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Protective effects of losartan potassium on 5/6 nephrectomy-induced chronic

heart failure in rats

YUE Juanjuan, CUI Hanyue, WANG Hui, YE Bin, CHEN Dingding "
School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Nanjing 210009, China

Abstract The purpose of this research is to investigate the therapeutic effects of losartan potassium on 5/6
nephrectomy rats with chronic heart failure ( CHF) and to explore the mechanism. 24 Rats were randomly divided
into three groups namely sham group ( Sham) , pathology group ( Nx) and losartan potassium group ( Lst) , respec-
tively. CHF model in rats were induced by 5/6 nephrectomy. At the 7th week, rats of Lst group were given losar-
tan potassium (50 mg/L) for consecutive 2 weeks. Then all rats were measured for hemodynamic parameters, car-
diac index, creatinine, urea nitrogen in serum, and expressions of CD133, VEGFR2, Sox2, cleaved Caspase-3 and
Bel-2 in heart. Compared with Nx group, rats of Lst group improved cardiac and renal functions: decreased LVDP,
LVEDP, cardiac index, creatinine, urea nitrogen and increased LVSP. Furthermore, losartan potassium up-regulated
gene expression of CD133, VEGFR2, Sox2 and protein level of Bel-2, and down-regulated cleaved Caspase-3
protein expression. Results suggest that losartan potassium can improve cardiac function of rats with CHF which
may be correlated with mobilizing bone marrow stem cells, increasing endothelial progenitor cells ( EPCs) level in

heart, repairing endothelial function, and inhibiting myocardial apoptosis.

Key words losartan potassium; chronic heart failure; endothelial progenitor cells; apoptosis
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TR, 45 VDI 5/6 B UIRR MM 0 B8R B A 5 1R _

fiE S TSR DR v I, LA 2R AL, IR
i 1 FR A3 Lo R I 38 50 3 27 e i 3 3R, Ho A
LSRR &F 5K T RE RS A A2 O B IE R . B R-
1145 ' vk & -1 [# B 22 4t ( renin-angiotensin-aldoste-
rone system, RAAS ) (13017 751 10 302 1 Jie 1 i
WA T EERVEA . RAAS JRZEY 0 A
DIRERY CHEA Y R G, O BRYT HA RS
AU M R IK R 1 2 ARBH W2, A7 SOk,
FUPIHAEGE B O ) IR RYAER i PRIG ST RCR
BED AR HEARR LA Rl — 5T

ABSEET R 5/6 B DIBRARY, AT 5% 70 3H
BT PR B 5| A 0418 1 0 3 R RO IR VR R
Bl

1 # #

1.1 #3%53&A

SV (BT BRVDA T 25 FRA 7)) 5 JILET
(Cr) JREE(BUN) izl & (g o A 9 LA F
FEHT) s RIPA 20 i 24 W (5 ) (SDS-PAGE # 1 |
FELE wik . PMSF  BeyoECL Plus ( #%i{ ECL {b2% %
R &) O E A Ty TR E (R a R
HWIHARBETERT) 3 S fi R B, Caspase-3  Bel-2 HL {4
( 22 Cell Signaling Technology /A ] ) RPLR R B-
actin HRP $RIC A% TG Hiihk (L st B AR 49
FRAG PR 7)) 5 Trizon Reagent RNA $ B |
HiFi-MMLV c¢DNA %5 —%% & it 7 & . UltraSYBR
Mixture 357 & (A6 50 R 128 A P R A BR 2
a]) 51 E R R A ) AR PR A ) 5 oAtk
FNE R 3 et
.2 & F

BS1248 7KV (A6 5t 28 2 AT AR A FR 2
H)) ;Medlab-U/4C501H A= 915 B R 5 R 58 (A
E R RRA ) 3 B 4% B (40 kPa, b 5T
MRHEARR AW ) 5752 BRUSHM T ( R
SR A PR ) s KAE EPS300 HLIKAL \ K AE
MU R R RE 5200 KOG/ REE( HilER
RERHECA IR 7)) 5 52 520 € & PCR AL (155
Eppendorf /2] ) o
1.3 % %

