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Abstract
Background: The target of the treatment of metabolic syndrome and diabetes is an improvement of insulin
resistance. D-chiro-inositol (DCI) plays a role in a phospholipid mediating intracellular insulin action. In the
previous studies, the urine level of DCI were decreased in the diabetic animal with insulin resistance. Some
clinical studies showed that DCI improved a glucose level and HbAlc. Therefore we studied the relationship
between DCI and glucose metabolism, especially insulin resistance.

Methods: To investigate the mechanism of DCI affecting the glucose metabolism, we examined the effects
of DCI on 2-deoxyglucose uptake, gene expression of adipocytokines and AMPK pathway by using RT-PCR
and western blot in 3T3-L1 cells.

Results: Insulin-stimulated 2-deoxyglucose uptake increased in DCl-treated cells by about 1.2-fold (relative to
the control) and was inhibited by phosphoinositide 3-kinase (PI3 Kinase) inhibitors (Wortmanin, LY294002)
and AMPK inhibitor (STO-609). In Western blot analysis, it didn’t show the difference of phosphorylation of
Akt and AMPK between DCl-treated group and control in 3T3-L1 cells. However, DCI decreased the gene
expression of resistin in 3T3-L1 cells.

Conclusion: DCI may involve other pathway of insulin signaling, but not PI3 Kinase and AMPK signaling
pathways and it may be useful in managing metabolic syndrome by improving insulin resistance through
increasing glucose uptake and decreasing resistin relevant to insulin resistance. (KOREAN DIABETES J
32:196-203, 2008)
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D-chiro-inositol (DC< ¢E=2] A% A 2 5 &
Asls AE A EZZA] glycosyl-phosphatidylinositol
(GPDo] Q1A sl f4 (phospholipase)oll 212l Zali=]=
QA Fe] shfoleH?. ol AIE W Q& A4S wisl
3= QXA E wkAE|glon] nAR}EA (non-oxidative)
gl Ak} (oxidative)ZHE Q] HISEEARNE A9 pyruvate
dehydrogenase$} glycogen synthase2] ERIARSLE- f-53t
o 195413 G RAIAA A vilEe] sk A
o] HbAE o], ulnut AR¥ P =l GKFH el
2427k &M ko] 7H4” 9l arsialol| Al 2] DCIS)
A Aozt Qo) Frlsiglom, ~EANE 2. g1k o
3 FolAl Fol A] Fddo] A= Zlo] Hars|gleh.
w3k QeI o g IS4 4 o] ulisro] Zhamwo],
Sl el ze] AatAlo] Ae-S AABIAF . 1A
DCI®] Fol7} Qlaalxe s MAAZ oA a2 QIgt
B WA A Y s e Adwelzick
71&8] A75< DCI 7o $2] Aol thgh ZlEo]
o, AA e oA QeI gl Hofsl

A

£ QIAETe] nkel] Tist AT Fe] =Rk wela,
ATAGE DCIS] TE o, <ldel AedD 34
ol EA | E71eITle] el dlalAl ol S8 2

A= elsEsict

T W= U
1. A7 M=

Total Akt®} phospho-Akte] ¥E*4E New England
BiolabA} (Ipswich, MA)ell4] 1%} 2, WortmanninI}
LY294002% Santa cruz BiotechA} (Santa cruz, CA)Z5E]
TI319ek. D-chiro-inositol- (F)Hle] 2 554 (Daejeon,
Korea) 2 2HE] Alg i} o]e]e] BE A9k Sigmart
(St. Louis, MO)®] AlES Tslo] ARg=}ich

2. MIZEHHQF

A= 3T3-L1 Q7 AMEAAIES: (American Tissue Culture
Collection, ATCC)E o]-88l3iom, o]&52] uljeke oju] 7]
<5 Whgg ol goldeF?. AARS 93 viAE 10% S-EH
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A (Biofluid, Rockville, MD)ell 25 mM glucose, 3.7 g
NaHCO3, 10 mL penicillin (10,000 UjmL), 10 mL streptomycin
(10,000 pg/mL)e] 33F Dulbecco’s Modified Eagle Medium
(DMEM, Life technologies, Grand Island, NY)< A-23}
Rem, A4 wiekls 29 3Ygupe} HFslod Alchel
oF sk wiekze] 2= 37CE fARI M, 95%2]
Aka8t 5% 9] ol iRtk E FFEik

