SEOFEEE(A], The Journal of Applied Pharmacology, 7, 335-341(1999)

db/db OFFAOIA
Ol A -

T38| &

otk -

=57 -

sioizist 2 9 7)Mol
Hyp

vAsloElaL ) o, ofate)a)

Blood Glucose Lowering Activity and Mechanism of Supungsungihyan
(SPSGH) in db/db Mouse
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Abstract-Antidiabetic activity and mechanism of Supungsungihyan(SPSGH) were examined in db/db mice,
which is a spontaneously hyperglycemic, hyperinsulinemic and obese animal model. SPSGH and acarbose
were administered orally for 4 weeks. Fasting and non-fasting serum glucose, glycated hemoglobin and trig-
lyceride of SPSGH treated group were all reduced when compared with those of db/db control group. At 12th
week after birth, SPSGH increased an insulin secretion although statistic significance was not seen. Total activ-
ities of sucrase, maltase and lactase in SPSGH treated group were not significantly different from those in db/
db control. On the other hand, sucrase and maltase activities in acarbose treated groups were increased. Effect
of SPSGH on mRNA expression of glucose transporter(GLUT-4) was also examined by RT-PCR and in vitro
transcription with co-amplification of rat B-actin gene as an internal standard. Muscular GLUT-4 mRNA
expression in SPSGH treated group was increased significantly. These results may suggest that SPSGH low-
ered blood glucose ascribing to upregulation of muscular GLUT-4 mRNA expression.
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Table I. Crude drugs and their amount constituted in Supung-sun-
gihyan
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HLRi] F Plantaginis Semen antago asiatica 3.750
Decaisue

A =24~ Pruni japonica Semen Prunus ishidovana Nakai ~ 3.750

B i Arecae Semen Arecacatechu Lenne 3.750

Jii. 4= Cannabis Semen Cannabis Sativus Linne 3.750

% %21 Cuscutae Semen Cuscuta australis R. 3.750
Brown

. . Achyranthes japonica

£ B Achyranthis Radix ) 3.750

Nakai
. . Dioscorea batatas

(I % Dioscorea Radix , 3.750
Decaisne

WU ZE 8 Corni Fructus ornus officinalis sieb. et 3,750
Zucc.

= .. Ponci ifoliat

¥l %% Poncid Fructus oncirus trifoliata 1.875
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. Siler divaric

5% B Ledebouricllae Radix “.<" dvaricatum Benthan | o,

et Hooker
‘ . . . entali
W i Ang‘e icae pubescensi Artalza continentalis 1875
Radix Kitagawa
& # Rhei undulati RhizomaRheum officinale Baillon ~ 9.375
Total amount 45.0
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Trinder kil, glycated hemoglobin HbA, kit, Trs, Mg-
Cl,, CaCl,, BSA, spermidine, DTT, DEPC, Trton X-
100 52 Sigmarl, AMV reverse transcriptase, DNase,
recombinant RNAse inhibitor(rRNasin), random primers,
dNTP, tNTP, T7 RNA polymerase &~ Pro-megaAl,
RNA extraction kit= AmbionAl, Tag DNA polymerase
= Boeringer MaennheimmA}l, ¢1€% radio-immunoassay
kite= EIKENA}, Bradford A]2F(Coomassie-Brilliant Blue
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438199k PCR sense " antisense primer:> Bioneert}l]
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1100, EYELA, Japan), Microcentrifuge(5417R, Eppend-
orf, Germany), Photographic system(SL-5, UVP, USA),
Refrigerated bath circulator(RC-10V, JEIO TECH Co.,
Korea), Rotary evaporator(NE-1, EYELA, Japan), Shak-
ing water bath(NTS-2000, EYELA, Japan), Thermal
cycyler(PTC-200, MJ Research, USA), UV spectropho-
tometer(U-3210, Hitachi, Japan),
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glycosidase B4 &2 #8 AMEslolom, LEdpSA
AAEEE 245 A8 A THEAS -70C 3
Fale] BHAE & RNA FEAAM-sgE

deiels A

1) HYE T 5 £H

oreldw oA 92 FHE 5,000 rpmell A 1087 A4
2elsle] -2 Jrhy = F=E glucose-oxidase WHE-
of 7124 Trinder (Trinder, 1969)2.2 2313},

