Cardiovascular Effects of Insulin in Diabetes
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WRIBBRBERBTAA VA Y vOLMEIEREET 5B

SRAFEFMAMEHE—RE EE  IE—HED
w Xk IE A
CPELS 2 A 1 BEAD)

A vAY VOLMEEAZBE LT S0, BRFBEELHSIA VR ) vOLSFB IOKRBERCETEELH
BEREEOELETHERN L, X HKCERMBEE (baroreflex slope, BS) L BERIEHICRIEFETA VAU VOBRLHE L
fo. EEMTHEBCRIETA VAV VOBESTR, 775 F - 1 VAY VABMBEREENRREEL - BRREE
% (n=8) TRFEHME, LR, ERMOTERREPFECET Loh, DRERTETh o, 4 VA Y VEOFHME
DOETF & BS Oz BEELALNE (r=0.75, p<0.01) & bhi. —F, HEGEEEORVERFEE b=8) TiX, LA
BERCHEMN L, FHLE, OFfK, £REOEFERARKIVCTRAIRETH- . REBRCRIETA VA2 ) VO
2T, HRENREELF-cBE =8) T, 1 V2 ) VBEEKITHOTERIERCET L, TREBRER, THRHRER
MRXERCEM L. LrLl, BRNEREEFLRVERRES =10) TRV ThORKBBERHEEELEELELIALL
hichote., BREEEEDWERKEEE (n=15) TO BS, AERIGKCRIETA v A2V vOo R8T, REMNEY
25mmHg FE X 5D MHNENL T = =17 Y v& (dose of phenylephrine required to increase systolic pressure by
25mmHg, PDux) & INEEHAMAE% 30mmHg EB X2 DWNE T v+ 7 v v [ & (dose of angiotensin [ required to
increase systolic pressure by 30mmHg, ADw) 24 v AU VIZX b WFhIBFERZHEMLE., ¥, 7z=v7 Vv, 7VF
FFvovI ORE-RIGHEL, 1 v A Y vEBEEEFHCEMLE. BSBA VA Y VIt X W EERELRRE R otc. &
BAEKDESE (n=6) TIX PDs, ADy, BS BUWFhbEERE(MIIALh L otc. UEDBREL D, 1 v A Y ViZEHM
g, BEMNEOWTHICN LTHMEEEFRAZEL, MEEERANCEZOS 2ERFREE TRERONTOLRICLB.L
HEBOET L MEEROETE L EMETTALOLEBbRA. Tk, 1 V2 ) vORBHRREEADOHED 1 D& L
T, AEHECHT A RISEOMEI2 B L T2 LS 5.

Key words insulin, vasodilator action, diabetes, baroreflex, autonomic neuropathy

AVvAY VROOERCE«DERAYH O Z L0 HLS DA
BRTuiz. #Ek, TOEARS v A Y vEEREZSEM
Bk, THETALOEELLR, Br0HENLE A
e D EMEROL(LILT FL > ) vOERR LB LD
EEZLRTVRA, BHERT, il Cix@BTEiu
VAY vOLMBEERIE LM - Y. T 0%k,
Sussman 5" XEEOERFBELCERBHMORVHITIIA v
Ay vEERCHEEHNIEMEREI DL Z L 2BEL, L
WELIERMTAHEMDDZ L ®RE L. THIC Miles &
Hayter® 13 = D&MFEIFIZA v A Y VIC X AEMERIEC LB
LOTIEIeL, 1 VAY VOREE MR L5310 THS
EERPESEMNT LI, BE, DX 31 vA ) vOEME LI
BROBWOIER~NOEEFARHREIND L Sy, A
YAV VIR AMEDNETMNL, LFRMEI~OBEY, F
RAERANOYEM e EAPEINR TS, ERFH A VAY
v MAE 3 & I FE- JE M DR B e & DB IRTE( LR B DA R
ERICEE LT A AERGEHEIATS, £ vA ) vodim