TCl
e

3. ZEY 0|2E (Glucose Uptake)

2-deoxyglucose (2-DOG) °]&-&5 FA37] Il i
< 50 mM HEPES®} 0.1% AMite] =7 o2 el &

ST
2] &2 (essentially fatty acid free bovine serum albumin)

o] F3}5 41414 DMEMoI] x5} 52 E51 &

Alekas, DCIgE vhe Aloke A7F 3 A3 A 241705 Fot
ook A EEd o] F& FAskr] AHell AlE= 37CollA
HEPES-buffered Kreb 24 (KR-H:NaCl 137 mM, CaCl,2H,0
1.85 mM, MgSO47H,O 1.3 mM, KCI 4.8 mM, HEPES 50
mM)SZ Al W APsigiel. a5 $ oF 2027 2 mM
KR-HE “d7Fslo] miksigivt £ oFs A2 A 025 mL
1.8 mM 2-DOG (Amersham, England)Z 1057} 713t &
2DOG olg-Ho] Al Aoz ekt x5 of
=8 Z8s17]96N, AEES ice-cold KR-HE Al ¥ A%
& HEEE 0.1% sodiumdodesylsulphateol] 23471 &

cell lysatex= 10 mL #3348 (scintillation fluid)oll 8-

F ARtelget

4. AAZE SEteA0MEES (Real-Time Polymerase

Chain Reaction (RT-PCR))

DCI Fodol] w2 olt]EA o] E7l0le]] thet odgks H7]
$8ll 3T3-L1 A|FEol] oFFAE HelelA] g thzrat

DCIE 100 pM¥} 1 mM< AXJslaL, 24 A7 & RNAE
F%310] RT-PCR< AI8sl3iEk. RNAE 3T3-L1 cellollA]
easy-BLUE "'Total RNA 323 7]E (iNtRON Biotechnology
Inc., Daejeon, Korea)E ©|-8slo] FZ319c) 35 RNA
£ RevertAid™M-MuLV Reverse Transcriptase (Fermentas
Inc., Hanover, MD), 25 pM oligo (dT)15, PCR premix
Sapphire (Super Bio Co., LTD., Suwon, Korea)= cDNA
2 W3} Real-Time PCRS DyNAmo™ HS SYBR
Green qPCR kit (Finnzymes, Filand)E AR8slod AJ28s}od
t}. 7} primers= BioneerA} (Korea)t} Geno TechA} (Korea)
=3E] A 7 AL AL A8H primerts o)
25t 2k
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« 2E] (Leptin):

sense 5’-GTTTGGATCTTGGGTTTTC-3’

anti-sense 5’-ACATCACATCACCCCTCAG-3’
« #JA)~HE (Resistin):

sense 5’-CTATTTTCAACCAGAGGCAC-3’

anti-sense 5’-TCCTTCCACCATGTAGTTTC-3’
« HJE}eHEl (Bactin):

sense 5’-ACGGTCAGGTCATCACTATC-3’

anti-sense 5’-AATGTAGTTTCATGGATGCC-3’

Z¥72+9] ¢DNA 1 L, forward primer (10 pmol/uL) 1 1L,
reward primer (10 pmol/uL) 1 uL, DyNAmoTMHS SYBR
Green qPCR kit (Finnzymes, Finland) Premix (X2) 24
10 pL, 5577 7 L& £33t & PTC-200 Peltier Thermal
Cycler (MJ Research) & AR8sto] Z+2-2] §A42F 2710 vt
£ PCRE Al¥elgich PCRE 95 Colld 5% 44 3, 3
cycleS 95°CollAl 30, 50°C (FE)) - 52T (NAZE)IA
452, 72°CollA] 4522 3903, o|ZlS 393] 1 HhE3E &
72CollA 5 fA ¥ 4°Colld] 289t Melting Curve
A2 65CallA 95 CALelollA] 3l9iek. PCR AR 1%
agarose 7AolA] A7) gk & HI=E RISl