151 SOMEYE SD ( Sprague Dawley ) KB, 14 5
(160 £10) g, HI#T VLA sh ¥y 525 vh.o S ik, sh i
AIIES : SCXK (i) 2014-0001 5 i) A6 Ay & il 14 g

e 8 SRR Ca 1. 13% 5P:0.94% )
2 F &

2.1 IHhthoya

W S50 B BE L 53 R BT AR K B (Sham, n =
8) 1 5/6 BYIFRKEL(n=16), FHRIEL LT,
H 576 B YNGR KA AR EELL (Nx,n =8) (EAVPIH
VAT 2H (Lst,n =8) ,
2.2 hapEAE

ARSZH R 576 B D)k AR i) 3 K BRI A8 1
A IO TR 2% 95 EL BG40 I 7 53 pR
MR B , VIBR R e B R T i) 273, 2909 0. 45 ~
0.5 g FTABM2/3 PIGRA 1 A J5 #1474 B bR
TR ARTFARKEMAER T E, R E 2L PE 1)
B AR B S RN VIR B 412
2.3 Sy hiEi

5/6 YIRS T4 7 %], Lst 20 K Rk
2525(50 mg/L) , 25 2 [B] 28 WG il . Sham 2H FI
Nx 25 H #5245 TSR B 4ok
2.4 iF LB Ao K R AN A

5/6 'EYIBRF ARG ,8 JEIAR 0L Bl K HIL ,
#15 ~8 h,4 000 r/min B.0> 10 min, JL_E VWK, %
FEVLIEF R PR 28 260100 30 100 B 43 00 5 1 375 v JUL A
PRER F o
2.5 R AHFRE

8 JEIR A7 R B A O 3 4 48 R AR o U B R o
AR B OR A RG] E A0 = L s )
SEFRPR A 22O FURSE He (LVSP) (A2 EEF K
(LVDP) 7.0 & &F i AR & (LVEDP) | /6.0 % fix
KRBTy BT EE (dP/de,, ) A ERKRE T
R ( - dP/de,,) o
2.6 WIEEZ AN E

8 A, R BRI, FH A= 2 ER 7K Pk i Uit 1 I
LB 24 Ng i s A2l 20, F 8 4RI T 0 2 1T ) 7K
g3, MBSO R A D E MO E R,
BWALDEERRBEALCEER/2LE(LVW/
HW) , Zc.0 % B it/ (A (LVW/BW) Fl 420 5/
&H(HW/BW)
2.7 R R AL H M

BULALAHZL 0.1 g, i A Trizon 1 mL, 7KiE%]
ARG LN 2 RNA 3% BRI & i 5, )
SR L cDNA | % SR AT 1Y) cDNA 5548 X I /19 51
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%) . Ultra SYBR Mixture %538 1 2E B 52 & PCR ¥
e @ TP gl 4k 52 ) Threshold Cycle, CT, DA
GAPDH 3 Z L3N, 75045 410 BE L R b 454>
FEDR -2 27N, B AR SRk fE . PCR 51
JFPol, IR 1,

Table 1 PCR primer squences of the targeted genes

Targeted gene Primer squence (5'—3")

Sox2 Forward : ATTTAGAACTAGACTCCGGGCGATG
Reverse;: GAATCAAAACCCAGCAAGAACCCT
CD133 Forward ; CATCTCCCTCTTGCTGATTTGTCTG

Reverse ;: TGTTCTTGGTTGTGTTGTATTGCCC

VEGFR2 Forward : GAGAACAAGAACAAAACTGTGGTGA
Reverse ; ATGTAACTGGGGATAGTAAAGCCT
GAPDH Forward ;: CAACGGGAAACCCATCACCA

Reverse ; ACGCCAGTAGACTCCACGACAT

2.8 Western blot M|« L itL 8 =

BOR B0 BEAL 20 0.1 g, I A RIPA 24 £ 9
I mLOEFSEMA 10 pl. PMSF) , & T 0K K it 2)
W OB B, 4 °C 12 000 r/min, &0 10 min,
IR R, BCA SR HE B 5, DA AR Z2 up
W, WK S min, i £ 8 EURE o R EE ERE AR
129% 1Y) SDS-PAGE BEJI HL Ik, Hi 56 % %5 PVDF it
F,5% RS W BT 2 b, —450 ( Bel-2 | caspase-
3 B-actin) 4 C I 7 2f 7%, TBST Ve 4 K, £ 1K
10 min, "4 IRFF 2 h, TBST PEIK 4 K, &k
10 min, [ Beyo ECL Plus id 3| & ECL &G54, B8
JEIUAR X BECE R AT E T, (] B-actin £
HNNSHITIIE,