BRCNTHEANEE ATV S,

DL AVAY VOERDORTLASA VA Y VOmMEETF
YERIHBHRREE LM - ERREE TREIIEELN Y HE
TR, RETHIEELVDHIEND, 1 VA VIEEOEER
BIEAD—2 & LTHEHIRATUL A L, 201 VA
Y VERIMERIGEDOBRFIIGELELMCIR TR LT, i,
1 v A ) VI & BEMERIGR O LRt B D E RO L
BEEhTwiow. 22T, ERBEBITDHA v 2 ) w0000
BERYHOMCTHENT, 1 VA Y vOL5Hs X OKRME
BeRrT¥B8raRMEESOEMCI VRAL, b,
FEREHSEER L U RIEME KT 2 EOSUGEC RIET A v
AY v DOEEBIIOWTERE L.

M IUVHE
1. A2 O2GUNTHEICRIETHE BIX1)

1. % %
ERBELI6LeRNEE L, BAMEREORRC L) AR

Abbreviations: AD., dose of angiotensin I required to increase systolic pressure by 30mmHg; BS,
baroreflex slope; ClI, cardiac index; CVD, calf venous distensibility; CVC, calf venous capacitance; FVR,
forearm vascular resistance ; MBP, mean blood pressure; PD., dose of phenylephrine required to increase
systolic pressure by 256mmHg ; TPRI, total peripheral resistance index
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PMEEEYHEOH SR L ARMBRES Y ELVHIED 2B
W, BE L. @nE, L7E, B (s v T F= v
2.0mg/IU LA L) O&GEITR»bERS L. BEMRESE
DZUNIBEKRER E BPRBOLARESH L HV T2 -
20 Fickt, BERIER & LCRIIEERE BT & BI
MEHmMEDE T A 30mmHg LD L D), BRFRETH, A%
DEFD S bAie Lb—2%F L, »ORFRREO.LIAEE
B2 5 beats/min ATFTOBECE TH 2 BEMEEENL L
7o,
FICHBFOBEEANAY R LI, BRAREELHE>FILS
BT, FHERIIS1IL 6 (T EREME) %, BERFERRN
9L 2FETH-T. BRWREECERKERELT, 844
Pl ERE, 7TR2MERFETH, 3E1EBRORTE
Fadtr. BEREEOOHEEENT 4 £0.3beats/min TH 7.
ERBAOHE TR, B 7R EEMEE, 1 228
HHEETH O, SRLBIFHFEEEAR, BEDORMARE
E(BERRHEOBEER LOMED LTH) axbhi. ¥7:,
SHIHA A Y vIREERIT T, HESREER b
FET 8K/ T, PIHFEMBL SR, BRAEFBMEIZ6 £t 24T
Hol. 8HEFITHRMREEDER L, BFREOL
WMEEFS 171 6beats/min THEMEEERCLL, B8
CEEER LA (p<0.001). BRFEHETIE, WEEX64
CHhbhie Wb BHMEPRE TS 12, 1 RIXEHREE
FRZBHTH - oh, RIEHEEEOSHILh -7, BER
ROBRBIT, BR31 VAY vEEY ST, 28EOERR
EEYRELTWI.

