H

V=Y e T VX Ty URPIMEREIO A% 53, M
fasEsE, NoRERE COREIRTE LSS5Ik ENTWB, FEIENA VR VEZEICEZ 5
DHISN TV S, RIMEDIEEHNTH % CBIE R 5
DT WBERERT 2011, MEFHEOAZSTIM Ko Tw3Y, 7yyzryyy£m@$mcmm%%
Fu%®mﬁm£¥f%ﬁﬁﬁ¥%&%éﬁa EHREE
THY, V= 7T rIF Ty RIEREMEHINT EE%%KﬁLT%—éﬁ%tLT@@%hTm%”z

)

255k 1999 5 41(7) 1 692-696

I

Ty ATVIL VI AT, SRRIEG K IZ L 5
S HSRBRET » b DA >~ R VISR &
28 JEPREERRE N\ D s 2

ERART  EET IR BT

Effects of angiotensin II receptor antagonist on insulin sensitivity
and sympathetic activity in spontaneously hypertensive rats

Kyoko SASAKI, Toshio KUSHIRO, Shigeki NAKAGAWA*, and Katsuo KANMATSUSE

The 2nd Department of Internal Medicine,
*Department of Biochemistry, Nihon University School of Medicine, Tokyo, Japan

Although angiotensin AT, receptor antagonist(AT; A) improves insulin sensitivity in insulin
resistant models, its effect on spontaneously hypertensive rats (SHR) has not been elucidated. We inves-
tigated the effects of AT, A, candesartan on insulin sensitivity in SHR/Izm and the role of sympathetic
activity in its mechanism.

In 9-week-old SHR/Izm, candesartan (10 mg/kg/day) was given orally for 5 days. A control group
received vehicle. On the 6th day, mean arterial pressure (MAP), heart rate (HR), plasma norepinephrine
(PNE), plasma epinephrine (PE) and plasma dopamine (PDA) were measured in both groups(n=11 in
each group). In the separate groups of rats, fasting blood glucose (FBG), serum sodium, serum potassium
and insulin sensitivity by steady state blood glucose (SSBG) were assessed (n= 16 in the Candesartan group
and n=38 in the Control group).

MAP and SSBG were significantly lower in the Candesartan group(117+2 mmHg and 138+5 mg/
d/) than those in the Control group(155+6 mmHg and 164+ 10 mg/d/). Body weight, HR, FBG, PNE,
PE, PDA, sodium and potassium were the same between the groups.

In conclusion, since AT, A, candesartal lowers blood pressure and improves insulin sensitivity
irrespective of sympathetic activity in SHR/Izm, it is useful in treating hypertension associated with insulin
resistance.

Jpn J Nephrol 1999 ; 41 : 692-696.
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VT, 7o VA T vy I AT SRR O B R T3
BERIGHEIND XSk ohs, 4 R Vst
THHEIACEHER RS> TR ZEMRENTL
%9,

bhbhdmilEBRFIEZ Y b (SHR)ICB W T,
ACE JHEHIZA v A ) VEZEEHE S 500, AT, %2
BUHHETFEITHS 0 WEERAE RS BRI E2HREL
29, ZOHAE L TACEHERICL 2NRAMEF=>D
B4 A VEREZMICHE T SRR R R LTz, AT,
ZERFEPIER L fructose BTFIZ L 24 A Y YIEPIET v
FETFNVOTIIHE ST B, AREEEILTERE CIIE
RO LIMEVE, WESERZWVETIHEIND S,
AT SEEHEHEIC X 24 VR VREZHEOZLEE I
L0 ELZHHZERE L TnnnR, RS s EED
A VR VREEZENHELA VA VEEZEMETL T
ZEEICE S BRI D B,

SHRD A v 2 ) VEZERHRE T LD EES5>TW
219, bhbhl, #EOSHR O > 2 ) V28I
S D Wistar Kyoto 7 v b 2130, BRI XD
Wik 2 TdH % SHR/Izm 134 » A ) Y EEZEEMET L T
W ZEREBDTNEY, W22, REEEMEE A > A
D UARBIMESEA L T B E DA > A P ERERE
EWET 2ET N E L TlE SHR/Izm DIF 5 H%#Y] & % 2
5h35, LoL, SHR/Izm I2B1F % AT, ZEEEHHED
BT 2RI,

