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AE BR:WEZHE A bR & f B X RS LA W R AE % B -F GRP94  caspasel2 & ik 4 % v , BARARE-A) vF 8 i (4
AR )RR F A T AR A, FiK:30 RAEM AR B K& f B KR (SHR), RIS 5 B8 20 BEAL 20 Fodi vt 40, 428 10
R, SBML T LB AR R B AT E AR TR T4 3 % B R0 BRI B B F A B &0t B
WT 4 3 %E AR BRI R B TR A B A 20 mgkg/d # F . 1% 8 BKR, ARG T E N & H K R Pk
JE(MAP), Bl 2 3 BBt ] AUt ] o 7 5] 20 ¥ e 2 8% (homocystein, Hey )ik &, AR BRI & &S RBA LS ERMEHF RS
ALRe 23 % HWI & LVEI, @it HE &SP al AR T, %z B0En X R o LA 2 P GRPY4 & caspasel2 & ik K
P, RO KR MoiF Hoy KPo9 B0, BB KR fid Hey (A EFAEE, Har@atart, A m X R ok Hey A2 5385
(P<0.01); 54578 2048k, 4R vt B 2B K R o iF Hey 158 2 44&(P<0.01), @ k& HWI.LVEI & MAP 4 %4k, A 4 X K49 HWI
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T RIEFH A2HmAK R4 MAP £ F L4 $ & L(P>0.05); SR 448k ket i T 58 KR 69 MAP ] 2 A% (P<0.01), ® X
R plgm i W i M kg (endoplasmic reticulum stress, ERS) 48 % B -5 GRP94 & caspasel2 &.ik . 33 IELH R AEA 20 K K- WL4m e
GRPY94 %_caspasel2 £ k335, S5 Batart, A 4 K Ko Wan i GRP94  caspasel2 &k 3 & & 48 2(P<0.05), 1&*t 4 F
FUE K RS L2m A GRP94  caspase12 & ik ] & 44K (P<0.05), 51 : & Hey idlid ERS #2248 5l JE K R A £ EFAZE m 4k et
B T A Z A& F Hey & fo B K, 495 g it ERS, A A 2k i# 4 £ & R, Lot A & BT e o FHuk 4 “H 27 &k
8 TRES B I7 34 T #169 B IR IE
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Enalapril Maleate and Folic Acid Tables Intervention Effect of Left
Ventricular Hypertrophy in SHR Rats with Hyperhomocysteinemia*

ZHANG Zhi-min, ZHAO Lian-vou", ZOU Qing, LU Fan, LI Xue, DING Xue, WEI Chong-ying
(Department of Cardiology, Tangdu Hospital, Fourth Military Universitv, Xi'an Shaanxi, 710038, China)

ABSTRACT Objective: To observe the influence of hyperhomocysteine on the expression of the correlation factors GRP94 and
caspasel2 of endoplasmic reticulum stress in SHR rat heart, and the intervention effect of Enalapril Maleate and Folic Acid Tables
against it. Methods: Thirty male SHR rats were randomly divided into control group (hypertensive rats by feeding normal die group),
model group (hypertensive rats by feeding 3% methionin die group) and EMFA group (hypertensive rats by feeding 3% methionin die
plus Enalapril Maleate and Folic Acid Tables [20 mg/kg/d)] treatment). After 8 weeks treatment, plasma homocystein, HWI, LVWI and
mean arterial pressure (MAP) were measured, expression of GRP94 and caspasel2 in rat myocardial tissues were examined by
immunohistochmistry. Results: O In control group, serum Hcy concentration was in the normal range, and it was dramatically higher in
model group than that in control group (P<0.01), and that was lower in EMFA group than in model group (P<0.01). @ The index of left
ventricular hypertrophy HWI, LVWI were significantly higher in model group than that in control group (P<0.05), and that was lower in
EMFA group than in model group (P<0.05). @) The average value of MAP was significantly increased in control group and model group,
but there was no significant statistical difference between the two groups (P>0.05). Compared with model group, the average value of
MAP significantly decreased in EMFA group (P<0.01). @ The average values of protein expressions of GRP94 and caspasel2 were
higher in model group than those in control group (P<0.05), and those were lower in EMFA group than those in control group (P<0.05).
Conclusions: Hyperhomocysteine may be involved in ERS, which may exacerbate ERS induced by hypertension, and eventually results

