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A VA Y VEMBEFEROREBEBMER L7 h 2 v OINE

—FERBIOCERKES v MBI A5 —

ERKFELBAMLERE (5 BN B
®m W E R

B 5o mEEER L, M 2ZVH 3 v (immunoreactive glucagon, IRG) RIGABEE BRIz T & T
5. LnL, Z0O IRG HWHEGHRC BT, KEAMBTOBMERED S MZEMNHMERTIC I hERIh A, ¥
BHRREECETA=2vr Zba =7 MBERTORBC L VMERCERINEY, BENRDLF—~ThHS. £IT
MEEEEE) & BB BARFEROBRL ML BT, FMEBELT v FERWA VR ) VEMEFERE (4 B0/ /ke, #E) ORPK
HERIUCHENMEREBEOESEBHYEEERNUEL, S0 vA ) vESEHEMOMRM IRG BEYRIE Uiz, 0k
B, 1) MEEA VA ) VAR (n=5) TIX, FETH 124+Tme/dl & p304 I 14mg/dl - HOEETHTL, =0k,
APBFAEERNL, 1 VA ) VEERISS L OWBAERE SR (n=5) K LAERCHEMNL, Z OB S T mEEIF % nEE
BAD 104mg/dl WET LAORTH -1, ZOFEBILEOREMBORIT & & b LTz, 2) PIRM IRG #EZ,
EERER (n=4) TIZ10H# 305£87pg/ml TH-HDRFL, 4 ¥RV vHEEE (n=4) TIL1044 1188+106pg/ml & B
EOCEREOBETH e, ¥RIOBEDA VA Y vEEFEO MEEIZHE 1004me/dl 7 510441284+ 3 ~ & iy
16mg/dl DET2LLOXTERMBEER TH-%. 3) AABMEEREHI:, BEOEMERI TR/ L2 —AKS
(250mg, HIE) %17 - 7olE, —@%ME LR~ T2 —@UOBM LY RL, TOHOMBERT L & IICEBDITHEMERL
o, 4) BAEMEERERI YA Y v BREE (n=5) CRETERZRLLY, £AREHLOMCEEEZY A D, -
. Loz, Fra—-xry v i — ¥ o L— 3 v (glucose counterregulation, GCR) 12 8\ T{E MEE AL T B LAFT
DIMEDERET 20, BEFERMECTREEE OHEES Y RE M€, AC IRG »B2 BICEET S Z L2 RE
T35, KIZ, BERRERZ OMBIEEC ED X 5 BB Y L2 B2 M5 BWTA VY Y+ v (streptozotosin, STZ)
BECLIHEREZ » 2 AVCERBRORE R L. TORR, ERFRERIIZ, PR/ vy vicl2mizy b r—n
#f7 -1z (glucose controlled, GC) T » } (STZ-GC &) Tik, 1 YAV v 4U/kg BiFwC & AEMBEERE, 1) KRB
EBILEIEIHEE L (n=5), AIROMBEBRTE2RLEEET Y 8 (n=5) & E~NISHUBRTS F TEBIRET LT\, B
HEHEEBIZOFTIE (n=5), E¥EF v M8 (n=5) L AR, MERTHRE I EMERIETLERIETH -7, 2)
SHICMmiEa v b e =& Tk o7 (glucose uncontrolled, GU) ¥ » + (STZ-GU &) TIX, 41 v AV v 8U/kg H 5%
(n=5), MEEEHFIE 308L30mg/dl 7 5484 2.3mg/dl DRBLETER LI bbb bT, TRAROTEIIELE LER
v B (n=5) KB~ LIBEABCET LW, 3) Pk IRG #®EX, STZ-GC B TIE (n=4) 1 VA Y v 51054
6671748, WBAERBHER (n=4) © 200£14pg/ml EN LEEDOEEERLA. LHLID IRG L, EET » M
(n=4) ORI LEBICEE TH o7, 5K STZGC 5 v MokWTik, EAHEE (n=4) O 279+51pg/ml IZX L,
4 VR VEER (n=4) TI2 306+82pg/ml & @AM DBEERR LA Z D IRG WM HECIch - 7. L ED—HE DK
i, 1 v A ) AEMPEFRIFC 17 5 EH MSEEER PR O fmERE T 2ARE MR RRIE & IRG PWsEETZ &%, ¥b1C
IRRMBREORFESN IO DORIEHAMEE IR D 2 E2RT. LdoT, GCR KW T BEMESRE LU IRG 41
B, BERELAE-TWAZLATREINA.

