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Insulin Sensitivity and the Effects of Hyperinsulinemia on Renal Function

and Pressor Systems in Essential Hypertensives.
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ABSTRACT Insulin resistance and hyperinsulinemia has been reported as linked with essential
hypertension. In this study, to clarify the pathophysiological significance of insulin sensitivity and
compensative hyperinsulinemia in essential hypertension, 75 g oral glucose tolerance test and eug-
lycemic hyperinsulinemic glucose clamp were performed in 26 essential hypertensives (EHT) and 16
normotensive subjects (NT). During the clamp, 40 mU/min/m® insulin was infused continuously,
and 20 % glucose solution was infused simultaneously at the rate to maintain the basal glucose level.
The mean glucose infusion rate (M value) was used as an indicator of insulin sensitivity. Blood and
urine samples were collected immediately before and at the end of 2-hour hyperinsulinemia.

There was no significant difference between NT and EHT in fasting blood sugar and fasting
plasma insulin levels. In the oral glucose tolerance test, the plasma insulin level at 90 and 120 min-
utes, and the summation of plasma insulin level of 0, 30, 60, 90 and 120 minutes after glucose loading
(ZIRI) were significantly higher in EHT than in NT. M value was significantly lower in EHT than
in NT. The mean blood pressures measured immediately before glucose loading were significantly
correlated with insulin levels at 90 minutes, 120 minutes and SIRI after gluccse loading. After
hyperinsulinemia for 120 minutes glucose clamp, urinary sodium excretion and fractional excretion of
sodium were decreased, and plasma norepinephrine, renin activity and aldosterone‘ level were in-
creased in both EHT and NT. In these changes, no significant difference was observed between EHT
and NT. ‘

These results indicate that insulin resistance and compensative hyperinsulinemia exist in Japanese
essential hypertensives, and insulin actions for renal sodium retention and augmentation of pressor
systems are not disturbed in these patients. (Received July 6, 1994 and accepted September 14, 1994)
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FERECEMEOREEENR S, MEESH A V2
Y v IMAE & MEEAHEE L, MEERCEEBLE
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1979 4£, DeFronzo et al® =X b, euglycemic
hyperinsulinemic glucose clamp (LA F, glucose
clamp) EMBEFSh, BRI, A v R Y vRERZ S
BIERTRE & 70 b, Z OSBRI RV B BB /o
HuET. AEEEMERATIE, 1 VA VERFE
WAIEEE XV ABREL?, LrdBeRET»ba
VAYVIERIM LB A VA Y VIESNEETS? LB
Eha. AVRY) VEFIREREAS VA Y VIEOCRT
BiiR e LT, ShE coOBEFEIRIEMEIER mEZS R
WEERNERE LIBEND, 12 Y vOE Na lrEME
FAEI0 R ARRLRRE RIE M TTEE R 01210 T U s
ThtTws.

—77, BB TIE, 1V 2 Y VIEFERE v
A Y VIMAE & ME R & OB ZHE L el id iz
{, LB VR Y VESSIMESSE OSBRI
RERCCHICEET B, SHRIIIALAERM
[EE ik & A TH BBl L oBsiEEc
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Z T, AW TEREEOREN SN ESHZE %0
R, FYREBRBCETS A v R ) Vi LA
VAR Y VIFEDFERZHERL, K2 glucose clamp
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Mgl LTk, WaW, REHERBL i, O,
MERDEPHENEL , BEHMREREBET 2 bk
WMEBLA RS DA R R M 26 B (B 1541, =11
B 2RV, AEEESMESER EHD) &L
EHT 3 o F£ # 12 48.2+2.6 & (meantS.E.) T,
body mass index %24.7+0.4kg/m?, 10 3 D&
BB COFEH ML 109.9+2.3 mmHg Th- 7.
7, O, B, B, AW, REEEAOTWIEREM
EE166 (B 9 6, &7 fl, F B 44.914. 15,
body mass index 23.2+0.9 kg/m?, Z¢& FFSE ¥
FE92.9+3.7mmHg) # I EEXKEE (NT) & L&
(Table ). S{RIFhbEEEN, BHDHOIRER
Pie L b 2BREILE, BEERL L T APRICEE
hEx B L EbhBERORAEFIE L. AREIR,
Na 120mEq/H, K 75mEq/H —E& D &LHET T
7ol &b 1HEBM EEBE, UTieds&07 ¥
o §E A TSER & glucose clamp A ER L 7=,

