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#NEBE X BE ZHEIE S RAW 264.7 464 — S L RIDHE R 4 & BS ER
RETEY

& 1E, HEHE, RER, MEAF
R RF 5B KRR R, RINAW FAREZ)IE K S seie %, b 100191

7 E: BE FAAMEIR 70% CEEK IR BIIR OB iE VIR A A B A AT A IR 2 0 (LPS) 5 51 SR B
il RAW 264.7 P24 —E A% (NO) HIMER FIAEMSEYE. 53k SRARERS . 1o ROGRUM (0 0 S5 (3% D itk 47 4y B 4l
TGS BOE % E A5 . SR LPS A S RAW264.7 AT NO AR, HEFEAL-& Rt NO 22 BRI H1E
o R MAMEIE 70% CEK DRI Cleia 2 2 B W 12 MEEY, 0l e A E R (1D, 12,13--5-12,13-
WEANEHREY (2. A 2-BIEAEHREY (3). 12-FEMRAMT TRl (4. T IREEEY B (5). #ME TEEEEY C (6 (12'S)-BUHh
JE®Y C (7). AV-AMERMY (8D 13-FAEIERAMT BMY (9. XUGFMEIEEY B (100 XAMIIREY A (11D F112,13--4&-12,13-
TRIEAMEERY (12). 7E LPS Y551 RAW 264.7 )il NO AE sz Al rh, DL L-NS-(1-0 1% 2,3%)- 1 & B8 (L-NIL) NN
PRSI ZG, HAmH] NO A iR BamH ik E (ICso) N (10.2941.10) pmol/L. 4&# 1. 3. 5. 10, 11 $MHI7E R I1Cso
fERT 50 umol/L, 1G4 8. 9. 12 ¥ ICso {HIEIT TBHMEZ, AALEY 2. 4. 7 [ ICso fH B /N TBHMEXT IR 2, HAF S
RN Eie AW 4 NFRATY . VSSRGS RN A 2. 4. 79, 127 Tﬁ%ﬁﬁzﬁfﬂﬁmmfﬁﬁﬂ .
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Inhibition of bakuchiol and its derivatives in Psoraleae Fructus on nitric oxide
production in lipopolysaccharide-activated RAW 264.7 cell lines

LV Qian, XU Qing-xia, ZHANG Ying-tao, YANG Xiu-wei
State Key Laboratory of Natural and Biomimetic Drugs, Department of Natural Medicines, School of Pharmaceutical Sciences,

Peking University, Beijing 100191, China

Abstract: Objective To study bakuchiol and its derivatives of cyclohexane soluble part in 70% ethanol aqueous extract of Psoraleae
Fructus and their inhibition on nitric oxide (NO) production in lipopolysaccharides (LPS)-activated murine macrophage RAW 264.7
cell lines. Methods The compounds were separated and purified by silica gel column and high performance liquid chromatographies,
and their structures were determined by spectroscopic data analyses. Using LPS-activated RAW 264.7 cell line models in vitro, all of
the isolated compounds were evaluated for the inhibition against NO production. Results Twelve compounds were obtained and
identified as bakuchiol (1), 12,13-dihydro-12,13-epoxybakuchiol (2), A%,2-hydroxylbakuchiol (3), 12-oxobakuchiol (4), psoracorylifol
B (5), psoracorylifol C (6), (12'S)-bisbakuchiol C (7), A'--bakuchiol (8), 13-methoxyisobakuchiol (9), bisbakuchiol B (10),
bisbakuchiol A (11), and 12,13-dihydro-12,13-dihydroxybakuchiol (12), respectively. For the inhibition of NO production in the
LPS-activated RAW 264.7 cell line model, a positive inhibitor, L-N°®-(1-iminoethyl)-lysine (L-NIL), was used and showed the half
maximal inhibitory concentration (ICso) value of (10.29 £ 1.10) umol/L. The ICso values of the assayed compounds 1, 3, 5, 10 and 11
were all more than 50 pmol/L, compounds 8, 9 and 12 were comparable to that of L-NIL, whereas the ICso values of compounds 2, 4

and 7 were less than that of the positive inhibitor with statistically significance. Conclusion Compound 4 is a new natural product.
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The results of the bioactivity assays indicated that compounds 2, 4, 7, 8, 9 and 12 are potential anti-inflammatory agents.

Key words: Psoraleae Fructus; Leguminosae; bakuchiol; bakuchiol derivatives; RAW 264.7 cell lines; substance foundation;
12-oxobakuchiol; (12’S)-bisbakuchiol C; Al3-bakuchiol; 13-methoxyisobakuchiol

LG Z 40 F IE Psoraleae Fructus NS Bl
(Leguminosae) fH%) Psoralea corylifolia L. 11
RRAAREE, IRET OFEAR), BAREH. 2
P RS . T RAETEZ ThRL, W T E R
AR PR . BURPRI. T MG SE, 5i4h
BT BB BEASE B oty TR T IR B
mhe ANERRIESZ TN, =/, WAKT LY. &
0 FH, b hvhs HOR S 2B IO, TR
JUARL VRS BN, EPREEAE XA M ENE. 4
. B =R AR 2 B AR 5
ZigkR . RIE. QU SCRRL A R O FEX R
JEH R, AN UREAH ARG 1 b8 i v B
Kb b R HAEH (isobavachalcone) #ME
A BB (bavachinin) 951, M flg — &8
fiil (bavachin) FIME G H-AH (bavachalcone) P!
(R 3 B A4 B LB Wi o AHIT S AN B Jl
70% CREK SR R i 158 23 73 25 25 78 Y 12
MEE, 7% AN E RS (bakuchiol, 1),
12,13- Z5&(-12,13- 3 S 4 & IR B (12,13-dihydro-
12,13-epoxybakuchiol, 2). A®2-F2IEANE G (A3,
2-hydroxylbakuchiol , 3 ) . 12- % X *h & J§ B
(12-oxobakuchiol, 4). & IEEEEY B (psoracorylifol
B, 5). #M& JEEFMY C (psoracorylifol C, 6)+ (12'S)-
XN G C [(12'S)-bisbakuchiol C, 7]+ AM-%ME
Ji§ C(A'3-bakuchiol, 8). 13-H 45t IR
( 13-methoxyisobakuchiol , 9 ) . X %+ & 5 'y B
(bisbakuchiol B, 10). XM JlEHy A (bisbakuchiol
A, 11D A 12,13- = &(-12,13- R A H IR B
(12,13-dihydro-12,13-dihydroxybakuchiol, 12). &
EY) 4 IR . KHNEZHE (LPS) %
(¥ BV B R A RAW 264.7 41 R — AL A (NO)
AR R, B L-NO-(1- E % 20 F:)- & R
[L-N®-(1-iminoethyl)-lysine, L-NIL] JyPHEN} R 2y,
P T A Ay B E A SR NO - AR L A AR
M, VNSRS S 2. 4. 7~9. 12 7
e HABIERIBTRIER -

