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Inhibitors of Adipogenesis in 3T3-L1 Cells Isolated from Wheat Bran
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Abstract — As a part of our ongoing program on finding biologically active components from natural source we found three
known constituents from the EtOH extract of the wheat bran. The known compounds were identified as tachioside (1), pinellic
acid (2) and tryptophan (3). The structure and relative stereochemistry were determined from MS, 1D and extensive 2D NMR
techniques as well as by comparison of their data with the published values. All isolates were tested their inhibitory effects on
the adipogenesis in 3T3-L1 cells. The effect of compounds from wheat bran on 3T3-L1 adipocyte differentiation were measured
by Oil Red O staining. These results demonstrate that tachioside (1) and pinellic acid (2) decreased lipid content in 3T3-L1 adi-
pocytes by inhibiting lipogenesis. These compounds had shown antiobesity activities.
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A =ZX o]&d, hydroxycitric acid (HCA), Olibra 52| )37,
A e ZE 2ol df7t Atk AHALE - st=
conjugated linoleic acid (CLA), L-camnitine, $-f-2] ZH&=}
A S o] Hiso] Qly, F WA feste] A
=32 IAele 2= =39] catechin, 2] capsaisin,
e =it Fo] Atk AR E o7, H4, A4, &
8, AU, A9, A, A3t 5ol Als2dd et
Atke A3t BaE ey

ol & AFox e F2-E qlo] AA| 2R 2] 31e]A]
9 A 24 A S zhs 955 AASANE st
7] $lsted deo] FAHER] UA FEES T3l A
A 3RtES w8 BA ¥ NMR, MSE &3ty 3249
S, in vinooll X EElE S Ee] T 39E Il
starzt st

-

e o
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HEME - 2 A AHE UAE ) BEzute| 2
8o 2 e Algigkon, Zobd 0.5mm A= A2 A
ARSI REES A7 1E31Ee] Ak
T4 AAEATH(G36) BAE] Sl

Aot & 717] - &vile 55 2 15A1%FE, column
chromatography-§- silica gel Kiesel gel 60 (70~230
mesh, Merck, No. 7734), Diaion HP-20 (Mitsubishi
Chemical, Japan)S A3t} TLC plate= pre-coated
silica gel 60 F,, (0.25 mm, Merck), pre-coated silica gel
60 RP-18F,,S (0.25 mm, Merck)S Z}z} AME-sISI T, &bl
Aok 10% H,S0,& ARS8 o™ UVE 2549 365 nm
of| A &I3IATE NMR spectrai= Bruker 400 MHz NMR
spectrometerE, MS+ Thermo Finnigan TSQ Quantum
mass spectrometers 217} o]-&-3te] S35t AFE=
Jasco P-2000 polarimeterE Z+7t o] &3t =743t
Dulbecco’s modified Eagle’s medium (DMEM), Fetal
Bbovine Serum (FBS), Trypsin-EDTA %  Penicillin-
Streptomycine WelGenerl (Dae-gu, Korea)llA] 43132
™, Bovine Calf Serum (BCS), InvitrogenA} (Gaithersburg,
MD, USA)PIX 7438131t} Insulin, Oil Red O G4 A]<F,
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Dimethyl Sulfoxide (DMSO) Sigma A} (St. Louis, MO,
USA)oA F+3le] AR8-31%1 3L, Isobutyl methyl xanthine
(IBMX), Dexamethasone CalbiochemA} (Darmstadt, Germany)
ol skl AREEIITE 3 Real-time PCRE 93] A}
43+ SYBR Green Takara*} (Shiga, Japan)oll A -] 35}¢]
A9

3T3-L1 MIZuHRt 25} - A ARE-gF 3T3-L1 (CL-
173) Al22= ATCC (American Type Culture Collection,
Manassas, VA, USA)ZHE FUFAIL vhg-2 72 A
21 3T3-L1 AlZ& 10% BCS DMEM #IXE 37 37°C,
5% CO,° Z7olA w8ttt 3T3-L1 AFA A 25
24 well plateo] 5x10%well®] Al Z5E B33 & 100%
confluency Alo] =W 28 &<t o FAAZ T A4A%
A|2Z= MDI (0.5 mM 3-isobutyl-1-methylxanthine (IBMX),
1 uM dexamethasone, 1 pg/mL insulin)E 3 3l= 10%
FBS DMEM HiX| 2 AWAH 2 2315 2Y Fet =319,
Wl 48 A7+ F, 1 pug/mL insulin®] $H-5-%F 10% FBS
DMEMe 2 2% &<t vjgsidirh. 2 5 24 vt} 4 &
ot 10% FBS DMEM B 02 WA SIATH A A &
8 f= B WA F2E L 9U HFES 2 gl
ARl BE7E SR AEel sUAe] APHE 2
3t AeE AFEITH

