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A VAV v O RARGE MM IRRIE W B4 5 Biat

BRAFEAPEEPABEE—HE CEF L IHRE—EED
w + B

AVAY VB ADLOEFRYRTZEANBRTE D, TOEERIEHO | DI MBIREERN DD BF OB
BIL TR, AR TIE, 12 ) YOMEHRBRERAOBRE XM SMCT 570, NEKEEMSHECRET v 2
VOB BN Lic. FRBHABBIRO H¢A4HK2EE L, 36T, pHT.4 OSIE Krebs & iz L 7 R VA R R
L, ERMERMEELSE LUTOREYT -7, F7cbhd, €8 + = (serotonin, 5HT), /A= x7 1y v (norepinephrine,
NE) 8 XT@EH Y ¥ a2 & 5 MAENMED FH &~ SHRIC RIETE 4 DBRED A v 2 ) ¥ (ImU/m], 40mU/ml, 100mU/ml) ®
HELAREFERE ARABEATHR L. Wi, 1 VA ) VOREINEFRCEST AT e A2 75 v oy, —i(Les
(nitric oxide, NO) O&E % BT 5 7ed, WREFEAZHL, SHT, NE L &KiIc L2 MENGED A E - KISHEr R
ETA v AV vDOHRE, TAEI Y 10°M ¥ No= v L-7A¥ =Y 2 F 0= x5 4 (N*nitro-L-arginine methyl
ester, LNAME) 10 M ORILABH#ETHHE L. €5 5HT, NE 8 L OB KOHBAREE (median effective dose,
EDy) TORUEMIZX T 57 2 F /L 3 U ~ (acetylcholine, Ach) & %7 A % v & P (substance P, SP) IZ X % W KA M LR
B+ 54 v A2 v 100mU/ml OF8HEEH L. HERFERCS VT, £ Y2 Y ¥ 40mU/ml L EORT#ESC L b
SHT, NE B XU®E» Y ¥ 2 QU IHE 2 h, AE-BIGHBRIER R Lz, REHEERTS, 1A Y v 40mU/
ml DL L5 & h SHT, NE B X UBKOEBETCONMEMH L. Lr L, Z20UmIlsoBERCFhoBwE
CEWTL, NEHBERCENAEREFERTRKE . TAYY VORBECI DA v 2 Y vic k5 5HT, NE B0
8 K DILHEE R 2 EIRIIZE (L Lighs - 7228, LNAME ORIHIC L b P h OB EIC IS WT S v A Y v O URHAH
fERIZES Liz. SHT. NE % X O'BK ORINMICRT5 Ach 3108 SP ORBKAMINERIGE, 1 v 2 Y ¥ 100mU/ml
DS IO CTRLFERCHER L. DEX D1 v A Y vOMEHEEERIL, WEEREEDEEEERCIL, NEK
FHSREERAC I AL E Bhhi.

Key words insulin, endothelial-dependent vasodilator action, endothelial-in-dependent
vasodilator action, isolated rabbit femoral artery

4 v AY U, B IR\ T AR & 0.0 A BE T ATEEMIVRIBEINTWAY, 20 k31, 1 VAR Y

AEETHILBHMBRATHAY, TERM A - & e DMEIRELIE E F OEER, AMENTEORKENE£x5 |-
T, A VAV VIEFME, E A Y VIEEASR DR, EhIC THRDTEELHK LOMB L - TUWER, TOBFICOL
B O o\ AR HEME B IFERR & I D B & A5+ B IEw ) E % TIE—ED BB T L.

THEEE A v A ) VEPIMEZRTI ERBE S LY, A VR v DMEIRRRIGOEF & LTk 2 E T 8ok
O DEEHTAE D, B4 AV v IMENKREYE & MR D REHBAER"™Y, Na*, K*-ATPase OiEH#:({L', Ca®’-ATPase Dif
RO —D Lie B WHEMARE N, LWhd b A v A ) viESi & PEIL™ 3 L OV IRER N R D I £E 5 ity 7o A M
LCHEAIATWAY, £ v A ) vORESF & LT, B WHED R EBRBEIRTVEH2, HRIZEShTLL, —
DRMEC BT B b)Y AFRILOME", 38R B H Ji, Efe O R E R TG B B H  Fo B Ik
B & B PR TREEEA AL ERTHD. Ll W, A v A Y V0 M E IR RGN B Xk B BRI T
FRA RIEECTIRA YA ) VI X ) BIFE Lisuw & DRk (endothelium-derived relaxing factor, EDRF)* ¢ % —{L%
BIRE SR, HIEA VA Y Vv OREDL 5 —DDEE D 5% (nitric oxide, NOP DA EILESEIC & 0 \IflEh 5 2 &
MEERTH D MEBEERC LY, AERFIRR IR HEIR, 1V AY VAMBREIE IEHT 5 TR EA
BEEZLNDY. L L, Bk c@ERSE TIZS v EEIRTWA. LaL, 4 vAY vOmEHECKT AR
A VIEHTHMERERIGICBEERN A DN A 2 & AfE X B L TR » 1 SBRREE R IX A B e .

