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J AAE R VEAN FeAA SRR NO BT E ] . £55R MNP TEH TE R 95% S BFFR IR AL 70 453 6 MEa, o
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A new chalcone from Humulus lupulus
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Abstract: Objective To study the chemical constituents of Pijiuhua (Humulus lupulus L.), and to evaluate the isolates against anti-
inflammatory activity in vitro. Methods The flowers with fruiting spikes of H. Lupulus were refluxed and extracted by 95% ethanol,
then the extract was isolated and purified by use of various chromatographic techniques, and the structure of the compounds were
elucidated by HR-ESI-MS and NMR methods. The lipopolysaccharide (LPS)-induced inflammatory model in RAW264.7 cells was
used to evaluate inhibitory effect of all compounds on NO release. Results Six compounds were isolated from the extract of H.
lupulus and identified as 2',4’-dihydroxy-4',6'-dimethoxy-3'-(2-hydroxy-3-methyl-3-butenyl) chalcone (1), tsugafolin (2),
dihydroxanthohumol (3), 4'-O-methylxanthohumol (4), (2S5,2"S)-4-hydroxy-5-methoxy-7,8-(2,2-dimethyl-3-hydroxy-2,3-dihydro-
4H-pyrano) flavanone (5) and (2R,2"S)-4'-hydroxy-5-methoxy-7,8-(2,2-dimethyl-3-hydroxy-2,3-dihydro-4H-pyrano) flavanone (6).
The results of anti-inflammatory cell assay showed that the median inhibition concentration (ICso) of 1 and 4 were (5.83+1.76) and

(10.4542.36) umol/L, respectively. Conclusion Compound 1 was a new chalcone, named (+)-lupulusone A, and compound 2 was
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isolated from the Humulus genus for the first time. Compounds 1 and 4 showed significant anti-inflammatory activity.

Key words: Humulus lupulus L.; chalcone; (£)-lupulusone A; anti-inflammatory activity; tsugafolin; 4'-O-methylxanthohumol

WAL Humulus lupulus L) % A5 WAE. IE
FRAE. FUERR. JHELE. FE1SIE5E, N RRRRH R
JB 2 AR B R . MOBAE SR TR, AR
FEBrSEAC A B AE A, ARJb. Hedb. PRABATL 2R
S Z AN, WINIEE AN AR ALES . PR IR
A o3 A MURAE R — P B S A& A 25 B i
Y, PIARAR RS I8, PIRERE CREHNE)
FIBI KA CFEARR) Fric 8 FES4ER1 N murLe,
HEE: “FE—UIRML, 2R A7, AR,
BN R UICAE AR, WP =028 7 I8 T nau
MR A SRR BB R EFC. B T T
RRIE, MNPELEE ARG TE R 2, HaEy,
PP, BARBHEE. MR, 2RI,
HHTHITHEEAR, B, SRR, i, 5
R MaEge . MEaEss. RIREEW. BUNTERI1L
G EEAFERIR =AT A RS, R
FAEL-OL, BRLGB AT FUR WML ARG« R fR
. BURL BUMIR L BERESE DT AT B

Dyt — A [ B AR I 25 0 o, A Tz

OCH;0

2 A 5 7 B BOR K WP AE I SR I ) — S e
REHFRALHAT 7 B Alid, M E1e 3] 6 MEEY)
(B D, i@ PE . ZHIREEEFH AR,
WA RS E R 24, b4 ,6- — HA JE-30-
Q-FZIE-3-FR3-THKE) &HEH [2,4-dihydroxy-
4',6'-dimethoxy-3'-(2-hydroxy-3-methyl-3-butenyl)
chalcone, 1]~ tsugafolin(2). dihydroxanthohumol(3).
4'-0O-methylxanthohumol (4). (25,2"S)-4"-hydroxy-5-
methoxy-7,8-(2,2-dimethyl-3-hydroxy-2,3-dihydro-
4H-pyrano) flavanone (5) H1 (2R,2"S)-4'-hydroxy-5-
methoxy-7,8-(2,2-dimethyl-3-hydroxy-2,3-dihydro-
4H-pyrano) flavanone (6). FHAFLAEYI 14 1 /N
B HEE A, N (B)-IERIER A (L&
Y2 NE IR R B E], (E s e
1 X C-2 Z R bk, ARIMTRIEESRIEY], 1k
E1 1 F 4 0] DUE 2 IE 2 85 (lipopolysaccharide,
LPS) S M/ RAW264.7 RN NO # 1
T, HAPEEENHKRE (median inhibition concentration,
I1Cs0) 435114 (5.8341.76) A1 (10.45+2.36) pmol/L.
2 N4 OCH;,

