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The Experiment of the Effect of Insulin and Fosinopril on Angiotensin II
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Abstract; [Objective] To observe the effects of long-term injection of insulin (INS) and feeding
of fosinopril on blood pressure, concentration of plasma INS, plasma angiotensin(AngII), myocardi-
um Ang I and angiotensin Il type 1 receptor(AT1-R) gene transcription of myocardium in spontaneous-
ly hypertensive rats(SHR) . [Methods] 32 ten-week-old SHR were randomly divided into 4 groups,
1A group: injecting INS (5 U - kg~' - d ') and feeding fosinopril (5 mg - kg~' - d~') ;2A group: inject-
ing distilled water (0. 05 mL - kg™' - d~')and feeding fosinopril(5 mg - kg=' - d™') ;1B group: inject-
ing INS(5U - kg™' - d~') and feeding placebo ( 5 mg - kg™' - d~') ;2B group; injecting distilled wa-
ter(0.05 mL - kg=' - d"') and feeding placebo(5 mg - kg=' - d~') . Before and after the study BP
was measured by tail-caff method every 2 weeks. After 9 weeks the blood and total mRNA were extract-
ed from myocardium of SHR. The plasma INS, plasma and myocardium Angll, myocardium ATI1-R
mRNA were measured. [Results] Plasma INS levels of the INS injection groups were significantly high-
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er than that of the distilled water injection groups( P <0.01). The BP, Angll and AT1-R mRNA lev-

els of myocardium in the INS injection groups were not significant different from that of the distilled wa-

ter injection groups respectively( P > 0. 05). The BP and Ang [l and AT1-R mRNA levels in the fosino-

pril feeding groups were significantly lower than that of the placebo group respectively( P2 < 0. 05)

. The level of plasma AnglIl in 1B group was significantly higher than that in 2B group{ P < 0. 05) .

[ Conclusion] Long-term injection of INS has no significant effects on BP, myocardium Ang Il and gene

transcription of myocardium AT1-R in SHR. The BP is decreased and myocardium Ang Il and gene tran-

scription of myocardium ATI-R in SHR are dowm-regulated by fosinopril.

Key words: insulin; fosinopril; spontaneously hypertensive rat; angiotensin II; receptor;

gene transcription

PR B M R AR B S & (insulin , INS) 1M
fiE /INS #E#1 (Insulin resistance, IR), #RT , & INS
MESRERAEBOEZRNXRERESNDA+ 0
2. HERBEHBOLENKARE, XEH 56.2%
HBEIRRA (20~74 %) FEARME, FE 1
RUBE PR B W LR R A 2 20% , 2 BUBE PR A8
EWMERERA30% LU LV MERBBEEFFTE
KBS INS, FRA X T 8RB A I & M 6 &
&, KIES INS BT E I m e r R s ?
B & ¥ # M & K K (spontaneously hypertensive rats,
SHR) BN AMEBREREAXE NEMSHYER, @i
H B3k & %1% 1(angiotensin Mltype 1 receptor,
ATI-R) AR THILEEEOERKEQ (angio
tensin II, Ang ID) W 45 I8 02 7F O 1 5 40 M I K L 3¢
FEEAR, RATWE T K ES INS RIREBF
Y H %t SHR M. M3 INS ¥EE . MK Ang Il ¥
B, LMl Angl &8 X0 ATI-R ZEHZ Y
W, A BAA S INS 5 R ML 2 (Al Y K R FT L6 2Rt

1 M#EF*

1.1 # #

iy . L A0 M B E B s LA £
E NIH5#HZEF KM 371 10 Al SHR,32 B,
MRS, MERARER 210~310g, HMRERE
185 ~210 go FERXH: RNeasy Mini Kit(J§ 8 QI-
AGEN Co. German, Cat No. 47104) ; RT-PCR system(
M B Gibco Co. USA, Cat No.11146-016); ATI-R
(GenBank No:M74054),cDNA 370 bp, 514 L #fFF
%1 . 5'-GCCCTTAACTCTTCTGCTGA-3" (263 ~282
bp), I T3 5-TCGATGCTGAGACACGTG
AG-3'(614 ~ 633 bp); BE B H i 5085 (GAPDH,

{J SUN Yat-sen Univ (Med Sci), 2003, 24(4): 378 ~ 381, 416]

Gen Bank No: Af106860), cDNA 194 bp, 5|4y £ iff
FE31 ;. 5'-CCATGGAGAAGGCTGGG-3' (1154 ~ 1170
bp), I TFWAS . 5'-CAAAGTTG TCATGGAT-
GACC-3’ (1 329 ~1 348 bp), KA L5|#3th L4
TA o Bl . 3k INSGERBEEEYEARERL
AR BEER(PELEEREAAL), R
B EM