2) EHUE ol&tl 55 HE

12573 whg2e] qrelAwlo A o2 gH-E 5,000 rpm
ol 10 E7F AR sl d2 A JeHe=E
AP 999 (Johnstones} Thorpe, 1987)°-% &A15} v

3) HolE G5 ML 55 §H

12579 w9 A2 Re] FEAIL] HAS Hg F cation-
exchange chromato graphy"{j (Schifreen 5, 1980)2.% 2
ARt

4) BE ML 55 FH

12579] vl RE FEA] FAE FHT F 5,000
pmell A 1087 ABe]sle] - PAlolA FAANRS
McGowan 5] ¥he] HYH HWYHMcGowan &, 1983)
& AHsled 24sisich

5) 22| glycosidase 24 ZAM

1252 npiell ] AHT 24E 3 $elA Al
2 AHB|AL 4] o)A FE-E e Zo|E A TEE
74744 proximal, middle, distal®. FH3l] 7} FEHE
glycosidase E-AE AZsigc). 24 24, 7 B8 84
AL 7)) ukg-AlH  glycosidased] FAr FAE A3}
G o] whMaAl=Ee BradfordHd (Bradford, 1976) 2.2 &
Adle] w] whilalel olycosidase®] specific actvityg 7
Abslgdet. AAke) glycosidase EA) AR} A 242
olzll2] ®PIH (Rhinehart 5, 1987) 22 AAs}sict.

S g A AFE AAT §F A
(0.5 M NaCl, 05 M KCl, 5 mM EDTA, pH 7.00%
7}8Fed polytron homogenizerE o]-&3}q A EI F
20,000 gollA 30 £7F AAEElEle] 4L A Fe| Al
w43} GAL Jlsle] AR w4 3
Agel Al grE 7HE F 3,000 el 40 27 2
Adejsle] Q& Aeds Fadog ARgsiin

50 mM PIPES buffer (pH 6.8)lA4 2 Biol i
%= o|wrF (maltose, sucrose, lactose)s 7|AZ 3o &
Sl g 37°CA 30 B7F uRAIEE R E
714 F% 30 mM, & 3 200 ). E2vRe A 5
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2% D-glucose= Trinderd 22 &4t}
Reverse transcriptase-polymerase chain reaction(RT-
PCR)Z} in vitro transcription

Glucose transporter mRNA®|] A& internal standard
s} &7 RTI-PCR# in vitro transcription Hgel ofsf 4
A&+ Th(Horikoshi =, 1992). ZF EX S Z¥E] guani-
dine thiocyanate?} acid phenol extractions ©]-€3t Cho-
mezynski 59 ¥PH (Chomczynski®} Sacchi, 1987)2 =
RNAZ 22|35t

#2]8k RNAE DNase(DNase 50 umit, rRNasin 20
unit, 50 mM Trs(pH 7.5), 10 mM MgCl,, 5 mM
CaCl,, 2.5 ug BSA, £ 53] 50 uhE 37°ColA 607k
22l 8le] genomic DNAE A A3t F reverse trans-
cription  HF$-(AMV reverse transcriptase 10 unit, 1x
buffer (50 mM Tris, 10 mM MgCl,, 0.5 mM KCI,
0.5 mM spermidine, 10 mM DTT), random primers
05 pg, 2.5 mM dNTPs, rRNasin 20 unit, % 3
50 & 37°CoIM 60 £3F AAEte] DNAE P
o},

A% cDNAE F3® dd Tug DNA polymerase
2 unit, 1xbuffer (10 mM Tris, 50 mM KCI, 1.5 mM
MgCl,, 0.1% Triton X-100), 200 uM dNTPs, 12
pmole®] sense®} antisense primer (& H3 50 u) =
AHg3te] GLUT4 cDNA dF-2-& FFsigdc}. o))
PCR &8} 272 94°CellA 30 #7} denaturation, 57°C
oA 3037} annealing, 72°CllA 30 Z7} extensiong
303]) ¥HEBRIL 72°Cell A 5%7F post-incubationd F 1%
g A A7]4FE 59 sk

