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A&AQ] At 18T uded 5ol
Aga Aol e e 9%
Fggtn o#He Y] st

Age  WEE - ual - ABA - olMY
A = 4 &%on Leahy 5" 4842t St 300 mg/
dgze] ¥FE FAF dFHNA Erdo|
G ZA Jded oEH Uk (DDM ek Qed FHukgo] AAES Husit
insulin dependent diabetes mellitus)3} B]2]&A] 3 Kergoat 5 nEFHAA AedS F
H(NIDDM, non-insulin dependent diabetes oléled PGS wATozHN Al FEIV)
mellitus) & 2 F & 5 low olE9 Y F AAsEtta Basdrh. Rossetti 57 &
28 54L& n¥delt. 2¥2LE IDDMAM = A4EAEE =T TuFAA, Blodel TO&
ol Bul7} BZslo] wralsln], NIDDMo] A A A F o streptozotocin STZS Foldle] Fx3
= UxFAQAY Qlegal AIAJ 7idstes NIDDM =4 #F ojjA{, phlorizin o2 3= 3
oz daiA Advk FEAZI oA Qledd et 23] dulxert
Aded Adgold LxzAAM Adeds 3 EEE Bastgdh Kim 9% 1g9e] ¢
Eavt FA A vlAA] Fete AFE wahH =d Ao Fo3 fEdAsn e
ojo] WAV H L ofAE B AFAEe] w4 "5 1FeA AR old At Kt
o] dide] Ha Uk wHxzA e Aded AHF o adedFTe ded A E fdste A
4% NIDDMeA gt ohvjzt yabd g = o7 ButvEa glon E3 nd<h ¥l
¥l F 24EA 42 IDDMoAE A AgE, By 2 A AR M F8
stz oz A Yok g ZEEEI dha 4 A ol5L syndrome

gHo R lgdl AMgde yHdE& EE] XE2 gHsrle goh”
g1t} IDDM oA sk o] olzz9l Hglow 2221} Richter 59 FAAQ A& ]
LAAstE e AP B g2 AU 71e e 7H e nd@dol dud AdH
¥ o] Unger?t Grundy”7} nd@e] <led A o] gl Avtn st o, Laury 7L 4
P M F8F A Aelgtn 74 At ¥R aledFo] FAHASY Qe
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28 Be AN n¥IH 194U B
W2 Yol ¥z TEDE AS s
e Aesgen gzl 255 o4
o DEFL FAR R Aoz 4Ye A
Aetel s AeAQ FEE & WA 2 A
o gk

2AA B AFNE A
99 194U

9.
=2
BAsEAE BAGT 1

& STZ T4 =
G523 IDDM 243 W mdtazt A FEAA
A&He 2 n¥3H AedFE FA% = A

o7 4R ¥} Z3HA|(glucose polymer)
E 847 A& Fojdta] AL el =4
Al A n¥ZY nJEdFTE A& e

Table 1. Chain length of glucose in the glucose polymer

hypetinsulinemic euglycemic clamp 7] & A}&-3}
A Aed dVES ZHotd AEH AP 2

33 nQledFe] Y2 B

Mz oy

AYEEL Sprague-Dawley & HF $HL
AHgEATh 2Ee 3 dxE, 229 F
A TP B STZ B
Aot

EIE% 23FE 92 Aberdeent] 3w o3}
& Maughan G E2RE 7|S%e AoZ 20
% £A2 USe] 90 9A] W o3& 5A]9] 23]
AAN A% 100gF 1 mle] §Fo2 8 A 7
TR B3t ExT FEAY ExT =4
< 39 19 Zoh

Glucose Glucose

chain length % chain length %
1 11.2 11 1.3
2 12.9 12 1.0
3 134 13 0.5
4 8.7 14 0.3
5 9.2 15 0.2
6 10.1 16 03
7 7.4 17 0.3
8 38 18 04
9 22
10 1.5 >20 0.3
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Fig. 1. Changes of blood glucose and plasma insulin after glucose polymer ingestion.