2:2 b7

2:2-1 RO7 F7¥EarEER

BEMBFRINL vEKEREL L, BB T
TNOME TGS RS L. BE5FET, 30, 60, 90,
120 FERc kL, MEEME (BS) i X OUmsEs v R Y
vEE (RD #EELK

2:2:2 A PR RESEEE

Bele e ik, DeFronzo ef al. @ 2-hour
euglycemic hyperinsulinemic glucose clamp ¥5i
- TEHT & NTHEEDOA v A Y vESZHELHEL
7. Blb, REMATH ORI vifkieg s L, HE
FHl 8 B SELBER S, 150 m/XAERE m» o
WRESERXE . R Ty b RREBEGEL, @
o #kz 18 gauge double-lumen catheter %
HEL, —f»bFEEiEm 2.0ml/hr) L3
FEREZME L, LR A A Y v E TV O
HEAHEFT U7z, Cannula AR, A7 Ld 30 7EE

2.1 xt % DOERBE, FHmME MBP) &Ik (PR 2EIE,
Table 1 Basal characteristics of study groups.
Essential Normotnesive
hypertensives (n=26) subjects (n=16)
Male/Female 15/11 9/7
Age (years old) 48.2%2.6 44.9+4.1
BMI (kg/m? 24.7+0.4 23.2%0.9
Mean blood pressure (mmbg) 109.9+2.3 92.9+£3.7%**
BMI : body mass index }(meaniS. E)

##% . P<0.01 vs. essential hypertensives
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ET 10 Rk i e SE 2 BE RIS X AERIR B T Teo 7. 2.3 B EFE

2| % & A T Nikkiso Model STG-22 (B B3k
#, TRORFERLC, HHEA v 2 Y v (Actrapid
Human, Novo Industries, Copenhagen, Denmark,
BEBEED -0 40mU/min) 25 L, MEEL €=
2 —Linih, DERD20% 7V vER L RERINCE
51T 120 S RIZ2RERS & R v~ L DITBEERFERF L.
ZLC, &ho 30 5B 7 ¥ v EEAREOFHEY
4 v ARY VRS HEONGE (MfE ; mg of glucose/kg of
body weight/min) & L7z (Fig. 1.

2:2.3 BifE, RERICRITTES R 2IE

(glucose clamp %) NEE

Glucose clamp HEBIAERIO 10 B & 120 50 12
Kz, MBP, PR ZBIEL, R\ TR, RIREHT
L, MgEE (BS) , M1 v 2y vEE (RD , M
#% norepinephrine ¥ £ (PNE) , Ifi 4% renin {& ¥
(PRA) , I # aldosterone I & (PAC) &
creatinine clearance (Ccr), R Na it &
(UNaV), B Nafit® (FENa) ##ZE L 7z,
FENa %, FENa (%)=(Na clearance/creatinine
clearance) X100 I X b HH L 7.
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Fig. 1 Schema of the euglycemic hyperinsulinemic
glucose clamp technique.

MEEfE L glucose oxidase BRI CHIEL, MER X
ORH @ creatinine & NaBEE ORI IZXZTh T h
Jaffe s, A4+ vEBELYAVR. I VR ) VRE,
M4 renin (5, M aldosterone BE 134 4, Insu-
lin RIA beads (Dainabot), Gamma Cord (Baxter
Healthcare), Aldosterone RIA kit II (Dainabot)
# F\ 7o radioimmunoassay C, % 7 [fil# norepine-
phrine {3 HPLC-THI iz TEh LT hRIE L 7.
24 &AL R

BIEME Y EERE (meantS.ED & LTHED
Uiz, #E2iEEZEOBENY, paired it unpaired
@ Student’s t-test A\, HEKEILp<0.05 &L
7-. FESMRE OB E T linear regression analysis %/
VWp<0.05 %L - THEL L.

