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Fig. 1. Responses of arterial plasma glucose,
glucagon (IRG), epinephrine (Ep) and norepi-
nephrine (NEp) to insulin-induced hypoglycemia
in normal dogs (n=5). Regular insulin (0.25 U/
kg) was administered intravenously at 0min
shown as the arrows. Each point with vertical
bar represents the mean+SEM. Circled points
indicate significant differences from the mean
basal values (p<0.05 or less).




1> AN AMERINEERE 7 v T G O fae AT

HETHEEZEERDE 512,

2. PUEERRYTNT R IC 31T 5 4 > 2 {RIMEERE D
)

ARG R I FRED A » A Y v 552175 &
(n=5 B 3), MEEEEAETY 5+ 3mg/dl &b
15 ALBERCETL, 30 CEM 42+ 7 2R/,
120 53T 86+ 5 F TEIE L 7. (M IRG A 1 HIEF
9615 pg/ml & D, 454> 131424, 12043 131+19
FESOEMMETRLIICTEY, OFhLEHEICEL
HETIER» -7, e Ep EERIEFY 18+
5pg/ml &£ EEMBEEC L LEM#EERL (p<0.05),
14w AN VESE L EIED S DOEEOCEMIZED S 1
oz, M NEp #5113 §i {8 %9 100+ 38 pg/ml
£D 3043, 55 THEOEME, & 512208 120 2
g CEREMERLL.

IhoDHIEEBICDE 1 > A RS ETEEE S
5SOWENE A 23R, EENEEE L WL, A s
i3 45 53 LAR o> M HE 15T C IR AT b U B EER
THol, EEEETDIDIL 60 FCBLTDALT
B o7z, AIRG 1 AR o RERR AR R B4R, 2 O INIZEA
SMITHEL, LD 30 555 60 SFTh T THEDE
xR L7 (45402 T 35+13 pg/ml). —H AEp &

Zid ©
N
2
g 0
3
=1
3

w0 -

0" T T
w4 O
£
2
g 27

. W
0+ - T -
Semd O
E
£
g
o 300
g
[
S04 ©
=]
E
g
—

o 300 ._’__/o———¢_
E

.

O 5 2 % & ) 120 min

221

|G T, 45 5%, 60 HCIEENBEH L LABEDEE
THh-7:, ANEpIZTH 60 2 TEEDERERED .

3. HEMRYIMRICB T 51 >R Y VEIEERED
28

HEMRTIWRICB»TE (n=5 @ [4), mEHE
A v A R EFI{EFY 107+ 8me/dl & D 154
PBEBICETL, 30 9 E® 55+ 3 %50, 1204
T 6 xTEMEL A, M IRG B E L ATEFiY
157+21 pg/ml & b, 15T 215423 L EED LH%
L, 455321d 263429, LA 120 2% T 260 LA LD
REASRFBE L 72, 0 Ep ¥ I3 A0{E 59 53+ 8 pg/
ml &0 30 5k L&, 454> 19835, 60 5> 16443
CHEOSMEE/RL 2, I NEp B E b #l{E ¥y
133+ 11 pg/ml X 0, 30 23LAEHT 220~240 DEED
Bl &R L2,

INSAIEBEE OEME A D& EENBRELE
95 L, AP, AIRG, AEp, ANEp DWW iz
WTHEHETHEEEZE R ah ok,

M. SRIF #HEAT TOA VR EMPEREOX
BRERMMEEME, IRG BLUHTIT I BRE
DEH

1. E®RICB Y 3 SRIF #H#51E A (750 £g/150

~ 0
g
g
-20
"
]
(=1
s
g -
60 o ey
Ean{ ©
2 L/T\J&
~ ’
~
g‘mh ’ N
3 N
’ &
, - =
+ 40 - ;V * * ¥

AEp  (pg/ml)

ANEp (pg/mi)

100 T L T
] o T
0 [l 15 kil 45 60 90 120 min

Fig.2. A': Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced

hypoglycemia in pancreatic denervated dogs (@ —@, n=5).

B: Comparison of

incremental changes of the parameters with those in normal dogs (0---0, n=5).
Asterisks represent significant differences from the values in normal dogs (p<0.05

or less).

