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1. IVGTTY (241 3 ZGlucose, JFFA, 2IRI,
Insulinogenic index, Kg®&BM T OLLE
(Table 1).

1.5Glucose G BEEAN ABICHLBEELE WIE

%R LT (4 p<0.001).
2. 5FFA G ERBETERELZRE AL - 2.

MY
400 i T ....... ;
300 T‘ T
2 *
g S i $
3 ; It
5 200 &
% "". V""-._..
s/ e
2
100 /\“’\o\,
53 s 90 10 180min

J.IIRIG A BEESNEHL (&4 P<0.001),
BEMWARBCHLAEM®ECI.0D)ITEVEERL 2.

4.Insulinogenic index ¥ A,B B M N Bk L,
BEMSABICILLEEBECEVWEERLL (84 P
< 0.001).

5.Kgld ABHMNBICHLEECBEVWEELRL
72 (&2 P<0.001).

0. 7otz FESICEBKEKDOIEE (Table 2).

KF O Ht i3 IVGTT iclkL F-IVGTT TEHE
BUuEE R L (N ARBBEEBER P <0.01, 8T
10.60 53 P<0.001 , BE:IFEERT, #&K710,604
# P<0.001).
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Fig. 1. Changes of blood glucose and plasma immunoreactive insulin (IRI) levels during 50g oral
glucose tolerance test. The values are mean + SEM. @; group N, A; group A, [J; group B.
*5<0.001, *p<0.01, *»<0.05 (group A or B vs. group N).

Table 1. Comparison of = Glucose, £ FFA, ¥ IRI, Insulinogenic indices
and Kg among each group during [VGTT

(ZGlucose 2 FFA Z IRI Insulinogenic Kg
mg/dl) («Eq/L) (xU/ml) indices

GowN | T HEo AT LT T
coms | EETSE A5 W0 8
x| SR M #E W0

*** p<0.001 (group N vs. group A or B), *** p<0.001, * p<0.05 (group A vs.

group B)
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I. 7o+ FEsicksng FFA, IRI
Insulinogenic index, KgD&BARICHITD
it (Fig.2 ~ 4, Table 3).

1. M¥EEA#HIcs0TIVGTT itk L F-
IVGTT . 8ERT 1 b S 60 Sk cHE SIS
mERL, BED 1,29, RTEHERTHEIMERD %R L
7o BEETWREHED 2990 58T 60 21 £ CHEMER

Table 2. Changes of hematocrit levels due to the
oral administration of furosemide

-3 10 60 min
Group N
IVGTT 44.7 43.5 43.3 %
£1.3  *1.2  +1.2
. * % . * k¥ 48.0*** 0,
FIVGTT | A3 @27 g80m %
Group A
' 40.9 39.8 39.7 %
VGTT | 43 &0 +11 ’
45.3%F  43.1%*% 4317 %
FIVGTT| 471 +10 £100 ’
Group B
42.2 4.1 41.0 9
IVGTT | [1'5  £11  +14 %
46.4%*%  45.5%**  45.3*** 9
FIVGTT | S £13 =16 %

***p<0.001, **p<0.01 IVGTT vs. F-IVGTT
in each group)
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ARLE, NETERERLCELEED Shiih- 1.

XGlucose o ¥ iz A B (P<0.01), B ¥ (P
<0.06) TEETH -/,

2. FFA 3 ABiB8WVWTIVGTT ik L F-
IVGTT T, #iEd 1,24, #TEKk, 1.2,3.35 9%
CEELSMmDERL, BES TS, BHEl, BT
5,8,15,25,60 YR CHMMEM AR L2 . BETIREKT
2,25, 35 SR HIMER R Lo, NBETREFHLE
AT X% (RA /2PN il

SFFADEMIRBEHTERE TS~ (P<0.05).

3. Rl A#BIcB8WLWTIVGTT it kb L F-
IVGTT <, #ER TER, 1.2 4RICEDEEERL
7. NBHTHERSELIRD Shiih- 1.

ZIRIOWPIF ABTHETH» 72 (P<0.05).

