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Recent clinical studies demonstrated that transient postprandial hyperglycemia and hyperinsulinemia may contrib-
ute to the development of hypertension. Therefore, we investigated influence of acute hyperglycemia and/or hyperin-
sulinemia induced by glucose or insulin infusion on neuronal and humoral control of vascular tone in rats. Euglycemic
male Wistar rats were pithed under anesthesia and arterial blood pressure was measured. Changes in vascular responses
to spinal cord stimulation (SCS) and intravenous bolus injections of noradrenaline, angiotensin II, calcitonin gene-
related peptide (CGRP), acetylcholine and sodium nitroprusside (SNP) were studied by infusing various concentration
of glucose or insulin. Continuous glucose infusion, which increased both blood glucose and serum insulin levels, sig-
nificantly augmented adrenergic nerve-mediated pressor responses to SCS without affecting injection of pressor
responses to noradrenaline or angiotensin II. In pithed rats with artificially increased blood pressure and blockade of au-
tonomic outflow, glucose infusion attenuated CGRPergic nerve-depressor responses to SCS without affecting depressor
responses to injection of CGRP, acetylcholine or SNP. In pithed rats treated with octreotide, which increased blood glu-
cose without increasing serum insulin levels, glucose infusion caused only significant augmentation of adrenergic nerve-
mediated pressor responses. Combined infusion of insulin and glucose, which resulted in increased serum insulin levels
with euglycemic, significantly augmented adrenergic nerve-mediated pressor responses and attenuated CGRPergic ner-
ve-mediated depressor responses. The present results suggest that acute hyperglycemia and hyperinsulinemia increases
adrenergic nerve-mediated vasoconstriction, which is partly associated with the blunted CGRPergic nerve function, and
that plasma insulin concentration associated with hyperglycemia may be responsible for alteration of neuronal vascular
regulation.
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Fig. 1. Transient Postprandial Hyperglycemia and Hyperinsulinemia May Contribute to the Development of Hypertension
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MERIMEDBREEIC X DRE SN, MiFE &I
ERPIOETEINS. MEILEDOEMEITHE
I3 B DMK 2 @A L TR < G T 5 7= 0 BEER 2 Hehr g
LLEMH Y, FHGSHRE 22T TN, 0
TR | AR PR B B & AR PESRE IS KRB S, E7x
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HRIE N0 Tha<, WA mEMEER 2RO )
hZUEMGRTHEEARTF R (calcitonin gene-
related peptide; CGRP) Z{zEWE &9 5 MEHL5E
PEMRENFIE L, IR & O SZRIC & - TR
PUmE OBREFIEICEG L TWa T L2 5 NI
LT&ERO F/z, WMWMEHRAESRTFE L TleEE
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AT D E, FEARITKE U CHpE i 13 20d 2 8 m
L, REEEETEOI MO—)LE U THW A
BRRKR O > = b —)VFRGHE AT AR TR E 2
FRLEBKREELR S, FRMmBEED ERICKDE
@ o DA AU oinglEE I SN, migHh 1
AU MES, a2 bO—)LIZHNRTEHEWEZRL
o, ZOEIBEEINmIME, b1 > AU >
flVE, BEACH T 2R SRR I B R OB 5 )L
Td % obese Zucker rats |2 BV} % B € ik B e D
E—VEERTNETH7. 19 Lo TAMET
AWEZ )V 3 —ZEAEIC K D AN m kg & &
MH - > 2D 293479 2 IREEII MBS AE B 0 FR 3 S
WRFEETHALGNDEA A VIMEZ M-S &
B MBR AR IT VIREBIC AR D TN EEZ D T &
INTED.

