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=Abstract=

A Study of the Insulin and the C-Peptide Responses to
Oral Glucose Load in Nondiabetic and Diabetic Subjects

Myung Chul Lee, M.D., Sung Jae Choi, M.D.,, Eung Jin Kim, M.D,,
Chang-Seoon Koh, M.D,, and Hun Ki Min, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University.

The present study was undertaken to evaluate the significance of the insulin and the C-peptide
yseponse to oral glucose loads in normal and diabetic subjects and to establish the effects of the
obesity.

In this study, the authors have measured plasma insulin and C-peptide by means of radioimmu-
noassay in 10 nonobese normal, 5 obese normal, 13 nonobese moderate diabetic patients, 9 obese
moderate diabetic patients and 9 severe diabetic patients.

The results obtained were as follows;

1. In 10 nonobese normal subjects, the plasma insulin level at fasting state and at 30, 60, 90,
and 120 min after oral glucose loads were 15.73.4, 48.3+9.8, 40.4%6.7, 37.4%6.5 and 26.0
4, 2yU/ml(Mean=+S.E.) and C-peptide were 1.94+0.3, 3.93-0.6, 6.330.6, 5.71+0.5 and 4.0
Q. 5ng/ml. The change of C-peptide was found to go almost parallel with that of insulin and the
insulin value reaches to the highest level at 30 min whereas C-peptide reaches to its peak at 60min.

2. The plasma insulin level in 5 obese normal subjects were 38.9%+12.3, 59.5+:12.3, 59.2+
17.1, 56.12-20.0 and 48. 473-17. 2uU/ml and the C-peptide were 5.53:0.4, 6.8%+0.5, 7.9:0.8,
7.920.8 and 7.822.Ong/ml. The insulin response appeared to be greater than 'nonobese normal
subjects.

3. In 13 nonobese moderate diabetic patients, the plasma insulin levels were 27.1-:4.9, 44.1%
6.0, 37.3%6.6, 35.5+8.1 and 34.7%10. 7uU/ml and the C-peptide levels were 2.720.4, 4.9+
0.7, 6.5+0.5,7.0::0.3 and 6.731.0ng/ml. There was little significance compared to nonobese
normal groups but delayed pattern is noted.

4. In 9 obese moderated diabetic patients, the plasma insulin levels were 22.1+7.9, 80.0Z%19. 3,
108.0:27.0, 62.0%17.6 and 55.52:10. 1 uU/ml and the C-peptide levels were 5.210.4, 8.0%1.0,
10.4+£1.6, 10.43-1.7,and 10.1%1. Ong/ml and its response was also greater than that of nonobese
moderate diabetic patients.

3. The plasma insulin concentrations in 9 severe disbetic subjects were 8.0%3.8, 12.133.5,

16.84:4.6, 19.6-55.2 and 15.025.0uU/ml] and the C-peptide levels were 1.640.3, 2.430. 4,
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4.1+0.6, 4.0+0.8 and 4.5240. 7ng/ml and the insulin and C-peptide responses were markedly

reduced in severe diabetic groups.

6. There were significant differences between each groups of patients on the magnitude of total
insulin or C-peptide areas, the insulinogenic index and the C-peptide index.
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Table 1. Criteria for Classification of Patients on Basis of Weight and Glucose Toleranec

Plasma Glucose Concentration(mg%)

Group Number of - Body VYeight Age
Patients % Ideal(mean) (mean) Fasting Maximum 9hr
Nonobese Normal 10 <115%( 94.4%) - 22~49(39) - <100 <160 <120
Obese Normal 5 >115%(124.8%) - 29~52(49) <100 <160 <120
Nonobese Mild Diabetics 13 <115%(102.3%) . 30~60(46) 2100 >160 >120
200
Obese Mild Diabetics 9 >115%(127.4%) 32~65(51) 2100 >160 >120
200
Severe Diabetics 9 All:nonobese 37~64(53) >200
(98.8%)
BY¥E C-peptide ZEEK BEE C-peptide . C-peptide b1 333
¥ No. (mD BE(mD HHE (mD BE (ng/mb) (mb
A 2.0 — 50 1500
B — 500 B A 500 .25 500
C - 500 7B 500 12.5 500
D — 500 77 C 500 6.25 500
E — 500 7D 500 3.12 500
F — 500 77 E 500 1. 56 500
G - 500 7 F 500 70,78 500
H — 500 77 G 500 0. 39 500
I - 500 /7 H 500 0. 195 1000
J (Zero¥ED — BEE — 0 BEE

