Effects of Sulfonylureas and Biguanides on the
Lipogenic Activities in 3T3-L1 Adipocytes
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ANT 3 = VRFEH (sulfonylureas, SU ) iZJBH 1 v A U VIEKERNERBESC ST 2 6ERNYHET M EY
BTAH—F, €771 FRARRHCHEERPIBRED A ZEVBEIRT 5. BEADOEMD L WIHARELI ISR
CRETEEYEERARYAVCTORE L. SFREBORE 3T3-L] §EHMRY FFH 2 4+VY, 4V TFL A F 1%
HvFy, A VAV VT2 ERAE LML BRTE LAKC, BAOBEDNATEIF, FUNYISIF, 774038
VR BMIUIGHE TSN EEE L. Oil Red O Befalc X D EHMT L7 b AEIF R OEF X LT & 1 F, 71 xvy s
IFCRB LM TEETHD, SURAET 7 2+ I VOGARTRETH > 2. SUFIC X 35 {LREFRIIA v 2 ) v
FEHETTORZE DO, MARNTEEHEEZImM FAF 23 F, 10eMZ YRV 235 FAABIRE g4V br—L
D2.3, 2.6fZWHMLAH, 100uM 77 4 3 VERUECREERZELIIBD bR hotc. T7 2403 ViR bALT X 3
F, 7V v 2353 ViZ X2 HEHEROMINE & 454%, 30%MEI Lz, BRI {LOEEL LTV er—1-3-) v
i K EBESE (glycerol-3-phosphate-dehydrogenase, GPDH) fEf& e Fedo 72 b v ) vEEL L Z Y e —1-3-U vEER
ARENZBRICBTH=aF VBT IF7F=2v o7 v4+ F (BT OBt BHT A2 Lt hIE LY. PAT 2
I, ZVRv2F s FREBKEMK GPDH EH2 LER LY, K4 5004M, 504 M THEMZERCELE. (L5
HOEHBAK®BTS GPDHEMIZImM FA T2 I F, 10uM Z7VRv 253 FABRZ L& 43V B —AD3.5(, 3.74
wER LK. Zhb SU #i GPDH E#MdHATA0LL 5T, MEOStHFEEREL LEEL TV, 77+ 3 VTR
¥ Tk GPDH BHRICHEROHEBLRIZIeh o7, SILBHERAELC BT D AT ¥, 27V XV 33 F L3
GPDH EM DO ER%2 £ 4275%, 61%iM4|L 72. GPDH mRNA ICAE#icA YV X 2 VA F Ve — T B/ ¥ v 7
2y bAALFTYVHFALE -2 3 VTCIL, SU #FiX GPDH mRNA OEHEH AR LD, ZhbiX /7 +4 3 VI - THEIRA
HIEMTRINS. UEDRRL D, 3T3-L1 Mg BRI 8T SUFIZE LB EREEFEL T T L ovbh o
o, €274 FRIIBBTIIEHERCN LAEBDRESD A W IIMEERL R I eh - eit, SU HOEHEREEFERY
ZINCHEIE L7, B4 v R ) VIERGERERFAD SUHBRSZHIc 0 s 7 A YRRFHETL I LN ERTH LY
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BRI v A VIEROTRRIZ L 28R nEY T8 &
L, BEOAOHER ) —HOKETHS. RPIBEOHERFE
BOREBEREDDHA VAR Y VIHEFRERB (non-insulin-
dependent diabetes mellitus, NIDDM) (X S a1 v A Y
VW OET & ENEKEO I v 2 ) VIERESE (1 v R
VBN KRBV ERIZhBLDEELLATY
5. B S v A ) vEREYIHAT A%, NIDDM D #E
L, EEEESBEILTORENER I L LB, BE
NIDDM 33 B 6 REA & LCER 2EEOR 0 R T