2 6'

1 EY 1~6 Bk S

Fig.1 Structures of compounds 1—6
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Bruker AV-400/600 Y % i PRAX (Hfi1: Bruker
Biospin 2] ); Ad B AR 217 b4y & ek ([
Bruker A H]); 2 AT SOBAH (135X (Agilent 1260
A, DAD fill 25, EE Agilent A 7] ) il = H0H
A (5 LC-20A, Kll#s SPD-20A, HAH
B ) EYELA Jied 28 KA CH AR 53 AL 2 7))

CP225D M+ /54y 2 — M ¥4 H RV (S [E Sartorius
AF]); SpectraMax i3X HREEHRA (3E[E Molecular
Devices A #]); #ii#s ({E[E Eppendorf AF]); —
AR AR 7E 48 (32 Thermo Fisher Scientific 2
#]); BIOFUGE STRATOS #g5.0:H1 (Z£[F Thermo
Fisher Scientific 24 7] ); IX73 {3 & M7 255 (H
A Olympus A 7).
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FEERER (100~200. 200~300 H, 75
P T s HEIR GFass HE TN CIH G 1052 Tl
W 1)\ BidkkERE (ODS, 30~50pum, HA
YMC A %] ); Sephadex LH-20 7%t i (i
Pharmacia A #]); 2=l % %4 HPLC i 44 Caprisil
C18-P Aifif: (250 mm>X 10 mm, 5 pm); ZHHrAY
HPLC 6344 Caprisil Cig-P {434 (250 mm X 4.6
mm, 5pm); Chiralpak AD-H FHEGRER (250 mm X
4.6mm, 5um); 96 fLHR (E[E Coster AF] ). —%
WERIMRA & (R RAEMHEARGRATD;
RAW264.7 40 Crh [E 2= 2 RL 27 B B b 72D s LPS
(% H Sigma A 7); DMEM 155535 . PBS 220 &
a1 (FBS) #HZEE Gibco AF]; DMSO
(£ [E Sigma A7), HLFERF CRIREMNAY6 R
AT SR A 9 o el (B4 ) A
4 (3£[H Honeywell A ]

AHITFE T SR AE 2584 T 2021 4F 3 H G B
HEE/REARXEET, B H AL 25
TR B F AT 25 0 45 08 N OR RRR A R R LT TR HL
lupulus LIV AR FE, FEA (20210324) fFITH
H AU = B R = 22 00F 7T T
2 RHSNH

BT HE M 16 2584 (101.4 k) ZBEIRBUHREL
3 (B00LX3, #FK 24h). WESIFFRIEE (800
L), 75 C N ZEEm#A R 2 X (700L X2,
R AhDe HHRIGHE, HUEKRAERSIZE 300, M
N 30 L Z& TR S0 8 i IR &, I 2 i
e . S PR R TR %5 A5 3 Ik, BEEL
TR R G132 A BRSO (49.8 @) & H Bl
fr (13.7 kg) FIBEER LPEERAL (202.8 g)s

B SR ARBCGAL (13.7 kg) SEfA (0
I3, DUATHEE-BEER CBE R 48 (100 @ 0—0 & 100D £
FEVEM, 155 MR (Fr.1~5). % Fr.3 (3.6ke)
SRR ISR, DUATHEE-BEER B8 R4 (100 ¢
0—0 : 100D BHEELEME, 18 25 Mty (Fr.3.1~3.25).