@ Bis@#E (phosphate buffer)$ = flask ol A &
K 100 ml &} FHEEA 7

@ C-peptidedll ¥t HUfiiF vialol BEK 100 ml
+ gt B@AZ

® 1251-C-peptide BH-Z 10ml ¢} LEHK 10ml E i
st BMAA L

@ 94 Goat I rabbit MFEL LBEHK 10mlE in
&l BRAA wevh

® C-peptide EBER - EEHRST FR}7 B3
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@ PARBAKA e C-peptide BIY HiEHRS

B/Bo% =

X 100(%)



20 —REERBENL  B11% F 15 Bt Fiseior—

Table 2. Bloed Glucose Concentrations(Means-S.E.) during Oral Glucose Load in Five Patient Groups.

Glucose Concentration(mg%)

Group 0 30 60 90 120Cmin)
Nonobese Normal 86.5 2.6 137.5: 5.4 134.3:+ 8.3 122.4+ 6.9 100.72 6.6
Obese Normal 83.6+ 4.4 135.6 9.3 134.8+12.9 130. 4-10.5 109. 0 5.9
Nonobese Mild DM~ 137.7+ 6.8 233.94:20.8 276. 633. 2 252.5:-34.8 200. 2:31. 6

~ Obese Mild DM 130.6+ 7.9 207.3+17.3 236.74-24. 8 239, 0422.7 211, 4-26. 2
Severe DM 306. 84-35. 0 308,939, 3 471. 44415 473.3::48.7 420.5--52. 6
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PEBE insulin 73 3M8EES] o1 #ES 2 4 A
insulinogenic index(AI/AG)$} C-peptide index(AC-
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Fig. 1. Serum Glucose Concentrations during Oral
Glucose Tolerance Test in Five Patient Groups
(Mean=S.D.) Nonobese Normal Obese Normal
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Table 3. Plasma Insulin and C-peptide Concentrations(MeanS.E.) during O;a} Glucose Tolerance in

Five Patient Groups.’

Insulin(uU/ml) C-Peptide(ng/ml)
Group
0 30 60 90 120 | 0 30 60 9  120(min)
N 15.7 48.3 40.4 374 2.0 L9 3.9 63 57 40
Nonobese Normal +3.4 498 +6.7 465 =42 | +0.3 +0.6 0.6 0.5 0.5
. 389 59.5 59.1 561 48.4 55 68 7.9 7.9 7.8
Obese Normal +12.3 4123 +27.1 20,0 =17.2 | =+0.4 0.5 :=0.8 0,8 =2.0
s 27.1 4.1 3.3 355 34.7 27 49 65 7.0 6.7
Nonobese Mild DM £4.9 460 =466 =81 +10.7 | +0.4 +£0.7 +0.5 40,3 1.0
o 22.1 8.0 1080 62.0 55.5 52 80 104 10.4 10.0
Obese Mild DM £7.0 +19.3 +27.0 =17.6 =101 | +0.4 1.0 =16 =17 =10
< 80 121 168 19.6 15.0 L6 24 41 49 45
Severe DM 43.8 435 446 452 450 | 0.3 0.4 0.6 +0.8 0.7
(uU/ml) Insul in (ng/m!) CPR
80+ &——» Nonobese Normal 81
6—>0 Noncbese Mild Diabetes
*—X Severe L/J’\J
6 L /
44
24
1 A 1 i i 3 1 — i
(6] 30 60 90 120{min) © 30 60 30 120

Fig. 2. Insulin and C-Peptide(CPR) Secretions in Nonobese Normal, Nonobese Mild Diabetics and Severe
Diabetics after Oral Glucose Load(Mean=S.E.)
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Fig. 3. Effect of Obesity on Insulin and C-peptide Secretory Responses in Normal Subjects(Mean=+S.E.)
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Fig. 4. Effect of Obesity cn Insulin and C-Peptide Secretory Responses in Mild Diabetics(Mean=+S.E.)
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Glucose Load in Nondiabetie and Diabetic Subjects—