Key words insulin-induced hypoglycemia, glucagon, autonomic nervous system

EHICE > T LAY —FBREST L, & Db mES RDBH, B2 —2A0ELLHEROTLTERANRLD
TRCBRY BB B T5 2 212, SR, SR PHREFL T D e, EECEMENBE LA
BEHEFOBA LV RLEE LA AT A X v ABHEO—SOTH AW LR ES. TR L, £ETRID L S Bl
5. HREERIBELTO R AX —FEE KBS I3 — AR B5VIXEREPTOMBERE T I 50 HE%, Wbwb s

TR 6FI2AI6B%AT, PR TE2R 8 BHE

Abbreviations : CRH, couterregulatory hormone ; Ep, epinephrine; GC, glucose controlled ; GCR, glucose
counterregulation ; GR neuron, glucose receptive neuron; GU, glucose uncontrolled ; IDDM, insulin-dependent
diabetes melitus; IRG, immunoreactive glucagon; LHA, lateral hypothalamic area; NEp, norepinephrine;
STZ, streptozotosin; VMH, ventromedial hypothalamus
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La—RARHAY VU E—LF 4, - 3 v (glucose counterregula-
tion, GCR) BB B IhMELHERINTVW2. #-T,
ERIICIE, BRFRECRVTA v A Y VEBREEES ER
EOAMLMBETHHERA LLEBE, ZhixBE T 50884
NEETHLINENMNIFCERMBE LS.

W, Z0 GCRIIZEVTIL, WS (K 3 X O
AORE ISR ELX ODFBT AL 3RE. ZhbD
AR OENWEERE LT, RUTO IS EMEIA
Toi™ Fiobb, EELBRE L RAT OS5 R
BThHh, TDOS5BEES L H 2 (immunoreactive glucagon,
IRG) MR HEBELINS. IHIL, dLALMDOEMBAT IRG
RIEDEEIhE S, BBHE»LD=Y X7 ) v
(epinephrine, Ep) IR Z h 2 RETHEIhTHB. Zhb
IRG, Ep i3 & b HFCOBERSBEN LIV 2 — 2 B2 {RAE
+5—7, Ep k4 v A ) vHUMHRKEEEER L LE
FAZIHL, &bl ER~LEL. M, EnERkcE
BEhpransy—n, FERLEL, i LHMEET
PHEDRBFEFICRIBERLRE LRI ILVEZIRTH 5.
FLTCZhBDAYVYE—VLF L5 Y —kIE YV (counterr-
egulatory hormone, CRH) D4z 8\ T, FREAEROE S
BEROWREC L - CTREIR TR, ZD53 % IRG KK
BoTAHATH, TOHWEE W THEROEEY RETAIER
BEFBEIL TS, TOMHARPERE LT, BT EHE
BIZr BB R RIRCR - SRR (cholinergic, catecholami-
nergic, peptidergic) A& b, Th b DOEEREK A NEFED
ARigbhT, ABIXOBM CIERTHEELTHMHMLTVS
ZERELRTWD, T HK, KRR O BRI
D IRG SWEHEET D Z LHAMORDO, FleRkEWEOER
FBZTh IRG SWERBETHPLORELHS. —F, IFE
DA RIZBFBPFETIZ GCR kT CRH Didf+&EI
#50% w3 ¥, FEBRERED, FLAMER 0K
BRED B LB RO S, CRH OFBTORE %
DEM EOMOBBOBEELBEIN TS, L LTS VR
VU EMERED 7V a— AEEREITS, ArEvENSLE,
BEVCREENFBE~NEEROEELEER SR 05D,
WPThiIce L, MEOR A A2 Y RACBITDHREEROE
iz, 3k, BLEERTF—~0—2THY, BEAETLETE
TEEHZhA2 X5 -T\W 5.

EZAD, GCRIEBVCWTHRLEEL IS IRG SWITOW
TExd, LORBHEROBECOLT—BORBLETH
HBERE e, 4 VA Y VEMEEREO IRG £ WIC i3 FR AR 26
BRPEELRE LI LTVA ETHRE Y BB —F,
Palmer 5%, Fried 5%, Corrall 5%, & MZB\ TS
BRI, EEMENE LD IR ERTNC T, v AY
VEMBERSD IRC HWH BB TF oV EbHEL TV 5.
TlMomTEE L LT, 4l b1 R T Ep BABEARIEY
FIL IRG SWa T Z L2 5%, Rk &S HEm 8l
BrLTIRG SWHRLTELD8LH5. IHITITE
2, BRLEBECERFEED IRG SWE2TDARE KT
b, FELHWERERFICOVWT—% L Bfa7ew. b
1973420 Gerich & DED LUk, 1 v 2 ) VRERERE
insulin-dependent diabetes melitus, IDDM) &I B\ T A v R
VUV EMER O IRG OHWMRENFLET L LNEE A,
TOBRFE LT, BARIBO MBS 5 RIS O RE 1 EE

ERTW3B, TOBFE LT Unger™ 12, BERSA VAR Y V-
INH T VHEFROBEEND, 1 VAV VRS ELTHIZHES
ENEAZD IRC RIMETOFERTHALBELTLA.
SHW R, ERRE B EMEER L > IDDM BE TIZA v A
) VIEMERICE LW IRG SRURL2EDBZ ENSHZ L
20", EAIICRT 5 BREGRETAE, HD\VIZTREE—
BIBHMEROBECLELATFRE LR TULS. Z0 L3I,
GCR 12175 IRG WA, EEMICBWTHRELE D X 5 7ol
FTHREIA TV 220, FERBRELESD, BELRBE
STE BT IR TIIL L,

WEEDF[ 5, 1) 4 vA Y vEMERORENOFES
72 IRG RIGABERRIER B X O T RIA R EE BT X TR
L, F W EARIN AT oWT, FEREEELIRG K
INCEEEAEDL VI EXHREY L, 2) EhikA vy v
BE 5 SROBICERERAOMERT (96—89mg/dl) 2 X
D, IRGC BEPEREINHZEY, 2RWELE. ZOERE
FiZA v A Y VEMEFRED IRG 2T E A E R DE -
Avire-ATEHY, ¥z, R IRG HiA M¥E Okt E &
DL LA LEEMERA O MER T3 RERHaEEL N5
FHEMERRIC L VBEINDZ LRRBTS.