GLUT-4 upstream primer2 5-ACA GAA GGT
GAT TGA ACA GAC-3¢} downstream primer 5-AAC
CGT CCA AGA ATG AGT ATC-3'= muscle/adipose
tissue-type transporter cDNA sequenceZ 722 Tz}l
aem ol AAEHEE PCR product?] =71 77t 561,
285 bpel%i ™} Sense primer?] 5 wero= T7 RNA
polymerase promoter (5-TAA TAC GAC TCA CTA
TA-3)%F GGGAGA A2 ME& EoIA FFH
cDNAZHFE| RNAZ} AAE Q=5 St

ZZ% (DNAZRE in vitro transcription ¥H3-(T7
RNA polymerase 10 unit, I1xbuffer (40 mM Tris(pH
7.9), 6 mM MgCl, 10 mM NaCl, 2 mM spermidine,
10 mM DTT), 0.5 mM rATP, tGTP, rUTE 12 pM
tCTP, rRNasin 10 unit, [o-*P]JCTP, PCR product 3
pl, & 33 25 uhE 37°ColA 6087F At in vitro
transcript® A 8lgvl. o] 4.5% denawrated poly-
acrylamide gellA] A7]ejE5e] Relalelnt. A4S A2
£ A7l ) lEa A Ae) BE A gk AS
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A=t
SAHRZ

EE AgAne] BAXEE SAS B4 program?- o]
sgos, dse B9 BEAAE BANIT, 252
o] Folo| whE of3F ZEs)7] Y& two way-ANOVA
2 BAEE) 7 Z7ke] F2)A-S general linear model
(GLM)®] Duncan's multiple testel <3l W]33}s3.om,
p<0.0591M T35 Zgtede).

dEdy A IF

Alo] M E H MSJe| Hsat

T o Ao] AL lean, db/db HHET, 4E<)
g FoJT(SPSGH), acarbosed-®] 2.2 77} 3.58, 6.94,
5.80, 6.27 g2 A8 FolgolA] Tl H& 1.14
g ZFA3) Al acarbose Fo T2 vlEFl vls) 0.67 ¢ 7
A3l

4 F718) A& Fo 5 AT HIHE AHEE lean,
db/db |2, SPSGH, acarbosewd] == 7Zhzb 323,
7.76, 7.08, 8.30 g S7}8le] HxdEel vl F1F 4]
A& gke] Zagl Ao vlHskd AR FoiFellA AFo]
745 7k pepAgIAEE ER ] frolH el ol #
Z=A) ket db/db HEFE lean W2 vl § 5=
N 10 F7HA] FAE] AFel F71E F A= A
Vel Hbd, AlRFeE AA 48717 B8 MM
AzRH 7 Zrlslgdet. o] A% A3} SPSCGH: &7+
H A A4 A7 Aa} AF 571 50] Pkl
o 4 it
EZE 55 ‘

FEA g db/db R A9 AFe) wWElel zho
8 FolAM 105771 FA% 71 e 290 1050
12 F7RAe FAH e AR velligiet. SPSGH T4
MMz AR Fo 254 dF 733 B el Az}
slod 1258 FEA] FL lean, db/db WHET, SPSGH,
acarboseTd] =92 107, 464, 345, 346 mg/dIEA A|E
Boj oA @&l vlEl 119 mg/dle] ¥ 73 Eat
vfeht acarboses} W52t 2714 HES qEpio

Ul FEA] Hr2 lean, db/db HEF BT A8/ 5
gt 2149 Aol vehix) ¢lgkort SPSGH Foi7dh
acarbosecl| A= 11579 db/db )&=} v)EA] 25k o
2747t #AE QI chlean, db WEF, SPSGH Foi,
acarbose T4 4=0.F 126, 640, 577, 611 mg/dl).
ol&dl 5=

B AgeA 125¢] 5] 59 el FEE
A3 A3 db/db THETS lean HET] Hl& 6w F=

2 olg¥ FEE VEPYT SPSGH FFL db/db

B o

Table ITI-Effects of SPSGH and acarbose on serum insulin level

Serum insulin (uWU/ml)

Group T
Lean \ 26x11
db/db 125435
SPSGH 155+46
Acarbose 133+36

Fasting serum insulin level was measured on the 12th weck after
birth.

