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(WE) B T8 8 0LE 3 %8/& 8% BPBKAK) E 5 @R RE RS LR REN A AMBLERRCEERNY
W, Frik HRE30 A7 EH SPF K B A M R A B(SHR) LA K 10 R F JE# Wistar 748 (WKY) A B, WKY & B8 % 41 (£
K E ), SHR 340 AR H (AR AE G ) K4 1E 124 (22,6 mg/mL K 4 b 02 F B 25 4 VA i B ) AR AFE F141(0.11 mg/mL K&
R+ AR ), B AH 10 mUkg FIEGREF 34,8 AN E AR E R d %5 BOK RS LA R R & HEATA
MW A2 E B AR B (LVMI)  HE % 6 30 220 AL 41 4455 22 & b, TUNEL 2% €837 40 L 48 A8 1= 1% 0, ELISA U fn % B %
(Renin) M % %5k % 11 (Ang I ) B2 B (ALD) 4 & , Western blot % % & & & PCR 4 | PI3K Akt # F F-xB(NF-«B) B i E 41
M52 ZEH (Bel=2) Bel-2 A8 % X & & (Bax) it K & 1 B (Caspase )3 . Caspase—9 B & 2 [ (FOS) ¥4 & & P53(TP53) & & &
mRNA £k & FR 5EY AL BEAHME LVMI 75 (P<0.01) ;0 BLEFEREF RS, B A R BERD SR8 EWE,
20} 8 7= % 34 B (P<0.01); fL7% Renin Ang I (ALD 4 &34 /v (P<0.05,P<0.01); /5 L4 4 % Bax,Caspase—3 Caspase-9 FOS  TP53
mRNA %k 7+ (P<0.01), PI3K Akt NF-kB Bcl-2 mRNA 1% (P<0.01) ;0 fLZL 4 ¥ Bax Caspase-3 Caspase-9 . FOS TP53 & 15 %
5 7+ (P<0.01) ,p-PI3K Akt p-Akt NF-kB Bel-2 % 1 & 3 1K (P<0.01), 5AZ A 4 B, KA 0k iz 24 fRAD S A 41 & T P8 (P<
0.01) ;1% AIL4H L e 7 Af e 50, 20 J T AS AR A IE 4, 45 4 4 208 A R D 5 2 O B 1 3 1R (P<0.01) 5 L 7 Renin Ang Il (ALD 4% M1
(P<O01) ;0 LA 44 Bax,Caspase-3 ,Caspase-9 . FOS TP53 mRNA 3k F$1K (P<0.05,P<0.01),PI3K Akt NF-kB Bcl-2 mRNA # 75 (P<
0.05,P<0.01) ;2% AL#L £ & Bax,Caspase-3 Caspase-9 FOS TP53 % 1 % i [#{% (P<0.01) ,p-PI3K .p-Akt NF-kB Bcl-2 % & % £ F+
B (P001) 451 R bR BEERENRR THERAMELE FRNOEEY HERNH T 506§ F-¥ Bk F-8
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(Abstract] Objective To explore the effects of Tianniu Zhixuan Capsule (TNZXC) on ventricular remodeling in spontaneously
hypertensive rats (SHR) based on the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathway. Methods Thirty
7-week—old SPF SHRs and ten age—matched Wistar—Kyoto (WKY) rats were selected. The WKY rats served as the normal control
group (intragastric administration of distilled water), while the SHRs were evenly divided into model group (intragastric
administration of distilled water), TNZXC group (intragastric administration of 22.6 mg/mL. TNZXC solution), and enalapril group
(intragastric administration of 0.11 mg/mL enalapril solution plus distilled water). Each group received intragastric administration
three times daily at a dose of 10 ml/kg After eight weeks, body weight and basal blood pressure were measured. Then, the
myocardial tissue and serum samples of rats were collected for analysis. The left ventricular mass index (LVMI) was measured. HE
staining was used to observe the pathological changes in myocardial tissue, and TUNEL staining was employed to assess myocardial
apoptosis. ELISA was used to determine the serum levels of renin (Renin), angiotensin II (Ang II'), and aldosterone (ALD). The
protein and mRNA expression levels of PI3K, Akt, nuclear factor—-kB (NF—«B), B—cell lymphoma-2 (Bcl-2), Bel-2 associated X
protein (Bax), Caspase-3, Caspase-9, FOS proto—oncogene protein (FOS), and tumor protein P53 (TP53) in the myocardial tissue were
detected by Western blot and RT-PCR, respectively. Results Compared with the normal group, the model group exhibited increased
blood pressure and LVMI (P<0.01). The myocardial fibers were loosely arranged, with evident cardiomyocyte hypertrophy, reduced
cell count, and significant connective tissue hyperplasia. The apoptosis rate was significantly elevated (P<0.01), and the serum levels
of Renin, Ang II, and ALD increased (P<0.05, P<0.01). The mRNA expression levels of Bax, Caspase-3, Caspase-9, FOS, and TP53
in myocardial tissue were upregulated (P<0.01), while those of PI3K, Akt, NF-«B, and Becl-2 were downregulated (P<0.01).
Additionally, the protein expression levels of Bax, Caspase-3, Caspase-9, FOS, and TP53 increased (P<0.01), whereas those of p-
PI3K, Akt, p—Akt, NF-kB, and Bel-2 decreased (P<0.01). Compared with the model group, the TNZXC and enalapril groups showed
a decrease in blood pressure (P<0.01). The myocardial cells were relatively neatly arranged, with relatively normal cell morphology
and reduced connective tissue hyperplasia. The cell apoptosis rate decreased (P<0.01), and the serum levels of Renin, Ang II, and
ALD were reduced (P<0.01). The mRNA expression levels of Bax, Caspase-3, Caspase-9, FOS, and TP53 in the myocardial tissue
were downregulated (P<0.05, P<0.01), while those of PI3K, Akt, NF-kB, and Bcl-2 were upregulated (P<0.05, P<0.01). Additionally,
the protein expression levels of Bax, Caspase-3, Caspase-9, FOS, and TP53 decreased (P<0.01), while those of p-PI3K, p—-Akt, NF-
kB, and Bel-2 increased (P<0.01). Conclusion TNZXC can lower blood pressure and ameliorate ventricular remodeling caused by
essential hypertension. Its mechanism of action may involve suppression of the renin—angiotensin —aldosterone system (RAAS)
activation and reduction of cardiomyocyte apoptosis. The PI3K/Akt signaling pathway is likely to be a key pathway mediating its
effects.

