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Role of endothelium-derived hyperpolarizing factor in insulin-induced vasodilation

in rat mesenteric artery

Katsuaki OKUBO, Toshio KUSHIRO, Atsuhiko TAKAHASHI, and Katsuo KANMATSUSE

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

Endothelium-derived hyperpolarizing factor (EDHF) as a factor in blood pressure regulation has
received attention recently. However, its role in insulin-induced vasodilation is not clear. We investigated
the mechanism of vasodilation induced by insulin in vitro using mesenteric arteries isolated from

normotensive rats.

The 2nd branch of the mesenteric artery was isolated from male Sprague-Dawley rats (12~14 weeks
old), mounted on microcannules in a chamber and perfused with Krebs solution.

The diameter of this segment was measured continuously with a video system under the following
conditions : intraluminal insulin administration (10 and 100 mU/m/) with and without pretreatment by

denudation, N¢-methyl-L-arginine methyl ester

(L-NAME), indomethacin, tetrabuthylammonium

(TBA, non-specific Ca?* activated K channel blocker), charybdotoxin (ChTx, large-conductance Ca?*
activated K channel blocker), apaminn (small-conductance Ca?* activated K channel blocker) or Na*/

k*-ATPase blocker (ouabain).

Insulin treatment induced dose-dependent vasodilation. The effects of insulin were significantly
suppressed by denudation, TBA, apamin, and ChTx. L-NAME, indomethacin and ouabain did not

influence the insulin-induced vasodilation.

Results suggested that insulin dilates small arteries by activating the Ca** activated K channel.

Jpn J Nephol 1999 ; 41 : 685-691.

Key words . insulin, EDHF, mesenteric artery, vasodilation, Ca?" activated K channel

&

i

B & BREMEPE R B B U7 E LTA >~ R Y
Y OEFEE R S L, DIRINE REEO—X T % &
B %95 2TA YR OERRE*ZIET 2 HENFEH
INTWEY, EECIABEEINEE A 2D Vi
PEDSHEBR T WRETH L Z L BHSNTWnWBEY, £~
2V VAR E S BEITHET 2 2 L IZREE R 20,
JEFIA TR A v A ) PR & LRI R AR
DORFHEMLSFHU SN T 5%,

A VA IFBITAERERETUE, ARRTElE A, BT
DOF b AHEEEFRZE L TE Y, ZOERITHE
EIME, 525 WIFBEIREBEEREICEES 3 L F 2 oh
29 oL, 4 YA) yOR/MEREIEE MY, 7y M
BOWTMENGRIC L 2BEEEZ D726, W2, £ YAV
VPS4 A ) AERTEVNARERCERL, &
MECBE T 2 RSN D %, 1 > A ) > OIEILRIEA
BRIC DWW T, FCHNEKEM. TH D nitric
(NO), » %\ |F prostaglandin 2359 2 & & IFRE X
T %910, NEARFEHEIMEL R E KRBk 2 £ OIMEE

oxide

HARFERFELE 2 R

PR 1148 7 11 HAzH)



686

DR EVHEITIENO OGN K & wW2s, IMFEHREICE
B mE 2R U Cw 2 HLIE Tl endothelium-der-
ived hyperpolarizing factor (EDHF) ORHS.H3 A & va1b12)]
UL, \EHIMECBT 214 2R ) & 2 MEIRRKIEG
BRECOLTOREZITEA LRV, FE, MmMELE 300
pum FiD 7 v MGHBEEIRIC B0 24 > 2 ) VY ARE
RED I ST & 2 DB D W T L 7z,

