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Regression of cardiae hypertrophy and lityosin isoenzym e patterns by 

losartan and eaptopril in renovascular hyperten~ive rats 
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(丑e Ⅱrĉ Section oy P 口̂ m口cotogy，H“ 口 Medwa U Wer~ity． ân9 sh口410078，Ch。n口) 

ABSTRACT T o test the effect of losartan and 

captopril on cardiac hype儿 rophy and m yosin 

isoenzyme，two—kidney．one—clip (2K 1C)ren— 

ovascular hypertensive rats (RHR )were used． 

E'坦ht weeks after the onset of hypertension， 

losartan 5 mg ·kg一‘·d一 and captopril 50 mg 

·kg一 ·d_。were adm inistered o to 2 groups of 

RH R · respectively for 8 wk． The results 

show ed that captopril signjfjcant1y decreased 

the cardiac mass (607土 l69 mg s l029土 132 

mg)and total protein content (120土 38 mg ps 

l98土 3l mg)．concom itant with significant de 

crease of arterial blood pressure(BP)(15．4± 

5．2 kPa 口s 28．5土 4．9 kPa)． Losartan also 

induted a significa nt decrease in ca rdiac m ass 

(671土 116 mg s l029土 132 mg)and protein 

content(1 42土 29 mg s 198土 31 mg)．as well 

as significantly lowered the BP (15．2土 2．1 

kPa s 28．5土 4．9 kPa)． It is important to be 

note that both drugs norm alized the shift of 

m yosin isoenzym e in RH R ． T hese results in— 

dica ted that both drugs． having potent anti— 

hypertensive effects， can effectively reverse 

the cardiac hypertrophy and ahnorm al distri— 

bution of m yosin isoenzym e patterns． 

K EY W O RD S losartan ， angiotensin recep— 

tors； ca ptoprtl； renovascular hypertensjon ； 

heart hypertrophy i m yosin ATPase 

T he renin—angiotensin system (RAS ) 

plays an im portant role in the developm ent of 

renovasculaf hypertension and cardiac hyper— 
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trophy：‘’ ． It has been w ell docum ented that 

captopril， an angiotensin converting enzym e 

inhibitor， reversed the ca rdiac hypertrophy 

and lowered the arterial blood pressure (BP)， 

as w ell as im proved the survival of parlents． 

Losartan(DuP 753)，a newly produced，orally 

active， nonpeptide specific angiotension II re— 

ceptor l (Ang II一1)antagonist，could inhibit— 

cd the vasopressor response to A ng II and re 

duced BP in renal and spontaneous1y hyperten— 

sive rats( · ． H ow ever． until recently its 

chronic therapeutic effica cy in cardiac hyper— 

trophy has not been precisely evaluated． 

Cardiac m yosin isoenzyme， existing in 3 

fotins (V l，V 2，and V 3)，is not only a sensi— 

tive biochem ical index of hypertensive cardiac 

hype rtrophy· hut also an im portant determ t— 

nant of cardiac perform ances J． T he action of 

antihypertensiwe tteatm ent w ith b1ockeTS of 

the R A S on the isoenzym e patterns of ca rdiac 

m yosin js- as yet． unknow n． T he present 

studY w as carried out to determ ine the 

effeCts of 1osartan and captoptil on cardiac 

a 

、 ，、 伽  

Losartan potassium (Dup 753．MK 954) 

2-n—butyl一4一chloro一1一f[2'-(1H—tetrazol一5一yl 1 

[1-1Lbipheny1]4-y1]methyl}一1H— 
im idazole一5一methanol，m onopotassium salt 
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hypertrophy and m yosin isoenzym e patterns 