(Keywords) essential hypertension; Tianniu Zhixuan Capsule; renin-angiotensin—aldosterone system; PI3K/Akt signaling

pathway; apoptosis; ventricular remodeling
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HOE DO R S A, HA W I SR
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RAAST, ShHSE86 R, KA 1k 12 s 2 v FAAIK v 1M
JE K O WURE I B 4, By 1k A2 s IR JRE 1Y) 2 A % e,
KA 1 W g 208 2 75 30 1o R s Wl M I UL 3 98l e
F % B (phosphatidylinositol 3-kinase/protein kinase
B, PI3K/Akt) {5 538 4% , 44 RAAS % , A S0 ML
g b NTTITE ATt =10 W o & TN g PN
W, A ASBESEE I S ) SIS0 T K A 1k R
Xof TR M v AL 1 7 R B VB AE B FH LR

1 &8l

1.1 3RLEzh¥

BEHR 30 H 7 RIS SPF Gt 1 & i ik
5, (spontaneously hypertensive rats, SHR) 5 10 H
[fi] J& 17> Wistar 5048 (Wistar—Kyoto, WKY ) LA HF
FERGE B PR ATIE S : SYXK (31)2020-0010,
PTG AR TR (202409119) %, Zh¥ Tl
A R 2 KRR — it S B SPF 20 S5 Bl s
TSR, A BRE DGR RIBN 12 W12 h(OBRREE]
4 6:00~18:00) R 22~24 °C JBJE 40%~70% , {E
WM P PREE TR 1 R IGE R ST, B AR
it PR EIAE BB A B 2 R4 11K,