F 7o, FRYBEARERIEA > A ) B L RN
BELTED, EEL1 2 ) VBT ERRFTH
ZAREMED B 519, ACE [HESE, AT ZAEEPHEE b
2 RIEHHE AR\ T 208, A Y A VRIS 5
TER & OBEIIRHTH 2, SH, AT ZRERETETDH
% candesartan ¥ SHR/Izm O MFE & 4 > A ) V&3 MEIC
Lz 28y, 2OBFICB T 3 RBMREROBS IO
THE L7z,

XMZEHE I

8 B s D e SHR/Tzm (ME E235) % 12 REfH & & O HARKE
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#7y NEFR) ZEHEIZL, #E—y 7 EBEE L,
9 L o7 b DEEBICH W, Ty MIMEIEAT 2
BT, DUTORBRZT- 2,

KER1: 7 7 E7 I LICEMEL /2 candesartan 10 mg/kg/
H %7/ 9 BRI H 5 H5&HIFR 8 5. L 72 (Candesartan

B, n=11), MIRI7 27 T LD AH@EEREORS L7
(Control #, n=11), WL b EBRBEZESHEIC Z—
7OVIREE T T, —HISEBIRIC polyethylene 7 7 —7 )V
(PE-50, Intermedic, USA) Z8{&E L, KT %@ UCHEFE
O RMICEE LTz, Z DBRIUKD AL 2, 24 I
BT Tr—YNTHHTETE 2 RETUTOHIE %
To7z0 SHEIIR Y 7 —7 IV % = J7 i & swivel (Instech
USA) 2/ LEE F 7 ¥ A T a—%—(P23-
Db, Statham, USA)c#G L, SFHEIIRE (MAP) B X O°
pulse recorder (HADEEM) 12 L 205 (HR) 2R 7 Z
7 (Minipolygraph, HADGE:) THIE L7z, MAP, HR &
bicdie L &b 20 L EOBIEERICEE LR TH
HE L7z MAP & HR {liE#, SHERA 7 —7 V& D L5
m/ £EIM L, 4% epinephrine, [f%f norepinephrine 8 X 8
4% dopamine Z2EHEE 7~ M 77 7 4 12X D HIEL
7o

EER2 I ER 1 3BTy Mg L, RO AET
candesartan(n=16), 8L U7 7 E7 T A (=8 D A %
HUSHBC—HISEH#HIRY 7 -7 Vv E2HA Lz, 6 HE
IZ MAP, HR HIEIZA > A ) VRS % steady  state
blood glucose (SSBG) 1z X 0 §Eifi L 72,

SSBG L IZEHER A 7 — 7 Vv oI E~~ b 7V v b
BIC L DERIL, 2y (FBG)HIE R, SRy 7 —
7 )V & D octreotide acetate (Sandostatin ; Sandoz, Switzer-
land) 50 ug/kg % bolus # 5. L7z, % D glucose, regular
insulin (Actrapid Insulin, Novo Nordisk, Denmark) 8 & O
acetate ZIRA L7 % v ) ViR > 7 (EP-
60, Eicom#h) & 0 1204 M K e #& 5 L 7z, I BE 1%
oxydase 3% (Antsense, ¥ A L A « =) 12 X DHIE LTz &
Yo By 5 &3 glucose  16mg/kg/4y, regular
TmU/kg/%F, B X O octreotide acetate 0.077ug/kg/53 & L
7o FYFGFAMG 120 5382 1 MUFE, MAEA > R ) VBRE
(RIA), IM¥EF bV v A, MES Y Y LZHEL Rz, 120
SO IMEEHE % SSBG, IMfEA > X ) B % steady state
plasma insulin (SSPI) & L7z,
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Table 1. Body weight, mean arterial pressure
(MAP) and heart rate(HR) in Candesartan
group and Control group