Table 4. Comparison of Glucose, Insulin and C-peptide Areas for the Five Patients Groups(Mean:-

S.E.D)

Group Glucose(mg%) Insulin(uU/mD) C-Peptide(ng/m!)
Nonobese Normal 493+ 20 147. 0-£2. 41 19.2+1.7
QObese Normal 496+ 30 218.454.0 20,3421
Nonobese Mild Diabetics 9404103 147.94+25.9 24. 115
Obese Mild Diabetics 864+ 69 290. 0-+59. 2 36.3+2.4
Severe Diabetics 17084185 59.31-16. 4 10.6:£2.0

Plasma Insulin Response (Total Area-guU/ml) mi)

400
Nonocbese
‘!' D Obese
300} ; 4
200 h 1
! i
t
oo a ! - .
n | T
P ! ¢
i ! L
Normal Mild DM Severe DM

Fig. 5. Total Plasma Insulin Response(area under the
insulin concentration curve) of the Five
Patients Groups(Mean=+S.E.)
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Fig. 6. Total plasma C-peptide Response(area under
the C-peptide concentration curve) of the
Five Patient Groups(Mean=S.E.)
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Table 5. Ratios between Simultaneous Increments of Plasma Insulin and Blood Glucose, and between:
Increments of C-Peptide and Blood Glucose.

Group . A/AG ACPR/AG
30 60 90 120Cmin) 30 60 90  120(miny
0.71 0.79 0.95 0.88 0.38 1.33 L7l 1.36
Nonobese Normal +0.16 0,22 0,22 +0.22  +0.05 =0.05 =+0.67 -0.30
0.82 1.04 3. 04 3. 60 0. 40 0.58 5. 82 3,23
Obese Normal +0.35 £0.13 4206 +2.29  +0.21 +0.23 564 +2.65
et e 0.34 0.25 0.22 0.36 0.35 0.45 0.5 0.65
Nonobese Mild Diabetics .. 031 090 4008 +0.17  +0.07 4005 4038 =013
e L1l L12 0. 44 0. 60 0.55 0.75 0.51 0. 60
Obese Mild Diabetics '35  0.33  +0.11 =022 40.12 =0.13 #0.15 =0.20
e 0.06 0.08 0.09 0.08 0. 10 0.19 0.19 0.45
Severe Diabetics 40,01 0,03 0,03 =006  +0.03 +0.05 0.06 =-0.09
(A1/46) (ACPR /4G) .70
t.5- 1.5 Y
&——=& Nonobese Normal \
o= Nonobese Mild DM
*#——x Severe DM
1.0~ 1.0-
/\b
05- 05
W;—_’*T_—ﬂ ¥ L d T
C 30 60 90 120{min) (0] 30 60 90 120

Fig. 7. Ratios between Simultaneous Increments of Plasma Insulin and Blood Glucose and between Increments:
of C-Peptide and Blood glucese in Nonobese Normal, Nonobese Mild Diabetics and Severe Diabetics

(Mean=*S.E.)
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C-peptide index = WEM HEF £RE Tl £
4 914 2} (insulinogenic index : 304, 604, 1207 p<C
0. 05, 907 p<<0.01, C-peptide index : 607, 907 p<_
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0.05, 1204 p<0.00D).
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FEENNE AT mannose & Bl A insulin
He -2 R 71 & KE, A#ets] £ galactose & (X
AR, =] FEEABEYES mannoheptulose
< insulin WE ETARD ), HWEEAA  insulin
£ HWATE AL A HEEY FEANE g A
ol A HERE SRR dolok gotn HEs T v
Bl = BBRE A SEREBIEQ galactose 1} glucos-
amine & insulin -3¢t BRERo] o128 BiZsld gMNR
Jgell $E2 7588 (glucoreceptor) 7} RSt o1zl o] HE
FEolvk Hith #Eo) fsle] FEE devtn WESHL
= webA Cerasi®®%-& g HIMEA HIAEE/L B #
3 KEES WPl ket BERMS HHERe] Arix
EEsIE . BT insulin HIBEA A cyclic AMP £
Pttt s HES = 9.

