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Abstract: Objective To study the chemical constituents and lipid regulating activity of Laifuzi (Raphani Semen). Methods The
70% ethanol extract of Raphani Semen was separated and purified by various chromatographic techniques such as silica gel,
Sephadex LH-20, ODS and semi-preparative liquid chromatographic columns. The structures of these compounds were identified
by spectral data and physicochemical properties. Subsequently, lipid-regulating activity of the compounds was evaluated in vitro
by the insulin resistance model of 3T3-L1 preadipocytes. Results A total of 14 compounds were separated and purified from the
70% ethanol extract of Raphani Semen, which were identified as: ethyl norsulforaphanate (1), methyl raphanide (2), sinapine (3),
(E)-2-(4-hydroxy-2-oxoindolin-3-ylidene) acetonitrile (4), 2-(4-hydroxy-2-oxoindolin-3-yl)acetonitrile (5), 6-methoxyindole-3-
carboxylic acid O-B-D-glucopyranosyl ester (6), cappariloside A (7), 3',6-disinapoyl sucrose (8), vomifoliol (9),
3,4-dihydroxy-benzaldehyde (10), 3,4-dihydroxy-benzoic acid (11), 5-hydroxy-methylfurfural (12), 2-hydroxymethyl-5-
furanacrylic acid ethyl ester (13) and B-sitosterol (14). Conclusion Compounds 1 and 2 are new compounds, and their
biological precursors are both methionine. Furthermore, compound 1 is an artificial product of isothiocyanate reacting with
ethanol. Compounds 4, 6, 10, 11 and 13 were isolated from Raphani Semen for the first time. Compounds 1 and 2 had potential

anti-adipogenic effect in vitro.
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WA (REECEMEARFARAF]D; 3-7 7T 2-1-
H L $5 WS (STBF2497V, JRE /3 5=99%, £
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Table 1 'H-NMR (400 MHz, CD3OD) and '*C-NMR (100 MHz, CD30D) data of 1 and 2
B . :
OH oc OH Jc
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2 3.64 (td, J=6.8, 1.6 Hz) 445 3.25 (t,J=6.7 Hz) 40.4
3 2.04 (m) 23.1 2.46 (m) 334
4 2.84 (m) 523 6.45 (m) 139.1
5 2.65 (s) 382 6.54 (d,J=15.2 Hz) 136.3
6 2.65 (s) 40.4
1’ 4.44(q,J=7.1 Hz) 66.9 3.62 (s) 525
2’ 1.29 (t, J=17.1 Hz) 14.7
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CD;0D) o: 7.16 (1H, m, H-6), 6.52 (1H, s, H-2), 6.47
(1H, d, J = 84 Hz, H-5), 6.34 (1H, d, J = 7.6 Hz,
H-7); '3C-NMR (100 MHz, CDs;OD) 4: 167.3 (C-9),
158.6 (C-4), 145.2 (C-7a), 144.9 (C-3), 135.7 (C-6),
117.1 (C-1), 109.2 (C-5), 102.6 (C-7), 97.1 (C-2). Vi1
PBAEHE 5B A T, A 4 N
(E)-2-(4-hydroxy-2-oxoindolin-3-ylidene) acetonitrile

WEY 5: WEERAR: 5T CioHsN2O2;
ESI-MS m/z 187 [M—H]; 'H-NMR (400 MHz,
CD;0D) 6: 7.09 (1H, t, J = 8.0 Hz, H-6), 6.51 (1H, d,
J = 8.3 Hz, H-7), 6.45 (1H, d, J = 7.6 Hz, H-5), 3.30
(IH, m, H-3), 3.18 (2H, m, H-2); "*C-NMR (100
MHz, CD;OD) ¢J: 179.4 (C-9), 155.7 (C-4), 145.2
(C-7a), 131.3 (C-6), 118.1 (C-1), 111.1 (C-5), 103.0
(C-7), 41.9 (C-3), 17.4 (C-2). LA Ly it B 5 SCwik %L
P EEAR—ET, KEMAMEY 5 A 2,3-dihydro-4-
hydroxy-2-oxo-1H-indole-3-acetonitrile.

