- 386 PED 202418 B55% 28 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 2

Y

BRETUERSHNDBEEREMBEIAMRE 2 BIZ R
E B IER N

%E1E, AL, Rmm, WK, TEE, KW, KGR, AR, FEE
WL PR 25 K22 255408, Wil A 311402

v

)

M E: BH LPLRKE 2 BU%24K (cannabinoid receptor type 2, CB2R) A#EM, MANEFHAEZ FHoE. %E. ik
FIHA¥S CB2R KIBsh7, FHETHHPUE RMIERBMLE]. 7555 CLEEh CB2R iEMEN S kT4 B 350wk, RAIEM
FER AR . BRI . AL AR . B 45 R R P 1) 2% 2 v ROBAH o ok — S e R MBS TR iR B R B T 088, 4aid
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Isolation and identification of chemical constituents of Rubi Fructus, screening
novel cannabinoid CB2 receptor agonist and evaluation of its anti-osteoporosis
effect
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Abstract: Objective Cannabinoid type 2 receptor (CB2R) was used as a target to isolate, identify and screen agonists that stimulate
CB2R from Fupenzi (Rubi Fructus), a traditional Chinese medicine for tonifying the kidney, and to explore the mechanism of its anti-
osteoporosis effect. Methods Under the guidance of activating CB2R activity, dichloromethane layer and ethyl acetate layer extract
were separated by normal phase silica gel column chromatography, microporous resin, recrystallization and semi-preparative high
performance liquid chromatography. The structures of the isolated compounds were identified by physicochemical properties and

nuclear magnetic resonance spectroscopy. The compounds which can specifically activate CB2R were screened by double luciferase
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method, and the activity of the selected compounds on the specific activation of CB2R was verified by measuring the accumulation
level of cAMP and the expression of CB2R protein in HEK293-CB2. Finally, the regulatory effect of the selected compounds on bone
metabolism of osteoclasts was evaluated. Results The isolation and screening was carried out using agonist CB2R, and a total of 24
compounds were obtained, which were identified as kaempferol (1), luteolin-7-O-glucoside (2), tiliroside (3), hyperoside (4), hesperetin
(5), formononetin (6), quercetin (7), 4-hydroxybenzoic acid (8), rosmarinic acid (9), ethyl 4-hydroxybenzoate (10), salicylic acid (11),
gallic acid (12), caffeic acid (13), protocatechuic acid (14), ellagic acid (15), vanillic acid (16), loliolide (17), methyl 4-hydroxybenzoate
(18), ethyl dioxindole-3-acetate (19), nigaichigoside F1 (20), corosolic acid (21), tormentic acid (22), maslinic acid (23), and euscaphic
acid (24). Two CB2R agonists (hesperetin and methyl 4-hydroxybenzoate) were screened from 24 compounds by double luciferase
screening system. cCAMP and Western blotting showed that the two compounds had specific activation activity and good affinity for
CB2R, which could significantly inhibit the activity of osteoclasts and affect their bone resorption function. Conclusion Compounds
2,5,6,9,13, 14,17, 19 were isolated from Rubi Fructus for the first time. Two new CB2R agonists (hesperetin and 4-hydroxybenzoic
acid) can specifically activate CB2R and increase the expression of CB2R protein, inhibit the accumulation of cAMP in HEK293-CB2
cells after administration, and affect the normal function of osteoclasts in a CB2R-dependent manner.

Key words: Rubi Fructus; cannabinoid type 2 receptor agonist; anti-osteoporosis; hesperetin; methyl 4-hydroxybenzoate; luteolin-

7-O-glucoside; formononetin
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(kaempferol, 1)+ ARFEEL (luteolin-7-O-glucoside,
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4). B & Chesperetin, 5). Kl L &R
(formononetin, 6). #i{57%& (quercetin, 7). X} ¥k
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(rosmarinic acid, 9). XFRFERHIR LR (ethyl 4-
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BETIR (gallic acid, 12). WIHEER (caffeic acid,

13). JRJLAER (protocatechuic acid, 14). ¥ALIR
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(maslinic acid, 23). BFH9#5H& (euscaphic acid, 24).
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SRR G ER AR A, B AR AT S IR A 7T 3R 1S
B YR AR 22 RS2 T s it e
1.3 RF

DMEM ki3 (fit5 8117161, FE[H Gibco 2
D). HHER-HER (S 15140-122, £H Gibeo
A FBS R4 1iE (5 10091-148, 3£ [E Gibeo
AFD). CCK-8 MBI & (ab228554, H[H
Biosharp). Western A IP ZHfd 23 (PO013, ki
BRREVRHARATD. iRk BCA BEAEE
WAlE (P0010, L= RAVRARAFD.
WG ZR AR s BRI AT & (RG028, g3
= RAEVFH A RA T D IR RIS EE B0
forskolin (S1612). AMBEMRMRE (cyclic adenosine
monophosphate, cAMP) KA & (MM-0006H1,
s o WA R AR D). CB2R ¥ 3h 7% HU308
(ab254226, J<[H Abcam 23 7] ) CB2R il 7] AM630
(GC10147, [E GLPBIO A #]). Anti-rabbit IgG,
HRP-linked Antibody (70748, 32[E CST A 7). Beta-
Tubulin Rabbit Ab (2146S, 3£E CST A ). Anti-
Cannabinoid Receptor I1(ab3561, Fi[E Abcam A ] ).
1.4 4z5

el % SO B (1200, Agilent BH A
FRAFD; —H K74 (3£E Thermo Fisher
Scientific /4] ); XN IE H HIKAX . BN R 5 (32
Bio-Rad A #]); ZINREREHRX (32 Bio-Tec 24
A FEZOCEMEBE (HA Nikon A7),
2 FE
21 ERESS

HIE T AR AR S (10 kg) K3, 3 100
H M, A8 95% ) S BN ERSRE 3 Ik (BFiX
30, G IF 3 IRBIBESRIE K BE SR 0 4 2 TC A
PURTR B . BHIRE (302.51 g) 1 L /K{EZ &%,

SREMAME. ST, RN, IE TR

RER, [BRAMEBERE (15200 —&HEE
"E (34.602). B OBRERE (39.20g) FIET
IEERE (5730 g). HUEERE CFRZIRE 35.00 g &4
100~200 H IEAREER AR Rt DA i iE-e R 2 1
(30 1 1~5: 1) MZEHHE-HEE (700 1~0: D
B VEMAS 2 7 405> Fr. 1~7. Fr. 7(4579.62 mg)
22 300~400 HEERAE AL, DUA K- R L
(3:11~1:1) BERESR, 339 Hfs Fr.7-1~7-
9, HH Fr.7-6 (99.10mg). Fr.7-8 (12.35mg). Fr.
7-9 (171.82mg) &M% WBAH /3 55« Fr. 7-6 it

il 2% SRR T, DLHEE-ZK (60 1 40) S5 BEM
BEME 1 (23.62 mg, R=13.5min).

Fr. 7-8 i3 il s oA iy, DAFFRE-/K (45
55) R, SEMLEY2 (2.82mg, /=93 min).
Fr. 7-9 J@ I i) £ = B0RAH, U EE-7K (40 60D
SRR, SR AEY 3 (6.82 mg, ,rR=7.2 min)
A4 (10.52mg, ®=19.8min). Fr.7-5 (159.40 mg)
28 300~400 HEERAFECRE, DLUA - R B
(51 1~2 11 PREHRMAAR 3 HiRs Fr.7-5-1~7-
5-3. HH Fr.7-5-1 (29.50mg) @it LR AEE-/K IR
G RMTEL BRI EY 5 (7.93 mg). Fr. 7-
5-3 (95.5mg) IEid 300~400 H IEAHRER, LA
Bf-BEES 2.l (30 1~1:1) BEWAEH Fr. 7-5-3-1
(21.74mg) A Fr.7-5-3-2 (16.25mg). Fr.7-5-3-1 &
Peifl] % R AR (B3, DLFHEE-K (551 45) ST
fRAEEMLEY 6 (3.94 mg, trR=24.7 min). FK4H
53 Fr. 7-5-3-2 &P 25 m 00AH,  DAHEE-7K (40 ©
60) 25 FE Ve A8 B4k 54 7(5.27 mg, r=21.4min).
Fr.7-3 (75.3 mg) i#id Sephadex LH-20 &gt i,
PLFFEE-7K (20 & 80~100 : 0) AR RBEAT 1A B B
BEMEEY 8 (12.73 mg).

