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Effects of angiotensin converting enzyme inhibitor
and angiotensin II receptor antagonist on the insulin resistance
and pressor mechanism of insulin in essential hypertension

Yoshinori Mivazakl and Kazuaki SHIMAMOTO
Second Department of Internal Medicine, Sapporo Medical University School of Medicine
(Chief : Prof. O. IIMURA)

ABSTRACT To investigate the mechanism in which angiotensin converting enzyme (ACE) inhi-
bition increases insulin dependent glucose disposal (insulin sensitivity) in essential hypertension, we
examined the effect of ACE inhibitor (delapril) and angiotensin II receptor antagonist (TCV-116)
on insulin sensitivity in essential hypertensives (EHT). Effects of these drugs on the sodium retain-
ing action and activation of pressor system by hyperinsulinemia, which might relate to pressor mech-
anisms in EHT, were also investigated in this study.

Fifteen EHT and 18 age- and body mass index- matched normotensive controls (NT) were all
hospitalized and 2-hour euglycemic hyperinsulinemic glucose clamp (GC) was performed in a fasting
condition. After 2 weeks’ control period, 7 EHT were treated with delapril (120 mg/day) and 8
EHT, with TCV-116 (8 mg/day) for 2 weeks. At the end of the treatment period, GC was repeated
in these two groups. Insulin sensitivity was evaluated as M-value calculated from the infusion rate
of glucose during hyperinsulinemia by GC. Blood and urine samples were collected before and during
the hyperinsulinemia.

In the control period, M value was lower in EHT than in NT. Hyperinsulinemia by GC de-
creased urinary sodium excretion (UNaV) and fractional excretion of sodium (FENa) , and increased
plasma norepinephrine (PNE) and plasma renin activity (PRA) in EHT. Plasma aldosterone con-
centration (PAC) tended to increase during hyperinsulinemia. After delapril or TCV-116 treatment
in EHT, mean blood pressure (MBP) significantly decreased and M-value significantly increased to
the ranges of those parameters in NT. No significant difference was observed in MBP and M value
between the delapril treated group and the TCV-116 treated group either before or after the treat-
ments. In addition, under both treatments, the decreases in UNaV and FENa during the hyperin-
sulinemia were significantly suppressed. The increases in PNE and PRA during the hyperinsulinemia
were observed even under these treatments; the rises of PRA tended to increase, but the rises of
PAC tended to decrease comparing to those before the treatments. There was no significant
difference in UNaV, FENa, PNE, PRA or PAC between the delapril treated group and the TCV-116
treated group either before or after the treatments. Furthermore, these changes during hyperin-
sulinemia were not significantly different between the two groups.
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In summary, (1) both delapril and TCV-116 improve insulin sensitivity in EHT to the level of
that in NT, (2) both the treatments attenuate the sodium retaining action of hyperinsulinemia and
(3) there were no statistically significant differences in these effects between delapril treatment and
TCV-116 treatment. These findings suggest that inhibition of angiotensin II production by ACE
inhibitor can play a major role in improvement of insulin sensitivity and inhibit sodium retaining
action by hyperinsulinemia in EHT. (Received September 11, 1995 and accepted October 20, 1995)
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Table 1 Characteristics of study groups

Essential Hypertenisves

Normotensive Subjects

(EHT : n=15) (NT: n=18)
Age 47+4 46t4
BMI (kg/m?) 24.4£0.7 23.1+0.8
Male/Female 7/8 10/8
MBP (mmHg) 116+5** 9042

BMI : body mass index
MBP : mean blood pressure

**: p<0.01 vs normotensive subjects
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Table 2 Characteristics of study subgroups in EHT

Delapril Group TCV-116 Group
n=7) (n=8)
Age 42+6 51+6
BMI (kg/m? 24.9x1.1 24.0+1.0
Male/Female 4/3 3/5
MBP (mmHg) 12448 109+5

EHT : essential hypertensives
BMI : body mass index
MBP : mean blood pressure

WMEOEH» S 1684 76 (B 46, X386, Fh
42+6 %%, BMI24.9+1.1kg/m?) 2 ACER & #
delapril (120 mg/H) %, Z7:flio 8l (B34, &
5%, FEHE 5168, BMI24.0£1.0kg/m?) 12 All
ZosikEEYIEE TCV-116 (8 mg/H) %#5 L (Table
2), 2EEO®BERIC GCEEEUHT L.
2:2 b7