1.2 A &

1.2.1 shdh o4 B4 32 H SHR FEMLSr 4 4,
G 8 R &, SAKXREGR L EZERTLEIT
HBEMHIA A T ES INSGSU - kg™ + a7,
1W=0.0l mL), BFLFEEHSmg-kg'-d');
A R TS24 K (0. 05 mL - kg™' - d™Y), FB¥E
LHEE(Smg- kg™ - d’); IBAH. K TFELHINS
(5U - kg™' - d™'), REGIEE Smg - kg' - d™');
2B 4 (X HRH ). B FHESZR18K (0. 05 mL - kg™* -
d-Y), MERHEE (S mg - kg™ - d")o L9 M,
SLEHETMER P 2. 4. 6.8 FMKRES KL E
(R 3KRMBEZIME) 9 BE A LZEM 4 mL,
HE 10 ~ 15 min, B4 (LEEMZE.LOH) FL-04
%) 2000 r/min, r =8 em) 15 min(4 °C), B 3¢ 4
EFABE(EBHO0.5mL), -20 CTREF; RELE
S EET, 780 F B RE.O ML B 2 B HE R, - 70
CHR7, ZIEFEE A Rneasy Mini Kit 12 BU&
RNA, 3B4+0 WL 4 AR B , B L 5738 30 2 oL Ang 1T
&,

1.2.2 RERSEFMNZE MFINSHKE. Angll
He B XU L Ang 1T & B 090 2 3R AU S
1.2.3 RT-PCR (DA RNA 2 pg, HEHLEI S
wmol /L, Milli Q 7K 4 wL,65 C 5 min, KB KL ,H
il 10 x cDNA B Wi 4 wL, DTT 5 mmol/L, RNase
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2 U, dNTP 1 mmol /L, #i%% 5% & (THEROMOSCRIP
RT) 15 U, Milli Q 7K 3.8 uL, R B8 &B N 20
pL,25C 10 min, 55 °C 30 min, 85 C 5 min, 37 C
20 min, - 20 C&H.@ PCR RT =% 4 pL,ATI-R
. T#319% 0.5 wmol/L, dNTP 100 wmol/L,
10 x PCR 2 0P 2.5 uL, Tag DNA B48 0.5 U,
Milli Q 7K 3. 8 pL, R N B &R 25 uL, A
EEMWE 25 pL, 94 C 2 min, BEJG 94 C 405, 55C
50s, 72 °C 1 min, EE LR 3% 5 NMEREWA
GAPDH fEA Xt R, £ . F #5144 0. 5 wmol /L, 4k
% -RPEFR 25 A, 70 C 7 min, -20 CHRHF, @
PCR =% 20 o/LIEERERBEKTE. B
Bio-Rad A &} #J GS700 H#{GHETHBMEE R,
1.3 #itF4aE

B SPSS 10.0 M Xt B H T & i+ 4
Wro B3 B s iFHEZE (7 + ) TR, MAM L
R KR,

2 % 3R
221 h E

o M R 2548 3 2 59 SHR(1B, 2B) HEK
WMZELK 8 A, mEFH A, &4 INS 4 (1B) 1l
FHEEE, BXHITFEEN; S5REBFLH
#7 SHR(1A 2A) b E#£ R BE (1A 5 24 HE
REFITHEREX) , BARBFEEF 08 E KL
B, KHIES P INS % SHR mEXE W, GR
W& 1

#£1 SHR MmEMZEL
Table 1 The blood pressure changes of SHR (n=8, x+s, mmHg)

Group 0 week 2nd week 4th week 6th week 8th week

1A 165 +11 161 +7 V¢ 163 £4 164 £4 Y 165+37

2A 170 £ 10 163 £+13 ® 163 £10 ¢ 165 £6 3¢ 164 +6 -9

1B 168 £ 11 171 £9 177 £10 © 175 £8 177+9 ¢

2B 167 £ 12 175216 © 174 £ 12 178 +11 9 180119

Compared to group 1B, 1) P <0.05, 2) P <0.01; Compared to group 2B, 3) P <0.05, 4) P <0.01; Compared ta 0 week, 5) P <0.05, 6)

P <0.01
2.2 HHRRMNELSR TR, HAREZE (1A, 20) KTRAE

HES INS 44 (1A.1B) 5 41 218K 4 (24 .2B)
Hg, m¥K INSHEREH®E (P <0.01), H52
B FEFEEMTEL(P > 0.05) MM Ang Il ¥
B, RAMEEANFAMEL, 5 INSH (B ET
KA#H (2B, P<0.05); HAMEHAMHA(IAS
M HBRERLEEE(P>0.05), LHAL Ang