Oil-Red O 244 — 8d &<t £3} Foll wiXIE AAF H
10% formadehyde 89102 M ZE A3t} Aol A
30 &< 28 F 84S AlASL PBSE 29 AlH kAL
70% F51EE 28 AlHF F Oil Red O §4E ©]-§-a}o]
Gl GaE Al x= dr)d &2 3 isoproply alchol
o 4% NP-407} 37Fe 845 ol8ale] g2l g+ % 510 nm
X FHEE 43I

& U 2™ - 2 (Triticum aestivum L)% =4 F
2HERl A 1.7 keoll ollehe-S 7lskal 24407 33] W F
sATh FEAS AAgE Fo AdS IRFEFTE ©l

NerS: 25 110 g (6.5%)S LYo, 225
=8

2]
E-H S ol 54 (E, 20, 40, 60, 80, 100% HWEH)OF
Diaion HP-20 column chromatographyS AA5}o] ¢7ll2] 4
B3 o2 LRt (G36W-18-1~6). 23] G36W-18-2 (110
mg)ell thated silica gel C.C. (10 x 25)Z ©]%4 CHCL, :
MeOH:H,O(20:4:1,10:3:1,6:3:1.6:4:1)
2 A3sle] 11 719] 23 (G36W-20-1~11)2.Z U531,
olgA A& AH3F G36W-20-59F G36W-20-82 € 35}
=1 (10.5 mg)TJr 3 (142 mg)% ZyzF B 6]’93\1, 13
G36W-18-5 (420 mg)ll tiste] CH,CLOF 52 #3 &
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CH,CL, 55 AZARsE Kaste] shek=
2 &kt

3t8tE 1 - Colourless needles; [(l]D25 -183° (¢ 0.1,
CH,OH); ESI-MS (positive mode) m/z 32535 [M + Na]’,
627.35 [2M + Na]'; (negative mode) m/z 301.79 [M - HJ,
603.20 [2M - H], 'H-NMR (DMSO-d,, 400 MHz) & 6.69
(1H, d, J = 2.8 Hz, H-2), 6.66 (1H, d, J = 8.8 Hz, H-5),
6.46 (1H, dd, J = 8.8, 2.8 Hz, H-6), 4.67 (1H, d, J = 7.6
Hz, H-1'), 3.73 (3H, s, 3-OCH,), 3.71 (I1H, dd, J = 11.6,
4.8 Hz, H-6"), 3.44 (1H, dd, J = 11.6, 6.0 Hz, H-6"), 3.10-
345 (4H, m, H-2, 3!, 4, 5; "C-NMR (DMSO-d,, 100
MHz) & 151.2 (C-4), 148.2 (C-3), 141.7 (C-1), 115.6 (C-
6), 108.3 (C-5), 102.8 (C-2), 102.1 (C-1'), 77.5 (C-3"),
77.2 (C-5"), 73.7 (C-2"), 704 (C-4"), 61.3 (C-6"), 55.9
(OCHy,).