3 % S

3.1 #N7 FoEamsEiR

ZepargmiElE (FBS) &ZEMEm1 =) vigE (F-
IRD %, EHT (85.0+1.4mg/d!, 6.7£0.6 mU/
D) & NT (84.4%1.4mg/dl, 6.7+0.8mU/) OF
BEMrAEE T o7, L L, 1204 #BS
(EHT: 143.3+6.1mg/dl, NT: 126.2+10.9 mg/
di) & 604 % IRI (EHT: 77.3+10.1mU//, NT:
52.6+8.9mU/l) EHT cEEOHER™ (p<0.10) A3
Fovbhie. Xhi, 90 5% IRI (EHT: 71.2£8.0
mU/I, NT: 43.5+6.7mU/I, p<0.05) & 1204
#IRI (EHT: 72.5+10.2mU/!, NT: 36.5+5.2
mU/) CEHT BEE p<.IDKEETH -
(Fig.2). Fig. 3 1cf&n 7 ¥ o ATTRERR D BS X
O IRI o#EfICch 5 SBS, SIRI #7~d. SIRIWGEHT
(299.3+33.6 mU/I) 2INT (190.3%+17.1mU/D
CHLAE (0<0.05) TEETH-T.

&5, EHT, NT®EEE2—ETH L, 90 5H&D
IRI (p<0.05, r=0.35) , 120 4% IRI (p<0.05,
r=0.37) , ZIRI (p<0.05, r=0.31) kv Fh b
MBP ¢ BEEAEMBEAER L Fig 4.

32 AR RS

Glucose clamp ¥ & b Sl & hic A v R Y viEksE
(MM ZEHT (4.1+0.3mg/kg/min) A NT
(5.9+0.4 mg/kg/min) LEE (p<0.01) &M
Tho7o (Fig.5). —7F, MiEE MBP oficii&®
HEER r=-0.29, p<0.10) &b - fc BHEEHER
CAEBAHEE L EEWEL o .
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Fig. 2 Plasma glucose (top panel) and serum insulin
levels (bottom panel) in response to an oral NT EHT

glucose load in normotensive subjects (NT)
and essential hypertensives (EHT). A single
asterisk indicates a P value of <0.10 for the
comparison with NT, a double asterisk, a P
value of <0.05, and a triple asterisk, a P val-
ue of <0.01.

33 Glucose clamp }E1TEF 0 MBP, PR, Cer 0%
2]

Glucose clamp f& T & 8 © MBP x, EHT
(109.9+2.3mmHg) A NT (92.9+3.7mmHg)
HLEE 0<0.0D cEETH -7, PR (EHT:
62.9%2.2/min, NT: 68.3%£2.0/min) CITEE=E%
Hlshotz. Glucose clamp fifTick b, MEEE MBP

Fig. 3 The summation of plasma glucose (3 BS, top

panel) and serum insulin levels (S IRI, bottom
panel) (+S.E.) during an oral glucose load
test in normotensive subjects (NT) and essen-
tial hypertensives (EHT).

(EHT : 111.5+2.6 mmHg, NT: 93.2+4.3
mmHg), PR (EHT: 64.0+1.7/min, NT: 70.6=+
2.9/min) wHE s E L ix 7 < (Fig.6), £ E
(EHT: 1.6+1.4mmHg, 1.1+1.4/min, NT:
0.3+1.7mmHg, 2.3+1.8/min) w3 HEREE
iy tz. Cer ik glucose clamp B EHT #389.2+
5.8m!//min, NT % 104.8+9.8m//min, glucose
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Fig. 4 The correlation between mean blood pressure (MBP) and serum inslin levels at 90 and 120 minutes after
glucose loading (90 and 120’ IRD), and the summation of serum insulin levels (2 IRD.
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Fig. 5 Comparison of M values (£S. E.) assessed by
the glucose clamp technique between nor-
motensive subjects (NT) and essential hyper-
tensives (EHT).