X7z, ZO&EOEYMmAET A BRRREA
TREBEAEBLLBN DR LT, ZI)Va—
AROR > = b — )V FGEHE A TIRUAERR DI 0T 2-
6 mmHg f2 /% L7 U /=72, EARIER THEREGER
RO BN o Tz, R K 2 E BRRFAE &
PR EIR N R L= BHER 7 v MizBWn
T, MER O E S MERFIOA THEF S TN
5. LiN->T, ZVIVI—XFEAKDIMEEFIZ
BHRINBN - DT, SR EImE & & im -
> A IR E BRI M S I R R T S IR
LHERIND.

—J, 73— ZFEABITHBT 5 B8 M T 5
(Th 9-12) OEZFIFE 2-8Hz) ITL2LHEKD
BlbzE b nmE R RRTa > o=V
15fFERE<TBo7z. BHER Ty MTBITLHE
T QRNIC K 2 FERONE,  H AR ETE R T
» % hexamethonium LI IZ H #ifk3E TH 5 tetro-
dotoxin, 7 RL U HEE MR ERETH 5
guanethidine XWX oy- 7 R L F U > Z BAREW L T
B prazosin ICX > THIHETH I ENERIN
Tng. 19 Lo T, FHBELAMICXDAER
S, IR ASERARRE OD HiE AR MERS AR A © R
#17= noradrenaline Z /7 U /= & Ui SIS TdH 5.

FHITH L TH IV 3 — 2 BB 2 4L KM nor-
adrenaline (0.75—3 nmol/kg i.v.) 12 X % MEEE
i D oy-7 BL Y 2B EENLZIE R K
a2 hO—)VORIGEFRIBETHD, HREERE
RO SN0 7z, AFEERTIE noradrenaline ji#

B 2 HIE L TNy, I SOS & iR 2 b
LU 72878 Tld, #L R noradrenaline O i Jits 78 [F] #2
EDOBE, HREOMERIENRENE, ZEYE
DEHERNMRKRENZ ENHERIN TS, 1D Lz
ST, IV a—RIT K B A AFREM: T KOS D HE i
TERMRFE LT, MEFEEH LMY 2 -7 B
L 2 RRDRZ IS8T, I8
REAEARE (> F T AFiE) T EE KT L, nor-
adrenaline 73 & O R R Y E EBE D EHEDE Z >
TWBDTIRBWNEREINS.

- 7 B LU 225K EE)EE methoxamine T
B EZ N TR BAMER L, B R e 5K
hexamethonium T [H ft #f#% 2 MW U 7= T HE L H] 5
v MZBWT, 7))L 3 —ZABICBT % BF8EE SH
WX DB OB D WIILE RS T >
FO—)VEEDK 0.7 E NS < Teotz. £ OK
JERiiZ, #FEPED CGRP RN 512 & B 1%
FOSICELULTHO, FTdH2DONREETS
5. ZOBERINTDWTIE, BEIC Taguchi 512
Ko THIFEFETH 5 tetrodotoxin Jx 8N CGRP; &
{KJEWT 3 Tdh 5 CGRP [8-37] IZk0#MflcnD
ZENMRINTNS. 1O L=noT, Kol Rl
B X B I E BRI, CGRP {EB) % ik D&
Kb 5 ElES 115 CGRP %A+ U 7= & 55K K s
Th%. —F, #HEM%E CGRP (0.1, 0.2nmol/kg
iv.) X2 MmEVEEM LD CGRP, & KkE L
FERIERIRZZ IV 3 —AFEAIT K> TEEI NG,
o2 EMNS, IO —AFEAITEL S CGRP #ift
P D REIE s O #1113 CGRP #i#% 72 5 O CGRP i
BEROBDNEG L Tnd EfERIN5.