8}8H2 2 — White solid; [a],> —35.5° (¢ 0.15, CH,OH);
ESI-MS (positive mode) m/z 353.85 [M + Na]’, 683.42
[2M + Na]’; (negative mode) m/z 329.72 [M - HJ,
659.83 [2M - HJ; 'H-NMR (CDCL/CD,0D, 400 MHz) &
5.73 (1H, dd, J = 15.6, 6.0 Hz, H-10), 5.65 (1H, dd, J =
15.6, 6.4 Hz, H-11), 4.06 (1H, dd, J = 12.4, 6.5 Hz, H-
9), 3.89 (I, t, J = 6.4 Hz, H-12), 3.41 (1H, m, H-13),
228 (2H, t, J = 7.6 Hz, H-2), 1.61 (2H, m, H-3), 1.52
(2H, m, H-8a, 14a), 1.32 (16H, m, H-4, 5, 6, 7, 8b, 14b,
15, 16, 17), 0.89 (3H, t, J = 7.0 Hz, H-18); 'H-NMR
(pyridine-d;, 400 MHz) & 6.42 (1H, dd, J = 156, 5.6
Hz), 635 (1H, dd, J = 5.6, 5.2 Hz), 4.53 (2H, m), 3.96
(1H, m), 251 QH, t, J = 7.4 Hz), 1.81 (7H, m), 1.58
(3H, m), 1.33 (10H, m), 0.83 (3H, t, J = 6.8 Hz); “C-
NMR (pyridine-d;, 100M Hz) & 177.0, 137.6, 131.8, 77.2,
76.2, 72.8, 39.4, 35.8, 34.5, 33.3, 30.9, 30.7, 30.5, 27.2,
27.0, 26.6, 23.9, 15.2.

3}8tE 3 - White solid; ESI-MS (positive mode) m/z
20522 [M + H]'; (negative mode) m/z 203.74 [M - HJ;
'"H-NMR (DMSO-d,, 400M Hz) & 11.04 (1H, s, NH),
757 (1H, d, J = 8.0 Hz, H-4), 7.35 (1H, d, J = 8.0 Hz,
H-7), 7.25 (1H, brs, H-2), 7.06 (1H, t, J = 7.5 Hz, H-6),
6.97 (1H, t, J = 7.5 Hz, H-5), 3.50 (1H, dd, J = 8.4, 4.0
Hz, H-9), 332 (1H, dd, J = 15.2, 4.0 Hz, H-8a), 3.01
(1H, dd, J = 152, 88 Hz, H-8b); "C-NMR (DMSO-d,,
100 MHz) & 171.1, 136.8, 127.7, 124.6, 121.3, 118.8,
118.7, 111.8, 109.9, 55.2, 27.5.
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St cell] AE2]0] oA=& uvt 48 e
B (Fig. 2) &48%S 837 flstd 22E8E 19
Sttt EZ 2= silica gel 3 Diaion HP-20 column
chromatographyE ©]-8-toH, 2 A3 3 F9] &S
T AT

3R 12 A9 AR (colourless needles)e] & EY
24 ESEMS (m/z 32535 [M + Nal', 301.79 [M - H )&
HE A 302 amui SRISHAAL, E2H] C3H,50.4
S & F e, BxsrE 52 Yehgth 'H-NMRO]
A 1,2,4-tr1subst1tuted aromatic proton [, 6.69 (1H, d, J
= 2.8 Hz), 6.66 (1H, d, J = 8.8 Hz), 6.46 (1H, dd, J =
8.8, 2.8 Hz)]o] #&F o st methoxy 719l 71918}
= signal [8;3.73 (BH, s)]3} glucose®] anomeric proton
o] &, 4.67 (1H, d, J = 7.6 HzpelA &A=t "C-NMR
ANAME ZF 13719 carbon signalS Bl o, 6711<] Hl
A2l 719181 signal €]l 6 7112] Fell 71Q08R= signal
[0 102.1 (C-1'), 77.5 (C-3"), 77.2 (C-5"), 73.7 (C-2"), 70.4
(C-4), 613 (C-6)]7 methoxy”]2] signat . 55.99141 &
QIEFATE. o)de] w=38H HlolH ¢} BEsl==TE et
1:& methoxyhydroquinonell glucose’} A= o] A& 3=

2 3890, Bsletd s 232 vl A Esl]
tachioside (methoxy-hydroquinone-4-3-D-glucopyranoside) =
QX%L]_Oﬂq_ (Fig 1)

SR 2= 3] A4 (white solid) & F-E] =L
™, ESI-MS (m/z 353.85 [M + NaJ', 329.72 [M - H)2*
B 2 330 amuE RIS, A4 CH,, 058
4 & Ao, Bxsiee 22 el 'H-# C-NMR
o Ht 371 €] oxygenated methine proton©| &y 4.06 (1H,
dd, J = 124, 6.5 Hz, H-9), 3.89 (1H, t, J = 6.4 Hz, H-
12), 3.41 (1H, m, H-13)°llA Z}2} vpeRtar 9lom, shute]
trans ©)E AT [5, 573 (IH, dd, J = 156, 6.0 Hz; &,
131.8), 5.65 (1H, dd, J = 15.6, 6.4 Hz; 8, 137.6)]° 7191