clamp #% X EHT #181.7£3.9 m//min, NT ik
84.8+7.1m//min &, WFhbEREIMICERE TS,
B DZE LI b HE DR T - 7o (Fig. 6).
3+4 Glucose clamp FE{TRENE Na RENDEE
Glucose clamp #i® UNaV & FENa (2 EHT, NT
MR (EHT: 100.9%£10.3 uEq/min, 0.73=%
0.06%, NT: 134.4+17.6 uEq/min, 0.86%+
0.11%) WwhBBEZ I Rh -T2, Glucose clamp & LD
UNaV, FENa iz EHT Tt%xh%h, 69.8+7.6 #Eq/
min (p<0.0D), 0.58%=0.05% (p<0.01), NT T
85.3+11.1 uEq/min (p<0.01), 0.64+0.06%
(p<0.05) ~EFICAEBET L. iZl, UNaV
DZEALE R EHT #3—31.1+8.3 pEq/min, NT i3—

49.0+15.7 uEq/min, FENa © Z h (2 EHT »—
0.14+0.04%, NT t2—0.22:£0.08% T, \IFNbM
PR EE R L o7 (Table 2).
3¢5 Glucose clamp fE{TEF PNE, PRA, PAC®
ZTEh

Glucose clamp #if @ PNE, PRA, PACf& (EHT:
148.3+15.4 pg/m!, 1.19+0.29ng/ml/hr, 67.3+&
6.5pg/ml, NT: 173.2+16.3 pg/m/, 1.85%£0.45
ng/mi/hr, 56.6+5.5pg/m kv s EHT,
NT BB & 213300 bifors-tz. Glucose clamp I
X v PNE, PRA, PAC * EHT T 169.8+13.2 pg/
m! (p<0.01), 1.61+0.42 ng/ml/hr (p<0.05),
77.5+7.5pg/ml (p<0.05), NT ©194.8+16.1
pg/ml (p<0.05), 2.66+0.56ng/ml/hr (p<
0.01), 67.92£7.2pg/ml (p<0.05) ~&, WEIHIZ,
VFERLEBEMLE. 0B PNE, PRA, PAC
o LE W, EHT »21.5+6.8 pg/m!l, 0.424+0.15
mg/mi/hr, 10.244.7pg/ml, NT %21.5+7.8 pg/
m/, 0.81£0.22ng/ml/hr, 11.3-4.8 pg/mi T, \»
Fhi WMRECEEE -7 (Table3).

4 E =

41 AEEMENFREBICEITZM R ERE
1979 4, DeFronzo et al® iz X ¥ euglycemic
hyperinsulinemic glucose clamp ¥ % B\ 7BE DR
WA VR Y VRS ERIEESESL S LTELE, f VA
Y vIEHIME & SRR, IREAMEESOBENR
oW TOREARK AP LICRRCEDBRE LD
Wit ote., LT, EHT &8 & UIoisd® 26k
FEREHO VA ) VEEZHITEREE LT 30~40%
BEETLTED, Laboodvay vk (1
VR VEEHET) BRnERENI VFETS L
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Fig. 6 Creatinine clearance (Ccr), mean blood pressure (MBP) and pulse rate (PR) (+S.E.) before and after
euglycemic hyperinsulnemic glucose clamp technique in normotensive subjects (NT) and essential hyper-
tensives (EHT).

Table 2 The urinary sodium excretion (UNaV) and fractional excretion of sodium (FENa)
before and after euglycemic hyperinsulinemic glucose clamp, and changes of UNaV and
FENa by the glucose clamp, in normotensive subjects (NT) and essential hypertensives

(EHT).
UNaV («Eq/min) FENa (%)
NT EHT NT ENT
Before 134.4%17.6 100.9410.3 0.86+0.11 0.7310.06
After 85.3+11.1*** 69.8+ 7.6%** 0.64£0.06™* 0.58+£0.05%**
Changes —49.0+£15.7 —31.1+ 8.3 —0.22£0.08 —0.14£0.04
**: P<0.05 vs. before the glucose clamp (mean=+S. E.)

***: P<0.01 vs. before the glucose clamp

Table 3 The plasma norepinephrine levels (PNE), plasma remin activity (PRA) and plasma al-
dosterone concentrations (PAC) before and after euglycemic hyperinsulinemic glucose
clamp, and changes of PNE, PRA and PAC by the glucose clamp, in normotensive
subjects (NT) and essential hypertensives (EHT.