#, BlbANLT =L RFEHF (sulfonylureas, SU #|) L €57
+4 F#| (biguanides) 2B \VHR T A4, SU K TizRziE
WOMBEEVCSEREGFE LS AVHRETEDHZ L3DS.
=7, €27 34 FERRBCEERI BRI DE L, IR
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RENCBIETHRDOE D E ORI OERIESR
TOWTHRE LcREIZSDE Z Ay, 4H, SU AIRUE
77 74 FHPBHERORBCRIETHRO— ML H LN

Abbreviations : CMF, calcium-magnesium free ; DHAP, dihydroxyacetone phosphate; DMEM, Dulbecco’s
modified Eagle medium; EDTA, ethylenediaminetetraacetic acid; G-3-P, Glycerol-3-phosphate; GPDH,
glycerol-3-phosphate-dehydrogenase ; NAD, nicotinamide adenine dinucleotide ; NADH, nicotinamide adenine
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+HEMNT, BEHERCIEBOBRF LML~V TRETS L
+HERALERETT NV THHEE ITI-L1 gilsiMiE" 2 AvC,
AERADEEMROS{LIc 52 2B YR L.
ME&LUHE

.RESR

[7-#P] ATP (&M 3000Ci/mmol) 137 <> 4 & » & 4%
v ER)DOEALRL. ZhUAOAE THIERD LD
eTh SRR (KR ofimE B,

I. MBRsEE

v AREMEERB RO 3T3-L1 BfgRsRIe (EdEme
F&hits) 2EIH 35mm BD 677 v — + (Costar #,
Cambridge, USA) iZ500081f/cm? OB THE L, 10% 45
RmfE (GIBCO #:, New York, USA), 100U/ml =Y v,
0.lmg/ml A+ V7 +<=A v (GIBCO #) %41 Dulbecco
%% Eagle 3%#: (Dulbecco's modified Eagle medium,
DMEM) (GIBCO #) iz CHE# L. SIFTRAE (confluence) I
EL7#, 0.5mM F 4% 24 V' v (dexamethasone) (Sigma
#, St. Louis, USA), 0.26mM 4 Vv FFAL A FFHvF v
(isobutylmethylxanthine) (Sigma #t), 10ug/m! 7 &4 v &A1) v
(Sigma #) WTH{LEFHEL, 2 HEWK 10ug/ml 1 v R Y v
REETHEMICTRL, k2 By B L. Sk
FHLRBIZ A7 2 § F (tolbutamide) (Hoechst #, West
Germany), 7'V XV 27 3 3 F (glibenclamide) (Hoechst #t), &
BT 7 31 § v(buformin) (INE, BHR) ¥ BEMEHFHET
Mx, EHhicdhs 6 BREEE LK.

. ¥MEaAFHERE O3B

ER UMb AgEs (triglyceride, TG) % Oil Red
ORBIMZL - CHELL. 0K A<V Y/ DAY A, =2
FVY AREHBEE EEAE K (calcium-magnesium free
phosphate buffered saline, CMF-PBS) THifla% ElE L 7=.
0.5% Oil Red O/ ¥V Fm AT A a— LW EREKE 3 ©
20EETERA L0 RIEAKE L% Whatman No. 1
74N # —THB LR ER Y EE LM N 2 4 | B
BL, REKTHELRAE IS,

V. #iaAhiE O TR

MM TG i3 TGRIEA* v P THBVEFR » =—
A CRER, KR 2 AVERLBE X D ER L. Ticb
BET 4 v 2 DOMIEE 0.5ml © PBS & & BT LRSI LA
2= (Costar #) THHE, ERL, BEWE € OF 1 F ~
(Tomy Seiko, Hm) CHEMZBETAZ LIk TG »iflk
LVETRFA v ) -, VYV em—nFd—t, F )&
FYVERA Y X~ GBI D RS hBE KRR
FEYE—COEAT 4TI/ T v FEY v EN-=F 4 -N-(3-
AVT ¢ 7R EA)M-7 =2V OV RB{LBAE SR, FOBKE
Liesk ) v @5y 540nm i 2 BRAELRET 5 Lic &
DEEL.