All data are mean +SE. Lean, normal group; db/db, diabetic
control group; SPSGH, Supungsungihwan-administered group;
Acarbose, acarbose-administered group.

A F2Zel Bk 30 pUiml AE = oA AE viehd
HbH acarboser~E FwdlETd A9 ZE 9] =¥
25 ehliglck(Table ). ©] 23 SPSGH: ks ojA
oz oleRlHH] &3 S el AR AlEEG
223} vl wA] fo)F ]l Afoli= HolA| F3it),
SalEM A s

2 AN AR Fof uR2Fe| FEEYL FEE
2X )2 A7} lean, db/db Y|F, SPSGHE, acarbosed
9 2o zkzt 7102, 11.4+1.0, 6.9+0.6, 10.820.9%Z
SPSGH F-o37-2 AA} diz273) v|5=d 459 333A
AAE Jepd WbH acarboserE FeHEFEG <7t @
£ oEE dolont fo4-2 elsivhFig 1).

oli= A|BFojFollA FEA] drdo| FhAast Adelw

Bleod glycated hemoglobin lavel (%)

Lean dib/db SPSGH Acarbose
Fig. 1. Effects of SPSGH and acarbose on blood glycated he-
moglobin level in db/db mice. Lean, normal group; db/db, di-
abetic control group; SPSGH, Supungsungihwan-administered
group; Acarbose, acarbose-administered group. All data are
mean & SE. Different alphabet means significantly difference at
p<0.05 by Duncan's multiple range test.
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Fig. 2. Effects of SPSGH and acarbose on fasting serum trig-
lyceride level in db/db mice. Lean, normal group; db/db, dia-
betic control group; SPSGH, Supungsungihwan-administered
group; Acarbose, acarbose-administered group. All data are
mean * SE. Different alphabet means significantly difference at
p<0.05 by Duncan's multiple range test.

Az ALR AEFHOE Hido| FAFNLE XA
o3t dgEA Y= T FuiPyF] oMbl F =5
of & £ gl A= 7=,
SuX Y s

B AFA AR T mRETe] Ho F PR 5
=2 AL 23} lean, db/db WFF, SPSGH, acar-
bose?] &2 T 77l 8244, 249443, 117423, 211x12
mg/mlEA lean HZFol ¥]|3] db/db W2 39 o)Ak
Z7}5 92, SPSGH Fol-> db/db sHEFo| H]&
51.8% frelH oz A AaRS FI3A(Fg. 2).

o] A=EHE] SPSGH= ZAYHFZ /WA ZH-

Table III-Effects of SPSGH and acarbose on intestinal sucrase

activity
Sucrase activity
Group - - -
Proximal Middle Distal

Lean 13.4 75 54
db/db 254 220 13.6
SPSGH 244 184 14.7
Acarbose 28.5 254 10.2

At the completion of the experiment, animals were sacrificed.
Immediately the entire jejunoileum was removed and divided
into three segments of equal length. Intestinal segment of
individual mouse in each group was pooled, homogenated and
its sucrase activity was determined by nmoles of released
glucose per mg protein in one minute. Lean, normal group; db/
db, diabetic control group; SPSGH, Supungsungihwan-
administered group; Acarbose, acarbose-administered group.

o] ST QAEW T o] JEHAFA ] A
o] Q71 Az} opdr} o AR
2&9| glycosidase &4

B Ao M FFL7) ] 2AdelA B FrE A
= B o] oA AR $dled ARE FoF F 4
A% proximal, middle, distal®] 72 Zeolo] o FEo=
L] ZF g3kl o) gFe) A3kEAe) glycosidase B2
¥ sl Hgiet.