B A A IUZEIRE 33.00 g, il id 100~200
HEERAE, DUAMER-BEER B8 (30 0 1~2:1) Fl
TR E-HEE (70 1 1~0 ¢ DERRETRR AR 9 4
WM N Fr.1~9, Fr.4 (686.30mg) £ 300~400 H
FERCAE %, DA EE-BERE 08 (8 1 1. 61 1) B6
R BASE] 3 M Fr. 4-1~4-3, b Fr. 42
(261.20 mg) JEIL i) %% m RO AR B, DL EE-/K
(50 : 50) FHEHEBASENAY 9 (7.10mg, r=13.7
min) 110 (427 mg, rR=26.5min). Fr.4-1 (109.70
mg) ¥ TG & g, 1T Sephadex LH-20 &EfLHE
B, LA RE-FEE (50 1 50~0 @ 100) NS
FERRFEVERL, 32010590 11 (17.92 mg) F1 12 (14.26
mg). Fr.4-3 (136.71 mg) ilid 300-400 HEfHE,
PUF i E-BERR 20 (60 1. 4 1. 20 1) BB
53 3 405y Fr. 4-3-1~4-3-3, H1 Fr. 4-3-3(36.82
mg) JEI A A S RO A, DAHEE-K (550 45)
VAR A 13 (5.28 mg, ®R=231.7 min).

Fr.5 (180.10mg) £ 300~400 H IEARRERAE,
DUV E-FE R 208 (10 2 1. 6 : 1. 4 2 1) BAEEBEM
33 5 Hifi 4 Fr.5-1~5-5, HA Fr. 5-2 (58.00 mg)
22 300~400 HEERE:, DA imsE-BERE 08 (7
1. 40 1) BEERBAR 2 A5 Fr. 5-2-1~5-2-2,
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4 Fr. 5-2-2 (2517 mg) I8 2 il 44 B A, LA
FEE-7K (60 @ 400 SFREYENL, S2E1LEY 14 (4.92
mg, R=164min). Fr.5-5 (95.70mg) iHiL 300~
400 HIEAHfERAE, PLATHEE-BERR OB (4141 ¢
1) BEREVEE, 55 3 R 5 Fr. 5-5-1~5-5-3. ¥ Fr.
5-5-2 (38.27 mg) k&t 300~400 HIEAHRER
K, LSS RE-HEE (701, 40 1) BEREEvei, 15
Itk &4 15 (3.82 mg).

Fr.6 (1356.00 mg) J&iL 300~400 H EAHRER
K, DUAHER-BEER B8 (60 1. 41 1) BAREEVEML,
B3 7 45y Fr. 6-1~6-7. HLFr. 6-4 (344.40 mg)
TEZE 300~400 H IEAHEERAE, DU HilE-BE R £ 1
(71,50 D) BREEVRM, 133 2 2Hi ) Fr.6-4-1~
6-4-2, ¥ Fr. 6-4-2 (284.40 mg) 4k&2iEit 300-400
HIEAHREREE, PUATHER-BEER OFF (60 1. 41 1)
FREEGEL, 53] 3 A Fr. 6-4-2-1~6-4-2-3.
# Fr. 6-4-2-3 (63.92mg) EiT 251l 45 7 v RORHH
W, DAHEE-K (45 0 55) SRV, B2EY 16
(6.30 mg, (k=157 min), Fr. 6-6 (158.40 mg) &
300~400 HIEARERAE G, DUy EE-BE IR .
(7 0 1) ZERFYelifS3) 3 44 Fr. 6-6-1~6-6-3, Fr.
6-6-3 (83.30 mg) it 300~400 H IEMEER, LI
HIBE-BERS 208 (50 1. 20 1) B, 533 4
5> Fr. 6-6-3-1~6-6-3-3, Fr. 6-6-3-2 (41.43 mg) if
i Sephadex LH-20 ##AT (i, DAFEE-/K (50 :
50~0 : 100) BEE BT 2] 2 ZHif 5 Fr. 6-6-3-2-1~
6-6-3-2-2. ¥ Fr. 6-6-3-2-2 (18.51 mg) it 4%
RO e, DU EE-/K (40 0 60) S5 AS
FMLAY 17 (6.50 mg, =R=29.4 min).

Fr.7 (1936.00 mg) iHid 300~400 H IEFIRER
FEEIE, DUAMER-BEER A0 (51, 31, 20 1)
FR M, 153 8 4R 4) Fr. 7-1~7-8.Fr. 7-2(107.60
mg) £ 300~400 HIEAHEERAE GRS S, DUAH
BE-BEIR Ol (6 1 1) SFFEBEMmL, 133 2 45 Fr.
7-2-1~7-2-2, ¥4 Fr. 7-2-2 (31.90 mg) @it
il 2% 2 s OB s, DAHEE-ZK (48 152) SR
i, BEMLAEY) 18 (7.24mg, rR=34.3min). Ff Fr.
7-6 (272.90 mg) % 300~400 H IEAHRERFE 5,
PUF BE-BERR 6 (40 1. 20 D) BB, 53
3 i) Fr. 7-6-1~7-6-3. ¥4 Fr. 7-6-3 (179.40 mg)
WL 300~400 H IEAHRERAE, DL & fi- H
(511,211 BREEGEMASEI 4 43R 45) Fr. 7-6-3-1~
7-6-3-4 FE ¥4 Fr. 7-6-3-4(123.90 mg) 4k S8 300~

400 HIEAHfERAE, L@ - (401,20 D
BEFEVERLAS 2 2 LH 5 Fr. 7-6-3-4-1 (36.31 mg).
Fr. 7-6-3-4-2 (52.92 mg) . ¥ Fr. 7-6-3-4-2 (52.92 mg)
IS ) 2% BORAH, DLFEE-K (350 65) SFRLYE
i, HEMEEY 19 (5.10 mg, RrR=42.7 min).

¥ Fr. 7-7 (232.00 mg) i#id 300~400 H IEAH
TR, DUATMER-BEIR 88 (40 1. 20 1) BAEEYE
i, 938 3 4R Fr. 7-7-1~7-7-3. B Fr. 7-7-3
(123.90 mg) #4k&HET 300~400 H EAREERAES>
B, DA G- (601, 31 1) BREESEL/S 3
4 5 Fr. 7-7-3-1~7-7-3-4. 4 Fr. 7-7-3-3 (59.46
mg) iHid Sephadex LH-20 &tk At iy, DLHEE-/K
(45 :55~0:100) BEEEVEMATS] 2 A Fr. 7-7-
3-3-1 # Fr. 7-7-3-3-2. 4445 Fr. 7-7-3-3-2 (15.38
mg) JE S A S BORAH, BLAE-K (36 1 64)
SERETR, BEMLAY 20 (4.28 mg, r=39.6 min).

Fr.8 (1345.00mg) it D101 KFLAAE, DLH
fiz-7K (0 100~100 : 0) BRELEML, 1935 Hif
Fr.8-1~8-5. Fr.8-4 (583.38 mg) i 300~400 H
IEAHRERAE > 3, DA e-HEE (401, 20 D)
BEEEVEL, 793 4 41357 Fr. 8-4-1—~8-4-4, Fr. 8-4-
3 (182.30mg) £ 300~400 H IEAHRERA: (/) 5,
DL HEE-BERR 208 (50 1. 20 1) BAEESR, 7533
Y5y Fr. 8-4-3-1~8-4-3-3, Fr.8-4-3-3 (31.73 mg) 1E
it Sephadex LH-20 Bt (i, DAFEE-ZK (40 :
60~0 : 100) BEFESENL, HEULEY) 21 (472 mg).