2.9 %itrFaik

TR R & =5 FoR, Z2 A 18] KR AL
KR T7 225051 (ANOVA) | A ] 33 B HE AR
H ¢ K, P <0. 05 FoRE A ZITAE X

3 & R

3.1 fiF LB KA RAEE

Nx 2 K BRI LI L IR R A = 3 W] 1
Sham ZH & (P <0.01), Lst 41 i35 WLAF R XA &
A Nx BRI (P <0.01) , 5RIE 2,

Table 2  Effects of Lst on level of creatinine and urea nitrogen in ser-

um (x +s,n=8)

Group  ¢(creatinine)/(umol/L)  ¢(urea nitrogen )/ ( mmol/L)

Sham 63.04 +11.08 5.96 +0. 86
Nx 126. 15 £8. 7644 13.49 £1.30%*
Lst 85.18 +5.00* * 9.35+0.62**

34P <0.01 vs Sham group; * * P <0.01 vs Nx group
Nx ; Pathology group ; Lst; Losartan potassium group

3.2 SHAK

Nx 2% Sham 2] 2.0 FE &7 i e (LVDP) (/2%
FPIRARIE (LVEDP) 2Tt (P <0.01) , A2 % iR
i (LVSP) | 720 % i K& ) B JH 3 B (dP/
de,,, ) FIZEOF R R 1 R R EE (- dP/de,,, ) 1)
Y NHE W E FEAL (P <0.01) , Lst {5474 LVSP,
dP/dt,,, . - dP/de,, P4 XHE 48 Nx 4l 3% 7t
(P <0.01),LVDP .LVEDP %5 Nx 41 % &K (P <
0.01), Z5RWAE3,

Table 3  Effects of Lst on left ventricular systolic pressure ( LVSP) ,left ventricular diastolic pressure (LVDP) ,left ventricular end diastolic pressure

(LVEDP) , maximal rate of rise of left ventricle pressure (dP/dt,,, ) ,maximal rate of decrease of left ventricle pressure ( —dP/d¢,, ) (x +s,n=8)
Group LVSP LVDP LVEDP dP/dr, —dP/di,
Sham 142.11 £5.21 -20.99 £2.42 -16.69 £2.56 7 785.77 £282. 05 -7 495.90 +£273. 96
Nx 115.89 4. 4744 -7.16 £1.3744 -4.96 +1.4244 5328.25 £276. 1944 -5030.29 £234. 4944
Lst 134.36 £2.73* * -16.07 £2.29** -11.91 £1.98* " 7041.41 £253.19" -6429.50 £256.04 " *

24P <0.01 vs Sham group; * * P <0.01 vs Nx group

3.3 UK
Nx 4 K ECH8 8042 0/ 220 (LVW/HW) Fil A2
L/ ARHE (LVW/BW) #7%¢ Sham 21 K FRA B 5
(P <0.01) 40/ 1K T (HW/BW) 45 Sham 417}
(P<0.05) . Lst 41 E LVW/HW 5 LVW/BW #
B Nx HA BEHEBIR(P <0.01) , 5R LK 4,
3.4 «PEYP Sox2.CD133 VEGFR2 3 B ARt & &
Nx 2 Sox2,CDI133  VEGFR2 #: K #F£ L H W
Sham 2B #F P (P <0.01), Lst 2 Sox2, CD133

FORRE Nx 418 % EFH(P <0.01), VEGFR2 %
BB N ETH(P <0.05) . HAASSRILES,
3.5 SR TARE G KA

Nx 41975 4L i) Caspase-3 ( cleaved Caspase-3)
% Sham 24 I FHH L2 (P <0.01), Lst HIG54L
Caspase-3 % Nx 4 B F /> (P <0.01), Nx 411
Bel-2 f55 1k 8¢ Sham 41 i 08/0 (P <0.01)
Lst 4 Bel-2 AR HAL Nx 445 2 (P <0.05) . 45
RO T,



55 4T 2555 6 1]

HEURIE , 55 U IHETXT 5/6 B VIBR1E MO s RO IR R PRI 1 737

Table 4 Effects of Lst on left ventricular weight/heart weight (LVW/
HW) ,left ventricular weight/body weight ( LVW/BW) , heart weight/
body weight (HW/BW) (x +s,n=8)

Group LVW/HW LVW/BW HW/BW
(¢/g) (g/'kg) (g'kg)
Sham 0.36 0. 02 0.95 0. 06 2.62 £0.13
Nx 0.44 £0. 0244 1.28 £0. 1144 2.95 £0.30%
Lst 0.37£0.01**  1.00£0.05**  2.65=0.12

AP <0.05,%** P <0.01 vs Sham group; * * P <0. 01 vs Nx group

Pro Caspase-3 S s s—
Cleaved Caspase-3 SE_—_"T——_.