M A TER IA LS A N D M ETH o DS 

Rat model preparation Wistar rats，0，weigh 

Ing l 79土8 l8 g (Animal Center ofHonan Medical Uni 

versity)t were used- Renovascular hypertension was 

produced by 21(1C method ”． in which the left renal 

artery was oc cluded about 50— 70 by a silver clip 

with an ID of 0．3 mm ． Control rats were subm itted 

to a sham~operation (sham )． Before and after 

surgery， BP was m easured once a week by tall cuff 

method (Burlington 1 01A ，U SA )． Rats， with BP 

greate r than 20．0 kPa within 3 wk after clipping．were 

considered hypertensive ． 

Determination of cardlae m-j0 and protein content 

Rats were kilted，and their hearts rem eyed im medi— 

ately． The ventricles were trimmed off airia and visi 

ble blood vessels· The left and right ㈣ trieles 

washed with ice—cold NaC1 0．9 t were separated and 

weigbed，jndependentiy· The left ventricular weight 

LVW )and ratio of left to right ventricular weight 

(LVW ／RVW )and ~entricular weight to body weight 

(VW ／BW ) were determined． Thereafter． the left 

ventricle was frozen in liquid nitrogen for determ ina— 

tion of Protein content and m yosin扭oenzym es． 

The amount of left ventricular protein was deter— 

mined spectrophotometrically by Lowry％ method  

Bovine serum album in (Sigm at USA ) was used as 

standard re rence． 

Analysis of lell ventrleolar myosin isoenzyme pal— 

ternI The extraction of myosin isoenzym e was done 

according to that of M ereadier ．et df ”． Left ven 

tricular sampies t weighin g 100 mg t were homogenized 

with 5 vol of fresh modified Guba solution at 4 ℃ and 

centrifuged by 30 000× ，at 0— 4 C for 20min ． The 

supernatant+ m ixed with equal volum e of cold glyc— 

erol·was stored at-- 20℃ ． Polyacrylamide gel elec 

trophoresis ， consistin g of actyIamide 3．8 (Fluka． 

Switzerland ) and N ， N methyIerie bis acrylam ide 

0．12 (Fluka，Switzerland)，was performed on verti 

cal gels in a Pharmacia apparatus 【LKB一2197．Pharma— 

eta Corporation． Sweden)． The temperatu re of the 

electrophores buffer was centre】led at 2— 4 C and 

the gel run at a constant voltage of 11——14 V 

‘cm 一 for 28 h- A fter fixation．stain ing and destain— 

ingt the gel was scanned in a TLC sc$1nner (CS一930 

TLC Se~lnHer，Shimadzu，Japan)with x 450 nm and 

m 550 nm ． The scanning curve and the conicnt per 

centage of V i· V z t and V 3 myosin isoenzym es were 

shown automatically· 

Experim ent protocol The sham —operated rats 

and RHR were random ly divided into 5 groups ( 一 6— 

7 each according to their body weight and BP at 8 wk 

after the onset of hypertension． 1】 Sham—operated 

Preup(sham)：served as normal centte1． 2)Iosartan— 

treated group (LOS)：Losartan ( Du Pont M erck 

Pharmaceutical Com pany)，5 mg·kg-。was given o to 

the RHR qd for 8 wk- 3) Captoprfl treated group 

(CAP)：captoprll(from Squibb)，25 mg·kg was ad— 

ministered Ⅱto RHR bid for 8 wk． 4)H ypertrophy 8 

wk grouP (H 8W K )：served as pret reatment contro1． 

5)Hypertrophy 16 wk group (H I6W K)：as non—t reat— 

m ent contre1． 

Statistical analys is Results were exD ressed as 

士 ，and tested by AN OVA． P< 0．05 was considered 

statisticalty signifieant． 

R ESU LTS 

Changes of left ventrieular m ass and pro- 