EEANAE BAKHE T insulin 2%t vepta #

I35k FHEgNeE SWRES Rollwl od
insulin KHEA %i3F 37 = Yalow?®, Seltzer?®, Reav-
en®™ gl o3 FEWWEA] (Rt WERD w ek
223 2 RS BEET 47 o2 B Yalow
G0 ERAAA EiEee] AN IRIBE: 10~
20uU/ml ol ®ngEsEFssl s 100~140 ulU/ml =
BT 3+ o Seltzer®= EIEH7F 111U/
ml, FERF% 45504 RAMEE 129410 uU/ml g

#3505 Eg Reaven®™s} Bagdade?9] kel £
shel gl oA 25uU/ml BEES 18:R4 71 90
uU/mle| gl et kEo] 10619 BT TEANA
Q¢ ROMARE insulin KES 1= SRk 15.7
£3. 4uU/ml o)X, HEEE BRAME 305+ 9 48. 3+
9.8uU/ml 24 f#EER o} H# & HES 2

o]t ol HEEN ERd BRI L F 4 goH
ol #oll = A, AEEE KK Y RENH ZRE o
Aok e},

ERFEEN A Y WAMSE insulin FWE ERH K
st AAS Vel A48 gAgeln ¢HA g
2126230, RN X = PSEERREERNALE B
EHEebel 7 BT ERE 23k SeltzerPie) &
EERREEA A A EREERS 8%l o
25 i GEIEH insulin RG] Bl TE) BER
el EFE L WSt R, oleld HFEL Yalow 9}
Berson $:1,3%30] EREREIRE Bkl A BOBEEARRR
3085 0ol If¥RFY insulin BE/F THELUTHL 28:M%
o EELEYS BeEsto =4 RS ol B

L pHNEY] A{LE2RY 5 (biochemical inertia).o &
R 4 oledl B KNS R IR Ol Ak
BiEEY nEFdrt BESE T insulin WS GERE
2el wmel & insulin [fiE-E Yebd Aoleta Seltzer
ol Allen*® %0} #Estglch webd HERRES BEN
0 % insulin FWHEZ &I Klolv, EEAS W
WERRBAC Y BEEY BN 2Ry FWE insulin
o g Bl £EE 29 kRS mfEd RESe
EE B Relel & = YA vk EREEA RA
B RiRd A = @O WEE & BET mifinsulin
s & 4 gtz BESG o3, EEBERK
RAZUERFE A 25 BIED WLl FREE §Y
SlE Kigo 24, KM insulindl K= #H
SEfgo) M= 7 W Folzln WS 9lom®®, g
Sl ol HEMEAS BEo=A ISR
RS0t potassium ¢ HMUR] HREIV] k3L
vtz FREIslE 2Est Yl Reaven®™-& HhEEREIR
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FBES insolin KE-S EEAS KRN #ERA
slglor o] FaE Alolol i R HEAMREE <
28} EEFEHRS 29 BENAL insulin REEC]
WS BEI e EEEo) 13619 FRRT hBE
WREEENA BEY REGEIR F2EDE 14
MEEE EFRANY ksl SmEEd 2o insulin
R EEARS Bty sstgme 28 Qo
voek BESE ERS 2 $ ddA o=
jnsulin o] e x| =] ¢Eatel. olvie kB9 FEE
BRFEZE OHEERKRC ofd& Rt &£
- BEER g MENRe) oW BEo s RY EEERK
BEAAL AY EEdSE FHSL insulin KE
o] WAEE AL A oA Yo EETE K
o $hEERERK R A= ofe] WY BiEE
BRBEAN A insulin HWr EEHAR st Ads)
HolA A BEES 9054 BEs A GE 2 B,