NKMED CGRP X IMESEHEMH Licaml Tnd
CGRP, Z &K% U CIEILRIER 2 #HT 5.
¥ /- CGRP; Z4{K1Z CGRP #i#t > F 7 A Fifkic
BHFIEL, AT AT 74— RNy 7EZEN LT
CGRP i/ 5 CGRP ii##f 2= Hiil 4 5 1EH N H 2
LEZENTNS. ® Fy MNEERENRE AW in
vitro 2 DWFFETIE, 1 > AU > H CGRP, Z &K
N LU TCmEMERICEZELC D ZENHEIN TN
5.9 FlA A OXRTF REEED LN
CGRP LHM L =it a B T2 NI a—
ZHEAIT KD CGRP ik DR FE B D J i1
)N A— AT L 7))V 3 — AR5 LU THmE
N-EFE 721 > A > CGRPy ZAMKITIER L T
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CGRP i/ 5 CGRP 2 HIfI L, HHiEH
T K 2 B E SO 2 ] U 7= vREPEDVRIZ S 5.
—77, CGRP #1358 S AR e B b 22 B0 Y
WCHEL TS 2 ENHMENTNS. 20 Lo
T, Z)Va—AFEABS S N7 AR IR KOS
B RIE CGRP #fRHERE D MIHIRE 5 L T % Al BE
b +nErons.

AEBIT BT 2 S kNS A > AU >
KTl angiotensin 1T  (50—200 pmol/kg i.v.) IZ&
LREREOERIIE I Slahof. —F, 1 5l
RIGETIV T v by SHiH U 7z i 0 B O & b
ST RE I N % Tl angiotensin I 12 &
LRERNIERLUZEHESNTNS, 22 L/
/N> T, AT, (angiotensin II type 1) ZZHFAKD up-
regulation [3#EFN 72 H I HE T3 72 <, HE O &Mk
Ko THEEINSEEAGNS. THIITO 2
FERIZBNTHEBEDY ) I —ARHEAICLDE
& O & S N2 3 5 & angiotensin T2 X % H
JERISMER L= Z & s ® ZOERIITRINS.

B PR BB E OB IR £ T VB B W TR g I
KO MENEEENMET T2 2 EnK<ALSNTY
5.5 L, INSI30NTNHIEMEMNL & mE
IZR D NI D REAZEL U N B RE L Vil
SleEFEZALENTVWS, —7F, BRI T
{1 BN TN AR % D st KOS YRS & 7z
LWEINTNG. 262D ZN S5 OW|EITKLT, &
[E1 D in vivo DFEBRIZBNWT, WK OMEEK
Jit» 22 29 acetylcholine (0.05, 0.5 nmol/kgi.v.) <
NO 54K & % sodium nitroprusside (1.7, 17 nmol/
kg i.v.) ORISIZIZT )V 3 — A FHiiE Al EEE K
FESamote, THIAFEROT O -V TS
B R NS > 2 ) I8 5E S 11 TW B R A
EHho el ONREREDTHES T 2 ETIZE S35
T EHERINS.

3. AUSHEHEMOZFHTICESTIOERLMH

NERPEDA > AU i Z2HHT 572012V < b
A F BIFITH 5 octreotide (50, 150 ug/kg) %
ALE L7205, ZI)Ld—AFEAZTD & mEEElE
ERUZR, 73 —ZAREITH T 2 g1 > A
U ED EFIFMSIE N, SRR oS4 TITR
Sk, ZORHETIBI2EMEIRNMICKL D FE
ST 72036 2 AR RE M D e I ik octreotide @
BEEICERRS I FPO—VBITHARTH 14 5&

K&EL7m>7=. —J, % AP noradrenaline 12 & %
iU F SRS PR I S & [l V2 B e ) 203
HOENTENEREREZTIBDOSNRBN O, I5ITHE
A A UILE Z PED T2 W 2R 7 B L 4 A
DREMRIE B 2L T 20 E VWS WENH B T
EM S & MR B T B SRR I 0 U Te 2 T
T ZENHSNTR D =

—7%, E¥EMmEZE AT ERMERL, B
ZUEWT L 2 BRI T v MTBWT, TEEIE KR
WX DBERIGT 72 B CGRP Mk Dot % K i
32 o= BEICHRTA Y LA F NMEEBEERH
TI/NE <7 MEm, SRER TIIRE <5 HM
MALNZD, BAEREZRD NN £z
HEIRTE CGRP 1T & 2 BT B 3 b M i 48 S it &
FIREIZ TN O —ZAFEAR L TEEINRMh >
EMS, CGRP MM DRI Kb 1V s i ke 13 B
HELTwiawEHRINS.