Fr. 8-4-4 (208.20 mg) % 300~400 H 1EAHREME
FEO S, DLATMEE-BEER Ol (40 1. 20 1) BREEWE
fit, 1533 414> Fr. 8-4-4-1~8-4-4-3, ¥4 Fr. 8-4-4-2
(35.96 mg) JdI il B m oA s, DLZE-/K
(42 1 58) EREBEMASEI AN 22 (3.95mg, ®R=34.6
min). Fr.8-4-4-3 (110.14mg) @it 300~400 H I
FERERCAE, DA VHEE-BSER O FG (3 1 1) SIS
B 2 HHiR 4> Fr. 8-4-4-3-1~8-4-4-3-2, 442K Fr. 8-
4-4-3-2 (63.73 mg) iBid Sephadex LH-20 At
i, DLFFEE-/K (80 @ 20) ZEEEVEMAES] 2 4137 Fr.
8-4-4-3-2-1~8-4-4-3-2-2, Fi 44 Fr. 8-4-4-3-2-2(31.79
mg) I A B AR, AR EE-K (45 755,
30 © 700 B VRS 2L A9 23 (3.72 mg, r=26.7
min) 124 (418 mg, rR=11.4 min),
2.2 ‘mppEEFE

N BEAG B 41 HEK293 A1/ B B A% I 4 i
RAW264.7 ¥J{# & 10% FBS Ml 1% 5 HR-HH R
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WYL DMEM K753, 37 C. 5% CO, 41/
B AR R

T B 2 A B RANKL 5 370013 RAW264.7 4H
M/ A03kAS, RANKL i SR I ECHIAEE 1 mL 15757
WA 5 uL RANKL (5 ng/mL). [i] RAW264.7 4]
RN RANKL 75 5055 7% 5 d RIRAG0E B 40
23 BEBEESERMHE) CB2R FEM LA IRTHIE
2.3.1 CCK-8 il ifsEte  Hor B3I 24 A
AV LT (DMSO) Boiil Bl (FR &
WRE 100 pg/ul), 75 REFRFF BN AR ik
FE B2 (254 50, 100 pg/mL), DMSO 7£ 2453
ZARF T HAE 0.1% LT . K HEK293-CB2 4
PL 3 X103 (3 BT 96 FLACT 137 24 h, IEE
JE AN R IR FE I 2535 9% 48 h J5FH CCK-8
R IAE Mg 1, A 2 DhREREARXAE 450 nm %
KMEBCE (4.
232 FHM4UAEIHIE Kf HEK293-CB2 4iffiLL 3 X
10% (125 R R T 48 FLAR L, FR4m BN BE f5 1Lk 85
7% 24 ho I 1 pmol/L ] CB2R ¥##)7 HU308 F
AR R EE R 24 AR S 2R BN 6 h,
PLIE & IR FR 3L 4 X B, HU308 JyBH 4% R
H, 24 NASER BRI AR A YL H .
WU 2 g A 45 B DR I 3K R0 & A W 24 4 %
HEK293-CB2 ZHfifi ¥ CB2R [BGE ML, @i it
FHXT RGBSR € B3R 78 CB2R B3l K-F.
233 [MIMEApumE b 7B ERBE AT
T8, B b0 bR kAT B4 S W R e g
CB2R ) HEK293-EGFP [AtE4ufEit— ik,
HEK293-EGFP ZH[filk 3 X 10* (% EHF T 48 fL
Wb, WEEE SR ESFE 240, F 1 umol/LHU308 Al
AFRERER S NRARNE VALY 6 h, 8
RETHRARGT ROGIE KA E CB2R HIFRIE K.
2.3.4 EIERIAL SR CB2R BEh1E A4S S A
I {8 CB2R 1141171 AM630 36 1iFAL &% CB2R
PR S PR B0 E ] - HEK293-CB2 4 fig 38 T 48 5L
R (3XT104 AL, WEEESEYL 24 h, H 1 pmol/L
AM630 F1_E— DI B 2 SRS (B8 B2
FORNHR I IR R IR ALFRAIAE 6 h, @i iHEAH
X R CAE KA E AL CB2R BN 5100 .
24 WBEEMMEEXPRFARES CB2R BIEzN
ER SR
24.1 I cAMP ZK-FIIIIE ¥ HEK293-CB2
M LA 5X10° NMALRIEEREMT 6 FLIRH, fF4

ik BE 5 - forskolin (RREFBRIAMLBEIE D HIK
HEK293-CB2 Al cAMP & &30, FHyLkabF
24 h, 3RO 1 pmol/L HU308 FIAS[A] 5 Bk Jif
(0 25, 100, 200. 400. 800 pug/mL) [KIFE & AN
XK R R RS 7R 40 6 h, 4HARA PBS ¥l
2 5, IR AR T UK 24 30 min,
WA 4R B 24 LA 3 000 r/min B0 20 min, HY _LiF
Tio FEIRULRA TS A cAMP 5 Gl s 4 g L3
) cAMP 7K.
2.4.2 Western blotting £l CB2R & H&IA  WH
WL, 452540 (100 pg/mL) FIZE25 3007 (1
umol/L) 4. ¥ HEK293-CB2 4t T 6 FLR
(5X10AFL) . Frtf g EE FF LR EE 24 h, 45T
Y 100 pg/mL [IFE K7 2RS4 J5 2 F R F i Ak 3
6 ho #EH HEK293-CB2 4l e &, A BCA ikl
EXTE AT EE, BOERE T AR
NI CEE I vk, FEE6#2 %) PVDF i . F3 A
#iE A PVDF i€ 2 h 5, M CB2R $itfk (1 :500)
Al B-Tubulin Hifk (1:1000) 7£4 CFEHLR.
FHBEGRIBIE BRI 3 ¥ (BRI 10 min), SR8 J5 S AHMN —
Pt (1:1000) 7R NIFE Lh, W3 REMWA
BeyoECL 57, H] Monad QuickChemi 5100 {27
RICAX S BT B A 2% 91 FH Tmage J F-4b 3 .
2.4.3 2 anin B S pORRBGE - B
Yeog e e o 2R A Y HEK293-CB2 41, W&
J RS PR 2K F R R G 2N B e VR, i
IEH B FRNGRE 545 T 253 6 h, Wi 9i ks, H
PBS VR4 3 I, KA E T2 s B AEs g2
4 H B & SRR .
25 HBEERMXEZERFRPREX S ZEER
25.1 WHEYHHNE /I TRAP &I S5 aille %
RAW264.7 4ififa 0T 96 FLA (6 X103 4~/4L) i,
WEE 24 h, FHBEEFANEIEE R TR (100
pg/mL) AbFAHAE 48 h, F CCK-8 ¥k M40 /7 -

TG RAW264.7 4R T 96 LR (1 X 10
AL, AR, 4524541 (100 ug/mL) F45 25+
FIHFH (1 pmol/L) 2H. HALEY (B Jz Z AT F 2k
X HER ) Al RANKL % S LA #Igni 5 d )5,
T TRAP 15 14 52500 JRAS M B 20 B 7Y TRAP 3
P,

TRAP LRI K 40 mg X fiF 8 Lt
TR —ANAN 0.2 g B A TRATANIE A 19%5), H 1 mol/L £
PRI pH %2 3.5 J5, WAET 15 mL GwKH, 1E
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IIANTCBE 7K E 82 20 mL.

T IR IR FAR TR IEAT TRAP Yethy, DL Eml
UM, LR B R N LS W5 i 4 43
aiEA
252 fHEYM F-UBEEIA (F-actin) K% R
Jeyett K RAW264.7 ZHAELL 5X 10* AN/FLI%
FME B 35 mm BOGIREREFR LA 175 24 h,
PB XTI, 452540 (100 pg/mL) A5 25+ 1015
(1 pmol/L) 4. F§ RANKL % SiFEZ54 (100
pg/mL) AN AM630, 45 PR % 5d.
YL PBS iEVE 2 I, fEEIE T H 4%% 5 H EE[H
JE 30min. ZEHZEHEE, H PBS ik 2 Ik, £
%R N H 0.2% Triton X-100 43 5 min, 412 PBS
ek 2 I, NN 5 ng/mL W REEIM KGR, T 37 C
TEE 30 min, FIXH PBS ¥ 2 ¥k, DAPI 44
et 5 min, ZA0AR4KSEH PBS Peik 2 WG, RN
A 200 uL PBS 4 fniz i, THOCERAEDMEE T
SR & 40 P FY) F-actin 4544
253 BEEYE RN e KR RE AR
AR 1%XPH) PBS WP . B/ 1k
PBS, BRI 3 K, Kih THRIM T 1h I
i 48 FLIRFLZBY R, BT 48 fLikH.
RAW264.7 g4I T 48 LI (5X104A~/4L), K
FEWGEE, F RANKL 5 S Rk &9 (B R R
AR R R B #2100 pg/mL, %5 T4H
Hukis% od, WiM4ERE 3d B 1 R . BUEE
Pk, M PBS i&¥E 2 Ik, M 2.5%K R E 10
min, EH 0.25 mol/L & /KEEETERE 3 Ik (FHK S
min), TEE NET. H 1%HF REHE R0 15
min, FEEAUKIEYEE BIA TR, T BB N
HUFRE, JHRidsR.

26 HESH

BRI AX LS, FrasEmsmrEg a0 3
X, H GraphPad Prism 9 ¥ {47884, 4ilA]
PR LK 28 77 22934 Cone-way ANOVA), 24 P<
0.05 B LonFE A B EWN G5 7.

