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ABSTRACT

A Study on the Effect of Sangbaegpitang & Supungsungiwhan
on the Glucose Metabolism of db/db Mice
Sung-Hyun Lee", Se-Young Ahn", Ho-Kyung Doo’
* Department of 6th Internal Medicine, College of Oriental Medicine, Kyung Hee University

In this study, body weight, levels of glucose, insulin and triglyceride in blood and glucosidase
activity of the small intestine were investigated to determine the effect of Sangbaegpitang and
Supungsungiwhan on the glucose metabolism of db/db mice. The GLUT4 mRNA of muscle tissue
and the Acetyl CoA Carboxylase and the activation rate of GLUT2 mRNA of liver tissue were
measured by the reverse transcription-polymerase chain reaction method and by the vitro
transcription.

The results were obtained as follows:

1. In the Sangbaegpitang administration group,

(1) The level of triglyceride was decreased significantly and the glucosidase activity of the
small intestine was inhibited remarkably.

(2) The amounts of the GLUT4 mRNA in muscle tissue and Acetyl CoA Carboxylase mRNA in
liver tissue were increased significantly.

(3) Though glucose level in both fasting and non-fasting, were decreased and the insulin level
in blood was increased, the results showed no statistical significance.

2. In the Supungsungiwhan administration group,

(1) The levels of glucose and triglyceride were decreased significantly in the blood of
non-fasting animals.

(2) The glucosidase activity of small intestine was inhibited markedly and the amounts of
GLUT4 mRNA of muscle tissue and GLUT2 mRNA of liver tissue were increased significantly.

(3) The glucose levels in the fasting group were reduced, while insulin level was increased but
showed no statistical significance.

Based on the above results, our conclusions are as follows:
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Sangbaegpitang & Supungsungiwhan are thought to be capable of inhibiting the activity of
glucosidase, the enzyme which influences carbohydrate metabolism in the small intestine of db/db
mice(the experimental diabetic model) and delaying the absorption of carbohydrate, thus proving
effective on inhibiting the increase of non-fasting glucose level effectively. Futhermore,
Sangbaegpitang and Supungsungiwhan are thought to be capable of preventing the composition of
free fatty acids by restoring the production of GLUT4 mRNA of muscle tissues and GLUT?2
mRNA of liver tissues.

Those results suggests that above prescriptions can be applied to non-insulin dependent diabetes

mellitus in order to improve insulin resistance.
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(1) REKE

g M4 4 A ® % & (g
Mori Cortex Radicis Morus bombycis Koidzumi
E-3=03 .
Hoelen Poria cocos Wolff 7500
BHRE . . ) 3.750
A B Ginseng Radix Panax schinseng Nees 3750
LS Liriopis Tuber Liriope muscari Bailey 3.750
-7 Puerariae Radix Pueraria thunbergiana 3.750
oo . . . ) 3.750
-~ Dioscoreae Radix Dioscorea batatas Decaisne 3750
=3 .
o Cassiae Cortex Cinnamomum cassia Blume 1.875
Glycyrrhizae Radix Glycyrrhiza uralensis Fischer et. De Candolle
Total Amount 31.875¢g
(2) BENEE R
B Y h ¥ 4 L 4 & fi(g)
HETF Plantaginis Semen Plantago asiatica Decaisue 3.750
WELC Pruni japonicae Semen Prunus ishidoyana Nakai 3.750
¥ Arecae Semen Arecacatechu Linne 3.750
7 Cannabis Semen Cannabis Sativus Linne 3.750
kT Cuscutae Semen Cuscuta australis R. Brown 3.750
4+ & Achyranthis Radix Achyranthes japonica Nakai 3.750
g Dioscoreae Radix Dioscorea batatas Decaisne 3.750
1ig - Corni Fructus Cornus officinalis sieb. et Zucc. 3.750
OB Ponciri Fructus Poncirus trifoliata Rofinesque 1.875
57 Ledebouriellae radix Siler divaricatum Bentham et Hooker 1.875
B & Angelicae pubescensi Radix Aralia continentalis Kitagawa 1.875
K #H Rhei undulati Rhizoma Rheum officinale Baillon 9.375
Total Amount Abg
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7885 e C5TBL/Ks] db/db mouse(Jackson
Laboratory, USA)E %% 7ulg]¥ 4f#fe g
o] KK ERFES db/db¥IIREr, G
B BEEER HERES £4& SBPTH,
SPSGH#, %2y Acarbose bmg/kg/day ¥
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H EEE¥ 5uE ESEIA trinderilEE 1 E
ki, FEiEel M 184 M MEF % 505mmel
A BKESE WE EiEdiRs FIFS .