12 EEHY RTINS

KA 1R IE % (i p v B 24 25— P = B
FLA :0.43 gx40 R/, it :20240102) ; KR F]
F (L2 BAR AT PR A R A .5 mex16 /6,
#5.23112611),

Ang Il |52 (Renin) g F{ LAY THRA
PR ] (L5 . CSB-E04494r .CSB-E08702r) ; ALD (i,
Wz S RERHE R A A BRA A, 4165 . CEA911Ge ) ;
TUNEL 2 & (-l 2 A R A IR B i
40306ES50) ; PBS \DAPI BCA % 1 & #Hid 7 & L&
M _EAEZE il (ECL Plus ME8UE IR (K1 L 28 4k
YR A R A AL S AWI0129a , AWI0331a .
AWB0104 . AWB0055 ., AWB0005 ) ; Trizol i 7] £ ( 3%
[ Thermo A 1], 4115 : 15596026 ; UliraSYBR 1R 54
mRNA 35 558 & .miRNA 33055 SR 7] & (b st

BEA A2 ] S . CW2601 ,CW2569 .CW2141) ;1
NEMENLEE 3 3 (phosphoinositide 3—kinase, PI3K) .
p-PI3K Akt ,p—Akt %% A+ —«B (nuclear factor-kB,
NF-kB) B k4% -2 & H (B—cell lymphoma—-2
protein, Bel-2) Bel-2 AH5E X 5 H (Bel-2 associat-
ed X protein, Bax) JJEK A i (cysteine aspartic acid
specific protease, Caspase)-3 Caspase-9 FOS JFJ 5k
K& (FOS proto-oncogene protein, FOS) | iz
P53(tumor protein P53, TP53) (K & Ea4iE M Bl AH
PR T 5 AWA11331 AWAS58891 AWA 10126,
AWA45006 AWA00848 AWA43352 AW58069 AWA
00678 , AWA10096 , AWA42269  AWA00218),

52X R VR B0 L (T R WA S 30 == A 2R T
RARAAT], A5  HI650R ) ; 4 F SR VER ML . £
e bR A (BRI AT AARH & AT IR v, 7Y
5 :PW-812 MB-530) ; 53 5t PCR X (3E[E Ther-
mo A T, 5 . PIKOREALYG ) ; 7K - Bt JIig il e, Yk Al
(AR —AEYRH A RA R, #55 . DYCP-31DN);
TR A (VT T AR DL R AN ES T 1 A7 BR A ], 78
5. GL-88B) ; A WHF S ¥ B A (P E B B AN
AR TS BioPrep-24) ; fL2E K CHUE R 50 ( I
TR A E AT FRA A, #1145, ChemiScope6100) .
2 Fik
2.1 SRR S AT

MR A SCHR 0 S A A AT 5T LAk, A
5 LA SHR Wi i 2% 2 J6 =160 mmHg(6~8 JEl?)
SRR IIBRE BT A L RARHER) 30 7 S
SHR I& B PEFE 7 d JETFaG e, vEE 10 H[a] A%
WKY KECHIE# 4L, 30 2 SHR BEALI 4 3 41,
R BRI KA R A ARSI

SR RS, 24570 B 4 0 2 2 (BRI
P20 LSRR 60 kg IIfi PR FH 25 7] 8 3 &
KRG, R -BUAR AR, RAF IR
A2 I - N BRI R B2 430 mgx 5x3/60 kg=
107.5 mg/kg, KRG A 6.3%x107.5 mg/kg=
677 mg/kg; HABEH] . N R IARFH N 5 mex
2/60 kg=0.17 mgkg, KEFFHGRH K 6.3x0.17 mgke=
1.07 mglkg,

KA R A28 677 me/(kg-d) 252y, FHZEIR
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JKHE ) R BE g 22.6 mg/mL B KA (- BZ R 42254
VWL, LA 10 ml/kg FEE BRI 3 0, 3 8 A IR
FMIHFZ IR 1.07 me/(kg-d) 252, 208K Bl il sk
FE2 0.11 mg/mL AR FI 25091, LA 10 mL/kg
UM (BER 1 ) +10 ml/kg 281K HE S (B
K2), I 8 il IEHH M AIAIILL 10 mL/kg 7%
TRKHES  RER 3K, L 8 A,