5. Western Blot Analysis

N
-~

DCIS] 2rg AR5 dolHy| 93l elgdl ASAL &
S| Az 0 SIS Akg Eerdel it
AR AMPKS] QU A2 Stobagieh. ol 2l e
T2} DCI%HE 10 pM, 100 pM, 1 mM, 10 mM2] FE&
HAelaL, 304 Foll AEE do] thiEe Fkt &
Western blotting-S AJ3#5}9Ic}. Western blot-g $]3}o] Al
35 Phosphate Buffered SalineZ Z AJ&g+ & SDS
sample buffer (62.5 mM Tris-HCI (pH 6.8), 6% SDS, 30%
glycerol, 125 mM DTT, 0.03% bromophenol blue)Z. -3}
A7), AIES e 3 21 gauge needles SIFA]A geneomic
DNAE s}skar 13sle] cell lysates WHEITE o712

o]-g-51o] biotinylated molecular weight standard marker2}

i

rJ

=
A=

3| sodiumdodesyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)3}1, electroblotting apparatus& ©|-8-}o] 1
A|7F &<} nitrocellulose membrane 22 blot3l23tk. Blot=
membrane- blocking buffer (1 x TBS, 0.1% Tween-20 with
blocking reagent, 5% milk)oll B7}4 LX}gkA] (anti-Akt,
anti-phosphorylated form (Ser473, Thr308) of Akt, anti
-AMPK, anti-phosphrylated form of AMPK)E3} 4 CollA]
HhA] HES-AZIEE. MembraneS HRP7Z} F315 o] XjgkAol]
12087F HE2AIZ1 3 AP o5 chemiluminescent detection
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system (Phototope®-HRP Western Blot Detection Kit, New
England Biolab. Beverly, MA)S& o]-&3}o] &4s}9ict

6. A=A2 ¥ 24

hila 2k Bradfordd (Bio-Rad, Hercules, CA)<
o] 83193, EF2 bovine serum albuming E3l ZH}
Pov], Tig oS5 33] Welo] BT 2eileh

DCI SFolol] w2 ofelEAo]E1R1e] AARE Stis2ls
WSS 43] HhEzlo] HE + EEOAT EARIL, A

o
x2l= Lhulx] BAHEA (Analysis of variance) 22 3133
th P < 0.0504 frelde ZAsAck

2

1. DCI 00| [ME == 0|ESE2| Hist

DCIE Fofgh -2 tizoll vlziA s oz oF 1.20)
AL X5} o] 85| =7}sl9jr) ¥Rl PI3 Kinase inhibitor
(Wortmannin, LY294002)¢} AMPK inhibitor (STO-609)
£ DCI¢ 7BslSls 7d-felle 257 o]&-Eo] =
shelalgir} (Fig. 1). ©] Z7} DCIE 3T3-L1 A|ZelA] T
o o] 855 AH o8 Z71X]7)an PI3 Kinase®} AMPK
SN 2} qddte] Q& Zlog A7sieict

o 1O

)
|

Reative fold induction

Control DCI  Wortmanin LY294002 STO-609 Wortmanin LY294002 STO-609

DCI

Fig. 1. Effect of DCI on glucose uptake. DCI-induced
glucose uptake is increased and is decreased by PI3
Kinase inhibitor (Wortmannin, Ly294002) and AMPK
inhibitor (STO-609), relatively. After a 2 hrs starvation
period, 3T3-L1 cells were preincubated with 100 UM DCI
for 10 min. 5 mM NaCl was added as control for the
osmtic effect. The 3T3-L1 cell were cultured in 10%
FBS-DMEM  media.
2-deoxyglucose, DCI increased about 1.2 fold relative to
control and inhibited by PI3 Kinase inhibitor (Wortmannin,
LY294002) and AMPK inhibitor (STO-609).