#2
Table 2

(1B, 2B) (P <0.05), &H I BEMSEELHA
(1A +2A) K(8.7 2. T)ng/g, S B HRHAUB +
2B) 19 (12.5£4.8) ng/g LBEREBHRBEH (P <
0.05); M & INS £H (1A +1B) % (10.3 £4.9) ng/
g, SHEMWMKA (2A+2B) # (10.8+3.7)

ng/g LELBEHEER (P>0.05%2),

SHR # ST SR 55 R 1h 2

Comparison of radioimmunization results of SHR

(n=8,%zzs)

Plasma INS Blood glucose

Plasma Angll Ang Il of myocardial

Group (mU/L) {mmol /L) (pmol /L) tissue (ng/g)
1A 59.3+26.6% 2.9x1.9" 576 + 181 7.7+£2.39
2A 11.3+6.5 5.6+£2.0 566 + 149 9.6+2.9°9
1B 59.9+24.4 9 2.6£1.2Y 669 +173 ¥ 12.8 £5.7
2B 12.2+4.9 5.9£1.0 440 £ 190 12.2 +4.2

Compared to group 2A, 1) P <0.05,2) P <0.01; Compared to group 2B,3) P <0.05,4) P <0.01; Compared to group 1B,5) P <0.05;

Compared to group 2B, 6) P <0.05

2.3 OBl AT1-R &3 mRNA 7k
O AL ATI-R 9 mRNA 7K (5 R %t B8 th e

BArth) W3, WILRABFEEHMEE 1452

BB LEZREBEMN (P> 0.05); MM INS #
T RMAE (1A »s 1B LAK 1A +2A vs 1B +2B,
P <0.05),
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%3 &4 SHR LML ATI-R REHRAF
Table 3 The level of AT1-R gene transcription in SHR

Group n AT1-R mRNA/GAPDH mRNA(%)
1A 8 73.7+36.3 "

2A 8 70.6 +36.7 %

1B 8 113.1+23.0

2B 8 91.7+15.7

1A +1B 16 93.3+34.3

2A +2B 16 81.1+£29.3

1A +24A 16 72.0+£35.0%

1B +2B 16 102.4+22.0

1) P <0.05,compared to group 1B; 2) P =0.065, compared to
group 2B; 3) P <0. 05, compared to group 1B +2B
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B B, MMEME SHR LA Angl &8, AR

REAE. EZARMIE Ang Il /K, #AR0 MEHS
JREBH Ang I B3 Ang I ¥ i I B2 BE 5 &
Xo

To 18 = I e 38 R M R A% , O B AE B H R
ABEHEEHEE, & INS M i £ 5 % 0.0 m %4
ATERBENER S, IFRE FHREHNEE,
Kambayashi % * 4R jE {& /1 5 ¥k B INS H 158 Angll
(& 5% 7% B9 1L P28 L0 B (VSMC) TRV, #E
W 68 5 3k BF INS {2 3EHE 55 B9 VSMC #Y AT1-R
HEXEXAERX, Angll 5 ATI-R S48, 7RIS
FHXGELINARESHNERY . ALRERE
7N, 5 INS fff SHR DA T BK 47K ATI-R
HEEAH#—F LA, BH PESET0.065, FAEE
P ERRREZMX R, HAEFH#H—FH R A
ZRAEER AT INS MAEFT 6B Eif ATI-R R F#
3%, T S ) 986 0L 1> 450 i B 40 ) S PR MR AR

ACELBFEMAAETENBEERR, Van
Kates % UV R 18 ACEI A~ 4K 31 F% £ 1 FA i 30Bh O AL
HIEFMLERE, 2RERBR, BELHE
KT SHR WiiL/E, FIAF# T 7T SHR.LML ATI-R
B, X F T AEAEE T & INS i 5E 5 H
ERFERNE W, XFERAZIFHRE ACEL Biig L
I B 40 B FE Ve I PL 22—

OB o B BE 2 B 2 B b 3 B 500 I R B B 56
BRHA TR D)

BE M :

(1] BER, ZXH . 2ERRXSRLELYESULEE
(31 AN WA ,2000,16(6) :394.

[2] Timmermans P B, Benfield P, Chiu A T, et al. An-
giotensin Il receptors and functional correlates[J] . AmJ
Hypertens, 1992,5(12 Pt 2):221S.

[3] Morris A D, Donnely R. Clinical review 79: An-
giotensin Il; an insulin-sensitizing vasoactive hormone?
[11. J Clin Endocrinol Metab,1996,81(4) :1303.

[4] #higmh, % B, BRBESHOE [A]. N RIKMXK,
R4 BER.S. TABLEFE[M]. FB2RK. I
B B R4, 2000. 111,

[5] Hall J E. Hyperinsulinemia: a link between obesity and
hypertension? [J]. Kidney Int,1993 ,43(6) .1402.