h, BENS S CIIREHCHE S WA RGO ERFEC *ZTHE, WEEEENFIRRRIGICRIETA v R Y v D

SR 8 4F 9 H20H %A, PR 8 #R10H 23 A3

Abbreviations : Ach, acetylcholine ; EDs, median effective dose; EDHF, endothelium-derived hyperpolarizing
factor; EDRF, endothelium-derived relaxing factor; 5HT, 5-hydroxytryptamin (serotonin); L-NAME,
Ne¢-nitro-L-arginine methyl ester; NE, norepinephrine; PG, prostaglandin; SP, substance P; TXA,
thromboxane A,
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FEY P LM THIDIL, MHE R ABREIRE AL O
Hxffotc. Titbber b= (serotonin, 5HT), £-/ 4=
v 7 U v (norepinephrine, NE) & & U & & o I O
B-RIGH#RC RIZT 1 v A ) vORBY ARRFERL MR
HEEATIE L., RIS, 1 VA Y vOmEREERC ST
% EDRF T»% 7w 2 & 277 vV (prostaglandin, PG»® L
NO DBEE B HMIT 57D, NERFEARY AV GHT,
NE EBKIC L A2 MEEO 1 v 2 Y Vi X 2HfIRC Rz
F7ACY vERR N-= L7 A= v A FA=RATN
(Ne-nitro-L-arginine methyl ester, L-NAME)* O 8% L
#r. X5 SHT, NE ¥ L OB K OFHASHBRE (median
effective dose, EDgy TOFRMIE N T HT £ F 12 Y ¥
(acetylcholine, Ach) &7 A % & P (substance P, SP) i &
HHEREUIER IS BIET A v A ) vORREBE L.
MRILTHE
[. MERESLUCMEERDIESR
thE 3.0~35kg DHEFER (AXRAGRE, LERREY, 4

) A0HEREE Lic, RV AR —L F U YA (B
7, KB 30mg/kg DOEIRWE 5 & 5 KB, Bl LAERED

|sotonic transducer

Recorder 95% O2- 5 % CO2

water Q‘H’ Modified Krebs
36 C—> o solution (pH 7.4)
Organ bath
(20ml)

Fig. 1. Schema of measurement of isotonic contraction.
Helical strips were bathed in 20 ml of modified Krebs
solution (pH 7.4) gassed with 95% O, and 5% CO, and
isotonic contraction was measured.

& L. REEA% 36C, pHT.4 O Krebs % (NaCl
122.0mM, KCI 4.7mM, CaCl, 2.5mM, MgSO, 1.2mM, KH,PO,
1.2mM, NaHCO; 155mM, 7 F&¥ 11.5mM) iz Lz —
H—dZ AR, 95%0-5%CODRAEH A TEZ L. BARFT
1R kS LB IE Krebs Hrh CHEE BEME
227418 (F Y v3 A, HR) AVGCAHEORE AR L T4
L, BRASKH (BH Ilmm, £3# 15mm) 2{E L. H8
AL VIBIE Krebs W& 7 L7 AR IR IE (20ml) PlICiR
L, BRI 95%0,5%CO, DEAFATHEEL,
36.0£0.2°C, pHT.4 Wi L1z, HEAZRIC 0.5g DFNEET
BT, TAV b=y 2 b5 vAY . —4— TDII2S (B A
¥E, £ AVEERIfE A e S5 7 ) 2T 3 -4~
WR3001 FY (#0885, H) hcig Lic (K1), 304Kk T
{EIE Krebs Z23TH L, 04# X 0 & K 40mM & TFES &
fo. FOBEIE Krebs W 200 MR CLB L, 600EBUR K
40mM DIFERIEE R, = DERIFELE 0 R LB IGH—
ELIORHELE, EREMBB L. FERFAORSE~A
7av ) v S THEARERBEPICRARES Ui, ERRE
N THEBERBENOBEE LTRL, & K 40mM DR
x100% & LT, SERTEOAREORELEE(L L.
¥, HIWYNC L BIEEIG O BET 20 BTV, X O/
IEEIE Krebs W TEARHE L.

I.5HT, NE, EKORE-REHBCRETA L RY D

28 NEURFER LN ABER O LR

S v BAVERE:, EEAD—ET Furchgott 5% OJFERICHE
U, BIE Krebs ¥ TR 5 L 72K C KERBIIR O PR R & #58 L
PR EE O B e BRI AT - 72, B % S L 7 BEK (n=15) &
WELRELES € VK (n=15) ¥ HMERBERCES
L, SHT & NE ©%h F£h 10"M, 5x10°M, 2x107°M,
10, 5107, 2x10°°M, 10°M % X O"&EK D 10, 20, 30,
40mM »BER LG L, B8 -RICHEE RS, kie1r v Ay
v 1, 40, 100mU/ml T205 ML E Lic, KBRS WT
5HT,NE % X OB K O i — S s a sk rz. 18 bhic &
—BUGBHER &, B OFES L, pD. fE (R KBGO
50% SIEA 5| Xt 2 T O LB HKH O £ VB O R R

Contractile response

1 min

Fig.2. Experimental records showing effects of insulin on vasoconstrictive responses to SHT in isolated femoral artery with
endothelium. (A) Control strips. (B) Strips with insulin (100 mU/ml) pretreatment 20 min before the addition -of 5HT. The
concentrations of 5HT in the bath were 107M (a), 5X10°M (b), 2X10®M (c), 10™ (d), 5X10'M  (e), 2x10°M (f) and 10°M

(g). 5HT, serotonin.
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B Ll 2 RDLEBERF LIz, eI v 2 Y vEETOD
5HT,NE, BKOH &~ RIS iR x R, BIE Krebs B+
T EIMERIZEE SHT, NE, KOS5+ TVARE-RIE
fhigr R, REOA v A ) vIEEERORE - RICHE & 2
BRIz ERBER L.

I. 42 ONERRBICHTETRAEY A BEDOHE

HEBRFEA =10 KHLT72EY v 10°M ZEiHEE
L, 04FHBELTA YAY v EEEDHEHA 0.1ml 238
L2043 #w SHT & NE & FHh Fh 100"M, 5x10°M,
2x107M, 10°™, 5x10°™M, 2x10°M, 10°M % L O0'& KI0,

M

20, 30, 40mM % &5 LHE-RICHBRE RO . RICBE
Krebs M CEAZBERHEICT AV~ 10°M 235 L204
Biz4 v A ) v 100mU/ml ZENES L, THI05%CE
B SHT, NE 5 X U0EKOHE— RIGHE L R,

V. 42 omEEBICHT S L-NAME 502

HNEBHEEA (n=10) % L < L-NAME 10°*M % Hi# &
L, 00#%¢BELTIVAY v ERBEDOEEAK 0.1ml %380
L, 205 % 5HT & NE o h F£h 107°M, 5x10-M,
2x107M, 107™™, 5% 107, 2x10™°M, 10°°M B X U'E KD
10, 20, 30, 40mM % #5 L HE—RIGHEEZRD 1. KCHBIE

