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Luteolin is a Novel AMPK Activator with Partial PPARy Agonist Activity™
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ABSTRACT Objective: In this study, we reported that luteolin, a natural flavonoid with partial PPAR y-agonist activity, also acti-
vates AMPK, and investigated the effects of luteolin on preadipocytes differentiation and adiponectin multimerization in adipocytes.
Methods: In vitro binding of luteolin to PPAR+y was analyzed by a LanthaScreen time-resolved fluorescent energy transfer (TR-FRET)
PPAR«y competitive binding assay; the effect of luteolin on the transcriptional activity of PPARy was examined by luciferase reporter as-
says; the effect of luteolin on preadipocytes differentiation was examined by Oil Red O staining; mature 3T3-L1 adipocytes transfected
with mouse AMPK a1 siRNA were treated with luteolin to detect the levels of total adiponectin and adiponectin oligomers. Results: The
competitive binding assay confirmed direct binding of luteolin to the LBD of PPAR~y with ICs, being 1880 nmoL - L. Luteolin dose-de-
pendently increased the transcriptional activity of PPAR+y and inhibited the phosphorylation of PPAR-y at Ser-273. Luteolin increased the
level of pAMPK(Thr-172), inhibited preadipocytes differentiation, and increased the level of high molecular weight adiponectin (HMW).
Conclusions: Luteolin is a novel AMPK activator with partial PPAR~y agonist activity. Luteolin inhibits preadipocytes differen- tiation
and promotes multimerization of adiponectin by activating both AMPK and PPAR~. The dual-activity makes luteolin a potential insulin
sensitizer for the treatment of type II diabetes.
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Fig.1 Luteolin is a weak PPAR~y agonist
A. LanthaScreen TR-FRET PPAR competitive binding assay of luteolin (Lut) and rosiglitazone (Rosi). The reaction mixture containing Fluormone
Pan-PPAR Green, GST-PPAR~y-LBD, Terbium-tagged anti-GST antibody, and varying concentration of luteolin and rosiglitazone was incubated in the
dark for 2 hours and TR-FRET signals were measured. B. 293T cells were transfected with PPRE-Luciferase reporter along with PPARy and RXR«a
expression vectors. Six hours after transfection, the cells were treated with luteolin or rosiglitazone in the presence or absence of GW9662 (GW) for 18
hours. The cell extracts were subjected to luciferase assay. The results (expressed as the mean + SD, n=3) were presented relative to the control (0 uM

luteolin). *, P<<0.05; **, P<<0.01.
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Fig.2 Luteolin inhibits PPARy Ser-273 phosphorylation in 3T3-L1 adipocytes
A. 3T3-L1 adipocytes were treated with luteolin or rosiglitazone (Rosi) for 1 hour, followed by treatment with TNF-a for another 1 hour. Phosphorylated
PPARvy at Ser-273 (pPPARYy) and total PPAR~y were detected using anti-pPPAR-~y antibody or anti-PPARry antibody, respectively. B. The amounts of
pPPAR«y and total PPARy were quantified and the pPPAR~y/ PPARy ratio was calculated and presented relatively to the control (0 uM luteolin).
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Fig.3 Luteolin acticates AMPK in 3T3-L1 adipocytes
A. 3T3-L1 adipocytes were treated with luteolin for 1 hour. pAMPK and total AMPK were detected using anti-pAMPK antibody or anti-AMPK antibody,

respectively. B. The amount of pAMPK and AMPK was quantified and presented relatively to the control (0 uM luteolin).
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Fig.4 Luteolin inhibits preadipocytes differentiation by activating both
AMPK and PPARy

3T3-L1 preadipocytes were induced to differentiate in the presence of
luteolin or berberine (BBR) with or without Compound C (CC) for 8 days.
The cells were stained with Oil Red O. Quantification of the staining

results was presented relatively to the control (0 wM luteolin).

2.5 KERERETHE AMPK 71 PPARy (Rt iEBAE S BIL

BHX K (Adiponectin, Ad )2 — 7l i1 Jig 7 4R S M 2 WA 7Y
R U, ZEHLIRN, Ad UL =Fh 2 BRI 2 & 15 4 BRAE
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(WER¥EER . RACH I WSF-P-1 45 ) figi4m HMW/Total Ad
Wl , (RUERRIR R m B AL U200 DT HG i e i 2 Uk, i
PPAR~y 337, 4N TZD 252454 , REME IS PPARy 5533, {ff
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Fig.5 Luteolin promotes adiponectin multimerization by activating both AMPK and PPAR+y in 3T3-L1 adipocytes
A. 3T3-L1 adipocytes transfected with AMPKa 1 siRNA or control siRNA for 48 hours were treated with luteolin for another 48 hours. The cell lysates

were subjected to 2%-15% gradient gel electrophoresis under non-reducing and non-heat-denaturing conditions to detect the three oligomeric forms of

adiponectin (LMW, MMW and HMW). The amount of total adiponectin (Total Ad), actin, or AMPKa1 was detected with antibodies against the

N-terminal peptide of adiponectin, -actin, or AMPKa 1, respectively. B. The amounts of each oligomer and total adiponectin were quantified and the

HMW/total ratio of adiponectin was calculated. The results are presented as the ratio of HMW/total relatively to the control (0 uM luteolin). C. 3T3-L1

adipocytes were treated with luteolin, or luteolin and GW9662 for 48 hours. The oligomeric forms of adiponectin and the amount of total adiponectin were

detected. D. The HMW/total ratio of adiponectin of Figure SC was calculated and presented.
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FEEAT PPARy T . AT 2B AR B R AR AR i i 440
MR EAIR D7 A0 A P RERIES & #5 PPARYy 3 sh77) 76 PEH AMPK
W TG, e AMPK 5 (5 32 S i A, 2300 100 g i i
IRGAAE AR SRR EX 3 = TR A 4 23 , 12 = HMW/Total Ad L
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Fig.6 The effects of luteolin in 3T3-L1 adipocytes
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