rein eontent A fter ca ptopriI treatm ent． the 

left ventricular protein content decreased sig— 

nificantIYt the LVW and VW ／BW ratio were 

normalized，concom }tam with a significant de— 

crease of BP- Sim ilar to captopril， losartan 

induced nearly the sam e degree of decrease in 

protein content and Ieft ventricular m ass． 

Both Iosartan and ca ptopril， 2 different types 

0f RA S blockers，had sireliar efficacy in 1owet 

ing the BP and reversing the cardiac hypertro— 

phy in R H R t but the dose of captopril required 

was 10一fold higher than that of losartan (Tab 

l，Fig I)． 

Changes in m yosin isoenzym e patterns A 

m ark ed change in m yosin isoenzym e patterns 

w as observed in R H R ． T he content percent— 

age of V1 and V ain sham at 16 wk was 40．4土 

5．5 t and 25．3土 3．7 ，respectively (Fig 2， 

Fig 3)- lri the H 16W K group．a significant 

shift from V 1 to V 3 w as observed as COIYlIpared 

to sham - The V 3 content percentage was sig— 

nificantly increased to 40．1土 5．6 at 8 wk 
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Tab 1． Effect of captoprll 

pressure and c-tdiac mass 

p< 0．01懈 sham ． 

(S0 mE·kg一 ·d po for 8 wk)and Iosartan (5 mg·kg ·d一 po for 8 wk )on blood 

n一 6— 7， 土 s． ·P> 0．0s， ‘P< 0．01懈 hypertrophy 16 wk (H16W K)；‘p> 0．0s， 

T 

n l c I I l 门 
Fig 1． E【lect of losarfan (5 mg·kg 一d po for 8 

wk)and captopril(S0 mg·kg一。·d pofor 8wk)on 

m yoeardial protein content in RHR． SH AM ! sham — 

operaled}H 16W K ；hypertrophy 16 wk}CAP ：capto— 

prn—treated；LOS：losartan-treated． n一 6— 7，i士 s． 

‘P< 0．01懈 H 16wk， ’P< 0．01吣 sham ． 

and 45．0土 8．0 at 16 wk． Concomitantly， 

the percentage of V 1 decreased dram atically to 

24．9土2．9~A at hypertrophy of 8wk and 15．7 

土 2．9’ at hypertrophy of 16 wk． Losartan 

or captopril treatment induced a shift of iseen— 

zym e pattern in opposite direction ，that is， a 

shift of myosin V 3toward V 】，thus resulting in 

a remarkable increase in the ratio of Vl／V3 s 

that of the H16W K and H8W K groups (Fig 2， 

Fig 3)． 

D ISCU SsIoN  

O ur present study show ed that losartan 

could reduce the total protein content of the 

hypertrophied rat hearts and induce alm ost 

Fig 2- Changes in myolin isoenzyme patterns V】and 

V。(A)and Vl／vl r-tl0 (B)before and after Io6al,tan 5 

m g· 一。·d。。and captopril 50 m g· 。。·d po for 8 

wk treatm ent in RHR． SHAM ； sham-operated； 

H 8W K hype rcrophy 8 wk}H 16 W K ：hypertrophy 16 

wk}CAP ：captopril-treated；LOS}L砸 artan-treated． 

6 7，i土 & ‘P< 0．01悄 H16wK ；’P< 0．01悄  

H 8W K l ’P< 0．01悄 sham ． 

complete regression of the increased heart 

w eight， conce m itant with a decrease of BP． 

A sim ilar efficacy in lowering BP and reversing 

cardiac hypertrophy was also observed in cap— 

topril—treated R H R — It appeared that both va— 

sopressor and m yoca rdial grow th response to 

Ang II in RH R m ight be m ediated prim arily by 

Ang II一1 receptor subtype since losartan， 

w hich w as defined as a selective antagonist of 

Ang lI 1 receptor．was as effective as an A CE 

inhibitor— T hese resuIts w ere also suPPorted 
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FI|3- Scanning chromatography of ii1 In Isoenz3nme 