W Fr.3.13 (96g) SrEHEES 5, A
THEE-BERS 2.8 2248 (100 : 0—0 : 100) K FE BT,
517 AN (Fr. 3.13.1~3.13.17). 4> Fr. 3.13.7
(6 g) %4 Sephadex LH-20 &ttt i, LA - —
AHGE-HEE (5050 1) SEVEN, B8] 13 MY
(Fr.3.13.7.1~3.13.7.13). i/ Fr.3.13.7.4 (2g) &
ODS F:fails (HfE-/K 31710 :0) HZ TLC &
R &IHFBE 6 MR (Fr 3.13.74.1 ~

3.13.7.4.6). V4> Fr.3.13.7.4.4 & A% WAH (2
fE-7K 50 1 50) srEsdith, BEMEAE 1 (3.5 mg,
R=65min); Y4 Fr.3.13.7.4.5 2 S M HI1 45 W0HH
7K 65 1 35) srEsdith, /BEMMAEY 2 (10 mg,
=73 min). L7 Fr.3.13.17 (4 g) 4 Sephadex LH-
20 BERFEEIE, DUA - A - (505
1) SEveh, B35 16 M (Fr 3.13.17.1~
3.13.17.16). ¥4y Fr. 3.13.17.12 2 Je A1 45 W0HH
BE-7K 70 2 30) LAY 3 (13 mg, ®_R=73 min),
WA Fr. 3.13.17.14 & AR A (R EE-/K 75 :
25) 35 4 (7mg, =63 min),

WA Fr.3.8 (43 g) SRERAE IS5 5, LA
fik-BE LR 28 248 (100 © 0—0 & 100) BREFM, 15
B 16 MNfLsr (Fr. 3.8.1~3.8.16). % Fr. 3.8.4 (4
g) % Sephadex LH-20 YA i,  DAAT v lok-—
SHLE-HEE (50501 SEREN, B3 6 MY
Fr.3.8.4.1~3.8.4.6. Jit % Fr. 3.8.4.4 4 S M| £ Wi AH
(HIEE-7K 45 55) 34654 5 (2.5 mg, r=101 min)
A6 (3.5mg, =116 min).

3 LT

WA 1: R K [aly +0.3(c0.05, MeOH).
HR-ESI-MS m/z 383.149 9 [M—H] (it %1 A
383.148 9), WA 73 F N C2oH2404, THE
HAWMERN 1. M6 RRZ e E s b &
FHiH (3264 cm™D). KR (1 604 cm™ F1 1 550
ecm D) FFHM . A E/RTE 202 nm A1 368 nm
b B R A S R R -

'H-NMR (400 MHz, DMSO-ds) i (£ 1) 7E on
7.58 (2H, d,J=8.8 Hz), 6.84 (2H, d, J=8.8 Hz) A H!
| HHEEEES, RFE 1, 4-ZBREIRR, o
6.24 (1H,s) %th | NMEFHFEAET, nfife LR
FIRF B . 0u 7.67 QH, m) 45 Hi 1 XU A T
{55, 6ud.55(2H, d,J=7.5Hz) % 2 MARHME
B9 ond.15 (1H, m) 45 1 N5 %0ME R R 2%
1155, ou3.88 (3H, s), 3.97 3H, s) 4 2 NH
AR TES, on2.68 QH, m) 25 1 410 F L5
FE55, on 1.71 GH, s) 44 1| MHEFRTE5.
BC-NMR (100 MHz, DMSO-de) i (£ 1) #4522
MRIETAES, 454 HSQC Az & Wa 8 4
Zhk, 8 MR, 2 ANIERIE, 3 ANFEE, H oc
130.6 (CHX2), 116.0 (CHX?2), 87.5 (CH) A 5 %
W EMIRHRIRAS5, dc 123.8 (CH), 143.0 (CH) N
2 X I RS S, 0¢73.6(CH) A 1N Y
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£1 1LE&% 15 '"H-NMR F1 3C-NMR (400/100 MHz, DMSO-ds) #{1E
Table1 'H-NMR and '3C-NMR spectral data for compound 1 (400/100 MHz, DMSO-ds)

{73DA O dc DA On dc
Cc=0 192.4 (C) 4 163.8 (C)
M 7.67 (m) 123.8 (CH) 5 6.24 (s) 87.5 (CH)
B 7.67 (m) 143.0 (CH) 6 161.1 (C)
1 125.9 (C) 4-OCH;3 3.88 (s) 55.8 (CHs)
2,6 7.58 (d,J = 8.8 Hz) 130.6 (CH) 6'-OCH;3 3.97 (s) 56.1 (CHs)
3,5 6.84 (d, J = 8.8 H) 116.0 (CH) 1" 2.68 (m) 28.8 (CH)
4 160.0 (C) 2" 4.15 (m) 73.6 (CH)
I 105.6 (C) 3" 148.2 (C)
2 163.3 (C) 4" 4.55(d,J=17.5 Hz) 109.7 (CHa)
3 106.4 (C) 5" 1.71 (s) 17.0 (CH3)