2.5 &
BEXZTHMEACLE Lok, EEAODR#EIRIC, BIR
ERED» EREBRC R ) =+ LB AT - FAEFEAL
fo. BIRER, tHEBREBEHTF - FNAE2EFNS VAT 2 —

K

— Stetham P23 ID (Gould, New York, USA) & L, %
AgEtEC &S E RME000 (HAXE, ) L, 1 HELE
R, OB L L EFEFELL. LDER»S LML 2 4 -
&— RT-5 (BAXE) xAV 1 OBBEOLARYZELE. O
HEEBX, AV ¥ T=v V= (877727 —v, 8-
RS, HF) Smg HBRAY 7 —F AL XD REREAL, LB
BIREBA T~ 7L L OMBRERAL, Fay MEKIHE
LR -BRAFREE»S FRAOHALEEHNBEEBT v 2 5 2
MLC-4200 (BAEE) AV, Bl L. EXHBEEOFMIL
Smyth B OFEEXAG, 7=2=2L7 Vv (xFvExov, B
M, ZEE) X5 —BUAECHT L LARIGICE DT,
Tiebhb, 722170 v 50-150ug 2 REWCEHEL, IEH
MEDER LN EFH RR HBOBGR L b —®kERE
MARYD, FOHEE 2 EREBEGE (baroreflex slope, BS) oig
BE Lo, 7o BS o@lEzd i &b 3EEL LT, IR
MEE RR MREEOMIC r20.TOBERRALN B S DD R Y
BREL, xDOVHEYREV.

BYIREE, DA%, LMHE, BS ofilEiz, 159 Me#ke 7
Jr5¥y ¥ A4 vAY v (Novo, Copenhargen, Denmark) 4
B BESSECAT > . MERERORMIZA v A Y v
BIE A BIZIT, Fra—AdF v —EErACHEEL
7.

BMIRIEDRISR & 0 FHA LM E, SRAmE, O
BILIOOHHEL D TREOBRXZAVT, FHME (mean
blood pressure, MBP), .M%¥ (cardiac index, CI), £&RKMim
EIH IR (total peripheral resistance index, TPRI) 2 &EH L
7.

1) MBP=1/3 (RfEHME+ 2 X IEERIMA) mmHg

2) Cl=0HtHB/BRER 1 /min-m’

3) TPRI=MBP x 13320 x60/CI dyne-sec-cm*-m?

Table 1. Clinical data on the two groups of diabetic patients in study 1
Diabetic patients with Diabetic patients without
autonomic neuropathy autonomic neuropathy
(n=38) (n=8)
Age 51(26—66) 48(25—61)
(years)
Duration of diabetes 9( 4—171 6( 1-12)
(years)
Postural hypotension 8 0
(no. of subjects)
Diabetic diarrhea 7 0
(no. of subjects)
Gustatory sweating 3 0
(no. of subjects)
Beat-to-beat variation during
deep breathing 4( 2— 5) 17(12—29)*
(beats/min)
Proliferative retinopathy 7 0
(no. of subjects)
Proteinuria 8 1
(no. of subjects)
Peripheral neuropathy 8 0
(no. of subjects)
Baroreflex slope 0.700.1-1.2) 5.0(1.9—8.2)*

(msec/mmHg)

Mean values given for age, duration of diabetes and beat-to-beat variation during deep breathing;
with the range given in brackets. *, p<<0.001.
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ERFEEEZISLEREE L. WThLHEL LIZRLDE
=T, PRl LAROXETCHRGBREEL >N SR LB
FEEEY Eblic WEZ D 2 I TR L. BE
mE, URE, BREMIIE» bk L.

E2CHABROBERIAELR L., BRMEEEHEOTIHER
1253+ 6 5%, ERBERENIIISEIETH -1z, WThOE
Blh BEMEREBOBKEREL DL L —2BBHTHh, £
DRbHITIE, SHIEIHEME, 7 ERBETH, 44
DRBORBTChH -7z, EFRRPRREOLHKEE L 3 £0.3
beats/min & BEBEWET LT, ERFAGHE TR, FELE
124 BOEFEEAREBYE, 4R EMSEEECH 7. 882
PICHFEEERR, BEOKMMEESE BERRHOHES
JUOMmMED LOh) 2Bbi. i, WTRAOEMAL A VA Y
VEREESZT T . BEMEEER iV EOFHERIT
51+ 5%, BERREFRMETTE3ETHY, WThdBEw
BEEOERIZEh 7. BPREOLAREHIT 1512
beats/min THH, HEMEHEHCL LABCRE TS
(p<0.001). MEBLEIZEMUEMEEY 4810, FEEEZRIT
1 B Bbiod, REMEEEZOAFIIAbIich 7. 64
DA VAY VREY ST, ARBROBEREEOKRE RS T
Wiz,