&Y 6: LMY 713 CisHioNOs;
ESI-MS m/z 352 [M—H]; 'H-NMR (400 MHz,
CD;0D) ¢: 3.56~3.40 (4H, m, H-2'~5"), 3.71 (1H,
dd, J=12.1,4.7 Hz, H-6'b), 3.83 (3H, s, -OCH3), 3.87
(1H, dd, J=12.2, 2.0 Hz, H-6"3), 5.72 (1H, d, /= 7.8
Hz, H-1"), 6.86 (1H, dd, J = 8.8, 2.3 Hz, H-5), 6.97
(1H, d,J=2.2 Hz, H-7), 7.94 (1H, d, J= 8.0 Hz, H-4),
7.95 (1H, s, H-2); 3C-NMR (100 MHz, CDs;OD) 4:
165.7 (C-8), 158.5 (C-6), 139.0 (C-7a), 133.2 (C-2),
122.6 (C-4), 121.5 (C-3a), 112.8 (C-5), 107.6 (C-3),
96.0 (C-7), 95.3 (C-1", 78.8 (C-5", 78.3 (C-3"), 74.2
(C-29,71.2 (C-4"), 62.4 (C-6"), 55.9 (-OCH3). LA
WS 5 OB R A — B8, A 6 9 6-
methoxyindole-3-carboxylic acid O-B-D-glucopyranosyl
estero

WEY 7. WHE AR 7373 CisHisN2Oe:
ESI-MS m/z 333 [M—H]; 'H-NMR (400 MHz,
CD;0OD) ¢: 3.53~3.42 (3H, m, H-2'~4"), 3.60 (1H,
dd, J=8.7, 7.7 Hz, H-5"), 3.72 (1H, dd, J = 12.0, 4.8
Hz, H-6b), 3.90 (1H, dd, J = 12.1, 1.9 Hz, H-6"),
4.19 (2H, d, J = 3.0 Hz, H-8), 5.09 (1H, d, J = 7.8 Hz,
H-1%, 6.80~6.75 (1H, m, H-7), 7.05 (2H, m, H-6, 8),
7.13 (1H, s, H-2); *C-NMR (100 MHz, CDs;0OD) ¢:
153.1 (C-4), 140.0 (C-7a), 124.0 (C-2), 123.6 (C-6),
121.3 (C-3a), 118.4 (C-9), 107.4 (C-7), 105.3 (C-5),
104.8 (C-3), 102.5 (C-1"), 78.4 (C-5"), 78.2 (C-3"),

75.2 (C-2"), 71.4 (C-4"), 62.5 (C-6"), 16.2 (C-8). LA L
B 5 SRR FE A — B, BENEW T
cappariloside A

EY 8: IRFEMA; 77T CaaHaOl05
ESI-MS m/z 753 [M—H]; 'H-NMR (400 MHz,
DMSO-ds) o: 7.61 (1H, d, J = 15.8 Hz, H-3"), 7.55
(1H, d, J = 15.8 Hz, H-3""), 7.02 (2H, s, H-5", 9"),
7.01 (2H, s, H-5"", 9", 6.54 (1H, m, H-2"), 6.50 (1H,
d, J=15.9 Hz, H-2"), 5.60 (1H, d, J = 6.4 Hz, H-1),
5.37~5.44 (2H, m, H-3', 4"), 5.30 (1H, d, J = 3.6 Hz,
4-OH), 5.25 (1H, d, J = 5.8 Hz, 2-OH), 4.98 (1H, d,
J = 5.0 Hz, 3-OH), 4.90 (1H, t, J = 6.3 Hz, 1-OH),
4.69 (1H, t, J = 5.7 Hz, 6"-OH), 4.46 (1H, d, J=10.8
Hz, 4-OH), 4.01~4.31 (4H, m, H-6, 1'a, 5'), 3.80
(6H, s, 6", 8"-OCH3), 3.78 (6H, s, 6", 8"-OCH3),
3.57~3.74 (2H, m, H-6'a, 1'b), 3.48 (1H, dt, J = 9.1,
4.5 Hz, H-6b), 3.26 ~3.42 (3H, m, H-2~4);
BC-NMR (100 MHz, DMSO-ds) J: 166.7 (C-1"),
165.5 (C-1"), 148.0 (C-6", 8"), 148.0 (C-6", 8",
145.8 (C-3"), 1454 (C-3"), 138.3 (C-7"), 138.3
(C-7"), 124.4 (C-4"), 124.3 (C-4™), 114.7 (C-2", 2",
106.1 (C-5", 9", 106.1 (C-5", 9", 103.1 (C-1), 90.9
(C-29, 82.9 (C-5", 77.1 (C-5), 73.1 (C-3"), 72.5 (C-3),
71.4 (C-4", 70.6 (C-2), 70.1 (C-4), 64.3 (C-1"), 63.6
(C-6), 62.2 (C-6"), 56.1 (6", 8"-OCHj3), 56.0 (6",
8"-OCHs). LA b HE 5 SOk B S A — 20,
YA 8 4 3',6- T TR L IERE .