MR EFHE I

1.3 &

12~14 s D 1% Sprague-Dawley
Charles River) % v 7z,

2. EREAIER

T — 7 VR T BEESIE R B 2 1T el 2 I D
L, WS T CHEREEIRE 2 £ % 5S~6mm O & 3124
DL, MRS L O ER KB L 72, Z OEIIRA E
Krebs ¥ (fHEE - NaCl 118.3 mmol//, KCl 4.7 mmol//,
CaCl, 2.5 mmol//, MgSO, 1.2 mmol//, KH,PO, 1.2 mmol/
[, NaHCO, 25mmol//, glucose 12 mmol/l) %7z L7z
chamber (Living System Inst, USA) BRI E L 72, &
5, BIRK OWNHIZ A 7 A BUNG = 2 — Vv RFRA LS
FERTHEIE L, chamber Z3Yv > XL E T4 7 AT 2%
HLEMSECK2, £V Y R2ADAT—VIZBE W
(Fig. o UMD = 2 — VIR S & OETRDO > 2 7
DATHERT L T2o WHETR, SHEETR & b ICERSRNN Krebs ¥¥&

rat ((REEH) 350 g,

A4 A1) > & EDHF

(959%0,, 5%CO,) I & D IT> 7z, WHEHLIE 100m/ Y 4 —
NW=RfEHL, "y b7 —FTITCIRFFL, WENRR
FH pump (Living System Inst, USA) 2 X VD 1004/ /453> CHEFR
L7z W#EGEIE chamber FIRICHE 7 Y A T a—H—%
e UsEBise i I BETLHE 2 WE U 7z, SEFNIR SN EERL I 2
=a— VOl Nc =R 2 LT ) YO RV T LD
1o 7z HFEW X peristaltic pump (PST-100, #5385 F)
RV, EAENCE U 72 ERE I XD 3TCTHER L 72,
BRA SR ATHEBLAWE SHEEL, V=228 0n
2 & RHER L oo IMAE RIGHE 3 30 mmHg o WHEEHLE T
T, video dimension analyzer (Living System Inst, USA) %
P CAE R & MRS 2 8@l E L 7z, AR ORE
X BB R L | RRHRICEBZEL, L& L7IRR
T, 4 EEFE L b, phenylephrine (Phe, Sigma, USA) 1078,
3X107, 1056 L UV 107*M 2 2R G L, RRINHEO R
60 %% b 7z 53 Phe #E (ECq) R D 7o THEIUTOD
SRERCHIE & L TRz, fHInE © W REH: 2 /RS
T %78, BiIHE %, W BT L Y acethylcholin (Ach,
Sigma, USA)10-°M 25 LIVRMIG 2 BIZ LTz, &5
W2, CERER ORISR T 5720, AiUEE, SMER &
» sodium nitroprusside (SNP, Sigma, USA) 10-°M % # 5.
UHEBER G 2 B2 LTz, Ach 38 X OFSNP 2 & b, Phe #
GRIOMERE £ TIR S 2 2 L 2HER L 72,

3. X B

@ Control # n=17 : FIPfERICLV ¥ 27 —4 ¥ XV >~
(Actrapid Insulin, Novo Nordisk, Denmark) # 10 mU/m/,

video
<4— dimension4_|
analyser
p TV-camera 30mmHg
monitor m} A
screen L ]
diameter A
lens
perfusion chamber
pump
~ > . . -
@ —LH
P1 )/l artery \ P2
SO —» — [N/
e & )
syringe superfusion superfusion
100ml pump pump
resolvor
Fig.1. Schematic illustration of the living system

P 1 and P 2 : Pressure at afferent and efferent sides of perfusion. Pressure gradient

between P 2 and P | was kept constant at 30 mmHg.
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Fig. 2. Percent relaxation with insulin (10 and 100 mU/
ml) in phenylephrine (EC;,) preconstricted rat mes-

enteric artery

B L U100 mU/m/ OIRETHRX 10 %G LTz, =k,
FRREEBRIC B W TRBED 70 b 3 — )V TEYLIIC & D R
fbL7eA > 2 ) 285 L, MERISESBD Snmn
L ERER LTz

@MW BB ERE n=T7NERZE D7 », CHAPS(3-
[ (3-cholamidopropyl) dimethylammonio]-1-propanesulfo-
nate, Sigma, USA) 10~*M % NEEH & D 90 BERG L 7z,
Z O, Ach % 10°°M 5 L, MELRKIGA ZW I &
ZHER L 720 € O, BIPHER I 10mU/m/ B & UF 100
mU/ml DA > A > &&Z10 53 E#E LTz,