22 MBRHERIER

2.2.1 PRFEKAFERILENZ  KRTRRAEE
A A RERRAS N ARER, SR FH R BUR 8 Ik JE G il e £
A I, 2T B 2R AR B T [ e
B R S BRI A i H I A R R A R
I €U TR AR SYNGE £ a I YIS
39 Cff BRUR A8 7840 45K | o3 — i il 5 A 3 0 3
TS5 RAENGE THIN, R RS SR G, 7
SO, EEIAEE S o — 5 R, ARG B
U, 1 WA 5t SR DGR It vl il 352 #43 1f He
{6, A R BRUAE 3 2080l 1 Wk, B4 3 RIS (E,
222 OEFPHICHEIRE 8 FJE, XK
B RLPR A5 3R U B 6, 0 S I T BRI, JRR
BESE AL  FTIF M IO, I RRL BT AR vk 55
oAt by AU ES T B RE BRI 4 55 2 R A 2L {7
BA A0 0 Nz AR, 7803 st fa FH B AR Tk 43, R
SEAREUAE 0% B (left ventricular mass, LVM) |, 3t
R0 R85 (left ventricular mass index, LV-
MD)=LVMARFT i, B0 % 2 TR N5 i 7 -
80 CUKA T IRAF, T JaEekaill

223 DNEZUEIIRGIN  RH] HE B @8R R
O LRI, B RO IR RER
et 5 min, i FHERR S 1k, EUKIR K, FHZETR
JKIEBE 5 min, BB SREMEK PTG 5 min J7
Wt B A R MILE] H A R E TG
B PR D EA SRS AR

224 DM TR SR AT TUNEL 3 1k it
FEREI R B WLALZL 0] /-, PBS I UE P IR
TUNEL F11 DAPI 3 [m] % 8, DLAs: .o JUL 240 94 127K
-, AT R BEPLILER 3 ST (x400) , T 40
JHT-(%) =TT 4 I E/ 4 B 50< 100%

225 Ifil¥E Renin Ang I ALD & &AM >R H
ELISA LT/, RIRG )5, LRt

12 b, JH 10%/K& 5 (03 ml/100 o) M8 B RRE:
i R, APiEE, 4 CEE 4 h )5, LA 1 000xg
20 10 min, 43I, B T 1.5 mL EP &,
-80 CLAAFR L ™ Ak Fac BRI 790 6 Ud B 45 1 25 BB
PRAE I %2 L35 P Renin  Ang Il L ALD B9 &,

2.2.6 GEPEAHCHEIFRBKIM R Western blot
HEATARI, B 0.015 g 2040, RIPA il is &
ToH A VK 2% 10 min, 5.0, B FER S .
IR LUK R B I E — BT [PI3K(1:1 000) .
Akt (1:5 000) .NF—«kB (1:1 000).Bax(1:1 000),
Bel (1:500) ,Caspase—3 (1:500) ,Caspase -9 (1:500) ,
FOS(1:500)TP53(1:2 000)] J# 7 —Hi[IgG(1:5 000)],
b2 R CRUR R GEARBUE 14540, R Image] #R4%
BT

2.2.7 GEBEAHXE mRNA FiERM SR RT-PCR
K ZH 2R A5 WENN Trizol 2% | LAZHZA M mRNA Ky
B, W% 5 cDNA, LA GAPDH N2 | 5% ] 220
LK PI3K Akt NF-kB  Bax Bel ,Caspase-3 . Cas-
pase-9 FOS TP53 mRNA #ik/KF, £ NCBI [-#%
R HMIER M FH], 12 F primers HAFEIT514,
RS T, FITHIILE 1,