19674 Steiner 9} Oyerel]l {k3tol BREEMIEIRE
BEAA proinsuling  FREI =eb g iAkRdlA
insulin B8 2 AS = Aol olJeh insulin B} 4F
el ol & WMEMHE proinsulin &) HHEEA 4K
d] ‘é}ﬁ?ﬂ"}. SF 8ol 900001 E— chain ¢l proin-
sulin ¢} #iE%E insulin®] As} B Atele] chain poly-
peptide 2 EifEs]o] glEu] o] polypeptide & connec-
ting peptide(C-peptide) & # &= 91.27, ©] C-peptide
= k4 =k 30~35{E9] amino o = BEEKS el =
o A}gdell A= 31189 amino Bf peptide ¢10) ZHAS S}
t}39, Proinsulin-& Avuiliel 4 4mE= 15 Golgi
HBEL BB HRENCcE So7ta, proinsulins]
A insulin 028 #Wiby: BEESE Kild 4o
BHO, Insulin © 29 E{EE C-peptide 5 F+ ksl
gow, EERlA e ¥ insulin el C-peptide
= AGTRLR FWE o219, Cpeptide & (L&
fERel A glevt 29 mhlreRiEe] wagstsia
C-peptide = M g IR insulin M-S D
L8 FHEhe 22 8L € 4 vk Proinsulin®
DEL 58 BENARE B mpos SV
40, ffidk insulin €] 20% viwkel® w13 proinsulin o]
insulin ¢] $if8s} = Y5 FRRES sht LB
WFRE insulin & 1~15%el xu=x =l

ALge] BERE) A ) Copeptide HhH-& ksl B
ol C-peptide HB0] WHESIS | =3 C-peptide BsF
B HE(C-peptide_immunoreactivity =CPR)#:dl] &3+ #i
%] FraEstel el wtel g MY Migkel B FEu-ls
4871 EEs sln god, BERE C-peptide .

insulin? A9 FF KES 290 Aol uHAl
v}, F7ERgk wbst o] Ahehe] C-peptide amino B: 5
wh 50%7F fhEpst 23 =4 amino BEE 152
2 C-peptide sl #3 MmE-< HRENH £ A
2] C-peptide 8} 283 A& insulin 3} BEERY 22
RRES $=t)h vhwt —#7F A58 proinsulin o]k
proinsulin-like componant(PLC)$t XX RHES Holvt
BmRERES RS ZE proinsulin ol PLCE&
wWj-& o wg CPR-L C-peptide HE {AFdA Al
Daiichifitol A BEE T C-peptide BB RENE kit T
FiEste BT HESY Cpeptide S 283
382 ) BIBE JEIERAER AR A BOERR
REx% C-peptide BEYE &% 1.920.3, 3.93:0.6,
6.33+0.5 572+0.5 % 4.020.5ng/ml 24 insulin}X
s AY B #HE 1el:, insulin$ 305 A
BEES 29 KE CPR- 607l A Bel igEs)
insulin 2} A Jelyic}h, o)A & Kaneko®7} EF
ANA Rl 1.2 ng/ml, 6054 BE{EER 5.0ng
/ml, Block®%-& ZiErsrF 1.320.3 ng/ml REES
60501 A 4. 4-£0.8ng/ml 9] &R+ HEosgst =%
BEBRREENALS CPRe] Yo 1 Bffe]l 3%
BEME/ Ve JEIRRE % SRR A Rl A
= EREARS Kl #iithhe= AR £2:
o) okt ER 2 FelE BEsded REER 90
A & % glel A insulin KEES HBEY w3 #E)
S Vel gl insulin 3+ C-peptide 7} g e
A BHFELE S E Ripsl EFAAA &
EfEol ol 2 Eyflo] Bl ERFKBEINA insulin
5+ C-peptide RIES #Fho] 5228 —HeA 4L A
HEAE 271x 44F 4 U+, A insulinsh
C-peptide ) RBEMS 2R, insulin Bt ¥ 3+
BEA A MR insulin & RIS B8 =t BR
SRR SWRY #E KBS ZEH Folv, insulin
¢ ki KEEAT 9 4.859 K C-peptide & ¢
Aol A 10~11502 ¢#A Yo, =3I insulin &
Ko A Rg=le] B8 FMkes St F
A8 40~65%+ A BrER ez, FPEEA insulin
BEE KBRDEY B 3~10(57 AP oldd %R
2A insulin 57t 2Fak Einghd = ORIBEEFR =
giiglel FFA BERH BLE deoqivh Kl Cpe-
ptide & Bl A @7 deld ez C-peptide = K
gEAAL B8 A goul Tl BT BE
AAE EER 3¢ 4 9k