4. USSR CHEBOFETICKTH2ME
RSt

A AN &[RRI IEE IR 2 48 D H Y TR E
DTN A=A EFHEAT D @M > X1 VH
MOFHITIE o2, ZORBTIIBT 2 EFHELM
B &K 2 FIE OGS T 720 B A BARE M O WUHE K
RIBEDOA AU AEABTIZO> bO— LB EIZ
ENERUMEZERLUZD, SREDA AU VT
Fa>hO—IVBOK1I3BEREL ok —
77, %M noradrenaline 12 & % IfiLJE b &5 H 4
RMEMAE RS EFRRICT > b —)V X D K&l
Elsote. ZORERNSA 2R ISR R
(T T AR L <ImEEEmME
T 2% ITER Uz nlfietEnE 2 5508, SEA
% noradrenaline IZ & % < Jitv & D BHHEIE SR &
HRIEDH MBS ZBEINLDOTA A TER
TIREAH AR BRI B % KT L, noradrenaline 73
EOMRIZEME R NI T LB A 5N 5.
—7, EHEMmEZE AT ERMERL, B
ZUEWT L 2 BRI T v MTBNT, TEEIE KRN
WK BEERIET 72 B CGRP i D it 4% 5 i
W31 A HEABTIZO bO— VBRI HERTH
0.7 fF&/ha<xo7. E£/=5HEME CGRP ITX Sk
JEREA AU AEAIR K TEEINRBRI S
ZEMSA A EAILEL D CGRP #ifE I DR
JER R O #IHlIE CGRP ##%2) 5 O CGRP i & O
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Fig. 2. Schematic Drawing of Possible Mechanisms Underlying Alteration of Adrenergic Vasoconstriction and Calcitonin Gene-
related Peptide (CGRP) -containing Nerve-mediated Vasodilation under Acute Hyperglycemia and Hyperinsulinemia Correspond to

Postprandial Hyperglycemia and Hyperinsulinemia in Pithed Rats

ao—R: oy-adrenoceptor, CGRP-R: CGRP-receptor, AT;-R: angiotensin II type 1 receptor, M-R: muscarinic receptor, NA: noradrenaline, Ang II : angiotensin
I, CGRP: calcitonin gene-related peptide, ACh: acethylcholine, SNP: sodiumnitroprusside.

WAOMBEE L TNWS EHRIND, IHICZOER
137 A=A DB ZERfeiE AL TIER U 2 2R 7
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ATET CGRP ##E P [%  BOi 2358 < J55 L T %
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5. BHYIC

AR OWFED & BPER 72 B R 13 A R AR A HE 2
JLEL, mimH - > 2 Y 213 CGRP iR HEHE & (K
TSRS EWSHANEGES N/ (Fig.2). LR
> C, WER R NE R FEE PART O 5 SR R D
BEICAH SN D RN E IS &2tk S 1 > &
U BRI K DRI Bl A EE R
DIZZ IR AR B O CGRP Mf# 1T & 2 ifn 7 545K 3 i
ROREZBIERIL, ZNHEIMEFRIE DRI
2o TWAAHEMEAVRIB S N5, BITE, BEIRINIARE
BT, RERNR O E WK & 72 /E R O b T
PREBAFE I N, BEAFARIMmMBED > hOo—)LEsih
ZIEFBEA TS, UL, BERBIE, JHED,
BRI ZERT 2D, 32 hO—)LARRIZHK
ZRERFERE D SREET D, T W HRER
H D IME G PHE D FEAE 2 M9 2 3L O RISERFEIT A

MRORENE#Z B2 5T 2 L2 MfFT 2.
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