Sl signale 18l oH, §. 177.02 25 E carboxyl

OH
0
HO R
HO 0
3 OH 3
3 ¢ OH
OCH3 3
OH OH O
AWMOH
OH
2

Fig. 1. Structures of compounds 1-3 form wheat bran.
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Fig. 2. Effect of G36W on triglyceride accumulation in 3T3-L1 adipocytes. (A) 3T3-L1 cells were induced to differentiate in the
absence or in the presence of G36W (25, 50, 100 pg/ml) for 8 day and then the stained lipid contents were quantified by measuring
absorbance. (B) Lipid contents were measured by Oil Red O staining.

carbon signals YERHE=E 35 2+ 3 70¢] hydroxy”]
o} gk 709 frans ©1F ATl EAISkE A 1IE FAEE
mono-unsaturated long chain fatty acid 7Z4<S FHE 4
QIITE &, COSYEFE CH,-CH(OH)-CH(OH)-CH=CH-
CH(OH)-CH,-8] & 725 =Rlsiiitt. ool A= 5
ol A vlw PES A% FE 29 Ferre
pinellic acid (9S,12S,13S-trihydroxy-10(E)-octadecenoic acid)
= A%aStt (Fig. 1).

3FHE 32 Aol TA|A (white solid) .2 FE]E 0L
™, ESLMS (m/z 20522 [M + H]', m/z 203.74 [M - H])

FHE] BARS 204 amuE E%1 0}011, FA C11H12N202
de & 5 or, By 72 Yekdoh 'H-NMR

of| 4] aromatic proton [8, 7.57 (1H, d, J = 8.0 Hz, H-4),
7.35 (1H, d, J = 8.0 Hz, H-7), 7.06 (1H, t, J = 7.5 Hz,
H-6), 6.97 (1H, t, J = 7.5 Hz, H-5)], methine proton [§
3.50 (1H, dd, J = 8.4, 4.0 Hz, H-9)] signalo] &2l =&
™, NH proton [3;; 11.04 (1H, s, NH)] ©l| 3]33}= signal
o] g1=g)r}t. PC-NMRoIXE & 11709] carbon signatS
gelsislen, e7he] WiAlse]el 711sk= signal £]ol 17}
©] methine carbon [§. 552 (C-9)], 17§2] methylene

carbon [8. 27.5 (C-8)]°l 711 3l= signalS Eelall o,
8¢ 171,125 carboxyl carbon signats JERJEZ o]/d<]
33 tlolelet xR 3ghE 3 =83eHE
A B84 vl AESL tryptophan® 2 A &1t
(Fig. 1).

28 39HEol tisle] 3T3-L1 celle] A4 JAE
= SAsIAL, AR A= Fig 37 4ol YeRiAe. 3t
o= 19} 2 283 I siRMEEo] e A FEEC] B
T EE gEHow XHLXWWIJLJ} Xlt'*ﬂliiA Ti} <

%H o] A1E 9o 3336), pinellic
%c} WA o] adujvant E7HeF7 detel=]
A W FHYE Do gk AFAT=
o} olde] g & uf, ¥A {3 4

o
o] B WA FEEL olg o]

2 B APHOR WAL & e LA
BE AYE Folo] AAB o} /SN E SR
el Bk A7} olRold Bast Y Ao B
ek,
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Fig. 3. Effect of compound 1 on triglyceride accumulation in 3T3-L1 adipocytes. (A) 3T3-L1 cells were induced to differentiate in
the absence or in the presence of compound 1 (300, 450, 600 uM) for 8 day and then the stained lipid contents were quantified by
measuring absorbance. (B) Lipid contents were measured by Oil Red O staining.
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B
None 300 uM 450 uM 600 uM (Com?2)

Differentiation with hormonal cocktail

Fig. 4. Effect of compound 2 on triglyceride accumulation in 3T3-L1 adipocytes. (A) 3T3-L1 cells were induced to differentiate in
the absence or in the presence of compound 2 (300, 450, 600 uM) for 8 day and then the stained lipid contents were quantified by
measuring absorbance. (B) Lipid contents were measured by Oil Red O staining.
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