1 FESHHR

Finnigan TRACE 2000 % Jii i {X (EI-MS;

Thermo Finnigan Inc., San Jose, CA, USA); MDS

SCIEX API QSTAR 25 154X (ESI-TOF-MS; Applied
Biosystems/MDS Sciex., Foster, CA, USA) fll Waters
Xevo G2 Q-TOF i 73 #f H Wi 25 B 8 Ji ¥l A%
(HR-ESI-TOF-MS, Waters, Milford, MA, USA);
Bruker AV 11 400 RUZ 53R P 11X (NMR; Bruker
BioSpin AG Facilities, Féllanden, Switzerland), P
HEE R e 9 AR s SO % s RO €38 8 LC
3000 HPLC % %4t (AbatGIFmiERHA R 2D,
Fi & P3050 —Ju7E, CXTH-3000 i TAEu,; ik
# 4 Phenomenex Prodigy ODS(250 mm X 21.2 mm,
10 um; Phenomenex Inc., Torrance, CA, USA)D;
Galaxy B M CO, &K 7546 (J%[E RS Biotech 2
")), JIT-1300 A TAE G (LR B PRI <0
& A A )3 UVmx Kinetic Microplate Reader
(Molecular Dynamics, Inc., Sunnyvale, California,
CA, USA); XDS-1 ERME (FEPOLRA L
AH]D; HZS-H RUHIR KRR G ds (ha /R VE T R Bk
R HOARITRAIRATED; TGL-16C M w5 305
OBl (RSB ) GFase MR LB L
R (TLC) 43l AT B T 1 Merck A FH]
(Darmstadt, Germany) 7#h; 200~300 HAE i
FRER N By A T A7 96 FLARFT 25 cm?
il I AN E IS Corning Costar A #]
(Cambridge, MA, USA).

Dulbecco’s modified Eagle’s medium (DMEM).
MR 2 vl (PBS) . 0.25% i & [ i -EDTA
(trypsin-EDTA). 4= 1fiiE (FBS) 14 H 3 E Gibeo®
Laboratories A @] (Grand Island, NY, USA); 3-(4,5-
TR REME-2)-2 5- T OR B U A MR R (MTT). FH
PEXTHEZS L-NIL. —H K (DMSO). Griess ik
#. LPS W H £ [® Sigma-Aldrich A& ; XL
(penicillin-streptomycin solution) 4 H 32 & HyClone
ANFE] ;s SERE 2K HEE Millipore 47K AL
%y Al olE. ke, WIS AL T
s B2l 25 N3 [E Fisher Chemical 7= i o

RAW 264.7 4iffgtk (3111C0001CCC000146)
Vi) 1 P ] 25 2R 2 e itk D Bt 9 P A 2 2 4
Hl.

W EZIM T 2016 4F 10 HRET A NG
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WG, @I KR¥MHHEREE AR
BB EYIANE HE Psoralea corylifolia L. 1)1 4
Bz, SRR A (BGZ201610) fEFAb Rl K2R
SRE) B A AR 2 ) [ 5% B P S =

2

21 RERESE

47.9 kg NS Bk K2 70% L BE/K B EL 3
W, 1SEEEEEAL 8.2 kg (HHEHR N 17.12%). B 6.0
kg MR THOKF, RO 8 Ik, &7
ORI, R COREAL 1.2 kg BUA R
AL 1.0 kg, LRERFE (800 mmX 140 mm) fail,
HObE-BERR MG (5010321 101,203, 13,
0: 1) BEEEEH, #ZEER (TLC) iR, &M
[ B AR 7, 33 26 MRS Fr. A~Z.

Fr. B (27.2 g) &R (650 mmX 55 mm)
Bk, HHEE-BEEE OB (100 D 1. 50 0 1. 2511,
7310510310 101, 1:3. 0:100) BEEEP:
Jit, TLC b3l S&HH, 152115 M4 Fr. B-1~
B-15. Fr. B-8 (2.1g) &AM G, 25K
(40 : 60—>100 : DL, /53] 13 ML) Fr. B-8-1~
B-8-13.Fr. B-8-12 &:fill % HPLC 4lifk., ZJf§-/K(70 :
30) RGN, BEIMAY 1 (30 mg, /=72 min).

Fr. C (136.0 g) £&AEEAE (120 mm X 600 mm)
s, AMEE-REEE 208 (100 1 1. 50 11, 20 1 1.
15:1. 10214 5514 5:2. 121, 0:100) BfpE
Wil TLC 738751 6 I, 453 16 ML Fr. C-1~
C-16, Fr. C-4 (21.7 g) &FERAE (650 mm X 55 mm)
Rt AimF- =& (1000 1. 50 : 1. 10 : 1.
5:2. 101, 001000 BEEEVEML, TLC 245l 4
I, B3] 7 MRS Fr. C-4-1~C-4-7. Fr. C-4-6 &
Sephadex LH-20 # 4 18%, HHEZHE M, F£2Hi] & HPLC
aith, ZBE-/K (520 48) ZEREWeM, BELEY 2
(21 mg, tr=>55min). Fr.C-6 (0.8 g) £ Sephadex
LH-20 #: (A1, HIEEBEm, 2|4 HPLC 4iifk,
LK (40 1 60) SEREVENL, 19214654 3 (4 mg,
R=63 min). Fr.C-10 (2.1 g) £&3Hil% HPLC (4
H-/K 91 1) RGN, 133 7 MRS Fr. C-10-1~
Fr. C-10-7. Fr. C-10-3 &% HPLC 4ift, ZfiE-/K
(52 :48) SRV, HRANAEY 4 3mg, =65
min). Fr. C-10-5 Z:ffi| % HPLC 4ifh, ZJE-7K (52 :
48) HEYL, BRNAY S (37 mg, k=74 min).
Fr. C-10-6 £:4fil % HPLC 4iifk, ZJ5-7K (52 :48)
LRV, BEMLEY 6 (48 mg, (r=86 min).