2.5 &

MEDRIE TR IMEL 2 BTV, FimEiERm
FiRED 1 /3% MBETAZ LI - TRdi. LDHBTL
ER»H0LIEF 2 24— 2 — RT-5 2 1 LSO LIRLE
WREE L7, KHEEREREONEIX, ALl vy —vFu
F A E 75 7 SPG-16 (MedaSonics, California, USA) % B
W, BIREAZEERIC I 0 fro7c. Tiabhb, Hilgs TR EEL
TORAET B & KEBICRHIRBAZER 5 7 %, Aiki& TR A b
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VA v O E, Totk. BBOKEZ LEOBIREAZR
A 7% 30mmHg OFETREMEL, FOBOA LS v
¥ = COMBRMAROIL L0 ) QED HEHT L. BikmEE
#1 (forearm vascular resistance, FVR) 135 E % Bl
BTHRLEHLE®. 1 v2) vO THRBR~OEB83 2>
DREFEEHCT 7. F1IK, KBOBREZEA» 7 %
30mmHg DETHECHEL, THRRAR: A —~ELLBE T3
DEELRE L. Z0 35kt 2 TREEOHE ML T
BE#IRZ & (calf venous capacitance, CVC) & L7=2 #2 0
FEx, Wood® DBREHNEIRIAEESL —FEE Licd D A
Wiz, Tichh, MIRMZEY 10, 20, 30, 4A0mmHg & BfERY
CEmMEEEThLho CVC #3kb, BIREAEEE ThFho
CVC DEIGMALE-BFEMBLIFERLL. ToMBOEE %
THRE R EM: (calf venous distensibility, CVD) & L7=.

mFE, LR, REEREERONEL, THISHTHELT 2
FEEy R A VAY v A BEIEASSE, mEONER 1
VA Y VIR & ASF BT 5 0.

. ERFBESSVCEENMEICHT 2NOEORIGHEICRE

THRE (WE3)

1. % #

BEMEREL b VWERREEISE L RRIC LR (F
3). 241, BRMN BgmEREORR (BiEMnE, BER
FAHETH, BREORIT) XA bR - 7. FIERIIEIR, §
REBRUEIIAETHD, 5811 v A Y VIBE, 4804
AERREIC X 2HEBEY ST T e, 6 RIS BN RBEE, 4
FZCFHEREEAR, | RCBEOKHAREESE BERRHO
BETRBIUVBEEOMKED LUh) RDk.

2.5 &

TR & Lctd, BIRENED o FRBIRc, B
ADTDHEBIRCEY =F LV hF—FAREA L. BIRE
i, EHBREBEHF - FAEE R F v AF 2 —+ — Stetham

Table 2. Clinical data on the two groups of diabetic patients in study 2

Diabetic patients with
autonomic neuropathy

Diabetic patients without
autonomic neuropathy

(n=28) (n=10)
Age 53(29—-65) 51(22—860)
(years)
Duration of diabetes 13( 5—20) 7( 2—12)
(years)
Postural hypotension 8 0
(no. of subjects)
Diabetic diarrhea 7 0
(no. of subjects)
Gustatory sweating 4 0
(no. of subjects)
Beat-to-beat variation during
deep breathing 3(1—- 5 15(12—41)*
(beats/min)
Proliferative retinopathy 4 0
(no. of subjects)
Proteinuria 8 1
(no. of subjects)
Peripheral neuropathy -8 0

(no. of subjects)

Mean values given for age, duration of diabetes and beat-to-beat variation during deep breathing;
with the range given in brackets. *, p<0.001.
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P23 ID s L, % MRS E RM6000 b, 1553
DER, OHHE & bCERTRE UL, DRBOERNLO
2z = 2—%— RT-5 AV 1ILBEOLERERDL.