(2) M TR B WEE

mygrs dEfsisel BB S Triglyceride-UV
kitZ Fifstel MEsldth. Triglyceride(UV)
reagent A(ATP 04mmol/L, lactate
dehydrogenase 3000U/L, Lipase 3000U/L,
NADH 0.27mmol/L, Phosphoenol pyruvate
0.5mmol/L, Pyruvate kinase 2000U/L buffer
pH 72) 10m¢ol Triglyceride(UV) reagent
B(Glycerol kinase 16000U/L) 0.25m= {B&
5t sample start reagent® WHEUTL
Sample start reagent 1.0méol £8 m4 0.02
S ¥ 37CAA 1040 KIEAIZ & 340
mol A BAEE BESFAT.
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st7] A8 sl EEglol moused REEF
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Mg 10040 ¥ 3 Pl-insulin 20045 ¥
# 4T cold chamberolA 16 E<t
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E m3dla ©hA] 4C cold chamberol A 304
M oEOOHEI Y ERKRE RIIANA HBEd
# 7] gde A&dUES 7y -scintillation
counter® fEf 3l WESATH
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proximal, middle, distal® EZWKS 7123
RHEA A glucosidased] BEREM S WE3D
EHEES Bradford# (Coomassie-Brilliant
Blue G-250 dye, Bio-Rad)2. 2 st B
A REAEYE glucosidased specific activity
g EESEY. NE9 glucosidase B¥EW
ggel BN MT oldlY HLSE HKESH
At

D glucosidase BEZW S BliE

13:8# moused] ViR %0 NES £
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05M KCl, 5mM EDTA, pH 7.0)& Msts
polytron homogenizerE FIf o] HBEALT
5 20,000g0 A 3043 R EO o EESe] 4 vk
Bpel A BE S£EERS sk ®La
sk whAE AL ol A HEAEK
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T glucose-oxidation method (Trinder,
Sigma)Z WE s o

(5) RT-PCR#} in vitro transcription®] £
3 GLUT2 % GLUT49 mRNA&ES9 #1b
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RT-PCR

ko 228 guanidine thiocyanate$: acid
phenol extraction(TOTALLY RNA EXTRACTION
kit, Ambion) F¥kE& FIFSI RNAE 4
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FHoF 3l thermostable DNA polymerase
2unit, 1 X buffer, 200 #M dNTPs, 1Z2pmoles
sense, non-sense primer(& 33 50p)E {f
H3led GLUT 2, 4 —%4& BEsdd.

GLUT?Z upstream primer, 5'-TACCACCA
GCATACACAACAC-3'9} downstream primer,
5 -TCTTTGCCCTGACTTCCTCTT-3'=
mouse liver-type transporter cDNA sequence9
2 K@iz dx9sdz, GLUT4 upstream
primer, 5'-ACAGAAGGTGATTGAACAGAC-3'
%} downstream primer, 5'~-AACCGTCCAAG
AATGAGTATC-3'+= muscle/adipose tissue-
type transporter cDNA sequencel0E =
vzl Etey £ ¥ E PCR product® &7]&
£ % 561, 285 bpol it

PCRS 94TCeolA 30%7t denaturation, 5
7C (GLUT2%E 60T)olA 30%3} annealing,
72Col A 30%7t extension 303 RiEstx
72Col A 55 post-incubationdtsy <33}
Fom 1% ¥ A BEKHES T3 whiRst
k.
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BE EBRHERY #MITEMET SAS FA
program (SAS institute, 1990)2 FIf 3L
o, #Re FHy FERXE XRIIT
BREMFILT FRAKGY iR g& @&
& BWFESH7] B8 two way-ANOVAR #o#f
Ak & BHe HEMS general linear
model (GLM)¢] Duncan’s multiple testol] ¢
3 sl en, p<.05dM HAEMS BFE
sk ot '