Sucrased] 7% db/db HEFeA lean HETHEF A
FE 25 F4 BAo) F-=HU T (proximal 24, middle
3ul, distal 2.54)), 24 F-E EL FAY =UE
proximal>middle>distal?] £=o]¢iv}. SPSGH Fo3T-¢] 73
4 sucrase EATA o] proximaldl A= S7FEE vk
middle?} distal F-$]oll M= H2Fel Wls) Pt &
#H acarbose 2] 7% distal F-E2F ALlsl FU)E=
7Aske] FARGTH(Table TID). A)S Fodz-e] 79 Abdj=]
22 gsucrase?] Aol & proximal FEelAE Rl
vls] £ Feo®2 1%l wbg, acashoseT proximal,
middle oA 2f7H IS BAde] Ah2- distal ¥
Bl M= o7t s

Maltase?] ZA-2 db/db EF0] lean HFEZET} proxi-
mal, middle, distal AF-EA 2 v A= o] FrhEY
T qucrasedl= vl 2 7+ FRHe] Aol H7]2= proximal
<middle<distal®] £°]31t}. SPSGH Fo3Fel*= sucrase
o] 7¢-¢} w7 RAE proximal F-E£5t A|L]EL Pz
Xt zhasledet. Acarbosede] 79 Al F-EolA A
uh 0.2 maltase o] F7IEHET, 53] distal -2l
M= db/db HEFEE A8l 271l (Table V).

Lactase B2 a-2E 713 wlpsls 48t Zaels
2] db/db HEFE} ¥lA] SPSGW H  acarbose T

Table IV-Effects of SPSGH and acarbose on intestinal maltase
activity

Maltase activity

Group

Proximal Middle Distal
Lean 228 239 238
db/db 374 396 478
SPSGH 579 173 341
Acarbose 424 408 763

At the completion of the experiment, animals were sacrificed.
Immediately the entire jejunoileum was removed and divided
into three segments of equal length. Intestinal segment of
individual mouse in each group was pooled, homogenated and its
maltase activity was determined by nmoles of released glucose
per mg protein in one minute. Lean, normal group; db/db, diabetic
control group; SPSGH, Supungsungihwan-administered group;
Acarbose, acarbose-administered group.
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Table V-Effects of SPSGH and acarbose on intestinal lactase
activity

Lactase activity

Group Proximal Middle Distal
Lean 2.93 2.49 1.36
db/db 3.57 341 2.96
SPSGH 3.26 3.61 1.55
Acarbose 3.81 3.91 1.85

At the completion of the experiment, animals were sacrificed.
Immediately the entire jejunoileum was removed and divided
into three segments of equal length. Intestinal segment of
individual mouse in each group was pooled, homogenated and its
lactase activity was determined by nmoles of released glucose
per mg protein in one minute. Lean, normal group; db/db, diabetic
control group; SPSGH, Supungsungihwan-administered group;
Acarbose, acarbose-administered group.

oAl Aol & vjehfA] Wskeh(Table V).

IE7F glycosidase FAJ-S WlwE AASS 39 =2
W, db PRTL Jean o)) BlE] &4 AER A Bh
o] AT BT FS SPSGHEAME &
F A4 (proximalel A distal7}A] §2l)e] db th3Fol] B
8] sucrase, maltase, lactase =F EAdo] f7HY 7,}5‘*_%}03
o}, Sucrase®] A% db HEFF SPSGWTS & EAs
AL 61.0(+$1E nmoles of glucose produwd/mg pro-
tein/min)ol| A 57.5%., maltase?] 78-$- 1,248904 1,093,
lactase®] 7% 9.9 4 839_1 yehgdol, o] 75374-‘:— LN
Z=718ko] 42 glycosidase Aol =4 ofgko] gl

160

140
120
100 '
80
60 -
a0 -
20
0 .

Lean db/db SPSGH Acarbose
Fig. 3. Effects of SPSGH and acarbose on GLUT-4 mRNA
expression in quardiceps muscle. Lean, normal group; db/db,
diabetic control group: SPSGH, Supungsungihwan-administered
group: Acarbose, acarbose-administered group.