AESECHT A OMERIEH L7 =7 ) v, 7TVEL
F v v %8V Kotchen 5P O FERME - TRDAZ, 7 2=
Loy vieH T A RERBH#Z, =217 ) v 20, 40, 80ug
* | EEERECHREL, FREECED A EHLEDRK L
REIREROBFRLLBE-UGHBELIER L. ZOHER
I D IEHEMAE Y 25mmHg EH IR ALDICLERLT ==V
7 9 v& (dose of phenylephrine required to increase systolic
pressure by 25mmHg, PDy) %K%, TOHEE L. 7vF
#35 v v 1 (l-angiotensin-amide (Hypertensin), Ciba, Basle,
Switzerland) R+ 5 RERGEH L, 7vF+7F v 1 0.1,
0.2, 0.4ug % 1 EHEARECHIE L, BER L ThTh O
MEDEK ERENSHE-RIGHREER L. T Ol
SIEAMEY 30mmHg LR X5 DICSHERT VFAT
v v v 1 & (dose of angiotensin I required to increase
systolic pressure by 30mmHg, ADy) %%, BERIEHEDH
L L. ERHEEET Smyth 5" OHEI L hRD7 -,

mFE, 3%, PDs, ADyw, BS OHIEIZOE (f v AV vV
BYWT7 7S Ey F-AVvAY V4 BMEERN, 300H8IT
W, KB E LT 64 GEAR WABSEKEEINR CRZEON
FxfTote. MBORTRA VA Y v E I EBRAEKBEIE
LBHEZIT -T2,

V. HEtEsoRksEt

BRI T EEEECRL, #ITENRFIBRMRESE
FERIBLERDEWE, A vA ) vEEREEBEERE
L3 L DHENCIE Student DIERBERD t RER, 1 VAV v
F 7B AR SRE O T Student DRERD ¢ 8]
EEAVT, ERES XLUTEEEL L. HEKRI
Pearson OMBFGK - MRS 2BV THREL, BOEREC
I h—kERERTERLL.

53 ]

. 422 0LHOTHECRETZE

WEEDOA VA Y vRETEOLFOMTEBEOELEER LT
R L7, REEEO MBP, Cl, TPRI WBEMC 22 eh o7
2%, DT B EMREER 78+ 3beats/min, HEMEEEY
7o W EE 68+ 2beats/min T, BEMBEEEYESHETEH
BRBEETDH -7 (p<0.001).

A VAV VEBEZ I DEETE, BRNEEE LS HT
A vAY vEEsEwwXbh, MBP 3 103+4mmHg # 5 90+4
mmHg ~EEIZET Lic (p<0.001, B 1). ORISR Y
VIZ L W EERE(LRSR bRk 5y, CLik 3.17x0.221/
min'm? M5 2.95+0.17/min-m?* ~, TPRI X 26914229
dyne-sec-cm™*-m’ 725 2559+234dyne-sec-cm™t-m? ~Th
LEECEAD L (K3, M4, £hEh p<0.025). —77, H
farEEREy b WERRRETIIA VA Y vEEIC I D.OHRA
¥ 68+ 2beats/min H 5 T1x2beats/min ~NEHEIWH I (K
2, p<0.001) L7#, MBP, CI, TPRI 2T hdRET
Hoto (M1, 3, 4).

BS 3 HEMEEE Lo LERFET 0.7£0. 2msec/
mmHg, BEEMEEEY b WBERRHET 5.010.8msec/
mmHg TH », BEMEEEY - ERFFEDO BS 2EEM
EEEL L VCERRECEE L TERCET L Th i (&
1, p<0.001). 4 v A Y vEBEEHKAOEIMET Lz 9flickiT 3
BS M4 vAY vEEHOFEHRECETOREL OMIKIR
r=0.750FELEOHERA SN (p<0.01, E5).