PUT #6512 i ALE & L TG L7z,

® L-NAME # n=7 : N°-methyl-L-arginine methyl
ester (L-NAME, Sigma, USA) 10~*M % PNEEWH & D EE
KT & TR G LTz, 554 30 2381 B S ¢,
10mU/m/! 88X 100mU/m/ DA > A Y > %&&%10 43E]
BH5 L7z,

@ Indomethacin # n=6 : indomethacin (Sigma, USA)
107°M 2 NEETRE & D REE T % TRl 5 L 72, &5
BALA 30 S3 2 CHITNAE % &+, 10mU/m/ & X UF 100 mU/
m/ DA XY > 2EL10 3RS LT,

® TBA #f n=7 : non-specific Ca?* activated potassium
channel blocker T# % tetrabuthylammonium (TBA, Sigma,
USA) 10*M % NEEFLHEl & D EEHE T & TR 5 L 72,
Be5.5A4A 30 432 B IAE &2 S &, 10mU/m/ 35 X OF 100
mU/ml DA >R > 2&210 575 LTz,

® ChTx # n=8 : large-conductance Ca?*
potassium channel blocker T# % charybdotoxin (ChTx,
Sigma, USA) 107"M %z WEEFLHI & D HEHE T & TRk

activated

Insulin(mU/ml)

%relaxatioB 10 100

C -
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*

*%
] control

50 { H Denudation * :P<.0001

%% : P<.005
Fig. 3. Percent relaxation by insulin (10 mU and 100

mU/ml) with (closed column) and without (open
column) CHAPS (3- [(3-cholamidopropyl) dimethyl-
ammonio] -1-propanesulfonate, 10-*M) in phenyle-
phrine (EC4) preconstricted rat mesenteric artery

G U7z, #5634 30 AT 2 ¥, 10mU/m/ &5
EFU100mU/m/ DA > 2 Y > &% 10 S LTz,

@ Apamin # n=7 : small-conductance Ca?* activated
potassium channel blocker T& % apamin (Sigma, USA)
10-°M 2 M & D KB T & TRl G L7z &5
Bt 30 43 2 1C BT AR % & &, 10mU/m/ B X % 100mU/
ml DA A »EERI0 SRS LT,

® Ouabain B n=6 . Na*t/K*-ATPase ¢ blocker & L
T ouabain (Sigma, USA) 107*M %z AEEFLHI L D EEHE T
T TR G LTz, #5BAIA 30 32 AT 2 S ¢, 10
mU/m/ 8 XM 100mU/ml O A ¥ R Y > % K210 53 [E#
57z,

4. TN

Phe 1 & 2 HIGHEE DIMERE £ A > A Y » LB OIME
D7 % Phe 12 & 2 HIPER O MEE TR L 726 O 2%
relaxation & U7z, i1 mean=SEM TR, BEED
BEICIE ANOVA 12 & - THlAL Dunnet test v, &
BRER 5% Rl DR REARIE L LTz,

R

SEEA L7 IBHEEIIRES 2 B o IMENPENE L, rest-
ing level TYHJ 318417 ym TH o720 KEEDA VA ¥
B 5.0z & %% relaxation % PUTFIZAR L7z,

@ Control # : 4 > &Y > 10, 100 mU/m/ 138~%5.7+
0.7%, 22.9+2.6 %D HBERFMEDOIRNIGZ b7zo Lz
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Insulin(mU/ml)
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Fig. 4. Percent relaxation by insulin (10 mU and 100
mU/ml) with (closed column) and without (open
column) L-NAME (N<-methyl-L-arginine methyl
ester, 107*M) in phenylephrine (EC,,) preconstricted
rat mesenteric artery
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Fig. 6. Percent relaxation by insulin (10 mU and 100
mU/ml) with (closed column) and without (open co-
lumn) TBA (tetrabuthylammonium, 10-*M) in phenyl-
ephrine (ECy,) preconstricted rat mesenteric artery

(Fig.2),

QWNEBER: 42D > 10, 100mU/ml/ iz & %%
relaxation % 2.1+0.7%, 102+1.4%TC&» v, Control Iz
LR L Tz (Fig. 3),