Fr. C-11 (2.1 g) &+l HPLC (ZJiE-7K 90 : 10)
JEHEZAmE-=/ ke (100 1) EEGER %,
B31E% 7 (20 mg, k=71 min). Fr. C-14 (1.1 g)
2824 £ HPLC (ZJE-7K 90 © 10) (a3 5 F £ %
HPLC 4iitk, Zf5-/K (52 :48) SR, 521k
&8 (4mg, rR=35min).

Fr. D (335.0 g) &RERH (140 mm X 800 mm)
Bk, AmEE- =& e (100 0 1. 50 1 1. 20 1 1.
10:1.5:1.4:1.3:1.2:1.1:1.1:3.0:
100) #EEEBEML, TLC 75l 36 7F, 53] 14 M
4 Fr. D-1~D-14. Fr. D-7 (1.7 g) 434 HPLC
(HEE-7K 94 1 6) 4ift, 1592 12 ™M Fr. D-7-1~
D-7-12. Fr. D-7-1 H&#il#% HPLC 4ifk, ZJiF-K
(52 :48) SFREWEML, HUEY 9 (14 mg, =63
min). Fr. D-9 (37.0 g) A (650 mm X 55 mm)
Bk, AmEE-—F 5T (100 0 1. 50 11, 2011,
10:1.9:1.8:1.7:1.6:1.5:1.4:1.3:
1. 12140 1:3,0:100) BAEEPER, TLC 23415l
S4& 9, 153 28 N4 Fr. D-9-1~D-9-28., H 1,
Fr. D-9-25 £:4il| 4 HPLC #iifk, HEE-/K (92 : 8) %
FESeE, RSP 10 (15 mg, =118 min) F
11 (26 mg, =124 min). Fr. D-12 (2.4 g) &4
#% HPLC (ZfE-/K 90 1 10) 208, 4313 MRy
Fr. D-12-1~D-12-13, Fr. D-12-2 % Sephadex LH-20
e, FHEE, F4EHl& HPLC 4iftk, ZH-
K (26 1 74) FEREVM, BREMED 12 (27 mg,
fr=160 min).

2.2 {RpEEEFR IR AN E bR R AV ECH

DMEM-15 #l -10 35757 Griess & (451 MTT
TARW . ZBRE SOk IE 7772001 4%

2.3 RAW 264.7 4HRAIEF

F 564 DMEM-15 55775 2 TR R A7) RAW 264.7
Y, 7537 C. 5% CO» %A FHEEFE, FRAUDIRAS
A KR S IEH 5, SO 5845 DMEM-10 5 7785 7%
B R AT, A7 2 PRLE A LR AR IR B 80% T £ 14X,
FEAREEBIN 1 D 3~1 5,

2.3.1 MTT ENGEMAAESR 4% “2.327 TP
EAERU RS S, R FRREE LI 20 uL 1 MTT
(5 mg/mL) TAEM, 4hEmissss 4h 5, ®fLm
A=K 100 uL, BrFRFHE 10 he HIEEAR G
SE 490 nm IO (4) 8, TR,
NURIESE R AT S0 A s ie fe e e, AT SEIRAE
R A T EE 3 K.
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AMHIATFIE =4 25/A s
2.3.2 LPS 55/ BB MR PR NO AT (1) 1) %
HUGHEAE K RAW 264.7 1A, FHRS IS 2 W FT
AR, 564 DMEM-10 55 3% 08 £ 41 il 2%
FER 3X10°A~/mL, M T 96 FLARH GAZ M TEH
KIHFE), HFL 100 pL. 37 C. 5% CO» &1F T
R IE 12 h JE 0N 50 pL & B E N 1 pg/mL )
LPS #1150 uL Z A &5 (b &4 0L DMSO #%
R I R TR 2 B ARIR ), R A2 ZH L B
PEXFIRAE (L-NIL). IEH %R A2 (X IRdl (R
IMNERFR, AN LA, 3 3 A FAT4L,
MYEHRFFRT IR 24 he RFFLEL I 100 puL BT 96 FLIK
o, BN 100 pL FCEF () Griess 877, 25 C M
15 min, & TEEARMCPT 540 nm 4b0%E A 5, KH
FrAE 2835 TH 5 NO IR EE (LA NaNO, 1E Ayl 25 hn ik
AR, PR A SPSS 16.0 BAF Sttt abHE,
THEAIHIZ, SKHCEEENHIREE (ICs) fH. MRIIE
SER BN AR RS AR I, TR IR AEAR R 2%
PFN B EEHT 3 K,

NO #Ii] =1 —5256 4 NO IR FE/1IE 8 52 NO IR
2.4 BIFELIBF ICs EITE

FTE AEE MR I A 3 ST s a, K A
X +sFRm. 1Cso KM SPSS 16.0 #HAFiE4T [E173+
5, AR HEER ] One-Way ANOVA #6556
3 Z#R
3.1 HH%E

WA 1: I EHRY s EI-MS m/z: 256 [M];
'H-NMR (400 MHz, CDCl3) é: 7.25 (2H, brd, J = 8.6
Hz, H-2, 6), 6.76 (2H, brd, J = 8.6 Hz, H-3, 5), 6.25
(1H, d, J = 16.3 Hz, H-7), 6.05 (1H, d, J = 16.3 Hz,
H-8), 1.95 (2H, m, H-10), 1.50 (2H, m, H-11), 5.11
(1H, tt, J = 8.4, 7.1, 1.4 Hz, H-12), 1.67 (3H, s, H-14),
1.58 (3H, s, H-15), 1.19 (3H, s, H-1"), 5.88 (1H, dd,
J =174, 10.8 Hz, H-2"), 5.04 (1H, dd, J = 10.8, 1.3
Hz, H-3'a), 5.00 (1H, dd, J = 17.4, 1.3 Hz, H-3'b);
BC-NMR (100 MHz, CDCls) d: 130.9 (C-1), 127.4
(C-2, 6), 115.4 (C-3, 5), 154.6 (C-4), 126.5 (C-7),
135.9 (C-8), 42.5 (C-9), 41.3 (C-10), 23.2 (C-11),
124.8 (C-12), 131.3 (C-13), 17.6 (C-14), 25.7 (C-15),
23.4 (C-1"), 146.0 (C-2"), 111.9 (C-3"). VL E#¥HE 5L
BRiRIE—2, SR AY 1 NAVE ERY, fhE
SERI LK 1.