As to other symbols, refer to Fig. 1.
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Fig.3. A: Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced
hypoglycemia in splanchnicotomized dogs (®—®, n=5). B: Comparison of
incremental changes of the parameters with those in normal dogs (0---0, n=5).
As to symbols, refer to Fig.1 and Fig. 2.

os)

0- T T v T T T

e o
£
g .
er ./L_N\___@ §
a8
0 ——————— : : g
e o
E
=J
e ~
8™ e
= /’ S - —— —
J 2 e : 3
0 15 30 4 8 Ed 120mn 9 0 15 ™ S5 & @ 120 min

Fig. 4. A: Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced
hypoglycemia in vagotomized dogs (®—®, n=5). B: Comparison of those
incremental changes of the parameters with those in normal dogs (©--- 0, n=5).
As to symbols, refer to Fig. 1.
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Fig.5. Responses of arterial plasma glucose, IRG,
Ep and NEp to insulin-induced hypoglycemia in
normal dogs infused somatostatin (SRIF) (n=5).
SRIF (750 ug for 150 min) was infused intra-
venously from —30min to 120 min at the con-
stant rate. Insulin was administered at 0 min
shown as the arrows. Circled points indicate
significant differences from the mean values just
before the insulin administration (p<0.05 or less).
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Fig.6. A: Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced
hypoglycemia in pancreatic denervated dogs infused SRIF (750 g for 150 min) (@

—®, n=5).

other symbols, refer to Fig. 5.

B : Comparison of incremental changes of the parameters with those
in normal dogs infused the SRIF (0---0, n=5).
differences from the values in normal dogs infused SRIF (p<0.05 or less).

Asterisks represent significant
As to
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Fig.8. A': Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced

hypoglycemia in splanchnicotomized dogs infused SRIF (750 ug for 150 min) (6 —®,
n=>5). B: Comparison of incremental changes of the parameters with those in
normal dogs infused the SRIF (O---0, n=5). As to other symbols, refer to Fig. 5.
and Fig. 6.
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Fig.9. A': Responses of arterial plasma glucose, IRG, Ep and NEp to insulin-induced

hypoglycemia in vagotomized dogs infused SRIF (750 ug for 150 min) (@ —® , n=5),
B: Comparison of incremental changes of the parameters with those in normal dogs
infused the SRIF (0---O, n=5). As to other symbols, refer to Fig. 5. and Fig. 6.
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Abstract

To evaluate if glucagon response to insulin-induced hypoglycemia is dependent on glucopenic
neural signals in addition to the effect of glucose decrease itself, insulin-induced (0.25 U/kg, i.v.)
hypoglycemia was conducted in four differently innervated groups of dogs anesthetized with
pentobarbital. In five normal dogs, arterial plasma glucose concentration decreased significantly
from a mean basal average of 94+2 mg/dl (mean+SEM) to a nadir of 44--5 at 30 min after the
insulin administration, returning to the basal level at 120 min. Arterial plasma glucagon (IRG)
level rose significantly from 106+ 8 pg/ml to a peak of 219420 at 45 min. Plasma epinephrine
(Ep) level increased significantly from 67413 pg/ml to 284456 at 45 min. In five pancreatic
denervated dogs obtained by severing the perivascular neural tissue from vascular portae of the
pancreas, glucose level decreased as in normal dogs, but the recovery was significantly slow.
Incremental IRG (AIRG) was only 32+7 pg/ml at 45 min (113419 in normals) and incremental
Ep (AEp) was almost normal. In five dogs whose bilateral splanchnic nerves were sectioned at
‘the subdiaphragmatic level, glucose level profiled normally. However, IRG and Ep responses
were markedly diminished, AIRG 35+13 pg/ml and AEp 843 pg/ml (217456 in normals). In
five dogs whose bilateral vagal nerves were cut at the subdiaphragmatic level, response curves of
glucose, IRG and Ep were normal. To determine if suppression of the IRG secretions by
somatostatin (SRIF) affects the glucose counterregulations mentioned above, insulin-induced
hypoglycemia was conducted at 30 min after the starting of systemic SRIF infusion (750 ug or
1500 g for 150 min). In five normal dogs, glucose and IRG levels decreased significantly during
the infusion of SRIF alone. A sufficient hypoglycemia (nadir, 24+3 mg/dl) and recovery
occurred even under complete suppression of IRG by the SRIF. In five pancreatic denervated
and five vagotomized dogs, the IRG level, unexpectedly, increased by ~40 pg/ml (~—10 in
normals) for 120 min. In five splanchnicotomized dogs, IRG response to hypoglycemia was also
nearly suppressed by the SRIF and glucose recovery was significantly retarded. These results
indicate that prompt IRG response to insulin-induced hypoglycemia is, at least in vivo, not
triggered by blood glucose decrease per se, or increase of circulating Ep level, but is facilitated
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largely by neural signals through the sympathetic preganglionic innervation. It is thus suggested
that an intact pancreatic innervation is essential for secreting IRG to hypoglycemia and
suppressing it by SRIF.