Table 1. Effects of insulin on the contractions to serotonin in strips with and without endothelium

Percent contraction of potassium®-induced contraction (X £SEM, n=15)

Treatment Concentration of serotonin (M)
1071 5x107° 2%107 1077 5%1077 2X%10°¢ 10-*
Strips with endothelium
Control 0 2.6%0.7 16.84+2.1 53.9%+3.9 83.9+£3.7 97.4+4.1 105.2+3.7
Insulin (mU/ml)
1 0 1.7+£0.4 13.8+1.7 53.5£4.7 83.6+£5.3 97.1+4.2 105.3%£3.7
40 0 0.7£0.2¢« 12.1+1.9% 44.7£3.7« 75.243.1% 95.7+£4.5 104.6+4.2
100 0 0.040.01 6.4+1.8t 41.3+4.7%« 74.94+3.8« 93.0+4.1 102.3+3.8
Strips without endothelium
Control 0 3.6x0.5 25.8+3.2 63.4+4.7 95.1+6.3 118.4%5.5 130.4%4.6
Insulin (mU/ml)
1 0 2.4%0.3 25.2+3.1 63.3+4.3 95.5%5.6 117.8%5.5 129.0%5.0
40 1.7£0.4t 20.2+3.2t 62.94+4.1 93.6+4.7 116.1£5.3 129.1£4.5
100 0 1.5£0.4t  18.7+2.4t 59.0+4.7+« 91.5+4.2 115.1%4.4 128.4%4.5
a) Concentration, 40mM.
*, p<0.05; t, p<0.0]1 between control and insulin.
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Fig.3. Effects of insulin (100 mU/ml) on 5HT-induced contraction with (A) and without (B) endothelium. Contraction induced
by 40 mM potassium was taken as 100%. Each point on the curves represents the mean of 15 experiments; vertical bars
indicate:=SEM. O, control; @, insulin. *, p<0.05; t, p<0.01 between control and insulin. 5HT, serotonin.
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Krebs W CEAZHEHH#IC LNAME 100M %35 L, 204
gic A v AV ¥ 100mU/ml ZEMES L, 00 BICHE
5HT, NE 8 L OBEKOHE-RIGHiEL KD,

V. Ach & LU SP ORI RIEEFEHMBELREERICHT DM >

2L ORE

HEEAER (n=15) % 5HT, NE ¥ X OB K ORAINHED
50% OISR E AR Z T O LB BRE (EDw) 1 TRTINAES &z,
- ORI T Ach % 107°M, 5x107°M, 2X107*M, 10™'M,
5x10°™M, 2X10°°M, 10°°M #5 L, FERK BT % Ach OF

B -G R, R EDy DEETO 5HT, NE B &
VBRI THIRMEEE, SP % 2Xx107™M,3%x107™™, 2X10"°M
BELKERCKTS SP ORE—-KIGHEERD L. RicE
IF Krebs &L, 4 v A9 v 100mU/ml ZaiEE L, 20
4R#81C EDs DEETD SHT, NE 35 L U KI© THTINHE &
&, Ach 3 X 08 SP ORIE—RIGHRY RD . 7ok, 1 VA
) VETE ST O Ach & SP OFE— RIGHEEZ RO, BIE
Krebs WhC604 MO BEHICEE Ach & SP ORE—KIG
g ERD, BROA VA VERETTORE - RIGHRE &

Table 2. Effects of insulin on the contractions to norepinephrine in strips with and without endothelium

Percent contraction of potassium®-induced contraction ( X =SEM, n=15)

Treatment Concentration of norepinephrine (M)
107" 5x10™* 2x107" 10~ 5%107° 2x10® 10-°
Strips with endothelium
Control 0 17.6+£3.2 54.3%5.5 92.8+5.0 118.3+4.5 131.2+4.8 137.4%4.7
Insulin (mU/ml)
1 0 16.1+2.8 52.2%5.4 91.6+3.9 118.7£3.4 131.3%£3.1 137.2£3.1
40 0 11.7£1.5t 48.5%+4.2 91.3+4.5 117.4+4.4 129.2+4.4 136.4%4.5
100 0 6.24+1.3t 42.9%+4.31 85.4+4.6% 112.2+4.0 126.4+3.5 134.3%3.3
Strips without endothelium
Control 0 24.7+1.6 75.1£3.3 107.6%£3.2 129.4%+3.5 146.4x3.9 160.1£3.2
Insulin (mU/ml)
1 0 23.6+1.6 75.2+2.7 107.6+2.4 129.7+3.4 145.5+3.6 160.2+2.9
40 0 20.1+1.9t 73.3+3.0 105.3+1.9 127.9+3.4 145.043.1 159.2+4.4
100 0 16.4£2.0t 67.2+2.8% 104.4£3.7 126.5%4.3 144.6+4.1 158.41+307
a) Concentration, 40mM.
*, p<0.05; t, p<0.01 between control and insulin.
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Effects of insulin (100 mU/ml) on NE-induced contraction with (A) and without (B) endothelium. Contraction induced by

40 mM potassium was taken as 100%. Each point on the curves represents the mean of 15 experiments; vertical bars
indicate=SEM. O, control; @, insulin. * p<0.05; t, p<0.01 between control and insulin. NE, norepinephrine.
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ENRINT R TR L.

VI. EREH

WRLEAL, Ber/ avE—Fv b4 vR Y vER
(Novo, Bagsvaerd, Denmark), SHT (Sigma, ST. Louis, USA),
NE (F)esEsh, Hm), Hikn Vv o (FIXZESR), Ach(f—5
3, W), SP (Sigma), 7A U v (I FU+E, ®H)
L-NAME (Sigma) T»%.