V. #R8 GPDH FM0flE

I AREEDIEEL LT 7Y ¥ u —1-3-) vEB A REE
(EhlceroI-S-phosphate—dehydrogenase, GPDH) &M % Kozak 5

dinucleotide-reduced ; NIDDM, non-insulin-dependent diabetes mellitus ; PBS, phosphate buffered saline ; PEP

DEFRE® *~FHE L FEXACTHELE. £F4 vV a
Dffifg%# CMF-PBS T#\>, 0.6ml © 25mM Tris-lmM
EDTA (ethylenediaminetetraacetic acid) 2%/ (pH 7.5) %0
X, YAAZ A SA—THEYEEEL, 1.5ml < LFY o —F
Fa—T(7ray, KR CEARLKEKEL . BFREte
FAF—THRIFEEL, 12800xg, 4 CTS54MELTS. 5
btz LEREZFO 1.5ml ~AFY o —FF . —FRBL,
—T0CTHEFELL. PV=F) -7 i VEBK (0.5M +V =
£/ =n7 v, 10mMEDTA, I0mM 2- 257 b =& ) —
N, pH 7.5, HCl TH#%) 100, 5mM e FrEv 7w v )
v (dihydroxyacetone phosphate, DHAP) 200x1, 0.5mM =
TIFVBT INTF2vSX 2 UAdF P (BTH) (nicotinami-
de adenine dinucleotide-reduced, NADH) 400ul #3584 L1z,
RECHRERW 300u %, 25CCRIEE R, 7Y tn—
-3-V B (Glycorol-3-phosphate, G-3-P) & = a5 V7 3 ¥
75 =V PR 2 LFF F (nicotinamide adenine dinucleotide,
NAD) B4 I 1% 8 TD NADH OWE % 340nm k3%
BRI LELIEEE LCHEL, BEE 1mg 70 ) OEY
ELTRDI. ThbbhEY (units/me)= KIG#K D
NADH & (100nanomoles)x340nm & B+ % | ¥ E b &
(A OD340)/1.25/RIGEEEI A t (min.)/% v < 7 & (mg).

V. iROERROTE

BERFESFAF - CRERE L DCMBRYEL,
12,800xg, 4 CTH5HEEDL, Boh LEROELER T
BOBEHEES+ v b BCA Protein Assay Reagent (PIERCE
#t, Rockford, USA) * V- TEE L.

VI. £ RNA OB LTIC/ —¥ TRy fNIFT US4

¥ —3 3 > (Northern blot hybridization) %

25cm? (50ml) #MILFE 7 5 A 2 (Costar #) 3B LRI
FECE L%, BRI & QA EEACAE Uislah b+
AT VBRI T =PV -T2/ — N -2 awrEkLa (acid
guanidinium thiocyanate-phenol-chloroform) #"™ 2 k& b £
RNA o+, #5h% RNA B4y X XEH
(Beckman #:, Fullerton, USA) % A\ ~T 260nm DEEE 2|
L, 10D=40pg/ml & LTEH LA, 1 v—v¥%i-bh 20ug
D2 RNA % 2.3M AV AT AT N E50% K0 L7 3 FORF
T r65C TIsA NG LEK 2 7ctk, 0.66M R A7 L5
EFRSS 1Y 7 H e —RFALEACTERRXE L. ®iC