In glucose wuptake used by
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2. DCIQ| Ql=El Als HE PN CHSH =& 0.49% EAR R folsiA WskA] ekl (Fig. 3A). @A
28§ W e] 74, ilat ok2A] DCI 100 pM T} 1
mMellA gz 100 Blsl 22} 0.52 + 0.182 0.45 + 0.28
2 5 TR Byl 1A we] BARSE fofatAl
ZH4=s19]rt (Fig. 3B).

iz ¥)32sl9-E 7 DCI= Akt S A o2 g3
ofl vlglisle] S71HE Helel 14k} (Serd73, Thr308)elk=
ZolE HolA skl (Fig. 2A). AMPKOAE Zx| ok
Akte} v IR 2 S| nlglste] Trbslgl o), ks
z7# ZolE HolA| giokr} (Fig. 2B).
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3. DCI S0{0f| [}E OICIEAIETIRIO| Hst
310 3T3-L1 QU7+ AWM E4 DCI F
3 o] &E M HolFolon, olgjet &
A& A A 3 PI3 Kinase 229} AMPK

re
&

el §22F W] A9, vz 1] 1l DCI 100 pM
I+ 1 mM ZHolld G404 wbse] 0.93 + 0.099)F 1.56 +

oft
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Fig. 2. Effects of DCI on Akt and AMPK. A. phosphorylation of Akt. B. phosphorylation of AMPK. It didn’t show
phosphorylation of Akt and AMPK between DCl-treated group and control. The 3T3-L1 cells were cultured in 10%
FBS-DMEM media. At 30 minutes after insulin (10 ug/mL) or DCI (10 pM, 100 pM, 1 mM, 10 mM) treatment, total cell
lysates were resolved by SDS-PAGE and analyzed by western blot using anti-Akt, anti-phospho (Ser473, Thr308),
anti-AMPK, anti-phospho AMPK antobodies. The blot developed by ECL.

Relative Expression

Relative Expression

Vehicle 100uM 1mM
Vehicle 100uM 1mM DCI DCI
DA bl * P <0.05 vs control

Fig. 3. Effects of DCI on adipocytokines. A. Leptin gene expression after 24 hours-treatment. B. Resistin gene expression
after 24 hours-treatment. Analysis of variance (ANOVA) was done among the three groups (Vehicle, DCI 100 UM and 1
mM groups). DCI 100 pM or 1 mM decreased significantly (P < 0.05) the gene expression (0.52 + 0.18 or 0.45 + 0.28)
of resistin in 3T3-L1 cells (n = 4), compared to Vehicle group. DCI 100 M or 1 mM did not change significantly the
gene expression (0.93 + 0.09 or 1.56 *+ 0.49) of leptin in 3T3-L1 cells (n = 4), compared to Vehicle group. Extraction
of total RNA and quantitative real-time RT-PCR were performed as described under Materials and Methods. Leptin and
resistin gene expression normalized to f-actin mRNA level is relative to untreated control (vehicle) cells.
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£ ouk=y) ul$ F93}c) o<l ==l 93k GLUT4

Z1$lel] PI3 Kinase 2124 = 2Joll= c-CblZ} c-Cbl-associated
protein (CAP) dimer complex&- 53t PI3 Kinase2} -3t
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B delld= olAe] sl dAIEelA b}F/M =3 oAk
o] 7o) el A AA| 1l QiR BAlE

291570 FAIE Aot 7] S8l 3T3-L1 AEE o8z}
AL s9lk Bates 57V L6 TAIEE o] 83k o1TollA]
DCI9] GEAIQ] FUES Fo A] A|EollA]e] T5T o] &
Eo] Z7lsla, PI3 Kinase AAIAIQ LY2940025 X X]&}
W AEZ ] 9E57) H4zsted, PI3 Kinase A4S A|A)|
oF o] glg Zlog Husleled, ol E AddAx
fARE Ao vElick
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