M1 v 2 ) v 5T L b BEGERE - ERRR
T 208+33mg/dl A5 119+33mg/dl, BHEMEEEY bl
WEERRRETIT 204+ 12mg/dl 5 121+ 1dmg/dl KW Fhb
BFEEZETF Lz (FhEh p<0.001). Li L, BEFMBEE
£6) 0mg/dl hETH Y, EEMBEROHRAS A LR
R

Table 3. Clinical data on the two groups of diabetic patients in study 3

Insulin ¢roup Saline group
(n=9) (n=86)
Age
(years) 54(40—65) 51(33—64)
Duration of diabetes
(years) 4C 1-16) 5¢ 1—13)
Treatment
Insulin 4 1
OHA 3 1
Diet alone 2 4
(no. of subjects)
Retinopathy 4 2
(no. of subjects)
Proteinuria 2 2
(no. of subjects)
Peripheral neuropathy 0 1
(no. of subjects)
Autonomic neuropathy 0 0

(no. of subjects)

Mean values given for age, and duration of diabetes; with the range given in brackets. OHA, oral

hypoglycemic agent.

g
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Table 4. Systemic circulatory effects of insulin in patients with and without autonomic

neuropathy

Diabetic patients with
autonomic neuropathy

Diabetic patients without
autonomic neuropathy

Control Insulin Control Insulin
Mean blood pressure 1034 904 953 98£5
(mmHg)
Heart rate . 7843 78+3 6812+ T142*
(beats/min)
Cardiac index . 8.17T+0.22  2.9540.17** 3.58£0.22  3.52%0.20
(1/min-m?
Total peripheral resistance index 00 | 500 yosg p3ger 2084194 2270227

(dyne-sec-cm™-m?)

Results are expressed as meant SEM. *, p<0.001; ** p<0.025 compared with control and
insulin. 4+, p<0.001 compared with control of diabetic patients with autonomic neuropathy and
that of diabetic patients without autonomic neuropathy.
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110 110
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60 P<0.001 60 NS

Control Insulin Control Insulin

Fig. 1. Effects of insulin on mean blood pressure in diabetic
patients with autonomic neuropathy (A, n=8) and without
autonomic neuropathy (B, n=8). Open circles indicate
average values; vertical bars indicate standard error of the
mean. NS, not significant.
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Fig.2. Effects of insulin on heart rate in diabetic patients
with autonomic neuropathy (A, n=8) and without
autonomic neuropathy (B, n=8). Open circles indicate
average values; vertical bars indicate standard error of the
mean. NS, not significant.
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Fig.3. Effects of insulin on cardiac index in diabetic
patients with autonomic neuropathy (A, n=8) and without
autonomic neuropathy (B, n=8). Open circles indicate
average values; vertical bars indicate standard error of the
mean. NS, not significant.
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Fig.4. Effects of insulin on total peripheral resistance index
in diabetic patients with autonomic neuropathy (A, n=8)
and without autonomic neuropathy (B, n=8). Open circles
indicate average values; vertical bars indicate standard
error of the mean. NS, not significant.
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Table 5. Peripheral circulatory effects of insulin in patients

neuropathy

W ES

with and without autonomic

Diabetic patients with
autonomic neuropathy

Diabetic patients without
autonomic neuropathy

(n=8) (n=10)
Control Insulin Control Insulin
Mean blood pressure 96+5 88 5%** 8343 864
(mmHg)
Heart rate 75£5 766 664 68t4
(beats/min)
Forearm bleod flow 2.1540.38 2.31£0.37 2.6140.40 3.0640.53
(m!l-100ml~"-min~")
Forearm vascular resistance 53.99+8.29 45.88+7.76** 40.65+7.18 39.04+8.15
(mmHg ml™"-100ml™"-min™")
Calf venous capacitance 1.20+0.19 2.231+0.44* 1.91+0.28 2.0440.36
(ml/100ml)
Calf venous distensibility 0.039+0.004 0.082+0.016* 0.057+0.007 0.057%0.007
(ml/mmHg)

Results are expressed as meanzt SEM.
control and insulin.