PNE (pg/mi) PRA (ng/ml/hr) PAC (pg/mi)
NT EHT NT EHT NT EHT
Before 173.2x16.3 148.3%15.4 1.85+0.45 1.19+0.29 56.6£5.5 67.3+6.5
After 194.8+16.1"*  169.8%13.2"**  2.66%0.56***  1.610.42** 67.9x7.2*" 77.547.5%*
Changes 21.5+ 7.8 21.5* 6.8 0.81+0.22 0.42+0.15 11.3+4.8 10.24+4.7
**: P<0.05 vs. before the glucose clamp (mean+S. E.)

***: P<0.01 vs. before the glucose clamp
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WEINDL L ICRSTERD, 2L, BIVAY Y
MEESA v R Y vIEFid & MFE & ORFRE, AfEl-
TREDLDRMES LR _bhd . LI TAPETE,
Ao EHT 8L ONT 2R kD 7 F AR
Ex & glucose clamp %A\, EHT kkFa/m A v A
Y VIMFEE 4 v AU VIEHiEORRBEY ETRE L.
FoRER, FrovBARRE T, EHT © 907,
120 534 IRI £ L O'SIRI 2 NT o Fh FhcLER
wEETH Y (Fig. 2, Fig.3), 1 v 2 ) vEZHE M
E) 1L EHT cHEIET L (Fig. 5). Ok,
Az, EHT iciaA v A U v & RESE
OEA Vv AY VIENFEET S Z AP bnrEni.

F7, HHEERRGRE LIRS I, Mg
v RY VEEFMEEORIEE W enbbERRILE

BERD B LB TERTY, L LT, AHERETL

90 4> IRL, 120 4 IRI 3 0% SIRI & MBP Oty A
ERIEFBE s bhte (Fig. 4. 7L, 1 v AY

VRS e DTEIEC HEHME S MBP-L Oz, A0

BREm T bt dt, HEMEMCEREERCEEDL
ehvote. oy, EHT omERE, 1 v R VESE
MR T ARG S BREEOR A v 2 Y VILEZAL T,
MED LH, #Eris L5 dmB 3 5
BEE255TChD. AVAR) VESEETORT &
LT, 4R vEAKRYE, EREEERYE, #
JANBEREESEEORYE, WRATHERY (Ca 0
fn, Mg oET), HEAREl, BERHAEMIMD
BEEET, EREGPMTET, Tofi1v 2y v
WHBE T 2—AT7 3V, BERVR, 2A7=1 )
DS ERE LR TWA, ¥, R ERGO
type II B fiber DN, Bt OETHEFIH LD
4V AY VMR ST E O Bk bRhs.
Lo, WPhieLTh, SRR THEE
HEBE X,
4.2 AR DB NaFTEER

4 v RY v ORFRERFE L CE oA BN RE
XNTVBED, FO—DIA VAR Y VOBED Na BRI
REEAIH B, DED, B VA Y VIEIHE<
L EWE, 5P Na B oMRHE & hu, MBS IRE 5
LTHERERTBEV3LDOTHS. SHEHOBREI
BT, 2EMOEA Y2 Y vILEIZ X H UNaV,
FENa i3 NT, EHT M#saRBcEIL, 1vARY VY
o Na BEERPER S fuie. & O Na BRIUEESF
A, BEERZE &S & L glucose clamp TIEH
Xhe g2y vo Nar—HT pump # Na*—K*
ATPase DIEMITH# R &, RAEMAIY <A TOFEH

SERASBETFCRTARA VA Y VITEOKE 103

SRR TS, 07, EHT TfRIE%ROE 12 Y
vfER Na i an LTl E RIS L Tws e
BIiE, BERBEDA v R ) v ORSHET L5,
B Na 3Bl n A v 2 ) vESHEERCRESh
TWBLERD S, JEMEE T, Rocchini ef al'O%
sesa= oy Shimamoto et el 'z X b, BERBhCHT5
4R VIEHUE L FERC, B Na FEFRcR LT
AvERY) Y ORSENTEECEINTNS T L 08RE
ThTW5b, 72 L, EHT ikid 3 RBOEE T4 <
few, FLTC, KR OBEEFEH» 512, glucose
clamp HiTHRDE A v 2 V) v IiE F¢, EHT ©% Na
BEtEE A NT L EEECIHHEI IS 2 LB LML
72(Table2). =% Y, EHT KBV TRA VY AY VD
B Na 8 E R CESS 138 <, BREERERE K
NTOABT LML, 2R, REEEKbES
BEAVRAY VIES, K, FANafFEENL T
EHT oiFE LR 5 5 RE I .