2:2:1 A R RESHEORE
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LEBAR T2, DeFronzo et al. DFHES ity 2 B
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WERRB Lz, 23, BRREREmMY) N0 40mU/5
DA > AY > (Actrapid Human; Novo Industries,
Copenhagen, Denmark) 2 FfrtiEA L, # 2 Kb
Je D —EKREDEA A Y VILREE (%90 mU/) %
HERFL 7o, MR =5 — L2285, Z2IEREN
BEERFT A L0, 20% 7V 2 — AR 2 RREE
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5295, GCBAtA® 1.5 Blh o 0 30 HROFEEA
ThA A CREREEOREEME (mg of glucose/m?
of body surface area/min) & U7z,
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EHT &3, XHEEAE delapril 721k TCV-116 12
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Na #Eit & (UNaV), B NafEii= (FENa), [
norepinephrine i & (PNE), I # renin &
(PRA), Iif¥ aldosterone IBE (PAC) ZHIEL 7.
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VRO creatinine ¥ Na BEOHIE X ZhEh
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ZEEEFIGE (FBS) & Z8iERE1 ~ X ) v (F-IRD) &
EHT % (89.2+7.3mg/dl, 4.3+0.5mU/{), NT
B (96.2+11.6mg/dl, 2.4£1.6mU/D) T, wFhb
HMHMCEEZER ok, —HA VAU VEBEEM
& (EHT : 145.7+15.3 mg/m?/min, NT :215.5+
10.7 mg/m?/min) X EHT #»EE (p<0.01) &
ETH-7 (Fig. 1),

3:2 ACE [AEEE (delapril) & & U All SRR
(TCV-116) S5 DEHE

3:2-1 MEMNZEAL (Fig.2)

FNENOBEREED 2 BE#ES5 . L Y EHT 0¥
F (MBP) ZEEIZET L7, Delapril (120 mg/H)
BEETIE MBP 281248 % 5 1126 mmHg (p<
0.05)~, Fiz TCV-116 (8 mg/H)#®EHETIL 109+
525 936 mmHg (p<0.0)N:WLIFNdEECE
TL, BEE (delapril # : —9.6+1.3%, TVC-116
B —14.413.2%) 3 HEAE TEEERED Do
7.

3:2:2 HERB~OHE

Delapril % % v i3 TCV-116 Wh o 2 HEE 5w
£oT b EHT # © FBS, F-IRI (delapril & :
FBS; 82.8+3.2 % & 84.3+3.8mg/dl/, F-IRI;
4.34+0.8 4% 4.9+1.2mU//, TCV-116# : FBS ;
96.3:13.6 % 5 94.4+9.5mg/dl, F-IRI; 4.3%0.6
25 3.5+0.3mU/1) WiZBE & RELIZED & i
otz (Fig.2). —f, 4 AV B4 M ElX dela-
pril B 7 137.3+33.3 % & 180.1426.8 mg/m?/min
~, ¥ TCV-116 % 5 8 T3 160.7£10.3» 5
216.6+22.1mg/m?/min N &, WELLHEE (p<
0.05) WML, #D¥EIE (delapril £ : 40.5+
16.8%, TCV-116 ¥ : 45.5+17.1%) i XA C
ERikh» o7z (Fig. 3).
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16 E O BH T3, UNaVid114.7+£17.9 5 &
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Fig. 1 Comparisons of fasting plasma glucose levels
(FBS), fasting serum insulin levels (F-IRI)
and M values between normotensive subjects
(NT) and essential hypertensives (EHT).
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Fig. 2 Effects of delapril or TCV-116 on mean blood
pressure (MBP), fasting plasma glucose level
(FBS) and fasting serum insulin level (F-
IRI) in essential hypertensives.
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Fig. 3 Effects of delapril or TCV-116 on M-value
(left panel) and % change of M-value by
delapril or TCV-116 (right panel) in essential
hypertensives.

wol. Fixbb, delapril BECIX UNaV #350.8+7.0
M6 52.7+11.5 uEq/min, FENa i3 0.40+0.08 225
0.3740.08%~, TCV-116 # T i UNaV #895.8+
16.8 £ 91.3+12.2 uEq/min ~, FENa % 0.67+
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Fig. 4 Comparisons of urinary sodium excretion
(UNaV), fractional excretion of sodium
(FENa) before and after the glucose clamp
(GC) in both the control and the treatment
periods with delapril or TCV-116 in essential
hypertensives.