(6] o, ™ W, MEMA, 5. BRFANFEERESM
CERERABEHOBENI]L PLERK¥E¥R,
1997,18(2):104.

(FT# % 414 B to page 414)



414 Bl kR (EERFR)

$24 %

2 & X

WITESE 2.4 A, MBH 17 B 43FH 5 6
5 PIERA, WREN S58.8%; MIATTAT 18 f
B 13 FF 3 BIIER, JAAEK88.9%; M
HELARE ARABARLE, 2 F TR, £/
Bl gt E Y, P < 0.05, RAEINIRRITE
IR BB AINRB R FIMEITHE 2 BlER
FELAE, HP 1 AIEHEMEERE, 5 1 FNE
FBA7cmx8cem, XEBIRALYLERT 1 HE
Homa.

3 3

3.1 BIREFEENNE

SEINRRBITE R AR, 1Ib, RO &
A RH B YUR BT EE B RSN R AR
A, A ARSI AT R R O ZE
g0 45 FUBCYL , 20 BT B 45 1R BESH AT ISR AT BEER AL
B I R R LB IR, s BRI, ERCR N A
MK BRI, HE REIENREN. AR
E B9 SR B RE B AR WAL, (R R, DR A/ H
HHLEE, RASHFAS R AR AEKKEES,
R#EGORBHGEMAS.

32 #l &

BRIBEAMARTA .. AFRRE, £ TFEER
B SR A Rl B R v A B ] PR AR AR AR IR T
ORI, RS 5R B R K SNE BR G, BRI )
AERRBNAER, EZMEERE. M/AAEER
HREAEREER, EENREHE R RFEEEK
HEME, B EERTR,EREEN VHER, @
FIESR A, TR O RSRA R, WTINE
IRFEH U o R IR 5 AR AE SR PR 1 T B T L R B

K NERA KGO AR, TR A F
K, MERE R, SaPt0ARIRRL LD
HE, TEALBRRBEEE, R&FHHLBE
YRR 2533, I EEAERKMER, FRtiH
WE. REBMER I GRT L, AL
B B AT AR AR PERE , I BB
T L% Sh 2 B8 41 7T MR 42 45 O 50 A R 341 & R A
R B4 T8 H AEAYRE, ARG ER.
3.3 EFBEMW

U5 0 BT 42 SR BRI BT, B SR IR R 2, W
E ML B ) HEAE TSP 2 o KT8 0 2 R O
HITEOLE G, I E IR R EF R
¥ 5 KTy EIRT RCA RUH R, NS B
57, EAHEYERTRENARE RN, %5
KBS ZYIR YT RS, 0[] B B IE 7E 8 AT 6
%, BESRE 2 A EVLAR R W EURMEE R, 5
P S R N, X AR BN RSB M B, B
SMEY TR, T EHETRE, BILBHRHEES
BN, 6 ~8 h A AT K s s BURES, A
B R RLL B S o

AN B GTA I X RSB A U BT RO H R
FEREE T EHTEARK I, IV R BTN
Il PR 7R, AT AR A e AR B BLIA T Z— o

BEUR:

(11 & H, EXNHK, THE. Eik IR R K BEK
HOME8EE (11 . PERERE, 2002, 17(5):
309 ~ 310.

2] FeakidE, W4E4E . VERTFLPB(M]. F. BEK
AR ICHERH ARAE, 2001. 632 ~ 638.

(3] ZHFgr, X448 . TABTEAFMIML L. AR
& R4, 2001, 173 ~ 174,

(%4 Xk %)

(L4 % 381 R from page 381)

[71 Viseslav D, Sim K, Geprge B. Angiotensin Il receptor
blocker use for hypertension treatment in the ederly[J] .
Annals of Long-Term Care, 1999,7(8) :305.

[8] Kambayashi Y, Nagata K, Ichiki T, e al. Insulin and
insulin like growth factors induce expression of an-
giotensin type-2 receptor in vascular-smooth-muscle cells
[J]. Eur J Biochem,1996,239(3) :558.

[91 Baker K M, Aceto J F. Angiotensin II stimulation of

protein synthesis and cell growth in chick heart cells[]J].
Am J Physiol ,1990,259(2 Pt 2) : H610.

[10] Van Kates J P, Duncker D J, Haitsma D B, et al. An-
giolensin-converting enzyme inhibition and angiotensin Il
type 1 receptor blockade prevent cardiac remodeling in
pig after myocardial infarction; role of tissue an-
giotensin [l [J]. Circulation,2000,2(9) :1556.

(&4 xik%)