&) 2: R AR Y) ;s BI-MS miz: 272 [M];

"H-NMR (400 MHz, CDCl;) 6: 7.23 (2H, brd, J = 8.6
Hz, H-2, 6), 6.77 (2H, brd, J = 8.6 Hz, H-3, 5), 6.26
(1H, d, J = 16.2 Hz, H-7), 6.02 (1H, d, J = 16.2 Hz,
H-8), 1.70 (2H, m, H-10), 1.55 (2H, m, H-11), 2.75
(1H, brt, J = 6.4 Hz, H-12), 1.31 (3H, s, H-14), 1.26
(3H, s, H-15), 1.19 (3H, s, H-1'), 5.86 (1H, ddd, J =
17.4, 10.8, 1.0 Hz, H-2"), 5.05 (1H, d, J = 17.4 Hz,
H-3'a), 5.06 (1H, d, J= 10.8 Hz, H-3'b)l"); '3C-NMR
(100 MHz, CDCl3) &: 130.4 (C-1), 127.4 (C-2, 6),
115.4 (C-3, 5), 155.0 (C-4), 126.9 (C-7), 135.1 (C-8),
42.2 (C-9), 37.5 (C-10), 24.9 (C-11), 65.0 (C-12), 59.0
(C-13), 18.6 (C-14), 24.1 (C-15), 23.3 (C-1), 145.4
(C-2, 112.4 (C-3)1¥, DL A 5 SCEkHfoE —2L,
M B ALA YD 2 O 12,13- & 12,1330 8 AN I
fe2EgE R DL 1

WA 3: TEMARY; BI-MS m/z: 272 [M];
"H-NMR (400 MHz, CDCl;) é: 7.23 (2H, brd, J = 8.6
Hz, H-2, 6), 6.75 (2H, brd, J = 8.6 Hz, H-3, 5), 6.24
(1H, d, J = 16.2 Hz, H-7), 6.04 (1H, d, J = 16.2 Hz,
H-8),2.21 (2H, d, J = 6.0 Hz, H>-10), 5.62 (1H, dt, J =
15.5, 6.0 Hz, H-11), 5.58 (1H, d, J = 15.5 Hz, H-12),
1.30 (6H, s, 14, 15-CH3), 1.16 (3H, s, H-1"), 5.88 (1H,
dd, J = 17.4, 10.7 Hz, H-2'), 5.04 (1H, dd, J = 10.7,
1.3 Hz, H-3"a), 5.00 (1H, dd, J=17.4, 1.3 Hz, H-3'b);
BC-NMR (100 MHz, CDCl;) d: 130.5 (C-1), 127.4
(C-2, 6), 115.4 (C-3, 5), 154.9 (C-4), 126.8 (C-7),
135.2 (C-8), 42.6 (C-9), 43.9 (C-10), 123.2 (C-11),
140.9 (C-12), 71.0 (C-13), 29.7 (C-14), 29.7 (C-15),
23.5(C-1'), 145.5 (C-2"), 112.2 (C-3"). bik¥3kE 5
BRRIE AR — 30, WUE R A 3 A A 2-FR 0k
B EEY, g L 1.

&Y 4: TEMIRY); EI-MS miz: 272 [M]*s
'"H-NMR (400 MHz, CDCl3) 6: 7.24 (2H, brd, J = 8.6
Hz, H-2, 6), 6.78 (2H, brd, J = 8.5 Hz, H-3, 5), 6.26
(1H, d, J = 16.2 Hz, H-7), 6.00 (1H, d, J = 16.2 Hz,
H-8), 1.79 (2H, t, J = 8.1 Hz, H-10), 2.43 (2H, t, J =
8.1 Hz, H-11), 2.58 (1H, m, H-13), 1.07 (3H, d, J =
7.0 Hz, 14-CH3), 1.06 (3H, d, J = 7.0 Hz, 15-CH3),
1.18 (3H, s, 1'-CH3), 5.84 (1H, dd, J = 17.4, 10.7 Hz,
H-2'), 5.06 (1H, dd, /= 10.7, 1.2 Hz, H-3'a), 5.02 (1H,
dd, J = 17.4, 1.2 Hz, H-3'b); '*C-NMR (100 MHz,
CDCl3) 6: 130.5 (C-1), 127.4 (C-2, 6), 115.4 (C-3, 5),
154.8 (C-4), 127.0 (C-7), 134.9 (C-8), 42.0 (C-9), 34.1
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1O
4 Ry==0, Ry=I1