BRI S VAA L A — 2 —LTRIbLzF O AR IR

285, 188 DV K’ — A RNA DA v PR, 20Xsodium-
sodium citrate (SSC) (1 xSSC: 3M #{k> + ¥V % &, 0.3M 2
=VBFI IO RTRy T4V IRy T =& LTt R
CNB—AT 4R (TIV b eV, HR ISV
AT 7= FfTote. K= b REAR—RAT 4 L F—#B80CT
4RSRAMB LT RNA 2 BEL, Vv 17 V81— g v
W B0%HRNAT I F, 5X8SC, 0.1 FFo BT 1LY Y
2 (sodium dodecyl sulfate, SDS), 5 X ¥ v~ } ¥, 200
peg/ml REWEEFENE Y 7 #T DNA) hT37C, 3 B4
vE - r Ll 0% [ r-FP] ATP 2 EHREEL LT
T4 BV X7 VA F -+ (ZiE, T8 AVWTS’ X

’

phosphoenolpyruvate ; PK, pyruvate kinase; SDS, sodium dodecyl sulfate; SSC, sodium-sodium citrate ; SU,

sulfonylureas ; TG, triglyceride
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WEB LT e TRz, 37C, 168/ 17 ) 21 ¥ —
YavEfTol., Fr—7L Ireland KR I E hREShIz<
v A GPDH EBETEIID 6082 HHe3TH A A e+ v
X7 VA F F (5-GATGTCTTCCTCAAACACCCACATG-
GTCAC-3) ¢ A Z LI X VB, RTH 7 4 2 —%
3 X8SC, 0.1% SDS TERIC T304 MEEHL, &5 0.1X
SSC, 0.1% SDS ©37CIe T30 L, XARS 7 4 v &
(2 &y 7%, Rochester, USA) # B\ T—80CIKTA— 3
PE A AR SRR

VI. b7 RIEOER

JERSHR OB DI DAL DIEEE LTH{LEFE 4 B BiciE
BB AR BT 2 EHHF 0T FUBOEBESYEL NS
A hATA ¥ GLUW(EL 7 s, BE)INICLIEEL
1.

K. BlEACLEBFF—EFS0ORAE

L V¥ F —+ (pyruvate kinase, PK) iE#: % Beutler
LOFRED X —BFE L FEYACTHELL. £5 4 »
v o Ofifgk#® CMF-PBS T\, 0.2ml @ 1 M Tris-HCI #&
& (pH 7.6) & 0.4ml H,0 % in% , GPDH HRIER; & R4ED 4L
Eu fTo7. 0.1M MgClL 1004, 1M KCl 100u, 1M

ed O staining.

Fi.l. Lipid acum]ation assessed by

Tris-HCI #8879 5041, 2mM NADH 1004, 50mM k2 k=
/=¥ B (phosphoenolpyruvate, PEP) 100 11, 30mM
ADP 5011, 60U/ml FLERHKFEEEE 1004, H,O 2504 *RE
Lictk, BECHBESRK 1500 iz, 5CTRIGE €, v
A eV (pyruvate) & ATP 2VERE 5BE D NADH
WHE% 340nm KRBT ABHEL(LELIFEL LTRIEL, EH
B lmg 7 h ORIFEEE LTRD. e bHIEY (units/
mg)=340nm KT 5WICE(LE (A OD340)x1000/12.6
(NADH D2y FRERE6.3X 2) /RIS A t (min)/BRE
)/ EBE (mg).

X. #EtEsag

BRI PHETBEEE TR L. BOhitT — 20 28
DHEBEHABCIREOSL t RELR AV, PEN0.05KE
BECHEBEED D LHE L.

K B
[.SUBI&SLTT 7L I 08890 TG SBICS512Y
¥
S Lol ER Ui TG 2 HEEFHNC M T3 1ol
SLHERA 6 BEOMIEC T 5 TG Ehi % Oil Red O % F

-L1 preadipocytes (pre) were induced to differentiate

by treatment with 0.5mM dexamethasone, 0.25mM isobutylmethylxanthine and 10xzg/m! insulin for two days, and then with
10pg/ml insulin (C, control cells). At the time of induction, 1 mM tolbutamide (T), 104M glibenclamide (G) and/or IOOgM
buformin (B) were added along with the inducers. On the 6th day, cells were fixed with formaldehyde and then stained with
Oil Red O as described in Materials and Methods. T+B, tolbutamide plus buformin; G+B, glibenclamide plus buformin.
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Wi Lic (K1), LB ERTOMEL (pre) TIX TG DR
REDLERILCORF L, FEF2AH v, 4V TFALR2AFIL
FHVFV, AVAVVICTHEXBEL, 2B I VA
UREETAEMICTE L, 514 BMEE LR (C,