*1 5|9F7
Table 1 Primer sequences
I/ B S19F51(5-37) K /bp
GAPDH 1E [ ; ACAGCAACAGTGGGTGAC 252
2 I ; TTGAGGGTGCAGCGAACT
PI3K 1EJi] : AGCCACAGATCCACTAACC 128
2l ; CTTGCTGTCCCCACTTACT
Akt 1E[i] : GTCACCTCTGAGACCGACC 115
JZ I ; GCCTCCGTTCACTGTCAC
NF-«kB 1EJi] : CACCAAAGACCCACCTCACCG 155
JZ I ; CTTGCTCCAGGTCTCGCTTC
Bax 1E[] ; TTGCTACAGGTTTCATC 70
JZ 1] ; GCTCCAAGTCAGCTCAGT
Bel-2 1E[i] : CTGTGGGACAATCGCTCT 100
2l ; ATAGTTCCAAGCATCCC
FOS 1EJi] ; ACTACCTTCCCCAGCCACT 91
211 ; TTGCACTAGAGACGACAG
P53 1EJi] ; CCGTCCCCCTCTTGCCAT 171
JZ I ; AGACCAGCAACTACCAACCAT
Caspase-3 1E[i] ; ATCAGCTAATTTACAGACC 144
JZ I ; TCTCCTTCCTACGCT
Caspase—9 1E[i] ; ATACCCTGACTCGGAT 178

JZ ] . TTTCTTAGCAGTCAGGTCT
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2.3 SEtESH

K HI SPSS 25.0 Ge it #AF AT Bl o A, Bt
&% 8 GraphPad Prism 8.0 #fh4:Hl, %0k
VL “wes” 2, LN TS FEBCR O ¢ A 56, 21 (1]
e R TEAS R 5 05 22570 R TR IR R 07 2553
B, IR LEHOR F LSD ¥ 6 AN /2 07 22 554 R
Dunnett’s T3 1 ; 5 AFF G IESME, R Kruskal -
Wallis H 5%, LA P<0.05 £RZRARIFRE X,

3 &R

3.1  RAIERZRREE XS K BRI JE A 220

IR A A BT 2 R T & 5K R T i (P<
0.01), SHAIL] HER , AR FI 2 e KA 1k RZ 2R
AR APIKIE R (P<0.01), FEILE 2,

®2 HBAHAKRMELLE (x+s,n=10, mmHg)
Table 2 Comparison of blood pressure among different

groups of rats (x+s, n=10, mmHg)

A5 e e FPIk
IEH4 139.70+1.53 108.00+3.00
IR 207.00+3.61%% 159.00+3.61%*

RIS F1| 2 169.701.53 %" 135.70+4.0455#
KA 1Rz 167.00+6.25%*# 135.00+2.00%#

0 SIER LA, #+P<0.01 ; SHEIZ AL, #P<0.01,

3.2 RHEIEEZREIT KR LVM,LVMI B0

SIE R R BRI LVMI 1 (P<0.01), 4%
2 LVM Z i)t 22 7 gt 3 L (P>0.05) . T 0L
%3,

3 KHAKR LVM LVMI b3 (x+s,n=10)
Table 3 Comparison of LVM and LVMI among different

groups of rats (xxs, n=10)

415 LVM/mg LVMI
EH 901.40+18.49 2.50+0.09
R 976.70+94.31 3.3320.14%*

MR A 2H 874.90£76.97 3.18+0.27%
KA 1ERZAH 980.50+79.79 3.16+0.30*

I SIER4LHES, #P<0.05, #*P<0.01

3.3 REIERZESTEXT K RO AA R RE IR0
IEH AR B LT 4EHES AT P i 0, O LA
MR ASIER RN BR BRI B, #ERlZe

KO UL AEHES I RA T, A0 MIAE K Bhaat il /b | 2545
LG SRR LR, IR MIZH e KA 1k
W 2L WU HES AR X RS 5, AR A X IR, 46
SR SUN AR . TRULIE 1,

R

B1 &EAXROINALE HE FBER(x100)

Fig.1 HE staining results of myocardial tissue in each

group of rats (x100)

34 REFIEBZEREXS KR O EES A ME T K
5 m

SIEH 4 ek, B A0 LA 220 ff 0 1= 3644
7 (P<0.01),, SHERIZ HLAEE  ARABE R K4 1k
ZH0 WLZH 20 L U T AR AR (P<0.01) o TR 4
K2,

F4 HFEKXBONMALMEMER[ TR (3v+5,n=10,%)
Table 4 Comparison of cardiomyocyte apoptosis rates