olElqt FHES Wik ¢ o= BE M =)
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C-peptide = KM e €S Rutd + d&$
¢etet. 286 C-peptide HilF-2 §igc 3] = insulin
St BBy TARES %71 dEd 53 C-peptide
PE-L insulin HHFE = BE L insulindl HIF T
87 47 insulin itk EEANA AL HFHSH proi-
nsulin = TARESL st EFACA C-peptide =
proinsulin f&(0. 2 ng/mD®] # 5~10f%cl® KEH=
proinsulin & 5~10ffel —REAYC = proinsulin &
‘CPR ¢ 1~4%‘:'n‘°ﬂ k=l 7] w] Fol 4 proinsulin 3+
RAREL 2 F1% BAStLE 2 M@ =ik B
#tell C-peptide lﬁﬂﬁ"l HRIRMY EfEe] Sl HBe 5
3l {EmiE e FATE B insulin BEEE
I insulin HiEEVE A7) BEANA p RSN =+ &M
HuiEd] fkslel WEME & insulin MIES VieRd o (i
RS Bolt BEY 2 € BEd FRIEA®, =
T EAEE BEAA insulind] Kt EmBEES &
BAA pHEY MEIRTZ ZESYsEul = C-peptide
£ EE A2 ool = BB insulin BRE R
Bl 25, BRIK ERETY FE™® KEkhx
Fhaee #ee FE, “bricde”R) FERRF BES 2B
Y insulin BRI KT insulin B RREAERRS
ZHAE FIAR 4 olvh EHEL insulin BEE
< BES HRor BEINGOY o LR ES,
53] insulin {35 W 9= B#E V] insulin TR
A C-peptide Hilgo] SEEsH c}.

EARGHEEEY insulin KEEH EEE vlxe H
FEA B 284 e Acze £ M3, BR
FRERE, RiE RREE AfER 4 BERTES
o] gleh. eVt ghAlel vt 4ol insulin REAl w3
= BEX AY #HHEnNd ZRJ e Aoz
Crockford®™ 3} Boy $9%0] #Eslgon EEEE
Biol vk el KT BFET insulin RIES(EE BiZs]
z] 239t thal Johansen®o| EiEFESl DR 8%
BB Ed A @oEamiaed ZERIA OFR
o 3l AE3HA insulin I BT #@EING:
dl, o] Bz o] B¢ HEAAE ARY insulin

3o gl

o Wtto] oz A4Eyy iEike] 42 2 Bl proin-
-sulin 8 A2 Swskd KEdl 28 BEAA:

insulin ol ®3H7) o Foletm mEAsIYvh R
insulin 73 2R olvlx &V A FHEHY =
Fol Rty 4 2=

Ingulin il 714 24 BEL 13 RFe
WAEEe) oldl BEstd A oo B thslel 34
o sl B IEH AN A SR insulin
B/t FRS T SRS EMEN S insulin g ¥ingr

-

2 19634 Karam™®d] fkstel ¢ @EART
2% Yalow® Perley & Kipnis®?®, Benedetti®” 2
Rabinowitz5%0] & O EER, tolbutamide # 5L,
glucagon % arginine #EKAE BT ALl A
insulin F o] JU#ER 9% gatgch. 2154 A
R ERREEANAR msuhn Susst Wt 8
314 t}26, Bagdade? = JEFEEES) insulin REA+
ﬁ%‘ﬁ{l HIBIBE S Bskod Karam %] 8 BEE

o BERDE A7) ER insulin KEE EFoE Eob
98 mmatseh. FESO BHEY 569 EEELE
2 Ash oS IEWEPSEERREERIA 8% =
FEnsel BEER%%S) insulin 3b C-peptide & BIER &
B o= JEEEE Mg HS RS Jugsed &
insulin MAE-S 2 4 slgieh B JREEMELIEH ARESH
ERE R AR A Y ZHEH insudin & %4 15.7%
3.4, 38.9+12.3uU/ml o] 3L C-peptide = % 1.9+
0.3, 5.520.4ng/mlel™, BEAMHEE 55 JRAEME
o # 1.5~25f% #Emetgch 233 JRRME 2
FR R s s R R A £ IRl insulin fE7F &
£ 27.1+4.9 2 22.1+7.9uU/ml o} 2 C-peptide fEe
9.72-0.4 B 5.22-0.4ng/ml o} MEEMHEN = o A
LIRS Hea ¥ 1.5~2. 0652 Einstel IERELE
EEe) A SEEWE BER sl mbEEr =4 S8
ol = F#3+3 insulin 3 C-peptide 7 EFATHE 2
oroh(as 33, 8 3, 4E). BEERRBERE A4 Y
FREER A BHEE gl HEBEYE + d
et

