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Hibiscus Sabdariffa L. Inhibits the Insulin Signaling in Adipogenesis

Jin Kyung Kim, Jeong Hoon Song'™

Vestibulocochlear Research Center & Department of Microbiology,
1: Plastic & Reconstructive Surgery, Wonkwang University School of Medicine

Hibiscus sabdariffa L., a tropical beverage material, is used commonly as in folk medicine against hypertension,
pyrexia, inflammation, liver disorders, and obesity. However, the mechanism by which Hibiscus sabdariffa L. modulates
adipogenic differentiation is remained to be elusive. This report was designed to investigate the inhibitory effect of
Hibiscus extract on insulin signaling pathway during adipocyte differentiation in 3T3-L1 preadipocytes. 3T3-L1
preadipocytes were differentiated with isobutylmethylxanthine, dexamethasone, and insulin (MDf) and followed by the
addition of Hibiscus extract. Treatment with Hibiscus resulted in a decrease of lipid droplet accumulation, which was
suppressed by PI-3 kinase inhibitor wortmannin in 3T3-L1 preadipocytes. Also, Hibiscus extract markedly attenuated
the mRNA expression of adipogenic transcriptional factor PPARy and adipogenic hormen Leptin during adipogenesis.
However, it did not affect the expression of adiponectin in 3T3-L1 preadipocytes differentiated with MDI mixture.
Furthermore, Adipogenic differentiation by MDI mixture increased the phosphorylation and expression of PI3-Kinase
and Akt in 3T3 preadipocytes, which was markedly suppressed by Hibiscus extract treatment. Taken together, our

results suggest that Hibiscus extract suppressed the adipogenic differentiation of 3T3 preadipocytes through activation
of PI3-Kinase and Akt signaling pathway.
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8} AT,
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1. A&
1) M=zF

TFRGAEQ] 3T3-L1 MZE American Type Culture
Collection (ATCC)ZHE] F¢isld Achulet 8192
PARAR=A

SlBj2a712E GIEZIA} (Seoul, Korea)ZRE] TFRIG1]
3) Al B 717

A8loll QT 45 g/L glucose?t ZTEE  Dublecco’s
modified Eagle’s medium (DMEM), 8444, trypsin 2 Efo}
&3 (fetal bovine serum, FBS)= GIBCO BRLA} (Grand Island,
NY, USA)ollA] FAUGIHOm vitE7] (24-well plate, 10 cm
dish)= FalconA} (Becton Dickinson, San Jose, CA, USA)oN A =
AUsIAd A1EEIET Methylthizol-2-y1-2,5-diphenyl, tetrazolium
bromide(MTT), Oil red O HMAlE Sigmail (St.
USA)EERE] 5l  ARE3I9ITE  Peroxisome
proliferator-activated  receptor  (PPAR)-y,
phosphatidyl (p-PI3-K),
inositol-3 kinase (PI3-K), p-AKT, AKT, Z12]1 B-actin ol tj
gl SHES % Santa Cruzib (San Diego, CA, USA)ollA],
anti-rabbit IgG conjugated horse-radish peroxidase®} Enhanced
chemiluminescence kit (ELC kit)= AmershamA}
(Buckinghamshine, England)oll4] 2+t Flsle] AME23IKCH

Louis,
Missouri,
phospho

inositol-3  kinase phosphatidyl

2. AglupH
1) AlR9 ZX]
100 g0 38147 A Huko] 300 mle] HH<E S 5h2
Wog20A FE8 7, BEE2e W0 (grade 1,
Watmmanin Ltd, Banbury, UK)Z o|88ld mHAS =,
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Freezing dryerZ &Z X
phosphate-buffered saline (PBS; pH?. 4)0%] 100 mg/mi9] 52
=0} dSEY oI er, U3l A8 A] DMEMo] 3|435)4 A
83l
2) 3T3-L1 M%EF wiet & 237%