in an increase in left ventricular hypertrophy. Enalapril Maleate and Folic Acid Tables can effectively reduce plasma homocystein and
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blood pressure levels, inhibit ERS, thus improve left ventricular hypertrophy. The molecular mechanisms provides a new theoritical basis

for prevention and treatment of H-type hypertension.
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A=, s R B IR R o R 2R E A Hey
g Ar , F30m Hey KCSEFEY, AMRIMTE T Hey /KA 10
wmol/L L IR Ay 1= [ 4f ik 21 1M iF ( Hyperhomocysteinemia,
HHey)?, HHoy fEA—AN8T AL SR fE R N R B 35 % 3|
Mo EAERAFFE LI, HHey A 5:.00055 STk sk e Ak i i
B VI, 5 T m U e AR B & A R R, S 22
VI LER KB, ELAHL M AT RS, AR SE IE 52, IR
Al O LA ERS, {5500 WL PN S I 6 P9 AR 37 2 R R BT
BEAREREE P26, NEAHEHF GRP4 cas-
pasel2 FikHi e, A S ECO MMM R T, Ik R L BB ZE
2 A JE (Left Ventricular Hypertrophy, LVH)® HHcy 27518 i
ERS ZF i/ LVH [ ARG, RIS FIntm A oy 3 E A 3=
WFERBIRIE AREEZY, WAYGRYT IS+ HHey, @&
“H #4775 iR AR R B O WU TR R38R S A F LI F
S ARSI A T SHR KBS E AR &g & ilUs
# HHey Jk B RIWLEE HHey i i R K BUC ULZH i ERS A1
KK F GRP94 caspasel2 ik (2 , A i — 45+ HHey Xt
e I 20 28 0 RE B D54 A5 LA R AR I 6l T 90 4 F- L
PTG SR
1 BERAI T i
1.1 #4#4

AR HERE SHR KR 30 L, 8-10 A4, A5 & 200-240g( 55
PUZERE RS sy o B3t ) s AR (£ 18 Sigma A F]); 5
R BRAKAR A A7) RN BB 254 BRA )5 bt KR
GRPY4 Hi {4 S G i K B caspase 12 HifA (3£ [ Abcam 23 7] ) ; B
PERE MR B IC PR eGP &R AR ARARAFD);
DAB & 0 X & (1782 7] ); AP90Hcy il i 71 £ &
AUSA 34011 [FIHP B B4 RN 27 BRA R 5
RM-6280 %I 238 % fig A= B 5t X AT b B R G OB AR )5
BX41 T2 B (A A AR bk 204 4t) ; DP71 B i fd
1% 2 50 ( B A AR E Bk U ) UG 00 5124 (35 [ Media
Cybernetics 23 #)).
1.2 7%
121 SEREEMREBNEARERNEIRIRSA K
30 H SHR K FUREHL A3 4 5t FR AL A AIZH S ARt 4], 4 10
Ho X HREH 265 73573 J0R 1) o} i [T 45 T DRk HE 18
M T & 3 YRR AR IR A R SR [ I 45 T XGEKH#E B LR