III. BEEHER

1. f@ i #{hel Bz

GEM  fEE R % BEELE lean,
db/db¥fERE, SBPTHE, SPSGH#¥, Acarbose
BolAM &4 3.23, 7.76, 10.20, 7.08, 8.30g &
matdt}. SBPTES db/db Izt i3l 1
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HES BQI, SPSGHES HE By HA
< HAAY £ FH HEM Aol HMEH
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Ffol leaniE#F Al b3 TAANAM 9EARA F
A3 o] ®md % #MFEe HRg B
Ql Wit SBPT, SPSGH, Acarboseff-& 2>
TR S B Bt es BBE B 544
& BEYou FEMY BERBL/T #HESA
FktHTable 1).

Table 1. Effect of the SBPT, SPSGH and Acarbose
on the non-fasting body weight in db/db mice

Body weight (g)

Group — - - - - -
Initinal weight  Final weight Weight gain

Lean 23.8940.34° 27.11+0.14° 3234046
db/db 44181043 51.9431.04° 7765087
SBPT 41.18+068" 51.38+187 1020+1.30°
SPSGH ~ 4158+168° 49.38%0.79° 708£1.20°
Acarbose 43074057  51.37+052° 830£054°

Body weight was measured by weekly. Initial weight is
the value of 7th week of birth. Final weight is the value
of 13th week of birth. Values are mean*SE of 7 mice in
each group. Different alphabet means different value

significantly at p<0.05 by Duncan’s multiple range test.

2. M+ HEE B 2L

ERER MmpEe] A-$ db/db¥IBES [EIEA
{bst ol 7HEEAA SBEB/NAE ZHT B
S, SBEEA 13BEE A= M E
Mg BYT. SBPTH Y SPSGHIfANAE i
BEE A MR RS Holr] fAfE
8l lean, db/db¥fHER, SBPTH, SPSGHH,
Acarbosefifoll A 1284  ZEfEEE  mES
107.14, 464.00, 315.20, 344.75, 346.00mg/dL =
Acarbose#fel] 8] z~fH_SBPTﬁ% SPSGH#fe] %
Ay Bl&g mERTHEREE JeEhsig
(Table 2).

Table 2. Effect of the extract of the SBPT, SPSGH
and Acarbose on the fasting serum glucose level in db/db

mice
Fasting serum glucose level (mg/dl)
Group
12th 13th
Lean 107.14+12.36 758611265
db/db 46400+ 48.99° 3B4.20277.07°
SBPT 315.20156.88° 322.40t104.44°
SPSGH 3475+22.78 407.75145.5"
Acarbose 346.00+43.11° 227.00+23.34%
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Fasting serum glucose level was measured on the 12th,
13th week of birth. Values are meantSE of 7 mice in
each group. Same alphabet in the same column(each week)
doesn’t mean different value significantly at p<0.05 by

Duncan’s multiple range test.

JEZefEmE M¥ES] AS leanf¥-S BIZLMAR
dr 130mg/de JK¥ES A HEREEII oW db/db¥
TRRES ZWEHA ImpEe] Emste HME B
ach uvA SBPTH, SPSGH#, Acarboseff
M ik EmiEel db/dbRErRTh SR
A4S BIoy HEMYI FEUS HolA
%okt SBPTEEAIME db/db¥ T ] &)
115888 EF9 mERd 7 BHEIJo

EHo gz, SPSGHE: M Acarboseffol
A= 1158kl db/db¥ iRl v} HES
M¥ER A 71 22 A oH(Figure 1).

Non-fasting serum glucose level (mg/d}

105
Weeks of bith

Figure 1. Effect of SBPT, SPSGH and Acarbose on
the non-fasting serum glucose level in db/db mice.

[J; Lean, @ ; db/db, E ; SBPT, M ; SPSGH, # ;
Acarbose

Non-fasting serum glucose level was measured by
weekly. Values are mean*SE of 7 mice in each group.
Same alphabet in each week doesn’t mean different value

significantly at p<0.05 by Duncan’s multiple range test.