Candesartan Control
n Il I
Body weight(g) 236+ | 237+ 1
MAP (mmHg) | |7 2% |55+ 6
HR (bpm) 344+8 349=% 11

* 1 p<0.000!1 vs Control group

Table 2
group and Control group

Plasma catecholamines in Candesartan

Candesartan Control
n Il Il
Epinephrine (ng/m/) 0.424+0.126  0.309+0.045
Norepinephrine (ng/m/) 0.293+0.032  0.208+0.031
Dopamine (ng/m/) 0.095+0.036 0.040+0.016

<, HR X [ # (Candesartan £ : 344+ 8bpm, Control
B 2349+ 11bpm) I H B 2 1 7% Ao 7z (Table 1), 1M 4
I %% dopamine |
Candesartan ¥ 5. # € % %40.424+0.126ng/m/, 0.293+
0.032ng/m/, 0.095+0.036ng/ml/, Control # % 0.309 +
0.045ng/m/, 0.208+0.031ng/m/, 0.040+0.016ng/m! T H
D, WEEFICEREZ KR 5 7z (Table 2),

= B%2 : FBG % Candesartan #f (154+4mg/d/) & Con-
trol B (159 +4mg/dl) I EEZ LI > /2o SSBG 1% Can-
desartan B (138 +5mg/d/) 3 Control #(164+10mg/d/) X
DB EICEE TH o7 (p=0.024, Table 3, Fig.), SSPI
1% Candesartan # (694 1,U/m/) & Control #(70+3,U/
mO)WCHEEZEE Lol BB, MiEF MY v A EIMES
Vv ACHFEEIC 13 0 o 7z (Table 3),

epinephrine, [fll 4% norepinephrine,

AT ZFEEFETEED A > R ) VRIS 2 2 R IIH
B2 L DEZ 5> TWB, Moan & I3 IEEA REME & IE B
WXt L losartan % 4 RS L, A >RV VEZH I
Lk roiz L3 L7z'?, LN NP N =
IMFE B2 5> T ACE BHE3 (perindopril) i3 4 > A ) &~
M 2 EET 5 A%, losartan 134 > A Y VISR A
LawZiHE LY bbb, SHRIZEBWT
ACE [H23E (enalapril) 1Z A4 > A ) VB2 M2 ET 203,
losartan IZAA S N EEE L5 2 2 0W I 2D T W BY,

Fogari & 1%

(mg/di)
240 7
220 ©
200 I
SSBG 440
160 %
140 [
120 _6_
100
1 O
80 T
Candesartan Control
Figure Box and whisker plot of steady state blood

glucose (SSBG) in Candesartan group and Con-
trol group
Box plots depict median (thin line), 25 % and 75 % quar-
tile values (end of box) and 10" and 90 persentile values
(error bars). Outliers are marked(0O).

Table 3. Fasting blood glucose (FBG), steady
state blood glucose (SSBG), steady state
plasma insulin (SSPI), Na and K in Candesar-
tan group and Control group

Candesartan Control
n 16 8
FBG(mg/dl) 154+4 159+4
SSBG (mg/d/) 138 +5* 164+ 10
SSPI(gu/ml) 69+ 1 70£3
Na(mEgq/!) 144+0.3 [44+0.1
K(mEg/1) 4.2+0.1 4.2+0.1

*p<0.05 vs Control group

et U limura & (3 AP S 1L 55 1 ACE BHE 3
(derapril) & candesartan 25 L, WE L i 4 > R
VIBEMEYET 5 e lE LY, Fo, AREMEE I
JEEZE T losartan 284 > A ) YV EZERUEE L WO H
HEbd s,

ACE [HEFE L #) AT ZAERBIERIINRME S =
®H%Ki%%bﬁmk®,Aﬂi@%%ﬁ¥#47XU
VIR R YEE S BT, RIEMAEIRRIC L 25
7 EORRHBAD 7NV a—A LA ¥ A ) > ORI
o, ¥ & OB REIIRIERI N 2 5 B, AT ZE
WHEEHEEIC L 54 VR ) VREZHSE T 2 FABS—8T R
WO, BEINEAEDA A ) VIEEZENEET L &
FEzohd'", Tabb, 4 YA VEZENMETL T
ROBEICA YA VR ESEERIZH S TRV,
A YA VRPIEDNFAE T 255 0 UEE S ¥ RN H