I TAWR T, BIEFERD IRC SWBRIGICBIT 5
HEREGERBOREE LML BENT, KBS » FICZBWLT, K
POBFRAE ¥ P L R E BB O E BT TS A v A Y viEm
EErHEL, TOEBERAT5 L EMIRNF DO IRG #EEF
LPE LA, 2O, ERFRENESEMRERICV 5
FlbrbibTEMBEHNT, A L7 Y+ vy (strepto
zotosin, STZ)BERIR S v + BV AKORBRE T -1, TOK
B, 1) AR Y VEMEHHER, 124—104mg/dl O EH Mg
Ao mER T TR HCKRBERERIIREZIh A2, £
DRI REMEEDREL Lv 2 L, 2) ZORMIkN
D IRG EBEAEEICHMNTAZ &, D EREF Y FTii—
EHEOBMEOFHR N LORIGKEYETERLZ L, &
B Lo THETS.

HEE LT HZE

. BB *

1. EREWY) & ERET - FOLE

B8 250~350g @ Wistar 5 » b+ (Ht) 2\, —&12~16H;
it ath, v L & v (800mg/ke, FX, KB)+a27rv5m—=
(T0mg/kg, FXE) HIEMEPICIES L. BRI TICS v 2 ) v
AB»F TR TRERICEALL.

2. Bk

MENE B EROERABIRCEA L T —F L X 0TT-
=. IRG WIEARMITFIROFRABEINCHEA LA T -7
L hfTo7.

3. 1 vARY VEBDIER

EMBTEFHEADOAS vAY Vi, 72z 2 vR-F v
A v 2 1) v (Insulin Novo Actrapid MC, Lz A8, &
) wAEARKZT2MHEIEHERL 4 7212 8 Bifii/kg 2K —F 2
ELTEALL. XBRACIAEDARKEEALL.

4. FREIFEHOUERAS L OHIER

RO FET? £ENOMEEIERD Y NE L. KAREH
BOBELMMEBEIESHOWUER LI TOL 5 L. T2b
b, MR b OB IR EMENBET S EZNT
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WABDT, ERARAEN BT Y kB R AR A
LSEATTRGEY DTN L, TOBROWE AV, %kt
BEESEPDAEIL, HREET CREMERERD S ORERE
NEBAASEMOE LMW E Ao, O, SBEEIN L 7o
BIFKE 574 vEv ) VORSETHEL, BEOZME
I SMLOERL LD oz, ThbOHEDB LML E
ERwCoO¥ 7V 7 v 7 MODEL: DPA-21E (DIA medical
system Co., W) % L # &2 MODEL; DPA-100E (DIA
medical system Co.) Io TR LR BELERLY, A1 27Hv v
&£ —MODEL ; DSE-325P (DIA medical system Co.) I2C#®D 5
BEOASS 7REERIE L. ThedvyrAz—7F
MODEL; SS-5702 (R BEF K. K., HR) TTHELAENS
7 — & L a—&x—-MODEL; A-64 (SONY magnescale Inc. B
RICANL, y—<A L a—X—~MODEL; RF-85A (7 7 #&
F K K., ER) FIE L7

5. ERROEE

EREMCIECUTDS » bR LE. bbb, 1) E
WY R RBRICELBEDOS v b, 2) mME=vir—2
% L 7z (glucose controlled, GC) STZ ERK 5 » + F
(STZ-GC #); STZ (F1t) 40mg/kg 2 EBH¥IR L v BEL, —8B
PRI RRIRAB A BST Lie = S R FEEE L7nts, PR, v =
Vv (12U/kg/B, —BMBAETHE, Humalin-N, HEFFHME, =
) KIsfEavbr—nk Licl, 3) =V e -2

Insulin 4U/ kg=BW
or

A saline , i.v.
A

120 A

3

100
80 *
60 1 %

Blood glucose (mg/dl)

B

Impulses / 5 sec
£§ 8 8 & 8

g

Time after infuslon (min)

Fig.1. Changes of arterial blood glucose levels (A) and
efferent activities in the splanchnic nerve (B) affer insulin
or saline infusion in anesthetized nomal rats. (O, saline-
infused (intravenous, iwv.) rats (n=5); @, insulin-infused
(4U/ kg'BW, bolus) rats (n=5). BW, body weight.
Vertical bars indicate X+SE. *p<0.05, **p<0.01, vs.
values of saline infused rats.