RS T E 3 Yok SR UKL IR I ME SR R I 45 TR I #3710 20
mg/kg/d HEH . 8 B TIRLE R
122 EAXRMEROCEHNE  FRECKRIAERZEBW), H
1 %1% I L 2284 (40 mg/kg)BRIEAR B, BRI B R BRI RMOZ [
FE T R L, B0 Bz TR E TR 2 D I R Bk 3R SR ALIA
T BB A TR K, S5 FLIm sl 20 ik, 3 s LIS e
1, T RE EASCV IR/ B I A R 1 %R
ALK IR IR T S W R, S SR AL
FUANKE T E Ik, E R R Ress e 10 min J5, HEZE
Az B SR IC S kWi 4 i (SBP) & 5K JT.(DBP), 1155 24 3y
ik (MAP), MAP=DBP+1/3(SBP-DBP),,
1.2.3 MiEFEBFERIEAME B S RO R ZE
Bl 2 ml, =38 N ACE 30 min, 3000 r/min 250> 15 min, B
B2 EP B, IOA -80 C yKAHIRAF , LAME XA Hey {8, HX
URAE LG S AP9OHcy iRl &k i B3R, 4 MR R 2
GRS AR AL SR A T 107 Hey 18
1.2.4 ALBEE$EE HWI B LVEI BOiZE -0 HE 2 sal i)
T B A BLOERL 4 'C PBS Wik, SO I E Tk -,
B RZ R M KR L, JEAUIR T, FRELA.C i (HW) . PR
W ROHEAAGOE, EENELRECE, WRARRE
(LVW), 13 HWI(HW/BW ) LVEI(LVW/BW) I8 . J5 450
WAHZUE F 4 /L ZREHEEP R E , TR i e,
125 KROMARAEEENE HRKRAEOIHAET
4 C4 gL ZRWEEPEE 24 h J5TEREEREE K, A, W
WEL DI 4 wm BV 505K, 248 HE Jeti )5 FHohes T s
D SUE R SRAS
1.2.6 KR OAEL R GRPI4 K caspasel2 RiAHIRIEAHNLE
KO A Y R 2 R Bl . KAk (PBS PRk
J&i 30 mI/L BUAE 7K 3t EA] 15 min, i i 8 28 35 oK R 7 ) 3 22 g
A3 min HrEBEE, FIR T IWLFE M EMA 20 min, 0L
500 #5 B bt K Bl GRPY4 Hi ik E (4 Cid). &l 20
min J5 PBS Pk, %0 1:500 B EHi e 1gG(37 CHFE 25
min), i il DAB & {4, & % oK GE W P PER R E AL
TWREEEE R IF I 7 BH P B OD fH . Caspasel2 farifll J5 v
W GRP%4
1.3 Grit=abiE

SEES R LA x£ s Fon, il ] SPSS17.0 Gk kAT 501147
30T . PRALIEIE] BRI 2 J5 22 0471 (one way ANO-
VA), ZH BP0 SR A LSD-t il P<0.05 J¢ P<0.01 /R
ERHAGI#E .
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) R W] 5 TR (P<0.01), £ R L3 1,
22 BAKXRMEROCEMNTLE R
2.1 HAKRME Hoy HLER X HELE BRI A B, MAP 4B S 34 5, FL 4 1] He s MAP
SRR 8 JHA XARAIR RN Hey (AEIER TR, 5 2R 80124 % L (P>0.05), KM THUS , KR MAP &7
o B2 VLA, B2 K UL Floy (035 085 (P<0.01), FLIE 411 1 8 . (P<0.01) . 46 2 Blb S WL I i 25 5, 26 L I
BT IE R (G . SRR ek AR T UG K RUINGE Hey % 1,

* 1 £4HAKR Hey MAP & HR HJtE B (=10 x+ s)
Table 1 Comparison of Hcy, MAP and HR ofrats in each group (n=10,x+ s)

Group Hey(p mol/L MAP(mmHg) HR(bit/min)
Controls group 7.56x 2.52 172.83+ 9.57 358.32+ 10.57
Model group 71.85+ 12.73* 176.24+ 10.84¢ 362.08+ 11.25
EMFA group 18.32+ 5.51® 132.25+ 4.26% 355.67+ 10.42

i S BRA L, aP<0.01; SRV L3, bP<0.01, SXBBALLE:,cP>0.05; 51 RIA LA, dP<0.01,

Note: V.S. controls, aP<0.05; V.S. model group, cP<0.05. V.S. controls, cP>0.05; V.S. model group, dP<0.01.

23 FAEKXKBEZBEISFRGNLER e i BEH T Ry B i (P<0.05); SRR RIATAH e, AR I 241 HWI
Xt BEZH K BRI ZH HWI A LVWI 44 0 w5, FBOR 28 1 LVWI B AR (P<0.05), 455 L3 2.

%2 SEXBRAZRERERAILLR (=10, x£ 5)
Table 2 Comparison of HWI and LVWI of rats in each group (n=10, x* s)

Group BW(g) HW(g) HVW(g) LVWI(mg/g) HW/BW(mg/g)
Control group 348.12+ 10.24 1.24+ 0.0 1.05+ 0.03 2.87+ 0.12 3.42+ 0.12
Model group 350.27+ 8.36 1.52+ 0.03 1.36% 0.01 3.62+ 0.08* 421+ 0.16
EMFA group 345.68+ 10.67 1.12+ 0.02 0.79+ 0.02 2.16+ 0.11*® 3.15% 0.13*

i EXTHRALL B, aP<0.05; SEBEIALL %, bP<0.05,

Note: Compared with control group, aP<0.05; Compared with model group , cP<0.05.