r * * *
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Fig. 2. Effects of sulfonylureas and buformin on intracellul-
ar triglyceride (TG) content of 3T3-L1 adipocytes. The
cells were treated as described in the legend of Fig. 1.
The cellular TG contents were quantitated enzymatically
as described in Materials and Methods. The values
represent the mean+SEM of three independent cultures in
duplicates. *, P<0.01.
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Fig. 3. Dose-dependent effects of sulfonylureas and bufor-
min  on glycerol-3-phosphate dehydrogenase (GPDH)
activities. Confluent 3T3-L1 cells were induced to
differentiate by treatment with 0.5mM dexamethasone,
0.25mM isobutylmethylxantine and 10ug/ml insulin for two
fiays, and then with 10xg/m! insulin. At the time of
induction, various concentrations of tolbutamide (@),
glibenclamide (O) or buformin (C]) were added. GPDH
activities were determined by the initial rate of NADH
oxidation in the conversion of dihydroxyacetone phosphate
to glycerol-3-phosphate on the 6th day after the induction
of differentiation. One unit of enzyme activity corresponds
to the oxidation of Inmol of NADH per minute. The
results were expressed as milliunits (mU) per milligram
protein, The values represent the mean+SEM of three
independent cultures in duplicates.

GPDH (mU/mg protein)

avita—n) TR TC RN s =—2HER L TREIR
. TG BROEFLI I AT EIF, F VRV 253 FCOE
LK Cav e — A LEETH -7, rAT &3 F,
TUVRVIZFIFRIVEBEIN: TCERNOER X7 1+
IVOBRARI VBRI, kB vR ) VEEETCIIE
BLd TCHENOERITIBLALRD bRich o fcicd, LT
DEERITITRTA VAR Y VOFEET T -1,
DEMRAICER L TG » EEMCIRMT % o b Mg
&0 TG il BRI L DI L7, A TG &t
NFTEIF, 27UV 25 FLABIRIVZEAa VY Er—1
1374212518/ 4 v ¥ = D2.3, 2.6{SWHM LA, 7
T VEMABTREERELRBD bR, 7
TaNIVRIALTRIN, ZJIRVIS I FREsb TG O
& 454%, 30%HEI L (K 2).

I. SU Bl&LT77 )L 3 H#4ER8 GPDH Filc 52

IR

FEMSER DB ¥ BEA 1w, BERE YY) e - L E5BRE
DHIRFCET 2R THS GPDH OFHEI &£ 2 5 £ EH
DEEY¥E L7:. GPDH (2 DHAP & NADH »#%8+ 1L T
G-3-P & NAD RXERIWHEBYHEL, PHEHAHROK
MOAT » FNBET S, SLFEEH 6 B B 2HET
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Fig. 4. Development of glycerol-3-phosphate dehydrogenase
(GPDH) activities in the presence of sulfonylureas and
buformin. Confluent 3T3-L1 cells were induced to
differentiate as described in Materials and Methods. From
the time of induction, the cells were maintained in the
medium containing reagents as follows: @, no additions;
B, ImM tolbutamide ; [, 10uM glibenclamide ; O, 100M
buformin. Cultures were refed three times a week. The
values represent the mean:tSEM of three independent
cultures in duplicates.
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Fig.5. Effects of buformin on the glycerol-3-phosphate
dehydrogenase (GPDH) activities stimulated by sulfonylure-
as. From the time of induction, the cells were maintained
in the medium containing reagents as follows: @, 1mM
tolbutamide ; O, 1mM tolbutamide and 100uM buformin;
B 10uM glibenclamide; {3, 10uM glibenclamide and 100:M
buformin. Cultures were refed three times a week. The
values represent the mean+SEM of three independent
cultures in duplicates.
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Fig.6. Effects of sulfonylureas and buformin on the
glycerol-3-phosphate dehydrogenase (GPDH) activities in
3T3-L1 adipocytes. From the time of induction, the cells
were maintdined in the medium containing 1mM tolbuta-
mide, 10#uM glibenclamide, and/or 100uM buformin.
Cultures were refed three times a week. GPDH activities
were determined as described in Materials and Methods