% L 7¢\~ (glucose uncontrolled, GU) STZ ERHE S5 » +
(STZ-GU #); RAIE®D STZ ##H &5 L, —BMMmME=v = -2
LT, O3IFETHS.

6 . FMFER 3 I ORIEB) O BIERER

BlR, A7 —FAMA, DWTHRITEESEHNG L h, 20~
304 BILl LD FER A B CTHRIBEENRET DRSS,
EEEHM LA, M, —10, —5, 0, 5, 10, 15, 20,
30, 40, 50, 60, 70, 80, HHE L. HAKEATDRA
1 730%, SHEBZIWRMD A1 2 BOFIER LI,

I. IRG RERMTE

Pk f#fRo IRG BENEHMmMED, RREE ST

7' m ¥ = v (Bayer, Leverkusen, Germany) 1000847 + = 5 L v
DT I VEEEER= 5+ UV v 4 (EDTA2Na, F13) 1.2mg/lml -
MEXELKSRBRECB L, SAFELI TMmEY H8 LE
®, —20CTHRF L. IRG JIEKIZ, Hitk 30K (Dr. R. H.
Unger #£8t, Texas X%, USA) ¥FAVAIEHEDS S4 1 &
/T4 E D 2ERELR.

. EH2eoRE

BTN T RSB L EREE (SEM) TE L. Bi%n
MBI DO H B t BE (paired t-test) it 2EAD t B
%E (two sample t-test) RV, T 3 BBLILF OB BT
IZANOVA #, Scheffe REXHV, WT¥h i p<0.05 YUTx

BLli.
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A saline , l.v.
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Fig. 2. Changes of arterial blood glucose levels (A) and
efferent activities in the splanchnic nerve (B) affer insulin
or saline infusion in anesthetized nomal rats for first 30
min of Fig.1. = O, saline-infused (i.v.) rats (n=5); ®.
insulin-infused (4U/kg-BW, bolus) rats' (n=5). Vertical
bars indicate X+SE. *p<0.05, **p<0.01, vs. values of
saline infused rats.




A YA Y S MBS O S R 165

B ®

1. EBT v MTHITDS R ARMBEFREE (—8B45 L
I—R#E 58 OFEREMES L UBIRMMEEORS

1. AVAYD vEMEFREFOXHBAEORE (K1,
2)

AvAY v dU/kg ERERKY R -5 2BE5TH L, B
R mBEfE, £RF (n=5) THME 129+ 10mg/dl & H LIER
EDERR-TDOIHL, 1 VAV vEER (n=5) T, §ifE
124+Tmg/dl X H 4% ldmg/dl O T 2B D55 H I
98+5mg/dl ~EHFEBRETL, BELET»EHET B mERRK
alic (B1). TOBRCAKHNBREEREE, AR TRE
DL, 1 vA ) VETIZISHHE04 ¥ T, FEICHEN
Lodie. 22T, ZOKRKHEFREHOA v 2 ) vH5H
RIS ORIGH > &, MEHE & OBEFY & Sk
Ll (®2). 42 ) vRiERHEEDORHR0SHO AR
BHEEEY | DECRBE, £ VAU VETIRIOSLUEBCE
HHIN LD 135 L Afc s LER O E 7t - 1.
I D184 B OSEHIC X 5 MIEMEIZ 10dmg/dl TH O, FIE
1247 5 20mg/dl DET T, U5 EH MEEEA T
Hotz. LEDERIZIERMBIKAO MERETL, KPR
PRECRE TS LERT.

2. A VRY VEMEFERFOBREREMEORST (K3)

AVvAY v 4U/kg EFeRERKE R—FABET2 L, B
IR MBEMEL, £RF (n=5) THIME 118+5meg/dl I H L%
THZERERALRLCORHL, 1 v A ) vEBEE (n=5) T

Insulin 4U/ kgeBW
A (‘]

200 or
saline , Lv.

Blood glucose (mg/dl)

204 LT

Insulin 4U/ kgeBw

or
saline , L.v,

Impulses / 5 sec
g
h
T

IRG at 10 min  (pg / mi)
&

Time after infusion (min)

Fig. 3. Changes of arterial blood glucose levels (A) and
efferent activities in the pancreatic vagal nerve (B) after
insulin or saline infusion in anesthetized nomal rats. O,
saline-infused (i.v.) rats (n=5); @, insulin-infused (4U/
kg:BW, bolus) rats (n=5). Vertical bars indicate %=+ SE.
*p<0.05, **¥p<0.01, vs. values of saline infused rats.

A Glucose
Glucose

&

Glucose

-4

Blood glucose {mg/dl)

Impulses / 5 soc

Time (min)

Fig.4. Changes of arterial blood glucose levels (A) and
efferent activities in the splanchnic nerve (B) after glucose
bolus infusion (250 mg i.v.) in an anesthetized normal rat
with marginal hypoglycemia.