FAE R IR RS 5, 6¢109.8 (CHa) N 1 AN b
WUEE RS 5, dc 55.8 (CH3), 56.1 (CHa)
HN2AHEIBE S, A oc 192.4 (C) N 1 AR
FRIETAS T

ZACE IS R S O B R S
xanthohumol D [ BEEHE JEH ARRAN, 255 ik
SR RIMLEY) 1 5 xanthohumol D ANFEZ ALET
AP ERY T ANERE FABEEEUR. idk—P e %
AR E, WK 7 HEY 1 1 HMBC i
(K2, 6u3.97 (3H,0CHs) 5 ¢ 161.1(C-6") AHK,
AIHfE 1% OCH; AE C-6' 1, 61 3.88 (3H,0CH;) 5
dc 163.8 (C-4") M55, mIHhE % OCH; ELE C-4' 1,
A 6n 3.97 (3H, s, OCH3) 5 Ju 3.88 (3H, s, OCH3)
XAyl 6c 87.5(C-5") MK, Hmiztb & 2 4
AR o 456 0n2.68 (2H, m, Ha-1") 5 dc
163.3 (C-2'), 6c 106.4 (C-3") Fl 5c 163.8 (C-4") [FIAH
Ky TE 2-F25E-3-HE-3- T &R E C-3' |, Hadt
—BE THEY 1 1 C-4hr_ BRI FEpl H A FEEL
R EEULER, (b1 %N 2 4,- 46
THEREE-3 (-3 H R 3- T A A .

B, WEW 1 g E 1 AT L, T
WEFEFEILAA 0, HEMNZALEPI AT REN 1 5% % B 5

m@ OH
JSONS

OH O
OH

2 L&MW1 MEE HMBC X
Fig. 2 Key HMBC correlations of compound 1

Fath o #E—H R FE HPLC SHEAY 1 #ET 00
[Chiralpak AD-H 4 3544250 mm X 4.6 mm, 5 um,
IECkE- 48 85 1 15), AFIME 1 mL/min, i
25°C)], RINAELREEMIA] r1=12.20 min HI ry=19.85
min A0 2 NMEMAREER 10 1 kg (B 3.

—CM-13_007—CH,

15 20

3 k&% 189 HPLC-UV B (365 nm)
Fig. 3 HPLC-UV chromatogram of compound 1 (365 nm)

ZE LATIR, tbA W 1 4 SciFinder SCHRELHE A
BTN 1 S EHHRNEY), 8N (2)-TEHR
1£% A [(£)-lupulusone A].

a2 W EH K. HR-ESI-MS m/z:
299.092 8 [M—H], 43N Ci7H1605. 'H-NMR
(400 MHz, DMSO-de) J: 9.55 (1H, s, 7-OH), 7.30 (2H,
d, J=8.1 Hz, H-2', 6'), 6.78 (2H, d, J = 8.4 Hz, H-3',
5", 6.19 (2H, overlapped, H-6, 8), 5.39 (1H, dd, J =
12.9, 2.9 Hz, H-2), 3.79 (3H, s, 4'-OCH3), 3.77 (3H, s,
5-OCH3), 3.05 (1H, dd, J = 16.6, 13.1 Hz, H-3b), 2.55
(1H,dd,J=16.4,3.0 Hz, H-3a); '3C-NMR (100 MHz,
DMSO-ds) 5: 78.3 (C-2), 44.7 (C-3), 188.1 (C-4), 161.7
(C-5), 92.8 (C-6), 165.3 (C-7), 93.7 (C-8), 164.4 (C-9),
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105.1 (C-10), 129.1 (C-1), 128.2 (C-2', 6'), 115.1 (C-
3, 5%), 157.6 (C-4'), 55.7 (5-OCH3), 55.8 (4-OCH3).
DA 5045 5 SCHifons B3, 25 4540 2 4 tsugafolin.