3. M+ FHEIE RS Bk

npjak SEol i hYEIER BES WE
Sl HE  lean, db/db¥EE, SBPTH,
SPSGH#, AcarboseffolA £ % 81%£39, 249
+434, 187+23.6, 120+£24.8, 211.5+12.4mg/d¢
ZA lean¥ BN bl db/dbBBRS 3fE

T A0 A2 §E 385 - (313)

LB #mEAAs, SBPTHIFH SPSGHAFS
db/db¥ffEBEel Heal &4 249%%F 51.8% H

FaA WA e #st g tH(Figure 2).
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Figure 2. Effect of SBPT, SPSGH and Acarbose on
the fasting serum triglycerides level in db/db mice.

Fasting serum triglycerides level was measured at 13th
week of birth(at the completion of the experiment). Values
are mean*SE of 7 mice in each group. Different alphabet
means different value significantly at p<0.05 by Duncan’s
multiple range test.

4. M Qe BEE L

bz ek Bl ZEjERy Mkt ded BEE
PES R, db/dbHERFS leanBH IR
3 6fF Ax =2 &Y BES JehdT
SBPT# ¥ SPSGH##-2 db/db¥tfEfto] Lhsh
o £ A0pU/me 0£U0/mM AT =& 2
dXE Jebd ¥3 Acarbosefif2 db/db#t
B Aol 2 Kite AEdXE YENY
21 tH(Figure 3).

230

150

Fasting serum insulin level {U/mi}

Lean dofon SBPT SPSGH Acaase

Figure 3. Effect of SBPT, SPSGH and Acarbose on
the fasting serum insulin level in db/db mice.
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Fasting serum insulin level was measured at 13th week
of birth{at the completion of the experiment). Values are

mean*SE of 7 mice in each group. Different alphabet |

means different value significantly at p<0.05 by Duncan’s

multiple range test.

5. /MBS glucosidase &M

/MBS proximal, middle, distal®] Al 55
o7 ol # ol TEE mmE
glucosidase &S H#gd]l R okl Sucrase
M-S db/db¥EREC] lean¥ @Rl vis] &
oy ko] HEEUL, £ HoME HEa
= proximal> middie> distal®] JiH°) Tk,
db/db¥fEFfe] uvls]l SBPTH-S B FKiGH: o
2 #odl AA WAk, SPSGHE: S
proximal#i 22 A & #oodA WA
Aoy Acarboselfel A distalifia T Wt
shar gimske el 2. SBPTHSY 4
- MBS Z sucraseifiM:o] & proximal,
middled| 4] & Foz @WAHRARZ iEHHol F
e distaliBHolNE o7t Wi SR, PSGH
Bl M= HEMSR EHEol & proximal #
gell M s HEERel Wil & |\oR #Eing
HFH - acasbose wHAMES  proximal, middle
WoydAMde <k #sta iEHel e
distal ol <kt WA sk o (Figure 4).

Sucrase actiity (umole of glucose/mg protein/30 mir
»
b

Proximal Middle distal

Figure 4. Effect of SBPT, SPSGH and Acarbose on
the sucrase activity in db/db mice.

[1; Lean, B ; db/db, B ; SBPT, M ; SPSGH, B .
Acarbose

At the completion of the experiment, animals were
overnight fasted and sacrified. Immediately the entire
jejunoileum was removed and divided into three
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segments(proximal, middle, distal) of equal length. Sucrase

activity was determined per mg protein in 30 minute,

6. MW A GLUT4 mRNA #EEa ¥
IS ©S

GLUT4 mRNA#® <2 db/db¥ffa#fe] lean¥
Rl b3l 55.9% #EA B o, SBPTS
SPSGH fhtidpel #%Ei=Z GLUT4 mRNA&E
o] HEFESHA sl lean¥ B Hu}
db/db#ER N A U =2 HiEE JYebdlA
t}HFigure 5).
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3

®

Figure 5. Effect of SBPT, SPSGH and Acarbose on
GLUT4 mRNA expression in quardiceps muscle.
(a) Calibration curve of GLUT4 c¢cDNA PCR products



- olAdE 4 2N BZELETR BEIAS el db/db Miced FERH@] mA = - (315)

(b) Effects of SBPT, SPSGH and Acarbose on GLUT4
mRNA expression normalized by £ -actin