HFAGMEZQ 3T3-LIMEZEE CO; AZuiekr|olA (377,
5% CO») 10% SEjo} &&o] T3 DMEMO Z uioksisiTt 48
A7} F271& 0.05% Trypsine-EDTAS AM25i Alth Migsil o
o, 2 F A 3~9 7Y MEE U] AREalNtt 23l
Apistei A A NEES MDI (0.5 mM
isobutyl-methylxanthine (IBMX), 0.5 uM dexamethasone, 1.7 p
M insulin)7} Z§HE DMEMo] 48 A17} viQF & 1.7 uM insulin
L HEoF ZEkE AR 24ttt ZASI kst A

MZE5 oY 8¢ slBlaAL FEEY FHE 2ls] 9
alAl 23} Alerel MDI X219t SAlo) SHHIAHL FEEE &

THE APIciL, BIldRE S5 8UFe 0I5t
3) MEZYZEE &5

NEZYUESS NZ YT (24-well plate)ol]l HZE (1x10°
cells/m)E 1 mI¥ BF31] 12417} 012} CO; HZHIQT] Qtof
Al QF8 &, SlHIAAL S8 AMEISH ohg, wig HE 29

1/10 MTT 89 (5 mg/ml in PBS)E H7ISIH 44|17} 912519
o4& AZol 9o FdE 22 10%
sodium-dodesyl sulfate (SDS)7} Z&He 0.01 N HCl £ 100 u¢
/wellg Aol Hrield galAlZl o 2Z3TA (ELISA
reader, Molecular Devices Co., Sunnyvale, CA, USA)E 0] &35}
o] 570 nm I}EONA] Shelisi=

4) Oil Red O P4

ANz PBSE 33] A|AGhL 3.7% formaldehyde 81} 102
HHE3 & PBSE MA5Id AZES 3 iso-propanolol] 0.2% 2
Q1 Oil Red O UM OF 3057 HAGIICE EFFE A
Nzsld, dZadn|d (Leica MPS60, Germany)2.E Z31¥l
i?_-»l gelers ek 9 A9 FHYUHE BASIIC 8,
o-propanold]l =] BRFEAE 018510 510 nm ulalolA] &
5801 ANLUHHETE v]asldch
5) Western blot analysis

M= MDIS} sHI~AA 58 Ag) &

Hank’s balanced salt solution (HBSS, pH7.4)2 2 23] A 5191
Tk @oj7] A ZE 89 (50 mM HEPES pH 7.4, 150 mM
NaCl, 1% deoxy-cholate, 1 mM EDTA, 1 mM PMSF, 1 ug/ ml
aprotinin)} 4TCollA] 3087} 12315 Ch M ZE mhole 13,000
rpmojlA] 2027F A4 R2lsid, A& BCA 89 0l851
dElE Fek olirt. S MEulad (g E ;200 pg)e
2xsample buffer2} Sl 100Toll A 58 71¥8 S0 12.5%
SDS-PAGEE AlY L F719E0] B geld thizie
semi-dry BFH Q2 4204 ] HEY 0.8 mA H3IE 2417 2
0]5%0] nitrocellulose membraneilol ©]ZA)7IC}. Nitrocellulose
membrane blocking buffer (5% skim milk)9} 2F2o)A] 14)7}
Bestd vlSold SAZFEE olWsigith PPARy,
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phospho-PI3K, PI3-K, phospho-Akt, Akt ZI8]3 B-actinol] thgh
Sl = 0.01% (v/v)S] Tween-200] E3Hd 3% skim milk/TBSol]
(anti-rabbit IgG conjugated horse-radish peroxidase)$} 1417} W}
235190} Nitrocellulose membrane2 TBSE 3 A& = ECL
6) & RNAY 2¢g]
Wi MEEEHE] & RNAY ] RNAzol B (Tel-Test,
T i TolA] uierE 3~5x10° M EE PBSE AMASH =, 15 ml
tubeo]l 711 3,000 rpmollA] 582 A BRG] ZREIAUTE 4
Sqs
60 14 chloroformS A7}510] 4TolA] 58 HISA}ZiCh BH20)
AHE
2 tubed] RZACH 9 A& EEQ) isopropanolE 715l
A SollAd 302 HHSAIA 13,000 rpm, 4TollA] 208 A 28]
I, FREE 80% AHEE HAHBICL MEE RNAE HZE
DEPC7} Xgld 554 20 W2 =0]1l B33 L