S
[ 0
P
2
(/2]
(2]
[«}]
Ta
o
pel -
° -10
9
m
c
3
®
E .20 -
£ ®
N y = 2.85x -16.04
> r=0.75, p < 0.01
C
&
O -30 d T T T T T T T d 1
0 1 2 3 4 5 6

Baroreflex Slope (msec/mmHg)

Fig.5. The relationship between a fall in mean bood
pressure after insulin injection and baroreflex sensitivity.
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@ £ 4071 K 40 % — %
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= £

® 20 :l* 20 S
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L P<0.01 NS
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Fig.6. Effects of insulin on forearm vascular resistance in

diabetic patients with autonomic neuropathy (A, n=8) and
without autonomic neuropathy (B, n=10). Open circles
indicate average values; vertical bars indicate standard
error of the mean. NS, not significant.

* p<0.05; ** p<0.01; *** p<0.001 compared with

4.007 4.001

A
3.001 / 3.00
2.001 % 2.00- §k/.§
1.00 Q :/‘ 1.001

Calf Venous Capacitance
(mi/100ml)

P<0.05 NS

L L L

Control Insulin Control Insulin

Fig. 7. Effects of insulin on calf venous capacitance in

diabetic patients with autonomic neuropathy (A, n=8) and

without autonomic neuropathy (B, n=10). Open circles

indicate average values; vertical bars indicate standard
error of the mean. NS, not significant.

A /0.166 B

T

P<0.05 NS

o
T

(ml/mmHg)

o
o
T

Q

Calf Venous Distensibility

T T T T
Control Insulin Control Insulin
Fig.8. Effects of insulin on calf venous distensibility in
diabetic patients with autonomic neuropathy (A, n=38) and
without autonomic neuropathy (B, n=9). Open circles
indicate average values; vertical bars indicate standard
error of the mean. NS, not significant.
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I. 4>ZY OXBRBRICRETRE

BROA VRV vREMEONE, O, KHEREER
OEFLER SR L. ARMERE Y (- ERRE T
v Ay iS5 X b, MBP (2 96+£5mmHg 2 5 88+5
mmHg ~EECETF Lz (p<0.001). LHEK, SiBmTER
FHHLA VA VLD EBLELRADRIoh oA,
FVR 12 53.99+8.29mmHg -ml™'-100ml " min™" &5 45.88+
7.76mmHg-ml™”-100ml™" min™ ~HFBKCET L (6,
p<0.01). CVC ¥ 1.20£0.19ml/100ml 2% 2.2340.44ml/
100mi 12, CVD #20.039+0.004ml/mmHg »*% 0.082:£0.016
ml/mmHg ~EE#EMLE (K7, 8, Thth p<0.05).
FAMEEEYELTVERBETRI VA VIZID
MBP, fiEmE, FVR, CVC, CVD i\WTFh b HEEL
Bxbhich o7 (K6, 7, 8). DL 66+4beats/min
Pk 68L4beats/min & HHNMERE (0.05<p<0.1) HR L.

MY B AR e & o PRI RE T 2612 16mg/dl 225
200+17mg/dl, BRBEEELELTVERFRETR
267+ 15mg/dl 25 193+17Tmg/dl & WFhALBFEETF L

(FREHR p<0.001). LH L, BEHMFEEXLH 70mg/dl LA
tTho, EMEREIHRF LM 7.