Iz FTEA Fo Fo ¥ZH A F
T H3te O¥ 13 Zo] B B AT ¥
o)A 140 mg/dl F =] AF n¥FL KA
doH, ded T AAME Frete 3A3
oA tha ZHAdte AFE Holu oA3d] 1l
¥ FHE FAAT olHF HES XET
oz BR3I}E § Ade E Felnh

STZ F=He s8¢ A7 A A%
kg"wd 50 mge] STZ(in citrate buffer, pH5.4,
Sigma Chemical Co, USA)E B E FAled
FEIFHLr STZ B 8 4 Fof 4P L AA
skt

EE A¥FES H4¥AY 2F SAIRH ¥
T FRoH HAEE 24 84 AFo A3}
Artt. AHEEL pentothal sodium (40 mgkg
BW) & E3UE FAste Az 43
9] 3R7] FNE FHE37] A3t 71# A
€ AlAAct v E Aol FAIz AE
Y3t7] fjstd AP FEL] F9H 2= & &
A st A FAE AT 49 AFHE

tlo iy ofX

fote] AYSEL Bz o 9F M
9 HRg Ahetd dEFHE =23t WA
0.4 mme] Tygon wbeE H#AEFern A&eddy
ZEY L PAYTAALY FUE Ao 2
& ZA 9] WA 04 mm Tygon tubed A4F3)3}
Aok AlE #& A A HME 250
U/mle] heparin §H4 02 sjgom EAL 9%
AEe Ase d9 ¥B&d ¥d os IA
o}

Hyperinsulinemic euglucemic clamp 4l¥

Aol RE A AP 27 B 208 F
o IFE FeidA HHS AHIA T2
(basal state)e] gro 2 3l FiAle} o] 7
&S A8 A3t ZxdHe 4
AHE AFE X AE 3-H-glucoseE 4 pCi FAL
& oL A&He= 02 pCiming $E2 AT
s Ee dedH &4 FH3Ad Jded
& gz Adsd F4se AR &
do| A FAFHE= 2L WAFI] #3to
bovine serum albumin (Sigma Chemical Co, USA)
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= 2% FER HREIAh Aede] vee
T AR nFsded A 0w ede
FUAEEE 1.7 mUmine & stefr] 3 A&y
FEE AP $£39 70 pUml FEE /A
A e e 60%3FE 34 mUmine] £%
2 Fdsted 83 ded Fmub Hd FE

3

< infusion pump(IITC, USA)
Aad wRAA L7}
A& & 50, 55, 0% dHFH Awd

3P BAUse] FEES 2P0 st
Eu R

iy

(Glucopat, Japan)& ©]-8-3F Glucoscot(DIC, Japan)
2 WYY $EE 2PN oY YA
2 %Y ERT g% 29F Uein doje 57
A R8st ¥4 100 ple cryotubed]] HobA
A& 29 el AN ALY A0 BHD
20 pol @3S AAAHBAF7E vialo] Hol

AZ71(60 ClA AZAZ F 100 ple} EF
=

o

z
o] =9l v} scintillation cocktailS o] oA
A 4 7] (Rackbeta, LKB, Sweden)& AME E 9
P25 =E F3 sl steady state glucose
specific activity® A4ttt A5 Ay
N FaE W95t S EUT F
A3 AAT e 23¢9 AYPAEFel
FHAZ & Al Fstavh A3REE 29
o AHZ AT dAHd d &4 750 plg
ERov REFH Qe FYLHo Qe
o AZAQ A e e e <
< 7NZ4Hd st 5 % e aE 2

=

Fefol wEkd 20 % EEFRA
pump (Minipulse 3, Gilson, France)Z
Frede FU&5EE S4RY 710E 249
ol A@Ho g zAsgon g fxE 10
mg/dlE ZEZ st &Y F 30408
BE o o 293 5 Alo]d] #3

A = dAsHA FAHRNS
7 3 AL el (steady state)@} &3

o

oo o

L& SSPI (steady state plasma
insulin}2} 3l @& SSBG (steady state blood
glucose)zt kvt HHFE 7 fAE 50, S5,
6030l 250 prg =0 A S N A, Ad&wd
=

2
2 A EHEAETEE S ot TUALE

2 7ol FAA LS T HIAALHE §4
3t7] A e FA & A 24 #30e] )

o ARZ A

eHAEn ZH Mg AN

Z A & (Ra, glucose appearance rate)<
Kergoato} Portha” 7} | kst ofefj o] F-4& A&

srof A4ksie T

3-H-glucose infusion rate (CPM/min)
R.=

Steady-state value of glucose specific activity (CPM/mg)

BEAHAM = FTAAER)TF ZTHYER)
o] 2enw YHdEE Il TAAER 3
Hom @9 mgmine] HTh o] uwl steady-
state value of glucose specific activity & &%
A EEE 2R UFE o g qvt
¢ 2 A A & (hepatic glucose production rate)2

TH o2 A s

¢

o

do

)