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

215 AL T
IEHA 8.85+1.50
FRIZ 51.54£4.72%%

AR ) 20 24.02:+1.83%%%
KA IERZAH 25.8342.75%#

L HIER A AR, #+P<0.01 ; SHRIZH AT, #P<0.01,

3.5 REIEBZERFEXT KR RAAS IR

SIER A, B Renin Ang Il ALD &5
N (P<0.05,P<0.01) , SACRIZH O OIS A2H |
K 1EIZ2H Renin  Ang Il (ALD & 2[4 (P<0.01) .
WS,



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 1821

AL 2

TUNEL

DAPI

Merge

HAREFI2H

KA 1EREA

2 BAKXROAZM TUNEL R LR (x400)
Fig.2 TUNEL staining results of cardiomyocytes in each group of rats (x400)

*£5 HHKXR Renin Angll (ALD F=b% (3+s5,n=10)
Table 5 Comparison of Renin, Ang I, and ALD content

among different groups of rats (x+s, n=10)

Gl Renin/(mU/mL)  Angll/(pg/mL)  ALD/(pg/mL)
EHA 58.00+3.85 34.121.70 12.82+1.13
HEAIZH 145.30+9.70%* 69.23+7.98% 28.7042.627%%

HARLFILL  92.47£9.99%+%  5136+4.51%%  18.60+1.44%%
RKAIEIZH  88.12+10.53%% 47.39+2.54%# 20,2042 .20%#

L HIEW A LA, *P<0.05, ##P<0.01 ; S RIZH [ #¢, #P<0.01

3.6 KR IEEZREXTKROAALRIEX mRNA &
pe:bA|

S5IER 4 s, A Bax Caspase—3,Caspase—
9 FOS.TP53 mRNA ik JH& (P<0.01),PI3K Akt
NF-kB Bcl-2 mRNA ik (P<0.01), 54
Fe#E , AR ) 2 Ko K2 1E % 2H Bax , Caspase—3 |
Caspase—9 .FOS ' TP53 mRNA ik %1k (P<0.01),
PI3K Akt NF-«kB Bcl-2 mRNA ik T (P<0.05,
P<0.01), FEULE 3,
37 REIEEZEEWMAROCNARABXEGSRIE

5 IEH 41 3R, BRI Bax Caspase-3 ,Caspase—
9 KOS TP53 # 3% iA T (P<0.01) ,p—PI3K Akt ,
p—Akt NF-«kB Bel-2 A EILFER(P<0.01), S5
UL LA, IR 4 S KA 1ERZ 4 Bax | Caspase—
3., Caspase-9 . FOS TP53 & H #ikF#{K (P<0.01) ,p-

PI3K .p-Akt NF-xB Bel-2 # H# ik THE (P<0.01)
‘E'éy—l]_tlzizl 4_50

4 1+tig

KA AR LIS P 2RI A R 2
ORI T2, R iU, s =2 iR A
VUGN RELE &, e PRIBUR R 4000 7288 RRR-F T
T FHARLASRITE W, BAT DA BT 3 1L s | ¢ I
Jig 55 22 B I, N RIRR AR NS 505
HRT M Ang IT 755 Y w85 L K JULER B -1
HIAETIE T H | FE A 5 (0 P 4 A2 S S m T A
RAAS i, B N B, 4 AE SR HOCY) mT AR Il
F e LVMI, ji /b LR A T AR, 800 230
2SI H o/ NEERR AT AR SHR A4 3k Bk
POHEEE BN Bk b AR 4 S5 bt i iy
BEARGI, AT IR T Ay
B SR BT AR SHR 1 T A2, BB 2
AR b ARIR R, T2 2 DT L R AR
B B A I, K R AR A PR LI PR
PN M 22 5| AT, 3 R A B S
Pl e 3 Ao )AL 5 I R B il A T K LA
MR, PRt WBRARZY B i, KA 1k
2 JEC e 20 77 T & P 25 A B s 1l e B R 4P ROIRY Y
PRI, L3R 25 Wyl )i 5207 WV R] e 3k — 20 S 4 b )
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