3 #£R
31 HHEE

WE1: wEMK, 5T HEE, ESI-MS m/z
287.05 [M+H]", MX 4 7 E 286, 2 T3
C1sH100s. 'H-NMR (600 MHz, Methanol-ds) J: 8.07
(2H, d,J=8.8 Hz, H-2', 6'), 6.89 (2H, d, /= 8.9 Hz, H-
3',5'), 6.37 (1H, d, J = 2.1 Hz, H-8), 6.16 (1H, d, J =

2.1 Hz, H-6); 'C-NMR (150 MHz, Methanol-ds) J:
177.3 (C=0), 165.5 (C-7), 162.4 (C-9), 160.5 (C-4"),
158.2 (C-5), 148.0 (C-2), 137.1 (C-3), 130.7 (C-2', 6'),
123.7 (C-1"), 116.3 (C-3', 5"), 104.5 (C-10), 99.3 (C-6),
94.5(C-8)o LA A 5 TR IE AR —F 112, s
EEY 1 R ZER .

&Y 2: WERAK, ST HEMEE, ESI-
MS m/z471.10 [M~+Nal*, X457 i= 448, 71
1, C21H20011- 'H-NMR (600 MHz, DMSO-de) 5: 12.99
(1H, s, 5-OH), 7.45 (1H, dd, J= 8.4, 2.4 Hz, H-6'), 7.42
(1H, d,J=2.2 Hz, H-2), 6.91 (1H, d, J = 8.4 Hz, H-5),
6.79 (1H, d, J = 2.2 Hz, H-8), 6.75 (1H, s, H-3), 6.45
(1H, d, J=2.2 Hz, H-6), 5.08 (1H, d, J= 7.5 Hz, H-1"),
3.70 (1H, d, J= 10.3 Hz, H-2"), 3.50~3.42 (2H, m, H-
3",5"), 3.32~3.23 (2H, m, H-6"), 3.17 (1H, t, J = 9.0
Hz, H-4"). 13C-NMR (151 MHz, DMSO-ds) 6: 181.8
(C-4), 164.4 (C-2), 162.9 (C-7), 160.9 (C-5), 156.9 (C-
9), 149.7 (C-4"), 145.7 (C-3"), 121.5 (C-1"), 119.2 (C-
6'), 115.9 (C-5"), 113.5 (C-2'), 105.4 (C-10), 103.3 (C-
3), 99.9 (C-1"), 99.5 (C-6), 94.8 (C-8), 77.2 (C-3"),
76.3 (C-5"), 73.1 (C-2"), 69.5 (C-4"), 60.5 (C-6"). LA
R EE S SRR IE A B, MR AE Y 2 N
KRB EAT,

&Y 3: I OEEE (LFE-K), BiET HEE,
7 F 3 C30H26013. 'HNMR (600 MHz, Methanol-d.)
5:7.98 (2H, d, J=8.8 Hz, H-2',6"), 7.40 (1H, d, J=15.9
Hz, H-7"),7.30 (2H, d, J = 8.6 Hz, H-2"",6""), 6.80 (4H,
dd, J=15.5, 8.7 Hz, H-3",5"), 6.30 (1H, d, J= 2.1 Hz,
H-8), 6.12 (1H, d, J = 2.1 Hz, H-6), 6.07 (1H, d, J =
15.9 Hz, H-8'"), 5.25 (1H, d, J = 7.4 Hz, H-1"), 4.30
(1H,dd,J=11.8,2.3 Hz, H-6"a), 4.19 (1H, dd, J=11.8,
6.7 Hz, H-6"b); '*C-NMR (150 MHz, Methanol-ds) ¢:
179.4 (C-4), 168.8 (C-9""), 165.9 (C-7), 162.9 (C-5),
161.5 (C-4"), 161.2 (C-4"), 159.4 (C-9), 158.4 (C-2),
146.5 (C-7""), 135.2 (C-3), 132.2 (C-2', 6"), 131.2 (C-
2" 6", 127.1 (C-1""), 122.7 (C-1"), 116.8 (C-3"", 5""),
116.0 (C-3', 5"), 114.8 (C-8"), 105.6 (C-1"), 103.9 (C-
10), 99.9 (C-6), 94.8 (C-8), 78.0 (C-5"), 75.8 (C-2"),
75.7 (C-3"), 71.7 (C-4"), 64.3 (C-6"). LA E¥¥E 53¢
BRI IE S AR — 04, MUSE AW 3 NIRRT

WEY 4: WK, HIETHEE. LB, ESI-
MS m/z 465.10 [M+H]*, X457 i= 464, 751
1 C21H20012. 'H-NMR (600 MHz, DMSO-ds) J: 7.67
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(1H, dd, J = 8.5, 2.3 Hz, H-6"), 7.52 (1H, s, H-2"), 6.81
(1H, d, J = 8.5 Hz, H-5'), 6.41 (1H, s, H-8), 6.20 (1H,
s, H-6), 5.38 (1H, d, J= 7.7 Hz, H-1), 5.16 (1H, d, J =
4.7 Hz, 4-OH), 4.89 (1H, d, J = 5.6 Hz, 2-OH), 4.51~
4.42 (1H, m, H-4"), 3.64 (1H, dd, J = 5.9, 3.4 Hz, H-
3"),3.56 (1H, qd, J= 7.0, 3.2 Hz, H-6"), 3.45 (1H, ddt,
J=178,5.9,3.8 Hz, H-2",5"),3.36 (4H, d, J= 13.7 Hz,
H-4"), 3.33 (1H, t, J = 6.0 Hz, H-2), 3.28 (1H, ddd, J =
10.5, 8.0, 5.6 Hz, H-3"); 3C-NMR (150 MHz, DMSO-
ds) 9: 177.5 (C-4), 164.1 (C-7), 161.2 (C-5), 160.9 (C-
2),156.3 (C-9),148.4 (C-4"), 144.8 (C-3"),133.5(C-3),
121.9 (C-1'), 121.1 (C-6"), 115.9 (C-5"), 115.2 (C-2"),
103.9 (C-10), 101.8 (C-1""), 98.6 (C-6), 93.5 (C-8), 75.8
(C-5"),73.2 (C-3"), 71.2 (C-2"), 67.9 (C-4"), 60.1 (C-
6" LA EEHE 5 SCBRIIE LA — S, a4
ki a S

&Y S: sk (FED, 5T HEL.
L%, 4313 C16H1406. 'H-NMR (600 MHz, Methanol-
ds) 5:6.94 (1H, d,J=2.0 Hz, H-2'), 6.93 (1H, d, J=8.3
Hz, H-5"), 6.90 (1H, dd, J=8.3,2.0 Hz, H-6'), 5.90 (1H,
d, J=2.1 Hz, H-6), 5.88 (1H, d, J = 2.2 Hz, H-8), 5.30
(1H, dd, J = 12.8, 3.1 Hz, H-2), 3.86 (3H, s, -OCH3),
3.05 (1H, dd, J = 17.1, 12.7 Hz, H-3a), 2.70 (1H, dd,
J = 171, 3.1 Hz, H-3b); “C-NMR (150 MHz,
Methanol-ds) 6: 197.6 (C=0), 168.3 (C-7), 165.4 (C-5),
164.7 (C-9), 149.3 (C-3'), 147.8 (C-4), 133.1 (C-1"),
118.9 (C-6'), 114.5 (C-2'), 112.6 (C-5"), 97.1 (C-10),
96.2 (C-8), 80.3 (C-2), 56.4 (-OCH3), 44.1 (C-3). LI E
s 5 SRR E A — 200, WO e A 5 g

WEY6: wtkAR, HIETHEE. OlF, X
WK, TN CieHi0s. 'H-NMR (600 MHz,
DMSO-ds) 0: 8.33 (1H, s, H-1), 7.97 (1H, d, J= 8.8 Hz,
H-5),7.50 (2H, d, J=8.8 Hz, H-2', 6'), 6.98 (2H, d, J =
8.7 Hz, H-3', 5), 6.94 (1H, dd, J = 8.7, 2.2 Hz, H-6),
6.87 (1H, d, J = 2.2 Hz, H-8), 3.78 (3H, s, -OCH3);
3C-NMR (150 MHz, DMSO-ds) J: 174.6 (C-4), 162.5
(C-7), 158.9 (C-4"), 157.4 (C-9), 153.1 (C-2), 130.0 (C-
2',6"),127.3 (C-5), 124.2 (C-1), 123.2 (C-3), 116.6 (C-
10), 115.1 (C-6), 113.6 (C-5', C-3"), 102.1 (C-8), 55.1
(-OCHs)o LA EEGHE 5 SO TE A — 307, i &
Y6 L5 NRITRRIER -