Muscular GLUT4/ p-actin

+& 9u|3h}. 9 acarboseTollME 4 E4o] = &4
o] ©35]=] db HEFel vldl FVlEe ARE HAFr
. ol gl A gly0051dase°]] g 7hsk Aa]zhe-e] A
Habd oz g ghijzle] wige] e Ao| opdrl
Enitad
TE=E0M GLUT4 mRNA %50 Chst E"P

£ AP ME SPSGH FEE9] Foiz 3 1827
2] GLUT4 mRNA @_—ﬁw S {;_hm]-‘i__i/\-] ahz o)
= Aol A L dEEEAE AR} dbidb
o 2Z-E lean ﬂLm;Loﬂ H]&] GLUT4 mRNA%] 55.9%
A48l evt (museular GLUT4 mRNA/B-actin mRNA,
db/db HFEF; 415, lean WEF; 94.1), SPSGH FEE=]
FZ Q8 GLUT4 mRNA"J"] tﬂztﬂ_ﬂ-oﬂ H] EH &7
37 Z7lsld e 2318 lean WEFEY} ¥ HAE )
el gl muscular GLUT4 mRNA/B-actin mRNA, SPS-
GH 150.1, acarbose; 21.8, Fig. 3). ¢] ZAANZHE SPS-

H &9 Foi= GLUT4Y Z4= s e A3

/‘4 Jo] WA= EH GLUT4Y] S AAE E& 1 o]
Abo g BBzl o s ol AL MAAZE 5 98
Aoz A=Y, 9fSF SPSGH 4—%%] GLUT4
mRNA H&e]| AHQH 22 °Jgkg 7] op ol
714 el 2] P =HI A= LJ- ddllﬂ A=}
QAL FHE Ao}

2 =

SHEAFT 7)2" fBEUER ALE db/db moused]| 457}

B3 T o AR ol Zo)

A, 5 2 9FHA I, R,
e} tH_]ﬁ’-ﬂ] B} 4] -rr»P-‘ﬂ-—i 7l

A, $F7E FRA TEERA TERSEA
2l GLUT-42] weo] Z7l8l A o2 Hoel 4~¥E4v]3e]
el |4 2nfpdAe] Sole we dFETT
W Zrke sl WA} pad AL AL

FHA)

ZMe| e

2 A7 97 TR ATRIIAK 23 "/‘“7%
-°4 A AFA AdATalel s g3
olel ZtAHE =R

11>'|_

T2

IR, B R, H K (1992). A0k o] Strepto-
zotocin £ 88 B MR v &&= 3, A 5
=57 15, 397-413.



db/db OFRA0AM =S50 |8le] Sekis) 24 3 7T 34

&{E8 (1994). = 0K 712] i BREE v A2 £
LGS B, RERFELEEE 15, 429-442.

B 5 A (1990). 50 E T8k £ & # ] Streptozotocin
THEE FEY gR s v X= BE ERES
6, 500-503.

S5 5 (1990). EREe] Alloxan # 5 A B MiES R
WEE v = R AL, KBREREIE 5, 77-88.

AR (1985). Wigol BAET HEHMWRE o] KK
mouse?] fUHARAE U)X = 28 M &, BREAER X
Bz

o] H &k (1997). Hth i o] fEA2E B ol ab-2 7k il 35 A
Bk o] MERE A D Fol A& R, A R H
&4,

BRI (1990). Mnik 04 o] #ER Y v] 2] = Rl B
BT BEE, whARE ] =, RERRER R KB
B8 3% 51 (1991). B % % @ 8L o] Streptozotocin % £ H R
o mAER v A& B8, BEREE AR E 14,397-

399.

FE (1994).; RERE, A<, mlE, p. 508

Bradford, M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Arnal. Biochem. 72, 248-
254.

Chen, F., Nakashima, N., Kimura 1. and Kimura, M. (1995).
Hypoglycemic Activity and Mechanism of Extracts from
Mulberry Leaves(Folum Mori) and Cortex Mori Radicis in
Streptozotocin-Induced Diabetic Mice, Japan, %2 33k
115(6), 476-482.