Blood glucose (mg/dl)
g
i 4;4____]:

010010 0 10 0 10 0o 10 0 10

Saline Insulin Saline  Insulin Saline  Insulin
Normal (n=4) STZ -GC (n=4) STZ -GU (n=4)
B ok * N
1400 -
1200

Saline  Insulin
STZ -GU (n=4)

Saline  Insulin Saline  Insulin
Normal (n=4) STZ -GC (n=4)

Fig.5. Arterial blood glucose levels (A) in 0 and 10 min
and IRG levels (B) in the portal vein in 10 min after
insulin or saline infusion (i.v) in anesthetized normal,
glucose-controlled (STZ-GC) and -uncontrolled (STZ-GU)
STZ diabetic rats. 0, 0 min; 10, 10 min. Vertical bars
indicate X £SE. *p<0.05, **p<0.01.
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1%, BifE 120+9mg/dl X 85 1.lmg/dl OBET 2 FED 16578
i 102+6mg/dl ~EBEETL, DEET KT EL
BEVRAL Uiz, 4 v A Y VRIS RO M E RS O FiE
EBHAETHEAL R LAERRSHE OMCERELR D
Mot TORKT, mMERTREICEOLERIIZED IR E
15y bTIR, BEKEMERREH L2 LRI R,

3. FebtT AER TRBMEMI BT 5 XKABHEELEE
SEBEFO 7V a—ABECHTIRE (K1)

B 4 S & SRR R & ORI D HBGRERT. Mg
{ExA VAR VEEEATIE0S B b 715 5 56mg/dl
DEMBEIRO LRIHF T &, TREBETHIIGZA LR
L. 4 D80, 100, 1204 DR T &b 2 — & 250mg D F—
5 Afpbyz X b, mEEE, B 56, 115, 136mg/dl L b 54
Bz FnEh 264, 388, 204mg/dl ~ & ERHETFT L. £hi
TRE ST KPBHEEEL, /v - 2AREREDI
—EBUCETL, FOEEMEIMET T2y, BORHEK
BEIhic. TOHESER, AEmEEENANBEEEDY
FBECHET S Z &%, EhrofomEE TN LRER
FEANBIEETTEELLRS.

1. EETw MoHTFB A >R {5 i e 0 PSR M

IRG BEH S UHRNOFEBEDORE (K 5)
bR, EFMEHEAOMERT H 5 kg ERR
FIRAMHER CTRER I N, TROEEDERETAFE2RT. £
ITEBIZS » FTCIOL 3R IRG BEE IR TS
BELY, HHOS y rOFIROLTHREA L. R5KER

A

insulin 4U/ kgeBW
m i
wl
160 +
140 4
120 4
100
80 +4

Blood glucose (mg/dl)

20 4

B

Insulin 4U/ kgeBW

8§ 8 £ 8 8

Impulses / 5 sec

g

o

-20 0 20 ') 60 80 100
Time after infusion (min)

Fig.6. Changes of arterial blood glucose levels (A) and
efferent activities in the splanchnic nerve (B) after insulin
(4U/kg-BW, bolus, i.v.) infusion in anesthetized nomal and
glucose-controlled STZ diabetic rats. (O, normal rats
(n=5); @, Glucose-controlled STZ diabetic rats (n=5).
Vertical bars indicate X £+SE. *p<0.05, vs. values of
‘normal rats.

(n=4) BIOA VA YV (n=4) HEFHORB LI VI0LHBDOE
[0 f 8, 105346 DPFIRM IRG EEY =T, £&8FEROM
B2 RIME 112£5mg/dl 225 1058IC 117£5mg/dl ~ LB
MLz, BEZER Dol 4 vA Y vEERO DETE
100+4mg/dl H> 5104081 84 £3mg/dl ~ & T 16mg/dl DF
BOETFTRRADICH, HELHCERMERTH -7z, EaH
SREO105%OFMRNM IRG #E13 305+87pg/ml 7o DT LA
VAYVELEBED 1 0% T 1188106pg/ml LB HCE
BOEBETH -T2, TOBERIIROTRMETEEHNEERY
Eab L, EFEMESRNOENHMERT A EECEZ I,
TRAEEY THE LEhA IRG K E2RL TV % ik LR
®mLi.

M. STZ ERKET v MCBHFDMA R ARMEIEFREED

BB iR d L UBIR M B E O RET

1. STZEFRF—ME=v e - BB BEL v )Y
EMEF RO RKABHEORE (X 6)

HEELTR 1 CHICRRLEEH (n=5) TS VYAV
1 IR EA SE 0 O BY IR M MM E & AIEMRIEE 2R L. Zh
L, STZ 40mg/kg B E5EHBmEX S v AV vicTa v b
r—A LB (STZ-GC #, n=5) TiX, 1 vA YV v 4U/kg
F—5 A EH, BRMEHIZ, JiE 133+16mg/dl X biE
% ldmg/dl LEEBHERBOETEZRL, LELETEEDT
EMENRII L, MEEREEREOMICAEER2RDR

Insulin 4U/ kgeBW

180

160

140

120 J

100 H-é
80 4
60 J
40 J

Blood glucose (mg/dl)

B

300 - Insulin 4U/ kgeaW

250

150
100 | ——a D S |
50 . §\'é_%—'§"f

T

-20 0 20 a0 60 80 100

Impulses / 5 sec

Time after infusion (min)