At the completion of the experiment, animals were
sacrified. Immediately the muscle was removed and total
RNA was extracted, then specific mRNA was analysed by
RT-PCR and in vitro transcription. GLUT4 mRNA was
expressed arbitary unit which is relative to internal control,

B -actin,

7. FEAR#RON A GLUT?2 #EREOl 3+ &

Frifol el GLUT2 mRNA9 RS
db/db¥iiEff o] lean ¥FEHEA] o3l 256% Ll
E ®mstd ey SBPT# S db/dbf B T}
HES A WA, SPSGHEflME B
SHAl 18 st oh(Figure 6).
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oe
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(b) GLUT2

Lean db/db SBPT SPSGH Acarbose

Muscular GLUT2/ g-actin

b/db SBPT SPSGH Acarbose

Figure 6. Effect of SBPT, SPSGH and Acarbose on
GLUT2 mRNA expression in liver tissue.

(a) Calibration curve of GLUT2 c¢DNA PCR products
(b) Effects of SBPT, SPSGH and Acarbose on GLUT2
mRNA expression normalized by 8 -actin

At the completion of the experiment, animals were
sacrified. Immediately the liver tissue was removed and
total RNA was extracted, then specific mRNA was
analysed by RT-PCR and in vitro transcription. GLUT2
mRNA was expressed arbitary unit which is relative to

internal control, B -actin.

V. & &

A EKFR BFRE BESNA BdXA
T S-S KA ded swel B,
Froll A o] #Hi4ghE Bl #in 2 SR
Aol el Fol @EHE MRolt
12318

A= Ehitkol B3 Wi AHEY FEE
< pife s o3 mdeHimiEel
Ark, Aedell HI R MMk kS
HRTIDI FHHd Adede HwIx 2
am=ZAM gEmeEs EHJdedmiEe] FEEE
RE=S A= pMlE BIE Jed BZE
#g smiE 8BE e L BKksA g9
P olgld ded HpTES M ER
5’1~°ﬂ+ gAY el KBTS BAA
e REREY EBEE, 2Eds % 4E
FEAE HES Wl dv RERES of
A7 A FEA ] Bk A B AR k%t
o, fEf E JEed EhHES #Eksle
FERSEAN EREZ Bn2sE Jdedf
ol Ok #EsE FlHel BAdsles ERS
Gehd o 23714 R e mEw
K Qe EyIE W A 2 FAHY
80 % & EEshs Wiraes) FeRbE
A RedfEAY EERE W @4siedH
olF HEM WRiEe BEF BEio Jde=
Aoz FpE e

B B4n oS (db/dbmouse) = B
B2 4o f7E3}E diabetes gene(db, leptin
receptor gene)®| IS} FHIK TR fuiEd
el BAEez W £a, #WEHD B, o
sdENY, SY9EME, SMmE £ Alge
NIDDM# {3 R #E8S 7txez
AedEmdT FRFEA B HEYW oW
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of HHF BpE Loty BHmo R 4% 8
BE Dgols EER mkh Q&9 &o)
Wt o2 HAstE fAe veldtr &
g ogd IOl FEKHE AOR Holy,
ol o] WM LItk ZeiERy mEEe) Wit
@ EEIE e,

FERRS mpmames B ou mine &
BEol Helnl, WEEHS HHENED &Y
2 e L% BREERDANA BRY &
F7b Vehdy) gafEstel SRl oA B
7¢ EE 9o,
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Ne “ZEEmEzmen st FREBWEY
BT Mol FRSA EHW s Bt
o kel gua yn®, FiEe) AREBT
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A wgEstel A7 BEE A, Bk R
o7 BEWASAY, WAL, HIGKE, X
EA %, BN Hkol BAeDTL 89
o},
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i FA 3H A o

ZPgpe REEE'Y HRrY KEe &
Hoz 4 8fe) YR FELEol dow B
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RREEY ) foket e AWRW TEK
B st BHETS TRIBESE, A
%o HyFstd BEFK AWFEaT, A
Bo HHEMES Y BARE AR,
P4 RS e WL AR
3tm, mEL FHFee BALEM AEILE
ahm, LS HFEd BERAR HEIkRzsH
o, HEE FESY MPRR AN,
HEE HEste frkigs @ARmEEaa,