VI. #EstEeRokREt

BRITFE HERERE (X ESEM) TRL, £EMOFY

EDEDORER—TEE, “TRBEKC & 5 58I H# Sheife
DEHEBEHEEITV, EREHL0.05KMEEREDD & L,

B "

[.5HT, NE, EKORB-RIEHBBICRETA 20
HE ARRHEEX LARARERDO LR
K211 2 Y v 100mU/ml #EHi#HD SHT OEREIED
MERFEACEIT2RME R L. 25 5SHT OB E
ETA VR VOBEBYHAROEFEC I h B Lt lifirs

Table 3. Effects of insulin on the contractions to potassium in strips with and without endothelium

Percent contraction of potassium*-induced contraction (X £SEM, n=15)

Treatment Concentration of potassium (mM)
10 20 30 40
Strips with endothelium
Control 5.3+2.0 31.7£4.7 94.0%1.8 100.0+£0.0
Insulin (mU/ml)
1 2.7+£0.4 29.0£3.4 92.5%1.6 100.1+0.5
40 0.740.2% 21.1+£1.3% 90.0+1.8 99.2+0.6
100 0.6+0.3« 19.0+1.7* 88.7+1.7* 97.6%1.2
Strips without endothelium
Control 5.8+1.4 39.5%4.5 100.1+2.1 106.5+2.3
Insulin {(mU/ml)
' 1 5.6+1.5 38.5+3.9 99.3+2.5 105.4+2.6
40 4.0%+1.0 35.7%4.6 99.4+2.4 104.8+2.5
100 1.940.8% 34.4+4.5 98.5+1.9 104.9+2.1
a) Concentration, 40mM.
*, p<<0.05 between control and insulin.
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Fig. 5. Effects of insulin (100 mU/ml) on potassium-induced contraction with (A) and without (B) endothelium. Contraction
induced by 40 mM potassium was taken as 100%. Each point on the curves represents the mean of 15 experiments; vertical
bars indicate£SEM. (), control ; @, insulin. #, p<0.05; t, p<0.01 between control and insulin.
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|, ® 3R L. SHT OB, WBRFERATI
105.243.7% 125 LT HIMEEA TIX 130.424.6% &, BRI
EATHBCKTH » 7 (p<0.005). SHT o & — SUGHBRIC
RETA VA Y vOBETE, ARRFEEFTS Y2V v
imU/ml CRABRE R Teh - kt, 0mU/ml Tk
5% 107°M, 2X107°M, 107, 5x 10'M THBIHIE X hiz (£
nEhR p<005). FHICA v A Y v 100mU/ml Tk,

5x10°M M B 5x10M KBWTHE LA A bR
(5x107°M, 2x107°M, p<0.01; 107, 5x107'M, p<0.05).
RHEEATIE, 42 Y Y ImU/ml ik 2FEeEi
B otz A, 40mU/ml Tix S5HT o IL#E i 5x10°M &
2% 10"°M THEIHEIEh (FFh p<0.01), 100mU/ml T
12 5%107°M, 2x107*M, 100 THELCHAKI I (FhEh
p<0.01, p<0.01, p<0.05). pD, fiix, PWEBRHFEAICE T,

4V AY VIEEE 7.0340.02 12K LTA ¥ A Y v 40mU/ml T
17 6.96+0.03 (p<0.05), 100mU/ml TiZ 6.90:£0.03 (p<0.01) &
WERLEBERETAA LA (F4), SHT OHE ISR
EHCRM L. PEHEEATL, v AV ¥ 100mU/ml T
6994003 &4 v A Y vIEKE 7.06+0.03 W LTHEGET
Babht (p<0.05, #4). 4 A Y ¥ 100mU/ml 512k
% SHT ol AR OEEIC L LB T5 &, SHT O
2% 107*M, 10°™™, 5X 10~'M TP BB FEEE AT b~ P B 1 it B2
ATHoBEIERICRY Lz (FhZh p<0.05 p<0.0l,
p<0.05, [ 8A).

NE OB KIBIZRIFT A v A ) vOMBRNEOFEC X
DB LA E 2, M4 WRLA:. NE ORXIHE, B
BEFEA T 137.4247% 1o x L T &I BB AR T 1601
+3.2% & HIEATHBIZATH - 72 (p<0.005). WEIREFER
ATIEA v 2 ) v ImU/ml T NE [ A i3 7ehs » 7oy,
A0mU/ml Tz 5x10°M T HE AKX A b h i (p<
001). £ v =Y v 100mU/ml T, 5x10°M, 2x10°M,
10M BT NE A SCHE Ihiz (Fhth
p<0.01, p<0.0l, p<0.05). WHEHHERTIL, 1 v 2V v
ImU/ml Tk NE 28 {bid e hs » 748, 40mU/ml Tid
5%10°M THEICHE X htz (p<0.01). £ v A Y ¥ 100mU/
ml i 5X10°M & 2x107°M T NE U2 45 B HIkl S hure
{(p<0.01, p<0.05). pD.fifii3, WERIFEACILTIE, 1A
YV IERE BB T542002 21 v 2 Y v 40mU/ml TIX

7.48+0.03 (p<0.05), 4 v A Y v 100mU/ml T 7.4740.03
(p<0.05) L ABIET L (F4), NE ofE—BIGHRRA S
WCARR. U, NEEIBEER T30 v R ) v IEH 5B pD, fiEiX
760+£0.02 THH, WThOBEDA V2RI vHEEKLI-ThH
pD, W ERLE I eh o7 (R 4). WEROFEICX 5 HE
Tk, 41 YAV Y 100mU/ml #5KBWT I00M &
5x10°™ ©® NE DA v A Y vic X 5%, RERAF
BB L CREHEEATHEET LW (FhZh
p<0.05, [ 8B).