4:3 ARV DIEEMHIRF:, renin-angiotensin

-aldosterone RIZXJ 9 3 1EMH

1 v R VBt L ENERECOTSS 5 —2D
BRFEELT, AV RY vORBRHEREERBIFER?S
plez-1s)  HMAEE v EEMEE YR L L glucose
clamp TPNE A ER L 7z & O #H 52 2, muscle
sympathetic nerve o burst SHEE2 BN L7 & O E
%3, BETEOEPREE /5 PR OB 4
HXTW5Y®, AFFEORER»BI1E, EHT, NT
Jtiz, glucose clamp Bl F & e PNE 0 EF 25355
#.(Table3), EHT B\ ThimA v R Y VIIEEHIEE
RORIER AT SRS Z LB b L. Glucose
clamp ¥ X ABE OFIIL, VR ) v ORRHEE
TEHERIB TR R A R B & DR —FH B2,
ZRbOWEE, AR L D REINEFET, Fc
% RIS OFEIZN % T, glucose clamp JEfTHEID 78
F37 Na &7 (250 mEq/day®® 7 &) K& (20 m{/
kg® 72 &) 1 X o CARMRRIEME B I S T
D, foddicd v R Y v OITEMRETE R 255
JRICHREMHEI A NG,

4 A Y v & renin-angiotensin-aldosterone 2D Eg
By A v R VIERikSABLECEET 2EBF0—D
LLTHEIRAADTHS., 1olEl, ZORIEDOW
TRRE—HLIHERITE O T oL AR TIE,
EHT, NT #t iz, glucose clamp Bz PRA ¥ X O°
PAC 0B E A %F»(Table 3), IEFEED glucose
clamp Bz 4 angiotensin TTEE 23T 5 & DR
L L h—i L, ok, 1 v A ) VIZEHT,
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NT i # @ renin-angiotensin-aldosterone 5% o & ¥
FHEIREEELDND. 12K, ZOBF&LLTI
TRERERIEETTE X T 5 HESERe, 1 v A ) v
BEERRE PRI RSN, & 2T XEEM s
BRBEOEEHEINT A,

125, Bk s Na irgIrERin 2, BERCH
T510 2 vOREIERY, P b NT R
FESTDZ &, HiRT a8 VA viiEs EHT ©
ME R B AR HEREE V- - £ 53R RET AFTR
tvz b,

44 AR OMEICRITTHE

RIFFETEA v A9 Vi Na 58, BERBHITEY
NUCHE EFBEH R R L CE 2, 2
FFEI glucose clamp i X v SEHMmMER EHT, NT
BRI R Ldhot. BloEA Y2 ) VIESR, B
LAMBIREEREHE TS LR T, glu-
cose clamp ¥ &\ 5 BHEDE 1 v 2 ) VILEREBIC R
WL, A YA Y vOSEFEHE Na BRIREE, 38
B R 1E M JT#, renin-angiotensin-aldosterone
FRIEMITE) LR (EEMMEREFR o
EBXHEB LD R, MEREL I oichD &
Exz bl LoL, BREWREC v 20 VIETE,
MO oDOBERIMLZTA VA Y VIREA VR YV
HREET—1 IGF-1) ZAEHBEN T2 0EEER
BEfER, mEFEHOMEA Na*, Cat iz i Li
MBI EVREI R, chbB’Th?
AIE ESEEo—MeB - T 5 HEELE LS

nA®, D TEECEBETH LY, SEOBmE iR
BXIBEBTHED, BFOFEMEALrKT L &
FEBITER IR,

5 #&

AV RY v EGMEDHEERHSICT S BT, K
fErEnESEE (EOT) offA v Ry vERE, 1
U/@ﬁék,ﬁﬁ%%@%Na%ﬂ&,@@Wﬁ
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