Ry
12 R;= 4-OH, R,=OH

1 LAY 1~12 SN

Fig.1 Chemical structures of compounds 1—12

(C-10), 35.8 (C-11), 215.1 (C-12), 41.0 (C-13), 18.3
(C-14, 15), 23.5 (C-1"), 145.2 (C-2"), 112.5 (C-3"). LA
ER S SR iRIE 1 — B0, S EY 4 8 12-
FARKME AR (12-oxobakuchiol). %Ak &4 ¥ AEHT
TN B NE I B FAT A S e AR FH R R00G SR
TR BT B IR RIR =P BB, R,
B VAR, B L 1.
tES: AR EI-MS m/z: 288 [M]%;
'H-NMR (400 MHz, CDCl3) 6: 1.03 (3H, d, J = 6.9
Hz, 1-CH3), 2.08 (1H, qd, J = 6.9 Hz, H-2), 1.77 (1H,
ddd, J = 14.4, 13.4, 4.5 Hz, H-4a), 1.65 (1H, ddd, J =
14.4, 13.4, 4.5 Hz, H-4p), 1.84 (1H, ddd, 14.4, 12.6,
5.2, H-50), 1.69 (1H, m, H-5p), 3.97 (1H, brs, H-7),
5.10 (1H, brs, H-8), 7.23 (2H, brd, J = 8.6 Hz, H-10,
H-14), 6.75 (2H, brd, J = 8.6 Hz, H-11, 13), 1.06 (3H,
s, H-15), 6.11 (1H, dd, J = 17.6, 10.9 Hz, H-16), 5.13
(1H, dd, J = 10.9, 1.0 Hz, H-17a), 5.09 (1H, dd, J =
17.6, 1.0 Hz, H-17b), 1.04 (3H, d, J = 6.9 Hz, H-18);
BC-NMR (100 MHz, CDCl;) d: 18.0 (C-1), 35.3
(C-2), 112.5 (C-3), 26.3 (C-4) 28.8 (C-5), 38.6 (C-6),
88.0 (C-7), 77.8 (C-8), 134.7 (C-9), 127.8 (C-10, 14),
1152 (C-11, 13), 155.1 (C-12), 23.4 (C-15), 143.5
(C-16), 112.2 (C-17), 17.5 (C-18). UL b3 5 SRR
WEAR—-F, WA 5 NEME EREE B,

rE g5k WL 1,

e 6: FEMAK (FEE; EI-MS m/z: 288
[M]"; '"H-NMR (400 MHz, CDCls) 6: 1.05 (3H, d, J =
7.0 Hz, 1-CH3), 2.10 (1H, qd, J = 7.0 Hz, H-2), 1.71
(1H, dd, J = 13.7, 5.8 Hz, H-40), 1.81 (1H, ddd, 13.7,
12.8, 5.8 Hz, H-4p), 2.03 (1H, ddd, J=13.7, 12.8, 5.8
Hz, H-5a), 1.46 (1H, brd, J = 13.7, 5.8 Hz, H-5p),
3.92 (1H, brs, H-7B), 4.97 (1H, brs, H-8a), 7.17 (2H,
brd, J = 8.5 Hz, H-10, 14), 6.71 (2H, brd, J = 8.6 Hz,
H-11, 13), 1.19 (3H, s, 15-CH3), 5.78 (1H, dd, J =
17.7, 10.9 Hz, H-16), 5.15 (1H, dd, J = 10.9, 1.1 Hz,
H-17a), 5.07 (1H, dd, J = 17.7, 1.1 Hz, H-17b), 1.06
(3H, d, J = 7.0 Hz, 18-CH3); "“C-NMR (100 MHz,
CDCl) o: 18.1 (C-1), 35.4 (C-2), 112.6 (C-3), 25.8
(C-4), 26.9 (C-5), 38.8 (C-6), 88.0 (C-7), 78.4 (C-8),
134.6 (C-9), 127.8 (C-10, 14), 115.1 (C-11, 13), 155.1
(C-12), 22.6 (C-15), 144.3 (C-16), 114.0 (C-17), 17.5
(C-18) LA A 5 ek S A — g, #ids e
&M 6 JuthE TalEl C, fh2=git WA 1.

e 7: LEHPIRYI; EI-MS m/z: 528 [M]';
'H-NMR (400 MHz, CDCl3) 6: 7.26 (2H, d, J = 8.6
Hz, H-2, 6), 6.89 (2H, d, /= 8.5 Hz, H-3, 5), 6.27 (1H,
d, J=16.2 Hz, H-7), 6.12 (1H, d, J = 16.2 Hz, H-8),
1.50 (2H, m, H-10), 1.97 (2H, m, H-11), 5.12 (1H, brt,
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J=17.0 Hz, H-12), 1.58 (3H, s, 14-CH3), 1.67 (3H, s,
15-CHs), 1.21 (3H, s, 16-CH3), 5.91 (1H, dd, J = 17.2,
10.4 Hz, H-17), 5.04 (1H, dd, J = 104, 1.3 Hz,
H-18a), 5.02 (1H, dd, J = 17.2, 1.3 Hz, H-18b), 7.24
(2H, d, J = 8.6 Hz, H-2', 6'), 6.77 (2H, d, J = 8.5 Hz,
H-3',5"), 6.28 (1H, d, J = 16.2 Hz, H-7"), 6.05 (1H, d,
J=16.2 Hz, H-8"), 1.50 (1H, m, H-10"a), 1.97 (1H, m,
H-10'b), 1.42 (1H, m, H-11"a), 1.50 (1H, m, H-11'b),
3.59 (1H, dd, J = 10.2, 1.9 Hz, H-12'), 1.20 (3H, s,
14'-CH3), 1.20 (3H, s, 15'-CH3), 1.19 (3H, s, 16'-CH3),
5.87 (1H, dd, J = 17.2, 10.4 Hz, H-17"), 5.04 (1H, dd,
J =104, 1.3 Hz, H-18'a), 5.02 (1H, dd, /= 17.2, 1.3
Hz, H-18'b); '3C-NMR (100 MHz, CDCl3) §: 133.7
(C-1), 126.8 (C-2, 6), 124.3 (C-3, 5), 153.3 (C-4),
126.7 (C-7), 137.2 (C-8), 42.6 (C-9), 41.2 (C-10), 23.2
(C-11), 124.8 (C-12), 131.4 (C-13), 17.7 (C-14), 25.7
(C-15), 23.6 (C-16), 145.7 (C-17), 112.1 (C-18), 130.7
(C-1'), 127.4 (C-2', 6"), 115.4 (C-3', 5'), 154.8 (C-4"),
126.5 (C-7"), 135.6 (C-8'), 42.4 (C-9'), 38.4 (C-10"),
26.3 (C-11"), 78.6 (C-12"), 83.7 (C-13'), 20.6 (C-14"),
23.1 (C-15), 23.3 (C-16), 1458 (C-17"), 112.0
(C-18) LL E¥HR 5 U B FE A — 5, W e
a1 (12'8)-XAME IR C, A4 WLIE 1,