2.4 EHEKRBROIMALRFEZEN WEAZIRIE VLT AT, A o) S0 % o SR TALAN LE AR 4
HE Q@ 200R, W BRARBUO NI IE A, HEFIZE RO WLARNER W SR R, O LR A HES e B 57, R

filo X PG HE AR ZH O JULAN M58 AR, HEF ZE L, LAl ULEH S LET AR RL, MO, e ey s) . IR 1,

P8 b > = & ’(

b g § 4 A s | '

B 1 FHEKROIAL HE Fe(x 400)
E:AXTERE,BERA,C kIt A
Fig.l The myocardial tissues of each group by HE staining (X 400)
Note: A control group, B model group, C EMFA group

2.5 AL AT O AR B R R P R 38 4B o5 B F GRP94, 55 TR A4 (P<0.05) ; SR 4L AH HL , 4 i F 28 K RO L4 4L

caspasel2 RikLER ' GRP94 ,caspasel2 Feik B 55 , Jy 55 B PEA , OD {431
L WLATM ERS #1561 F GRP94 | capasel2 ki FHIM 4 0.48+ 0.02 J% 0.56% 0.02, 48 GAK FHIEIZH (P<0.05) , WL

o, B R AT UL R B 0 R . S50 8 R WP IRALRRLODAL - 2-5,

2 41 GRP94 caspasel2 & [HM: 33k ,0D fH 43 5]~ 0.59% 3 s

0.02 % 0.61+ 0.03; XA, AR KO LA S

GRP94 .caspasel2 Fi5 M T W 5, Hf3E PN 75 0 A0 o (0, 35 J &P VR IR AT I Hey 7K gl o “H AL 25 1,

Bi, SLARPER K, OD {f4391 0 0.74+ 0.03 % 0.82+ 0.02,  JE, SPGF AREARLL, 3 E A 2K Hey 7KF-5 i f 55 , 5
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2 AKX RO AALR GRPIS R IAR BRI EM e AT (x 400)
A XTTE.'EZH,B AR, C kM FA
Fig. 2 The expression of GRP94 in myocardial tissues of each group by immunohistochemistry (X 400)
Note: A control group, B model group, C EMFA group

Y * - G
caspase12 ﬁl’jﬁ’]% Zﬁﬂé"‘é@,:f%“."'] (x 400)
A TERA,B #2A,C R A

Fig. 3 The expression of caspase12 in myocardial tissues of each group by immunohistochemistry (x 400)
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Note: A control group, B model group, C EMFA group
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i Sx AL R, aP<0.05; SR LB, bP<0.05
Fig. 4 The quantitative analysis of GRP94 in
myocardial tissue in each group (n=10)

Note: Compared with Control group, aP<0.05;
Compared with model group , bP<0.05

75 Yore IfiLFie FR A REAT HHey, HL & b R /F (00 1 455 AU
HiAE] 113,35 5 F HHey 5 HEGR F ZIBA1EH RS,

BRI KBNS Hey E 520 S 0N ERER L0ER
BEJEL R |25 A] AR SR IE A5G0, Blacher 25 % II7E 15 IE S5 24
KA B R TE AR e B 25 2K Hey W 5 A0 = H
HHEEOH DG, Sundstrom SEFEHLOMERFSE Hu0 ATERY 2697 il
BF LMK Hoy YR 540tk O A2 2= RS BUE AR
., Walker S5 K& 5T 2 &) HHey K BB TLC RS 7 1
AT T AR S R 1 20 58 A5 RN 70 =5 I BE A T, O R Y 4
TRDIRE T BT AR h REA AR, Joseph 45:7¢ HHey 1915 IfiL
RV |- %€ 31 HHoy BN 5 1R 5 | A9 0 M 2544 20
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Fig. 5 The quantitative analysis of caspasel2 in
myocardial tissues in each group (n=10)
i 5XTRALLE, aP<0.05; SHAVA L, bP<0.05
Note: Compared with Control group, aP<0.05;
Compared with model group , bP<0.05
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