BEIEEAS BEAFY Hom S JM
o WY mAOE M 129 #EMmE M
Hol lom AR HEEME eREAE
2 3t: Aok I MEREme Fekeh wEES
AR R, ERITE HESS TAME
FERZAEEY, B2 S s ote] Bt
K MEEEEST, BTCe HEFESS sEE
kRS, BHTE FHESY |
SR EmAES Y, 4Fle TSt Em
A WA, Lge HTsY RIRAR H
filpsele] (LZEdiE EREEShe]  RTEENT
BRIS IR, RS I MEETESY) MK
T BRSEpeY, BIRS FHHES
FRER ke, BES FEiEste &5
RIR RS, KEe kA B
fEEE e

A g E ZEgpd #EEERS
g1 RS BES BA BN IEH W
K mouse(db/db mouse)dll A9 HikER %R
o iEME RS BzEstah

db/db mouse® HEHOZE Al w2
st pRESS(EE Holtd 4% 1M@A *
Wee pemEemst Jdehdr) fafFstel, 4%
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2~3EHE I BE7F Jebdz, 3MEA
Pgol e @RSzt BkEs BHE 2
ok MYk EERNE db/db¥EES lean
EEFel sl 7R ANA SREE7HR &S]
fadEo] ®id % MEFEs WES JEh
v}, SBPTHE I SPSGHH =% 2% HEH
e Es MR BBIEEN BHE Ho
db/db¥i BB =R E B, o2 o
g0 db/dbmoused] ESEE I EEM <A
3 S UXASE HERT & AHTable
1).

7ol MmiES SBPHE I SPSGHfE =
HAaay FEEke BEEA fgon) db/db
Haarol W3l mEE ®inrt MEEE @E
< R (Table 2), JEZ=fER MiEe SBPT
oA 950EsT 1158l  db/db¥tiERE ol
el MEE s HaS RYow, SPSGHAf
A= 1158l db/dbtBE S K A
& mpEE A 7 B oH(Figure 1).

A AIKER BWRFBFAN Udetvds I5E
Rt Rgogys BlsmiE, 53 &bl
MmiEe] 71 ®& #E2 Jeids, o3
SisE-S MR EY FE ARETY
s fEMSt Rt DEES B 23 5
RS LMmEREGHAES Bdd &S 7|
;:(_151_1,32)'

M s E S SBPTH T SPSGHRE
o] db/db¥ffEfEel Hasl #£%& 249%9 51.8%
2 HEIA B olEA FRAaKBH
BREIEEAC) EEMLES BHEANE FA
ol sty FEHY I EFHEES de
AEpikol AEIH veld Aoz |
tH(Figure 2).

—ikm e 2 db/dbmousey= 8~ 12iAE =
£ golsdmiEeR NI JEARFiMS
Boltlrt o Li#gdE m Jded REZ
BA =l 4% 8EHA #itkdls &I A=
Bz kg #Ee o,

SRS HEE 13BEe e B3 &
sdMmESE Wal FEe Al &#Es
Fol 2d&ed HkEo)l M7l MAlESHE B
#iolct. SBPT#H T SPSGHEfANAM m A&

D A0 A2E Y 383 - (317

B Ehv olE W ®EVL R
< BAATE fHEEe] o, M
fefh BEZS 2A BAAIIE ASE B}
RS WAoo R EEAA AEAHW
< 'EJJIJ/\W]J-, olgi3l A& LS (THEAF
< @Es bR LsEE RS R IE
s BAAA KEfdAe Jded K
S ke g dE™ 45 WEIREE
2 #ag + ddFigure 3). 2, o] 3
fEfEO] FAAA diaidEs Mg ZHAl
s EF%‘W} o]Fojxjor & Aoz AFEET
sUIEKFR BERFE 7Y BEQ
f%ﬂzﬂ“ ﬁglﬁoﬂ wiEE FEEC B &
g3 RiES] REfSe HE4EE &% RFREW
mosdmiEelth. EK{ES B HME
HESE @ —glucosidased] 93] A HE
BGERS Wako s sl g Bk
HA A wEtA MEA e -glucosidase
£ WEiske] Rk HEEEZ O EiRg
BrILSbE R HmEES HHE & gt
Acarbose® /B @ -glucosidase®t Bl
-amylase®] A Al ®  lysosomal
acid e« -glucosidased disiA = @S HH
fEe 7HAE ez #HEgn g =
3 BEEAE mouseo] ESHES W BY
distal #Fo N4 sucrased H¥Eol HEhsIHTH
3 wEEA L, ERAKY RE H3 mouse
NNE e FERF HEHAQD
A HEEol M= db/db¥I S leanfifol Lt
o) EEFR iEMEe] & EfrolAl ol U
3L, Acarboseffoll M= EF HARERSE