Chomczynski, P. and Sacchi, N. (1987). Single-step method of
RNA isolation by acid guanidium thiocyanate-phenol-
chloroform extraction. Anal Biochem 162, 156-159,

Dunn, F. L. (1990). Hyperlipidemia in diabetes mellitus. Diab.
Metab. Rev. 6(1), 47-61.

Garvey, W. T., Huecksteadt, T. P. and Birnbaum, M. J. (1989).
Pretranslational suppression of an insulin-respon-sive
glucose transporter in rats with diabetes mellitus. Science
245, 60-63.

Gibbs, E. M., Stock, I. L. and McCold, 8. C. (1995). Gly-
cemic Improvement in Diabetic db/db Mice by Over-
expression of the Human Insulin-regulatable Glucose
Transporter(GLUT-4). J Clin Invest 95, 1512-1518.

Hikino, H. and Oshima, Y. (1985). Isolation and hypogly-
cemic activity of Moran A, a glycoprotein of Morus Alba
root bark, Planta Medica 159-160.

Horikoshi, T., Daneberg, K. D., Stadlbauer, T. H. W,
Volkenandt, M., Shea, L. C. C., Aigner, K., Gustavsson, B.,
Leichman, L., Frosing, R., Ray, M., Gibson, N. W., Spears,

C. P. and Daneberg, P. V. (1992). Quantitation of thy-
midylate synthase, dihrofolate reductase and DT-diaphorase
gene expression in human tumors using the polymerase
chain reaction. Cancer Res 52, 108-116.

Jo, H., Hardy, R. W. and Mcdonald, J. M. (1991). Regulation
of Glucose Transport, Diabetes 15, 1-4.

Johnstone, A. and Thorpe, R. (1987). Immunoassays in
Immunochemistry in Practice 2nd., Blackwell Scientific
Publications. London, pp. 246-254.

Kissebah, A. H., Alfarsi, S., Evans, D. J. and Adams, P. W.
(1992), Integrated regulation of very-low-density lipopro-
tein triglycerides and apolipoprotein B kinetic in NIDDM.
Diabetes 31, 217-225.

McGowan, M. W., Artiss, J. D., Strandbergh, D. R. and Zak,
B. (1983). A peroxidase-coupled method for the colori-
metric determination of serum triglycerides. Clin. Chem.
29, 538-542.

Muekler, M., Caruso, C., Baldwin, S., Panico, M., Blench, L.,
Morris, H. R., Allard, W., Lienhard, G. E., Lodish, H. F.
(1985). Sequence and Structure of a Human Glucose
Transporter. Science 229, 941-945.

Nathan, D. M., Singer, D. E., Godine, J. E., Harrington, C. H.
and Perlmuter, L. C. (1986). Retinopathy in older type II
diabetes. Diabetes 35, 797-801.

Rhinehart, B. L., Robinson, K M., Liu, P. S., Payne, A. J,,
Whetley, M. E. and Wagner, S. R. (1987). Inhibitioin of
intestinal disaccharidase and supress- ion of blood glucose
by a new o-glycosidase inhibitor-MDL25,637. J. Pharma-
col. Exp. Ther. 241(3), 915-920.

Schifreen, R. S., Hickingbotham, J. M. and Bowers, G. N.
(1980). Accuracy, precision, and stability in measurement
of hemoglobin A, by "high performance" cation -exchange
chromatography. Clin. Chem. 26, 466-472.

Trinder, P. (1969). Determination of glicose in blood using 4-
aminopheazone as an oxygen acceptor. J. Clin. Pathol
22(2), 246.

Weigle, D. S. and Kuijper, J. L. (1997). Mouse models of
human obesity. Science & Medicine, May/June, 38-40.

Zeil, F. H., Venkatesan, N. and Davidson, M. B. (1988).
Glucose transport is rate limitintg for skeletal muscle
glucose metabolism in normal and STZ-induced diabetes
rats. Diabetes 37, 885-890.

Zhou, Y. P, Berggren, P. O. and Grill, V. (1996). A Fatty
Acid-Induced Decrease in Pyruvate Dehydrogenase Acti-
vity Is an Important Determinant of -Cell Dysfunction in
the obese Diabetic db/db Mouse, Diabetes 45(5), 580-586.