B 8: I EIHIRY); ESI-MS m/z: 253 [M—
H]™; 'H-NMR (400 MHz, CDCl;) d: 7.25 (2H, brd, J =
8.6 Hz, H-2, 6), 6.76 (2H, brd, J = 8.6 Hz, H-3, 5),
6.26 (1H, d, J = 16.2 Hz, H-7), 6.08 (1H, d, J = 16.2
Hz, H-8), 2.30 (2H, d, J = 7.4 Hz, H-10), 5.62 (1H, dt,
J = 15.6, 7.4 Hz, H-11), 6.16 (1H, d, J = 15.6 Hz,
H-12), 4.88 (2H, brs, H-14), 1.81 (3H, s, 15-CHs),
1.17 (3H, s, 16-CH3), 5.90 (1H, dd, J = 17.4, 10.7 Hz,
H-17), 5.05 (1H, dd, J = 10.7, 1.3 Hz, H-18a), 5.02
(1H, dd, J = 17.4, 1.3 Hz, H-18b); '3C-NMR (100
MHz, CDCls) 6: 130.7 (C-1), 127.4 (C-2, 6), 115.4
(C-3, 5), 154.7 (C-4), 126.8 (C-7), 135.4 (C-8), 42.8
(C-9), 44.6 (C-10), 126.7 (C-11), 135.5 (C-12), 142.1
(C-13), 114.7 (C-14), 18.8 (C-15), 23.5 (C-16), 145.5
(C-17), 112.2 (C-18). VA% ¥5 5 sk — ™2,
WS EAY) 8 9 AV AT RS, fh 2= 450 W 1,

EYD 9: I CIHPIRYT; EI-MS m/z: 286 [M]';
'H-NMR (400 MHz, CDCl3) §: 7.22 (2H, brd, J = 8.6
Hz, H-2, 6), 6.76 (2H, brd, J = 8.6 Hz, H-3, 5), 6.24
(1H, d, J = 16.2 Hz, H-7), 6.04 (1H, d, J = 16.2 Hz,

H-8), 2.25 (2H, d, J = 6.9 Hz, H-10), 5.55 (1H, dt, J =
15.8, 6.9 Hz, H-11), 5.45 (1H, d, J = 15.8 Hz, H-12),
1.26 (6H, s, H-14, 15), 5.89 (1H, dd, J = 17.4, 10.7
Hz, H-16), 5.05 (1H, dd, J = 10.7, 1.1 Hz, H-17a),
5.01 (1H, dd, J = 17.4, 1.1 Hz, H-17b), 1.18 (3H, s,
18-CH3), 3.14 (3H, s, 13-OMe); '3C-NMR (100 MHz,
CDCls) 6: 130.2 (C-1), 127.3 (C-2, C-6), 115.4 (C-3,
C-5), 155.1 (C-4), 126.9 (C-7), 135.0 (C-8), 42.6
(C-9), 44.2 (C-10), 126.6 (C-11), 137.9 (C-12), 75.4
(C-13), 25.8 (C-14), 25.9 (C-15), 145.5 (C-16), 112.2
(C-17), 23.5 (C-18), 50.2 (OCH3). PA_F % 5 ik
ERA—F, USRI A 9 N 13-HE SR AR
By, A2 W 1.

&Y 10: R EMPIRY); ESI-MS m/z: 543
[M+H]"; 'H-NMR (400 MHz, CDCl;) d: 6.91 (1H,
brs, H-2), 6.85 (2H, overlapped, H-5, 6), 6.24 (1H, d,
J=16.2 Hz, H-7), 6.03 (1H, d, J = 16.2 Hz, H-8), 1.47
(2H, m, H-10), 1.93 (2H, m, H-11), 5.09 (1H, brt, J =
7.2 Hz, H-12), 1.57 (3H, s, 14-CH;), 1.66 (3H, s,
15-CH3), 1.17 (3H, s, 16-CH3), 5.85 (1H, dd, J = 17.6,
10.8 Hz, H-17), 5.01 (1H, dd, J = 10.4, 1.3 Hz,
H-18a), 4.99 (1H, dd, J = 17.2, 1.3 Hz, H-18b), 6.80
(1H, brs, H-2"), 6.79 (1H, d, J = 8.2 Hz, H-5), 6.74
(1H, d, J = 8.2 Hz, H-6"), 4.88 (1H, d, J = 5.8 Hz,
H-7"), 4.01 (1H, d, J = 5.8 Hz, H-8'), 1.47 (1H, m,
H-10'a), 1.54 (1H, m, H-10'b), 1.82 (1H, m, H-11"a),
1.92 (1H, m, H-11'b), 5.04 (1H, brt, J = 7.2 Hgz,
H-12'), 1.57 (3H, s, 14'-CH3), 1.66 (3H, s, 15'-CH3),
1.07 (3H, s, 16'-CH3), 5.53 (1H, dd, J = 17.7, 10.9 Hz,
H-17"), 5.01 (1H, dd, J = 10.7, 1.3 Hz, H-18'a), 4.97
(1H, dd, J = 17.7, 1.3 Hz, H-18'b); *C-NMR (100
MHz, CDCLy) 6: 131.4 (C-1), 113.9 (C-2), 143.5
(C-3), 1432 (C-4), 116.5 (C-5), 119.5 (C-6), 126.5
(C-7), 136.2 (C-8), 42.5 (C-9), 41.3 (C-10), 23.2
(C-11), 124.8 (C-12), 131.4 (C-13), 17.6 (C-14), 25.7
(C-15), 23.3 (C-16), 145.9 (C-17), 111.8 (C-18), 131.3
(C-1"), 115.1 (C-2'), 142.9 (C-3"), 144.0 (C-4"), 115.2
(C-5"), 121.1 (C-6'), 76.1 (C-7'), 81.3 (C-8'), 43.8
(C-9"), 38.7 (C-10"), 22.2 (C-11"), 124.5 (C-12"), 131.2
(C-13"), 17.5 (C-14"), 25.7 (C-15"), 17.4 (C-16"), 141.9
(C-17"), 112.7 (C-18")o LA A0l 5 SRR FE AR —
;W) WS EY) 10 NRERAVE IEm B, fh2E
iR 1.
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WEY 11: R EWHIRY); ESI-MS m/z: 541
[M—H]; 'H-NMR (400 MHz, CDCls) d: 6.92 (1H,
brs, H-2), 6.84 (2H, d, J = 8.5 Hz, H-5, H-6), 6.19
(1H, d, J = 16.2 Hz, H-7), 6.02 (1H, d, J = 16.2 Hz,
H-8), 1.46 (2H, m, H-10), 1.93 (2H, m, H-11), 5.08
(1H, brt, J = 7.2 Hz, H-12), 1.57 (3H, s, 14-CH3), 1.66
(3H, s, 15-CH3), 1.17 (3H, s, 16-CH3), 5.85 (1H, dd,
J=17.6,10.8 Hz, H-17), 5.01 (1H, dd, J = 10.8, 1.3
Hz, H-18a), 4.99 (1H, dd, J = 17.2, 1.3 Hz, H-18b),
6.82 (1H, brs, H-2'), 6.86 (1H, d, J = 8.5 Hz, H-5"),
6.76 (1H, d, J = 8.5 Hz, H-6"), 4.75 (1H, d, J= 7.0 Hz,
H-7"), 3.93 (1H, d, J = 7.0 Hz, H-8'), 1.32 (1H, m,
Ha-10"), 1.73 (1H, m, Hb-10"), 1.82 (1H, m, Ha-11"),
1.94 (1H, m, Hb-11"), 5.03 (1H, brt, J = 7.2 Hz,
H-12'), 1.57 (3H, s, 14'-CH3), 1.66 (3H, s, 15'-CH3),
0.66 (3H, s, 16’-CH3), 5.83 (1H, dd, J=17.7, 10.9 Hz,
H-17'), 5.01 (1H, dd, J = 10.7, 1.3 Hz, H-18'a), 4.97
(1H, dd, J = 17.7, 1.3 Hz, H-18'b); '*C-NMR (100
MHz, CDCLy) o: 131.4 (C-1), 113.7 (C-2), 143.6
(C-3), 143.5 (C-4), 116.5 (C-5), 119.5 (C-6), 126.5
(C-7), 1362 (C-8), 42.5 (C-9), 41.3 (C-10), 23.2
(C-11), 124.8 (C-12), 131.3 (C-13), 17.6 (C-14), 25.7
(C-15), 23.4 (C-16), 145.9 (C-17), 111.8 (C-18), 130.9
(C-1"), 115.4 (C-2"), 142.9 (C-3"), 144.3 (C-4'), 115.3
(C-5"), 121.4 (C-6), 77.3 (C-7'), 81.8 (C-8"), 43.1
(C-9"), 38.3 (C-10"), 22.2 (C-11"), 124.5 (C-12), 131.3
(C-13"), 17.5 (C-14"), 25.7 (C-15"), 19.9 (C-16"), 141.9
(C-17"), 114.0 (C-18'). £ NOESY L&+, & 0.66
(16'-CH3) 5 6 3.93 (H-8') & NOE, M5 6 4.75
(H-7) JE NOE, ALl H-8"A4 B . LA L% 5 ik
fraE ) —#B), MU E A 11 RXCRAME IR
A, SR ILE 1.