pmtterns Vl，V，·and Vj after polyaerytsm lde get ele~一 

WophofsIs In rsts． S~IAM ：sham -operated} HSW K ： 

hypertrophy 8 wk# H 16W K ； hypertrophy 16 wk} 

CAP ：captoprll—trested#LOS：[mmrtan-treated- 

by Qing．et al ． 

1n cbis study ， w e found that the dose of 

losartan， in low ering BP and decreasing m yo 

cardia l m ass， w as only one—tenth of that of 

captopril． It w as m ost likely that losartan 

w as m ore potent than captoprfl in blocking the 

influence of the RA S in RH R ”． The possibie 

ex0tanations were as follows 1) Iosartan 

blocked the effect of A ng II at its receptor 

sites． irrespective of the sour~．e of A ng II ， 

and captopril can not com pletely block the for— 

m ar ion of A ng II in the vascular  w ail and 

heart。’ ． 2)losartan is a predrug：its active 

m etaboilt~ EXP 3174 was also a selective Ang 

II—l receptor antagonist(．111
．  3)Only A ng II一1 

receptor existed in the blood vessels and about 

50 A ng II一1 receptor w ere present in the 

heart c 。 ． further suggesting that both vaso— 

pressor and m yocardial grow th response to 

Ang II in RHR might be mediated prim arily by 

this subtype． 

The changes in the relative amounts of 3 

cardiac myosin heavy chain (M HC ) isoen— 

zymes were believed to be responsible for the 

altered cardiac perform ance s in various patho— 

physiological conditions ”． V l has the highest 

A TPase activity， w hile V 3 has ．the low est A T — 

Pase activity． T he population of the is oen 

zym e is decisive for A T Pase activity ，shorten— 

ing velocity， and econom y of tension genera— 

tion ． The depressed contractility in hyper— 

trophic m yocardium  is as socia ted w ith’ de— 

creased m yosin A T Pas e activity ， w hich 

w as reflected by a decreas e in the ratio of 

myosin V J／V3． In agreement with other stud— 

ies~．1 4 3，our present data show ed that there w as  

a significa nt shift of m yosin isoenzym e V 1 to 

V 3 in R H R ． It suggested that qualitative and 

quantitative changes occurred in the biosynthe 

sis of m yosin in cardiac hypertrophy． T he re— 

sults confirm ed that both losartan and capto— 

pril w ere able to reverse this abnorm al isoen— 

zym e pattern of ca rdiac hypertrophy in RH R · 

But it w as  unknow n w hether the shift of V 3to- 

war d V 1 by iosartan and captoprii was a coiise— 

quence of the decrease of heart afterload ，and／ 

or directly resuited from b1ockade of A II in 

cardiac m yocytes- Some reports Showed that 

M HC gene regulation durin g hemodynamic 

overload Inay not be induced by inttin sic fac— 

tors， such as horm ones， catecholam ine， but 

by direct local fesponsc to increased load[15J． 

T aken together， the present study 

show ed that both losartan and captopril could 

effectively reverse the car diac hypen r0phy and 

norm alize the distribution of m yosin isoenzym e 

patterns in RHR ． n is also reasonable to pos— 

tulate that the cardiac hypertrophy in R H R 

m ay be prim arily m ediated by A II一1 receptor· 
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心肌肥厚及心肌肌球蛋 白ATP酶同功醵谱 

垄 ，塑 ，苏 志，郭 迅， 7- 
(潮南医科大学药理研究室，长沙410078，中国) 

摘要 Losartan(5 mg·kg ·d Po)和卡托普 

利(50 mg·kg ·d_。p。)治疗肾性高血压大鼠 8 

周均能在降压的同时降低左室重量34．8 ～ 

41．0 ，减少左室总蛋 白量28．3 ～39．4 ， 

使迁移的心肌凝蛋白 ATP酶同功酶谱回复正 

常． 表 明两药能有效逆转 肾性高血压大 鼠心 

肌肥厚及心肌凝蛋白同功酶谱，通过改变心肌 

凝蛋白ATP酶活性水平改善心肌收绾功能． 

关键词 e!! ；血管紧张素受体 ； 

丑一肾血管 壹 ；： 熟匿星；肌球 
苷三磷酸酶 
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