EK OB RIZTI v A ) v OEEYNEOFKIC X
DI LR E S, K5 WiRL:. BKOBAIMET, A
FRAAEATIRI00%C & LT HIBEA T 1065123% &
KHEBEATHEBCRTH - (p<0.05). ARRAFEATIIA
v A ) v ImU/ml TS K E Btz ich - s,
40mU/ml TtE 10mM & 20mM 2 THELIH A AL (£
RFR p<0.05). THIzA v &Y v 100mU/ml TiX, 10mM »
5 30mM IR THERE KoM AR LAl (Fhth
p<0.05). PR HEEATIE, 1 v A Y ¥ ImU/ml, 40mU/
ml CREKIMC SRS Lizier 57288, 100mU/ml T
& K 10mM 0L A B L he (p<0.05). pD.fEIR, K
REAEACRNT, 1 VA Y VIERSE 1.65£0.01 AhbA v
2 1) v 100mU/ml € 1.63+0.02 (p<0.05) & FEILE THAS
n(ED), BROBE-ISHRZATCRAE L. PIBRIE
EEATD pD {HIZ, 1 v AU vIER R 1.67£0.02 w LT,
WTFRDA VAU VBB RBWTHEERE LA bR -
7o (E4). AEoAmC X5 h#ETIR, 1A v 100mU/
ml #4512k 0 10mM, 40mM Ti2EiZ7eh - 7288, 20mM &
30mM TEKIEEO A v A Y Vi X % HIH o0 R R vk R B
BEANREEAEACHENEFECE FLTuR (ThEh
p<0.05, ¥ 8C).

1. 4 2 ONEERICHTITAE L HSORE

SHT DUEEIGTIE, 7 A Y VATl S B O 7 A ¢
Vv BREONGE & i LT 0BT b A B AT
Mot TAEY vORDFHGICHELT, TAEY v &4
v =Y v 100mU/ml ©fi$ 5Tz SHT @ 5x10°M 2 5H
5x10 ™ D Lf A A F W HIENZ A e (2x10 M, p<0.01;
5x 10 M, 10 "M, 5x 10 ™M, p<0.05, [ 6A). pD,filii 7 A &
VO EE Y T024003 LT A v A vl TR

Table 4. Effects of insulin on pD, values for 5HT, NE and potassium in strips with and without

endothelium

pD, values (X £SEM, n=15)

Presence of

Treatment endothelium Insulin (mU/ml)
Control
1 40 100
S5HT + 7.03+0.02 7.04+0.03 6.96+0.03* 6.90+0.03t
- 7.06+0.03 7.06+0.03 7.04£0.03 6.990.03*
NE + 7.54+0.02 7.52+0.03 7.484+0.03% 7.47+£0.03*
- 7.60+0.02 7.59+0.03 7.58+0.02 7.57+0.03
Potassium + 1.65+0.01 1.65+0.02 1.65£0.02 1.63£0.02%
- 1.67+0.02 1.66+0.02 1.66+0.02 1.66+0.02

S5HT, serotonin; NE, norepinephrine.

*, p<0.05;t, p<0.0]1 between control and insulin.
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of 10 experiments; vertical bars indicate=SEM. (O, control; @, insulin.
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Effects of insulin (100 mU/ml) on 5HT-(A), NE-(B) and potassium-(C) induced contractions in strips with pretreatment of
aspirin (107°M). Contraction induced by 40 mM potassium was taken as 100%. Each point on the curves represents the mean

5HT, serotonin ; NE, norepinephrine.

Table 5. Effects of insulin on pD, values for 5SHT, NE and

potassium in strips with pretreatment of aspirin

pD.; values (Xx*+=SEM, n=10)

Treatment

Control Insulin (100mU/ml)
S5HT 7.02£0.03 6.9140.04t
NE 7.54+0.04 7.46£0.03*
Potassium 1.65+0.02 1.63%0.01*

5HT, serotonin; NE, norepinephrine.
p<0.05; 1,
+insulin.
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Fig. 7.

N¢-nitro-L-arginine methyl ester (107‘M).

p<0.01 between aspirin and aspirin

*, p<0.05; t, p<0.01 between control and insulin.

Table 6. Effects of insulin on pD, values for 5HT, NE
and potassium in strips with pretreatment of L-NAM-

pD: values (X +SEM, n=10)

Treatment

Control Insulin (100mU/ml)
SHT 7.007+0.03 7.02+0.02
NE 7.5940.04 7.5240.03
Potassium 1.66£0.03 1.656+0.02

5HT, serotonin; NE, norepinephrine; L-NAME, N«
nitro-L-arginine methyl ester.
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Effects of insulin (100 mU/ml) on 5HT-(A), NE-(B) and potassium-(C) induced contractions in strips with pretreatment of

between control and insulin. 5HT, serotonin; NE, norepinephrine.

Contraction induced by 40 mM potassium was taken as 100%. FEach point on the
curves represents the mean of 10 experiments; vertical bars indicatet=SEM. O, control; @, insulin.

*, p<0.05; 1, p<0.0!
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Fig.8. Effects of endothelium, aspirin, or L-NAME on
insulin-evoked decrease in contraction to 5HT, NE and
potassium. [, strips with endothelium ; {2, strips without
endothelium ; B, strips with pretreatment of aspirin; #.
strips with pretreatment of L-NAME. Contraction induced
by 40 mM potassium was taken as 100%. Results are
expressed as mean:SEM. x, p<005; 1, p<0.0l
compared to strips with endothelium. L-NAME, N®-nitro-
L-arginine methyl ester; 5HT, serotonin; NE, norepinephr
ine.