&Y 1 WERAK, AETK, METHRE,

ST I, ESI-MS m/z 303.05 [M+H]",
FEXT 7>l & 302, 433 CisHi90O7. 'H-NMR (600
MHz, DMSO-ds) 6: 12.48 (1H, s, 5-OH), 7.68 (1H, d,
J=22Hz, H-2'), 7.54 (1H, dd, J = 8.4, 2.2 Hz, H-6'),
6.89 (1H, d, J = 8.5 Hz, H-5"), 6.41 (1H, d, J=2.0 Hz,
H-8'), 6.19 (1H, d, J = 2.0 Hz, H-6); '3C-NMR (151
MHz, DMSO-ds) 6: 175.8 (C=0), 163.8 (C-7), 160.5
(C-5), 156.2 (C-9), 147.6 (C-4"), 146.8 (C-2), 144.9 (C-
3%, 135.7 (C-3), 122.1 (C-1"), 120.1 (C-6"), 115.6 (C-
5%, 115.1 (C-2"), 103.1 (C-10), 98.1 (C-6), 93.4 (C-8).
DA E 3l 5 SRl F A —FS), a7 e
Tt 2R o

&) 8: g (FEE-7K), MiETK, 5
W ZHEEM, 757 CHeOs. 'H-NMR (600
MHz, Methanol-ds) 0: 7.88 (2H, d, J= 8.7 Hz, H-2, 6),
6.82 (2H, d, J= 8.7 Hz, H-3, 5); 3C-NMR (150 MHz,
Methanol-ds) : 170.1 (C-7), 163.3 (C-4), 133.0 (C-2,
6), 122.7 (C-1), 116.0 (C-3, 5). LA %l 5 ik ko
FEAR—F, MUSEEY) 8 XTI IR .

EY 9: mHERMAR, HETK, HEE. &
i, 313 CisHig0s. 'H-NMR (600 MHz, CD;OD)
8:7.55 (1H, d, J=15.9 Hz, H-7), 7.04 (1H, d, J = 2.1
Hz, H-2), 6.95 (1H, dd, J= 8.2, 2.1 Hz, H-6), 6.78 (1H,
d, J=8.1 Hz, H-5"), 6.61 (1H, dd, J = 8.1, 2.1 Hz, H-
5),6.27 (1H, d,J=15.9 Hz, H-8), 5.18 (1H, dd, J=8.5,
4.2 Hz, H-8'), 3.10 (1H, dd, J = 14.3, 4.2 Hz, H-7'a),
3.00 (1H, dd, J= 14.4, 8.5 Hz, H-7'B); '*C-NMR (150
MHz, CD;OD) d: 173.8 (C-9"), 168.5 (C-9), 149.7 (C-
4'), 147.7 (C-7), 146.8 (C-3'), 146.2 (C-4), 145.3 (C-3),
129.4 (C-1'), 127.7 (C-1), 123.1 (C-6), 121.8 (C-5),
117.6 (C-2'), 116.5 (C-5'), 116.3 (C-6'), 115.2 (C-2),
114.2 (C-8), 74.8 (C-8'), 37.97 (C-7"). VA ¥k 5
BRI A — 20, WA 9 ARIERTR .

EY 10 Bafik (L8, SETHE. 4
I, 4373 CoH1903. 'H-NMR (600 MHz, Methanol-
ds) 5: 7.87 (2H, d, J= 8.8 Hz, H-3, 5), 6.82 (2H, d, J =
8.8 Hz, H-2, 6), 4.30 (2H, q, J = 7.1 Hz, -OCH>), 1.36
(3H, t, J = 7.1 Hz, -CH3); '*C-NMR (150 MHz,
Methanol-ds) 6: 168.3 (-CO-), 163.4 (C-4), 132.7 (C-2,
6), 122.5 (C-1), 116.1 (C-3, 5), 61.7 (<OCHa-), 14.6 (-
CHs). DL EE#E 5 SClRRoE AR — 8 2Y, e b
B 10 R EER IR 415 .

& 1. Afash i (R, 5% THE. 4
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g, 433 CsHeO3. 'H-NMR (600 MHz, Methanol-
ds) 6:7.85 (1H,dd, J=7.9, 1.8 Hz, H-6), 7.46 (1H, ddd,
J=8.7,7.2,1.7 Hz, H-4), 6.93~6.86 (2H, m, H-3, 5);
13C NMR (150 MHz, Methanol-ds) d: 173.5 (-COOH),
163.2 (C-2), 136.6 (C-4), 131.5 (C-6), 120.0 (C-5),
118.1 (C-3), 113.9 (C-1). LA LEuE 5 3ClRifoE FEA
— 822, HSENEY 11 KT

&P 12: ARG SR, G THK. FEE,
43T C7HeOs. 'H-NMR (600 MHz, Methanol-ds) o:
7.06 (2H, s, H-2, 6); 3C-NMR (150 MHz, Methanol-
ds) 5: 168.9 (-COOH), 145.0 (C-3, 5), 138.2 (C-4),
120.6 (C-1), 108.9 (C-2, 6). LA_E%di 5 sCihfiiE 3
AR, AW 12 S AR E TR,

& 13: wOLEH R, ST . LB,
¥ CoHsO4o 'H-NMR (600 MHz, Methanol-ds) 6:
7.53 (1H, d, J=15.9 Hz, H-7), 7.04 (1H, d, J = 2.0 Hz,
H-2), 6.93 (1H, dd, J= 8.2, 2.1 Hz, H-6), 6.78 (1H, d,
J=8.2Hz, H-5), 6.22 (1H, d, J= 15.8 Hz, H-8); 13C-
NMR (150 MHz, Methanol-ds) 6: 171.0 (C-9), 149.4
(C-3), 147.0 (C-7), 146.8 (C-4), 127.8 (C-1), 122.8 (C-
6), 116.5 (C-8), 115.5 (C-5), 115.1 (C-2). VA ¥R 5
SCHRARE A —BY, B &9 13 %5 AUNHERR .

&Y 14: Bt EEm R, SETK, B
iz, ZEE, ESI-MS m/z 155.03 [M+H]", X1
it 154, 5r 3 CHeOs. 'H-NMR (600 MHz,
Methanol-ds) 0: 7.43 (3H, s, H-6), 7.42 (1H, d, J = 2.1
Hz, H-2),6.79 (2H, d,J= 8.0 Hz, H-5); 3C-NMR (150
MHz, Methanol-ds) 0: 170.2 (C-7), 151.5 (C-4), 146.1
(C-3), 123.9 (C-6), 123.1 (C-1), 117.7 (C-2), 115.8 (C-
5)e LA EEUE 5 SCERIRIE T A — B, WSS
Y14 HJFEILARIR -

WEM1S: KEEMAKR, GiETHE, 751X
C14H,605. "H-NMR (600 MHz, DMSO-ds) d: 7.47 (2H,
s, H-5, 5"); 13C-NMR (150 MHz, DMSO-ds) 6: 159.2
(C-7, 7, 148.0 (C-4, 4"), 139.5 (C-3, 3), 136.4 (C-2,
2", 112.4 (C-1, 1", 110.3 (C-5, 5"), 107.8 (C-6, 6'). LA
R HE  SCERIROE B AR — O, MU A A 1S
BEIEIR -

wEY 16: AL EEMK, SETHE. &
Iz, 4373 CsHsOso 'H-NMR (600 MHz, Methanol-
ds) 8:7.56 (2H, dd, J= 6.0, 1.9 Hz, H-2,H-6), 6.84 (1H,
d, J = 8.8 Hz, H-5), 3.89 (3H, s, -OCH3); '3C-NMR
(150 MHz, Methanol-ds) §: 170.0 (-COOH), 152.7 (C-

4), 148.7 (C-3), 125.3 (C-6), 123.1 (C-1), 115.8 (C-5),
113.8 (C-2), 56.4 (-OCH3). VA L#¥E 5 ek iE 5
AT, WEENEY) 16 AT ER.