EY 9: LEMRY; 75+ CisHxOs;
ESI-MS m/z 247 [M+Na]*; 'H-NMR (400 MHz,
CD;0D) ¢: 5.88 (1H, t, J = 1.4 Hz, H-2), 5.80 (2H, m,
H-7, 8), 4.32 (1H, qd, J = 6.3, 3.9 Hz, H-9), 2.62~
2.11 2H, m, H-6), 1.92 (3H, dd, J = 3.7, 1.4 Hz,
H-11), 1.24 (3H, d, J = 6.4 Hz, H-10), 1.07~0.99
(6H, m, H-12, 13); BC-NMR (100 MHz, CD;0D) 4:
201.3 (C-1), 167.5 (C-3), 136.9 (C-7), 130.1 (C-8),
127.1 (C-2), 79.9 (C-4), 68.7 (C-9), 50.7 (C-6), 42.4
(C-5), 24.5 (C-12), 23.8 (C-13), 23.5 (C-10), 19.6
(C-11)o PL Bl Bl 5 SO R A Fe A — 320, %
SEEY) 9 Nt

WED 10: HEHFAK; 7373 CHeOs; ESI-MS
m/z 137 [M—H]; 'H-NMR (400 MHz, CD;0OD) ¢:
9.69 (1H, s, H-1), 7.31 (1H, m, H-3, 6), 6.91 (1H, d,
J = 7.8 Hz, H-7); 3C-NMR (100 MHz, CD;0D) J:
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193.1 (C-1), 153.8 (C-5), 147.2 (C-4), 130.8 (C-2),
126.4 (C-7), 116.2 (C-6), 115.3 (C-3). LA _Fyitids
5 SCRE A B A — 32N, B A 10 4 3,4- 57
FEORHIEE,

&Y 11: \ERAR: 73730 CHeO4: ESI-MS
m/z 153 [M—H]"; 'H-NMR (400 MHz, CD;OD) ¢:
7.45 (2H, m, H-3, 7), 6.82 (1H, d, J = 8.0 Hz, H-6);
BC-NMR (100 MHz, CD;0OD) §: 170.3 (C-1), 151.5
(C-5), 146.0 (C-4), 123.9 (C-7), 123.1 (C-2), 117.7
(C-3), 115.7 (C-6). Lh_E i Hh s 5 Sk £ 2 A —
2, et e 11 o~ 34- RIEEFR.

tEY 12: LEMERY: T3 CeHeOs;
ESI-MS m/z 149 [M+Na]'; 'H-NMR (400 MHz,
CD;0D) §: 9.53 (1H, s, H-1), 7.39 (1H, d, J = 3.6 Hz,
H-3), 6.59 (1H, d, J = 3.6 Hz, H-4); '3C-NMR (100
MHz, CD;OD) d: 179.5 (C-1), 163.2 (C-5), 153.8
(C-2), 125.0 (C-3), 110.9 (C-4), 57.6 (C-6). LA Liit
ol 5 OB R A — 00, B E 12 25 5-
& F LR

wEY 13: BEMRY; 4T3 CioHiO4s
'H-NMR (400 MHz, CD;0D) §: 7.41 (1H, d, J=15.7
Hz, H-3), 6.70 (1H, d, J = 3.3 Hz, H-5), 6.42 (1H, d,
J=3.3Hz, H-6), 6.26 (1H, d, J = 15.7 Hz, H-2), 4.57
(2H, s, H-8), 421 (2H, q, J = 7.1 Hz, H-9), 1.30 (3H,
t,J=7.2 Hz, H-10); '3C-NMR (100 MHz, CD;0D) ¢:
168.7 (C-1), 159.1 (C-7), 151.8 (C-4), 132.5 (C-3),
117.4 (C-5), 115.9 (C-2), 111.0 (C-6), 61.6 (C-9),
57.5 (C-8), 14.6 (C-10). LA L3815 504 55 SOk B4
AR, Kb &Y 13 N 2-F8 H I -5-RR I
WL LT