_ 28 proximal, middle #42] #Efol st

T distal #5452 sucrase iEHEol WA AT
SBPTE A M= HEMOE sucrased &K<l
& proximal, middle oA & Zo=2
ﬁ/}\ﬂ‘iii EHEo) 2 distal #o AT B
FiEEe] 3 WA sIA Y. SPSGHEF A &=
proximal #4& A e middle, distal 5
ol & sucrase {HiEol R L3 2 8
oz #me W A FooAe db/db
R 2o} BEESA WA H(Figure 4).
ol H#RES BI FRAZXEI BAIREN
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o] /S proximal, middle, distal #7r Alol
o] FETE3lE o -glucosidased FEMS o]
ZHEge HMRE MIHAIA R SMES #H
g = de AeE Bedd. a8y FH
LB #REIHEAT T2 BEAEME R
H HEe o8 HHeEL Hovo EEE
=24 WEYT & Jdonw I FHEEy
MBSl fEEC] mEe] e A= ¥
o dFAME FENY W dojof &
Aoz kgt

AesHIKFT HRE BEY FE KRE
BN S KRN JdsdER
o2 F2 HAMEAKINAY Jd=ARE
Zo 2 W #BASe Aoz gzl A
oA o]d JdeHEMMS dodle ENA
oZE el ZREY WA ZAE e
% MERN BEE B 5 Jded, ®EY A
WERE &2 (glucose transporter) Bel B
Aol (K3 HEE KRR BEE BRI
W wp o0 pgolut MR ol Al
HEE K2S BEEsles %2 GLUT4=
A db/dbmouset} streptozotocin(STZ) i
B moused] MHAMBEANA GLUT49
mRNA ¥ REH &&° o] HEHU
o ®3 db/db moused human GLUT4Z
overexpression? Z1 moused] A M#Ee] WA
32 st GLUT4Y #wrl J&d it
He HEAZ & oo HRIAT.

K WM E RAEEBI BEIEEALY
wEl 2 (A3 fisiel GLUT4 mRNA #
gHo] #bE AHB oz A Kify A& KR
Mol HHE WL EIA=AE B AT.
db/db¥ HBFEL  lean¥ BTl k&l GLUT4
mRNA&E©] 55.9% WA st od RAELBH
BEIEE N FEEdAE GLUT4 mRNAZ
o] EEEIA Bmedow, lean¥ N Xo
T 23Y w2 #HEE JeldAcH(Figure
5). ol¥d WRIZHEH RAEHY BEIAK
HE GLUT4Y W= Wal d<sd Kol
e e E k¥ AS$ GLUT4e #ES IE
#HokHE e 1 plEog EEAgerAs <l
SUEPTS HEAL 5 A A2 BE
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Ho @ o] #E7F GLUT4 mRNA #EEE
EHMOR HEE vXEA olyd UE B
Ho 2 mmEs FET HRE NG MEY
FEFRAA o B Bige #io] LIS Ao
BRtd ok

WA= gl B FakE
FIFS #Hzfe KEXRdYs  glucokinased
sl FEE T, WA FASe) WaiikieiE
d GLUT2® #&pEe mAS g 7
##HS #EEIE KERolth GLUTZ2 EHEA
o} EMEFol Hrfgel AW W AMiEA
2 HEREY WAl ¢EHo Sl A&
W7 dojuxl A H¥, A=A W
2 Fete HHENE ekl WAHA %
Stal AR Y  glucokinased RIEKREES)
WA Eol frolAMe BEftEel #mstA =
ot wElA GLUT2 #Ee] s KRB
A BAIRES eI BREES I o=
Hs EHEMIQ B Eive 2E 34 B 2
ol BEo] HikEHE Rz Azrdch