IR EAN A MiEEs EEdd = insulin 37+ 8
et ERER M-S MEeHA doh v Ll
L&A insulin BRREC] Bmstd BRNoEE =
vgesd EEEAES  insulin KHEel TR ] E)
Rabinowitzf®sl Salans®V%-& KMl A  insulin fF
Mol B3 WHE B RRIGASI A BREY B K
Fohn HEstdrl. Felig?%& RN & amino FEIfL
BT ol & Bl HEE ¥ Ao WMEHA oA
o) Sel = LAV ER BkiLy FE R AR EHT
BiEsl e el A A= ek Bl insulin TARA HT ™
325} FaEs Aol whel Beck-Nielsen™™%-& IEH&EHN
Al A insulin T4 2ot FEMEER A WO
w2} insulin KEE7L ETF5 el # insulin MAFS YhEb
WArpz kg

Cerasi®®:= HEWES BE kg ¥
g & BART insulin KESY BEE #12%5}e] insulin &

EAWMEIE AT

g A

0.35, 0.7% 1.4



t
23
|

Elrick®st Mclntyre®™ 3 Perley® & &

+ BogReRA %ﬁﬁ?&ﬁﬂ' FE 1o} insulin RIEC]
# 30~40% ¥ ¥rhe AL WSk BR BRI
MR iEEe &EBASHA msulmﬁi’la fasstelele 5
2o e kiR Wl E  insulin 4 WRE
#.2 Ay ). Goetz* & insulin W {2

[ 1£1 o] ;r$

=7

ey ‘1 BA BFREE L3 BREAN BT RAelet
FEol k3] |ESIG 2 -olvlE humeral agent 9]
?ir'khi FEAA Aoz stalel, Fiol o] #Hol
o}vt X glucagon®, secretin®® = panczeozymin®®
¢ ZolEta Au BETel WiEIG 77 Hst
e gt

ROEaT- # MiRES FEshedds wE
ol 2 —ErEEREY insulin 8 BT BRI}E H
iE LSl = insulin B9 miEEA HT HE BEX
fogEsE el #E cinsulin @me HER FRIE
insulinogenic index & B &7} B BENE 2BES <
9 #2 insulin @RS W& FHikel ek & Rl A
AR & BRABEFANAY mEER insulinf
7 % Cepeptide RS F£4FE 9 5 6FHENAH Re
upsl gl BREBEFHANA insulin 3 C-peptide HE
L A% 59,3+16.4uU0/ml ¥ 10.6222.0 ng/ml 24
ﬁ_ %%ﬁ"ﬂ Hall Agel Ebsglen. =R PREE

fhglol PEEBRKRBER EEd sl 2
Xl E_t "’-Fﬂ 2 KES R9x IBFT BE7T 0
Wikl oL HoEel M % EmstdSE bl g
=},

Seltzer® & Mm@ el #EE insulin @] K= F
7% = insulinogenic index & HIEste] insulin [ Ed]
A7 &8 o] index 7} H#Ry EMS insulin 5
Bred viebinix sgch, FERCl BEL £ BEH
&l E5RSP insulinogenic index(AI/AG)E E2=(ES
%, E7ED FERHRIEE AR, JFEREPSEERR
BER U EEERREEN A 3059 insulinogenic
index 7} &% 0.71+0.16, 0.342-0.11 2 0. 0620. 001
24 BREEED @2t 5T 2RE 2191 605,
905, 1204AAE ZRE £ + 2024, ERA
dl A= gl g insulin K[Eol <inlstel ihsl
EEERRAREANAE AY R gt 53 JEE
WH EEAS PEEBERRBER Aold insulinfd
o &7 9wl KEGE 28D insulinogenic index =
382 2ol insulinogenic index 7 ol EWT pHE
KRS FHESNY o AL 29k =X & B
E®Y C-peptide mdex(ACPR/AG,t 60550 A ]