" on the 6th day after the induction of differentiation. The
results were expressed as milliunits (mU) per milligram
protein. The values represent the meandSEM of four to
eight replicate cultures in duplicates. *, P<0.01.

BR3IDIEL PATE N, 7V_v 75 FIEREER
i~ GPDH &M% % LA L, K4 500uM, 50uM THE#R
BAKELI. =%, 77+ § VIC X5 GPDHERO FRi
BETH-1.

ML OB T2, GPDH %I ImM A7 & ¢ p,
1M 7YV _v 253 Fickh4dHBEIDERL, £46RE
TRIESZ FP-KELTED, ZhRZavir-—AIlnieagy
Thote. Tiebhd SU Fit GPDH EM AT L0400
3, MRS {EHEAREY LREL TV, 100uM 77 413
V12X % GPDH O a v b e =V EEREE TR,
7z (X 4).

FATEIEN, FYRv 2SI PRk D RB X hi GPDH
BEMILT 7 0 3 VORINC X DB Sk, FOMEERIT S
FHLIABTIALT 23T, Vv 53 F£480%, 83%
LERTH-7 (B5).

HMeBFESBE B RITS GPDH Bt lmM L7 4
F,IuMZ Vv 2353 FLBRIVZE A2V ie—p
601.4+26.8mU/mg BED3.565, 3.7V LEH Lia,
100M 77 2 3 VORI X h &K 4T5%, 61% OM4I%2E

- Days 0 2 - 4 8

Fig.7. Time course of the accumulation of glycerol-3-phos-
phate dehydrogenase (GPDH) mRNA in the presence of
sulfonylureas. From the time of induction, the cells were
maintained in the medium containing 1mM tolbutamide or
104M glibenclamide.  Total cellular RNA was isolated
by acid guanidinium thiocyanate-phenol-chloroform extraction
as described in Materials and Methods. Twenty microgr
am of total RNA was subjected to 1% formaldehyde-agar-
ose gel electrophoresis and transfered to a piece of
nitrocellulose filter for hybridization with oligonucleotide
¢DNA probe to mouse GPDH mRNA. Arrows indicate the
relative migration of 28S and 185 RNAs run on the same
gel. UV transillumination demonstrated equal quantities
of RNA applied to the ethidium bromide stained agarose
gel (lower).
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Wi, —H7 7+ 3 VEITIZ GPDH EMOEFE O #ISEIT
Fwbhich-7 (K6).
I.SUB&EIUT7T 72136 GPDH mRNA &HB(c521
DRE .
GPDH OEBEFHERICE 2 2 EEH OB LBEN T 519,
GPDH mRNA WHEHWLA VIR 2 v F Py e —~F2H
C)—=FVT By b A TYVELE—Y 3 VEFIE o1 (B
7, ®8). Spiegelman 5" 3T3 fgl5#ifaiz 1 5 GPDH
mRNA DRI NIEENTHH EXWEL T3, 46
28S RNA & 18S RNA D@D b iz 18S RNA f#EL
AV FIRRIEZDORE XYL, GPDH mRNA &£ 2 5
ha. Ro{LiclElF#lE (day 0), H{LFEEEROME (day
2) BTk GPDH mRNA BER L T -7, S{bHE
AEEIIE=Y kB =A% T GPDH mRNA DRBAZR
B, AT EIN, IRV IFIVEEDRIEA VE L <=}
LR CREZORBANELIHE AL, 48BL8HETIX
FOEFROBEIWZEILTc L, GPDH mRNA O%Hiz 4 8 B L
77 b —ETAHLDEBbI% (KT7). H{LBE4HE

