2.93+0.15"
FEfkHH 4l 1.35%x10° 2.87+0.15% 2.20+0.10” 2.87+0.15% 2.17+0.12%
AN I a2 15.75 3.10+0.10 2.23+0.15 2.67+0.17% 2.21+0.15Y

T ST ARE E VP<0.01; GBI A Y P<0.05,% P<0.01(F3-% 5F)
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A RTARE BRI  C AL s Db B 1L 2H (5] 2-
Pl 41])
1 #EEnFNKRAOELENRINET LT
Fig. 1

Effect of Bushen Huoxue prescription on changes in left

ventricular structure and function in rats

3.2 XKML TE NT-proBNP & B 5B F
A2 B, R R 2] I 7 NT-proBNP & &= i 35 14 i
(P<0.01) ; 5B AVZH L85, 46 Aot 30 20 5 &b ¥ 35 1l 20
ML 7% NT-proBNP 7 i B &) /> (P<0.05) . W& 3.
3.3 AR EUM AL S0 MU 20K 3 E iy sz
TR AR BRU 20 2 25 40 IR 25 D) 8 3 | HE 51 A
FF 5 #5570 21 KRR MG 4 2 1) T AL A, HE A 4 K L L

JiEEE

2 BEHXBRMARAROCMARETS (HE,=200)

F3 EFEMANKRMENT-proBNP S EM M (x+s,n=3)
Table 3 Effect of Bushen Huoxue prescription on content of

NT-proBNP in serum of rats (x+s,n=3)

20 51 /g kg NT-proBNP/pg-mL"'
T AR 4 17.50+2.09
T TR 2] 27.98+1.78"
FEAkE g 1.35%x107 22.89+1.76%
F0 i i 2 15.75 22.01+1.38%

o3 ML AE S BEOK B, A B 0 b K, 2 A i O A T
a5 R GE BOR M s 2248 8 3 kN B E LT IR T
R B M 2 2P 2 240 JH R I K R 0 A Y 2H A
JIT A A R ) SR S R AR IE AR I R
BT A R B0 LS A8 JEAS T, 20 i 8 S R0
AT WL 2 B . A9 AL I 2T 46 B3 IR 5 A58 78 24 R B A AE
DX DU A7 B A0 L5 AL 2 A o0 UL 20 i R 51 AN
D), 085 B WY A LR £ 4 R 2, R kO JUL T B A
o3 UL A A% A R FE B R K 2B 3
AN I T AT R B O L2 2[R RE WL F 0
JUL A i HE B 9 25 8L 15 RH AR L 2 A T A 4 i
HEZ BB 55, 40 0 A% 15 JUL I 7 4 16 74 A A6 28 4
QURCRUI TR TR N E

Fig. 2 Effect of Bushen Huoxue prescription on pathology of brain and myocardial tissues in rats (HE, x 200)

3.4 XFREUNZLZ4T AVP  AQP1 ,AQP4 mRNA J %
FRBMEm S58F AR A 4K BG4
41 AVP  AQP1.AQP4 mRNA K % |1 %58 i % Tt

R4 WEFMANKBMALR AVP.AQP1.AQP4 mRNA R E B RX

1 (P<0.01) 3 SR RIZ] H A, F0 AR 2H 4 FTRh B 3 I
ZH K B 41 41 AVP . AQP1.AQP4 mRNA M % [13%
kB FERAR(P<0.01), WFE4 K3,

G5 0E (x+s,n=3)

Table 4 Effect of Bushen Huoxue prescription on mRNA and protein expression of AVP,AQP1 and AQP4 in rat brain tissue (x£s,n=3)

4 51 F /g kg AVP mRNA AQPI mRNA  AQP4 mRNA  AVP/B-actin  AQPI/B-actin  AQP4/B-actin
BFAR A 1.03+0.32 1.02+0.06 1.06+0.04 0.35+0.02 0.72+0.04 0.43+0.04
H IR 241 3.09+0.35" 4.56+0.33" 3.39+0.83" 0.91+0.02" 0.92+0.03" 0.77+0.03"
FEfR 4l 1.35x10° 1.29+0.05> 1.93+0.06> 1.07+0.52% 0.75+0.02” 0.76+0.03% 0.54+0.02
MBI 1 20 15.75 0.93+0.19” 1.85+0.57% 1.47+0.42% 0.74+0.02” 0.53+0.04" 0.46+0.03>
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3 HHAARMALRAVP.AQP1.AQP4 E B KK HK
Fig. 3  Electrophoresis of AVP, AQP1 and AQP4 protein

expression in brain tissues of rats in each group

3.5 SR EGD U441 AQPL.AQP4.AQP7 mRNA
FEHFZBRER 5EF ARG B, B4R R
DL ZT AQPT . AQP4  AQP7 mRNA M7 13k
B TR (P<0.01) ; SRR L H, FE A 120 KB

O AL 4 21 AQP1, AQP4, AQP7 mRNA # & K&
AQP4 AQP7 # [ ik b FH PR (P<0.01) ,AQP1 &
128 15 BH i B AIK (P<0.05) 5 4B 3% 1 2H R B oo L2
41 AQP1 ., AQP4 AQP7 mRNA J% 7 4 F ik 14 . 2 [
fl(P<0.01)., W4 .55,

AQP1 «mws TS GEE—— esm——— g LDa
AQPY - . . w— 34 kDa
33 kDa

o R
pacin D - - - 0.

A B C D
4 FAXROMEAL AQPI.AQP4.AQPTEHRIXEk
Fig. 4 Electrophoresis of protein expression of AQP1.AQP4 and

AQP7 in myocardial tissue of rats in each group

£5 HEEOLAFKROMNEALR AQPI.AQP4, AQP7 mRNA R EARZMHI (xts,n=3)
Table 5 Effect of Bushen Huoxue prescription on mRNA and protein expression of AQP1, AQP4 , and AQP7 in rat myocardial tissue

(x+s,n=3)
215 Fl /g kg AQP1 mRNA  AQP4mRNA  AQP7mRNA  AQPI/B-actin  AQP4/B-actin  AQP7/B-actin
BF A4 1.01£0.20 1.06+0.07 1.06+0.07 0.62+0.18 0.90+0.13 0.71+0.20
IR 2] 2.99+0.38" 3.92+1.08" 7.07£0.56" 1.35+0.01" 1.20+0.01" 1.17£0.01"
oA H 2 1.35x10° 1.30+0.119 1.60+0.33% 1.92+0.39% 0.98+0.06 0.58+0.01" 0.55+0.03>
H1 5 a0 21 15.75 1.57+0.24> 1.52+0.21% 1.89+0.85> 0.69+0.01> 0.68+0.02% 0.42+0.02
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