WE17: BOMPIRBE, S5 THE, 75+
3 C11H1603. 'H-NMR (600 MHz, Methanol-ds) d: 5.75
(1H, s, H-7), 4.22 (1H, s, H-3), 2.42 (1H, d, J = 13.3
Hz, H-4a), 1.99 (1H, d, J= 14.4 Hz, H-2a), 1.76 (3H, s,
H-11), 1.47 (3H, s, H-9), 1.28 (3H, s, H-10); '3C-NMR
(150 MHz, Methanol-ds) d: 185.7 (C-6), 174.5 (C-8),
113.3 (C-7), 88.9 (C-5), 67.2 (C-3), 47.9 (C-4), 46.5 (C-
2),37.2(C-1),31.0 (C-10), 27.4 (C-11),26.9 (C-9). LA
B SR ROE B A — B, MU A 1T N
loliolide.

& 18: BtgiEhR, S THE, WE
F 7K, 4730 CsHsO3. 'H-NMR (600 MHz, Methanol-
ds) 9:7.86 (2H, d, J= 8.9 Hz, H-2, 6), 6.82 (2H, d, J =
8.8 Hz, H-3, 5), 3.84 (3H, s, -COOCH3;); '*C-NMR
(150 MHz, Methanol-ds) d: 168.7 (C-7), 163.5 (C-4),
132.7 (C-2, 6), 122.2 (C-1), 116.1 (C-3, 5), 52.2 (-
OCHs). LA EHURE 5 ORI A — 5, i sE
G 18 skt F2 FE 2R H G F I o

WEM19: FFEEMMEM AR, HETHE, o
F 3 C12H130N. 'H-NMR (600 MHz, Methanol-ds) 6:
7.35 (1H, d, J=7.4 Hz, H-4), 7.25 (1H, td, J= 7.7, 1.3
Hz, H-6), 7.05~7.00 (1H, m, H-5), 6.88 (1H, d, J=7.7
Hz, H-7), 3.89 (2H, d, J = 7.0 Hz, H-10), 3.09 (1H, d,
J=15.2 Hz, H-8), 3.02 (1H, d, J= 15.2 Hz, H-8), 1.00
(3H, s, H-11); '3C-NMR (150 MHz, Methanol-ds) J:
180.8 (C-2), 170.4 (C-9), 143.6 (C-7a), 131.7 (C-3a),
130.9 (C-4), 125.2 (C-6), 123.5 (C-5), 111.2 (C-7), 74.8
(C-3), 61.6 (C-10), 42.9 (C-8), 14.1 (C-11). LA L%
5ol F A S0, e A 19 4 ethyl
dioxindole-3-acetate.

EY 20 BEAR, ZETHE, 71X
C36Hs8011 TH-NMR (600 MHz, Methanol-d4) 0:5.32
(1H, d, J= 8.3 Hz, H-1"), 1.34 (3H, s, H-27), 1.21 (3H,
s, H-29), 1.04 (3H, s, H-25), 0.93 (3H, d, J= 6.7 Hz, H-
30), 0.78 (3H, s, H-26), 0.70 (3H, s, H-24); '*C-NMR
(150 MHz, Methanol-ds) 8: 178.6 (C-28), 139.8 (C-13),
129.5 (C-12), 95.8 (C-1"), 78.6 (C-3"), 78.4 (C-5"), 78.3
(C-3), 73.9 (C-2"), 73.7 (C-19), 71.2 (C-4"), 69.7 (C-2),
66.5 (C-23), 62.5 (C-6'), 54.9 (C-18), 48.3 (C-5), 47.9
(C-9, C-17), 44.1 (C-4), 42.9 (C-14), 42.8 (C-20), 41.3
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(C-8), 39.0 (C-10), 38.3 (C-22), 33.5 (C-7), 29.6 (C-
15),27.2 (C-29), 27.1 (C-21), 26.5 (C-16), 24.8 (C-27),
24.7 (C-11), 19.3 (C-6), 17.7 (C-25), 17.6 (C-30), 16.6
(C-26), 13.9 (C-24). VA L-Z¥E 5 CRRHfIE A —
O, WA EAY) 20 NEETT Fl.

&Y 21: AERR, ZETHEE, MEHETIK,
43T C30Has04. "H-NMR (600 MHz, DMSO-ds) 0:
11.97 (1H, s, -COOH), 5.13 (1H, brs) A¥h P XL
F{55, 1.07 (3H, s, H-23), 0.70 (3H, s, H-24), 0.85
(3H, s, H-25), 0.68 (3H, s, H-26), 1.28 (3H, s, H-27),
0.89 (3H, s, H-29), 0.84 (3H, s, H-30) A 7 > H:
T155: BC-NMR (150 MHz, DMSO-ds) 5: 178.2 (C-
28), 138.2 (C-13), 124.5 (C-12), 82.2 (C-3), 67.1 (C-2),
54.7 (C-5),52.3 (C-18),47.0 (C-1,9), 46.9 (C-17), 46.8
(C-14), 41.7 (C-8), 38.9 (C-4), 38.5 (C-20), 38.4 (C-
19), 37.5 (C-10), 36.3 (C-22), 32.6 (C-7), 30.2 (C-21),
28.8 (C-23),27.5 (C-15), 23.7 (C-27),23.2 (C-11),22.9
(C-16), 21.0 (C-30), 17.9 (C-6), 17.1 (C-24), 16.9 (C-
26), 16.9 (C-29), 16.4 (C-25). LA %¥E 5 ks
BRI, BUSEEY 21 ARIE RIR.

&Y 22 KE¥MAK, HETE, 71X
C30H430s. '"H-NMR (600 MHz, Methanol-ds) J: 1.34
(1H, s, H-27), 1.19 (1H, s, H-29), 1.01 (2H, d, J= 7.0
Hz, H-23); ¥C-NMR (150 MHz, Methanol-ds) 0: 182.2
(C-28), 140.1 (C-13), 129.3 (C-12), 84.6 (C-3), 73.6 (C-
19), 69.5 (C-2), 56.7 (C-5), 55.1 (C-18), 48.2 (C-1, 9),
43.1 (C-20), 42.7 (C-14), 41.1 (C-17), 40.5 (C-8), 39.2
(C-4,22),38.9 (C-10), 34.1 (C-7),29.6 (C-23), 29.3 (C-
15),27.3 (C-21), 27.1 (C-29), 26.6 (C-16), 24.8 (C-27),
24.7 (C-11), 19.7 (C-6), 17.5 (C-24), 17.4 (C-26), 17.0
(C-25), 16.6 (C-30). LA Z¥s 5 TRk B LA —
3, WMUSENEY) 22 ATRERIR .

&) 23: Atk (REE-KD, 5T HEE.
LBE, 4T 30 C3HasOs . 'H-NMR (600 MHz,
Methanol-ds) J: 5.25 (1H, s, H-12), 1.17 (1H, s, 23),
1.01 (2H, d, J=5.3 Hz, H-27), 0.95 (1H, s, H-24), 0.91
(1H, s, H-26), 0.81 (2H, d, J = 4.8 Hz, H-30, 25); 3C-
NMR (150 MHz, Methanol-ds) J: 181.8 (C-28), 145.4
(C-13), 123.5 (C-12), 84.5 (C-3), 69.5 (C-2), 56.7 (C-
5), 48.1 (C-9), 47.6 (C-8), 47.3 (C-19), 42.9 (C-1), 42.7
(C-17), 40.6 (C-14), 40.5 (C-18), 39.3 (C-10), 34.9 (C-
4), 33.9 (C-21), 33.8 (C-29), 33.6 (C-7), 31.6 (C-22),
29.3 (C-20), 28.8 (C-23), 26.4 (C-15),24.6 (C-27), 24.1

(C-11), 23.9 (C-30), 19.6 (C-16), 17.7 (C-6), 17.4 (C-
24),17.1(C-25) VA 3 5 SOk HRE Fa AR — 35054,
M e A 23 LB .

wEY 24: AERAR, WETHE, 51X
C30H430s5. 'H-NMR (600 MHz, Methanol-ds) d: 5.30
(1H, t,J= 3.7 Hz, H-12), 1.35 (1H, s, H-27), 1.20 (1H,
s, H-25), 0.99 (2H, s, H-23), 0.93 (1H, d, J= 6.7 Hz, H-
30), 0.87 (1H, s, H-26), 0.79 (1H, s, H-24); 3C-NMR
(150 MHz, Methanol-dy) 5: 182.3 (C-28), 140.1 (C-13),
129.4 (C-12), 80.1 (C-3), 73.6 (C-19), 67.2 (C-2), 55.1
(C-18), 48.2 (C-5), 43.1 (C-17), 42.8 (C-9), 42.5 (C-1),
41.3 (C-14, 20), 39.5 (C-8), 39.4 (C-4), 39.1 (C-10, 22),
34.1 (C-7), 29.6 (C-23), 29.2 (C-15), 27.3 (C-21), 27.1
(C-29), 26.6 (C-16), 24.9 (C-27), 24.7 (C-11), 22.4 (C-
24), 19.3 (C-6), 17.5 (C-26), 16.9 (C-30), 16.6 (C-25).
DA b 204 5 SRR E B AR — B0, MU e A 24
32 JEMHEMIRTIFL