WEY12: EMIRY); ESI-MS m/z: 289 [M—
H]; 'H-NMR (400 MHz, CD;0D) 6: 7.18 2H, d, J =
8.6 Hz, H-2, 6), 6.69 (2H, d, J = 8.6 Hz, H-3, 5), 6.24
(1H, d, J = 16.2 Hz, H-7), 6.02 (1H, d, J = 16.2 Hz,
H-8), 1.86 (1H, td, J = 12.8, 4.2 Hz, H-10a), 1.45 (1H,
td, J = 12.8, 4.0 Hz, H-10b), 1.63 (1H, tq, J = 12.8,
4.0, 1.6 Hz, H-11a), 1.28 (1H, m, H-11b), 3.21 (1H,
dd, J=10.3, 1.6 Hz, H-12), 1.14 (3H, s, 14-CH3), 1.10
(3H, s, 15-CH3), 1.19 (3H, s, 16-CH3), 5.91 (1H, dd,
J =179, 10.3 Hz, H-17), 5.01 (1H, dd, J = 17.9, 1.3
Hz, H-18a), 5.02 (1H, dd, J = 10.3, 1.3 Hz, H-18b);

BC-NMR (100 MHz, CD;OD) ¢: 130.5 (C-1), 128.2
(C-2, 6), 116.5 (C-3, 5), 158.4 (C-4), 128.4 (C-7),
135.6 (C-8), 43.4 (C-9), 40.0 (C-10), 27.3 (C-11), 80.4
(C-12), 73.9 (C-13), 25.8 (C-14), 24.9 (C-15), 24.1
(C-16), 147.7 (C-17), 112.1 (C-18). L34 5 ik
friE—#, MEEAAEY 12 8 12,13-24-12,13-
TRIEAMT NE®, LS LA 1.
3.2 0 NO 4 R Stie

MTT (LU B A7 15 Al A K St 5 R B, %24k
MBREY 14, HAhZiA e EY 2~12 75 1.56~
50.00 pmol/L X RAW 264.7 44 KT, 2
FIEERT 90%. LRk, ZbE T
DMSO IR E/NT 0.5%, % RAW 264.7 4iiffiE
KT, FHYEXT B 24518 75 5 4 NO & (INOS)
PR L-NILUS O, L5490 1. 3. 5. 10, 11 i
NO A5 1Cso KT 50 umol/L, L5470 6 F 1Cso
HETrtEZy, a8, 9. 12 [ ICs fH BB
PEZG, [EALEY 2. 4. T B9 1Cso {8 B /N T FHPEXT R
7y, HEASM R, 4R HE 2.