& 3: Hk AR . HR-ESI-MS m/z: 355.1547
[M—H], 4139 C2iH2405. 'H-NMR (400 MHz,
DMSO-ds) d: 14.20 (1H, s, 2'-OH), 7.01 2H, d, J=8.6
Hz, H-2, 6), 6.66 (2H, d, J = 8.4 Hz, H-3, 5), 6.05 (1H,
s, H-5"), 5.11 (1H, t, J = 6.9 Hz, H-2"), 3.78 3H, s, 6~
OCH3), 3.16 (2H, m, H-0), 3.11 (2H, d, J = 7.2 Hz, H-
1"), 2.76 (2H, t, J = 7.7 Hz, H-p), 1.68 (3H, s, H-5"),
1.59 (3H, s, H-4""); 3BC-NMR (100 MHz, DMSO-ds) ¢:
204.1 (C=0), 45.6 (C-a), 29.6 (C-B), 131.5 (C-1), 129.1
(C-2, 6), 115.1 (C-3, 5), 155.4 (C-4), 104.0 (C-1"),
163.9 (C-2'), 107.1 (C-3"), 162.4 (C-4"), 90.6 (C-5'),
160.8 (C-6"), 21.0 (C-1"), 123.0 (C-2"), 129.9 (C-3"),
25.5(C-4"),17.7(C-5"),55.6 (6'-OCH3). LA - ¥i¥5 5
SCHER ERD4, %552 659 3 O dihydroxanthohumol.

& 4: HEOFAR. HR-ESI-MS m/z: 367.154 5
[M—H], 4T3 N CuHu0s. 'H-NMR (400 MHz,
DMSO-ds) 6: 14.21 (1H, s, 2-OH), 10.12 (1H, s, 4-
OH), 7.73 (2H, m, H-0, B), 7.59 (2H, d, J = 8.2 Hz, H-
2,6), 6.84 (2H, d, J = 8.2 Hz, H-3, 5), 6.27 (1H, s, H-
5%, 5.09 (1H, m, H-2"), 3.98 (3H, s, 6“OCH3), 3.91
(3H, s, 4-OCH3), 3.16 (2H, d, J = 6.8 Hz, H-1"), 1.69
(3H, s, H-4"), 1.60 (3H, s, H-5""); 13C-NMR (100 MHz,
DMSO-ds) J: 192.4 (C=0), 123.6 (C-0), 143.0 (C-p),
125.9 (C-1), 130.7 (C-2, 6), 116.0 (C-3, 5), 160.2 (C-
4), 105.5 (C-1'), 162.8 (C-2'), 108.4 (C-3"), 163.1 (C-
4", 87.7 (C-5"), 161.2 (C-6), 21.0 (C-1""), 122.7 (C-2"),
130.3 (C-3"), 17.6 (C-4"), 25.5 (C-5"), 55.9 (4'-OCH3),
56.2 (6-OCHs). LA E#HE 5 30xS B2, SesE i &
¥y 4 2N 4'-O-methylxanthohumol .

th&n 5. Atk A, HR-ESI-MS m/z: 369.133 9
[M—H]", 4T3~ C2iH206. 'H-NMR (400 MHz,
Methanol-ds) d: 7.33 (2H, d, J = 8.6 Hz, H-2', 6'), 6.82
(2H, d, J=8.6 Hz, H-3",5'), 6.09 (1H, s, H-6), 5.37 (1H,
dd, J=13.0, 2.9 Hz, H-2), 3.80 (3H, s, 5-OCH3), 3.76
(1H, brt, J= 6.2 Hz, H-2"), 3.02 (1H, dd, J=16.6, 13.0
Hz, H-3a), 2.82 (1H, dd, J=17.0, 5.2 Hz, H-1"a), 2.69
(1H, dd, J=16.6, 3.0 Hz, H-3b), 2.55 (1H, dd, J=17.0,
6.2 Hz, H-1"b), 1.32 (3H, s, H-5"), 1.31 (3H, s, H-4");
I3C-NMR (100 MHz, Methanol-ds) J: 80.2 (C-2), 46.0
(C-3), 192.6 (C-4), 161.9 (C-5), 94.7 (C-6), 161.8 (C-