o} e

Siz;if I &4 1.332-0.38, 0.4520.09 R g 0. 1910. 05
olz Ll{ﬁ’“ F3 XEET BEelel R
w5l A ik Hel A mEHEA o =A 904,
120%5¢l) ‘17‘:— 75,5. # #RE 2 4 ¢9irh Insulinogenic
index & MmFE{Ee] &S wons Sliter’™HE &
el muiell BRERCIMI: HIEO R corrected insulin
response(CIR =1-100/G(G-70)% &3t insulin &
ERES FRsta e

Les) &R o Bl A FHEE BopANARE
B R I 3l insulin 3+ C-peptide & HIE

% =2 insulin 3 C-peptide 7} EFAS BERKRBE
ol A Ffie RKEERES 2] C-peptide = MM
e Kpeste REZF siA =4 el insulin
L AR TS Bk

% W

xTo FEA Y ERFEEEAA insulin 3} C-pep-
tde o wEEEMS EHET Bmdlz =T el
insulin Kol 8L AL A4 134 EFEA 154
CEIR%E 104, W 54), FEEBRBES 2261
CERE#E 1369, BFE of) o BEMRKREE ofl,
H464S HEo 2 BOM BEENRRY KT &
arh insulin 3+ C-peptide & MK&IBEHE L2 HixEsto
chesl 2o ERE gl W&t vhelth

D 1048 FEFHEFAANAY insulin e =HE
Fr 9 100 gm iEHEEARE 30, 60, 90, 120504 &
£ 15.7+3.4, 48.3+9.8, 4.4%6.7, 37.4X6. 5 4
26. 0--4. 2 uU/ml(Mean=+S.E.)o] L C-peptide & &%
1.9+0.3, 3.9+0.6, 6.32-0.6, 5.7%+0.5 ¥ 4.030.5.
ng/ml 24 insulin 7} C-peptide % RS 29
I insulin-& 3054 BEEE e K C-peptide:

L 605l A BEES Bk

2) HEWEEITEE A 55 A insulin & £ % 38.9312.3,
59.5+12.3, 59.2:517.1, 56.1:£20.0 2 48.4+17.2
uU/ml o] C-peptide & £% 5.5::0.4, 6.8+0.5,
7.9-0.8, 7.920.8 % 7.8%2.0ng/ml EA JERCEREL
o Hsted el s wind-& 23t

3 13519 SEEFRGEEERKEES nRA ins
ulin& £4% 27.1:+4.9, 44.1%6.0, 37.3+6.6, 35.5
+8.1 ¥ 34.7+10.7uU/mlolX C-peptide & &%
2.7--0.4, 4.920.7, 6.520.5, 7.0£0.3 ¥ 6.7+1 &
ng/ml 24 FEEFHEEAF Hetd insulin ¥ C-
peptide 8] ZRE glov AAEE Bigsd 29k



—FBE AN T ERA D ERAEHAA Y] EOEARRE [ Insulin 5t C-Peptide & #WH— 29

O PR RS EERREE 98 A insulin - £
£ 22.1£7.9, 80.0-+19.3, 108.02-27.0, 62 0-17.
Bl 55.5410. 1 uyU/ml ¢]gl.2 5 C-peptide = 5. 20. 4,
8.0+1.0, 10.4%=1.6, 10.4+1.7 2 10.0%10ng/ml=
Al insulin 3} C-peptide [KJfo] JEATHEI S BHR R
JBED] s £4 TS % 4 o)

5) BIEHERFEE 9l A9 i insulin & 8 0%
‘3.8, 12.14+3.5, 16.8%+4.6, 19.6+5.2 2 15.0+5.0
uU/ml o] C-peptide ¥+ 1.630.3, 2.4::0.4, 4.1%
0.6, 4.0+0.8 ¥ 4.530.7 ng/ml £A insulin 3 C-
peptide 7} &£ BEES] WY o] & WRKAE
Foll A9 # insulin 2 C-peptide B, 123 “insuli-
‘nogenic index ¢} C-peptide index & ZHI #£5 B
R RS AEY RS #HEstd
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