TR ARIST 34 695

%, RFEEBRTIE, BEEMIZSHR XVFARATHY 4 >RV
VREZMEMME T LT 5 SHR/Izm % Flv TRET L 72,

Candesartan | SHR IZ B W THEKEEICEE.2 b 72
59 ZEDED SN T 5, AT TIX TR 2088 DA
BHICLDA VAR L A Y A ) YREEICG Z

BRI D0, 4 VR VRSN R RIS 24 K
R IS S L 7z, % O 7z & candesartan |3 ¢ 5. 24 B 1%
bHoaBERZRT 2 LR ST 5 10mg/kg/day
ZFus7218 ) candesartan, losartan & 12 AT, 52 &K1 %)
4 2 EREPE X E WS, candesartan |F losartan I FL L AT,
ZERICTT 2 BAELE <, LIS W EaRED S
NTnz120, ULhrl, 4 ¥R VEZMEICO W TR
EDHICHET L EDHREL DD,
DIYFHREDE DA VA ) VRIS 20 L5
TS %,

A VA VEZ ML SSBG L E VT2, 2 DA
Reaven 512 L 1 steady state plasma glucose (SSPG) % & L
THFEINTEY, 4 >R ) YEZMHEIZDO W TIE, eug-
lycemic hyperinsulinemic clamp 3% & S WAHB 2779 2 &

DD SN T 22, SSPGIKIIFHRMEA >~ A ) v 3%
9 % 72 812 epinephrine 72 ¥ % W 2 72 &, [MFE 2%
T LHERHEIC L S, ZDRDEHS X somatostatin %
w2 SSPG ¥ 2BHFEL 7229 bbb Z ZD/EE T v
Mz U SSBG #:28 euglycemic hyperinsulinemic clamp
FEEEOMHBEZ RS 2 L 2RD TR,

RREARRACBE LTI, A7 3 —N7 SV EEBA VR
V> OFERENCHIRIINCER L, & SR M I &

2 MMM EER T 284 A ) VIEZE I HE T 519,
Moan & IZAREME SIMEBRFICB W, losartan (& X Y I
i1 norepinephrine 23K F L, 4 > A V) VR ENEE L
722 ERMEL TWw 32, SOlOME T, candesartan
WEOVERE LA VR YEBEEOBEPRED sl i by
b od, MEH7a—nN7 Il k»oiz,
H, ARMHMEILRIC & 2 B R A R R = b 72
53, ML TFa—N7 I oBE Lol LT,
AT ZAFEYIEE O 2B EE 1 9 2 7E iﬁ\}i%ﬂl‘lﬁﬁ
AR RR 2 G L 72 ATREER D 5, LvL, SRS
ntsmwumm%w%ﬁE,%5wi4/xu/@ﬁ%
D H A candesartan O RAY A EAREFERE 1T 3 2 1
SRR S RSO Al e =1 Y B e R

7z, ACEJHEEE & AT ZAFBEROIEH LoE v
AT ZEMBEERS T 2 8N b 5, AT ZREETIEE
ACE PHEHE L ARk I AT SAEMBEREIITNIC A 5 feedback

candesartan & losartan

B LML = w7 VA T v Q/I%tﬁé
¥ 2%, ACEHEE LBy, AT ZEEETEIT

yﬁ%yyynéiﬁéﬁétw,znm;%Anag
BhgE b0 T EFEZ 5N 529, AT, ZEEOEENIE
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WHHNAEH T 2 2 eI TWw 52, ® 21, AT,
ZEMEETIHC X 2 IMEIRIFM, 2 0id4 R ) V&
ﬁﬁﬁéﬁm@—ﬁwAB§§%%&mL#%5Lt
REMED D 5, S, AT ZEEEIIIC L 5 AT, ZEHK
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