Relaxant response

6914004 &1 ARV VIZXHHEICETL (p<001l, £5),
SHT o g - KB AL, 1 V20 v
100mU/ml i & % S5HT [MHSI0BE R, 72y vERS
B LHBELTT A Y v ORiES#ELCThORECKSVTH
HEEIch -1 (K 8A). NE OIS TR, 7AE Y VAl
B L BBEIEDELIRAbRIEh 57z, Ll v AR Y
VOREEI X D NE © 5x107°M 5 5 100 OIRFEIEEI
MEl X hi GX107°M, p<0.01; 2x107*M, 107, p<0.05, X
6B). pDLEILT A Y LAY 1544004 K LTA YAV v
WL TIE 7464003 LA VAV VIZEHDEEKETL
(p<0.05, #5), NE O~ RIGHRTAEHCRHEILLI. NE
D4 v A ) v 100mU/ml & & 2 e EElo R, 7 A
eY VR EIC L P NEOLThOBEC W TLHEERE(L
bete 7o (1 8B). BRI EKONMERIE TS, 7AE Y Vil
BRI I BIBRIEDELiE R bhich st LLS ¥R Y
VORI ETEK O 10mM, 20mM, 30mM DLfEA H B
B Rt (FRFh p<0.05, K 6C). pD.fiix 7 = &V Vil 5
1654002 R LT A v A Y v X h 1634001 &4
BIETL (p<0.05, #5), BKOMBE-RISHEIETICHE
LTz, 1v A Y v 100mU/mlic X2 KIEMEoBES, 7

Wi o7 (K 8C).

0. 4221 OMEERAIZHT S L-NAME {50 E

S5HT oy, L-NAME D5 & b HERINERIED
LR ARSRI. LNAME O &0 5 t& LT,
L-NAME &4 v 2 Y v 100mU/ml ® @i 5w X b SHT o
5X10°°M & 2% 107°M OUGEIAE B I hiz s (Fhth
p<0.01, p<0.05, [ TA), pD, fHIC 12 ZEix7eh » 72 (F6)
SHT OERISI MIET 1 v 20 v oMl RowT3
L-NAME 0 #8% X 8A 7. L-NAME fif& 51 & b
2% 10*M 75 2% 10°°M @ SHT s34 1 v A ) vic &
DU EE A A B L (10, 5x10™™, p<0.01;
2% 10 ®M, 210 *M, p<0.05). NE 0, L-NAME B 5z
I b HEREEIEO ERR b, LNAME @20 jii#
Gz H# LT, LNAME &1 v 2 ) v ORi# et b NE @

RIRAEY
;

Fig.9. Experimental records showing effects of insulin on vasodilative responses to Ach in the isolated femoral artery with
endothelium. (A) Control strips. (B) Strips with insulin (100 mU/ml) pretreatment 20 min before the addition of 5HT (EDs).
Ach was added directly to the bath at dotted marks (a~f) during 5HT-induced contraction. The concentrations of Ach in the
bath were 5x10~*M (a), 2X10*M (b), 10°™ (c), 5x10"™ (d), 2x107*M (e) and 10*M (f). Ach, acetylcholine; 5HT,

serotonin.
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Fig. 10. Effects of insulin (100 mU/ml) on Ach-induced relaxation. Precontractions were induced by serotonin (A), norepinephrine
(B) and potassium (C) with EDs; were taken as 100%. Each point on the curves represents the mean of 15 experiments;
vertical bars indicate=SEM. (O, control; @. insulin. *, p<0.05; t, p<0.0] compared to relaxation induced by Ach without
insulin. Ach, acetylcholine.

Table 7. Effects of insulin on pD, values for Ach in Table 8. Effects of insulin on pD, values for SP in strips
strips with pre-constriction of SHT, NE and potassium with pre-constriction of 5SHT, NE and potassium
(EDso) (EDso)

pD; values (X +SEM, n=15) pD; values (X £SEM, n=15)
Treatment Treatment
Control Insulin (100mU/ml) Control Insulin (100mU/ml)
5HT 7.00+0.05 7.21£0.051 5HT 7.08+0.01 7.12+0.01%
NE 7.01£0.03 7.09+0.03% NE 7.01%0.02 7.080.03%
Potassium 6.95+0.02 7.00%0.02+ Potassium 7.04+0.01 7.0840.03%

Ach, acetylcholine ; SHT, serotonin ; NE, norepinephrine ; SP, substance P; 5HT, serotonin; NE, norepinephrine;

ED«, median effective dose. EDs, median effective dose.

*, p<0.05; t, p<0.0] between control and insulin. *, p<0.05 between control and insulin.
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Fig. 11. Effects of insulin (100 mU/ml) on SP-induced relaxation. Precontractions were induced by serotonin (A), norepinephrine
(B) and potassium (C) with EDs were taken as 100%, Each point on the curves represents the mean of 15 experiments;
vertical bars indicate:tSEM. (O, control; @, insulin. *, p<<0.05; t, p<0.01 compared to relaxation induced by SP without
insulin. SP, substance P.
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5% 107M DS B EICMEI S hicd (p<0.05, K 7B), pD,
[fICIEE T h » e (32 6). NE OIS BIE T A v A Y
+ 100mU/ml OHEIEI RO L-NAME §i# 5 OF I & 5 L
i3, L-NAME &zt b NE © 5x107°M & 2x107*M
CRWTHERNBAHOBI A bRL (ThEh p<
0.05: [ 8B). HHICEKDULES, L-NAME 5 LW EE
HIBRIGO TR A SRz, L-NAME O &0 §i# 51 g
L, LNAME &4 v R Y vORifbc L b&EKD 10mM &
20mM DIEFEIC B WTHERAHE AR LA (p<0.05, K 7
C), pDAEW I E I o 7o (R 6). B K OIURRIGIC BIE A
» =Y v 100mU/ml DEHIZ R0 L-NAME g &0 F#i X
BT, LNAME Bt 5ic X h KO 20mM KB WTHE
Tl HrEl DA B B B R (p<0.05, K 8C).