0. ER§HESLUCREDHE(CHT Z2MEOREHECRE

FTALRAN L ORE

FORAVAY vEICEEABRKCISOE, LBE,
PDs, ADw, BS & bExR LA, £ VAV v, £EEEKDL
ThOBEC R T S IHLE, WRNAGE, DRECER
BIbrabhich o, 4 v A Y vEEH, PDs 3
38+Tug M b 62+9ug (+63%) ~HERHEM (p<0.05) L,
7= 7 ) VvORE-RIGHBEA VA Y VIZE W EHE
LT (R9). ADyg & 0.29+0.07ug A5 0.48+0.10ug
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Table 6. Effects of insulin or saline on blood pressure, heart rate, PDx, ADyx and baroreflex slope

Insulin group

Saline group

(n=9) (n=6)
Control Insulin Control Insulin
Systolic blood pressure 1367 1304 1359 129+9
(mmHg)
Diastolic blood pressure T1£2 68+3 73+£2 T2x1
(mmHg)
Heart rate 81t4 634 T41+4 T1x4
(beats/min)
PDss 387 62+£9* 3448 347
(ug)
ADu 0.29£0.07 0.4840.10** 0.52+0.16 0.4040.08
(1g)
Baroreflex slope 5.9+1.5 4.9+1.0 4.4x1.2 3.0%+0.86
(msec/mmHg)

Results are expressed as meanz SEM. * p<0.05; ** p<0.01; PDs dose of phenylephrine
required to increase systolic pressure by 25 mmHg; ADs, dose of angiotensin I required to

increase systolic pressure by 30 mmHg.
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Fig.9. Dose-response curves for phenylephrine before (open
circles) and after (closed circles) intravenous injection of
insulin ((A, n=9), or saline (B, n=6) in diabetic patients.
Results are expressed as mean+SEM ; % =P <0.05.
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Fig. 10. Dose-response curves for angiotensin I before (open
circles) and after (closed circles) intravenous injection of
insulin ((A, n=9), or saline (B, n=6) in diabetic patients.
Results are expressed as mean+SEM ; =P <0.05.
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Abstract

To clarify the cardiovascular action of insulin, the systemic and peripheral circulatory effects of insulin were examined in
diabetic patients with and without autonomic neuropathy. The effects of insulin on the baroreflex slope (BS) and pressor
responsiveness were also assessed in diabetic patients without autonomic neuropathy. In the study of systemic circulatory
effects of insulin, mean blood pressure, the cardiac index and the total peripheral resistance index significantly decreased
after an intravenous injection of 4 U of actrapid insulin in the diabetic patients with autonomic neuropathy (n=8). Heart rates
remained unchanged. There was significant correlation between the baroreflex slope and a fall in mean blood pressure after
insulin administration. In contrast, in the diabetic patients without autonomic neuropathy (n=8), insulin significantly
increased the heart rate, but there was no significant change in mean blood pressure, the cardiac index or the total peripheral
resistance index. In the study of peripheral circulatory effects of insulin, insulin significantly decreased forearm vascular
resistance and increased calf venous volume and calf venous distensibility in diabetic patients with autonomic neuropathy
(n=8). However, there was no significant change in any index of the peripheral circulation in diabetic patients without auto-
nomic neuropathy (n=10). The dose of phenylephrine required to increase systolic pressure by 25 mmHg (PD»s) significantly
increased after administering insulin to diabetic patients without autonomic neuropathy (n=9). The dose of angiotensin II
required to increase systolic pressure by 30 mmHg (ADs0) also increased. Following insulin administration, the dose-
response curves for phenylephrine and angiotensin II shifted to the right. The BS was not affected by insulin. In contrast,
there was no significant change in PD2s, ADso or BS after the injection of saline. These results suggest that insulin has a
vasodilator action on both resistance and capacitance vessels, and blood pressure falls because of a decrease in cardiac output
due to dilation of capacitance vessels and because of a decrease in total peripheral resistance due to dilation of resistance ves-
sels in patients with impaired neural control of circulation. Furthermore, insulin attenuates the pressor responsiveness to
pressor agents, which may be one of the significant mechanisms in insulin-induced vasodilation.