KH CCK-8 A MAF L&) (25+ 504 100
ng/mL) E ] HEK293-CB2 4 6 h J5 i 40 3% 77
xR AL, 4 B 15 211 24 MEAYIX HEK293-
CB2 4 175 14 34 A7 2 2 520

W 1 fzn, L HU308 (1 pmol/L, CB2R [
R D A2 R, PP &% HEK293-CB2
Y R BEBAE F o AN 24 NS PR PIE L T 5 A
X} HEK293-CB2 4l A E A&, 7350k
Wtz . P 2. I 2sMy. X FR IR 2K R PR G AD
FREERHIR OME . b R 28 L 25y 4 HEK293-
CB2 2 i 1) e FH B i, e fe /N4 24 VR (25
pg/mL) CLE LT HU308 % CB2R [Msh{EH . Ha&
3 M-S I B RG 2R E (100 pg/mL) %f
CB2R HI¥ah{E 5 B4 259 HU308 A IF . AL,
R R B R A E . BRI IR S
R 22K R O BRIAT IR 82047 -

IS HEK293-EGFP B 14 40 A it — 2D 56k DA
E 5 MBI RS BRA R R CB2R EH . 45
B, H AR R I 5 R S X
HEK293-EGFP 40 A #uEEH (B 1-A~E), #
BHIX 2 M &2l CB2R KIFEsh1EH .

N B R T CB2R B e R AR
FARIAL A, KB Bz 22 At ¥ 35 25 W R HF S 2 )
5 CB2R #I#71) AM630 (1 pumol/L) JR&IF4 T
HEK293-CB2 #Hiffgdtsia7. 4R ExR, MAHMH]
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F1 24NMAYE TR EEIFERRIT CB2R FEGEEM (X£s,n=5)

Table 1 CB2R activity of 24 isolated compounds screened using double luciferase screening system (X + s, n=5)

e ", X TICR MR wam - R CRMSOE e . XTI R MR

ff (CB2/EGFP) (CBY/EGEP) {8 (CB2/EGFP)

K - 30.8612.73 X — 16.75+1.88 R - 15.99+1.51
HU308 1 pymol-L™! 89.21+1.77"* | HU308 1 pmol-L™! 47.01£1.24™ || HU308 1 ymol-L™! 45494085

-3 Spgml! 154624734 | BEFM  2Spgml! 16601086 loliolide 25 pg'mL™! 1527+ 141

50ugmL™  17540£3.17"" 50 pgmL  15.00%137 50 ugrmL™! 15.96+1.42

100 pgrmL™  254.80+3.47 100 pgrmL™ 1511142 100 pgrmL™ 16.53+1.09

K - 37.81+1.07 X - 33.01£120 R - 24.43£2.95
HU308 Tpymol'L™"  109.26+1.02™ | HU308 1 pmol-L™! 89.43+1.29" | HU308 1 pmol-L™! 68.80+1.44"
AEEY  25pgml! 36551263 MEBEEE 25pugml! R247E316™ | HBEERR 25 ug'mL™! 36.65£2.00""
50 pgmL  34.14£2.29 FRZM  50ugmL™  9334%335™ | B 50 pgrmL! 45.00£2.39"
100 pgrmL™ 34.9943.60 100 pgmL™  122.80+4.55™ 100 pgrmL™ 55224069

K — 27.62%0.77 K — 24.6142.48 X — 16.78+1.24
HU308 1 pmol-L™! 78.15£0.70™ | HU308 1 pmol-L™! 68.65£1.20™" | HU308 1 pmol-L™! 47.024£0.97""

R 25ugmL™ 33391385 | KBR 25ugml 2596%2.15 ethyl dioxindole- 3- 25 pg'mL™! 17.14£1.09

50 pg'mL! 29.87%1.16 50 ug'mL! 25.51+2.25 acetate 50 pg'mL! 19.44+1.24"

100 pgrmL™ 27.2341.68 100 pgmL™ 29.062.04" 100 pgrmL™ 18.06+1.12

K — 38.03%1.01 R - 33.06%1.81 R — 19.0540.82
HU308 Tpmol'L™"  109.17£0.75™ | HU308 1 pmol-L™! 96.46+1.26™" | HU308 1 pmol-L™! 55.0440.94"*

SUME  25pgmlt 37.04+2.73 BETH  25pgml?  2930+189% | EHE FI 25 pgrmL™! 19.18£0.78

50pugmL™ 38.98+2.02 50pgmL 24.30£1.95% 50 pgrmL! 19.08+1.22

100 pgrmL™ 38.1742.61 100 pgmL™  1633+0.76™ 100 pgrmL™ 19.691.00

K — 15.28+1.01 R — 27.68+0.76 K — 30.15%1.77
HU308 1 pmol-L™! 45794138 | HU308 1 pmol-L™! 78.11£1.14™* | HU308 1 pmol-L™! 87.68+2.13"*
BRE 25pgmL™ 2365513 | AR 25pgml™t  29.12+1.68 MY ER 25 pgrmL! 23.65+1.62"
50pugml™  28.14+241 50 igmL 30.50%1.89" 50 pgrmL! 8.1740.88""
100 pgrmL™ 39.70+1.74 100 pgrmL™' 30.05+1.12° 100 pgmL™! 1.76+0.36™"

K — 31.20%1.78 K - 39.9243.66 K — 17.61£0.82
HU308 1 pmol-L™! 79.50+1.45™" | HU308 Tpmol-L™!  113.13£1.16™ | HU308 1 pmol-L™! 49.8940.85""

HEWER 2Spgml 214842377 | FULRER  25pgmL™ 42264427 LR 25 ug'mL™! 16.5540.52

50 pgmL™t 11452125 S0pgml™  41.62+1.93 50 pg'mL! 17.83+1.09

100 pgrmL™  8.43+1.09"" 100 pgrmL™ 39.824+2.27 100 pgrmL™"  18.40%0.82

I — 18.73+1.88 xR — 14.9610.80 X — 19.36+0.82
HU308 1 pmol-L! 48.58+1.10"" | HU308 1 pmol-L™! 4535+1.65"" | HU308 1 pmol-L™! 56.21+1.14"

WEE 25pgmlt 70454486 | MEACER 25ugmlt 10054096 | LIHEER 25 pg-mL™! 20.6410.88
50 pgmL™t 92794148 S0pgml!  12.194+0.79 50 pg'mL! 14.64+1.06""
100 pgrmL™" 111.97£2.15™ 100 pgrmL™ 12.54%2.19 100 pgmL™! 0.85+0.10""

e — 36.61+1.09 xR — 40.08+2.20 X — 14.36+1.07
HU308 Tymol'L™"  116.08+1.40"" | HU308 Tpymol'L™t  11721£067* | HU308 1 pmol L ™! 4146147

MEEER 2Spugml! 33481113 FHER 25pugml 39.67%1.67 BFASRETR 25 ug'mL™! 1450+ 1.18

[ 50ugml™  39.61£1.71% 50 pgmL™  36.34%2.76" 50 ugrmL™! 14.4940.86

100 pgml™  3334%1.65" 100 pgmL™ 36.88+1.53"" 100 pgmL™t  15.10%1.21

IR AT SXTIBALEE: *P<0.05 **P<0.01 **P<0.001 ***P<<0.000 1.

bold indicates activity; P < 0.05 P <0.01 P <0.001 ***"P<0.000 I vs control group.
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A AM630 J5, B R 3 A e IR IR IR XS
HEK293-CB2 40 us A se 4 2%, S5t A
EbgeitzR (- 1-F. G), UHEfiT6 CB2R
BEhE R AM630 FiHt. LR, R
FRHLOR F R B R e MEeE CB2R RIEEH
33 RBEHZMEEFXPEREEY HEK293-CB2
YHREMA cAMP FRIAK AR

G & FHBEAZ AR MBI CB2R ATt 4161 41 g

DA T TR 6 R A 4K I 1R PR SR B> cAMP [ PR
o QB 1-H~T o, f8 B E AR F 2R IR
BALI cAMP 75 5 B35 25 W0 52 1E 39 i m FaAIK
T 2 MEEYnT B E BB CB2R H 40 41 A
N cAMP ({17745, HU308. #8 fz 25 Flnf F2 3k 5 Ht
2 W OmE B 2 B ) Wk B ( median inhibition
concentration, ICso) 73724 54.19 nmol/L. 178
pg/mL 1 230.2 pg/mL.