V. Ach &7 SP OB EFEMEHERISICRIET S >

2 DEE

1. Ach DR EEKEEMERESIGCRIET A v A ) v OF
g

K91 EDy TD S5HT DFUED b & TD Ach DPIFEF
VIR GO A~ A Y v 100mU/ml O 5Tt T o0 EH
% Liz. EDuT® S5HT DOFUUED b & TD Ach DPIRIERTF
IR RS, A v &2 Y v 100mU/ml OS5 L h Ach
D EXIOM b 1I0°M THERHEMLL (FhEh
p<0.05, B 10A). pDo{EIX, 1 v A Y vIEEE 7.00£0.05 1kt
LTA VA Y v ETIE 7214005 L FEICAEL (p<0.01,
%£7), Ach OB & —USHBITLE TR L. EDe TD
NE OfilfEod LTk, 1 vA Y voFEKK X H Ach
2x10°°M, 107°M D IMEFIERIGDERICHEMLL (EhEh
p<0.05, [ 10B). pD. {EiL, 1 v AV VIR L 7.01£0.03 w5
LTA vAY vEETIE 7094003 EAFICAE L (p<0.05,
#7), Ach © & — RIS ISR L. R EDo T
DEKDOHPWHEDO L ETL, 1 v A Y vOEL5 LD Ach
5x107M, 10°°M, 10-°M TO MR BIG A3 A B in L7z
(FhFh p<0.05, § 10C). pD, !X, 1 v RV VKL
6.954+0.02 1ot LT A v A Y vEETIE 7.0040.02 & HEICK
< (p<0.05, #7), Ach Ol — RICHR I IR L
1z,

2. SP OWEKRAEMIGEKISICRIET M v A ) vORE
EDy T SHT QRTIRFED & & TO SP D P E AR M 5h
BRI, 1 v A2V ¥ 100mU/m o512k SP o
5%107M, 2x10"°M W THESEM L (Fh£h p<0.05,
M 11A). pD, iz, 1 v AV v S 7082001 g LTA v
AY vEETIE 7124001 EEEREMLS SR (p<0.05, &
8), SP D&~ I s A ST mAL L7c. EDs @ NE Dgj
gD S & SP DR RN M IREEISE, v A Y v
DEEW LN, SP @ 5x107M, 2X10°M i THEIHEML
fo (FRFH p<0.05, ¥ 11B). pD:fEIX, 1 v 2V V&Y
7012002 1 LTCA v A Y ViS5 TIE, 7.08+003 &HFEC
K& (p<0.05, % 8), SP ¢ H & —RICHIRIIL TR L
fo. FEIC EDy OB K DR b & TD SP DIREIE D,
IVAY vOBEC XD, SP D 5x107™™ (p<0.05), 2x10™°M
(p<0.01) THERBEMA A LI (K 110). pD: fEik, 1 ¥
AY vIERELE 70442001 WRHLTA VAU VST
7.0840.03 L HEICAE L (p<0.05, 3% 8), SP 0 BE—RIGH
B EFEL LR,

% B

A4 VvA) VOLOEERL, &L hSEMEROELE LT
MohTEY, BOEROELEEDCHMIREEH T
BB A vAY YHAMEMBEOVIRBIC BV T SO MEIER %
BE+H28i2, 1AV VORHFAL LTRAKEE S L
7V ThebbEEOHEREREEL - L ERKREE T
VAYVIZ L b EMEEO I IRET, BRI ER PRI
HEMEDOEERL LR, TORKELTI YAV VIZLBHE
B NSRRI/ B S LT 2 BTREM 2VE S hiz™. Takata
BB, AMLVF—USLFRESSIEAGCKMEERCR
ETA VA vOEBEARE L. TORKE, BENEEEY
P o ERR RS TN EMEDI RET, v A Y VIK X h il
EAXMET L, FARCREIERMOET & BREE, BIRME
WOBMBARLNDZ EnD, 1 v A Y VYIEIIREFIROWS
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EFER, WHhPES VAY VEREELTERSATLDY, A
vAY VORERFELTE, BREORMECSTSF )Y
ATFRMLDOIEHE" & A RABEEB RIS B Hic Ih T 5.
LavLe b1 REBOTIEA VAY v BRI DHE LW
OB NREZIAY, ZRIRAVAY YOREDL5—D0
EEAOMEERTH 5 MEERRFAC L v, BEBFHR
TRhtctedEEXLRTHAED, UL, Bz - wmilE
BETIRA VA ) VICHT A MERENISCESES A LIRS
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ENRECBETAAEENSREIR TV, 2ol
4 v A Y v OMAERERIG & T OBEER, AR S EDRNA
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DEFIZ O —E 0 SIS Hh TuTete,
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XRBHIEVRREINTVA. ZhABLOWNE, 1A Y v
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BLEEHHI EERBELTHS, —HREDONEAKC,
VR VICEBRM YT AR RIS ERNMEEL, FDOR
RABDKTME FRIMROZTAK L DIERES <, 3HK
KM B L O &\ o 2B AL O & 5 AR
LT v A vERERICREDR W ERAREIRTY
2® %7 EDRF Oizhichb=v Ft ) v t e vy
A, (thromboxane A, TXA,)®, PGL?, WEM¥ @ EHE
(endothelium-derived hyperpolarizing factor, EDHF)** 7x &' 0
MR b B & Wi PR O IR s v HEiT 5 E A 0
WEPRFNPEINTHD. M8 P — X A0HMES, 51
- P HEORE 4 DRT &/ L IREHE 0 B#h bie - T
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R, SEOBEET -7,

SEOBRETIE, 1AV VITHEHEERICECT, IUE
B b HFIE R MR FR R A L. LithisT
1 ¥ A Y VR ERICCTEE LiE AR L, D
R EOZA KL BINWICHITT 2 0Tl ek o7z, &
BICNERFE AT, 1 v 2 Y VIR R T A IR
BIGDIHA 3L, FOMIRIGRIZNEHEEAL D XTH -
o, Et, FOEMRTACY vORKETIZEERRL,
L-NAME Tl &, X512 Ach R SP 2 X % F B RAEME I
RIS ARE L. ThLDRE B, 1V A Y VIRE
WS LB RRFRYRTE E b, nERRCER
L NO DRkt v {RETHIEREETAZ LR REI L
1.