0.13 255 0.53+0.09%~&, WFEhOMZLERER
Iheanzlrok (Fig.d)., #LTC, BAYAY >~
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OEE -7 (Fig.5). &6, SEH, HEHD
WFRIZBWT Y, GCHIRDO MBP (delapril # : %f
FEHE ; 1248 25 1319 mmHg, ¥HEEHEH; 11246 2>
5 111+5mmHg, TCV-116 5 : & B #] ; 10945 7»
5 1086 mmHg, J&#HEH ; 936 2»5 91+7 mmHg)
B X 8 Cer (delapril : S HEHH;85.7x12.4 5 5
82.1+8.1m//min, }HEH ;91.5+7.42 5 93.9%
8.9m//min, TCV-116#£ : xtIEHA ;1 93.1£4.2 0 5
87.1+7.2ml/min, 5 85.3+8.6 2 5 92.6%
6.7mi/min) 21, BELZEMEZREDSNZH o,
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Fig. 5 % changes of urinary sodium excretion (%
AUNaV) and those of fractional excretion of
sodium (%AFENa) during the hyperin-
sulinemia by GC in both the control and the
treatment periods with delapril or TCV-116
in essential hypertensives.

3:2:4 BHA R MEDPNE, PRA, PAC
EEH~DESE (Table 3)

%3, RO GC i OZMEMIZ i delapril B &
TCV-116 BRI TERZS R oo, & S M,
2 B O ¥#EE PRA I8N 278 L e 25, PNE,
PAC wHEZRZ IR D s rhot, B HE
L ORIEHIT, GCEBICXEEA YA Y YILEI LD,
Witz PNE, PRA WEE (Wihd p<0.05) i
s, PAC Mo MERZR L, 72720, ZO¥EM
FEiE, SHEEIC LR T, e AR TR
7y, PRA CRIIMER, PAC TIETHEARD SN
7z,
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41 FENSIERENA R ERHE

Aseoxtg - L EHT <Ti, NTIztbL, FBS,
F-IRI OEEIZHAS T oTds, 4 YA VR
WEE (0<0.01) KETLTW, COEER, 4t
B & Mz k2 OB oL —®T 50T, &
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ni- (Fig. 1),
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Table 3 The plasma norvepinephrine level (PNE), plasma renin activity (PRA) and plasma al-

dosterone concentration (PAC) before and after glucose clamp (GC),

n the control

period and treatment period with delapril or TCV -116 in essential hypertensives.

Delapril Group TCV-116 Group
control period treatment period control period treatment period

PNE (pg/mI)

before GC 178.5+33.9 179.04+21.9 155.9+27.1 184.2+32.2

after GC 203.2+36.5% 215.9+28.5* 169.2£25.4* 202.7+30.9*

changes 24.7+8.5 36.9+14.5 13.3+6.0 18.4+5.6
PRA (ng/mi/hr)

before GC 1.13£0.29 7.58+3.04 0.80%0.27 2.97+1.43

after GC 1.42+0.32* 13.78+5.62* 1.174£0.39* 4,772 .48*

changes 0.29+0.11 4.15+2.08 0.374+0.16 1.80+1.04
PAC (pg/mi)

before GC 95.6+22.1 77.0+12.2 48.3+6.8 47.8+8.7

after GC 141.9+38.8 92.2+10.1 64.6+9.6 53.3+10.6°

changes 46.3+21.8 15.247.8 16.3+7.6 5.7+£3.4

*: p<0.05 vs before glucose clamp
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FESFERME 2 Y, ACE HEEORBEICBEE R <A1 >
2V ARBHERSET B RS TWHLEY, ACEH
FROA VR CRBEWUWEFEAOEFE LT, Rett
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MFEE OB A AL & 2 SEREERIEEOINEIE
MH®H 2 EHHRC BT s BFMER 7 V=00
B, Do 3BEORREE 2 BT T, Sk
BRBAHETH 3,
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CROBWREC L > TH, FROBETS YR v
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A VA B I UBEOBEHAOSBENR Y -5 X
n, 1A BN APHRETELEEZILNS,