&Y 14: Bk A 73730 CooHs00; ESI-MS
m/z 415 [M+H]*; 'H-NMR (400 MHz, CDCl3) §:
5.36 (1H, d, J= 5.1 Hz, H-6), 3.53 (1H, ddd, J = 15.4,
10.7, 44 Hz, H-3), 237~2.17 (2H, m, H-4);
BC.NMR (100 MHz, CDCl3) o: 141.0 (C-5), 121.9
(C-6), 72.0 (C-3), 57.0 (C-14), 56.3 (C-17), 50.3
(C-9), 46.0 (C-21), 42.5 (C-13), 42.5 (C-4), 40.0
(C-12), 37.5 (C-10), 36.7 (C-1), 36.4 (C-18), 34.15
(C-2), 32.1 (C-7), 31.9 (C-8), 29.4 (C-2), 28.5 (C-22),
26.3 (C-15), 24.5 (C-27), 23.3 (C-11), 21.3 (C-29),
20.0 (C-23), 19.6 (C-26), 19.2 (C-24), 12.2 (C-28),
12.1 (C-25) PA b3 00 5 SCHREHR A — S0,
YA 14 7 B-4 .

4 RIMBERETEETFE
4.1 LAYt 3T3-L1 RiAEEF AR EE RAI N

K CCK-8 4024, Ml Ak &4 1 F1 2 XF 3T3-L1
FIT G o 40 A7 5 R 1 2 o 3T3-L1 i AR A 200 Pt Ao P
DMEM EfiE 7R (& 10% MR- 1% 1%
P T 37 CHI5% CO, HIZAF T 7R Frdlifi k&
HRE 70%~80%, I EL MK 3T3-L1 Hif i /i 40 i
JHALSE , FH DMEM (b 728 Fo i 4 X 10*~/mL
(R 2 T FE T 96 AL, 5L 100 L, 7237 °C.
5% CO2 A FREFF 12 hy XTI, B 254, W
FrEREFREE, XHHRAIIAE 0.1% DMSO () DMEM
FERTFRIE 100 pL, A2 5345 T 10 pmol/L
A H)H) DMEM mifEs7R%E 100 pL, 78 AH R 2R
BikMF R UkSERE 5% 48 hy WP IRBGFRIE, ML
100 uL & 10% CCK-8 ARG FRIEF WG, il
AREFRF 0.5 h 5, HEEFRXAE 450 nm KR
MEWIEE (D, FHIHFHAMpEAESR.,

WA TE R =A /A ae

GERLH], 1S 1 A2 48 10 umol/L WKJE T
Xt 3T3-L B A A 40 48h I AF3E K KT 90%,
IEIEHL 5 10 pmol/L IR EEH T e sRid et 78, 45
R 2,
=2 AW 1 F 2 XF 3T3-L1 BIEHAREERNEN
(xzts ,n=3)
Table 2 Effects of compounds 1 and 2 on survival rate of
3T3-L1 preadipocytes (x +s,n=3)