B-actin A S
Sham Nx  Lst

Caspase-3/B-actin

Sham Nx Lst
B Pro Caspase-3; @ Cleaved

Table 5 Effects of Lst on expressions of Sox2,CD133, VEGFR2 genes

in rat heart (x +s,n=3)

Group Sox2 2-AALT CD133 2™44CT VEGFR2 2™44¢T
Sham 1.00 0. 00 1.00 0. 00 1.00 +0. 00

Nx 0.20 +0. 0224 0. 66 £0. 0244 0.59 0. 04244
Lst 1.28+0.07**  1.13+0.11** 1.13+0.18"

24P <0.01 vs Sham group; * P <0.05,* * P <0.01 vs Nx group

B
Bel-2 — e a——
Bractin | ——
Sham Nx Lst
1.2
1.0t D
£ *
5 08
C? AA
2 0.6
G
S 04
m
02+
Sham Nx Lst

Figure 1 Apotosis-related protein expressions in heart were determined by Western blot(x +s,n=3)

A ; Protein levels of Pro Caspase-3 and cleaved Caspase-3 ;B ; Protein levels of Bel-2 ;C-D: Protein levels quantified by band gray-value ratio to $-actin;

C:Pro Caspase-3 and cleaved Caspase-3;D:Bcl-2
A4P <0.01 vs Sham group; * P <0.05,* * P <0.01 vs Nx group

4 W

O ML I i 2 2 AR W o v R PR B 11—
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IR RS AR AR 52 B A5 Bk — S HiF 5L,
Nx 215 Sham ZAH e, K FRMLIENLE SRR A& &=
WE LI PR B RE TR, LVW/HW [ LVW/BW
1 HW/BW #4757, #2278 Nx 20K BUAC 0 30 L
#1 .0 LIE R, LVDP  LVEDP J} &, LVSP . dP/dt, .
= dP/de,,,, 14X FEAR, 275 Nx 4R B0 3
REZ . S ,5/6 BHIBR KB A T 18 1E S TEe
o, BPPRBEAE , HIf & T8ROI RE RS .

ST R A IHAGITE, 5 Nx HAH
o, g 2N 2H s LT R 3R A S & B FRAR. O 4R
BLVW/HW 5 LVW/BW i S A%, 03 g5 5L
LVSP dP/dt,, . — dP/de,, W 4a XF{E I F, LVDP

LVEDP [GAI% , & .00 JIE WS 45 AT 5K D REAS 2 T 24
DI R A AL, XEE R R PR
7% PREEAE K RV R 5 175 100 AT B0 1 oA A
o DI —Fh B AR Im RAE IR, AR A R e
ZRPR A, Horh RAAS B0E & 4% 7 +/r H %
MIPER . M4 %ok R 1T (Ang I ) /2 RAAS HYRN
o3 F, 24 RASS s i) Ang 11 3K 54 i, 2 541
PRV TN H A T A7, PR8I 0L 85 R U =2 (1]
fIhEE o ttAh, Ang 1152 5.0 WL B R K
R SVP SR ARE AR I A Sk I A2 ik
(angiotensin [ receptor blocker, ARB) [H K12y, FHIT
PRI S rp Ang I, 50385 VB JURE 0. 3t 3
1% D HUAK SR B D8O JIE R B4, 2GS O
JIFE ALY B LA P B2 I RE