Fig. 7. Changes of arterial blood glucose levels (A) and
efferent activities in the pancreatic vagal nerve (B) after
insulin (4U/ kg+BW, bolus, i.v.) infusion in anesthetized
nomal and glucose-controlled STZ diabetic rats. o
normal rats (n=>5); @, Glucose-controlled STZ diabetic
rats (n=>5). Vertical bars indicate X+ SE.
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ot TOBE, KRBOEEZEESORE, EERIaL
1500 bT05 OMEBEBEVELR L. Z0FEIL, STZE
FR-ME=vbr—AF5y TR, SHMOEMEREL 0
AR B B\ LRI O RRARE R B TE O R A KIEHE A
bR Z LR RET 5,

2. STZ ERF—MfEa v be—-ABICBT 34 v2Y v
EMEEF R DPREMEORS (K 7)

WEE LT 3 CRRICBRSAEERE (n=5) TOA vRY v
(X BRSSO BYIR I 8 & BOREEIB B2 R Lz, “hic
%L, STZ-GC B (n=5) 1%, 1 VRV v 4U/kg F— 5 A
5%, BIRMOMBEME, 8118 158+8mg/dl X v 44 1.9mg/
dl LEEFEHOLILI D KECETERL, UBLET2EHETE
MEEAEIL L7z, £OBE, FEXEMREIL, RIS TERR
DB EEEYRDILh 1.

3. STZ BERF - b r— L BIRBTBI VAR Y
VEMBEFFERE O KA EAEOBRE (K 8)

HEELTR L TRRICHRXRICERE (n=5) TDA v A Y v
1B L KE 35 76 1R5 D BH IR I (U BE (I & K BERIIRTE B2 R Lic. Zh
XL, STZ®SRME VY br -2 Thlkho B
(STZ-GU 8 : n=5) T, 1 v AV v 8U/kg £—3 2z &
%, BORRIMIMESELL, BIME 308+£30mg/dl X h 44 2.3mg/dl
LIEFEBOL AL DRBIEETERL, UBLET2HET .
£OE, KABMEESEBORIGIZ, EFBCH L2045 bk
BERCEWEYR L., EEDIZ, BCEES v PEBWT,

A
400 - l insulln 8 U/ kgeBW
300 |
3
o
E
= 200
§ l Insulin 4 U/ kgew
S
5 100 J ‘
B
o
o ]
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Fig.8. Changes of arterial blood glucose levels (A) and
efferent activities in the splanchnic nerve (B) after insulin
(4 or 8U/kg-BW, bolus, iv.) infusion in anesthetized
nomal and Uncontrolled STZ diabetic rats. O, normal rats
(n=5); @, Uncontrolled STZ diabetic rats (n=5). Verti-
cal bars indicate X+SE. *p<0.05, **p<0.01, vs. values
of normal rats.
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OISR IRG #EE, £SHB5BED 200+ 14pg/
ml R LA VR Y VFERTIE 667E1T4dpg/ml EEEDEHE
ZRL, TREES » PBCHLEEDOEETH . HEH
AVAI VLAY b — LR fFhleh o7z STZ-GU
Tk, 1 vA) v 8U/ke HE5# (n=4), mETIELEY
244 £11mg/dl 25104412134 229+ 11mg/dl ~METF L7,
ZOHEOMNRIL IRG BE, ERBEED 279+51pg/
ml LA v A Y VSR TIE 396+82pg/ml LA DEE
R LB EROEL TR Tz, iz STZ-GC Bz LE
BOBRMETH-. ThLORMIL, BMERECESC LS
RABFHEE S B 5\ I REER O RIGH OE F 28 IRG 4
WOETE Db LA L oRWT 5.
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EZISED—EDRRICF T, VVEY s 5w —
ARBET v PRV, 4 VR AEMBEE RO MR T MIE
7y MEBVCTRELCAABSREHOEME b bT o L
ZARLI. BMERTIE, LHhHITSEORID L 5 nmikiE
BOFMIEG L DB, REHEDRIRSMEE 5.
—RICEHRBRCILS AL bR TV S50 8 & — L iEuL, %
RO RKEELETERD LY, 254+ D
INa—-ABERFOITF 2 -AT7 I VvRIERBAH I D
&R, ELIEAOREMEREREFIFT LD & E0E
FERTHB". ZODHEHIIFRER: DM RHE 2 iy
BwnwkIhadovrvay -arzesa— AKEBEYE WL,
Matsukawa 513%®, ravHuWI LR vERRY -/ v S —
ARBETT, ME -« IRID - KPR SIS O MBEB v B
Lz, Zhitkdé, vvav-azrFe—RELLImFF -
REEOLMEHBIIFEL E L VT ERRET LT
%. %1z, Havel 51, 4 228 TAAKHR RIS EMET
RRIESh D2, BOFE - EBECIRE SRV g
LTW5. BEsT, BRENC X ATRERBIAE DL B2 A P IR TE
BOFEbE b LicZ LB LI V. —HTRABEES
R DT Y, v L2 v RENIREE 305 Btk i — 8 o
FRMEFEHOE Frbebl, aZ r T — AREBIIEYE |
R RBEORE L TR REEH ORIEL R T E®EZ L
Twh., Lnl, SEEHZ v PEBTFARFATR, vLrxv
a7 e S - ARRTTORNBEARRSHCT, WIEBHOD
WISHRIERTE LIc KPR & KB MR O TR EZ R LT,
ARRENLT » P ICBT D EEMEROEMETT 5 DT M-
bDEELLND.