40

Hok
304 'I'

20+

104 . T
kK
a2l m
0- T T T T
2

L-NIL 4 6 7 8 9 12

ICso/(umol-L ")

5 L-NIL t¥: "P<0.05 "P<0.01
*P<0.05 *P<0.01vs L-NIL

2 AMBEBMITEYNESESSH RAW 264.7 MRS
B NO RIS (x+s5,n=3)
Fig. 2 Effects of bakuchiol derivatives on NO production in
LPS-activated RAW 264.7 cell model (x+s,n=3)
4 TIig

A B R By 3 AR AE T AL Ge b 25 4B IR B AT
e, AR HEEE S B ERER, AN 1%~
7%, GG ANE IR AT E T AR, SR
MAEAR, #hE IR RORT 7T HETHE 22, BRES 25 HT& AP,
HRBP A EIR 2 %0, TR — MR
JIEA Z RIS IRy o A E TR 2
1 M A EE I A R B, AL, TR
SRR 23 AR B PRI T, AR N 2 R
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PIUSl, SRR FERERNEIE 2 A At ki R
S AT A 2R 1 APy G 12180,

ASEEE IXMANE TR B E 1 ANHTR
W —12- 8RN E IR (4, FE THMF IR
2B GE R R Z R, I DA BR A AR 2 b
75 RAW 264.7 4l r=E NO AR, 5 R G
i 1A R A R S5 R 2 FEE R AME IR S AT AR
Yokt NO F=A P E - - Wl 1 FoR it &9+,
M IET (D AR A RIS NO A sl iE 1%, H
HHAMMITMEAIEREGEMLEY 8. 9
12 XF NO A= g i #0148 F ) 5 B 4 ) B8 24
L-NILUS 1O, (HY IR (12) #E4 oML (4)
W, FHIER KNG, tha 4 5 12 (1) 1Cs 18
FHZEIT 2 fi%; 1 &9 8. 9 Fl 12 54654 4 LA,
PRI R R IE LR AR IR (D 5
AW 12 FERI AR (7) TR E7RIEE SR
YER, ICsofEAN (4.6340.29) pumol/L, SPRHYEXS HEZY
[ICso= (10.29+1.10) pmol/L] A% 2 52 % . R4
A 10 A1 11 TRRME IR AT AR — 544, (B
FOHIEE; M TR P EE & A A TR A T H0bE
P, W& 6 11 1Cs [y (25.8243.58) pmol/L;
BTN R RS, WA 5 (1 1Cso fER T
50 pmol/L. ASEIREERILRUEY 2. 4. 79, 12
AIRE A EMBTRAER, AN TRE R,
YOI B AR AR

SE

[1] HEZd [S]. —&6. 2015.

2] Ktz Egw HEGHEDE. GBIE, BH M) It
B AERURERER S ARAE, 2016.

(3] #®FH. hEYIRFEREAT TR P A g R . R BT
KEERL 8 I B P2 E, 2015, 40(17):
3429-3434.

[4] Chen X M, Yang Y F, Zhang Y T. Isobavachalcone and
bavachinin from Psoraleae Fructus modulate Afp42
aggregation process through different mechanisms in vitro
[J]. FEBS Lett, 2013, 587(18): 2930-2935.

[5S] XuQ X, HuY, Li GY, et al. Multi-target anti-alzheimer
activities of four prenylated compounds from Psoralea
Fructus [J]. Molecules, 2018, 23(3): 614.

[6] AR, Fi Fh, M. NS s R 2 S SR
RAW 264.7 F1 BV2 41 % NO ZE st i T 2R ERAT A=
P—— IS BN [1]. H5E2, 2018, 49(7): 1497- 1503.

[71 Labbe C, Faini F, Coll J, ef al. Bakuchiol derivatives from
the leaves of Psoralea glandulosa [J]. Phytochemistry,
1996, 42(5): 1299-1303.

(8]

(1]

[12]

[13]

[14]

[15]

[16]

(21]

Wu C Z, Hong S S, Cai X F, et al. Hypoxia-inducible
factor-1 and nuclear factor-kB inhibitory meroterpene
analogues of bakuchiol, a constituent of the seeds of
Psoralea corylifolia [J]. Bioorg Med Chem Lett, 2008,
18(8): 2619-2623.

Zhao G, Zheng X W, Qin G W, et al. In vitro
dopaminergic neuroprotective and in vivo
antiparkinsonian-like effects of A3, 2-hydroxybakuchiol
isolated from Psoralea corylifolia (L.) [J]. Cell Mol Life
Sci, 2009, 66(9): 1617-1629.

Chen H L, Du X L, Tang W, et al. Synthesis and
structure-immunosuppressive activity relationships of
bakuchiol and its derivatives [J]. Bioorg Med Chem,
2008, 16(5): 2403-2411.

Yin S, Fan C Q, Dong L, et al. Psoracorylifols A-E, five
novel compounds with activity against Helicobacter
pylori from seeds of Psoralea corylifolia [J]. Tetrahedron,
2006, 62(11): 2569-2575.

Huang Y, Liu X, Wu Y, ef al. Meroterpenes from Psoralea
corylifolia against Pyricularia oryzae [J]. Planta Med,
2014, 80(15): 1298-1303.

Wu C Z, Cai X F, Nguyen T D, et al. Bisbakuchiols A and
B, novel dimeric meroterpenoids from Psoralea corylifolia
[J]. Tetrahedron Lett, 2008, 39(15): 8861-8864.

Mosmann T. Rapid colorimetric assay for cellular growth
and survival: Application to proliferation and cytotoxicity
assays [J]. J Immunol Methods, 1983, 65(1/2): 55-63.

Rao C V, Indranie C, Simi B, et al. Chemopreventive
properties of a selective inducible nitric oxide synthase
inhibitor in colon carcinogenesis, administered alone or in
combination with celecoxib, a selective cyclooxygenase-2
inhibitor [J]. Cancer Res, 2002, 62(1): 165-170.

Walker L M, Walker P D, Imam S Z, et al. Evidence for
peroxynitrite formation in renal ischemia-reperfusion
injury: Studies with the inducible nitric oxide synthase
inhibitor L-N°-(1-iminoethyl) lysine [J]. J Pharmacol Exp
Ther, 2000, 295(1): 417-422.

Pe=wk, B IR, IRHER. FhE IR AN TR IS R
& [J]. FEAFZARE, 1995, 20(11): 681-683.

Hu X J, Zhang Y B, Zhao Z J. Metabolic detoxification of
bakuchiol is mediated by oxidation of CYP 450s in liver
microsomes [J]. Food Chem Toxicol, 2018, 111: 385-392.
G TR = S 5 =117 BNy RN T = e =
BIGE (3], EBACRI T2, 2014, 31(8): 984-987.
W75, 2 TR R B b 257 RO AN OB )
BT R B es [J]. R E 2 2% &, 2007, 32(5):
365-370.

KB, Brbak, B, & R EREY
(Q-Marker): H 257 b iU BB RIHTHES (7], Y,
2016, 47(9): 1443-1457.