7), 101.8 (C-8), 163.9 (C-9), 106.2 (C-10), 131.2 (C-
1", 128.9 (C-2', 6'), 116.3 (C-3’, 5"), 159.0 (C-4"), 26.5
(C-1"), 69.4 (C-2""), 79.7 (C-3"), 21.9 (C-4"), 25.5 (C-
5"), 56.1 (5-OCHa3). LA 3o 5 Skt bels), %5
&Y 5~ (28,2"S)-4"-hydroxy-5-methoxy-7,8-(2,2-
dimethyl-3-hydroxy-2,3-dihydro-4 H-pyrano) flavanone.

th&w 6: AR A, HR-ESI-MS m/z: 371.148 5
[M+H]", 273N C2iH»nO06. 'H-NMR (400 MHz,
Methanol-ds) 0: 7.33 (2H, d, J = 8.4 Hz, H-2', 6"), 6.82
(2H, d,J=8.5Hz, H-3',5'), 6.08 (1H, s, H-6), 5.37 (1H,
dd, J=12.9, 3.0 Hz, H-2), 3.80 (3H, s, 5-OCH3), 3.74
(1H, dd, J=17.1, 5.3 Hz, H-2""), 3.02 (1H, dd, J = 16.6,
12.9 Hz, H-3a), 2.84 (1H, dd, J = 16.9, 5.4 Hz, H-1"a),
2.69 (1H, dd, J=16.9, 5.4 Hz, H-3b), 2.50 (1H, dd, J =
16.9, 7.1 Hz, H-1"b), 1.34 (3H, s, H-5"), 1.28 (3H, s,
H-4"); 3C-NMR (100 MHz, Methanol-ds) 6: 80.2 (C-
2), 46.1 (C-3), 192.6 (C-4), 161.9 (C-5), 94.7 (C-6),
161.8 (C-7), 102.0 (C-8), 163.8 (C-9), 106.2 (C-10),
131.2 (C-1'), 128.8 (C-2, 6), 116.3 (C-3, 5"), 159.0 (C-
4", 26.5 (C-1"), 69.8 (C-2"), 79.8 (C-3"), 21.2 (C-4"),
25.8 (C-5"), 56.1 (5-OCH3). PL_E# ¥ 5 scighxf Ebls),
KENEY 6 N (2R2"S)-4'-hydroxy-5-methoxy-
7,8-(2,2-dimethyl-3-hydroxy-2,3-dihydro-4 H-pyrano)
flavanone.
4 MRTEEHRR

KH Griess WANEELALAEYR LPS 5S
[1)/N B RAW264.7 2R NO %14 PR snatiol,
¥ RAW264.7 4HfILLZ) 1X10* N/FLEERT 96 4L
R, BT 37 C. 5% CO M s 7R 4H F 5557 24 h,
EBRIFA R FREE, AR AN 100 uL 5843557
i, BHARGZHMAN 90 uL e R 7%, B2
A 90 uL FE &, 25259 100, 50, 25, 12.5.
6.25. 3.125 umol/L, FiAb#E 1 h )5, AL 2
M 10 uLLPS (1 pg/mL) S, k8595 24
h g, FHWE BT 50 pL, B 50 uL Griess iR
A, 4kEEEFE 30 min f5, FBEARXT 540 nm P&
TEROCEE, SHRE 3 AR, HE 3R
£/ GO/ v = A N 7 v - N 1 R <
Graphpad Prism 9 #AF 115 1Cso.

NHIR=(A4 pwo—A 42)/(A gn—A =¢)

SEREIR, bEW 1 A 4 FIH NO B
W, HOICso AN (5.83+1.76) F1 (10.45+
2.36) umol/L, PHPEZGHIZEKIANT ICso E N (13.94+
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0.04) pmol/L,
5 it

BIF S R TE LR A A B RIS VRN, AR R IR
a1 H 4 R FREN, HPTR BRI TR
2y FEOK R, REMLAY) 1 F1 4 0] BRI L $T
RUEVIL, Ja LIS 1 0 4 FiR KB 2
R LR E S T T HEATIR AR L . AW Tt —
F& TR 2R, IR TE A
PURAEF LA 7 R AL T S0t

FBAR ALY EARGEAEF SR
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