285 =i

188 e

Fig.8. Effects of sulfonylureas and/or buformin on the
accumulation of glycerol-3-phosphate dehydrogenase (GPDH)
mRNA.  From the time of induction, the cells were
maintained in the medium containing 1mM tolbutamide,
10uM  glibenclamide and/or 100uM buformin. On the
4th day, total RNA was isolated by acid guanidinium
thiocyanate-phenol-chloroform extraction, and analyzed by
Northern blot hybridization using oligonucleotide c¢DNA
probe to mouse GPDH mRNA as described in Materials
and Methods. Arrows indicate the relative migration of
28S and 18S RNAs run on the same gel. UV transillumi-
nation demonstrated equal quantities of RNA applied to
the ethidium bromide stained agarose gel (lower).

CBTHREATIE I 238, YUy 253 Fickb
GPDH mRNA OERIZ=av be - LBALTRY, 7
TN IVZE S TThbOREMEI X (K8).

V. SUBG LT T 74 L 3 > HHEBIDETEE (viability) (=

X &Y

FZHEFVHROEFEC S 2 2 BEYHET 2 - oloRE
HEYEELL (K9, RI0). rA7EIF, Z7V_vys5s
F, 7730 3 vEBRYRIGEC L 9 MEOEE BT A R
HEBLREShote. VAT R IF, FUNRV IS
GPDH DFEAREL, 77+ I vRERLXIE LTV B
FH T CORBGMROER VAR 2 2 £ EHOBBL B
THIH R LHE A B RISty THREARENC 351 5 Btk
D7 FUEOHBRELYE LRREYRIIETRY. A7 4
F, Z9RY 253 F, 773038 VAEIZED S Koo
BEIZav e - 3.8040.12mg/F 4 v v 2 0 L&A
8596, 130%, 2% DEMERDIZ. P AT EIF, YUV
FIFRIVAE LT VoBOBREIL 77 4+ 03 VOB
X h&%34%, 18R MAlchi.

V. SUBIELT T 74 L 3 -H4EBA PK FHCE 138

g,

THLRERAREDEET TS Y € r — L EFRSIEE DRESRD
BB+ 570, PEP & ADP % EE & LT YL E VRS
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Fig.9. Influences of sulfonylureas and buformin on the
cellular protein contents. From the time of induction, the
cells were maintained in the medium containing reagents
as follows: @, no additions; @ lmM tolbutamide; [] 10xM
glibenclamide ; O, 100uM buformin. Cultures were refed
three times a week. On the 2, 4, 6, 8 and 10th day of
induction of differentiation, cellular protein was quantitated
as described in Materials and Methods. The values
represent the mean®SEM of three independent cultures in
duplicates.
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Fig. 10. Influences of buformin on cellular protein contents
treated with sulfonylureas. From the time of induction,
the cells were maintained in the medium containing
reagents as follows: @, 1mM tolbutamide; O, 1mM
tolbutamide and 1004M buformin ; W 10u4M glibenclamide ;
1, 10uM glibenclamide and 100uM buformin. Cultures
were refed three times a week. On the 2, 4, 6, 8 and
10th day of induction of differentiation, cellular protein
was quantitated as described in Materials and Methods.
The values represent the mean+SEM of three independe-
nt cultures in duplicates.