AT, ACE FHESE (delapril) & ATl Sk

EPiE (TCV-116) B EHT OIME > FAEEEFS ¥
5 eI, AR VEEEMES S BRE TR
#72(Fig. 2,3). ZOfHEE, EHT T2AMHEE K X
D AREE Al OEE M85 2 &, &4 >R Y VIE
RFORMEFER (FWBRE) KB 255D AH 28y
M2 227U ACEHEORR L WS LY,
ATl fEROMMEIDA > A VRS AREBES VLI LS
HRLTHwE, LrbBEREL L COBKERET,
ACE BEEZ & All SAGRETESRREICA VA ) >
BREM2REIR, 2O enold, P74 +b EHT
BB ACE JHEZED A > A VRt i,
Al EFHES TR Z 2L, F= o OMEIIE OB 51X
PiznEEzZ ol F=0 DA YR RSl
ERELTIE, ARV ASEDWER, IIEHEEEM,
EEBEOEIER, BHINESEEET O e
TEPETORD, 2T, BOIEBERRETS v b
(SHR) T enalapril D4 > XV v RS /ER S F
= B2 ZAAHEDEE (HOEL0) 2 L Dkt 22 &
»5, ACEHEFEDA YR ) VS ErE, +
ELTHREMEFR = OBEIMc L 2 LR35 Db H 229,
L LEWNS, b h~d HOEL0 53R ARET, &
L35 EHT OA ¥RV vEkicntd 2 AR = >
MR OB PG U1 RE I3 M Th 3, ACE [HEE
DAY RY VIEZEWERFICB T 55 =0 OREN
DWTO L DEEMAREHE, 22 TIRSHBOTEE L
TERaE3 %2270,
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4-3 A R OREHERIZRITT delapril, TCV-
116 OE7EE

4V AY VEHER L 2 BEEE L L TRAEES
£ A VIMER L 25 Na 78, TREEROEMEIT
EOMIZYH, 1>2Y O IGF-1 (insulin-like growth
factor) 2R3 % MEFEHOEIEER, F0
Ez1o5NTWw3, 20364 YA VEPUEIZIED W
PB4 VA VIMEOFEAEL T, SBBES 2E
DEOPDRENH B,
LinLedss, B4 A Y VIEOE Na fi#, FE
HADFEREN, ZFEBREETOLRLZEES UL
DOWEHIEETDH 5.

431 BA R ERFOE Na KB~ dela-

pril 8L U TCV-116 NEE

= Na Rghiced 24 A ) v OERE LT, EHE
PEM LS eSS T d, EEERE LT,
MEGRLIR M @ 8 U % Na*-K*ATPase O ¥ % TLH#,
Na+-H*pump O ¥E ¥ TS0, B 2 i3 E AR
g, AR R ETTHICBY S Nat-2C1-K 4t
BEL R OB, 722k 5 Na BRIIGUHESE 2 5
nNTna, k77, BEERELTE, 1AV VL
ZHWBMBRRPLV Y « T PT T v v U ROTERRE
Hic k3 Na BRI Y, 1A Y v OMmEIRRFE
Fe® o0 < BILFRERITEY A Ui Na FIRERD
HZRLE b, L TREAEE Na (B33
4 YA OERSRE L TE, ZhoRBEOMRM
EoTHEShZbOERSS, #LC, EHT Tik
EA VA CIMESRIKAC Na FFEOTEIERL
(Fig. 4), ZIBFEDQREETSG L TCHSARENE
Zohb,
SEORETIE, TERE b 2 BHORET, ZF
OB Na HHEC FEEREERD B o720, GC
B2 X BEA VAV VIERFOE Na I8 LT,
MEEHI TR S MEIERA L7 (Fig.4,5). <@
BE e LT, 252581 YR ) v IERIC IR
MRADOEMAEL BN LIV oy - Ty VAT
VY ROBIEESEL, BIREDORED, All B
X 2 BRME Na HIRINOEE, 7VRATarOESE
TER LIz Na BRIUEENE T2 L E2 505, W
FEHZZ OWET AIl OEEEZIIHEIL, HBEWLAILD
FERRMEIES 22 82k, BRI &% Na E#h
St 24 R COEARRICEEERIEL, NaflR
M@, ZORE, 1 VYA) rOESEHATHE
FREE D Na BHRIUEESIR 2T 2 b0 RSN
3. 7075, AW TR I I CHER L7 BRI T