A 7 2% B o $2 2R F R R C X2 HE I R 2 1 D it B 2%
15 sk 257 1504 1504
T sk **'**
% 20+ kK kk ok
§ 10 154 1004 100+
*kokk
= 10
zfig 5 504 EEE Y 504
; 5
0- 0= 0 T | T T 0-
Xt 25 50 100 X 25 50 100 ST 25 50 100 X 25 50 100
K/ (ng'mL ™) R/ (ng-mL ) JR R/ (ng-mL ™) R/ (ng-mL ™)
E L 2 F g E G Yo 2 JE 25 FH R FR I
1504
. *kkk 25 20 -
2
B 15
# 10 10
' 504
=z 5 5
0. 0 0
XHHE 25 50 100 X 25 50 100 SR 25 50 100
JR B (ng-mL ™) SRR (ng-mL ™) SRR/ (ugmL )

H

HU308

(5%

J

o e B R PR R

- _ . -1 - _ _
z ICs0=54.19 nmol-L~! 807 1C5=178 pgrml 1007 1C5=230.2 pg'mL ™!
E 100 '__\\ o T
K 1 804
5 90 ! 7 ]
=2 1 604
S \v | ]
S 80 3 401 401
T T T T T T T i T T T 1
3 2 -1 0 1 1.0 20 25 30 10 15 20 25 30
1gC 1gC 1gC

A~E: JEMALA % HEK293-EGFP 40t CB2R HIBENTER: F~G: CB2R #I#I7] AM630 % %1% HIE AL S R0 6 F; H~J: HU308.

8 S ZR 0] 2 57 2 H R R R 6 HEK293-CB2 41t cAMP /KT [I5Em . 5% R ELAE: P < 0.001

P <0.000 1.

A—E: Effect of bioactive compounds on CB2R activation in HEK293-EGFP cells; F—G: Reversal effect of AM630 on the agonistic of CB2R and screened
compounds; H—1J: Effects of HU308, hesperetin, and methyl 4-hydroxy-benzoate on cAMP accumulation in HEK293-CB2 cells. **P < 0.001 “™P <

0.000 1 vs control group.

Bl BEXEAREFENC ST CB2R BEEMER (Xts,n=5)

Fig.1 Agonist effect of compounds screened by double luciferase on CB2R (X * s, n =5)

34 RBEEFXEZERPRRAREEY CB2R EHAFN

Y5254 CB2R R H KRB & TX IR (] 2-
A, SERZGAMEL, N CB2R KR 5 1 #0157
AMG630 FTEEPUAL A HXT CB2R & AR Eh, HR5s
CB2R HAMIKIE. Bhabh, XTFHE2K F R G ot
CB2R & MBS R T L 5.

T HEK293-CB2 ZHfif[E]mS tA 4L 1 gl sg
tBFHtEE (EGFP), EfiTnldid CB2R #udm&
Haktayes, HAOEmE R T CB2R HIBIEFEE
AR OR3P TR Y I R 7 2Rt
CB2R FFIHBNE - 45 R ARG B 2 AR IR H R
PRZEL T S B AN R AR RS = TR ZH (B 2-BD.
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CBIR| S T T o o |40x10*

PTubulin | gy g g - - 5.5 10"
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=
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X BRI WRISR MRAR

AM630 FRRFEE FRER AR+
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20 um

s [
e i

S S0
Bright GFP

A-F%4 CB2R R ARIEKT; BALEY (100pg-mL™") #3h HEK293-CB2 4/ 176K (X100). SXHRALT: "P<0.05 “P<001; H5ké

P-4 AM630 ZHERES: ##P<<0.001.

A-protein expression of CB2R in each group; B-fluorescence level of HEK293-CB2 cells stimulated by selected compounds (x 100). *P < 0.05 *P<

0.01 vs control group; *#P < 0.001 vs the corresponding compound + inhibitor group.

2 FRERLEYIXT HEK293-CB2 1R CB2R EAAMAENKTE (x+s,n=3)
Fig.2 Activation level of CB2R by selected compounds in HEK293-CB2 cells (x+s ,n=3)

35 18R R AT F2 E K FRES R S AT H I AR B 4E AR
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DUIE IS TRAP Jetaifi AT %% . Wk HE 46 ¢4 5 Sk i
N, WEYREA 3 AU B, XuEH
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(E 3-C). HXIIRAMLEL, BB RANRIE K FR
HH i 55 3 ) RANKL 5 5 s 4l i o0k, IR H
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PEDE o, H6 R 2 FHO 8 25 2% HR i FR O S 41 1
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2 2RI 20 35 2 i Y o O 4 9 e A0 ) £
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F-actin 52284
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Ko GERLAGAFALL, FHIFRIZMEE A F-actin 2156
BV, FERATIHIF] AM630 RIS jr AN
FEI F R R U R B 4D, F-actin PR 58 B (KO0
3.7 R ZXTEEE KPR R ES T HHI K E 40 e
BB IR

i 00 VIR WA A B R B A R A e (1 JiR
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WS FEE 2 (BRI S, TR 24 W2 21 11
R D . SR, TEIAAIHIF AM630 )5,
BRI T2 BRI 5 ol Image J 1
S AR B AT AR, DA IB 4N e {E VA —fb AL B
JEEE R 5-B Fin. S5RFTM, M RM R
4% FR g3 P G T 30 3 SR CB2R T 490l 4 e
WS, AHIXFRIMEIE FH A4 AM630 1% o
4 g

AW FC N 2578 2P BE R £ T A U e
HBESET 24 MUEY, HP IR A 7
AN BHHREEY 74 wELEW 6 A KiE
RRUAEW LA HMRED 3 4. kS E T
2 PP CB2R BBhi (e Bz A #2 JL 25 R F
gD T LLE T #E CB2R LA ik, I
il HEK293-CB2 4l cAMP fUFR 2, I H A8 &
FIXF $2FE 2K F R FR G LA CB2R AR 5 35 i B
AL ThRE M IE R KIE (B 6).
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&
Eal Eal
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0 XTHR P8R 3R R R+ SRR xR IkIR
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W B EER X FRIETR AMG630
AR FH s
C
Py a
?.V""; A g
. "~ g v 50 um* _"\ . P850 pum =3 50 p:m‘:
xR 1 57 2+ AM630 MERERFRTEE R TS+ AM630

A-fLEY) (100 pgrmL) X RAW264.7 AHIE 110550 B-ALAH) (100 pgmL™') J2 AM630 X 40/ TRAP V&L C-AHL&4 (100
pgmL™) 7E AM630 777E PB4 TRAP Jetffisim. SxiR4Lbie: “P<<0.000 1; SHRALAYI -+ AM630 ZHELE: ##P<<0.000 1.
A-effects of selected compounds on the viability of RAW264.7 cells; B-effects of selected compounds and AM630 on TRAP activity of osteoclasts;

C-effects of selected compounds on osteoclasts after TRAP staining in the presence of osteoclasts in the presence of AM630, orange arrows indicate

wkk

osteoclasts. ****P < 0.000 1 vs control group; P <0.000 1 vs the corresponding compound + inhibitor group.
B3 WEYIRIET RAW264.7 ARERIAE B AR TRAP JEME K TRAP R[5 AM630 M EEMMEREER (Xt s,n=12)
Fig. 3 Effects of selected compounds on TRAP activity of osteoclasts derived from RAW264.7 cells and reversal effect of
AMG630 on osteoclasts based on TRAP staining (X £ s, n=12)

Phalloidin (FITC)

Merged

B E+ AR TR R R S 4
AMG630 AMG630

B4 FEEAKAY (100 pgmL) JTFEE LA F-actin FREENE (X +s,n=5)
Fig. 4 Effects of selected compounds (100 pg-mL™") on osteoclasts based on F-actin ring staining (X £ s, n=5)
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A-effects on bone resorption of osteoclasts in the presence and absence of AM630 (x 40); B-quantitative statistics of the effects of selected compounds
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(100 ugrmL™") on bone resorption lacunae of osteoclasts. **P < 0.01

compound + inhibitor group.

E5 RS EEEEREEIRNE (Xts,n=5)

Fig. 5 Effects of selected compounds on bone resorption of osteoclasts (X £ s, n=35)
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Fig. 6 Graphic abstract of this study
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