PN B ) BB 52 450 2 70 IR 0 e S 1 — D O B
FRIE. W NREZ B 2 BN AR A 2 , L
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YIS, N2 40 i ( endothelial progenitor cells,
EPCs ) &l ST 20, 30 5 76 S0 5% 26 100
B AR /D (HAE S S AR P s B AT, B e
IRBRY EPCs B 3h 51 JE A SR L, U7 5 590 K5 2 1
DL AT HY B o3, T U B 40 B B T 3 o3 b A
MIPR 7, fR 3 48 & Az . EPCs REAR 30 LIS J5E i
M N B AN B 5 5 0k, 2 5 0 L E B
o —S8/ N3 T 4 0/ BT EPCs, i
BN T RETE VRS N, i HUEE 4 5 1Y EPCs A
AT O LA AL, 2 R U R S8 SOD IS
HThAE" o A SCHRIRIE , Ang T3 18 5 5 A1k 4
ek EPCs fy 522", 36 Al Bl i i S 94 Tl >
EPCs $i"" . EPCs Fy%it K o fiE 2 £ Fhos I 3
P KU RS 1 B B B AR W bs R, A — R A
CD34 .CD133 | VEGFR2 45 JLAh 4T 5L B A5 1 J 2%t
EPCs /{72, CD133 I VEGFR2 33k it Hé 42
7% EPCs ¥ 10 %, 2006 4, Takahashi 25" i 1%
H 4 Fp % 5 W F Octd, Sox2, kLF4 F1 C-Myc
(SKOM) B3 4 Fhfle sge Rl HE R A AR B
JER BSCET 24 240 i 447 {2 o O A A 4k g R i T 4
( embryonic stem cells, ESCs) R4, R B iHS1EL
BT 41 Jift (induced pluripotent stem cells, iPSCs)
TE ESC F1iPSC H, Octd F1 Sox2 K& 1435 J 5% 5 Al
TR . ARG HA Sox2 — AT,
P/ UV IR 2T 4R 20 B e g o B B 3
HE TR Z LT AR 2 T4 . Sox2 figdk
R EIRZ ML AR S AR 72T 4 B 3 5 pr
PR A AN, B T 4 42 1 e e, Sox2 3K
W 5n T BRI, ASLE b, Lst iy 4
Sox2 .CD133 \VEGFR2 FE ik &% Nx H E 7, 48
INFAID BT B HA 3 D1 E a4, 3 U S 3
OER EPCs i , T8 5.0 L2 B 1M 48 22
KORE R H ETIA N EPCs 5 3% 1M 1 41 fid
(haematopoietic stem cells, HSCs) 3 B Ifil & J5 21
Hfg, EPCs BHBESD 51 ML K Z 80 EPCs &
B HE B T4 AR, K HSCs 3T %% 8] B
SR & e Pk B i i O ST O b 6
I, F AR AR VR RE , ] TR, H I B 240
FRALA T RE PR , (H 2 X A i FEE R 58 20T 58
. EPCs iyt JH R — N E R E R, 2 2 Fh
Oy AN R A -, B T, 20 A R
Do (118~ 3 O 2 N PN B 7 < S e - N

(CXCR4) fh, 4 J& 3 (1 9 (MMP9) , If 45 4 Kz &F
37 (VEGF) ,NO %, RAAS R4 A, 5l
AN, P NO K SE | 53 Ak i T LA
5| VEGFR2 ik A ™, (A fd FHl ARB 2524
Y- fekg i shE EPCs ¥kt . BUAR, LIRTE A BF5E
2B SV AR S0 | 55 ULV AR R BB EPCs
HABURAMER, (B RAEARIRR P, 8 kR
AR FREFRE S 2 08 O 8 R LA I 1o il
YEH, &3 EPCs %5,

D FERELLEWR A REHTIE TR, O LA
M T H R IR AR R R P F B AIVE AT, O LA
N % B BT O LN 48 T . Ang 11 1E
BRSSO LA IE T Bel-2 F
) Bel-2 S 470 8 T Y, G K S 8 i, U4
T 4HBfL 9% 1=, Caspase-3 j& caspase FJif H 1 — 1
SEHY T, R TR U I R R e E I R T
o ARSI, FAVIHANAYT S Bel-2 (3R A ] I
E9A, Caspase-3 B AL BRI /0, $27% S0 A g
L WL T

2,576 FYUIBR K BRI & T18M 0, AT
HHAPRE A 3 O DI RE , WL AT B 5 3 PR E T
21, 384 0 EPCs $hE, Blest 9 Bz ThAE, I ELIm i 0
FILAR ML T A 56, R AR S B o S v HEL A i
RO R EE, e A frE— 5. B, &
YOI 22 P THAYT I R R i 3 S, 0 s
B O S HR A S 50 3 W S VD 30 A1 X JR
BEAEWA — € YT R0, X T IR EEAE 5 R O YT AL
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