AL = BAEE - 5T FUEE

2A17t E<9he] glucose-insulin clamp A3 o] ¥



~A %A A% nd G nolEd o] A& AP @
¢ AF 24 AT soleusE S H &3}

o dAALRAN FA RASGITE Gdd
sx9l FdA=  A<(incorporation)®  3-*H-
glucose®] WA EFEE F T0o W w

2 Z4 skt

Q&8 BEE PlLinsuling o] &3 WA
o Z3 ¥ (Coat-A-Count”, DPC, US.A)o. 2 A&
&

AdE47 s Ha@d BELAE Yo
o, EAAQ A 2] Student t-test® P om &
)5 95 %2 sttt

Z AE e AF(e)e F 29 o] FAAR
oA 1987401912 TR FHANTL
185+6.9, STZ Bind< 175+4.70]Qt}.

FEA (mgd)e 2Ty 22T F
A& 217t 88843 85+4.12 xtolst ¢
o} STZ @& 33348828 A3 Zrla}
fot 1Ely 8% dEdra@EUmh)e £E29
FTHALC) 41972 Ko Aol U
BT 34£2.000 st 73 %ol 3d

xzo
3L

Table 2. General characteristics of experimental groups

o STZ Jhaade 23+£27%

05).

AAES FH3I

742819 THp<0.

Asted  EH(mgd) S

100 773 hyperinsulinemic euglycemic clamp

71 &

i

E@EUm)E &d
ol A3 =Tl

m A2 A
34 mU/min9]
leie Bl
AE e
24 7 7

Tl

(oo 32 off ox off
lo m

q

T
H

2o

ol

i

27} ol A2l Q&
15700692 ZHa

e Ay

oA 33& 10201]/11 104/\}0131% %gﬂ

Zol&% 1.7 mU/ming]
73+1.60|0 0 IR
A 2ol 71+328 F T Aol Fo]r} ¢l
age] HAY. '
£eg P 2479 5 ds
2840-+107.30] 4 o1
2840+66.9, STZ% iz

[e)

i

flo

Aol 7t glglem

5 Eoll L@El‘}i\:}
o2 Z33 Bl A &(mg/min)
TrolA A4
°] 1.91£0.1431d] M8 = FFA ol
3} tH(p<0.05). ©] &) &t
A4 FEAME vlgtrix A

=

ox ox fr M

1

2l

%

2 To] 4324046018 HFte] EET F3HA|

[«]

L

A

2.84+0.11302 ZH4&

L
.u.

5251 u}(p<o.os). STZ
oA ] FAAELS HY <)
2.2540.3322 4 Atz

g FEAA
Hlﬂoﬂ #dAs) &

Control GP STZ-DM
BW (g) 198+7.4 185+6.9 175+4.7
FBG (mg/dl) 88+8.4 85+4.1 333+-88.2% #
FPI (uU/ml) 34£20 44+9.7 23+2.7% #
n 7 7 5

Values are mean+SE. GP: glucose polymer.

STZ-DM: streptozotocin diabetes mellitus. FBG:

fasting blood glucose.

FPI: fasting plasma insulin. n: number of cases.

* p<0.05, vs control: #p<0.05, vs GP.
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23 H THp<0.05). o] AF= £ o] IDDM
Ql STZ FixellA ¥t oflet =9 FA
TAXNE A&d Aol TSNS S & F
‘;l%M.

BRGNS 2T FY & (mg/min)y A

A el srAdAAE Az £
= o] Zkzt 15540222 2 1.32+0.187§1\1
fog a7t gl eyt Ad s=o A&
ME 403101059 344102382 F=Y ﬂhﬂ
Fol M A3 tHp<0.05). STZ ZxFel QA&
Y AdsE FEAA HI3H 22T Fd
£°] 1.08+03002 AHANZF vldted A3
7281 TH(p<0.05).

FAA &I FFUALY Aol ZteA Y B
A3 &(mg/min)S A A&d =AM 3
Az Exd FEAlTo]l 036+0321 ¥
0.29+04702.2 {93 zole ot Hd%E
= FEIMe ERTF FHATLl -060+0.
19902 FANWZETY 0.25+0.1179 ¥ 3t &

8HA AR tHp<0.05). STZ HaTdAE
A FE9 J&d v=oA e ZAYR &0l
1.17£01730.2 F A2 vlgte] F7t3f U
2 th(p<0.05).