4.Insulinogenic index ORLVIZABTEE TH
=t (P<0.01).

5. KgoRDIBETEETH -~ (PL0.01).

ABEIcB 28, FFAIRIO7u+ 3 FiE5
K HHHRERSE LI, TF OBEEEEL L TEDS
Nz LB TH - 7.

v. F-IVGTIT o113 XGlucose, JXFFA,
ZIRI, Insulinogenic Kg D&M
ToOtkE (Table 4).

1.2Glucose i3 A, BEOSNEICHL, BESAE
CHLEECEWEER L (%2 PL0.001).

2IFFA R ABSNBH L EFECEWVMEERL
1z (P<0.05).

JIRIZABEMSNBFICHLEECEVHE AR
L7 (&% P<0.001).
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Fig. 2. Changes of blood glucose levels during intravenous glucose tolerance test (IVGTT) and
intravenous glucose tolerance test 4 hours after the oral administration of furosemide 80 mg

(F-IVGTT). The values are mean +

ring F-IVGTT.

SEM. A calculated dose of glucose (0.33g per kg body
weight) was injected as a 4095 solution in 3 minutes.

@; values during IVGTT, Q; values du-

H<0.001, *p<0.01, p<0.05 (F-IVGTT vs. IVGTT).



8

0

02 T u!

FFA
FFA

800 800

600 500

400 400
Glucose Injection Glucose Injection Glucosa Injection
l)-10-30 511 25 35 60min o-10~3 05114t 25 3 60 min o-10-30 S5 25 3 60min

Fig. 3. Changes of plasma free fatty acid (FFA) levels during intravenous glucose tolerance test
(IVGTT) and intravenous glucose tolerance test 4 hours after the oral administration of furose-
mide 80mg (F-IVGTT). The values are mean + SEM. A calculated dose of glucose (0.33g
per kg body weight) was injected as a 40% solution in 3 minutes. Symbols, see Fig. 2. b<
0.05 (F-IVGTT vs. IVGTT).
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Fig. 4. Changes of plasma immunoreactive insulin (IRI) levels during intravenous glucose tolera-
nce test (IVGTT) and intravenous glucose tolerance test 4 hours after the oral administration
of furosemide 80mg (F-IVGTT). The values are mean + SEM. A calculated dose of glucose
(0.33g per kg body weight) was injected as a 409 solution in 3 minutes. Symbols, see Fig. 2.

Table 3. Changes of £ Glucose, = FFA, £ IR], Insulinogenic indices and Kg due
to the oral administration of furosemide

% Glucose 2% FFA S IRI Insulinogenic Kg
mg/dl) (uEq/L) (xU/ml) indices

Group N + 11318 il%% i?(% i8;8}5 ;8:%
Group A =0 <1354 i P
owan | LEME B 4% 2T

** p<0.01, * p<0.05
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Table 4. Comparison of Z Glucose, £ FFA, ZIR], Insulinogenic indices and Kg
among each group during F-IVGTT ,

2 Glucose ZFFA ZIRI Insulinogenic K
mg/dl) {zEq/L) (2U/ml) indices g
2603°** 7248 636+ 0.39%"* 2.6%*
Group N £110 +503 +384 +0.09 +0.3
3456*** 11722 188 0.01** 0.8
Group A +78 +1223 +97 +0 4001
4935 11656 138 ~0.02 0.4
Group B +372 +1593 £29 +0.01 +0.1

***p<0.001, *p<0.05 (group N. vs. group A or B),
***p<0.001, **p<0.01 {group A vs. group B)

4.Insulinogenic index & A, BE» N E itk L
(% P<0.001). BB ABICLLLEEMPC0.01)
IEWEER L.
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KL 1.
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FEPR I O B ARSI S HIIE D 1 ~ R ) v 43k
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AEOEBRTH IVGTT & bk Insulinogenic
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BECLBEEELONTWVAEY Hiic IVGTT &£
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Effects of Dehydration on Glucose and Free Fatty Acid Metabolism in Diabetic Patients (1)
Effects of Dehydration on Insulin-Secreting Capacity of Pancreas Ryosei Ueda, Department of
Internal Medicine (II), School of Medicine, Kanazawa University, Kanazawa 920, Japan. J.
Juzen Med. Soc., 89, 799—806 (1980).

