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[ ABSTRACT ] Aim To observe the effects of amlodipine only or with the enalapril on aorta remodeling and the ac-

+

tivities of Na* pump and Ca’* pump, and the mRNA expressions of al subunit of Na* pump and plasma membrane calci-
um pump isoform 1 (PMCAL), and investigate the possible mechanisms of aorta remodeling attenuation by amlodipine and
enalapril. Methods Renovascular hypertensive rat model was induced by two-kidney-one-clip method, and rats were
consecutively treated with normal saline( model group) , amlodipine [5 mg/ (kg + d) ], enalapril [ 10 mg/(kg + d) ] and
amlodipine + enalapril [2.5 mg/ (kg + d) + 5 mg/ (kg + d) ] for 6 weeks(n=6). Sham -operated rats were treated with

normal saline as controls(n=6).  Aortic morphology and structural changes in the aortic media,the ratio of media thick-
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ness/ luminal diameter (MT/ LD) , and media area/ luminal area (MA/LA) were observed by HE staining, immunohisto-
chemical staining and Masson staining.  The content of angtension Il (AngIl ) was measured by radioimmunoassay, the
activity of Na* pump and Ca>* pump in aortic media were determined by enzyme colorimetry, and the mRNA expressions of
al subunit of Na® pump and PMCAI were detected by Real-time PCR, respectively. Results In the model group,
the ratio MT/ LD and MA/ LA of aorta and the Ang Il content were significantly increased while the activities and the mR-
NA levels of Na* pump and Ca’* pump were obviously decreased(P <0.05 ~P <0.01). In the amlodipine group and
the enalapril group, the blood pressure ,the ratio MT/ LD and MA/ LA and the AngIl content were obviously decreased
while the Na* pump and Ca’* pump activities were obviously increased (all P <0.01). In the amlodipine group, the
mRNA level of PMCA1 was significantly increased.  But in the enalapril group, the mRNA levels of both sodium pump al-
subunit and PMCAI1 were obviously increased(all P <0.01). In combination group, the amelioration of the ratio MT/ LD
and MA/ LA ,ion pump activity and mRNA levels of PMCAL were significantly greater than in single-drug intervened group
(all P<0.01), and the Ang Il content also was decreased more greater than in single-drug intervened group (all P <
0.01), and there were synergistic effects. Conclusions The combination of amlodipine and enalapril is better than

single-drug therapy in the attenuation of aorta remodeling, and there may be some synergistic effects in inhibiting tissue
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RAS and increasing the activities of ion pumps.

through up-regulating PMCA1 mRNA.
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Figure 1. The comparison of blood pressure from each

group rats
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Figure 2. The comparison of aorta by HE staining, immunohistochemical staining and Masson staining
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Table 1. The comparison of ML/LD and MA/LA from each group rats

| MT( pm) LT(um ) MT/LT MA( x10°wum?) LA( x10°um?) MA/LA
BFARA 108.4 £5.6  734.7+20.3 15.05% +0.47% 5.45+0.19 21.18 £0.71  25.92% +0.58%
AL 144.3 £6.0°  692.3+15.4  20.81% +0.78%" 7.05 +0.26"  18.55+0.55  38.37% +1.13%"
HFHEMFH  134.0+3.2"°  705.0+17.7  19.01% +0.65%"  6.84 0. 16" 19.10 +0.64  35.81% =0.91%"
WIBEFIZ 131, 1+4.6"  704.2+16.2  18.53% +0.57%"  6.44£0.23"  19.33 +0.59  33.20% +0.71%"
A M4 120.75 24.0™1 720.1£18.3 16.60% =0.53%"" 5.50+0.21™"  19.77£0.60  27.58% +0.63% "™

a N P<0.01, 5IEFARHALE ;b N P <0.01, SERH LK c N P<0.01, 5EEMFHLE;d N P <0.01, SRABEFH HL#
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Table 2. The comparisons of content of Ang II , ion pump activities and PMCA1 mRNA expression in the the aortic media

from each group rats

il AngIl (ng/g) [Mmjgiffig” Mmoﬁfﬁﬁmg” ﬂi@sl;l\}liim PMCA1 mRNA
BTFARH 23.58 £2.39 5.75 +0.74 6.14 +0. 83 1.081 =0.213 0.625 0. 121