Glucose consumption {mg/dish)

Fig.11. Effects of sulfonylureas and buformin on the
glucose consumption of 3T3-L1 adipocytes. From the time
of induction, the cells were maintained in the medium
containing ImM tolbutamide, 10uM glibenclamide, and/or
100uM buformin.  Cultures were refed three times a
week. On the 4th day after induction of differentiation,
glucose consumption during 24 hours was determined as
described in Materials and Methods. All values represent
the mean+SEM of three independent cultures in duplica-
tes. *, P<0.01.
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Fig. 12. Effects of sulfonylureas and buformin on the
pyruvate kinase (PK) activities in 3T3-L1 adipocytes. From
the time of induction, the cells were maintained in the
medium containing 1mM tolbutamide, 10u#M glibenclamide,
and/or 100uM buformin. Cultures were refed three times
a week. PK activities were determined by the initial rate
of NADH oxidation in the conversion of phosphoenolpyru-
vate to pyruvate on the 6th day after induction of
differentiation. One unit of enzyme activity corresponds t0
the oxidation of Inmol of NADH per minute. The results
were expressed as milliunits (mU) per milligram protein.
The values represent the mean+SEM of three independe-
nt cultures in duplicates. *, P<0.01.
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Abstract

The oral hypoglycemic sulfonylureas agents are known to cause weight gain, whereas other biguanides agents do not
have such effects and often promote weight loss in non-insulin-dependent diabetic patients. To study the influences of sy
fonylureas and biguanides on adipogenesis, the direct effects of these agents on lipogenic activity in 3T3-L1 adipocytes were
investigated. Confluent 3T3-L1 preadipocytes were induced to differentiate by treatment with dexamethasone, isobutyl-
methylxanthine and insulin for 2 days, and, at the time of induction, various concentrations of tolbutamide, glibenclamide
and/or buformin were also added. Lipid accumulation assessed by Oil Red O staining was markedly increased in the syl-
fonylureas-treated cells as compared with control adipocytes, and its increase was minimal in the cells treated in combination
with sulfonylureas and buformin. The differentiation-promoting effects of sulfonylureas were only seen in the presence of
insulin. The cellular triglyceride contents showed a 2.3-and 2.6-fold increase in the cells treated with 1 mM tolbutamide and
10 «M glibenclamide, respectively, as compared with control cells, whereas no significant change was observed in the 100 u
M buformin-treated cells. Buformin suppressed the tolbutamide-and glibenclamide-induced increase of triglyceride contents
by 54% and 30%, respectively. Glycerol-3-phosphate dehydrogenase (GPDH) activity, the differentiation marker of 3T3-L1
adipocytes, was determined by the initial rate of NADH oxidation in the conversion of dihydroxyacetone phosphate to glyc-
erol-3-phosphate. It was also stimulated with tolbutamide and glibenclamide in a dose-dependent manner, and the highest
enzyme activities were observed at the concentrations of 500 M tolbutamide and 50 M glibenclamide. On the 6th day, the
expression of GPDH activities increased 3.5-fold with tolbutamide and 3.7-fold with glibenclamide as compared with the
control. The time course of the development of GPDH activity showed that sulfonylureas not only increased the expression
of GPDH activity, but also accelerated the induction process. The stimulatory effects of tolbutamide and glibenclamide on
GPDH activity were inhibited with buformin by 75% and 61%, respectively, whereas buformin alone had little effect on
GPDH activity. Northern blot analysis with oligonucleotide cDNA probe to mouse GPDH gene showed that sulfonylureas
increased the GPDH mRNA accumulation significantly in the course of adipocyte differentiation, and buformin suppressed
the sulfonylureas-induced increase of GPDH mRNA. In conclusion, sulfonylureas stimulated the lipogenic activity of 3T3-
L1 adipocytes during the differentiation process. Buformin alone had little effect on the process, but had a significant
inhibitory effect on the stimulation of lipogenesis by sulfonylureas. These results suggest that, in clinical situations,
biguanides may add some beneficial effect to the treatment of diabetic patients already prescribed with sulfonylureas, by
reducing its adipogenic potential.