2H 5 YEPGIREE (umol- LY AHAAHIEH/%

pagi 100.00+1.11
1 10 95.81+0.38*
2 10 97.33+1.21*

x4t ~P<0.01

" P<0.01 vs control group

4.2 3T3-L1 Rifs A ZHARER B RIRIIRBEAVIE L
HRAE SCHR IR IE 1) 770, @it 3T3-L1 miARHG
S P S RO Y, WA 0 12 T R B 2R
HHLRsZm, M S ARV M. 3T3-L1
AT TR 2 X 104 AN/ ALEEFR T 24 FLAR, 20 5t iR
. BEAUAH . PHYEXHIRZL. AZ54. AN e 4
B A K EMAE 100% /5, %5 £ 1)
DMEM Eipiss 72t 4RahE9% 48 hy S HEZH F 6k 2
mL H ) DMEM mipissoeds, BAAMA 2 mL
FEF R RFE 1 (DMEM i s 3 b & A4 19
7 10 pg/mL. 3-5 ] 5E-1-FHEL RS 0.5 mmol/L.
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HIZEKHA 0.25 pmol/L D& HIEE 1 umol/L), FHYE
ZHLINN 2 mL % 5 mol/L BH I 254035 ARABTT 1 5
SR FRIE T, 25 2540 50 NN 2 mL 7% 5,10 pmol/L
WEMREF R TR 1, 5537 48 hy XJHEZH 4k
SR 2 mL FrEf i DMEM & Bl 53k, R 20 #e
B 2 mL SR 7R 5L 1T (DMEM b s 7% 3 o
TR Z 10 pg/mL), FHYEXTERAIA 2 mL 5 5
umol/L BHH:Z3Wis AR AT 5 S L85 7728 10, 45
25y BN 2 mL & 5. 10 umol/L b &K1 S
SR FEIE 1T, B59F 48 hy %414~ 2 mL DMEM
R IR, RE9% 48 ho FE 3T3-L1 EHE S 01k
B TR, FEEEEFRE, LI 200 pL PBS ¥
VAR IRIEE G, $525 PBS. MRS SCBRIRIE (1) Ty %026,
i DMEM =i R 72 5B 1 pg/mL JE B4 4%
W, BEFLINN R 2 44 200 pL, BEYEHE 10 min
G, FRETOYR. LA PBS Pk4iiE 1 )5,
PN 200 uL PBS. HEGARXAEBUR B 485 nm Ak
WK 572 nm FARISA A 8, FHARYE A RHHES
AN AT AR & . OGBSI

AERTHEWT & B =A wulA

Bt RRZEAR EL, AR ZE 4T At A PR AR G R 2 A
BIGI (P<0.001). SHEMAMLL, HEY11ES.
10 pmol/L ¥ N xf 3T3-L1 4 A A= 5 &

200 um

700 pm
R G {0 1R o i 4 f

700 nm
AP 15 pmol-L7!

—
&4 1 10 pmol-L!

FEIMHIER (P<0.01. 0.00D), Ti&EH 2 7£ 10
umol/L ¥ T Bon— & RHMFI IR AE B E . (P<
0.05), &R 3. 1o, W4 TTLEH, RAIE
PLAH)E, 25 SRR HA AR R KR
B LA . H4 2545 2 TRUAL B A A ) JE 20 A
R SRR AN LR, KB TEZG I AR AT . L
H0 1 F 2 (4R A R A AN R R D . 25 b
P, &1 0 2 2 AR R ARG .

£3 a1 2 3t 313-L1 milsAERRAMAEX BRI & &
B (x+s,n=3)

Table 3 Effects of compounds 1 and 2 on relative fat

content in 3T3-L1 preadipocytes (x + s ,n=3)

25 BT (umol LY X HRRT & &
payi 0.7040.02
T 1.00+0.03##
FH %o 5 0.77+0.00""*
1 5 0.86+0.01"

10 0.79+0.01"**
2 5 0.94+0.05

10 0.95+0.01"
SRS #P<<0.001; SHRIALILLE: "7 P<0.001 “P<
0.01 "P<<0.05

##pP < 0.001 vs control group; ***P < 0.001 ** P < 0.01 *P < 0.05 vs

model group

200 um
AT 5 pmol-L™!

200 (m

A& 2 5 pmol-L!

200 {im
&4 2 10 pmol-L!

4 A2 X 3T3-L1 MRS F MR B h 4B R S F s AR R AV #20m

Fig. 4 Effects of compounds 1 and 2 on cell morphology and lipid accumulation in insulin-resistant 3T3-L1 adipocytes

5 g

NI T 70% LFESEE 2 25153 14 ML
EW, AFE 2 NHIERATAEY, 5 A E RN
T BER RS . X 2 N ST T

AN AREE TETf L. 2R, ke 12 A
AEAERAREEE, HA a1 8 2 £ 5. 10
umol/L T 7R Hy ST R AR S P . AHTFUF = 13K
AT ISR, I B B RIS T
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