L10002E 3lMsl g2eld 3 Wg & oAl

kitg AHgslod ECL REo] Sa3Iic

INOZ #ZE3)A7} AlEche wo) Wt £33 100 m A
e &

ZHS HAS MZ ARELS 600 uf RNAzol BE 83117 F,

Tt F, 13,000 rpm, 4TCollA] 202 AEE]sl] YBAES

g2 ZH35Kk) RNAZE HUBISCH
7) AL g4 SIS
&ZA} (reverse transcription) ¥}SS 3~5 pg £ RNAS

reverse transcriptase (MMLV; GIBCO, BRL)E o[ &8l HZ 3]
AlollA Aok weol wletAd £85It & RNAE 70°Col
A 108 HEA 7, 5 Solli] S AIAA ARETIIch 9
A} ¥H2S & RNA (3~5 ug), oligo d(T)12-18 (1 ug), 2 uf ANTP
(10 mM), MMLYV reverse transcriptase (200 U), DTT (10 mM),
RNasin (1 uf; Promega, USA)0] 20 w AEEH (50 mM
Tris-Cl pH 8.3, 75 mM KCl, 3 mM MgCh)o] g+a% ¥euo
2 427To)A 602 ¥HSohaL, ATAL B9 2 wrt 2HFE 30
e HISNoT FAZPHHS (polymerase chain reaction;
PCR)E =35I CH k261, 2 1 reverse transcription RS9,
2 y ANTP (2.5 mM), 3 gl primer (5 uM); PPARY (antisense); 5’
TCA GCG GGA AGG ACT TTA TG 3 ; Leptin (sense) 5 CCA
AAA CCC TCA TCA AGA CCC 3’ ; Leptin (antisense) 5 CTC
AAA GCC ACC ACC TCT GC ¥ ; Adiponectin (sense) 5 AAG
GAC AAG GCC GIT CTC TCA 3 ; Adiponectin (antisense) 5
GGG TAG TTG CAG TCA GTT G 3'; Taqg DNA polymerase(0.6
U; TAKARAYZ} &7 30 » 9128 (20 mM Tris-Cl pH8.0, 100
mM KC, 01 mM EDTA, 1 mM DTT)E 9%4ToA 582
predenaturationA]?] %, denaturation (94C, 45%), annealing(5
8T, 45&), elongation (72°C, 60%)9] ZANA] 33 cyclesE 48
BIGIT PCR B2 22 1.5% agarose geloll HA715la] 291819)

8) 23} 41 Al

HEA] Fe 44 ol FHEE JEZAMeIH, o]
Ht (mean)¥} TFEHA} (standard deviation, S.D.)ZE
E3ld +dsIEem, p Ztol 0.05 njtd uh {8 Alol7t /U
Chi EEsirt
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ATFALAZY] B35 R fdked HFA LM ZF0]
3T3-L12 48 Al7F S0 vyt &, B3Rk ZHULE MDI (0.5
mM isobutyl-methylxanthine (IBMX), 0.5 nM dexamethasone
I} 1.7 M insulin)E 48 AJ7} =9t AZ1E MAEIL, 1.7 M2
insulino] FEarEl wiQUM O F 29nir} 4 =OF WA GHHEA] ui ek
SIRATt gyr|Ze Edl MEIUY gy ue
2 WESIAT. Fig. 1AdAIS} Zol,
MDIZ AZ|BIA] 942 ATFAYMES &S fibroblast} 22
Felojw d4E A et MDI A] 64 9] AlE
= ERgeE MaHen, M=z Wl Agukes] Sxlo] P
HICHFig. 1A).

ESE, ATAEME AN EEY 25
AHO R 0I5 HalM AHHE B4l
S]o}X)= MZU ¢IXFS0) PPARy, Leptin 2] adiponecting]
SHAYEE RT-PCRE &d FAsKrt. 1 Z3, PPARy,
Leptin 2] adiponectin® E3}RE Kol BEER 929
Oul, A=Ak 2ol MDIE A2l 3@ ERE] whslo] E7s6)
= Ag ARISINTHFig. 1B). 0]&9] Z3h= MDId Qfair]
TR EE FENSHE HelE SHlichs MEH JARIAS