Abstract This study was designed to examine the effects of dehydration on insulin-secreting
capacity of the pancreas, and on glucose and free fatty acid (FFA) metabolism. Three groups of
normal weight subjects (matched for age) were studied: 10 diabetic patients with a fasting blood
glucose level lower than 110 mg/dl, and with an abnormal (50 g) oral glucose tolerance that the
1-hour and 2-hour blood glucose levels exceeded 160 and 130 mg/dl, respectively (group A), 8
diabetic patients with a blood glucose level more than 130 mg/dl (group B), and 5 normal sub-
jects as the control (group N). Two intravenous glucose tolerance tests were performed on
each subject: glucose alone (IVGTT) and glucose with furosemide (F-IVGTT). In the case of
IVGTT, a calculated dose of glucose (0.33 g per kg body weight) was injected as a 40% solution
in 3 minutes. Several days later, in the case of F-IVGTT, glucose was given in the same manner
as IVGTT 4 hours after the oral administration of furosemide 80 mg. In order to investigate
insulin-secreting capacity of the pancreas in the subjects, the following values were calculated
and served as insulinogenic indices: insulinogenic index=area circumscribed by insulin curve/area
circumscribed by glucose curve. The time required for measurement ranged from immediately
before the glucose injection to 8 minutes after the completion of the injection. Glucose disap-
pearance rates (Kg) were calculated from the slope of the logarithm of the glucose levels from 15
to 35 minutes after the completion of the injection.

(1) During IVGTT, insulinogenic indices in group A (0.04 £ 0.01:mean * SEM) and group B
(—0.03 £ 0.01) were significantly lower than in group N (0.38 £ 0.04), and those in group B
significantly lower than in group A (p < 0.001 respectively). Kgin group A (0.7 £0.1) and
group B (0.5 £ 0) were significantly lower than in group N (2.7 * 0.4) (p < 0.001 respectively).

(2) Hematocrit levels before the glucose injection during F-IVGTT were significantly higher
than during IVGTT [45.3 £1.1 vs.40.9 £ 1.3% in group A (p <0.01),46.4%£1.6vs.42.2%1.2%
in group B (p <0.001), and 49.3 £ 1.3 vs. 44,7 % 1.3% in group N (p < 0.01)], indicating that
each subject was significantly dehydrated 4 hours after the furosemide administration.

(3) Metabolic derangements due to dehydration were not observed in group N, but observed
in groups A and B after the glucose injection. That is, the algebraic sum of the glucose levels
from immediately before the glucose injection to 60 minutes after the completion of the in-
jection (ZGlucose) during F-IVGTT (3456 £ 78 mg/dl) were significantly higher than during
IVGTT (2879 £ 165 mg/dl) in group A (p<0.01), and those during F-IVGTT (4935 £ 327
mg/dl) were significantly higher than during IVGTT (4277 £ 252 mg/dl) in group B (p < 0.05).
ZFFA during F-IVGTT (11656 = 1593 uEq/l) were significantly higher than during IVGTT
(9933 £ 1346 uEqg/1) in group B (p < 0.05). ZIRI and insulinogenic indices during F-IVGTT
(188 £ 27 uU/ml and 0.01 £ 0) were significantly lower than during IVGTT (216 £ 32 uU/ml
and 0.04 £0.01) in group A (p<0.01 respectively). Kg during F-IVGTT (0.4 = 0.1) were
significantly lower than during IVGTT (0.5 % 0) in group B (p < 0.01).

These studies demonstrate that dehydration impairs insulin-secreting capacity of the pancreas
and tissue sensitivity to insulin to such an extent that further derangements of glucose and lipid
metabolism develop in diabetic patients.