& WoEe &FE EREIERA BEFA
GLUT?2 ®m= [Hal fFeze #zast Aol
$HEgrol s BEESHA wmEe #HRne
2 FF MMl HERTAC) MRS YE
o #zamel WEEZE BAEol iEng miE
< WAAZ RAes Hmd & AR Figure
6).

ko EHmERESS HF68 w dv/db
mouse®| A SBPTH A= ik fEiHS] BE
7} GEIA EAsd e, B glucosidase
o] Mol MIFISE  FAMHsEe GLUT4
mRNAF ] BazEst #in, oA acetyl
CoA carboxylase (ACC) mRNA#&E 9 RAZE S
Wt BlEggE R ew, EiEky - JEEiER Mk
& WAsAI, P ded EWhsts HE
L Byn ol2XA FEEFHS db/db mouse
oA Jded Efik mkE oz He &/
meE 2 ZfEmiEe] e T &S 1
Ae Aoz FEEY, oz mi #ige
MA@ -glucosidase® S HESS
A A% A mEEEmE RS, A
gk A o HHZHE WoziEd GLUT4S] #EE
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tlo

1E

3k

KHE e 2 Db kHECE [EE A
o 2A el EHMS HFES AOE
w3
22 SPSGH?@FOH/H—-— My JEZ2fERE M
Wi Ak BERES] BECE AESHA A

3, /M glucosidase TGt o] FIel 45 AR Rk
9] GLUT4 mRNA®S BEES et ird
ol GLUT2 mRNAES BEEI ot
WEE Ao K e mAstda, M
Jede Eiidte EHRES HIATh wEkA,
HRIEE FLS db/db mousecl A °‘€rﬂiﬁ?ﬁ
el ik olz I mmiE 2 @fsrmiE
Aol £ wHe A AR FEHY,
o] H &t JHH S-S EEANA @ -glucosidase
EHS HETOZN A% 2Ws mbEEn
E W8k, At Mol Hah &
B (GLUT4S GLUT2)Y S ke
;e L LAE KHESE [OIEAIFHOZA s
A EMES HEY AoE HHT = A

M)

5 d

2

MY

V. ¥ W

FZAEZGY WEERA] db/db mouse?
FEARE PR ES MUs] dstd 8B
T B 2 mh HER el hikigls
BE, /DB glucosidased] EHE 55 MRS
I, WE-mARE  dEKE(Reverse
transcription-polymerase  chain  reaction,
RT-PCR)# in vitro transcription FIfst
o] FiAMH#ES GLUT4 mRNAS FAH&kN A,
GLUTZ2 mRNAY #BES WMES HR oS
I 2e e v

1. Z2AEEE REFAIANE mhy i g
Bhel st BESIA BASHn, DB
glucosidase T&EPEe] BEFESIA HHIEI o,
MIPAERR GLUT4 mRNA &9 BE%g #Em
7} B Q). 2oy - JE2ER M W
b HmS, M JdeEde B HEe By
O‘Jr METEY RS HEIA g

2. WEEHE N WA= M JEZEfER
M FpiERsel BEZT FESIA B s
A3, PE glucosidase iEiEo] BEZSHA W
HE o, WP GLUT4 mRNAE ) Jf

fifk GLUT2 mRNAE<S FAXS st #
ZE ok E£e, ZIERF miES B EEs,
mH dedd #Bm HES Bgoy Mits
K AEke RaEEA &g

Lol EHERRRAN ARG #EIRK

2 HEY BREEA db/db mouse?l
ol A A by kol BIERStE B
glucosidase 1EHS st Rokibpe ®
WE GEEAIZoZA R#% MELNE SR
Fo 2 Mflsha, AHAAHsE GLUT4 mRNAS}
GLUT2 mRNAY| S BIEANALORZA, IF
HEEREES) SRS WEIStY ded EiiK
& HES e el JE A= Eﬁ%ﬂcﬂ
&Y JERFE BRIK thEel & wES
nd Aoz Fpec)
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