1 v AV v DMEREFRAORFIIH LA TRV, Zh
FTEHMBE LTRFMICWCL OhOBFAREIN TS,
LB & LT, Allwood 5™ 1K Mn$ERE D B IMEIC B U
TR E N LEMEREERLTWA, FloqsvA) v
DMAFIRIEHIA 8 ZEMRENETHL T v T T/ v =N
THHE N Z 20 s, RN B2 RARERIMIE RS BE S
ATLAM Lhl, £v 2R vic X3 nEEFERZmH=
ER7 ) v ERAESThEA LR, FAra-27 3V TR
Auice FOERMEST v 2 ) VIRV CERB LT D
Wi, 775 n—AeT7 b VvORERL L > TLHET
LW Z ERHET EhTEh, 1 vA ) vOmEIREERC
BAr L ) v EBM OB S Rd b D EBbh
B, ElA v RY LIS XA ERBENREOMICCHES H#
HOMBHEDLE LN D, FEOHR Y AKX O DR
B bhBLED T v A Y v BIRAE S TR ML
EARDEN ST EREEI T, BT 7 & i %
BRI, SERETORBEM D@ I, Nat, K'-ATPase D
Wk ABEOMOHE, BB L OT A CEE Y oMt
Ca®* fie A O M MU P PR s > o> Ca®* B, % A
12 Ca?*-ATPase {RiC & B Hllapy Ca® OEF R &2 b
HhAY, ZARMGTOERICE LT, $EOME L, 5HT,
NE BIUOBEKD EOMEERHYEORMBISLHAHE L TS
b, HEOZAEY EBIRIMCHHT5 0TIk T 5%E
WW—HT B, VR v S OB BV TTR S A
IFZERMBRTVAY. I EEHCB L TL RS
&%, Na*, K*-ATPase 2 #IB L, Na*-K* & v 723 EM(L L@
SEERIL, MEPHEHIMET S Z LIRS THDY.
Ca* PIT LTA v A Y v« DfEEAEL, 1 VAV v
DERBHRENE R L OUEMKFE Ci F+ v A MICERL
Ca®* DAL WA &2, MlaRkTESLs 50 Ca® FH % M
HIL, XHIHMED Cat*-ATPase #HIE L Ca®* DA M
A&, TALOER & iR Ca® iMET L i
g I3, SEONKBERCESITSI VA Y VD
BE, ThbblE VPRGN T2EEFERORH TIX,
S5HT, NE B X UOBKOWThORMBRIES 1 v A V) itk b
mHERl. SEACEOERGEHEOFRERF & LT,
SHT DIRIEABIIR Caifgr Ca¥ I X > TRETSH L
X bR TV 5Y, NE QIRFHE, v +FREIRCIEEMEL
PIREA LTV LEDL LT Z OB Ca® HA DB

N

B, BEAKEN Ca¥" F v v AL LB - R EES
FHREHE Ca¥ F v 2L, HBEAER Ca” ORI LT
FAETDEENTVWE? . BKOMNME, MEFRGI S

L, C*"%ELTNTOA A Vv OEBRUENEMT LTS
B LidioT, SEOHEIHIL, 1 VAV VI I HHE
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ERTOLENRDD. 205 PCIIEAROEREA LD
TEEZhSLA—2aA FTH5B. EERNCITH20ED S v x
274 FRFETHZ ERADBR T2, TD5%H PCGLIt
ORI HIEERY % b, TXAIHMG MENEERY 2R
L, ZOHRTAERAE L 272 2 2OHEHR, mE O IKELE
B2ORHCEELRELYELILTV2. EHERACBTH1 v A
Y v & PG OBFRICOVTIE, PG DFIRBETHAT75F Vv
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AV NAIERERBCTHECEELE->TED, 1 vA) VD
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LA 2 FEEBIRICECT TXA, FRNEI BRI h
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A M2 59, cGMP i1, Ca** £ v 7 DiFEM{Le Ca» # ¥
FADEENC X h MK Ca® BWE R WL Y, ME¥ibES
5, —, L7A¥=vOFEETHA L=t TAF=Y
(L-NAME%N%monomethyl-L-arginine 7¢ &) & NO O &8
EEAEEL, ZhbD{b2y B EDRF OEAXHHT5
HDFEE LTCRRBRICHWORTWLWAY, SEIOKETIL,
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EDHF 12, Ach ®{HBHIBIC X bk Ih, NO SBIHEY
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Abstract

It has been shown that insulin produces various cardiovascular effects, especially vasodilation in skeletal muscle, but
exact machanisms mediating vasodilation remain obscure. The purpose of this study was to determine whether insulin has
an endothelial-dependent vasodilator action, and to elucidate the mechanisms of its action. Herical strips were prepared from
rabbit femoral artery, and suspended in an organ bath filled with modified Krebs solution (pH 7.4) at a temperature of 36 C.
Isotonic contractions were measured. The effects of insulin at various concentrations (1 mU/ml, 40 mU/ml, 100mU/ml) on
vasoconstrictions by serotonin (SHT), norepinephrine (NE), and high potassium were studied in the strips with and without
endothelim. To examine whether endogenous prostaglandins and nitric oxide are involved in the inhibitory effect of insulin,
the strips with endothelium were treated with 10™° mol/L aspirin or 10™* mol/L. N*-nitro-L-arginine methy! ester (L-NAME),
and then 5HT, NE, and high potassium were added, followed by an additon of insulin. Futhermore, I examined the effects of
insulin on endothelial-dependent vasodilation by acetylcholine (Ach) and substance P (SP) in the strips preconstricted with
SHT, NE and high K. Insulin significantly inhibited SHT-, NE-, and high potassium-induced vasoconstrictions in both strips
with and without endothelium at a concentration of 40 mU/ml or higher. However, the inhibitory effects of insulin in the
strips without endothelium were significantly smaller than those in the strips with endothelium. Insulin-provoked inhibitions
of SHT-, NE-, and high potassium-induced vasoconstrictions were more weakly in the strips pretreated with L-NAME, but
the pretreatment of aspirin did not affect the insulin-provoked inhibition. In the presence of predosing with insulin, the
relaxing effects of Ach and SP were increased. These results suggest that insulin may produce not only endothelial-
independent vasodilation, but also endothelial-dependent vasodilation.