TR 69.35 +2.97" 4.19 £1.00" 4.57 +0. 81" 0.462 £0.073"  0.373 +0.086"
AT 58.44 £3.75° 6.96 +0. 43° 7.17 +0. 46° 0.437 0. 060 0.482 0. 141°
AR 1) 20 27.34 +3.90° 5.83 +1.22° 6.98 =1.58° 0.631 £0.143°  0.732 +0. 082°
G M2 15.29 +2. 86" 9.54 +1.01" 11.07 £0. 79" 0.642 +0.041°  1.013 0. 142°"

a P <0.05,b P <0.01, 5RFARYH ;¢ T P <0.01, SERILIE ;d g P <0.01, SR AHT-ALLE e 24 P <0. 01, SHAREFLLHEL,

3 %W i

e IR A S0 Ok S T LA R B S AR Th R XL
UL TR 605 25 ) il e i R 24 L S5 25 3 3 S 55 P
ESO I B DR < h = AR T 1! A S = e
B AR A5 3 kST L 46 1 38 5, 5 B AT 3
A RME S5 i A R s hOT i LS T B K, B
ML T 75 B Bl ok 98 ) IR 4% S50 40 i P < 45
B P R T AT A R IR I L B 9 R T
Bft & 45 P 25 I E LRI P e SR e 0
SR 5 B - 2 ) e ZE AL ISR B i S TSR T g
(AR K 88 T 24 ) P T 5 B I R SR TR IR B, AT ESE
FEU v 1M PR I 3 KR T RAS 45 22 M i IR 1~ 14 35
15 BB 3RAR Br BRI 3K KO (R B2 T 5 i 24
MRS B TR INBEZETALY, Ang [T J& RAS M (9 323
o Y H R E TR, i PKC FS RS
TR BN S A A B B A 0 P 2 A T 2
AR I RE W AN ek T R, 20 BRI A B A 1 O
U BN R B IS P IR AW A R A B A
T 2 AT 5200 e PN S A HE B A A0 < B RE ER
LRI 8 S sh Ik ¥, ACET ZERf 25 ) HL 5 AE
FAT Ang I 55 e i, A% K 4120 )53 Ang T 7K
S IR Ry RIS M 22 L A R A A L S
P R I A YA (A G S ik R A S Y
m g kLR Ang 1 7K, k38 2l JikOF- 8 DLES +
FIIREZEELA A WAHLIE | W5 B — & B it /8 1 v 1
JER BRATE BRI R 06 24 1 Jmi 8 RAS 340 %5 D)
RO AR SEIESE - ACET Z [ i 24 5 3% 1 mT
TR 2K1C RHR E3IKAZL Ang 11 KV K45

T B kA 280 2 RS D) RE W AT (AN ol R
£ \PMCA1 ) mRNA 23k 7K -, i35 3 ik 7 5 WL 40
B AESREIGTESZAN, IR B sh kOE W LG A A
KT YRS AT A i, Ve sh ik

BRI Ay 46 3 3 L ¥ 790 30 e BEL 9 400 4 DY
L, B AN NS /K- | B R et i A B0, 0
bSPTIR I S5 )2 B 34X 3 1A R
), e 45 4 L 4 i P 1 A G [ g A
Y3 I S M TR HLAE B L A4 3 S B A LAY
M AWy Herp A 2 3 W 2R 31 4 S b
A5 RS A 2 v R K R 2% e B SR Ang IT 7K
SRR, 5 ANA A B 5T 26 W A S M S T B4 EH
HBELMMIAE Na*, K" -ATPase Fl1 Ca>* -ATPase 1§
PRV, A M i R RO WL S Na
K *-ATPase (3 L") % 3l Ik v L2 i ()
Na® K" -ATPase i tEth A — e /EA™ , i
FHEI HL o P % A3 10 A8 T 9 T RE A 2Rl ACET 28R
RSN ES S, AW WEEH] &0 H 7B W8
/IN2K1C RHR 35 ik ML/LD \MA/LA , ik 3% 3 ik b
ISP 8 LA K R i Jir 2T ¢ 5 e 488 i e HE B 25 8L
HIEMKES PRI Ang T 5, T+ RHR £k
JEANHE A5 A% 7, R PMCAImRNA 35 7K F,
PR R AT % 1 - 20 5 M S 1T RE 0 493 2k B o ik 4
ZURIES Ang 117K, i sl KT T LB AE 505 480 1
AN TRk Sl WK EE A 5 I HUOL TR S A K]
BEIAH 5 PMCA1 mRNA F£ikK A X,