SEDERZ v MERBITHBETTEZR, 4U/kg D1 v R Y
vERERTENEYER L. OB, 1) OEEE
124mg/dl 22 5135% 104mg/dl OEFMEHRATETL, =
DR, KABHEIERCREIhAZE, 2) JIFES b
BT, FIRM IRG BEXWEL, £ABES105HE TR
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305+87pg/ml TH-TDTH LA v A ) vEEFHTIZI0TH
1188+ 106pg/ml ¢ HEEOBMETHH T &, RLIZ. £I T,
Z DN MER FRO IRG Srl2 i, il () o
WTHhOBRSE TS FTWANREKRI SR D. TOHKR
D&, HEOHR)|HA, KRR AR I OBRERIC
BWT, 4 VA Y VEMERO IRG FBRIEHNEBTH Z &
B EICEE LY. D0z L EMEFERRD IRG 582, X
BAEROBEREZTTCHA I EERT. ¥, 41 XCE
WA v A VEMBEEERIC, 96225 86mg/dl ~ D MR
Trekbh, 4 vA) VARES S»LRPRAF T IRG 2WA
EREEnAZE, ERIDRIEEY T REIFEETAZ L
PHELEY. ZOFEHE, FEROMMNEAL D IIFS
L, EEMmESPo mERET A IRG SWERT Z L2 TERT
3. LT, MECOEERHTOHLTLOETHAPRHEERT
F@mXh, TRMEY N LESAMKCER L IRG SB%EE
ELTWDEORBMELEEIES.

X, EMERD IRG HWIE2WTid, MEEED D 2 RRMEL,
FridtERIhD, 5T, HNNMEETE X v EE
EhE, HERE—EORBERI. BAOWMIELLD
IRG 4L, AR+ /v~ A BECETEFLEMB L
DEE XD o &A%, Vance HIic X % BEEREERY
Iversen i L AHHHEERER" B THLA TV 5. Lx
L Vance 5DSEET, ML 60—30mg/dl, Iversen iX150—
25% 7211 50mg/dl BT ORMHEMET CORF TH 5.
LIAad, FIEC X HIEA RIEEWTA VA Y VEMEFRR
W, 9655 86mg/dl ~OMBEET LD, 41 v AV VAHHES
LS IRG FWNERENBZE, FLIHCEBLERTE
HHEAEETAZENRAC IV RBERATLAY. —F
Gerich 512, & PIZEBWT T Py EEAPEEIOFHD
187—112mg/dl PEFIRAOMERE T L b IRG FWHREE
Lo bw#E Li®, ¥, Santiago H® X, EHAT
95-60mg/dl & R4 200—100mg/dl DIERIRA O M T
X IRGH/WMNBESLZ Lx@E Lz, 5K, Gauthier
B, EL VAV v THBE TR Y O v E AL 109—-91mg/dl
DEEH T MER T 2 HER LB IRG SWOEE @Mk &
B EwRFELE. ZALOBER, BNHELELET TRl
HEGWIERE T4 IRG HWARTZEEFET S, ZhEH
L DeFronzo 5%, 6047 250~300mg/dl @ & M HERE L
febd, A VAY VEIBAMATMERTREZ LTS, XKH
BRSO IRG BEIIHEMERILCIEEXHRE L. F
Amiel B®Mitrakou ™%, Fra -2 27 5 v R L Y MEE
DB TAL—~ FRERMERMO+F D CRH ORIGCEEY 5 X
¥, MED 45~68mg/dl It %+ DRRENVHAH E L. L,
220 DeFronzo, Amiel, Mitrakou 5 ® IRG &R OB EHIRHE
RILEDWTTH D, SEEENS L 5 eMIRALF IRG #&
EOEBICOWTIRBE IR TV, 4RO IS # M
T AR R TRB N, TORELK L L TRPREAE
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TEHEELEENTWA. 205 b0 5iHiE PR TR
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AHDOHRIFREFR I V2 —AF WL, BEMTE
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BEREROMEELIT, BB E LT, TRMER IR
- FHRREE MY, KEMER TR TR E T ES)
BB r N LT, RS KW RTIZRADW) OB L
THEEND™. FE, ARFMNCLIRERERCIIEEE
TR TREREEMER 2SR, Ths O/mBRKNIEEEO
HiehT, ABIUBMAL SICERIGEELTHH LS 2
EHRHONRTE D', COMERD I TRENEEIN T
Flo. —HT, KPEMARD 55 Ik EERE" BUHOE
KFWA T IRG SWEREETHZLPMONRT WS,
LicdinT, 4 v A ) VB X H FE S iR R
BB TN a=7 PR B D I BT RAIREE YRR A A
LCEMER IRG SIS B8 RIFT I EABEIRT
B, ek, EMOBERE1 X BT O KED NEp il 2 h
BTERHMBLRTED™, EHI2T . FEERETLY SR
DIRGHHEARZ7 2V FF I VIZE DBIHEIIRAZ En b,
Z0 IRG BT TRMED o TEGEBIEE T2 L HE
EhTwbB. ¥ Ahren 5™, KHNEHEDOBIHIB OLER
%% NEp it & RBED NEp 0T, IRG SR E 5
ZERFLIE. ThODOERIZ, EMERES KETRWT,
MR L O NEp k&, IRG WA RTZ & 2H<
TRETS. LaL, SEORFD X 5 ICEEIC, - 0EMnES
REOKHBAREREDThEGEL MEOEB LT LCE
BUE LI E WO HEII. X510 v A ) V{EMBEHIRES
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%0 CRH LW ORMES M T0mg/dl §i4c B b, BiE - %
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1, AREMERIEODECIRBEIADN, EMfF - EEE
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435 CRH 045 EFEEME ORI 2T T 5 & B
ERTWA. L ZAMNERE, 20Ok 5 nBRMEERNEES
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57 b, ERFAEBEMERELETABREC VT
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-7 VRENEF CTLEEREEME 2 2 HEMALHS
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$, RbEZBHMBD S, SEORRIEBTCEEIX, STZHS
Bz meE s 1 BRI LIoRET, 5w 1 ERMBHES v
AV VCHE= Y be— LclE (STZ-GC B) & Lis\W B
(STZ-GU ) B\ TORANEMED KIS X O IRG 43
NEBI, WHELTWAHZ LBz, Courteix HY 12,
STZ ERKEZ » PEBVWT, THROERNBK L 2BEXKIES
3BRELUBCHEEL, ¥ RBOAKFIBCET2RE? 2:EE
LR A LERLTWA. iz, STZERKS » M TB
FAMREEEER, LBRCETTLOHREY 5. L
T, 4ED STZ-GC FETix 1B, STZ-GU B#TIL 28
R AR M & & X RAE T, KRBEAEE &I
FEZOBENMET LT wmgEE D 5. LTI, &l
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BRI R LTWAAEERAEEZ RS . B, &7
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This, ZOomERTROTERMELEETLZELLIBZ
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® i
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DETTH-I. —F, FAENEERE, EHS o PHLE
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PIEAEDIEEIZIRES L, FIRM [RG BE S, BbEEEZRL
fz.
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RTEAFROETEE LTS A 2RI X EE £ LAFRKEE 4
EBEHEHE BERLOCCERAERERA_ABE -HEEOL
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Abstract