@ L-NAME#: 4 > 2 ) > 10, 100mU/ml \c & 2%
relaxation (¥ 3.7+1.0%, 16.0+33%T» b, Control # &
BEZIRD N o7z (Fig. 4),

@ Indomethacin #: . 4 > 2 1) > 10, 100 mU/m/ 1z X
%% relaxation | 3.6+09%, 174+1.1%C&H v, Control
HEAEEERRD s gd 57z (Fig. 5),

G TBAEE: £ > 21 > 10, 100 mU/m/ 1 X %% relaxa-

Insulin(mU/ml)

%relaxatioa 10 100

o0 -

[ control
50 { M Indomethacin

Fig.5. Percent relaxation by insulin (10 mU and 100
mU/ml) with (close column) and without (open col-
umn) indomethacin (10~°M) in phenylephrine (ECs,)
preconstricted rat mesenteric artery
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Fig.7. Percent relaxation by insulin (10 mU and 100

mU/ml) with (closed column) and without (open
column) ChTx (charybdotoxin, 10-"M) in phenyle-
phrine (ECy,) preconstricted rat mesenteric artery

tion £ 0.7+0.5%, 10.1+28%TCH v, Control Bz [k L

BIE T LTz (Fig. 6),

® ChTx . A4 >~ A Y > 10, 100 mU/m! |z Kk 2 %relax-
ation 1% 2.6+0.7%, 11.5+1.9%CH v, Control Fiz L Lk
LEEIETL Twi (Fig. 7),

@ Apamin E: . 4 > AV > 10, 100mU/m/ 12 Xk %%
relaxation |% 3.0+0.7%, 15.6+2.6%Chx b, Control FEiZ
BEUAERET L T (Fig 8),

® Ouabainft: 4 > A VY > 10, 100mU/m/ 1z kX %%
relaxation % 6.6+1.4%, 222+28%CTH v, Control &
BEZI -7 (Fig. 9),
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Insulin(mU/ml)
%relaxation 10 100

%) O
| [
*%
E control .
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50 P *% :P<.005
% %% : P<.05

Fig.8. Percent relaxation by insulin (10 mU and 100
mU/ml) with (closed column) and without (open
column) apamin (10 °M) in phenylephrine (ECs,)
preconstricted rat mesenteric artery
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Fig.9. Percent relaxation by insulin (10 mU and 100
mU/ml) with (closed column) and without (open
column) ouabain (10~*M) in phenylephrine (ECs,)
precontricted rat mesenteric artery
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WEERZC & 0 KIGHAIGl S i 2 s, FICHNEKR
HOWRKIGIZ L 2 EHZ 6N, A YA VT & IR
JZti&, indomethacin, & %\>id L-NAME OHIALIE Tl
i s nd, PGLE L UNO DG B EFZ SR
%o

A A N K BRI T IERF LA potassium  chan-
nel blocker ® TBA, small-conductance Ca?" activated
potassium channel blocker @ apamin, ¥ X Of large-con-
ductance Ca?" activated potassium channel blocker M
ChTx 2 X 0l S iz, @2 IZ, A ¥ A VI HEGUmE
BT EDHF 2 s ¢, Ca*
channel 2/ L CIMEFEFH Q@S ML 725 L, Ca** i
ARk 2 MERRE 7253 LIS 5, EDHF
VRGP 2 M FR R B D BE R ICFE S shear stress!?Z & D B
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HREMEEDS D 529, LirL, 4lal, ouabain FiALEDS A > X
VN K BRIKBCHE L otz 2 6, Nat/kt
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5. Flz, 4> AV 73, insulin-like growth factor- I 5%
SRR B, 1 B2 7c Ca?t channel #JIf], Ca?t ATPase

fEfEIC L 2 Ca? Dbz FT 2 emMESNTED,
ZNODESIOVWTSRI S IR T2 LE B D 5, *
7o, IEEDA YA YMHREZ E FPT 10~100 LU/
ml, v F2F 40~50 L U/ml OFIFH & Vb LT 2,
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