A RE AT 5 HE R R 25 0 A 2508 &
ML EAF ST A 57— PR Tl 2 — ) ] A i 33K 2 )
JRIXE ASCOT B2 ACCOMPLISH /A 1 (1) 5 4 22 9 .



116

ISSN 1007-3949 Chin J Arterioscler, Vol 20,No 2,2012

RFAMTV-L54 ACEL ZERF R 259 A FH 24 nl ifF—
AR AR ek o i A SR R e A AN T
RO A IR R R O I, A AT R
FAMT-[R) ACEL 28 He 24 1 16 B 5 A B T3
TN (W YNN8 ) 21120 N I (3 | = S )
SHCTIR ] ACET 8B 5 25 1 %) i A5 5 98 1) 52 1) .
FHICHLH R EL D o ASHIFFE 2R 3]« 42 S b P B
FHATIR 8 1) 45 2. 245 BH & 9 /s 3 3 ik ML/LD . MA/
LA, 0038 3 ik 7 W URE K K i B 47 2 55 B 38 i
AL, AR TS DK 2R3 Ang T, AR 4N 52 45 28
TEPESZIN, s PMCAL Rk KF-, BEMHED 1k
VA 24 B0 FH S 2 A 1 A T 9 T BB S {1 S A R BT
FEPKAH LU RAS, FEK Ang 11 KV, 25036 3l k-
TEF LA R B 2 B S TS A DG, EL I P R M
LB HIT ST 2 B . ACET 28 [ 1 245 ) 42 15 3% 1) 7 Bt
) Ik S8 1 [ B 2l 2 KT T LA ML L R 4 e
W REW A ol C I S AR RN , PR i 18 AN i
I53% A7 2 St~ P AR 3 1 el 1 6 i 8 1) P ) A
FHIE AT GEFRA VR H e AT L A4S B8 3 38 A9 P [R]
YER B ZE S, RA Rt — 2883

[ &% k]

[1] Williams B, Lacy PS, Thom SM, et al. Differential impact of blood
pressure lowering drugs on central aortic pressure and clinical out-
comes; principal results of the Conduit Artery Function Evaluation
(CAFE) study[J]. Circulation, 2006, 113(9) : 1 213-225.

(2], BRI, BREIES. BT Al T 3 i o e Ok B 3t ik il e
HIPE-H LA M B8 7 A e (7], b E S kA 2 s,
2006, 14 413416.

[3]Hperdt, Zomar, Bl &5 SRR A Bk TIFH K
BRI AP L2 ML B P CaN 156 P 5 3 5 440 A% Bt S 32 ik K
SRR )], AR RS, 2006, 22(8) ; 154-154.

(419 B, RIBYEE, LBk % HOIREA) JE DLvb 0 5] B35 FH X
o M B 2 Bl Dk 98 5 TR BB R R S A s [ 7] R AR
M EZ4 7, 2010, 18(6) : 528-533.

[STXFeg, /M, SR, 55 BCG N H 2 A M F 5 B e T
M A R LR SR ks P T B K ES IR ER[T]. A
FILEZR, 2009, 17(5) : 410415.

[6]Sobal G, Menzel EJ, Sinzinger H. Calcium antagonists as inhibitors
of in vitro low density lipoprotein oxidation and glycation[ J]. Bio-
chem Pharmacol, 2001, 61(3) : 373-379.