2A]7ke] hyperinsulinemic euglycemic clamp7}

B T FAZ oA ded FYAR
49 ‘H-glcose2| &< F33 A7 X 49
2th

o] FEAFEE ATdAA feld zolvt
RAov; TAHZY BUAFEE FYF dERTo|
0.937+0.0509% 7} Bker Exd THAT
o] 0.822+0.05522 folg Aolw gldey Z
A3te Aol on STZ FFe 0.70840.
08912 fejdtA ZA3ATHp<0.05). FZ 2o
A FhA=2 FAE ‘H-glucose?] F(CPM/100
mg tissue) soleus= ¥} UZRA oA X% FF
AT B3 2ol fed Zol7h A
o STZ Bade B5 743 th(p<0.05).

Table 3. Steady state data of blood glucose(SSBG) and plasma insulin concentration(SSPI) during hyperinsulinemic

euglycemic clamp

Insulin infusion rate (mU/min)

34

Control 1

SSBG (mg/dl) 103 + 0.7 102 £ 1.8

SSPI  (uU/ml) 73+ 1.6 2840 + 107.3
GP 7

SSBG (m/g/dl) 104 + 14 102 £ 2.7

SSPI  (pU/ml) 71432 2840 + 66.9
STZ-DM 5

SSBG (mgy/dl) 103 £ 1.8

SSPI (pU/ml) 2940 + 234.8

Values are mean+SE. GP: glucose polymer.

STZ-DM: streptozotocin diabetes mellitus. n: number of cases.
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Fig. 2. Glucose disappearance rate(A), glucose infusion rate(B), and hepatic glucose production rate(C) during steady state
of hyperinsulinemic euglycemic clamp study in control, glucose polymer (GP), and STZ-diabetic (STZ-DM) rats,

Values are mean + SE. Blank bar means physiological insulin level and black bar means supramaximal insulin

level. % p < 0.05 vs control.
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Table 4. Glycogen concentrations and the amounts of “H-glucose incorporated into glycogen molecules of the soleus and
the liver after hyperinsulinemic euglycemic clamp study

n Soleus Liver

Control 7

Glycogen (mg/100 mg) 0.937 + 0.0509 1.470 + 0.0876

*H-glucose (CPM /100 mg) 3037 + 182.9 2569 + 1141.0
GP 6

Glycogen (mg /100 mg) 0.822 + 0.0552 1.448 + 0.0655

*H-glucose (CPM /100 mg) 2928 * 246.6 2938 + 985.5
STZ-DM 5

Glycogen (mg /100 mg) 0.708 + 0.0891* 1.576 + 0.0028

3H-glucose (CPM/100 mg) 1657 + 101.5* 1325 4+ 584.9*

Values are mean+SE. GP: glucose polymer.
STZ-DM: streptozotocin diabetes mellitus. n: number of cases.
* p < 0.05, vs control.
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-Abstract-

Effect of Persistant Mild Hyperglycemic Hyperinsulinemia
on Development of Insulin Resistance in Rats

Yong Woon Kim, Jin Hyun Park, So Young Park,
Jong Yeon Kim, Suck Kang Lee

Department of Physiology
College of Medicine, Yeungnam University

Taegu, Korea

The effect of persistant mild hyperglycemic hyperinsulinemia on the development of the insulin resistance
in rats was studied in vivo. Also, the characteristics of the insulin resistance compared with the insulin
resistance of STZ diabetic rats. Persistant mild hyperglycemic hyperinsulinemic rat model was produced by
ingestion of glucose polymer for 8 days.

The glucose disappearance and infusion rate was measured by hyperinsulinemic euglycemic clamp technique
at steady state of blood glucose and insulin levels. The clamped level of blood glucose was 100 mg/dl, and
the clamped levels of insulin were 70 pU/ml (physiologic condition) and 3000 pU/ml (supramaximal condition).
Hepatic glucose producticon rate was calculated using measured data. And the glycogen synthetic capacity of
skeletal muscle(soleus) and liver was measured after 2 hours of hyperinsulinemic euglycemic clamp study.

The glucose disappearance and glucose infusion rate in glucose polymer group was decreased in the both
physiological and supramaximal insulin level compared to the rate of the normal control group. The rate of
STZ diabetic group wase lowest at supramaximal insulin level among two another experimental groups. The
hepatic glucose production rate of glucose polymer group was decreased compared to normal control but
increased in STZ diabetic group.

The glycogen synthetic capacity of skeletal muscle and liver of glucose polymer group was not
significantly different from normal control group, but it was markdly decreased in STZ diabetic group.

These results suggest that persistant mild hyperglycemic hyperinsulinemia may induce insulin resistance, but

glycogen synthetic capacity is intact.

Key Words: Insulin resistance, Glucose polymer, Hyperglycemia, Hyperinsulinemia