T VAT vy v ERERREEO A v 2 ) SEFIEERT 39

BERE LT, B4 YA VINEROBMmEE X
T2 HEROROKS EBSBROFEL U TESE
Wiz, RHEARSHMEED, B4 YR Y v IER
O Na it oA gL cEOWw I & (Fig. 5)
5, delapril ® Na IFEHIEITERICBWTS AILER
OWHEHEEE R L, WRES = OBERIERLR
HHrELLTHRVWEEZ bR,

4-3-2 BA >R VMENTFHES LT
T F Ly TIIERT O LR
BIcXd 3 delapril, TCV-116 DEZE

B4 v A v IEEDF T & L CRRAHER OB
EEES N TWS, RWRRMERIELICE, Th
FCO L 2 AR R BT SR S 15529,
HYERTIE, R THOBENBEITOA >R Y VK
FHOBERBHOES TBRE 2 TES ¥ 5 tiE
a2, KRFFETHE, MEEE GC RO I0mU/I O
BA VA vIET PNE EE (p<0.05) K &L,
BRSO g e Lk — L7z,

—H, BA VAU VIGEE V=Y « Ty IFT V¥
Ve T ARATO YR EQEHEIZDWTE, KE—H
U8B o Tt s, KIS 81 5 AR
SRioRETlE, B4 YAV VIEREZ, PRADEER
(p<0.05) 7z FEBTED sz, ZOEEO PRA LHO
B LT, TRMRIEEITE & 3 v = 3R
RIS NG, Xz PACIE, BA YAV VIERRC
BE 213755, HEENCHREREO LA TERs-
72, ZORIDWTIE, PRA BRI L3 ANl 8PN
L7z PAC #8I{EHDS, 4 ¥R ) VKFEEOREAE I
PEoMEKET L DEFS N, BIDHEHs LY
5o oA REELMERITE 5,

B8z, B4 YR VIMEDRERREIER
IHEENOERE RS2 L, WTNLOERRSHED, B
4 ¥ A vIER & PNE, PRA BZEE (p<0.05)
niimERL, PAC ISEMOMEMIZL EEofz, DX
D, 4 YRV OREAERBIERCNL, ACERE
2 All OfEFRIIENIH > R BEE RIS RV EHZ
shte, 72721, PRA Z, MEHIORSOATHICHE
ML, &4 YA VE X 2ENELSECER L
Bote, ZOBEFIZOLTRE, MEARSCLS AILD
{E RIS SRAMGIHS, 5 REREEEE N O negative feed
back fE2EIH ¥, B VAV VIEROV =5
WMRERZDEEE NI bD LS NEN, ZOR
OFEMZBN D SBOBEE L TRINS,
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5 #& B

AFFFETIE ACE BHEZEDA > A ) RS HIEEOR
FERET 2 HWT, FAENBMEREL TS L,
GCHEEHWT, 1 YRV VEZMHA0 ACE [HE#%
(delapril) & AIl ZAKEER®E (TCV-116) OE&%
HBBETLe, 7897, B4R VIEIC L 5
FEBE T 2 WEH ORI L, DTO
BE R BT,

1. Delapril, TCV-116 v >3 & A EEME S I F 52
BOMEAEFSE, FERRCA >R Y TS des
L7z, Eh s OWERE I 3mSR =ik -
1z,

2. Delapril, TCV-116 iz hd, GCHERLZE
4 YR IMERFO Na IFEER 2EEICEI L. 2
DIERZIRICBOCHHEAIR TEERED s ish o
7z,

3. Delapril, TCV-1161%, GCIEIZL2EA VR Y
> ERD EEMEOTE, TRhbbURERES &
VL= EETTEIZE, WHorhEELr IR R
7z,

HMEEY, REERIMFECBWT, ACEHEED
Al 53 All BERETED A > 2 ) VB %
L, B4 YR VIEROE Na G5 ilH s 2 2 ka8
HohrLhol, ZOE, ACEFHERED A VA v
R MWESIRICIE, NEEF=OBE®RED S AL fF
RAOMEPFBELERELZ L L THLE EELN, &
51220 AL EAOIIENIE A > A V) o MIE D 5L #E
BETH? Nalr8 % %5 2 RS R s iz, %
TeINBEERL, BE2BEEDLEST, 4 VR Y
YIEEEREEAL, BE - BEREEESH
LT % BUFLRIR 2 HET 2 ulfElk i s i,

e 21whizy, HIEYE, AREEEEELE
ARMFEHEE RN ST ESH L, R
PG TR o S BB AL RS L £ 7.
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