AE7HE Sol ALMEE 23t

F

o
84 g o

o

(=]
k=1

ro

EAMZ 3L
0] ps|

=
=
E
=1
a

gre Yo AUTE

-

DO DI D2 D3 (day)

Leptin

Adiponectin

Fig. 1. The change of preadipocyte into adipocyte by MDI in
3T3-L1. 37311 preadipocyles was induced the differentiation into adipocyte as
described in Materials and Methods. Cells were incubated with or without 05 mM
Isobutyl-methyixanthing (IBMX), 05 1M dexamethasone and 1.7 uM insulin (MDI) for 36N,
ad then, kept with insulin only for 5 days. A Morphological changes of 3T3-L1
preadipocytes were monitored by fluorescent microscopy after 5 day of the differentiation
induction. B. Time-dependent expression of adipogenic specific factors was confirmed by
RT-PCR using Indicated primers described in materials and method.
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89 ¥stE MIT %‘HEE ZHSIUCE AFALAZY 4
2 FHIAAHAA 0125 - 2 mg/mlQ] SEAME HEZT FABIY
SIHIAAL thzol S MEZEY 2 BEEA ARUTHFig. 2A).
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Fig. 2. Effects of Hibiscus extract on cell viability and

differentiation in 3T3-L1 preadipocytes. Cells were treated with various
dose (012520 mg/m of Hibiscus extract with or without VD! for Sdays. A cell
viability was measured by MTT assay. B and C. Relative lipid accumulation after
Hibiscus treatment with or without MDI was measured by Oil Red O staining. Stained oil
droplets was dissolved with isopropanol and guantified by spectro-chotometrical analysis
at 510 nm. Results were represen'ed as a relative percentage of differentiated cells. *
p<0.01 and ™, p¢0.05 by student t-test significantly different from only MDI-treated cells.
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Al 0.25 mg/ml HEEA A ZR QUYL TE

VEERZOLE 2 mg/ml 5T FHAAA AEld] thER2o)
51.25% 2 Ho dAS ALY Jdae HArhFig 2C). o
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adiponectinoll Thel GlHIAA LS FEE ZRIGH] sk A+
AL Zol MDIE Aglell slHlAAL 2 mg/mhE Aelg
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5052 PPARyS} Leptin®] 2FAZFES

L A5199THFig. 3). ZeLh, adiponectin®] 42,
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Fig. 3. Effect of Hibiscus extract on adipogenic specific factors
during adipogenesis. Adipocyle differentiation was induced by treating the
confluent 3T3-L1 cells with MD! in the absence or presence of 2 mg/mi Hibiscus
extract, Day-dependent mRNA expressions of  PPARy, Leptin and adiponectin from
3T3L1 cells were measured by RT-PCR as descnibed in matenals and methods,
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Fig. 4. Inhibition effect of fipid accumulation by Hibiscus extract
and PI3-kinase inhibitors. Hibiscus extract (2 mg/mi) and Pi3-kinase inhibitors,
wortmannin (1 uV), were treated into cells during adipocyte differentiation. (A) After 5
days, cells were stained with Oil Red O to determine the degree of lipid accumulation.
Morphological changes of cells were monitored by photograph. Stained oil droplets was
dissolved with isopropanol and quanified by spectrophotometrical analysis at 510 nm.
Results were represented as a relative percentage of differentiated cells. * p<0.01 and ™,
p<0.05 by student ttest significantly different from NDi-treated cells.
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FHQl AREE <A Qe adipogenic transcriptional factor ¢1
C/EBPaS} insulin signalingel} ZQélA EolzjojZl= PI-3

Kinase®} AktQ] Q14}3)E Western blotting BPH O 2 SRIZIHC)
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Fig. 5. |Inhibitory effect of Hibiscus extract on insulin

signaling-related protein during adipocyte differentiation. Confluent
3T3-L1 preadipocyte cells were induced to differsntiate in media cortainng VDI and
various dose (052 mg/mi) of Hibiscus extract. Total proteins harvesied at 5 day or 35
hour fom each sample, The proteins were elecirophoresed o1 a 12% SDS
polyacrylamide gel, blotted to a poly membrane, a1d probed with aatiserum specific to
C/EBPa, p-Pi3-Kinase, p-Akt, Akt and B-achin,
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