[7]Wada Y, Kato S, Okamoto K, et al. Diltiazem, a calcium antago-
nist, inhibitsmatrix metalloproteinase-1 ( tissue collagenase) produc-
tion and collagenolytic activity in human vascular smooth muscle
cells[ J]. Int J Mol Med, 2001, 8(5) : 561-566.

(8]9I, h ook M. dbat. AR TA: i, 2001 ;
564.

(9] L2, BREA, MifE=, 48 Sk )M S i 0 WL 20
L[ T]. HERHEAE R 1999, 15(10) ; 891-893.

[10] FOBYE, XUBEMS, Jr 7, 5. iR BB IKE- i LA 55
HERF =HIREET]. RIELE, 2006, 5(4) : 379-384.

[11] Z= B, Jroim, Bhisde, S HOISE AT A & 2 i R R Bl

I JRy 3 ol 5% ke B A g S A B JRRAE I LT ). AR BE

27k, 2004, 11(24) : 1 053-055.

Caroline N, Gemma A, Liu CC, et al. Angiotensin II inhibits the

Na*-K* pump via PKC-dependent activation of NADPH oxidase

[J]. Am J Physiol Cell Physiol, 2009, 296(4) : C693-C700.

[12

[

[13] Liu X, Songu ME. Alterations in alpha subunit expression of cardi-
ac Na*-K* ATPase in spontaneously hypertensive rats: effect of
antihypertensive therapy[ J]. Eur J Pharmacol, 1997, 327(2-3) .
151-156.

[14] Wang P, Tang FT, Li RF, et al. Contribution of different Nox

homologues to cardiac remodeling in two-kidney two-clip renovascu-

lar hypertensive rats: Effect of valsartan[ J]. Pharma Cological Re-

search, 2007, 55(5) : 408417.

TIRHL, REY), TER, % RS AKX A KR

LA B A 22 G AL B e A R R I R Y

WMAL)]. fREEEZRE, 2000, 25(4) : 296-298.

[16] KRBz, ZHidk, AR, ZEH V5 078X 2L
£ PR -5 45 R P B I RS M AR (0] PP AR AN
ZRi, 2000, 28(1) : 68.

[17] Khalil MF, Samant DR, Gadqil UG, et al. Effects of diltiazem on

[15

[

cation transport across erythrocyte membranes of hypertensive hu-
mans[ J]. Hypertension, 1987, 9(1): 18-23.

[18] Pan M, Janis RA. Stimulation of Na*-K* ATPase of isolated
smooth muscle membranes by the Ca®>* channel inhibitors, nimo-
dipine and nitrendipine[ J ]. Biochem Pharmacol, 1984, 33(5):
787-912.

(197 #RYTHE, WOHEFT, B, SEHbT-5 ) DD SR % 1 s 1L
AR ML L A R AR R [ )] b AR B A ek
2010, 20(14) : 2 201-203.

Dahlsf B, Sever PS, Poulter NR, et al. Prevention of cardiovascu-

[20

L

lar events with an antihypertensive regimen of amlodipine adding
perindopril as required versus atenolol adding bendroflumethiazide
as required, in the Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm ( ASCOT-BPLA) ; a multicentre ran-
domised controlled trial [ J]. Lancet, 2005, 366 (9 489 ). 895-
906.

[21] Kenneth J, Michael AW, George LB, et al. Benazepril plus Amlo-

[

dipine or Hydrochlorothiazide for Hypertension in High-Risk Pa-
tients[ J]. N Engl J] Med, 2008, 359(4) . 2 417-428.

[22] 3k &, B¢ 3%, EUHLSR, 45 FSEMF FRIRE R &30 97
MR A O EFF R BEAR AT [ T]. DIEZA, 2009, 21
(5): 683-685.

[23] R, BREHRBKDY, BAL4E, 45, JRARAMTT RI8E X B &
P IR LA LA L 53036 ol C K AsEm ()],
AR R AR, 2008, 16(12) ; 1 100-104.

(BB Z/NEY)