The mechanisms underlying the neuroendocrine response, particularly that of glucagon, to insulin-induced hypoglycemia
or fall of plasma glucose are still controversial. The aim of the present study is to determine how the pancreatic autonomic
lervous system and plasma glucagon level react to changes of plasma glucose levels. Male Wistar rats were anesthetized
with urethane and « -chloralose. Efferent firing activity in the splanchnic or pancreatic vagal nerve (SNA, PYNA) was
measured in situ. In normal rats injected with a bolus of 4 U/kg insulin, after 13 min the SNA increased to a significantly
higher level than that of the saline-injected control rats, where the plasma glucose level only fell from 124 to 104 mg/dl (n=S,
each). The SNA thereafter increased 5-fold over 90 min with ongoing glucose fall. Plasma glucagon levels in the portal vein
10 min after the insulin injection showed 3.9-fold the level seen in the saline-injected rats, accompanying a glucose change
from 100 to 84 mg/dl (n=4, each). The increased SNA dropped immediately after repeated glucose injections. To determine
if the diabetic state modifies responses of the pancreatic autonomic nervous activities and glucagon secretion to glucose fall,
rats were made diabetic by injecting 40 mg/kg of streptozotosin (STZ). In STZ-induced diabetic rats whose hyperglycemia
Was confirmed for 7 days and controlled with 12 U/kg of intermediate-type insulin for the following 7 days (STZ-GC),
injection of 4 U/kg of insulin induced a glucose fall similar to that in the normal rats. However, response of the SNA to this
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glucose fall in the STZ-GC rats was significantly diminished over 15 to 70 min, as compared to the normal rats (n=5, each).
Moreover, in STZ diabetic rats left untreated for 14 days (STZ-GU), injection of 8 U/kg of insulin induced a more rapid
glucose fall from 308 mg/dl. But the SNA responses were significantly diminished over 20 to 90 min, as compared to the
normal rats (n=5, each). Plasma glucagon levels in the portal vein 10 min after the injections increased to a significant level
of 3.3-fold the level seen in the saline-injected STZ-GC rats but only 1.4-fold in STZ-GU (n=4, each). These glucagon
increases in the STZ-GC and GU rats were significantly lower than that in the normal rats. The PVNA tended to decrease
after the insulin injection in both the normal and STZ-GC rats (n=5, each). These results indicate that a subtle but rapid
glucose fall within the euglycemic range increases SNA and glucagon secretion, showing no glycemic threshold in triggering
their increases, even though they are influenced by the diabetic state.




